= LATTICE

Contents
O =T o T=Y - | B 1T T o) ] o ISR 5
1.1. =T LU = PO P PSPPI PR 5
1.2 HDMI INPUES @N0 OULPUL ..eeiiieiiiieeiee ettt ettt et e st e et e st e et esa b e e sabeesabeesabeesabeeenseesabeesaneenas 5
1.3. Performance IMpProvemMeENnt FEAtUIES.........coiiii ittt ettt ettt st e st sab e st e e sabeeeabeesabeesaneenas 5
1.4. (6o a1 d g TN O T 1 o111 A AT T TP P P OT PO PPTOPPPTPPOP 5
1.5. PACKAEING ettt sttt b et e et s a bt e et sa bt e et sa bt e e abe e s b e e et e e s be e e bt e sabeeeanee e 5
b S V1o Vot o) o T I =Ty o] o] 4o o RS URS 7
2.1 F N AT YL @ ] o BT Yot [ T USRSt 8
D I Y T o =Y I o o £ = o Tl OSSR 8
D R - Y Toll 21 I 21 To ol O OSSPSR 8
N 0 T VAV 271 =] o Yol QPP UPURRRT 8
2,14, HDCP REGISLEI BIOCK. ... eiiuiiiiiiiiiieitieeite ettt ettt e et e sat e et e s bt e sab e e sabeesabeesabeesnseesabeesabeenas 8
N o TR O ) I 2 (0 1Y, N =1 o ol U PURURT 8
B O T =TT ] =AY =To [V T=T o ol =] PP PP T PR PPPPP 9
2.1.7. Configuration, Status, and Interrupt Control Registers BlIOCK .........ccveeeiiiiiiciiie e 9
D I O V1 VI 0 o d o I =1 [ Yol TSR SRTPRRTPN 9
2.2. POWEI-AOWN SECLION ..ttt et e sttt e e s ettt e s ab e e e e sabeeeeeaabeeesanbteeesabeeesenseeeesanseeessnbanenanns 9
2.2. 1. TIVIDS RECEIVET BIOCKS ...eeuvieireiriiieiieesieesittesitee sttt esiteesiteesaaeesiteesaeeesabeesaseesabeessseessseessseesssesssseesseessseesssesssseesns 9
2,22, A1 InpUt MUIIPIEXEE BIOCKS ..ottt ettt ettt e st e st e sbeesabeesabeesanee e 9
2.2.3. MHL DeMUILIPIEXET BIOCKS .....eeieiieiiieeiite ittt ettt st e st e st e sat e e sabeesaseesabeesnseesabeesnneenns 9
2.2.4.  2:1 HDMI/MHL MUIIPIEXEE BIOCKS ..veveeuienieieriieieieeeieeeieiestestestestesneeeesessestesaesseeseensensessensesaessesnsansensessenses 9
2.2.5.  Packet ANAlYzZer BIOCKS. ... ..oo ittt sttt st s ittt s ittt e st esab e e e ate e sabeenanee e 9
2.2.6.  HDCP AUthentiCation BIOCK.......ccuiiiiiriieiiieiiee ittt ettt st sae e s beesaae e sabeesateesabeesaseesabeesaneenns 9
2.2.7. MP and RP HDMI Receive Data Path and HDCP Unmask BIOCKS ........ccocuviriiiniiiniiiiiicsiecric e 10
2.2.8.  REPEALEI SHA BIOCK ..c..uviiieeciiie ettt ettt e sttt e e et e e e e e ta e e e s bae e e e abaeeseabaaeesasseaaastaeesasssaeessseaesasteeesanes 10
P T VY 11 - -1 o Yol O TTOTPPPR 10
2.2.10. TIMDS TransSmitter BIOCK .. ..uueieiieee ettt et e e e e e e et a e e e e e e eesaabaaeeeeeeesnnnbaseeeaeaennn 10
2.3. AARC BIOCK. .1tttteieeeieitteee e e e ettt e e e e e ettt e e e e eeseebaaeeeeeeesetbabaeeeeeeeeaassaaaaeaeeeaastaaaeaeeeesaassaseaeeeesaasssssaeeeessennnraenens 10
N =Yl 4 or=Y IR o 1Yol =Y o SR 11
3.1 Absolute MaximuUmM CONITIONS .....oiiiiiiieiiiieeeesiie e ceeee e seee e e see e e st te e e sttt eeesstaeeesateeesssseeeesnsseeeensseeessnneeessnsseeean 11
3.2. Normal Operating CONITIONS ....cuiiii i e e e e s e e e e e sttt r e e e e e e seabbtreeeeeesesastseeeaessennssrnnneas 12
3.3. (DT ORY o T=Tel] {or=Yu o] o LY TSRO PR 13
3.4, F Y O oT=Tol 1 Tor- Y { [ o TP SRR USRI 15
3.5. Y Tl | a1 TN T T2 0 1oV -SSR SURT 16
3.6. =T = T o V= OSSP PRPR PP 16
4. Pin Diagram and DESCIIPLION ....cccuiiiiiiieeeeiieeeceieeeestteeeerteeessateeeesbeeeesaseeesssateeesssaeeeassseeesasseeeasssaeesassesesnsseesenseneennns 17
4.1. 1o DI T=d - 1 o U PPPR PP
4.2 Pin Descriptions
4.2.1.  HDMI and MHL RECEIVET POt PiNS....ccoiuiiiieiiiieiiiee e sitte ettt e ettt ettt e e et eeseabe e e seanteeesabeeessanbeeessanaeeesbneeenn 18
A.2.2. AUAIO PINS ceeiiiiiii ettt ettt ettt e e st e e e a bt e e s bt e e e s h bt e e e a bt e e e e a bt e e s aaate e e e beeeeeanbaeeseabaeeesbreeenn 18
4.2.3.  HDMI Transmitter POIt PiNS ... . .. ittt et e e e st e e e e e s e nnbar e e e e e sesnnreneeeeeaenan 19
4.2.4.  SYStEM SWILCHING PiNS..ouiiiii it e e e e e s et r e e e e e e seaaetaeeeeaesesnstaesaeeseesansraaneeaeaesns 19
4.2.5.  CONFIGUIALION PiNS ...ttt ettt et e et e st e et e s bt e s bt e st e e sabeesabeeenbeesabeesnbeesabaesnneenares 20
B.2.6.  CONETIOI PiNS . .uitiiiieiiiieeieeste ettt ettt ettt e bt e st e st esab e e s bt e sabe e e ab e e sabeesabeesabeesabeesabeesabeesabeesbeesabaesnseenares 20
4.2.7.  POWEr aNd GIrOUNG PiNS .eouviiiiiiiiiieiiesiee ettt ettt ettt e st e st e st e st e e sbee s beesabeesabeesbeesabeesnbeesabaesnseesares 21
4.2.8.  RESEIVE PiNS ..eiiiiiiiiiiiieiiiee ettt et s bt ete e st e st e st e st esabe e st e e sabe e eabeesabeesabeesabeesaseesabeesabeesabeesnbeesabaeenneesares 21
T =YY U4 I [0} o T o =Y o PO OO PSP PU TP UPRPTPRR 22
5.1. Standby and HDMI POrt POWET SUPPIIES .......eviiiieeiieiciieiee ettt ettt e e e e e st ee e e e e e e s aabaae e e e e e e enasbaaaeeaaaeaan 22
5.2. HArAWare RESEE..uiieeiiiiie ettt ettt ettt st e e s b bt e e s att e e s sab b e e e e abaeesaabaeessabbaeeeabaeesaasbaeessseeenn 23
5.3. BUIIE-IN Patlern GENEIAtOr. .. uiiii ittt s sttt e e s bt e e e s s abe e e s e abaeessabaeeeesbaeessasaeessabeeeean 24
5.4. 3D VA0 FOIMATS .outieeiiiiiteeeiee ettt ettt ettt st st e st e st e e bt e s bt e s bt e sabee s beesabee s st e sabee s bt e sabeesnseesabaeeseeenses 25
5.5. 3D MArKers @nd VS INSEITION ....ccuieiiii ettt ettt ettt ettt e sttt e s bt s aee st e e s bt e sabe e s bt e sabeesnseesabeesseesares 25

www.latticesemi.com/legal

Downloaded from AFFOW.Com.


