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Tools used for the Analysis
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1. PolarSI

2. Ansoft HFSS

3. Ansys Designer

4. Allegro 16.5

5. ADS



Inputs for SI Analysis
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1. Stack up information

2. Simulation Frequency – 5 GHz (10 Gbps)

3. Block Diagram



SI Analysis – Stack up

A 20 layers stack OF DFSP card with Nelco - 13 used in the  
simulation is given below:
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SI Analysis – Stack up

A 12 layers backplane stack up with Nelco - 13 used in the simulation  
is given below:
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SI Analysis – Stack up

A 10 layers Optical Card stack up with Nelco - 13 used in the  
simulation is given below:
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SI Analysis – Stack up

The impedance achieved with input stack up is given below:

Microstrip Neckdown  
condition.

Microstripline condition.
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SI Analysis – Stack up

The impedance achieved with input stack up is given below:

Dual Stripline condition.

Stripline condition.
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Via Analysis

The Via modelling is done in Ansoft HFSS and simulated at 5 GHz  
which sweep frequency is extended upto 10 GHz. A via model with  
top to Bottom is shown below:
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Via Analysis (SP card)
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The Via simulation is done for different via Layers. For S1 and S2  
layers backdrill via is considered since the via result is poor while  
considering stub part. Below Table shows the via impedance  
simulation results:

Layer

Signal Via Ground via

N o  o f  
g r o u n d  
vias

Spacing  
between  
ground  

and signal  
via (mils)

Return  
Loss (db)

Insertion  
Loss (db)

Drill  
Diameter  

(mils)

Pad  
diameter  

(mils)

Antipad  
Diameter  

(mils)

Signal via  
to Signal  
via  
spacing  
(mils)

Drill  
Diameter  

(mils)

Pad  
diameter  

(mils)

Antipad  
Diameter  

(mils)

T-B 10 20 30 40 10 20 30 0 0 -22.9167 -0.2961
T-S8 10 20 30 40 10 20 30 0 0 -27.1446 -0.2728
T-S7 10 20 30 40 10 20 30 0 0 -37.2383 -0.241
T-S6 10 20 30 40 10 20 30 0 0 -29.6829 -0.2126
T-S5 10 20 30 40 10 20 30 1 40 -24.4187 -0.2108

T-S4

10 20 30 40 10 20 30 2 40 -16.7173 -0.2291
10 20 30 40 10 20 30 0 0 -17.0208 -0.2063

10 20 30 40 10 20 30 0 0 -16.4014 -0.1576
10 20 30 40 10 20 30 2 30 -16.4274 -0.1521

10 20 30 40 10 20 30 0 0 -16.5274 -0.1562
T-S3 10 20 30 40 10 20 30 2 40 -15.4849 -0.1824

T-S2 10 20 30 40 10 20 30 0 0 -13.7705 -0.2385
10 20 30 40 Backdrill condition 0 0 -28.6119 -0.0622

T-S1 10 20 30 40 10 20 30 0 0 -12.6871 -0.2908
10 20 30 40 Backdrill condition 0 0 -34.5589 -0.0296



Via Analysis (SP card)

The return Loss graphs for different 10 Gbps via structures are  
given below. The return loss for S1 and S2 layers is very poorafter  
considering two ground vias also since the stub length is more.
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Via Analysis (SP card)

Via simulation results (Insertion loss) for different layers  
considering stubs is given below: :
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Via Analysis (SP card)

The combined TDR graphs for all the via types is given below for  
impedance comparison:
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Via Analysis (Optical card)
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The Via simulation is done for different via height consideringstub.  
Via simulation results for different layers with and without  
backdrill is given below:

Layer

Signal Via Ground via

No of  
ground vias

Spacing  
between  

ground and  
signal via  

(mils)

BACKDR  
ILLING

Return  
Loss (db)

Insertio  
n Loss  
(db)

Drill  
Diamet  

er   
(mils)

Pad  
diameter  

(mils)

Antipad  
Diameter  

(mils)

Signal  
v i a  t o  
Signal

via  
spacing  
(mils)

Drill  
Diamet  

er   
(mils)

Pad  
diamete  
r (mils)

Antipad  
Diameter  

(mils)

