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1.1 SCOPE

CHAFPTER 1
INTRODLCTION

This manual provides un overview of the YAX.11/780 Consale Subsystem and a comprehensive de-
seripon of the Console Inlerfuce Board on the functional und logical levels. A descriplion of the Q
bz is provided as an uppendix. The manual will serve as a resource for appropriate branch and
support level courses of the Field Service and Manvfacturing training programs and as a field refer-

ence, Tahle 1-1 fists reluted hardware manuals.

Table 1-1 Related Hardware Manuals

Title Document MNotes

Microcomputer Hundbook EB 06583 Availahle an hard copy.*

LSi-1i. PDP-11/03 User's EK-LSI11-TM-003 Availahle on hard copy. Hard copy
M anual ships with device*

LA3G/LAIS DECwriter TII EK-LAIEI5-0P-0M03 In Microfiche Libeary, *® Available on

Lizer's Manual

KA780 Central Proeessor EK-KAT8.TD-PRE
Technical [Description

hard copy. Hard copy ships with de-
viee,

fn Microfiche Library **

*The dessuments can be ardered from:

Drigital Equipment Corparetion

444 Whitney Sireect

Morthboro, MaA 1532

Adtention: Communication Scrvices NRE2MIS
Custaomer Services Section

**For informatien concerning Microfiche Libraries, gomtact;
Digital Equipment Corporation
Micropublishing Group, PRI-2/TI12
129 Parket Stresl
Maynard, MA 01754



1.} CONSOLE SUBSYSTEM OVERVIEW

Five major companents make up the VAX-11/780 Console Subsystem: an L51-11 microprocessor
{KD11-F}, which includes a 4K by I6 semiconductor RAM; 3 single Aoppy disk und a controller
(RXVI1Y a terminal and one or two gerial line unit interfaces (DLV1T-E), ane for communication
wilh a remote terminal {optionaly; a YAX-11,/780 CPU consoke interface {CTR), which includes 4K by
16 bits of ROM for the [8I-11; and a cantral panel on the YAX-11 /780 cabinei. The Console Sub-
aystem provides three magjor functions:

*  Traditional fightr and switcher Tunclions such as EXAMINE, DEPOSIT, HALT, START,
und Single Tastruction.

& Driggnostic and mainbenance functions, including the capability te load diagnoatic micho-
code into wriable control store (WOS), control exccotion and monitor tesulis, contral
single step clock functions, and exsmine key system points vie a seral disgrostic bus (¥
brus).

& Materialize the terminals and Noppy disk T/0 registers in the procesaar register space, These
consgole [0 repisters are located on the C1B module: they are addressabie both fram the
L5I-11, via the () bus, and Irom the VAX-11,/780 CPL, via the TD hus. Thin poct 15 therefoee
wied for terminal and Noppy disk tranefers to the VAX-11 /780 CPL and all ather software
defined communications between the conanle and the VAX-11 /780 CPU.

The uwser can perform the lights and switches and diagnostic and maintenance functions through & sel
of keyboard commands and responses at the terminal, The LET-11 in turn interprets the commatds
and controls and monitors the YAX-11/780 CPU through o set of control/etatus and data registers on
the C18 module in the @ bus 1,0 space. These registers connect to the 1D bus, the ¥ bus, and potnts
Ffithin the YAX-11/780 CPU and on the contrel panel. Figure 1-1 shows the console subsystem con-
guratian.

1.3 CONSOLE MODES

The LSI-11 normally aoperates in one of two modes, each of which is implemented through a set of
MACRO-1] routines, When the L5I-11 i3 in the program [0 mode it functions as & character han-
dier, passing characters between the console terminal 2nd the YAX-11,/T80 CPL), The console Letiinal
therefore functions as the YAX-11/780 VME operator’s terminal.

When the L5I-11 is in the console [0 mode, it interpreta all console terminal output in order to
perform the lights and switches and maintenance functions wnd implement the console command
language (CCTL) capability.

Tuble 1-2 Tists the console functions implemented through the console command language.
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Figure 1-1  Console Subsystemn Configuration
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Table 1-2 Consnle Functions

Viriual examine byte, word, longward

¥irual deposit byle, word, loagword

Examine general register

PDeposit general register

Exumine processor tegister

Deposil processor regialer

Conlinue

Initialize TB, cache, etc. (result of CPU initialize signal)

Quad clear

581 unjam

Stop clock

Start clock

Slep ane time state

Step one 5BI cyele {stops in CPT Q)

Select one of four clock frequencies

Assert VAX-11/780 CPU initialization signal

Interrapt ¥AX-11,/T80 CPLU (terminal registers)

Halt at end af current instruction

Sbep single instructions

Stop clock upon mictobreak match (in CPTO of match state}

Force UPC< 2> 10 WCS on micratrap

Force NQF on selected ROM fickds

Clock ¥V busg

Assert ¥ bus loophack hit

l.oad ¥ bus shift registery

Read ¥ bus serial channels

Sense pusitdons of auto-reslace, boot, lock, and remote switches
Time-out from YAX-11/78) interrupt strobe signal, used to assert KUN light
Provide a write-only register on the [D bus (FM 1D {as 1 responder)
Provide a read-only register on the 1D bus (TO TD) (ss a responder)
Write 1o any |D hus address (requires consote control and clock running)
Read any 1D bus address (when clock is stopped or runhing)
Synchronize use of FM 1D and TO 1D via ready and done bits

Read clock stales

Sense assertion of console acknowledge (reply to halt request)

Bense when syatem clock is stopped

Maintenanee retwrn (foreed jump to UPC off top of mivraslack)
Turn floppy disk power an ar aff

Read 1D bus address und direction hines {clock stopped only)
Materialize ITMP into ROM st 163000 and 163002 or 173000 and 173002y (LEI-1L T,/C address space)

-4



Tuble 1-2 Console Fumctiosn (Coml)

The capability to read/write at any 1D bus address permits register aceesses 10 implement the follow.
ing Minctions (and othersy;

Push microstack

Pop microstack

Write micraobreak

Read microbreak

Read WCS address

Wrile WC5 address

Write WCS data

Fead WO atutus

Specify defuulls
numeric radix
addressing modes
data length

Display console and CFL siaus

Control the number of il characters to be sdded after special characters sent to the console terminal,
Command repetition

Execute commands from an indirect command file {an ASCII file containing consele communds)
Invoke microdiagnostics

Implement the remote console access command set.

P4 YVAX-11/780 CPU S5TATUS

The VAX-11,780 CPU may be either halted or renning. When it is halted, it enters the console com-
mand mode, executing 2 microcode loop which enables the console Lo perform the lights and switches
and mainienance functions, When the VAX-11,;/730 CPU s running, it is running at the 157 level,
execuling macroinstructions.

15 PANEL FUNCTIONS

With the cxception of the OFF position of the key switch and the POWER light, the lights and
switches on the contral panel ure connected to other parts of the computer through the miscellancous
contral status (MOS) register, a O bus register on the Console Interface Board. The OFF switch
cantrals a relay in the power supply. The POWER. light is cannecied beiween +5 volts and ground.
ATTN indicates thut the YAX-11,;780 CPU is oot running und,/or needs operator intervention. RTIN
indicutes that the VAX-11/780 CPU is strohing interrupts, and thus not caught in a microende laap.
The REMOTE light reflects the position of the 5 position key switch, indicating which af the two
congole lerminals is on line, Figure 1-2 shows the control peael.

I-5
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AUTO RESTART is a two position switch which controls bit 2 in the MCS repister, BOOT iz a
momentary contact rocker switch, which when pressed seta MCS bit 11; LOCAL DISABLE, LOKC AL,
REMOTE DISARLE, and REMOQTE control MCS bits 1 and 0. These MCS register hits in furn
control and initiate specific LS1-11 operations, us follows:

+  AUTO RESTART - when on, causes ihe LSI-11 processor to jump te 8 designated ROM
localion on power wp.

«  BOGT - cavacs the LS[-11 to boot ¥ M5, the operating system. When the boot routine is
completed, the console comes up in the program [/0 mode,

+  LOCAL - when the 5 position key awitch i in LOC AT it enables the [L5T-11 to designate
the local termunal as the consoke tecmimal g as the YAX-11 7780 VMS operator's terminal
{(enubling sither the console /0 or the program [0 mode, accarding ta the wishes of the
leciinal operalof].

= LOCAL DISABLE - this position of the switch cawses the LIT-11 Lo select the local termanal
as the VAX-L1/780 VME operator’s terminal, while nhibiting console operation in the
console IO mode,

* REEMOTE - this switch position canses the L8[-11 to selact the remote terminal, allowing
operation in both the console [/0 and the program 1O modes,

*  REMOTE DISABLE - when the key switch jzin REMOTE IMSABLE, it causes the [S1-11
to designate the remote terminal s the YA X-11 /780 ¥YME operator’s terminul, while dis-
ahling use of the terminal in the ponsale /0 mode.

1.6 D [INTERMNAL DATA) BUS OD¥ERVIEW
The TD bus ts a high speed data path between the major funclioneal areds of the YAX-E] /T3 CPU and
provides the following functions:

I.  Tranafers data to apd from the internal registers of the Y AMX-11;780 CPU and the Trans-
lation Bufler.

2. Transfers data in the form of displacement and shott literals from the Tnatroction Buffer tw
the YAX-11/780 CPLI's duts paths and FPA.

