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The Vision of Oscilloscope, the Confidence of BERT
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= BERTScope "BASIC"
— JARTHE(BER Measure)
— {554 #r(Analysis)
— JE /3K (Stressed Eye)
— RGN (Integrated Solution)
— R4t (Conclusion)
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http://www.analogix.com/product_info.html
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Time to Market
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Typical Design Cycle
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I Why Test the Receiver?

= Serial Data communications standards have always
specified both the transmitter and receiver physical layer
characteristics

= Historically receivers have not been tested in compliance
workshops except in communication standards

=  Why?
— Receiver testing was perceived as “difficult”
— In reality — not familiar
— Testing requires different instruments
— Test set up requires “calibration” before use.

— There was enough margin to assure system testing
covered through transmitter test and interoperability

TX + ||+ + ||+ +
—_ —, —_,
e | T =
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IWhy Receiver Testing is Different

4 )

m Pristine bits out

Recelvers

Poor quality bits in....

“‘Receiver”, “Re-Timer”

“Decision Circuit”, “SERDES” ! ——
Recelver
(. Transmitters are tested with eye srignt... Shiny...
diagram analysis but a Receiver New...

Changes Everything
« Can no longer rely on how good the eye [7@@
looks as a measure of performance....

....the eye shape only tells how nice the
output stage is.

Receivers are Tested with
BER
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\_ PCS %

PCS: Physical Coding Sublayer \
PMA: Physical Medium Attachment
PMA
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I 8B/10B #ZmiY

- RBEBHNE, ke ER v TRl )|
- COREHRHIEH EMBIIpattern Density, 00h SEEECEEE
& W= T sE R BT s |

b 256 S R Value
- 1024 A
- BEYAEEEES12T  itive/negtivets
2EET )
— 1EHIPRAIZ4T ( Positive Negtive I 1277 )

« JEHTERBERRE, &SR
- SRBITESAE EIRIETIRD
- JEHSE10BERTD , AEUFEE SR & Bl0F01d
m, FiEE=s Bk
- MERSerDesEAREREREF
+ fEiEt O
e T EH 2 5%

i

Patent: Widmer
& Franaszek IBM,
September 1983
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Clock Data Recovery

m?$ﬁ%ﬁ;%&ﬁ$@M%
%%,l%ﬁgMﬁﬁ$ﬁﬁ
ﬁ%hu,ﬂﬁﬂﬁﬁﬁmﬁ

CORIN T AZ O & pLL. Kl NpLLAE B
N oNeer, [KIbcorAEDS “ FREE”
— R I EL B

De- senahzer'REEIECDR r E II:I:I] EI/J HT %EIJ 1&
17K

i&%}% Pattern Density L\Z‘ ZDEi E/ﬂz z
“BER” ERBE) KB $5

MNN N
Clock
NN Mo
Data In —m— Regenera ted Data Out
Decision Circuit
2012/10/25 °

Receiver B—

data m—|

PLL output

=

Clock
Recovery
Unit

L

Control
Block

CDRIJEEHE A

Loss of signal

Retimed data
to SERDES
Recovered clock

Data lock

Loss of lock
(frequency)

Fun length
vinlation

Reset
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CDREAL 1

PLL
Phase Detector

Loop Filter
VCO

Loop Filterdt € 7 CDRIER BRI 21145 5
Type I/ Type
—Wr /I ZFr
fiiid 77 7\
PLLA% % 5 2
Flah & ek £ (ITF)

=20

A0

-0 |

50

=60

-0 =

dB

—="-—-\

N

CR Control Sattings

Nom Freq: 6.000 GHz

Loop BW: 10.00 MHz
Peaking: 5.00 dB

Loop Bandwidth: e
Untracked Jitter:

L
Hz 1e5

Recovered

T Clock Output

1e6 1e7

PLLAE IR EAIITF

i

Data Pick off T Phase Loop Filter Voltage
Input ——p —p| Detector |— Controlled

N Oscillator
Data o (VCO)
Out
(To Decision
Cicuit)

10
2012/10/24

Q>

A
Recovered
Data Output
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CDRX R4t £}8) 1 52

