Asian IBIS Summit 2008, Shanghai China

WELCOME FROM MICHAEL MIRMAK, INTEL CORPORATION

On behalf of the IBIS Open Forum, I would like to welcome you to the fourth annual
Asian IBIS Summit (China). We are very pleased to once again meet in Shanghai with
our friends from across the People's Republic. Our relationship with IBIS users and
developers in China has been excellent in recent years and we have received many helpful
contributions toward improving the specifications we manage. These summits both help
strengthen our relationship and allow us to say "thank you" to IBIS participants in China.

As always, we are deeply grateful to our generous co-sponsors for making these summits
possible. We also greatly appreciate you, the attendees, whose enthusiasm help make
these events successful.

After the summit, we invite you to continue participating, with your questions, comments
and suggestions, in the online IBIS community. We hope you find the summit rewarding.

- Michael Mirmak
Chair, 1BIS Open Forum
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WELCOME FROM LI, JINJUN, HUAWEI TECHNOLOGIES
Dear Experts, Ladies and Gentlemen,
Since the year of 2005, IBIS Asian Summit in China has been successful meeting on
high-speed design topics. This year the attendance, paper quality and quantity have

increased, and more companies are joining as sponsors.

Huawei continues to support the IBIS Committee.. Last year, Huawei made some
progress in areas such as validation of models by measurement.

Welcome everyone.
Best Regards,

Li Jinjun
Huawei Technologies
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AGENDA AND ORDER OF THE PRESENTATIONS

(The actual agenda might be modified)

IBI'S SUMMIT MEETING AGENDA

8:15 REFRESHMENTS & SIGN IN
- Vendor Tables Open at 8:30

9:00 Welcome
- LI, JinJdun
(Huawei Technologies, China)
- Mirmak, Michael
(Chair, EIA 1BIS Open Forum, Intel Corporation, USA)

9:20 Look into IBIS Buffer Curves . .
Wang, Lance, (10 Methodology, USA)

9:50 Study of Solving IBIS Single VT .
Chen, XueFeng (Synopsys, China)

10:20 BREAK (Refreshments and Vendor Tables)

10:35 Micron®s IBIS Model Quality Process . .
Wol¥f, Randy (Micron Technology, USA)

11:05 Using Behavior-level Model for SSN Analysis . . . . . . .
Yang, ZhiWei and Zhu, ShunLin (ZTE Corporation, China)

11:35 New Table-based Keywords in IBIS 5.0, A Cookbook-style
Guide
Mirmak, Michael (Intel Corporation, USA)

12:00 FREE BUFFET LUNCH (Hosted by Sponsors)
- Vendor Tables
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13:30

14:-00

14:-10

14:-40

15:10

15:25

15:40

16:10

16:25

16:55

17:25

17:-30
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AGENDA AND ORDER OF THE PRESENTATIONS (Continued)

IBIS EBD Modeling, Usage and Enhancement, An Example . . .
of Memory Channel Multi-board Simulation
Xu, Tao (Sigrity, China)

Touchstone Version 2.0 Mixed-Mode Syntax . . . . . . . . .
Ross, Bob (Teraspeed Consulting Group, USA)

Optimum Frequency Sampling in S-Parameter Extraction . . .
and Simulation
Huang, JingHua (Synopsys, China)

System-level Serial Link Analysis using IBIS-AMI Models . .
Westerhoff, Todd (Signal Integrity Software (SiSoft), USA)

BREAK (Refreshments and Vendor Tables)

IBIS-AMI Support via VHDL-AMS . . . . - -
Muranyi, Arpad* and Hou, MingGang** (Mentor Graphlcs
Corporation, USA* and Chlna**)

AMI Model in SI Simulation . . . e e e e oo
Guan, Tao (Huawei Technologies, Chlna)

Eye Diagrams in IBIS . . . - e e - -
Meng, YuBao (Cadence DeS|gn Systems Chlna)

Quasi-Analytical Estimation of Very Low Bit Error Rate . .
Lu, DingQing*, Gupta, Sanjeev**, Marcu, Mihai**, and
Yuan, XuLiang*, (Agilent Technologies, *China and **USA)

Accurate GHz Channel Simulation and Statistical . . . . . .
Analysis for SSE (Solution Space Exploration)
Li, BaoLong* and Hou, WeiPing** (*Ansoft and **Huawei
Technologies, China)

Concluding Items

END OF IBIS SUMMIT MEETING
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Look into IBIS buffer curves

Lance Wang \

lwang@iometh.com

2008 Asian IBIS Summit R | )Metl)m

November 11t, 2008
Shanghai, P.R.China

Copyright © 2006-2008
10 Methodology Inc.

Outlines

Buffer Structures

Buffer Curves in IBIS

HIGH, LOW, OPEN States

Loadlines

Relationship between V-l and V-T Curves
On-Die Termination using IBIS Submodel
Conclusions

Copyright © 2006-2008
10 Methodology Inc.
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‘ Basic I/O Buffer Structure

‘ Output / Driver %t ‘ Input |/ Receiver ﬁ?)\
e
Devich ™~ I [Diodes |
— r

\_4
Furom | T e T

Device

> Copyright © 2006-2008
10 Methodology Inc. 3

\IBIS Buffer Structure

PU_ref PC_ref

C_comp_pu C_com

"5

PU — Pullup
PD — Pulldown
PC — Power Clamp

GC - Ground Clamp

C_comp_p

PD_ref

—o—
—o0— 8

GC

C_comp_gc

r

GC_ref

rmi Output/Input
C_comp

Vol_ref

All curve data are independent with own voltage references

) Copyright © 2006-2008
10 Methodology Inc. 4
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‘V-I Curves in IBIS model

IBIS V-1 Curves
Bo747] : ; :

=
E
3
L1 I R R el e e B et R et
S |Reference @ 0v)
fEsa5] : ‘ : : p—
El 0 1 2 l 3
~1.80 woltage(V) 360
PUlUp@Typ@1 800000V PUIDowWnETyp@0 000000
PowerClamp@Typ@1. 800000V GroundClamp@Typ@0 000000V
) 2 Copyright © 2006-2008

10 Methodology Inc. 5

IBIS V-I Curves using the same
reference voltages

IBIS V-1 Curves @ O v
EGTAT ] .
S
P S SR SO e S =
=
£
3
L | I R R et e e e L L LR P
[ E=ENEE) : : :
-1 o 1 2 3
-1.80 Woltage(V] 360
PUllDown@ Ty R0, 000000 GroundClamp@Typ@@0. 000000
PUlUp@Typ@0.0v PowerClamp@Typ@@0. 0V
> Copyright © 2006-2008
10 Methodology Inc. 6
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IBIS V-I Curves @ High, Low, Open

— IBIS Curves @ High, Low, Open

£
L R R o e e e P
Fog0.70}
-1 o 1
—1.80 Woltage(V)
— OPEN@TYp@O0 0V —— HIGH@Typ@0.0V
> Copyright © 2006-2008
10 Methodology Inc. 7
IBIS Curves @ High, Low, Open (Details)
S— : IBIS: Curves @ Hig:h. Low, Open ‘
100
= o
=
3
100
E20z48]
-1 o 1 2 3
-1.80 Voltage(V) 360 ]
—_— OPEMN@TYpE0. 0V — HIGH@TYRE@0. 0V — LOWVI@T (@00
>

Copyright © 2006-2008
10 Methodology Inc.
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‘ Loadline Crossing

IBIS V-T Curves, V/_fidure @ 18vA 0v

IBIS Curves @ High, Low, Open

N 2
X2
R
X1
o (E 3,
T e b e e s [ u n
s 1 ] 1 H ] Time{ps} O=]
EEY VotegeiV) B — DOFLL S Faing Wavekam! Ty
— OFENGTH0 OV — HGHETE N — LOWET R0 0V = DGl Ing_Wavetomy Typ
Copyright © 2006-2008
10 Methodology Inc. 9

X4

\The IBIS Curves to check

IBIS W=
L

e PLBLIDET yp @00
o Prownr Clarmp Ty G
e PLBUD @ 1. 700000V
== ]

——

[ =

ot V-T Curves

—— DAFULL_533_7ing_Wenveform1_Typ

DaFL B33_Falling_Waveform1_Typ

COFULL_533_Fasing_Wavetorm2_Typ

DOFULL_S33_Faling_Waveform2_Typ

DOFULL_533_Rising_WWeneform1_hin

DAFULL_S33_Falling_Waveform 1_Min

—— DAFULL_53; ising_Wavetorm2_Min
DOFULL_S33_Falling_WewetormnZ_Min
DOFLULL_533_Rising_Wavetorm1_Max
DOFULL_533_Falling_Waneform 1_Max

Copyright © 2006-2008
10 Methodology Inc.

10
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Individual V-1 Curves

= T Workspace
= IBIs_ARPP_MOOULE
=i DOFULL 5332
= WoT Individual Curves
“f PUllp@ Ty @1, 800000
== PulDown @ Typ @0, O0000cs
o PowerClamp @@ Ty 1200000y
“f= GroundClamp @ T wp a0 . 000000
S PullUp @ T yp @0 O
o PowerClarmp@Typ @0, O
== PUllLp@Ming 1, 700000y

Itis NECCESSARY l o PulDown@Mini@0 . 000000
ﬂfo PowerClarmp@Min 1 . FO0000
to CheCk the curves S GroundClamp @iin @0 000000y
with the SAME l $ PUllUE @Min @0 0%
FowerClamp@Min@d, Oy
reference VOItage = Pullp@axam 1. Q00000

o PUllD o @rTa @i, DOConos

o PowerClamp@ia:x @ 1, 900000y
o GroundClamp @iax @0 000000y
o PUllp @iax @0, O

= PowerClamp@ivlax @l o

Copyright © 2006-2008
10 Methodology Inc. 11

Combined V-I Curves

T T T =TT T T T T T
=10 ¥ _I Combined Curves

= OPEN@Typ@0,0v

= HIGH@Typ@0.0v

o LOW@Typ@0.0v

= OPEMN@MIN@0, 0y

o HIGH@EMinG0 . 0

o Loy @Min@0 .0y

o OPEM@Max @0 .0y

o HIGH@Max@0.0V |

b LOW@Max@0.0v These are the curves
that simulator uses.
HIGH, LOW, OPEN

Shown for I/0 Buffer. Other types may not have all the states

Copyright © 2006-2008
10 Methodology Inc. 12
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‘V-T Curves

Z19 T —
2.0

ST

ER] T
“|o DQFULL_533_Rising_Waveform1_Typ
4o DQFULL_533_Faling_Waveformi_Typ
4 DQRULL_523_Rising_Waveform2_Typ
o DQFULL_533 Faling_Waveform2_Typ
4 DQFULL 533 _Rising_Waveformi_Min
b DQFULL_533 Faling_Waveformi_Min
“ DOFULL 533 Rising Waveform2 Min

0.5 1.0 1
[ooa] Timeins)

—— DOFULL_533_Rising_Wvaveform1_Typ
P —— DQFULL 533 Falling Waveform1 Typ
|I’]SUI‘e the tlmlng — DQFULL_533_Rising_WWaveform2_Typ
—— DOFULL_533_Falling_wWaveformz2_Typ
related FACT i DQFULL 533 Rising Waveform1 Min
DQFULL_532_Falling_‘Wawveform1_Min
—— DOFULL_533_Rising_Wvaveform2_nin
—— DQFULL 533 Faling ¥Waveform2 Min
— DQFULL_532_Rising_\Wawaform1_hax
DQFULL_533_Falling_vwaveform_Ivax

UM

> Copyright © 2006-2008
10 Methodology Inc. 13

‘ On-die terminations using IBIS Submodel

V-l Curves using Submodel
8375 -
50
g o
3
-50
F1o00ES
-1 i} 1 2 3
180 ] oltage(V) =601
—— OPEN@Tvp@0.0v HIGH@Typ@0.0v
—_— OV ETyp@0. 0V — OPEN@Typ@0.0V+SUB
— HIGH@Typ@0. 0V +SUE — LOWVWE@TyR@0 OV +SUB
> Copyright © 2006-2008
10 Methodology Inc. 14
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‘ Conclusions

= |BIS buffer curves are individual and using different
reference voltage points

= |tis necessary to convert all the curves using the
same reference voltage points for checking

= Combined curves for HIGH, LOW, OPEN states are
important for validations

= Make sure your V-l and V-T curves are correlated
with loadlines

= On-die termination using Submodel needs to be
considered for IBIS validations

> Copyright © 2006-2008
10 Methodology Inc. 15

\IO Methodology Inc.

liieH g onertllesiy
iy ooliantiSeuicelRroviten

http://www.iometh.com

> Copyright © 2006-2008
10 Methodology Inc. 16
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SYNoPSys:

Predictable Success

Study of Solving IBIS Single VT

Xuefeng Chen

(xfchen@synopsys.com)
SYNOPSYS
Asian IBIS Summit Meeting
Shanghai, China
November 11, 2008

Outline

* Introduce of VT Solving

« Try Two Methods to Solve Single VT

- Method 1: Experiential Way
- Method 2: Impose Constraint
- Comparison of Two Methods

e Conclusions

©Synopsys 2008 2 EXEEF:S‘YS
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Outline

* Introduce of VT Solving

SYNOPSYS'
BSynopsys 2008 3 Pradictable Success

Introduce VT Solving

« VT waveforms occur firstly in IBIS2.0

« VT waveforms describe transient characteristic of
buffer, and be used to solving PU,PD scaling coefficients
in pre-simulation computing.

e The well known 2EQ/2UK algorithm is for two VT
waveforms — one waveform for one linear equation.

Arpad Muranyi: http://www.vhdl.org/pub/ibis/summits/mar06/muranyil.pdf
Bob Ross: http://www.vhdl.org/publ/ibis/summits/jun03a/ross.pdf

« Theoretically, there is no solution for single VT — one
linear equation, but two unknowns.

