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Circuit Simulation—
Using transistor SPICE netlist model

VRM1

e Circuit simulation:

1. Kirchhoff's current law (KCL)

At any node (junction) in an electrical
circuit, the sum of current flowing into y
that node is equal to the sum of *
currents flowing out of that node

2. Kirchhoff's voltage law (KVL)

The directed sum of the electrical .
potential differences (voltage) around
any closed network is zero

v
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Traditional signoff flow —

Using transistor SPICE netlist model (con’t)

Advantages:

« Accurate PI prediction
under limited bits
transmission

« Accurate jitter prediction .
under limited bits |
transmission

Disadvantages:

« Very slow for SPICE

VRM1

8hr34min for 1024 bit pattern simulation

netlist model - Takes

weeks/months to get bit
error-rate (BER) prediction
« Can’t model the adaptive

mechanism in RX

cadence



— ®
© 2016 Cadence Design Systems, Inc. All rights reserved. C a d e n C e




Impulse:

b

0, other thant =0
o, t =0

5(t) = {

S0, f o()dt =1

Any Signal:

T\

f(t) '_'I__l':'l__l'_'l__l'_

\f(nAt)6’ (t — nAt)

SO,

At

n=—oo

£ = Z F(ADS' (t — nAt)At

LTI — Linear time invariant (con't.)

- Signal expressed in an impulse-train format:

Quasi-Impulse:

i »

>
At

At
0, |t > 5
§'() =194 At

_’ts_
Atll 2

SO, f 6'(H)dt=1

il

fO = f F(@8(t — D
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LTI — Linear time invariant (Con't.)

* Linear * Time Invariant

ax,(t) + bx,(t) —>-—> ay; (t)+b y,(t)

R .

$
x(t) = Z x(nAt)S' (t — nAt)At —>-—-> y(t) = Z x(nAt)h'(t — nAt)At

Jac-o

x(0) = f X8t - Ddr —»_—»y(t) _ f @Ot —Ddr = x(O) 2(3 ®
o - cadence




Channel-Simulation
 Channel simulation :

LTI system
Input Linear time invariant, which implies:
Signal
Impulse Response
X(t) . h(t)
(convolute)
y(t) = f_oo x(T)h(t — 1)dt
X(f) X H(f)

Multi-times faster than circuit simulation!!

Output
Signal

y(t)

I

Y ()
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What is IBIS+AMI model (Example: TX)

Digital
Data-In

O——-

Gain+FFE

(Feed-Forward Equalizer)

A
I

Load

O Pos_Out

L]

Pre Main Post0Postl

Accompanied with channel simulator:

* Pl prediction with good accuracy without

limits on transmission bits

« Jitter prediction with good accuracy
without limits on transmission bits

* Very fast for IBIS+AMI netlist model -
Takes minutes to get BER prediction

« Can model the adaptive mechanism in

RX

v

O Neg_Out
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What is IBIS+AMI model (Example: TX)

O Pos_Out
Digital AMI
Data-In O (Algorithmic Model IBIS
Interface) (Power-Aware IBIS
model — above IBIS
5.0)
O Neg_Out
User Selection
Accompanied with channel simulator: But you might be concerned:

* Pl prediction with good accuracy without
limits on transmission bits

« Jitter prediction with good accuracy
without limits on transmission bits

* Very fast for IBIS+AMI netlist model -
Takes minutes to get BER prediction

« Can model the adaptive mechanism in
RX
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IBIS+AMI model generation flow

Original Netlist
(Buffer + EQ)

Not Match

Generate Modified Netlist Generate
model (Buffer +EQ ) model

SPICE + AMI
(Buffer + EQ /1) +

Not Match Simulation/Comparison via Simulation/Comparison via

(Buffer + EQ) + Test Ckt : (Buffer + EQ - ) + Test Ckt
(Buffer + EQ = ) + + Test Ckt 2. + Test Ckt

Your concern:

. Is my system an LTI channel?
: : : . Is my IBIS model accurate
Not Maten S'mgﬁftf'eoﬂlgg)nlpTaeg?gﬂ :—Sﬂgﬁlfj'é”.ﬁ‘ﬂ'ﬁf;‘i.’l,?{;ﬁfg nf , enough? Especially being used
+ + Test Ckt _— to describe a truly differential
buffer? To contain the
deterministic jitter existed in my
SPICE model? \Y
. Is my AMI model accurate

