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Why do we need a new 
Calculation Concept for 
SMT-Landpattern? 



Tolerances were added 
F-Tol = 0.2mm P-Tol = 0.2mm 

Previously 

IPC-782 

Publication  03/87 
Rev. A 08/93 
AM 1 10/96 

AM 2 04/99  

Solder joint strength is greatly 
determined by solder volume. 

The more solder 
the more reliable Solder Joint 



Current IEC 

IEC-61188-5-xx 

Publication  2002 
no Revision till now 

Stability Date  2017  

Complies mostly with IPC-782A 
inclusive of AM 1 and AM 2 

Implementation of 3-tier System 
Maximum - Median - Minimum 

Assumption: The more solder 
the more reliable solder joint 



IEC Package I0402 = M1005 

G0402 

G0402 

Maximum Land Size 

Nominal Land Size 



Current IPC 

IPC-7351 

Publication  02/05 
Rev. A 02/07 
Rev. B 06/10 

Rev. C in progress  

Further Development of IPC-782 
Implementation of Density Level 

Combination with PCB Libraries 
Landpattern Calculator  

Reduced Tolerances 
F-Tol = 0.1mm P-Tol = 0.05mm 



IPC Package I0402 = M1005 

Table shows minimum dimensions of density level 

Effective dimensions have to be calculated with IPC-
7351 calculator 



IPC-7351 Calculation Concept 
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IPC-7351 Calculation Concept 
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IPC-7351 Calculation Concept 0402 

Zmax = 0.95 + 2x0.3+ 0.01+0.01+0.0025 = 1,7  



IPC-7351 Calculation Concept 
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IPC-7351 Calculation Concept 

Y = Land length = Z - G 

Y 

S 

G 

JH 



Smax/Stol Y = (Z – G)/2 

Smin = Lmin – 2Tmax 
Smin = 0.95 – 2x 0.4 = 0.15 

Smax = Lmax - 2Tmin 
Smax = 1.05 – 2 x0.2 = 0.65 

T 

S 

Cs = Smax – Smin = 0.65 – 0.15 = 0.5 (S-Tolerance) 

1. Method of Tolerance Calculation S (Cs) 



Smax/Stol 

Y = Länge der Anschlussfläche 

Y = (Z – G)/2 

Cs(Diff)= Cs – Cs(RMS) = 0.5 – 0.3 = 0.2 
 

Smax (New) = Csmax  - Cs(Diff)/2 = 0.65 – 0.1 = 0.55 
Smin (New) = Csmin + Cs(Diff)/2 = 0.15 + 0.1 = 0.25 

Cs(RMS) =  (Ltol)
2 + 2(Ttol)

2  =  0.12+2x0.22= 0.3 

2. Method of Tolerance Calculation S (Cs) 



The smaller G the longer Y 

G = 0.55 - 2x0- 0.09+0.01+0.0025 = 0.55-0-0.32 = 0.23 

Y (0402) = (Z – G)/2 = (1.7 – 0.23)/2 = 0.735 



IPC-7351 Calculation Concept 

Xmax = 0.45 + 2x0.05 + 0.01+0.01+0.0025 = 0.7  

W 

JS 

X 



IPC-7351 Maximum  

Component depending: Lmin und CL 

Process Constants: F und P 

Density Constant: JT 



IPC-7351 Land Calculation Chip-Components 





Comparison IEC  IPC 

IEC 61188-5-2 IPC 7351B 



Consequences 

Twisting 

Shifting 

Tombstoning 

Open Solder Joints 

Trailers 



Optional in IPC-7351B 

“These numbers may be modified based on user equipment capability or 
fabrication criteria. For example, many printed board fabricators will compensate 
for etch factors and increase or “swell” land features. In such instances, the 
combination of etch factor compensation by the printed board fabricator and the 
IPC-7351 default “F” tolerance results in what can be described as “double etch 
compensation” where the land size is increased beyond expectation. In these 
instances, the fabrication tolerance in the “Calculator Settings” menu of the IPC-
7351 LP Calculator should be set to 0.0 mm.”  

“Individual tolerances for fabrication (‘‘F’’) and component placement equipment 
accuracy (‘‘P’’) are assumed to be as given in the IPC-7351 land pattern libraries.” 



Constant land increase by F & P 

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

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). 



The New Proportional Land 
Dimensioning Concept 

Basic Idea 



Two Terminal Classes 

Facing wettable areas 

Facing & vertical wettable 
areas 



Terminal Type 1 

Facing flat wettable areas 

J-STD-001 Type Land Size 

7.5.3 Bottom Only Chip 1:1 

7.5.12 Tall Profile Bottom Only 1:1 

7.5.14 BGA 1:1 

7.5.15 BTC 1:1 

1:1 optimized stress distribution in solder joint – higher reliability 

No protrusion required 



Terminal Type 2 

Flat facing and vertical wettable areas 
Protrusion required 

J-STD-001 Typ Protrusion 

7.5.4 Rectangular or Square End Chip % Terminal Height 

7.5.5 Cylindrical End Cap % Terminal Diameter 

7.5.6 Castellated % Terminal Height 

7.5.7 Gull Wing % Leadframe Thickness 

7.5.9 J-Leads % Leadframe Thickness 

7.5.11 Flat Lug Leads % Leadframe Thickness 

7.5.13 L-Inward % Terminal Height 



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

J-STD-001 Dim. Description

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 G+25%H max 0.50 mm

7.5.5 F Cylindrical End Cap 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

Minimum Fillet Hight Requirement

Good wetting on vertical surfaces

Good wetting on vertical surfaces



Gullwing Pitch 

Pitch Package Example 

1.27mm SO-08, SO-14, SO-16 etc. 

