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Pin Name Type 

Disk Control 

WRDATA 0 

Pin Name Type 

PLL Interface 

DRATEO 0 DRATEl 

MFM 0 

MFMENb 0 

RDDATA I 

Table 8-2 Disk Control Pins (Continued) 

Description 

Write Data. This output carries the MFM encoded 
serial data that is to be written to the disk when WE 
is active. 

Table 8-3 PLL Interface Pins 

Description 

DATA RATE 0-1. These pins indicate the data rate at 
which the part is programmed to operate. The data rate 
is programmed in the Data Rate Select Register, bits 1 
and o. 
MFM. This is the output of the standard bidirectional 
MFM signal. This output can be combined with the 
CONFIG pin to recreate the MFM pin on the industry 
standard part. Because only MFM mode is supported by 
the NCR82077AA-l, the value ofMFM will always be 1. 

MFM Enable. This output signal is used for MFMI 
CONFIG bidirectional control when they are combined 
to form one signal. 

Read Data. This input carries the MFM encoded serial 
data that is coming from the disk when the device is 
trying to read. 
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Input Signal Capacitance 

RESET SBUF 

CSb INV3 

AO-A2 MBUF 

DIO-DI7 INV 

RDb MBUF 

WRb MBUF 

DACKb OR2 

TC EXOR 

C24IN INV 

C32IN INV 

IDENT SBUF 

RDDATA MBUF 

CONFIG SBUF 

INVERTb INV8 

DSKCHG EXNOR 

DRV2 MUX2,INV 

TRKO EXOR,EXOR 

WP EXOR,EXOR 

INDX EXOR,EXOR 

Rev. 1.0 
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Output Signal Drive Capability 

DOO-D07 

OUTb 

DIRPCATb 

TDRRDb 

DRQ 

INT 

REQENb 

MFM 

MFMENb 

DRATEO-DRATEI 

MEO-ME3 

DSO-DS3 

EDSEL 

STEP 

DIR 

WRDATA 

WE 

DENSEL 

MBUF 

AND2 

NAN2 

OR2 

MBUF 

MBUF 

MBUF 

NAN2 

INVH 

HBUF 

HBUF 

HBUF 

HBUF 

HBUF 

HBUF 

HBUF 

HBUF 

HBUF 
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Host Interface IDENTITY Addendum 

NCR89C105 
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During hardware reset, the IDENT and CONFIG pins are used to select one of three 
interface modes according to the Interface Configurations table that follows. 

Table 8-4 Interface Configuations 

Interface Mode Major Options 

IDENT CON FIG Interface Status 
Setting Setting Mode DMA TC Registers 

Gate Logic A and B 

0 0 PS/2 Enabled Active High Available Model 30 

0 lorNC PS/2 Ignored Active Low Available 

1 0 
Not Not Not -- Supported Supported Supported 

1 lorNC AT Enabled Active High Not 
Available 

After hardware reset, the IDENT pin performs two additional functions: (1) selects 
drive type and (2) determines polarity of the DENSEL pin. The state of the DENSEL 
pin is shown in the following table: 

Table 8-5 DENSEL Table 

Data Rate IDENT 

0 
250 Kbps 

1 

0 
300 Kbps 

1 

0 
500 Kbps 

1 

0 
1 Mbps 

1 

DENSEL 

1 

0 

1 

0 

0 

1 

0 

1 
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RDDATA 

NCR82077 Floppy Disk Contro//er Core 

.r--------- WRClK 

Serial 
Write 

1 Write 1..---•• WRDATA PRECOMP 

t'-____ 24 MHz 

PllClK __ -' '------+ WE 

010-017 

DOO-D07 

r----~------~~--i_ .. --~~~~~~~--~~DOO D07 

RDbE . WRb B 
CSb eo:oI 

RESET 
AO-A2-" 

DACKb 
DRO 

INT 

TC 

ClK 

PWRDN 

CMD 
State 

Machine 

PLLKCLK 
WRCLK 
24 MHz 
FDCCLK 

Status 

Figure 8-2 NCR82077 Floppy Controller Core Block Diagram 

WP 

INDX 

TRKO 
DSKCHG 

DSO-DS3 
MEO-ME3 
DENSEl 

HDSEl 
DIR 
STEP 
DRATEO 
DRATE1 
DRV2 

t'--__ INVERT 

Architectural Functionality 

Functional Blocks 

Rev. 1.0 

This section briefly describes all of the major functional blocks of the NCR82077 
Floppy Disk Controller Core (FDCC) design as illustrated in Figure 8-2. 

The 82077 has three command handling phases. They are: (1) Command, (2) Execu­
tion, and (3) Result. The Command phase inputs up to nine bytes needed to program 
the 82077 to execute the command. The Execution phase is where the operation 
occurs, transferring data, moving the disk head, or obtaining status. The Result phase 
can output up to 10 status bytes depending on the command. 

When writing command bytes to or reading result bytes from the controller, it is nec­
essary to poll the Main Status Register, checking the RQM and DIO bits, to make sure 
that the controller is ready for another byte transfer. When the RQM bit is set, a 
transfer may occur. The DIO bit indicates the direction (read or write) of the transfer. 
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FIFO 
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In order to allow the NCR82077 to be used in systems with long DMA and interrupt 
response times, a 16 byte FIFO with a programmable threshold value is included and 
can be optionally used as a buffer between the controller and the host. The FIFO is 
only used for transferring disk data during the Execution phase of a command. Dur­
ing the Command and Result phases, host accesses to the data register bypass the 
FIFO and talk directly to the core. The FIFO is cleared when the part exits the Execu­
tion phase in order to prepare it for the next data transfer. 

When the NCR82077 comes out of reset, the FIFO is automatically disabled to main­
tain compatibility with earlier versions of the floppy disk controller. If desired, the 
FIFO can be activated using the EFIFO and FIFOTHR parameters of the Configure 
command. This bit defaults to 1 upon reset of the part. The threshold of the FIFO is 
programmed with FIFOTHR, and will directly affect the behavior of read and write 
commands. 

For any of the read commands that use the FIFO, FIFOTHR corresponds to the num­
ber of bytes that the controller can place in the FIFO before the FIFO is filled. If no 
bytes are removed, then trying to transfer the FIFOTHR + 1 byte will cause the FIFO 
to overrun. In addition to reaching the threshold, transferring the last byte of a sector 
into the FIFO will also cause the request signal to be set. Read commands which use 
the FIFO include Read Data, Read Deleted Data, and Read a 1rack. 

For any of the write commands that use the FIFO, FIFOTHR corresponds to the num­
ber of data bytes that the controller can take out of the FIFO before the FIFO is 
empty. If the host has not placed any bytes in the FIFO, then an underrun will occur 
when the controller tries to access the FIFOTHR + 1 byte. When the FIFO contains 
FIFOTHR or fewer bytes, the request pin (DRQ or INT) is set to indicate that it is 
time for the host to transfer bytes to the FIFO. Write commands that use the FIFO 
include: Write Data, Write Deleted Data, and Format a 1rack. 

Once an !NT or DRQ has been set, it remains set until the FIFO has either been emp­
tied, in the case of a read, or filled, in the case of a write. At that time the request is 
reset and held reset until the threshold condition is met again. If the host sets the TC 
signal to indicate that the host is finished transferring bytes, the request is removed 
and will remain off for the duration of the command. The flow charts in Figures C-S 
and C-4 illustrate the conditions for setting and resetting the requests for reads and 
writes. 

Rev. 1.0 
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Reset 
DRQ/INT 

Set 
DRQ/lNT 

NCR82077 Floppy Disk Controller Core 

Reset 
DRQ/lNT 

Figure 8-3 Read Commands (Read Data, Read Deleted Data, Read a Track) 
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Reset 
DROJINT 

y 

Set 
DROJINT 

Reset 
DRQ/INT 

Figure 8-4 Write Commands (Write Data, Write Deleted Data, Format Track) 

In choosing the value for FIFOTHR, attention should be paid to the ability of the sys­
tem being designed to respond to the transfer request. A lower value would be selected 
for a system with a fast response time, resulting in fewer actual requests for each data 
transfer. By doing this, more bytes can be transferred during each request. The risk is 
that with less time to respond to an interrupt, there is a greater chance of over/under 
running the FIFO. Selecting a higher value would be appropriate for systems which 
have a longer response time. Fewer bytes will be transferred during each request, but 
the risk of over/under running the FIFO is reduced. 

Rev. 1.0 
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The maximum response time allowed can be calculated using the value programmed 
into FIFOTHR. The equation would be: 

1 
Maximum response time = (FIFOTHR + 1) x 18 x Data Rate I , 

where Data Rate is the highest disk data rate that will be supported by the system. 
For calculating the maximum response time in a given system, it is necessary to use 
the highest data rate because it will correspond to the longest allowable response 
time. Table 8-6 shows the conditions for setting the request and the maximum 
response times associated with different values of FIFOTIm. 

'lb prevent the FIFO from being disabled during a software reset (via the DOR or 
DSR), the Lock command is included in the NCR82077. The Lock command sets or 
resets the LOCK bit, which will prevent software resets from affecting the values of 
either EFIFO or FIFOTHR when set. A hardware reset (via the RESET pin) will clear 
the LOCK bit out and reset the FIFO configuration values. 

Table 8-6 FIFOTHR Table 

FIFOTHR 
Request Set Maximum Response Time (I1S) 

(Hex) Read Write 500 300 250 1 
Kbps Kbps Kbps Mbps 

0 = 16 =0 16 26 32 B 

B ~B 5.B 144 240 2BB 72 

F ~1 5.15 256 426 512 12B 

Clock Generator 
This functional block is internal to the chip, unlike the NCR765. A 24 MHz clock is 
supplied by the user. This clock is the reference for all internal timings. For a 1 Mbps 
operation, a 32 MHz clock is required to provide precision quanitization for the inter­
nal Digital Data Separator. 

Write Precompensation 
Within the Data Rate Select register, bits 4, 3, and 2 are used to modify the WRDATA 
output that is written to the disk to compensate for bit shifting. Bit shifting is jitter of 
the bit positions when reading from the disk caused by inherent properties of mag­
netic media 

This section of logic shifts the data to provide write precompensation for the floppy 
disk drive. The block contains a 13-bit shift register and a mux to select varying 
degrees of early, normal, or late bit shift during recording of the magnetic media. Oth­
erwise, the bit jitter could potentially manifest itself as read errors when the data is 
retrieved from the magnetic media. 

Data Separator 

Rev. 1.0 

The data separator locks onto the data stream coming in from the disk drive and 
recovers the embedded clock signal. The RDDATA pin transfers a serial MFM encoded 
data stream which, when fed to the data separator, is used to create an internal clock 
signal known as the Read Data Window (RDW). Once this clock is recovered, both 
RDW and RDDATA go to the Serial Read block, where they drive the serial to parallel 
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conversion logic. RDW is a periodic signal which frames the serial data bits on 
RDDATA and runs at a frequency equal to the data rate. For each bit in the data 
stream, RDW has a high and a low phase. One phase frames what is referred to as a 
data bit and the other phase frames what is referred to as a clock bit. Through the 
presence or absence of data and clock bits, the actual data to be transferred is encoded 
in the data stream. The Serial Read logic converts this data stream into bytes used for 
sector identification, data transfer, and CRC error checks. 

The NCR82077 incorporates a digital data separator (DDS) rather than follow the tra­
ditional analog phase-locked loop approach. Because of this, the NCR82077 is entirely 
a digital circuit, eliminating the need for any external filtering. 

The DDS has two modes of operation: high gain and low gain. Initially, while trying to 
synchronize to the data stream, the DDS operates in the high gain mode where it is 
capable of adjusting rapidly to the incoming data stream. Once the DDS has success­
fully locked on the data stream and a synchronization field is detected, it shifts into 
the low gain mode. In the low gain mode, the DDS maintains a lock on the data 
stream and makes gradual corrections as necessary to adjust to the speed variations 
which can occur in the data stream. 

