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OrCAD Sigrity ERC
Advanced and Easy to Use PCB Electrical Check Tool
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Topic 1

The gap between DRC and S| simulations is filled
by Sigrity ERC/SRC
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DRC is the starting point of a good PCB design

Good PCB Sl design starts with adequate DRCs in layout
tools

Today’s designs are getting complicated, DRCs are getting
complicated too

General limitations for complicated DRCs
— Complicated DRCs are normally harder to set up

— PCB designs are still measured in mil/mm, so the rules tend to be
more conservative
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The gap between DRC and Sl performance

The gap between layout designers and Sl engineers
IS huge
— Have different design expertise

— Using different tools
— Measured by different units

DRC Simulation
Design Rule Check a p Using Device Models

Layout/Board designer Sl engineer
Layout tools Simulation tools
Geometry domain (mil/mm) Electrical domain (mv, ps)
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Sigrity ERC/SRC fills the gap

» Sigrity ERC/SRC fills the gap between layout designers
and Sl engineers

— Expanded expertise
— Using same tools
— Measured by same units

DRC ERC Simulation

Design Rule Check Electrical Rule Check Using Device Models

Layout/Board designer -------=====seseemeemmenn e » Sl engineer
Layout tools ~  -----eeemeemeeime e »  Simulation tools
Geometry domain (mil/mm)  -=-===cceemmmmm e » Electrical domain (mv, ps)

- ®
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What is Sigrity ERC?

Sigrity ERC is individual, segment-level view in geometry
domain for PCB’s S| performance with

— Trace reference

— Trace reference-aware impedance

— Trace reference-aware coupling 0

—  Differential pair routing phase

—  # of vias and via locations, .... _

— Organized for easy Sl performance interpretation g
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What is Sigrity SRC?

Sigrity SRC is Macro, combined, net-level view in time-
domain of impact due to ERC violations measured In

MV&PS (no device model needed)

— Setup considering termination impedance, data rate (pulse width,
rise/fall time), and amplitude

— Results with TX/RX/NEXT/FEXT waveforms, S| performance metrics

— Organized to easy Sl performance interpretation along with ERC

Tx component

//_TX Rx\
: N\

active

quiet
'
.
]

quiet

All others quiet

Rx component

Tx component

All others active

FEXT=2'(fext) \

| Rxcomponent
quiet

active

active
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ERC/SRC applications (1)

ERC - SRC
- Sl simulation

Problems
found In
layout design

» To screen board and to identify worst
case for further analysis

» To investigate Sl impact of design rule
violations and trade-offs

What is the impact TO ﬁX, or
0 vans? not to fix?

If layout problems can be
guantified using mv/ps, it is
much easier to decide
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ERC/SRC applications (2)

 To find out how to fix Sl problems
shown in SRC simulation

ERC ¢ SRC

How to fix them Problems found

N |ayOUt How to fix it in layout? IN simulation

If problems can be root results
caused in layout, it is much
easier to fix
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ERC/SRC applications (3)

» To compare against ERC/SRC results with

ERC screening & sign-off — Known-good design
SRC screening & sign-off | — Reference design

— Part of the design that has been fully analyzed

Sl engineer: Layout designer:
Define Check for
ERC/SRC rules compliance
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Topic 2

1. The gap between DREG@nd S| simulations is filled
"
by Sigrity ERC/SRC (

2. Demo

3. More ERC/SRC a

4. Conclusion

11 Cadence Design Systems, Inc. , Cadence Confidential C a d e I'l C e



x

Demo board: DDR3 LRDIMM  |teerselection  x
e signaistor [
| signalsl2_SIGNAL
| signalsl3_SIGNAL
| signalsl4_PWR/GND
1 buffer: U100 | SignalsLs_SIGNAL

1| signaléls_SIGNAL

36 DRAMSs: Ul — U36 [#| Signalsl7_PWR/GND

1| SignaléLs_SIGNAL

10 Iayers | Signalslo_SIGNAL

") SignalsBOTTOM

(] ] o] o e
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Generate net groups

