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At a supermarket somewhere near where you live ...
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Agenda

T

« The Why, When, What & How of DDR2

« Planning and Preparation
— Understanding the requirements
— Setting up rules and constraints

« Placement and Routing Implementation
— Developing an effective layout strategy
— Using tools to efficiently implement the design

« Checking & Verification
— Design rules
— Electrical characteristics
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wWhy, When, What & How of DDR2

Why Use DDR2?
— Often the only cost effective technology available
— Because other devices in the design require it
When should I start planning?
— As soon as possible
* It will always take longer than you anticipate!
— When you believe you might have a problem....
What do | need to do?
— Conform to a set of Rules and Constraints
* length, skew, crosstalk, timing and topology
How?
— Read the chip vendor’s Datasheet and Reference Notes
— Follow the practical guidelines in this presentation
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What is driving Change?

« Customer demand
— Smaller
— Faster
— Better
— Cheaper

« Consequential impact
— High density, fine pitch devices
— Highly automated manufacturing

* Negative effects (on design) include
— High speed clocks and fast edge rates
— Increase in ambient RF
— E.M.C. emissions and susceptibility

— Thermal dissipation
- ??
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Chip Vendors now set the Agenda...

ot

« Design Engineers use what is available
— Trade Cost v. Functionality
— Have to adopt new technologies and standards

* Implementation cost is increasing
— Layer count
— High speed interfaces
— Power and decoupling
— Design time

driving PCB Layout
— PCI, PCI Express
— USB

— DDR2

— Etc..
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DDR2 in a nutshell

« DDRZ2 = Double Data Rate 2

— Clocked on both the rising and falling edge, at double the core rate

« DDR2 allows:

— higher bus speed
— lower power consumption
— 64 bit bus width

« Packaging
— BGA devices
— DIM Modules

« Defined Bus Structures
— Data group

— Address / CMD group
— Control group
— Clock group

quadra
solutions

SDRAM

Con fq ency =100 MHz ClckF eq =100 MHz  Data Freq = 100 MHz
Memory
Cell IIO Data Bus
Array

DDRI
5 s O

Core frequency =100 MHz Clock Freq =100 MHz Data Freq =200 MHz

Memory 110
Cell =1 Data Bus

Arra BUTTars

DDR II
S

Core frequency =100 MHz Clock Freq =200 MHz Data Freq =400 MHz

Memory 110
Cell

Arra o

Data Bus
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Typical DDR2 DIMM

. 121 MO
* Pln out g000000p00e0R00N0R0R0E000000P00000000 GOP00E0P0000P000R000000P00000000000000
gcoooo000000000000000000000000000000000 A00000000000000000000000000000000000000

1 B4 EE 120

Pin# Description Pin# Description
g 121 161 2m
82 122 162 202
83 123 163 203
84 124 164 204
85 125 165 205
86 126 166 206
87 127 167 207
88 128 168 208
89 129 189 209
90 130 170 210
9 131 171 21
92 132 172 212
93 133 173 213
94 134 174 214
95 135 175 215
96 136 176 &12 216
a7 177 A3 217
98 7 ¢
93 179 A3 219
100 180 A8 220
101 s 2
102 182 A3 222
103 183 Al 223

104 184 224
185
138
187

105 225
128 A0

106 226
189
130
191
192
193
134
195

107 227
108 228
196 413
197

103 229
10 230
m 23

198

139

200

Pin # Description Pin# Description Pin# Description Pin# Description
1

 Key

A0 to A13 Address input

1
2
3
4
5
]
7
g
9

1z 232
233
234
235
236
237
238
239
240

13
14
15
116
1"
112
13
120
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DDR2 - Key Design Considerations

Timing is Critical

— Achieved by matching track Length / signal Delay

Termination
— Internal
— On Die Termination
— Value, strength
— External

— Series damping resistors

— Parallel resistors to VTT
— Differential terminators

— Compensation capacitors

Decoupling

— As defined in vendor datasheet

solutions

quadra Image: Freescale Semiconductor Application Note AN3951 i.MX Layout Recommendations
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Planning Considerations

« Establish Design Rules
— Arearules
— Spacing classes
— Impedance controlled tracks
— Differential pairs