http://www.arrow.com
http://www.arrow.com

=.I'LATTJ'CE Sil9587 Port Processor

Data Sheet

5.6. Input Video Resolution Detection and InfoFrame EXtraction .........ccoccueeeiiiieeeeciiee et eee e e e 26
5.7. (=T o T L =T AU o] o o] o TSSO OTOTOON 26
5.8. AUAIO REEUIN CRANNEL .ttt ettt e e sttt e st e e e st e e e s abe e e saasaeessabeeeeesbeeesnsnteeesssaeesnssanesnnes 27
5.9. LD 1D 1Y/ T=T o oo T Y PP PPTPTTTN
5.10. Local I>)CPort............
6. Design Recommendations
6.1. AUdio RETUIN ChanNEl DESIGN ...vviiieiieeeiiiee ettt e ettt e r e e e e rre e e s ta e e e sataeeeaataeesaasaeeessseeaassaeesasseeesssseeeesnsseeeanes 30
6.2. MHL and HDMI Combined Port Design .31
6.3. POWET SUPPIY DECOUPING «.vveeeiiiieeeiieeecetee st e ettt e et e e e st e e e et e e e e sateeeesateeeeeastaeessseseesstseeeanssaeesssaaeesssseennnnns 31
6.4. POWET SUPPIY SEQUENCING ...eeeiiiiieeeiiieecetee sttt e et e e e rtee e e s ta e e e ette e e ssateeeesataeeeesssaeessseseasntaeeeanssaeesssaeeesssseenannns 32
7. PacKage INfOrMatioN ....cooiiiiiee ettt et ettt e h e e bt e he e e bt e bt e s be e e nar e e ene e e saneenees 33
7.1. EPAA REQUITEIMENTS ...ttt ettt et eh et e st e e b et e s h et e bt e e s a b e e bt e e s bbe e bt e e s abe e bt e e smneebeeesaneenees 33
7.2. PACKAEE DIMENSIONS...ceiuttiiitieite ettt ettt ettt ettt et e be e e bt e s bt e e bt e e sae e e bt e e sab e e bt e e sabeeeneeesabeeaneeesmbeennseesabeeenneenn 34
7.3. MarKing SPECIHTICATION .....eeiitiiete ettt ettt e sab e bt e e sab e e s bt e e s st e e saeeesabeesaeeesabeeenneens 35
7.4. (0] o [T u o= [} o] o s o =Y 4 o) o ISR 35
References......ccccevcevenveenennne
Standards Documents
Y =T Te 1o €T oYU o LSRR
Lattice Semiconductor Documents.... ....36
TECNNICAT SUPPOIT ..ttt ettt s et e st e e s a bt e s ab e e s a b e e e ab e e s abeeeabeesabeeeabeesabeeeaseesabeeeabeesabeeeseesabaeenseenane 36
AT o o I 1) o] PSSP PT RO PPP PPN 37

© 2011-2016 Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are as listed at www.latticesemi.com/legal. All other brand or product names are
trademarks or registered trademarks of their respective holders. The specifications and information herein are subject to change without notice

Sil-DS-1098-E 3
Downloaded from AFFOW.Com.


http://www.arrow.com
http://www.arrow.com
http://www.arrow.com

= LATTICE

Figures

[T U T T oY ol e o Yot TY Yo g Y o] o] =Y o o F S 6
Figure 2.1. FUNCLIONAl BIOCK DIGEIAIM ...c.uviiiieiiiie ettt ettt e sttt e e st e e e st e e e et e e e saaaeeesataeeeesstaeesnsaeeesnsseeeasstaeesansseeesnssneenn 7
Figure 2.2. 12C CoNtrol Mode CONFIUIALION ......c.ccvcueuiriiieeiieteteeect ettt sttt b et s et st se bt esesaesesessebesssbeseseebesensesesens 8
Figure 3.1. Test Point VDDTP for VDD NOISE TOIEraNCE SPEC ....uueeiuiiiiiieiiiieeieestte ettt et sttt st e et e sb e sbeesabeeeneesans 12
Figure 3.2. RESET_N Minimum TiMING....c.ceeiiiriiiiiiiiieiiiee ettt et e s sra e e s s r e s ens e e e smse e e s sabeeesesneeesnnnes 16
Figure 4.1. Pin DIagram (TOP VIEW) couuiiiieecieeiieeete e sttt e sttt e s teesteeseteessaeesateessseessteasasesssseesnseesstesansessssessnsessnsessnsesssesansessses 17
Figure 5.1. Standby POWET SUPPIY DIagIram ... ...cccccuiiieeeieee e ciiee e ettt e eetre e e stee e et tee e s aaeeesasseeeasstaeesanssaeessseeeessseesenssneesnnsees 23
Figure 5.2. EXEErNal RESET CIMCUIT.....uviiiiiiieeiiiieeceiee ettt et e e et e e ettt e e e st e e e e s taeeeaasaeeesasseeeastaeesanssaeesssaeeesnsseeeansseeesnnsees 24
FIgUre 5.3. VS INSEITtiON iN ACTHIVE SPACE .. .uuuuiiiiii s 26
Figure 5.4. 3D Markers 0N CTLO/L SIZNAIS ...uviiiueeeiieiieeete st eeteesteesteesteesteesbeesaseesabaesabeesabeeenseesasaeensessateseseesntaeanseesares 26
Figure 5.5. Audio Return Channel Example APPliCation .........coouioiiiiiiiiiiieee e 27
Figure 5.6. EDID BIOCK DI@BIam ......cccueiiiiieeiieeiieeiieesitee sttt e st e sttt e st e site e st e eateesabeesabeesabeesabeesabeeeabeesabeeenseesabeeeaseesabeeenseesares 28
Figure 6.1. Connection Of ARC 0 HDIMI POFT......coouiiiiiiiiieiieeeiee ettt ettt sttt st e et e s e s bt e sabe e e bt e sabeeeneesares 30
Figure 6.2. Connection of MHL and HDMI COMBINE POFT......cccueiiiiiiiiiiiieeiee ittt sttt s e s 31
Figure 6.3. Decoupling and Bypass SCREMATIC.......cuuiiiiiiee e ciee ettt et e ettt e e e e tr e e e st e e e e sabaeeeeabaeesabaeeesatseeeassaeeennsens 31
Figure 6.4. Decoupling and Bypass Capacitor PIaCemMENT........cciciiiii e ceee ettt e st e e e et e e e sab e e e e s ata e e e eataeeennnees 32
TV R B - ol & TN DI -V =Y o o DRSPS 34
FIgUIE 7.2. Marking DIGZIam .. ..eeeeeciieeeeiieeeecieeeeeitteeeeetaeeestaeeeestteeeseassaeessseaeasssseeaanssseessssaeaastsseeanssasessseseeantseeeanssnsesnnsens 35
Figure 7.3. Alternate TOPSIAE IMArKing .....cccueeiieeiiieiieeeiee sttt sttt e et sa e s b e s bt e s bt e st e e eabeesabeesabeesabeesnneesares 35
Tables

Table 3.1. Absolute MaximuUM CONITIONS ....cccuuiirieiiii ettt eiit ettt e sre et e st e e sbe e e sbeeesbeeesbeeesbteesbeeesbeeesssesbesenssesnsesensseenseeen 11
Table 3.2. Normal Operating CONItIONS ......cocuuiiiiiiiiieiie ettt ettt sb et e st e bt be e e bt e e s bt e sbeeesaeeebeeesneeeneeas 12
Table 3.3. Digital I/0 SPECIFICAtIONS ..ecveruieeieeieieieieie ettt ettt e e st et ste st st e e aestestesaeste s st eseessensensessetessessesneensensensensees 13
Table 3.4, POWET REOUINEMENTS. ...ciiitiiettiiitieetee ettt ettt ettt ettt et e ettt e sate sttt e sbte s bt e e bt e e bt e e saeeeabeeesbbeebe e e beeeabeeenaeesabeeennneeseeas 13
Table 3.5. TMDS Input DC SpecificatioNnS—HDMI IMOGE........coiiiiiiiiciiireiieee ettt e sstee e e stee e e saae e e saae e e s sateeesenseeessnsneeeas 14
Table 3.6. TMDS Input DC SpecificatioNS—MHL IMOTE ........oiiiiiiiieeiee ettt e et e e eaa e e e stre e e e aba e e eeasaaeeeasreeaas 14
Table 3.7. TMDS Output DC SPeCITICAtIONS ......eiieiiiieeeiiie ettt e e et e e ettt e e e s tb e e e e ateeeseasaseesabbaeeeenbaeeeessaeessreaaan 14
Table 3.8. Single Mode Audio Return Channel DC SpeCifiCatioNS..........coiiiieieiiiie et ettt e e are e e earee e 14
Table 3.9. CBUS DC SPECIHTICATIONS ....eiiecuiiieeiitieeeeciie ettt etee e ettt e e ettt e e e s tbeeeesateeeeeasbeeesbseeeesstaeesassaseesssaseastaseeansesaesnsrenann 14
Table 3.10. TMDS Input Timing AC Specifications — HDIMI MOGE..........cooiiuiieieiiiieieiie st eriee et e st e e svae e e saaee e snreee s 15
Table 3.11. TMDS Input Timing AC Specifications — MHL MOTE..........coiiiiuiieiiiiiie ettt e s e e et e e eaae e e seaeee s 15
Table 3.12. TMDS Output Timing AC SPeCIfiCatiONS .....uiiiiiiieeeiiie ettt e e e eaee e e s e e e snte e e esnaeeaesnseeeas 15
Table 3.13. Single Mode Audio Return Channel AC SpecCifiCatioNS........ccccuieieiiiieieiiir e s eaee s 15
Table 3.14. S/PDIF INput POrt AC SPECITICATIONS . .veeiiiiiiiieciieeetee et ccite et stee et e eeteeeete e e s taeeeteeestaeestseeetaeentaeesteeensseessseensreas 16
Table 3.15. CBUS AC SPECITICAIONS ..eiiecuiiieiiiiieeciiee ettt ettt e et e e e st e e e e s tte e e eeabaeeesbbee e e staeesassaseesasbeaeestaseeansasaesssneann 16
Table 3.16. MiSCEIIANEOUS TIMINE....uiiiiiiiiiiiiiiiee ettt e e eerrer e e e e e e st areeeeeeesaataareeeeeesaassssaeseeeesaassssasaesssesssntanneasesesnnnses 16
Table 5.1. DeSCription Of POWET IMIOUES.........uiiieeiiie ettt ettt ee e e e et e e e eette e e eeabteeesbbeeeesstaeesassaseesasbeseastaeeeensaeaesnssnaaan 22
Table 5.2, BUIIE-IN PAtErN LiSt....c.eieiieeieieiee ettt ettt ettt et e s e s bt e bt e e bt e e s abe e bt e e bt e e bt e e bbeeabeeenaaesabeeesaneeneeas 24
Table 5.3. SUPPOrted 3D VIdE0 FOIMMALS ...cccicuiiiieiiiieceiiee e ctee et e ettt e sttt e e et e e e st e e e sbaeeeessteeesansaeeesnsseeeesteeesnnseeesssenaaan 25
Table 5.4. 12C REGIStEr AQUrESS GIOUPS........ceeeerereereereereeteeseeeessessesseesessseseeseessessesseasesseeseeseeseessensessesseesessesseensensensesseasesns 29

