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The PCI Express Environment
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Overcoming ISI using
Transmit Equalization (De-Emphasis)

Transmitter > 40” FR4 < At Receiver
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Macromodeling Steps
- Understanding Structures
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Macromodeling Steps

- True Differential Pair IBIS Models Extraction

Vit
TP
Ip
> —2 |
# 1000hms
- LUJ
In
| | TXN external
load
current
source

Common Mode |-V Tables
—  Pull-up
—  Pull-Down
— Clamp to represent Rterm
Differential Model
— Non linear Series Mosfet Representation
— Linear Resistor Representation

1
driver — TP
[Model] Ip_cm Ty |p_difP
{7 series
Model
T [Model]
driver 1_|I'I=le O
[Model] TxN
e V-tTable
— Recommended to have 2 sets of curve for each TxP
and TxN

— 1)Low —High 2)High-Low
C_Comp/Cdiff

— Represents C of transistors, die pads and on-chip
interconnects. It does not include pkg C
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Macromodeling Steps
- Extracting Common and differential Mode Currents

e Pull up and Pull Down Common
Mode and differential Mode

I-V curves
f—
L, Current
* Vp=Vn we are measuring common mode
p current

*  When Vp # Vn, we are measuring common
+ differential currents

* To get the differential current, we need to
- - subtract the common mode current

Sweep V, while
holding V

Step through
same range as V,

« |-V Table Extraction for Clamp Data &
On-Die Termination

« One way to include on-die termination is
to use superposition and add the
termination currents to the diode currents
in the clamp sections

 Clamps are always active in an IBIS
model, regardless of whether the buffer
Is driving or receiving.
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Macromodeling Steps
- In & Ip Surface Plots of Total Current
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Macromodeling Steps
- V-t Data Extraction

Rise
Fall

R=R_fixture

V-t curves

R=R_fixture

V=V _fixture

V-t Table
V_fixture = 0V
V_fixture = 1.8V
R_fixture=

Typical load of 50
ohms
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Pad Capacitance: Common and differential Ccomp

*  Run frequency domain simulations (.AC) with the
above circuit

Capacitance — Give one of the AC sources 0 V AC amplitude (makes

. it a DC SOUIce)
& E tE
I(l C“ m -

I‘ — Give the other AC source a small AC amplitude (1

— Give both of the sources an appropriate DC bias
AC source e Calculate capacitance using:

with DC bias C =1Im(l) / (2mrf*Amplitude)

— For Ccommon use the current of the “DC” source

— For Cdiff use the current of “AC” source minus “DC”
source

* Repeat everything at different DC bias voltages

AC source
with DC bias
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Macromodeling Steps
- Pull Up, Pull Down and Clamp Curves

Current

Pull up/Pull Down/Power Clamp Curves

2.00E-02

1.00E-02 H

0.00E+00

-1.00E-02

-2.00E-02

Pwr Clamp
Pull Up
Pull Down
PU_raw
—-—+—--PD_raw
— -PC_raw

-3.00E-02

Voltage (V)

|

| PULL UP Data

|

[Pullup]

|Voltage I(typ) I(min) I(max)

1.8 -2.34E-05 NA NA
1.78 8.32E-04 NA NA
1.76 1.47E-03 NA NA
0.04 3.47E-06 NA NA
0.02 8.07E-06 NA NA
0 7.00E-06 NA NA
[k ARk R AR RRRRR AR RRRR R
| PULL DOWN Data

|

[Pulldown]

|Voltage I(typ) I(min) I(max)

1.8 2.09E-02 NA NA
1.78 2.09E-02 NA NA
1.76 2.09E-02 NA NA
0.04 4.31E-03 NA NA
0.02 2.19E-03 NA NA
0 0.00E+00 NA NA
[GND Clamp]

| Voltage I(typ) I(min) I(max)
0.0000 0.00000000e+000 NA NA
1.8000 0.00000000e+000 NA NA
[POWER Clamp]

| Voltage I(typ) I(min) I(max)

1.8 -2.91E-02 NA NA
1.78 -2.87E-02 NA NA
0.04 5.27E-03 NA NA
0.02 5.70E-03 NA NA
0 6.14E-03 NA NA
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Macromodeling Steps
- Understanding Structures
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Separating the differential mode current

* The off-diagonal current values represent the sum of the
common and differential mode currents

* To obtain the differential mode currents alone, “normalize”
the surface so that its diagonal values become zero

— Subtract the common mode component from the surface and use it
for the Series [Model]’s [R Series]. [Series Current], [Series
MOSFET]. etc... keywords

— If the surface is linear (flat) [R Series] is sufficient

— Otherwise use the [Series Current] or [Series MOSFET] keywords

— Slice the surface along the necessary voltage value(s) to satisfy the
syntax requirement of the IBIS keyword used

intgle

page 1l CPD

1 2

[Series Switch Groups]

On 1 /

|

|

I

[Model] = _mosfet

fiModel type Series_switch
Polarity Hon-Inverting
Enable Active-High

|

C_comp 0 1] 1]

