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Innovation in automotive technology
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The beginning of in-vehicle communication

Multiplexed
communication (shared
medium

Stand-alone Control Unit Point-to-Point
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Automotive communication bus protocol
— the variety of format

Feature

CAN (Contro
ller Area Net

work) m

Powertrain, cha
ssis

LIN (Local In
terconnect N

etwork)

Body electronic
s

FlexRay m SENT (Sing|!

Safety critical

e Edge Nibbl
e Transmissi
(o]4))]

Safety-critical a
pplication

CXPI (Clock
Extension P
eripheral Int
erface)

Body electronic
s

LVDS (Low
Voltage Diffe
rential Signa
ling)

Camera, displa
ys

MOST (Medi
a Oriented S
ystems Tran

Multimedia, tel
ematics

BroadR-Rea
ch (100Base-
T1)

ADAS, connect
ed car

AVB (Audio
Video Brid

ging)

Infotainment,
connected ca
r, ADAS

A2B (Auto
motive Au
dio Bus)
A3
Infotainment
(audio)

Architecture /
topology

Data rate

Physical layer
Date
Cost/node

Standard

Characteristic

«one

Multi-master (1
0-30 nodes)

500kbps

Differential 2 wi
re twisted pair

1983

$$
1ISO 11898

- Low speed
/ fault-toler
ant (125kb
ps)

- High-speed

(1 Mbps)

Flexible da

ta(uptol

OMbps)

Single master (
2-10 slaves)

19.2kbps

1-wire

2001

$
ISO 17987

Cheap
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Multi-master (<
64 nodes)

10Mbps

Differential 2 wi
re twisted pair

2005

$EEEES
ISO 10681

X-by-Wire, Reli
able

Point-to-point s
ensor to control
ler

30kbps

1-wire

2007

$
SAE J2716

1-way, digital p
recision

Master-slave

20kbps

1-wire

2015

$
SAE J3076

Alternative to L
IN for multiplexi
ng real-time H
MI system

Point-to-point/
multipoint / mul
tidrop

4Gbps

Shielded twiste
d pair copper c
able

2002

$$$$

ANSI TIA/EIA-6
44-A, TIAEIA-
899 (M-LVDS)

Low power, hig
h speed, low n
oise

Multi-master (<
64 nodes)

150Mbps
2-wire (optical f
iber/ electrical)

2001

$SS$$$$$

Lighter, meet E
MC requiremen
t

Centralized net
work topology

100Mbps

Unshielded sin
gle twisted pair

2011

$SSSEES
IEEE 802.3BW

Lower cost, red
uce weight

Switch gatew
ay
>100Mbps

Unshielded
single twisted
pair

2011

IEEE802.1

Talker and list
ener via gate
way
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Application Domain

CA /V CAN is currently the standard protocol for vehicle LANs. It is used for the main network as
Nt liar Arsa ANetwork well as the powertrain system, chassis system, and body system.

Gateway

Active Safety Systemn CAN Eody System CAN Chassis System CAN

Brake Control

CANBus

= St caneus
e o MRS s aan G
iried vcv TP E-0ad vcv pee=
i -
Prommity. Proxenay.
Vehicle Distance Measurement Provimity: Weak Brake Control Light Reteaction
i ¥ g isplay + Sound Close Proxienty. Close Prawenity.

Strong Brake Control Strong Retraction

[
[Collision Detection System]

LIN

Local Interconnect Network

N
MU

The door unlocks when the driver
approaches the vehicle while
carrying the car key.

Light Control Door Mirror Cont

UIN is a single-master vehicle LAN protocol offeri excellent
Itis used for applications such as actuator control based on switch or sensor input.

o
—
=

Disengagement of the door fock s The rearview mistos, seat. and
indicated by the headlights flashing. door mierors are adjusted automatically
the interior lsmp lighting. to the positions registered previously
the hazard lamps flashing. ete. bythe driver.

[Multifunction Keyless System]

Ethemet/Ethernet AVB

Fault Diagnostics via Ethernet-Connected Electronic Control Units.

Ethernet has gained attention as a protocol for fault diagnostics via electronic
control units connecting systems engine, chassis, and body systems to the
network.

Ethernet AVB is a real-time Ethernet standard for audio and video. The IEEE has.
finalized the AVB1.0 standard, and the AVnu is in the process of formulating
conformance specifications. AVB1.0 is expected to be adopted in the vehicle
multimedia and camera fields, and vehicle control requirements should be
satisfied by AVB2.0.
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MOST

Media Oriented Systems Transport

MOST is a vehicle multimedia network
standard that enables transfer and control
of high-quality audio, video, and data. It

i by MOST ion, an
with leading and
equipment manufacturers as its members,
and is designed to simplify connection of
multimedia devices in vehicles.

MOST Application Example

FlexRay

FlexRay is a high-speed communication
protocol that combines flexibility and excel-
lent reliability. Technology based on
FlexRay is in active development both in
Japan and overseas for a variety of applic.
tions, including next-generation X-by-wire
systems and backbone systems.

[ Brake-by-Wire System]

Brake Pedal Control

Source: Renasas ne
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Automotive communication bus protocol
— the variety of format

Feature

Application do
mains

Architecture /

CAN (Contro
ller Area Net

work) m

Powertrain, cha
ssis

Multi-master (1

LIN (Local In
terconnect N

etwork)

Body electronic

S

Single master (

Safety critical

Multi-master (<

SENT (Singl
e Edge Nibbl
e Transmissi
(o]4))]

Safety-critical a
pplication

Point-to-point s

CXPI (Clock
Extension P
eripheral Int
erface)

Body electronic
s

Master-slave

LVDS (Low
Voltage Diffe
rential Signa
ling)

Camera, displa
ys

Point-to-point/

MOST (Medi
a Oriented S
ystems Tran
sport)
Multimedia, tel
ematics

Multi-master (<

BroadR-Rea
ch (100Base-
T1)

ADAS, connect
ed car

Centralized net

AVB (Audio
Video Brid

ging)

Infotainment,
connected
car, ADAS

Switch gatew

A2B (Auto
motive Au
dio Bus) -

Infotainment
(audio)