Data Jitter In

3.125 Gb/s PRBS-7
with 40% Ul §j
varying frequency

0dB
Clock Jitter Out
recovered clock  -5dB 1
output from
BOAOQ7
<10 dB
-15dB
PLLnot atletstrad
as effactively. Jtter saen A ——
2048 b o
-25 dB P hard ',':.: ai0trask
dxtainputjitter 2t & Sl
Ounputdock s sizble sgna \
-30 dB : : |
10 kHz 100 kHz 1 MHz 10 MHz

Jitter Modulation Frequency

R e E UReceiverf ARG 5. £ LBIF, E5ULMESIKE K
SRR NG S A

2012/10/25 Tektron/ix@



Lossy Line Jii X % J5 5~

= Conductor Loss M A P 1) B A
— DQ resistance Channels 7%, ¥ SIS
— Skin Effect BEEE, S IHE A2

= Dielectric Loss
— Material Property
— Variant of Dielectric constant

= ISIFFAERRIE

12 2012/10/24 From Profound to Simple for HSSD TEktl'on/ixO



Transceiveryi & a5 18 18 £ 8 2%

What's new?
(B | o
. Clg

siseydwa-aid

m
Qo
-
D
N
@

3
_ |
|
i
Y

PMA: Physical Medium Attachment
13 Tektron/ix@
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Equalization

N T IRENChanne DV 5 445, AT LR A Equalizationiéj HHRR, FEE BB FIRAE 5
AT M
TxﬁfoLﬁl E[,(J Equalizer‘*}lj\' j"jEmphasis
Pre-emphasis
De-emphasis
T X5 5 E B R
R:s(lllf,_fl-ﬁl E[,(J Equalizer
FFE
DFE

cTie CIEZERT [A] 26 P 3517 )
EmphasistETxiz HIAEH 2, JUFRTA 10 7 #i$2ff 7 Emphasisif) fig

EqualizationE =1 185 v Rxam A4 2= 4%
SATAIll, PCIE Gen2, USB3, etc. (BitRate>5.0Gbps4Ziifdi )

2012/10/24 14 Tektron/ix«r‘



% F A Equalizer: FFE

FFE: Linear Feed Forward Equalization
=  NXHALFE. FFE

= B HHTbithir(n)Z B HIAr(n-1) « r(n-
2) « r(n-3)---{yszm, K[, RAFEr(n-1)
v 1(n-2) « r(n-3)IIE L RAE IEr(n), BRI A4 22

= e(n)=r(n)*ki+r(n-1)*k2+---+r(n-(N-1))*kn
= FFERZEHIAZFIR

n(n) n(n-1) nn-2) -+« 1{n-(N-1))

i | T e(n)'_

15 2012/10/24 From Profound to Simple for HSSD Tﬂktron/ix



QAR i FFE
f# FH TDREXVNAXT Channeli#t 7SS 50, 15 ‘
FChannelf¥] 55 y " ‘

FFE [ 5510 . 1% &= Channel il LA Gain=0dB A |.'." { IH' »1 IUL ’i i I
§l44 75, EEFFERIChannel {94175 0dB M i

S it A :
# EOR T A 2 1 I JBOK 7 0 :
NELE A PR, B A% R 34 IRAN il i

Emphasisifi /& f 2 tapHFFE \ H

10g
dBMag
(ol

#14n3dBHPre-emphasis:
e(n) =a*r(n) + b *r(n-1)

Tekironix.

e(n) r(n) r(n-1)

1

1

1

14

1

-1

-14

-1

1

-1

-1

-1

Channel SZ#{

%z pre-emphasis R ] LIS B3R, 1% — o — R JTIERI A 15 Bltap R 2L
Solution: a=1.2, b=-0.2
[)12 n)H—1 A £ 1]
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Pre-Emphasis
Impact on Eye Diagrams

T ] )
1 No Pre-Emphasis

OO NAENNEENENNNENNNNNNNEEE =

Measurement of Eye Diagrams on BERTScope
40” PCl Compliance ISI Board, 5Gbps PRBS-7 Data

Tektron/ix@
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Pre-Emphasis
Impact on BER and Eye Margin

