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LMH1218 Low Power Ultra HD Cable Driver With Integrated Reclocker

1 Features

e Supports ST-2082 (Proposed), ST-2081
(Proposed), SMPTE 424M, 344M, 292M, 259M,
DVB-ASI, SFF-8431 (SFP+) and 10GbE Ethernet
for SMPTE 2022-5/6

* Locks to Rates 11.88 Gbhps, 5.94 Gbps, 2.97
Gbps, 1.485 Gbps, or Divided by 1.001 Sub-
Rates, DVB-ASI (270 Mbps) and 10GbE (10.3125
Gbps)

» Reference-Free Operation With Fast Lock Time
Covering All Supported or Selected Data Rates

e 75-Q and 100-Q Transmitter Outputs

* Integrated 2:1 Mux Input, 1:2 Demux/Fanout
Outputs

» Automatic Slew Rate Based on Input Rate Detect

e On-Chip Eye Monitor

* Low 300-mW Power Consumption With Automatic
Power Down on Loss of Input Signal

» Programmable Through SPI or SMBus Interface

* Single 2.5-V Supply Operation

e Small 4-mm x 4-mm 24-Pin WQFN Package

e —40°C to +85°C Operating Temperature Range

Applications

+ UHDTV/4K/8K/HDTV/SDTV Video

» Digital Video Routers and Switches
» Digital Video Processing and Editing
* DVB-ASI and Distribution Amplifiers
* 10GbE for SMPTE 2022-5/6

3 Description

The LMH1218 device is a low-power cable driver with
integrated reclocker to drive serial video data
compatible to SMPTE-SDI, SMPTE 2022-5/6, 10GbE
Ethernet, and DVB-ASI standards. The LMH1218
supports up to 11.88 Gbps to enable Ultra High
Definition Video for 4K/8K applications. With 75-Q
and 50-Q transmitter outputs, the LMH1218 enables
multiple media options such as coax, fiber, and FR-4
PCB.

The integrated 2-to-1 MUX on the input of the
LMH1218 enables selection between two video
sources, while the programmable equalizer
compensates for the printed-circuit board loss to
extend signal reach. With a wide range clock-and-
data recovery (CDR) circuit, the on-chip reclocker
automatically detects and locks to serial data from
270 Mbps to 11.88 Gbps without the need for an
external reference clock and loop filter component,
thereby simplifying board design and lowering system
cost. The reclocked serial data can be routed to
either the 75-Q or 50-Q transmitter output, or both
simultaneously (1-to-2 fanout mode). The output
voltage swing is compatible to SFF-8431 (SFP+), ST-
2082/1 (Proposed), SMPTE 424M, 344M, 292M, and
259M standards.

A non-disruptive eye monitor allows for real-time
measurement of serial data to simplify system start-
up or field tuning. The LMH1218 can be programmed
using SPI or SMBus Interface.

Device Information®
PACKAGE BODY SIZE (NOM)
WQFN (24) 4.00 mm x 4.00 mm

PART NUMBER
LMH1218

(1) For all available packages, see the orderable addendum at
the end of the data sheet.
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4 Revision History

Changes from Revision D (December 2017) to Revision E Page
* Changed the note under Float(Default) setting from: Reserved to: Power down until valid signal detected......................... 5
e Changed MISO pin I/O description from 3-Level Dack 10 2-LEVEL...........ooiiiiiiiiiiii e 5
* Changed the Acknowledge (ACK) graphic text from: Clock Line Held Low by Receiver While Interrupt is Serviced to:

Host may held clock line low t0 delay tranSaCHiON............eiii i e e e e e s e e e e st e e e s stb e e e e e s ebbaeeeeaeaees 20
e Changed Channel Register Ox80 default from: OXXX t0: OX20 ....c.ciiiuiiiiieiiiiiiie ettt e e et e e e s snbeeeaaeeeee 43
¢ Changed the OUTO_VOD bit 7 default from X 10 O.......cooiiiiiiiiiieiiie et e e e e nes 43
¢ Changed the bit description for the OUT0_VOD bits 7-3 from: drv_0_sel_vod[3:0] default value may change from

part to part to: drv_0_sel_vod[3:0] iS typically 42 MV PEI STEP. ..ouuiiiieieiiiie ettt 43
e Changed the OUTO_VOD bit 6 default from x to 0
e Changed the OUTO_VOD bit 5 default from x to 1
¢ Changed the OUTO_VOD bit 4 default from x to O
Changes from Revision C (December 2016) to Revision D Page
e Changed Channel Register 0x80 default value from 0101 0100’b to XXXX 00000 .....cccvveriiriiriiieeiiiee e 43
Changes from Revision B (February 2016) to Revision C Page
e Changed MISO pin I/O description from 2-LeVel 10 3-LEVEL........coo it 5
« Added test conditions to the source transmit differential launch amplitude parameters ...........occooveeiiiiiiie e 7
e Changed OUTO VOD_Scaling_PD description for bitsS 7 through 4.........c.ceiiiiiii e 43
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Changes from Revision A (March 2015) to Revision B Page
e Changed ESD Ratings for Human-body model (HBM) From: £2500 TO £4500 ........cccccviiiimieriiiienieienreee e 7
« Added typical launch amplitude for 20 and 30 inch FR4 trace in the Recommended Operating Conditions ........................ 7
« Added new Note to the Electrical Characteristics: "ATE Production tested using DC method.."............ccccciiiiiiiiniiiieeeee 9

Changed the Vyop outo row information and values in the Electrical Characteristics
Added MAX value of 45 ps to Tg ¢ ouro in the Electrical CharacteristiCs.............coooiiiiiiiiiiiii
Changed the TYP value From: 900 To: 950 ps, Added MIN and MAX values to Tg ¢ ouro (270 Mbps) in the

EIECIITICAlI CRATACTIEIISTICS ... viitieitiiiti ettt h et h ettt e e bt st e b e e nhe e e s bt et e e nbe e e s bt e b e e nbs e e b e e nbe e e e 10
» Changed the TYP value to 3 ps, Added MAX value of 18 ps to Tg ¢ outo_deita iN the Electrical Characteristics.................. 10
» Changed the TYP value From: 100 To: 72 ps, Added MAX value of 500 ps to Tg ¢ outo_deita (270 Mbps) in the

e T ot i Tor= IO g P T T =T 1] £ oh OSSR 10
» Changed the Voyr upr_sHoot row information and values in the Electrical Characteristics ............coocooviiiiiiiiiiiiicne, 10
« Added tgy MIN = 4 ns in the Serial Parallel Interface (SPI) Bus Interface AC Timing Specifications®® ... 12
« Added ty MIN = 4 ns in the Serial Parallel Interface (SPI) Bus Interface AC Timing Specifications®@® _................... 12
¢ Added tgsg, MIN = 14 ns, Changed TYP value From: 14 To: 18 ns in the Serial Parallel Interface (SPI) Bus Interface

AC Timing SPECIfICAtIONS W) ... oottt ettt ettt e e e s e s ee e et e et ea et ettt ettt ettt senas 12
» Added tss, MIN = 4 ns in the Serial Parallel Interface (SPI) Bus Interface AC Timing Specifications®® _............ccc.c....... 12
« Added Selective Data Rate Lock in Application and Implementation SECHON. .........ccccoiiiiiiiiiiai e 47
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Changes from Original (February 2015) to Revision A Page
e Changed document status from Product Preview to Production Data ............ccceeviviiriieieiiiieniiee e 1
5 Pin Configuration and Functions
RTW Package
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Pin Descriptions — SPI Mode/ Mode_SEL =1 kQ to VDD

PIN
TYPE DESCRIPTION
NAME NO.
CONTROL/INDICATOR /O
Powers down device when pulled low
1 kQ to VDD:
*  Power down until valid signal detected
Float(Default):
} »  Power down until valid signal detected
ENABLE 6 Input, 4-Level 20 KQ to GND:
* Reserved
1 kQ to GND:
* Power down including signal detects and Reset Registers upon
power-up
Indicates CDR lock detect status
High:
Output, 2.5-V .
LOCK 16 LVCMOS, 2-Level _CDR locked
Low:
* CDR not locked
Output, Programmable Interrupt caused by change in LOS, violation of internal
LOS_INT_N 13 LVCMOS Open- | eye monitor threshold, or change in lock. External 4.7-kQ pullup resistor is
Drain, 2-Level required. This pin is 3.3-V LVCMOS tolerant.
Output, 2.5-V .
MISO 15 LVCMOS, 2-Level SPI Master Input / Slave Output. LMH1218 SPI data transmit
Determines Device Configuration: SPI or SMBus
MODE_SEL 1 Input, 4-Level 1 kQ to VDD:
*  SPI mode. See Initialization Set Up.
MOSI 4 Input, 2-Level SPI Master Output / Slave Input. LMH1218 SPI data receive
RESERVED 5,17,18 — No Connect
Input, 2.5V . .
SCK 3 LVCMOS, 2-Level SPI serial clock input
SMPTE_10GbE 14 — No Connect
SS N 2 Input, 2-Level SPI Slave Select. This pin has internal pullup
HIGH-SPEED DIFFERENTIAL 1/O
INO+ 11 Input, Analog Inverting and noninverting differential inputs. An on-chip 100-Q terminating
resistor connects INO+ to INO-. Inputs require 4.7-uF, AC-coupling
INO- 12 Input, Analog capacitors.
IN1+ 8 Input, Analog Inverting and noninverting differential inputs. An on-chip 100-Q terminating
resistor connects IN1+ to IN1-. Inputs require 4.7-uF, AC-coupling
IN1- 9 Input, Analog capacitors.
Output, 75-Q CML . . . . o
OuTO+ 20 Eompatib,e Inverting and noninverting 75-Q outputs. An on-chip 75-Q terminating
Outout. 75-0 CML resistor connects OUTO+ and OUTO- to VDD. Outputs require 4.7-uF, AC-
_ utput, /5~ coupling capacitors
OouTOo 19 Compatible pling cap
OUT1+ 23 Output, Analog Inverting and noninverting differential outputs. An on-chip 100-Q
terminating resistor connects OUT1+ to OUT1-. Outputs require 4.7-uF,
OUT1- 22 Output, Analog | Ac-coupling capacitors
POWER
DAP . Ground Expo_sed DAP, connect to GND using at least 5 vias (see package
drawing)
VDD 7,21 2.5-V Supply 25V 5%
VSS 10, 24 Ground Ground

Copyright © 2015-2018, Texas Instruments Incorporated
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Pin Descriptions — SMBUS Mode/ MODE_SEL =1 kQ to GND

PIN
TYPE DESCRIPTION
NAME NO.
ADDRO 2 4-level strap pins used to set the SMBus address of the device. The pin
state is read on power-up. The multi-level nature of these pins allows for
16 unique device addresses. Note the SMBus section for further details.
The four strap options include:
1 kQ to VDD:
Input, 4-Level * Represents logic state 11'b
ADDR1 15 Float(Default): Represents logic state 10'b 7-bits SMBus address = 0x17
20 kQ to GND:
* Represents logic state 01'b
1 kQ to GND:
* Represents logic state 00'b
Powers down device when pulled low
1 kQ to VDD:
»  Power down until valid signal detected
Float(Default): Reserved
ENABLE 6 Input, 4-Level 20 kQ to GND:
* Reserved
1 kQ to GND:
* Power down including signal detects and Reset Registers upon
power-up
Indicates CDR lock Status
High:
Output, 2.5-V
LOCK 16 LVCMOS, 2-Level FZDR locked
Low:
* CDR not locked
Qutput, LVCMOS | Programmable Interrupt caused by change in LOS, violation of internal
LOS_INT_N 13 Open-Drain, 2- eye monitor threshold, change in lock. External 4.7-kQ pullup resistor is
Level required. This pin is 3.3-V LVCMOS tolerant.
Determines Device Configuration: SPI or SMBus
MODE_SEL 1 Input, 4-Level 1 kQ to GND: SMBUS mode. See Initialization Set Up
RESERVED 5,17, 18 — No Connect
SMBus clock input / open-drain. External 2-kQ to 5-kQ pullup resistor is
SCL 3 Input, 2-Level required as per SMBus interface standard. This pin is 3.3-V LVCMOS
tolerant.
/O Open-Drain. 2- SMBus data input / open-drain. External 2-kQ to 5-kQ pullup resistor is
SDA 4 ! pLeveI ' required as per SMBus interface standard. This pin is 3.3-V LVCMOS
tolerant.
SMPTE_10GbE 14 No Connect
HIGH-SPEED DIFFERENTIAL 1/O
DAP . Ground Expo_sed DAP, connect to GND using at least 5 vias (see package
drawing)
INO+ 11 Input, Analog Inverting and noninverting differential inputs. An on-chip 100-Q terminating
resistor connects INO+ to INO—. Inputs require 4.7-pF, AC-coupling
INO— 12 Input, Analog capacitors.
IN1+ 8 Input, Analog Inverting and noninverting differential inputs. An on-chip 100-Q terminating
resistor connects INO+ to INO—. Inputs require 4.7-pF, AC-coupling
IN1- 9 Input, Analog capacitors.
Output, 75-Q CML
OuTO+ 20 Eompaﬁbb Inverting and noninverting 75-Q outputs. An on-chip 75-Q terminating
resistor connects OUTO0+ and OUTO- to VDD. Outputs require 4.7-uF, AC-
OUTO- 19 Output, 75-Q CML | coypling capacitors
Compatible
OUT1+ 23 Output, Analog Inverting and noninverting differential outputs. An on-chip 100 Q
terminating resistor connects OUT1+ to OUT1-. Outputs require 4.7-pF,
OuUT1- 22 Output, Analog | AC-coupling capacitors
VDD 7,21 2.5-V Supply 25V 5%
VSS 10, 24 Ground Ground
6 Submit Documentation Feedback Copyright © 2015-2018, Texas Instruments Incorporated
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6 Specifications
6.1 Absolute Maximum Ratings
Over operating free-air temperature range (unless otherwise noted)®
MIN MAX UNIT
Supply voltage (VDD to GND) -0.5 2.75 \%
3.3-V open-drain 1/O input and output voltage (SDA, SCL, LOS_INT_N) -0.5 4.0 \%
2.5-V LVCMOS input and output voltage -0.5 VDD + 0.5 \Y
High-speed input voltage -0.5 VDD + 0.5 \%
High-speed input current -30 30 mA

(1) Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings
only, which do not imply functional operation of the device at these or any other conditions beyond those indicated under Recommended
Operating Conditions. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

6.2 ESD Ratings

VALUE UNIT
v Electrostatic Human-body model (HBM), per ANSI/ESDA/JEDEC JS-001® +4500 v
(ESD)  discharge Charged-device model (CDM), per JEDEC specification JESD22-C101@ +1500

(1) JEDEC document JEP155 states that 500-V HBM allows safe manufacturing with a standard ESD control process. Manufacturing with
less than 500-V HBM is possible with the necessary precautions. Pins listed as £2000 V may actually have higher performance.