T-L1

10 20 30 40 10 20 30 0 0 - -13.4071 -0.2602

10 20 30 40 10 20 30 1 40 - -13.7039 -0.2471
10 20 30 40 10 20 30 2 40 - -13.7394 -0.2471
10 20 30 40 10 20 30 2 35 - -13.7285 -0.2476

10 20 30 40 10 20 30 0 0 BACKDR  
ILLING

-29.584 -0.0297

T-L2
10 20 30 40 10 20 30 0 0 - -14.4473 -0.223

10 20 30 40 10 20 30 0 0 BACKDR  
ILLING

-32.4952 -0.036

T-L3 10 20 30 40 10 20 30 0 0 - -36.2623 -0.1937

T-L4 10 20 30 40 10 20 30 0 0 - -50.8082 -0.204

T-B 10 20 30 40 10 20 30 0 0 - -26.2818 -0.23



Via Analysis (Optical card)

The return Loss graphs for different 10 Gbps via structures are  
given below. The return loss for S1 and S2 layers is very poorafter  
considering two ground vias also since the stub length is more.
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Via Analysis (Optical card)

Via simulation results (Insertion loss) for different layers  
considering stubs is given below: :
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Via Analysis (Optical card)

The combined TDR graphs for all the via types is given below for  
impedance comparison:
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Via Analysis

Based on the above via analysis, the following conditions can be  
followed regarding the use of vias for 10Gbps channels:

1. We can use Top, Bottom and S8 layers without ground vias
2. Use of one Ground via S7 signal vias is preferrable.
3. S5and S6 layer signal vias need 1 or 2 ground vias.
4. The S3 and S4 layer vias need two ground vias.
5. S1 and S2 vias need backdrill condition. Via stub less than 20 mils is preferred.
6. S1 layer and S2 layer routing without backdrill is not recommened for 10 Gbps  

channels since the via return loss is poor..
7. Please use dogbone structure for differential vias ( common clearance).

19
Caliber Interconnect Solutions Pvt Ltd



AC Cap pad Analysis

The impedance discontunuity between the trace and ac cap is  
checked by modelling in Ansoft tool.
Trace parameter:

Trace width = 3.8 mils
Cap Pad:

Pad width = 0.36 mm (14.17 mils)
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AC Cap pad Analysis

The cut out in the immediate ground layer below the capacitorpad  
in order to improve the impedance as show below:

Clearance parameter:
Clearance width = 0.36 mm (14.17 mils)
Clerance Length = 0.36 mm

21
Caliber Interconnect Solutions Pvt Ltd

Company confidential



AC Cap pad Analysis

Red colour graph is return loss with the original cap pad condition  
where the green colour is the return loss after capacitor pad  
optimization.

The return loss for optimized cap is very low compared to original  
capacitor pad which means the reflection is reduced in second case.
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AC Cap pad Analysis
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Based on the above Capacitor pad analysis, it is necessary to do capacitor pad  
optimization for 6.5Gbps and 10 Gbps channels:

1. In order to optimize the capacitor pad impedance we need to make a  
cut out below the capacitor PAD in the immediate ground plane so that  
the capacitor pad reference will be in the second ground plane which  
will improve the pad impedance near to trace impedance.

2. The dimension for cut out should be equal to the capacitor pad  
dimension as we show in the capacitor pad analysis ( optimized case).

Length of the cut out = 0.36 mm  Width of the cut out = 0.36 mm



Optical module pad Analysis

The impedance discontunuity between the trace and optical pad is  
checked by modelling in Ansoft tool.
Trace parameter:

Trace width = 3.8 mils
Optical Pad:

Pad width = 0.39 mm (15.37 mils)
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Optical module pad Analysis

The cut out in the immediate ground layer below the optical pad in  
order to improve the impedance as show below:

Clearance parameter:
Clearance width = 0.39 mm (15.75 mils)
Clerance Length = 0.39 mm
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Green colour graph is return loss with the original optical module pad
without clearance where the blue colour is the return loss after module pad  
optimization.

The return loss for optimized cap is very low compared to original optical  
module pad which means the reflection is reduced in second case.

