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— Tx. Rx. protocol

= MIPI

— D-phy: Tx. Rx. Protocol
— M-phy: Tx. Rx. Protocol
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I MHL: Mobile High-Definition Link TMBEL

= MHLIF#EDRE: @i S S5 L (5-pin) £z D RszHilf H Sk 1080015
TEWIE (HD) FIAFNE &40, RIS N 4% 78 B

= IEXFEEMHLIRER FHLIN: =Ai9300/S2/S3/S4/Note2. Sony Xperia & 4.
HTC one. /NK2S. HIEMX2., A%
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MHL: Mobile High-Definition Link ’MM':'L
= HDMIFE:
— Type A (3p#EHDMI, PC/HAL
— Type C (mini HDMI, DV/#EFLZ5)
— Type D (Micro HDMI, #34>FHL)

= S5HDMIAHEL:
— W)FE I Micro USBAIMHLEH & AT DL AL 5 /b ()4 2%
— [RIEFSRAEARRT AN E RSP A ZS (8], HDMI 19pin VS MHL 5pin
- MHLTU\E?%?EEE HDMI % 575 4hUSB ik

_HDMI Micro USB.
WpeA Type C Type D |
About 5.55mm* 3.2mm 2.8mm 2.94mm
About 15mm™ 11.2mm 6.4mm 7.8mm
19 19 19 5
Pin pitch (horizontal) | 0.5mm 0.4mm 0.4mm™ 0.65mm
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MHL: Mobile High-Definition Link

HDMIBEOFEZTE X

HDMI
Transmitter

AN

7
YMBABLUL
Mobile High-Oefinition Link

TMDS Channel 0

TMDS Channel 1

HDMI

TMDS Channel 2 Receiver

TMDS Clock Channel

Video -
Audio b

<::-:}r1tr-:&lf Status:>

< Display Data Channel (DDC) > Eg’ﬂ
CEC < CEC Line > CEC
L Utility Line T
' HEAC if.;;--- X :_y ____:;I HEAC !
' 1.4 a8 T aE
detect HPD Line High / Low
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MHL: Mobile High-Definition Link

= MHLIH=RILF20095F9A 4%, H
LEZJ\ZID_F
NOKIA
- SAMSUNG
- Silicon Image
- Sony
- Toshiba

= Tektronix is a Contributor
adopter and actively involved in
defining the CTS Specs.

= —HRATRERSFEZ:

> VBUS:H Lt

> CBUS:EDID/HDCP{E B iR
» D+/D-

> GND#ith
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= Tektronix £f£2 5 T MHLIh &= T TG HMEIT L -
— B #1477 93Gbps.
— Packed PixelSEl 7 A 542, 3DINREHR A AL
— EE1OWFR ISR, SCHrakiaimtg =\
— 0T U R R Rl Sl AN A TR B R, AT EHTE X
— TREEPACRE R it g 2, HAEFRATT 0 Afr 20, SRR IEIE o N B 22 I S
ViRlidry g e A
— BfomB AR (Jitter Tolerance) 75 £ AE A V& A cable emulator ¥ &4 T #55
ik
— BTG ARSI
- QN EEEED MRy

— HR L)t
— SR B AR v A1 2 S B
KEITHLEY Tektronix-
A Tektronix Company /



\s
ZEFIMHL 52 877 % FfMBEL

= MHL Tx Tests (Scope BW 2 8GHz)

=  3.1.1.1 Standby Output Voltage VOFF

= 3.1.1.2 Single-ended High-level Voltage VSE_HIGH

=  3.1.1.3 Single-ended Low-level Voltage VSE_LOW

=  3.1.1.4 Differential Output Swing Voltage VDFSWING

=  3.1.1.5 Common Mode Output Swing Voltage VCMSWING

=  3.1.1.6 Differential Rise and Fall Times TR_DF, TF_DF

= 3.1.1.7 Common Mode Rise and Fall Times TR_CM, TF_CM

=  3.1.1.8 Differential Intra Pair Skew TSKEW_DF

=  3.1.1.10 MHL Clock Duty Cycle in Normal mode (not needed for CTS2.1)

=  3.1.1.11 MHL Clock Jitter in Normal mode (replaced by 3.1.1.17)

" 3.1.1.12 MHL Data Eye Diagram in Normal mode (replaced by 3.1.1.18)

" 3.1.1.14 MHL Clock Duty Cycle in PackedPixel mode

" 3.1.1.15 MHL Clock Jitter in PackedPixel mode (replaced by 3.1.1.19)

" 3.1.1.16 MHL Data Eye diagram in Packed Pixel mode (replaced by3.1.1.20)
" 3.1.1.17 TP2 Clock Jitter in Normal mode (new test for CTS 1.3/2.1)

. 3.1.1.18 Data Eye Diagram in Normal mode (new test for CTS 1.3/2.1)

. 3.1.1.19 TP2 Clock Jitter in Packed Pixel mode (new test for CTS1.3/2.1)

. 3.1.1.20 Data Eye Diagram in Packed Pixel mode (new test for CTS1.3/2.1)

KEITHLEY
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Tektronlx M H L TX “{Ij_\lu—[/it_&/_\E Mobile High-Definition Link

MSQDPOIDSATO000 Senes Digita! Oscilescope

MSQDPOYDSATO000 Senes Digital Osclioscope

CHI CHI CH2
I ML+ N\ N L
. \ \ . p"zao : \ B L L R|
Optional external » ¢8| (5 < Optional extemal , ) Wb R
pOWE Supply & pOwer suppéy = H :
( ‘I ) - 3.30
Prafasih - , PI313SMA .
P ke by ed \ L TR PATT e
WSOIDPODSA & y, | ; MSODPODSA | e 7 .
Dighe! Oaopes " TaceUs | \rr MHL-TPA-TT fcure ey ¢ ToCBUS
snkbaam VBU \ smkboa'd ” \FBUS
HHL N 7 : ," ,,\ A ¢
MHL P T , AHL +-
. m ~ TF-MHL-TPAPOS0 = TFUHLTPAPAOS0
M TN fture MHL fxture
So
Source SN MHL Plug urce
DuT

