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CHAPTER
ISTRODICTION

1.1 GENERAL

The RH786 Massbus Adapter (MBA) is the interface betweea the
Synchronous BRackplane Interconnect (SBI) and Massbus storage
devices (disk and tape). The RH788 i5 used with the VAX-11/788@
processor to t-'insfer datu between mass storage devices and main
memory. The processor can accommodate up to 3Seven MBAs. Each MBA
can be used with up to eight drives.

1.1.1 Scope

This manual is intended to be used as 3 training resource and as a
field reference gquide for the RH789 MBA.

1.1.2 Reiated Documentation
Table 1-1 lists related Gocumeatation that supplements the
information in this manual.

Table 1-1 Related Documentation

Title Document Mumber
RH768 Print Set+4 B-DD-RH780
RP8S/RP86 Device Controi

Logic Maintenance Manual4 EK-RP856-MM
RPOS/RPO6 Disk Drive

Installation Manual®* EK-RP@56-IN
Digital Logic Handbook®* 258.60173.2585

Memorex RPO#S5/RPO6
Operation and
Maintenance Manual¢ EK-RPO5SM-MM

Memorex RPAS/RP236
677-81,677-51 Disk
Storage Drive Illustrate?d
Parts Cataloguet EK-RPASM-IP

Memotex RPOS/RPO6 808
Disc Storage Subsystem

Tester Operator's Manual+ EK~-RPESM-OP
Memorex RPOS/RPO6

677-01 Logic Manual+4 EK-RPB5M-TM
VAX-11/78@

Architecture Handbook®*

VAX-11/780 Central Processor
Technical Description¢ EK-KA788-TD




Table 1-1 Related Documentation (Cont)

Title Document Mumber
VAX-11/780 System - ,
Installation Manual* EK-S1780-IN
V2X-11/786 Diagnostic

fystem User's Guide* EK-DS788-UG
TE16/TE1OW/TE10GN

DECmagtape Transport

Maintenance Manual+4 : EK-TEl1&-MM
TE1A/TE12W/TE106N

DECmagtape Trar.sport

User Manual* EK-TE156-0P

TU45A Magnetic Tape
Subsystem Maintenance Manual¢ EK-TU45A-TM-

TM@3 Magnetic Tape
Formatter Technical Manual#$ EK-TM@B3-Tr

TM@2 Magnetic Tape
Formatter User's Manual®* EK~-TMB3-0P

RM@3 Disk Drive
Technical Manual#¢ ER-PMB 3-TM

RM@: D sk Drive
Maintenance Print 5z% ER-RM@3-MP

* Hard copv only.
4+ Microliche and hard copy:

1.2 MASS STORAG:x SURSYSTEMS

Fi~ure -1 illustrates & typical mass storage subsystem. Iz {is
neyond the scope of this manual t. discuss, in detail, the various
configurations (tape anc disk} that can be used with the MBA to
store data. Throughout this manuzi a Massbus cdevice is defined as
a mass storage device .drive) 2.d its associated Drive Contrdl
Logic (DCL) cr formatting interfaces. An explanation cf the basic
components in the subsystem is presented in subsequent paragraphs.

1.2.2 Synchronou< Backplan: Interconnect (SBU)
The SBI is a bidirectional information path ‘or data exchanges
between the central processor (CPU), memory, and adapters of the
VAX-11/.88 system. The SBI provides checked, parallel information
exchanges synchronous with a com-«n system clock.
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Figure 1-1 Tvpical Mass Storage Subsysten

A communications protocol allows the information path to be time
multiplexed suchk that reveral Jata exchanges can be in progress
simultaneously. In each clock period (or cycle) the next cycle's
interconnection arbitration, or information « - ange, and transfer

confi mation about informacion exchange two cy.les 230 can occur
in parallel. :

Every 200 ns SBI signais are clcirked into data 1latches. All:
cherking and subsequent decision making is based on these latched
signals. Error checking logic in every SBI device detects and
reports single bit failures in the information path.



The SBI has the following characteristics:
- Distributed arbitration

206 ns bus cycle time

32-bit data width

28 bits of physical address s.ace

13.3 megakyte maximum data transfer rate

The following terms are defin~sd for SBI-specific units and
operations:

a. Nexus -- a physical conne:tion to the SBI capable of any
or all of the functions descr’'bF-3 in b -- e.
b. Commander -- a nexus that transmits command and address

information.

c. Responder -- a nexus that reccoynizes command and address
information which is directed to it and requires a
responce.

d. Transmitter -- a nexus that drives the signal lines.
e. Receiver -- a nexus that samples and examires the signal
lines.

1.2.2 Massbus

In the VAX-11/780 system the Massbus connects the drive to the
MBA. The Massbus is composed of two separate, independent buses:
control bus and data hus. These indeperdent buses allow for the

exchange of control information an3l data between the MBA and its
drives. -

The data bus provides a Lidirecticnal, parallel data path (16 bits
plus 1 parity bit) between the MBA and its drives. Data is
transferred synchronously, using a clock generated in the drive.
Only one drive can trarnsfer data at'any one time, with the data
rate being drive depencert, and the data bus dedicated tc a single
drive for the duration of a data transfer operation. The
asynchronous control us provides the parallel control and status
path (16 bits plus 1 parity bit). The contro. bus is used to read
ar.d write registers within the drives and to comrmand the drives to
transfer data over the data bus.

1.3 MASSBUS ADAPTER

The MBA is the interface between the SBI and the high-speed
Massbus device (disk and tape). it consists of an SBI,/MBA
interface board, an internal registers board, a control path
board, and a data path board. Figure 1-2 is a simplified block
diagram of the MBA. A tristate internal bus connects the S5BT
interface to the other boards and provides for the passage of data
between them.
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Figure 1-2 MBA Block Diagrem

The MBA accepts and exe.utes commands from the CPU and reports the
necessary status changes and fault conditions to the CPU. The MBA
wiil accept a CPU command to read or write a register within the
MBA or within a drive. The MBA always monitors the data written to
drive registers, thereby knowing vhen to begin a data transfer and
what kind of a transfer it is.

Special diagriostic features 13re built into the hardware to allow

on-line diagncsis of the MBA and Massbus drives. The following are
features of the MBA.

1. The M3A handles a Massbus drive with a maximum data
transfer speed of 1 us per 16 bits.

2. The Massbus data path is l6-bits wide; 18-bit data is not
handled by the MBA.

3. A silo (32-byte deep data buffer) smoothes out data
transfers between the SEI and the Massbus drives.

4. The MBA can be exercised, through diagnostic features,
with no drives on the Massbus.



1.3.1 MBA/SBI Interface

The MBA eramines thé information on the SBI for every SBI bus
cycle. It checks the parity of the data, decides if the MBA is the
receiving nexus, and acts accordingly. The SBI interface board
contains logic to accomplish preliminary SBI command/addiess
decoding and generation of internal timing signals from the timing
sources on the SBI.

1.3.2 MBA Interna: Registers

There are two sets of registers in the MBA address space: internal
and external. The MBA internal registers are the registers that
are physically located in the MBA. The external registers are
located in the Massbus drives and are drive dependent.

There are eight internal registers and a 256 X 32-bit RAM. The
primary function cf the internal registers is to control the MBA
an? monitor operating status conditions. The internal registers
_also control certain phases of data transfers between the SBI and
the Massbus device, such as maintaining a byte count to ensur~
that all of the data to be transferred has been accounted for, and
converting virtual addresses to physical addresses to read or
write data in memory.

The eight internal registecs are listed as follows:

RS = 00 MBA Configuration/Status Register (CSR)

RS = @} MBA Control Register (CR)

RS = 02 MBA Status Register (SR)

RS = @3 MBA Virtual Address Register (VAR)

RS = 94 MBA Byte Count Register (BCR)

RS = @5 MBA Diagnostic Register (DR)

RS = 06 MBA Selected Map Register (SMR)

RS = @7 MBA Command Address Register (CAR)
NOTE

Registers 06 .,and 87 are read-only
registers and are valid only during data
transfers.

The MBA contains a 256 X 32-bit RAM (bits 21--38 read as 2) that
maps virtual addresses from the virtual address :egister into SBI
physical addresses. The mapping crejisters allow transfers to or
from contiguous or noncontiguous physical memory.



1.3.3 Control Path

The control path handles the transfer of control data ‘o and from
the Massbus devices. It contains logic to select the Massbus
device and device register and to perform the register transfer
and determine the data transfer function (if ary) to be performed
(read, write, write check). The control path alsc coordinates the
control data function with other MBA and SBI activity.

1.3.4 Data Path

The data path controls the manner in which data is transferred to
and from the Massbus device and tho SBI. These circuits divide the
3.-hit SBI data word into 16-bit (2 bytes) segments required as
input by the Massbus and its devices when performing a write
function. When performing 2 read from a Ma<ztus device, the data
path assembles the two 8-bit bytes from the Massbus intc the
32-bit SBI format. A silo and I/0 data buffer ziovidic ctue means
for smoothing the dita transfer rate. The datz path also contains
a write check circuit that allows the user to verify the accuracy
of a preceding data transfer function.



1.4 MCA SBI OPERATIONS

An SBI write operation is specified as a data transfer from the
SBI to the MBA or Massbus device. This data transfer requires two
SBI cycles. The first cycle contains the command/address; the
second cycle contains the data word.

An SBI read operation is specified as a data transfer from the MBA
or Mascsbus device to the SBI. An SBI read operation requires two
SBI cycles. The first cycle is a command/address to the MBA
specifying a read operation. The MBA then accesses the requested
register contents. Several SBI cycles later, the MBA will

arbitrate for use of the SBI and send the regquested data back to
the CPU.

The MBA only accepts aligned lcngword (32 bits) register reads and
writds. The foliowing paragraphs provide a basic description of
the various functions the MBA supports. These functions wili be
described in more detail later in this manual.

1.4.1 Write to Internal Registers

SBI data is constantly checked by the MBA. When a valid
command/address (one whose address is within the range recocnized
by the MBA} is decoded, it is latched in the SBI/MBA intzrface
transceivers. The MBA decodes a section of the address range which
selects registers internal to the MBA. If the function to be
performed is a write, and the MBA's SBI interiace s not busy, the
command will be accepted. The selectel register address is latched
in the internal register board. The next SBI cycle will concain
the data to be written. It is then passed through the int.rnal bus
to the internal register board and written into the selected
register or map. Certain registers can be written wher. the MBA is
processing a data transfer; how2ver, most registers cannot. Any
attempt to write %o a register that is not allowed will set the
Programming Error (PGE) bit in the status register. The MBA will
not modify the intended register and the deta transfer in prog.ess
will continue. -

A confirmation signal informs the transmitting device that the
comrmand/address has been decnded and validated and the data has
been received corre-tly.

1.4.2 Write To External Registers

Receipt and initial processing of the command/addiess for an
external write function is the same as that for a write to
internal registers, except the address specifies a register within
a Massbus device. ‘The MBA will not accept =z:nother SBI command
until the write to external register function is complete. All
command/address and data words are applied to the internal bus
drivers as they are latched in the SBI interface trausceivers. The
address 1is made available to th2 internal registers, control
paths, and data paths via the internal bus. Pollowing receipt cof
the command/address (assuming the decoding and validation process
is werformed satisfactorily), the command/address is loaded intc
the control path internal bus receivers, thea latched into the

1-8



control path address storage registers and applisd to the Massbus
control path address lines. Data is loaded inte the control path .
lines. When the proper protocol between *he MBA and the drive is
exchanged, the drive has accepted the 2ata. The MBA busy logic is
then cleared and the write te “external register function |is
completed. The MBA is now. ready to accept unother SBI command.

1.4.3 Resd Internal Register

The command/address, after 3decoding and validation, is loaded irto
the MsA to select the internal register or map from which data is
to be read. The decoding process :nstructs the MBA to retrieve the
addressed data word and transfer it to the specified destination.
The MBA then saves the destination information, issues 2
comand/address ucknowledge o the SBI, 'nd accesses the requested
register’s content. Before the MBA cau transfer data to the
requester, it must first arbitrate ‘or control of the SBI. Orce
the MBA gains control of the SBI, data is then transferred to its
destination.

l1.4.4 Read External Registers

If the command/address rsceived from the SBI is one that selects a
register in a drive, the address is sent to the control path,
which selects the device and the register within the device frum
which data is to be read. Dvring this time a confirmatiz: signal
~is sent to the SBI indicating that the command/ad2cess has been
received by the MBA. After the proper Massbuc protocol has taken
place, the requested data is strobed int: the Massbus control path
receivers. Data is then transferred to che internal bus and the
MBA will arbirrate for control of the SBI. When the MBA gains
control of the SBI, the requested data can be transferred co its
specified destination.

.S MASSBUS DATA TRANSPFERS

In order to initiate a data trancsfer, specific registers within
the MBA and the selected drive must be loaded (the programmer's
hangboo! provides further details). The last register to be loaded
within 3 device is the control register. The loading of a drive's
coi.trol register with a valid command will cause both the drive
and 1he MBA to prepare for a transfer. The drive will seize the
data bus for the duration of the transfer and the MBA will prepare
to mov: data between the device and memory. The MBA huffers the
data and transfers eight bytes at a time to and from memo'y (this
eight byte quantity is a quadword). Three SBI cycles are r.eeded to
transier a quadword: one for the command/address, one for the
first four bytes of data, and one for the last four byt:s of data
of the quadword. Once the specified number of hytes have been
transferred, the MBA inZ:rws the drive that the transfer has
terminated. At,this time the drive disconnects from the data bus
and the MBA may interrupt the CPU to inform it that the transfer
has been completed.



1.5.1 Write To Massbus Device e

~The MBA constantly monitors data sent to the drives via the
Massbus control path. If the MLA Sees a write command to a drive,
it will "nitialize itself in preparation for the transfer (data
path cleaved). The virtual address supplied by the program is
translated, via the MAPs, into a physical address. Virtual
addressiny makes dataz storage appear as if all of the information
transferred from memory is stored in successive fashion
(contiguous pages). -

Virtual adiress translation is transparent to the user and takes
place under system control. Figure 1-3 illustrates the virtual
address tr.anslation process.

VIRTUAL ADDRESS

3 17,16 9,8 3312 1 0
AMAP POINTER | QUADWORD | BYTE

_ ! L

MAP REGISTERS
o
DIRECT
31 20 0] |TRANSFER
e RESERVED ALLOs | PHYSICAL PAGE ADDRESS ) 1
LVAUD BIT _ | owecr
TRANSFER
256
SB! COMMAND/ADDRESS
31430, 29,28, 27 L 716 1,0
1{0 1 PHYSICAL PAGE ADDRESS QUADWORD |0

r -
t— INDICATES EXTENDED FUNCTION

——— INDICATES THE FUNCTION IS NOT INTERLOCKED

SPECIFIES READ OR WF.TE

A3

Figure 1-3 vVirtual Address Translation
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Bits 9 through 16 of the virtual address specify one of 256 MAP

registers in the MBA. The MAP register contains the physical page
address of the data and a valid bit (bit 2} that indicates the
integrity of the inf-~vmation in this register. The valid bit must
be set in order to use this register. Bits 3 through 8 of the
virtual address specify the address of the quadword in the
physical mem:ry page pointed to b, the MAP register. This value is
directly transferred to bits 1 thicugh 6 of the physical address.

Bits @ through 3 of the virtual address specify the next byte of

the quadword to be loaded into or from the internal silo.

Virtual address tranclation is checféd to ensure that map
information is valid and that there are no parity errors. Invalid

map information or parity errors will cause the transfer to be
aborted.

Once the MBA sees a write command issued *to the control register
of a drive, it will clear its data path and begin prefetching the
data from memnry. The prefetched data is then loaded into the
MBA's silo

The MBA requests data by sending a cosmand/address to memory
instructing it to trancfier a quadword (eight bytes) from the
specified location to the MBA. Memory will respond to the
command/address by issuing one of four confirmation outputs.

No Response (NR) Command/address will be

retransaitted to memory until an MBA
timeout occurs.

Busy (BSY) : Command/address will be
R - retransmitted to memory until ACK is
received.
Error (ERR) Transfer abcrted.
Acknowledge (ACK) Indicates memory has received the

command/address correctly.

When memory has accessed the Lequested data, arbitrated, and
ocbtained the SBI, the data will be transferred to the MBA with the
proper identification and status codes. The MBA will then transfer
the data through its silo onto the Massbus ‘two bytes at a time)
and begin another SBI transfer to obtain the next eight bytes of
data from memory. Eventually the byte counter w!thin the MBA will
go to zero and the transfer will be complete.
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1.5.2 Write Check Data Transfer

The write check function is used to verify the integrity of data
that has been written to a drive. During a write check, the data
from the drive is compared with the data in memory. On the MBA,
the write check function is essentially the same as a write
function, except data is clocked into a write check buffer instead
of the Massbus drivers. This is then compared with the Massbus
data received from the drive. If a mismatch occurs, an error bit
is set and the write check function will be aborted.

1.5.3 Read Prom Massbus Device

The command specifying the initiation of a read from a Massbus
Cevice is processed in the same manner as described in Paragraph
1.5.1. If the command/address is processed satisfactorily, the
data path circuit will be cleared and data will be read from a
Massbus device. Device selection and the location within the
device from which data is to be read is specified by previour
writes t~ the MBA 2nd the drive. Data from the Massbus will then
be loaded into the Massbus input data buffers and a silo input
operation will be initiated. Data from the Massbus data finput
buffers is loaded into the silv one bvte at a time. As data is
being loaded into the silo from the Massbus, other data may be
transferred from cthe silo to the output buffer registers. After
the eight bytes are loaded into th: output buffer register, the
MBA will .vitiate a write to memory operation. Virtual addresses
ar. trassla-ed into physical address as described in Paragraph
1.5.1. When the proper confirmation signals are received, the
output bufter is cleared and more data wiil be loaded to be
transferred to memory. Once the byte count register goes to @, the
data transfer operation is terminated and the MBA will be ready to
accept the next data transfer command.

1.5.4 Data Transfer Rate

The data transter rate from the drive is determined by a clock in
the Massbus device. The memory transfer rate depends on cycle
arbitration time and memory cycle time. The MBA can handle
transfer rates of up to 1 us/word.

MBA Specifications

Packaging Four extended hex board slots cof
backplane plus one paddle card slot
for cable connecticn

Power Requirements +5 vdc, 35 A, 175 W
-5 Vde, 1 A, S5W
Total wattage < 188 W

Operating Configuration Th2 minimum operating configuration
consists of a CPU, a memory, and at
least one Massbus device. (A coecijal
diagnostic teature enables the Massbus
cto be checked with no Massbus device.)
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CEAFTER 2
MASSBSS AND SYNCHRONOUS BACKPLIY. IWTERCOWNMECT

2.1 MASSBUS

The Massbus provides the interface between tne MBA and the Massbus
drives (Figure 2-1). The total external Masshus cable can be up to
49 m (160 ft) in length; up vo eight ‘rives can be connected in a
daisy-chain configuration. The Massbus consists of two sections: a
data bus and a control bus. These buses a-» described in the

following paragraphs.

- DATA BUS
< D <17 OX> (DATA: J
DPA (DATA BUS PARITY)
RUN (START, CONTINUE. STOP)
OCC (OCCUPIED)
EBL (END OF BLUCK}
EXC (EXCEPTION)
SCLK. (SYNC CLOCK)

YLLK (WRITE CLOCK)

. CONTRO". BUS
< C <15:00> (CONTROL STATUS)

CPA (CONTROL BUS PARITY) MASSBUS
veA *1 or:ve

DS <02:00> DRIVE SELECT %
{

CTOD (TRANSFER DIRECTION)

/
RS <04:06> REGISTEN SELECT >

DEM (DEMAND)
TRA (TRANSFER)
ATTN (ATTENTION)
INIT (INSTIALIZE)
FAIL

-

TR V190

Figure 2-1 ‘'"4assbus Interface

2-1
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2.2 DATA BUS

The data bus section of the Massbus consists of a 17-bit (16 data
bits plus parity bit) rarallel data path and six control lines
(Figure 2-1). The control lines are described in the following
paragraphs.

2.2.1 Parallel Data Paths

The parallel data path consists of an 18-bit plus parity bus. The
data path is bidirectional and employs odd parity. Data is
transmitted synchronously, using a clock genera%~ed in the drive.
The MBA only transfers 16 bits at a time; thus, the drive must
have its 16-bit format bit set in the drive concrol logic. Bits 17
anc 18 are always unasserted.