Master-slave

topology 0-30 nodes) 2-10 slaves) 64 nodes) ensor to control multipoint/ mul 64 nodes) work topology ay (8 slave)
ler tidrop
Data rate 500kbps 19.2kbps 10Mbps 30kbps 20kbps 4Gbps 150Mbps 100Mbps >100Mbps 50Mbps
Physical layer  Differential 2 wi  1-wire differential 2 wi  1-wire 1-wire Shielded twiste  2-wire (optical f ~ Unshielded sin  Unshielded Unshielded s
re twisted pair re twisted pair d pair copper ¢ iber/ electrical)  gle twisted pair  single twisted  ingle twisted
able pair pair
Date 1983 2001 2005 2007 2015 2002 2001 2011 2011 2013
Cost/node $$ $ $$$$$$ $ $ $$$$ $$$$$58S $SE$$$$
Standard ISO 11898 ISO 17987 ISO 10681 SAE J2716 SAE J3076 ANSI TIA/EIA-6 IEEE 802.3BW  |EEE802.1 (by Analog D
44-A, TIA/EIA- evices)
899 (M-LVDS)
Characteristic - Lowspeed Cheap X-by-Wire, Reli  1-way, digital p  Alternative toL  Low power, hig  Lighter, meetE  Lower cost,red Talker and list ~Simpler, 32
/ fault-toler able recision IN for multiplexi  h speed, low n MC requiremen  uce weight ener via gate  upstream an
ant (125kb ng real-time H oise t way d downstrea
ps) MI system m audio cha
- High-speed nnels
(1 Mbps)
- Flexible
ngn FD data (Up to

10Mbps)
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Cost vs bit rate

A s~  Sensors & Embedded Control MM / Driver Assistance
100M -
10M -T o s
I .
FlexRay .
e i

Data-rate [bit/s]
z

100k

10k

Implementation costs per node

Source: Robert Bosch Automotive Electronics: “CAN FD — CAN with Flexible Data-rate” (2011)
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Simpler, lighter and cheaper

» COST - Cabling is the 3" highest cost component in a car (engine 1%, chassis 2") < LVDS cable vs twisted pair Ethernet cabling

» Harness are ONE at a time with 50% of cost in labor » LVDS is bulky, heavy and expensive
 Single unshielded twisted pair Ethernet — reduce connectivity by
* WEIGHT - Cabling is the 3 heaviest component in car, (chassis 1%, 80%, cabling weight by 30% (lighter and cheaper)
engine 2") (from http://www.broadcom.com/blog/automotive-technology-2/the-

case-for-ethernet-in-cars/ )

“The replacement of wiring hardness with LANSs in the four doors of
BMW reduced the weight by 15 kg”

Mentioned in “Expanding automotive electronic system IEEE computer”, Jan 2002

KEYSIGHT
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Feature
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Standard
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can®e
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ller Area Net
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KEYSIGHT

TECHNOLOGIES

Safety critical
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Automotive communication bus protocol
— the variety of format

MOST (Medi
a Oriented S

Multimedia, tel
ematics

Multi-master (<
64 nodes)

150Mbps
2-wire (optical f
iber/ electrical)

2001

$SS$$$$$

Lighter, meet E
MC requiremen
t

BroadR-Rea
ch (100Base-
T1)

ADAS, connect
ed car

Centralized net
work topology

100Mbps

Unshielded sin
gle twisted pair

2011

$SSSEES
IEEE 802.3BW

Lower cost, red
uce weight

AVB (Audio
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IEEE802.1
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Master-slave
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Audio Video Bridging (AVB)

Standard by Avnu Alliance

Simpler cabling lower weight, increase reliability
Based on Ethernet

Many-to-many configuration

Low latency I/ (£
Mix and match high BW Gbps with low BW 100Mbps [ ]
IEEE 802.1BA: Audio Video Bridging (AVB) Systems ’ Pa |
IEEE 802.1AS: Timing and Synchronization for Time-Sensitive Applications (gPTP) ] \
IEEE 802.1Qat: Stream Reservation Protocol (SRP) 1\ L)

IEEE 802.1Qav: Forwarding and Queuing for Time-Sensitive Streams (FQTSS) \‘\
N\

~ )

Endpeint Endpoint Endpoint

AVB
TALKER [READY) ) Switch
READY

AVB
Endpeint Switch
READY

Figure 10: Step 2 for Stream Reservation Protocol
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Replaced by Ethernet?

» D o~ Loca oo [ ey
§ ‘Body CAN CAN
|
] reenen  ETNNTE I e N -
el - | s e | [
Diagrosics' [[E0 | vemet | [ et Enemet
Backbone** -
2010 ~2015 ~2020
Source: Bosch
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Ether- Ether- Ether-
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Safety E E nelp nou

Motion E m @ m E m

tt—————" —————— ettt ettt
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Source: Continental
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Coming up next for Automotive Ethernet...

« Standard: IEEE 802.3bp(Approved on June 30 2016)

1000Base-T1

» Higher bandwidth: uncompressed video needs 200 — 800Mbps i

» Single twisted pair copper cable

KEYSIGHT
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CGW = Camera Gateway
Driver assist system

- 4 Body CAN 2
Domain
LIN
Ethernet Backbone ﬁ—nﬁL
—— |
" -lLi o | o ‘Ur{min
i Head Unit Driver Assistance ‘ Surround View l&uculu i
nl nl r|1 T n T n rll
u u o e [

Rear Seat Audio l Radar Cameras l o ‘ iy =
Entertainment ) [ o
n n - .

Ampiifior = 3]
n ‘ cAM ’ CAM =
[ C ] [l
J u U .
Display | Display DVD |
FlexRay

Ethernet backbone
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CAN Triggering and Analysis
DSOX3AUTO, DSOX4AUTO, DSOX6AUTO

Bo0%/, 2 Demo Mode - Default to Exit 14,76 Stop can 1 1.18Y S i a1 A e T o
g ] ype DLC Data CAC ; i '

TR R AR Agilent " : j Auto
§.194ms 000 RMT 14 : VDN 5
10.28ms 000 Data|4 |94 A5 9E 42 7717 & :
12.24ms |0286A950 [RMT |5 4894

_OZQBAQBD Data |5 0o 08 00 02 04 1170 Fuel:1Z.32gal;Temp:1...
16.19ms |07F RMT |1 60D3
13.22ms |07F Data|l |[E6 4006
20.19ms 8 G5AA
22.38ms 8 |10 AD A3 A4 AB 22 AY.