« Layer Stack SR —
— Construction and materials
— Power and Reference Plane definitions
— Via types and interconnects

e Other ‘To DO’ Items

— Assign ‘ref_voltage’ attributes
— Run the Field Solver

1 I 1
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W1 Top Tracking
PrePreg1 (0.114)
W2;DGND (0.038)

Cored (0.203)

PrePreg2 (0.114)

Core2 (0.203)
WS, +1V8,+3V3

PrePreg3 (0.305)

WE=1V2 (0.036)

-5 T e o s T

Core3 (0.203)

2

PrePregd (0.114)

Cored (0.203)

PrePreg5 (0.114)
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Area Rules and Spacing Classes

« Define alternate Design Rule sets
— Over high pin density devices
— Surrounding byte lanes

« Define Placement keepout areas
— Manufacturing limits for placement
— Clear channels for length management
« Spacing Classes
— Enable multiple spacing assignments
— Within a Class
— Between Classes
— To all Unclassed nets
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Impedance Calculations
DDR?2 Data group

-

CADSTAI

B
- h

J

-~

« Single Ended
— Target 50 ohm

« Differential
— Target 90 ohm

Z0Planning | Zdiff Planning l

Delete

)

Impedance Templates
impecenceTemplate 1 [+] [ adde. ||
Type Width 20 Velocity
(mm) (Ohm) (mm/ps)
Al 50.00
1 (Top Elec) Signal | 0091 2500 0150
3 (GND) Signal | 0.868] 0158
5 (Sig1) Signal | 0.084] 0141
7 (VCC1) Signal | 0172 a4l
9 (VCC2) Signal | 0173 0141
11 (Sig 2) Signal | 0.063 ] 0141
13 (GND 2) Signal | 0890 0157

15 (Bottom Elec)  Signal | 0175 2500 0151

-y Quadra
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Differential driver Differential receiver
+ +
SN\ Parallel tracks

Layer Stack | Z0Planning | Zdiff Planning |

Impedance Templates:

TlnlpedanceTemplabel B [ Add... ] [ Delete ]

Triie Width Spacing Z diff Z odd Z_even Z|

(mm) (mm) (Ohm) (Ohm) (Ohm)

All m 0102 100.00

1 (Top Eleq) Signal | 0.081] 5000 2511 2815

3 (GND) Signal | 1341 5000 2500 46.40

5 (Sig1) Signal | 0.250 50,00, 2503 3119

7 (VCC1) Signal | 0411 5000 2500 3742

9 (VCC2) Signal | 0412 | 5000 2502 37.58

11 (Sig 2) Signal | 0.200| | 5000 2502 3036

13 (GND 2) Signal | 0110| ' | 5008 15943

15 (Bottom Elec) Signal | 0150 | 5000 2508 2967

M ZUKEN
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Placement of Core Components

« Length matching between Byte Lanes may necessitate placing
core devices further apart to simplify tuning

DIMM Module

| DIMM Module
L1 \ § § “"—4 L4

Controller L1>(1.5xL4)

Controller i L1>(1.2xL4)
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Groups, Lanes and Channels

« Signals from different groups are broken down into ‘Byte Lanes’
— Data
— Control
— Differential strobes

« Examples
— Byte Lane 0 Byte Lanes 1 - 7
— MADQ(7:0) Repeated
— MA-DMO
— MADQSO
— MADQSO

« Byte Lanes must be routed together
— On the same layer
— Within specific constraints

< o
* el Cons ®
.9 ® U ————
o L
4 o0
* L J L] [ ]
; @ F— ™ \DS
i p ofe
> J e Joolle
¢ guas M ZUKEN
™= golutions e
. © Zuken




Additional Design Guidelines — A Sample

e
« Spacings

— Data, Control & Clock - (unclassed) 25 thou \ 0.65 mm

— Data — Data & Control - Control 7-10 thou \ 0.18 — 0.25 mm
« Max Skew

— Across Byte lanes 500 thou \ 12.5 mm

— Byte lane Data to strobe 20 thou \ 0.5 mm

— Between differential Clock pairs 10 thou \ 0.25 mm

— Between Clock pairs 25 thou \ 0.65 mm
« Layers

— Clocks on a separate layer or adjacent to their signal groups
— Critical signals routed on a layer adjacent to a reference plane

Source: Freescale DDR2 Reference Guide hd
d
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What is Skew?