MHL Phig

MHL Z4 . HENK: 6 tests HIRFIZE X PR N : 6Tests

MEEMHZE AR EEMSTNNEHA R

** C-Bus Sink and Source Board is needed for hand shaking and is available from Tektronix
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Mobile High-Definition Link

DUTID DUTCO1 ' 2

Device IMHL Physical Layer Solution | v }

Suite | MHL Transmitter | ¥ | Version CTS 1.3/2.1 |V |

_«  Acquire live waveforms - Use pre-recorded waveform files

View Compliance | ¥ |

Device Profile

Pixel Mode Termination Source
\Both ¥ | |/ Direct Attach Internal ‘TI

24 Bits VTerm

Low Data Rate (Gbps) [ 075 Min (V) [ 3.135
High Data Rate (Gbps) | 2.22 Max (V) | 3.465

Compensation Factor
Packed Pixel mHLs [ 1.2
High Data Rate (Gbps) . MHL- | 1.2

Signal Threshold
Min(mv) 250

KEITHLEY

A Tektronix Company
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Mobile High-Definition Link

.. TekExpress MHL -

DUT MHL Physical Layer Solution : MHL Transmitter : CTS 1.3/2.1

) o)
' 2 | Test Selection =-{w] MHL Clock -

3.1.1.1 Standby Cutput Voltage-VOFF

B Acquisitions 3.1.1.5 Common-mode Cutput Swing Voltage-V_CMSWING (Lo
3.1.1.7 Common-mode Rise and Fall Times-TRE_CM, TF_CM (H
n e 2.1.1.10 MHL Clock Duty Cycle in Mormal Mode (High)

2.1.1.14 MHL Clock Duty Cycle in PackedPixel Made (High)
3.1.1.17 TPZ Claock Jitter in Marmal Mode (Low, High)

32.1.1.19 TPZ Clock Jitter in PackedPixel Mode (High)

=-{«] MHL Data

2.1.1.2 Single-ended High Level Voltage-WVSE_HIGH (Low)
3.1.1.3 Single-ended Low Level Voltages-VSE_LOW (Low)
3.1.1.4 Differential Cutput Swing Voltage-YVDF_SWING (Low)
3.1.1.6 Differential Rise and Fall Times-TR_DF, TF_DF (High}

=] 3.1.1.18 TP2 Eye Diagram in Normal Mode (Low, High)

| wfowl 21190 TP2 Fua Nianram in ParkedPivel Mada iHinht
4 I

Test Description

I
This test confirms that common-mode output E
voltage swing amplitude is within the specified

limits when the source device operates in normal

KEITHLEY Tektron/ix’

A Tektronix Company



e MHL 5 8 2 TMAaLu

MHL Receiver Tests (supports Direct Attach Device testing)
= 4.1.1.1 Input Signal DC Voltage Level Tolerance

4 112 Input Signal Minimum and Maximum Swing Voltage Level
Tolerance

4.1.1.3 Intra Pair Skew Tolerance

4 1.1 4 Jitter Tolerance in Normal mode

4 1.1.8 Jitter Tolerance in PackedPixel mode
MHL Dongle Tests
» 5.1.1.1 Input Signal Single-ended Voltage Level Tolerance

9.1.1.2 Input Signal Minimum and Maximum Swing Voltage Level
Tolerance

59.1.1 3 Intra Pair Skew Tolerance

2.1.1 4 Jitter Tolerance in Normal mode

4 1.1.9 Jitter Tolerance in PackedPixel mode

KEITHLEY Tektron/ix@

A Tektronix Company
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Mobile High-Definition Link

DUTID DUT0O1 ' 2

Device IMHL Physical Layer Solution I v i

Suite |MHL Receiver | ¥ | Version CTS 1.3/2.1 | v |

.+ Use Pre - Defined Pattern
Test Method
- ' Compliance - Test device for passifail per base specifications

Device Profile

Pixel Mode Refresh Rate

‘Both ¥ | |4/ DirectAttach 60Hz [v |

24 Bits
Low Data Rate (Gbps) | 0.75
High Data Rate (Gbps) [ 222

Packed Pixel
High Data Rate (Gbps)

KEITHLEY

A Tektronix Company
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"ML

Mobile High-Definition Link

MHLEK IR A E FREAWGTK/ 7TOKEEE FRE A EBHE

BIiE

Test Setup for Sink Tests

AWG7000 Series Arbitrary Wavefrom Generator
[ )

Analog Analog
CH1™ CH2
) © 11 O ti-w—DC out
120 PS

TTC Filter \\WK 5
] ] ’
Bias Tee «__ :
S | Bias
\ } \t‘ ] i Voltage
_________ ]___________________-___.

MHL_N
VBu
o/ |
; ] ’H =)  MHL Receiver
L DUT
MHL_P / \t‘o CBus Source Board
MHL fixture
MHL-TPA-P-WOS| (ca0.04s7 000

KEITHLEY

A Tektronix Company

RN EE

Test Setup for Dongle Tests

AWG7000 Series Arbitrary Wavefrom Generator
[ |

{52

Analog Analog
CH1 ™ CH2
) L) O Li=—DC out
120 PS __
TTC Filter \-_\
1 ]
Bias Tee x—_| ‘ EB.a
B rBlas
\’ } \\[ 1 Voltage
| .
i
MHL_N
0 V Bus
i
- / ’ 1‘I[ IMuLoo-v.I-ou' | | A/V DISPLAY
.} ]
MHL__F‘ / \To CBus Source Board

MHL fixture
MHL-TPA-R-WOSO (0400454 000)

