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HDMI f&j4¢

HDMI (High Definition Media Interface, &7& % E4iE
A), BT IXE R EHm AR S nEdE, iy,

RAEMTFRS, %&F;zﬂ@ﬁ%ﬁ?ﬁ%%?;ﬁnut,

BN, PnE, "EMF, HOMI ZRE T %52 4

/Nfhz&, Source, Sink, Cable%l] Repeater, A7 &

IEIX R FRFMNFERM, AEHNERESHMETE
SEEMNER,

HDMI hl 28 i#

Version 1.4b 2.0 2.1 ( FRL mode )
Date release 2009-5 2013-9 2017-11
) 8K@60Hz,
Max Resolution 4K@30Hz | 4K@60Hz 4K@120Hy
Max Clock rate
(MHz) 340 148.5 Embedded
Clock/Data ratio 1:10 1:40 NA
Max Data rate /
channel (Gbps) 8.4 6 12
Max Total
throughput (Gbps) 102 18 48
YCbCr 4:2:0 No Yes Yes
Support

Note: EH HDMI2.0 FIEB4>JA/EE| HDMI2.1
{I5#: 73 HDMI2.0

BT R, U

HIERE

BRITE L HOMI ER4rER 1.4b #1 2.0, MR XHFH
BADHE | RIFE D 52 4K@30Hz 1 4K@60Hz,
FEE X Em 0 PR MRBIF R R RGN, HOMI thes T
2017 £ 11 B#EH 7 HDMI2.1 R, 07 FRL ( Fixed
Rate Link ) #23{, %#F 8K@60Hz 1 4K@120Hz,

FRL EAHZ L) HDMI 3 A f93R 7 B $h s S 80
ANTEHIES, EEBORERIRE B TRE
th; QB FEZBRZUMEIEL channel X E 4 4 4,
£ channel &= X # 12Gpbs BIEZE; QRABFTRM
8b/10b 3 4 16b/18b, HIDEE S,

FRL #&=3X

EOYEEIEBE T, JEXRA TMDS Clock channel
BENXHFRL lane3; TMDS Data 0/1/2 433t FRL
lane 0/1/2, W T~EPFR

FRL Lan e 0
(Connector Signals TMDS Data0+/-)
FRLLane 1
(Connector Signals TMDS Datai+/-)
FRL Lan e 2
Connector Signals TMDS Data2+/—
HKMI TX

HKMI RX
FRL mocje of AL a3 FRL mer of
operation (Connector Signals TMDS Clock+/-) operation
< SCL >
P SDA |
< »
< CEC >
. Utility R
< »
< HPD >
Cable
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FRL 2%, R% 3lanes # 4 lanes T{E# 1, 3 lanes
THERT, {XXFF 3 Gbps #1 6Gbps FFREE;
& 1% F #Y Lane3, source F sink 3B B A = &
50Q ~ 150Q ¥t ¥

4 lanes THERIT, ¥F 6/8/10/12 Gbps FUFHERE;

FRL Lane link rates

Rate per Lane Number of Lanes

3 Gbps

6 Gbps

6 Gbps

8 Gbps

10 Gbps

AN N RN AN OVl V)

12 Gbps

HDMI Fourm Vendor Specific Date Block

MR

HDMI2.1 Source # Sink &J Link
Training procedure

Source &5 EiEE Sink 9 EDID ( EDID £ 12C #iit
H OXAO/OXA1, K EH 256 FHHEM#TE, B8
Sink FI XN REMESEREEFEFEL ) , M sink
FrZ 35 m 993K [ # &, Source REEHH Sink EDID
REFODIE [ EE,

%5 HDMI2.1 #y Sink, —ZEZ 7 EDID H HF-VSDB
IR F T SCDC_Present &4 1, Max_FRL_Rate
WESEERZ 156, HBFORFTAZIFFRL 1, H
B HREE, 7 SCDC H3E Sink version iR E A 1

Byte \ Bit # 7 | 6 | s 4 | 3 | 2 | 1 0
0 Vendor Specific Tag Code (=3) Length (=N)
1 IEEE OUI, Third Octet (0xD8)
2 IEEE OUI, Second Octet  (0x5D)
3 IEEE OUI, First Octet (0xC4)
4 Version (=1)
5 Max_TMDS_Character_Rate
6 I' scoc_ IRR_CapabIe Rsvd(0) | ccapci [MTE-340Mosc|Independent| o (s, | 3D-0SD_
| Present | _scramble _view Disparity
7 | Max_FRL_Rate | Rsvd(0) Dcfzzb't— Dc—tl‘?‘z%b't— Dcf;:jb't—
8 Rsvd(0) | Rsvd(0) Moeta  |CinemaVRR| CNMVRR FVA AlLm  [APAstart_
location
9 VRRmax[9:8] VRRmin
10 VRRmax[7:0]
11 DSC_1p2 DSC_—A'N;E;“’E Rsvd(0) | Rsvd(0) DSE;‘:”— DSC(—J)?pr DSC_12bpc | DSC_10bpc
12 DSC_Max_FRL_Rate DSC_MaxSlices
13 Rsvd(0) | Rsvd(0) | DSC_TotalChunkKBytes
14..N Reserved(0)*

* No additional bytes are necessary but if present, they shall be zero.

