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ples of the 3-tier concept
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Consequences

Twisting

Shifting
Tombstoning
Open Solder Joints

Trailers




w versus Wave Solering Feo

No movement possible during Risk of movement during soldering

soldering Max and min landsize critical
Max. landsize not critical Limited solder volume

Min. landsize critical
Nearly unlimited volume of solder




Gullwing Pitch

1.27mm SO-08, SO-14, SO-16 etc. — "”:I' =

1.00mm QFP e a‘ +

0.80mm TQFP-44

0.65mm TSSOP-16 —| |+ Pad Length 3
0.50mm MSOP-10 : Pad Centers

Pad Length = Nom “L” + Heel + Toe
0.40mm TQF P-100 Pad Centers = Nom “E” + 2 Toes — Pad Length



FEeEVD

ing Solder Joint

Acceptable - Class 3

¢ Minimum heel fillet height (F) is equal to solder thickness (G)
plus lead thickness (T) at connection side.

1 heel fillet equals a wetting angle of approximately 45°
terminal mostly is not wettable, no solder joint requirement
llet is most important for reliablity

eel protrusion should be more than toe protrusion



IPC-7351 Gullwing Tables

FEU —

Table 3-2 Flat Ribbon L. and Gull-Wing Leads (greater than 0.625 mm pitch) (unit: mm)

Maximum Median Minimum
(Most) (Nominal) (Least)
Lead Part Density Density Density
Level A Level B Level C
Toe (Ip) 0.55 0.35 0.15
Heel (Jy)' 0.45 0.35 0.25
Side (Jg) 0.05 0.03 0.01

Round-off factor

Round off to the nearest two place decimal, i.e., 1.00, 1.05, 1.10, 1.5

Courtyard excess

0.5

0.25

0.1

Lead Part

\l'].l!)l}
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Table 3-3 Flat Ribbon I. and Gull-Wing I eads (less than or eanal fo 0.625 mm nitch) (unif: mm)

Only Difference: Side Protrusion Jg

\]_JC[I-!I.;

Density Density Deunsity

Leval A Level B Level C
Toe (J) 0.55 035 0.15
Heel (Jy)' 0.45 035 0.05
Side (Ig) 0.01 -0.02 -0.04

Round-off factor

Round off to the nearest two place decimal, 1.e., 1.00, 1.05, 1.10, 1.15

Courtyard excess

0.5

0.25

0.1







Constant land increase by F & P FEuU

With F = 0.050 mm and P = 0.025 mm the resulting increase is of land in each
dimension is 0.056 mm.

This is an absolute amount which leads to a significant expansion of land area for
small components (0402, 0201 and less).

Further is important, whether the component dimensions are used with nominal or
min/max. values.






Two Terminal Classes ~Feu

Facing & vertical wettable

Facing wettable areas



| Type 1 Feo——

t wettable areas

7.5.3 Bottom Only Chip

7.5.12 Tall Profile Bottom Only 1:1
7.5.14 BGA 1:1
7.5.15 BTC 1:1




rminal Type 2 Feo

at facing and vertical wettable areas

Protrusion required

7.5.4 Rectangular or Square End Chip % Terminal Height

7.5.5 _‘ Cylindrical End Cap % Terminal Diameter
7.5.6 Gads@ Castellated % Terminal Height
7.5.7 ] Gull Wing % Leadframe Thickness
7.5.9 ull J-Leads % Leadframe Thickness
7.5.11 - Flat Lug Leads % Leadframe Thickness
7.5.13 - L-Inward % Terminal Height



Solder Joint Requirements
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Solder Joint Requirements according to J-STD-001 and IPC-A-610

J-STD-001 Dim. | Description Minimum Fillet Hight Requirement

Termination Type Class 1 Class 2 Class 3

7.5.3 F Bottom Only Chip Good wetting Good wetting Good wetting

7.5.4 F Rectangular or Square End Chip Good wetting on vertical surfaces G+25%H max 0.50 mm
7.5.5 F Cylindrical End Cap Good wetting on vertical surfaces G + 25%W max 1.00 mm
7.5.6 F Castellated Good wetting G+25%H G+50%H