Tektron/ixe
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= MHL il Mrcf, T2 50 SERf 7 4%
— [A— &Nk 28 [F] I S i 32 2 — 20 I A0 B s o By
— TN Z U2, R & In— ANt
— =M

= P TR
- ZRIRH
— BT
- MBEAEE
- FMEE
— ot
N SRS R % FAC TN

= Tektronixsr ik #51%EMH: TEK-PGY-MHL-PA-SW
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Mobile High

13.8.1Cable DC Electrical Specifications
Table 13-13 Cable Assembly MHL Characteristics

[tem Symbol Min Max Unat Notes

Ground Resistance Renp 0.16 ohms 1
Differential Intra-Pair Skew 43 psec
Common-Mode Intra-Pair Skew 43 psec
MHL+ and MHL- Differential Zop 85 115 ohms 2,3
Characteristic Impedance ; ;

90 110 ohms 2,4
MHL Clock Common-Mode Zoc 24 36 ohms 5,6
Characteristic Impedance 75 35 ohms 5,7
CBUS Line Capacitance Cerus 30 500 pF 8,9
CBUS Cable Delay Tesus ceL pLy 35 nsec

KEITHLEY

A Tektronix Company
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= MHL Cable insertion loss:

KEITHLEY

A Tektronix Company

Fioure 13-20 MHL Cable Differen fial Insertion Loss for MHL Data Signals

S21fd AT ¥t

*"MUHL

Mobile

1]

5775

=y
=

s
o

Attenuation (dB )

[gul
=

25

Frequency (MHz)
0 825 1650 2475 3300 4425 43950
B 11\
\\\“\
e

Differential Insertion Loss

Tabie 13-14 MHL Cable Differential Insertion Loss for MHL Data Signals

Frequency (MHz) Attenuation (dB)
0 2.25
825 5.5
2475 12.0
4125 18.0

High-:

Iefinitic

i Link

Tektron/ixe



AT RE RS HOZELGUE by Time Domain Reflectometry
(TDR)

TDR
(80E04)

Sampling Scope display of TDR waveform

Voltage (or impedance) —»

Time —»

TDR on an Equivalent Time scope is used to measure the quality of the serial data interconncet: A step is generated and
returning reflections are sampled (it’s like radar for serial data cables and boards)

Tektron/ix-*
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File Edit ‘iew Setup Utilities  &pplications  Help [Triggered
él%'ﬁs Rum‘StapIAcq ModelAverage __' Tngllntemal Clock _J IZDDkHz

wMmeJmmummmmmmmwwmwn

Mz_{l I1ODDQ.’d|_I:” e |MamQ—|Q|T ,A_::rA;.-.;.: = o
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Tektronix MHL 5E 3 47 7 2=

DPO/MSO70K C/DXRFIRIKES, 1% = 8GHz
MHL¥ 38 = — B Il 44

MHLEMY 5 #r  E TEK-PGY-MHL-PA-SW

M XIELFMHLIC R
AWGT7122CEe & MM 4 MHL Rx/Dongle
DSA8300/80E04 EZ & 1-Connectl i MHLZ: 45

:--—P}u;_;- --------------- Pl»ug----: .'--Re(:epl:acle ------------- !

TVs, Monitors,.

\\d !:
ﬁi&*wﬂﬂﬂﬁuﬁ o EE M UUE
KEITHLEY Tektron/ixe
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MHL
— Tx. RXx. protocol

MIPI
— D-phy: Tx. Rx. Protocol
— M-phy: Tx. Rx. Protocol

=

D /D
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R TMIPISEHE T % mipi alliance

= ST

- JL"FHJL‘ WLAN, WiGig
_ )FE X‘J‘Z‘FX 20> pln WirelessHD, etc.
AR R LS
— SR | ==Ll comera(s
— Clocking ® i £ 48
— MRS 9w 7 I A N — P

“DSI Q Display(s)

Companion
or Bridge Chip

= —MARER T2 AN

=R
B

o D-PHY or M-PHY
wes D-PHY based
—— M-PHY “based

UniPort: UniPro™ + D=PHY or M-PHY
UniPro based IF technology are:
UFS, CSI-3, UniPort

Disclaimer: This diagram shows where MIP! interfaces
may be used in a mobile device architecture.

MIPS Alffance does not define or recommend
Ll Wﬁ!’u‘l’ Ild'““‘w‘-

Source: MIPI Alliance

KEITHLEY T6kll'0n/iX°
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= YIHEFrE: Camera CSIE: IS~ FEDSIHE L #IE
PAFME IR S (HS) and (KZhFE (LP)
FEE L A SERR N IR G B
— (S S ARWIELPAIHS 2 [8]417] #1
1 1 B PE
— High Speed mode: 80 Mbps — 1.5 Gbps, #%{g~500 Mbps.
— Low Power mode: Up to 10 Mbps
o\ 2 Uik s ‘
— 50 ohm, EEHSHR
— Hi-Z =, LPAEER

Low-Power s:gnallng level (e g.1 2V)

LI e

Max LP-RX High

Minimum LP-RX Low threshold

. ——— - ————— W W W W W W — . — W —— W —————————

HS diff. swing (e.g. 200mV)
¥ o Ta¥ o T o T 1

1f HS common level
S "'f"(é."(_}."ZOOmV)

0 Volt - Reference ground

NEITHLET lektronix:

A Tektronix Company



I = EMIPIFE# )7 % D-phy mipi alliance

= LogoiNEMRA 2 L2001, Wik

—  MIPLEE B8 Fr la) 5 cs i ISR O B S 28, 2RUIDDRIE %

- THATE—ZHEloghsil, MEPC/TVAE & USB/HDMIEE I %
= BHEWNEEMIPLEZ K& 25T E W

—  ABRREAER (A80MbpsF1.5GbpsAiE)

