Writing Drivers for the
DP8390 NIC Family of
Ethernet Controllers

INTRODUCTION

This document provides detailed information for writing driv-
ers for the NIC Family of Ethernet Controllers; DP8390 NIC,
DP83901 SNIC™, DP83902 ST-NIC™, and DP83905
AT/LANTICT™, It describes the basic components of the
drivers: (1) hardware initialization, (2) initiating transmis-
sions, and (3) servicing receive and transmit interrupts. It
includes specific examples of actual network drivers (Driver-
Initialize, DriverSend, and DriverlSR). We recommend that
you become familiar with the individual part Data-
sheets.

HARDWARE INITIALIZATION

The initialization procedure supplies configuration parame-
ters for the NIC Controllers to operate in the current system.
This involves the CPU loading the proper values into the
configuration and address registers and enabling the NIC
Controllers onto the network. The following shows a list of
parameters that must be initialized before the NIC Control-
lers become operational.

data bus width (8 or 16 bits)

physical address

types of interrupts that may be serviced
size of the Receive Buffer Ring

FIFO threshold

types of packets that may be received

An example of an initialization routine for a typical 8-bit sys-
tem is exemplified in Driverlnitialize. Note that the DATA
CONFIGURATION register must be initialized before all oth-
er registers are initialized (except the COMMAND register).
Note also the sequencing to enable the DP83902 and
DP83905 onto the network.

PACKET TRANSMISSION

The transmit driver is generally partitioned into two parts.
The first part (DriverSend) initiates a transmission whenever
the upper level software passes a packet to the driver. If the
driver is unable to transmit the packet immediately (i.e., the
transmitter is busy), the supplied packet is queued in a
transmit-pending buffer. After initiating or queuing up the
packet, DriverSend returns.

DriverSend operates in conjunction with an interrupt service
routine (DriverISR). After completing the transmission, the
NIC Controllers interrupt the CPU to signal the end of the
transmission and indicate status information in the TRANS-
MIT STATUS register.

RECEIVE DRIVER

The responsibility of the receive driver is to transfer data
from the Receive Buffer Ring to the host’s memory. Ideally,
this process is done as fast as possible to eliminate any
bottlenecks that may be incurred by the driver. The NIC
Controllers facilitate removing data from the Ring by provid-
ing a Remote DMA channel to transfer data from the Ring to
an 1/0 port which is readable by the host system. It also
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maintains two pointers to track packets in the Ring:
BOUNDARY and CURRENT. These registers respectively
point to the last unread packet in the Ring and the next
vacant location in memory to receive another packet. Gen-
erally, the receive driver removes the next packet pointed to
by BOUNDARY, then increments BOUNDARY to the suc-
ceeding packet indicated by the Next Page Pointer in the
4-byte NIC Controllers receive header. This process contin-
ues until all packets have been removed from the Ring.

The NIC Controllers automate packet removal with the
“send packet” command. When this command is issued,
the NIC Controllers automatically load the DMA start ad-
dress with BOUNDARY, load the DMA byte count from the
4-byte receive header, then begin transferring data. At the
end of the DMA, the NIC Controllers update BOUNDARY
with the Next Page Pointer from the receive header. To re-
move all packets from the Ring, the receive driver simply
issues the “send packet” command until the BOUNDARY
and CURRENT registers are equal.

Because of the asynchronous nature of reception, the re-
ceive driver must be interrupt driven. Typically, packet re-
ception is given high priority since delaying packet removal
may overflow the Receive Buffer Ring. If several packets in
the ring have been queued, all packets should be removed
in one process (i.e., a software loop which empties the
Ring). In heavy traffic conditions, local memory can fill up
quickly so it is important that the Ring be large enough to
handle these situations.

To find out how many packets are lost due to Ring over-
flows or network errors, the NIC Controllers have three sta-
tistical registers to monitor the network; FRAME ALIGN-
MENT ERROR tally, CRC ERROR tally, and FRAMES
LOST tally. These registers are useful in initially determining
the size of the Ring and how many packets are lost due to
network related errors (CRC errors and/or frame alignment
errors).