2.2.2 RUN

After a data transfer command h:s been written into the control
register of a drive, the drive connects to the data bus. The MBA
assercs the RUN line to initiate the function. At the end of each
sector, on the trailing edge of the EBL (End of Block) pulse, RUN
is stro* -4 by the drive. If it is s+till asserted, the function
~antinves for the nest sector; i:f negated, the tunction IS
terminated.

2.2.3 Uccupizd (0.0)

This signal is generated by the drive to indicate "data bus busy."
As soon As a valid data transfer command is written into a drive,
the dri. “serts OCC. Various errors can prevent & drive from
executing a o>mmand. The controller will timeout in these cases,
due to uwo se-tion of OCC or of SCLK (Sync Clock), and the MXF
(Missed Tran..er) error will be set in the coatroller. OCC is
negated at the trailing edge of the last EBL pulse of a transfer.

2.2.4 BEnd of Block (EBL)

This signal is asserted by t1c dcive for 2 us at the end of each
scetor (after the last SCLK puise). for certain error conditions,
where it is necessary to terminate operations immediately, EEL is
asserted priur to the normal time for the last SCLK. In this case,
the data transfer is terminated prior to the end ot the sector.

2.2.5 Exception (EXC)

This signal is asserted by the drive or the MBA when an abnormal
condition occurs during a data trensfe.. The drive asserts this
signal to indicate an error during a dat- transfer command (read,
write, or write check). EXAC is asc>ited a., or prior to, assertion
of EBL and is negated at the negati. =~ cof E3I.

t
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2.2.6 Sync clock (SCLK), Write Clock (WCLK)

These signals are the timing signals used to contro}! the strobing
of the data in the controller and/or the drive. During a read
operation, tLhe MBA strobes the data lines onfthe negation of SCLK
and the drive charges the data on the assertion of SCLK. During a
write operation, the controller receives an SCLK and echoes it
back o the drive as WCLK. On the assertion of WCLK, the drive
strobes the data lines; on the negation of WCLK, the controller
changes the data on the data lines.

2.3 CONTROL BUS
The control bus section of the Massbus consists of - !'7-oi: {16
bits plus parity) parallel control and stat = usata goth J e

control liues (Figure 2-1), which are described irn the {~® swing
paragraphs.

2.3.1 Parallel Control

The parallel control path consists of a J<-bit ;. :rallel dats path
designated C<15:®8> and an associat-Jy parit, bit (CPa}. 7ihe
~ontrol lines are bidirectional and employ odd pa-ity.

2.3.2 Drive Select (DS<8#2:88>)

These three lines transmit a 3-bit bineiy code “.om the MBA to
select a particular drive. The drive respor“. when the selected
(unit) number in the drive corresponds to the transmitted binary
code.

2.,3.3 Controllzr to Drive (CTOD)

This signal is generated by tha MBA and indicates the direction in
whicn control and status information is to be tran-~ red. For a
controller to drive transfer, the controller ass- <TOD. For a
drive to contrcller transfer, the controller nega. . t*is signal.

2.3.4 Register Select (RS<¢ 4:08>)

These five lines transmit a S-bit binary code from the controller
to the selected drive. The binary code selects one of the drive
registers.

2.3.5 Demand (DEM)

Thic signal is asserted by the controller to indicate that a
transfer is to take place on the control bus. For an MBA to drive
transfer, DEM is asserted by the MBA when data is present and
settled on the control bus. For a drive to controller transfer,
DEM is asserted by the MBA to request data and is negated when the
data has beer strobed off the control bus. In both cases, the RS,
DS. and CTOD lines are generated and allowed to settle before
assertion of DEM.

2.3.6 Transfer (TRA)

This signal {s asserted by the selected drive in response to DEM.
For an MBA to drive transfer, TRA is asserted after the data has
been strobed and i{s negated after DEM is negated. For a drive to
controller transfer, TRA is asserted after the data has veen gated
onto the bus and negated after the negation of DEM is received.
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2.3.7 Attention (ATTN)

This line is shared by all eight drives attached to an MBA; it may
be asserted by any drive as a result of an abnormal condition or
status change in the drive. An Attention Active (ATA) status bit
in each drive is set whenever that Arjve is asserting the ATTN
line. ATTN can be asserted due to any cf the following conditions.

i. An error occurring wkile no data transfer is taking place
(asserted immediately).

2. Upon completion of a cata transfer command if an error
occurred during the data transfer (asserted at the end of
the data transfer!.

3. Upon completion of a mechanical motiorn command (seek,
recalibrate, etc.) or a search command.

1. As a resuit of the Medium On Line (MOL) bit changing
states (except in tiie unload operation). In the dual MBA
confiquration, a change in state of MOL will cause the
assertion of ATTN to both MBAs.

The ATA bit in a drive can be cleared by the following actions.

1. Asserting INIT on the Massbus (affects all eight drives’.

2, Writing a 1 into the attention summary register (in the
bit posi- '~ for this drive). This clears the ATA bic;
however, joes not clear the error.

3. Writing a valid command (with the GO bit asserted) into
the control and status register if no error occurs. Note
that clearing the ATA bit of one drive does not always
cause the ATTN line to be negatnrd, because other drives
may alsn be asserting the lina.

NOTE

There are three cases in which ATA is
not r~set when a command is written into
the conirol and status register (with
the GC bit set): 1} {f there is a
control bus parity error in the write,
2) if an error was previcusly set, or 3)
if an Illegal Punction (ILP) code is
written.

2.3.8 Initialize (INIT)

This signal is asserted by the MBA to perform a s'stem reset of
all drives. It is asserted when a 1 is written into the INIT bit
(bit 81 of MBA CR). When a drive receives the INIT pulse, it
immediately aborts the execution of anry current command and
performs all actions descrihed for the drive clear command.



NOTE
In the dual-MBA configuration, a drive
will toncr 3n INMIT pulse only from the
MBA that has sefzed the drive, or from
either controller if cne drive is in the
unseized state.

2.3.9 PAIL

When asserted, this signal indicates that a power-fail condition
has occurred in the MBA or the MBA is in the mainta2nance mode.
While PAIL is asserted, the drive inhibits recepcion of the INIT
and CEM signals at the drive. ) )

2.4 COMMAND INITIATION

70 initiate a3 command in a drive via the Massbus, the MBA (or the
CPU via the MBA) writes a word into the contrnl register. The
function code and GO bit are transferred to the selected drive. If
the command specified is valid and the GO bit is assarted, the
selected drive executes the command.

Commands are of twoc types: nordata transfer commands (such as
drive clear, seek, etc.) and data transfer commands (such as read,
write, ind write check). The command function code bits (85--08,
including GO in the control register) are @1--37 for nondata
t.ansfer commands an< 29---3F for data transfer commands (not all
are valid functions.)

.4.1 Nondata Transfer Commands

Nondata transfer commands only affect the stz2ie of the drive. The
MBA merely writes the command word (wl.hi GO bit set) into the
drive's control register. At the completion of the command
execution, the drive typically asserts the ATTN line to signal its
completion.

If the nondata transfer command code written into the drive is not
recognized by the drive as a valid command, the drive «#ill
immediately signal an error by asserting the ATTN line. The ILF
error ic set.

2.4.2 Data Transfer Commands

When any data transfer command cude (with the GO bit set) is
written into the drive'sz control register, ti.e MBA expects data
transfer on the data ous to begin soon thereatter. The MBA sets
its DT BUSY bit as soon as the data transfer command code is
written into a drive. The drive normally responds by asserting the
0CC line. The MBA asserts RUN and then data is transferred to or
from the specified drive, after the proper address (sector, track,
cylinder) is found.

If an error occurs in a drive during a data transfer command, the
drive asserts the EXC line. This line remains asserted until the
trailing edge of the last EBL pulse. The MBA always negates the



KUN line when it detects EXC asserted, so that the data transfer
is terminated at the end of the sector in which the error was
signaled.

2.5 READING AND WRITING REGISTERS

The process of reading or writing drive registers is accomplished
via the asynchronous (control bus) portion of the Massbus (Figure
2-1). The MBA initiates the action by selccting a drive DS<@2:00)>,
selecting a register RS<8.:88> in that drive, selecting a
direction of transfer (CTOD), and either reading or wiiting the
register via the 17 bidirectional control lines (C<15:28> and
CPA). After a deskew delay top allow the control lines to
stabilize, the MBA asserts DEM. The drive, upon receiving the DEM
assertion, checks the CTuD line to ascertain wheth:r a read or
write is to occur.

If a register read operation is specifiad, the drive will gate the
contents of the specified register onto the control bus and issue

~~TRA. When the MBA receives TRA, it will gate the control lines:
onto the SBI. After a deskew delay, the MBA negates DEM. The
negation of DEM causes TRA to be negated and completes the
operation. The MBA will then arbitrate for the SBI and transfer
the Massbus data to its destination.

NOTE
Since Massbus drive registers are 16
bits wide, the MBA appends bits 31--16
of i*s status register to creite the
longword to be sent to the requester.

If a register write operation is specified, the MBA gates the
control data onto the control bus when it issues DEM. The drive
will transfer the data from the control bus into the specitied
drive register and assert TRA, which causes DEM to be negated. The
negation of DEM causcs "“TRA “o be negated to complete the
operation.

The Massbuc <ctructure allows a register read operation while a
data t.ansfer (on the asynchronous data bus) is taking place. Any
attempt by the MBA to write a register in a drive performing a
data transfer operation (except for the maintenance and attention
summary registers) will cause the drive to set the Register
Modification Refused (RMR) error bit.

2.6 DATA TRANSPER

Before a data transfer takes place, the selected unit, desired
sector/track address, cylinder address, bus address, and word
count are specifiecd by the progiam. The program then transfers the
read or wri-e data transfer command (with the GO bit asserted) to
the control register. Upon receipt of the data transfer command,
the drive will ~ssert OCC, indicating that the data bus is busy.
The MBA logical.y connects to the Massbus data bus by asserting
RUN and then waits for SCLK pulses from the drive. For a write
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data transfer, each WCLK pulse causes a word to be written into a
data register in the drive logic; for a read data transfer, each
SCLK pulse causes a word to be transferred to the Massbus. When a
sector of words has been written onto or read from the disk, the
disk sends an EBL pulse to the MBA. If the RUN line s still
asserted at this time, the next sector of data words |is

transferred. If the RUM line is negated, the data transfer s
terminated.

2.7 MASSBUS PHYSICAL DESCRIPTION :
The Massbus consists of 56 signal lines, including data, control,
status, and parity. These signal lines are routed externally to

the cabinet that contains the MBA(s) via three BC#6-R Massbus
cables.

At the cabinet (containing the first MBA), the BC86-R cabie plugs
into the AD-7215145 connector panel, which is mounted at the lower
rear of the cabinet. This connector pinel has cutouts for four
receptacle housing assemblies to accommodate up to four MBAsS and
associated cabling. The other side of the receptacle housing
assembly accepts three BCB6-S round Massbus cables. To accommodate
additional MBAs, the BC@6-R cables plug into the 7013678 cabinet
to cabinet connector panel, which {s mounted between the cabinet
verticals on che right end of the cabinet.

Table 2-1 1lists the Massbus signals and their associated pin
assignments.



Table 2-1 Massbus Signal Cable Designations

Cable pPin® - Polarity | Designation
Massbus |
Cable A A 1 - MASS DCG
C 3 + MASS D@1
| D 4 1 -
E 5 - — MASS pdz
F £ 1 +
H 7 + MASS D@3
J 8 ~
K 9 - MASS D04
=™ 10 +
M 11 + MASS D05
N 12 -
P 13 - MASS Cdd
R 14 + .
'S 15 + 1. Y44 of . ) (N
| T 16 | - _
U 17 - MASS C#2
v 18 +
(] 19 | + MASS (03
X 20 | - o
Y 21 | - MASS ¢4
YA 22 +
AA 23 + MASS Co5
BB 24 - -
cC 25 - MASS SCLK
| DD 26 | +
EE 27 1 + RS3
FF 28 -
HA 29 [ + “HMXSE AN
JJ 30 -
KK 31 | - AASS RS
LL 32 + =
MM 33 - MASES CTOD
NN 34 +
PP 3s + MASS WCLK
|_RR 36 | -
SS 37 + MASS RUN
T 38 -
UU 39 SPARE
27 GND
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Table 2-1 Massbus Signal Cable Designz.ions (Cont)

Cable pin®t | Polarity | Designation
AY
Massbus ‘
Cable B | A 1 - MASS D@6
B 2 +
C 3| + MASS D@7
| D 4 | -
E S | - MASS D@8
F 6 | +
H 7 + MASS D069
J 8 | -
K 31 - ASS D19
L 18 | + .
M 11 | + MXS5 D11
| N 12 | -
P 13 | - MASS C06
R 14 +
S 15 | + MASS CO7
T 16 | -
U Y7 | - MASS C@8
v 18 +
W I3 1 + MASS C09
p 20 | - .
Y 21 | - MASS Ci0
Y4 22 + .
AR 23 | + MASS Cl1
. BB 24 . - :
CcC 25 | - MASS EXC
DD 25 +
EE 27T | + MASS RSO
FF 28 | -
HH — 29 1 ¥ MASS EBL
JJ 38 | -
KK 3L 1 - MASS RS1
LL 32 +
MM 531 - MASS RS2
NN 38 | +
PP 35 | + MASS INIT
RR 36 | -
~SS 37 | + MASS SP1
TT 38 | - .
[{[1] 39 “SPARE
vV 40 CND
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Table 2-1 Massbus Signal Cable Desi;nacions (Cont)

Cable Pint - ! polarity | Designation
Massbus
Cable ¢ ! a ) R MASS D12
B 2 |+
c 3 | + MASS D13
D 4 ]~ |
E s | - MASS D14
F 6 | + _
B 1+ MASS D15
J ¢ |-
—K 3 | - MASS D16
L 10 +
L 11 [ + MASS D17
| N 12 | -
P 13 | - MASS DPA
R 14 | + _ ,
S 15 | + MASS C12
T 16 | -
U 17 - MASS C13
v 18 | +
] 19 | + MASS Cl4
X 26 | - .
Y 21 | - MASS CI15
YA 433 + _
AA 23 | + MASS CPA
| BB 24 | -
cC 25 | - MASS 2CC
DD 26 |+ I
. EE 27 | + | MASS DS6
PP 28 | -
N * MASS TRA
JJ 38 | - ‘
~ KK 31 | - MASS DS1
LL 32 | + _
MM 33 | - MASS DS2
NN 34 | +
PP 35 | + MA5S DEM
RR 36 | -
—Ss 37 1 = MASS SP2
T 38 | -
uu 39 |8 MASS FAIL
- VV 40 A CND

* Alternate pin designation schemes

NOTE
Massbus cables are to be installed per
markings on the cable.



2.8 SYNCHRONOUS BACKPLANE INTERCONMECT DESCRIPTION . =
The SBI is the backplane of the VAX-11/7880 system. I.
interconnects the CPU with the memory system and all adapters in
the system. The following paragraphs describe all interconnect
lines and their associa’ed communication protocol.

2.8.1 Interconnect Synchronization

Six control group lines are clock signals that are used as a
universal time base for all nexus connected to th> SBI. Al}l botcl SR
clock signals are generated on the CPU clock module and provide a
200 nc clock period.

The clock signals, in conjunction with the standsrd nexus clock
logic. provide the derived clocks within an attached nexus to
synchronize SBI activity. Two clock signals (TPH and TPL) produce
the basic nexus time states. The remaining four (PCLKH, ECLKL,
PDCLXH, and PDCLKL) are phased clocks and help compensate for the
cloct distribution skesw due to cable, backplane, and
driver/ceceiver propagation delays.

2.8.1.1 Derived Time States -- The derived clocks (within che
nexus) define four, 5¢ ns (nominal) time states in one clock
period. The time states (T@, T1, T2, and T3) d2termine the
transmit, propagate, and receive times on ihe SBI, with T@
representing the start of a particular zlock period. Figur. 2-2
illustrates the phases and timing relatlionships required to
generate the individual derivs? ciime states. Note that T8 irterrsi
to the CPU (CPre) is not the same as SBI Té. CPTré correspe.-.as to
SBI T1l. All nexus ne~i a minimum of Té and T2 for SBI transmi' and
receive functiours,

2,8.1.2 Transait Data -- Information t- be cransmitted is
asserted on the SBI at T@. Immediately riin: to T@ - transmitting
nex:us éenables its transmit enable inzots to the SBI transceivers.
!}gure 2-3 s a basic block diacram for one SBI information path
iine.

2.8.1.3 Receive Daca -- In th: case of receive data, the nexus
receiver latches =z2.e openzd at T2 and latched at T3. Figure 2-4
shows the ba2sic <ne-line receiver latch logic. Note that the
informat fon may oe considered undefined between T2 and T3; only
after T3 is Information considered valid. Nexus checking,
decoding, ani subsequent decision miking are then based on these
latched signalc.

2.8.1.4 Single Time States -- In single time states, the time
between any T@-Tl, T1-T2, T2-T3, and T3-T@ may vary “:om 5@ ns
(nominal) to an indefinitely long period of time. SBI operation
and protocol will proceed normally. %Nexus that implement the SBI
timeout functions do so by counting SBI cycles. Memory nexus
operation must be normal even though the timing may be different.
Nexus that derive timing from an exterral source (e.g., a mass
storage device) set data late and overrun error bits as
approgriate. However, the SBI operation of these nexus rcmains
normal.
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] ] ] .
PCLKL m

! | TRANSMITTER NEXUS

ENABLES 5B! ¢
TO (DERIVED) Plomvsas l | i 1

ren | L LI L1
POCLKL I:El I l !_

T1 (DERIVED! I l I

e L] l__l LI
"CLK"J'_—L'_.'J_I_l

+_ ALL NEXUS OPEN

T2 (DERIVED) |7‘ EE«?E.'..VE? | |

e LT U L WJ1
r
PDCLKH |w
V1 ALL NEXUS CLOCK
T3 (DERIVED) ﬁ%mesn

TR-0168

Figure 2-2 SBI Time and Phase Relat.onships
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TOT.

Figure 2-3

S8i
RECEIVE
DATA

Figure 2-4

2.8.2 SBI Summary

Table 2-2 summarizes the signal
functional group. Figure 2-5 shows the SBI configuration.
following paragraphs provide

CLOCKED AT ‘I’O—r

RECEIVER
|IDATA —
LATCH

OPENED AT T2
LATCHED AT T3

TRANSMIT-DATA — TRANSMIT s8B!
| DATA ‘ TRANSMIT
ENABLED PRIOR __| BUFFER D DATA

= 036/

Transmit Data Path

RECEIVE
DATA

TR-0¥87

fFaceive Data Path

detailed descriptions of

individual group field layouts and fuactions.
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Table 2-2 SBY iieid Summary

Field

] Description

ARBITRATION r;ROUP
Arbitration Field (TR <15:80)>)

INFORMATION TRANSPER GROUP

Information Field (B<31:80)>)

Mask Field (M<3:8)>)

Identifier Field (ID<4:8>)

Tag Field (TAG<2:0>)

Function Field (F<3:8>)

Parity Field (P<1:8>)

RESPONSE GROUP
Ceonfirmation Field (CNF<1:8)>)

Establishes 5 fired priority among
nexus for access to and control of
information transfer path.

B.directional lines that transfer
data, command/address, and
interrupt information between
nexus .

Primary function: encoded to
indicate a psrticular byte within
the :2-bit information field
(B<31:08>).

Seccondary function: in conjunction
with the tag field, indicates a
particular type of read data.

Itentifies the logical source or
destination of information
contained in B<s1:808>.

Lofines the transmit or receive
infor~ation types and the
interpre~. tion of the content of
the ID a~J4 informaticn fields.

Specifies the command code, in
conjunction with the tag field.
This field is valid as part of the
32-bit information field only when
the tag equals command/address.

Provides even parity for all
information transfer path fields.
P(@) is generated as parity for
the information field. P(2) is
generated as parity for the tag,
ID, and mask fields.

Asserted by a receiving nexus to
specify one of four response types
and indicate its capability to
respond to the transaitter's
request.
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Table 2-2 S31 FPield Summary {Cont)

Fiel1 Description

Fault Field (FAULT) A cumulative error line to the CPU
that {ndicates one of seversal
errors, stored in the transmitting
nexuys fault register, and the
associzled SBI cycle in which the
ciror occurred.

INTERRUPT REQUEST GROUP
Request Field (REQ<7:4>) Allows a nexus to reqgiest an
interrupt to service a condition
requirinag CPU intervention. Each
request lines represents a level
of nexus request priority.