www.latticesemi.com/legal

Downloaded from AFFOW.Com.


http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com

= LATTICE

1. General Description

The Lattice Semiconductor Sil9587 HDMI® port
processor delivers four HDMI inputs with fast

InstaPort™ S port switching to DTVs and other consumer
electronic devices. One HDMI input can automatically
detect and switch between HDMI and Mobile High-
definition Link (MHL®) mode.

MHL technology is available on any one input port. MHL
allows consumers to attach their mobile devices to the
television and view high definition content while the
television charges the mobile device battery. MHL
allows consumers to connect, charge, and control MHL-
enabled devices such as smart phones and tablets.

In Port Power-only mode, the Sil9587 port processor
requires no initialization and consumes no system
power. The 5V provided by the HDMI source device
powers the EDID circuitry. The EDID information is read
from SRAM, which loads from an NVRAM that can be
reprogrammed multiple times by system firmware.

The Sil9587-3 version is rated at 300 MHz, which
enables 4K x 2K, 1080p 60 Hz 3D and 1080p 120 Hz
resolution.

This part supports the single-mode Audio Return
Channel (ARC) described in the HDMI 1.4 Specification,
which transmits an S/PDIF audio signal from an HDMI
sink to an HDMI source in the opposite direction of the
TMDS data flow. ARC simplifies audio connectivity and
switching for the consumer.

The Sil9587 port processor enables 3D television
design with three essential features: Vendor Specific
InfoFrame (VSIF) extraction that recognizes 3D video;
VSYNC insertion to convert frame-packed 3D video into
1080p, 48 Hz or 720p, 100/120 Hz video which can be
used by an SoC; and Left/Right markers sent in-band
over TMDS to identify left and right video frames.

Downloaded from AFFOW.Com.

1.1. Features
e Adaptive equalizer provides long cable support

e  Built-in pattern generator to speed design, test,
and manufacturing

1.2. HDMI Inputs and Output

e  HDMI, HDCP, and DVI compatible

e TMDS™ cores run at 300 MHz

e Supports video resolutions up to 4K x 2K, 1080p
120 Hz, and 1080p 3D, 60 Hz

e MHLsupport up to 1080p @ 30 Hz

e  Preprogrammed with HDCP keys

e Repeater function supports up to 127 devices

1.3. Performance Improvement

Features
InstaPort™ S viewing technology allows
manufacturers to build TVs which switch HDMI
input ports in one second
AVI, Audio InfoFrame, and video input resolution
detection for all input ports, accessible port-by-
port
Hardware-based HDCP error detection and
recovery minimizes firmware intervention
e  Automatic output mute and unmute based on link
stability, such as cable connect/detach

1.4. Control Capability

e Integrated EDID and DDC support for the HDMI/VGA
ports using a 512-byte NVRAM shared between ports

e Individual control of Hot Plug Detect (HPD) for
each port

e Controllable by the local I°C bus

1.5. Packaging

e 88-pin, 10 mm x 10 mm, 0.40 mm pitch QFN
package with exposed pad (ePad)
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Figure 1.1. Port Processor Application
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2.

Functional Description

Figure 2.1 shows the block diagram of the Sil9587 port processor.
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2.1. Always-On Section

The Always-On section contains the low-speed control parts of the HDMI connection, and includes the 12C interfaces,
internal memory blocks, and the registers that control the blocks of the Power-down section.

2.1.1. Serial Ports Block

The Serial Ports Block provides six 12C serial interfaces: 4 DDC ports to communicate with the HDMI or DVI hosts, 1 VGA
DDC port, and one local I2C port for initialization and control by a local microcontroller in the display. Each interface is 5
V tolerant. Figure 2.2 shows the connection of the local I2C port to the system microcontroller.

VDD33
_ CSDA g
SiI9587 Port < > System
Processor ¢ CSCL Microcontroller
INT .

Figure 2.2. I1>C Control Mode Configuration

The five DDC interfaces (DDC 0, 1, 3-5) on the Sil9587 port processor are slave interfaces that can run up to 400 kHz.
Each interface connects to one E-DDC bus and is used to read the integrated EDID and HDCP authentication
information. The port is accessible on the E-DDC bus at device addresses 0xAO for the EDID and 0x74 for HDCP control.
This feature complies with the HDCP 1.4 Specification.

Refer to the Local 12C section on page 29 for information about the 1°C addresses and the use of the CI2CA pin.

2.1.2. Static RAM Block

The EDID Static RAM (SRAM) Block contains 2176 bytes of RAM. Each port is allocated a 256-byte block for DDC; this
allows all ports to be read simultaneously from five different sources connected to the Sil9587 device. A 128-byte block
is available for VGA DDC, 640 bytes are available for KSVs, 64 bytes are used for the Auto-boot feature, and 64 bytes are
reserved. Every EDID and SHA KSV has an offset location. The SRAM can be written to and read from using the local 12C
interface and it can be read through the DDC interface. The memory can be read without main TV power (VCC33), using
5V power from the HDMI connector. See the EDID Memory section on page 28 for information about how the SRAM
and NVRAM work together.

2.1.3. NVRAM Block

The port processor contains 512 bytes of NVRAM, 256 of which is used to store common EDID data used by each of the
ports, 128 of which is used for VGA DDC, and 64 of which is used by the Auto-boot feature. (64 bytes are unused.) Both

the NVRAM EDID data and NVRAM Auto-boot data should be initialized by software using the local I?C bus at least once
during the time of manufacture.

2.1.4. HDCP Register Block

The HDCP Register block controls the necessary logic to decrypt the incoming audio and video data. The decryption
process is controlled entirely by the host side microcontroller using a set sequence of register reads and writes through
the DDC channel. The decryption process uses preprogrammed HDCP keys and Key Selection Vector (KSV) stored in the
on-chip non-volatile memory.

2.1.5. OTP ROM Block

The OTP ROM Block is programmed at the factory and contains the preprogrammed HDCP keys. System manufacturers
do not need to purchase key sets from the Digital Content Protection LLC. All purchasing, programming, and security
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for the HDCP keys is handled by Lattice Semiconductor. The preprogrammed HDCP keys provide the highest level of
security, as keys cannot be read out of the device after they are programmed.

2.1.6. Booting Sequencer

The Booting Sequencer boots up the required data, such as EDID, initial HPD status, and MHL port selection from
NVRAM during power on.

2.1.7. Configuration, Status, and Interrupt Control Registers Block

The Configuration, Status, and Interrupt Control Registers block incorporates the registers required for configuring and
managing the features of the Sil9587 port processor. These registers are used to perform audio/video/auxiliary format
processing, CEA-861E InfoFrame Packet format, and power-down control. The registers are accessible from the local I1°C
port. This block also handles interrupt operation.

2.1.8. MHL Control Block
The MHL Control Block handles CBUS conversion of RCP and DDC signals for the HDCP interface and EDID blocks.

2.2. Power-down Section

The Power-down section contains HDMI high-speed data paths, including the analog TMDS input and output blocks and
the digital logic for HDMI data and HDCP processing.

2.2.1. TMDS Receiver Blocks

The receiver ports, defined as Port 0, Port 1, Port 3, and Port 4 are terminated separately, equalized under the control
of the receiver digital block, and controlled by the local I1°C bus.

