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DESCRIPTION

The NE86950 EtherStar™ is a highly
integrated, local area network controller
that supports both IEEE 802.3
CSMA/CD 10Mb/s Ethernet and 1Mb/s
StarLAN™ protocols. Configurable for 8-
or 16-bit wide bus interfaces, it links a
host system bus to the local area
network (LAN) transceiver or drivers in
cost sensitive network applications such
as personal computers, terminals,
workstations, and other resource-
sharing controllers with the minimum
amount of controlling software and host
system EtherStar interaction. lts design
enables the controller to be connected
directly on the main system bus without
contention with the host CPU for the
bus. Also, there is no need for a
dedicated local CPU to handle data
transfers.

EtherStar is normally part of a three chip
set that forms a complete Ethernet/Thin
Ethernet interface for a Data Terminal
Equipment. The EtherStar is the
Network Interface Controller (NIC) and
the other chips are a Serial Network
Interface (SNI), such as the NE502A,
and a Coaxial Transceiver Interface
(CTI), such as the NE8392A. The SNI
provides Manchester encoding and
decoding while the CTl provides the
physical attachment to the coaxial
medium.

ORDERING INFORMATION

NE86950

EtherStar™ Ethernet controller

FEATURES

®]EEE802.3 CSMA/CD Ethernet/Thin
Ethernet and StarLAN compatibility

eConfigurable for 8-bit or 16-bit data
path widths

oUnique buffer management
architecture arbitrates all dedicated
SRAM or DRAM memory data
accesses and automatically allocates
buffer memory area for incoming data
frames

®Allows simultaneous transfer of data
frames to/from host system and
transmission/reception of data frames
to/from LAN media

®Allows automatic retransmission of
data packets during collisions, thus
saving bus bandwidth

®Keeps track of all buffer memory area
pointers internally in hardware to
reduce software overhead

® Supports data transfers at up to 3.3
Mbytes or Mwords per second to the
host system

® Addresses 8, 186, 32, or 64 Kbytes of
dedicated SRAM or DRAM buffer
memory. Dedicated buffer memory
architecture allows data packet
reception without using bus bandwidth

® Supports DMA transfers

® Available in 84-pin plastic J-bend
PLCC or 80-pin plastic quad flat pack

® Dual metal, CMOS technology
® 25mA typical lg¢ current

PIN CONFIGURATION

Packages
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DESCRIPTION TEMPERATURE RANGE ORDER CODE
80-Pin Plastic Quad Flat Pack 0to +70°C NE86950BB
84-Pin Plastic Leaded Chip Carrier 0to +70°C NE86950BA
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TOP VIEW
APPLICATIONS
®Workstations
®Terminals

® File servers

® Print servers
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ETHERSTAR BLOCK DIAGRAM
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PIN ASSIGNMENTS - PQFP

PIN| PINNAME PIN| PINNAME [[PIN| PINNAME [[PIN] PINNAME []PINT PINNAME |[[PIN| PINNAME
NO. NO. NO. NO. NO. NO.
1 ET/STAR 15 RESET 29 EOP 43 SD10 57 BA3 71 BDS
2 BW 16 sD7 30 SA3 44 SD11 58 BA4 72 PRES
3 BSO 17 SD6 31 SA2 45 SD12 59 BA5S 73 Veee
4 BS1 18 SD5 32 ™ 46 SD13 60 BAB 74 BD9
5 TEN 19 SD4 33 Voot 47 SD14 61 BA7 75 BD10
6 LBC 20 SD3 34 SA1 48 SD15 62 OE 76 BD11
7 XCD 21 SD2 35 SAO 49 WE 63 BDO 77 BD12
8 XCOL 22 SD1 36 BRE 50 RAS0 64 BD1 78 BD13
9 | TXD/TXDS 23 SDO 37 RD 51 RAST 65 BD2 79 BD14
10 TCKP 24 RDY 38 WRT 52 GND2 66 BD3 80 BD15
11 [ TCKN/TCKNS | | 25 TINT 39 BACK 53 TAS 67 BD4
12 GND1 26 RINT 40 BREQ 54 BAO 68 BDS
13 RCKN 27 RSEL 41 SD8 55 BA1 69 BD6
14 | RXD/RXDS 28 DSEL 42 SD9 56 BA2 70 BD7
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PIN ASSIGNMENTS - PLCC
PIN[ PINNAME ||PIN| PINNAME [[PIN] PINNAME | [PIN| PINNAME || PIN | PINNAME || PIN| PINNAME
NO. NO. NO. NO. NO. NO.
1 GND1 15 RINT 29 | BACK 43 GND3 57 BD3 71 BD14
2 RCKN 16 RSEL 30 | BREQ 44 TAS 58 BD4 72 BD15
3 | RXDRXDS | [ 17 | DSEL 31 SD8 45 BAO 59 BDS5 73 | ETRTAR
4 RESET 18 EOP 32 SD9 46 BA1 60 BD6 74 BW
5 SD7 19 SA3 33 SD10 47 BA2 61 BD7 75 BSO
6 SDé 20 SA2 34 SD11 48 BA3 62 BDS 76 BST
7 SD5 21 Veer 35 sD12 49 BA4 63 Vocz 77 TEN
8 SD4 22 GND2 36 SD13 50 BAS5 64 GND4 78 LBC
9 SD3 23 ™ 37 SD14 51 BA6 65 PRES 79 XCD
10 SD2 24 SA1 38 SD15 52 BA7 66 BD9 80 XTOL
11 SD1 25 SAO 39 WE 53 OF 67 BD10 81 | TXD/TXDS
12 SDo 26 BHE 40 HASO 54 BDO 68 BD11 82 TCKP
13 RDY 27 RD 41 RAST 55 BD1 ) BD12 83 | TCKN/TCKNS
14 TINT 28 WRT 42 NC 56 BD2 70 BD13 84 NC
PIN DESCRIPTIONS
PIN NO.
PLCC [PQFP| SYMBOL | TYPE | DESCRIPTION

Device Configuration Pins

NETWORK CONFIGURATION: configures EtherStar for Ethernet (ET/STAR = 1) or StarLAN (ET/

73 1 ET/STAR | |STAR=0)
74 2 B/W | BYTE/'WORD SELECT: B/W = 1 configures EtherStar for an -bit data bus, B/W = 0 configures
EtherStar to a 16-bit data bus.
BUFFER SIZE SELECT LINES: These inputs, together with B/W, determine the size of the buffer
memory supported by EtherStar. For word transfers, BRE should be asserted. Refer to the BRE
signal description for more details. BS1|/BSO| BW=1] BW=0
75,76 | 3,4 | BS1,BSO | | o 1 o sxg AKW
0 1 16KB 8KW
1 0 32KB 16KW
1 1 64KB 32KW

Network Interface Pins

77 5

TEN

TRANSMIT ENABLE: This pin becomes active when the first bit of the outgoing packet is valid and
is held stable during transmission of data from the TXD/TXDS pin. This pin goes low after the last bit
of the packet is clocked out. The TEN pin interfaces directly with the TEN pin of the Ethernet
encoder/decoder, such as Signetics NESO2A, in Ethemet configuration only.

78 6

LBC

LOOPBACK CONTROL: When LBC = 1, indicates that EtherStar is in the loopback mode. In
Ethernet configurations, this pin connects to LBC on the encoder/decoder, and instructs it not to send
data to the Ethemet medium but to send the original data packet back to EtherStar for validation. In
StarL AN configurations, this also occurs but loopback occurs on-chip.

79 7

XCD

CARRIER DETECT: This signal is provided by the encoder/decoder. It indicates the presence of a
carrier on the network media.

80 8

COLLISION DETECT: This active low input indicates that a collision has been detected on the net-
work media. Signal is provided by the encoder/decoder for Ethernet configurations or as an optional
pin for Starl AN configurations.

81 9

TXD/TXDS

TRANSMIT DATA (Ethernet) TRANSMIT DATA (StarLAN): This pin is a dual function pin. Inan
Ethernet configuration, (ET/STAR = 1), TXD/TXDS is the serial data output to the encoder/decoder.
In a StarLAN configuration (ET/STAR = 0), TXD/TXDS transmits Manchester encoded data to an
RS-422 type transceiver.
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PIN DESCRIPTIONS

PIN NO.

PLCC | PQFP

SYMBOL

TYPE

DESCRIPTION

Network Interface Pins (continued)

CRYSTAL OUTPUT: This is the 1T0MHz output pin required if a crystal is used. It is available for
82 10 TCKP (o} StarlLAN configurations only. The multiplexed pin TCKN/TCKNS is used as the OSCIN input in
conjunction with the TCKP signal pin if a crystal is used.
TRANSMIT CLOCK (Ethernet)/StarLAN CLOCK (StarLAN): This pin is a dual function pin. In an
83 1 TCKN/ I Ethemet configuration, (ET, = 1), TCKN/TCKNS is the input clock. Typically this clock is
TCKNS 10MHz and is generated by the external encoder/decoder. In a StarLAN configuration (ET/STAR =
0), TCKN/TCKNS is a 10MHz clock required by the on-chip Manchester encoder/decoder.
2 13 RCKN | RECEIVE DATA CLOCK: This is the 10MHz synchronous receive data clock signal supplied by the
encoder/decoder. Not used in StarLAN configurations.
RECEIVE DATA (Ethernet)/RECEIVE DATA (StarLAN): This pin is a dual function pin. In an
3 14 RXD/ I Ethernet configuration, RXD/RXDS is the serial data input line from the external encoder/decoder. In
RXDS a StarLAN configuration, RXD/RXDS is the input line that receives the asynchronous 1MHz
Manchester encoded data from the LAN network.
System Interface Pins
4 15 RESET i HARDWARE RESET: Active high. A minimum pulse of 2us in duration is required. This pin resets
EtherStar’s internal pointers and registers to the appropriate state.
SYSTEM DATA BUS: All data, command and status transfers between the host system and
5-12 | 16-23 | SD7-SDO e EtherStar take place over this bidirectional, 3-state bus. The direction of the transfer is controlled by
31-38 | 41-48 | SD8-SD15 AD and WRT. The type of transaction which is occuring is controlled by RSEL, DSEL, and BACK.
The portion of the data bus over which the transaction occurs is controlled by B/W, BHE, and SAO.
READY: Active low. This output is asserted to indicate to the host system that EtherStar is ready to
complete the requested read or write operation. It will also be asserted if the device is unable to
13 24 RDY O | respond to the request for a read or write within 2.4us. In that case, EtherStar will also assert RINT
and the bus read error status bit (DLCR2, bit 6) or and the bus write error status bit (DLCRO, bit
0).
TRANSMIT INTERRUPT: Active low. Indicates that EtherStar requires host system attention after
14 25 TINT O successful transmission of a packet or if an error occurs during transmission. This interrupt is
maskable and can be cleared by writing to DLCR1.
RECEIVE INTERRUPT: Active low. Indicates that EtherStar requires host system attention after
15 26 RINT ¢] successful reception of a packet or during reception should any error conditions occur. This signal is
maskable and can be cleared by writing to DLCR3.
16 27 BSED | REGISTER SELECT: Active low. Enables read/write operations between the 16 data link control
registers (DLCRO-15) and the host system.
17 o8 DSET I DATA SELECT: Active low. Enables read/write operation between the host system and EtherStar's
buffer memory port (BMPRO) and buffer manager registers (BMPR2-4).
END OF PROCESS: Indicates that an entire packet has been transferred between the buffer
18 29 EOP ! memory and the host system. When the DMA controller asserts EOP, further assertions of EtherS-
tar's bus request output, BREQ, will be discontinued.
19,20 | 30, 31 | SAS3, SA2 | SYSTEM ADDRESS LINES: Specifies which of the internal registers or ports of EtherStar is
24,25 | 34,35 | SA1, SA0 selected for read/write operations.
03 3 ™ o TEST MODE: The signal on this pin is the complement of the value of the TM bit (DLCR4, bit 2). It
is used to control external functions.
BYTE HIGH ENABLE: Active low. This pin is the byte/word control line. It is used only when
EtherStar is configured for a 16-bit data bus (B/W =0). It allows word, upper byte only or lower byte
only transfers. The address select pin SAQ is used with BHE for byte or word transfers as follows:
B/W| BHE| SA0 FUNCTION
26 36 BHE I 0 0 0 Word transfer (BMPRO, BMPR2-3, 4 onlg{.)
0 0 1 Byte transfer on upper half of data bus (SD15-SD8)
0 1 0 Byte transfer on lower half of data bus (SD7-SDO0)
0 1 1 Reserved
1 X X Byte (SD7-SDO0)
January 1991 4
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PIN DESCRIPTIONS
PIN NO.