©Synopsys 2008 4 EXEEF:S‘YS
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Introduce of VT Solving
- Recall 2EQ/2UK algorithm

Ku(t)*Iu(V)

Kdit)*1d(V)

0 = Ku(t) * lu(Vwimi(t)) + Ipc(Vwimi(t)) - Kd(t) * 1d(Vwimi(t)) - Igc(Vwimi(t)) - Idie(Vwimi(t))
0 = Ku(t) * lu(VMwimz(t)) + Ipc(Vwimz(t)) - Kd(t) * 1d(Vwimz(t)) - Igc(Vwimz(t)) - Idie(Vwmz(t))

Vwaveformi(t)
Vidie(r)

L_fixture R_fixture
Idie(1)

C _comT IC'_ﬁxlurc

GND GND

V_fixture

Where Idie(t) can be obtained by VT waveform and *_fixtures.
(Refer http:/mwww.vhdl.org/publibis/summits/sep07a/chen.pdf )

Solution of two unknowns : Ku(t) , Kd(t) i.e. scaling coefficients of PU, PD

BSynopsys 2008 5

SYNOPSYs'

Pradictable Success

Page 15 of 134

Model_type  1/O
| [Rising Waveform] [Falling Waveform]
Vinl - =0.650V V_fixture = 0.000V/ V_fixture = 0.000V/
Vinh = 1.150V V_fixture_min = 0.000V' V_fixture_min = 0.000V'
Vmeas = 0.900V V_fixture_max = 0.000V V._fixture_max = 0.000V
Vref =0.900V R_fixture = 25.0000hm R_fixture = 25.0000hm
Cref =0.000pF L_fixture = 0.000nH L_fixture = 0.000nH
Rref = 25.0000hm C_fixture = 0.000pF C_fixture = 0.000pF
| typ min max |
C_comp 2.911pF 2.841pF 2.984pF [Rising Waveform] [Falling Waveform]
[Voltage Range] 1.800V/ 1.700V 1.900V V_fixture = 0.900V/ V_fixture = 0.900V/
[Temperature Range] ~ 25.0 85.0 0.0 V_fixture_min = 0.850V V_fixture_min = 0.850V
| V_fixture_max = 0.950V V_fixture_max = 0.950V
[Pulldown] R_fixture = 25.0000hm R_fixture = 25.0000hm
L_fixture = 0.000nH L_fixture = 0.000nH
[Pullup] C_fixture = 0.000pF C_fixture = 0.000pF
[GND Clamp] [Rising Waveform] [Falling Waveform]
V_fixture = 1.800V V_fixture = 1.800V
[POWER Clamp] V_fixture_min = 1.700V V_fixture_min = 1.700V
V_fixture_max = 1.900V V_fixture_max = 1.900V
[Ramp] R_fixture = 25.0000hm R_fixture = 25.0000hm
R_load = 25.0000hm L_fixture = 0.000nH L_fixture = 0.000nH
| typ min max C_fixture = 0.000pF C_fixture = 0.000pF
dv/dt r  0.532V/152.000ps  0.441V/172.000ps  0.600V/138.000ps
dv/dt f 0.532V/328.000ps  0.441V/372.000ps  0.600V/296.000ps
- For 2EQ/2UK algorithm, VT waveforms with V_fixture = Ov and 1.8v are used
- For Single VT waveform try, the VT waveform with V_fixture=0.9v is used
- In later slides, the same model is used
SYNoPSys'
©8ynopsys 2008 6 DNZMM.SNZ“
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2EQ/2UK solutions

Wavelims oi Ku & Ka

20 ) 1168}
1. Basically Ku, Kd swing bétween 0 and 1 Ui
2. Forrising, Kd décreases to 0 earliér than Ku increasés to 1; 3
3. For falling, Ku decreases to 0 earlier than Kd increases to 1 : ¥k
4. The time cost of Kd transition for rising(or Ku transition for falling) is about 15% of total time cost
15 5. The delay before Kd transition for rising(or Ku transition for falling) ) is about 15% of total time cost [autibiz)

/\.\ .......
s {
ime cost of Kd transition delay of Ku
= : | ( J
total time cost of rising(low to high) total time cost of falling(high to low)
05
T T T T T T T T T T T T
a0 400p n 180 an 250 an 380 an 48n n LEL] &n 640
L]
©Synopsys 2008 7 Brodictable Succass

Outline

« Try Two Methods to Solve Single VT

SYNoPsys'

BSynopsys 2008 8 Pradictable Success
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BSynopsys 2008

Two Methods to Solve Single VT
- Method 1: Experiential Way

* For rising:

- construct solution of Kd as simple PWL

- computing Ku by the single VT waveform and Kd
* For falling:

- construct solution of Ku as simple PWL

- computing Kd by the single VT waveform and Ku

0 ramp
delay

Solution of Kd for rising or Ku for falling

Note of two key values in PWL - delay and ramp:

- They can be tuned well to get proper percent value of total transition time.
E.g. Both arel5% in the test case.
- But It's hard to apply this fixed value to all IBIS models

SYnopsys
9 Pradictable Success

Solution by Method 1

Wavelnrms of Ku & Kd
V) ug)

vk

vk

Kd'is constructed for risihg

Ku is constructed for failing

BSynopsys 2008

i i i i i i i i i i i i
2n 25n dn A8n 4n 4 8n 550 B0
1)

SYNoPSys’

68n

10
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Buffer Output by Method 1
- Loaded In Series with R and V (1)
2.0 ) s)
' _Vioad=18 _ Rioad =250hm |-
" Vload = 1.35v i 5 5 vlgul_tvl)
18 . Vioad =0.9v.
. Vload = 0.45v
£ Ny i
08 LN 5 /
oo-ﬁj
V(out_2vt) : output by solviég two VT waveforéns
e V(out_1v): output:by solving single V.T waveform H i H
0.0 uu'np 1In |.Isn zln z.lun '.iln 3;:- d‘n 4 Iu uln s.;n an & 5n
1z
SYNOPSYS
©8ynopsys 2008 1 Predictable Succass
Buffer Output by Method 1
- Loaded In Series with R and V (2)
20 V) sy
Vioad =1.8v . Rload =50hm o)
] | _-\‘\ ‘ vigut_iv)
p T PO
Vioad = 1.35v g ]
Vioad =0.9v
£ Vioad =0.45v
Vload = 0v
V(out_2:vt) : outpﬁt by solving two VT waveforms
. V(out_1V): output by solving single VT waveform
00 NIOp |In 1.;:- zln 2.; 3In a.llsn 4I|| 4.;1 sln s_;n &In 650
1(s)
SYNOPSYS
©8ynopsys 2008 12 Predictable Succass
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Buffer Output by Method 1

- Loaded In Series with R and V (3)

20 V)£ 1)
: g : vioul_2v1)
Vload = 1.8v 5 Rload = 450hm = |-===-
: Vload = 1.35v - ; vigut_1vt)
Vioad = 0.9v 5 3\ i
4 Vioad = Ov

I\

V(out_2vt) : output by solving two VT waveforms

V(out_1¥): output by solving single VT waveform
T T T T T T T T

00 500p in 1.50 2n 250 3n 350 4n 450 Sn 550 &n 650

(s}

SYnopsys

©Synopsys 2008 13 Pradictable Success

Two Methods to Solve Single VT

- Method 2: Impose Constraint

A simple constraint is imposed, with formula:

Ku+Kd=1

SYnopsys

©Synopsys 2008 14 Predictable Success
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Solution by Method 2

Wavelorms of Ku & Kd

)2 1)

(471

wikd)

vkl

T
00 500p in 1.50 20 2.5n an asn an 450 sn 550 Gn

BSynopsys 2008 15

G50

SYNoPsys’

Pradictable Success

Buffer Output by Method 2

- Loaded In Series with R and V (1)

20

, Vioad = 1.8v; Rload = 250hm

. <.,
:_Vload = 1.35v 3

Vload:09v

. Vioad = 0.45v :

~Viead =0y

1]

\

B
|

!
'|II 3
\ ;

V(out_2vt) : output by solving two VT waveforms
V(out_1v): output by solving single VT waveférm

a5

- Worse Accuracy

vioul_1vi)

T T T T T T T T T T T T
oo S00p in 1.5n 2n 2.6n 3n G8n 4n 48n &n B En &in
Hs)

BSynopsys 2008 16
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Buffer Output by Method 2

- Loaded In Series with R and V (2)

Vload =1.8v i 5 R|0ad : 50hm ________

Vioad = 1.35v

Vload =0.9v

(L]

Vioad = 0.45v

Vioad = 0v

V(Dut_val) H Dutpuﬁ by solving two VT: waveforrfns
V(out_1v): output by solving single VT waveform : i : : i -

T 1 T T 1 T T T Ll T T 1
a0 S00p n 1.5 Zn Z5n an 3.5n an 450 sn 550 Gn BEn

05

SYNoPsys’

©Synopsys 2008 17 Pradictable Success

Buffer Output by Method 2

- Loaded In Series with R and V (3)

2.0

Vioad = 1.8v
Vload = 1.35v
Vioad =0.9v : 3
Vioad =045y
Vioad = Qv

451

(out_2vf) : outputiby solvin:g two VT fwavefom'is
(out_1v): output by solvingisingle VT waveforin

A T T I T T I I i I T I i
(] s00p n 180 2n 250 3n 350 an A450 &n 540 Gn G50
1(g)
BSynopsys 2008 18 Pradictable Success
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Comparison of Two Methods

1. Experiential Way
« Better accuracy if constructed PWL is tuned well
« Hard to find a general well-tuned PWL for all IBIS models

2. Impose Constraint
» Worse Accuracy especially when loading is far way
from R_fixture/V_fixture of VT waveform in model.
« It's a general method and easy to implement

Note:
From testing, more cases show better accuracy with method 1, even

with fixed percent values of delay and ramp w.r.t total transition time

SYnopsys
©Synopsys 2008 19 Pradictable Success

Outline

e Conclusions

SYNoPSys'
©Synopsys 2008 20 Pradictable Success
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Conclusions

* It's not easy to find a general method to get
accurate enough solution for all IBIS model with
single VT waveform.

» For more cases, Method 1(experiential way)
with fixed percent of delay and ramp time can
get better solution than Method 2(impose
constraint)

* Maybe we can offer two tuning parameters for
model extractor in IBIS model file in order to
improve accuracy of Method 1.

SYnopsys
©Synopsys 2008 21 Pradictable Success

SYNoPSys:

Predictable Success

SYNoPSys'
©Synopsys 2008 22 Pradictable Success
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Micron’s IBIS Model Quality
Process

Asian IBIS Summit
Shanghai, China
November 11, 2008

Randy Wolff
Micron Technology
rrwolff@micron.com

© 2008 Micron Technology, Inc. |

1

Overview

Micron builds in quality checks into each step of the
model creation process

» Spice netlist creation

» IBIS creation process
Quality Report documentation for customers

Conclusions

November 08 © 2008 Micron Technology, Inc. |

2
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Spice netlist creation

Multiple pre-driver stages are included - critical timing
paths unmodified

Standard Parasitic Format (SPF) netlists are created for
circuits with completed layouts
SPF includes two flavors

» C only — Capacitance of all layout structures included

» RC — Resistance and Capacitance included

» RC is more accurate but creates unreasonably large netlists

» C only with additional PRC elements on critical nets can
approach accuracy of RC netlist but be much smaller

Novenber 06 2008 o Tesrelogy. i, | 3

Spice Netlist: SPF Format Effect on Vox

TGN DO DRIVE VOLT AGE

In this
example, PRC
elements
were needed
to properly
model the
effect of
long,
imbalanced
metal lines
between the
pre-driver
logic and
pre-driver
stages.

Quality M: Correct Vox level

November 08 © 2008 Micron Technology, Inc. | 4
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Determining C_comp min/max

C_model_min = C_package + C_comp_min
C_model_max = C_package + C_comp_max

5.00

| —e— Model min

By e S S S SR TR N, o | —a— Model max

Meas 1 min
3.00 —%— Meas 2 min
\ ! —e— Meas 2 max

Cin (pF)

X

O > o N O > oS
PEERE R PRSI PO EIE FEEES ST SP I LSS S S

FEFES S SF FFFFFEFHS
S~

Quality M: Correct C_package and C_comp

Noverber 8 © 2008 Wion Tesnlogy . | 5

Correlating I-V curves to Measurements

Must match exact Process/Voltage/Temp conditions between Spice
simulation and Measurement
Process model adjustment example
» Process corners set by parameter range: -1=Slow, 0=Typical, 1=Fast
» IDSN model corners (uA/um) (for specific Vds and Vgs voltage setting)
Slow: 359.0 Typical: 399.8 Fast: 450.9
Silicon Measurement: 397.3, Adjusted 6.1% towards Slow (-0.061)
» IDSP model corners (UA/um)

Slow: 173.1 Typical: 203.7 Fast: 242.1
Silicon Measurement: 194.1 , Adjusted 31.5% towards Slow (-0.315)

November 08 © 2008 Micron Technology, Inc. | 6
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Model = yellow, Measurement = red

050 1.00 150 200 240 o -0. 0.50

Correlating I-V curves to Measurements

Before PVT Adjustment After PVT Adjustment

100 150 200 240

Amperes Volts Amperes
Quality 4: I-V curves match measurements

ovember %8

Volts

© 2008 Micron Technology, Inc. |

Model Quality

Model Creation Checklists

» Spice model development

: Correct power supply decoupling included in n

variation

tovember®®

: Transistor model libraries setup and correlated to speed grades

etlists

: Variable capacitance added to PAD node for proper C_comp

: Clamp diode currents adjusted through bulk node resistance

2 All control signal combinations function properly

© 2008 Micron Technology, Inc. |
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Model Quality

Model Creation Checklists

» IBIS model development
M: Run IBISCHK — explain any warnings
M: Component names and Pin lists agree with the datasheet
M: Input model parameters match the datasheet
M: 1/0 model parameters match the datasheet
M: V-t curves time correlated and on/off time relationships valid

M: Combined Submodel curves show proper ODT voltage midpoint
termination and resistance

Noverber 8 © 2008 Mion Tesnlogy . |

Quality Reports

IBIS Open Forum - IBIS Quality Task Group

» Released the IBIS Quality Specification, Rev 1.0, 3/31/04
» Currently working on an updated release
Micron follows the 1Q Spec, but releases a detailed
report with each model

» Compares model to specification data

» Compares model to measurement data

» Compares IBIS model to HSPICE model

November 08 © 2008 Micron Technology, Inc. | 10
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Quality Reports - Introduction

IBIS/HSPICE Model Quality Report

Design ID: T35M

Description: 128Mb Mobile DDE SDEAM

Marketing device name(s): MT46HSM16LFBF, MT46H4M3I2LFBS, MT46HSM16LFT35M,
MT46H4MIILFT35M

Valid Speed Grades: -75 (266), -6 (333), -54 (370), -5 (400)

Zip File Name: t35m_ibis.zip, t35m_it_ibis.zip

IBIS File name: t35m.ibs, ti5m_itibs File rev: 2.0, 2.0

HSPICE File name: t35m_hspice.zip File rev: 2.0

EBD file name (if applicable): File rev:

Die Rev: K

Date: October 8, 2008

Datasheet Link:
http://download.micron.com/pdf/datasheets/dram/mobile/128mb_mobile_ddr_sdram_t35m.pdf

E-mail at modelsupporti@micron.com for questions regarding Quality Report

Device Parameters

VDDQ - Slow: 1.70 Typical: 1.80 Fast: 1.95
VDD - Slow: 1.70 Typical: 1.80 Fast: 1.95
Junction Temperature (Commercial) - Slow: 85 Typical: 40 Fast: 0
Junction Temperature (Industrial) - Slow: 100 Typical: 40 Fast: -40
VDDQ/VS5Q Decoupling Capacitance: 2.76nF
Included in HSPICE DQ/DQS models? ves Amount per DQ/DQS model: 76.66pF
VDDQ/VS5Q Decoupling Capacitance Series Resistance: 1 ohm

Noverber 8 © 2008 Mion Tesnlogy, . | 31

Quality Reports — 1Q Summary

IBIS Quality Summary included based on 1Q 1.0
specification

Report will detail 1Q 1.1 spec once released

IBIS model does not include full 1IQ Summary, but
instead states:
|1Q SUMMARY Overall Quality of component and models Level 2b

|See Micron IBIS Model Quality Report for full IQ SUMMARY

November 08 © 2008 Micron Technology, Inc. | 12
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Quality Reports — IOH/IOL vs. Spec

V48C 34-OHM V-1 IBIS vs Jedec Spec

Amperes

_ ovember %8

!11 JEDEC_DDR3_34 pd typ ‘

tpd.ibs DQ_34_1066 pd min

24.ibs DQ_34_ 1066 pd max
:p4.ibs DG_34_1066 pd typ
tpa.ibs DO_34_1066 pu min
24.ibs DQ_34_1066 pu max
:pa.ibs DQ_34_1066 pu typ
JEDEC_DDR3_34 pu min
JEDEC_DDR2_34 pu max [N
JEDEC_DDR3_34 pu typ[lal
JEDEC_DDR2_34 pd min
JEDEC_DDR3_34 pd max|g
JEDEC_DDR3_34 pd typlE
Curve 128