: : ) i \Y
Not Match Simulation/Comparison + Gireuit Simulation for item 1 enough to describe my EQ?
(Buffer + EQ) + T . - . Is my channel simulator accurate
* Channel Simulation for item 2

+ + = enough to get close to circuit
simulator? \Y

Now, you can sign off your PKG/PCB design with
the IBIS+AMI model so generated

— ®
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Validation 1: Channel Simulation for

1. Transistor model with EQ on
2. Transistor model with EQ off + AMI model
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Validation 1: Channel Simulation for
1. Transistor model with EQ on

¥T¥_hspice_model in idriver <3 idriver < 2> idriver < 1= idriver <0 =
+ preemphasis_post< 3> preemphasis_post<2> preemphasis_post< 1> preemphasis_post<0>
+ preemphasis_pre<2> preemphasis_pre < 1> preemphasis_pre <0 sel_halfrate

+ pos neg pwr ngnd Mieeseas e S S

vidriver <3 idriver<3=0
vidriver €2 = idriver <2 0[0
vidriver <1 idriver<1= 00
vidriver <0 idriver <0 0K

To qualify the
AMI model so
generated.

Test
Fixture

vpre_post< 3> preemphasis_post<3=[0
vpre_post< 2> preemphasis_post<2=[0
vpre_post< 1> preemphasis_post<1=[0
vpre_post<0> preemphasis_post<0 =00
vpre_pre< 2> preemphasis_pre<2>[0 1.2
vpre_pre<1> preemphasis_pre<1>|00

vpre_pre<0> preemphasis_pre<0>|0 0

wael sel_halfrate 0 0

2. Transistor model with EQ off + AMI model

¥T¥_hspice_model in idriver <3 idriver < 2> idriver < 1= idriver <0 =
+ preemphasis_post< 3> preemphasis_post<2> preemphasis_post< 1> preemphasis_post<0>
+ preemphasis_pre <2 preemphasis_pre < 1> preemphasis_pre <0 sel_halfrate

+ pos neg pwr ngnd Aieeeas e S s

vidriver <3 idriver<3= 0|1, 2|
vidriver <2 = idriver <2 0|1.2
widriver <1 idriver<1= 0|12
wvidriver <0 idriver<0= 0|12

Test
Fixture

Pre Main Post vpre_post< 3> preemphasis_post<3= 0

vpre_post<2> preemphasis_post<2> 0
"-0.06348943, 0541411754, -0.111743042" vpre_post<1> preemphasis_post<1= 0
vpre_post<0> preemphasis_post<0= 0
vpre_pre<2> preemphasis_pre<2> UH

wpre_pre< 1> preemphasis_pre«<1x 0
vpre_pre<0> preemphasis_pre<0= 0
wael sel_halfrate 0 0
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Validation 1: Channel Simulation for

1. Transistor model with EQ on
2. Transistor model with EQ off + AMI model

i 4!

To gualify the
AMI model so
generated.

Why Channel Simulation?: 1. AMI model can only be used in Channel Simulation

2. Put transistor models under Channel Simulation will
narrow down the possible cause for any difference
happened here to the AMI model so generated.
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Validation 2: Circuit Simulation for

1. Transistor model with EQ off
2. IBIS model so generated
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Validation 2:

Circult Simulation for

To qualify the
IBIS model so
generated.

VDD_IO

1. Transistor model with EQ off
2. IBIS model so generated

Validated bz Circuit Simulator
v

_ TeSt '%‘mj::'
Circuit S
QO
7y il
IBIS model
Generation
VDD_IO
v
Data_in1—»{ IBIS Output > TESt_ =
Circuit
A
VSS 10
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Circult Simulation for

Validation 2:

To qualify the 2. 1

AR
VAYA

1. Transistor model with EQ off
BIS model so generated

IBIS model so

f VAR -
W VAl
[

generated.

o
o 05 e
i
B o \
o . | S S AN
o 0 !

Define a “mark” and a “target” to tell the quality of the IBIS

model so generated

> (LAB) ~ T, (BIS)|

FOM =100e|1— 2!

