






















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































case F5: /* hard format a diskette - interleave = 1 */
select (0) ;
fdc_issue (FDC_RECAL, 0);
fdc_issue (FDC_RECAL, 0);
fdc_issue(FDC_ID, 0);
for(i = 0; i < 80; i++)
{
fdc_cmd.c = i;
fdc_issue (FDC_SEEK, 0);

fdc_cmd.h = 0; /* side 0 */
pc = oline;
for(r = 1; r < 16; r++) /* build sector table */
{

*pc++ = (char)i;

*pc++ = *\000°’;

*pc++ = (char)r;

*pc++ = '\002’;
}
r = (int) (1 >> 16);
dma_transfer (2, pr, pa, 60, 8); /* setup DMA */
fdc_issue (FDC_FT, 0); /* format track */
fdc_cmd.h = 1; /* side 1 */
pc = oline;
for(r = 1; r < 16; r++) /* build sector table */
{

*pc++ = (char)i;
*pc++ = *\001’;
*pc++ = (char)r;
*pc++ = '\002’;

}
r = (int) (1 >> 16);
dma_transfer(2, pr, pa, 60, 8); /* setup DMA */
fdc_issue (FDC_FT, 0); /* format track */
}
break;
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case F6: /% read any sector ID */

select (0);

fdc_issue(FDC_RECAL, 0);

fdc_issue (FDC_RECAL, 0);

fdc_issue(FDC_ID, 0);

for(i = 0; i < 80; i++)

{
fdc_cmd.c = i;
fdc_issue (FDC_SEEK, 0);
fdc_cmd.h = O;
fdc_issue (FDC_ID, 0);
fde_cmd.h = 1;
fdc_issue (FDC_ID, 0);

}

break;

case F10: /* return to caller (main menu) */
return;
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disp_status(pres, pcmd)

FDC_RESULT *pres;
FDC_CMD *pcmd;

{

char oline[50];

sprintf (oline, "Error status : 0x%04x", pres->error);
disp_str(19, 1, oline);

sprintf(oline, "Status reg O : 0x%02x", pres->st0);
disp_str(20, 1, oline);
sprintf (oline, "Status reg 1 :  0x%02x", pres->stl);
disp_str(21, 1, oline);
sprintf(oline, "Status reg 2 :  0x%02x", pres->st2);
disp_str(22, 1, oline);
sprintf (oline, "Status reg 3 :  0x%02x", pres->st3);

disp_str(23, 1, oline);

sprintf(oline, "Present Cyl Num: 0x%02x", pres->pcn);
disp_str(24, 1, oline);

sprintf (oline, "Change reg : 0x%02x", pres->change);
disp_str(19, 41, oline);

sprintf(oline, "Cylinder (C):  0x%02x", pres->c);
disp_str(20, 41, oline);

sprintf(oline, "Head (H): 0x%02x", pres->h);
disp_str(21, 41, oline);

sprintf (oline, "Sector (R): 0x%02x", pres->r);
disp_str(22, 41, oline);

sprintf (oline, "Sectors per track (N): 0x%02x", pres->n);
disp_str(23, 41, oline);

sprintf (oline, "Last command : 0x%04x", pcmd->last_cmd);
disp_str(24, 41, olire);
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Chapter 12
Hard Disk Drive Controller

Introduction

The hard disk controller provides an interface between a hard disk drive and
the workstation microprocessor. The hard disk controller supports the following
features:

A 16-bit data path and an 8-bit input/output (I/0) path
ECC correction

Programmed 1/O data transfers

Field formatting with unlimited sector interleave

Drives with a maximum of 16 heads and 1024 cylinders

Hard Disk Controller Registers

The hard disk controller has 13 registers that control hard disk operations and
provide status information. These registers are mapped to a set of primary or
secondary I/O addresses. Table 12-1 lists the registers and the corresponding
primary and secondary I/O addresses.
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Table 12-1 Hard Disk Controller Registers

Primary Secondary R/W Register

Address Address

01FOH 0170H R/W Data register (16 bits)

01F1H 0171H w Write Precompensation Cylinder
01F1H 0171H R Error Register

01F2H 0172H R/IW Sector Count

01F3H 0173H R/W Sector Number

01F4H 0174H R/W Cylinder Number - Low Byte
01F5H 0175H R/W Cylinder Number - High Byte
01F6H 0176H R/W SDH (sector size, drive, and head)
01F7H 0177H w Command Register

01F7H 0177H R Status Register

03F6H 0376H w Hard Disk Register

03F6H 0376H R Alternate Status Register
03F7H 0377H R Digital Input Register
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Data Register (01FOH/0170H)

15 14 13 12 11 10 8
T T T T T
DATA REGISTER - HIGH BYTE
| 1 1 1 1
7 6 5 4 3 2 0
T T T T T

DATA REGISTER - LOW BYTE

1 1 1 | |

Bit R/W Description

15-0 R/W DATA

The data register provides a 16-bit data path to the sector buffer. This register

is accessible only during execution of a read or write command.

Except for the four ECC bytes of a read long or write long command, all data

transfers are 16-bit transfers.

After transferring the data of a read long or write long command, the four
ECC bytes are transferred one byte at a time. The ECC bytes are transferred
through the high byte. The hard disk controller requires a minimum of 2 us
between ECC byte transfers. To transfer an ECC byte, the data request (DRQ)
status bit (status register bit 3) must be set. The status register is defined later

in this chapter.
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Write Precompensation Register (01F1H/0171H)
7 6 5 4 3 2 1 0

1 I L) I ! I !

CYLINDER NUMBER / 4

Bit R/W Description

7-0 W  This register specifies the cylinder at which the hard disk control-
ler begins applying write precompensation. The value written to
this register is the desired cylinder number divided by 4.
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Error Register (01F1H/0171H)

7 6 5 4 3 2 1 0
BAD ECC ID ABORTED |TRACK 0]|DAM
BLOCK |ERROR NOT COMMAND |ERROR |NOT
DETECT FOUND DETECT FOUND
0 0
Bit R/W Description
7 R BAD BLOCK DETECT
0 = No error
1 = The controller read a sector ID field that contained a bad
block mark
6 R ECC ERROR
0 = No error
1 = An ECC syndrome error was detected
R Always 0
R ID NOT FOUND
0 = No Error
1 = The hard disk controller failed to find the desired cylinder,
head, sector, or size parameter within eight revolutions of the
disk, or an ID field CRC error has occurred.
3 R Always 0
2 R ABORTED COMMAND DETECT
0 = No error
1 = The hard disk controller aborted a command
If a command is issued while the status signal, DRIVE READY L,
is inactive or the status signal, WRITE FAULT L is active, the
hard disk controller sets this bit.
1 R TRACK 0 ERROR
0 = No error
1 = The hard disk controller executed a restore command, issued
2047 step pulses, and did not detect track 0.
0 R DAM NOT FOUND - Data Address Mark Not Found

0
1

No error
The hard disk controller read the correct sector ID field, but
it did not contain a data address mark.
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For the following conditions, the error register contains valid data:

After a command completion interrupt, if the status register error bit
(bit 0) equals 1, this register indicates the specific error condition.

On power-up or receiving a diagnose command, the hard disk controller
executes a set of diagnostic tests. On completion of those tests, the hard
disk controller places a result code in this register. The result code is
one of the codes listed in Table 12-2. For this condition, the status regis-
ter error bit (bit 0) is ignored.

Table 12-2 Hard Disk Controller Diagnostic Result Codes

Value Meaning

01H No error

02H WD1015/WD2010 controller error

03H Sector Buffer RAM data error

04H WD1015/WD11C00A-22 Register access error
05H WD1015 ROM checksum or RAM data error
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Sector Count Register (01F2H/0172H)
7 6 5 4 3 2 1 0

1 1 ] 1 1 1 1

SECTOR COUNT

| | 1 | 1 1 1

Bit R/W Description

7-0 R/W The sector count for an operation

A value of 00H indicates a 256 sector transfer.

For a read, write, or read verify command, this register specifies the number of
sectors transferred. For the format command, this register specifies the
number of sectors to format. During a multiple sector operation. after each
sector is transferred or formatted, the hard disk controller decrements the
sector count.

Sector Number Register (01F3H/0173H)
7 6 5 4 3 2 1 0

I T T I I 1 T

SECTOR NUMBER

Bit R/W Description

7-0 R/W The first sector for an operation

For a read, write, read verify, or format command, this register specifies the
first sector of an operation. During multiple sector operations, after each sector
is transferred or formatted, the hard disk controller increments the sector
number.

Hard Disk Drive Controller - Hardware Description 12-7




Cylinder Number Low Register (01F4H/0174H)

7

6

5

4 3

2

T

T

CYLINDER NUMBER
(LOV BYTE)

1

T

Bit R/W Description

7-0 R/W Lower 8 bits of the 10-bit cylinder number

This register specifies the 8 least significant bits of the 10-bit cylinder
number. The cylinder number high register specifies the 2 most significant

bits.

Cylinder Number High Register (01F5H/0175H)

7 6 5 4 3 2 1 0
]
CYLINDER NUMBER
(HIGH BYTE)
0 0 0 0 0 0 0

Bit R/W Description

7-2 R/W Always 0

1-0 R/W Upper 2 bits of the 10-bit cylinder number

This register specifies the 2 most significant bits of the 10-bit cylinder
number. The cylinder number low register specifies the 8 least significant

bits.
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SDH Register (01F6H/0176H)

7 6 5 4 2 1 0
1 L] 1
ECC DATA DRIVE HEAD SELECT
SELECT SIZE SELECT
0
] 1 1
Bit R/W Description
7 R/W ECC SELECT
0 = CRC used to check the data field of a sector
1 = ECC used to check the data field of a sector (ROM BIOS
requires ECC)
R/W Always 0
5 R/W DATA SIZE
0 = 256 byte records (read operations only)
1 = 512 byte records
4 R/W DRIVE SELECT
0 = Hard disk drive 0 selected
1 = Hard disk drive 1 selected
3-0 R/W HEAD SELECT

The binary value in bits 3-0 selects the corresponding head. To use
bit 3 of this field, the ENABLE-HEAD-SELECT-BIT-3 (bit 3 of
the hard disk register) must equal 1. Otherwise, bit 3 is ineffective

and bits 2-0 have a range of 0-7.
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Command Register (01F7H/0177H)
7 6 5 4 3 2 1 0

T I T ) ! ! T

COMMAND CODES

1 | | | 1 1 1

Bit R/W Description

70 W Hard disk controller command codes

When command codes are written to this register, the hard disk controller exe-
cutes the command immediately. If the hard disk controller is busy (status reg-
ister bit 7 equals 1), command codes cannot be written to the command
register. When the hard disk controller detects a command error condition, the
hard disk controller aborts the command and sets the ABORTED COMMAND
DETECT bit (error register bit 2). Some of the common command error condi-
tions are:

WRITE FAULT is active
DRIVE READY is inactive
SEEK COMPLETE is inactive
Command code was invalid

The hard disk controller has the following commands:

Restore

Seek

Read Sector
Write Sector
Format Track
Read Verify
Diagnose

Set Parameter
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Restore Command

7 6 5 4 3 2 1 0
T 1 T 1 1 I
RESTORE COMMAND STEP RATE
0 0 0 1
| 1 1 1 1 1
Bit Description
7-4 RESTORE COMMAND (Always 0001)
3-0 STEP RATE
0000 = 35.0 us 1000 = 4.0 ms
0001 = 0.5 ms 1001 = 4.5 ms
0010 = 1.0 ms 1010 = 5.0 ms
0011 = 1.5 ms 1011 = 5.5 ms
0100 = 2.0 ms 1100 = 6.0 ms
0101 = 2.5 ms 1101 = 6.5 ms
0110 = 3.0 ms 1110 = 3.2 us
0111 = 3.5 ms 1111 = 16.0 us

Until a terminating condition occurs, the hard disk controller issues step pulses
to the selected drive. The terminating conditions are:

* The TRACK O signal from the drive becomes active, which indicates a
successful completion of the command. In this case, the hard disk con-
troller sets SEEK COMPLETE (status register bit 4) to 1.

e The hard disk controller issues 2047 step pulses, which causes a
TRACK 0 ERROR (error register bit 3).

e The DRIVE READY signal becomes inactive, which causes an
ABORTED COMMAND DETECT (error register bit 2).

e The WRITE FAULT signal becomes active, which causes an ABORTED
COMMAND DETECT (error register bit 2).

While a restore command is in progress, the SEEK COMPLETE signal from
the drive controls the step rate. Bits 3-0 set the implied seek step rate. On
termination of this command, the hard disk controller generates an interrupt to
the CPU.
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Seek Command

7 6 5 4 3 2 1 0
|| 1 A T ¥ T
SEEK COMMAND STEP RATE
0 1 1 1
1 ] 1 1 ] L
Bit Description
7-4 SEEK COMMAND (Always 0111)
3-0 STEP RATE
0000 = 35.0 us 1000 = 4.0 ms
0001 = 0.5 ms 1001 = 4.5 ms
0010 = 1.0 ms 1010 = 5.0 ms
0011 = 1.5 ms 1011 = 5.5 ms
0100 = 2.0 ms 1100 = 6.0 ms
0101 = 2.5 ms 1101 = 6.5 ms
0110 = 3.0 ms 1110 = 3.2 us
0111 = 3.5 ms 1111 = 16.0 us

Until a terminating condition occurs, the hard disk controller issues step pulses
to the selected drive. The terminating conditions are:

* The SEEK COMPLETE signal from the drive becomes active, which in-
dicates a successful completion of the command. In this case, the hard
disk controller sets SEEK COMPLETE (status register bit 4) to 1.

e The DRIVE READY signal becomes inactive, which causes an
ABORTED COMMAND DETECT (error register bit 2).

e The WRITE FAULT signal becomes active, which causes an ABORTED
COMMAND DETECT (error register bit 2).

The seek command moves the read/write heads to the cylinder specified by the
10-bit value in the registers cylinder low and cylinder high. Bits 3-0 set the
implied seek step rate and control the step rate of the seek command. After
the hard disk controller starts the seek, the hard disk controller generates an
interrupt to the CPU. This interrupt indicates that the hard disk controller is
ready to accept another command. It does not indicate that the seek is com-
plete. To determine when the seek is complete, the application program or
driver must monitor status register bit 4. When status register bit 4 equals 1,
the seek is complete.
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Read Sector Command

7

6 5 4 3 2 1 0

READ SECTOR COMMAND READ |RETRIES
LONG |DISABLE

0 1 0 0 0
I 1 L |

Description

READ SECTOR COMMAND (Always 001000)

READ LONG

0 = After transferring a sector of data. the hard disk controller
calculates and checks the data field ECC. If a correctable
error occurs, the hard disk controller sets CORRECTED
DATA (status register bit 2). If an uncorrectable error occurs,
the hard disk controller sets ECC ERROR (error register bit
6) and ERROR (status register bit 0). If an uncorrectable
error occurs during a multiple sector read, the multiple sector
read is terminated.

1 = The hard disk controller does not calculate the data field
ECC. After transferring a sector of data, the hard disk con-
troller transfers the four data field ECC bytes. The four ECC
bytes are transferred one at a time in the high byte of the
word. Until DRQ (status register bit 3) equals 1, an ECC byte
is not ready for transfer. The hard disk controller requires at
least 2 us between ECC byte transfers.

RETRIES DISABLE
0 = Retries enabled
1 = Retries disabled

To read a sector from the hard disk, the hard disk controller must
first find the sector. To find the correct sector, the hard disk con-
troller selects the indicated head, performs any implied seek, and
waits for the index pulse. On receipt of the index pulse, the hard
disk controller begins scanning the track for a valid sector ID field.
A valid sector ID field contains the cylinder, head, sector number,
and size information that the hard disk controller is searching for.
The hard disk controller counts each index pulse as an attempt to
read a valid sector ID.
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Bit Description  (Read Sector Command - cont.)

If retries are enabled and the hard disk controller fails to read a
valid ID field within ten attempts, the hard disk controller performs
an auto-seek and an auto-scan. If the hard disk controller fails to
read a valid ID field within an additional ten attempts, the hard
disk controller sets ID Not Found (error register bit 4) and ERROR
(status register bit 0).

If retries are disabled and the hard disk controller fails to read a
valid ID field within two attempts, the hard disk controller sets

ID Not Found (error register bit 4) and ERROR (status register
bit 0). Also, the hard disk controller does not perform an auto-seek
or an auto-scan.

The read sector command transfers the specified number of sectors from the
selected drive. If the heads are not positioned at the specified cylinder, the con-
troller performs an implied seek to the proper cylinder. The step rate used is
that of the most recently executed restore or seek command. Multiple sector
reads can cross head and cylinder boundaries. If the DRIVE READY signal
becomes inactive, or the WRITE FAULT signal becomes active, the hard disk
controller terminates the command and sets ABORTED COMMAND DETECT
(error register bit 2) and ERROR (status register bit 0).

When each sector is stored in the sector buffer and ready to be read by the
CPU, the hard disk controller generates an interrupt request to the CPU. The
hard disk controller does not generate an interrupt request to indicate com-
mand completion.
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Write Sector Command

7 6 5 4 3 2 1 0
T I 1 T
WRITE SECTOR COMMAND WRITE |RETRIES
LONG DISABLE
0 0 1 1 0 0
1 1 1 1
Bit Description
7-2 WRITE SECTOR COMMAND (Always 001100)
1 WRITE LONG
0 = The hard disk controller calculates the data field ECC and ap-
pends the ECC to the data field.
1 = The hard disk controller does not calculate the data field
ECC. After accepting a sector of data, the hard disk control-
ler accepts the four data field ECC bytes. The four ECC bytes
are transferred one at a time in the high byte of the word size
data register. Until DRQ (status register bit 3) equals 1, an
ECC byte is not ready for transfer. The hard disk controller
requires at least 2 us between ECC byte transfers.
0 RETRIES DISABLE

0 = Retries enabled
1 = Retries disabled

To write a sector from the hard disk, the hard disk controller must
first find the sector. To find the correct sector, the hard disk con-
troller selects the indicated head, performs any implied seek, and
waits for the index pulse. On receipt of the index pulse, the hard
disk controller begins scanning the track for a valid sector 1D field.
A valid sector ID field contains the cylinder, head, sector number,
and size information that the hard disk controller is searching for.
The hard disk controller counts each index pulse as an attempt to
read a valid sector ID.