» ‘A measure of the lack of symmetry’

— In practical terms, the difference in time between the required and actual
transit times of a number of synchronised signals

« Often more important
than absolute signal
timing or track length

— If Signal Integrity is good

-y Quadra
™= solutions

Figure 9. Address & Command Timing Notes (1), (2)

System Clock

CK at Cyclone Il
Device Pin

SDRAM Write Requirement
DQS Write at FPGA Pin

— fnass

Pins
(Positive Edge)

Address/Command Pins
(Negative Edge)

CK Write at SDRAM

SDRAM Addrass/Command
Input Timing to the DDR
SDRAM Device

Address/Command Pins
at SDRAM (negative edge)

Notes to Figure 9:

(1) The address and command timing shown in Figure 9 is applicable for both read and write.
(2)  1f the board trace lengths for the DQS, CK, address, and command pins are the same, the signal relationships at the!
Cyclone II device pins are maintained at the DDR and DDR2 SDRAM pins.

Source: Altera Application Note 361: Interfacing DDR & DDR2 SDRAM with Cyclone Il Devices
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Clock group Skew Constraints - Example

« DDRCLKO+
Match to
 DDRCLKO- : +/- 5 thou (0.12mm) Match to
+/- 10 thou (0.25mm)
* DDRCLKL+ —— e e
. DDRCLK1- +/- 5 thou (0.12mm)
* DQS Match to
o DQS :- +/- 5 thou (012mm) Match to
+/- 10 thou (0.25mm)
° . Match
DQ(8:0) : +/-5thc?tjc(0.t;)2mm)
« DM(8:0)

Sotutions M ZUKCN

© Zuken
@




General Design Considerations

Clocks to noisy signals or devices
— Use Spacing Class to denote ‘noisy’ nets

Plane Splits

— Ciritical nets must be routed in relation to a
contiguous reference plane

— Consider adding Areas to denote split lines

And Finally.....

Verify your setup with your board fabricator
— Layer Stack and Materials
— Design Rules
— Electrical and Manufacturing
— Impedance profiles

) o
N qunar M ZUKEN
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Implementation: ~aCeran
Placement and Pre-Routing A = > 14

« Pre-Placement
— Minimum component spacing
— Mirrored component arrays
- Terminators (if not ODT) NRNRI 5
— Position N NNy v e
— Distance from Source ’
« Decoupling 2%
— Multi-rail devices 2 ::
— Managing Power Integrity o o
« Fanout RARRS MOOOOERN NN

L0 R R R R R B R R N

L0 R R 28 2R R I

— Geographic Pe
— Routing channels

uadra
RS B M ZUKECEN
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Fan-out Control

o;@" P GG

« Select Via type and Layer range SUaRINIsass fourou
« Select Via location
— Adjacent, angle
— Enable ‘Allow Breakout’ and check
‘Absolute’ spacing value

i)
¢

)

?
2
?

%

>
>

L

>

P

t]

)
G ée

Options Angle e e
Serghe Fanou e @t
Errors Allowed e E' T s T3] vastabon
[] Allow Pin Swaps R
™ Aa Pex, .t ”~
‘__1 On-ine DRC Activ-45 ook I e -
Griddes [ \‘:
Passes 10 E [¥] Enable Activ-45 Vellerw VIO I3mrivie) [=! Seard Loy
Effort 10 EI Tidy Rectangle Size: | 0.000 e =
_ “orw Vs Duslirw [s]
Via p
S Mramo Soearg
(V| Vvias Allowed '
» 2Diokite Fra e 0000
Vias Under Single Layer Pads: | Allow Breakout ]Ell T Inoement | Secord Lergh D39

0.000

Spiral Vias Disallow B
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Setting up Bus and Group Structures