(2) JEDEC document JEP157 states that 250-V CDM allows safe manufacturing with a standard ESD control process. Manufacturing with
less than 250-V CDM is possible with the necessary precautions. Pins listed as +1000 V may actually have higher performance.

6.3 Recommended Operating Conditions
Over operating free-air temperature range (unless otherwise noted)

MIN TYP MAX | UNIT

Supply voltage® 2.375 25 2.625 v
3.3-V open-drain I/O input and output voltage 3 3.3 3.6 \%
Supply noise, 50 Hz to 10 MHz, sinusoidal® 40 MVp.p
Ambient temperature -40 25 85 °C
Source transmit differential launch PRBS15, EQ, and PLL pathological pattern. Reg
amplitude (up to 20 inch FR4 trace) 0x03 = 0x50 300 500 1000 mVe.p
Source transmit differential launch PRBS15, EQ, and PLL pathological pattern. Reg
amplitude (up to 35 inch FR4 trace) 0x03 = 0x95 600 700 800| mVpp
SMBus clock frequency (SCL) in SMBus slave mode 100 400 kHz
SMBUS SDA and SCL voltage level 3.6 \%
SPI clock frequency 10 20 MHz
(1) DC plus AC power should not exceed these limits.
6.4 Thermal Information

THERMAL METRIC® @ RTW (WQFN) UNIT

24 PINS

Rgia Junction-to-ambient thermal resistance 34 °C/W
Rojctop) Junction-to-case (top) thermal resistance 31.4 °C/W
Rgis Junction-to-board thermal resistance 11.8 °C/W
WIT Junction-to-top characterization parameter 0.3 °C/W
viB Junction-to-board characterization parameter 11.8 °C/W
Rosc (ot Junction-to-case (bottom) thermal resistance 2.7 °C/W

(1) For more information about traditional and new thermal metrics, see the IC Package Thermal Metrics application report.
(2) No heat sink is assumed for these estimations. Depending on the application, a heat sink, faster air flow, and/or reduced ambient
temperature ( < 85°C) may be required in order to maintain the maximum junction temperature specified in Electrical Characteristics.

Copyright © 2015-2018, Texas Instruments Incorporated Submit Documentation Feedback 7
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6.5 Electrical Characteristics

Over operating free-air temperature range (unless otherwise noted)
PARAMETER | TEST CONDITIONS | MIN TYP MAX UNIT

POWER

PD

Locked 75 Q OUTO only
(800 mVpp), EOM
powered down

300

mw

Power dissipation

Locked OUT1 only (600
mVpp, diff), EOM powered
down

195

mw

Transient power during
CDR lock acquisition, 75 Q
OUTO and OUT1 powered
up, EOM powered down

400

500

mw

PD_RAW

Power dissipation in force

EQ bypass, OUTO
720mVpp, OUT1 600mVpp
INO to OUTO and OUT1 or
IN1 to OUTO and OUT1

195

mw

RAW mode (CDR bypass)

INO to OUTO, OUT1
powered down

160

mw

IN1 to OUT1, OUTO
powered down

80

mw

4-LEVEL INPUT AND 2.5V LVCMOS DC SPECI

FICATIONS

ViH

High level input voltage

4-level input (MODE_SEL,
ADDRO/1, ENABLE pins)

0.95 x VDD

Float level input voltage

4-level input (MODE_SEL,
ADDRO0/1, ENABLE pins)

0.67 x VDD

20K to GND input voltage

4-level input (MODE_SEL,
ADDRO/1, ENABLE pins)

0.33 x VDD

Low level input voltage

4-level input (MODE_SEL,
ADDRO0/1, ENABLE pins)

0.1

High level output voltage

IOH = -3 mA

Low level output voltage

IOL=3 mA

0.4

i

Vinput = VDD

SPI Mode: LVCMOS
(SPI_SCK, SPI_SS_N)
pins

15

HA

Input high leakage current

SMBus Mode: LVCMOS
(SMB_SDA, SMB_SCL)
pins

15

HA

SMBus Mode: 4-Levels
(ADDRO, ADDR1) pins

20

44

80

HA

4-Levels (MODE_SEL,
ENABLE) pins

20

44

80

HA

Vinput = GND

SPI Mode: LVCMOS
(SPI_MOSI, SPI_SCK)
pins

HA

Vinput = GND
SPI Mode: LVCMOS
(SPI_SS_N) pins

HA

Input low leakage current

SMBus Mode: LVCMOS
(SMB_SDA, SMB_SCL
pins

HA

SMBus Mode: 4-Levels
(ADDRO, ADDR1) pins

-160

—40

HA

4-Levels (MODE_SEL,
ENABLE) pins

-160

-40

HA
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Electrical Characteristics (continued)

Over operating free-air temperature range (unless otherwise noted)

80% using 8T Pattern

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
3.3-V TOLERANT LVCMOS / LVTTL DC SPECIFICATIONS (SDA, SCL, LOS_INT_N)
VH2s High level input voltage 2.5-V Supply Voltage 1.75 3.6 \%
Vi Low level input voltage GND 0.8 \%
VoL Low level output voltage IOL =1.25 mA 0.4 \%
I Input high current VIN=25V,VDD =25V 20 40 pA
I Input low current VIN = GND, VDD = 2.5V -10 10 HA
SIGNAL DETECT
11.88 Gbps, SMPTE (EQ,
PLL) Pathological Pattern 26 mVe.-p
Signal detect (default) 10.3125 Gbps, 1010 Clock
Son Assert threshold level®W®@ | pattern, no media 30 mVe.p
10.3125 Gbps, PRBS31
Pattern 21 mVe.-p
11.88 Gbps, SMPTE (EQ, 20 "y
PLL) Pathological Patterns p-P
Signal detect (default)
SpL De-assert threshold 10.3125 Gbps, 1010 Clock 15 mVp.p
&) Pattern
level
10.3125 Gbps, PRBS31
Pattern 12 mVe.p
HIGH-SPEED RECEIVE RX INPUTS (IN_n+, IN_n-)
R_RD DC_ Input differential 75 100 125 0
resistance
Measured with the device
powered up. -14 dB
Input differential return SDD11 10 MHz to 2 GHz
RLrx-spp loss®
SDD11 2 GHz to 6 GHz -6.5 dB
SDD11 6 GHz to 12 GHz -6.5 dB
. ) Measure with the device
RLry.sco Eq'ggéel?]t'aﬂttgof\’/rggi%rr‘] @ | powered up.SCD11, 10 20 dB
P MHz to 12 GHz
HIGH-SPEED OUTPUTS (OUT_n+, OUT_n-)
Output differential Default setting, 8T clock
Vvop_out1 voltage ®®) pattern 400 600 700 mVp-p
VOD = 600 mV, maximum
Vvob_ouT1_pE De-emphasis Level De-Emphasis with 16T -9 dB
clock pattern
v Clock output differential 2.97 GHz,1.485 GHz, 297 560 mv.
VOD_OUT1_CLK voltage MHz, and 270 MHz p-p
Output single ended
Vvob_ouTto voltage at OUTO+ with Default setting 720 778 880 mVp_p
OUTO- terminated ®® ©®)
DC output differential
Roirr_ours resistance 100 Q
DC output single-ended
RoiFr_outo resistance & Q
0,
Tr_F_ouT1 Output rise/fall time Full Slew Rate, 20% to 45 ps

(1) Data with extraordinarily long periods of high-frequency 1010 data, and for long, lossy channels, the signal amplitude at the input to the

device may be severely attenuated by the channel and may fall below the signal detect assert and/or de-assert thresholds.

(2) The voltage noise on the receiver inputs which has an amplitude larger than the signal detect assert threshold may trigger a signal
detect assert condition

(3) These limits are ensured by bench characterization and are not production tested.

(4) Dependent on board layout. Characterization data was measured with LMH1218EVM evaluation board

(5) ATE Production tested using DC method. Apply differential DC signal at the input and measure OUTOP amplitude. OUTON terminated in

75 Q.

Copyright © 2015-2018, Texas Instruments Incorporated
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Electrical Characteristics (continued)

Over operating free-air temperature range (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
11.88 Ghps 35 45 ps
5.94 Gbps 35 45 ps
Output rise/fall time,
TR_F_OUTO PRBSlO(s)(A) 2.97 GbpS 35 45 ps
1.485 Gbps 35 45 ps
270 Mbps 400 950 1500 ps
11.88 Ghps 18 ps
5.94 Gbps 18 ps
Output rise/fall time
TR_F_0UTO_delta misr21atch(3)(4) 2.97 Gbps 18 ps
1.485 Gbps 18 ps
270 Mbps 72 500 ps
Output overshoot, 12G/6G/3G/HD/SD o o
VovR_UpR_sHooT undershoot® 4 Measured with 8T pattern 2.4% 3.4%
Vbc OFFSET DC offset® 12G/6G/3G/HD/SD +0.2 Y
@) 12G/6G/3G/HD/SD EQ
VDC_WANDER DC wander Pathological 20 mV
S22 5 MHz to 1.485 GHz <-15 dB
RL OUTO single-ended 75-Q | S22 1.485 GHz to 3 GHz <-10 dB
ouTo_s22 return loss ®®©) S22 3 GHz to 6 GHz <-7 dB
S22 6 GHz to 12 GHz <-4 dB
SDD22 10 MHz - 2 GHz -20 dB
OUT1 differential 100-Q
RLOUTl_SDDZZ return Ioss(g)(4)(7) SDD22 2 GHz - 6 GHz =17 dB
SDD22 6 GHz - 11.1 GHz =14 dB
gCCZZ 10 MHz - 4.75 11 dB
RL OUT1 common-mode 50- Hz
ouT_scezz Q return loss @O SCC22 4.75 GHz - 11.1
GHz =12 dB
v AC common-mode voltage | VOD = 0.6 Vpp, DE = 0dB, 8 mv.
VCM_OUTL NOISE  ppige(®)(4) PRBS31, 10.3125 Ghps RMS
TRCK_LATENCY Latency reclocked Reclocked Data 1.5 Ul +195 ps
TRAW_LATENCY Latency CDR bypass Raw Data 230 ps
TRANSMIT OUTPUT JITTER SPECIFICATIONS
A; ouTo Alignment jitter @@ OUTO, PRBS1S, 11.88 0.18 ul
- Gbps
T3 outt Total jitter (1E-12)@@ | QUT1 PRBS1510.3125 0.12 ul
- Gbps
Rj out1 Random jitter (rms) OUT1, PRBSIS, 10.3125 0.38 PSRMS
- Gbps
D; out1 Deterministic jitter OUT1, PRBS15, 10.3125 7 pSp.p
— Gbps
OUT1, RAW MODE (CDR
bypass)
Dy out1_rAW Deterministic jitter PRBS15, 11.88 Gbps, 35 25 pSp.p
inch FR4 trace, EQ=0x95,
VID = 800mVpp

(6) Output return loss is dependent on board design, this is measured with the LMH1218EVM evaluation board

(7) Measure with the device powered up and outputs a clock signal.
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Electrical Characteristics (continued)

Over operating free-air temperature range (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
CLOCK DATA RECOVERY
. ®) 11.88,
ST-2082 (proposed) 11.868 Gbps
ST-2081 (proposed)® 5.94,5.934 Gbps
SMPTE 424® 2.97, 2.967 Gbps
Dpata_RrATE 1,485
®) 4385,
SMPTE 292 1.4835 Gbps
SMPTE 259M® 270 Mbps
10 GbE® 10.3125 Gbps
Measured with 0.2Ul S; at
10.3125 Gbps 8 MHz
Measured with 0.2Ul S; at
11.88 Gbps 13 MHz
Measured with 0.2Ul S; at
. 5.94 Gbps 7 MHz
PpLL BW PLL bandwidth at -3 dB N
- Measured with 0.2Ul S; at 5 MHz
2.97 Gbps
Measured with 0.2Ul S; at
1.485 Gbps 3 MHz
Measured with 0.2Ul S; at
270 Mbps 1 MHz
TJ:DJ+RJ+SJ,
. . D;+R;=0.15 Ul
JroL Total input jitter tolerance Sy/P,. low to high upward 0.65 ul
sweep (10 kHz to 80 MHz)
From signal detected to
the lock asserted,
HEO/VEO lock monitor
TLock Lock time®®) disable, same setting for <5 ms
11.88G, 5.94G, 2.97G,
1.485G and 270-MHz data
rates
Temperature Lock Range,
T CDR lock with temperature | 5°C per minute ramp up 125 oc
TEMP_LOCK ramp and down, —40°C to 85°C
operating range

(8) Data rate tolerance is within 1000 ppm
(9) The total CDR lock time depends on number of rate settings enabled and application data rate
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6.6 Recommended SMBus Interface AC Timing Specifications @@
Over operating free-air temperature range (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
fsws Bus operating frequency MODE_SEL =0 10 100 400 kHz
taur Egr?dfiﬁzen“me between stop and start 13 us

Hold time after (repeated) start condition
tHD:STA After this period, the first clock is 0.6 us
generated

tsu:sTA Repeated start condition setup time 0.6 us
tsu:sto Stop condition setup time 0.6 us
tHD:DAT Data hold time 0 ns
tsu:DAT Data setup time 100 ns
tLow Clock low period 1.3 us
tHicH Clock high period 0.6 50 us
tr SDA fall time read operation 300 ns
tr SDA rise time read operation 300 ns
(1) SMBus operation is available 20ms after power up
(2) These specifications support SMBus 2.0 specifications
(3) These Parameters are not production tested
6.7 Serial Parallel Interface (SPI) Bus Interface AC Timing Specifications®®
Over operating free-air temperature range (unless otherwise noted)

PARAMETER CONDILIONS MIN TYP MAX UNIT
f sck SCK frequency MODE_SEL =1 10 20 MHz
Tsck SCK period 50 ns
tpH SCK pulse width high 0.4 x Tgck ns
tpL SCK pulse width low 0.4 x Tgck ns
tsu MOSI setup time 4 4 ns
th MOSI hold time 4 4 ns
tsssu SS_N setup time 14 18 ns
tssH SS_N hold time 4 4 ns
tssor SS_N off time 1 us
tobz MISO driven to TRI-STATE time 20 ns
tozp MISO TRI-STATE-to-Driven 10 ns

time
top MISO output delay time 15 ns

(1) Typical values are parametric norms at VDD = 2.5 V, TA = 25°C, and recommended operating conditions at the time of product
characterization. Typical values are not production tested.
(2) These specifications support SPI 1.0 specifications.
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6.8 Typical Characteristics
Typical device characteristics at T, = +25°C and VDD = 2.5 V, unless otherwise noted.