The DDS samples the incoming data stream at 32 times the data rate. In order to do 
this at the 1 Mbps data rate, it is necessary to provide a 32 MHz clock to the cell. If the 
target design system will never need to support the 1 Mbps data rate, the 32 MHz 
clock can be left out of the design. In the kit part, this pin can be left as a no-connect. 
When designing an ASIC with the NCR82077 application specific function where the 
1 Mbps data rate will not be used, the pin C32IN on the symbol should be tied low. 

Bus Control Logic 
The bus control logic controls the interface between the system and the 82077. The 
bus control logic uses the address inputs, chip select, and the read and write signals to 
select which register is being accessed. The bus state machine determines which of 
the phases, Command, Execution, or Result, the controller is in. The count select and 
phase compare logic controls the number of bytes written during the command phase 
and the number of bytes read during the result phase. The bus control logic is 
designed to provide access to the test mode register, which is specific to the NCR ver­
sion of this part. 

DMA Control Logic 
The DMA control logic provides the timing and control of the data transfers during 
the execution phase when the FIFO is disabled. The block provides the overrun! 
underrun timing, controls the DRQ or !NT signals and responds to a DACKb or reads! 
writes to the data register (FIFO). The DMA control block also forces a zero fill for 
writes less than a full sector. 

Command State Machine Logic 

NCR89C105 
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The command state machine block stores internal register values, provides command 
decoding, and controls the serial read, serial write, status, and drive interface blocks. 
The command decode function stores the first byte of the command phase and decodes 
which command is to be executed. The remaining bytes of the command phase are 
stored in the internal data registers. These registers are used to direct the part in the 
Execution phase and to provide the proper response values during the Result phase. 

Rev. 1.0 
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Other registers store the data control for the commands in the Execution phase. The 
command sequencer stores error flags and reports them during the Result phase. The 
implied seek control, if enabled, initiates an implied seek as soon as the Execution 
phase starts. The normal data transfer operation is started at the completion of the 
implied seek. The Command state machine block has the clock divider for the remain­
der of the core logic. The clock divider provides timing for the drive interface block and 
some of the error condition checks. The Command state machine also contains the 
specify registers. 

Status Log ic 
The status logic is used to output status during the result phase. The status registers 
store the results of seek commands, recalibrate commands, and poll interrupts, and 
reports the status of these commands as well as data transfers. The status logic also 
contains the value for the main status register. 

Drive Interface Logic 
The drive interface logic is used to control the head (side) selection and the seek or 
recalibrate operations. The poll logic included here controls seek and recalibrate func­
tions by issuing step pulses and checking for seek complete. The poll logic also sets the 
initial power up interrupt unless disabled before the interrupt occurs. The timing for 
the drive interface signals is generated in the drive timing block. The VCO enable 
block is used to control the read logic and DDS. The input signals from the drive inter­
face is synchronized with the internal clock in this section. 

Invert Logic 
The invert logic monitors the invert pin and changes the polarity of the signals to and 
from the drive. 

Serial Read Logic 
The serial read logic is used to decode the serial MFM data stream from the DDS. The 
decoded data is checked for address marks, data marks, and CRC. The serial data 
stream is converted to bytes and output on the bus if it is a read operation. The read 
sequencer stores the data in a holding latch and initiates a data transfer to either the 
host or the FIFO. The read sequencer signals the completion of an ID field and a data 
field. It indicates an ID match for both the read and write commands. 

Serial Write Logic 

Rev. 1.0 

The serial write logic provides MFM encoded data to the write precompensation logic. 
The serial write logic also provides early and late flags to selectively control the pre­
compensation circuit. The timing block initiates a write or format operation. The 
write sequencer controls a write data operation. When an ID match is received, the 
write sequencer starts loading the write shift register with either gap characters or 
sync characters. The data is shifted out at write clock time. The write sequencer out­
puts data when the data mark field is written and calculates CRC for the sector. The 
CRC is appended to the data stream and the command sequencer is signaled. 

The format state machine controls a format operation. The state machine waits for 
the rising edge of index pulse and starts outputting the index address mark, gap, ID 
address mark, gap, data mark, format data, gap, ID, gap, data, etc. until the sector 
number equals the sector count. The state machine waits for the next rising edge of 
index pulse and signals the command sequencer at completion. 
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Commands 

Unsupported Features 
NCR does not support FM recording or scan commands. When performing read and 
write operations, the part will assume MFM encoding regardless of the value written 
to the MFM bit. DTL (Data Length) is only supported as SC in the Verify command. In 
all other commands the byte must be written, but does not have an effect on the part. 
The parameter N cannot be written with a O. 

Read Data Command 

NCR89C105 
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This command causes the controller to read a given number of bytes (by sector) from 
the diskette and transfer them to the system. 

Command Phase - The microprocessor issues the following command and parame­
ter bytes to the controller: 

07 06 05 04 03 02 01 00 

Byte 0 MT MFM SK 0 0 1 1 0 

Byte 1 0 0 0 0 0 HDS DSl DSO 

Byte 2 C 

Byte 3 H 

Byte 4 R 

Byte 5 N 

Byte 6 EOT 

Byte 7 GPL 

ByteS DTL 

Execution Phase - The controller reads data from the diskette and transfers it to 
the system. The controller interrupts when the Execution phase ends. 

Result Phase - The system microprocessor reads the following result bytes from the 
controller: 

07 I 06 I 05 I 
Byte 0 

By tel 

Byte 2 

Byte 3 

Byte 4 

Byte 5 

Byte 6 

04 1 
STO 

STl 

ST2 

C 

H 

R 

N 

03 1 02 1 01 I 00 
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Read Deleted Data Command 

Rev. 1.0 

This command is identical to the Read Data command, except it only reads sectors 
with data fields containing a Deleted Data Address Mark. 

Command Phase - System microprocessor issues the following command and 
parameter bytes to the controller: 

07 06 05 04 03 02 01 00 

Byte 0 MT MFM SK 0 1 1 0 0 

Byte 1 0 0 0 0 0 HDS DSl DSO 

Byte 2 C 

Byte 3 H 

Byte 4 R 

Byte 5 N 

Byte 6 EOT 

Byte 7 GPL 

Byte 8 DTL 

Execution Phase - The controller reads data from the diskette and transfers it to 
the system. The controller interrupts when execution phase ends. 

Result Phase - The system microprocessor reads the following result bytes from the 
controller: 

07 I 06 I 05 I 04 I 03 I 02 I 01 I 00 

Byte 0 STO 

Bytel STl 

Byte 2 ST2 

Byte 3 C 

Byte 4 H 

Byte 5 R 

Byte 6 N 
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Write Data Command 
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This command writes a given number of bytes (by sector) to the diskette from the sys­
tem microprocessor or DMA controller. 

Command Phase - System microprocessor issues the following command and 
parameter bytes to the controller: 

07 06 05 D4 03 02 01 00 

Byte 0 MT MFM 0 0 0 1 0 1 

By tel 0 0 0 0 0 HDS DSl DSO 

Byte 2 C 

Byte 3 H 

Byte 4 R 

Byte 5 N 

Byte 6 EOT 

Byte 7 GPL 

ByteS DTL 

Execution Phase - Controller transfers data from system and writes it to the dis­
kette. The controller interrupts when execution phase ends. 

Result Phase - System microprocessor reads the following result bytes from the 
controller: 

07 1 06 J 05 1 

Byte 0 

By tel 

Byte 2 

Byte 3 

Byte 4 

Byte 5 

Byte 6 

04103102101100 

STO 

STl 

ST2 

C 

H 

R 

N 
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Write Deleted Data Command 

Rev. 1.0 

This command is identical to the Write Data command, except it writes a Deleted 
Data Address Mark at the beginning of the data field instead of a Data Address Mark. 

Command Phase - System microprocessor issues the following command and 
parameter bytes to the controller: 

07 06 05 04 03 02 01 00 

Byte 0 MT MFM 0 0 1 0 0 1 

Byte 1 0 0 0 0 0 HDS DSl DSO 

Byte 2 C 

ByteS H 

Byte 4 R 

Byte 5 N 

Byte 6 EOT 

Byte 7 GPL 

ByteS DTL 

Execution Phase - Controller transfers data from the system and writes it to the 
diskette. The controller interrupts when execution phase ends. 

Result Phase - System microprocessor reads the following result bytes from the 
controller: 

071061051 04 1 03 1 02 1 01 I DO 

Byte 0 STO 

Byte 1 STl 

Byte 2 ST2 

ByteS C 

Byte 4 H 

Byte 5 R 

Byte 6 N 

SBus //0 Chipset Data Manual 
NCR89C105 

Page 8-19 



NCR82077 Roppy Disk Controller Core 

Read a Track Command 
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This command operates much like the Read Data command, except that all the sec­
tors of a track are read as one large data field, regardless of the logical sector order. 

Command Phase - System microprocessor issues the following command and 
parameter bytes to the controller: 

07 06 05 D4 03 02 01 00 

Byte 0 0 MFM 0 0 0 0 1 0 

By tel 0 0 0 0 0 lIDS DSl DSO 

Byte 2 C 

Byte 3 H 

Byte 4 R 

Byte 5 N 

Byte 6 EOT 

Byte 7 GPL 

Byte 8 DTL 

Execution Phase - Controller reads data from the diskette and transfers it to the 
system. The controller interrupts when execution phase ends. 

Result Phase - System microprocessor reads the following result from the 
controller: 

07 I 06 I 05 I 
Byte 0 

By tel 

Byte 2 

Byte 3 

Byte 4 

Byte 5 

Byte 6 

D4 I 03 I 02 I 01 I 00 

STO 

STl 

ST2 

C 

H 

R 

N 
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Read ID Command 

Rev. 1.0 

This command locates the current position of the disk drive heads. 

Command Phase - System microprocessor issues the following command and 
parameter bytes to the controller: 

07 06 05 04 03 02 01 00 

Byte 0 0 MFM 0 0 1 0 1 0 

Byte 1 0 0 0 0 0 HDS DSI DSO 

Execution Phase - The controller reads ID information from the diskette. The con­
troller interrupts when the execution phase ends. 

Result Phase - System microprocessor reads the following result bytes from the 
controller: 

07 I 06 I 05 I 04 I 03 I 02 I 01 I DO 

Byte 0 STO 

Byte 1 STI 

Byte 2 ST2 

Byte 3 C 

Byte 4 H 

Byte 5 R 

Byte 6 N 

SBus 110 Chipset Data Manual 
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Format a Track Command 
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This command formats one track of a disk, one sector at a time. After each sector is 
formatted with the given gaps, address marks, ID information, and data, the host 
sends the floppy controller the logical sector number for the next sector of the track. 
This facilitates non-sequential sector addressing (interleaving). 

Command Phase - System microprocessor issues the following command and 
parameter bytes to the controller: 

07 06 05 04 03 02 01 DO 

Byte 0 0 MFM 0 0 1 1 0 1 

Byte 1 0 0 0 0 0 lIDS DSI DSO 

Byte 2 N 

Byte 3 se 
Byte 4 GPL 

Byte 5 D 

Execution Phase - The controller formats an entire track using four data bytes 
(supplied by the system) for each sector. The data bytes required from the system for 
each sector are: cylinder, head, sector number, and sector size (e, H, R, N) in that 
order. The particular values that will be written to the gap and data field are con­
trolled by the values programmed for N, se, GPL, and D during the command phase. 
The controller interrupts at the end of the execution phase. 

Result Phase - System microprocessor reads the following result bytes from the 
controller: 

07 1 06 1 05 1 

Byte 0 

Byte 1 

Byte 2 

Byte 3 

Byte 4 

Byte 5 

Byte 6 

04 1 03 1 02 1 01 
1 

DO 

STO 

STI 

ST2 

Not Defined 

Not Defined 

Not Defined 

Not Defined 
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Recallbrate Command 

Rev. 1.0 

This command causes the disk drive read/write head to retract to the track 0 position 
and resets the floppy controller internal track counter, thus recalibrating the control­
ler and drive. 