1.00mm QFP 

0.80mm TQFP-44 

0.65mm TSSOP-16 

0.50mm MSOP-10 

0.40mm TQFP-100 



Gullwing Solder Joint 

A good heel fillet equals a wetting angle of approximately  45° 
Toe of terminal mostly is not wettable,  no solder joint requirement 
Heel fillet is most important for reliablity 
Thus heel protrusion should be more than toe protrusion 



IPC-7351 Gullwing Tables 

Only Difference: Side Protrusion JS 



Example: TQFP-100 



The Proportional Concept 

Description Protrusion

Required

Land Size Calculation

Parameter

Toe Limit Toe Side * Heel 

Bottom Only Chip No 1:1 - opt: 50µm opt: 50µm opt: 50µm

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 - opt: 50µm opt: 50µm opt: 50µm

L-inward Yes Termination Height 0.50 mm 10% 10% 40%

BGA No 1:1 - opt: 50µm opt: 50µm opt: 50µm

BTC (QFN) No 1:1 - opt: 50µm opt: 50µm opt: 50µm

Bottom Thermal Plane NoYes Leadframe Thickness 100% 10% 150%

Flattened Post Yes

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

opt: = optional

Proportional Land Dimensioning Calculations Protrusion

* Alternative to % in 

most cases 50% of 



Example Chip-Components 



Advantages 

Land dimensions are defined by 

Solder Joint Requirements 

Terminal Type 

Terminal Size 

New: Terminal Height 



Proportional Gullwing 



Advantages Disadvantages 

Easy scalable No Generic Footprints 

Also for future components 

Smoother Assembly 

Less Risks 

Higher Reliability 

Additional Design Space 



FED Proportional Verification Projekt 

Period Starting Date 

1 Creation of Library Parts 3 weeks 16.05.2016 

2 Design of Testboard 3 weeks 06.06.2016 

3 Testboard Production 3 weeks 27.06.2016 

4 Assembly of Testboard 2 weeks 11.07.2016 

5 Solder Joint Inspection & Documentation 3 weeks 01.08.2016 

6 Präsentation of Results at FED-Conference 15.09.2016 



FED – IPC Reference Calculator 



FED Verification Testboard 



Testboard with Components 



Group 1 – Inward L - Tantal A and D 



Group 1 – In-L -Tantal A and D solder joints 

P I 

P I 

P= Proportional 
I = IPC-7351 



Group 2 – Cylindrical - MiniMelf and Melf 



Group 2 – MiniMelf and Melf – solder joints 

P I 

P I 



Group 3 – Rectangular/Square MLCC 



Group 3 – MLCC solder joints 

P 

I 

0201 0402 0603 



Group 4 – Rectangular/Square Resistor 



Group 4 – Resistor solder joints 

P 

I 
0201 0402 0603 



Group 5 – Gullwing 



Group 5 – SO-14 solder joints – Pitch 1.27 

P 

I 



Group 5 – SOT-23-6 solder joints – Pitch 0.95 

P 

I 



Group 5 – QFT-44 solder joints – Pitch 0.8 

P 

I 



Gruppe 5 – TSSOP-16 gelötet – Pitch 0.65 

P 

I 



Group 5 – MSOP-10 solder joints – Pitch 0.5 

P 

I 



Group 5 – TVSOP-24 solder joints – Pitch 0.4 

P 

I 



Group 6 – SOT-563 und TC164 



Group 6 – SOT-563 und TC164 solder joints  



AOI– In-L -Tantal A und D 

P I 

P I 

P= Proportional 
I = IPC-7351 



AOI– MiniMelf und Melf 

P I 

P I 



AOI – MLCC 

P 

I 

0201 0402 0603 



AOI – Resistor 

P 

I 
0201 0402 0603 



AOI– SO-14 – Pitch 1.27 



AOI– SOT-23-6 – Pitch 0.95 



AOI– QFT-44 – Pitch 0.8 



AOI– TSSOP-16 – Pitch 0.65 



AOI– MSOP-10 – Pitch 0.5 



AOI– TVSOP-24 – Pitch 0.4 



AOI – SOT-563 und TC164 



Investigation results of Marco Huber 

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. 

3. Findings 
The results of the investigation concerning placement and solder joints and 
their wetting behaviour are acceptable and fulfil the requested geometries 
(with little exceptions Melf) 
Based on the total pictures the 4 assemblies of Taube and Prettl are very 
similar. Also the solder joints do not show significant differences – all 
components are properly processed. 



Results 

   Requirements of IPC-A-610 
 Class 2 & 3 fulfilled 

   except Cylindrical – additional 
 solder volume required 

  AOI-results will follow 



Do we have to run reliablity 
test to verify the proportional 
concept? 
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