3, Transfers dutu between the VAX-§1 /780 CPLUCs data putha snd the FRA,

4. Transfers data from the internal registers o the CTR wnder consple contral during the
maintenancs gperalion.

1.8.1 DI Bus Stnectute and Dperatlan

The ID bus consisis of 32 data lines, & address lines, and | wrile conceol Ling. The address lines specify
which internzl register has been desipnated as the souree or destimation. Address wssignments are hsled
n Table I-3

The write control line spes fies ditectional cantrol, indicating whether un internal register is 6o be read
anto Lhe bus or data 18 to be clocked ram the bus inte an internal cegiater.

Dunng a normal read operation, datg 15 lransferred rom the addressed internal eepisler o the ()

register af the dala paths via the TD bus. Durise o narmal weile operadion, dota is lransferred rom the
D reaster of Lhe data paths o the addressed internal register via the TD bus.

1-T



Table 1-1 1D Bus Reglster Address Assignment

00 1BUF DATA 20 USTACK

o1 TIME OF DAY 21 UBREAK

02 - RSYD - 22 WCS ADDRESS
03 SYSTEM 1Lx 23 WCS DATA/STATUS
Oed {NSL RXCE 24 HIBR

05 CUNSLRXDB{TOID) 25 FIBER

b4 CMNEL TXCS 26 SBR

a7y CHEL TXDEB (FROM D) n RS¥D FOR SYSSPACE
UB DD MAINT OMLY) 28 K5P

0 MEXT INTERVAL REGISTER 2% E5P

A CLOCK C§ 1A S5P

41 INTERVAL COUNTER 2B LIsp

0 {ES 2 5P

N1 VECT 2D FP2A

NE SIR 2E DSV

OF PSL 2F Q.8Y

L3 TBUF DATA 30 T0

L1 -R5¥Y[)- il Tl

14 TBUF REG D 32 T2

13 TBUF REG | 33 T3

14 ACCREGD 34 T4

15 ACC REGH 15 TS

16 ACC MAINT REGISTER 36 Th

v} ACC CONTROL/STATUS L} T7

|8 SBTS5TLO LS T8

19 5Bl ERR REGISTER 19 T2

1A 5Bl TIMECGUT ADDRESS A PCER

18 SBI FALILT/STATLIS B SCRB

1C SHISILOCOMPARATOR c FILR

1D MATNTENANCE D FILR

1E CACHE PARITY JE SLR

IF -REV[]- 3F RESVDFOR 5YS SFACE

The ID bus may be controlfed from the console interface logic in 4 maintenance mode operntion as
shown in Figure 1-3. This allows access lo wrilable contral stare, the microstack (USTACK) and
inlernal registers from the console. In maintenance mode operation only, the D and ©) registers of the
data puths may be addressed as internal registers over the ID bus. Mote that the Ieft and right sides of

the wddress und direction lings are functionally identified, since they are separaled only by buffer driver
pates in the VAX-11/780 CPL,

When the Conscle Interface Board generates the [ MAINT signal, it initiates a maintenance aper-
ation, allowing the console {o assert D hus address and write signals (and data, if appropriate).

1.T ¥ BLS O¥ER¥IEW

The ¥V bus consists of eight serial data lines, & load signal line, a clock signal ling, and a s¢lf pest ling,
Each of the participating VAX-11/780 CPU modules conlains el least ane ¥ bua shilt register chip,
The data input lincs to the shift register monitor specific iest pointls on the CPU module, as shown in
Figure 1-d. The LA signal causes the shift register o paratlel load from the test points when the
VAM-11/780 CPLI is in a stable condition, The clock signal can then be used to read the Tutched duta
seTislly [rom each of the shilt registers inte & register on the CIB. The L51-11 must read the repister

before clocking m the next senial bit from cach of the shift registers. See Sections 2 and 3 for more
detail. '
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VAX-11 CPU

iL=1)
MMT ADRS <5 0= L

1D RHGHT ADDAR 50> H

FHUM LIb }

ADDRESS <h:0-LENCHATED

AY MICRCCODE

FAOM MICROCODE 5 OR BATA FATH
QR OATARATH 4

iH=1]
ID LEFT ADDR <B:p= H

V VYV

I MAINT (1) L

R

Figure 1-3 1D Bus Control Logic, Rlock Diagram

THRICAL WAX-11 CPU MODULE

RMODLILE TEST
PLUNTS

ey

SELF TEST

!
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SERIAL DATA LIMES
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SELF
TEST LOAD | CLOCK

FE~2704

Figure 1-4 ¥ Rus Block Diagram



i3 Q BUS OVERVIEW
The @ bus {L5I-11 bus) connects the L81-11 processor (and its ROM and RAM memorics), the con-
soke Lerminal interfaces, and the Noppy disk interface to the Console Interface Board, and thus to the
VAX-11/780 CPU, The |6 address signals and 16 data signala share the same bus lines. Fourteen other
L51-11 signal lines are used in the YAX-11 /780 configuration for control signals (note that the DMA
control Hnes are ool wsad).

A master-slave relationship defines communication between the processor and the other devices on the
bus. Each control signal issued by a master device must e acknowledged by a slave device in arder to
complete 8 tranafer. The L8I-11 processor must therefore become bus master in order to read or write
any interfaee register or memory location on the Q bus. The C} bus permits an addressing structure in
which control, status, and data registers for peripheral devices sre direcily addressed as memory loca-
tions. Therefore, all operations an thess registers are performed by normal memery reference instruc-
tions. Wo system clock is used an the Q bus, and all communicarions on it ars asynchronous. However,
when one of the interface unita guch as the serisl line interface for the consale terminal must transfer
duta {i.e., a character) to or from the LSI-11 pracassor. it must interrupt the processor and therchy
invoke 3 service routine which will handle the actusl data transfer.

Naic that the serial line interfaces and the floppy disk interface cannot communicate directly with the

Cansole lnterface Board, nor can the CIB communicate divectly with them. All transfers initiated from
the interfaces begin with interrupts to the LE1-11 processor.
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CHAFTER 2
CIB FUNCTIONAL DESCRIPTION

i1 CIB OVERVIEW

The Console Inlerface Board connects the console subsystem (o the VAX-11/780 cenlral processor.
The C1B contains interfaces for the @ bus (LE1-11 bus), the [D bus, and the ¥V bus; registers accessible
to cach bus; and all the hardware necessary o implement the various console functions. In addition,
the 1B contains & 4K by 16 bit ROM which provides the bulk of the console L5I-11 software, and
intermal buses and multiplexem. The buses and multiplexers conneet the various rogisters and bus
interisces. Figure 2-1 shows the CFB in bicck disgram form.,

The L51-11 software has access {read and for write access) Lo the ROM matrix and all of the registers
shown (except 5% SI10). The ) bus address decoder logic on the CIB identifies the register addressed.
When the L5I-11 writes to a C1B register, the data is routed via the ) bus transceivers directly ta the
register specified. On a read, the contents of the register addressed are asserted an the ) bus hy the
SHME rERECEIvErS.

The YAX-11,/7T80 software has access to the five [ollowing regisiers:

SYSID register

Recoiver Contral/Status megister (RXTE, RX DNE}
TO (D register

Transtnitier Control/Status regisver (TXIE, TX RDY)
FM ID ragister.

L e bk Tk -

On a read trapsfer, the contents of the register addressed are gated via the ID MUX logic to the ID bus
transceivers. When the YAN-11 /780 software writes to the FM LD register, or ooe of the ID con-
trol falatus registers, the data ik gated from the [T bus transceivers dirgctly to the register addressed.

31 CONSOLE/VAX-1I INTERACTION YIA THE CIB

All data transfer operations between the YAX-11/780 CPU and the console LEI1-11 are ronted vin the
TO and FM 1) registers on the CIB, as shown in Figure 2-2, with two exceptions. First, the LSI-11
may leok at varous points in the VAX-11 /780 CPU via the ¥ bus. Second, it may look at the data on
the ID bus via the TD DATA HI and LO registers when the ¥AX-11,/780 CPU clock is stopped.

However, the interaction of the consele subsystemn and the YAX-11,/780 CPL is dircctly related to the
states of the two processors. The VAX-11 /780 CPU may be running or halted, und the L81-11 may be
in the program I/ mode or the console I/0 mode.
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111 VAX-11/7TB0 CPL Siacns: Halted and Runsing

When the YAX. 11780 CPU is halled, it enters the cansole commund mode. The ¥ AX-] L/ TR0 thigro-
processor jumps (o the consale wait loop and the attention (ATTN} indicator ont the panel lights up,
When the VAX.]11 /780 CPLi is in this mode, the consale subsysiem mey contral dhe 1T bus by assert-
mg the ID MAINT sipnal. The L8!-11 software (hen pravides the sautce of the TD hus address lines
and the 1D bus write contral ling, Mote that the VAX-11 /780 systern clock may or may nat be running
when the YVAX-11/780 CPU is in this mode.

When the VAX-11,/783 CPU is not halted, it js running ut the inslruction set processor (15P) [evel,
excouling mactoinstructions, unless it is executing microdiagnostic or maintenance routines, The con-
sole software does not pass any commands to the 15 level software, Whenthe |.81-11 is in the censols
I/0 mede, it will not accept any output from ISP level soflware Tuaning i the YAX-1] /780 CPU,
Therefare, the VAX-11/780 software cannot communicate with the console floppy disk or the console
terminal when the LS1-11 is in the console 1/0 mode. Figure 2.3 shows the various types of interaction
of lhe two processors.

212 LSI-1?! Operating Modes

The LSI-11 normally operales in either the program 10 moede or the console [/O mode, When the
L51-11 is in the program 10 mode, the v AX-] 1780 CPL is always executing mactoinstructions, and
the L51-11 passes ¢he console 1eeminal input, charscter by character, to the YAX-1t; T80 sofrware, A1
data sent from the WAX-11 /TR0 saltware to the lerming) is passed by the LSL-1] software directly 1o
the terminal.