Command Phase - System microprocessor issues the following command and 
parameter bytes to the controller: 

07 06 05 04 03 02 01 00 

Byte 0 0 0 0 0 0 1 1 1 

Byte 1 0 0 0 0 0 0 DSl DSO 

Execution Phase - The controller moves the drive head back to track O. The con­
troller interrupts when the execution phase ends. 

Result Phase - This command has no result phase. A Sense Interrupt Status com­
mand must be issued immediately after the interrupt to properly terminate the 
Recalibrate command. 

Seek Command 

This command moves the read/write head of the disk drive to the specified track. 

Command Phase - System microprocessor issues the following command and 
parameter bytes to the controller: 

07 06 05 04 03 02 01 DO 

Byte 0 0 0 0 0 1 1 1 1 

Byte 1 0 0 0 0 0 lIDS DSl DSO 

Byte 2 NCN 

Execution Phase - The controller moves the drive head to the new cylinder. The 
controller interrupts when the execution phase ends. 

Result Phase - This command has no result phase. A Sense Interrupt Status com­
mand must be issued immediately after the interrupt to properly terminate the Seek 
command. 
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Sense Interrupt Status Command 
This command resets the floppy controller interrupt signal and identifies the cause of 
an interrupt. 

Command Phase - System microprocessor issues the following command and 
parameter bytes to the controller: 

D6 D5 D4 D3 D2 D1 DO 

Byte 0 o o o 1 o o o 

Execution Phase - The controller resets the interrupt signal and identifies the 
interrupt cause. No interrupt is generated. 

Result Phase - System microprocessor reads the following result bytes from the 
controller: 

D7 1 D6 1 D5 1 D4 1 D3 .1 D2 1 D1 l DO 

Byte 0 STO 

Byte 1 peN 

Sense Drive Status Command 

NCR89C105 
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This command obtains the disk drive status, which is read by the system during the 
result phase of the command. 

Command Phase - System microprocessor issues the following command and 
parameter bytes to the controller: 

D7 D6 D5 D4 D3 02 01 00 

Byte 0 0 0 0 0 0 1 0 0 

By tel 0 0 0 0 0 HDS DSl DSO 

Execution Phase - This command has no execution phase and goes directly from 
the command phase to the result phase. No interrupt is generated. 

Result Phase - System microprocessor reads the following result bytes from the 
controller: 

D7 D6 D5 D4 

Byte 0 ST3 

03 D2 D1 DO 

Rev. 1.0 
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Specify Command 

Rev. 1.0 

This command sets up the timings to be used for controller interaction with the disk 
drives(s). 

Command Phase - System microprocessor issues the following command and 
parameter bytes to the controller: 

07 06 05 04 03 02 01 

Byte 0 0 0 0 0 0 0 1 

Byte 1 SRT HUT 

Byte 2 HLT 

Execution Phase - This command has no execution phase. No interrupt is 
generated. 

Result Phase - This command has no result phase. 

Configure Command 

DO 

1 

ND 

The configure command is an 82077 command that enables certain 82077 unique 
features. 

Command Phase - System microprocessor issues the following command and 
parameter bytes to the controller: 

07 06 05 D4 03 02 01 DO 

Byte 0 0 0 0 1 0 0 1 1 

Byte 1 0 0 0 0 0 0 0 0 

Byte 2 0 EIS EFIFO POLL FIFOTHR 

Byte 3 PRETRK 

Execution Phase - This command has no execution phase. 

Result Phase - This command has no result phase. 
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Relative Seek Command 
This command performs a seek operation, moving the head in the specified direction 
and number of tracks from the current track. 

Command Phase - System microprocessor issues the following command and 
parameter bytes to the controller: 

07 06 05 D4 03 02 01 DO 

Byte 0 1 DIR 0 0 1 1 1 1 

Byte 1 0 0 0 0 0 HDS DSl DSO 

Byte 2 RCN 

Execution Phase - The FDC moves the head to the new cylinder and interrupts at 
the end of the execution phase. 

Result Phase - This command has no result phase. A Sense Interrupt Status com­
mand must be issued (after the interrupt occurs) to properly terminate the Relative 
Seek command. 

Verify Command 
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This command is used to verify the data stored on a disk. This command acts exactly 
like a Read Data command, except that no data is transferred to the system. 

Command Phase - System microprocessor issues the following command and 
parameter bytes to the controller: 

07 06 05 D4 03 02 01 DO 

Byte 0 MT MFM SK 1 0 1 1 0 

Byte 1 EC 0 0 0 0 HDS DSl DSO 

Byte 2 C 

Byte 3 H 

Byte 4 R 

Byte 5 N 

Byte 6 EOT 

Byte 7 GPL 

ByteS DTL/SC 

The EOT value should be set to the final sector to be checked. If EOT is greater than 
the number of sectors on the disk, the command will stop due to an error and no use­
ful CRC information will be obtained. 

Rev. 1.0 
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Execution Phase - Data is read from the diskette and the CRC is computed and 
checked against the previously stored value. No data is transferred to the system. The 
FDC interrupts when the execution phase ends. 

Result Phase - System microprocessor reads the following result bytes from the 
controller: 

" 07 I 06 I 05 I 04 I 03 I 02 I 01 I 00 

Byte 0 STO 

Byte 1 STI 

~yte2 ST2 

Byte 3 C 

Byte 4 H 

Byte 5 R 

Byte 6 N 

Version Command 

Rev. 1.0 

This command is used to determine if the FDC is an 82077 device. 

Command Phase - System microprocessor issues the following command and 
parameter bytes to the controller: 

I 
07 

I 
06 05 

I 
04 

I 
03 02 01 00 

Byte 0 0 0 0 1 0 0 0 0 

Execution Phase - This command has no execution phase. No interrupt is 
generated. 

Result Phase - System microprocessor reads the following result byte from the 
controller: 

07 06 05 04 03 02 01 DO 

Byte 0 1 o o 1 o o o o 

This result byte indicates that the FDC is an 82077 enhanced FDC. 
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Dumpreg Command 
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This command is used to support system run-time diagnostics and application soft­
ware development and debug. 

Command Phase - System microprocessor issues the following command and 
parameter bytes to the controller: 

06 05 04 03 02 01 00 

Byte 0 o o o 1 1 1 o 

Execution Phase - This command has no execution phase. No interrupt is 
generated. 

Result Phase - System microprocessor reads the following result byte from the 
controller: 

07 06 05 

Byte 0 

Byte 1 

Byte 2 

Byte 3 

Byte 4 SRT 

Byte 5 

Byte 6 

Byte 7 LOCK 0 D3 

Byte 8 0 EIS EFIFO 

Byte 9 

04 03 I 
PCN -Drive 0 

PCN -Drive 1 

PCN -Drive 2 

PCN -Drive 3 

HLT 

SCIEOT 

D2 Dl I 
POLL 

PRETRK 

02 I 01 I 00 

HUT 

I ND 

DO I GAP I WGATE 

FIFOTHR 

Rev. 1.0 
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Perpendicular Mode Command 
This command should be issued prior to executing ReadlWritelFormat commands that 
access a disk drive with perpendicular recording capability. With this command, the 
length of the GAP2 field and VCO enable timing can be altered to accommodate the 
unique requirements of these drives. 

Command Phase - System microprocessor issues the following command and 
parameter bytes to the controller: 

07 06 05 D4 03 02 01 00 

Byte 0 0 0 0 1 0 0 1 0 

Byte 1 OW 0 D3 D2 Dl DO GAP WGATE 

Execution Phase - This command has no execution phase. No interrupt is 
generated. 

Result Phase - This command has no result phase. 

Lock Command 
This command is used to protect the FIFO in long DMA latency systems from soft­
ware packages which reset the controller but do not reconfigure the FIFO. 

Command Phase - System microprocessor issues the following command and 
parameter bytes to the controller: 

07 06 05 04 03 02 01 00 

Byte 0 LOCK 0 0 1 0 1 0 

Execution Phase - This command has no execution phase. No interrupt is 
generated. 

0 

Result Phase - System microprocessor reads the following result byte from the 
controller: 

Invalid Commands 

Rev. 1.0 

If an invalid command is issued to the floppy controller, the controller enters a 
standby state and will return STO = 80H during the result phase. 
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Parameter Fields 
The floppy controller parameter byte fields are defined in the following table: 

NCR89C105 
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Symbol 

C 

D 

DIR 

DSO, DS1 

EC 

EFIFO 

EIS 

EOT 

FIFOTHR 

GAP 

GPL 

H 

lIDS 

HLT 

HUT 

Table 8-7 Parameter Fields 

Name 

Cylinder Number 

Data 

Direction 

Drive Select 

Enable Count 

Enable FIFO 

Enable Implied 
Seek 

End of Track 

FIFO Threshold 

Gap 

Gap Length 

Head Address 

Head Select 

Head Load Time 

Head Unload Time 

Description 

The cylinder track number (0 through 255) 
of the medium. 

The data pattern to be written to a sector. 

If 0, the head is stepped out. If1, the head 
is stepped in. 

The binary encoded diskette drive number 

Setting this bit to1 causes the Verify 
Command's DTL parameter to become the 
number of sectors per cylinder (SC). 

Setting this bit to 0 causes the FIFO to be 
enabled. The FIFO is a 16-byte buffer used 
in the execution phase of read or write 
commands. A "1" puts the 82077 in the 
NCR765 compatible mode so that the 
FIFO is disabled. This bit defaults to "1 " 
after a reset. 

When set, a seek operation will be 
perfonned before executing any read or 
write command that requires the C 
parameter in the command phase. A "0" 
disables the implied seek. 

The final sector number of a cylinder. 

When the FIFO is enabled, this field sets 
the FIFO threshold level. A "0" selects 1 
byte, "F" selects 16 bytes. 

When using Perpendicular Mode, this 
parameter alters Gap2 length. 

The length of GAP3 on the media (spacing 
between sectors excluding the VCO sync 
field). 

The head number (0 or 1) as specified in 
the ID field. 

The selected head number (0 or 1). H = 
lIDS in all command bytes. 

The head load time for the floppy drive (2 
to 254 ms in 2 ms increments). 

The head unload time for the floppy drive 
after a read or write operation (16 ms to 
240 ms in 16 ms increments). 

Rev. 1.0 
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Symbol Name 

LOCK Lock 

MFM MFMMode 

MT Multi-track 

N Number 

NCN New Cylinder 
Number 

ND Non-DMA Mode 

OW Overwrite 

PCN Present Cylinder 
Number 

POLL Polling Disable 

Write 
PRETRK Precompensation 

Start Track 

R Record 

Relative Cylinder RCN Number 

SC Sector 

SK Skip 

SRT Step Rate Time 

Rev. 1.0 
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Parameter Fields (Continued) 

Description 

Defines whether a Software Reset (setting 
the proper bit in the DSR or DOR 
registers) can reset the CONFIGURE 
command parameters EFIFO, FIFOTHR, 
and PRETRK to their default values. 

Used to select MFM mode. The NCR82077 
will always operate in MFM mode 
regardless of this value. 

If MT = 1, then both sides of a cylinder can 
be accessed with a single command. 

The encoded number of data bytes written 
to a sector. 

The new cylinder number to be reached as 
result of a seek operation. 

IfND = 1, the NCR82077 will use the 
interrupt signal rather than DRQ for data 
transfers. 

If OW = 1, then the Perpendicular Mode 
command bits DB, D2, D1, and DO can be 
overwritten. 

The cylinder number at which a given 
drive is set. 

When set, the internal drive polling 
routine is disabled. When cleared, polling 
is enabled. 

This field selects the track number at 
which to begin write precompensation. 00 
selects track 0, FF selects track 255. At 
power-on reset, the 82077 defaults to Pre-
compensation at track o. All tracks equal to 
or greater than PRETRK will have precom-
pensated WRDATA 

The sector number to be read or written. 

