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Serial ATA Jditter Measurements
Application Note 138

Introduction

This Application Note describes how to use the SIA-30O0O0O™ to measure jitter on Serial ATA (SATA)
signals. It will also provide a step-by-step procedure for acquiring jitter measurements using Virtual
Instruments Signal Integrity™ (VIS) software.

SATA Specifications

The SATA standard defines a jitter 1o
generation specification profile as
shown in Figure 1. This profile
defines 3 points. The three points
are the values defined in Figure 2 as
‘n’. They are 5, 250, and 25,000.
Dividing the bit rate by these values
results in corner frequencies of

Maximum compliant peak-peak amplitude

N

150MHz, 3MHz, and 30kHz. Table Y W W

. 3 A
1 also shows amplitudes of \ C i N
acceptable jitter at each of these S \‘—
compliance points referenced as the T — ] =

‘A’ value. WAVECREST provides a
complete jitter testing solution for
this entire range, which will be

described in the next section. 04— ” = 2 5
110 1.10" 1-10° 1-10 1-10
f{n)

Figure 1. SATA Jitter Profile as a Function of Frequency (Red
line is at receiver input, Blue line is at the driver

Setup and Measurement output, and the Dotted line is Margin).
This section will describe the setup
and how to perform measurements : 1 Driver PCB Receiver PGB Receivar
h N Driver output i N " \ [a.- Note
to fU” Compllance usmg the Descr connector connactor input 9
: : & 1 = o ) re
WAVECREST SIA-3000 and the il I el R Mt M
native V|S Software. This section Ay pp (U 0.15 0.33 0475 | 0355 | 0.25 0.43 0275 | 0.455 | *®
will also describe step-by-step ng 5 5 5 5 5 5 5 5 -
process to acquire all the At pe (U]) 02 | oas | 022 | 047 | vas | o6 | 037 | os2 [*°
measurements required for SATA PO e v s Bl P R E— PT)
jitter compliance. o i E
Agpp (UI) 40 40 40 40 a7
The jitter profile in Figure 1 shows n, 25000 25000 25000 25000 ae
two distinct frequency regions. NOTES -
There is the section above 3MHz 1. The driver output is the maximum jitter that a driver may exhibit to guarantee operation.
. 2. This field is the maximum jitter that a receiver must tolerate to guarantee operation.
(n£250) and the section from 3MHz 3. For low frequency {trackable) jitter, total jitter is specified {D.J not broken out)
to 30kHz (250<n<25000)_ For the 4. Does not include Ul error due to frequency skew (XTAL or SSC related)
. f T h 5. Primarily determined by non-tracking architecture requirements
section from 3MHz and up to the 6. Primarily determined by tracking architecture reguirements
Nyquist frequency (750|\/|Hz), the 7. Primarily determined by Spread Spectrum Clocking (+/-0.25% AC portion). Doasn't
jitter components that will be include the -0.25% fixed skew (additional 26 UI).

measured to obtain an accurate
Total Jitter (TJ) are Random Jitter Table 1. SATA Jitter Compliance Table.

(RJ), Duty Cycle Distortion and

InterSymbol Interference (DCD&ISI) or Data Dependant Jitter (DDJ), and Periodic Jitter (PJ) including
contributions from the spread spectrum clock. These jitter components are described in the Fibre
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Channel MJS document™. The components can be quantified by using the Known Pattern with
Marker dataCOM tool. For the region below 3MHz down to 30kHz, the dominant factor will be PJ
from the spread spectrum clock. Thus, a clock like pattern (1010) can be used (disregarding DDJ)
and the Low Frequency Modulation tool can be used. If a clock like pattern cannot be used, the
dataCOM tool can be used as an alternative. Each of these measurements is described in the
following sections.

dataCOM setup

The first 2 sections from 750MHz down to 150MHz and
150MHz down to 3MHz can be done at the same time with

the Known Pattern with Marker tool. DUT
o _ Dout | |/Dout

From this initial startup screen (Figure 4), select the

dataCOM Tools button (Figure 3). Next, select the Known ¢ ¢

Pattern w/Marker tool. Figure 5 shows the dataCOM tool N N

window.

