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		  Datasheet File OCR Text:


		  technical dat a  f o r sf p  transceiver series ( r ev.  2. 2 march 17,  2006)   o pnext ,  inc.      opne x t   sfp transceiver series (trfxxxx)   overview of products    features  ?   wide range of applications: sdh, sonet, atm, 155 mbit/s to 2.5 gbit/s,    gbe, and 1gfc  ?   variety of transmission distances: 500 m, 2 km, 15 km, 40 km, 80 km and 100 km  ?   compliant w i th small form factor pluggable msa specification (sept. 2000)  ?   high-performance and cost-effective  ?   compliant w i th industry standard electrical connector and cage  ?   compact siz e  w i th industry standard duplex lc connector  ?   single + 3.3 v pow er supply and ttl logic interface  ?   metal package for superior emi performance  ?   low  pow er consumption  ?   e 2 prom w i th serial id functionality  ?   enhanced monitoring function (selected models)  ?   wide operating temperature range (selected models)  ?   compliant w i th class 1 laser product safety standards iec 60825-1 and iec 60825-2    - 1 - 

 technical dat a  f o r sf p  transceiver series ( r ev.  2. 2 march 17,  2006)   o pnext ,  inc.   - 2 -  description  general  the small form factor pluggable (sfp) series of  transceiver modules from opnext, inc. are hot  pluggable 3.3v transceivers designed for a range  of high-speed bi-directional communication  applications and offer nominal data rates  ranging from 155 mbit/s to 2.5 gbit/sec. supported  distances range from 500 m (gigabit ethernet  and fibre channel multimode) to 80 km (155  mbit/s, 622 mbit/s, 2.5 gbit/s sonet/sdh and giga bit ethernet). the transceivers are  compliant with all applicable standards, such  as the relevant itu and ieee specifications, as  well as the sfp multisource agreement (sept. 2000).  the sfp transceivers are provided with an  lc receptacle that is compatible with the indus try standard lc connector. the transceivers are  also compatible with industry standard electri cal connector and cage. the sfp transceivers are  class 1 eye safety products.    the optical out put power levels, under normal operation, are at  eye-safe level.   

 technical dat a  f o r sf p  transceiver series ( r ev.  2. 2 march 17,  2006)   o pnext ,  inc.   - 3 -  sfp product line overview    model  number*  nominal bit rate  link  application standard  trf542xaylz  15 km  oc-3 (ir-1), stm-1 (s-1.1)  trf545xaylz  40 km  oc-3 (lr-1), stm-1 (l-1.1)  trf746xaylz  80 km  oc-3 (lr-2), stm-1 (l-1.2)  trf748xaylz  155 mbit/s  100 km  oc-3 (lr-2), stm-1 (l-1.2), extended  trf552xaylz  15 km  oc-12 (ir-1), stm-4 (s-4.1)  trf555xaylz  40 km  oc-12 (lr-1), stm-4 (l-4.1)  trf756xaylz  80 km  oc-12 (lr-2), stm-4 (l-4.2)  trf758xaylz  622 mbit/s  100 km  oc-12 (lr-2), stm-4 (l-4.2), extended  1.25 gbit/s  550 m  gbe (1000base-sx)  trf271xaylz  1.062 gb/s  500 m  1g fibre channel  1.25 gbit/s  10 km  gbe (1000base-lx)  trf573xaylz  1.062 gb/s  10 km  1g fibre channel  trf776xaylz  1.25 gbit/s  80 km  gbe (1000base-zx)  trf591xaylz  2 km  oc-48 (sr), stm-16 (i-16)  trf592xaylz  15 km  oc-48 (ir-1), stm-16 (s-16.1)  trf595xaylz  40 km  oc-48 (lr-1), stm-16 (l-16.1)  trf796xaylz   2.5 gbit/s  (optional fec-rate support)  80 km  oc-48 (lr-2), stm-16 (l-16.2)    * meaning of ?x?, ?y? and ?z? in product code  ?   value of x    digital diagnos tic function implementation     5    no digital diagnostics    6    with digital diagnostics  ?   value of y    operating temperature range     n     0 to 70  c     a     ?5 to 70  c    c     0 to 75  c    l    ?5 to 75  c    h     0 to 85  c    m    ?5 to 85  c    q    ?10 to 85  c     e     ?20 to 85  c    v    ?40 to 85  c   ?   value of z    latch type     t     thumb-release (button) latch mechanism     b     bail latch mechanism      r    no latch mechanism (to be used in combination with an extraction tool)         table 1: product overview 

 technical dat a  f o r sf p  transceiver series ( r ev.  2. 2 march 17,  2006)   o pnext ,  inc.   sfp to host connector pin assignment    figure 1: sfp connector pin assignment    - 4 - 

 technical dat a  f o r sf p  transceiver series ( r ev.  2. 2 march 17,  2006)   o pnext ,  inc.   - 5 -  overview of internal interface signal definition  pin name    pin #  name/function  signal specification  receiver signals  veer  9,10,11, 14  receiver ground    ground, to sfp  note: veer and veet are not connect ed internally within the sfp module   vccr  15  receiver power    power, to sfp  note: vccr and vcct are the receiver and  transmitter power supplies. the recommended  host board power supply filtering is described below. when the recommended power  supply filtering network is used, hot plugging  the sfp transceiver module will result in an  inrush current of no more than 30ma greater  than the steady-state value. vccr and vcct  are not connected interna lly within the sfp module   rd+  rd-  13  12  receive data out    inv. receive data out  high speed serial, from sfp  note: these are the differential recei ver outputs. they are ac-coupled 100 ? differential  lines, which should be terminated with 100 ? (differential) at the user serdes. the ac  coupling is done inside the module and  thus is not required on the host board  los  8  receiver loss of signal  low speed, from sfp  note: this is an open collector/drain out put, which should be pulled up with a 4.7 k ?   ? 10 k?  resistor. pull-up voltage between 2.0v a nd vcct,r + 0.3v. when high, this output  indicates the received power is below the wors t-case receiver sensitivity (as defined by the  standard in use). low indicates normal opera tion. in the low state, the output will be  pulled to 0.8v,  technical dat a  f o r sf p  transceiver series ( r ev.  2. 2 march 17,  2006)   o pnext ,  inc.   recommended circuit schematic    figure 2: recommended host board supply filtering circuit    tr an sm i t t e r   100 re 220 100 10k 220 100 re 100 100 100 0. 1u 0. 1u 10u vc s f p  t rans cei v e r   eep r o m   v eet tx  tx   vc ct vc cr s m o d_def 2 m o d_def 1 m o d_def 0 veer td + td - 1u 1u 0. 1u 0. 1 u vcc  rd + rd - pl d/ pal   vcc  re re re vc c   50r 50r 50r 50r la s e r   dr i v e r   ci r c u i t   pe c l   in p u t   pre -   am pl if ier   po st -   am pl if ier   se r d es   ic   pr ot oc ol ic rece i v er          note:  4.7k ?  < res < 10k ?   figure 3: example host board circuit schematic  - 6 - 

