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1 Introduction

FX-USB2 is a test fixture launched with the USB 2.0 compliance test function of SDS7000A digital
oscilloscope, and the two together can easily and quickly complete the USB-IF test on all electrical
items of hosts, devices and hubs. This manual contains introductions to the FX-USB2 and USB 2.0

compliance test.
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2 Test Items

FX-USB2 and SDS7000A's USB 2.0 compliance test function combine to support the following USB
2.0 electrical compliance measurements:
» Host Tests
High-Speed DS Signal Quality (EL_2, EL_3, EL_6, EL_7)
High-Speed DS Packet Parameters (EL_21, EL_22, EL_23, EL_25, EL_55)
High-Speed DS Chirp Timing (EL_33, EL_34, EL_35)
High-Speed DS Suspend Resume (EL_38 EL_39, EL_41)
High-Speed DS Not Driven Voltage Levels (EL_8, EL_9)
Full-Speed DS Signal Quality
Low-Speed DS Signal Quality
Drop
Droop

» Device Tests
High-Speed US Signal Quality (EL_2, EL_4/EL_5, EL_6, EL_7)
Far-end for tethered hubs (EL_5)
Near-end for un-tethered hubs (EL_4)
High-Speed US Packet Parameters (EL_21, EL_22, EL_25)
High-Speed US Chirp Timing (EL_28, EL_29, EL_31)
High-Speed US Suspend Resume (EL_38 EL_39, EL_40 EL_41)
High-Speed to Reset (EL_27, EL_29, EL_31)
Suspend to Reset (EL_28, EL_29, EL_31)
High-Speed US Not Driven Voltage Levels (EL_8, EL_9)
High-Speed US Receiver Sensitivity (EL16, EL17, EL18)
Full-Speed US Signal Quality
Low-Speed US Signal Quality
Back Voltage

Inrush

» Hub Tests

High-Speed Signal Quality
Downstream: EL_2, EL_6, EL_7, EL_47
Upstream: EL_2, EL 6, EL_7, EL_46

High-Speed Packet Parameters
Downstream: EL_21, EL 22, EL_23, EL_25, EL_55
Upstream: EL_21, EL_22, EL_25

High-Speed Chirp Timing
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Downstream: EL_33, EL_34, EL_35
Upstream: EL_28 EL_29, EL_31
High-Speed Suspend Resume
Downstream: EL_38 EL_39, EL_41
Upstream: EL_38 EL_39, EL_40 EL_41
Upstream High-Speed to Reset (EL_27, EL_29, EL_31)
Upstream Suspend to Reset (EL_28, EL_29, EL_31)
High-Speed Not Driven Voltage Levels
Upstream/Downstream: EL_8, EL_9
High-Speed US Repeater (EL_42, EL_43, EL_44, EL_45, EL_48)
High-Speed DS Repeater (EL_42, EL_43, EL_44, EL_45, EL_48)
High-Speed US Receiver Sensitivity
Full-Speed Signal Quality (Upstream/Downstream)
Low-Speed Signal Quality (Upstream/Downstream)
Drop
Droop
Inrush

Back Voltage
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3

Test Equipment

The following equipment is required for complete USB 2.0 compliance test.

3.1

>

v

vvvyyvyy

SIGLENT Provision

Oscilloscope (SDS7000A): >2GHz BW, with USB 2.0 compliance software (SDS7000A-CT-
USB?2) activated as the USB 2.0 electrical compliance analysis tool.

Fixture (FX-USB2): USB 2.0 electrical compliance test fixture that guides devices and hubs to
the relevant test state and provides test points.

Differential Probe (SAP2500D or SAP5000D): 2GHz or higher bandwidth for HS tests.
Single-ended probe (SAP2500): 2GHz or higher bandwidth for HS/FS/LS tests.

Low Bandwidth Probe: 500MHz bandwidth for HS (except Packet Parameters)/FS/LS tests.
Current Probe: for upstream inrush test only.

Arbitrary Waveform Generator (SDG7000A): for HS trigger sensitivity test only.

3. Additional Equipment

» Certified High-Speed USB self-powered hub (4 ea.): for FS/LS tests.

» Certified Full-Speed USB self-powered hub: for FS/LS tests.

» 5 meter USB cables Type-A to Type-B male (6 ea.): for FS/LS tests.

» 1 meter USB cables Type-A to Type-B male (quantity depending on test items): for HS/FS/LS
tests.

» Certified Low-Speed trigger device (e.g. USB mouse): for LS tests.

» Certified Full-Speed trigger device: for FS tests.

» Certified High-Speed trigger device (e.g. USB flash drive): for HS tests.

» Computer (USBHSET installed): for HS host tests.
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4  Fixture

The FX-USB2 is a test fixture launched to match the USB 2.0 compliance test function of the
SDS7000A. The processor on the board can control the devices and hubs to enter the test mode,
reset, suspend, etc. according to the user's test requirements, simplifying the test process.

Host tests require the host under test to be placed into test mode autonomously. For related software,

please refer to the section "USB IF Official Application”.

4.1  Delivery Checklist

The FX-USB2 is placed inside a black suitcase. Please verify that all items listed on the packing list
have been delivered. If you note any omissions or damage, please contact SIGLENT customer
service center or distributor as soon as possible. If you fail to contact us immediately in case of

omission or damage, we will not be responsible for replacement.

Item Quantity

User manual

Signal board (USBTF_SQ)
Load board (USBTF_R)
SMA cable

BNC-SMA adapter

Short type-A to type-B cable

1 meter type-Ato type-B cable
50Q terminal (SMA)

NININININ|IFP[FP|PFP
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4.2 Introduction to Functional Modules

FX-USB2 includes 2 boards, the signal board (USBTF_SQ) and the load board (USBTF_SR).

4.2.1 Signal board

The following figure shows the various modules of the signal board, followed by a general description

of the role played by each module in the compliance test.

Controller SQ Device Droop Trigger Inrush SQ Host

Sensitivity
Receiver

» Controller: In device tests and hub tests, it controls DUT or hub into test mode, reset, suspend,
etc. Also it is the power supply port for the entire fixture.
» SQ Device: HS signal quality, packet parameters, suspend, reset, and not-driven J/K voltage test

modules for upstream facing ports.

P Sensitivity Receiver: External signal input point in upstream facing port trigger sensitivity test.
» Droop: Provides 100mA dynamic load for downstream facing port droop.
» Trigger: Provides test point for downstream facing port packet parameters, suspend, repeat, FS,

LS, drop.

» Inrush: The upstream facing port inrush test module, and assists the Trigger module to complete
the FS and LS tests.

» SQ Host: Downstream facing port HS signal quality test module.

4272 Load Board

The load board consists of two sections, nine 100mA/500mA loads controlled by twist switches for

drop and droop test and Back Voltage for back voltage test of upstream facing port.
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4.2.3 Test Point

In each module of the fixture, corresponding test points are provided, and the function of each test
point is briefly introduced next.
» SMA interface: The SMA interface on the signal board, which is connected to D+ and D-, is

connected to the oscilloscope through the SMA cable to complete the signal quality test.

int.siglent.com 11
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» Test probes: Placed in D+, D-, and VBus respectively, as shown below:
J27 connects D+ and D- to provide test points for differential probes, while J29 connects D+ and
J28 connects D-, a GND ground point is also reserved to facilitate the connection of single-ended

probes; J30 connects VBus to facilitate the measurement of its voltage.
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5 Compliance Test Software

SDS7000A provides USB 2.0 compliance test function, according to Analysis > Compliance
Test > Protocol Type Select USB2.0 > Click ON , you can open the compliance test function

which is divided into three major parts: Tests Config, Results and Report Setting.

= £ COMPLIANCE TEST

Compliance Test

off

Protocol Type

UsSB2.0

@ Tests Config

<&> Results

@ Report Setting

5.1 Tests Config

Clicking on Tests Config will pop up the specific test window, as shown in the figure below, which is
divided into six steps according to the test flow: Setup, Test Select, Configure, Connect, Run Test,
and Result.
» Setup
A. Provide three functions of "Recall”, "Last" and "Save" for the "Setting".
B. In the "DUT type", select the type of device under test, in which the hub needs to be
distinguished between "Downstream” and "Upstream".

C. Select the rate of the device under test in "Speed select".

: 4GHz12Bit  SIGLENT Z
alysis 50OMpts Memory . fc1 g COMPLIANCE TEST

Compliance Test
Tests Config
off
Test Flow Setup Test Select  Configure Connect Run Test Result

Setting:
@ setwp A T

Recall Last UsB2.0

Protocol Type

B DUT type: Direction:
Host Device @ Downstream Upstream as onfig
o Tast Sclact H @ Tests Config
c Speed select:
# High Speed Full Speed Low Speed

. <&> Results
@ configure

B o Report Setting
~ Connect

Run Test

o Result
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P Test Select: Select the items to be tested in this section.
Tests Config

Test Flow Setup Test Select Configure Connect Run Test Result

o Setup v Hub Downstream Tests

P High-Speed DS Signal Quality
> High-Speed DS Packet Parameters
0 Test celogt High-Speed DS Chirp Timing
High-Speed DS Suspend Resume
High-Speed DS Not Driven Voltage Levels
0 Configure High-Speed DS Repeater
Drop(self powered)
Drop(bus powered)

~ Connect Drogp

Run Test

@ Result

» Configure: The test item selected before will be highlighted in this column, click to configure

the corresponding test item and set the channel for oscilloscope measurement.
Tests Config

Test Flow Setup Test Select  Configure Connect Run Test Result

0 Setup Base Setting HS DS Signal Quality
w Test Item Source:

HS DS Signal Quality D% i
¢ 5 Cc2
@ Test Select
HS DS Chirp Timing

lot Driv

@ configure
~ Connect

Run Test

@ Result

» Connect: This column displays the test wiring diagram and test steps, if you select more than
one test item at the same time, it will only display the information of the first item to be tested,
and the wiring diagram of other test items will have a separate page pop-up prompt after the
end of the last test item.
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Test Config

‘ Setup Test Select Configure Connect Run Test Result
Test Flow

2.0=9 Hub Downstream Facing Port >9. h-Spe ity (EL_2, EL_6, EL_

©® sewp

Hub Downstrean

Test Select under test

Configure

Connect
two SMA 0C ect J41 and J42 t igured D+ and D- channels
B Use the cable to conne: oscilloscope USB interface and J13 to establish communication between the oscilloscope and

the USB signal board, t ower light is on
Run Test

C. The upstream port of the hub is connected to J10, if the enumeration is successful, the Init light will be on, otherwise,
please re-plug it; the downstream port of the hub under test nnected to J43 using a short cable.
D. Clic e "Run T button in the "Run Test” n, the pe will automatically complete the test.

Result

» Run Test
A. Supports "Continue” and "Stop" options in "Test Failure”.
B. Supports "Current" and "Append" options for "Test result".

Click "Run Test" in the lower right corner to start the round.

Test Config

Se est Sele sonf] B ect Te
Test Flow Setup Test Select  Configure Connec Run Test

Test Failure:

o Setup A # Continue Stop
B Test Result:
# Current Append
@ 7Test Select
@ configure

~ Connect

Run Test

0 Result

Run Test
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AREEEEEEEEE R AR E TR DR R RSO BRI OB

In the next test flow, follow the pop-up window to complete the test, and the test results will pop up
after all the test items are completed.

If you select multiple test items in one round of test, there will be a pop-up window prompting the
wiring mode of the item when you proceed to the next item, and you can go back to the "Configure"
column to modify the source of the test item in the middle of the test, and then click "Run Test" in the

pop-up window to continue the test.

5.2 Results

Click "Results" to view the corresponding test results.

The upper half of the section shows the test items, providing the test results for each item as well as
the officially required reference threshold values.

The lower part is the corresponding detail figure, click on the item of interest in the upper part, the

lower part can show the corresponding details, click on the figure to view the detalils.
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T

5.3 Report Setting

Click "Report Setting", fill in the relevant test information, select the report type. Click "Preview Report"
to view the effect of the generated report in advance. Click "File Manager" to select the path to save
and click "Save" to save the test results.

Note: When saved in HTML format, a folder will be generated with the HTML file, if you need to copy,
copy both away and keep both under the same path.

{5 sIGLENT®

The test report includes a summary table of all test results with hyperlinks to the details page, which

includes a screenshot of the associated test.
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USB Compliance Test Reoprt

Overall Result: Pass

Summary
TEST ITEM VALMIN} VALMAX) MARCIN

A A A g gt e s

A T FESRRRIENE P R S VR SRR R SR SR

i Usez0

LIMIT

18
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6 USB IF Official Application

USB IF provides software to assist with USB 2.0 electrical compliance test.

» USBET?20: USB IF official electrical analysis tool that to analyze the signal data captured by the
oscilloscope, including signal quality and inrush analysis.
Download address: https://www.usb.org/document-library/usbet20

» USBHSET: stand for USB High-speed Electrical Test Tool, configuration software provided by the
USB IF that controls the device under test to enter test mode, send packets, suspend, and reset.

Download address: https://www.usb.org/document-library/usbhset-ehci-64-bit

USBHSET is applicable to Windows 7 and Windows 7 Professional. Before installing, User
Account Control (UAC) should be disabled in Windows. Choose Start > Control Panel >
User Accounts and Family Safety > User Accounts > Change User Account Control

Settings . Set the Settings Bar to "Never notify", click "OK", and then restart the computer.

& User Account Control Settings - m} X

Choose when to be notified about changes to your computer

User Account Control helps prevent potentially harmful programs from making changes to your computer,
Tell me more about User Account Control settings

Always notify
= i Never notify me when:
® Apps try to install software or make changes to my
computer
® | make changes to Windows settings
—.—- o Not recommended.
Never notify

| &ok || Cancel

Note: When using the USBHSET software, the corresponding USB hub will be occupied and its
external devices will not work properly.

The main interface of USBHSET is shown as below, the left side provides three choices of device,
hub and host, this manual will only introduce the host related content, if you want to know more about
it, please go to the following URL to view.

https://www.usb.org/sites/default/files/HSETT Instruction_0_4_1.pdf
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%8 XHCIHS Electrical Test Tool

e
|

Select Type OF Test

[

Select Host Controller For Use In Testing

PCl bus 1. device 0, function 0 4 Ports

— Host Controller Selection

"

Test Type Selection Box

" Host Controller/System

Begin testing —_pE

Exit |

Choose "Host Controller/System", click the "Test" button to enter the host test menu.

*HCTHS Electrical Test Tool - Host Test

Select Downstream Device

Device Selection Box NONE
VID 042109, PID 05750, Address 1, Port 2

|

Re-enumerate Bus and

Refresh Device Selection —

Box

Downstream Device Control
ddress

ha | 1]

Lvownstream Levice

>
Command Menu

NOME

Host Port Control

Port Cantrol
[NONE

Host Port Command
]4—— Menu and Port Number

Status Window [

Selection

|- Execute Selected Test

[ Return To Main| [

Close window and return
to Main Menu

The Host Control menu provides options for placing the host controller or a device connected to that

controller into the electrical test mode. Select the appropriate command from the Port Control or

Downstream Device Control Menu. For the root port test, the user must also select the port number

of the port under test.

If the test item is related to the device, observe the PID/VID, select the connected device from the

Device Selection Box, and then click "EXECUTE", if the device cannot be found, please disconnect

the device, insert it and click "Enumerate Bus" again.

» USB 2.0 developer documentation is available on the USB Implementers Forum website at

https://www.usb.org/documents

20
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7 Host

When performing USB 2.0 host-related tests, please set up the compliance test function correctly

according to the test requirements.

