A Technical Note

O30

Defining constraints for a DDR memory in PCB Editor
Parallel Systems =]

DDR Constraints example

This application note will describe the basic setup options required to constraint a DDR memory. This is a generic
example of how to set and define constraints using Cadence OrCAD PCB Professional and should be checked with
your own specific design guidelines / rules from the component manufacturers. This is not a working or tested
version of DDR memory but an example of how to set Constraints using the Cadence PCB tools. The version used
in this example is 17.4-2019 S003, although the methods used should be consistent with other versions of this
software provided that they enable access to the relevant Electrical worksheets in Constraint Manager. There are
also different methods available to achieve this setup, for example by using Allegro PCB Designer + High Speed
Option which would simplify the pin pair creation and by using Sl Explorer, which would provide the ability to
make templates of the nets in question, then apply those templates to netclasses to achieve the same results
more quickly.

DDR Schematic

Click here for a link to the PDF file for a simple schematic used in this example. It contains one FPGA and four
memory devices plus decoupling capacitors and termination resistors. The general idea for this setup is to route
these together using a daisy chain (fly-by) topology meaning start the routing from the controller to the first
memory device then the next and so on. Based on this schematic U1 > U2 > U3 > U4 > U5, The following two
pictures show the FPGA device and one of the memory devices. Open the PDF for a full view of the schematic.
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Defining constraints for a DDR memory in PCB Editor
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Constraints

GMND

All the rules defined are setup using Constraint Manager. This can be accessed from either OrCAD Capture or PCB
Editor. Both methods allow access to a full Constraint Manager. If setting constraints via the front end (OrCAD

Capture) the key is to ensure that the schematic and PCB stay in sync. ALWAYS ensure using the Design Sync

command from the board file into the schematic has been completed before making changes.

Physical and Spacing Constraints
This design has three physical rules and one spacing rule. (You may also need additional physical and spacing rules

depending on your specific design). Constraint Regions (rules by area) may also be required, for example where

additional rules may be required to neck down the track and decrease gap rules to allow you to route the board.

The three physical rules are as shown below and can be created by selecting the default rule and right click >
Create > Physical CSet, then enter the required name and setting the appropriate values.

4 DDR_EXAMPLE DEFAULT 0.1500 0.0000 0.1000 5.0000 0.0000 0.0000 0.0000 0.0000 0.0000 VIA-0_45-0 2
DEFAULT 0.1500 0.0000 0.1000 5.0000 0.0000 0.0000 0.0000 0.0000 0.0000 VIA-0_45-0_2
DIFFPAIR 0.1500 0.0000 0.1000 10.0000 0.1000 0.1500 0.0000 0.0500 0.0500 VIA-0_450_2
POWER 0.5000 0.0000 0.1400 5.0000 0.0000 0.0000 0.0000 0.0000 0.0000 VIA-0_45-0_2
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Defining constraints for a DDR memory in PCB Editor

For spacing rules, the default rule is good enough for this example with all values set to 0.15mm.

‘bjects

Name

LineTo *

ThruPinTe ¥

SMD Pin To

»

TestPinTe * | ThruViaTo *

BBViaTo *

Test Via To

»

ShapeTo

Bond Finger To ¥

Hole To

3

Referenced Spacing

CSet All

All All

All All

All

All

All

All All

*

4 DDR_EXAMPLE

DEFAULT 0.1500

0.1500 0.1500

0.1500 0.1500

0.1500

0.1500

0.1500

0.1500 0.1500

DEFAULT

0.1500

0.1500 0.1500

0.1500 0.1500

0.1500

0.1500

0.1500

0.1500 0.1500

The Power rule is applied to the three power nets DDR_VDD, DDR_VTT and GND and the DIFFPAIR rules are
applied to three differential pairs DP_LDQS, DP_CK and DP_UDQS. These were made with

Objects>Create>Differential Pair and the relevant net names selected and named. These have been grouped into

a Netclass to simplify the constraints.

NCls 4 DIFFPAIRS(3) DIFFPAIR
DPr 4 DP_CK DIFFPAIR
Net DDR.CK DIFFPAIR
Net DDR.CK# DIFFPAIR
DPr 4 DP_LDQS DIFFPAIR
Net DDR.LDQS DIFFPAIR
Net DDR.LDQS# DIFFPAIR
DPr 4 DP_UDQS DIFFPAIR
Net DDR.UDQS DIFFPAIR
Net DDR.UDQS# DIFFPAIR
NCls 4 POWER(3) POWER

Net DDR_VDD POWER

Net DDR_VTT POWER

Net GND POWER

Electrical Constraints
We will start by creating some netclasses to define the nets into their relevant groups. In Constraint

Manager>Electrical>Net>Routing>Wiring group select DDR.AO>DDR.A15 then right click>Create>Netclass and

name this ADDRESS. We also need to make two byte lanes that consist of DDR.DQO-7, DDR.LDM and DDR.LDQS#

in one and DDR.DQ8-15, DDR.UDM and DDR/UDQS# in the other. These have been named BYTELANEO and
BYTELANE1. You will notice that only one half of each differential pair has been put into each bytelane. This will

allow the diff pair members to be matched with one set of constraints (static phase) and avoid over constraining

the design.

