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

Specifying the EquipmeBignal Quality Tests for High Speed Devices for
Upstream Testing

9 Tektronix digital oscilloscope

1 USB2SIGQUAL compliance test fixture
1 Two SMA cablegphase matched)

f HostPC

1 1meter USB 2.0 cable

Typical Equipment Set@ignal Qualitfests for High Speétlb(Upstream

Testing
Tekironix oscilloscope
- .
. EHCI
|- &)\
Test Mode P18
software & @ @
—ij INIT Port 7
(i
ALLION - |
Test fixture sy @ P25

Figure 1: Equipment Setup for Signal Quality Measurement

To setip the equipment for the High Speed Signal Quality test, follow these
steps:

1. Using the USB2SIGQUAL,; Set tH&W4 switch to the position not labeled
TEST.

2. Connect a standard USB cable between the Typ¢lBport (P18) and the
host PC port.




3. Connect a staratd USB cable between the TypeT&ST port (PT7) and the
Hub Under Test

4. Connect théwo SMA cables from CH1 and CH2 of the oscilloscope to the
SMA connections label P3 & P5.

5. Run the HighSpeed Electrical Test Tool software on the host PC
EHCI_HSETT main menu shown in figure below.

A EHCI HS Electrical Test Tool o]
~Select Type Of Test————— ~SelectHost Controller For Use In Testing
I Device FClbus 0, device 29, function 0 2 Ports

" Host Contraller/ System

TEST Exit |

Figure 2: High-Speed Electrical Test Toot Main Menu

6. Configure the device into the test mode from the host PC controller. Select
TEST_PACKET from thédub Command dropdown menu and click
EXECUTE.

EHCI HS Electrical Test Tool - Hub Test

|—Hub Selection | ~Hula Caontrol
Hub Command Address
el
Fart

Enumerate Bus

Downstrearn Devices

MNOMNE
1D Dxabc, PID 0x5800, Address 2, Port 8

|17
aotify

PARENT TEST_PACKET
DEVICE DESCRIPTOR
SET ADDRESS
- ENABLE WAKEUP
Downstrearn Device Cantral Address DISABLE WAREUR
SINGLE STEP SET FEATURE
NONE - i
= SINGLE STEP GET DEVDESC [Eturm To Mein

Figure 3: Test Device Packet




7. Set theswitch(SW4) to the TEST position. This will isolate the unit under
test while maintaining the bus power.
8. On the Tektronix scope, set your Math ahelrtoCh1 - Ch2

Math | MyScope | Analyz

Math Setup...

Display On/Off...
Position/3cale...

Label...

=
Ch1 - Gh2

Figure 4: Math Setup

9. Adjust the scope Horizontal scale so that one complete packet is displayed
FHe| Edit | Vertical ‘ Dlgllal‘ Hnr\ﬂAcq‘ Trig ‘ D\sp\ay‘ Eursnrs| Measura‘ Mask‘ Math ‘ M{Smpa‘ Anaw-ze| umms| Help ‘D Tait E‘
L AN ool ! o L L A L L L I L L L L L L

I

—

———

PRI R
(e 1omviaw 500 By1606 | g / 175mv

200ns/div 12.5GS/s 80.0ps/pt
Stopped

516 acqs RL:25.0k
D15-D0 Time Res: 80.0ps/pt
Man  July 22, 2011 10:18:39

Figure 5: Test Packets

10. Save Math waveform as a CSV (*.csv) or Tek Waveform (* Wion later

processing.




Selecting and Configuring Measurem&igsal Quality Tests for High Speed
Devices (Upstream Testing)

Launch USB Electrical Analysis Tool 2.0 (Download from USB.org)

11. From the application menu, select Device/Host SQ (tab).
'USBETZ[]—USEZ.O Electrical Test Tool 1.18.01 =hac g

Device/Host 5Q ]Hub D5 5Q ] Inrush Current

Signal Quality Data Path
| C:\Jsers\sharriso\Desktop

Signal Quality Data File

[ Browse

™ Summary File

Test Type
s
CFs
" HsFE
(+ HSNE

12. Select the Test Type:

1 HSNE (High Speed Near End)
13. Browse to the Math waveform saved from the scope.
14. Press Test.




Packet Parameter - Upstream
(EL_21, EL_22, EL_25)