2.2.2. 4:1 Input Multiplexer Blocks

4:1 Input Multiplexer Blocks A and B select one of the four inputs. Multiplexer Block A sequentially selects one of the
three inactive inputs and sends its data over the roving pipe to the DPLL block and the MHL demux block. Multiplexer
Block B selects the active input and sends its data over the main pipe to be processed.

2.2.3. MHL Demultiplexer Blocks

If the signal received from the DPLL block only appears in one of the three lanes, the input is an MHL signal. The
Demultiplexer block distributes the single-lane RGB serial data blocks over the three parallel RGB lanes of video data.

2.2.4. 2:1 HDMI/MHL Multiplexer Blocks

2:1 HDMI/MHL Multiplexer Blocks C and D select either the HDMI from the DPLL block or the MHL converted to HDMI
by the MHL Demultiplexer. Block C transfers data from the roving pipe, and block D transfers data from the main pipe.

2.2.5. Packet Analyzer Blocks

The Packet Analyzer blocks extract the control signals from the HDMI control packets that are needed to control the
HDCP decryption process in the main and the roving pipe. HDCP decryption is controlled by register information.

2.2.6. HDCP Authentication Block

The active receiver port switched to the main pipe is permanently connected to its HDCP decryption block. The
remaining three ports share the roving pipe. Each of the decryption blocks are sequentially switched to its input port
for a period long enough to get the control information from the HDMI packets needed for the preauthentication
process. There is a small probability of missing important information in the roving process because of the
unpredictable occurrence of control packets. The missed information is detected and leads to a full reauthentication of
the corresponding HDCP path.
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2.2.7. MP and RP HDMI Receive Data Path and HDCP Unmask Blocks

HDMI data from the Main Pipe (MP) and Roving Pipe (RP) are sent to and processed by the respective HDMI Receive
Data Path and HDCP Unmask blocks. The appropriate decryption key for the main port and the input port currently
connected to the roving pipe is applied to the XOR mask in these blocks to descramble the video, audio, and auxiliary
packets.

2.2.8. Repeater SHA Block

The Repeater Secured Hash Algorithm (SHA) Block is used only when the port processor is configured as a repeater, in
which HDMI receiver and transmitter connections are cascaded. In this case each transmitter has to ensure that all
downstream receivers are HDCP-compliant. To make sure that all receivers in the downstream path are protected by
HDCP, the downstream transmitters propagate a ready signal to the final upstream source transmitter.

2.2.9. AV Mute Block

The AV mute block controls audio and video mute, using two methods. Software mute is controlled by register settings.
When hardware mute is enabled, audio and video are automatically muted and un-muted if an ECC error occurs.

2.2.10. TMDS Transmitter Block

The Transmitter Block delivers an HDMI content stream, based on the content of the original stream from the selected
source. Internal source termination eliminates the need to use external R-C components for signal shaping. The
internal source termination can be disabled.

2.3. ARC Block

The Audio Return Channel (ARC) Block allows digital S/PDIF data received from the sink device to be transmitted in the
direction opposite to the TMDS input port signal. The block embeds the audio data, in single mode format, in the same
lines connected to the Utility pin of the HDMI connector.
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3. Electrical Specifications

3.1. Absolute Maximum Conditions

Table 3.1. Absolute Maximum Conditions

Symbol Parameter Min Typ Max Unit Notes
VDD33 Supply voltage -0.3 — 4.0 Vv 1,2
SBVCC5 Supply voltage -0.3 — 5.7 Vv 1,2
RnPWR5V 5 Vinput from power pin of HDMI connector -0.3 — 5.7 Vv 1,2
R5PWR5V 5V input from power pin of VGA connector -0.3 — 5.7 Vv 1,2
LPSBV Low-power Standby voltage -0.3 — 4.0 Vv 1,2
AVDD12 TMDS receiver core supply voltage -0.3 — 1.5 Vv 1,2
VvDD12 Digital core supply voltage -0.3 — 1.5 Vv 1,2
TCVDD12 TMDS transmitter core supply voltage -0.3 — 1.5 Vv 1,2
TPVDD12 TMDS transmitter PLL supply voltage -0.3 — 1.5 \ 1,2
V| Input voltage -0.3 — VDD33 +0.3 \ 1,2,3
Vo Output voltage -0.3 — VDD33 +0.3 \ 1,2,4
Ty Junction temperature 0 — 125 °C —
Tste Storage temperature -65 — 150 °C —
VEsp ESD voltage per IEC 61000-4-2 (Contact) 8 — — kv

ESD voltage per IEC 61000-4-2 (Air) 8 — — kv
Notes:

1. Permanent device damage can occur if absolute maximum conditions are exceeded.
2. Functional operation should be restricted to the conditions described in the Normal Operating Conditions section on the next

page.

3. 5V tolerant input signals.

&

5V output signals.

5. System-level tests at HDMI connectors.
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3.2. Norma

| Operating Conditions

Table 3.2. Normal Operating Conditions
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Symbol Parameter Min Typ Max Unit Notes
VvDD33 Supply voltage 3.14 3.3 3.46 Vv —
SBVCC5 Supply voltage 4.3 5.0 5.5 Vv 2
RnPWR5V 5V input from power pin of HDMI connector 4.3 5.0 5.5 Vv 2
R5PWR5V 5 Vinput from power pin of VGA connector 4.3 5.0 5.5 Vv 2
LPSBV Low-power Standby voltage 3.14 3.3 3.46 Vv 7
1.08 1.2 1.32 \' 5
AVDD12 TMDS receiver core supply voltage
1.14 1.2 1.26 \' 6
DDL Digital o volt 1.08 1.2 1.32 v 5
igital core su voltage
& PP & 1.14 1.2 1.26 \'% 6
. 1.08 1.2 1.32 \' 5
TCVDD12 TMDS transmitter core supply voltage
1.14 1.2 1.26 Vv 6
1.08 1.2 1.32 \' 5
TPVDD12 TMDS transmitter PLL supply voltage
1.14 1.2 1.26 \' 6
Vbp12n Supply voltage noise for 1.2 V power — — 75 mVp_p 1
Vbb33n Supply voltage noise for 3.3 V power - - 100 mVp.p 1
Ta Ambient temperature (with power applied) 0 +25 +70 °C —
O Ambient thermal resistance (Theta JA) — — 27 °C/W 3,4
Bjc Junction to case resistance (Theta JC) — — 13 °C/W 4
Notes:

1. The supply voltage noise is measured at test point VDDTP shown in Figure 3.1. The ferrite bead provides filtering of power
supply noise. The figure is representative and applies to other VDD pins as well.
2. The MHL VBUS voltage requirements may be more stringent than the 5 V power supply requirements for the port processor

itself.

The thermal re
Sil9587 device.

NouA®w

Airflow at 0 m/s.

sistance figures are based on a 4-layer PCB.

Sil9587-3 device.
Voltage listed is supplied to the required 5.1 kQ series resistor; refer to the Power and Ground Pins section on page 21. Actual

voltage measured at the LPSBV pin is approximately 2.4 V.
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3.3. DC Specifications
Table 3.3. Digital I/0 Specifications

Symbol Parameter Pin Type! Conditions Min Typ Max Units | Notes
Vin HIGH-level Input Voltage LVTTL — 2.0 — — Vv 2
Vi LOW-level Input Voltage LVTTL — — — 0.8 \" 2
LOW-to-HIGH Threshold . —
VTH+RESET N RESET N pin Schmitt — 2.0 — — \Y;
HIGH-to-LOW Threshold . —
VTH-RESET_N RESET_N pin Schmitt —_ —_ ol 0.8 \Y
v LOW-to-HIGH Threshold, Schmitt 3.0 v 3
chmi — . — —
TroRe DDC Bus
HIGH-to-LOW Threshold, . 3
VTH—DDC Schmitt —_ —_ —_ 1.5 \Y
DDC Bus
LOW-to-HIGH Threshold, . —
VTH+i2¢ Schmitt — 2.0 — — Y,
I2C Bus
HIGH-to-LOW Threshold, . —
VTH-IZC Schmitt —_ — —_ 0.8 \Y
12C Bus
Vou HIGH Level Output Voltage LVTTL lon =8 mA 2.4 — — \"
Vou LOW Level Output Voltage LVTTL loo=—8 mA — — 0.4 Vv 4
Vo ooc LOW Level Output Voltage c;;::i:- lo. =—3 mA _ - 0.4 v 3
Open- —
Vou e LOW-level Output Voltage drain lo. = =3 mA — _ 0.4 v
I Input Leakage Current LVTTL High-impedance -10 — 10 pA —
lov Output Leakage Current LVTTL High-impedance -10 - 10 pA —
VQUT =24V 8 — — mA 4
lobs 8 mA Digital Output Drive LVTTL
VQUT =04V 8 — — mA 4
Notes:
1. Referto the Pin Descriptions section on page 18 for pin type designations for all package pins.
2. Applies to the GPIO, SPDIF_IN, and TPWR_CI2CA signal pins.
3. Applies to the DDC interface.
4. Applies to the GPIO, INT, and TPWR_CI2CA signal pins.
Table 3.4. Power Requirements
297 MHz 225 MHz
Symbol Parameter Unit Notes
Typ Max Typ Max
lavpp12 Supply Current for Analog VDD12 215 240 178 198 mA 1
lvpp3s3 Supply Current for VDD33 215 220 214 215 mA
Ivop12 Supply Current for Digital VDD12 245 270 192 214 mA
Isevcesss Supply Current for SBVCC5 during standby 9 9 mA —
Isvcesop Supply Current for SBVCC5 during operation 10 10 mA 1
IRnPWRSV Supply Current for RnPWR5V during operation 4 2 4 mA 1,2
Itcvpp12 Supply Current for TCVDD12 23 25 17 19 mA 1
ltpvpD12 Supply Current for TPVDD12 12 13 10 11 mA 1
ILpsavsop Supply Current for LPSBV during normal operation 200 250 200 250 HA 1
Total Total Power 1310 1500 1204 1372 mW 1
Notes:

1.  Maximum supply currents are measured at maximum operating voltages, with all inputs and outputs switching at the
measurement frequency listed.
2.  The power provided by Ignpwesy is not included in the Total Power row.