NCls 4 ADDRESS(16)

Net DDR.AQ

Net DDR.A1

Net DDR.AZ NCis 4 BYTELANEO({10} NCls 4 BYTELANE1(10}
Net DDR.A3 Net DDR.DGO Net DDR.DQE
Net DDR.A4 Net DDR.DQ1 Net DDR.DGO
Net DDR.AS Net DDR.DG2 Net DDR.DQ10
Net DDR.AG Net DDR.DQ3 Net DDR.DG11
Net DDR.AT Net DDR.DG4 Net DDR.DG12
Net DDR.AS Net DDR.DGS Net DDR.DG13
Net DDR.A9 Net DDR.DGG Net DDR.DG14
Net DDR.A10 Net DDR.DG7 Net DDR.DGQ15
Net DDR.AM Net DDR.LDM Net DDR.UDM
Net DDR.A12 Net DDR.LDGS# Net DDR.UDG S#
Net DDR.A13

Net DDR.A14

Net DDR.A15
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Defining constraints for a DDR memory in PCB Editor

Create an Electrical CSet for the differential pairs so under Constraint Manager>Electrical>Electrical Constraint Set

>Routing>Differential Pair make a new rule for the differential pairs, remember that we only need to define the
uncoupled length, static and dynamic phase rules since the coupling parameters (track and gap) are covered by

physical rules.

Objects Uncoupled Length Static P} Dynamic Phase
Max Tolerance Max Length | Tolerance
Type| S Name Gather Control
mm mm mm mm
Dsn 4 DDR_EXAMPLE
ECS DIFF PAIR lgnore 5.0000 2 mm 10.0000 J mm

Once the rule is created, apply this to the three differential pairs.

Matched Groups.

The IC rules typically define how and what nets are required to be length matched and by what tolerance. For the
first part we need to match the Address and Control lines from the FPGA to the first memory device (U1>U2).
Locate the relevant nets in Constraint Manager>Electrical>Net>Routing>Relative Propagation Delay worksheet

and right click>Create>Pin Pair, choose the start and end and define the pin pairs required. (If you had access to
an Allegro PCB Designer + High Speed license this could be achieved using Sig Explorer by making a topology

template).

Another method would be to create a Match Group name (say DIMM1) then select the Match Group name and
choose right click>Match Group Members, you will notice that this only lists Nets.

& MatchGroupMembership for DIMM1

¥net,Net,PinPair ~

Current Members:

Filter: |

Hame
4 DDR_EXAMPLE_unrouted

Type
|Design

Parent MatchGroup

Nets

QK

Name Type

MatchGroup

Locked

Preserve existing membership

Apply

Reset Cancel

Help

To generate the PinPairs quickly open the Min/Max Propagation Delay worksheet and specify a value for Min
length for the Address and Bytelane classes (1mm will do) and OrCAD Professional automatically generates all the

relevant pin pairs.
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Defining constraints for a DDR memory in PCB Editor

¥ | Hectrical Constraint Set Referenced Electrical - ) ) .
Pin Pairs Pin 1 Pin 2 Min
o Type s Name ot Actual | Margin
v [0 Net
mm mm mm
B Wiring " 3 " 3 3 " " " " "
= Impedance Den 4 DDR_EXAMPLE_unrout...
B Min/Max Propagation Dela...|  |NCls A ADDRESS(16) All Drivers/All Receivers 1mm
B Total Etch Length Net 4 DDR.AD All Drivers/All Receivers 1 mm
- o PPr U1.H15:UZ.N3 1 mm 25.5mm |24.5 mm
B Differential Pair PPr U1.H15:U3N3 1mm_ |385mm |385mm
& Relative Propagation Delay PRr U1HIB:UANG imm_ |69mm |58 mm
PPr U1.H15:U5.N3 1 mm 73mm |72 mm
Net 4 DDR.A1 All Drivers/All Recevers 1 mm
PPr U1.H16:U2.PT 1 mm
PPr U1.H16:U3.PT 1 mm
PPr U1.H16:U4.PT 1 mm 55.6 mm | 54.6 mm
PPr U1.H16:U5.PT 1 mm 69.6 mm | 68.6 mm
Net 4 DDR.AZ All Drivers/All Receivers 1 mm
PPr U1.F16:U2.P3 1 mm 23.3 mm |22.3 mm
PPr U1.F16:U3.P3 1 mm 37.3 mm |36.3 mm
PPr U1.F16:U4.P3 1 mm 56.8 mm |55.8 mm
PPr U1.F16:U5.P3 1 mm
Net 4 DDR.A3 All Drivers/All Receivers 1 mm
PPr U1.H13:U2.N2 1 mm
PPr ULH13:U3N2 imm __ [423mm [#1.3mm

