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		  Datasheet File OCR Text:


		  ds04-22113-3e fujitsu semiconductor data sheet assp   communication network cmos lan controller with pc card, isa bus, and general-purpose bus interfaces MB86967 n description the MB86967 is a highly-integrated, high-performance single-chip ethernet lan controller which contains a  pc card interface based on the jeida4.2 standard, an isa bus interface that can be connected directly to the  isa bus, a general-purpose bus interface, a manchester encoder/decoder based on the ieee802.3 standard,  and 10base-t transceiver. the lan controller and buffer manager are software compatible with the mb86965a and mb86964. the buffer  manager has functions for arbitration and buffer management of external buffer memory (sram) which can be  expanded to 32 kb. these functions provide simultaneous access from the host and data link controller and  updating of transmit and receive buffer pointers. this permits substantial reduction of software overhead in buffer  management. the manchester encoder/decoder and 10base-t transceiver can be easily interfaced with twisted-pair cable  just by addition of a pulse transformer and filter. mode pin setting allows the system interface to switch between the pc card interface, isa bus interface, and  general-purpose bus interface. when in the isa bus interface mode, two modes can be selected: a jumperless  mode allowing software setting of i/o addresses and interrupt signals, and a jumper mode allowing dipswitch  setting. n  features system interface ? allows switching between pc card interface, isa bus interface, and general-purpose bus interface ? allows byte swapping of word data according to host cpu (in isa bus mode and general-purpose bus mode) (continued) n pac k ag e 100-pin plastic lqfp (fpt-100p-m05)

 2 MB86967 (continued) ? has functions for high-speed burst dma transfer and single dma transfer (slave operation) (in isa bus mode  and general-purpose bus mode) ? provides node id eeprom interface (in isa bus mode) ? allows software setting of i/o addresses and interrupt signals (in jumperless mode of isa bus mode) ? can be connected to 8-bit and 16-bit standard microprocessor buses (in general-purpose bus mode) ? provides jeida protocol interface (in pc card mode) ? has overlapping address window function (in pc card mode) ? has memory control (common memory, attribute memory, i/o addresses) (in pc card mode) lan interface ? contains manchester encoder/decoder based on ieee802.3 standard and 10base-t transceiver ? has functions for jabber control, link test, and sqe test ? has functions for inversion detection and automatic correction ? contains led driver for monitoring network status (link test, collision, transmitting and receiving) ? has function for 10base-t external loopback (full-duplex) controller ? software compatible with mb86965a and mb86964 ? has dual-bank transmit buffer and ring receive buffer (expandable to 32 kb) set by program ? contains 64-bit hash table for multicast address filter ? has function for removing receive long packets (1792-byte or more receive packets) ? has two power-down modes; standby mode (continued crystal oscillation) and shut-down mode (stopped  crystal oscillation) others ? aluminum two-layer wiring cmos technology ? 100-pin lqfp package ? power-supply voltage of 5 v   5% n pin assignment (top view) 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 100 99 98 97 96 95 94 93 92 91 90 89 88 87 86 85 84 83 82 81 80 79 78 77 76 (fpt-100p-m05) 75 74 73 72 71 70 69 68 67 66 65 64 63 62 61 60 59 58 57 56 55 54 53 52 51 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50

 3 MB86967 ? pc card mode   pin no. symbol i/o pin no. symbol i/o pin no. symbol i/o pin no. symbol i/o 1v dd 1p26v dd 2p51v dd 3p76gnda2g 2 inpack o27 pd11 bd52 mode0/ledl iu/od 77 tpopb o 3wait o 28 pd4 bd 53 ba6 o 78 tpopa o 4 pa0 id 29 pd3 bd 54 ba5 o 79 tpona o 5 pa1 id 30 bcs o 55 ba4 o 80 tponb o 6 pa2 id 31 gnd3 g 56 ba3 o 81 vdda2 p 7 pa3 id 32 bwe o 57 gnd5 g 82 ce1 iu 8 pa4 id 33 boe o 58 ba2 o 83 ce2 iu 9 pa5 id 34 bd7 b 59 ba1 o 84 iois16 o 10 pa6 id 35 bd6 b 60 ba0 o 85 pd10 bd 11 pa7 id 36 bd5 b 61 clko o 86 gnd6 g 12 pa8 id 37 bd4 b 62 clki i 87 pd2 bd 13 pa9 id 38 bd3 b 63 reset2 isd 88 pd9 bd 14 pa10 id 39 bd2 b 64 reset1 isu 89 pd1 bd 15 iord iu 40 bd1 b 65 ledr od 90 pd8 bd 16gnd1g41bd0b66ledtod91pd0bd 17 iowr iu 42 ba14 o 67 gnda1 g 92 ireq o 18 pd15 bd 43 ba13 o 68 ledc od 93 reg iu 19 pd14 bd 44 ba12 o 69 nc0  94 v dd 4p 20 pd7 bd 45 ba11 o 70 vdda1 p 95 we iu 21 pd13 bd 46 gnd4 g 71 tpip i 96 oe iu 22 pd6 bd 47 ba10 o 72 tpin i 97 romad o 23 pd12 bd 48 ba9 o 73 gndm i 98 roms o 24 gnd2 g 49 ba8 o 74 nc1  99 romrd o 25 pd5 bd 50 ba7 o 75 nc2  100 gnd7 g i: input o:output b: input/output id: input with pull-down resistor bd: input/output with pull-down resistor od:open-drain output is: schmitt input iu: input with pull-up resistor p: power supply g:ground

 4 MB86967 ?isa bus mode   pin no. symbol i/o pin no. symbol i/o pin no. symbol i/o pin no. symbol i/o 1v dd 1p26v dd 2p51v dd 3p76gnda2g 2 dreq o 27 sd11 bd 52 ledl od 77 tpopb o 3 iochrdy od 28 sd4 bd 53 ba6 o 78 tpopa o 4 sa0 id 29 sd3 bd 54 ba5 o 79 tpona o 5 sa1 id 30 bcs o 55 ba4 o 80 tponb o 6 sa2 id 31 gnd3 g 56 ba3 o 81 vdda2 p 7 sa3 id 32 bwe o57 gnd5 g82 sbhe iu 8 sa4 id 33 boe o58 ba2 o83dmack iu 9 sa5 id 34 bd7 b 59 ba1 o 84 iois16 od  10 sa6 id 35 bd6 b 60 ba0 o 85 sd10 bd 11 sa7 id 36 bd5 b 61 clko o 86 gnd6 g 12 sa8 id 37 bd4 b 62 clki i 87 sd2 bd 13 sa9 id 38 bd3 b 63 aen isd 88 sd9 bd  14 ale id 39 bd2 b 64 chreset isu 89 sd1 bd 15 ior iu 40 bd1 b 65 eop id 90 sd8 bd 16gnd1g41bd0b66ledtod91sd0bd 17 iow iu 42 ba14 o 67 gnda1 g 92 ireq0 o 18 sd15 bd 43 ba13 o 68 ledc od 93 enhb o 19 sd14 bd 44 ba12 o 69 ireq1/iosel0 iu/o 94 v dd 4p 20 sd7 bd 45 ba11 o 70 vdda1 p 95 enlb o 21 sd13 bd 46 gnd4 g 71 tpip i 96 eepdo iu 22 sd6 bd 47 ba10 o 72 tpin i 97 eepdi o 23 sd12 bd 48 ba9 o 73 mode/ledr i/od 98 eepcs o 24 gnd2 g 49 ba8 o 74 ireq2/iosel1 iu/o 99 eepsk o 25 sd5 bd 50 ba7 o 75 ireq3/iosel2 iu/o 100 gnd7 g i: input o:output b: input/output id: input with pull-down resistor bd: input/output with pull-down resistor od:open-drain output is: schmitt input iu: input with pull-up resistor p: power supply g:ground

 5 MB86967 ? general-purpose bus mode   pin no. symbol i/o pin no. symbol i/o pin no. symbol i/o pin no. symbol i/o 1v dd 1p26v dd 2p51v dd 3p76gnda2g 2 dreq o 27 sd11 bd 52 mode0 iu 77 tpopb o 3 ready o 28 sd4 bd 53 ba6 o 78 tpopa o 4 sa0 id 29 sd3 bd 54 ba5 o 79 tpona o 5 sa1 id 30 bcs o 55 ba4 o 80 tponb o 6 sa2 id 31 gnd3 g 56 ba3 o 81 vdda2 p 7 sa3 id 32 bwe o57 gnd5 g82 ecs i 8mode1id33 boe o58 ba2 o83 n.c  9 n.c  34 bd7 b 59 ba1 o 84 n.c  10 rdypol id 35 bd6 b 60 ba0 o 85 sd10 bd 11 bhe id 36 bd5 b 61 clko o 86 gnd6 g 12 dmack id 37 bd4 b 62 clki i 87 sd2 bd 13eopid38bd3b63 n.c88sd9bd  14 n.c  39 bd2 b 64 hwrst isu 89 sd1 bd 15 ior iu 40 bd1 b 65 ledr od 90 sd8 bd 16gnd1g41bd0b66 n.c91sd0bd 17 iow iu 42 ba14 o 67 gnda1 g 92 int o 18 sd15 bd 43 ba13 o 68 n.c  93 ledt od 19 sd14 bd 44 ba12 o 69 n.c  94 v dd 4p 20 sd7 bd 45 ba11 o 70 vdda1 p 95 ledl od 21 sd13 bd 46 gnd4 g 71 tpip i 96 ledc od 22 sd6 bd 47 ba10 o 72 tpin i 97 n.c  23 sd12 bd 48 ba9 o 73 gndm g 98 sb /sw o 24 gnd2 g 49 ba8 o 74 n.c  99 n.c  25 sd5 bd 50 ba7 o 75 n.c  100 gnd7 g i: input o:output b: input/output id: input with pull-down resistor bd: input/output with pull-down resistor od:open-drain output is: schmitt input iu: input with pull-up resistor p: power supply g:ground

 6 MB86967 n pin description ? system interface pins in pc card mode (continued) pin no.  symbol pin name i/o function  18 to 23, 25, 27 to 29,  85, 87 to 91 pd0 to pd15 pc card data bus bd pd15 for most significant bit and pd0 for least  significant bit. a built-in 150-k w  pull-down resistor  eliminates the need for any resistor on the card. 4 to 14 pa0 to pa10 pc card address bus id pa10 for most significant bit and pa0 for least  significant bit. pa0 is invalid at word access. a built-in  150-k w  pull-down resistor eliminates the need for any  resistor on the card. 82 ce1 card enable 1,2 iu ce1  controls even addresses and ce2  controls odd  addresses. at power-on or after reset-canceling,  these pins must be kept high for 20 ms to initialize  the i/o card. 83 ce2 96 oe output enable iu this pin is used to control the output of read data  from attribute memory space. 95 we write enable iu this pin is used to control a write operation to  attribute memory space. 93 reg register select iu this pin must be kept non-active high at access to  common memory. keeping this pin low accesses  attribute memory by oe /we . the i/o area is  accessed by iord /iowe . attribute memory is  allocated only to even addresses. therefore, for word  access, data signals pd0 to pd7 are valid and pd8  to pd15 are invalid. access to odd addresses is  disabled at byte access. when setting iord /iowe   low during dma operation, reg  must be kept high  to prevent illegal access. 64 reset1 hardware reset1 (active high) isu this pin is used to clear the card configuration  register (ccr), set the card to an unset state (ic  card interface mode), and initialize the pointers and  registers in the lan controller and 10base-t  transceiver. when power is applied to the card, the  system must keep this pin high or high-impedance  for 1 ms after the power supply has stabilized. a built- in 150-k w  pull-down resistor eliminates the need for  any resistor on the card. 63 reset2 hardware reset2 (active high) isd this pin is internally ored with reset1 and  contains a 50-k w  pull-down resistor. 15 iord i/o read iu this pin is used to read data from the i/o area. the  MB86967 sends no response to iord  until a write  operation to the ccr sets the card to the i/o card  interface mode. 17 iowr i/o write iu this pin is used to write data to the i/o area. the  MB86967 sends no response to iowr  until a write  operation to the ccr sets the card to the i/o card  interface mode. 3wait wait o a low level is output to this pin to delay the end of an  i/o access cycle in progress.

 7 MB86967 (continued) pin no.  symbol pin name i/o function  2 inpack input response o when ce ,reg , and iord  are 0s and the address on  the address bus agrees with the i/o port in the card,  a low level is output to this pin. when i/o addresses  are independent, a low level is always output to this  pin when ce ,reg , and iord  are 0s. 84 iois16 16-bit i/o port o when 16-bit access (word access) to the i/o port is  possible, a low level is output to this pin. when a  high level is output to this pin, the system has 8-bit  access (byte access). note: in the ic memory interface mode (no write  operation to the ccr) when power is applied  and a reset is canceled, this pin serves as a  wp+ (write-protect) pin. under this condition, a  high level is output to this pin (write-protect). 1 should be set in the device id tuple, wps, in  the cis to perform a write operation to the card. 92 ireq interrupt request o a low level is output to this pin to request software  service from the system. for no interrupt request, a  high level is output to this pin. an interrupt signal is  sent to one of the interrupt request signals on the bus  in the system via the socket interface. note: in ic memory interface mode (no write  operation to the ccr) when power is applied  and a reset is canceled, this pin serves as a  +rdy/bsy pin. under this condition, a high  level (+rdy) is output to this pin. 98 roms rom select o this pin is used for output of eeprom or flash  chip select signals. 99 romrd rom read o this pin is used for output of eeprom or flash  read signals. 97 romad rom address o this pin is used when i/o-reading the i/o number.  connection of this pin to the most significant address  of eeprom or flash permits i/o-reading of  address space in the upper half of rom. for a write  operation, both the write enable (we ) and i/o write  (iowr ) pins must be enabled. if there is no need to  set the id number in the cis for i/o-reading, this pin  should be kept open.

 8 MB86967 ? system interface pins in isa bus mode   (continued) pin no.  symbol pin name i/o function  18 to 23, 25, 27 to 29,  85, 87 to 91 sd0 to sd15 system data bus bd these pins are used as data buses for data  exchange between the host system and the  MB86967. they are also used for dma transfer. in  the 8-bit bus mode (bit 5 of dlcr6 = 1), only the 8  lower bits (sd0 to sd7) are used. 4 to 13 sa0 to sa9 system address bus id these pins are used for input of system address  signals for selecting lan controller registers. 64 chreset chip reset  (active high) isu this pin is used for input of hardware reset signals. 15 ior i/o read (active low) iu this pin is used for input of i/o read strobe signals. 17 iow i/o write (active low) iu this pin is used for input of i/o write strobe signals. 63 aen address enable (active high) isd this pin is used for input of signals indicating that the  dma controller controls the system bus. 65 eop end of process (active high or active  low) id this pin is used for input of signals indicating the end  of dma transfer between the buffer memory and host  system. at input of eop, the next breq is not output  and the handshaking cycle is terminated. 14 ale address latch enable id this pin is used for input of signals indicating that the  addresses of sa0 to sa9 are determined.  82 sbhe system bus high enable iu this pin is used for controlling byte/word transfer. in  the 16-bit data bus mode (bit 5 (sb/sw ) of dlcr6 =  0), this pin, together with sa0, controls word transfer  and the transfer of upper and lower bytes on the data  bus.  : dont care 2dreqdma request (active high) o this pin is used for output of dma transfer request  signals. sb/sw sbhe sa0 function 0 0 0 word transfer 001 transfer of upper bytes on  data bus (sd15 to sd8) 010 transfer of lower bytes on  data bus (sd7 to sd0) 011unused 1  byte transfer  (sd7 to sd0)

 9 MB86967 (continued) pin no.  symbol pin name i/o function  69 74 75 92 ireq1/iosel0 ireq2/iosel1 ireq3/iosel2 ireq0 interrupt request 0 to 3 (active high) iu/o jumperless mode these pins are used for output of ir signals. one of  ireq0 to ireq3 is selected by configuration data in  eeprom. i/o address select jumper mode these pins are used to select the i/o base  addresses to which the lan controller is allocated.  83 dmack dma acknowledge i this pin is used for input of dmac acknowledge  signals indicating that the dmac is ready to transmit  and receive data to and from buffer memory. 3 iochrdy i/o channel ready (active low,  open-drain output) od this pin is used for output of signals indicating  ready for handshaking with the host system. 84 iocs16 i/o channel select 16 (active low,  open-drain output) od this pin is used for output of signals indicating that  data transfer is made in a 16-bit i/o access cycle. 93 enhb enable data high (active low) o this pin is used for output of enable signals for an  external upper system data bus transceiver. 95 enlb enable data low (active low) o this pin is used for output of enable signals for an  external lower system data bus transceiver. 99 eepsk shift clock o this pin is used for output of eeprom shift clock  pulses. 97 eepdi data in  o this pin is connected to data in pin of eeprom. 96 eepdo data out iu this pin is connected to data out pin of eeprom. 98 eecs eeprom chip select (active high) o this pin is used for output of eeprom chip select  signals. iosel2 iosel1 iosel0 i/o base address 000 260 h  to 27f h 001 280 h  to 29f h 010 2a0 h  to 2bf h 011 240 h  to 25f h 100 340 h  to 35f h 101 320 h  to 33f h 110 380 h  to 39f h 111 300 h  to 31f h

 10 MB86967 ? system interface pins in general-purpose mode (continued) pin no.  symbol pin name i/o function  18 to 23, 25, 27 to 29,  85, 87 to 91 sd0 to sd15 system data bus bd these pins are used as a data bus for data exchange  between the host system and the MB86967. they  are also used for dma transfer. in the 8-bit bus mode  (bit 5 of dlcr6 = 1), only the 8 lower bits (sd0 to  sd7) are used. 4 to 7 sa0 to sa3 system address bus id these pins are used for input of system address  signals for selecting MB86967 registers, boot  prom, and id prom. 82 ecs enable chip select iu this pin is used for input of active-low chip select  signals.  64 hwrst chip reset isu this pin is used for input of hardware reset signals (active high). 15 ior i/o read iu this pin is used for input of i/o read strobe signals (active low). 17 iow i/o write iu this pin is used for input of i/o write strobe signals (active low). 13 eop end of process id this pin is used for input of signals indicating the end  of dma transfer between the buffer memory and host  system. at eop input, the next dreq is not output  and the handshaking cycle is terminated. either  active high or active low can be selected. 12 dmack dma acknowledge id this pin is used for input of active-low signals and  for connection of dmac acknowledge signals  indicating that the dmac is read for transmitting and  receiving data to and from buffer memory.  11 bhe system bus high enable id this pin is used for input of active-low signals and  for controlling byte/word transfer. in the 16-bit data  bus mode (bit 5 (sb/sw )of dlcr6 = 0), this pin,  together with sa0, controls word transfer and the  transfer of upper and lower bytes on the data bus.  : dont care 92 int interrupt request o this pin is used for output of active-low interrupt  request signals. 2dreqdma request (active high) o this pin is used for input of dma transfer request  signals. sb/sw sbhe sa0 function 0 0 0 word transfer 001 transfer of upper bytes on  data bus (sd15 to sd8) 010 transfer of lower bytes on  data bus (sd7 to sd0) 011unused 1  byte transfer  (sd7 to sd0)

 11 MB86967 (continued) ? network interface pins in pc card mode, isa bus mode, and general-purpose bus mode pin no.  symbol pin name i/o function  3 ready ready o this pin is used for output of signals indicating  ready for handshaking with the host system. either  active high or active low can be selected. 10 rdypol ready polarity id this pin is used for selecting the polarity of the  ready signal. 1: active high 0: active low 98 sb /sw system byte/word configuration o this pin is used for output of signals indicating the  system bus width. the value of bit 5 of the internal register dlcr6 is  reversed. low: 8-bit data bus mode high: 16-bit data bus mode 8 mode1 mode1 id this pin is used for setting to general-purpose bus  mode. pin no.  symbol pin name i/o function  68 (pc card mode) 68 (isa bus mode) 96 (general-purpose bus mode) ledc collision led od these pins are used for driving the led  indicating the occurrence of collisions  (open-drain output). 52 (pc card mode) 52 (isa bus mode) 95 (general-purpose bus mode) ledl link led od these pins are used for driving the led  indicating the status of the link test (open- drain output). these pins are placed in the link-passed  state when the link test is enabled. a low  level is output to this pin when the link test  is disabled. when in the power-down or shut-down  mode, these pins enter the high- impedance state, regardless of the status  of the link test. 66(pc card mode) 66 (isa bus mode) 93 (general-purpose bus mode) ledt transmit let od these pins are used for driving the led  indicating transmit-on status (open-drain  output). 65 (pc card mode) 73 (isa bus mode) 65 (general-purpose bus mode) ledr receive let od these pins are used for driving the led  indicating receive-on status (open-drain  output). 77 78 79 80 tpopb tpopa tpona tponb twisted pair output o these pins are used for output of  differential transmit signals from the built- in 10base-t transceiver. preconditioning  is performed by two output pins and  external filters. 71 72 tpip tpin twisted pair input i these pins are used for input of receive  signals from the twisted-pair cable.

 12 MB86967 ? buffer memory interface pins in pc card mode, isa bus mode, and general-purpose bus mode ? other pins in pc card mode, isa bus mode, and general-purpose bus mode pin no.  symbol pin name i/o function  34 to 41 bd0 to bd7 buffer memory data bus b these pins are used as data buses for data  exchange between the sram buffer memory and the  MB86967. 42 to 45, 47 to 50, 53 to 56, 58 to 60 ba0 to ba14 buffer memory address bus o these pins permit addressing of external sram  buffer memory expandable to 32 kbytes. 33 boe buffer output enable o this pin is used for output of active-low signals and  for enabling buffer memory at a read operation. 32 bwe buffer write enable o this pin is used for output of active-low signals and  for enabling buffer memory at a write operation. 30 bcs buffer ram chip select o this pin is used for output of active-low signals and  ram chip select signals. pin no.  symbol pin name i/o function  52 mode/ledl (pc card mode) mode select/ link led iu/od this pin serves as a mode select pin or a pin for  driving the led indicating the status of the link  test according to the mode used. it is pulled-up  internally. ledl (isa bus mode) od mode (general-purpose  bus mode) iu 73 gndm (pc card mode) mode select/ receive led g this pin serves as a mode select pin or a pin for  driving the led indicating the receive status  according to the mode used. it serves as a gnd  pin in the pc card mode and general-purpose  bus mode. mode/ledr (isa bus mode) i/od gndm (general-purpose  bus mode) g 61 62 clko clki crystal oscillator o i connect an external 20-mhz crystal oscillator.  input external clock pulses to clki. the wiring  between clko/clki and the crystal oscillator  should be as short as possible to prevent cross- talk with other signal lines. 1, 26, 51, 94 v dd 1 to v dd 4 digital v dd  these pins are used for power supply to the  digital sections. 70 81 vdda1 vdda2 analog v dd  these pins are used for power supply to the  encoder/decoder and 10base-t transceiver. 16, 24, 31, 46, 57, 86, 100 gnd1 to gnd7 digital ground  these pins are used for grounding the digital  sections. 67 76 gnda1 gnda2 analog ground  these pins are used for grounding the encoder/ decoder and 10base-t transceiver.

