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HW-BASED CLOCK-DATA-RECOVERY TRIGGER

» Eye Analysis based on Hardware implemented Clock-Data-Recovery (CDR)
— CDR is part of the Trigger circuitry
— CDR locks once and runs continuously

— CDR is applicable for both Eye approaches: Bit sequence and Individual bits (,Live Eye®)

= Scope input

-+
Trigger:
HW-CDR

Os 1s
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DETAILS OF
CDR TRIGGER

» Source:
— any analog channels

» Combinable with:

— differential signal math and

real-time deembedding

» Nominal bit rate:
— 21 kbps to 16 Gbps

» Configurable BW:
— 1/500 to 1/3000 of
norminal bit rate

» CDR timing can be saved

as math waveform

Trigger

Setup
Mode / Holdoff

Conditioning
CDR
Edge Action
Glitch Qualify
Width
Runt
Window
Timeout
Interval
Slew rate
Setup & Hold
State
Pattern

Serial pattern

Trigger on

Single event

Type
CDR

Source

C1 [ELLTN]

Data level

Nominal bit rate

16 Gbps

Hardware CDR >

T T

Find level

CDR settings

Serial standard Custom
DEIER Either
Sampling time 600 mUlI
Bandwidth 23.... MHz
Rel. bandwidth 667

Hardware CDR

Source

(&9 Channel 1 2

Data level

Sampling time

600 mUI

Bit rate estimation

Serial standard

USB 3.2 Gen 2

Nominal bit rate

10 Gbps

Algorithm settings

Estimate bit rate

Bandwidth
14.9925 MHz

Rel. bandwidth

“ustom

USB2.0
USB3.2Gen 1
USB 3.2 Gen 2
Displayport 1.1
Displayport 1.2
Fibre Channel 1x
Fibre Channel 2x
Fibre Channel 4x
Fibre Channel 8x
HDMI 1.2

HDMI 1.4

HDMI 2.0

PCle Gen 1

PCle Gen 2

SATA Gen 1

SATA Gen 2
SATA Gen 3

SAS Gen 1

SAS Gen 2

SAS Gen 3
Thunderbolt 10G
XAUI

COMPANY RESTRICTED




Horizontal
Auto  50ps/  40GSa/s  Sample T
Trg'd 0s 1 kpts

HW-CDR TRIGGER |~
FOR “LIVE EYE” ‘

3 Meas Results — X
1 Meas Group 1 Bl
b E " Eye height 523.81 mV.
. £ f ; Eye width 190.69 ps
» Options: RTP-K136/137 |
p |0 n S . = : unnin : ; e base 371 my
- — ; 3 oise 59693 mV ot
i ] e rise time 134.86 ps
i N i 13092 ps.
HW C D R o . W \ 4.6003 GHz
> - u p to p S bl a5l f Jitter (RMS) 45133 ps

— Trigger individual bits based on
embedded clock

» Benefits

— Fast results due to high ‘ - mv/
acquisition rate (>400,000 max) oay

- C?ontinuously CDR running as Signal-integrity debugging:
IS (EEEMEE * Fast glance on Jitter / Noise

~ Combinable with HW » Long-term monitoring
implemented Histogram and - Use Mask and Histogram
Mask Test

— Combinable with Realtime """"II"I"II LR LELL o
Deembedding -
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& = Q N XX 0, y 1 > . Trigger Horizontal Acquisition n 20021103
u

CDR ov Auto 100 ns/ 40 G5afs 5ample  RT 18:36:59
Image  Autoset  Preset Zoom Cursor Mask  Histogr.. Measure FFT 12 - Stop 0s 40 kpts

HW-CDR TRIGGER B rossin

ISlices completed

FOR ADVANCED

EYE ANALYSIS " e ——
» Options: RTP-K136/137 —
» HW-CDR up to 8/16 Gbps

-483.251 ns

-483.25 ns

- Bit folding based on o e T
continuously running HW-CDR

» Powerful capabilities
- HW-CDR as Math available

Source: C1 + + + v
60 mV/ DC 200 m/ Tref:  HW CDR €4 Math FFT  Bus Ref Gen
ov 500 | COR(hw) Range: 401 ps

- Powerful Filter & Qualify Som S o0

options Signal-integrity characterization:
- Saving of Data Eye « Based on a long bit sequence
- Automated eye measurements  Transmitter output and signal path characteristic
— Mask test w/ EyeStripe function * Use Mask and Histogram
— Mask test library for typical
interface standards ;—_L ._

Os 1s
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ADVANCED EYE ANALYSIS
EASY SETUP IN 3 STEPS

Quick start with Eye Analysis

1. Select Source

2. Hardware CDR: Select Serial Standard
3. Set State: On

7 Rohde & Schwarz

Eye Analysis

Setup

Display

Qualify

Filter

Measurements

Eve 1 Eve2 Eye 3 Eye 4

State
or 3.

Source

[8 C1W1 '1
.

Refor.