- [FN&=SZE4F L
= AN H EEK, JLit 5630

— Clock Lane

— Data Lane

— Clock data Timing

KEITHLEY {olektronix

A Tektronix Company
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= TEKEXP DPHY: /N &4
FJMIP1 Dphy Tx H ah6 il
A

= ZIAS6MNIIAIN H K % ek
= R A VU Zklane A B4

= 100%;ji#i /£ D-phy><T-DSI F
CSI B g

= SRERE AR
= HTMLM T3A% 2058 B4R 15
= 5{K2.5GLL FoRy e

KEITHLEY

A Tektronix Company

& TekExpress D-PHY Automated Solution (Eviustion Yersion) (Untitled )
MNe  ‘ew Tools Hep

mipi alliance

=ixf

puUTIo [ouToo!

suect [“acqme | hnben | Repart |

H o 2

Dovice Clock Lame Probing

[peuvesiz =] @ Single Ended C Ditlnrentisl
Clock Modw Lanes To Test
= Normst

¥ Lanet ¥ Lane2 W Lane3 ¥ Loned

€ Contiensoun Automatn Lane Switchung with FIF swtch

Vession

|C15 1.0 {Base Spec 1.0y =]
Tesl M
[—l;lh 1 |

|Nemal
Eso

DPHY C51-2 Transmittes CTS 1.0 [Base Spec 1.0) Nomal Clock Mede Both T estMode Atomalic

oo .
e (s
To werty that the Thevers Tuto T —
Hgh Level Volage NOH| of the
DUT'z Diate Lane LP tanumite: is o =
vt the conlomeance brds, The M
leat % akio supposed wi LR-HS
warselons thoogh | e ot v
I e
=l
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Checksum Error

n ™ 8w

~bllllklll!llv (PMYAA LM TIRIAME .nn“uo FRASAARRRRMD A (SAIFRMILMAFIAME
oo SRR gz E TSt T RET Y zﬂ'atmzans:sz rTrImmIEIEIEaIRIeT

n ™ B W

vnnnun (IMAEALMINEIZAMA ST TTASARII MY A (SAIFAMILMITIIAME
e e BEERS IS e S ST NI N Y ST IS TS RIS rTrImmIIEIeIEaINIET

~b1_uu1un (PMYEAS LM IR RN RASTRS FUASAARRAZ RID A (BAIRIRRBUITIIRALN
o wn ol BETERS ININNENITINMINIT IDWISTICIT IONITNNINY . ITTERmOTmImIEnMET

(AMPAILMTEIARRIE (AMEESTIAEARALAR IO A (ERFRIILBIEEAMK
rErenstITI MmNy

ECC error Errors and Warnings indicated in event table
Tektmn/ix-*
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My N A S B TC A B e 20 - 1E 18 B SE B R U 28
= ek

=80ps ¥ i M 4
=10 psHbl it 43 R

»33G FALIHIE
4/ H1E

“RAEA
B H B 1 GA7

=16 Xy iHiE
EFANFEE |
HIE IR E RS

iCapture™ [A] 47 45
FOLBEC B T A DG T R

=i E
98 120 o7 A e 1) o

BB Ak
0 8 152 (R P
L 5t/
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= MSO70000C/DX%7%1:
— MSOZREMIDphy s 4 n] A58 B &
— [FAlifdecode Dphyfirf ¥ PY 4klane
— FEMHLE R TR
— 16N SR E B R T e 2 AL TR
— e SRS E AT D[R] B A

Bus Setup X
2 v
B1
Displa B2 MIPIDSI-1 | ¥
B3 Clock |Digital | ¥ | Clock Do | 1.4V
B4 D+ D1 [ 1.4v
B5 Lane0 |Digital | ¥ D- D2 [ 1.4v
BO BRI D+-D- D3 | 14V
E_; D+ D4 > 1.4V
Lane 1 Digital {| ¥ D- Ds || 1.4V
Ba 0.0div
D+-D- D6 > 1.4V

KEITHLEY Tektron/ix

A Tektronix Company
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= FIFAMSO#FIELTT LU
E IJQDTﬁ‘Fﬁ%E’]‘n:u\I

Start of Transmission
(SoT)

Data Type - Packed
Pixel 888

Virtual Channel — 0
Word Count — 60
ECC -07h

1st Pixel Value

Red — 255

Green — 216

Blue - 000

KEITHLEY

A Tektronix Company

0000 T OO O O ()

| |
00UV T O N O T
i 11 31 81 TEr 2 T T

Packed Pixel 888 VC O

Wort Count. 60

R255 G216 BO0D

10.0psidiv 12568
Sin

1 ocqgs
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ZREMIPI5E 3 )7 2%

FAMSOZFIRL AL g ey ot~
BENT: ___

26.14%

— Timestamps for each g oo e

event

— Short / Long packet
indication

— Data Type, Virtual ) wvsz16 6
Channel, Packet Data,
Word Count, ECC and
Checksum all decoded

— Number of pixels

— Error/Warning column B3 Giieh L4V

indicates problems
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I ZEMIPISE# 7 %5 Dphy Rx

= 100%:j# JERx CTSHI o 2 = PG3AMERI KA 2%
>R — BRI K A 5L 5 DUT 2 [
— % EUNH-IOLIAEHLCTS Ifl’\JH?%% B
e} — RS HURIRE . HE KT
\ . SRR AL BRI
. Wiﬂ?ﬂ%ﬁ?ﬁwﬁ -y = AWGT7KI70k
e ey — FED-phyf& 5 RERMEIS . THE
FSLAL AN —ARIRK S B IR 1T B
= HERIMHIT LT E
— H[RIZETh ARSI
60% . EBREEE )
= W3 ZE RN 2 Ak 5 [AWG?k/?O%
T Z I '

— PG3AME—) 1] PLIE] I =7 Fr4
2%lane CSI/DSIMR 5%

D-PHY
A
: . , P331
~ | roancrs )
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I 2 EM-PHY ?