Curve 1

Curve 14

Curve 15

Curve 16

Curve 17

6/18/2008 12:22:25 PM

© 2008 Micron Technology, Inc. | 13

_ tovember®®

© 2008 Micron Technology, Inc. |

Quality Reports — C_comp, ODT & Slew Rates vs.
C_comp
oDT
Datasheet
IBIS (IR L vy TYP MIN MAX
Min nax min nax Vinl (V) 0575 05375 GRS
(| Ccomp | 153pk | 14dph Vinh(V) 0.925 0.8875 0.9625
DO [T packae U26pk
t_‘ tostal 2.2pF 1.5pF 2.3pF 0.0073 0.0068] -0.00793
| comp 091pk 0.007425] __0.00615] _ 0.00789
INPUT [ package |0, 1)36pF
t: tistal IJ.ETpl-: I.!f-‘p!-: 0.75pF | 1.5pF Rit (Model) 2377 FERF 57.03
[Ccomp I1__-‘{-|\|-. rl.""'l‘l' Rit (datasheet-in units of ZQ/12) 1.00 0.80) 1.60
CLK | € package | 0.20p1 | 0.21p} Rit (datasheet) 20.00 18.00) 32.00
[T O96pE | 1.20pF | LEpE 1 dpk
Slew Rates
Simulation Datasheet
Model Slew Rate (V/ns) min Typ max min max
DQ_34 1066 Rising 2.27 2.84 3.88 2.5 5
Falling 3.24 4.03 5.17 25 5
DQ 34 1333 Rising 3.15 3.25 4.31 3 5
- Falling 4.72 4.9 6.63 3 5
D073471GOO Rising 3.83 3.87 3.92 3 5
Falling 4.25 4.45 6 3 5

14
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Quality Reports — C_comp & IOH/IOL vs.
Measurement

1BIS Measured

. . . C_com
Min Tvp i min yp 113X - p
C_comp 155pE | 1.72pF | LO9dpE NA NA NA
DO | C package | 0.20pl | 0.22p1° | 0.26pF NA NA NA
C_total 1.75pF | 2.02pF | 2.2pF 1.90pF | 2.01pF | 2.20pF
C_comp O.apE | 0.77pF | 0.91pF NA NA NA
INPUT | C puckuge | 0.17pF | 0.25pF | (.36pF NA NA
C_toval 0.77pF | 1L31pE | 1.27pF | 0.96pl | 1.09pF
C_comp (. 76pF | 0.87pF | 0.99pF NA NA
CLK | C package [0.20p1° | 0.21pl | 0.21pl NA NA
C_total | 096pF | 1.29pF | 1L.20pF | LI3pF | LiapF
20062
o /
* e 0001 A00E-at L) b [ A 20000 R ] 00400
IOH/IOL eie
-
oo — =
sieie
P

Novenber 06 © 2008 Mo Techeloy, . | 15

Test load

Toine: 20 50 ohns,
Td=0 5z

[ hapice_oul E

iis_oul hapice_rcvr_in
ez _rovr_n

_ November 08 © 2008 Micron Technology, Inc. | 16
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Conclusions

Model users demand quality models

IBIS Quality Committee work is essential for
standardizing quality levels and methods

IBIS Quality checklists work to maintain quality
standards

Quality Reports go above and beyond checklists to
document thorough model checking

Demand Quality models from vendors!

» Show them examples of quality models.

Noverber 8 © 2008 Mion Teshnlogy, . | 37
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Using Behavior-level Model for SSN
Analysis

Yang ZhiWei, Zhu ShunLin
High-Speed System Lab, ZTE Corporation
Yang.ZhiWei2@zte.com.cn, Zhu.shunlin@zte.com.cn

Asian IBIS Summit
Shanghai, China
November 11, 2008
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Overview

% Schematic diagram of simultaneous switching circuit

Vit
500

Drivers and c4 Package Balls and PCB Trace Termination Receivers
Receivers Burmps Traces Vias

% Delta-I Current and Inductive Coupling result in SSN

N )
N B di
x —
2 k2 dr
k=1
2008-11-11 Macromodeling and Multi-6Hz System Simulation 3

Solution Method of SSN

+ Use SPICE Model
» Good accuracy
» models are derived from transistor-level netlist and layout
> Relatively long simulation time and sometimes convergence problems
» Intellectual property protection concerns
« Use IBIS Model
» Models are derived from measurements and/or full SPICE model
simulations
» Fast simulation run time
» overestimates power noise, ground noise and quiet line noise
on account of no considering voltage feed back
+ Use Macro Model based on IBIS model
» Fast simulation run time
» Good accuracy
» Complex process in Modeling

ZTEs ——

2008-11-11 Macromodeling and Multi-GHz System Simulation
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Application with IBIS Model

% Schematic diagram of test circuit

/A\ Pott [ |Fortz
N

i Y v
e ] o pc=3av
Y ’_:W
JUu Teglen ot
— o Ir
20=50 -
TD=td2
F.(.ﬂ
t+—{ 10 I
20=50 =
TD=td3
— ™ Ir
=20
TD=td4 e
Bk
o
— T 1
Lo TD-td5 i T306 |5
ZTEGH ——
2008-11-11 Macromodeling and Multi-6Hz System Simulation

Application with IBIS Model

% V3.2 IBIS Model

» Driver Model

E¥)pid9fct3807ba. ibs -~ HyperLynx Visual IBIS Editor - Version 3.2 (Build 142)

File Edit View IFIS Kelp

DEE v mang ?

€ [IBIS Ver]

@ [Connent Char]
@ [File Nane]

PERLCON SEMICONDUCTOR CORE
IBIS lodel of PI4SECTI0078

T
|
} duct F. 1
o anily
g Ehh R;v] } QSOF Fackage (Q)
Soures:
Date. |
gEﬂ i ] [1IBIS Ver] 3.2
@ [isclainer [Comment Chaz] |_ch:
% i [omponent] piddfet380The [FLle Hame] pieSTot3307bq. ibs
ok, Dlodea] TiEVT [ [Eile lanc) 45601300753 3bs
# lh, [Model] OUTPUT [File Rew
& [Enal [Source] F)le Dr)g)nated at Pericom Semiconductor Corp

[Date] 03,12/

[Disclainer] (c) Copyright PERICON Semiconductor Corporation

ghts reserved

» Receiver Model

EZ Maz2. ibs - HyperLynx Visual IBIS Editor — Yersion 3.2 (Build 142)

File EBdit View IBIS Kelp

0w VVRAS ?

all
onment Char =
3 g,]e “:,“3\ ! } IBIS Models For MaxII Device By ALTERA
@ [File Revl |
@ [Date] |
@ [Source] [IBIS Ver]
& [Hates] [Comnent Char] ey
© [Disclainer] % 1 he ]1 bR
File Rev
@ [Copyright] [D= February 2005
- [Component] WAX_II [5:!\11‘:5] Altera Corporation
. Model] mex_cnos1s_in [Hotes]
2008-11-11 Macromodeling and Multi-GHz System Simulation
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Application with IBIS Model

% N-port for mimicking PDS

Fortl Port?
-— ==

c203) |

for simplifying, the 2-Port composed of RLGC component
is applied

ZTE% —

2008-11-11 Macromodeling and Multi-6Hz System Simulation

Application with IBIS Model

% 10 voltage for quite and signal line

500

400 —

3.00 —
' 200

100 —

000 —

T T T T T T T T T
000 10.00 2000 30.00 40.00 50.00 60.00 70.00 80.00 90.00 100.00

AL —

2008-11-11 Macromodeling and Multi-GHz System Simulation
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Application with IBIS Model

% Correlation between buffer's quantity and VDD voltage

Ansoft Corporation VCC submit
450

. Curve Info
] three bufter switched| — vvee_dry
1 Transient
o] ‘one buffer switched| —— V(VCC_drv)
1

”1“

T T T T T T
000 2000 40.00 60.00 20.00 100.00 12000 140.00
Ti

ITERH ——

2008-11-11 Macromodeling and Multi-6Hz System Simulation 9
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200 —

Application with IBIS Model

+» Correlation between switch time and VDD voltage

Ansoft Carporation vCce submit
450

4.00 —

1 — V(VeC_dr)
350 — 162=0.1ns,103=0.20s,1d4=0.3ns {d8=0.4ns

w
|

vivee_dm v
o
g
|

o
|

2
|

T T T T T T T T
10.00 2000 3000 40.00 50.00 60.00 70.00 80.00 90.00 100.00
Time [ns]

2
el v b b b b n

2008-11-11 Macromodeling and Multi-GHz System Simulation
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Application with IBIS Model

+»» VDD current vs Time

Ansoft Corporation Current submit

Curve Info

—— Inegative(idrvchip)
td2=0ns td3-0ns td4=0ns fd5=0ns

v

-50.00

-100.00

Inegative(idrvehip) [mA]

-150.00

20000

-250.00

-300.00

T T T T T T T T
10.00 20.00 30.00 40.00 50.00 60.00 70.00 80.00 90.00
Time [ns]

ZTE% —

2008-11-11 Macromodeling and Multi-6Hz System Simulation

Improve Accuracy with IBIS Model

+« Solution with IBIS Model is competent for optimizing PDS
and SI/PI design

% As described in many paper, the accuracy isn’t enough for
evaluating SSN. Exactly, the result with IBIS Model
overestimates power noise, ground noise and quiet line
noise

+» Some Method is proposed for improve accuracy with IBIS
Model
» Improve IBIS model with macro models
» Improve model with voltage feedback
» Improve algorithms to the extractions of parasitic current
> ...
» BIRD95 methodology

ITERH ——

2008-11-11 Macromodeling and Multi-GHz System Simulation 12
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Related Presentation

+* Varma, Proc of EPEP’04, SSN issues with IBISmodels

Create IBIS model of the driver using spline functions with finite time

difference approximation modeling techniques

+» VVarma, Proc of EPEP’05, New method to achieve improved
accuracy with IBIS models

Create IBIS model using voltage feedback by providing voltage

controlled capacitances

% CHEN R'Y, DesignCon’04, Adding on-chip capacitance in IBIS
format for SSO simulations

A new compensation capacitor is needed for the power and ground

parasitics to maximize SSO correlation with realistic PDS models

++» BIRD95:http://www.vhdl.org/pub/ibis/birds/bird95.6.txt

Solving SSN will be achieved through the use of I-T tables updated

BIRD95.6 now ZTE¢3¥ I

2008-11-11 Macromodeling and Multi-6Hz System Simulation

Use IBIS model with voltage feedback

+» Parasitic capacitance exists between all MOSFET
terminals

¢ For the I/O pin, this is modeled in IBIS by C_comp
“ A new compensation capacitor Cdie is needed

. nd_pu Dd_pec

Cdie l ..................
C_comp
gnd
nd_pd nd ge
ITERH ——
2008-11-11 Macromodeling and Multi-GHz System Simulation 14
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Use IBIS model with voltage feedback

% Complement the IBIS driver as a separate subcircuit that
users would add in conjunction to the B element in their
circuit

The subcircuit consists of
three separate Voltage

W | Controlled Capacitances
R (VCCAPs) that are placed
)) between the power and

ground rails, the output
and the power rail and the
output and the ground rail

ZTE% —

2008-11-11 Macromodeling and Multi-6Hz System Simulation

BIRD95 methodology with IBIS Model

“ BIRD95 shows great promise
» Total VDDQ current will be measured for the transistor level model
» Current versus time tables will be added to the IBIS file

» The IBIS simulator will use the |_VDDQ(t) tables to include the parasitic
currents from the pre-driver, 1/0O termination, crowbar, etc.

» A power / ground impedance model is necessary for optimal correlation
«-- 1 VDDQ(t)
VDDQ
| | | | |
| | | | |
77777 1 I I I
I E | | / | |
| 81 e 4 P_| ___ PowerClamp
| R | | Pre-Drive: | / 11 AR
————— | circuit | Al 1 -—
| | powere d by | | | |
| | VODQ | | [ | I_sig
777777777777777777777 | [ | s
| E | ] -=1 /o
(= | | | | |
| I L | | (s | | |
I_bypass| ----—- I_pre| | I _term| Y N_| w ___ GHDClamp
| | [ 1/ I I_ch )
v | v ol v [ -
————— 1 | | |
77777 C_p+s 1 I I I
| | | | | GMD
2008-11-11 Macromodeling and Multi-GHz System Simulation 16
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Summary and expectation

Solution with IBIS Model of analyzing SSN is available for optimizing
PDS design

Many solutions of improving IBIS Model are proposed for evaluating
SSN. BIRD95 Improves IBIS models to obviously facilitate accuracy of
the SSN simulation

Expect chip vendor put more efforts on generating more effective and
accurate I1BIS Model for circuit-level’s designer as with birds95.6 format
contained in IBISv5.0. And EDA vendor can develop corresponding tool
to support the simulation based on the models

It is expected by chip vendor and circuit-level’s designer that develop a

conversion tool that can generate IBIS model of higher version from
SPICE model

ZTE% —

2008-11-11 Macromodeling and Multi-GHz System Simulation
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New Table-based Keywords
in IBIS 5.0

A Cookbook-style Guide

Michael Mirmak L A 5

Intel Corporation YL IR N ]

Chair, IBIS Open Forum IBIS Z& 2 EJif
michael.mirmak@intel.com

IBIS Summit W 1BIS FHARMFT4
Shanghai, China i Mo
November 11, 2008 2008 4F 11 H 11

Legal Disclaimers

THIS DOCUMENT AND RELATED MATERIALS AND INFORMATION ARE PROVIDED
"AS IS" WITH NO WARRANTIES, EXPRESS OR IMPLIED, INCLUDING BUT NOT
LIMITED TO ANY IMPLIED WARRANTY OF MERCHANTABILITY, FITNESS FOR A
PARTICULAR PURPOSE, NON-INFRINGEMENT OF INTELLECTUAL PROPERTY
RIGHTS, OR ANY WARRANTY OTHERWISE ARISING OUT OF ANY PROPOSAL,
SPECIFICATION, OR SAMPLE. INTEL ASSUMES NO RESPONSIBILITY FOR ANY
ERRORS CONTAINED IN THIS DOCUMENT AND HAS NO LIABILITIES OR
OBLIGATIONS FOR ANY DAMAGES ARISING FROM OR IN CONNECTION WITH
THE USE OF THIS DOCUMENT.

Performance tests and ratings are measured using specific computer systems
and/or components and reflect the approximate performance as measured by
those tests. Any difference in system hardware or software design or
configuration may affect actual performance.

Intel may make changes to specifications, product descriptions, dates and plans
at any time, without notice.

Copyright © 2008, Intel Corporation. All rights reserved.