When the L3111 operates in the console 10 mode, the LSI-11 software interpeets all input from the
censole lerminal, invoking specific console functions as appropriate.
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When the VAX-I] /70 CPL is cxeputing muecrocade, the consele may be in either the prograt 1;0
muode or 1he console 1/ mode. In the pragram T/0 mode, the terminal operator can execute pro-
rrams, and in ather ways interact with the TSP level software. However, when the console is in the
console 10 mode and the VAX-11/T80 CPU is executing |SF level saltware, the range of functiony
which may be performed by the congole is limited to those that reyuice no direct responsc by the VAX-
L1/78b CPU {except HALT). These commands include the fallowing:

SHOW

SET

HALT

WAIT DOME
1IELP
EXAMINEABLS
CLEAR

Other consele commands., such as EXAMINE, canoot be inplemented uatil the VAX-11,/78) CT'L js
haled (noele that typing in HALT will do chis).

When the YAX-11/780 CPL is executing macrocode, the operatar at the console terminal can :ihil:}
Trom Lhe console [0 made to the program 170 mode by typing “SET TERMINAL PROGRAM.
He can shift fram pragram 170 mede to consele 1,0 mode by typing control-F { M.



1,23 Use of CIB Registers

When YAX-11/780 ISF level software is running and the console isin the progtam /0 mode, commu-
nication heiween the console subsysiem and the YAX -1 1/780 CPU is uceomplished by means of inter-
rupt tesansfers. [ata is passed via the lower halves of the TOIT and EM 1D Togisters: Lhe status of the
imterrupt procgsses is controlied and monitored via the interrupt enable and disable and ready and
done bits in the various control and status registers on the CIR,

|n this respect the Console Interfuce Board functions like a conventianal communications condraller
{e.g., @ DLI1). except that interrupts are penerated on both sides of the interface and data is passed in
prarzllel.

However, the console can muke more extensive use of the facilities provided hy the Console Interface
Board when the ¥ AN-11/780 CFU is in the consale comemand mode and the L8117 js ia the comsole
1/ mode. Then the cantral signals developed on the [D cotittel fstatos register (113 £/5), 1the machine
contral register (MOCR), the miscellancous conteal and status refrisler {MCS) and the ¥ bus regisier are
all aceessible to the 181-11 as it interacts with the YAX-| 1 /T80 CPII.

1.3 [D BUS REGISTERS ON THE CIB

Of the fve TD bus registers on the Console Interface Board, all but the S¥8,1D repister are dual
poried, allvwing Y AX-18 /780 CPL access via the I bus and LS1-| | access via the (3 buz. This section
describes these registers as they appear on the VAX-11/780 CPL side of the interface. Figure 2.4
shows the addresses and hit configurations of the five Tegiaters.

3.31  System [dentlfication Repister (SYS.1D, [Dhal;
This register makes the system identifeation availeble in the processor Tegister space. The 32 bits come
it 1o pins for back panel switches. Pull-up resistors ate provided on the CIB.

442 Receiver Control/Status Register (RXCS, 1014)
The YAX- 11,780 software and LST-11 software use this register ta synehronice data transfers from the
consele subsystern v the VAX-11/T80 CPU through the TO D register, RXCS contains two hits,

RXCS5<7> Receiver Done [RX DNE) - RS0

The LS1-1¥ sets this bit to indicate to the ¥ AX-11 /780 microcode that valid daca is available i1 the TO
ID register, This is a cead only bit from the 1D bus side; the CIB hardware clears the bit auiom atically
when the YAX-11/780 microcode reads the TO D regivter. Swstem initislization also clears the bit

RXCS<6>> Receiver Interrupt Enable (RXIE) - R/W

When set. this read /write bit enables an inlerrupt at IPL 14 4 and vector FCyptothe VAX-11,780 CPU
gach lime the RX DNE bit makes a transition from 0 1o 1. Each transition generates one interrupt. If
RX DNE is already sel and RXIE goes from { 1o L. the interr upt will also ocoyr, Sysiem initialization
clears this bit.

3.3 T TD Regisier (TO TD, RXDB, 1IDDS) - R0

This dula hulfer register serves two functions. First, it may be losded by the L3I-11 with data from the
consele terminal, ane ASCTI character, o be read hy the VAX-11/780 microcode. The data is valid
only when the RX DNE bit is set, and when the microcode reads T 113, the CIB hardware automal-
ically clears R X DNE. Second, the LSI-11 may write to any 1D bus sddress through the TCH I register
by exetuling an 1D mainlenance cvele returs Function when the VA X-11;780 CPLJ is halted (see
Paragraph 2.7 for further detwils). Note that the terms 7O and FROM are used wilh respect to the
VAX-11/TE0 CPL.



234 Transmit Conirol /Staius Register {TXCH)

The VAX-11/780 CPL and the L3I-11 software usc Lhis register to synchronize data transfers from the
YAX- 1|f?3ﬂ' microcode to the cansole subsystern through the FM TD register. TXCS cantaing the
[ollowing two bils:

TXCS<T> Transmitter Ready (TX RI¥Y) - R/O

The L51-11 &eis this read only hit to indicete to the VAX-11,780 microcode that it is ready to acoept
amather character in the FM ID register. The CIB hardware clears this bit nummum:.utlu when the
microcode writes data into the FM ID register, System initialization cleats the TX RDYY bit.

TXCS<6> Tranamit Interropt Enable (TXIE) - R;/W

When the VAX-11/T80 microcode sets this read/write bit it enahles an interropt at TPL 144 and
vector FE | each lime TX RDY goes from Oto 1. i]nlj.r one inlerrupl cocurs for each 010 1 teansilion.
Il TX REDY is already set and the TXIE bit makes a 0 to 1 transition. the interrupt will alsa occur,
TXIE is clearcd by system initialization.

135 From [D Register (FM 1D, TXDB, TDOT) - W/O

Like the TO ID vemster, this datu bulfer regigter setves twa functions. First, il may be loaded by the
VAX-L1/TED microcode with data to be passed Lo (the consale subsysterm. It should be loaded in this
way only when the TX EDY bit 33 set. The CIB hardware automatically clears TX BEDY when the
VAX-11/780 microcode writes to the FM 1D register. Second, the LS1-11 may read any ID bus register
|]:|.§uudgh the FM 1D register by executing an iD maintenance cyele when the ¥AMX-11/760 CFLI ia
halted.

23468 Use of the TG ID and FM 1D Reghaters

Under normal circumstances, when the VAX- 11,730 CPU is running, executing ISP level software and
the L8I-11 is in the program I/0 mode, only the low order portions of the TON1D and FM [D registers
are vsed. as shown in Figure 2-5.

The low order cight bits of the TO 1D register (R XDB<70>) will contein date coded as an ASCTI
character 1o he passed from the L&T-11 ta the VAM-11/TA0 CPLL. Rits < 11:8> speafy the console unil
at which the data ongimated. Logical unit (0 15 reserved for the operator termnal.

The FM ID cepister is uged in the same way when the YAX-11/780 CPU i5 ruoning. Bits <7:0>
conlain the ASCII character o be passed to the L5I-11. Bits < 11:3>> specify one of the logical units in
the console subsystem,

All references to the RXCS, TO 10y, TXCS, end FM |D registers when the VAX-11/T80 CPL s
running result from misrocode inlerprelation of MFFR and MTPR instructions. However, the VAX-
11/ T80 microende doss aol test the READY and DONE bits before referencing the TO [Dand FM ID
fepristers when executing MFPR and MTPR instructions. To do so would affect interrupt latency
times. The macro level instructions should test the READY and DONE hita before the microcode
references the data buffer registers,

When the VAX.11/780 CPL iz halted, the microcode and the LS1-11 software may use sll 32 bits of
the T 1Y and FM 112 registers ta transfer parameters and other information. The VAX-11/7TED
microcode has responsibility for testing the upproprizte synchronizing bits before referencing the regis-
lers. Note that the READY or DONE bit must be set before Lthe transter can cake place,

Nate also thot since the LSI-11 cannot read the TXIE and EXIE bits, it must disable interrupts to the
YAX-11/TB0 CPU while the TO LD and FM 1D registers are being wsed for examine lunctions und the
like. The reader should also understand that the bits in the TXCS and the RXCS registers are Lotally
divorced from the corresponding bits in the DLV-11E. When the LE1-11 15 in the program /0 mode,
it simply passes data to and from the CIB and to and from the DLYII1-E.
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14 0 BUS REGISTERS ON THE CIB

The Console Interface Board containg sixteen 16 bit registers which are addressable from the ES1-11.
Six of these registers are dual ported, allowing YAX-11/780 CPU access as well as L8I-11 aooess. This
section describies the registers as they appear on the LSI-11 side of (he interface. Figures 2.6 and 2-7
show the nddresses and bit confgurations of the Q) bus ragisters,

24.1 Read Only Memary

The Console Taterface Board conluing 4K words of ROM, starting at ) bus location 140000, Thiz
ROM contsing the holk of the L8I-11 console operating system, including the power wp rovtines,
drivers, look-up tables, and basic consale cammaad routines, such as EXAMTNE, DEPOSIT, and
HALT.

The first two waords of the ROM are also addressabie us repisters at locations 16300y ot 17300 and
162002, or 1730025 These two words contain a JMP X instruction for the T.81-11, where X is the
starting address of the power up routine in the ROM. These two words are located at ROM addresses
0 and 2, and they therefore appear also ot Q) bus addresses 1400005 and 140002, The L51-11 i jump-
ered to felch at 163000 or 1730005 upon power up, 50 that it can execule the jump ta the power up
routine.