Alert Field (ALERT) A cumulative status line that
allows those nexus not equipped
with an interrupt mechanism to
indicate a change in power or
cperating conditions.

COETROL GROUP
Clock Field (CLOCK) Six control lines that provide the
clock =ignals necessary to
synchironize SBI activity.

Fail Field (FAIL) A singie line from the i[estart
nexus to provide a restart signal
to the CPU tr:> initiate » system
restart cperation.

Dead Field (DEAD) A single 1lin» to the CPU to
indicate an impending clock
circuit or SBI terminating network
power failure.

Unjam Fieid (UNJAM) A single line from the CPU to
attached nexus that initiates a
restore operation.

Interlock Field (INTLK) A single 1line that provides
coordination among nexus
responding to certain read/write
commands to ensure exclusive
access to shared data structures.
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Pigure 2-5 SBI Configuration

2.8.3 Arbitration Group Punctions and Assignments

The arbitration lines (Transfer Request TR<15:88>) allow up to 16
nexus to arbitrate for the information lines (information transfer
group). One arbitration line {is assigned to each nexus to
establish the fixed priority access. Priority increases froa TR1S
to TREA, where TRES is the highest. The lowest priority level is
reserved for “he CPU, and it requires no actual TR signal lirne.
The other 15 nexus are assigned TR15 through TRS1.
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The highest priority level, TR@®, is reserved for those nexus that
require more than one successive SBI cycle. TRA@ may only be used
by nexus that require:

a. Two or three adjacent cycles for a write type exchange.
b. Two adjacent cycles for an extended read exchange.

c. Adjacent cycles for interrupt summary read exchanges and
restore operations.

A nexus requests control of the information path by asserting its
ausigned TR line at T@ of an SBI cycle. At T3 of the same SBI
cicle, the nexus examines (arbitrates) the state of all higher
ptiority TR 1lines. If no higher TR lines are asserted, the
requesting nexus assumes control of the infcimation path at T# of
tre following SBI cycle. At this T@ time state, the nexus negates
its TR line and asserts command/address or data information on
B<31:80>. In addition, if a write type exchange is specified, the
nexus asserts TR8P tc retain control of adjacent SBRI cycles.

I{f higher priority TR lines are asserted, the riquesting nexus can
not gafn control of the information path. The nexus keeps its TR
line asserted and again examines the state of higher priority
lines at T3 of the next SBI cycle. As before, if no higher IR
lires are asserted, the nexus assumes informat:on path control at
TS.

2.8.4 Information Transfer Group Description

Each jinformation group field is described in detsil in the
fo.lowing paragraphs. However, the information field (B<31:08>) is
described in the context of the other information group fields.

2.0.4.1 Parity Pield -- The parity field (P<l:8>) provides even

parity for detecting single bit errors in the information group
(FPigure 2-6).

l— 1

4] - _
Franmy TAG [ maasx
""“’l FELD s L D |mw| INFORMATION FIELD
—_— e e \ - -
P<CI0> TAGZ20> ID<40> M <3I0> 8 <31-00>
- COMMAND FORMAT >
FUNCTION ADORESS
RELD RELD
[N A VY
e o
F<30> A <27 00>
" 9S8

Pigure 2-6 Parity Field Configuration
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A transmitting noxus generates PR as parity for TAG<2:8>, 1D4: 0>,
and M<3:0>. The Pl parity bit is generated for B«<31:#@>. P# and Pl
are generated such that the sum of all logic one bits in the
checked field, including the parity bit, is even. With no SBI
transmaissions, the information transfer path assumes an 2all zeros
state; thus, P<i:8> should always carry even parity. Any
transmission with odd parity is considered an error.

2.8.4.2 Tag Pield Pormats —- The tag field (TAG<2:8>) is asserted
by a transmitting nexus to indicate the information type being
transmitted on the information lines. The tag field determines the
interrelation of the ID and B fields. In addition, the t field,
in conjunction with the mask field, further defines speclial read
and write data conditions. The following paragraphs describe each
information type, tag code, and associated field content.

Comsand/Address Tag -- A tag field content of #ll indicates that
the content of B<31:08> §s a3 command/address word. 1ID<4:8>,
asserted at this tise, is a unique code identifying the logical
source (commander) of the command. As shown in FPigure 2-7,
B<3l:e0> is divided into 2 function field and an address field to
specify the command 23 its associated address.

In a vrite type command, the ID field code represents the logical
source and the address field spec.fies the logical coamand
destination. For a read tyve cormmand, the addressed nexus holds
the transmitted ID for transmis:ion with the requested data. The
ID is sent with th: read date to indicais destination.

The 28 bits of the S3I address field define a 268, 43S, 456
longword address space, which is divided into two sections.
Addresses '"""‘"1 are reserved for primsry memory. Addresses
8seo0ae _--TFFFPPP %re reserved for device control registers.
Generally, pri-atv\smry Lbegins at address §; the address space
is Jense and consists only of storage elements. The control
address space is sparse with address assignments based on device
type. Each nexus is assigned a 2848, 32-bit longword address space
for control. The addre3ses assigned are determined by the TR
number as shown in Pigure 2-8.

8 <31 00>
L - N
TAG ] 0 MASK FUNCTIUN ADORESS
|
TAG <20> 1D <40> M <30> F<310> A <70

TAG <2.0> = 011 = COMMAND/ADDRESS FORMAT

1D <4 0> = LOGICAL COMMAND SOURCE

M <3 0> = COMMAND DEPENDENT

F <3 0> = COMIAAND COGE

A <27 00> = READ/WRITE. ADDRESS OF INTENDED NEXUS

TR 9?7

Figure 2-7 Coamand/Address Pornat
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1 MUST 8F ZERO
' ‘ l 1
i TRe (ADDRESS A1 STER {
| SPACE BLOC Y. ADORESS |
N v,

N
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FPigqure 2-8 Control Address Space Assignment

Lo md 0000 ERROR-FREE DATA
TAG €20> D <C80> M <I0> 8<31 00>
o Jsmmaan]| o commecreD oara
TAG <20> 10 <40> W <30> 8 <31 00>
oco |JLoscaL UNCORRECTED DATA OR OTHER
bumn] oore MEANINGFUL IIFOSMATION
TAG <20> D <40> M <IO> ® <31 00>
= 909
Pigure 2-9 Read Dats Pormats
Read Deta Tag -- A tag field content of #99 indicates that

B<31:08> contains data requested by a previous read type cCommandg.
In this case, ID<4:0> is a unique code that was received with the
read command and identifies the logical destination of the
requested data. The retrieved data may bte one of three types:
resd data; corrected read data; or read data substitute, where the
particular type is identified by M<3:0>.

Read data is the normally ~xpected error-free data having M(3:0> =
8008 (Figure 2-9). Mote ‘hat this tag code is also the idle state
of the tag field and trat ID code § is reserved. No device will
respond when the tag is 028 &nd the ID code is .
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Corrected read data is data in which an error was decvected and
subsequently corrected by the error correction code (ECC} logic of
the Jdevice transaitting the read data. In this case, the mask
field flags the corrected data with M<3:8> = #§8601].

Read data substitute represents data in which an error was
Getected but not corrected. In this case, B¢31:00> will contain
the substitute data in the form of unccorrected data or other
meaningful information. The mask field flags the uncorrected data
with M<c3:8> = 9€18. As with the other read data types, the ID
field identifies the read commander.

Write Deta Tag - A tag field content of 18! indicates that
B<31:88> contains the write data for the location specified in the
address field of the previous write command (Figure 2-1¢ . The
write data will be asserted on B<31:88> in the SBI cycle
immediately following the command/address cycle. Certain command
codes use M<3:8> to spe: y particular bytes within BC31:8#38>,

LOGICAL
101 SOURCE MASK WRITE DATA
TAG <20> D <80> WM <30> 8 <31 00>
=N
Figure 2-19 Write Deta Pormat
Interrupt Summiry Tag ~-- A tag field content of 118 defines

B<3l:20> as the interrupt level mask for an interrupt summary read
command. The level mask (B<#7:84i.) is used to {indicate the
interrupt 1level beinc serviced as the result of an interrupt
request. In this case, the ID fiecld identifies the commander,
which is wusually a CPU. Although unused, M23:8> must be
transmitted as zero.

The interrupt sequence consists of two exchanges:

a. The first exchange indicates the interrupt level being
serviced,

b. The second exchange is the response, where the device
requesting the interrupt identifies itself.

The interrupt summary read -nd response formats are illustrated ia
Figuze 2-11. DNote that tne interrupt summary iesponse encodes
TAG<2:0> = 0880.

Reserved Tag Codes -- TAGC2:8> -- Tag code 111 s reserved for

diagnostic purposes. Tag codes $#81, 316, and 189 sre unused and
reserved for future definition.
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Figure 2-11 Interrupt Susmary Formats

2.3.4.3 Identifier Pield -- The ID field (ID<4:8>) contains a
tode that identifties the logical source or logical destination of
the information contrined in 8<31.608>. ID codes are assigned only
to commander and responder nexus (i.e., those that issue and
recognize command/address information). EBach nexus is assigned an
ID code that corresponds to the TR line that it operates. Por
exaaple, & nexus asaigned TRES would also be sssigned ID code S.

More than one 1D code may be assigned to & nexus. lowever, that
fnexus aust be capable of responding to resd type ccamsnds for
which the read data returns in an order different from the order
in which the cosmands wre given. Por write masked and extended
write masked commands, the mesk s trenssitted in the cycle
preceding the cycle for the data ts which the mask applies.

Nexus using more than one code take the first code from the

standard ID code assignment (§--15). The second code is taken froms
the rance 17--38 ({.e., first ID code plus 16).
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Certain ID codes are reserved: IT = 16, unit processors; ID - 2!,
diagnostic purposes. ID = @ is reserved Lo that the idle siate of
the SBI (read data, destination ID = €; will not cause a nexus
selection. Note that even though a nexus is not selected, aill
nexus are checking for correct SBI parity.

2.8.4.4 NMask Pield -~-- The mask field.  (A<3:8>) has tw.
interpretations: primary and szcondary. For the primary
interpretation, M<3:8> ig incoded to specify operations on any or
all data bytes appearing on 3<31:00>. The mask is used with the
rcad masked, write masked, interlock real masked, interlock write
masked, and extended write magsked commands. As shown in Figure

2-12, each bit in the mask field corresponds to a particulsr byte
on B<C31:00>.

The secondary interpretation is used when TAGC2:8> = 888 (read
data). This interpretation defines the data types as specified in
Table 2-3. All other mask field codes (8611--1111) are reserved

and are interpreted as read data substitute by the receiving
rexus.

Table 2-3 Read Data Types

n<iz Data Type
(1 1]] Read data
8681 Coirected read data
g6le Read data substi<ate
m-30>]3{2]1]0
8<31:00> BYTE 3 BYTE 2 8YTE 1 BYTEO

TR ?72

Pigure 2-12 Mask Pield Pormat



2.6.5 Response Growp Description

The three response lines are divided into two fields: Confirmation
(CHFC1:+'>), and Foult (PAULT). CNF<C1:8> informs thz transmitter as
to whetiier or not the information was received correctly and (¢
*he receiver can process the command. PAULT is a cunulative error
“ Yication of protocol or information path maifunction; it is
iiserted with the same timing as the confirmation field.

Either field {s transaitted two cycles after each information
transfe-. Confirmation is delayed to allow the information path
s’i.gnals to propagate, be checked, and be decoded by all receivers;
a to allow confirmation generation by the responder. During each
cycle, every nexus in the system receives, latches, and makes
decisions on the information transfer signals. Except for multiple
bit transmission ertors or nexus malfunction, one (or more) of the
nexus receiving the irnformation path signals will recognize an
address or ID code. This nexus then asserts the appropriate
recponse in CHP.

*ny (or all) nexus may assert FAULT after detecting a protocol or
information path failure.

2.8.5.1 Confirmation Codes -- Table 2-4 lists the confi.mation
codes and their interpretation.

Table 2-4 Confirmation CoZe Definitions

CuF Code Defjinitions

€8, ¥o Response (N/R) The unssserted state; it indicates no
response to a commander®’s selection.

81, Acknowledge (ACK) The positive acknowledgment to any
transfer.

18, Busy (BUSY) The response to a command/address

transfer that indicates successful
selection of & nexus that {s presently
unable to execute the command.

11, Error (ERR) The response to a command/address
trensfer that indicetes selection of a
nexus that cannot execute the command.

A BUSY (19) or ERR (l1) trespeonre to transfers other than
command/address transfers wili be con:sidered as no response from
the responder.

2.8.5.2 Respunse Eandli.g -- The transmitting nexus szaples the

CNF and PAULT i1ines at T3 cof third cycle following
transa!ssion. ACK is the expected irmation response (i.e.,
command will be executed, c¢r in - ~fon has been received

correctly).



Should a2 command/address transfer receive a BUSY confirmali~n, the
commander will repeat the transmission (after a nominal waiting
period) until it is accepted or a time ¢t occurs.

An N/R confirmation should be treated like BUSY, except that its
occurrence may be flagged in a status bit. ERR confirmatior is the
result of a programming error, 2nd should abort the command and
invoke the appropriate recovery routine.

Some nexus may be unable to determine, within two SBI cycles,
whether a function will be completed successfully. For these
cases, the nexus presumes success and responds with ACK
confirmaticn. If it is later Zetermined that a read type function
cannot be completed, a read data transfer of all 2zeros is
transmitted and an interrupt requested. If a write type reguest
cannot be completed, the command is aborted and an interrupt
requested. In either case, the cause of the interrupt is indicated
in a configuraticn/status register.

2.8.5.3 Successive Cycle Confirmation -- Since write masked,
extended write masked, and extended read operations consist of
successive transfers, acknowledgment is more complex.

a. If the command/address transfer is confirmed with N/R or
BUSY, then no notice will be taken of the data transfar
confirmation and the entire sequence will be repeated.

b. If the command/sddress transfer recefves ERR, the
sequence is aborted and recovery routines are invoked.

c. If ACRK {s not received as confirmation for a write data
command, the command is repeaced.

d. Transmissions of read data are confirmed with ACK by the
receiver of that data. The read data transmitter may
ignore this confirmacion, since only commanders execute
retry sequences.

2.8.5.4 SBI Sequence Timeouts -- All commanders imp)ement two
timeout functions: interface segucnce timeout and read data
timeout. Both timeouts are specified as 182.4 us (or S12 SBI
cycles).

The interface sequence timeout determines the maximum time allowed
to complete an interface sequence. The sequence interval is
defined as the time from:

a. when SBI arbitration §s initiated, until ACK is received
for a command/address :ransfer that specifies read, or

o. when SBI arbitration is initiated, until ACK is received
for a command/address transfer that specifies write, and
ACK is also received for each transmission of write data,
or
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c. when SBI arbitration is initiated, and an ERR
confirmation is received for any command/address
transfer.

The read data timeout is defined as the time from when an
intarface <equence that specifies a read command is completed, to
the time that the specified read data is returned to the
commander. In the case of an extended read function, both
longwoctds must be retrieved prior to timeout (102.4 us).

If the last command/address transfer prior to an interface
seguence timeout receives an N/R confirmation, it is recorded in a
status bit. Certain nexus may terminate their requests Sor SBI
control Jdue to an unusual occurrence in those nexus. When this
occurs, both timeouts are cancelled (e.g., when a nexus detects a
data late error).

When a timeout occurs, the commander provides the actual address
or reconstructed address for which the timeout occurred. In
addition, the commander records the type of timecut received
(i.e., interface sequence or read data). Either timeout will
terminate a command transmission retry.

2.8.5.5 Pault Detection -- Each nexus is equipped with a 32-bit
configuration and fault status register (register 8). The fault
status portion of this register conteins flags that cause the
assertion of{ the FAULT line. The fault status portion is described
in Pigure 2-113.

A nexus detecting one of the fault conditions will assert the
FAULT signal for one cycle. FAULT then causes each nexus on the
systes to lo~k its respective configuration reyiste.. The fault
status birs thus latched refer to the cycle during which the fault
occurred. The CPU examines the FAULT signal and latches the signal
on the leading edge of FAULT. The CPU then continues to assert
FAULT until the software has examined the fault bits of all nexus

and has specified the negation of FAULT. Figure 2-14 shows the
timing involved.

Figure 2-15 i{llustrates the confirmation and fault decision flow
for all responses and error conditions.

2.8.6 Interrupt Request Group Description

The interrupt request group consists of four request lines
(REQ<7:4>) and an alert (ALERT) line. Request lines cre assigned
to some of the nexus and represent assigned CPU interrupt levels.
The lines used by nexus request that the CPU service a condition
requiring processor intervention. The request lines are priority
encoded in an ascending order of REQ4--REQ7. A requesting nexus
asserts it request lines (or line) asynchronously with respect to
the SBI clock to requect an interrupt. Any of the REQ lires mav be
asserted simultaneously by more than one .exus, and any
combination of REQ lines may be asserted %y %he collection of
requesting nexus.

ta
ta
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Figure 2-13 Fault Status Plags
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Pigure 2-14 Fault Timing
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The ALERT signal is asserted by nexus that c¢o not iuplement
interrupt request lines. Its purpose is to indicate to the CPU a
change in the nexus power condition or operating environment.
Nexus that implement the REQ lines repor:t such changes by
requesting an interrupt.

2.8.6.1 Interrupt Operation -- When -a nexus requires an
interrupt, it asserts its REQ line on the 35BI. At a time judged
appropriate, the CPU will recognize the: | cerrupt request and
issue an interrupt summary read command “(TAG<2:8> = 118). The
command will have a single bit set in its interrupt level mask
(B<7:4>), which corresponds to the RRQ line being serviced. For
example, B 84 set to a logic one indicates that the REQ4 level is
being serviced. Hote tha: the remaining information path fields
(i.e., B<31:€68>, ID<@3:¢8>, and M<C3:6>) are transwuitted as zero.

Mexus receiving che interrupt summary read command without error
and asserting the REQ line specified in the interrupt level mask
_will asserc_a 2-bit code in B<31:88>. This code, which identifies
the requesting nexus, is assertcd with the ciming of CNF<l:8>.
However, the responding nexus does not assert any CNF, TR, ID, or
TAG line. Nexus that detect incorrect parity will assert PAULT.

As shown in Figure 2-16, the asserted bits are in coriesponding
positions in the upper and lower 16 bits of B<31:808>. The bit pair
uniquely identifies the nexus among those using the particular REQ
line. Only 15 bit pairs in the inf.cmation field are used (i.e.,
B31 and Bl15 through Bl7 and B@l). Since only pairs of bits are
asserted, parity remains correct regardless of the number of
responding nexus. The two bits assserted by the irequesting nexus
are equal to the nexus TR number 253 the nexus TR number plus 16.

INTERRUPT 224 L i:oue:: 03 %
SUMMARY |e ZERO o ZERO >
READ LEVEL

iNTERRUPT 83! 171618 0100
SUMMARY o {0
RESPONSE ¥ ¥ ]

B8IT PAIRS
TX-0104

Figure 2-16 Reguest Lavel and Nexus Identification



While holding control of %he S3I with TRE@G, the CPU waits two
cycles after the interrupt summary read command is transmiited
before latching B8<31:#2> into an in'.ernal register. By encodirg
the REQ leve: and the bit pair receive” from responding nexus, the
CPU generates a vector unique to that lecrel and nexus. The vector,
in turn, is used to invoke the nexus service routine. The service
routine wiil take explicit action by writing a device register to
Clear the interrupt condition. Clearing the interrupt causes the
nexuys to negate the REQ line, provided that the nexus does not
have any other outstanding interrupts at this level. The negation
of REQ occurs within two cycles of the write data transmission.

Norselly, the CPU will service requests in descending order, of
REQ7--REQ4. Similarly, nexus are identified in descending order
beginning with the nexus that asserts bits B31 and BlS and ending
with the nexus that asserts bits Bl7 and B). If multiple nexus are
requesting interrupts on the same REQ line, multiple interrupt
summary read commands are issued until all nexus have been
- serviced and r%2 REQ line isS no longer asserted. - - -

Figute 2-17 is a functional timing chart for the interrupt
operation.

2.8.6.2 Status Register Alert Plags ~- As shown in Figure 2-18
each nexus maintairs bits in its configuration register to
indicate conditions rhat cause assertion of ALERT (or the
appropriate REQ lir: if ‘wplemented). Power down and power up
status bits ar: provided, iut additional ALERT status bits are
present 3I other conditions, such as overtemcerature, are
detectabie.

The ALEKT line is the lojical OR of the alert status bits; it is
asserted synchronously to the SBI clock. Alert status bits are
cleared when written 2s logic one; when written as loyic zero,
UNJAM signal is received. Note that the UNJAM signal does not
clear these status bits. .

