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High speed digital test €75, 22

challenge
* Digital signhal is a
combination of 0,1; I

« Compared with
analog/RF signal, it
actually required |
higher bandwidth;

« The higher data rate
require higher
bandwidth of tester ;
hardware; ﬂ Wittssssssssnsssons
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Industry’ s High Speed Intﬁ
PC| >

EXPRESS

« DDR (4/5)

« USB 3.x

« DVI/HDMI (2.x)
« S-ATA (3.x)

« PCI-Express(3/4)
« DisplayPort

* MIPI SERIAL

- RDRAM [
. IEE1394
» HyperTransport I

« Rapid IO (RIO)

« XDR (Yellowstone)
+ Flex-IO (Redwood)
« XAUI

- FB-DIMM/AMB
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Typical speed

application Type datarate per lane
HDMIZ2.0 bisbps
HDMI | Multi-media, video+audio |HDMI1.4 34Gbps
5Gbps;
USB3.0
USB mass strorage; USB2.0 A80Mbps
Mass strorage: SATAZO bGbps
SATA Interconnection for PC SATA20 3Gbps
PC extension; PCle 3.0 BGbps
PCIE workstation; PCle 2.0 HGbps
DDRA-3200 |3.2Gbps per pin
DDR Memaory DDR4-2400 |2.4Gbps per pin
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High Speed common test i

 Receiver

- at speed functional
Impedance
sensitivity
jitter tolerance
rx skew
setup/hold time
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High Speed common test i

« Transmitter
- at speed functional
« Impedance
 skew
« pll freqg
. jitter
« BERT
* histogram
* SWINg
« rise/fall time
« eye test/fast eye mask

. Loc;pback
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Jitter and Eye
tests




Definition of Jitter @3‘3‘&??@1

« Jitter — Unwanted variations on a signal such as the interval
between successive pulses, the amplitude of successive
cycles, or the frequency/phase of successive cycles.

1 Tester Period Tester Period ' ' ! '
14 ol g ! 1 1 1
1 Y 1 1 1
Ideal Clock | Ideal Cloc
1 1 1 1 1 1 1 1 | 1 1 1
1 1 1 1 [} 1 1 1 [} 1 1
Jittery | i : : : : : | Jittery
Clock : : : | | : : | Clock —>{l|lf—
: : : : : : e | | ! |
1 1 1 1 1 1 1 1 1 1 1 1
[Free running clock | IAccumulated Clock|
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Jitter Histogram & e

 Histogram is a
statistic method to

illustrate PDF
distribution of JL
targeted parameter.
Height of each bar is
oroportional to

DO SSi bi | ity Va | U e h A Frequency A Freguency A Frequency

this bin. ~ oo
. | |II 'f |}

| | il i |
_,// \_ |I | |I | /’Jl kj ‘\

> L Ll >

Time Time Time

Fig. 9: Histograms of random Jitter, deterministic jitter, combined DJ & RJ jitter
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BER Solution: Extrapolatioh e '

1E-12 ~1hour
1E-15 ~46days
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Strobe position [UI] —
— bathtub BER curve extrapolation
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Definition of an “Eye Dia R
y :
» Definition: Superposition of many data waveforms acquired
from some test instrument (sampling oscilloscope or 93k)
based on a constant trigger
» Eye Diagrams are commonly used to characterize high speed
interfaces
E‘dit Format Doc —
Fle Control Setup Measure Calbrate  Utilities  Help 010ct2001 0101 A T
Dscilloscope Mode ’ ’
Amnplitce =
Z 15
=] t
Fall Time
o | .
Jitter RS
=
Jitter o
nr il s Markers
ll *Acquisition is stopped ITZ; %;2%; 10 ps/Div.
cale: 159 m/div cale: 739 mydiv cale: 100 mAdiv cale:40.0 mydive Time: 1000 psAdive THooer Level:
ffset:-463 m ffet:500.0 m ffget200.0 mY ffset:101.5 Delay:42.8530 ns 0.0 J
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How is an Eye Diagram Derﬁ%‘d‘?ﬂ“

Example: Clock signal from the device

1 Tester Period Tester Period 1 Tester Period

Tester Period '

Ideal Clock | T - >is 'i

IR ; .
Jittery H % 1 |  — 1 X 1 \ T
Clock :l \ . \: | l \ l \ f \ / \ I
I' : I | : \_:74 N | T : | | | |
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What information in Eye Di

