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• High Speed Signal: PCIe, USB, SATA/SAS, HDMI, XFI, SFP 
• Long Transmission Line, for example: 

 
 
 
 
 
 
 
 
 
 

 
• Cost Concern: 2-layer pcb design 

Problem / Challenge Today 
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• High Speed Signal: PCIe, USB, SATA/SAS, HDMI, XFI, SFP 
 
 
 

• Long Transmission Line 
 
 
 
 

• Cost Concern: 2-layer pcb design 

Problem / Challenge Today 

A tool can help to simulate the behavior of a system 
over  trillion bits transmission in a short time. 

A tool can help to model a big scale structure in a 
short time with high accuracy 

A 3D tool can help to model in a short time with 
high accuracy 
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Problem / Challenge Today 

A tool can help to simulate the behavior of a system 
over  trillion bits transmission in a short time. 

A tool can help to model a big scale structure in a 
short time with high accuracy 

A 3D tool can help to model in a short time with 
high accuracy 

System SI, SLA (Serial Link Analysis) 

PowerSI 3DEM 

Graser User Conference Only



6 © 2013 Cadence Design Systems, Inc. All rights reserved. 

Problem / Challenge Today 

Serial Link SI 
SIGR930  

 

System-level sim environment with channel simulation (AMI models) 
Full-wave 3D S-param layout extraction 
Via Wizard 
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Why 3D? 
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Assumed to be zero: 
Ex, Ey, Hx, and Hy are 
constants along z-axis 

Assumed to be zero 

In 2.5D simulation tool 

1. No                    2. No                   3.No xE

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Case 1. -> Can be solved by 2.5D tool 
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y 

z 
Signal 

REF 

Dielectric 

Case 2. -> Can’t be solved by 2.5D tool (because 
the E-field is not purely along z-axis) 

REF 

zH


ignored zH


ignored 

ignored ignored 
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Why 3D? 
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In 3D simulation tool 

Every items will be involved in calculation. 

Signal 

REF 

Dielectric 
zE


yH


Case 1. -> Can be solved by 3D tool 

x 
y 

z 
Signal 

REF 

Dielectric 

Case 2. -> Can be solved by 3D tool (because 
the E-field be divided into z-axis and y-axis) 

REF 

zH


zH

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Why 3D? 
1. Reference to GND via 2. Crosstalk between vias 

x 

y 

z 

3. Coplanar traces 4. Via with big antipad (trace without reference at 
antipad) 

All these structures can’t be 
solved by 2.5D tool in the 
full frequency range due to 
the E-field is purely in x- or 
y- direction, without z- 
direction. 

Other 2.5D tool’s limit Graser User Conference Only
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FEM – Finite Element Method 

Maxwell Equations Helmholtz Equation 
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 Finite Element Method (FEM) is a numerical procedure to 
convert partial differential equations into a set of linear 
algebraic equations to obtain approximate solutions to 
boundary-value problems. 

 

[ ]{ } { }bEA =
Where {b} is the port excitation 

Using Galerkin’s method to get a weak form: 
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FEM – Finite Element Method 
 The basic idea of the finite element method is to divide the 

solution domain into small sub-domains, which are called 
finite elements, and then use simple functions, such as 
linear and quadratic functions, to approximate the unknown 
solution over each element. 
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Inherent Defect of FEM 
 DC Point –  
     
     

 
 
 
 
 
 

 Low Frequency Range – 
 
 
 
 
 
 

Full-wave (solving Maxwell/Helmholtz equation) FEM equations are singular at DC, 
that is: 

[ ]{ } { }bEA = can’t be solved at frequency=0 

Extra-interpolating is a commonly-adopted method by most tools. 
Risky!! 

Cadence 3DEM uses another FEM solver (not Maxwell/Holmholtx equations) at 
DC point (that is, PowerDC) 

Full-wave (solving Maxwell/Helmholtz equation) FEM equations are ill-conditioned 
at low frequency range.  

Longer simulation time and risk of non-reasonable result 
Cadence 3DEM uses another FEM solver (especially for low frequency conditioning 

algorithm) at low frequency range. 

Graser User Conference Only



14 © 2013 Cadence Design Systems, Inc. All rights reserved. 