Specifying the EquipmeRacket Parameter Measurement
The following equipment is needed for a Packet Parameter measurement:

Tektronix digital oscilloscope
Host PC

One differential probe

1 meter USB2.0 cable

= =8 =8 =4

Typical Equipment Setiqacket Parameter Measurement

Tekironix oscilloscope

Host with Application running

Test Mode Ferd +
software

Differential probe

Tes! fixture & . T

1
=== HUB Under Test

Figure 6: Equipment Setup for Packet Parameter Measurement
Test Fixture Setup
To set up the test fixture, follow these steps:

1. Setthe S6 switch to tHait position.

2. Connect the standard USB cable between the Device SQ In{iB@jtand
the host PC port.

3. Connect the A receptacle (marked DUT) from the Device SQ test}3dit
to the Hub.
Apply the power to the test fixture.
Apply the power to the Hub.

5.



6. Attach the differential probe near the device connector on the test fixture

(J31).

Oscilloscope Setup

7. Verify that SOFs (Start Of Frame packets) are being transmitted.
8. Go to scope trigger menu to trigger on:

a. Width: The EOP is required to be NRZ 01111111 without bit stuffing.

Since the only other traffic is
2.08ns = 4.56ns

b. Edge: Since we are measuring at the device, its amplitude should be

higher than from the host. Set the Edge trigger just below the nominal
voltage of 400mV

In the HS Electrical Test Tool applicaticselect SINGLE STEP SET
FEATURE from the Devic€ommand dropdown menu and click
EXECUTE once.

EHCI HS Electrical Test Tool - Hub Test

|—Hub Selection

| —Hub Control

MNOME
WID OxB087, PID Ox24, Address 1 8 Ports

TEST K |1
Enumerate Bus TEST_SEN_MNAK

Hub Comrmand Address

SINGLE STEF SET FEATURE [ig

NOME
TEST_J Port

Diowenstream Desvices

TEST_PACKET oty
SUSPEND

MOMNE

4|0 Dxabc, PID 0x5800, Address 2, Fort 8 RESET

RESUME

FARENT TEST_PACKET
DEYICE DESCRIFTOR
SET ADDRESS

~ Downstream Device Control ENABLE WAKEUP

Address DISABLE WAKEUR

HNOMNE

- I SINGLE STEP SET FEATURE o e
SINGLE STEP GET DEVDEsSC  |Pum ToMain

Figure 7: Device Single Step Set Feature

10. The oscilloscope capture should appear as follows:

SOFO6s .
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Figure 8: Device Packets

Thefollowing EL measurementare to be measured
11. High Speed Device: EL_21, EL_22, EL_25 (EORIlierPacket|&ll)

1 The synchronouskits (32) from the second paclket to be measured
This is EL_21: The SYNC field for all transmitted packets (not
repeated packets) must begin with &b82SYNC field.
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@iga) 200mV 21.1ns 27d4ns  48dns
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Preview

0acgs RL:50.0k
D15.00 Time Res: 80.0ps/pt
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Qi) 319.856ns
Q2 386.506ns
Qi) 66.65ns

QL) 15.004MHz

Figure 9: Sync Field- Device Packet

1 Transmitting after receiving a packet: EL_22 measures the inter
packet gap between the second (from host) and the third (from device
in response to the host) of at leasit&ilmes and not more than 192
bit times. As the signal is differential, the EOP can be a positive or a
negative pulse




1 The results consist of EL_25 EOP (End of Packet) width (number of
bits) for all transmitted packets (except SOFs) must be anN\g_zit
byte of 0111111111 without bit stuffing. Third packet on
oscilloscope

