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Voltage

Time —»

these all can have substantial effect on the total link performance.

TDR also is capable of producing S-parameters

Transition points involve combinations of solder joints, circuit board vias, and connectors:
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Compute: |S-Parameter v |

TD Source YW avetorm Yiewer;
| TD “Waveform Yiewer 1 j

FO' T arget W aveform iewer:
| M e W aveform Wieweer j

W aveforms
DUT: | 0. wim |

Ref. |5tep.wfm j

Frequency content

[v Set manually
Max if: | Bk Hz

Fram: Iﬁ Hz
Compute

[V Usze 50 Ohms calibration
Fef type: \Open/Shart |

DUT Type: |Insertinn |DSS.-":-j
Load 50 Ohms ' aveform:

|Lu:ua|:|.wfm j

Calibration
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EAXTAEEE:  Intra pair skew

= EIRENES BV A 2 g G S AR R, T FAE 2 2 0 X B P 2%
KR EER T K — S S8UE R E, XHEEREME SRR ZE,
NI A EREF il E ek s e ttﬁﬂhﬁ]nﬂz% AR g B i A SR AL BE BT 2 B 1
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Value Mean

34, 16pb 1343 158944p
38. 32pb '38 316681;)
36. 24pb '36 241601p

770.8fs 1770 T72521

100mV
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Value Mean
133.95ps 134 I64785p
38.16ps '38 479919p

lsa 983734p ’

& 100mV Offset:510mV 500 E‘C...:ﬁi.m:; |mm J/498mv J 1.0ns/div  100GS/s 10.0ps/pt
T 100mV  O:510mV 500 By:16.06 Dg Rur Sample |

#FT 240mV 1.0ns 757 acqgs RL:1.0k
” Auto May 13, 2014 06:21:16

Mean Min Max St Dev
34.364785p (32.T1p 35.86p 491.7f
38.479918p (36.18p 40.76p T730.9f

51.983784p (50.04p 53.92p 616.8f
= -36.229671p (-37.4p -35.15p 334.6f
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OPTICAL P& 25Gbps L
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FORUM

B i HE S 1%

J

7
oA
/" Tektronix BSA286C
BERT
/// _-e j} . o ®
// 7 | '
? "‘
; 3
: o
VSR Channel QSFPR8 MCB R Channel
/Con mmM:;tronB 528 L 250 mm Megtron 6
Plu Molex QSFP AOC s One Connector
Inphi Gearbox Semtech Dual CDOR  With Luxtera SiP Se al CDR

An overview of OIF’s typical 28G CFP2 Host, Channel and CFP2 Module
Endpoint. The OIF 28G-VSR spec is the fundamental building block for

w, 32GFC and IB EDR.
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ZZ 7 PPG3000/4000 £ 5] 5y i L B & A= 2%

7.,{’11[\' Tkt _ | X
- 55 u: :: 7 sy 109 | CockPracaie . Mode Patters = Payne. 'n_ As
Wiz | - iXRel 334 0L X E 4 @ Q0 AL DL DI AR

|- Data Source: CH3 Data Rate: 40 Gbps Filter: False
S5C: Off Pattern: 2047 bits Channel: False
Phase Reference: 20 GHz Sample Count: 304.70 k Equalizer: None

Jitter (Decision Thrachald: 20 20 m\/ ) Noise (Sampling Phase: 0 UI )