 13 MB86967 n setting each mode  : dont care *1: to set the jumperless mode, pull up pin 41 (bd0) at about 50 k w  to 150 k w  . *2: to set the jumper mode, pull down pin 41 (bd0) at about 50 k w  to 150 k w  . *3: the pc card mode has a bug. please refer to the page 58 errata sheet in this document. pin 73  pin 52 pin 8  pin 41 (bd0) operation mode  1  external pull-up* 1 isa bus mode (jumperless mode) external pull-down* 2 isa bus mode (jumper mode) 01  pc card mode* 3 000  general-purpose bus mode

 14 MB86967 n block diagram pa0 to 10 ce1 ce2 pd0 to 15 pc card interface configuration register bd0 to bd7 bwe boe bcs tpopb tpopa tpona tponb tpip tpin ledt ledc ledr mode0 / ledl ten tx-data rx-data txd tck rxd rck col xcd lbc col 20 mhz x'tal clko clki ba0 to ba14 roms romrd romad reset1 reset2 ireq inpack iois16 wait iord iowr oe we reg 10base-t transceiver manchester encoder/ decoder data link controller lan card register control control internal data bus internal address bus buffer memory port buffer manager  transmit data receive  data data link control register multicast address register control control ? pc card mode

 15 MB86967 sa0 to 9 ale ior iow sd0 to 15 bwe boe bcs tpopb tpopa tpona tponb tpip tpin ledt ledl ledc mode / ledr ten tx-data rx-data txd tck rxd rck col xcd lbc col 20 mhz x'tal clko clki bd0 to bd7 ba0 to ba14 iosel0/ireq1 iosel1/ireq2 iosel2/ireq3 eepsk eepdi eepcs eepdo enhb enlb ecs sbhe iochrdy iocs16 dreq dmack eop aen chreset ireq0 10base-t transceiver manchester encoder/ decoder data link controller internal data bus system interface internal address bus buffer memory port control control buffer manager  transmit data receive  data data link control register multicast address register control control ? isa bus mode

 16 MB86967 sbhe sa0 to 3 ior iow ecs ready dreq dmack eop rdypol reset mode0 mode1 int sd0 to 15 bwe boe bcs tpopb tpopa tpona tponb tpip tpin ledt ledl ledc ledr ten tx-data 10base-t transceiver manchester encoder/ decoder data link controller rx-data txd tck rxd rck col xcd lbc col 20 mhz x'tal clko clki bd0 to bd7 ba0 to ba14 internal data bus system interface internal address bus buffer memory port control control buffer manager  transmit data receive  data data link control register multicast address register control control ? general-purpose bus mode

 17 MB86967 n block description the MB86967 has five functional blocks. the functions of each block in the pc card mode, isa mode, and  general-purpose bus mode is explained below. 1. 10base-t transceiver the 10base-t transceiver pre-distorts transmit packets from the manchester encoder/decoder to be suitable  for use in the 10base-t jitter template. filtering is performed by an external active filter. the transceiver passes  the received packets through an internal receive filter and transfers them to the encoder/decoder. 2. manchester encoder/decoder the manchester encoder/decoder converts nrz-formatted transmit packets from the data link controller into  manchester code and transfers them to the 10base-t transceiver. the encoder/decoder converters the receive  packets from the transceiver from manchester code to nrz format and transfers them to the data link controller. 3. data link controller the data link controller performs the function of the data link layer specified in the ieee802.3 standard. at  transmitting, the controller attaches the preamble and crc code to transmit data from buffer memory and  transmits it as serial data to the manchester encoder/decoder. in the event of a collision, the controller  automatically executes the back-off algorithm for re-transmission. at receiving, the data link controller performs address-matching and error checks for receive packets from the  manchester encoder/decoder, removes the preamble and crc code from the packets, and converts them to  serial data before writing to buffer memory. the data link controller has a multicast address filter to recognize up to 64 groups of multicast addresses. 4. buffer manager the MB86967 needs external sram (expandable to 32 kbytes) for buffering transmit and receive data. buffer  memory is divided into a dual-bank transmit buffer and ring receive buffer where all processing such as arbitration  of access from the system and network and updating of buffer pointers is performed automatically by the buffer  manager. the transmit buffer has a packet chain function for continuously transmitting the packets of data stored  in it using one transmit-start instruction. 5. system interface like the mb86965b and mb86964, the mode pin setting allows the system interface to switch between the  general-purpose interface, isa bus interface enabling direct interface with the isa bus, and pc card interface  based on the jeida4.2 standard. when in the isa bus interface mode, a serial eeprom can be connected for storing node ids and two modes  can be selected: a jumperless mode allowing software setting of i/o addresses and interrupt signals for the lan  controller, and a jumper mode allowing dip-switch setting.

 18 MB86967 n functional description 1. local buffer configurations the MB86967 is designed to operate with local buffer which holds packets received from the host processor  prior to transmission and assembles packets received from the network before they are delivered to the host  processor. the buffer is implemented by using a single byte-wide sram whose size is selected via dlcr6  as 8 kbytes (dlcr6 = 0) or 32 kbytes dlcr6 = 1). see buffer access section for information on how the host accesses the buffer memory. 2. crystal oscillator the clock rate of 10 mbits/s specified by the international lan standard, iso/ansi/ieee 8802-3, is derived from  an on-chip oscillator that is controlled by a 20 mhz crystal connected across pins 61 and 62 (clko and clki).  capacitance specified by the crystal manufacturer must be connected as shown in figure 1 to stabilize the  effects of stray capacitance that may vary crystal frequency. the 20 mhz clock also serves as an internal phase- locked loop (pll) reference for decoder clock recovery.  use a crystal with the following specifications: quartz (at-cut); 20-mhz; frequency acurracy of 50ppm at 25c  and 100ppm at 0c to 70c; parallel resonant with 20 pf-load in fundamental mode. 3. byte-order control byte-order control provided by bytesweap bit, dlcr7, provides compatibility with various higher-level  protocols, such as tcp/ip and xns. these protocols may have a different order for transmission of the bytes  within a word. when bytesweap is low, the least-significant byte of the word transmits first, followed by the  most-significant. when bytesweap is set high, the byte order reverses. this feature applies only when the  system bus operates in 16-bit (word) mode. the byte-order control works by reversing, or not reversing, the bytes of all words as they pass between the  buffer memory and the system bus. thus all data stored in the transmit buffer or retrieved from the receive buffer  is affected, including nontransmitted headers. this control bit does not affect the MB86967 registers other than  the buffer memory port registers, bmpr8 and bmpr9. when using this feature, ensure the reversal of header  information as well as packet data in the software driver code. see table 1 for examples of using least..most  and most..least byte ordering. MB86967 clko clki 20 mhz 20 pf 20 pf figure 1 crystal oscillator connection

 19 MB86967 4. register access the MB86967 includes four sets of user-accessible registers, all of which are accessible as bytes or words.  each register set contains eight registers. direct access is available to two sets of registers in the devices register set at a time, via register addresses  00h through 0fh. the data link control registers set (dlcr0 - dlcr7) is always accessible via addresses  00h to 07h. access to one of the remaining three sets is accomplished by programming the register bank select  bits, dlcr7. this selects the register set accessible via addresses 08h to 0fh. the bank-switched  registers are the node id set , dlcr7 - dlcr15, (for setting the ethernet address and performing tdr  diagnostics), the hash table set, ht8 - ht15, (for setting up multicast address filtering) and the buffer memory  port set, bmpr7 - bmpr15. during operation (excluding initialization or diagnostics), the buffer memory port  set should normally be selected. table 1 byte ordering    items shown with an asterisk are in numerically reversed byte order data data for transmit packet least....most transmit length, high byte transmit length, low byte destination address, 2nd byte destination address, 1st byte source address, 2nd byte source address, 1st byte length field, low byte* length field, high byte* data field, 2nd byte data field, 1st byte most....least transmit length, low byte* transmit length, high byte* destination addr, 1st byte destination addr, 2nd byte source addr, 1st byte source addr, 2nd byte length field, high byte length field, low byte data field, 1st byte data field, 2nd byte for receive packet least....most unused, reserved receive packet status receive length, high byte receive length, low byte destination address, 2nd byte destination address, 1st byte source address, 2nd byte source address, 1st byte length field, low byte* length field, high byte* data field, 2nd byte data field, 1st byte most....least receive packet status unused; reserved receive length, low byte* receive length, high byte* destination addr, 1st byte destination addr, 2nd byte source addr, 1st byte source addr, 2nd byte length field, high byte length field, low byte data field, 1st byte data field, 2nd byte

 20 MB86967 5. buffer access the buffer memory port register pair bmpr8 and bmpr9 provide 8- or 16-bit data access to the receive and  transmit buffers through on-chip fifos. to eliminate the need for complicated directional control, fifos are  dedicated to each direction of data transfer. writing to the transmit buffer can be interleaved with reading from  the receive buffer, with the MB86967 automatically maintaining buffer memory pointers, thus relieving the host  of that task. the buffer memory port register pair is at address 08h when dlcr7 are programmed to 10  to select the buffer memory port register set. when using dma, the buffer memory port is automatically selected  when the dma acknowledge input, dmack, is asserted. the host accesses are byte-wide when the system is  configured for byte-wide operation and word-wide when the system interface is configured for word-wide  operation. in the latter mode, byte-wide access to the buffer memory port is not supported. data can transfer from the host memory to the transmit buffer, or from the receive buffer to host memory by  using string moves, single-transfer programmed i/o moves, or dma. select the method that yields the highest  system-level efficiency. a rapid transfer process results in best performance. slow transfer can result in poor  throughput and performance, and cause the receive buffer to overflow and lose packets. 6. dma operation (isa, generic mode only) the MB86967 supports single-cycle and burst dma operation for data transfers between the host and the packet  buffer. hand-shaking between the MB86967 and the external dma controller is accomplished by the dreq and  dmack signals. the end of process input, when asserted by the system dma controller during a transfer cycle,  terminates dma activity after completion of the current cycle. if a dma interrupt (dlcr3) is enabled, the  MB86967 generates an interrupt after completion of dma activity. usually only one dma operation will be run at a time, although the MB86967 could run two interleaving  operations, one reading and one writing. there is only one dma eop bit, and only one dreq pin and one  dmack pin, so most hosts could not support more than one dma operation at a time. 6.1 dma write (transmit) isa, generic mode only setting the tx dma enable bit, bmpr12, enables dma transfer of data packets from the host memory to  the MB86967 transmit buffer. the dma burst control bits, bmpr13, set the maximum number of data  transfer cycles (bytes or words) in a single bus acquisition to be 1, 4, 8, or 12. the MB86967, when ready to  accept data from the host, sets the dma request output, dreq, and the host responds by asserting dma  acknowledge, dmack, followed by write strobe, wr, and placing data on the data bus. the MB86967 asserts  the rdy(rdy) output when ready to complete the current data-transfer cycle. (the assertive states of the  rdy(rdy) output and the eop(eop) input are independently programmable.) the MB86967 accepts the data  byte/word into its bus write fifo and later moves it into buffer memory. at the close of a transfer cycle, the host  negates wr. in burst mode and depending on the value of the dreq extnd bit, dlcr4, the MB86967  negates dreq at the next-to-last or last transfer cycle of the burst. the host dma then completes the last one  or two transfer cycles and negates dack to terminate the burst. to start another burst, the MB86967 reasserts  dreq. the dma controller asserts the end of process input, eop(eop), concurrent with the last required data-transfer  cycle to indicate completion of the entire transfer process. this action sets the dma eop status bit, dlcr1,  and discontinues further data requests from the MB86967. the MB86967 will also generate an interrupt if the  dma eop interrupt enable bit, dlcr3, is high. the host can use this interrupt to begin action to close the  process. the host should reset the MB86967 dma logic and clear the interrupt by writing 00h to bmpr12. note: dma eop, dlcr1 must be cleared to close the transmit dma process before attempting another  dma process. this is accomplished by writing 00h to bmpr12. when this is done, the dma eop bit will  clear automatically, clearing the eop status and interrupt, (if enabled) so it is not necessary to clear the  interrupt separately.

 21 MB86967 after finishing the loading of packets into the buffer, the host initiates packet transmission. this is done by loading  the number of packets to be transmitted into the transmit start register, bmpr10, and asserting the  transmit start bit, txst, of the same register, bmpr10. 6.2 dma read (receive) isa, generic mode only the MB86967 indicates that it has received packets and stored them in the packet buffer with status bits or  interrupts. before attempting to transfer a packet from the buffer, the host processor should read the rx buf  empty bit, dlcr5. if this bit is 0, there are one or more packets ready for transfer in the receive buffer.  after reading each packet, the host will check this bit again to see if there are more. prior to beginning the transfer of a packet from the receive buffer to host memory via dma, the host must first  read the four-byte receive packet header from the buffer to obtain the packet status and the length of the packet  in bytes. calculating from the packet length the number of dma cycles needed to read the packet, the host will  load that number into the cycle counter of the host dma controller. next, rx dma en, bmpr12, is set to  high to enable dma read operation to transfer the packet to host memory. the dma burst control bits,  bmpr13, set the maximum number of data transfer cycles (bytes or words) in a single bus acquisition to  be 1, 4, 8, or 12. when it is ready to begin, the MB86967 asserts its dma request output, dreq. the host  responds by asserting dma acknowledge, dmack, followed by the read strobe, rd. the MB86967 will assert  its rdy(rdy) output when it has placed the byte/word on the data bus and is ready to complete the data transfer  cycle. the system memory will accept the data, then the host negates rd. the MB86967 shifts the data down  in its bus read fifo, then moves its internal read pointer to point to the next byte/word in the buffer, moving it  into the fifo. in burst mode and depending on the value of the dreq extnd bit, dlcr4, the MB86967 negates dreq  at the next-to-last or last transfer cycle of the burst. the host dma then completes the last one or two transfer  cycles and negates dmack to terminate the burst. the MB86967 reasserts dreq to repeat the process if it  can transfer more data after the host negates dmack. the dma controller asserts the end of process input,  eop(eop) concurrent with the last byte/word data transfer to indicate completion of the entire process. the  MB86967 then stops requesting more dma cycles. when eop(eop) is asserted by the host dma controller, the dma eop bit, dlcr1, will be set high, and  an interrupt will also be generated, provided it is enabled by a high in the associated interrupt enable bit,  dlcr3. this interrupt can be used by the host to initiate the final actions to close the dma process. the  interrupt is cleared and the dma is disabled and reset by writing 00h to the dma enable register, bmpr12. note: clearing rx dma en must be done to close the receive dma process before attempting another dma  process. this is accomplished by writing 00h to bmpr12. when this is done, the dma eop bit will clear  automatically, clearing the eop status and interrupt, so it is not necessary to clear the interrupt separately. after completion of the dma process, rx dma en must be reasserted when the host wants to begin reading  another packet from the receive buffer by using dma.

 22 MB86967 7. buffer controller 7.1 general the MB86967 uses a dedicated buffer memory, organized as shown in figure 2, for intermediate storage of  packets to be transmitted, and of packets received from the network. the MB86967 can operate with 8 or 32  kilobytes of total buffer memory, including both transmit and receive spaces. memory partitioning into transmit  and receive sections is controlled by the system software. the total size of the transmit buffer space can be up  to 16 kilobytes. the buffer memory not used for the transmitter is used for the receiver, and is automatically  configured as a ring buffer. packets are stored head-to-toe in the receive buffer, as they are in the transmit buffer.  however, each packet in the receive buffer is aligned on an eight-byte boundary. as packets are being stored  in the receive buffer, as the end of the linear addressing space is reached, the chips receive write pointer  automatically wraps around to the top of the receive addressing range to make a seamless ring. the receive  read pointer does the same as the packets are read out to the system. by programming the sizes allocated to  transmit and receive buffers, an optimum usage of the memory can be selected according to the demands of a  particular application. the buffer controller keeps track of buffer memory partitioning and allocation and updates internal address  pointers automatically for the tasks of transmit, retransmit, receive, rejection of packets with errors and data  transfers to and from the host. the host and its drivers are thus relieved of buffer management functions, making  the MB86967 easy to operate and substantially reducing software requirements. packets with errors are normally  automatically rejected by the MB86967 as are packets shorter than the ieee minimum length packet of 60 bytes,  excluding preamble and crc. since these tasks can be done faster in hardware than in software, this not only  transmit buffers received packet n+3 (last part) currently available free buffer area received packet n received packet n+1 received packet n+2 received packet n+3 (first part) one or two transmit buffer receive buffer ring (30 kilobytes max) figure 2 buffer memory organization

 23 MB86967 off-loads the host system, but it also speeds up the communication processes, yielding higher throughput. as  a result, the MB86967 can typically win benchmark performance tests over competing controllers. 7.2 arbitration of buffer access the buffer controller automatically prioritizes and services requests for access to memory from the transmitter,  receiver and host system. the MB86967s arbitration mechanism, illustrated in figure 3, interleaves accesses  to the buffer memory so that the operation appears to be simultaneous: data can be written to or read from the  buffer memory by the host via buffer memory port register 8 (bmpr8), while data is being read from the buffer  by the transmitter and/or written in for storage by the receiver. each interface, whether host system or network  access, appears to be served independently by the controller. each interface has an associated fifo to provide  time for the buffer interleaving. thus, packet data is pipelined through the system for highest performance and  throughput, and the buffer controller supports all the cases of simultaneous access to the buffer memory as  follows: 1. data from the network is stored in the receive buffer. 2. the host retreives packets from the receive buffer. 3. the host loads packet data into the transmit buffer. 4. the transmitter obtains data for transmission from the transmit buffer. 5. any combination of the above can occur concurrently. 7.3 transmit buffer the section of the memory used by the transmitter can be configured by programming the transmitter buffer  size control bits, dlcr6. configurations include a single buffer 2 kilobytes long, or a pair of banks, each  either 2, 4 or 8 kilobytes long, as illustrated in figure 4. within each buffer or bank, one or more packets can be  written by the system until the available space is too small for another packet. when a single transmit buffer is  used, the system and the transmitter time-share the use of the buffer. when two buffers are used, the system  can load packets into one of the buffers while the contents of the other are being transmitted. using dual buffers  and loading multiple packets for packet chaining gives the highest rate of transmission. host cpu read or write MB86967 buffer controller transmit receive interleaved data dedicated buffer memory figure 3 simultaneous access to buffer memory network

 24 MB86967 at reset, internal pointers are initialized to point to the beginning of one of the transmit buffers. each time the  host writes data to the buffer via the buffer memory port register, an internal pointer is advanced to the next  memory location within the transmit buffer. once a data byte/word is written, it cannot be read and the internal  pointer cannot be reversed. when the host completes loading the transmit buffer, it writes the number of packets it has loaded into tx pkt  cnt, bmpr10 and sets the transmit start bit, bmpr10. when this occurs, the MB86967 will switch  banks and will start transmitting at the earliest opportunity. another automatically-managed pointer, the transmit  read pointer, sequences through the bank being transmitted to read the packet data into the transmitter through  its fifo. if a collision occurs, the packet will be automatically retransmitted after a pseudo-random waiting  interval called the backoff interval. if there are multiple packets in the buffer, the MB86967 will continue down  the list until all are transmitted. upon reaching the end of the list or chain of packets, the transmitter will stop,  update its status bits and, if enabled, generate an interrupt. the details of this operation are described in the  section on packet transmission. 7.4 transmit packet header as shown in figure 5, each packet within one transmit bank is separated by a non-transmitted, two-byte header  containing an 11-bit value which specifies the length of the associated packet in bytes. the length specification  includes only what is stored in the buffer (shown in the figure as data), which are the destination id, source  id, length, and data fields of the packet. it does not include the preamble and crc fields which are generated  by the MB86967 as it transmits the packet, and therefore are not stored in the buffer.

