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Figure 3.1. DMA States-1
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Figure 3.2. DMA States-2
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4 First-In-First-Out (FIFO) Buffers

In order to further isolate the Processor/Main Memory subsystem from the inherent latency
characteristics of the Rigid Disk, a temporary storage is provided in the form of First-In First-Out
between Main Memory and the Rigid Disk.

4.1 Characteristics of the FIFO

- Sizable Data buffering capability (512 words long = 2 Mesa pages = 2 sectors) minimizes the
impact of Disk latencies on DMA operation

- Bidirectional access (Memory-to-Disk & Disk-to-Memory): Programable

- Simultaneously and asynchronously accessible by DMA and RDC

- Full, Half-full and Empty indications

- Resetabe at the power-up time and under program control

4.2 Functional Description

The FIFO is made of two 512X9 components that are used to arrange a 512X16 structure. Some logic
to provides the Half-full capability and appropriate buffering at both ends such that data received or
delivered to RDC in Byte quantities and to DMA (and 186 bus) in word quantities. Based on the value
of the direction bit in Control Register, FIFO structure is either in Memory-to-Disk direction or Disk-
to-Memory. And will only change when programmed otherwise (by the IOP), This temporary storage
is used to transfer Data or IOCBs between Rigid DIsk/RDC in one end and Main Memory in the other.
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Figure 4.1. FIFO Block Diagram
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5 Additional Considerations

5.1 DMA State Machine

If an illegal condition is presented to the inputs of the State Machine, it will create an Error condition,
set the Error bit (in DMA Status Register), freeze the clock for the Status Register (and therby
preserving the latest status just before the error condition) and send an Interrupt to IOP. It is
reccommended that IOP in response to each DMA interrupt, verify if that is due to an error condition
or really indicates successful completion of DMA transfer. ’

5.2 The FIFO

If at any time FIFO is not available for DMA transfer (i.e. is FULL when DMA logic transfers data
from Main Memory to FIFO or is EMPTY in the reverse direction) then DMA logic will relinquish the
'186 bus and will wait until FIFO is again available to resume the DMA transfer.

There is no explicit or implicit indication as to the contents of FIFO at any given time. The
surrounding software will ensure such integrity using the facilities available at both ends of the
FIFO. Those include the Starting Address and the Word Count at DMA side and 8X305 facilities (i.e.
Control and Status registers) at Disk Controller side. In addition no direct communication facilities
are implemented between the Disk Controller and DMA circuitries. They operate totally
asynchronous with respect to each other. Therefore no knowledge about the contents of the FIFO is
exchnaged between the two circuits. Data inside the FIFO whether it be part of an IOCB, or part of a
DATA block, are treated in a First-Come First-Serve fashion. Direction of transfer is of essence in this
implementation. IOP software has to ensure that the Direction bit is correct and will NOT change
until a data transport is successfully completed from the origin to destination.

6 Appendix
6.1 Disk DMA Programming Notes
6.2 Introduction

This document describes some of the considerations that are necessary in writing control modules,
programs, maintenance routines etc. for the Daisy Rigid Disk DMA/FIFO interface.

6.3 Architecture

There are four registers within the RDC/FIFO/DMA area which can be used by the IOP to
communicate with this subsystem. They are DMA Command Register, DMA Status Register, RDC
Control Register and RDC Status Register. Bit description for these registers is as follows:

1. DMA Command register (a Write-Only register) (I0 address "210H")Currently it
only contains one bit which is the "FIFO Direction”. The bit is the least significant
bit of the register (Data bit 00). Value=1 is the direction from Main Memory to
Disk. Value =0 is from Disk to Main Memory.
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2 DMA Status Register (a Read-Only register, and has Reset-on-Read
characteristic) (I0 address "210H")Currently the lower 7 bits are used. They are:

Bit 00 = Error.

Normally is 0. It becomes 1 when DMA State Machine is led to and
incorrect state. In such a case, all other bits of this register (currently bits
6-1) will maintain the latest information just prior to occurance of that
error. This bit remains 1 until a "Reset" occurs. Note that a read from
Status Register will NOT clear this particular bit.

Bit 01 = RunSM'
Is 0 when DMA has not completed a DMA transfer yet. i.e. a DMA
operation is in progress.

Bit 02 = EndOfXfer"
Is 0 when a DMA transfer is completed and DMA logic has no other request

pending

Bit 03 = FIFOOutOfBound'
Is 0 if FIFO is found Empty during a read atempt by DMA or is found full
during a Write attempt to the FIFO by DMA.

Bit 04 = FIFOEmpty'
Is 0if FIFO is Empty.

Bit 05 = FIFOFull'
Is 0if FIFO is Full.

Bit 06 = Bl

Output of the FIFO for a Status bit carried by Data through the FIFO. It has meaning only when
compared with Al, the input to FIFO for the same bit (For programming Al, see below under "I0
addresses for RDC/FIFO/DMA"). In addition to the internal use of Al and B1 by the Disk Controller
during DMA transfer, these two bits can be used to monitor transport of data words through the
FIFO.

Bit 07 = FIFODIR (FIFO Direction) Loop back of the direction bit from
DMA Command Register.

3. RDC Control Register (Write-Only register) (10 address "214H")
This register can be loaded by performing an IO Write to the address A04-
01=1010 (while PCS4 is selected). The contents of bits 7-0 of Data Bus (Lower
significant byte) will be stored in that register (for bit description of the register
please refer to Disk Controller documents).