> Eye Width

> Jitter

> Rise and Fall Times

» Signal Levels

» Overshoot and Undershoot
> Ripple

error co

Steady error count°
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Eye test: shmoo @éommﬂ

 Functional pattern
based eye test:
strobe each bit;

« X: search strobe
edge;

 Y: search threshold
VOItage; EiIEM %D:lrﬂnl getup Measure  Calibrate  LUtilities HElp 21 Moy 2000 05-19] m

« Each X&Y
combination, run
pattern. Get
pass/fail, draw
shmoo.
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Eye test with
equivalent sampling

- Improved eye measurement solution
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Motivation = s
- Traditional eye diagram measurement only

show passing area, information in  “failed”
region is missing.

Missing
information

@iﬁ%
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Eye Test with walking strob@)?, ==::
Solution

Undersample ||'epeating PRBS bit stream

1
1 1 1
Data >< « PRBS(n) bit stream >< X .............
| 1
! I E—

! I
Strobe I - : I«resolution : x .............

2
1 ]

Effect of undersampling

Data >< PRBS(n) bit stream ><
Strobe I I{

1

Zoom in to single bit ﬂ

Captured samples 00010100111111111...11010110000000... ===
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Eye Test Solution o
- Algorithm: 50% Eye

50%V ! ! ! L —, |
N S ﬁki ......... :_-"-"-§*< -------- SESEEREEE 5\( -------- f-nnnne Signal

_____________________________________________________________________

o sl il il Captured
0 L ort stream
. I —— R I — o R E—
H E; H E; ‘ i; ; l | Diff
___________________________________________________ Lo
Folded
back
;H< Centralize
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Eye Test Solution
._ Algonthm 20% Eye

| I Captured
| o A | A | 0/1 stream
—- - — - ™ ]

| ) | S | USSR | A, L —

S T A R AR

,,,,,,,, back

m m Centralize

=" Based on eye50
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Eye Test Solution
s0%y Algonthm 80% Eye

RN Captured
: : L 0/1 stream

________________________________________________________________________

e F

m Centralize

[“‘-) 'WISESTEg'Fsed on eye50




mm H9E—

Eye Test Solution e e

File Edit View Format Tools Actions Window Help
EIEE I EIE I et I

: Work Area
— —
[ signal Analyzer - odck E

:WaveformGr hs

f\vidth(20% eye) ~ 0.45 UI

idth(50% eye) ~ 0.85 UL

Trace 1: Dec

idth(80% eye) ~ 0.45 UI
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Eye Test Solution Results

XC
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Usage in Production test 8 FHERS

« How to use in production test?

- Reduce level search steps, saying 3
level: 20%, 50%, 80%; calculate rise time, fall
time, jitter;

- Use hldden upload feature
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Histogram & F

« Can we get histogram?

________________________________________________________________________

Folded back, replace
OR with ADD

/ U {)g ram
..|||||||||. F
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Undersampling and shuffle@“’mwﬂ

« Walking strob

IC

T E9%—

e is a extreme example of

undersampling.

« Consider replace

PRBS str

nelow sine wave with
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Timing design example I S Eras

® Test condition

SATA II Data rate=3.0Gbps
UI=1000/3.0=333.333ps

PRBS7 input data stream (127bits)
Resolution=1UI/200=1.667ps

=>

®Method1: walking strobe

sample period=UI*127bits+resolution=42.335 ns
Sample rate = 23.621Msps

Sample number=127*200=25400;

@ WISESTEST
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Timing design example I S Eras

® Test condition

DDR5 Data rate=4.0Gbps
UI=1000/4G =250ps
Compared pattern (1000 UI)
Resolution=UI/250=1ps

=>

® Method: coherent sampling and shuffle

Sample number N=1000*250=250000;

Coherent: M/N=ft/fs; fs=ft*N/M=4MHz*250000/M
M=250001, ft= 3.9999840MHz, period=250.001 ns

M=251, ft= 3984.0637450MHz, period=251 ps (PS9G support)
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Summary o

« Advantages:
Get more information out of pass area;

No need to use hiﬂh sampling rate, only assure
channel bandwidth is enough;

No need to do payload search, to find exact
start point;

Data process is simplified by using “diff” , no
need to compare bit by bit.

 Disadvantages:
Pattern is repeatable;
Tester supports multi clock domain;
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