EXAMPLE DRIVERS

The following transmit and receive drivers are written in as-
sembly for fast execution. The transmit driver is partitioned
into two parts, DriverSend and DriverISR, while the receive
driver resides entirely within DriverISR. This section gives an
overview of DriverlSR, followed by a description on how re-
ceive and transmit interrupts interact with DriverISR.

Interrupt Service Routine (DriverISR)

DriverISR is concerned with interrupts originating from re-
ceptions, transmissions, and errored transmissions. Errored
receptions are ignored since these are usually collision frag-
ments and are of no use to the upper layer software. Driver-
ISR (Figure 2) consists of (1) a packet transmitted routine
and (2) a packet received routine. The basic functions of the
routines are as follows:

Packet Transmitted Routine: checks the status of all trans-
missions and transmits the next packets in the transmit-
pending queue.
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Packet Received Routine: removes all packets in the re-
ceive buffer ring by using the “send packet” command of
the NIC Controllers.

Transmit Driver

The transmit drivers consist of two parts. The first part, Dri-
verSend (Figure 3), initiates transmission when called by the
upper layer software. DriverSend checks if the NIC Control-
lers are ready to transmit by reading the COMMAND regis-
ter (TXP bit is zero). If ready, the DriverSend using the
DP8390’s Remote DMA channel, transfers from the PC’s
memory to local memory, then issues the transmit com-
mand and returns. Otherwise, if the NIC Controllers are
busy (TXP bits equal one) DriverSend queues the packet in
the transmit-pending queue, then returns.

DRIVER SEND

DP8390/901

/902/905
Ready to
Jransmit?

NO

A 4

DMA Packet from
PC to Local
Memory

v

Program NIC to
Transmit Packet
(Command Reg = 26h)

RETURN

FIGURE 3. Driver Send Routine
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After a transmission is completed, DriverISR services the
interrupt from the NIC Controllers and (1) reports status in-
formation by reading the TRANSMIT STATUS register and
(2) transmits the next packet in the transmit-pending queue,

if any. Thus, for a transmit interrupt, DriverlSR executes the
following steps:

1. Reset PTX bit in INTERRUPT STATUS register.

2. Check for good transmission by reading the TRANSMIT
STATUS Register.

3. If there are more packets in the transmit-pending queue,
transmit the next packet; otherwise go to 4.

4. Read INTERRUPT STATUS register for any pending in-
terrupts.

Receiver Driver

Since the receiver driver must be interrupt driven, it resides
completely within the DriverlSR. When the receive interrupt
occurs, one or more packets may be buffered into the Ring
by the NIC Controllers. The DriverlSR removes packets
from the Ring and then passes them up to the host. Using
the “send packet” command, packets are removed until the
Ring is empty, that is, when CURRENT and BOUNDARY
registers are equal. The sequence of the receive packet
routine is shown below.

1. Reset the PRX bit in the INTERRUPT STATUS register.

2. Remove the next packet in the receive buffer using the
“send packet” command.

3. Check to see if the receive buffer ring is empty: BOUND-
ARY register = CURRENT PAGE register

4. If the Ring is not empty, go to 1; otherwise read INTER-
RUPT STATUS register for any more pending interrupts.

OTHER SOFTWARE CONSIDERATIONS

The NIC Ethernet Controllers require some special software
considerations to operate in all network environments. In
particular, the handling of overflow of the receive buffer ring
must be handled EXACTLY as described in the data sheet
and Design Tips.

The most efficient manner to remove packets from the
transmit-pending queue is to use Driver Send to initiate
transmission of the very first packet in the queue; then upon
completion, use the DriverlSR to transmit the remaining
packets. Using this method, the DriverlSR examines the
queue, transmits the next available packet, then exits. The
DriverISR transmits the next packet after the NIC Control-
lers issue the next transmit interrupt.