9 Data net groups

These net groups can be used for both ERC and SRC

Trace check setup -> Net groups

F
Met group names Tx component

= NG1_U100_U1_U10_U27 U36
NG1 U100 U1l U2 _U26_U35S

NG1_U100_U12 U25 U3 U34

NG1_U100_U13 U24 U33_U4

NG1_U100_U14 U23_U32_US

NG1_U100_U15 U22_U31 U6

NG1_U100_U16 U21_U30_U7

NG1_U100_U17_U20_U29_US

E & &

E & &

&
REEKEKEEEREE

= NGluwouBuUBUBUL | | |
U100 MDQ56 U18, U19, U28, Ug
U100 MDQ57 U18, U139, U28, U9
U100 MDQ58 U18, U19, U28, Ug
U100 MDQ59 U18, U139, U28, U9
U100 MDQG0 U18, U19, U28, Ug
U100 MDQ61 U18, U139, U28, U9
U100 MDQ62 U18, U19, U28, Ug
U100 MDQ63 U1s, U19, U28, US
B U100 MDQS7 18, U1g, U28, U9
L y1oo MDQS7* U1s, U19, U28, US

Met name

R component(s)

Net group naming:
InterfaceName_TxCompName_AlIRxCompNames
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rSuat up Simulation Option

SRC setup

O Level-1 (Single lines with ideal PFOM; delay, loss, reflection effects)

@ Level-2 (Coupled lines with ideal PDN; plus trace, via xtalk effects)

o Level-3 (Coupled lines with non-deal PDM; plus return path and 550 effects)

o Level-4 (3DFEM model based; lack of reference cases)

Simple and easy

Transient Time Step (ps):

L1

Coupling (%%):
Rise Time (ps): 50
‘Set up 51 Metrics Check Wizard Zim Time: |2 | | ns |v|
Set up Tx/Rx Models
A | Ok I | Cancel

— Y T T TS

o—T periog—————

Import Tx/Rx Models | | Export Tx/Rx Models |

Interface Tx_term | R{ohm) | C(F)| V_low(V) | ¥_high(v] Tdelay(s) T_r(s) T_fls) | T_wis) | T_period(s)  Rx_term | R{ohm) | C(F) | (S)Rx_term (S)R{chm) | (SIC({F)
and ckt type | type type type

NGL:SE R 40 - 0 1 Op 100p 100p 525p 30n R 40 - R 5000 -
NGLDIf R 40 - 0 0.5 Op 100p 100p 525p 30n R 40 - R 5000 -
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SRC simulation

9 data signal net groups selected,
with 72 SE nets and 9 diff pairs

Level-2 simulation with
— Trace-2-trace couplings
— Via-2-via couplings

Simulation time: 18.5min

Output

£

4 ="
71 nete et
FLMETS IETL .0,

14 nets left ...
13 nets left ...
12 nets left ...
11 nets left ...
10 nets left ...
9 nets left ...
8 nets left ...
7nets left...
& nets left ...
5 nets left ...
4 nets left ...
3nets left...
2 nets left ...

1netleft...

Loading case file into SPOSIM ...

Simulation Start ...
Extracting trace/pad parameters ..,
Total number of nets: 81 in tme domain ...

81 nets [eft ...

80 nets [eft ...

79 nets eft ...

78 nets [eft ...

77 nets [eft ...

74 nets [eft ...

75 nets [eft ...

74 nets [eft ...

73nets [eft ...

72 nets [eft ...

Simulation Done. Simulation time: 1108.5 (sec.)

cadence



SRC results — TX/RX/NEXT/FEXT waveforms

Yoltage W)

(0p)
~
— E
H,m

D)
>
- ©
< =
X |
— X
> L
— LL

R e R B L e B e e e e e L E L

T O T L A R

15

0.5

Time (ns)

Which net group’s

traces are longer?

15

0.5

Time (ns)
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SRC results — FEXT for data signals

FEXT Vmax (mv) - DRAMSs on the right side

Chart FEXT Vmax for
all 9 data net groups

7
!