1.00:1

. }
i '-
I I . C 10.0:1
LIl | - e c
|
|
1

PR AMAR AR AR N AR A p R

11 1 1 O A 0 S WO

AR EEE NN EN e i b o010 01 0110 1010 1001 0101 1101

1170

=Controller Area Network L EngineData DLC=5 Fuel: 1;Temp:135.4
sSignals: 2-wire differential with embedded clock (
v Multi-node, asynchronous clocking, event- - ' N

driven with arbitration CAN-dbc Symbolic-level Decode & Triggering
» Primary application: Automotive, industrial
automation, medical
» Baud rate: Up to 1 Mb/s
» Encoding: NRZ with bit stuffing
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CAN Arbitration

Non-destructive bitwise arbitration

Node 1

S|€—— |IDF

9] 8] 7] 6| 5

Node 2

Node 3
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TECHNOLOGIES

ield R
T Control Data
41 31 2] 1] O] R

Lisien only
1 J 4 1 I J ]

Transmitting Node
N I I I N S B S

Lisien only
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CAN Eye Diagram
Network timing budget

Most Distant Nodes

down &sack
o CANH o . N\ CANH o
CAN L 2 CAN L \ $ Ry
NN
€ - - - Transceivers = = =
Note: Scope does not
“see” t
LOOP(A) Node A Node B Node C |€ === uControllers = = £ >| Node N
t Loop
tprop = txcvr T teus T txcvr Tt conTrOLLER <— down
+lxcvr T leus T txcvr T LcontrROLLER ~ €—  back

=4 Xtycyr + 2 Xt contROLLER T 2 X T gus

t LooP = 2xt XCVR +t CONTROLLER

» t prop = 2 X (t Loop + tgus)
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t gus = 5 ns/meter (typical)
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CAN Eye Diagram

Relationship between clock and bit period

MCU System Clock
(Node A)

1
: ‘ Baud Rate Prescaler (Programmable)
1
1
1

CAN System Clock

(Node A)
1
1 ¢ [<4 £< )
27 77
{ I I I I I I I I I I I t
: 1 1 1 1
> I< 1 1 1
1 o 1 1 1
| 1 1 1 1
1 ! ! ! !
CAN Bit Period SYNC
(Node A) SEG PROP_SEG PHASE_SEG1 PHASE_SEG2
i i ¢ ; 1P
1 1 PROP(B,A) 1
: :( ): Sample Point
1 tPROP(A,B) : 1 1
. —> !
CAN Bit Period SYNC
(Node B) SEG PROP_SEG PHASE_SEG1 PHASE_SEG2
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CAN Eye Diagram

i

75% Sample
Point

E Transparent
Stat D

500 kbps CAN-Diff (dominate-bit low)
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1

1

-Fo0s

Agilent

10.0:1
10.0:1

= Composite CAN physical layer
signal integrity test
» Unique scope clock

recovery/synchronization
algorithm

» Shows worst-case amplitude
variations

» Show worst-case timing
uncertainties and errors
(dominated by network delays)
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mm CAN-FD Triggering and Analysis «an®

DSOX3AUTO, DSOX4AUTO

CAN FD is the next-generation, higher-performance serial bus protocol for automotive control and diagnostic
applications. With “classic” CAN 2.0, transmission rates are limited to 1 Mbps because of the event-driven nature
of this serial bus. With CAN FD, transmission rates increase during the data phase of each frame and maximum
specified payload sizes are increased from 8 bytes up to 64 bytes.

Transitioning from CAN 2.0 to CAN FD technology is an easier and more seamless migration path for automotive
engineers that need to reduce bus loads and increase throughput for today’s more demanding automotive
applications versus adopting other synchronous bus serial protocols such as FlexRay.

Demao Made 20 s/ (T can 1 -1.40%
Press [Default Setup] to Exit. i Auto Standard CAN | Arbitration Arbitration
Frame Phase | Phase
Type | DLC s i Payload transmitted at higher bit rate "
0D 0D 00 00 00 00 0O... ' e
m w -
% - ! e
1] 1 T
PO On B0 PO oh on e - 0:1 E o CANFD Arbitration Arbitration licati f higher bi

1.00:1 Q = Frame Phase Phase Implications °_ _'g er bit rate

Sm ! ! Changes limited to HW of protocol controller
. ; Transceivers for higher data rate qualified
A Legacy SW fully compatible
3 'g ! up to 64 Bytes payload in Data Phase (instead of 8 Byte)
(1] | H j | | i
@ = CANFD | Aitration l!ll"llllﬂ]lwllllllm I I Arbitration
O & Frame Phase AR LA AL R Phase
fa
o~ Implication of larger payload
WO — i SW update necessary

520 BRS DLC=1 Unchanged
* Arbitration

» Acknowledge mechanism
* NRZ Encoding

KEYSIGHT « Differential
TECHNOLOGIES - Bus Topology
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LIN Triggering and Decoding
DSOX3AUTO, DSOX4AUTO, DSOX6AUTO

Frame slot .
_ Frame _ | Inter-
) Response - ;raa”;z
Header _3Pace. Response 3pace
PV T 1 | \ \
\ RTNTATRY / [ /| U / _{ 11 / L
Break Synch Protected Data 1 Data 2 Data N Checksum
identifier
The structure of a LIN 2.0 frame
- Byte field N
\stert g\ VNV VY YmsB [step
it [eitof AN A A itz eit
The structure of a byte field
Dermo Mode - Default to Exit 0.0s 10.00z/ w1 15V
Data Checksum  Errors g .Local |nter00nnect NetWOI‘k
31 15 39 51 85 | . . . .
& . ® =Signals: 1-wire, single-ended, with
32 A OC A3 47 _rerms embedded clock
4z 0.0 . .
» Master/Slave relationship
29 A6 22 27 RA . . . .
a7 oC mm " Primary application: Non-safety-critical

automotive (windows, lock, etc.)
= Baud rate: Up to 625 kb/s

1IN e
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FlexRay Triggering and Analysis

DSOX3FLEX, DSOX4FLEX, DSOX6FLEX, N5432C,
N8803C (Infiniium)

FlexRay Physical Layer Conformance Test App

0 310w/ 8 4] . B716¢ 3.329%/ Stop Fex [l -300¢

| Time |FID__[Len [HCRC |CYC |Data FCRC

-50.38us |33 [10 [68C |15 [0GA OB OC OD OE OF 1 11 12. [F3B2B6 TaskFlow _| Setlp Select Tests | configurs | Connect | Run Tests | Resuls | Heml Report |
» 34 10 15 |78 56 34 12 55 EF CD AB 78..|42317E

= FlexRay Tests
= Receiver Test
= Primary Signal Inteqgrity Tests
= Eve-diagram Measurements
Eye-Diagram Measurement {all frames)

81.72us |36 10 |0AD |15 |55 55 55 55 55 55 55 55 55..[AE142B
125.6us |37 10 [158 |15 |30 3D 3D 3D 3D 3D 3D 3D 3D..[2EDE5S7
169.6us |38 10 [347 |15 |85 B85 85 85 85 85 85 B85 85.. [F2ED18
213.7us |39 10 |2B2 |15 |AA AA AA AA AA AA AA AA AA.. |SFEDOC

