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How to Design Predictable Interconnects up to 448 Gbps

1. SI Dreams and Nightmares

2. The Inconvenient Reality of Interconnects 

3. Some good practices - Towards 448 Gbps

Part I
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Predictable Interconnects

Step1- First Simulate

Step2- Lab Measurement

Step3- Check if it Matches

Step1- Lab Measurement First 

Step2- Simulation

Step3- Check if it Matches

22

Check if the lab 

measurement will 

match to simulation 

Check if the lab 

measurement will 

match to simulation 

Junior SI Eng 

Option 2- is more 

promising

Option 2- is more 

promising
Veteran SI Eng 

Sometimes  Mostly  
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Predictable Interconnects

It Is magnificent It Is magnificent It doesnôt work 

that way

It doesnôt work 

that way Veteran SI Eng 

My SI skills are 

amazing 

Behold my 

Correlation work

My SI skills are 

amazing 

Behold my 

Correlation work

Junior SI Eng 

Á Model

Á Measurement

Don't Believe In Fairytales



Step One - Acknowledging the Challenge 

1. Case study 1- Microstrip Geometry

2. Case Study 2- Coupon Structure

3. Case Study 3 -Probing PAD (Via)Structure
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Case study 1 Microstrip Geometry

#\[mil] 2 4 6 8 10 11

001 0.85 13.21 14.08 2.02 1.81 5.85

002 0.90 13.11 14.01 2.20 2.05 5.81

003 0.89 13.42 14.04 2.03 1.77 5.81

004 0.86 13.44 14.11 2.15 1.94 5.90

005 0.87 13.57 14.29 2.08 1.86 5.90

006 1.00 13.69 14.32 2.13 1.90 5.94

007 0.82 13.59 14.16 2.05 1.91 5.95

008 1.01 13.98 13.69 2.10 1.84 5.95

009 0.89 13.57 14.20 2.29 1.92 5.97

010 0.85 13.60 14.07 2.00 1.86 6.00

Max 1.01 13.98 14.32 2.29 2.05 6.00

Min 0.82 13.11 13.69 2.00 1.77 5.81

Average 0.89 13.52 14.10 2.11 1.89 5.91

21% 6% 4% 14% 15% 3%
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2

4

6
8

11
Some Variations are 
more familiar to SI 

Engineers

Covered in 
Depth in Literature [2]

Å 10 PCBs 

Å Same Lot



Case Study 2 -Coupon Structure 

1

2

1

2

J13 J14

J51

J43

Coupon Structure 

NS vs EW orientation

Same Via Structure

Same PCB

What could possibly go wrong? 

J51 J43

J13
J14



Connector pin to Via Offset

MMPX 
center line

Via center 
line

3.225 [mil]



J51-J43 

J13-J14 

Isotropic Weave Spread

EW -Spread Weave 

1

2

NS ïNon Spread Weave 

Resulted in 2Ý 

Impedance Difference [2]



Case Study 3 - Probing PAD Structure 

Post Manufactured PCB 

Reality Might Be Different 

than Intended 

Å10 PCB Samples

ÅSame Lot  

Design Reality
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What could possibly go wrong? 



Measured Gnd Pads Dimensions

1

2

3

4

1 2 3 4

001 23.91 18.91 23.44 19.12
002 23.46 18.08 23.28 18.47
003 23.07 17.93 23.13 17.66
004 23.23 18.62 22.77 18.57
005 23.37 18.50 23.39 18.53
006 22.62 17.79 22.55 17.93
007 23.10 18.63 23.48 18.25
008 23.28 18.33 22.92 18.08

009 23.42 17.71 22.52 18.17

010 23.23 18.56 23.68 18.81

Design 26 20 26 20

AVG 23.27 18.31 23.12 18.36

Min 22.62 17.71 22.52 17.66

Max 23.91 18.91 23.68 19.12

var 1.29 1.2 1.16 1.46

Max error 3.38 2.29 3.48 2.34



Measured Via center to Via center distance [mil]

Measured

001 39.16

002 39.62

003 41.72

004 39.07

005 39.72

006 40.74

007 39.82

008 39.30

009 39.55

010 39.71

AVG 39.84

min 39.07

max 41.72

delta 2.65

MAX error 1.72



Via Location Measured vs Designed

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

-32-31-30-29-28-27-26-25-24-23-22-21-20-19-18-17-16-15-14-13-12-11-10 -9 -8 -7 -6 -5 -4 -3 -2 -1 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32

0
1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21

-36 -35 -34 -33 -32 -31 -30 -29 -28 -27 -26 -25 -24 -23 -22 -21 -20 -19 -18 -17 -16 -15 -14 -13 -12 -11 -10 -9 -8 -7 -6 -5 -4 -3 -2 -1 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36

