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Part 2: Practical Example - Constraint Management for High-Speed Designs

Welcome to the second part of this high-speed digital design guide. To solve common high-speed issues in printed circuit
boards we have general rules and recommendations, but the most important aspect is practical application.

Use Part 1 of the guide as a reference and reminder for what you can do to reduce problems in high-speed PCB.

In this guide, we will show you how to implement high-speed constraints in a practical design. The guide will focus on appli-
cation, specifically for high-speed timing considerations, with references to signal integrity, EMI, power integrity, the power
distribution network and more relevant topics for creating a successful PCB layout.

We will not cover every signal but just enough to explain how to implement the critical steps for a high-speed PCB layout. The
entirety of the design is left as an exercise for the reader.

To access the project files used in this guide click this link: HSD_FPGA.zip

Project Overview
This high-speed design project centers around an FPGA interfacing with DDR memory, specifically:
> FPGA: XC6SLX25-3FTG256!
> DDR3 Devices:
- UPD431000AGW-B15
- MT413512M4JE-15E:A

Key Design Parameters
> DDR Interface: 300-800 MHz
» Crosstalk Limit: 8% for critical signals

» Manufacturing Capabilities:
- High-speed traces: 4 mil minimum

- Standard traces: 6 mil minimum

www.cadence.com
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Schematic Capture
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High-level view of the schematic for our Hardware Project

Constraint Definition (Schematic Side)

In high-speed PCB design, constraint definition is a critical step that sets the foundation for a successful layout. For our FPGA
with DDR2 and DDR3 memory project, properly defined constraints ensure signal integrity, help manage electromagnetic

interference and facilitate manufacturing processes.
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General Solution

Effective constraint definition involves creating a comprehensive set of rules that govern electrical, physical, spacing, and
manufacturing aspects of the PCB design. This approach helps prevent issues early in the design process and ensures that
the final product meets performance and reliability requirements.

Specific Application in OrCAD X Capture:

1. Open the Constraint Manager:

a. From the toolbar, go to PCB > Constraint Manager, when a dialog window appears, click OK.

s-[JFPGA_PWM1 - (02_FPGA_PWM : FPGA_PWN
v Tools Place PCB Sl Analysis PSpice Accessories Options Window Help
New Layout B Q Q Q Q
Update Layout... y .

Update Schematic...

Constraint Manager

N Design Rules Check...

Design Sync Setup

Level

H_REG View Reports

lyback
PWM
\_ PWM
A

oq_In

Enable Constraint Manager

To setup and manage constraints in your design:

1. Complete the logical design.

2. Add electrical constraints in Constraint Manager

3. Create or synchronize the PCB layout

4. Update electrical, physical, and spacing constraints in PCB layout

5. Run Update Layout and Update Schematic to synchronize constraints
Notes:

- Specify the Voltage property for power nets

- Import technology file in Constraint Manager to add physical and spacing constraints in logical design

For details about the Capture - Constraint Manager flow, click Help

Do not show this message again

Capture may open a new window stating that you should perform an engineering change order, where you synchronize the
schematic to the PCB layout, then synchronize the PCB layout file to the schematic.
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Migrate Constraints

Select the option to migrate design constraints from schematic or PCB layout to Constraint Manager.

Migrate constraints from schematic design = . ; S :

. . . T o complete the constraints migration you are required to perform following design

(For designs without PCB layout) synchronization steps

Migrate constraints from PCB layout 1) Run Update Layout to synchronize schematic to layout

(For designs with constraints in PCB layout) 2) Run Update Schematic to synchronize layout to schematic.
3) Open Constraint Manager to view, edit or update constraints.

Do not migrate

Follow the second option in those instructions so that the design becomes synchronized, then click OK.

1. We selected Migrate constraints from PCB layout, so we have some more steps to perform as listed in the previous
window.

2. You may be prompted to assign voltage to Power Nets.

Specify voltage for power and ground nets.

Power Nets Voltage i

VDD_1V8 1.5V
VDD_3V3_SYS 1.5V
VDD_HUB_1V?2 1.5V
AVI2 1 1.5V
AV12 5 1.5V
AV12 6 1.5V
AV12 3 1.5V
DV33_2 1.5V

wuto-assign voltage values in subsequent designs
Specify default voltage values for:
Ground Mets

Power Nets

Naming convention to identify
ground nets

OK

3. You can choose to Auto-assign voltage values in subsequent designs if you want, but we will leave it blank for now.
Click OK.

4. Nothing will appear to happen, but if you go to the Capture menu and choose View > Session Log, it will display
background processing information in the panel at the bottom of the tool.
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Session Log v x

"C:\Cadence\SPB_23.1\tools\bin\orcadx.exe" -mpssession "kirsc" -proj "c:\users\kirsc\onedrive\documents\clients\cadence\jetson nano\jetson_nano_carrier_board_reference_design_schematics\ietson_nano_carrier_boi
INFO(ORCAP-40316): Evaluating Xnets and differential pairs in the design. This may take some time

INFO(ORCM-1004): Constraint Manager is enabled for the design. To complete constraint migration and to launch Constraint Manager, update PCB layout and then synchronize schematic

5. The session log also reminds us of the next steps to fully activate and synchronize the Constraint Manager.

6. Once finished, go back to the menu PCB > Constraints option, then the Enable Constraint Manager window will appear
again.

Enable Constraint Manager

To setup and manage constraints in your design:

1. Complete the logical design

2. Add electrical constraints in Constraint Manager

3. Create or synchronize the PCB layout.

4. Update electrical, physical, and spacing constraints in PCB layout

5. Run Update Layout and Update Schematic to synchronize constraints.

Notes:
- Specify the Voltage property for power nets

- Import technology file in Constraint Manager to add physical and spacing constraints in logical design
For details about the Capture - Constraint Manager flow, click Help

Do not show this message again

7. Once it does, click OK. Here you will see the constraints listed inside the Constraint Manager as shown below.

& Constraint Manager (connected to CAPTURE) [HSD_FPGA] - [Electrical / Net / Routing) - o X

§ File Edit Objects Column View Audit Toels Window Help -8 %
= B ... BN VYV V V¥ = T fe g

<P R B Aef %% "% %% @@ 5% %% »xxHEA

Worksheet Selector & x

4
Electrical Objects 5
~ & Routing “"““f,_'s'ﬂ"“”“" Target | Tol
AR wiring Type 5| Nana =g
BB impedance q T I = m Te = =
R Min/Max Propagation Delays = i | 4 Hsp_reca | | | l
BER Total Etch Length NCls | AD_EL(19)
F Differential Pair NGs DDRZ_A_ELZ2) DDRZ_AD
v 1 Met NG | DDRZ_DATA
NCis | 4 DDRZ_DO_ELI1)
v 1B Routing oPr | I DDR2 DQSO
R Wiring Xiet | | DDR2.DMO
EH Impedance XNet I | DDR2.DOD
P Min/Max Propagation Delays ot | | DDR2.001
B Total Etch Length Xhet i
o nch Cery KNet | DDR2.DG3
AR Diffesential Pair KNet I I DORZDG4
B Relative Propagation Delay XNet | | DOR2.DQS
- KNt I I DDR2.DOS
e Physical XNet | | DDR2.DQT
T Spacng L IE |
NS I DDRZ_D1_EL(11)
(I same et spaang NCis [ DDR2_D2_EL(1)
& Fropertes NOs | DDRZ_D3 EL(11)
NS ! DDR3_A_ELC6) DDRI_CKIN
Design Instance/Block filter B [N |4 DDRI.DOEL(D
DPr 2l DDR2_DQSO
B HsD_FPGA KNet 1 DDRIDASHD
XNt
X
XB 1
X
KNt Al

Wiing  Impedance  MinMaxPropagation Delays  TotalEtchlength  Differential Par  Relative Propagation Delay
Ide
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Electrical Constraints

For any high-speed design, first go to the Worksheet Selector on the left, then set up electrical constraints. Navigate to
Electrical Constraint Set > Routing > Wiring.

.’1 Constraint Manager (connected to CAPTURE) [HSD_FPGA] - [Electrical / Electrical Constraint Set / Routing] =: a X
§ File Edit Objects Column View Audit Tools Window Help - & x
——————— = & Bl sy
PR B 00 Al NNV NNTeTH 8- 544 %% sEHE
Worksheet Selector & x
HSD_FPGA ~
¥ Electrical "
Objects Topology Stub Max Exposed
~ [ Hectrical Constraint Set . Length Length Layer Sets
v 9 Type s Name i Schedule
Routing Schedule . =
5 wiring .
& Impedance Dsn 4 _HSD_FPGA
E Min/Max Propagation Delays ECS DDRZ_AD TEMPLATE
R Total Eich Length ECS DDR3_CK1N 23000
[ Differential Pair lifg :;FMF Da‘s"maiiuanmnu Tree
% b - Source-load Daisy-chain
- Star
v [ Routing Far-end Cluster
R wiring Clea
[ SRR

We can control the Topology, Stub Length and Max Exposed Length of traces, but first set those values as rules. Those rules
(Electrical Constraint Sets) can be applied to the desired traces.

We will go through each rule and set them within the Constraint Manager on the schematic side.

Electrical Wiring Topology

Set specific routing paths for technologies like DDR3 and T-branch to minimize signal attenuation due to PCB material
properties. Or Daisy Chain or star topologies.

Diagram showing the prioritized routing of critical nets on a PCB

Definition: Wiring topology involves organizing the connections between different nets on a PCB to achieve a certain
outcome, such as minimizing signal reflections, signal attenuation or voltage drops.

Example: Let's ensure that a DDR3 Command or Address net follows a daisy-chain topology.
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Steps:
1. Open the Constraint Manager, then go to the Electrical > Routing > Wiring spreadsheet.

2. In the Schedule column, you can right click your Dsn cell, create a new Electrical Constraint Set (ECS). Notice in the
image below, we have multiple ECSets already declared.

3. Select one of the cells within the Schedule column and you can choose your net topology from the drop-down menu

that appears.
-
% Constraint Manager (connected to CAPTURE} [HSD_FPGA] - [Electrical / Electrical Constraint Set / Routing] - 0 X
v 9 o]
§ File Edit Objects Column View Audit Tools Window Help -8 x
< v B R 2 %Y. 2% % T JiE @ A [
<BB Brw = Alefs W NTHuTeTn & 8- 5% %% e xHE
Worksheet Selector & x o]
4 Bectrical - "
Objects Topology stub Max Exposed
~ [ Hlectrical Constraint Set - Length Length Uive S5
v [ Routing Type s Name i Schedule - —
B Wiring § x 3 3 5 5 B g
&3 impedance Dsn 4 HSD_FPGA
f Min/Max Propagation Delays Ecs DDR2_AD TEMPLATE
{9 Total Etch Length ECs DDR3_CKIN 23000
§ o ECs DIFF Minimum Spanning Tree.
[ Differential Pair = S Casyicnain
v [ Net Source-load Daisy-chain
5 Star
v I Routing Far-end Cluster
B3 Wiring (Clear)
[

These are the net topology options that are available:
> Minimum Spanning Tree
» Daisy-chain
» Source-load Daisy-chain
» Star
» Far-end Cluster
> (Clear)

Each topology has its own benefits, depending on the application. Apply the type to your Electrical Constraint Set (ECS) as
needed for your design.

4. Once you have set the topology for that ECSet, you can apply it to the appropriate nets found in the spreadsheet under
Electrical Constraint Set > Net > Routing > Wiring.

Worksheet Selector 8 x

¥ Blectrical Objects Topology Stub Max Exposed
v [ Routing iy Length Length Layer Sets

BB wiring vee S Name Schedule
@ Impedance
E Min/Max Propagation Delays
BB Total Etch Length
R Differential Pair

v [ Net |Ecs DIFF

v r[?ﬁ Routing e POLDIFF
E Wiring

E Impedance

BB Min/Max Propagation Delays
BB Total Etch Length

E Differential Pair

E Relative Propagation Delay

HSD_FPGA

mm mm

DDR2_AD TEMPLATE

AHHE
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5. In this example, however, you can also directly apply a net schedule (see below).

PVorksheet Selector

 Blectrical

x
HSD_FPGA

hd @ Routing
@ Wiring

@ Impedance

ﬂ Total Etch Length
@ Differential Pair
kd Net
» Routing
E Wiring
g Impedance

B Total Etch Length
ﬁ Differential Pair
ﬁ Relative Propagation Delay

B Min/Max Propagation Delays

@ Min/Max Propagation Delays

Objects

3

Topology

Referenced Electrical
CSet

Verify
Schedule Schedule

Actual

A HSD_FPGA

AD_EL(19)

DDR2_A _EL(22)

TEMPLATE

DDR2_DATA

4 DDR2_DO_EL{11)

DDR2_DQS0

DDR2.DMO

bofe- Physical

T spacing
(1 Same Net Spacng
OPrwerb'es

4 DDR2_D1_EL(11)

DDR2_DQS1

DDR2.DM1

Source-load Dai!

Pesign Instance/Block filter

DDR2.DQ8

Star

DDR2.DQ9

Far-end Cluster

DDR2.DQ10

(Clear)

HHEE

Note: Depending on your use case, you can use either constraint sets or a specific rule application as needed, like in this
example. However, please use constraint sets as often as possible to catch the majority of cases first before applying

net-specific one-off rules. Using constraint sets modularizes and streamlines your PCB design constraint process and makes

you more efficient. The constraint set method also reduces the likelihood of errors and forgotten constraints.

Benefit: Improves signal integrity and timing by ensuring critical connections are made efficiently.

Let's return to the Electrical rules where we can set the constraint sets (see below).

8 File Edit Objects Column
Worksheet Selector

¥ Eectrical

View Audit

BB B = Al B o Nu% NN 8- 5% %% e xES

Tools

& x

M ‘E Routing
E Wiring
ﬁ Impedance
ﬁ Min/Max Propagation Delays
R Total Etch Length
ﬂ Differential Pair

v Net
v [ Routing

Window Help

HSD_FPGA

,’| Constraint Manager (connected to CAPTURE) [HSD_FPGA] - [Electrical / Electrical Constraint Set / Routing]

Objects Topology Stub Max Exposed
N Length Length Layer Sets
Type s Name Verify ek
mm mm
B . . . A = % .
Dsn 4 HSD_FPGA
ECS DDRZ_AO TEMPLATE
ECS DDR3_CKIN 23000
ECS DIFF
ECS PQL_DIFF

At this point, you want to set your rules for parameters like Stub Length, Max Exposed Length, choose any Layer Sets you

may have imported into the Constraint Manager from other engineers/designers, and choose to Verify Schedule.
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Stub Limits (Stub Length)

For stub length, you want to set it to whatever your signal integrity engineers have modeled, say, during the schematic phase,
or if you've done some signal integrity analysis in the schematic phase, then you will have an idea of allowed stub lengths.

Top view of PCB displaying trace stub length

www.cadence.com "
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Maximum Stub Length

Checks the maximum stub length in design units for daisy chain routing.

Note: When a pin is routed to a connect line, the stub is the line of etch between the
pin and the connect line.

The stub length constraint 1s validated only if NET SCHEDULE is enabled and
RATSNEST SCHEDULE is set to either MIN DAISY CHAIN or
MIN SOURCE LOAD DAISY.

>

This check ignores pins at the end of clines, dangling clines, and test points. The
chosen net schedule impacts the rule check.

Exceeds Max Stub Length — —i

Legal Values: Design Units

DRC Code: ES

Applicable Objects: Xnet, Net, ElectricalCSet, NetClass, DiffPair, Bus, NetGroup
Attribute Name: STUB LENGTH

A stub as defined in OrCAD X Presto PCB Editor

Purpose of Stub Length Limits: To restrict the length of a copper stub connecting to a trace’s vias or on a net wiring topology
to reduce signal reflections and maintain signal integrity. For high-speed designs, aim for zero or minimal stub lengths,
keeping them as short as possible.

Applies to: USB, HDMI, and any other high-speed interfaces that need minimal fanouts or stubs to operate efficiently.