Downloaded from AFFOW.Com.

www.latticesemi.com/legal



http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com

Table 3.5. TMDS Input DC Specifications—HDMI Mode
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Symbol Parameter Conditions Min Typ Max Units
Vip Differential Mode Input Voltage — 150 — 1200 mV
AVDD33 - AVDD33 -

Viem Common Mode Input Voltage — 400 — 375 mV

Table 3.6. TMDS Input DC Specifications—MHL Mode

Symbol Parameter Conditions Min Typ Max Units

Vioc Single-ended Input DC Voltage — AVDD33 - — AVDD33 - mV

1200 300
Vipr Differential Mode Input Swing Voltage — 200 — 1000 mV
Viem Common Mode Input Swing Voltage — 170 — Min(720, mV
0.85 Vpr)

Table 3.7. TMDS Output DC Specifications

Symbol Parameter Conditions Min Typ Max Units

VswinG Single-ended Output Swing Voltage Rioap =50 Q 400 — 600 mV

Vi Single-ended HIGH-level Output Voltage — AVDD33 -200 — AVDD33 +10 mV

Vi Single-ended LOW-level Output Voltage — AVDD33-700 — AVDD33 -400 mV

Table 3.8. Single Mode Audio Return Channel DC Specifications

Symbol Parameter Conditions Min Typ Max Units Note

Vel Operating DC Voltage — 0 — 5 Vv —

Vel swing Swing Amplitude — 400 — 600 mV —

Table 3.9. CBUS DC Specifications

Symbol Parameter Conditions Min Typ Max Units Note

VIH_CBUS HIGH-level Input Voltage - 1.0 —_ —_ \ —_

Vi_csus LOW-level Input Voltage — — — 0.6 Y —

VoH_caus HIGH-level Output Voltage lo =100 pA 1.5 — — Vv —

VoL_csus LOW-level Output Voltage lo =100 pA —_ —_ 0.2 Y —_

Zpsc_caus Pull-down Resistance — Discovery — 800 1000 1200 Q —

Zon_cBUS Pull-down Resistance — Active — 90 100 110 kQ —
High - - 1 pA —

liL_cus Input Leakage Current Impedance

Ccaus Capacitance Power Off — — 30 pF —

Downloaded from AFFOW.Com.

www.latticesemi.com/legal



http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com
http://www.arrow.com

= LATTICE

3.4. AC Specifications

Table 3.10. TMDS Input Timing AC Specifications — HDMI Mode

Symbol Parameter Conditions Min Typ Max Units | Notes
Tinra- Input Intrapair Skew — — — 0-4Ter ps !
PAIR_SKEW — — — 112 + 0.15Tgr ps 2
Titer- Input Interpair Skew — — — 0.2TpixeL + 1.78 ns —
PAIR_SKEW
_ ) — 25 — 225 MHz 1
Frxc Differential Input Clock Frequency — e — 2300 Mz 5
Trxc Differential Input Clock Period — 244 — 40 ns !
— 3.33 — 40 ns 2
Turr Differential Input Clock Jitter Tolerance 300 MHz — — 0.3 Tarr —
Notes:
1. Sil9587 device.
2. Sil9587-3 device.
Table 3.11. TMDS Input Timing AC Specifications — MHL Mode
Symbol Parameter Conditions Min Typ Max Units
Tskew_oF Input Differential Intrapair Skew — — — 93 ps
Tskew_cm Input Common-mode Intrapair Skew — - - 93 ps
Frxc Differential Input Clock Frequency — 25 — 75 MHz
Trxc Differential Input Clock Period — 13.33 — 40 ns
Terock i Common-mode Clock lJitter Tolerance — — — 0.3Tgir + 200 ps
Toatar Differential Data Jitter Tolerance — — — 0.4TgT + 88.88 ps
Table 3.12. TMDS Output Timing AC Specifications
Symbol Parameter Conditions Min Typ Max Units Notes
Trxpes Intrapair Differential Output Skew — — — 0.15 Tarr —
TRt Data/Clock Rise Time 20%—-80% 75 — 144 ps —
Txer Data/Clock Fall Time 20%—80% 75 — 120 ps —
Frxc Differential Output Clock Frequency — 25 — 225 MHz 1
— 25 — 300 MHz 2
Trxc Differential Output Clock Period — 4.44 — 40 ns -
Touty Differential Output Clock Duty Cycle - 40% - 60% Trxce —
Tont Differential Output Clock Jitter — — — 0.25 Terr —
Notes:
1. Sil9587 device.
2. Sil9587-3 device.
Table 3.13. Single Mode Audio Return Channel AC Specifications
Symbol Parameter Conditions Min Typ Max Units Note
TasmrT Rise Time 10%-90% — — 60 ns —
Tasmrr Fall Time 10%-90% — — 60 ns —
Tasmur Jitter Max - - - 0.05 ur* -
Fasmpev Clock Frequency Deviation — -1000 — 1000 ppm —

*Note: Proportional to unit time (Ul), according to sample rate. Refer to the S/PDIF specification.
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Table 3.14. S/PDIF Input Port AC Specifications
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Symbol Parameter Conditions Min Typ Max Units Note
Fi_spoiF Sample Rate To ARC 32 — 48 kHz -
Ti_spcyc Cycle Time — — — 1.0 ur* —
Ti_spouty Duty Cycle — 90 — 110 %UI* -
*Note: Proportional to unit time (Ul), according to sample rate. Refer to S/PDIF specification.

Table 3.15. CBUS AC Specifications

Symbol Parameter Conditions Min Typ Max Units
Tair_csus Bit Time 1 MHz clock 0.8 — 1.2 us
Teit_csus Bit-to-Bit Jitter — -1% — +1% TaiT_csus
TouTty_caus Duty Cycle of 1 Bit — 40% — 60% TaiT_caus
Tr_cBus Rise Time 0.2Vv-1.5V 5 — 200 ns
Tr_caus Fall Time 0.2Vv-1.5V 5 — 200 ns
ATge Rise-to-Fall Time Difference — — — 100 ns
3.5. Miscellaneous Timing

Table 3.16. Miscellaneous Timing

Symbol Parameter Condition Min Typ Max Unit Figure Note
TRESET RESET_N signal LOW time for valid reset — 1 — — ms Figure 3.2 —
Tsevcesrt Rise Time 10%-90% — — 1 ms — —
Thopat 12C data hold time 0 — 400 kHz 0 — — ns — 1

Note: This minimum hold time is required by CSCL and CSDA pins as an 12C slave. The 300 ns internal delay for CSDA can be enabled
by NVRAM configuration.

3.6. Reset Timing

RESET N

¢———TReseT———»|

RESET_N must be pulled LOW for Treser before
accessing registers. This is done by pulling RESET_N

LOW from a HIGH state (shown above) for at least Treser-

Figure 3.2. RESET_N Minimum Timing
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4.

4.1. Pin Diagram

Pin Diagram and Description

Figure 4.1 shows the pin assignments of the Sil9587 port processor. Individual pin functions are described in the Pin
Descriptions section on the next page. The package is an 88-pin, 10 mm x 10 mm, 0.40 mm pitch QFN package with an
ePad, which must be connected to ground.
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4.2. Pin Descriptions

4.2.1. HDMI and MHL Receiver Port Pins
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Pin Name Pin Type Dir Description
ROXOP 82 TMDS Input TMDS input Port 0 data pairs.
ROXON 81
ROX1P 84
ROX1N 83
ROX2P 86
ROX2N 85
ROXCP 80 TMDS Input TMDS input Port O clock pair.
ROXCN 79
R1X0OP 4 TMDS Input TMDS input Port 1 data pairs.
R1XON 3
R1X1P 6
R1X1IN 5
R1X2P 8
R1X2N 7
R1XCP 2 TMDS Input TMDS input Port 1 clock pair.
R1IXCN 1
R3XOP 14 TMDS Input TMDS input Port 3 data pairs.
R3XON 13
R3X1P 16
R3X1N 15
R3X2P 18
R3X2N 17
R3XCP 12 TMDS Input TMDS input Port 3 clock pair.
R3XCN 11
R4XOP 24 TMDS Input TMDS input Port 4 data pairs.
R4XON 23
R4X1P 26
RAX1IN 25
R4X2P 28
R4AX2N 27
RAXCP 22 TMDS Input TMDS input Port 4 clock pair.
R4XCN 21

Note: For the port that has been configured as a MHL input, the RnXOP and RnXON pins carry the MHL signal. All eight TMDS lines
require 5.1 Q series resistors to meet the impedance requirements of both the MHL and HDMI Specifications. HDMI-only ports do
not require 5.1 Q series resistors on the TMDS lines.

