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1. Revision History

Version | Owner Content Date
Preliminary | Rends Initial datasheet creation 03/17/2014
Preliminary | NWang Update package information 03/20/2014
1.0 XH.Guo Update power consumption 05/:;2/2\014
1.1 Dsren Update pin description 06/057;2014
1.2 FChen Add dual-mode feature 06/09/2014
1.3 Dsren Update VGA output RGB name and order f{?\ 06/10/2014
compliant with LT8511 R
1.4 N.Wang Check package information \ ' 07/14/2014
15 N.Wang Add package die pad information- 11/11/2014
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2. General Description

LT8511EX is a low cost high performance single port HDMI and dual-mode
Displayport receiver which is compliant with HDMI 1.4. The RX can receive
4Kx2K(1080p 8/10/12bit deep color, up to 3.4GHz data ratio) input. Besides it supports
analog video-output(VGA or YPbPr) up to 4Kx2K, 1920x1200, and 1080p with three high
resolution DACs. The chip integrates dual-mode receiver front end with equalizer, HDMI
core and HDCP engine in a single chip. \ Q

\\
2.1 Features \O

e On-chip HDMI and dual-mode DP receiver with Equalizer, suppe rt§Xx2K
1920x1200 and 1080p 8/10/12bit deep color, up to 3.4GHz da{ta

e  On chip receiver core which is compliant with HDM|1.4{§@§CIfIQﬂtI0n.
e  On chip HDCP engine which is compliant with HDC%A\QE)ec.
e HDCP key stored in MCU for BOM cost reduction’

e  Supports analog video output (VGA or YPbPr)\u )EKXZK 1920x1200, and 1080p
with three on chip DAC.

e On-chip audio decoder which supports i ﬁgﬁnel [IS and SPDIF audio outputs.
e  Support audio soft mute. %
e Onchip YCC422 to YCC444 coﬁuersﬁn

e Onchip YCCto RGB and R t6°'YCC conversion in ITU-R BT.601 and 709 color
space. \

e  Support separate syne é@put and SOG/SOY.

e Flexible interrupt's ers with interrupt pin.
C\

e Linkonand V, detection.

The LTSmiI‘Qis offered in 64-pin QFN package, and operates over -40°C to +85°C
temperature range

N
\ .
N
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2.2 LT8511EX Pin Diagram
64 pin QFN package, it is named as LT8511EX. Pin diagram is shown as figurela.

Lo
w m ™
GEodoiod L, .8888
§S988288383282¢82292¢92¢
3BTV FTBIRIISI m“s
pvccis [ 1 487 1NC \)\
PVSS18 [ |2 477 DAC'DE
RXC- [ 3 46:‘\&%—15
RXC+ [ 4 45:?0Ac_vs
VTERM [ 5 447 DAC_FIELD
RXO0-[ 16 43 1VSS
RX0+ [ 7 421 VDD
VSSA33 [ |8 417 INT_B
VCCA33 | 9 40— S_SCL
RX1- [ ]10 39 ]S_SDA
RX1+ 11 381 HDCP_M_SCL
VTERM 12 371 HDCP_M_SDA
RX2- 113 361 RX_DDC_SCL
RX2+ |14 357 ] RX_DDC_SDA
VSSA18 115 347 VSS33
VCCA18 [ |16 33 VvCC33
NEZ2QJNQILLRII_BSS
¢ } x |>_< S 0 2' 2 2I = S s
N\
cQ
‘; Figure 1a: LT8511EX Pin Diagram
N
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2.3 Functional Description
The LT8511EX provides a complete solution for converting HDMI to analog VGA/YPbPr.

