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3 Outline ALSTOM

= Starting point - why

e Time Domain : Capacitance vs. Voltage

e Frequency Domain : Capacitance & Impedance
< NL impedance model

= Modified IBIS model

e Future work
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3 Starting point - why ALSTOM

Mr. Muranyi's presentation in June 2001

(available on the IBIS website)

e Digital interconnects may be efficiently analyzed in
Frequency Domain.

e Accurate analysis needs an accurate frequency model
for drivers and receivers.
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3 The IBIS model impedance ALSTOM

v i pack
tables T -+ ackage...
e C(:omp
\ J B
Y
R(V)

:> Zyfterpad 1S @ shunt RC circuit, with « R »
accounting for the whole non-linearity
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ALSTOM

Time Domain

Buffer capacitance (C, )
VS.
applied voltage (bias)



1V
tables
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capacitance meter circuit

3.051p

Cbuff
Ceomp = 3.05 pF —>»  3.05p

3.049p

3.048p
IBIS test-model

Driving LOW (blue) & HIGH (red)
3.047p

3.046p

0 1 2 3 4 5
Vtest
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ALSTOM

Cbuff
4.5p

4p

3.5p

0 1 2 3 4 5 V
test

N.B. : this transistor model is the same used to extract the data for the IBIS model in the

previous slide. These two models are the ones used throughout the presentation. 08/03/02 - 8



| 5) Comments ALSTOM

« The IBIS output buffer shows a constant capacitance
value vs. the applied voltage. This behaviour is
consistent with the definition of the model.

e The transistor-level output buffer shows a capacitance
that is strongly dependent on the applied voltage.
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ALSTOM

Frequency Domain



5) Z,.ier 1IN Frequency Domain ALSTOM

To have a better insight into the buffer impedance, let's
look at it in the frequency domain.

As drivers and receivers are non-linear,
only small-signal frequency analysis is possible.

I.e., the buffer model is linearized around
the bias-level.
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3 Zbuffe r In Fre quency Domain A LST@) M

The output admittance of the IBIS model is :

You V. W) =G(V) + JWC,,

J

Y Y

IV-tables C

comp

ergo :

C = Im{vjout}
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9 Coulf) - transistor model

ALSTOM

I YOUt}

W dp

3.5p

3p

C,(f) Isnot 2.5p

constant with 2
frequency ether |
1.5p ;

1p
500f ;

T T T T

..J..

[WN ]

analisi piccolo segnale di z_in - hspice Yo models - c_meter

=2

, DC=2

DC =1

DC=3

DC =33

DC=0
DC=4

DC = -1, -2.5, -3.3

DC=5

DC =6, 6.6

Transistor Test Model

Driving HIGH

10k

100k

Frequency (log) (HERTZ)

1x 10x 100x
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Zy . ser IN AB - comparative

ALSTOM

40

30

20

10

analisi piccolo segnale di z_in - hspice i'o models - c_meter

ole
Jroeerree e A/p

Zero

Test model - High - dB(Z)

Red is IBIS
Blue is Transistor Model

DC = -3.3, -2.5, -1

B s

e =b.86 !

100k 1x 10x 100x 19

10k Frequency (log) (HERTZ)

10g

Red is IBIS

Blue is transistor

model
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Zp e COMparison: comments  ALSTOM

The correlation between the impedances showed by
the IBIS model and the transistor model gets poorer
above 100 MHz.

This may become relevant in high-speed designs.
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ALSTOM

Substituting

« C »

comp

INn the IBIS model



"Adding" a zero and a pole... ALSTOM

ol e g
— 1
631 § - l o J
Eﬁp]:
\ ) R R R R R R R R R
Y [}
pseudo-C,,
v
tables 5
B e
18KHzZ 1.0HH=z
20xL0G10{1/1(U2))

“small-signal”
equivalent circuit

_________________________________________

188MHz 18GHz
Frequency
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R2

E31

R4

531 §
RE é

RS ? 180 1es +

atl CE J_ 1.2pF
3_2pI
R7 é

Ra § 250 1

776 =
o7 L 1.3pF
3.2pF1‘

i ———

3.2pF1_

R13 é

400
c14

I2pF ]

Il

Lz

2pF

10KHz 1.8HHz 188HHz 18GHz
B=L0G1A{1/1{VU2)) < 20«LOG1O{1/I(U1)) + 20%L0G1A{1/I{U3)) 2 28*L0G1A{1/I{U5))
BxL0G18{1/1{U6))} + 28=L0G1B{1/I{U7)} > 28=L0G18{1/I{U4))

Frequency
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3 Spice implementation ALSTOM

Modifying an in-house IBIS simulator...

[ tables

MonLinear Cap 2 N W

MonLinear Cap ’ AC Test
2 = -
1 SOUrCE

A

MonLinear Hes
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5) Spice implementation ALSTOM

. Subckt NonLi near Cap 1 2

Ecopy 3 021 1.0

Vsense 0 6 Ov <—— NL-cap
Cref 3 6 le-06

Gout 1 2 VALUE = {I(Vsense)*1e06* TABLE( V(3),

**[Vol t],[Farad] **

+ 0, 1. 1pF,

+ 1, 1. 1pF,
+ 2, 1. 2pF, .subckt NonLi near Res 1 2
+ 3, 1.3pF, Gout 1 2 VALUE = {V(1,2)/ TABLE(V(1, 2),
+ 3.3, 1.35pF, **[\olt],[Ohng **
+ 4 , 1.5pF, + 0 , 200,
+ 5, 2pF + 1 , 180,
+ )} + 2 , 180,
.ends NonLi near Cap + 3 . 250,

+ 4 , 300,

+ 5 . 350,

+ 6 , 400
NL-resistance @=—> |+)}

.ends NonLi near Res
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3 Spice implementation - result ALSTOM

B o = = o o o oo =
By By AL
‘ Zout ‘ —__x"'-‘\
[dBW] \
L y y ; . :
Ll ﬂ

28
a _F"GQ,_":"' ,..¢.:_":'r == —N
k4 k4 k4
18KHz 1.8MHz 188MHz 18GHz
O ¢ % i + oA v ox 20=L0G18{17I{U7))
Frequency
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Future work ALSTOM

e verify on other buffers and technologies (BJT,...)
the ‘agreement’ with this topology

e quantify the impact in time domain
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