AY ey

A¥: (Max-Min) of Circuit Simulation

Waveform

cadence

1 General Information

HyperCore_TK.2b
ase_CDMS_20160616_IBIS_AMI/Modelize_TX/

2 IBIS Correlation Result Summary

T2B Validation Report

Dever

CDN5_36_TXNN

SPGRLC

3 Simulation Results

3.1 Model Validation Task 1
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Validation 3: Test Circuit follows

1. Transistor model with EQ on — Circuit Simulation
2. IBIS-AMI model — Channel Simulation
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Validation 3: Test Circuit follows
1. Transistor model with EQ on — Circuit Simulation

¥T¥_hspice_model in idriver <3 idriver < 2> idriver < 1= idriver <0 =
+ preemphasis_post< 3> preemphasis_post<2> preemphasis_post< 1> preemphasis_post<0>
+ preemphasis_pre<2> preemphasis_pre < 1> preemphasis_pre <0 sel_halfrate

+ pos neg pwr ngnd Missees e S i

vidriver <3 idriver<3=0
vidriver €2 = idriver <2 0[0
vidriver <1 idriver<1= 00
vidriver <0 idriver <0 0K

To qualify the
IBIS-AMI model
SO generated.

Test
Fixture

vpre_post< 3> preemphasis_post<3=[0
vpre_post< 2> preemphasis_post<2=[0
vpre_post< 1> preemphasis_post<1=[0
vpre_post<0> preemphasis_post<0 =00
vpre_pre< 2> preemphasis_pre<2>[0 1.2
vpre_pre<1> preemphasis_pre<1>|00

vpre_pre<0> preemphasis_pre<0>|0 0

sel_halfrate 0 0

weel

2. IBIS-AMI model — Channel Simulation

[Model] CDHS 5G TXP
Model type Output
Polarity Non-Inverting

C_comp 2.120pF 2.104pF 2.272pF
C_comp pullup 0.354pF 0.347pF 0.36
C_comp pulldown 0.749pF 0.7T38pF 0.
|
[Temperature Rangel] 27.000 100.000

Pre Main Post [Voltage Range) 1.200V 1.080V
[Pulldown]

"-0.06348943, 0.541411754, -0.111743042" |Voltage

Test
Fixture

ILityp) I(min}) I (max)

-1.2082R -1.4705A -1.1135A
-1.163V -1.0791A -1.3481A -0.9816R
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Validation 3: Test Circuit follows

1. Transistor model with EQ on — Circuit Simulation

gggggggggg

(1,024 bits transmitted)

To gualify the
IBIS-AMI model
SO generated.

(1e+16 bits transmitted)
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Validation 3: Test Circuit follows

1. Transistor model with EQ on — Circuit Simulation
2. IBIS-AMI model — Channel Simulation

To gualify the
IBIS-AMI model
SO generated.

Also, to qualify the Channel Simulator — if the Channel Simulator
behavior close enough to the Circuit Simulator.
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Validation 4: Real Channel follows

1. Transistor model with EQ on — Circuit Simulation
2. IBIS-AMI model — Channel Simulation

Real Channel
IBIS AMI Real Channe

. Now, you can sign off your PKG/PCB design with
" the IBIS+AMI model so generated
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Validation 4: Real Channel follows

1. Transistor model with EQ on — Circuit Simulation
2. IBIS-AMI model — Channel Simulation

 First of all, check if your system/channel to be analyzed can
be treated as LTI or not:

y 5 @iSystemsl - [2D Curves (Waveform)] - & %
ut_File Ediit View Setup Tools = File Edit View Setup Tools Compliance Window  Help cadence =1&X]
Channel Characterization N - = EEe ki g E E IR
o mee 3O =3 [-] BE

Bus Simulation Curves
Timing Budget... ° .rs:l:(\ur"r‘.':‘m o
Write Leveling... L M channel_sim.cur O O A S s A
Worst Case Pattern Generator,..
CircuitfChannel Sim Correlation. .. Bl T "ﬁirﬁi Ty Ty W 7777777777777 T
Frequency Response, .. - 03 +-F44- ""ﬁ*"" R R i e e F ****** S 110 i Ak ko mald et il -1-
5 Parameter Extraction...
S Parameter Viewer... S N ERREEIRIE e R -
Sweep Manager... 0
Result Browser...
Options