dom Jitter Random Noise
RMS = 213.54fs RN (RMS) = 1.82mV
Wi = 210.77s RN(v) (RMS) = 1.80mv
RI(v) (RMS) = 34.25fs RN(h) (RMS) = 308.52 0V
Deterministic Jitter Deterministic Noise
B - nocoise G aneon Bl M~ 1ooocopse G eastes B LR P 2542 3] = 4.01ps DN = 109.34 mV
=S¢ Phaseiiet (01 C2) Wavelorm Measurement 3, | [B]8]] = 3.Jl8ps CDN = 106.85 mV
gij T | ey |y - DCD = 548.10fs DDN(level 1) = 90.15mV
= |9l : DDPWS = 2.18ps DDN(level 0) = 122.45mV
b1 BUI(d-d) = 50.00fs BUN(d-d) = 5.28mv
F] = 106.14 fs PN = 2.58mV
Fl(h) = od12fs PN(w) = 2.57mv
PI(v) = 459.06fs PN(h) = 137.76 uV
PPG4001 4OG b/S NPI(d-d) = 50.00fs NPN(d-d) = 4,97 mv
Total Jitter @ BER Total Noise @ BER
TI (1E-12) = 6.50ps TN (1E-12) = 133.66 mV
Eye Opening (1E-12) = 18.50ps Eye Opening (1E-12) = 422,81 mV
%q&ﬁ%’ﬁ(%{% . Eye Amplitude = 556.46 mV
-
DSAS8300 RI1(d-d) = 251.65fs Magnitude = 0ppm
DI(d-d) = 2.95ps Frequency = 0Hz

80E11 sampling plug-in
82A04-60G phase reference
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PPG3000/4000:
a] HAE SR 2

5 PPG3001 / 3002 / 3004 PPG3201 / 3202 /3204

IE AL 1,2,418 18 = 1,2,418 18 =Fh

PG TR 30Mbps ~ 30Gbps 30Mbps ~ 32Gbps

ACI T s 10kb/s 10kb/s

SRR PRBS7 ~ PRBS31 PRBS7 ~ PRBS31
AM —IHIE %% 4M — I IE B

H o SR K R PlVIESERER &S PAVIESERER &3

B e L T 250mv ~ 2.0V 300mv ~ 1.0V

7 57 Y tH e 500mv ~ 4.0V 600mv ~ 2.0V

16 T B 2iE 100ps (£ 50ps) 100ps (3= 50ps)

I S 7 7% 22 100fs 100fs

FLahEAN GRS AL CINY vk
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File Edit Vi Triggered Tkt X
':V = ﬁe B .lt" 0 lm Ty [ClockPrescale  =|  wode [m 'l - @ 7 ‘QP.P
IRz | [ampituce -] [2Ra|| 3L - X ||| * & | Q |[rv| a0 vl [ os) oz |

PPG3204, VUi#i&32Gbps

M Triggered ;.l_x_}
e s s e ki B8 ) 7 madeeay o Codpesale x| wose g - )
8 R A e S N Al Tl

a = | 3t62mvidiv @7 -8222mv B _ngn]‘_- 50.0000ps/dv @B 1| 31020 B 1LA1 AM 11/28/20] -
32 Gb/s custom user data demonstrating programmed data skew values of 0 ps, -50 ps
and +50 ps

af <+ seamvi @ sy @ C (M| <] Soccpudn i 097 B0 L) 1133AM 112800

Zo [PhaseRef (C7.C8) Measurement | Waveform | ]
Owcoaerite Powa |[1Ampl BB | |2 362mvidy |
J}A&:‘h‘ I_J 1 o

2801
s msmm
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Ops Skew Jx 518 2% A1 52 52 1 18 2%

File | Edit | al | Digital | Horizl4cg | Trg | Display | © | easure | | | Analyze | LHilities | Help n

DPOJET Plots E=EEER™

Width1: Eye Diagram

100m g

=1 00m*

-200m*"

Bit Rate : 25.000Gb/s "

PFattern Length - 427U View |Details
Description Mean 5td Dev Max Min p-p Population Max-cc Min-cc
|+]
[+ RJ—B651, Ch1 663.241s 0.0000s 663.241s 663.241s 0.0000s 0.0000s 0.0000s
[+ DJ—B51, Ch1 16.064ps 0.0000s 16.064ps 16.064ps 0.0000s 0.0000s 0.0000s
= TJ@BER1, Ch1 25.349ps 0.0000s 25.349ps 25.349ps 0.0000s 0.0000s 0.0000s
=) VWidth1, Ch1 21.331ps 0.0000s 21.331ps 21.331ps 0.0000s 0.0000s 0.0000s
= Height1, Ch1 111.81mV  0.0000V 111.81m\V 111.81mVv 0.0000V 0.0000V 0.0000V

