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The clock can be stopped al the end of aither phase, for
several redsons. Usually the cleck stops at the end of the read phase,
referred Lo as "wait". This leaves the clock in Lhe inaclive high
stale, and leaves the latches on the memories open. The clock can wait
because Lhe machine was commanded L¢ hall by the diagnostic interface,
because a single-step commanded by the diaghostic interface has
compleles. because of ar ¢rroc such as a parily error, because of the
statislics counter oveiflowing, or because of a memory-wait
condition this latter condilion happens if a main memory cycle is
nitiated while a previous cycle is still in progress, or if the
rronram calis for the resnlt of a main memory read beforc the
bus controller has granted the bus access needcd to perform that read cycle.
Ouring a clock wait. the processor clock stops, but the
Cruck Lu the rest or the system (the bus interrace and XBUS devices),
conbinues Lo rur, allowing Lhem Lo operate. When the Rrocessor
Tinishes waiting Lhe processor clock starls up in sync rony with the external
ciock.

The clock can alse stop at the end of the write phasc, referred
Lo as "hanu". This is used only during memory reads. If the processor
calls far the result of & read which is in progress but has not yet
compleled, it hangs until the data has arrived frcm memory and
sufficient time .has pessed for the data to flow Lthraugh the data paths
and appeair on the oulput bus. This is alse sufficicai time for the
farily of the data Lo be checked.  To the casc of @ hanyg, bolh clocks
Stan, which allows them to restart synchronously withoul any extrs
delay. In Lhis way, the specd of the processor is ddjusted to exactly
match the speed of the memory.

‘

e4The Bus Interfaceel

Ihe Bus Tnterface connects the CADR machine to two busses,
the Unibus and the Xbus. The Unibns is a regular pup1t bus, used to
altach peripheral devices, especially commercial devices designed for
Lhe PDEID Vine. The Xbus is & 37-bil ous used to attach memory and
high-verformance peripheral devices, such as disk. Jhe bus interface also
inciudes Lhe diagnostic smLerface. which allows a unibus uperator,
such as a pdpr0, a puptl, or anolier lisp mochine, to control the
cperation al' (ke maciine. haroware tn pass intuerrupts
from Lie Unibus and the Xbus to the processor, the loyic which arbitrates
Lhe Xbus, and the fogic which arhitrates the Unibus in the absence
of a pdnll on that bus.

The Bus Intzrface allows the CADR machine to agcess memory
an the Xbut anid devices on the Unibus, allows independent Jevices on the
Xbas Lo oaccess Lhe Xbus (onty), and allows Unibus devices Lo access Xhus memory
(through 2 map since the Unibus address space s not big enough.)
Wuffering is provided when the Unibus accesses the Xbus.
teo conrvert a 32-bit word into a pair of 16-bit words.

<<More to come>>

Cover how Lo prograw the various Trobs from the Unibus,
initialization. map structure.
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e4The Xbused

The Xbus is the standard 32 bit wide data bus for the CADR processor. Main
memory and high speed peripherals such as the disk control and TV .
display are interfaced to the Xbus, Coniral of the Xbus is similar to the
Unibus, in that transfers are positively timed and (as far as the devices are concerned)
asynchronous. The bus is Lerminated al boih ends with resistive pullups of 390 ohms to
2round and 180 ohms Lo +5 volts, for an effective 123 ohm Lermination to +3.42 volts.

t ground, each terminatijon draws 28 ma. for a total load of 56 ma. The bus 1s open
cullector. and may be driven with any device capable of handling the 56 ma, load. The
recummended driver is the AMD 26510, which also provides bus receivers.

A typical read cycle begins with placing the address for the transfer on the
-XADDR lines and the parity of the address on the -XBUS.ADDRPAR line. The -XBUS.RQ
line is then lowered, initiatﬂn? Lhe requesl. The responding device places the requested
data on the 32 -XBUS lines and Lhe parity of the data on the ~XBUS.PAR line. Should it
not be convenient for the device to produce parity (as in the case of I/0 registers), the
device may assert -XBUS.IGNPAR to notify the bus master that the transfer should not
be checked for correct parity. The responding device then asserts -XBUS .ACK, which remains
asserted until the -XBUS.RQ signal is removed by the master.

Write reyuests proceed identically, except that the master asserts -XBUS.WR and
the data to be written on the -XBUS 1ines alon? with the address lines. A1l bus masters
are reyuvired Lo produce good parity data on writes.