/Eye Opening 1. Jitter Peak
(BER Contour Measurement) (Bathtub)
Measurements on , ‘ g
BERTScope No a. RJ=0.9ps — g
- Channel - — %j, ...... ..........
Width = 47%Ul - N i
Height = 18%UA | 40" Trace,
e no Pre-Emphasis TJ =106ps e .
¢ — j>DJ = 83ps ___________ 1 2b
b RJ = 01. 7ps' wermra
§ T ,%;5;; """""""" A,
idth = 81%UI . ) : f
40” Trace |
= 0 ) _ :
Helght 82 A)UA 6dB Pre_EmphaSlS TJ = 35pS E b IR
¢ C. j>

")
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Decision Feedback Equalization
Effectively further open the eye

(Correct baseline wander of received data stream by subtracting-
\off a portion of recent history

J

f = I I I T . T I I I \
1. 4« Received Data
\/\ 4-bit Average 4.
| . | | | | | Improved
5T ' ' “Delay and Invert” ' ' -Margin

(WA

[T

! | | | ! | | | | )& '..:"'| ;’{.
S /‘ /’/J/:js Add Red + Blue f‘ Al : '
la ; \5 ‘;"‘IL f\ A / li‘. : Il;l"‘J,‘ 1," ‘1 m] i ‘1 3:: ! A‘, ‘S.f"i" 'Iu'[ Dec|s|0n
\ \ VY & ) \_J Al ) : / \J ¥ | Level
A '\IJ l | |\ (‘ij'l |w \-) \J s I\\j1 y

40” PCI Compliance ISI Board, 5Gbps PRBS-7 Data
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Decision Feedback Equalization
Block Diagram

4 ™
Clock
Recovery
! > Bit Out
+ DQ DQ DQ DQ
In NS T> S HES
BJ B% B B~ l
S Decision Feedback Equalizer )
N
- Clock recovery is required for the DFE to operate
- More or Less flip-flops can be used
- This varies the amount of equalization
J

Tektron/ix\'@
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High-End Receiver-Side Equalization
Block Diagram

-

Linear Equalizer

Clock
Recovery
| » Bit Out
() (+)+pQ DQ DQ DQ
A3 l ) 4 ) 4 @
- B X
td B; B l 52 BS/'J
2.| Decision Feedback Equalizer

J

[- Implements a 4 tap linear equalizer with a 4 tap DFE J

Tektron/ix\ﬁ



I FHEIABC-f 45 1 5]

X “IEEHIRR R ZI

#zh”

AR I TR

DA-ERNY LTS

» 2% Bell Communications Research, Inc (Bellcore), “Synchrouous Optical
Network (SONET) Transport Systems: Common Generic Criteria, TR-253-

Reference
Point Histogram

Fr 2012/10/24 2

a)
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I Bl a2 KAt 4 o) 2

»

a)

gty AT AEEE S, B2 @E s S e ek, EER NPCBILTT
AULHES, ARfrEs e A — 80 e A @SS IR A S o =l P23 IR i,
AERA 2 il A J I S A 3 WO R, S R A B sl S Al D e #3171
AN X Z o SoRALIE R s,  DLBIRAS S EMIFIT-I0,  SEAEARG I i
NFEEE T, T A F COR M H IR SIS B k. BBl 5 8dE 1)
Blahd ok, R, U CORK VAR R N Fh i iR . B AR %
P 28 G0 A I B A S S 2

Blah B 72T RGNS ORI [F R &, R R,

AEEN, RHUEIUTIE N v (BIAGER 28 125 [FEATEMIFESD
A P —ARAIE = R o) e v i, DG B RO S L BE BT /L AT
P /NEMITEIE . FERS I B RSORS00 B3P E R B, BB Ehipde B2 I E 5
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I PHERNFIMT — £ B R K

>
¢

= Total Jitter (T))
= Random Jitter (R})

= Deterministic Jitter (D))
— Periodic Jitter (Pj)
— Duty Cycle Distortion (DCD)
— Inter-Symbol Interference (ISI or DDJ)

Fr 2012/10/24 24 Tektron/ix@
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I Random Jitter