2.4.2 [D DATA LO and ID DATA H] Regisiers { 163006 173006, 1610/ 1730105)

TF the ¥AX-11,730 system clock is stopped when the 181-11 initiates an ID maintenance eycle in arder
to read an 1D bus register, the L51-11 reuds the data through the 1D DATA LO and 11> DATA HI
registers. These (wo Q bus registers allow the LEL-11 to look dircetly al the data gurrently asseried on
the 1D bus. They are read-anly registers and the data is valid only when the YAX-H1 /780 CPU clock is
stopped. D DATA LO contains 1D bus data bits <I15:00>, 1D DATA HI containg data hits
<IL16>.

24.3 Rereiver Done Reglater (1630141730 45) - R/W

The recciver done register containg one bit in bit position 07, RX DONE. This bit is the backside of the
RX DNE bit of the RXCS register un the ID bus (the same Aip-flop is used for cach) making this
synchronization bit available to both the L5L-11 and the VAX-11 /T80 CPU, From the Q busside, RX
DONE is a read fwite bil. The LSI-I 1 sets the bit to indicate to the YAX-11 /780 microcode that valid
data has heen placed in the TO LD register. RX DOMNE is clcared sutomatically by a read reference Lo
TE 1D on the 1D bus or by system intialization. The | to O transition of RX DONE will intercupt the
LSI-11 if interrupts 1o the console ure enabled.

1.4.4 Trausmitter Ready Register [163016,/1730165) - B/W

The transmitter ready register also containg one bit in bit position 07, TX READY, This bit is the
backside of the TX RDY bit of the TXCS register on the 10 bus, and is thus available o Both buses,
From the (@ side TX READY ir a read/write bit. The L3I-11 seis this bit to indicale (o Lhe VAX-
11/780 microcode that it is ready to uccept another longword in the FM I3 cepisiee. TX REATFY s
cleared autamutically when the ¥ AX-11 /780 CPU writes to FM LD on the 113 bus, or when the system
is initialized. The | to O transition of TX READY will interrupt the LSI-t1 if enabled,

The fallowing constraints apply b these ready and done bits:
= The VAX-11/780 interrupt enable bits, RXIE and TXIE, gre not vistbie 1o the LS1-11,
= Ifthe YAX-11/781 CPL clock istunning, clocking RX DNE and TX RI2Y from ( bus duta
i done 3t CPT 60 — CPT 90. These bits will Lherefore be stable at CFT O when read on the [B
hus. This feature enables the VAX-11 /780 microcode to exccule a tight loop, branching on
the sziting of RX DNE and TX RDY. The L51-11 czn set the bil Trom the Q) bus while it is
being referenced an the 1D bus,

*  RX DONE and TX READY gre nat set sutomaticaliy by references on the 0} hus w the TO
1D gnd FM D repisters. These bits musl be explicitly set by the L5I-11.
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4.5 TO ID LO aod TO T HI Regiaters (163020, 1730204, 1612/ ET3022y) - R/W

These two registers together contutn 32 data bits which the LSI-t1 can write vig [he ) bus when
seading data to the YAX-11,/780 CPU. When the microcode reads the TO 1D register, it loads the data
it the O register in the VAX-11/780 CPU, The L5I-11 alsa places data in the TO 1D LO and TO 1T
HI registers before peeforming an I MAINT cycle to execute an 1T bus write evele. TO LD LO and
T [D HI are read/write registers from the Q bas side, They arc readahle for diagnostic PUTT-O5es.

2.4.6 FM ID LO and FM 1D HI Reglaters {163024/1730245, 163026, 173026z) - /D

These two registers form the € by side of the FM LD register. They permit the LST-11 to read data
loaded inta the FM LD register by the microcode us a result of a write relerence to §D bus sddress 0716,
In uddition, the L51-11 reads duta placed in the FM TD LO and FM 1D HI rogisters when performing
an [I muaintenance eycle to execute wn 10 bus read cvcle. FM ID LD und FM 1D HI are read anly
registers, from the § bus side.

2.4.7 I} Control Status Register, ID C/S { 163030/ 173030

The L51-11 software uses this register 1o monitor the 112 bus address and direction lines and ta control
comsole penerated [D bus functions directly. In combination with the TR DATA registery, the TO 1D
registers, und the M ID registers, the 1D C/S repister permits the LSI-11 o read or write any 1D hus
register while the clock s running or in the single slep mode, The ID C /S register also permils the L5]-
1110 read uny 10> bus register when the elock is stopped. Note that writing to T1D bus regisiers requirgs
stepping Lhe clock, if the clock is not running.

1D C/5 register bit deseriptions follow.

IDC/S <15> 1D CYCLE - R/W

When the L51-11 writes TD CYCLE as a 1, it causes the Console Interface Board 1o assert the 1T
MATNT signal for one clock cyele {CPT O ta CPT O if the clock ia runping, 1D MATNT will be
asserted af the next occurrence of CPT 0 if the elock is being single stepped. The 1D CYCLE bit is
cleared sutomatically ar the end of the 1D bus cyele, This means that the T81-11 will read the hit as 3
zerd unless the clock is in the single time state made, See the description of the [0 MATINT bit for
furrher explanation,

I C/S <14 ID RCY WRITE - R/, and [D C/S <1308> ID ADRS <540> - R/O

These seven bitls allow the LE1.11 10 reud the state of the ID bus left address 2nd direction lines. They
u7¢ valid only when the clock is stopped. Note that because of receiver gate inversions, these hits must
he read as the complements of the Jogical states of the corresponding bus wires.

ID €% <07> ID MAINT - R/W

The CIB hardware will assert the ID MATNT bit automatically, after the LSL-11 sels the TD € YCLE
bet, at the next occurrence of CPT 0. [D MAINT will remain set for one clock eycle. The following
CPT {1 will clear it. The 11> MAINT signal steers the mullipleser in the YAX-11/730 CPLI which
selects the source of the TD bus address and direction lines. During the time that the ID MAINT signai
is msserted, the 1D bus addeess 2nd direction (W RITE) lines will be sourced from hirs < 06060 of the
ID} control /status register.

If the YAX-11 /T80 CPU clock is running, IR MAINT i 3 read-onty bit and writing £0 it has no effect,
However, it will be read ws a 0 by the LEL L1 since it is asserted only for o 200 ns cvele.

1f the VAX-11,/780 CPU clock iv not running (the CLOCK $TOPPED bil it the MCR is set}, the LST-
I b may set ar clear the 1T MATNT hit by writing a 1 or 2 0 to it. This feature enahles the LS1-11 Lo
stadically read TI> hus registers via the 1D DATA LO and IT) 1YATA HI registers. The address and
WRITE fields may be written by the L81-11 together with [T MAINT ot D CYCLE, in the same
instruction.

L5111 imatiglization clears both the ID MAINT and the ID CYCLE hits,
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ID C/S <06 1D WRITE - B/W, and ID C/S <05:00> XMT ADRS <300 - R/W
These seven bits form the TD bus address and direction lings during an 1D cycle invoked by ID
CYCLE or [[D MAINT, enabling the LE5I-11 to contrel the 1D bus, [D C/5 <06>, the WERITE bit,
should be s Lo invoke & write cycle and clearsd Lo invoke a read evele. The LE1-11 software loads the
XMT ADRS bits in true form (high true), These bite are cleared by LEI- ] initinlization.

When the L5[-11 writez Lo an TD bus register, the data i3 sourced from the TO 1D register. For static
reads {clock stopped) the LEL-11 reads the dota in the ID DATA LO and 1D DATA HI registers. On

dynamic reads the data is available to the L51-11 in the FM (D2 LO and FM 1D HI registers on the
fallowing cycle.

2.4% Muachive Control Reglster, MCR (163032173032
The LS1-11 software uses the machine control register to control and monitor several functions of the
VAX-11,780 CPU, The following bit deseriptions outline these functions.

MCR <15> Halt Request — B/W

The L5I-11 sgts this bit to foroe the VAX-11/730 microeode be jump inta the console watt loop. The
VAX-11/780 CPL recopnizes the assertion of HLT REQ and sels Lhe halt pending Dip-Nop in Lhe
intercupd contcol logic of the VAX-11,730 CPU. When the CPU passes through the instruction regis-
tet decode (IRD) state and the halt pending flip-flop is set, the microcode will set the console com-
tand mode {CNSL CMND MODE) bit and enter the console wait loop, This mode is indicated on the
CLB by the assertion of HALT STATE {MC5 bit <07} and on the control panel by the lighting of the
ATTN indicatar, Later, when the microcade invokes the COMNTINGIE lTunction, in response ta o
command lram the LEI-11, the halt pending flip-Nop and the CNSL CMMND MODE bil are bolh resel,
and the ¥VAX-11 780 CPLI enters the TRD stute. 1F the Halkt Request signal is 513 enabled on the CIR,
the hall pending Mip-Mop will set apain, bul not until the YAX-11/T80 CPU leaves the IRD siate.

This means that the invocation of a CONTINUE function with HL'T REQ asserted results in 2 singhe
instruction execution. In order o cause the YAX-11/TRD CPL to resume normal instruction execu-
tiot, the L51-11 software must first clear HLT REQ and then igsue 1 CONTINUE command. The
LEI-11 system initialization ¢lears HLT REG,

Mate that the WA NX-11/78(0 microcode can branch on the state of the CNSL CMND MODE bit. This
cnahles the microcode to determine, when n vanous erroc roulines, wheither the routine was entered as
a result of some console requested function or normal machine execution.