Inherent Defect of FEM 
 Big Case - 

[ ]{ } { }bEA =

If there’re n-2 elements (E2, E3, …, En-1) to be solved, where E1 and En 
are known boundary elements, the matrix operation could be expanded 
as the following: 
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If there’re 2*(n-2) elements to be solved, how big is the scale of this matrix 
operation? How many times the scale of the original matrix operation? 
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Inherent Defect of FEM 
 Big Case - 

More elements 
Less elements 

More simulation time, more hardware resource 
Less simulation time, less hardware resource 

2,206,467 elements 
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Cadence’s “Cut and Stitch” 
Besides the over-whelming advantages 
in DC and Low-Frequency range, which 
we just mentioned: 

Now Cadence has a revolutionary 
method to speed up the simulation over 
big case , which is called - 

Cut and Stitch 
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Cadence’s “Cut and Stitch” 
The whole idea is: 
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(When n is large enough,) ¼ hardware 
resource, ¼ simulation time 

(When n is large enough,) ¼ hardware 
resource, ¼ simulation time 

½ hardware resource, ½ simulation time 
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Cadence’s “Cut and Stitch” 

1 

2 
3 

4 5 6 

7 

8 

9 

10 

11 

12 

13 
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Cadence’s “Cut and Stitch” 
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Cadence’s “Cut and Stitch” 

Original: 106hr, 5mins, 59.4seconds 
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Cadence’s “Cut and Stitch” 

Cut: 6hr, 48mins, 9.32seconds 
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Cadence’s “Cut and Stitch” 
What happened to the cutting edge? Graser User Conference Only
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Cadence’s “Cut and Stitch” 
What happened to the cutting edge? Graser User Conference Only
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Cadence’s “Cut and Stitch” 
At the end, 3DEM will cascade the S-parameters to get the over-all behavior of 
the test case:  

(This dialog window is for demonstration. During 3DEM cut-and –stitch 
simulation flow, you don’t need to do this. 3DEM will do this automatically) 
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Cadence’s “Cut and Stitch” 

(13 sections, 12 cuts) 
x 24 

These lump-ports’ effect will cause the tiny difference between the cut-and 
stitch and the overall results. 
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Cadence’s “Cut and Stitch” 
Cut in two different ways: 

Case 1: 13 sections, 12 cuts Case 2: 5 sections, 4 cuts 
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Cadence’s “Cut and Stitch” 

SDD21 

4 Cuts            Overall 13Cuts           Overall 
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Cadence’s “Cut and Stitch” 

SCC21 

4 Cuts            Overall 13Cuts           Overall 
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Cadence’s “Cut and Stitch” 

SDD11 

4 Cuts            Overall 13Cuts           Overall 
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Cadence’s “Cut and Stitch” 

SCC11 

4 Cuts            Overall 13Cuts           Overall 
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Cadence’s “Cut and Stitch” 
Case 1: 13 sections, 12 cuts Case 2: 5 sections, 4 cuts 

6hr, 48mins, 9.32seconds 9hr, 34mins, 19.55seconds 
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Parallel Processing 

• 3D EM distributed computation 
is based on Message Passing 
Interface (MPI), by which the 
simulation time can be reduced 
dramatically. 
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Parallel Processing 
Initial Mesh 

Solve S at Solution 
Frequency 

Compute 
Element Errors 

|S_new –S_old| 
smaller than 0.02? 

New Mesh 

KMOR for 
Frequency Band 1 

KMOR for 
Frequency Band 2 

KMOR for 
Frequency Band N 

yes 

no 

0) multi-core mesh generation 

1) multi-computer 
element error 
calculation 

3) multi-computer Krylov 
vector generation for 
each frequency band 

Solve for 
Frequency Point 1 

Solve for 
Frequency Point 2 

Solve for 
Frequency Point M 

2) multi-frequency points 
with multiple computers 

• MPI speedup with two 
computers is about 1.5X 
 

• MPI speedup with N 
computers is expected to 
be  0.6N to 0.7N 
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BER-Bit Error Rate 

 Bit Error Rate (BER) refers to the rate between error bits 
and total transferred bits. For example, to achieve BER less 
than        , you will try hard to make sure your system will 
meet one error bit (eye mask violation) after more than       
bits transferred. 
 

 The most popular indicator for BER is “Bathtub Curve” and 
“Noise Bathtub Curve”. 
 

 

1210−

1210
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BER-Bit Error Rate 

Vertical 

Bathtub Curve 

Noise Bathtub 
Curve 
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Channel Response 
Using “Circuit Simulator”: 

128bits 1hr 47min 
1,000,000,000,000bits ??? 
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Channel Response 

Tx Rx 

Serial Link Data out 

FFE DFE/CDR 

Package 
Interconnect 

System 
Interconnect 

Package 
Interconnect δ(t) h(t) 

Channel’s Impulse Response 

Graser User Conference Only



39 © 2013 Cadence Design Systems, Inc. All rights reserved. 

