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Filtered DC
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Three-
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AC + + _
m 0— Converter DC bus ODurtlgﬁt
0 0 |
three
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Ao —t Eon_trol
input ] e logic
VFD Drive

HATNE TN
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ADD MEASUREMENTS

Standard | Jeter | Power [[LOYY OPM | DOR

ELECTRICAL ANALYSIS

Add |

PWM
Simulated AC

Inverter

A

{é} Power Quality l&“ Harmonics : ' Ripple

@ Efficiency G DQO

Power Qualify
Harmonics

Ripple
Efficiency
DQO

Voltage

bes

Current Probes
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Tektronix IMDA Solution

Vab:la
LL-LN

3-Phase Meas 1: Cyc Power Quality’

Vbclb  Vealc
LL-LN  LL-LN

0D o G A

."'II"'IIIIIII N_N
CITETERrrrrrrrenTy

Vrnas(V): 6.099 6.260 5.988
Vias(V): 4074 4072 3904
Irpas(A): 664.5m 73B9m 7142 m
Inacl(A): 5242 m 666.8m 6358 m
VCF: 7.138 6.861 7.227
| CF: 33n 3.504 3.427
TrPwr(W):  1.344 1.575 1.293
RePwr(VAR): -3.824 -4.349 -4.077
ApPwr(VA): 4.053 4625 4277

il PF: 930.7m 962.1m 869.1m
Phase: -2145° -1583° -2965°
Freq: 157.2 Hz
I TrPwr: 421w
I RePwr: -12.25 VAR
I ApPwr: 12.96 VA

IMDAIRSE VS TIEEDX, BItAKaIlE?

Power Analyzer

"\

Select Mode
Normal
Ballast

Standby Power
Integrator

36.339 v 15.037 el
60.000 _msao: irea 60,000 us

05677 | I 04862 | =mmam
10227 4 Jwore 494,55

-1.0188 4 oot ~485.91

10.259
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Power QualityINZE[RELERE

LINE-LINE TO LINE-NEUTRALESH:, ER— ABUESERYEEHR

"’ L-L to L-N
: Conversion s 1: Cyc Power Quality’
‘ l(-:_L to L-N Vab:la Vbclb Vcea:lc
onversion : _— LL-LN  LL-LN  LL-LN
Phiase ticas 1. Cyc Power Quality’

Vabila Vbclb Vea:lc

Vins(V): 6.099 6260 5988
. braas(A): 664.5m 7389m 7142 m
Vins(V): 10.56 10.84  10.37
Iac(A): 5242 m 666.8m 6358m
Vinas(V): pelbl L i V CF: 7.138 6.861 7.227
Iac(A): 5242 m 666.8m 6358 m TrPwr(W): 1344 1575  1.293
V CF: 4121 3.961 4172 RePwr(VAR): -3.824 -4.349 -4.077
| CF: 3.311 3.504  3.427 ApPwr(VA): 4053 4625 4277
Phase: -51.45° -45.83° -59.65° \/ PF: 930.7m 962.1m 865.1m
g -21.45° -15.83° -29.65°
Freq: 157.2 Hz Fhi“f =
% TrPwr: 7.294 W besd 4 e
. 21.22 VAR Z TrPwr: 421TW
Z RePwr: <. I RePwr: -12.25 VAR
Z ApPwr: 22.44 VA Z ApPwr: 12.96 VA
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IS S imaton. T Asst o Spuab s o e e,
| Autoset horizontal, jsition, and trigger parameters on the oscilloscope e and
ﬂnmmm.mmdd:\ndmuﬂmormm
The Autoset will be done on all active power measurements.
mmmmmmmmmm

Information :
‘No data past blanking
File Edit Applications Utility Help
s o & Waveform View
Voltage : Plots
t Acq
-~/

R —

SOURCE SETUP >

CONFIGURE >

REFERENCE LEVELS >

GATING

[

Ch 1 Ch3
11 Vidiv 630 mA/div | 11 Vidiv
1MQ 1TMQ v 1MQ W
200kHz Bl 200kHz B f 200kHz Bw

