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Time Domain Jitter

Leading Lagging

.

Red = no jitter . ;
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Jitter Probability Characteristics

Random (R))
— Unbounded
— Gaussian

Deterministic (D))
— Bounded
— Uniform

Sinusoidal (S))
— Bounded
— Example: Power Supply

Duty Cycle Distortion (DCD)
— Bounded

’ — Unequal Pu/Pd N N )N . ,,
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Voltage Domain Noise

i SiSofy Rx_Noise

Red=0 Moise, Blue=25mV Moise
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Clock Recovery Jitter

i SiSoft (Exaggerated) CI OCk Jltter Time Domain Clock Ticks
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Clock Jitter Viewed Different Ways
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There i1Is No Time Domain Clock
In Statistical Analysis

W SiSoft Statistical Bathtub Curve Set
Subtitle

T 111711

Tools apply jitter and noise statistically h\q SISOﬁ'

.0
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AMI|_GetWave Outputs Clock Time Values

long AMI_ GetWave (
double *wave in,
long e — 7=
double *clock times

void *AMI memory ) ;

Clock_times might not be
perfectly regular

\ © SiSoft, 2018

char AMI parameters_out,

Ul#
997,510
997,511
997,512
997,513
997,514
997,515
997,516

997,517

997,518
997,519
997,520

clock_times
62,344,398.5 ps
62,344,461.0 ps
62,344,523.5 ps
62,344,586.0 ps
62,344,648.5 ps
62,344,711.0 ps
62,344,773.5 ps
62,344,836.5 ps
62,344,899.0 ps
62,344,961.5 ps
62,345,024.0 ps

period
62.5 ps
62.5 ps
62.5 ps
62.5 ps
62.5 ps
62.5 ps
62.5 ps
63.0 ps
62.5 ps
62.5 ps
62.5 ps
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IBIS-AMI Jitter and Noise Reserved Parameters

« Rx Jitter and Noise e Tx Jitter

Rx_Clock PDF 5.0 Tx_Jitter (Dj, Rj) 5.0
Rx_Clock Recovery DCD 6.0 Tx _DCD 5.0
Rx_Clock Recovery Dj 6.0 Tx_Dj 6.0
Rx_Clock Recovery Mean 6.0 TX_Rj 6.0
Rx_Clock Recovery Rj 6.0 TX_§j 6.0
Rx_Clock Recovery §j 6.0 Tx_Sj_Frequency 6.0
Rx _DCD 6.0

Rx_Dj 6.0

Rx_Noise, Rx_Gaussian_Noise 6.0, .00

Rx_Uniform_Noise 7.0

Rx_Receiver_Sensitivity 5.0

RXx_Rj 6.0

\ \Rx_Sj . 6.0 h&q sison.
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IBIS-AMI Time Domain Jitter and Noise Modeling When
Rx AMI_GetWave Returns clock_times

| Rx_Dj
) | RX_Rj
When clock_times are produced, Rx_Clock PDF, _ | Rx_Sj
Rx_Clock_Recovery_DCD, Rx_Clock_Recovery_Dj, AMI Model | i Clock PDE (5.0) EDA Tool
Rx_CIock_Recovery_Mean,_ Rx_CIock_R_ecovery_RJ Recovered — — : Modified
and Rx_Clock Recovery_Sj are already included cIock_times l clock_times

I—' L > —1—»HHHHH
[1[1)~ e~ - Il — B0 O,

Recovered
I Data
TX—RJ. Rx_Receiver_Sensitivity
TX—D! . Rx_Uniform_Noise
Tx_Sj,Tx_Sj_Frequency Rx_Gaussian_Noise
Tx _DCD - N

: Rx_Noise (6.0)
Tx Jitter (5.0)
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IBIS-AMI Time Domain Jitter and Noise Modeling When
Rx AMI_GetWave Does Not Return clock times

Rx_Clock_Recovery DCD

When no clock_times are produced, Rx_CIoCk_ReCOVGI"y_Dj Reciered
the EDA tool performs clock recovery Rx_Clock_Recovery Mean clock_times
Rx_Clock_Recovery Rj —
Rx_Clock_Recovery Sj —
Rx_Clock_PDF (5.0) =bA
. tool
Stimulus CDR
1 11 ]~ B B [, — = (LA,
Recovered
T 1 Data

Rx_Receiver_Sensitivity

Tx_Dj _ Rx_Uniform_Noise
Tx_SJ, Tx_S|_Frequency Rx Gaussian Noise
Tx_DCD . )

Rx Noise (6.0
Tx_Jitter (5.0) . R

N s " SiSoff
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IBIS-AMI Statistical Jitter and Noise Modeling

