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		  DS110DF410 www.ti.com snls397b ? october 2011 ? revised may 2013 DS110DF410 low power multi-rate quad channel retimer check for samples: DS110DF410 1 features applications ? each channel independently locks to data ? front port sff 8431 (sfp+) optical and direct rates from 8.5 to 11.3 gbps and submultiples attach copper ? support for subrates of divide by 2/4/8 ? backplane reach extension, data retimer ? fast lock operation based on protocol-select ? ethernet: 10gbe, 1gbe mode ? fibre-channel, infiniband ? low latency (~300ps) ? other propriety data rates up to 11.3 gbps ? adaptive equalization up to 34 db boost at 5 ghz description the DS110DF410 is four channel retimer with ? adjustable transmit v od : 600 to 1300 mvp-p integrated signal conditioning. the device includes a ? adjustable transmit de-emphasis to -12 db fully adaptive continuous-time linear equalizer ? typical power dissipation (eq+dfe+cdr+de): (ctle), self calibrating 5-tap decision feedback 180 mw / channel equalizer (dfe), clock and data recovery (cdr), and transmit de-emphasis (de) driver to enable data ? programmable output polarity inversion transmission over long, lossy and crosstalk-impaired ? input signal detection, cdr lock highspeed serial links to achieve ber < 1  10 -15 . detection/indicator each channel can independently lock to data rates ? on-chip eye monitor (eom), prbs generator from 8.5 to 11.3 gbps, and associated sub rates (div ? single 2.5 v  5% power supply by 2, 4 and 8) to support a variety of communication ? smbus/eeprom configuration modes protocols. a 25 mhz crystal oscillator clock is used to speed up the cdr lock process. this clock is not ? operating temperature range of -40 to 85  c used for training the pll and does not need to be ? rhs (qfn) 48-pin 7 mm x 7 mm package synchronous with the serial data. ? easy pin compatible upgrade between the programmable settings can be applied using the repeater and retimers smbus (i2c) interface, or they can be loaded via an ? ds100rt410 (eq+cdr+de): 10.3125 gbps external eeprom. an on-chip eye monitor and a ? ds100df410 (eq+dfe+cdr+de): 10.3125 prbs generator allow real-time measurement of high-speed serial data for system bring-up or field gbps tuning. ? ds110rt410 (eq+cdr+de): 8.5 - 11.3 gbps the device is offered in a rhs (qfn) 48-pin, 7 mm x ? DS110DF410 (eq+dfe+cdr+de): 8.5 - 11.3 7 mm package. a flow-through pinout for the high gbps speed signals and a single power supply makes the ? ds125rt410 (eq+cdr+de): 9.8 - 12.5 gbps DS110DF410 easy to use. ? ds125df410 (eq+dfe+cdr+de): 9.8 - 12.5 gbps ? ds100br410 (eq+de): up to 10.3125 gbps 1 please be aware that an important notice concerning availability, standard warranty, and use in critical applications of texas instruments semiconductor products and disclaimers thereto appears at the end of this data sheet. production data information is current as of publication date. copyright ? 2011 ? 2013, texas instruments incorporated products conform to specifications per the terms of the texas instruments standard warranty. production processing does not necessarily include testing of all parameters.  

 DS110DF410 snls397b ? october 2011 ? revised may 2013 www.ti.com typical application diagram 2 submit documentation feedback copyright ? 2011 ? 2013, texas instruments incorporated product folder links: DS110DF410  line card switch fabric asic back  plane/  mid  plane optical modules DS110DF410 passive copper asic DS110DF410 DS110DF410 x4 x4 x4 x4 connector noisy signal clean signal DS110DF410 10gbe fibre channel infiniband sonet others sfp+ (sff8431) 

 DS110DF410 www.ti.com snls397b ? october 2011 ? revised may 2013 connection diagram copyright ? 2011 ? 2013, texas instruments incorporated submit documentation feedback 3 product folder links: DS110DF410   2 3 45 6 7 8 9 10 11 12 1 3 1 4 1 5 1 6 1 7 1 8 1 9 2 0 2 1 2 2 2 3 35 34 33 31 30 29 28 27 26 25 4 8 4 7 4 6 4 5 4 4 4 3 4 2 4 1 0 top view rxn3 vdd rxn2 vdd rxn1 vdd rxn0 txn3 gnd txn2 gnd txp1 txn0 rxp1 vdd rxp2 rxp3 txp3 txp2 gnd gnd 24 3 9 3 8 3 7 1 rxp0 36 txp0 32 txn1 DS110DF410 dap = gnd lp f_cp_ 3 lp f_ref_3 vdd lock_3/addr_3 sdc sda refclk_in en_smb lock_2/addr_2 gnd lp f_ref_2 lp f_cp_ 2 7 mm x 7 mm, 0.5 mm pitch lp f_ref_1 lp f_cp_ 1 gnd lock_1/addr_1 all_done refclk_out int read_en lock_0/addr_0 vdd lp f_ref_0 lp f_cp_ 0 4

 DS110DF410 snls397b ? october 2011 ? revised may 2013 www.ti.com pin functions pin descriptions pin name pin # i/o, type description high-speed differential i/o rxp0 1 i, cml inverting and non-inverting cml-compatible differential inputs to the equalizer. rxn0 2 nominal differential input impedance = 100 ? . rxp1 4 i, cml inverting and non-inverting cml-compatible differential inputs to the equalizer. rxn1 5 nominal differential input impedance = 100 ? . rxp2 8 i, cml inverting and non-inverting cml-compatible differential inputs to the equalizer. rxn2 9 nominal differential input impedance = 100 ? . rxp3 11 i, cml inverting and non-inverting cml-compatible differential inputs to the equalizer. rxn3 12 nominal differential input impedance = 100 ? . txp0 36 o, cml inverting and non-inverting cml-compatible differential outputs from the driver. txn0 35 nominal differential output impedance = 100 ? . txp1 33 o, cml inverting and non-inverting cml-compatible differential outputs from the driver. txn1 32 nominal differential output impedance = 100 ? . txp2 29 o, cml inverting and non-inverting cml-compatible differential outputs from the driver. txn2 28 nominal differential output impedance = 100 ? . txp3 26 o, cml inverting and non-inverting cml-compatible differential outputs from the driver. txn3 25 nominal differential output impedance = 100 ? . loop filter connection pins lpf_cp_0 47 i/o, analog loop filter connection lpf_ref_0 48 place a 22 nf  10% capacitor between lpf_cp_0 and lpf_ref_0 lpf_cp_1 38 i/o, analog loop filter connection lpf_ref_1 37 place a 22 nf  10% capacitor between lpf_cp_1 and lpf_ref_1 lpf_cp_2 23 i/o, analog loop filter connection lpf_ref_2 24 place a 22 nf  10% capacitor between lpf_cp_2 and lpf_ref_2 lpf_cp_3 14 i/o, analog loop filter connection lpf_ref_3 13 place a 22 nf  10% capacitor between lpf_cp_3 and lpf_ref_3 reference clock i/o refclk_in 19 i, 2.5v analog input is 2.5 v, 25 mhz  100 ppm reference clock from external oscillator no stringent phase noise requirement refclk_out 42 o, 2.5v analog output is 2.5 v, buffered replica of reference clock input for connecting multiple DS110DF410s on a board lock indicator pins lock_0 45 o, 2.5v output is 2.5 v, the pin is high when cdr lock is attained on the corresponding lock_1 40 lvcmos channel. lock_2 21 note that these pins are shared with smbus address strap input functions read lock_3 16 at startup. smbus master mode pins all_done 41 o, 2.5v output is 2.5 v, the pin goes low to indicate that the smbus master eeprom lvcmos read has been completed. read_en 44 i, 2.5v input is 2.5 v, a transition from high to low starts the load from the external lvcmos eeprom. the read_en pin must be tied low when in smbus slave mode. interrupt output int 43 o, 3.3v open used to signal horizontal or vertical eye opening out of tolerance, loss of signal drain detect, or cdr unlock external 2k  to 5k  pull-up resistor is required. pin is 3.3 v lvcmos tolerant. serial management bus (smbus) interface en_smb 20 i, 2.5v analog input is 2.5 v, selects smbus master mode or smbus slave mode. en_smb = high for slave mode en_smb = float for master mode tie read_en pin low for smbus slave mode. see table 3 sda 18 i/o, 3.3v data input / open drain output lvcmos, open external 2k  to 5k  pull-up resistor is required. drain pin is 3.3 v lvcmos tolerant. 4 submit documentation feedback copyright ? 2011 ? 2013, texas instruments incorporated product folder links: DS110DF410 

 DS110DF410 www.ti.com snls397b ? october 2011 ? revised may 2013 pin descriptions (continued) pin name pin # i/o, type description sdc 17 i/o, 3.3v clock input / open drain clock output lvcmos, open external 2k  to 5k  pull-up resistor is required. drain pin is 3.3 v lvcmos tolerant. addr_0 45 i, 2.5v input is 2.5 v, the addr_[3:0] pins set the smbus address for the retimer. addr_1 40 lvcmos these pins are strap inputs. their state is read on power-up to set the smbus addr_2 21 address in smbus control mode. addr_3 16 note that these pins are shared with the lock indicator functions. see table 4 power v dd 3, 6, 7, power v dd = 2.5 v  5% 10, 15, 46 gnd 22, 27, power ground reference. 30, 31, 34, 39 dap pad power ground reference. the exposed pad at the center of the package must be connected to ground plane of the board with at least 4 vias to lower the ground impedance and improve the thermal performance of the package. these devices have limited built-in esd protection. the leads should be shorted together or the device placed in conductive foam during storage or handling to prevent electrostatic damage to the mos gates. absolute maximum ratings (1) supply voltage (v dd ) -0.5v to +2.75v 2.5 i/o voltage -0.5v to +2.75v (lvcmos and analog) 3.3 lvcmos i/o voltage -0.5v to +4.0v (sda, sdc, int) signal input voltage (rxpn, rxnn) -0.5v to +2.75v signal output voltage (txpn, txnn) -0.5v to +2.75v junction temperature +150  c storage temperature -65  c to +150  c esd rating hbm, std - jesd22-a114f 6 kv mm, std - jesd22-a115-a 250 v cdm, std - jesd22-c101-d 1250 v thermal resistance  ja , no airflow, 4 layer jedec, 9 thermal vias 26.1  c/w for soldering specifications: see http://www.ti.com/lit/an/snoa549c/snoa549c.pdf (1) ? absolute maximum ratings ? indicate limits beyond which damage to the device may occur, including inoperability and degradation of device reliability and/or performance. functional operation of the device and/or non-degradation at the absolute maximum ratings or other conditions beyond those indicated in the recommended operating conditions is not implied. the recommended operating conditions indicate conditions at which the device is functional and the device should not be operated outside these conditions. recommended operating conditions min typ max units supply voltage (v dd to gnd) 2.375 2.5 2.625 v ambient temperature -40 25 +85  c copyright ? 2011 ? 2013, texas instruments incorporated submit documentation feedback 5 product folder links: DS110DF410  

 DS110DF410 snls397b ? october 2011 ? revised may 2013 www.ti.com electrical characteristics over recommended operating supply and temperature ranges with default register settings unless otherwise specified. (1) symbol parameter conditions min typ max units power pd power supply consumption average power consumption (2) 720 mw max transient power supply current (3) 500 610 ma nt ps supply noise tolerance (4) 50 hz to 100 hz 100 mv p-p 100 hz to 10 mhz 40 mv p-p 10 mhz to 5.0 ghz 10 mv p-p 2.5v lvcmos dc specifications v ih high level input voltage 1.75 v dd v v il low level input voltage gnd 0.7 v v oh high level output voltage i oh = -3ma 2.0 v v ol low level output voltage i ol = 3ma 0.4 v i in input leakage current v in = v dd +10  a v in = gnd -10  a i ih input high current (en_smb pin) v in = v dd +55  a i il input low current (en_smb pin) v in = gnd -110  a 3.3v lvcmos dc specifications (sda, sdc, int) v ih high level input voltage v dd = 2.5 v 1.75 3.6 v v il low level input voltage v dd = 2.5 v gnd 0.7 v v ol low level output voltage i pullup = 3ma 0.4 v i ih input high current v in = 3.6 v, v dd = 2.5 v +20 +40  a i il input low current v in = gnd, v dd = 2.5 v -10 +10  a f sdc smbus clock rate 100 400 khz data bit rates r b bit rate range 8.5 11.3 gbps signal detect sdh signal detect on threshold level default differential input signal level to 70 mv p-p assert signal detect, 10.3125 gbps, prbs-31 sdl signal detect off threshold default differential input signal level to de- 10 mv p-p level assert signal detect, 10.3125 gbps, prbs-31 (1) typical values represent most likely parametric norms at v dd = 2.5v, t a = 25  c., and at the recommended operation conditions at the time of product characterization. (2) v dd = 2.5v, t a = 25  c. all four channels active and locked. dfe powered-up and enabled. (3) maximum power supply current during lock acquisition. all four channels active, all four channels unlocked, all registers at default settings. (4) allowed supply noise (mv p-p sine wave) under typical conditions. 6 submit documentation feedback copyright ? 2011 ? 2013, texas instruments incorporated product folder links: DS110DF410 

 DS110DF410 www.ti.com snls397b ? october 2011 ? revised may 2013 electrical characteristics (continued) over recommended operating supply and temperature ranges with default register settings unless otherwise specified. (1) symbol parameter conditions min typ max units receiver inputs (rxpn, rxnn) v tx2, min minimum source transmit launch (5) 600 mv p-p signal level (in, diff) v tx2, max maximum source transmit launch (5) 1000 mv p-p signal level (in, diff) v tx1, max maximum source transmit launch (6) 1200 mv p-p signal level (in, diff) v tx0, max maximum source transmit launch (7) 1600 mv p-p signal level (in, diff) l ri maximum differential input return 100 mhz ? 6 ghz (8) -15 db loss - |sdd11| z d differential input impedance 100 mhz ? 6 ghz 100 ? z s single-ended input impedance 100 mhz ? 6 ghz 50 ? driver outputs (txpn, txnn) v od0 differential output voltage differential measurement with out+ and out- terminated by 50 ? to gnd, ac- coupled, smbus register vod control (register 400 675 mv p-p 0x2d bits 2:0) set to 0, minimum vod de-emphasis control set to minimum (0 db) v od7 differential output voltage differential measurement with out+ and out- terminated by 50 ? to gnd, ac- coupled smbus register vod control (register 1000 mv p-p 0x2d bits 2:0) set to 7, maximum vod de-emphasis control set to minimum (0 db) v od_de de-emphasis level differential measurement with out+ and (9) out- terminated by 50 ? to gnd, ac- coupled set by smbus register control to -12 db maximum de-emphasis setting relative to the nominal 0 db de-emphasis level set at the minimum de-emphasis setting t r , t f transition time (rise and fall transition time control = full slew rate 39 ps times) (9) (10) transition time control = limited slew 50 ps rate l ro maximum differential output 100 mhz ? 6 ghz (8) -15 db return loss - |sdd22| t dp propagation delay retimed data (11) 300 ps t de de-emphasis pulse duration (12) measured at v od = 1000 mv p-p , de- 75 ps emphasis setting = -12 db tj output total jitter measured at ber = 10 -12 (13) 10 ps t skew intra pair skew difference in 50% crossing between 3 ps txpn and txnn for any output (5) differential signal amplitude at the transmitter output providing < 1x10 -12 bit error rate. measured at 10.3125 gbps with a prbs-31 data pattern. input transmission channel is 40-inch long fr-4 stripline, 4-mil trace width. (6) differential signal amplitude at the transmitter output providing < 1x10 -12 bit error rate. measured at 10.3125 gbps with a prbs-31 data pattern. input transmission channel is 30-inch long fr-4 stripline, 4-mil trace width. (7) differential signal amplitude at the transmitter output providing < 1x10 -12 bit error rate. measured at 10.3125 gbps with a prbs-31 data pattern. no input transmission channel. (8) measured with 10 mhz clock pattern output. (9) measured with clock-like {11111 00000} pattern. (10) slew rate is controlled by smbus register settings. (11) typical at 10.3125 gbps bit rate. (12) de-emphasis pulse width varies with v od and de-emphasis settings. (13) typical with no output de-emphasis, minimum output transmission channel. copyright ? 2011 ? 2013, texas instruments incorporated submit documentation feedback 7 product folder links: DS110DF410 