 25 MB86967 7.5 receive buffer once initialized and enabled, the receiver will automatically load any error-free incoming packets which pass  the address filter into the receive buffer through an on-chip fifo. an interrupt can be provided to alert the host  processor that a packet is available in the buffer. the host processor can read out received packets as they  become available. continuous reception can continue as long as the receive buffer does not become full. if the  host processor reads the receive packets from the buffer promptly, the buffer will not fill up. if overflow does  occur, the receiver will stop and an interrupt will be generated to indicate the problem. if this occurs, the buffer  should be emptied so that reception can resume. as soon as space becomes available in the receive buffer, the  receiver will automatically resume reception. the receive buffer size can vary between a maximum of 30 kilobytes when 2 kilobytes are allocated for the  transmit section and a 32 kilobyte sram is used, to a minimum of 4 kilobytes if 4 kilobytes are allocated for the  transmit section and an 8 kilobyte sram is used. the receive section dynamically allocates space for each  individual incoming data packet, aligning each at an eight-byte page boundary. each received packet is  preceded by a four byte header which provides packet status and the length of that data packet. the data packets  are linked or chained by internal pointers which use the length value in the packet header to calculate the starting  address of the next packet. this buffer format is shown in figure 6. since the MB86967 controls its dedicated  bank0 bank1 bank0 transmit section receive section transmit section receive section 2kilobytes 6kilobytes 2kilobytes 2kilobytes 4kilobytes bank0 bank1 bank0 2kilobytes 30kilobytes 2kilobytes 2kilobytes 28kilobytes transmit section receive section transmit section receive section bank0 bank1 bank0 bank1 4kilobytes 4kilobytes 8kilobytes 8kilobytes 16kilobytes 24kilobytes transmit section receive section transmit section receive section figure 4 transmit buffer configurations using 8k    8 sram using 32k    8 sram

 26 MB86967 buffer memory, fifo size and depth are unimportant in this architecture, and need not be considered in system  timing considerations. a status bit in one of the MB86967s internal registers informs the host when one or more packets are resident  in the receive buffer and available to be read. the host retrieves these packets from the buffer memory by  successive reads of bmpr8. once a data byte/word is read from the buffer memory, internal pointers are  advanced to the next byte/word. as data is thus read by the system, that memory becomes available for reception  of new packets. the MB86967 automatically rejects an incoming packet if there is not enough buffer space to  fully receive that packet. therefore, there is no chance for packets already received to be overrun by incoming  packets. when dlcr5, the acpt bad pkts bit, is set to a 0 (disabled), detection of a bad incoming packet causes  the MB86967 to release the buffer space in which that packet is contained and to reset its internal pointers so  as to use that space for the next incoming packet. if this bit is set to a 1, a packet with a crc or alignment error  will be accepted and the appropriate error bits in the status field of its header will be set. the same applies to  dlcr5, acpt short pkts, which when high allows retention of packets below 60 bytes in length,  excluding preamble and crc (which is shorter than ieee 802.3 minimum packet size). length lsb length msb data 1 length lsb length msb data 2 length lsb length msb length lsb length msb data 3 data 4 data n unused buffer area packet 1 packet 2 figure 5 transmit buffer detail

 27 MB86967 7.6 skip packet writing a 1 to bmpr14 commands the buffer controller to skip the balance of the current receive packet in  memory. the bit can then be read to determine completion of the skip process is complete (within 300 ns). if  there is another packet, the bit returns to 0 when the chip is ready to read the next packet.  7.7 receive packet header the receive packet header contains four bytes and is stored in the receive buffer preceding each packet. the  receive packet header comprises one byte of packet status, an unused byte and two bytes (11 bits) for packet  length. bits 1 through 4 of the status byte are an image of the same bits in the receive status register, dlcr1,  with respect to the packet that follows. bit 5 is the good pkt bit, which when set to 1 indicates that no errors  were detected in the packet. bits 0, 6 and 7 are unused and are always set to 0. see table 2. the length stored in bytes 3 and 4 of the header specifies the length of the portion of the packet stored in the  buffer. this length specification is in bytes, regardless of whether the system interface is programmed for byte  or word mode. during reception, the MB86967 strips the preamble field and checks and strips the crc field,  so, as is the case for the transmit buffer, those fields of the packet are not stored in the buffer. the length  specification thus includes only the destination id, source id, length, and data fields of the incoming packet. length lsb length msb reserved status data length lsb length msb reserved status length lsb length msb reserved status data data unused buffer area data packet n figure 6 receive buffer detail packet n + 1

 28 MB86967 table 2 receive packet header status indications 0/1 indicates that the value of the bit will be 0 or 1 depending on the condition of the packet. an x indicates that  the value should be ignored. 8. transmitter circuits circuits within the transmitter include a transmitter state machine, a small fifo for pipelining the packet data,  preamble generator, crc generator, parallel to serial converter, backoff generator, interpacket gap timer and  time domain reflectometer (tdr) counter. additional circuits involved in packet transmission are described in  the transceiver section of this document. the transmitter state machine provides sequencing of events for the transmitter, including idle, preamble, data,  crc, interpacket gap, jam and backoff. it detects various transmit error conditions and sets appropriate bits  within the dlcr registers. the pipeline fifo provides elastic buffering that the buffer controller can load with data to be transmitted. the  chips crc generator calculates the 32-bit crc on the destination and source address, the length field and the  data field as specified by the iso/ansi/ieee 8802-3 specification for ethernet. this value is appended to the  end of the packet when it is transmitted. 8.1 media access control the MB86967 transmitter state machine implements the carrier sense, multiple access with collision detection  (csma/ cd) network media-access protocol. the MB86967 monitors the network for any other nodes carrier,  and defers transmission (collision avoidance) while other nodes are transmitting, except when dsc, dlcr4,  is high. collision detection handles collisions that may still occur when two nodes separated on the network  begin transmitting at nearly the same time. all nodes monitor the network for collisions and, when involved in  one, transmit a 32-bit jam signal to reinforce the collision and then terminate transmission. after waiting a pseudo- random backoff interval, generated as described below, the node automatically retries transmission of the packet. packets on the network must be separated by at least 9.6 microseconds, the interpacket gap (ipg) during  which the network medium is specified to be idle. the MB86967 transmitter state machine measures this ipg  starting from the end of a packet on the network, and does not attempt to transmit until the end of the ipg. if  carrier reappears on the network during the first two-thirds of the ipg, the MB86967 resets the timer to reCtime  the ipg from the end of the new transmission. such an event can occur during a collision, since data and carrier  indications can be corrupted by the superimposition of the two packets. during the last one-third of the ipg, the  MB86967 ignores the occurrence of a carrier indication, in accordance with 8802-3, to ensure fairness and  equality in access to the network. thus, if one station begins transmission slightly ahead of another, there is no  advantage to the earlier start. both nodes transmit, a collision occurs, and backoff interval differentials resolve  the media-access contention. 8.2 transmit packet processing to transmit one or more packets, the host system first loads the packet(s), preceded by a two-byte header giving  their lengths, into a transmit buffer by writing the data to the buffer memory port register, bmpr8. only the  destination address, source address, length and data fields of the packets are loaded by the system. after the  condition n/a (bit 7) n/a (bit 6) good  pkt (bit 5) rmt  0900h  (bit 4) short pkt err  (bit 3) align  err (bit 2) crc err  (bit 1) n/a (bit 0) good packet 0 0 1 0/1 x x x x pa c k e t  w i t h   error 0 0 0 0/1 0/1 0/1 0/1 x

 29 MB86967 packets are loaded into the transmit buffer, the system turns the transmitter on to initiate transmission. observing  the media access protocol, the MB86967 defers transmitting to carrier from other nodes, minimum interpacket  gap intervals and backoff intervals, if any, and then begins to serialize the data. it generates the preamble field  at the beginning, and calculates and appends the crc field at the end. figure 7 illustrates the standard packet  format. the serialized signal is routed to the transceiver section which encodes the data into the required  manchester code, appends an end-of-packet delimiter. the transmitter transmits the packets in the transmit buffer in the order in which they were loaded. if a collision  is detected by the transceiver, the transmitter automatically retransmits the packet until successful or until 16  consecutive attempts have ended in collision. in the latter case, depending on the mode selection made at  initialization time, the transmitter continues to try to transmit the same packet starting again with a collision count  of zero, skips the current packet and tries to transmit the next packet starting with a collision count of zero, or  halts and waits for instruction from the host. in the last case, the host can elect to terminate transmission attempts  by setting enadlc, dlcr6 to one, continue to attempt to transmit the same packet (collision counter reset),  or skip the current packet and try to transmit the next packet(collision count is zero). 8.3 backoff generator a 17-bit pseudo-random number generator clocked at the 10 mhz bit rate provides the collision backoff function.  distances between stations become part of the randomizing function. the number generator is sampled at the  time of collision, masking all but the appropriate number of bits specified by the 8802-3 backoff algorithm. this  value is then counted down at the slot-time rate (512 bit times) to generate the backoff interval. for a first collision,  only one bit is used, giving a backoff of either 51.2 microseconds or 0. for a second consecutive collision, two  bits are used, and so forth, up to ten bits. from the tenth to the 16th collisions, 10 bits are used. this generates  a pseudo-random backoff interval of from 0 to 52.38 ms, the so-called binary exponential backoff for collisions  per the 8802-3 standard. 8.4 transmit error processing the MB86967 provides four transmit error status bits in its transmit status register (dlcr0) for reporting the  four possible transmit errors. the errors are: 1) loss of carrier during transmission, which usually indicates a  medium fault or a collision, 2) collision, 3) 16 consecutive collisions and 4) jabber error, which occurs if the length  of a single transmission substantially exceeds the time required to transmit a maximum length packet conforming  to the standard. the latter three can be enabled separately to generate interrupts. a status bit in the transmit status register is set in case a collision terminates transmission. collision counter  dlcr4, automatically increments after each collision up to the sixteenth collision, at which time it rolls  over to zero. another status bit indicates that sixteen consecutive attempts to transmit a packet have been made  and all have been terminated by collision. the occurrence of 16 collisions may indicate a network problem, such  as a disconnected cable or terminator, that produces false collisions. while rare, 16 collisions may normally occur. figure 7 packet format preamble destination address source address length data 46-1500 crc 8662 4 lengths shown in bytes

 30 MB86967 8.5 time domain reflectometry when a node transmits, a short or open on the network causes a reflected signal to the node receiver, which  can sometimes be detected. the reflection causes failure of the carrier sense or detection of a false collision.  an open on the network may cause a false collision, whereas a short usually causes loss of carrier sense. time  domain reflectometry (tdr) allows estimates of the distance along the network cable from the node to the fault. the MB86967 is equipped with a special counter to perform the tdr function. the contents of the counter after  any transmission can be determined by reading the time domain reflectometry registers, dlcr14 (the least- significant byte) and dlcr15 (the most-significant byte). only the lower 14 bits of the counter are equipped,  which is more than is needed for an ieee or ethernet lan. the top two bits, dlcr15, are always 0. the  tdr counter counts the actual number of bits transmitted for each packet before a collision indication, carrier  loss indication or completion of transmission, whichever comes first. a complete transmission with no error  indications clears the tdr counter. the elapsed time represents twice the signal delay from node to fault. to perform the tdr fault test, first enable interrupts for tmt ok, by setting dlcr2 high. an alternative to  using the interrupt is to poll the tmt ok bit, looking for a high level. set the 16 collisions register, bmpr11,  to 07h for this test (no halt, skip-failed packet). clear status bits by writing 0ff86h to the receive and transmit  status registers. next, try to transmit a packet length of 600 or more bits. up to 16 attempts may be made  automatically, if collisions are indicated. upon completion of the transmission attempts, tmt ok goes high,  generating an interrupt if so enabled. when this occurs, read the transmit status register and the tdr register. 8.6 interpreting the results if the count is zero, no fault was detected. if the count is greater than zero, but smaller than the packet length,  a cable fault may exist. if the count is less than 525, a real collision may have occurred during the test. real  collisions normally occur within the first 65 bytes of the packet, including preamble. note the error status bits,  col and cr lost. col high suggests a cable open, whereas cr lost suggests a short. repeat the  measurement several times, discarding any anomalous values, and average the rest. a cluster of readings at  about the same value is a strong indicator of a valid fault measurement. if such a cluster of readings occurs,  multiply the average of the cluster by 39 feet to estimate the distance from the node to the fault. [39 feet = (100  ns    0.8    186,282 miles/second    5280 feet/mile)/2; this assumes the network is mostly coaxial cable with  signal propagation speed of approximately 0.8    c, the speed of light.] 9. receiver circuits the receiver includes a receive state machine, serial-to-parallel conversion, pipe-line fifo, preamble  recognition, bit and byte-framing, address filtering, crc and other error checking. additional circuits involved  in packet reception are described in the transceiver section of this document. the receiver state machine provides sequencing of events for the receiver, including idle, busy, address filtering,  and data storage, detects receive error conditions and sets appropriate bits within the dlc registers. a small  data fifo provides elastic buffering for synchronization with the buffer controller timing and buffering of data  while the buffer controller is servicing other buffer memory access requests. 9.1 monitoring the network whenever the data link section is enabled (ena dlc bit, dlcr6, is set to zero), the MB86967 constantly  monitors the network for carrier. signals that exceed the ac and dc squelch thresholds of the transceiver cause  the internal carrier sense line to assert, which in turn causes the receiver to attempt to receive a packet. (the  transmitter also uses the carrier sense function to defer to transmissions from other nodes.) the receiver monitors the serial data stream from the transceiver for the end-of-preamble bit pattern, a four-bit  pattern of 1011 ending the preambles pattern of alternating ones and zeros. this pattern also provides byte 

 31 MB86967 and field synchronization for the receiver; the bit immediately following the end of preamble is the first bit of the  first byte of the packets destination address field. when packet transmission is unflawed, carrier sense remains asserted for the duration of the packet, negating  just after the last bit of the crc field is received, when the transceiver detects the end-of-packet symbol at the  end of the packet. loss of carrier sense at any other time may also result from a collision or other network  problems. 9.2 address filtering a receive packet can be filtered by applying selectable criteria to the contents of its destination address field,  which is the first data-bearing field following immediately after the preamble. there are several control bits in  the MB86967s registers which provide programmablility of the filter criteria. the contents of the destination  address field can be of three basic types. the first data type which can occur in this 48-bit field is a single node  address, the unique, single-node address, globally registered with the ieee. this data type is indicated by a 0  in the first bit position of the address. the second type is the multicast address, an address for a pre-defined  group of nodes. the multicast address is indicated by a 1 in the first bit position of the address. the MB86967  filters multicast addresses using a hash function and a 64-bit hash table. thirdly, a broadcast address is defined  as a special case of the multicast address which addresses all nodes on the local network. this address value  consists of all 1s. the MB86967 provides programmable address filtering logic for each of these address types. among the address filtering selections possible with the MB86967 are the following examples: 1. all pass (no filtering) 2. node address and broadcast packets only 3. node address xxx.xxx, multicast addresses yyy.yyy and zzz.zzz and broadcast packets only 9.3 hash table the hash table provides a way to filter incoming multicast packets so the host processor need not process  packets that are not of interest. the principle behind this filtering process is based on the arrangement of a large  number of elements of an array, or database, to facilitate searching for elements associated with a given key or  datum. the hash function is a mathematical or logical function that maps all elements in a domain onto a smaller  domain called the hash table. assume this hashing function as an example: treat the multicast address as a nonnegative 48-bit integer, divide  this number by 64 and take the remainder. this function maps all multicast addresses into a 64-element hash  table because the remainder must be an integer between 0 and 63. applying this hashing function results in  taking the least-significant six bits of the multicast address as an integer. in the hash table, for each element, 0  through 63, a single bit is stored to indicate if the address is accepted (1) or rejected (0). if, for example, the  node belongs to three multicast groups, only three or fewer of the hash table elements store ones, and the rest  store zeroes. the scheme allows the acceptance of any number of addresses, including all of them. however,  while this filters out most nonspecific addresses, there may be addresses not of interest used on the network  that also fall into the accept elements, so filtering may be imperfect. the actual hashing function used in the MB86967 is to calculate the crc on the multicast address and to store  the most-significant six bits of this calculation in a register . the six bits are used to address the elements of the  hash table: the three msbs are used as the hash table register address, and the three lsbs are used as the  bit address within a register byte. if the addressed hash table element yields a 1 and the packet is a multicast  packet (first bit of destination address equals 1), and it passes the error filters, the packet will be accepted. the  hash filter criteria are only used on multicast addresses, which all start with a one. node ids that start with a  zero are not filtered by the hash filter. the broadcast address, a special case of the multicast set wherein all the  bits are ones, is accepted anyway unless the reject all packets mode is selected.

 32 MB86967 the hash filter is used only when the address filter mode select bit af1 is 1 and mode select bit af0 is 0,  selecting the node id, broadcast, multicast + hash table mode. hash table registers should only be accessed  when the receiver is disabled, i.e., when ena dlc is high, to avoid interaction with the receiver. there are eight bytes of registers in the hash table containing 64 one-bit elements, as shown in the table 7. 9.4 receive packet processing as a packet arrives from the network, its destination address field is tested for the various address filter criteria  selected by the address filter mode bits, dlcr5, and the hash table. only if the address meets the filter  criteria selected will the packet be accepted for storage in the receive buffer. in addition, the packet must be  error-free, unless the chip has been enabled to receive flawed packets for diagnostic purposes. if these conditions  are met, the packet reception results in the packet being stored in the buffer, its 4-byte header being updated  at the end of reception, the buf empty status bit, dlcr5, being cleared, the rx pkt status bit, dlcr1,  being set high and an interrupt being generated if so enabled. the last four bytes of the packet are the crc  field and are checked for correct crc. the crc bytes are not transferred to the receive buffer. if the packet  has an error and reception of such packets has not been enabled, it will be discarded and pointers will be reset  to reuse the same portion of the receive buffer for the next packet to arrive. if a flawed packet is accepted for  storage for diagnostic purposes, its error(s) will be reported in the status byte of its header (see receive packet  header section). 9.5 receive error processing status bits in the receive status register are set to indicate errors associated with packet reception. these errors  are: 1) bus read error, which occurs if the host system attempts to read from an empty receive buffer (this need  never occur if the rx buf empty bit is checked), 2) short packet error, 3) alignment error (incomplete byte  fragment at end of packet), 4) crc error and 5) buffer overflow, which occurs if the receive buffer space is  insufficient to hold the entire received packet (the receive controller automatically removes such packets from  the receive buffer and packets already stored in the buffer are not lost). each of these receive error conditions  may optionally generate an interrupt. none of these errors requires special host processing or intervention, other  than optional tallying of the error for network management purposes. 10. 10base-t transceiver the MB86967s transceiver section provides the electrical interface for rj45 (10base-t) connections to the  ethernet local area network. its functions include manchester encoding and decoding of serial data streams to  the transmitter and from the receiver, level conversion, collision detection, signal quality error (sqe) and link  integrity testing, jabber control, loopback, and automatic correction of polarity reversal on the twisted-pair input.   also provided are outputs for transmit, collision and link test pass leds, and compatibility with unshielded  twisted-pair cables. receive threshold can be reduced to allow an extended range between nodes in low-noise  environments. programmable functions are controlled via bmpr13. transceiver status is presented in bmpr15. 10.1 data encoder the encoder converts the serialized nrz data from the transmitter to manchester code, the format used on the  network medium. in manchester code a one is represented as a bit cell (nominally 100-nanoseconds) starting  with a low, ending with a high, with a low-to-high transition at the midpoint; manchester code for a zero is the  inverse. the encoder also monitors the state of the internal transmit enable signal from the transmitter section and  appends an end-of-packet symbol (illegal manchester code) to the data stream when that signal is negated at  the end of the crc field of the transmitted packet.

 33 MB86967 10.2 transmitter circuits the transceivers transmitter section receives the encoded data from the manchester encoder and the twisted- pair network via the tpo circuit. advanced integrated pulse-shaping produces an output signal that is  predistorted and prefiltered to meet the 10base-t jitter template on the tpon and tpop pins. during idle periods, the MB86967 transmits link integrity test pulses on the tpo circuit if link test en,  bmpr13, is asserted. 10.3 jabber control an on-chip watchdog timer prevents the chip from locking into a continuous transmit mode. when a transmission  exceeds the maximum time limit (specified for the MB86967 as 20 to 150 msec), the watchdog timer disables  the transmit and loopback functions and asserts the jabber error status bit, dlcr0, generating an interrupt  if so enabled. before the MB86967 can exit the jabber state, the transmit data circuit must remain idle for between  0.25 and 0.75 seconds. 10.4 sqe test the transceiver supports the signal quality error (sqe) test function specified in the standard. after every  successful transmission on the 10base-t network, the MB86967 transceiver section transmits the sqe signal  to the controller for 10  5 bit times over the internal ci circuit. bmpr15 reflects the status of this sqe test. 10.5 receive input circuits valid received signals from the twisted-pair network connection (the tpi circuit) pass through on-chip filters to  the data decoder. an internal intelligent squelch function discriminates noise from link test pulses and valid data streams. the  receiver is activated only by valid data streams above the squelch level and with proper timing. if the differential  signal at the tpi circuit inputs falls below 75% of the threshold level (unsquelched) for eight bit times (typical),  the receiver enters the idle state. 10.6 data decoder the data decoder section performs three functions on the received data: clock recovery, carrier detection, and  manchester data decoding. carrier detection is indicated to the receiver section by assertion of the internal  carrier sense signal, which occurs shortly after the received data signals appear. carrier sense status can be  monitored via dlcr0. clock recovery and data separation are accomplished by an internal phase-locked  loop. the recovered clock is supplied to the receiver together with the recovered nrz serial data stream. 10.7 reverse polarity the transceiver polarity reverse circuit uses link pulses and end-of-frame data to determine the polarity of the  received signal. a reversed polarity condition is detected when eight opposite receive link pulses are detected  without receipt of a link pulse of the expected polarity. reversed polarity is also detected if four frames are  received with a reversed start-of-idle. whenever polarity is reversed, these two counters are reset to zero. if the  transceiver enters the link fail state and no valid data or link pulses are received within 96 to 128 milliseconds,  polarity resets to the default uninverted condition. if link integrity testing is disabled, polarity detection is based  only on received data. the transceiver automatically corrects reversed polarity. polarity reversal is reported via bmpr15.

 34 MB86967 10.8 collision detection the collision detection function operates on the twisted-pair side of the interface. a collision is defined as the  simultaneous presence of valid signals on both the tpi circuit and the tpo circuit. the transceiver reports  collisions to the back-end via an internal signal. if the tpi circuit is active while there is activity on the tpo  circuit, the tpi data passes to the back-end as received data, disabling normal loopback. 10.9 loopback the MB86967 provides the automatic local loopback function specified by the 10base-t standard for the twisted- pair port. this function is in effect except when the lbc bit, dlcr4, is asserted. data transmitted by the  transmitter is passed through the data encoder, internally looped back within the MB86967 before the tpo  drivers to the data decoder and returned to the receiver. this local loopback function is disabled when a data  collision occurs, clearing the received data circuit in the transceiver for the data arriving at the twisted-pair inputs.  the local loopback is also disabled during the link fail and jabber states. the MB86967 provides additional loopback testing functions controlled by lbc. when the twisted-pair port is  selected and lbc is asserted, the loopback is forced regardless of the state of the tpi inputs or link test failure. during loopback, data is routed from the transmit buffer to the transmit section of the data link controller, through  the manchester encoder, back through the manchester decoder, through the receiver section of the data link  controller, and is then stored in the receive buffer. software can then read and check the received packet that  has traveled through the MB86967 transmit and receive sections. receipt of the loopback data into the receive  buffer can be disabled by asserting filter self rx, bmpr14. the transmitted data is blocked from  appearing at the network outputs while the MB86967 is in forced loopback mode (lbc asserted). 10.10 link integrity test the link integrity test determines the status of the receive side twisted-pair cable. link integrity testing is enabled  when link test en, bmpr13, is set low. when enabled, the receiver recognizes the link integrity pulses  transmitted in the absence of receive traffic. if no serial data stream or link integrity pulses are detected within  50 to 150 milliseconds, the MB86967 enters a link-fail state and disables the transmit and automatic local  loopback functions. the MB86967 ignores any link integrity pulse with an interval less than 2 to 7 milliseconds.  the MB86967 remains in the link-fail state until it detects either a serial data packet or two or more link integrity  pulses.