B

as () - U1S FEXT Vimax [mv]) - ULS s FEXT Vimax {mv) - UL7 s FEXT Vmax (mv) - ULB

(T Vimax (mv) - UL FEXT Wmax () - U1 s FEXT W/

s FEX T Vman (mw) - ULS FEXT Vmax {mv] - 14
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FEXT Max (mv)

SRC results

90 89

analysis — FEXT ¢ - /
Vmax -

2 ﬁt__ Ty
50 N e : ?\’& . -
A1 I ¢ _ . :
40 o i"‘w— Ly . - ;/
The longer data signals at - -V /

U13 have less FEXT

The shorter data signals at
U14 have more FEXT

3 g 5

FECT Vimax (mw) - ULJ sesss FEXT Wi ax (gl - U171 s FECT Yimax (my) - U12

) - U14

3 FEXT Vmax |

15 Cadence DESITSYSIENIE INES CHICTES COMIETIE o — cadence
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ERC setup

ERC setup: Also simple and
easy

All 4 net groups are
Included in running ERC

(Set up Trace Check Wizard

Set up Trace Chedk parameters

—Impedance /Coupling Check Option
¥ Impedance
Coupling Coefficent

—Trace coupling paramters

Coupling 2 %

Rise time ps

—Mets Selection Option
O Check all signal nets{enable all signal nets)

O Check all enabled signal nets

Motes: Go to Met Manager to enable nets for Trace Check

(®) Chedk by MetGroup

Motes:

1.Detailed and interactive results are available with Chedk by
MetGroup.

2.A pair of extended nets are reported as one signal.

—Coplanar Traces
[ petect and model the coplanar traces

—Cross-probing Highlight Color

< Back | Mext = || Cancel
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ERC Results

ﬂk; _—

Marme

Results and Report

| -] ERC_DDR3_LRDIMM_BeoardRoutingInfo_091515 192115.csv

-] ERC_DDR3_LRDIMM_CplDetailed_091515 192115.csv
ERC_DDR3_LEDIMM_CplSurn_091515_192115.c5v
ERC_DDR2_LRDIMM_ImpDetailed_091515_192115.csv
ERC_DDRZ_LRDIMM ImpSum_091515 192115.c5v
ERC_DDRZ_LRDIMM_UpperLowerRefSum_091515 192115.c5v

|Z| TraceCKResult_ERC_DDR3_LRDIMM_091515_ 192115 _result.xml
|| TraceCKResult_ERC_DDR3_LRDIMM_091515_192115_resultBin.bin

®®

MNet Based Tahles/Plots

Impedance Summary Table
Impedance Detailed Table
Coupling Summary Table
Coupling Detailed Table
Upper/Lower Layer Reference Table

Coplanar Reference Table

Board Reuting Information Table
Impedance Layout Cherlay
Coupling Layout Overlay

Impedance between 2 Components (&)
Impedance Plot (collapsed)

Impedance Plot (expanded)
Impedance Table
Impedance Layout Cverlay

Coupling between 2 Components (™)
Coupling Plot (collapsed)

Coupling Plot (expanded)
Coupling Table
Coupling Layout Overlay

Reference between 2 Components (~)
Reference Plot (expanded)

Violations (™)

Impedance Viclation Table

Ceoupling Yiclation Table
Result File and Report (~)