I

|

[Voltage Range] 1.8v HA oy
I

[On]

|

I

| Series MOSFET I-V Table
|Voltage I(typ)

|
[series MOSFET]

Slide from Arpad Muranyi’s
true diffpair modeling
IBIS Summit 2003

Vd==0.1V

0.0000 8.8610e-Th
0.0100 9280e-TA
0.0200 890e-TR&
0.0300 .9270e-TR
0.0400 8740e-TA
0.0500 930e-T4
0.0600 420e-TR
0.0700 540e-TR
0.0800 Oe-TA
0.0%00 350e-ThA
0.1000 190e-TA
0.1100 440e-Th
0.1200 480e-TA
0.1300 T90e-Th
0.1400 950e-TA
0.1500 8.9310e-TA
0.1600 8.9520e-TA
0.1700 2.9890e-TA
0.1800 9.0130e-TA
0.1500 9.0530e-TA

W oW

[Series Pin Mapping] pin 2 model name function table group
1 =_mosfet 1

8440e-TA
8480e-ThA
790e-TR
950e-TRA

-9310e-7A
-9520e-TA
-9890e-TA
-0130e-TA
.0530e-TA

-0130e-78
.0530e-T4

g
]
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Macromodeling Steps
- Understanding Structures
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Macromodeling Steps

- Coefficient table for HiLoDrv, DEqg and DTx

param ctrlcoef="if(hilodrv == 0) (1.00)

+ elseif(hilodrv == 1) (0.50)

+ elseif(hilodrv == 2) (1.4) else(1)’

Jparam dtxcoef="if(dtx == 0) (1)

+ elseif(dtx == 1) (1.05)
+ elseif(dtx == 2) (1.1)

+ elseif(dtx == 8) (0.6)...

.param deqcoef="if(deq == 0) (1.0)

+ elseif(deq == 1) (0.96)
+ elseif(deq == 2) (0.92)
+ elseif(deq == 3) (0.88)
+ elseif(deq == 4) (0.84)

HSpice is capable for this circuit.
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Macromodeling Steps
- Understanding Structures
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Macromodeling Steps
- Output Block Example

A 4

.subckt txpre_2 nvdd out ngnd in en ILT Main Driver X
+ bitp=400p inv0=0 inv1=1 i
+ cf0=1 cf1=0 scale=1 padcap=1.2p ampctri=1 | |Delay = Bitp

xin0 in0 in ngnd delayin inv=inv0
xinl inl in ngnd delayin inv="inv1' del="bitp’

xtx0 nvdd out ngnd in0 en tx sclpux="scale*cfO*ampctrl' sclpdx='scale*cfO*ampctrl'
xtx1 nvdd out ngnd inl en tx sclpux='scale*cfl*ampctrl' sclpdx='scale*cfl*ampctrl’

.subckt tx nvdd out ngnd in en sclpux=1 sclpdx=1
bdrvr nvdd out ngnd in en Model=BUFF File=ibis_file
+ VIScale pullup='sclpux’

+ VIScale pulldown="sclpdx’

.ends tx

HSpice is capable for this circuit.
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Macromodeling Steps
- P & N Pins

xp nvdd outp ngnd in en txpre_2 BUFF=BUFF ibis_file=ibis_file
+ bitp=Dbitp invO=inv0 inv1l=inv1

+ scale=scale

+ cfO=cfO

+ cfl=cfl

+ rt=rt

+ ampctrl=ampctrl

xn nvdd outn ngnd inn en txpre_2 BUFF=BUFF ibis_file=ibis_file
+ bitp=Dbitp invO=inv0 inv1=inv1
+ scale=scale

+ cfO=cfO

+ cfl=cfl

+ rt=rt

+ ampctrl=ampctrl

HSpice is capable for this circuit.
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Macromodeling Steps
- Understanding Structures
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Wrap into IBIS 4.2

R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R RO R R R R R R R R R

[IBIS Ver] 4.2
[File HName] pcie rs23l14.ibs
[File Rev] 1.0
[Date] 4/7,/2006
[Source] Converted from PCIe Macromodel
[Hotes]
[Disclaimer)
[Copyright] Copvright 2006,
[Component ] rs23ld tx
[Manufacturer] ABC Inc.
[Package]
Lyp min max
E_pkg 0.001 0.001 0.001
L pkg 1e-013 le-013 le-013
C_pkg 1le-015 le-015 le-015
[PIN] 2ignal name model name E pin L pin C pin
Ll txoutp pcie behav 0.086 4.3e-009 0.72e-012
Bl txoutn pcie behav 0.086 4.3e-0095 0.72e-012
Base test_s=ingle behav_basze
[Diff Pin] inv_pin wvdiff tdelay typ tdelay min tdelay max
rl Bl 200mv 0 0 a

R R R R AR AR AR AR R A AR R R R A AR R A AR R R R AR AR AR R R R AR R R AR R R R R AR R R R R R R AR R R R R R R R R R R R
[Model] pcie behaw

need to use ¥ diff for ture differential pair models
Model type Cutput diff

Braf AifFF = 100
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Wrap into IBIS 4.2

|xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
[Model] pcle_behav

| need to use *_diff for ture differential pair models

Model type Output diff

]

