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Simulation circuit using “IBIS class’ transistor model
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HSPICE simulation file

Testing Output Response to Supply Noise

R R b I b b I S b I 2 b b I SR b b S b b b SR Sb b b SR b b Sh Sh b b ah b S Sh b b 2 Sh b 2 2h Sb b b Sh b 2 Sh b b 2R b 2 Sh Sh b b Sh b b Sh b 2h b Y
.OPTIONS POST=1 POST_VERSION=9007 PROBE ACCURATE RMAX=0.5

.TRAN 1.0ps 4.0ns SWEEP Tpoint LIN 10 10le-12 1001le-12

.LIB 'Process.lib' Typ

R R b I b b I S b I 2 b b b SR b b S b b b SR Sb I b SR b b b Sb b 2 ih b b Sh Sh b 2 Sh b 2 Sh Sb b b Sh b 2 Sh b b 2h Sh b 2 Sh Sh b 2h Sh b 2h Sh b S 2h e Y
.PROBE

+ DiePWR = V(DiePWR,DieGND)

+ DieGND = V (DieGND)

+ Out V (Out,DieGND)

KA A AR A AR A AR A A A A A A A A A A AR AR KA A A A A A KA A A A AR A AR A A A A AR AR AR AR A A A A AR A AR AR AR,k Kk

.param Tpoint = 101lps
*

*Vvcce DiePWR 0 DC= 5.0

Vvcc DiePWR 0 PWL
+ 0.0 5.0

+ 0.1lns 5.0

+ Tpoint 4.0

+ 10.0ns 4.0

*

Vgnd DieGND O DC= 0.0

*Vgnd DieGND O PWL

*+ 0.0 0.0

*+ 0.1lns 0.0

*+ Tpoint 1.0

*+ 10.0ns 1.0

*

Vin In DieGND DC= 5.0
*Vin DiePWR 1In DC= 0.0

KA KR AR A AR A AR A A A A A A A A A A A AR A AR A A A A A A A A KA AR A AR A A A AR A A AR AR A A AR A AR A AR AR AR, kKK

X0 In Out DiePWR DiePWR DieGND DieGND DieGND IO_buf

* in out pu pc rd gc en
*
Rload Out Vtt R= 50.0

Vload Vtt DieGND DC= 2.5

KA KR AR R AR A AR A A A A A A A A A A AR A AR A A A A A A AR A AR A A AR A A A AR A AR AR A AR A A AR A AR A AR Ak kKK

.END

KA KR AR A AR A AR A A A A A A A A A A AR AR A A A A A A A A A A AR A AR A A A A AR A AR A AR A AR A AR A AR A AR AR,k Kk
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The four configurations give identical results (high state)

TESTIME OUTFUT RESPOWESE TO SUPPLY MOIGE 10/70E/20
(1= 1413111E
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= HdArro=

Z.ooming in to see the details...

TESTIME OUTFUT REESFONSE TO SHEPLT NOIGE
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Make the PU and PD asymmetric

R I I b S S I I S b S I b b I b b b I b b b b b b S b b b b b I S Sh b b SR b b S b b 2 2R b b S SR b b b b b S Sh b b b S b b Sh b 2 2h b o b S

IO_buf d_in pad DiePWR p_clamp DieGND g_clamp enable

R e I I b S S I I I S b S I b b I b b b I S b b b b b S b b b b b I S Sh b b SR Sh b S b b I 2R b b S SR b b b b b S SR b b b b b Sh b 2 2h b o b S

. SUBCKT

X1 enable en_b DiePWR
X2 d_in en_b pre_pl DiePWR
X3 d_in enable pre_nl DiePWR
X4 pre_pl pre_p2 DiePWR
X5 pre_nl pre_n2 DiePWR
X6 pre_p2 pre_p2 gate_p DiePWR
X7 pre_n2 pre_n2 gate_n DiePWR
*