4 | www.tek.com.cn
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Max_FRL_Rate HEMAES XWT, #HF 1 KRNI 3 lanes X TH 3Gbps EE, HMEZEFM lane BELEAR
¥, #F 3 RFRIFF 3 lanes R THY 3Gbps #1 6Gbps RZE; 4 lanes B TNk #r 6Gbps TE, Hfth
BRANT . HthEFHES CEE#E,

* Max_FRL_Rate [4 bits]  Sinks shall set this field to the value that indicates the level of FRL support
that the Sink is capable of.

: Fixed Rate Link is not supported.
il Fixed Rate Link at 3 Gbps per Lane on 3 Lanes (0, 1, and 2) is

supported. Other FRL rates and Lane configurations are not
supported.
2: Fixed Rate Link at 3 and 6 Gbps per Lane on 3 Lanes (0, 1, and

2) is supported. Other FRL rates and Lane configurations are
not supported.

3: Fixed Rate Link at 3 and 6 Gbps per Lane on 3 Lanes (0, 1, and
2) is supported. Fixed Rate Link at 6 Gbps per Lane on 4 Lanes
(0, 1, 2, and 3) is supported. Other FRL rates and Lane
configurations are not supported.

4: Fixed Rate Link at 3 and 6 Gbps per Lane on 3 Lanes (0, 1, and
2) is supported. Fixed Rate Link at 6 and 8 Gbps per Lane on 4
Lanes (0, 1, 2, and 3) is supported. Other FRL rates and Lane
configurations are not supported.

5: Fixed Rate Link at 3 and 6 Gbps per Lane on 3 Lanes (0, 1, and
2) is supported. Fixed Rate Link at 6, 8, and 10 Gbps per Lane on
4 Lanes (0, 1, 2, and 3) is supported. Other FRL rates and Lane
configurations are not supported.

6: Fixed Rate Link at 3 and 6 Gbps per Lane on 3 Lanes (0, 1, and
2) is supported. Fixed Rate Link at 6, 8, 10, and 12 Gbps per
Lane on 4 Lanes (0, 1, 2, and 3) is supported.

7-15: Reserved

Status and Control Data Channel Structure

SCDC £ I°C #i3it b OxA8/AQ HafztE==(a], FT Source # Sink AR MRS FIE L, 95T Source
M Sink &I IMES, 5 EDID A[E, EDID %t source 12 R, HDMI2.1 Source 1 Sink 4@t H, &fF
A% Sink version, Update Flags, Sink Configuration, Status Flags Z{= 2

Offset R/W | Name Description

0x01 R Sink Version Section 10.4.1.2

0x02 R/W | Source Version Section 10.4.1.2

0x10 R/W | Update Flags Section 10.4.1.3

Ox11 R/W

0x20 R/W | TMDS Configuration Section 10.4.1.4

0x21 R TMDS Scrambler Status Section 10.4.1.5

0x30 R/W | Sink Configuration Section 10.4.1.6

0x31 R/W

0x35 R Source Test Configuration Section 10.4.1.6.1

0x40 R Status Flags Section 10.4.1.7

Ox41 R

0x42 R

0x50 R Channel O (Lane 0) Error Count bits 7 -> 0 Sections 6.2, 6.6, and 10.4.1.8
0x51 R Channel O (Lane 0) Error Count bits 14 -> 8

0x52 R Channel 1 (Lane 1) Error Count bits 7 -> 0 Sections 6.2, 6.6, and 10.4.1.8
0x53 R Channel 1 (Lane 1) Error Count bits 14 -> 8

0x54 R Channel 2 (Lane 2) Error Count bits 7 -> 0 Sections 6.2, 6.6, and 10.4.1.8
0x55 R Channel 2 (Lane 2) Error Count bits 14 -> 8

0Ox56 R Checksum of Character Error Detection Sections 6.2, 6.6, and 10.4.1.8
0x57 R Lane 3 Error Count bits 7 -> 0 Sections 6.6 and 10.4.1.8
0Ox58 R Lane 3 Error Count bits 14 -> 8

0x59 R Reed Solomon Corrections Counter bits 7-> 0 Sections 6.5.4 and 10.4.1.8
Ox5A R Reed Solomon Corrections Counter bits 14 ->8

www.tek.com.cn | 5
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FRL Link Training Procedure
X #F FRL # 3 #9 Source # Sink B R E %, & ZE# 17 Link Training, ¥ # FRL rate th % & # 47 Link
Training. TE=Z Link Training MRZSHLEIBkE B 7R

Initial Source State

Initial Sink State Sink supports FRL and Source

initiates FRL Link Training

Sink sees FRL_Rate
updated to >0

Source
initiates
training

No lower
FRL_Rate setting
exists OR the Source

choosesto end FLT

BK Training 2R R 4 4 link training state:

LT State Source Behavior Sink Behavior
LEVRAT EDID 5, B Sink 275535 FRL mode, %
LTS BT 3 MRt H
: o \n
Read EDID FRL_Max_Rate >0 124 EDID 1% & SCDC

SCDC_present =1
Sink Version =0

LTS:2 Source R EZ&1f, HZ| SCDC FLT_Ready 4 1 Sink &% link training F, # SCDC FLT_Ready i
Prepare for FRL 1% & FRL_Rate #1 FFE level =l
LTS:3 1R¥E Ln(x)_LTP_req Z 78818, &k H1ER pattern 1% & FRL_Start=0
Training in progress | Ln(x)_LTP_req=0 AN T4 LTS:P JIRZS B Ln(x)_LTP_req F178&8, AT lane 153K pattern
LTS:P Jh4g FRL &% &ME FRL 2515, 18E FRL_Start=1, E&ERS
FRL training passed | &34 FRL_Start=1 A FFA S MR L4 LT