Max Exposed Length

Refers to the amount of exposed copper that extends out from the soldermask on your PCB. It's part of the stub shown
earlier. We recommend setting this as small as you can if this is a very important setting for your PCB. Otherwise, you can
leave it blank for now.

www.cadence.com 12
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Layer Sets

You can limit the layers that nets are allowed to be routed to/through by using Layer Sets. Follow the steps shown below to
create a Layer set.

& Constraint Manager (connected to CAPTURE) [HSD_FPGA) - [Electrical / Electrical Constraint Set / Routing o
F Filc Edit Objects Column View Audit Tooks Window Help -8 %
KEB o = -MAfefe TNV NNTe% 8 & H5%% % s -EHE
Worksheet Selector 5 x 5 -
¥4 Electrical R Selec ¢ F
v & Routing fore Tt
B8 wiring
EF Impedance e Filte: L :o:
@ Min/Max Propagation Delays | —
R Total Etch Length ‘ E
[ Differential Pai
" Net I Define Layer Sets

v [ Routing

B wiring Q
H Impedance RS

B3 Min/Max Propagation Delays
9 Total Etch Length Delete
B Differential Pair

R Relative Propagation Delay
fe Physical ‘ LayerSet: __ 151

X spacng

(T Same Net Spacing e —
| oK Apply Cancel Help

4 Properties

8 HSO_FPGA

Design Instance/Block filter 5 ‘ ]

eaeﬁnela\m Sets... oK Cancel Help

We'll call this LS1 (for Layer Set 1). Once it's created you can click the carrot next to the LS1 row, then you will get your layer
options:

§ Define Layer Sets X

¥ LS1 (No layers defined)
() Top
8 :.';ND1 Create
() rowWn
() GND2
O
() pow2
() BoTTOM

Delete

OK Apply Cancel Help
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Some signals will need to be routed only on the TOP, L1, L2 and BOTTOM layers, or other layers, depending on their net.
However, layer sets are typically needed for critical nets, while other nets can be routed on all layers for convenience.

v LS1 (No layers defined)

& or
(C) GND1
1 Create
L) pown Delete
() GND2
12
() pow2
BOTIOM
Apply Cancel Help
Click OK to define that layer set shown above. You will get the window below.

8 Select Layer Sets

Filter: Filter:

s

A
Define Layer Sets... oK Cancel Help

Click the right arrow button as shown above and that will place the layer set on the right.

www.cadence.com
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8 Select Layer Sets X
Filter: Filter:
iLS1 ]
'S
<
Define Layer Sets... \ OK Cancel Help

Once finished, you get the LS1added to the allowed layer sets for that Electrical Constraint Set (ECS). Clocks are sensitive
signals, so you can set the DDR3_CKIN constraint set to use that LS1 layer set as well (see below).

HSD_FPGA
Objects Topology Stub Max Exposed
. N . — Length Length Layer Sets
ype e Schedule — =

= ~ ~ - * * -

Dsn 4 HSD_FPGA

ECS DDR2_AD TEMPLATE LS1
lECs DDR3_CKIN 2.3000 ‘ Ls1
|Ecs DIFF
|ecs PCI_DIFF

Notice in the image above that our ECS which is named DDR2_AO already has a Schedule assigned to it. This is possible if you
import or manually define a Schedule, but that is outside the scope of this document. We will define a new ECS of our own for

the DDR3 signals.

www.cadence.com
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Creating an Electrical Constraint Set for DDR3 signals:

1. Right click on the Dsn element named HSD_FPGA.

2. Choose Create > Electrical CSet..

HSD_FPGA
Objects Topology Stub Max Exposed
. Length Length L
Verify a
Type Name Schedule
Schedule — —
Dsn 4 'HSD_FPGA
|ECs DDR2_AD Analyze LS1
|ECS DDR3_CK1N LS1
ECS DIFF Select
ECS PCI_DIFF Deselect
By Find.. Ctrl+F
Bookmark... 3
Expand All
Create 4 Electrical CSet...
Rename E2 [
3. Name it DDR3_DATA.
& Create ElectricalCSet X

ElectricalCSet: DDR3_DATA|

[ o | conce

Help

4. Set the following columns in the worksheet to:

a. Schedule = blank

b. Stub Length = 0.127 mm (when really it should not have stubs ideally)

c. Max Exposed Length = 0.1 mm (for solder mask clearance purposes)

d. Layer Sets = LS2, where you would create a layer set and choose only the Top and Bottom layers (as shown)

www.cadence.com
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.Il Constraint Manager (connected to CAPTURE) [HSD_FPGA] - [Electrical / Electrical Constraint Set / Routing]

F +i t + "

*ED B -

Worksheet Selector & x

¥ Blectrical T Select Layer Sets
v @ Routing

R wiring

posed
B Layer sets
n

g Impedance g

g Min/Max Propagation Delays ]

R Total Etch Length

] Differential Pair
v Net ¥ Define Layer Sets

s ’E Routing

g Wiring

R impedance

R Min/Max Propagation Delays

R Total Etch Length

g Differential Pair

ﬁ Relative Propagation Delay

+fe Physical
X spadng
(3 seme Net Spacng
&P Propertes

Design Instance/Block filter

8 HSD_FPGA

Cancel

Delete

151

==

Cancel

e. Then double-click on the L2 layer set or select it, then use the > button to move it over to the right column and click

OK.
§ Select Layer Sets X
Filter: Filter:
LS1 LS2
>
<
Define Layer Sets... Cancel Help

5. Once Layer sets are created, you will get what looks like below for the DDR3_DATA Electrical CSet.

6. For nets that need a topology, such as address and command nets, apply the Daisy Chain Schedule and choose Verify

Schedule to the Electrical CSet (seen below).

www.cadence.com
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Exercise

As an exercise, now that you know how to create Electrical Csets and add the appropriate settings for them, let's set the

DDR_ADDR Electrical Constraint Set.

HSD_FPGA
Objects Topology Stub Max Exposed
Verify Length Length Layer Sets
Type S Name Schedule Schedule mm mm
* * * * * * * *
|Dsn 4 HSD_FPGA
ECS DDR2_AD TEMPLATE LS1
ECS DDR3_ADDR Yes Daisy-chain 2.3000 0.5000 LS2
ECS DDR3_CK1IN 2.3000 LS1
ECS DDR3_DATA 0.1270 0.1000 LS2
ECS DIFF
ECS PCI_DIFF

Once finished, your Electrical CSet will look like the one above.

Set Impedance Targets

The next step in any high-speed design is to define your impedance targets (e.g., 50Q for single-ended, 100Q for differential).
To do that:

1. In the Constraint Manager, go to Electrical > Routing > Impedance (as shown below):

2. Setyour value under the Target column for the row, DDR3_DATA to 50 Ohms and Tolerance to 15% as most manufac-

Worksheet Selector ? x
HSD_FPGA
F Bectrical Objects single-line Impedance
v & Routing Target Tolerance
BB wiring o s Name Ohm Ohm
BB Impedance . . - . .
BB Min/Max Propagation Delays Dsn 4 HSD_FPGA
E Total Etch Length ECS DDRZ_AOD
BB Differential Pair ECS DDR3_ADDR
v [E Routing %:‘T‘—————m =
8 wiring |ECS | PCI_DIFF

turers can accommodate this level of precision. However, choose whatever tolerance your specific manufacturer tells you

to.

3. To set an impedance target for your differential pairs, say, 100 Ohms, you still set the single-ended impedance for now to
half that differential (100/2 = 50 Ohms) and at 15%

Important Note: If possible, avoid using Ohm as the Tolerance. Constraint Manager can take % or Ohm. However, we want it to
automatically calculate the right tolerance for us instead of a hard-set value.

Jitter

If your license allows it, set maximum allowed jitter (e.g., 5-8% of the clock period), depending on the version of the software.
This setting is not available in the version used for this guide.
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Set Minimum and Maximum Propagation Delays

In high-speed digital boards, the pins inside a package tend to have propagation delay. That translates to the nets as well. If

we know the package and part information (usually from the IBIS models) we can set these numbers.

1. In the Constraint Manager, go to Electrical > Routing > Min/Max Propagation Delays. Note how some are already set for

the DDR3_CKIN ECSet.

2. We can manually set delays for our ECSet like the DDR3_DATA set if we know the propagation delay on the DDR3 chip
they connect to. Set them as shown below:

a. Min Delay =15 mm

b. Max Delay =17 mm

c. Pin Pairs = All Drivers/All Receivers

JVorksheet Selector
# Electrical

g X

v

L 'ﬁﬁ Routing
23] Wiring

E Impedance

g Min/Max Propagation Delays

R Total Etch Length
E Differential Pair
Net
™ 'E Routing
E Wiring

E Impedance

B3R Min/Max Propagation Delays

E Total Etch Length
R Differential Pair

B Relative Py i

Delay

HSD_FPGA

Objects

Min Delay | Max Delay

Pin Pairs
Type Name
mm mm
* ' - * *
Dsn 4 HSD_FPGA
|Ecs DDRZ_AD
|Ecs DDR3_ADDR
|Ecs 4 DDR3_CKIN
|ecsp U600.G8:U601.G8 15 mm 17 mm
|ECSP U601.G8:U602.G8 15 mm 17 mm
|ECsp U602.G8:U603.68 15 mm 17 mm
|E(3 DDR3_DATA All Drivers/All Receivers . | 15 mm 17 mm
|EG DIFF Longest/Shortest Pin Pair
ECS PQl_DIFF Longest/Shortest Driver/Receiver
= Drive v
(Clear)

Note: These propagation delays set us up for length matching later.

www.cadence.com

19



OrCAD X High-Speed Digital Design Guide

Total Etch Length

Traces have critical lengths necessary to avoid signal reflections on the PCB. There are different rules of thumb, such as
1/20th or 1/6th of a wavelength, but sometimes these are overly conservative or too lenient. The only way to know is
through simulation. But for now, you can use the manufacturer’s data sheet information for the protocol implemented by
their specific chip or family of chips. Let's set the Total Etch Length for an ECSet.

Steps:
1. In Constraint Manager, go to Electrical > Routing > Total Etch Length.

2. For the DIFF ECSet, set the Maximum Total Etch value to 3500 mil (when you hit Enter on your keyboard, Constraint
Manager will automatically convert it to the target units, which is mm in our case).

&f Constraint Manager (connected to CAPTURE) [HSD_FPGA] - [Electrical / Electrical Constraint Set / Routing

=
|
= . - I = = 0 = = a
BB B« “NeM %% %Y%% @ & 5% % "%
Worksheet Selector & X ——
4 Bectrical - -
Objects inimum Total imum Total
W FQ Routing Etch Etch
R Wiring Type S Name - -
E Impedance N . . . .
@ Min/Max Propagation Delays Den 4 HSD_FPGA
[ Total Etch Length [ecs DDR2_AO
R Differential Pair |ecs DDR3_ADDR
v Net |Ecs DDR3_CKIN
ECS DDR3_DATA
v I8 Routing {z(s DIFF 88.9000
f wiring |Ecs PC_DIFF
= I

For DDR3 data lines, you would set a minimum and maximum Total Etch according to your design guide. For example, from a
design guide for DDR3 you may get values like 4500 mils from the controller.

Note: Why set DIFF to 3500 mils? That's a rough estimate given for USB 3.1 as a critical length allowed by some semicon-
ductor manufacturing companies for their chips. We cannot know the critical length in truth until we simulate the differ-
ential pair signals in a PCB. To do that, you may use a tool like TopXplorer for signal integrity analysis. Set the other
Electrical Constraint Sets to Maximum Total Etch Lengths (critical lengths) according to what signal integrity analysis
engineers determined from simulation or is mentioned by manufacturing documentation.
Differential Pair Constraints (Electrical)
Let’s set rules for differential pairs in general. To do that:
1. Go to the Constraint Manager, Electrical Constraint Set > Routing > Differential Pair worksheet.
2. Choose the following parameters and values for the DIFF ECSet.
a. Uncoupled Length:
i. Gather Control = Ignore
ii. Max =0.254 mm (10 mils)
b. Static Phase Tolerance =10 ps (picoseconds)
c. Dynamic Phase:
i. Max Length =0.2540 mm (10 mils)
ii. Tolerance = 0.1 mm (3.937 mils)
d. Min Line Spacing = 0.0889 mm (3.5 mils)
e. Primary Gap = 0.1016 mm (4 mils)
f. Primary Width = 0.1016 mm (4 mils)
g. Neck Gap = 0.0889 mm (3.5 mils)
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h. Neck Width = 0.0965 mm (3.8 mils)

i. (+)Tolerance = blank

j. (-)Tolerance = blank

3 impedonce o Py i (T i - a0 a0
5 Min/MoxPropagation eays = oor2.A0 I
3 Toal tchLength s DORS ADDR i i I
B Oiterentipai = Dows o tgnore £ = FESton | e — 1
& g"xm“ :l;" tomee ,m:ﬁ;_n @ 0.1 mm IEW 0.1016 N-Iiim
[ Eectrica Objects Uncoupled Length Static Phase
v Electrical Constraint Set Max Tolerance
3 T S Name Gather Control
v [ Routing ype — ===
ﬁ Wiring m * x * * B
B Impedance Dsn 4 HSD_FPGA
E Min/Max Propagation Delays |Ecs DDR2_AQ
BB Total Etch Length |ecs DDR3_ADDR
B9 Differential Pair ECS DDR3_CKIN Ignore 5.0000 1mm
- Net ECS DDR3_DATA
= (s . DIFF ignore 02540 10ps
v [ Routing ECS POL_DIFF Ignore 20.0000 0.125 mm
Dynamic Phase Min Line Coupling Parameters
Max Length | Tolerance Spacing Primary Gap Primary Width Neck Gap Neck Width (+)Tolerance (-)Tolerance
mm mm mm mm mm mm mm mm mm
. N * . . . N . .
0.0000 0.0000 0.1200 0.0000 0.1000 0.0000 0.0000
12.5000 1 mm
0.2540 0.1 mm 0.0889 0.1016 0.1016 0.0889 0.0965

You may set your desired Tolerances at the end, but ensure that the (-)Tolerance value does not cause the Neck Gap spacing
to be less than the Min Line Spacing setting, else you will get an error message.

Notes:

1. Static phase is used to manage the skew on a set of differential pairs.

2. Dynamic phase controls how much we allow the differential pair signals to be out of phase in real-time, to avoid common
mode voltage and the noise it creates.

3. Primary gap is the edge-to-edge distance between two differential traces in unrestricted routing conditions.

4. Neck gap is the edge-to-edge distance between the two differential pair traces but when ‘necking down’ on the PCB; it's
usually to get through tight areas.

As with any ECSet, you can create your own Differential Pair Classes and fill in their properties as necessary.

We have created our electrical constraints, now it's time to create net classes to apply those electrical properties to.

www.cadence.com

21



OrCAD X High-Speed Digital Design Guide

Create Net Classes
We'll set a net class for our DDR3_DATA interface as an example:

1. In the Electrical > Net > Routing > Wiring worksheet, highlight any number of arbitrary nets, like shown below (click and
drag the left mouse button across various nets so they're highlighted).

2. Right click any of the highlighted net names. Choose Create, Class.

N~ B Net Net DRAIN
. Net FB
v [E@ Rout
& fo o / Net GATE
£ Wiring Net B |
E Impedance Net N00359 Analyze
B Min/Max Propagation Delays Net N00418 o
E Total Etch Length ot RMHIGH
z o o Net NO0752 Deselect
E Differential Pair Net N00770
|$ Find... Ctrl+F
b« Physical Net N00798
Net _N00829 | Bookmark... »
|1 spacing Net NO00S63
- Net N00900 Expand
Same Net Spacing
(L Net No1007 Expand All
@ Properties Net NO1108 o POWER_AND._...
Net NO1138 it
esign Instance/Block filter 8 X |Net NO1139
Create » Class...
Net NO1192
@ HSD_FPGA Net NO1306 Add to... > Net Group...
Net NO1356 Remove Differential Pair...
Net NO1440
[Net NO1473 Rename £ Electrical CSet...