"""" K,\ \J I A kﬂ

Correlation Dﬂe 0.50%
70 ] a0
TTTTTTTT
LA @ Re:
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Valldatlon 4: Real Channel follows

2 1. Transistor model with EQ on — Circuit Simulation
2. IBIS-AMI model — Channel Simulation

lelelelele o)
,,,,,,,,,,,, _’_,_’_76—,,/,—’_/_’_ [ e SN o
,,,,,, —‘_:i,_,,’_’_r - -
,,,,,,,,,,,,,,,,,,,,,,,,,,,, _\_;,\_ [ [
NV TN S e
,,,,,, LHi\_ [ — T [ _\—’_I_’_ [
‘—H____r_,_l—
I s e SN ]
777777777777 05 06 - -
iod (U1

Now, you can sign off your PKG/PCB design with the
IBIS+AMI model so generated
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USB 3.0 TX

AVDD AVDD
Data_in EEE | output Test Data_in X _| Output Test
| Circuit C : | Buffer : :
Ircuit AMI Circult
Post[0] Post[1] AVSS ‘;grgietptzap% AVSS
0dB :
3dB
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USB 3.0 TX

AVDD AVDD
Data_in EEE | output Test Data_in X _| Output Test
| Circuit C : | Buffer : :
Ircult AMI Circuit
Post[0] Post[1] AVSS ‘;grgsletptzapss: AVSS
8dB
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USB 3.0 RX

TXTest
Circuit

oDT
1a O
Clrcmt>

AVDD

.

TXTest
Circuit

Input
u Buffer>

A\

y

AVSS

AGC + CTLE

Data_out

f——

EQ[0] EQ[1] EQ[2] EQ[3]EQ[4]

I

L1011

AVDD
h

.

y

AVSS

A

RX AMI

Data_out

I

32 levels of strength:
PO, P1, P2, ....P31

cadence



USB 3.0 RX

00100 -

00110 -

01010 -
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A System —
USB 3.0 TX + Channel + USB 3.0 RX

AVDD AVDD

Data_in

== FFE

Data_out

Channel _,| ODT AGC + CTLE F—

(PCB+Conn+Cable) Circuit

I 1 AVSS
Post[0] Post[1] AVSS 1 1 1 1 1

EQ[0] EQ[1] EQ[2] EQ[3]EQ[4]

_| Output
“| Circuit

Channel Insertion Loss

Diff - Diff

rrrrrrrrrrrrr
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A System —

USB 3.0 TX + Channel + USB 3.0 RX

Data in

== FFE

_| Output

AVDD

“| Circuit

1

Post[0] Post[1]

AVSS

Channel
(PCB+Conn+Cable)

AVDD

oDT
Circuit

AVSS

AGC + CTLE

Data_out

f—)

I

TTTTTTTT

1

T

[ 1

EQI0] EQ[1] EQ[2] EQ[3]EQ[4]
Impulse Respon&a lmprovement — By FFE + AGC + CTLE Clrcwt
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A System —
USB 3.0 TX + Channel + USB 3.0 RX

AVDD AVDD
Data_inl X Output Input Data_out
> Buffper Channel ] Bupffer RX AN” |
AMI (PCB+Conn+Cable)
4 preset taps: AVSS AVSS
PO, P1, P2, P3 I

32 levels of strength:
PO, P1, P2, ....P31

Eye Contour Distribution Eye — Circuit Distribution Eye — IBIS+AMI
Netlist model
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Conclusion

* An accurate IBIS+AMI model could be an alternative approach to validate your “system”
design versus a transistor netlist model

« An accurate IBIS-AMI model consists of two parts — an accurate IBIS model and an
accurate AMI model — validation is the key

* An accurate IBIS should be generated by a tool which can well describe a truly
differential pair in all V/I, V/T and I/T curves.

* An accurate AMI model should be generated by a tool with a rich library such that the
generation tool can use all available means in the library to describe all your possible
designs.

« A simulation environment which supports transistor netlist models is fundamental for
IBIS+AMI model generation/validation.
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