 35 MB86967 n control registers in lan controller these control registers are used in all modes (pc card mode, isa bus mode, and general-purpose bus mode). the i/o address space between the base and 0 to f addresses has 32 control registers in the lan controller  for two address-extended bits (rbs1 and rbs0).  the two address-extended bits (rbs1 and rbs0) are at bits  3 and 2 of the control register dlcr7 in the lan controller (base address +7). notes:1. at reset, the lan controller defaults to the 8-bit system interface.  however, in the pc card mode, the 8-bit or 16-bit interface is set by bit 5 (iois8) of ccr1 at switching from the ic memory interface to the i/o card interface according to the ccr setting condition. 2. the pc card mode does not support dma. 1. arrangement of registers register name symbol system address register bank sa3/pa3 sa2/pa2 sa1/pa1 sa0/pa0 rbs1 rbs0 transmit status dlcr00000  receive status dlcr10001  transmit interrupt enabledlcr20010  receive interrupt enabledlcr30011  transmit mode dlcr40100  receive mode dlcr50101  control 1 dlcr60110  control 2 dlcr70111  node id 0 dlcr8 100000 node id 1 dlcr9 100100 node id 2 dlcr10 101000 node id 3 dlcr11 101100 node id 4 dlcr12 110000 node id 5 dlcr13 110100 tdr0 dlcr14111000 tdr1 dlcr15111100 multicast address 0 mar8100001 multicast address 1 mar9100101 multicast address 2 mar10101001 multicast address 3 mar11101101 multicast address 4 mar12110001 multicast address 5 mar13110101 multicast address 6 mar14111001 multicast address 7 mar15111101 buffer memory port bmpr8100010 transmit packet count bmpr10 101010 16 collision bmpr11 101110 dma enable bmpr12110010 dma burst/transceiver modebmpr13110110 receive control/transceiver  interrupt bmpr14111010 transceiver status/controlbmpr15111110

 36 MB86967 2. explanation of control registers in lan controller 2.1 data link controller register (1) dlcr0: transmit status register dlcr0 indicates the transmit status of the data link controller. the external interrupt int  is asserted by setting  the bits of dlcr2 corresponding to the status bits, bit 7 and bit 3 to 0. (continued) bit 7 bit 6 bit 5 bit 4 bit 3 bit 2 bit 1 bit 0 read tmt ok net bsy tmt rec srt rkt jabber col 16 col bus wr  err write bit clr    bit clr bit clr bit clr bit clr initial value 0 undefined 0 0 0 0 0 0 bit no. bit name operation value function 7tmt ok (transmit o.k) read 0 indicates transmission in progress 1 this bit is set automatically when transmission of all packets  in the transmitter buffer is completed.  in the single buffer  mode, the next transmit data can be transferred from the host  system.  in the dual buffer mode, transmission of data from  the second bank can be started (bit 7 (tmst) of the bmr10  is set).  the dual buffer mode permits transfer of the next  transmit data from the host system to one buffer, while the  other buffer is transmitting packets. write 0 not affected 1 this bit is cleared. 6 net bsy (net busy) read 0 indicates network empty (no carrier detected) 1 indicates network in use (carrier detected) write  not affected 5tmt rec (transmit  packet receive) read 0 indicates packets transmitted by this register not received  normally. this bit is cleared automatically at the start of transmission of  each packet. 1 indicates packets transmitted by this register received  normally. this bit must not be used in normal operation. write  not affected 4srt pkt (short packet) read 0 no short packet error. this bit is cleared automatically at the start of transmission of  each packet. 1 indicates network carrier detect disappeared during packet  transmission. this bit is usually set in the event of a packet collision or  physical damage to the cable. write  not affected

 37 MB86967 (continued) bit no. bit name operation value function 3 jabber read 0 no jabber 1 indicates transmission suspension with continuous  transmission over specified time detected by internal  watchdog timer write 0 not affected 1 this bit is cleared. 2col (collision error) read 0 no collision error 1 indicates occurrence of packet collision on network during  packet transmission. the data link controller performs retransmission automatically  until 16 collisions occur.  the count of collision can be  checked by reading bits 7 to 4 of the collision counter register  dlcr4. write 0 not affected 1 this bit is cleared. 116col (16 collision  error) read 0 no 16 collision error 1 indicates collisions occurred 16 times continuously  during  packet transmission. the operation after 16 collision errors can be set using bits 2  and 1 of the 16 collision control register bmpr11. write 0 not affected 1 this bit is cleared. 0bus wr err (bus write  error) read 0 no bus write error 1 indicates lsi failed to assert rdy signal within 2.15  m s at  writing transmit data from system to transmitter buffer. in other words, transmit data could not be written because the  transmitter buffer is full.  this bit is never set at transmitting  based on the normal operation flow. write 0 not affected 1 this bit is cleared.

 38 MB86967 (2) dlcr1: receive status register dlcr1 indicates the receive status of the data link controller. the external interrupt int  is asserted by setting  the bits of dlcr3 corresponding to the status bits, bit 7 to 0. (continued) bit 7 bit 6 bit 5 bit 4 bit 3 bit 2 bit 1 bit 0 read pkt rdy bus rd  err dma  eop rmt rst rx srt  pkt alg err crc err ovrflo write bit clr bit clr bit clr bit clr bit clr bit clr bit clr bit clr initial value 00000000 bit no. bit name operation value function 7pkt rdy (packet ready) read 0 no received packet is in the receiver buffer. 1 indicates packets from self office received normally and  transferred completely to receiver buffer. in other words, at least one packet of receive data is in the  receiver buffer. write 0 not affected 1 this bit is cleared.  if there are still received packets in the  receiver buffer even after the host system has read one  packet of receive data from the receiver buffer, this bit is  automatically reset. 6bus rd err (bus read  error) read 0 no bus read error 1 indicates lsi failed to assert rdy signal within 2.15  m s at  reading data in receiver buffer from host system. in other words, the host system attempted to read data from  the receiver buffer, although the buffer has no data to read. write 0 not affected 1 this bit is cleared. 5 dma eop read 0 indicates dma transfer not yet  completed during dma transfer. this bit is cleared when both the  dma rena and dma tena bits of  the bmpr12 are cleared. * : this bit is invalid in the  pc card mode. 1 indicates dma transfer completed  and eop signal asserted by  external dma controller write 0 not affected 1 this bit is cleared.  this clearing  should be done by clearing both the  dma rena and dma tena bits of  the bmpr12.

 39 MB86967 (continued) * : the bit 3 to bit 0 are cleared when the new packet is received. bit no. bit name operation value function 4rmt rst (remote reset) read 0 the received packet is not a remote reset packet. 1 indicates value of data length field in received packet is  0900 h . this bit is set only when the ena rmt rst bit of dlcr5 is  set and a physical address match occurs; it is not set for the  multicast address and broadcast address.  it is also not set  when the ena srt pkt bit of dlcr5 is set. write 0 not affected 1 this bit is cleared.  it is also cleared automatically at the start  of receiving the next packet. 3 rx srt pkt (short packet) read* 0 no short packet error 1 indicates data length (address + data length + data) of  received packet not more than minimum data length  (60 bytes). this bit is set for not more than 6 bytes when the ena srt  pkt bit of dlcr5 is set.  it is not set when a collision occurs  at the self-txpkt. write 0 not affected 1 this bit is cleared. 2alg err (alignment  error) read* 0 no alignment error 1 indicates crc of received packet incorrect and bit count of  received data not multiple of 8 write 0 not affected 1 this bit is cleared. 1crc err (crc error) read* 0 no crc error 1 indicates crc of received packet incorrect. this bit is not set when a collision occurs at the self-txpkt. write 0 not affected 1 this bit is cleared. 0ovrflo (overflow error) read* 0 no overflow error 1 indicates that data erased because data length of received  packet larger than free capacity of receiver buffer memory. even when this bit is set, data is received normally when the  data length of the next packet is smaller than the free capacity  of the receiver buffer memory.  this bit is set to indicate that  the receiver buffer memory is almost full; transfer data  immediately from the buffer to the host system.  this bit is not  set in the loopback mode. write 0 not affected 1 this bit is cleared.

 40 MB86967 (3) dlcr2: transmit interrupt enable register the dlcr2 register enables a transmit interrupt. when the bit corresponding to the status bit of dlcr0 is set  to 1, the external interrupt int  is asserted when the status bit is set. bit 7 bit 6 bit 5 bit 4 bit 3 bit 2 bit 1 bit 0 read/write ena tmt ok 000 ena jabber ena col ena  16col ena bus  wr err initial value 00000000 bit no. bit name operation value function 7 ena tmt ok read/write 0 disables tmt ok interrupt 1 enables tmt ok interrupt 6 to 4 not used read/write  the read value is always 0. write 0 to these bits at writing. 3 ena jabber read/write 0 disables jabber interrupt 1 enables jabber interrupt 2 ena col read/write 0 disables col interrupt 1 enables col interrupt 1 ena 16col read/write 0 disables 16col interrupt 1 enables 16col interrupt 0 ena bus rd  err read/write 0 disables bus rd err interrupt 1 enables bus rd err interrupt

 41 MB86967 (4) dlcr3: receive interrupt enable register the dlcr3 register enables a receive interrupt. when the bit corresponding to the status bit of dlcr1 is set  to 1, the external interrupt int  is asserted when the status bit is set. bit 7 bit 6 bit 5 bit 4 bit 3 bit 2 bit 1 bit 0 read/write ena pkt  rdy ena bus  rd err ena dma eop ena  rmt rst ena rx  srt pkt ena alg  err ena  crc err ena  ovrflo initial value 00000000 bit no. bit name operation value function 7 ena pkt rdy read/write 0 disables pkt rdy interrupt 1 enables tmt ok interrupt 6 ena bus rd  err read/write 0 disables bus rd err interrupt 1 enables bus rd err interrupt 5 ena dma eop read/write 0 disables dma eop interrupt * : this bit is invalid in the  pc card mode. 1 enables dma eop interrupt 4 ena rmt rst read/write 0 disables rmt rst interrupt 1 enables rmt rst interrupt 3ena rx srt  err read/write 0 disables rx srt err interrupt 1 enables rx srt err interrupt 2 ena alg err read/write 0 disables alg err interrupt 1 enables alg err interrupt 1 ena crc err read/write 0 disables crc err interrupt 1 enables crc err interrupt 0 ena ovrflo read/write 0 disables ovrflo interrupt 1 enables ovrflo interrupt

 42 MB86967 (5) dlcr4: transmit mode register dlcr4 sets the transmitter operation modes, and displays the count of collision occurrence. * : these bits are undefined until the first packet is completely transmitted after power-on. bit 7 bit 6 bit 5 bit 4 bit 3 bit 2 bit 1 bit 0 read col3 col2 col1 col0 tst1 cntrl lbc dsc write  0 initial value 0* 0* 0* 0* 0 1 1 0 bit no. bit name operation value function 7 to 4 col3 to col0 (collision  count) read  displays count of collision until transmission completed. these bits are cleared at the completion of transmission. 3tst1 (chip test 1) read/write  this is a chip test bit. always write 0 to this bit at writing to  dlcr4. 1 cannot be written to this bit during normal  operation. 2 cntrl (dreq control) read/write 0 the dreq signal is negated in the  last cycle of dma transfer. * : this bit is invalid in the  pc card mode. 1 the dreq signal is negated two  cycles before the last cycle of dma  transfer. 1lbc (loopback  control) read/write 0 forced to enter loopback mode. the loopback is not canceled even when a collision is  detected. transmit data is not output from the tpop*/tpon*  pin. 1 enters standard loopback mode specified in 10base-t  standard. the loopback function works only at data transmission. the  transmit data is loopbacked to the receiver by the encoder/ decoder. if the MB86967 is in the link fail and jabber states when a  collision is detected, the loopback mode is canceled and  signals are accepted from the twisted-pair board. 0dsc (disable  carrier detec) read/write  when this bit is set to 1, the MB86967 is enabled for duplex  transmission. in this case, data can be transmitted  irrespective of the state of the receiver, enabling external  loopback operation.

 43 MB86967 (6) dlcr5: receive mode register dlcr5 sets the receiver operation mode, and displays the status of the receiver buffer memory. bit 7 bit 6 bit 5 bit 4 bit 3 bit 2 bit 1 bit 0 read tst2 buf emp acpt  bad pkt add  size ena srt  pkt ena  rmt rst am1 am0 write 0 initial value 01000001 bit no. bit name operation value function 7tst2 (chip test 2) read/write  this is a chip test bit. always write 0 to this bit at writing to  dlcr5.  writing 1 to this bit is prohibited during normal  operation. 6buf emp (buffer empty) read 0 indicates valid data remaining in receiver buffer memory 1 indicates no valid data in receiver buffer memory write  not affected 5 acpt bad pkt (bad packet  receive) read/write 0 if the received packet has short packet, alignment, and crc  errors, it is discarded and is not transferred to the receiver  buffer. 1 a packet with short packet, alignment, and crc errors is  transferred to the receiver buffer like a normally-received  packet. 4add size (address size) read/write 0 compares destination addresses of receive packet and id  addresses of node for match at all 6 bytes (48 bits) 1 compares destination addresses of received packet and id  addresses of node for match only at upper byte and 5 bytes  (40 bits) 3 ena srt pkt (enable short  packet receive) read/write 0 a packet of more than 60 bytes and less than 2 kbytes can be  received. 1 a packet of more than 6 bytes and less than 2 kbytes can be  received. the value of this bit is ignored when bit 5 (acpt bad pkt) is  set. 2 ena rmt rst (enable remote  reset) read/write 0 the remote reset packet is not detected. 1 checks whether value of data length field in receive packet is  0900 h 1 and 0 am1, am0 (address  match mode) read/write  selects node id address match detect mode at packet  receiving (tables 3 and 4)

 44 MB86967 table 3 receiving packets from other nodes table 4 receiving packets transmitted from self office *1: lower id match: receive the packets because a match occurs at the 24 lower bits of the node id and bit 0 of  the node id register is 1. *2: address filter: receive the packets because bit 0 of the node id register is 1 and the crc value of the node  id register is selected by the multicast address register. am1 dlcr5 bit 1 am0 dlcr5 bit 0 lbc dlcr4 bit 1 self rx bmpr14 bit 0 physical packet broadcast  packet multicast packet id match id mismatch lower id  match* 1 address  filter* 2 00  discarded discarded discarded discarded discarded 010  discarded discarded discarded discarded discarded 011  received discarded received received discarded 100  discarded discarded discarded discarded discarded 101  received discarded received discarded discarded 110  discarded discarded discarded discarded discarded 111  received received received received received am1 dlcr5 bit 1 am0 dlcr5 bit 0 lbc dlcr4 bit 1 self rx bmpr14 bit 0 physical packet broadcast  packet multicast packet id match id mismatch lower id  match* 1 address  filter* 2 00  discarded discarded discarded discarded discarded 010  received discarded received received discarded 011  received discarded discarded discarded discarded 100  received discarded received discarded received 101  received discarded discarded discarded discarded 110  received received received received received 1 1 1 0 received received received received received 1 1 1 1 discarded discarded discarded discarded discarded

 45 MB86967 (7) dlcr6: control register 1 dlcr6 sets the mb86966 operation modes. (continued) * : this register is accessible only for the device initialization. bit 7 bit 6 bit 5 bit 4 bit 3 bit 2 bit 1 bit 0 read/write ena  dlc 100ns/ 150ns sb/sw bb/bw tx buf  size 1 tx buf  size 0 buf  size 1 buf  size 0 initial value 10110110 bit no. bit name operation value function 7ena  dlc (enable data  link controller) read/write 0 when 0 is written to this bit, the MB86967 is ready for  transmitting and receiving. when this bit is 0, the node id  register and multicast address register cannot be accessed. 1 the data link controller and buffer manager in the MB86967  are initialized and both the transmitter and receiver buffers are  also initialized. 6 100ns/150ns (sram cycle  time select) read/write 0 sets cycle time of external sram to 150 ns 1 sets cycle time of external sram to 100 ns. in this case, use sram with an access time of 80 ns or less. 5sb/sw (system bus  width select) read/write  selects width of system data bus ? pc card mode when 1 is written to bit 5 (iois8) of the ccr1, the sb/-sw  bit is set to 1, placing the system data bus in the byte  transfer mode. when 0 is written, the sb/-sw bit is set to 0,  placing the system data bus in the word transfer mode. in the pc card mode, writing to the sb/-sw bit is performed  by ccr1. writing from dlcr6 does not affect bit 5. ? general-purpose bus mode the reversed value of the sb/sw  bit is output to the  external pin sb/sw . 4bb/bw (buffer memory  bus width) read 1 the width of the buffer memory data bus is fixed to 8 bits. the  read value of this bit is always 1. write  not affected 3 and 2 tx buf size 1 tx buf size 0 (transmitter  buffer size) read/write  sets size of transmitter buffer. sb/sw system data bus 0 16 bit 18 bit tx buf size bank  capacity bank  count buffer  capacity 10 0 0 2 kbyte 1 2 kbyte 0 1 2 kbyte 2 4 kbyte 1 0 4 kbyte 2 8 kbyte 1 1 8 kbyte 2 16 kbyte

 46 MB86967 (continued) (8) dlcr7: control register 2 dlcr7 sets the MB86967 operation modes. (continued) bit no. bit name operation value function 1 buf size 1 read/write  sets size of external buffer memory (transmitter buffer size +  receiver buffer size) 0 buf size 0 read 0 the read value of this bit is fixed at 0. write  not affected bit 7 bit 6 bit 5 bit 4 bit 3 bit 2 bit 1 bit 0 read ident1 ident0 stby rdypol rbs1 rbs0 eop/eop byte  swap write  initial value 101  0000 bit no. bit name operation value function 7 and 6 ident1 ident0 read  reading the initial values of these bits permits checking the  type of controller used in software. read values 10: MB86967 read values 11: mb86965a read values 01: mb86964 read values 00: mb86960a writing to these bits is invalid. 5stby read/write 0 the lan controller is placed in the standby mode. in the  standby mode, the clock stops, reducing current consumption  to about 10%. when 1 is prewritten to bit 4 of bmpr14, the MB86967 enters  the shutdown mode. in this mode, the crystal oscillator stops,  reducing the current consumption to about 1%. in the pc card mode, when the pwrdwn bit of ccr1 is set to  1, this bit is set to 0. writing from dlcr7 to this bit is  prohibited. 1 operating state (not standby state). in the pc card mode,  when the pwrdwn bit of ccr1 is set to 0, this bit is set to 1.   writing from dlcr7 to this bit is prohibited. return from the shutdown mode by resetting. 4 rdypol read  the value of the external pin rdypol can be read. in the pc  card mode, the read value is always 1. in the isa bus mode,  the read value of this bit is always 0. write  not affected buf size 1 buffer size 08 kbyte 1 32 kbyte

 47 MB86967 (continued) (9) dlcr8 to dlcr13: node id registers dlcr8 to dlcr13 store the node id of the self office. after comparing the destination addresses in the receive  packet with the values of the node id registers, the matching packets are received according to the setting  conditions of the address match mode bits of dlcr5. usually, set bit 0 (id 0) of dlcr8 to 0 (when bit 0 of the destination address is 1, the received data serve as  the multicast address and the packet is received according to the setting conditions of the address match mode  bits of dlcr5, irrespective of their values). the initial values of the node id registers are undefined. reading and writing are possible only when bit 7 (ena   dlc) of dlcr6 is 1. bit no. bit name operation value function 3 and 2 rbs1 rbs0 read/write  the MB86967 has three internal register sets. bank switching  by these bits allows the system to access each register set.   dlcr0 to dlcr7 can always be accessed irrespective of the  conditions of register banks. 1eop/eop read/write 0 sets dma end signal (eop) input  pin active low * : this bit is invalid in the  pcmcia mode. 1 sets dma end signal (eop) input  pin active high 0 byte swap read/write 0 when the system bus is the 16-bit  mode, byte swapping is not  performed for access to bmpr8.  the bus is an intel 16-bit bus. * : writing 1 to this bit is  prohibited in the pc  card mode. always  write 0 to this bit. 1 when the system bus is the 16-bit  mode, byte swapping is performed  for access to bmpr8, switching  between upper and lower data. the  bus is a motorola 16-bit bus. bit 7 bit 6 bit 5 bit 4 bit 3 bit 2 bit 1 bit 0 dlcr8 id7 id6 id5 id4 id3 id2 id1 id0 dlcr9 id15 id14 id13 id12 id11 id10 id9 id8 dlcr10 id23 id22 id21 id20 id19 id18 id17 id16 dlcr11 id31 id30 id29 id28 id27 id26 id25 id24 dlcr12 id39 id38 id37 id36 id35 id34 id33 id32 dlcr13 id47 id46 id45 id44 id43 id42 id41 id40 rbs1 rbs2 address 00 h  to 07 h address 08 h  to 0f h 0 0 dlcr0 to dlcr7 dlcr8 to dlcr15 0 1 dlcr0 to dlcr7 mar8 to mar15 1 0 dlcr0 to dlcr7 bmpr8 to bmpr15 1 1 dlcr0 to dlcr7 reserved

 48 MB86967 (10) dlcr14 and dlcr15: tdr registers  dlcr14 and dlcr15 are 14-bit counters that are reset at the start of transmission to count the transmit bits  until a collision occurs or the carrier is dropped. they are read-only registers. the read values of bits 7 and 6 of dlcr15 is always 0. 2.2 multicast address registers  the multicast address registers select the multicast address packet to receive when the address match mode  bits of dlcr5 are set to 1 and 0, respectively. multicast addresses are input to a 32-bit crc circuit and grouped  into 64 by the six rightmost bits of the calculated crc. packets with multicast addresses of groups in which set  the bits corresponding to the multicast address registers are received. the initial values of the multicast address registers are undefined. reading and writing are possible only when  bit 7 (ena  dlc) of dlcr6 is 1. 2.3 buffer memory port registers (1) bmpr8: buffer memory port  bmpr8 is a data port for transferring transmit and receive data between the host system and buffer memory.   when the system interface is in the byte mode, bmpr8 serves as an 8-bit i/o port. when the system interface  is in the 16-bit bus mode, bmpr8 serves as a 16-bit i/o port. in the 16-bit bus mode, other registers can be  accessed in both bytes and words, but this register can be accessed only in words. in the 16-bit bus mode, setting bit 0 (byte swap) of dlcr7 permits order swapping between msb and lsb,  allowing this register to work with both intel and motorola processors. bit 7 bit 6 bit 5 bit 4 bit 3 bit 2 bit 1 bit 0 dlcr14 tdr7 tdr6 tdr5 tdr4 tdr3 tdr2 tdr1 tdr0 dlcr15 0 0 tdr13 tdr12 tdr11 tdr10 tdr9 tdr8 bit 7 bit 6 bit 5 bit 4 bit 3 bit 2 bit 1 bit 0 mar8 mid7 mid6 mid5 mid4 mid3 mid2 mid1 mid0 mar9 mid15 mid14 mid13 mid12 mid11 mid10 mid9 mid8 mar10 mid23 mid22 mid21 mid20 mid19 mid18 mid17 mid16 mar11 mid31 mid30 mid29 mid28 mid27 mid26 mid25 mid24 mar12 mid39 mid38 mid37 mid36 mid35 mid34 mid33 mid32 mar13 mid47 mid46 mid45 mid44 mid43 mid42 mid41 mid40 mar14 mid55 mid54 mid53 mid52 mid51 mid50 mid49 mid48 mar15 mid63 mid62 mid61 mid60 mid59 mid58 mid57 mid56 bit 7 bit 6 bit 5 bit 4 bit 3 bit 2 bit 1 bit 0 bmpr8 bmp7 bmp6 bmp5 bmp4 bmp3 bmp2 bmp1 bmp0 bmp15 bmp14 bmp13 bmp12 bmp11 bmp10 bmp9 bmp8

 49 MB86967 (2) bmpr10: transmit packet count register bmpr10 sets the transmit start bit and transmit packet count. bit 7 bit 6 bit 5 bit 4 bit 3 bit 2 bit 1 bit 0 read 0 tx pkt  cnt 6 tx pkt  cnt 5 tx pkt  cnt 4 tx pkt  cnt 3 tx pkt  cnt 2 tx pkt  cnt 1 tx pkt  cnt 0 write tmst initial value 0  bit no. bit name operation value function 7 tmst read 0 the read value of this bit is always 0. write 0 not affected 1 starts transmitting packet. when the transmitter buffer is in the single buffer mode, set  this bit after transferring the transmit packet from the host to  the transmit buffer. when the transmitter buffer is in the dual  buffer mode, set this bit after transferring the transmit packet  to the transmitter buffer and completing transmission of the  packet to the second bank (after the tmt ok bit of dlcr0 is  set). 6 to 0 tx pkt cnt 6 to 0 read  these bits are decremented each time transmission of one  packet is completed, and display the count of packets that  have not been transmitted yet. they are set to 00h after all  packets have been transmitted. write  the MB86967 can start transmitting more than one packet  using one transmit command. set the tmst bit and write the  transmit packet count (the count of packet transferred to buffer  memory).