MCE <14:13> Reserved

MCR <11> CPL RESET - R/W

When the 1.81-11 sets CPLI RESET, it Farces the assertion al the imternal initializatien signal (DC LG
cquivalent) within the YAX-11/780 CPL. Upon the negation of CPU RESET, the microcode enters
the power-up initializstion routine. LSI-11 system initiahzation clears this bit,

MCR <13i> Rescrved

MCR <10> Maintenance Remrn Ennble - R /W

When the L3[-11 writes a 1 to this kit, it causes the VAX-11/T80 CPU to perform a mainlenance
return function. The YAX-11: 7%} CPLU pops the top element af the microstack and disables (he J-field
inputs, The result is a forced jump to the locatian addressed by the word at the 1op of 1he microstack.
MAINT RET EMABLE remains asserted at the microsequencer approximately 100 ns. from CFT 13}
ta CPT 50, When the VAN-11 /T80 CPLI is in the single lime state mode, MAINT RET ENARLE will
remain asserted from the time it was wrillen os 4 one uatil the next oecurrence of CPT 30, Mote that
lhe LE8I-11 should aot altempt a maintenance return function unless the VAX-11 /780 CPLU w4 in the
console wait loop.
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MCR <09> Trap to Writahle Control Store - RW

When the LEI-1] sels TRAP TO WS, it forces bit 12 of the UPC to @ one whenever & micratrap
occurs, in turh forcing the trap inta writable control store. This kit showld be set or cleared only when
the VAX-11/760 CPL: i3 in the hale state or the clock is stopped. LST-11 system initialization clears the
TRAP TO WS bit,

MCR <08> Star Interrupt [disable - R/W

When the L5I-11 sels this bit, it disables the TX RDYY und RX DNE interrupts to the VAX-1] /780
TP regardless of Lhe slate of the interrupt enable bits, TX1E und RX1E. [t furthermore inhibits any
chinge in the stale of 1the interrupt pending flip-flops in the terminal interrupt conteal logic an the CTH,

STAR INTE D15AB allows the L31-11 use of the TO 1D and FM ID registers and the ready and dune
hity for console functions fwhen the LSI-11 is in the conzole 1/0 made) without causing exlraneous
interrupts to the VAX-11/TE0D CPLT.

MCR <07> ROM NO-OPF - R/W

When the LSI-11 sets thes bit, it generates the CLR UWORD and ABORT CYCLE signals in the
microsequencer, peoducing the same effect a3 STALL. ROM NOP thus forces NOPs on the various
subsystem control fields sa that randem patterns from WCS will not produce undesired side elfects
during lesting. Il ke bit 15 sei while the clock is stopped, he clack must be stepped o CPT O belore the
ROM NOP signal takes effecl. This hit is cleared by LSI-1 | syslem initislization,

MCR <06 Stop on Microbreak Batch — R /W

Ifthe YAX-11,780 CPL detects 2 match between the microbreak register und the UTPC and the L5I-11
has set the SOMM bit, the clock will stop in CPT &+ of the cyele in which the match necurs. This in tuen
causes the assertion of the CLK STPD signal. The SOMM bit is cleaced by L8111 system in-
lializatian,

MCR <05> Clock Stopped - R/0

This read oaly bit is formed by a signal which originates in the clock control logic. It is sel when the
clock is not running. CLE STPD is also used in several eircuits on the Console Interface Board far
determinarion of whether or not synchronization o the YAX-11 /780 CPL clock is necessary. LSI-}]
svatem initialization clears this bit,

MCR <04:01> Frequency Select <1:0> - B/W

The LE[-11 software sets these two bits ta control the ¥ AX-11,/780 CPU clock frequeney. as shown in
Table 2-1.

Table 2-1 ©Clock Frequency Contral

FR1 FR { Frequency

i 0 100 Mhz (normal)

{ l 100,525 Mhz {35 short)
[ ] B 923 Mhez (12% long)
1 L External Source

FR 1 and FR 0 should not be changed when the clock is running. LS[-11 system inilialization clears
hath hbits,
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MCR <01> Single Time State - R /W

IT the LEI-11 software sets the $TS hit when the VAX-11/780 CPU clock is running the clock will stop
in any of the four time states. As long as the STS bit is scL, and regardiess of the statc aof the Single Bus
Cycle bil, writing 2 1 to the PROCEED bit will step the clock one time state {g.g., ffom CPT 100 to
CPT 1503 1.81-11 syscem initialization clears the STS bit,

MCR <1> Single Bus Cycle - R/W

IT the 1.51-11 assers this bit {and the STS bit is 0) while the clock is running, the ¢lock will stop i CPT
0. As long ag S5BC js set and $T9 is cleared. writing a 1 to PROCEED will step the clock to the next
CPT O ii.e., onc ROM /SHI cyele). LSI-11 system initialization clears the SBC hit.

MCE <il> Frocesd - W0

When the L5I-11 software writes a 1 io the PROCEED bit, it will affect the clock in any af three ways,
depending on the states af the 3TS and SBC hits, as shown in Table 2.2

Table 2-1 Uses of PROCEED

FROCEED 5TS SBC Clock
N 0] 4] atart clock running immediately
I 0 L step clock one cyele
S 1 )} step clock one time state
S 1 i step clock one time state

Writing a | o the PROCEED bil when the clock is running has no effect, L31-11 systetm initialization
chears the Bit. Note that CPT 0 = 881 T1. In other words the SBI leads the CPLU by ane ume state.

Constrakats on Clock Control
The proper methad for stopping the clock is to write a | to the SBC biv. Tn this way the stopped clock
slate ig known to be CPTO.

Clearing the 8TS and SBE bits will not start the YAX-11 /780 CPU clock. The LET-11 sofiware mwst
write u | Lo the PROCEED hit after 8TS and SBC have been cleared in order ta starl the clock,

2.49 Miscellaneous Canirol and Stams Register, MCS (1630347 173034g)

The miscellanenus control and status register enables the LSI-11 software 1o control und monitor same
of the cunsole suhsystem funclions and the interaction berween the L51-11 and the YAX-I 1/ 1R0 CPL.
Deseriplions af the hit [unciicns follow,

MOS <1513 Heserved

MOS < 12> Floppy On - R/W
The FLFY ON bit controls pawer ta the consale floppy disk drive through a relay. When the 1.81-11
sets the bit. il turns on pawer ta the floppy, Clearing the bit turns the floppy off. The L5I-11 system
imitializalion clears F1.PY OM.

MCS <11 Boot - Rf/W

This tead writc-ame 1o clear bil is set by 2 0 to | transition of the signal [rom the BOOT switch on 1he
conteol panch. The bit will be cleared when the LSI-11 wrires a 1 to the bt lacation and when the LSI-
Il swstem is inilialized.



MCS <10> Reserved

MCS5 <09> Copsole Command Mode - R/}

This read-only bit permits the LSI-11 to determine the stawe of the WAX-11/780 CPU. The CNSL
CMMN LY MODE bit is set by the YAX-11/TRD micracode together with the assection of HALT STATE.
The bil temuins set until cleared by the microcode while executing 8 CONTIMUE funstion. When el
this bit liphts the ATTN indicatar an the control peanel,

MCS <{(8> Run - R/D

This read-only bit is the “1™ side of a retriggerable oae-shot. The one-shot is clocked by the VAX-
11/780 interrupt strobe signal, and it will remain set as long us the WAX-11/780 CPU i slrobing
mterrugs it least every 0,423 ms. When the ¥ AX-11 /780 CPU enters the conscle command mode, the
RUN onc-shot times out. Also, while the YAX-11 /780 CPL is running und exccuting macrocode, 1he
negaticn of RUN generally indicates some fype of problem. For example, the microcode might be
hung in a loop or there might be & hardware failure. The RUN one-shot is also used ta light the RUN
indicatar an the contzol panel.

MUCS <IF1> Halt State - R/0

The HALT STATH bit is the raw decoded vutput of 2 ROM feld which is asserted if and only i€ the
microcode is in the consale wail loop. This bit is required becuuse the CNSL CMND MODE bit,
¥ hich 15 set upon entry it the console wait loop, will remain set even if the microcode leaves the loop.
The LEI-1] software therefore is able 10 use the HALT STATE hit 1o determine whether ar not the
mierocode has relurned ta the console wail loop fellowing a console microcode funetion {other than
CONTINUE). The LSI-11 must also test the HALT STATE bit eo be sure that the microcode is in the
console wait loop before perfurming a console ID maintenance cyele,

MCS <0&> Transmil Ready [aterrupt Enable

The [.51-11 sets the TX 1E bit in order ta engble interrupts feom the VAX-11,/780 CPU 1o the L8I-1 1
upon & 1 o D eransition of the TX RDY bit, [f the TX RDY bit is already 0, and the TX IE bit goes
from u 0 too& 1, the inteerupt will occur. LS1-11 initialization clears the TX LE bit,

MCS <052 Receiver Done Interropt Enable

The LE)-11 sets the RX 1E bit in order to enable interrupts from the VAX-11 /730 CPU to the LE1-11
upen u I to O lransitivn of the RX DNE bit. If the RX DNE hit is already ¢, und the RX TF bit gocs
from a0 toa I, the interrupt will oceur, LSI-11 initalization clears the RX DNE L.

MOS <4203 Reserved
MOS <IR2A0> Pasel Swiich Sense - R,/

These three hits sense the positions of control panel switches, as shoawn in Table 2.3,

Table 2-3 Panel Switch Senase Bit Functions

Bir Related Panel Switch

MCOS 02> Aute Restarl Switch (ALTO RST)
MUOS <01 Remote Mode (REMOTE)

MOE <00 Lock (Lock &= dizable)

These bits are ser when the corresponding switches are on. They wre not wffected by svstem in-
tializution.