Figure 1. 11.88 Gbps 50 © OUT1 Figure 2. 10.3125 Gbps 50 Q OUT1

Figure 4. 5.94 Gbps 75 © OUTO

Figure 5. 2.97 Gbps 75 Q@ OUTO Figure 6. 1.485 Gbps 75 Q OUTO

Figure 7. Internal Input Eye Monitor Plot Figure 8. 11.88 Gbps Internal Eye Monitor Hit Density Plot
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Product Folder Links: LMH1218



13 TEXAS
INSTRUMENTS
LMH1218

SNLS474E —FEBRUARY 2015—REVISED JUNE 2018 www.ti.com

7 Detailed Description

7.1 Overview

The LMH1218 is a 11.88Gbps/5.94Gbps/2.97Gbps/1.485Gbps/0.27Gbps/10GbE multi-rate serial digital video
data cable driver with integrated reclocker intended for equalizing, reclocking, and driving data compatible to the
SMPTE standards, proposed ST-2081/2, and 10GbE specifications. It is a 2-input, 2-output single-core chip,
enabling 1:2 fan-out or 2:1 MUX operation. Each input has a 100-Q continuous time linear equalizer (CTLE) at
the front-end, intended to compensate for loss over STP coax, fiber, or FR-4 backplane. OUT1 is a 100-Q driver
compatible to 10GbE SFF-8431 optical module requirements. The LMH1218 OUTO is a 75-Q cable driver
compatible to the SMPTE and proposed ST-2081/2 requirements.

The referenceless Clock-and-Data Recovery (CDR) circuit selects between the two inputs based on user choice.
The reclocked output can be driven to one or two outputs. One of the outputs supports 100-Q differential cable
connection, while the other output can drive a 75-Q SMPTE specified cable while meeting transmitter
requirements as specified in SMPTE standard. The LMH1218 locks to all required SDI data rates, including
270Mbps, 1.485 Ghps, 1.4835 Gbps, 2.97 Gbps, 2.967 Gbps, 5.94 Gbps, 5.934 Gbhps, 11.88 Gbps, and 11.868
Gbps as well as 10.3125 Gbps. The LMH1218 is assembled in a 4 mm x 4 mm 24-pin QFN package. The chip
can be programmed using SPI or SMBus interface.

7.2 Functional Block Diagram
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7.3 Feature Description

The LMH1218 data path consists of several key blocks as shown in the Functional Block Diagram. These key
circuits are:

» Loss of Signal Detector

* Continuous Time Linear Equalizer (CTLE) for FR4 Compensation
* 2:1 Multiplexer/1:2 Fanout

+ CDR

* Eye Monitor

» Differential Output Selection

e 75-Q and 100-Q Output Drivers

* SMBus/SPI Configuration

7.3.1 Loss of Signal Detector

The LMH1218 supports two high speed differential input ports, with internal 100-Q terminations. The inputs must
be AC coupled. The external AC coupling capacitor value should take into account the pathological low
frequency content. For most applications, the RC time constant of 4.7 uF AC coupling capacitor plus the 50-Q
termination resistor is capable of handing the pathological video pattern's low frequency content.

The signal detect circuit is designed to assert when data traffic with a certain minimum amplitude is present at
the input of the device. It is also designed to de-assert, or remain de-asserted, when there is noise below certain
amplitude at the input to the device.

The LMH1218 has two signal detect circuits, one for each input. Each signal detect threshold can be set
independently. By default, both signal detects are powered on. The user selects IN1 or INO through SMBus/SPI
interface.

7.3.2 Continuous Time Linear Equalizer (CTLE)

The LMH1218 has receive-side equalization, and a key part is the Continuous Time Linear Equalizer (CTLE).
This circuit operates on the received differential signal and compensates for frequency-dependent loss due to the
transmission media. The CTLE applies gain to the input signal. This gain varies over frequency: higher
frequencies are boosted more than lower frequencies. The CTLE works to restore the input signal to full
amplitude across a wide range of frequencies.

The CTLE consists of 4 stages with each stage having two boost control bits. This allows 256 different boost
settings. CTLE boost levels are determined by summing the boost levels of the 4 stages. The CTLE is configured
manually. Refer to LMH1218 Programming Guide (SNLU174) on how to quickly select the most appropriate
CTLE boost setting.

There are two CTLEs, one for each input, INO and IN1. Only one CTLE is enabled at a time, according to the
user input channel selection. If INO is selected, the CTLE for INO is powered on and the IN1 CTLE is powered
off. The CTLE compensates for up to 27 dB of loss at 6 GHz. The CTLE is able to handle low loss channels
without over-equalizing by bypassing the CTLE.
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Feature Description (continued)
7.3.3 2:1 Multiplexer

A 2:1 input multiplexor connects INO and IN1 to the CDR. By default, INO is selected. To select IN1, the 2:1
multiplexer must be set. Refer to LMH1218 Programming Guide (SNLU174) for detailed settings.

7.3.4 Clock and Data Recovery

By default, the equalized data is fed into the CDR for clock and data recovery. The CDR consists of a reference-
less Phase Frequency Detector (PFD), Charge Pump (CP), Voltage Controlled Oscillator (VCO), and Output
Data Multiplexer (Mux).

The inputs to the Phase and Frequency Detector (PFD) are the data after the CTLE as well as | and Q clocks
from the VCO. The LMH1218 will attempt to lock to the incoming data by tuning the VCO to phase-lock to the
incoming data rate.

The supported data rates are listed in the following table. Refer to LMH1218 Programming Guide (SNLU174) for
further information on configuring the LMH1218 for different data rates.

Table 1. Supported Data Rates

DATA RATE RANGE CDR MODE COMMENT

11.88 Gbps, 11.868 Gbps Enabled
5.94Gbps, 5.934 Ghps Enabled
2.97 Gbps, 2.967 Ghps Enabled
1.485 Gbps, 1.4835 Gbps Enabled
270 Mbps Enabled
10.3125 Gbhps Enabled

125 Mbps Disabled At 125 Mbps device is in CDR bypass

1.25 Gbps Disabled At 1.25 Gbps device is in CDR bypass

7.3.5 Eye Opening Monitor (EOM)

The LMH1218 has an on-chip eye opening monitor (EOM) which can be used to analyze, monitor, and diagnose
the performance of the link. The EOM operates on the post-equalized waveform, just prior to the data sampler.
Therefore, it captures the effects of all the equalization circuits within the receiver before the data is reclocked.
The EOM is operational for 1.485 Gbps and higher data rates.

The EOM monitors the post-equalized waveform in a time window that spans one unit intervals and a
configurable voltage range that spans up to £400 mV differential. The time window and voltage range are divided
into 64 steps, so the result of the eye capture is a 64 x 64 matrix of “hits,” where each point represents a specific
voltage and phase offset relative to the main data sampler. The number of “hits” registered at each point needs
to be taken in context with the total number of bits observed at that voltage and phase offset in order to
determine the corresponding probability for that point. The number of bits observed at each point is configurable.

A common measurement performed by the EOM is the horizontal and vertical eye opening. The horizontal eye
opening (HEO) represents the width of the post-equalized eye at 0-V differential amplitude, measured in unit
intervals or picoseconds. The vertical eye opening (VEO) represents the height of the post-equalized eye,
measured midway between the mean zero crossing of the eye. This position in time approximates the CDR
sampling phase.

The resulting 64 x 64 matrix produced by the EOM can be processed by software and visualized in a number of
ways. Two common ways to visualize this data are shown in Figure 7 and Figure 8. These diagrams depict
examples of eye monitor plot implemented by software. The first plot is an example of using the EOM data to plot
a basic eye using ASCII character, which can be useful for simple diagnostics software. The second plot shows
the first derivative of the EOM data, revealing the density of hits and the actual waveforms and crossing that
comprise the eye.
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7.3.6 Fast EOM

Fast EOM is a mechanism that provides an option to read out EOM through SPI/SMBus interfaces by reading
the hits observed for each point of 64 x 64 points matrix. Since SPI interface operates at faster clock rate than
SMBus interface, the SPI master will have to wait until the EOM start bit, reg 0x24[0], goes low. This indicates
EOM samples are available and the SPI master can proceed to read register 0x25 and 0x26. Refer to LMH1218
Programming Guide (SNLU174) for further details of Fast EOM operation.

7.3.6.1 SMBus Fast EOM Operation

In SMBus mode, the read on register 0x26 acts as an automatic trigger to read the next EOM count value:
1. Enable EOM (power it on), and set VRANGE=0. Write Reg 0x24[7] to 1 to turn on fast EOM

Do burst read register 0x25 and 0x26 (EOM hit count) and discard

Do burst read register 0x25 and 0x26 (EOM hit count) and discard

Do burst read register 0x25 and 0x26 (EOM hit count) and save

Perform Step 4 4095 times (64 x 64 cells)

o~ v

7.3.6.2 SPI Fast EOM Operation

To perform EOM calculation over SPI:

1. Enable EOM (power it on), and set VRANGE=0. Write Reg 0x24[7] to 1 to turn on fast EOM
2. Read Reg 0x26 to initialize. Discard read data

3. Read Reg 0x24[0] which is EOM start bit. Wait for this bit to go low

4

. Read register 0x26 EOM hit count and discard. Read on register 0x26 will automatically trigger the next Fast
Eye calculation

Read Reg 0x24[0]. Wait for this bit to go low
Do burst read on register 0x25 and 0x26 to get the EOM count value.
7. Repeat Steps 5 and 6 4095 times (64 x 64 cells)

o a

7.3.7 LMH1218 Device Configuration

The control pins can be used to configure different operations depending on the functional modes as described
in Table 2.

Table 2. Control Pins

FUNCTIONAL MODES
PIN # PIN NAME SPI SMBus_Slave
1 MODE_SEL 1 kQ to VDD 1 kQ to GND
2 IN_OUT_SEL_SPI_SS_N_ADDRO SPI_SS N ADDRO
3 EQ_SCL_SCK SPI_SCK SMBUS_SCL
4 OUT_CTRL_MOSI_SDA SPI_MOSI SMBUS SDA
6 ENABLE ENABLE ENABLE
13 LOS_INT_N LOS_INT_N LOS_INT_N
15 VOD_MISO_ADDR1 SPI_MISO ADDR1
16 LOCK LOCK LOCK
Copyright © 2015-2018, Texas Instruments Incorporated Submit Documentation Feedback 17
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7.3.7.1 MODE_SEL

This pin can be configured in 4 possible ways:

1. 1 kQ to VDD: This puts the part in SPI mode

2. Float (Default): Reserved

3. 20 kQ to GND: Reserved

4. 1 kQ to GND: This puts the part in SMBus mode

7.3.7.2 ENABLE

Normal operation when ENABLE is pulled high, and powers down the device when pulled low.

Table 3. ENABLE Selection

ENABLE POWER CONDITION
1 kQ to GND Power down device (signal detectors powered down, registers at reset state)
20 kQ to GND Reserved
Float Reserved
1 kQ to VDD Normal Operation

7.3.7.3 LOS_INT_N

LOS_INT_N pin is an open drain output. When the channel that has been selected cannot detect a signal at the
high-speed input pins (as defined by the assert levels), the pin pulls low. Pin 13 can be configured through share
register OxFF[5] for interrupt functionality.

In SMBus/SPI mode, this pin can be configured as an interrupt. This pin is asserted low when there is an
interrupt and goes back high when the interrupt status register is read. There are 7 separate masks for different
interrupt sources. These interrupt sources are:

1. If there is a LOS transition on INO, irrespective of the input channel selected (2 separate masks).
2. If there is a LOS transition on IN1, irrespective of the input channel selected (2 separate masks).
3. HEO or VEO goes below a certain threshold as specified in the registers (1 mask).

4. Lock transition, whether it is asserted or de-asserted — disabled by default (2 mask).

7.3.7.4 LOCK
Indicates the lock status of the CDR. When CDR is locked this pin is asserted high.
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7.3.7.5 SMBus MODE

The SMBus interface can also be used to control the device. If pin 1 (MODE_SEL) is pulled low through 1 kQ to
GND, then Pins 3, 4 are configured as the SMBUS_SCL and SMBUS_SDA respectively. Pins 2, 15 are address
straps, ADDRO/ADDRL1 respectively, during power up.

The maximum operating speed supported on the SMBus pins is 400 kHz.

Table 4. SMBus MODE

ADDRO ADDR1 ADDRO [BINARY] ADDR1 [BINARY] Agb%tEg;A[:_’iEx] CO%%:}A\,’\IVS'[LEEX]

1 kQ to GND 1 kQ to GND 00 00 (0]} 1A
1 kQ to GND 20 kQ to GND 00 01 OE 1Cc
1 kQ to GND Float 00 10 OF 1E
1 kQ to GND 1 kQ to VDD 00 11 10 20
20 kQ to GND 1 kQ to GND 01 00 11 22
20 kQ to GND 20 kQ to GND 01 01 12 24
20 kQ to GND Float 01 10 13 26
20 kQ to GND 1 kQ to VDD 01 11 14 28

Float 1 kQ to GND 10 00 15 2A

Float 20 kQ to GND 10 01 16 2C

Float Float 10 10 17 2E

Float 1 kQ to VDD 10 11 18 30
1 kQ to VDD 1 kQ to GND 11 00 19 32
1 kQ to VDD 20 kQ to GND 11 01 1A 34
1 kQ to VDD Float 11 10 1B 36
1 kQ to VDD 1 kQ to VDD 11 11 1C 38

Note: These are 7 bit addresses. Therefore, the LSB must be added to indicate read/write. LSB equal to zero
indicates write and 1 indicates SMBus read operation. For example, for 7 bit hex address 0x0D, the 12C hex
address byte is 0x1A to write and 0X1B to read.
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7.3.7.6 SMBus READ/WRITE Transaction

The System Management Bus (SMBus) is a two-wire serial interface through which various system component
chips can communicate with the master. Slave devices are identified by having a unique device address. The
two-wire serial interface consists of SCL and SDA signals. SCL is a clock output from the Master to all of the
Slave devices on the bus. SDA is a bidirectional data signal between the Master and Slave devices. The
LMH1218 SMBUS SCL and SDA signals are open drain and require external pull up resistors.

Start and Stop:

The Master generates Start and Stop conditions at the beginning and end of each transaction.
» Start: High to low transition (falling edge) of SDA while SCL is high
» Stop: Low to high transition (rising edge) of SDA while SCL is high

i  VZ
I

AN NI

|
o

L — L —
Start StDrE n
Condition Condition

Figure 9. Start and Stop Conditions

The Master generates 9 clock pulses for each byte transfer. The 9th clock pulse constitutes the ACK cycle. The
transmitter releases SDA to allow the receiver to send the ACK signal. An ACK is when the device pulls SDA
low, while a NACK is recorded if the line remains high.

Acknowledge
Signal From Receiver

1
spA T\

%

TN T

LS ACK LPd
Start Stop
Condition Byte Complete Host may hold Condition
Interrupt Within clock line low to
Receiver delay transaction
Figure 10. Acknowledge (ACK)
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Writing data from a master to a slave comprises of 3 parts as noted in figure Figure 11

» The master begins with start condition followed by the slave device address with the R/W bit cleared
* The 8-bit register address that will be written

* The data byte to write

% Device =2 o
in  Address =  Word Address Data in
[TTTT [TTTTTI [TTTTTI
SDA
Lina
| LIl LIl
fus] m=x O m x ¥
wl O o) % 0 ]
= drx = -4 I

Figure 11. SMBus Write Operation

SMBus read operation consists of four parts

» The master initiates the read cycle with start condition followed by slave device address with the R/W bit
cleared

» The 8-bit register address that is to be read

» After acknowledgment from the slave, the master initiates a re-start condition

* The slave device address is resent followed with R/W bit set

» After acknowledgment from the slave, the data is read back from the slave to the master. The last ACK is
high if there are no more bytes to read
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Figure 12. SMBus Read Operation
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Figure 13. SMBus Timing Parameters
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7.3.7.7 SPI Mode

The SPI (Serial Peripheral Interface) bus standard can be used to control the device. The SPI Mode is enabled
when MODE_SEL Pin 1 is pulled high through the 1-kQ resistor. The SPI bus comprises of 4 pins: Pin 2, Pin 3,
Pin 4, and Pin 15:

1. MOSI Pin 4: Master Output Slave Input. Configured as toggling input.

2. MISO Pin 15: Master Input, Slave Output: Configured as a toggling output
3. SS_N Pin 2: Slave Select (active low). Configured as toggling input.