Return to the Relative Propagation delay worksheet, select the Match Group name and right click>Match Group
Members and now notice that the Pin Pairs are available to be selected. Use the Filters for U1.*:U2 to filter the
list and move the objects to cerate the match group members. Repeat for the remainder of the match groups you

require.
& MatchGroupMembership for DIMM1 X
Xnet,Met,FinPair 4 | Current Members:
Filter: |U1-‘:UZI Name Type MatchGroup Locked
Name Type Parent MatchGroup
4 DOR_EXAMPLE unrouted Design
Nets.
A PinPair
U1.A14:U2 M7 PinPair
U1.B815:U02T3 PinPair
U1.B16:U2T7 PinPair
uU1.C15:02 L7 PinPair
U1.C16:U2.P8 PinPair
U1.D16:U2.NT PinPair
U1 F13:U2.13 PinPair =
U1.F14:U2R3 PinPair
U1.F15:U2 R2 PinPair =
U1 F16:U2.P3 PinPair
U1.G11:UZRT PinPair
U1 H13:U2.N2 PinPair
U1 H15:U2 N3 PinPair
U1.H16:UZ.PT PinPair
u1i.J11:u2.p2 PinPair
U1.J12:U2.R3 PinPair
Preserve existing membership

Apply Reset Cancel Help

Remember to remove the Min Propagation delay rule you defined to aid in the quick generation of Pin Pairs.

Once all the pin pairs are created, select them all (left click + shift left click) then right click>Create>Match Group.
Specify the name. Once created set the Delta:Tolerance values and either accept a default Target (longest
unrouted member) or choose your required target.

To visualise this, enable Analysis>Analysis Mode>Electrical and turn on DRC unrouted Relative Propagation Delay,
or right click the Delta:Tolerance cell of the pin pair you want to be the Target value and choose Set as Target.
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Defining constraints for a DDR memory in PCB Editor

MGrp 4 DDR_ADDR_CNTRL_DIMM1(25) All Drivers/All Receivers Global 0 mm:1 mm

PPr U1.H15:U2.83 [DDR.AD] Global 0 mm:1 mm 4.4 mm 34 mm
PPr U1.H16:U2.PT [DDR.A1] Global 0 mm:1 mm 1 mm 0 mm
PPr U1.F16:U2.P3 [DDR.A2] Global 0 mm:1 mm 2.2 mm 1.2 mm
PPr U1.H13:U2.N2 [DDR.A3] Global 0 mm:1 mm 7.2 mm 6.2 mm
PPr U1.C16:U2.P8 [DDR.A4] Global 0 mm:1 mm 4.8 mm 3.8 mm
PPr U1.J11:U2.P2 [DDR.AS] Global 0 mm:1 mm 11 mm 10 mm
PPr U1.J12:U2.R8 [DDR.AB] Global 0 mm:1 mm & mm 5mm
PPr U1.F15:U2.R2 [DDR.AT] Global 0 mm:1 mm 4.8 mm 3.8 mm
PPr U1.F13:U2.T8 [DDR.AB] Global 0 mm:1 mm 2.8 mm 1.8 mm
PPr U1.F14:U2.R3 [DDR.AY] Global 0 mm:1 mm 5 mm 4 mm
PPr U1.C15:U2.L7 [DDR.A10] Global 0 mm:1 mm 54 mm 44 mm
PPr U1.G11:U2.R7 [DDR.A11] Global 0 mm:1 mm 5.8 mm 4.8 mm
PPr U1.D16:U2.N7 [DDR.A12] Global 0 mm:1 mm 3.8 mm 2.8 mm
PPr U1.B15:U2.T3 [DDR.A13] Global 0 mm:1 mm 0.8 mm 0.2 mm
PPr U1.B16:U2.T7 [DDR.A14] Global 0 mm:1 mm 3.4 mm 24 mm
PPr U1.A14:U2.M7 [DDR.A15] Global 0 mm:1 mm 5.6 mm 4.6 mm
PPr U1.G14:U2.M2 [DDR.BAD] Global 0 mm:1 mm 4.4 mm 34 mm
PPr U1.G16:U2.N8 [DDR.BA1] Global 0 mm:1 mm 1.6 mm 0.6 mm
PPr U1.E16:U2.M3 [DDR.BA2] Global 0 mm:1 mm 0.4 mm 0.6 mm
PPr U1.K14:U2.K3 [DDR.CAS#] Global 0 mm:1 mm 5mm 4mm
PPr U1.G12:U2.J7 [DDR.CK] Global TARGET TARGET

PPr U1.H14:U2.K1 [DDR.ODT] Global 0 mm:1 mm 4.6 mm 3.6 mm
PPr U1.J13:02.J3 [DDR.RA5#] Global 0 mm:1 mm 42 mm 32mm
PPr U1.F12:U2.T2 [DDR.RESET#] Global 0 mm:1 mm 8.6 mm 7.6 mm
PPr U1.E15:U2.L3 [DDR.WE#] Global 0 mm:1 mm 0.2 mm 0.8 mm

Repeat these steps for U2>U3, U3>U4 AND U4>U5 as shown below:-

4 DDR_ADDR_CNTRL_DIMM2{25)

U2.N3:U3.N3 [DDR.AD]

U2.P7:U3.P7 [DDR.A1]

U2.P3:U3.P3 [DDR.AZ]

U2.N2:U3.N2 [DDR.A3]