4, RDC Status Register (Read-Only register) (10 address "214H")
An IO Read from the same address (A04-01 =1010) while PCS4 is selected will put
the contents of Disk Status Register on bits 7-0 of Data Bus (Lower significant
byte). For bit description of this register please refer to Disk Controller
documents. ‘
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6.4 11-10 Addresses for RDCIFOIDMA

IOP accesses the RDC/FIFO/DMA by selecting Peripheral Chip Select #4 and reading or writing to
the following IO addresses (A summary of the commands along with full 10 address to be used for
each case is given at the end of this section):

Upper bits of address from A15 through A05 are ignored (except as it defines PCS4).

A04-A01 = 0XXX All are reserved for programming AM2942

A04-A01 = 1000 DMA Command/Status (Write = Command register, Read = Status register)
A04-A01 = 1001 Pre-Set "A1". (Al is the Status bit input to the FIFO) _

A04-A01 = 1010 Rigid Disk Controller Control/Status (Write=Control register, Read =Status
register) '

A04-A01 = 1011 Start DMA transfer (write-Only, contents of data bus ignored at that time

6.5 Programming the DMA
There are 6 registers relating to DMA function. They are:

- Starting Address Register bits 8-1
- Starting Address Register bits 23-9 (and bit 0)
- Current Address Register bits 8-1
(changes during DMA transfer to provide a current address)
- Word Count Register
(keeps count of number of words left to be transfered)- ,
- Word Count Shadow Register I
(maintains the original value given as word count, i.e. number of words to be transfered in one
DMA operation)
- Control Register within AM2942 (CR2-CR0)
(used to program that component)

The following is how to access them:

6.5.1 Writing the Starting address
The 24-bit address is given by two IO write commands (i.e. "OUT"s)

A-Bits 08-01 = > Do a write to address "20AH" while data is given on bits 08-01 of the Data Bus
(i.e. AD bus). Note that bit 00 of Data bus is ignored (and can be 0). This means that a Word
Address can be given without any need for shift.

B- Bits 23-09 = > Do a write to address "208H" while data is given on bits 14-00 of the Data Bus
(i.e. AD bus). In this case, bit 15 of the data is forwarded as bit 00 of the 24-bit Starting Address
Register. Note that the DMA address bit 00 for all DMA transfers must be 0 (all of the Rigid Disk
& DMA related address/data/control/status are at word boundaries).

Important Note:  writing bits 23-09 of Starting Address Register will re-initialize both the Word
Counter and the Starting Address Register bits 8-1. That means their current value (if different from
the original) will be changed and become equal to what was last given per paragraphs 1-A above and
3 below.
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6.5.2 Reading the Current Address

Whenever DMA 1is not bus master, IOP can read the Current Word Count and part of the Current
Address.

In this implementation, only bits 8-1 of the latest address is accessible by the IOP. For this reason,
reading the address register may not be of significant help. The reading however, is done in a similar
manner as a write. That is by an 10 Read ("IN") function from "206H" bits 08-01 of the Current
Address will be delivered on bits 08-01 of AD bus as data. Other bits of Address Register are NOT.
accessible. -

6.5.3 Writing the Word Count

The word count will be 8 bits wide (maximum of 256 words can be transfered in one DMA operation).
The count should be given over the AD bus bits 08-01 (i.e. shifted left by one) in the form of two's
complement of the actual number of words to be transfered (that is, to transfer 256 words, write
”00”HEX; for 1 word, "FF”HEX and for 2 words, "FE”HEX etc. to bits 8-1 of AD bus). An IO write
command ("OUT") to address "20CH" with the word count on the data bus as specified above will
implement this function.

6.5.4 Reading the Word Count

Is done in th same order as Write but using address "204H" instead and performing an IO read ("IN").
Remeber that the contents are in two's complement form and are shifted left by one bit.

6.5.5 Writing the Control Register within AM2942 (CR2-CR0)

An 10 write to address "200H" will load bits 3-1 of the Data bus into bits 2-0 of CR register. Since
AM2942 is intended to be used in mode 3 (refer to the chip specs sheet for more details) the contents of
CR register must be CR2-0=011 (this means write 0006H to that IO port).

6.5.6 Reading the CR2-CR0

If a read from CR register is desired, it may be done by an 10 read from address "202H". Contents of
CR register will be provided on bits 3-1 of data bus. Other bits should be ignored.

Note: for more details on Programming the Starting addres and Word count, please refer to the
AMD2942 Specifications. This implementation intends to use that component in Mode 3.

6.6 Summary of IO Addresses for RDCIFIFOIDMA

Note: 2942 chip within DMA, is used in mode 3.
10 Address Description

200H Write CR2-CRO (inside 2942)
202H Read CR2-CRO (inside 2942)
204H Read Word Count (in 2's Complement form) (inside 2942)
206H Read Address Counter bits 8-1 (inside 2942)
208H Load Starting Address bits 23-9 (& 0) and
Re-Initialize Counters (inside 2942)
20AH Load Starting Address bits 8-1 (inside 2942)
20CH Load Word Count (2's Complement) (inside 2942)
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212H
214H
216H
218H
21AH
21CH
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Enable Counters (inside 2942) -- Not used ‘
DMA Command/Status reg's (Write =Command Reg, Read = Status Reg)
Preset "A1"™ (Write) (for Dlagnostlcs)

Controller's Cont/Status reg's (Write = Control Reg, Read = Status Reg)
Start DMA (Write)

Not Used

Not Used

Not Used

Not Used
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