L4.i0 ¥ Buy Regiter (163036, 173034;)

The ¥ Bus register allows the L3I-11 saltware ta perform the data load, serial shift, and self test
functions an the ¥ bus by writing to the ¥V Bugs register, The serial data retricved from palling stahle
internal state VAX-11/780 CPU test points is then available when the L8111 sofiware reads the
regisier. A description of the ¥ Bus register bits follows.

YV-BLUS < 15:08> Serial Data Bls - R/O
These eight bil positions are loaded with serial data from shift registers on the gight ¥V bus dala
channels which originete within each of the VAX-|1/780 CPL subsystems.

V-BUS <i7>: CFT 0 - B0
V-BUS <06>: CPT 1 - R/D
VUS <05>: CPT 1 - R/O
V.BLS <i4>: CPT 3 - R/D

These four bits enable the operator to determing the atate of the VAX-T1 /780 CPL clock when the
clock is stopped,

Y-B1l5 <03 Reserred

V-BUS <02> SDMS Seif Test - R/W

This signal feeds the data input to the most remote bit of the shift register comnected to eich of the ¥
bus channels, The LE[-11 software uses the gelf test bit to sssuce cotrect operalion of Lhe ¥ bus system
by shifting a known hit pattern throwgh each chunnel (25 shown in Figure 1-4). The bit can be set or
reset only by writing 4 1 ar a (0 Lo the bit locatian.

Y-BUS <01> SDMS Load - RW

The LEI-11 soliware sets this bit in order to parallel load machine state informution inlo each of Lhe
ghift repisters on the ¥V bus channels, [f the LE1-11 asserts bitz 1 und G with the seme insceuction, a load
function is guarantecd. Bit 1 must be reset by the L8I-11 software [or u shift 1o take place.

Y-BUS <> SDMS Clock - W70 )

When the L31-11 spftware writes a 1 to the SDMS CLOCK bit, it causes & 2 ps pulsc to be applicd to
the clock inputs Lo all ¥ bus channel shift registers, If the L81-11 software asserts the SPMS CLOCK
hit, and the SDME LOAD bit is reset, a shift will take place on cach % bus channel shilt regisler,
causing the next bit of data from each of the shift registers to be available in the upper byte of the ¥
Bus register.

5 DIALOGLUE: 151-11 PROGRAM 1/0 - VAX-11/780 MACROCODE

when the 15111 is in the program 1/0 mode and the VAX-11/780 CPU is executing macrocode, the
two processars use the TCHD wnd FM ID registers as the RXDB and TXDB, respectively. Intorrupt
service routines on esch side hundle the transfers.

151 LSI-11 Sends a Character to the VAX-11/T8D

When the console term.inn] DPErator types a character, the terminal interface interrupts the LE1-11. An
L5I-11 interrupt service routing then loads the ASCII code Tor the churacler nlo the lower sigh bits of
the TO 1D L register an the CIB and then sets the RX DNE bit to interrupt the VAX-11,;730 CPLL
Figure 2-% i5 a flowchart shawing the dialogue between the VAX-11/780 macrocode, the VAX-11/780
microcode, and the LST-#1 sofiware.
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The WAX-L1;740 CPU responds fo the interrupt by imvoking an mnlerrupl subrouling. This foutine
tests the RX DNE bit on the CIR. IF the hit 15 set, the subroutine execules an MFPR instruction 1o read
the TO 10 megister (RX13B) and stores the duts in the QF register in the VAX-11/TE0 CPLL This action
causes the RX DME bil an the CIB 1o reset, (thos cauging the CIB to send an interrupt signal to the
ESE-10. This interrupt in Lurn invokes an LET-11 inteerupt subroutine which tests the RX IDWE hit on
the CIB. If the RX DNE bil &5 fesel, ws il should be, the subroutine determines whether or not the
terminal is waiting Lo send anothet character to the VAX-11/780 CFU, IF the terminal does have
anuther character 1o send. the subrodtine loads the ASCH equivalent into the TO T register on the
CTB wid Lhen el the RX DNE bit, causing another interrupt to the ¥AX-11 /T80 CPLL. The I81-1
goltware then returns [rom its inteTrept subroutine.

.51 ¥AX-11/78¢ Sends 3 Character to the LSI-11

When the ¥ AX-117780 software is lransmilling o series of characters 1o the LS1-11, the LS1-1 1 will set
the TX RDY bit on the CTH each time it reads 3 characeer. The setting of TX R DY then generates an
interrupt signal ta the VAX-11/TB0 CPU, invoking a transmit interrupt subroutine, as shown in Fig-
ure 2-4,

The transmit intereupt subroutine executes an MTFR instruction to load the character into the TXDB
{FM I register on the C1B) and retwn from the interropt to the main program. The YAX-11 /780
microgode implements the MTPR instruction, Joading the FM 1D register from the O regisier. The
loading of FM [0 automatically resets the T RDY bit, renermting an intersupt 1o the LSI-11. The
L51-11 receive interrupt subroutine checks the TX RDY bil and then reads the data in the FM ID
register and sets the TX RDY bl

The LSI-11 ihen returns from the raceive interrupt subroutine. The sening of the TX RDY hit gener-
utes another interrupt signal o the VAX-11 /780 CPL, notifving the YAMX-11 /TR0 saftware that the
FM 1D register is empty and ready for another character.

L6 MATOGUE: LSI-11 CONSOLE 1/0 MODE - ¥AX-11 /78 MICROCODE

When the YVAX-11 /780 CPLT is halled {in the comsole wail loop) and the LSI-] is in the console 1/0
mode, the L31-11 may direct VAX-117E0 microcode roulings 10 perform various functions which
implernent console command language instewctions, such as an examine virtnal address instruction,
The T 10 und FM D repisters on the Console Inderface Board are wsed to pass the parameters
needed by or supplied by these routines, and the rransfers are interlocked through vse of the ready and
done bits, However, when the LSI-11 sets the TX RDY bit or the RX DME bat, nu comresponding
interrupt to the VAX-11,/7380 CPU is generated. Instead, the WAX-11/780 microcode wssumes the
responsihility for determining that the T RDY hit or the RX DNE bil is set before writing or reading
data in the FM TG register or the TO [D register.

The LSI-11 sofiware invokes the WAX-11 /780 microroutines nesded to executc 4 conscle command
lamguape inslruction by writing the starting eddeess of the mierorowtine to the microstack, thus push-
ing the address on the microstack, The LE1-11 software then writes a 1 to the MAINT RET ENARLE
bit in the MCR register on the CIB, popping the microstack and forcing & jump to the address spea-
ficd. Al ¥ AX-11 /780 microroutines invaked from the conaole except CONTIMIIE must relurn to the
cunsitle wait loop.

Theee 1vpes of events will cavse the VAX-11/730 CPU (o enter the Halt State {console command
mode].

b.  The VAX-I1/780 CPU may execute a HALT instruction which is coded within a Macro
program listing.

2. The VAX-1i /T80 CPU rmey halt as the result of an error condition.

3. The console terminal operator may tvpe o HALT command on (he terminal while the LE1-
11 18 in the conzole L/ mode, causing the YAX-11,/783 CPLU 1o halt,
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In any case, the microcode will load the 1.8V register on the 1D bus with & code which identifies the
reason for ke hale. TF the LSI-11 is in the program 1;0 mode, and the VAX-11,/780 CPU enters the
hale srate becanse of u programmed halt or an eeror condition, the LEI-1T software will sense the halt
by reading the HALT STATE bit (MCR < 10>) when it goes thraugh a null laop, and thus branch out
of the program I/ mode in order ta display the reason for the halt an the terminal and enter the

console I/0 mode.

However, the L3L-11 software must determine whether or not the TO TD and FM TD registers contain
valid data. and if so, save that data, befare wsing thoke registers o read the contents of the D.SY
register, The flowchart given in Figure 2«10 shows the sleps laken by the LST-] soflware in cesponse
o a YAX-11/760 CPU hale,

Figure 2-9 VAX-11/780 Sends 5 Character
to the L81-11. Flowchart
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ITthe TX RDY bit is 0 ut the time of the balt, the LS-11 softwarc reads the FM 1D repister and either
suves or uils on the date and then sets the TX RDY bil.

Then, if the RX DNE hit is X, indicating thal the TO TD register contuins data fram the LS1-11 which
the ¥AX-11;78) microcode has not yet read. the LS1-11 must save 1he data and the stale ol the RX
DME hit,

The L5I-11 then sels the STAR INTR DISABLE hit (MCR <083 ), frecring the state of the VAX-
L1,/T30 inlerrupl conteol logic on the CTH. The TO TD gnd FM TD n:gmt:r:s. and the READY and
DONE bils are available (o the LSI-11 sofiware for other functions. AL this point, the L51-11 software
can cead the D.SY register and the operalor can execute the various consale command languape
Instruelions.

Same time later, when the console terminal operator issues a CONTINUE commund, the LSE-11
software takes the following steps.

. Bets TX RDY.

2. Relpads data saved from the TO 1D register and sels the RX DNE bit, il RX DNE was set ol
the time of the hall.

3. Reenables interrupes to the VAX-11,/730 CPU, enables inlerrupls Lo the L8T-11, and exe-
cules CONTINUE by pushing the starting address of the continue routine onld the micra-
stack and then setiing the MAINT RET ENABLE bir.