7.1 High-Speed DS Signal Quality (EL_2, EL_3,EL_6, EL_7)
7.1.1  Test Steps

7111 Test Environment Setup

-~ =

Host under }
test

Scope

| Channel || USB |

A. Use two equal length SMA cables to connect J41 and J42 to the configured D+ and D- channels.

B. J43 access to host under test.

C. Click the "Run Test" button in the "Run Test" column to enter the test interface, and a pop-up
window will appear to show the specific steps for sending packets using HSETT software. If you
are using HSETT software, please send packets in accordance with the pop-up window prompts;
And ignore the contents of the pop-up window if you send packets on your own. After sending
packets is completed and the waveforms received by the oscilloscope are observed, click "Run

Test", the oscilloscope will complete the signal analysis.

7.1.1.2 HSETT Sending Packet Setup

If you are using HSETT software, please follow the instructions in the following steps to send packets.
If you are sending packets by yourself, please click "Run Test" after observing the waveform captured
by the oscilloscope.

The following is the procedure for HSETT:
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'jﬂ *HCI| Electrical Test Tool .

—Hi-Speed — Select Host Controller For Usze In Testing—
€ Device (e 70720080 22pa
" Hub

¥ Host Controller/Systemn

— Superspeed
= Host/Hub &F Farts

TEST | E xit |

A. Open the High-speed Electrical Test Tool software and enter the main menu of the software.
B. Select [Host Controller/System] for Test Type, and then click [TEST] to enter the Host Test

menu.

xHCI HS Electrical Test Tool - Host Test

— Select Downstream Device 11~ Host Port Control d

Port Control Port
TEST_PACKET ~| |1 ~|
StatusWindow | Disconnect Notfy
Enumeration Successful

Address | b

: Downstream Device Control
el EXECUTE | Return To Main

|NDNE

a. Select [TEST_PACKET]in the drop-down menu of Port Control, and enter the number of the
test port of the device under test in Port.
b. Click [EXECUTE].
C. After observing the waveform captured by the oscilloscope, the reference waveform is shown
below, click "Run Test". If the oscilloscope does not capture the waveform or the waveform differs
greatly from the reference waveform, please check if the wiring is correct and start from step A

again.

AR 8

s1 s 30 EEEEE i i BRERGCE
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7.1.2 Test Results Reference

» EL_2: AUSB 2.0 high-speed transmitter data rate must be 480 Mb/s+0.05%.

» EL_3: AUSB 2.0 downstream facing port must meet Template 1 transform waveform
requirements measures at TP2.

» EL_6: AUSB 2.0 HS driver must have 10% to 90% differential rise and fall times of greater than
300 ps.

» EL_7: AUSB 2.0 HS driver must have monotonic data transitions over the vertical openings

specified in the appropriate eye pattern template.

ORI [l

1 psEEnTY . - 00 EEEEE R PR T BN D ENF R FLTR O 6
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7.2 High-Speed DS Packet Parameters (EL_21, EL_22, EL_ 23, EL_25,
EL_55)

7.2.1  Test Steps

7.21.1 Test Environment Setup

Host under
test Scope

Channel | USB

127
D- o]0+

S
2 GHz
Probes

—— D+, D-

Certified e GND
HS Device

A. For "Single Ended", J29 and J28 are the test points for D+ and D- signals respectively, and for
"Differential Probe", the test point is J27.

B. The host under test is accessed in J33 and a USB 2.0 certified high-speed device is accessed in
J32.

C. Click the "Run Test" button in the "Run Test" column to enter the test interface, a pop-up window
will appear with the specific steps for sending packets using HSETT software. If you use HSETT
software, please send packets in accordance with the pop-up window prompts, and if you send
packets on your own, ignore the contents of the pop-up window. After sending packets is
completed and the waveforms received by the oscilloscope are observed, click "Run Test", the

oscilloscope will complete the signal analysis.
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7.2.1.2 HSETT Sending Packet Setup

7.2.1.2.1 First Time Sending Packets

If you are using HSETT software, please follow the instructions in the following steps to send packets.
If you are sending packets by yourself, please click "Run Test" after observing the waveform captured
by the oscilloscope.

The following is the procedure for HSETT:
.r}ﬂ *HCI| Electrical Test Tool .

Hi-Speed Select Host Controller For Use In Testing
= PCIe0 7 20080 22Parts |

~

I

Superspeesd
f'“ B

TEST E xit

A. Open the High-speed Electrical Test Tool software and enter the main menu of the software.

B. Select [Host Controller/System], and then click [TEST] to enter the Host Test menu.

xHCI HS Electrical Test Tool - Host Test

— Select Downstream Device h Host Port Control
[ NT=TYT= —_ Port Control Port

INonE S =

Status Window |
a Enumeration Successful

d

Enumerate Bus |

Downstream Device Control C Address :
SINGLE STEP GET DEV DESCJEZ IEI ST i

a. Click [Enumerate Bus].

b. Select the device connected to the test port in [Select Downstream Device].

c. Select [SINGLE STEP GET DEV DESC] from the [Downstream Device Control] drop-down
menu.

d. Click [EXECUTE].
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C. After observing the waveforms captured by the oscilloscope, the D+ and D- differential
waveforms are referenced as shown in the figure below, click "Run Test". If the oscilloscope does
not capture the waveforms or the waveforms differ greatly from the reference waveforms, please
check if the wiring is correct and start from step A again.

7.2.1.2.2 Second Sending Packets

If you are using HSETT software, please follow the instructions in the following steps to send packets.
If you are sending packets by yourself, please click "Run Test" after observing the waveform captured
by the oscilloscope.

The following is the procedure for HSETT:

*HCI HS Electrical Test Tool - Hest Test

Select Downstream Device Hast Pork Contral
NOME Port Control Part

NOME BNl =]

Status window [
1210200040 7856021231

Dawnztream Device Control

Address
[SINGLE STEF GET DEVDESC ] [0 sep_| Retuin To Main

A. Click [Step] twice, and then click [Enumerate Bus].
B. After observing the waveforms captured by the oscilloscope, the D+ and D- differential

waveforms are referenced as shown in the figure below, and click "Run Test".
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U ] 1

I IR
(00 A0
I " W ! f.‘l\.'.',mm

7.2.2 Test Results Reference

» EL_21: The SYNC field for all transmitted packets (not repeated packets) must begin with a 32
bit SYNC field.

® [ dl
H A
B0 Oy 1
400 0¥ . L - - o
260 Oy i 4
B . -
T
200 0m¥. i
400 0mY¥. e
BHOD DmY
R0 Aimy 2500us 24900us 1500us 1 000us 0.§00us 0.p00us 0.500us 1.000us 1500us
@ 0 dl
AX= 53.0ns ‘X2= 60.4ns
1/8%= 15.87MHz |
w080 1
)
|
N |
405 o s -
My \ | YA )
Oy !
|
" W J / -/ _— / ;'
B G e e — R -~ N
B ¥i= 26 = A
|
2000 |
|
|
s1 gizbn )= =1
] u
|
PP |
HO0
|
| 1 |
RO Allns T .1ns 2ns 1B4ns 28 ns 38803 42005 58,9{X2 58.9ns
[ 2| Timebase
10X 200mW/ 10X 200mV/ 10.0ns/ 200mV, 10.0ns/ 200mVy 500ns  E0Ons/div Stop 250mV
FuLL 0.00V FULL 0.00V 28.9ns 0.00V 28.9ns 0.00V 50.0kpts  10.0GSa/s Pulse Negative

» EL_22: When transmitting after receiving a packet, hosts and devices must provide an inter-
packet gap of at least 8 bit times and not more than 192 bit times.
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& I d
- -
600 0mY |
400 0mY
200 O m | 4
e i 1
200 HmY I
480 oy
£00 PV
200 Ay -2500us -2000us 1.500us -1.000us c.;onu; 0.000us 0.500us 1.000us 1500us
AX= 188.2n8

1/8%= 5.0454MHz

B D |
1
600 PV :
(]
I 164 0ns 14 00 114,00 164 On 41400 1
o e R L
10X 200mV/ 10X 200mV/| 50.0ns, 200mV/ 5O.0ns/ -500ns  500ns/div Stop 250mY
FuLL 0.00v FULL 000V 34.0ns 0000 384.0ns 000V 50.0kpts  10.0GSa/s Pulse Negative

» EL_23: Hosts transmitting two packets in a row must have an inter-packet gap of at least 88 bit
times and not more than 192 bit times.

& I d
- -
600 0mY i
400 0mY
200 O I b
jc2
i
200 HmY I
480 oy
£00 PV
200 0my 2500us 2000us 1.500us -1800us 05004 00005 0.500us 1.000us 1.500us
& A
Ty - 28
1/ 2.8645MHz |
1
1
1
i
1
1
1
1
1
51 geEEE T R L =
SRR T007 050 O HEDP 10
I 1
- i ]
I 1
| 1
200 Y j770ns  [FL] 127 Ons 277 0ns 227 fns A7 ns 127 ns 77.0ns 27 fins
[ca | EEE oo AN 22 —— Timebase
10X 200mv/ 10K 200m¥/| 50.0ns/ 200mv/ 50.0ns/ 200mY, 5O0Dns  500ns/div Stop 250
FuLL 0.00v FULL 0.00V -177.0ns  0.00¥ -177.0ns  0.00V. 50.0kpts  10.0GSa/s Pulse Negative:

» EL 25: The EOP for all transmitters’ packets (except SOFs) must be an 8 bit NRZ byte of
01111111 without bit stuffing.
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400 O

L
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2000mY.
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KOOEXK

. \V/\-\/ﬁxw\_j!\‘ e T T N

25000 24005 15000

——
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:}:Ew
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L 00z
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|
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I |
|
|
I N I
I
I
! 4
i

Timebase
-500ns  500ns/div Stop 250mV

50.0kpts  10.0GSa/s Pulse  Negative

» EL_55: Hosts transmitting SOF packets must provide a 40 bit EOP without bit stuffing where the

first symbol of the EOP is a transition from the last data symbol.

@ ]
-
£00.0mY
200.0my - S
200 .0mY 4
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400 DemV
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00 v 1000 500 00 5004 5 2000,
] Q
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! I
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e Ny i — SN, i}
' / \\
f I
1 4
\ 1
RV W) -l — P SUUESISES— . . .
R T !
! I
00mY 1 I
! i
! |
St USEB TGS T R T < i
! I
£00 Drml ! !
600 DV H !
! i
e 734ns 034ns XT3 405 13 &1 ¥ ral Nidus .

[ C1 ] cciv] EEN [ 22 ] 2
10X 200mv/ 10X 200mV/| 20.0ns/ 200mV/ 20.0ns/ 200muy
FuLL 0.00v FULL 0.00V 153.4ns  0.00¥ 153.4ns  0.00V.

Timebase
100ns  50.0ns/div Stop 250mV
5.00kpts  10.0GSa/s Pulse Negative:
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7.3

7.3.

High-Speed DS Chirp Timing (EL_33, EL_34, EL_35)

1 Test Steps

7.3.1.1 Test Environment Setup

Host under

test Scope

Channel | USB

127
D- o]0+

-

128 129

—— D+, D-

Certified e GND
HS Device

J29 and J28 are test points for D+ and D- signals respectively.

The host under test is accessed in J33 and a USB 2.0 certified high-speed device is accessed in
J32.

Click the "Run Test" button in the "Run Test" column to enter the test interface, a pop-up window
will appear with the specific steps for sending packets using HSETT software. If you use HSETT
software, please send packets in accordance with the pop-up window prompts, and if you send
packets on your own, ignore the contents of the pop-up window. After sending packets is
completed and the waveforms received by the oscilloscope are observed, click "Run Test", the

oscilloscope will complete the signal analysis.

30
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7.3.1.2 HSETT Sending Packet Setup

7.3.1.2.1 First Time Sending Packets

If you are using HSETT software, please follow the instructions in the following steps to send packets.
If you are sending packets by yourself, please click "Run Test" after observing the waveform captured
by the oscilloscope.

The following is the procedure for HSETT:

Hi-5peed Select Hozt Contraller For Uze In Testing
£ PCI70 7 2008 0 22 Ports |

~

=

SuperSpeed
f'“ E

TEST Exit

A. Open the High-speed Electrical Test Tool software and enter the main menu of the software.
B. Select [Host Controller/System], and then click [TEST] to enter the Host Test menu.

*HCI HS Electrical Test Toal - Host Test

Select Downstream Device Hast Port Contral
Port Cantral Puort
WIDAPID O=fiff/BE7E, Address 1, Port 1 NONE j |-| ﬂ

Statuz Window [
Enurmeration Successful

Enumerate Bus |

Downztreamn Device Control

Addresz .
MOME J r EXECUTE | Return To Main

C. Click [Enumerate Bus].

D. After observing the waveforms captured by the oscilloscope, the reference waveform is shown
in the figure below, click "Run Test". If the oscilloscope does not capture the waveforms or the
waveforms differ greatly from the reference waveforms, please check if the wiring is correct and

start from step A again.
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sy

s1 usezp,

}TMLUML

[CS P a— Y LU HEEE 3 88t bl oot e e e e A AU AL AR
S 1,

7.3.1.2.2 Second Sending Packets

I

If you are using HSETT software, please follow the instructions in the following steps to send packets.

If you are sending packets by yourself, please click "Run Test" after observing the waveform captured

by the oscilloscope.

The following is the procedure for HSETT:

*HCI HS Electrical Test Tool - Host Test

Select Downstream Device Haost Port Control
Part Cantral Part
WVIDAPID OafffEAAETS, Addrezs 1, Port 1 NOME j |-| j

Status‘Window [

E numeration Succeszsful

Enumerate Bus |

Downztream Device Control

Return To Main

Address
HONE J l':'i EECUTE |

A. Click [Enumerate Bus].

B. After observing the waveforms captured by the oscilloscope, the reference waveform is shown

in the figure below, click "Run Test". If the oscilloscope does not capture the waveforms or the

waveforms differ greatly from the reference waveforms, please check if the wiring is correct and

start from step A again.

32
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7.3.2 Test Results Reference

» EL_33: Downstream ports start sending an alternating sequence of Chirp K’s and Chirp J’s within
100us after the device Chirp k stops.

0.500% i

e 0.00ms 1.50ms 2pons 300ms 400ms 500 690m: 7.90ms 8.00ms

@®a
| H %= 5 245 H
h /%= 190.8kHT |
3.008v
I 1
1 1
§ 1 I
500V H H <
1 1
1 1
2000Y 1 1
1 1
1 1
150 L L
1 1
1 1
1.000% 1 I
1
f500¥. X2= 1.04763ms
X1=1.64239ms.
|
sy 1.44101ms 134201 mdRL] 1,94301ms 194401 ms 1.9501ms 184601 ms 194701 ms 1,94801ms 194901 ms
[ 1] =) 21 | o] Timebase
10X 500m/ 10X 500MV/ 1.00us/ S00mY/ 1.00us/ 500mV/| A00ms  L1.00ms/di Stop 2.50¢
FULL 15OV FULL 150V 1.94501ms150V 1.94501ms1504) 100Mpts  10.06Sa/s Edge Falling

» EL_34: Downstream port Chirp K and Chirp J durations must be between 40us and 60us duration.
The amplitude of Chirp J and Chirp K are measured both in this test.
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2.000v

25000

S

1500

T ———

Q500

3 0

AR,

0500 0.00ms 1.00ms 2loons

3.008v

740ms

£.00ms

H
13

75seams L 7,5564ms 7.5664ms 75864ms 7.5068ms

[ <1 —E) (7] <
10X 500mv/ S00mV/ 10.0us/ S00mV/ 10.0us/ S00mvy/|
UL -1.50V FULL. -1.50V 7.5764ms 1.50V 7.5764ms 1.50V|

76064ms

Timebase Trigger
400ms  1.00ms/div Stop
100Mpts  10.06Sa/s Edge

76Lbdms

2,50V
Falling

2,000%

2.500%

2.000%

1500y

1.000%

Q500

B i

LR R

o5y 0.00ms 1.50ms 2foors 300ms 400m:

3.008v
2,500
2.000%

1500

1.000%

700ms

B.00ms

754E4ms 7,5564ms

[ <1 ] : <
10X 500mv/ 500mV,/ 10.0us, // 10.0us/ S00mV/|
UL -1.50V FULL. -1.50V 7.5764ms 1.50V 7.5764ms 1.50V|

7.6064ms

Timebase Trigger
400ms  1.00ms/div Stop
100Mpts  10.06Sa/s Edge

76164ms

2,50V
Falling

» EL_35: Downstream ports must begin sending SOF’s no sooner than 100us and no later than

500us from transmission of the last Chirp (J or K).
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7.4

7.4.