= 9 [ ) e LD




5ps Skew Jk 5 i 1% A1 52 52 M) 1 4

File | Edit | Wertical | Digital | Hori | ig | Display | Cursors | Measure | Mask | Math | MyS e | Analyze | LHilities | Help n
DPOUET Plots

Width1: Eye Diagram

100m~

Eit Rate : 25.000Gb/s

Patt Length : 12701 View Details

Description Mean Std Dev Min p-p Population Max-cc Min-cc
|+

= RJ—551, Ch1 616.80fs 0.0000s 616.80fs 616.80fs 0.0000s 0.0000s 0.0000s
= DJ—551, Ch1 16.771ps  0.0000s 16.771ps 16.771ps 0.0000s 0.0000s 0.0000s
= TJ@BER1, Ch1 25.406ps  0.0000s 25.406ps 25.406ps 0.0000s 0.0000s 0.0000s
(Z Width1, Ch1 21.016ps  0.0000s 21.016ps 21.016ps 0.0000s 0.0000s 0.0000s
(=l Height1, Ch1 144.76mV  0.0000V 144.76mV 144.76mV 0.0000V 0.0000V 0.0000V

| & = B RO
AGCINLLIWUILIIA

A Tektronix Company



10ps Skew & 5 18 2% A 52 52 i 18 2%

File | Edit | Wertical | Digital | Horizldcqg | Trg | Display | Cursors | Measure | Mask | Math | MyScope | Analyze | Utilities | Help n

DPOJET Plots

FEIEEENEE

400"

Width1: Eye Diagram

200m*~ |5

-100ms"

-200m%"

BEit Rate : 25 0M0Gb/s

¥ | patt Length : 127Ul View Details

Description Mean 5td Dev Max Min p-p Population Max-cc Min-cc
L+

[+ RJ—5861, Ch1 570.43Ts 0.0000s 570.43Ts 570.431s 0.0000s 0.00005 0.00005
[+ DJ—551, Ch1 17.919ps 0.0000s 17.919ps 17.919ps 0.0000s 0.0000s 0.0000s
+ TJ@BER1, Ch1 25.905ps 0.0000s 25.905ps 25.905ps 0.0000s 0.0000s 0.0000s
= Width1, Ch1 20.226ps 0.0000s 20.226ps 20.226ps 0.0000s 0.0000s 0.0000s
[+l Height1, Ch1 179.03mVv  0.0000W 179.03mVv 179.03mvV 0.0000V 0.0000V 0.0000V

& || = | <F SR




15ps Skew 7% 5 18 B A1 52 52 M 18 i

File | Edit | Wertical | Digital | Horiz | Trg | Display | Cursors | Measure | Mask | Math | | A | Utilities | Help n
DPQJET Plots

WS | |G S [

Width1: Eye Diagram

S0am®y"

100m~

-100m*

-200m*%

Fattern Length - 127U1 View Details

Description Mean Std Dev Max Min p-p Population Max-cc Min-cc
L+

# RJ—&51, Ch1 579.21fs  0.0000s 579.21fs 579.21fs 0.0000s 0.0000s 0.0000s
® DJ—561, Ch1 20.152ps  0.0000s 20.152ps 20.152ps 0.0000s 0.0000s 0.0000s
= TJ@BER1, Ch1 28.261ps  0.0000s 28.261ps 28.261ps 0.0000s 0.0000s 0.0000s
= Width1, Ch1 18.362ps  0.0000s 18.362ps 18.362ps 0.0000s 0.0000s 0.0000s