If retries are enabled and the hard disk controller fails to read a
valid ID field within ten attempts, the hard disk controller performs
an auto-seek and an auto-scan. If the hard disk controller fails to
read a valid ID field within an additional ten attempts, the hard
disk controller sets ID Not Found (error register bit 4) and ERROR
(status register bit 0).
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Bit Description  (Write Sector Command - cont.)

If retries are disabled and the hard disk controller fails to read a
valid ID field within two attempts, the hard disk controller sets

ID Not Found (error register bit 4) and ERROR (status register bit
0). Also, the hard disk controller does not perform an auto-seek or
an auto-scan.

The write sector command transfers the specified number of sectors to the se-
lected drive. If the heads are not positioned at the specified cylinder, the con-
troller performs an implied seek to the proper cylinder. The step rate used is
that of the most recently executed restore or seek command. Multiple sector
writes can cross head and cylinder boundaries. If the DRIVE READY signal
becomes inactive, or the WRITE FAULT signal becomes active, the hard disk
controller terminates the command and sets ABORTED COMMAND DETECT
(error register bit 2) and ERROR (status register bit 0).

After the write sector command has been issued, immediately write the first
sector of data to the data buffer (monitor DRQ, status register bit 3). When
each sector is written to the hard disk, the hard disk controller generates an
interrupt request to the CPU. The hard disk controller does not generate an
interrupt request to indicate command completion.
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Format Track Command

7 6 5 4 3 2 1 0

] 1 T T I I T

FORMAT TRACK COMMAND

0 1 0 1 0 0 0 0
| | 1 | | | 1
Bit Description
7-0 FORMAT TRACK COMMAND (Always 01010000)

Using data from the internal registers and the sector buffer, the format track
command formats a single track at the specified cylinder and head location.

Before formatting a hard disk, the SDH register must be loaded and a restore
command must be issued. Assuming that a series of sequential format track
commands are issued to format the hard disk, only one restore command is
required. Prior to each format track command, the sector count register must
be loaded with the number of sectors per track and the cylinder registers must
be loaded with the cylinder number.

Instead of providing normal read/write data, the sector buffer provides sector
header information. Also, the organization of this sector header information
specifies the sector interleave. Table 12-3 lists the data (in memory order) that
is required for an interleave factor of 2. The data transfer using this table is
256 words long. A bad block is specified by replacing the 00H (normal block
mark) with an 80H (bad block mark). The sector interleave table is loaded into
the sector buffer in the same manner as a sector write. That is, the format
track command is issued and the sector buffer is loaded immediately (monitor
DRQ, status register bit 3).

When a track has been formatted, the hard disk controller clears the sector
buffer to zeros and issues a command completion interrupt. Following the next
format track command, the sector buffer must be reloaded.

The hard disk controller does not produce any error reports for this command.
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Table 12-3 Memory Image of a Sector Interleave Table

Offset 2-Byte Sequence
Sector Sector
Number Status (00H = Good, 80H = Bad)
(High Byte) (Low Byte)
00H 01H 00H
02H 0AH 00H
04H 02H 00H
06H 0BH 00H
08H 03H 00H
0AH O0CH 00H
0CH 04H 00H
O0EH O0DH 00H
10H 05H 00H
12H OEH 00H
14H 06H 00H
16H OFH 00H
18H 07H 00H
1AH 10H 00H
1CH 08H 00H
1EH 11H 00H
20H 09H 00H
22H FFH FFH
. FFH FFH
FFH FFH
. FFH FFH
FFH FFH FFH
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Read Verify Command

7 6 5 4 3 2 1 0
T 1 1 I T
READ VERIFY COMMAND RETRIES
DISABLE
0 1 0 0 0 0 0
1 1 | | 1
Bit Description
7-1 READ VERIFY COMMAND (Always 0100000)
0 RETRIES DISABLE

0 Retries enabled
1 Retries disabled

To read a sector from the hard disk, the hard disk controller must
first find the sector. To find the correct sector, the hard disk con-
troller selects the indicated head, performs any implied seek, and
waits for the index pulse. On receipt of the index pulse, the hard
disk controller begins scanning the track for a valid sector ID field.
A valid sector ID field contains the cylinder, head, sector number,
and size information that the hard disk controller is searching for.
The hard disk controller counts each index pulse as an attempt to
read a valid sector ID.

If retries are enabled and the hard disk controller fails to read a
valid ID field within ten attempts, the hard disk controller performs
an auto-seek and an auto-scan. If the hard disk controller fails to
read a valid ID field within an additional ten attempts, the hard
disk controller sets ID Not Found (error register bit 4) and ERROR
(status register bit 0).

If retries are disabled and the hard disk controller fails to read a
valid ID field within two attempts, the hard disk controller sets

ID Not Found (error register bit 4) and ERROR (status register
bit 0). Also, the hard disk controller does not perform an auto-seek
or an auto-scan.

The read verify command scans the data in the specified number of sectors of
the selected drive. As the hard disk controller scans the data of each sector. it
calculates the ECC bytes and verifies that the ECC bytes calculated from the
data and ECC bytes read from the disk agree. If the heads are not positioned
at the specified cylinder, the controller performs an implied seek to the proper
cylinder. The step rate used is that of the most recently executed restore or
seek command. Multiple sector reads may cross head and cylinder boundaries.
If the DRIVE READY signal becomes inactive, or the WRITE FAULT signal
becomes active, the hard disk controller terminates the command and sets
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ABORTED COMMAND DETECT (error register bit 2) and ERROR (status
register bit 0).

To indicate command completion or an error condition, the hard disk controller
generates an interrupt request to the CPU.
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Diagnose Command

7 6 5 4 3 2 1 0
T L} T I 1 1
DIAGNOSE COMMAND
1 0 0 1 0 0 0 0
| 1 | 1 1
Bit Description
7-0 DIAGNOSE COMMAND (Always 10010000)

On receipt of this command. the hard disk controller executes a set of diag-
nostic tests. If a problem exists, the hard disk controller reports the results in
the error register (see Table 12-4). The internal ROM, internal RAM, ECC cir-
cuitry, and data path circuitry are tested. When the diagnostic tests complete,
the hard disk controller loads the appropriate code into the error register. To
indicate command completion, the hard disk controller generates an interrupt
request to the CPU.

For the diagnose command, the code in the error register is interpreted dif-
ferently than normal error register encoding. Table 12-4 lists the diagnose com-
mand result codes.

Table 12-4 Hard Disk Controller Diagnostic Result Codes

Value Meaning

01H No error

02H WD1015/WD2010 controller error

03H Sector Buffer RAM data error

04H WD1015/WD11C00A-22 Register access error
05H WD1015 ROM checksum or RAM data error
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Set Parameters Command

7 6 5 4 3 2 1 0

T Li Li 1 | T J

SET PARAMETERS COMMAND

1 0 0 1 0 0 0 1
1 1 | 1 1 | |
Bit Description
7-0 SET PARAMETERS COMMAND (Always 10010001)

This command sets the drive parameters for the maximum number of heads
and sectors per track. Prior to issuing this command, the drive selection must
be specified in the Sector Size/Drive Select/Head Select task register, and the
Sector Count Register must be set. This command must be issued before any
multiple sector operations are performed. To indicate command completion, the
hard disk controller generates an interrupt request to the CPU.
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Status Register (01F7H/0177H)

7 6 5 4 3 2 1 0
BUSY DRIVE | WRITE |SEEK DRQ CcDh INDEX | ERROR
READY | FAULT |STATUS
Bit R/W Description
7 R BUSY
0 = Hard disk controller is ready to accept commands. The
status and error registers contain valid data.
1 = Hard disk controller is busy. The error register contains
invalid data. Only this status register bit is valid.
This bit must be polled before reading any register.
6 R DRIVE READY
0 = Drive is not ready. Read, write, and seek commands are
inhibited.
1 = Drive is ready. If bit 4 equals 1, read, write, and seek
commands are possible.
5 R WRITE FAULT
0 = No error
1 = Improper operation of the drive. All commands will be
terminated with an aborted command error.
4 R SEEK STATUS - Seek Complete
= Seek operation, direct or implied, is incomplete.
1 = Seek operation is complete (read/write heads are in position).
3 R DRQ - Data Request
0 = Do not read or write the sector buffer
1 = Read or write the sector buffer as indicated by the last
command issued.
2 R CD - Corrected Data
0 = No error
1 = The sector read from the drive resulted in a correctable ECC

error. Correctable errors do not cause multiple sector
transfers to terminate.
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Bit R/W Description (Status Register - cont.)

1 R INDEX
0 Index not in position and not detected
1 Index in position and detected

0 R ERROR
0 No error
1 A nonrecoverable error has occurred. The error register con-
tains the error status.

i

The next command issued to the hard disk controller, clears this
bit. If the hard disk controller sets this bit during a multiple sector
transfer, the transfer is terminated.
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Alternate Status Register (03F6H/0376H)

This read-only register duplicates the status register (01F7H/0177H).

Hard Disk Register (03F6H/0376H)

7 6 5 4 3 2 1 0
ENABLE
HEAD RESET |INTRPT
SELECT ENABLE

0 0 0 0 BIT 3 0

Bit R/W Description

7-4 W  Always 0
3 W  ENABLE HEAD SELECT BIT 3

0 = Reduced write current enabled
1 = Head Select Bit 3 (SDH register bit 3) enabled. See the
SDH register description.
2 W RESET
0 = Hard disk controller enabled.
1 = When set, the hard disk controller enters the reset state and

remains there until this bit is cleared. This bit must stay set
for a minimum of 5 us. When this bit is cleared, the hard
disk controller performs a set of power-up diagnostic tests
and the busy bit (status register bit 7) remains set until tests

are completed.
1 W  INTRPT ENABLE - Interrupt Enable

0 = Hard disk controller interrupt buffer is enabled. Setting this
bit does not clear the hard disk controller interrupt output.
When this bit is cleared, any pending interrupts will occur.

1 = Hard disk controller interrupt buffer is disabled.

This bit enables or disables a buffer between the hard disk control-

ler output and the peripheral interrupt controller input.
0 W Always 0

Hard Disk Drive Controller - Hardware Description
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Digital Input Register (03F7H/0377H)

7 6 5 4 3 2 1 0
WRITE HEAD HEAD HEAD DRIVE |DRIVE
RESERVE | GATE SELECT |SELECT |SELECT |SELECT |SELECT
SIGNAL SIGNAL |SIGNAL |SIGNAL |SIGNAL |SIGNAL
1 2 1 0 1 0
Bit R/W Description
7 R Reserved (Value undefined)
R WRITE GATE SIGNAL
0 = Write gate signal is active.
1 = Write gate signal is inactive.
R Always 1
4 R HEAD SELECT SIGNAL 2
0 = Head select signal 2 is active.
1 = Head select signal 2 is inactive.
3 R HEAD SELECT SIGNAL 1
0 = Head select signal 1 is active.
1 = Head select signal 1 is inactive.
2 R HEAD SELECT SIGNAL 0
0 = Head select signal 0 is active.
1 = Head select signal 0 is inactive.
1 R DRIVE SELECT SIGNAL 1
0 = Drive select signal 1 is active.
1 = Drive select signal 1 is inactive.
0 R DRIVE SELECT SIGNAL 0
0 = Drive select signal 0 is active.
1 = Drive select signal 0 is inactive.
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Programming Example

The following programming example demonstrates:

Initializing the hard disk controller
Recalibrating the hard disk drive
Seeking to a track

Hard formatting a hard disk

CAUTION

Improper programming or improper operation of this device can
cause the VAXmate workstation to malfunction. The scope of
the programming example is limited to the context provided in
this manual. No other use is intended.
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#include "kyb.h"
#include "example.h"

[k o sk ko sk ook sk ks ks ks ok sk ks oo ook R ok ok Kok sk ook ok ook ook ok ok ko ok
/* define constants used in hard disk controller example */
[k ks ko ok ks ok sk ks ook ks ok sk ok e ko koo ok e ook sk ko s ok sk ook ko ok ok ok ok sk koo ok /
#define PRI_BASE 0x01f0 /* primary base address of controller regs */
#define ALT_BASE 0x0170/* alternate base address of controller regs */

#define HDR_ASR 0x03f6 /* address of hard disk register */
/* and alternate status register */
#define DIG_INP 0x03£f7 /* address of digital input register */

/* define constant divisor for write precompensation cylinder #*/
#define WPC_DIV 0x04

/* define bit values for error status register */

#define ERR_BBD 0x80 /* bad block detected */
#define ERR_DFE 0x40 /* CRC/ECC error in data field */
#define ERR_ID 0x10 /* could not locate correct ID field */
#define ERR_ABR 0x04 /* command aborted */
#define ERR_TZE 0x02 /* track zero error */
#define ERR_DAMNF  0x01 /* data address mark not found */

/* define bit values for hard disk register */

#define HEAD_SEL3 0x04 /* enables third head select bit */
#define RESET_HDC  0x02 /* resets hard disk controller */
#define INT_ENA 0x01 /* enables hdc interrupts to CPU */

/* define bit values for sdh register */

#define SDH_ECC 0x80 /* select ecc mode for data field */
#define SDH_256 0x00 /* sector size = 256 */
#define SDH_512 0x20 /* sector size = 512 */
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/* define bit values for status register */

#define
#define
#define
#define
#define
#define
#define

STAT_BSY
STAT_RDY
STAT_WF

STAT_SC

STAT_DRQ
STAT_DWC
STAT_ERR

0x80
0x40
0x20
0x10
0x08
0x04
0x01

/* define bit values for

#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define

#define
#define
#define
#define

#define
#define
#define
#define
#define
#define
#define
#define

SR_35US

SR_O_5MS
SR_1_OMS
SR_1_5MS
SR_2_OMS
SR_2_5MS
SR_3_OMS
SR_3_5MS
SR_4_OMS
SR_4_5MS
SR_5_OMS
SR_5_5MS
SR_6_OMS
SR_6_5MS
SR_3_2US
SR_1_6US

CMD_IC
CMD_MSF
CMD_LM
CMD_TRY

CMD_REST
CMD_SEEK
CMD_READ
CMD_WRITE
CMD_SCAN
CMD_FRMAT
CMD_CC
CMD_PARM

0x00
0x01
0x02
0x03
0x04
0x05
0x06
0x07
0x08
0x09
0x0a
0x0b
0x0c
0x0d
0x0e
0x0f

0x08
0x04
0x02
0x01

0x10
0x70
0x20
0x30
0x40
0x50
0x08
0x91
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command register */

/* hdc busy
/* drdy pin
/* write fault
/* seek complete
/* data request
/* data was corrected
/* nonrecoverable error

/* step rate = 35 us
rate =

/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/%
/*

step
step
step
step
step
step
step
step
step
step
step
step
step
step
step

rate
rate
rate
rate
rate
rate
rate
rate
rate
rate
rate
rate
rate
rate

= WO N & A WWNN R =O
DN NNONONONOoOUMOUBNNOoOm

ms
ms
ms
ms
ms
ms
ms
ms
ms
ms
ms
ms
ms
us
us

/* interrupt control

/* multiple sector flag

/* long mode read and write
/* disable retries

/* restore

/* seek
/* read

/* write

/* read/verify

/* format

/* compute correction

/* set parameter

command
command
command
command
command
command
command
command

*/

*/
*/
*/
*/
*/

*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/

*/
*/
*/
*/

*/
*/
*/
*/
*/
*/
*/
*/
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/***********************************************************************/

/* declare structures used in hard disk controller example
/***********************************************************************/

typedef struct
{

unsigned char sec_buf; /* (R/W) sector buffer

unsigned char err_wpc;

/* (R) error reg

/* (W) write precompensation cylinder
unsigned char sc; /* (R/W) sector count
unsigned char sn; /* (R/W) sector number
unsigned char cyl_low; /* (R/W) lower 8 bits of cylinder number
unsigned char cyl_hi; /* (R/W) upper 2 bits of cylinder number
unsigned char sdh; /* (R/W) sdh register
unsigned char csr; /* (R) status reg, (W) command reg

} HDC;

typedef struct

{
HDC +base; /* primary or alternate base address of controller reg
int busy; /* busy flag
int retry; /* retry count
unsigned int cyl; /* cylinder number
unsigned char last_cmd; /* last command sent to hdc
unsigned char ecm; /* error correction method
unsigned char srt; /* step rate time
unsigned char ds; /* drive select 0 - 3
unsigned char hs; /* selected head number

unsigned char sc;
unsigned char sn;
unsigned char eot;

/* sector count
/* sector number
/* end of track

unsigned char fgpl; /* format gap length

unsigned char nd;

unsigned char ss;

unsigned char t;
} HDC_CMD;
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typedef struct

{
unsigned int cc; /* cylinder count */
unsigned int wpc; /* write precompensation cylinder */
unsigned int hc; /* head count */
unsigned int spt; /* sectors per track */
} HDD;

typedef struct

{
unsigned int cyl; /* cylinder number */
unsigned char error; /* error code/status */
unsigned char sc; /* sector count */
unsigned char sn; /* sector number */
unsigned char sdh; /* sdh register */
unsigned char status; /* status register */

} HDC_RESULT;

/***********************************************************************/

/* declare space for hdc parameter data */
/***********************************************************************/

HDD hdd[2] = /* hard disk descriptors */
{

{ 615, 300, 4, 17 },

{ 615, 300, 4, 17 },

};

HDC_CMD hdc_cmd; /* command data */
HDC_RESULT hdc_result; /* result data */
int hdc_buff[256]; /* hdc I/0 buffer */

/***********************************************************************/

/* hds() - select the desired drive */
/] e ek e ks o sk s ke e ks ok o s ke e ks ook sk ok ke ok ok ok ks ok sk ook ok ok o ok o ko ook sk ok ok ok ok ok sk ok o ok sk ke sk ok ok /

hds() /* select error correction method, sector size, drive, and head */

{
HDC *phdc = hdc_cmd.base; /* pointer to controller registers */

outp(&phdc->sdh, hdc_cmd.ecm | hdc_cmd.ss | (hdc_cmd.ds << 4) | hdc_cmd.hs);
}
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/***********************************************************************/