Save Results

Load Results

Generate HTML Report
Save HTML Report




|+ Single Ended or Diff: |SingleEnde | - |

[+ |To:|u13

1[5 @ b iMetGroup: NGL_UL00_UI3_U24_U3: | +| From: (U100

Ul3vs. Ul4

i i i i i 1
i i i i i i ] ®
T T HE A R k= <)
| | | B B . C
I I I I I I
| | | I | ™ =
R I T E @
=
i 3 i i i i i ~
! ! ! . S “ N Tie
1
| | | I A B >
| | | | | . O = o &
R SR S SN
[N}
3 “ “ “ . “
@ i i i i i i ) S
mu I I I I 1 I I 4+
= 1 1 1 1 4 1 1 n
5 | | | | | o 5
L P N T o ___ 1o Lo |_% R O ||||||| |2 F
= I | [ [ | i C = 5
5 “ “ “ “ “ “ c © Sz
o | | | I 4 I I ) W.J
s 0 0 1]l 82 :
sl 1 s _
o L___l___ [ A D o A e ] | =
S S : e : =k 2
a | | | | L3 | n
£ ! ! ! I ! cE o
i i i i i | —_
i i i i i i o
e s it R e
I I I I I
]
i i i A I i i | i i
! ! ! A | | | | |
| | 1 | |
o | ! ! I S ! ! " ! T =
(0 0 I NN [ [ [ I vy R SR A Lo e O B I [ =
[ = T i E N I - | 1 I 1 I m
i i i i i v | | 1 | | &
| | | | | % | | Ly
= \
ol E " " " " 1 5 “ “ A R
A e [N\ | | I I - | | | |
8 “ “ “ “ it " " nd <
BN p pA i pA el _ _ _ _ —
o @ ™~ =) o - o 1 1 1 1 - =
- 1 Y A N H— R I it D 1g
E a | | 1 | =1
e = 1 1 1 1 y ol
E i i | i =
_n§ —_ I I 1 I =
o
-l =R ] ‘OJ i i1} “ “ “ “ O u
858888883 @ ! ! ! ! o C
cooooooo o 1 1 H 1 " —
E555=5:55:= o _ _ ! _ — =
O FR8Esass -0 R S SN S, D 5 g
[y B B B B B B R & - F---- oo Lo “||“|||||" ||||| -- (@) TEE
V) S| B | | ! | o O |72
S |z | | | | o ® | ¢
c | | 1 |
S 3 1 1 1 1 a
E o | | | | O =
Tl 7] | | 1 | e
£ O I I 1 1 e =
R — - N S - o {8
£ E | | ! | o & 7s
— I I 1 I
& 3 I £ ®©
> i i [ i e |
g i i i i
@) 2 o~ i _
= | | | |
5 | 1 | I
O 5 | | | | .
L= D N 14 o= |------ . do____AL g _____ Lot =
I I 1 I I o
O ; | . |
=
s N |
- Sl € I N | |
k] £ | | w | |
= -=
o [u} ! | 1 1
o RE NG Y
i [&] 1 1 1 1 1 1
! = T T T T 1 t
& | fin] = = = = = = =
sl od (=] o0 o =T od
© o8 i
D i
2%
p _ L2 *
)
DIPS 2o odoBBo0
DU U uUuUUDUaa
A ﬂ =E=ZE=Z=ZE=ZE=Z=ZZ=Z==
o




Ul3vs. Ul4 _
Impedance comparison — layout overlay.. .

TI:”:“:I.I:I. Impedance(Chm)
122m7

N A b hNA

L
S

1\N

_ Impedance U100>U13
®.fl Less discontinuity

d! Impedance U100->U14
LU D, Larger discontinuity

: . cadence




Ul3 vs. Ul4
. ﬁ'?’::'ll:',':'l Coupling Coefficient

oaas |

aoog |

=
o
=
=

Coupling coef layout overlay
U100->




Ul3vs. Ul4

Trace reference .

Reference U100~>U14

More discontinuity ]

\

5

Reference U100>U13

Trace Reference Plot (expanded)

T T
ICB6 {upper/lower layer reference) |

CE& {coplanar reference )

| 1
ICES {upper/lower layer reference) |

CES {coplanar reference ) |

i i
1 1
CET {upper/ower layer reference) :

NO_REF

CE7 {coplanar reference)

1
| 1
DQS8” (upperower layer reference)

DQSE" (coplanar reference ) !
1 1
1 1

| |
DQS8 {upper/lower layer reference)

—_————

=
DQSE (coplanar reference ) :

i i

1 1

c():B?z fupper/lower layer reference) :

I 1 I [
VS5
! I 1 I [l .