 DS110DF410 snls397b ? october 2011 ? revised may 2013 www.ti.com electrical characteristics (continued) over recommended operating supply and temperature ranges with default register settings unless otherwise specified. (1) symbol parameter conditions min typ max units clock and data recovery bw pll pll bandwidth measured at 10.3125 gbps 5 mhz -3 db j tol input sinusoidal jitter tolerance measured at ber = 10 -15 10 khz to 250 mhz sinusoidal jitter 0.6 ui frequency j trans jitter transfer measured at ber = 10 -15 sinusoidal jitter at 10 mhz jitter -6 db frequency t lock cdr lock time, fixed (manual setting) of ctle, dfe ref_mode 3, heo/veo lock monitor disabled 2 ms fixed data rate (eg. 10.3125 (register 0x3e, bit 7 set to 0) gbps) fixed (manual setting) of ctle, dfe heo/veo lock monitor enabled 12 ms (register 0x3e, bit 7 set to 1 - default) medium (20 inch) channel loss with ctle and dfe adaption, 74 ms heo/veo lock monitor must be enabled (14) temp lock cdr lock, lock temperature range 90  c ref_mode 3, 10.3125 gbps tested at -5  c to +85  c (14) the cdr lock time is when the input has a valid signal to when the output sends retimed data. the cdr lock time is after the ctle adaption is completed. in adapt_mode 2 or 3, the dfe adaption will continue after the cdr lock time. 8 submit documentation feedback copyright ? 2011 ? 2013, texas instruments incorporated product folder links: DS110DF410 

 DS110DF410 www.ti.com snls397b ? october 2011 ? revised may 2013 functional description the DS110DF410 is a low-power multi-rate 4-channel retimer. each of the four channels operates independently. each channel includes a continuous-time linear equalizer (ctle) which compensates for the presence of a dispersive transmission channel between the source and the DS110DF410's input. each channel of the DS110DF410 also includes a five-tap decision feedback equalizer (dfe). this is a nonlinear, symbol-spaced adaptive equalizer which compensates for signal impairments that are not properly compensated by the ctle. the dfe provides improved compensation for crosstalk and inter-symbol interference (isi). each channel includes an independent voltage-controlled oscillator (vco) and phase-locked loop (pll) which produce a clean clock. the clean clock produced by the vco and the pll is phase-locked to the incoming data clock, but the high-frequency jitter on the incoming data is attenuated by the pll, producing a clean clock with substantially reduced jitter. this clean clock is used to retime the incoming data, removing high-frequency jitter from the data stream and producing a data output signal with reduced jitter. each channel of the DS110DF410 features an output driver with programable differential output voltage and output de-emphasis control. the output de-emphasis compensates for dispersion in the transmission channel at the output. there are functions together make up the data path for the DS110DF410. figure 1. DS110DF410 data path block diagram ? one of four channels device data path operation the data path operation of the DS110DF410 comprises three functional sections as shown in the data path block diagram of figure 1 . the three functional sections are as follow. ? channel equalization ? clock and data recovery ? output driver channel equalization physical transmission media such as traces on printed circuit boards (pcbs) or copper cables exhibit a low-pass frequency response characteristic. the magnitude of the high-frequency loss varies with the length of the transmission media and with the loss of the materials which comprise it. this differential high-frequency loss and the frequency-dependent group delay of the transmission media introduce inter-symbol interference in the high- speed broadband signals propagating through the transmission media. the DS110DF410 applies a frequency-response equalization function to the incoming data stream. the equalization function reduces the effect of the frequency-dependent loss in the transmission media between the transmitter output and the input of the DS110DF410. the device includes a continuous time linear equalizer or ctle which applies the frequency-response equalization. the ctle is designed to provide a controlled-amount of high-frequency boost to the signal in the frequency domain to compensate for the frequency-dependent loss in the transmission media. copyright ? 2011 ? 2013, texas instruments incorporated submit documentation feedback 9 product folder links: DS110DF410   rxpn rxnn eq retimer driver txpn txnn smbus sda sdc refclk_in smbus lock en_smb 100 
 100 
 signal  detect smbus cdr

 DS110DF410 snls397b ? october 2011 ? revised may 2013 www.ti.com the ctle is a four-stage variable boost high-gain amplifier with a quasi-high-pass characteristic. each of the four stages can be set to provide various amounts of high-frequency boost with the overall transfer function of the ctle set by the cascade of all four sections. the high-frequency boost of each ctle stage is variable. the optimum boost for each stage is one that causes the transfer function magnitude of the transmission channel and the ctle in cascade to be flat over a band of frequencies extending up to half the data rate which is commonly referred to as the ? nyquist ? frequency. in normal operation, the DS110DF410/ds100rt410 sets the boost of the ctle automatically to approximate the optimum cascaded response. in addition to the ctle, the DS110DF410 includes a clock-based decision-feedback equalizer or dfe. the dfe operates as a symbol-spaced, discrete-time, nonlinear analog filter which provides additional discrimination against signal impairments, both those arising from the dispersive transmission channel between the transmitter and the DS110DF410 and those arising from noise in the system and crosstalk between transmission channels. the dfe introduces an analog summing node between the ctle output and the comparator, which makes the ? decision ? whether the current bit is a 1 or a 0. at this summing node scaled versions of the previous five decision results (bits) are added in an analog fashion to the input signal at the summing node, and the output of the summing node is the input to the comparator. this is a well-known type of discrete-time nonlinear adaptive filter. the scaling or tap weight and the algebraic sign of each of the five taps of the dfe are variable. in normal operation the DS110DF410 sets the tap weights and polarities automatically to approximate the optimum noise and crosstalk-free response. clock and data recovery the DS110DF410 performs its clock and data recovery function by detecting the bit transitions in the incoming data stream and locking its internal vco to the clock represented by the mean arrival times of these bit transitions. this process produces a recovered clock with greatly reduced jitter at jitter frequencies outside the bandwidth of the cdr phase-locked loop (pll). this is the primary benefit of using the DS110DF410 in a system. it significantly reduces the jitter present in the data stream, in effect resetting the jitter budget for the system. output driver once the highspeed input data has been retimed by the DS110DF410 to the recovered, cleaned clock, it is output to the next device in the signal path using the output driver. the DS110DF410 is commonly used in applications where lossy transmission media exist both at the input and the output. the ctle and the dfe compensate for lossy transmission media at the input to the DS110DF410. the output de-emphasis compensates for the lossy transmission media at the output of the DS110DF410. when there is a transition in the output data stream, the output differential voltage reaches its configured maximum value within the configured rise/fall time of the output driver. following this, the differential voltage rapidly falls off until it reaches the configured vod level minus the configured de-emphasis level. this accentuates the high-frequency components of the output driver signal at the expense of the low-frequency components. this pre-distorted signal, with its high-frequency components emphasized relative to its low- frequency components, travels down the dispersive transmission media at the output of the DS110DF410 with less inter-symbol interference than an undistorted signal would exhibit. the output driver is capable of driving variable output voltages with variable amounts of analog de-emphasis. the output voltage and de-emphasis level can be configured by writing registers over the smbus. the DS110DF410 cannot determine independently the appropriate output voltage or de-emphasis setting, so the user is responsible for configuring these parameters. they can be set for each channel independently. an idealized transmit waveform with analog de-emphasis applied is shown in figure 2 . 10 submit documentation feedback copyright ? 2011 ? 2013, texas instruments incorporated product folder links: DS110DF410 

 DS110DF410 www.ti.com snls397b ? october 2011 ? revised may 2013 figure 2. idealized de-emphasis waveform device configuration information the DS110DF410 can be configured by the user to optimize its operation. the four channels can be optimized independently in smbus master or smbus slave mode. the operational settings available for user configuration include the following. ? ctle boost setting ? dfe tap weight and polarity setting ? rate and subrate setting ? reference clock setting ? driver output voltage ? driver output de-emphasis ? driver output rise/fall time configuration of the DS110DF410 is accomplished by writing the appropriate values into various device registers over the smbus. this can either be done while the device is operating or upon initial power-up. when the DS110DF410 is operating it behaves like an smbus slave device, and its register contents can be read or written over the smbus. optionally, when the DS110DF410 first powers up, it can behave like an smbus master and read its register contents autonomously from an external eeprom. ctle boost setting the ctle is a four-stage amplifier with an adjustable, quasi-high-pass transfer function on each stage. the overall frequency response of the ctle is set by adjusting the boost of each stage independently. each stage of the ctle can be set to one of four boost settings. the amount of high-frequency boost supplied by each stage generally increases with increasing boost settings. the ctle can also be configured to adapt automatically to provide the optimum boost level for its input signal. automatic adaptation of the ctle only is the default mode of operation for the DS110DF410. dfe tap weight and polarity setting the DS110DF410 includes a five-tap decision-feedback equalizer (dfe) which operates on the signal at the output of the ctle. when the tap weights and polarities are properly set, the dfe approximates a matched filter for the input transmission channel frequency response as modified by the ctle frequency response. the ctle and the dfe work together to compensate for the input transmission channel response. the dfe discriminates against input noise and random jitter as well as against crosstalk at the input to the DS110DF410. when the dfe tap weights and polarities are properly set the DS110DF410 cdr operates at an acceptable ber with more severe channel impairments than can be compensated with the ctle alone. copyright ? 2011 ? 2013, texas instruments incorporated submit documentation feedback 11 product folder links: DS110DF410   0 1 2 3 4 5 6 7 8 9 10 -1.0 -0.5 0.0 0.5 1.0 vod (v) time (ui)

 DS110DF410 snls397b ? october 2011 ? revised may 2013 www.ti.com it is possible to automatically or manually set the tap weights and polarities in the DS110DF410. determining the correct tap weights manually is difficult and time-consuming, so the DS110DF410 is designed to automatically adapt the dfe tap weights and polarities in normal operation. this automatic adaptation provides superior ber performance for noisy channels and channels subject to crosstalk aggressors. the dfe is powered down by default. in order for the dfe tap weights and polarities to be applied to the input signal, bit 3 of register 0x1e, the dfe_pd bit, should be set to 0 to power up the dfe. also the adapt mode setting in register 0x31, bits[6:5] should be set to 2b'10 or 2b'11 so the device can automatically adapt the ctle and dfe. data rate and standard setting register 0x2f, bits 7:4, register 0x36, bits 2:0, and registers 0x60, 0x61, 0x62, 0x63, and 0x64 the DS110DF410 is part of a family of retimer devices differentiated by different vco frequency ranges. each device in the retimer family is designed for operation in specific frequency bands and with specific data rate standards. the DS110DF410 is designed to lock rapidly to any valid signal present at its inputs. it is also designed to detect incorrect lock conditions which can arise when the input data signals are strongly periodic. this condition is referred to as ? false lock ? . the DS110DF410 discriminates against false lock by using its 25 mhz reference to ensure that the vco frequency resulting from its internal phase-locking process is correct. to determine the correct vco frequency, the digital circuitry in the DS110DF410 requires some user-supplied information about the expected data rate or data rates. this information is provided by writing several device register using the smbus. standards-based modes the DS110DF410 is designed to automatically operate with various multi-band data standards. the first set of register writes constrain the coarse vco tuning and the vco divider ratios. when these registers are set as indicated in table 1 , the DS110DF410 restricts its coarse vco tuning to a set of coarse tuning values. it also restricts the vco divider ratio to the set of divider ratios required to cover the frequency bands for the desired data rate standard. this enables the DS110DF410 to acquire phase lock more quickly than would be possible if the coarse tuning range were unrestricted. table 1. standards-based modes register settings standards data rates (gbps) vco frequencies (ghz) divider ratios register 0x2f value (hex) ethernet 1.25, 10.3125 10.0, 10.3125 1, 8 0x04 fibre-channel 2.125, 4.25, 8.5, 10.51875 8.5, 10.51875 1, 2, 4 0x14 infiniband 2.5, 5, 10 10.0 1, 2, 4 0x24 sdh/sonet 2.48832, 9.95328 9.5328 1, 4 0x54 prop1a 8.25 8.25 1 0x74 prop1b 8.5 8.5 1 0x84 interlaken 2 10.3125 10.3125 1 0xc4 sff-8431 9.95328 9.95328 1 0xd4 as an example of the usage of the registers in table 1 , assume that the retimer is required to operate in 10 gbe or 1gbe mode. by setting register 0x2f, bits 7:4, to 4'b0000, the DS110DF410 will automatically set its divider ratio and its coarse vco tuning setting to lock to either a 10 gbe signal (at 10.3125 gb/s) or a 1 gbe signal (at 1.25 gb/s) at its input. for fibre-channel, the standard requiring a 10.51875 ghz vco frequency and the standard requiring an 8.5 ghz vco frequency require different settings for the registers shown in the table. the retimer cannot automatically switch between these two standards. for the some standards shown in the table above, the required vco frequency is the same for each data rate in the standard. only the divider ratios are different. the retimer can automatically switch between the required divider ratios with a single set of register settings. for other data rates, it is also necessary to set the expected ppm count and the ppm count tolerance. these are the values the retimer uses to detect a valid frequency lock. 12 submit documentation feedback copyright ? 2011 ? 2013, texas instruments incorporated product folder links: DS110DF410 