 50 MB86967 (3) bmpr11: 16 collision control register bmpr11 controls operation of the data link controller after a 16 collisions occur. bit 7 bit 6 bit 5 bit 4 bit 3 bit 2 bit 1 bit 0 read/write 00000 16col  cntl 2 16col  cntl 1 16col  cntl 0 initial value 00000000 bit no. bit name operation value function 7 to 3 not used read 0 the read values of these bits is always 0. write 0 writing 1 is prohibited. always write 0 at writing. 2 to 0 16col cntl 2 to 0 read/ write  16col cntl operation after 16cols occur 210 1 1 0 similar to ordinary collisions, the transmit  packet causing 16cols is retransmitted  automatically (auto mode). 1 1 1 the next packet is transmitted  automatically after skipping the transmit  packet causing the 16cols (auto mode). 01  when 16cols occur, stop the transmitted  data link controller temporarily. to resume  transmission, write the values listed in the  table below to this register. these values  are valid only when written. write them to  this register each time transmission stops  after 16cols occur (manual mode). 16col cntl operation when resuming  transmission in manual mode 210 0 1 0 similar to ordinary collisions, the transmit  packet causing 16cols is retransmitted. 0 1 1 the next packet is transmitted after  skipping the transmit packet causing the  16cols.

 51 MB86967 (4) bmpr12: dam enable register the bmpr12 controls dma transfer between the host system and the MB86967. *1: the dlcr1 dmaeop bit is cleared if the dma rena bit and dma tena bit are set to 00. *2: writing 11 to both dma rena bit and dma tena bit is prohibited. bit 7 bit 6 bit 5 bit 4 bit 3 bit 2 bit 1 bit 0 read  longpkt  rcv dis 0 dma  rena dma  tena write 0000 initial  value  0000 bit no. bit name operation value function 7 to 4 not used read  the read values of these bits are always undefined. write 0 writing 1 is prohibited.  always write 0 at writing. 3 longpkt rcv  dis read/write 0 the receive long packet removal function is enabled. packets with a length of 1792 bytes or more are not received. 1 the receive long packet removal function is disabled. packets with a length of up to 2047 bytes cannot be received  normally. 2 not used read/write  the read value of this bit is always 0. writing 1 is prohibited. always write 0 at writing. 1 dma rena read/write 0 (*1) dma read operation is disabled. * : writing 1 to this bit is  prohibited in the pc  card mode. always  write 0 to this bit. 1 (*2) dma read operation (reading from  receiver buffer) is enabled. 0 dma tena read/write 0 (*1) the dma write operation is  disabled. 1 (*2) the dma write operation (writing to  receiver buffer) is enabled.

 52 MB86967 (5) bmpr13: dma burst/transceiver mode control register the bmpr13 sets the dma transfer cycle count between the host system and MB86967 and the operation  modes of the 10base-t transceiver. bit 7 bit 6 bit 5 bit 4 bit 3 bit 2 bit 1 bit 0 read i/o base  unlock 0 link  test  ena 000 dma  brst 1 dma  brst 0 write initial value 10000000 bit no. bit name operation value function 7 i/o base  unlock read/write 0 the i/o base address is not changed even after an i/o-read  operation to address x12h. 1 an i/o-read operation to address x12h increments the values  of the i/o base address select signals (iosel0 to iosel2),  causing a change in the i/o base address (this is valid only in  the jumperless isa bus mode). 6 not used read/write  the read value of this bit is always 0. writing 1 is prohibited. always write 0 to this bit at writing. 5 link test  ena read/write 0 the link test on the 10base-t transceiver is enabled. 1 the link test on the 10base-t transceiver is disabled. 4 to 2 not used read/write  the read values of these bits is always 0. writing 1 is prohibited. always write 0 to these bits at writing. 1 and 0 dma brst 1 and 0 read/write  the dma transfer cycle count is set by one bus request  (these bits are invalid in the pc card mode). brst1 brst0 dam transfer cycle count (max.) 0 0 1 (single dma) 01 4 10 18 11 12

 53 MB86967 (6) bmpr14: receiver control/transceiver interrupt enable/shutdown register bmpr14 controls interrupts from the receiver buffer pointer and 10base-t transceiver. bit 7 bit 6 bit 5 bit 4 bit 3 bit 2 bit 1 bit 0 read 0 ena lkf  int 0 shut  dwn  mode tst3 skip rx  pkt ena  sqe int ena filter write 0 initial value 00000000 bit no. bit name operation value function 7 not used read/write  the read value of this bit is always 0. always write 0 to this bit at writing. 6 ena lkf int read/write 0 the link fail interrupt is disabled. 1 the link fail interrupt is enabled. 5 not used read/write  the read value of this bit is always 0. always write 0 to this bit at writing. 4 shut dwn  mode read/write 0 when bit 5 (stby ) of dlcr7 is set, the MB86967 enters the  standby state (oscillation continues). 1 when bit 5 (stby ) of dlcr7 is set, the MB86967 enters the  shutdown state (oscillation stops). 3 tst3 (chip test  3) read/write  this a chip test bit. always write 0 to this bit at writing to the  bmpr14. writing 1 to this bit during normal operation is  prohibited. 2 skip rx pkt read/write 0 skipping the receiver buffer pointer is completed. 1 the receiver buffer pointer is being skipped (updated),  indicating the transient state from when 1 is written to this bit  until skipping the pointer is completed (about 200 ns). 0 not affected. the receiver buffer pointer is not skipped. 1 when 1 is written to this bit, the receiver buffer pointer is  skipped up to the beginning of the next packet. this bit is  cleared automatically when skipping is completed. if the packet to be skipped is the last one in the receiver buffer,  the buf emp bit of dlcr5 is set after the receiver buffer  pointer is skipped. this function works only after reading the receive packet  header (4 bytes). and, it is prohibited to write 1 when the  remainder of the packet becomes 8-byte. 1 ena sqe int read/write 0 the signal quality error interrupt is disabled. 1 the signal quality error interrupt is enabled. 0filter self  rx read/write 0 when the address match mode bits am1 and am0 are 11, the  packet transmitted from the self office is also received. 1 when the address match mode bits am1 and am0 are 11, the  packet transmitted from the self office is not received.

 54 MB86967 (7) bmpr15: transceiver status control register bmpr15 indicates the status of the 10base-t transceiver. bit 7 bit 6 bit 5 bit 4 bit 3 bit 2 bit 1 bit 0 read 0 lkf 00 pol rev 0 sqe 0 write bit clr bit clr bit clr initial value 0  00  000 bit no. bit name operation value function 7 not used read/write  the read value of this bit is always 0. writing 1 is prohibited. always write 0 to this bit at writing. 6 lkf read 0 no link fail is detected. 1 a link fail is detected. write 0 not affected 1 this bit is cleared. 5 and 4 not used read/write  the read value of this bit is always 0. writing 1 is prohibited. always write 0 to this bit at writing. 3 pol rev read 0 polarity reversal is not detected. 1 polarity reversal is detected. write 0 not affected 1 this bit is cleared. 2 not used read/write  the read value of this bit is always 0. writing 1 is prohibited. always write 0 to this bit at writing. 1 sqe read 0 an sqe error is not detected. * : the read value of this  bit is always 0 when bit  0 of dlcr4(dsc:  disable carrier  detect) is enabled (1). 1 an sqe error is detected. write 0 not affected 1 this bit is cleared. 0 not used read/write  the read value of this bit is always 0. writing 1 is prohibited. always write 0 to this bit at writing.

 55 MB86967 n explanation of isa bus mode 1. jumperless isa mode in this mode, the lan controller reads the i/o addresses and interrupt outputs from initialization data in external  e 2 prom after the hardware reset at power-on, and initializes them. it takes about 50  m s until initialization is  completed. this eliminates the need for on-board dip switches for address decode selection. the initialization data can be  changed because the e 2 prom can be read and written. utilities for changing initialization data allow an  inexperienced user to retrieve contentions between i/o addresses and mount a lan interface card in any  personal computer. only one byte is used for the initialization data in the e 2 prom. second and later bytes should be used to store  node id. data (node id) at the second and later bytes should be read bit-by-bit, converted to parallel data, and  then written to the node id registers (dlcr8 to dlcr15). 1.1 setting at e 2 prom the initial values should be prewritten to the first byte in the e 2 prom as shown in figure 8; the node id should  be prewritten to the second and later bytes. after a hardware reset, the lan controller reads the initialization data at the first one byte in e 2 prom  automatically, and sets it at the bmpr19 internal register. bit 7 bit 6 bit 5 bit 4 bit 3 bit 2 bit 1 bit 0 intsel1 intsel0 not used iosel2 iosel1 iosel0 iomsel2 iomsel1 iomsel0 i/o base address 0 0 0 260 h  to 27f h 0 0 1 280 h  to 29f h 0102a0 h  to 2bf h intsel1 intsel0 interrupt channel (pin) 0 1 1 240 h  to 25f h 00 irq0 100340 h  to 35f h 01 irq1 101320 h  to 33f h 10 irq2 110380 h  to 39f h 11 irq3 111300 h  to 31f h setting i/o addresses setting interrupt channels figure 8 configuration of bits at first one byte in e 2 prom

 56 MB86967 1.2 setting i/o base addresses after completing jumperless initialization, read 8 bytes (dlcr0 to dlcr7) of the registers in the lan controller  using the system software and check that the initial values in these registers have been read correctly. if they  are not read correctly, the i/o addresses are assumed to overlap other i/o addresses, and must be changed.   to make a change, read bmpr18 (the read value is meaningless). each time bmpr18 is read, the values of  iosel2 to iosel0 are incremented from 000 to 111 and the updated values become valid in bmpr19. when the i/o addresses are updated until the values of dlcr0 to dlcr7 can be read properly, the lan controller  is located at the correct i/o addresses. after the i/o addresses have been defined, to prevent them being updated  in error when bmpr18 is read, clear bit 7 (i/o base unlock) of bmpr13. when the i/o address values found by the above operation are prewritten to e 2 prom, the above operation is  not needed at the next system startup, which reduces the system startup overhead. consequently, the above  retrieval of i/o addresses is required only when the lan interface board is first installed in a personal computer. 1.3 setting interrupt signals the lan controller has four interrupt output pins. the interrupt output pin from which interrupt signals should  be output can be specified by initialization data in e 2 prom. if contention occurs between the interrupt signals  and other i/o devices, the address decoder cannot be updated like the i/o addresses. write another address  decode value to e 2 prom and then restart the system. repeat the above process until interrupt signals are  allocated to the correct address area. 1.4 restarting system to restart the system, perform a hardware reset or a write operation to the reset registers reset0 to reset7  (any data can be written to any of reset0 to reset7). the write operation provides the same condition as  the hardware reset except that bmpr16 and bmpr17 are not initialized. initialization takes about 50  m s after canceling a hardware reset, or completing a write operation at the reset  registers. 2. jumper + e 2 prom isa mode this mode is the jumperless isa mode without automatic initialization function. the i/o addresses are set by  external pins. the interrupt output pin is fixed at irq0. the e 2 prom interface functions only to store node id.   read and write operations from and to e 2 prom are performed by the system software. after converting read  serial data to parallel data, write the data to the node id registers (dlcr8 to dlcr15). 3. performance comparison between jumperless isa mode and jumper + e 2 prom isa mode jumperless isa mode jumper + e 2 prom isa  mode automatic initialization  e 2 prom interface  (required)  (option) interrupt output selection 

 57 MB86967 4. register arrangement registers accessible only in the isa mode are listed below. 5. bmpr16: e 2 prom control register bmpr16 controls external e 2 prom. register name symbol system address register bank sa4 sa3 sa2 sa1 sa0 rbs1 rbs0 e 2 prom control bmpr16 10000  e 2 prom data bmpr17 10001  i/o base address bmpr18 1 0 0 1 0  jumperless setting bmpr19 1 0 0 1 1  reserved  10100  reserved  10101  reserved  10110  reserved  10111  reset 0 res0 11000  reset 1 res1 11001  reset 2 res2 11010  reset 3 res3 11011  reset 4 res4 11100  reset 5 res5 11101  reset 6 res6 11110  reset 7 res7 11111  bit 7 bit 6 bit 5 bit 4 bit 3 bit 2 bit 1 bit 0 read  write 0 esk ecs 0 0 0 0 0 initial value  00  bit no. bit name operation value function 7 not used read  the read value of this bit is undefined. write 0 always write 0 to this bit at writing. 6 esk read  the read value of this bit is undefined. write  shift clocks to e 2 prom are generated by repeatedly writing 1 or 0 to this bit. 5 ecs read  the read value of this bit is undefined. write  when 1 is written to this bit, the e 2 prom chip select signal is  asserted. when 0 is written to this bit, the e 2 prom chip select signal is  negated. 4 to 0 not used read  the read values of these bits are undefined. write 0 always write 0s to these bits at writing.

 58 MB86967 6. bmpr17: e 2 prom data register bmpr17 is an external e 2 prom data port. 7. bmpr18: i/o base address register bmpr18 updates and displays the i/o base addresses (valid only in jumperless mode).    bit 7 bit 6 bit 5 bit 4 bit 3 bit 2 bit 1 bit 0 read edio  write 0000000 initial value 0  bit no. bit name operation value function 7 edio read  port for reading output data from e 2 prom write  port for writing input data to e 2 prom 6 to 0 not used read  the read values of these bits are undefined. write 0 always write 0s to these bits at writing. bit 7 bit 6 bit 5 bit 4 bit 3 bit 2 bit 1 bit 0 read ioba7 ioba6 ioba5 ioba4 ioba3 ioba2 ioba1 ioba0 write  initial value 00000000 bit no. bit name operation value function 7 to 0 ioba7 to ioba0 read  each time this register is read, the i/o base address select  signals (iosel2 to iosel0) are incremented to update the  i/o base addresses. the updated values can be read from  bits 2 to 0 of bmpr19. the read values of this register have  no meaning.

 59 MB86967 8. bmpr19: jumperless setting register bmpr19 displays the initialization value in the jumperless mode (valid only in jumperless mode). 9. res0 to res7:  reset registers these 8-byte reset registers are valid only in the isa bus mode. writing to these registers (any data can be  written to any of res0 to res7) allows initialization of the buffer manager, data link controller, manchester  encoder/decoder, and 10base-t transceiver. this writing also allows the internal registers to be initialized by  a reset, but prohibits initialization of bmpr18 and bmpr19. bit 7 bit 6 bit 5 bit 4 bit 3 bit 2 bit 1 bit 0 read intsel1 intsel1  iosel2 iosel1 iosel0 write  initial value 00000000 bit no. bit name operation value function 7 to 6 intsel1 intsel0 read  display the interrupt channels. 5 to 3 not used read  the read values of these bits are undefined. 2 to 0 iosel2 iosel1 iosel0 read  display the boot rom addresses. intsel1 intsel0 interrupt channel (pin) 00 irq0 01 irq1 10 irq2 11 irq3 iosel2 iosel1 iosel0 i/o base address 0 0 0 260 h  to 27f h 0 0 1 280 h  to 29f h 010 2a0 h  to 2bf h 0 1 1 240 h  to 25f h 1 0 0 340 h  to 35f h 1 0 1 320 h  to 33f h 1 1 0 380 h  to 39f h 1 1 1 300 h  to 31f h

 60 MB86967 n explanation of pc card mode 1. e 2 prom/flash interface *1: changed depending on size of e 2 prom or flash rom [example] pa0 to pa16 for 128-kb flash rom *2: to i/o-read the id number, connect the romad pin to the most significant bit of rom. if i/o-read is not required,  leave the romad pin open to set the id number in the cis. card slot * pa0 to pa10 or more oe we data bus (pd0 to pd7) data bus (pd8 to pd15) pd0 to pd7 pa0 to pa10 pd8 to pd15 oe we ce oe most significant address* 2 roms romrd romad pc card interface ?ccr ? lan card control register ? others iord iowr MB86967 ? cis (including id number) ? id number (i/o space)* 2 e 2 prom or flash rom address 0 to 10 or more* 1 we data 0 to 7 figure 9 example of e 2 prom/flash interface

 61 MB86967 2. use of e 2 prom and flash rom 2.1 setting id number in cis rom size cis  space common  memory space ccr location address pin from  system to rom address pin from  system to mb86966 128-kbyte flash  rom 2 kbytes 126 kbytes 7f0 h  to 7f6 h a0 to a16 a0 to a10 2-kbyte e 2 prom 2 kbytes  7f0 h  to 7f6 h a0 to a10 [example of 2-kbyte e 2 peom] [example of 128-kbyte flash rom] 000 h i/o address space index 31 index 30 index 3 index 2 index 1 3e0 h 3c0 h 060 h 040 h 020 h i/o address space index 31 index 30 index 3 index 2 index 1 3e0 h 3c0 h 060 h 040 h 020 h 7f6 h ccr (r/w) cis (r) 7f0 h 000 h attribute memory space 1ffff h 800 h 7f6 h 7f0 h attribute memory space common memory space index 29 3a0 h common memory (r/w) ccr (r/w) cis (r)

 62 MB86967 2.2 i/o-reading id number rom size cis  space common  memory  space i/o  space ccr location address pin  from system  to rom address pin  from system  to mb86966 address pin  from mb86966  to rom 128-kbyte  flash rom 2 kbytes 62 kbytes 62 kbytes 7f0 h  to 7f6 h a0 to a10 a0 to a10 connect  romad pin to  a16. 4-kbyte  e 2 prom 2 kbytes  2 kbytes 7f0 h  to 7f6 h a0 to a10 a0 to a10 connect  romad pin to  a11. [example of 4-kbyte e 2 peom] [example of 128-kbyte flash rom] 000 h i/o address space index 31 index 30 index 3 index 2 index 1 3e0 h 3c0 h 060 h 040 h 020 h i/o address space index 31 index 30 index 3 index 2 index 1 3e0 h 3c0 h 060 h 040 h 020 h 1ffff h 800 h 7f6 h 7f0 h attribute memory space common memory space index 29 3a0 h id number (read only) ccr (r/w) cis (r) 000 h 1ffff h 800 h 7f6 h 7f0 h attribute memory space common memory space ffff h ccr (r/w) cis (r) common memory (r/w) id number (read only) i/o address space

 63 MB86967 3. address space the configuration of the lan pc card in the MB86967 (in pc card mode) has up to three address spaces (for  common memory, i/o memory, and attribute memory). table 5 gives the common memory space, i/o memory space, and attribute memory space of the MB86967. table 5 memory map for pc card note: parts in parentheses are the blocks where each item is located. *1: common memory space cannot allocated if the e 2 prom or flash rom to be selected is less than 2 kbytes. *2: connecting p97 (romad) to the most significant address bit of rom allows i/o-reading of the id number. to  write to this space, both the iowr  and we  pins must be enabled. common memory space* 1 i/o memory space attribute memory space (e 2 prom or flash) ? control registers in lan controller (core of lan controller) ? lan card control register (pc card interface) ? id number (e 2 prom or flash)* 2 ? card attribute data register (cis) (e 2 prom or flash) ? lan card configuration register  (ccr) (pc card interface)

 64 MB86967 4. common memory space common memory space can be used if the capacity of e 2 prom or flash rom to be selected is large. the  address space is located higher than the cis (card attribute data register) of attribute memory space (see  examples of e 2 prom and flash rom in 2). only even addresses are used in the cis, but both common memory space even and odd addresses can be  used in common memory space. only byte access (8 bits) is available. writing to common memory space is possible. efficient writing is performed by data-polling the selected e 2 prom  or flash rom. however, in this case, the pwrdwn bit of ccr1 must be not set for the power-down state without  ending writing. batch erase should not be selected for flash rom. when erasing common memory in blocks, take care not to  erase attribute memory space. (1) read from common memory   (2) write to common memory mode reg ce2 ce1 oe we pa0 pd8 to  pd15 pd0 to  pd7 roms romrd romad byte access (8 bits) 11001 0 invalid even byte l l l 1 invalid odd byte l l l word access (16 bits) 10001  invalid invalid h h l high byte only10101  invalid invalid h h l mode reg ce2 ce1 oe we pa0 pd8 to  pd15 pd0 to  pd7 roms romrd romad byte access (8 bits) 11001 0 dont care even byte l h l 1 dont care odd byte l h l word access (16 bits) 10001  dont care dont care h h l high byte only10101  dont care dont care h h l

 65 MB86967 5. attribute memory space attribute memory space has the card attribute data register (cis) and card configuration register (ccr). it can  be accessed in 8 bits from even addresses; odd addresses are invalid. the MB86967 can have access to both 8-bit and 16-bit data. when attribute memory space is accessed in the  16-bit mode, only the  data signals d0 to d7 are valid, and d8 to d15 are invalid. cis is located at 000 h  to 7ee h , starting with address 0. ccr has four registers, located at 7f0 h , 7f2 h , 7f4 h ,  and 7f6 h . [reference] cis:  in e 2 prom or flash rom ccr:  in MB86967 (1) read from cis (2) write to cis (3) read from ccr address symbol register 7f0 h ccr0 card configuration option register 7f2 h ccr1 card configuration status register 7f4 h ccr2 pin replacement register 7f6 h ccr3 socket/copy register mode reg ce2 ce1 oe iord we pa0 pd8 to  pd15 pd0 to  pd7 roms romrd romad byte access  (8 bits) 0100 1 1 0 invalid even byte l l l 1 invalid invalid h h l word access  (16 bits) 0000 1 1  invalid even byte l l l mode reg ce2 ce1 oe iowr we pa0 pd8 to  pd15 pd0 to  pd7 roms romrd romad byte access  (8 bits) 010110 0 dont care even byte l h l 1 dont care dont care h h l word access  (16 bits) 000110  dont care even byte l h l mode address reg ce2 ce1 oe iord we pa0 pd8  to  pd15 pd0  to  pd7 roms romrd romad byte access  (8 bits) 7f0 h  to  7f6 h 010011 0 invalid even  byte hh l 1 invalid invalid h h l word access  (16 bits) 000011  invalid even  byte hh l

 66 MB86967 (4) write to ccr 6. lan card configuration register (1) ccr0: card configuration option register (00007f0 h ) the card configuration option register (ccr0) sets a software reset, interrupt signal, and configuration index. mode address reg ce2 ce1 oe iowr we pa0 pd8  to  pd15 pd0  to  pd7 roms romrd romad byte access  (8 bits) 7f0 h  to  7f6 h 0101 1 0 0 dont  care even  byte hh l 1 dont  care dont  care hh l word access  (16 bits) 0001 1 0  dont  care even  byte hh l bit 7 bit 6 bit 5 bit 4 bit 3 bit 2 bit 1 bit 0 read sreset levireq configuration index write  initial value 01000000 bit no. bit name operation value function 7 sreset (software reset) read/write 0 when 0 is written to this bit, the MB86967 enters the  hardware reset state or the same state as that after hardware  reset. 1 reset state; this is the same as the hardware reset state  except that this bit is not cleared. when this bit is set, the pointers and registers in the lan  controller are also reset. 6levireq (level interrupt  request) read  since the MB86967 is in the level interrupt request mode, 1 is  always read in the i/o interface card mode. this bit is not  affected by writing. 5 to 0 conf indx (configuration  index) read/write  these bits are used to select 32 configuration indexes  provided for the card.