Coupon X Y

001 19.8 9.3

002 23.0 9.4

003 22.4 9.2

004 19.8 9.3

005 20.9 8.7

006 22.2 10.2

007 21.5 8.3

008 20.6 9.1

009 21.7 9.4

010 19.8 9.3

Design 20 10

AVG 21.17 9.22

min 19.8 8.3

max 23 10.2

delta 3.2 1.9

MAX 

error -3 1.7

Via Centers Only
Coupon X Y

001 -20.0 9.3

002 -16.7 8.8

003 -20.0 8.8

004 -20.2 9.9

005 -18.9 8.8

006 -18.5 9.9

007 -18.4 8.3

008 -19.2 8.7

009 -18.0 8.8

010 -20.0 9.4

Design -20 10

AVG -18.99 9.07

min -20.2 8.3

max -16.7 9.9

delta 3.5 1.6

MAX 

error -3.3 1.7

Left via Right via 



16

Vias Variations - Single design Two fab Vendors
Stackup 1 Stackup 2

Vias for each layer were designed to satisfy the low reflection condition for two stackups simultaneously ï see details in

A. Manukovsky, Y. Shlepnev, J. Nutzati, A. Kuntsevych, I. Peleg, S. Mordooch Via Design for 112 Gbps and Beyond: 

Theory and Reality, DesignCon 2025



36

43

38

44

46

42

47

37

39

40 41

45

Vendore1_004_line_17_Via

48 49

50 51

52

54

53

55

56

58

57

59

Type NameLength (mil)
Horizontal Line 36 9.74
Horizontal Line 37 8.96
Horizontal Line 38 8.34
Horizontal Line 39 9.74
Horizontal Line 40 10.16

Horizontal Line 41 8.23

Horizontal Line 42 11.78

Horizontal Line 43 8.68

Horizontal Line 44 11.93

Horizontal Line 45 9.14

Horizontal Line 46 12.21

Horizontal Line 47 8.99

Horizontal Line 48 12.08

Horizontal Line 49 8.42

Horizontal Line 50 10.83

Horizontal Line 51 8.23

Horizontal Line 52 10.42

Horizontal Line 53 8.01

Horizontal Line 54 11.18

Horizontal Line 55 7.15

Horizontal Line 56 11.97

Horizontal Line 57 7.24

Horizontal Line 58 9.18

Horizontal Line 59 11.95



36

43

38

44

46

42

47

37

39

40 41

45

Vendore1_003_line_17_Via

48 49

50 51

52

54

53

55

56

58

57

59

Type Name Length 
[mil]

Horizontal Line 36 15.00
Horizontal Line 37 4.52
Horizontal Line 38 15.00
Horizontal Line 39 4.25
Horizontal Line 40 10.68

Horizontal Line 41 7.92

Horizontal Line 42 13.11

Horizontal Line 43 8.12

Horizontal Line 44 13.37

Horizontal Line 45 8.38

Horizontal Line 46 12.20

Horizontal Line 47 9.52

Horizontal Line 48 12.12

Horizontal Line 49 9.39

Horizontal Line 50 8.33

Horizontal Line 51 11.41

Horizontal Line 52 12.78

Horizontal Line 53 6.82

Horizontal Line 54 12.40

Horizontal Line 55 7.39

Horizontal Line 56 15.47

Horizontal Line 57 4.67

Horizontal Line 58 5.00

Horizontal Line 59 15.36



36

43

38

44

46

42

47

37

39

40 41

45

Vendore1_002_line_17_Via

Type NameLength (mil)
Horizontal Line 36 9.46
Horizontal Line 37 8.98
Horizontal Line 38 15.66
Horizontal Line 39 1.75
Horizontal Line 40 15.06

Horizontal Line 41 3.18

Horizontal Line 42 10.77

Horizontal Line 43 9.28

Horizontal Line 44 10.91

Horizontal Line 45 9.63

Horizontal Line 46 10.92

Horizontal Line 47 10.12

Horizontal Line 48 10.73

Horizontal Line 49 10.01

Horizontal Line 50 9.78

Horizontal Line 51 9.09

Horizontal Line 52 8.57

Horizontal Line 53 9.56

Horizontal Line 54 8.19

Horizontal Line 55 9.17

Horizontal Line 56 8.61

Horizontal Line 57 9.51

Horizontal Line 58 11.67

Horizontal Line 59 10.72

48 49

50 51

52

54

53

55

56

58

57

59



26

28

32

34

36

38

40

27

29

33

35

37

39

Vendore2_015_line_11_Via

41

Type Name Length [mil]
Horizontal Line 25 4.45
Horizontal Line 26 16.50
Horizontal Line 27 20.14
Horizontal Line 28 11.03
Horizontal Line 29 14.10
Horizontal Line 32 8.88
Horizontal Line 33 14.41
Horizontal Line 34 10.77
Horizontal Line 35 13.22
Horizontal Line 36 11.22
Horizontal Line 37 13.15
Horizontal Line 38 16.26
Horizontal Line 39 14.56
Horizontal Line 40 10.99
Horizontal Line 41 10.51
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28

32

34

36

38

27

29

33

35

37

39

Vendore2_020_line_11_Via

Type Name Length [mil]
Horizontal Line 26 17.89
Horizontal Line 27 19.31
Horizontal Line 28 11.45

Horizontal Line 29 13.42
Horizontal Line 32 9.66
Horizontal Line 33 14.50
Horizontal Line 34 10.78
Horizontal Line 35 13.47