Source TX MIREPETE LTS:3 RS T 5%, MiK®EIL SCDC FLT_no_timeout IRE XA 1, X#Ff source #Bid
LT Tflt =200ms Bf, A A=RE FRL LT RS, AT B FE pattern # FFE level L2 FEX/ MRS TIE R A
H A,

¥ Link B# FRL rate B, SFEAZIIRZ LTS:4 Update FRL_Rate
X Link training ks EBR, £ RZ LTS:L Legacy TMDS, Source 1 Sink T{E7E TMDS &3, thpt2
HDMI1.4b/2.0 &=,

6 | www.tek.com.cn
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Link training K& %#th o] U5 % TE,

ax_FRL_Rate =0

SCDC_present = 1
Sink Version =0

FLT_Ready =1

Set FRL_Rate=0
Set TxFFE=TxFFEQ
Program FFE level

= 200ms

[ Read Ln(x)_LTP_req |
0

=0xE

=1~8
| —

Other

¥

keep polling

EE——

N =0

N=0 poling/2ms

h J
»| Set FLT Ready=1 |

——» <_TMDS Detect @

h 4
| setFRL_start=0 |

4
Ln(x)_LTP_req |

h
[ Frogram

»| Set FRL_Update=1 |

=0xF
[r———

Update FFE level
emain Pattern

k.
[ write FRL_Update=1]

<)
B~

www.tek.com.cn |

7



AN{ATSEEL HDMI 2.1 Bl i e

HDMI2.1 FRL illixI B

| oy N e Jont] oo | s |
LTP5678  LTP5678 3*73728Uls  Min Avcc-800mV Avcc+30mV. v
LTPS678  LTPS678 373728UIs  Min Do commonmode  DCcommonmode -,
- 375mV +375mV
LTP4 LTP2 500 /500 Max - 16mv/ps mV/ps
LTP5678  LTP5678 - Max - 4TBit Thit
HFR1-5: FRL Rate LTP3 LTP2 M Max, Min -300ppm +300ppm ppm

HFR1-6 : Random Jitter LTP3 LTP2 M Max, Min = 0.2TBit Thit
HFR1-7 : Data lane Eye Diagram LTP5678 LTP5678 2M Max, Min Mask Hit =0 #
LTP5678 LTP2 1M Max = 150mV v
LTP4 LTP1 ~192 Max  Delta preshhot < 0d8 D@ dfa:rgphes's oB
e LTP1 - All 1’ pattern
e LTP2 — AllO’ pattern
e LTP3 - Clock pattern
e | TP4 — 128 zeros followed by 128 ones pattern
e LTP5/6/7/8 - Predefined sequence of 4096 FRL characters
M T E EK
mA HDMI1.4b/2.0 HDMI2.1
Pattern XA pattern E3k, WH AN P | FEMAR pattern, FHEX T 8 F Link Training Pattern,

ZRPE] CREE A LTP1 ~ LTP8, HH LTP5 R7E FRL Lane0
2%, LTP6/7/8 R xRz %| FRL Lane1/2/3

B NA TTEIRER, HBEEEHEM lane SINMEL
Data Rate 1.4b MR R R ENHENK, FEMNHE 0.27/742.5/1.485/2.97 Gbps

20 MXHEREDPHENY, EMEEF 3.71/4.45/5.94Gbps
21 MRESEXRSERHPRERTE, 2ETEEEX 3/6/8/10/12Gbps
AR B A 1

1.4b BRNIXFFHER THRE,

2.0 2.1 RERMK AR R M ER/NERAIERE

8 | www.tek.com.cn
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iz Pattern #0 Data Rate BJS2IR

X I H BEEY pattern, Sink 7 SCDC offset 0x41/42 89 Ln(x)_LTP _req fI BRE, /40 Lane 0 FZE LTP5
Bf, Sink BEE offset 0x41 #9 bit0 ~ bit4 S 0b0101 (X2 LTP5 & Link training pattern 53 H code )
Source EELE| LnO_LTP _req 4 0b0101 B, FHEEH Lane0 FHH LTP5,

SCDCS-Status Flags

Offset Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
DSC_ Lane3 Ch2_Ln2 | Ch1_Ln1 Ch0_LnO Clock
0x40 | FLT_ready | Rsvd (0)
DecodeFalil _Locked | _Locked _Locked _Locked | _Detected
0x41 Ln1_LTP_req LnO_LTP_req
0x42 Ln3_LTP_req Ln2_LTP_req
e LnO_LTP_req [4bits] Sink shall set this field during Link Training (Section 6.4.2) with a code from

Link Training Patterns

Table 6-32 to indicate the Link Training Pattern requested by the Sink for
Lane 0. Link Training Patterns are independent for each Lane.

Symbol Code Description

No LTP 0b0000 No Link Training Pattern requested.

LTP1 0b0001 All 1's pattern
Source sends 18 continuous 1's without 16b18b encoding.

LTP2 0b0010 All O’s pattern
Source sends 18 continuous 0’'s without 16b18b encoding.

LTP3 0b0011 Nyquist clock pattern.

Source sends an alternating pattern of 0 and 1 (one bit time each) without 16b18b
encoding. When FLT_no_timeout is cleared (=0), Source shall ignore this request,
clear (=0) FLT _update and continue sending the previous pattern.

LTP4 0b0100 Source TxFFE Compliance Test Pattern.

128 zeros followed by 128 ones, repeating pattern.