2.8.6.3 Alert Flag Operation -- A nexus asserts ALERT or an
interrupt request when any of its alert stacus bits are set. The
bits are set during the following evznts:

3, during pcwer failure at the nexus when the assertion of
power supply AC LO is5s recognized;

b. during the restoraticu of power when the negation of AC
LO is recognized;

c. when other envircnmental conditions, such as
overtemperature, are detected;

»
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The alert status bits are only set on the transition of the event
that caused them to set.

The power down‘étatus bit,i§,set when there is a transition of thef;

nexus AC LO from the negated to the asserted state. Setting the
power dJdown status bit clears the powsr up status bit; likewise,
setting the power up bit clears the power down bit. The
overtemperature bit is set when there is a transition from the
normal to the overtemperature state.

A nexus asserting ALERT, or asserting an interrupt request due to
an alert status bit set, continues to assert ALERT until:

a. all alert status bits are cleared (written with a logic
one),

b. UNJAM signal is received,
c. nexus loses dc power.

The negation of ALERT (or REQ) is synchronous to the SBI cloc!. and
occurs within two cycles of the write data transmission usad to
clear the ALERT condition.

ALERT OR
INTERRUPT STATUS
31 24 232221201918 17 1@ 15 00

FAULT DEVICE
STATUS i DEPENDENT STATUS

|\____v____4
PWRIOVR  hevice

DWN | TMP o epENDENT
R
uP

o'

Figure 2-18 Alert Status Bits
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2.8.7 Ccamand Code Description

The operations executed over the SBl are specified in
command/address format using the mask, function, and address
fields. Figure 2-19 summarizes the command/address formats and
lists the command codes. Several function codcs are unused and
reserved for future use. All nexus must respund to these reserved
codes with an N/R confirmation.

2.8.7.1 Read Pasked Punction -- The read masked function is
specified in Figure .-24.

MASK FUNCTION | ADDRESS
M <30> F<30> A <2700>
MASK FUNCTION FUNCTION
USE CODE " DEFINITION
IGNORED 0000 RESERVED
LISED 0001 READ MASKED
USED 0010 WRITE MASKED
IGNORED on1 RESERVED
USED 0100 INTERLOCK READ MASKED
IGNORED 0101 REZERVED
IGNORE" 0110 RESERVED
USED o1 INTERLOCK WRITE MASKED
IGNORED 1000 EXTENDED READ
IGNORED 1001 RESEAVED
IGNORED 1010 RESERVED
USED 1011 E>TENDED WRITE MASKED
IGNORED 1100 RESEAVED
IGNORED 1101 RESERVED
IGNORED 1110 RESEAVED
IGNORED "mn RESEAVED
= 9083
Figure 2-19 SBI Command Codes
COMMAND. .
ADDRESS 011 LOGICAL BYTE 0001 PUYSICAL
FORMA ¥ SOURCE COMBINATION ADORESS
TAG <2 0> 1D <40> M <30> F <30> A <27 00>
READ
DATA TYPE
DATA 000 OF RETRIEVED DATA
FORMAT DESTINATION ONTA
TAG <2 0> 1D <40> M <30> 8 <31 00>

TR 0GB

Figure 2-26 Read Masked Function Format
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Prior to issuing the command, the commander arbitra“es for SBI
control. When the commander gains control of the SBI, it asserts
the ‘nformation transfer lines at T#. At T3 of the same cycle,
each nexus strobes the command/address information into its
receiver latches for decoding. The command/address format,
presented on the SBI, instructs the nexus selected by the address
field, SA<27:80>, to retrieve the addressed data word and transfer
it to the logical destination specified in the ID field. The
addressed nexus will iespond to the command/address transfer with
ACK (assuming no errors) two SBI cycles after the assertion of
command/address.

The addressed data is retrieved in a time frame that is dependent
on the nexus response time. Followirg the response delay, the
responding nexus must arbitrate for control of the SBI. After ARB
OK is true for the responder, the information fields are asserted
on the SBI at T@. TAGC2:0> is coded as 008, specifying the read
data format; and ID<4:8> .s coded to identify the commander. The
read data is asserted on B<31:88> and received by the commander as
read data (M<3:8> = P@0@), or as corrected read data (M<C3:8> =
#881). In the case of uncorrectable read data, the responder
transmits read data substitute (M<3:0> = 99189).

After the assertion of read data, the commander 1latches the
content of B<31:00> at T3 of the same SBI cycle. At T# two cycles

later, the commander confirms the successful transfer by asserting
ACK.

Figure 2-21 is a functional timing chart for the read masked
aperation.

2.8.7.2 Extended Read Punction -- The extended read function is
simflar to the read masked function in operation. The function
forsat is shown in Figure 2-22,

The mask field and bit SAB8 of the received command/address word
are ignored. However, the mask field must be transmitted as zero.
In an extended read, 64 bits (two data longwords) are always
transmitted, and thus require two contiguous SBI data transfer
cycles. In this case, P<3:0> instructs the nexus selected by
SA<27:80> to retrieve the addressed 64-bit Gata and transfer it to
the commander (specified in the ID field) as in the read masked
fanction.
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Figure 2-21 Read Masked
Timing Chart
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COMMAND I 0000 | .
ADDRESS | o1 oyt LOGICALLVl I oou iy
FORMAT IGNORED! § 2
TAG-20- 1D-40> - 30 F- 30 A-27:01>
{AU0 LOGICALLY IGNORED)
FIRST DATA TRANSFER
000 g:STTAmA TYPE OF FIRST 32 BITS OF
] DATA RETRIEVED DATA
TION
READ DATA
FORMATS . SECOMND DATA TRANSFER
. -
000 TA TYPE OF SECOND 32 BITS OF
«STINA DATA RETRIEVED DATA
TION
TAG<2:0> I1D<4.0>  M<20> 8<31-00>

rmen

Figure 2-27 Extended Read Punction Format

Whenr tche commander gains control of the £%I, it asserts the
command/address information at T#. At T3 of th: same cycle, each
nexus strobes the command/address inforsation into its receiver
latches for d-~coding. The addressed nexus confirms the
command/address transfer by returring ACK two cycles after the
assertion of command/address. Pollowing the response delay and
arbitration, the responder asserts the first 32-bit data longwore
on B<31:00> (SASS = @). Th.e other information fields are codad as
in the read masked operation. The second data longword (SASS = 1)
is asserted on B<li:88> at T8 of the succzeding cycle. The mask
field describing the data type will b3 235erted with esch read
data longword.

The commander latches BC31:925> (first data longword) at T3 of the
cycle when it was trans=itted. At T3 of the next cycle, the
commander again latches B<31:08> (second data longword). Then, at
Té of the following cycle. the commander confirss the first data
transfer with ACX. The commander confirms the second data “zansfer
with ACK at TS of the cycle after that.

Figure 2-23 is a functional timing chart showing the extended read
operation.

2.8.7.3 Write Masked Punction -- The write masked functisn Zormat
is shnwn in Figure 2-24. FP<3:8> instructs the selecteZ nexus to
modify the bytes specified by M<3:8> in that 3torage element
sddressed by SA<27:98> using data transaitted in the succeeding
cycle.

.58



Figure 2-23 Extended Read
Tining Chart and Flow
(Sheet 1 of 2)
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COMMAND- 1.f ]
ADDRESS 011 LOGIAL JRYTE 0010 PHYSICAL
FORMAT SOURCE oINAT ADDMESS
TAG <20> 10 <4 0> @t <30 ¥ <30> A <27 00>
WRITE [
DATA 101 LOGICAL. (LOGICALLY WRITE DATA
FORMAT SOURCE | | Gnonei
TAG <2 0> D <4 0> ™M <30> 8 <31 00>
o 3Nt

P

Figure 2-24 \vVrite Masked Punction Pormat

When the coamandsr gains <ontrol of the SBI, it asserts the
command/addr >ss information at TS. The commander also asserts TRSE
at T? to retain control during the succeeding SBI cycle. At T3 of
the same cycle, each nexus strobes the command/address information
iato its receiver latches for decoding. At T# of the succeeding
cycle, the commander asserts data on B«<31:00>; at T3 of the same
cycie, the selected nexus strobes the data into its receiver
latches. TAG<Z2:8>, which accompanies the data, is coded 181 (write
data format). The successful command/address transfer is confirmed
by the receiving nexus with ACK at T8 of the succeeding cycle. The

successful data transfer is confirmed by ACK at T8, one cycle
later.

Figure 2-25 §s a functional timing chart for <%he write masked
operation.

2.8.7.4 Extended Write MNasked Punction -- The extended write
masked function format is illustrated in Pigure 2-26. F<3:8> is
coded 1811 to specify the extendsi write masked function. In the
extended write masked transfer, the number of bits written depends
on the mask, but two SBI data transfer cycles are always tequiied.
When the cokmander gains control of the SBI it asserts tt-
comnand/address information at T#. The commander alg»n asser:s TRA@
to retain ccntrol during the succeeding SBI cycle. At T3 cf the
same cycle, each nexus strobes the command/address information
into its latches for de-oding. The muask that accompanies the
command/address indicates the bytes tc be written in :the first
data longword, corresponding to SAS8 = 8.
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101

COMMAND/ on ]E" LOGICAL 8YTE ] PHYSICAL }

ADDRESS SOURCT COMBINATION | ADOPESS
TAG <20> 10 <4 0> M <30> F <30> A <27 00>
FIRSY DATA TRANSFER
101 LOGICAL SYTE FIRST 32 BITS OF
SOURCE COMBINATION WEITE DATA
WRITE DATA
FORMAT
SECOND DATA TRANSFER
0000
o LocicAL OGKALLY SECOND 32 B1Ts 0F
IGNORED)
TAG <2 0> 10 <4 0> M <30> 8 <31 00>
o 008"

Figure 2-26 Extended Write Masked Punction Pormat

At T@ of the succeeding cycle, the commander asserts data on
B<31:03> and codes TAG<2:8> as 191 (write data format). At 3 of
the same cysle, the receiver nexus strobes the data into its
latches. -~ addition, the commander holds TRO@ asserted to retain
SBI control for the second data longword transfcr. Note that the
mask rthat accompanies the fi- 3t data word indicates the bytes to

be written in the second data word. At the end cf this cycle, the
commander negates TR80.

At Te¢ of the succeeding cycle, the second data word is asserted on
B<31:08>, and TAGK2:8> is coded 181. At the same time (T@) the
teceiver nexus confirms the command/address transfer with ACK, if
there is no error. At T3 of the same cycle, the receiver nexus
strobes the data into its latches. The mask that accompanies the
second data longword is ignored by the receiver nexus. During the
two succeeding cycles, the receiver nexus confirms tne two data
transfers with an ACK in each cycle.

Figure 2-27 is a functional timing chart for the extended write
masked operation.
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2.8.7.5 Interlock Punction Description -- The .nterlock function
is used to provide coordinatin~ netween memory nexus to ensure
exclusive access to shared data structuiess. When an interiock
sequence is addressed to the UBA, it indicates that a
Data-1n-Pause/Data-Out (DATIP/DATO) sequence is required on the
Unibus. The UBA will initiate ap interiock sequence when a Unibus
device has jinitiated a DATIP/DATO secuence. The interlock
functions operate like the read and write functions with the
additional responsibility of setting and clearing the receiver
nexus interlock flip-flop. This €flip-flop controls the
assertion/negation of the receiver®s interlock line. However, not
all nexus implement the intezlock function. Those nexus that do
not will respond to the interlock read and write masked fungtions
exactly as they do to read and writ> masked functions.

All memory nexus {mplement the interlock functions and cooperate
through the use of this signzl. The interlock line is asserted by
the commarder nexus which issued the interlock read maske?
function for that SBI cycle following the command/address
transfzr. The interloch flip-flop is cet in the receiving nexus
memory. When the memory nexus confirms the interlock read
function, ft asserts the interlock signal in the sasme cycle as
ACK. With interlock asserted, the nexus responds with a BUSY
confirmation to subsequent interlock read mask~d commands only.

Interlock Read Masked Function Operation -- The interlock read
masked function format is the same as that shown in Figure 2-2¢
except that F<3:8> is coded £#1808. F<3:8> causes the nexus selected
hy SA<27:8€> to retrieve and transfer the addressed data exactly
as in the read masked operacion, In addition, this function causes
the selected nexus to set {its interlock flip-flop. With the
interlock flip-flop set, the nexus will assert the SBI interlock
line at T@ of the ACK confirmation cycle.

The interlock flip-flop is cleared on receipt of an interlock
write masked function. Interlock read masked and interlock write
masked functions are always paired by commanders. If the flip-fiop
remains set for more than 182.¢ us, the memory assumes that the
commander has had a catastrophic error. In this case, the nexus
will clear the flip-flop at T@ of -he next cycle.

Interlock Write Masked PFunction Operation --- The interlock write
masked function fecrmat is the same as that illustrated in Pigure
2-22, except that F<3:0> is coded 0811), specifying the interlock
write masked function. FPF<3:8> instructs the nexus selected by
SA<27:860> to modify the bytes syecified by %<3:2> in the addressed
storage elemert using data transmitted in the succeeding cycle
with TAG<2:8> = 1€@1. In acddition, the write Jdata clears the
interlock Ilip-flop set by the previous interlock read masked
function. :



2.8.8 Control Group

The control group functions synchronize svstam _activicies and
provide specialized system communications. The clock functions
provide SBI activity synchronization and are described in
Prragraph 2.8.1. The interlock control, also one of the system
commmunication functions, is described in Paragraph 2.8.7. The
remaining control 1lines are dcscribed in the following
paragraphs.

2.8.8.1 DEAD Function -- The DEAD signal indicates a dc power
failure to the-Clock circuits or bus terminating networks. Nexus
will not assert any SBI signal while DEAD is asserted. Thus, nexus
prevent inval:d data from being received while the SBI is in an
unstable state.

The assertion of the power supply DC LO to the clock circuits or
terrinating networks causes the assertion of DEAD. DEAD is
asserted asynchronously to tha SBI clock and occurs at least 2 “s
before the clock becomes inoperative. With power restart, the
clock %®il1 be operational For at least 2 ~s before DC L0 is
negated. The negation of DC LO negates DEAD.

2.8.8.2 PAIL Punction -- A nexus enables the fafl (FAIL) signal
asynchronously to the SBI clock, when the power supply AC LO
signal is assertes? 2o “hat nexus. The assertion of PAIL inhibits
the CPU from (initiating a power-up seirvice routine. FAIL s
negated asynchronously with respect to the S21 cleck when all
nexus that are required for the power-up operation have detected
the negatior of AC LO. The CPY' samples the FAIL line following the
sower~down routine (assertion of FAIL) to determine if the
power-up vcutine should be initiated.

2.8.8.3 UNJAM Pun:-tion -- The unjam functicn iestores
(initializes) the system to 3 knc m, well-defined state. The UNJAM
signal is asserted only by the (4U or console, and is detected by
all nexus connected to the SBI. The console asserts UNJAM cnly
when a console key (or sequence) :1s selected. The duration of the
UNJAM pulse is a minimum of 15 SBI cycles and is negated at T#.

vhen the console !ntends to assert UNJAM, the CPU will aszert TROO
for a minimum of 15 SBI cycles. The CPU will continue .o assert
TREP for the duratior of UNJAM and for a minimum of 15 SBI cycles
after the negation of UNJAM. This use ~f TRES ensures that the SBI
is inactive preceding. during, and after ‘he UNJAM operation.
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Each nexus receives UNJAMN at T3 and begins a restore sequence. Any
current operation of short duration will not be aborted if that
operation might leave the nexus in an undefined state. Nexus will
not perform operations using the SBI during the assertion of
UNJAM. In Aaddition, the nexus must be in an idle state, with
respect to SBI activity, at the conclusion of the UNJAM pulse.

While UNJAM is asserted, nexus wiil not assert FAULT. However, 3
nexus asserting FAULT prior to UNJAM must continue to do so to
pieserve the content of the nexus configuration/fault status
registers. The restore sequence (UNJAM asserted) should nct cause
a nexus to pass through any states that will assert any SBI lines.
All read commands issued before thc UNJAM are canceled.

In the event of a power failure during UNJAM, ‘some nexus will
assert FAIL and/or DEAD. The restore sequence Sshould cause the
nexus to negate ALERT ok interrupt requests, but should not clear
any device status bits. )



CHAPTER 3
PROGRAMRING DEFINITIONS AND SPECIFICATIONS

3.1 GENERAL

This chapter describes some of the Massbus signals, clearing
methods, and interrupt conditions; and each bit of the registers
in the MBA.

3.2 DEFINITIONS

Some of the Massbus signals that are used in generating status
information are described in this paragraphr.

- Attention (ATTN) -- The ATIN line is a shared liae that
connects fror all drives in common to the MBA. Each drive
asserts ATTN (and sets its own ATA bit) whenever it has
an error condition (ERR asserted), has just finished
executing any movement command, or a change in power
condition occurs. -

The logical exprossions for these statements are:

ATTN = ATAG + A'I'Al ¥ ... *+ ATA.,

ATA. = ERR, + ccmpletion of a movement command + change
in éower cghditions.
(i represents the unit select code of a drive, 6--7)

Exception (EXC) -- The EXC line connec*s from the MBA to
the drive that is performing a data transfer. It 1is
asserted by the cdrive if an error occurs during the
transter. This line 13 used to distinguish errors in the
drive performing a data transfer from errors signaled by
the ATTN line. (A drive that s periorming a data
trausfer never asserts ATTN while the da.a transfer is
underwvay.)

End of Block (EBL) -- The EBL line is pulsed by the drive
performing a data transfer at the end of each sector.

Clearing Methods

Bit 90 of the MBA control register is the Initialization
(INIT) bit. The setting (writing a 1) of this bit will:

Clear status bits in the MBA configuration register

Clear abort data transfer on interrupt enable bits in
the MBA contrnl register

Clear MBA status register

Clear MBA byte count register
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Ciear the control and status bits of the diagnostic
register

Cancel all pending commands except read data pending

Abort data transfers
Assert Masshus INIT.

3.3 PROGRAMMING MNOTES

This piaragraph describes miscellaneous features of the RH78&. The
tables in subsequent paragraphs describe the other bits of the
MBA. The DT Aborc (Data Transfer Abort) bit is located in the MBA
and 1s associated only with error conditions during data transfers
and error conditions in the MBA. A drive clear coammand does .ot
affect the DT Abort bit in the MBA. When DT END clears the DT BUSY
bit in the MBA, it indicates that the MBA is ready for another
data transfer command. To successfully initfate a data transfer
command, DT BUSY must not be asserted and the appropriate drive
ready bit rust be asserted. A nondata transter command can be
issued to a drive any time a drive ready bit {is asserted,
regardless of the state of the DT BUSY bit in the MBA.

When a data transfer command is successfully initiated, DT BUSY is
asserted and the drive ready bit s negated. When a nondata
transfer command is successfully initiated, the drive ready bit is
negated but the DT BUSY bit is not asserted.

If any command other than INIT is issued to a drive that has an
error indicator asserted, the command will be ignored by the
drive.

If a data transfer command i- issued to a drive that has an error
indicator acserted, the drive aves not execute the command, the
Missed Transfer Error (MXF, bit #8 of the status register) occurs
in the MBA.

3.4 INTERRUPT CONDITIONS

The MBA generates an interrupt to the CPU due to the following
conditions:

1. upon terminaticn of a data transfer, if the IE bit is set
when the MBA become ready;

2. upon assertion of ATTN line or the occurrence of >n MBA
error, while the MBA is not busy and the IE bit is set;

3. upon power up.



3.5 TERMINATION OF DATA TRANSPERS
A data transfer that has been initiated successfully may terminate
in the following ways.

1. Normal Termination -- Byte count overflows to @ and the
MBA becomes ready (DT BUSY cleared).

2. MBA Error -- An error occurs in the MBA status register.
Bit Error Indication

19 PGE (Program Error)

18 NED (Non-Existing Device)

17 MCPE (Massbus Control Parity Error)
12 DT ABORT (Data Transfer Aborted)

11 DLT (Data Late)

19 WCK UP ERR (Write Check Upper Error)
89 WCK LWR ERR (Write Check Lower Error)
28 MXF (Missed Transfer Srror)

e7 MBEXC (Massbus Exception)

26 MTPE (Massbus Data Parity Brror)

es MAvrPE (Page Frame MAP Parity Error)
04 INVMAP (Invalid MAP)

83 ERK CONF (Error Confirmation)

82 RDS (Read Data SubLstitute)

21 IS TIMEOUT (Interface Sequence Timeout)
ée RD TIMEOUT ‘Read Dzta Timeout)

3. Drive Error -- An error occurs in the drive. The drive
sets the appropriate error bit in the drive.

4. Program-Caused Abort -- By causing INIT to be asserted,
the MBA aborts all operations and all status and error
information is lost.