U2.P8:U3.P8 [DDR.A4]

U2.PZ:U3.P2 [DDR.AS]

U2.RE:U3.R6 [DDR.AG]

U2.R2:U3.R2 [DDR.AT]

U2.T8:U3.T8 [DDR.ASB]

U2.R3:U3.R3 [DDR.AS]

U2.L7:U3.L7 [DDR.A10]

U2.R7:U3.R7 [DDR.AM]

U2.N7:U3.N7 [DDR.A1Z]

U2.T3:U3.T3 [DDR.A13]

U2.T7:U3.T7 [DDR.A14]

U2.M7:U3.M7 [DDR.A15]

U2.M2:U3.M2 [DDR.BAD]

U2.N8:U3.N8 [DDR.BA1]

U2.M3:U3.M3 [DDR.BAZ]

U2.K3:U3.K3 [DDR.CAS#]

U2 J7:U3.J7 [DDR.CK]

U2.K1:U3.K1 [DDR.ODT]

U2.J3:U3.13 [DDR.RA 5]

U2.TZ:U3.T2 [DDR.RESET#]

U2.L3:U3.L3 [DDR.WE]

4 DDR_ADDR_CNTRL_DIMM3(25) 4 DDR_ADDR_CNTRL_DIMM4{25)
U3.N3:U4.N3 [DDR.AO] U4.N3:U5.N3 [DDR.AD]
U3.PT:U4.PT [DDR.A1] U4.P7:U5.P7 [DDR.A1]
U3.P3:U4.P3 [DDR.AZ] U4.P3:U5.P3 [DDR.AZ]
U3.N2:U4.N2 [DDR.A3] U4.M2:)5.N2 [DDR.A3]
U3.P8:U4.PB [DDR.A4] U4.P8:U5.P8 [DDR.A4]
U3.PZ:U4.P2 [DDR.AS] U4.P2:1)5.P2 [DDR.AS5]
U3.RE8:U4.REB [DDR.AG] U4.R8:U5.RE [DDR.AG]
U3.RZ:U4.R2 [DDR.AT] U4.RZ:05.R2 [DDR.AT]
U3.T8:U4.TB [DDR.ASB] U4.T8:U5.T8 [DDR.AS]
U3.R3:U4.R3 [DDR.AS] U4.R3:U5.R3 [DDR.A9]
U3.L7:U4.L7 [DDR.A10] U4.L7:U5.L7 [DDR.A10]
U3.RT:U4.R7 [DDR.AT] U4.R7:U5.R7 [DDR.AT1]
U3.NT:U4.N7 [DDR.A12] U4.N7:U5.N7 [DDR.A12Z]
U3.T3:U4.T3 [DDR.A13] U4.T3:05.T3 [DDR.A13]
U3.T7:U4.T7 [DDR.A14] U4.T7:U05.T7 [DDR.A14]
U3.M7:U4.M7 [DDR.A15] U4.M7:U5.M7 [DDR.A15]
U3.M2:U4.M2 [DDR.BAD] U4.M2:U5.M2 [DDR.BAO]
U3.N8:U4.NB [DDR.BA1] U4.N8:105.NB [DDR.BA1]
U3.M3:U4.M3 [DDR.BAZ] U4.M3:U5.M3 [DDR.BAZ]

(U3K3:U4.K3 [DDR.CASH] U4.K3:U5.K3 [DDR.CA 53]
U3.J7:U4.J7 [DDR.CK] U4.J7:U05.J7 [DDR.CK]
U3.K1:U4.K1 [DDR.ODT] U4.K1:U5.K1 [DDR.ODT]
U3.J3:U4.13 [DDR.RA5#] U4.)3:05.)3 [DDR.RASH]
U3.TZ:U4.T2 [DDR.RESETH] U4.T2:05.T2 [DDR.RESETH]
U3.L3:U4.L3 [DDR.WE#H] U4, 3:U5.L3 [DDR.WE#]

Using the same method create the pin pairs for the byte lanes. These also follow the fly by topology (so
U1>U2>U3>U4>U5.
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Defining constraints for a DDR memory in PCB Editor

4 DDR_BYTEO_DIMM1(10) 4 DDR_BYTE1_DIMM1(10)
U2.E3:U1.L14 [DDR.DQO] U2.D7:U1.P15 [DDR.DQS]
U2.F7:U1.L16 [DDR.DQ1] U2.C3:U1.P16 [DDR.DQY)
U2.F2:U1.M15 [DDR.DQ2) U2.C8:U1.R15 [DDR.DQ10]
U2.F8:U1.M16 [DDR.DQ3) U2.C2:U1.R16 [DDR.DQ11]
U2.H3:U1.J14 [DDR.DQ4] U2.A7:U1.T14 [DDR.DQ12)
U2.H8:U1.J16 [DDR.DQS] U2.A2:U1.T13 [DDR.DQ13]
U2.G2:U1.K15 [DDR.DQS] U2.B8:U1.R12 [DDR.DQ14]
U2.H7:U1.K16 [DDR.DQ7] U2.A3:U1.T12 [DDR.DQ15]
U1.K11:U2.E7 [DDR.LDM] U1.K12:U2.03 [DDR.UDM]
U2.G3:U1.N16 [DDR.LDQS#] U2.B7:U1.T15 [DDR.UDQS#]