DriverInitialize

Initializes the NIC for a typical network system.
Receive Buffer Ring 2600h to 4000h
Transmit Buffer 2000h to 2600h

Entry: none
sttt ok kR ko s sk sk sk ok sk s o s ol s ol s ol sl sl sl sl Rl R Rk Rk sk kR kR R SR SRR SRR SRR SR R K K oK
soksokokoio ook Equates  for NIC Registersistiostdotdotiotiotiotiotiotiotio:
COMMAND equ 300h
PAGESTART equ COMMAND+1
PAGESTOP equ COMMAND+2
BOUNDARY equ COMMAND+3
TRANSMITSTATUS equ COMMAND+4
TRANSMITPAGE equ COMMAND+4
TRANSMITBYTECOUNTO equ COMMAND+5
NCR equ COMMAND+5
TRANSMITBYTECOUNT1 equ COMMAND+6
INTERRUPTSTATUS equ COMMAND+7
CURRENT equ COMMAND+7 ;in page 1
REMOTESTARTADDRESSO equ COMMAND+8
CRDMAO equ COMMAND+8
REMOTESTARTADDRESS1 equ COMMAND+9
CRDMA1 equ COMMAND+9
REMOTEBYTECOUNTO equ COMMAND+0Oah
REMOTEBYTECOUNT1 equ COMMAND+0bh
RECEIVESTATUS equ COMMAND+0ch
RECEIVECONFIGURATION equ COMMAND+0Och
TRANSMITCONFIGURATION equ COMMAND+0dh
FAE_TALLY equ COMMAND+0dh
DATACONFIGURATION equ COMMAND+0Oeh
CRC_TALLY equ COMMAND+0Oeh
INTERRUPTMASK equ COMMAND+0fh
MISS_PKT_TALLY equ COMMAND+0fh
PSTART equ 46h
PSTOP equ 80h

CGroup group Code
Code segment para public 'Code’
assume ¢s:CGroup, ds:CGroup, es:nothing, ss:nothing

rer db 0 svalue for Recv config. reg
ter dab 0 svalue for trans. config. reg
der db 58h ;value for data config. reg
imr db Obh svalue for intr. mask reg




D

riverInitialize proc near

public DriverInitialize
mov al,2lh
mov dx, COMMAND
out dx,al
mov al,dcr
mov dx,DATACONFIGURATION
out dx,al
mov dx,REMOTEBYTECOUNTO
xor al,al
out dx,al
mov dx,REMOTEBYTECOUNT1
out dx,al
mov al,rcr
mov dx,RECEIVECONFIGURATION
out dx,al
mov al,20h
mov dx, TRANSMITPAGE
out dx,al
mov al,02
mov dx, TRANSMITCONFIGURATION
out dx,al
mov al,26h
mov dx,PAGESTART
out dx,al
mov dx, BOUNDARY
out dx,al
mov al,40h
mov dx,PAGESTOP
out dx,al
mov al,6lh
mov dx, COMMAND
out dx,al
mov al,26h
mov dx, CURRENT
out dx,al
mov al,22h
mov dx, COMMAND
out dx,al
mov al,0ffh
mov dx, INTERRUPTSTATUS
out dx,al
mov al,imr
mov dx, INTERRUPTMASK
out dx,al
mov dx, TRANSMITCONFIGURATION
mov al,tcr
out dx,al
ret

DriverInitialize endp

Code ends

end

;stop mode

jdata configuration register

slow remote byte count

shigh remote byte count

;receive configuration register

stransmit page start

stemporarily go into Loopback mode

spage start

sboundary register

spage stop

;80 to page 1 registers

scurrent page register

sback to page 0, start mode

sinterrupt status register

;interrupt mask register

3TCR in normal mode, NIC is now
sready for reception




; Either transmits a packet passed to it or queues up the
; packet if the transmitter is busy (COMMAND register = 26h).
;s Routine is called from upper layer software.
H Entry: ds:si => packet to be transmitted
cx => byte count of packet