LTPS Ob0101 LFSR 0. Source transmits a sequence of 4096 FRL Characters, starting with 4 SR Characters;
followed by 4092 characters generated by encoding the 16 bit output of the Data Lane 0
scrambling LFSR using 16b18b encoding. The first few characters of this sequence are
shown in Table 6-33.

LTP6 0Ob0110 LFSR 1. Source transmits a sequence of 4096 FRL Characters, starting with 4 SR Characters;
followed by 4092 characters generated by encoding the 16 bit output of the Data Lane 1
scrambler LFSR using 16b18b encoding. The first few characters of this sequence are
shown in Table 6-33.

LTP7 0Ob0111 LFSR 2. Source transmits a sequence of 4096 FRL Characters, starting with 4 SR Characters;
followed by 4092 characters generated by encoding the 16 bit output of the Data Lane 2
scrambler LFSR using 16b18b encoding. The first few characters of this sequence are
shown in Table 6-33.

LTP8 0b1000 LFSR 3. Source transmits a sequence of 4096 FRL Characters, starting with 4 SR Characters;
followed by 4092 characters generated by encoding the 16 bit output of the Data Lane 3
scrambler LFSR using 16b18b encoding. The first few characters of this sequence are
shown in Table 6-33.

Reserved | Ob1001- Reserved

0b1101

Special 0b1110 Special coded message from Sink to Source to ask that FFE be updated (See LTS:3).

If the Sink determines that a different FFE setting is needed on one or more Lanes, the
Sink may set one or more Ln(x)_LTP_req fields to OxOE while setting remaining
Ln({x) LTP_ req fields to the range 0x0 to Ox8.

Special Ob1111 Special coded message from Sink to Source to change link mode (rate).

Note: when this special code is used, the Sink shall set Ln(x)_LTP_req for all active Lanes to
0x0F simultaneously.

www.tek.com.cn |
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Tzt Data Rate %

H Source 7E SCDC offset 0x31 L& A sink Configuration Hi&E. B0

Rate firES A\ 0x6,

X1 FFEMNRINE , FFE level 3®5d FFE_level fiBi&E . F15E

HAE D REE,

SCDCS-Sink Configuration

MK 12Gbps i

TEX TXFFEOQ ~ TXFFE3 FUF level,

EZE A}, Source 7£ FRL_

A ENEAO ~ 3

Offset Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
0x30 | Rsvd(0) | Rsvd(0) | Rsvd(0) | Rsvd(0) | Rsvd(0) | Rsvd(0) F;Tt—rgi‘; RR_Enable
0x31 FFE_Levels FRL Rate
e FRL_Rate [4Dbits] O Disable FRL.
1 Fixed Rate Link at 3 Gbps per Lane on 3 Lanes (0, 1, and 2).
2 Fixed Rate Link at 6 Gbps per Lane on 3 Lanes (0, 1, and 2).
3 Fixed Rate Link at 6 Gbps per Lane on 4 Lanes.
4: Fixed Rate Link at 8 Gbps per Lane on 4 Lanes.
5: Fixed Rate Link at 10 Gbps per Lane on 4 Lanes.
6: Fixed Rate Link at 12 Gbps per Lane on 4 Lanes.
7-15: Reserved
Sources select the FRL rate and Lane count by writing into this register.
This field is written by the Source during the Link Training protocol
described in Section 6.4.2.3.
e FFE_Levels [4 bits] The Source shall set this field to indicate the maximum TxFFE level

10 |
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HFR1-1 Source FRL Electrical - DC Common Mode

Min Uls
3*73728 Uls

Low Limit
AVCC-800mV

Data Rate
Min

Aggressor Lane
LTP5/6/7/8

High Limit
AVCC+30mV

Victim Lane
LTP5/6/7/8

Test Point
TP1

Note: AVCC=3.3V

RIEZENMESHERRESRE.
UMK LaneO A, LaneO &% LTP5 %38, HAth aggressor Lane1/2/3 73 &% LTP 6/7/8 38,

- a=mNCIP
[HFRI-1:DC Common Mode Voltage ]
- Measurement ; ; B ; S
Lane Iteration Details Measured Value| Units Test Result Margin Low Limit High Limit
Lane0d Run(Q %E:a?mon 2765.1868 myv Pass égi:;?g g' 2500.0 3330.0
HFR1-2: Source FRL Electrical — Vse_max, Vse_min
Test Point | Victim Lane | Aggressor Lane Min Uls Data Rate Low Limit High Limit
_ DC common DC common
TP1 LTP5/6/7/8 LTP5/6/7/8 3*73728 Uls Min
mode — 375mV | mode + 3756mV

MEEFA lane IZE 55 data+ 1 data— R AEME/\VE, DC Common mode HI{ERE HFR1-1 I &1{&E,
Bl AT = BIAY limit:

High limit= 2765.1868+375=3140.1868mv,

Low limit= 2765.1868-375=2390.1868mV,

W& B
Lane Iteration g::;'lj;eme"t Measured Value| Units Test Result Margin Low Limit High Limit
Vse_MinLane0+ 71.9770,
LaneQ RunQ at 12Gbps 2462.1638 my Pass 678.0220 23590.1868 3140.1868
Vse_MaxLaneO 676.4708,
LaneQ RunQ + at 12Gbps 3066.6576 my Pass 73.5202 23590.1868 3140.1868
Vse_MinLane0- 55.2727,
LaneQ RunQ at 12Gbps 2445.4595 my Pass 694.7273 23590.1868 3140.1868
Vse_MaxLane0O- 673.7391,
LaneQ RunQ at 12Gbps 3063.9259 my Pass 76.2609 23590.1868 3140.1868
HFR1-3: Source FRL Electrical — RISE/FALL Slew Rate
Test Point | Victim Lane | Aggressor Lane Min Uls Data Rate Low Limit | High Limit
TP1 LTP4 LTP2 500 Max 16mV/ps

www.tek.com.cn
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TR RIS ENIES, HEEXR FRLESH LA/ THEMNZLFUNF 16mV/ps.