High-Speed DS Suspend Resume (EL_38 EL_39, EL_41)

1 Test Steps

74.1.1 Test Environment Setup

Host under
test Scope

Channel | USB

127
D- o]0+

-

128 129

—— D+, D-

Certified e GND
HS Device

J29 and J28 are test points for D+ and D- signals respectively.

The host under test is accessed in J33 and a USB 2.0 certified high-speed device is accessed in
J32.

Click the "Run Test" button in the "Run Test" column to enter the test interface, a pop-up window
will appear with the specific steps for sending packets using HSETT software. If you use HSETT
software, please send packets in accordance with the pop-up window prompts, and if you send
packets on your own, ignore the contents of the pop-up window. After sending packets is
completed and the waveforms received by the oscilloscope are observed, click "Run Test", the

oscilloscope will complete the signal analysis.

36
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74.1.2 HSETT Sending Packet Setup

7.4.1.2.1 Suspend Sending Packet Setup

If you are using HSETT software, please follow the instructions in the following steps to send packets.
If you are sending packets by yourself, please click "Run Test" after observing the waveform captured
by the oscilloscope.

The following is the procedure for HSETT:

B8 .HCl Electrical Test Tool *

Hi-5peed Select Hozt Contraller For Uze In Testing
£ PCI70 7 2008 0 22 Ports |

~

s

SuperSpeed
f'“ E

TEST Exit

A. Open the High-speed Electrical Test Tool software and enter the main menu of the software.
B. Select [Host Controller/System], and then click [TEST] to enter the Host Test menu.

xHCI HS Electrical Test Tool - Host Test

Select Downstream Device Host Port Control b
Port Control Port
VID/PID 0x5e3/610, Address 1, Port 9 SUSPEND ﬂ I9 LI
Status Window | X
a Enumeration Successful
Enumerate Bus |
C

Downstream Device Control

Add
II-I ONE j % | EXECUTE I Return To Main

a. Click [Enumerate Bus].

b. Select [SUSPEND] in Port Control, and enter the number of the test port of the device under
test in Port.

c. Click [EXECUTE].

C. After observing the waveforms captured by the oscilloscope, the reference waveform is shown

in the figure below, click "Run Test". If the oscilloscope does not capture the waveforms or the
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waveforms differ greatly from the reference waveforms, please check if the wiring is correct and
start from step A again.

Sy

——

7.4.1.2.2 Resume Sending Packet Setup

If you are using HSETT software, please follow the instructions in the following steps to send packets.
If you are sending packets by yourself, please click "Run Test" after observing the waveform captured
by the oscilloscope.

The following is the procedure for HSETT:

xHCI HS Electrical Test Tool - Host Test

Select Downstream Device Host Port Control a
Port Control Port

VID/PID 0x5e3/610, Address 1, Port 9 RESUME LI |9 ﬂ
Status Window | p N

Enumeration Successful

Enumerate Bus |

Downstream Device Control

IHUHE _I f;ﬁﬂ Retum To Main |

a. Select [RESUME] in Port Control, and enter the number of the test port of the device under
test in Port.
b. Click [EXECUTE].

After observing the waveforms captured by the oscilloscope, the reference waveform is shown in the
figure below, click "Run Test". If the oscilloscope does not capture the waveforms or the waveforms
differ greatly from the reference waveforms, please check if the wiring is correct. Port Control setting
[SUSPEND], click [EXECUTE], then Port Control setting [RESUME], and click [EXECUTE] to restart
this test.
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7.4.2 Test Results Reference

» EL_38: The device must revert to full-speed no later than 125us after there is a 3ms idle period

on the bus (3.000ms <=t <= 3.125ms). Measure the time interval from the last SOF's of High-

Speed to suspend.

» EL_39: The device must support the suspend state.

S
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sagy
E
ol L L L1 L1l -
o s ~2500ms 00ams s 0000 o
@ 3 a
i v
I ! 1
| 1/A%= 333.20Hz |
I —
i i
GO0, | |
2,500 I |
i |
I |
2,060v | 4
I
I
sac i
I
I
i
I
i
:-_s:-oi ‘ l o i‘ x2-00s
i ¢ XS 3.000ms f
i |
i o e o501

DCIM cz
10X 500mv/ 10X 500mV/| 500us/ 500mY/ 500us/ S00mV/
FULL 150V FULL  -150¥| -1500ms 150V 1500ms 150V

uuuuuuu
-L50ms  500us/div Stop
50.0Mpts  10.065a/s Edge

2.00v
Rising

» EL_41: After resuming a port, the host must begin sending SOF’s within 3ms of the start of the

idle state.
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7.5

7.5.
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g o0z = -
XL- 0.0s

I
|

1
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1

1

1

1

1

1

1

1

|

1

!

1 .
lx;:m 2us
i

[XJeu: 22 5us 42 6us 52 Fu 82 Gus 102.6us 122[%8

200V

I 2] 2 ebase Trigeer
10X 500mV/ 10X 500mV/ 20.0us/ 500mV/ 20.0us/ S00mV/| 150ms  500us/di Stop
50V| 626us 150V 62.6us 150V 50.0Mpts 10.06Sa/s Edge Falling

FULL 150V RULL

High-Speed DS Not Driven Voltage Levels (EL_8, EL_9)

1 Test Steps

7511 Test Environment Setup

@

e ~

Host under ‘
test

Scope

| Channel || USB |

Use two SMA cables to connect J41 and J42 to the previously configured D+ and D- channels.
J43 access to host under test.

Click the "Run Test" button in the "Run Test" column to enter the test interface, a pop-up window
will appear with the specific steps for sending packets using HSETT software. If you use HSETT
software, please send packets in accordance with the pop-up window prompts, and if you send

packets on your own, ignore the contents of the pop-up window. After sending packets is

40
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completed and the waveforms received by the oscilloscope are observed, click "Run Test", the
oscilloscope will complete the signal analysis.

75.1.2 HSETT Sending Packet Setup

7.5.1.2.1 TEST J Sending Packets Setup
If you are using HSETT software, please follow the instructions in the following steps to send packets.

If you are sending packets by yourself, please click "Run Test" after observing the waveform captured
by the oscilloscope.

The following is the procedure for HSETT:
.r}ﬂ *HCI| Electrical Test Tool .

Hi-Speed Select Host Controller For Use In Testing
= PCIe0 7 20080 22Parts |

~

(¥

Superspeesd
f'“ B

TEST E xit

A. Open the High-speed Electrical Test Tool software and enter the main menu of the software.
B. Select [Host Controller/System], and then click [TEST] to enter the Host Test menu.

xHCI HS Electrical Test Tool - Host Test

a

Select Downstream Device Host Port Control
Port Control Port

TEST J ~ vl
Status Window | ' N otify
Enumeration Successful

Downstream Device Control Address

INEINE ;I Iﬂ— EXECUTE I Return To Main

Enumerate Bus I

a. Select [TEST_J] in Port Control, and enter the number of the test port of the device under
test in Port.
b. Click [EXECUTE].

C. After observing the waveform captured by the oscilloscope, click "Run Test". If the oscilloscope
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does not capture the waveform, or D+ is not high level, D- is not low level, please check whether
the wiring is correct, check whether [TEST_J] is selected in Port Control, and then click
[EXECUTE] to restart the test.

7.5.1.2.2 TEST K Sending Packets Setup

If you are using HSETT software, please follow the instructions in the following steps to send packets.
If you are sending packets by yourself, please click "Run Test" after observing the waveform captured
by the oscilloscope.

The following is the procedure for HSETT:

xHCI HS Electrical Test Tool - Host Test

d

Select Downstream Device

Port Control Port

[TEST ~
Status Window | N
Enumeration Successful

Downstream Device Control

Address -
NONE E r I EXECUTE | Return To Main

[ Enumerate Bus I

a. Select [TEST_K] in Port Control, and enter the number of the test port of the device under
test in Port.
b. Click [EXECUTE].
After observing the waveform captured by the oscilloscope, click "Run Test". If the oscilloscope does
not capture the waveform, or D+ is not low level, D- is not high level, please check whether the wiring
is correct, check whether [TEST_K] is selected in Port Control, and then click [EXECUTE] to restart
the test.

7.5.1.2.3 TEST_SEO_NAK Sending Packets Setup

If you are using HSETT software, please follow the instructions in the following steps to send packets.
If you are sending packets by yourself, please click "Run Test" after observing the waveform captured
by the oscilloscope.

The following is the procedure for HSETT:

42 int.siglent.com



USB 2.0 Electrical Compliance Test User Manual

xHCI HS Electrical Test Tool - Host Test

Select Downstream Device Host Port Control d
Port Control Port
[TEST SE0 NA ~| |1 |
Status Window | nneck 1oty

Enumeration Successful

Downstream Device Control Address

INEINE ;I I”i EXECUTE I Retumn To Main

Enumerate Bus

a. Select [TEST_SEO_NAK]in Port Control, and enter the number of the test port of the device
under test in Port.
b. Click [EXECUTE].
After observing the waveform captured by the oscilloscope, click "Run Test". If the oscilloscope does
not capture the waveform, or D+ and D- are not low level, please check if the wiring is correct, and

check if [TEST_SEO_NAK] is selected in Port Control, and then click [EXECUTE] to restart the test
after confirming that there is no error.

7.5.2 Test Results Reference

» EL_8: The voltage measured of J/K not driven should be 360mV to 440mV.

ROD 1 mV 400us 1.00us 200us 30Qus

[C1 ] Bca0]| Timebase

= 2000w/ [ 200mV/| 0005 1.00us/div Stop 200mv
AL 000V UL 000V 100kpts  10.0GSe/s Edge Falling

» EL_9: When either D+ or D- is not being driven, the output voltage must be 0V+20mV when

terminated with precision 45 ohm resistors. This item measures the D+ and D- voltage values in
the SEO state.
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4004
200mv/ 200m\V/
Ul 0.00V FULL 0.00"

Timebase
.00 1.00us/elv Stop 200m¥
100kpts  10.06Sa/s Edge Falling

7.6  Full-Speed DS Signal Quality
7.6.1  Test Steps
Host under
test
Scope
Channel | USB
127 I
D- O8I0+
128 129
[Tl
VBUS
EE['E —— D+, D-
J32 e GND
cable
I'Elsh Certified
1 FS Device
bm 5m
[ HsS 5m HS 5m HS 5m [ ps
Hub Hub Hub Hub
1 2 3 4

44

int.siglent.com



USB 2.0 Electrical Compliance Test User Manual

@

J29 and J28 are test points for D+ and D- signals respectively.

J33 is connected to the host under test via a 5m USB cable.

J32 is connected to the full-speed hub as well as four high-speed hubs according to the wiring
diagram, where the full-speed hubs are connected to J32 with a short cable, and the rest are
connected with 5m cables; the high-speed hub at the last level is connected to the certified full-
speed devices.

When performing this test, please try to connect all self-powered hubs to an external power
supply to avoid the test failing due to insufficient power supply to the multi-stage hub connections
under bus power.

Click the "Run Test" button in the "Run Test" column, the oscilloscope will automatically

complete the test.

7.6.2 Test Results Reference

The full-speed downstream signal quality of the host has the following test items:

>

vy

Measure the EOP width of the full-speed packet, which is required to be in the range of (1.92+1)
bit to (2.1+1) bit.

I—

L

Measure the voltage amplitude of D+ and D- cross point, which is required to be between 1.3V
and 2V.

Measure the signal speed of the full-speed packet, which is required to be between 11.97 MHz
and 12.03MHz.

Measure the D+/D- rise and fall time at full speed, which is required to be between 4ns and 20ns.
Measure the edge monotonicity of full-speed signal, which is required no backhooks greater than
500mV exist at its edges.

Measure the J/K jitter additionally, and the edge width of the eye diagram is the degree of J/K

jitter.
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7.7 Low-Speed DS Signal Quality

7.7.1  Test Steps

Host under
test SCODE

Channel | USB

127
D- [O & D+

-

128 J29
1| L,

D+. D-

Certified e GND
LS Device
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o0 p

J29 and J28 are test points for D+ and D- signals respectively.

J33 is connected to the host under test.

J32 access to certified low-speed devices.

Click the "Run Test" button in the "Run Test" column, the oscilloscope will automatically

complete the test.

7.7.2 Test Results Reference

The low-speed downstream signal quality of the host has the following test items:

» Measure the EOP width of the full-speed packet, which is required to be in the range of (1.875+1)

bit to (2.25+1) bit.

bilg t'{J’U-'L“J-LfiJLH}”{} U TP AR PR AR AP

e

s1 sty

- HITFL

Measure the voltage amplitude of D+ and D- cross point, which is required to be between 1.3V
and 2V.

Measure the signal speed of the low-speed packet, which is required to be between 1.4775MHz
and 1.5225MHz.

Measure the D+/D- rise and fall time at low speed, which is required to be between 75ns and
300ns.

Measure the edge monotonicity of low-speed signal, which is required no backhooks greater than
500mV exist at its edges.

Measure the J/K jitter additionally, and the rise/fall edge width of the eye diagram is the degree
of J/K jitter.
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7.8 Drop

7.8.1  Test Steps

7.8.1.1 Test Environment Setup

Host and Hub Downstream

Scope under test Prots

Channel [ usB

| P1 P2 P3 P4

127
b- Cejo+

128 J29
vaus 8

| P1 to J33 must be a short cable ’ — VBUS

and other cables must be 1m —— GND

A. J30is the VBus test point, connect the probe according to the configured oscilloscope channel.

B. The host port under test is connected to J33 of the signal board through a 1m cable, J32 is
connected to the load board through a short cable, and the rest of the ports are connected to the
load board through 1m cables.

C. Click the "Run Test" button in the "Run Test" section and follow the pop-up prompts to complete
the test.

7.8.1.2 No-load Tests

Please turn the load board's twist switch to the center and click "Run Test" after observing the
waveform captured by the oscilloscope.

7.8.1.3 Tests with Load

Please turn the switch of the load board to 500mA, and then click "Run Test" after observing the

waveform captured by the oscilloscope.
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7.8.2 Test Results Reference

The VBus voltage of the port under test is 4.75V~5.25V for all ports of the host with no load connected,
and 4.75V~5.25V for all ports with 500mA load connected, respectively.