= M-PHY: TF—/AMIPIEEkhxi#E, D-phyl) s maias.

= M-PHYEZNH T
— DigRFv4, LLI, UniPro, CSI-3 and DSI-2 SEMIP IR

M-PHY {5 S5tk

M-PHY-based MIPI Protocols > ¥R 2
JEDEC Gears A (Gbps) B (Ghps)
T T _ G1 1.25 1.45
_ | ; =13 sgn | [High Speed (HS) G2 2.5 2.91
i et = O [E) G3 5 5.83
I E= Gears | Min (Mb/s) | Max (Mb/s)
= 5 GO 0.01 3
b e
RMMI Jel Jel Gl 3 9
: _ G2 6 18
PWM (ie. TYPE-I) G3 12 36
Physical Layer G4 24 72
source:www.synopsys.com GS 48 144
G6 96 288
G7 192 576
SYS (ie. TYPE-II) 576 (Mb/s)

Tektmn/ix-*



MIPI M-PHY #iSe &k B IR L &

2011 2012 2013 2014

1.45Gbs 2.9Gbs 5.8Gbs 11.6Gbs

(m-pryvi O CwpHyve D Qwpryvs DF Qupyva )

Bandwidth support Bandwidth support Bandwidth support Bandwidth support

-HS GEAR 1 -HSGEAR1& 2 -HSGEAR 1,2& 3 -HSGEAR 1,2,3& 4

- PWM GO-G3 - PWM GO0O-G5 - PWM GO-G7 - PWM GO-G7

- SYSBURST -SYSBURST -SYSBURST - SYSBURST

Bandwidth Provisional Bandwidth Provisional Bandwidth Provisional

- HS-Gear 2 - HS-Gear 3 HS-Gear 4

- PWM G4-G5 - PWM G6-G7

REAZEHTI € KEBHEE >

BEESEE

Source: Previous MIPI Alliance Face to Face Presentations

KEITHLEY Tektron/ix*

A Tektronix Company



I M-PHY — #iE AR

Non-Return-to-Zero (NR2Z)
FREFH

Pulse Width Modulation (PWM)
Rk 7 5 BE 1 il

— X Al fRAY S K L AR —

1 bit

AT AL A e — 1 bitfE 2

PWM-b1
Towr-e > Torw

PWM-bO
Tore < ToFx

Tp'-w MINDR

{DIF-N)

Tektmn/ix*




M-PHY Tx 54 M-PHYTX

* M-PHY Ei#EHSHE MR E -
— 1.1.1 HS-TX Unit Interval and Frequency Offset
— 1.1.2 HS-TX Common Mode AC Power Spectral Magnitude Limit
— 1.1.3 HS-TX Prepare Length
— 1.1.4 HS-TX Common Mode DC Output Voltage Amplitude
— 1.1.5 HS-TX Differential DC Output Voltage Amplitude
— 1.1.6 HS-TX Minimum Differential AC Eye Opening
— 1.1.7 HS-TX Maximum Differential AC Output Voltage Amplitude
— 1.1.8 HS-TX 20/80% Rise and Fall Times
— 1.1.10 HS-TX Slew Rate
— 1.1.11 HS-TX Slew Rate State Monotonicity
— 1.1.12 HS-TX Slew Rate State Resolution
— 1.1.13 HS-TX Intra-lane Output Skew
— 1.1.14 HS-TX Transmitter Pulse Width
— 1.1.15 HS-TX Total Jitter
— 1.1.16 HS-TX Short-term Total Jitter
— 1.1.17 HS-TX Deterministic Jitter
— 1.1.18 HS-TX Short-term Deterministic Jitter

KEITHLEY Tektron/ix&

A Tektronix Company



M-PHY Tx 54 M-PHYTX

= M-PHY PWMA X I H

1.2.1 PWM-TX Transmit Bit Duration

1.2.2 PWM-TX Transmit Ratio

1.2.3 PWM-TX Prepare Length

1.2.4 PWM-TX Common Mode DC Output Voltage Amplitude
1.2.5 PWM-TX Differential DC Output Voltage Amplitude
1.2.8 PWM-TX 20/80% Rise and Fall Times

1.2.10 PWM-TX G1 Transmit Bit Duration Tolerance

1.2.11 PWM-TX GO Minor Duration

KEITHLEY

A Tektronix Company
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M-PHY Tx %4 M-PHYTX Yo Ot

7
e €
r~w
P

ST O gong
our
fﬁ
¢
:
Trunsmivter : WS - C1S W0 |
(o | S—
= [v| Ha |
[Z] Tost 11 1-H3-TX Unit ot st Fromuancy Offsat \
R Tt | 1 3H5-TX PREPARE Lurei ‘
[] Test 1.1.4-H3.TX Common Nade DC Cxtput Voitage Ameinde
Test 1.1.5H3 THDiforemal OC Cutpe qpy y o R
Tert 11.6-HS- TXMinmum Difierentiol 4~
Test 1 1.7-H5-TX Mammum Difecential e warm:
Tost 11 B-HE-TX 20-60% Fise and Far o L L — oot o o 7 ~c—
Tost 11 13-4 T Inas-Lane Outint Sh) i e ~8.. -
L-’_’] Tor 11 14-245-TH Transereier Pulee W ave et ra L Aamnan
[¥] TRsa 11 1503 To Totat Jter P lbay Nt -y B s o e ek
[] Test 11 1621 S0t Tom Tota i Ny = & i YEodid
[+ Test 11 17032 Datermeniatic Jtter Y kel e =
[<] Test 11 1544373 Evart sam Detarmine oo St by 2 -