This sequence s necessary for iwo reasons, Tt prevents false interrupts to the VAX-11,780 CPU, and it
ensures thul imlecrupls do vecur when the single instruction step moede is used,

2.7 DIRECT ID BUS REFERENCE

When the L5I-11 33 in the congole I70 mode and 1the VAX-11/TR0 CPL i5 1 the comsole wait loop, the
L5I-11 software references cectain TD bus repisters in the execution af kome of the console command
language instrociions.

2.7.1 I Hus Reference with the Clock Runming

When the ¥ AX-1T /T80 systern ¢lock is running, the L5I1-11 software can write to any |1¥ bus location
by toading the data ta he wniten inta the TO 10 LO and T 1Y HI registers and then writing the
regrater wddress and setting the WRITE and T CYCLE bits in the 1D C/8 register. Note that the 1D
CYCLE hit may be aet on u following instruction. Lo either case the 1D maintenance function causes
the dulu in the TO TD register to be wrilten into the register addressed,

The LET- 1| soltware reads TD bus registers similarly, gxcept that the WRTTE hit of the 113 £ 78 register
must be 0. At the completian of the ID bus eyele, the data from the regyster uddressed 1z availuble in
the FA 1D LO and FM TD HT registers.

2.7.2 1D Bus Reference with the Clock Stonped

The L5I-1] can read any LD bus register wilh the clock stopped by placing the desived address in the
1D /8 register, clearing the WRITE bit, and selling the ID MATNT bit. However, since all ID bus
register sicobe signals are disabled in CPT 0 it is necessary 1o step the clock to the time state in which
the desired strobe will enable the data onto the 1D bus. As long az 1D MAINT is ser, the clock is in the
potrect time state, and the WRITE bit = 0, the addressed registar may be read thmugll the 1D DATA
LO and 1D DATA HI rcegisters. The address may be changed even while [D MAINT iz set. cnabling
duta from u newly addressed register onto the I bus as long A8 the clock s in a time state which
enables the apprapriate strobe, The 113 MAINT bit should be cleared before the clack is started agaim.
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The L5I-11 software cannot wrile Lo 1D bus reglaiers when the clock is stopped without stepping
through time states. Hul the LSI-11 software can accompiish writc functions with the clock stopped by
first ensuring that the clock is in PT 0, then loading the data Lo be written into the TO 10 LO and TD
I H1 registors, and then setting the WRITE and [D MAINT bits and loading the desired address into
the [D C/S register. Invoking a single bus cycle via PROCEED will then wrile the data into the
registeraddressed and clear the ID MAINT bit, The L51-11 software can accomplish read functions in
a similar manner.

273 D Buy Reference without pse of Console Comimand Eanpuage Instructions

The consale terminel nperator may crcumyent the L51-11 console 1,4 mode software by moving the
HALT/ENABLE switch on the LSI-11 control panel within the cahinet to the HALT position. This
causes the LBI-11 to jump to the QDT (Octal Debugging Technique) routine, permitting read and
write access Lo any  bus register, and thus, indircctly, 1o the ID bus. The LEI-11 will also jump to the
ODT routine if the operator presses the BREAK key on the console terminal, See Section 2, Chapter 2
of the Micracomputer Hardbogk for details of ODT,
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CHAPTER 3
CIB DETAILED LOGIC DESCRIFTION

31 CONSOLE INTERFACE BOARD LOGIC

The Console Interfuce Board logic falls inta four categories: [D bus intetfoce, § bus interface, ROM
logie, and register logic. each of which ts desenihed in one of the four following subsections. A flth
subsection, consisting primarily of ftowcharis, traces typical transfer operations at the detailed levet.

32 [ID BUS INTERFACE 1.0GIC

When the VAX-11/T80 CPL asserts an address on the ID bus, the TD bus addmsr. decoder logic an the
CIB becomes active only if the address falls withio the range of 0345 te 0745, us shown in Figure 3-1,
MNodice ihai address bils 3, 4, and 5 muyl be Talse,

Twa full 32 bit registers can be read from the TD bus, SYS.1D and TO 1D, When cither of these
registers i5 addressed on a read, or the C1B i3 wriling 1o an 1D bus register an an I3 MAINT cycle,
CIEM D ENDAT ALL L and CIEM ENDAT (7.6) L go true, enabling the trunsmit function of the
ID bus Lransceivers belween OPT 100 and CPT 0, Normally, the siate of CIBM 5YS.1D DECODRE L
generates CIBM ID MUX EEL L, governing the owtput of the 2:[ maltiplexer shown in Fipure 3-2,
and determining whether the contents of SYS.1D or TO 1D are asserted on the bus, However, when (he
CIB petforms an LD MAINT cycle wrile ransfer, the CTBM SV 5.0 DECODE L signal is overridden.,
and the TO 13 repgister is amtomaticatly selected by the multinlexer. A 4:1 2-bit muldiplexer selects one
ol four sources for data bits 7 and & on 20l read wransfees iniliated hy the VAX-11;780 CPLI,

When the VAX-11/T30 CPU writes o hit & of the RXCS or TXCS repislers, the bil will sel or clear
with the assertion of CIBM CLE RX1E] or C1BM CLK TXIE L at CPT 100, as showa in Figures 3-1
and 3-23, See Paragraph 3.5.2 for un eaplanation of the logic involved in a write transfer to the FM ID

Tegister,

13 Q BUS ADDRESS DECODER AND TIMING LOGIC
The (} bus sddress decoder logic consists of three closely related ciecuits: the interfuce chips, the
QMUX circuit, and 4 one of twelve decoder cirenit.

1M1 Enterfmce Address Decoder Logic

When the LSI-11 processor iniliates 3 read or write transier to one af the CTB registers, it asserts the
address on BDAL <15:00> L and then waserts BBST L und BEYNC 1. If the asseried address falls
within the range of the jumpered address inputs to the DC005 interface chips, these chips will assert
MATCH H, us shown in Figure 3.3, Note that the jumper, W1, determines whether MATCH H in
agseried in respomse to addresses in the range of 1TI0XX; or 1630% X3, as fallows,

W inscalled: Address 170X,
W removed: Address 1630XXp

Note: W1 is notmally installed.
The DCOS chips alzo gate the address o the tristate BUS QDATA <1500> H lines. Bits <12:01>
gre lalched as CIRT LADRS <12:01 > H with the receipt of BSYNC L. The ANDing of the MATCH
H and BSYMNC L signals within the DCOM interface chip enables CIBI TRFLY L wfter a slight delay.
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CIBF IDAQORS 2 L

CIBFIDADRS 1 L

CIBF IDADAS @ L

CIBFID ADRS 3 L

CIBF 1D ADAS 4 |
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e
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CIBF ACY WRITE H DO CIBEM Ib WRITE L

CIBVYEPTO L

CIEV CPFT 100 L
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Figure 3-1 1D Bus Address Decoder Lagic

3.7

CIBF XMT WRITE H

CIEFID MAINT (1) H

Hi

CIBM 1D MUX SEL L

CIEFIDADRS O L

CIBM 10 (7.8) SELQ H

CIBFIDADARS 1L

CIBM 1D (7 BISELT L

1
- >
4
=,

>

A

-,
-,

.,
L

“HIGH 3N 1D

CIEM |D EMDAT I 7.6} L

L
b
%

b
EWABLE ID BUS
TRAMSCEIVERS.
EENDING DATA TO

WAX- 1AL CPU

)
¥
[

1
CIBM G ENDAT ALL L

MAINT CYCLE WRITE

TE Qi



CIBH SYSID SW <31 :.08.06: 00> H
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Figure 3-2 [0 Data Multiplexer Logic
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/ 0 BUS BDAL <1500 L /7

W1 + 5y
JUMPERED
ADDRESE  DCOOB CIBA, CIBE MATCH H
INPUTS CHIPS
BUE QDATA
EN
<04: 03> H g 0 2.4
a:4 :
< [~" " " |pEcoDER] T ] y— ( DECUCRER
= LEMSIC
4 SYNC O
o (]
@] BUS ODATA
m1] <12:01>H
LATCHES | CIBJ LADRS <12: 01> H
CLR CLK
Y
CIBY IMIT L

BETMNC L &

Figure 3-3 ) Bus Address Decoder Logic
Interfzce Chips

3A.2 OMUX Loghe
Eight vegisters form input mguals tid the QMUX, as shown in Figure 3-4.

When the LSi-11 processor performe a read weansfer w one of these registers, latched address bits
<(03:01> are waed to select outputs of the register addressed. as shown in Figure 3-4. When CIBR
QMUX STROBE L i3 asserted, it enables the contents of the selected register on the tristate output of
the QMLUIX. Refer o Paragraph 1.3.4 for further details,

133 One of Twelve Decoder Loghe

The L8I-11 processor can alse read six of the CIB regiaters which do not feed the QMUX and it can
perform wrile translers w o tolal of eight CIB regisiers. The ane of twelve decoder ]ﬂgn: shown in
Figurs 3-5 zelects the regisier addressed.
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BUS O DATA <5000 W

CIBR QMUX STROBE L
STH
VELU'S RESGISTER
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MCS REGHSTER
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Figure 34

QOMUX Lagic
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CECODERS
CIBJ4 LADRS 02 H N— CIBJ SEL ROM D L
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- |
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[ .
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Figure 3-3 One of Twelve Decoder Logic
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A decader on the DCOM chip interprets the address bits on BUS QDATA <id:031> H, enabling une
of Towr low true outputs when MATCH H is gsscrted. These signals in turn ensble one of four 24
decoders, As shown in Figure 3-5, CIB] LADRS <02001> H select 1 of the 4 oulputs of the ensbled
2:d4 decoder, enabling 1 of 12 select register signals. The following signals will enable a strobe sipnat
gating the contents of (e sclected rogister onto the BUS QDATA <1500 H lincs when the LSI-11

processor performs & cead transfer.