 67 MB86967 (2) ccr1: card configuration status register (00007f2 h ) this register indicates the configuration status of the card. bit 7 bit 6 bit 5 bit 4 bit 3 bit 2 bit 1 bit 0 read changed 0 iois8 00 pwrdwn 00 write    initial value 00000000 bit no. bit name operation value function 7 changed (state change) read  this bit is 1, indicating that the bit value (bit 5) of the pin  replacement register is 1. the value of bit 5 of the pin  replacement register, indicating that this bit becomes 0. this is a read-only bit and it is not affected by writing. 6 not used read  the read value of this bit is always 0 and this bit is not affected  by writing. 5iois8 (8-bit i/o) read/write 0 the MB86967 enters the word transfer mode (pd0 to pd15).  in this case, bit 5 (sb/sw ) of the control register (dlcr6) in  the lan controller is set to 0. 1 the MB86967 enters the byte transfer mode (pd0 to pd7). in  this case, sb/-sw (bit 5) of dlcr6 in the lan controller is set  to 1. the system must set ce2  non-active. 4 and 3 not used read  the read value is always 0. these bits are not affected by  writing. 2 pwrdwn read/write 0 this bit clears the power-down mode. when this bit is cleared, bit 5 (stby ) of dlcr7 in the lan  controller is also cleared to 1. 1 the power-down mode is set. when this bit is set, bit 5 (stby ) of dlcr7 is set to 0, making  it possible to place the lan controller and 10base-t  transceiver in the standby state. presetting bit 4 of bmpr14 in  the lan controller causes the MB86967 to enter the  shutdown mode (oscillation stopped). this bit should be set after initializing the lan controller. return from the shutdown mode should be made by reset. see 4. operation sequence in pc card mode. 1 and 0 not used read  the read values of these bits is always 0. these bits are not  affected by writing.

 68 MB86967 (3) ccr2: pin replacement register (00007f4 h ) this register indicates the card ready or busy state. (4) ccr3: socket/copy register (00007f6 h )  bit 7 bit 6 bit 5 bit 4 bit 3 bit 2 bit 1 bit 0 read 00 crdy/bsy 011 rrdy/bsy 0 write    initial value 00001100 bit no. bit name operation value function 7 and 6 not used read  the read values of these bits is always 0. these bits are not  affected by writing. 5crdy/bsy (ready/busy  state change) read/write 0 indicates that ready/busy bit (bit 1) not changed (from 1 to 0  or from 0 to 1) 0 can be written to this bit only when this bit is 1 with bit 1 set  to 1. 1 indicates that ready/busy changed (from 1 to 0 or from 0 to  1) 0 can be written to this bit only when this bit is 1 with bit 1 set  to 1. 4 not used read  the read value of this bit is always 0. this bit is not affected by  writing. 3 and 2 not used read  the read values of these bits is always 1. these bits are not  affected by writing. 1rrdy/bsy (ready/busy) read/write 0 indicates card in busy state 1 indicates card in ready state in the ic memory card interface mode, such as power-on and  reset a high level is output (when a write operation to the  ccr is not performed). 0 not used read  the read value of this bit is always 0. this bit is not affected by  writing. bit 7 bit 6 bit 5 bit 4 bit 3 bit 2 bit 1 bit 0 read 00000000 write  initial value 00000000 bit no. bit name operation value function 0 to 7 not used read  the read values of these bits is always 0. these bits are not  affected by writing.

 69 MB86967 7. i/o address space i/o address space has control registers in the lan controller and the lan card control register; in some cases,  it has id numbers. the MB86967 supports both the independent i/o addressing mode, and overlapping i/o  addressing mode. index 0 of the 32 i/o indexes is used to address the independent i/o, and index 31 is used  to address the overlapping i/o. one index has 32 bytes of address space. in the independent i/o addressing  mode, the i/o address pins a4 to a0 are used. when using the overlapping i/o addressing mode in the isa and eisa buses, i/o address space is allocated  to any one of the 31 indexes. the system can select any i/o base address by writing different indexes to bits 0  to 5 of the card configuration option register.  in this mode, all i/o address pins a0 to a10 are used. if 32 bytes of i/o address space are allocated to the control registers in the lan controller, the lan card control  register, and id numbers are as follows: the configuration indexes and i/o base addresses to be assigned are as follows: base address register +0 to f control registers in lan controller +10 lan card control register +12, 14, 16, 18, 1a, 1c, 1e for setting id numbers (only read value valid) a read value that is not used as the id number is undefined. +11, 13, 15, 17, 19, 1b, 1d, 1f reserved (the read value is undefined and writing is invalid.) index ccr 7f0 h bit 0 to 5 i/o address space index ccr 7f0 h bit 0 to 5 i/o address space 0 0 0 0 0 0 i/o function in non-active 16 1 1 0 0 0 0 200h to 21f h 0 1 0 0 0 0 0 independent i/o addressing 17 1 1 0 0 0 1 220 h  to 23f h 1 1 0 0 0 0 1 020 h  to 03f h 18 1 1 0 0 1 0 240 h  to 25f h 2 1 0 0 0 1 0 040 h  to 05f h 19 1 1 0 0 1 1 260 h  to 27f h 3 1 0 0 0 1 1 060 h  to 07f h 20 1 1 0 1 0 0 280 h  to 29f h 4 1 0 0 1 0 0 080 h  to 09f h 21 1 1 0 1 0 1 2a0 h  to 2bf h 5 1 0 0 1 0 1 0a0 h  to 0bf h 22 1 1 0 1 1 0 2c0 h  to 2df h 6 1 0 0 1 1 0 0c0 h  to 0df h 23 1 1 0 1 1 1 2e0 h  to 2ff h 7 1 0 0 1 1 1 0e0 h  to 0ff h 24 1 1 1 0 0 0 300 h  to 31f h 8 1 0 1 0 0 0 100 h  to 11f h 25 1 1 1 0 0 1 320 h  to 33f h 9 1 0 1 0 0 1 120 h  to 13f h 26 1 1 1 0 1 0 340 h  to 35f h 10 1 0 1 0 1 0 140 h  to 15f h 27 1 1 1 0 1 1 360 h  to 37f h 11 1 0 1 0 1 1 160 h  to 17f h 28 1 1 1 1 0 0 380 h  to 39f h 12 1 0 1 1 0 0 180 h  to 19f h 29 1 1 1 1 0 1 3a0 h  to 3bf h 13 1 0 1 1 0 1 1a0 h  to 1bf h 30 1 1 1 1 1 0 3b0 h  to 3df h 14 1 0 1 1 1 0 1c0 h  to 1df h 31 1 1 1 1 1 1 3e0 h  to 3ff h 15 1 0 1 1 1 1 1e0 h  to 1ff h

 70 MB86967 (1) i/o-read (+0 to +10)   (2) i/o-read (+12, +14, +16, +18, 1a, 1c, 1e: id number) (3) i/o-write (+0 to +10) (4) i/o-write (+12, +14, +16, +18, 1a, 1c, 1e: id number) * : to write the id number, both the iowr  and we  pins must be set active. mode reg ce2 ce1 iord oe iowr pa0 pd8 to  pd15 pd0 to  pd7 roms romrd romad byte access  (8 bits) 010 011 0 invalid even byte h h l 1 invalid odd byte h h l word access  (16 bits) 0 0 0 0 1 1 0 odd byte even byte h h l high byte  only 001 011  even byte invalid h h l mode reg ce2 ce1 iord oe iowr pa0 pd8 to  pd15 pd0 to  pd7 roms romrd romad byte access  (8 bits) 0 1 0 0 1 1 0 invalid even byte l l h word access  (16 bits) 0 0 0 0 1 1 0 odd byte even byte l l h mode reg ce2 ce1 iord iowr we pa0 pd8 to  pd15 pd0 to  pd7 roms romrd romad byte access  (8 bits) 010 1 01 0 dont care even byte h h l 1 dont care odd byte h h l word access  (16 bits) 0 0 0 1 0 1 0 odd byte even byte h h l high byte  only 001 1 01  even byte dont care h h l mode reg ce2 ce1 iord iowr * we * pa0 pd8 to  pd15 pd0 to  pd7 roms romrd romad byte access  (8 bits) 0 1 0 1 0 0 0 dont care even byte l h h word access  (16 bits) 0 0 0 1 0 0 0 odd byte even byte l h h

 71 MB86967 (5) cardcr: lan card control register (base address +10) this is an external rom control register that can be accessed only in the pc card mode. 8. initializing card (using MB86967 in pc card) immediately after the card is installed in the system, the ic memory card interface (memory card) is selected. the following instructions describe how to switch to the i/o card interface: a. the system reads card attribute data (cis) for setting operating environments. b. the data is written to the card configuration register (ccr). at this time, the lan controller is set to the 8-bit interface or 16-bit interface by setting the bit 5 (iois8) of  ccr1. c. the ethernet id numbers read from cis or i/o space are written. note: switch from the i/o card interface to ic memory card interface by setting the external reset pin or the  sreset bit of ccr0. bit 7 bit 6 bit 5 bit 4 bit 3 bit 2 bit 1 bit 0 read cis wr ena common  wr ena id number wr ena 00000 write  initial  value 00000000 bit no. bit name operation value function 7 cis write  enable (cis write  enable) read/write 0 the system cannot write data to cis in e 2 prom or flash  rom. 1 the system can write data to cis in e 2 prom or flash rom. 6common wr  enable (common  memory write  enable) read/write 0 the system cannot write data to common memory in  e 2 prom or flash rom. 1 the system can write data to common memory in e 2 prom or  flash rom. 5 id number  wr enable (id number  write enable) read/write 0 the system cannot write data to i/o space (for id number) in  e 2 prom or flash rom. 1 the system can write data to i/o space (for id number) in  e 2 prom or flash rom. 0 to 4 not used read  the read values of these bits are always 0s. these bits are  not affected by writing.

 72 MB86967 n reset, standby, and shutdown modes 1. pc card mode * : the stby  bit of the dlcr7 is set automatically. 2. isa bus mode operation input of 1 to external reset register ? the lan controller and 10base-t transceiver are initialized. write to reset registers: res0 to res7  (any values) ? the lan controller and 10base-t transceiver are initialized but  bmpr16 and bmpr17 are not. dlcr6 bit 7 ena  dlc = 1 ? the lan controller is initialized. the previous values of the control registers (dlcr, mar, and  bmpr) in the lan controller are retained. ? the tp transceiver is in the power-down mode. dlcr7 bit 5 stby  = 0 bmpr14 bit 4 shut dwn mode = 0 ? standby mode the clock stops and current consumption is reduced to about 10%. bmpr14 bit 4 shut dwn mode = 1 ? shutdown mode crystal oscillation stops and current consumption is reduced to  about 1%. interface lan controller operation input of 1 to  external  reset register ? the ccr is initialized. ? the i/o card interface is switched to the ic memory  interface. ? the lan controller and 10base-t transceiver are also  initialized. ccr0 bit 7 sreset = 1 same as above, except this bit not cleared ? the ccr is initialized. ? the i/o card interface is switched to the ic memory  interface. ? the lan controller and 10base-t transceiver are also  initialized. dlcr6 bit 7 ena  dlc = 1 ? the lan controller is initialized. the previous values of the control registers (dlcr,  mar, and bmpr) in the lan controller are retained. ? the tp or aui transceiver is in the power-down mode. ccr1 bit 2 pwrdwn = 1 dlcr7 bit 5 stby  = 0* bmpr14 bit 4 shut dwn mode = 0 ? standby mode the clock stops and current consumption is reduced to  about 10%. bmpr14 bit 4 shut dwn mode = 1 ? shutdown mode crystal oscillation stops and current consumption is  reduced to about 1%.

 73 MB86967 3. general-purpose bus mode  operation input of 1 to external reset register ? the lan controller and 10base-t transceiver are initialized. dlcr6 bit 7 ena  dlc = 1 ? the lan controller is initialized. the previous values of the control registers (dlcr, mar, and  bmpr) in the lan controller are retained. ? the tp transceiver is in the power-down mode. dlcr7 bit 5 stby  = 0 bmpr14 bit 4 shut dwn mode = 0 ? standby mode the clock stops and current consumption is reduced to about 10%. bmpr14 bit 4 shut dwn mode = 1 ? shutdown mode crystal oscillation stops and current consumption is reduced to  about 1%.

 74 MB86967 4. operation sequence in pc card mode *1: the time for setting the dlcr, mar, and bmpr registers may be included in the waiting time of 200  m s. *2: the stby  bit of dlcr7 is automatically set to 0. *3: the stby  bit of dlcr7 is automatically set to 1. in the pc card mode, the stby  bit of dlcr7 is set from the pwrdwn bit of ccr1 to as shown in *2 and *3. direct  change (from 0 to 1 or from 1 to 0) is not allowed. ? standby state: the clock to each circuit stops but crystal oscillation does not. ? shutdown state: crystal oscillation stops. operable state power on ccr0:  sreset = low reset pin = low write 1 to ena  dlc bit  of dlcr6. ccr0:  sreset = high reset pin = high is crystal oscillation  stabilized? is crystal oscillation  stabilized? no no yes switch from ic memory card interface to i/o card interface. controller is in initialized state. set dlcr, mar, and bmpr registers. 200  m s wait? no write 0 to ena  dlc bit of dlcr6. write 1 to pwrdwn bit of ccr1. bmpr14 bit 4 = 0? standby state shutdown state no yes write 0 to pwrdwn bit of ccr1. * 3 * 2 * 1 yes

 75 MB86967 5. operation sequence in isa bus mode * : the time for setting the dlcr, mar, and bmpr registers may be included in the waiting time of 200  m s. ? standby state: the clock to each circuit stops but crystal oscillation does not. ? shutdown state: crystal oscillation stops. operable state reset pin = high no yes no yes no yes 200 ns wait? write to reset register. 200 ns wait? reset pin = high is crystal oscillation  reset pin = low power on no yes mode? 50 ms wait? jamperless jamper write 1 to ena  dlc bit of dlcr6. initialized state write 0 to stby  bit of dlcr7. set dlcr, mar, and bmpr registers. bmpr14 bit 4 = 0? 200  m s wait? standby state shutdown stat write 0 to ena  dlc bit of dlcr6. no yes no yes write 1 to stby  bit of dlcr7. *

 76 MB86967 6. operation sequence in general-purpose bus mode * : the time for setting the dlcr, mar, and bmpr registers may be included in the waiting time of 200  m s. ? standby state: the clock to each circuit stops but crystal oscillation does not. ? shutdown state: crystal oscillation stops. operable state power on reset pin = low write 1 to ena  dlc bit of dlcr6. reset pin = high reset pin = high 200 ns wait? is crystal oscillation  stabilized? no no yes initialized state set dlcr, mar, and bmpr registers. 200  m s wait? no write 0 to ena  dlc bit of dlcr6. write 0 to stby  bit of ccr1. bmpr14 bit 4 = 0? standby state shutdown state no yes write 1 to stby   bit of dlcr7. * yes yes

 77 MB86967 n software support for popular network operating systems 1. lan node drivers the so-called driver is the hardware-dependent portion of the software complement for a network node. its  purpose is to marry a specific hardware configuration to a more-or-less generic interface provided by the  networking software. network software suppliers provide such generic interfaces for drivers to encourage  universal support from a variety of hardware products. by partitioning or layering the software into a stack of  components with standardized interfaces between the layers, the job of integrating various hardware and  software offerings with a particular network operating system becomes easier. more drivers will become  available, and everyone benefits. as seen in figure 9, which depicts a model of lan node components, the driver sits between the generic network  software and the hardware, and acts as a bridge between the system and the node hardware. the interface of  the driver to the network software and its applications is a generic interface and virtually the same for all drivers  running on a given operating system. but the driver comprehends the configuration and nuances of the hardware,  and optimizes its performance in the system. a good, well-written driver is a positive advantage to the system,  allowing it to achieve its performance potential; whereas a poor driver will limit the performance and reliability  of the system. the best drivers have a certain intimacy with the hardware, which allows them to take full advantage of its  features. high data throughput, data integrity, and reliable operation are the key goals for which every node- driver writer should strive. in addition, the final driver should be efficient, by requiring minimum host execution  time. these are all things the end user will and should take for granted; if they are not supplied with the design,  there will be no customer satisfaction. most network software suppliers offer technical support for third-party driver development. this often comes in  the form of a developers kit that includes a manual and software examples. some suppliers also offer test suites  and certification testing to verify the driver product, because they know that good drivers benefit both users and  suppliers. network MB86967 driver in q out q network software figure 9 model of lan node

 78 MB86967 2. whats in a driver? typical node drivers manage the movement of packet data between system memory and the network, and vice  versa, as well as providing diagnostic testing, error processing, and error statistics on-demand for the system. the first thing a driver does when the system is powered up is system check-out, which may include buffer  memory testing, and loopback testing of the transmit and receive circuits. if the network supports it, as does  ethernet, for example, the testing may include sending and receiving test packets on the network to verify the  ability to communicate. as shown in figure 10, the driver provides control of the initialization, interrupt and branch control processes,  supporting both the transmit and the receive functions. figure 11 shows an example in flow chart form of a check-out routine written for the fujitsu MB86967 controller.  the driver first initializes the control and status registers in the controller for memory and loopback testing.  loopback and memory testing are conducted simultaneously by transmitting memory test patterns from the  transmit buffer area of memory to the receive buffer area using loopback. this test sequence simultaneously  exercises and tests the transmitter, the receiver and the buffer memory. the loopback/memory startup test is performed by first loading a test pattern in the form of several packets into  the controller chips transmit buffer, then transmitting the packets in loopback mode. the loopback transmission  path through the chip exercises the data link controller as well as the encoder and decoder circuitry, but does  not affect the network. the MB86967 controller has a unique buffer memory architecture which pipelines packets through the system  in both directions, optimizing data through-put. MB86967s buffer controller provides all the pointer management  for accessing the buffer automatically, greatly reducing the complexity of the driver and minimizing the software  overhead. receive packets with errors are automatically purged by MB86967. when a collision occurs, MB86967  automatically re-transmits without host interaction. these features provide high data throughput while minimizing  the host and memory overhead. at the successful conclusion of the tests, the driver starts up the MB86967 chip  for regular service on the network. start interrupt initialization interrupt service request exit exit receive read transmit write branch control newtwork software transmit request exit figure 10 software driver model

 79 MB86967 start scan i/o address(es) to find ethercoupler(s) ethercoupler found? report ethercoupler not found call or queue disposition exit exit report ethercoupler found scan for ethercoupler(s) yes no initialize ethercoupler(s) perform self tests self test self tests passed? no yes configure for network operation report ready for network operation exit report error(s) call or queue disposition reprogram i/o address(es) if necessary to resolve contention with other devices read and interpret eeprom settings data if available determine type of and configure medium allocate interrupt request channel install interrupt service routine (isr) set operating modes into ethercoupler registers read id eeprom for ethernet address load ethernet address into node id registers initialize software flags and values figure 11 start-up testing

 80 MB86967 3. operating on the network driver code for operating on the network might be partitioned into three main modules as shown in the example  for the MB86967 controller in this section. the modules, shown in figures 12, 13, and 14 are transmit packet  write, in which packets to be transmitted are moved from host memory to the point marked tx pkt write. transmission takes place in two steps. first, packets to be transmitted are loaded into the transmit buffer.  secondly, when the transmitter is not busy, it will be started to transmit the stored packets. each of these steps  may have to wait for resources. the packets cannot be loaded unless there is buffer space available. MB86967  provides the option of a single or two independent transmit buffers. with two buffers there is usually no waiting.  the transmitter cannot transmit but one buffer full of packets at a time. to manage these resources, two software  flags are used, tbuf stat and tx stat, the status of the transmit buffer and the transmitter respectively. tbuf  stat refers to the current buffer which might be available to the driver for loading. its status can be busy if no  buffer is available, loading when in the process of being loaded, in standby if ready to transmit, but not full,  ready and full or empty. the transmitter status can be either busy or idle. packet length is checked during the loading process to assure that the iso/ansi/ieee 8802-3 length  requirements are met. packets ready to be loaded can be loaded into an empty or standby buffer, the latter  being a buffer with packets waiting for the transmitter to become idle. if a standby buffer has more room for  packets, additional packets can be loaded until it is full. the empty buffer is available for loading and has no  packets. the driver takes ownership of an empty or standby buffer by changing its status to loading. after the packets are loaded, the transmit status flag is checked for an idle transmitter. if idle, it can be immediately  started to transmit the contents of either a full or standby buffer. when the transmitter of the MB86967 chip is  started, buffer status also changes. in single buffer mode, starting the transmitter makes the single buffer  unavailable to the system. in dual buffer mode, starting the transmitter re-allocates its previously-transmitted  buffer as an empty buffer, available for loading. if the transmitter is busy, the routine will suspend execution at  that point pending an idle transmitter. two key interrupts used in this example are the receive packet interrupt (rx pkt), indicating that one or more  packets has been received since the interrupt was last enabled, and the transmitter done interrupt (tx done),  indicating that the transmitter has finished transmitting the contents of its current buffer. the interrupt service  routine for network operation, illustrated in figure 13, is short and sweet. if the receive packet interrupt has  occurred, it calls or queues the routine for reading packets (rx pkt read). further receive interrupts are  masked until the driver has emptied the receive buffer. this prevents redundant interrupts which would otherwise  occur if packets come in during the read sequence. if the transmitter done interrupt has occurred, the status  flags are updated, and appropriate action is taken to satisfy pending activity, if any, with the newly available  buffer and/or transmitter resource. the driver is structured to read all receive packets in the buffer whenever one or more packets arrive. a status  bit in MB86967 (buf empty) indicates whether the receive buffer is empty or not (indicating whole packets  only). the packet read routine, shown in figure 14, starts by masking further receive interrupts until it has  emptied the buffer and suspended execution. this prevents redundant interrupts which would otherwise occur  if packets come in during the read sequence. as each packet is read, it can be read in parts. if after reading the  first part the packet is not of interest, the rest can be discarded without being moved to host memory using  MB86967s skip packet feature. reading will continue until the buffer is empty, as indicated by rbuf empty bit. the transmit packet write routine, shown in figure 12, and the receive packet read routine, shown in figure  14, together comprise the driver core, which can be called by the network software or from the network interrupt  service routine, shown in figure 13. once called, this core routine transfers both transmit and receive packets  until there are no more to be transferred, then exits or returns. if packets are transferring, this core routine avoids  locking out either the transmitter or the receiver while the other is very busy, by alternating between the two after  a fixed number of packets, set by tx max and rx max. while in operation, the core routine polls key status  bits. interrupts are disabled to prevent unnecessary interrupts while the core is executing.