;*****%**ﬁ*******************%**:{***%***************%**:{***%*
;***********************Equates for NIC Registers***********a"
COMMAND equ 300h
PAGESTART equ COMMAND+1
PAGESTOP equ COMMAND+2
BOUNDARY equ COMMAND+3
TRANSMITSTATUS equ COMMAND+4
TRANSMITPAGE equ COMMAND+4
TRANSMITBYTECOUNTO equ COMMAND+5
NCR equ COMMAND+5
TRANSMITBYTECOUNT1 equ COMMAND+6
INTERRUPTSTATUS equ COMMAND+7
CURRENT equ COMMAND+7 ;in page 1
REMOTESTARTADDRESSO equ COMMAND+8
CRDMAO equ COMMAND+8
REMOTESTARTADDRESS1 equ COMMAND+9
CRDMA1 equ COMMAND+9
REMOTEBYTECOUNTO equ COMMAND+0ah
REMOTEBYTECOUNT1 equ COMMAND+0bh
RECEIVESTATUS equ COMMAND+0ch
RECEIVECONFIGURATION equ COMMAND+0ch
TRANSMITCONFIGURATION equ COMMAND+0dh
FAE_TALLY equ COMMAND+0dh
DATACONFIGURATION equ COMMAND+0Oeh
CRC_TALLY equ COMMAND+0Oeh
INTERRUPTMASK equ COMMAND+0fh
MISS_PKT_TALLY equ COMMAND+0fh
IOPORT equ COMMAND+10h
PSTART equ 46h
PSTOP equ 80h
TRANSMITBUFFER equ 40h
.CODE
DriverSend proc near

public DriverSend

cli ;disable interrupts

mov dx, COMMAND

in al,dx sread NIC command register

cmp 26h stransmitting?

je Queuelt sif so, queue packet




push
mov
xor
call
mov
mov
out
pop
mov
mov
out
mov
mov
out
mov
mov
out
jmp

Queuelt:

Finished:

DriverSend

cx ;store byte count

ah, TRANSMITBUFFER

al,al ;set page to transfer packet to
PCtoNIC stransfer packet to NIC buffer RAM
dx, TRANSMITPAGE

al, TRANSMITBUFFER

dx,al ;set NIC transmit page

cx ;get byte count back

dx, TRANSMITBYTECOUNTO

al,cl

dx,al ;set transmit byte count 0 on NIC
dx, TRANSMITBYTECOUNT1

al,ch

dx,al ;set transmit byte count 1 on NIC
dx, COMMAND

al,26h

dx,al ;issue transmit to COMMAND register
Finished

call Queue_packet

sti
ret

senable interrupts

endp




This routine
to the local

assumes :

public
PCtoNIC proc
push
inc
and
mov
mov
out
mov
mov
out
pop
mov
out
mov
mov
out
mov
mov
out
mov
shr
Writing_Word:
lodsw
out
loop
mov
mov
CheckDMA :
in
test
jnz
jmp
toNICEND:
mov
mov
out
cle
ret
PCtoNIC

will transfer a packet from the PC's RAM

RAM on the NIC card.
ds: si = packet to be transferred
cX = byte count
ax = NIC buffer page to transfer to
__PCtoNIC
far
ax ; save buffer address
cxX ; make even
cx,0fffeh
dx,REMOTEBYTECOUNTO ; set byte count low byte
al,cl
dx,al
dx,REMOTEBYTECOUNT1 ; set byte count high byte
al,ch
dx,al
ax ; get our page back

dx,REMOTESTARTADDRESSO

dx,al

set as lo address

dx,REMOTESTARTADDRESS1

al,ah ; set as hi address

dx,al

dx, COMMAND

al,1l2h ; write and start

dx,al

dx, IOPORT

cx,1 ; need to loop half as many times
sbecause of word-wide transfers
sload word from ds:si

dx,ax swrite to IOPORT on NIC board

Writing_Word

cx,0

dx, INTERRUPTSTATUS

al,dx

al,40h ; dma done ??°?

toNICEND ; if so, go to NICEND

CheckDMA ;loop until done

dx, INTERRUPTSTATUS

al,40h ;sclear DMA interrupt bit in ISR

dx,al

endp




This routine will transfer a packet from the RAM
on the NIC card to the RAM in the PC.

assumes: es: di = packet to be transferred
cx = byte count

_NICtoPC pr far
push ax ; save buffer address
inc cxX ; make even
and cx,0fffeh
mov dx,REMOTEBYTECOUNTO
mov al,cl
out dx,al
mov dx,REMOTEBYTECOUNT1
mov al,ch
out dx,al
pop ax ; get our page back
mov dx,REMOTESTARTADDRESSO
out dx,al ; set as low address
mov dx,REMOTESTARTADDRESS1
mov al,ah
out dx,al ; set as hi address
mov dx, COMMAND
mov al,0ah ; read and start
out dx,al
mov dx, IOPORT
shr cx,1l ; need to loop half as many times
Writing_Word: sbecause of word-wide transfers
in ax,dx
stosw ;read word and store in es:di
loop Reading_Word
mov dx, INTERRUPTSTATUS
CheckDMA :
in al,dx
test al,40h
jnz ReadEnd
jmp CheckDMA
ReadEnd:
out dx,al ; clear RDMA bit in NIC ISR
ret
_NICtoPC endp




