
EMC Studio Application Note: #24

LFEF SIMULATIONS FOR PCB WITH TERMINAL BLOCKS 
CONVERSION ADAPTER 

Introduction

Simulation Model Description
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This application note demonstrates capacitance matrix calculation for 
PCB with conversion adapter between DB15 female connector and 
6-pin terminal blocks using Low Frequency Electric Field (LFEF) solver. 

The modelling approaches are the following: 

	� Geometry models of PCB and terminal blocks adapter can be 
constructed using EMC Studio CAD tools or imported from 
NASTRAN or CAD formats

	� Dielectric materials with different permittivity values are used for 
PCB and terminal blocks modelling (PCB: ε - 2.5; connector: ε - 4.5; 
terminal blocks: ε - 6.6)

	� PCB dimensions are the following: 77 mm x 68 mm x 1.8 mm; 
trace width is 1 mm

	� Two calculation models are considered. On the first step capacitance 
matrix is calculated for PCB traces without conversion adapter. Next 
calculation of full model with terminal blocks conversion adapter 
is performed. Difference between obtained capacitance matrices is 
demonstrated

	� Electric field distribution on different observation planes is visualized

Connector and Terminal Blocks Parameters

D-Sub 15 Pin Female Connector
Insulation Materal: PBT Polyester ε - 4.5

Connector  Pinouts

12345678

9101112

12 V

GND

PCB Terminal Blocks (6 Pins)
Insulation Material: Polyamide (Nylon) ε - 6.6

33 mm

57 mm

18 mm

45 mm

15 mm

Terminal Blocks Conversion Adapter

Bottom View: PCB Traces between Connector and Terminal Pinsb d l

Supply 
Net 12 V

Ground 
Net

Top View:  Terminal Blocks Conversion Adapter on PCB

Terminal Blocks (6 Pins)
Female Connector 

(15 Pins)

PCB
ε2 = 4.5  

ε3 = 2.5  

ε1 = 6.6  

Calculation model contains 38,877 triangles. Each triangles group has unique property for accurate material parameters definition.

Calculation Model (Mesh View) – Property Separation 

http://www.emcos.com


EMC Studio Application Note: #24

LFEF SIMULATIONS FOR PCB WITH TERMINAL BLOCKS 
CONVERSION ADAPTER 

Results
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Capacitance Matrix
 (PCB without Conversion Adapter)

1 2 3 4 5 6 7 8 9 10 11 12

1 

2 

3 

4 

5 

6 

7 

8 

9 

10

11

12

Capacitance Matrix C1, [pF]

Port N

P
or

t N

0.9298

0.5805

0.0157

0.0267

0.0110

0.0032

0.0103

0.0109

0.1130

0.0202

0.0048

0.0063

0.5805

0.3716

0.0553

0.0476

0.0147

0.0034

0.0108

0.0106

0.5381

0.0414

0.0058

0.0078

0.0157

0.0553

0.0893

0.0517

0.0140

0.0033

0.0030

0.0029

0.2666

0.2113

0.0066

0.0026

0.0267

0.0476

0.0517

0.2113

0.2143

0.0140

0.0156

0.0125

0.1366

0.3382

0.0485

0.0199

0.0110

0.0147

0.0140

0.2143

0.1943

0.0519

0.0487

0.0275

0.0204

0.0487

0.3379

0.1421

0.0032

0.0034

0.0033

0.0140

0.0519

0.1018

0.0555

0.0178

0.0028

0.0067

0.2087

0.2660

0.0103

0.0108

0.0030

0.0156

0.0487

0.0555

0.3650

0.5856

0.0080

0.0061

0.0422

0.5357

0.0109

0.0106

0.0029

0.0125

0.0275

0.0178

0.5856

0.8941

0.0067

0.0054

0.0209

0.1143

0.1130

0.5381

0.2666

0.1366

0.0204

0.0028

0.0080

0.0067

0.2348

0.1509

0.0072

0.0082

0.0202

0.0414

0.2113

0.3382

0.0487

0.0067

0.0061

0.0054

0.1509

0.1835

0.0186

0.0071

0.0048

0.0058

0.0066

0.0485

0.3379

0.2087

0.0422

0.0209

0.0072

0.0186

0.1832

0.1569

0.0063

0.0078

0.0026

0.0199

0.1421

0.2660

0.5357

0.1143

0.0082

0.0071

0.1569

0.2323

1 2 3 4 5 6 7 8 9 10 11 12

1 

2 

3 

4 

5 

6 

7 

8 

9 

10

11

12

Capacitance Matrix C2, [pF]

