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IBIS-AMI analog model examples with IBIS-ISS
Package modeling in legacy IBIS

Package modeling with BIRD 125 and IBIS-ISS
More details for the Figure 12 example

A fundamental problem in legacy IBIS
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A solution using existing BIRDs
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The current state of buffer modeling
using BIRDs 116-118
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S-parameter Tx model with [External Model] & IBIS-ISS

Legacy IBIS file: Tx.par file:

@ Usage Info) (Type String)
QLDe NC.s4p" "WC.s4p" "BC.s4p")

(Description "Driver on-die S-parameter file")

| Example of an analog AMI Tx model using [External Model] and
| an IBIS-ISS S-parameter:

[Model] ISS Diff Tx
Model type Output diff (

Rref_diff = 100 EDA tool GUI lets user

|
[Voltage Range] 1.0 NA NA

| select “one of many”.

[Ramp]

dv/dt_r 0.6/40p NA NA Dependency Table may also )

dv/dt f 0.6/40p NA NA

(Usage Info) (Value 0.9) (Type Float)
Bescription "Output open circuit high voltage")

Usage Info) (Value 0.0) (Type Float)
DeEscription "Output open circuit low voltage")
(Usage Info) (Value 40e-12) (Type Float)
Description "20%-80% output rise time")

'[] | affect what this GUI does.

|
| Corner corner name file name circuit name (.subckt name
Corner Typ AMIdriver.cir AMI Sdrv
|

| List of
Paramete
|

| List of converter pg
Converter Parameters
Converter Parameterg
Converter Parameterp
Converter Parameterg
Converter Parameters
Converter Parameters
|

| Ports List of port names
Ports A signal pos A signal :
|
| D to A d port portl port2 vlow vhiig

D to A D drive my driveP my reff VioP VhiP Tfa
D to A D drive my driveN my ref\V1oN VhiN Tfa
| Sdriver my_driveP A signal pos my driveN A signal neg my_ref
[End External Model] + MNAME=TSFile

| + [FBASE = base frequency] [FMAX=maximum frequency]

AMIdriver.cir file:

KAk Ak hkhkhkhkhkhk kA hhkhkhkhkhkhkhkh Ak ko hkhkhkhkhkhk bk hkhhkhkhkhkhhkhk bk hkhkhkhkhkhkhkhkhk bk hkhkhkhkhhkhkhkhk bk hkrhkhkhkhkhkhkhkrkhkhkhkhkkh*k

I Sdrv A signal pos A signal neg my driveP my driveN my ref

KAk KAk hkhkhkhkhkhk kA hkhkhkhkhkhkhkhk bk Ak ko hkhkhkhkhkhk bk Ak hkhkhkhhkhk bk Ak hkhkhkhkhkhkhk bk hkdhkhkhkhkhhkhk bk hkrkhkhkhkhkhkhkhkhkhkhkhkhhhh*k

.ends




RC Rx model with [External Model] & IBIS-ISS

Legacy IBIS file: Rx.par file:

Usage Info) (Value 47.75) (Type Float)
| Example of an analog AMI Rx model using [External Model] description "Single-ended termination resistance")

| an IBIS-ISS circuit:

[Model] ISS_Diff Rx

Model type Input diff

I

[Voltage Range] 1.0 NA NA
I

[External Model]

Language ISS

I

| Corner corner name file name circuit name (.sybckt name)
Corner Typ AMIreceiver.cir AMI R

(Usage Info) (Value 0.5e-12) (Type Float) (Default 0.5e-12)
Description “Input Capacitance")

AMIreceiver.cir file:

| List of p

Parameter RX.par R R R R R R ik R I R e I S I i S S i I S S S kS
Paramete = Rx.par T AMI RCrcv A signal pos A signal neg my rcv H my rcv L my ref
Paramete Cc H Cc L = Rx.par = le+6

Parameters\Cd Vt = let6

I le+6

| List of converter parameters 0

Converter Parameters Vlog= -0.05 0

Converter Parameters VhiNg_ 0.05 0

I 0

| Ports List of port names (in sam®&rder as in SPICE)