/* wait_hdc() - wait for hard disk command to complete */
/***********************************************************************/

wait_hdc ()
{
HDC #phdc = hdc_cmd.base; /* pointer to controller registers */

while(hdc_cmd.busy) /* wait until interrupt occurs */
; /* busy bit should be clear, but just in case, */
while(inp (4phdc->csr) & STAT_BSY) /* wait until busy bit is clear */

if (inp(&phdc->csr) & STAT_ERR) /* if error condition */

hdc_result.error = inp(&phdc->err_wpc); /* read error register */
else hdc_result.error = 0; /* mark no error */
switch(hdc_cmd.last_cmd) /* discover last command issued */
{

case CMD_REST :
while((inp(&phdc->csr) & (STAT_RDY | STAT_SC)) != (STAT_RDY | STAT_SC))

break;

case CMD_SEEK :
while((inp(&phdc->csr) & (STAT_RDY | STAT_SC)) != (STAT_RDY | STAT_SC))

break;

case CMD_FRMAT:

break;
default :
break;

}
hdc_result.sc = inp(&phdc->sc); /* read sector count register */
hdc_result.sn = inp(&phdc->sn); /* read sector number register */
hdc_result.cyl = inp(&phdc->cyl_low); /* low 8 bits of cyl */
hdc_result.cyl |= inp(&phdc->cyl_hi) << 8; /* high 2 bits of cyl */
hdc_result.sdh = inp(&phdc->sdh); /* read sdh register */
hdc_result.status = inp(&phdc->csr); /* read status register */
dsp_hdc_stat () ; /* display result status */
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/*********************************#**#***************#******************/

/* hdc_issue() - issue all hdc commands

*/

/***************************************#*******************************/

hdc_issue(cmd)

int cmd; /* desired command

{
HDC *phdc = hdc_cmd.base;
char oline[20];

hdc_cmd.last_cmd = cmd; /* set last command issued
switch(cmd)
{

case CMD_REST: /* recalibrate 7

hdc_cmd.cyl = O;
hdc_cmd.hs = O;

cmd |= hdc_cmd.srt; /* restore command
break;
case CMD_SEEK: /* seek 7
cmd |= hdc_cmd.srt; /* seek command
break;
case CMD_SCAN: /* read ID ?
cmd |= hdc_cmd.t; /* scan id command
break;
case CMD_READ: /* read data ?
case CMD_WRITE: /* write data ?
break;
default:
break;
}
outp(&phdc->err_wpc, hdd[hdc_cmd.ds].wpc >> 2); /* write the wpc reg
outp(&phdc->sc, hdc_cmd.sc); /* write the sector count
outp(&phdc->sn, hdc_cmd.sn); /* write the sector number
outp(&phdc->cyl_low, hdc_cmd.cyl); /* write 8 low bits
outp(&phdc->cyl_hi, hdc_cmd.cyl >> 8); /* write 2 high bits
hds () ; /* select appropriate drive
outp(&phdc->csr, cmd); /* write the command
hdc_cmd.busy = TRUE;
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/***********************************************************************/

/* hdc_init() - initialize hard disk controller and interrupt vector */
/***********************************************************************/

hdc_init ()
{
outp(HDR_ASR, RESET_HDC); /* reset the hdc */
/* must be reset for minimum of 5 us */
iv_init (0x76); /* initialize the interrupt vector */
imask(1, 6, ON); /* enable PIC input */
outp(HDR_ASR, INT_ENA); /* hdc not reset and allow interrupt */
}

/***********************************************************************/

/* hdc_rest() - restore hard disk controller and interrupt vector */
[ H AR ok ok ks ok sk ook ok ok sk ok s ok ok ok ks ok ko ko s ko ook s ok ok ok s ok sk o s ok ok sk ok sk ks ke ok ok /

hdc_rest()

{
outp(HDR_ASR, RESET_HDC); /* reset the hdc */
imask(1, 6, OFF); /* disable PIC input */
iv_rest (0x76) ; /* restore the interrupt vector */
outp(HDR_ASR, INT_ENA); /* hdc not reset and allow interrupt */

}

/***********************************************************************/
/% hdc_int_hand() - hdc interrupt handler */

/***********************************************************************/

hdc_int_hand ()

{

HDC *phdc = hdc_cmd.base; /* pointer to controller registers */
hdc_result.status = inp(&phdc->csr); /* read status register */
hdc_cmd.busy = FALSE; /* no longer busy */
eoi(l);

}
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/***********************************************************************/

/* hdc() - execute hard disk controller examples

*/

/***********************************************************************/

/* hdc menu

hdc ()
{
static MESSAGE mhdc[] =
{
{ 3, 27, "Hard Disk Controller Example" },
{ 5, 27, "Fi. Recalibrate" },
{ 6, 27, "F2. Head +" },
{ 7, 27, "F3. Head -" },
{ 8, 27, "F4. Seek +" },
{ 9, 27, "F5. Seek -" },
{ 10, 27, "F6. Read ID" },
{ 11, 27, "FT7. #** Format Disk ** (Erases data)" },
{ 12, 27, "F10. Return to Main menu" },
{ o, 0, 01},
};

char line[512];
char oline[512];
unsigned int cyl;
unsigned int head;
HDC #*phdc;

int *pi;

int i;

/* to hold input line
/* to hold output line
/* loop control

/* loop control

*/

*/
*/
*/
*/

disp_menu(mhdc) ; /% display the hdc menu */
hdc_cmd.base = (HDC *)PRI_BASE; /* controller addressed at primary */
hdc_cmd.ecm = SDH_ECC;
hdc_cmd.ss = SDH_512;
hdc_cmd.ds = O;
hdc_cmd.hs = hdd[0] .hc;
hdc_cmd.sc = hdd[0].spt;
hdc_cmd.srt = SR_1_5MS; /* assign step rate */
phdc = hdc_cmd.base;
hdc_issue (CMD_PARM) ; /* set parameters */
wait_hdc();
hdc_cmd.cyl = hdc_result.cyl;
dsp_hdc_stat();
hdc_cmd.hs = O;
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1line[0] = O; /* null terminated
while(1) /* forever (see F10)
{
line[0] = get_fkey(); /* get a function key for menu selection
switch(line[0]) /* determine menu selection
{
case F1: /* recalibrate

hdc_cmd.ecm = SDH_ECC;

hdc_cmd.sc = hdd[hdc_cmd.ds].spt;
hdc_cmd.sn = 0;

hdc_issue (CMD_REST) ;

wait_hdc(); /* wait for command complete
break;
case F2: /* head select + 1

hdc_cmd.ecm = SDH_ECC;

hdc_cmd.sc = hdd[hdc_cmd.ds].spt;

hdc_cmd.sn = O;

if (hdc_cmd.hs < hdd[hdc_cmd.ds] .hc) hdc_cmd.hs++;
if (hdc_cmd.hs == hdd[hdc_cmd.ds] .hc) hdc_cmd.hs--;
hdc_issue (CMD_SEEK) ;

wait_hdc(); /* wait for command complete
break;
case F3: /* head select -1
hdc_cmd.ecm = SDH_ECC;
hdc_cmd.sc = hdd[hdc_cmd.ds].spt;
hdc_cmd.sn = O;
if (hdc_cmd.hs) hdc_cmd.hs--;
hdc_issue (CMD_SEEK) ;
wait_hdc(); /* wait for command complete
break;
case F4: /* seek + 1 cylinder
hdc_cmd.ecm = SDH_ECC;
hdc_cmd.sc = hdd[hdc_cmd.ds].spt;
hdc_cmd.sn = O;
if (hdc_cmd.cyl < hdd[hdc_cmd.ds].cc) hdc_cmd.cyl++;
if (hdc_cmd.cyl == hdd[hdc_cmd.ds].cc) hdc_cmd.cyl--;
hdc_issue (CMD_SEEK) ;
wait_hdc(); /* wait for command complete

break;
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case F5: /* seek - 1 cylinder #*/
hdc_cmd.ecm = SDH_ECC;
hdc_cmd.sc = hdd[hdc_cmd.ds].spt;
hdc_cmd.sn = O;
if (hdc_cmd.cyl) hdc_cmd.cyl--;
hdc_issue (CMD_SEEK) ;

wait_hdc(); /* wait for command complete */
break;
case F6: /* scan id */

hdc_cmd.ecm = SDH_ECC;
hdc_cmd.sc = 1;
for(i = 1; i <= hdd[hdc_cmd.ds] .spt; i++)
{
hdc_cmd.sn = i;
hdc_issue (CMD_SCAN) ;

wait_hdc(); /* wait for command complete */
}
break;
case FT7: /* hard format disk */
hdc_issue (CMD_REST) ;
wait_hdc(); /* wait for command complete */

interleave (hdc_buff, 256, 17, 2, Oxffff);
for(cyl = 0; cyl < hdd[hdc_cmd.ds].cc; cyl++) /* all cylinders #*/
{
hdc_cmd.cyl = cyl; /* current cylinder */
for(head = 0; head < hdd[hdc_cmd.ds] .hc; head++)/* all heads */
{
hdc_cmd.hs = head;
hdc_cmd.ecm = SDH_ECC;
hdc_cmd.sc = hdd[hdc_cmd.ds].spt;
hdc_cmd.sn = O;
hdc_issue (CMD_SEEK) ; /* seek to current cylinder */
wait_hdc(); /* wait for command complete */
hdc_cmd.ecm = SDH_ECC;
hdc_cmd.sc = hdd[hdc_cmd.ds].spt;
hdc_cmd.sn = O;
hdc_issue (CMD_FRMAT) ;
while (! (inp(&phdc->csr) & STAT_DRQ))
for(i = 0; i < 256; i++)
outw(&phdc->sec_buf, hdc_buff[i]);
wait_hdc(); /* wait for command complete */
}
}

break;
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case F8:
interleave(hdc_buff, 256, 17, 2, Oxffff);
for(cyl = 0, head = 0; head < 30; head++)
{
sprintf (oline, "%04x ", hdc_buff[head]);
disp_str(13 + (head / 10), (head % 10) * 5, oline);
}

break;

case F10: /* return to caller (main menu) */
return;
}
}
}

dsp_hdc_stat ()

{

HDC_RESULT *pres = &hdc_result;
char oline[50];

sprintf(oline, "Error Reg : 0x%02x", pres->error);
disp_str(21, 1, oline);

sprintf(oline, "Sector Count : O0x%02x", pres->sc);
disp_str(21, 41, oline);

sprintf(oline, "Sector Number: 0x%02x", pres->sn);
disp_str(22, 1, oline);

sprintf (oline, "Cylinder Num : 0x%04x", pres->cyl);
disp_str(22, 41, oline);

sprintf (oline, "SDH Register : 0x%02x", pres->sdh);
disp_str(23, 1, oline);

sprintf (oline, "Status Reg : 0x%02x", pres->status);
disp_str(23, 41, oline);

sprintf (oline, "Last command : 0x%02x", hdc_cmd.last_cmd) ;
disp_str(24, 1, oline);
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interleave(pb, size, cnt, il, fill)
int *pb; /* pointer to buffer */
int size; /* size of buffer */
int cnt; /* number of sectors */
int il; /* interleave:1 */
int £ill; /* £ill byte */
{
int *pi; /* temp pointer */
int *pf; /* start of fill */
int x, y; /* temp counter */
x = size - cnt; /* £ill size */
pf = pi = pb + cnt; /* offset to fill */
while(x--) #*pi++ = fill; /* set £fill bytes */
for(x = 1; x <= cnt; x++)
{
if(pi > pf) pi = pb++;
¥pi++ = x << 8;
for(y = 1; y < il; y++) pi++;
}
}
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Chapter 13
Network Hardware Interface

Introduction to the LANCE

The network hardware interface is located on the VAXmate workstation 1/0
board. When the back of the VAXmate workstation is open and no options are
plugged in, the I/O board is visible.

VAXmate workstations may contain different versions of the LANCE, which
exhibit subtle differences on large networks with high levels of traffic. The dif-
ferent versions of hardware require special treatment by software. Digital
Equipment Corporation recommends that you avoid programming the hardware
interface directly. Instead, applications should use the MS-Network session
level interface, DECnet-DOS session level interface, and the Data Link inter-
face to access the network. For additionl information about these software in-
terfaces, see Chapter 18 in this manual.

The remainder of this chapter discusses the following topics:

Functional description of the Network Hardware Interface
Programming sequence

Register descriptions

Physical description

Physical address field

Logical address filter field

Buffer management

Receive descriptor rings

Transmit descriptor rings

Network interface external interconnect
Network Interface system bus interconnect
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Additional Source of Information

Additional information about the LANCE can be found in the
Advanced Micro Devices document:

e  MOS Microprocessors and Peripherals 1985 Data Book

Functional Description of the Network
Hardware Interface

The network hardware interface is connected to the system bus. The interface
contains address, data, and control lines capable of handling the controller func-
tions. The interface is part of the standard communications and I/O functions
of the VAXmate workstation.

The Network Interface (NI) consists of three main integrated circuits. The
hardware also includes a small number of discrete components, system bus in-
terfacing devices, and a female BNC connector mounted directly on VAXmate
I/O module printed circuit board. The BNC connector connects the Network
Interface to the network.

The three integrated circuits in the NI are the:

* Coax Transceiver Interface (CTI)
e Serial Interface Adapter (SIA)
e Local Area Network Controller for Ethernet (LANCE)

The Coax Transceiver Interface

The CTI interfaces to the coaxial cable by a BNC connector. The CTI performs
transmit, receive, and collision detect functions for the network controller. The
CTI is electrically isolated from the other devices as required by IEEE 802.3
specifications.

The Serial Interface Adapter

The SIA interfaces to the CTI through an isolation transformer. The SIA per-
forms manchester phase encoding and decoding of the data transferred over
the network. The SIA also interfaces with the LANCE. The SIA filters noise
and interprets collisions for the LANCE circuit.

The Local Area Network Controller

The LANCE converts data beteen the network serial format and the system
byte-wide format. The LANCE is the primary interface between the network
hardware and the rest of the VAXmate workstation.
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In receive mode, the LANCE:

Receives information from the SIA.

2. Converts the serial network bit stream into a parallel (8-bit wide) byte
stream.

3.  Strips the Ethernet preamble and synchronization pattern.
Checks and removes the CRC bits.

Uses direct memory access and a 24-bit-wide physical address to place
the information in memory located in the CPU address space.

In transmit mode, the LANCE:

Uses DMA to read data from system memory.

Converts the data to a serial bit stream.

1

2

3. Adds a preamble and sync pattern.

4 Calculates and adds the CRC at the end of the data packet.
5

Passes the data packet to the SIA for transmission on the ThinWire
Ethernet.

Programming the LANCE

This section defines the control registers, status registers, and the data struc-
tures that are used to program the hardware interface.

The LANCE is controlled by a set of four control and status registers (CSRs)
and three data structures. The CSRs are accessible within the CPU 1/O address
space and the data structures located in the CPU memory address space. After
the LANCE is enabled, it acquires additional operating parameters by accessing
the data structures. The LANCE accesses system memory through bus arbitra-
tion between the LANCE, CPU, memory refresh controller, and the DMA
controller.

After the LANCE is programmed, it independently manages the data struc-
tures and transfers data packets on the ThinWire Ethernet.

The three data structures accessed by the LANCE are:

e Initialization Block
¢  Receive and Transmit Descriptor Rings
e  Data Buffers
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Initialization Block

The initialization block is 12 contiguous words of memory starting on a word
boundary. The controlling program stores the operating parameters in the in-
itialization block. To acquire the operating parameters, which are necessary for
device operation, the LANCE reads the initialization block. The initialization
block contains the:

Mode of Operation

Physical Address

Logical Address Mask

Location of Receive and Transmit Descriptor Rings

Number of Entries in Receive and Transmit Descriptor Rings

Receive and Transmit Descriptor Rings

The receive and transmit descriptor rings are two ring structures: one for in-
coming and the other for outgoing packets. Each entry in the rings is four
words, and must start on a quadword boundary. The descriptor rings contain
the buffer address, length, and status.

Data Buffers

Data buffers are contiguous portions of memory reserved for buffering packets.
Data buffers can begin on arbitrary byte boundaries. Entries in the Receive and
Transmit Descriptor Rings point to the data buffers.

Programming Sequence
The general programming sequence of the LANCE is:

1. Load CSR1 and CSR2, which identifies the location of an initialization
block in memory.

2.  Load CSR3, which sets the operating mode of the LANCE.
3. Set the INIT and STRT bits in CSR0, which causes the LANCE to

load the information from the initialization block and to access the
descriptor rings.

NOTE

The ThinWire Ethernet interface conforms to the IEEE 802.3
specification, which requires a frequency accuracy of +0.01%.
The crystal oscillator in the VAXmate network hardware re-
quires 1 Ms after power on to achieve £10% accuracy, and 10
seconds to achieve +0.01% accuracy. Therefore, the network in-
terface is considered operational 10 seconds after power-on of
the VAXmate workstation.

On powerup, the VAXmate diagnostics ensure the required 10
second settling time.
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Register Description

The Network Interface uses three physical I/O ports as registers: two in the
LANCE, and one in the interface logic. The registers in the LANCE comprise
five logical registers, for a total of six logical registers in the Network Interface
(NI).

The LANCE internal CSRs are accessed through its two bus addressable ports,
a register address port (RAP), and a register data port (RDP). The internal
CSRs are read (or written) in a two step operation. The address of the CSR is
written into the address port (RAP). Then the data is read from (or written
into) the selected CSR through the RDP. Once written, the address in RAP
remains unchanged until rewritten.

Table 13-1 describes the registers and their addressing.

Table 13-1 Network Interface Registers

Primary  Alias R/IW Register Description

/O 1’0 Width

Address  Address

0C60H C064H R/W 16-bit LANCE Register Data
Port (RDP)

0C62H C066H R/W 16-bit LANCE Register Address
Port (RAP)

RAP = 0 R/W 16-bit LANCE CSR 0

RAP =1 R/W 16-bit LANCE CSR 1

RAP = 2 R/W 16-bit LANCE CSR 2

RAP = 3 R/W 16-bit LANCE CSR 3

0C68H 0C69H-0C6FH w 8-bit NI CSR

The logical address is the contents of RAP bits 1-0, and applies to references
to LANCE internal CSR registers 3-0. These registers are physically addressed
at the LANCE RDP address on the VAXmate I/O bus, and individually se-
lected by the contents of LANCE RAP bits 1-0.