 technical dat a  f o r sf p  transceiver series ( r ev.  2. 2 march 17,  2006)   o pnext ,  inc.   - 7 -  package outline draw ings    case tem p erature  measurem ent area units: m m  [ i n]   figure 4: pack age outline draw ing (w ith thumb-release (button) latch)    figure 5: pack age outline draw ing (w ith bail latch) 

 technical dat a  f o r sf p  transceiver series ( r ev.  2. 2 march 17,  2006)   o pnext ,  inc.   recommended bezel design    units: m m  [ i n]   figure 6: recommended bez el design - 8 - 

 technical dat a  f o r sf p  transceiver series ( r ev.  2. 2 march 17,  2006)   o pnext ,  inc.   - 9 -  digital diagnostics (enhanced monitoring)  general  some of the sfp transceivers are supplied with enhanced monitoring functions as specified  per sff-8472 (rev 9.5 june 1, 2004). 2 wire serial bus address 1010001x (a2h) is used to  access measurements of transceiver temperature, internally measured supply voltage,  transmitter bias current, transmitter output power, and received optical power.    calibration  measurements are converted from raw a/d values to real world units using external  calibration 1 . calibration constants are stored in eeprom locations 56 ? 95 at 2 wire serial  bus address a2h. calibration is valid over specified operating temperature and voltage.      measurement accuracy  after external calibration, the results are consistent with the accuracy and resolution goals for  internally calibrated devices, as specified in sff-8472.    alarm and warning thresholds  each a/d quantity has a corresponding high alarm,  low alarm, high warning and low warning  threshold. these factory-preset values allow the user to determine when a particular value is  outside of normal limits. when external calibration is used, data may be compared to alarm  and warning threshold values before or after calibration by the host. comparison can be done  directly before calibration. if comparison is to be done after calibration, calibration must first  be applied to both data and threshold values. the values reported in the alarm and warning  thresholds area may be temperature compensated or otherwise adjusted when setting warning  and/or alarm flags.                                                         1   internal calibration option will be available for all codes   

 technical dat a  f o r sf p  transceiver series ( r ev.  2. 2 march 17,  2006)   o pnext ,  inc.   - 10 -    parameter  symbol  min max unit  conditions  tx_disable   assert time  t_off    10   sec  time from rising edge of tx_disable to when the  optical output falls below 10% of nominal  tx_disable  negate time  t_on    1  msec  time from falling edge of tx_disable to when the  modulated optical output rises above 90% of nominal  time to initialize,  including reset of  tx_fault  t_init    300  msec  from power on or negation of tx_fault using tx  disable.  tx_fault   assert time  t_fault    100   sec  time from fault to tx fault on    tx_fault reset time  t_reset  10     sec  time tx disable must be held high to reset tx_fault  los assert time    t_loss_on    100   sec  time from los state to rx los assert  los deassert time  t_loss_off    100   sec  time from non-los state to rx los deassert  serial id clock rate  f_serial_clock    100  khz      table 3: timing parameters for sfp management

 technical dat a  f o r sf p  transceiver series ( r ev.  2. 2 march 17,  2006)   o pnext ,  inc.   sfp timing diagrams    p o w e r  o n  in it ia l i z a t i o n  o f  s f p ,  t x _d i s a b l e  ne g a te d pow e r  on  i n i t i a li za t i on  of s f p,  tx_ d i s a b l e  a s s e rt ed   e x am pl e  o f  ini t i a l i z a t i o n  dur i n g  ho t  pl ug g i ng , t x _d i s a b l e   manag e m e nt  o f  s f p  dur ing  no r m al  o p e r at i o n,  t x _d i s a b l e   s u c c e s s f ul   r e c o v e r y  f r o m  t r a n s i e n t s a f e ty  f a u l t  t i m i ng  o f  r x _ l o s   de te ct io n u n su c c e ss fu l re cov e ry  fr om sa fe ty  f a u l t  d e t e c t i o n o f  t r a n s m it te r  s a f e ty  f a ul t    figure 7: sfp timing diagrams     - 11 - 

 technical dat a  f o r sf p  transceiver series ( r ev.  2. 2 march 17,  2006)   o pnext ,  inc.   - 12 -  serial id    the sfp serial id provides access to sophisticated  identification information that describe the  sfp capabilities, standard interfaces, and other inform ation. the serial interface uses the 2-wire  serial cmos e2prom protocol defined  for the atmel at24c01a/02/04 family of  components. the memories are organized as a seri es of 8-bit data words that can be addressed  individually or sequentially. the 2 wire serial bus address 1010000x (a0h) is used for serial id.    data  address  field size  (bytes)  name of field  description of field  base id fields (a0h)  0  1  identifier  type of serial  transceiver (see table 5)  1  1  ext. identifier  extended identifier of type of serial transceiver    2  1  connector  code for connector type (see table 6)  3-10  8  transceiver  code for electronic compatibility or optical compatibility (see table 7)  11  1  encoding  code for serial encoding algorithm (see table 9)  12  1  br, nominal  nominal bit rate, units of 100 mbits/sec.  13  1  reserved    14  1  length (9  m)  link length supported for 9/125  m fiber, units of 1km  15  1  length (9 ? m)  link length supported for 9/125  m fiber, units of 100 m  16  1  length (50  m)  link length supported for 50/125  m fiber, units of 10 m  17  1  length (62.5  m)  link length supported for 62.5/125  m fiber, units of 10 m  18  1  length (copper)  link length supported for copper, units of meters  19  1  reserved    20-35  16  vendor name  sfp vendor  name (ascii): opnext inc  36  1  reserved    37-39  3  vendor oui  sfp vendor ieee company id (hex): 00-0b-40  40-55  16  vendor pn  opnext part number (ascii)  56-59  4  vendor rev  revision le vel for part number (ascii)  60-61  2  wavelength  laser wavelength  62  1  reserved    63  1  cc_base  check code for base id fields (addresses 0 to 62)  extended id fields (a0h)  64-65  2  options  indicates which op tional sfp signals are implemented  66  1  br, max  upper bit rate margin, units of %  67  1  br, min  lower bit rate margin, units of %  68-83  16  vendor sn  serial number provided by vendor (ascii)  84-91  8  date code  vendor?s manufacturing date code  92  1  diagnostic  monitoring type  indicates which type of diagnostic monitoring is implemented (if any)  in the transceiver  93  1  enhanced options  indicates which optional enhanced features are implemented (if any) in  the transceiver  94  1  sff-8472  compliance  indicates which revision of sff-8472  the transceiver complies with.  95  1  cc_ext  check code for the extended id fields (addresses 64 - 94)  vendor specific id fields (a0h)  96-127  32  read-only  vendor specific data, read only  128-511  384  reserved    512-n      vendor specific  table 4: serial id fields 