Determines how many tracks to step the 
head in or out from the current track 
number. 

The number of sectors per cylinder. 

If SK = 1, deleted data sectors will be 
skipped during reads. Only detected data 
sectors will be read during Read Deleted 
Data commands. 

The stepping rate for the floppy drive 
during seek operations. 
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Table 8-7 Parameter Fields (Continued) 

Symbol Name Description 

Status Registers The four floppy controller internal status 
STO-ST3 registers which contain the result status o through 3 following the execution of a command. 

Allows for pre-erase loads in perpendicu-
WGATE Write Gate lar drives, by altering the timing of the 

Write Enable (WE) signal. 

Register Description 
The following sections describe the NCR82077 Floppy Disk Controller Core registers. 
Each register is detailed in terms of bit configuration, the active states of each bit, 
their definitions, their functions and their effects upon the internal hardware and 
external pins. 

Status, Data, and Control Registers 
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The base address range is supplied by the CSb pin. This should be 3FO Hex to 3F7 
Hex for PC/AT and PS/2 designs. 

A2 A1 AO Register 

0 0 0 R Status Register A SRA 

0 0 1 R Status Register B SRB 

0 1 0 RIW Digital Output Register DOR 

0 1 1 RIW Tape Drive Register TDR 

1 0 0 R Main Status Register MSR 

1 0 0 W Data Rate Select Register DSR 

1 0 1 RIW Data (FIFO) FIFO 

1 1 0 Reserved (NCR test mode enable) 

1 1 1 R Digital Input Register DIR 

1 1 1 W Configuration Control Register CCR 

NOTE: Within each register, the bit values reflect the state of the drive signals on 
the cable, independent of the state of the INVERTb pin. 

Rev. 1.0 
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Status Register A (PS/2 Mode) 

Rev. 1.0 

This read-only register, not accessible in PC/AT mode, serves a monitoring function. It 
contains the state of the interrupt pin and of several disk interface pins. 

07 06 05 04 03 02 01 00 

• Direction 

• Write Protect 

• Index 

• Head 1 Select 

• Track 0 

• Step 

• Second Drive Installed 

• Interrupt Pending 

DO-Direction 
This bit returns the state of the drive interface DIR signal. 
(1 = head movement toward spindle for steps). 

Dl-Write Protect 
This bit returns the inverted state of the drive interface WP signal. 
(0 = write protected). 

D2-Index 
This bit returns the inverted state of the drive interface INDX signal 
(0 = at index). 

D3 Head 1 Select. 
This bit returns the state of the drive interface HDSEL signal. 
(0 = head O). 

D4-TrackO 
This bit returns the inverted state of the drive interface TRKO signal. 
(0 = at track 0). 

D5-Step 
This bit returns the state of the drive interface STEP signal. 
(1 = Step active). 

D6-2nd Drive Installed 
This bit returns the inverted state of the drive interface DRV2 signal. 
(0 = 2nd drive installed). 

D7-Interrupt Pending 
This bit returns the state of the controller's INT signal. 
(1 = interrupt pending). 
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Status Register A (PS/2 Model SO Mode) 
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In the PS/2 Model 30 mode, five of the eight bits are inverted (bits 0 through 4) and 
two others have been changed. 

07 06 05 D4 03 02 01 00 

• Direction 

• Write Protect 

• Index 

• Head Select 

• Track 0 

• Step 

• DMARequest 

• Interrupt Pending 

D-Direction 
This bit returns the inverted state of the drive interface DIR signal. 
(1 = head movement toward spindle for steps). 

Dt-Write Protect 
This bit returns the state of the drive interface WP signal. 
(0 = write protected). 

D2-Index 
This bit returns the state of the drive interface INDX signal 
(0 = at index). 

D3-Head Select 
This bit returns the state of the drive interface HDSEL signal. 
(0 = head 0). 

D4-TrackO 
This bit returns the inverted state of the drive interface TRKO signal. 
(1 = at track 0). 

D5-Step 
This bit returns the state of the drive interface STEP signal. 
(1 = Step active). 

D6-DMA Request 
This bit returns the status of the DRQ pin. 

D7-Interrupt Pending 
This bit returns the state of the controller's INT signal. 
(1 = interrupt pending). 

Rev. 1.0 
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Status Register B (PS/2 Mode) 

Rev. 1.0 

This read-only register, not accessible in PC/AT mode, serves a monitoring function. It 
reflects the state of several disk interface pins. 

D7 D6 D5 D4 D3 D2 D1 DO 

• Motor Enable 0 

• Motor Enable 1 

• Write Enable 

• Read Data Toggle 

• Write Data Toggle 

• Drive Select Bit 0 

• • Always read as 1 s 

DO-Motor Enable 0 
This bit returns the state of the Digital Output Register Motor Enable 0 
bit. 

Dl-Motor Enable 1 
This bit returns the state of the Digital Output Register Motor Enable 1 
bit. 

D2-Write Enable 
This bit returns the state of the drive interface WE signal. 

D3-Read Data 
This bit returns the state of a flip-flop which produces a wider more reli­
ably read pulse produced from the drive interface RDDATA signal. 

D4-Write Data 
This bit returns the state of a flip-flop which produces a wider more reli­
ably read pulse produced from the drive interface WRDATA signal. 

D5-Drive Select Bit 0 
This bit returns the state of the drive interface DSO signal. 
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Status Register B (PS/2 Model 30 Mode) 
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This register in PS/2 Model 30 mode returns inverted values of drive select bits in the 
DOR register, as well as other changes. 

07 06 05 04 03 02 01 00 

• Drive Select 2 

• Drive Select 3 

• Write Enable 

• Read Data 

• Write Data 

• Drive Select 0 

• Drive Select 1 

• Second Drive Installed 

DO-Drive Select 2 
This bit returns the inverted state of the drive interface DS2 signal. 

D1-Drive Select 3 
This bit returns the inverted state of the drive interface DS3 signal. 

D2-Write Enable 
This bit returns the state of the drive interface WE signal. 

D3-Read Data 
This bit returns the state of the drive interface RDDATA signal. 

D4-Write Data 
This bit returns the state of the drive interface WRDATA signal. 

D5-Drive Select 0 
This bit returns the inverted state of the drive interface DSO signal. 

D6-Drive Select 1 
This bit returns the inverted state of the drive interface DSl signal. 

D7-2nd Drive Installed 
This bit returns the inverted state of the drive interface DRV2 signal. 
(0 = 2nd Drive installed) 

Rev. 1.0 
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Digital Output Register 

Rev. 1.0 

This is both a read and a write register. It contains the motor enable and drive select 
bits, which by standard programming practice are set at the same time to control 
their respective pins. A DMAGate bit and a reset bit are also included with this 
register. 

07 06 05 04 D3 02 D1 DO 

• Drive Select Bit 0 

• Drive Select Bit 1 

• Controller Reset 

• DMAGate 

• Motor Enable 0 

• Motor Enable 1 

• Motor Enable 2 

• Motor Enable a 

DO-DI-Drive Select Bits 0, 1 
These bits control which Drive Select signal will be active when the 
respective motor enable bit is set. 

01 DO Drive Selected 

0 0 Drive 0 

0 1 Drive 1 

1 0 Drive 2 

1 1 Drive a 

D2-Controller Reset 
If 0, this bit causes a reset of the floppy disk controller. The reset 
remains active until this bit is written as a 1. 

D3-DMAGate 
This bit is enabled only in PC/AT and PS/2 ModelaO modes. A high set­
ting is used to system enable INT, DRQ, TC, and DACKb. 

D4-Motor Enable 0 
If this bit is set to a 1 and Drive Select bits (1, 0) = (00), drive interface 
signals DSO and MEO are active. 

D5-Motor Enable 1 
If this bit is set to a 1 and Drive Select bits (1, 0) = (01), drive interface 
signals DS1 and MEl are active. 

D6-Motor Enable 2 
If this bit is set to a 1 and Drive Select bits (1, 0) = (10), drive interface 
signals DS2 and ME2 are active. 

D7-Motor Enable 3 
If this bit is set to a 1 and Drive Select bits (1, 0) = (11), drive interface 
signals DSa and MEa are active. 
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Tape Drive Register 
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During initialization, this read and write register permits user-specified tape support 
assignment to a specific drive. Tape support is then automatically invoked by any sub­
sequent references to that drive number. A hardware reset is required to clear this 
register. 

07 06 05 04 03 02 01 DO 

• • Tape Select Bits 1, 0 

• • • • • • Tristated 

DI-DO-Tape Select Bits 1, 0 
These bits determine which drive is to be assigned tape support during 
initialization, and can only be cleared by a hardware reset. The possible 
tape drive selections are as follows: 

Tape Select Bit 1 Tape Select Bit 0 

0 0 

0 1 

1 0 

1 1 

Drive Selected 

Reserved 
(for floppy boot drive) 

Drive 1 

Drive 2 

Drive 3 

Rev. 1.0 
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Main Status Register 

Rev. 1.0 

This read-only register indicates the device status for all command inputs and result 
outputs. 

07 06 05 04 03 02 01 DO 

• Drive 0 Busy 

• Drive 1 Busy 

• Drive 2 Busy 

• Drive 3 Busy 

• Command Busy 

• Non-DMA Mode 

• Data Input/Output (DIO) 

• Request for Master (RQM) 

DO-Drive 0 Busy 
When this bit is 1, floppy drive 0 is in the seek mode. 

Dl-Drive 1 Busy 
When this bit is 1, floppy drive 1 is in the seek mode. 

D2-Drive 2 Busy 
When this bit is 1, floppy drive 2 is in the seek mode. 

D3-Drive 3 Busy 
When this bit is 1, floppy drive 3 is in the seek mode. 

D4-Command Busy 
When this bit is 1, the floppy controller has a read or write command in 
progress. 

D5-Non·DMA Mode 
This bit is only set during the execution phase of a command when the 
floppy controller is being operated in the non-DMA mode. The transition 
from 1 to 0 indicates the completion of a command in non-DMA mode. 

D6-Data Input/Output (DIO) 
This bit indicates the permitted direction of data transfer between the 
system's microprocessor and the floppy controller data register. When 
this bit is a 0, the direction is from the system microprocessor to the 
floppy controller. When this bit is a 1, the direction is from the floppy 
controller to the system microprocessor 

D7-Request for Master (RQM) 
When this bit is a 1, the floppy controller data register is ready for a 
transfer to/from the system microprocessor as indicated by the Data 
Input/Output bit. 
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Data Rate Select Register 
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This write-only register, with the exception of an absent interna1lexternal PLL select 
bit, replicates that used in the 82077 and thus lends itself to compatibility. Drive con­
trol signal timings are changed by modifying the data rates. 

D7 D6 D5 D4 D3 D2 D1 DO 

• • Data Rate Select bits 1, 0 

• • • PRECOMP 2, 1, 0 

• Always Read as 0 

• Power Down 

• Controller Reset 

DI-DO-Data Rate Select Bits 1, 0 
These bits determine the data rate to be used as follows: 

D1 DO MFM 

1 1 1 Mbps 

0 0 500 Kbps 

0 1 300 Kbps 

1 0 250 Kbps 

D4-D2-PRECOMP Bits 2, 1, 0 
These bits are used to adjust the WRDATA output to the disk to compen­
sate for bit shifting, and should normally be written as 0 to select the 
default write precompensation delay of 125 ns. 

Table 8-8 Selectable Precompensation Delays 

PC2 PC1 PCO Precompensation Delay 

0 0 

0 0 

0 1 

0 1 

1 0 

1 0 

1 1 

1 1 

0 

1 

0 

1 

0 

1 

0 

1 

Default 

41.67 ns 

83.34 ns 

125.00 ns 

166.67 ns 

208.00 ns 

250 ns 

0.00 ns - Disabled 
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Table 8-9 DefauH Precompensation Delays 

Default Data Rate Precompensatlon Delay 

1 Mbps 41.67 ns 

500 Kbps 125 ns 

300 Kbps 125 ns 

200 Kbps 125 ns 

D6-Power Down 
This bit is used to activate the internal clocks and also shut off the 
oscillator. 