 DS110DF410 www.ti.com snls397b ? october 2011 ? revised may 2013 for the 10 gbe and 1 gbe mode shown in the table above, two frequency groups are defined. these two frequency groups are referred to as ? group 0 ? , for 1 gbe, and ? group 1 ? , for 10 gbe. this same frequency group structure is present for all frequency modes, but for some modes the expected frequency for both groups is the same. the expected ppm count information for group 0 is set in registers 0x60 and 0x61. for group 1, it is set in registers 0x62 and 0x63. for both groups, the ppm count tolerance is set in register 0x64. the value of the ppm count for either group is computed the same way from the expected data rate in gbps, r gbps . the ppm count value, denoted n ppm , is computed by n ppm = r gbps x 1280. as an example we consider the ppm count setup for 10 gbe and 1 gbe. the expected ppm count for group 0, which in this case is 1 gbe, is set in registers 0x60 and 0x61. the expected vco frequency for 1 gbe is 10.0 ghz. the actual data rate for 1 gbe, which is 8b/10b coded, is 1.25 gbps. with a vco divide ratio of 8, which is the divide ratio automatically used by the retimer for 1 gbe, this yields a vco frequency of 10.0 ghz. we compute the ppm count as n ppm = 10.0 x 1280 = 12,800. this is a decimal value. in hexadecimal, this is 0x3200. the lower-order byte is loaded into register 0x60. the higher order byte, 0x32, is loaded into the 7 least- significant bits of register 0x61. in addition, bit 7 of register 0x61 is set, indicating manual load of the ppm count. when this is complete, register 0x60 will contain 0x00. register 0x61 will contain 0xb2. for the example we are considering, group 1 is for 10 gbe. here the actual data rate for the 64/66b encoded 10 gbe data is 10.3125 gbps. for 10 gbe, the retimer automatically uses a divide ratio of 1, so the vco frequency is also 10.3125 ghz. for 10 gbe, we compute the expected ppm count as n ppm = 10.3125 x 1280 = 13,200. again, this is a decimal value. in hexadecimal, this is 0x3390. the lower order byte for group 1, 0x90, is loaded into register 0x62. the higher-order byte, 0x33, is loaded into the 7 least-significant bits of register 0x63. as with the group 0 settings, bit 7 of register 0x63 is also set. when this is complete, register 0x62 will contain 0x90. register 0x63 will contain 0xb3. finally, register 0x64 should be set to a value of 0xff. this is the ppm count tolerance. the resulting tolerance in parts per million is given by tol ppm = (1 x 10^ -6 x n tol ) / n ppm . in this equation, n tol is the 4-bit tolerance value loaded into the upper or lower four bits of register 0x64. for the example we are using here, both of these values are 0xf, or decimal 15. for a ppm count value of 12,800, for group 0, this yields a tolerance of 1172 parts per million. for a ppm count value of 13,200, for group 1, this yields a tolerance of 1136 parts per million. these tolerance values can be reduced if it is known that the frequency accuracy of the system and of the 25 mhz reference clock are very good. for most applications, however, a value of 0xff in register 0x64 will give robust performance. for all the other standards shown in table 1 the expected ppm count for group 0 (registers 0x60 and 0x61) and group 1 (registers 0x62 and 0x63) will be set the same, since there is only one vco frequency for these standards. the expected ppm count and tolerance are computed as described above for 10 gbe and 1 gbe. the same values are written to each pair of ppm count registers for these standards. as is the case with the standards-based mode of operation, the expected ppm count value and the ppm count tolerance must be written to registers 0x60, 0x61, 0x62, 0x63, and 0x64. these are computed exactly as described above for the standards-based mode of operation. since the frequency-range-based mode of operation uses both group 0 and group 1 with the same expected ppm count, the same values should be loaded into the pairs of registers 0x60 and 0x62, and 0x61 and 0x63. as an example, suppose that the expected data rate is 8.5 gbps. the vco frequency for the frequency-range- based mode of operation is also 8.5 ghz. so we compute n ppm = 8.5 x 1280 = 10,880. this is a decimal value. in hexadecimal this is 0x2a80. we write the lower-order byte, 0x80 into registers 0x60 and 0x62. we write the higher order byte, 0x2a, into the least-significant 7 bits of registers 0x61 and 0x63. we also set bit 7 of registers 0x61 and 0x63. when this operation is complete, registers 0x60 and 0x62 will contain a value of 0x80. registers 0x61 and 0x63 will contain a value of 0xaa. we also write the ppm tolerance into both the upper and lower four bits of register 0x64. if we write this register to a value of 0xff, then the ppm count tolerance in parts per million will be given by tol ppm = (1 x 10^ -6 x n tol ) / n ppm = 1379 parts per million. this value will be appropriate for most systems. copyright ? 2011 ? 2013, texas instruments incorporated submit documentation feedback 13 product folder links: DS110DF410 

 DS110DF410 snls397b ? october 2011 ? revised may 2013 www.ti.com in summary, for data rates that correspond to the pre-defined standards for the DS110DF410, the standards- based mode of operation can be used. this mode offers automatic switching of the divide ratio (and, for 10 gbe and 1 gbe, the vco frequency) to easily accommodate operation over harmonically-related data rates. for data rates that are not covered by the pre-defined standards, the frequency-range-based mode of operation can be used. this mode works with a fixed divider ratio, which is nominally 1. however, the divider ratio can be forced to other values if desired. the register configuration procedure is as follow: 1. select the desired channel of the DS110DF410 by writing the appropriate value to register 0xff. 2. set bits 5:4 of register 0x36 to a value of 2'b11 as described above to enable the 25 mhz reference clock. 3. write registers 0x2f, and 0x36 with the correct values. 4. compute the expected ppm count values for group 0 and group 1 as described above. 5. write the expected ppm count values into registers 0x60-0x63 as described above, setting bit 7 of both registers 0x61 and 0x63. 6. set the value 0xff into register 0x64 for an approximate ppm count tolerance of 1100-1400 ppm. 7. reset the retimer cdr by setting and then clearing bits 3:2 of register 0x0a. if there is a signal at the correct data rate present at the input to the DS110DF410, the retimer will lock to it. in ref_mode 3, bits 5:4 of register 0x36 are set to 2'b11, it is not necessary to set the cap dac values the DS110DF410 determines the correct cap dac values automatically. because it is not necessary to set the cap dac values for group 0 and group 1 a-priori in ref_mode 3, the DS110DF410 can be set up to use automatically switching divider ratios and arbitrary vco frequencies in this mode. the mapping of values in register 0x2f, bits 7:4, versus the divider ratios used for each of the two groups is shown in table 2 . table 2. divider ratio settings versus register 0x2f setting register 0x2f, bits 7:4 divider ratio group 0 divider ratio group 1 4'b0000 8 1 4'b0001 1, 2, 4 1 4'b0010 1, 2, 4 1, 2, 4 4'b0100 2, 4 2, 4 4'b0101 1, 4 1, 4 4'b0110 1, 2, 4, 8 1, 2, 4, 8 4'b0111 1 1 4'b1000 1 1 4'b1010 2 2 4'b1100 1 1 4'b1101 1 1 note that for the entries in table 2 where the divider ratios are the same for the two groups, the expected ppm count for the two groups does not have to be the same. therefore, in ref_mode 3, a single set of register settings can be used to specify multiple vco frequencies either with the same divider ratio or with different divider ratios. ref_mode 3 mode (reference clock required) ref_mode 3 requires an external 25 mhz clock. this mode of operation is set in register 0x36 bits [5:4] = 2'b11 and is the default setting. in ref_mode 3, the external reference clock is used to aid initial phase lock, and to determine when its vco is properly phase-locked. an external oscillator should be used to generate a 2.5v, 25 mhz reference signal which is connected to the DS110DF410 on the reference clock input pin (pin 19). the DS110DF410 does not include a crystal oscillator circuit, so a stand-alone external oscillator is required. the reference clock speeds up the initial phase lock acquisition. the DS110DF410 is set to phase lock to a known data rate, or a constrained set of known data rates, and the digital circuitry in the DS110DF410 preconfigures the vco frequency. this enables the DS110DF410 phase-lock to the incoming signal very quickly. the reference clock is used to calibrate the vco coarse tuning. however, the reference clock is not synchronous to the data stream, and the quality of the reference clock does not affect the jitter on the output retimed data. the retimed data clock for each channel is synchronous to the vco internal to that channel of the DS110DF410. 14 submit documentation feedback copyright ? 2011 ? 2013, texas instruments incorporated product folder links: DS110DF410 

 DS110DF410 www.ti.com snls397b ? october 2011 ? revised may 2013 the phase noise of the reference clock is not critical. any commercially-available 25 mhz oscillator can provide an acceptable reference clock. the reference clock can be daisy-chained from one retimer to another so that only one reference oscillator is required in a system. false lock detector setting the register 0x2f, bit 1 is set to 1 by default, which disables the false lock detector. this bit must be set to 0 to enable the false lock detector function. reference clock in refclk_in pin 19 is for reference clock input. a 25 mhz oscillator should be connected to pin 19. see electrical characteristics for the requirements on the 25 mhz clock. the frequency of the reference clock should always be 25 mhz no matter what data rate or mode of operation is used. reference clock out refclk_out pin 42 is the reference clock output pin. the DS110DF410 drives a buffered replica of the 25 mhz reference clock input on this output pin. if there are multiple ds100df410 in the system, the refclk_out pin can be directly connected to the refclk_in pin of another DS110DF410 in a daisy chain connection. with an input reflck_in of 50/50 duty cycle, the refclk_out output from the buffer can have a slight duty cycle distortion of 46/54, which is about 1.6 ns duty cycle distortion for the 25 mhz clock (period = 40 ns). the number of daisy chain connection should be limited to 12 or less. if there are more device used in the system, the best option is to connect the external 25 mhz oscillator to a clock fanout buffer to distribute the 25 mhz clock to each ds110f410, which would insures there is a reference clock for the DS110DF410. driver output voltage the differential output voltage of the DS110DF410 can be configured from a nominal setting of 600 mv peak-to- peak differential to a nominal setting of 1.3 v peak-to-peak differential, depending upon the application. the driver output voltage as set is the typical peak-to-peak differential output voltage with no de-emphasis enabled. driver output de-emphasis the output de-emphasis level of the DS110DF410 can be configured from a nominal setting of 0 db to a nominal setting of -12 db depending upon the application. larger absolute values of the de-emphasis setting provide more pre-distortion of the output driver waveform, accentuating the high-frequency components of the output driver waveform relative to the low-frequency components. greater values of de-emphasis can compensate for greater dispersion in the transmission media at the output of the DS110DF410. the output de-emphasis level as set is the typical value to which the output signal will settle following the de-emphasis pulse interval in db relative to the output vod. driver output rise/fall time in some applications, a longer rise/fall time for the output signal is desired. this can reduce electromagnetic interference (emi) generated by fast switching waveforms. this is necessary in some applications for regulatory compliance. in others, it can reduce the crosstalk in the system. the DS110DF410 can be configured to operate with a nominal rise/fall time corresponding to the maximum slew rate of the output drivers into the load capacitance. alternatively, the DS110DF410 can be configured to operate with a slightly greater rise/fall time if desired. for the typical specifications on rise/fall time, see electrical characteristics . int the int line is an open-drain, 3.3v tolerant, lvcmos active-low output. the int lines from multiple DS110DF410 can be wired together and connected to an external controller. the horizontal eye opening/vertical eye opening (heo/veo) interrupt can be enabled using smbus control for each channel independently. this interrupt is disabled by default. the thresholds for horizontal and vertical eye opening that will trigger the interrupt can be set using the smbus control for each channel. if any interrupt occurs, registers in the DS110DF410 latch in information about the event that caused the interrupt. this can then be read out by the controller over the smbus. lock_3, lock_2, lock_1, and lock_0 copyright ? 2011 ? 2013, texas instruments incorporated submit documentation feedback 15 product folder links: DS110DF410 

 DS110DF410 snls397b ? october 2011 ? revised may 2013 www.ti.com each channel of the DS110DF410 has an independent lock indication pin. these lock indication pins, lock_3, lock_2, lock_1, and lock_0, are pin 16, pin 21, pin 40, and pin 45 respectively. these pins are shared with the smbus address strap lines. after the address values have been latched in on power-up, these lines revert to their lock indication function. when the corresponding channel of the DS110DF410 is locked to the incoming data stream, the lock indication pin goes high. this pin can be used to drive an led on the board, giving a visual indication of the lock status, or it can be connected to other circuitry which can interpret the lock status of the channel. 16 submit documentation feedback copyright ? 2011 ? 2013, texas instruments incorporated product folder links: DS110DF410 

 DS110DF410 www.ti.com snls397b ? october 2011 ? revised may 2013 device configuration modes the DS110DF410 can be configured using two different methods. ? smbus master configuration mode ? smbus slave configuration mode the configuration mode is selected by the state of the smbus enable pin (pin 20) when the DS110DF410 is powered-up. this pin should be either left floating or tied to the device v dd through an optional 1k ? resistor. the effect of each of these settings is shown in table 3 . table 3. smbus enable settings pin setting configuration mode description float smbus master mode device reads its configuration from an external eeprom on power-up high (1) smbus slave mode device is configured over the smbus by an external controller smbus master mode and smbus slave mode in smbus master mode the DS110DF410 reads its initial configuration from an external eeprom upon power- up. a description of the operation of this mode appears in a separate application note. some of the pins of the DS110DF410 perform the same functions in smbus master and smbus slave mode. once the DS110DF410 has finished reading its initial configuration from the external eeprom in smbus master mode it reverts to smbus slave mode and can be further configured by an external controller over the smbus. there are two pins that provide unique functions in smbus master mode. these are as follows: ? all_done ? read_en these pins are meant to work together. when the DS110DF410 is powered up in smbus master mode, it reads its configuration from the external eeprom when the read_en pin goes low. when the DS110DF410 finish reading its configuration from the external eeprom, it drives its all_done pin low. in this mode, as the name suggests, the ds100df410 acts as an smbus master during the time it is reading its configuration from the external eeprom. after the DS110DF410 has finished reading its configuration from the eeprom, it releases control of the smbus and becomes a smbus slave. in applications where there is more than one DS110DF410 on the same smbus, bus contention can result if more than one device tries to take command of the smbus at the same time. the read_en and all_done pins prevent this bus contention. the system should be designed so that the read_en pin of the first device in the system is driven low on power-up. this first DS110DF410 will take command of the smbus on power-up and will read its initial configuration from the external eeprom. when it is finished reading its configuration, it will set its all_done pin low. this pin should be connected to the read_en pin of another DS110DF410. when this DS110DF410 senses its read_en pin driven low, it will take command of the smbus and read its initial configuration from the external eeprom, after which it will set its all_done pin low. by connecting the all_done pin of each DS110DF410 to the read_en pin of the next DS110DF410, each DS110DF410 can read its initial configuration from the eeprom without causing bus contention. for smbus slave mode, the read_en pin must be tied low . do not leave it floating or tie it high. a connection diagram showing several DS110DF410s along with an external eeprom and an external smbus master is shown in figure 3 below. the smbus master must be prevented from trying to take control of the smbus until the DS110DF410s have finished reading their initial configurations from the eeprom. copyright ? 2011 ? 2013, texas instruments incorporated submit documentation feedback 17 product folder links: DS110DF410 

 DS110DF410 snls397b ? october 2011 ? revised may 2013 www.ti.com figure 3. connection diagram for multiple DS110DF410s in smbus master mode in smbus master mode after the DS110DF410 has finished reading its initial configuration from the external eeprom it reverts to smbus slave mode. in either mode the smbus data and clock lines, sda and sdc, are used. also, in either mode, the smbus address is latched in on the address strap lines on power-up. in smbus slave mode, if the read_en pin is not tied low, the DS110DF410 will not latch in the address on its address strap lines. it will instead latch in an smbus write address of 0x30 regardless of the state of the address strap lines. this is a test feature. obviously a system with multiple retimers cannot operate properly if all the retimers are responding to the same smbus address. tie the read_en pin low when operating in smbus slave mode to avoid this condition. the DS110DF410 reads its smbus address upon power-up from the smbus address lines. address lines < addr_[3:0] > in either smbus master or smbus slave mode the DS110DF410 must be assigned an smbus address. a unique address should be assigned to each device on the smbus. the smbus address is latched into the DS110DF410 on power-up. the address is read in from the state of the < addr_[3:0] > lines (pins 16, 21, 40, and 45 respectively) upon power-up. in either smbus mode these address lines are input pins on power-up. 18 submit documentation feedback copyright ? 2011 ? 2013, texas instruments incorporated product folder links: DS110DF410   sda sdc from external  smbus master eeprom sda sdc addr0 addr1 addr2 one or both of these lines should  float for an eeprom larger than  256 bytes set to unique  smbus  address set to unique  smbus  address DS110DF410 sda sdc all_done_n read_en_n addr0 addr1 addr2 addr3 DS110DF410 sda sdc all_done_n read_en_n addr0 addr1 addr2 addr3 DS110DF410 sda sdc all_done_n read_en_n addr0 addr1 addr2 addr3 DS110DF410 sda sdc all_done_n read_en_n addr0 addr1 addr2 addr3 set to unique  smbus  address DS110DF410 sda sdc all_done_n read_en_n addr0 addr1 addr2 addr3 set to unique  smbus  address set to unique  smbus  address