MK ABEMFE A LTP4, 128/ “0” #1128 “1” ZEAIRBEL, L 10G1ES5 A, SELZ 39.06MHz I T5KES,
WTEMT.

RE =B

HFR1-3 - Rise/Fall Slew Rate

Lane Iteration '[‘;':t“:i‘l‘s'e'"e"t Measured Value| Units Test Result Margin Low Limit High Limit
Lane3+ Runl E‘!S]ESEE‘:EATH 5.8094 mv /ps Pass 10.1006 NA 16.0
Lane3+ Run E’“‘a';%ggg‘:‘ﬁ 5.0371 mv /ps Pass 10.9629 NA 16.0
Lane3- Run it'sfgéEb"ngTEz 5.7077 mv /ps Pass 10.2923 NA 16.0
Lane3- Runl ;"’;ﬁ%é‘g&?ﬁ 4.6035 mv /ps Pass 11.3965 NA 16.0

@ Fall Slew Rat 5. ns. % Ovins  6.1633Vins  2.0323Vins 500 1.1090V... -999.63...

& Rise Slew Rate2, M. 57077Vins  411.90m.. 6.9791Vins  4.6178Vias  2.3612Vins 500 1.3323V... -1.5760V...
< Fall Slew Rate2, Ma... -4.6035Vns  320.72m.. -3.8041Vins  .5.8409Vins  2.0367Vins 500 1.3058V... -1.4713V...

HFR1-4: Source FRL Electrical — Inter—Pair Skew

Test Point | Victim Lane | Aggressor Lane Min Uls Data Rate Low Limit | High Limit
TP1 LTP5/6/7/8 LTP5/6/7/8 - Max - 4Tbit

AR lane Z 88 skew EARRERBIL 4Tbit, Tbit RI—A bit ARTETEE, SHEMITEH Ul &X—H,

Malane X K H, TEENME 6 F{E R, LaneO-Lanel; Lane0-Lane?2; Lane0-Lane3; Lanel-Lane2
Lane1-Lane3; Lane2-Lane3,

L LaneO-Lane2 A9 skew B, Lane0 & LTP5, Lane2 X LTP7, LTP5/6/7/8 FE &0 T skew Kk
A9 SR characters ( Scramble Reset Characters ) , - lane 89 SR character B skew Bl Inter—pair skew,
HIMTEEK source IMTEPTE lane LEIAT A Y SR character

12| www.tek.com.cn
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First states of the of pattemns LTP5, LTP6, LTP7 and LTP8

Sequence LTP5 16-bit data LTP6 16-bit data LTP7 16-bit data LTP8 16-bit data
value [15:0] value [15:0] value [15:0] value [15:0]

1 Scrambler Reset!2! Scrambler Reset Scrambler Reset Scrambler Reset
2 Scrambler Reset Scrambler Reset Scrambler Reset Scrambler Reset
3 Scrambler Reset Scrambler Reset Scrambler Reset Scrambler Reset
4 Scrambler Reset Scrambler Reset Scrambler Reset Scrambler Reset
5 OxFFFF OxFFFE OxFFFD OxFFFC
6 Ox4B7C 0x737D 0x3B7E Ox037F
7 0OxDDBD 0x3838 0x2EBBE OxCB33
8 OxFEFA 0x45B9 0xBO7D Ox0B3E
9 Ox0A44 Ox8A08 0x32DD 0OxB291
10 OxABDC 0x355C OxAEDD 0x305D
11 0x9B17 OxC1F2 Ox2EDD 0x7438

Note:
) Scrambler Reset is an 18 bit character; all other values represent 16 bit hexadecimal output of the Scrambler LFSRs
prior to 16b18b encoding.

ETB:

HFR1-4 : Inter-Pair Skew
Lane Iteration B‘I:ssmlljsrement Measured Value| Units Test Result Margin Low Limit High Limit
HFR1-4 : Inter—
Lane0-Lane2 Run0 Pair -0.3583 TBIT Pass 3.6417, 4.3583 | -4.0 4.0
Skew_12Gbps
HFR1-5: Source FRL Electrical - FRL Rates +/— 300ppm
Test Point | Victim Lane | Aggressor Lane | Min Uls Data Rate Low Limit High Limit
TP1 LTP3 LTP2 ™M Max, Min -300ppm +300ppm

MELFR FRL E SR ZFAEXN TIRAERKIERE, KEahSEEEIE T 300ppm A,
MIXAREMER LTP3, Bp “0” 1 “17 TEMESEPREEY, T EIf~. HAh aggressor lane &A% 0 738,
&R A.