A
S _SCL
INT_B S SDA
HDMI Registers Sync/blanking —® DAC_HS
g . control —» DAC_VS
Control Logic

Db——» B/Pb'

Exteral \.\
HDCP_M_SDA HDCP
HDCP_M_SCL > }iEtPRfOM > Keys —p-| Video | —pp| m _.Q)G
nterrace
Decode %
l DAC P R/Pr
o\
HDMI/Dual- HDMI HDCP Audio
modeDP Port : RX PHY Engine Buffer \ 7~ ,—> MCLK
&
s 1IS_SCK
—p 1IS_WS
\ Audio Out 11S_SD
Audio
Decode ST
DDC
it AudioOut [ SPPIF

Figure 2: Functio}'n @@ék Diagram

Figure 2 shows the functional blocks ¢ thﬁ chip. HDMI or dual-mode data is received by
RX PHY, then decoded by HDCP eng ne. The decoded data flow is sliced to video and
audio data channels. Video chan Q@nsfers RGB signal or YCbCr signal according to

the type of the display device.¢/ L provides an audio clock refer to crystal oscillator,
and output audio signal is syﬁch ized with video frame by TMDS clock.
2.3.1 HDMI/Dual-mode D PHY

The receiver PHY‘*QQn%upport HDMI or dual-mode DP signals, which meets more
consumer requirement. And the receiver has built-in equalizer which enables the port to
receiver HD I»@I mode DP signals through longer cable, and ensures the signal
can be recovered better. The receiver is compliant with HDMI 1.4. The receiver front-end
can be pr jrammed so the termination voltage is set different from 3.3V for better DP
signal det on The front-end and entire receiver support video resolution up to 4Kx2K ,
1920 0 and 1080p.

>Q$p also integrates RX/TX side on-die-terminations (ODTs), and employs the ODT

gement circuitry for cost-efficient system design and enhanced performance.

2.3.2 HDCP Engine

The LT8511EX includes HDCP 1.4(High - Bandwidth Digital Content Protection) circuitry
with internal memory to store a unique HDCP device key. The HDCP protocol ensures
protection from unauthorized duplication of copyrighted media content.

The LT8511EX employs a HDCP decryption engine. It contains the decryption logic for
all HDMI data (audio, video, and control). Hardware - implemented HDCP authentication
and decryption for audio and video reduce external micro - controller overhead. HDCP
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decryption and authentication is performed automatically following device initialization.
Pre - programmed HDCP keys and Key Selector Vectors(KSV) are stored in embedded
ROM for the decryption process, also provide highest level of security.

2.3.3 Video Decoder

Video data is decoded to RGB or YCbCr format through data decoder according to
register set for different application. Output video data supports both separated sync and
SOG. When Sync-On-Green mode, it outputs video data stream to three 10-bit DACs,
and the sync signal is composite into the G channel at the DAC by the sync/blanking
control module.

2.3.4 Audio Decode

.
.

Audio data is extracted and decoded from HDMI data stream. The dec%‘I dio data is
buffered in an on-chip FIFO. An on-chip PLL is used to regenerate o _clock from the
outside crystal oscillator. Digital audio signals in both 1S ahd DIF format are
generated based on this TMDS or regenerate clock.

LY

2.3.5 InfoFrame Data
N

All types of Packet/InfoFrame data can be extracted; ¢ coded from HDMI data stream
and stored in the internal registers. The AVI (Auxiliary Video Information), Audio and MS
(MPEG Source) InfoFrames are always extracted put in dedicated buffers. Other
Packet/InfoFrame type can be selectively extt d and stored in 2 shared packet
buffers. Whenever an InfoFrame is recewed}a?&%qe rrupt flag is set in an internal register
and INT_B pin (active low) is asserted.\The*MCU can extract the InfoFrame content

through 1IC bus. 52
>y

2.3.6 Application Diagram ¢ 6\0

Figure 3 shows the applrcatré@bf the chip.
Q™

. >

Graphics Card

or
Video Decoder

v

LT8511EX Monitor

v

N
\,
>

Figure 3: Application Diagram
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2.4 Pin Descriptions
(/O description: A=Analog, I=Input, O=Output, P=Power, G=Ground)