3.6 MBA REGISTERS

The RH788 contains 8 registers and 256 MAP registers. All
registers in the MBA or {an the drives can only be accessed by
longword references and must be longword aligned (on byte ¢ of a
given register). An attempt to MOVB or MOV to or from an MBA
subsystem register will result in a machine check trap. This will
also occur when an attempt is made to MOVL to or from a register
if either bit @ or bit 1 of the address is a 1. An explanation of
these registers and their functions is provided in subsequent
paragraphs. Table 3-1 lists the various RH788 registers.
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Table 3-1 MBA Registers

Massbus

Address

(Hex) Register Mnemonic Type

o8 Configuration/Status CSR Read/write
o1 Control CR Read/write
2 Status SR Read/write
a3 Virtual Address VAR kead/write
04 Byte Counter BCR Read/write
05 | Diagnostic DR Read/write
a6 Selected Map SMR Read only
e7 Command Address CAR Read only

The eight internal MBA registers contain various configuration,
status, and control information. The addresses of these registers
can be derived from Tables 3-2 and 3-3. Table 3-2 shows the MBA's
base address in respect to its various TR levels. Table 3-3 shows
the byte offset for the registers in the MBA. This byte offse* is

added to the MBA's base address to produce a particular register’'s
address.

Example
The address of the diagnostic .egister for an MBA wizh a TR of 8:
Base address from Table 3-2 20010000
Byte offset for the DR from Tatle 3-3 + 14
DR address V{1281 2%4
Example
The address of the control register for an MBA with a TR of C:
Base address from Table 3-2 20012900
Byte offset for the CR from Table 3-3 + 24
CR addres-

Table 3-2 MBA Base Addresses

MBA TR Console Physical
Level Base Address

20002020
20094000
20006900
20078000
20067000
20008C 300
2006E000
20010000
20012000
20014000
20016000
20018000
20017000
2001C000
2061E000

20020000

DHIMOOLWIPOVRIONNLWN -

—
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Table 3-3 Register Byte Offsets

Register

Offset from Console
Base Address

Configuration/Status Register (CSR) 1]

Control Register (CR) 24
Status Register (SR) a8
Virtual Addr=ss Register (VAR) ac
Byte Counter Register (BCR) 10
Diagnostic Register (DR) 14
Selected MAP Register (SMR) 18
Command/Address Register (CAR) 1A

3.6.1 Configuration/Status Register (CSR)
The configuration/status register is a read/write MBA register

that contains fault status,

interrupt status, adapter dependent

status, and adapter code bits. Figure 3-1 illustrates these bits
and Table 3-4 provides an explanation for the various bits in this

register.

SBi PARITY ERF.OR

WRITE DATA
SEQUENCE ERROR

UNEXPECTED READ
DATA ERROR

MULTIPLE
TRANSMITTER
ERROR

28625

22212019 16115 12411 08107 04403 00

313029 28227
0

o

0

0000000000k0000010{0000

OVER TEMPERATURE ADAPTOR CODE
— (NOT IMPLEMENTED) co

—— ADAPTOR POWER UP
ADAPTOR POWER DOWN

Figure 3-1

TRANSMITTER DURING FAULT

TK0002

Configuration/Status Register (CSR)



Table 3-4

Configuration/Status Register (CSR)

Bit Assignments

Bit

Set By/Cleared By

Remarks

31 PE

SCT Parity
Error (Fault
A)

30 WS
Write Data
Seguence
(Fault B:

29 URD
Unexpected
Read Data
(Fault C)

28 @

27 MT
Multiple
Transmitter
(Fault D)

26 XMTFLT
Transmit
Fault

Set when an SB] parity error
is detected. Cleared by
pcwer fail or the
deassertion of fault.

Set when no write data is
received (neither tag =
write data nor ID = wcite
command ID) following a
write command. Cleared by
power fail - or the
deassertion of fault.

Set when cead data is

received and not expected.

Cleared by power fail or the
deassertion of fault.

Set when the ID on the SBI
does not agree with the ID
transmitted by the MBA while
the MBA i{s transmitting data
on the SBI. Cleared by
powver fail or the
deassertion of fault on the
SBI.

.Set when the SBI fault is

detected at the 2nd cycle
after the MBA transmits
information on to the SBI.
Cleared by power fail or the
deassertion of fault.

The setting of
vnis bit will
cause fault to be
asserted on the
SBI for one cycle.

The setting of
this bit will
cause fault to be
asserted on the

SBI for one cycle.

The setting of

_this bit will

cause fault to be
asserted on the
SBI for one cycle.

Reserved for
future use.

The setting of
<his bit will
cause fault to be
asserted on the
SBI. (The fault
signal will be
asserted at the
n o r m a 1
confirmation time
for one cycle {f
the MBA detects
one of the fault
conditinns. The
negation of the
fault signal on
the SBI will clear
all the faule
status bits. Fault
= Fault A + Fault
B + Fault C +
Fault D.
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Table 3-4

Configuratio.'/Status Register

{Cont)

(CSR) Bit Assignments

Bit

Set By/Cleared By

Remarks

25: 24 All B8°'s

23 PD
Adapter Power
Down

22 PU
Adapter Power

up

21 OT
Over

Temperacure
28:08 All G's

#7:89 Adapter
Code

Set when the MBA power goes
down. Cleared when power
goes up.

Set when the MBA power goes
up. Reset when power goes

down. Cleared by assertion
of IMIT, UNJAM, DC LO, or
writing a_1 into this bit.

Always @.

Reserved for
future use.

The setting of
this bit will
cause interrupt to
the CPU if JE is
ser,

The- setting of
this bit will also

set the IE bit and
interrupt the CPU.

Reserved for
future use.

Each adapter is
assigned a unigue
code identifying
ic. The MBA
adapter code is:
Bit <97:006> =
#810v08890
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3.6.2 Control Register (CR)

The control register is-a read/write register that contains cthe
control bits: Interrupt Enable, Auvort, and Initialization. This
register can put the MBA in the maintenance mode. Figure 13-2
illustrates this register's bits; Table 3-5 provides an
explanation of the bits.

21 _ 020100
0000}j002C:9000j0000{0000]j0000]j0000

MAINTENANCE MODE—J
INTERRUPT ENABLE
ABORT

INITIALIZE

NOTE: ALL BITS ARE READWRITE EXCEPT INITIALIZE WHICH ALWAYS READS AS O

T 0003

Figure 3-2 Control Register ’‘CR)

Table 3-5 Control Register (CR) Bit‘Asslgnnents

Set By/
Bit Cleared By Remarks
31:24 All @8°'s Reserved for future use.
23 ¥s The setting of this bit will
Maintenance »ut the MBA in the maintenance
Mode mode, which will allow the

diagnostic programmer tc
exercise and examine the
Massbus operations without a
Massbus device. When this bit
is set, the MBA will block RUN,
DEM, and assert FAIL to the
Massbus so that all the devices
on the Massbus will detach from
the Massbus. This bit can only
be set if a data transfer is
not i{n progress.
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Table 3-5

Control Register (CR) Bit Assignments (Cont)

Set By/ .
Bit Cleared By Remarks
#2 It Set by writing Al'ows the MBA to interrupt CPU
Interruvpt a ]l or power up. | when certain conditions occur.
Enable Cleared by
writing @ or
INIT.
@1 ARJORT €et by writing The setting of this bit will
Abor: cCata 1; cleared by initiate the data transfer
Transfer writing @, abcrt sequences that will stop
INIT, or UNJAM. sending commands and addresses,
and stop the byte counter.
It will also negate RUN, assert
EXC to Massbus, wait for EBL,
set ABORT to ! at trailing edge
of EBL.
Interrupt CPU if IE bit is 1.
28 INIT This bit is The setting of this bit will:
Initialization | self-clearing clear status bits in the MBA
i (always reads configuration register, clear
as @). ABORT and IE in the MBA control
register, clear MBA status
register, clear MBA byte count
register, clear control and
status bits of the dfagnostic
registers. It will aiso Cancel
all ,_~ding commands except
read data pending abort data
l transfer. Asserts M>ssbus INIT.

3.6.3 Status Register (SR)

The status register is a read/write register that contains MBA
status information such as: error indications, timeouts, and busy
indicators. Pigure 3-3 illustrates the bit assignments and Table
3-6 describes the functions of the bits in the status register.
All interrupts will occur immediately if there is no data transfer

in progress. The interrupt will be postponed until the data
transfer has terminated.



313029 ,27 23 1918171605  1312,11 10 0908,07 06 U5 04,0302 0100
olojojo OFI ol olo ro o
DATA TRANSTER __| PROGRAMMING l
BUSY ERROR
NO RESPONSE | NON EXISTENT ‘
CONFIRMATION DRIVE -
CORRICTED _______ |MASSBUS CONTROL
RE D DATA WRITE ERROR
MASSBUS ATTENTION ——
DATA TRANSFER COMPLETE
DATA TRANSFER ABORT

DATA TRANSFER LATE

WRITE CHECK-UPPER ERROR

WRITE CHECK-LOWER ERROR

MISSED TRANSFER —

MASSBUS EXCEPTION

MASSBUS DATA PARITY ERROR

MAP PARITY ERROR

.. _INVALID MAP

ERROR CONFIRMATION

REAL DATA SUBSTITUTE

INTERFACE SEQUENCE TIMEOQUT

READ DATA TIMEOUT
NOTE:WRITE 1 YO CLEAR BITS IN

THIS REGISTER EXCEPT BIT 31
WHICH IS READ ONLY.

TRO008

Figure 3-3 Status Register (SR)
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Table 3-6 Status Register (SR) Bit Assignments

Bit Set By/Cleared By Remarks
31 DTBUSY Set when a data transfer Read only.
Data Transfer ccmmand i received. Cleared
Busy when a data transfer |is
aborted. \
30 NRCONF No Set when the MBA receives . The setting of
Response no-response confirmation for this bit  will
Confirmation the read command or write cause retry of the
command and write data sent command.
to the SBI. Cleared by
writing a 1 to this bit or
INIT.
29 CRD Set when tag of rez1 data
Corrected received from memory is CRD.
Read Data Cleared by writing a 1 to

28:20 All 8°'s

19 PGE

18 NED
Nonexisting
Drive

this bit or INIT.

Set when one or more of the
following conditions e.ists.
Program tries to initiate a
data transfer when the MBA
is currently perfarming one.
Program tries to load MAP,
VAR, or byte counter while

the MBA is performing a datz

transfer operation. Program
tries to set MBA maintenance
mode during a data transfer
operation. Program tries to
initiate a nonacceptable
data transier coemmand.
Cleared by writing a 1 to
this bit.

Set when drive fails to
assert TRA within 1.5 us
after assertion of DEM.
Cleared by writing a 1 to
this bit.

Reserved

tor

future use.

The
this

setting of
bit will

cause an interrupt
to the CPU if IE
bit in the control
register is set.

The
this
zero
back
and

sctting of
bit will send

read data
to the SBI,
interrupt the

cpyU if IE bit in

the

control

register is set.
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Table 3-6

Status Register (Sit) Bit Assignments (Cont)

Bit Set By/Cleared By Remarks

17 MCPE Set when Massbus control The setting of
Massbus parity occurs. Cleared by this bit will
Control writing a 1 to this bit. cause an interrupt

rarity Error

16 ATTN
Attention
from Massbus

15:14 All 6°'s

13 DT Ccomp
Data Traaster
Completed

12 DTABT Data
Transfer
Aborted

11 DLT Data
Late

190 WCK UP ERR
Write Check
Upper Error

Set when the attention line
in the Massbus is asserted.

Sst when data transfer is
completed. Cleared by
writing a 1 to this bit.

Set with the trailing edge
of EBL when the data
transfer has been aborted.
Cleared by writing a 1 to
this bit or INIT.

This bit is set: 1) for
efther a write data transfer
or a writ: check data
transfer providing the data
buffer is empty when WCLK is
sent to the Massbus, 2) for
a read data transfer
providing the data buffer is
full when SCLK is received
from the Massbus.

Set when a compare error is
detected in the upper byte
while the MBA is performing
a write check operation.
Cleared by writing 2 1 to
this bit or INIT.

to CPU if the IE
bit in the control
register is set.

The setting of
this bit will
cause an intercupt
to the CPU if the
IE Dbit in the

conttol register
- .8 set.
Reserved for

future usc.

The setting of
this bit will
cause an interrupt
to the CPU {f the
IE bit in the
control reglister
is set.

The setting of
this bit will
cause an interrupt
to the CPU {f the
IE bi in the
controi register
is set.

The setting of
this bit will
cause the data
transfer to be
aborted.

The setting of
this bit will
cause the data
transfer to De
aborted.
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Table 3-6

Status Register (SR) Bit Assignments (Cont)

Bit Set By/Cleare? By Remarks

€9 WCK LWR Set when a compare error is The settiny oy
ERR Write detected in the lower byte this bit wial
Check Lower while the MBA is performing cause the data
Error a write check operation. transfer to bLe

88 MXF Missed
Transfer
Error

37 MBEXC
Massbus
Exception

@6 MDPE
Massbus Data
Parity Error

@5 MAPPE Page
Prame Map
Parity Error

84 INVMAP
Invalid Map

Cleared by writing a 1 to
this bit or INIT.

Set when no OCC or SCLK is
received within 56 us after
data transfer busy is set.
Cleared by writing & 1 to
this bit or INIT.

Set when EXC is received
from Massbus. Cleared by
writing a 1 to this bit or
INIT.

Set when a Massbus data
parity error is detected
during a read data transfer
operation. Cleared by
writing a 1 to this bit or
INIT.

Set when a parity error |is
detected on the data read
from the map during a data
transfer. Cleared by writing
a 1l to this bit or INIT.

Set when the valid bit of
the next page frame number
is zero and the byte counter
is not zero. Cleared by
writing 3 1 to this bit or
INIT.

aborted.

The setting of
this bit will
cause an interrupt
to the CPU {f the
IE bit in the

control register
is set.
The settiny of

tnis bit wili
cause the dat»
transfer to be
aborted.

The setting of

this bit will
cause the data
transfer to be

aborted.

The setting of
this bit wiil
cause the data
transfer o be
aborted.

The setting c¢f
this bit will
cause the dats
transfer tc He
aborted.




Table 3-6

Status Register (SR) Bit Assignments (Cont)

Bit Set By/Cleared By Remarks

@3 ERR CONF Set when the MBA receives The setting of
Error error confirmation for a this bit will
Confirmation read or write command. cause the data

@02 RDS Read
Data
Substitute

81 IS TIMEOUT
Inter face
Sequence
Timeout

88 RD TIMEOUT
Read Data
Timeout

Cleared by writing a 1 to
this bit or INIT.

Set when the TAG of the read
data received from memory ls
read data substitute.
Cleared by writing a 1 to
this bit or INIT.

Set when an interface
sequence timeout occurs. An
interface sequence timeout
is defined as the time from
when arbitretion for the SBI
is becun until:

1) AC) {is received for a
comiand address transfer
that specifies rzad; or

2) ACK 1is received for a
command/address transfer
that specifies write and
write data; or

3) ERR confirmation is
received for any
command/address transfer.

The maximua timeout is 102.4
us. Cleared by writing a 1
to this bit or INIT.

Set when a read data timeout
occurs. A read data timeout
is defined as the time from
when an interface sequence
that specifies a read
command is completed to the
time that the specified reezd
data s returned to the
commander. The maximum
timeout ic 162.4 “s. Cleared
by writing 2 1 to this bit
or INIT.

transfer to be
aborted. ’

The setting of
this bit will
cause the data
transfer to be
aborted.

The setting of
this bit will
cause the data
transfer to be
aborted.

The setting of
thi's bit will
cause the data
transfer to be
aborted.
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3.6 4 Virtual Address Register (VAR)

Before a data transfer {s initiated, the program must 1load an
initial virtual address (pointing to the first byte to be
transferred) into this register. Figure 3-4 illustrates the bit
assignments for the virtual address register. Bits 89 through 15§
select one of the 256 MAP registers. The contents of the selected
MAP register anld the value of bits 88 through 98 are used to
assemble a physical SBI address to be sent to memory. Bits 08
through 98 indicate the byte offset into the page of the current
data ovyte. The virtual address register may not be written into
during a data transfer. An attempt to do so will set PGE, kit the
virtual address register will not be modified jand the data
transfer will continue.

WOTE
The MBA virtual address register is
incremented by cight after every memory
read or vrite and will not point to the
next byte te be transferred if the
transfer dces not end on a3 quadword
boundary (it will point eight bytes
ahead). When a write check arror occurs,
the virtual address register will not
point to the falling data in memory due
to the preloading of the silo data
buffer. The virtual address of the bad
data may be found by determining the
nusber of bytes actually compared on the
Massbus (the difference between bits 16
to 31 of the byte count register and
their initial value) and addiug that
difference to the initial virtual -

address.
31 28,27 24,23 20,19 16,15 11 07 03 00,
cocoojoooojoooojooo
- i - J
2 v
MAP POINTER  PHYSICAL PAGE BYTE
ADDRESS
TR 0008

Figure 3-4 Virtuai Address Register (VAR)
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3.6.5 Byte Count Register (BCR)

The program loads the 2's complement of the number of bytes for
the data transfer to bits 15 through 80 of this register. The MBA
hardware will load these 16 bits into bits 31 through 16 and bits
15 through 80 of the byte count register. Bits 31 through 16 serve
as the byte counter for the number of bytes transferred through
the Massbus and bits 15 through 88 serve as the byte counter for
the number of bytes transferred throucin the SBI interface. The
starting byte count with 16 bitz of zeros is the maximum number of
bytcs of a data transfer. Figure 3-5 illustrates the byte couat
register's bit assignments. The byte count reyister may not be
modifie” during a data transfer. An attempt to do so will be
ignorer and PGE will be set.

31 24,23 16,15 osTm 00
\—- — 2 A v d
MASSBUS BYTE COUNTER SB1 BYTE COUNTER
{READ ONLY) (READWRITE)
NOTE: DATA WRITTEN INTO THE 2's COMPEMENT OF THE
$81 BYTE COUNYVER ISCOPIED  NUMBER OF BYTES TO 86 TRANSFERRED
INTO THE MASSBUS BYTE
COUNTER. Twe0?

Figure 3-5 Byte Counter Register (BCR)

3.6.6 Diagnostic Register (DR)

The diagnostic register is a read/write register that contains MBA
diaggostic information. This register aliovs diagnostics to be run
vithout any drives on the Massbus. Pigure 3-6 illustrates the bit
assignments, and Table 3-7 describes the funztion of the various
bits in this register. The diagnostic register may not be written
unless the MBA ic in the maintenancc mode. An attempt to write the
diagnostic register when not in the maintenance mode will be
ignored. Caution should be exercised when reading this register in
the maintenancc mode. The data path used to read bits 88 through
87 may inject invalid data into the silo if the MBA has just read
data from memory. It {s advisable to wait 2¢ us from the
irnitiaticn of 8 transfer or the deassertion of SCLK before reading
or modifying this resister.
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31 — l‘gu)zt 16 15 12 0707 00
l v A = )
INVERT MASSBUS MASSBUS
DATA PARITY DRIVE
INVERT MASSBUS SELECT
CONTROL PARITY (READ ONLY)

INVERT MAP PARITY

BLOCK SENDING ,

MASSBUS REGISTER SELECT

(READ ONLY)

COMMAND TO S2;

SIMULATE SCLK SELECTED MDIB (READ ONLY)

STULATE EBL (VALID DURING MAINTENANCE

SIMULATE OCC — MODE ONLY)

SIMULATE ATTN

MD! B SELECT

MASSBUS FAIL (READ ONLY)

MASSBUS RUN (READ ONLY) ' '

MASSBUS WCLK (READ ONLY) l NOTE: BITS 21 AND 22 ARE READ/WRITE

MASSBUS EXC (READ ONLY) ;‘:‘“ DIAGNOSTIC TEST PURPOSES

LY

MASSBUS CTOD (READ ONLY)

TRO008
Figure 3-6 Diagnostic Register (DR)
Table 3-7 Diagnostic Register (DR) Bit Assignaents

Bit Dascription

i1 IMDPG Invert Massbus Data Parity Generator.