*Other names and brands may be claimed as the property of others
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# ANSI standard

IBIS Development

= Advanced Modeling Interface (AMI) Multi- IBIS 5.0
= Gate modulation support Lingual :

= Current distribution support

= Added analog-only support (Verilog-A) #
= Fixes for standardization } IBIS 4.2

and Berkeley SPICE files IBIS 4.1

» Differential thresholds, loads

= New meas. & delay loads ”
* Golden Waveforms and loads } IBIS 4.0
= All IBIS 2.1 features plus

= Package modeling e

= Series devices IBIS 3.2

e Scheduled drivers |

- Links to Verilog-AMS, VHDL-AMS }

<, <
9, [
% %

*Other names and brands may be claimed as the property of others

Two New IBIS 5.0 Table-Based Keywords
e [ISSO_PD], [ISSO_PU]
® Originally called BIRD97/98
® Characterizes buffer current modulation due to supply variation
— For example, SSO, “droop” or “bounce” events
— Tools today scale the [Pulldown]... I-V tables, which is inappropriate
* Each one a table of current vs. voltage (I-V) data, per corner

e [Composite Current]
® Originally called BIRD95

® Characterizes currents from the supply rail through the buffer, as the
buffer switches into a known load

* A table of voltage vs. time (V-t) data, per corner

* Resolves ambiguous rail current distribution from known pad current
— For example, can capture crowbar and/or pre-driver currents
— Tools today “guess” at buffer current distributions

*Other names and brands may be claimed as the property of others
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ISSO_PD

- is i 2 Vce
FOWIS It extracteds Measure the current
Short-circuit as voltage is swept
effectively » from —=Vcc to Vce
removes

the pullup section

< Results
. An 1-V table that
section Is “on )
(buffer at logical 0) characterizes
pulldown strength
as its reference

voltage varies...

Similar to but different than [Pulldown], which characterizes
output strength with fixed reference

@
names and brands may be claimed as the property of others L

ISSO_PU

o i i 7
b1E5 [ [ @XUTEEEE 2 Measure the current

ECRE as voltage is swept
+ from —Vcc to Vcc
Pullup (relative to Vccl)

section is “on”
(buffer at logical 1) |

o Results
An 1-V table that

Short-circuit characterizes
effectively
emoves pull_up strength
the pulldown section as its reference

voltage varies...

Similar to but different than [Pullup], which characterizes
output strength with fixed reference
nay be claimed as the property of others @
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ISSO_PD

< What does the resulting waveforms look like?

Diode effects
should be
removed
from the
raw data

Pulldown

Current (A)

Simple
example: no
pre-driver,
single-stage
CMOS

Voltage (V)

*Other names and brands may be claimed as the property of others

ISSO_PD, ISSO_PU - Recommendations
Ensure that extraction polarities are correct
* Similar to sweep sources for [Pullup], [Pulldown]

Watch out for clamp currents
® Clamp currents should be excluded from ISSO tables
® This includes on-die termination effects!

Watch out for reference voltages
® [Pullup Reference], [Pulldown Reference], etc. still apply

Beware of what isn’t included
* ISSO keywords describe the final driver stage, not the pre-driver
* The keywords describe static, not dynamic, current modulation

Very similar to traditional I-V tables
brands may be claimed as the property of others @
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Composite Current
e How is it extracted?

Rfixture

PU
Predriver
P[] Vfixture
\_Y_I H_J

On-die Classical Rail
decoupling IBIS Buffer Parasitics

*Other names and brands may be claimed as the property of others

Composite Current
< What does the resulting waveform look like?

Composite Current - 50 ohms

3.00E-02

=Falling - Pulldown On

==—=Rising - Pulldown Off
Rising - Pullup On
Falling - Pullup Off

2.50E-02

2.00E-02

Wave shapes will be
similar to [Rising ...] and
[Falling Waveform] V-t
tables

WW—
0.00E+00 { o= N o T 7 T - " -
0.00EW8 Vz.oosoe 4.00E-09 6.00E-09 8.00E-09 1.00E-08 1.20E-08 1.40E-08

1.50E-02

Current (A)

-5.00E-03

Watch for noise... Time (s)

*Other names and brands may be claimed as the property of others
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Composite Current - Recommendations
Supply sufficient data, ideally including...
* Tables using the same load as [Rising...] and [Falling Waveform]
* Tables for no-load conditions (extremely high resistances)
Ensure the data is time-correlated to existing V-t tables

* Must start and end in states and with delays matching associated
[Rising Waveform] and [Falling Waveform] tables

Make the power delivery structure is complete and includes...
¢ Buffer rail inductances and resistances
® Pre-driver structures (if/when connected to the driver rails)
* On-die decoupling structures, at buffer-level scale

Follow general V-t table rules

* Provide sufficient time-points for smooth transitions
* Use resistive-only loads

Very similar to traditional V-t tables

@
~Other names and brands may be claimed as the property of others C—J

Additional Notes

e Support

* IBISCHKS5 parser should be available in the first half of 2009

* No tools today support these keywords, or automatically extracting
data for them

e Today’s Options
* SPICE templates can be created to extract the data manually

* Composite Current data can be used with existing models in a SPICE
implementation (see References)

* The IBIS 5.0 specification contains guidance on [ISSO_PD],
[ISSO_PU] adjustments to how I-V and V-t data interact

@
*Other names and brands may be claimed as the property of others b
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Summary
e [ISSO_PD], [ISSO_PU]
* Characterize buffer supply voltage modulation
* Resembles traditional I-V tables like [Pulldown]
* Can capture gate variation, bounce and droop effects

[Composite Current]

* Characterizes buffer current distribution

* Resembles traditional V-t tables like [Rising Waveform]
® Can reveal and include crowbar current effects

Start collecting data now, and encourage
your model and EDA tool providers
to support these keywords!

*Other names and brands may be claimed as the property of others

References
* Official IBIS Website, including tools, articles, specifications
— http://www.eigroup.org/ibis/

IBIS Specification 5.0
— http://www.eda.org/ibis/ver5.0/

IBIS Summit presentations
— http://www.eda-stds.org/ibis/summits/index-bydate.htm
— Excellent presentations in 2005 and 2006 cover BIRD 95 and 97/98

Test Code and Development Documents
— http://www.vhdl.org/pub/ibis/futures/
— http://www.eda.org/ibis/docs/

The IBIS 4.0 Cookbook — recommended for model creation!
— http://www.eda-stds.org/ibis/cookbook/

Join the IBIS and IBIS-Users e-mail reflectors!

@
*Other names and brands may be claimed as the property of others b
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*Other names and brands may be claimed as the property of others
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IBIS EBD Modeling, Usagerand

Enhancement

An Example of’ Memory; ChannellMulti-board Simulation

Tao Xu Asian IBIS Summit
taoxu@sigrity.com Shanghai China

November 11, 2008

_/\SIGRITY
h..z ASIGRITY
Agenda

= Memory channel simulation

= EBD description

= EBD model for DIMM module

= EBD’s pros and cons

= EBD enhancement requirement
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-!! ASIGRITY
Memory channel simulation
N
Data Strobes
o inex PN &
<~ Bidirectional Data lines] DIMMA
// L DIMM2
memory controller I \
]
— ———— ' —
mother board
= A typical DIMM structure of memory channel
-!! ASIGRITY

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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(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 introduction

A board level component is the generic term to be used to describe a printed circuit board

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.

NASIGRITY

[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.......

Node aa.1

[Reference Designator Map]
aa ddr3.ibs ddr3input
[End Board Description]
[End]

EBD description

> Main part of EBD

NASIGRITY
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| ] NASIGRITY
=
EDB used as DIMM module_ address path
= [Path Description] AO trace
= Pin100
= Len=0.00334997 L = 3.6198¢-07 C = 9.3429%¢-11 R = via
6.47878
= Len=0L =1.886294e-10 C = 1.0395e-13 /
= Len=0L=1886294e-10 C = 1.0395e-13 /
= Len=0.02320685L = 3.6679-07 C = 1.2723e-10 R =
13.9845 /
= Len=0L=9431472e-11C = 5.1975e-14 / L
. Fork
. Len=0L = 9.4314726-11 C = 5.1975e-14 /
. Len = 0.00213924 L = 3.6198¢-07 C = 9.34292¢-11 R =
6.47878 /
. Node D11.K3
. Endfork
*  Llen=0L=9431472e-11C=5.1975e-14/ o D13 DI DY
. Len=0L=9.431472e-11 C = 5.1975e-14 /
. Fork
. Len=0L=9.431472e-11 C = 5.1975e-14 /
. Len = 000214104 L = 3.6198e-07 C = 9.34292¢-11 R =
6.47878 /
. Node D3.K3
. Endfork
. Len=0L=9.431472e-11 C = 5.1975e-14 /
. Len =0.03001702 L = 3.29692e-07 ..........
-t NASIGRITY

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 /

I/.en =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

|
[Path Description] DQSO0-
Pin 27

Daso

DQso- [ 1 H 1
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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

A SIGRITY

@SEEEGO00 Generato
@ Fle Edt Vew Setup  Toos  Window Help
ol o= i
O @ 00 @ rioefiition o ox
EEEOS @ i —Partial Crout Typ:
A ©partia Crat O ‘ @ speede Oseice
Pol=EE
Local Parameters ;
Neme :|DDR2-module |
Name.  value
Layout Setup External fodes : ‘1 W 100 101 102 103 104 g
Load Layout File |105 106 107 108 105 11
10 A1 1z 15 114 115 ‘
it HER a
Select et V| e | [ pekete |
' Defiition : ol il
simulation Setup [

%_SpeedkP_auta_Full_DDRZ-maclule
Generate Mesh
‘Assian Simuation Tir|

Pin M: + S tial.
Enable Radiation Rt bt

* NOTE - Hhe SpeediP generated sub-circut call for EBD direuit
DO NOT edt the rest of this line to prevent incorrect node-to-pin mapping

TYPE: | EBD - Electrical Board Description

Fie Nar

Board Description
+ 98 97 107 B+ 83 119 % 95 @ 9 90
Set Options + 86 89 85 109 108 79 115 103 101 104 L
optional + 102 73 74 11 28 45 63 136 153 170
+ 187 5 7 3 & 2 24 # % W 4
Monitor Compone] |+ 5L 53 1S 40 42 S0 52 57 59 &7 69 [ edeem | m”
Moritor Package | |+ 56 56 17 69 70 128 131 141 143 130 T
+ 132 140 142 4 147 149 IS7 153 146 148 Header{Faater Infa ¢ Rl Read
Monikor Curent || 155 10 163 165 6 175 177 164 186 174 Edse ol
simulate + 176 181 183 131 183 16 180 18z 19z 1%4 + Exthode=1 10 100 101 102 [~
+ 18 21 23 10 12 27 20 45 47 62 64 + 106 107 108 109 11 110 1
saveFlewthErord | 35 137 152 154 169 171 186 188 116 120 + 114 115 116 117 118 119
Start Simulation + 10 30 14 121 13 20 22 L 197 138 + 12 173 124 125 126 137
4+ 122 77 19 195 100 1#3 185 1e4 179 178 £ BB IR 1% 1 g
+ 173 172 168 167 182 161 156 155 151 IS0
+ 1495 144 139 138 134 133 128 127 72 71 v < il [E3]
Local definion... | cancel |

EBD Simulation Problem

/\/PDS noise FCB Geometry

Power

EBD
IBIS

Ideal P/G

with

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

curra

A SIGRITY

WM
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» 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.

.-t ASIGRITY
Simulation structure and result
Pyl fon ooyt
JAARARRERAA
CATRA R RAY R (VA VI AR (VR
llﬂhlf\ﬂ\ﬁ ﬂ\j\ Wi Hﬂ\ \lHl \‘I[\\ Wi
= Power and signal result i i :
=SSN result (got from motherboard only, that is, power pin in chips on EBD
has similar waveform as power pin at connector)
= Signal result (in EBD part only ideal Tline effect was considered )
h..:e A\SIGRITY
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
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/\SIGHITY
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

A SIGRITY

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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.! ASIGRITY
Power integrity versus signal integrity ?
\ L
= =7 rh
_rore =1 oh
L ™
g L
. «\Ar e Ak
, v |
L

ol ASIGRITY
Power integrity and signal integrity !
SSN/SSO — Simultaneous Switching Noise/Output

wWoltage (v

alo I Lo . 8Drivers  : |
1 Driver
=1 --------------------------------
: : E R &
I i ___f{f __ildeal Case:Trace .ringing |
; ¥ i on top layer, no :
: . RPD
S R . R S
0 e T
n] 2 4 =]
Tirme NS
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.! NASIGRITY
Power integrity and signal integrity !
effect of adding decaps
wWoltage oW
a o ¢ _.—_____~Nodecouplingcaps |
4 caps§(080 : :
5 |bocccccccoodscs cooodificllcoNgocooaad R ittt P2
Ideal case: Trace on
Top layer, no RPD :
G-I N e L]
32 caps (0603)
; plus 4 caps (0805)
o b e L ________
u] 2 4 =]
Tirme {n=sl
.! NASIGRITY

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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Touchstone Version 2.0
Mixed-Mode Syntax

Bob Ross
bob@teraspeed.com
Asian IBIS Summit (China)
Shanghai, China
November 11, 2008

TERASPEED
© 2008 Teraspeed Consulting Group LLC CONSULTING
GROUP

Page |

Outline

* Background and Overview
* Generalized mixed-mode syntax

* (Abbreviations)
— SE: single-ended
— MM: mixed-mode for differential and common
modes such as “Sdd11” or “Sdcl2”

— GMM: generalized mixed-mode for

combination of SE and MM data
TERASPEED
© 2008 Teraspeed Consulting Group LLC CONSULTING
GROUP

Page 2

Page 59 of 134



Asian IBIS Summit 2008, Shanghai China

Background

Touchstone issued in 1984 by EEsof (now part of
Agilent Technologies)

Touchstone is an OPEN, de-facto format
supported by nearly all companies supplying or
handling S-parameter data

Older Touchstone “Version 1.0” uploaded as
public reference for ICM reference

Touchstone Version 2.0 extended to remove

some format limitations and to add some

resistance per port flexibility for PDS applications
TERASPEED

Page 3 © 2008 Teraspeed Consulting Group LLC CONSULTING
GROUP

Touchstone Version 2.0
Eight IBIS-like Keywords (so far)

* Required keywords
— [Version] 2.0
— [Number of Ports] <n>
— [Two-Port Data Order] {21_12| 12_21} (for n=2 only)
— [Number of Frequencies] <nf>

* Optional keywords
— [Reference] <list of n reference resistances in port order>
— [Matrix Format] {Full | Lower | Upper}
— [Mixed-Mode Order] {Di,j, Ci,j, Si,j entries}
— [Number of Noise Frequencies] <nnf>
* Details (except [Mixed-Mode Order]) reported February,
2008

Page 4 © 2008 Teraspeed Consulting Group LLC CONSULTING
GROUP
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“Version 1.0” Fixed Format Examples

f = frequency, s = data-pair)
SIP S3P S4P S5P S6P
fs fsss fssss fssss fssss
fs SSsSs SSSS s ss
fs sss Ssss SSss SSss
f-... fsss SSSS s ss

sss fssss SSss SSss

sss SSss s ss

f-... SSSS SSSS SSSS
S2P Ssss s ss
fssss f-... SSSS SSSS
fssss g ss
fssss f-... SSSS
f... Formatting, frequency ordering, ss

and end of file implies number of f..
Page s ports and frequencies values. .c

Etc ...