Select Tests

201.7us |41 2 206 15 00 00 00 78 ER43A8 Eye-Diagram Measurement {specified frame only)
349.6us |45 2 5D2 |15 |00 00 66 78 1031FB _ \L
W‘ Set Up I Seleck Tests] ConFigure] Cunnect} Run Tests Results lHtmI Reportl
Data: 78 56 34 12 5 EF CD AB 78 56 34 12 00 00 00 00 00 00 00 00O Geriguie setLp Test Name | Actualval | Margin Spec Range
X Eye-Diagram Measurement (2l frames) 6, 2080k Nurmber of mask violation = 0.0
'5 f ’ ' “ W H“ r. r “m m HHMFF!‘“MNN?‘F‘ ”"I.’ r“ H ! | ’ J I ! ! ” i f N-f A Eye-Diagram Measurement (specified frame anly) £,07a0k Nurnbet of mask violation = 0.0
f H i i ! f Connect A Voted Signal Quality (Sq1) Fail Pass/Fail
Select Tests f Jaalate i !
."f
X
| Run Tests /| P i vt |
| I ‘ HH ‘ (N T TN O | Configure ‘ /|
1813 1 1 811 S G 14 \l/ /
34 1o 15 78 56 34 12 55 EF CD AB 78 56 34 12 00 00 /| g = =) e |
Lister Menu Connect /il
Lister Display | &0 Select Zoom to Undo Options ,
li ROW Se'eCtIOn Zoom l I'f . : Cumlwrlimaf‘.'vavemmwimww.aLPF
Run Tests :r 0 —::DLE;F
= Signals: 2-wire, differential, with embedded X
')
clock /
. . - . -, . . x; E“
» Primary application: safety-critical automotive /
X 1
1 1 Parameter Description Specification Data Measurements Pass Fail z X
(dr|Ve'bY'W|re) X £ LSt - e Fise Fa -
. cShort Shortest Sngebt  T085ne  1D1BIne Pass FIRTINRUNRRIY ¥ S
. BaUd rate' Up to 10 Mb/s cEeLength erisfion Bt Asyemetry  Tns 93ns Fal :
. . Edoell Fising Edpe Dusin 50 1% Fas e
= Protocol: NRZ, multi-node synchronous T T _
. - e . . (e SreestBle s D8 Pass X :
bus/time-division-multiple-access (TDMA) P T T
Sal Vidted Signd Qualfy - - Fal
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SENT Triggering and Analysis
DSOX4SENSOR, DSOXT3SENSOR, DSOX6SENSOR

v %) %] o & w v ow —
gé .9§ gg & g4 Q@ g%‘ TG £3 o7
gz 3 z ~E o= ZE S E ~E ZE =0 = &
£¢ Em | Tz g = R S TR CE o 27
§ g5 g p £ £ B3 B> s8> BgF EE
; 5 £ ) E¥ £r £y EY¥ . EY sF¥. 5§ T4
; 8 g & F e &8 [Ts TE TR, TE !
¢ 2 — 8] w X - piel . w l 3 ;
B i i i
: 56 ticks f2ticks  27ticks | 17ticks ; 22ticks |14ticks, 20ticks 12ticks 21 ticks 77 ticks
H H £ 4 H 3 H
i § : Signal 1 12-bits ' Signal 2 12-bits ; ;
: : : : : : . : : :
! Overali Message — 154 to 270 elock tigks (depending on data values) | ! :
§ 1 3 H H H H t H H
----- Minimum Nibble period = 36 usec @ 3 usec clock tick
Nibble encoded period = 36 Usec + x*(3 psec) (where x=0,1,..,15)

Errars

SZ:1.000

51:2.333k:
-43.55ms | 1100 51:0.0; S2:0.0 5 101 .Slngle Edge Nlbble Transm|SS|0n
2 96 |AD7 37 » 1.00:1
i = Signaling: Single-ended (referenced to ground)
—46.68ms |[0000 S1:1.864k; S2:1.000 3
Sl S0 » Primary application: Serially transmits

automotive analog sensor data to ECUs

* Minimum “tick” time: 3 us

» Encoding: Pulse-width modulation by nibble
(12 ticks = 0, 27 ticks = F)

I Filii CORIHEET 0 H

ADT
Q0 010 1008 1100 010 01c
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g CXPI Triggering and Analysis
DSOX4CXPI, DSOXT3CXPI

5 : = =Clock Extension Peripheral Interface
= Signaling: Single-ended (referenced to

11 |1 00/10 |FF 83
1o [0o/10 ac ground)
19 |4 00/10 |FF FF FF FF BS ahne . . . . -
e e e s s » Primary application: Serially transmits
20]0 [10/00 DE automotive analog sensor data to ECUs
21 |1 10/00 |FF 2C
29 (4 [10/00 |FF FF FF FF i3 » Minimum “tick” time: 3 V&

» Encoding: Pulse-width modulation by nibble
(12 ticks = 0, 27 ticks = F)

KEYSIGHT
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MOST Compliance Application Software
NG6466A / N6466B

MOST Device

MOST Device

EOC OEC
MOST MOST
Network ':—z_@ =1 ror Netork
Interface Optical ‘Optical l Ié\tsrfaTla
Controller Pigtail Pigtail ontroller

File View Tools Help

D@ B | e @ E I

Device Under Test (DUT) |

—Test Report Comments (Optional)

SetUp |SelectTes|s| Conﬁgure] Connectl Run Tests | Automation | Results | Html Report |
MOST Test Envirf

File View Tools

Media Oriented Systems Transport

Supports MOST50 and MOST150

(cPhy and oPhy)

100% compliance test coverage for all tests
MOST50 compliance testing requires Infiniium
oscilloscopes with 500 MHz or greater
bandwidth.

MOST150 compliance testing requires
Infiniium oscilloscopes with 1 GHz or greater
bandwidth.

While the MOST150 cPhy compliance tests
use a differential probe (1.5 GHz or higher)

Help

D@ dE| o Frr Xk

[MOST Spec- Task Flow _
& MOST150c

" MOST1500 gsilz

" MOSTS50e

Select Tests

Device Identifier:
(SELECT OR TYPE) v

Configure
Comments:

Connect

0 Tests ;Follow instructions to describe your test environment

KEYSIGI
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Run Tests

Set Upl Select Tests | Conﬁgurel Connectl Run Tests | Automation Restlts IHtmI Reportl

Test Name

| Actual val

| Margin I Pass Limits |

3

/ Transferred Jitter - Jr1  13.494ps 73.0% VALUE <= 50.000ps |;
/ Eye Mask - A1..H1 OUI Violations  0.0%  VALUE <= 0UI Violations
/ Rise time - tr2 1,133280ns 33.1%  VALLE <= RiseFallLimits
/ Fall time - tF2 1.145810ns 32.4%  VALUE <= RiseFallLimits
/ Transferred Jitter - 2 13.494ps 88.0% VALUE <= 112.000ps -
Details: Eye Mask - A4..H4
J Trial 1 |
Parameter | Value |

Pass Limits

Parameter Tested
Actual Value
Referenced Values:

Bit Time
Waveform Src

<= OUI Violations
Eye Mask A4..H4
0UI Violations

3.3890247E-09
CHANnel1

Eye Mask A4.H4

Page 26
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g

BroadR-Reach Compliance Application &
N6467A, N6467B <

100bT Ethernet] BroadR-Reach
Differential pairs 2 1
Connector RJ-45 user selects
Frequency 80 MHz 66.3 MHz 77
= e
PAM3 ended e
Signal levels multiple (high-low) o] st s e | o | T | e e
Bit rate 100 Mb/s 100 Mb/s T e AL L
Termination 100 Q 100 Q D@wH| W0 (>80 |
2 (BETA VERSION 0.01,0062) User Definied BroadR Resch Phymcal Layer Trancetver Specficetion - User D.. - | = st
Compliance test SW generated SW generated S o
stimulus traffic traffic R T T )
User Defined BroadR Reach Physical Layer

Tranceiver Specification Test Report
Overall Result:

Reduces connectivity costs up to 80%*
Reduces cabling weight up to 30%*

USB Cable from DS0OS9104A 1 GHz or better

DUT to scope

¥ 1Toms  Vew/SovePrre detalod HIM rosly.  Conaction: UNOIOWN

BroadR-Reach Alliance

OPEN = One Pair EtherNet

100Base-T1 Compliance Testing

Requires Infinilum oscilloscope with 1GHz or greater
bandwidth

Twisted pair cable from DUT
to connector board

Page 27
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Probing the differential CAN bus
Requires a differential active probe

Probing to view dominant-bit-high

200.05/

Channels

['II . 1.00: :I.

vt o

I IIHIIIHII|1|ir\II

. u-u.umm.m.hnmmlmwu-

Signal

7 Diff (H-L)
Connect “+” input of probe to CAN_H
Connect “-” input of probe to CAN_L

Idle = Low

High = Logic 0 =~+2V

Low =Logic1=~0V

Problnq to view dominant- b|t low

200.0% Suto can 1 -74.4%
Agilent

1l Channels
il oc 1.00:1
oc 1.00:1

|

DL40B4  DLCAD25  DLXIEO

Signal
Diff [L-H)

Connect “+” input of probe to CAN_L
Connect “-” input of probe to CAN_H
Idle = High

High =Logic1=~0V

Low =Logic0=~-2V

Most CAN specification documents show CAN
timing diagrams in a dominant-bit-low format.

KEYSIGHT

TECHNOLOGIES
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Identifying when arbitration happens

| caM 1 -790mY

Auto

Tirne:
1D:
Typ

M 8 B o e Bt i B g e [ s b 5 B T

ACK bit =—>

i €«— Arbitration

Brake_Torgue DLC=8 Total_Torgue:l131.0640kFt-lbs

= |dentifying infrequent occurrences of arbitration requires a scope with fast update rate and hardware-based
decoding to show it.

= When multiple nodes transmit dominant bits, more current flows which drives the bus to a lower low level.

KEYSIGHT
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Zooming-in on the beginning of a CAN message

2.000us/ (;Wnﬂm 1 -790my

-19.56us

= Repetitive acquisitions
= Brake_Torque = ID: 0x211 5, = 010 0001 0001,

Binary)

KEYSIGHT

TECHNOLOGIES
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Zooming-in on the beginning of a CAN message

2.000us! ‘_‘ CaM 1

-19.584us

1.00:1
1.00:1

= Single-shot acquisition of one occurrence of arbitration

= Brake_Torque = ID: 0x211 ey, = 010 0001 0001 gjnary)

KEYSIGHT

TECHNOLOGIES
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Synchronize on arbitration using Zone Trigger

0 3|0y [

H ‘_ -1, 168504 ;

1.00:1

1. Trigger on message®ame or frame ID.
2. Then qualify triggering on “zone”.
3. Scope locks-in on message only if arbitration occurs.
KEYSIGHT

TECHNOLOGIES

Page 32



Tradition Deep Memory Acquisition

Acquisition Time = Memory Depth/Sample Rate

]

800 us —|

|

V V

V

MSO4000X Example:

KEYSIGHT

TECHNOLOGIES

Max Sample Rate = 5 GSal/s
Max Memory = 4 MegaBytes
Max Acquisition Time = 800 ps
Max Pulses = 2
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Segmented Memory Acquisition

Selectively captures more waveform data
with precise time-stamps for each segment

< 400 ms >|
#1 #2 #3 #H4 #5 #6 H#H7 #8°" " t #1000

Segment #1000

@t =400 ms

Equivalent Memory = Time-span x Sample Rate
2 Giga Samples =400 ms x 5 GSa/s

KEYSIGHT

TECHNOLOGIES
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Characterizing arbitration frequency-of-occurrence

24 00us/ ‘7‘ CAN 1 -730mY BESES

86 00us

Data
TrnShifhetwy B Actl:Y...

10.0:1
1.00:1

0 [&]x]

<— Infrequent arbitration

TransGearData DLC=2 TrnShifiActw B Actl:vVes;TrnShi

Step #1: Trigger on message name or frame ID.
For this measurement example: Trigger = Message: TransGearData

KEYSIGHT

TECHNOLOGIES
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Step #2: Use Segmented Memory to capture 800 consecutive

occurrences of “TransGearData”

[
=X
¥ |

TransG...

TransG. ..

TenShifictv B Aetl:

TransG. ..

TrnShifhctv_B_Alctl:

32 .08ms TransG. .

TransG. ..

Trnshifictv_B_iotl:

40.52ms TransG.

TransG. ..

TenShifictv_B Aetl:

438 . 00ms TransG.

TransG. ..

TrnZhifhcty_B_Actl:

TransG. ..

TransG. ..

Trnghifictv_E_Aetl:

TransG. .. TransG. ..

TransG

D
o |

TransG. .. ’ S

o]

TransG. ..

8. 456ms TransG.. .

TransG.. .

TransG. ..

15.96m= TransG...

TransG...

24 . 48m= TransG.. .

TransG.. .

32 .08m=s TransG...

40.5Zns TransG.. .

TransG.

KEYSIGHT
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TransG.. .

e

i

Trigger = Message: “TransGearData” (Frame ID: 230,gy)
Total Captured Time-span = 6.148 seconds
Equivalent Memory = 30 M points

Trnfhifhetv B letl:

~Segm ?nt #800
p-mlw ’

|

TransG. ..

J\LU A b pad

#-H-"j

o
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Step #2: Add Zone Trigger qualification to capture “TransGearData”

but only when arbitration occurs

TransG. ..

TenShifictv B Aetl:

TransG. ..

TrnShifhctv_B_Alctl:

TransG. ..

Trnshifictv_B_iotl:

TransG. .

TransG. ..

TenShifictv B Aetl:

TransG.

TransG. ..

TrnZhifhcty_B_Actl:

TransG...

-30.96us |TransG. ..