Clock / CDR / Protocol
CDR

Reference source

Hardware CDR
Horizontal settings

Time units

Unit interval (Ul)

Range Ul

Reference levels

CDR s¢ltings

Seridl standard USB3.2 Ger

Ngrninal bit 10 Gbps
jampling time 600 mUI
Bandwidth 14.... MHz
Rel. bandwidth 667

Position Ul

Eye Analysis

Hardware CDR
Source Serial standard
(8 Channel 1 USB 3.2 Gen 2

Data level

Sampling time

600 mUl
Bit rate estimation
Nominal bit rate

10 Gbps Estimate bit rate
Algorithm settings
Bandwidth Rel. bandwidth

14.9925 MHz
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ADVANCED EYE ANALYSIS
TUNE YOUR SETUP

Advanced settings:
» Display:
— color table, persistence,

- ,Eye stripe”

— Slices per acq. (default 2000,
max. 2.5 M)

» Qualify:
- Gate
— Signal

All bits

» Filter: Constant level Bit pattern

— All bits / level transition /
constant level

— Bit pattern

8 Rohde & Schwarz COMPANY RESTRICTED



EYE STRIPE

» Couples mask violations
with position in waveform

» Easy navigation between
violations

» Coupled zoom to
investigate details

» Time-correlation to other
signals possible

Undo Help Clear Toom

Ak Q X i T T Horizontal Acquisition
ﬁ k i ™ "l"( 09 B ITRAY; > @ 1] DR ov Auto aps/ anGsafs  Sample  RT Pt
Cursor Mask  Histogr,, Measure Annolate  FFT Tome., 12 ] Stop os 1.6 Mpte

Briz

Diagram: Eyel %

111111

iolation

L. coe el
i o1
st kv
=
est result Fai
Vindation detalls
iolati Start Sliee -

Zodr

ATATTTA s 7910

1 11500706 2120

3 1133856 15| 24480

4 R | 2782
AN s T4k

£ SR 26TH

7 577005 | 16895

& 577336 | 26E96
A1, 448024 |15 0118

i LO0480 s 13658
TFETA s ST -

ncoupling  Zoam]

—— ; wsw
Source: C1
50 mv! oC Iref: L]
av 500 | Range: 435 ps
6 Gl Offwel: 108 ps

(v}

+ + +
(] 4 Math  FFT s
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AUTOMATED EYE
MEASUREMENTS

» 18 automated
measurements

» Configure detailed
measurement parameters

N X

Undo

Help  Image

Soumy

Diagram2: Eyel X

b za0my

e 150 !

Ny

Autoset

Preset

Zoom Cursor

2 Q N =X N ¢

Mask  Histogr.. Measure

> % g

12

CDR

Horizontal Acquisition
ov Auto  100ns/  40GSa/s  Sample RT
Stop 0s 40 kpts

Info

[ ]

2022-11-03
18:43:18

®

5 190 m

200 my

00 my “igtaps

a3z

Eo2ps

a0 ps

Meas Group 1
Eye height

Eye width

Eye top

Eye base

Noise (RMS)

S/N ratio

Duty cycle distortior

Eye rise time

Eye fall time

Eye bit rate

Eye amplitude
litter (peak to peak|

litter (6 * o)
Jitter (RMS)

Statistics:

Current

244.92 mV
133.07 ps
166.1 mV.

-166.79 mV

14,663 mV

13.56 dB

0.35%

127.87 ps
123.76 ps
4.9997 GHz
332.89 mV

81.484 ps

66.812 ps
11.135 ps

Reset

Max

244.92 mV
133.07 ps
166.1 mV.

-166.79 mV

14.663 mV

13.56 dB

0.35%

127.87 ps
123.76 ps
4.9997 GHz
332.89 mV

81.484 ps

66.812 ps
11.135 ps

Source:
Tref:
Range:
Offset:

Min Mean
244.92 mV 244.92 mV
133.07 ps 133.07 ps
166.1 mV 166.1 mV
-166.79 mV -166.79 mV
14.663 mV 14.663 mV
13.56 dB 13.56 dB
0.35% 0.35%
127.87 ps 127.87 ps
123.76 ps 123.76 ps
4.9997 GHz 4.9997 GHz
332.89 mV 332.89 mV
81.484 ps 81.484 ps
66.812 ps 66.812 ps
11.135 ps 11.135 ps

RMS

244.92m
133.07§
166.1m
166.79 m
14.663 m
13.56 d

0.35¢

127.87 ¢

123.76
4.9997 GH
332.89m

81.484 ¢

66.812
11.135¢

Measurements

Setup

Plot

Gate

Advanced

MGl MG2 MG3 MG4 MG5 MG6 MG7 MG8 QM
.

Enable

On

Category Source
5 B
Statistics

On

General settings

Active measurements

Add / Remove
Eye height £F _Evewidtn Fo3
Eye top Eye base
Noise (RMS) S/N ratio
plity cycle distortion * Eye rise time #
Eye fall time £f  Eebitite
Fue amnlitida liflar [neak tnneat) M

Measurement Parameters
Measurement algorithm
Measure actual width

Time measurement window
Start

45%

= _x

Use measurement window

On

Stop

(@) The start and stop values refer to the eye levels.