7.9 Droop

7.9.1 Test Steps

Scope Host and Hub Downstream
under test Prots

P2 P3 P4

327
- b+

J28 129

i P1 to J33 must be a short cable
and other cables must be Im

A. Use a1lm cable to connect the test port (e.g. P1 in the figure) to the signal board J33; use a short
cable to connect the signal board J32 to any of the load boards; use a 1m cable to connect the
port next to the test port (e.g. P2 in the figure) to the USB signal board J17; and use a 1m cable
to connect the remaining ports to the USB load board.

B. For the loads used on the USB load board, turn its twist switch to 100mA.

C. Connect the probes according to the channels configured before, J14 is the load-side test point
and J30 is the DUT test point.

D. Use a cable to connect USB signal board J13 and oscilloscope, Power light on.

E. Click the "Run Test" button in the "Run Test" column, check whether the cable connection is the

same as the pop-up window, click "OK", the oscilloscope will start to capture waveforms.

79.2 Test Results Reference

Requires dynamic voltage drop of the port under test to be less than 350mV.
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6.00%

400%

a0y

200v

52 usezn 4

=t R

100 0 0us S00us £05us 200us 00us 20 Zus 00us 0 0us 0 Jus

o1 ] ol c> (5L Timebase Trigger cio
10K 1.00v/ 10 1.00v/ 000s  20.0us/élv Stop 165V
FULL 300V FULL  -3.00V 2.00Mpts 10.068a/s Edge Rising
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8 Device

When performing USB 2.0 device-related tests, please set up the compliance test function correctly
according to the test requirements.

8.1 High-Speed US Signal Quality (EL_2, EL_4/EL_5, EL_6, EL_7)

8.1.1  Test Steps

Scope

| Channel || USB |

Device or Hub
upstream under
test

I )3

D+[®TJD-
[T

A. Use two SMA cables to connect J8 and J7 to the configured D+ and D- channels. J13 establishes
communication with the oscilloscope through the cables, and the Power light on.

B. Accessthe DUT in J10, if it is successfully enumerated, the Init light will be on, if the Init light is
not on, please re-plug the DUT.

C. Click the "Run Test" button in the "Run Test" column, the Init light goes out, the Test light lights

up, the oscilloscope will automatically complete the test.

8.1.2 Test Results Reference

» EL_2: AUSB 2.0 high-speed transmitter data rate must be 480 Mb/s+0.05%.

» EL_4/EL_5: Select the appropriate eye diagram template according to the type of upstream port,
if no cable is attached, select "Near End Template", if cable is attached, select "Far End Template".

» EL_6: AUSB 2.0 HS driver must have 10% to 90% differential rise and fall times of greater than
300 ps. However, in the actual measurement, a warning indication will be prompted in 100~300ps,
and less than 100ps is judged as a test failure.

» EL 7: AUSB 2.0 HS driver must have monotonic data transitions over the vertical openings
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specified in the appropriate eye pattern template which is less than 50mV.

All of the above test items are performed together, with specific waveforms captured before near-

end/far-end eye chart analysis.

il

=

!

1

§1 s H 0 TiE>

B----f-----

1000s 0.0 1000 2 0ns 20 fins 40 0ns 50.0ns 80,00

52 int.siglent.com



USB 2.0 Electrical Compliance Test User Manual

8.2 High-Speed US Packet Parameters (EL_21, EL_22, EL_25)

8.2.1  Test Steps

Scope

| Channel H USB |

[ Device or Hub
upstream under
test

2 GHz
Probe

A
GHz
robe

Ijﬁ
Ia, J4
-D

@ (|D-

e D+, D-

A. For "Single Ended", J4 and J3 are the test points for D+ and D- signals respectively, and for
"Differential Probe", the test point is J1. J13 establishes communication with the oscilloscope
through the cable, and the Power light lights up.

B. Accessthe DUT in J10, if it is successfully enumerated, the Init light will be on, if the Init light is
not on, please re-plug the device to be tested.

C. Click the "Run Test" button in the "Run Test" column, the Init light goes out and the Test light
lights up, the oscilloscope will automatically complete the test, and the test results will pop up
when the test is finished.

8.2.2 Test Results Reference

» EL_21: The SYNC field for all transmitted packets (not repeated packets) must begin with a 32
bit SYNC field. The number of SYNCs at the beginning of the device answer packet is measured
in this item.
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» EL_22: When transmitting after receiving a packet, hosts and devices must provide an inter-
packet gap of at least 8 bit times and not more than 192 bit times(16.64ns~399.36ns). The
oscilloscope displays two packets, measuring the time interval between the first packet (sent by
the host) and the second packet (replied by the device).

@ 3 d
b4
K00 O
400.0r
20.0my 1
~
200 My
400 B
H00 e
R e -2 500us 200%us -1 500us -1600us 5.500us 00005 0.500us 1.000us 150005
[
\ Ax- 239.8n8 he
X=-2420n5 | 1/AX= 4. 4701MHz ]
O \ '
| i
| |
I
. (P
4
m— 2 2ns
i
|
|
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I paona0000 4P=0IE 1E0P )
i
|
|
|
R fivey 3220005 2T2ims 2220w 172005 12200 B 5 B
oCIM | 7> Timebase
10X 200mv/ 10X 200mV/| 50.0ns/ 200mVy 50.0ns/ 200mV/. 500ns  500ns/div Stop 250mV
FULL 000V FULL  000¥]-1220ns 000V [1220ns 000V S00kpts  10.065a/s Pulse  Negative

» EL _25: The EOP for all transmitters’ packets (except SOFs) must be an 8 bit NRZ byte of
01111111.
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I
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i
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|
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8.3 High-Speed US Chirp Timing (EL_28, EL_29, EL_31)

8.3.1  Test Steps

Scope

| Channel H USB |

upstream under

"' Device or Hub
test

I’Jj[

Ia, J4
naca H mm

L_[[[l[I]]]]]II[[[I]]]]III[

=D+, D-
——GND

A. J4 and J3 are the test points for D+ and D- signals, respectively. J13 establishes communication
with the oscilloscope through the cable, and the Power light is on.

B. Accessthe DUT in J10, if it is successfully enumerated, the Init light will be on, if the Init light is
not on, please re-plug the DUT.
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C. Click the "Run Test" button in the "Run Test" column, the Init light will go out and the Test light
will go on, the oscilloscope will automatically complete the test, and the test results will be popped
up at the end of the test.

8.3.2 Test Results Reference

» EL_28: Devices must transmit a chirp handshake no sooner than 2.5us and no later than 6.0ms

when being reset from a suspended state.

[CI)
¥
A000v | !
2500v 4
2000%
L500v
1.000%
S
S0 I
o500 a.0ms 180ms 200ms 300ms 4.00es 5.00ms 6.00ms 7.00ms £.00ms
@ bl
' i
\ A% 51805 |
| 1/8%= 193 1hite \
|
1
i
1 4
1
I
1
i
|
Lsaay L
i
|
DO, !
i
=00
& Xo= 5,181
|
1410 EJ 050 L5 5o 35 15 A 650
= e et
16K sonmey HORT  so0wY;| 100us/ s00mY/ L00LS/ sm-nv/ oo L00ms/d Stop 2500
FUL  -150 FULL 150/ 259us 150V 2.58us 100Upts  10.06Sa/s Edge Falling

» EL_29: The chirp handshake generated by a device must be at least 1ms and no more than 7ms

in duration.

[
a0y
o 4
D0G.
Ea J-H-’
- S IMWHHHUUMWUUMMMWMMWMMMWWMMM
v 1.0, 18005 200ms 3.00ms s 5.80ms 6.00ms 7.0ms £00ms
@ 3 a
. AX- 1.908ms |
h /804 523,927 |
1 1
1 1
] 1
1 1 4
] 1
] 1
I 1
] i
] 1
I 1
] 1
] 1
Do, 1 !
] = e
1= 5us - - T TR
a.500%
o I g iR aggs
|
5 500ms o .500m: 1,060 1.500ms o} o0on 2,500ms 3.000m: 3 500m:
oz @ Timebase
10 500mW/ A0K  SOOWV/| S00us/ S00MV/ 500Us/ SODMY/ oo L00ms/d Stop 2500
FULL 150V FULL  -150v| 1500ms 150V 1.500ms 150V 100Mpts  10.06Sa/s Edge Falivg

» EL_31: During device speed detection, when a device detects a valid K-J-K-J-K-J sequence, the

device must disconnect its 1.5K pull-up resistor and enable it high-speed termination within 500us.
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8.4 High-Speed US Suspend Resume (EL_38 EL_39, EL_40 EL_41)

8.4.1  Test Steps

Scope

| Channel H USB |

upstream under

"' Device or Hub
test

[®T] [T
Ja J3

D+[®@TIJD-
T

— D+, D-

A. J4 and J3 are the test points for D+ and D- signals respectively, connect the probes according to
the configured oscilloscope channel; J13 establishes communication with the oscilloscope
through the cable, and the Power light is on.

B. Access the DUT in J10, if it is successfully enumerated, the Init light will be on, if the Init light is
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not on, please re-plug the DUT.
C. Click the "Run Test" button in the "Run Test" column, the Init light will go out and the Test light
will go on, the oscilloscope will automatically complete the test, and the test results will pop up

after the test is finished.

8.4.2 Test Results Reference

» EL_38: Adevice must revert to full-speed no later than 125us after there is a 3ms idle period on
the bus (3.000ms <=t <= 3.125ms). Measure the time interval from the last SOF's at high speed
to suspend.

» EL_39: Adevice must support the suspend state.

&%= 3.000ms
1/4%= 333.30Hz

C2 ey Timbase
106 SO0mV/ 10X 500MV/| 500us/ SODMY/ 500us/ SO0V 150ms  500us/div Stop 2.00v
FuLL -1.50¢ FULL -L50V -1.500ms 1.50V -1.500ms 1.50V 50.0Mpts  10.0GSa/s Edge Rising

P EL_40:Ifadevice is in the suspend state, and was operating in high-speed before being suspend,
then the device must transition back to high speed operation within two bit times from the end of
resume signaling.

» EL_41: After resuming a port, the host must begin sending SOF’s within 3ms of the start of the
idle state.

Note: The EL_40 test item is a poorly defined measurement of low level from suspend to high speed,

so only EL_41 is measured.
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[N . —— e e X2= 125.2us
1740 Xi e 2.6u 2 64 6250 2.6u 102 1228 142 6

lDX 500mv/ l.OX 500 ‘4/ 20.0us/ 500mV; .Qus/ 500mV/ 1.50ms 500us /div 51 D 2.00v
1.50V FULL 1.60V, 62.6us. 1.50V 62.6us. 1.50V| 50.0Mpts  10.0GSa/s Edge Falling

2

8.5 High-Speed to Reset (EL_27, EL_29, EL_31)

8.5.1  Test Steps

Scope

| Channel H USB |

[ Device or Hub
upstream under
test

Ijﬁ
Ia, J4
-D

@ (|D-

— D+, D-

A. J4 and J3 are the test points for D+ and D- signals respectively, connect the probes according to
the configured oscilloscope channel; J13 establishes communication with the oscilloscope
through the cable, and the Power light is on.

B. Access the DUT in J10, if it is successfully enumerated, the Init light will be on, if the Init light is

int.siglent.com 59



USB 2.0 Electrical Compliance Test User Manual

not on, please re-plug the DUT.
C. Click the "Run Test" button in the "Run Test" column, the Init light will go out and the Test light
will go on, the oscilloscope will automatically complete the test, and the test results will pop up

after the test is finished.

85.2 Test Results Reference

» EL_27: The response time of reset from the non-suspended state in high speed is measured
from the last SOF's of the high-speed to the time of the chirp K generation which is a time interval
of 3.1ms~6ms. This section additionally measures the amplitude of the chirp K (720mV to
880mV).
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10X 500mv/ 10X EODWV/| 500us/ SOV SO0/ SO0V 0005 2.00ms/dv Stop 300mY
FUL LSOV FULL  -L50V|-1785ms 15OV 1.7B5ms 150V 200Mpts  10.0GSa/s Pulse  Negative
B
3.000% H
2.500v
2000V
Ls0av
1,000V ;
0.500v i
0 500w -£00ms £00ms i 490ms 200ms
i s I U H L UL U
0.500ms oboms Sooms 20bom oo
= o GUTTITITTE e Trggor caoc
10X 500mV/ 10X EODWV/| 00us/ SOV SO0/ SO0V 0005 2.00ms/dv Stop 300mY
FUL LSOV FULL  -L50V| 1.000ms 150V 1.000ms 150V 200Mpts  10.0GSa/s Pulse  Negative

» EL_29: The chirp handshake generated by a device must be at least 1ms and no more than 7ms

in duration. This section additionally measures the number of J/K number pairs (at least 3)
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produced by the device.

T

DY e o
2,500%
2,000,
A ——

1.000Y.

o

osonv 2080ms = 00ms i - Blms -200ms

[ -

A000Y

L
1
|
|
i
i
|
|
'
1
|
|
I
|
1

Timebase Triggar G200
0.00s  2.00ms/div Stop 300mV

FULL 150V FULL 200Mpts  10.06Sa/s Pulse  Negative

30004,

2.500Y.

2.000%

LEOY. e T

L000M.

L e

500 £00ms £00ms N <+ 00ms 200ms s

n

A= 252.9us
1/A%= 3.9544kHz
3.000%

X2= 2.2565ms

2328005

E
-

Timebase Triggar G200
0.00s  2.00ms/div Stop 300mV
200Mpts  10.06Sa/s Pulse  Negative

FULL 180V FULL

» EL_31: During device speed detection, when a device detects a valid K-J-K-J-K-J sequence, the

device must disconnect its 1.5K pull-up resistor and enable it high-speed termination within 500us.
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&0 600

10 500mV/ 10X 500mV/| 2.00ns/ 500mV/ 2.00ns/ 500mv/ DOﬂ ?00"\5,’ 300mV
FULL 150 FULL -L50V 225552238080V 2.25552238nE0V. 200Mpts  10.0GSa/s Pu\ Negative

8.6 Suspendto Reset (EL_28, EL_29, EL_31)

8.6.1  Test Steps

Scope

| Channel H USB |

[ Device or Hub
upstream under
test

Ijﬁ
Ia, J4
HD

D=

— D+, D-

A. J4 and J3 are the test points for D+ and D- signals respectively. J13 establishes communication
with the oscilloscope through the cable and the Power light is on.

B. Accessthe DUT in J10, if it is successfully enumerated, the Init light will be on, if the Init light is
not on, please re-plug the DUT.
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C. Click the "Run Test" button in the "Run Test" column, the Init light will go out and the Test light
will go on, the oscilloscope will automatically complete the test, and the test results will pop up

after the test is finished.

8.6.2 Test Results Reference

» EL_28: Devices must transmit a chirp handshake no sooner than 2.5us and no later than 6.0ms
when being reset from a suspend state. This section additionally measures the amplitude of the
chirp K (720mV to 880mV).

