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Overview

J Motivation
J SSN with IBIS in 2000

» Simulation setup
» BEHAVIOR — model with Voltage-Controlled Current Sources

Overview

SSN 2000
» very good concordance with transistor based models
 Table driven kssn-multiplier
kssn - table o _
» Multiplier extraction
» Results HSPICE vs. VCCS-BEHAVIOR
Enhanced » Lacking concordance
VEES model 0 Enhanced VCCS-BEHAVIOR
» Additional RC — Timing coeficient
Summary > Improved results

J Summary
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SSN 2000

kssn - table

Enhanced
VCCS model

Summary
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» DDR2 - Memory

ATEXAS INSTRUMENTS

» CDCE706

» PROGRAMMABLE 3-PLL CLOCK SYNTHESIZER /
MULTIPLIER / DIVIDER
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SSO Simulation Setup
( m+1 switching outputs )

TRANSMITTER RECEIVER

. H/L tr-line
Overview ._4E1>— R
Duiet Output

VCC Package Package
SSN 2000 i e
Rupo
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Luwo _
kssn - table R

tr-line
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Switching Output

Enhanced
VCCS model

Summary
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VCCS-Model enhancement

O vDD
Overview :
kssnr(Vdd-Vss) * 1
kpu(t) *Ipu(Vout) pc(Vout) @ C_compl2 ==
SSN 2000
ouT
kssnf(Vdd-Vss) * IgC(Vout)@ C_comp/2 ==
kSSﬂ = table kpd(t) *Ipd(VOUt)
®
O vss
Enhanced
VCCS model

A second multiplier for rising (kssnr) and falling (kssnf) edges
Both multipliers are controlled by the (Vdd-Vss) voltage drop
Feedback on the gate source voltage of the output transistors
Multiplier generation:
»Pullup/down V/lI-tables as a function of Vdd
»SSO-V/t-table (Golden Waveform)

Summary
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VCX16244 SSN analysis results (rising edge)

two waveform behavioral model Number of SSO =6

Overview

Node OUT:
Transistor based
Behavioral
SSN 2000
Node END:
£ Transistor based
o - Behavioral
kssn - table g ;
= :
Enhanced f
VCCS model
[ I [

Time (lin] (TIME]

Summary
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kssnr/f Multiplier Generation Method
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............ e LR L PP
B . iz P
1 1
1 . '
1 . 1

Overview g

=10m

SSN 2000 -15m

=Z0m

Currents (lin)

3.3V) ~=""7 1N -
m ﬂ.

L G L O R deoool T Ll :
= [ kssnr@.6v) = 13.6v)1(3.3V)

,
T T T T T T E T T T T T ITTITT N =t
f ’ , : ;
[

-Z5m

kssn - table

—30m

-35m
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SSN 2000

kssn - table

Enhanced
VCCS model

Summary

kssn rising coefficient extraction
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HYB18T512160AF (DDR2) INFINEON

(Params)

0.04

-25.0rmn -

-50.0rmn {

-75.0m

04

(&)

5.0m
0o

-5.0m

-10.0m
-15.0m
-20.0m
-25.0m
-30.0m
-35.0m
-40.0m
-45.0m
-50.0m
-55.0m
-60.0m
-65.0m
-70.0m
-75.0m
-80.0m
-85.0m
-90.0m
-85.0m

-04

DOR2 Infineon HIGH curves @ Vdd =1.0¥ to 4.0V|
(A Voltage X(Volt)

, , ijvrmess)
_______________________________________ L pvgld=R GO000A0YS36TE -
madia p {Params) : Voltage X(Volf)
par(rhﬁO)
T T T T T T T T T T T 1
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kssn falling coefficient extraction SIEMENS

HYB18T512160AF (DDR2) INFINEON

DOR2 Infineon |LOW Curves @ Vdd =08 to 4.0V
{A)  Voltage X(Valf)

pucd<2 2000000853674 / itmess)

100.0m,  100.0m

Overview S00m] UM -t Dl
) B’éaaé?ﬁggé@@@ﬁ@@? , {(Params) : Yoltage X(¥olf)
B00m]  800m - to-oto-- e b L L . /4 o S L o i / _____ -
SSN 2000 700m]  70.0m
A 0.0 _:F_E—-E—E—E ----- I ----- E _____ e S :':":m(gg.;_lf—wfgggigsgsTGaE

thfld_nomalﬂ 8 . T

500m)  S00ml oot . . Y 4 =l . o L L [ pgd10000009761581 |
kssn - table ' ' ' ' : : ' : : : . [ fuddai 6000000238410

(FParams)
(A)

40.01m 40.0m

30.0m A 30.0m

Enhanced 200m|  200m
VCCS model

10.0rm 4 10.0rm

0.04 00

Summary 400ml 100m

Yoltage X(Volf)
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[
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Overview

SSN 2000

kssn - table

Enhanced
VCCS model

Summary

kssn falling coefficient extraction (zoom)