The VAXmate address decode logic creates alias I/O port addresses for certain
registers. The alias I/O addresses are listed in Table 13-1.

NOTE
Because future revisions of hardware may not implement thesé
aliases, programs should not use the alias addresses.
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Register Data Port (RDP)

10

15 14 13 12 11
T T T T
CSR DATA
1 | 1 1
7 6 5 4 3
T T T T
CSR DATA
1 1 1 1

Bit R/W Description

150 R CSR DATA

Writing data into RDP writes the data into the CSR selected in
RAP. Reading the data from RDP reads the data from the CSR
selected in RAP. CSR1, CSR2, and CSR3 are accessible only when

the STOP bit of CSRO is set.

If the STOP bit is not set while attempting to access CSR1,
CSR2, or CSR3, the LANCE returns READY, but a read opera-
tion returns undefined data and a write operation is ignored.
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Register Address Port (RAP)

15 14 13 12 1 10 9

1 L 1 LI v L Ll
RES

] 1 1 1 1 1 1

7 6 5 4 3 2 1
I L] 1 I | !
RES CSR
1 1 1 1 1 1

Bit R/W Description

15-2 RES - Reserved (always 0)

1-0 R/W CSR - Control/Status Register Select
0 = CSRO accessed through RDP
1 = CSR1 accessed through RDP

2 = CSR2 accessed through RDP

3 = CSR3 accessed tkrough RDP

The register address port is cleared by STOP or Bus RESET.
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Control And Status Register 0 (RAP = 0)

15

14 13 12 11 10 9 8

BABL CERR MISS MERR RINT | TINT IDON

INTR

INEA RXON TXON TDMD STOP STRT INIT

Bit R/W

Description

156 R

14
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ERR - Error

0 = The four bits BABL, CERR, MISS and MERR are all equal
to 0.

1 = One or more of the four bits, BABL, CERR, MISS, or
MERR are equal to 1.

BABL - Babble
0 = Less than 1519 bytes of data have been transmitted.
1 = 1519 bytes of data, or more, have been transmitted.

BABL indicates a transmitter error, caused by the transmitter
being on longer than the time required to send the maximum
length packet. The LANCE transmits data until the transmit
buffer byte count equals

zero. The LANCE assumes the Ethernet transmission is limited by
the physical channel interface.

If INEA = 1, an interrupt is generated when BABL is set.

0 = No effect
1 = Clears this bit

Bable is read/clear only. BABLE is cleared by Bus RESET or set-
ting the STOP bit.




Bit R/W Description (CSRO - cont.)
13 CERR - Collision Error
R 0 = No collision error
1 = Collision error
The collision input failed to activate within 2 us after a
transmission, started by the controller, was completed. Collision
after transmission is a test feature of the transceiver.
W 0 = No effect
1 = Clears this bit
CERR is READ/CLEAR ONLY
CERR is cleared by Bus RESET or setting the STOP bit.
12 MISS - Missed Packet
R 0 = Receiver owns a receive buffer or the SILO has not
overflowed
1 = The receiver loses a packet because it does not own a receive
buffer and the SILO has overflowed, indicating loss of data.
SILO overflow is not reported because there is no receive
ring entry in which to write the status.
w 0 = No effect
1 = Clears the bit
If INEA equals 1 and MISS equals 1, an interrupt is generated.
MISS is READ/CLEAR ONLY. MISS is cleared by Bus RESET
or setting the STOP bit.
11 MERR - Memory Error
R 0 = No memory error
1 = LANCE is the Bus Master and has not received READY
within 25.6 us after asserting the address on the DAL lines.
When a Memory Error is detected, the receiver and
transmitter are turned off and an interrupt is generated if
INEA = 1.
W 0 = No effect
1 = Clears the bit

MERR is READ/CLEAR ONLY. MERR is cleared by Bus RESET
or setting the STOP bit.
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Bit R/W Description (CSRO - cont.)

10
9
8 R
7 R

13- 10

RINT - Receiver Interrupt

0 = No receiver interrupt
1 = Receiver interrupt

0 = No effect

1 = Clears the bit

RINT = 1 when the status for an entry in the Receive Descriptor
Ring is updated.

If INEA = 1, an interrupt is generated when RINT is set.

RINT is READ/CLEAR ONLY
RINT is cleared by Bus RESET or setting the STOP bit.

TINT - Transmitter Interrupt

0 = No transmitter interrupt

1 = When the status for an entry in the Transmit Descriptor
Ring is updated.

0 = No effect

1 = Clears the bit

If INEA = 1, an interrupt is generated when TINT is set.
TINT is READ/CLEAR ONLY
TINT is cleared by Bus RESET or setting the STOP bit.

IDON - Initialization Done

0 = Initialization procedure not completed

1 = LANCE has completed the initialization procedure started by
setting the INIT bit. When IDON is set, the LANCE has
read the initialization block from memory and stored the new
parameters.

If INEA = 1, an interrupt is generated when IDON is set.
IDON is READ/CLEAR ONLY

0 No effect
1 Clears the bit

IDON is cleared by Bus RESET or setting the STOP bit.

INTR - Interrupt Flag

0 = BABL, MISS, MERR, RINT, TINT, and IDON are all equal
0

1 = One or more of the following interrupt causing conditions
has occurred: BABL, MISS, MERR, RINT, TINT, IDON. If
INEA =1 and INTR =1 the INTR L I/O pin will be low.

INTR is cleared by Bus RESET or setting the STOP bit. INTR is
also cleared by clearing the conditions that caused the interrupt.



Bit R/W Description (CSRO - cont.)
6 R/W INEA - Interrupt Enable
0 = The INTR L I/O pin will be high, regardless of the state of
INTR.
1 = If INTR =1, the INTR L I/O pin will be low.
INEA allows the INTR L I/O pin to be driven low when the
Interrupt Flag is set. If INEA =0 INEA is cleared by Bus RESET
or setting the STOP bit.
5 R RXON - Receiver ON
0 = Receiver disabled
1 = Receiver enabled
RXON = 0 when IDON = 1, if DRX = 1 in the MODE register
or a memory error (MERR =1) has occurred. RXON = 1 when
STRT is set in CSRO, if DRX 0 in the MODE field of the initiali-
zation block is IDON = 1.
RXON is cleared by Bus RESET or setting the STOP bit.
4 R TXON - Transmitter On
0 = Transmitter enabled
1 = Transmitter disabled
When TXON = 0, IDON = 1, and DTX = 1 in the MODE regis-
ter, an Underflow or Retry error has occurred during transmission
or a memory error (MERR) has occurred.
TXON = 1 when the INIT bit = 1, and when STRT =1 if DTX
= 0 in the MODE register in the initialization block. TXON is
cleared by Bus RESET or setting the STOP bit.
3 W  TDMD - Transmit Demand
R 0 = The packet is sent subject to the 1.6-millisecond polling in-
terval delay.
1 = Packet is transmitted without the typical delay of the polling
interval, 1.6 milliseconds.
W 0 = No effect
1 = Clears this bit

TDMD, when set, causes the LANCE to access the Transmit
Descriptor Ring without waiting for the poll time interval to
elapse. TDMD need not be set to transmit a packet, it merely
hastens the LANCE response to a Transmit Descriptor Ring entry
insertion by the software.

TDMD is cleared by Bus RESET or setting the STOP bit. TDMD
is cleared by the LANCE after the Transmit Descriptor Ring is
accessed.
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Bit R/W Description (CSRO - cont.)

2 R/W STOP

0 = No effect
1 = LANCE disabled from all external activity and internal logic
cleared

STOP set is the equivalent of asserting Bus RESET L. The
LANCE remains inactive and STOP remains set until the STRT or
INIT bit is set. If STRT, INIT, and STOP are all set together,
STOP will override the other bits and only STOP will be set. Stop
will terminate all LANCE activities asynchronously.

STOP is cleared by setting INIT or STRT.
STRT - Start

STRT enables the LANCE to send and receive packets, perform
direct memory access and do buffer management. Setting STRT
clears the STOP bit. If STRT and INIT are set together, the INIT
function will be executed first.

STRT is READ/WRITE WITH ONE ONLY. Writing a 0 into this
bit has no effect.

STRT is cleared by Bus RESET or setting the STOP bit.

INIT - Initialize

0 = No effect

1 = Starts LANCE initialization and reads initialization block.
Setting INIT clears the STOP bit.

If STRT and INIT are set together, the INIT function will be exe-
cuted first.

INIT is cleared by Bus RESET or setting the STOP bit.
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Control And Status Register 1 (RAP = 1)

15 14 13 12 11 10 9 8
L] T LI L) | 1 |
IADR(15-8)
1 1 1 1 1 1 1
7 6 5 4 3 2 1 0
L) T ¥ L ¥ 1
IADR(7-1)
0
] ] 1 1 ] 1
Bit Description
15-1 IADR

The low-order 16 bits of the address of the first word (lowest ad-
dress) in the initialization block.

0 Always 0

Accessible only when the STOP bit of CSRO equals 1. If STOP = 0, an access
returns READY, a Read operation returns undefined data and a Write opera-
tion is ignored. CSR1 is unaffected by Bus RESET L.

13- 13



Control And Status Register 2 (RAP = 2)

15 14 13 12 11 10 9 8
LE ) T L I I L]
RES
1 1 1 1 1 1 1
7 6 5 4 3 2 1 0
! I L] 1 L ! I
IADR (Bits 23-16)
1 1 1 1 1 1 L

Bit Description
15-8 RES
Reserved.
7-0 IADR (Bits 23-16)

The high order 8 bits of the address of the first word of the in-
itialization block.

Accessible only when STOP equals 1 (CSR0). If STOP = 0, an access returns
READY, a Read operation returns undefined data and a Write operation is
ignored.

CSR2 is unaffected by Bus RESET L.
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Control And Status Register 3 (RAP = 3)

15 14 13 12 11 10 9 8
T T T T T 1 ]
RES
1 | 1 | | | |
7 6 5 4 3 2 1 0
I T T T
RES BSWP ACON BCON
1 | 1 1
Bit R/W Description
15-3 RES - Reserved (Always 0)
2 R/W BSWP - Byte Swap
0 = The LANCE does not swap high and low bytes
1 = The LANCE swaps the high and low bytes on DMA data
transfers between the SILO and bus memory.
BSWP allows the LANCE to operate in systems that consider bits
15-8 to be the least significant byte and bits 7-0 to be the most
significant byte. Only data from Silo transfers is swapped, the in-
itialization block data and the Ring Descriptor entries are NOT
swapped. BSWP is cleared by Bus RESET or setting the STOP bit
in CSRO.
1 R/W ACON - ALE Control
R/W 0 = ALE is asserted high.

1 = ALE is asserted low.

ACON defines the assertive state of ALE when the LANCE is a
Bus Master.

ACON is cleared by Bus RESET or setting the STOP bit in
CSRO.
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Bit R/W Description (CSR3 - cont.)

0 R/W BCON - Byte Control

BCON 1/O Pin 16 I/O Pin 15 I/O Pin 17
0 BM1L BMOL HOLD L
1 BUSAKOL BYTE H BUSRQ L

BCON redefines the Byte Mask and Hold I/O pins.

BCON is cleared by Bus RESET or setting the STOP bit in
CSRO.

Table 13-2 lists the value required for each function for CSR3.

Table 13-2 LANCE CSR3 Required Values For The VAXmate Workstation

Bit Function Value Required
15-3 Undefined should be zero
BSWP (Byte Swap) 0
ACON (ALE Control) 1
0 BCON (Byte Mask Control) 0

CSR3, which allows redefinition of the bus master interface, contains three
bits. They are used to customize certain hardware interface signals provided by
the LANCE when it is in bus master mode. The programming of these bits is
hardware implementation dependent. The VAXmate workstation values are in
Table 13-2.

Accessible only when the STOP bit of CSRO equals 1. If STOP = 0, an access
returns READY, a Read operation returns undefined data and a Write opera-
tion is ignored.

Bus RESET L or setting the STOP bit in CSRO, clears CSR3.

13- 16



NI CSR (0C68H)

7 6 5 4 3 2 1 0
LED RES RES LED INT RES RES INT
SET CLEAR | CLEAR SET

Bit R/W Description

7
w
w
3
w
2
1
0
\u4

LED SET - Diagnostic LED Indicator Set

0
1

[l

RES - Reserved (undefined)
RES - Reserved (undefined)

LED CLEAR - Diagnostic LED Indicator Clear
No effect

0=
1

0
1

RES - Reserved (undefined)
RES - Reserved (undefined)

No effect

LED on

LED off (Power-on default)

No effect

Disable interrupts (Power-on default)

INT CLEAR - Network Interface Interrupt Enable Clear

INT SET - Network Interface Interrupt Enable Set

0_

1 =

No effect

Enable interrupts

The NI CSR supports individual bit-set and bit-clear capability in a write-only
register. Writing a 1 to a bit invokes its particular set or clear operation on the
designated function. Writing a 0 to a bit does not invoke the particular set or
clear operation for the designated function. Writing 0 to both set and clear bits
for a designated function leaves the state of that function unchanged. Because
writing 1 to both the set and clear bits of a designated function will toggle the

state of that function, writing 1 to both the set and clear bits is not

recommended.
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Initialization Block

During initialization, the LANCE reads operating parameters from the initiali-
zation block.

When the INIT bit in CSRO is set, the LANCE begins reading the initialization
block. To ensure proper parameter initialization and LANCE operation, the
controlling program should set the INIT bit and then set the STRT bit. After
the LANCE reads the initialization block, the LANCE sets IDON in CSR0 and
if INEA equals 1, the LANCE also generates an interrupt.

Higher Addresses TLEN-TDRA (23-16) IADR +22
TDRA (15-00) IADR +20

RLEN-RDRA (23-16) IADR +18

RDRA (15-00) IADR +16

LADRF (63-48) IADR +14

LADRF (47-32) IADR +12

LADRF (31-16) IADR +10

LADREF (15-00) IADR +08

PADR (47-32) IADR +06

PADR (31-16) IADR +04

PADR (15-00) IADR +02

Base Address of Block MODE (15-00) IADR +00

The base address, BASE ADDR, is formed from CSR2 bits 7-0 and CSR1 bits
15-1.
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Mode Field
(Initialization Block, Offset 00H)

15 14 13 12 11 10 9 8
T T T T T T
PROM RES
1 1 1 1 1 1
7 6 5 4 3 2 1 0
RES INTL DRTY COLL DTCR | LOOP DTX DRX

Bit Description
16 PROM - Promiscuous
0 = Incoming packets matching physical or logical address filter
are accepted.
1 = All incoming packets are accepted.
14-7 RES - Reserved
6 INTL - Internal Loopback

INTL is used with the LOOP (bit 2) to determine where the loop-
back is to be done. Internal loopback allows the LANCE to receive
its own transmitted packet. The maximum transmit packet size al-
lowed during loopback is 32 data bytes. The LANCE automatically
adds 4 bytes of CRC to the packet if DTCRC=0 and therefore the
receive packet could be 36 bytes. INTL is only valid if LOOP = 1,
otherwise it is ignored.

INTL Loop LOOPBACK

X 0 No loopback, normal operation
0 1 external
1 1 internal
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Bit

Description (Mode Field - cont.)

13- 20

DRTY - Disable Retry

0 = LANCE attempts 15 retransmissions of a packet after the
first collision before reporting a Retry error.

1 = LANCE attempts only one transmission of a packet. If there
is a collision on the first transmission attempt, a Retry Error
(RTRY) is reported in Transmit Message Descriptor 3
(TMD3).

COLL - Force Collision
0 = Collision not forced
1 = Collision forced during subsequent transmission attempt

COLL allows the collision logic to be tested. For COLL to be valid,
the lance must be in internal loopback mode. When COLL = 1,
16 transmissions are attempted, and a retry error is reported in
TMD3.

DTCR - Disable Transmit CRC

0 = The transmitter generates and appends a CRC to the
transmitted packet.

1 = The CRC logic is allocated to the receiver and no CRC is
generated and sent with the transmitted packet.

During loopback, DTCR = 0 generates a CRC on the transmitted
packet. CRC logic, shared by the receiver and the transmitter,
cannot generate and check CRC at the same time. Therefore, the
receiver does the CRC check. The generated CRC and data are
written into memory and can be checked by the software.

If DTCR = 1 during loopback, the software must append a CRC
value to the transmit data in the transmit buffer. The receiver
checks the CRC on the received data and reports any errors.



Bit

Description  (Mode Field - cont.)

LOOP - Loopback
0 = LANCE operates in normal mode
1 = LANCE operates in full duplex mode for test purposes

LOOP allows the LANCE to operate in full duplex loopback mode
for test purposes. The maximum transmit packet size is limited to
32 data bytes. The received packet may be 36 bytes because the
LANCE automatically adds 4 CRC bytes if DTCRC=0.

During loopback, the runt packet filter is disabled because the
maximum packet is forced to be smaller than the minimum size
Ethernet packet of 64 Bytes.

LOOP = 1 allows simultaneous transmission and reception for a
message constrained to fit within the SILO. The LANCE waits
until the entire message is in the SILO before serial transmission
begins. The incoming data stream fills the SILO from behind as it
is being emptied. Moving the received message out of the SILO to
memory does not begin until reception has ceased. In loopback
mode, transmit data chaining is not possible. Receive data chaining
is allowed, regardless of the receive buffer length. In normal opera-
tion, not loopback, the receive buffers must be at least 64 bytes
long to allow time for buffer lookahead.

DTX - Disable the Transmitter

0 = LANCE can access the Transmit Descriptor Ring

1 = LANCE does not access the Transmit Descriptor Ring,
therefore no transmissions are attempted. DTX = 1 clears
the TXON bit in CSR0O when initialization is complete.

RX - Disable the Receiver

Receives incoming packets

LANCE rejects incoming packets and does not access the
Receive Descriptor Ring. DRX = 1 clears the RXON bit in
CSRO when initialization is complete.