« Groups
— Address
— Data
— Control
— Clock

« Sub Groups

— Byte Lanes

« Skew Groups
— Clock-dependant sets
— Bus items
— Control

— Clock
* may be a differential pair

-y Quadra
= golutions

E]@] Differential Pairs

k= ADC_A-ADC_A

k= ADC_B-ADC_B

k= ADC_C-ADC_C

-k= ADC_CK-ADC_CKn
-k= ADC_D-ADC_D

k= ADC_DCO-ADC_DCO
k= ADC_E-ADC_E

k= ADC_F-ADC_F

k= ADC_FCO-ADC_FCO
~¥= ADC_G-ADC_G

k= ADC_H-ADC_H

~M= LVDS_SPARE_On-LVDS_SPARE_0
k= MEM_CK-MEM_CK
Power Nets

- +1V2

-4 +1V8

-4 +3V3

~“% DGND

= @] Net Classes

- [€ DQS_MEML

- [€ DQS_MEM2

-6 MEML_BYTE L 1
- [€ MEM1_BYTE L 2
-8 MEMI_BYTE_L 3
&€ MEM1_BYTE_L 4

@
@

MZUKEN

© Zuken



C

. 7~ 4 CTAD
Impedance Controlled Routing f CADOS AR
« Create Impedance Profiles e
- Impedgnce Templates Template Solver
-_— Slngle ended (ZO) Impedance Template 1 B [ Add... ][ Delete ] [ Solve Current ” Solve All ]
. . . Width 20  Velocity
— Differential (Zdiff) Ve (Ohm) (e
Al 100
. . H 1 (Component) Signal 120 5090 653
« Assign to eNet, Bus, DiffPair, etc.. | .o 7 = oo
. 6 (Inner 1) Signal ﬂ 48.20 5.56
— Manage only those nets with a Bmen  Sgu | 60 B2 5%
. e . . 10 (GND) Full Plane 350 5012 6.05
specific requirement, not the entire Bodden  Sgal | 120 0% 63
board
Impedance Templates Template Solver
Impedance Template 1 E' [ Add... ]l Delete ] [ Solve Current ][ Solve All Precision (i
T Width Spacing Z diff Z odd Z even Z common v_diff v_odd wv_even v_common
YPE  @4h)  (th)  (Ohm) (Ohm) (Ohm) (Ohm)  (th/ps) (th/ps) (th/ps)  (th/ps)
All m 80 10000
1 (Component) Signal 24 5023 65.06 3253 697 697 635 635
— - i - — 4 (vOD) Full Plane 76| 5004 12377 6189 579 579 604 6.04
le»-ElE] Busses Aagressar || Layes Ivpesiance Testplate 6 (Inner1) Signal 50/ 180 5037 53.28 2664 556 556 556 5.56
"Z:;)D 5 8 (Inner 2) Signal 50 180 5037 53.28 2664 556 556 556 556
3 g ‘ - 5| DATA |All All Impedance Template 1 10 (GND) Full Plane 76 5004 12377 6189 579 579 604 6.04
- ElE- DATAO 13 (Solder) signal 94 5023 65.06 3253 697 697 635 635

IS K M ZUKEN
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Net Topology — Pin & Branch

« Match lengths for each branch
— Within skew constraint

A B
¢

Y Oynamic Lengthening fep.. |«

NN\

Max skew Min Length Max Length | Max skew
{thou) (thou) (thou) (thou)
751 SkewGroupl 10.0 1973.0 1976.0 | 30/
lE- 51 846.0 2387.0| 15410
E licas-1c1 } 1976.0 19760 | |
£l1c1-8-161 , 19740 19740 | |
Zlic1-8- 1681 1973.0 | 19730 | |
Flica-8-1c51 1975.0/ 1975.0 | \

Objective:
A-B =A-C =A-D = A-E +/- 10 thou

Shev M ZUKEN
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Matched Length Pin Group - Example