F\Ie‘ Edit ‘ Wertical | Digital ‘ HorinAcq| Trig ‘ Disn\a‘{‘ Cursors ‘ Measure ‘ Mask ‘ Math ‘ MVSI:ODE‘ Analyze| Ulihties‘ Help ‘B Tak B

e et

@82 200mv/div 500 By:16.0G ] Qi) 403.024ns m-wmm 400nsidiv 12.5GS/s 80.0psipt
Preview
200mV 14.8ns 298ns 446
\gey 200m ne fne AAone @ 421.089ns 0acqs RL:50.0k
QAL 18.085ns D15-00 Time Res: 80.0ps/pt
Qi 55.356MHz Man  July 22, 2011 12:22:20

Value Mean Min Max St Dev Count Info}
&2 Pos Wid" [16.69ns  [16.692n [16.69n  Jt66an o0 1.0 [ I

Figure 10: EOP in Device's Packet




12. In the HS Electrical Test Tool applicatiorlick STEP once.
13. The oscilloscope qaure should appear as follows:

F\Ie‘ Edit ‘ Vertical | Digital ‘ Hcr\z‘Acq‘ Trig ‘ D\sn\a‘{‘ Cursors ‘ Measure ‘ Musk| Malh| MYScoDe| Anal‘fze| Ulmlies‘ Help ‘B
L e L s B B I BB L S B B B B S B B B B

[-ZUHdeiv 500 By:16.06 ] Q@i 371.0ns m- Width

Qi) -100.8ns
Qi) 270.2ns
Qs 3.701MHz

400nsidiv 12.5GS/s  80.0ps/pt
Preview

0acqs RL:50.0k
D15-00 Time Res: 80.0ps/pt
Man  July 25, 2011 10:00:15

Figure 11: Single Step Set Feature Second Step

14. The results consist of EL_22 intpacket gap between the first (from host)
and the second (from device in respond t
oscilloscope.Thenumber of bis (8192) between the packedee to be
verified.




Chirp Measurement - Upstream
(EL_28,EL_29, EL_3))

Specifying the Equipme@hirp
The following equipment is needed to test Chirp measurement:

Tektronix digital oscilloscope
TDSUSBF compliance tefikture
Two Active singleended probes
Host PC

1 meter USB cable

=A =4 =8 =8 =9

Typical Equipment Set@hirp

Tektronix oscilloscope
with Application running

Figure 12: Equipment Setup for Chirp Measurement
To set up the equipment for the Chirp test, follow these steps:

1. Set the S6 switch to tHaeit position.

2. Connect the standard USB cable between the Device SQ In{)B@jtand
the host PC port.

3. Connect the A receptacle (marked DUT) from the Device SQ tes{}3dit
to the device under test.

4. Connect the singlended probes toLfand D+ on the test fixture pidS1.




Selecting and Configuring Measurer@hitp
5. Set the scope to trigger at 2.0 volts on the Falling edge of D+.

6. Inthe EHCI Electrical Test Tool, click Enumerate and observe the chirp

signal on the oscilloscope. This will resume the device from suspend state.
a. Instead of enumerating the device, an alternative method to generate the

chirp signal, is to disconnect aretonnect the Device Under Test to the

port

F\Ie‘ Edit | Vertical | Digital ‘ Hor\szcq| Trg ‘ D\sp\ay‘ Cursors ‘ Measure ‘ Mask ‘ Math ‘ MyScupe| Analyze| Unl\ties| Help |E| [IER4

(=) ()

&2y 500mV/div 5000 By:16.0G
@& 500mVidiv 500 By:16.0G
-Sﬂﬂm\l 500ps  -351ys 4.65ms
-Sﬂﬂm\l 500ps  -351us 4.65ms

1.0ms/div 500kS/s 2.0psipt
Preview

0acgs RL:5.0k
D15-D0 Time Res: 2.0ps/pt
Man  July 25, 2011 12:55:53

@ 1.0us
@& 1.484ms
@ 1.465ms
@B 682.594Hz

Figure 13: Device Chirp-K Latency (EL_29)

T The EL_238
port. The time should be between 2.5us and 6.0ms.