3. The Create NetClass window appears. Name the class DDR3_DUMMY. Then click OK. Now the list of nets shows the
DDR3_DUMMY net class.

HSD_FPGA
Objects
Referenced Electrical
Type S Name CSet
L =® =® "
AIwCL LY =7 ]
XNet DDR2.DQ8
XNet DDR2.DQ9
XNet DDR2.DQ10
XNet DDR2.DQ11
XNet DDR2.DQ12
XNet DDR2.DQ13
XNet DDR2.DQ14
XNet DDR2.DQ15
XNet DDR2.RDQS#1
NCis DDR2_D2_EL(11)
NCis DDR2_D3_EL(11)
NCis - DDR3_A_EL(26) CK1IN
NCis 4 DDR3_DUMMY(8)
Net NO00305
Net N00359
Net NO00418
Net NO00468
Mot MANTCY
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4. Now we don’t need this net class, because we have a DDR3_D1 class already for a data class. So right click the DDR3_
DUMMY(8) net class and choose Delete.

5. When asked if you wish to delete NetClass DDR3_DUMMY, click Yes (see below).

DDR3_A_EL(26) DDR3_CK1N 2.304

4 DDR3_DUMMY(8)
NO00305
NO00359
NO0418
NO0468

N00752 & Delete confirmation X
NOO770

NO00798 Do you wish to delete NetClass DDR3_DUMMY? u
4 DDR3_DO_EL(D Yes No
DDR3_DQS0 —— — ,

SEREEERRE R

6. The net class disappears. In the same worksheet, scroll up to the DDR3_DO_EL net class. See how it has already been
set in the design and has a Differential Pair (DPr) in it (as DDR3_DQSO0, the data strobe) and Extended Nets (XNet) as well.

T ooR B

Pr DDR3_DQSO

saz’ﬁiﬁ?
§

Next let's define differential pairs.

Define Differential Pairs
To set up differential pairs in OrCAD X Capture, have the Constraint Manager open:
1. Go to the Electrical > Net > Routing > Wiring worksheet.

2. Select any two signals, like DDR2.DQ3 and DDR2.DQ4 (click, drag and select or use the Ctrl Key + select to choose
multiple), then right click and choose Create > Differential Pair..

i

had Net

~ UE Routing /
E Wiring

@ Impedance

ﬁ Min/Max Propagation Delays
R Total Etch Length

E Differential Pair

[boRz DG Analyze

+fe Physical

T spacing

(3 Same Net Spacing
|@ Properties

DDR2.DQ6 Select
DDR2.DQ7 Deselect

Find... Ctrl+F
DDR2.DQ10 Bookmark... L4

Pesign Instance/Block filter & X DDR2.DQ13 Expand

DDR2.0Q14 Expand All

@ HSD_FPGA

DDR2.DQ16 S

DDR2.DQ19 Create > Class...
DDR2.DQ20 Addto... 4 Net Group...

DDRZ.DQ21 R Differential Pair...
Electrical CSet...

HEHHE

Rename... F2
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3. Name it whatever you want, then click on Create, then Close.

Worksheet Selector F X
HSD_FPGA
4 Blectrical | Objects Topology
v [ Blectrical Constraint Se~ s =
¥ Create Differential Pair e
v I Routing CheRiE DATenCs e E
E Wiring B |
snet
@ Impedance * Creste —
Min/Max P Diff Pair Name: DP1_DUMMY |
B3 Min/Max Propa All Xnets Dif Pair 7 Modif L]
Q Total Etch Lengf AD.CS _959‘:"0”5’
E Differential Pair AD:DBQ Name Type Diff Pair Delete :
v Net AD_DB1 DDR2.DCY Xnet |
v [ Routing :g.g:; DDR2.DQ3 Xnet Clear L]
[ wiring | |ap_DBa > E |
Impedance AD_DBS b
= : AD_DB6 < — ]
E Min/Max Propa AD._DB7 e
f Total Etch Leng! | aD_DBS ]
BB Differential Pair | AD_DBS P
AD_DB10 —
+fe Physical AD_DB11 T
F ~ | |AD_DB12 -
1 spacng | |aD_oB13 -
(F same Net Spacing AD_FLO =
—~ |AD_FL1 E |
AP Properties | |apr@2 |
AD_RD |
Design Instance/Block filter J D+ D E |
D- D
@ HSD_FPGA DDR2.CK#1 DDR2_CLK e 1
Filter: Auto Setup. .. Close Help ]
" |XNet DDR2.DQZ0 | | lm' | |
Denir I Do nags 1 I 1 I I 1
[
Create
Diff Pair Name: DP1_DUMMY
: Modi
Selections: i
-
Name Type Diff Pair Delete
DDR2.DQ4 Xnet DP1_DUMMY
DDR2.DQ3 Xnet DP1_DUMMY Clear
Auto Setup... Close Help

Notice how the Diff Pair column shows the name of the differential pair we just created (DP1_DUMMY).
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4. Now, since we don't need these set as a differential pair, click the Delete button. Those differential pair names (DP1_
DUMMY) will be cleared (see below).

Create
Diff Pair Name: DP1_DUMMY
Selections: Modkfy
Name N Type Diff Pair Delete
DDR2.DQ4 Xnet DP1_DUMMY
DDR2.DQ3 Xnet DP1_DUMMY Clear
Create
Diff Pair Name: DP1
Madify
S | - S MoaiTy
Name - Type Diff Pair Delete
DDR2.DQ4 Xnet
DDR2.0Q3 Xnet Clear

5. Click the Close button at the bottom of the Create Differential Pair window. You will return to the worksheet from where
you created the differential pairs.

6. Scroll up to DDR2_DQSO0, then click the arrow button to expand the list, which shows the differential pair nets, DDR2.
DQS#0 and DDR2.DQSO0, which are strobe signals for the data group (DDR2.DQO0 through DDR2.DQ7)

Copying Constraint Sets

Now that we have differential pairs already, we need some rules. You can simply copy a differential pair constraint set (right
click, then copy and them from existing constraint sets and confirm. Rename the ECSet as needed), then apply those rules to

the appropriate differential pair.
For example, in the Constraint Manager:
1. Go to the Electrical Constraint Set > Routing > Differential Pair worksheet.

2. Right click on the Dsn element called HSD_FPGA, then create a new Electrical Constraint Set named DDR2_DO_DIFF as
shown below.

Worksheet Selector g x
HSD_FPGA
# Becrca Objects Uncoupled Length i Phs
. 'Eedrical Constraint Set Max Tolerance Ma
: Type s Name Gather Control
v & Routing = —
{5 wiring . . » .
B8 Impedance Dsn 4 FSD_FPGA
ﬁ Min/Max Prepagation Delays ECS DDR2_AD Analyze
ﬂ Total Etch Length |EG DDR3_ADDR
R Differential Pair ' |Ecs DOR3I CKIN Select imm 1254
v Net |EC-'5 DOR3 DATA Deselect
ECS DIFF - 10 ps 0.254
v [ Routing o= papirr B Find.. (<L S Pyr—
E Wiring Bookmark... >
@ Impedance
§ . Expand All
g Min/Max Propagation Delays
ﬁ Total Etch Length Create 4 Electrical CSet...
E Differential Pair
Rename... F2
#fe Physical Delete Del
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HSD_FPGA

Objects

Name

<
®
v

- *

4 HSD_FPGA
DDR2_AO
DDR2_DO_DIFF
DDR3_ADDR
DDR3_CK1N
DDR3_DATA
DIFF
PCI_DIFF

A

3. Once created, we will copy existing constraints from DIFF into this new ECSet we just made (DDR2_DO_DIFF). Right click
on the DDR2_DO_DIFF ECSet, then choose Copy Constraints From (shown below).

IVorksheet Selector g X
HSD_FPGA
F Electrical Objects Uncoupled Length
b Electrical Constraint Set Max
v [ Routing Type s Name Gather Control =
g Wiring 7 = - - * *
B Impedence Dsn 4 HSD_FPGA =
BB Min/Max Propagation Delays |ecs DDR2_AD
R Total Etch Lengrv ECS g {DDR2_D0_DIFF |
E Differential Pai ECS DDR3_ADDR Analyze -
. . ECS DDR3_CKIN 1n
- 3 ECS DDR3_DATA Select ]
v Routing BCS i Deselect j10]
R wiring ECS PO_DIFF : 0.1
By Find... Cti+F [
BB impedance bk -
ER Min/Max Propagation Delays bkl
R Total Etch Length Expand
g Differential Pair Expand All
ofo- Physical | Collapse
T spadng | Create 4
E Same Net Spacing
'o' Rename... F2
Properties
Delete Del
esign Instance/Block filter 2 x Compare...
@ HSD_FPGA Restore From Definition >
Constraint Set References...
wwnl | Copy Constraints from...
SigXplorer...
1

4. You get a new Select Object window. Choose the DIFF constraint set to copy the constraint values from, then click Ok.
5. Notice the values are populated immediately afterward for DDR2_DO_DIFF.

Exercise: Modify the constraint values as required for your ECSet, based on your design guidelines.
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Applying Electrical Constraints

Creating constraints isn't enough. We must apply them to specific nets or net classes. Let's apply the DDR2_DO_DIFF
constraint set to the DDR2_DQSO0 differential pair. To do that:

1. Select the Electrical > Net > Routing > Differential Pair worksheet.
2. Go to the Referenced Electrical CSet column for the DDR2_DQSO differential pair (DPr).
3. Click the dropdown item then select that DDR2_DO_DIFF we created earlier.

Worksheet Selector g X
HSD_FPGA
¥ Electrical —
v [[E Routing Referenced Electrical | |

BB wiring Type s Name (s 5
g Impedance » . e . ]
@ Min/Max Propagation Delays Py 4 HSD FPGA =1
BB Total Etch Length NG AD_EL(19)
BB Differential Pair NCs DDR2_A_EL(22) DDR2_A0

v Net NGs DDR2_DATA

. NCis 4 DDRZ_DO_EL(11)
v [ Routing DPr 4 DDR2_DQS0 DDR2 AQ v
8 wiring XNet DDR2.DQS#0 | DDR2 AD
DDR2 DO D
g Impedance XNet DDR2.DQS0 DDR3 ADDR |
@ Min/Max Propagation Delays XNet DDR2.DMO DDR3_CK1N -
g Total Etch Length ot DDR3_DATA —1
g XNet DDR2.DQ1 DIFF

R Differential Pair XNet DDR2.DQ2 PCI_DIFF |
@ Relative Propagation Delay XNet DDR2.DQ3

4. You will know that the constraint set was applied when all three rows are populated with the “DDR2_DO_DIFF" constraint

set name.
TVCTS DURZ_URTR
NCis 4 DDR2_DO_EL(11)
DPr 4 DDR2_DQS0 DDR2_DO_DIFF
XNet DDR2.DQS#0 DDR2_DO_DIFF
XNet DDR2.DQS0 | DDR2_DO_DIFF

5. For Impedance, apply the 50 Ohm impedance Constraint set to nets within the Impedance worksheet. To do this, go to
Electrical > Routing > Impedance > DDR3_DATA (50Q at 15 %). We will apply this to all our DDR3 Data nets.

<BE B Bo-w - RMeMe BB %% @-@- 5% %]
Vorksheet Selector g x T
[Eiecine Objects Single-line Impedance
v & Routing Target Tolerance
B Wiring / Type s Name e S
E Impedance _ m m . .
ﬁ Min/Max Propagation Delays Dsn 4 HSD FPGA
E Tetal Etch Length ECS I_)DRI_M
R Differential Pair ECS DDR2_DO_DIFF 50 15%
L Net ECS DDR3_ADDR
- 8 Raung i T ——
B wiring ECS ? DIFF 50 15 %
ﬁ Impedance ECS I PQl_DIFF
E Min/Max Propagation Delays
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6. Now to use this, go to Electrical > Net > Routing > Impedance and select the DDR3_DO_EL(7) cell (that's a Net Class or
NCls Element), then set its entire Referenced Electrical CSet to DDR3_DATA by selecting the dropdown.

ﬂ Min/Max Propagation Delays XNet DDRZ.DQ15
[ Total Etch Length XNet DDR2.RDQS#1
R Differential Pair NGs DDR2_DZ_EL(11)
, Net NGs DDR2_D3_EL(11)
'_ . NGis DDR3_A_EL(26) DDR3_CK1N
v I3 Routing NGis ; 4 DDR3_DO_EL(D) DDR3 DATA T
BB wiring DPr DDR3_DQS0 DDR2_A0
DDR2_DO_DIFF
3 |mpedan<=’ XNet DDR3.DQS#0 D0
XNet DDR3.DQ0 DORSADDR
E Min/Max Propagation Delays DDR3_CK1N
XNet DDR3 DAIA
R Total Etch Length Nex DIFF
ﬂ Differential Pair XNet DDR3.DQ3 PCI_DIFF
BR oD PO XNet DDE3Z M MDMO | Clear]
# Blectrical Objects Single-fine Imp)
v ’T?E Routing m&dﬂm Target
i T s N
£ wiring e . ohm ohm
B Impedance o * . - < =
& Min/Max Propagation Delays XNet DDR2.DQ15
R Total Etch Length XNet DDRZ.RDQS#1
ﬁ Differential Pair NGs DDR2_D2_EL(11)
v Bl Net NCis DDR2_D3_EL(11)
= . NCis DDR3_A_EL(26) DDR3_CK1N
v & Routing NGs “ 4 DDR3_DO_EL) DDR3_DATA 50 15%
BB wiring , DPr DDR3_DQS0 DDR3_DATA 50 15%
R impedance |XNet DDR3.DQS#0 DDR3_DATA 50 15%
ﬁ Min/Max Propagation Delays [xrset DDR3.DQ0 DOR3_DATA = it
|XNet DDR3.DQ1 DDR3_DATA 50 15%
F Total Etch Length |xnet DDR3.DQ2 DDR3_DATA 50 15%
R Differential Pair |XNet DDR3.DQ3 DDR3_DATA 50 15%
R Relative Propagation Delay !XN:! DDR3_M.MDMO || DDR3_DATA 50 15%

7. With that complete, you know how to apply any ECSet to any net or group of nets.

Exercise: Apply a Min/Max Propagation Delays ECSet to a group of Data bit lines (any DDR3.DQ1, DQ2, etc.).
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Net Groups

Sometimes we need a group of nets that perform a specific function but may have different (or the same) electrical and

physical properties. We call these Net Groups in hardware design.

Net groups can serve various purposes, but for our design, we will use it to match the signal timing for the nets in the same

data group DDR3.DQO - DDR3.DQ3.

To achieve the same timing for signals, we create a Matched Group in the Constraint Manager.

Setting Up Length Matching

Length Matching requires choosing the correct pin settings within a Matched Group in the Constraint Manager.

To create a Matched Group:

1. Highlight any group of nets that you need to match in timing. Then you can right click and select Create > Match Group..

e

2. In the new window, Create Match Group, name the match group according to whatever works for your organization’s

naming conventions, but in this case, click on Cancel.

3. We already have those nets in a Match Group in the worksheet (indicated by MGrp) in the Type column on the left-most
column of the worksheet.

Delete
Compare...