Rref diff = 100

]

Cther model subparameters are optional

TyEp min max
[Voltage Range] 1.5 abat a beity
I
[Ramp ]
dv/dt_x 300mV/35ps 240mvV/80ps 360mV/110ps
dv/dc_£ 300mV/35ps 240mvV/80ps 360mV/110ps

I

[External Model]

Language SPICE

]

| Corner corner name file name
| specify the corners

circuit_name (.subckt name)

Corner Tvp pcie. spc pcie_behav
Corner Min pcie. spc pcie_behav
Corner Max pcie. spe pcie_behav

]

| Parameter definitions

| prefix BUFF will be traded as buffer model setting.
Parameters BUFF=behav_base

|

| 21l regular paramters are here. Change them for different settings
Parameters bitp=400p

Parameters scale=l1.&0

Parameters rt=50

FParameters dtx=5

Parameters deqg=3

Parameters hilodrv=0

]

| Ports List of port names (in same order as in SPICE)

Ports A& puref B signal pos A pdref my drive

Ports L4 pcref L gcref L signal neg

]

| D to A d port portl port? vlow vhigh trize tfall corner name

D to A D drive my_drive L pdref 0.0 .0 95p 95p Ivp
D to A D drive my_drive A pdref 0.0 80p 80p Min
a

.0

D to A D drive my_drive A pdref O. .0 110p 110p Max
D to A will be used as escale my drive 3 v=[vhigh - vlow]*v[D _drive]+vlow
trise and tfall will be the rampping data

no B to D regquired

|
|
|
|
|
[End External Model]

]
|xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
| Model behave base

| Your base IBIS model

[Model] behav_kase
Hdodel type Cutput
Polarity Non-Inverting
Vmeas = 1.5V
Cref = Opf
Rref = 50
|
<_comp 0.1pF 0.1pF 0.1pF
|
]
[Temperature Range] 25.00 110.00 1]
[Voltage Range] 1.5V 1.5V 1.5V
]
|
[Fulldown]
| voltage I(tvp) I(min) I (max
|
-1.50000000 -0.1553627 20580e-01 -1.5186892e-01
1.49550000 -0.15460042 37204e-01 -1.5124756e-01
. 44600000 -0.14637165 -1.6724147e-01 -1.4492167e-01
-1.38200000 -0.13770218 -1.5736305e-01 -1.3870920e-01
-1.34250000 -0.13024052 -1.4840655e-01 -1.3352144e-01
29300000 -0.12349243% 1 957303e-01 1 63052e-01

167

-1.24800000 86e-01 29165e-01

1060134e-02
6430e-02
.7561l65e-02
-7.6244530e-02

7.89074835e-02

13000000
20350000
-235850000
- 23800000
-31600000
-40150000
-50050000
-59950000
- 60400000
-68850000
-70300000 -9.7743191e-02
-80200000 -0.11476417
-00000000 -0.150949%8

—-&.8253345e-02
-6.86 44e-02
6294170e-02
-6682360e-02
658 e-02

Lh B3R ORD ORI R BRI ORI B3 R B3 ORI BRI OF

I

[Ramp]

| variable typ

dv/dt_r 300mV/95ps 240mV/80ps
dv/de_f 300mV/95ps 240mV/80ps 360mvV/ 1
E_load = 50.00

I

| End [Model] pcie_behave_base

max

10ps
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Validations and Optimizations
-DEg =0, DTx =0, HiLoDrv=0

I S

« Use combined die capacitor ;ﬁ;::
instead of C_comp in IBIS model o

« Use combined on-die terminator
instead of clamps
 Adjust DEg and DTx initial levels

DESIGN DINP1 2_DESIGN DINP1 3_diff |
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Macromodeling Steps
- Understanding Structures

On-die terminators
& Capacitance
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Validations and Optimizations
- DEq =8, DTx =0, HiLoDrv =0

o :

-
Ies
7

« Added one more series_switch \J
on parallel N | | ‘ |
« Added Miller Capacitances T T R T

T..|m.I....|..u|....|m-| | -‘—!.rnn...1....|.m:....lu..i....l.m PP YT T YT FYYRY FYATY FYRYL YU BUTA M

|||:TL?||||||H
——
& ?

DESIGN DINP1 2i DESIGN DINP1 3i_diff
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Macromodeling Steps
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Simulation Results 30" Backplane
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Conclusions

« Spice Macromodeling using IBIS 4.2 [External Model] is accurate
and much faster than transistor-level models
e Spice Macromodeling is durable and can work on existing Spice
simulators
— Understanding the structure is the key

» IBIS future enhancement requests
— Open IBIS for other commercial Spice simulators
— Spice [External Model] needs to pass Parameters too

— “Self-containing” IBIS Buffer from [External Model] is required for Spice
Macromodeling. (Some commercial Spice simulators have this
capability already)
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Thank You!
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