CB3 {coplanar reference; )

1 1

1 1

! 1

CB4 {upperower layer reference) 1
-

Less discontinuity
Trace Reference Plot (ExPanded)\ : ~ Icuplana;rz;::ma) 4EIEDEI EU:EIEI EUED ‘\Ué[l[l TZ;UU 14EIUU TE;UU 18[jltltl EEIE:IDEI
D24 (upperower layer reference) i i i i i Length fur)
DQ29 [upperﬂowerlay:arrefarence) N Ote :
C_ ; The effect of impedance changes
= caused by trace reference
S i changes are included in level-2
D025|_coplanarreﬂerel:|ce} ; SR C SlmU| atl On
T _ Since level-2 simulation
S—— 2 m assumes ideal pwr/gnd, the
=== ' return path discontinuities effects
T ————— are not included
EDIDD 1DﬁDD 15600 Length (UEFE)aDD EEﬁDD EDﬁDD SEaDD
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Topic 3

More ERC/SRC application examples
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ERC/SRC example 1

To find out how to fix SI problems shown in SRC

ERC < SRC simulation
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ERC/SRC example 1

DDR

Memory subsystem for a typical low-end server board

— 1 controller, 4 DRAMs 2 DDR channels

— 6 net groups for all DDR nets (178 SE nets; 20 diff pairs)

Net group A ] =————g

D1

SI metrics check setup -> Met groups

\ Net group A3————o

D2

p—Net group A2

Ul

p——Net group B1

D3

Net group B3 =

T‘L

Net group B2——4

D4

Met group names Tx component
£ NG1 U 1_4D1

= M NG1LU 1_4D1_4D2

= M NG1LU 1_'D2

| NG1_U 1_9D3_"D4

| NG1_UV 1_9D3

= NG1 U 1_D4

uc1
uci
uci
uci
uci
uci
uci
uci
uci
uci

HEENEEEEEEE

Met name

DDR_B_CABO
DDR_B_CAB1
DDR_B_CAB2
DDR_B_CAB3
DDR_B_CAB4
DDR_B_CABS
DDR_B_CAB6
DDR_B_CAB7
DDR_B_CABS
DDR_B_CAB9

Rx component{active)

D4
D4
D4
D4
D4
D4
D4
D4
D4
D04
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ERC/SRC example 1
SRC setup and waveform results

SRC setup
— Pulse width for 1.6GT data with 100ps rise ti

— 400 termination

Results

— Tx waveforms e
T
. 008 fmmmm e
— Rx waveforms (simulated delays) ol ]
. Bl R
— FEXT waveforms (max, min, pk-2-pk) T L e e
e W W N | !
Bl PN
] e DR |
- waveforms (max, min, pk-2-pk) EER R B e
sl ST . SN ) N U S S—
w8 Y T N N N
% N . N N S—
9% NSRS N SR S S B
o 0.5 1 1‘5 2 2.5 3
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ERC/SRC example 1

SRC — FEXT results

FEXT Vmax (mv) - [net group UC1_UD1]

100

80
70
&0
50
40

30
2
= [l
1]

1 3 5 7 % 1113 15 17

[ R |

®  Smaller FEXT for DDR_A Byte0 signals

[

19 21 23 25 27 29 31 35 35 37 35 41 43 45 &7

FEXT Vmax (mv) - [net group UC1-UD3)

100

Larger FEXT for

100

b=t e
[=]

0
0

100

DDR_B ByteO signals *

mh | \H |
10
N

1 3 5 7 % 1113 15 17

19 21 23 25 27 29 31 35 35 37 35 41 43 45 &7

31 Cadence Design Systems, Inc. , Cadence Confidential

80
70
60
50
40
30
2
10

0

=]

FEXT Vmax (mv) - [net group UC1-UD2]

1 3 5 7 % 1113 1517 19 21 23 25 27 29 31 33 35 37 35 41 43 45 47

FEXT Vmax (mv)[net group UC1-UD4]

1 3 5 7 % 11131517 19 21 23 25 27 29 31 33 35 37 3% 41 43 45 47
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ERC/SRC example 1

SRC —the problem Byte

One of the problems
identified is ByteO for
channel B has large

xtalk

PCB routing

— Data_A Byte0
— Smaller FEXTs S

et

— Data_B ByteO
— Larger FEXTs
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ERC/SRC example 1