1 TheB 29
between 1.0ms and 7.0ms.
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Suspend Measurement
(EL_38, EL_39

Specifying the EquipmeBtispend Measurement
The following equipment is needed for Suspend measurement:

Tektronix digital oscilloscope
TDSUSBFcompliance test fixture
Two Active singleended probes
Host PC

1 meter USB cable

—m - _a _a _a

Typical Equipment SetQuspend Measurement

Tektronix oscilloscope
with Application running

Figure 14: Equipment Setup for Suspend Measurement
Test Fixture Setup

To set up the Device SQ in the test fixture for the Suspend test, follow these
steps:

1. Set the S6 switch to theit position.
2. Connect the standard USB cable between the Device SQ In{)B@jtand
the host P@ort.




3. Connect the A receptacle from the DvSQ test poifJ34) of the test
fixture to theHub Under Test.

4. Connect the singlended probes of the oscilloscope to the D+ angibs
(J31).

Selecting and Configuring Measurerserspend Measurement

5. Set the scope to trigger on the Rising edge®Y &f the D+ line. When
suspended, the D+ pulp resistor will bring the voltage to between B.8.6
volts.

6. Inthe HS Electrical Test Tool applicatiselect SUSPEND from the Hub
Command dropdown menu and click EXECUTE once.

HS Electrical Test Tool - Hub Test

B Hub Selection —Hub Control
MWOME Hub Command Address
WD 0=409, PID 0258, Addiess 1 4 Parts WONE j I 0
WOME Part
TEST I'J'_
TEST_K 1
Enumerate Bus | TEST_SEQ_MAK _
; TEST P&CEET I mtify
Dowsieam Devices [SUSPEND ——— p
MNOME RESUME
RESET
PAREMT TEST_PaCKET

r— Downstream Device Contral address

O3 [ EXECUTE | Rietuin To Main

Figure 15: Device Suspend

7. The captured suspend transition should appear as in the following figure.




Fne| Edit ‘ Vertical ‘ Digital ‘ HurlﬂAcq‘ Trig | Dlsp\ay‘ Cursors | Measure ‘ Mask | Math | MySl:upe‘ Ana\yze| ummu‘ Help |B Tak B
T T T T T T T T L

Q&2 500mvidiv 500 By:16.0G ] @il -3.075ms []-j‘z.ssv 400ps/div 5.0MS/s 200ns/pt
Stepped
500mV/div. 500 By:16.0G
L i @ +sus 1acqs RL:20.0k
QY 3.07ms D500 Time Res: 200nsipt

QA 325.712Hz

Man  July 25, 2011 10:49:57

Figure 16: Device Respond to Suspend from Higispeed

8. The result contains EL_38, which is the time intefuain the end of last SOF
packet issued by the host to when the device attached its full speeg pull
resistor on D+. This is the time between the last SOF packet and the rising
edge transition to full speeesiate. Time should be between 3.000 ms and
3.125 ms.




Resume Measurement
(EL_40)

Specifying the EquipmeResume Measurement
The following equipment is needed for Resume measurement:

Tektronix digital oscilloscope
TDSUSBF compliance test fixture
Two Active singleended probes
Host PC

1 meterUSB cable

=A =4 =8 =8 =9

Typical Equipment Setl@sume Measurement

Tektronix oscilloscope
with Application running

Figure 17: Equipment Setup for Resume Measurement
Test Fixture Setup
To set ugor theResume test, follow these steps:
1. Set the S6witch to thdnit position.

2. Connect the standard USB cable between the Device SQ In{)Ba@jtand
the hostPCport

3. Connect the A receptacle (marked DUT) from the Device SQ tes{j3dito
the device under test




4. Connect the singlended probet D+and D pin onthe test fixture (J31).

Continuing from the SUSPEND measurement

Selecting and Configuring MeasurerAREgume

5. Set the scope to trigger on the Falling edge at 2.5V of thie® This is to

T Hub Selection

MOME
WID 0409, PID 0x58, Addrezs 1 4 Parts

MNOME

Enumerate Bus |

Downstream Devices

device from suspend state.

HS Electrical Test Tool - Hub Test

—Hub Control

trigger on the Bline resuming from suspended state.