 technical dat a  f o r sf p  transceiver series ( r ev.  2. 2 march 17,  2006)   o pnext ,  inc.   - 13 -  identifier  the identifier value specifies the physical devi ce described by the serial information.  this  value shall be included in the serial data. the defined identifier values are shown below.     value  description of physical device  00h  unknown or unspecified  01h  gbic  02h  module/connector soldered to motherboard  03h  sfp transceiver  03-7fh  reserved  80-ffh  vendor specific  table 5: transceiver type codes    extended identifier  the field should be set to 04h for all sfp modul es indicating serial id module definition.    connector  the connector value indicates the external connect or provided on the interface. this value shall  be included in the serial data. the defined c onnector values are shown below.  note that  01h-05h are not sfp compatible, but are included here for compatibility with gbic standards.    value  description of connector  00h  unknown or unspecified.  01h  sc  02h  fibre channel style 1 copper connector  03h  fibre channel style 2 copper connector  04h  bnc/tnc  05h  fibre channel coaxial headers  06h  fiber jack  07h  lc  08h  mtrj  09h  mu  0ah  sg  0bh  optical pigtail  0c-1fh  reserved  20h  hssdcii  21h  copper pigtail  22h-7fh  reserved  80-ffh  vendor specific  table 6: connector type codes 

 technical dat a  f o r sf p  transceiver series ( r ev.  2. 2 march 17,  2006)   o pnext ,  inc.   - 14 -  transceiver  the following bit significant indicators define th e electronic or optical interfaces that are  supported by the sfp transceiver. at least one bit sh all be set in this field. where more than one  electronic and optical interfaces are supported, th e corresponding bits are also set. for fibre  channel sfps, the fibre channel speed, tran smission media, transmitter technology, and  distance capability shall all be specified.    th e defined transceiver values are shown in  table 7   below.     data address    bit  description of transceiver  data  address bit description of transceiver  infiniband compliance codes  fibre channel link length  3  7-4  reserved  7  7  very long distance (l)  3  3  1x sx  7  6  short distance (s)  3  2  1x lx  7  5  intermediate distance (i)  3  1  1x copper active  7  4  long distance (l)  3  0  1x copper passive  fibre channel transmitter technology        7  3-2  reserved  sonet compliance codes  7  1  longwave laser (lc)  4  7-5  reserved  7  0  electrical inter-enclosure (el)  4  4  sonet reach specifier bit 1  (see table 8)  8  7  electrical intra-enclosure (el)  4  3  sonet reach specifier bit 2  (see table 8)  8  6  shortwave laser w/o ofc (sn)  4  2  oc 48, long reach  8  5  shortwave laser w/ ofc (sl)  4  1  oc 48, intermediate reach  8  4  longwave laser(ll)  4  0  oc 48 short reach  8  0-3  reserved  5  7  reserved        5  6  oc 12, single mode long reach  fibre channel transmission media  5  5  oc 12, single mode intermediate reach  9  7  twin axial pair (tw)  5  4  oc 12 multi-mode short reach  9  6  shielded twisted pair (tp)  5  3  reserved  9  5  miniature coax (mi)  5  2  oc 3, single mode long  reach  9  4  video coax (tv)  5  1  oc 3, single mode intermediate reach  9  3  multi-mode, 62. 5  (m6)  5  0  oc 3, multi-mode short reach  9  2  multi-mode, 50   (m5)        9  1  reserved  gigabit ethernet compliance codes  9  0  single mode (sm)  6  7-4  reserved        6  3  1000base-t  fibre channel speed  6  2  1000base-cx  10  7-5  reserved  6  1  1000base-lx  10  4  400  mbytes/sec  6  0  1000base-sx  10  3  reserved  6  1,6  1000 base-zx (0100 0010)  10  2  200 mbytes./sec        10  1  reserved        10  0  100  mbytes./sec  note: bit 7 is the high order bit and is transmitted first in each byte.     table 7: electronic and optical compatibility codes 

 technical dat a  f o r sf p  transceiver series ( r ev.  2. 2 march 17,  2006)   o pnext ,  inc.   - 15 -  sonet compliance codes  the sonet compliance code bits allow the host to determine with which specifications  a sonet transceiver complies. for each bit rate defined in  table 8  (oc-3, oc-12, oc-48),  sonet specifies short reach (sr), intermediate reach (ir), and long reach (lr) requirements.  for each of the three bit rates, a single short reach (sr) specification is defined. two variations  of intermediate reach (ir-1, ir-2) and three vari ations of long reach (lr-1, lr-2, and lr-3) are  also defined for each bit rate.    speed  reach  specifier  bit 1  specifier  bit 2  description  oc-3/oc-12/oc-48  short  0  0  sonet sr compliant  oc-3/oc-12/oc-48  intermediate  1  0  sonet ir-1 compliant  oc-3/oc-12/oc-48  intermediate  0  1  sonet ir-2 compliant  oc-3/oc-12/oc-48  long  1  0  sonet lr-1 compliant  oc-3/oc-12/oc-48  long  0  1  sonet lr-2 compliant  oc-3/oc-12/oc-48  long  1  1  sonet lr-3 compliant    table 8: sonet compliance specifiers    encoding  the encoding value indicates the serial encoding  mechanism that is the normal design target of  the particular sfp transceiver. the value shall be contained in the serial data. the defined  encoding values are shown in table 9.          code  description of encoding  mechanism  00h  unspecified  01h  8b10b  02h  4b5b  03h  nrz  04h  manchester  05h-ffh  reserved  table 9: encoding algorithm codes    