- Net XNet DDR2.DQ12 All Drivers/All Receivers
- XNet DDR2.DQ13 All Drivers/All Receivers
v [E3 Routing XNet DDR2.DQ14 All Drivers/All Receivers
ﬁ Wiring XNet DDR2.DQ15 All Drivers/All Receivers
E Impedance XNet DDR2.RDQS#1 All Drivers/All Receivers.
2 Min/Max P Lo MGrp DDR2_D2(12) Al Drit Receivers
in/Max Propagation Delays MG DDR2_D3(12) Al Drivers/All Recer
BB Total Etch Length MG DDR3_ADR1_DDR3_A_EL@7)
BB Oifferential Pair / MGrp
BB Relative Propagation Delay Gap.
MGrp
|+fe- Physical MGrp
T MGrp 4 DDR3_DO{N) All Drivers/All Receivers
Sead XNet DDR3.DQS#0 NNA NATA an Receivers
(T Same Net Spacing XNet DDR3.DQS0 Analyze Drivers/All Receivers
‘ | XNet DDR3.DQO rivers/All Receivers
BIOREteS XNet DDR3.DQ1 Select rivers/All Receivers
= XNet DDR3.DQ2 rivers/All Receivers
Deselect
esign Instance/Block filter g8 x Iiﬂ-!t DDR3.DQ3 .EEE civers/All Receivers
"8 HsD_FPGA |XNet DDR3_M.MDMO By Find.. Cti+F  Drivers/All Receivers
h MG v _D1l Bookmark... »  Drivers/All Receivers
MG DDR3_D3(7) Expand it Receivers
Lo AD_EL1I9) Expand All
NGs DDR2_A_EL(22)
NCls DDR2_DATA Collapse 2
INCis 4 DDR2_DO_EL(11}
Create ¥ Class...
Add to... L4 Match Group...
Wiring d MinMaxPropagationDelays  TotalEtchlength  Diff  Remove Net Group...
Match Group e = Pin Pair...

Differential Pair...

Electrical CSet...

TTGIP T DDRS_RADRS_DURS_K_CLZT)

MGIp [ 4 DDR3 _DO(7) All Drivers/All Recef
XNet DDR3.DQS#0 DDR3_DATA Al Drivers/All Recer
XNet DDR3.DQS0 DDR3_DATA All Drivers/All Receivers
XNet DDR3.DQ0 DDR3_DATA All Drivers/All Receivers
XNet DDR3.DQ1 DDR3_DATA All Drivers/All Receivers
XNet DDR3.DQ2 DDR3_DATA All Drivers/All Receivers
XNet DDR3.DQ3 DDR3_DATA All Drivers/All Receivers
XNet DDR3_M.MDMO DDR3_DATA All Drivers/All Receivers
MGip DDR3 D1(7) Al Drivers/All Receivers
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4. We can change the types of Pin Pair combinations that determine how OrCAD X evaluates timing for length matching.

Choose the correct option accordingly.

4 DDR3_DO(D All Drivers/All Receivers
DDR3.DQS#0 DDR3_DATA All Drivers/All Receivers .
DDR3.DQS0 DDR3_DATA Longest Pin Pair
D0RS.000 DORS DA R e
DDR3.DQ1 DDR3_DATA (Clear)
DDR3.DQ2 DDR3_DATA
DDR3.DQ3 DDR3_DATA  AIMDTVETS/AIT RECEVErs |
DDR3_M.MDMO DDR3_DATA All Drivers/All Receivers

The Longest Pin Pair option will make the longest connection in that group dictate the length matching limits. The Longest
Driver/Receiver makes the decision based on the longest driver and receiver pin pairs (pin from the transmitter chip to the pin
of the receiver chip) as explained. The All Drivers/Receivers option is the typical safe default. This automatically adjusts the

limits as necessary.

5. Choose the All Drivers/All Receivers for the Match Group, DDR3_DO0(7).

MG | DURS_AUR_DDRS_A_TTRZTT
MGrp | 4 DDR3_DO(7) All Drivers/All Receivers
XNet DDR3.DQS#0 DDR3_DATA All Drivers/All Receivers
XNet DDR3.DQS0 DDR3_DATA All Drivers/All Receivers
XNet DDR3.DQO0 DDR3_DATA All Drivers/All Receivers
XNet DDR3.DQ1 DDR3_DATA All Drivers/All Receivers
XNet DDR3.DQ2 DDR3_DATA All Drivers/All Receivers
XNet DDR3.0Q3 DDR3_DATA All Drivers/All Receivers
XNet DDR3_M.MDMO DDR3_DATA All Drivers/All Receivers

| MGrp DDR3 D1(7) All Drivers/All Receivers

For final Electrical constraint set assignments, do the following:

1. Go to the Electrical Constraint Set > Routing > Total Etch Length worksheet. Select the PCI_DIFF (set value to 3500 mils

=88.900 mm).
Worksheet Selector g e
- Objects Minimum Total Maximum Total
v [ Routing Etch Etch
B8 Wiring Type Name mm mm
ﬂ Impedance m . ™ .
E Min/Max PropagatiW Den 4 HSD FPGA
H Total Etch Length ECS DDR2_AD
R Differential Pair ECS DDR2_DO_DIFF 88.9000
v Net ECS DDR3_ADDR
v [@ Routing g m'g:.';
8 Wiring ECS DIFF _ 88.9000
@ Impedance ECS ﬂ PO_DIFF 88.9000
B ntin/hdaD Dalacc
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2. Then assign this constraint set by going to the Net > Routing > Total Etch Length worksheet.

3. Then assign the constraint, PCI_DIFF, on the STDA_SSRX Differential Pair object as shown below.

Worksheet Selector
HSD_FPGA
5 - Objects ]
i Electrical Constraint Set Referenced Electrical
v UTE Routing Type Name Coet
ER Wiring " " "
E Impedance e —
E Min/Max Propagation Delays bt Aol
XNet DDR3.DQ14
R Total Etch Length o DDDATS
R Differential Pair XNet DDR3_M.MDM3
v Net NCis DDR3_D5_EL(D
v 1B fouting - YT rolors
@ Wiring DPr 4D DIFF
@ Impedance XNet D+ DIFF
BB Min/Max Prnpngativ XNet D- DIFF {
E Total Etch Length DPr 4 STDA_SSRX PCI_DIFF
XNet STDA_SSRX+ | PCI_DIFF
@ Differential Pair XNet STDA SSRX- | PCIDIFF
ofe Physical DPr 4 STDA_SSTX PCI_DIFF
XNet STDA_SSTX+ PCI_DIFF
1 spadng XNet STDA _SSTX- | PCI_DIFF

Electrical Constraints Conclusion

By meticulously defining constraints within the Constraint Manager, we've established a robust framework for our high-speed

FPGA design.

These constraints will guide the PCB layout process, ensuring that critical signals meet their performance requirements and

that the design adheres to manufacturing standards.

In the next section, we'll explore how to apply these constraints effectively during the PCB layout phase, translating our
defined rules into a physical design that meets our high-speed requirements.

Physical Constraints (Schematic Phase)

First, we'll create a physical constraint set for our DDR3 interface using the Constraint Manager. The physical constraints for
the PCB are set by current carrying capacity, board density, manufacturable capabilities of your manufacturer, and
impedance abilities of the selected materials for your PCB stack-up. For our design we have the following constraints as

examples.

Trace Width Rules:

> Minimum width: 4 mils (high-speed signals)

» Standard width: 6 mils

> Neck Mode: 3.5 mils (BGA escape)

Differential Pairs:
> Min Line Spacing: 3.5 mils
> Trace Width: 4 mils
» Gap Width: 3.8 mils

» Max Uncoupled: 100 mils
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Trace Width Constraints
To set constraints for trace widths, open OrCAD X Capture Constraint Manager by going to PCB > Constraint Manager.

1. Go to the Physical section on the left of the Constraint Manager window, then go to Physical Constraint Set > All Layers.
Notice we have physical constraints already set. For an exercise, let's say we want 6 mil (0.1524 mm) traces as a standard
routing setting for normal traces, then for high-speed signal traces that need impedance control, let's use 4 mils.

2. Right click the HSD_FPGA element then select Create > Physical CSet..

Worksheet Selector g X
HSD_FPGA
# Blectrical J Objects Line Width
+f« Physical Referenced Physical Min Max Min \
5 5 Type S Name CSet
v Physical Constraint Set mm mm mi
I ANl Layers . . . . A z 5
v Net m 4 [HSD_FPGA i e 0.0000 0.1000
@ AN Layers PCS BGA_50R Analyze 0.0000 0.1000
- Region PCS BGA_100F = 0.0000 0.1000
7 AL PCS DEFAULT elect 0.0000 0.1000
& Al Layers PCS POWER Deselect .. [0.0000 0.1000
PCS POWER Il - 0.0000 0.1000
PCS 50R By Find.. COit 0.0000 0.1000
PCS 100R_DIFI Bookmark... 4 0.0000 0.1000
Expand All
Create > Physical CSet...
Rename... F2

3. Name the Electrical Constraint Set as PCS1. It gets created (see below).

HSD_FPGA
Objects Line W
Refefencc;d;tl’hysxcal Min
Type S Name
mm

* - * * -
Dsn 4 HSD_FPGA DEFAULT 0.1200
PCS BGA_50R 0.1000
PCS BGA_100R_DIFF 0.1000
PCS DEFAULT 0.1200
PCS # 4 PCS1 0.1524
LTyp Conductor 0.1524
LTyp Plane 0.1524

4. We created an arbitrary Physical Constraint Set named PCS1.
5. Set the Line Width to 6 mils (0.1524 mm).

We can use this constraint set to apply it to any nets that don't need 4 mil widths for impedance control or don’t need to be as
narrow as 4 mils. However, note that 6 mil traces give you fewer routing options on a densely populated PCB. It may just be
best to go with 4 mils for every trace if that won't affect cost more than having such narrow traces normally would.
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To apply the physical constraint set, simply go to the Physical > Net > All Layers worksheet. Then select a net, net group or
net class, then apply the physical constraint set to that/those nets (as shown below). In our case, AD_DBO.

bf Physical

b Net

v Region

bt Physical Constraint Set
[@ All Layer:

=] Layers,

S

II?E All Layers

Referenced Physical

Type s Name e —
R R . » |
Dsn 4 HSD_FPGA DEFAULT 0.1)
NCis 4 AD_DA@41) DEFAULT 0.1
Net AD_CS DEFAULT 0.1
Net AD_DBO DEFAULT ~loa
Net AD_DB1 BGA_SOR 01
e Y
Net AD_DB3 0.1
Net AD_DB4 POWER 0.1
Net AD_DB5 POWER_IN 0.1}
Rek AD_DB6 ?gga DIFF 101
Net AD _DB7 o 1

Exercise: This constraint assignment is unnecessary, so let's delete it by right clicking the original Physical Constraint Set
worksheet (in Physical Constraint Set > All Layers), then choosing the constraint “PCS1", right clicking it, then choosing

Delete. You will be asked if you're sure. Say Yes/Ok. Then you'll be asked if you wish to continue removing the references and
deleting “PCS1"? Choose Yes to All (see below).

-ort Physical

Referenced Physical

HSD FPGA

=

e

Min
T S N
v PhysicaIConstraw ype ame -
E AllLayers R A . A " N
b Net Dsn 4 HSD_FPGA DEFAULT 0.1200 0.4
® Al Layers PCS BGA_50R 0.1000 0.0
- Region PCS BGA_100R_DI 0.1000 0.4
“: All PCS DEFAULT 0.1200 0.4
B All Layers PCS 4 PCS nacaa 24
LTyp Conducte Analyze ).4
LTyp Plane ).4
PCS POWER Select 2.4
PGS POWER_IN Deselect ).
PCS 50R & F 2.0
PCS 100R_DIFF Find... Ctrl+F X
Bookmark... 4
Expand
Expand All
H g Collapse
(1 Same Net Spacing
Create 4
‘ Properties
T o Rename... F2
esign Instance/Block fi
a Delete Del

B ° Remove References

o PhysicalCSet PCS1 is referenced by other objects.

Do you wish to continue removing the references and deleting "PCS51"?

Yes

Yes to All

No to All

Cancel
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Once deleted, go back to the Physical > Net > All Layers worksheet. Notice for AD_DBO how the Referenced Physical CSet

changed back to DEFAULT and no longer has PCS1.

 Eectrica Objects
o[ Physical Refefencc;d;‘ Physical
T s N

v | Physical Constraint Set ZES —
[@ All Layers » * " *

bt Net , Dsn 4 HSD_FPGA DEFAULT
@ Al Layers NCis 4 AD_DA(41) DEFAULT

bt Region Net AD_CS DEFAULT
P Net AD_DBO DEFAULT
B All Layers Net AD_DB1 DEFAULT

Net AD DB2 DEFAULT

Differential Pair Constraints (Physical)

Constraint Manager has two ways to manage differential pair constraints, electrical and physical. The physical constraints are
implemented the same way as the electrical constraints. However, the physical constraints for differential pairs specify
allowing Etch (copper) or Ts, while the electrical constraints for differential pairs do not have those options.

Follow similar instructions to set a differential pair constraint set and you can apply them to any differential pair within the Net
> All Layers worksheet. See images below to see the constraint and application.

Worksheet Selector f X
¥ Beectrical
+f+ Physical
v | Physical CMW
I All Layers
M. Net
'FE All Layers
4 Region
IE All Layers

HSD_FPGA
Objects Line Width
fieterenced Fiva Min Max Min Widt
Type Name
mm mm mm

|Dsn 4 [HSD_FPGA ) 0000 0.1000
Bes BGA_S0R Analyze .0000 0.1000
PCS BGA_100R_D s 0.0000 0.1000
PCS DEFAULT b 0.0000 0.1000
PCS POWER Deselect 0.0000 0.1000
PCS POWERIN B, Fing.. Ctrlef  D:0000 0.1000
PCS 50R D.0000 0.1000
PCS 100R_DIFF Bookmark... > b.oooo 0.1000

Expand All l

Create » Physical CSet...

Rename... F2

That's to create a differential pair. But let’s delete it, we will use the existing differential pair physical constraint set named

100R_DIFF.

[TPCS T T SOR U.T000 T.0000 . T000 TO-0000 T.0000 7]
PCS 4 100R_DIFF 0.1000 0.0000 0.1000 10.0000 0.1400 of
LTyp Conductor 0.1000 0.0000 0.1000 10.0000 0.1400 of

|{oryp | | Plane 0.1000 0.0000 0.1000 10.0000 0.1400 o

L 1
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Then apply it to the appropriate differential pairs in the Net > All Layers worksheet. Expand the PCI_PAIRS Net Class (shown
below), then apply it to any of the differential pairs within that class, like PERO. Notice that the rule is applied to all the differ-
ential pairs within that class already.

+[« Physical - Referenced Physical
] T S Name Cet
v Physical Constraint Set i
l@ All Layers * N . »
b Net Dsn 4 HSD FPGA DEFAULT
I AnLayers NCis AD_DA(41) DEFAULT
- Region NCis DDR2_PAIRS(5) 100R_DIFF
B AL NCis DDR2_SINGLE(62) 50R
=) All Layers NCis DDR3_PAIRS(5) 100R_DIFF
NCis DDR3_SINGLE(50) 50R
NCis FPGA_PAIRS(3) 100R_DIFF
NCis LOGIC(5) DEFAULT
NCis 4 PQ_PAIRS(9) 100R_DIFF
DPr 4 PERO 100R_DIFF
XNet PCIE.PERNO 100R_DIFF
XNet PCIE.PERPO 100R_DIFF

Spacing Constraints

We can even set spacing constraints at the schematic phase. Proper spacing is critical to avoid crosstalk in PCB design. The
general most conservative rule of thumb is to make the trace edges at least 3 times the width of any particular trace. In some
cases, it can be less than or more than that. The details are left up to your discretion from design guides, datasheets and EMC
specialists.

To separate the standard traces from each other and maintain minimal coupling in general, we create the following:
1. Critical Signal Spacing:
a. CLK to other signals: 3x trace width
b. DATA to DATA: 2x trace width
c. ADDR to ADDR: 1.5x trace width
2. BGA Region Specific:
a. Trace to Trace: 4 mils
b. Padto Trace: 5 mils
c. Viato Via: 8 mils
3. Differential Pair Spacing:
a. Intra-pair spacing

b. Inter-pair spacing
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Critical Signal Spacing Constraints

For critical traces, create a new spacing constraint set (SCS) by doing the following:
1. Navigate to the Spacing > Spacing Constraint Set > All Layers worksheet.
2. Right click the HSD_FPGA object.