COMPANY
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Vertical

Horizontal

Trigger

Acquire

Measure

Cursor

Math

Apps

Logic

Settings

Save/Recall

—
—
—

Menu
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PERFORMANCE
LIVE EYE

» Fastest: >420,000 Ul/s
(20 GSa/s mode, RT, 1 kpts, dot)

Autoset  Preset  Zoom  Cursor  Mask  Histogr. st /2 =

» USB Demo (5 Gbps): ~200,000 Ul/s
(40 GSa/s mode, IT)

» Minor impact of Analysis tools:
— Mask test
— Histogram
— Automated Eye measurement

11  Rohde & Schwarz COMPANY RESTRICTED



PERFORMANCE
ADVANCED EYE

" o~ ﬁ X = y = Q i\ X /\/ f «"M > L CDR T'igq:;:mv Norm H:r(gzz';;al SGSa/?(qUiSitSi::lple RT 13525115?7
» Fastest: ~10,000 Ul/s

Help Image Autoset Preset  Zoom Cursor Mask  Histogr.. Measure 1/2 B Stop 0s 500 kpts

» Further acceleration is planned

» Minor impact of Analysis tools:
— Mask test
— Histogram

Diagram2: Eyel X

b T . ¥ Performance
— Automated Eye measurement - \ e S koo rame

Acquisition per second
_ Time per frame,

Current ‘ i o (S-dev) Event count Wave count

297.43 mV 297.94 mV 297.43 mV 297.6 mV 297.6 mV 192.78 pv ELERE]
30.514 ns. 30.547 ns 30.509 ns 30.523 ns 30.523 ns 15.673 ps 34353

400 m/ Sour(e: a

Tre HW CDR FFT

75 mv/ o
500  CDR(hw)

(% R: 6.7 ns
16 GHz 500 m Offset: 0s
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COMPLIANCE TEST

R W Trigger Horizontal Acquisition Info 2024031
~ 7 Al Q ~ X 2 2403
bl e (O] N \'f I N m Width  880mV Norm 609ps/ 10GSa/s  Sample
Recall Save Image Zoom Cursor Mask Measure Annotate FFT  Zone. Delete Demo > 500 ps Stop  500ps 609 kpts Hist1

Differential Clock: C1 X

R&S ScopeSuite

[l @ Back Session 1.1.20240319_100950 I, ShowReport @ About @ Help

a Al Properties  Limit Manager Results Report Config

v Data Lane LP-TX Signaling Requirements (Group 1)
Test Run Result Detail
v Clock Lane LP-TX Signaling Requirements (Group 2)
1.1 HS Data Lane HS-TX Signaling Requirements 1 & v 2
naling Requirements (Group 3)

* Clock Lane HS-TX Signaling Requirements (Group 4)

¥ HS Clock-To-Data Lane Timing Requirements (Group

P TestSingle X Delete Checked
Test Data Lane HS-TX Signaling Requirements (Group 3) finished.
Lo _[e ]
250 mV/ 165 mv/ 165 mV/ 3

+ +
C3 Math FFT  Bus

ov 3GHz oV 3GHz OV 3GHz

DCS0Q RTZD30 DCS500Q RTZD30 DC500Q RTZD30
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ADVANCED EYE ANALYSIS

Diagram2: Eyel X

E8776 0 44082 nt 129388 01

Diagram1: M1 X

X1 X2 1/8X%
1.2343 ns 1.9543 ns 1.3889 GHz

Trigger

B Width

880mV  Norm

500 ps 609 kpts

Horizontal Acquisition Info 20240319
6.09 ps/ 10GSafs  Sample 10:31:04
Hist 1

Raogzng

: 147 ns
: O0s

Rohde & Schwarz
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DECODE

T

Edge

Horizontal

531 mV  Auto 4ps/

Stop 0s

Acquisition Info

20 GSafs Sample RT ‘-3

800 kpts

2023-03-15
18:35:42

F:* Diagram3: C2,5B1 % r
§B D-Phy Lane O : [

e s i

|

Zoom1: C2,5B1 X

Data: 563

ik

Zoom2: C1 %

1.2%
ERL]

|Meas Group1 [
| Frequency 203.43 MHz

00mv/ L. 200mV/

-400 mV 500 -464 mV
1.5 GHz RTZD20 3 GHz

Rohde & Schwarz

D-Phy Serial Bus

Setup

Advanced

Display

Shortcuts

SB1_ SB2 SB3 SB4

Protacol
D-Phy

Physical configuration

1 data lane, clock lane

cp

Decode
On

High speed threshold
110 mV ¢

Set more thresholds * @

Vertical
Horizontal
Trigger
Acquire
Measure
Cursor
Math

Apps

Logic
Settings
Save/Recall

2O
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R&S OSCILLOSCOPE PORTFOLIO

RTP164
4 GHz ... 16 GHz
RTO6
600 MHz ... 6 GHz
—eeal RTM3000
RTH1000 RTB2000 100 MHz ... 16Hz
60 MHz ... 500 MHz 70 MHz ... 300 MHz
HANDHELD  [EHO00NRS 2000 3000 [T4000 T B000 LB PERFORMANCE
AN J o J >
Y Y
Cost optimization design Performance optimization design
Analog triggering Digital triggering
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