 technical dat a  f o r sf p  transceiver series ( r ev.  2. 2 march 17,  2006)   o pnext ,  inc.   - 16 -  regulatory compliance    test item  test method  performance  laser eye safety  u.s. 21 cfr 1040.10 & 1040.11,  iec 60825-1: 1993 +a1: 1997 +a2:2001  cdrh compliant and iec class 1  laser safe  electromagnetic  interference  (emi)  fcc part 15 subpart b, class b,  iec/cispr 22: 1997,    (en 55022: 1998), class b  noise frequency range: 30mhz to  10ghz. target margin of 25db  below fcc-b when tested as  standalone unit in msa cage  within metal enclosure, using both  alternating (101010) and prbs  data patterns  radiated immunity  iec 61000-4-3-1995 + a1:1998    (en 61000-4-3)  field strength of 3v/m rms, from  80mhz to 1 ghz. no effect on  transceiver performance is  detectable between these limits.    electrostatic discharge    to optical connector  (esd immunity)  iec 6100-4-2; 1995 +a1: 1998    (en 61000-4-2)  withstand discharges of 15kv with  an air-discharge probe, no data loss  upon esd event  electrostatic discharge  to the electrical pins  mil-std-883e, method 3015.7  human body model, class 1    (>1 kv)  component  certification  ul 60950:2000, csa c22.2 #60950-00,    iec 60950: 1999  national and international  component certifications  flammability  ul  94  all materials meet requirement of  ul 94v-0 minimum  table 10: regulatory compliance  user information  handling precautions  caution:   take proper electrostatic-discharge (esd) precautions while handling these    devices. these devices are sensitive to esd.    laser safety  caution: use of controls or adjustments or  performance of procedures other than those  specified herein may result in hazardous radiation exposure. furthermore, unterminated optical  receptacles may emit laser radiation. refrain from viewing with optical instruments. 

 technical dat a  f o r sf p  transceiver series ( r ev.  2. 2 march 17,  2006)   o pnext ,  inc.   - 17 -  performance specifications ?   absolute maximum ratings  parameter  symbol min.  max.  unit storage temperature  t s   -40  85  oc  supply voltage  v cc   0  3.8  v  recommended operating conditions  parameter  symbol min.  max.  unit operating case temperature 2   t a   -40  85   oc  supply voltage  v cc   3.135 3.465  v  transmitter differential input voltage  v in p-p   0.5  1.2  v  electrical characteristics    parameter  symbol min.  max.  unit transceiver supply current    i cc     300  ma power supply voltage  v cct   3.135  3.465  v  input data voltage - differential 3   v in p-p   0.5  1.2  v  transmit disable voltage level 4   v dis   2.0  v cc   v  transmit enable voltage level 4   v en   0  0.8  v  transmit fault output voltage level 4   v flt_hi v flt_lo 2.0  0  v cc  0.8  v  v  power supply voltage  v ccr   3.135  3.465  v  data output differential voltage  v d   0.37  1.2  v  los output voltage-high 4   v sdh   2  v cc   v  los output voltage-low 4   v sdl   0  0.8  v                                                     ?  for typical optical output power values below ?5dbm, we recommend that an agilent 86103b dca plug-in  module (or equivalent) is used for measurement,  in order to ensure  sufficient sensitivity.    2   the location where the operating case temperature is measured is shown in the package outline drawings on page  7  3   differential operation is necessary for optimum performance  4  please see  table 2  (page 3) for additional details on voltage level functions 

 technical dat a  f o r sf p  transceiver series ( r ev.  2. 2 march 17,  2006)   o pnext ,  inc.   - 18 -  trf 542xaylz (oc-3 / stm-1: 15km) ?     transmitter  symbol  min  max  unit  mean optical wavelength     1261  1360  nm  rms spectral width  ? rms   -  7.7  nm  average optical output power  p avg   -15  -8  dbm  transmitter disabled average output power  p dis   -  -40  dbm  extinction ratio  er  8.2  -  db  itu/sonet mask margin  mm  20  -  %  jitter generation  j p-p   -  0.1  ui p-p   rms jitter generation  j rms   -  0.01  ui rms             receiver  symbol  min  max  unit  average sensitivity (minimum input power)  1   p min   -  -28  dbm  average saturation (maximum input power)  1   p max   -8  -  dbm  loss of signal assert level  losa  -42  -29  dbm  loss of signal deassert level  losd  -42  -28.5  dbm  loss of signal hysteresis  ? los  0.5  3  db    1.   measured at bit error rate (ber) of 10 -10 , using 2 23 -1 prbs test data pattern and 8.2db extinction ratio                                                       ?  this transceiver also supports transmission at  the fast ethernet bit rate, i.e. 125 mbit/s 

 technical dat a  f o r sf p  transceiver series ( r ev.  2. 2 march 17,  2006)   o pnext ,  inc.   - 19 -  trf545xaylz (oc-3 / stm-1: 40km)    transmitter   symbol  min  max  unit  mean optical wavelength     1263  1360  nm  rms spectral width  ? rms   -  3  nm  average optical output power  p avg   -5  0  dbm  transmitter disabled average output power  p dis   -  -40  dbm  extinction ratio  er  10  -  db  jitter generation  j p-p   -  0.1  ui p-p   rms jitter generation  j rms   -  0.01  ui rms             receiver   symbol  min  max  unit  average sensitivity (minimum input power)  1   p min   -  -34  dbm  average saturation (maximum input power)  1   p max   -10  -  dbm  loss of signal assert level  losa  -45  -35  dbm  loss of signal deassert level  losd  -45  -34.5  dbm  loss of signal hysteresis  ? los  0.5  3  db            1.   measured at bit error rate (ber) of 10 -10 , using 2 23 -1 prbs test data pattern and 10db extinction ratio   