—

Setup Process

— Assign a Pin Order to the
net on the common /
Driver

— Select the Net and create /
expand the Pin-Pairs

— Select the pin pairs and
create a skew group

— Set the skew value

-y Quadra
solutions

;;_\J
| Minlength | Maxlength | Order | Branch
Bl 51 °
(@] Pin Pairs
.
| #icis- 4000.0 [—|
®licig-1c 4000.0 |
| ®lici8-ic 40000
®lici8-1 4000.0
HSST—paee
.iﬁ = Differential Net Pair
gﬁ Rename 5
g Bus
; 5| Delete Sub-bus
i Pal & find. Net Class
© ‘| Drive Electrical Net %
| Bul M- 7 i Pin Pair
o4 set/Unset As Base
| Dif - evinset s Skew Group
| Po B Set Stimulus... Path
| Ne E-&|  Edit Stimulus... :
| Co ﬁ Scenario
] Pa .,.‘T'_’o Set Impedance Template,., Stimulus
! ;k 8 Co  Auto Create Pin Pairs Beard Instance
€naL.n, <> —
muli Properties
m Flectrica l' i -Tl 'I(Er I
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Split Bus / Group by Layer

« Meet spacing requirements
— Design rules
— Impedance matching

« Device dependant
— Escape direction frequently
organised by byte lane
* Provide sufficient room for
length equalisation

— Maximise space between
byte lanes for improved noise
Immunity

= quacra » — M ZUKEN
6] . Source: Freescale Application Note AN2910 Hardware and Layout Design Considerations for DDR2 SDRAM Memory Interfaces | ) z_
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L

Select a Routing Strategy a -
Clocks First? Clocks Last?
« Determine optimal length  « Route ‘other’ nets first
« Route and tune other nets — Data
to match the Clock — Address
— Data — Control
— Address * Determine optimal length

— Control Tune all nets

Route and Tune Clocks

71N
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Routing to Length » CADSTAR

Duglay Propetties o]

Gemer

« Display Dynamic Length Report T e
« Use Constraint Indicators

> arr
(=2 \ Y ) Ov a1
- o lsckeson - -
— Min / Max o [ 3]
cemen
¥ Shee Offboaed Comectars
— Scale o M Gt Somg o
Prom Pl Met Dung Move
D o)
1ze ot
gl —

Lal brack leny s - "
S tnnl
PAtA/Eaet/Pia palr /iten NEA (o) o (w)
[
Comstralnt (Waenal) e taad
2w growg/Ben/iavt Taryw () Taew ()
e ) 3,00
s 12408
_— —— e e ——— ———— — ]

quadra MZUKEN
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Length v. Delay Rules Routing

« Time / Delay based rules are far more complex than Length
— Frequency dependant
— Slower to calculate
— More accurate

p— KRR

L =100mm L =100mm

IC1.td = 90ps (typical) IC1.td = 90ps
IC2.td = 80ps
IC1.tf = 110ps
IC2.tf = 75ps

‘.: o Quadra M ZUKEN
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Timing \ Delay Factors

« Switching speed of the device(s)
« Termination strategies
« Other factors

Datal Waveform] FFT ‘ Eye Patteml Sweepl 5(f), Z(f)‘

15 J
1vomDR
1
8 0.5 ]
- A
=]
=
E 0
05 4
| | | | I
0 20 40 €0 30
Time (ns)

Time' -17.270 ns Amplitudel 1781 V
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Verification

'

\LJ

ay
& B
e ———

Lo/

TAR

/)

(

* Rules

« Constraints

» Crosstalk

« Manufacturing
« Signal Integrity
« Power Integrity

« Vendor Quote(s)™

-y Quadra
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Freescale Semiconductor Document Number: AN2910
Application Note Rev. 2, 03/2007

Hardware and Layout Design
Considerations for DDR2 SDRAM
Memory Interfaces

by DSD Appiications

Freeccaie X

The design guidelines presented in this document apply to
products that leverage the DDR2 SDRAM IP core. and they
are based on a compilation of intemal platforms designed by
Freescale Semiconductor. Inc. The purpose of these
guidelines is to minimize board-related issues across
multiple memory topologies while allowing maximmum
flexibility for the board designer.

Because numerous memory topologies and interface
frequencies are possible on the DDR2 SDRAM interface.
Freescale highly recommends that the system/board designer
verify all design aspects (signal mtegrity, electrical timings,
and so on) thrwg.h simulation before PCB fabnication.

gy
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© Freescale Semiconductor, Inc., 2005, 2007. All rights reserved.
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Conclusion

- DDR2?
« Simples!
— If you follow a systematic approach
— If you use appropriate automation tools
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