 DS110DF410 www.ti.com snls397b ? october 2011 ? revised may 2013 the DS110DF410 can be configured with any of 16 smbus addresses. the smbus addressing scheme uses the least-significant bit of the smbus address as the read/ write_n address bit. when an smbus device is addressed for writing, this bit is set to 0; for reading, to 1. the table below shows the write address setting for the DS110DF410 versus the values latched in on the address lines at power-up. the address byte sent by the smbus master over the smbus is always 8 bits long. the least-significant bit indicates whether the address is for a write operation, in which the master will output data to the smbus to be read by the slave, or a read operation, in which the slave will output data to the smbus to be read by the master. if the least-significant bit is a 0, the address is for a write operation. if it is a 1, the address is for a read operation. accordingly, smbus addresses are sometimes referred to as seven-bit addresses. to produce the write address for the smbus, the seven-bit address is left-shifted by one bit. to produce the read address, it is left shifted by one bit and the least-significant bit is set to 1. table 4 shows the seven-bit addresses corresponding to each set of address line values. when the DS110DF410 is used in smbus slave mode, the read_en pin must be tied low. if it is tied high or floating, the DS110DF410 will not latch in its address from the address lines on power-up. when the read_en pin is tied high in smbus slave mode i.e. when the en_smb pin (pin 20) is tied high, the DS110DF410 will revert to an smbus write address of 0x30. this is a test feature. if there are multiple DS110DF410 on the same smbus, they will all revert to an smbus write address of 0x30, which can cause smbus collisions and failure to access the devices over the smbus. table 4. DS110DF410 smbus write address assignment addr_3 addr_2 addr_1 addr_0 smbus write seven-bit smbus address address 0 0 0 0 0x30 0x18 0 0 0 1 0x32 0x19 0 0 1 0 0x34 0x1a 0 0 1 1 0x36 0x1b 0 1 0 0 0x38 0x1c 0 1 0 1 0x3a 0x1d 0 1 1 0 0x3c 0x1e 0 1 1 1 0x3e 0x1f 1 0 0 0 0x40 0x20 1 0 0 1 0x42 0x21 1 0 1 0 0x44 0x22 1 0 1 1 0x46 0x23 1 1 0 0 0x48 0x24 1 1 0 1 0x4a 0x25 1 1 1 0 0x4c 0x26 1 1 1 1 0x4e 0x27 once the DS110DF410 has latched in its smbus address, its registers can be read and written using the two pins of the smbus interface, serial data (sda) and serial data clock (sdc). sda and sdc in both smbus master and smbus slave mode, the DS110DF410 is configured using the smbus. the smbus consists of two lines, the sda or serial data line (pin 18) and the sdc or serial clock line (pin 17). in the DS110DF410 these pins are 3.3v tolerant. the sda and sdc lines are both open-drain. they require a pull-up resistor to a supply voltage, which may be either 2.5v or 3.3v. a pull-up resistor in the 2k  to 5k  range will provide reliable smbus operation. the smbus is a standard communications bus for configuring simple systems. for a specification of the smbus an description of its operation, see http://smbus.org/specs/ . copyright ? 2011 ? 2013, texas instruments incorporated submit documentation feedback 19 product folder links: DS110DF410 

 DS110DF410 snls397b ? october 2011 ? revised may 2013 www.ti.com register information there are two types of device registers in the DS110DF410. these are the control/shared registers and the channel registers. the control/shared registers control or allow observation of settings which affect the operation of all channels of the DS110DF410. they are also used to select which channel of the device is to be the target channel for reads from and writes to the channel registers. the channel registers are used to set all the configuration settings of the DS110DF410. they provide independent control for each channel of the DS110DF410 for all the settable device characteristics. any registers not described in the tables that follow should be treated as reserved. the user should not try to write new values to these registers. the user-accessible registers described in the tables that follow provide a complete capability for customizing the operation of the DS110DF410 on a channel-by-channel basis. bit fields in the register set many of the registers in the DS110DF410 are divided into bit fields. this allows a single register to serve multiple purposes, which may be unrelated. often configuring the DS110DF410 requires writing a bit field that makes up only part of a register value while leaving the remainder of the register value unchanged. the procedure for accomplishing this is to read in the current value of the register to be written, modify only the desired bits in this value, and write the modified value back to the register. of course, if the entire register is to be changed, rather than just a bit field within the register, it is not necessary to read in the current value of the register first. in all the register configuration procedures described in the following sections, this procedure should be kept in mind. in some cases, the entire register is to be modified. when only a part of the register is to be changed, however, the procedure described above should be used. writing to and reading from the control/shared registers any write operation targeting register 0xff writes to the control/shared register 0xff. this is the only register in the DS110DF410 with an address of 0xff. bit 2 of register 0xff is used to select either the control/shared register set or a channel register set. if bit 2 of register 0xff is cleared (written with a 0), then all subsequent read and write operations over the smbus are directed to the control/shared register set. this situation persists until bit 2 of register 0xff is set (written with a 1). there is a register with address 0x00 in the control/shared register set, and there is also a register with address 0x00 in each channel register set. if you read the value in register 0x00 when bit 2 of register 0xff is cleared to 0, then the value returned by the DS110DF410 is the value in register 0x00 of the control/shared register set. if you read the value in register 0x00 when bit 2 of register 0xff is set to 1, then the value returned by the DS110DF410 is the value in register 0x00 of the selected channel register set. the channel register set is selected by bits 1:0 of register 0xff. if bit 3 of register 0xff is set to 1 and bit 2 of register 0xff is also set to 1, then any write operation to any register address will write all the channel register sets in the DS110DF410 simultaneously. this situation will persist until either bit 3 of register 0xff or bit 2 of register 0xff is cleared. note that when you write to register 0xff, independent of the current settings in register 0xff, the write operation always targets the control/shared register 0xff. this channel select register, register 0xff, is unique in this regard. table 5 shows the control/shared register set. any register addresses or register bits in the control/shared register set not shown in this table should be considered reserved. in this table, the mode is either r for read- only, r/w for read-write, or r/w/sc for read-write-self-clearing. if you try to write to a read-only register, the DS110DF410 will ignore it. table 5. control/shared registers address (hex) bits default value (hex) mode description 0x00 7:4 0x0 r smbus address strap observation < 3:0 > 0x01 7:5 0x6 r device revision 4:0 0x10 r device id 20 submit documentation feedback copyright ? 2011 ? 2013, texas instruments incorporated product folder links: DS110DF410 

 DS110DF410 www.ti.com snls397b ? october 2011 ? revised may 2013 table 5. control/shared registers (continued) address (hex) bits default value (hex) mode description 0x04 6 0x0 r/w/sc self-clearing reset for control/shared registers 5 0x0 r/w reset for smbus master mode 4 0x0 r/w force eeprom configuration 0x05 7 0x0 r/w disable master mode eeprom configuration 4 (1) r eeprom read complete 3 0x0 r set on channel 0 interrupt 2 0x0 r set on channel 1 interrupt 1 0x0 r set on channel 2 interrupt 0 0x0 r set on channel 3 interrupt 0x06 3:0 0x0 r/w diagnostic test control set to 0xa to read smbus strap values from register 0x00 0xff 3 0x0 w selects all channels for register write see table 6 2 0x0 w enables register write to one or all channels and register read from one channel see table 6 1:0 0x0 w selects target channel for register reads and writes see table 6 (1) there is no default value. this bit always indicates whether the eeprom read is complete or not. smbus strap observation register 0x00, bits 7:4 and register 0x06, bits 3:0 in order to communicate with the DS110DF410 over the smbus, it is necessary for the smbus controller to know the address of the DS110DF410 . the address strap observation bits in control/shared register 0x00 are primarily useful as a test of smbus operation. there is no way to get the DS110DF410 to tell you what its smbus address is unless you already know what it is. in order to use the address strap observation bits of control/shared register 0x00, it is necessary first to set the diagnostic test control bits of control/shared register 0x06. this four-bit field should be written with a value of 0xa. when this value is written to bits 3:0 of control/shared register 0x06, then the value of the smbus address straps can be read in register 0x00, bits 7:4. the value read will be the same as the value present on the addr3:addr0 lines when the DS110DF410 was powered up. for example, if a value of 0x1 is read from control/shared register 0x00, bits 7:4, then at power-up the addr0 line was set to 1 and the other address lines, addr3:addr1, were all set to 0. the DS110DF410 is set to an smbus write address of 0x32. device revision and device id register 0x01 control/shared register 0x01 contains the device revision and device id. the device revision shown in table 5 is the current revision for the DS110DF410. the device id will be different for the different devices in the retimer family. the value shown in register 0x01, bits 4:0 = 0x10 is the correct values for the DS110DF410. this register is useful because it can be interrogated by software to determine the device variant and revision installed in a particular system. the software might then configure the device with appropriate settings depending upon the device variant and revision. control/shared register reset register 0x04, bit 6 register 0x04, bit 6, clears all the control/shared registers back to their factory defaults. this bit is self-clearing, so it is cleared after it is written and the control/shared registers are reset to their factory default values. interrupt channel flag bits register 0x05, bits 3:0 the operation of these bits is described in the section on interrupt handling later in this data sheet. copyright ? 2011 ? 2013, texas instruments incorporated submit documentation feedback 21 product folder links: DS110DF410 

 DS110DF410 snls397b ? october 2011 ? revised may 2013 www.ti.com smbus master mode control bits register 0x04, bits 5 and 4 and register 0x05, bits 7 and 4 register 0x04, bit 5, can be used to reset the smbus master mode. this bit should not be set if the DS110DF410 is in smbus slave mode. this is an undefined condition. when this bit is set, if the en_smb pin is floating (meaning that the DS110DF410 is in smbus master mode), then the DS110DF410 will read the contents of the external eeprom when the read_en pin is pulled low. this bit is not self-clearing, so it should be cleared after it is set. when the DS110DF410 en_smb pin is floating (meaning that the device is in smbus master mode), it will read from its external eeprom when its read_en pin goes low. after the eeprom read operation is complete, register 0x05, bit 4 will be set. alternatively, the DS110DF410 will read from its external eeprom when triggered by register 0x04, bit 4, as described below. when register 0x04, bit 4, is set, the DS110DF410 reads its configuration from an external eeprom over the smbus immediately. when this bit is set, the DS110DF410 does not wait until the read_en pin is pulled low to read from the eeprom. this eeprom read occurs whether the DS110DF410 is in smbus master mode or not. if the read from the eeprom is not successful, for example because there is no eeprom present, then the DS110DF410 may hang up and a power-up reset may be necessary to return it to proper operation. you should only set this bit if you know that the eeprom is present and properly configured. if the eeprom read has already completed, then setting register 0x04, bit 4, will not have any effect. to cause the DS110DF410 to read from the eeprom again it is necessary to set bit 5 of register 0x04, resetting the smbus master mode. if the DS110DF410 is not in smbus master mode, do not set this bit. after setting this bit, it should be cleared before further smbus operations. after smbus master mode has been reset, the eeprom read may be initiated either by pulling the read_en pin low or by then setting register 0x04, bit 4. register 0x05, bit 7, disables smbus master mode. this prevents the DS110DF410 from trying to take command of the smbus to read from the external eeprom. obviously this bit will have no effect if the eeprom read has already taken place. it also has no effect if an eeprom read is currently in progress. the only situations in which disabling eeprom master mode read is valid are (1) when the DS110DF410 is in smbus master mode, but the read_en pin has not yet gone low, and (2) when register 0x04, bit 5, has been used to reset smbus master mode but the eeprom read operation has not yet occurred. do not set this bit and bit 4 of register 0x04 simultaneously. this is an undefined condition and can cause the DS110DF410 to hang up. channel select register register 0xff, bits 3:0 register 0xff, as described above, selects the channel or channels for channel register reads and writes. it is worth describing the operation of this register again for clarity. if bit 3 of register 0xff is set, then any channel register write applies to all channels. channel register read operations always target only the channel specified in bits 1:0 of register 0xff regardless of the state of bit 3 of register 0xff. read and write operations target the channel register sets only when bit 2 of register 0xff is set. bit 2 of register 0xff is the universal channel register enable. this bit must be set in order for any channel register reads and writes to occur. if this bit is set, then read operations from or write operations to register 0x00, for example, target channel register 0x00 for the selected channel rather than the control/shared register 0x00. in order to access the control/shared registers again, bit 2 of register 0xff should be cleared. then the control/shared registers can again be accessed using the smbus. write operations to register 0xff always target the register with address 0xff in the control/shared register set. there is no other register, and specifically, no channel register, with address 0xff. the contents of the channel select register, register 0xff, cannot be read back over the smbus. read operations on this register will always yield an invalid result. all eight bits of this register should always be set to the desired values whenever this register is written. always write 0x0 to the four msbs of register 0xff. the register set target selected by each valid value written to the channel select register is shown in table 6 22 submit documentation feedback copyright ? 2011 ? 2013, texas instruments incorporated product folder links: DS110DF410 

 DS110DF410 www.ti.com snls397b ? october 2011 ? revised may 2013 table 6. channel select register values mapped to register set target register 0xff value (hex) shared/channel broadcast channel targeted channel comments register selection register selection selection 0x00 shared n/a n/a all reads and writes target shared register set 0x04 channel no 0 all reads and writes target channel 0 register set 0x05 channel no 1 all reads and writes target channel 1 register set 0x06 channel no 2 all reads and writes target channel 2 register set 0x07 channel no 3 all reads and writes target channel 3 register set 0x0c channel yes 0 all writes target all channel register sets, all reads target channel 0 register set 0x0d channel yes 1 all writes target all channel register sets, all reads target channel 1 register set 0x0e channel yes 2 all writes target all channel register sets, all reads target channel 2 register set 0x0f channel yes 3 all writes target all channel register sets, all reads target channel 3 register set reading to and writing from the channel registers each of the four channels has a complete set of channel registers associated with it. the channel registers or the control/shared registers are selected by channel select register 0xff. the settings in this register control the target for subsequent register reads and writes until the contents of register 0xff are explicitly changed by a register write to register 0xff. as noted, there is only one register with an address of 0xff, the channel select register. table 7. channel registers address (hex) bits default value (hex) mode field name description 0x00 2 0x0 r/w/sc rst_regs reset channel registers to defaults (self- clearing) 0x01 4 0x0 r cdr_lock_loss_int cdr lock loss interrupt 0 0x0 r signal_detect_loss_int signal detect loss interrupt 0x02 7:0 0x0 r cdr_status cdr status [7:0] bit[7] = ppm count met bit[6] = auto adapt complete bit[5] = fail lock check bit[4] = lock bit[3] = cdr lock bit[2] = single bit limit reached bit[1] = comp lpf high bit[0] = comp lpf low 0x03 7:6 0x0 r/w eq_bst0[1:0] ctle boost stage 0 < 1:0 > 5:4 0x0 r/w eq_bst1[1:0] ctle boost stage 1 < 1:0 > 3:2 0x0 r/w eq_bst2[1:0] ctle boost stage 2 < 1:0 > 1:0 0x0 r/w eq_bst3[1:0] ctle boost stage 3 < 1:0 > 0x08 4:0 0x00 r/w cdr_cap_dac_start[4:0] override starting vco cap dac setting 0 < 4:0 > copyright ? 2011 ? 2013, texas instruments incorporated submit documentation feedback 23 product folder links: DS110DF410 