> FENLE SIS oAt 2 R A R A
» HOTE (T IRIFERFFEL) — MR RS2 I R 220041 (B
R )

> KUABENLEED R m WA, B2 Gidbam. %8, [
MﬂﬂmWW@&WEHEEﬁWﬁM

Cantral CUrsars

Fr 2012/10/24 25 Tektron/iX@

a)



I Periodic jitter

> TIE vs. time B[] 8] 2% Z2 FE RS [R] 2840 2 — EE 1Y, R IE
> BCRSE R TAER R ] FM
» Bl gE R SR IR EMITH S5 S £ SSCHRATIE 5

Peak-to-Peak

A

v

Fr 2012/10/24 2

a)
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I IS Jitter

> ISIXFRyDDjEEAH < L 2 5 PDjhE AU AH G} 5]
> RN BR 17 98 PR ]
> IXZ#E Driver
> Xt Bk 28 Comparator
> PCBZLiE 5 HL45 1) 35 5 15k
e E YA “1,0,1,0,..7 BIEAES, W liEsn “1,1,1,1,0,0,0,0,...7 HIEAE
SERGTE . UK IES A 2IA B S R, RPN 7 T 2 1A A e
fjlﬂ%r]ﬁﬁ%ﬂ?, SEESEB). FARXAES0EE SRS, B DL RIS B AH ¢
L.
> RN SIA VLIS S BUE 5 K S . RSG5 2075 G 5 5 208 B 38 i i 24
e i FESR I TR BE 2, i = A2 8380

f A—REMEF T DDJ |
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BERTScope & 71|/~ 1 %

‘_F_-f-ﬁ .
Y
BERTScope Clock Recovery Pre-Emphasis Bitanalyzer
+ EBFmBSARS + BSBERTITEE - BSBERTScopel®® -« EFRMIEALAITE
+ BERTHURESRMES,  FH EEEEA &= 1
EFBERMISH. M - HEME . BEmEmELER ¢ =RBERI00K, &
s ERI=EinE 32 BETTENA
« FERNATEEST
TAEGRISR . RBE
M,
MNew Product Launch
@ 286G o 286G g 125G 9 1.5G/M16G
& 26G M 175G
[ -Te o 125G
& 125G
oM 856G
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H 4 EBERTScope?

B SEHL R SURTIE 5 o8 AT 408 ST RIS S SR B X

1 Pattern Generatory= 45 & [ EbEr
g, Hilhn. PRBS #5984, {55 7]
DL it i . 77

WA

Mtk 77 fPattern

Generator 7/ loopback

e Zl/Error Detector  #ICs Fr /40 R 4¢

» \\ - HIRER

2 A A v ADU T % tH 21 Error Detector kb 4%
DL TBERI &

=
=
=
=
=
=
= =

HATBERMR,
BeAG Nk o8 — R
1T5 0T
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BERTRE A IIRE

= RO A (PG) & & @SS )
- lklj\] lﬁ Tbﬂ&ﬁ%:@ﬁéﬁ%ﬁ: stz‘m"ﬁ‘mz?}—! 6,249.99 MHz cLock +

26Gbps T = | T
- J_k W H’_XA ‘/ﬂ% El/] 5\_ Qjé )_L /EE I-I]EEI }# E j( snc;:c:c 35" i SUBRATE Linked ta Clacki+)

INERS)

GENERATOR n
Pattern: PRES-7 ERROR INJECT ‘

- _[/?% EE"]*/\‘{I}_IJ (ED) @ b T »_» . ‘ %Slrjiiv [ Buto Manual | Reset
— KEHAEIA100fs [ ZEIR 28, JMD&~ . &AJ_\_JKJ_
BERTH 7 {EPRBS31E 14r B3 oo = gt

—— 50 Ohms AC Pattern Cycle

_T—EZ;;%‘ (Optlon J_MAP) || Gen: PRES-7 6,249.99 Mbit/s Di:ET:"E}iTm
— “FifiDual EDI4E, B e o B
. | -

START |
M 4= —AI L LEAPTURE/ DETECTOR RESULTS
- t \_J‘ H y Disabled |Bits 0
Errors 0

d ‘glz; ncs N[g
" Hj‘ %LP ‘Ijj_‘( E%ﬁ (C R) Lr\%/ Elapysed Time 00:00:00
— AR A AR CR: 28.6Gbps

|Error Free 00:00:00 |

_ j-k Ij\] § i& _&E E% é E@ C R _ j\%éi 'U%] _\Llélﬁ || Gen: PRBS-7 6,249.99 Mbitfs Det: Unstable Clock E BER: NfA ! "”j I}
Loop BW/Peaking

- SPER. BERE

Tektron/ix@



Beyond the BERT..