TERASPEED
CONSULTING
GROUP

Version 1.0 Block Arrangement

Option Line
For example, # GHZ S MA R 50

N-port Data Block
(rigid format rules)

SE Data

Optional Noise Data Block
(n=2 only)

Page 6

© 2008 Teraspeed Consulting Group LLC

TERASPEED
CONSULTING
GROUP
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Version 2.0 Block Arrangement

Option Line and All Keywords
(first entry is [Version] 2.0)

N-port Data Block
(flexible format, new line only for
each frequency)

SE, MM or GMM data

Optional Noise Data Block
(n=2 only)

TERASPEED

Page 7 © 2008 Teraspeed Consulting Group LLC CONSULTING
GROUP

[Mixed-Mode Order] Keyword

* Applies for S, Y, Z n-port matrices

* Allows general re-ordering of ports (SE, MM,
GMM)
* Main document (3 pages) and Appendix A (6+
pages) gives mathematical details
* Argument port indices are for new SE ports
— S<k> C<i,j> D<i,j> for single-ended, common mode,
and differential mode port numbers (I, ..., n)

* Argument positions apply to data block

TERASPEED

Page 8 © 2008 Teraspeed Consulting Group LLC CONSULTING
GROUP
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[Mixed-Mode Order] DI1,2 C1,2 S3
(balun, splitter, op. amp. example)

“ I d”
S~

2_

SE GMM

— “2”

[ I c”

Data Block

'Sl Im~si2  si3 dcl,2 Sdl1,2;3
~
S2h _ S22 s23 Scdl,2 Sccl,2~8¢l,2;3
~
31 S32._S33 %, _ 77 s3dl,2 S3cl,2  S33
- L
“S” above means pos entry 7 " GMM
[Bos entry 7

n-port entry (S, Y, SE port notation

|
orZ) it DL2 12 in both blocks,
“S” argument :2 Cl,2 : 1,2 position gives
means Single- 3 s3 |3

mapping
ended X X
TERASPEED
CONSULTING

GROUP

Page 9 © 2008 Teraspeed Consulting Group LLC

[Mixed-Mode Order] DI1,2 CI1,2 S3
(with GMM port notation)

I (‘Id"
“)|” SE — 3 GMM e €69
2 “Ic’, *
1™ “ci1: leaart a1 i
IS|| Si21  sI3 ﬁ IdeII SchI:SdIZ
LSEI_ _ S22 s23 LSch I Sccll ;Scl2
I_ -— M3y == == == == == - — o —
S31 $32 | 833, Phe ~ s2dl  S2cl :“522”'
- - -
ent GMM .
£ = Y= =EE Typical GMM
:I D/l,2 : “I” 1| port notation
s | “p 19"
2 C:I,Z | 7 ( Id, 2”) NOT
|3 SB | «p» | use B

Page 10

TERASPEED
CONSULTING
GROUP

© 2008 Teraspeed Consulting Group LLC
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[Mixed-Mode Order] DI1,2 S3 ClI,2
(GMM data with new S3 CI,2 positions)

t:|\.,_ - “|d” ——]

, - SE _{\3 ) GMM iUy 144
- “l e

<2 T lc

SIt. S12 S13 4ummm)  Sddll SdI2 Sdell

-

o e 4/““"‘5‘22"'*s2c|
~ N

\

S31 S32  S33 Scdll Scl2 _Secll

pos entry  GMM|  GMM data block
' D,“\J/ “ with different
Interchange 2 S3L N “27 Pos“"-fons “5”22”
2 and 3 302, “p” and “Sccl | n
TERASPEED
Page |1 © 2008 Teraspeed Consulting Group LLC CONSULTING

GROUP

[Mixed-Mode Order] DI1,3 S2 CI,3
(SE defined with new order)

{\—-I\,_ - uldn —
—.: SE ¢ 2 ) GMM e €69
I'4 3 7_ N - “lc”
N -
st si2  si3 ﬁ Sddll SdI2 Sdcll
S21 S22 S22 —S2d— “S22” S2cl
S§31 S32 S33 Scdll Scl2 Sccll
t GMM .
pos en,r\y . Mapping data
I D,“\.L3/ | block to new SE
2 S “2” port order
- N\
z
TERASPEED
Page 12 © 2008 Teraspeed Consulting Group LLC CONSULTING

GROUP
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[Mixed-Mode Order] DI1,2 D3,4 Cl1,2 C3,4
(1,2 and 3,4 port-pairs)

|
(‘I”
2 —

SIil
S21
S31
S41

Page 13

— 3 “1d” —
— 4
Si2 SI3 Si4
S22 S23 S24 ”
S32 S33 S34 Scdl |
S42 S43 S44 Scd2l
pos entry MM
I DI,2 “1”
2 D34 “2”
3 ClI,2 “1”
4 C34 “2”
70U TET TSP oMU GToup LLC

[ «2d”
“pen

Sdcl

Sdc2

Scdl2 Sccll Sccl
Scd22 Scc2l Scc22

Diff Port notation
by position,
numbers for SE

ports
X X

TERASPEED
CONSULTING
GROUP

[Mixed-Mode Order] DI1,3 D2,4 CI1,3 C2,4
(1,3 and 2,4 port-pairs)

|
“I”
3 —

SI1l
S21
S31
S41

Page 14

— 2 “1d” —
SE }2
— 4 “le”
Si2 SI3 Si4
S22 S23 S24 “
S32 S33 S34 Scdl |
S42 S43 S44 Scd2l
pos entry MM
I DI3 “1”
2 D24 “r
3 CI,3 “1”
4 C24 “r
T TOUETETISpEEC O GToTy LLC

(‘Zd’i

MM

“ZC”

‘SddM~SddI2 Sdcll Sdcl2
A ~
Sda2l Sdd22 Sdc2] Sdc22
~

~

Scdi2 Sccll Secl2
\\ \\

Scd22 SccZl~ Scc22 \

Diff Ports
reference same
SE positions

TERASPEED
CONSULTING
GROUP
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[Mixed-Mode Order] SKS3,54 S2
(SE-1 data re-ordered to SE-2)

| — _L:f; | — _!.:2\;
SE-2 - SE-I| -
2 — — 4 4 — — 3
SIi Si2 SI3 Si4 SIi SI3 Si4 Si2
-_— - <
S21 S22 S23 S24 S31 {\S%}} S34 S32
s3I s32 /S337 s34 S41  S43  S44  S42
S41 S42 S43 S44 S22 S23 S24 S22
pos entry SE-l SE-1 uses SE-2
I _sl ' data notation in
<~ = .
2 S3\, 3 matrix
2o ! 2 X
4 S2 2 TERASPEED
Page 15 O 2008 Teraspeea consamg eroap LLC CONSULTING
GROUP
Closure

Several EDA tools already implementing portions
of the mixed-mode syntax

— S, Y, Z parameters for n-ports
— SE, MM, GMM capability
Touchstone 2.0 provides standard, interchangable
GMM format when adopted by industry

Minimal changes from Touchstone “1.0” and
Touchstone 2.0 for easy bi-directional migration
of tools over several years

Some minor changes still being considered

Page 16

TERASPEED

© 2008 Teraspeed Consulting Group LLC CONSULTING

GROUP
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SYNoPSys:

Predictable Success

Optimum Frequency Sampling
in S-Parameter Extraction and
Simulation

Jinghua Huang
(jhhuang@synopsys.com)
SYNOPSYS

Asian IBIS Submit
Shanghai, China
Nov. 11, 2008

Agenda

* Issues in S-parameter creation (model
generation strategies)

» Handling bad S-parameters (simulation
strategies)

* Tools to check S-parameter quality

©Synopsys 2008 2 EZEEFE!S
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Agenda

* Issues in S-parameter creation (model
generation strategies)

SYNOPSYs'

©Synopsys 2008 3 Pradictable Success

S-parameter creation

o Suppliers often ship S-parameter
representations of their product (package,
connector, amplifier, etc.)

e S-parameter models are extracted by test
and measurement equipment or by
numerical methods (i.e., simulation)

SYNoPSys’

©Synopsys 2008 4 Pradictable Success
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Issues in S-parameter creation

o S-parameter “table” model typically shows
its weakness when...

— Limited frequency range coverage
— DC point absent
— Coarse sampling

— Unintentional non-passivity
 Especially with bad terminations

— Measurement noise
— etc...

SYnopsys
Synopsys 2008 5 Pradictable Success

Influence on simulation results

» Frequency domain accuracy verification

(AC analysis)

— Key point: get required frequency point from
provided S-parameter table model using inter-
/extrapolation method.

* Time domain accuracy verification

(Transient analysis)

— Key point: Get time domain impulse response
h(t) and do convolution

SYNoPSys'
Synopsys 2008 6 Pradictable Success
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Key points in obtaining h(t)

o |IFFT
— Equally spaced 2N points needed

— Need to cover wide enough frequency range, from
DC to several harmonics of input signal

 Rational Function Approximation
— Delay extraction
— Sampling and start pole determination
— Avoid measurement noise

Accurately obtaining not-given S-parameters
from the table model is extremely important
to simulation results!

SYNOPSYs'

©Synopsys 2008 77 Pradictable Success

AC analysis example (sparse vs. dense)

e Sparse: narrow range, few samples
.ac lin 101 1e6 10e9

* Dense: wide range, lots of samples
.ac dec 301 1 30e9

SYNoPSys’

©Synopsys 2008 8 Pradictable Success
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AC verification results: 1 MHz - 60 GHz

Magnitude vs Frequency (1 MHz - 60 GHz) Absolute Diff (1 MHz - 10 GHz)
‘\'. \.

e - \| Max diff =539 uv
i. N,/ i iff =

= Sparse S Model A\ w N / . RMS diff = 63 uv

II

| -ac 1in 101 1e6 10e9 ‘ o / = ___M—.»m'nM
\ - Max diff = 139 uv
i | Dense S Model \A : RMS diff = 27 uVv

| _ac dec 301 1 30e9 Y\ A.J

©Synopsys 2008 g s-r.dlmt-u 5-:-.m

Sparse S Model issues in AC
Sparse S Model: 1 MHz - 10 GHz

T —— Interpolation error
# R 50.0000

g s 4o i - S 8 vosee,

. ) “57((0-100000E+07 > 0.925839E-02 6.32755 . . .
A -

- \ - 0.368301E-03 16.4700 . . .

- \ L 0.100990E+09 D 0.354922E-01 60.3283

y \ /- ~ K -
- / A - 0.205661E-02 47.4395 . . |
- | P - .-
e - L M 0.200980E+09  0.608898E-O1 66.5493 . . .
me” L 0.314144E-02 46.8725 . . |
AMHz |- Ji0iMHz |- - Yo
e Extrapolation error
5 \ The "_ac lin 101 1e6 10e9"
B generated S model data up to 10
i, \\ / GHz
17 | AC verification test bench specified
1| fstop of 60 GHz

SYNopsys:
©Synopsys 2008 10 Pradictable Success
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Transient response - 3 GHz Pulse

Transient waveform

Absolute Diff

Pt & [ Sparse S Model ’

2tm

stm

ne=

Dense S Model

Y e

AN
VA

B T L]

Max diff = 25.3 mV
RMS diff =11.5 mV

*——

M !

(e —————

00w

Max diff =11 mV
RMS diff =3.4 mV

Htu dﬂaL il HLL]JH h!|.4|m|# .aLUﬂLJMu i 11‘1 Hlu

l unLE

BSynopsys 2008 11

At

SYNOPSYs'

Pradictable Success

What does “good” S-parameter look like?

* Provide DC point

» Covers wide enough frequency range
— From DC to several harmonics of input signal

* Necessary dense data point (but not too
dense to avoid big data files)

e Passive, within the unit circle in Smith Chart
* Smooth, without measurement noise

* efc...

BSynopsys 2008 12
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Agenda

 Handling bad S-parameters (simulation
strategies)

SYNoPsys’

©Synopsys 2008 13 Predictable Succe

Using bad S-parameters?

- S-parameter “table” model typically shows its
weakness when...
— Limited frequency range coverage
— DC point absent
— Coarse sampling
— Unintentional non-passivity
» Especially with bad terminations
Measurement noise
etc...

- Can we use this kind of S-parameters if they
are provided?

Yes, if...

SYNoPsys'

©Synopsys 2008 14 Pradictable Success
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Guessing not-given values

eInterpolation & extrapolation
— Piecewise constant
— Piecewise linear
— Spline
— Partially apply rational function approximation
— Hybrid method
- etc...

*Base data format
— Real/lmaginary(RI)
— Magnitude/Angle(MA)
- etc...

Physical modeling (guess) based
on provided table model!!

SYNoPsys’

©Synopsys 2008 15 Pradictable Success

Interpolation method comparison

Inter- Numerical polynomial Partially apply Hybrid method
/extrapolation | approximation rational function
method (Piecewise constant, approximation
linear, spline, etc.)
Advantages . Quick . Consider causality . Combing
. Bounded error . Accurate phase advantages of
estimation several methods
Disadvantages . Causality & passivity . Time consuming . False switch
issue . Passivity violation ~ between each
. Phase estimation . Noise sensitive method
AialiEs . Noise sensitive
Suggestions Efficient for most Usually used in Use for cases with
common cases hybrid method local resonances

©Synopsys 2008 16 Pradictable Success
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Interpolation method comparison

Real/Imaginary(RI) Magnitude/Angle(MA)

Advantages . No phase over- . Smooth curves
estimation issue in local connecting given sample
resonance region points (more physical)

Disadvantages . May under-estimate . May over-estimate
phase information phase change in local

. Straight line between resonance region
given sample points
(unphysical)

Suggestions

SYNOPSYs'
Synopsys 2008 17 Pradictble Success

Rl v.s. MA (linear) interpolation

— Graphd_Smith
1

* Real/lmaginary
— Straight line N BN
« Magnitude/Angle co - I
— Circled el E -
— Suitable for linear 7 e
systems [ R
— Requires ' &
unwrapped phase

guess

* Clockwise
assumption

MA interpolation

SYNoPSyS:
Synopsys 2008 18 Predictable Success
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Local resonances

s-parameter w/ local resonances
1.0

Turning clockwise locally, looks counter-clockwise globally

|

Hybrid interpolation

» Combine possible best ways
— Advantage of MA based interpolation

— Capture local resonances
 Finding local centers
 Use rational functions

HYERID based miempolabion

Conventional MA Hybrid

20
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Noise reduction

» Data smoothing functions

SYnopsys
psys 2008 21 Pradictable Success

Passivity check/enforcement

» Passivity violation makes unintentional
oscillator
— Voltage blows up
» Passivity checker
— Check eigenvalues of I-SS’ (S’: conjugate
transpose)
» Passivity enforcement
— “modify” original parameters
— Add minimum amount of constant loss

SYNoPSys'
sys 2008 22 Pradictable Success
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Agenda

* Tools to check S-parameter quality

SYNOPSYs'

©Synopsys 2008 23 Pradictable Success

How to select proper inter-/extrapolation
method?

» Check your given S-parameter table
model on Smith Chart

* Determine which method and what data
format should to be used for inter-
/extrapolation

» Check what you get from the selected
inter-/extrapolation S-parameter data on
Smith Chart

SYNoPSys’

©Synopsys 2008 24 Pradictable Success
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What does good S-parameter look like?

Graphl_Smith

__f..ﬂi____

beautiful

SYNOPSYs'

25

SYNoPSys:

Predictable Success

SYNOPSYs'
26 Pradictable Success
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System-level Serial Link Analysis
using IBIS-AMI Models

Todd Westerhoff, SiSoft
twesterh@sisoft.com

Asian IBIS Summit
Shanghai, China
November 11, 2008

4 SiSoff

Signal Integrity Software, Inc.