 DS110DF410 snls397b ? october 2011 ? revised may 2013 www.ti.com table 7. channel registers (continued) address (hex) bits default value (hex) mode field name description 0x09 7 0x0 r/w reg_divsel_vco_cap_ov enable override vco cap dac (registers 0x08 and 0x0b) 5 0x0 r/w reg_bypass_pfd_ov enable override output mux (register 0x1e) 2 0x0 r/w reg_divsel_ov enable override divider select (register 0x18) 0x0a 3 0x0 r/w reg_cdr_reset_ov enable cdr reset override (register 0x0a) 2 0x0 r/w reg_cdr_reset_sm cdr reset override bit 0x0b 4:0 0x0f r/w cdr_cap_dac_start1[4:0] override vco cap dac setting 1 < 4:0 > 0x0d 5 0x0 r/w prbs_patt_shift_e prbs generator clock enable n 0x11 7:6 0x0 r/w eom_sel_vrange[1:0] eye opening monitor voltage range < 1:0 > 5 0x1 r/w eom_pd eye opening monitor power down 3 0x0 r/w dfe_tap2_pol dfe tap 2 polarity 2 0x0 r/w dfe_tap3_pol dfe tap 3 polarity 1 0x0 r/w dfe_tap4_pol dfe tap 4 polarity 0 0x0 r/w dfe_tap5_pol dfe tap 5 polarity 0x12 7 0x1 r/w dfe_tap1_pol dfe tap 1 polarity 4:0 0x00 r/w dfe_wt1[4:0] dfe tap 1 weight < 4:0 > 0x13 2 0x0 rw eq_bst3[2] ctle boost stage 3, bit 2 (limiting bit) 0x14 7 0x0 r/w eq_sd_preset force signal detect on 6 0x0 r/w eq_sd_reset force signal detect off 0x15 7 0x0 r/w dfe_manual_tap_en enables manual dfe tap settings 6 0x0 r/w drv_dem_range driver de-emphasis range 2:0 0x0 r/w drv_dem[2:0] driver de-emphasis setting < 2:0 > 0x18 6:4 0x4 r/w pdiq_sel_div[2:0] vco divider ratio < 2:0 > (enable from register 0x09, bit 2) 2 0x0 r/w drv_sel_slow enable slow rise/fall time on output driver 0x1e 7:5 0x7 r/w pfd_sel_data_mux[2:0] outputmux < 2:0 > (enable from register 0x09, bit 5) 4 0x0 r/w prbs_en enable prbs generator 3 0x1 r/w dfe_pd dfe is powered down by default. must set bit to 0 to power up the dfe. 0x1f 7 0x0 r/w drv_sel_inv select output polarity inverted 0x20 7:4 0x0 r/w dfe_wt5[3:0] dfe tap 5 weight < 3:0 > 3:0 0x0 r/w dfe_wt4[3:0] dfe tap 4 weight < 3:0 > 0x21 7:4 0x0 r/w dfe_wt3[3:0] dfe tap 3 weight < 3:0 > 3:0 0x0 r/w dfe_wt2[3:0] dfe tap 2 weight < 3:0 > 0x23 6 0x1 r/w dfe_ov dfe override 0x24 7 0x0 r/w fast_eom enable fast eye opening monitor mode 2 0x0 r/w/sc dfe_adapt start dfe adaptation (self-clearing) 0 0x0 r/w/sc eom_start start eye opening monitor counter (self- clearing) 0x25 7:0 0x0 r eom_count[15:8] eye opening monitor count < 15:8 > 0x26 7:0 0x0 r eom_count[7:0] eye opening monitor count < 7:0 > 0x27 7:0 0x0 r heo[7:0] heo value < 7:0 > 0x28 7:0 0x0 r veo[7:0] veo value < 7:0 > 0x29 6:5 0x0 r eom_vrange_setting[1:0] eye opening monitor voltage range setting < 1:0 > 0x2a 7:0 0x30 r/w eom_timer_thr[7:0] eye opening monitor timer threshold < 7:0 > 24 submit documentation feedback copyright ? 2011 ? 2013, texas instruments incorporated product folder links: DS110DF410 

 DS110DF410 www.ti.com snls397b ? october 2011 ? revised may 2013 table 7. channel registers (continued) address (hex) bits default value (hex) mode field name description 0x2c 5:4 0x3 r/w dfe_sm_fom[1:0] dfe adaptation figure of merit type < 1:0 > 3:0 0x2 r/w dfe_adapt_counter[3:0] counter used in adaptation for look-beyond when figure of merit decreases 0x2d 2:0 0x0 r/w drv_sel_vod[2:0] driver vod < 2:0 > 0x2f 7:6 0x0 r/w rate[1:0] rate < 1:0 > (see table 1 ) 5:4 0x0 r/w subrate[1:0] subrate < 1:0 > (see table 1 ) 3 0x0 r/w index_ov ctle adaptation index override (register 0x13) 2 0x1 r/w en_ppm_check enable frequency counter for lock detect 1 0x1 r/w en_fld_check false lock detector for lock detect is disabled by default. must set bit to 0 to enable the fld. 0 0x0 r/w ctle_adapt start ctle adaptation 0x30 4 0x0 r heo_veo_interrupt goes high if interrupt from cdr goes high 3 0x0 r/w prbs_en_dig_clk prbs generator enable 1:0 0x0 r/w prbs_pattern_sel[1:0] prbs generator pattern select < 1:0 > 0x31 6:5 0x1 r/w adapt_mode[1:0] adaptation mode < 1:0 > 4:3 0x0 r/w eq_sm_fom[1:0] ctle adaptation figure of merit type < 1:0 > 0x32 7:4 0x1 r/w heo_int_thresh[3:0] heo interrupt threshold < 3:0 > 3:0 0x1 r/w veo_int_thresh[3:0] veo interrupt threshold < 3:0 > 0x33 7:4 0x8 r/w heo_thresh[3:0] heo threshold for ctle adaptation handoff to dfe adaptation < 3:0 > 3:0 0x8 r/w veo_thresh[3:0] veo threshold for ctle adaptation handoff to dfe adaptation < 3:0 > 0x34 3:0 0xf r/w dfe_max_tap_2_5[3:0] maximum dfe tap absolute value for taps 2 ? 5 < 3:0 > 0x35 4:0 0x1f r/w dfe_max_tap_1[4:0] maximum dfe tap absolute value for tap 1 < 4:0 > 0x36 6 0x0 r/w heo_veo_int_enable enable heo/veo interrupt 5:4 0x3 r/w ref_mode[1:0] reference clock mode < 1:0 > 2 0x0 r/w mr_cdr_cap_dac_rng_ov enable override for vco cap dac range 1:0 0x1 r/w mr_cdr_cap_dac_rng[1:0 cap dac range < 1:0 > ] 0x39 4:0 0x0 r/w start_index[4:0] start index for ctle adaptation < 4:0 > (enable from register 0x2f, bit 3) 0x3a 7:6 0x2 r/w fixed_eq_bst0[1:0] fixed ctle stage 0 boost setting for lower data rates < 1:0 > 5:4 0x2 r/w fixed_eq_bst1[1:0] fixed ctle stage 1 boost setting for lower data rates < 1:0 > 3:2 0x1 r/w fixed_eq_bst2[1:0] fixed ctle stage 2 boost setting for lower data rates < 1:0 > 1:0 0x1 r/w fixed_eq_bst3[1:0] fixed ctle stage 3 boost setting for lower data rates < 1:0 > 0x3e 7 0x1 r/w heo_veo_lockmon_ enable heo/veo lock monitoring en 0x40 ? 0x5f ctle settings for adaptation ? see table 14 0x60 7:0 0x00 r/w grp0_ov_cnt[7:0] ppm count, group 0, lower-order byte 0x61 7 0x0 r/w cnt_dlta_ov_0 override ppm count and delta for group 0 6:0 0x00 r/w grp0_ov_cnt[14:8] ppm count, group 0, higher-order byte 0x62 7:0 0x00 r/w grp1_ov_cnt[7:0] ppm count, group 1, lower-order byte 0x63 7 0x0 r/w cnt_dlta_ov_1 override ppm count and delta for group 1 6:0 0x00 r/w grp1_ov_cnt[14:8] ppm count, group 1, higher-order byte copyright ? 2011 ? 2013, texas instruments incorporated submit documentation feedback 25 product folder links: DS110DF410 

 DS110DF410 snls397b ? october 2011 ? revised may 2013 www.ti.com table 7. channel registers (continued) address (hex) bits default value (hex) mode field name description 0x64 7:4 0x0 r/w grp0_ov_dlta[3:0] ppm count delta, group 0 3:0 0x0 r/w grp1_ov_dlta[3:0] ppm count delta, group 1 0x6a 7:4 0x4 r/w veo_lck_thrsh[3:0] vertical eye opening lock threshold < 3:0 > 3:0 0x4 r/w heo_lck_thrsh[3:0] horizontal eye opening lock threshold < 3:0 > 0x6b 7:0 0x0 r/w fom_a[7:0] adaptation figure of merit term a < 7:0 > 0x6c 7:0 0x0 r/w fom_b[7:0] adaptation figure of merit term b < 7:0 > 0x6d 7:0 0x0 r/w fom_c[7:0] adaptation figure of merit term c < 7:0 > 0x6e 7 0x0 r/w en_new_fom_ctle enable alternate figure of merit for ctle adaptation 6 0x0 r/w en_new_fom_dfe enable alternate figure of merit for dfe adaptation 0x70 2:0 0x3 r/w eq_lb_cnt[2:0] ctle adaptation look-beyond count < 2:0 > 0x71 5 0x0 r dfe_pol_1_obs dfe tap 1 polarity (read only) 4:0 0x00 r dfe_wt1_obs[4:0] dfe tap 1 weight (read only) < 4:0 > 0x72 4 0x0 r dfe_pol_2_obs dfe tap 2 polarity (read only) 3:0 0x0 r dfe_wt2_obs[3:0] dfe tap 2 weight (read only) < 3:0 > 0x73 4 0x0 r dfe_pol_3_obs dfe tap 3 polarity (read only) 3:0 0x0 r dfe_wt3_obs[3:0] dfe tap 3 weight (read only) < 3:0 > 0x74 4 0x0 r dfe_pol_4_obs dfe tap 4 polarity (read only) 3:0 0x0 r dfe_wt4_obs[3:0] dft tap 4 weight (read only) < 3:0 > 0x75 4 0x0 r dfe_pol_5_obs dfe tap 5 polarity (read only) 3:0 0x0 r dfe_wt5_obs[3:0] dfe tap 5 weight (read only) < 3:0 > resetting individual channels of the retimer register 0x00, bit 2, and register 0x0a, bits 3:2 bit 2 of channel register 0x00 are used to reset all the registers for the corresponding channel to their factory default settings. this bit is self-clearing. writing this bit will clear any register changes you have made in the DS110DF410 since it was powered-up. to reset just the cdr state machine without resetting the register values, which will re-initiate the lock and adaptation sequence for a particular channel, use channel register 0x0a. set bit 3 of this register to enable the reset override, then set bit 2 to force the cdr state machine into reset. these bits can be set in the same operation. when bit 2 is subsequently cleared, the cdr state machine will resume normal operation. if a signal is present at the input to the selected channel, the DS110DF410 will attempt to lock to it and will adapt its ctle its dfe according to the currently configured adapt mode for the selected channel. the adapt mode is configured by channel register 0x31, bits 6:5. interrupt status control/shared register 0x05, bits 3:0, register 0x01, bits 4 and 0, register 0x30, bit 4, register 0x32, and register 0x36, bit 6 each channel of the DS110DF410 will generate an interrupt under several different conditions. the DS110DF410 will always generate an interrupt when it loses cdr lock or when a signal, once detected, is no longer detected at its input. if the heo/veo interrupt is enabled by setting bit 6 of register 0x36, then the retimer will generate an interrupt when the horizontal or vertical eye opening falls below the preset values even if the retimer remains locked. when one of these interrupt conditions occurs, the retimer alerts the system controller via hardware and provides additional details via register reads over the smbus. first, the open-drain interrupt line int is pulled low. this indicates that one or more of the channels of the retimer has generated an interrupt. the interrupt lines from multiple retimers can be wire-anded together so that if any retimer generates an interrupt the system controller can be notified using a single interrupt input. 26 submit documentation feedback copyright ? 2011 ? 2013, texas instruments incorporated product folder links: DS110DF410 

 DS110DF410 www.ti.com snls397b ? october 2011 ? revised may 2013 if the interrupt has occurred because the horizontal or vertical eye opening has dropped below the pre-set threshold, which is set in channel register 0x32, then bit 4 of register 0x30 will go high. this indicates that the source of the interrupt was the heo or veo. if the interrupt has occurred because the cdr has fallen out of lock, or because the signal is no longer detected at the input, then bit 4 and/or bit 0 of register 0x01 will go high, indicating the cause of the interrupt. in either case, the control/shared register set will indicate which channel caused the interrupt. this is read from bits 3:0 of control/shared register 0x05. when an interrupt is detected by the controller on the interrupt input, the controller should take the following steps to determine the cause of the interrupt and clear it. 1. the controller detects the interrupt by detecting that the int line has been pulled low by one of the retimers to which it is connected. 2. the controller reads control/shared register 0x05 from all the DS110DF410s connected to the int line. for at least one of these devices, at least one of the bits 3:0 will be set in this register. 3. for each device with a bit set in bits 3:0 of control/shared register 0x05, the controller determines which channel or channels produced an interrupt. refer to table 5 for a mapping of the bits in this bit field to the channel producing the interrupt. 4. when the controller detects that one of the retimers has a 1 in one of the four lsbs of this register, the controller selects the channel register set for that channel of that retimer by writing to the channel select register, 0xff, as previously described. 5. for each channel that generated an interrupt, the controller reads channel register 0x01. if bit 4 of this register is set, then the interrupt was caused by a loss of cdr lock. if bit 0 is set, then the interrupt was caused by a loss of signal. it is possible that both bits 0 and 4 could be set. reading this register will clear these bits. 6. optionally, for each channel that generated an interrupt, the controller reads channel register 0x30. if bit 4 of this register is set, then the interrupt was caused by heo and/or veo falling out of the configured range. this interrupt will only occur if bit 6 of channel register 0x36 is set, enabling the heo/veo interrupt. reading register 0x30 will clear this interrupt bit. 7. once the controller has determined what condition caused the interrupt, the controller can then take the appropriate action. for example, the controller might reset the cdr to cause the retimer to re-adapt to the incoming signal. if there is no longer an incoming signal (indicated by a loss of signal interrupt, bit 0 of channel register 0x01), then the controller might alert an operator or change the channel configuration. this is system dependent. 8. reading the interrupt status registers will clear the interrupt. if this does not cause the interrupt input to go high, then another device on the same input has generated an interrupt. the controller can address the next device using the procedure above. 9. once all the interrupt registers for all channels for all DS110DF410s that generated interrupts have been read, clearing all the interrupt indications, the int line should go high again. this indicates that all the existing interrupt conditions have been serviced. the channel registers referred to above, registers 0x01, 0x30, 0x32, and 0x36, are described in the channel registers table, table 7 . overriding the ctle boost setting register 0x03, register 0x13, bit 2, and register 0x3a to override the ctle boost settings, register 0x03 is used. this register contains the currently-applied ctle boost settings. the boost values can be overridden by using the two-bit fields in this register as shown in the table. the final stage of the ctle has an additional control bit which sets it to a limiting mode. for some channels, this additional setting improves the bit error rate performance. this bit is bit 2 of register 0x13. if the DS110DF410 loses lock because of a change in the ctle settings, the device will initiate its lock and adaptation sequence again. thus, if you write new ctle boost values to register 0x03 and 0x13 which cause the device to drop out of lock, the DS110DF410 may in the process of reacquiring the cdr lock, reset the ctle settings to different values than those you set in register 0x03 and 0x13. if this behavior is not understood, it can appear that the DS110DF410 did not accept the values you wrote to the ctle boost registers. what's really happening, however, is that the lock and adaptation sequence is overriding the ctle values you wrote to the ctle boost registers. this will not happen unless the DS110DF410 drops out of lock. copyright ? 2011 ? 2013, texas instruments incorporated submit documentation feedback 27 product folder links: DS110DF410 