4. SCK Pin 3: Serial clock (output from master). Configured as toggling input.

The maximum operating speed supported on the SPI bus is 20 MHz.

7.3.7.7.1 SPI READ/WRITE Transaction

Each SPI transaction to a single device is 17 bits long and is framed by SS_N asserted low. The MOSI input is
ignored and the MISO output is floated whenever SS_N is de-asserted (High).

The bits are shifted in left-to-right. The first bit is R/W, so it is 1 for reads and 0 for writes. Bits A7-A0 are the 8-bit
register address, and bits D7-DO0 are the 8-bit read or write data. The prior SPI command, address, and data are
shifted out on MISO as the current command, address, and data are shifted in on MOSI. In all SPI transactions,
the MISO output signal is enabled asynchronously when SS_N becomes asserted.

rw | A7 [ a6 | As [ a4 | a3 [ A2 | a1 | Ao [ D7 | b6 [ ps | b4 [ p3 | p2 [ b1 | po |

Figure 14. MOSI

7.3.7.7.2 SPI Write Transaction Format

For SPI writes, the R/W bit is 0. SPI write transactions are 17 bits per device, and the command is executed on
the rising edge of SS_N, as shown in Figure 15. The SPI transaction always starts on the rising edge of the
clock.

Figure 15. MOSI

o | a7z | A | a5 | aa | a3 | A2 ] a1 | mo [ D7 | D6 | D5 | pa | p3 | D2 | b1 | DO |

The signal timing for a SPI Write transaction is shown in Figure 16. The “prime” values on MISO (for example,
AT7") reflect the contents of the shift register from the previous SPI transaction, and are a "don’t-care" for the
current transaction.

tssOF |

tssn \
_T\ Yy

7X 2000000000000 0.

MISO

OO EEEEEEEEE T

Figure 16. Signal Timing for a SPI Write Transaction
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7.3.7.7.3 SPIl Read Transaction Format

A SPI read transaction is 34 bits per device consisting of two 17 bits frames. The first 17-bit read transaction, first
frame, shifts in the address to be read, followed by a dummy transaction, second frame, to shift out 17-bit read
data. The R/W bit is 1 for the read transaction, as shown in Figure 17.

The first 17 bits from the read transaction specifies 1-bit of RW and 8-bits of address A7-A0 in the first 8 bits. The
eight 1’s following the address are ignored. The second dummy transaction acts like a read operation on address
OxFF and needs to be ignored. However, the transaction is necessary in order to shift out the read data D7-DO0 in
the last 8 bits of the MISO output.

The signal timing for a SPI Read Transaction is shown in Figure 17. As with the SPI Write, the “prime” values on
MISO during the first 16 clocks are a don't-care for this portion of the transaction. Note, however, that the values
shifted out on MISO during the last 17 clocks reflect the read address and 8-bit read data for the current
transaction.

SS_N

(host) tssor
; ; / \

“17X1"

SCK
(host)

. ol P “gx1"
MOsI [
= EEREEEE

tod todz
> tozd > .
MISO
(device) " AYVAYAVA DY D
Don't Care 1 sh3A2Rh1 3l 2 ccee

Figure 17. Signal Timing for a SPI Read Transaction
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7.3.7.8 SPI Daisy Chain

The LMH1218 includes an enhanced SPI controller that supports daisy-chaining the serial configuration data
among multiple LMH1218 devices. The LMH1218 device supports SPI Daisy Chain between devices with an 8-
bit SPI addressing scheme. Each LMH1218 device is directly connected to the SCK and SS_N pins of the Host.
However, only the first LMH1218 device in the chain is connected to the Host's MOSI pin, and only the last
device in the chain is connected to the Host's MISO pin. The MOSI pin of each intermediate LMH1218 device in
the chain is connected to the MISO pin of the previous LMH1218 device, thereby creating a serial shift register.
This architecture is shown in Figure 18:

MISO -
Host Device 1 Device 2 Device 3 Device N
LMH1218 LMH1218 LMH1218 LMH1218
MOSI - MOSI MISO——— MOSI MISO - MOSI MISO = =« —pMOSI MISO—
z =z =z « zZ
N | X I X | ) I
(@)
g 9 3 @ 3 & » 3
A A A A A A A A
SCK
ss

Figure 18. Daisy-Chain Configuration

In a daisy-chain configuration of N LMH1218 devices, the Host conceptually sees a long shift register of length
17xN. Therefore the length of a Basic SPI Transaction, as described above, is 17xN; in other words, SS_N is
asserted for 17xN clock cycles.

7.3.7.8.1 SPI Daisy Chain Write Example
The following example make some assumptions:

The daisy-chain is 3 LMH1218 devices long, comprising Devices 1, 2, and 3 as shown in Figure 18. Therefore,
each Basic SPI Transaction is 17x3 = 51 clocks long.

In Figure 19, the following occurs at the end of the transaction:

* Write Ox5A to register Ox12 in Device 3

»  Write 0x3C to register 0x34 in Device 2

*  Write 0x00 to register 0x56 in Device 1

Note that the bits are shifted out of MOSI left to right. The MISO pin is not shown as it reflects shift register
contents from a prior transaction.

MOSI 0| Ox12 | OX5A | 0| Ox34 | Ox3C | O | Ox56 | Ox00
(Write)

Figure 19. MOSI Write
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7.3.7.8.2 SPI Daisy Chain Write Read Example

In Figure 20 and Figure 21, the following occurs at the end of the first transaction:
* Write 0x22 to register 0x01 in Device 3

» Latch the data from register 0x34 in Device 2

» Write 0x44 to register 0x76 in Device 1

MOSI 0| OxO1L | Ox22 | 1| Ox34 | OXFF | O | Ox76 | Ox44
(Host)

Figure 20. SPI Daisy Chain Write Read First Frame lllustration

MOSI 1| OXFF | OXFF | 1 | OXFF | OXxFF | 1| OxFF | OxFF
(Host)

MISO O| Ox01 | Ox22 | 1| Ox34 | Ox3C | O | Ox76 | Ox44
(Host)

Figure 21. SPI Daisy Chain Write Read second Frame lIllustration

7.3.7.8.2.1 SPI Daisy Chain Length of Daisy Chain lllustration

A useful operation for the Host may be to detect the length of the daisy-chain. This is a simple matter of shifting
in a series of known data values (0x7F, OxAA) in the example in Figure 22. After N+1 writes, the known data
value will begin to appear on the Host's MISO pin.

MOSI 1| OX7F | OXAA | 1| OX7F | OXAA | 1 | Ox7F | OxAA
(Host)
MISO X XX XX X XX XX 1| Ox7F OXAA
(Host)

Figure 22. MOSI (Host)

7.3.8 Power-On Reset

The LMH1218 has an internal power-on reset (PoR) circuitry which initiates a self-clearing reset after the power
is applied to the VDD pins.

7.4 Device Functional Modes

The LMH1218 features can be programmed via SPI, or SMBus interface. LMH1218 Device Configuration
describes detailed operation using SPI, or SMBus interface.

7.5 Programming

For more information on device programming, refer to LMH1218 Programming Guide (SNLU174). Register
initialization is required at power-up or after reset. See Initialization Set Up
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7.6 Register Maps

The LMH1218 register set definition is divided into four groups:

1. Global Registers: Chip ID, Interrupt status, LOS registers

2. Receiver Registers: Equalizer boost settings and signal detect setting
3. CDR Registers: PLL control

4. Transmitter Registers: OUT0 and OUT1 parameter setting

Additionally, the global register is divided into share and channel registers. Share registers define chip ID, device
revision while channel registers are feature-specific.

The typical device initialization sequence for the LMH1218 includes the followings. For detailed register settings
refer to LMH1218 Programming Guide (SNLU174).
1. Shared Register Configuration
a. Reading device ID
b. Selecting interrupt on to LOS pin
c. Settings up the register to access the channel registers
2. Channel Register Configuration
a. CDR Reset
Interrupt register configuration
CDR data rate selection
Optional Input/Output selection
Optional VOD selection
CDR Reset and Release

~®oao00o

26 Submit Documentation Feedback Copyright © 2015-2018, Texas Instruments Incorporated
Product Folder Links: LMH1218



13 TEXAS

INSTRUMENTS
LMH1218
www.ti.com SNLS474E —FEBRUARY 2015—REVISED JUNE 2018
Register Maps (continued)
7.6.1 Global Registers
Table 5. Global Registers
REGISTER NAME BITS FIEI;_\%SEEISSSTER DEFAULT R/RW DESCRIPTION
SMBus Observation Reg_0x00 Share 0x00 SMBus Address Observation
7 SMBUS_addr3 0 R
6 SMBUS_addr2 0 R )
SMBus strap observation
5 SMBUS_addr1l 0 R
4 SMBUS_addr0 0 R
3 Reserved 0 RW
2 Reserved 0 RW
1 Reserved 0 RW
0 Reserved 0 RW
Reset Shared Regs Reg 0x04 Share 0x01 Shared Register Reset
7 Reserved 0 RW
6 |rstize_regs 0 RW | Norma operation.
5 Reserved 0 RW
4 Reserved 0 RW
3 Reserved 0 RW
2 Reserved 0 RW
1 Reserved 0 RW
0 Reserved 1 RW
Enable SMBus Strap Reg 0x06 Share 0x00 Allow SMBus strap observation
7 Reserved 0 RW
6 Reserved 0 RW
5 Reserved 0 RW
4 Reserved 0 RW
3 Test control[3] 0 RW
2 Test control[2] 0 RW | set to >9 to allow strap observation on
1 Test control[1] 0 Rw | share reg 0x00
0 Test control[0] 0 RW
Device Version Reg 0xFO Share 0x01 Device Version
7 VERSION[7] 0 RW
6 VERSION[6] 0 RW
5 VERSION[5] 0 RW
4 VERSION[4] 0 RW ) o
3 VERSION[3] o RW Device revision
2 VERSION[2] 0 RW
1 VERSION[1] 0 RW
0 VERSION[0] 1 RW
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Register Maps (continued)

Table 5. Global Registers (continued)

REGISTER NAME BITS FIEIA%SE(EEISSSTER DEFAULT R/RW DESCRIPTION
Device ID Reg 0xF1 Share 0x60 Device ID
7 DEVICE_ID[7] 0 RW
6 DEVICE_ID[6] 1 RW
5 DEVICE_ID[5] 1 RW
4 DEVICE_ID[4] 0 RW .
3 DEVICE_ID[3] 0 RW Device ID
2 DEVICE_ID[2] 0 RW
1 DEVICE_ID[1] 0 RW
0 DEVICE_ID[0] 0 RW
Channel Control Reg OxFF Control 0x00 Enable Channel Control
7 Reserved 0 RW
Reserved 0 RW
5 | los_int_bus_sel 0 RW | 5! Select sghal detect onto LOS pin
Reserved RW
3 Reserved RW
2 |en_ch_Access 0 RW | Enable access fo share registr
Reserved RW
Reserved RW
Reset_Channel_Regs Reg_0x00 Channel 0X00 Seset all Channel Registers to Default
alues
7 Reserved 0
6 Reserved 0
5 Reserved 0
4 Reserved 0
3 Reserved 0
1: Reset Channel Registers ( self
2 Rst_regs 0 clearing )
0: Normal operation
Reserved 0
0 Reserved 0
LOS_status Reg_0x01 Channel 0x00 Signal Detect Status
7 Reserved 0 RW
6 Reserved 0 RW
5 Reserved 0 RW
4 Reserved 0 RW
3 Reserved 0 RW
2 Reserved 0 RW
1 Los: : R |3 et o
0 |oso 0 R e
28 Submit Documentation Feedback Copyright © 2015-2018, Texas Instruments Incorporated

Product Folder Links: LMH1218



13 TEXAS

INSTRUMENTS
LMH1218
www.ti.com SNLS474E —FEBRUARY 2015—REVISED JUNE 2018
Register Maps (continued)
Table 5. Global Registers (continued)
FIELD REGISTER
REGISTER NAME BITS ADDRESS DEFAULT R/RW DESCRIPTION
CDR_Status_1 Reg_0x02 Channel 0x00 CDR Status
7 Reserved 0 R
6 Reserved 0 R
5 Reserved 0 R
4 cdr_status[4] 0 R 11: CDR locked
3 cdr_status(3] 0 R 00: CDR not locked
2 Reserved 0 R
1 Reserved 0 R
0 Reserved 0 R
Interrupt Status Register Reg 0x54 Channel 0x00 Interrupt Status ( clears upon read )
1: Signal Detect from the selected input
. asserted
! Sigdet 0 R 0: Signal Detect from the selected input
de-asserted
. 1: CDR Lock interrupt
6 cdr_lock_int 0 R 0: No interrupt from CDR Lock
. . 1: IN1 Signal Detect interrupt
5 signal_detl_int 0 R 0: No interrupt from IN1 Signal Detect
. . 1: INO Signal Detect interrupt
4 signal_det0_int 0 R 0: No interrupt from INO Signal Detect
1: HEO_VEO Threshold reached
3 heo_veo_int 0 R interrupt
0: No interrupt from HEO_VEO
. 1: CDR loss of lock interrupt
2 cdr_lock_loss_int 0 R 0: No interrupt from CDR lock
. . 1: IN1 Signal Detect loss interrupt
1 signal_detl_loss_int 0 R 0: No interrupt from IN1 Signal Detect
. . 1: INO Signal Detect loss interrupt
0 signal_det0_loss_int 0 R 0: No interrupt from INO Signal Detect
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Register Maps (continued)

Table 5. Global Registers (continued)

REGISTER NAME

BITS

FIELD REGISTER
ADDRESS

DEFAULT

R/RW

DESCRIPTION

Interrupt Control

Reg 0x56 Channel

0x00

Interrupt Mask

Reserved

0

RW

cdr_lock_int_en

RW

1: Enable Interrupt if CDR lock is
achieved
0: Disable interrupt if CDR lock is
achieved

signal_detl_int_en

RW

1: Enable interrupt if IN1 Signal Detect
is asserted
0: Disable interrupt if IN1 Signal Detect
is asserted

signal_detO_int_en

RW

1: Enable interrupt if INO Signal Detect
is asserted
0: Disable interrupt if INO Signal Detect
is asserted

heo_veo_int_en

RW

1: Enable interrupt if HEO-VEO
threshold is reached

0: Disable interrupt due to HEO-VEO
threshold

cdr_lock_loss_int_en

RW

1: Enable interrupt if CDR loses lock
0: Disable interrupt if CDR loses lock

signal_detl_loss_int_en

RW

1: Enable interrupt if there is loss of
signal on IN1
0: Disable interrupt if there is loss of
signal on IN1

signal_detO_loss_int_en

RW

1: Enable interrupt if there is loss of
signal on INO
0: Disable interrupt if there is loss of
signal on INO
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7.6.2 Receiver Registers