4.2.2. Audio Pins

Pin Name Pin Type Dir Description
ARC 68 Analog Output Audio Return Channel.
These pins are used to transmit an IEC60958-1 audio stream, received on
the SPDIF_IN input pin, upstream to a compatible source or repeater
device, using single-mode ARC.
SPDIF_IN 65 LVTTL Input S/PDIF input from SoC.
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4.2.3. HDMI Transmitter Port Pins

Pin Name Pin Type Dir Description
TXOP 73 TMDS Output | HDMI Transmitter Output Port Data.
TXON 74 TMDS Low-voltage Differential Signal output data pairs.
TX1P 71
TX1IN 72
TX2P 69
TX2N 70
TXCP 75 TMDS Output [ HDMI Transmitter Output Port Clock.
TXCN 76 TMDS Low-voltage Differential Signal output clock pair.
4.2.4. System Switching Pins
Pin Name Pin Type Dir Description
DSDAO 30 LVTTL Input/ DDC I2C Data for respective port.
DSDA1 34 Schmitt Output | These signals are true open drain, and do not pull to ground when power is
DSDA3 38 Open-drain not applied to the device. These pins require an external pull-up resistor.
DSDA4 42 5V tolerant
DSDA5(VGA) 46
DSCLO 31 LVTTL Input DDC I2C Clock for respective port.
DSCL1 35 Schmitt These signals are true open drain, and do not pull to ground when power is
DSCL3 39 Open-drain not applied to the device. These pins require an external pull-up resistor.
DSCL4 43 5V tolerant
DSCL5(VGA) 47
ROPWRS5V 33 Power Input 5V Port detection input for respective port.
R1PWR5V 37 Connect to 5 V signal from HDMI input connector. These pins require a 10
R3PWR5V 41 Q series resistor, a 5.1 kQ pull-down resistor, and at least a 1 pF capacitor
RAPWRSV 45 to ground.
CBUS_HPDO 32 LVTTL Input/ Hot Plug Detect Output for the respective port.
CBUS_HPD1 36 1.5mA Output | In MHL mode, these pins serve as the respective CTRL bus.
CBUS_HPD3 40 5V tolerant
CBUS_HPD4 44 Analog
R5PWR5V 48 Power Input VGA 5V Detect.
(VGA) This pin provides 5 V power from VGA connector. This pin requires a 10 Q

series resistor and at least a 1 puF capacitor to ground.
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4.2.5. Configuration Pins
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Pin Name Pin Type Dir Description
TPWR_CI2CA 60 LVTTL Input/ 12C Slave Address input/Transmit Power Sense Output.
5V tolerant Output During chip reset, either by internal power-on-reset (POR) or by using the
RESET_N signal, this pin is used as an input to latch the 12C sub-address.
The level on this pin is latched when the POR transitions from the
asserted state to the de-asserted state or on a LOW-to-HIGH transition of
the RESET_N signal.
After completion of reset, this pin is used as the TPWR output, showing
the RnPWR status of the selected port. A register setting can change this
pin to show if the active port is receiving a TMDS clock.
This pin must be tied to ground for the 0xBO I2C address through a 4.7 kQ
resistor. For the 0xB2 I2C address, this pin must be pulled up to
PWRMUX_OUT through a 4.7 kQ resistor.
INT 64 Schmitt Input/ Interrupt Output.
Open-drain Output | Thisis an open-drain output and requires an external pull-up resistor.
8 mA
3.3V tolerant
4.2.6. Control Pins
Pin Name Pin Type Dir Description
CSCL 63 Schmitt Input Local Configuration/Status I12C Clock.
Open-drain Chip configuration/status is accessed with this 12C port. This pin is true
5V tolerant open drain, so it does not pull to ground if power is not applied.
CSDA 62 LVTTL Input/ Local Configuration/Status I12C Data.
Schmitt Output Chip configuration/status is accessed with this I2C port. This pin is true
Open-drain open drain, so it does not pull to ground if power is not applied. See
5V tolerant Figure 2.2 on page 8.
GPIOO 58 LVTTL Input/ General Purpose 1/0
5V tolerant Output
GPIO1 59 LVTTL Input/ General Purpose 1/0
5V tolerant Output
RESET_N 61 LVTTL Input External reset.
5V Tolerant, When main power is not provided to the system, the microcontroller
Schmitt must present a high-impedance of at least 100 kQ to RESET_N. If this
condition is not met, a circuit to block the leakage from PWRMUX_OUT
to the microcontroller GPIO may be required.
CD_SENSEO 53 LVTTL Input MHL cable detection pins.
CD SENSE1 54 5V tolerant Only one of four pins should be connected to HDMI/MHL multi input
- port. The rest of these unused pins should be tied to ground.
CD_SENSE3 56 These pins have an internal 300 kQ pull-down resistor that is required for
CD SENSE4 57 CD_SENSE by the MHL Specification, so an external 300 kQ pull-down

resistor is not required for these pins.
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4.2.7. Power and Ground Pins

Pin Name Pin Type Description
VDD33 20, 88 Power TMDS Core VDD. In order to prevent reverse leakage from source
device through TMDS input pins, VDD33 should be isolated from
other system power.
Must be supplied at 3.3 V.
PWRMUX_OUT 50 Output Power OQutput.
This pin requires a 10 pF capacitor to ground. Maximum output
current is 30 mA.
SBVCC5 49 Power Local Power from TV.
Must be set to 5 V. This pin requires a 10 Q series resistor.
AVDD12 9,19, 87 Power TMDS Receiver Core.
Must be supplied at 1.2 V.
VDD12 10, 29, 67 Power Digital Core.
Must be supplied at 1.2 V.
TCvDD12 77 Power TMDS Transmitter Core.
Must be supplied at 1.2 V.
TPVDD12 78 Power TMDS Transmitter PLL.
Must be supplied at 1.2 V.
LPSBV 51 Power Low-power Standby Power.
Always on.
Must be supplied at 3.3 V. This pin requires a 5.1 kQ series resistor.
GND ePad Ground The ePad must be soldered to ground, as this is the only ground
connection for the device.
4.2.8. Reserved Pins
Pin Name Pin Type Description
RSVDL 66 Reserved Reserved, must be tied to ground.
RSVD 52,55 Reserved Reserved, do not connect.
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5. Feature Information

5.1. Standby and HDMI Port Power Supplies

The Sil9587 port processor incorporates a 5 V standby power supply pin (SBVCC5). SBVCC5 can be used to supply

= LATTICE

power to the EDID portions of the device when all other power supplies are turned off. This arrangement allows the
EDID to be readable. Table 5.1 summarizes the power modes available in the processor. Figure 5.1 on the next page
shows a block diagram of the standby power supply sources and the always-on power island.

Table 5.1. Description of Power Modes

VGA cable is the only power source. For
example, if the TV is unplugged from AC power,
the EDID is functional in this mode.

Power Mode Description SBVCCS5 RnPWR5V VDD33 VvDD12
Power-on mode 5 V Standby. All power supplies to the Sil9587 chip are on. 5V Do not 3.3V 1.2V
ARC supported All functions are available. The standby power care

supply is 5 V.
Standby power mode. ARC The always-on power domain is on, supplied 5V 5V on Port Don’t 1.2V
mode from the internal power MUX; ARC is 1 Care

supported
Standby power mode. 5V The always-on power domain is on, supplied 5V Don’t Care Off Off
standby from the internal power MUX; all other

supplies are off. The standby power supply is

5 V. In this mode, EDID is functional, but both

video and audio processing is not performed

and all outputs are off.
HDMI Port only power Power is off to the device. HDMI +5 V from the Off 5Vonany Off Off

HDMI cable is the only power source. For input

example, if the TV is unplugged from AC wall

outlet, the EDID is functional in this mode.
VGA Port only power Power is off to the device. VGA +5 V from the Off 5V Off Off
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VDD33
VvDD12

HDMI/VGA VDD12 AVDD12

Connectors TPVDD12

n=01,34,5 TCVDD12
RNPWR5V {—(—’ P Sil9587 1|

11" ARC

SBvVCCS | |
ARC |
: Block :
I YYYYYY I
| Power EDID |
'l Multiplexer RAM |
I Video and I
| Audio I
| > Processing I
| Blocks I
I Always-on I
I Power Island I
I |
I I
I |
I |
I |

Figure 5.1. Standby Power Supply Diagram

If all power is off to the device (for example, if the TV is unplugged from the AC electrical outlet), the EDID can still be read
from the source by using power from the HDMI connector +5 V signal. In this case, the internal power MUX automatically
switches to the HDMI connector power to use it for powering the EDID logic. In this mode, only the EDID block is functional,
with all other functions of the device in power-off mode. No damage will occur to the device in this mode.