7.5.7 F Gull Wing - T < = 0.40 mm Good wetting G+T G+T

7.5.7 F Gull Wing - T > 0.40 mm Good wetting G+50%T G+T

7.5.8 F Round & Flattened Leads Good wetting G+50%T G+T

7.5.9 F J-Leads G+50%T G+50%T G+T

7.5.10 F I-Leads (Butt I) 0.50 mm 0.50 mm NA

7.5.10.1 F I-Leads Solder Charged Hole is filled Hole is filled Hole is filled

7.5.11 F Flat Lug Leads Good wetting Good wetting G+T

7.5.12 F Tall Profile Bottom Only None None None

7.5.13 F L-inward Good wetting on vertical surfaces [G+25%H max 0.50 mm |G+25%H max 0.50 mm
7.5.14 F BGA None None None

7.5.15 F BTC (QFN) None None None

7.5.16 F Bottom Thermal Plane None None None

7.5.17 F Flattened Post Good wetting Good wetting NA

7.5.18 F P-termination Good wetting 25%H 25%H




The Proportional Concept
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Proportional Land Dimensioning Calculations Protrusion

Description Protrusion [Land Size |Calculation Toe Limit |Toe Side * Heel
Bottom Only Chip No 1:1 -

Rectangular or Square End Chip |Yes Termination Height 0.50 mm 40% 10% 10%
Cylindrical End Cap Yes Termination Diameter 1.00 mm 60% 0% 5%
Castellated Yes Termination Height 50% 10% 10%
Gull Wing - T < = 0.40 mm Yes Leadframe Thickness 100% 10% 150%
Gull Wing - T > 0.40 mm Yes Leadframe Thickness 100% 10% 150%
Round & Flattened Leads Yes Lead Thickness/Diameter 100% 10% 150%
J-Leads Yes Leadframe Thickness 150% 10% 150%
I-Leads (Butt I) Yes Height Requirement 0.50 mm| 0.25 mm| 0.50 mm
I-Leads Solder Charged Yes Upper Hole Edge 50% 10% 50%
Flat Lug Leads Yes Leadframe Thickness 100% 10% 5%
Tall Profile Bottom Only No 1:1 -

L-inward Yes Termination Height 0.50 mm 10% 10% 40%
BGA No 1:1 -

BTC (QFN) No 1:1 -

Bottom Thermal Plane NoYes Leadframe Thickness 100% 10% 150%
Flattened Post Yes

P-termination Yes Termination Hight 50% 20% 50%

opt: = optional

* Alternative to % in
most cases 50% of




es FeED—

sions are defined by




Proportional Gullwing FEU—

Proportional SMD Pad Stack
Gullwing Package Package Dimensions Nominal Terminal Toe (%TH) | Heel (%TH) | Side (%TH) Land (Pad)
Example
Pitch Length Width € Height Length Width | Height (c)* w0 [ 150 [ s Length Width Center
0-14 8,65 6,00 1,75 0,800 0,50 0,25 0,250 0,375 0,013 1,425 0,525 2,538
0,95 SOT-23-6 2,30 2,90 1,00 0,450 0,40 0,12 0,120 0,180 0,006 0,750 0,412 1,145
0,30 TQFP-44 12,00 12,00 1,60 0,600 0,37 0,15 0,150 0,225 0,008 0,975 0,385 5,663
0,65 TSSOP-16 5,00 6,40 1,20 0,600 0,25 0,20 0,200 0,300 0,010 1,100 0,270 2,150
0,50 MSOP-10 4,90 3,00 1,10 0,550 0,22 0,18 0,180 0,270 0,009 1,000 0,238 2,130
0,40 TQFP-100 14,00 14,00 1,20 0,600 0,18 0,15 0,150 0,225 0,008 0,975 0,195 6,663
All
dimensions
are in mm
*Height = Leadframe Thickness
All Dimensions are onlyefamp 10 e dimensions for individual components have to be filled in from datasheet