4 DDR_BYTEO_DIMM2(10) 4 DDR_BYTE1_DIMM2(10)
U3.E3:U2.£3 [DDR.DQO] U3.D7:U2.07 [DDR.DQS]
U3.F7:U2.F7 [DDR.DQ1] U3.C3:U2.C3 [DDR.DQ9Y]
U3.F2:U2.F2 [DDR.DQ2] U3.C8:U2.C8 [DDR.DQ10]
U3.F8:U2.F8 [DDR.DQ3) U3.C2:U2.C2 [DDR.DQ1)
U3.H3:U2.H3 [DDR.DQ4] U3.A7:U2.A7 [DDR.DQ12]
U3.H8:U2.H8 [DDR.DQS5] U3.A2:U2.A2 [DDR.DQ13]
U3.G2:U2.G2 [DDR.DQS] U3.88:U2.88 [DDR.DQ14]
U3.H7:U2.H7 [DDR.DQ7] U3.A3:U2.A3 [DDR.DQ15]
U2.E7:U3.E7 [DDR.LDM] U2.03:U3.D3 [DDR.UDM]
U3.G3:U2.G3 [DDR.LDQS#] U3.B7:U2.87 [DDR.UDQS#]

4 DDR_BYTEO_DIMM3(10) 4 DDR_BYTE1_DIMM3(10)
U4.E3:U3.E3 [DDR.DQO) U4.D7:U3.D7 [DDR.DQS]
U4.F7:U3.F7 [DDR.DQ1] U4.C3:U3.C3 [DDR.DQI]
U4.F2:U3.F2 [DDR.DQ2] U4.C8:U3.C8 [DDR.DQ10]
U4.F8:U3.F8 [DDR.DQ3] U4.C2:U3.C2 [DDR.DQ11]
U4.H3:U3.H3 [DDR.DQ4] U4.A7:U3.A7 [DDR.DQ12]
U4.H8:U3.H8 [DDR.DQS] U4.A2:U3.A2 [DDR.DQ13]
U4.G2:U3.G2 [DDR.DQ6) U4.B8:U3.88 [DDR.DQ14]
U4.H7:U3.H7 [DDR.DQ7] U4.A3:U3.A3 [DDR.DQ15]
U3.E7:U4.E7 [DDR.LDM] U3.D3:U4.D3 [DDR.UDM]
U4.G3:U3.G3 [DDR.LDQS#] U4.87:U3.87 [DDR.UDQS#]

4 DDR_BYTEO_DIMM4(10) 4 DDR_BYTE1_DIMMA4(10)
U5.E3:U4.E3 [DDR.DQO] U5.D7:U4.D7 [DDR.DQS]
US.F7:U4.F7 [DDR.DQ1] U5.C3:U4.C3 [DDR.DQ9]
U5.F2:U4.F2 [DDR.DQ2] U5.C8:U4.C8 [DDR.DQ10]
U5.F8:U4.F8 [DDR.DQ3] U5.C2:U4.C2 [DDR.DQ11]
U5.H3:U4.H3 [DDR.DQ4] U5.A7:U4.A7 [DDR.DQ12]
U5.H8:U4.H8 [DDR.DQS) U5.A2:U4.A2 [DDR.DQ13]
U5.G2:U4.G2 [DDR.DQ6] U5.B8:U4.88 [DDR.DQ14]
U5.H7:U4.H7 [DDR.DQ7) U5.A3:U4.A3 [DDR.DQ15]
U4.E7:U5.E7 [DDR.LDM] U4.D3:U5.D3 [DDR.UDM]
U5.G3:U4.G3 [DDR.LDQS#] U5.B7:U4.87 [DDR.UDQS#]

Another useful Electrical Constraint is a Wiring constraint to verify that the net(s) in question are routed the way
you want them to be. For this design use Edit>Net Schedule, then pick each net and select the path you want to
route it on. This creates a User Defined schedule (Constraint Manager>Electrical>Net>Routing>Wiring worksheet)
which can then have a Verify set to Yes to confirm that you follow this topology. You can also define a maximum
stub length (fanout via distance). In this example all the nets have been manually scheduled, if you have access to
Allegro PCB Designer you can schedule one net then make an ECSet from that and apply it to all the other nets. If
you have access to Allegro PCB Designer + High Speed, then this can all be achieved within SigExplorer and
applied directly to the design. (Address bus shown only for information).
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Defining constraints for a DDR memory in PCB Editor

4 ADDRESS(16) Yes
DDR.AD es User Defined PASS
DDR.A1 Yes User Defined PASS
DDR.A2 Yes User Defined PASS
DDR.A3 Yes User Defined PASS
DDR.A4 es User Defined PASS
DDR.AS Yes User Defined PASS
DDR.AG es User Defined PASS
DDR.AT Yes User Defined PASS
DDR.AS Yes User Defined PASS
DDR.AS Yes User Defined PASS
DDR.A10 es User Defined PASS
DDR.AMT Yes User Defined PASS
DDR.A12 es User Defined PASS
DDR.A13 Yes User Defined PASS
DDR.A14 es User Defined PASS