Optical module pad Analysis
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Optical module pad Analysis
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Based on the above Connector pad analysis, it is necessary to do connector pad  
optimization for 10 Gbps channels:

1. In order to optimize the connector pad impedance we need to make a  
cut out below the connector PAD in the immediate ground plane so that  
the connector pad reference will be in the second ground plane which  
will improve the pad impedance near to trace impedance.

2. The dimension for cut out should be equal to the connector pad  
dimension as we show in the connector pad analysis ( optimized case).

Length of the cut out = 0.39 mm
Width of the cut out = 0.39 mm



VPX connector Footprint Analysis

VPX Connector Footprint via is modelled in HFSS and simulated  
for both with stub and without stub case. A minimum of 1.8 mm  pin 
length is considered in both case.
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VPX connector Footprint Analysis

VPX Connector Footprint via simulation results with backdrill and  
without backdrill is shown below.
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VPX connector Footprint Analysis
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As seen from the above simulation results, there is no much change  
in the simulation results with and without backdrill condition because  
the minimum pin height of 1.8 mm is considered for backdrill. Based  
on this the VPX connector footprint via structure is given below:

The above suggested antipad gives best performance but please  
adjust the antipad in layout so that traces have proper ground  
reference.

SP card VPX connector Via

Via Type
Drill dia  

(mm) Pad diam (mm) Antipad (mm) SIG-GND spacing (mm)

Signal 0.56 1.1 1.6
1.35 & 1.8

GND 0.56 1.1 1.6
Backplane VPX connector via

Via Type
Drill dia  

(mm) Pad diam (mm) Antipad (mm) SIG-GND spacing (mm)

Signal 0.65 1.02 1.7
1.8

GND 0.65 1.02 1.7



Channel Topology

The following images is the full channel topology modelled in  
Ansoft for s-parameter simulation. All the capacitor pad and vias are  
the s-parameter model imported after separate modelling using HFSS.
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Layout view

DBFSP
BACKPLANE

Optical Card
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Channel Length Analysis
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DBFSP BACKPLANE Optical Card

Total  
channel  
length  
(mils)

Insertion  
Loss (db)

Return  
Loss (db)Routing  

Layer

Neck  
down  
Length  
(mils)

Microstri  
p length  
(mils)

Stripline/  
dual  

Stripline  
length  
(mils)

Routing  
Layer

Microstri  
p length  
(mils)

Stripline  
length  
(mils)

Routing  
Layer

Microstri  
p length  
(mils)

Stripline  
length  
(mils)

Sig1 300 700 3000 Sig2 NA 3100 S2 NA

700 7800 -9.8984 -15.9146
7000 14100 -14.3012 -16.5103
8000 15100 -15.0102 -16.5103
9400 16500 -16.0424 -16.8479

Sig1(BD) 300 700 3000 Sig2 NA 3100 S2 NA

700 7800 -9.6963 -18.7522
7000 14100 -14.1198 -19.9642
8000 15100 -14.7949 -20.4053
9400 16500 -15.85 -19.9831

Sig8 300 700 3000 Sig2 NA 3100 S2 NA

700 7800 -10.1546 -13.5665
7000 14100 -14.5533 -14.1705
8000 15100 -15.2253 -14.3464
9400 16500 -16.2649 -14.1657

Bot 300 3700 NA Sig2 NA 3100 S2 NA

700 7800 -9.7208 -11.7302
7000 14100 -14.1072 -12.4985
8000 15100 -14.8457 -12.1284
9400 16500 -15.8498 -12.3273



Channel Length Analysis
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Channel Length Analysis
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Eye Diagram Verification

We have selected the worst case length channel for eye diagram  
verifcation.
The eye simulation window in ADS is given below:
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Eye Diagram Verification

The eye diagram at Optical RX without TX equalization:
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Eye Diagram Verification

The eye diagram at Optical RX after TX equalization without Tx Jitter:
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Eye Diagram Verification

The eye diagram at Optical RX after TX equalization with Tx Jitter:
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Eye Diagram Verification

The eye diagram at FPGA RX before RXequalization:
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Eye Diagram Verification

The eye diagram at FPGA RX after RX equalization without Tx Jitter:

41
Caliber Interconnect Solutions Pvt Ltd



Eye Diagram Verification

The eye diagram at FPGA RX after RX equalization with Tx Jitter:
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Eye Diagram Verification
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The parameters used in the channel simulation is given below:

Simulation Parameters FPGA TX---> Optical RX Optical TX to FPGA RX
Channel Length 15500 mils

Simulation datarate 10 Gbps
TX parameters

Jitter Dj = 0.123 UI
Rj = 0.011 UI

PRBS value 15
VOD 8 NA
Tap1 23 NA
Tap2 2 NA
Ptap 10 NA

Inv_tap2 0 NA
inv_tap 1 NA

RX parameters
Fiber_Length 10 10

rxacgain NA 9
dcacgain NA 3

mode NA 2
tap1 NA 6
tap2 NA 7
tap3 NA 0
tap4 NA 2
tap5 NA 3



Eye Diagram Verification
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The eye mask at Optical RX is created with the following values:
Eye height = 180 mV
Eye width = 34 ps

The eye mask for FPGA RX is given below:
Eye height = 85 mV
Eye width = 34 ps

As shown  in the eye diagram, the minimum eye spec is achieved after  
equalization.

Dj and Rj values are applied in TX as per Startix V characterization data.

All the eye spec is checked at BER of 10^-12.

BER contour as well as bath tub curve is shown in the graph for reference.

For Optical TX, we have used  internal TX  ami model from ADS with  
differential voltage swing of 300 mV.



Crosstalk Analysis
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Microstrip

Length
within the 10Gbps Channels 10G to other channels

Spacing Crosstalk (mV) Spacing
Crosstalk  

(mV)
1000 8 28.576 8 11.0337
2000 8 36.25 8 18.235
3000 8 41.035 8 27.112
4000 10 48.569 10 52.7731

12 35.056 12 45.256

5000

10 61.572 10 74.5062
12 50.671 12 67.8637
14 42.23 14 60.796
16 35.207 16 48.563

Stripline

Length within the 10Gbps Channels 10G to other channels

Spacing Crosstalk (mV) Spacing
Crosstalk  

(mV)
3000 10 4.3231 10 25.236
4000 10 5.4342 10 38.9994
5000 10 9.17 10 20.8843
6000 10 13.942 10 19.6499
9000 12 26.1132 12 28.1662



Design Constraints
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Net Details 10G DBFSP card to Optical card Transceiver channels through  
Backplane

Routing Preference  
Layer

TOP, BOT, S8,S7,S6 and S5 (WITHOUT BACKDRILL)

S1,S2 (WITH BACKDRILL)
Length Constraints

Cases

Neckdown (Microstrip) Microstrip Stripline

Total Length (mils)Trace width/  
Spacing (mils)

Length  
(mils)

T r a c e  
w i d t h /  
Spacing
(mils)

Length  
(mils)

Tracewidth/  
Spacing  
(mils)

Length  
(mils)

case1 3.5/4.4 Max300 3.8/7.6 700 4/8 11000 14,000

case2 3.5/4.4 Max300 3.8/7.6 700 4/8 13500 14,500

CASE1
AGR Data Transceivers between FPGA1 of DBFSP card and Optical  
transceivers on Transceiver card (Through Back panel)

CASE2
AGR Data Transceivers between FPGA1 of AGR-SIM card and  
Optical transceivers on Transceiver card (Through Back panel)



Design Constraints

47
Caliber Interconnect Solutions Pvt Ltd

Spacing Constraints

Routing Layer
within the 10G Diff channels 10G Diff Channels to other channel

Length (mils) Spacing (mils) Length (mils) Spacing (mils)

Microstrip (TOP/BOT)

Inside BGA >4.2 Inside BGA >4.2

Upto 2000 mils 8 Upto 2000 mils 8

2000<
Length<4000 10

2000<
Length<3000 10

4000<
Length<5000 14

3000<
Length<4000 14

4000<Length<500  
0 16

Stripline (S1-S8)

Inside BGA >4.2 Inside BGA >4.2

Upto 6000 mils 10 Upto 5000 mils 10

6000 to 9000
mils 12 6000 to 9000 mils 12



Design Constraints
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VIA CONSTRAINTS

Via Layer Backdrill  
condition

Signal Via Ground via
No of  

ground  
vias

Spacing between  
ground and signal  

via (mils)
Drill  

Diameter  
(mils)

Pad diameter  
(mils)