Impulse

& NI = | channel —>—> RX -L> EDA Tool
t

|

|

i

| TX_R]

| Tx_Dj

| Tx_Sj

| Tx_DCD

| Rx_Gaussian_Noise
i Rx_Uniform_Noise
|
|
|
|
|
|
|
|
|
|
|
|
|
|

Rx_Clock_Recovery DCD
Rx_Clock_Recovery Dj
Rx_Clock _Recovery Mean
Rx_Clock_Recovery Rj
Rx_Clock_Recovery Sj
Rx_Noise (6.0)
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Tx_Rj Jitter Modulat

i SiSofy

Red: Tx Rj=0.0

Ing the Tx Output

|

-0.60 1 : . .
mn.n
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Time(n) = n * bit_time + Tx_Rj * gaussian_rand()
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Tx_R] Jitter Modulating the Tx Output

o SiSoR Red: Tx_Rj = 0.0 U, Blue: Tx_Rj=0.2 UI
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Tx_Dj Jitter Modul

i SiSofy

Red: Tx_Dj

ating the Tx Output

-D 60 i T T T
0.0
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Time(n) =n * bit_time + 2.0 * Tx_Dj * rand()
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Tx_Dj Jitter Modulating the Tx Output

i SiSofv Red: Tx_Dj=0.0 Ul, Blue: Tx_Dj=0.2UI
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Tx_Sj Jitter Modulating the Tx Output

1% SiSofr Red: Tx_S] = 0.0 UI, Blue: Tx_S§j=0.2 Ul
Sj_Frequency = 100 MHz
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\ Time(n) = n * bit_time + Tx_Sj * sin((n * bit_time * 2.0 * Pi) * Tx_Sj_Frequency) h\\. Sisorf
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Tx_Sj Jitter Modulating the Tx Output

\ a SiSoft
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Tx_DCD Jitter Modulating the Tx Output

i SiSofr Red: Tx_DCD = 0.0 Ul, Blue: Tx_DCD = 0.2 Ul
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Time(n) = n * bit_time + Tx_DCD * (-1.0)" h\q Sisorl:
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Tx_DCD Jitter Modulating the Tx Output

b
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. Rx_Rj=0.00 Ul

. Rx_Rj=0.05UI

ik SiSoft
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RXx_R] Modulating the Sampling Clock
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ik SiSoft

Rx_Dj Modulating the Sampling Clock

. Rx_Dj = 0.00 Ul

« Rx _Dj
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Same Rx_Dj, Different Start Points

actual_time = time + 2.0 * Rx_Dj * rand() ¢——= Seed value?

i SiSol Rx_Dj = 0.2Ul, red = srand(1) clock, blue = srand(2) clock
- seed =1 \/ J \/
seed = 2
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Rx_S] Modulating the Sampling Clock

. Rx_Sj=0.00 Ul

.+ Rx_Sj=0.10 Ul
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RXx_Noise I\/Iodulates the Sampllng Latch

Input

RX Noise = 0. OOOV :_:1,,-_??%:;1 e~

e I

IBIS 7.0 will have Rx_Gaussian_Noise and Rx_Uniform_Noise (BIRD188.1)
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RXx _Recelver Sensitivity Models Hysteresis

i 5iSofr
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Voltage at sample latch
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The Only IBIS 5.0 Tx Jitter Parameter: Tx_Jitter

(Tx_Jitter
(Tx_Jitter
(Tx_Jitter

(Tx_Jitter

Replaced by: |
Tx_Dj,
Tx_Rj,
Tx_Sj,
Tx _DCD

\ © SiSoft, 2018

(Usage Info) (Type Float)
(Gaussian 0.2e-12 0.03e-12))
(Usage Info) (Type Float)
(Dual-Dirac 3e-12 6e-12 0.5e-12))
(Usage Info) (Type Float)
(DJRj 0 6E-12 1.3E-12))
(Usage Info) (Type Integer Float Float)
(Table
(Labels "Row No" "Time" "Probability")
(-4 -4e-12 3e-7)
(-3 -3e-12 le-4)
(-2 -2e-12 le-2)
(-1 -1le-12 0.29)
(0O 0 0.4)
(1 1e-12 0.29)
(2 2e-12 le-2)
(3 3e-12 le-4)
(4 4e-12 3e-7)))
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The Only IBIS 5.0 Rx Jitter Parameter: Rx_Clock PDF

(Rx_Clock_PDF
(Rx _Clock PDF
(Rx_Clock PDF

(Rx_Clock PDF

(Usage Info) (Type Float)

(Gaussian 0.2e-12 0.03e-12))

(Usage Info) (Type Float)

(Dual-Dirac 3e-12 6e-12 0.5e-12))

(Usage Info) (Type Float)

(DJRj 0 6E-12 1.3E-12))

(Usage Info) (Type Integer Float Float)

(Table

(Labels "Row No" "Time" "Probability")
(-4 -4e-12 3e-7)

Replaced by:

Rx_Clock_Recovery Dj,
Rx_Clock_Recovery Rj,
Rx_Clock_Recovery_Sj,
Rx_Clock_Recovery DCD

(-3 -3e-12 le-4)
(-2 -2e-12 le-2)
(-1 -le-12 0.29)
(0 0 0.4)

(1 le-12 0.29)
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(2 2e-12 le-2)
(3 3e-12 le-4)
(4 de-12 3e-7)))
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Recommendations

« Be cautious using IBIS-AMI models using
Rx Clock _PDF or Tx_Jitter
* Be suspicious of IBIS-AMI models with no jitter
parameters at all!
« When viewing eye diagrams, be aware of what
your tool is showing you (clock PDF vs. eye
smearing)
« Experiment by changing model jitter and noise
values, see If the results are expected
o SiSoft
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