Agenda

» Serial Link Analysis

 |IBIS Algorithmic Modeling Interface (IBIS-AMI)
» Network Characterization

 Statistical Analysis

* Time-Domain Analysis

* IBIS-AMI Simulation Performance

» Correlation

* Summary

System Analysis with IBIS-AMI - Shanghai IBIS Summit - Nov 11, 2008 © 2008, Sisoft
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[ EInT
Ry
n300n

SerDes Analysis Requirements

» User requirements
Multi-million bit simulations
Model specific SerDes IP
« Equalization
¢ Clock recovery
Analyze channel & SerDes IP tradeoffs
Support lab correlation (eye height/width, BER, etc.)

» SerDes vendor requirements

— Protect SerDes IP
— Single model supported in multiple EDA tools

E I']'".l System Analysis with IBIS-AMI — Shanghai IBIS Summit — Nov 11, 2008 © 2008, Sisoft

4 SiSoff

Traditional SerDes Simulator Flow

‘,s‘ Pulse Response
>

g O Yoy VI
300, Network
"l.)"  Characterization P o S| am
o 00
030 A
sl
| an
i}
RIS
it [TXEQ| [RXEQ]
_-;’I?.'_ J[-"J
IR0 :
1.]:_:!? ,I;\I:; sis TTEEY 2 SerDes ITLLLY 2
puan y Pulse Response Simulator Eye Statistics
- el
I .ﬁ?
]
03
G"ii |_|!:‘| System Analysis with IBIS-AMI - Shanghai IBIS Summit - Nov 11, 2008 © 2008, SiSoft m &sqﬁ
[ |
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4
EE:QQ ..
iy, Traditional SerDes Challenges
rﬁgl«lnﬁ
pla”
: "d-:.
B DEE
”g}];f% « SerDes vendor tools don’t work together
_ﬁﬁ'ﬂ — Simulating cross-vendor links is difficult or impossible
1"+ Open-source tools lack IP vendor models
2,001
5y00
?g“hg Observation
Thl
*uﬁl!ﬁ * Most SerDes tools take S-parameter or pulse
o J_]g , 1 _ H
"I]'” response data, then use signal-processing &
1} L. . . .
ﬂﬁ' giji statistical techniques to predict behavior
il . .
afﬁg,i » A standardized SerDes analysis flow and model
1)1
,I,.]Bi';gf, format would address both user & SerDes vendor
nﬁg}] issues
**Du
L ofl3
Hﬂ"‘:llﬁl System Analysis with IBIS-AMI - Shanghai IBIS Summit - Nov 11, 2008 © 2008, Sisoft ““ $snsﬁ
I Na0 H H H
.-]""E'“ IBIS Algorithmic Modeling Interface
0,20
kil (IBIS-AMI)
0h2
-
DaRE . .
U"%"g » Part of the approved IBIS 5.0 specification
o M
nguﬂ; » Divides SerDes simulation into two parts
:":]%; — Network characterization
D%g: « Determines impulse response for unequalized analog network
ng .l,% — Communications analysis
I‘]ﬂulg?j * Models TX/RX equalization and clock recovery behavior
AU « SerDes IP models are provided as executable code linked
']IJﬁE into the simulator at run time
2
"’gg““ « Standard mechanism for declaring model-specific
e a000 parameters
p.ig
ot
X
ﬁ"ﬁl:]% System Analysis with IBIS-AMI — Shanghai IBIS Summit - Nov 11, 2008 © 2008, Sisoft m‘ &sueﬁ
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IBIS-AMI Models

An IBIS-AMI model has two parts:

Analog Model Algorithmic Model

* Used to model behavior of » Used to perform end to end link
the unequalized analog analysis including equalization
network and clock recovery behavior
(Network Characterization) « Models supplied as loadable

e TX: output impedance & object code
parasitics « Models can operate at two

* RX: receiver input different levels:
termination network & — INIT: impulse response
parasitics processing

— GETWAVE: time-domain
waveform processing

4 SiSoff

U |]| 1] System Analysis with IBIS-AMI - Shanghai IBIS Summit — Nov 11, 2008 © 2008, SiSoft

Model-Specific Parameters

T A I +. L ENEREE A% 5 RaER
[Algorithmic Hodel]
Executable Windows SiSoft AMI_Tx.d1l Sample AMI_Tx.an I B
Executable Solaris SiSoft AMIpTx_solaris.so Sample A1 Tx.an
Executable Linux  Sisoft_AMPITx.linux.so  Sample_gI_Tx.an =
[End Algorithmic Hodel] [—]
[Temperature_Range] 25 188 I =
[Uoltage Range] 1.0 0.95 145 =
, | =
[Pulldown] [}
-3.17368E+00  -5.03367E -5.93368E-01 fB368E-01 =]
-2.75466E+00 -4 878uuES  -n.8784SE-01 -4 S78USE-01 [ ]
IBIS File =3
(Hodel_Specific E ’
(tap_filter (Description “Array of tramsnit de-emphasis tap =i
(-1 (Usage InOut}{Range 8.8 —1.8 1.0)}(Type Tap}{Default B
(Description “Pre-cursor tap weight™))
(8 (Usage InOut){Range 1.6 —1.6 1.0}(Type Tap}{Default =
(Description "Main tap weight')) =
(1 (Usage InDut){Range 6.8 -1.8 1.8)(Type Tap){(Default I s
(Description “First past-cursor tap weight™))
(2 (Usage InDut)(Range 8.6 -1.6 1.0)(Type Tap){Default
(Description “Second post-cursor tap weight™ I
) | End tap_filter
{tx_swing {(Usage In){Range 1.8 0.3 1.0)(Type Float){Default
(Description "Peak differential output voltage")

.AMI File
T tap_filter-1 Tap AMI Range |0
T tap_filter.0 Tap AMI Range 0675
T tap_filter.1 Tap AMI Range -3
. . T tap_filter 2 Tap AMI Range [-.025
Algorithmic (.dIl) Model

System Analysis with IBIS-AMI - Shanghai IBIS Summit - Nov 11, 2008 © 2008, Sisoft
8

i &Snﬂﬁ
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6.25 Gbps Design Example

e Channel design questions

Backplane Z; = 90-110 ohms, .
Which connectors?

maximum length = 18"

Effect of tolerances?
Minimum link spacing?
— Back-drilling?
Low-loss dielectric?
SerDes IP questions
Equalization needed?

o TX?

s RX?
How many taps?
PCB Z,=90-110 ohms, — RX DFE needed?
maximum length = 8" ) .

— Benefit of 8B10B encoding?

4 SiSoff

Package Z, = 85-115 ohms

System Analysis with IBIS-AMI - Shanghai IBIS Summit — Nov 11, 2008 © 2008, SiSoft

9

Channel Model & Design Decisions

Models ‘ IBIS-AMI Models | ‘ S-Parameter Data | ‘ Lossy Transmission Lines |
SerDes TX Packages PCB Traces SerDes RX
| Process Process Impedance Process
Tolerances Voltage Velocity Voltage
Temperature Temperature
Desi gn SerDes TX Packages PCB Traces Connector SerDes RX
2 Tap settings Breakout pattern | | Cross section || Vendor selection || Peaking filter mode
Decisions Voltage swing Dielectric Breakout pattern || DFE settings
Spacing CDR settings
Via design

System Analysis with IBIS-AMI - Shanghai IBIS Summit — Nov 11, 2008 © 2008, SiSoft m ssnﬁ
10

10
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e
U] . .
i
ng:'%‘n Network Characterization
I
jio>00
'Jﬂa!_ Pyew il
o Diea
nﬂ;’, _ * Analog circuit analysis
Uﬂﬁ‘;ﬂ Wi VW m,w ”_“'“.r o] includes TX output
w%q TN T impedance/parasitics & RX
ﬂjﬁluﬂg * M input termination network
a0 e e Impulse response derived for
Enﬂﬂ — use with algorithmic models
g
D=on Channel S-Parameters
i, ] e Other network parameters
“ﬂﬁk’% may be extracted and
,.nnﬁa displayed
ﬂﬁﬁ — S-parameters and transfer
'“ﬁx[im] functions are shown in this
JoNe example
"
oD
E,IIE? 3
ﬁﬂ i Transfer Function over Process, Voltage, Temperature
1z
P]Eﬁ H% System Analysis with IBIS-AMI - Shanghai IBIS Summit — Nov 11, 2008 © 2008, SiSoft * $snllﬁ
i
=030
laf . . .
ng;ﬁn Statistical Analysis
ﬁg”aﬂ
24
l]u
Ql'lil]i‘ﬁﬂ puie /'\ » Computes eye distributions /
?ﬂﬁ'% fosens/ — . statistics directly
mi‘uﬁ‘“ Ampltade poF + Extremely fast — over 10*
[ agd 1] developed iteratively . .
su(,%» } % %‘# equivalent bits/second
nﬁ"nﬂ * Models linear TX/RX
il equalization
oo 0D
u“ggg — e Conceptually similar to many
g,g proprietary tools, but with
”nuﬂ’” vendor-specific SerDes IP
e [ models
i
2,0
poon
E;ﬁgﬁ
2.l
113
(JnB"
ﬁn“ﬁ% System Analysis with IBIS-AMI — Shanghai IBIS Summit - Nov 11, 2008 © 2008, Sisoft m‘ &suuﬁ
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i
h0g0

iy

Optimizing Transmitter Tap Settings

Tap settings to be investigated

T tap_fil

ter.-1|Tap

AN Range

o

F0.05

T tap_fil

ter.0 (Tap

ANl Range

9

g

T tap_fil

ter1 (Tap

ANl Range

0

01

-0.2

T tap_fil

ter.2 [Tap

ANl Range

0

-0.05

TH1:b_swing |Float

Al Range

1.0

) -

Statistical Analysis

-~

64 permutations

LT Siataiicn Hys Disgeam,

System Analysis with IBIS-AMI - Shanghai IBIS Summit — Nov 11, 2008

BER vs. TX tap settings

I Statistical Eye @ RX

© 2008, SiSoft
13

4 SiSoff

Time-Domain Analysis

Ll

IH Hu [

Weavaterm @ &8 Latsn

|mm wl" |||||| | h% |1V

s wekan

System Analysis with IBIS-AMI - Shanghai IBIS Summit — Nov 11, 2008

High-performance simulation
— ~1,000,000 bits/minute
Models non-linear effects

— Decision Feedback
Equalization (DFE)

Models time-varying behavior
— Auto-adaptation
— Detailed clock recovery

Models different encoding
schemes and impact of worst-
case pattern sequences

i &Sq}i‘

© 2008, SiSoft
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Equalization Configurations

RX EQ only: BER=1.26e-018 Eye Margin = 26.4mV

F“EEE System Analysis with IBIS-AMI - Shanghai IBIS Summit — Nov 11, 2008

TX & RX EQ: BER=0 Eye Margin = 50.8mV

4 SiSoff

© 2008, SiSoft
15

(] DN Tap funriar P oo dn

RX DFE Taps Without TX EQ

S as0 OFE Tap Demavser. Pt s00e oty
LT

RX DFE Taps With TX EQ

System Analysis with IBIS-AMI - Shanghai IBIS Summit - Nov 11, 2008

Modeling Adaptive Optimization

RX DFE model includes
adaptive equalization
behavior, allowing model to
optimize tap coefficients
based on input data stream

Model outputs internal state
(tap settings) information as
simulation progresses

Tap behavior is saved in a
format that can be loaded
and displayed

o W SiSORF
16

16
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:l.-]l“
200
lallel . .
p, Simulation Performance
=0l
’ bD-. . . .
ple :'  Statistical Analysis
a0 — Simulating 10*® equivalent bits takes under 2 seconds
. Do . . . .
ﬁ.l_:. — Hundreds of simulations can be run in a few minutes
'« Time-Domain Analysis
n!'u,";' — Typical performance: 250K — 1M bits/minute, depending on
i model complexity
:ﬂl_,lﬁ.'-;i — 10 million bit simulations are practical, billion bit simulations
"“.',::; are possible
A I L]
| P
iiai) * IBIS-AMI models provide 500-10,000x the
R O performance of traditional SPICE-based simulation
v___ﬂ%!u * IBIS-AMI models provide equivalent simulation
i o) performance to proprietary SerDes simulation tools
* N
03
n“ﬂl * System Analysis with IBIS-AMI - Shanghai IBIS Summit — Nov 11, 2008 © 2008, SiSoft * $snﬂﬁ
i
i
:il!:l :_alll
oy SPICE to IBIS-AMI Correlation
e
.-:-ﬁ,' = B PR - = B  wina -
a1l ‘
o o |
[1F) 28 ‘ :
My | !
' :'g-:» . ‘ i
'j'._". :J' .............................................................................. i
"-.]ljl ] PCl Gen 1 PCI Gen 2
. f-‘_‘ [
' |'_|!!|- i
o OO | o]
::!-l:_\:” 4 |
) ':!'l?. ;
i,':'g;frli:; ! Green = SPICE, Blue = IBIS-AMI
ﬁl—] ! | Where waveform is green, simulations match
Dhan IBIS-AMI and SPICE models provided by IBM
* e XAUI
|~]||“| * System Analysis with IBIS-AMI — Shanghai IBIS Summit - Nov 11, 2008 © 2008, Sisoft m‘ ssnlsﬁ
2’0
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i |BM HSSCDR to IBIS-AMI Correlation

i

|

]

o o S5 HSBCOR Carrelation

i e HEBCON, 0 .
|

O

Ifan
"‘-"]; Green = HSSCDR results, Blue = EDA Tool results using IBIS-AMI models
iiJ__ ] Where waveform is green, results are identical ““ &s E
n - |"- * System Analysis with IBIS-AMI - Shanghai IBIS Summit — Nov 11, 2008 © 2008, SiSoft n
et 11 19
{[Ti}
onan
by Summ
p u ary
fealll
h!‘]

ol 1« Systems designers need high-performance,

i interoperable SerDes IP models

* IBIS-AMI models are interoperable (mix different
vendor models) and transportable (models run in
different EDA tools)

» IBIS-AMI models support statistical analysis and
time-domain simulation at ~1,000,000 bits/minute

* IBIS-AMI models have been correlated against
multiple reference simulation environments

e |BIS-AMI models are available now!

f] pan System Analysis with IBIS-AMI - Shanghai IBIS Summit — Nov 11, 2008 © 2008, SiSoft |II = sn
J 20
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Additional Slides

4 SiSoff

Signal Integrity Software, Inc.

SPICE/EDA Tool Correlation Process

 "5e | 1BIS Analog, IBIS-AMI Models |

T 2

)2l ——
s A ——

. 0 IBIS-AMI | B ===

@) SN L

LLi:

it - = EDA Tool

SRS Test Pattern

i
I'I:';n?q +
e300l ' Ij

- E.fgu T Model with  Channel RX Model Reference
" FR=ON i Waveform

Ne SPICE Analysis

i SiSof
22

I] “ on System Analysis with IBIS-AMI - Shanghai IBIS Summit - Nov 11, 2008 © 2008, SiSoft
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HSSCDR Correlation Methodology

" el HSSCDR memmmmm) | Translator
il )

: D' S-Parameter ; IBIS Analog,
3 :_.' Channel Models IBIS-AMI Models

EDA Tool

n-' |"- | System Analysis with IBIS-AMI - Shanghai IBIS Summit — Nov 11, 2008 © 2008, SiSoft

4 SiSoff
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11.Nov 2008

AMI Model

in S| Simulation

November 11,2008
Asian IBIS Summit, Shanghai China

Guan Tao
guantao@huawei.com

HUAWEI TECHNOLOGIES Co., Ltd.