D7-Controller Reset 
This bit exhibits the same behavior pattern as DOR RESET, with the 
exception of being self-clearing. 

FIFO (Data) Register 
The FIFO (Data) Register buffers the system by 16 bytes to provide a wider latitude of 
DMA latency before over/underrun errors occur. 

Digital Input Register (PC/AT Mode) 

Rev. 1.0 

In all modes, this is a read-only register. For this mode, other than bit 7 being driven, 
all other bits remain tristated. 

07 06 D5 04 03 02 01 DO 

• • • • • • • Tristated 

• Diskette Change 

D7-Diskette Change 
This bit returns the state the Diskette Change signal. (1 = diskette 
changed). 
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Digital Input Register (PS/2 Mode) 
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In this mode, the valued of the current data rate is added to the information provided 
in the PC/AT mode. 

07 06 05 04 03 02 01 00 

• High Density Select 

• • Data Rate Select Bits 1, 0 

• • • • Always Read as 1s 

• Diskette Change 

DO-High Density Select 
This bit returns the inverted state of the drive interface DENSEL signal. 
For example, 0 = high density, that is, 500 Kbps or 1 Mbps. 

D2-DI-Data Rate Select Bits 1, 0 
These bits together return the currently selected data rate. 

D7-Diskette Change 
This bit returns the state of the disk interface DSKCHG signal (1 = dis­
kette changed). 

Rev. 1.0 
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Digital Input Register (PS/2 Model 30 Mode) 

Rev. 1.0 

In this mode, the significant changes are as follows: inverting bit 7, moving the bit 
positions of the data rate selection bits, and adding DOR and CCR information .. 

07 06 05 04 03 02 01 DO 

• • Data Rate Select Bits 1, 0 

• NOPREC 

• DMAGATE 

• • • Reserved (Read as Os) 

• Diskette Change 

DI-DO-Data Rate Selection Bits 1, 0 
These bits together return the currently selected data rate, reflecting 
their combined settings MFM table rate for the Data Rate Select 
register. 

D2-NOPREC 
This bit returns the NOPREC bit setting value in the Configuration Con­
trol register. 

D3-DMAGATE 
This bit returns the DMAGATE bit setting value in the Digital Output 
register. 

D7-Diskette Change 
This bit returns the inverted state of the disk interface DSKCHG signal 
(1 = diskette changed). 
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Configuration Control Register (PC/AT and PS/2 Modes) 
This write-only register is the Data Rate Select register in the PC/AT mode, with the 
exception ofbits 2 through 7 being always read as O. It is used to select the data rate. 

07 06 05 04 03 02 01 00 

• • Data Rate Select Bits 1, 0 

• • • • • • Always Read as Os 

DI-DO-Data Rate Select Bits 1, 0 
These bits together return the currently selected data rate, reflecting 
their combined settings MFM table rate for the Data Rate Select register. 

Configuration Control Register (PS/2 Model 30 Mode) 
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This is identical to PC/AT and PS/2 modes, with the exception of the NOPREC bit 2. 

07 06 05 04 03 02 01 00 

• • Data Rate Select Bits 1, 0 

• NOPREC 

• • • • • Always Read as Os 

DI-DO-Data Rate Select Bits 1, 0 
These bits together return the currently selected data rate, reflecting 
their combined settings MFM table rate for the Data Rate Select register. 

D2-NOPREC 
This bit in this particular register situation has no function, being reset 
to 0 only on a hardware RESET. 
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Command Structure 

Rev. 1.0 

Command Phases 

Each controller operation is performed in a three-phase sequence. 
• Command Phase 
• Execution Phase 
• Result Phase 

Command Phase 

The command and parameter bytes are written to the floppy Controller Data register. 
The microprocessor must poll the Main Status register before each write to the FDC 
Data register to determine when the controller is prepared to accept a transfer. 

Execution Phase 

The command given to the controller is performed. All data transfers occur in the exe­
cution phase. The FDC will generate an interrupt when it completes the execution 
phase of all commands except the following: 

• Configure 
• Dumpreg 
• Perpendicular Mode 
• Sense Drive Status 
• Sense Interrupt Status 
• Specify 
• Version 

Result Phase 

The results of the given command are read from the FDC Data register by the system 
microprocessor. The microprocessor must poll the Main Status register to determine 
when the floppy controller is prepared. to transfer each byte of the result. The system 
microprocessor must read all result bytes from the controller before attempting to 
send a new command. Some commands do not have a result phase and require the 
issue of a Sense Interrupt Status command to properly terminate. 
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Result Status Registers 
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Status Register 0 

The content of this floppy controller internal register is returned to the system micro­
processor during the result phase of most commands. 

07 06 05 04 03 02 01 00 

• • Drive Select Bits 1,0 (DS1, 
DSO) 

• Head Address (H) 

• Always Read as Os 

• Equipment Check (EC) 

• Seek End (SE) 

• • Interrupt Code (Ie) 

DI-DO-Drive Select Bits 1, 0 
These bits indicate which drive interface-Drive Select signal is active, in 
the following manner: 
D1=0, DO=O - Drive 0 selected 
D1=0, DO=1 - Drive 1 selected 
D1=1, DO=O - Drive 2 selected 
D1=1, DO=1 - Drive 3 selected 

D2-Head Address 
This bit indicates which drive head is selected. 

D4-Equipment Check 
Set to a 1 if the track 0 signal fails to occur within 80 step pulses during a 
recalibrate command, or the relative seek command steps the 82077 out 
past track O. 

D5-SeekEnd 
Set to a 1 when the controller completes a seek command (or a read or 
write command with implied seek). 

D7-D6-Interrupt Code 
D7=0, D6=0 - Successful command completion. 
D7=0, D6=1 - Command was started, but terminated abnormally. 
D7=1, D6=0 - Invalid command (never started) 
D7=1, D6=I - Command was started, but terminated abnormally due to 
poI1ing. 
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Status Register 1 

The content of this register is returned to the microprocessor during the Result phase 
of most commands. 

07 06 05 04 03 02 01 00 

• Missing Address Mark (MA) 

• Not Writable (NW) 

• No Data (ND) 

• Always Read as 0 

• Over RunlUnder Run (OR) 

• Data Error (DE) 

• Always Read as 0 

• End of Cylinder (EN) 

DO-Missing Address Mark 
This bit is set if the floppy controller cannot detect the Address ID Mark 
after encountering the media's Index Mark twice. 

This bit is also set if the floppy controller cannot detect the Data Address 
Mark or Deleted Data Address Mark on the designated track. In this 
case, DO of ST2 will also be set. 

Dl-Not Writable 
This bit is set if the floppy controller detects write protection during a 
Write Data, Write Deleted Data, or Format command. 

D2-NoData 
This bit is set under the following conditions: if the controller cannot find 
the sector specified in the ID register during a Read Data, Read Deleted 
Data, Write Data, or Write Deleted Data command; if a Read ID com­
mand cannot read the ID field without error; or if the Read Track com­
mand cannot locate the correct sector sequence. 

D4-0ver RunlUnder Run 
This bit is set if the floppy controller is not serviced in time by the system 
microprocessor or DMA controller during data transfers. 

D5-Data Error 
This bit is set if the floppy controller detects a eRC error reading either 
the ID field or data field on the media. 

D7-End of Cylinder 
This bit is set if the controller tries to access a sector further than the 
final sector of a track. Also set if Terminal Count is not reached after a 
Read or Write Data command. 
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Status Register 2 

The content of this register is returned to the system microprocessor during the 
Result phase of most commands. 

07 06 05 04 03 02 01 00 

• Missing Address Mark in 
Data Field (MD) 

• Bad Cylinder (BC) 

• Always Read as 0 

• Always Read as 0 

• Wrong Cylinder (WC) 

• Data Error in Data Field 
(DD) 

• Control Mark (CM) 

• Always Read as 0 

DO-Missing Address Mark in Data Field 
This bit is set if the floppy controller cannot find a Data Address Mark or 
Deleted Data Address Mark when data is read from the medium. 

DI-Bad Cylinder 
This bit is set when the cylinder number read from the medium differs 
from that in the floppy controller ID register, and the medium cylinder 
number = FFH (bad track with hard error in IBM soft-sectored format). 
This bit is related to D2 in ST1. 

D4-Wrong Cylinder 
This bit is set if the cylinder number read from the medium is different 
than that in the controller's ID register. 

D5-Data Error in Data Field 
This bit is set if the floppy controller detects a CRC error in the data 
field. 

D6-Control Mark 
This bit is set if the floppy controller encounters a sector with a Deleted 
Data Address Mark during a Read Data command, or the opposite (a 
Data Address Mark during a Read Deleted Data command). 
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Status Register 3 

The content of this register is returned to the system microprocessor during the result 
phase of a Sense Drive Status command. 

07 06 05 04 03 02 01 00 

• • Drive Select Bits l, 0 (DSl, 
DSO) 

• Head Address (HD) 

• Always Read as 1 

• Track 0 (TO) 

• Always Read as 1 

• Write Protected (WP) 

• Always Read as 0 

DI-DO-Drive Select Bits 1, 0 
These bits indicate which drive interface DSl, DSO signal is active in the 
following manner: 

Dl=O, DO=O Drive 0 selected 
Dl=O, DO=1 Drive 1 selected 
D1=1, DO=O Drive 2 selected 
Dl=1, DO=1 Drive 3 selected 

D2-Head Address 
This bit indicates the state of the drive interface HDSEL signal. 

D4-TrackO 
This bit indicates the state of the TRKO signal from the floppy drive. 

D6-Write Protected 
This hit indicates the state of the WP signal from the floppy drive. 

SBus liD Chipset Data Manual 
NCRB9C105 

PageB-49 



NCR82077 Floppy Disk Controller Core 

Timing Information 

NCR89C105 
Page 8-50 

All timings were measured at the NCR82077 macrocell boundaries. Timings were 
measured using the 70 0 C., 4.5 V, worst-case process. Actual timing will vary depend­
ing on the output loading and layout. All timings should be verified by the macrocell 
user. Additional delays will be added to the output signals depending on the selected 
drivers and output pads. 

