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Memory channel simulation
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= A typical DIMM structure of memory channel
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Challenge in memory channel simulation

= Multi-drop topology for different signal groups,
especially for ADD/CMD and clock.

= High Speed signaling with transmission loss through
dielectric material

= More tight timing requirement among different signal
groups
= Serious crosstalk among signals and SSO

= Model accuracy for I/O buffer and sub-system of
board component
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EBD introduction

A board level component is the generic term to be used to describe a printed circuit board
(PCB) or substrate which can contain components or even other boards, and which can
connect to another board through a set of user visible pins. The electrical connectivity of
such a board level component is referred to as an Electrical Board Description.

EBD--Electrical Board Description

A pure transmission line description without coupling for board
component

All inductance and capacitance parameters listed in the file are derived
with respect to well-defined reference plane (s) within the board

Via in EBD is described as zero length with lump RLC value

EBD is good for transmission line effect assessment and timing analysis
for first order consideration.
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EBD description

[Ibis Ver]

[File Name]

[File Rev]

[Date]

[Disclaimer]

[Copyright]

[Notes]

[Begin Board Description] \
[Manufacturer]

[Number of Pins]

[Pin List] 240

[Path Description] AO

Pin 100

Len = 0.0037....... > Main part of EBD

Node aa.l

[Reference Designator Map]
aa ddr3.ibs ddr3input
[End Board Description]
[End]
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EDB used as DIMM module address path

[Path Description] AO t race
Pin 100 ]
Len = 0.00334997 L = 3.6198e-07 C =9.34292e-11 R = via

6.47878 | /'
Len =01 = 1.886294e-10 C = 1.0395e-13 /

Len=0L =1.886294e-10 C = 1.0395e-13 /
Len = 0.02320685 L = 3.6679e-07 C = 1.2723e-10 R =

13.9845 /
Len=0L =9.431472e-11 C = 5.1975e-14 / G
Fork [ i
Len=0L =9.431472e-11 C = 5.1975e-14 /
Len = 0.00213924 L = 3.6198e-07 C = 9.34292e-11 R = %
6.47878 |
Node D11.K3
Endfork

Len=0L =9.431472e-11 C =5.1975e-14 /
Len=0L =9.431472e-11 C =5.1975e-14 /
Fork

Len=0L =9.431472e-11 C =5.1975e-14 /

Len =0.00214104 L = 3.6198e-07 C = 9.34292e-11 R =
6.47878 /

Node D3.K3
Endfork
Len=01L =9.431472e-11 C =5.1975e-14 /
Len =0.03001702 L = 3.29692e-07 ..........

D11 D13 D1 D9 ...
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EDB used as DIMM module data strobe path

[Path Description] DQS0

Pin 13

Len = 0.00316589 L = 3.6198e-07 C = 9.34292e-11 R = 6.47878 /
Node RP42.5

Node RP42.4

Len = 0.00206140 L = 3.6198e-07 C = 9.34292e-11 R = 6.47878 /
Len=0L =1.886294e-10 C = 1.0395e-13 /

Len=0L =1.886294e-10 C = 1.0395e-13 /

Len = 0.02299734 L = 3.29692e-07 C = 1.41546e-10 R = 11.1876
/

Len=0L =1.25753e-10 C = 6.93e-14 /
Fork
Len=0L =1.25753e-10 C = 6.93e-14 /

} Len =0.00176569 L = 3.6198e-07 C = 9.34292e-11 R = 6.47878

Node D8.C3
Endfork
Len=0L =1.25753e-10 C = 6.93e-14/
Len = 0.00176569 L = 3.6198e-07 C = 9.34292e-11 R = 6.47878 /
Node D0.C3
I
[Path Description] DQSO0-
Pin 27

DQso

DQS0- b_' L
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EBD usage for memory channel simulation