Horizontal Line 36 10.73
Horizontal Line 37 13.21
Horizontal Line 38 17.81
Horizontal Line 39 13.56
Horizontal Line 40 11.96
Horizontal Line 41 11.81

40 41



26

28

32

34

36

38

40

27

29

33

35

37

39

Vendore1_003_line_11_Via
Type Name003
Horizontal Line 26 14.71
Horizontal Line 27 20.86
Horizontal Line 28 13.91
Horizontal Line 29 11.01
Horizontal Line 30 14.86
Horizontal Line 33 10.56
Horizontal Line 34 9.71
Horizontal Line 35 14.31
Horizontal Line 36 9.61
Horizontal Line 37 14.46
Horizontal Line 38 10.46
Horizontal Line 39 12.96
Horizontal Line 40 7.96
Horizontal Line 41 7.86

41



26

28

32

34

36

38

40

27

29

33

35

37

39

Vendore1_002_line_11_Via

41

Type Name002
Horizontal Line 26 19.64
Horizontal Line 27 17.64
Horizontal Line 28 13.63
Horizontal Line 29 12.51
Horizontal Line 32 19.26
Horizontal Line 33 5.13
Horizontal Line 34 19.39
Horizontal Line 35 6.88
Horizontal Line 36 19.26
Horizontal Line 37 7.00
Horizontal Line 38 5.00
Horizontal Line 39 17.26
Horizontal Line 40 8.26
Horizontal Line 41 8.01

VIA OFFSET



Predictable Transmission Lines
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Manufacturing Variation Modeling 
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Manufacturing Variation:  Lot A vs. Lot B
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Manufacturing Variation

LOT B
LOT A

Manufacturer 2Manufacturer 1

Design Target

Design Parameter

Probability
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Manufacturing Variation Impact on Design



Statistical Approach 
Å Measure 10 Coupons Transmission line parameters  (W,H,T,Dk,Df,etc.)

Å Build a statistical probability model of each input (STD, mean ,Variance)

Å Generate full factorial DOE table

Å Since the various input values possess distinct probabilities of occurrence, the output is weighted 

based on the overall likelihood of the scenario.

Å ApplySame Method as the good old Jitter and BER analysis

Å The Blue Plot is weighted by input combination probability, while the Red Plot is unweighted

Å The lines are CDF 

Å Dashed ïleft side CDF

Å Solid ïright side CDF

Output 

Example: Input Value distributions for two parameters

S [mil] 

W [mil] 



Example: Transmission Line Properties

Expected Variation

ï Dielectric Height -/+20%

ï TW    -/+4um

ï Copper thickness -/+30%

ï Dk -    /+5%

ï Df     -/+5%



Total Loss probability ï Reverse Bathtub 

Spec 1.5 [dB]

Loss [dB]

# of units/Probability
NOM

Hundreds of units

Millions of units



Impedance probability ï Reverse Bathtub 

# of units/Probability

NOM

Impedance  [Ohm]

nom + 15 [Ohm]

105 [Ohm]
Nom-15 [Ohm]

75 [Ohm]



Impedance probability ïWhy do we care

# of units/Probability

NOM

nom + 15 [Ohm]

105 [Ohm]

Nom-15 [Ohm]

75 [Ohm]

Impedance  [Ohm]



Impedance probability ïVendor screening

# of units/Probability

NOM

nom + 15 [Ohm]

105 [Ohm]

Nom-15 [Ohm]

75 [Ohm]

Impedance  [Ohm]



Vendor screening ï Variation within same unit

# of units/Probability

NOM

nom + 15 [Ohm]

105 [Ohm]

Nom-15 [Ohm]

75 [Ohm]

Impedance  [Ohm]



Dk Impact on Impedance Variation



Dielectric Hieght   Impact on Impedance Variation



Trace widt  Impact on Impedance Variation



Via Design for 448 Gbs



Frequency BW and Via optimization

Veteran SI Eng 

A perfect Via 

My SI skills are 

amazing 

A perfect Via 

My SI skills are 

amazing 

Junior SI Eng SI Lab Eng 



Frequency BW and Via optimization

Not so perfect Not so perfect 

Veteran SI Eng Junior SI Eng SI Lab Eng 



Frequency BW and Via optimization

Veteran SI Eng Junior SI Eng SI Lab Eng 

It Looks worse 

in Lab

It Looks worse 

in Lab



Frequency BW and Via optimization

It Is a Disaster It Is a Disaster 
Veteran SI Eng Junior SI Eng SI Lab Eng 



Nominal Case

SI Lab Eng 

It Looks different  in LabIt Looks different  in Lab



Is reference impedance Important ? 

Normalized to 85 ohm

Normalized to 100 ohm



TDR reference impedance 85 Ohms



TDR reference impedance 100 Ohms



TDR reference impedance 85 and 100 Ohm



BGA Via Sensitivity Check 

40

36

32

36
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Block 1 (L1,L2) = 32



Block 2 (L3,L4,L5,L6,L7) = 28



Block 3 (L8,L9,L10,L11) = 24