Mp pad gate_p DiePWR p_clamp

+

+

Mn pad gate_n DieGND g_clam

pre_p?2
pre_n2
gate_p
gate_n

ad
rcv_in
rcv_in

DieGND
DieGND
DieGND
DieGND

rcv_in
DieGND
rcv_out

PMOS

DieGND
DieGND
DieGND
DieGND
DieGND
DieGND
DieGND

INVERTER

NAND2

NOR2

INVERTER mult_p=2 mult_n=2
INVERTER mult_p=2 mult_n=2
NAND?2 mult_p=4 mult_n=2
NOR2 mult_p=2 mult_n=4

L=0.800U W=43.40U NRD=0.0897 NRS=0.0737

0P AD=217.0P PS=106.8U PD=53.40U

Chaged to M=6

AS=434.

M=6
C=0.07pF
C=0.07pF
C=0.04pF
C=0.03pF
R=200
C=0.2pF

DiePWR DieGND

=0.800U W=43.40U NRD=0.0897 NRS=0.0714
0P AD=217.0P PS=106.8U PD=53.40U

INVERTER

Adding or removing these capacitors doesn’t make the
agreement between the four conditions any weaker
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PU reduced to half the strength - High state

TESTIME OUTFUT REESFONSE TO SHEPLT NOIGE 1070k /ED
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Gate voltage of the output transistors

TESTING

OUTPUT RESFOMEE TO SUFPLY NOISE
111 14141105

100420

lII
oo
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.PROBE
""""" + DiePWR = V (DiePWR,DieGND)
+ DieGND = V (DieGND)

+ Out = V (Out,DieGND)
*

+ Gate_pu V (X0.gate_p,DieGND)
+ Gate_pd = V(X0.gate_n,DieGND)

unlB TR RN RO O R TN PR TN U OO TN P O T Y RO T OO Y AU Y AN SOUNOT N (NS FU T O 1
250.0P Boo.opR JEO.OP 1 _0ON L . 250N
TIME [(LIH2
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Zooming in to see the details...

TESTIMG OUTFUT RESPOMSE TO SUPPLY MOIGE 10706720
Il 14141 10E
0. 400 Tue RO
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100 . 0K — B Ln
200.0H — -
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400 0K — =
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B e e e e | T 'I

-1 350, 0p E00.0P TED. OP 1.0ON | .0EDOHN 1 .EO0N

n. TIME CLIN2 1 .50
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The four configurations give identical results (low state)

TESTIME OUTFUT RESPOWESE TO SUPPLY MOIGE 10/70E/20
(1= 141 E5103

= = O_LIKHE.TRA
= = DTERWR
=) ZouT
= = O_LINE.TRE
= T oUT
= Eﬂ:l'_LIME.TRE
= = 0ouT
- i =
= S O_LINE.TRD
E_ _: ouT
¥ z =
0 1.0 = =
L = =
T 2.760 = =
If E_E[I ;_ ..................................................................................................... _;
N 2.a80 = —=
E_[I ;_ .................................................................................................. _;
1.750 = =
1.50 = =
1.2350 = =
3 1
i e =
750 M40 =
B0 , =
B0 . 0H gy ccccccrcttcoieee Bocaon~— _ofibdooacaanacod R LR LR LR R EEEEEER _;
=8 3
0 1. 0w oW
1] TIME CLIN2 4 _0H
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Z.ooming in to see the details...

TESTIMG OUTFUT RESPOMSE TO SUPPLY MOIGE 10706720
Il 14165103
.10 = ‘%6_L1ME.TRA
= S ODTEPMR
- g o
1050 = 2ot
= oL
= ST
950.0H = 3 O_LINE.TRC
= ZOuT
qno_aN =—— =
= _ 2 0_LIKE.TRD
HED OH = e et I T —— = 0UT
Y goo.oH = - Sac=
0 = ' 3
L 7B0LOW T =
L 700.0K = -5
M ST ;_ ......... _.;
EO0.O0H = ; =
550 OH ;_ ........ _,;
500.0H = -3
450 .0 = 3
400 0H ;_ ........................... .................................................................. _;
360 0K T I ) R =
- r oo b b b b a1
3 00._0H 350, 0p E00.0P TED. OP 1.0ON | .0EDOHN 1 .EO0N
1] TIME CLIN2 1 .50
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PU reduced to half the strength - Low state