PIN | NAME |1/O] FUNCTION | NOTES
HDMI RX Pins
1 PVCC18 AP | Power supply pins for HDMI 1.8v
receiver PLL
2 PVSS18 AG | Ground supply pins for HDMI
receiver PLL A
3 RXC- Al | HDMI receiver clock negative ~N
analog input >
4 RXC+ Al | HDMI receiver clock positive (Z)
analog input
5 VTERM AP 3:3V
6 RX0- Al | HDMI receiver channel 0~
negative analog input ¢
7 RX0+ Al | HDMI receiver channel-.
positive analog input_ "~
8 VSSA33 AG | 3.3V ground supply pins for
HDMI Receiver
9 VCCA33 AP | 3.3V power sgp%p?hs for 3.3V
HDMI Receijver
10 RX1- Al | HDMI receiverichannel 1
negative %@og input
11 RX1+ Al | HDMI receiver channel 1
s&tivé\ analog input
12 VTERM APAL 3.3V
13 RX2- A\@DMI receiver channel 2
. negative analog input
14 RX2+ . \‘A‘f’ HDMI receiver channel 2
positive analog input
15 VSSA18 Q AG | 1.8V ground supply pins for
. Q) HDMI receiver
16 VCCA\\IQ\ AP | 1.8V power supply pins for 1.8V
v HDMI receiver
3 Control Pins
17 {\RESET N | | | Global reset, active low |
' Power Ground Pins
18 .~ VDD P | Power supply pins for digital 1.8V
19 ] VSS G | Ground supply pins for digital
Crystal Pins
20 XTALI | | Crystal oscillator input 25MHZ
21 XTALO O | Crystal oscillator output
Audio Pins
22 MUTE O | Mute output for audio ports
23 SPDIF O | SPDIF output
24 12S_00 O | 12S output
25 WS O O | 12S word select output
26 SCLK_O O | 12S serial clock output
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27 | MCLK_O | O [12S audio master clock output |
Power Ground Pins
28 VCC33 P | Power supply pins for 10 3.3V
29 VSS33 G | Ground supply pins for IO
30 VDD P | Power supply pins for digital 1.8V
31 VSS G | Ground supply pins for digital
32 NC
33 VCC33 P | Power supply pins for 10 3.3V
34 VSS33 G | Ground supply pins for IO
Control Pins 5
35 RX_DDC_SDA IO | HDMI receiver DDC data 5V-tolerant, ™~
channel internal -up
36 RX_DDC_SCL I0 | HDMI receiver DDC clock 5V-tolerant,
channel {r?te\ pull-up
37 HDCP_M_SDA IO | Master 12C data channel | 5V-tolerant
38 HDCP_ M SCL IO | Master 12C clock channel “5V-tolerant
39 S SDA IO | Slave 12C data channel | 5V-tolerant
40 S SCL IO | Slave 12C clock channel> 5V-tolerant
41 INT_B O | Chip interrupt outputyactive low
Power Ground Pin$
42 VDD P | Power supply pins for digital 1.8V
43 VSS G | Ground supply.pins for digital
DAC Control Pins
44 DAC_FIELD O | Field output to indicate 1st
field of 2nd field in an
j%eﬁlédgd video output. The
" pe Iéﬁty can be program by
L register
45 DAC VS , 0. VGA vertical sync output
46 DAC_HS "O~ | VGA horizontal sync output
47 DAC_DE O | Video data enable output.
. QQ When asserted, the data
‘\KQ) presents on DO/D1/D2 pins is
N a valid video signal
48 NCe v
) Power Ground Pins
49 VCC33 P | Power supply pins for 10 3.3V
50 ) Vvssa3 G | Ground supply pins for 10
51 VCC33 P | Power supply pins for IO 3.3V
52 VSS33 G | Ground supply pins for IO
53\ VDD P | Power supply pins for digital 1.8V
54 VSS G | Ground supply pins for digital
55 NC
56 NC
DAC Pins
57 VSSAS33 AG | 3.3V ground supply pins for
DAC
58 DAC R AO | VGA R channel or YPbPr Pr
channel analog output
59 VCCA33 AP | 3.3V power supply pins for DAC | 3.3V
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60 DAC G AO | VGA G channel or YPbPr Y
channel analog output
61 VSSA33 AG | 3.3V ground supply pins for
DAC
62 DAC B AO | VGA B channel or YPbPr Pb
channel analog output
63 VCCAS3 AP | 3.3V power supply pins for DAC | 3.3V
64 DAC_REF Al | DAC reference
N
N

&Y
RN
-
N
w\ ;&;
o
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2.5 DC Electrical Characteristics

2.5.1 Absolute Maximum Conditions

Symbol Parameter Min Typ Max Units
VCCgs 3.3V Supply Voltage -0.3 4.0 \%
VCCyg 1.8V Supply Voltage -0.3 2.5 \%