3. Choose Create > Spacing CSet..

pofe Physical Al Al Al Al Al
z i Type s Name
SD&CIIQ mm mm mm mm mi
had Spacing Constraint Se " * - * * . . *
M= Al Layers ‘V Dsn 4 HSD_FPGA e e
v Bl Net SCS DEFAULT Analyze e e
|scs DP2ALL e -
@ All Layers 20v Select 3.4000 3.4000

hd Net Class-Class Deselect

M@ Al Layers By Find.. Ctrl+F
[ CSet assignment matrix Bookmark... 4

et Region
E Al Layers Expand All /

Create > Spacing CSet...

Rename... F2

Delete Del

4. Name the constraint set something that indicates the spacing, like 12 mils (3x trace width, so 3x4 mils = 12 mils), so name
it SCS1_12MILS. Then it will populate the list as shown below.

# Create SpacingCSet X

SpadngCSet: SRS

[I] Cancel Help

HSD_FPGA
Objects
All
Type S Name
mm
* *® * L
Dsn 4 HSD_FPGA -
SCS DEFAULT —
SCS DP2ALL -
SCS SCS1_12MILS e
SCS 220V 3.4000
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5. We have a lot of spacing constraints, but we only care about trace-to-trace spacing right now (line-to-line). Double-click
the column that says Line To at the top. That expands our Line-to-0Object options (e.g. Line to Line, Line to Thru Pin, Line
to SMD Pin, etc.).

HSD_FPGA
Objects LineTo *
: Dp‘ubIeAcI:ck to, expand . mm
Dsn 4 HSD FPGA wnn 3
SCS . DEFAULT o 1
SCS DP2ALL e 1
SCS SCS1_12MILS o 1
SCS - 220V 3.4000 E
HSD_FPGA
Objects \
All Line
Type S Name
mm mm
Dsn 4 HSD_FPGA e 0.1000
SCS DEFAULT e 0.1000
sCs DP2ALL ek 0.2500
SCS SCS1_12MILS wh 0.1000
SCS 220V 3.4000 3.4000

6. We care about line to line spacing. Set the value to 12 mils = 0.3048 mm (you can type it in as 12 mils and it will automat-
ically convert it to mm or vice versa).

HSD_FPGA
Objects
All Line Ll
Type S Name

mm mm
* * - - - *
Dsn 4 HSD_FPGA b 0.1000 0.1200]
SCS DEFAULT o 0.1000 0.1200|
SCS DP2ALL i 0.2500 0.1200]
SCS SCS1_12MILS — 0.3043 o.1zoo|
SCS 220V 3.4000 3.4000 3.4000]

|

7. Now let's apply the constraint to a critical net, like Clock.

8. Notice the 220V Spacing Constraint Set as well. Its traces are set to be at least 3.400 mm (133.858 mils) away from all
other traces.

This is nice but what about regions that need tighter spacing?

37
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Region-Specific Spacing Constraints

Constraint Manager can set entire regions to have different spacing constraints.
1. Select the Spacing > Region > All Layers worksheet.
2. Right click the HSD_FPGA design name.

3. Choose Create > Region...

Worksheet Selector g X
HSD_FPGA
¥ Blectrica | Objects LineTo *| ThruPinTo *| SMD PinTo
+fe Physical | i . Al Al Al
7 | Type s Name
1 spacing | mm mm mm
v [ Spacing Constraint Set . 5 . . . . .
@ AnlLayers Dsn 4 HSD FPGA it — s =
v Net Rgn BGA Analyze s
[ﬁ All Layers Select
e Net Class-Class Deselect
B AllLayers By Find.. Ctrl+F
[@ CSet assignment matrix Bookoab 5
v Region
@ AllLayers Expand All
Create » Class...
Add to... 4 Region...
Remove Region-Class...
Fenaras P2 Region-Class-Class...
(T same Net Spacing : Delete Del Spacing CSet...
‘ Properties ; Compare... I

4. In the new window, name the region the default and click OK. Then you have the region created as RGN1 (see below),
where you can set the Line To (any object) spacing.

HSD_FPGA
Objects LineTo !
Referenced Spacing
Cset AN
Type s Name
mm

- - - " -
Dsn 4 HSD_FPGA DEFAULT wox 1
Rgn BGA 0.1000
Ron RGN1
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5. The best option is to apply a spacing constraint set that's already created, so click the Referenced Spacing CSet column
option, then select the SCS1_12MILS CSet we created earlier.

HSD_FPGA
Objects ™
Referenced Spacing
Type s Name CSet —
* L * * -
|Dsn 4 HSD_FPGA DEFAULT =
BGA 0.1
Rgn RGN1 DEFAULT v
DEFAULT
DP2ALL |
— . 220V

Now that you've learned how to set constraints for traces, let's look at Class-to-Class spacing, as we need it for differential
pairs.

Differential Pair Spacing Constraints

For differential pairs we need to create class-to-class spacing. You already know how to make net classes, so we will show
how to set differential pairs to have the right intra-pair spacing (edge to edge, differential pair to differential pair) and
inter-pair spacing (differential pair to any other non-differential pair).

DiffPairl DiffPair2 DiffPair3

Intra
pair Inter-pair

Differential pairs indicating inter-pair and intra-pair spacing

Inter-pai
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To set the differential pair spacings as shown above, do the following within the Constraint Manager:

1. Go to Spacing > Net > All Layers. Notice the Net Class (NCls) named DIFFPAIRS(25).

— ] Type S Name

3 spadng
Spacing Constraint Set = =
@ AnLayers Dsn 4 HSD_FPGA
N NCGis 4 DIFFPAIRS(25)

et
@ DPr d D
I Al Layers DPr DDR2_CLK
Net Class-Class DPr DDR2_DQS0
r@ All Layers DPr DDRZ_IXBi
[@ CSet assignment matrix e Lol
. DPr DDR2_DQS3

Region DPr DDR3_CK1
ﬁ Al ayvars DD Dnn2 _nocn

2. We'll make a class-to-class rule that says any differential pair to another differential pair will have a certain spacing

(intra-pair), and any differential pair to any other class of nets will have other kinds of spacing (inter-pair)

3. Go to the Net Class-Class > All Layers worksheet.

TTet
T S Name
i Spacing L mm mm mm
4 Spacing Constraint Set N i " . . =
@ Al Layers |psn 4 HSD FPGA Pe— - s -
L B Net NGis 4 DIFFPAIRS(4) Analyze e
CCls L 3.4000
@ All Layers CcOs MISC Select Wik
4 Net Class-Class, CQs N Deselect 3.4000
COs 220V 3.4000
I3 AllLayers e ato Find... Ctrl+F ot
;E CSet assignment matrix
) NCls MISC(4) Bookmark... » bl
[/ B Region NCis N4 -
B AllLayers NCis 220V(4) Expand All =
Create > Class...
Add to... L4 Class-Class...
Remove Spacing CSet...

4. Anew window, Create ClassClasses, appears. Under the NetClasses sections on the left and the right, select DIFFPAIRS

for each, then click Apply. The list will populate with that class-to-class spacing for intra-pair spacing.

5. For the inter-pair spacing (diff pairs to all other net classes), select DIFFPAIRS in the left column and MISC in the right

column.

§ Create ClassClasses

¢

NetClasses: NetClasses:
DIFFPAIRS DIFFPAIRS
L L
MISC MISC
N N
220V 220V
Ok Apply Close Help
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6. MISC is all other nets from what we have defined in the Net Classes already (see below).

- Type 1) Name
'3 spacing

v Spacing Constraint Set * - 3 *
B Al Layers Dsn 4 HSD_FPGA 0.10
5 Nek NGs DIFFPAIRS(25) 0.10)
NCis L(2) 0.104
I3 Al Layers NCis 4 MISC(265) 0.10{
v Net Class-Class Net G +15V 0.104
[EE All Layers Net G -15v 0.104
= . . Net AD_CS 0.10}
= ?Set assignment matrix =, AD.DBD =
¥ [ Region Net AD_DB1 0.10
= Al Layers Net AD_DB2 0.10)
Net AD_DB3 0.10}
Net AD_DB4 0.10]
Net AD_DB5 0.10}
Net AD_DB6 0.10)
Net AD_DB7 0.10}

7. Now you can set the spacing for DIFFPAIR to DIFFPAIR (intra-pair) to whatever you wish, but choose it from a Spacing
Constraint Set (you can pick anyone, but given the current values, you should create one, say 20 mils).

HSD_FPGA
Objects
Referenced Spacing

Type S Name CSet =1
- - - - :
Dsn 4 HSD FPGA DEFAULT B
NCis 4 DIFFPAIRS(5) DEFAULT *|
CCs DIFFPAIRS
CCs L 220V 3
CCs MISC DP2ALL *|
CCs N 220V 3
CCis 220V 220V 3
NCis L(4) DEFAULT *
NCis A MISC(4) DEFAULT ]
CCs DIFFPAIRS DP2ALL -
CCls L 220V 3
CCls N 220V 3
CCls 220V 220V 3
NCis N(4) DEFAULT -
NCis 220V(4) DEFAULT *

Exercise: Create a spacing constraint set that sets line to line spacing at 20 mils and name if DIFFTODIFF. Then assign that
spacing constraint set (SCS) to the DIFFPAIRS to DIFFPAIRS class-to-class spacing from the previous step.

This ends the schematic-enabled constraint settings you can create in OrCAD X Capture.
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In OrCAD X Capture, go to PCB > Update Layout in the toolbar menu. The Update Layout window will appear. Click on the Sync

button as shown.

Schematic

Layout

Info

=:\users \kirsc\documents \cadenceworkingdir \cdssetup \workspace \projectsthsd_fpga\allegrothsd_fpga_final_v24.brd ~

There are no connectivity differences to show.

e

It generates a Constraints Difference Report as shown below:

s g

4Summary
¥ ClassClasses [1]
* Constraint Sets [9]
» DiffPairs 1)
» LayerSets [2]
» NetClasses [2]
Rels |2

» Regions [1)
¥ Xnets [49]

OO [s|+|H|u & =

| A | *'l - Case-sensitive

Report summary

Report time

Software version

Frl Jan 17 05:14:15 2025

24.1 (S001)

Layout e\users\kirsc\documents\cadenceworkingdir\cdssetup\workspace\projects\hsd_fpga\allegro\hsd_fpga_final_v24.brd
Schematic c:wsers\kirsc\documents\cadenceworkingdir\cdssetup\workspace\projectsihsd_fpgalallegro\pstcmdb.dat

Baseline File | Cr\Users\kirsc\AppData‘Local\Temp\Tmp0O00074f. dcf

Destination design updated es

Update Mode Diff3

Constraint Information

White list

CrossSectlon, Electrical, Physical, Spacing, Same Net Spacing, NetClasses, Properties

Cr\Cadence\SPB_24. 1\share\local\consmgricds_flow_cenfig.txt - No valid filters found.,

Objects with conflicts

Summary

Dbject type
ClassClasses

Constraint Sefs

Total changed objects
1

ElectricalCSet: 7, PhysicalCSet: 1, SpacingCSet: 1

diffPairs 1

LayerSets .2

MetClasses 2

Nets 2

Regions '1

aneE- 49 )
For now, ignore the warnings/error messages and open OrCAD X Presto PCB Editor.
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PCB Layout

Introduction

PCB layout is a critical phase in high-speed design, where the schematic and constraints are transformed into a physical
board. For our FPGA with DDR memory project, careful attention to component placement, stackup definition, and routing is
essential to maintain signal integrity and meet performance requirements.

This project has a completed PCB layout. We will analyze the critical parts of the design that need to be created for a
successful high-speed layout. Not every net will be covered in this design. We will explain just enough of the nets and rules to
implement so you know how to apply them to most any situation. The rest of the net or entire design is left as an exercise for

the reader.
|
LR [ s )

W . ] r
a - N
_‘b )

oL
- ®

|

|

Top view of a completed PCB Layout.

Here are the devices we will focus on:
> FPGA
- Manufacturer Part Number: XC6SLX25-3FTG256|
> 2 DDR3 interfaces
- Manufacturer Part Number: UPD431000AGW-B15
- Manufacturer Part Number: MT413512M4JE-15E:A

The operating frequency for DDR interface is 300-800 MHz, maximum allowed jitter could be whatever is reasonable,
crosstalk coupling limit 8% for critical signals like clock, target impedance for power distribution network, and a FCC class
- whichever one is more lenient.

Manufacturing capabilities specify a minimum trace width of 4 mils for high-speed signals. Standard non-high-speed signals
are maybe 6 mils. There is a lot going on in the design, but we will start with the most essential high-speed signals and steps
in general that need to be covered.
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General Solution

Effective PCB layout involves defining an appropriate stackup, strategically placing components, and routing traces according
to the defined constraints. This approach ensures optimal signal performance, minimizes electromagnetic interference, and
facilitates proper power distribution.

Application in OrCAD X Presto:
1. Define the PCB stackup:

a. Go to Tools > Cross Section

b. We have an 8-layer stackup with dedicated power and ground planes:
i.  Top Layer (Signal)
ii.  Ground Plane (GND1)
iii. Signal Layer 1(L1)
iv. Power Plane (POW1)
v. Ground Plane 2 (GND2)
vi. Signal Layer 2 (L2)
vii. Power Plane 2 (POW2)

viii. Bottom Layer (Signal) (BOTTOM)

Primary

OBJECTS TYPES 1 THICKNESS

NAME LAYER FUNCTION MANUFACTURE CONSTRAINT VALUE (+)TOL

* e

Dielectric
Conductor

Dielectric

Dielectric
Conductor
Dielectric

Dielectric
Dielectric
Conductor

Dielectric

Dielectric

Conductor

(=T — T — R — O — T — O — B — O — B — I — T — T — B — B — N — I — ]

Dielectric
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2. Place your components:

a. Use the "Place Component” tool from the floating toolbar

b. For critical components like FPGA and DDR3 memories:

i. Goto ECO > Quickplace Components

ii. Set placement priorities and spacing requirements

Cluster

24

Include Associated Components

File  Edit

Visibility

Q Search

€ r o

¥ General

Mode 2D

View From Top

Pads

Colors
Temp Highlight

Connections

[ Alignment Lines

O Unfilled

Net Labels

Shapes
Traces

Pin

ECO | Manufacturing
Update Schematic
Update PCB
Quickplace Components
Import Placement
Draw Design Outline
IDX Import
IDX Export
DXF Import
MCADX Import
MCADX Export

Reports

Help

Snapping

Include Associated (
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3. Route critical nets:

a. Use the routing icon on the floating toolbar for manual routing of high-speed signals

b. For differential pairs, you can use the same tool and click a diff pair to start routing

4. Perform length and phase tuning:

Route Mode [ ELUE]]

Working Layer Mode

Start Layer

Trace Width | Auto

T':,fpe

Angle Lock

¥ Group Route

Contour Object

Contour Spacing | Auto

Group Spacing | Auto

Guide Trace Align .
Clearance View

Remove/Prevent Loops

Diff Pair Single Trace Mode

Assisted

e

a. Select the delay tune command from the floating toolbar as shown below

b. Select from the various options and adjust existing traces through length tuning and phase tuning

Pattern

Centered

Gap(A) 3x width

Corners(B) ' ~ M

Miter Size(C) | 1x width

Hug

Diff Pair Single Trace Mode (Alt)
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5. Add stitching vias:

a. Select the via structure menu option to add via structures

Trace or Shape Trace Array

Single Side Both Sides
Via to object GAP (A)
1.0000
Via to Via offset (B)

v offset (C)

Row Count

S # 1

1

Net | Dummy Net v f

Branching Origin

Structure

Via padstack/Structure: | VIAO_2C0_5C

=
%
@
Q
Y

b. Set parameters for via spacing (e.g., every 500 mils)

These are some of the most important options for getting your PCB placed, routing and ready for manufacturing. Now let's
take a look at constraints for high-speed PCBs.

Constraints for Signal Integrity

Advanced constraints include rules for high-speed complex printed circuit boards. Standard PCBs are usually 300 compo-
nents or fewer, where the primary concern is designing for manufacturing, fabrication, assembly, and test, then maybe differ-
ential pairs and single-ended impedances depending on the protocols in your design.