Advantages DisadvantagesFEL)

Easy scalable No Generic Footprints
Also for future components

Smoother Assembly
Less Risks

Higher Reliability
Additional Design Space



D Proportional Verification Projekt &L 00

| |period ___StartingDate

Creation of Library Parts 3 weeks 16.05.2016
Design of Testboard 3 weeks 06.06.2016
Testboard Production 3 weeks 27.06.2016
Assembly of Testboard 2 weeks 11.07.2016
Solder Joint Inspection & Documentation 3 weeks 01.08.2016

Prasentation of Results at FED-Conference 15.09.2016



FED — IPC Reference Calculator e

QPC Incremental SMD Reference Calculator

Current Sample

50-14, pitch 1.27 mm f—z je—C —y
Fairchild 74ACT14SCX 1 "-j';r"‘ D_‘:,_ I:I
— - 1K 3
Samples Enter Data: ’ Calculation: —* Result: e x
Rectangular End Cap Emin 6,00 Toe Goal 0,35 Stol =] 0.80 Toe Tol =| 0.11180 C=l 520 Toe Max = 0.40
CO0201 RO201 Emax 6.00 Heel Goal 0.35 Stol RMS)=| 0,57 Zmax =| 6.81180 X=| 1.60 Toe Min=| 0,34
Etol =| 0,00 Side Goal 0,03 Sdiff=| 0,23 Heel Tol =| 0,57663 Y =| 061 Toe Goal 0,35
C0402 | RO402 Lmin 0.50 Smax=| 5.0 Gmin =| 3.60621 Heel Max =| 0,64
C0603 ROG03 Lmax 0.90 | PlaceRnd | 002 Smin=| 4.20 Side Tol =| 0.19519 Heel Min=[ 0.35
Ltol =]  0.40 | SizeRnd [ 001 New Smax =| 4,88 Yref =| 0.60519 Heel Goal 0,35
Gull Wing Examples bmin 0,35 MNew Smin =] 4,32 Side Max = 013
bmax 0.51 | Fab Tol +/| 0,050 Place Round Factor =| 50 Side Min =| 0,03
S0-14 Pitch 1.27 btol =[ 0,16 | Place Tol +/| 0,025 Size Round Factor=| 100 Side Goal 0,03

S0T-23 Pitch 0.95
TQFP-44 Pitch 0.60
TSSOPOPRch 05 | FED Proportional SMD Reference Calculator
MSOP-10 Pitch 0.50
TWVSOP-24 Pitch 0.40

Enter Data: Goal Determination Calculation: Result: Risk observation
Inward L Enom = 6,00 Toe Goal (%) 100 Z=| 660000 C=| 516 Toe Max =| 0,305
3216-18A | 7343-31D Lnom=| 0,70 Heel Goal (%) 150 G =| 370000 C/2=| 258 Toe Min=| 0,243 |
bnom=| 043 Side Goal (%) 5 Y =| 0.46000 K=| 145 Toe Goal =| 0300 |
Cylindrical cnom=| 0.30 Y= 0064 Heel Max = 0,591
MiniMelf | Meif elpitch) 7] 127 Heel Min =) 0,303
Goals are a percentage of *if Y < pitch/2 Heel Goal =| 0,450

cnom = Terminal

Flat Protruded Thickness or Height cnom Y= pitch/2 Side Max=| 0,143
S0T-563 Side Min = 0,045
Side Goal =| 0,015
Castellated
TC-164 3 PCB
> Libraries

modified 23.05.2018/R. Taube



arification Testboard
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oup 1 - In-L -Tantal A and D solder joints FFEL) 00
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2 — MiniMelf and Melf - solder joints &Lt