HYB18T512160AF (DDR2) INFINEON

SIEMENS

(Params)
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-------------------------------

pveld=1. 2000000476837
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HYB18T512160AF / INFINEON SIEMENS

kssn rising/falling @ Vdd = 0.5V to 3.6V (1.8V nom.)

i

yd
Overview ’////

Vdd _nom /
SSN 2000 15000

l 7

kssn - table é :E:::
1,0000 /
Enhanced //;
VCCS model o008 /

Summary 0,0000 - c—rv/ o~

0,4 0,6 0,8 1 12 14 1,6 <l,8 > 2 2,2 2,4 2,6 2,8 3 3,2 34 3,6
vdd (V)
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Overview

SSN 2000

kssn - table

Enhanced
VCCS model

Summary
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kssn rising/falling @ vVdd = 0.5V to 5V (3.3V nom.)

TICDCE/706 TEXAS INSTRUMENTS

1,600 e o
4
Vdd_nom A
1,400
1,200 l A
N
1,000
—&— kssnf
@ 0,800 —A— kssnr
2 A— kssnr_00
kssnf_00
0,600
0,400
0,200 / X .
%/ slew rate min
M o

A
0,000 /H'A T T T T T T T
0,3 0,6 0,9 1,2 15 18 21 24 2,7 3 ‘ 33 ’ 3,6 3,9 4,2 4,5 4,8
vdd(v)
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Overview

SSN 2000

kssn - table

Enhanced
VCCS model

Summary

DDR2 buffer Infineon

Supply voltage drop ( L=2x1nH) / Load Tline Zo=50 Ohm

SIEMENS

2.3 -

22 4

2.0

(Params)

1.7 A

1.6 4

1.5 4

1.4 4

1.2 4

1.0 4

08

0.4 4

0.2 4

0.0

=

18 -

1.8

DDR2 BufferIHSF'ICE v, IBIS and YCCS-Modell (with Kssn)

oYY VCECS * Kssn

-WVWOCS kssn-

HSPICE Wvidd -

________________________________________________

_______________________________________________________________

(Params) : tis)

par{dvds_behi)

par{dvds_hsi)

par{dvds_beht)

par{dvds)

) ts)
vipad_beh_t)

viout_hs) Vdd

viout_hsi)

Vi)
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Overview

SSN 2000

kssn - table

Enhanced
VCCS model

Summary

TI CDCE706 / Voltage drop / Rising edge

VCCS-model with kssn table ( L=2x3nH)

SIEMENS

(Params)

v

Tl Vergleich HSPICE+BEH / L=3nH IIZ=1 00Ohm ung 100ns lang

4.0 {Params )1 t(s)
. paridvds_hs)
Be Al o TR par(dvds_beh)

\\1\_/,/
0 e e e
tranS|stor based model
31 | L 2 Y Y = T T S
1.0 (V) =)
vipad_beh)
wiout_hs)
| I I R S I A T I viout_hs_ref)
IBIS/ tran3|stor based model
HSPICE | E E
] SR @"NO PKG 1 S VCCS+kssn--;--------------f --------------
|
10|2n 10l3n 10|4r1 10|5n 10|6n 10|?n 10|8n

t(s)
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TI CDCE706 Rising edge vs. Vdd drop SIEMENS

Transistor based model

HSPICE Tl mit L in ¥ad+%¥ss 1nH 8nH 2nH
¥} 1 tis)
381 v(0vdd)
Overview v(:avid)
c Ep_|=999.9é99?1?1aci?p
SSN 2000 304
29 |
og |
274
kssn - table 26° (V) : tis)
3.0 -
0:
Sig_Rel_OnH vioyO
- | S R P PR P e : e - - - [ PR e F - - - {vOysso)
Z Z Z Z Z J . . . : . ——
2O -t I R RIS s s SR R I R I IR - R
Enhanced I R S S /0.5 7 e G L S S
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1 L R e e T e
'p_1-7.0000001350934n
1|
> *p_I=8.9999998564840n
00/ o s A 5
Summary | A | Slg @Vdd drop 2
0z _I I T I I I T I I I I I 1 =
Q
208n 21n 212n 29.4n 21.6n 218n 22n 222n 22, 4r1 22, 6n 228n 23n 232n 234n 23.6n 238n 24n %
tis) g_l
%
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TI CDCE706 Falling edge vs. Vdd drop SIEMENS

Transistor based model

HSPICE TImitL in ¥dd+V¥ss 1nH 9nH 2nH
V) t(s)
wiDwvdd)

42
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Overview 40

38 4
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Differences VCCS 2000 vs. 2006

VCCS 2000 VCCS 2006
Overview d Transition Time ca. 5ns <500ps
J Operation Paoint saturation region linear region
SSN 2000 QVdd/GND drop
» amplitude ca. 15%Vvdd ca. 40% Vvdd
kssn - table » width ca. /ns ca. 1ns
J Design of the OUTPUT stage
» Time domains NO YES
Enh d
VCrCl:Sarr]r?(()edel » Slew rate control NO/YES YES
» Vdd-drop Feed back NO YES
» Prestage @Vdd _int NO/YES YES
Summary