Outline

AMI Model in Serial Link Simulation
® Background
® Serial Link Introduction
® Experiencing AMI Simulation
® Highlights and Questions
PLL Model and AMI
® Background

® JTF and PNS

HUAWEI TECHNOLOGIES Co., Ltd. Page 2
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Background

Generally, the development of serial link SI simulation is left behind the Serdes

development.

It is difficult to acquire the chip model for S| simulation. For data rate of 6Gbps-+,

Serdes encrypted Hspice Model is not available;

Even with some private simulation tools and models from chip vendors, a high confident

result is difficult to get through simulation;

» Now, evaluating the serial link system through measurement is normally used;

However only measurement is not enough, and simulation is still an important way;

IBIS 5.0 was ratified at 29th August, 2008, which provides users a good solution for serial

link simulation.

IBIS committee makes a great progress on Serdes model and serial link simulation.

HUAWEI TECHNOLOGIES Co., Ltd.

Page 3

$¢ Huawa

Background

IBIS-AMI Modeling:

>

>
>
>

Constructing sub-components in transmitter with AMI model;

The channel is characterized with impulse response;

Constructing sub-components in the receivers with AMI model, including CDR;

Providing a process on how to use AMI models.

TX

Package System Package
Interconnect|| |nterconnect Interconnect

RX

Picture reference from “SerDes Modeling and IBIS” at DAC_2007_IBIS_Summit

HUAWEI TECHNOLOGIES Co., Ltd.

Page 4
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Experiencing AMI Simulation

Simulation setup:

IBM AMI model includes 3-tap Tx FFE, 5-tap Rx DFE;
CDR behavior model embedded in RX model;
11.0Gbps data rate and one million bits simulated;

Tx and Rx package models included,;

Three different backplane channels used;

Three data patterns: CJPAT, PRBS 7, PRBS 31.

v Vv

Y Vv

R 4

TX
CUSTOM PEG] 5P1 PRGZ
hssll_cul8 _fx _Ii I 2 1 2 1 2
it g @ . o' o o ce
s __ s
L ee e o/ ‘oo
hssll_culd_tx_fie |
fcpbga_ldmm_L000hm inch_NAK_20inch_FR4fepbaa_ldmm_100chm
HUAWEI TECHNOLOGIES Co., Ltd. Page 5

RX
TRISTATE

hssl]_cul8_rx_dfe

2

hssl]_cu8_rx_dfe

$¢ Huawa

Experiencing AMI Simulation

Channel descriptions:

» Channel 1:10.72inch FR4 + 25inch Rogers Backplane + 2 connectors

» Channel 2 : 23inch N4000+20inch FR4 + 2 connectors
» Channel 3 : 30inch FR4 + 2 connectors

20 30~ 20

" = 0 - = -
2 -»_\_w ”J o x .
-] U"ﬁ B e m I

] d Mt
100 o — 1 ~100-
T R " | T A2y
0000 1408 3TE0 SEX TAN B3 11380 53128 15000 375 11250 13128 5300

Channel 1 Channel 2

HUAWEI TECHNOLOGIES Co., Ltd. Page 6

Channel 3

¢ Huawe
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Experiencing AMI Simulation

AMI Model Introduction:

("hss11_cu08.dml"

(IbislOCell
(ideal_50term_pulldown
(MacroModel

(MacroType TDifflO )
(NumberOfTerminals 8)

AMI Rx model

(SubCircuits “)

(hss11_cu08_rx_dfe

(
(ibis 1)

(ndfe 5)

(dfelimit
(0.50.250.1250.1250.125))
(dfe

(00000))

ibmhssrx_103_win "E:\IBMSerdes\dIl_lib"

(rotlin "E:\IBMSerdes\include_files\pr_fast.dat" ) ))

HUAWEI TECHNOLOGIES Co., Ltd.

(hss11_cu08_tx_ffe

(ami

AMI Tx model

(ibmhsstx_104_win "E:\IBMSerdes\dIl_lib"

ibis 1)
nffe 3)

(

(

(rffe 1)
(cffel)
(affe 6)
(Iffe

(0.251.005))))

This is the IBM Serdes AMI model
supporting 11Gbps.

Page 7

$¢ Huawa

Experiencing AMI Simulation

Report Sample:

***Channel Analysis Report***+**

Tue Sep 02 09:45:44 2008

Channel Inputs:
Bit period

No of drivers =1

No of taps =1

Tap optimization =No
Stimulus configuration = poly31
Channel coding =No

Char Directory =
E:IBMSerdes/result_channel/char/
Simulation Controls:

No of bits simulated = 1000000

Measurement Delay = 4.4e-005
Eye Measurements:

Eye height =91 mV

Ul at max height =0.48 Ul

Eye jitter =0.36 Ul

HUAWEI TECHNOLOGIES Co., Ltd.

=9.09090909091e-011

BER Report:
logB

Eye width
under different
bit error ratios

Simulation Input Parameters:
Simulation Type = Time Domain Channel

Eye Height

Simulation
Random Jitter = 0.44 %
Periodic Jitter:

Magnitude = 0.05 Ul

Freq (cycles per ui) = 0.01
Frequency Offset = 0 ppm
Duty Cycle Distortion = 0 %

Page 8
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IBIS-AMI Support via
\V4 o [ D] REVAN|V/ES)
Asian IBIS Summit, Shanghai

China , November 11, 2008

Arpad Muranyi
Arpad_muranyi@mentor.com s
Minggang Hou
Minggang_hou@mentor.com

© Mentor Graphics Corp., 2008, Reuse by written
permission only. All rights reserved.
e i L =

IBIS-AMI Support via
VHDL-AMS

Asian IBIS Summit, Shanghai China,

November 11, 2008

1. Attributes in VHDL-AMS
2. An IBIS-AMI example using the FOREIGN attribute

3. Conclusions —future work

BIS-ANSU 9ok EIDLAMIS
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Attributes in VHDL-AMS

= There are two types of attributes: pre-defined and user defined

— Pre-defined attribute examples:

= T’left, T'right, T’low, T high, etc...

= A’left(n), A’right(n), A’low(n), A’high(n), etc...

= S’delayed(t), S’stable(t), S’quiet(t), etc...

= Q’tolerance, Q’dot, Q’integ, Q’above,

Q’ltf(num, den), Q’ztf(num, den, t, delay), etc...
— User defined attributes can be given to a wide variety of
entity_classes, such as:

= procedures, functions, packages,

= architectures, natures, quantities, terminals,

= constants, variables, signals, etc... (long list)

s One EDA vendor’s VHDL-AMS implementation has a built-in
user-defined attribute called “FOREIGN” acting as a C-code
interface (which in turn can call practically any compiled code)

— other EDA vendors may have different mechanisms to achieve the
same results

L 3 4
| BIS= AN Sug 9oty iE DL AMIS 20
e >

Calling IBIS-AMI through VHDL-AMS

m The VHDL-AMS model calls a C-code wrapper using the
FOREIGN attribute
— the C function argument types are mapped to VHDL-AMS types

— obviously there are some limitations, but the wrapper function
can take care of most of the type conversions if necessary

— the wrapper function calls the Init, GetWave, and Close
functions according to the IBIS specification

— additional features and capabilities (bells and whistles) may be
added to the wrapper function
m As a result, IBIS-AMI models can be executed directly
from any VHDL-AMS simulator

— all of this is “user code”, no product changes are required

) BIS AN SuBoo s DL A NS
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IBIS-AMI Support via
VHDL-AMS

Asian IBIS Summit, Shanghai China,

November 11, 2008

1. Attributes in VHDL-AMS

2. An IBIS-AMI example using the FOREIGN attribute
3. Conclusions — future work

R 5

p”

) BIS=AMI SUO 00 AiyieEIDIL AN =l

Block diagram of the following example

Circuit simulator

VHDL-AMS engine

step function generator (out) channel model
channel response (in) |€ IBIS-AMI wrapper

call to IBIS-AMI wrapper 5| argument type conversion,

. . optional pre/post-processing,
results processing (optional) [€
enforce IBIS rules, etc...

execute IBIS-AMI
DLLs

This is only one of many possible ways of implementing
IBIS-AMI support via VHDL-AMS

uBISAN-SuggemiyicaVElBILAMIS
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Example with IBIS-AMI Tx and Rx models

HyperLynx - LineSim V7. 7 - [AMI_TxRx.ffs] (=13}
P2 File MultBoard Edit Wiew Lossy Smuolate Wieards Options Help .8 x

e @ == B 2| Bl 223 @ ] f~ Em 2|

Ui R1 L L1
4 L4

L Tdn... - Step

T s ' 35 ohms
M. chR. *_l 35 ohms LD 1000H
000 in

Test.cir
AM_TaRx stackup "4
c1

£

deler[O ]| 8 [+ |+ [w] #lelo]m]v

VHDL-AMS  Txdriver Channel Rx package

model to impedance  model and input
interface the capacitance
IBIS-AMI DLL

h 7

i) 5SS AV §b QO LiVieAEIRIL=AMIS) B
s AL St =

Example circuit description

m Ul contains a VHDL-AMS model
— itincludes a step function generator to excite the “channel”

m R1 represents a simple resistive driver impedance

m TL1, L1, C1 representsa T-line, package and input
— the “channel” can be an arbitrary circuit, including S-parameter
models, but it must include the Tx and Rx impedances
m The first part of the TD simulation generates a channel
response
— the duration is parameterized in the VHDL-AMS model
» When the channel response is done, the AMI Tx and Rx
models are executed using that channel response
— the VHDL-AMS model includes a PRBS pattern generator
m After that, the results are returned to the simulator
through the VHDL-AMS model for plotting

uBISAN-SuggemiyicaVElBILAMIS
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Waveform results of the example
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IBIS-AMI Support via
VHDL-AMS

Asian IBIS Summit, Shanghai China,

November 11, 2008

B Attributes in VHDL-AMS
B An IBIS-AMI example using the FOREIGN attribute

B Conclusions — future work

) BIS=AMI SUO 00 AiyieEIDIL AN

Conclusions — future work

m IBIS-AMI models (DLLs) are fully supported from
VHDL-AMS through attributes
— this is direct execution of the compiled IBIS-AMI models
= Any programming language, capable of producing
executables could also be supported the same way
— Matlab, Visual Basic, Perl, you name it

— execution speed of the compiled code does not suffer any
degradation through VHDL-AMS since it is executed

externally
= An IBIS (v5.0) parser will be needed to automate the
IBIS parameter extraction for the IBIS-AMI models
— this will happen most likely soon after the IBIS v5.0 parser
has been released

uBISAN-SuggemiyicaVElBILAMIS
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Experiencing AMI Simulation

Channel 1

S Taie
T

Channel 1

- THle

1 vaITLEES]

Eye Diagram Bathtub
e CJPAT-- blue
* PRBS 7-- cyan
* PRBS 31-red
Cases of channel 2 and channel 3 are listed in the following page>>>
HUAWEI TECHNOLOGIES Co., Ltd. Page 9 “ HUuAWS
Experiencing AMI Simulation
Channel 2 Channel 2
S B .,
b - I"
e — |
Channel 3 Channel 3
: — ; ot
w\ e —
- ” |
n il ———

HUAWEI TECHNOLOGIES Co., Ltd.

Page 10
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Experiencing AMI Simulation

Data patter Channel 1 Eye Height (mV) Eye Width (Ul)
CJPAT(8B/10B) 100 0.59
PRBS 7 104 0.64
PRBS 31 91 0.54
Data pattern Channel 2 Eye Height (mV) Eye Width (Ul)
CJPAT(8B/10B) 21 0.33
PRBS 7 45 0.58
PRBS 31 15 0
Data patte Channel 3 Eye Height (mV) Eye Width (Ul)
CJIPAT(8B/10B) 3 0.11
PRBS 7 41 0.71
PRBS 31 16 0

HUAWEI TECHNOLOGIES Co., Ltd.

$¢ Huawa

Highlights

» AMI model includes FFE, DFE and CDR. The model integrity is better. The encrypted

Hspice Model always excludes the DFE and CDR.

» ltis feasible for users to do a large amount of bits simulation, and ISI effect is fully

taken into consideration.

» Users could set jitter parameters of Tx and R, so the jitter of Serdes could be

considered..

Y

could shorten the simulation cycle.

HUAWEI TECHNOLOGIES Co., Ltd.

AMI model support calculating the coefficients of DFE and FFE automatically, and it

¢ Huawe
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Drawbacks

A4

Modeling method is complicated and no auxiliary tools helping generate the AMI model.
Most IC vendors do not supply AMI models.

» Users cannot evaluate the simulation results, owing to lack of the mask specification.
So it is difficult for users to judge whether the serial link meets the requirement.

» Itis impossible for users to judge the accuracy of AMI models and to improve it.

» Some IC vendors suggest that the simulation is a reference for design and cannot be
used for a final decision.

» The AMI model, used in the previous example, is a vendor-specific format model, not
based on IBIS. The interoperability is not good.

v

With current AMI model, users couldn’t analyze the contribution of clock jitter and
power noise, owing to lack of JTF (jitter transfer function) and PNS (power noise sensitivity).

HUAWEI TECHNOLOGIES Co., Ltd. Page 13 “ HUuAWS

Outline

AMI Model in Serial Link Simulation
® Background
® Serial Link Introduction
® Experiencing AMI Simulation
® Highlights and Questions
PLL Model and AMI
® Background

® JTF and PNS

HUAWEI TECHNOLOGIES Co., Ltd. Page 14 “ HLUAWS
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Background

» In the current product, clock jitter and power noise are important contributions of BER;

A\

According to our survey, it is feasible to construct PLL model through measurement;

It is a good solution to add the JTF and PNS into the AMI model, This could improve

the integrity of Serdes model.

» Users could use the solution to estimate the link jitter contributed by the jitter of

reference clock and power noise of the PLL.

Chun xing Huang gives an initial idea on analyzing PLL model in the Serial Link
Analysis and PLL Model at Asian IBIS Summit 2007, Beijing. The engineers

of Huawei continue a research on constructing the PLL model.

HUAWEI TECHNOLOGIES Co., Ltd.

Page 15

$¢ Huawa

JTF and PNS

» Jitter Transfer Function (JTF) is defined as the ratio of output data jitter and

reference clock jitter;

- Jitter,
Transfunction = data/_.
Atte r.refclock

Power Noise Sensitivity (PNS) is defined as the ratio of output data jitter and

Y

power noise.

Powersensitivity = Jltterd%
m

Ref clock

PLL 4
g
JTF e
o
Data 3
=

TX

HUAWEI TECHNOLOGIES Co., Ltd.

Power Noise
—_—

PNS

Data

PLL

39012 18661

T

Page 16
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JTF and PNS

PLL characteristics are derived by measurement

- T0ps P RS R B T T
T L ._.h_-\("“; - f"):;‘ 038 et Tai.iiiii Al p2SGH%0mY
H BTl ". . Mhgs i 5 P SEh 10
) G 1is: i bt '.::; il E 03 i R = ;
! k% S
08 B 0 T =
= '21 z §
T b 2 02 i
06 ‘i : :
015 %
04f E; : i "!
! 01
" [
02 o sk "
1 1w’ 1w’ 10" 10’ 10" 10 10
fMHz) fiMHz)
Jitter Transfer Function Power Noise Sensitivity

The measurement environment is the IBM Serdes, supporting 2.0Gbps~3.2Gbps.