5.2. Hardware Reset

Lattice Semiconductor recommends applying a hardware reset through RESET_N pin only when a POR reset problem is
detected by the indicating register (Refer to the Programmer's Reference). The connection for RESET_N should meet the
following conditions:

1. The microcontroller GPIO used to connect to RESET_N must have more than 100 kQ impedance when the
microcontroller does not have power.

RESET_N must be pulled HIGH at all times, except when it is necessary to be toggled.
The GPIO should be high impedance by default when the microcontroller boots up, and should not toggle RESET_N.

There should be no leakage between PWRMUX_OUT and the microcontroller GPIO through RESET_N that might

disrupt the main system or the port processor when the system is in standby mode. Ensure that PWRMUX_OUT

goes HIGH earlier than the microcontroller GPIO so that the leakage from PWRMUX_OUT through RESET_N does
not affect the main system.

For the board design to meet the above conditions, a circuit such as the one shown in Figure 5.2 on the next page may be
required.
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PWRMUX_OUT

10 kQ

Sil9587 RESET_N l >ﬂ To Microcontroller GPIO
- o

[
@ Schottky Diode
Main 3.3V (Same domain as Microcontroller)
FET T

Figure 5.2. External Reset Circuit

After a hardware reset, the Sil9587 device latches the level on the TPWR_CI2CA pin to set the device I1°C address, restores all
registers to default values, and reloads the EDID data and Auto-Boot data from NVRAM. Hardware reset also toggles Hot Plug.

5.3. Built-in Pattern Generator

The Sil9587 port processor supports a built-in pattern generator that supports the eight patterns shown in Table 5.2 at

1280 x 720 resolution. Either an internal oscillator with a part-to-part accuracy of £10% or an external 74.25 MHz clock

with higher accuracy can be used as the clock source for the pattern generator. These patterns are invoked through the
I2C interface. See the Sil9587 Programmer’s Reference for details on how to activate the pattern generator.

Table 5.2. Built-in Pattern List

Example Picture

Pattern RGB Description
Solid Red 255,0,0

Solid Green 0, 255,0

Solid Blue 0,0, 255

Solid Black 0,0,0

Solid White 255, 255, 255

256 Grey Ramp

256 vertical bars, 5 pixels wide.

RGB value of first bar: (0, 0, 0)

RGB value of last bar: (255, 255, 255)

Increment of each bar: One RGB value (1, 1, 1), (2, 2, 2), etc.

Checkerboard

8 x 6 black/white squares.

No border

RGB value of white: (0, 0, 0)

RGB value of black: (255, 255, 255)

RGB Color Bars

8 vertical bars.

White: 255, 255, 255; Yellow: 255, 255, O;
Cyan: 0, 255, 255; Green: 0, 255, 0O;
Magenta: 255, 0, 255; Red: 255, 0, 0;
Blue: 0, 0, 255; Black: 0, 0, 0

a N .
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5.4. 3D Video Formats

The Sil9587 port processor supports the pass-through of 3D video modes described in the HDMI 1.4a Specification. All
modes support RGB 4:4:4, YCbCr 4:4:4, and YCbCr 4:2:2 color formats and 8-, 10-, and 12-bit data-width per color
component. Table 5.3 shows only the maximum possible resolution with a given frame rate; for example, Side-by-Side
(Half) mode is defined for 1080p, 60 Hz, which implies that 720p, 60 Hz and 480p, 60 Hz are also supported.
Furthermore, a frame rate of 24 Hz also means that a frame rate of 23.98 Hz is supported and a frame rate of 60 Hz
also means a frame rate of 59.94 Hz is supported. The input pixel clock changes accordingly.

Pass-through of the HDMI Vendor Specific InfoFrame, which carries 3D information to the receiver, is supported by the
Sil9587 device. It also supports extraction of the HDMI Vendor Specific InfoFrame, which allows the 3D information
contained in the InfoFrame to be passed to the host system over the 12C port.

Table 5.3. Supported 3D Video Formats

3D Format Extended Definition Resolution Frame Rate (Hz) Input Pixel Clock (MHz)
Frame Packing —
Side-by-Side full 297
- - 1080p 50/60 (Supported by 300 MHz
Line Alternative — ;
version only)
L+ Depth —
1080p 24/30
Frame Packing —
720p/1080i 50/60
1080p 24/30
full 148.5
Side-by-Side 720p/1080i 50/60
half 1080p 50/60
1080p 50/60
Top-and-Bottom — 1080p 24/30
74.25
720p/1080i 50/60
1080p 24/30
Line Alternative —
720p/1080i 50/60
Field Alternative — 1080i 50/60 148.5
1080p 24/30
L + depth — -
720p/1080i 50/60

5.5. 3D Markers and VS Insertion

The Sil9587 device features logic that can be used to assist the downstream SoC in processing 3D video for display. It
can monitor the 3D video stream and insert a VS pulse in the VS signal during the Active space period for demarcating
the L and R video frames. It can embed markers that identify the L active video region, the R active video region, and
the Active space region directly in the video stream on either the CTLO or CTL1 signals. The port processor can be
enabled to send the 3D markers when 3D video is detected, or the markers can be enabled by software manually.

Figure 5.3 on the next page shows the VS insertion mode. The front porch, pulse width, back porch, and polarity of the
inserted VS signal can be individually set.

Figure 5.4 illustrates the mode that embeds 3D markers in the CTLO/CTL1 signals. The L, R, and Active space markers
can be individually switched on. In addition, each marker can be embedded in CTLO, CTL1, or in both. For example, the
L marker can be embedded in CTLO and the R marker in CTL1. The polarity of the markers is also programmable.
However, a delay function is not supported, nor is the pulse width of the markers adjustable; these parameters are
fixed to the input timing.

3D markers are supported only for 720p frame-packed, and 1080p frame-packed video modes.
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Original 3D Stream
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Figure 5.3. VS Insertion in Active Space

H ®@0©0®06
L 2 2 o o o oo
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- - - - - -
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[I O O O O 0O 0o
Active video 3D Marker State
Case T AS "
A ON OFF OFF
L B ON ON OFF
C OFF ON OFF
D OFF ON ON
E OFF OFF ON
v Active space |: F ON OFF ON
Active video

3D Frame Packing Video

Figure 5.4. 3D Markers on CTLO/1 Signals

5.6. Input Video Resolution Detection and InfoFrame Extraction

InfoFrame extraction and input video resolution detection are supported for the main and roving port and are
accessible port-by-port. This feature helps microcontroller reduce switching time to predetermine resolution and

InfoFrame before switching.

5.7. Repeater Support

Repeater support is provided for the active port and supports up to 127 downstream devices. Repeater applications
also support InstaPort S. With InstaPort S, authentication for unselected ports is accomplished in the background so
when a new port that was preauthenticated is selected, the content can be shown to the user with minimal time delay.
InstaPort S can be supported when the device is used as a repeater.
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5.8. Audio Return Channel

ARC is transmitted in single mode by using the ARCP (Utility) line. When using ARC single-mode transmission, a
standard HDMI cable can be used. Utility is a new name for the Reserved pin described in earlier versions of the HDMI

Specification. (The Sil9587 port processor does not support ARC common-mode.)

The way the S/PDIF backchannel is used depends on the application. For example, in a TV application, an S/PDIF audio
signal from the TV can be sent to an HDMI source device such as an A/V receiver over the Audio Return Channel.

ARC simplifies system setup because the consumer does not need to run an S/PDIF cable from the TV to the AVR. ARC
also automates connectivity. When the TV input is switched to an analog source or the TV tuner, the TV can use the

CEC protocol to indicate to the AVR that it should switch to playback of the ARC input.

Downloaded from AFFOW.Com.
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Figure 5.5. Audio Return Channel Example Application
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5.9. EDID Memory

The port processor contains 512 bytes of NVRAM that stores common EDID data used by each of the ports and
information used by the Auto-Boot feature. The Auto-Boot feature initializes some of the registers used to enable the
EDID for the respective port, as well as asserts Hot Plug Detect (HPD) after the EDID has loaded properly into the SRAM.
For example, by changing the data in the NVRAM Auto-boot portion, EDID load and HPD state can be set HIGH in three
of the HDMI ports while disabling this feature in the fourth port. See the associated Programmer’s Reference for more
detail about the format of the NVRAM Auto-boot feature. Each port has a 256-byte block of SRAM for EDID data, which
allows all ports to be read simultaneously from four different sources connected to the Sil9587 device. In addition, a
128-byte block of NVRAM is reserved for the VGA EDID. Figure 5.6 shows how the NVRAM is initialized using the local
I2C slave and the shadow SRAM during manufacture, and how data is loaded into the SRAM blocks from the NVRAM
during normal operation.