 technical dat a  f o r sf p  transceiver series ( r ev.  2. 2 march 17,  2006)   o pnext ,  inc.   - 20 -  trf746xaylz (oc-3 / stm-1: 80km)    transmitter  symbol  min  max  unit  mean optical wavelength     1480  1580  nm  -20db spectral width  ? -20db   -  1  nm  side mode suppression ratio  smsr  30  -  db  average optical output power  p avg   -5  0  dbm  transmitter disabled average output power  p dis   -  -40  dbm  extinction ratio  er  10  -  db  jitter generation  j p-p   -  0.1  ui p-p   rms jitter generation  j rms   -  0.01  ui rms             receiver  symbol  min  max  unit  average sensitivity (minimum input power)  1   p min   -  -34  dbm  average saturation (maximum input power)  1   p max   -10  -  dbm  reflectance (optical return loss)  orl  -  -25  db  loss of signal assert level  losa  -45  -35  dbm  loss of signal deassert level  losd  -45  -34.5  dbm  loss of signal hysteresis  ? los  0.5  3  db            1.   measured at bit error rate (ber) of 10 -10 , using 2 23 -1 prbs test data pattern and 10db extinction ratio   

 technical dat a  f o r sf p  transceiver series ( r ev.  2. 2 march 17,  2006)   o pnext ,  inc.   - 21 -  trf748xaylz (oc-3 / stm-1: 100km)    transmitter  symbol  min  max  unit  mean optical wavelength     1480  1580  nm  -20db spectral width  ? -20db   -  1  nm  side mode suppression ratio  smsr  30  -  db  average optical output power  p avg   -3  2  dbm  transmitter disabled average output power  p dis   -  -40  dbm  extinction ratio  er  10  -  db  jitter generation  j p-p   -  0.1  ui p-p   rms jitter generation  j rms   -  0.01  ui rms             receiver  symbol  min  max  unit  average sensitivity (minimum input power)  1   p min   -  -34  dbm  average saturation (maximum input power)  1   p max   -10  -  dbm  reflectance (optical return loss)  orl  -  -25  db  loss of signal assert level  losa  -45  -35  dbm  loss of signal deassert level  losd  -45  -34.5  dbm  loss of signal hysteresis  ? los  0.5  3  db            2.   measured at bit error rate (ber) of 10 -10 , using 2 23 -1 prbs test data pattern and 10db extinction ratio   

 technical dat a  f o r sf p  transceiver series ( r ev.  2. 2 march 17,  2006)   o pnext ,  inc.   - 22 -  trf552xaylz (dual rate ? : oc-12 / stm-4 and oc-3 / stm-1:  15km)    transmitter  symbol  min  max  unit  mean optical wavelength     1274  1356  nm  rms spectral width  ? rms   -  2.5  nm  average optical output power  p avg   -15  -8  dbm  transmitter disabled average output power  p dis   -  -40  dbm  extinction ratio  er  8.2  -  db  itu/sonet mask margin  mm  20  -  %  jitter generation  j p-p   -  0.1  ui p-p   rms jitter generation  j rms   -  0.01  ui rms             receiver  symbol  min  max  unit  average sensitivity (minimum input power)  1   p min   -  -28  dbm  average saturation (maximum input power)  1   p max   -8  -  dbm  loss of signal assert level  losa  -42  -29  dbm  loss of signal deassert level  losd  -42  -28.5  dbm  loss of signal hysteresis  ? los  0.5  3  db            1.   measured at bit error rate (ber) of 10 -10 , using 2 23 -1 prbs test data pattern and 8.2db extinction ratio                                                       ?  these transceivers meet the specifications listed on this  page (oc-12 / stm-4 15km) as well as the specifications  listed for oc-3 / stm-1 15km. 

 technical dat a  f o r sf p  transceiver series ( r ev.  2. 2 march 17,  2006)   o pnext ,  inc.   - 23 -  trf555xaylz (oc-12 / stm-4: 40km)    transmitter  symbol  min  max  unit  mean optical wavelength     1280  1335  nm  -20db spectral width  ? -20db   -  1  nm  average optical output power  p avg   -3  +2  dbm  transmitter disabled average output power  p dis   -  -40  dbm  extinction ratio  er  10  -  db  jitter generation  j p-p   -  0.1  ui p-p   rms jitter generation  j rms   -  0.01  ui rms             receiver  symbol  min  max  unit  average sensitivity (minimum input power)  1   p min   -  -28  dbm  average saturation (maximum input power)  1   p max   -8  -  dbm  reflectance (optical return loss)  orl  -  -14  db  loss of signal assert level  losa  -42  -29  dbm  loss of signal deassert level  losd  -42  -28.5  dbm  loss of signal hysteresis  ? los  0.5  3  db            1.   measured at bit error rate (ber) of 10 -10 , using 2 23 -1 prbs test data pattern and 10db extinction ratio   

 technical dat a  f o r sf p  transceiver series ( r ev.  2. 2 march 17,  2006)   o pnext ,  inc.   - 24 -  trf756xaylz (oc-12 / stm-4: 80km)    transmitter  symbol  min  max  unit  mean optical wavelength     1480  1580  nm  -20db spectral width  ? -20db   -  1  nm  side mode suppression ratio  smsr  30  -  db  average optical output power  p avg   -3  +2  dbm  transmitter disabled average output power  p dis   -  -40  dbm  extinction ratio  er  10  -  db  jitter generation  j p-p   -  0.1  ui p-p   rms jitter generation  j rms   -  0.01  ui rms             receiver  symbol  min  max  unit  average sensitivity (minimum input power)  1   p min   -  -28  dbm  average saturation (maximum input power)  1   p max   -8  -  dbm  reflectance (optical return loss)  orl  -  -27  db  loss of signal assert level  losa  -42  -29  dbm  loss of signal deassert level  losd  -42  -28.5  dbm  loss of signal hysteresis  ? los  0.5  3  db            1.   measured at bit error rate (ber) of 10 -10 , using 2 23 -1 prbs test data pattern and 10db extinction ratio   

 technical dat a  f o r sf p  transceiver series ( r ev.  2. 2 march 17,  2006)   o pnext ,  inc.   - 25 -  trf758xaylz (oc-12 / stm-4: 100km)    transmitter  symbol  min  max  unit  mean optical wavelength     1480  1580  nm  -20db spectral width  ? -20db   -  1  nm  side mode suppression ratio  smsr  30  -  db  average optical output power  p avg   -3  +2  dbm  transmitter disabled average output power  p dis   -  -40  dbm  extinction ratio  er  10  -  db  jitter generation  j p-p   -  0.1  ui p-p   rms jitter generation  j rms   -  0.01  ui rms             receiver  symbol  min  max  unit  average sensitivity (minimum input power)  1   p min   -  -30  dbm  average saturation (maximum input power)  1   p max   -8  -  dbm  reflectance (optical return loss)  orl  -  -27  db  loss of signal assert level  losa  -42  -29  dbm  loss of signal deassert level  losd  -42  -28.5  dbm  loss of signal hysteresis  ? los  0.5  3  db            2.   measured at bit error rate (ber) of 10 -10 , using 2 23 -1 prbs test data pattern and 10db extinction ratio   