@ 2 d
T
A0
2,500%.
2.000%
1500y
1,000%
oy
B o ————
SET £.00ms - 00ms A  O0ms 200ms s 200ms 4.00ms A 6.00ms 800ms
0
T - - |
' A%- 7838 I
| 1/8%=127.TkHz l
1 I
| i
i
I
1
I
2oy |
I
i
s L
i
I
e 1
X T.83us
L Y= a0s !
oKL G2 L2 2420 3020 0205 5920 6.920: [F2us
oCi = o Timobase
10K 50DmY/ AOK  S00MY/| 1.0Cus/ 500mV/ 1.00us/ SO0V o 2.00ms/div Stop 800mV
FULL 150V FULL 160w 382us  1BOV 392us 150V 200Mpss 10.068a/s Edge Faling

T

0500 -2 00ms £00ms S B0 200ms 000ms 200ms 400ms A 6.00ms 800ms

imebase

oGN] = o
10X 500my/ 10X 500md/| 500us/ 500V S00us/ S00mYV/ 005 2.00ms/div Stop 800mV
FULL 150V FULL  150¥ 1005ms 150V 1005ms 150V 200Mpts  10.06Sa/s Edge Falling

» EL_29: The chirp handshake generated by a device must be at least 1ms and no more than 7ms
in duration. This section additionally measures the number of K/J pairs (at least 3) after a suspend

reset.
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A hi M
20007,
BBOOV.
2000%

LEOQY e L

1000V,

T

o ERy £00ms £00ms 1S +D0ms 200ms o0 200ms 400ms P 6.00ms B.00ms

B M - 1.995ms

| h 1/AK= 501.31Hz

S.000Y. |
|

OOV,

1.000Y.

W= Bus

I
o s 5855 FyE. R e 1005 = Hi . 3007

[ ci | o1 IEE 3] Timebase Trigge
10X 500mv/ 10K SOOwN/| 500us/ 500mV/ 500us/ SO0, 0.00s  2.00ms/div Stop 800mV
FULL 150V FULL  -150v 1.005ms 150V 1.005ms 1. 200Mpts  10.0GSa/s Edge Falling

T A d ]

T FA N SO

25000
200y,
l5a; /NN S S S R

1.000Y.

0500,

2 i ‘ e

o sonv £ 00ms 500ms i +D0ms 200ms 6.00ms 2 4.00ms A 6.00ms 800ms

A= 252,98
1/4)= 3.9545kHz

W sy 153450 108450 [KL 2035 2.0845ms 21345 21845 ms 2235w [H] 2.2845ms 2335

7 Timebase Trigge c
0005 2.00ms/div Stop 800mV
200Mpts  10.06Sa/s Edge Falling

FULL 180V FULL

» EL_31: During device speed detection, when a device detects a valid K-J-K-J-K-J sequence, the

device must disconnect its 1.5K pull-up resistor and enable it high-speed termination within 500us.
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8.7 High-Speed US Not Driven Voltage Levels (EL_8, EL_9)

8.7.1  Test Steps

Scope

| Channel || USB |

Device or Hub
upstream under
test

I )3

D+[®TJD-
[T

A. Use two SMA cables to connect J8 and J7 to the configured D+ and D- channels. J13 establishes
communication with the oscilloscope through the cables and the Power light is on.

B. Access the DUT in J10, if it is successfully enumerated, the Init light will be on, if the Init light is
not on, please re-plug the DUT.

C. Click the "Run Test" button in the "Run Test" column, the Init light will go out and the Test light

will go on, and the oscilloscope will automatically complete the test.
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8.7.2 Test Results Reference

» EL_8: The voltage measured of J/K not driven should be 360mV to 440mV.

_ @0
S N R A i I S e ——————
4
= [ Timebase
2000V | 200mV/ 0.005 1.00us/div Stop. 200mV
fulL ©.00V FULL 0.00v 100kpts  10.0GSa/s Edge Falling
Voltage of J when the upstream is not driven
_ @0
4
= [ Timebase
2000V | 200mV/ 0.005 1.00us/div Stop. 200mV
fulL ©.00V FULL 0.00v 100kpts  10.0GSa/s Edge Falling

Voltage of K when the upstream is not driven

» EL_9: When either D+ or D- is not being driven, the output voltage must be 0V +20mV when
terminated with precision 45 ohm resistors to ground. This item measures the D+ and D-

voltage values in the SEO state.
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> Timebase
200my/ 0.00s  1.00us/div Stop 200mV
0.00V,

200mV/ | .
AL 000V FULL 100kpts  10.06Sa/s Edge Falling

Voltage of SEO_NAK in upstream

8.8 Full-Speed US Signal Quality

8.8.1  Test Steps

BS |5o| FS |5m| HS 5u HS |5m Scope
Hub Hub =—— Hub = Hub ~—— HS Hub 4
1 1 2 3 Channel USB

| Short cable I ‘

128 129

Cel
o

| 5m | 5m
___ TriggerD+,

Certified Device Under D+. D-
FS Device Test e GND

A. J46 and J45 are the D+ and D- signal test points of the DUT respectively, and J29 is the signal
test point for trigger D+.

B. Use a cable to connect the oscilloscope USB interface and J13 to establish communication
between the oscilloscope and the USB signal board, and the Power light is on.

C. Take ahigh speed hub (HS Hub 4 in the figure), according to the value in "Port", the downstream

port of the corresponding position of the high speed hub is connected to J52 through a short
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cable, and any other port is connected to J33 through a short cable.

D. The J10 and HS Hub 4 upstream ports are connected to the full-speed hub, as well as three high-
speed hubs according to the wiring diagram, all using 5m cables.

E. J32 is connected to a full-speed device that has passed the official USB certification, J51 is
connected to the DUT, and S2 is dialed to "Device ON".

F. When performing this test, please try to connect all self-powered hubs to an external power
supply to avoid the test failing due to insufficient power supply to the multi-stage hub connections
under bus power.

G. Click the "Run Test" button in the "Run Test" column, the oscilloscope will automatically

complete the test.

8.8.2 Test Results Reference

The full-speed upstream signal quality of the device has the following test items:
» Measure the EOP width of the full-speed packet, which is required to be in the range of (1.92+1)
bit to (2.1+1) bit.

O - — W— st " TP=0:E1 ;0508 JOx0TOROSIED: {00000AP=0x4E [C=
- VPV R R VF¥E— ¥ FFRFYFVY

» Measure the voltage amplitude of D+ and D- cross point, which is required to be between 1.3V
and 2V.

» Measure the signal speed of the full-speed packet, which is required to be between 11.97 MHz
and 12.03MHz.

Measure the D+/D- rise and fall time at full speed, which is required to be between 4ns and 20ns.

\ A 4

Measure the edge monotonicity of full-speed signal, which is required no backhooks greater than
500mV exist at its edges.
» Measure the J/K jitter additionally, and the edge width of the eye diagram is the degree of J/K

jitter.
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8.9 Low-Speed US Signal Quality

8.9.1 Test Steps

HS 5m| FS |5m| HS |5m| HS |sm Scope
Hub Hub =—— Hub +— Hub =—— HS Hub 4
1 1 2 3 Channel USB

I Short cable I ‘

| | 5m TriggerD-

D+. D-

Certified | Device Under
LS Device Test

—— GND

A. J46 and J45 are the D+ and D- signal test points of the DUT respectively, and J28 is the signal
test point for trigger D+.

B. Use a cable to connect the oscilloscope USB interface and J13 to establish communication
between the oscilloscope and the USB signal board, and the Power light is on.

C. Take ahigh speed hub (HS Hub 4 in the figure), according to the value in "Port", the downstream
port of the corresponding position of the high speed hub is connected to J52 through a short
cable, and any other port is connected to J33 through a short cable.

D. The J10 and HS Hub 4 upstream ports are connected to the full-speed hub, as well as three high-

speed hubs according to the wiring diagram, all using 5m cables.
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E.

J32 is connected to a low-speed device that has passed the official USB certification, J51 is
connected to the DUT, and S2 is dialed to "Device ON".

When performing this test, please try to connect all self-powered hubs to an external power
supply to avoid the test failing due to insufficient power supply to the multi-stage hub connections
under bus power.

Click the "Run Test" button in the "Run Test" column, the oscilloscope will automatically

complete the test.

89.2 Test Results Reference

The low-speed upstream signal quality of the device has the following test items:

» Measure the EOP width of the low-speed packet, which is required to be in the range of (1.875+1)

bit to (2.25+1) bit.
i I HF AT CLJ-UU’-’\'} SRR TR T

» Measure the voltage amplitude of D+ and D- cross point, the cross point voltage is required to
be between 1.3V and 2V.

» Measure the signal speed of the low-speed packet, which is required to be between 1.4775MHz
and 1.5225MHz.

» Measure the D+/D- rise and fall time at low speed, which is required to be between 75ns and
300ns.

» Measure the edge monotonicity of low-speed signal, which is required no backhooks greater than
500mV exist at its edges.

» Measure the J/K jitter additionally, and the rise/fall edge width of the eye diagram is the degree
of J/K jitter.
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8.10 Back Voltage

8.10.1 Test Steps

8.10.1.1 Test Environment Setup

Scope

‘ Channel

' Device or Hub |
upstream under
test

A. In the figure, J11 and J12 are VBus, D-, D+, and GND from left to right, connect the probe
according to the configured VBus, D-, and D+ channels.
B. Click the "Run Test" button in the "Run Test" column and follow the pop-up window to complete

the test.
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8.10.1.2 Voltage Test before Enumeration

If the device is self-powered, please connect it to an external power source, connect the DUT to the
J10 port, and click "Run Test".

8.10.1.3 \Voltage Test after Enumeration

If the device is a self-powered, please connect it to an external power source, connect the DUT to

any normal USB port, make it enumerate normally, connect the DUT to J10, and click "Run Test".

8.11 Inrush

8.11.1 Test Steps

8.11.1.1 Test Environment Setup

Scope

| Channel | | USB |
|

Current Probe

J51 Device or Hub )
ﬁ upstream under
test

Choose any normally powered USB port and connect it to J52 via a cable, and J50 connects to

the current probe.
After connecting the current probe, open the previously configured oscilloscope test channel,
manually configure the current probe multiplier of the channel according to the probe used, set

the channel setting to "200mA/div", select "Auto” for the trigger mode, and then perform the

72

int.siglent.com



USB 2.0 Electrical Compliance Test User Manual

probe's degaussing.

C. J51 accessto the DUT, S2 twist switch to "Device ON", check whether the oscilloscope waveform
is upward, if not, it means that the probe is connected incorrectly, please flip the probe and then
access to J50.

D. Click the "Run Test" button in the "Run Test" column.

8.11.1.2 Inrush Current Test

A. J51is connected to the DUT, turn the S2 twist switch to "Discharge”, wait for one or two seconds,
and then unplug the DUT.

B. S2 twist switch to "Device ON".

C. Accessthe DUT at J51, observe the waveform captured by the oscilloscope and click "Run Test",
if the waveform captured by the oscilloscope differs greatly from the following reference waveform,

please check whether the wiring is correct and restart from step A.

ERES 1.0

Timebase
DAV/A 500ma/ 80.0ms  20.0ms/div Stop A00mA
FULL 1.504 10.0Mpts 50.0MSa/s Edge Rising

8.11.2 Test Results Reference

» Inrush current test results are calculated by taking the first 100mA as the starting point and 100us
after the last 100mA as the end point, and calculating the charge between the two, which is

required to be less than 50uC.
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@i

51 gasan
<
@
ERES 1.0

01 | Timebase
0.1V/A 500mA/ BO.0ms  20.0ms/div. Stop A00mA
FUL 1504 10.0Mpts 50.0MSa/s Edge Rising
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9

Hub Downstream Facing Port

When performing USB 2.0 hub downstream facing port-related tests, please set up the compliance

test function correctly according to the test requirements.

9.1

High-Speed DS Signal Quality (EL_2, EL_6, EL_7, EL_47)

9.1.1  Test Steps

9.1

Scope

Hub Downstream | Channel H USB |
under test

£d
14 3

D+[=CID-

ﬁnm
M J7

N
o

Use two SMA cables to connect J41 and J42 to the configured D+ and D- channels.

Use the cable to connect the oscilloscope USB interface and J13 to establish communication
between the oscilloscope and the USB signal board, and the Power light is on.

The upstream port of the hub is connected to J10, if the enumeration is successful, the Init light
will be on, otherwise, please re-plug it; the downstream port of the hub under test is connected
to J43 using a short cable.

Click the "Run Test" button in the "Run Test" column, the oscilloscope will automatically

complete the test.

2 Test Results Reference

EL_2: AUSB 2.0 high-speed transmitter data rate must be 480 Mb/s+0.05%.

EL_6: AUSB 2.0 HS driver must have 10% to 90% differential rise and fall times of greater than
300 ps.

EL_7: A USB 2.0 HS driver must have monotonic data transitions over the vertical openings
specified in the appropriate eye pattern template which is less than 50mV.

EL_47: The hub downstream ports are tested using eye diagram template 1, with test point at
TP2.
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9.2 High-Speed DS Packet Parameters (EL_21, EL_ 22, EL 23, EL_25,
EL_55)

9.2.1 Test Steps

Scope

Channel [ UsSB

| Hub Downstream

under test |

128 129
o] [Te

Certified == D+, D-

HS Device GND

A. For "Single Ended ", J29 and J28 are the test points for D+ and D- signals respectively, and for
"Differential Probe", the test point is J27. Connect the oscilloscope and probe according to the
configuration of the oscilloscope channel.

B. Use the cable to connect the oscilloscope USB interface and J13 to establish communication
between the oscilloscope and the USB signal board, and the Power light is on.

C. The upstream port of the hub is connected to J10, if the enumeration is successful, the Init light
will be on, otherwise, please re-plug it. The downstream port of the hub under test is connected
to J33 using a short cable, and a high-speed device certified by USB 2.0 is accessed at J32.

D. Click the "Run Test" button in the "Run Test" column, the oscilloscope will automatically

complete the test.

922 Test Results Reference

» EL_21: The SYNC field for all transmitted packets (not repeated packets) must begin with a 32
bit SYNC field.
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@ 1a
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0000V
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200 0nV. . - - - - - - f - . ‘
JCo Yt d
i
2000mY..ce . " .
4004V, ...
500 Y
R0 Ay 25000 20000z 1.590us -£000us 250008 oo 0500us 14008 1500us
@0 a
A¥= 62005 s
1/8%= 15.57MHz |
600 O i
i
I
400 s
- i p J
\ \ | 7\
0 O I
AJS b
1 -~
05 o e i,
= Xi=-26 <
i
2008 |
I
I
2 gsEr ) ] =1
i
- I
004
I
i
1dn 58.9(X2
2 = Timebase
10X 200my/ 10X 200m/ 20.0ns/ 200mY/ 20.0ns/ 200mYy/ 500ns  S00nsidv Stop  250mY
UL 0.00V FULL 0.00V) 28.9ns 0.00V 28.9ns 0.00V| 50.0kpts  10.0GSa/s Pulse Negative

» EL_22: When transmitting after receiving a packet, hosts and devices must provide an inter-
packet gap of at least 8 bit times and not more than 192 bit times. Measure the time interval
between the first packet (sent by the hub downstream port) and the second packet (replied by

the device).

[EE]
- =

BI0OmY.

400.0my. ! N
= 7 !

06 S’

4000wy

-B00 dreY

0 iy Z500us 2000us 1 5000 100008 D500us 0000us 0.500us 1.000us 1.500us

- 198,208
4 /%= 5.0458MHz

:

T

51 WSE(F=T )50 )p=00 bG8 b0 oo

500 16490 218 005 A a4 % L
DCIM cz i

10X 200mv/ 10X 200mV/| 50.0ns/ 200mVy 50.0ns/ 200mV/. 500ns  500ns/div Stop 250mV

Ful 000V FULL 0,00V 34 0rs 000V 364.0ns 000V S00kpts  10.065a/s Pulse  Negative

» EL_23: Hosts transmitting two packets in a row must have an inter-packet gap of at least 88 bit
times and not more than 192 bit times. Measure the time interval before and after two packets

are sent from the downstream port of the hub.
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400 0y 1
b S — 4
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RO ety 2500us 200%us L 500 1000us D500 G00s 0.500us 1.000us 1500w
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. = 28
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1
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1
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FULL 000V FULL  000W 17700 000V [1770ns 000V S00kpts  10.065a/s Pulse  Negative

» EL_25: The EOP for all transmitters’ packets (except SOFs) must be an 8 bit NRZ byte of
01111111.