80.10s TransG.. .
TransG. ..

TransG...

TransG. ..

TransG. ..

]

TransG...
TransG.. . . TransG. ..
TransG. ..

TransG. ..

99.97ms TransG.. .

TransG. ..

TransG. ..
200. 0ns TransG...

TransG.. .
300. Ons TransG. ..

TransG.. .
400. Oms TransG...

500. Ons TransG.. .

TransG. .. rr‘#

M)

TransG. ..

Trnghifictv_E_Aetl:

s i

TransG. ..

sl

Trnfhifhetv B letl:

i ) b »J
Segment #800 @ 80.4 sec

i

I M w

Trigger = Message: “TransGearData” (Frame ID: 230,,y) with Zone Trigger
Total Captured Time-span = 80.4 seconds
Equivalent Memory = 400 M points

KEYSIGHT
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Keysight Offering for Automotive Bus

InfiniiVision 2000 X

InfiniiVision 3000T X

Infiniivision 4000 X

InfiniVision G000 X

Infiniium S

LIN decode

LIN symbolic decode

LIN trigger

CAN / CAN-FD decode

CAN / CAN-FD symbolic decode

CAN / CAN-FD trigger

CAN / CAN-FD eye-diagram mask

CXPl decode

CXP1 trigger

SENT decode

SENT trigger

FlexRay decode

FlexRay trigger

FlexRay eye-diagram mask

FlexRay compliance

LVDS verification

MDOST eye-diagram mask

MOST compliance

100Base-T1 compliance

CAN-FD is not supported by InfiniiVision 2000X

6000X series can support Jitter,
can support LVDS, clock recovery

KEYSIGHT
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Table of Content -

— Automotive Market Trend

— Different types of communication

— Keysight Solutions for Automotive Communication Test
« CAN, LIN, SENT, CXPI, FlexRay, LVDS, BroadR-Reach
« CAN, CANFD, CANdDbc labs, SENT/CXPI examples

— Probing requirements

— High Speed Digital Application for Automotive

* USB solution
 DDR solution
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Recommended probes for CAN and FlexRay

\\__ - T
-—_ \
— - ((
) \\//
N2791A N2818A
Type: Differential active probe Type: Differential active probe
Bandwidth: 25 MHz Bandwidth: 200 MHz
Input R: 8 MQ Input R: 1 MQ
|nput C: 8p|: Input C: 35 pF
Interface: Standard BNC w/ Interface: Keysight AutoProbe
manual probe CAN accessory: SubD-DB9 probe
attenuation settings head (0960-2926)

Power: USB cable or battery
CAN accessory: SubD-DB9
probe head

(0960-2926)
KEYSIGHT

TECHNOLOGIES
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Extreme Temperature Probing

For testing in temperatures ranging
from -40 to +85°C

m S

. . N7013A Differential Probe Extension Cables
N7007A 400 MHz Passive Probe N2797A 1.5-GHz Active Probe
(2 meters long)

(> 2 meters long, 70-MHz BW with N2818A
(2 meters long) for CAN/CAN FD)

KEYSIGHT

TECHNOLOGIES
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Example of in-vehicle testing

KEYSIGHT
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Table of Content e

— Automotive Market Trend

— Different types of communication

— Keysight Solutions for Automotive Communication Test
« CAN, LIN, SENT, CXPI, FlexRay, LVDS, BroadR-Reach
« CAN, CANFD, CANdDbc labs, SENT/CXPI examples

— Probing requirements

— High Speed Digital Application for Automotive

 USB solution
 DDR solution
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High-Speed Digital Markets & Technologies

Mobile Computing Datacenter Cloud Communications Aerospace &
Digital Video Defense
Front Side Bus Server Storage Longhaul, Access,
Memory Bus 1/0 LAN Wireless Backbone Sat.Comm

TBT30 4 QPI  HT3 4x25G 100G Ethernet

USB Type-C 400G Ethernet
Key 6G/C-PHY MIPI YPE™ 286G Fibre Channel XFP Sat.Comm
Multi-Gigabit 10G USB 3.1 i
oA o SATA 24G SAS  28-56G CEI
HDMI SDUHS-I  16G PCI Express PON

Hot spots:

» “Generation 4“ computer buses coming (PCle4, USB3 10G)

» Investments shift towards mobile computing (USB Type-C, MIPI)

» Web traffic increase drives datacenter built-out (LO0OGbE & 400 GbE)

KEYSIGHT

TECHNOLOGIES
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USB Evolution

USB 2.0 (2000) USB 3.0 (2008) USB 3.1 (2013)
— 480 Mb/s (high-speed) — 5 Gb/s — 10 Gb/s
— 1 bi-directional link — 8B/10B coded — 128B/132B coded
— 4 signals — +2 new Tx/Rx pairs - 2.0 and 3.0 backward
(D+, D-, Vgus: GND) 5 0 backward compatible
compatible

A
-
R
¢

\\\
5|

> S
- ~
o S
b 4

Type-A Connector Type-B Connector
1
[-\/\"]

USB 3.x Device

KEYSIGHT
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Industry Drivers for Type C

— Eliminate form factor orientation
dependency

— Establishes power delivery
and charging infrastructure

— Enables infrastructure for adoption
by other standards (i.e. video)

High Speed Data Path (TX for USB 2.0 High Speed Data Path
USB, or for DP Alt Mode Interface (RX for USB, or TX for DP Alt Mode)
| USB 3.0 Type A Al A2 _A3_: Al AS A6 A7 A8 A9 ITO _All_: A12
& = § GND | txa+ | ™xa-|[ wveus | cci [ o+ [ b~ [ sBui | weus [jrx2- | rxa+ | anp
| |- ‘ ! 1 I
: - onD | rxa+ [ mxa- [ veus [ seuz | p- | b+ [ cca [ veus [ymxe- [ e+ | anp
Plg R“!ade chmls S NG B12 Lan B10 | B9 B8 87 B6 BS B4 :_33 B2 I Bl
Cable Cable Secondary Plug Configuration Detection
13.35mmx2.4mm 8.3mmx2.5mm Ground Bus Power Bus * One becomes Vconn,

cable power
* CCis used for USB-PD

KEYSIG HT communication
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Alt Mode

A port could wake up as USB 3.1, then get configured o
DisplayPort 1.3

\~.-‘— - o o -
\mm‘.-.u“’. B R

R

?

S N _xma

,,,,,,,,, USB
. 10Gbps '

7.
THUNDERBOLT.  [®) pisplayPort 1.3
KEYSIGHT

TECHNOLOGIES
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Power Delivery 2.0

il-.‘\a

USBZO

i 1
USB 3.0 i Extend ease of use, reduce clutter, reduce even 1

UsB I;C 4% more waste a
H

I
s ]
.= L USB

PD 2.0

« Management of a power network and device modes through a one line interface.
The interface can set up the network to quickly charge devices with up to 5
amps, supply power to active cables, discover cable functionality, enable guest
protocols (Alternate Modes), facilitate device role and power direction swaps.