 technical dat a  f o r sf p  transceiver series ( r ev.  2. 2 march 17,  2006)   o pnext ,  inc.   - 26 -  trf591xa ? ylz (oc-48 / stm-16: 2km)    transmitter  symbol  min  max  unit  mean optical wavelength     1266  1360  nm  rms spectral width  ? rms   -  4  nm  average optical output power  p avg   -10  -3  dbm  transmitter disabled average output power  p dis   -  -40  dbm  extinction ratio  er  8.2  -  db  itu/sonet mask margin  mm  10  -  %  jitter generation  j p-p   -  0.1  ui p-p   rms jitter generation  j rms   -  0.01  ui rms             receiver  symbol  min  max  unit  average sensitivity (minimum input power)  1   p min   -  -18  dbm  average saturation (maximum input power)  1   p max   -3  -  dbm  reflectance (optical return loss) 2   orl  -  -14  db  reflectance (optical return loss) 2   orl  -  -27  db  loss of signal assert level  losa  -40  -19  dbm  loss of signal deassert level  losd  -40  -18.5  dbm  loss of signal hysteresis  ? los  0.5  3  db            1.   measured at bit error rate (ber) of 10 -10 , using 2 23 -1 prbs test data pattern and 8.2db extinction ratio  2.   in order to ensure acceptable penaltie s due to multiple reflections for a ll likely system configurations, a  version of this transceiver with an orl value of ?27db can also be provided (part number: trf591x..001).  the standard version of the transceiver (guaranteed  to meet an orl value of ?14db) has the part number  trf591x..000.                                                     ?  for fec support, the ?a? in the designation is replaced by ?f? 

 technical dat a  f o r sf p  transceiver series ( r ev.  2. 2 march 17,  2006)   o pnext ,  inc.   - 27 -  trf592xa ? ylz (oc-48 / stm-16: 15km)    transmitter  symbol  min  max  unit  mean optical wavelength     1260  1360  nm  -20db spectral width  ? -20db   -  1  nm  side mode suppression ratio  smsr  30  -  db  average optical output power  p avg   -5  0  dbm  transmitter disabled average output power  p dis   -  -40  dbm  extinction ratio  er  8.2  -  db  itu/sonet mask margin  mm  10  -  %  jitter generation  j p-p   -  0.1  ui p-p   rms jitter generation  j rms   -  0.01  ui rms             receiver  symbol  min  max  unit  average sensitivity (minimum input power)  1   p min   -  -18  dbm  average saturation (maximum input power)  1   p max   0  -  dbm  reflectance (optical return loss) 2   orl  -  -14  db  reflectance (optical return loss) 2   orl  -  -27  db  loss of signal assert level  losa  -40  -19  dbm  loss of signal deassert level  losd  -40  -18.5  dbm  loss of signal hysteresis  ? los  0.5  3 3   db            1.   measured at bit error rate (ber) of 10 -10 , using 2 23 -1 prbs test data pattern and 8.2db extinction ratio  2.   in order to ensure acceptable penaltie s due to multiple reflections for a ll likely system configurations, a  version of this transceiver with an orl value of  ?27db can also be provided (part number trf592x?001).  this version of the transceiver also has an isolator integrated in the transmitter. the standard version of the  transceiver (guaranteed to meet an orl value of ?14db) has the part number trf592x?000.      3.   for trf592x..000, the value is 4.5                                                       ?  for fec support, the ?a? in the designation is replaced by ?f? 

 technical dat a  f o r sf p  transceiver series ( r ev.  2. 2 march 17,  2006)   o pnext ,  inc.   - 28 -  trf595xa ? ylz (oc-48 / stm-16: 40km)    transmitter  symbol  min  max  unit  mean optical wavelength     1280  1335  nm  -20db spectral width  ? -20db   -  1  nm  side mode suppression ratio  smsr  30  -  db  average optical output power  p avg   -2  +3  dbm  transmitter disabled average output power  p dis   -  -40  dbm  extinction ratio  er  8.2  -  db  jitter generation  j p-p   -  0.1  ui p-p   rms jitter generation  j rms   -  0.01  ui rms             receiver  symbol  min  max  unit  average sensitivity (minimum input power)  1   p min   -  -27  dbm  average saturation (maximum input power)  1   p max   -9  -  dbm  reflectance (optical return loss)  orl  -  -27  db  loss of signal assert level  losa  -40  -28  dbm  loss of signal deassert level  losd  -40  -27.5  dbm  loss of signal hysteresis  ? los  0.5  3  db            1.   measured at bit error rate (ber) of 10 -10 , using 2 23 -1 prbs test data pattern and 8.2db extinction ratio                                                       ?  for fec support, the ?a? in the designation is replaced by ?f? 

 technical dat a  f o r sf p  transceiver series ( r ev.  2. 2 march 17,  2006)   o pnext ,  inc.   - 29 -  trf796xa ? ylz (oc-48 / stm-16: 80km)    transmitter  symbol  min  max  unit  mean optical wavelength     1500  1580  nm  -20db spectral width  ? -20db   -  1  nm  side mode suppression ratio  smsr  30  -  db  average optical output power  p avg   -2  +3  dbm  transmitter disabled average output power  p dis   -  -40  dbm  extinction ratio  er  8.2  -  db  jitter generation  j p-p   -  0.1  ui p-p   rms jitter generation  j rms   -  0.01  ui rms             receiver  symbol  min  max  unit  average sensitivity (minimum input power)  1   p min   -  -28  dbm  average saturation (maximum input power)  1   p max   -9  -  dbm  reflectance (optical return loss)  orl  -  -27  db  loss of signal assert level  losa  -40  -29  dbm  loss of signal deassert level  losd  -40  -28.5  dbm  loss of signal hysteresis  ? los  0.5  3  db  maximum optical path penalty  opp    2  db  1.   measured at bit error rate (ber) of 10 -10 , using 2 23 -1 prbs test data pattern and 8.2db extinction ratio                                                           ?  for fec support, the ?a? in the designation is replaced by ?f? 