30 IMCPG Invert Massbus Control Parity Geneiator.

29 IMAPP Invert MAP Parity.

28 BLKSCOM Block Sending Commsnd to the S3I. During a
dets transfer, the setting of this bit will
eventuslly cause a DLT bit set and a2 DT
ABORT.

27 SIMSCLK Similate SCLK. When the MM bit is set,
writing a 1 to this bit will simulate the
assertion of SCLK; writing a @ to this bit
will simulate the deassertion of SCLK.

317



Table 3-7 Diagnostic Register (DR) Bit Assignments (Cont)

Bit Descriptien

26 SIMEBL Simulate EBL. When MM bit is set, writing s !
to this bit will simulate the assertion of
EBL; vriting a @ to this bit will simulate
the deassertion of EBL.

25 SImMOCC Simulate OCC. wWhen MM bit .s set, writing a 1
to this bit will simulate the assertion of
OCC; writing a3 8 to this bit will simulate
the deassertion of OCC.

24 SIMATTN Simulate ATTN. When MM bit is set, writing a
1 to this bit will simulate assertion of
ATTN; writing a 8 to this bit will simulate
the deassertion of ATTN.

23 MPIB SEL Maintenance Massbus Dats Inpur Buffer Select.
wWhen this bit is set to a 1, the upper eight
bits (B<15:68>) of the MDIB will be sent out
from bits 67 through 68 of the diagnostic
register if the diagnostic register is read.
when the bit is 8, the lower elight bits
(B<@7:88>) of the MDIB will be sent out from
bits 87 through 88 of the diagnostic register
if it is read.

22:21 MAINT ONLY Read/write with no effect. Used to test the
writability of these bits.

20 MFAIL Massbus Pail (read only). Pail is asserted
wvhen MM is set.

19 MRUN Massbus Run (read only).

18 MWC LK Massbus ..CLK (read only).

17 ME XC Massbus EXC (read only).

16 NCTOD Massbus METOD (read only).

15:13 MDS Massbus Device Select (read only).

12:8 MRS Massbus Regisr»r Select (read only).

7:0 U/L MDIB Maintenance Upper/Lower MDIB.




3.6.7 Selected MAP Register (SHR)

Thi< reqgister is read-only and has the same format as a MAP
régister (Paragraph 3.6.9) but is valid only when DT BUSY is set.
This is the contents of the MAP register poiated to by bits 16
through @9 of the virtual address register. Figure 3-7 illustrates
the bit assigneents cf the selected MAP register.

3.6.8 Coamand Address Register (CAR)

This register is read-only and valid only when DT BUSY is set. It
contains the value of bits 31 through 8@ of the SBI during the
command/address part of the MBA's n=xt data tranrsfer.

3.6.9 RAP Registers

The MBA contains 256 MAP registers, each of which may be selected
by address bits 00 to 87. 8ir 31 of the MAP ragisters is a valid
bit, bits 38 through 21 are all 8's (intended for future use), and
bits 29 through #8 represent the physica. page frame number. Bits
89 and #8 are 1 and 8, respectively. MAP regiiters can oni, be
written when there is no data transfer operation in progress. A
vrite to &8 MAP register while a data transfer is in progress will
be ignored and cause the setting of PGE and ir.terrupt the CPU at
the end of a transfer if IE is set. Pigure 3-7 fllustrates the bit
assigmment of the MAP registers.

31 olo T o:r:oH 1635 Ule'l 00

- J
4
VALID IT PHYSICAL PAGE FRAME NUMBER

Figure 3-7 MAP Registers

3.7 DRIVE REGISTER CALCULATIONS
The registers within a drive contair various drive inforsation.
The address of a particular register in a drive is dependent on
the drive’s unit number and the assigned TR levél of the MBA that
controls the drive(s). To calculate the address of a register,
follow the procedure outlined below.

1. Obtain the base address of the MBA from Table 3-2.

2. Locate the desired register number and drive number Zor
the drive register from Table 3-8. The intersection of
the row and column will be the register offset.

3. Add the MBA base address to the register offset to obtain
the register address.
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Example
To determine the address of register number @2 in drive number 84
with an M8A with a TR level of 28:

MBA base address 20818000
Intersection of register and drive number + __ &es
Register 82 in arive number 84 288108608

Since Massbus drive registers are only 16 bits wide, the followi 1g
convention has been adopted.

-

1. On writes only, the low 16 bits cf the longword will be
written.

2. On reads, the drive register will supply the low 1§ bits
and the KBA's Status Register (SR) will supply the upper
16 bits (B 11:16> of the SR) when a drive register is
rsad.
Table 3-8 Drive AMdress Conversion

MBA B2+s: Address + (Value from table below) = register address

Drive Mumber

Register | @ 1 2 3 4 S 6 ?

o8 400 COC' sge | S8y | GSO | 68O | 708 | 786
3l 404 [ 484 ! S84 (1 SBL [ 6os | 688 | 704 | 784
22 408 | 488 | Se8 | 588 | 688 | 688 | 788 | 788
63 46C j a8C | Sec | S8C ([ 68C | 63C | 76C | 76C
04 410 | €90 | S10 | 590 | 610 | 696 | 718 | 790
es 414 | 494 | S14 | 594 | 624 | 694 | 714 | 794
86 . 418 ] 498 | 518 1598 [ 618 | 698 | 718 | 798
97 41C | 49C | S1C | S9C | 61C | 69C | 7:C | 79C
08 420 | aA8 | 520 | SA® | 626 | 6AS | 728 | TAL
9 424 | AAL | 524 [ SAQ | 624 | €A8 | 624 § GAMd
oA 428 | AAB | 528 | SR8 J 628 | GAB | 728 | TAS
] 42C | aAC | S2C | SAC J 62C | 6AC | 72C | 7AC
8cC 439 | 488 | S0 ’Sll 630 | 688 | 738 | 788
oD 434 | 4B4 | S34 |SB4 | 634 | 684 | 734 | 78B4
8E 438 | 4B8 | 538 | 5B8 | 638 | 688 | 738 | 7B8
oF 43C | 4BC | S3C | SBC j 63C | 68C | 73C | 7BC




CRAPTER 4
MBA FUNCTIONAL/LOGIC DESCRIPTION

4.1 GENERAL

This chapter provides a functional description of the RH738
Massbus Adapter. Logic descriptions are included in subsequent
Paragraphs, where necessary, to clarify operation of the MBA. The
chapter is divided into four sections: MBA/SBI inte-face, internal
registers, data paths, and control paths. The reader should be
familiar with the material in the preceding chapters and the
timing diagrams in the RH788 Field Maintenance Print Set (REV B or
later). The print set will be referenced throughout this
discussion. Figure 4-1 is a block diagram of the RH788 Massbus
Adapter.

4.2 MBA/SB1 INTERFACE

The MBA/SBI interface accepts information from the SBI when it
recognizes itself as the intended receive- Figure 4-2 is a block
diagram of the interface. The various com. --nts of the interface
are discussed in the following par>graphs.

4.2.1 SBI Decoding and Validati~~ :(Over-iaw)

CPU transfers to or from MBA (or ~ .ve) .egisters require nne or
two successive SBI transfer - ;. ':s., The first cycle always
contains the command/addr.ss. The « cond contains the data word {f
the command was a write.

The command/address placed on the SRI data lines by the CPU at T
is loaded into the SBI,/MBA tiansreivers between T2 and T3 and
latched at T3. The time lapse b.-:w.:n assertion and latching of
the input in the transceivers provi~.s deskew and settling time :o
compensate for any propagation del :ys on the SBI.

The parity oi the latched informa.ion is then checked and the TAG
field is decoded. If the <¢zg is determined to be a
command/address, the SBI address B<l4:11> is compared with the
preselected MBA device address to deteraine if the MBA is the
intended recipient of the SBI command. 1f the address {3 not the
MBA's, the information will not be processed, notr will the MBA
fssue a confirmation (no response). In this case, the interface
circuits will continue to check the SBI data lines during the
following SBI cycles until a valid cosmand/addrees is latched.

The MBA oniy recognizes the following SBI commands: write masked,
interlocked write masked (entire longword only), read masked,
interlocked read masked, and interrupt summary read.

I1f the MBA recoynizes the address and is not performing another
SBI data transfer operation (MBA BUSY is not asserted) ard the
mask and function bits findicate a valid command, the MBA will
issue an ACK confirmation to the CPU verifying that the
command/address has been received correctly. Confirmation occurs
two cycles after receipt of the command/address.
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If the MBA is busy, a BUSY confirmation signal is sent to the CPU
in response to the valid command/address. The CPU will then
rearbitrate for use of the SBI and repeat the transmission until
the command/address is accepted or until: the CPU times >ut.

It should be noted that there are two busy indications in the MBA,
DT BUSY and MBA BUSY. DT BUSY indicates that a data transfer is in
progress to or from the storage media. While DT BUSY is set, the.
MBA registers may be read and some written. MBA BUSY indicates
that the MBA's SBI interface is in wuse. While MBA BUSY is
asserted, the MBA will respond with a BUSY confirmation to all
commands issued by the CPU. DT BUSY remains asserted for the
duration of a data transfer (typically 10--100 ms). During a data
transfer, MBA BUSY will be set or reset as the MBA uses the SBI to
transfer 8 data bytes t> or from memory in ar B8-byte burst.
Typically, MBA BUSY will be set for approximately 1 us and will
remain clear until enougn data has accusulated to cause another
transfer (approximately 18 us). While MBA BUSY is clear, the CPU
m3y access MBA registers.

If the MBA recognizes the address but the command is invalid, an
error confirmation will be issued two cycles after receipt of the
command/address causing the CPU to abort the attempted transfer.

After receipt of the command/address, the appropriate MBA BUSY
and/or the expectea write data flip-flop is set, depending on the
read/sntite function tc be performed. These functions will be
descrit>d later.

Note that “he parity checking, decoding, and validation functions

described i the following paragraphs are performed in parallel by
the SBI intercface.

4.2.2 Timing (MSIR)

All data transfers between the SBI and the MBA are synchronized by
six timing signals: BUS SBI TP H, BUS SBI TP L, BUS SBI PCLK H,
BUS SBI PCLK L, BUS SBI PDCiK H, and BUS SBi PDCLK L. These timing
signals are generated by the CPU. The MBA uses these timing
signals to derive four SBI time states: T#, T1, T2, and T3. These
derived time states define an SBI cycle (288 ns). The major MBA
timing signals and their relationship to the S381 timing is
illustrated in Figure 4-3. These signals are used to synchronize
MBA operations with the SBI.

4.2.3 SBI Control and Data Transczivers (MSIA, MSIB)
Information transferred to and from the MBA is loaded and latched
in the control and data transceivers (Pigure 4-2) by TCLKA and
TCLKB (T9, transmit) or RCLKA and RCLKB (T2, receive).

The first longword transferred in any SBI/MB2. operation is the
command address. When transmitting a command/address or data
longword, the {information {s loaded in the control and data
traasceivers and transmitted to the SBI at the appropriate time.
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When a command/. . .ess is received, it is checked for parity
errors and decoé~+d “o identify the format of the information
transfer_.d, est.lish the function to be performed (read, write
or interrupt summary read), and identify the source and
destination of the data.

4.2.4 Parity Error Checking (MSIC)

The parity check provides a means of dJetecting single-bit errors
in inceming information. Figure 4-4 shows how the parity bits are
decoded. Each control field is parity checked to produce a single
parity bit: =ach “yte of the adldress is parity checked to produce
two parity bits. These bLi.3 are configured so that the contents of
the control and data fieius, plus their parity bits, will always
have an even numter of bits (even parity). Any control field or
data longword --ontaining an odd numbe: of bits is assumed to be in
error.

If there are no parity eirors, CNTRL PAR OK H and DATA PAR OK H
will be generated. These signals, together with other validation
3ignals, veérify the inccming information and enable other

interface cfrcuits to continue processing the command/address or
data.

REC SBI PARO H

TAG

T CONTROY. |——® CNTRL PAR ERR I
10 PARITY

CHECK > CNTRL PAR OK H
MASK SN pae

RECSBIPART H

PARITY

FROM DATA ——e DATA PAR ERR H
] PARITY

DATA 88ITS CHECK }——o DATAPAROKH
RECEIVERS

(4 DATA BITS
PER PARITY BIT)

T®O700

Figure 4-4 Parity Check (MSIC)



If a parity error is detected. the parity check circuit produces a
fault indication CNTRL PAR ERR H or DATA PAR ERF H, depending on
the source of the error. Either signal will inhibit the tag and
function decoding (preventing the MBA from recognizing the
command) and set the configuration/status reglister parity fault
flag causing assertion of the fault line to the CPU. The CPU
continues to assert fault until the program examines the fault and
negates the condition. (Refer to Translation Buffer, Cache and SBI
Control Technical Description, EK-MM780-TD-001.)

4.2.5 Tag Decoding (MSID}
If no parity errors are detected, the MBA decodes the tcg field.

The tag field identifies the type of information transferred over
the SBI and the relationship nf the ID and data fields. The tag
field also functions in conjunction with the mask field to define
special read and write conditions.

The decoding of the tag field is accomplished by a 3-to-8 line
decodrr (Figure 4-5). The decoder is enabled provided an MBA
transfer is not in progress (NOT USING SBI L and XCYCLE L are not
asserted), and there are no parity errors. Tag biis <2:8> are
decoded to produce one of four outputs: READ DATA, WRITE DATA,
CMD/ADRS, and ISR (Interrupt Summary Read). The tag is decoded
(provided a parity error did not occur) curing every SBi cycle.
When a command/address is received, the tag decoder generates
CMD/ADRS H. This signal is sent to the confirmation circuit.
Further decoding aind validation checks are then performed. If the
decoded tag indi:cates the read data, write data, or an ISR, the
appropriate output will set thz correspynding flip-flop preparing
the MBA for exe:-ution of the first data longword during the next
SBI cycle.

4.2.¢ Address Validation (MSID)

Address validation dete-wmines {f the address recefved t{'om the SBI
corresponds to that assigned to the MBA. Figure 4-6 is a
cimplified block diagram of the logic. As seen in this figure,
address validation is accomplished by comparing address bits
<14:11> with the preselected TR level (TR SELA:SELD). TR SELA:SELD
corresponds to the ID code identifying the MBA and represents the
arbitration level.

If address bits <14:11> and TR SELA:SELD do not cowmpare (¥), the
address {s invalid and the MBA will ignore the command. If the
address bits and the TR bits are equal;, the comparator produces a
single output (H). This output produces ADRS OK H when ANDed with
REC SBI B 27 H, REC SBI B<19,27:15>H (which must be all zeros),
and VALID ADRS H. VALID ARDS H is generated by decoding the
address register selection bits, REC SBI B<@9:83>H, which select
“he internal or external register addressed by this command. ADRS
OK H is sent to the configuration logic along with CMD/ADRS H
described in Paragraph 4.2.3.
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$.2.7 Function Decoding (MSID)

Since the MBA will only respond to longword reads or writes, the
mask bits of the command/address from the SBI must be all 1's in
order to enable the decoder that generates WRITE FCN H or READ FCN
H, and VALID FCN H or INVALID FCN H. Function bits <31:28> of the
conmand/address format specify the type of read or write command.
Figure 4-7 illustrates the function decoding process.

If the mask or function bits <31:28> of a command address are not
valid the decoder generates INVALID FCN H, which returns an error
confirmation.

4.2.8 MBA BUSY Generation Logic (MSIE)

MBA BYUSY is asserted when the MBA/SB1 interface is processing an
SBI <command. The busy flip-flop is set upon the successful
completion of the command/address decoding and validation process.
If MBA BUSY is already asserted, a confirmation signal (SEND BUSY
CNF H) is returned and the function is not decoded. Write to
internal recister functions complete immediately and do not set
MBA BUSY. m3A BUSY generation logic is illustrated in Figure 4-8.
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) _cc EN i — . AITEFCN M

RECMASK <0.3>>H {
———= READ FCN H
DECOOE

P\ DFCNH

| INVALIDFCN M
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831 | 830 [ 829 [ e28
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writeren| o | o | 1 | o
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AL 24 2

Figure 4-7 Punctioning Decoding (MSID)
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Figure 4-8 MBA BUSY Generation

When a valid command/address is decoded, ACK is sent to the SBI,
followed by the assertion of MBA BUSY. When a read has occurred,
MBA BUSY is cleared after the requested data is put on the SBI or
if the SBI was not granted within a specific time period. When a
write has occurred to a drive register, MBA BUSY is cleared 258 ns
after TRA is received. If TRA is not received after a specific
time period, NED is set and MBA BUSY is cleared.

MBA BUSY {s not asserted when there is a parity e~ror and we are
expect!ng write data (EXP WP B and PAR ERR H asserted) or a write
data error (WD ERR H) occurs. WDERR H is asserted when we are
expecting write data, but do not receive it. SEMD BUSY CMP H is
asserted when MBA BUSY {s asserted and the received
command/address has indicated a valid function is to be performed.

4.2.9 Confirmation Logic (MBIJ, MSIN)

Confirmation logic in the MBA informs the CPU whether or not an
information transfer has been received correctly and, in the case
of 3 received command/address, if the MBA can process the command.
CHNF® and CNF1 are encoded or decoded (depending upon whether the
function is a read or write) to speci fy one of four responses:

Cure | Curl | Response

L L No Response (N/R)
L H Acknowledge (ACK)
L L Busy (BUSY)
H H Error (ERR)
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ACK is the anticipated response to a successful data transfer. ERR
will cause the data transfer to be aborted, and N/R or BUSY will
Cause a retry of the Jata transfer.

wWhen ths MBA {3 the receiving aexus it generatss the response.
When ihe data transfer is from a Massbus xtorage device to memory,
pzmury generates the response. Durfing a data transfer,
synchronization of the confirmation codes with the command/address
or data word ies accomplished bty the cycle flip-flop.

4.2.9.1 Response Generat:on (RSINH) -- When the “BA receives data
(read or write) it generates a response to the transmitting nexus.
Acknowledge will be generated (SEND ACK H asserted) when
information is received correctly. To acknowledge a received
coarand/address there must be no errors (CMD/ADRS H, ADRS OK H
asserted), the MBA cannot be fprocessing ancther command (MBA BUSY
clear~nd), and the cosdand address must specify a valid function
(VALID FCN H asserted). Acknowledgment of write data occurs when
tiie function specified was a write and was successful (received
write data and CS WRITE FCN R and WRITE DATA H are asserted). The
MBA will acknowledge read data if tlhe resd data was received
correctly (ID OK B, READ DATA H, and READ DATA PEND H are
asserted). When the received information is not valid, an error
confirmation will be sent to the transaitting .nexus. SEND ERR CNF
H will be asserted when the command/address specifics an invalid
function. XMiT MBA FAULT will also be asserted {f there is an
error in the write data (WD ERR H), {if the MBA receives unexpected
read data (UNEXPECTED RD H), if a parity error occurs (PAR ERR H)},
or if the transaited and received IDs are not equal (XRIT/REC ID
EQ L not asserted). A BUSY confirmation will be generated when MBA
BUSY is asserted indicating that the M3A is processing a data
transfer command. Pigure ¢-9 illustrates the logic used in
response generation.

- — XMIT CHFO H
SENDG ACK. H ———p

ENCODE
SEND ERR CNf 1+ ——o RESPONSE
SENC SUSY CNF H ——¢»
— XMTCNFI1H

SEND FAULT H —— p—a» AMIT MBA FAULT H
CLK CLR

TIBH I
PYIRE + UNJAK H

Figure 4--9 Response Generation (MSIM)
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4.2.9.2 Confirmation Check (MSIJ) -- When memory generates a
response to the MBA for received data, the MBA must be able to
interpret the response in order %o react to the transfer. If tre
data transfer has occurred successfully, w32 ACK H will be
asserted. If an error in received data was detected by memory, SET
ERROR CNF % will be asserted. The MBA will retry to transfer (SET
RETRY L) data if any one of the following conditions exist:

a. N/R received from memory

b. No ACK received for the first longword
Ce Memory is BUSY

d. No ACK recefved for the second longword.

The MBA will retry until a timeout occurs or data late is received
from memory.

CLR C/A XCYC L is asserted to clear transfer status vwithin the
MBA. This will occur when a data transfer retry occurs or an error
occurs in the data transfer. One of the following conditions will
assert CLR C/A XCYC L:

a. ERR occurs durfng the transfer

b. Memory is BUSY

c. N/R received from memory

d. No ACK received for the first longword.