The requirements for this tool are a known pattern and a irsltlghiolcl):’oa\t/:grhn

pattern marker (See the SATA spec for test patterns). The Marker (PM50)

pattern marker can be used from a signal generator (pattern
trigger from a BERT), the internal PM50 card of the SIA-
3000 (Figure 2), or from the WAVECREST AG-100. The Figure 2. Measurement Setup.
setup of the AG100 is described in the “AG-100 Quick

Reference” guide'®.

Too Edt Acion Disply Heb
/ Hle(d|=]| B0 sjelx%] o] HE:| mlE] ?[wpune
Known Pattern
wMarker

dataCiOt Tool: Randam Data
wiBit-Clock

Oscilloseape.

Chan To Chan

Advanced Clack

dataCOM Took

Fandom Data

\ Mo-rarker

Figure 3. dataCOM Category.

A

e e P .

Figure 4. Initial VISI Screen.
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visi - [DataComWithMarker1]

BR Tool Edt Action Display View Help =151 %]
PlelE|s| 0] clelma ol HEH sl 24l E—
DCD+S Hist =

DCD+I51 Histogram

Channel View

j'

Acgire Optians

Fattem Options:

Bitrate Setup
DCOHSI Setup
RJ+PJ Options
Yoltages
Views Oplions
For Help, press FL [ [
Figure 5. Initial dataCOM Screen.
visi
Wi Wiew -
o 3 [ 5]
Lol v 2 3
i i ; . W eE e
Next click on the acquire options button ~ =eree el s & o
(Figure 8). Click on the ‘Arm Number’ = I = 10
button and this will bring up the Arm ™ Faten e | Emer |
selection dialog box. Use the SIA-3000 ... o - Kb _/
keypad to enter the channel for the — — visi
Pattern Marker signal (Figure 6). If the e
PM50 card is to be used to generate the  raen opions ey > channels - ENTER to class
arm signal, ensure that the data signal is —— | LR WS
entering the channel marked “Arm = = =
» Carmer Freq [kHz] I- 7 I- 8 I- 9
Enabled”. Then. Select that channel  sisessuw - 10
and make sure the Pattern Marker box ————
is checked. Next select the ‘Add/Del e
Channel’ bu_tton to select _the data signal = pco-isi Sewe | Set to 3000kHz
channel (Figure 6). Finally, set the ——————
‘Corner Freq (kHz)' to the Al spec level o
(3MHz or 3000kHz). BRI o =

“oltages Aim Setup

Wiew Options \ Eoe

Figure 6. Acquire Options setup.

SATA JITTER MEASUREMENTS PAGE 3 OF 8



The next step is to select the data
pattern. To do this, click on the

‘Back’ button to move back to the VDCWDISI,T[ [\;;wm ..am i

main menu. Next select the ‘Pattern s o B
. B |Z] 2.5 6bps ptn G z~rtpn ) clock.ptn

Options’ button (Figure 7).  You iz Channl View o P [ P

have several options for entering the = pro— L

pattern. If it is a standard pattern —_— e W@ Co= g

(such as K28.5, CRPAT, PRBS 2/7- i o Eet]

1, etc.) or if you already have the Aospie Optians LnadPattEm: I_ .

pattern saved on the SIA 3000, you - T o, o 8

can load the pattern file. Just click Paltem e i s fn —

on the ‘Load Pattern’ button and il i e oo

select the file. If the patter isnt  —— S EE

stored on the SIA 3000, you have R (o s

several options for entering it. The Eiraa see o Pater. =Pl S B

fist is to click the ‘Edit Pater’ Sl

button and enter the pattern in Hex e e e e 8

or Binary. When you are finished, DED-s1 Setup Learn Patern o SR N G

you are prompted to save the

pattern. Make sure you give it a Header Difsel I

new name that properly describes it. e CH L

|2D Cancel |

The last option is to learn the _ Srrnn e T

pattern. In order to use this = - [foE2 500000

function, you must already have a

pattern marker (From a pattern — \ .

generator or BERT). When you |

click on the ‘Learn Pattern’ button,
the Dialog Box shown in Figure 7
appears. To learn the pattern, just
enter the number of bits in the pattern and the bit rate. When you click the ‘Learn’ button, the
instrument will go out and learn the pattern. You are then asked to save it.

Figure 7. Pattern Setup.

You are now ready to make a measurement. Just click the ‘Single Acquire/Stop Run’ button ﬂ on
the VISI toolbar (Figure 8).

FledS B0 olelwe e HEE: =lmE 24N

Figure 8. VISI Toolbar.