Tust Duscription

Toverdy that the length of the DUT's trancmtes
HE-PREPARE perod 1 weth the vaks
ndicated by me TX_HE_PEELRE LENGTH
confguraton ambuse

g — ——
far e Tt | o |
I A
R i e N

. |
I s ey
1
|
L.‘ sorr e serer o | e |

KEITHLEY

A Tektronix Company




I M-PHY f#ERG:

= UniPro 5 LLI TS g B AR AL 1 P 1630 = debugill i 88 77

= SEAN R B IUNIProfTLLIAR S B G

o g—%iﬁ%ﬁ@ﬁﬁﬁ%, 5] i $2 AP RS B S 2 AN B S 2, BT bl

N

= HIKCRC (A ITUARMEARE) TH5E, S EE W 51 5 )
CRC4 %

SRS IR Dh RS &, AT LA )2 8 AL UniProMLLIRE i€ B34
FiEfr B

o %Fﬁi%%ﬁééﬂmﬁiﬂﬂiﬁmﬁ%&%, A PR EAE B 2 txtal 3 csv

KEITHLEY Tektron/ixe
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M-PHY f#hg:

$2 PGY-UPRO MIPI MPHY -UniPro Protocol Decode Soﬂware

Decode(l Frames

Frame Description

TimeStamp

R¥_LANE_O

~

18] 44| 311201417 | 104598 |58 | F | 6 |5 |40 |50 |2

-48.163 pS | MARKER_2 ESC_Pa& =0x7c PACP_BEGIN = 0x01
-48.103 ps ‘MARKER_U PACP_Functionalld = PACFP_PWR_req = 0x010e L
-48.093 pS | MARKER_1 Devld = 0x80 Reserved.. In.. S.. Li.. T.. R..
-43.083 uS PACP_PWR_re Txhode =.. TxLa.. TxGear =.. Rxhode.. RxlLa.. RxGear=..
-47 743 pS  MARKER_1 PaPowerbodeUserData[0] = 0x3333

<"’ B s e PaPowertdodeUserData[1] = 0x3333

TimeStamp RX_LANE_1 | 15 14 13 12 11 10 9 &8 7 6 5 4 3 2 1 o
-47.963 pS | MARKER_O ESC_DL = 0x01 SOF = 0xD TCD =.. Reserved..
-47 953 pS | MARKER_1 DL_SDU-Bytel = Ox0a 7 DL_SDU-Bywtel = 0x14
-47943 S DL_DATA DL_SDU-Byte2 = Ox0a DL_SDU-Byte3 = Oxle
-47.783 ps ‘MARKER_1 DL_SDU-Byted = 0x14 DL_SDU-Byte5 = 0x14
4TTTIUS | MARKER 2 DL_SDU-Bytet = Ox14 DL_SDU-Byte7 = Ox14
e Lo 5 = DL_SDU-Byte8 = Ox0a DL_SDU-Byted = Ox14
TimeStamp  TX_LAME_2 ()15 14 13 12 11 10 9 & 7 6 5 4 3 2 1 0
-44.391 pS | MARKER_O ESC_PA = 0x7c FACP_BEGIN = 0x01
-44.381 ps .MARKERJ PACP_Functionalld = PACP_CAF_ind = 0x0306

-44 371 pS  PACP_CAP_inc TSleepMoCo.. Reserved =0x1f H.. L. kaxH. ‘MaxF‘\MM
-44191 pS | MARKER_1 7 TStallNoConfig = Ox0a TSaveéonﬁg =0x14

-44 181 psS ‘MARKER_z Yersionlnfo = 769

e s e Reserved = 65535

TimeStamp  TH_LANE_3 |15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
-43373uS PACP_PWR_re ESC_PA = 0x7c I PACP_BEGIN = 0x01
-483.033 pS | MARKER_1 PACP_Functionalld = PACF_CAF_ind = 0x0306

-48.023 pS |MARKER_2 ‘TSleepMoCo.. Reserved = 0x1f H.. L. kaxH. :MaxF"WM
47963 S |MARKER 0 TStallNoConfig = 0x0a TSaveConfig = Ox14

-47 953 pS | MARKER_1 Versionlnfo = 769

S R Reserved = 65535

KEITHLEY

A Tektronix Company

-47 913 S
R LANE 1

ES 4SO LDL 4DL aDL ;DL ADL ADL 2D 2DL gDL 2 DL LEC A FEO A CR 4 CR jMa

>
-47.951 s -47 863 uS 47 TS us

TH LAME 2

B e e ad g e e

Res{?]flags{&ﬁ],h!‘ TStaliMoConfig | Ox ‘TSaveConfg I M&.VMOHS:S“ 0"

»

<
-44 321 s -44.301 ps -44 281 ps

TH LAMNE 3

e

Res[7] Flags[6: ; TStallMoConfig § TSaveConfig | gversioninfol15: 2versioninfo[7:04Re

< | >
-48.593 s -45.567 s -48.540 ps

Tektron/ixe



I M-PHY RxEES LI
. ZRME SRR

— PWM, NRZZ# L {Z = = R BER (Bit Error Rate)
— ZPhEf b7 =0 — AT BB SE R A A I £
— 8b/10b 4w fig — FET RN A DR A I ) 7 S
— F4r. & A LB =

= [FEERME, CTSE:K
— RSP BENLEIBIR]
— ISI B3] T3R8
— SR

DPO70KC/DXRiR2s + AWGTK 1IRIE T B MES KEEIEA

KEITHLEY Tektron/ixe
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M-PHY Rx#ZIHLIMRK: TEKEXP M-phy Rx

= 5 AFOpt.M-PHYRX
— BEMLELAE A PR
— BT TR LDPOTOK R ¥k 2% I

= %F A Differentiation , [ E——
. wj éﬁ[‘%& EI] m‘%)& RX)‘MHT\&Q | = ‘ references [ 212 -Rerener Eve Opening and 2ocuridated Difizrenfial Input ¥

[ 21.3- Common-#ade Inpt Velize Tolerance (VOM-RX)