PLCC l PQFP | SYMBOL | TYPE | DESCRIPTION
System Interface Pins (continued)

o7 a7 =00} | READ: Active low input which specifies that the current transfer between EtherStar and the host
system is a read from one of EtherStar's intemal registers or its data port.

o8 ag WRT | WRITE: Active low input which specifies that the current transfer between EtherStar and the host
system is a write to one of EtherStar's internal registers or its data port.

29 39 BATK i BUS ACKNOWLEDGE: Active low. Indicates that the DMA controller is ready to transfer data be-
tween the host system and EtherStar’s buffer memory.

30 40 BREQ o BUS REQUEST: Issued to the DMA controller to indicate that EtherStar has data available to be
read in its receive buffer, or is ready to accept data into its transmit buffer.

PACKET RESET: This signal pin follows the RMT RST bit (DLCR2, bit 4) that indicates a complete
65 72 PRES o} special data packet with the data length field 0900H has been received. This is intended to be used
as a hardware control function from other nodes in the network.

Buffer Memory Control Pins
39 49 WE

40 50 RASO,
41 51 HAST

o
o]
44 83 TAS O | COLUMN ADDRESS STROBE: Active low. DRAM buffer memory column address strobe.
o
o]

WRITE ENABLE: Active low. This output enables the DRAM memory buffer for write operations.

ROW ADDRESS STROBE: Active low. Outputs to the DRAM buffer memory.

45-52 | 54-61 | BAO-BA7 BUFFER MEMORY ADDRESS: These eight lines can address 64 Kbytes of DRAM buffer memory.
53 62 OE OUTPUT ENABLE: Active low. Used to enable the buffer memory during read operations.
54-62 | 63-71 | BDO-BD8 I/O | BUFFER MEMORY DATA: Data lines between the DRAM buffer memory and EtherStar. This

66-72 | 74-80 | BD9-BD15 3-state data bus is configurable for an 8-bit or 16-bit data size by the B/W input.
Device Power Pins
1 12 GND1 SYSTEM GROUND

22 52 GND2

43 - GND3

64 - GND4

21 33 Veet POWER SUPPLY: A nominal +5VDC supply is required.

63 73 Veea
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ABSOLUTE MAXIMUM RATINGS:4
SYMBOL PARAMETER RATING UNITS
Vee Supply voltage —0.3t06.0 \"
ViN DC input voltage? —0.3to Ve +0.3 v
Vout DC output voltage —0.3to Vg +0.3 \)
Tsta Storage temperature range —40to +150 °c
Ty Maximum recommended junction temperature °C
Pp Power dissipation 500 mwW
Thermal impedance A package
O4a B package °C/wW
DC ELECTRICAL CHARACTERISTICS3:4 T, = 0to 70°C; Vg = 5V 5%, unless otherwise stated.
SYMBOL PARAMETER TEST CONDITIONS LIMITS UNITS
MIN TYP MAX
Vi Low level input voltage 0 0.8 \
Vi High level input voltage 2.2 Vee \"
VoL Low level output voltage
All except BREQ loL =3.2mA 0 0.4 \)
BREQ loL = 12.8mA 0 04 \)
Vou High level output voltage
All except BREQ loL =-0.4mA 42 Vee \"
BREQ loL =-10.0mA 4.2 Voo v
I Input leakage current Vi=0or Ve -10 10 HA
Iz Thre-state output leakage current Vo =0orVge -10 10 pA
lcc® Operating Vcc supply current No outptgclzoKaﬁ ;=T?0KMNH=Z 10MHz; 25 40 mA
lees Static Ve supply current All inputs static; V| = 0 or Ve 100 HA
AC ELECTRICAL CHARACTERISTICS3:4:5 T, =0 t0 70°C; Vg = 5V 5%, unless otherwise stated.
SYMBOL FIGURE PARAMETER LIMITS UNITS
MIN TYP MAX
taveL 14, 11 Address, select control valid to read low 10 ns
tRHAI 14, t2 Read high to address, select and control invalid 10 ns
tRLRL 14,13 Read low to RDY low? 35 ns
tRHRH 14,14 Read high to RDY high 35 ns
taLov 14, t5 RDY low to data valid 22 ns
trHOT 14,16 Read high to data three state 12 45 ns
trow 14,17 Read pulse width 35 ns
tAvWL 15, t1 Address, select and control valid to write low 10 ns
twHAI 15, t2 Write high to address, select and control invalid 10 ns
twRw 15,13 Write pulse width 35 ns
tps 15,4 Write low to data valid 5 ns
toH 15, 15 Write high to data invalid 30 ns
tWLRL 15,16 Write low to RDY low® 35 ns
twHRH 15, t7 Write high to RDY high 35 ns
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AC ELECTRICAL CHARACTERISTICS3.45 (CONTINUED)
SYMBOL FIGURE PARAMETER LIMITS UNITS
MIN TYP MAX

twHBRH 16, t1 Write high to bus request high 23 62 ns
tBALEH 16, 12 Bus acknowledge low to end of process 10 ns
tepw 16, t3 End of process pulse width 20 ns
teLBAH 16, t4 End of process low to bus acknowledge high 10 ns
tsALBRL 17, t1 Bus acknowledge low to bus request low 35 ns
tBAHBRH 17,12 Bus acknowledge high to bus request high? 8 50 ns
taaws 17,13 Bus acknowledge low to read/write low 10 ns
tsawH 17,14 Read/write high to bus acknowledge high 10 ns
tRWLRL 17,15 Read/write low to RDY low 35 ns
tRWLRH 17,16 Read/write high to RDY high 35 ns
tiecD 18, t1 Loopback control delay 30 90 ns
trMD 18, 12 Test mode signal delay 30 80 ns
tiNTD 18, 13 Interrupt signal mask/clear delay 30 80 ns
treND 18,14 Transmit enable dealy0 23 us
tove 19 TCKN ¢ycle 100 ns
the 19 Random read/write cycle 300 ns
trac 19 Access time from RAS 150 ns
tcac 19 Access time from TAS 100 ns
toea 19 Access time from OE 20 ns
toac 19 Data hold before TAS high -8 ns
trp 19 RAS precharge time 100 ns
thAs 19 HAS pulse width 165 ns
tepn 19 TAS precharge time 100 ns
tcas 19 TAS pulse width 160 ns
tasr 19 Row address setup time 45 ns
tRAH 19 Row address hold time 23 ns
tasc 19 Column address setup time 11 ns
tcan 19 Column address hold time 166 ns
twes 19 Write command setup time 50 ns
twoH 19 Write command hold time 108 ns
twp 19 Write command pulse width 185 ns
tos 19 Data to TAS setup time 55 ns
toH 19 Data from TAS hold time 120 ns
toes 19 OF to RAS inactive setup time 80 ns
trep 19 RAS to TAS delay time 50 68 ns
toec 19 OE to TAS high 6 ns
tcrs 19 TAS to RAS setup time 55 ns
tarc 20,t15 Refresh cycle 15.5 ps
tras 20,t16 RAS pulse width 165 ns
tasr 20,117 Row address setup time 45 ns
tRaH 20,118 Row address hold time 150 ns
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AC ELECTRICAL CHARACTERISTICS34:5 (CONTINUED)
SYMBOL FIGURE PARAMETER LIMITS UNITS
MIN TYP MAX
troL 21-24, 1 Transmit clock low width 35 50 ns
treH 21-24, 12 Transmit clock high width 35 50 ns
trep 21-24, 13 TCKN low to transmit enable 52 ns
tToH 21-24,14 Transmit data hold 12 ns
tren 21-24, 15 Transmit enable hold 13 ns
t 21-24, 16 Transmit interrupt to transmit enable low 1 TCKN
TINT ) P cycles
tcolw 21-24,17 Collision detect width 20 ns
tcoLs 21-24, 18 Collision inactive spacing 200 ns
tcoLL 21-24,19 Minimum collision length 520 ns
. TCKN
tiaM 21-24,110 Jam period'! 32 cycles
- . TCKN
tinte 21-24,t11p Transmit interrupt when collision at preamble 5 cycles
. - TCKN
tiNTA 21-24,t11a Transmit interrupt when collision at data field 16 cycles
tcy 21-24,112 Collision to first jam bit 4 12 Iy%Ker:
tros 21-24,113 Transmit data setup 40 ns
treL 25, t1 Receive clock low width 35 50 ns
tReH 25,12 Receive clock high width 35 50 ns
trDs 25,13 Receive data setup 10 ns
troH 25,44 Receive data hold 10 ns
trcss 25,15 Receive carrier sense setup 10 ns
12 ns
tresH 25,16 Receive carrier sense hold 7 RCKN
cycles
. . . RCKN
tRINTG 25,17 Last bit of good packet received to interrupt 40 cycles
tRINTE 25,18 Receive interrupt after bad packet 15 ?y%lgh;
trys 26, t1 Transmit width short 495 5.05 Zycd'g:
I TCKN
trxL 26, t2 Transmit width long 9.95 10.05 cycles
. . TCKN
trxs 26,3 Receive width short 4.1 59 cycles
. . TCKN
trxL 26,14 Receive width long 9.1 10.9 cycles
toLTE 26,15 TCKN low to transmit enable 50 ns
trarm 26, t6 TEN active to first bit Manchester code 10 TCKN
cycles
_— TCKN
trwL 26,t7 Transmit width length 10 cydles
L . TCKN
triem 26, 18 TEN inactive to last bit Manchester code 15 cycles
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NOTES:

1. Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. This is a stress rating only and
functional operation of the device at these or any other condition above those indicated in the operation section of this specification is not
implied. Exposure to Absolute Maximum Rating conditions for extended periods may affect device reliability.