 DS110DF410 snls397b ? october 2011 ? revised may 2013 www.ti.com if the adapt mode is set to 0 (bits 6:5 of channel register 0x31), then the ctle boost values will not be overridden, but the DS110DF410 may still lose lock. if this happens, the device will attempt to reacquire lock. the DS110DF410 will begin searching for cdr lock at the highest allowable vco divider ratio ? that is, at the lowest configured bit rate. at divider values of 4 and 8, the ctle boost settings used will come not from the values in register 0x03, and 0x13, but rather from register 0x3a, the fixed ctle boost setting for lower data rates. this setting will be written into boost setting register 0x03 during the lock search process. this value may be different from the value you set in register 0x03, so, again, it may appear that the DS110DF410 has not accepted the ctle boost settings you set in registers 0x03 and 0x13. the interactions of the lock and adaptation sequences with the manually-set ctle boost settings can be difficult to understand. to manually override the ctle boost under all conditions, perform the following steps. 1. set the DS110DF410 channel adapt mode to 0 by writing 0x0 to bits 6:5 of channel register 0x31. 2. set the desired ctle boost setting in register 0x3a. if the DS110DF410 loses lock and attempts to lock to a lower data rate, it will use this ctle boost setting. 3. set the desired ctle boost setting in register 0x03. 4. set the desired ctle boost setting in register 0x40. 5. if desired, set the ctle stage 3 limiting bit, bit 2 of register 0x13. if the DS110DF410 loses lock when the ctle boost settings are set according to the sequence above, the DS110DF410 will try to reacquire lock, but it will not change the ctle boost settings in order to do so. overriding the vco cap dac values register 0x08, bits 4:0, register 0x09, bit 7, register 0x0b, bits 4:0, register 0x36, bits 5:4, and register 0x2f, bits 7:6 and 5:4 registers 0x08 and 0x0b contain cap dac override values. normally, when bits 5:4 of register 0x36 are set to 2'b11, then the DS110DF410 performs an initial search to determine the correct cap dac setting (coarse vco tuning) for the selected rate and subrate. the rate and subrate settings (bits 7:6 and 5:4 of register 0x2f) determine the frequency range to be searched, with the 25 mhz reference clock used as the frequency reference for the frequency search. the cap dac value can be overridden by writing new values to bits 4:0 of register 0x08 (for cap dac setting 1) and bits 4:0 of 0x0b (for cap dac setting 2). the override bit, bit 7 of register 0x09 must be set for the override cap dac values to take effect. since some rate and subrate setting combinations apply to multiple data rates, there are two cap dac values for some rates. the first is in register 0x08, bits 4:0, and the second is in register 0x0b, bits 4:0. the DS110DF410 will use the cap dac value in register 0x08 for the larger divide ratios associated with the selected rate and subrate to try and acquire lock. if it fails to acquire lock, it will use the cap dac value in register 0x0b with the smaller divide ratio (higher vco frequency) associated with the selected rate and subrate. it will continue to try to acquire lock in this way until it either succeeds or the override bit (bit 7 of register 0x09) is cleared. overriding the output multiplexer register 0x09, bit 5, register 0x14, bits 7:6, and register 0x1e, bits 7:5 by default, the DS110DF410 output for each channel will be as shown in table 8 . table 8. default output status description input signal status channel status output status not present no signal detected muted present not locked muted present locked retimed data 28 submit documentation feedback copyright ? 2011 ? 2013, texas instruments incorporated product folder links: DS110DF410 

 DS110DF410 www.ti.com snls397b ? october 2011 ? revised may 2013 this default behavior can be modified by register writes. register 0x1e, bits 7:5, contain the output multiplexer override value. the values of this three-bit field and the corresponding meanings of each are shown in table 9 . table 9. output multiplexer override settings bit field value output multiplexer setting comments 0x7 mute default when no signal is present or when the retimer is unlocked 0x6 n/a invalid setting 0x5 10 mhz clock internal 10 mhz clock clock frequency may not be precise. there is no production test coverage for this and is only used for testing. 0x4 prbs generator prbs generator must be enabled to output prbs sequence 0x3 vco q-clock register 0x09, bit 4, and register 0x1e, bit 0, must be set to enable the vco q-clock. there is no production test coverage for this and is only used for testing. 0x2 vco i-clock there is no production test coverage for this and is only used for testing. 0x1 retimed data default when the retimer is locked 0x0 raw data bypass the cdr, output is not retimed and must set bit 5 of register 0x09 and bit 7 of 0x3f. if the output multiplexer is not overridden, that is, if bit 5 of register 0x09 is not set, then the value in register 0x1e, bits 7:5, controls the output produced when the retimer has a signal at its input, but is not locked to it. the default value for this bit field, 0x7, causes the retimer output to mute when the retimer is not locked to an input signal. writing a value of 0x0 to this bit field, for example, will cause the retimer to output raw data (not retimed) when it is not locked to its input signal. set the override bit to 1, bit 5 of register 0x09, will cause the retimer to output the value selected by the bit field in register 0x1e, bits 7:5. in the raw data mode (cdr is bypassed), the register 0x3f, bit 7 should be set to 1, this will disable the fast cap re-search which stops the output from powering down (muting) during raw mode. when no signal is present at the input to the selected channel of the DS110DF410 the signal detect circuitry will power down the channel. this includes the output driver which is therefore muted when no signal is present at the input. if you want to get an output when no signal is present at the input, for example to enable a free- running prbs sequence, the first step is to override the signal detect. in order to force the signal detect on, set bit 7 and clear bit 6 of channel register 0x14. even if there is no signal at the input to the channel, the channel will be enabled. if the channel was disabled before, the current drain from the supply will increase by 100 ? 150 ma depending upon the other channel settings in the device. this increased current drain indicates that the channel is now enabled. the second step is to override the output multiplexer setting. this is accomplished by setting bit 5 of register 0x09, the output multiplexer override. once this bit is set, the value of register 0x1e, bits 7:5 will control the output of the channel. note that if either retimed or raw data is selected, the output will just be noise. the device output may saturate to a static 1 or 0. if there is no signal, the vco clock will be free-running. its frequency will depend upon the divider and cap dac settings and it will vary from part to part and over temperature. if the prbs generator is enabled, the prbs generator output can be selected. this can either be at a data rate determined by the free-running vco or at a data rate determined by the input signal, if one is present. if a signal is present at the input and the DS110DF410 can lock to it, the output of the prbs generator will be synchronous with the input signal, but the bit stream output will be determined by the prbs generator selection. the 10 mhz clock is always available at the output when the output multiplexer is overridden. the 10 mhz clock is a free-running oscillator in the DS110DF410 and is not synchronous to the input or to anything else in the system. the clock frequency will be approximately 10 mhz, but this will vary from part to part. copyright ? 2011 ? 2013, texas instruments incorporated submit documentation feedback 29 product folder links: DS110DF410 

 DS110DF410 snls397b ? october 2011 ? revised may 2013 www.ti.com if there is a signal present at the input, it is not necessary to override the signal detect. clearing bits 7 and 6 of register 0x14 will return control of the signal detect to the DS110DF410. normally, when the retimer is locked to a signal at its input, it will output retimed data. however, if desired, the output multiplexer can be overridden in this condition to output raw data. it can also be set to output any of the other signals shown in table 9 . if there is an input signal, and if the DS110DF410 is locked to it, the vco i-clock, the vco q-clock, and the output of the prbs generator, if it is enabled, will be synchronous to the input signal. when a signal is present at the input, it might be desired to output the raw data in order to see the effects of the ctle and the dfe without the cdr. it might also be desired to enable the prbs generator and output this signal, replacing the data content of the input signal with the internally-generated prbs sequence. overriding the vco divider selection register 0x09, bit 2, and register 0x18, bits 6:4 in standards-based operation, the DS110DF410 sets its vco divider to the correct divide ratio, either 1, 2, 4, or 8, depending upon the bit rate of the signal at the channel input. it is possible to override the divider selection. this might be desired for frequency-range-based operation, or if the vco is set to free-run, or to output a signal at a sub-harmonic of the actual vco frequency. in order to override the vco divider settings, first set bit 2 of register 0x09. this is the vco divider override enable. once this bit is set, the vco divider setting is controlled by the value in register 0x18, bits 6:4. the valid values for this three-bit field are 0x0 to 0x4. the mapping of the bit field values to the divider ratio is shown in table 10 . table 10. divider ratio mapping to register 0x18, bits 6:4 bit field value divider ratio 0 1 1 2 2 4 3 8 4 16 in standards-based operation, the DS110DF410 will determine the required vco divider ratio automatically. the most common application for overriding the divider ratio is when the vco is set to free-run. normally the divider ratio should not be overridden except in this case. in reference mode 3, as shown in table 2 , the divider ratio can be automatically set by the DS110DF410 to multiple settings. this is useful for data rates which are harmonically-related. using the prbs generator register 0x0d, bit 5, register 0x1e, bit 4, and register 0x30, bit 3 and bits 1:0 the DS110DF410 includes an internal prbs generator which can generate standard prbs-9 and prbs-31 bit sequences. the prbs generator can produce a prbs sequence that is synchronous to the incoming data signal, or it can generate a prbs sequence using the internal free-running vco as a clock. both modes of operation are described in the paragraphs that follow. to produce a prbs sequence that is synchronized to the incoming data signal, the DS110DF410 must be locked to the incoming signal. when this is true, the signal detect is set and the channel is active. in addition, the vco is locked to the incoming signal the vco will remain locked to the incoming signal regardless of the state of the output multiplexer. to activate the prbs generator, first set bit 4 of register 0x1e. this bit enables the prbs generator digital circuitry. then reset the prbs clock by clearing bit 3 of register 0x30. select either prbs-9 or prbs-31 by setting bits 1:0 of register 0x30. set this bit field to 0x0 for prbs-9 and to 0x2 for prbs-31. then load the prbs clock by setting bit 3 of register 0x30. finally, enable the prbs clock by setting bit 5 of register 0x0d. this sequence of register writes will enable the internal prbs generator. as described above, to select the prbs generator as the output for the selected channel, set bit 5 of register 0x09, the output multiplexer override. then write 0x4 to bits 7:5 of register 0x1e. this selects the prbs generator for output. 30 submit documentation feedback copyright ? 2011 ? 2013, texas instruments incorporated product folder links: DS110DF410 

 DS110DF410 www.ti.com snls397b ? october 2011 ? revised may 2013 for the case described above, the output prbs sequence will be synchronous to the incoming data. there are two other cases of interest. the first is when there is an input signal but the prbs sequence should not be synchronous to it. in other words, in this case it is desired that the vco should free-run. the second case is when there is no input signal, but the prbs sequence should still be output. again, in this case, the vco is free- running. the register settings for these two cases are almost the same. the only difference is that, if there is no input signal, then the channel will be disabled and powered-down by default. in order to force enable the channel, write a 1 to bit 7 and a 0 to bit 6 of register 0x14. this forces the signal detect to be active and enables the selected channel. the remainder of the register write sequence is designed to disable the phase-locked loop so that the vco can free run. first write a 1 to bit 3 of register 0x09, then 0x0 to bits 1:0 of register 0x1b. this disables the charge pump for the phase-locked loop. next write a 1 to bit 2 of register 0x09. this enables the vco divider override. then set the vco divider ratio by writing to register 0x18 as shown in table 10 . for an output frequency of approximately 10.3125 ghz, set the divider ratio to 1 by writing 0x0 to bits 6:4 of register 0x18. do not clear bit 3 when you write a 1 to bit 2 of register 0x09. now write a 1 to bit 7 of register 0x09. this enables the vco cap dac override. write the desired vco cap count to register 0x08, bits 4:0. the mapping of vco frequencies to cap count will vary somewhat from part to part. the vco cap count should be set to 0x0c to yield an output vco frequency of approximately 10.3125 ghz. do not clear bits 3 and 2 when you write a 1 to bit 7 of register 0x09. now write a 1 to bit 6 of register 0x09. this enables the vco lpf dac which can generate a vco control voltage internally to the DS110DF410. once the lpf dac is enabled, write the desired value of the lpf dac output in register 0x1f, bits 4:0. for an output vco frequency of approximately 10.3125 ghz, set the lpf dac setting to 0x12. do not clear the remaining bits of register 0x09 when you write a 1 to bit 6. now, as above, enable the prbs generator and set it to the desired bit sequence, then select the output to be the prbs generator by setting the output multiplexer. notice that when this entire sequence has been completed, bits 7:2 of register 0x09 will all be set. the default value of register 0x09 is 0x00, so you can clear all the overrides when you are ready to return to normal operation by writing 0x00 to register 0x09. the vco frequency in free-run will vary somewhat from part to part. in order to determine exact values of the cap dac and lpf dac settings, it will be necessary to directly measure the vco frequency using some sort of frequency-measurement device such as a frequency counter or a spectrum analyzer. when the vco is set to free-run mode as above, you can select the vco i-clock (in-phase clock) to be the output as shown in table 9 . you can measure the frequency of the vco i-clock while adjusting the cap dac and lpf dac values until the vco i-clock frequency is acceptable for your application. then you can once again select the prbs generator as the output using the output multiplexer selection field. using the internal eye opening monitor register 0x11, bits 7:6 and bit 5, register 0x22, bit 7, register 0x24, bit 7 and bit 0, register 0x25, register 0x26, register 0x27, register 0x28, register 0x2a and register 0x3e, bit 7 the DS110DF410 includes an internal eye opening monitor. the eye opening monitor is used by the retimer to compute a figure of merit for automatic adaptation of the ctle and the dfe. it can also be controlled and queried through the smbus by a system controller. the eye opening monitor produces error hit counts for settable phase and voltage offsets of the comparator in the retimer. this is similar to the way many bit error rate test sets measure eye opening. at each phase and amplitude offset setting, the eye opening monitor determines the nominal bit value ( ? 0 ? or ? 1 ? ) using its primary comparator. this is the bit value that is resynchronized to the recovered clock and presented at the output of the DS110DF410. the eye opening monitor also determines the bit value detected by the offset comparator. this information yields an eye contour. here's how this works. copyright ? 2011 ? 2013, texas instruments incorporated submit documentation feedback 31 product folder links: DS110DF410 