V, Input Voltage -0.3 VCC33+0.3 V
Vo Output Voltage -0.3 VCC33+0.3 | * \A
Tsto Storage Temperature -55 125 (eC
Difference between two
DIFF33 3.3V power pins L0 Q) v
DIFE18 Difference betvvefan two \1.0 Vv
1.8V power pins ’
Difference between any e ¢
DIFF3318 | 3.3V power pins and 1.8V -1.0 A@‘ ~ 2.0 \Y;
power pins
Notes:

1. Permanent device damage may occur if absolu

exceeded.

maximum conditions are

2. Function operation should be restricted ta fh@@ndmons described under

Normal Operating Conditions.

ol

2.5.2 Normal Operating Conditions S AN
RS
Symbol Parameter 7% Min Typ Max Units
VCCas 3.3V Supply Vattage 3.0 3.3 3.6 Vv
VCCig 1.8V SupplyVoltage 1.62 1.8 1.98 v
VCCy Supply Voﬂ@e Noise 100 mVpp
Ambi mperature i o
Ta (with er applied) 40 25 85 C
Q\\
S
o\
O
N
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2.5.3 Digtal I/O Specifications

Digital I/O spec. followed LVTTL spec. under normal operating conditions.

2.5.4 DC Specifications

Under normal operating conditions unless otherwise specified

Symbol Description Conditions Min Typ Max u\nits
Deferential input voltage, N
Vio single ended amplitude 150 e
=2IM | 33v 97 mA
I Operating current TMDS clk | 18V ¢ %2 mA
CcC —
=74.25M |33y | O |V 07 mA
=148.5M | 33y 97 mA
TMDS clk 3\;8\6“ 163 mA
=235)*/'.,‘\ .3V 97 mA
. N
2.6 AC Specifications RN
2.6.1 TMDS Input Timing Diagg%\sV
NN
fb‘
RX0 Q-
[ RN
¥
rRX1(C O
A
RN
Q\ X2 R
TCCS 7
Voirr=0V
Figure4: TMDS Channel-to-Channel Skew Timing
Symbol Parameter Conditions | Min | Typ | Max | Units
Frxc Differential Input Clock Frequency 25 340 | MHz
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Tops Intra-Pair(+to-) Differential Input Skew 0.4Tw:| ps
Tccs Channel to Channel Differential Input Skew 2Thit ps
T Differential Input Clock Jitter Tolerance 0.3Twit| ps
2.6.2 1°S Output Timings

< T N

Tsckouty ,

i ki— 2*Tsckasp
l:htr

SCK o —>
SD s
WS =
<X
Figure5: 1S Output Rir%?gs
Symbol Parameter ,“% 'gl\ \" |conditions| Min Typ | Max |Units
Tu  |SCK Clock Period(TX). % CL=10pF 1.0 To
Tuc |SCK Clock HIGHTi® CL=10pF | 0.35 Ty
Tic |SCK Clock L@Q[,\Qime CL=10pF | 0.35 Ty
Tau SCth‘QYg}md WS CL=10pF 08 | Ty
Toe HotoSb\q'e SCKtoSDandWS | CL=10pF | O Ty
TscroutSCK Duty Cycle CL=10pF | 40% 60% | Ty
A
I&zso SCK-to-SD Delay CL=10pF -5 +5 | ns
FaupoLy JAudio Pipeline Delay 40 75 us
Confidential 13
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2.6.3 S/PDIF Output port Timing

Tsecve Tspouty Tspcve, Tspouty —»

90%
50%

SPDIF \\
0%

&
N
- Tmcikeye QJ

MCLK 50% ) k ~50%

] .