Ports A signal pos A signal neg my wsgcv H my rcv L A gnd Cc H A signal pos my ref Cc=Cc H

| Cc L A signal neg my ref C=Ce_1L

| D to A d port portl port2 vlow vhigh corne cd A signal pos A signal neg C=Cd

A to D D receive my rcv H my rcv L P Rt H A signal pos my vtt R=Rt H

|[A to D D receive A signal pos A signal ndg e Rt L. A signal neg my vtt R=Rt L

| Rd A signal pos A signal neg R=Rd

[End External Model]

| vvtt my vtt my ref DC=Vt
E H my rcv. H my ref VCVS A signal pos my ref 1
E L my rcv. L my ref VCVS A signal neg my ref 1

KA A A AR A Ak A A A A A A A AR A A A A A A A A AR A A A A A A A A A KRR A A A A A A A AR A A A AR A A A AR A Ak A A hA kA A A A kA Ak kA hk kA A Ak k)

.ends

e IBIS-ANL ApslogaVlaclzline;




Legacy IBIS package
modeling overview
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Package modeling in legacy IBIS

a ibs file I

pkg file

i

g
b oh o )

7\ A
%
[Pin] V/ [Model]

[Pin Numbers] Implicit die pads

e 18Is-AVLAnzslog Macdsline




Package modeling in legacy IBIS

/1¥;n] signal name model name ‘\\\ /qggfine Package Model] A pkg model <‘\\\
Al Vecel POWER [Manufacturer] Noname Company, Inc.

B2 DQ signal DQ model [OEM] Noname Company, Inc.

C3 GND1 GND [Description] Illustration model

| [Number Of Pins] 3

[Package Model] A pkg model |

... [Pin Numbers]

[Model] DQ model Al

Model type I/O B2
l.. c3

|..
[Model Data]

& L /

* The .ibs file does not declare the pads on the die

* [Itassumes one corresponding “implicit” pad for each pin

« The [Pin] list Is repeated in the package model as [Pin Numbers]

« The package model is placed between the pin and this implicit pad

: ,, 8 gV
E o 8IS-AMLAnzlog Macdsline S 57 % -
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The current state of package modeling
using BIRD 125
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Package modeling with BIRD 125

//E;;n] signal name model name “\\\ //E;;fine Package Model] A pkg model “\\\
Al Vecel POWER Inc.

[Manufacturer] Noname Company,
B2 DQ signal DQ model [OEM] Noname Company, Inc.
C3 GND1 GND [Description] Illustration model

| [Number Of Pins] 3
[Package Model] A pkg model |

... [Pin Numbers]
[Model] DQ model Al DiePortName

= IDP Al
Model type I/O B2 DiePortName = Pad 2
... C3 DiePortName = IDP C3

[Node Declarations] | ...
Pad 2 [Package Circuit]
4/// Language IBIS-ISS

- C

« The new 2" column of [Pin Numbers] declares
« Implicit on-die nodes (pads)
« Explicit on-die nodes (pads)
« IBIS-ISS models can be placed between pins and pads
« This supports arbitrary mapping between pins and pads

J

10 A

L

e 8IS-AML Anzlaoguvladlslir > Y -
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A simple package model with IBIS-ISS

Legacy IBIS file: IBIS .pkg file:
l---- [
| Example of an IBIS model using an IBIS-ISS package model | This example implements a package model using an IBIS-ISS
l------"-""-"-""--"-"-"""-" """ | subcircuit.

[Pin] signal name model name

1 Define Package Model] A 4 pin pkg model

2 Manufacturer] Noname Company, Inc.

3 OEM] Another Noname Package Company, Inc.
p e . 2 -

Channel 1P ISS Diff Tx

Channel 1N  ISS_Diff Tx Matched
Channer—2 ISS Diff Tx Pin Numbers]

Channel 2N ISS Diff Tx by name DiePortName = IDP 5
. e DiePortName = IDP 6
10 e - DiePortName = IDP 7
DiePortName = IDP 8

Number Of Pins] 4

Declaration of
Implicit die ports

|
[
[
[
[Description] 4-pi
[
|
[

I

[Package Model] A 4 pin pkg model |
| [Package Circuit]
.. Language IBIS-ISS
|

PackageModel.cir file: | Corner corner name file name circuit name (.subckt name)