HFR1-5 : FRL Rates

Lane lteration “D“:t“;fs'“"m‘ Measured Value| Units Test Result Margin Low Limit High Limit
Lane0 Run1 ]L‘(;‘(':‘br:]fe at | 177436 ppm Pass g?;ﬁj‘;g’ -300.0 300.0
Lanel Run1 ]L‘(;'(':‘bife at | 181620 ppm Pass ;?;ﬁggg’ -300.0 300.0
Lane? Run1 %g'ébﬁte at | 479058 ppm Pass é?i:gggé’ -300.0 300.0
Lane3 Runl ']-‘(;‘é‘b[;?e at | 476421 ppm Pass g?i:gg?’ -300.0 300.0

re | Mask | Math | MyScope | Analyze

=

I 1M7.1mV12.5us | =™ /0.0v
T 117.1mV250.0ps -780.1ns-779.9ns Previe
- 0acas

Cons August4, 2019

1.0us/div 50.0GS/s  20.0psipt
sample
RL:500.0k

19:04:49

Jitter, Noise and Eye Diagram Analysis Tools
View Details v |

Description
Qe

Population Maxcc  Min-cc

www.tek.com.cn | 13
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HFR1-6: Source FRL Electrical — Data Jitter (Rj)

g".ﬁ
ot
=
i
paiy

Test Point

Victim Lane

Aggressor Lane

Min Uls

Data Rate Low Limit High Limit

TP2_EQ

LTP3

LTP2

™

Max, Min 0.2Tbit

ST FRLIER, AIREEE 10e-10 B, Rj#BE/NT 0.2Tbit o MIRE, REEMRFIFNEANR/NER,
MIRFLEGEA LTPS, B “0” #1 “17 XEMMEALEY, a1 FEIFR., HAb aggressor lane &4 0 738,

&=l
[ HFRI-6 DatajitterRy ]
Lane Iteration Bﬂ:tasmtlsrement Measured Value| Units Test Result Margin Low Limit High Limit
Lane0 Runl RMS at 10Gbps | 0.7824 ps Informative NA NA
Lane0 Runl ':‘:‘)zkbgzpeak a1 50995 ul Pass 0.1005 NA 0.2
HFR1-7: Source FRL Electrical — Data Eye Diagram
Test Point | Victim Lane | Aggressor Lane Min Uls Data Rate Low Limit | High Limit
TP2 EQ LTP5/6/7/8 LTP5/6/7/8 2M Max, Min Max Hit =0

UM LaneO A1, LaneO k3% LTP5 #38), Hfth aggressor Lanel/2/3 733I%& % LTP 6/7/8 #38, ik =2
TP2_EQ MIfIE ; MSEEXHFh Cable mode: Category 3 Worst Cable Mode ( WCM3) and Category 3 Short
Cable Mode (SCM3), MSEEXFFHSE. 1 ~ 8 dB B CTLE #1 DFE 1-tap d1 value 25mV,

NAZRMT:
L2 =S TP1 X&/5, N cable %
pattern e B e 5, BNAS% cable HHFEEE
Tx TPA-P [] Cable [ Cable S
Emulator Equalizer TP2_EQ 11% E,‘] EE o

Board

Receptac

3/6/8/10G

le

WCM3

SCM3
WCM3
SCM3

TX TP2 EQ eye | Cable mode CTLE

8dB 25mV (d1
value)
1dB None
8dB None
1dB None

SCM3 {3 1dB #Y CTLE;

WCM3 {4 8dB # CTLE,

DFE R 7 12Gbps &, WCM3 f&
TEA,

Insertion loss

L0 p
won
LO Cross talk ?qlpquyc_")}p- B -
n— — milp
A coniop et
Cross B2 mmu._,f‘ ;
L1 p— Gt P
- g5 1ol 00 (VB
GO et
L1 n ) DA P
- gs‘.'a‘v' i(o.‘“\}Q
St 0.8 '@a_/ ’
L2_p - A O e
o= O »f
O
L2 n NG Q-
T
o
L3_p o
3n

& ov LO_pwith crosstalk

REVTESEEAREH

BLE & Cable # AV Insertion
loss, tWEEEHM lane 5IAH
cross talk 89, NZEEFTR.

14 |
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WA SEI HDOMI 2.1 By iR il FSERRE
10
8 8B
6
/
S, P —
c
£ ]
8 // / __3dB T
__‘___,__,_mﬁ,_____
Reference CTLE 2 s n s 3 1 1
Frequency [GHz]
(s+wz)
H(s) = Apjcwp; ————————
() = Ancwr2 o NG vam
where
wpy = 2m X 3.5GHz
wpy; = 2m X 10GHzZ
wz = wpy /Ay
And Aac is determined as follows:
Gain | 1dB | 2dB | 3dB | 4dB | 5dB | 6dB | 7dB | 8dB
Aac 1.35 1.57 1.8 2.05 2.32 2.63 2.97 3.34
Equation 6-5: Reference CTLE Equalizer Equations for 3 Gbps, 6 Gbps, 8 Gbps, 10 Gbps and 12 Gbps!
&l
HRI7 Daw®eOlgen
Differential_EyeDiagram_Lane2_12Gbps_WCM_8dB_Run0
¥ Woltage DFE agr X Time
Eye diagram
12Gbps WCMS3 8dB
a::‘ "“"'2“"“":&3 -40ps ~20ps s 2003 a0ps Bps 80ps
Differential_EyeDiagram_Lane0_12Gbps _SCM_1dB_Run0Q
¢ voltage ore - KT
Eye diagram

12Gbps SCM3 1dB

Mask HDMZ.1Tp1 msk

-s00my

a0ps s -aops -2ps 0s 20ps s ps alps

www.tek.com.cn | 15
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HFR1-8: Source FRL Electrical - AC Common Mode Noise

Test Point | Victim Lane | Aggressor Lane | Min Uls Data Rate Low Limit High Limit
TP1 LTP5/6/7/8 LTP2 ™ Max - 150mV