 DS110DF410 snls397b ? october 2011 ? revised may 2013 www.ti.com if the offset comparator is offset in voltage by an amount larger than the vertical eye opening, for example, then the offset comparator will always decide that the current bit has a bit value of ? 0 ? . when the bit is really a ? 1 ? , as determined by the primary comparator, this is considered a bit error. the number of bit errors is counted for a settable interval at each setting of the offset phase and voltage of the offset comparator. these error counts can be read from registers 0x25 and 0x26 for sequential phase and voltage offsets. these error counts for all phase and voltage offsets form a 64 x 64 point array. a surface or contour plot of the error hit count versus phase and voltage offset produces an eye diagram, which can be plotted by external software. the eye opening monitor works in two modes. in the first, only the horizontal and vertical eye openings are measured. the eye opening monitor first sweeps its variable-phase clock through one unit interval with the comparison voltage set to the mid point of the signal. this determines the midpoint of the horizontal eye opening. the eye opening monitor then sets its variable phase clock to the midpoint of the horizontal eye opening and sweeps its comparison voltage. these two measurements determine the horizontal and vertical eye openings. the horizontal eye opening value is read from register 0x27 and the vertical eye opening from register 0x28. both values are single byte values. the measurement of horizontal and vertical eye opening is very fast. the speed of this measurement makes it useful for determining the adaptation figure of merit. in normal operation, the heo and veo are automatically measured periodically to determine whether the DS110DF410 is still in lock. reading registers 0x27 and 0x28 will yield the most-recently measured heo and veo values. in normal operation, the eye monitor circuitry is powered down most of the time to save power. when the eye is to be measured under external control, it must first be enabled by writing a 0 to bit 5 of register 0x11. the default value of this bit is 1, which powers down the eye monitor except when it is powered-up periodically by the cdr state machine and used to test cdr lock. the eye monitor must be powered up to measure the eye under external smbus control. bits 7:6 of register 0x11 are also used during eye monitor operation to set the eom voltage range. this is described below. a single write to register 0x11 can set both bit 5 and bits 7:6 in one operation. register 0x3e, bit 7, enables horizontal and vertical eye opening measurements as part of the lock validation sequence. when this bit is set, the cdr state machine periodically uses the eye monitor circuitry to measure the horizontal and vertical eye opening. if the eye openings are too small, according to the pre-determined thresholds in register 0x6a, then the cdr state machine declares lock loss and begins the lock acquisition process again. for smbus acquisition of the internal eye, this lock monitoring function must be disabled. prior to overriding the eom by writing a 1 to bit 0 of register 0x24, disable the lock monitoring function by writing a 0 to bit 7 of register 0x3e. once the eye has been acquired, you can reinstate heo and veo lock monitoring by once again writing a 1 to bit 7 of register 0x3e. under external smbus control, the eye opening monitor can be programmed to sweep through all its 64 states of phase and voltage offset autonomously. this mode is initiated by setting register 0x24, bit 7, the fast_eom mode bit. register 0x22, bit 7, the eom_ov bit, should be cleared in this mode. when the fast_eom bit is set, the eye opening monitor operation is initiated by setting bit 0 of register 0x24, which is self-clearing. as soon as this bit is set, the eye opening monitor begins to acquire eye data. the results of the eye opening monitor error counter are stored in register 0x25 and 0x26. in this mode the eye opening monitor results can be obtained by repeated multi-byte reads from register 0x25. it is not necessary to read from register 0x26 for a multi-byte read. as soon as the eight most significant bits are read from register 0x25, the eight least significant bits for the current setting are loaded into register 0x25 and they can be read immediately. as soon as the read of the eight most significant bits has been initiated, the DS110DF410 sets its phase and voltage offsets to the next setting and starts its error counter again. the result of this is that the data from the eye opening monitor is available as quickly as it can be read over the smbus with no further register writes required. the external controller just reads the data from the DS110DF410 over the smbus as fast as it can. when all the data has been read, the DS110DF410 clears the eom_start bit. if multi-byte reads are not used, meaning that the device is addressed each time a byte is read from it, then it is necessary to read register 0x25 to get the msb (the eight most significant bits) and register 0x26 to get the lsb (the eight least significant bits) of the current eye monitor measurement. again, as soon as the read of the msb has been initiated, the DS110DF410 sets its phase and voltage offsets to the next setting and starts its error counter again. in this mode both registers 0x25 and 0x26 must be read in order to get the eye monitor data. the eye monitor data for the next set of phase and voltage offsets will not be loaded into registers 0x25 and 0x26 until both registers have been read for the current set of phase and voltage offsets. 32 submit documentation feedback copyright ? 2011 ? 2013, texas instruments incorporated product folder links: DS110DF410 

 DS110DF410 www.ti.com snls397b ? october 2011 ? revised may 2013 in all eye opening monitor modes, the amount of time during which the eye opening monitor accumulates eye opening data can be set by the value of register 0x2a. in general, the greater this value the longer the accumulation time. when this value is set to its maximum possible value of 0xff, the maximum number of samples acquired at each phase and amplitude offset is approximately 2 18 . even with this setting, the eye opening monitor values can be read from the smbus with no delay. the eye opening monitor operation is sufficiently fast that the smbus read operation cannot outrun it. the eye opening is measured at the input to the data comparator. at this point in the data path, a significant amount of gain has been applied to the signal by the ctle. in many cases, the vertical eye opening as measured by the eom will be on the order of 400 to 500 mv peak-to-peak. the secondary comparator, which is used to measure the eye opening, has an adjustable voltage range from  100 mv to  400 mv. the eom voltage range is normally set by the cdr state machine during lock and adaptation, but the range can be overridden by writing a two-bit code to bits 7:6 of register 0x11. the values of this code and the corresponding eom voltage ranges are shown in table 11 . table 11. eom voltage range vs. bits 7:6 of register 0x11 value in bits 7:6 of register 0x11 eom voltage range (  mv) 0x0  100 0x1  200 0x2  300 0x3  400 note that the voltage ranges shown in table 11 are the voltage ranges of the signal at the input to the data path comparator. these values are not directly equivalent to any observable voltage measurements at the input to the DS110DF410 . note also that if the eom voltage range is set too small the voltage sweep of the secondary comparator may not be sufficient to capture the vertical eye opening. when this happens the eye boundaries will be outside the vertical voltage range of the eye measurement. to summarize, the procedure for reading the eye monitor data from the DS110DF410 is shown below. 1. select the DS110DF410 channel to be used for the eye monitor measurement by writing the channel select register, register 0xff, with the appropriate value as shown in table 6 . if the correct channel register set is already selected, this step may be skipped. 2. disable the heo and veo lock monitoring function by writing a 0 to bit 7 of register 0x3e. 3. select the eye monitor voltage range by setting bits 7:6 of register 0x11 according to the values in table 11 . the cdr state machine will have set this range during lock acquisition, but it may be necessary to change it to capture the entire vertical eye extent. 4. power up the eye monitor circuitry by clearing bit 5 of register 0x11. normally the eye monitor circuitry is powered up periodically by the cdr state machine. clearing bit 5 of register 0x11 enables the eye monitor circuitry unconditionally. this bit should be set again once the eye acquisition is complete. clearing bit 5 and setting bits 7:6 of register 0x11 as desired can be combined into a single register write if desired. 5. clear bit 7 of register 0x22. this is the eye monitor override bit. it is cleared by default, so you may not need to change it. 6. set bit 7 of register 0x24. this is the fast eye monitor enable bit. 7. set bit 1 of register 0x24. this initiates the automatic fast eye monitor measurement. this bit can be set at the same time a bit 7 of register 0x24 if desired. 8. read the data array from the DS110DF410. this can be accomplished in two ways. ? if you are using multi-byte reads, address the DS110DF410 to read from register 0x25. continue to read from this register without addressing the device again until you have read all the data desired. the read operation can be interrupted by addressing the device again and then resumed by reading once again from register 0x25. ? if you are not using multi-byte reads, then read the msb for each phase and amplitude offset setting from register 0x25 and the lsb for each setting from register 0x26. in this mode, you address the device each time you want to read a new byte. 9. in either mode, the first four bytes do not contain valid data. these should be discarded. 10. continue reading eye monitor data until you have read the entire 64 x 64 array. 11. clear bit 7 of register 0x24. this disables fast eye monitor mode. 12. set bit 5 of register 0x11. this will return control of the eye monitor circuitry to the cdr state machine. 13. set bit 7 of register 0x3e. this re-enables the heo and veo lock monitoring. copyright ? 2011 ? 2013, texas instruments incorporated submit documentation feedback 33 product folder links: DS110DF410 

 DS110DF410 snls397b ? october 2011 ? revised may 2013 www.ti.com ctle adaptation can also be initiated manually. setting and then clearing bit 0 of register 0x2f will initiate adaptation of the ctle. as with the dfe, if the DS110DF410 fails to find a set of ctle settings that produce a better adaptation figure of merit than the starting ctle values, the starting ctle values will be retained and used. overriding the dfe tap weights and polarities register 0x11, bits 3:0, register 0x12, bit 7 and bits 4:0, register 0x15, bit 7, register 0x1e, bit 3, register 0x20, register 0x21, register 0x23, bit 6, register 0x24, bit 2, register 0x2f, bit 0, and registers 0x71 ? 0x75 for the DS110DF410 the dfe tap weights and polarities are normally set automatically by the adaptation procedure. these values can be overridden by the user if desired. prior to overriding the dfe tap weights and polarities, the dfe_ov bit, bit 6 of register 0x23, should be set. this bit is set by default. in order for the dfe tap weights and polarities to be applied to the input signal, bit 3 of register 0x1e, the dfe_pd bit, which powers down the dfe, should be cleared. this bit is cleared by default. it is not necessary to change the default settings of these registers, but you should verify that they are set as described. it is also necessary to set bit 7 of register 0x15 in order to manually set the dfe tap weights. this bit is cleared by default. bits 4:0 of register 0x12 set the five-bit weight for dfe tap 1. the first dfe tap has a five-bit setting, while the other taps are set using four bits. often the first dfe tap has the largest effect in improving the bit error rate of the system, which is why this tap has a five-bit weight setting. the polarity of the tap weight for tap 1 is set using bit 7 of the same register, register 0x12. the polarity is set to 0 by default, which corresponds to a negative algebraic sign for the tap. the other four taps are set using four-bit fields in registers 0x20 and 0x21. the polarities of these taps are set by bits 3:0 in register 0x11. these tap polarities are all set to 0 by default. as is the case for the ctle settings, if changing the dfe tap weights or polarities causes the DS110DF410 to lose lock, it may readapt its ctle in order to reacquire lock. if this occurs, the ctle settings may appear to change spontaneously when the dfe tap weights are changed. the mechanism is the same as that described above for the ctle boost settings. when the DS110DF410 is set to adapt mode 2 or 3 using bits 6:5 of register 0x31, it will automatically adapt its dfe whenever its cdr state machine is reset. this occurs when the user manually resets the cdr state machine using bits 3:2 of register 0x0a, or when a signal is first presented at the input to the channel when the channel is in an unlocked state. regardless of the adapt mode, dfe adaptation can be initiated under smbus control. because the dfe tap weight registers are used by the dfe state machine during adaptation, they may be reset prior to adaptation, which can cause the adaptation to fail. the dfe tap observation registers can be used to prevent this. prior to initiating dfe adaptation under smbus control, write the starting values of the dfe tap settings into the dfe tap weight registers, registers 0x11, 0x12, 0x20, and 0x21. the values can be read from the observation registers, registers 0x71 through 0x75. for each dfe tap, read the current value in the observation register. both the polarities and the tap weights are contained in the observation registers as shown in table 5 . for each dfe tap, write the current tap polarity and tap weight into the dfe tap register. once all these values have been written, dfe adaptation can be initiated and it will proceed normally. if the DS110DF410 fails to find a set of dfe tap weights producing a better adaptation figure of merit than the starting tap weights, the starting tap weights will be retained and used. enabling slow rise/fall time on the output driver register 0x18, bit 2 normally the rise and fall times of the output driver of the DS110DF410 are set by the slew rate of the output transistors. by default, the output transistors are biased to provide the maximum possible slew rate, and hence the minimum possible rise and fall times. in some applications, slower rise and fall times may be desired. for example, slower rise and fall times may reduce the amplitude of electromagnetic interference (emi) produced by a system. setting bit 2 of register 0x18 will adjust the output driver circuitry to increase the rise and fall times of the signal. setting this bit will approximately double the nominal rise and fall times of the DS110DF410 output driver. this bit is cleared by default. 34 submit documentation feedback copyright ? 2011 ? 2013, texas instruments incorporated product folder links: DS110DF410 

 DS110DF410 www.ti.com snls397b ? october 2011 ? revised may 2013 inverting the output polarity register 0x1f, bit 7 in some systems, the polarity of the data does not matter. in systems where it does matter, it is sometimes necessary, for the purposes of trace routing, for example, to invert the normal polarities of the data signals. the DS110DF410 can invert the polarity of the data signals by means of a register write. writing a 1 to bit 7 of register 0x1f inverts the polarity of the output signal for the selected channel. this can provide additional flexibility in system design and board layout. overriding the figure of merit for adaptation register 0x2c, bits 5:4, register 0x31, bits 6:5, register 0x6b, register 0x6c, register 0x6d, and register 0x6e, bits 7 and 6 the default figure of merit for both the ctle and dfe adaptation in the DS110DF410 is simple. the horizontal and vertical eye openings are measured for each ctle boost setting or set of dfe tap weights and polarities. the vertical eye opening is scaled to a constant reference vertical eye opening and the smaller of the horizontal or vertical eye opening is taken as the figure of merit for that set of equalizer settings. the objective is to adapt the equalizer to a point where the horizontal and vertical eye openings are both as large as possible. this usually provides optimum bit error rate performance for most transmission channels. in some systems the adaptation can reach a better setting if only the horizontal or vertical eye opening is used to compute the figure of merit rather than using both. this will be system-dependent and the user must determine through experiment whether this provides better adaptation in the user's system. for the DS110DF410, the dfe figure of merit type can be set using register 0x2c, bits 5:4. the value of this two-bit field versus the configured figure of merit type is shown in table 12 . table 12. figure of merit type setting register 0x2c, bits 5:4 figure of merit type 0x0 not valid 0x1 only heo is used 0x2 only veo is used 0x3 both heo and veo are used (default) the ctle figure of merit type is selected using the two-bit field in register 0x31, bits 4:3, with the same effect as in table 12 . for some transmission media the adaptation can reach a better setting if a different figure of merit is used. the DS110DF410 includes the capability of adapting based on a configurable figure of merit. the configurable figure of merit is structured as shown in the equation below. fom = (heo ? b) x a + (veo ? c) x (1 ? a) in this equation, heo is horizontal eye opening, veo is vertical eye opening, fom is the figure of merit, and the factors a, b, and c are set using registers 0x6b, 0x6c, and 0x6d respectively. the value of a is the 8-bit value in register 0x6b divided by 255. it therefore ranges from 0 to 1. in order to use the configurable figure of merit, the enable bits must be set. to use the configurable figure of merit for the ctle adaptation, set bit 7 of register 0x6e, the en_new_fom_ctle bit. to use the configurable figure of merit for the dfe adaptation, set bit 6 of register 0x6e, the en_new_fom_dfe bit. the same scaling factors are used for both ctle and dfe adaptation when the configurable figure of merit is enabled. setting the adaptation/lock mode register 0x31, bits 6:5, and register 0x33, bits 7:4 and 3:0, register 0x34, bits 3:0, register 0x35, bits 4:0, register 0x3e, bit 7, and register 0x6a there are four adaptation modes available in the DS110DF410. ? mode 0: the user is responsible for setting the ctle and dfe values. this mode is used if the transmission channel response is fixed. ? mode 1: only the ctle is adapted to equalize the transmission channel. the dfe is enabled, but the tap weights are all set to 0. this mode is primarily used for smoothly-varying high-loss transmission channels copyright ? 2011 ? 2013, texas instruments incorporated submit documentation feedback 35 product folder links: DS110DF410 