= HdArro=

TESTIME OUTFUT REESFONSE TO SHEPLT NOIGE
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Gate voltage of the output transistors

TESTIME OUTFUT RESPOWESE TO SUPPLY MOIGE 10/70E/20
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Zooming in to see the details...
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Conclusions

Whether we are modulating the top or bottom supply
voltage DOES NOT MATTER

Due to internal RC effects the gate voltage of the output
transistors will not be able to follow rapid supply
voltage variations instantaneously

The gate modulation effect cannot be modeled by DC
measurements alone

We have to find a good way to describe these AC effects
in a general way before BIRD97/98 can be completed
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Part II: Gate modulation and
BIRD 97/98

IBIS Futures Teleconference

June 1, 2006

Arpad Muranyi
Signal Integrity Engineering
Intel Corporation

arpad.muranyi@intel.com
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Linear scaling of L, w/r V ... (Low state)
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Z.ooming in to see the details...
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Linear scaling of I ,,, w/r V
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Z.ooming in to see the details...
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Percent deviation of I,
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Percent deviation of I, with different C_comp splitting
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Part III: C_comp revisited
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Steady supply, moving pad voltage (Low state, 3.27 pF)

e Ao

=Z=—r TmIED

TESTING OUTPUT RESPOMGE TO SUPPLY MOICGE NE/25/20
ng 13+ 1325
. = i
1.10Z S MOVE_OUT.TRQ
- ; . : : - Ut
T ()] oaaed posaansaecea: Lo ANy 4 R ST b A
Z : : : : - ouT1
- 0 0 0 0 K|
I = PRI ¥ (A I R A IR b =
1.D4U:_ .................. .................... ................... ..................... ............... _:
| | [
S MOWE_QUT.TRD
.............. = 10UTD
i
: 210Ut
-... _I_l
> DC current change
from I-V curve
= 1

! 2!5 i I ne
AC current due to

slope of the ramp
I=C*dV/dt

Notice that the deviation
is larger at faster slopes
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Same with smaller C_comp in IBIS model (1.8 pF)

TESTIHG OUTPUT RESPOMNSE TO SUPPLY MOISE OE/26/7210
(= 1z2+00:03
[ = A
1.10Z S MOVE_OUT.TRO
- ; . : : - UTo
DR e e A R St b A
z : : : 0 - ouTi1
W = : : : ; I3
|:I I-DEU__...: e e e e e e e e e e e :.. e e e e e e e e e e ...: ............... __
% - : : : -
I_DLI'U__ .................. E .................... : ................... E ..................... E ............... __
If - : : : 0 -
H 1.020 ; -
f g S e =
QRO O — e _:
QR OM — e _:
T Y R T T TR EN S SR
: c S HOYE_OUT.TRD
; N  100T@
: : i
_|_|I|:IL|T1
A :
" : s DC current change
] om § .. fromI-V curve
i : : -
H : : :
34 oM i S =
-35 OM B ................. ..................... ............... _:
-3E OM I.Elhi oo
n 1_Z20H

AC current due to Smaller C_comp

slope of the ramp reduces the deviation

I=C*dV/dt
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Frequency and voltage dependence in C_comp

Capacitance vs. %bias and Fregquency X 1EI-

-1z : 5

% 10

Im(I) » N

" y b : i
g : HRITNANIAA 135

+ g | i it T
Va . R
- T s
2__.
C = Im(D/2*n*f*V,,) !
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To be sure, steady state solution is correct

TESTINE OUTPUT RESPOMWNSE TO QEEPLT HMOTEE
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=Z=—r TmIED

TEETIHG OUTPUT RESPOMEE TO SUPPLY HMOISE
(= 12000072

] 10—

Z.oom in to see details...

nE/25/210

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

....................................................................................
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I=Cparallel ® dV/ dt

Exponential shape is
due to another RC
(or more stuff)
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Additional RC explained