 technical dat a  f o r sf p  transceiver series ( r ev.  2. 2 march 17,  2006)   o pnext ,  inc.   - 30 -  trf271xaylz ( ?  1g fibre channel sw & gbe-sx)     transmitter  symbol  min  max  unit  mean optical wavelength     770  860  nm  rms spectral width  ? rms   -  0.85  nm  average optical output power  p avg   -10  -3  dbm  transmitter disabled average output power  p dis   -  -40  dbm  optical modulation amplitude  oma  156  -   w  ieee/fc mask margin  mm  10  -  %  optical rise/fall time  t r  / t f   -  300  ps  total transmitter jitter 1   1.0625 gb/s tj tx   -  0.26  ui  deterministic transmitter jitter 1   1.0625 gb/s dj tx  -  0.09  ui  relative intensity noise  1.0625 gb/s rin  -  -116  db/hz            receiver  symbol  min  max  unit  average sensitivity  2   1.0625  gb/s p min   -  -17  dbm  stressed sensitivity  3   1.0625  gb/s p s   -  -14.5  dbm  average saturation (maximum input power)  2   p max   0  -  dbm  optical return loss  orl  12  -  db  loss of signal assert level  losa  -40  -18  dbm  loss of signal deassert level  losd  -40  -17.5  dbm  loss of signal hysteresis  ? los  0.5  3  db  total receiver jitter 4   1.0625  gb/s tj rx   -  0.21  ui  deterministic receiver jitter 4   1.0625 gb/s dj rx  -  0.12  ui  1.   transmitter jitter added between interoperability points   t  and   t  as indicated in fc-pi-2.  2.   measured at bit error rate (ber) of 10 -12 , using 2 7 -1 prbs test data pattern and 9db extinction ratio.   measured average sensitivity of  ?17dbm is equivalent to 31  w oma, ?15dbm is equivalent to 49  w oma.  3.   measured using conformance test signal defined in fc-pi-2, annex a.6.  measured average stressed  sensitivity of ?14.5dbm is equivalent to 55  w oma, ?12.1dbm is equivalent to 96  w oma.  4.   receiver jitter added between  interoperability points   r  and   r  as indicated in fc-pi-2.                                                       ?  these transceivers meet the fibre channel specifications  listed on this page as well as the gbe-sx specifications  listed on the following page. 

 technical dat a  f o r sf p  transceiver series ( r ev.  2. 2 march 17,  2006)   o pnext ,  inc.   - 31 -   trf271xaylz ( ?  1g fibre channel sw & gbe-sx, cont?d)    transmitter  symbol  min  max  unit  transmitter supply current  i cct       ma  mean optical wavelength     770  860  nm  rms spectral width  ? rms   -  0.85  nm  average optical output power  p avg   -9.5  -3  dbm  transmitter disabled average output power  p dis   -  -40  dbm  extinction ratio  er  9  -  db  ieee/fc mask margin  mm  20  -  %  optical rise/fall time  t r  / t f   -  260  ps  total transmitter jitter 1   tj tx   -  227  ps  deterministic transmitter jitter 1   dj tx   -  80  ps  relative intensity noise  rin  -  -117  db/hz            receiver  symbol  min  max  unit  receiver supply current  i ccr       ma  average sensitivity (minimum input power)  2   p min   -  -17  dbm  stressed sensitivity  3   p s   -  -13.5  dbm  average saturation (maximum input power)  2   p max   0  -  dbm  optical return loss  orl  12  -  db  loss of signal assert level  losa  -40  -18  dbm  loss of signal deassert level  losd  -40  -17.5  dbm  loss of signal hysteresis  ? los  0.5  6  db  total receiver jitter 4   tj rx   -  266  ps  deterministic receiver jitter 4   dj rx   -  170  ps            1.   transmitter jitter measured between tp1 and  tp2 as indicated in ieee 802.3 section 38.5  2.   measured at bit error rate (ber) of 10 -12 , using 2 7 -1 prbs test data pattern and 9db extinction ratio.  3.   measured using conformance test signa l defined in ieee 802.3, section 38.6.11  4.   receiver jitter measured between tp3 and tp 4 as indicated in ieee 802.3 section 38.5                                                           these transceivers meet the gbe-sx sp ecifications listed on this page as well as the fibre channel specifications  listed on the previous page. 

 technical dat a  f o r sf p  transceiver series ( r ev.  2. 2 march 17,  2006)   o pnext ,  inc.   - 32 -  trf573xaylz ( ?  1g fibre channel lw & gbe-lx)    transmitter  symbol  min  max  unit  mean optical wavelength     1270  1355  nm  rms spectral width 1   ? rms   -  2.8  nm  average optical output power  p avg   -9.5  -3  dbm  transmitter disabled average output power  p dis   -  -40  dbm  extinction ratio  er  9  -  db  optical modulation amplitude  oma  219  -   w  ieee/fc mask margin  mm  10  -  %  optical rise/fall time  t r  / t f   -  320  ps  total transmitter jitter 2   1.0625 gb/s tj tx   -  0.26  ui  deterministic transmitter jitter 2   1.0625 gb/s dj tx  -  0.09  ui  relative intensity noise  1.0625 gb/s rin  -  -116  db/hz            receiver  symbol  min  max  unit  average sensitivity  3   p min   -  -20.2  dbm  saturation (maximum input power)  3   p max   -3  -  dbm  optical return loss  orl  12  -  db  loss of signal assert level  losa  -40  -21  dbm  loss of signal deassert level  losd  -40  -20.5  dbm  loss of signal hysteresis  ? los  0.5  3  db  total receiver jitter 4   1.0625  gb/s tj rx   -  0.20  ui  deterministic receiver jitter 4   1.0625 gb/s dj rx  -  0.13  ui            1.   meets curves in fc-pi 10.0 figures 18 and 19, which a llow trade-off between wavelength, spectral width and  oma.  2.   transmitter jitter added between interoperability points   t  and   t  as indicated in fc-pi-2.    3.   measured at bit error rate (ber) of 10 -12 , using 2 7 -1 prbs test data pattern and 9db extinction ratio.    average  sensitivity of ?20.2dbm is equivalent to 15  w oma.    4.   receiver jitter added between  interoperability points   r  and   r  as indicated in fc-pi-2.                                                         ?  these transceivers meet the fibre channel specifications  listed on this page as well as the gbe-lx specifications  listed on the following page. 