Corner Typ PackageModel.cir S pkg
*khkkkhkkkkkhkkkkkkxk Thkhkkkkkkkxhkkkkk
. SUBCKT S_pkg: Pl P2 P3 P4 P5 P6 P7
+ TSFile=“Touchston S

5

k Kk ok ok ok ok kkkkkkkk |
| Parameters List of parameters
Parameters TSFile = “My TstoneFile.s8p”

P8

ed in SPICE

Matched
by name

Sdriver Pl P2 P3 P4 P5 P6 P7 P8
+ MNAME=TSFile Matched

s 6 7 8
+ [FBASE = base frequency] [FMAX=maximum frequency] by pOSItlon Ports

IDP 7 IDP 6 IDP 5

Ak hkkhkhkhkkhkhkrhrhkhhkhhkhkhkrhrrhkhkhhhkhkhkhkrhhkhkhkhkhhkhkhkrrhkhkhkhkhkhkhkrrkrhkhkhkhhkkkxx [End Package Circul
.ends [End Package Model]




Figure 12 (pg. 136) in IBIS v5.0

Component Die Package Pins/balls
t -——+
| |
[External Circuit] [External Circuit] | |
- - - | |
| & L mypcr-+-a-+-vccal vec—+-10-———- +-+——@@@--o 10 Vecc
A L mypur-+-b-+-vccalz | |
= ——+—A:mysig -c-+-int_ioca > 1 Buffer L
v | & mypdr-+-d-+-vssal |
|D_receive--< |-+ A:mygcr———e—+—vssa2 + > 11 GHD
| \ [ [ [ [
t | Die_ | |
| Interconnect | |
[External Circuit] | | | |
t | | | |
| B | | | |
| Ay B mypur-+-f-+-vccbl | | | Self Ad-
|D drive—-| »----- L mysig-+-g-+-int ob o2-+-pad 2a-+-+-@GE-+-0 2 justing
| / 2 _mypdr-+-h-+-vssbl | B Il Buffer
| A _mycnt | | | I
t t t | I
Analog Buffer Control | |
pad_2b-+ GRE-+ |
| |
[External Circuit] | |
+ t | |
| C A mypcr-+-10-——(to pi | |
| I A mypur-+-10-—-(to pin/pad 10) | |
ndl-+-0_mydrv—-| >———+—A:mysig—+—3— t @@f--o 3 Buffer C
| | D enable-|/ /| | A mypdr-+-pad 11 |
| | D:receive——< | —+ A:mygcr—+—pad:ll |
I v | | |
|+ t | |
| | |
| [External Circuit] | |
|+ t | |
| 1D | | |
[ I L mypcr-+-10--—-(to pin/pad 10) | +-EEE-0 4a Clocka
ndl-+-D receive--< |---A mysig-+-pad 4 pad 4-+4 |
1 W i:mygcr—+—pad:ll T +-@BE-o 4b Clockb
+ t | |
| |
[External Model] inside [Model] | |
+ + | |
| E A pocref-+-> | |
| Y A puref-+-> |
| D_drive--| >———+———A_Eignal—+ t @@f--o 5 Buffer E
| D snable-|/ /| | L pdref-+-> | |
| D:receive——< | —+ A:gcref—+—> | |
| Y| -—-A external-+-> | |
| T A _gnd-+-> | |
+ t | |
+ —-——+

Figure 12: Reference example for [Node Declarations] keyword




Figure 12 implemented with IBIS-ISS

Legacy IBIS file:

| Example of an IBIS model using an IBIS-ISS package model.
| This example implements a package call for the drawing in
| Fig. 12 on pg. 136 of the IBIS v5.0 specification.

signal name model name

Vecc POWER
A0 CIRCUITCALL
GND

CIRCUITCALL
CIRCUITCALL

Matched

Buffer E

Node Declarations]
Die nodes:

b ¢ d e List of die nodes

f g h ndl |

Die pads:
List of die pads

End Node Declarations]

| This example implements a package model using an IBIS-ISS
| subcircuit for the drawing in Fig. 12 on pg. 136 of the
| IBIS v5.0 specification.