Chiitter Pad
[|
1
R hannel Of I-V curve of
pre-driver output — Ciie
transistor transistor

The circuit shown here also agrees with the analysis results of
the IBIS BIRD 79 and the accompanying presentations

http://www.vhdl.org/pub/ibis/birds/bird79.txt
http://www.eda.org/pub/ibis/summits/mar0?2/eiacotto.pdf
http://www.eda.org/pub/ibis/summits/jun02/giacotto.pdf
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Testing a series RC in parallel with C_comp

TESTING OUTPUT RESPOMSE TO SUPFLY MOISE NE/264210
ng 14+ 06 RE
_—
2 WOWE_OUT.TRO
- QuTan
: : ' ouT1

-3z

- 34

- 35

-3E

S0

S0

S0

S0

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

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

C_comp = 1.3 pF
C_Miller = 2.0 pF

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

MOYE_OUT.TRO
10UTdD

-

- 10UT!L

| | | | |
20N
TIME C[LINI
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Zooming in to see the details...

TEETIHG OUTPUT RESPOMEE TO SUPPLY HMOISE NEs267210
(= 14 06RE

110 =7

e Ao
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Zooming some more...

TEETIHG OUTPUT RESPOMEE TO SUPPLY HMOISE NEs267210
(= 14 06RE

110 =7

e Ao

-39 308 =
These rounded shapes are
due to higher order effects

- C34 BN e N T e o i et P
H - : : o~ : :
-?4_E~Elr'1:_ .............. g Fo A ............ PR ...............
4 FOM = fe e b
-314 B2OM = S IR O AT URRRRT O | Y TR o L1 )
- 2E0. 0P oo.op TEO_OP 1.0H 1.2E0H l . B0H
0. TIME (LIMI 1_G0N
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Back to Part II with revised
model

= |



=—r dr o= == dr o=

=Z=—Hr =ZTI3I;o

Modified IBIS model (Low state)

TECTIHG OUTPUT RESPONGE TO SUPPLY MWOISE NE/25/210
nE 161 0'RF
5.0 T O_LIHE.TRO
: : ZDIEFRKE
PRIl U 00909090 0909090909020 922 2 (e =
: C_comp = 1.3 pF -
“-€0 : C_Miller = 2.0 pF -
I B T R_predriver=300£2 ..................
Tl ] | s el shE S B B o s S .......................
4 .0 —
1.150 =
1.10 =
1. 050 =
1.0 =
950 .01 =
900.0M =
EIEEI.DH:
0. -
l.EI:_
a0
3.0 =
h 1.0M 2 _ 0N 3_0H
0 TIME CLIM 4_ 0N
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=—r dr o= == dr o=

=Z=—Hr =ZTI3I;o

Same as previous, but tuned RC a little

TESTIHE

1.150
1.10
1.050
1.0
950 .0M
300 .0M

950.0H
1.0

500._0M

QUTPUT RESPOMSE TO SUPPLY HMOISE NEA2E7210
neE oo 4321

C_comp = 1.3 pF
! C_Miller = 4.2 pF
.................... o R_predriver=190Q

Lo |
=
——
=
—m
—.
p |
=4
=

= ]

1.0MN 2 . 0N 2.0H
TIME [(LIM]I 4_.0N
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Conclusions

e It may be possible to achieve a reasonably good model for
the gate modulation effect by

— scaling the I-V curves with static coefficients as described in
BIRD98

— adding a series RC in parallel with each (split) C_comp
— fine tuning the C_comp splitting coefficients
— PROBLEM: these are voltage and state dependent!

e The previous pages did not attempt to achieve the highest
accuracy, additional fine tuning of the parameters would
most likely achieve better results

— continue work to show that this will also work in the high state

— do more experiments to determine the best parameter extraction
techniques (and/or automation) for model makers

e Based on this, the recommendation is to use additional RC
circuits in parallel with each (split) C_comp

— need to test more cases to prove this will work in most cases
— this can be either added to BIRD9S or described by a new BIRD
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