You should see results similar to Figure 9. You can toggle through the different data plots by

selecting the pull down menu in the view heading (see Figure 9). See the Help for more information
+8

on the different views. To view the results on every plot, click the “Values on Plot” button L2 |

get an error message “Failed....” see the Help under “Arm Delay” to fix this problem.

If you
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Yisi - [DataComWithMarker 2.5 clean .vtd]

B8 ool Edt Action Display Wiew Help I |

FE|E|S| B0 o|@ Ha e HiE =8 2|9

DCD+51 Hist
DCD+SI Histogram
BOHits | Channal 2
TJ[Per+] 5(.108ps :
DCD+ISI[Per+]: 19.924p Channel View
e ol |
DJ[Per+]: 23607ps
RJ[Per+]: 2.196ps —
Bit Rate: 2.499997 Ghit/s
Acquire Options
Pattem Options
Eitate Setup
30Hits Rising
Falling
DCD+5 Setup
p RJ+PJ Optiors
Volages
OHits L iew Oplions
-I5UI oul [R=18]] |

For Help, press F1

Figure 11. dataCOM results.

Wiew View iew

Th|S covers the Sectlon from 3MHZ to Channel Yiew Channel Yiew Channel Wiew
750MHz. To obtain the section from — —
150MHz to 750MHz, simply turn on a
high pass filter at 150MHz. To do this, peaite ot lm%‘_%mw
click the ‘RJ+PJ Options’ button (Figure [Naurel Folofi =]
12). Next click the ‘RJ+PJ Filters’ PP (Brick. :
button. Now turn on the High Pass foh ol i Bl
Filter (HPF) (see Figure 11). Bg)]/ default retem fetens <
the HPF is set to ‘Natural Rolloff’. This
used the frequency that you set in it Fhy
Figure 8 as the low end for the RJ and e £ I i =]
PJ jitter measurements. If you select
‘Brick Wall' you can then enter another Convergerce Low Pass Fieq (MHz]
frequency (above the frequency set in R 10% |
Figure 8) as the lowest frequency used
for RJ and PJ calculations. Enter +405 Ul Filer
150MHz and the jitter values will now Fchgiupnons Hecnaloiens o =
reflect the band from 150MHz to
750MHz. Jitter values for other bands
can be obtained by inputting different Vollages Rd+P Fiters
values for RJ+PJ HPF.

Wiew Options \ Back ‘ Back

Figure 12. Filter setup.
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Low Frequency Modulation Setup for dataCOM Tool

The low frequency portion of the specification (3MHz and below) is dominated by Periodic Jitter (PJ)
due to the SSC. To accurately measure this, it is desired that the part is generating a clock like
pattern (1010) so that the clock tools can be used to measure the PJ (see next section). If this cannot
be done, you can use the dataCOM KPWM tool to measure the PJ. For this setup, open the KPWM
dataCOM tool. Setup the pattern and channels as described in the previous section (dataCOM
Setup). In this case, you want to set the corner frequency to 15kHz or lower (10kHz recommended).
This will ensure that you see at least one full cycle of the 30kHz SSC in order to accurately measure
its amplitude. If you now run this tool you will likely get the error “DCD+ISI Failure - Unknown pattern
or no signal”. This is due to the large PJ amplitude. The PJ is so large (40Ul) that the DCD+ISI part
of the measurement will have edges that are displaced more than 0.5 Ul from their ideal position.
The tool will fail in its default setup. To alleviate this problem, you need to set the error checking to a
higher value. This is shown in Figure 13. Go into

iew View WView Wigw
[ocoasimit = [ [ocows A =] DCD+IS Hist 7] [lDCD»fISI Hist Select
FFT View
Channel Yiew el Channel Yiew Channel Wigw
| hd = | | [chant |
DCD+IS| Samples - Fi+PJ Samples
Acquire Options 100 Acquire Options 5000
DCD+IS] Pattemns RJ+P) SidEn
Pattern Options Pattern Options 0.500000 1 100 U |
DCD+5I StdEm ; T aik-fit
Bitrate Setup 0.500000 - 40 U | Bitrate Setup m
Convergence
DCOD+SI Setup = Filter Options [ DCD+SI Setup 10% =