T SRS I 28 2 T2 S

: AN ARE R, AR AT MO E A A
Oscilloscopes
: — “I think | may have seen
a glimpse of it, but it's
hard to tell.... It sure
looks pretty from up
here though!”

Bits " 56,718,374,656 |

BERTs= ? 7 [Errors “ | | | 14,134

| can see it - | can’t show 4
you it, but you've missed it!”

“You've missed it again!”

“You've missed it again!” |

A KR RS ER, H
Fe X i 1A B

Tektron/ix@



I 5 FHBERTScopei R N\ 73 T im il K 2

The BERTScope Eye Diagram

(L]
Ly
=

=
=
[=
=
=
=
=
=

l“! DIAGRAM % 5‘&»‘;0 A #ﬂ"?" PR l'_;& 'R tmrj

L — — ~ - ol

H—ANEbEegs, 7 LR\ 1 bit
MZZ5bit 8] ) 2 5-> BER | =

2

PP/ Hess, ol AR i % /b
DItTA7E A HAe 8 2 [l —> R !

A LAX 7 ARl RS ERSHA, sEH)
A 5 AR A TR B SR ER
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Beyond the BERT...

i FHBERTScopeiR A\ 73 M it 2 F A4

i A A

—— = 1
- slice
Bertscan, d-d, b uwwleww ar
ber bathtub Eye width at 10
12 BER level
ﬁ =
P Eye Height ——— — -/
=
fe-ractom

@ -
G

12 BER level
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- BB A FIR NS 5 R IE

) N

F-HFail &
2R 2%
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————————————————————

e 100000053

NBER# 3K |

) J
R P 4 e
RIME R
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I Z17: System BER Trend

- BER

4 -05
= Oscilloscopes

-10
1x10

X102

1x107°

BERTScope

Center

B A B RS
IR [ & —FE 1

ady Pan¥X 00:00:27  [ANNNENEER

wr (&P =
Tektron/ix@

ady Pan 00:00:22 |[ANENEREER

66 ps
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=G AN ESE

|::ow_
e Ok

O EHET: BT
PP IR R S, MR R )
i) e

o | Error analysis KRB
24 RIMHR— F R 5
B ) 2503 2 AH O
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Beyond the BERT..
BERTScopeIE\é%

BERTScope KiRKE. I
A~ 55 KAERE 51
EAAE S, TS H,
11 HA ARG —

VR REAVRS FE
Jitter
Tolerance

Jitter

Decomposition
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I =1 AT R ST R A PR i

BAE R Tx 2/ 2 MRIEBER
Rx¥g&E 2 45H#):. Equalizer. CDR

WA TXFNAE 5 5 3% B 0 Rx Y s 77 4k

X Rx S 1t i1 P - R B B DA — B A E 5

- BFETAE = RAPLHFHHES
— RSB ATE S AW E R — ROUERL RN
— AW pE S 9% - PAEERTIES: 5. BEARE

b0, IR FETIRERI KD

[TX +||[+ path
7
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I A5 R T R AT O R AL i T R

TR RE R IR A HE, IE
#8537 B I Rx 3 P 75 oK

BB bt B EE R #E 47 Jditter Tolerance
—F MR

B 5 2 R A
= SerDes
Transceivers

= Multi Media Sink devices
= RXx devices

Timing Amplitude
Standard Data Rate Jitter Tolerance Emphasis
Skew Sensitivity
SATA Gen 3 6 Gb/s
PCI Express 2.0 5 Gb/s
PCI Express 3.0 8 Gb/s
.75 Gb/s
HDMI 1.3 075 Gbls to
3.4 Gb/s
FC4,8G 4.25 Gb/s to
8.5 Gb/s
2.7 Gb/s
DisplayPort
5.4Gb/s
USB 3.0 5 Gb/s