® 0 a
¥ A 4 M
o — }
400 6
200 OrY. 4
jca i
2004mY.
-£000mY
H0D AmY
RO0 AmY 2500us 2400us 4 50dus 1.000us 05000 0.Diktus L 0.500us 1.000us 1.50dus
@®a
AX=21.10ns | 2= 264.70n5
1/4%- AT.393WHz |
I
I
|
1. — <
h
i !
i
I
- - S - e T N
B S e !
I
i
|
i
!
i
|
|
i
|
249 1505 254 1505 259150 264Xk 2601505 274150

<3 Timebase
5.00ns/ 200m¥/ 5.00ns/ 200m¥y/ -500ns

500ns/div Stop 250mV
254.15ns 0.0V 254.15ns _0.00V)

50.0kpts  10.06Sa/s Puise  Negative

=T
10X 200mv/ 10X 200mv/
FULL 0OV [FULL 0.00V]

» EL_55: Hosts transmitting SOF packets must provide a 40 bit EOP without bit stuffing. Measure
the number of EOP bits for SOF's packets sent from the downstream port of the hub, the test
metric is greater than 40bit.
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9.3 High-Speed DS Chirp Timing (EL_33, EL_34, EL_35)
9.3.1 Test Steps
Scope
Channel [ UsB

Hub Downstream

under test |

128 129
o] [Tel

VBUS
2=

J32

e D+, D-

Certified
HS Device = GND

A. J29 and J28 are the test points for D+ and D- signals, respectively. Connect the oscilloscope and
probe according to the configuration of the oscilloscope channel.
B. Use the cable to connect the oscilloscope USB interface and J13 to establish communication

between the oscilloscope and the USB signal board, and the Power light is on.
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C. The upstream port of the hub is connected to J10, if the enumeration is successful, the Init light
will be on, otherwise, please re-plug it. The downstream port of the hub under test is connected
to J33 using a short cable, and a high-speed device certified by USB 2.0 is accessed at J32.

D. Click the "Run Test" button in the "Run Test" column, the oscilloscope will automatically

complete the test.

9.3.2 Test Results Reference

» EL_33: Downstream ports start sending an alternating sequence of Chirp K’s and Chirp J’s within

100us after the device Chirp k stops.

@ 1a
v ¥
oL ———
ooy 4
2,000,
1500
1.000%
500y
B3 00 ] B - —
0500V 0.00ms 1.00ms 2P0 300ms £00ms 5,00ms E00ms 7.00ms 2.00me
@ a
4 H At=5.24us H
h 1/8%= 190 8kHz \
3,008
1 1
1 1
1 1
S00Y I 1 4
1 1
1 1
000 1 |
1 1
1 1
150 1 1
1 1
1 1
1000 1 H
I
X2= 1.84763ms
c ns.
I
nEaaY 194101 ms mqX1 1.9¢301ms 164401 me 194501 ms 1,04601ms 194701 ms (&  1.94801ms 104401 ms
1M < Timebase
10X 500mV/ 10X 500mV/ 1.00us/ 500mV/ 100us/ 500mV/| 400ms  1.00ms/dv Stop 2.50v
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» EL_34: Downstream port Chirp K and Chirp J durations must be between 40us and 60us duration,

the amplitude of chirp J and chirp K are measured simultaneously in this test item.
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oL ——
ooy 4
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3,008
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006v
1501
1,000
7 5364ms 7 5464ms 7.5564ms 7E664ms 7 5F64ms 7 58k4ms 7 E96ams 7 6064ms 7 BL6ms
o1 = Timebase
10K 500mV/ 10X 500mV/| 10.0us/ S00mV/ 10.0us/ 500my| 400ms  1.00ms/dv Stop X
FULL 15OV FULL 150V 7.5764ms 150V 7.5764ms 1.50V) 100Mpts  10.068a/s Edge Falling
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[e1] =0 1] Timebase Trigger cio
10K 500mV/ 500mV/ 20.0us/ 500mY/ 10.0us/ smw 400ms  1.00ms/div Stop 2507
FULL 150V FULL 150V 7.5764ms 150V 7.576dms 100Mpts  10.06Sa/s Edge Falling

» EL_35: Downstream ports must begin sending SOF’s no sooner than 100us and no later than
500us from transmission of the last Chirp (J or K).
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9.4 High-Speed DS Suspend Resume (EL_38 EL_39, EL_41)

9.4.1  Test Steps

Scope

Channel [ UsB

Hub Downstream

under test |

128 129
o] [Tel

J32

e D+, D-

Certified
HS Device = GND

A. J29 and J28 are test points for D+ and D- signals, respectively.

B. Use the cable to connect the oscilloscope USB interface and J13 to establish communication
between the oscilloscope and the USB signal board, and the Power light is on.

C. The upstream port of the hub is connected to J10, if the enumeration is successful, the Init light
will be on, otherwise, please re-plug it. The downstream port of the hub under test is connected
to J33 using a short cable, and a high-speed device certified by USB 2.0 is accessed at J32.

D. Click the "Run Test" button in the "Run Test" column, the oscilloscope will automatically

complete the test.

9.4.2 Test Results Reference

» EL_38: Adevice must revert to full-speed no later than 125us after there is a 3ms idle period on
the bus (3.000ms <=t <= 3.125ms). Measure the time interval from the last SOF's at high speed
to suspend.

» EL_39: A device must support the suspend state.

int.siglent.com 83



USB 2.0 Electrical Compliance Test User Manual

[
-
oy I N
b saav
o — 4
[Lsagy.
Doy
L —
2 ‘!‘ L l l e I | !_
0 S0 -3500ms -3000ms -2 300ms -2000ms -1.500ms -1 000ms D500ms 0.000ms 2.500ms
] ERE)
8- 3.000ms M
1/A%= 333.20Hz |
3 000v o R
2 500%
2,000+ q
1500w
1 000w
NERNEEN
ﬂi:;mkf+,.l, - | —
| I I
Lo so 2500ms 2000ms 2.500ms 2 000ms o500ms e o.500ms
Timebase Triggor X
10¢ L'50ms  S00us/div Stop 2.00¢
FULL 50.0Mpts 10.063a/s Edge Rising

» EL_41: After resuming a port, the host must begin sending SOF’s within 3ms of the start of the
idle state.
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9.5 High-Speed DS Not Driven Voltage Levels (EL_8, EL_9)

9.5.1 Test Steps

Scope

Hub Downstream | Channel H USB ‘
under test 1

12 13

D+EOlD-

S
J A 37

| ofl 5 5 B
i i -~

A. Use two SMA cables to connect J41 and J42 to the configured D+ and D- channels.

B. Use the cable to connect the oscilloscope USB interface and J13 to establish communication
between the oscilloscope and the USB signal board, and the Power light is on.

C. The upstream port of the hub is connected to J10, if the enumeration is successful, the Init light
will be on, otherwise, please re-plug it; the downstream port of the hub under test is connected
to J43 using a short cable.

D. Click the "Run Test" button in the "Run Test" column, the oscilloscope will automatically

complete the test.

952 Test Results Reference

» EL_8: The voltage measured of J/K not driven should be 360mV to 440mV.
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400.1
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00.

400us 300us -200us 1004 0.90us 1.00us

Ci ] | C2 BT Timebase

“200mv/ [ 200myy| 0.00s  1.00us/div Stop 200mV.
FULL 0,00 FULL 0.00v| 100kpts  10.0GSa/s Edge Faling

» EL_9: When either D+ or D- is not being driven, the output voltage must be 0V+20mV when
terminated with precision 45 ohm resistors to ground. This item measures the D+ and D- voltage

values in the SEO state.

_ ®@oa
500.1,
40,1
A 4
00 4m
200
£00 1V +00us 360us -20us 100us 0.00us 1.0%us 2 300us 0
[ Timebase
= 200mv/ [ 200mV/ 000s  1.00us/éiv Stop 200mV
FULL GO0V FULL  0.00¥ 100kpts  10.06Sa/s Edge Faliing
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9.6
9.6.

High-Speed DS Repeater (EL_42, EL_43, EL_44, EL_45, EL_48)

1 Test Steps

Scope

—
Channel USB

Hub under test m————

[ -3
Test 3
Init €3

D- 1@ D+
e 2 GHz Differentia

Probes

128 J29

Certified
HS Device — D +

When using differential probes, J1 corresponds to the repeater upstream test point and J27
corresponds to the repeater downstream test point; when using single-ended probes, J4 and J3
correspond to the D+ and D- of the repeater upstream test point, and J29 and J28 correspond to
the D+ and D- of the repeater downstream test point; connect the probes in accordance with the
previous oscilloscope channel configuration.

Use the cable to connect the oscilloscope USB interface and J13 to establish communication
between the oscilloscope and the USB signal board, and the Power light is on.

The upstream port of the hub is connected to J10, if the enumeration is successful, the Init light
will be on, otherwise, please re-plug it; the downstream port of the hub under test is connected
to J33 using a short cable, and a high-speed device certified by USB 2.0 is accessed at J32.
Click the "Run Test" button in the "Run Test" column, the oscilloscope will automatically

complete the test.

9.6.2 Test Results Reference

>

EL_42: Hub repeaters must not truncate more than 4 bits from a repeated SYNC pattern.

Measure the difference between the number of bits in the SYNC field of the upstream port and
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the downstream port of a packet that passes through the hub; the difference between the two

must not be greater than 4 bits.

[
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-200 e
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RNO NIy -2 500us -Z0C0us -1 300us -1.000us - .gt:('us 0.500us 1.000us 1.500us
.o - 138608
‘ o T
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I
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|
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| \ | 1 \
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- I v
I
I
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o Y W W — Eena oy s so
e i e e e e S

» EL_43: Hubs must no corrupt any repeater bits of the SYNC field. Measure the SYNC field at the

downstream port of the hub, test metric >= 12bit.

.500us 1.000us 1.500us

==t

; =

125708 13538 145,708
EE 22— Timebase
10 200mV/ A0 200mV/| 10.0ns/ 200mV/ 10.0ns/ 200V -500ns spiv Stop 2500V
FULL 000V FULL  0.00v1057es  0.00V 105.7ns  0.00V S0Okpts  10.08Sa/s Puse  Negatve

» EL_44: Ahub may add at most 4 random bits to the end of the EOP field when repeating a packet.
Measure the difference between the number of downstream port EOP bits and the number of
upstream port EOP bits of a packet after it passes through the hub, which must not increase by

more than 4 bits.
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» EL_45: A hub must not corrupt any of the valid EOP bits when repeating a packet. Measure the

EOP of the downstream port of the repeater with a test metric >= 8bit.
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» EL_48: A hub repeater may not delay packets for more than 36 bit time plus 4ns. The delay is

measured from the beginning of the end of the hub's input data SYNC field to the end of the

output data SYNC field up to the end of the output data SYNC field, and the time interval between

the two cannot exceed 36 bits + 4ns.
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9.7 Full-Speed DS Signal Quality
9.7.1  Test Steps
Scope
FS S5m HS 5m HS 5m HS 5m
Hub Hub Hub Hub === Hub Under Test Channel USB
1 1 2 3
5m Short Cable
& &
° 19 J20
um o 5 0 [l
D D+@TID- B PN
. . Jp1 o4O J22 127 2 GHz
g E " ! A\ 0- Celo+ Probes
: E I.“.|
E oo
£ GSIGLENT
o USBTF_SQ
% SDYB.007.441A %
= D+, D-
Certified = GND

FS Device

A. J29 and J28 are test points for D+ and D- signals respectively.

B. Use the cable to connect the oscilloscope USB interface and J13 to establish communication
between the oscilloscope and the USB signal board, and the Power light is on.

C. Connect J33 to the downstream port of the hub under test via a short USB cable.

D. Between J10 and the upstream port of the hub under test follow the wiring diagram to access the
full-speed hub, as well as three high-speed hubs, all connected using 5m cables.

E. The J32 accesses full-speed devices that have been officially certified.
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When performing this test, please try to connect all self-powered hubs to an external power
supply to avoid the test failing due to insufficient power supply to the multi-stage hub connections
under bus power.

Click the "Run Test" button in the "Run Test" column, the oscilloscope will automatically

complete the test.

9.7.2 Test Results Reference

The full-speed signal quality of the hub DS port has the following test items:

>

v

Measure the EOP width of the full-speed packet, which is required to be in the range of (1.92+1)

bit to (2.1+1) bit.

Measure the voltage amplitude of D+ and D- cross point, which is required to be between 1.3V
and 2V.

Measure the signal speed of the full-speed packet, which is required to be between 11.97 MHz
and 12.03MHz.

Measure the D+/D- rise and fall time at full speed, which is required to be between 4ns and 20ns.

@l ]

Measure the edge monotonicity of full-speed signal, which is required no backhooks greater than
500mV exist at its edges.
Measure the J/K jitter additionally, and the edge width of the eye diagram is the degree of J/K

jitter.

20 Ons 30 Pre 00n: 00
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9.8 Low-Speed DS Signal Quality

9.8.1 Test Steps

Scope

FS om HS om HS om HS om
Channel USB
Hub Hub Hub Hub = Hub Under Test °

TOR Device

Short Cable
1 J20
2

\o
2
)
D+

& 'S
oHegD- )22 127 I 2 GHz
w

1
0- [Tel+
Probes

o

Certified = D+ D-
LS Device e GND

A. J29 and J28 are test points for D+ and D- signals, respectively.

B. Use the cable to connect the oscilloscope USB interface and J13 to establish communication
between the oscilloscope and the USB signal board, and the Power light is on.

C. The J33is connected to the downstream port of the hub under test via a short USB cable.

D. Between J10 and the upstream port of the hub under test follow the wiring diagram to access the
full-speed hub, as well as the three high-speed hubs, all connected using 5m cables.

J32 access to low-speed devices officially certified.

F. When performing this test, please try to connect all self-powered hubs to an external power
supply to avoid the test failing due to insufficient power supply to the multi-stage hub connections
under bus power.

G. Click the "Run Test" button in the "Run Test" column, the oscilloscope will automatically

complete the test.

9.8.2 Test Results Reference

The low-speed downstream signal quality of the hub has the following test items:
» Measure the voltage amplitude of D+ and D- cross point, the cross point voltage is required to
be between 1.3V and 2V.
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» Measure the EOP width of the low-speed packet, which is required to be in the range of (1.875+1)
bit to (2.25+1) bit.

S PR A LA

[
=
=
—

» Measure the signal speed of the low-speed packet, and its full-speed signal speed is required to
be between 1.4775MHz and 1.5225MHz.

» Measure the D+/D- rise and fall time at low speed, which is required to be between 75ns and
300ns.

» Measure the edge monotonicity of low-speed signal, which is required no backhooks greater than
500mV exist at its edges.

» Measure the J/K jitter additionally, and the rise/fall edge width of the eye diagram is the degree
of J/IK jitter.
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9.9 Drop(Self-Powered)

9.9.1 Test Steps

9.9.1.1 Test Environment Setup

Host and Hub Downstream

Scope under test Prots
Channel | USB | ' ' ' |
f P1 P2 P3 P4
. %5

127
D- [T 0+

128 129

=z
~[0
ﬂ

| P1 to J33 must be a short cable ’ e \/BUS
and other cables must be 1m —— GND
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A. J30 is the voltage test point for the port VBus under test, connect the probe according to the
channel configured before.