;s This interrupt service routine responds to transmit, transmit error, and
; receive interrupts (the PTX, TXE, and PRX bits in the INTERRUPT STATUS

; register) produced from the NIC. Upon transmit interrupts, the upper

; layer software is informed of successful or erroneous transmissions;

; upon receive interrupts, packets are removed from the Receive Buffer

s Ring (in local memory) and transferred to the PC.

OOk Rk Equat es £or NIC ReglSters skt ot sttt dot ook

COMMAND equ 300h
PAGESTART equ COMMAND+1
PAGESTOP equ COMMAND+2
BOUNDARY equ COMMAND+3
TRANSMITSTATUS equ COMMAND+4
TRANSMITPAGE equ COMMAND+4
TRANSMITBYTECOUNTO equ COMMAND+5
NCR equ COMMAND+5
TRANSMITBYTECOUNT1 equ COMMAND+6
INTERRUPTSTATUS equ COMMAND+7
CURRENT equ COMMAND+7 ;in page 1
REMOTESTARTADDRESSO equ COMMAND+8
CRDMAO equ COMMAND+8
REMOTESTARTADDRESS1 equ COMMAND+9
CRDMA1 equ COMMAND+9
REMOTEBYTECOUNTO equ COMMAND+0Oah
REMOTEBYTECOUNT1 equ COMMAND+0bh
RECEIVESTATUS equ COMMAND+0ch

RECEIVECONFIGURATION equ COMMAND+0Och
TRANSMITCONFIGURATION equ COMMAND+0dh

FAE_TALLY equ COMMAND+0dh
DATACONFIGURATION equ COMMAND+0Oeh
CRC_TALLY equ COMMAND+0Oeh
INTERRUPTMASK equ COMMAND+0fh
MISS_PKT_TALLY equ COMMAND+0fh
PSTART equ 46h

PSTOP equ 80h

CGroup group Code
Code segment para public 'Code’

assume ¢s:CGroup, ds:CGroup, es:nothing, ss:nothing
; External routines

extrn DriverSend: near
byte_count dw ?
imr db 1bh ;image of Interrupt Mask register

10




%3k

netisr proc near
public netisr

cli

push ax ;save regs

push bx

push e¢x

push dx

push di

push si

push ds

push es

push bp

mov al,Obch

out 2lh,al sturn off IRQ3

sti

mov ax,CGroup

mov ds,ax sds=cs
;**#**************************************#**********************#******
H Read INTERRUPT STATUS REGISTER for receive packets, transmitted
H packets and errored transmitted packets.
3 sl skl R R kR O I K SRR R R S R R R SR R O SR R SO K SO K S K

poll:
mov dx, INTERRUPTSTATUS
in al,dx
test al,l spacket received?
jnz pkt_recv_rt
test al,0ah spacket transmitted?
jz exit_isr sno, let's exit

jmp  pkt_tx_rt

exit_isr:
mov dx, INTERRUPTMASK ;disabling NIC's intr
mov al,0
out dx,al

cli

mov al,0Ob4h sturn IRQ3 back on

out 21h,al

mov al,63h ssend 'EOI' for IRQ3

out 20h,al

sti

mov dx, INTERRUPTMASK sNOTE: intr from the NIC

mov al,imr ; are enabled at this point so

out dx,al ; that the 8259 interrupt

; controller does not miss any
;s IRQ edges from the NIC
H

(IRQ is edge sensitive)

pop  bp
pop es
pop ds
pop si
pop di
pop dx
pop cx
pop bx
pop ax
iret

1




cal receive buffer ring. Bad packets are ignored.
st e e s s s s e sl ol s ol s ol sl sl sl Rl R Rk Rk R Kok R R R R R SOR R OK K