D
0
1

The Mode field allows alteration of the LANCE operating parameters. In
normal operation, the Mode Register clear.
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Physical Address Field
(Initialization Block, Offset 02H)

PADR, the Network Physical Address, is the unique 48-bit physical address
assigned to the LANCE. PADR(0) must be zero.

Logical Address Filter Field
(Initialization Block, Offset 08H)

LADRF, the Logical Address Filter Field, is a 64-bit mask used by LANCE to
accept the logical addresses.

The Logical Address Filter is a 64-bit mask that accepts incoming Logical
Addresses sent through the CRC circuit. After all 48 bits of the address have
travelled through the CRC circuit, the high-order 6 bits of the resultant CRC
are strobed into a register. This register selects one of the 64-bit positions in
the Logical Address Filter. If the selected filter bit equals 1, the address is
accepted and the packet is put in memory. The first bit of the incoming ad-
dress must be 1 for a logical address. If the first bit is 0, it is a physical ad-
dress and is compared against the physical address that was loaded through
the Initialization Block.

The Broadcast address, which is all ones, does not go through the Logical
Address Filter and is always enabled. If the Logical Address Filter is loaded
with all zeros, all incoming logical addresses except Broadcast are rejected.
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Receive Descriptor Ring Pointer Field
(Initialization Block, Offset 10H)

31 30 29 28 27 26 25 24
L 1 1 1 !
RLEN RES
| 1 1 1 1
23 22 21 20 19 18 17 16
T LI T T T
RDRA
1 1 1 1 1
15 14 13 12 11 10 9 8
T T T T T
RDRA
| 1 1 | |
7 6 5 4 3 2 1 0
1 ] 1 1 !
RDRA
0 0 0
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Bit

Description (Receive Descriptor Ring Pointer Field)

31-29

28-24
23-0

RLEN - RECEIVE RING LENGTH

The number of entries in the Receive Ring expressed as a power
of two.

RLEN
Number of Entries

DN WBNN-O

RES (Reserved)
RDRA - Receive Descriptor Ring Address

RDRA is the base address (lowest address) of the receive descrip-
tor ring. Because the receive rings must be aligned on quadword
boundaries, bits 2-0 must be zeros.
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Transmit Descriptor Ring Pointer Field
(Initialization Block, Offset 14H)

31 30 29 28 27 26 25 24
Ll 1 I ) L] ]
TLEN RES
1 1 1 1 1 L
23 22 21 20 19 18 17 16
1 1 1 I 1 T L]
TDRA
1 1 1 1 1 1 L
15 14 13 12 11 10 9 8
1 1 1 1 ¥ ! v
TDRA
1 1 1 1 1 1 1
7 6 5 4 3 2 1 0
1 L] ! 1 | ¥ !
TDRA
0 0 0
1 1 1 1 1 1 1

13- 26



Bit Description (Transmit Descriptor Ring Pointer Field)
31-29 TLEN
TLEN is the number of entries in the Transmit Ring expressed
as a power of two.
Number of
TLEN Entries
0 1
2 4
3 8
4 16
5 32
6 64
7 128
8 256
28-24 RES - Reserved
23-0 TDRA - Transmit Descriptor Ring Address

TDRA is the base address (lowest address) of the Transmit
Descriptor Ring. Because the transmit rings must be aligned on
quadword boundaries, these bits 2-0 must be zeros.
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Buffer Management

Buffer descriptors, organized as ring structures in memory, are used for buffer
management. The buffer descriptors, also called message descriptors, are four
words long and point to a buffer. Two ring structures are allocated for the
LANCE: a ring of receive message descriptors (RMDs) and a ring of transmit
message descriptors (TMDs). To transmit or receive packets, the LANCE polls
each ring structure. The LANCE also enters status information in the descrip-
tor entry. The LANCE is limited to looking only one descriptor entry ahead of
the one with which the LANCE is currently working.

The location of the descriptor rings and their length are found in the initializa-
tion block, which the LANCE accesses during the initialization procedure.
Writing a 1 into the STRT bit of CSRO causes the LANCE to start accessing
the descriptor rings and enables the sending and receiving of data packets.

The LANCE communicates with the data link layer program through the ring
structures in memory. Each entry in the ring is owned either by the LANCE
or the data link layer program. The ownership bit (OWN) in the message
descriptor entry determines who owns the entry. Therefore, ownership of a
descriptor entry is mutual exclusive. To gain ownership of a descriptor entry,
the communications partner (LANCE or data link layer program) must wait
until the owner gives ownership to the communications partner. Between the
time a communications partner relinquishes ownership of a descriptor entry and
the time that communications partner regains ownership, it must not change
any data in the descriptor entry.
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Descriptor Rings in Memory

Figure 13-1 shows receive and transmit descriptor rings with 128 message
descriptors each.

T

Higher R

Addresses TMD(127) A

N

. S

. M

. I

T

TMD(1) R

I

Base Address N

of TMD(0) G
Transmit Ring

Higher R

Addresses RMD(127) B

C

. E

L] I

- v

E

RMD(1) R

I

Base Address N

of RMD(0) G
Receive Ring

Figure 13-1 Descriptor Rings
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Receive Descriptor Rings

Each descriptor in a ring in memory is a 4 word entry. The format of the
receive descriptor follows.

Receive Message Descriptor 0 (RMD()

15 14 13 12 11 10 9 8
I 1 ] I || LB 1
LADR
] ] ] 1 ] ] 1
7 6 5 4 3 2 1 0
1 | || 1 T 1 !
LADR
1 ] 1 1 | | 1
Bit Description
15-0 LADR - Low Order Address

The LADR of the buffer pointed to by this descriptor. LADR is
written by the software and unchanged by the LANCE. This is the
memory location to place the next received message.
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Receive Message Descriptor 1 (RMD1)

15

14

13

12

11

10

OWN

ERR

FRAM

OFLO

CRC

BUFF

STP

Bit

Description

15

14

13

13- 30

OWN

0 = Descriptor entry owned by the data link layer software
1 = Descriptor entry owned by the LANCE

The LANCE clears the OWN bit after filling the buffer pointed to
by the descriptor entry. The software sets the OWN bit after
emptying the buffer. Once the LANCE or software has relin-
quished ownership of a buffer, it may not change any field in the
four words that comprise the descriptor entry.

ERR - Error

0 = The four bits, FRAM, OFLO, CRC or BUFF, are all equal to
zero.

1 = One or more of the four bits, FRAM, OFLO, CRC or BUFF,
is equal to one.

ERR is set by the LANCE and cleared by the software.

FRAM - Framing Error

0 = No framing error

1 = The incoming packet contained a non integer multiple of
eight bits and there was a CRC error.

A CRC error on the incoming packet is a necessary condition for
FRAM to equal 1 (even if there was a non integer multiple of eight
bits in the packet). FRAM is set by the LANCE and cleared by
the software.



Bit Description (RMD1 - cont.)
12 OFLO - Overflow Error
0 = No overflow error
1 = The receiver has lost all or part of the incoming packet be-
cause it cannot store the packet in a memory buffer before
the internal SILO has overflowed.
OFLO is set by the LANCE and cleared by the software.
11 CRC Cyclic Redundancy Check
= No CRC error
1 = The receiver detected a CRC error on the incoming packet.
CRC is set by the LANCE and cleared by the software.
10 BUFF - Buffer Error
0 = No buffer error
1 = The LANCE does not own the next buffer while data chain-
ing a received packet. This condition could occur if the OWN
bit of the next buffer was zero or the LANCE could not ac-
quire the next status before silo overflow occurred.
BUFF is set by the LANCE and cleared by the software.
9 STP - Start of Packet
0 = This is not the first buffer the LANCE uses for this packet.
1 = This is the first buffer LANCE uses for this packet. It is
used for data chaining buffers.
STP is set by the LANCE and cleared by the software.
8 ENP - End of Packet
0 = This is last buffer LANCE uses for this packet.
1 = This is the last buffer used by the LANCE for this packet. It
is used for data chaining buffers.
Both STP and ENP set indicate that the packet fit into one buffer
and there was no data chaining. ENP is set by the LANCE and
cleared by the software.
7-0 HADR - High Order 8 Address Bits

The HADR of the buffer pointed to by this descriptor. This field is
written by the software and unchanged by the LANCE.

13- 31



Receive Message Descriptor 2 (RMD?2)

15 14 13 12 11 10 9 8
T 1 I
BCNT
1 1 1 1
| 1 1
7 6 5 4 3 2 1 0
I L | 1 1 1 ]
BCNT
1 1 1 1 1 ] 1
Bit Description
15-12 Must be ones. This field is written by the software and unchanged
by the LANCE.
11-0 BCNT - Buffer Byte Count

BCNT is the length of the buffer pointed to by this descriptor ex-
pressed as a two's complement number. This field is written by the
software and unchanged by the LANCE. The minimum buffer size
is 64 bytes.
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Receive Message Descriptor 3 (RMD3)

15 14 13 12 11 10 9 8
T T T T T T
RES MCNT
1 1 1 1 | 1
7 6 5 4 3 2 1 0
T T T T T T T
MCNT
1 i L i 1 1 1

Bit Description

15-12 RES
Reserved and read as zeros.
11-0 MCNT - Message Byte Count

MCNT is the length in bytes of the received message. MCNT is
valid only when ERR is clear and ENP is set. MCNT is written by
the LANCE and cleared by the software. When data chaining,
RMD3 is only loaded by the LANCE when the status of last buffer
is updated. Only the status word is updated for the other buffers
in the data chain.
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Transmit Descriptor Ring

Each descriptor in a ring in memory is a 4 word entry. The format of the
transmit descriptor follows.

Transmit Message Descriptor 0 (TMDO)

15 14 13 12 11 10 9 8
1 | ] BB T 1] ||
LADR
1 ] 1 1 1 1 ]
7 6 5 4 3 2 1 0
1 L T ] 1 T L]
LADR
] ] ] ] ] 1 1
Bit Description
15-0 LADR - Low Order 16 Address Bits

The LADR of the buffer pointed to by this descriptor. LADR is
written by the software and unchanged by the LANCE.
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Transmit Message Descriptor 1 (TMD1)

15

14 13 12 11 10 9 8

OWN

ERR RES MORE ONE DEF STP ENP

Bit

Description

15

14

13
12

OWN
0 = Owned by the LANCE
1 = Owned by the data link layer software

OWN indicates whether the descriptor entry is owned by the soft-
ware (OWN = 0) or by the LANCE (OWN = 1). The software sets
the OWN bit after filling the buffer pointed to by this descriptor.
The LANCE clears the OWN bit after transmitting the contents of
the buffer. Neither the software nor the LANCE may alter a
descriptor entry after relinquishing ownership.

ERR - Error Summary
0 = All of LCOL, LCAR, UFLO, and RTRY equal 0.
1 = One or more of LCOL, LCAR, UFLO, or RTRY equal 1.

ERR is set by the LANCE and cleared by the software.
RES- Reserved (Always 0)

MORE
0 = One retry or less was needed to transmit a packet.
1 = More than one retry was needed to transmit a packet.

MORE is set by the LANCE and cleared by the software.
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Bit

Description (TMD1 - cont.)

11

10

ONE

0 = The number of retries need to transmit a packet is not equal
1.

1 = Exactly one retry was needed to transmit a packet.

ONE is set by the LANCE and cleared by the software.

DEF - Deferred

0 = The channel is ready for LANCE to transmit a packet.

1 = The channel is busy when the LANCE is ready to transmit a
packet.

DEF set by the LANCE and cleared by the software.

STP - Start of Packet

0 = Not the first buffer LANCE uses for this packet.

1 = The first buffer to be used by the LANCE for this packet. It
is used for data chaining buffers.

STP is set by the software and unchanged by the LANCE.

ENP - End of Packet

0 = Not the last buffer LANCE uses for this packet

1 = The last buffer to be used by the LANCE for this packet. It
is used for data chaining buffers.

If both STP and ENP are set, the packet fit into one buffer and
there was no data chaining. ENP is set by the software and un-
changed by the LANCE.

HADR - High-Order 8 Address Bits

HADR is the high-order 8 address bits of the buffer pointed to by
this descriptor. HADR is written by the software and unchanged
by the LANCE.
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Transmit Message Descriptor 2 (TMD?2)

15 14 13 12 11 10 9 8
Li LB 1
BCNT
1 1 1 1
1 1 1
7 6 5 4 3 2 1 0
Ll LB I I 1 T
BCNT
1 1 1 1 1 ]
Bit Description
15-12 Always 1. This field is set by the software and unchanged by the
LANCE.
11-0 BCNT - Buffer Byte Count

BCNT is the number of bytes LANCE transmits of the buffer to
which TMD2 points. BCNT is expressed in 2’s complement.

BCNT is written by the software and not affected by the LANCE.
The minimum size of the buffer is 64 bytes.
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Message Descriptor 3 (TMD3)

15 14 13 12 11 10 8
¥
BUFF | UFLO RES LCOL LCAR RTRY TDR
I
7 6 5 4 3 2 0
! I
TDR
] ] 1 ] ] 1
Bit Description
15 BUFF - Buffer Error
0 = No buffer error
1 = LANCE, during transmission, does not find the ENP flag in
the current buffer and does not own the next buffer. BUFF
= 1 also if the LANCE owns the next buffer but can not
read the next buffer’s status parameters before the silo un-
derflowed.
BUFF is set by the LANCE and cleared by the software. If a
Buffer Error occurs, an Underflow Error also occurs because the
transmitter continues to read data from the silo until empty.
14 UFLO - Underflow Error
0 = No underflow error
1 = The transmitter has truncated a message due to lack of data
from memory. UFLO indicates that the Silo has emptied
before the end of the packet was reached.
UFLO is set by the LANCE and cleared by the software.
13 RES - Reserved (Always 0)
12 LCOL - Late Collision
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0 = No collision
1 = A collision occurred after the slot time of the channel has
elapsed.

The LANCE does not retry on late collisions. LCOL is set by the
LANCE and cleared by the software.




Bit Description (TMD3 - cont.)
11 LCAR - Loss of Carrier
0 = RENA does not go false during transmission
1 = The carrier presence (RENA) input to the LANCE goes false
during a transmission initiated by the LANCE. The LANCE
does not retry upon Loss of Carrier.
LCAR is set by the LANCE and cleared by the software.
10 RTRY - Retry Error
0 = No retry error
1 = The transmitter has failed in 16 attempts to transmit a
message due to repeated collisions on the medium. If DRTY
= 1 in the MODE register, RTRY sets after 1 failed
transmnssnon attempt.
RTRY is set by the LAN CE and cleared by the software.
9-0 TDR - Time Domain Reflectometry

The TDR shows the state of an internal LANCE counter that
counts from the start of a transmission to the occurrence of a colli-
sion. This value is useful in determining the approximate distance
to a cable fault. The TDR value is written by the LANCE and is
valid only if RTRY is set.

TMD3 is valid only if the LANCE has already set the ERR bit of TMD1.
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Network Interface External Interconnect

The VAXmate network hardware connects to the network coaxial cable through
a BNC T-connector. The VAXmate network hardware complies with IEEE
802.3 10BASE2 specifications. The cable shield is isolated from the VAXmate
logic and chassis ground, and must be externally grounded by the interconnect
equipment. The VAXmate workstation does not contain a 50-ohm line-
termination. The 50-ohm line terminator must be supplied externally, as re-
quired by the connection topology.

Network Interface System Bus Interconnect

The hardware interface uses the 16-bit and 8-bit system bus for data transfers.
It operates in both bus master and bus slave modes. In bus slave mode, the
registers respond to I/O cycles. The LANCE registers require 16-bit I/O and
the NI CSR register requires an 8-bit 1/0. All of the network interface registers
are located in proprietary I/O address space of the VAXmate workstation.
Accessing the LANCE registers can cause extra 1/0 wait states.

In the bus master mode, the LANCE initiates 16-bit memory cycles to transfer
data, commands and parameters to and from main system memory. The
VAXmate workstation supports both 16-bit and 8-bit memory cycles, but the
network interface supports only 16-bit memory cycles. Although the VAXmate
uses the READY signal to support asynchronous memory cycles, the network
interface supports only synchronous memory cycles. The network interface per-
forms DMA transfers at the rate of 600 ns per cycle.

The network hardware works with standard system memory resident on the
VAXmate CPU module, and with the VAXmate memory option located in the
workstation main box. Accesses to 8-bit memory in the VAXmate expansion
box are not supported by the network hardware. If the memory complies with
the network hardware timing requirements, third-party 16-bit memory in the
expansion box may work correctly.

The interface does not support DMA to the VAXmate video display memory.
The interface uses the full 24-bit physical memory address space and operates
with physical addresses only.