Routing the design

Once the rules are set (and remember this is just an example of a DDR fly-by topology). You are now ready to start
routing the design. This can be done either manually or automatically using the OrCAD Designer Professional
autorouter. In this example though the routing was completed manually using four routing layers, TOP, INNER1,
INNER2 and BOTTOM, leaving a dedicated GND plane and a Split power plane for DDR_VDD and DDR_VDD. To
improve impedance and limit crosstalk you may want to route the majority of the DDR routes onto inner layers.
When routing remember to leave enough room between the traces to allow for length matching patterns such as
accordion and trombone. The automatic tools (AiDT and AiPT available from Allegro + High Speed) will spread the
routing but try and allow for this if possible. You can get an idea about how much room you need from the
screenshots in the next few pages.

Once the basic routing has been added you could if you have access use the Allegro PCB Designer + High Speed
option and use tools such as Timing Vision and Auto Interactive Delay and Phase tuning to match the lengths of
the match groups defined. If you don’t have access to these you can still achieve the results using Delay and Phase
Tuning, it just might take longer.

You can download the actual OrCAD/Allegro board file. In the PDF look at the Attachments icon then right click —
Save Attachment and save the board file locally.

PCB Layers

Below are screenshots of each layer of the PCB to give you an idea of the routing.
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Defining constraints for a DDR memory in PCB Editor

TOP

GND

.

P R S
GANRNNANAS
vrers N TN AN

s

A

A
NN S
LhLRL LN
AR RS L Y
AL AR X Y

P PP

n
i

i

f.
This o
CICiCiei

Ll
Ll
i
Ll
i
Ll

© 2020 Parallel Systems Limited

Page 9 of 12







Defining constraints for a DDR memory in PCB Editor

BOTTOM
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Defining constraints for a DDR memory in PCB Editor

Considerations

There are some instances in this design where some of the design rules may have been tweaked to allow for a
successful route. Differential Pair uncoupled length is one example where a decision to match the differential pair
lengths to meet the criteria was made over the differential pair being uncoupled longer for certain sections of the
routing. That may/may not be the correct decision, but these are choices you can make on your own designs.

DPr 4 DP_UDQS DIFFPAIR lgnore 16.1000 0.0205
Net 4 DDR.UDQS DIFFRAIR lgnore 16.1000 0.3820
RePP U5.CT:U1.R14 Ignore 22820 16.1000 15.7180 0.3820
Net 4 DDR.UDQSH DIFFRAIR lgnore 16.1000 0.0205
RePP U5.B7:U1.T15 lgnore 0.56399 16.1000 16.0795 0.0205

The same can also be said for Stub length where a default fanout via may have been moved to improve routing
channels.

DPr 4 DP_CK DIFFPAIR Yes
Net DDR.CK DIFFPAIR: Yes User Defined
Net DDR.CKs# DIFFRAIR: Yes User Defined
DPr 4 DP_LDOS DIFFPAIR Yes
Net DDR.LDQS DIFFPAIR Yes
Net DDR.LDQS5# DIFFPAIR Yes
DPr 4 DP_UDQs DIFFPAIR Yes
Net DDR.UDGS DIFFRAIR Yes
Net DDR.UDQ5# DIFFPAIR Yes

The following are trademarks or registered trademarks of Cadence Design Systems, Inc. 555 River Oaks Parkway, San Jose, CA 95134

Allegro®, Cadence®, Cadence logo™, Concept®, NC-Verilog®, OrCAD®, PSpice®, SPECCTRA®, Verilog®

Other Trademarks

All other trademarks are the exclusive property of their prospective owners.