Complex high-speed PCBs however need considerations for impedance control, differential pairs, inter-pair and intra-pair
skew, a limit on the number of vias and other such factors that manage signal integrity and electromagnetic interference.

Advanced Constraints also account for typical high-density interconnect boards, military grade PCBs and rigid-flex or flex
PCBs. Anything outside the normal DFM considerations would be considered advanced constraints for a printed circuit board.

Now that we understand the difference between regular and advanced constraints, let's look at ways to turn on or off the
kinds of constraints we should enforce in the Constraint Modes section.
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Constraint Modes

Implementing USB constraints in OrCAD X Presto.

1. Open Constraint Manager by clicking on Tools > Constraint Manager in the toolbar menu.

2. Then within the Constraint Manager toolbar menu click on Analyze > Analysis Mode.

3. Check all options in the Electrical Modes and Electrical Options sections (see below).

Design

Electrical

Physical

Spacing

Same Net Spacing

Assembly

¥ Design for Fabrication
Outline
Mask
Annular Ring
Copper Features

Copper Spacing

¥ Design for Assembly
Outline
PkgToPkg Spacing
Spacing
Pastemask

P Design for Test

P 3 Dimensional

¥ Electrical Modes

Name
Mark All Constraints
Stub length/Net schedule

Max via count

Max exposed length
Propagation delay

ive propagation delay

Impedance
Total etch length

» All differential pair checks
Layer sets

» Return Path
¥ Electrical Options

DRC Unrouted
Minimum Propagation Delay
Relative Propagation Delay
Pin Delay

Include in all Propagation Delays and in Differential Pair Phase checks

Propagation Velocity Factor

Z Axis Delay

Include in all Propagation Delays and in Differential Pair Phase checks

4. Also enable all checks in the Physical and Spacing Categories as well.

Design

Electrical

Physical

Spacing

Same Net Spacing

Assembly

Design for Fabrication
Outline
Mask

Annular Ring

Copper Features

Name

Mark All Constraints

Min neck width

Max line width

Allow etch on subclass

Allow T junctions on subclass
Min blind/buried via stagger
Max blind/buried via stagger
Pad-pad direct connect
Vialist DRC
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.'/; Analysis Modes

Design

Electrical Name

Physical Mark All Constraints
Spacing » Line To

Same Net Spacing » Thru Pin To
Assembly » SMD Pin To

¥ Design for Fabrication d ¥ B

Outline Thru Via To
Mask BB Via To

Annular Ring Microvia To

Copper Features Test Via To

Copper Spacing Shape To

Silkscreen Bond Finger To
Hole To
Min BB Via Gap

¥ Design for Assembly
Outline

>
>
>
>
>
>
>
>

PkgToPkg Spacing
In general, you want to enable all Electrical, Physical and Spacing Constraints when working with high-speed constraints and
boards. Note that these can affect performance if routing large complex boards with many layers.

Signal Integrity

In this section we will address the most common rules you should set for signal integrity in the PCB. We are using a different
reference design for the PCB Layout, but the principles are the same.

Impedance Control: Specification for controlled impedance traces for high-speed signals

Short Rise Time compared
to time of flight —

(|

f

Tr'ise

Diagram showing a PCB copper wire with signal propagation

Purpose: Impedance control is used to specify and maintain consistent characteristic impedance for high-speed signal traces
throughout the PCB.

www.cadence.com 49



OrCAD X High-Speed Digital Design Guide

Steps to Execute Constraint for Impedance Control:

1. Open the Constraint Manager.

2. Navigate to the Electrical > Electrical Constraint Set > Impedance worksheet.

3. Define target impedance values for different trace types (e.g., single-ended).

Worksheet Selector

P3449_B01_Allegro_layout_ BGA-REGION

Electrical

v . Electrical Constraint Set
v r@ Routing
E Wiring
& Vias

g Impedance

@ Min/Max Propagation Delays
g Total Etch Length

& Differential Pair

E Relative Propagation Delay
@ Return Path

Objects Single-line Impedance

Target Tolerance

Ohm Ohm

*
¥ P3449 BO1_Allegro_layout BGA-RE...
NVEC1_1_PCIE0_CLK_
NVEC2 2 PCIEO RX0_
» NVEC3 3 PCIEO_TXO0_
NVEC4 4 CSIA CLK P
NVEC5_5_CSIC CLK P

4. You can then go to the Electrical > Net > Routing > Impedance worksheet and apply the constraint to any net, net class,

or net group.

Worksheet Selector

P3449 B01_Allegro_layout BGA-REGION

Electrical
v . Electrical Constraint Set
By ’@ Routing
@ Wiring
E Vias
ﬁ Impedance
@ Min/Max Propagation Delays
BB Total Etch Length
B Differential Pair
@ Relative Propagation Delay
% Return Path
4 I
v & Routing
s Wiring
ﬁ Vias
B Impedance
ﬁ Min/Max Propagation Delays

Objects

Single-line Impedance
Referenced Electrical

CSet Actual

Target  Tolerance Margin

Ohm Ohm Ohm Ohm

. . *

SPI_HUB_CS

SPIO_CSO
J2.95:u22.5

NVEC21 38 SPI0_DATA1

SPIO CSO LS
SPI0_CS1
SPI0_CS1_LS
SPI0_MISO
SPI0O_MISO LS
SPI0O_MOSI
SPI0_MOSI LS
SPI0_SCK
SPIO_SCK LS

5. Then you can determine whether the nets are adhering to the rules inside the constraint set by right clicking a net name

and selecting Analyze.

SPI_HUB_CS

¥ SPI0_CSO

J2.95:U22.5

SPI0 CS0 LS

> SPI0_CS1
SPI0_CS51 LS

» SPIO_MISO
SPI0_MISO LS

Single-line Impedance
Referenced Electrical

CSet Actual

Target Tolerance Margin

Ohm Ohm Ohm Ohm

Analyze

Cross Probe
Find... Ctrl+F

Bookmark...

Expand All
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6. The analysis will show red, yellow or green for whether your net complies with the Single line impedance constraint.

7. It lets you know the target impedance, the tolerance, actual impedance of the trace and margin (how much off you are in
terms of impedance).

Note: The behavior of the trace will be such that when you're routing it, the trace thickness will change to maintain the
impedance, or at least a DRC error will appear if your trace falls outside the target impedance range.

Reason: Controlled impedance is crucial for maintaining signal integrity in high-speed circuits. It helps minimize signal
reflections, reduce crosstalk, and ensure proper signal transmission. Specify target impedance values (e.g., 50Q for
single-ended traces, 100Q for differential pairs) to minimize reflections and ensure compatibility with specific communication
protocols. This involves controlling trace width, spacing. and dielectric properties.

Impact on the Board:

» Improves signal quality and reduces distortion in high-speed signals (by reducing reflections)

» Enhances overall system performance and reliability

» May require specific PCB materials and manufacturing processes to achieve desired impedance values

» Caninfluence trace routing and layer stack-up decisions

By implementing proper impedance control constraints, designers can ensure that high-speed signals maintain their integrity

throughout the PCB, leading to more reliable and higher-performing electronic products.

Crosstalk Mitigation: Maximum parallel trace length

Field expansion |
velocity (VB)

5 F
VC (relative)‘_T/' ¢

Field expansion velocity (VB)

Diagram illustrating crosstalk between two traces running parallel to each other.

Purpose: Limit the length that signal traces run parallel to each other to reduce coupling and crosstalk. This is especially
crucial for high-speed differential pairs. The acceptable length depends on factors like trace spacing, layer stack-up, and
signal frequency.

In this example, you will learn how the Constraint Manager prevents excessive coupling among traces.
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Steps to Execute Constraints:
1. Navigate to the Electrical > Electrical Constraint Set > Routing > Wiring worksheet.

2. Scroll horizontally to the Max Parallel column, then in that same column, select the cell for any of the Electrical Constraint
sets shown below. Then a Parallel Segments window will appear.

File  Edit 3 lume

3{@ ra B via_in_pad |

Worksheet Selector 8 X

Topology

Varify
Schedule

Mapping Mode
¥ P1449 BO1 Allegro layout BGA-RE...

NVECT 1 PCIEQ CLK

NVEC2 2 PCIEO RXO

NVEC3 3 PCIEO TXO.

NVECA 4 CSIA LK P

NVECS 5 CSIC_CLK P

NVECE 6 CSIA CLK N

NVECT 8 CSIA_DO t M LLEL

NVECS 10 CSIC DO Maximum parallelism for wires

NVECS_12_ HDMI_TXDO,
NVEC10_16 GBE MDI0
NVEC11_20 DPO_ TXDO Distance:
NVEC12 24 USBD AP

NVEC13 25 USB1 AP

NVEC14_27 USBSS RXE

NVEC1S_28 USBSS TX6

NVEC16_29 1250 SCLK

NVEC17_30_1250_LRCK

NVEC18_33 1251 SCLK

NVEC19_34 1251 LRCK

NVEC20 37T SPI0 SCK

NVEC21 38 SPI0 DATA1

NVEC22 42 SPI1 SCK

NVEC23 43 SPI1_DATA1

3. Enter some values that would work for your design calculations (e.g. not allowing traces that are 0.1016 mm / 4 mils apart
to traverse more than 5.08 mm / 200 mils together). Click Ok.

4. With the constraint set values set, apply the constraint set by going to the Electrical > Net > Routing > Wiring worksheet.
5. Click one of the applicable nets (e.g. PCIEO_CLKREQ) then apply the constraint set (in this case NVEC1_1_PCIEO_CLK_)

Reason: Signal integrity constraints are crucial for maintaining data integrity, especially in high-speed designs where signals
are more susceptible to degradation and interference.

Impact on the Board:

> Reduces signal distortion and data errors

» Improves overall system reliability and performance

» May influence trace routing, layer stack-up, and component placement decisions

» Can lead to more complex design rules and potentially increased PCB manufacturing costs

By implementing proper signal integrity constraints, designers can ensure that their PCBs maintain signal quality and
minimize interference, resulting in more reliable and higher-performing electronic products.
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EMC and EMI

Electromagnetic compatibility (EMC) is a crucial aspect of high-speed PCB design, ensuring that the device operates reliably

without causing or being affected by electromagnetic interference (EMI). Implementing effective EMC design techniques is

essential to maintain signal integrity and compliance with regulatory standards.

General Solution:

To achieve EMC compliance, the design should incorporate strategies such as proper PCB stack up, proper grounding,
shielding, and trace routing. These techniques help minimize EMI emissions and susceptibility, ensuring the device operates

effectively in its intended environment.

Application in OrCAD X Presto:

1.

Implement ground planes:
a. Go to Setup > Cross Section

b. Ensure dedicated ground planes are included in the stackup for effective return paths

. Use guard traces:

a. Use Route > Add Dynamic Shape to create guard traces around sensitive signals like DDR3 clocks
b. Connect guard traces to ground at regular intervals using stitching vias
Add stitching vias:
a. Use Place > Via and select a predefined via definition
b. For automatic stitching, use Tools > Add Stitching

c. Set parameters for via spacing (e.g., every 500 mils) to enhance grounding

. Route high-speed signals on inner layers:

a. Use Route > Interactive Routing and select inner layers for critical high-speed nets

b. This reduces EMI by shielding signals with adjacent ground planes

. Minimize loop areas:

a. Ensure power and ground traces run parallel to minimize loop areas

b. Use Route > Power Planes to define power distribution areas that overlap with ground planes

. Stub Length Control
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Stub Length

Top view of PCB displaying trace stub length
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Maximum Stub Length

Checks the maximum stub length in design units for daisy chain routing.

Note: When a pin is routed to a connect line, the stub is the line of etch between the
pin and the connect line.

The stub length constraint is validated only if NET SCHEDULE is enabled and
RATSNEST SCHEDULE is set to either MIN_ DAISY CHAIN or
MIN SOURCE LOAD DAISY.

>

This check ignores pins at the end of clines, dangling clines, and test points. The
chosen net schedule impacts the rule check.

Exceeds Max Stub Length — I

Legal Values: Design Units

DRC Code: ES

Applicable Objects: Xnet, Net, ElectricalCSet, NetClass, DiffPair, Bus, NetGroup
Attribute Name: STUB LENGTH

A stub as defined in OrCAD X Presto PCB Editor

Purpose: To restrict the length of the stubs extending from a trace on a net to reduce signal reflections and maintain signal
integrity. For high-speed designs, aim for zero or minimal stubs. When stubs are unavoidable, keep them as short as possible.

Applies to: USB, HDMI, and any other high-speed interfaces that need minimal fanouts or stubs to operate efficiently.
Importance: Affects current-carrying capacity and signal integrity

Application: High-speed signals, electromagnetic compliance (avoiding antennae) Steps:
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Steps:

1. In OrCAD X Presto PCB Editor, open the Constraint Manager using Tools - Constraint Manager.

Tip: As usual we will make a constraint set that holds the rules/constraints, then we apply that constraint set to a net, class,

group or region.

2. Create an electrical constraint set under Electrical > Electrical Constraint Set > Routing > Wiring, and right click on the

project name for DSn.

3. Choose Create > Electrical CSet..

Worksheet Selector &5 X

Electrical
v . Electrical Constraint Set
v EEE Routing
@ Wiring
E Vias
@ Impedance
Q Min/Max Propagation Delays
Q Total Etch Length
@ Differential Pair
@ Relative Propagation Delay
@ Return Path
v [l Net
v & Routing
i Wiring
E Vias
A Impedance
E Min/Max Propagation Delays
[ Total Etch Length
ifferential Pair

P3449 BO1_Allegro_layout BGA-REGION

Objects

¥ P3449 B01_Allegro |

NVEC1_1_PCIED_(
NVEC2 2 PCIED IE
NVEC3 3 PCIEO ]
NVEC4 4 CSIA C
NVEC5_5_CSIC €
NVEC6 6 CSIA C
NVEC7_8 _CSIA_O
NVEC8_10_CSIC |
NVEC9_12_HDMI
NVEC10 16 GBE
NVEC11_20_DPO
NVEC12 24 USBO_AP
NVEC13 25 USB1 AP

4. Give the ECSet a name and it will be added to the spreadsheet.

5. Once added, enter a desired maximum stub length for the ECSet.

Topology

Verify

Schedule Schedule

Mapping Mode

Find... Ctrl+F
Bookmark... 4
Expand All

Create

C raint Set References...

Copy Col aints from...

6. For example, let's say you want your stubs to be no more than 8 mils (0.203 mm), so you enter ‘8 mils’ in the rule shown
below for the SPIO_SCK signal constraint set.

NVEC18 33 1251 SCLK
NVEC19_34 1251_LRCK

NVEC20_37_SPI0_SCK
NVEC21_38_SPI0_DATA1

NVEC22 42 SPI1 SCK

7. Now you go to the following location to apply that constraint and stub rule it has.

8. Go to the Net > Routing > Wiring worksheet.

9. Choose from the Referenced Electrical CSet column to set it to your desired net.

10.Notice how the stub length rule applies to the net, with added details like Max, Actual and Margin.

v [l Net
v & routing
2. Wiring
E Via:
B Impedance
E Min/Max Propagation Delays
 Total Etch Length
R Differential Pair
E Rel pagation Delay

SPI0_C50
SPI0_CS0 LS
5PI0_CS1
SPI0 CS1 LS
SPI0_MISO
SPI0_MISO LS
SPI0_MOSI
SPI0_MOSI LS
SPID_SCK
SPI0_SCK LS
SPI1_C50
SPI1.CS0 LS
SPI1_C51
SPI1_CS1.LS

Actual stub
length

Max stub
length

Margin within max lik

Tip: Use to ensure tight signal integrity, and minimal reflections and antennas.
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Maximum Stub Exposed Length

Set a maximum length for exposed stubs to prevent unintentional antenna effects. This is particularly important for high-fre-
guency signals where wavelengths are shorter. A general rule of thumb is to keep stub lengths below 1/20th of the signal’s

wavelength.