Consumer

Source

‘ Consumer
} Power

Delivery

Power
Delivery
Controller

Controller

Downstream Facing Port Upstream Facing Port
KEYSIGHT

TECHNOLOGIES ‘
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Keysight USB 2.0 Solution

N5416A/B USB 2.0 Compliance Test Application

vice t | _ [0/

[ ] USE Tests

C & i
-] ® Hi-Speed
= Device Hi-Speed
Tas D ('_}_ P
K [ MEH
3
| Ded X B
TaslcFlow | etUp | SelectTests | Confiure | Comect | Run Tests Restlts |l Report
Sele Setup Testame Worst Actugl | Worst Margn_| Spec Range
XEL_2EL_4EL_5 Data Eye and Mask Test Fal Overall Data Eye Test...
] / EL_6 Device Rise Time Pass 1000%  Overall Rise Time Test.
/'EL_6 Device Fal Tme Pass 1000%  OverallFal Tme Test ..
Select Tests || /17 Device Non-onotoric Edge Test Pass 1000%  Non-monotonic Edge .
/ EL_21 Device Sync Field Length Test 646305 48.3% 53.600ns <= VALLE ..

/'EL_25 Device EOP Length Test 16575 347%
/ EL_22 Messure Interpacket Gap Betneen Second .. 26474805 35.2%
/ EL_22 Measure Interpacket Gap Betneen Fist and... 268.516ns  33.9%
3 EL_18 Receiver sensitvty Test - Mirimum SYNC Field_Pass 100.0%

15.600ns <= VALLE ...
16.640ns <=VALE ...
16.640ns <= VALLE ...
Mirimum SYNC =Pass

D=8l shialel e

Select Tests | Corfigue | Conpect

BEAAH0

Tast Nore | ActuslVal | Margis
£ Wi Toe SE3 605 478
[z 0Te | |/ Falime S56.30p5  11.5%

£ Dea bye end Mosh Te2t pass

Detals: Data byl
¢ Tt | ; -
Parsmater +
fest Lmes
Paramater Toste 3
Actus| valos 3
2 o erestitmd Visk) i
ol Eye g
W Eve Fadur

[
i
i
!
!

OTests Mo tests

W 18 Taeke S ymcuibe chd

File Control Setup

Waveform Area 1

Sl

‘ SEd|y [EDIUBA ‘ Seal awiL

Lgialelalailale]
DATAD
330 ns 430 ns 5

0

| @100 ns/

Protocel 1 Listing : USB 2.0 -
Packets | Details | Header | Payload -

Index | Time

|[429.6341 ns

KEYSIGHT
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USB 2.0 Packet | Address | Endpoint | Payload Frame | CRC

-13.6110792 us|SOF 17 (GOOD)
4 855.0850 ns
5 3.0723340 ys [N 00 0 02 (GOOD)
6 3.5549112 s |NAK
7 5.7056863 ps_|IN 00 0 02 (GOOD)
8 6.1882358 s _|NAK

8.3389163 us _|IN oo o 02 (GOOD)
10 [8.8217151 ps |NAK
11 [14.2557004 ps [IN 00 0 02 (GOOD)
12 |14.7546583 us |NAK
13 [16.9222582 ps [IN 00 o 02 (GoOD)
12 [17.4212062 us |NAK
15 [10.5888931 ps [IN 00 0 02 (GOOD)
16 |20.0878428 us |NAK
17 [22.2556732 ps [IN 00 o 02 (GoOD})
18 [22.7545488 us [NAK
19 |24.9055868 ps [IN 00 0 02 (GOOD)

USB Protocol Triggerin& and Decode | page 49



Keysight USB 3.1 Type-C Total Test Solution

Transmitter Test

N\

Interconnect Test

~

4 Receiver Test

~

TECHNOLOGIES

-
U7243B —— BgséggA |'
; ompliance
SW USB Compliance
Test Software I | Test Software
M8020A J-BERT High-
> Performance Serial BERT
DSAV254A E5071C ENA Option TDR
Infiniium
Scope :: ;
HW
m.e 9 O 05
A
\_ Rx Test Fixture
p
N7015A/16A from USB-IF
. Tx Test Fixture
Fixture
_ Test Fixture
p-
DUT
N L g Cable
KEYSIGHT
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Table of Content e

— Automotive Market Trend

— Different types of communication

— Keysight Solutions for Automotive Communication Test
« CAN, LIN, SENT, CXPI, FlexRay, LVDS, BroadR-Reach
« CAN, CANFD, CANdDbc labs, SENT/CXPI examples

— Probing requirements

— High Speed Digital Application for Automotive

* USB solution
* DDR solution
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DDR Memory Trends
Overlapping speed in DDR4 and LPDDR4

12800
1.8V /

6400
3200

1600
800 —/
DDR4 and LPDDR4

400 speed overlap
200

100

* O OO A @ OO 0O N A9 DY K v o A
Q N K O " 7 N N AN NN N NN
TS S S S S S S
o DDR2 -=-DDR3 ==DDR4
-+ PDDR1/2/3/4/5 -e-GDDRZ2/3/4/5

KEYSIGHT
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R4 x4/x8 BGA Interposer
orts x4/x8 pin-out

U)D
s O
S

J

DQs

[=]
!

I
E-3
a
=

|

csn| | C1

Ji

2]
B
wuwi gl

CAS||RAS

)

=
S

N2114A

!

@
@

B
O

—)

)
R0

Ak

16 mm:

Note: All signals available at DDR4 BGA interposer soldered

probe points except power, between PCB and DRAM. Zif

Vref, RFU probe heads provide connection to
oscilloscope

Riser

Elevates interposer for smallet
surface keep-out area

KEYSIGHT

TECHNOLOGIES

Page 53



robing Correction with InfiniiSim

InfiniiS

Application Preset Circuit Diagram View

Remove loading effects of a DDR interposer and
L'lleJlM@.& prObe head Save Transfer Function File As (Not Saved)

Memory Controller

Thru

Transmitter Recaiver
ourc Load

Memory Simulation
Controller

1Trar\srrnctarz = 2 ¥ 2 1 Receiver 2
Load

Theu | Theu

Receiver
Interboser
Interposer

BGA probe S Param Filel (S Param File]

BLOCKE S2P file

= Measurement Circuit

= Simulation Circuit

InfiniiMax. ORTa
BLOCKP I @) - smution noce

sip file

Chi=Ports 1 — 2

Measurement

File Control Setup Display Trigger Measure Math Analyze Utilities Demos Help

Y| Type| L/ step Response (]| Graphs

Channel 2 Step Response: Channel 2 Frequency Response
* Measured » Simulated s Transfer Function
10.00 dB

DDR4 2400

InfiniiSim on
« DQS (ch2)
« DQ (ch3)

1.200 GHz < 3.600 GHz

InfiniiSim off
« DQS (m2)
« DQ (m3)

Impulse response
YW ¥ TECHNOLOGIES

||-556.0 ps

LIS ———
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Read and Write Data Separation
Methods available today

1. InfiniiScan+ Zone trigger

« Requires identification of read and
write data based on phase
difference or pre-amble pattern.