B. The hub's port under test is connected to J33 of the signal board via a 1m cable, J32 is connected
to the load board via a short cable, and the rest of the ports are connected to the load board via
1m cables. Next leave the hub in self-powered state.

C. Click the "Run Test" button in the "Run Test" column, the oscilloscope will automatically

complete the test.

9.9.1.2 No-load Test

Please turn the load board's twist switch to the center and click "Run Test" after observing the

waveform captured by the oscilloscope.

9.9.1.3 Test with Load

Please turn the switch of the load board to 500mA, and then click "Run Test" after observing the

waveform captured by the oscilloscope.

9.9.2 Test Results Reference

Measure the VBus voltage of the port under test (4.75V~5.25V) with no load connected to all ports of
the hub, and the VBus voltage of the port under test (4.75V~5.25V) with all ports connected to a
500mA load, respectively.

9.10 Drop (Powered by Bus)

9.10.1 Test Steps

Hub

Channel USB

)28 pri)
CXs) O#

| Any
| Wre
l | Pl to J33 must be a short cable

and other cables must be Im

— VBUS
- GND
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A.

J23 is the hub upstream port VBus test point and J30 is the hub downstream port VBus test point,
connect the probes according to the channels configured before.

Find a normally powered host that is connected to signal board J25, the hub upstream port is
connected to signal board J24, and the S3 twister switch on the signal board is toggled to the Init
position with the host powering the hub.

The hub's port under test is connected to J33 of the signal board via a 1m cable, J32 is connected
to the load board via a short cable, and the rest of the ports are connected to the load board via
1m cables.

The twist switch on the load board is toggled to 100mA.

Click the "Run Test" button in the "Run Test" column, the oscilloscope will automatically

complete the test.

9.10.2 Test Results Reference

Under bus power supply, if the load of the hub is 100mA, the voltage range of its upstream port is
required to be 4.75V~5.25V, and the bus voltage of the downstream port is 4.40V~5.25V, and the

voltage drop of both is required to be less than 350mV.

9.11 Droop

9.11.1 Test Steps

Scope Host and Hub Downstream
— under test Prots

P2 P3 P4

’ Pl to J33 must be a short cable
and other cables must be Im

Use a 1m cable to connect the test port P1 (as shown in the figure) to the signal board J33; use
a short cable to connect the signal board J32 to any of the loads on the load board; use a 1m
cable to connect port P2 next to the test port to the USB signal board J17; and use a 1m cable
to connect the remaining ports to the USB load board.

For the loads used on the USB load board, turn its twist switch to 100mA.

96
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C. Use the cable to connect the USB signal board J13 and the oscilloscope, the Power light is on.
D. Click the "Run Test" button in the "Run Test" column, check whether the cable connection is the
same as the pop-up window, click "OK", the oscilloscope will start to capture waveforms.

9.11.2 Test Results Reference

Transient voltage drop of the port under test is required to be less than 350mV.

|y 8000 S00us 200us 2004 001 20 us 40.8us & Ous £ Dus

M o Timebase
10K L00v/ 20X 1.00V/ 000s  20.0us/eiv Stop Le8v
FUL  -300V FULL  -3.00¥ 2.00Mpts  10.065a/s Edge Rising
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10 Hub Upstream Facing Port

When performing USB 2.0 hub upstream facing port-related tests, please set up the compliance test
function correctly according to the test requirements.

10.1 High-Speed US Signal Quality (EL_2, EL_6, EL_7, EL_46)

10.1.1 Test Steps

Scope

| Channel | USB |

[ Device or Hub
upstream under
test

|
1000
)4 13 EE%]
D+[®TJ|D- o
IE _J7

[t

A. Use two SMA cables to connect J8 and J7 to the D+ and D- channels configured before. J13
establishes communication with the oscilloscope through the cables and the Power light is on.

B. Access the upstream port of the hub under test in J10, if it is successfully enumerated, the Init
light will be on, if the Init light is not on, please re-plug the hub under test.

C. Click the "Run Test" button in the "Run Test" column, the Init light will go out and the Test light

will go on, and the oscilloscope will automatically complete the test.

10.1.2 Test Results Reference

» EL_2: AUSB 2.0 high-speed transmitter data rate must be 480 Mb/s+0.05%.
» EL_6: AUSB 2.0 HS driver must have 10% to 90% differential rise and fall times of greater than
300 ps.

» EL _7: A USB 2.0 HS driver must have monotonic data transitions over the vertical openings
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specified in the appropriate eye pattern template which is less than 50mV.
» EL_46: The hub upstream ports are tested using eye diagram template 1, with test point at TP3.
All of the above test items are performed together, and perform near-end eye chart analysis after

specific waveforms are captured.

E

0.000us £.200u: 0.400us 0,560 0.800us

int.siglent.com 99



USB 2.0 Electrical Compliance Test User Manual

10.2 High-Speed US Packet Parameters (EL_21, EL 22, EL_25)

10.2.1 Test Steps

Scope
| Channel | USB |
"-.Device or Hub .\
upstream under
test
Al
E; 2 GHz 2 GHz
E Probe Prﬁbe
= w

GND
[=0]

[&T
J4

D+[®]D-
J
o= e D+, D-

e GND

=

[

A. For "Single Ended", J4 and J3 are the test points for D+ and D- signals respectively, and for
"Differential Probe", the test point is J1. J13 establishes communication with the oscilloscope

through the cable, and the Power light is on.
B. Access the upstream port of the hub under test in J10, if it is successfully enumerated, the Init

light will be on, if the Init light is not on, please re-plug the hub under test.
C. Click the "Run Test" button in the "Run Test" column, the Init light will go out and the Test light

will go on, the oscilloscope will automatically complete the test, and the test results will pop up

after the test is finished.

10.2.2 Test Results Reference

» EL_21: The SYNC field for all transmitted packets (not repeated packets) must begin with a 32
bit SYNC field. The number of SYNCs at the beginning of the device answer packet is measured

in this item.
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» EL_22: When transmitting after receiving a packet, hosts and devices must provide an inter-
packet gap of at least 8 bit times and not more than 192 bit times(16.64ns~399.36ns). The
oscilloscope displays two packets, measuring the time interval between the first packet (sent by

the host) and the second packet (sent by the device).
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S00kpts  10.065a/s Pulse  Negative

» EL _25: The EOP for all transmitters’ packets (except SOFs) must be an 8 bit NRZ byte of

01111111.
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1
1
1
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564,950 568,950 [R] 504,95 (&) sswe a5
[Co = Timebase
10X 200my/ 10K 200mV/| 5.00ns/ 200mv/ 5.00ns/ 200mV/| -500ms  500ns/dv Stop 250my
FULL 0.00V [FULL 0.00V 579.95ns 0.00V 579.95ns  0.00V| 50.0kpts  10.0GSa/s Pulse Negative

10.3 High-Speed US Chirp Timing (EL_28, EL_29, EL_31)

10.3.1 Test Steps

Scope
| Channel | USB |
[ Device or Hub
upstream under
test
r

[
!

5
=l
B
o
2lel=

—A

[o=]

& @0 [e
a, Ja J3
&=
J8

D+. D-
e GND

A. J4 and J3 are the test points for D+ and D- signals respectively. J13 establishes communication

with the oscilloscope through the cable and the Power light is on.
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B. Access the upstream port of the hub under test in J10, if it is successfully enumerated, the Init
light will be on, if the Init light is not on, please re-plug the hub under test.

C. Click the "Run Test" button in the "Run Test" column, the Init light will go out and the Test light
will go on, the oscilloscope will automatically complete the test, and the test results will pop up

after the test is finished.

10.3.2 Test Results Reference

» EL_28: Devices must transmit a chirp handshake no sooner than 2.5us and no later than 6.0ms

when being reset from a suspended state.

@
7
Y.
2500 4
gocy.
pmacy 4
1.000V.
soev.
[C2es - —
o500 agms 1000 200 300ms +00ms 500 600ms 7 00ms 500ms
bl
h /A 193 1hitr
sa0v 4

e T

500V,
— 1808
& X=00s !
1A Silus 0.50us L1595 2505 2.50us 4505 E5us B50us
= | - T -
A6K | sonmey BOCT  soowyy| 100us/ s00mY/ LO0S/ 5Dnmv/ 5o 100ms v Stop 2500
FULL 150V FULL 150V 25%s 150V 2.59us 100Mpts  10.0GSa/s Edge Faling

» EL_29: The chirp handshake generated by a device must be at least 1ms and no more than 7ms

in duration.

R E— Mﬂ,ﬂﬂﬂﬂ@ﬂﬂmmﬂﬂmﬂmwmmmmmmmw

1004 am: s a0 6,00 7 0ms B.00m:
bl
1 AX- 1.908r H
h /A0 524,00 f
-1 1
1 |
f00Y. ] H
S0 i 1 4
] 1
] 1
1 1
] 1
1 1
s00Y I 1
] 1
] 1
1 1
! |-
| ’—‘ H 1
Ll AT A A
= = Bus. | e e e e Badl
' 1
oxi] oo 1.000r 1501 o 0o 2.000m: o
i @ Timebase
10 500MV/ A0K  S00MNV/| S00us/ 500MV/ 500Us/ SOV 5o 100ms v Stop 2500
FULL 150V FULL  -150v| 1500ms 150V 1.500ms 150V 100Mpts  10.0GSa/s Edge Faling

» EL_31: During device speed detection, when a device detects a valid K-J-K-J-K-J sequence, the
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device must disconnect its 1.5K pull-up resistor and enable it high-speed termination within 500us.

[ )]

- 1ﬂ[ﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬁﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬁﬂ1ﬂﬂﬂﬂﬂﬂ

@ 3 dQ
4
22 Ees 2173423 H
RN
10X 500mV/ (103 500mV/| 200ns/ S00mN/ 2.00s/ S00MY) 400ms  1.00ms/dv Stop 2507
FUL 150V FULL  -L50V| 247342378050V 247342378060V 100Mpts  10.06Sa/s Edge Falling

10.4 High-Speed US Suspend Resume (EL_38 EL_39, EL_40 EL_41)

10.4.1 Test Steps

Scope

Channel | UsB |

[ Device or Hub
upstream under
test

D+. D-

e GND

A. J4 and J3 are the test points for D+ and D- signals respectively, connect the probes according to
the configured oscilloscope channel; J13 establishes communication with the oscilloscope

through the cable, and the Power light is on.
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B. Access the upstream port of the hub under test in J10, if it is successfully enumerated, the Init
light will be on, if the Init light is not on, please re-plug the hub under test.

C. Click the "Run Test" button in the "Run Test" column, the Init light will go out and the Test light
will go on, the oscilloscope will automatically complete the test, and the test results will pop up

after the test is finished.

10.4.2 Test Results Reference

» EL_38: Adevice must revert to full-speed no later than 125us after there is a 3ms idle period on
the bus (3.000ms <=t <= 3.125ms). Measure the time interval from the last SOF's at high speed
to suspend.

» EL_39: Adevice must support the suspend state.

» EL_40:Ifadeviceis in the suspend state, and was operating in high-speed before being suspend,
then the device must transition back to high speed operation within two bit times from the end of
resume signaling.

P EL_41: After resuming a port, the host must begin sending SOF’s within 3ms of the start of the
idle state.

Note: The EL_40 test item is a poorly defined measurement of low level from suspend to high speed,

so only EL_41 is measured.
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| 1 ) A

@9
AX= 125 2us

!
i
i
|
1
i
i
i
i
i
i
i
1
i
i
i
i
X100 = = T — -t
i

|

| €2 } 1M | 22 | Timebase Trigger 2 ¢
10X 500mV/ 10X 500mV/ 20.0us/ 500mV/ 20.0us/ 500mV/ 1.50ms. 500us/div Stop 2.00v
FULL 1.50v FULL 1,50V 62.6us 1.50V 62.6us 150V 50.0Mpts  10.0GSa/s Edge Falling

10.5 High-Speed to Reset (EL_27, EL_29, EL_31)

10.5.1 Test Steps

Scope

Channel | USB

| Device or Hub
upstream under
test

D+. D-
e GND

A. J4 and J3 are the test points for D+ and D- signals respectively, connect the probes according to
the configured oscilloscope channel; J13 establishes communication with the oscilloscope
through the cable, and the Power light is on.

B. Access the upstream port of the hub under test in J10, if it is successfully enumerated, the Init
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light will be on, if the Init light is not on, please re-plug the hub under test.

C. Click the "Run Test" button in the "Run Test" column, the Init light will go out and the Test light
will go on, the oscilloscope will automatically complete the test, and the test results will pop up
after the test is finished.

10.5.2 Test Results Reference

» EL_27: The response time of reset from the non-suspended state in high speed is measured
from the last SOF's of the high-speed to the time of the chirp K generation which is a time interval

of 3.1ms~6ms. This section additionally measures the amplitude of the chirp K (720mV to

@ ]
B
3.000¥
2500V
2000V
Ls0gy
L00av
il | ‘ | | |
B B00ms £00ms i n 2.00m, =
% | - i
fa ! = 3586ms '
h 1/8%- 280, \
| |
1 1
. 1 1
500 |
1 1
1 1
00 |
1 1
1 1
1 1
1 1
1 1
1.000 |
1 1
\ X2m 006 e t—
0.500v 1
X1=-3.568ms :
i
o = I Trgor canc
106 SO0mV/ 10X 500MV/| 500us/ SODMY/ 500us/ SO0V 0005 2.00ms/dv Stop 300mY
FUL LSOV FULL  -L50V|-L785ms 15OV 1.7B5ms 150V 200Mpts  100GSa/s Pulse  Negative
B
3.000¥
2500V
2000V
Ls0gy
L00av :
D500% | ‘ | | H ‘
B B00ms £00ms i 400ms 200
i v
500
500
900
e 3 Thgger  caoe
10 SO0mV/ 10X 500MV/| 500us/ SODMY/ 500us/ SO0V 0005 2.00ms/dv Stop 300mY
FUL LSOV FULL  -L50V| 1.000ms 150V 1.000ms 150V 200Mpts  100GSa/s Pulse  Negative

» EL_29: The chirp handshake generated by a device must be at least 1ms and no more than 7ms

in duration. This section additionally measures the number of J/K number pairs (at least 3)
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produced by the device.
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1
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|
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1
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I
|
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i

W 5oy -1 000ms 2 500ms R s 0.500ms 1.300ms

5 = g &
200 s00mV/ S00MV/| 00us/ 500MV/ 500Us/ SO/,
FULL 150V FULL  -150v/ 100Dms 150V 1.000ms 150V

2000%

2500%

B s O L S SR

Lsany

L508ms s 2.500ms 3000ms
..... 200
oo 2.00ms fdiv smp 300mV
200Mpts  10.0GSa/s Pulse  Negatwe

1.000%

,I‘i]l]nnmnm||u|uu|1u||nu|m]|u|||||m

o £00ms £00ms D0 200ms 8,00ms

AN 252,98

1/A)k= 3.95484Hz

|
I
|
|
|
|
1
i
|
|
|
|
.
"
I
|
I < =
.50V, u L
Rm— = et
& " X=20028ms

.*- s 18755 m: 20255 ms 2,0785m: 2.1205ms

mu 5mnw; ﬁ 5mmv; Bnﬂus/ 5mmv,1 Fus/ 5numw

200
oo 2.00ms fdiv smp 300mV
200Mpts  10.0GSa/s Pulse  Negatwe

» EL_31: During device speed detection, when a device detects a valid K-J-K-J-K-J sequence, the

device must disconnect its 1.5K pull-up resistor and enable it high-speed termination within 500us.
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£00ms
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I !
1 ]
]
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1 ]
b
Pl
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Ll
1 1
1 ]
1l
Pl
| 57002
¥
1 T
1 ]
o E T — —— S - — |
- Xz 2587088ams |1
i
x - . y Mg :
% ——— 3 Timebase Trigor c20c
10X 500mv/ 10K 500MV/| 2.00ns/ S0DMNV/ 2.00ns, S0GTV/ 0005 2.00ms/di Stop 3000V
FUL LSOV FULL  -LS0V| 22557089050V 2.255708330E0V 200Mpts  10.0GSa/s Pulse  Negaiive

10.6 Suspend to Reset (EL_28, EL 29, EL_31)

10.6.1 Test Steps

Scope

Channel | USB

| Device or Hub
upstream under
test

D+. D-
e GND

A. J4 and J3 are the test points for D+ and D- signals respectively, connect the probes according to
the configured oscilloscope channel; J13 establishes communication with the oscilloscope
through the cable, and the Power light is on.