Steps:

1. Similar to the stub length rule application, open the Constraint Manager.

2. Create an electrical CSet in the Electrical Constraint Set > Routing > Wiring worksheet.

Worksheet Selector

P3449_B01_Allegro_layout BGA-REGION

Electrical

A4 . Electrical Constraint Set
v [ Routing
ﬁ Wiring
@ Vias
g Impedance
E Min/Max Propagation Delays

BB Total Etch Length
E Differential Pair
g Relative Propagation Delay
@ Return Path
v [l Net

v B Routing

Objects

¥ P3449 B01_Allegro_lay

NVEC1_1_PCIE0 CL

NVEC2 2 PCIED R.la

NVEC3 3 _PCIE0 TX
NVEC4 4 CSIA CLK
NVEC5_5_CSIC_CLK
NVEC6_6_CSIA CLK
NVEC7 8 CSIA DO
NVEC8 10 CSIC DC
NVECS_12 HDMI_T

Topology

Verify

M. ing Mod
e Schedule

“@ Find.. Ctrl+F
Bookmark. »
Expand All

Create Electrical CSet...

Schedule

3. Once created, scroll horizontally and fill in a max exposed trace length (ideally below 1/20th of signal wavelength) in the
Max Exposed Length field in the row of your desired ECSet.

Worksheet Selector o X
P3440_B01_Allegre layeut BGA-REGION

Electrical Objoets

w [l Electrical Constraint Set

Mapping Mode

¥ P3449 _BO1 Allegro layout BGA-RE...
NVEC1 1 PCIEO CLK

NVEC2 2 PCIED RXO

NVEC3 3 PCIEQ TXO
NVEC4 4 CSIA CLK P
HNVECS 5 CSIC CLK P
NVECE 6 CSIA CLK N
NVECT 8 CS1A DO,

NVECE 10 €SIC DO

NVECS 12 HDMI TXDO
NVEC10_16 GBE MDIO_
NVEC11 20 DPO TXDO.

NVEC1Z 24 USBO_AP

NVEC13 25 USB1_AP
NVEC14 27 USBSS RX6
NVEC15 28 USBSS TX6
NVEC16_29 1250 SCLK
NVEC17 30 1250 LRCK

NVECIS 33 1251 SCLK
NVEC19_34 1251 LRCK
NVEC20 37 SPIO SCK.
NVEC21 38 SPI0 DATA1
NVECZ2 42 SPI1 SCK

Topology

Verify
Schedule ey

4. Finally, go to the Electrical Constraint Set > Net > Routing > Wiring worksheet.

5. Click and apply the appropriate ECSet onto the desired net by selecting the ECSet from the Referenced Electrical CSet
column. The rule is automatically applied to that net.

Worksheet Selector
P3449_B01_Allegro_layout BGA-REGION

Electrical Objects
v [ Electrical Constraint Set
v [ Routing
BEf wiring
BR vias
ER Impedance
B Min/Max Propagation Delays
R Total Etch Length
ER Differential Pair

R Relative Propagation Delay
EH Retum Path
v [l Net

v B, Routing

SPI0_CS1
SPI0 CS1 LS
SPID_MISO
SPI0_MISO_LS
SPI0_MOSI
SPI0 MOSL LS
SPID_SCK
SPID SCK LS

Referenced Electrical

CSet Verify .
Siiale Schedule Acwal (Marginl

Topology Stub Length Exposed Length

Max | Acal | Margin [ Actust | Margin [

mm mm mm mm
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Layer Restrictions

Purpose: Control EMI by limiting the layers through which a trace can be routed. For example, keep high-speed signals on
internal layers sandwiched between ground planes for better shielding.

Example:
1. Within the Constraint Manager, go to the Electrical Constraint Set > Routing > Wiring worksheet.

2. Create an electrical constraint set and give it a name (e.g. ECS1) shown below.

Worksheet Selector
Cadence_Demo

Electrical
v . Electrical Constraint Set
v '@ Routing
ﬁ Wiring *
ﬁ VES

¥ Cadencc_Demo

ﬁ Impedance s e

ﬁ Min/Max Propagation Delays
ﬁ Total Etch Length
g S (e B g Create ElectricalCSe

ﬁ Relative Propagation Delay ElectricalCSet: [FEG
E Return Path

v - Net (0] Cancel
v [E Routing

3. Click the cell under the Layer Sets column that is in the same row as your ECS1row. The Select Layer Sets window
appears.

2] Select Layer Sets X
Y

Available Layer Sets Auto move Assigned Layer Sets

Define LayerSets...

OK Cancel
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4. There aren’t any layer sets defined yet, so click the Define LayerSets.. button.
5. Enter a name for the Layer Set: HS_TOP_INNER, then hit New. That creates the layer set.

6. Next, depending on your application, choose which layers you want this rule to apply to. For example, we would prefer
high-speed signals to be routed on the top of the PCB and the inner layer and in some cases the GND layer, but no traces

are allowed on the bottom half of the PCB (to control for Capacitive plane couple, controlling the EM signals in the Z-axis,
etc.).

: Layer Sets = X
Layer Sets

HS_TOP_INNER

Layer Set name: HS_TOP_INNER
HS_TOP_INNER' 1 New® [ Delete

Available Layers Auto move Assigned Layers
TOP 3 TOP
GND il GND

INNER1 (5 ' INNER1
INNER2
POMM/ER
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7. Click OK. This brings you back to the Select Layer Sets window.
8. Click the HS_TOP_INNER from the Available Layer Sets list. It will move over to the Assigned Layer Sets section. Click OK.

9. Finally we will apply this ECSet (ECS1) to the DATA(15) Net Class as an example, as shown below.

Worksheet Selector
g X Cadence Demo

Electrical Objects

v . Electrical Constraint Set Referenced Electrical

CSet Verify

v r@ Routing Schedule 3
E Wiring
ﬁ WES Jsi ¥ Cadence Demo

ﬁ Impedance » ADDRESS(24)
ﬁ Min/Max Propagation Delays

¥ DATA(15)
DO
D1

ﬁ Total Etch Length
ﬂ Differential Pair
ﬁ Relative Propagation Delay
E Return Path
v . Net 2
v @ Routing ol
g Wiring : 2
ﬂ Vias D6
ﬁ Impedance a3 D7

D2

10.Scroll horizontally to the final column named Layer Sets.

11. Some nets in the Net Class will pass or fail the Name within the layer set, because not all the nets are routed on the TOP,
GND or INNER1 layers. It is working as intended.

Impact: The layers a signal goes through vertically affect how much coupling and EMI is passed through the PCB. Utilize the
constraint manager to avoid unnecessary EMC issues in PCB Design.

Return Path

Purpose: Reduce electromagnetic interference by checking that signals are following a proper return path.

OrCAD X Constraints support return path checking for Impedance and EMI.

Steps to implement return path checks in OrCAD X Presto PCB Editor:
1. Within the Constraint Manager, go to the Electrical > Electrical Constraint Set > Routing > Return Path worksheet.

2. Right click on the Dsn cell name (P3449_B01..) create an Electrical CSet, give it a name, then it will add itself to your list
of ECSets (see below).

3. Whether you create an ECSet or use an existing one, you have multiple options available for return path checks.

Worksheet Selector & X
P3449 B01_Allegro_layout BGA-REGION

Electrical Objects Trace Reference Adjacent Void
v [ Electrical Constraint Set Rafsrance Reference Length Ignore Max Pad Gap Max Stitch Via Distance Spacing
v [E Routing Net(s) Layer(s) mm mm mm mm

BB Wiring

BB Vies ¥ P3449_B01_Allegro_layout BGA-RE...

BB Impedance

BB Min/Max Propagation Delays
BB Total Etch Length

BB Differential Pair

BB Relative Propagation Defay
B Return Path

NVEC1_1_PCIEO_CLK_
NVEC2 2 PCIEO_RXO._
NVEC3 3 PCIEO TXO
NVEC4 4 CSIA CLK P
NVEC5 5 CSIC CLK P

4. You can set the right reference Nets and layers for your signals.
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5. After such, to apply the rules, go to Electrical > Net > Routing > Return Path, choose the net you want to apply your

ECSet to, and that's it.

Worksheet Selector

Electrical
v . Electrical Constraint Set
v @ Routing
E Wiring
ﬁ Vias
ﬁ Impedance
ﬁ Min/Max Propagation Delays
ﬁ Total Etch Length
ﬁ Differential Pair
ﬁ Relative Propagation Delay
FEH Return Path
v [l Net
v 5 Routing
223 Wiring
iR Vias
ﬁ Impedance
ﬁ Min/Max Propagation Delays
ﬁ Total Etch Length
ﬁ Differential Pair

@ Relative Propagatiop/Uelay
ﬁ Return Path

Impact on the Board:

P3449_B01_Allegro_layout_BGA-REGION
Objects

Referenced Electrical
CSet

1250 S5CLK LS
1250_SDIN

1250 SDIN_LS
1250_SDOUT
1250 SDOUT_LS
1251_LRCK

1251 SCLK

1251 _SDIN
1251_SDOUT
LATCH_RESET
LATCH_SET
LATCH_SET_BUT
LEDO CTRL
MCT

M2 E ALERT
PCIE_WAKE
PCIEO_CLKREQ

> Improves overall reliability and performance of the PCB in various electromagnetic environments

» Ensures compliance with regulatory standards, which is essential for product certification and market entry

» May influence component placement, routing strategies, and layer stack-up decisions

» Can lead to the inclusion of additional shielding or filtering components

» Might require changes in trace routing to minimize crosstalk and emissions

By implementing proper EMC and EMI constraints like return path checking, designers can create PCBs that not only function
well but also meet the stringent electromagnetic compatibility requirements of modern electronic devices.
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High Speed Constraints:

Note: The content in this section is also contained in Part 3 of our Constraint Management Guide.

Min/Max Relative Propagation Delay: Controlling Signal Timing
Definition: Managing the propagation delay of signals to ensure they arrive at their destination at the correct time.
Example: Ensuring that critical signals have minimal delay to synchronize with other signals.
Steps:
To set the signal propagation delay:
1. Go to the following worksheet: Electrical > Routing > Min/Max Propagation Delays.

2. You can create your desired constraint set, but let's look at the existing ones shown below.

Worksheet Selector 5 X
P3449 BO01_Allegro_layout BGA-REGION
Electrical Objects
Min Delay Max Delay

Pin Pairs

v . Electrical Constraint Set
v ,FE Routing

ﬁ Wiring . *

ﬁ Vias

mm mm

¥ P3449 B01 Allegro_layout BGA-RE...
E Impedance

¥ NVEC1_1_PCIEO_CLK_
DRV.NEAREND:RX.FAREND
¥ NVEC2 2 PCIEO_RX0_

@ Min/Max Propagation Delays
ﬁ Total Etch Length

ﬁ Differential Pair
DRV.NEAREND:RX.FAREND

All Drivers/All Receiver. ¥

Longest/Shortest Pin Pair *
Longest/Shortest Driver/Reteiver
All Drivers/All Receivers

(Clear)

E Relative Propagation Delay

¥ NVEC3 3 PCIEO TXO
E Return Path

DRV.NEAREND:RX.FAREND

3. You can choose the pin pairs (transmitter and receiver) that will be on either side of the signal being propagated through
the respective trace.

4. Choose the Pin Pairs based on your design criteria.

5. Next you can apply the constraint in the worksheet called Net > Routing > Min/Max Propagation Delays

Electrical Pin Delay Prop Delay Prop Delay

R""‘“‘(‘: peicl Pin Pairs Pin1  Pin2  Min
= o Actual
v [ Routing mm mm mm

8 wiring
B vias
BB Impedance
BB Min/Max Propagation Delays
R Total Etch Length
R Differential Pair
B Relative Propagation Delay
B Return Path
v [l Net

¥ & Routing
2, Wiring
B8 Vias
8 Impedance
8 Min/Max Propagation Delays
R Total Etch Length
] Differential Pair mcT

v . Electrical Constraint Set

Margin Actual | Margin

1250 SCLK LS

» 1250 SDIN
1250_SDIN LS.

» 1250 SDOUT
1250_SDOUT LS

P 1251 LRCK

» 1251 5CLK

» 1251_SDIN

» 1251 SDOUT
LATCH_RESET
LATCH SET
LATCH SET BUT
LEDO CTRL

6. Notice that once you apply your constraint set, you can right click on the nets of interest, then choose Analyze, then the
constraint manager will let you know in the Prop Delay columns whether those nets have the actual propagation delays
you need in the board.

IMPORTANT: Please note that you must enable Analysis Mode in Constraint Manager. To ensure this, go to the menu at the top,
Analyze - Analysis Modes. The Analysis Modes window will appear.
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Electrical ¥ Electrical Modes
Physical

Spacing LEL T

5 Spaci
Same Net Spacing Mark All Constraints

Assembly :
2 Stub length/Net schedule

¥ Design for Fabrication Max via count
d L0

Qutline

Mask

Annular Ring

Copper Features - :
PP Relative propagation delay

= eyt
Copper Spacing Max parallel

Silkscreen
Impedance

v si or Assembly
Design for A emblf Total etch length
Outline » Al differential pair ¢
PkgToPkg Spacing Layer sets

Spaci .
pacing » Return Path
Pastemask

» Desig 25!
Dﬂsllgn for Test ¥ Electrical Options
P 3 Dimensional

DRC Unrouted
Minimum Propagation Delay
Relative Propagation Delay
Pin Delay

Include in all Propagation Delays and in Differential Pair Phase checks
Propagation Velocity Factor

Z Axis Delay

Include in all Propagation Delays and in Differential Pair Phase checks

On-line DRC On-line DFM checks

Check all the electrical modes you want analyzed and include the checked items shown in the image above.
Click Ok, then the Constraint Manager will be able to analyze the relevant constraints.

Benefit of Propagation Delay: Improves timing accuracy and reduces the risk of data errors. Assess this pre- and post-
routing layout. This built-in high-speed analysis feature greatly reduces risk of errors in the PCB design. It is still
recommended to analyze the signal integrity and timing analysis using post layout software, but these features are extremely
powerful within OrCAD X Presto PCB Editor.

Create accurate models of signal propagation delays to account for potential signal degradation during operation. This helps
in timing analysis and ensuring proper synchronization in high-speed designs.
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Critical Trace Length

Definition: Critical trace length is the length of a trace or transmission line that would cause the signal to reflect if it's too long
electrically.

Steps:
1. Navigate to the Electrical > Routing > Total Etch Length worksheet.
2. We have existing Constraint Sets but feel free to make a new one.

3. For an electrical constraint set in the list, set the Maximum Total Etch. For example, USB 2.0 operating at 480 Mbps, may
consider any traces longer than 3500 mils (88.90 mm) to be electrically long. So we set the max total etch to that value
(shown below).

Electrical Minimum Total Maximum Total
v . Electrical Constraint Set Etch Etch
N J@ ROUting mm mm
@ Wiring I .
B Vies s ¥ P3449 B01_Allegro_layout BGA-RE...
| d
R Impedance S NVEC1_1_PCIEO_CLK
E Min/Max Propagation Delays e B e
fF] Total Etch Length NVEC3_3_PCIEO_TXD_
R Differential Pair . ;LK -
ﬁ Relative Propagation Delay === —
E Raturs Path NVEC5 5 CSIC CLK P

= . Nt NVECE 6 CSIA CLK N
NVEC7 8 CSIA DO_

v i® Routing
&, Wiring NVECS 10 CSIC DO_

R Vias NVEC9 12 HDMI_TXDO._
B Impedance NVEC10_16 GBE MDIO_

ﬁ Min/Max Propagation Delays
ﬁ Total Etch Length

FH Differential Pair

@ Relative Propagation Delay
E Return Path

NVEC11_20 DPO_TXDO_
NVEC12 24 USBO AP
NVEC13_25 USB1_AP
NVEC14_27 USBSS RX6_
NVEC15_28 USBSS TX6_

4. Recall that this is just the constraint set. It must be applied to nets in the design. Navigate to the Electrical > Net >
Routing > Total Etch Length worksheet.