NOTICE OF DISCLAIMER: Parallel Systems is providing this design, code, or information "as is." By providing the design, code, or information as one possible
implementation of this feature, application, or standard, Parallel Systems makes no representation that this implementation is free from any claims of
infringement. You are responsible for obtaining any rights you may require for your implementation. Parallel Systems expressly disclaims any warranty
whatsoever with respect to the adequacy of the implementation, including but not limited to any warranties or representations that this implementation is free
from claims of infringement and any implied warranties of merchantability or fitness for a particular purpose.
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DDRATA Bia | IO_L29P_A23 M1A13_1 G
DDR.RESET#), F1o | I0_L29N_A22_ M1A14_1
SORAT GiT | |O_L30P_A21_M1RESET_1
DDR.CKE ) : Dia | I0_L30N_A20_M1A11_1
SDRATE i | IO_L31P_A19_M1CKE_1
ODR.AS Fi3 | I0_L31N_A18_M1A12_1
DDR.AS F14 | 10_L32P_A17_M1A8 1
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DDR.DQ[0-15
an-1s1 DDR_VDD
DDR.A[0-15] ), DDR_VTT DDR_VDD
DDR_VTT u2-2 Us-2
o= U3 T9
ST VSS T9
2 U2-1 DDR_MEMORY Ho vss ;; vSS |1
T DDR_MEMORY gg Ha | VDDQ VSS [py Hg VD04 xgg P9
< o T R vDDQ VSS o H2 P1
Eg DDR.A0 N3y Ao e DQO E? 33:38? Ecj; vDDQ VSS ["mi F1_| vbDQ VSS Mg
R N3 ke E3 DDR.DQO DDR.A1 P7 >= n. VDDQ VsS vDDQ VSS [\
DDR.AO DQO = R Al DQ1 g5 DDR.DQ2 D2 J8 E9
DDR A1 p7’| A0 € F7 DDR.DQ1T DDR.A2 P3 ) o DQ2 RDAs Co | vDDQ VSS [ D2 | VDDQ VSS [~ g
DDR A2 p3 | Al DA " DDR.DQ2 DDR.A3 N2 e pQ3 |8 DDR.DQ 2 &1| vopa VSS 58 Co | vDDQ Vss -
DDR.A3 N2 )| A2 DQ2 I"FsDpR.DQ3 DDR.A4 Pa || A3 DQ4 [ —DDR.DG ~5| vopa vSS g5 &1 voba VSS [-Gg
R. A3 DA3 3 DDR.DQ4 DDR.A5 P2 H8 DDR.DQ5 vDDQ VSS vDDQ VSS
DDR.A4 P8 = A5 DQ5 &5 DDR DQ6 Al B3 A8 E1
= A4 DQ4 g DDR.DQ5 DDR.A6 R8 AR vDDQ VSS VvVDDQ VSS
DDR.A5 P2 DQ = A6 DQ6 7 DDR.DQ7 A9 Al B3
DDR A6 Re ' A5 5 G2 DDR.DQ6 DDR.A7 R2 > DQ7 R. R9 VSS vDDQ VSS [ag
Az A6 DQ6 7 DDR.DQ7 DDR.A8 T8 D7 DDR.DQ8 VDD \E5}
DDR.A7 R2 1 %7 DQ7 R DDRAS "3’ A8 DQ8 |3 DDR.DQ9 R1 G9 R9 | oD
DDRAS T8 D7 __DDR.DQ8 R. A9 DQS | Go—BBRBaZs Ng | VDD VSSQ (& R G9
DDR.A9 R3 | A8 DQ8 ["C3— DDR.DQY DDR.AI0 75 at0 DQ10 neat N1-| vop VSSQ [fg Ng~| VoD vssQ ¢
DDR A10 L7 A9 DQ9Y |~cg DDR.DQ10 DDR.AT1 R7 A1 paii F$2 DDR.DQ ks VDD VSSQ g5 Ni | VDD VSSQ [~Fg
DDR.ATT R7| A1 borj | C2 __DDR.bat DDR.A12 T2l A2 DQ12 Hrr BB Bals Kz | VDD vSsQ g5 Kg | VDD VSSQ gg
DDR.A12 N7 AT DAt I"A7  DDR.DQIZ DDR.AT3 LEMENT bo15 | A2 "DDR.DQ13 K21 oo vesq [£2 K8 | VoD vssq £
R A12 DQ12 "A>  —DPDR.DQI3 DDR.A14 17 B8 DDR.DQi4 VDD VssQ VDD VSSQ g
DDR.A13 T3 A = A4 DQ14 A3 DDR.DQ15 B2 D1 D9
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: A4 DQ14 "A3 " DDR.DQI5 VDD vssQ VDD vssQ
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DDR.CAS# K3 | DDR.RAS# g3 CASH 55| VDDQ VSS (g 5> | VDDQ VSS g
DDR.RAS# J3 || CAS# DDR.WE# L3 || FASS 22— voba vss 5| voba VSS [
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obT DDR.BAO M2 L vDDQ VSS vDDQ VSS (a5