5 Horizontal Trigger Acquisition
11 Vidiv 690 mA/div 13.6721 msidiv 136.721ms § (7)) -~ 440mV Manual,  Analyze
1TMQ W 1MQ v SR: 1 WS/ 1 psfpt High Res: 16 hits
200kHz B 200kHz B RL: 136.721 k... ¥ 50% 0 Acgs

Preview

680 mA/div
1MQ
200kHz B
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=tHigiE 21 Harmonics hase-3 | EISENREREE

A Phase-2
=i EER o ' Phase-1

IMDA MEAS 2

File Edit Utility Help

Plot 1 - IEC ClassC ( 2) Add New... | HARMONICS

Cursors Callout

SOURCE SETUP

Search

CONFIGURE

3-Phase Meas 1: Cyc Power Quality’ |
Vabila  Vbcib Ve
LL-LN  LL-LN
o

Vans(V): 6.159 6.248 1 )
VisclV): 4130 4927 Auto v Harmonics
Ipnas(A): 654.5m 737.1m

I (A): 548.3m 690.0m
VCF: 7.115 6.896

I CF: 3272 3387
TrPwr(W): 1347 1632
RePwr(VAR): -3.799  -4.307

ApPwr(vA): 4.031 4606 L
PF: 942.3m 950.3m
Phase: -19.55° -18.14° X

157.4 Hz
4237W
aveform View R ——. g -12.14 VAR

Voltage

Fi Mag(A): 392.8m 494.1m 460| |
F;Mag(A): 106.4m 80.66m 24.
THD-F(%): 66.49  52.24

THD-R(%): 5537 46.30 |

Vaws(V): 6176 6243 5 IEEE 519-2014

Innas(A): - E

TrPwr(W): 1347 1632 29 = ————1

Status: Fail Fail

Freq: 157.4 Hz

Heounr: 20.00

3-Phase Meas 3: Switching Ripple’ |
xy yz

Custom

(€n) 2] @
RMS: 2031 mV 1569 mV 154
Pk-Pk:  88.07V 8743V  87.24

ch 6

Horizontal Tri Acq
680 mA/di 1 ; 12.7592 ms/div 127.592 ms Manual,  Analyze
1Ma v ! SR: 1 MSis 1 ps/pt High Res: 16 bits
200 kHz B . RL: 127.592 ... ¥ 50% 47 Aa&
REFERENCE LEVELS )
GATING >
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BEEMT Efficiency

Edit Applications Utility Help
Add New...

Wyz:ly

1.282 kW
1.053 kW
8214 %

e e e e e e e

Ref 3 4 = Ref & Haorizontal i Acguisition
1 Addiv 200 Vidiv 1 Addiv 86 Vidiv 7 Adidiv : _ . , : . 20 me/div 200 ms Auto, Analyze
1 M55 1 M55 1 MS#s 1 MISfs 1 Ms#s 2 (1 3 || 4 36| 7| ¢ | L SR: 625 MSSs 160 ns/pt sample: 12 bits
off_ch2w.. [ off chiw. . | eff chdw.  Jeff chsw. .} eff chew.. o i RL: 1,25 Mpts M 50% 0 Acgs

Preview
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HASE MEAS 1

POWER QUALITY

File Edit Applications Utility Help Tek"onix Aphaia
= = Autoset

Plot 1 - Phasor Diagram (Meas 1) Waveform View Add New...
Voltage Current Phase ‘ ; Cursors | Callout Restits
i Table
o a

Vbc: 694.70mV, £-119.6° [ Ib: 21.604mA, £-148.6°  Vbc,lb: -29.063 | / g Measure  Search | Plot

IMDA Meas 1: ( er Quality
b Vealc

2D aED

4138 4101 4145

701.2m 694.7m 702.1m
IrnastA): 61.60m 63.29m 6&4,12m
InaclAY 2096m 21.60m 21.84m

VCF 4183 4112 4
I CF: 1.751 2.234 2.13¢
Phase: -30.50° -29.06° -31.69°

Freq 4438 Hz
Z TrPwr. 318.9 mW
Z RePwr -712.9 mVAR

I ApPwr: 781.1 mvA

SOURCE SETUP

Waveform View

REFERENCE LEVELS

@ Ph1SUM Reac Pwr

> Ph1 Tr’dle Pwr

i
T
TREND 2

B &R Bl Time Trend PlotBJIIBERE
HRRREBHES A B IR R e
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Tektronix IMDA Solution Power Analyzer