The network hardware uses interrupt line IRQ10, and a special LAN DMA
request line, provided by the CPU Module. The special LAN DMA request line
has higher priority than all DRQs lines on the system bus.
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802.3 Compatible mode 18-6
80287 error interrupt 15-151

8254 interval timer 6-1
block diagram 6-1
registers 6-8

8259A interrupt controller
initialization command words 3-5
initialization sequence 3-5
input/output ports 3-3
operation command words 3-11
registers 3-3

A

Acknowledge
LK250 keyboard responses 8-31

Active cycle
DMA controller 4-3

Add name for session 18-101
Add node for session 18-120

Address generation
DMA controller 4-5

Address map
input/output 2-4

Alarms 5-12
Alias I/0 port addresses 13-5

Index

Alternate status register 12-25

Anomalies
keyboard processing 17-11

ANSI Character Set 17-74

ANSI functions
not supported 17-79

ANSI support
inside a window 17-79

ANSI.SYS 16-5

Cursor control functions 16-5

Erase functions 16-7

installing 16-5

Keyboard key reassignment func-
tion 16-12

Reset mode function 16-11

Set graphics rendition function
16-8

Set mode function 16-10

AnsiToOem 17-556

Asynchronous

communications 9-1
interrupt 15-70

memory cycles 13-40

notification routine 18-90

requests 18-89

serial communications interface
17-62

serial mouse interface 10-2
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Attribute code 7-6
Auto-initialize

DMA controller 4-4
Automatic LED control 15-108

Available (IRQ15) interrupt 15-151

B

BACKSPACE
to abort compose sequence 17-5

Base and current
address register 4-7
word register 4-8

Basic interrupt 15-132
Baud rate 9-16
mouse 10-2
Beep function 6-18
Begin virtual mode function 15-96
Bell sound 6-18
Bits
DMA controller

write all 4-11
write single mask 4-11

Block transfer mode
DMA controller 4-3

Boot block, DIGITAL hard disk
15-134

Bootstrap interrupt 15-133

Buffer overrun
LK250 keyboard responses 8-30

Bus 13-3
16-bit expansion 2-9
16-bit local 2-9
8-bit expansion 2-9
arbitration 13-3
master mode 13-40
slave mode 13-40
timing and structure 2-9
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Button position 10-3

C

C programming language
subroutines A-1
Call function for session 18-105
Call-back
for datalink
line state change 18-9
user 18-8
for LAT 18-58

Cancel
alarm function 15-140
function for session 18-97
Cascade mode
DMA controller 4-4

Case conversion tables 16-29
Cassette input/output interrupt 15-88
Change register 11-6

Character
code 7-6
count 17-77
count function 15-114
pattern 7-9
position mapping 7-7
set provided in the custom font
17-74

Check for presence of session 18-96
ClearCommBreak 17-65
Clock tick interrupt 15-56

Close
datalink portal 18-20
device function 15-89
LAT session 18-67

CloseComm 17-64
CloseLat 17-68

CMOS configuration
updated 14-10



CMOS RAM
shutdown byte read during hard
reset 14-13

Coax transceiver interface 13-2

Color
map functions 15-32
select register 7-39

COM1/serial interrupt 15-6
COM2/modem interrupt 15-6

Combination keys 15-107
break 15-108
extended self-test 15-108
pause 15-108
print screen 15-108
system request key 15-107
system reset 15-107

Commands

counter-latch, three-channel
counter and speaker 6-12

disable keyboard, keyboard-
interface controller 8-12

diskette drive controller 11-19

enable keyboard, keyboard-
interface controller 8-12

incremental stream mode (mouse)
10-3

interface test, keyboard-interface
controller 8-12

invoke self-test (mouse) 10-3

keyboard-interface controller 8-9

mouse (table) 10-2

prompt mode (mouse) 10-3

pulse output port, keyboard-
interface controller 8-12

read port 1, keyboard-interface
controller 8-12

read port 2, keyboard-interface
controller 8-13

read test inputs, keyboard-
interface controller 8-13

read-back, three-channel counter
and speaker 6-13

read, keyboard-interface controller
8-10

self-test 8-12

vendor reserved function (mouse)
10-3

write port 2 8-13

write status register 8-13

write, keyboard-interface controller
8-10

Command and result register sets

diskette drive controller 11-20

Command codes

disable autorepeat 8-24

disable key scanning and restore
to defaults 8-28

echo 8-26

enable autorepeat 8-24

enable key scanning 8-28

enter DIGITAL extended scan
code mode 8-23 .

exit DIGITAL extended scan code
mode 8-23

invalid commands 8-23

keyboard mode lock 8-25

keyboard mode unlock 8-25

LEDs on/off 8-26

LK250 keyboard 8-22

request keyboard id 8-23

resend 8-29

reserved 8-25, 8-26, 8-29

reset 8-29

reset keyboard led 8-24

restore to defaults 8-28

set autorepeat delay and rate 8-27

set keyboard led 8-23

set keyclick volume 8-24

Command register 4-9, 10-12, 12-10

keyboard-interface controller 8-5,
89

Command state

diskette drive controller 11-18

Communications 17-61
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connector signals 9-19 register B 7-43

extended self-test loopback test registers 7-3, 7-41, 7-43
14-10 Control signals

full asynchronous parallel 17-61 speed ilxi‘:ilicator 9-17

full asynchronous serial 17-61 speed select 9-17

LAT s rt 17-62
l.lppf) . Control word register 6-11
Communications functions

ClearCommBreak 17-65 Controller

CloseComm 17-64 functions 13-2
EscapeCommFunction 17-65 keyboard-interface 8-1
FlushComm 17-65 Counter and speaker example 6-20

GetCommError 17-66

Counter signals 6-3
GetCommEventMask 17-65 ounter signals

GetCommState 17-65 Counter-latch command
OpenComm 17-63 three-channel counter and speaker
ReadComm 17-64 6-12
SetCommBreak 17-65 CPU 13-3
gi:ggz’;g:’:;t%azl; 17-65 Creating keyboard map tables 16-22
TransmitCommChar 17-64 CRT Controller 7-3
WriteComm 17-63 CRTC registers
Compose sequences 16-23, 17-4 data 7-25
aborting 17-5 index 7-25

default set 17-5
handling 17-4
how recognized 16-23
pointer table
format 16-24
use 16-24
translation table
format 16-24

register RO 7-28

register R1 7-28

register R10 7-33
register R11 7-34
register R12 7-34
register R13 7-34
register R14 7-35
register R15 7-35

use 16-24 register R16 7-36
two key 17-5 register R17 7-36
. N register R2 7-29
Con.fnguratxon list 14-11 register R3 7-29
display 14-11 register R4 7-30
Console server identify self 18-42 register R5 7-30
Constant values register R6 7-31
DMA controller register R7 7-31
programming example 4-15 register R8 7-3

register R9 7-33
Crystal oscillator 13-4

Control Panel 17-6

Control register 11-3 .
register A 7-41 CTI - see coax transceiver interface
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13-2

Ctrl and Alt keys
Del keys used for soft reset 14-12
with Home key for diagnostics
14-10

Cursor control functions 16-5

Custom LAT application interface
17-66

Cylinder number
high register 12-8
low register 12-8

D

.DEF files 17-10, 17-72
/D for LAT 18-55

Data
controller 13-3
link interface 13-1
structures accessed by LANCE
13-3
transfer 13-40

Data exchange for LAT 18-58

Data registers 7-39, 11-5, 12-3
accessing 7-26
keyboard-interface controller 8-5

Data structures
DMA controller
programming example 4-17
Data transfers
DMA controller 4-4
rate register 11-6

Datagrams 18-113
defined 18-83

Datalink communication block (DCB)
18-7
functions 18-11
close a portal 18-20
deallocate buffer 18-26

disable a channel 18-38
disable multicast address 18-22
enable a channel 18-37
enable multicast address 18-21
external loopback 18-41
initialization 18-15
MOP start and send system ID
18-45
MOP stop 18-45
network boot request 18-36
open a portal 18-17
read channel status 18-27
read counters 18-32
read DECparm address 18-39
read portal list 18-29
request transmit buffer 18-25
set DECparm string address
18-40
transmit 18-23

overview 18-5

parameters 18-16

port driver 18-5

program example 18-46

read portal status 18-30

receive 18-10

return codes 18-12

transmit 18-10

user call-back routines 18-8

Date and time structure 16-3, 16-4

Dead diacritical keys 16-24, 17-4
how recognized 16-24

Deallocate buffer for datlink 18-26

DEC private RAM
powerup test checks 14-8

decfuncadd 18-120
decfunccheck 18-119
decfuncdelall 18-126
decfuncdelname 18-122
decfuncdelnum 18-121
decfuncreadindex 18-125
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decfuncreadname 18-124
decfuncreadnum 18-123
DecGetKbdCountry 17-8
DECnet DOS session level interface
13-1
DECparm address string 18-40
DecSetAutorep 17-7
DecSetComposeState 17-5, 17-9
DecSetKClickVol 17-7
DecSetLockState 17-6
DecSetNumlockMode 17-10
DECWIN.H 17-85

Delete
entry given node name for session
18-122
entry given node number for
session 18-121
name for session 18-102
node entries for session 18-126

Demand transfer mode
DMA controller 4-3

Device is busy function 15-98
Diagnose command 12-21

Diagnostic initialization procedure
14-12
hardware initialized 14-12
memory sized 14-12
Diagnostic loopback 9-10
Diagnostics
extended self-test 14-10
hard reset 14-13
keyboard-interface controller 8-4,
8-12
powerup test 14-1, 14-8
processor board tests 14-14
ROM 14-1, 14-8
ROM extended self-test 14-10
soft reset 14-12

6 Index

DIGITAL
function check for session 18-119
hard disk boot block 15-134
input register 12-26
session control block (DSCB)
18-85, 18-88
session functions 18-118

DIGITAL extended functions
extended codes and functions
15-116
set modem control 15-85

DIGITAL extension functions
character count 15-114
extended mode 15-77
key notification 15-111
keyboard buffer 15-115
keyboard table pointers 15-120
parallel port retry 15-131
printer type 15-129
redirect parallel printer 15-127
request keyboard id 15-118
retry on timeout error 15-86
return days-since-read counter
15-140

return DIGITAL configuration
word 15-99

send break 15-84

send to keyboard 15-119

set baud rate 15-87

DIGITAL extension interrupts
basic 15-132
bootstrap 15-133
local area network controller
(LANCE) 15-149
mouse port 15-150

Direct memory access and LANCE
13-3
Disable
autorepeat keyboard-interface con-
troller command codes 8-24
channel for datalink 18-38
key scanning and restore to



defaults 8-28
keyboard command 8-12
multicast address for datalink
18-22

Disk input/output (I/O) interrupt
15-38
hard disk errors 15-40
hard disk functions 15-40
hard disk parameter tables 15-41

Disk parameters 16-14

Diskette
errors 15-59
functions 15-59
parameter tables 15-59
interrupt 15-143

Diskette drive controller

change register 11-6

command and result register state
11-20

command register 11-7

command state 11-18
commands 11-19

control register 11-3

D 11-17

data register 11-5

data transfer rate registers 11-6

DMA mode 11-1

DTL 11-16

EOT 11-16

execution state 11-20

extended self-test loopback test
14-10

GPL 11-16

H 11-15

head/unit select register 11-8

hit/nd 11-15

internal registers 11-7

main status register 11-4

N 11-16

NCN 11-17

operational states 11-18

PCN 11-17

programming 11-18

programming example 11-

R 11-15

register sets for
format track 11-24
read data 11-21
read deleted data 11-22
read id 11-23
read track 11-23
recalibrate 11-26
scan equal 11-24

27

scan high or equal 11-25

scan low or equal 11-25
seek 11-27

sense drive status 11-27
sense interrupt status 11-26

specify 11-26
write data 11-21

write deleted data 11-22

registers 11-2
result state 11-20
result state

invalid commands 11-20

SC 11-16

srt/hut 11-14

status register 0 11-9
status register 1 11-10
status register 2 11-12
status register 3 11-13
STP 11-17

Diskettes

extended self-test use of 14-10

DispatchMessage 17-4

Display
on VAXmate 17-73
processor 7-3

Divisor latches 9-15
DLL.EXE 18-5
dll_close 18-20
dll_deallocate 18-26
dll_disable_chan 18-38
dll_disable_mul 18-22
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dll_enable_chan 18-37
dll_enable_mul 18-21
dll_ext_loopback 18-41
dll_init 18-15
dll_network boot 18-36
dll_open 18-17
dll_readecparm 18-39
dll_read chan 18-27
dll_read_counters 18-32
dll_read_plist 18-29
dil_read_portal 18-30
dll_request_xmit 18-25
dll_setdecparm 18-40
dll_transmit 18-23

DMA channel programming exam-
ples for
disabling 4-22

DMA controller

active cycle 4-3

address generation 4-5

auto-initialize 4-4

base and current address register
4-7

base and current word register 4-8

block transfer mode 4-3

cascade mode 4-4

command register 4-9

data transfer 4-4

demand transfer mode 4-3

idle cycle 4-3

mode 4-12

modes and restrictions 4-1

operation 4-2

priorities 4-5

programming example 4-15
data structures 4-17
disabling DMA channel 4-22
initializing 4-18
opening DMA channel 4-19
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preparing DMA channel 4-20
registers 4-7
request register 4-13
single transfer mode 4-3
states 4-2
status register 4-11
temporary register 4-14
write all mask bits 4-11
write single mask bit 4-11

DMA mode 11-1
DRQ 13-40

E

Echo
keyboard-interface controller com-
mand codes 8-26
LK250 keyboard responses 8-30

Edit keypad 17-3

Enable
autorepeat 8-24
channel for datalink 18-37
key scanning 8-28
keyboard command 8-12
multicast address for datalink
18-21

Enable/disable
256 character graphic font func-
tion 15-30
additional key codes 17-77

End-of-interrupt command
issuing 3-26
Enter
DEC Mode 17-76
DIGITAL extended scan code
mode 8-23

Erase functions 16-7

Error handling
keyboard-interface controller 8-14
LK250 keyboard 8-31



Error register 12-5
EscapeCommFunction 17-65

Ethernet
CRC bits 13-3
preamble 13-3
sync pattern 13-3
transmission 13-8

Execute controller internal diag-
nostics function 15-56

Execution state
diskette drive controller 11-20
Exit
DEC Mode 17-76
DIGITAL extended scan code
mode 8-23

Expansion box
bus connectors 2-11
operating ranges 2-10
slot power ratings 2-10
technical specifications 2-10

Extended
codes and functions 15-116
mode function 15-77
scan code mode 17-2

Extended keyboard functions
enable/disable additional key codes
17-717
enter DEC mode 17-76
exit DEC mode 17-76

Extended keyboard functions (not
supported)
character count 17-77
get/set table pointer 17-78
key notification 17-77
keyboard buffer 17-77
request keyboard id 17-78

Extended self-test
CMOS configuration update 14-10
diskette drive controller 14-10
double-sided, high-intensity disks
used in 14-10

firmware diagnostics 14-10

hardware initialization 14-10

horizontal bar 14-10

loopback test
on communications 14-10
on mouse serial ports 14-10
on printer 14-10

memory sized 14-10

real-time clock 14-10

video failures 14-10

External loopback 18-41

F

Fetch next character from keyboard
17-75
File structure
LCOUNTRY 16-27

Firmware diagnostics
error codes 14-8
error values 14-8
extended self-tests 14-10
horizontal bar 14-8, 14-10
initialization procedure 14-8
ROM BIOS and 14-8
self-tests 14-8

Fixed disk register 12-25

Fixed priority
DMA controller 4-5

Floppy disk interrupt 15-7
Flow control for LAT 18-58
FlushComm 17-65

Focus
changing for repeating key 17-11

FONT 16-15

Font file structure
FONT.COM 16-17
GRAFTABL.COM 16-18

Font files
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loading 16-19
Font RAM
accessing 7-9
color map support function 15-31
functions 15-31
programming 7-9
Font sizes
terminal emulation 17-73

FONT.COM
affect on KEYB.COM 16-16
affect on SORT.EXE 16-16
font file structure 16-17

Fonts
description 16-16

Format track 15-66
command 12-17
function 15-47
diskette drive controller

register sets 11-24

Functional description of network
hardware interface 13-2

Functions
datalink 18-11
interrupt vector A-12
LAT 18-64
retrieving characters from a ring
buffer A-16
session 18-91
DIGITAL-specific 18-118
storing characters in a ring buffer
A-16
support for example programs
A-18
GDI 17-2
printer support 17-83

Get
Country Code Function 16-3
current date and time for SMB
18-128
MS-DOS OEM Number Function
16-3
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next LAT service name 18-70
status for LAT 18-65

Get/Set Table Pointer 17-78
GetCommError 17-66
GetCommEventMask 17-65
GetCommState 17-65
GetLatService 17-71
GetLatStatus 17-69
GetMessage 17-4
GRAFTABL 16-16

GRAFTABL.COM
font file structure 16-18

Graphics
character table pointer interrupt
15-145
device interface 17-2
format memory maps 7-10
mode 7-10

H

Hangup for session 18-108

Hard disk
boot block, DIGITAL 15-134
interrupt 15-151
parameter tables interrupt 15-146
reset function 15-53
types 16-13

Hard disk controller
alternate status register 12-25
command register 12-10
cylinder number high register 12-8
cylinder number low register 12-8
data register 12-3
diagnose command 12-21
DIGITAL input register 12-26
error register 12-5
features 12-1
fixed disk register 12-25



format track command 12-17

programming example 12-27

read sector command 12-13

read verify command 12-19

registers 12-1

restore command 12-11

SDH register 12-9

sector count register 12-7

sector interleave 12-18

sector number register 12-7

seek command 12-12

set parameters command 12-22

status register 12-23

write precompensation register
12-4

write sector command 12-15

Hard reset 14-13

causes 14-13
shutdown byte 14-13

Hardware

extended self-test 14-10
initializing 14-8

retriggable one-shot 6-4
starting with Ctrl/Alt/Del 14-12
system tests at startup 14-1
triggered strobe 6-7

Hardware interrupts

80287 error 15-151

available (IRQ15) 15-151

clock tick 15-5

COM1/serial 15-6

COM2/modem 15-6

floppy disk 15-7

hard disk 15-151

keyboard 15-5

local area network controller
(LANCE) interrupt 15-149

mouse port 15-150

nonmaskable interrupt 15-3, 15-76

real-time clock 15-148

redirect to interrupt 0AH 15-148

serial printer port 15-150

I/0 cycle, wait states introduced by
LANCE 13-40

ICONEDIT.EXE 17-83

Icons
unique 17-83

Idle cycle
DMA controller 4-3

IEEE 802.3 specification 13-2, 13-4
10BASE2 specifications 13-40

Illogical keyboard messages 17-12
In-service register 3-16

Include files
LK250 keyboard A-10
ring buffer control structure A-11
structure declaration A-9

Incremental stream mode command
10-3

Index register
accessing 7-26

Industry-standard functions

begin virtual mode 15-96

cancel alarm 15-140

close device 15-89

device is busy 15-98

diskette
errors 15-59
functions 15-59
parameter tables 15-59

enable/disable 256 character
graphic font 15-30

execute controller internal diag-
nostics 15-56

font RAM and color map support
15-31

format a track 15-47, 15-66

hard disk reset 15-53

initialize

Index 11



asynchronous port 15-72
diskette subsystem 15-61
drive characteristics 15-49
entire disk subsystem 15-42
printer 15-125
interrupt completion handler 15-98
keyboard input 15-109
keyboard state 15-110
keyboard status 15-109
move a block of memory 15-93
open device 15-89
read
character and attribute at
cursor position 15-19
current video state 15-27
cursor position 15-14
long 15-50
long 256 byte sector 15-58
one or more disk sectors 15-44
one or more track sectors 15-63
pixel 15-24
real-time clock 15-137
system clock 15-136
recalibrate drive 15-55
receive character 15-74
return
asynchronous port status 15-75
change line status 15-68
current drive parameters 15-48
drive type 15-57, 15-67
printer status 15-126
RTC date 15-138
size above one megabyte 15-95
status code of last I/O request
15-43, 15-62
seek to specific cylinder 15-52
service system request key 15-91
set
a wait interval 15-90
alarm 15-139
color palette 15-22
cursor position 15-13
cursor type 15-12
page 15-16