32 MHz 

24 MHz 

RESET 

CONFIG1 

IDENT 

DIR 

STEP 

Figure 8-5 Clock Inputs 

trpw Icrh 

Figure 8-6 Reset Timing 

INDEX ..* tipw "'i\.. _________ _ 
- 1,41 .. --...... 1 'I 

Figure 8-7 Drive Interface Timing 
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Figure 8-10 DMA Cycle - FIFO Disabled 
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Figure 8-11 Non-DMA Cycle - FIFO Disabled 
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Figure 8-13 Non-OMA Cycle - FIFO Enabled 
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RDDATA 

Figure 8-14 Read Data 
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Figure 8-15 Write Data 
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Temperature and Voltage Range = 0° C, Vee = 5 V ± 10%, External Load 1 pF 

Symbol Parameter 

tc1p 32 MHz Clock Period 

tc2h 24 MHz Clock High Time 

tc21 24 MHz Clock Low Time 

t~2p 24 MHz Clock Period 

tci Internal Clock Period 

trpw Reset Pulse Width 

tcfh 
RESET Low to CONFIGl, 
IDENT Change Hold Time 

tdss 
DIR Change to STEP 
Setup Time 

tspw STEP Pulse Width 

tar STEP Rate 

tipw INDEX Pulse Width 

tpw RDb or WRb Pulse Width 

ts 
Address, CSb Setup to 
WRborRDb 

twdv 
Data Valid Before Rising Edge 
ofWRb 

trec Delay between data accesses 

tah Address, CSb Hold Time 

trov Data Valid from RDb Low 

trdh Data Hold from RDb Rising 

twrr Delay from WRbito RDbJ. 

tdrq DRQ Cycle Period 

tddrl 
DACKb Low to DRQ Low -
FIFO Disabled 
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Min 

31.25 

16.67 

16.67 

41.67 

62.5 

125 

5 

1.5 

7 

1 

4 

80 

0 

20 

4 

0 

4 

0 

60 

6.5 

Max 

31.25 

25 

25 

41.67 

250 

8 

15 

0 

20 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

J1S 

J1S 

J1S 

tci 

ns 

ns 

ns 

tci 

ns 

ns 

ns 

ns 

J1S 

ns 

Comments! 
Conditions 

See Note 1 

See Note 8 

See Note 2 

See Note 3 
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Temperature and Voltage Range = 0° C, Vcc = 5 V ± 10%, External Load 1 pF 

Symbol Parameter Min Max Unit Comments! 
Conditions 

tds 
DACKb Low to RDb or WRb 
low 

0 ns 

ttc TC Pulse Width 80 ns See Note 4 

tic INT Cycle Period 6.5 I1S See Note 3 

tir 
RDb or WRb low to INT Low - 40 ns 
FIFO disabled 

tfr 
FIFO Read or Write 80 ns 
Recovery Time 

teddl 
DACKb to DRQ Low - FIFO 75 ns See Note 5 Enabled 

tecil 
RDb or WRb High to INT Low 75 ns See Note 5 - FIFO Enabled 

trd RDDATA Pulse Width 50 ns 

tdrr RDDATA Data Rate 1.0 4.0 118 See Note 6 

twdly WE to WRDATA Setup Time 320 ns 

twr WRDATA Pulse Width 125 500 ns See Note 7 

NOTE 1: Internal clock period is a function of the selected data rate. 

Data Rate Frequency Period 

1 Mbs 16 MHz 62.5 ns 

500 Kbs 8 MHz 125 ns 

300 Kbs 4.8 MHz 208 ns 

250 Kbs 4 MHz 250 ns 

NOTE 2: tREc is defined as the time between successive read or writes. tWRREc is 
defined as the time between a data register write and main status regis­
terread. 

NOTE 3: DRQ and !NT cycle period is dependent on the selected data rate and the 
FIFO enable. The following values are valid if the FIFO is disabled: 

• 1 Mbs - 6.5J.Ls 
• 500 Kbs -1311S 
• 300 Kbs - 21.611s 
• 250 Kbs - 2611S 
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NOTE 4: TC pulse width is determined by TC and DACKb both being active. The 
combined width must be at least two 24 MHz clock periods. 

NOTE 5: DRQ or INT will remain asserted until the FIFO is filled or emptied. The 
DACKb (DMA enabled) or WRb, RDb falling (DMA disabled) that fills or 
empties the FIFO will remove DRQ or INT until the FIFO reaches the 
configured threshold. DRQ or INT will be reasserted. 

NOTE 6: RDDATA data rate is determined by the floppy tape drive or tape drive. 
The values are: 

• 1 Mbs -LOllS minimum 
• 500 Kbs - 2.011s minimum 
• 300 Kbs - 3.311S minimum 
• 250 Kbs - 4.011s minimum 

NOTE 7: WRDATA pulse width is based on the selected data rate. The values are 
2 X tCI: 

• 1 Mbs - 2 X 62.5 = 125 ns 
• 500 Kbs - 2 X 125 = 250 ns 
• 300 Kbs - 2 X 208 = 416 ns 
• 250 Kbs - 2 X 250 = 500 ns 

NOTE 8: Step Rate time is selected by a SPECIFY command. Failure to issue a 
specify command before issuing a Recalibrate or Seek command or 
implied seek will cause unpredictable results. 
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The following application note describes some of the differences between the Intel 
82077AA standard part and the NCR82077 Floppy Disk Controller Core (FDCC). 
These operations were verified by actual system testing. 

The main operational difference is that the FDCC does not pass data through the 
FIFO except in the execution phase of the command. Software that does not sample 
the Main Status register before writing a command byte or reading a result byte must 
allow sufficient time for one of the internal state machines to process the write or 
read. This time is four internal clock periods. The internal clock period is a function of 
the selected data rate. The internal clock period for 500 Kbs data rate is 125 ns. The 
user can write or read the FIFO/data register then read the Main Status register 
within 60 ns. The recommended user operation is to write or read the FIFO/data reg­
ister, read the Main Status register until the RQM and DIO bits indicate the FDCC is 
ready for another write or read of the FIFO/data register during command or result 
phases. 

The data sheet for the 82077 AA implies that the device supports overlapped seeks. 
The floppy disk controller core of the 82077 AA supports overlapped seek as does the 
core of the NCR82077. The core uses its internal drive selects to select a drive and 
issues a step pulse to each drive selected. Iffour drives are seeking at the same time, 
the core issues a burst of four step pulses, one for each drive. However, the actual 
drive selection is done using the DOR register. The DOR register must be written to 
select a drive and turn the motor on for the drive. It would be difficult to write the reg­
ister and select different drives between the step pulses issued by the core. There 
would be no way to synchronize the drive selected with the proper step pulse. The 
user is cautioned to select and seek to only one drive at a time. 

Detailed information on programming the counter modes and sample timing dia­
grams can be found in any standard 82077 data sheet. 

Additional information on implementation of soft macrocells in a chip design can be 
found in the NCR application note for soft macrocells. 

A full logic schematic of the 82077 design can be provided for modification in cases 
where the designer needs only a portion of the full macrocell. NCR assumes no respon­
sibility for the functionality of a soft macroceU which has been altered in this manner. 
For more information, please contact your NCR Field Applications Engineer. 

Compatibility Verification Procedures 

The design and verification of a high-level ASF is directed towards functional 
compatibility with the existing standard part. The ASF is designed and verified to 
match data sheet functionality (when possible), then additional steps are taken to 
match undocumented functionality. 

Creation of a Compatibility Model 

A compatibility model of the new ASF is generated from published sources of 
information on the standard part including functional specifications, data sheets, 
application notes, review sheets and errata sheets. Exceptions to standard part 
behavior or function will be identified. 
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Utilization of Industry Consultants 

NCR utilizes the advice of industry consultants who are highly knowledgeable 
about the operation of the standard part. This additional data includes features 
and functions which would be apparent to someone who is very familiar with the 
functionality of the part, but would not necessarily be covered in available 
documentation. 

Use of Hardware Modeling Techniques and Extraction of 
System Patterns for Design Verification 
Compatibility test vectors for the part are developed from two sources. First, a 
device model is created on a hardware modeling system (HML) to create test 
vectors based on the actual operation of the industry standard part. A second set 
of vectors is generated by extracting functional and timing information from the 
compatibility documentation and creating patterns based on this information. 

In-system Test and Firmware Verification 
To ensure that the ASF is truly representative of the standard part's functionality, 
a system test is executed on new sample parts. The test includes the following 
system parameters to detect any incompatibilities or inconsistencies: 

• Selection of controllers and systems 
• Special test programs 
• System diagnostics 
• Selection of operating systems 
• Selection of application programs 

Final Test Plan 
Throughout the compatibility verification process, final test procedures for the 
ASF are emphasized. The NCR compatibility procedures provide assurance that 
the ASF will function as the standard part does with documented exceptions 
where warranted. 

Kit Parts 
Provision of kit parts that are plug-compatible with the existing standard part is a 
very important aspect of in-system verification. The availability of kit parts allows 
the customer to verify ASF operation and compatibility with the existing system 
design and software. Kit parts also provide a convenient way to bread-board 
"System Solutions in Silicon." 
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Frequently Asked Questions 
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Will SunSoft support the chipset? 

The functions (SCSI, Ethernet, serial communication controllers, floppy disk 
controller) implemented in the chipset will be backward compatible with the 
devices which currently exist. These functions are all either the same ones 
that were used in earlier Sparcstations or a superset of these devices. New 
drivers are included in the Solaris 2.1 release from SunSoft which take advan­
tage of both enhancements to the devices and new functions in the chipset 
(such as the parallel port). 

How far is the NCR89CI05 from SS-1O compatibility for the 
uniprocessor version? 

The NCR89C105 contains a subset of the logic necessary to implement an 
SS-10 multiprocessing system. It contains one of the required four sets of 
timers and one interrupt controller. For a uniporocessor SS-lO implemen­
tation, the C105 includes the hooks necessary to allow it to work .. 

How compatible is the SCSI device in the NCR89Cl00 with the 
SCSI device in the SS-IO? 

The DMA2 bus mastering I/O functions in the SS-lO are identical to the 
functions integrated in the NCR89C100. Specifically, the SCSI in the 
SS-10 is the same core included in the C100 master device. It is capable 
of operating at 10 MB/s synchronous transfer and 7 MB/s asynchronous 
transfer. 

When will the SCSI drivers be able to take advantage of the 
10 MB/s data rate available in the NCR89CI00? 

The SunSoft release of Solaris 2.1, which is now available, takes advan­
tage of the fast SCSI capability included in the C100. 

How fast can the SCSI in the NCR89CI00 execute asynchronous 
ata transfers? 

The SCSI core in the C100 device is capable of transferring data at 
7 MB/s asynchronously and 10 MB/s synchronously. 

Will these devices be compatible with a 64-bit SBus Version B.O 
system? 

These devices should work in a system which is capable of performing 
64-bit transfers in accordance with SBus Version B.O due to the fact that 
version B.O is to be fully backward compatible. They have not been tested 
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in any B.O systems, however. It should be noted that while these devices 
should work in a 64-bit SBus system, they will not be able to take advan­
tage of the extended (64-bit) transfers. 

Is it necessary to provide SCSI termination or is it provided on the 
NCR89CI00? 

There is no SCSI termination on the CIOO device. It is recommended that 
active termination be used for any implementation of the fast SCSI and 
that active termination also be used for the slower speeds to provide bet­
ter margins on the timing. 

How does the POR circuitry work on the NCR89CI05? Is the entire 
POR circuit included on the chip or is it necessary to include addi­
tional external circuitry? 

There is a pin on the NCR89CI05 which looks for a signal from a power 
monitor chip to determine when it needs to reset the SBus. There is no 
power sensing circuitry on the NCR89CI05 except for the digital signal 
that comes from the external POR circuitry. 

What range of EPROM addressing is the NCR89CI05 capable of? 

The CI05 can access up to 16 MBytes of memory. 

Will Verilog models for both devices be available? 

There are no plans to include the Verilog models as a part of the chipset. 

Will the NCR89CI00 work with an LXT901 Universal Ethernet Inter. 
face Adapter? 

The NCR89CIOO is capable of working with any of the Ethernet adapters 
supported by the industry standard 7990 Ethernet controller. At this 
time, all system testing has been done with the T72I3 Dual Interface Sta­
tion Chip from AT&T. A special AUIITP select pin is designed in that 
directly interfaces to the T7213 to determine which output mode to use. 

Will the 16·byte FIFO for the floppy controller in the NCR89CI05 
allow floppy accesses at the lMhit/s data rate? 

Even with the addition of the I6-byte FIFO for the floppy, it is believed 
that there is not enough buffering to allow IMbitis floppy accesses. Possi­
bly, with a highly tuned driver, the system could respond fast enough to 
prevent underflow/overflow of the FIFO. The 82077 itself is capable of 
reading the data at the IMbitis data rate. 

How does extending the memory error timeout from 25.6 us to 102.4 
us improve the performance of the Ethernet controller? 

The memory error timeout has been extended because of the way that the 
cache is drained in the DMA2 portion of the NCR89CIOO. The cache is 
organized as two lines of 8 words each, and has a number of different con­
ditions which can initiate a drain. When the cache starts to drain to clear 
a line for the transfer, the Ethernet controller can begin to start trying to 
transfer data into the cache. The cache will not be ready to accept the 
data until it has drained the line where the data will be stored. In the 
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worst case situation, this will take longer than the 25.6 us which the 
7990 is set to wait, causing a memory timeout error and requiring that 
the Ethernet controller be reconfigured before it can be used again. 