Table 6. Receiver Registers

FIELD REGISTER

REGISTER NAME BITS ADDRESS DEFAULT R/RW DESCRIPTION
EQ_Boost Reg 0x03 Channel 4 Stage EQ Boost Levels. Read-back
0x80 value going to CTLE in reg_0x52. Used
for setting EQ value when reg_0x2DI[3] is
high
7 eq_BSTO[1] 1 RW 2 Bits control for stage 0 of the CTLE.
6 eq_BSTO[0] 0 RW Adapts during CTLE adaptation
5 eq_BST1[1] 0 RW 2 Bits control for stage 1 of the CTLE.
4 eq_BST1[0] 0 RW Adapts during CTLE adaptation
3 eq_BST2[1] 0 RW 2 Bits control for stage 2 of the CTLE.
2 eq_BST2[0] 0 RW Adapts during CTLE adaptation
1 eq_BST3[1] 0 RW 2 Bits control for stage 3 of the CTLE.
0 eq_BST3[0] 0 RW Adapts during CTLE adaptation
SD_EQ Reg_0x0D Channel 0x00 270 Mbps EQ Boost Setting
7 Reserved 0 RW
6 Reserved 0 RW
5 Reserved 0 RW
4 Reserved 0 RW
3 Reserved 0 RW
2 Reserved 0 RW
1 Reserved 0 RW
Mr_auto_eq_en_bypass 1: EQ Bypass for 270 Mbps
0: Use EQ Settings in reg0x03[7:0] for 270
0 0 rRw | Mbps .
Note: If 0x13[1] mr_eq_en_bypass is set,
bypass would be set and auto-bypass has
no significance.
EQ_SD_CONFIG Reg 0x13 Channel 0x90 Channel EQ Bypass and Power Down
7 Reserved 1 RW
6 sd_0_PD 0 RW 1: Power Down INO Signal Detect
0: INO Signal Detect normal operation
5 sd_1_PD 0 RW 1: Power Down IN1 Signal Detect
0: IN1 Signal Detect normal operation
4 Reserved 1 RW
eq_PD_EQ Controls the power-state of the selected
channel. The un-selected channel is
3 0 RW always powered-down
1: Powers down selected channel EQ
stage
0: Powers up EQ of the selected channel
2 Reserved 0 RW
1 eg_en_bypass 0 RW 1: Bypass stage 3 and 4 of CTLE
0: Enable Stage 3 and 4 of CTLE
0 Reserved 0 RW
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Table 6. Receiver Registers (continued)
REGISTER NAME BITS fareracioly DEFAULT | RIRW DESCRIPTION
SDO_CONFIG Reg 0x14 Channel 0x00 INO Signal Detect Threshold Setting
7 Reserved 0 RW
6 Reserved 0 RW
5 sd_0_refa_sel[1] 0 RW Controls signal detect Spy- Assert [5:4],
£ 500 rtasel) o | Rw_|Sp Do sz treshods for N0
3 sd_0_refd_sel[1] 0 RW 0101: Nominal -2 mV
2 |sd0refd_sell] 0 RW | 1921 Nominal +3 mv
1 Reserved 0 RW
0 Reserved 0 RW
SD1_CONFIG Reg_0x15 Channel 0x00 IN1 Signal Detect Threshold Setting
7 Reserved 0 RW
6 Reserved 0 RW
5 sd_1_refa_sel[1] 0 RW Controls signal detect Spy- Assert [5:4],
¢ |50 L refa sel 0 | RW D e for N
3 sd_1_refd_sel[1] 0 RW 0101: Nominal -2 mV
2 | sd_Lrefd_sel0) 0 RW | 1012 Nominal 13 mV
1 Reserved 0 RW
0 Reserved 0 RW
EQ_BOOST_ OV Reg_0x2D Channel 0x88 EQ Boost Override
7 Reserved 1 RW
6 Reserved 0 RW
5 Reserved 0 RW
4 Reserved 0 RW
reg_eq_bst_ov 1: Enable EQ boost over ride- refer to
3 1 RW Ege’\lLl\(lJl—lI:;i;LS Programming Guide
0: Disable EQ boost over ride
Reserved 0 RW
Reserved 0 RW
Reserved 0 RW
CTLE Setting Reg_0x31 Channel 0x00 CTLE Modg of Operation and Input/Output
Mux Selection
Reserved 0 RW
adapt_mode[1] 00: Normal Operation - Manual CTLE
adapt_mode(0] 00 RW | o1 Tost Mode - Refer 1o the LMH1215
5 Programming Guide (SNLU174)
Other Settings - Invalid
4 Reserved 0 RW
3 Reserved 0 RW
2 Reserved 0 RW
1 input_mux_ch_sel[1] 0 RW INO/1 and OUTO0/1 selection
u_mocch_sel0 00 selecs o and oL
0 0 RW | 10: selects IN1 and OUT1
11: selects IN1 and OUTO0/1
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Table 6. Receiver Registers (continued)

FIELD REGISTER

REGISTER NAME BITS ADDRESS DEFAULT R/RW DESCRIPTION
LOW_RATE__ Reg 0x3A Channel 0X00 HD and SD EQ Level
EQ BST
7 fixed_eq_BSTO[1] 0 RW
6 fixed_eq_BSTO[0] 0 RW
5 fixed_eq_BST1[1] 0 RW When CTLE is operatirjg in test que,
= Reg 0x3A[7:0] forces fixed EQ setting for
4 fixed_eq_BST1[0] 0 RW | data rates <= 3Gbps. In normal operating
3 fixed_eq_BST2[1] 0 RW manual mode Reg_0x03 forces EQ boost.
— Note LMH1218 Programming Guide
2 fixed_eq_BST2[0] 0 RW | (SNLU174) for details
1 fixed_eq_BST3[1] 0 RW
0 fixed_eq_BST3[0] 0 RW
BST_Indx0 Reg_0x40 Channel 0x00 Index0 4 Stage EQ Boost. Note LMH1218
Programming Guide (SNLU174) for details
7 10_BSTO[1] 0 RW Index 0 Boost Stage 0 bit 1
6 10_BSTO[0] 0 RW Index 0 Boost Stage 0 bit 0
5 10_BST1[1] 0 RW Index O Boost Stage 1 bit 1
4 10_BST1[0] 0 RW Index O Boost Stage 1 bit 0
3 10_BST2[1] 0 RW Index O Boost Stage 2 bit 1
2 10_BST2[0] 0 RW Index O Boost Stage 2 bit 0
1 10_BST3[1] 0 RW Index 0 Boost Stage 3 bit 1
0 10_BST3[0] 0 RW Index 0 Boost Stage 3 bit 0
BST_Indx1 Reg 0x41 Channel 0x40 Index1 4 Stage EQ Boost.
7 11_BSTO[1] 0 RW Index 1 Boost Stage 0 bit 1
6 11_BSTO[O] 1 RW Index 1 Boost Stage 0 bit 0
5 11_BST1[1] 0 RW Index 1 Boost Stage 1 bit 1
4 11_BST1[0] 0 RW Index 1 Boost Stage 1 bit 0
3 11_BST2[1] 0 RW Index 1 Boost Stage 2 bit 1
2 11_BST2[0] 0 RW Index 1 Boost Stage 2 bit 0
1 11_BST3[1] 0 RW Index 1 Boost Stage 3 bit 1
0 11_BST3[0] 0 RW Index 1 Boost Stage 3 bit 0
BST_Indx2 Reg 0x42 Channel 0x80 Index2 4 Stage EQ Boost.
7 12_BSTO[1] 1 RW Index 2 Boost Stage 0 bit 1
6 12_BSTO[0] 0 RW Index 2 Boost Stage 0 bit 0
5 12_BST1[1] 0 RW Index 2 Boost Stage 1 bit 1
4 12_BST1[0] 0 RW Index 2 Boost Stage 1 bit 0
3 12_BST2[1] 0 RW Index 2 Boost Stage 2 bit 1
2 12_BST2[0] 0 RW Index 2 Boost Stage 2 bit 0
1 12_BST3[1] 0 RW Index 2 Boost Stage 3 bit 1
0 12_BST3[0] 0 RW Index 2 Boost Stage 3 bit 0
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Table 6. Receiver Registers (continued)
REGISTER NAME BITS fareracioly DEFAULT | RIRW DESCRIPTION
BST_Indx3 Reg 0x43 Channel 0x50 Index3 4 Stage EQ Boost.
7 1I3_BSTO[1] 0 RW Index 3 Boost Stage 0 bit 1
6 13_BSTO[0] 1 RW Index 3 Boost Stage 0 bit 0
5 13_BST1[1] 0 RW Index 3 Boost Stage 1 bit 1
4 13_BST1[0] 1 RW Index 3 Boost Stage 1 bit 0
3 13_BST2[1] 0 RW Index 3 Boost Stage 2 bit 1
2 13_BST2[0] 0 RW Index 3 Boost Stage 2 bit 0
1 13_BST3[1] 0 RW Index 3 Boost Stage 3 bit 1
0 13_BST3[0] 0 RW Index 3 Boost Stage 3 bit 0
BST_Indx4 Reg 0x44 Channel 0xCO Index4 4 Stage EQ Boost.
7 14_BSTO[1] 1 RW Index 4 Boost Stage 0 bit 1
6 14_BSTO[O] 1 RW Index 4 Boost Stage 0 bit 0
5 14_BST1[1] 0 RW Index 4 Boost Stage 1 bit 1
4 14_BST1[0] 0 RW Index 4 Boost Stage 1 bit 0
3 14_BST2[1] 0 RW Index 4 Boost Stage 2 bit 1
2 14_BST2[0] 0 RW Index 4 Boost Stage 2 bit 0
1 14_BST3[1] 0 RW Index 4 Boost Stage 3 bit 1
0 14_BST3[0] 0 RW Index 4 Boost Stage 3 bit 0
BST_Indx5 Reg 0x45 Channel 0x90 Index5 4 Stage EQ Boost.
7 15_BSTO[1] 1 RW Index 5 Boost Stage 0 bit 1
6 15_BSTO[0] 0 RW Index 5 Boost Stage 0 bit 0
5 15_BST1[1] 0 RW Index 5 Boost Stage 1 bit 1
4 15_BST1[0] 1 RW Index 5 Boost Stage 1 bit 0
3 15_BST2[1] 0 RW Index 5 Boost Stage 2 bit 1
2 15_BST2[0] 0 RW Index 5 Boost Stage 2 bit 0
1 15_BST3[1] 0 RW Index 5 Boost Stage 3 bit 1
0 15_BST3[0] 0 RW Index 5 Boost Stage 3 bit 0
BST_Indx6 Reg 0x46 Channel 0x54 Index6 4 Stage EQ Boost.
7 16_BSTO[1] 0 RW Index 6 Boost Stage O bit 1
6 16_BSTO[O] 1 RW Index 6 Boost Stage 0 bit 0
5 16_BST1[1] 0 RW Index 6 Boost Stage 1 bit 1
4 16_BST1[0] 1 RW Index 6 Boost Stage 1 bit 0
3 16_BST2[1] 0 RW Index 6 Boost Stage 2 bit 1
2 16_BST2[0] 1 RW Index 6 Boost Stage 2 bit 0
1 16_BST3[1] 0 RW Index 6 Boost Stage 3 bit 1
0 16_BST3[0] 0 RW Index 6 Boost Stage 3 bit 0
BST_Indx7 Reg 0x47 Channel OxAO0 Index7 4 Stage EQ Boost.
7 17_BSTO[1] 1 RW Index 7 Boost Stage 0 bit 1
6 17_BSTO[0] 0 RW Index 7 Boost Stage 0 bit 0
5 17_BST1[1] 1 RW Index 7 Boost Stage 1 bit 1
4 17_BST1[0] 0 RW Index 7 Boost Stage 1 bit 0
3 17_BST2[1] 0 RW Index 7 Boost Stage 2 bit 1
2 17_BST2[0] 0 RW Index 7 Boost Stage 2 bit 0
1 17_BST3[1] 0 RW Index 7 Boost Stage 3 bit 1
0 17_BST3[0] 0 RW Index 7 Boost Stage 3 bit 0
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Table 6. Receiver Registers (continued)