2. This product includes circuitry specifically designed for the protection of its internal devices from damaging effects of excessive static charge.
Nonetheless, it is recommended that conventional precautions be taken to avoid applying any voltages larger than the rated maxima.

3. Parameters are valid over specified temperature range and supply voltage range unless otherwise noted.

4. All voltage measurements are referenced to ground (GND). All time measurements are referenced at input and output levels of 1.5V. For
testing, all inputs swing between 0.4V and 2.4V. See Figure 13.

5. AC test condition: for bidirectional busses (SD0-SD15, BD0-BD15) C = 85pF, for all other outputs C_ = 60pF. See Figure 13.

6. Limited functional test patterns are performed during device testing for this parameter.

7. When reading from the buffer memory port, BMPRO, a worst case time of 2.25us may occur if the buffer manager is required to service si-
multaneous access requests from the system, the refresh controller, and the network (operating in loopback mode). The worst case time is
2.4ys if the system attempts to read an empty receive buffer memory. A BUS_RD_ERR will occur in the latter case.

8. When writing to the buffer memory port, BMPRO, a worst case time of 2.25us may occur if the buffer manager is required 1o service simulta-
neous access requests from the system, the refresh controller, and the network (operating in loopback mode.) The worst case time is 2.4us

if the system attempts to write to a full transmit buffer memory. A BUS_WR_ERR will occur in the latter case.
9. Aworst case time of 2.25ps may occur if the buffer manager is required to service simultaneous access requests from the system, the re-
fresh controller, and the network (operating in loopback mode).

10. This timing assumes that the network is free.

11. The 32 jam bits include eight data bits and 24 ‘0’ bits.

HOST CPU MAIN MEMORY
MAIN OR LOCAL
SYSTEM BUS NET'-&';RK
MEDIA
NE@9650 ETIERNET ETHERRET
ETHERSTAR ENDECS TRANSCEIVER
*NOT NEEDED IN STARLAN
DEDICATED CONFIGURATIONS
BUFFER
MEMORY
Figure 1 Typical System Configuration
GENERAL DESCRIPTION Kbytes in size. The transfer of data frames SYSTEM CONFIGURATION

The NEB6950 EtherStar is a highly
integrated, local area network controller that
supports both IEEE 802.3 CSMA/CD 10Mb/s
Ethernet and 1Mb/s StarL AN protocols.
Configurable for 8- or 16-bit wide bus
interfaces, it links a host system bus to the
local area network (LAN) transceiver or
drivers in cost sensitive network applications
such as personal computers, terminals,
workstations, and other resource-sharing
controllers with the minimum amount of
controlling software and host system-
EtherStar interaction. Its design enables the
controller to be connected directly on the
main system bus without contention with the
host CPU for the bus. Also, there is no need
for a dedicated local CPU to handle data
transfers.

EtherStar arbitrates access to a dedicated
DRAM or SRAM buffer memory of up to 64
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to/from the host system and the transmission/
reception of data frames to/from the network
media can occur simultaneously. EtherStar
supports transfers to/from the system using
programmed I/O or DMA. EtherStar inte-
grates a data link controller (DLC), a 1Mb/s
Manchester encoder/decoder, a dynamic
memory controller (DMC), and a buffer man-
ager to arbitrate simultaneous access to the
buffer memory by the host system CPU and
the data frames from the LAN media. The
DLC block provides for automatic generation
and stripping of the 64-bit preamble, 32-bit
CRC generation/checking, serial and paralie!
data conversions, automatic retransmission,
contention resolution by binary exponential
back-off, and address recognition for 10Mb/s
Ethemet and 1Mb/s StarLAN supporting
IEEE 802.3 CSMA/CD specifications.

A typical system configuration for the
NEB86950 EtherStar is shown in Figure 1. On
the host side, EtherStar interfaces to the
system bus to obtain configuration
information for its internal control registers, to
provide receive and transmit status
information from its internal status registers,
to move data packets to be transmitted from
the host memory to EtherStar's dedicated
buffer memory, and to deliver received data
packets from the dedicated buffer memory to
the host system. The network side
connection depends on the protocol mode of
operation. For Ethernet mode, EtherStar
connects to the LAN media via an external
Manchester encoder/decoder (such as
Signetics’ NES02A) and an Ethemet
transceiver (such as the Signetics NE8392A).
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In StarLAN mode, the encoding/decoding
function is performed internally, and
EtherStar attaches to the LAN media via
appropriate RS-422 drivers and receivers.

BUFFER MEMORY

As described above, the NE8B6950 uses a
dedicated buffer memory for intermediate
storage of data frames to be transmitted and
of data frames received from the network.
The BSO and BS1 input pins configure
EtherStar to operate with 8, 16, 32 or 64
Kbytes of buffer. This memory is partitioned
into two separate address spaces: the first
four Kbytes are reserved for transmit buffers,
while the remainder of the memory is used
for a receive buffer (see Figure 2).

0
TRANSMIT BUFFER 1 i
(2K FIXED)
e TRANSMIT BUFFER
RING
TRANSMIT BUFFER 2
(2K FIXED)
aK
RECEIVED PACKET n+3
(LAST PART)
A
\i
CURRENTLY AVAILABLE
FREE BUFFER AREA
RECEIVE BUFFER
60KBY TES MAX.
RECEIVED PACKETn | )
A
RECEIVED PACKET n+1
\/
RECEIVED PACKET n+2
RECEIVED PACKET n+3
L (FIRST PART)

NOTES:
1.L =8, 16, 32 OR 64 Kbytes
2. Packets are aligned on an eight byte

boundary
3. Each ived packetis p ded by a
four ket header as f

Byte 0 - Packet Status
Byte 1 — Not Used

Byte 2 — Packet Size LSBs
Byte 3 — Packet Size MSBs

Figure 2. Buffer Memory Organization

EtherStar supports both programmed I/O and
DMA transfers between the buffer memory
and the host system. The host accesses the
buffer memory by reading from or writing to
EtherStar’'s buffer memory port register,
designated BMPRO. The RDY signal
synchronizes these transfers to
accommodate other internal buffer access
requests.

Access to the transmit and receive buffers is
completely managed by EtherStar. As
required, it updates its internal pointers to
these buffers for the tasks of transmission,
retransmission, reception, rejection of bad
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frames, and data transfers to and from the
host. Thus, the host is relieved of these buffer
management functions, making EtherStar
extremely easy to operate and reducing
firmware requirements substantially.

Transmit Buffer

The transmit buffer spacs is divided to form a
ring structure of two transmit buffers, each
two Kbytes in length. These function in a
‘ping—pong’ manner to permit one of the
buffers to be loaded by the host while the
contents of a previously loaded data frame
are being transmitted to the network.

Internal pointers, managed by EtherStar,
control which of the two buffers is selected for
access by the host and which byte/word of
that buffer is written to. Atreset, the pointers
are initialized to point to the beginning of one
of the transmit buffers. Each time the host
writes data to the buffer via BMPRO, 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 has completed
loading an outbound data packet into the
buffer by successive writes to BMPRO, it
initiates transmission of that data packet to
the network by writing the length of the
outbound packet to the packet length register
within EtherStar. The internal pointers are
then automatically set to point to the
beginning of the second transmit buffer; that
buffer is then available to be loaded with the
next outbound packet. When the contents of
the first data buffer are successfully
transmitted, it again becomes available for
use by the host.

Receive Buffer

Buffer memory from 4K through the end of
memory is used for receiving packets from
the network. This portion of the buffer is not
partitioned into fixed length buffers, but is
dynamically allocated as packets are
received. Each received packet is preceded
by a four byte header which provides packet
status and the length of that data packet. All
receive buffers are aligned on an eight byte
boundary and are linked by internal pointers
to form a ring structure.

A status bit in one of EtherStar's internal
registers informs the host when one or more
packets are resident in the receive buffer
memory and available to be read. The host
retrieves these packets from the buffer
memory by successive reads of BMPRO.

Once a data byte/word is read from the buffer
memory, internal pointers are advanced and
that memory becomes available for reception
of new packets.
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If EtherStar detects a bad incoming packet
(CRC error, efc.), it releases the buffer space
in which that packet is contained and resets
its intemal pointers so as to use that space
for the next incoming packet. If an incoming
packet requires more space than remains
available in the buffer, that packet is
automatically rejected.

NE86950 FUNCTIONAL

DESCRIPTION

As illustrated in the block diagram, the
NE86950 consists of five major functional
blocks: system interface, buffer manager,
DRAM controller, data link controller, and
Starl_AN encoder/decoder. The operation of
these blocks is described below.

System Interface

The system interface block provides the
connection between EtherStar and the host
CPU. EtherStar supports both 8- and 16-bit
bus architectures and byte or word transfers.
It may be operated in 1/0-mapped, memory
mapped, or DMA modes. Two interrupt
outputs, TINT and RINT, are provided which
may be programmed by the user to alert the
host CPU of transmitter and receiver status
conditions requiring host intervention.

Two sets of user accessible registers are
contained within EtherStar: the data link
control register set and the buffer memory
port register set. Address decoding circuits
within the system interface block select the
appropriate register within the NE86950 for
read and write transactions. All registers are
accessible as bytes. Additionally, when the
interface is configured for word mode (B/W =
0), the registers in the BMPR set can be
accessed as bytes or as words.

Buffer Manager

The buffer manager automatically arbitrates,
prioritizes and services requests for access to
the buffer memory from the data link
controller, the refresh timer within the DRAM
controller, and the host system, in that order.
It updates all buffer memory pointers,
allocates memory space for incoming data
packets, and controls pertinent bits within the
status registers.

The arbitration mechanism interleaves the
buffer memory accesses without loss of data,
so that operation appears to be
‘simultaneous’: data can be written to or read
from the buffer memory by the host via
BMPRO while data frames are retrieved for
transmission and/or provided for storage by
the data link controller. Thus, the buffer
manager supports all the cases of
’simultaneous’ access to the buffer memory,
as conveyed in Figure 3 and as follows:
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Figure 3. Simultaneous Operations
Possible with EtherStar

1. The host can transfer a packet to a
transmit buffer while data from the network is
stored in a receive buffer.

2. The host can retrieve a packet from a
receive buffer while data from a transmit
buffer is obtained by the data link controlier.