By increasing the memory timeout error time to 102.4 us, the worst case 
cache drains are given time to complete and the data is then successfully 
moved into the cache from the Ethernet controller. Because of the rapid 
internal transfers from the Ethernet FIFO to the DMA2 cache (effectively 
a second level of buffering) and the depth of both buffers, the data will 
successfully be transferred before an overflow of the Ethernet FIFO can 
occur. The increase of the timeout error eliminates the unnecessary 
reporting of an error which the system is designed to prevent. This, in 
turn, prevents the need to reconfigure the Ethernet core each time the 
timeout shows up. 

Can the chipset handle the 12.5 MHz SBus operation in accordance 
with IEEE P1496? 

At this time, no testing has been done below the original low SBus oper­
ating range of 16.67 MHz. It is believed that the chipset itself should 
function correctly at 12.5 MHz, but that the lower speeds would introduce 
SBus latency problems in a system. 

Can the Ethernet core support chained transfers? 

The Ethernet core in the NCR89C100 is compatible with the industry 
standard 7990 Ethernet controller. This device supports chained buffer 
transfers. 

Can the PS/2 keyboard be supported with the 8530 interface? 

The only way to support a PS/2 keyboard with this chipset is to use the 
generic 8 bit expansion slot off of the NCR89C105 slave device to inter­
face to the keyboard controller. It is recommended that a Sun-compatible 
keyboard be used, as the hooks are already in place and there is a dedi­
cated keyboard channel in the chipset. 

How many crystals are needed to support all chipset features? What 
are their operating frequencies? 

The crystals needed are as follows: 

NCR89C100 
• NCR89C100 
• SCSI crystal-40.0 Mhz 
• NCR89CI05 

NCR89CI05 
• 8530 SCC crystal-19.66 Mhz 
• 82077 crystal-24.0 Mhz 
• 82077 crystal-32.0 Mhz 
• Timers-1 0.0 Mhz (clock input - not oscillator) 

These are the crystals which directly tie to the devices in the chipset. In 
addition, both devices share a connection to the SBus clock and an 
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optional JTAG clock. The Ethernet controller receives its' clock from the 
T7213 DISC, which requires a 20.0 Mhz crystal. It should be noted that 
while the crystals above have been broken ouy by the chip that the clock 
is used on, all of the crystals are connected to oscillators on the C100, and 
the required clocks are then output to the C105. The timer clock in the 
C105 ca be obtained by dividing the 40.0 Mhz SCSI crystal. The 32.0 Mhz 
clock for the floppy is only used in systems which require the 1 Mbps data 
rate. If 500 kbps is the highest rate required, this crystal can be left out. 

Does the chipset support atomic transfers? 

The DMA2 is not set up to perform atomic transfers on the SBus. It 
appears at the time that this is being written that atomic transfers are 
being eliminated with IEEE P1496 standardization of the SBus. 

Does the NCR89CI05 do byte or word acknowledges on the SBus for 
the 8 bit devices that it supports? 

The C105 will always do a single byte transfer across the SBus when 
transferring data from any of the devices on the 8 bit expansion bus, 
including the 82077 and both 8530s internal to the part. Some of the 
other registers in the device are organized as words and half-words and 
do take advantage of the larger bus sizing. 

Does the chipset support rerun? 

The NCR89C100 master will support rerun as part of the function of the 
DMA2 core. The NCR89C105 is not capable of requesting a rerun. 

How are the interrupts cleared out of the interrupt circuitry? 

The interrupts are cleared by disabling and then re-enabling them in the 
interrupt controller registers. Responding to an interrupt will clear it 
out. 

Why doesn't the chipset support 16 word bursts? 

The chipset does not support 16 word bursts because it would require 
larger buffers and the initial target systems will not be able to utilize a 
16 word burst. 

Have any bandwidth studies been done on the chipset? 

No formal studies of the bandwidth of these devices on the SBus have 
been done aside from what falls out of normal system debug and testing. 
It should be noted, however, that the greatest impact on system band­
width will typically be a function of the SBus controller chip. This is due 
to the overhead of the address translation and the time required to grant 
the bus. 

Will the NCR89CIOO support differential SCSI operation with exter­
nallogic? 

The NCR89C100 is set up to run exclusively in single-ended mode. The 
additional pins that would be required for differential SCSI are not avail­
able. 

Rev. 1.0 
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Why is the processor timer configurable as either a 64-bit or 22-bit 
timer? Why is it not always a 64-bit counter? 

The processor timer is configurable for either 64-bit or 22-bit operation to 
maintain compliance with system architecture specification that it was 
designed to. 

Is it possible to support multiple instances of the devices in the same 
system? 

The devices can appear multiple times upon the same SBus. There can be 
one NCR89C100 master device per slot, and each of these may be paired 
with an NCR89C105 slave device in the same slot. It would also be possi­
ble, by adding an inverter to the system, to place two NCR89C105s in the 
same SBus slot. 

What systems can the SBus 1/0 demonstration board run on? 

The SBus 110 demonstration board that we provide is targeted for a 
SPARCstation 2 running the Solaris 2.1 DIS. The board can be plugged 
into a SPARCstation 2 running Sun DIS 4.1.x and successfully boot, how­
ever there is difficulty getting all of the drivers under the DIS to work. 
This is due to the fact that both the serial and floppy driver can only sup­
port one device in the system. When the board is plugged in, a second 
floppy controller and a second serial controller (in addition to the devices 
already in an SS-2) are introduced. Special drivers have been developed 
under Solaris 2.1 that recognize the serial and floppy ports on the 110 
board, rather than the ones resident on the SS-2. These drivers will be 
sent to all customers who have an SBus 110 board when the Solaris 2.1 
release of the board becomes available. 

In addition, the Sun DIS 4.1.x drivers are not able to take advantage of 
the fast SCSI port (10 MB/sec) or the parallel port, as these features did 
not exist when the drivers were written. The Solaris 2.1 OIS is the first 
OIS designed specifically to work with the NCR89C100 and NCR89C105 
devices. As such, the drivers utilize all of the new features that the 
chipset offers. For this reason, Sun is not supporting any DIS prior to 
Solaris 2.1 on the new workstations that they are shipping with the 
chipset (SPARCstation LX and SPARC Classic). 

What configuration does the floppy controller in the NCR89CI05 
operate in? 

The floppy controller in the NCR89C105 is configured internally to run in 
the PCI AT mode. 

I) What is the relationship between all of the interrupt signals on the 
NCR89CI05 and the system interrupts? 

The way that the interrupt controller in the 89C105 works is that it col­
lects all of the interrupts in the system and then feeds them to the pro­
cessor over the mO_irq lines. The interrupts collected include ones found 
on the SBus (sb_irq_[7:1]), ones internal to the C105 (floppy, serial, 
kbdlmse, timers), and ones external to the C105 (SCSI, Enet) and possi­
bly an asynchronous HW interrupt from the processor, depending on 
which processor is used. The follwing diagram shows how each of these 
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interrupts comes in and goes out of the chip. 

Enet Int 

SCSIInt 

sb_irCl-[7:1 ] 

Asynch HW Int 

NCR89C105 

Interrupt 
Controller 

Floppylnt~ 

Timer Ints ~ 

KbdlMse Int-" 
SerialInt ~ 

The interrupt control section of the data manual shows a listing of how 
each of the interrupts coming into the CI05 is mapped to the interrupt 
bus coming out. The relationships are as follows: 

Level 0 - 15: this is the interrupt level output by the CI05. This corre­
sponds to output lines mO_irCl-[3:O]. 

SBus L(1-7): these are the SBus interrupt levels, sb_irCl-[7:1] 

In addition, each of the other sources is mapped to a level on mO_irCl­
lines and are listed. Level 15 is the highest interrupt level possible. 

One thing that is worth noting here when designing a system using both 
the CI00 and CI05 is that the CI05 has pins for the SCSI and Enet inter­
rupts but not for the parallel port interrupt. The parallel port interrupt 
should be taken from the ClOO pin and put on SBus level 2, which will 
cause it to appear as Level3 on the mO_irCl- lines. 

Because the demonstration board plugs into an SPARCstation 2, which 
already has its' own interrupt controller, the PALs were added to handle 
this. All of the interrupts from the ClOO and CI05 are placed back on the 
SBus through the PALs, allowing them to be seen by the SS2 interrupt 
controller. It is also possible to write a register to set any of the SBus 
level interrupts which will go directly to the CI05, allowing the user to 
observe how the CI05 handles the interrupts off of the SBus. Note that 
although the internal interrupt circuitry in the CI05 works on the demo 
board, the interrupts will come out on the mO_irCl- lines and will be 
placed on the SBus to be seen by the SS2 controller. 

Rev. 1.0 
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How do the enables work on the drivers for the parallel port? 

The parallel port is designed so that there are direction signals for the 
Data lines, Data_strobe_L, Acknowledge_L, and Busy signals. This 
direction signal will guard the CIOO device from any problems, as it has 
full control of these signals. On the demo board, the output enables are 
tied high on the BCT245 and the ABT240. This will not cause any prob­
lems for the CIOO. It is necessary for the designer to make sure that it 
will not cause any problems for the devices that are intended to be used 
with the parallel port. There is some opportunity to define what the par­
allel port will actually be like in the system that is designed and to 
design for a desired data transfer protocol. Again, this should be targeted 
to the devices that will be used by the parallel port. The paralle port 
implementation shown here is very similar to the one that is used in the 
LX, Classic and S81O. It is Centronics compatible (unidirectional, mas­
ter writes) and capable of "Xerox mode" (master write/read) and "IBM 
mode" (master write, slave read). These protocols are identical in their 
write (output) mode used for pport printers. The input modes are the 
only ones that differ. Looking at the "Bidirectional Parallel Port Inter­
face" section of the DMA2 chapter of the data manual should help clarify 
this. 

Is the Power Fail signal on the NCR89CI05 edge or level sensitive? 

This signal is level sensitive. 

Where is the parallel port interrupt signal connected to the interrupt 
controller? 

The parallel port is intended to interrupt at SBus level 2. It does not 
actually tie directly to the CI05, but instead ties to the SBus level2 inter­
rupt signal (the sb_p_irCL pin is open-drain). The CI05 monitors the 
seven SBus interrupt signals and will then recognize the parallel port 
interrupt. 

Will the NVRAM access 1 Mbyte? 

The space reserved for both the TOD and NVRAM chip is I MByte wide. 
Any space outside of the TOD portion can be used for NVRAM. If you 
choose to use this entire space, it is necessary to take this into consider­
ation when designing the EBus address latch. 
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Sample Kit Errata Information 
In the early stages of the NCR SBus I/O chipset, the sample parts contain six known 
differences from the actual production version of the chipset. This section details 
these differences. Sample versions of the devices can be found in early sample kit 
packages, on early demonstration boards and in early small quantity sample orders. 
There are a number of ways to detremine if a part is a sample version or not, as 
described below. 

An NCR89CI00 can be recognized as a sample part if it has the label NCR89Cl 00-ES 
(Engineering Sample) or if it has the part number 0390771. The production version 
will have the part number 0391159 or 0391120 and will not have the -ES marking. 
Also, the label MACIO B.l will indicate that the part is a sample version. 

An NCR89CI05 can be recognized as a sample part if it has the label NCR89CI05-ES 
or if it has the part number 0390814. The production version will have the part num­
ber 0391187 or 0391167 and will not have the -ES marking. Also, the label SLAVIO 
B.2 will indicate that the part is a sample version. 

It should be noted that while there are slight differences between the sample and pro­
duction versions of each of these parts, these differences are very minor and should 
not hinder system debug efforts using these devices. 