12 Index

real-time clock 15-138
RTC date 15-139
system clock 15-136
termination 15-90
test drive ready 15-54
transmit character 15-73,15-124
TTY write string 15-28
verify one or more disk sectors
15-46
verify one or more track sectors
15-65
wait (no return to user) 15-92
write
character and attribute at
cursor position 15-20
character at cursor position
15-21
character using terminal emula-
tion 15-25
long 15-51
one or more disk sectors 15-45
one or more track sectors 15-64
pixel 15-23

Industry-standard functions with

DIGITAL extensions

set drive and media type for
format 15-69

set video mode 15-10

Industry-standard interrupts

80287 error 15-151

available (IRQ15) 15-151

diskette parameter tables 15-143
floppy disk 15-7

hard disk 15-1561

hard disk parameter tables 15-146
keyboard break 15-141
nonmaskable interrupt 15-3, 15-76
print screen 15-4

read configuration 15-35

read light-pen position 15-15
real-time clock 15-148

redirect to interrupt 0AH 15-148
return memory size 15-37



revector of interrupt 13H 15-145
RTC alarm 15-148

serial printer port 15-150

timer tick 15-141

video parameters 15-142

Industry-standard interrupts with
DIGITAL extensions
asynchronous communications
15-70
cassette input/output 15-88
clock tick 15-5
COM1/serial 15-6
COM2/modem 15-6
disk input/output (I/0) 15-38
graphics character table pointer
15-145
keyboard 15-5
keyboard input 15-101
printer output 15-123
video input/output 15-8
time-of-day 15-135
Initialization for datalink 18-15
Initialize
asynchronous port 15-72
diskette subsystem 15-61
drive characteristics 15-49
entire disk subsystem 15-42
printer 15-125

Input/output registers
video processor 7-22

InquireLatServices 17-70

Installing
ANSI.SYS 16-5
options, extended self-test 14-10

INT 11H support 17-82
INT 12H support 17-82
INT 15H support 17-83

Interface
signals, monitor 7-44
test command, keyboard-interface
controller 8-12

Internal registers
diskette drive controller
C 11-15
command 11-7
D 11-17
DTL 11-16
EOT 11-16
GPL 11-16
H 11-15
head/unit select 11-8
hlt/nd 11-15
N 11-16
NCN 11-17
PCN 11-17
R 11-15
SC 11-16
srt/hut 11-14
status register 0 11-9
status register 1 11-10
status register 2 11-12
status register 3 11-13
STP 11-17

International support
FONT 16-15
GRAFTABL 16-16

Interrupt

completion handler function 15-98

enable register 9-4

identification register 9-6

line status 9-10

modem status 9-10

on terminal count
three-channel counter and
speaker mode 6-4

Interrupt
2A 18-83, 1891
6A 18-64
6D 18-11

Interrupt 21H
function 30H 16-3
function 38H 16-3

Interrupt

Index 13



address map 2-6
controller register, accessing 3-4

controllers, programming example

3-21
line, IRQ10 13-40
processing 3-18
request lines 3-2
request register 3-16

Invalid commands

keyboard-interface controller com-

mand codes 8-23
Invoke self-test command 10-3

J

Joystick support function 15-91

Jumpers
processor board testing 14-14

K

Kernel 17-2

Key buffering notification enabled
15-113

Key combinations 15-107
break 15-108
extended self-test 15-108
pause 15-108
print screen 15-108
system request key 15-107
system reset 15-107

Key mappings
LK250 17-13

Key notification 17-77
enabled 15-112
function 15-111

KEYB.COM. 16-19

how affected by FONT.COM 16-16

Keyboard
break interrupt 15-141

14 Index

buffer interface 8-1
buffer function 15-115
driver 17-2
illogical messages 17-12
input function 15-109
input interrupt 15-101
interface lines 8-12
interrupt 15-5
key reassignment function 16-12
layout, LK250 15-103
LEDs 17-4
LK250 17-2, 8-1
map file structure 16-25
map tables

creating 16-22
MS-Windows extensions 17-5
processing anomalies 17-11
scan codes 15-104
setting user preferences 17-6
state function 15-110
status function 15-109
table pointers function 15-120
translation 15-121

Keyboard extensions
DecGetKbdCountry 17-8
DecSetAutorep 17-7
DecSetClickVol 17-7
DecSetComposeState 17-9
DecSetLockState 17-6
DecSetNumlockMode 17-10
enable/disable autorepeat 17-6
return keyboard nationality 17-6
select compose processing 17-6
select Numlock processing 17-6
set keyclick volume 17-6
set Shift key 17-6

Keyboard handling
inside a window 17-75
outside a window 17-78

Keyboard mode
lock 8-25
toggling 17-4
unlock 8-25

Keyboard remapping 16-19



Keyboard-interface controller 8-1

command byte bit definitions 8-10
command codes
disable autorepeat 8-24
disable key scanning and restore
to defaults 8-28
echo 8-26
enable autorepeat 8-24
enable key scanning 8-28
enter DIGITAL extended scan
code mode 8-23
exit DIGITAL extended scan
code mode 8-23
invalid commands 8-23
keyboard mode lock 8-25
keyboard mode unlock 8-25
LEDs on/off 8-26
request keyboard id 8-23
resend 8-29
reserved 8-25, 8-26, 8-29
reset 8-29
reset keyboard led 8-24
restore to defaults 8-26
set autorepeat delay and rate
8-27
set keyboard led 8-23
set keyclick volume 8-24
command register 8-5, 8-9
commands 8-9
data registers 8-5
diagnostics 8-4
disable keyboard 8-12
enable keyboard 8-12
error handling 8-14
interface test 8-12
keyboard responses
acknowledge 8-31
buffer overrun 8-30
echo 8-30
release prefix 8-31
resend 8-31
self-test failure 8-31
self-test success 8-30
physical interface

to the CPU 8-1

to the keyboard 8-1
port bit definitions 8-3
pulse output port 8-13
read port 1 8-12
read port 2 8-13
read test inputs 8-13
self-test 8-12
status register 8-6
write port 2 8-13
write status register 8-13

Keypad
edit 17-3
numeric 17-3

Keys
Numlock 17-3
reserved under MS-Windows 17-5

L

LANCE

broadcast address 13-22

buffer descriptors, see LANCE
message descriptors 13-27

buffer management 13-17

control and status registers 13-3

control register 13-3

CRC 13-22

CSRO 13-5, 13-6, 13-7, 13-8, 13-18

CSRO-CSR3 13-5

CSR1 13-4, 13-5, 13-6, 13-7, 13-13

CSR2 13-4, 13-5, 13-6, 13-7, 13-14

CSR3 13-4, 13-6, 13-7, 13-15

CSRs 13-5

data buffers 13-3, 13-4

data chaining 13-27

data structures 13-3

descriptor entry 13-27

descriptor rings 13-4

Ethernet data stream 13-27

initialization block 13-3, 13-18,
13-27

Index 15



LANCE - see Local Area Network

base address 13-18
mode 13-19
logical address filter field 13-22
logical address mask 13-4
message descriptors 13-27
mode of operation 13-4
physical address field 13-19
physical address mask 13-4
polling 13-27
programming 13-3
programming sequence 13-4
receive and transmit descriptor
rings 13-3, 13-4, 13-28
location of 13-4
number of entries 13-4
receive descriptor ring pointer
field 13-23, 13-24
receive descriptor rings
receive message descriptor 1,
rmd1 13-30, 13-27
receive mode 13-3
register address port 13-5, 13-7
register data port 13-5, 13-6
RMD2 13-32
RMD3 13-33
status register 13-3
TMDO 13-34
TMD1 13-35
TMD2 13-37
TMD3 13-38
transmit
descriptor ring pointer 13-25
message descriptors 13-27
mode 13-3

Controller 13-2

LANCE interrupt 15-149
LAT

16

/D switch 18-55

/G switch 18-56

/IR switch 18-56

call-back routine 18-58, 18-60
closing a session 18-58
command line 18-555

Index

custom application interface 17-66
data exchange 18-58
flow control 18-58
functions 18-64
close session 18-67
get next service name 18-70
get status 18-65
open session 18-66
read data 18-68
send break signal 18-72
send data 18-69
service table reset 18-71
overview 18-54
_program example 18-73
service directory 18-56
session control block 18-59
session start 18-57
session status word 18-63
slots 18-57

LAT control blocks 17-62

LAT functions

CloseLat 17-68
GetLatService 17-71
GetLatStatus 17-69
InquireLatServices 17-70
OpenLat 17-67

ReadLat 17-68
SendLatBreak 17-70
WriteLat 17-69

LAT support 17-62
Latches, divisor 9-15

LCB 17-62
number available 17-62

LCOUNTRY 16-27
file structure 16-27

LEDs 17-4
automatic control 15-108
color indications 14-8
during powerup test 14-8
I/O board 14-8
memory board option 14-8



processor board 14-8
supported 17-4

LEDs on/off
keyboard-interface controller com-
mand codes 8-26
Line
control register 9-7
LAT state change call-back 18-9
status interrupt 9-10
status register 9-11

Listen for session 18-107

LK250 keyboard 8-1, 17-2
command codes 8-22
control functions 8-3
error handling 8-31
key mappings 17-13
layout 15-103
logical interface 8-2
pass-through mode 8-2
physical interface 8-2
programming example 8-46
responses 8-30
acknowledge 8-31
buffer overrun 8-30
echo 8-30
release prefix 8-31
resend 8-31
self-test failure 8-31
self-test success 8-30
scan codes 8-15
and industry-standard equivalent
values 8-17
translated but not used 8-21
system powerup 8-2
translate mode 8-2
U.S. and foreign legends 8-31

Loadable device drivers
ANSI.SYS 16-5

Loading font files 16-19

Local area network controller 13-2
(LANCE) interrupt 15-149

Local Area Transport

see LAT 18-54
Loop services 18-42

Loopbacks
diagnostic 9-10

M

Main status register 11-4

Maintenance operations protocol
console server identify self 18-42
loop services 18-42
network boot request 18-43
remote read counters 18-43

Mapping
asynch serial comm devices to
LAT services 17-62
character position 7-7
input/output 2-4
interrupt address 2-6
memory 2-3

Memory
sizing
and initializing 14-8
during extended self-test 14-10
without initializing 14-12
use in real mode 14-8
use in virtual protected mode 14-8
three-channel counter and speaker
6-3
Memory map
physical 2-3
Messages
illogical keyboard 17-12

Mode register, 4-12
110-10
2 10-11

Mode-dependent values
set cursor type function 15-12

Modem
connector signals 9-21

Index 17



control register 9-9
programming exceptions 9-17
status interrupt 9-10

status register 9-13

Monitor
interface signals 7-44
specifications 7-44

MOP 18-42
start and send system ID 18-45
stop 18-45

Mouse 10-1, 17-61

asynchronous serial interface 10-2

baud rates 10-2, 10-11

button position 10-3

commands (table) 10-2

communication 10-2

data bytes 10-2

encoders 10-1

extended self-test loopback test
serial ports 14-10

incremental stream mode com-
mand 10-3

invoke self-test command 10-3

movement 10-3

port interrupt 15-150

position 10-3

programming example 10-14

prompt mode command 10-3

reports 10-4 — 10-7

request mouse position command
10-3

self-test 10-3

serial interface 10-2, 10-8
command register 10-12
mode register 1 10-10
mode register 2 10-11
status register 10-9

serial interface registers 10-8
transmit holding register and
receive buffer 10-8

Signetics
SCN2261 enhanced
programmable communications
interface 10-2, 10-8

18 Index

transmit holding register and re-
ceive buffer 10-8

vendor reserved function command
10-3

Mouse reports

position (byte 1) 10-4

position (byte 2) 10-5

position (byte 3) 10-5

self-test (byte 1) 10-6

self-test (byte 2) 10-6, 10-7

self-test (byte 3) 10-7

Move a block of memory 15-93
Movement 10-3

MS-DOS Date and Time Structure
16-3, 16-4

MS-Network
compatible session services 18-92
session level interface 13-1

MS-Windows
applications programming inter-
face 17-2
entry points
AnsiToOem 17-55
OemToAnsi 17-58

Mulicast address
enable 18-21
disable 18-22
format 18-7

Multiplex messages 18-6
N

Name status for session 18-103

Network
addressing 18-90
boot request 18-36, 18-43
hardware interface 13-1
interconnect, CSR 13-17

Network interface 13-2
CSR 13-5
external interconnect 13-40



physical I/O ports 13-5
register description 13-5
system bus interconnect 13-40

Network software 18-1
components 18-2
datalink 18-5
overview 18-2

NI - see Network Interface 13-2
NI CSR 13-40

No return to user function 15-92
Nonmaskable interrupt 15-3, 15-76

Normal keyboard functions
fetch next character input from
keyboard 17-75
return current shift status 17-76
test for character available 17-75

Not supported functions
joystick support 15-91

Numeric keypad 17-3

Numlock
toggling numeric keypad 17-3

(0]

OemToAnsi 17-58

Open
datalink portal 18-17
device function 15-89
LAT session 18-66

OpenComm 17-63
OpenLat 17-67

Operational states
diskette drive controller 11-18

P

Parallel
bit stream, converted by LANCE
13-3

port retry function 15-131

Parameters
disk 16-14

Pass-through mode
keyboard 8-2

Peripheral interrupt controller
initializing 3-24

Pointer
diskette parameter tables 15-143
graphics character table pointer

15-145

hard disk parameter tables 15-146
video parameters 15-142

Poll command 3-17
Port driver 18-5

Portal
close 18-21
defined 18-5
read list 18-29
read status 18-30

Powerup test 14-1, 14-8
LEDs 14-8
RAM checks 14-8
self-test error codes 14-8, 14-10
sequence 14-1

Print screen 15-4

Printer
connector signals 9-20
extended self-test loopback test
14-10
GDI support 17-83
output interrupt 15-123
to Host mode C-12
type function 15-129
Priorities
DMA controller 4-5
rotation 3-13

Processor board
testing 14-14

Processor modes
real mode 14-8
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virtual protected mode 14-8

Programming
diskette drive controller 11-18

Programming examples
counter and speaker 6-20
datalink 18-46
diskette drive controller 11-27
DMA controller 4-15
constant values 4-15
data structures 4-17
disabling DMA channel 4-22
initializing 4-18
opening DMA channel 4-19
preparing DMA channel 4-20
interrupt controllers 3-21
LAT 18-73
LK250 keyboard 8-46
mouse 10-14
real-time clock 5-15
three-channel counter/timer 6-16
UART (8250A) 9-22
video controller 7-45
modem control 9-17

Prompt mode command 10-3

Pulse output port command
keyboard-interface controller 8-13

R

RAM
system
powerup test checks 14-8

Rate generator 6-5

Read
channel status for datalink 18-27
character and attribute at cursor

position function 15-19

command 8-10
configuration interrupt 15-35
current video state function 15-27
cursor position function 15-14

20 Index

data command 11-21

data for LAT 18-68

datalink counters 18-32

DECparm string address 18-39

deleted data command 11-22

id command 11-23

light-pen position function 15-15

long 256 byte sector 15-58

long function 15-50

node entry given index for session
18-125

node entry given node name for
session 18-124

node entry given node number for
session 18-123

one or more disk sectors function
15-44

one or more track sectors 15-63

pixel function 15-24

port 1 command 8-12

port 2 command 8-13

portal list for datalink 18-29

portal status for datalink 18-30

real-time clock function 15-137

sector command 12-13

system clock function 15-136

test inputs command 8-13

track command 11-23

verify command 12-19

Read-back command
three-channel counter and speaker
6-13
ReadComm 17-64
ReadLat 17-68
Real mode 14-8

Real-time clock
address map 5-3
addressing 5-2
alarm registers 5-12
ahitomatic alarm cycles 5-12
avoiding update cycles 5-13
battery backup source 5-2



data register ranges 5-11
data registers 5-10
extended self-test 14-10
features 5-1

interrupts 5-14
programming example 5-15
register A 5-4

register B 5-6

register C 5-8

register D 5-9

registers 5-3

update cycle 5-13

Real-time clock interrupt 15-148

Recalibrate command
diskette drive controller
register sets 11-26

Recalibrate drive function 15-55

Receive

any for session 18-112

broadcast for session 18-117

buffer/transmitter holding register
9-3

character function 15-74

datagram for session 18-115

for datalink 18-10

for session 18-111

message descriptor, see RMD
13-29

Redirect
parallel printer function 15-127
to interrupt 0AH interrupt 15-148

Redirector 18-84

Register sets
format track command 11-24
read data command 11-21
read deleted data command 11-22
read id command 11-23
read track command 11-23
recalibrate command 11-26
scan equal command 11-24
scan high or equal 11-25
scan low or equal 11-25

seek command 11-27

sense drive status command 11-27

sense interrupt status command
11-26

specify command 11-26

write data command 11-21

write deleted data command 11-22

Registers

8250A UART 9-2
diskette drive controller 11-2
C 11-15
change 11-6
control 11-3
D 11-17
data 11-5
data transfer rate 11-6
DTL 11-16
EOT 11-16
GPL 11-16
H 11-15
head/unit select 11-8
hit/nd 11-15
internal 11-7
main status 11-4
N 11-16
NCN 11-17
PCN 11-17
R 11-15
SC 11-16
srt/hut 11-14
status register 0 11-9
status register 1 11-10
status register 2 11-12
status register 3 11-13
STP 11-17
DMA controller 4-7
base and current address 4-7
base and current word 4-8
command 4-9
mode 4-12
request 4-13
status 4-14
temporary 4-14
interrupt enable 9-4
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interrupt identification 9-6
keyboard-interface command 8-9
keyboard-interface controller
command 8-5
data 8-5
status 8-6
line control 9-7
line status 9-11
modem control 9-9
modem status 9-13
receive buffer/transmitter holding
9-3
special purpose 9-18
three-channel counter and speaker
6-8
control 6-11
system 6-9
video controller
color select 7-39
control register A 7-41
control register B 7-43
status 7-37, 7-38
write data 7-39