Hub Commatd

Addreszs

3T

MNOME

TEST_J

TEST_K
TEST_SEO_MNAK
TEST_PACKET
SUSPEND

RESET
PAREMT TEST PACKET

Poit

-

[ oifyy

— Dowtstream Device Control
Address

HOME

=

EXECUTE I

Return To Main |

Figure 18: Device Resume

Command dropdown and click EXECUTE once. This will resume the

In the HS Electrical Test Tool applicatioselect RESUME from the Device

7. Theresult consists of the time between the falling edge of D+ and the First

controller.

Note: Measuring devices transition back to ksglp e e d

sending SOFs within 3ms of the start of the idle state.

operation, which is indicated by the presence of HS SOF packets (with

400mV nominal amplitudes) following the K &adriven by the host

snot

SOF. This should not exceed 3.0ms. The device should resume the HS

practica

therefore we measure EL_41: After resuming a port, the host must begin
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Cursors

Measure
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A g "\ 690mv

@ 150ns

@& 126 36ps
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@ 7.905kHz

@@ 500mVidiv 500 By:16.0G
@ 500mVidiv 500 By:16.0G

Figure 19: Device Resume to HigkSpeed (EL_40)




Reset from High Speed Measurement
(EL_27)

Specifying the EquipmeReset from High Speed Measurement
The following equipment is needed for Reset from High Speed measurement:

Tektronix digitaloscilloscope
TDSUSBF compliance test fixture
Two Active singleended probes
Host PC

1 meter USB cable

=A =4 =8 =8 =9

Typical Equipment Set&eset from High Speed Measurement

Tektronix oscilloscope
with Application running

Figure 20: Equipment Setup in Reset from High Speed Measurement
To set up for the Reset from High Speed test, follow these steps:

1. Set the S6 switch to thait position.

2. Connect the standard USB cable between the Device SQ In{)B@jtand
the host PC port.

3. Connect the A receptacle (marked DUT) from the Device S(Qpes(J34)

to the device under test.




4. Connect the singlended probes of the oscilloscope to the D+ angibs
(J31).

Selecting and Configuring MeasureAraget from High Speed Measurement

5. Inthe HS Electrical Test Tool applicaticselect RESET frorthe Device
Command dropdown menu and click EXECUTE once.

EHCI HS Electrical Test Tool - Hub Test

|—Hub Selection | —Hub Cantrol
MOME Hub Cammand Address
. , Address 1 8 Ports : j ID
Fort
| |1
Enumerate Bus | TEST_SE0_NAK
TEST_FACKET otify
Downstream Devices

SUSPEMD
RESUME

2. Fort8
PARENT TEST_PACKET
DEVICE DESCRIPTOR
SET ADDRESS
ENABLE WAKEUP
DISABLE WAKEUP
SINGLE STEP SET FEATURE .
SINGLE STEP GET DEY DESC  [#um To Main

~Downstream Device Control
Address

NONE R

Figure 21: Device Reset

6. The results contain the time between the beginning of the last SOF before the
reset and the start of the device CH{rp The device shoulttansmit a chirp

handshake following the reset. It should be between 3.1ms and 6ms.
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Figure 22: Device Chirp-K in Response to Reset from HigéSpeed (EL_27)




Reset from Suspend Measurement
(EL_28)

Specifying the EquipmeReset from Suspend Measurement
The following equipment is needed for Reset from Suspend measurement:

Tektronix digital oscilloscope
TDSUSBF compliance test fixture
Two Active singleended probes
Host PC

1 meter USB cable

=A =4 =8 =8 =9

TypicalEquipment SetuReset from Suspend Measurement

Tektronix oscilloscope
with Application running

Figure 23: Equipment for Reset from Suspend Measurement

To set up the Device SQ in the test fixture for the Reset from Suspend test,
follow these steps:

1. Set the S6 switch to tHgit position.
2. Connect one end of a standard USB cable to the B receptacle Device SQ Init
port (J37) and the other end to the host PC port.




3. Connect the A receptacle (marked DUT) from the Device SQ tes{)3dnt
to the Device Under Test.

4. Connect the sigleended probes of the oscilloscope to the D+ anghibs.

Continuing from the SUSPEND measurement

Selecting and Configuring MeasureAradet from Suspend Measurement
Follow these steps to select measuremtemtReset from Suspend measurement:

5. Set the scope to trigger at 2.0 volts on the Falling edge of D+.
6. Inthe HS Electrical Test Tool applicatiselect RESET from the Device

Command dropdown menu and click EXECUTE once.