[#] Height1, Ch1 176.54mV  0.0000W 176.54mV 176.54mV 0.0000V 0.0000V 0.0000V

&= || = | «F SR O




20ps Skew & 5 i g Al 52 5 0 Eg

File | Edit | Vertical | Digital | Ho | Trg | Display | Cursors | Measure | Mask | Math | e | Analyze | Utilities | Help n
DPOJET Plots

H & | ® &SI [R]

200m*

100

=1 00m*

-300m™

Bit Rate : 25.000Gb/s
Pattern Length : 12701

Description Mean 5td Dev Min PP Population Max-cc Min-cc
L+]

[+ RJ—5861, Ch1 579.821Ts 0.0000s 579.821s 579.821s 0.0000s 0.00005 0.00005
[ DJ-5861, Ch1 17.188ps 0.0000s 17.188ps 17.188ps 0.0000s 0.0000s5 0.00005
[+ TJ@BER1, Ch1 25.305ps 0.0000s 25.305ps 25.305ps 0.0000s 0.0000s5 0.0000s5
= Width1, Ch1 21.941ps 0.0000s 21.941ps 21.941ps 0.0000s 0.0000s 0.0000s

] Height1, Ch1 141.59m\V  0.0000W 141.59mV 141.59mV 0.0000V 0.0000V 0.0000V

B | = T

View Details
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N Reset
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Timeout¢ ey &y Timeout
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Mtk (Visual Trigger) : EHEfil &

= fERAE FAREEHCOFE, FEEXHRZIES) X, RG0S
AND/OR/NORZ: /7 UH G ixX B X 35, RS2 T-R5 215 5 ) & AL A 3R

......

1 Yoot
VAP s A AL WAl o g A 0 i i g

:::::::::

Visual Trigger Afage — Visusl Tegger — Acquine
Trigor onty if matches this conditan .
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MLt fi k. (Visual Trigger) = B %€ SHEHEfih %

Persistence Write Eye

File | Edit | Vertical Digita|—Hor|zJAcq Trg | Display | Cursors | Measure | Mask | Math | MyScope | Analyze | Utilities | Help ﬂ

Trig Dly: 18 events

@T» 100mV 0:750mV 50Q By:7.06 Dg
& daaiafinabadhioeiBagia i Miide S El&®® X o.0v

2 216mV/div 50Q %:7.06 ’mm Window 100ps/div 50.0GS/s IT 1.0ps/pt

289 000 acqs RL:1.0k
Cons July 09, 2011

Trigger - A->B Sequence A:Window -+ Trigger on nth event —+B:Edge » Visual Trigger — Acquire

Aol Horizontal Horizontal
oy Position

[ 50.0%
A Trigger
Level

Bedore
Acquisibon

B EV,.M Bcll'l | B Trigger
! , Level
Trig After Time  Trig on nth Event & |_o.ov

@ @'_m

(== Tektron/iw
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Mt fi &z (Visual Trigger) : E/7DDR DQ#F & gAY
OlOOOOX Pattern

tal | Horizddcg | Trg | Display | Cursors | easure | k | ath | Scope | alyze | Utiliti | Help 'n Tek - !

tmw 'h n.\ Hh Wll'\' Ml \H '
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= HIWEPILSE, Wi AW, A, B/ Gkel, EFRE], R R E, B TR R, TR,
FAAL, Bk vi BE, WmMRAE, fe KR/ IME, WEIEAE, kg, BN eh, DO, BIT-2ME, 2907
WRAE, I ARAE, XIE, A IXSAE, SOk 8 K E S 1 2 T2 A

= FESHEIAGIHE, B &RKEADNGHE, FRAGHE L irfEE
= SiERFDPOJETH A, wUL—xill LA ME 5N 2%, HBEMZSHESH
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N ES ST

iz H (Math) D) RE 73 NI s 5 R W is Hp & 7, Al AR —iliEis /e (E6) 3
ERIZH .

[N R3S 45 BT 5 (Average) . 818 (Invert) . X% (log10fXloge) . #4>(Integral) « 4y
(Derivative) . 7718 (Square Root) . 15 %(Exponent)......