ERC

dance

impe

DataA ByteO

T4DUF

TZUDP

7000§

GBUDP

66000

4000

andﬁp (62000

SBUDP

Eéuup

400P |

g
=

=2000

50000

43000

46000

ByteO channel-A

108000

leld

f

in pin

high impedance trace

.._____._..___.___..___.__.___..__.___.._____

106000

Impedance Plot (expanded)

I 1 1 1
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ing

DataA ByteO coupli

ERC/SRC example 1

ERC

®

cadence
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ERC/SRC example 1

ERC — DataB ByteO coupling

45000 0000 35000 &0000 85000 F0000

ByteO channel-B

trace coupling in pin field
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ERC/SRC example 1

ERC — # of vias

DataA ByteO: 2 vias
DataB ByteO: 4 vias

Met name

Mo, of vias

Met name Mo. of vias
DDR_A_DO 2 DDR_B_DO 4
DDR_A_D1 2 DDR_B_D1 4
DDR_A_D2 2 DDR_B_D2 4
DDR_A_D2 2 DDR_E_D2 4
DDR_A_D4 2 DDR_EB_D4 4
DDR_A_D5 2 DDR_B_D5 4
DDR_A_Dé& 2 DDR_E_Dé& 4
DDR_A_D7 2 DDR_E_D7 4
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ERC/SRC example 1

ERC — # of reference discontinuities

Comparable
Met count | Met name Mo. of reference discontinuities | Mo. of no ref segments
29 DDR_A_DO n 0
30 DDR_A_D1 8 0
31 DDR_A_D2 1 0
32 DDR_A_D3 9 0
33 DDR_A_D4 7 0
34 DDR_A_D5 13 0
35 DDR_A_Dé 14 0
36 DDR_A_D7 7 0
Met count | Met name Mo, of reference discontinuities | Mo. of no ref segments
138 DDR_B_DO 6 0
139 DDR_E_D1 9 0
140 DDR_B_D2 7 0
141 DDR_B_D3 6 0
142 DDR_B_D4 10 0
143 DDR_B_D5 1 0
144 DDR_B_Dé& 5 0
145 DDR_B_D7 10 0
146 DDR_B_D8 9 0
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ERC/SRC exa}mple 1
How to fix

To reduce the xtalk level of channel B Byte O, user can
consider one, or combination, of the following improvements

Via — reduce via number

Impedance — reduce the impedance discontinuities in pin
field routing length

Coupling — reduce the coupling in pin field routing
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ERC/SRC example 2

= To screen board and to identify worst case for further

ERC - SRC analvsis
- Sl simulation _ y _ _ _ -
= To investigate Sl impact of design rule violations and
trade-offs
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ERC/SRC example 2

ERC coupling results

ERC shows

— DQ10 s rightly coupled to
other nets

DQ13 is not tightly coupled

Net DQ10,

tlg’h/tl'gr coupled

_H
\ Net DQ13,

loosely coupled
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ERC/SRC example 2

SRC NEXT/FEXT waveforms

S )

Diff: 0.10208 (V)

Dol 0 V0208 i

| —— FEXTpetbQo . i o
! - FEXT net DQ13 | 5

— NEXT net DEllD;'
co NEXT net DQ13

............................................................................................

‘| Both NEXT and FEXT for tightly coupled
DQ10 are ~100mv higher.

I I —t : I I '
fi [ 1 1 15 4 h ] 1% 4 4%
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ERC/SRC example 2 _ _
Level-3 S| simulation using IBIS models

Woltage (V)

Level-3 simulation using ibis

N I f _| models showed signal
i i degradation due to xtalk issues
n.s--—-----—%--- r
SIS 1 T O e
R Z : f | B e A
173 SR S o ' R\, {72 U S S
0 ' !
L[] 1 2 3 4 5 B 7 8 9
Time (ns)
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ERC/SRC example 3

FEXT results

FEXT Vmax (mv) - DIMM A FEXT Vmax (mv) - DIMM B
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Topic 4

Conclusion
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SRC net-level view > ERC’s segment-level view

e Layout SI macro

e All inclusive end results
» Shows what happened and its effect on
performance

view at net level

Sigrity ERC
e Layout S| micro level view at segment level

* Individual segmented results
* Shows why low performance happened and how to fix it
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