 DS110DF410 snls397b ? october 2011 ? revised may 2013 www.ti.com such as cables and simple pcb traces. ? mode 2: in this mode, both the ctle and the dfe are adapted to compensate for additional loss, reflections, and crosstalk in the input transmission channel. ? the maximum dfe tap weights can be constrained using register 0x34, bits 3:0, and register 0x35, bits 4:0 as shown in table 7 . ? mode 3: in this mode, both the ctle and dfe are adapted as in mode 2. however, in mode 3, more emphasis is placed on the dfe setting. this mode may give better results for high crosstalk transmission channels. bits 6:5 of register 0x31 determine the adaptation mode to be used. the mapping of these register bits to the adaptation algorithm is shown in table 13 . table 13. DS110DF410 adaptation algorithm settings register 0x31, bit 6 register 0x31, bit 5 adapt mode setting < 1:0 > adaptation algorithm adapt_mode[1] adapt_mode[0] 0 0 00 no adaptation 0 1 01 adapt ctle until optimum 1 0 10 adapt ctle until optimum then dfe, then ctle again 1 1 11 adapt ctle until lock, then dfe, the ctle again by default the DS110DF410 requires that the equalized internal eye exhibit horizontal and vertical eye openings greater than a pre-set minimum in order to declare a successful lock. the minimum values are set in register 0x6a. the DS110DF410 continuously monitors the horizontal and vertical eye openings while it is in lock. if the eye opening falls below the threshold set in register 0x6a, the DS110DF410 will declare a loss of lock. the continuous monitoring of the horizontal and vertical eye openings may be disabled by clearing bit 7 of register 0x3e. initiating adaptation register 0x24, bit 2, and register 0x2f, bit 0 when the DS110DF410 becomes unlocked, it will automatically try to acquire lock. if an adaptation mode is selected using bits 6:5 in register 0x31, the DS110DF410 will also try to adapt its ctle and its dfe. adaptation can also be initiated by the user. ctle adaptation can be initiated by setting and then clearing register 0x2f, bit 0. dfe adaptation can be initiated by setting and then clearing bit 2 of register 0x24. overriding the ctle settings used for ctle adaptation register 0x2c, bits 3:0, register 0x2f, bit 3, register 0x39, bits 4:0, and registers 0x50-0x5f the ctle adaptation algorithm operates by setting the ctle boost stage controls to a set of pre-determined boost settings, each of which provides progressively more high-frequency boost. at each stage in the adaptation process, the DS110DF410 attempts to phase lock to the equalized signal. if the phase lock succeeds, the DS110DF410 measures the horizontal and vertical eye openings using the internal eye monitor circuit. the DS110DF410 computes a figure of merit for the eye opening and compares it to the previous best value of the figure of merit. while the figure of merit continues to improve, the DS110DF410 continues to try additional values of the ctle boost setting until the figure of merit ceases to improve and begins to degrade. when the figure of merit starts to degrade, the DS110DF410 still continues to try additional ctle settings for a pre-determined trial count called the ? look-beyond ? count, and if no improvement in the figure of merit results, it resets the ctle boost values to those that produced the best figure of merit. the resulting ctle boost values are then stored in register 0x03. the ? look-beyond ? count is configured by the value in register 0x2c, bits 3:0. the value is 0x2 by default. 36 submit documentation feedback copyright ? 2011 ? 2013, texas instruments incorporated product folder links: DS110DF410 

 DS110DF410 www.ti.com snls397b ? october 2011 ? revised may 2013 the set of boost values used as candidate values during ctle adaptation are stored as bit fields in registers 0x40-0x5f. the default values for these settings are shown in table 14 . these values may be overridden by setting the corresponding register values over the smbus. if these values are overridden, then the next time the ctle adaptation is performed the set of ctle boost values stored in these registers will be used for the adaptation. resetting the channel registers by setting bit 2 of channel register 0x00 will reset the ctle boost settings to their defaults. so will power-cycling the DS110DF410. table 14. ctle settings for adaptation register (hex) bits 7:6 (ctle bits 5:4 (ctle bits 3:2 (ctle bits 1:0 (ctle ctle boost ctle adaptation stage 0) stage 1) stage 2) stage 3) string index 40 0 0 0 0 0000 0 41 0 0 0 1 0001 1 42 0 0 1 0 0010 2 43 0 1 0 0 0100 3 44 1 0 0 0 1000 4 45 0 0 2 0 0020 5 46 0 0 0 2 0002 6 47 2 0 0 0 2000 7 48 0 0 0 3 0003 8 49 0 0 3 0 0030 9 4a 0 3 0 0 0300 10 4b 1 0 0 1 1001 11 4c 1 1 0 0 1100 12 4d 3 0 0 0 3000 13 4e 1 2 0 0 1200 14 4f 2 1 0 0 2100 15 50 2 0 2 0 2020 16 51 2 0 0 2 2002 17 52 2 2 0 0 2200 18 53 1 0 1 2 1012 19 54 1 1 0 2 1102 20 55 2 0 3 0 2030 21 56 2 3 0 0 2300 22 57 3 0 2 0 3020 23 58 1 1 1 3 1113 24 59 1 1 3 1 1131 25 5a 1 2 2 1 1221 26 5b 1 3 1 1 1311 27 5c 3 1 1 1 3111 28 5d 2 1 2 1 2121 29 5e 2 1 1 2 2112 30 5f 2 2 1 1 2211 31 as an alternative to, or in conjunction with, writing the ctle boost setting registers 0x40 through 0x5f, it is possible to set the starting ctle boost setting index. to override the default setting, which is 0, set bit 3 of register 0x2f. when this bit is set, the starting index for adaptation comes from register 0x39, bits 4:0. this is the index into the ctle settings table in registers 0x40 through 0x5f. when this starting index is 0, which is the default, ctle adaptation starts at the first setting in the table, the one in register 0x40, and continues until the optimum fom is reached. setting the output differential voltage register 0x2d, bits 2:0 copyright ? 2011 ? 2013, texas instruments incorporated submit documentation feedback 37 product folder links: DS110DF410 

 DS110DF410 snls397b ? october 2011 ? revised may 2013 www.ti.com there are eight levels of output differential voltage available in the DS110DF410, from 0.6 v to 1.3 v in 0.1 v increments. the values drv_sel_vod[2:0] in bits 2:0 of register 0x2d set the output vod. the available vod settings and the corresponding values of this bit field are shown in table 15 . table 15. vod settings bit 2, drv_sel_vod[2] bit 1, drv_sel_vod[1] bit 0, drv_sel_vod[0] selected vod (v, peak-to-peak, differential) 0 0 0 0.6 0 0 1 0.7 0 1 0 0.8 0 1 1 0.9 1 0 0 1.0 1 0 1 1.1 1 1 0 1.2 1 1 1 1.3 setting the output de-emphasis setting register 0x15, bits 2:0 and bit 6 fifteen output de-emphasis settings are available in the DS110DF410, ranging from 0 db to -12 db. the de- emphasis values come from register 0x15, bits 2:0, which make up the bit field dvr_dem < 2:0 > , and register 0x15, bit 6, which is the de-emphasis range bit. the available driver de-emphasis settings and the mapping to these bits are shown in table 16 . table 16. driver de-emphasis settings register 0x15, bit 2, register 0x15, bit 1, register 15, bit 0, register 0x15, bit 6, de-emphasis setting dvr_dem[2] drv_dem[1] drv_dem[0] drv_dem_range (db) 0 0 0 x 0.0 0 0 1 1 -0.9 0 0 1 0 -1.5 0 1 0 1 -2.0 0 1 1 1 -2.8 1 0 0 1 -3.3 0 1 0 0 -3.5 1 0 1 1 -3.9 1 1 0 1 -4.5 0 1 1 0 -5.0 1 1 1 1 -5.6 1 0 0 0 -6.0 1 0 1 0 -7.5 1 1 0 0 -9.0 1 1 1 0 -12.0 38 submit documentation feedback copyright ? 2011 ? 2013, texas instruments incorporated product folder links: DS110DF410 

 package   option   addendum www.ti.com 9-jun-2013 addendum-page   1 packaging   information orderable   device status (1) package   type package drawing pins package qty eco   plan (2) lead/ball   finish msl   peak   temp (3) op   temp   (c) device   marking (4/5) samples DS110DF410sq/nopb active wqfn rhs 48 1000 green   (rohs &   no   sb/br) cu   sn level-3-260c-168   hr -40   to   85 110d410ab DS110DF410sqe/nopb active wqfn rhs 48 250 green   (rohs &   no   sb/br) cu   sn level-3-260c-168   hr -40   to   85 110d410ab ds110rt410sq/nopb active wqfn rhs 48 1000 green   (rohs &   no   sb/br) cu   sn level-3-260c-168   hr -40   to   85 110r410ab ds110rt410sqe/nopb active wqfn rhs 48 250 green   (rohs &   no   sb/br) cu   sn level-3-260c-168   hr -40   to   85 110r410ab   (1)   the   marketing   status   values   are   defined   as   follows: active:   product   device   recommended   for   new   designs. lifebuy:   ti   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   ti   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:   ti   has   discontinued   the   production   of   the   device.   (2)  eco plan - the planned eco-friendly classification: pb-free (rohs), pb-free (rohs exempt), or green (rohs & no sb/br) - please check  http://www.ti.com/productcontent  for the latest availability information   and   additional   product   content   details. tbd:     the   pb-free/green   conversion   plan   has   not   been   defined. pb-free  (rohs):  ti's terms "lead-free" or "pb-free" mean semiconductor products that are compatible with the current rohs requirements for all 6 substances,  including the requirement that lead   not   exceed   0.1%   by   weight   in   homogeneous   materials.   where   designed   to   be   soldered   at   high   temperatures,   ti   pb-free   products   are   suitable   for   use   in   specified   lead-free   processes. pb-free  (rohs exempt):  this component has a rohs exemption for either 1) lead-based flip-chip solder bumps used between the die and package, or 2) lead-based   die adhesive used between the   die   and   leadframe.   the   component   is   otherwise   considered   pb-free   (rohs   compatible)   as   defined   above. green  (rohs & no sb/br):  ti defines "green" to mean pb-free (rohs compatible), and free of bromine (br)   and antimony (sb) based flame retardants (br or sb do not exceed 0.1% by weight in   homogeneous   material)   (3)   msl,   peak   temp.   --   the   moisture   sensitivity   level   rating   according   to   the   jedec   industry   standard   classifications,   and   peak   solder   temperature.   (4)   there   may   be   additional   marking,   which   relates   to   the   logo,   the   lot   trace   code   information,   or   the   environmental   category   on   the   device.   (5)  multiple device markings will be inside parentheses. only one device marking contained in parentheses and separated by a "~" will appear on a device. if a line is indented then it is a continuation of   the   previous   line   and   the   two   combined   represent   the   entire   device   marking   for   that   device.   important  information and disclaimer: the  information provided on this page represents ti's knowledge and belief as of the date that it is provided. ti 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. ti has taken and

 package   option   addendum www.ti.com 9-jun-2013 addendum-page   2 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. ti   and   ti   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   ti   part(s)   at   issue   in   this   document   sold   by   ti   to   customer   on   an   annual   basis.  

 tape and reel information *all dimensions are nominal device package type package drawing pins spq reel diameter (mm) reel width w1 (mm) a0 (mm) b0 (mm) k0 (mm) p1 (mm) w (mm) pin1 quadrant DS110DF410sq/nopb wqfn rhs 48 1000 330.0 16.4 7.3 7.3 1.3 12.0 16.0 q1 DS110DF410sqe/nopb wqfn rhs 48 250 178.0 16.4 7.3 7.3 1.3 12.0 16.0 q1 ds110rt410sq/nopb wqfn rhs 48 1000 330.0 16.4 7.3 7.3 1.3 12.0 16.0 q1 ds110rt410sqe/nopb wqfn rhs 48 250 178.0 16.4 7.3 7.3 1.3 12.0 16.0 q1 package materials information www.ti.com 14-jun-2013 pack materials-page 1

 *all dimensions are nominal device package type package drawing pins spq length (mm) width (mm) height (mm) DS110DF410sq/nopb wqfn rhs 48 1000 367.0 367.0 38.0 DS110DF410sqe/nopb wqfn rhs 48 250 213.0 191.0 55.0 ds110rt410sq/nopb wqfn rhs 48 1000 367.0 367.0 38.0 ds110rt410sqe/nopb wqfn rhs 48 250 213.0 191.0 55.0 package materials information www.ti.com 14-jun-2013 pack materials-page 2
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 important notice texas instruments incorporated and its subsidiaries (ti) reserve 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 jesd48, latest issue. buyers should obtain the latest relevant information before placing orders and should verify that such information is current and complete. all semiconductor products (also referred to herein as ? components ? ) are sold subject to ti ? s terms and conditions of sale supplied at the time of order acknowledgment. ti warrants performance of its components to the specifications applicable at the time of sale, in accordance with the warranty in ti ? s terms and conditions of sale of semiconductor products. testing and other quality control techniques are used to the extent ti deems necessary to support this warranty. except where mandated by applicable law, testing of all parameters of each component is not necessarily performed. ti assumes no liability for applications assistance or the design of buyers ? products. buyers are responsible for their products and applications using ti components. to minimize the risks associated with buyers ? products and applications, buyers should provide adequate design and operating safeguards. ti does not warrant or represent that any license, either express or implied, is granted under any patent right, copyright, mask work right, or other intellectual property right relating to any combination, machine, or process in which ti components or services are used. information published by ti regarding third-party products or services does not constitute a license to use such products or services or a warranty or endorsement thereof. use of such information 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. reproduction of significant portions of ti information in ti data books or data sheets is permissible only if reproduction is without alteration and is accompanied by all associated warranties, conditions, limitations, and notices. ti is not responsible or liable for such altered documentation. information of third parties may be subject to additional restrictions. resale of ti components or services with statements different from or beyond the parameters stated by ti for that component or service voids all express and any implied warranties for the associated ti component or service and is an unfair and deceptive business practice. ti is not responsible or liable for any such statements. buyer acknowledges and agrees that it is solely responsible for compliance with all legal, regulatory and safety-related requirements concerning its products, and any use of ti components in its applications, notwithstanding any applications-related information or support that may be provided by ti. buyer represents and agrees that it has all the necessary expertise to create and implement safeguards which anticipate dangerous consequences of failures, monitor failures and their consequences, lessen the likelihood of failures that might cause harm and take appropriate remedial actions. buyer will fully indemnify ti and its representatives against any damages arising out of the use of any ti components in safety-critical applications. in some cases, ti components may be promoted specifically to facilitate safety-related applications. with such components, ti ? s goal is to help enable customers to design and create their own end-product solutions that meet applicable functional safety standards and requirements. nonetheless, such components are subject to these terms. no ti components are authorized for use in fda class iii (or similar life-critical medical equipment) unless authorized officers of the parties have executed a special agreement specifically governing such use. only those ti components which ti has specifically designated as military grade or ? enhanced plastic ? are designed and intended for use in military/aerospace applications or environments. buyer acknowledges and agrees that any military or aerospace use of ti components which have not been so designated is solely at the buyer ' s risk, and that buyer is solely responsible for compliance with all legal and regulatory requirements in connection with such use. ti has specifically designated certain components as meeting iso/ts16949 requirements, mainly for automotive use. in any case of use of non-designated products, ti will not be responsible for any failure to meet iso/ts16949. products applications audio www.ti.com/audio automotive and transportation www.ti.com/automotive amplifiers amplifier.ti.com communications and telecom www.ti.com/communications data converters dataconverter.ti.com computers and peripherals www.ti.com/computers dlp ? products www.dlp.com consumer electronics www.ti.com/consumer-apps dsp dsp.ti.com energy and lighting www.ti.com/energy clocks and timers www.ti.com/clocks industrial www.ti.com/industrial interface interface.ti.com medical www.ti.com/medical logic logic.ti.com security www.ti.com/security power mgmt power.ti.com space, avionics and defense www.ti.com/space-avionics-defense microcontrollers microcontroller.ti.com video and imaging www.ti.com/video rfid www.ti-rfid.com omap applications processors www.ti.com/omap ti e2e community e2e.ti.com wireless connectivity www.ti.com/wirelessconnectivity mailing address: texas instruments, post office box 655303, dallas, texas 75265 copyright ? 2013, texas instruments incorporated

 mouser electronics    authorized distributor      click to view pricing, inventory, delivery & lifecycle information:         texas instruments:     ? DS110DF410evm




		


		
			

			▲Up To 
				Search▲    



		 
	
Price & Availability of DS110DF410 
	[image: ]
	
			


	


	
			
		


				
	
				All Rights Reserved © 
				IC-ON-LINE 2003 - 2022  



	



	
			[Add Bookmark] [Contact 
				Us] [Link exchange] [Privacy policy]
	
				Mirror Sites :  [www.datasheet.hk]   
				[www.maxim4u.com]  [www.ic-on-line.cn] 
				[www.ic-on-line.com] [www.ic-on-line.net] 
				[www.alldatasheet.com.cn] 
				[www.gdcy.com] 
				[www.gdcy.net]





	

	


.
.
.
.
.




		 	We use cookies to deliver the best possible 
	web experience and assist with our advertising efforts. By continuing to use 
	this site, you consent to the use of cookies. For more information on 
	cookies, please take a look at our 
	Privacy Policy.	
	X




 
 