% b
% o

H

H

H packets
RITTETEEELLY
H

*

pkt_recv_rt:
mov dx, INTERRUPTSTATUS
in al,dx
test al,1l0h stest for a Ring overflow
jnz ring_ovfl
mov al,l
out dx,al sreset PRX bit in ISR
mov ax,next_packet
mov cx,packet_length
mov es,seq recv_pc_buff
mov di,offset recv_pc_buff
NICtoPC

sk 3 3k 3 sk stk stk stk skosk sk sk sk stk stk sk 3ok sk skokoskokoskoskoskostok ok ok stk siokoskokoskokosiololostolkosok sk ok stkok ok skokoskoskokoskok skok

Inform upper layer software of a received packet to be processed

>
’
’
>
>

checking to see if receive buffer ring is empty
check_ring:

mov dx, BOUNDARY

in al,dx

mov ah,al ;save BOUNDARY in ah
mov dx, COMMAND

mov al,62h

out dx,al sswitched to pg 1 of NIC
mov dx, CURRENT

in al,dx

mov bh,al sbh = CURRENT PAGE register

mov dx, COMMAND
mov al,22h

out dx,al ;switched back to pg O
cmp ah,bh srecv buff ring empty?
jne pkt_recv_rt

jmp poll

The following code is required to recover from a Ring overflow.
See Sec. 2.0 of datasheet addendum.

ring_ovfl:
mov dx, COMMAND
mov al,21lh
out dx,al sput NIC in stop mode

mov dx,REMOTEBYTECOUNTO
xor al,al
out dx,al
mov dx,REMOTEBYTECOUNT1
out dx,al

mov dx, _INTERRUPTSTATUS
mov cx,7fffh sload time out counter




wait_for_stop:

in al,dx
test al,80h slook for RST bit to be set
loop wait_for_stop ; if we fall thru this loop, the RST bit may not get

; set because the NIC was currently transmitting
mov dx, TRANSMITCONFIGURATION
mov al,2
out dx,al ;into loopback mode 1
mov dx, COMMAND
mov al,22h
out dx,al s;into stop mode

mov ax,next_packet

mov cx,packet_length

mov es,seg recv_pc_buff
mov di,offset recv_pc_buff
NICtoPC

mov dx, INTERRUPTSTATUS
mov al,1l0h
out dx,al sclear Overflow bit

mov dx, TRANSMITCONFIGURATION

mov al,tcr

out dx,al ;put TCR back to normal mode
jmp check_ring

s 3 3k 3 sk stk stk sk skosk sk sk sk st sk stk sk 3ok sk skokoskoskoskoskoskostosk stk ok stk kol skokoskokosiololkostolkosok sk skok ok ok skokoskokokoskok skok

; packet_transmit_routine (pkt_tx_rt) -determine status of
H transmitted packet, then checks the transmit-pending

H queue for the next available packet to transmit.

H

H

pkt_tx_rt:
mov dx, INTERRUPTSTATUS
mov al,O0ah

out dx,al ;reset PTX and TXE bits in ISR

mov dx, TRANSMITSTATUS scheck for erroneous TX

in al,dx

test al,38h ;is FU, CRS, or ABT bits set in TSR

jnz bad_tx

s s s s sk st sk stk sk skt skt siosteosi stk stk stk stk skt skt skoskoskostoskostosk stk stk stk ok siolosioteoliosteolostolk ok ok stok kol skokoskoskokoskok skok
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*
*
*
*
*
*
¥*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*

jmp chk_tx_queue
bad_tx: ;in here if bad TX

s s sk s sk st stk stk skt skt sioste sk stk stk stk stk skt skt skosteoskostoskostosk stk stk stk siokosiolosioteoiosteolostolk ok ok stk skokoskokoskokokoskok ok

H
H
H Inform upper layer software of erroneous transmission
H
H
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chk_tx_queue:
call Check_Queue see if a packet is in queue
assume Check_Queue will a non-zero

cmp cx,0 value in cx and pointer to the

je poll packet in DS:SI if packet is
call DriverSend available. Returns cx = 0 otherwise
jmp poll

netisr endp
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