ISUE AC HARR R FARFRE/Z08 (1000mV ) #9 15%, BN 150mV, UFRILEREESRTERE,
PO LaneO 441, LaneO 43X LTP5 #3&Y, Hfth aggressor Lane &i% LTP2, B4 “0” #EEL,

& =Bl

_HFRI-8°AC Common Mode Voltage

Measurement

Lane Iteration Details Measured Value| Units Test Result Margin Low Limit High Limit
AC Common

LaneO RunO Mode at 75.2130 my Pass 74.7870 NA 150.0
12Gbps

HFR1-9: Source FRL Electrical - FFE Monotonicity

Test Point | Victim Lane | Aggressor Lane| Min Uls | Data Rate Low Limit High Limit
Delta Pre—shoot < 0dB
Delta De—emphasis >0dB

TP1 LTP4 LTP1 ~192 Max

FFE 203 % #5TheE, S Source 1 Sink 3% iE0t, A8E2H,
EARZFFFFE AT, Source i thEHE TP2_EQ IREIFE X,

PO Lane0 4f5l, LaneO %ki% LTP4 #3#Y, Bl 128 4~ “0” #1128 /™ “1” &, Hfth aggressor Lane £i%
LTP1, BpE “1”7 #EHY,

Source X FFE TN, 7 BEHTXTUNIK . HXFMIE, T JUXHF4 MRE, TFFEO 2| TXFFE3,
B M TxFFEO % 1k Z| TXFFE3, Pre—shoot #1 De—emphasis B & & # iF ., B Pre—shoot £ & /i, De-
emphasis BiFRE/

HISEA K FFE RN TR

Example FFE coefficients and the resulting Pre—shoot and De—emphasis (Informative)

TxFFE Ci Go Ca Pre-shoot (dB) De-emphasis
(dB)
3 =TxFFE3 -0.083 0.667 -0.25 3.52 -7.96
2 =TxFFE2 -0.083 0.708 -0.208 2.92 -6.02
1 =TxFFE1 -0.083 0.75 -0.167 25 -4.44
0 = TxFFEO -0.083 0.792 -0.125 2.18 -3.10
<Default>

In all cases, the following relationship should be true:

Co—C1—Cihh=1

16 | www.tek.com.cn
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Pre—shoot #1 De—emphasis &% & XN T &

Co- |Cy| + |Cu] =Vp
G- |C4] - |€Cal =Vn
Co+ |Cal - 1€l = Vd \

Cot |Ca] +|Cul =1

De-emphasis and Pre-shoot dB with 3-tap FFE are computed as follows:

. Co—1C_4| = 1C44l Vn
__________________________ Y S, De-emphasis (dB) = 20 « log P ES] =20=xlog ﬁ
0 =1 +1

Co+ 1C4] —|C. vd
Pre-shoot (dB) = 20  log (%) =20+ log =
0 -1 +1

L]

DR L R L I L (L) LN L L L AL L) (U o L
Idealized transmitter output with a 3-tap FFE

AMseza AN E Pre—shoot #l De—emphasis Y7575z —, HED AW Vp, Vd # Vn,
% 77 1# A SCDC offset 0x35 Source Test Configuration, 4> %! 1t Source # A Pre—shoot Only # 1, De_
Emphasis_Only # A1 Normal #£5, &M= Vp, Vd 1 Vn, FEitE Pre-shoot #1 De—emphasis,

SCDCS-Source Test Configuration

Offset Bit 7 Bit6 Bit5 Bit4 Bit 3 Bit2 Bit1 Bit 0
TXFFE_ TxFFE_Pre
0x35 FRL Max | DOCFRL FLT_no Rsvd(0) | FFE-NO | e Emphasis | _Shoot | Rsvd(0)
Max timeout FFE
- - - _Only _Only
e  TxFFE_Pre_Shoot_Only [1 bit] Test Mode: When TxFFE_Pre_Shoot_Only is set (=1) by the

Sink, Sources shall enter Pre-shoot only mode within 1
second. If TXFFE_Pre_Shoot_Only is set and then cleared
(=0), Sources shall exit Pre-shoot only mode within 1
second.

e  TxFFE_De_Emphasis_Only [1 bit] Test Mode: When TxFFE_De_Emphasis_Only is set (=1) by
the Sink, Sources shall enter De-Emphasis only mode
within 1 second. If TXFFE_De_Emphasis_Only is set and
then cleared (=0), Sources shall exit De-Emphasis only
mode within 1 second.

e  TxFFE_No_FFE [1 bit] Test Mode: When TxFFE_No_FFE is set (=1) by the Sink,
Sources shall enter No FFE mode within 1 second. If
TxFFE_No_FFE is set and then cleared (=0), Sources shall
exit No FFE mode within 1 second.

www.tek.com.cn | 17
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MW vd

7£ SCDC offset 0x35 H,
TxFFE_De_Emphasis_Only B9 {I
BEEN 1. 5N source A De_
Emphasis_Only #&3,

Pre_shoot % & 0dB

Co+ |Cy +]Cy] =1
Cot+ |Cy] - [Cyul =Vd

Measurement Region

128*Ty,

Idealized Source output when configured to transmit LTP4 with De-emphasis only test mode

MNE Vp

7 SCDC offset 0x35 H,
TXFFE_Pre_shoot_Only (S B 5
A 1. #ME source A
Pre—shoot Only &=,
De—emphasis & & 0dB

G- |Gl + |Cal =Vp G+ G+ |Cul =1

Measurement Region \.