3. The data link controller can obtain data
from a transmit buffer while the host loads the
next packet into the second transmit buffer.

4. The data from the network is stored in a
receive buffer while the host reads the data in
another receive buffer.

5. The host retrieves a packet from a receive
buffer while the network side stores datain a
different receive buffer and obtains data from
a transmit buffer (e.g., in loopback or
broadcast address modes).

6. The host delivers a packet to a transmit
buffer while the network side obtains data
from the second transmit buffer and stores
data in a receive buffer (e.g., in loopback or
broadcast address modes).

DRAM Controller

The DRAM controller provides address
multiplexing, timing and automatic refreshing
for a DRAM dedicated buffer memory. In 8-bit
bus mode (B/W = 1) EtherStar supports a
memory of up to 64Kx8. In 16-bit bus mode
(B/W = 0), a memory of up to 32Kx16 can be
used.

Data Link Controller

The data link controller (DLC) fully
implements the |EEE 802.3 CSMA/CD
specification for 10Mb/s Ethernet and 1Mb/s
StarLAN. It assembles data packets for
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transmission and disassembles received data
packets. The DLC provides for automatic
generation and stripping of the 64-bit
preamble, 32- bit CRC generation and
checking, contention resolution by binary
exponential back-off, several modes of
address recognition, and serial/parallel and
parallel/serial conversions.

Receiver

The receiver includes a receive state
machine, serial to parallel converter,
preamble recognition circuitry, address
comparison logic for the various modes of
address recognition, CRC checker and a
FIFO.

The receiver state machine provides
sequencing of events for the receiver,
including idle, address recognition, data,
CRC check and hold. It detects various
receive error conditions and sets appropriate
bits within the DLC registers.

A six byte receive data FIFQ provides a small
elastic buffer for synchronization with the
buffer manager timing, and to hold data in the
event that the buffer manager is servicing
another buffer memory access request.

All received bytes are delayed by four bytes
so that the last four bytes of the packet can
be trapped and checked for correct CRC.
These CRC bytes are not transferred to the
receive buffer.

During reception, packets are automatically
rejected if space in the receive buffer is
insufficient to hold the entire received frame
or if certain error conditions are detected.
Status bits in the receive status register are
set to indicate these occurrences.

Transmitter

Circuits within the transmitter include a
transmitter state machine, a FIFO, preamble
generator, CRC generator, parallel to serial
converter, back-off generator and a time
domain reflectometer (TDR) counter.

The transmitter state machine provides
sequencing of events for the transmitter,
including idle, preamble, data, CRC,
interframe gap, jam and back-off. It detects
various transmit error conditions and sets
appropriate bits within the DLC registers.

The two-byte FIFO provides a small amount
of elastic buffering that the buffer manager
can load with data to be transmitted. The
CRC generator produces the standard
Ethernet 32-bit CRC that is appended to the
end of the packet data field.

A 17-bit pseudo-random number generator
provides for the back-off function. This is
clocked at the bit rate so that distances
between stations become part of the
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randomizing function. Itis sampled at the
time of collision and counted down at the slot-
time rate (512 bits) defined in the Ethernet
specification, which provides a binary
exponential back-off from collisions.

The TDR function is provided by a 14-bit
counter that counts the actual number of bits
transmitted for each packet before a fault
condition occurs. See DLCR7 and DLCR15
description for full details of operation.

If EtherStar detects a collision during
transmission (XCOL input asserted in
Ethernet mode, internal detection in StarLAN
mode), it will automatically try to re-transmit
the packet until sixteen attempts have been
made. Status bits in the transmit status
register are set in case of a collision and
sixteen consecutive collisions.

Starlan Encoder/Decoder

This unit is operational when the NE86950 is
set for StarLAN mode by tying the ET/STAR
configuration pin LOW.

When transmitting data, the encoder section
converts the 1Mb/s serial NRZ stream from
the DLC to Manchester code and detects
collisions. EtherStar monitors its receive input
during transmission and assumes a collision
has occurred if the received Manchester
encoded data is not valid (i.e., anything but
valid Manchester). However, this received
data is not transferred to the data buffer
unless the loopback mode has been enabled.

When receiving, a digital phase locked loop
within the decoder section extracts a
synchronized clock from the received data
stream, while simultaneously converting the
Manchester encoded data to NRZ form. The
synchronized clock and data are then passed
to the data link controlier.

REGISTERS

The operation of the NE86950 is
programmed prior to beginning operation by
writing control words into appropriate
registers within the device. Operational
feedback is provided by status registers
which can be read by the CPU. Certain bits
in the control registers can also be
manipulated during operation to change the
device’s operation, e.g., which status bits are
enabled to cause interrupts. The user
accessible registers within EtherStar are
divided into two sets: the data link control
register set and the buffer memory port
register set. Table 1 defines the address
decoding for these registers.

The data link control register set, consisting
of the 16 registers DLCRO-DLCR15, contains
transmit control and status registers, receive
control and status registers, transmit and
receive interrupt masks, and node 1D
registers. The registers within this set are
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byte aligned and byte accessible. The node
ID registers (DLCR8-DLCR13) are protected;
their contents can only be changed when the
data link controller is disabled by setting the
enable data link controller bit, DLCR6<7>, to
a'1’, orimmediately after device reset.

The buffer memory port register set provides
the host with the mechanism to access the
transmit and receive buffers, as well as
controlling DMA operation. This set contains
the buffer memory port register (BMPRO),
transmit packet length registers
(BMPR2-BMPR3), and a DMA control
register (BMPR4). These registers are word
aligned and byte or word accessible. When
the host reads from or writes to BMPRO, the
RDY output synchronizes the data transfer,
since there may be higher priority requests
for access to the buffer memory pending from
the data link controller and/or from the DRAM
refresh controller. If the buffer manager
cannot respond to the host's access request
within 2.4ps, it sets an appropriate status bit
(bus read error or bus write error) and then
asserts RDY while simultaneously asserting
the corresponding interrupt tine (RINT or
TINT). This will not typically occur during
normal operation, but only if the host
attempts to read from an empty receive buffer
or to write to a full transmit buffer.

In byte mode (B/W = 1), all registers are
accessed as bytes. Note that when accessing
the buffer memory in byte mode, successive
bytes are read or written from BMPRO. When
the interface is configured for word mode
(B/W = 0), all transactions to the buffer
memory port must be word transactions;
successive words are read or written from
BMPRO. The other registers in the BMPR set
can be accessed as bytes or as words,
depending on the state of the BHE and SAO
inputs, as described in the Pin Descriptions
table.

Tables 2 and 3 provide an overview of the
contents and functions of each register in the
DLCR set and the BMPR set, respectively.
Detailed descriptions of the registers are giv-
enin tables 4 and 5.

OPERATION

The operation of the NE86950 can be
considered in four major operational phases:
reset, initialization, packet transmission, and
packet reception. Although described
separately here, packet transmission and
reception can be performed concurrently in
actual operation. In the sections that follow,
interrupt-driven operation is assumed.

Reset

A reset pulse with a minimum duration of 2us
is applied to the RESET input after power on,
or at any other time, to reset the internal
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pointers and other logic within the NE86950.
Reset disables the data link controller
(effectively setting DLCR6<7> to a 1"}, sets
DLCR5<6>, BUF_EMP, to a ‘1*, and clears
the following bits:

DLCRO 5,6,7
DLCR1 0,4,6
DLCR2 4,7
DLCR3 5,6
DLCRS 5
BMPR4 0,1,2,3

The state of all other bits within the registers
after reset is indeterminate.

Initialization

Initialization is performed by software to place
EtherStar into a known functional state. This
includes setting the transmit and receive
interrupt conditions, transmission and
reception modes, and the node address that
EtherStar responds to. A flow chart of the
initialization process is shown in Figure 4.

START

DISABLE
ETHERSTAR
(DLCRS)

}

INITAUZE
DLCR SET

YES

ENABLE
ETHERSTAR
(DLCR®)

NO STARLAN
MODE

Figure 4. NE86950 Initialization

Before any initialization begins, EtherStar
should be disabled by writing a value of H'80’
to DLCR6. This disables the data link
controller and enables access to the node ID
registers (DLCR8 through DLCR13). The
DLCR register set is then initialized, in any
order, based on the communication
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requirements. The basic programming is as
follows:

DLCRO-Transmit Status: A value of H'OF' is
written to clear all transmit errors.

DLCR1-Transmit Interrupt Masks: The
transmit interrupts are disabled by writing a
value of H'00' at initialization. Desired
interrupts should be enabled prior to a packet
transmission.

DLCR2-Receive Status: The value H'CF' is
written to clear all receive errors.

DLCR3-Receive Interrupt Masks: Required
receive interrupts are enabled by writing the
appropriate value. These may be changed
during operation, based on reception criteria.

DLCR4-Transmit Mode: Normally, a value of
H'02’ is written to disable chip test, test mode
and loopback, and to enable carrier detect.

DLCR5-Recelve Mode: A value is written per
system requirements to enable/disable CRC
testing, set the address size, enable/disable
short packet reception, enable/disable remote
reset packet reception, and to set the
address recognition mode.

DLCRS8 to DLCR13-Node ID Registers: The
six byte address programmed into these
registers must be unique. Itis used in
conjunction with the address match mode bits
(DLCRS5<1:0>) for packet reception.

If this initialization is part of an error recovery
procedure, BMPRO should be read twice to
assure that certain internal pipeline registers
are cleared. If a BUS_RD_ERR results from
these read operations, it should be ignored.

When this initialization is completed, the data
link controiler is enabled by writing H'00" to
DLCRS. A delay of 15us, the time needed by
EtherStar to complete internal initialization,
must be guaranteed between the trailing
edge of reset and clearing of DLCR6. In
Starl AN mode only, an additional delay of
120ps after the DLC is enabled is required
before EtherStar is ready to begin transmit or
receive operations.

Packet Transmission

An outbound packet is transmitted in two
phases. In phase one, the packet is
transferred from host memory to a transmit
buffer in EtherStar and the transmission is
initiated. In phase two, a transmit interrupt is
used to report successful transmission or a
transmit error condition.

Transmit Initlation

The first phase is illustrated in Figure 5. To
transmit a packet, the host loads the
outbound packet into a transmit buffer,
initiates transmission, waits for EtherStar to
clear the TMT_OK bit, sets a transmit
pending flag, and sets the transmit interrupt
masks.
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Figure 5. Transmit Initiation

A transmit packet, Figure 6, contains a six
byte Destination Address, a six byte Source
Address, a two byte Data Length, and data.
EtherStar is capable of transmitting packets
with a total packet length of six to 2,048
bytes, depending on the configuration set at
initialization. (Software conforming to the
IEEE 802.3 specification must guarantee that
the total packet length is in the range of 64 to
1,518 bytes including the four-byte CRC,
which is calculated by EtherStar and
appended to the packet when it is
transmitted.)