Define Package Model] QS-SMT-cer-8-pin-pkgs

Manufacturer] Quality Semiconductors Ltd.
Acme Package Co.
Description] 8-Pin ceramic SMT package

[
[
[OEM]
[
[Number Of Pins] 8
|

Numbers] ( . . 0

DiePort - IDP_10 Implicit die ports

DiePort = IDP 1 .

DiePort = pad 11 (In blue)

DiePort = pad 2a \_

DiePort = pad 2b >\

DJ:_ePort = IDP 3 f o ) )

e = el Explicit die ports (in red)
\>/ Pierert TR are declared under
Uil [Node Declarations]

Package Model] QS-SMT-cer-8-pin-pkgs

|
[
|
a
|
|
pad 2a pad 2b pad 4 pad 11 |
|
[
|
[
|

PackageModel.cir file:

Kk ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ke EEEEEEEEEEEES il X Kk kK ok ok ok ok k ok

.SUBCKT S p Pl P2 P3 P4 P5 P6 P7

+ P9 P10 P11 P12 P13 P14 P15 Pl

+ TSFile=“Touchsto mballame  s16p”

Sdriver Pl P2 P3 P4 P5 P6 P7 P8 MatChed
+ P9 P10 P11 P12 P13 P14 P15 Pleo by posr“on

+ MNAME=TSFile

+ [FBASE = base_ frequency] [FMAX=maximum frequency]

R kI S e I I i S S S b I i b S e Rk b b S S S

.ends

enfor— ...

raphics’

I
| Corner corner name file name circuit name

Corner Typ PackageModel.cir S pkg

\

| Parameters List of parameters
Parameters TSFile = “My TstoneFile.slé6p”

(.subckt name)

in SPICE

I same order as

10 1 11 2 3 4a 4b 5 Matched
IDP 5 pad_4 IDP 3 pad 2b
ad 2a pad 11 1IDP_1 IDP 10 by name

End Package Circuit]
End Package Model]

e 18IS-ANIL AnzlocMlocaline;




A missing detail in the previous example for Figure 12

=
-+

| |

[External Circuit] [External Circuit] | |
+ + + | |
| & A mypcr—+-a-+-vccal veo—+-10-————+-+--(@8--0
| A L mypur-+-b —+-wccal | | |
|D drive—-| »-——+-A mysig-+-c-+-int_ioca iol-+4-l-—————+-+-—@@E-—0
|D _enable-|/ /| | & mypdr-+-d-+-vssal | | |
2_mugor—+-s—+- 2 nd- -GBE--o

| |

How can we define specific connections between the
supply nodes of a [Model] or [External Model] and
the power pins though the package model?

e 18IS-ANIL AnzlogMlacdsling




Use [Pin Mapping] to declare supply die pads

[Pin] signal name model name R pin L pin C pin
|

Veel Supplyl POWER

Vece?2 Supply?2 POWER

Veecll  Supplyll POWER

Vececl2  Supplyl2 POWER

GND1 Groundl GND

GND11 Groundll GND

Refl Referencel POWER

Refll Referencell POWER

|

5 Datab EMS

15 Datalb EM15

|

|

[Pin Mapping] pulldown ref pullup ref gnd clamp ref power clamp ref ext ref
|

Veel NC PCref EM5

Vee2 NC PUref EM5

Vecell NC PCref EMI15

Vecel2 NC PUref EMI15

GND1 Ground EM5 NC

GND11 Ground EM15 NC

Refl NC EXref EM5

Refll NC EXref EM15

|

5 Ground_EM5 PUref EM5 Ground EM5 PCref EM5 EXref EM5

15 Ground_EM15 PUref EM15 Ground EMI15 PCref EMI15 EXref EM15
\ J

Y

These are called “bus names” by the specification, and are defined to be ideal
shorts. Functionally they are the same thing as “die nodes” or “die pads”.