— BER: %ﬂ:ﬂ—:\‘ﬁ%ﬁ E[/\J -‘L%ﬁg %ﬂj\lu "I/I—EE | [¥7 214~ HS 2% Diftrertial Terminzion Enabie Tme (TTERM- 0852

=

v 2.1.5 - HS-RX Differential Temmination Disable Tme (TTERW-0FF

_ F—‘ i’“z E{J M- p hyﬂ)—\lﬂ _‘[/ﬁ IDE\i H S,Z j:% HS / PWM ’ [ 217~ Receher Jter Tolesance (TURX, SJRX, RIRY, STTIRX, 5TS

[ 2.1 8- Retewer Pulss ¥iith Tokerance (TPULSER

4| B
Test Description

To very hatthe DUT s HSR0{is able o
saccesshully recsree HS signaling that mees the

maimum and minmum conformance
requirements for DT difierental inpatvakiage

e—
E=—
ampltuze . b =

X

KEITHLEY T6kll'0n/iX°

A Tektronix Company



DUTID DUTOO

Signal Type

Version : CTSv1.0

V! Gear 1A
|| Gear1B

Waveform Creation

Device Profile
Signaling Mode

| Continuous

_+ Burst

Loophack

« Manual

. Custom Script

|HS : Apply Calibration | Do not use calibration | ¥ ‘ (Calibrate,

Gear Selection for HS Mode

Test Method: Compliance - Test device for passifail ag

M-PHY Rx3ZWHLIR: [ 2 HGearl. 2. 3

= v

C)

Auto Calibration

Do not use calibration

Calibration Flld

Load From L;te

Choose File to L

] Gear 24
|| Gear 2B

[ Gear 34

["| Gear 3§ Receiver: HS : CTS w10

@ TestSelection 5.0
E [] 2.1.1 - Differential < Input VoEage Amplitude Tolerance (¥DIF-DC-
~[]2.1.2- Accumuatec Differential Ingut Voltage Tolerance (VDIF-ACC
: D 2.1.3- Common-Mode Input Voitage Tolerance (VCM-RX)

E [E 2.1.4 - Differential Temination Enable Time (TTERM-ON-HS-RX)
-] 2.1.5 - Differential Termination Disable Time (TTER®-0FF-HS-R3)

: 2.1.7 - Recemver Jier Tolerance {TJRX, SJRX, RIRX, STTJRX STSJ
] 2.1.8- Frecuency Offcet Tolerance SOFFSET-R5)

: E 2.1.9- PREPARE Length Capabdity Venficaion (THS-PREPARE-R»
[~ 2.1.10- Sync Length Capatdity Verification (TSYNC-R:)

Create if unavailable

Error Detection

Error Detection By |Manual

SelectC

Custom Scrpt

|
Perform LoopBack Initializatic

Perform LoopBack Validation

<

Test Description

Toweritythat the DUT s HS-RXis able to -
successtully recerve HS signaling having worst-

| Select Custom Script File

Status Ready |

KEITHLEY

A Tektronix Company

case jtter characterisics.

Tektron/ix*



M-PHY RxZWHLIR: RS2 EEPWM GO-G7
.. TekExpress M-PHY Rx - (U — e

Receiver : PWM : CTS v1.0
P (o)

2 | Test Selection =[] P

2.2.1 PWin-R¥ Differential DC Input Voltage Amplitude Tolerance

a— Configuration 2.2.2 P'WiM-RX Accurnulated Differential Input Voltage Tolerance (WT
SESLLL o] 2.2.3 PYWM-RX Common-Mode Input Voltage Talerance (YCM-R)
n Breferenros 2.2.4 P\Wh-Ri< Differential Termination Enable Time (TTERM-0MN-F

2.2.5 PWin-Rx Differential Termination Disable Time (TTERM-OFF-
2.2.8 PWiM-FX Receive Ratio_PWWhi-G1 and Ahove (kPYWhi-F3)
2.2.9 PWin-RX Receive Minor Duration in PAWRM-GO (TPYWh-MIMOR-C

Compliance Mode  « User Defined Mode

= M -
D Configuration 223 PN X D eyl OC Lrgad Vidage Arndtials Todsants VOIF DCPWH 4

— ~ 22 2 PO dcoumisted Ditererhial Ingat Voliage Toleraros (VOIFALC -
- 223 PWH A Cotrmon Mode Ingut Vollage Tolerance (VOM FOO &
4 | Praforonces 2,24 PWNRZ D iffemmotad Tormranaon £ nable T (TTERMON-PWM R<)

225 PWN Y Diferertal Termaanon Duatle Time {TTEAM OFFPWM R0
2 28 P! )l £ Amcarew ﬁun PWMEGT ard Lb-ra l) Pas R»

' m

Test Description

Towerty that the DUT 2 HE-FX iz able to B
zuccezzfully receive HE gignaling having worst-
casze jiter characteristics.

Tast tme durason [ P2 | Saconds v

Tast1 Tesi 2

DI \itage 490wy pimverage 20
CommonMoge \aitage. 150 Y CommonMoce Voltags 190 mv

| Status Completed.