REGISTER NAME BITS fareracioly DEFAULT | RIRW DESCRIPTION
BST_Indx8 Reg 0x48 Channel 0xBO Index8 4 Stage EQ Boost.
7 18_BSTO[1] 1 RW Index 8 Boost Stage 0 bit 1
6 18_BSTO[O] 0 RW Index 8 Boost Stage 0 bit 0
5 18_BST1[1] 1 RW Index 8 Boost Stage 1 bit 1
4 18_BST1[0] 1 RW Index 8 Boost Stage 1 bit 0
3 18_BST2[1] 0 RW Index 8 Boost Stage 2 bit 1
2 18_BST2[0] 0 RW Index 8 Boost Stage 2 bit 0
1 18_BST3[1] 0 RW Index 8 Boost Stage 3 bit 1
0 18_BST3[0] 0 RW Index 8 Boost Stage 3 bit 0
BST_Indx9 Reg 0x49 Channel 0X95 0x95 Index9 4 Stage EQ Boost.
7 19_BSTO[1] 1 RW Index 9 Boost Stage 0 bit 1
6 19_BSTO[0] 0 RW Index 9 Boost Stage 0 bit 0
5 19_BST1[1] 0 RW Index 9 Boost Stage 1 bit 1
4 19_BST1[0] 1 RW Index 9 Boost Stage 1 bit 0
3 19_BST2[1] 0 RW Index 9 Boost Stage 2 bit 1
2 19_BST2[0] 1 RW Index 9 Boost Stage 2 bit 0
1 19_BST3[1] 0 RW Index 9 Boost Stage 3 bit 1
0 19_BST3[0] 1 RW Index 9 Boost Stage 3 bit 0
BST_Indx10 Reg 0x4A Channel 0x69 Index10 4 Stage EQ Boost.
7 110_BSTO[1] 0 RW Index 10 Boost Stage O bit 1
6 110_BSTO[0] 1 RW Index 10 Boost Stage 0 bit O
5 110_BST1[1] 1 RW Index 10 Boost Stage 1 bit 1
4 110_BST1[0] 0 RW Index 10 Boost Stage 1 bit O
3 110_BST2[1] 1 RW Index 10 Boost Stage 2 bit 1
2 110_BST2[0] 0 RW Index 10 Boost Stage 2 bit O
1 110_BST3[1] 0 RW Index 10 Boost Stage 3 bit 1
0 110_BST3[0] 1 RW Index 10 Boost Stage 3 bit O
BST_Indx11 Reg 0x4B Channel 0xD5 Index11 4 Stage EQ Boost.
7 111_BSTO[1] 1 RW Index 11 Boost Stage O bit 1
6 111_BSTO[0] 1 RW Index 11 Boost Stage 0 bit O
5 111_BST1[1] 0 RW Index 11 Boost Stage 1 bit 1
4 111_BST1[0] 1 RW Index 11 Boost Stage 1 bit O
3 111_BST2[1] 0 RW Index 11 Boost Stage 2 bit 1
2 111_BST2[0] 1 RW Index 11 Boost Stage 2 hit O
1 111_BST3[1] 0 RW Index 11 Boost Stage 3 bit 1
0 111_BST3[0] 1 RW Index 11 Boost Stage 3 bit 0
BSTIndx12 Reg 0x4C Channel 0x99 Index12 4 Stage EQ Boost.
7 112_BSTO[1] 1 RW Index 12 Boost Stage O bit 1
6 112_BSTO[0] 0 RW Index 12 Boost Stage 0 bit O
5 112_BST1[1] 0 RW Index 12 Boost Stage 1 bit 1
4 112_BST1[0] 1 RW Index 12 Boost Stage 1 bit O
3 112_BST2[1] 1 RW Index 12 Boost Stage 2 bit 1
2 112_BST2[0] 0 RW Index 12 Boost Stage 2 bit O
1 112_BST3[1] 0 RW Index 12 Boost Stage 3 bit 1
0 112_BST3[0] 1 RW Index 12 Boost Stage 3 hit 0
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Table 6. Receiver Registers (continued)
REGISTER NAME BITS fareracioly DEFAULT | RIRW DESCRIPTION
BST_Indx13 Reg 0x4D Channel OxA5 Index13 4 Stage EQ Boost.
7 113_BSTO[1] 1 RW Index 13 Boost Stage O bit 1
6 113_BSTO[0] 0 RW Index 13 Boost Stage 0 bit 0
5 113 BST1[1] 1 RW Index 13 Boost Stage 1 bit 1
4 113_BST1[0] 0 RW Index 13 Boost Stage 1 bit O
3 113 _BST2[1] 0 RW Index 13 Boost Stage 2 bit 1
2 113_BST2[0] 1 RW Index 13 Boost Stage 2 hit O
1 113_BST3[1] 0 RW Index 13 Boost Stage 3 hit 1
0 113_BST3[0] 1 RW Index 13 Boost Stage 3 bit 0

BST_Indx14 Reg Ox4E Channel OxE6 Index14 4 Stage EQ Boost.

7 114_BSTO[1] 1 RW Index 14 Boost Stage O bit 1
6 114_BSTO[0] 1 RW Index 14 Boost Stage 0 bit O
5 114_BST1[1] 1 RW Index 14 Boost Stage 1 bit 1
4 114_BST1[0] 0 RW Index 14 Boost Stage 1 bit O
3 114_BST2[1] 0 RW Index 14 Boost Stage 2 bit 1
2 114_BST2[0] 1 RW Index 14 Boost Stage 2 bit O
1 114_BST3[1] 1 RW Index 14 Boost Stage 3 bit 1
0 114_BST3[0] 0 RW Index 14 Boost Stage 3 hit 0

BST_Indx15 Reg 0x4F Channel 0xF9 Index15 4 Stage EQ Boost.

7 115_BSTO[1] 1 RW Index 15 Boost Stage O bit 1
6 115_BSTO[0] 1 RW Index 15 Boost Stage 0 bit O
5 115 BST1[1] 1 RW Index 15 Boost Stage 1 bit 1
4 115_BST1[0] 1 RW Index 15 Boost Stage 1 bit O
3 115 _BST2[1] 1 RW Index 15 Boost Stage 2 bit 1
2 115_BST2[0] 0 RW Index 15 Boost Stage 2 bit 0
1 115_BST3[1] 0 RW Index 15 Boost Stage 3 hit 1
0 115_BST3[0] 1 RW Index 15 Boost Stage 3 hit 0
Active_EQ Reg 0x52 Channel 0x00 Active CTLE Boost Setting Read Back
7 eg_bst_to_ana[7] 0 R
6 eg_bst_to_ana[6] 0 R
5 eg_bst_to_ana[5] 0 R
4 eg_bst_to_ana[4] 0 R .
Read-back returns CTLE boost settings
3 eg_bst_to_ana[3] 0 R
2 eg_bst_to_ana[2] 0 R
1 eg_bst_to_ana[l] 0 R
0 eg_bst_to_ana[0] 0 R
EQ_Control Reg 0x55 Channel 0x00 Low Rate <=3G EQ Adaptation Control
7 Reserved 0 R
6 Reserved 0 RW
5 Reserved 0 RW
4 Reserved 0 RW
3 Reserved 0 RW
2 Reserved 0 RW
1 Reserved 0 RW A.t power-up, this _bit needs to be set to
1'b. See initialization set up
0 Reserved 0 RW
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7.6.3 CDR Registers

Table 7. CDR Registers

RE,\?AEI—EER BITS FIEIA%SE(EBISSSTER DEFAULT R/RW DESCRIPTION
Output_Mux_OV Reg 0x09 Channel 0x00 Output Data Mux Override
Reserved 0 RW
Reserved 0 RW
1: Enable values from Ox1E[7:5] &
5 |Reg_bypass_pfd_oud 0 RW | 0 Register OX1C[3:2] determines the
output selection
4 Reserved 0 RW
3 Reserved 0 RW
2 Reserved 0 RW
1 Reserved 0 RW
0 Reserved 0 RW
CDR_Reset Reg OxOA Channel 0x50 CDR State Machine Reset
7 Reserved 0 RW
6 Reserved 1 RW
5 Reserved 0 RW
4 Reserved 1 RW
3 reg_cdr_reset_ov 0 RW é E?;tﬂﬁg%(gg[ﬂ etg ec;ontrol CDR Reset
2 |reg_odr_reset sm 0 RW 3. Disable CDR Reset f O4OA3] = 1
Reserved 0 RW
0 Reserved 0 RW
CDR_Status Reg 0xOC Channel 0x08 CDR Status Control
7 reg_sh_status_control[3] 0 RW
6 reg_sh_status_control[2] 0 RW Determines what is shown in Reg 0x02.
Note LMH1218 Programming Guide
5 reg_sh_status_control[1] 0 RW (SNLU174) for details
4 reg_sh_status_control[0] 0 RW
3 Reserved 1 RW
2 Reserved 0 RW
1 Reserved 0 RW
0 Reserved 0 RW
EOM_Vrange Reg 0x11 Channel O0xEO gg\,':,ﬂn\ggzgemsemng el [SOm e
7 eom_sel_vrange[1] Sets eye monitor ADC granularity if
0x2C[6] =0'b
6 eom_sel_vrange[0] 1 RW 82 2:;§5mn\1/v
10: 9.375 mV
11: 125 mV
5 |eom e : A e
4 Reserved 0 RW
3 Reserved 0 RW
2 Reserved 0 RW
1 Reserved 0 RW
0 Reserved 0 RW
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Table 7. CDR Registers (continued)

e BITS ooy DEFAULT | RRW DESCRIPTION
;l:ilrllgsmperature Reg 0x16 Channel Ox7A Temperature Range Setting
7 Reserved 0 RW
6 Reserved 1 RW
5 Reserved 1 RW
4 Reserved 1 RW | At power-up, this register needs to be set
3 Reserved 1 RW to 0x25. See initialization set up
2 Reserved 0 RW
1 Reserved 1 RW
0 Reserved 0 RW
HEO_VEO_OV Reg 0x23 Channel 0x40
7 |eom_get heo_veo_ov 0 RW | 3 Disable rep 0x24[1] 1o achuire HEONVED
6 Reserved 1 RW
5 Reserved 0 RW
4 Reserved 0 RW
3 Reserved 0 RW
2 Reserved 0 RW
1 Reserved 0 RW
0 Reserved 0 RW
EOM_CNTL Reg 0x24 Channel 0x00 0x00 Eye Opening Monitor Control Register
7 |fasteom 0 RW |3 Disable fast EOM mode
6 Reserved 0 R
1: No zero crossing in the eye diagram
5 get_heo_veo_error_no_hits 0 R 8?22;\cl)egrossing in the eye diagram
detected
4 ggt_heo_veo_error_no_ope 0 R 1 Eye diagrarr_l is completely closed
ning 0: Open eye diagram detected
3 Reserved 0 R
2 Reserved 0 R
1 eom_get_heo_veo 0 RW Acquire HEO & VEO(self-clearing)
0 eom_start 0 R Starts EOM counter(self-clearing)
EOM_MSB Reg 0x25 Channel 0x00 Eye opening monitor hits(MSB)
7 eom_count[15] 0 RW
6 eom_count[14] 0 RW
5 eom_count[13] 0 RW
4 eom_count[12] 0 RW
3 com._count11] 0 W MSBs of EOM counter
2 eom_count[10] 0 RW
1 eom_count[9] 0 RW
0 eom_count[8] 0 RW
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Table 7. CDR Registers (continued)
e BITS ooy DEFAULT | RIRW DESCRIPTION
EOM_LSB Reg 0x26 Channel 0x00 Eye opening monitor hits(LSB)
7 eom_count[7] 0 RW
6 eom_count[6] 0 RW
5 eom_count[5] 0 RW
4 eom_count[4] 0 RW
LSBs of EOM counter
3 eom_count[3] 0 RW
2 eom_count[2] 0 RW
1 eom_count[1] 0 RW
0 eom_count[0] 0 RW
HEO Reg 0x27 Channel 0x00 Horizontal Eye Opening
7 heo[7] 0 R
6 heo[6] 0 R
5 heo[5] 0 R . .
HEO value. This is measured in 0-63
4 heo[4] 0 R phase settings. To get HEO in Ul, read
3 heo[3] 0 R HEO, convert hex to dec, then divide by
2 heo[2] 0 R 64.
1 heo[1] 0 R
0 heo[0] 0 R
VEO Reg 0x28 Channel 0x00 Vertical Eye Opening
7 veo[7] 0 R
6 veo[6] 0 R
5 veo[5] 0 R
4 veo[4] 0 R This is mgasured in 0-63 vertical steps. To
get VEO in mV, read VEO, convert hex to
3 veo[3] 0 R dec, then multiply by 3.125mV
2 veo[2] 0 R
1 veo[l] 0 R
0 veo[0] 0 R
Auto_EOM _Vrange Reg 0x29 Channel 0x00 EOM Vrange Readback
7 Reserved 0 RW
eom_vrange_setting[1] Auto Vrange readback of eye monitor
granularity
00 R 00: 3.125mV
5 eom_vrange_setting[0] 01:6.25mVv
10: 9.375mV
11: 12.5mV
4 Reserved 0 RW
3 Reserved 0 RW
2 Reserved 0 RW
1 Reserved 0 RW
0 Reserved 0 RW
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Table 7. CDR Registers (continued)

e BITS ooy DEFAULT | RIRW DESCRIPTION
EOM_Timer_Thr Reg 0x2A Channel 0x30 EOM Hit Timer
7 eom_timer_thr[7] 0 RW
6 eom_timer_thr[6] 0 RW
5 eom_timer_thr[5] 1 RW
4 eom_timer_thr[4] 1 RW | EOM timer for how long to check each
3 eom_timer_thr{3] 0 RwW | phase/voltage setting
2 eom_timer_thr[2] 0 RW
1 eom_timer_thr[1] 0 RW
0 eom_timer_thr[0] 0 RW
VEO_Scale Reg 0x2C Channel 0x32 VEO_Scale
7 Reserved 0 RW
1: Enable Auto VEO scaling
6 veo_scale 0 RW 0: VEO scaling based on Vrange Setting
(0x11[7:6])
5 Reserved 1 RW
4 Reserved 1 RwW
3 Reserved 0 RW
2 Reserved 0 RW
1 Reserved 1 RwW
0 Reserved 0 RW
Rate_Subrate Reg_0x2F Channel 0x06 SMPTE_10GbE Selection
7 RATE[1] 0 RwW 00: SMPTE Enable
01: 10G Ethernet Enable
6 RATEI[0] 0 RW | Other Settings - Invalid
5 Reserved 0 RW
4 Reserved 0 RW
3 Reserved 0 RW
2 Reserved 1 RwW
1 Reserved 1 RwW
0 Reserved 0 R
HEO VEO Threshold Reg 0x32 Channel 0x11 HEO/VEO Interrupt Threshold
7 heo_int_thresh[3] 0 RW
6 heo_int_thresh[2] 0 RW | compares HEO value, 0x27[7:0], vs
5 heo_int_thresh[1] 0 Rw | threshold 0x32[7:4] * 4
4 heo_int_thresh[0] 1 RW
3 veo_int_thresh[3] 0 RW
2 veo_int_thresh[2] 0 RW | compares VEO value, 0x28[7:0], vs
1 veo_int_thresh[1] 0 Rw | threshold 0x32[3:0 * 4
0 veo_int_thresh[0] 1 RW
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Table 7. CDR Registers (continued)

e BITS ooy DEFAULT | RIRW DESCRIPTION
gg):iratate I Reg 0x3E Channel 0x80 CDR State Machine Setting
7 |Reserved L RW | Seb iniializaton setup.
6 Reserved 0 RW
5 Reserved 0 RW
4 Reserved 0 RW
3 Reserved 0 RW
2 Reserved 0 RW
1 Reserved 0 RW
0 Reserved 0 RW
HEO_VEO_Lock Reg 0x69 Channel O0x0A HEO/VEO Interval Monitoring
7 Reserved 0 RW
6 Reserved 0 RW
5 Reserved 0 RW
4 Reserved 0 RW
3 hv_Ickmon_cnt_ms[3] 1 RW . . . .
While monitoring lock, this sets the interval
2 hv_Ickmon_cnt_ms[2] 0 RW | time. Each interval is 6.5 ms. At default
1 hv_Ickmon_cnt_ms[1] 1 RW condition, HEO_VEO Lock Monitor occurs
0 hv_lckmon_cnt_ms[0] 0 rw | Oneeevey 65 ms.
CDR State Machine Reg Ox6A Channel Ox44 CDR State Machine Control
7 Reserved 0 RW
6 Reserved 1 RW
5 Reserved 0 RW
4 Reserved 0 RW | At power-up, this register should be set to
3 Reserved 0 RW 0x00. See initialization set up
2 Reserved 1 RW
1 Reserved 0 RW
0 Reserved 0 RW
SMPTE_Rate_Enable Reg 0xAO Channel Ox1f SMPTE_Data_Rate_Lock_Restriction
7 Reserved 0 RW
Reserved 0 RW
Reserved 0 RW
1: Enable CDR Lock to 270 Mbps
o oo enave 1| Rw|D,Deable COR Lockio2ro by Mot
for details
5 |enavi 1| nw [§ e com oo asianss oo
2 |36 enable L RW | 5 Disable CDR Lock to 2.07/2.967 Ghps
1 oo enabie 1| nw [§ G con o osotsssicie
0 12G_enable 1 RW éL): Enable CDR Lock to 11.88/11.868 Gbps