Deskewinq delays are Lhe responsibility of the bus master. In particular, it
is the responsibility of the bus master to assert good address, write, and data lines
80 ns. prior Lo asserting -XBUS.RQ, and Lhese lines musi be held until the -XBUS.ACK
signal drops in response to ihe master dropping -XBUS.RQ. Responding devices are
allowed Lo assert -XBUS.ACK at Lhe same time Lhey orive read date onto the -XBUS 1ines.
Thus, masters should delay 50 ns. aftier receiving -XBUS.ACK before dronping ~XBUS.RQ
and sirobing the data. Rcsponding devices are reguired to drop -XBUS.ACK imncdiately
after -XBUS.RQ is no longer asserled.

Normal bus master arbitration beiween the CADR processor and the Unibus
requests is handled Ly the bus interface. ODevices on the Xbus which must become
bus master. such as the disk control, do so by asserting the -XHBUS.EXIRQ signal.

When the hus becomes frce, the bus interface responds by asserting -XBUS.EXTGRANT,

This signal is daisy chained Detween bus master uevices on the Xbus. coming in on the
~XBUS . EXTGRANT . IN pin and Yeaving on the -XBUS.EXIGRANT.QUI pin, Within each device,
the decision is made whelhor or not Lo pass the grant onto the nexi device. Unlike the
Unibus structure. Lhe decision on whether Lo pass grant and the act of becoming

bus master happen synchronously with a master clock signal distributed an the -XBUS.SYNC
line.

When & device tnitiates a request, it immediately asserls -XBUS,EXTRQ. At the
falling edge of -XBUS.SYNC it clocks the request signal into a D flip flop which we will
call RFQ.SYNC, When -XBUS.EXtGRAN[.IN goes low, the device asserts =XBUS, EXTGRANT, OUT
unless it has either the REQ.SYNC flip flop set. or is alrcady the bus master, At
the next faliing edye of -XBUS.SYHC the device which has bulh -XBUS.EXTGRANT.IN and
RFQ.SYNC set becomes bus master. [he device should immediately assert -XBUS.BUSY and
may immediately begin assertinyg address lines for a transfer.  =XBUS.BUSY may be dropped
asynchronousiy, afier the slave device drops -XBUS.ACK in response Lo the master's request.

The -XUUS.EXTGRANT . IN signal must be terminated with a resistive ullup of 180 ohms
to +5 volts within each device which does not simply connect it to -XBUS.EXTGRANT.OUT.

Signal reviaw:

data lines:
-XBUSO through -XBUS31 . 32 data lines, low when data is s one
~XBUS . PAR parity of the 32 dats lines. Required for writes
-XBUS . IGNPAR ;g:?re parity signul, may be asserted by any
ce for a rea
address 1inos: .
-XADDRO through -XADDR21 22 address lines, low for address bLiL a one
-XADDR. PAR <<this needs to be decided... is this required?>>

cycle control lines:

~XBUS .RQ Asscrted by the master to request 3 reed or write
Minimum of 80 ns following stable -XADDR, -XBUS.WRITE
and -XpUS data 3

-XBUS .ACK Asserted by the slave in response to -XBUS.RQ
No delay necessary followiny assertion of good read data

~XBUS .WR Asserted by-the master during & write cycle.
mastership control lines:

~XUBUS .BUSY Asserted when 8 device other than thu bus interface
is bus master. Only Lhe bus intorface examines Lhis line.
Asserted on & -XBUS.SYNC clock edge. dropped asynchronously
alter -XBUS.ACK droups

-XBUS.EXTRQ Asseried whep a device other than the bus interface
wishes to bhecome bus master.
Asserticd asynchronously, may be removed asynchronously
alter the device becomes master. but before drapping

-XBUS . BUSY

-KBUS .EXTGRANT . IN The daisy-chained mastership grant signal. .Must be pulled
up wilh 180 ohms Lo VCC in the device.

~XBUS . EXTGRANT . 0UT Asserted initially by Lhe bus interface, sgnchronously
with Lhe -XBUS.SYNC edge. lhe signal may be subject

Lo synchronizer lossaye, since il is a clocked
versiun of ~XBUS.FXIRQ which is not synchronous with

-XBUS .SYNC

Miscel lancous:

-XBUS. INTT When low, resets all devices. This is low during power
on and of I, and when the machine is reset.

=XBUS . SYNC Synchronization clock For mastership passing and olher
desreoed purposes.,
hHevices become bus master synchronous with Lhe edge of

. Lhis signal. 1he request will normalty follow Lhe

cdye by 80 ns.

-XBUS.INIR Driving this low requests an interrcupt.
All devices are reguired Lo inilialize Lo & non-interrupt

eoable condition, and are required Lo have interrupt
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enable and disable bits which can selectively enable
interrupls from that device. The "requesting interrupt”
state must be readable in one of the device control
register bits,

This Vine is HIGH when power is stable. It remains low
for <<xx>> seconds after power comes on. and goes low
<<xx>> seconds before power s turned off.
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