WIS R TR A A FIFFTAR AL, AT LIRS 75 2Lk HERBWE I A5 152 7Y
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o QAT R/ ME FRR S /A T P3G ) 2 B A R B AR 7
o QAT R /MR /W AT PO A B e RS2 2

| A3
Minimize the parts misoperation 0 10 20 BQ 40
triggered by noisefinterference | ‘ ] 34.0 (36.4)%
Minimize the noisefinterference to other devices [ | ] 322 (3 1.8 ) %%
Minimize the impact of static discharge [ | 17.8(13.8)%
Minimize the impact of lightning [ | 7.9 (8.0)%
Compliantto all international EMI standards [ ] 7.1 (20.4)%
Compliant to Immunity standard ( ] 11.2(11.9)%
Meet generic RF and harmonics test ( | 92 (7.4)%
requirements
Obtaining CE Centification [ 6.3 (6.1)%
Others [ ] 195 (84)%

Reference: 2008 EMC-Noise Reduction Technolkgy Exhibition Report
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Equalizer: open closed eye

P AE S 452 52 v AR PR R B Y SR

=  NEJYPCIE Gen37t iz il f5 IR &, ##8Gbps
— VERCYPFEAN R B 1 B B g DR 7 R, AT RER AP IEE KR
— S BEEHATOFEM S, FEH I S Ao A BAME, IR B T

B DPOJET Plots ESRROy >

794, Total:8000:316794

(== Tektron/iw

A Tektronix Company



Equalizer: open closed eye
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Equalizer: open closed eye
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DisplayPort 1.2
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HDMI 1.4
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4 X 28-32 Gb/sec

2.7 Gb/sec
5 Gb/sec
16 Gb/sec
3.4 Gb/sec
14 Gb/sec
1 Gb/sec
1.5 Gb/sec
3 Gb/sec
6 Gb/sec
2.5 Gb/sec
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6 Gb/sec
6 Gb/sec
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5 Gb/sec

19-23 GHz on 4 ch
8 GHz
12.5 GHz
25 GHz
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20 GHz
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12.5 GHz
12.5 GHz
33 GHz for Si Design
20 GHz for System Design
2.5 GHz
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Optirum Delay: 399 pS

© SyntheSys Research

Determ. Jitter: 8.2 pS
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BER rate in a 100G 802.3ba Transceiver
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Pehid AL D) He:
BER rate in a 100G 802.3ba Transceiv%rr3 430/LT3430-1
é

GLGCTB'C“L CHﬂﬂﬂCTEBISTICS The @ denotes the specifications which apply over the full operating

temperature range, otherwise specifications are at Tj = 25°C. Vjy = 15V, V¢ = 1.5V, SHDN = 1V, BOOST = Open Circuit,
SW = Open Circuit, unless otherwise noted.

PARAMETER CONDITIONS MIN TYP MAX UNITS
Maximum Switch Duty Cycle (LT3430-1) 96 a3 %
Q 94 %
Switch Frequency (LT3430) V¢ Set to Give DC = 50% 184 200 216 kHz
) 172 228 kHz
=% = P o MMSD314T|
_ : BOOST o
— ey 25.83122Gbit/s | 4 i - A
: . _) RIGHER | a7uF s 3080060
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II\!o Resynic [ Error Free 00:00:00
gnore Bits
————— Tektronix’
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100G. 400GYEHEYAHL M 3t

25Gb/s x4 . \odule Rx Module 25Gb/s x 4
= e B =ty (ST
data3) data 3 ® - s ."._:‘-'-, ‘
oope S == e

100G Ethernet four lane end-to-end test using PPG3000 series pattern generator and PED3200 series error detector
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R AR R
' Laser — Modulator }

Input Signal

Coherent Lightwave
Signal Analyzer

Device under Test

PPG3204 4-channel PG unit configured for DP-QPSK testing with Tektronix Coherent
Lightwave Signal Analyzer
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