B. Access the upstream port of the hub under test in J10, if it is successfully enumerated, the Init
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light will be on, if the Init light is not on, please re-plug the hub under test.
C. Click the "Run Test" button in the "Run Test" column, the Init light will go out and the Test light
will go on, the oscilloscope will automatically complete the test, and the test results will pop up

after the test is finished.

10.6.2 Test Results Reference

P EL_28: Devices must transmit a chirp handshake no sooner than 2.5us and no later than 6.0ms
when being reset from a suspend state. This section additionally measures the amplitude of the

chirp K (720mV to 880mV).

3.000v
200y
2000v
L1500y, . . N B . . .
1.000%

0500,

o500V £00ms 500ms S £00ms 200ms 04bms 2,00ms 400ms A 500ms

L I

XL 0.52us 1.92us 2.92us 3.92us 4.92us 5.92us £.92us [X&]2us

[ C> < Timebase
10X 500mV/ 10X 500mV/ 1.00us/ 500mV/ 100us/ 500mV/| 0.00s  2.00ms/dv Stop B0OMY
FUL 15OV FULL 150V 392us 15OV 392us 150V 200Mpts  10.068a/s Edge Faling

T

o Enay £00ms £ 00ms L 4 Bllms -200ms

L e s D L .

1Mnnnnnnanman

0.955ms 5 #98ms ©.005m: 0.508ms 1005ms 1.505ms 2.005ms o 3.005m:
oCIM [ Timebase

10X 500mv/ 10X 500mM/| 500us/ 500mY/ 500us/ S00mV/ 0. 2.00ms/div Stop 800V

FULL 150V FULL  -150v] 1005ms 150V 1005ms 150V 200Mpts  10.06Sa/s Edge Falling

» EL_29: The chirp handshake generated by a device must be at least 1ms and no more than 7ms
in duration. This section additionally measures the number of K/J pairs (at least 3) after a suspend

reset.
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0 5oy £0ms £00ms 1S +b0ms Z0ms [ 280ms 40ms 4 B.00ms E00ms

Lo 5oy o 85w X ms 0505ms 1.005ms 1.505wms Diims 2.505ms 3.005ms

38ms
coo I eI c

10K 500m¥/ 10K 500mV/| 500us/ 500mV/ S00us/
FULL -1.50V FULL -150v 1.005ms 150V 1

T
0008 2.00ms/div sn?f; BOOMV
200Mpts  10.006Sa/s Edge Falling

|
ol \ BN 1y

D0y £00ms £ 00ms L 4 Bllms -200ms 0.0 2fors 4.00ms i 6005 B.00ms

L

[l

- 252.9u8
1/AX= 3.9546kHT

20885 21345 2845w 2235w 2a2m45ms 23350
Timebase Trige
000s  2.00ms/div Stop
200Mpts  10.006Sa/s Edge

E00mY, 80OmY
FULL 150V FULL Falling

» EL_31: During device speed detection, when a device detects a valid K-J-K-J-K-J sequence, the

device must disconnect its 1.5K pull-up resistor and enable it high-speed termination within 500us.
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[
[
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| Ix2= 226088743
[ 4
500V, L
[ e
[
b o _ _ S o 1] —
o 600 . . - I N— S — —
L xiasenessses |- T
" 220088 22608908 Eat aws  cawmes 2210 2

o2 Timebase
10X 500my/ 10X 500mV/| 2.00ns/ 500mV/ 2.00ns/ S00mV/ 0.00s 2.00ms/div Stop BOOMV
FULL -1.50V FULL 150V 22608871808V 2 260887 18nEV 200Mpts  10.0GSa/s Edge Falling

10.7 High-Speed US Not Driven Voltage Levels (EL_8, EL_9)

10.7.1 Test Steps

Scope

| Channel || USB |

Device or Hub
upstream under
test

)
§100
I IE] EE%]
D+[®TJD- o
I J

o= |
(=] =]

[ =

A. Use two SMA cables to connect J8 and J7 to the D+ and D- channels configured before. J13
establishes communication with the oscilloscope through the cables and the Power light is on.

B. Access the upstream port of the hub under test in J10, if it is successfully enumerated, the Init
light will be on, if the Init light is not on, please re-plug the hub under test.

C. Click the "Run Test" button in the "Run Test" column, the Init light will go out and the Test light

will go on, the oscilloscope will automatically complete the test.
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10.7.2 Test Results Reference

» EL_8: The voltage measured of J/K not driven should be 360mV to 440mV.

-
= mwm 200mV/ Mot 1.00us/div Stop 200mV
FULL 0.00V FULL 0.00v 100kpts  10.0GSa/s Edge Falling.

Voltage of J when the upstream is not driven
- ®

4
s = e e e e = S
= 200mv/ | 200mV/ Mot 1.00us/div Stop 200mV
FULL 0.00V FULL 0.00v 100kpts  10.0GSa/s Edge Falling.

Voltage of K when the upstream is not driven

» EL_9: When either D+ or D- is not being driven, the output voltage must be 0V 4+20mV when
terminated with precision 45 ohm resistors to ground. This item measures the D+ and D-

voltage values in the SEO state.
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4004 380us -200us 4 00us 0.00u 1.02us

o — Timebase
200mv/ 200mV/ 0005 1.00us/dv Stop 200my
FULL 0.00V [FULL 0.00V| 100kpts ~ 10.0GSa/s Edge Falling.

Voltage of SEO_NAK in upstream

10.8 High-Speed US Repeater (EL_42, EL_43, EL_44, EL_45, EL_48)

10.8.1 Test Steps

Scope
—1
Channel USB
Hub under test
— 4
—A—
D- [1@] 0+ A .
2 GHz Differentia
Probes
128 J29
VBUS
o=
— D
Certified
HS Device = D+

A. When using differential probes, J1 corresponds to the repeater upstream test point and J27
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corresponds to the repeater downstream test point; when using single-ended probes, J4 and J3
correspond to the D+ and D- of the repeater upstream test point, and J29 and J28 correspond to
the D+ and D- of the repeater downstream test point; connect the probes in accordance with the
previous oscilloscope channel configuration.

B. Use the cable to connect the oscilloscope USB interface and J13 to establish communication
between the oscilloscope and the USB signal board, and the Power light is on.

C. The upstream port of the hub is connected to J10, if the enumeration is successful, the Init light
will be on, otherwise, please re-plug it; the downstream port of the hub under test is connected
to J33 using a short cable, and a high-speed device certified by USB 2.0 is accessed at J32.

D. Click the "Run Test" button in the "Run Test" column, the oscilloscope will automatically

complete the test.

10.8.2 Test Results Reference

» EL_42: Hub repeaters must not truncate more than 4 bits from a repeated SYNC pattern.
Measure the difference between the number of bits in the SYNC field of the upstream port and
the downstream port of a packet that passes through the hub; the difference between the two

must not be greater than 4 bits.

600.0my

4 -
400.0mY.
200,0m¥ i
B
200y
<5 e
250m 2 poms 2 300 2 g0ms 0 50 00

[
A% 144.0ns X2=T126ns
1/A%= £.9402MHz

i
1
i
1
RO O 560,605 580,05 B0 fns 620,605 B40,Ens 660605 680,605 700,505 720
Timebase

£
§ H
Z

sEi &
6K zommey HOCT 200mY;)| 20 0ns/ 200my, BN/ 200m7 Soons soon
[L 000V FULL  000v| 406ns - 0,00V 540 6me 0001 S00uis 10,005

@

s Puse  Negatve

» EL_43: Hubs must no corrupt any repeater bits of the SYNC field. Measure the SYNC field at the

upstream port of the hub.
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RN Nty -2 500us Z200%us LU0 -1.000us £.500us 1.000us 1.500us
i EE)
4 | X 64608 1x2=712.608
| 1/ 15 48MHz ]
600.0mv ! !
i 1
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’ v f /
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s
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T 1/ | 1 7 ) 1 7 1 1 I \ I
[t =T &
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| 1
I 1
| ! I
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10(  200mv/ 10K 200mV/| 10.0ns/ 200my/ 100ns/ 200mv S00ns S00nsjdv Siop  250mV
FULL 0.00V FULL 0.00V) 680 3ns 000V 680.3ns 000V 50.0kpts  10.0GSa/s Pulse Negative

» EL_44: Ahub may add at most 4 random bits to the end of the EOP field when repeating a packet.
Measure the difference between the number of downstream port EOP bits and the number of
upstream port EOP bits of a packet after it passes through the hub, which must not increase by
more than 4 bits.

@ 3 d
b4
K00 O
400.0mv
20.0my 1
&
200 My
400 B
H00 e
R e -2 500us 200%us -1 500us -1600us 5.500us 1.000us 150005
[
AX- 95.9ns
1/8%= 10.43MHz
4
.05 0 .5rs 700,50 720005 w0ons  [E 760505 780.0rs
[c1 ] [+] ocv] AN | 7> Timebase
10X 200mv/ 10X 200m¥/| 20.0ns/ 200mV; 20.0ns/ 200mV/. 500ns  500ns/div Stop 250mV
FULL 000V FULL  000¥7000ns 0.00V 700.0ns  0.00V S00kpts  10.065a/s Pulse  Negative

» EL_45: A hub must not corrupt any of the valid EOP bits when repeating a packet. Measure the
EOP of the upstream port of the repeater.
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» » EL_48: Ahub repeater may not delay packets for more than 36bit time plus 4ns. The delay is
measured from the beginning of the end of the hub's input data SYNC field to the end of the
output data SYNC field up to the end of the output data SYNC field, and the time interval between
the two cannot exceed 36 bits + 4ns.
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10.9 Full-Speed US Signal Quality

10.9.1 Test Steps

HS 5m FS 5m HS S5m Scope
Hub Hub Hub HS Hub 3
1 1 2 Channel USB

I Short cable I

D+[@T0-
n

ﬁmﬂg—gﬂm :

J28  J29
el
2

| | 5m TriggerD+,

Certified D+ D-
ertifie
ES Device Hub Under Test —— GND

A. J46 and J45 are the D+ and D- signal test points of the DUT respectively, and J29 is the signal
test point for trigger D+.

B. Use a cable to connect the oscilloscope USB interface and J13 to establish communication
between the oscilloscope and the USB signal board, and the Power light is on.

C. Take ahigh speed hub (HS Hub 3 in the figure), according to the value in "Port", the downstream
port of the corresponding position of the high speed hub is connected to J52 through a short
cable, and any other port is connected to J33 through a short cable.

D. The J10 and HS Hub 3 upstream ports are connected to the full-speed hub, as well as two high-
speed hubs according to the wiring diagram, all using 5m cables.

E. J32 is connected to a full-speed device that has passed the official USB certification, J51 is
connected to the DUT, and S2 is dialed to "Device ON".

F. When performing this test, please try to connect all self-powered hubs to an external power
supply to avoid the test failing due to insufficient power supply to the multi-stage hub connections
under bus power.

G. Click the "Run Test" button in the "Run Test" column, the oscilloscope will automatically

complete the test.

10.9.2 Test Results Reference

The full-speed upstream signal quality of the device has the following test items:

» Measure the EOP width of the full-speed packet, which is required to be in the range of (1.92+1)
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bit to (2.1+1) bit.

» Measure the voltage amplitude of D+ and D- cross point, the cross point voltage is required to

be between 1.3V and 2V.
» Measure the signal speed of the full-speed packet, which is required to be between 11.97 MHz
and 12.03MHz.
» Measure the D+/D- rise and fall time at full speed, which is required to be between 4ns and 20ns.
Measure the edge monotonicity of full-speed signal, which is required no backhooks greater than

v

500mV exist at its edges.
» Measure the J/K jitter additionally, and the edge width of the eye diagram is the degree of J/K

jitter.
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10.10 Back Voltage

10.10.1 Test Steps

10.10.1.1 Test Environment Setup

Scope

| Channel | USB |

VBUS aa

[ Device or Hub |
upstream under
test

A. In the figure, J11 and J12 are VBus, D-, D+, and GND from left to right, so connect the probe
according to the configured VBus, D-, and D+ channels.

B. Click the "Run Test" button in the "Run Test" column and follow the pop-up window to complete
the test.

10.10.1.2 Voltage Test before Enumeration

If the device is self-powered, please connect it to an external power source, connect the DUT to the
J10 port, and click "Run Test".

10.10.1.3 Voltage Test after Enumeration

If the device is a self-powered, please connect it to an external power source, connect the DUT to

any normal USB port, make it enumerate normally, connect the DUT to J10, and click "Run Test".
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10.11 Inrush

10.11.1 Test Steps

10.11.1.1 Test Environment Setup

Scope

Channel | | USB |
1

Current Probe

J51 " Device or Hub |
ﬁ upstream under
test

A. Choose any normally powered USB port and connect it to J52 via a cable, and J50 connects to

the current probe.

B. After connecting the current probe, open the previously configured oscilloscope test channel,
manually configure the current probe multiplier of the channel according to the probe used, set
the channel setting to "200mA/div", select "Auto" for the trigger mode, and then perform the
probe's degaussing.

C. J51 accesstothe DUT, S2 twist switch to "Device ON", check whether the oscilloscope waveform
is upward, if not, it means that the probe is connected incorrectly, please flip the probe and then
access to J50.

D. Click the "Run Test" button in the "Run Test" column.

10.11.1.2 Inrush Current Test

A. J51is connected to the DUT, turn the S2 twist switch to "Discharge", wait for one or two seconds,
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and then unplug the DUT.

B. S2 twist switch to "Device ON".

C. Accessthe DUT at J51, observe the waveform captured by the oscilloscope and click "Run Test",
if the waveform captured by the oscilloscope differs greatly from the following reference waveform,
please check whether the wiring is correct and restart from step A.

s3 ySE20,

ERES 1.0

Timebase
DAV/A 500ma/ 80.0ms  20.0ms/div Stop 400mA
FULL 1.504 10.0Mpts 50.0MSa/s Edge Rising,

10.11.2 Test Results Reference

» Inrush current test results are calculated by taking the first L00mA as the starting point and 100us
after the last 100mA as the end point, and calculating the charge between the two, which is
required to be less than 50uC.

s3 ySE20,

ERES 1.0

Timebase
Oms  20.0ms/dv Stop 400mA

DAV/A 500ma/ 80/
FULL 1.504 10.0Mpts 50.0MSa/s Edge Rising,
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