Plot 5 - Acg Trend (Meas 1, Z True Power) > Plot 3 - Acg Trend (Meas 1, Virm: x Plaot 1 - Phasor Diagr Meas 1)
| e Current
m——

—
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{ 5 ( ey | LENL R

5.924 5.914 6,090 ( e Ct l'"

932.7m 9279m M3I0Om
1.499 1.457 1.585
263.5m 2296m 2753m
4176 4253 4981
2.258 2453 24N
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Plot 6 - Acg Trend (Meas 1, P fi Reactive

Horizental Trigger
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Automotive Electronics Application Technologies

L3I
m—n M / " DATARATE SAFETY INFOTAINMENT- POWERTRAIN BODY

TELEMATICS ELECTRONICS

2 7 &E R LMIVNERE

Sensor DSI3 (airbag) SENT
A — A 25-400kbps PSI5 (airba
» CAN — 1BFtRE p e
c—dvall % =S )t| Low speed Control ~ LIN, CXPI LIN, CXPI
* LIN éjﬂ}\]- /Q 20kbps
Multi-master CAN, CAN- CAN, CAN-FD, CAN, CAN-FD CAN, CAN-FD
—5 = Control FD, 10BASE- 10BASE-T1S
\\/ iti
e Ethernet 2z ﬁ. i IE Safety Critical glgTRleg//losA _FT|i>;RaylloBASE
Connectivity 100/1000BAS 100/1000BASE- 100/1000BASE-
>100Mbps E-T1, LVDS, T1,GVIF, GMSL, T1
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AUTOMOTIVE ETHERNET COMPLIANCE

PHY and Protocol PHY and Protocol PHY and Protocol PHY and Protocol
IEEE 802.3bw |IEEE 802.3bp |IEEE 802.3cg |IEEE 802.3ch (In

Progress)

& IEEE

Open Alliance TC1 Open Alliance TC12 Open Alliance: In Open Alliance: In
Progress Progress

OPEN
_—, TN, T
ALLIANCE

TC8 ECU Specification
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COMPLIANCE TEST

- RAEFTERIRE
- BaCRVERIAR
- REFRLAVEE

10/100/1000BASE-T1 10BASE-T1S

qm

Automotive Ethernet 10BASE-T1S Specifications

LT ETTY)
=-[v] TestMode 1
et T o - 100/1000BASE-T1

Transmit Clock Frequency

Automotive Ethernet 1000BASE-T1 Specifications

DUTID [DUTO01

MDI Retum Loss

G- Transmit Clock Frequency and MDI Jitter
Transmit Clock Freguency
Transmitter Timing Jitter - MDI Jitter
Transmitter Timing Jitter

Transmitter Timing Jitter - Master Jitter
Transmitter Timing Jitter - Slave Jitter
Transmitter Qutput Droop

Transmitter Power Spectral Density
Transmitter Peak Differential Output

-] Transmitter Distortion

[] Return Loss

100Base-T1
Bt -
Trans 40Base-T1S
Retumn Loss Measurement preferences
(+) Oscilloscope ) VNA Report

Test Description

Please select atestname to view its
description

VNAReport When selected, upload a return loss result file (s1p/s2p generated
using a Vector the tab. For

referto

Test Description

To verify the transmitter differential signal's - é
peak to peak amplitude value is within the

conformance limit. It should be less than 1.30

Volts peak-to-peak.
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COMPLIANCE TEST A4

TekExpress Automotive Fthernet

Transmtter Test Report

MR

HH

/-

Satup Information

DuT ID

ouToM

TakE: —
Kp Ay

1.2.0.95

Data Tima

2020-01-28 12:59:09

Framawork Varsion

4.15.0.2

Pra-Recordad Moda

Falza

Scope Modal

M5054

Compliancs Moda

Trus

Firmwara Yarsion

1.14.12.6144

Suita Nama

10Baza-T15

Probal Modal

TOPIS00

Charzll Exacution Tima

000:21

Frobal Sarial Mumbar

Q100012

Cwarall Tast Rasult

Pass

FrobaZ2 Modal

TCA-SMA

Proba2 Sarial Mumbar M.A&

DUT COMMENT: | Ganaral Commant - Automotive Ethamat DUT

| Tast Name Summary Tabla |

Transmittar Output Drocp Pass |

Statistics.