Antipad  
Diameter  

(mils)

Signal via to  
Signal via spacing  

(mils)

Drill  
Diameter  

(mils)

Pad  
diameter  

(mils)

Antipad  
Diameter  

(mils)

TOP - Sig1 Back drill  
Necessary 10 20 30 40 Nil Nil Nil Nil Nil

TOP -Sig2 Back drill  
Necessary 10 20 30 40 Nil Nil Nil Nil Nil

TOP -Sig3 With Back drill 10 20 30 40 Nil Nil Nil Nil Nil

TOP -Sig3 Without Back  
drill

10 20 30 40 10 20 30 2 40

TOP -Sig4 With Back drill 10 20 30 40 Nil Nil Nil Nil Nil

TOP -Sig4 Without Back  
drill

10 20 30 40 10 20 30 2 40

TOP -Sig5 With Back drill 10 20 30 40 Nil Nil Nil Nil Nil

TOP -Sig5 Without Back  
drill

10 20 30 40 10 20 30 1 or 2 40

TOP -Sig6 Back drill Not  
necessary

10 20 30 40 10 20 30 1 or 2 40

TOP -Sig7 Back drill Not  
necessary

10 20 30 40 10 20 30 0 or 1 40

TOP -Sig8 Back drill Not  
necessary

10 20 30 40 No need for GND vias

TOP -BOT Back drill Not  
necessary

10 20 30 40 No need for GND vias



Design Constraints

Capacitor PAD and Optical module PAD Clearance
pad/clearance Length (mm) Width(mm) Layer PAD reference Layer

Cap Pad 0.36 0.36 TOP
L4 - GND

Clearance 0.36 0.36 L2 - GND

Optical Module Pad 0.39 1 TOP
L5 - GND

Clearance 0.39 1 L2 – GND
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Design Constraints

 Skew between the within differential pair is preferred to be within 5  
mils tolerance.

receiving pin or Skew matching is preferred to be done near the  
discontinuity.

 Some of the preferred skew matching is shown below:

Layer TW
(mils)

Spacing,S  
(mils)

Serpentine Length,  
L (mils)

Microstrip  
(TOP/BOT) 4.2 10 15-20

Stripline  
(S1/S2/S7/S8) 4.2 12 15-20

Dual stipline  
(S3/S4/S5/S6) 4.2 10 15-20

Neckdown  
(Microstrip) 4.2 6 12-15

Neckdownarea  
(Stripline) 3.8 6 12-15

50
Caliber Interconnect Solutions Pvt Ltd

Company confidential

Company confidentialCompany confidential



Design Constraints
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General Guidelines
 Please try to maintain the uniform spacing through out the trace length since the  

change of spacing cause change in impedance.

 Please try to avoid trace routing over voids since it makes impedance variation.

 Arc routing can be followed for high speed routing.

 The trace length mentioned in the constraints is the maximum values which can be  
reduced in the layout so that the channel loss is less.

 Please avoid overlapping of traces more than 100 mils in dual stripline layers  since 
it will increase the broadside coupling between the traces and causes more  
crosstalk.

 If possible please avoid the use of dual stripline layers (S3-S4 & S5-S6) for high  
speed signals.



Design Constraints
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General Guidelines
 The spacing betwenn the channels should be increased more than the  constraint 

if available since the crosstalk will increase in the actual layout  enviroment.

 Please follow the commom clearance (dogbone structure) for differential vias.

 All the via spacing mentioned is centre to center not the air gap.

 Please take care more in dual stripline layer (S3-S4 & S5-S6) routing
– like maintaning spacing between the dual stripline layer signals, reducing  the 
trace overlapping length, orthogonal routing etc so that the broadside  coupling 
is reduced in the actual layout enviroment.



Conclusion
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The Pre-layout SI analysis for DBFSP to Optical card 10 Gbps Transceiver  
channels through Backplane has been performed and design constraints have  
been generated based on the simulated results.

All the design constraints are based on the minimum requirements. So, it is  
recommended to use below the constraint limit as less as possible.

Not only design constraints values mentioned, it is recommended to follow  
the points mentioned in General Guidelines for betterperformance.

NFP (non functional pads) should be removed for allvias.

Please maintain continuous reference for all the signals.
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