HUAWEI TECHNOLOGIES Co., Ltd. Page 17 “ HUuAWS

JTF and PNS Application

» When jitter transfer function is known, jitter introduced from input clock could be
calculated;
Jitter_out(f) = transfunction(f)*jitter_clock_in(f)

» When power noise sensitivity is known, jitter introduced from power noise could be
calculated:

Jitter_out(f) = powersensitivity(f)*power_noise(f)

According to the description above, users could analyze the output jitter introduced by

reference clock jitter and power noise, and optimize the power of PLL.

It is time for us to consider the PLL model in the Sl analysis.

HUAWEI TECHNOLOGIES Co., Ltd. Page 18 “ HLUAWS
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Suggestions

Users will feel more convenient, if AMI model could provide the following features:

» Some keywords of eye mask specification, such as eye height and width, which is used to

estimate simulation results, should be provided in the AMI model;
» Checklist for AMI model is necessary to guarantee AMI model quality.

» Adding the jitter transfer function and power noise sensitivity in AMI model

HUAWEI TECHNOLOGIES Co., Ltd. Page 19 “ HUuAWS
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I cadence

Eye Masks in IBIS

Meng, Yubao (yubao@cadence.com)
Cadence Shanghai SPB R&D Center

Asian IBIS Summit,
Shanghai China,
November 11, 2008

Agenda
* Problem — Eye Masks are independent of IBIS models
* Proposal — Include Eye Mask data in IBIS models
* Examples
» Conclusion
2 2001020 I cadence’
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Problem

» Eye diagrams can be used to validate clock and data
meets:
— Interface standards
— Device specific requirements
» Eye masks are not tied to IBIS models today
— They must be manually added to simulation results
— This may delay eye mask checking until late in design flow
* IBIS does support voltage threshold, but there is no
support of a time domain ‘threshold’

R I cadence

Proposal

* Eye mask data should be included in IBIS files
— Design flows will be improved

* Eye mask data can represent either standard
requirements (i.e. PCI Express) or device specific eye

limits
— IC companies can offer more value and differentiation in their
IBIS models
. 2081024 I cadence
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Eye Masks in IBIS Models
Allows integration of device specific time and voltage limits

» SerDes Channel Analysis

— Interface standard eye masks can be included in IBIS models for
easy checking of interface compliance

— SerDes vendors may want to “advertise” less stringent eye mask
requirements in their IBIS models
» Common / Source Sync

— The time ‘threshold’ limit can be sum of setup and hold time and
other relevant elements

— A device specific eye mask can be located at a time axis that
equates to the clock / strobe edge

R I cadence

—I Example: HDMI SerDes Eye Mask

(T
« HDMI eye mask i I iR
T T e = .
= =] =] (=

| | | | i

 HDMI TP2 eye mask o -

e o b ) ‘:'

’ o] = o]
6 2008-10-24 :ujl ulj ;/‘—jﬁ. '/.,I: /,I b//‘,/'jl e I C a d enc e‘
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Example: Source Synchronous Signal Eye
Mask

» Source synchronous signal eye mask are aligned with
their strobe signal sampling time

» The basic eye mask elements can be setup time, hold
time and strobe jitter

(4 A DQ4) DUI ES (Active Reve A UIS L1 Custom Tvp Reflection
e e et : e

2008-10-24 | Ao it Avima i i I C a dence

Example: Common Clock Signal Eye Mask

« Common clock signal eye mask should be located at
time axis according the driver’s clock edge

(4 A DQ4) D UL3 ES (Active Revie A ULS L1) Custom Tyvp Reflection
1
\ELH e LR Bl il ke i R ) Rt et ki il sttt Wi e Vol

DUI3 Gl AUIELY AUz AUIELY AUIBKE
AUIELT FYUEE] AUIEED AlNEL

. ez I cadence
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Conclusion

* Eye masks are commonly used to validate that signals
are compliant with standard interface requirements

* Including eye mask data in IBIS models will

— Promote earlier use of eye masks in the design process allowing
problems to be discovered earlier

— Allow IC vendors to advertise their device-specific less-stringent
eye mask requirements

* We would like to share our experience and promote this
to the IBIS standard

20081024 I cadence

10

Thanks

2008-10-24
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Asian IBIS Summit, Shanghai, China

November 11, 2008

Quasi-Analytical Estimation
of Very Low Bit Error Rate

Dingqing Lu
Sanjeev Gupta
Mihai Marcu
Xuliang Yuan

Agilent Technologies Inc.

Contact Email: xuliang_yuan@agilent.com

China User Group Meeting

Agilent Technologies System Design
2 E71 43414 108 119

Outline

Background and related works
System model

QA estimation

Properties of QA estimation
Examples using QA

Summary & Future Works

China User Group Meeting

Agilent Technologies System Design
z £47] 434114 108 119
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Background and related works

Very low BER estimation for system with ISI, Jitter and Noise is needed

Monte Carlo (MC) is very slow
= Very few simulation runs contribute to error events in the statistics
Fast BER techniques have been proposed

= Importance sampling — a way to speed up simulation
= More simulation runs contribute to error events in the statistics

= QA estimation is very efficient
= 100% simulation runs contribute to error events in the statistics
= We need to know its statistical properties

China User Group Meeting

- Agilent Technologies System Design
Et7] 43414 1029 119

System model

Linear system with 1SI, Jitter and Noise
The input sample of the decision device can be expressed by

t =v_(t + v _(t

y(t) = vt )+ v, (1)

= \/n is zero mean white Gaussian noise

= V/sisgiven by Impulse response

vs(tk)zi/g,ej‘i'h(tk/—iT)

ith sample from the input data Sei-tth sample from a random process with zero mean

China User Group Meeting

- Agilent Technologies System Design
T Et7] 434114 102 11
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System model

Ho: a, =-A
HL: a, =+A
Under Ho, BER is given by:
0
P, :Lf/t (vs)fn‘(v*)ddvsdvn
pdf undér Ho Noise pdf ani QO — [(Vs’vn) : Vs +Vn ZTO]
Under H1, BER is given by:
Po= [ fr(vy) f(v,)dv.dv,

pdf und!H‘I Noisem Ql = [(VS s Vn) Vo +V, < Tl]

The error probability for the system is given by
= P(H U)PO + P (H 1)P1
where P(H,) and P(H,) are prior probabilities for Ho and H1, respectively
Wlth the assumptlon of equal prior probabllltles for HO and H1, symmetry of the

China User Group Meeting

Agilent Technologies System Design
Page 5 Et7] 43414 1029 119

QA Estimator

Under Ho, the BER expression as:

o poo
R=["1 j f. (v,)dv, ] °(v,)dv,
A QA estimator can be constructed as
A N
P = (W/N)Y P
where N is the number of the simulation samples, and for the i-th sample of the signal we define the Pi as
complementary distribution function

P=[" f,(v,)dv,=QEv. /o)

i-th sample of the signal noise standard deviation

For the white Gaussian noise with zero mean and variance of . We have )

China User Group Meeting

Agilent Technologies System Design
Et7] 434114 102 11
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Properties of QA Estimation

QA Estimation is unbiased because E [Apo] =(/N )ZN: E[P]=0

i=1

QA Estimation variance is given by Var[IADO] =/ N)[J‘“’ Q? (~v, /o) f °(vs)dv5 _ Poz]

QA Estimation variance is upper-bounded by
- 2 2 2 2
Var[Po] = Oon S0y = A/ N)[Qgu(-v /o) -F]
Simulation speed improvement ratio defined by
_ 2 2
r=oyc/ Oon

Lower-bound improvement ratio is given by

T POIQriax (v /o)

- : China User Group Meeting
Agilent Technologies System Design

Page 7 Et7] 43414 1029 119

Applications

Let us consider a linear system with ISI, jitter and additive white Gaussian noise.
We start from Monte Carlo simulation to estimate the BER as shown in Figure 1

Figure 1. BER Simulation using MC Method

Information Bits

Gaussian MNoise i
H——‘ = '

MC Estimation

Rece'-lwng Filter
=

China User Group Meeting

Agilent Technologies System Design
Et7] 434114 102 11
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Applications

For the same system as Figure 1, we use the QA Estimation as shown in Figure 2.

Figure 2. BER Simulation using QA Method

i

L

China User Group Meeting
System Design

Agilent Technologies
Et7] 43414 1029 119

Page 9

Applications

‘3I'o show the QA estimation is unbiased, the BER values based on both MC and QA are plotted together in Figure

In the MC and QA, the simulation samples were set to 100000 and 100, respectively. The results from both
methods are matched very well.

Figure 3. BER Vs Eb/No (dB) for both QA and MC Methods at Time Offset =0

-
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China User Group Meeting
System Design

Agilent Technologies
Et71 43414 102 11
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Applications

In the QA example, a sweep control can be used to plot the BER Vs Time Offset as seen
from Figure 4. The simulation time is less than one minutes.

Figure 4. BER Vs Time Offset at input Eb/No=16 dB

BER /& Time Offset Using QA Estimation
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China User Group Meeting

Agilent Technologies System Design
Et7] 43414 1029 119

Page 11

Applications

To compare the simulation speed, an improvement ratio for QA vs MC is calculated.

For BER = 3.4e-17, to get a reasonable accuracy the MC samples can be set to 3.4e18 in MC.
The estimation variance for MC is 1e-35.

In the QA, we found Qe (V4 ko%e-33, Using QA the equation of the estimation variance, we
know only about 500 samples are required for the same estimation variance.

The improvement ratio QA Vs MC is greater than 6.8e15

China User Group Meeting

Agilent Technologies System Design
Et7] 434114 102 11

Page 12
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Summary and Further Works

= We have shown that the error probability in system due to ISI, jitter and
Gaussian noise can be effectively estimated by using the QA method .

= Further investigations show that the QA method is better than not only the
direct MC method, but also many other variance reduction technigues, such
as, importance sampling approach and group sampling approach in linear
system simulations.

= The QA method can be generalized for M-ary signaling cases. When the
noise is non-Gaussian, the QA method also can be used for estimating the
error probabilities with a desired accuracy.

China User Group Meeting

Agilent Technologies System Design
Et7] 43414 1029 119
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Accurate GHz channel
simulation and statistical-
analysis for SSE(Soluti
Space Exploration)

Asian IBIS Summit

Shanghai China
Nov11, 2008

Baolong Li, Ansoft Corp.
Baolong.li@ansoft.com.cn;
Hou Weiping , Huawei Corp
houwp@huawei.com
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Gigabit Design Requirements
- *Accuracy models are in fashion...”

OEMs eye a broad range of
simulation models

3-D ma<als are In fashion with a large minority of users
What kind of simulation models do you prefier?

70.1
51.9
45.5
42.4
39.8

Traditional simulation method

Method1 : SPICE- transient simulation

= High accuracy

= Difficult edit

» Long time, non-convergence
Method2 : Mathematics

» Matlab based program

» Vendor depend

» Only S- parameter channel model

Page 125 of 134
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SPICE level transient simulation
Altera StratixIl 6.25Gb/s example
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Simulation result

= UDT: tranciever+2.5"daughter board+26" mother board
= Tx pre-emphasis: 15 post=9
= code: PRBS7

L Y Y\ VY N\ Y

ot o | 124
==t )

LT

é'f/e (mV)
Results: Sim 124 Tolerance<10%!!!
Meas 131

K\

Transient simulation Vers.
statistical analysis

Traditional Transient Methods
= Solve the system response for each time step
= System response predicted using unequal time steps

= Slow simulation time for a large number of bits =
1/BER

Statistical— The Fast Convolution Method

= Takes advantage of superposition assumption to
create a system response. — “generally bounded
the LTI Assumption @3
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Create Circuit

‘ ‘ Write Nodal Equations

Linearize and Solve DC Circuit
Equations using Newton-Raphson

Transient Analysis
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statistical analysis — The Fast
Convolution Method
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SSE——Solution Space
Exploration

Simulation requirements at first step

= Trade-off among multi-elements in the design
—=Approximations for speed

= Each element of the channel have different effect to the final
results

= Cost and time-to-market pressure

= Variants sweep for Solution Space Exploratio
critical

aximize the
performance and
minimize the cost of
nterconnection

technology

Sweep variants :

= T-Line length : system framework

= connector : Performance = Price

= Footprint : perfect layout and routing cost long time

HiGH-PERFORMANCE EDA

Jitter and BER
()

(53 D3
{Random Jitter) (Deterministic Jitter)

P pOT BUT
(periodic jitter)] |(Data-dependent Jitter)] [Bounded Uncerrelated Jitter)

Don 151
Duty-cycle Distortion) (Inter-symbol Interference)

0.5

0 T™  0ET, TM T

Jitter is a critical eleum"ents of BER!

K\
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statistical analysisl-- BER

“statisticalal Eye” Analysis
(lower accuracy, highest speed)

Algorithm:
A Run transient
A Generates step response
A Detect the delay

.
A Impose the step response /

4. On Ul grid 02 R
A Calculate probability of error (BER) r—

# For a single cell in the grid
4 Based on statistical assumptions

A Generate Eye contour
A Visualizes worst eye

e sty

statistical analysis2— Eye mask and jitter

Bridge between statisticalal Eye & transient B Dy
(medium accuracy, medium speed) ]

Algorithm:
A Run transient

A Generates step response e
A Convolve = el

A Input bit-stream with step response..-
A Allows for very long input bit pat ..;

A Visualize eye mask violations ..

A Determine Jitter through Histogr “*
threshold crossings
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Full channel model

2+ DC SMA DC footprint BK connectar BK footprint

DC: Daughter Card
BK: BackPlane BK diff TL

TL: Transmission Line

g

2+ DE ShA DC footprint BK connector BK footprint

| . —
dift e ‘

1. Sweep the variants
of each element

2. Optimize full channel

A

Page 15 | ANSOFT]

Footprint effect
Back-drill length Anti-pad diameter
¢K‘I':TI IIIIII o Im-'glf-c. ST
st
JEH
RBH EH

ANSOFT]
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Connector effect

N-port data E
N-Poit Data Saurce | Network Data | Naise Data | Optians |
Model
MName: Libraty:
Desciiption ‘h\gh speed connector
3 Fiename. |D:/hfss_wark/connectors/cannector sdp
| O
g Mods
' " Enler data in spreadsheet
" Import data
# Link to file
s
s
: - ! ; oK Cancel
Fuvspumey [(ikz]
Connector performance Connector model- Spice or S-

A

ANSOFT]
Transmission line Length effect
BER PDF
ANSOFT]

Page 132 of 134



Asian IBIS Summit 2008, Shanghai China

Total effect

Including T_line length, connector and footprint effect

y1bus|

Eye mask BER PDF
N . HiGH-PERFORMANCE EDA A

ANSOFT]

SSE for full channel

1| Fast trade-off
among T-Line
length,
connector and
—— | footprint at first

B4 ."'55!:": ﬁ;“?‘m t
 Rectangular Contour ul S ep

ANSOFT]
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Conclusion

= Spice transient simulation
= Accuracy
= Take long time

= statistical analysis
= Speed!
= Easy for SSE

Thanks Huawel Beljing Institute
Miss Hou Weiping’s great helpl

HiGH-PERFORMANCE EDA A \\
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