L ————————

exironix-
¥ g

KEITHLEY
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M-PHY RxIZWALIER: ik o~

n O

Measuremesnt Detags Frequency (Mz) Amplitude (U0 Bit Brror Margh (Ul Hesuhs

Wayetorm for

Hgh Ampltude - | CJTPAT_FC | | 7 10000000,A 0 1) - 45 10000000 o1 0 NA Fass
= - Gear 1A

HS Gear 1A Wavelorm for

F10000000, A .0.5) - 15 10000000 os o A Fass
Cear 1A

Waveform for
FN000000, A 09) -HS 10000000 0s o NA Pans
Cear 1A

Wavetorm for
F 10000000, A | 3«45 1000000 0 I3 L NA Pask
Genr 1A

Waveform for
F10000000,A:1.7) - ¥5 10000000 [N 0 NA Fass
Gear 1A

Waveform for
F 210000000, A 0 11- 21000000 0 () 0 NA Pan
M5 Cear 1A

Waeveform for
F210000000, A 0.5} ~ 210000000 (153 ] NA Pazz
HS Canr 1A

Waveform for
F 21000000.0,A 09)-  21000000.0 0 20M06630 14 0 646430090385 £all
MS Cear 1A

Waveform for
F 210000000,A 011~ 210000000 0l 0 NA Pare
M5 Cear 1A

Wavetorm for
F210000000, A 05) ~ 21000000 ¢ 0s 0 NA Pazs
HS Canr 1A

Wavetorm for
F 210000000, A 04 - 21000000.0 as 2952708555 06453031 20208 fall
MS Cear 14

Waveform for
F 410000000, A0 1)« 410000000 ot 0 NA Pasy
HS Cear 1A

Waveform for
F 410000000, A 05)~ 470000000 0s 0 NA Pazs
HS Conr 1A

Waveform for
FA1000000.0.A 0% - 210000000 as Not Valid 082705856447 Fall
HS Cear 14

Wayeform for
FEI0000000 A0 -  E1ODOOO0 O o1 0 NA Pany
HS Ceor 1A

Weyetorm for
FE1000000.0, A 0.5}~ E1000000.0Q 0s 0 NA Fasz
HS Canr 1A

Waveform for

FA10000000 A 0% - 610000000 0% Not Valld 0 643660800212 Sl
M5 Cear 1A

B,

KEITHLEY Tektron/ix'

A Tektronix Company



Penodthmr-Pk)

Tewdatune 480 Dada Trow

@ DEervriy

Foye ensed

Toumynne &£ o Lo

» Tk

Adarrate

Encoding B R Ma Fregquency (Hzx Phase (7}
- inor- 0.33 : T y
PWM: T_Minor: »| Ul Magnitude: 1 Pe"mmmer";k pk: ) i v
0.00 agnituade: requency .
- - i L -
smemne: | eaedii ] Rit: 0.0100 E—I 20| @ sinet:  2.000 B 10000000M ]
¥]8B10B  Disparty  |RD+  ~ \;‘7‘ 29| 71 sinez: | 1.000 3 [w__+] 10000000w B
Jitter
Example 1010101%
v s “IRandomSeed: 12345 e
s > Ry Crest Fadtur Peak) 12732 |3 X Sgma
Potmameat 150000800010 .
Register mtal Value Q@ S-Parameter Filter:
Selectthe Mode: [Cascading v] []Plot frequency response on compile
g
1 0”“"" _\emmaog [ e Bandwidth Limit - embed/de-embed
Fose Fnme | Tiwwmn  Orverrnd Cote
- 3 @ None ) Auto @ Custom  |2:400000000 G & Hz
Cascading
- I— File 1 —| File2 ’— fies OD—ries @D —Fies OD—Fies CD—

[T Invers{ S-Parameter Settings: File 1

g2

-1l

EEEL Ryl Sl BalXpressiSamples\Touchstoneld0iniSITrace s4p I ES

| oK || Cancel |

KEITHLEY
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M-PHY Rx#ZEHLIMR: HSIR B

= 2.1.1 - HS-RX Differential DC Input Voltage Amplitude Tolerance
= 2.1.2 - HS-RX Accumulated Differential Input Voltage Tolerance
= 2.1.3 - HS-RX Common Mode Input Voltage Tolerance

= 2.1.4 — HS-RX Differential Termination Enable Time

= 2.1.5 - HS-RX Differential Termination Disable Time

= 2.1.7 — HS-RX Receiver Jitter Tolerance

= 2.1.8 - HS-RX Frequency Offset Tolerance

= 2.1.9 - HS-RX PREPARE Length Capability Verification

= 2.1.10 — HS-RX Sync Length Capability Verification

KEITHLEY Tektron/ix&

A Tektronix Company



M-PHY Rx#ZHLMt: PWMIIA I H

= 2.2.1 - PWM-RX Differential DC Input Voltage Amplitude Tolerance
= 2.2.2 - PWM-RX Accumulated Differential Input Voltage Tolerance
= 2.2.3-PWM-RX Common Mode Input Voltage Tolerance

= 2.2.4 - PWM-RX Differential Termination Enable Time

= 2.2.5 - PWM-RX Differential Termination Disable Time

= 2.2.8 - PWM-RX Receive Ratio, PWM-G1 and Above

= 2.2.9 - PWM-RX Receive Minor Duration in PWM-GO

KEITHLEY

A Tektronix Company
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M-PHY Rx#W LI EERE

AWG7000 Series DPO/DSA/MSO 70000 Series
Aribitrary Waveform Generator D|g|ta| Oscnlloscope
=% O
.. .,
~ TILLLLE j.q,— %.Dll » L l_;. | 2 ]
Il"\,AZOps RiseTime filter
LH 3] \ P73XX SMA
Ch 1 Ch 2 Negative
Analog  Analog ‘ O \ Positive
xun
| ROn Device Under Test |
(DUT)
0543002 RxDp TxDp

KEITHLEY

A Tektronix Company
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MIPI M-PHY G1/G2/G3 TX Setups

= ZEFEMIPI MphyJ5 &
— HEF£DPO72304DX 23 Giff T SZIN 7R ik 25
— BAKER16GHz W % (78 #M-phy Gearl. 2. 3
— MIPI M-PHY#3k 3k &4 '
— B EEREPT5004R L MDUTHZ %8 . FT 1455
— HS gearsilliz
— 16GHzL\ FH Rk
- =
Q Z5 M —R
O Fy, AT H 77 Z R
— LS/PWM gearsillix
— 8GHzUL F AL
— P7380A. P7508#& L) I

KEITHLEY Tektron/ixe
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