Release prefix

LK250 keyboard responses 8-31
Remapping

keyboard 16-19

Remote read counters 18-43

Repeating key
changing focus 17-11

Request
line, DMA 13-40

mouse position command 10-3
register 4-13
transmit buffer for datalink 18-25

Request keyboard id 17-78
function 15-118
keyboard-interface controller com-
mand codes 8-23

Resend
keyboard-interface controller com-
mand codes 8-29

22 Index

LK250 keyboard responses 8-31

Reserved
keyboard-interface controller com-
mand codes 8-25, 8-26, 8-29

Reset

for session 18-98

keyboard-interface controller com-
mand codes 8-29

keyboard led
keyboard-interface controller
command codes 8-24

mode function 16-11

processor 14-13

Restore command 12-11

Restore to defaults
keyboard-interface controller com-
mand codes 8-28

Result state
diskette drive controller 11-20

Retry on timeout error 15-86

Return

asynchronous port status function
15-75

change line status function 15-68

current drive parameters function
15-48

current shift status flag 17-76

days-since-read counter function
15-140

DIGITAL configuration word
15-99

drive type function 15-57, 15-67

keyboard nationality 17-6

memory size above one megabyte
function 15-95

memory size interrupt 15-37

printer status function 15-126

RTC date function 15-138

status code of last I/O request
15-62, 15-43

Return codes



datalink 18-12
session 18-93

set baud rate 15-87
set modem control 15-85
Revector of interrupt 13H interrupt transmit character 15-73
15-145 ROM BIOS cassette input/output in-

RMDO 13-29 terrupt 15-88
ROM BIOS begin virtual mode 15-96

available (IRQ15) interrupt 15-151

basic interrupt 15-132

bootstrap interrupt 15-133

clock tick interrupt 15-5

COM1/serial interrupt 15-6

COM2/modem interrupt 15-6

during soft reset 14-12

firmware diagnostics and 14-8

initialization procedure 14-12

loading operating system 14-12

local area network controller
(LANCE) interrupt 15-149

mouse port interrupt 15-150

nonmaskable interrupt 15-3, 15-76

print screen interrupt 15-4

read configuration interrupt 15-35

real-time clock interrupt 15-148

redirect to interrupt OAH inter-
rupt 15-148

return memory size interrupt
15-37

revector of interrupt 13H interrupt
15-145

RTC alarm interrupt 15-148

serial printer port interrupt 15-150

ROM BIOS 80287 error interrupt

15-151

ROM BIOS asynchronous communi-

cations interrupt 15-70

extended mode 15-77

initialize asynchronous port func-
tion 15-72

receive character 15-74

retry on timeout error 15-86

return asynchronous port status
15-75

send break 15-84

close device 15-89

device is busy 15-98

interrupt completion handler 15-98

joystick support 15-91

move a block of memory 15-93

open device 15-89

return DIGITAL configuration
word 15-99

return memory size above one
megabyte 15-95

service system request key 15-91

set a wait interval 15-90

termination 15-90

wait (no return to user) 15-92

ROM BIOS disk I/O interrupt 15-38

diskette errors 15-59
diskette functions 15-59
diskette parameter tables 15-59
execute controller internal diag-
nostics 15-56
format track 15-47, 15-66
hard disk
errors 15-40
functions 15-40
parameter tables 15-41
reset function 15-53
initialize
diskette subsystem 15-61
drive characteristics 15-49
entire disk subsystem 15-42
read long 256 byte sector 15-58
read long 15-50
read one or more disk sectors 15-
44
read one or more track sectors 15-
63
recalibrate drive 15-55
return change line status 15-68
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return current drive parameters 18H 15-132
15-48 19H 15-133
return drive type 15-57, 15-67 1BH 15-141
return status code of last 1/0 1CH 15-141
request 15-43, 15-62 1DH 15-142
seek to specific cylinder 15-52 1EH 15-143
set drive and media type for 40H 15-145
format 15-69 41H 15-146
test drive ready 15-54 46H 15-146
verify one or more disk sectors 15- 4AH 15-148
46 70H 15-148
verify one or more track sectors 71H 15-148
15-65 72H 15-149
write long 15-51 73H 15-150
write one or more disk sectors 15- 74H 15-150
45 75H 15-151
write one or more track sectors 76H 15-151
15-64 77H 15-151

ROM BIOS diskette
errors 15-59

ROM BIOS Interrupt 10H 15-8
enable/disable 256 character

functions 15-59 graphic font 15-30

parameter tables 15-59 font RAM and color map support
interrupt 15-143 15-31

ROM BIOS floppy disk interrupt read character and attribute at
15-7 cursor position 15-19

read current video state 15-27
ROM BIOS graphics character table read cursor position 15-14
pointer interrupt 15-145 read light-pen position 15-15
ROM BIOS hard disk

read pixel 15-24
interrupt 15-151 scroll active page down 15-17
parameter tables interrupt 15-146 scroll active page up 15-17
ROM BIOS initialization procedure set color palette 15-22

14-12 set cursor position 15-13

¢ type 15-12
ROM BIOS interrupt seL cusor e

set page 15-16
02H 15-3, 15-76 set video mode 15-10

052 15-4 TTY write string 15-28

08H 15-5 write character and attribute at
O%H 15"2 cursor position 15-20

0 15- write character at cursor position
OCH 15-6 15-21

(1)113}1; 11 55:;75 write character using terminal
12H 15.37 emulation 15-25
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write pixel 15-23

ROM BIOS interrupt 13H 15-38
diskette errors 15-59
diskette functions 15-59
diskette parameter tables 15-59
execute controller internal diag-
nostics 15-56
format a track 15-47, 15-66
hard disk
errors 15-40
functions 15-40
parameter tables 15-41
reset 15-53
initialize
diskette subsystem 15-61
drive characteristics 15-49
entire disk subsystem 15-42
read long 256 byte sector 15-58
read long 15-50
read one or more disk sectors
15-44
read one or more track sectors
15-63
recalibrate drive 15-55
return
change line status 15-68

current drive parameters 15-48

drive type 15-57, 15-67
status code of last I/O request
15-43, 15-62

seek to specific cylinder 15-52

set drive and media type for
format 15-69

test drive ready 15-54

verify one or more disk sectors
15-46

verify one or more track sectors
15-65

write long 15-51

write one or more disk sectors
15-45

write one or more track sectors
15-64

ROM BIOS interrupt 14H 15-70

extended mode 15-77

initialize asynchronous port 15-72

receive character 15-74

retry on timeout error 15-86

return asynchronous port status
15-75

send break 15-84

set baud rate 15-87

set modem control 15-85

transmit character 15-73

ROM BIOS interrupt 15H 15-88

begin virtual mode 15-96

close device 15-89

device is busy 15-98

interrupt completion handler 15-98

joystick support 15-91

move a block of memory 15-93

open device 15-89

return digital configuration word
15-99

return memory size above one
megabyte 15-95

service system request key 15-91

set a wait interval 15-90

termination 15-90

wait (no return to user) 15-92

ROM BIOS interrupt 16H 15-101

character count 15-114
extended codes and functions
15-116
key notification 15-111
keyboard buffer 15-115
keyboard input 15-109
keyboard state 15-110
keyboard status 15-109
keyboard table pointers 15-120
request keyboard ID 15-118
send to keyboard 15-119

ROM BIOS interrupt 17H 15-123

initialize printer 15-125
parallel port retry 15-131
printer type 15-129

redirect parallel printer 15-127
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return printer status 15-126
transmit character 15-124

ROM BIOS interrupt 1AH 15-135

cancel alarm 15-140

read real-time clock 15-137

read system clock 15-136

return
days-since-read counter 15-140
RTC date 15-138

set alarm 15-139

set real-time clock 15-138

set RTC date 15-139

set system clock 15-136

ROM BIOS interrupt vectors 15-1,

15-2

ROM BIOS keyboard

break interrupt 15-141

input interrupt 15-101

interrupt 15-56
character count 15-114
extended codes and functions
15-116
keyboard buffer 15-115
keyboard input 15-109
keyboard notification 15-111
keyboard state 15-110
keyboard status 15-109
keyboard table pointers 15-120
request keyboard ID 15-118
send to keyboard 15-119

ROM BIOS printer output interrupt

15-123
initialize printer 15-125
parallel port retry 15-131
printer type 15-129
redirect parallel printer 15-127
return printer status 15-126
transmit character 15-124

ROM BIOS time-of-day interrupt

15-135
cancel alarm 15-140
read real-time clock 15-137
read system clock 15-136
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return days-since-read counter
15-140

return rtc date 15-138

set alarm 15-139

set real-time clock 16-138

set rtc date 15-139

set system clock 15-136

ROM BIOS timer tick interrupt
15-141

ROM BIOS video
modes 15-10
parameters interrupt 15-142

ROM BIOS video input/output inter-

rupt 15-8

enable/disable 256 character
graphic font 15-30

font RAM and color map support
15-31

functions 15-9

read character and attribute at
cursor position 15-19

read current video state 15-27

read cursor position 15-14

read light-pen position 15-15

read pixel 15-24

scroll active page down 15-17

scroll active page up 15-17

set color palette 15-22

set cursor position 15-13

set cursor type 15-12

set page 15-16

set video mode 15-10

tty write string 15-28

write character and attribute at
cursor position 15-20

write character at position 15-21

write character using terminal
emulation 15-25

write pixel 15-23

ROM diagnostics 14-1. 14-8
extended self-test 14-10
powerup test 14-1, 14-8
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DMA controller 4-5
RTC alarm interrupt 15-148

S

Scan codes 15-102
LK250 keyboard 8-15, 8-17
translated but not used 8-21

Scan equal command
diskette drive controller
register sets 11-24

Scan high or equal command
diskette drive controller
register sets 11-25

Scan low or equal command
diskette drive controller
register sets 11-25

Scroll active page down function 15-
17
Scroll active page up function 15-17
SDH register 12-9
Sector
count register 12-7

interleave 12-18
number register 12-7

Seek command 12-12
diskette drive controller
register sets 11-27

Seek to specific cylinder 15-52

Select
compose processing 17-6
numlock processing 17-6

Self-test command
keyboard-interface controller 8-12

Self-test failure
LK250 keyboard responses 8-31

Self-test success
LK250 keyboard responses 8-30

Send

break signal for LAT 18-72
broadcast for session 18-116
data for LAT 18-69
datagram for session 18-114
double for session 18-110
for session 18-109

Send break function 15-84
Send to keyboard function 15-119
SendLatBreak 17-70

Sense
drive status 11-27
interrupt status 11-26

Serial
data 9-1
printer port interrupt 15-150
bit stream, converted by LANCE
13-3
interface adapter 13-2, 13-3

Server message block 18-127

Service
directory 18-56
table reset for LAT 18-71
system request key function 15-91

Session

start for LAT 18-57

status word 18-63

for LAT 18-57

asynchronous notification routine
18-90

asynchronous requests 18-89

functions 18-91
add a node 18-120
add name 18-101
call 18-105
cancel 18-97
check for presence 18-96
delete all node entries 18-126
delete entry given node name
18-122
delete entry given node number
18-121
delete name 18-102
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DIGITAL function check 18-119
DIGITAL-specific 18-118
hangup 18-108
listen 18-107
name status 18-103
read node entry given index
18-125
read node entry given node
name 18-124
read node entry given node
number 18-123
receive 18-111
receive any 18-112
receive broadcast 18-117
receive datagram 18-115
reset 18-98
send 18-109
send broadcast 18-116
send datagram 18-114
send double 18-110
status 18-99
MS-Network compatible services
18-92
network addressing 18-90
overview 18-83
return codes 18-93
status buffer 18-100
synchronous requests 18-89

Session control block (SCB) 18-85
fields 18-86
for LAT 18-59

Set
a wait interval function 15-90
alarm function 15-139
autorepeat delay and rate 8-27
baud rate function 15-87
color palette function 15-22
country code function 16-3
cursor position function 15-13
cursor type function
Mode-dependent values 15-12
DECparm string address 18-40
drive and media type for format
function 15-69
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graphics rendition function 16-8
keyboard led 8-23

keyclick volume 8-24

mode function 16-10

modem control function 15-85
page function 15-16
parameters command 12-22
real-time clock function 15-138
RTC date function 15-139
system clock function 15-136
video mode function 15-10

SetCommBreak 17-65
SetCommEventMask 17-65
SetCommState 17-65

Shift key
affect on numeric keypad 17-3

SIA - See Serial Interface Adapter
13-2

Signals
communications connector 9-19
modem connector 9-21
printer connector 9-20

Signetics
SCN2261 enhanced programmable
communications interface 10-2,
10-8
Single transfer mode
DMA controller 4-3

Slots for LAT 18-57

SMB
get current date and time 18-128
overview 18-127

Soft reset 14-12

Software interrupts
asynchronous communictaions
15-70
basic 15-132
bootstrap 15-133
cassette input/output 15-88
disk input/output (i/o) 15-38



keyboard break 15-141
keyboard input 15-101
print screen 15-4

printer output 15-123
read configuration 15-35
return memory size 15-37
revector of interrupt 13h 15-145
RTC alarm 15-148
time-of-day 15-135

timer tick 15-141

video input/output 15-8

Software triggered strobe
three-channel counter and speaker
6-6
SORT 16-30

Sort tables 16-32
creating 16-30

SORT.EXE
how affected by FONT.COM 16-16

Sorting
format 16-30

Special purpose register 7-23, 9-18
Specify command
diskette drive controller
register sets 11-26
Speed
indicator control signal 9-17
select control signal 9-17

Square wave model
three-channel counter and speaker

mode 6-5
Standard applications support 17-74
temporarily suspending 17-79
Standard communication of the
VAXmate workstation 13-2
Startup
diagnostics 14-1, 14-8
diagnostics test modes 14-1

Status
buffer for session 18-100

for session 18-99
Status register 4-14, 7-3, 10-9, 12-23
A 7-37
B 7-38
keyboard-interface controller 8-6
Status response
three-channel counter and speaker
6-14
STDUS.KEY 16-25
changing to 16-25
Subroutines
assembly language A-1
Synchronous requests 18-89
SYSREQ 17-5
System
bus 13-2, 13-40
configuration list
during extended self-test 14-10
newly installed options 14-10
powerup 8-4
RAM powerup test checks 14-8
register 6-9

T

Temporary register 4-14

Terminal emulation
font size 17-73

Termination function 15-90

Test
drive ready function 15-54
for character available 17-75
reports for mouse self-test 10-3

Text modes 7-6
cursor rate 7-8
cursor size 7-8

ThinWire
Ethernet 13-3
interconnect 13-3
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network interface 13-4

Three-channel counter and speaker
control word register 6-11
counter and speaker example 6-20
counter-latch command 6-12
mode 0 6-4
mode 1 6-4
mode 2 6-5
mode 3 6-5
mode 4 6-6
mode 5 6-7
mode definitions 6-3
modes of operation 6-3
programming example 6-16
read-back command 6-13
status response 6-14
system register 6-9

Time-of-Day interrupt 15-135
Timer tick interrupt 15-141
Toggling keyboard mode 17-4
Translate mode

keyboard 8-2
TranslateMessage 17-4

Translating
attribute data 7-18
graphic color data 7-18
the keyboard 15-121

Transmit

character function 15-73, 15-124

for datalink 18-10, 18-23

holding register and receive buffer

10-8

descriptor ring pointer 13-26
TransmitCommChar 17-64
Transport error codes 18-95

TTY write string function 15-28

U

UART (8250A) registers 9-2
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programming example 9-22

Universal asynchronous receiver/
transmitters (8250A UART) 9-1

User call-back routines for datalink
18-8

\Y%

VAXmate
address decode logic 13-5
diagnostics 13-4
expansion box 13-40
I/O board 13-1
I/0 bus 13-5
I/0 functions 13-2
memory option 13-40
network software 18-1
video display memory 13-40
workstation
base configuration 1-1
optional components 1-2

Verify
one or more disk sectors function
15-46
one or more track sectors 15-65

Video
input/output interrupt 15-8, 15-9
modes for the ROM BIOS 15-10
parameters interrupt 15-142

Video controller

color select register 7-39

control register A 7-41

control register B 7-43

enhancements to industry-standard
features 7-2

graphic features 7-2

industry-standard features 7-1

programming example 7-45

status register A 7-37

status register B 7-38

text modes 7-6

unavailable industry-standard fea-



tures 7-2
video modes 7-5
write data register 7-39

Video memory 7-3

Video modes 7-5
handling inside a window 17-79
no ROM BIOS
DIGITAL-extended 7-12, 7-14
ROM BIOS
industry-standard 7-11, 7-13
ROM BIOS
DIGITAL-extended 7-15, 7-16,
7-17

Video processor
input/output registers 7-22
look-up table 7-18

Virtual protected mode 14-8

VT220

additional emulator escape se-
quences C-6

announcing C-8

character set differences C-5

communications differences C-3

DA C-8

DECAUPSS C-6

DECRQUPSS C-6

differences between emulator and
terminal C-2

keyboard differences C-4

printing C-9

SCS C-6, C-7

video differences C-2

VT240

additional emulator escape se-
quences C-13

announcing C-16

character set differences C-13

communications differences C-12

DA C-15, C-16

DECAUPSS C-13

DECRQUPSS C-14

difference between emulator and
terminal C-10

keyboard differences C-12
Printer to Host mode C-12
SCS C-14, C-15

video differences C-10

W

Windows
keyboard extensions 17-5
layer 17-2
reserved keys 17-5

Write

all mask bits 4-11

character and attribute at cursor
position 15-20

character at cursor position 15-21

character using terminal emulation
15-25

long 15-51

one or more track sectors 15-64

one or more disk sectors 15-45

pixel 15-23

Write command
keyboard-interface controller 8-10

Write data command
diskette drive controller register
sets 11-21

Write data register 7-39

Write deleted data command
diskette drive controller register
sets 11-22

Write port 2 command
keyboard-interface controller 8-13

Write precompensation register 12-4
sector command 12-15
single mask bit 4-11
status register command keyboard-
interface controller 8-13

WriteComm 17-63
WriteLat 17-69
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