EHCI HS Electrical Test Tool - Hub Test

|—Hub Selection | —Hub Contral

Hub Command Address

H067, FID O0x24, Address 1 & Pors ES j ID

Fort
_ 1
Enumerate Bus TEST_SEQ_MAK
TEST_PACKET otify
Downstream Devices SUSPEMND =

NOMNE RESUME

|0 heabc, FID 0x5E00, Address 2. Fort §

FARENT TEST_PACKET
DEYICE DESCRIPTOR
SET ADDRESS
EMNABLE WAKEUP
Address DISABLE WAKEUP
SINGLE STEP SET FEATURE i
NONE j | SINGLE STEP GET DEV DESC |2t To Main

— Downstream Dewvice Control

Figure 24: Device Reset

6. The device responds to the reset with the CKirplhe results contain the
time between the falling edge of the D+ and the start of the device-KChiitp
should be between 2us and @ns.




24

File | Edit ‘ Vertical ‘ Digital | Horiz/Acq | Trig | Display | Cursors | Measure | Mask | Math | MyScope | Analyze Tai
T LA, AR T T T T T L B e
- ; ; ] i i -
- nn i |
! L . A T T R I P T R R
T T T s s s s s T T L e s e e e
e 1 E
F + + + + ¥ ¥ * .
r o it Lo A 1
Wm" : ¥
R I - . I I I P - T B
@&z s00mv/div 500 By:16.0G éq_h 1.0ms/div 5.0MS/s 200ns/pt
@ s0omvidiv 500 By:16.0G @@ 19505 Stopped
1acgs RL:50.0k
@gR) 500V 200us -503us 1.5ms @ 51950 D15-00 Time Res: 200ns/pt
@B 500mYV 200ps -503ps 1.5ms @ 161.41kHz Man  July 25, 2011 11:20:02

Figure 25: Device Reset from Suspend (EL_28)




J/IK, SEO_NAKz Upstream
(EL_8, EL_9)

Specifying the EquipmediK & SE0_NAK
The following equipment is needed to t@4€, SEO_NAKmeasurement:

1 Digital Volt Meter
9 TDSUSBF compliance test fixture

Typical Equipme@etupl/K and SEO0_NAK

Tektronix oscilloscope
with Application running
Host t ()
OHCI
| ot
Test mode
software
Single-ended
voltage probes
Test fixture

To set up the equipment fafK & SEO_NAK, follow these steps:

1. Setthe S6 switch to tHait position.

2. Connect a standard USB cable between the B receptacle Device SQ Init port
(J37)and the host PC port.

3. Connect the A receptacle (marked DUT) from the Device SQ tes{)3dnt

to the device under test.

4. On the HS Electrical Test Tool applicatioDevice Test menu, select
TEST_J from the Device Command dropdown menu. Click EXECUTE once
to place the device into TEST_J test mode.




Figure 26: Device TEST_J

5. Switch the test fixturinto the TEST position. D+ output voltage must be
400mV ++10% while B =0 +£10mV.

6. Return the Test switch to the NORMAL position. Cycle the device power.
Click Enumerate Bus once to force enumerate the device. This restores the

device to normal opetian.

7. On the HS Electrical Test Tool applicatioBevice Test menu, select
TEST_K from the Device Command dropdown menu. Click EXECUTE

once to place the device into TEST_K test mode.

8. Switch the test fixture into the TEST position. dutput voltage mudte
400mV +£10% while DF = 0 +£10mV.

9. Return the Test switch to the NORMAL position. Cycle the device power.
Click Enumerate Bus once to force enumeration of the device. This restores

the device to normal operation.

10. On the HS Electrical Test Tool apgtion- Device Test menu, select
TEST_SEO_NAK from the Device Command dropdown menu. Click
EXECUTE once to place the device into TEST_SEO_NAK test mode.

11. Switch the test fixture into the TEST position. D+ andDtput voltage
must be OV +/10mV.



























































