RJ+PJ Dptions FJ+FJ Dptions feazure Options

Volkages “oltages RJ+FJ Filters
iew Options \ Back [ iew Optiohs Back
Figure 13: DCD+ISI StdErr Figure 14: RJ+PJ StdErr.

the “DCD+ISI” Setup menu. Then set the DCD+ISI standard error to 40 Ul. Also, set the RJ+PJ error
values to 100Ul to ensure that the 40Ul PJ at 30kHz can be measured as shown in Figure 14. Run
the tool as described in the previous section. Change your view to FFT as shown in Figure 14. The
results should be similar to the ones shown in Figure 17. Because the dominant part of the TJ value
is from PJ, you can use the FFT view to determine compliance at any frequency point below about
1MHz (per the specification). Simply use the mouse to zoom in on any spike in the FFT and use the
cursor to measure its frequency and amplitude.

SATA JITTER MEASUREMENTS PAGE 6 OF 8



Clock-like Data using the Low Frequency Modulation Tool

The low frequency portion of the specification (3MHz and below) is dominated by Periodic Jitter (PJ).
To accurately measure this, make sure that your part is generating a clock like pattern (1010).
Connect this signal to the SIA 3000 and click on “Clock” on the main menu and then click on “Low
Frequency Modulation” (LFM) tool (Figure 15).

Next, select “Acquire Options” and then select “Channel” (Figure 16). You can also adjust the
“Maximum Freq (kHz)” to a lower frequency if you are looking at modulation around 30kHz. The

lower this frequency, the more resolution you will have on modulation sources below the frequency
you set.

/ Wiew
Histogram Wiew I Time 5 l
_ [Time -] — [

Use Numeric Keppad ta toggle

_———— chanhels - EMTER to close
High Frequency 1 ol 3
Modulation Channel @4 P &
Agquire Options o7 8 -
Low Frequency Minirnum Drata Paints
odulation 10000

Armning

Clack.

Phase Maise Edge to Measure

I FRiizing % l

Woltages

Locktime

M azimum Freq [kHz)

100.000000

Statistics Wiew Options

Passes to Awg FFT

N

\ Stiip Chart
L Figure 16. LFM Setup.

Figure 15. Low Frequency
Modulation tool.

Next click the ‘Single Acquire/Stop Run’ button ﬂ To view the frequency and amplitude of the PJ
components, change the view to “N-CLK FFT” (Figure 17). Zoom in to the area of interest (area
where jitter is being applied). The plot should look like Figure 17. If you place the cursor over a spike
in the FFT, you can read the amplitude and frequency in the lower right corner in the status bar (see
Figure 17).
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2% visi - [LFM clk 1.5gbps 30khz Fj 2MHz Fm.vtd] ==
B Tool ot Acton Display View Ukikies Help g [ Wigw

FEEE =0 slemal oy = alnE] 2wkl I

Low Frequency Modulation FFT MN-clk

15ns

Modulation
Components

Channel
Miriroum Data Point:
[10,000
Edge to Measure
Rising -
Marimum Freq [kHz]

[40.000000

Passes toAvg FFT

75ns

Os 1
OHz 20.5kHz 41kHz
For Help, press F1 T I

|>;': 45.352kHz ¥:195.556as

Figure 17. Low Frequency Modulation FFT N-clk view.

Jitter Tolerance

This completes the Jitter Output measurements described in Figure 2 (Driver output, Driver PCB
Connector, Receiver PCB Connector). For the ‘Receiver Input’ section of Figure 2 (Jitter tolerance),
follow the above instructions for each compliance point to measure the amount of jitter being added to
the signal before you apply it to the receiver to insure full jitter compliance.

Summary

The features of the SIA 3000 VISI software along with the proven capabilities of the advanced VISI
diagnostic tools combine to form a complete jitter and timing analysis software package for measuring
SATA jitter. This paper has outlined a step-by-step process for measuring jitter according to the
SATA standard.

Footnotes:

" Fibre Channel Methodologies for Jitter Specification, Rev 10, page 30, at
ftp:ftp.t1 1.org/tl 1/member/fc/jitter meth/99-151v2.pdf

Bl WAVECREST CORPORATION, “AG100 Quick Reference”, part # 200012-01 Rev A.

For more information contact:

WAVECREST CORPORATION

7626 GOLDEN TRIANGLE DRIVE
EDEN PRAIRIE, MN 55344

www.wavecrest.com
1(800)-831-0030 Rev09.13.02tag
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