DDR.BAO M2 J1 D 1 N8 BAO “8; % VSS A9 R9 VSS
RB BAO NC1 [—jg—< DDR.BA2 M3 )| BAT L1 R9 | vbp VDD G
DDR.BA1 N8 < BA2 NGC3 g X Ri G9 Ri 9
RE BA1 NC2 15 VDD VSSQ VDD VssQ
DDR.BA2 M3 HSENe NC4 [— X N9 Gi N9 G1
BA2 NC3 [[g DDR.RESET# T2, RESET# g N1 | VDD VSSQ [~Fg Ni | VDD VSSQ [~Fg
DDRRESET# T2 o NC4 . Kg| VDD VSSQ (g5 ks VDD VSSQ g
: RESET# N K| VDD VSSQ [ Ko | VDD VSSQ [E5
VDD VSSQ (53 Dg | VDD VSSQ g
DDR.CS1#) D9 1 vob vSSQ [of &> | VDD VSSQ (b
2400hm  DDR_VTT VDD VSsSQ VDD VSSQ (g
DDR.CS3#) = G7 D8 &7 | Voo VSSQ
2400hm  DDR_VTT : = VDD VSSQ [gg B9
= GND © U1 VSSQ vssQ
=T ’
oo S U DDR_MEMORY DDR_MEMORY = DDR_MEMORY =
DDR_MEMORY é(é oD GND
<o R E3 DDR.DQO
Sa DDR.A0 NS o g Qo R
o R s R
DDR.A0 NS o Eutﬁth bao |2 DDR.DQO DD:.A; ,E; ) Lo oo E; gggg;
DDR.A1 P7 A >n>: by, F7 33:.3Q1 33:.Ar & A2 DQ2 Fs 33=l3Q’ DDR VDD
DDRA2 P3 F2 DDR.DQ2 DDR.A3 s oo 2.DQ; )DR_
S A2 DQ2 [—¢g DDR.DQ3 DDR.A4 P8 H3 DDR.
DDR.A3 N2 = A4 DQ4 DR.DQ5
= A3 DQ3 3 DDR.DQ4 DDR.A5 P2 H8 DDR.DQ5
DDR.A4 P8 = A5 DQ5 > DDR.DQ6
RAG A4 DQ4 g DDR.DQ5 DDR.A6 R8 G R. -
DDR.A5 P2 A A6 DQ6 g7 DDR.DQ7
i A5 DQS "G5 DDR.DQ6 DDR.A7 R2 Az e
DDR.A6 R8 = A7 DQ7 [p7 DDR.DQ8
DDR.A7 R2 || A6 DA6 |"H7 " DDR.DQ7 DDR.AS 18, a8 DQ8 R =
i A7 DQ7 57 —DDRDQS DDR.A9 R3 C3 _ DDR.DQY ol [6
DDR.AS T8 i A9 DQY 35— DDRDAQTD e S DDR_VTT
DDR.A9 R3 | A8 DQ8 "G5 DDR.DQY DDR.A10 L7 A% fioeH R. L8
DDR.A10 L7 A9 DQ9 "cg DDR.DQI0 DDR.AT1 R7 | A1 Ba1y | -c2_"DDR.DQTT NS
DDR.ATT R7 /| A0 DQ10 cp DDR.DQ11 DDR.AT2 N7 A Doja A7 DDR.DQ12
= A1 DQ11 A7 DDR.DQ12 DDR.A13 T3 A2 DDR.DQ13 ° ° o ° Py P 9
DDR.A12 N7 = A13 DQ13 |gg DDR.DQ14
SUNE A12 DQ12 a5 DDR.DQ13 DDR.A14 T7 : -
DDR.A13 T3 = Al4 DQ14 A3 DDR.DQ15
DDR.A14 T7 2]3 gg]i B8 DDR.DQ14 DDR.AT5 M7 | e bore .DQ15 Lo _ _ _ _ _ _ _ _
DDR.AT5 M7 A3 ____ DDRDQ15 £ c7 c8 co c10 c11 c12 c13 cl4
A15 DQ15 DDR.UDQS c7 <[ 6 01uF| 01uF
c7 DDR.UDQS# B7 Hggg# Z[ |8 o OtuE] 0duE[ 0TuE]  0duE[  O1uE]  04uF, A UF, }
DDR.UDQS 57| UDQs NI,_
DDR.UDQS# uDQS# DDR.LDQS F3 | bas ‘ ‘ ‘ ‘ ‘ ‘ ‘
F3 DDR.LDQS# G3 LDQS# DDR_VDD —T—:
DDR.LDQS ;< Ga | LDQs =
DDR.LDQS# LDas# L2, con GNP
L2 DDR.UDM D3| o5% o .
DDR.CS2# §< D3} 65 DDR.LDM E7) Lom
DDRUDM 2 £ _ _ _ _
LDM DDR.CK J7
DDR.LDM . SDR-CKE i CK c17 ci8 c19 g0
DDR.CK 2 K7 | CK DDR.CKE K9 8E’é o 01uE[ 0tuE]  OTuE[  01u
DDR.CK# Q2 Kg Y| CKit
DDR.CKE CKE DDR.CAS#: K3l case ‘ ‘
DDR.RAS# J3
DDRCASH 2 }jg gﬁg# DDR.WE# L3 R’*Ei# 1 Parallel Systems Ltd
DDR.RAS# i DDR_VDD "
DDR.WE# LSy wer DDR.ODT K1y oot T - GND PO Box 4265
K1 - Bracknell
R J1 ‘ :
DDR.ODT ) o oot " SDRBAT No ! BA0 Nea [ 9~
DDRBA0 Ng | BAO NC1 (g DDR BA2 M3 Sﬁ; Neg L2 _ _ _ _ Berkshre
DDRBAT 3’| BA1 NC2 (7 NG L9 o RG42 9RS Parallel Systems
DDR.BA2 BA2 NC3 g~ DDR.RESET# T2 o c21 c22 c23
To o NC4 [——x RESET# N o 0.1 uf, 0.1 uf 0.1 uf, 0.1 uF e
) RESET# N itle DDR Example
DDR.RESET#), e 9 ‘ ‘ ] SCHEMATIC1
® 2 PAGE2
2 RS 1 - J__ Variant Name =
— 240 Ohm GND |Size Document Number Rev
240 Ohm =
= GND A3 | ABC456123409 A
GND Date: Thursday, February 13, 20201:56:10 [Sheet 2 of 2






		Design Hierarchy

		Root [SCHEMATIC1]

		PAGE1

		PAGE2