The packet is loaded into a transmit buffer
using the buffer memory port register
(BMPRO). At initialization or the initiation of a
transmission, EtherStar's internal pointers are
advanced to the beginning of the next
available transmit buffer. The packet is
transferred from the host to a transmit buffer
by successive writes of data, starting at the
beginning of the packet, to BMPRO. The
internal pointers manage the placement of
the data into the current transmit buffer.
When the entire packet has been loaded,
EtherStar is requested to send the packet by
writing the total length of the transmit packet
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DESTINATION ADDRESS | 6 BYTES
SOURCE ADDRESS 6 BYTES
DATA LENGTH 2 BYTES
MINIMUM
DATA DATA LENGTH
1S 46 BYTES
FOR IEEE 802.3
PAD
(IF DATAIS LESS
THAN 46 BYTES)

TOTAL LENGTH ALLOWED BY IEEES02.3 IS
BETWEEN 64 BYTES AND 1,518 BYTES,
INCLUDING THE FOUR BYTE CRC WHICH IS
GENERATED AND APPENDED BY THE NE86950.

TOTAL LENGTH ALLOWED BY THE NE86950 IS
BETWEEN SIX BYTES AND 2KBYTES.

Figure 6. Transmit Packet Format

(with the TMST bit set) to the packet length
register (BMPR3:BMPR2). Note that the
packet length value is in bytes regardless of
whether the NE86950 is configured in word
mode or in byte mode. If operating in word
mode, and the packet length is an odd value,
the MS byte of the last word sent to the buffer
will not be transmitted.

When the network is free and EtherStar
actually begins transmitting the packet to the
LAN, it will clear the TMT_OK bit. The
TMT_OK_MSK bit must not be set until
TMT_OK is cleared to prevent an erroneous
transmit interrupt from being generated. The
host can load the next packet into the second
transmit buffer immediately after it sets TMST
for the previous packet, but the TMST bit
cannot be set for that second packet until the
first packet has been successfully transmitted
to the LAN.

When using a common interrupt service
routine (ISR) to handle both transmit and
receive interrupts, a transmit pending flag is
required within the driver to distinguish
whether TMT_OK was set to indicate the
completion of a pending transmission or is
the residue of a previous transmission, since
the software does not have the ability to clear
TMT_OK after completion of a pending
transmission.

Once the transmit has been initiated and the
TMT_OK bit is cleared by EtherStar, the
transmit interrupt masks are set. Typically, a
value of H'82' is written to the transmit masks
register (DLCR1) to enable transmission
interrupts based on transmit complete, and
16-collision error. The COL and underflow
error interrupts may optionally be enabled.

Transmit interrupt Routine
When a packet is successfully transmitted or
a transmit error condition occurs which has
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its corresponding transmit interrupt mask set
in DLCR1, a transmit interrupt (TINT) is
generated. A typical transmit interrupt service
routine (ISR) to service this interrupt is shown
in Figure 7.

On entering the ISR, the transmit interrupt
masks are cleared by writing H'00' to DLCR1,
to prevent nested interrupts. These masks
may need to be saved and rewritten prior to
exiting the ISR. If the transmit pending flag is
set, the status of TMT_OK is checked. [fitis
set, the packet has been successfully
transmitted; the routine clears the transmit
pending flag and takes any other driver
specific action. This may include signaling
successful transmission to the upper layer
network software and/or initiating another
transmission.

The major error conditions which must be
handled by the ISR are bus write error and
16-collision error. BUS_WRT_ERR is not the
result of a transmission by the DLC, but
indicates that an attempt was made to
transfer data to a transmit buffer and the
transmit buffer was full. The ISR clears the
bit, increments a bus write error counter in
the driver for diagnostic purposes, and
performs any other driver specific recovery
action. 16_COL indicates that sixteen
collisions have occurred in the transmission
of a single packet and that EtherStar has
aborted attempting to transmit that packet.
This error is handled by clearing the error bit,
incrementing a 16-collision error counter in
the driver for diagnostic purposes, and
performing any driver specific recovery
algorithms.

Note: If, after 16 collisions have occurred, the
host wishes to attempt to transmit the same
packet again, it must reload that packet into
one of EtherStars’ transmit buffers.

UDR_FLO will not occur during normal
operation, but may be the result of some
other error condition. This error is handled in
a manner similar to 16_COL.

Setting of the collision error status bit, COL,
indicates that at least one collision occurred
in the transmission of a single packet.
EtherStar will continue to re-transmit the
packet up to sixteen times. Each time the
packet fails to transmit due to collision, a
collision counter in the transmit mode register
(DLCR4<7:45) is incremented. When the
collision counter wraps around to 0, 16_COL
is set and EtherStar will not retransmit. If
COL is set and 16_COL is not set, the
collision counter will contain the number of
collisions encountered on that transmission.
Recovery is accomplished by clearing the
COL bit and incrementing a collision error
counter if desired.
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Figure 7. TransmitiISR Figure 8. Receive ISR

Prior to exiting the ISR, the transmit pending
flag is checked to see if there is an
outstanding transmission. If set, then the
transmit interrupt masks, which were cleared
on entering the ISR, must be written back to
DLCRH1 to interrupt when the transmission
completes.

Packet Reception

Incoming packets are examined for a match
in the destination address field of the
Ethernet header. Reception is based on the
address match mode bits and the ADD_SZE
bit in the receive mode register (DLCR5) and
the node |D (DLCRS8 through DLCR13).
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When a packet matches the defined
reception criteria, it is copied into a receive
buffer and checked for overflow, CRC,
alignment or short packet errors. If no errors
are detected, PKT_RDY in the receive status
register (DLCR2) is set and BUF_EMP in the
receive mode register (DLCRS) is cleared if
not already cleared. If an error is
encountered, the packet is discarded, making
the buffer memory occupied by that packet
available for reception of another packet, and
the appropriate error bits are set in DLCR2.

Addressing Modes
In addition to the normal single address
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match mode, where the incoming address is
compared to the programmed node ID, the
NE86950 supports three special receiver
address match modes: promiscuous receive,
multicast address, and multicast group
address. These modes are enabled by
sefting the address match mode bits in the
receive mode register appropriately, and may
be changed by the driver at any time. Itis
also possible to set the transmit mode for
loopback, so that transmitted packets are not
sent the network, but are simply fed back into
the receiver.
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Figure 10. Buffer Memory
Implementation with SRAM

In promiscuous receive mode, all good
incoming packets on the LAN are received
into buffer memory. No matching is done on
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PKT_RDY bit is invalid. The second byte is
reserved. The third and fourth bytes contain
the LS and MS bytes of the length of the
packet, respectively. Note that the packet
length value is in bytes regardless of whether
EtherStar is configured in word mode or in
byte mode.
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Figure 9. Buffer Memory Implementation with DRAM
W1 the destination address field of the packet. Recelve Interrupt Routine
(BYTE CONFIGURATION) This can be useful for network monitoring A receive interrupt (RINT) is generated when
RAS1 applications and debugging. a packet is successfully stored in the receive
buffer memory or a receive error condition
A multicast address is identified by a value of  occurs which has its corresponding interrupt
B”“' Doy O] SRAM ‘1" in the least significant bit of the destination =~ mask setin DLCR3. A typical receive
RESD ADDRESS R address. Using multicast address mode will interrupt service routine (ISR) to service this
¢ cause all packets having a multicast address  interrupt is shown in Figure 8.
DATA LSBS E’t: © éeoex;oed. Note tha_t dm this :wie On entering the ISR, the receive interrupt
h er Itgr es d?jOt provi de fanyl ashing on . masks are cleared by writing H'00' to DLCR3,
BW=0 t elr_nu ncast: ress and simply receives a to prevent nested interrupts. These masks
(WORD CONFIGURATION) multicast packets. may need to be saved and rewritten prior to
. . exiting the ISR. If BUF_EMP is cleared, there
. When multicast group address mode is set, is at least one valid packet in the receive
BA7-(r b o ShAM p.aclfets will be received if the three least buffer memory, and the ISR proceeds to
ACoEDss 8K x 8 significant bytes of the address match the transfer that packet to the host. First,
o LATCH 32?& 8 a_ddljess in the node ID rggs}ers and the'least PKT_RDY is cleared. Then, the receive
RAST significant bit of the destination address is *1°. status byte and reserved bytes are read from
DATA LSBS 3 the buffer memory via BMPRO. (In this
Recelve Packet Structure model, these bytes are unused, but must be
| When a packet is successfully stored in the read to advance internal pointers used to
SRAM receive buffer memory, EtherStar attachesa  control the extraction of received packets.)
— #xs four byte header in the front of the packet. The packet length is then extracted to
32K x 8 The first byte is a copy of the receive status determine the size of thg actugl received
DATA MSBS 8 register (DLCR2) in which bitSis setandthe  Packet, and that packet is copied to host

memory by successive reads of BMPRO. The
ISR then checks BUF_EMP again to see if
additional packets remain in the receive
buffer memory and, if so, the steps described
above are repeated until all available packets
have been copied to the host.
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Note: Reading more than the specified
number of bytes extracts a portion of the next
receive packet or causes a BUS_RD_ERR.
Reading less than the specified number of
bytes leaves garbage at the beginning of the
next receive packet. These conditions can
generate a fatal error condition.

Note: If operating in word mode, and the
indicated packet length is an odd value, an
extra byte of invalid data will be read out of
the buffer on the last word read and should
be ignored. There is no danger of reading the
first byte of the next packet in this case
because the packets in the buffer memory
are aligned to start on an eight byte/four word
boundary.

Note: When a packet has been completely
read out of the buffer, EtherStar will re—assert
PKT_RDY if any packets remain in the
receive buffer. This feature can be used to
cause an interrupt to be generated for each
valid packet received and stored in the buffer.

The receive error conditions which can be
programmed to cause an interrupt are bus
read error, overflow, CRC error, alignment
error, and short packet. All except the first do
not require host intervention other than
tallying the error for diagnostic purposes;
EtherStar will automatically reject any packet
in which any of these error conditions is
detected.

BUS_RD_ERR indicates that an attempt was
made to transfer data from a receive buffer to
the host when the receive buffers are empty.
This should be considered a fatal error,
where the hardware or software is faulty. To
recover, the ISR clears the BUS_RD_ERR
bit, increments a bus read error counter, and
performs any other driver specific recovery
routine.

OVR_FLO denotes that an incoming packet
from the LAN media was rejected because it
was longer than the amount of free memory
available in the receive buffer area.
CRC_ERR indicates that the incoming
packet's CRC did not match that calculated
by EtherStar. ALG_ERR signifies that the
incoming packet has a bad CRC at the last
octet boundary and the number of bits were
not divisible by eight. SRT_PKT indicates that
the incoming packet does not meet the
minimum length requirement of 60 bytes, or if
the ENA_SRT_PKT bitin DLCRS5 is set, six
bytes. For these errors, the sample ISR takes
no action other than clearing the error
condition and incrementing a corresponding
error counter.