: Disable CDR Lock to 11.88/11.868 Gbps
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7.6.4 Transmitter Registers

Table 8. Transmitter Registers

REGISTER NAME

BITS

FIELD REGISTER
ADDRESS

DEFAULT

R/RW

DESCRIPTION

Out0_Mux_Select

Reg 0x1C Channel

0x18

OUTO Mux Selection

pfd_sel0_data_mux[2]

0

RW

pfd_sel0_data_mux[1]

0

RW

pfd_sel0_data_mux[0]

RW

When 0x09[5] = 1'b OUTO Mux
Selection can be controlled as follows:
000: Mute

001: 10 MHz Clock

010: Raw Data

100: Retimed Data

Other Settings - Invalid

VCO_Div40

RW

When 0x09[5] = 1'b and Ox1E[[7:5] =
101'b OUT1 clock selection can be
controlled as follows:

1: OUT1 puts out line rate clock for 3G
and below and 297 MHz clock for 5.94
Gbhps and 11.88Gbps

0: OUT1 puts out 10MHz clock

mr_drv_out_ctrl[1]

RW

mr_drv_out_ctrl[0]

RW

Controls both OUTO and OUT1:
00:

OUTO: Mute

OUT1: Mute

01:

OUTO: Locked Reclocked Data /
Unlocked Raw Data

OUT1: Locked Output Clock / Unlocked
Mute

10:

OUTO: Locked Reclocked Data /
Unlocked RAW

OUT1: Locked Reclocked Data /
Unlocked Raw

11:

OUTO: Forced Raw

OUT1: Forced Raw

Reserved

RW

Reserved

RW

OUT1_Mux_Select

Reg Ox1E Channel

OUT1 Mux Selection

pfd_sel_data_mux|[2]

RW

pfd_sel_data_mux[1]

RW

pfd_sel_data_mux[0]

RW

When 0x09[5] = 1'b OUTO0 Mux
Selection can be controlled as follows:
111: Mute

101: 10MHz Clock if reg 0x1c[4]=0 and
divided by 40 if reg Ox1c[4] =1

010: Full Rate Clock

001: Retimed Data

000: Raw Data

Other Settings - Invalid

Reserved

RW

Reserved

RW

Reserved

RW

Reserved

RW

ORI W|H~

Reserved

R |lO|O|FR|O

RW
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Table 8. Transmitter Registers (continued)

FIELD REGISTER
REGISTER NAME BITS ADDRESS DEFAULT R/RW DESCRIPTION
OUT1 Invert Reg Ox1F Channel 0x10 Invert OUT1 Polarity
. 1: Inverts OUT1 polarity
7 pfd_sel_inv_outl 0 RW 0: OUT1 Normal polarity
6 Reserved 0 RW
5 Reserved 0 RW
4 Reserved 1 RW
3 Reserved 0 RW
2 Reserved 0 RW
1 Reserved 0 RW
0 Reserved 0 RW
OUTO0_VOD Reg 0x80 Channel 0x20 OUTO VOD_Scaling_PD
7 drv_0_sel_vod[3] 0 RW ) )
drv_0_sel_vod[3:0] is typically 42 mV
6 drv_0_sel_vod[2] 0 RW | per step. Refer to the LMH1218
5 drv_0_sel_vod[1] 1 RW Programming Guide (SNLU174) for
- setting OUTO VOD
4 drv_0_sel_vod[0] 0 RW
3 Reserved 0 RW
2 Reserved 0 RW
1: Enable 0x80[0] to override pin/sm
control
1 mr_drv_0_ov 0 RW 0: Disable 0x80[0] to override pin/sm
control
1: Power down OUTO
0 sm_drv_0_PD 0 RW 0: OUT1 in normal operating mode
OUT1_VOD Reg 0x84 Channel 0x04 OUT1 VOD Control
Reserved 0 RW
drv_1_sel_vod[2] 0 RW OUTDriverl VOD Setting
000: 570 mVDifferential(Diff) Peak to
drv_1_sel_vod[1] 0 RW Peak(PP)
010: 730 mV(Diff PP)
4 drv_1_sel_vod[0] 0 RW 100: 900 mV(Diff PP)
110: 1035 mV(Diff PP)
3 Reserved 0 RW
1: Enables short circuit protection on
OouT1
2 drv_1_sel_scp 1 RW 0: Disable short circuit protection on
OouT1
1: Enable 0x80[0] to override pin/sm
control
1 mr_drv_1_ov 0 RW 0: Disable 0x80[0] to override pin/sm
control
1: Power down OUT1 driver
0 sm_drv_1_PD 0 RW 0: OUT1 in normal operating mode
OUT1_DE Reg 0x85 0x00 OUT1 DE Control
7 Reserved 0 RW
6 Reserved 0 RW
5 Reserved 0 RW
4 Reserved 0 RW
3 drv_1_dem_range 0 RW | Controls de-emphasis of 50 Q Driver
2 drv_1_dem[2] 0 RW 0000: DE Disabled
= 0001: 0.2 dB
1 drv_1_dem[1] 0 RW  10010: 1.8 dB
0 drv_1_dem[0] 0 Rw |0111:11dB
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8 Application and Implementation

NOTE
Information in the following applications sections is not part of the TI component
specification, and Tl does not warrant its accuracy or completeness. TI's customers are
responsible for determining suitability of components for their purposes. Customers should
validate and test their design implementation to confirm system functionality.

8.1 Application Information

The LMH1218 is a single channel SDI and 10GbE Cable Driver with Integrated Reclocker that supports different
application spaces. The following sections describe the typical use cases and common implementation practices.

8.1.1 General Guidance for All Applications

The LMH1218 supports two modes of configuration: SPI Mode, and SMBus Mode. Once one of these two control
mechanism is chosen, pay attention to the PCB layout for the high speed signals. SMPTE specifies the
requirements for the Serial Digital Interface to transport digital video at SD, HD, 3Gb/s and higher data rates over
coaxial cables. One of the requirements is meeting the required Return Loss. This requirement specifies how
closely the port resembles 75-Q impedance across a specified frequency band. The SMPTE specifications also
defines the use of AC coupling capacitors for transporting uncompressed serial data streams with heavy low
frequency content. This specification requires the use of a 4.7uF AC coupling capacitors to avoid low frequency
DC wander. The 75-Q signal is also required to meet certain rise/fall timing to facilitate highest eye opening for
the receiving device. The LMH1218 built-in 75-Q termination minimizes parasitic, improving overall signal
integrity. Note: When the FPGA is not transmitting valid SMPTE data, the FPGA output should be muted (P=N).

8.2 Typical Application

VDD
MODE_SEL T
Rt 1
ENABLE I 10401 F
4.7 uF 6 1 = 7| 2= a7 4F
OUT] 11 '\
_(:94 I INO+ LMH1218 ouTo+ 55 1 @
FPGA 10002 Differential T-Line 75Q T-Line
DAP SR 750 _
VSS o4 -
4.7 uF vss I L
i — ] =
FPGA 100Q Differential T-Line ouTL+ D N+
ot —(  HE™ 1000 Differential T-Line Optical Module
SS_N 2| 3 4 13 15| 16
SCK
MOSI
LOS_INT_N
MISO
LOCK

Figure 23. LMH1218 SPI Mode Configuration
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Typical Application (continued)

The LMH1218 has strong equalization capabilities that allow it to recover data over lossy channel up to 27 dB at
6 GHz. As a result, the optimal placement for the LMH1218 is with the higher loss channel at its input and lower
loss channel segment at the output in order to meet the various SMPTE requirements. To meet SMPTE
requirements, it is strongly recommended to put the LMH1218 as close as possible to the BNC (within 1 inch).
The LMH1218 can be used as a cable driver with integrated reclocker or as reclocker only.

8.2.1 Design Requirements

For the LMH1218 design example, the requirements noted in Table 9 apply.

Table 9. LMH1218 Design Parameters

DESIGN PARAMETER

REQUIREMENT

Input AC coupling capacitors

Required. 4.7 pF AC coupling capacitors are recommended.
Capacitors may be implemented on the PCB or in the connector.

Output AC coupling capacitors

Required. Both OUTO0 and OUTL1 require AC coupling capacitors.
OUTO AC Coupling capacitors is expected to be 4.7 pF to comply
with SMPTE wander requirement. It is assumed that Optical Module
has AC coupling capacitors on its input within the module

DC Power Supply Coupling Capacitors

To minimize power supply noise, use 0.01 pF capacitors as close to
the device VDD pins as possible

Distance from Device to BNC

Keep this distance within 1 inch to meet Proposed ST-2081 and ST-
2082 requirements

High Speed INO, IN1, OUTO, and OUT1 trace impedance

Design differential trace impedance of INO, IN1, and OUT1 with 100-
Q + 5%, single-end trace impedance for OUTO with 75 Q + 5%

MODE_SEL

ENABLE

0.01 puF

VDD

i

T

0.01 pF

I

ouT 11
S S— e

FPGA 100Q Differential T-Line 4.7 pF

o HFw

FPGA 100Q Differential T-Line 4.7 uF

e S— o [0

DAP = GND

2
ADDRO

ADDR1
SCL

SDA

15

7] 2 4.7 uF
1
OuTO+
LMH1218 20 S ®
75Q T-Line
— — — - 19 I
— ] ouTo 47 oF
DAP 750 —
I VSS -
24
I VSS [10 -
23 .
. R . Optical Module
100 Differential T-Line
OUT1- —e :). IN-
22
4 13 16

LOS_INT_N

LOCK

Figure 24. LMH1218 SMBus Mode Configuration
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8.2.2 Detailed Design Procedure

To begin the design process, determine the following:

1. Maximum power draw for PCB regulator selection. In this case, use the transient CDR power (during
acquisition) specified in the datasheet, multiplied by the number of channels.

2. Maximum operational power for thermal calculation. For thermal calculation, use the locked power number.
Transient power consumption is only observed during lock acquisition, which typically lasts for <5ms.
Additional margin can be applied in case of unsupported data rates being applied which extend the lock time.
Note that the CDR should operate in bypass mode for any unsupported data rates.

Consult the BNC vendor for optimum BNC landing pattern.

Use IBIS-AMI model for simple channel simulation before PCB layout.

Closely compare schematic against typical connection diagram in the data sheet.
Plan out the PCB layout and component placement to minimize parasitic.

o g hw

8.2.3 Application Curves

Figure 25 and Figure 27 depict the differential output eye diagrams for OUT1 at 10.3125 Gbps and 11.88 Gbhps.
Figure 26 depicts the single-end eye diagram for OUTO at 11.88 Gbps. Measurements were done at default
operating conditions.

Figure 26. 11. 75 Q OUT
Figure 25. 10.3125 Gbps 50 Q OUT1 gure 26. 11.88 Gbps 75 2 OUTO

Figure 27. 11.88 Ghps 50 Q OUT1
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8.3 Do's and Don'ts

In order to meet SMPTE standard requirements for jitter, AC timing, and return loss use the following guidelines:
1. Do place BNC within 1 inch of the device.

2. Do consult BNC vendor to provide optimum landing pad for the BNC to comply with the required
specifications.

3. Do pay attention to the recommended solder paste to ensure reliable GND connection to DAP.
4. Do use control impedance for both 100 Q and 75 Q for INO/1 and OUTO/1.

8.4 Initialization Set Up
After power up or register reset write the initialization sequences in Table 10.

Table 10. LMH1218 Register Initialization

DESCRIPTION ADDRESS [Hex] VALUE [Hex]
Enable Channel Registers OxFF 0x04
Enable Full Temperature Range 0x16 0x25
0x3E 0x00
Initialize CDR State Machine Control 0x55 0x02
Ox6A 0x00
Restore media CTLE setting® 0x03 XX
Reset CDR O0x0A 0x5C
Release Reset 0x0A 0x50

(1) Refer to LMH1218 Programming Guide (SNLU174) on how to quickly select the most appropriate CTLE boost setting.

8.4.1 Selective Data Rate Lock

The LMH1218 is configured to automatically lock to all SMPTE data rates. The LMH1218 can be configured to
restrict the dividers to lock to certain data rates. This enables faster lock time. To disable 270 Mbps data rate
lock, additional registers need to be programmed. Refer to LMH1218 Programming Guide (SNLU174) for details.

9 Power Supply Recommendations

Follow these general guidelines when designing the power supply:
1. The power supply should be designed to provide the recommended operating conditions in terms of DC
voltage, AC noise, and start-up ramp time.

2. The maximum current draw for the LMH1218 is provided in the data sheet. This figure can be used to
calculate the maximum current the supply must provide. Current consumption can be derived from the typical
power consumption specification in the data sheet.

3. The LMH1218 does not require any special power supply filtering, provided the recommended operating
conditions are met. Only standard supply decoupling is required.
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10 Layout

10.1 Layout Guidelines

The following guidelines should be followed when designing the layout:
1. Set trace impedances to 75-Q * 5% single ended, 100-Q + 5% differential.

2. Maintain the same signal reference plane for 75-Q single-end trace, and reference plane for 100-Q
differential traces.

3. Use the smallest size surface mount components.

4. Use solid planes. Provide GND or VDD relief under the component pads to minimize parasitic capacitance.
5. Select trace widths that minimize the impedance mismatch along the signal path.

6. Select a board stack-up that supports 75-Q or 50-Q single-end trace, 100-Q coupled differential traces.
7. Use surface mount ceramic capacitors.

8. Place BNC component within 1 inches of the LMH1218 device.

9. Maintain symmetry on the complimentary signals.

10. Route 100-Q traces uniformly (keep trace widths and trace spacing uniform along the trace).

11. Avoid sharp bends; use 45-degree or radial bends.

12. Walk along the signal path, identify geometry changes and estimate their impedance changes.

13. Maintain 75-Q impedance with a well-designed connectors’ footprint.

14. Consult a 3-D simulation tool to guide layout decisions.

15. Use the shortest path for VDD and Ground hook-ups; connect pin to planes with vias to minimize or
eliminate trace.

16. When a high speed trace changes layer, provide at least 2 return vias to improve current return path.

10.2 Layout Example

The following example layout demonstrates how the thermal pad should be laid out using standard WQFN board
routing guidelines.

Note: Thermal pad is divided into 4 squares with solder paste

Figure 28. LMH1218 Recommended Four Squares Solder Paste
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Layout Example (continued)

5 Vias without solder paste are located between 4 squares solder paste
Figure 29. LMH1218 Recommended Solder Paste Mask and Vias

Top etch plus traces

Figure 30. Example Layout

10.3 Solder Profile

The LMH1218 RTWO024A Package solder profile and solder paste material can be found in AN-1187 Leadless
Leadframe Package (LLP) (SNOA401).
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11 Device and Documentation Support

11.1 Device Support

11.1.1 Development Support

For additional support, see the following:
» TI's E2E community: http://e2e.ti.com/
» High-Speed Interface forum in E2E community: http://e2e.ti.com/support/interface/high_speed_interface/

11.2 Documentation Support

11.2.1 Related Documentation

For related documentation, see the following:
* (LMH1218 Programming Guide (SNLU174)
* LMH1218EVM User's Guide (SNLU173)

11.3 Receiving Notification of Documentation Updates

To receive notification of documentation updates, navigate to the device product folder on ti.com. In the upper
right corner, click on Alert me to register and receive a weekly digest of any product information that has
changed. For change details, review the revision history included in any revised document.