 81 MB86967 recalcuate tbuf free load length into transmit buffer move packet data into transmit buffer defer remainder of packets for processing later tx buffer full set tbuf stat to full short packet error report error call or queue disposition long packet error report error call or queue disposition tx pkt write tx startup set tx cnt = 0 mask interrupts set tx cnt = 0 mask interrupts from fig. 14 b tx request pending? tbuf stat? yes no standby busy, or full empty load tx buffer set tpkt cnt = 0 set tbuf free = tbuf size calculate/retrieve length of next packet increment tx cnt length in bytes? 1514 60 or 1515 will it fit in buffer? yes no tx stat? tx done? idle busy yes no no tx request pending? yes yes tx cnt = tx max? no set tbuf stat to standby yes tx cnt = tx max? no set tbuf stat to empty single tbuf mode? dual set tbuf stat to busy set tx stat to busy clear tx done write packet count (tpkt cnt) into bmpr10, and write 1 to tx start tx stat? tx done? busy idle no yes tbuf stat? standby or full busy,or  empty start transmitter yes rx pkt? no no tx done? yes to fig. 14 a tbuf stat? full, or standby busy,or  empty to tx startup set tbuf stat to empty set tx stat to idle no tx request pending? yes to tx pkt write exit enable interrupts tbuf stat? empty, or standby full or busy figure 12 transmit packet write routine

 82 MB86967 a driver such as the one illustrated in this section might typically occupy 4 to 6 kilobytes on its distribution diskette.  the host-resident portion, when loaded for network operation, might use typically 2 to 3 kilobytes of host memory.  a set of quality software drivers bundled with the hardware is well worth providing to lan equipment customers.  by providing better performance and reliability, good drivers will enhance both customer satisfaction and sales,  while reducing customer service calls. table 6 represents typical control and status parameter used in MB86967 network drivers. rx pkt? interrupt yes no tx done? yes tx mode? dual read status registers report, clear and process error interrupts, if any clear and mask receive interrupts call or queue rx pkt read clear and mask transmit interrupts set tx stat to idle single set tbuf stat to empty call or queue tx pkt write retum from interrupt network isr call or queue tx startup figure 13 network interrupt service routine

 83 MB86967 figure 14 receive packet read routine a from flg. 12 rx pkt read read packet header from buffer recalculate rpkt left, subtracting byte count read read all or part of packet process packet increment rx cnt clear rx pkt set rpkt left to length given in header to flg. 12 b set rx cnt = 0 mask interrupts rbuf empty? yes no rc cnt = rx max? yes no read more of  packet? yes no = 0 > 0 rpkt left? rpkt left?   8bytes > 8bytes read and discard balance of packet write 04h to skip packet register, bmpr14 delay 260 ns minimum or poll bmpr14 utill it is 00h

 84 MB86967 table 6 control and status parameters symbol type name description dlc en register  bit data link control enable when high, resets all buffer memory pointers and disables both the  transmitter and the receiver circuits. when low, enables buffer  memory, transmitter and receiver. lbc register  bit loopback control when set low, places MB86967 in internal loopback mode. rbuf empty register  bit receive buffer empty when high, indicates that there is at least one complete packet  stored in the receive buffer, ready to read. when low, indicates there  are no packets ready to read in the receive buffer. rpkt left software value receive pa c k e t length left the number of bytes remaining in the receive packet being read from  the buffer. calculated by the driver from the original length given by  MB86967 in the 3rd and 4th bytes of the receive packet header, less  the number of bytes already read out. rx cnt software value receive transfer count a running count of the number of packets transferred from the  receive buffer to system memory since entering the receive packet  read routine. this parameter can share the same memory location  with tx cnt, because both are not used concurrently in the same  subroutine. rx max software value maximum value for rx cnt the maximum number of packets that may be processed in the  receive packet read routine.before passing control to the transmit  packet write routine. this parameter can be fixed or allowed to vary  according to need. typical range for this parameter is 15 - 32. tbuf  free software value transmit buffer free space the number of available bytes remaining in the transmit buffer being  loaded with packets by the driver. calculated by driver. tbuf  mode register  bits transmit buffer mode the configuration of the transmit buffer space, single buffer or  dual buffers. tbuf size software value transmit buffer size the size in bytes of each transmit buffer, which depends on initial  configuration parameters for the buffer memory. tbuf stat software value transmit buffer status current status of the transmit buffer available for loading packets.  maintained by the driver. tbuf stat value description empty current transmit buffer available to system bus is  completely empty. busy no buffer is currently available to the system bus  because a) MB86967 is in single-buffer mode and  b) the transmitter is using the buffer. standby the buffer currently available to the system bus has  one or more packets in it, but may still have room for  additional packet(s). full the buffer currently available to the system bus has  one or more packets in it, and does not have room for  the next packet presented to the driver from the  transmit queue.

 85 MB86967 symbol type name description tpkt cnt software value transmit pa c k e t count the number of packets loaded into the current transmit buffer by the  driver. value is counted by driver. this value is written into MB86967  register bmpr10 at the time transmitter is started. tx cnt software value transmit transfer count a running count of the number of packets transferred from system  memory to the transmit buffer since entering the transmit packet  write routine. this parameter can share the same memory location  with rx cnt, because both are not used concurrently in the same  subroutine. tx done register  bit transmitter done when transmitter finishes transmitting, MB86967 sets this bit high.  normally cleared by driver prior to starting transmitter. hardware  reset or dlc en being set high also clears this bit. tx max software value maximum value for tx cnt the maximum number of packets that may be processed in the  transmit packet write routine before passing control to receive  packet read routine. this parameter can be fixed or allowed to vary  according to need. typical range for this parameter is 15-32. tx start register  bit start transmitter when set high, activates transmitter to transmit all packets in the  current transmit buffer. see also tpkt cnt. tx stat software value transmit buffer status current status of the transmitter, maintained by driver. tx stat value description busy transmitter has not finished transmitting packets  previously given to it to transmit. idle transmitter has finished transmitting all packets in its  buffer.

 86 MB86967 n absolute maximum ratings (gnd = 0 v) * : duration of voltage applied is within 1 sec per terminal. warning: semiconductor devices can be permanently damaged by application of stress (voltage, current,  temperature, etc.) in excess of absolute maximum ratings. do not exceed these ratings. n recommended operating conditions *1: applies to p92 (ireq , ireq0, int ) *2: applies to led terminal (open-drain output) and p92 (ireq , ireq0, int ) *3: applies to p3 (wait , iochrdy, ready) and p84 (iois16 ) warning: the recommended operating conditions are required in order to ensure the normal operation of the  semiconductor device. all of the device's electrical characteristics are warranted when the device is  operated within these ranges.  always use semiconductor devices within their recommended operating condition ranges. operation  outside these ranges may adversely affect reliability and could result in device failure. no warranty is made with respect to uses, operating conditions, or combinations not represented on  the data sheet. users considering application outside the listed conditions are advised to contact their  fujitsu representatives beforehand. parameter symbol rating unit min. max. power supply voltage v dd v ss  C 0.5 +6.0 v input voltage v i v ss  C 0.5 v dd  + 0.5 v output voltage v o v ss  C 0.5 v dd  + 0.5 v storage temperature tstg C55 +125  c operating temperature top C40 +85  c output current i o C40 +40 ma parameter symbol value unit min. typ. max. power supply voltage v dd 4.75 5.00 5.25 v operating temperature ta 0  +70  c ttl h level output current i oh  C2.0  ma  C4.0* 1 ma  C8.0* 3 ma ttl l level output current i ol 3.2 ma  12.0* 2 ma  24.0* 3 ma crystal oscillator frequency f xtal 20.000    0.005% mhz

 87 MB86967 n electrical characteristics 1. dc characteristics (v dd   = +5 v    5%, gnd   = 0 v, ta = 0  c to +70  c) *1: for tp in operation. *2: with the use of register settings, enable power saving mode, including reset=low, tp input/input with  pull-up resistor = open, other input terminal = low or high, all output terminals = open *3: with the use of register settings, enable shut-down mode, including reset=low, tp input/input with pull-up resistor = open, other input terminal = low or high, all output terminals = open *4: leak current when the ttl i/o terminal is in a high-impedance state. parameter symbol conditions value unit min. typ. max. power supply current i dd operation state* 1  70 100 ma i ddp power down* 2 1015ma i dds shut down* 3 0.10.5ma ttl h level output voltage v oh i oh  = C2 ma, C4 ma, C8 ma 4.0  v dd v ttl l level output voltage v ol i ol  = 3.2 ma, 12 ma v ss 0.4 v i ol  = 24 ma v ss 0.5 v ttl h level input voltage v ih ttl standard cell 2.2  v dd v ttl schmitt trigger cell 2.4  v dd v ttl l level input voltage v il ttl standard cell v ss 0.8 v ttl schmitt trigger cell v ss 0.6 v ttl input leak current i li v i  = 0 to v dd C10  10 m a ttl hi-z leak current* 4 i lz C10  10 m a input pull-up/pull-down resistor r pupd v i  = 0 v to v dd 100   k w

 88 MB86967 2. tp interface dc characteristics (v dd   = +5 v    5%, gnd   = 0 v, ta = 0  c to +70  c) parameter symbol conditions value unit min. typ. max. tpo h level output voltage  v toh i toh  = 24 ma v dd  C 0.5  v dd v tpo l level output voltage v tol i tol  = 24 ma v ss 0.4 v tpo h level output current i toh   24.0  ma tpo l level output current i tol   24.0  ma tpo output impedance z to   10.0  w tpi input impedance z ti   10.0  k w tpi input bias voltage v ti bias   3.3  v tpi differential input voltage v ti d  0.58   3.1 v tpi differential input squelch  threshold voltage v ti dsh   C420  mv tpi differential input non-squelch threshold voltage v ti dnsh  C80 0 +80 mv

 89 MB86967 3. ac characteristics (1) bus timing (pc card mode, ccr read cycle) (v dd   = +5 v    5%, gnd   = 0 v, ta = 0  c to +70  c) parameter symbol value unit min. max. setup time for address, ce1 , ce2 , reg  prior to oe  assert t 1 5ns hold time for address, ce1 , ce2 , reg  after oe  negate t 2 5ns output delay time for read data t 3 40ns output hold time for read data t 4 5ns pa reg ce1, ce2 oe pd t 1 t 3 t 4 t 2

 90 MB86967 (2) bus timing (pc card mode, ccr write cycle)  (v dd   = +5 v    5%, gnd   = 0 v, ta = 0  c to +70  c) parameter symbol value unit min. max. setup time for address, ce1 , ce2 , reg  prior to we  assert t 1 5ns hold time for address, ce1 , ce2 , reg  after we  negate t 2 5ns setup time for write data input t 3 10  ns hold time for write data input t 4 5ns pa reg ce1, ce2 we pd t 1 t 3 t 4 t 2

 91 MB86967 (3) bus timing (pc card mode, cis read) (v dd   = +5 v    5%, gnd   = 0 v, ta = 0  c to +70  c) parameter symbol value unit min. max. setup time for address, ce1 , ce2 , reg  prior to oe  assert t 1 5ns hold time for address, ce1 , ce2 , reg  after oe  negate t 2 5ns roms  assert output delay after oe  assert t 3 30ns roms  negate output delay after oe  negate t 4 30ns romrd  assert output delay after oe  assert t 5 30ns romrd  negate output delay after oe  negate t 6 30ns pa reg ce1, ce2 oe roms romrd t 1 t 5 t 6 t 3 t 4 t 2

 92 MB86967 (4) bus timing (pc card mode, cis write) (v dd   = +5 v    5%, gnd   = 0 v, ta = 0  c to +70  c) parameter symbol value unit min. max. setup time for address, ce1 , ce2 , reg  prior to we  assert t 1 5ns hold time for address, ce1 , ce2 , reg  after we  negate t 2 5ns roms  assert output delay after we  assert t 3 30ns roms  negate output delay after we  negate t 4 30ns pa reg ce1, ce2 we iowr roms t 1 t 3 t 4 t 2

 93 MB86967 (5) bus timing (pc card mode, common memory read) (v dd   = +5 v    5%, gnd   = 0 v, ta = 0  c to +70  c) parameter symbol value unit min. max. setup time for address, ce1  prior to oe  assert t 1 5ns hold time for address, ce1  after oe  negate t 2 5ns roms  assert output delay after oe  assert t 3 30ns roms  negate output delay after oe  negate t 4 30ns romrd  assert output delay after oe  assert t 5 30ns romrd  negate output delay after oe  negate t 6 30ns pa ce1 oe roms romrd t 1 t 3 t 4 t 2 t 5 t 6

 94 MB86967 (6) bus timing (pc card mode, common memory write) (v dd   = +5 v    5%, gnd   = 0 v, ta = 0  c to +70  c) parameter symbol value unit min. max. setup time for address, ce1  prior to we  assert t 1 5ns hold time for address, ce1  after we  negate t 2 5ns roms  assert output delay after we  assert t 3 30ns roms  negate output delay after we  negate t 4 30ns pa ce1 we roms t 1 t 2 t 3 t 4

 95 MB86967 (7) bus timing (pc card mode, i/o read cycle) (v dd   = +5 v    5%, gnd   = 0 v, ta = 0  c to +70  c) *1: wait  is asserted only when the write access conflicts with that of the network on reading the buffer memory port (bmpr8). *2: wait  is asserted only when the write access conflicts with that of the network on reading the buffer memory port (bmpr8). this value will be 2.15  m s when the bus write error occurs on reading the buffer memory port. parameter symbol value unit min. max. setup time for address, ce1 , ce2 , reg  prior to iord  assert t 1 5ns hold time for address, ce1 , ce2  after iord  negate t 2 5ns hold time for reg  after iord  negate t 3 0ns output delay for read data after iord  assert t 4 44ns output hold for read data after iord  negate t 5 10  ns read pulse width t 6 30  ns output delay for inpack  assert after iord  assert t 7 45ns output delay for inpack  negate after iord  negate t 8 45ns output delay time of wait  assert from iord  assert t 9 5* 1 35* 1 ns output delay time of wait  negate from iord  assert t 10  175* 2 ns pa reg ce1, ce2 iord inpack wait pd t 1 t 9 t 7 t 8 t 6 t 4 t 10 t 5 t 2 t 3

 96 MB86967 (8) bus timing (pc card mode, i/o write cycle) (v dd   = +5 v    5%, gnd   = 0 v, ta = 0  c to +70  c) *1: wait  is asserted only when the write access conflicts with that of the network on writing the buffer memory port (bmpr8). *2: wait  is asserted only when the write access conflicts with that of the network on writing the buffer memory port (bmpr8). this value will be 2.15  m s when the bus write error occurs on writing the buffer memory port. parameter symbol value unit min. max. setup time for address, ce1 , ce2 , reg  prior to iowr  assert t 1 5ns hold time for address, ce1 , ce2  after iowr  negate t 2 5ns hold time for reg  after iowr  negate t 3 0ns setup time for write data input t 4 10  ns hold time for write data input t 5 5ns write pulse width t 6 36  ns output delay time for iois16  assert from address t 7 35ns output delay time for iois16  negate from address t 8 35ns output delay time for wait  assert from iowr  assert t 9 5* 1 35* 1 ns output delay time for wait  negate from iowr  assert t 10  175* 2 ns pa reg ce1, ce2 iowr iois16 wait pd t 1 t 9 t 7 t 6 t 10 t 5 t 2 t 3 t 8 t 4

 97 MB86967 (9) bus timing (pc card mode, id number read from eeprom: i/o access) (v dd   = +5 v    5%, gnd   = 0 v, ta = 0  c to +70  c) parameter symbol value unit min. max. setup time for address, ce1 , ce2 , reg  prior to iord  assert t 1 5ns hold time for address, ce1 , ce2  after iord  negate t 2 5ns hold time for reg  after iord  negate t 3 0ns output delay for inpack  assert after iord  assert t 4 45ns output delay for inpack  negate after iord  negate t 5 45ns output delay for roms  assert after iord  assert t 6 35ns output delay for roms  negate after iord  negate t 7 35ns output delay for romrd  assert after iord  assert t 8 30ns output delay for romrd  negate after iord  negate t 9 30ns output delay for romad assert after iord  assert t 10 30ns output delay for romad negate after iord  negate t 11 30ns pa reg ce1, ce2 iord iowr inpack roms t 1 t 2 t 3 t 5 t 7 t 9 t 11 t 4 t 6 t 8 t 10 romrd romad

 98 MB86967 (10)bus timing (pc card mode, id number write from eeprom: i/o access) (v dd   = +5 v    5%, gnd   = 0 v, ta = 0  c to +70  c) parameter symbol value unit min. max. setup time for address, ce1 , ce2 , reg  prior to iowr  assert t 1 5ns hold time for address, ce1 , ce2  after iowr  negate t 2 5ns hold time for reg  after iowr  negate t 3 0ns output delay for roms  assert after iowr  assert t 4 35ns output delay for roms  negate after iowr  negate t 5 35ns output delay for romad assert after iowr  assert t 6 30ns output delay for romad negate after iowr  negate t 7 30ns pa reg ce1, ce2 iowr, we roms romad t 1 t 2 t 3 t 5 t 7 t 4 t 6

 99 MB86967 (11)isa bus mode read cycle (v dd   = +5 v    5%, gnd   = 0 v, ta = 0  c to +70  c) parameter symbol value unit min. typ. max. from the rising edge of sa19 to sa14, sa9 to sa0, and  ale or establishment of aen or sbhe  until ior  assert t 1 15   ns hold time of sa19 to sa14, sa9 to sa0, aen, sbhe   from ior  negate t 2 21   ns ior  pulse width t 3 50   ns from ior  negate to iochrdy negate t 4   20 ns iochrdy pulse width (on conflict at the time of bmpr8  access) t 5 175ns from iochrdy assert to sd15 to 0 enabled t 6   30 ns from iochrdy assert to ior hold time t 7 20   ns from ior  assert to sd15 to 0 enabled (no conflict on bus  access) t 8   38 ns from ior  negate to sd15 to sd0 high impedance t 9   38 ns from sa19 to sa14, sa9 to sa0, ale rising edge, aen  or sbhe  rising edge up to iocs16  assert t 10   28 ns from sa19 to sa14, sa9 to sa0, ale rising edge, aen  or sbhe  rising edge up to iocs16  negate t 11   71 ns from ior  assert to enhb , or enlb  assert t 12   46 ns from ior  negate to enhb or enlb negate t 13   24 ns ale pulse width t 14 30   ns t 14 t 1 t 10 t 12 t 13 t 9 t 2 t 7 t 11 t 6 t 4 t 3 t 5 t 8 ale sa19 to 14, 9 to 0 aen, sbhe ior sd15 to 0 iocs16 enhb, enlb iochrdy

 100 MB86967 (12)isa bus mode write cycle (v dd   = +5 v    5%, gnd   = 0 v, ta = 0  c to +70  c) parameter symbol value unit min. typ. max. from the rising edge of sa19 to sa14, sa9 to sa0, and  ale or establishment of aen or sbhe  until iow  assert t 1 15   ns hold time of sa19 to sa14, sa9 to sa0, aen, sbhe   from iow  negate t 2 21   ns iow  pulse width t 3 50   ns from iow  negate to iochrdy negate t 4 20ns iochrdy pulse width (on conflict at the time of bmpr8  access) t 5   175 ns from iochrdy assert to iow hold time t 6 20   ns iow  to sd15 to 0 setup time t 7 5ns iow  to sd15 to sd0 hold time t 8 33   ns from sa19 to sa14, sa9 to sa0, ale rising edge, aen  or sbhe  rising edge up to iocs16  assert t 9 38ns from sa19 to sa14, sa9 to sa0, ale rising edge, aen  or sbhe  rising edge up to iocs16  negate t 10 71ns from iow  assert to enhb , or enlb  assert t 11 46ns from iow  negate to enhb or enlb negate t 12 24ns ale pulse width t 13 30   ns t 13 t 1 t 4 t 9 t 11 t 5 t 3 t 6 t 2 t 8 t 10 t 12 t 7 ale sa19 to 14, 9 to 0 aen, sbhe iow sd15 to 0 iocs16 iochrdy enhb, enlb

 101 MB86967 (13)general-purpose bus mode read cycle (v dd   = +5 v    5%, gnd   = 0 v, ta = 0  c to +70  c) *1: ready is negated only when the read access is conflicted with that of the network on reading the buffer memory port (bmr8). this value would be 2.15  m s when the bus read error occurs on reading the buffer memory port. *2: ready is negated only when the read access is conflicted with that of the network on reading the buffer memory port (bmr8). *3: max time is 28 ns for normal read. max time is 175 ns only when the read access is conflicted with that of the network on reading the buffer memory port (bmr8). this value would be 2.15  m s when the bus read error occurs on reading the buffer memory port. parameter symbol value unit min. typ. max. address setup time (from ior  assert) t 1 3ns address hold time (from ior  negate) t 2 3ns ior  pulse width t 3 30   ns output delay time for ready negate t 4 7* 2  26* 2 ns output delay time for ready assert t 5  175* 1 ns output delay time for ready  assert t 6  28/175* 3 ns output delay time for ready  negate t 7   28 ns output delay time for read data (from ior  assert) t 8   44 ns output delay time for read data (from ready assert) t 9  8 ns output delay time for read data (from ready  assert) t 10   18 ns output hold time for read data t 11 10  80 ns

 102 MB86967 sa3 to 0 sbhe ecs ior iochrdy (ready) * sd15 to 0 iochrdy (ready) * t 1 t 2 t 3 t 4 t 5 t 6 t 7 t 8 t 9 t 11 t 10 * : the iochrdy output terminal allows the rdypnsel terminal to toggle between ready (active high) and ready   (active low).