Prior to exiting the ISR, the receive interrupt
masks are restored to enable future receive
interrupts.
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DMA OPERATION

The NE86950 supports DMA operation for
transfers of data between the host system
and the dedicated buffer memory. The BREQ
and BACTK signals are used for handshaking
between the external DMA controller and
EtherStar.

DMA Write (Transmit)

TENA, BMPR4<0>, is set to a*1’ to enable
DMA write operation for transfers of data
packets from the host memory to EtherStar’s
transmit data buffer. When itis ready to
begin to accept data from the host, EtherStar
will assert its Bus Request output, BREQ.
The host responds by asserting BACK
followed by WRT and placing the data on the
data bus. EtherStar will negate BREQ and
will assert its RDY output when it is ready to
complete the current data transfer cycle.
When the host negates BACK and WRT,
EtherStar accepts that data byte/word,
moves its internal pointer to point to the next
byte/word, and then re-asserts BREQ to
repeat the process. The DMA controller must
assert the End of Process input, EOP,
concurrent with the last byte/word data
transfer to indicate that the entire packet has
been transferred. EtherStar will then
discontinue making further data requests.

To cause the packet to be transmitted, the
host must load its packet length into
BMPR3:BMPR2, asserting the TMST bit
when the MS byte is loaded into BMPR3.
TENA must be cleared when the packet
transfer is completed, and set again when the
host desires to begin loading another packet
into the transmit buffer using DMA,

When EOP is asserted by the external DMA
controller, the EOP status bit, BMPR4<2>,
will be set to a ‘1’ and will cause RINT to be
asserted if BMPR4<3>, EOP_INT_MSK, is
set. This interrupt can be used by the host to
initiate the actions described in the paragraph
above. The interrupt is cleared by writing to
BMPR4 with bit 2 set, which can be done at
the same time as TENA is cleared.

DMA Read (Receive)

Prior to beginning the transfer of a data
packet from EtherStar's receive buffer
memory to the host memory via DMA, the
host must read the four-byte packet header to
determine the number of bytes/words in the
packet and should load that number into the
counter in the external DMA controller.
RENA, BMPR4<1>, is then setto a‘1’ to
enable DMA read operation to transfer the
actual packet to the host memory. When itis
ready to begin, EtherStar will assert its Bus
Request output, BREQ. The host responds
by asserting BACK followed by RD. EtherStar
will negate BREQ and will assert its RDY
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output when it has placed the byte/word on
the data bus and is ready to complete the
data transfer cycle. When the host negates
BACK and RD, EtherStar moves its internal
pointer to point to the next byte/word, and
then re-asserts BREQ to repeat the process.
The DMA controller must assert the End of
Process input, EOP, concurrent with the last
byte/ word data transfer to indicate that the
entire packet has been transferred.
EtherStar will then discontinue making further
data requests. RENA must be cleared when
the packet transfer is completed, and set
again when the host desires to begin reading
another packet from the receive buffer using
DMA.

When EOP is asserted by the external DMA
controller, the EOP status bit, BMPR4<2>,
will be setto a ‘1’ and will cause RINT to be
asserted if BMPR4<3>, EOP_INT_MSK, is
set. This interrupt can be used by the host to
clear RENA. The interrupt is cleared by
writing to BMPR4 with bit 2 set, which can be
done at the same time as RENA is cleared.

BUFFER MEMORY

IMPLEMENTATION

EtherStar is configured via the BSO and BS1
inputs to support buffer memory sizes of 8,
16, 32 or 64 Kbytes. Figures 9 and 10
illustrate the typical implementation of the
buffer memory for these options in both byte
and word modes using industry standard
DRAMs and SRAMs, respectively. Table 6
describes the relationship between the
internal address lines A15:A0 and the
multiplexed buffer addresses BA7:BAO.

Although not necessary for operational
purposes, it is useful for debugging and
diagnostic purposes to describe how the
network side and the system side access the
buffer.

Network Access
The network side always transfers a byte ata
time to or from the buffer.

In word mode (B/W = 0), HAS0 is asserted
for each LS byte transferred to or from the
buffer and RAST is asserted for each MS
byte transferred to or from the buffer.

In byte mode (B/W = 1), for 8, 16 or 64 Kbyte
configurations, RASD is asserted for every
byte transferred to or from the buffer. For 32
Kbyte configuration, RAS0 is asserted during
even byte transfers (A0 = 0), while RAST is
asserted during odd byte transfers (A0 = 1).

System Access

The system side transfers either a byte ata
time or aword at a time to or from the buffer,
depending on the mode selected.

In word mode (B/W = 0, both RAS0 and
HAST are asserted for each word transferred
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to or from the buffer. Itis not possible to
address the bytes separately for this mode.

In byte mode (B/W = 1), for 8, 16 or 64 Kbyte
configurations, HASO is asserted for every
byte transferred to or from the buffer. For 32
Kbyte configuration, RAS0 is asserted during
even byte transfers (AO = 0), while RAST is
asserted during odd byte transfers (AO = 1).

LOOPBACK

A loopback capability is provided to aflow
operation of EtherStar to be exercised
without sending signals onto the LAN media.
The loopback function is invoked by clearing
the [BC bit, DLCR4<1>, to a zero. The
complement of this bit appears at the
Loopback output, LBC. Operation is
illustrated in Figure 11,

transmit data is blocked from appearing at
the TXDS pin, and the RXDS and XCOL
inputs are ignored. Data is routed from the
transmit buffer, through the transmit section
of the DLC, through the intemal Manchester
encoder, back to the Manchester decoder,
through the receive section of the DLC, and
is then stored in a receive buffer.

In Ethernet mode, operation is similar, except
that the data is output on TXD and received
at RXD. The external Manchester
encoder/decoder, such as the NES02A,
should respond to assertion of its LBC input
by looping its transmitter output to its receiver
input internally, and should block the transmit

STARLAN CONFIGURATION

ETHERSTAR
o
TxDs NO SIGNALS
SR
AXDS «——— |«—
ETHERNET CONFIGURATION
ETHERSTAR N s02A ODER
@D
~ I iBC NO SIGNALS
Rxp "] APPEAR AT
OUTPUT PINS

Figure 11. Loopback Operation

In StarLAN mode, the TXDS output is
internally tied back to the RXDS input. The
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data from appearing at its output pin.

NE86950

TCKP TCKN/TCKN

RF
MY

O—

02::[ Cc1 :]::

RECOMMENDED VALUES:
Al
RO = 170Q
C1=20pF
C2 = 20pF
Figure 12. Crystal Connection
for StarLAN Mode
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ouTPUT % 1.5V TEST POINT % 1.5V
2.4v
INPUT %@v TEST POINT

0.4V
OUTPUT PIN
I Cy = 60pF
BUS PIN —
I CL = 85pF

Figure 13. Test Conditions

CRYSTAL OSCILLATOR

The NE86950 requires a precise 10MHz
clock source for proper operation. In
Ethernet mode, this signal is normally
supplied from the extemal encoder/decoder.
In StarL AN mode, the signal may be supplied
externally, or may be generated from a
crystal by connecting the crystal as shown in
Figure 12.
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Table 1. Internal Register Address Map
oY hy | BACK | DSEL | RSEC | sas | sa2 | sa1 | sao | ADDREss DESCRIPTION
BYTE 1 1 0 0 o] 0 0 DLCRO Transmit Status
BYTE 1 1 o] 0 0 0 1 DLCR1 Transmit Masks
BYTE 1 1 o] 0 o] 1 0 DLCR2 Receive Status
BYTE 1 1 0 0 0 1 1 DLCR3 Receive Masks
BYTE 1 1 0 0 1 (o] 0 DLCR4 Transmit Mode
BYTE 1 1 0 0 1 0 1 DLCRS Receive Mode
BYTE 1 1 0 0 1 1 0 DLCRS Software Reset
BYTE 1 1 0 0 1 1 1 DLCR7 TDR (LSB)
BYTE 1 1 0 1 0 0 0 DLCRs Node 1DO
BYTE 1 1 0 1 0 0 1 DLCR9 Node 1D1
BYTE 1 1 0 1 0 1 0 DLCR10 Node ID2
BYTE 1 1 o 1 0 1 1 DLCR11 Node ID3
BYTE 1 1 0 1 1 0 o] DLCR12 Node I1D4
BYTE 1 1 0 1 1 0 1 DLCR13 Node ID5
BYTE 1 1 0 1 1 1 0 DLCR14 Reserved
BYTE 1 1 0 1 1 1 1 DLCR15 TDR (MSB)
BOTH 1 0 1 0 0 0 0 BMPRO Buffer Memory Port
BOTH 1 0 1 0 0 1 0 BMPR2 Packet Length LSB
BOTH 1 0 1 (o] 0 1 1 BMPR3 Packet Length MSB
BOTH 1 0 1 0 1 0 0 BMPR4 DMA Enable/Control
BOTH 0 1 1 X X X X BMPRO Buffer Memory Port
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Table 2. Data Link Controller Register Set Summary
DLCR | REGISTER | RDWR | BIT7 BIT6 BIT5 BIT4 BIT 3 BIT 2 BIT 1 BITO
Transmit | gEAD NETBSY | fML | sATekT | ubRFO | coL
0 Status
WRITE — — CLR CLR
Transmit CEAD MASK — MASK | MASK | MASK —
1 Interrupt Masks TMTREC UDR FLO CcoL 16 COL
WRITE MASK — MASK | MASK | MASK —
TMTREC UDRFLO | coL | 1ecoL
Receive y
) Soaiv READ — | RMTRST | SRTPKT | ALGERR |CRCERR
WRITE 0 — CLR CLR CLR
Receive CEAD MASK MASK | MASK | MASK | MASK
3 | Intorrupt Masks — | RMTRST | SRTPKT | ALGERR | CRCERR | OVR FLO
WRITE MASK MASK | MASK | MASK | MASK
: — | RMTRST | SRTPKT | ALGERR | CRCERR | OVR FLO
Transmit COLCTR | COLCTR | COLCTR | COLCTR
. ansm READ - X | 5 CHPTST | W BT DSC
WRITE — — — — CHPTST | M TBC DSC
Receive ENA ENA
s ecelv READ TST BUF FUL | ADDSIZE | oot | memasr | AM! AMO
ENA ENA
WRITE TST — — | ADDSIZE | girpkT | memasr | AM1 AMO
Enable Data
6 Link Controller - - - - - - - -
WRITE
oLy | ENADIT — - — — — — —
7 TOR(LSB) | ot> | TDR? TDR6 | TDRs | TDR4 TDR3 TOR2 | TODRf TDRO
READ R
8 Node ID R, ID7 ID6 ID5 ID4 ID3 ID2 ID1 IDO
READ
9 Node ID went | 11s D14 ID13 ID12 ID11 ID10 ID9 ID8
10 Node ID READ ID23 ID22 ID21 ID20 ID19 D18 D17 ID16
WRITE
11 Node ID READ ID31 ID30 ID29 ID28 ID27 iD26 D27 ID28
WRITE
12 Node ID READ ID39 ID38 ID37 ID36 ID35 ID34 ID33 ID32
WRITE
13 Node ID READ ID47 ID46 ID45 D44 ID43 ID42 D41 ID40
WRITE
14 Reserved — —_ — —_ — — — — —
15 | TOR(MsB) | AEAD — — TDR13 | TDR12 | TDR11 | TOR1o | TDR9 TDRs
NOTES:

1. * A'1" should never be written into these bits.