Channel Response 

Package 
Interconnect 

System 
Interconnect 

Package 
Interconnect x(t) y(t) 

∫
∞

∞−

−== τττ dtttt )()()(*)()( xhxhy

)()(),()(),()( fHthfXtxfYt
FFF
≡≡≡yWhere 

)()()( fHfXfY ⋅=

h(t) 
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Equalizer 

Data out 

FFE DFE/CDR 

Package 
Interconnect 

System 
Interconnect 

Package 
Interconnect 

h(t) 

eq1(t) eq2(t) 

x(t) y(t) 

)(2)()(1)()( fEQfHfEQfXfY ⋅⋅⋅=

An Ideal equalizer will compensate the distortion effect of the channel in 
the following way: 

)()(2)(1 1 fHfEQfEQ −=⋅
Then:  

)(2)()(1)()( fEQfHfEQfXfY ⋅⋅⋅=
)()()()( 1 fXfHfHfX =⋅⋅= −

And 

1)()( 1 =⋅ − fHfH)()()( 1 tthth δ=∗ −

Impulse 
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Equalizer 
For Example, if: 

)( fH

0 
05 ff =∆05

44 ff =∆05
33 ff =∆05

22 ff =∆05
1 ff =∆

0 
05 ff =∆05

44 ff =∆05
33 ff =∆05

22 ff =∆05
1 ff =∆

1 

0.5 

0.25 
0.125 

0.0625 

1 
2 
4 

8 

16 )(1 fH −
Then: 
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Equalizer 

0 
05 ff =∆05

44 ff =∆05
33 ff =∆05

22 ff =∆05
1 ff =∆

1 
2 

4 

8 

1
6 

)(1 fH −

IFT 

1. Select f0; f0 is the maximum frequency range where the spectrum of the signal 
take effect.  

The total impulse 
response of TX 
and RX Equalizer 

2. f0 will decide the size of        on time axis, A.K.A “Tap”.  t∆
3. Select how many post-taps you want to implement into your Equalizer.  

2 taps? 
5 taps? 

)(' th

The More Taps, The Better!! 
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Equalizer 

0 
05 ff =∆05

44 ff =∆05
33 ff =∆05

22 ff =∆05
1 ff =∆

1 
2 

4 

8 

1
6 

)(1 fH −

IFT 

The total impulse 
response of TX 
and RX Equalizer 

4. Select how many pre-taps you want to implement into your Equalizer.  

0 taps? 
1 taps? 

)(' th

The More Taps, The Better!! 
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Equalizer 

)(' th
0x

1x

2x

3x

4x

)4()3()2()()()()( 432101 ttxttxttxttxtxttxthEqualizer ∆−+∆−+∆−+∆−++∆+= − δδδδδδ

)(tδ
Where: 

is Dirac Delta Function, A.K.A Impulse 

t∆ is the size of a “Tap”. 

Post-Cursor Main-
Cursor 

Pre-Cursor 

1−x

Graser User Conference Only



45 © 2013 Cadence Design Systems, Inc. All rights reserved. 

Equalizer 

)4()3()2()()()()( 432101 ttxttxttxttxtxttxthEqualizer ∆−+∆−+∆−+∆−++∆+= − δδδδδδ

Delay 
delta-t 

Delay 
delta-t 

Delay 
delta-t 

Delay 
delta-t 

Delay 
delta-t 

X 

X 

X 

X 

X Σ

X 

0x

1x

2x

3x

4x

1−x

FFE = Forward Feedback Equalizer 
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Equalizer 
Mostly, a digital equalizer’s behavior will be described by AMI model: 

*.dll 
The Mechanism how  
the equalizer operates 

*.ami 

Setting Taps, coefficients, limit of 
coefficient, or come out the optimized 
coefficient. 

Digital Data Equalized 
Data 

Output 
Buffer 
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Serial Link Analyze 

BER=1e-16 15min 
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Serial Link Analyze 

1. Eye Contour 
2. Bathtub Curve 
3. Noise Bathtub 
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Serial Link Analyze 
Sweep Manager          Equalizer Optimization Graser User Conference Only
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Serial Link Analyze 
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Compliance Check 

Eye Mask 

Insertion Loss 

Return Loss 

Jitter tolerance 

 
 

Printout ready 
 

Hyperlinked to 
curves for easy 

access 
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Conclusions 

 The demand to reduce cost while increasing performance is creating significant 
design challenges 
 
Modeling multi-gigabit data channels requires accurate 3D extraction techniques 

 
 Utilizing cut and stitch along with parallel computing in an integrated design and 

analysis environment allows designers to tune multi-gigabit channels 
 
 Connecting IBIS-AMI models to cascaded s-parameter models using high capacity 

simulation techniques can verify your interface is compliant with Serial Link 
standards 
 
 Allegro Sigrity SI Base + System Serial Link SI Option accelerates your time to final 

product creation 
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