» On-die capacitance NO YES
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Improvement with prestage capacitance Cpre

. VDD
Overview
O
kssnr(Vdd-Vss) * Ipc(Vout) R
SSN 2000 kpu(t) *Ipu(Vout) C_compR=—/= == Cpre
’ ’ ’ O
kssn - table ouT
kssnf(Vdd-Vss) * .gc(Vout)@ C_compl2 ==
kpd(t) *Ipd(Vout)
® O
Enhanced Cpre:
VCCS model O vss Vdd-Vss prestage
Capacitance
. <
Summary Evaluation: 2
SPICE simulation using =
a capacitance bridge 3
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Vdd drop improvement with Cpre=30pF

CDCE706 with PKG L=2x3nH 10 SSO

Tl COC70G L=3nH / 10x850
(Params) : t(s)
par{dvds_hs)
OVEI’VIEW paridvds_keh)
par{dvds_beh}
g
2] '
SSN 2000 = 25 .
] ' [Cpre=29.999900012764p L
kssn - table V) st(s)

3.0 4 . . i : wiput_hsl)
vipad_tehi)
vipad_beht)

Enhanced
VCCS model = Pt S
| cpre=20.80000001 27B4p
j =
. s
Summary ; 3
T T 1 <
30n don 34n a6n a8n 40n g
tis) s
3
=
©
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Vdd drop improvement with Cpre=30pF

CDCE706 with PKG L=2x3nH 10 SSO

TI CDC7P0B L=3nH / 10x8580 / Cpre=30pF
{Params) : t{s)

2 ' ' ' ' , . parfdvds_hs)
OVEI’VIEW paridvds_beh)
partdvds_bet)
£
SSN 2000 =
kssn - table V) 15

wiout_hsl)

= vipad_hehi)

wipad_beht)

Enhanced

]

VCCS model

Summary

tis)
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Overview

SSN 2000

kssn - table

Enhanced

VCCS model

Summary

Enhanced VCCS-Behavior Model

with (static) and

SIEMENS

(dynamic) coefficients

td_RCr(Vdd-Vss) *
kssnr(\Vdd-Vss) *
kpu(t) *Ipu(Vout)

td_RCf(Vdd-Vss) *
kssnf(\Vdd-Vss) *

kpd(t) *Ipd(Vout)

td RC determination

-by optimisation through

@ veo the Vdd_drop @ known L
* - by adjustment from
|=I(t) table @ L
'IOC(VOUO@ C_comp/2 ==
v v O
ouT
Igc(Vout) C_comp/2 ==
VSS
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Overview

SSN 2000

kssn - table

Enhanced

VCCS model

Summary

\Vdd drop improvement

DDR2 with PKG L=2x3nH 5 SSO

SIEMENS

(Params)

V)

DOR2 L=2x3nH sso=5wio td_RC

(Params) : t(s)

3.0

paridvds_hs1)

par{dvds_beh)

par{dvds_beh)

V) :t(s)
1.8 : viout_hs)
A Transistor based _
! : ad_beh

0 N O S S VCCS wiotd_RG |YIP*-Pel
12 N RS ST Ty vipad_heh)
T T
0.6
04 I I I
02 - -
0.0 . . . .

T T T T T T 1

31n 32n 33n 34n 35n 36n 37n

t(s)
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Overview

SSN 2000

kssn - table

Enhanced

VCCS model

Summary

\Vdd drop improvement

SIEM

CDCE706 with PKG L=2x3nH 10 SSO

ENS

(Params)

]

5.5 -
6.0 4
55
5.0
45
4.0
35
3.0 1
25
2.0
1.5
1.0
05
0o

3.0 -

25

2.0

05

0.0 -

-05

TI COCT06 L=3nH / 10xSS0 / w. td_RC (30 Ohrmy 1.5pF)

tis)

(Parars) : t(s)

parfdvds_hs)
paridvds_beh)

par{dvds_beh)

(V) (=)
wiout_hsl)

vipad_behl)

wipad_beht)
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Overview

SSN 2000

kssn - table

Enhanced
VCCS model

Summary

SIEMENS

Summary

dWith improved IBIS models, SSO can be simulated in a better
concordance with transistor based models, IF

» kssn —table information (BIRD 97.x)

» current vs. time tables @ known RLC environment (BIRD 95)

J Advantages
» Signal integrity analysis
» PDS — Voltage drop

» Timing simulation

 More investigations have to be done, to evaluate for different
technologies, the validity range and the accuracy of the proposed
improvement

¥2 91104 JaIne pauen




SIEMENS

Industrial Solutions and Services

SSO Simulation with IBIS

Manfred Maurer
manfred.maurer@siemens.com

Questions