2. The shaded bits indicate those that should be closel
handled by EtherStar and are for information only,
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ly monitored/controlled by the host. Other status bits in DLCR2 and DLCR4 are automatically
so thus may normally be masked.
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Table 3. Buffer Memory Port Register Set Summary
BMPR | REGISTER RD/WR BIT7 | BIT6 ] BITS5 ] BIT4 1 BIT 3 BIT 2 | BIT 1 BITO
Buffer READ IN BYTE MODE, CONSECUTIVE BYTES ARE READ FROM OR WRITTEN TO THE BUFFER
0 Memory Port ————| MEMORY BY READING/WRITING BMPRO. IN WORD MODE, CONSECUTIVE WORDS ARE
v WRITE READ FROM OR WRITTEN TO THE BUFFER MEMORY BY READING/WRITING BMPRO.
Packet . . _ _ _ . . .
Length LSB -
2 WRITE
ONLY PL7 PL6 PL5 PL4 PL3 PL2 PL1 PLO
Packet _ _ . . L _ _ .
Length MSB -
3 WRITE
ONLY TMST — — — — PL10 PL9 PL8
DMA EOP INT .
4 | EnableStatus | READ - - — — MASK*® | EOP — —
WRITE — — — — BT [ SEREOR | mENA | TENA
NOTES:

1. * These bits are not implemented in the NEBG950A version of EtherStar.

Table 4. Data Link Controller Register Descriptions
DLCRO -Transmit Status, Read/Write

This register provides transmit status to the host. The user may program the assertion of bits 7, 5, 3, 2 and 1 of this register to cause the
assertion of the Transmit interrupt output (TTNT = 0) by setting the corresponding bits in DLCR1. Assertion of bit O of this register will cause
assertion of TINT ~this bit is not maskable.

Bits <3:0> may be cleared individually or in any combination by writing a ‘1’ to those bits. The state of bits written with a ‘0’ is not affected.
Bit <7:4> are cleared automatically as described below.

RD/WR BIT7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT1 BITO

READ | TMTOK | NETBSY | TMTREC | SRTPKT | UDRFLO | coL 16COL | WBeSR

WRITE — —_ — — CLR CLR CLR CLR
BIT SYMBOL DESCRIPTION

0 BUS WR ERR | BUS WRITE ERROR: This efror condition occurs if a RDY response cannot be issued within 2.4ps after the WRT
signal is asserted by the host system when writing to the buffer memory port register, BMPRO. Occurs when the
transmit buffer memory is full. This should not happen during normal operation.

1 16 COL 16 COLLISION: This bit is set after the sixteenth unsuccessful transmission of the same packet.

2 CcOL COLLISION: This bit is set if a collision occurs during transmission of a data packet. The buffer manager will
automatically attempt to transmit the current packet up to 16 times. The user may determine the number of
consecutive collisions by reading the collision counter, DCLR4<7:4>.

3 UDRFLO UNDERFLOW: This register is set when data from the transmit section of buffer memory is not available for serial
transmission. EtherStar will continue to send out this data frame. This should not occur during normal operation.

4 SRT PKT SHORT PACKET: Set if the Received Carrier Detect input (XCD) is negated during a packet transmission. This can
be caused by a collision or a shorted LAN media. Automatically cleared as each transmission begins.

5 TMT REC TRANSMIT RECEIVED: Indicates that a good packet was received by the receiver shortly after transmission was
completed. This is used to indicate self—reception of the packet. This allows the software to take advantage of the
hardware address matching even in systems which are designed for half duplex operation. This bitis cleared as each
transmission begins.

NET BSY NET BUSY: This is a copy of XCD, the Receive Carrier Detect pin.
TMT OK TRANSMIT OKAY: This bit is set when a data packet is successfully transmitted. EtherStar clears this bit

automatically as each transmission begins and sets it automatically at the finish of each data packet transmission.
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Table 4. Data Link Controller Register Descriptions (Continued)
DLCR1 —Transmit Interrupt Masks, Read/Write

Bits 7, 5, 3, 2, 1 are the transmit interrupt masks. They can be setindividually depending on system requirements. Setting a bitto a'1' causes
the assertion of the corresponding bit in DLCRO to assert TINT.

RD/WR BIT7 BIT 6 BITS BIT 4 BIT3 BIT 2 BIT1 BITO
READ MASK MASK MASK MASK MASK
WRITE TMT OK _ TMT REC _ UDRFLO | COL 16 COL -

DLCR2 —Receive Status, Read/Write

This register provides receive status to the host. The user may program the assertion of bits 7 and <4:0> of this register to cause the assertion
of the Receive Interrupt output (RINT = 0) by setting the corresponding bits in DLCR3. Assertion of bit 6 of this register will cause assertion
of RINT —this bit is not maskable.

Bits <7:6> and <3:0> may be cleared individually or in any combination by writing a ‘1" to those bits. The state of bits written with a ‘0’ is not
affected. Bit 4 is cleared automatically as described below.

RD/WR BIT7 BIT6 BIT S5 BIT 4 BIT 3 BIT 2 BIT 1 BITO
READ | PkTRDY | RBYS_ — | RMTRsT| sRTPKT |ALGERR | CRC ERR| OVRFLO
WRITE CLR CLR ‘0 — CLR CLR CLR CLR
BIT SYMBOL DESCRIPTION
0 OVR FLO OVERFLOW: This bit is asserted if a received packet is discarded because there is insufficient memory space in the
receive buffer memory to accommodate the complete data packet. The space remaining is made available for shorter
data packets.
1 CRC ERR CRC ERROR: This bitis set when the calculated CRC does not match the CRC at the end of the received packet.
2 ALG ERR ALIGNMENT ERROR: Set if a packet has bad CRC at the last octet boundary and the number of bits are not divisible
by eight.
3 SRT PKT SHORT PACKET: Set if a data packet does not meet the minimum fength requirements of 60 bytes or 6 bytes when
the enable short packet bit, DLCR5<3>, is on.
4 RMT RST REMOTE RESET: This bit will be set when the ENA RMT RST bit, DLCR5<2>, is on and a receive packet with the

special data length 0900H is successfully received. The RMT RST bit, when set, will assert the PRES pin. The bit
is cleared at the beginning of the next packet reception. This bitis set only if the node ID matches, not on multicast
or broadcast addresses, in any address match mode (see DLCR5<1:0>).

— RESERVED: Never write a “1” into this bit.

BUS RD ERR | BUS READ ERROR: This error condition occurs if a HDY response cannot be issued within 2.4us after the RD signal

is asserted by the system when reading the buffer memory port register, BMPRO. Occurs when trying to read when
the receive buffer memory is empty.

7 PKT RDY PACKET READY: Set after the successful reception of packet data into the receive buffer memory.

DLCR3 —Receive Masks, Read/Write
Bits 7and <4:0> are the receive interrupt masks. Setting a bitto a‘1; causes the assertion of the corresponding bitin DLCR2 to assert RINT.

RD/WR BIT7 BIT6 BIT 5 BIT 4 BIT 3 BIT 2 BIT1 BITO
READ MASK MASK MASK MASK MASK MASK
WRITE PKT RDY - - RMT RST| SRTPKT | ALG ERR| CRC ERR} OVR FLO
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Table 4. Data Link Controller Reglsters Descriptions (Continued)
DLCR4 -Transmit Mode, Read/Write

This register controls certain transmit functions and provides the count of successive coliisions on transmission attempts.

RD/WR BIT7 BIT6 BITS BIT 4 BIT3 BIT 2 BIT 1 BITO
READ COLSCTR COL20TR COL1CTR COLOCTR CHP TST ™ BC DSC
WRITE — —_ — —_— CHP TST ™ [BC DSC
BIT SYMBOL DESCRIPTION
0 DSC DISABLE CARRIER DETECT: When this bitis set the transmitter disregards XCD, the Carrier Detect signal.
1 EBC LOOPBACK CONTROL: This bit controls the loopback function of the external encoder/decoder in Ethernet mode,

and the internal loopback function in StarLAN mode. The LBC pin signal value is the complement of the value of this
bit, ‘0’ = Loopback, ‘1’ = No Loopback.

2 ™ TEST MODE: A bit whose complement is available as singal pin TM. Used for controlling power to the transceiver
or any other function external to the chip.

3 CHP TST CHIP TEST: Signetics internal use. Always write a ‘0’ to this bit for normal operation.
<7:4> COLCTR COLLISION COUNTER: Bits <7:4> keep track of the number of consecutive collisions during transmission of a data
packet.
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Table 4. Data Link Controller Register Descriptions (Continued)
DLCRS5 -Receive Mode, Read/Write

This register controls certain receive functions and provides receive buffer memory status.

RD/WR BIT7 BIT6 BITS BIT 4 BIT 3 BIT 2 BIT 1 BITO
READ TST BUFEMP | BUFFUL |ADDszZE| ENA | RiMAsr|  AM1 AMO
WRITE ST — — | aopszE| o | ReAsT|  AMt AMoO
BIT SYMBOL DESCRIPTION
<1:.0> AM1, AMO | ADDRESS MATCH MODE: These two bits control address recognition and matching.
Bit1 | Bit0 Function
0 0 | Accept no packets.
0 1 | Acce tﬁgysical address, multicast—group addresses which
match the first three bytes, and broadcast address.
1 0 | Accept physical address, all multicast addresses, and
broadcast address.
1 1 | Accept all packets (promiscuous mode).
2 ENA ENABLE REMOTE RESET: This bit is used to enable/disable the receipt of packets with the special data length
RMT RST 0900H. See DLCR2<4>.

3 ENA SRT PKT | ENABLE SHORT PACKET: When set to *1, the receive section will receive packets as short as six bytes. When
reset to “0°, the receive section of buffer memory will receive between 60 bytes and two Kbytes.

4 ADD SZE ADDRESS SIZE: When set, this bit reduces the node |D address match to five bytes rather than the normal six bytes.
This is used where the node is used to perform some multiplex function on the least significant byte of the destination
address.