11.4 Community Resources

The following links connect to TI community resources. Linked contents are provided "AS IS" by the respective
contributors. They do not constitute Tl specifications and do not necessarily reflect Tl's views; see TlI's Terms of
Use.

TI E2E™ Online Community TI's Engineer-to-Engineer (E2E) Community. Created to foster collaboration
among engineers. At e2e.ti.com, you can ask questions, share knowledge, explore ideas and help
solve problems with fellow engineers.

Design Support Tl's Design Support Quickly find helpful E2E forums along with design support tools and
contact information for technical support.

11.5 Trademarks
E2E is a trademark of Texas Instruments.
11.6 Electrostatic Discharge Caution

‘ These devices have limited built-in ESD protection. The leads should be shorted together or the device placed in conductive foam
‘Y '\ during storage or handling to prevent electrostatic damage to the MOS gates.

11.7 Glossary

SLYZ022 — TI Glossary.
This glossary lists and explains terms, acronyms, and definitions.

12 Mechanical, Packaging, and Orderable Information

The following pages include mechanical, packaging, and orderable information. This information is the most
current data available for the designated devices. This data is subject to change without notice and revision of
this document. For browser-based versions of this data sheet, refer to the left-hand navigation.
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PACKAGING INFORMATION

® The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

LIFEBUY: Tl has announced that the device will be discontinued, and a lifetime-buy period is in effect.

NRND: Not recommended for new designs. Device is in production to support existing customers, but Tl does not recommend using this part in a new design.
PREVIEW: Device has been announced but is not in production. Samples may or may not be available.

OBSOLETE: Tl has discontinued the production of the device.

@ RoHS: TI defines "RoHS" to mean semiconductor products that are compliant with the current EU RoHS requirements for all 10 RoHS substances, including the requirement that RoHS substance
do not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, "RoHS" products are suitable for use in specified lead-free processes. Tl may
reference these types of products as "Pb-Free".

RoHS Exempt: Tl defines "RoHS Exempt" to mean products that contain lead but are compliant with EU RoHS pursuant to a specific EU RoHS exemption.

Green: Tl defines "Green" to mean the content of Chlorine (Cl) and Bromine (Br) based flame retardants meet JS709B low halogen requirements of <=1000ppm threshold. Antimony trioxide based
flame retardants must also meet the <=1000ppm threshold requirement.

® MSL, Peak Temp. - The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder temperature.
@ There may be additional marking, which relates to the logo, the lot trace code information, or the environmental category on the device.

® Multiple Device Markings will be inside parentheses. Only one Device Marking contained in parentheses and separated by a "~" will appear on a device. If aline is indented then it is a continuation
of the previous line and the two combined represent the entire Device Marking for that device.

® Lead/Ball Finish - Orderable Devices may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead/Ball Finish values may wrap to two lines if the finish
value exceeds the maximum column width.

Important Information and Disclaimer: The information provided on this page represents TI's knowledge and belief as of the date that it is provided. Tl bases its knowledge and belief on information
provided by third parties, and makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and
continues to take reasonable steps to provide representative and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals.
Tl and Tl suppliers consider certain information to be proprietary, and thus CAS numbers and other limited information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.

Addendum-Page 1

Orderable Device Status Package Type Package Pins Package Eco Plan Lead/Ball Finish MSL Peak Temp Op Temp (°C) Device Marking Samples
@) Drawing Qty @ ©) @ (/5)
LMH1218RTWR ACTIVE WQFN RTW 24 1000 Green (RoHS CU SN Level-3-260C-168 HR -40 to 85 L1218A1
& no Sh/Br)
LMH1218RTWT ACTIVE WQFN RTW 24 250 Gg[eens('s/?aH)S CU SN Level-3-260C-168 HR -40 to 85 L1218A1
no r
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
4 |+ KO
i |
& go W
Reel | | l
Diameter
Cavity +‘ A0 M
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
\ 4 W | Overall width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ 1
T Reel Width (W1)
QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE
O O O O OO O O O QfSprocket Holes
|
T
Q1 : Q2
H4-—-—
Q3 1 Q4 User Direction of Feed
[ 4
T
=
Pocket Quadrants
*All dimensions are nominal
Device Package|Package|Pins| SPQ Reel Reel AO BO KO P1 w Pin1
Type |Drawing Diameter| Width | (mm) [ (mm) | (mm) | (mm) | (mm) |Quadrant
(mm) |W1(mm)
LMH1218RTWR WQFN RTW 24 1000 178.0 12.4 4.3 4.3 1.3 8.0 12.0 Q1
LMH1218RTWT WQFN RTW 24 250 178.0 12.4 4.3 4.3 1.3 8.0 12.0 Q1

Pack Materials-Page 1
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TAPE AND REEL BOX DIMENSIONS
At
4
-
// S
/\g\ /)i\
. 7
\\ /
. P -
e e
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
LMH1218RTWR WQFN RTW 24 1000 210.0 185.0 35.0
LMH1218RTWT WQFN RTW 24 250 210.0 185.0 35.0
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RTW0024A

PACKAGE OUTLINE
WQFN - 0.8 mm max height

PLASTIC QUAD FLATPACK - NO LEAD

PIN 1 INDEX AREA—|

w A
[{e RN

I
0.8 MAX
Y L _0O o
o.osj‘
0.00
2X|2.5 |
S ‘ EXPOSED
7, 12 THERMAL PAD
wz [ JOOOOWU/ ]
== ‘ =
- 73 | |:
2X ] |25 -
25 t—-—+=—-—1—9 [026+01
EEIf = | =
] ‘ ]
= ot
! | ‘ 18 | 03
1L 24X
PIN 11D 24 ‘ 19
(OPTIONAL) pax 82 J © —H—Lrugg% CCA B

(0.1) TYP
T

4222815/A 03/2016

NOTES:

1. All linear dimensions are in millimeters. Any dimensions in parenthesis are for reference only. Dimensioning and tolerancing

per ASME Y14.5M.

2. This drawing is subject to change without notice.
3. The package thermal pad must be soldered to the printed circuit board for thermal and mechanical performance.
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EXAMPLE BOARD LAYOUT
WQFN - 0.8 mm max height

PLASTIC QUAD FLATPACK - NO LEAD

RTW0024A

@2.6)
SYMM
24 ¢ 19
- = 000000

|
[
T S *
24x 029~ () | [?] IS)
SYMM *EB 2
¢ —- ::dj}* +O—- 7(?7 (3.8)
20X (0.5) i

SOLDER MASK DETAILS

(@0.2) TYP \ Ly
VIA -
7 \ 12 i
F (1.05) *‘ !
(3.8)
LAND PATTERN EXAMPLE
SCALE:15X
0.07 MAX —=| |=— 0.07 MIN —»
ALL AROUND ALL AROUND
N P N SOLDER MASK
) VETAL /" 1~ oPENING
I ]
I I
I I
L __SOLDER MASK 1 ,‘NMETAL UNDER
—/ OPENING N SOLDER MASK
NON SOLDER MASK SOLDER MASK
DEFINED DEFINED
(PREFERRED)

4222815/A 03/2016

NOTES: (continued)

4. This package is designed to be soldered to a thermal pad on the board. For more information, see Texas Instruments literature

number SLUA271 (www.ti.com/lit/slua271).
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EXAMPLE STENCIL DESIGN
RTWO0024A WQFN - 0.8 mm max height

PLASTIC QUAD FLATPACK - NO LEAD

~ 4X ([01.15) =

(R0.05) TYP ” T—T (0-613;5) TYP
|
By oty T 1 N
b ;
T[:::] @ I
24X (0.25) | |
{ B o e R

| (0.675)
. NN { N o [
20X (0.5) | a e 25- - o
= i | M I 3 ©8)

| |
! _ | ,} _ 44— _1
METAL \ | |
TYP \
7 ! 12 |
! S\((LMM i
L (3.8) !

SOLDER PASTE EXAMPLE
BASED ON 0.125 mm THICK STENCIL

EXPOSED PAD 25:

78% PRINTED SOLDER COVERAGE BY AREA UNDER PACKAGE
SCALE:20X

4222815/A 03/2016

NOTES: (continued)

5. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate
design recommendations.
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IMPORTANT NOTICE

Texas Instruments Incorporated (TI) reserves the right to make corrections, enhancements, improvements and other changes to its
semiconductor products and services per JESD46, latest issue, and to discontinue any product or service per JESDA48, latest issue. Buyers
should obtain the latest relevant information before placing orders and should verify that such information is current and complete.

TI's published terms of sale for semiconductor products (http://www.ti.com/sc/docs/stdterms.htm) apply to the sale of packaged integrated
circuit products that Tl has qualified and released to market. Additional terms may apply to the use or sale of other types of Tl products and
services.

Reproduction of significant portions of Tl information in Tl data sheets is permissible only if reproduction is without alteration and is
accompanied by all associated warranties, conditions, limitations, and notices. Tl is not responsible or liable for such reproduced
documentation. Information of third parties may be subject to additional restrictions. Resale of Tl products or services with statements
different from or beyond the parameters stated by Tl for that product or service voids all express and any implied warranties for the
associated TI product or service and is an unfair and deceptive business practice. Tl is not responsible or liable for any such statements.

Buyers and others who are developing systems that incorporate Tl products (collectively, “Designers”) understand and agree that Designers
remain responsible for using their independent analysis, evaluation and judgment in designing their applications and that Designers have
full and exclusive responsibility to assure the safety of Designers' applications and compliance of their applications (and of all Tl products
used in or for Designers’ applications) with all applicable regulations, laws and other applicable requirements. Designer represents that, with
respect to their applications, Designer has all the necessary expertise to create and implement safeguards that (1) anticipate dangerous
consequences of failures, (2) monitor failures and their consequences, and (3) lessen the likelihood of failures that might cause harm and
take appropriate actions. Designer agrees that prior to using or distributing any applications that include TI products, Designer will
thoroughly test such applications and the functionality of such Tl products as used in such applications.

TI's provision of technical, application or other design advice, quality characterization, reliability data or other services or information,
including, but not limited to, reference designs and materials relating to evaluation modules, (collectively, “TI Resources”) are intended to
assist designers who are developing applications that incorporate Tl products; by downloading, accessing or using Tl Resources in any
way, Designer (individually or, if Designer is acting on behalf of a company, Designer's company) agrees to use any particular TI Resource
solely for this purpose and subject to the terms of this Notice.

TI's provision of Tl Resources does not expand or otherwise alter TI's applicable published warranties or warranty disclaimers for Tl
products, and no additional obligations or liabilities arise from TI providing such Tl Resources. Tl reserves the right to make corrections,
enhancements, improvements and other changes to its Tl Resources. Tl has not conducted any testing other than that specifically
described in the published documentation for a particular TI Resource.

Designer is authorized to use, copy and modify any individual Tl Resource only in connection with the development of applications that
include the TI product(s) identified in such TI Resource. NO OTHER LICENSE, EXPRESS OR IMPLIED, BY ESTOPPEL OR OTHERWISE
TO ANY OTHER TI INTELLECTUAL PROPERTY RIGHT, AND NO LICENSE TO ANY TECHNOLOGY OR INTELLECTUAL PROPERTY
RIGHT OF TI OR ANY THIRD PARTY IS GRANTED HEREIN, including but not limited to any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI products or services are used. Information
regarding or referencing third-party products or services does not constitute a license to use such products or services, or a warranty or
endorsement thereof. Use of TI Resources may require a license from a third party under the patents or other intellectual property of the
third party, or a license from TI under the patents or other intellectual property of TI.

TI RESOURCES ARE PROVIDED “AS I1S” AND WITH ALL FAULTS. TI DISCLAIMS ALL OTHER WARRANTIES OR
REPRESENTATIONS, EXPRESS OR IMPLIED, REGARDING RESOURCES OR USE THEREOF, INCLUDING BUT NOT LIMITED TO
ACCURACY OR COMPLETENESS, TITLE, ANY EPIDEMIC FAILURE WARRANTY AND ANY IMPLIED WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE, AND NON-INFRINGEMENT OF ANY THIRD PARTY INTELLECTUAL
PROPERTY RIGHTS. TI SHALL NOT BE LIABLE FOR AND SHALL NOT DEFEND OR INDEMNIFY DESIGNER AGAINST ANY CLAIM,
INCLUDING BUT NOT LIMITED TO ANY INFRINGEMENT CLAIM THAT RELATES TO OR IS BASED ON ANY COMBINATION OF
PRODUCTS EVEN IF DESCRIBED IN TI RESOURCES OR OTHERWISE. IN NO EVENT SHALL Tl BE LIABLE FOR ANY ACTUAL,
DIRECT, SPECIAL, COLLATERAL, INDIRECT, PUNITIVE, INCIDENTAL, CONSEQUENTIAL OR EXEMPLARY DAMAGES IN
CONNECTION WITH OR ARISING OUT OF TI RESOURCES OR USE THEREOF, AND REGARDLESS OF WHETHER Tl HAS BEEN
ADVISED OF THE POSSIBILITY OF SUCH DAMAGES.

Unless Tl has explicitly designated an individual product as meeting the requirements of a particular industry standard (e.g., ISO/TS 16949
and ISO 26262), Tl is not responsible for any failure to meet such industry standard requirements.

Where TI specifically promotes products as facilitating functional safety or as compliant with industry functional safety standards, such
products are intended to help enable customers to design and create their own applications that meet applicable functional safety standards
and requirements. Using products in an application does not by itself establish any safety features in the application. Designers must
ensure compliance with safety-related requirements and standards applicable to their applications. Designer may not use any Tl products in
life-critical medical equipment unless authorized officers of the parties have executed a special contract specifically governing such use.
Life-critical medical equipment is medical equipment where failure of such equipment would cause serious bodily injury or death (e.qg., life
support, pacemakers, defibrillators, heart pumps, neurostimulators, and implantables). Such equipment includes, without limitation, all
medical devices identified by the U.S. Food and Drug Administration as Class Ill devices and equivalent classifications outside the U.S.

Tl may expressly designate certain products as completing a particular qualification (e.g., Q100, Military Grade, or Enhanced Product).
Designers agree that it has the necessary expertise to select the product with the appropriate qualification designation for their applications
and that proper product selection is at Designers’ own risk. Designers are solely responsible for compliance with all legal and regulatory
reguirements in connection with such selection.

Designer will fully indemnify Tl and its representatives against any damages, costs, losses, and/or liabilities arising out of Designer’s non-
compliance with the terms and provisions of this Notice.

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2018, Texas Instruments Incorporated



Looking for pricing, stock, or lifecycle information?

Click below to explore more details on WIN SOURCE:

© View LMH1218RTWT on WIN SOURCE
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