Mazzurament Datails| Run Count Min Max Avaraga Units Standa

Positiva Output Draa| Power Spectral Density

2.245 3.47 3.3828 Y 0.0334
p_50ahm

Nagativa Dutput Dro | _
L 2219 3.809 3.6254 E 0.2297

op_50chm

Transmittar Output Drocp

Mazsurament

PaSS/Fai | Eg?ﬁ% ! ; Tast Rasul: High Limit Unies. Margin Rumi
%@}E M arg i nlLEMﬂ_T I o Pass MA 2457 20 1

Positiva Output D
~ / ~

N 7,

IR

Lowr Limit Mazzurad Valua

LL: N.A, HL: 26.54| c
roop_S50chm

%% Hagativa Qutaus Pass MA 2.52 20 %

Droop_50chm
Positiva Output O
reop_S0ohm

M.&, HL- 26.45| 1

H.&, HL: 26.55]
Pass MA 2.446 20 %

N
I
§
8
o

Pass NA 2.808 20 = H.A, HL: 26.18]

TE[*E|E

Droop,_50chm
Positiva Output O
roop, 50ohm

M_A, HL: 26.75]
Pacs MNA 2.245 20 *

H.&, HL: 26.75]

“EIME

Drooe. 500hm Pass MA 2.219 20 %

Positiva Output O
roop, SOohm

Pass MA 247 20 % M.&, HL- 26.52| 4

Pass NA 2.792 20 % HA, HL-26.20( . I Em—
Droop_50chm .04 M 16.16M 2424M 2828 M 3232M 3636 M 404M
Positiva Output D

reop_S0ohm

Pass NA 2.296 20 % N.A, HL: 26.70|

Pass NA 2.787 20 % NA, HL: 2621

“E[*E"FE|F

Droop, 50chm

Signal Validation : Pass. Signal Validation passed

COMMENTS For run 5: 30chm moda : Positive droop -Max valua = 2.64%, Min valua = 2.92%, Count = 19

S0ohm mode : Magative droop :Max valua = 4.15%, Min value = 2.55%, Count = 18
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o TMMAEASDebug

Mil

Automotive Ethernet

PHY |[ Front-end || €
(TX) Circuit
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External
noise

AL

W/H

200

Front-end
Circuit

Mil

PHY
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I = File Edit Applications Utility Help

—
n ? r Bus Decode Resutts Add New.

TSV TGN E 9 | Bus 3 (Auto Ethernet) Cursors  Note

——
PDETXFIRX -
D |:n ABC - 2E73 f Measure | Search
Results
| Waveform View _ . Bus 2 (Autafth... v

MAC Address

Plot

Binary Hex
X0 XXX XX XHKXX XXX XX XX XX XX XX
XXX XX XXX XKXX XX

Binary Hex
XXX KKK XXX XKKK XXX XXOO0XX XX XX
XXX K XXX XKXX XX

ENLEHES ——
SHESSBENES

Auto-Ethernet
PAMS3 fg% — :\j‘. IPD:E4h IPD:95h IPD:F2h = IPD:13h A6h D:8Eh EDh IPD

SRIMNES

u‘ ‘x\ = F Auto Etheme‘\t I \ \ S \ S ] Copy Trigger Copy Search
SHREE YRR D ABCDh  ~ TCPCABAEh - TCPUP:1656h - 78h - 42h H E
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v-f;" TekExpress Automotive PAM3 Analysis - (Untitled)*

Automotive Ethernet - 100BASE-T1 : FAM3

PAM3RISERTARE] 53t

PAM3 ANALYSIS

E-{v] Eye
-{w] Eye Width

E-{w] Jitter

| Random Jitter{DD)
Deterministic Jitter(DD)
{w] Total Jitter @ BER
Erfw] Timing

-] Rige Time

-] Fall Time

EH{w] Others

o BRHRTERIRE

- PAM3ERS, R%
- Bl E

- B H% (BER)
» AREMRIR NI

Master Near End Run
Test De S'Cfiptiﬂﬂ Pt 1-Eye Dagan(¥es )

To measure the E
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