5 BUF FUL BUFFER FULL: This bit provides real-time status of the receive buffer memory. As a packetis being loaded into the
buffer memory from the data link controller, this bit will be set if the empty space remaining becomes equal to or less
than eight bytes. This bit will automatically clear when the space remaining becomes more than eight bytes due to
a) the packet being rejected and sufficient memory freed by the buffer manager or b) the host reading enough data
from the buffer.

6 BUF EMP BUFFER EMPTY: Indicates that the buffer memory is empty. A “0"indicates that there is atleastone good data packet
in the receive section. A “1"indicates that the receive section is empty. This bit gives the host software an indication
to continue reading additional data frames from the receive buffer after successtul reading of a packet.

7 TST TEST: This bitis used for testing purposes. When EtherStar is in the receive mode, this bit set to “1” fixes four bytes

of the CRC to C7, 04, DD, 7B. This value is shifted into the CRC register and checked without being modified. When
EtherStar is transmitting, the back—off algorithm is changed to 2ef™" + 1, where n is the number of collisions.

DLCR6 -Enable Data Link Controller, Write Only

RD/WR BIT?7 BIT6 BITS BIT4 BIT3 BIT 2 BIT1 BITO
WRITE | ENADLC — — — — — — —
ONLY
BIT SYMBOL DESCRIPTION
<6:0> — Not used.
7 ENADLC ENABLE DATA LINK CONTROLLER: This bit must be cleared by writing a “0” into the location after the other DLC

registers have been programmed. After this bitis cleared, EtherStar is ready to transmit and receive. Atleast 15ys
must elapse between the end of the hardware reset pulse falling edge and the writing of ENADLC. “1” will release
EtherStar from any activity on the network. Node ID registers DLCR8-13 read/write only when this bit is *1”.
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Table 4. Data Link Controller Register Descriptions (Continued)
DLCR7 -TDR Register LSBs, Read Only, DLCR15 — TDR Registers MSBs, Read Only

A Time Domain Reflectometer (TDR) function is provided by this 14-bit counter that counts the number of bits successfully transmtted for
each packet. The purpose of this function is to provide a rough measure of the distance of the unit on the network to some media fault, either
a short or an open.

The counter is cleared at the beginning of each transmission and counts bits from that time until the Carrier Detect input (XCD) negates or
acollision is detected. The counteris also cleared after each successful data packettransmission. The LSBs are read from DLCR7, the MSBs
from DLCR15.

RD/WR BIT7 BIT6 BIT5 BIT 4 BIT 3 BIT 2 BIT 1 BITO

pLcr7 | READ TDR7 TDR6 TDR5 TDR4 TDR3 TDR2 TDR1 TDRO
READ

DLCR15 | SNLY — — TOR13 | TDR12 | TOR#1 | TDRio | TDRo TDR8

DLCR8:DLCR13 —Node ID Registers, Read/Write

The node 1D is comprised of the six bytes contained in DLCR8 through DLCR13. EtherStar compares this node ID with the destination field
of all packets on the LAN media to determine if there is a match. if the two addresses match, and the address match mode in DLCR5<1:0>
allows reception, the packet is received into buffer memory. DLCR8 is the LS byte and DLCR13 is the MS byte of the node ID. The node
ID is reduced to the five MS bytes (DLCR9 to DLCR13) if DLCR5<4> is setto a ‘1’.

These registers are accessible for read/write operation only when the data link controller has been disabled via DLCR6<7> or immediately
after reset.

RD/WR BIT7 BIT6 BIT5 BIT 4 BIT 3 BIT 2 BIT 1 BITO
READ .

pLcre | READ ID7 D6 IDS ID4 ID3 ID2 iD1 IDO
READ

DLCRe | REAR ID15 ID14 ID13 D12 ID11 D10 ID9 ID8

DLCR10 | JEAD ID23 D22 iD21 ID20 ID19 ID18 D17 ID16
WRITE

DLCR11 | [JEAD ID31 ID30 ID29 ID28 ID27 D26 ID25 ID24
WRITE

DLCR12 | READ ID39 ID38 ID37 ID36 ID35 ID34 ID33 ID32
WRITE

DLCR13 | \READ 1D47 ID46 ID45 D44 ID43 D42 ID41 ID40
WRITE

*Do not program to ‘1'.

Table 5. Buffer Manager Port/Register Descriptions
DMPRO —Buffer Memory Port Register, Read/Write

This register provides the host access to the buffer memory. Writing a byte/word to this port transfers that data to the currently addressed
location in the transmit buffer and increments the transmit buffer pointer to point to the next byte/word. Reading a byte/word from this port
transfers the contents of the currently addressed location in the receive buffer to the host and increments the receive buffer pointer to point
to the next byte/word. See DLCR0<0>, DLCR2<6>, DLCR5<5> and DLCR5<6> for additional information.

This register is byte access only in byte mode and word access only in word mode (the upper and lower bytes cannot be accessed
independently in word mode).

- Word Access

Xy

Byte Access

READ
WRITE
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Table 5. Buffer Manager Port/Register Descriptions (Continued)
BMPR3:BMPR2 -Packet Length Registers, Write Only

The host writes to these registers to define the length of the packet which was loaded for transmission into the currently addressed transmit
buffer. The LS byte is in the BMPR2, the MS bits are in BMPR3. The transmit start bit, TMST in BMPRS3, is set when BMPR3 is written to

inform the buffer manager that the data and packet length have been provided and that it should initiate transmission of that packet via the
data link controller.

in byte access mode, the LS byte must be written first, followed by the MS bits and TMST in BMPR3.

ROWR | BIT? BIT6 BTs | BT4 | BIT3 | BIT2 BIT1 | BITo
amMpr2 | WRITE [ pL7 PL6 PL5 PL4 PL3 PL2 PL1 PLO
aMpr3 | 'URITE [ T™sT — — — — PL10 PLO PL8

BMPR4 —-DMA Control and Status Register, Read/Write
This register enables/disables DMA operation for accessing the buffer memory, and provides DMA status.

RD/WR BIT7 BIT6 BIT5 BIT 4 BIT 3 BIT 2 BIT 1 BITO
BMPR2 | READ — — — — | EORNNT|  EoP — —
BMPR3 | WRITE — — — — EOPINT | cLREOP| RENA TENA
BIT SYMBOL DESCRIPTION
0 TENA TRANSMIT DMA ENABLE: A‘1' enables DMA write operation between the host and the buffer memory. A ‘0’ disables

DMA write operation between the host and the buffer memory. Write only.

1 RENA RECEIVE DMA ENABLE: A ‘1’ enables DMA read operation between the host and the buffer memory. A ‘0’ disables
DMA read operation between the host and the buffer memory. Write only.

2 EOP END OF PROCESS: Indicates that an entire packet has been transferred between the buffer memory and the host.

Set to a '1" when the external DMA controller asserts the EOP input. The host should respond by clearing RENA or
TENA. When this bit is set, the Receive Interrupt output, RINT, will be asserted if this action has been enabled by
setting bit 3 of this register. Writing a ‘1" to this bit clears the status bit, writing a ‘0’ has no effect. Read/write.
NOTE: This function is not implemented in the NES86950A version of EtherStar.

3 EOP INT EOP INTERRUPT MASK: Writing a ‘1’ to this bit will cause RINT to be asserted when the EOP status bit, bit 2 of this
MASK register, is also set. Writing a '0' to this register masks RINT from being asserted by that condition. Read/write.
NOTE: This function is not impiemented in the NEBE950A version of EtherStar.
<7:4> — Not used.
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Table 6. Address Multiplexing on Buffer Address Outputs
Externall
Internal BA7 BA6 BAS BA4 BA3 BA2 BA1 BAO
RAS ADDRESS A13 A12 A1t A10 A9 A8 A7 A6
CAS ADDRESS A15 A5 Ad A3 A2 A1 A0 At4
SA3-0 ——<: )
DSELC __\
RSELC
N /]
BRE
4
\\ /1
7 |- 2
le— t1 —»\ /‘_ "
SD15-SDO %__
j— 13 5>
m G—j
Figure 14. Read Timing
saz0 —( D
DSEL
RSEC 4
jy /|
BRE
74
AN /
B - 2>
WHT —
— 1 N\ // - 4
SD15-SDO 4 &—
— 6 —>»
[e— t7
RDY 'r—-—-—
Figure 15. Write Timing
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Figure 16. BREQ, BACK and EOP DMA Timing
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Figure 21. Transmit In Ethernet Configuration
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80-PIN RECTANGULAR PLASTIC QUAD FLAT PACK (B) PACKAGE
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84-PIN PLASTIC LEADED CHIP CARRIER (A) PACKAGE
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. 1008 (3038 ) . 1. Package dimensions conform to JEDEC specification
[ w/w]e | ge
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—_— h
—— - (W) I AEE R 050 inch lead spacing, square. (issue A, 10/31/84).
':J'.’-" ! - - i O AL FOILICIE O 2. Controlling dimensions: inches. Metric dimensions in
* MAces ; 4 -2 : o mm are shown in parentheses.
-T:nnnnnrnnhnnnnnnnnnntrr“[ e ¢ 3. Dx ing and g per ANSI Y14.5M-1982.
—7 4. Datum plane ""H" located at the top of moid parting
D line and coincident with top of lead, where lead exits
g plastic body.
il 5. Location to datum "A” and "B" to be determined at
¢ ) h plane "“H". These Datums do not include mold Hlash.
::=(::) g 1500 { 3840 ) Mold flash protrusion shall not exceed .006" (0.15
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- b [TE-] l 1.908 ( 3038 ) (top view).
| 1;%'. h i 1986 (20 ) 8. Signetics order code for product packaged in a PLCC
Y i | is the suftix "A" after the product number.
; ! 9. Applicable to packages with pedestal only.
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DEFINITIONS

Data sheet status

Objective specification This data sheet contains target or goal specifications for product development.

Preliminary specification | This data sheet contains prelirhinary data; supplementary data may be published later.

Product specification This data sheet contains final product specifications.

Limiting values

Limiting values given are in accordance with the Absolute Maximum Rating System (IEC 134). Stress above one or more
of the limiting values may cause permanent damage to the device. These are stress ratings only and operation of the
device at these or at any other conditions above those given in the Characteristics sections of this specification is not
implied. Exposure to limiting values for extended periods may affect device reliability.

© Philips Export B.V. 1991

All rights are reserved. Reproduction in whole or in part is prohibited without the prior written consent of the
copyright owner.

The information presented in this document does not form part of any quotation or contract, is believed to be accurate
and reliable and may be changed without notice. No liability will be accepted by the publisher for any consequence of
its use. Publication thereof does not convey norimply any license under patent- or other industrial or intellectual property
rights.

Printed in The Netherlands 9397 295 60011

LIFE SUPPORT APPLICATIONS

This product is not designed for use in life support appliances, devices, or systems where malfunction of this
product can reasonably be expected to result in personat injury. Philips customers using or selling this product for
use in such applications do so at their own risk and agree to fully indemnify Philips for any damages resulting from
such improper use or sale.
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