SET N/R Cwné L indicates that no response to the data memory
requested has been received by the MBA. SET N/R CNFL is asserted
when any of the following conditions exists:

8. No ACK received for the first longword
b. CPU did not ACK requested data

c. N/R received fros memory

d. No ACK received for the second longword.

REQ COMPLETE L will be asserted when the data transfer requested
is complete or when a nonrecoverable error occurs. Pigure 4-18 is
a3 simplified diagrazx of the logic that performs the confirmation
check.

4.2.10 Interface Pault Assertion

Faults that occur during the SBI decoding and validation process,
Such as parity and unexpected read data, set a corresponding
interface fault flip-flop. This cutput sets the appropriate bit in
the configuration/status register and asserts the SB. tault line.
The fault line will remsin asserted until the prograns examines the
fault status bits and negates the fault. Paragraph 3.6.] provides
an explanation of the various faults.
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Figure 4-19 Coafirmation Check

4.2.11 Request Logic (MSIK)

When requesting control of the SBI to respond to an internsl read,
external read, or to trancter dsta the request fl{p-ilop produces
CURRENT EQ H (indicating that an SBI operation is to occur),
which sc-s the TR send flip-flop. Its output, SEND TR 8, f{s
applied to internal registcr erbitration logi-, which causes the
assertion of the MBA's assigned it level at "9 of the following
SBI cycle. If the MBA's aih™itretion line represenic the highest
priority, the internal register orbitration logic issues ARB OK,
allowing the MBA to assume control! >t *he SBI. The combination of
SEXD TR, ARB OK, and the function requesi=i =av initiate mauny
functions such as setting the read dacte pending flip-flep,
starting the timeout operation, and controi and transfer functions
within the internal registers, control paths, and datz paths.
Figure 4-11 is 2 simplified diagram of the logic used to
accomplish this.

4.2.12 Timeout Logic (MSIH)

Interface sequence timeouts and read data timeouts on the MSA are
accomplished by the logic shown in Pigure 4-12. The counter
consists of two 4-bit counters in cascade.

An interface sequence timeout (SET IS TIMEOUT L) can occur when
the MB/. is arbitrating for control of the SEI. The counter will
wajt up to 512 SSI cycles afcer an attempt to get the bus (SEND TR
#) Defore Lhe timeout occurs. A read data timeaut can occur only
during s read data transfei. If the read data is not received
vithin 512 SBI cycles after memory has accepted the read command
(RDPD1 H), SET RD TIMEOUT L is asserted.
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4.2.13 Comxand/Address Generatior (NEIN)

The commznd/address format that consists of 2 rurity, tag IC,
function, and address fields is used ts process cata trans‘ers
from the MBA to a receiving nexus (memory) via the SBI.

During the command/address, the mask field is encoded to specify
which bytes of data (read or write) are valid. lgure 4-123 §s the
logic associated with the mask bits.

& X2t T u&sxr IH

-9 XHIT MASK 2 H

OT READ H—— e XMIT MASY |
f——-xmiT MASK 0 W
BYTE MASK
<2-32-0>H
MASX 2
MUX
ALLO'S D

> ™
INT RD REQ H SEND TR H—]
EXT RD REQ CMDREQA W4

ENAB VDL MUX H—

1= 0782

Figure 4-13 Mask Generation (MSIM)
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When INT RD REQ . o: EXT PD REQ L is asserted it indicates a read
of an internal or exte:nal MBA register. This will cause the mask
bits to Le all zeros. During a data transfer, where the MBA wil:
send the rcad command to mexory (indicating a write to device DT
READ H clearcd; SEND TR i and CMD REQ A R asserted), the mask bits
wi' " be all 1°s. During a write to memory indicating a resd from
de. ice, mask bitx BYTE MASK 1<3:8>H will be selected. These mask
bits indicate which bytes in the first transferred quadword have
valid Jacta. In this case DT READ H, SEMD TR M, and CHND REQ A B
will be assert.3. ENAB WDI MUL B indicates transfer of the first
data quadword. When this i3 asserted, BYTE MASK 2<3:0>H s
selected, which indicates which bytes of the second quadword are
valid., The mask bits of the second quadword will be all zeros. The
mask bits are latthed through multiplexer at 71 and applieé to tr2
"M8A/SBI control transceivers.

The IV field is the identifier for thz MBA. The logic associated
with the ID field is fllustrated in Figure 4-14. The ID field can
be derived from either of two souvce;, depending on the operation
tec e performed. The first source is the hardwired MBA ID (TR SEL
A-D H), which is representative of the MBA priority levels
assigned at sys:em build time. This is slways svaflable at the ID
seiect multiplexer input. The hsrdwired ID §s used by the MBA to
talk to memory. The second ID socurce is the received ID from the
SBI/ABA coatrol transceivers. This is loaded into the saved ID
latch every time the MBA eceives a command/address from the SBI
and is applied to the ID select multiplexar. The saved ID is “sed
to return data tc the CPU. ID seleclion is determined bv Ine state
of ChD REQ. When requesting memor; data, CMD REC ‘s high and the
hardwired ID (TR JEL A-D B} is transsiZied, via the SBI/MBA
transceivais. When the NBA is excer: ag read data from memory, the
teceived ID {s compared with {nat of the MBA. If the received 1D
and the MBA ID comp=-=, the read data h=s arrived, assuming that
all other “gcoding and validaticon checks are perform:d
satizigctorily. The MBA alss monitors the ID on the SBI while it
is asserting data o the SBI., If the received ID and MBA ID are
not equal, the ID egusl comparator issuwes a fault indication
setting the appropriate configuration/status register fault bit
and asserting the SBI fault line. The fault iz asserte? only if
the MBA is putting 3Jata on the SBI and the ID on the S8I is not
the s:me as the one the MBA assserted. As in other fsult

situations, the fault can be cleared by INIT or deassertion of the
fault siqgnal.

The tag field is determined by the state of SEND TR H and select
input CMD REQ B. When TR H fis high and CMD REQ i{s low (the MBA is
responding to a CPU read), the encoded output of the tag
multiplexer represents a read data format.
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Conversely (during a data transfer), the tag field represeats a
command /address when SENC TR and ’MD REQ are both high. When SEND
"R B is low and CMD REQ is high, the tag field represents a write
data format. The tag field remains latched in the tag aultiplexer
until receipt of Tl. At this time the tag field is available to be
loaded 1into the control transceivers for subsequent ¢£PBI
transmission. The logic associated with the tag field is shown in
Figure 4-14.

4.2.14 Mask Drcoding

As seen in Figure 4-15, when the SBI TAG indicates read data and
the ID is that of the MBiA, the mask field rcceived froe the SBI
specifies the type of read data the MBA has received. There are
three data types: Read Da-a Substitute, Corrected Read Data, and
Normai Read Data. RD SUBSTITUTE is data in which an uncorrectable
error has occurred. CORRECTED DATA is data in which an error has
occurred but has been cotrected. NORMAL DATA is data in which
there has been no error.

4.2.15 Internal Bus and Interrupt Summary Read Logic

INT BUS O CLK H 1latcaes data from the internal bus into the
MBA/SBI interface receivers. This occurs independently of the
decoding and validation process described previously. Multi!plexers
select the data to be transferred to the SBI, efither internal bus
data or Interrupt Summary Response data (ISR RESP<C15:@@>H). Data
is transmitted to the SBI only {f T/R ENAB A L is asserted for the
internal bus data or T/R ENAB B L is asserted for the ISR data.
Figure 4-16 is a simplified diagram of the lagic associated with
the functions.

READ DATA L—() r—=—
——e CLIDIBY
READ DATA PEND L —-O) oecooe |1 J LATCH
| | — CLK D182
1D OK H SELC I ooms | —— SET CORRECT RU L
om
SELB I Logic | e SETRD SUB L
RECMASK O H SEL A L J
REC MASK 3 H —O) N\
REC MASK 2 H—O)
REC MASK 1 H /]
MASK
READDATATYPE |3|2]1]0
RD SUBSTITUTE x|{x[1]x
CORRECTED DATA |00 ]o0 [
NORMAL DATA nfofo]o

TX0768

Figure 4-15 uask Decoding
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4.3 MBA INTERNAL REGISTERS

The MBA internal! registers store various control and status
information. A description of each register and their functicn is
provided in Paragraphs 3.7 through 3.7.9 of this manual. A
functional logic cdescription is provided in the subsequent
paragraphs. Figure 4-17 is a detailed block diagram of the MBA
internal registers.

4.3.1 Internal Bus Receivers

Information received fron the SBI is processed by the interface
logic and latched into the internal bus receivers on T8 following
their assertion on the ¢BI by INT RBUS ICLK L. Figure 4-13
illustrates the internal bus receivers.

4.3.2 Internal Register Cortrol

Register control logic decodes the command/address to Select one
of the internal registers to perform the specified read or vrite
function. The logic used to accomplish this is shown in Figure
4-19.

Selection of the control path output registers. MAP registers, or
one of the other six internal registers 1is accomplished by
decoding bits CS B<3Y:88> to set a corresponding flip-flop. When
an internal register operation is seiected, bits CS B<@e:@82> are
applied to decoding logic tha: selzcts the appropriate register.

The output of the decoding logic is ANDed with CLK IR and T2
enabling the appropriate register clock.

It should be noted that only the control reqgister and diagnostic
register (if enabled) can be read or written during the time the
MBA is processing a data trensfer. If an attempt is made tc write
any register other than these during a data transfer operation,
the PGE (programming error) bit in the status register will be
set. If an attempt to write the MAP register is made, the MAP
register will not be modified and the data transfer in progress
will continue unaffected.

4.3.3 Configuraticn, Control, Status, Diagnostic, anc
Command/Address Recisters

The logic associated with the configuration, control, status, and
diagnostic registers is not wvery complex. Each bit, which is
implemented within one of these registeiﬁ}\is zasociated with {ts
own flip-flop. The control logic fnor these registers is composed
of simple gating networks and is selif--explanatory upon examination
of the print sets. Figure 4-17 is a functional biock diagram of
these registers. The logic and operation of the virtual address,
byte counter, and MAP registers are not &s ocbvious and are
described in the following paragraphs.
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4.3.3.1 VvVvirtual Address Register -- The virtual address register
(VAR) (Figure 4-20) consists of five synchronous, up/down, 4-bit
binary counters. Its functinn is to convert the virtual address,
received from the SBI upon initiation of a data. transfer
operation, to a physical address pointing to the location of the
first byte of data to be transferred.

Bits VAR BIT<16:09>H are the map pointer bits that select the page
frame of one of 256 map locations. The map pointer bits are
incremented by one each time the physical byte »ddress crosses a
page boundary during a data transfer.

Bits VAR BIT<@8:03> are the physic:l byte address kits specifying
the location of the quadword adcress within the page. These bits
are incremented each time VAR CONT H is received from the Massbus
data paths indicating that a successful quadword data transfer to
or from memory operation has been completed. Bits VAR<CA2:8A>H are
used to pack and unpack the quadword into bytes.

Note that the map pointer bits are applied to two data select
multiplexers. The multiplexers select either VAR BIT<16:988>H or CS
B<@7:008>H.

The purpose of the multiplexer is to provide a means of selecting
the source of map register information, as required, to support
the transfer operation to be performed. When processing a data
transfer, the data busy flip-flop is set and the map pointer bits
from the virtual address register are selected by the multiplexerr
to be sent to the maps. When the data transfer busy flip-flop s
not set, the register select bits are sent to the map, allowing
them to be read or written directly.

4.3.3.2 MAP Registers -- The 256 MAP registers map virtual page
__addresses from the virtual address registe: into SBI physical pa.e
addresses. This allows for data transfer to and from contiguous
virtual (noncontiguous physical) memory locations. Virtual address
translation (mapping) is described in Paragraph 1.5.1 of this
manual.

A write to MAP register operation is performed when the write
enable (WE' input is low. CS B<P#9:88>H, when asserted, produce CLK
MAP H (MIRB). If the MBA is not busy processing a data transfer
(DT BUSY L cleared), STROBE MAP H and CLK MAP H generate the two
MAP register enabling signals, MAP WEIL and MAP WE2L. The data REC
INT B<31:00>H at the Dl input of the RAM is loaded into the
location specified by the address bits RAM ADRS<87:08> from the
virtual address register. The parity bit for this data is also
stored in the MAP registers. This information will be placed on
the internal bus if selected by the internal bus output
multiplexers. The MAP register can be read when MAP WE1L and MAP
WE2L are not asserted. MAP registers are read to check the
validity of the information stored in them. Pigure 4-21
illustrates the MAP register operation.
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Figure 4-21 MAP Registers

4.3.3.3 Command/Address Generatioy -- CMD REQ L indicates that
the MBA is to perform an SBI dacta transfer operati-n (read or
write to memory). When this signal is asserted, OUT MUX
SEl ‘82:80>H are asserted (MIRP). These multiplexer select lines
indicate that the D7 input of the internal bus output multiplexers
will be selected. DT READ H, MAP OUT<20:84>H, and VAR BIT<08:00>H
are at the D7 input of the multiplerers. The internal bus output
multiplexers generate MBA INT B<31:60>L. A command/address must be
generated by the MBA to memory in response to a data transfer
command. If the data transfer is a read, the MBA must generate an
extended write command to memory. If the data transfer is not a
read (i.e., write or write check), the MBA must generate an
extended read command to memory. The format of the command address
is shown in Figure 4-22.



31 28 27 07 06 Ct 00

——— e — ~
COMMAND PAGE NUMBER QYADWORD
WITHIN THE PAGE
BIT 31 ALwavs 1 | INDICATES
BIT 30 ALwAYso | EXTENDED BYTE WITHIN
FUNCTION THE QUADWORD
(ALWAYS 0

= 0’88

Figure 4-22 Command/Address Format

When DT READ # indicating a data transfer read is asserted, MBA
INT E<29:28>L are not asserted (1). When DT READ H is nct asserted
indicating a data transfer write or write check, MBA INT B<29:28>L
are asserted (98).

The page number specified by MBA INT B<27:87>L is generated from
the MBA MAP register bits MAP OUT<20:88>H (MIRK,L,M,N). ‘The
address of the quadword within the page specified by MBA INT
B<#6:01>L is generated from the virtual address register bits VAR
BIT<C88: 93> (MIRF). Only quadwords can be transferred; therefore,
bit MBA INT BO® L must always be zero for a command/address
generated by the MBA.

4.3.3.4 Byte Counter Register —- The byte counter register (BCR),
shown in Pigure 4-23, {s a 32-bit register consisting of eight
4-dit synchronous binary counters. The byte count register
maintains a record of {the number of bytes of data to be
transferred to and from the SBI and the Massbus.

The byte counter register is divided intu two 16-bit byte
counters. Bits BYTE CNT<31:16>H are used as the Massbus byte
counter and bits BYTE CNT<15:88>H are used as the SBI oyte
counter.

The SBI byte counter maintains a record of the number of bytes to
be received from the SBI. When performing a write (write check) to
Massbus device, tire SBI byte counter is incremented each time a
byte of data is loaded into the silo from the dat: input buffer.
When the last byte of data is transferred from the SBI to the
silo, the SBI counter carry outjput sets the SBI BYTE CNTR=@ L
flip-flop and no further data is loaded.
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Each time it is written the SBI byte counter {s loaded
jutomatically into the Massbus byte counters As each word of da‘a
is iransferred to the Massbus device, the Massbus byte counter is
decrerinted twice until the counter equals @, indicating that the
last byte of data in the silo has been transferred tc the Massbus
device. At this tire the carry output from the Massbus counter
sets the Massbus counter = ¥ flip-flop, RUN is negated, and the
transfer will be completed when EBL is asserted.

When pecrfo:aing a read from Massbus device, the operation of the
byte cuunter is reversed. The Massbus byte counter maintains a2
recora of the number of byvtes to be received from the Hassbus
device and loaded into the silo, and the SBI byte counter
maintains a record of the number of bytes transferred from the
silo to the data output buffers. The Massbus byte counter goes to
zero as data s transferred into the silo. When the dats is
transferred to the S5I, the SBI byte counter goes to zero. When
EBL is received and the SBI byte counter is zero, the data
transfer is ccaplete. To read the Dyte counter register, CS B89 L
and CS B82 H must be asserted and CS B<Sl:80>N must be clear.

4.3.4 Output Data Multijplexers -- The output muitiplexer
consists of 32 8-way multiplexerc connected in parallel so that
one bit of each of the internal register outputs or control
signals is applied to each of the multiplexers (Pigure 4-24).
Selectiun of the register or control outputs to be asserted on the
internal bus is accomplished by ANDing control store selection
bits CS<09,82:00>H with INT RED REQ (internal read), EXT RD
(external read), or CMD REQ (command request), depending on the
function to be performed, to produce OUT MUX SEL<S2:88>H. The
output ccmbinstions and corresponding data source selected are
provided in Table 4-1.

Once data from the output multiplexers s selected, the internal
bus drivers are enabled by ANDing the internal read or data
transfer command request input with SEND TR. Data i{s transferred
to the internal bus upon receipt of INT BUS O CLK.
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Figure 4-24 Output Multiplexers and Select/Enable Logic
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Table 4-1

Internal Bus Output Multiplexer

Only u,_per 16 bits enabled, lower
control path.
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4.4 NBA DATA PATES

The MBA data paths t ansfer data between the SBT and the Massbus
device. The data paths contain the silo that smooths out the
transfers between the 32-data bit SBI and the 1§-data bit Massbus.
Figure 4-25 is a block diagram of the data paths.

4.4.1 Coasand Condition (NDPA)

COMMAND CONDITION R is asserted vhen the MBA data paths want to
use the SBl to read from or write data to memsory. This will ercur
during a data transfer to or from a mass storage device. Por a
read from device or 2 write (write check) to device, the following
conditions must exist:

a. MBA BUSY H asserted, the MBA is processing the data
transfer;

b. BLOCK SEND CMD L clecared, enabling the %BA toc send a
command to memory;

c. CMD REQ L cleared, is not yet processing this command.

other conditions sust also exist for read from device or write
(write check: to device. These conditions are described in the
followingy paragraphs.

Read from Device
CMD CONDITION H will be asserted if any one of the folloving
conditions exist:

a. PULL FWD, the data transfer is ¢ read (D: READ H) {n the
forward direction (DT PWD H) and DOB7 i: full (BYTE RKASK
2-3 H);

b. FULL REV, the data is a read (DT READ h; in the revers:
direction (DT REV H) and DOB@® is full (BXITE MASK 1-¢ H);

C. DT END PWD, the data transfe: is & real (DT READ H) in
the forward direction. DT PWD H £fill- . some of the data
output buffers but the SBI by*s ceunier is now 6 (SBI
BYTE CNTR L)

d. DT E8MD REV, the Jata transfer is a rzxad (DT READ H) in
the reverses direction. DT REV i fil'ed some number of
data cutput buffsrs but the SBI byte counter is now 0
{5BI BYTE CNTR L) .

if a Massbus exception or parity error occurs (MB EXC + MDPE Hj,

SILO @ READY L i{s not asserted, in?icating that the MBA will eapty
its silo to transfer all data grior to the error.
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Write (Wri.e Check) to Device
CMD CONDITION H will be asserted if the following conditions
exist:

a. DT READ L cleared, the data transfer is not a read from
doevice;

b. DIB2 FULL L cleared; the second data input buffer is not
full;

c. READ DATA PEND L cleared, the MBA is not waiting for data
from memory;

d. SBI BYTE CNT=@ L cleared, the MBA nhas more data t» be
transferred.

4.4.2 Inteznal Bus Receivers/Buffers
Data from the internal bus i{s loaded into four 8-bit latch:s upon
receipt of INT BUS ICLK from the control path clock circuits.

The MBA input buffer corsists of two sets of 32-bit latches. Their
function is to control thc manner in which the two 32-bit data
wo:d5 f£rom memory are loaded into the silo for subsequent transfer
to the Massbus. CLK DIB1 latches the first SBI data wo'd into the
first data input buffer (DIBl). CLK DIB2 latches the second data
word into the second data input buffer (DIBZ). CLK DIBz H also
increments a 4-bit counter.

The counter is initialized to four and councts Zown at CLK DIB2 H
to zero, asserting DT WRITE READY indicating that all Jata path
buffers are full, :.d the MBA is ready to begin a write/write
check. Figure 4-26 is a 1logic diagram of thr: ({incernal bus
receivers and buffers.