 technical dat a  f o r sf p  transceiver series ( r ev.  2. 2 march 17,  2006)   o pnext ,  inc.   - 33 -  trf573xaylz ( ?  1g fibre channel lw & gbe-lx, cont?d )    transmitter  symbol  min  max  unit  transmitter supply current  i cct       ma  mean optical wavelength     1270  1355  nm  rms spectral width  ? rms   -  4  nm  average optical output power  p avg   -9  -3  dbm  transmitter disabled average output  power  p dis   -  -40  dbm  extinction ratio  er  9  -  db  ieee/fc mask margin  mm  20  -  %  optical rise/fall time  t r  / t f   -  260  ps  total transmitter jitter 1   tj tx   -  227  ps  deterministic transmitter jitter 1   dj tx   -  80  ps  relative intensity noise  rin  -  -120  db/hz            receiver  symbol  min  max  unit  receiver supply current  i ccr       ma  average sensitivity (minimum input  power)  2   p min   -  -20  dbm  stressed sensitivity  3   p s   -  -14.4  dbm  average saturation (maximum input  power)  2   p max   -3  -  dbm  optical return loss  orl  12  -  db  loss of signal assert level  losa  -  -20  dbm  loss of signal deassert level  losd  -  -19.5  dbm  loss of signal hysteresis  ? los  0.5  6  db  total receiver jitter 4   tj rx   -  266  ps  deterministic receiver jitter 4   dj rx   -  170  ps            1.   transmitter jitter measured between tp1 and  tp2 as indicated in ieee 802.3 section 38.5  2.   measured at bit error rate (ber) of 10 -12 , using 2 7 -1 prbs test data pattern and 9db extinction ratio.  3.   measured using conformance test signa l defined in ieee 802.3, section 38.6.11  4.   receiver jitter measured between tp3 and tp 4 as indicated in ieee 802.3 section 38.5                                                           ?  these transceivers meet the gbe-lx  specifications listed on this page as well as the fibre channel specifications  listed on the previous page. 

 technical dat a  f o r sf p  transceiver series ( r ev.  2. 2 march 17,  2006)   o pnext ,  inc.   - 34 -  trf776xaylz (gigabit ethernet 1000base-zx: 80km)    transmitter  symbol  min  max  unit  mean optical wavelength     1530  1580  nm  -20db spectral width  ? -20db   -  1  nm  side mode suppression ratio  smsr  30    db  average optical output power  p avg   0  +5  dbm  transmitter disabled average output power  p dis   -  -40  dbm  extinction ratio  er  9  -  db  optical rise/fall time  t r  / t f   -  260  ps  total transmitter jitter 1   tj tx   -  227  ps  deterministic transmitter jitter 1   dj tx   -  80  ps  relative intensity noise  rin  -  -120  db/hz            receiver  symbol  min  max  unit  average sensitivity (minimum input power)  2   p min   -  -24  dbm  average saturation (maximum input power)  2   p max   -3  -  dbm  optical return loss  orl    -27  db  loss of signal assert level  losa  -40  -25  dbm  loss of signal deassert level  losd  -40  -24.5  dbm  loss of signal hysteresis  ? los  0.5  6  db  total receiver jitter 4   tj rx   -  266  ps  deterministic receiver jitter 4   dj rx   -  170  ps            1.   transmitter jitter measured between tp1 and  tp2 as indicated in ieee 802.3 section 38.5  2.   measured at bit error rate (ber) of 10 -12 , using 2 7 -1 prbs test data pattern and 9db extinction ratio.  3.   measured using conformance test signa l defined in ieee 802.3, section 38.6.11  4.   receiver jitter measured between tp3 and tp 4 as indicated in ieee 802.3 section 38.5           

 technical dat a  f o r sf p  transceiver series ( r ev.  2. 2 march 17,  2006)   o pnext ,  inc.   nomenclature information    trf x   (1 ) (3 )  x   (4 )  x   (2 )  x   (5 ) x   (7 ) x   (8 ) x   (9 ) x   ( 10) - x (6 ) ( 14) x   (1 1 ) x   ( 12) x   ( 13)   i t e m   p a r a m e t e r   sy m b o l   ( 1 )   p r o d u c t   category   trf: sff and sfp  ( 2 )   w a v e length  category   2: 850 nm  5: 1310 nm  7: 1550 nm  (3)  max. nominal bit-rate supported  (may  support multiple bit rates,  please see product and/or custom  specification)  3: 52 mbit/s  4: 155 mbit/s  5: 622 mbit/s  6: 1.062 gbit/s  7: 1.25 gbit/s  8: 2.125 gbit/s    9: 2.5 gbit/s  so net / itu-t  ieee or fc  (4)  product code  (a pplication/ range)   0: vsr (600m)  1: sr (2k m )  2: ir (15km)  3: ir-1(20 km)  4: sr-2(25 km)    5: lr-1(40 km)  6: lr-2/(   80 km)  8: vr-2/(   80km)  1: (sx) 500m  2: (lx) 5km  3: (lx) 10km        6: (zx) 80km  (5)  product code  (ty p e)  development code (one digit)  5: sfp, no enhanced monitoring (sff-8472)  6: sfp, with enhanced monitoring (sff-8472)  ( 6 )   w a v e l e n g t h   null: non-wdm  (7)  product code  (function)  a: nominal rate  f: nominal rate w i th fec support    m: multi-rate  (8)  operating temperature range  n: normal 0 to 70 deg.c  a: low  ?5 to 70 deg. c  c: special 0 to 75 deg. c  l: low  (extended) ?5 to 75 deg. c  h: hardened 0 to 85 deg.c  m: medium ?5 to 85 deg c  q: wide ?10 to 85 deg c  e: extended ?20 to 85 deg. c  v: very  hardened ?40 to 85 deg.c  (9)  optical connector ty pe  l: lc (standard)  m:mu  r:mt-rj  other connectors may  be available.  ( 1 0 )   p a c k a g e   ty p e   t: sfp package w i th emi shield and button latch  b: sfp package w i th emi shield and bail latch  r: no latch provided (to be used in  combination w i th extraction tool)  ( 1 1 )   p r o d u c t   rev i s i o n   n: revision  (12)  (13)  waiv er/customized specification  code  00: standard full specification  nn: customer approved spec  ( 1 4 )   p r o d u c t   s t a t u s   m: mechanical sample  f: functional sample  wn: working sample (n: null or version number)  null: mass production    - 35 - 
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