Tektron/ix




I Stressed Eye _
Rx#% Llﬁlﬁﬁ{)”J AR

1. WEDUTH ALoopbackEz

2. PPAEMEERNESSE, EARNMALR L= EENRE SR
3. ¥istressedfg S EADUT Rx

4. SEiFDUT Txdmk RIS S RIRIE R R TR B E K

Mbﬂﬂw R« In

Pattern
Generator

- Out

Error Tx Out

Detector
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I Stressed Eye

NBURHIRR . K EAEE vsSine jitter
v'Random jitter
v'Bounded PRBS jitter
v'Sine Interference
vISI

o CP3 K28-5,ram :
!I Gen: User 4,992.50 Mbit/s il Det: User 4,992.50 Mbitfs ggl BER: NfA l !I Local

Tektronix:
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Stressed Eye

Z: SATA3 6Gbps/t 1155

Gery: PRES-7 2,500.01 Muit/s Det: PRES-7 2,900 01

r =
PRES-7 2,500.01 Mbitfs ||| Det: PRES-7 2,500.01 Mbit/s ; BER: 0.00E+00 lii=:
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I A sk Jditter Tolerance— UMLK 7 &

Jitter Tolerance Margin

CBER Fail ANo Sync #CLK Err @DAT Err @Pass

v'PCIE 1,000% -
v SATA 100% -
)

v'USB3 )
VD

Display Port o | | |
v XFP/XEI Test for compliance .

Jitter ToIerance[Search

v'10GBase-KR DBER Fail ANo Sync #CLK Err @DAT Err @Pass |

\/O . | 1,000% -
ptica

: 100% @\9\
v'Serial Bus... ) KW

10%

1.00% +— LLLL]
Use Search mode to find 100.00

device limits
Tektron/ix@



Integrated Solution

BERTScope&EiE 4T N ARG =

I RN ot

406G, 100G:
N x 10 Gb/s
4x 26 Gb/s

Blade Storage
10Gb/is  Server

Backplane
B 8.5— 14 Gb/s

Computer
Market

—————— - ———————

Ports — SFP+
for FC, 10GbE

Different model for different applications
* BSAB85C for USB3.0, SATA, PCIE,
Displayport, QPI...etc PC10s
* BSA125C/175C for 10GbE, SAS,
FC...etc server and storage
* BSA260C for 40/100GbE

I




Integrated Solution

BERTScopelf £ 55 1%

Jitter Spectrum

= ARSI E

= H¥EE150Mbps 528.6
Gb/s

= PLL# % 100KHZ 3

12MHZn] i

Flah4iivk i FE200Hz )90

P B I 5H(SSC)
TR B SR A . \ = ATSEMIPUE W SSCHIE &
o EREES R Tl OB IR TR A . IESSCIY

. LN () ERia: peaking
AT RBUL I - P RTUSB3.08 8l i i 4

PRt s T v i) loop
bandwidth
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I BERTScope DPP il & b ¥ #%

BH N E

BERTScope DPP
3&4Tap
Pre-Emphasis
To 12.5 Gb/s

| o
=
=t
e

Lrmlt
pIY
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Integrated Solution

ETektronixI A R2&AEHIEE K

= 40G/100GE
— DSA8300+80C10C+82A04
— BSA260C/BSA286C
— CR286A

= LIRS . cablefR B
_ DSA8300+80E04
_ BSA125CPG
_ DPP125B
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I BERTScope =i 73 M3 = iy

= BERTScope R4/ 5 N it Al TAEIMER LSS & 1 i o B B U
L= zﬁ%&%%@ﬁéﬁﬁﬁmﬁ\ PR B T BNl 2R Bt n) R A
VS

AR RS ZR . ..
PREEREA (15 5 S B Lt
R Y I i e ) e
A B 0 B 2 R A
i B T 1
A

D NI NI NN
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B BRHE VI
www.Tek.com
www.Bertscope.com
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