SRAMO/ NVRAM E\E/’QDAM
Shadow

Local [ (—RW ) sraM | ) 256 bytes HDMI EDID ﬁ
2c SLAVE 256 Byte 128 bytes VGA EDID

EDID |
64 Byte
Booting

64 bytes Booting

SRAM1
T RIW ) 256 Byte
EDID

EDID/
NVRAM
CONTROL
REGISTER SRAM3
—RW ) 256 Byte

EDID

R/W

SRAM4
— RIW ) 256 Byte
EDID

SRAMS5
RIW 256 Byte
EDID

Figure 5.6. EDID Block Diagram
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5.10. Local I>C Port

The local I2C slave port on the Sil9587 port processor (pins CSCL and CSDA) is capable of running up to 400 kHz. This
port is used to configure the port processor by reading from and writing to necessary registers.

The local I12C port consists of eleven separate I°C slave addresses. Therefore, the port processor appears as eleven
separate devices on the 12C local bus. The address for accessing the system control registers is fixed, and can only be set
to one of two values by using the CI2CA pin. The remaining ten addresses have an I2C register-programmable address
mapped into the system control register space so that they can be changed to any free addresses in the system. Refer
to the Programmer’s Reference for complete information. The Programmer’s Reference requires an NDA with Lattice

Semiconductor.
Table 5.4. IC Register Address Groups
12C Slave Address Through Register Programmable Blocks
Ox74 DDC No HDCP
0xAO0 DDC No EDID
0Ox64 Local I12C Yes Rx TMDS — Rx0, Rx1
0x50 Local I12C Yes Preauthentication, page 0
0x52 Local I12C Yes Preauthentication, page 1
0x54 Local I12C Yes Preauthentication, page 2
0x66 Local 12C Yes Rx TMDS —Rx3
0x68 Local 12C Yes Rx TMDS — Rx4
0x90 Local 12C Yes Tx TMDS /ARC
0xBO / 0xB2 Local 12C No System Control
OxEO Local I2C Yes EDID/NVRAM/MHL
OxE6 Local I2C Yes CBUS
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6. Design Recommendations

6.1. Audio Return Channel Design

Figure 6.1 shows a sample design circuit for using the Audio Return Channel feature. Any one of the four input ports can

be wired for ARC use; connection to Port 1 for ARC is shown in the figure.
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CK+
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Figure 6.1. Connection of ARC to HDMI Port
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6.2. MHL and HDMI Combined Port Design

Figure 6.2 shows a sample design circuit for an MHL and HDMI Combined Port. All eight TMDS connections require 5.1 Q
series resistors for ports that are wired for both MHL and HDMI. Any one of the input ports can be wired for MHL;
connection to Port 4 for combined HDMI and MHL is shown in the figure.

Power Switch should Si9587
+5V(VBUS) provide reverse Port Processor
P current blocking A
ower v 9 4 R4PWR5V
Switch when off 100 _L
WILC 5.1kQ I 1uF
IN out =
ENABLE
HDMI/MHL
Port 4
12
CK- AMA R4XCN
CK+ 190 AAS RAXCP . i
Do- = M v R4XON Series resistors
DO+ WA RAXOP i i
b1 & AN R required on TMDS lines
DL g AV RAX1P of port wired for both
D2 I A RAX2N MHL and HDMI
D2+ MV RAX2P
51Q +5V (Always on)
47kQ RPWR4/VBUS4
47kQ
HP_DET 12 BAVT74 CBUS_HPD4
DDC_DATA f1= DSDA4
DDC_CLK DSCL4
Tie CD_SENSE
corresponding to the
RPWR4/VBUS4 CD_SENSEO !
oV 118 IVBUS CD_SENSE1 enabled MHL port line to
D2_Shield |2 CD_SENSE3 MHL Connector pin 2. Tie
B * * CD_SENSE4 the remaining CD_SENSE
Varistor lines to ground. In this case,
0.047 pF For optional ESD Port 4 is used for MHL.
Not all connector L - =
: = protection
pins shown =

Figure 6.2. Connection of MHL and HDMI Combined Port

6.3. Power Supply Decoupling

Designers should include decoupling and bypass capacitors at each power signal in the layout. These are shown
schematically in Figure 6.3. Connections in one group (such as VDD33) can share C2, C3, and the ferrite, with each pin
having a separate C1 placed as close to the pin as possible. Figure 6.4 on the next page is representative of the various
types of power connections on the port processor.

+3.3V
L1

VDD Pin l l
e
Tcn lcz c3
GND

Figure 6.3. Decoupling and Bypass Schematic

+
+
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Figure 6.4. Decoupling and Bypass Capacitor Placement

6.4. Power Supply Sequencing

All power supplies in the Sil9587 port processor are independent, but identical supplies must come on at the same
time; for example, power to all VDD33 pins must come on together. During power up, the SBVCCS rise time (from 10%

to 90% of 5 V) should be less than 1 ms.

© 2011-2016 Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are as listed at www.latticesemi.com/legal. All other brand or product names are
trademarks or registered trademarks of their respective holders. The specifications and information herein are subject to change without notice.
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7. Package Information

7.1. ePad Requirements

The Sil9587 Port Processor chip is packaged in an 88-pin, 10 mm x 10 mm QFN package with an exposed pad (ePad)
that is used for the electrical ground of the device and for improved thermal transfer characteristics. The ePad
dimensions are 4.3 mm x 4.3 mm % 0.20 mm. Soldering the ePad to the ground plane of the PCB is required to meet
package power dissipation requirements at full speed operation, and to correctly connect the chip circuitry to electrical
ground. A clearance of at least 0.25 mm should be designed on the PCB between the edge of the ePad and the inner
edges of the lead pads to avoid the possibility of electrical shorts.

The thermal land area on the PCB may use thermal vias to improve heat removal from the package. These thermal vias
also double as the ground connections of the chip and must attach internally in the PCB to the ground plane. An array
of vias should be designed into the PCB beneath the package. For optimum thermal performance, the via diameter
should be 12 mils to 13 mils (0.30 mm to 0.33 mm) and the via barrel should be plated with 1-ounce copper to plug the
via. This design helps to avoid any solder wicking inside the via during the soldering process, which may result in voids
in solder between the pad and the thermal land. If the copper plating does not plug the vias, the thermal vias can be
tented with solder mask on the top surface of the PCB to avoid solder wicking inside the via during assembly. The
solder mask diameter should be at least 4 mils (0.1 mm) larger than the via diameter.

Package stand-off when mounting the device also needs to be considered. For a nominal stand-off of approximately
0.1 mm the stencil thickness of 5 mils to 8 mils should provide a good solder joint between the ePad and the thermal
land.

Figure 7.1 on the next page shows the package dimensions of the Sil9587 port processor.
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7.2. Package Dimensions

These drawings are not to scale.
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Figure 7.1. Package Diagram
JEDEC Package Code MO-220
Item Description Min Typ Max Item Description Min Typ Max
A Thickness 0.80 0.85 0.90 D2 ePad 4.10 4.30 4.50
Al Stand-off 0.00 0.02 0.05 E2 ePad 4.10 4.30 4.50
A2 Body thickness 0.60 0.65 0.70 b Lead width 0.15 0.20 0.25
A3 — 0.20 REF e Lead pitch 0.40 BSC
D Footprint 0.90 10.00 10.10 L Lead foot length 0.30 0.40 0.50
E Footprint 0.90 10.00 10.10 (€] — 0° — 14°
D1 Body size 9.75 BSC K ePad clearance 0.20 — —
El Body size 9.75 BSC
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7.3. Marking Specification

Figure 7.2 and Figure 7.3 show the markings of the Sil9587 port processor package. This drawing is not to scale.

Pin 1 location

Designation

Package Type

®

</S\ilicon

Image.

<¢— 71— Silicon Image Logo

iNstaport: @ <— InstaPort Logo
SiI9587CNUC = Silicon Image Part Number
LLLLLL.LL-L <& Lot # (= Job#)
YYWW - Date code
XXXXXXX - Trace code
SIIXXXXrpppp-sXXXX
L y
Special
Designation
Speed

Figure 7.2. Marking Diagram

Pin 1Indicator O
LATTICE
SiI9587CNUC
DATECODE

o> @

Figure 7.3. Alternate Topside Marking

7.4. Ordering Information

Production Part Numbers:

Downloaded from AFFOW.Com.

Device

Part Number

Port processor with ARC and InstaPort S

Sil9587CNUC

Port processor with ARC and InstaPort S, 300 MHz

Sil9587CNUC-3
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For information on the specifications that apply to this document, contact the responsible standards groups
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Lattice Semiconductor Documents

This is a list of the related documents that are available from your Lattice Semiconductor sales representative. The
Programmer’s Reference requires an NDA with Lattice Semiconductor.
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Sil-PR-1058 Sil9587 and Sil9589 Port Processor Programmer’s Reference
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For assistance, submit a technical support case at www.latticesemi.com/techsupport.
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