3 — MLCC solder joints
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Group 5 — SO-14 solder joints — Pitch 1.27 &)




oup 5 — SOT-23-6 solder joints — Pitch 0.95 FEL) 0




DUp 5 — QFT-44 joints — Pitch 0.8 FED




pe 5 — TSSOP-16 joints — Pitch 0.65 FED




yup 5 — MSOP-10 joints — Pitch 0.5 FED =




oup 5 — TVSOP-24 joints — Pitch 0.4 FFED——m




— SOT-563 und TC164 joints FeD L




Good

Joint Slope[Deg] : 67.8{Deg][>30.0[Deg]]

Avg End Joint Height[%] : 76.6{%](>30.0(%]), (168.5[Um][>66.0{Um]]
Logic : 2D OR

Steep Area:85.6'

Good
Joint Slope[Deg] : 614{Deg)[>300[Deg]]

Avg End Joint Height[%] : 825 ], (206.6{Um](
Logic : 2D OR

Steep Area:94

Good

Joint Slope[Deg] : 54.9(Deg](>40.0(Deg]]

Avg End Joint Height(%] : 59.5[%](>45.0(%), (206.1{Um][>162.5[Um]]
Logic : 2D OR 3D

s

Good

Joint Slope[Deg] : 429[Deg][>400[Deg]]

Avg End Joint Height(%] : 53.7(%](>45.0(%]), (183 4{Um](>157.2(Um]]

Logic : 2D OR 3D
Steep Area:73.9% [>50.0%]

areCopper: 0.0%[<50.0%]

Good
Joint Si

ope[Deg]

53.9(Deg)[

Avg End Joint Height{%) : 437

Logic

2D OR 3D

Steep Area:90.6%

Barel

Good
Joint S

pelDeg)

00[Deg]]

%)(>25.0(%), (2453{Um][>1

48.0[Deg](>20.0[Deg]

Avg End Joint Height{%) : 393

Logic

Steep

2D OR 3D

[9%](>25.01%]], (213 6{Um](>156.3{Um]])




AOI- SO-14 - Pitch 1.27 Feu

Good Good

Join 0[Deg]] Joint Slope[Deg] : 3. >20.0[Deg]]

Avg End J 275.5[%][>25.0[%]], (164.1[Um][>63.1[Um]]) Avg Entsntyl [>25.0(%]), (160.4Um](>57.1[Um]])
Logic : 2D OR 3D y

Steep Area:87 50.0%] > Steep Areai97.4% [>50.0%)
BareCopper: 6.0%(<50.0%] BareCopper: 3.3%([<




AOI- TVSOP-24 - Pitch 0.4 [

Good
Joint Slope[Deg] : 48.4[Deg](>10.0[Deg]] -
. Avg End Joint Height[%] : 57.1[9 WQMIUWI)
Logic : 2D OR 3 Logic : 2D OR 3
Steep Area:93.5% [>50.0%)] Steep Area:97.5m

Pad End Hei.(Volume):20.19 % Pad End Hei.(Volume): 8.3%(< = 40.0%)]

BareCopper: 0.7%[<50.0%) ) BareCopper: 3,5%[<50.0%)]




Investigation results of Marco Huber Fe)

3. Feststellung

3. Findings rrungen und Lotun-

The results of the investigation concerning placement and solder joints and ~ Nen Geometrien (mit
their wetting behaviour are acceptable and fulfil the requested geometries

(with little exceptions Melf) | Taube sehr ahnlich.
Based on the total pictures the 4 assemblies of Taube and Prettl are very auber verarbeitet.
similar. Also the solder joints do not show significant differences — all

components are properly processed. , _
e i e Tt ) e et et et 1 et s e e e e e eTTIEFEN UN SUKZESSI-

ve in die Praxis, bzw. in eine ,FED-Richtlinie“ umzusetzen.
4. Recommendations
The results under 3. allows to document the accomplished pad definitions
und to implement them in practical design or to publish them in a FED-
guideline. (/{Z7

/'\/ Marco Huber
/ Y

S
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