= EDA tools
support IBIS
EBD model

= Automatically
linkage to
EBD file
makes usage
very
convenient

& File Edit View Setup  Tools  Window  Help
1S H REIPNDSE &
# © 0 00 @i - o ox
3 E @ e E e s —Partial Circuit Type:
| )l Enabled netts) [~ (S i et (%) Speedyp O HsPICE
 Em o = A
Workflow: 52k_EMC_Radiatiory Local Parameters
Mame : |DDR2-maodule
EMC/EMI Radiation Sim| | |
Mame Walue
Layout Setup Externaltiodes: [1 10 100 101 10z 103 104 @
Load Lavout File 105 106 107 108 109 11
110 111 112 113 114 115
ghlectthk”p 116 117 118 119 12 120 =
- mmm = em
nnect Circui Defirition |
i i —Todel Fil
Simulation Setup % _SpeedsP_auto_Full_DDRZ-module |E| i -
Generate Mesh * MOTE - the Speed<P generated sub-circuit call For EBD circuit T¥P2! | EBD - Electrical Board Description | =

Assign Simulation Tim
Enable Radiation
Set Cptions
Optional
Monitor Cormpone|
Monitar Package
Manitor Current

Simulate

Sawe File with Error
Start Simulation

02 MOT edit the rest of this line ko prevent incorrect node-to-pin mapping.
Pin Mapping @ Sequential,

95 97 107 84 83 119 95 95 92 91 90

86 §9 8§59 109 108 V9 115 103 101 104

2 73 74 11 25 46 63 136 155 170

187 5 7 33 35 22 24 M4 36 39 41

51 53 15 40 42 50 52 57 59 67 B9

56 55 17 &5 70 129 131 141 143 130

132 140 142 4 147 149 157 199 146 145

o F Attt EF

MCP - Sigrity Madel Connection Protocel
CPM - Apache Chip Power Model
HSPICE - HSPICE Met List

Delete EBD ‘

Read-Cnly

Compol

| Edit EBD

Header/Footer Infao :

158 180 1863 165 & 175 177 164 166 174

176 181 183 191 193 1o 180 182 192 194 + ExtMode=1 10 100 101 102

| 21 23 10 12 27 29 45 47 62 64 T + 106 107 108 109 11 110 1

135 137 152 154 169 171 188 188 116 120 + 114 115 116 117 11§ 119

110 30 114 121 113 200 202 201 197 195 + 122 123 124 125 126 127

122 77 196 195 190 189 185 184 179 178 + 130 131 132 133 134 135

173 172 168 167 162 161 158 155 151 150

145 144 139 138 134 133 128 127 72 71 |E| < i} Izl
Local definition... | Cancel |
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EBD Simulation Problem

/\/PDS o PCB Geometry

Fowver < -

- De-Caps

WAL

EBD with

IBIS Ideal PIG

Ground

Power/Ground are ideal in EBD
PDS noise is contributed by PCB power/ground planes design
All coupling effect among signals only occurred on PCB level

Return current issue can’t be considered completely due to idea P/G and lost interaction between
signal and P/G
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Slmulatlon structure and result

Time (psh

= Power and signal result

=SSN result (got from motherboard only, that IS, power p|n in chips on EBD
has similar waveform as power pin at connector)

H Signal result (in EBD part only ideal Tline effect was considered )
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Pros and Cons

= Pros
* Full topology of board component was described.

* Most manufactures provide the model — easy to get
« Easy to be used in EDA tools for system level analysis.

= Cons

* Don’t have coupling information for crosstalk analysis among
traces. Differential signal was considered separately

* ldeal ground and power assumption that make PDS analysis not
complete.
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EBD enhancement —Cross talk

= Why important?
* Most of memory bus now is parallel. Cross talk effect is
obvious among signals.

« Differential signaling is common for DQS and Clock.

= How ?
 Mutual R, L, C can solve the issue in some degree.
¢ S parameter matrix
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EBD enhancement- real power and ground

= Why important?
« SSN analysis is very important for parallel bus such as
memory bus.

= How?

« Path for power and ground description was added into
also
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Power integrity versus signal integrity ?
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Power integrity and signal integrity !
SSN/SSO — Simultaneous Switching Noise/Output

VoHaga W

e -8 Drivers __ S

1 Dliiver

: f i : A7
2 i ___fff___ildeal Case: frace ringing _____
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Power integrity and signal integrity !
effect of adding decaps

|deal icase: Trace o;'n
Top layer, no RPD ;

or 3 USRS NS NN AR S U S AP
32 ¢aps (0603)
) F plu§ 4 caps (080§) !
o R Y S « B
a s d3 [ a]
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Conclusion

= EBD Is good to be used as module model in IBIS
family

= EBD has weakness in modeling crosstalk and real
power/ground

= Enhancement was required with today’s design
trend.
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