\

<—— Tmcikeye——™

RN
Figure6: S/PDIF Output port Tir%sgs
Symbol Parameter Conditions{Min | Typ | Max Units
Tsecve | SPDIF Cycle Time | CLZ10pF 1.0 ul
Tspeoir SPDIF Frequency., | |« \— 4 24 MHz
Tspouty SPDIF Duty Cycle[sCL=10pF |90% 110% ul
TumcLkeye MCLK Cycle Time_| CL=10pF | 10 ns
Fuvcix MCLK Freguency | CL=10pF 98 MHz
Twcwoury | MCLK Duty'Cycle | CL=10pF [40% 60% | Tucikeve
TaubbLy Audio Pip\ﬁine Delay 40 | 75 us

2.6.4 Audio Crystéi{&mmgs

Symbol]’ Parameter Conditions| Min | Typ Max | Units
Fxral™] “External Crystal Freq 25 27 28.322 | MHz
A

N
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2.6.5 Miscellaneous Timings

Symbol Parameter Conditions | Min | Typ | Max |Units

T12covp SDA Data Valid delay from SCL falling edge |CL=400pF 300 | ns

TReESET RESET# Signal Low Time for valid reset 45 us

Thocpinim  [HDCP Initialization from stable input 35 l\ ms
\)\'

2.6.6 RESET# Minimum Timings

VCCoa N7 \N

VCCmin | K
| 1 4 > < Treser J
VCC 2N
) NG
B\
RESET# RN
e
~Tre U
O
N N
@‘e?: RESET# Minimum Timings
)
i.\\}
NN
c>
))
>
Q™
v
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2.6.7 Power Supply Sequencing

maximum 3.3v

DIFF3f>max

VCCAS3 excursion\
VCCDAZ33
VCC33
Minimum 3.3v DIFF3318max
excursi . ‘Q
maximum 1.8v ~Q>
VDD excursion \)\’
VCCA1l Q)
VCCTP18 DIFF18max \%
excursion R 7 k
Figure8: Power Supply Sequencing \ )
RN
Symbol Parameter Min Typ Max Units
DIFE33 Difference betvvegn two A 1.0 v
3.3V power pins VAN
Difference between two 2NN\
DIFF18 1.8V power pins ' ES’ 1.0 v
Difference between any \
DIFF3318 | 3.3V power pins and 4.8V {> -1.0 2.0 \%
power pins
&
NN\
O
S
Ca
N
§
N
D
S
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3.1 LT8511EX-QFN64L (0909x0.85)

The ePad must not be electrically connected to any other voltage level except ground (GND).
The dimension of ePad in PCB should be 5.6x5.6mm. And a clearance of at least 0.25mm
should be designed on the PCB between the edge of the ePad and the inner edges of the
lead pads to avoid any electrical shorts.

y ¢
SYMBOLS MiN, ) MAX.
A 0.80 0.90 1.00
ol Y 000 | 002 | 005 |
L AZ 0.65 REF.
A3 0.20 REF
| ® | o1 | o028 | 030
< 0.24 0.42 0.60
] B.90 8.00 8.10
[+ 1] 885 B.75 8.85
fr ™ E 890 0.00 210
E1 B.65 B.7% 8.8%
e 0.50 BSC.
" 0.20 - —
L 0.30 0.40 0.50
a8 0.00 - 12.00
uNIT : mm
EXPOSED PAD
R B

| I T T T T A
| 230230 | 5,40 [ 5.60 [ 5.80 [ 5.20 [5.60 [ 5.80

UNIT & mm
NOTES
. JEDEC : M/A
. DIE THICKWESS ALLOWABLE 15 0.308enm MANIMUM

1

2
(0.012 INCHES MAXIMUM).

3. DIMENSION “5° APPLIES TD PLATED TERMINAL AND IS MEASURED

4

EXPOSED DIE D2

BETWEEN 0.2 AND 0.25mm FROM TERMINAL TWP.
THE Pi §1 IDENTIFIER MUST BE PLACED ON THE TO®
SURFACE OF THE PACKAGE BY USING INDENTATION MARK
UUUUTOUTUUUTY OR OTHER FEATURE OF PACKAGE BODY
. THE PIM 1 IDENTIFIER EXACT SMAPE AND SIZE OF THIS

\' FEATURE 15 OPTIONAL.

|
X R .

|

|

|

EMBEDDING PART OF EXPOSED PAD FROM MEASURING
. DIMENSION “A1" APPLIED ONLY TO TERMINALS.

8,
6. APPLIED FOR EXPOSED PAD AND TERMINALS, EXCLUDE
7
8. EXACT SHAPE OF EACH CORNER IS OPTIONAL

|
nmnnnnq_nnnnnnr!n
£2
A
{ L
g
H
L_ 5|
g &
S
8
[l

A3)
Al
E 14

-
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