WARNING: The earliest sample parts were distributed with a paper label designed to 
look like the mark that will be placed on the production parts. These labels are flam­
mable and can NOT be subjected to high heat, such as in a wave solder or vapor phase 
machine. 

NCR89C100 Errata 
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92C990 Multicast Addressing 

There is a special condition where a multicast addressed packet on the Ethernet can 
leak through the logical address filter in the 92C990. This condition occurs when the 
rising edges of the RCLK and TCLK signals align with the internal multicast abort 
signal, causing the abort signal to be masked. The production silicon is designed to 
insure that the abort signal is recognized in all variations of RCLK and TCLK 

92C990 Loss of Carrier 

When the 92C990 loses the carrier, it will try 16 times to obtain the signal. After the 
16th failed try to recover the carrier, the part should report a loss of carrier. If, how­
ever, a collision is detected on the 16th try, the industry standard part will not report 
the loss of carrier, while the 92C990 in the sample silicon will still report this error. In 
the production silicon, the loss of carrier error is masked in the situation where a col­
lision occurs during the 16th retry. 

92C990 Stop/In It 

When the 92C990 is issued a Stop command, it is necessary to reset the part before 
issuing an Initialize command. This is because the receiver may be receiving data 
when the Stop command is sent, and it will continue receiving data while other parts 
of the controller halt, potentially corrupting the data. It will be unnecessary to reset 
the part after a Stop command in the production version of the part, as this has been 
corrected. 

Rev. 1.0 
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85C30 Break Status 

When parity is enabled in the full function 85CaO SCC and a break occurs, a Special 
Condition Receive interrupt is reported when it actually should be reported as an 
External Status Change interrupt. This occurs due to an internal inversion of the par­
ity signal. This is not an issue with the 85CaO keyboard/mouse controller. The correct 
polarity of the parity signal is used in the production version of the parts. 

85C30 Break Interrupt 

When an external status interrupt occurs, signifying the end of a break condition, the 
85Ca.o should simultaneously generate a break for external status and received data 
(a null byte). The version of the 85CaO in the sample silicon (both serial ports and key­
board/mouse ports) will generate the external status interrupt immediately and then 
take up to one receive clock to generate the receive data interrupt. Software drivers 
designed to automatically respond to the receive data interrupt first will access the 
null byte before it is ready to transfer, causing a sequencing error in the part. The pro­
duction parts are modified to generate these two interrupts simultaneously. 

EPROM Address Space 

In the sample version of the NCR89CI05, the address space for the EPROM on the 
EBus is limited to 4 megabytes. In the production version of the part, this address 
space is extended to 16 megabytes. 
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SBus Demonstration Board 
The NCR 8Bus 110 Chipset Demonstration Board is intended for use in a 8PARCsta­
tion 2 workstation and occupies two 8Bus slots. A boot prom is included on this board 
that will allow an 88-2 to boot and create a space in the device tree for each of the 
devices found on the board. This section contains address maps, PAL equations, and 
schematics for the demo board. 

Demo Board Address Map 
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Following is the base address map for each of the devices on the demonstration board. 
Note that these addresses differ from the addresses given in each of the chip-level 
address maps of the NCR89CIOO and NCR89CI05 found in their respective sections. 

NCR89CI05 Address Map 

PA[27:0) Device 

000 0000 -> 3ff fiIf Boot PROM 

0400000 -> 047 fiff Keyboard. Mouse. Serial Ports 

0480000 -> 04b ffff TOD/NVRAM 

04c 0000 -> 04d fiIf General Purpose (Gen. Port) 

0500000 -> 053 fiIf floppy Controller 

054 0000 -> 05f ffff Reserved 

0600000 89C105 Configuration Reg. 

064 0000 -> 067 fiIf Auxiliary I/O Registers 

0680000 Diagnostic Message Register 

06c 0000 Modem Register 

070 0000 -> 071 fiIf Reserved 

0740000 -> 077 fiIf Counter/timers 

078 0000 -> 07b fiIf Interrupt Controller 

07c 0000 System Control/Status Register 

NCR89ClOO Address Map 

PA[27:0) 

1000000 

120 0000 -> 120 OOOf 

1200010 -> 12000H 

1cO 0000 -> 1cO OOH 

1400000 -> 140003f 

1600000 -> 1600003 

Device 

DMA2 Internal ID Register 

DMA2 ESP Registers 

DMA2 Ethernet Registers 

DMA2 Parallel Port Registers 

SCSI Controller Registers 

Ethernet Controller Registers 

Rev. 1.0 
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Demo Board PLD Equations 
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This section contains the equations used to program the PALs and GALs which are 
found on the demonstration board. The programmable devices are labeled both on the 
demonstration board and in the schematic as REGO, REG1, and INT_CTL. 

Register 0 (REGO) 

module _regOOO flag '-r3'; 
title' write control for register 0' 

regOOOdevice 'P22V1 0'; 

SB_CLK,DO,D1,D2,D3,D4,D5,D6,D7 pin 1,13,11 ,10,9,8,7,6,5; 
GENCS_L,EB_ WR_L,A2,SB_RESET_L pin 4,3,2,23; 

GENERIC_RDY_L,INT_ENABLE,INT_SELECT pin 22,21,19; 
PFD,MODERR_L,IV_ERROR,MSCIRQ pin 18,17,16,15; 
REGO_CS_L,VALID_CYCLE pin 14,20; 

write_cycle = (!GENCSJ. & !EB_ WR_L & !A2); 

equations 

!REGO_CSJ. := !GENCS_L & !A2 & SB_RESET_L If !REGO_CS_L & GENERIC_­
RDY_L & SB_RESET_L; 

INT_SELECT := !GENCS_L & DO & SB_RESET_L & !EB_ WR_L & lA2 If INT.J3E­
LECT & SB_RESET_L & !write_cycle; 

lMODERR_L := lGENCS_L & D1 & SB-.RESET_L & lEB_ WR_L & !A2 If !MOD­
ERRJ. & SB_RESET_L & lwrite_cycle; 

lMSI_IRQ := !GENCS_L & D2 & SB_RESETJ. & !EB_ WR_L & !A2 4/ !MSI_IRQ & 
SB..RESET_L & !write_cycle; 

lPFD := lGENCSJ. & D3 & SB_RESETJ. & !EB_ WRJ. & !A2 If !PFD & SB_RE­
SET_L & !write_cycle; 

lIV.-ERROR := !GENCS_L & D4 & SB_RESET_L & !EB_ WR_L & lA2 4/ IV_ERROR & 
SB..RESET_L & lwrite_cycle; 

VALID_CYCLE := !GENCS_L & SB_RESET_L; 

INT_ENABLE := VALID_CYCLE & D5 & !EB_ WR_L & !A2 If INT_ENABLE & 
SB_RESET_L & lwrite_cycle; 

lGENERIC_RDYJ. := VALID_CYCLE) 4/ (IGENERIC..RDY_L & lGENCS_L & 
SB..RESET_L); 
end 
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Register 1 (REG1) 

module _regll1 flag '-r3'; 
title' write control for register I' 

reg111 device 'P22V1 0'; 

SB_CLK,DO,D1,D2,D3,D4,D5,D6,D7 pin 1,13,11 ,10,9,8,7,6,5; 
GENCS_L,A2,EB_ WR_L,SB_RESET_L pin 4,3,2,23; 
!NT_SEL pin 22; 

IOSBJRQ7 _L,IOSB_ffiQ6_L,IOSB_ffiQ5_L,IOSB_ffiQ4_L pin 20,19,18,17; 
IOSBJRQ3_L,IOSB_ffiQ2..L_MUX,IOSB_ffiQ1..L pin 16,15,14; 
REGCCS..L pin 21; 

write_cycle = (!GENCS..L & !EB_ WR_L & A2); 

equations 

!REGl_CS_L := !GENCS_L & A2 & SB_RESET_L # !REGCCS_L & GENCS_L & 
SB_RESET_L; 

!IOSB_ffiQLL := !GENCS_L & A2 & !EB_ WR..L & D6 & SBJU;SET_L # !IOS­
B_ffiQ7..L & SBJU;SET_L & !write_cycle; 

IIOSB_mQ6_L := !GENCS_L & A2 & !EB_ WR_L & D5 & SB_RESET..L # !IOS­
B_ffiQ6..L & SB~ESET_L & !write_cycle; 

!IOSB_mQ5..L := !GENCS_L & A2 & !EB_ WR_L & D4 & SB_RESET_L # IIOS­
B_mQ5_L & SB_RESET_L & !write_cycle; 

!IOSB_mQ4_L := !GENCS_L & A2 & !EB_ WR_L & D3 & SB_RESET_L # !IOS­
B_mQ4..L & SB_RESET_L & !write_cycle; 

!IOSB_ffiQ3_L := !GENCS_L & A2 & !EB_WR..L & D2 & SB_RESET..L # !IOS­
B_ffiQ3..L & SB_RESET_L & !write_cycle; 

!IOSB_mQ2_L_MUX := !GENCS..L & A2 & !EB_ WR_L & D1 & SB_RESET_L # !IOS­
B_ffiQ2_L_MUX & SB_RESET_L & !write_cycle; 

!IOSB_mQI_L := !GENCS_L & A2 & !EB_ WR..L & DO & SB_RESET_L # !IOS­
B_mQ1..L & SB~ESET_L & !write_cycle; 

end 
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Interrupt Control Register (INT _CTL) 

module _inLctl flag '-r3'; 
title' Interrupt control logic for 10 test board' 

int_ctl device 'P16V8C'; 

SLAVIO_IRL3,SLAVIO_IRL2,SLAVIO_IRL1,SLAVIO_IRLO pin 5,4,3,2; 
10_SB_INTR_L2_MUX,INT_SELECT,SB_RESET_L,PP _IR'LL,DISK_IR'LL,ETlfE 
R_IR'LL pin 1,6,7,8,9,11; 
INT_ENABLE pin 17; 

10_SB_INTR_L2,IO_INTERRUPr,ETHERNET,SCSI,PARALLEL pin 19,18,15,14,13; 

SLAVIO_INT = [SLAVIO_IRL3,SLAVIO_IRL2,SLAVIO_IRL1,SLAVIO_IRLO]; 

equations 

!lO_SB_INTR_L2 = (!PP _IR'LL & INT_ENABLE & INT~ELECT) # (!IO~B_IN­
TR_L2_MUX & INT_ENABLE & !INT_SELECT); 

10_INTERRUPT = (INT-.ENABLE) & (SLAVIO_INT != J\bOOOO) ; 

ETHERNET = INT_ENABLE & !ETHER_IRQJ.; 

SCSI = INT_ENABLE & !DISK_IRQJ.; 

PARALLEL = INT_ENABLE & !PP _IR'LL; 

end 

Demo Board Schematic 

Rev. 1.0 

The following pages contain the complete schematic for the NCR SBus 110 demonstra­
tion board. 
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Revision History 

Revision Date Comments 

First Draft February 13, 1992 Incorporated redlines from Jim 
Dexter, Ron Lee, Raymond Ho, 
Binh Pham. 

Second Draft August 13, 1992 Incorporated redlines from Ray 
Ho, Binh Pham, Jim Dexter. 

Third Draft October 19, 1992 Incorporated redlines from Mike 
Cavanaugh, Ron Lee, Stefen Boyd, 
Brian Healy, Chau Nguyen, Binh 
Pham, Ben Toy, Jim Dimino, Ken 
Kochi, Ron Rose, Harvey Siegel, 
Raymond Ho, Francisco De Anda, 
Scott Hickman, Elaine Miller, and 
Jim Dexter. 

Forth Draft November 23,1992 Peter Palm, Geoff George, Binh 
Pham, Loren Chan, Raymond Tam, 
Ken Kochi, Kaamel Kermaani. 

FCS May 2,1993 Jim Dexter, Binh Pham, Raymond 
Ho, Mike Cavanaugh, Chau 
Nguyen, Loren Chan, Mark 
Elgood, Peter Palm, Brian Healy. 
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