Port N

P
or

t N

3.8084

2.7059

0.2472

0.1294

0.0254

0.0663

0.1116

0.1877

0.3370

0.1233

0.1117

0.0628

2.7059

2.1087

1.5232

0.2345

0.0444

0.0397

0.1067

0.1010

1.9319

0.2070

0.0545

0.0739

0.2472

1.5232

1.0774

1.5308

0.1727

0.1372

0.0299

0.0334

1.1821

1.6534

0.0795

0.0213

0.1294

0.2345

1.5308

1.7235

1.7015

0.1817

0.0596

0.0525

0.9079

1.7856

0.2356

0.0904

0.0254

0.0444

0.1727

1.7015

1.8308

1.6061

0.2956

0.1736

0.0745

0.2061

1.9543

1.1226

0.0663

0.0397

0.1372

0.1817

1.6061

1.0754

1.6030

0.3103

0.0225

0.0873

1.8572

1.2355

0.1116

0.1067

0.0299

0.0596

0.2956

1.6030

2.1311

2.9434

0.0701

0.0318

0.2467

2.1390

0.1877

0.1010

0.0334

0.0525

0.1736

0.3103

2.9434

3.9128

0.0477

0.0394

0.1700

0.3955

0.3370

1.9319

1.1821

0.9079

0.0745

0.0225

0.0701

0.0477

2.3207

1.3044

0.0521

0.0912

0.1233

0.2070

1.6534

1.7856

0.2061

0.0873

0.0318

0.0394

1.3044

2.1974

0.2053

0.0436

0.1117

0.0545

0.0795

0.2356

1.9543

1.8572

0.2467

0.1700

0.0521

0.2053

2.1608

1.3804

0.0628

0.0739

0.0213

0.0904

1.1226

1.2355

2.1390

0.3955

0.0912

0.0436

1.3804

2.3550

Capacitance Matrix
 (PCB with Conversion Adapter)

1 2 3 4 5 6 7 8 9 10 11 12

1 

2 

3 

4 

5 

6 

7 

8 

9 

10

11

12

C2/C1

Port N

P
or

t N

  4.10

  4.66

 15.74

  4.85

  2.30

 20.74

 10.83

 17.27

  2.98

  6.11

 23.05

  9.97

  4.66

  5.67

 27.53

  4.93

  3.02

 11.78

  9.86

  9.55

  3.59

  5.00

  9.44

  9.49

 15.74

 27.53

 12.07

 29.64

 12.29

 41.58

  9.93

 11.38

  4.43

  7.82

 12.01

  8.05

  4.85

  4.93

 29.64

  8.16

  7.94

 13.01

  3.82

  4.18

  6.65

  5.28

  4.86

  4.55

  2.30

  3.02

 12.29

  7.94

  9.42

 30.96

  6.07

  6.32

  3.66

  4.23

  5.78

  7.90

 20.74

 11.78

 41.58

 13.01

 30.96

 10.57

 28.91

 17.47

  8.08

 13.11

  8.90

  4.65

 10.83

  9.86

  9.93

  3.82

  6.07

 28.91

  5.84

  5.03

  8.79

  5.26

  5.85

  3.99

 17.27

  9.55

 11.38

  4.18

  6.32

 17.47

  5.03

  4.38

  7.14

  7.33

  8.13

  3.46

  2.98

  3.59

  4.43

  6.65

  3.66

  8.08

  8.79

  7.14

  9.88

  8.64

  7.19

 11.15

  6.11

  5.00

  7.82

  5.28

  4.23

 13.11

  5.26

  7.33

  8.64

 11.98

 11.05

  6.12

 23.05

  9.44

 12.01

  4.86

  5.78

  8.90

  5.85

  8.13

  7.19

 11.05

 11.80

  8.80

  9.97

  9.49

  8.05

  4.55

  7.90

  4.65

  3.99

  3.46

 11.15

  6.12

  8.80

 10.14

Difference between Capacitance Matrices
(C2/C1)

Electric Field Distribution (XY Plane) Electric Field Distribution (YZ Plane)
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Connection Traces between Connector and Terminal
Blocks with Assigned PotentiaI IDs 

Electric field distribution on different observation planes is displayed below:

Difference between obtained capacitance matrices for PCB with and without conversion adapter is shown below:

http://www.emcos.com