131S-AML Anzaloc Mlaczline




If a bus is an ideal short, it is a node

> > > > > »

_>
>0 0 O U Ly O

If the “bus” is an ideal short, each receiver sees exactly
the same signal, i.e. the bus is just a node

The number of connections made to the “bus” doesn’t
make a difference, if it is ideal, it is till just a “node”...

e 18IS-ANIL AnzlogMlacdsling




[Pin Mapping] = [Node Declarations] + Netlisting

m The [Pin Mapping] keyword serves three functions
— declares die nodes (ideal short die buses)
— associates (i.e. connects) die nodes with the reserved analog
supply node names of [Model] or [External Model]

m A pdref, A pdref, A gcref, A pcref, A extref
» signal nodes are NOT included

— associates the named die nodes (pads) with pin names
m eliminates the need for implicit die pad names (derived from pin names)

m This provides a mechanism to connect the supply nodes
of [Model] and [External Model] to specific pins
through an accurate package model (I1BIS-1SS)

— multiple pin to single pad is possible
— multiple pad from different [Model]s to single pin not possible

s Thisworks with IBIS 5.0 and BIRD 125.1

— slight modifications to [Pin Mapping] could provide on die
Interconnect modeling capabilities also

e 18Is-AVLAnzslog Macdsline




Modified Figure 12 to illustrate supply connections

[External Model]

Component Die

Package

inside [Model] --+-+--Q@@Q--o
e + ’/’/’,,/f””’/’ | |
EM5 A pcref-+-> -—+-+--QRE--0

I\ A_puref—+—>—”——_————_———— I

|

|

| D drive--| >---+---A signal-+---------
| D_enable-|/ /| | A_pdref—+—>1

| D receive--< |-+ A gcref-+-

| \|---A external-+->

| A gnd-+->%0"

e e e +

[External Model]

—————————— +-+--@RR--0
| |
——+-+--@R@--0

| |
——+-+--@R@--0

inside [Model] -—+-+--@QR--0
b + ’/’/’,,//””’/’ | |
EM15 A pcref-+-> -—+-+--QQR--0

I\ A_puref—+—>—“’——_—_——————_ [ |

|

|

| D drive--| >---+---A signal-+---------
| D enable-|/ /| | A_pdref—+—>j

| D receive--< |-+ A gcref-+-

| \|---A external-+->

| A gnd-+->“0"
ettt T L +

—————————— +-+--@ee--o
| |
——+-+--QRE--0

| |
——+-+--QRE--0

| |
—————————— + om——

Vocdzline

Pins/balls

Vccl

Vece?2

5 (Buffer EMS5)

GND1

Refl

Veccll

Veccl2

15 (Buffer EMI1D5)

GND11

Refll




Modified Figure 12 using BIRD 125.1 syntax

Legacy IBIS file:

Supplyl POWER
Supply2 POWER
Supplyll POWER
Supplyl2 POWER
Groundl GND
oundll GND

Referelree
Referencell

Datab EMS
Datalb

Veel NC PCref EM5

Vee2 NC PUref EM5

Veell NC PCref EM15

Veel2 NC PUref EM15

GND1 Ground EM5 NC

GND11 Ground EM15 NC

Refl NC EXref EM5S

Refll NC EXref EM15

| - S

5 Ground_EM5 PUref EM5 Ground EM5 PCref EM5
15 Ground_EM15 PUref EM15 Ground EMI15 PCref EM15

I
[Package Model] QS-SMT-cer-10-pin-pkgs
I

PackageModel.cir file:

Kdhkhkkhkhkhkkhkhkkkhkkkhkkhkk k% EEEEE R R R S R S S R
.SUBCKT S_p Pl P2 P3 P4 P5 P6 P7 P8 P9 PI1O
4 P11 P12 P13 P14 P15 Ple P17 P18 P19 P20
+ TSFile=“Touchstoner* 2007

Sdriver Pl P2 P3 P4 P5 P6 P7 P8 P9 P10
+ P11 P12 P13 P14 P15 Pl6 P17 P18 P19 P20
+ MNAME=TSFile

+ [FBASE = base_ frequency] [FMAX=maximum frequency]

R R R I I I R R i i I

by position

IBIS .pkg file:

| This example implements a package model using an IBIS-ISS
| subcircuit.