5. Next right-click on the nets you want to analyze then choose Analyze. You will see the results below.

14 P3449_B01_Allegro_layout BGA-REGION - FCB Constraints - [Electrical / Net / Routing] a

' " 2 :E
P3449 BO1_Allegro_layout BGA-REGION

Electrical Objects Total Etch Length Total Etch Length Unrouted Net Routed/Manhattar
w [l Electrical Constraint Set R""‘"‘c':e:"“"‘*' Min Acwal | Margin | Max | Actusl | Margin Length Ratio

¥ I Routing mm mm mm mm mm mm mm

@ Wiring
B vie

$</B B By one

Worksheet Selector & X

1250_SCLK LS
1250 SDIN
1250 SDIN LS
1250 SDOUT
1250 SDOUT LS
1251 LRCK
1251 SCLK
1251 SDIN
1251 SDOUT

B8, Wiring
Bl vies LATCH_RESET
BEH impedance LATCH SET
B Min/Max Propagatich Delays = |Ne LATCH SET BU
F8 Total Etch Length ot LEDO_ CTRL
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6. The Constraint Manager shows what the total etch length of the traces are in real-time, including the length of the
unrouted parts and even the percent of the routed net over the Manhattan distance (orthogonal position and distance if
only routing at 90-degree angles).

Impact: Manufacturers have significantly reduced the rise times of chip signal transmissions, and we may not always have
enough space on a PCB to slow these signals down. Fortunately, we can shorten trace lengths, which helps create a more
compact PCB layout. This reduction minimizes the chances of signal reflections, preserving signal integrity and ensuring
effective communication between devices for optimal PCB functionality. It's essential to set maximum trace lengths to avoid
critical timing issues and signal degradation, especially for high-speed signals, as longer traces can lead to increased
attenuation and skew.

Length Matching

Purpose: Ensuring that traces carrying related signals are of equal length. Matching the lengths of data lines in a memory

Viatches
LENEJn
Treces

interface to ensure synchronized data transfer.

Diagram showing matched-length traces on a PCB.
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Steps/Example:
1. Open the Constraint Manager.

2. First, ensure that the Constraint Manager is analyzing all the electrical constraints, pin delays, etc., with Analysis Mode
enabled (from the menu select Analyze > Analysis Mode, choose all options in Electrical then click Apply and Okay).

3. Then navigate to this worksheet: Electrical > Net > Relative Propagation Delay.

4. In your design you will need to create a matched group for nets that are carrying parallel signals, like in the image below
where DDR_DQ(32) has 32 nets.

5. But first, make a pin pair for all the nets you want to put into a matched group. For example, let's say you didn't have the
DDR_DQ# signals in a match group yet. You would select something like the DDR_DQQO, right click it - Create > Pin Pair...,
click Ok when presented with the pin options.

Worksheet Selector
Cadence_Demo
Fleciieal Pin Delay Relative Delay
w [l Electrical Constraint Set Pin1 Pin2 Scope Delta:Tolerance
¥ @ Routing Actual Margin  +/-

mm mm ns
B wiring

¥ Cadence_Demo
¥ DATA DIFFS(8)

» DATAO+

» DATAD-

> DATA1+

> DATA1-

pagation Delays
h Length
R Differential Pair
8 Relative Propagation Delay
B Retumn Path
» DATA2+
v [l Net
v I Routing Net » DATAZ-
» DATA3+
b DATA3-
ce ¥ DDR DQ(32)
Propagation Delays ¥ DDR DQO

B8 Total Etch Length U2F5:012.68

3 Differential Pair

R Relative Propagation Delay

B8 Return Path » ¢ First Pins: Second Pins:

» © U2F5 (Out) U12.G8 (Bi)
> D

¥ DDR DQO All Drivers/All Receivers
U2.F5:U12.G8

7. Where it says All Driver/All Receivers, you can change the pin pair relationships to other options such as:
a. Longest Pin Pair
b. Longest Driver/Receiver
c. All Drivers/All Receivers
d. (Clear)

8. For this example, we selected All Drivers/All Receivers. After that, you repeat the previous steps to create more pin
paired nets, then to put your nets into a matched group.
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9. To put nets into a matched group, click, then hold and drag the mouse to highlight all the nets of interest (DDR_DQO
through DDR_DQ31in this case). After that right click any of the selected nets and choose Create > Match Group. A new
window appears.

Create MatchGroup X

MatchGroup:

Selections:

Name MatchGroup

DDR_DQ9 DDR_DQ
DDR_DQ8 DDR_DQ
DDR_DQ7 DDR_DQ
DDR_DQ6 DDR_DQ
DDR_DQ5 DDR_DQ
DDR_DQ4 DDR_DQ
DDR_DQ31 DDR_DQ
DDR_DQ30 > DDR_DQ
DDR_DQ3 > DDR_DQ
DDR_DQ29 > DDR_DQ
DDR_DQ28 > DDR_DQ
DDR_DQ27 Net DDR_DQ
DDR_DQ26 > DDR_DQ
DDR_DQ25 Net DDR_DQ
DDR_NO24 Net DDR DO

Preserve Existing Membership

(0] Cancel Help

10.Give the match group a name, like DDR_DQ, then click Ok (Ensure that the Preserve Existing Membership checkbox is
enabled).

11. The group gets created and is shown in the worksheet.

¥ DDR_DQ(32) 4
DDR_DQO Global 0 mm:2.54 mm
DDR_DQ1 Global 0 mm

DDR DQ2 Globa 0 mm
DDR_DQ3

DDR_DQ4 G

DDR_DQ5 Global

DDR_DQé Global

DDR_DQ7 Global

DDR_DQ8

DDR DQ®

DDR_DQ10

DDR _DQ11 Global

DDR_DQ12 Global

DDR_DQ13 Global 0 mm:2.54 mm

>
>
>
>
»
>
>
>
»
>
>
>
>
»

12.To see the analysis of the routed traces with respect to their pin delays and Relative Delays, right click on the Match
Group that was just created (DDR_DQ(32)), then choose Analyze.

13.There will be color codes (yellow if not in range, green if fully in range, red if problematic) to show you which traces are
within tolerance of the longest Driver Receiver pair.

Impact: Prevents timing issues and ensures reliable data transmission for parallel signal communication (e.g. DDR3).
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Differential Pairs (High-Speed)

Definition: Rules for routing differential pairs, which are pairs of traces that carry equal and opposite signals.

Static Phase
Tolerance
(Overall voltage signal A

difference at the ‘
receiver)

Dynamic Phase Tolerance
(Instantaneous signal voltage
difference)

Differential pairs showing signal propagation with Static Phase vs. Dynamic Phase.

This blog on our website explains two important concepts for differential pairs, inter pair skew and intra pair skew:

“Ideally, synchronized signals need to arrive at their destination simultaneously to ensure there is no loss of data arising from
timing issues. In reality, however, differences (even minute) in the propagation paths mean no two signals will ever arrive at
the same time. For greater ease of use, components are forgiving and allow for some timing mismatch - known as clock skew
- within tolerable limits.

Timing mismatches are most heavily reliant on the length of the traces, resulting in two variations:

> Intra pair skew between two lines of a differential pair, which indicates the timing difference between the positive and
negative signal lines. Keeping the mismatch low between the two differential signals allows for more headroom and better
noise protection in balanced lines.

> Inter pair skew indicates the timing difference between signals used in data formats that do not have an embedded clock
signal. Inter-pair skew can cover both single-ended and differential pairs within a data format, making some signals doubly
constrained by skew.”

Example: For this example, we will use Constraint manager to ensure differential pairs are routed together with consistent
spacing to maintain signal integrity for dynamic signals and for overall length matching.

1. Within the Constraint Manager, go to the Electrical > Electrical Constraint Set > Routing > Differential Pair worksheet.
2. Create a constraint set (e.g. ECS1).

3. Fillin values for Static Phase Tolerance and Dynamic Phase Tolerance as shown below.

Uncoupled Length Static Phase Dynamic Phase

Tolerance Max Length Tolerance

r Control
mm mm mm

Cadence Demo
DIFF
ECS1
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4. You should already have values populated for the other parameters. Now apply the constraint set to any relevant diff
pairs by going to the worksheet Electrical > Net > Differential Pair.

5. Choose the ECS1 Constraint Set we recently made and apply it to any differential pair, say to the DP_DATA1 diff pair.

v [l Net

v ’@ Routing
E Wiring
E Vias

% Impedance
ﬁ Min/Max Propagation Felays

6. Then the values will appear on the relevant columns (see below).

@ Total Etch Length

@ Differential Pair

ﬁ Relative Propagation Delay

@ Return Path

Objects

e

¥ Cadence Demo

| 2

4| v vy v|iv| vl V¥

ADDRESS(24)
DATA(15)
DATA[0..20](19)
DATA1[0..9](10)
DDS[0..10](11)
MEMORY[0..29](30)
CLOCK
D
DP_DATAO
DATAO+
DATAO-
DP_DATA1
¥ DATA1+
U1.D6:U2.D5
¥ DATA1-
U1.C6:U2.C5

» DP DATA2

DP_DATA3
DATA3 +

Static Phase
lerance

Actual
mm

mm

Ul
il
mm
mm
mm
mm

mm

DP_DATAD
DATAO+
DATAOQ-

DP_DATA1

DP_DATA2

DP_DATA3
DATA3 +
DATA3-

DP1

Max Length

mm

Dynamic Phase
Tolerance

Actual Margin
mm

0254 mm

0.254 mm

mm
0.254 mm
0.254 mm

0.254 mm

(1000
000
(1000

0.099

0.107
0.107
0.107

7. Notice that from the analysis (you can right click the DP_DATA1 field then choose Analyze) that our traces are within
target tolerances.

Meaning of the Parameters:

Implement specific rules for differential pairs to ensure optimal signal propagation. This includes:

» Dynamic phase tolerance: Allow for slight variations in differential pair length matching to account for manufacturing
tolerances. Ensuring that this remains as close to 0 as possible, reduces the common mode voltage that can be created by
slightly mismatched signals - intra pair skew.

» Static phase control: Set strict length matching requirements to minimize skew between the positive and negative signals.
Some signals do not have to be matched instantaneously, but their data must arrive at the receiver at the same time.

» Maximum uncoupled length: Specify the maximum length that differential pair traces can be routed separately before
recoupling. Being uncoupled allows for the introduction of unevenly distributed noise among diff pair traces, which can
cause the differential receiver to have a harder time canceling the signal noise.
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Impact:

The signals propagating through the differential pairs are in sync in real time and at the receiver. Proper control over the
traces for in sync signal behavior reduces noise created from common mode voltages and improves signal timing for
high-speed data transmission.

Other High-Speed Constraints

Wiring Topology

Set specific routing paths for technologies such as DDR3 to optimize for their signal and power needs. Common topologies
include Daisy Chain, Star, and T-branch.

Diagram showing the prioritized routing of critical nets on a PCB.

Definition: Wiring topology involves organizing the connections between different nets on a PCB to achieve a certain
outcome, such as minimizing signal reflections, signal attenuation or voltage drops.

Example: Let's ensure that a pulse-width modulated net follows a daisy-chain topology.
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Steps:
1. Within the Constraint Manager, go to the Electrical > Routing > Wiring worksheet.

2. In the Schedule column, you can right click your Dsn cell and create a new Electrical Constraint Set (ECS). Notice in the
image below, we have multiple ECSets already declared.

3. Select the drop-down in one of the cells in the Schedule column and you can choose your net topology.

Worksheet Selector

P3449 BO1_Allegro_layout BGA-REGION

Electrical Objects Topology Stub
v . Electrical Constraint Set e Length

v @ Routing
E Wiring *
ﬁ Vias
¥ P3449 B01_Allegro_layout BGA-RE...

2 Impedanca NVEC1_1_PCIED_CLK
ﬁ Min/Max Propagation Delays

Mlapema/Mods Schedule mm

NVEC2 2 PCIEO_RX0

INVEC3_3_PCIEO_TX0_

INVEC4 4 CSIA CLK P Minimum Spanning Tree
ﬁ Return Path et Sle b ?:Lsri:?::i Daisy-chain

- . Net INVEC6 6 CSIA CLK N Star

INVECT7 8 CSIA DO Far-end Cluster

ECSets (Clear)

[ Total Etch Length
g Differential Pair
g Relative Propagation Delay

v® Routing
£ Wiring

E Vias

INVEC8 10 CSIC DO

These are the net topology options that are available:

> Minimum Spanning Tree

> Daisy-chain

» Source-load Daisy-chain

» Star

> Far-end Cluster

> (Clear)

Each topology has its own benefits, depending on the application.

4. Once you have set the topology for that ECSet, you can apply it to the appropriate nets found in the spreadsheet under
Electrical Constraint Set > Net > Routing > Wiring.

5. In this example, however, you can also directly apply a net schedule (see below).

ﬁ Differential Pair FAN_PWM
ﬁ Relative Propagation Delay FAN_PWM_Q*

g Return Path FANATACH
B net FAN_TACH_CON

v [, Routing FORCE OFF*
&, Wiring FORCE_OFF DELAY
B Vias FORCE RECOVERY*

Note: Depending on your use case, you can use either constraint sets or a specific rule application as needed, as seen in this
example. However, please use constraint sets as much as possible to catch the majority of cases first before applying
net-specific one-off rules. Using constraint sets modularizes and streamlines your PCB design constraint process and makes
designing more efficient. The constraint set method also reduces the likelihood of errors and forgotten constraints.

Benefit: Improves signal integrity and timing by ensuring critical connections are made efficiently.
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Maximum Via Count

Purpose: Set the maximum number of vias for a trace or net to maintain impedance control and minimize parasitic capaci-
tance. Each via introduces discontinuities and can degrade signal integrity, especially at high frequencies.

Steps:
1. Within the Constraint Manager, navigate to the Electrical > Electrical Constraint Set > Routing > Vias worksheet.
2. Then either by creating a constraint set or using an existing one (like the ECS1 below), set the Max Via Count to 2.

Worksheet Selector 5 X
Cadence_Demo

Electrical

v . Electrical Constraint Set
v @ Routing

Max Via
Count

ﬁ Wiring *
g il ¥ Cadence Demo
ﬁ Impedance —

ﬁ Min/Max Propagation Delays

ECS1
@ Total Etch Length

3. Now you can apply this constraint set to specific differential pairs or nets by going to the Electrical > Net > Routing > Vias
worksheet.

B Net DATA1[0..9](10)

v [ Routing DDS[0..10](11)
E Wiring MEMORY[0..29](30)
R vias CLOCK
& Impedance D
ﬁ Min/Max Propagation Delays DP_DATAO

FE Total Etch Length DATAO+
E Differential Pair e DATAO-
@ Relative Propagation Delay DP_DATA1

E Return Path DATA1+

DATA1-
DP_DATA2

4. In our case, the DP_DATA1 has the ECS1 Constraint set and the via limits applied. Notice how the actual number of vias
on the DP_DATA1 differential pair are within the acceptable limit of vias established in the Electrical Constraint Set
(ECST).

Impact: It is easy to forget so many important factors in PCB design that are all crucial for high-speed designs. For instance,
for USB 3.2, it's strongly recommended to use no vias or layer transitions. However, if transitions (vias) are needed, to use no
more than two per differential pair (i.e. one via per trace).

Constraining the number of vias ensures that we do not inadvertently introduce errors into our board because of forgetting
the via limits. Let the constraint manager do the remembering for you as a designer.
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High-Speed and Advanced Constraints Conclusion

Now that we've carefully translated our schematic and constraints into a physical design optimized for high-speed perfor-
mance, this layout forms the foundation for successful signal integrity and power distribution in our FPGA and DDR memory
design. In Part 3 of the guide, we'll explore how to verify our design through signal integrity analysis, ensuring that our layout

meets the stringent requirements of high-speed digital circuits.

Cadence is a pivotal leader in electronic design and computational expertise, using their Intelligent
System Design Strategy to turn design concepts into reality. Cadence customers are the world’s
— ® most creative and innovative companies, delivering extraordinary electronic products from
C a d e n c e chips to boards to systems in the most dynamic market applications. www.cadence.com