2. Automated compliance test software

 For DDR4 — requires identification
of read and write data with phase

difference.
 For LPDDR4 - requires
identification of pre-amble pattern. @wﬂwww

« Both DDR4/LPDDR4 — Logic
triggering of command bus with
MSO

KEYSIGHT
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DDR Automated Compliance Test
Save cost and time

' . = - .

— === Based on JEDEC Specification
Task Flow _| SetUp '\SElethesm} Configure | Connect | Run Tests | Automation | Resuits | Himl Report E | eCtrI Cal

DDR4 Test Environment Setup . .

0O =
Device Under Test (DUT) = .. . .
DDR4 Test -- DDR4 Device 1 *

Fle Ve Tools heb ' gram (mask defined per spec)

SetUp

<

o

Select Tests

-
e ma —
Dsd|l e X I
-
T‘ Task Flow _| SetUp | Select Tests | Configure | Connect | Run Tests | Automation  Results | Himl Report
~
Test Name
SetUp
= KEYSIGHT
TECHNOLOGIES
0QH
it{CC) Rising Edge Measurem:

Select Tests D D R4 Test Re po rt

] \L Details: tDQSQ

Trial 1

g Configure Parameter
ﬁ arameter Result Detalls
d ¢ Pass Limits Tes‘ MAPRE (S== mce:‘ TPRE(s) MNumber of burst{s) measured 1.000000e-000 | | RumOfMeas
Parameter Tested —
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Summary of Results

Test Statistics

Failed| 0
Passed| 4
Total| 4
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KEYSIGHT Warning| <2 %
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DDR Debug Tool

S = =] DOR Debug Tool

DDRA Test -- DDR4 Device 1 *
File View Tools Help File View EyeDiagm Help
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ns e - [

DDR4 Debug Envirorment Setup.

Task Flow _| SetUp |select Tests | Configure | Connect | Run Tests | Automation | Resuits | Himl Repart |
DDR4 Test Environment Setup

Device Under Test (DUT)

£l

iid

Speed Grade TestMode AC Levels
© DDR&-1600 . na ca
Select Tests {¢ Compliance

¢ DDR&-1886  Custorm om0
¢ DDRe2133 - -
0 B 1D Burst Triggering Methad 10 @120
¢ DDR&-2656 5a5Da o -
¢ DDR&-3200

SDRAM Type

™ LPDDR4

\ Threshold Seftings \ Offline Setup |I DDR Debug Tool |I
| S—

Test Report Comments (Oplional)

Device Identifier:

User Description:

[lSELECT OR TYPE} ~| [sEEcTORTYP) ~|
Comments

OTests  Follow instructions to describe your test environment

Connection; UNKNOWN

What is it?

» |dentify read and write bursts.
« Make pre and post compliance measurement on

saved traces.

* Collect statistical result with multi burst

measurement.

- Navigate to measurement and read/write burst.
- Draw eye diagrams on saved read/write data. W
« Display multiple eye diagrams. M
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Capture Screen | _ Get Update From Complian

Read / Wite | Corfigs | Test 8 Resuts  Navigation |

Theeshold Marker
[ Messirement

Min { Max Macker
Man

DDR Debug Tool
File View
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clock 3 - v = v -
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Threshold Marker

Messurement

DDR Debug Tool

X Eye Diagram

Read Burst: 894 Write Burst: 5t

File  Settings | Run

Capture Screen |
Read Burst: 8¢

-400p -245p

MNurnber of Unit Interval Folding: 500




Offline tool use model with ADS Simulation tool
Test flow from ADS to DDR Compliance Testing

W2351EP DDR4 Compliance Test Bench

Netlist Include List I

NetlistincludeList1

OutputWavéform Path

- WaveformPath="\waveforms\DDR4_ideal"

-~
Mame

B CAD.hS

B CKEQ.h5
CLK.h5
CLK_Diff.h5
CLKb.h5
CS0.h5
DQO.h5
DQO_Read.h5
DQS.h5
DQS_Diff.h5
DQS_Read.h5
DQS_Read_Diff.h5
DQSb.h5
DQSb_Read.h5

@ (@[ (e (@ (e (e (e (e (e
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Live signal from DUT

ADS “Waveform
Bridge”: Script that
writes file format
» that ‘scope
compliance app
understands

Live signal
acquired by
scope

Compliance app
performed offline on PC

Q
Q.
<

(3340 O @ @i

Compliance app
performed live on scope
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Introducing Keysight Data Analytics System Architecture

Keysight ADS
Simulation

Site: Miami Beach
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5ite: Honolulu
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Cygnet Data Analytics N8844A
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N6462A LP/DDR4 compliance test software

File View Tools Help

Connect to Scope... pnnect | Auto
New Project...

Open Project...

Save Project

Save Project As...
Save Project (Settings Only) As...

Export Results... Ccsv
Print... HTML
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DDR / LPDDR Protocol Trigger & Decode
Perform DQ characterization with Protocol view

File Control Setup Display Trigger Measure Math Analyze Utilities Demos Help

SToP |Caer WY (30.0 Gsa/s | (512 kpts |-

Waveform Area 1
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Waveform Area 1
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-321ns -301ns -281 ns -261 ns -241ns - -181ns

.|'°|20.0 ns/ |[-221.0640ns | W@

@ Protocol 1 Listing : DDR
Index| Time DDR3 Command

-250ns -20.0 ns -150ns -10.0 ns

-|:°|5.I]0 ns/ |[0.0s | @~

Protocol 1 Listing : DDR
Index | Time DDR3 Command
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Comprehensive DDR Protocol Insight with Logic Analyze

Acquire View & Analyze

DIMM / SODIMM

Interposers Capture highest data rates!
4 Gb/s

Capture smallest eyes! —
100mV x 100ps at probe point. Waveforms
Sequential Triggers up to Listing with Decoders
2.5GHz or 4Gb/s! Traffic Overview "ﬂm‘
Protocol Compliance A Y A A
12.5GHz Timing Zoom across Speed changes AAYAYAYEY
——— R i 256k deep Performance Analysis Bus Level Signal
Mid-Bus & wp to 400M deep traces‘/ untegrity Insight
specialty Probing

B4661A
Memory
Analysis
SW
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