 103 MB86967 (14)general-purpose bus mode write cycle (v dd   = +5 v    5%, gnd   = 0 v, ta = 0  c to +70  c) *1: ready is negated only when the write access is conflicted with that of the network on writing the buffer memory port (bmr8). this value would be 2.15  m s when the bus write error occurs on writing the buffer memory port. *2: ready is negated only when the write access is conflicted with that of the network on writing the buffer memory port (bmr8). *3: max time is 28 ns for normal write. max time is 175 ns only when the write access is conflicted with that of the network on writing the buffer memory port (bmr8). this value would be 2.15  m s when the bus write error occurs on writing the buffer memory port. parameter symbol value unit min. typ. max. address setup time (from iow  assert) t 1 3ns address hold time (from iow  negate) t 2 3ns iow  pulse width t 3 36   ns delay time for ready negate output t 4 7* 2  26* 2 ns delay time for ready assert output t 5  175* 1 ns delay time for ready  assert output t 6  28/175* 3 ns delay time for ready  negate output t 7   28 ns setup time for write data input t 8 5ns hold time for write data input t 9 6ns sa3 to 0 bhe ecs iow iochrdy * (ready)  t 1 t 2 t 3 t 4 t 5 t 7 t 8 t 9 iochrdy * (ready) sd15 to 0 t 6 * : the iochrdy output terminal allows the rdypnsel terminal to toggle between ready (active high) and ready   (active low).

 104 MB86967 (15)general-purpose bus mode write input inhibit period (v dd   = +5 v    5%, gnd   = 0 v, ta = 0  c to +70  c) parameter symbol value unit min. typ. max. input inhibit period for ior  and iow .t 1 50   ns ior iow t 1   t 1   t 1  

 105 MB86967 (16)single dma access timing (v dd   = +5 v    5%, gnd   = 0 v, ta = 0  c to +70  c) parameter symbol value unit min. typ. max. delay time for dreq negate output (from dmack   assert) t 1   21 ns delay time for dreq assert output (from dmack   negate) t 2   19 ns eop pulse width t 3 10   ns delay time for eop assert input t 4 3ns setup time for eop negate t 5 3ns setup time for dmack t 6 0ns hold time for dmack  input t 7 3ns dreq dmack ior, iow eop * t 4 t 3 t 5 t 7 t 6 t 1 t 2 eop * * : eop input allows the values of eop/eop  register values for bit 1 of dlcr7 to toggle between eop (active high) and  eop  (active low). note: iochrdy signal timing is identical as that of bus timing.

 106 MB86967 (17)burst dma access timing (v dd   = +5 v    5%, gnd   = 0 v, ta = 0  c to +70  c) parameter symbol value unit min. typ. max. hold time for dreq output t 1   32 ns hold time for dmack  input (from ior , iow  negate) t 2 3ns hold time for dreq output t 3 4  28 ns hold time for dmack  input (from eop/eop  negate) t 4 3ns setup time for dmack  input t 5 0ns dreq dmack ior, iow t 1 t 1 t 2 *2 *1 dreq dmack ior, iow iochrdy *1 t 5 t 2 t 1 t 2 *2 ? burst dma access timing (exiting dma from the MB86967) *1: this transition goes low at a single cycle before the last dma when dlcr4 bit 2 is 1. *2: this transition goes low at the last cycle of dma when dlcr4 bit 2 is 0. ? burst dma  access timing (when dma is interrupted by dmack  input) *1: iochrdy signal timing is identical as that of bus timing. *2: interrupt period for dma transfer

 107 MB86967 dreq dmack ior, iow eop * eop * t 4 t 2 t 3 ? burst dma access timing (when dma is exited with the eop input) * : eop input allows the values of eop/eop  register values for bit 1 of dlcr7 to toggle between eop (active high) and  eop  (active low). note: iochrdy signal timing is identical as that of bus timing.

 108 MB86967 (18)buffer memory read timing ? 100 ns cycle access (v dd   = +5 v    5%, gnd   = 0 v, ta = 0  c to +70  c) parameter symbol value unit min. typ. max. read cycle time (100 ns cycle mode) t 1 100 ns address access time t 2   81 ns address setup time (from bcs  low) t 3 08ns address hold time (from bcs  high) t 4 0ns setup time for boe  output (from bcs  high) t 5  5 ns access time for chip select t 6   81 ns access time for output enable t 7   49 ns setup time for data t 8 15   ns hold time for data t 9 0ns ba14 to 0 bcs bwe boe bd7 to 0 (input) t 4 t 5 t 3 t 1 t 2 t 6 t 7 t 8 t 9

 109 MB86967 ? 150 ns cycle access (v dd   = +5 v    5%, gnd   = 0 v, ta = 0  c to +70  c) parameter symbol value unit min. typ. max. read cycle time (150 ns cycle mode) t 1 150 ns address access time t 2   81 ns address setup time (from bcs  low) t 3 08ns address hold time (from bcs  high) t 4 0ns setup time for boe  output (from bcs  high) t 5  5 ns access time for chip select t 6   81 ns access time for output enable t 7   49 ns setup time for data t 8 15   ns hold time for data t 9 0ns ba14 to 0 bcs bwe boe bd7 to 0 (input) t 4 t 5 t 3 t 1 t 2 t 6 t 7 t 8 t 9

 110 MB86967 (19)buffer memory write timing ? 100 ns cycle access (v dd   = +5 v    5%, gnd   = 0 v, ta = 0  c to +70  c) parameter symbol value unit min. typ. max. write cycle time (100 ns cycle mode) t 1 100 ns setup time for data t 2 40   ns hold time for data t 3 10   ns address hold time (from we  high) t 4 12   ns we  pulse width t 5 60   ns address setup time (from bcs  low) t 6 28ns address hold time (from bcs  high) t 7 0ns delay time for we  output (from bcs  low) t 8 0ns setup time for we  output (from bcs  high) t 9 0ns address determination time t 10 71   ns chip select determination time t 11 62   ns ba14 to 0 bcs boe bwe bd7 to 0 (output) t 7 t 6 t 4 t 1 t 10 t 11 t 8 t 5 t 9 t 2 t 3

 111 MB86967 ? 150 ns cycle access (v dd   = +5 v    5%, gnd   = 0 v, ta = 0  c to +70  c) parameter symbol value unit min. typ. max. write cycle time (150 ns cycle mode) t 1 150 ns setup time for data t 2 40   ns hold time for data t 3 10   ns address hold time (from we  high) t 4 12   ns we  pulse width t 5 100   ns address setup time (from bcs  low) t 6 28ns address hold time (from bcs  high) t 7 0ns delay time for we  output (from bcs  low) t 8 0ns setup time for we  output (from bcs  high) t 9 0ns address determination time t 10 110   ns chip select determination time t 11 100   ns ba14 to 0 bcs boe bwe bd7 to 0 (output) t 7 t 6 t 4 t 1 t 10 t 11 t 8 t 5 t 9 t 2 t 3

 112 MB86967 (20)reset timing (v dd   = +5 v    5%, gnd   = 0 v, ta = 0  c to +70  c) (21)skip packet timing (v dd   = +5 v    5%, gnd   = 0 v, ta = 0  c to +70  c) parameter symbol value unit min. typ. max. reset pulse width t 1 200   ns register access enable start time t 2 300   ns start time for transmit & receive operation t 3 200   m s parameter symbol value unit min. typ. max. skip end time t 1 300   ns t 3 t 1 t 2 chreset ior or  iow (-ena dlc clear) t 1 iow ior (skip rx pkt bit set) (next receive packet read)

 113 MB86967 (22)interrupt output timing (v dd   = +5 v    5%, gnd   = 0 v, ta = 0  c to +70  c) (23)jabber timing (v dd   = +5 v    5%, gnd   = 0 v, ta = 0  c to +70  c) parameter symbol value unit min. typ. max. delay time for interrupt output clear t 1 5  40 ns parameter symbol condition value unit min. typ. max. max transmit time   64 96 128 ns jabber stop timer   480 512 544 ns t 1 iow irqx

 114 MB86967 (24)link test timing (v dd   = +5 v    5%, gnd   = 0 v, ta = 0  c to +70  c) parameter symbol value unit min. typ. max. link pulse width for tpopa t 1 100 ns link pulse width for tpopb and tponb t 2 50ns link pulse transmit interval t 3 15 16 17 ms effective link pulse receive interval t 4 4.0  65 ms t 1 t 2 t 2 t 3 t 4 tpopa tpopb tponb tpona tp  (after predistortion) tpip / n

 115 MB86967 (25)timing for reading the eeprom default setting information (jumperless isa mode) (v dd   = +5 v    5%, gnd   = 0 v, ta = 0  c to +70  c) parameter symbol value unit min. typ. max. shift clock h pulse width t 1 600 ns shift clock l pulse width t 2 600 ns chip select setup time t 3 400 ns chip select hold time t 4 200 ns di data setup time t 5 200 ns di data hold time t 6 200 ns do data setup time t 7 100   ns do data hold time t 8 100   ns eepcs t 1 t 3 t 2 t 4 t 5 t 6 t 7 t 8 eepsk eepdi (output) eepdo (input) eepcs eepsk eepdi eepdo 11 0 a5 a4 a3 a2 a1 a0 d15 d14 d13 d12 d11 d10 d 9 d 8 0 notes:  use the nmc93c06 or nmc93c46 for eeprom by national semiconductor or its equivalent.  control signal or data for eeprom requires control through software when writing data or reading the node id data. it is to be controlled so that it meets the ac timing requirements for eeprom.

 116 MB86967 (26)sqe test timing (v dd   = +5 v    5%, gnd   = 0 v, ta = 0  c to +70  c) (27)led turn-on time (v dd   = +5 v    5%, gnd   = 0 v, ta = 0  c to +70  c) (28)loopback test (v dd   = +5 v    5%, gnd   = 0 v, ta = 0  c to +70  c) parameter symbol value unit min. typ. max. sqe test wait timer  800 1000 1200 ns sqe test timer  800 1000 1200 ns parameter symbol value unit min. typ. max. receive led turn-on time   128  ms transmit led turn-on time   128  ms collision turn-on time   128  ms parameter symbol value unit min. typ. max. setup time for loopback signal (dlcr4, bit 1) prior to  starting to transmit 100  ns hold time for loopback signal (dlcr4, bit1) after  transmit. 100  ns

 117 MB86967 (29)timing for transmitting tp (v dd   = +5 v    5%, gnd   = 0 v, ta = 0  c to +70  c) parameter symbol value unit min. typ. max. data width for transmitting tp (1, 0, 1, 0  )t 1  100  ns data with for transmitting tp (1, 1, 1, 1,    or 0, 0, 0, 0,   )t 2 50ns data width for end of packet (the last data: 0) t 3  250  ns data width for end of packet (the last data: 1) t 4  300  ns delay time from tpopa to tpopb or from tpona to  tponb. t 5 50ns tp  (after predistortion) tpona tponb tpopb tpopa t 1 t 5 t 2 t 2 t 3 1110 0 1110 0 t p  (after predistortion) t pona t ponb t popb t popa t 4 011 1 0 011 1 0 ? when the last data is 0 ? when the last data is 1

 118 MB86967 n system configuration example (eeprom or   flash rom) MB86967 20 mhz x'tal 20 pf 20 pf pcmcia card slot buffer sram data address fillter transformer 10base-t twisted-pair cable address various (link, collision,                receive and                transmit) leds ? cis ? common memory control signal data bus (lsb) data bus (msb) ? pc card mode

 119 MB86967 20 pf 20 pf MB86967 isa bus bus driver* *: option control signal link led collision led transmit led receiver led address data data buffer sram id serial eeprom data address fillter transformer 10base-t twisted-pair cable 20 mhz x'tal ? isa bus mode

 120 MB86967 MB86967 20 mhz x'tal 20 pf 20 pf system bus bus driver interface control signal control signal link led collision led transmit led receiver led address data data buffer sram data address fillter transformer 10base-t twisted-pair cable ? general-purpose bus mode

 121 MB86967 n 10 base-t interface circuit 0.01  m f 50  w 50  w 290  w 50  w 50  w tx filter zo  =  100  w rx filter zo  =  100  w 290  w MB86967 tpopb tpopa tpona tponb tpip tpin 1  :  1 rj45 1  :  1 1 2 3 4 5 6 to 10base - t twisted - pair network

 122 MB86967 ? recommended pulse transformer recommended transformer for the MB86967 is as follows: model: s556-9004-09 manufacturer: bel fuse ltd.            pin 7 pin 6 pin 5 pin 4 287  w 287  w 49.9  w 49.9  w 1  :  1 pin 8 pin 9 pin 3 pin 2 pin 1 49.9  w 49.9  w 1  :  1 pin 13 pin 14 0.09 0.1    6 12 10 8 date code bel cl s556-9004-09 pcmcia 7 0.56 0.79 0.084 max datail-a 0.67 detail-a 0.01 0.035 0.077 r 0.015 r 0.015 tx filter z0  =  100 ohm 14 1 rx filter z0  =  100 ohm ? overview of s556-9004-09 [external view units in inches] [internal circuit]

 123 MB86967 12 25.7 max. tdk * * *    part no. lot  no. 12.5    0.3 9.5 typ. 0.8 typ. 2.54 typ. # 16 # 1 0.45 typ. 0.25 typ. 5.95 max. 1 3 5 16 14 2 4 13 15 8 6 7 9 11 10 tx l.p.filter 1 ct  :  1 ct 1 ct  :  1 ct l.p.filter l.p.filter l.p.filter rx * * * : country of origin # 9 # 8 n.c. pin: ? overview of tla-3m103 [external view units in mm] [internal circuit] model: tla-3m103 manufacturer    distributor: tdk co.

 124 MB86967 16 15 14 11 10 9 1 2 3 6 7 8 lpf lpf xmit rcv 1.0     0.02 f 0.024     0.002 0.14     0.02 pin 1 i.d. 0.39 0.3 0.1 0.7 0.47 ? overview of 851c2n-0005 [external view units in inches] [internal circuit] model: 851c2n-0005 manufacturer    distributor: toko co.

 125 MB86967 n features of mb86965b, mb86964-r, MB86967 mb86965b mb86964-r MB86967 notes package qfp160 sqfp100 sqfp100 supply voltage 5 v    5% 5 v    5% 5 v    5% operation mode jumperless +isa i/f jumper+e 2 prom+isa i/f jumper+prom+isa i/f general-purpose i/f general-purpose bus i/f pc card i/f general-purpose bus i/f jumperless +isa i/f jumper + e 2 prom + isa i/f network interface tp/aui tp/aui tp max buffer memory size 64 kbytes 32 kbytes 32 kbytes buffer memory bus width 8/16 bits 8 bits 8 bits rom interface for boot program internal no no rom type for boot program prom or flash rom writable by selecting flash  rom led for monitoring  network status isa bus mode test for transmit, receive, collision, link test for transmit, receive, collision, link pc card mode test for transmit, receive, collision, link general-purpose bus mode test for transmit, receive, collision, link test for transmit, receive, collision, link test for transmit, receive, collision, link device id 1, 1 0, 1 1, 0 dlcr7 bit 6, 7 internal register isa bus mode dlcr 0 to 15, mar 8 to 15,  bmpr 8, 10 to 19, idrb 0  to 7 dlcr 0 to 15, mar 8 to 15,  bmpr 8, 10 to 19, (idrb 0  to 7)* *: change name to res0 to 7 pc card mode dlcr 0 to 15, mar 8 to 15,  bmpr 8, 10 to 15,  cardcr, (id), ccr 0 to 3 general-purpose bus mode dlcr 0 to 15, mar 8 to 15,  bmpr 8, 10 to 15 dlcr 0 to 15, mar 8 to 15,  bmpr 8, 10 to 15 dlcr 0 to 15, mar 8 to 15,  bmpr 8, 10 to 15 full duplex operation yes no yes dlcr4 bit 0 jumperless mode default setting external reset or writing  idrb0 to 7 external reset or writing  idrb 0-7 shutdown mode no no yes (crystal oscillation stop) bmpr14 bit 4    dlcr7 bit  5 tp transceiver filter internal internal external winding ratio for tp transmit pulse  transformer 1: 1: 1 : 1 remote signalling yes yes no bmpr14 bit 5, 7 bmpr15 bit 4, 5, 7 100  w /150  w  termination resistor selectable selectable 100  w bmpr13 bit 2 deleting receive long packet no no yes bmpr12 bit 3 lower squelch yes yes no bmpr13 bit 6 2 2

 126 MB86967 n errata sheet category power supply off sequence in pc card mode,. summary whin the cis area is prepared with an eeprom device, MB86967 mulfunctions with mis- writing occasionally for the cis area (this error depends on the type of pc.) recommendation please insert the or-gate between MB86967 and eeprom. as a result. even if pin 95 is driven to low, it does not influence eeprom. MB86967 eeprom /we /cs p95 p98 pcmcia /we

 127 MB86967 n ordering information part number package remarks MB86967pfv 100-pin plastic lqfp (fpt-100p-m05)

 128 MB86967 n package dimension c 1995  fujitsu  limited  f100007s-2c-3 details of "b" part 16.000.20(.630.008)sq 14.000.10(.551.004)sq 0.50(.0197)typ .007 ?.001 +.003 ?0.03 +0.08 0.18 index 0.10(.004) 0.08(.003) m .059 ?.004 +.008 ?0.10 +0.20 1.50 .005 ?.001 +.002 ?0.02 +0.05 0.127 15.00 12.00 (.472) ref (.591) nom "b" "a" 25 26 1 100 75 51 50 76 0.500.20(.020.008) details of "a" part 0.40(.016)max 0.15(.006)max 0.15(.006) 0.15(.006) 0.100.10 (.004.004) (stand off) 0~10? lead no. dimensions in mm (inches) (mounting height) 100-pin plastic lqfp (fpt-100p-m05)

 129 MB86967 fujitsu limited for further information please contact: japan fujitsu limited corporate global business support division electronic devices kawasaki plant, 4-1-1, kamikodanaka nakahara-ku, kawasaki-shi kanagawa 211-8588, japan tel: 81(44) 754-3763 fax: 81(44) 754-3329 http://www.fujitsu.co.jp/ north and south america fujitsu microelectronics, inc. semiconductor division 3545 north first street san jose, ca 95134-1804, usa tel: (408) 922-9000 fax: (408) 922-9179 customer response center mon. - fri.: 7 am - 5 pm (pst) tel: (800) 866-8608 fax: (408) 922-9179 http://www.fujitsumicro.com/ europe fujitsu mikroelektronik gmbh am siebenstein 6-10 d-63303 dreieich-buchschlag germany tel: (06103) 690-0 fax: (06103) 690-122 http://www.fujitsu-ede.com/ asia pacific fujitsu microelectronics asia pte ltd #05-08, 151 lorong chuan new tech park singapore 556741 tel: (65) 281-0770 fax: (65) 281-0220 http://www.fmap.com.sg/ f9811 ?   fujitsu limited printed in japan all rights reserved. the contents of this document are subject to change without  notice. customers are advised to consult with fujitsu sales  representatives before ordering. the information and circuit diagrams in this document are  presented as examples of semiconductor device applications,  and are not intended to be incorporated in devices for actual use.  also, fujitsu is unable to assume responsibility for  infringement of any patent rights or other rights of third parties  arising from the use of this information or circuit diagrams. fujitsu semiconductor devices are intended for use in  standard applications (computers, office automation and other  office equipment, industrial, communications, and measurement  equipment, personal or household devices, etc.). caution:   customers considering the use of our products in special  applications where failure or abnormal operation may directly  affect human lives or cause physical injury or property damage,  or where extremely high levels of reliability are demanded (such  as aerospace systems, atomic energy controls, sea floor  repeaters, vehicle operating controls, medical devices for life  support, etc.) are requested to consult with fujitsu sales  representatives before such use. the company will not be  responsible for damages arising from such use without prior  approval. any semiconductor devices have an inherent chance of  failure. you must protect against injury, damage or loss from  such failures by incorporating safety design measures into your  facility and equipment such as redundancy, fire protection, and  prevention of over-current levels and other abnormal operating  conditions. if any products described in this document represent goods or  technologies subject to certain restrictions on export under the  foreign exchange and foreign trade law of japan, the prior  authorization by japanese government will be required for  export of those products from japan.
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