4.4.3 Data Input Buffer Enable (MDPD)

The cutput of the data input buffer selcct i3 used to enable the
eight data input buffers (Taktle 4-2). Virtual address register
bits VAR BIT<@2:80>H point to the data buffer where the data is
stored. The virtual address register is increriented Ly VAR BVTE
CNT L (MDPA). When the function is a write (wite check) and the
fill silo operation is inftiated (LOAD SILO H), the data input
buffers are enabled sequentially onto the silo data input bus. The
data input buffers are disabied at Tl while VAR BITS <Z:a> =2re
changin3y. Figure 4-27 is a diagram of the dati inpus puffer enable
logic.
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Table 4-2 Dats Input Buffer Bnable

VAR VAR VAR oT Input Buffer
BIT92 B |BIT @1 8 | 3IT @8 A |READH | T1 L | Enabled
'y * * * L nonée
* g * H * none
L L L L ;| NIS 1-6 ENA L
L L B L B DIP 1-1 ENA L
L H L L H NIB 1-2 ENA L
L H R L H DR 1-3 ENA L
H L L L R n$is 2-8 ENA L
H L 8 L . DIE 2-1 ENA L
H H L L ;| vi8 2-2 ENA L
H H a L H DIB 2-2 ESA L
MNOTE
VAR BIT <§2:080> H are decoded after
they have been ~locked through a
latch by SET 58Y SEL H.
foaTa neur DIB2-3 ENA L
BUFFER -
SELECT - DIB2-2 ENA L
DIBZ : TNA L
VAR BIT 2 SELA
VAR B‘T 1 SEL B Do?O ENA L
VAR BIT 0— SELC DIBI-IEMA L
DiB: ENA L
— DIB: 1ENAL
OT READ H —Q ] DIB1-OENA L
TiL
VARBITO2H-— LATCH L o <5 pATASELOOH
VAR BITO1 H —1 ———————= SBIDATASELOVH
VARBITOOH — f-——————— SBI DATA SEL 02 H
CLK

SET SBISEL H — )

T -0802

Figure 4-27 Data Input Buffer Enable
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4.4.4 Silo an®* Control Logic (MDPF, MDPH)

The MBA silo is .6-bytes deep by l-byte wida. Its function is to
provide a sourc: of Interim storage for SBI or Massbus data,
permitting reg_lation of the data trans{er rate. Figure 4-28 is a
simplified 2iucgram of the silo logic.

When trarnsferring data from the SBI to the Massbus device, the
input buffer and enable circuits divide the two 32-bit data words
into 8-bit bytes. LOAD SILO H loads data into the silo. The data
will be loaded i at T@ if all the following conditions exist
prior to TO:

a. SBI BYTE CNTR = @ L cleared, the SBI byte count register
must indicate more bytes to be transferred;

b. DIB2 FULL H asserted, second data input buffer must be
full;

C. DT READ L cleared, the data transfer must be a write
(write check);

s

. SILC FULL L cleared, the silo canndt be fuli.

STROBE MAP H
LOAD SILO H —
DATA DATA
N out
ENABLE ENABLE
_ SILO OUTPUT
8US SILO D<D7 w& DATAIN DATAOUT D<07-00>H
g ADDRESS
P CL
LOAD SILO L
CNTR
Egp cL
LOAD DOB L
READMWRITE CYCLE
INIT +DT GO H e

Figure 4-28 MBA Silo
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As mentioned previously, the byte counter maintains a record of
the number of bytes to be received from the SBI and the Massbus
byte counter maintains & record of the number of bytes to be
transferred to the Massbus device.

The silo loading function process will continue until the silo is
full or until the SBI byte counter goes to zero indicating that
all of the bytes required to complete the data transfer have been
loaded into the silo.

If the silo is filled and data remains to be transferred from the
SBI to the Massbus, the silo loaling process will stop until a
portion of the silo data is transferred to the Massbus. When this
occurs, the silo loading process will continue.

When transferring data from the Massbus device to the SBI (data
transfer read), data is loaded, via the Massbus receivers, into
tiie Massbus data input buffers (MDPE). If a parity error |is
detected in the Massbus input data, the MBA PE bit in the status
reginter is set and the data transfer operation will be aborted.

The following conditions must exist to enable the load silo
function:

a. DT READ H asserted, the data transfer must be a read;

b. MDIB READY H asserted, the Massbus data input buffers
must be ready to accept Massbus dats;

c. SILO FULL L cleared, the silo cannot be full.

1f there are no parity errors, SCLK from the Massbus device is
received, and the data input buffer ready flip-flop has not been
set previously, the ready and data input buffer full flip-flop
will be set upon receipt of data from the Massbus.

If SCLK were received and the ready flip-flop was already set, a
data overrun would occur. The DLT bit in the scatus register will
be set, WN will be cleared, and the transfer operation will be
terminated.

Setting the ready and data input buffer full flip-flops initiates
the silo input operation. Actual silo loading operations are the
same as described for the write to Massbus device operation.
Unlike the write to Massbus device operation, however, the data
transfer begins immediately.

During a DT READ, esch time a byte of data is loaded into the silo
the MBA byte ccunter is bumped. After the data word has been
transferred to the silo, the ready a2nd data input full flip-flops
are reset and the data input buffer is ready to accept the next
Massbus device data word.



Each time a byte of data is transferred from the silo to the data
output buffer, the SBI byte counte: is decremented. The process of
loading the silo an?® transferring bytes of data, via the output
buffer, to the internal bus continues until the last byte has been
trausfer-ed from the silo. At tnis time both the MB and SBI byte
counters will equal @ and the data transfer operation will be
terminated upon receipt of EBL from the Massbus device.

4.4.5 L 3ta Output Buffer ard Cuntrol Logic (MDPJ, NDPR; e
The data output buffer consists of eight 8-bit latches that
receive silo data (SILO OUTPUT D<7:@>H). Virtual address register
bits VAR BIT<02:20>1 are decodéd to produce LOAD DOB<7:8>H. These .
sl?nals are used to enable one of the eight data output latches
(Figure 4-29).

As each data output buffer is enabled, LOAD DOB<7:9>d set eight
corresponding flip-flcps (MDPL) that generate BYTE MASK<1-3:1-8>RH,
BYTE MASK<2-3:2-8>H, and DOB<7:@8>FULL L. DOB SELC H, DOB SELB H,
and DOB SELA H are decoded to produce NEXT DOB PULL L each time a
byte of data is loaded into the output buffer register. If the
next data output buffer already tas valid data (byte mask set),
the silo output logic w#ill not load the next byte unril the byte
mask is cleared.

LOAD DO H from the byte mask stelection logic is also used to bump
the virtual address register =zach time a byte of data is loaded
into the output buffer to sel:ct the ne«t storage location to or
from which data is to be written or read.

4.4.6 Internal Bus Output Multiplexers (ADPR, MDPS)

The internal bus output multiplexers consist of eight 2-to-)
multiplexers and corresponding line drivers. Pigure 4-38
il1lustrates the logic associated with the internal bus drivers.

When a read from Massbus device occurs, data f-om the data output
buffer is applied to the internal bus output cultiplexers, as well
as the Massbus multiplexers. If data is to be asserted on the
internal bus DT READ L, CMD REQ L and ENAB WD2 MUX or ENAB WDl MUX
H must be asserted. Selection of the data word to be asserted is
determined by ENAB WD2 MUX H. When this signal is asserted, DOB
D<37:00>% are selected; when the signal {s not asserted, DOB
D<77:48>H are selected. These words are strobed onto the internal
bus by INT BUS OCLK H.
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I~ BYTEMASK 10 H
DOBOFULL L

BYTE MASK 1 1H
[ Q
: C 0081 FULL L

BYTE MASK12H
' D082 FULL L
BYTE MASK 13 H

DOB3IFULL L
BYTE MASK 20 H
DOB4FULL L
BYTE MASK 2.1 H
DOBS FULL L
BYTEMASK 22 H
DOBSFULL L

BYTEMASK 23 H
DOB7 FULL L

LOAD 0087 H

-4 ENB

=1 LATCH : > DOB D77 10°-H

I

LATCH[ % DOB D<67.60>H

LATCH :> DOB D<'57 50°+H

LATCH > < >
ENB DOB D<47 40>H

T|LATCHE ) 008 D<37:30>H

LATCH| > DOB D<17:10>H

DOB SEL CH —

DOB SEL B H —]

DOBSELAH § )
hDECODE

ed ENB
LOAD DOB6 H
-4 ENB
LOAD DOBS H Y
| g
SIL QUTPUT D<7:0>H
-
LOAD DOB4 1+ T
ENB
LOAD DOB3 H
ENB
LOAD DOB2 H
=
-4 ENB
LOAD DOBI H T
LOAD DOBO H

LOAD l.')OBI._J

Figure 4-29 pata Output
Bgffer and Control Logic
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D08 0- 77 60-H LTIPLEXE A

& MBA INT - 31 16 'k

7 20>H QUAD WD
008 0-37 20 ENL RUNH BUS MBA
S0 INT 819 W
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RECWCLK H 8US MBA
ENABWD2MUXH — | INT 818 H
DIAG REG REQ M !
- -pusOCLKH — : REC MB EXC H BUS MBA
i-—i} INTBITH
DIAG INT
BUSENH
1AG INT - BUS MBA
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INT BUS OCLK H _——-—J
DT READ L
cMD REQ L —O)
78 0008

Figure 4-38 internal Bus Output Multiplexers
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4.4.7 Massbus Output Multiplexers and Parity Generacor
Figure 4-31 illustrates the Massbus output multiplexers and parity
generator.

For a write to Massbus device, data from the output buffer is
loaded into the Massbus data muitiplexer. The Massbus data
multiplexer consists of eight dual 4-to-1 line multiplexers that
divide the 32-bit words into two 8-bit bytes (16 bits) to comply
with the input requirements of ths Massbus device. Byte selection
is determined by DOB BYTE CNTRL 1 and DOB BYTE CNTRL 2, developed
by the data output select iogic in response to SCLK from the
Massbus device. The output from the MBA multiplexer is checked to
ensure that the byte transmitted to the Massbus device contains an
odd number of bits. If they do not, the parity generator prouuces
XMIT MB DPA L to ensure odd parity.

If DT WRITE is asserted and the RUN flip-flop is set, data from
the multiplexer is transmitted, via the Massbus drives, to the
Massbus.

4.4.8 Write Check Logic

Write check logic (Figure 4-32) in the MBA verifies the Integrity
of write data by comparing th~ data from the Massbus output
multiplexers with that of the data on the Massbus. DT WRITE CHK H
cust be asserted in order for the write check nrperation to be
valid. A write check operation is pertormed identical to a write
operation except for the following additfonal processes. Data from
the Massbus output multiplexers is stored in the write check
buffer memory. Data received from the Massbus is stored in the
Massbus write check buffer memory. This received data should be
identiczl to the data out of the Kassbus output multiplexers. The
data in the two write check memories is compared tc test its
validity (each compared bit must be equal,. If an inequality
exists in data bits <15:98>, WCK UPPER ERR H is asserted, if an
ineguality exists in data bits <@#7:88>, WCK LWR ERR H is asserted.
The assertion of either one or both of these signals :auses the
data transfer to be aborted.
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DUB D- 77 70, w7 60 - H

DOB D- 57 50,47 40> H

DOB XMIT MB DPD

MUX v:> <15-00>> H
PAR | __o XMIT MB DPA .
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TR OBN:

008 D<37 30,27 20:- H

UNB D< 17 10,07°00> H

DOB BYTE CNTRL2 H— ’
DOB BYTE CNTRLIY H

Figure 4-31 Massdus Output vMultiplexers and Parity Gen-rator

XMIT MB DPD<*5:08>H

REC M8 DPD<15:08>H
MB SCLK M
C ——
WRITE OR ) DT WRITE CHK H
NOT MAINT H—
XMIT M8 DPD <7:00>H

_-—
D—owcx LWR ERR

TR O790

Figure 4-32 Write Check Logic
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4.5 MBA CONTROL PATH
A control path data transfer is initiated when the
command/address, decoded by the interface iogic, specifies a read
or write external registev operation. Figure 4-33 is 2 block
diagram of the MBA control path logic. The control logic has the
following major functions:

derive timing signals from the SBI and Massbus clocks
decode and store function codes for data transiers
decode external register addresses

transfer data to and from external registers

initiate Massbus control path cycles

set certain status and error conditions in the MBA
syrchronize SBI and Massbus operations.

» ) 2y > )y

The following paragraphs describe the control logic used to
perform these functions.

4.5.1 Internal Bus Receivers (MCPA)

The control path internal bus receivers consist of two 8-bit
registers. Internal bus data (bits BUS MBA INT B<1S:88>R) is
latched into the receivers, to be processed by the control path
logic upcn receipt of INT BUS ICLK L from the control path clock.

4.5.2 Cata Transfer Control Logic (MCPB)’

The data transfer control logfic is {llustrated in Pigure 4-34.
When a control path dats transfer is to take place, the MBA
asserts a drive address on the three hkassbus drive select lines
(DS<P2:80>) and a register address on th: five Massbus register
select lines (RS<@4:80>). Data transfer commands are only
monitored when the selected register ie the control register (R#)
of a drive. If a write to external register function is to be
performed, the MBA also asserts the contrcller to drive line CTOD
(transfer direction). Assertion of the RS, DS, anu CTOD lines is
accomplished in the following manner. The command/address bits REC
INT B<87:80>H and WRITE PCN H from the internal bu3 and interface
logic are latched into the control store register. DT GO is a S8
ns pulse that intializes the internal lecgic on the MBA at the
start of a data transfer operation. EXT CMD H clocks the
information through these registers to the Massbus transceivers
for assertion on the Massbus. The register select lines of the
control store output (EXT CS BIT<C4:8>L) are ANDed with REC INT B@0
H (go bit) to enable a 3-to-8 line decoder. Bits REC INT B<@5:83>H
are decoded to select the function to be performed. Bits REC INT
B(g2:31>n indicate the direction of the Indfcated function (Table
4-3) .
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Figure 4-34 Data Transfer
Control Logic



If a write t» external register function is to be performed, the
control dataz (REC INT B<15:28>) is stored in a temporary latch
(MCPD) to be Lransferred, via the control path data output logic,
to the Massbus device. Parity checking is performed to ensure that
this cati contains an odd number of bits (3dd parity). *f the
content of the c:ta word represents an even nwmber of bits, the
parity generation logic produces XMIT CNTRL PAR K, which is
assertel on the Mas<bus CPA line (Figure 4-35).

Upon receip~ of DEM, the addressed Massbus device will load¢ the
control peth ¢ata into the selected register.

It should be noted that there is a 250 ns delay from the assertion
of control data ¢n the data lines to the assertion cf DEM to
~cmpensate for skew in the MBA, Massbus cables, drivers, and
receivers.

Once the control path data has been loaded into the selected
rejister, the Massbus drive will issue TRA 256 ns later. DEM is
negated and the DONE one-shot is triggered to indicate thst the
write to external register function has been comple:ed. If aiter
assertion of DEM, TRA is not returned tn the MBA within 1.5 us,
the NED (nonexistant device) flip-flop is set, DEM is negated, and
the write to external register function is terminated.

pensTy
GINERATION

00D [~ XMIT CNTRLPAR

1
! -

—;!\V L. L
RECINT B-15 00-H BUFFER XMIT M8 CPD<1500>H

CLK
CLK CPO H —
TIH —

Figure 4-35 1Internal Bus Data Register and
Massbus Parity Generator

Th 0794
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1f the attention summary register is the dcstinaticn of the write
operation, TRA will be ignored and NED will not be set. A 1.5 us
timeout wiil occur followed by the 258 ns d:lay and DEM will be

negated. When the attention summary register is read, no timeout
will occur.

When a read from external register function is executed, assertion
of the deice and register select address and DEM on the Massbus
lines is a-ccmplished in the same manner as descriped previously
for the wiite fir'n~tion; however, CTCD is nct asserted. Upon
teceipt of DEM, - device will load the contents of the selected
raaister er .0 £<i5:06> lines for transmission to the MBA and
aceart THA. This d3ata [s applied, via the MBA control path
cecel . =73, to data latches. DESKEW DATA L (MCPC) latches the data
is. P2ti1ty is checked o ensure that there were no transmission
errors. If a parity ecror is detected, the MCPE parity error bit
in t*» status register wili be set (Figure 4-36). If no parity.
error . are detected. the latches are clocked by DESKEW DATA L. The
—utput from the dati latches is placed on the internal bus upon
receipt of SFE«™ TR H frcu the interface logdc.

REC CNTRL PAR H—

oDD r———‘—}SET MCPE L
B w\ EXT OP DUNE H l r—' ’

PARITY

__‘/ CHECK CSRS04 L |
EXTCSWR' T L ——

“4ASSBUS
CONTROL.
— PATH -
REC MB CPD-11500>-H NDATA BUS MBA INT B<15:00.H
REGISTERS
CLK CLA INT BUS OCLK H —
DESKEW DATA L—I I SEND TR H.CJ
SET NED L EXT RD !

REQ L
TR-0798

Figure 4-3C Massbus Contrcl Path Data Registers
and Parity Creck (Received Massbus Data)
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when the MBA is in the maintenance mode, MB MAINT MODE L (MCPE®
prevents DEM from being asserted on the Massous. The MBA performs
a write asserting data on the Massbus followed by 3 c(ead of the
data just put on the Massbus. The MBA uses a timecut to compiete
the read. The register select and drive select lines are also read
to ensure that the correct data has been put onr chese lines. The
diagnostic register is read tc check the validity of the
operation.

4.5.3 Massbus Receivers/Drivers

Information is transferred to and from the Massbus vis the Massbus
control path receivers and drivers. Massbus {information is
summarized in Chapter 2 of this manual. The control path receivers

are always enabled. Transmit enable sigrais ar: summarized in
Table 4-4.

Table 4-4 HNassbus Tionsait enable Signals

Control Path Signal Massbus Signal Enabling Signal

EXT CS BIT<7:5>H MASS DS<2:8> (always enabled)
EXT CS BIT<4:0>H MASS RD<4:8> {always enabled)
XM!,; MB DEM H MASS DEM MB MAINT MODE L

OR XMIT MB DEM H
XMIT M3 INIT H MASS INIT (always enabled)
XMIT MB CPD<'5:80>H MASS C(15:00> EXT CS WRITE L

NAND MB MAINT MODE L
XAIT CNTRL RAR H MASS CPA (always =nabled)
FXT CS WRITE H MASS CTCD (always enabled)
SIMULATE OCC H MASS QOCC SIMULATE OCC H

AND MB MAINT MODE H
XMIT MB EXC H MASS EXC (always enabled)
MB FAIL MASS PFAIL (always enabled)
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4.5.4 End Data Transfer Logic (MCPA)

End data transier logic is responsible for generating the
appropriate signals at the end of a data transfer. The logic
monitors various signals in the control path and MBA interface tc
produce the following:

DT END L Data transfer complete

CLR DT BUSY L Clear data transfer busy

BLOCK SEND CMD H Block sending the ccamand/address
SET DT ABORTED L Sec data transfer aborted

SET DT COMPLETE L Set data transfer complete

Figure 4-37 illustrates the logic used o accomplish these
functions.

EOS H

$81 BYTE CTR-0 L L L
D____q. }-— o -DTEND L
DT READ L
LAST M8 DATA M —

MB EXC*MDPE H ——
S8t ABORT IMM H

>

*"'—CLR OTBUSY L
1 T2H

BLOCK SEND CMD M

J>-— SET 0T 4803TED L
| L
}—s&r DT COMPLETE

INITCOND L

V

TRGTS?Y

Figure 4-37 End Data Transfer Logic



DT END L will be asserted only after the MBA has dropped RUN and
the drive has asserted EBL if one of the following conditions
occur.

1. The data trarnsfer function was a read (DT READ H), the
SBI byte counter has gone to zero (SBI BYTE CNTR=8 H),
and memory has acknowledged the second data word (WD2 ACK
H).

2. The data transfer was a write or write check function (DT

READ L not asserted) and the SBI byte counter has gone to
zero.

3. The data transfer is to be aborted immediately due to an
error (SET SBI ABORT IMM H).

4. There has been a Massbus exception or parity error (MB
EXC + MDPE H).

DT END L is synchronized with T8. If DT END L has been asserted,
CLR DT BUSY L will be producea at the following T2. Block SEND CMD
L will be asserted as a result »f an abort condition, Massbus
exception, or a Massbus data parity error. SET DT ABORTED L will
be asserted at T2 of the SBI cycle if DT END H is asserted, a
Massbus exception or parity error occurs, and there is no
initialize condition (INIT COND L not asserted). SET DT ABORT L
will also be asserted if » missed transfer error has occurred (SET
MXF L). SET DT COMPLETE L will Le asserted at T2 {f ther: is anr
initialize condition and DT END H has been asgerted.
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