- 128*Te

Idealized Source output when configured to transmit LTP4 with Pre-shoot only test mode

TE Vn

7£ Normal &2 & Vn

Co- |Ca] + |Cul =Vp

GCo- |C1| = |c«-1| =Vn
Co+ |C-1| S |C,1| =vd

Measurement Region

_

P 128%Tg,

»

Idealized Source output when configured to transmit LTP4 during normal operation

18 | www.tek.com.cn
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R RMEE
Equipment/Accessories  Detsls  Quantiy
Scope DPO 70000 SX Oscilloscopes with BW = 23GHz 1or2
Probe P76/77XX Tri—-mode probe 4
or SMA matched pair cables
Fixture HDMIA2.1-TPA-P 1
Controller EDID/SCDC controller 1
Software Options Opt DJA, Opt DJAN, Opt SDLA, and Opt HDMI21_TX 1 each
UltraSync cable Required only for stacked SX configuration 1 (Optional)

BT FRL X &S X HF 12CGbps MEX, BRIEHROHEEAMRT 238G, I T RIEEFHNERFEZURNK
AEMM, TRRINT RS,

RERMEE S X ERAABR AT R; BIINiKE45 EDID/SCDC controller ELE, SEIMIRHE R FNALELAY
BagE, WEMENBLHNE, REMRICE, BPANERZNFEm,

FCE—: DPO 70000 SX 7~k s RBL T 5

& DPO 70000 SX 7=k 2%, f#/A UltraSync cable B4, o DUEFERIEA] skew HEE| 1ps N, HRIEH
HEESXRENRT M, BRI FEERMEREF A SMA cable, XEENRE 44 lane FRL{ES, WiRidREAR
FEFNHE LR, FSBREIERER, XREEFR,

Source DUT

www.tek.com.cn | 19
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ECE . DPO70000SX 7~k 25 4EHEL Tri-mode #£#&

P76/77xx FRIEEFEEC SMA #H#5L o] IUSLEL 5ia R AvER:

TriMode™
Probing

=
o
@

P7625 P76CA-292C P77C292MM P7700

A M Tri-mode FR&EBAR M, WX Bz HIRE TIEARimER A-GND M B-GND, 73K5EM X 4 lane
FRLESHXE., NXIRGABTEEMNEFEE, EETEENT, TESSNREHTEINER, BER
BXESHRMm, RMBCEM AR,

Tektronix Sx Series Oscilloscopes

[

e
TriMode ™
Probing
-0
o-
@-
o)+

P7625/P7633 Probe

++

out TPAPIug —= o
g L i
X“ ey )
s W
D3+ Yy,
O D3- J 1506001
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Tekexpress FRL % &
FRL A= 85 4 Tekexpress FRL, # 4 REAIT o

RIBFEN = RO ANE, EEZIFOREERNR
SEE, 7 Multi-lane setup FEFFEENL lane,
EDID/SCDC controller #E3#%3¢ R 89/ % o

T — )

'+ Acquire live waveforms () Use pre-recorded waveform files

Version CTS 2.1 | &

Data Rate to run
Minimum (Gbps)
Maximum (Gbps)

Vterm (V)
EDID/SCDC controller

Signal Validation

lone
Prompt me if Signal Check v

Lane0, Lane1, Lane2, Lane3

Test Selection FEIEFHERNIXIME, MWK E A
BXoBimMESS, BRAMNRAET MBS LUME
B S NRENENESNREZE,

H
4

i+[w] HFR1-8:AC Common Mode Noise
E HFR1-9 : FFE Monotonicity

Fro ol AR AT IEREBE, Tri-mode #1E
BB A/ TROE SRR EERE M, MR 5 EDID/SCDC
KBRS, SSIT HDMI2.1 FRL BN A EE
Bafk, 5 7MWK E, TI1HX FRLESHEL
REX, MiR7T NiXEE, NEBE A RERIE
HDMI2.1 =&, INRE = miint it
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B A

MEMBRMEESH , BANESHRERMRRIER !
FEBERFEEATPIIME : www.tek.com.cn
HEPEEFPREHOL2EHRE : 400-820-5835

RRAHE(FE)BRAA
T A K4 512275
M4 : 201206

FiE. (86 21) 5031 2000
fEE. (86 21) 5899 3156

HRTTRRER I &b
FRERTTARTLIX = (1 #4385
T 61 2 R B 35 1604
k4. 610063

HLi%: (86 28) 6530 4900
fEEL. (86 28) 8527 0053

MFEELRIE, WiFHEH WWW.TEK.COM.CN,

FEIFERMEL
bt e K AL R 45
JEEAE3HE301 %
4 : 100088

HLi%: (86 10) 5795 0700
fEEL. (86 10) 6235 1236

RRARMEL

V92T IR B P B 885
&=t 28 2K E 2621
Ml : 710065

FEi% . (8629) 8723 1794
L, (86 29) 8721 8549

ZRLiEhEL

iR T AR RIS 185
95 1E

M4 : 200335

Fi% . (86 21) 3397 0800
fEE. (86 21) 6289 7267

HRRINIEL
FRBLTTEELL X BRIy 7265
ALK RIET02%E

e . 430074

HLiE: (86 27) 8781 2760

Rl s

TR IR AR % 50025

{524 L E L R)E3001-3002%
HE4i . 518008

Hi% . (86 755) 8246 0909

fEEL. (86 755) 8246 1539

ZREEMEL

FWESL R VPSR FGE 1325
FET K ES08-809F

% (852) 2585 6688

R, (852) 2598 6260
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