\

[Define Package Model] QS-SMT-cer-10-pin-pkgs
[Manufacturer] Quality Semiconductors Ltd.
[OEM] Acme Package Co.
[Description] 10-Pin ceramic SMT package
[Number Of Pins] 10

EXref EMS
EXref EM15

[Pin Numbersﬁ EN

Vecel DiePort = PCref EM5
DiePort = PUref EM5
DiePort = PCref EM15

Explicit die ports (red)
are declared under

DiePort = PUref EM15 [Pln Mapplng]

DiePort = Ground EM5

DiePort = Ground EMI15 >—\

DiePort = EXref EM5
BEGEGREL = XESEE B Implicit die ports (blue)
are declared here

DiePort = IDP 5
DiePort = IDP 15 W,

[Package Circuit]

Language IBIS-ISS

\

| Corner corner name file name circuit name (.subckt name)
Corner Typ PackageModel.cir S pkg
|

| Parameters List of parameters MatChed
Parameters TSFile = “My TstoneFile.s20p”

‘ by name

in same order as defined in SP

Vccl Vcc2 Vcecll Veccl2
Ports PCref EM5 PUref EM5 PCref EM15 PUref EMI15
Ports GND1 GND11 Refl Refll
Ports Ground EM5 Ground M15 EXref EM5 EXref EM15
rts 5 15

5 IDP 15

End Package Circuit]
End Package Model]



A fundamental problem
In legacy IBIS
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A fundamental problem in legacy IBIS

/ ibs file ’ \

Buffer 1

Buffer 2

> 1T T

W,
Nl Wy

[Pin] [Model]

[Pin Numbers] ImpI|C|t die pads

Buffers are “instantiated” by the 3" column of the [Pin] keyword.
One pin can only instantiate one buffer in legacy IBIS.

e 1BIS-AML AnzslaogVladsling




A fundamental problem in legacy IBIS

/ ibs il \

D—é ~~~~~~ pkg file \

I e _

mES ““‘_;;;:,::;;:"‘D

[l o \:::Z:»::::/:’D_

———————— P

OO

|:| ? —————— j A
[Pin] V [Model]
[Pin Numbers] Implicit die pads

Which pin should instantiate this buffer?

e 18BIS-AVIL Anzlog Modsling




An additional feature needed




We also need to be able to model on-die interconnects

/ ibs file \

(" pkgfile Y[ .issfile .
} Buffer 1

0 ] Da’:): et

[] (] (] D::/‘ R

T - B D—} Buffer 2
Al A o
\ \_ J\__ A y

[Pin] [Model]

[Pin Numbers] [External Circuit]

Buffers are “instantiated” by the 3" column of the [Pin] keyword.
One pin can only instantiate one buffer in legacy IBIS.

e 8Is-ANL AnslogMacsline




A possible solution

m It seems that the biggest problem is that [Model]s are

Instantiated from the [Pin] keyword
— useful for PCB layout or IC footprint driven EDA tools to find the
[Model] for a particular “net”
— gets in the way of non 1 to 1 pin/ball to pad/bump mapping
— gets in the way of on-die interconnect modeling

= The best solution seems to be to instantiate [Model]s the

same way as [External Circuit]s, using [Model Call]

— supports named [Model] terminals anywhere on the die
= does not rely on the cumbersome [Pin Mapping] keyword to achieve this

— supports named die pads/bumps

— supports on-die interconnects using [External Circuit] and IBIS-1SS

— supports package models with IBIS-ISS (BIRD 125)

— supports arbitrary connections between buffer terminals and
pads/bumps

— supports arbitrary connections between pins/balls and pads/bumps

— this is proposed by BIRD 145

.’GMenbr B e p— IB[S-NVH'Anang Moacdsline




lllustration using BIRD 116, 125, 145

[Pin]

TTTT TTPTTT

(okg + .iss file)

"

.
[Ei)efi

N

/ [Packge Model]

0p0 Qpone

[Circuit Call]
-

.iss file

{

[Pin Numbers]

\Z

1bs file

[Node Declarations]

>

[Model Call]
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