CIB) SEL ROMCOL

CIB] SEL ROMIL

CIBI SELIDDATALICL
CIBI SEL I DATA HIL
C1BI SEL DONE L

CIR] SEL READY L

When the LEI-11 processor perforins a write transfer 1o one of the CIB registers, valy the one of twelve
decoder logic i used, enabling one of the following signals;

CIBI SEL DONE L
CIB] SEL READY L
CIB) SEL 1O IDLO L
CIBI SELTO JI2HI L
CIBJSELIDC/STL
CIBJ SEL MCR L
CIBJSEL MCS L
CTB] SEL ¥VBUSL

Sex Lhe descripions of 1he specific registers for further details on read and write Lransfers from the LSI-
[1 pracessor Lo Lhe CIB cepisiers.

33.4 Soobe Signals Developed on a Q Bus Read Transfer

On a () bus read transfer the L5SI-11 processor negates the address after the CIB address logic has had
time to decode and latch it. The LSI-11 then asserte RDIN L. The CO0 chip in turn enables CIBJ
INWD L, This triggers a one-shol which gets a flip-Mop on the trailing edge of the pulse, as shown in
Figure 3-6.

HCIB) GATE ROM H is false and CIBJ LADRS 4 H is true, CIER QMUX STROBE L is arserted,
cnabling the tristate output of the QMU X onto the BUS QDATA lines, The logic for CTRE 1D DATA
STREL. C1BR QDATA <7> STREB L, and CIBR ROM ENAB L is similar.

335 Clocking the Registers vn a () Bus Write Transfer

When the LSI-11 processor performs 2 wrike transfer to o CIB repister, it replaces the address on the
BDAL lines with duls i be written and agserts BDOUT L, after (he CIB has decoded and Jaiched the
address. BDOUT L enables CIBT OUTHH L or CIBJ OUTLE L or both on the DO chip, depend-
ing o Lhe states of address bit O and BWTBT. These signals are AMNDed with a synchronizing flip-Nop
signal {se2 Parsgraph 3.3.6) wo produce C1BT CLK HB L aod CIBT CLK LB L. And these sipnals are
in turn ANDed with one of the seleci signals fram the one of twelve decoder logic (Figure 3-3) o
produce 1 of the L5 register clock signals shown on sheet CIBL of the print set, Note that the data to
be written is not latched until the clock signel(s) develop a rising edpe.

334 Transfer Synchrosizaiios Logic

The YAN-11/780 CPL' and 1he L5I-11 processor may happen to perform data transfers to the same
register simultaneously. The synchronization logic shown in Figure 3-T cnsures that the transfer of
unatahle data will mot cesult by making sure that CTBT XMT RPLY H and BRPLY L arc not asserted
until the CFT 50 following the CPT 150 which follows the assertion of CIR] TRPLY by the M

interface chips,
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Figure 3-6 Register Strobe Logic
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Figwre 3-7  Transfer Synchronizer Logic
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The twa Mip-flops shown i Figare 3-7 meke wp the core of the synchronization Iogic. A read or wrile
transfer w any @ bus addressable CIB register will cause the first flip-fop (0 set on the CPT 150
following the asserlion of CIRI TRPLY L. il the ¥AX-11 /780 CPU ¢lock is running. The second flip-
Mop sets U s later with the assertion of CPT 50, The owtput of the second flip-flop qualifics CIBT
XMT RPFLY H and BRPLY L.

If the transfer is o wrile, the rising edge of the owtput of the second Oip-flop o the rising edge of CIBT
OUT HE L and/or CITRI OUT LB L will produce a rsing edge on CIBT CLK HB L and/for CIBT
CLE LB L and thus on the clock signal(s) for the sclected register, latching the data to be written,

Figure 3-8 shows the sequence of (F bus signals developed on a write transfer. Figure 3-9 shows how
the tming developed by the synchronizing Mip-llops ensures proper coordination with the YAX-
11780 CPU clock. Mote that a delay between the LST-1 ! write and the VAX-11 /T80 CPU read i built
in. The data must be valid on the IT bus belween CFT 131 and CPT [3E.

I the transfer is a read 10 any Q bus readable regikter cxcept TX READY ar RX DONE. CIBT XMT
EFLY H is ANDed with CIBE QDATA (T) 5STRB L (lzlsc) to qualify CIBR QBUS XMT H. This
signal enubles the transmit function of the transceiver gates on the DNC005 chips, gating the data from
the BLIS QDATA <1500> H lines 1o the Z bus. For further discussion of trunsfers to TX READY
and RX DONE, refer 1o Prragraph 3.5.8. Figure 3.10 shows the sequence of © bus signals develaped
on & read Lransfer. Figure 3-11 shows how the synchronization flip-ffops affect the riming of the

transfer, Note that a minimum of 100 ns delay betwesn a YAX-11/780 CPL write and an L81-1t read
I5 cortain.

Aoa. %A ADDRS Y R DATA LI
R SYNC I|I' \

el 0r 2 5
l—ELEIl:l: RCYD DATA

BUS T APLY -
Ras7 /] X asseAmion=evie X/ ST

DATO/B TRAMSFER CYCLE

R OOUT =15

e

TE-Gaal

Figure 3-8 DATO/D Transfer Timing on the @ Bus
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337  Bus Transters when the ¥ AX-11/780 CPU Is Stopped

When the ¥AX-11,780 CPU clock is stopped, the syochronizing flip-flops are both cleared by the
ANDing of CLKN STOPPED H and C1R) TRPLY L. {false)., If the transfer is a write, CIBT CLK HB
{and,or LB) L will bz asserted low with the enabling of CTR) OLUTHE L and for CIB) OUTLBR L. The
[} input to the first synchronizing Mip-fop is also the signal which is ANDed with CLKN STOPPED
H or CIBN SBC L ot CIBN 5T8 L, to produce CIBT XMT REPLY H and BRFLY L, a5 shown in
Figure 3-8. This circuit becomes active when the D004 interface chip asseris C1IB) TRPLY L in
response 10 the initiation of a § bus transfer, thus circumventing the synchronizing flip-flops when the
clock is stopped, Mote that on awrite iransfer the signal which clocks the data ioto the register will no
develop 2 positeve edge until C1RT QUTHB L andfor CIB OUTLE I. go high following the negation
of BDOUT L by the LSI-11,

34 ROM LOGIC
The frst twa ROM locationa have twao scts of addresses: 163000 or 173000)/ 140000 and 163002{0r
173002}, 140002 (octal), These locations contain 3 TMP X instruction and they are addressed on power
up through addresses 1630007 1730005, 163002173002, When the LE)-11 places 1630001 73000y or
{63002, 1730025 on the ) bus addresy lines, C1BI SEL ROM Qor 1 L will be generaled to perfonm the
lollowing Tuactions.

. Drisable CIBR ROM Al <9:10> H.

2. Select ROM Bank 0 ar 1, depending an the state of CIB] LADRS 11 H.

1, Enable CIB) GATE ROM L, generating CIBR ROM ENAB L afler a delay [ollowing the
receipt af BDIN L (CTB) INWDD L), enabling the tristule cutpul of the selected ROM bank
onlo the BUS QDATA <15:00> H lines.

Figure 3-12 shows the ROM address logic.

When the L5111 processor subsequantly reads ROM addresses in the 14XX XX range, HSY ™ML L sets
the fip-Mop shown in Figure 3-13 to generate C1R) GATE ROM H and enahle the cutpul of ane of
the four ROM banks, selected by the latched address signals (CIB) LADRS <1201> H).

15 (I8 REGISTER LOGIC

Mot all of the C18 repisters are disceete rapisters in the typical hardware sense, The illustrations which
accompany the following descriptions should be wscful in identifying the components and operations
of the registers,

251 TO TD Register Logic _

The TO 1D register is the bulTer used for data trunsmission from the LEI-11 to the YAX-11 /784 CPL,
The LSI-11 cun write and read the contents of the register at $ bus locations 163020/ 1741205 and
163022173022, 16 bits at time. The VAX-11 /780 CPU can read but not write the T 1D register at
ID bus address 053 Figure 3-14 shows 1the TO D regisier logic,

When the LSI-11 writes 1o the TO ID register one ot two of four clock signals are needed ro handle
these transfers, as shown in Figure 3-14.

Mote that the BUS QDATA signals are lalched in the register flip-flops on the rising edge of a clock
sipnal at CPT 5.
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When the VANX-11/T80 CPL places the address of the TO 1D register o the 1D bus address lines to
read the repister, the address decoder logic aanerts CTBM D MUX SEL {. selecting the A inputs to the
2:1 112 multipleser shown in Figuee 3-2, Notics that bits T and 6 art handled separately in the 4:}
muliipleagr. The decoding of the TG LD register address also enables C1BM ENDAT ALL L und
CIBM EMDAT (7, & L at CFT 100, enabling the data through the 1D bus transceivers.

152 FM I Register Logic

The FM 11D register if & write-ooly regrster fram the VAX-11 /780 CPL! side and a read-only register
from the L8I-11 pide. The FM ID repister is made up of positive edge tripgered flip-flaps. The clock
input signal (CTHU CLK FM ID H) develops a positive edpe under only two types of corditions, as
shawn tn Tuble 3-1. Figure 3-15 shows the logic involved.

Table 3-1 C(reneration of the CLE FM ID H Signal

i
Fi 1Dy 1D 1D XMT
DECODE | WERITE MAINT WRITE CFT CLK
L L mH H L{H) FMIDH COMMENIS
————————"== U
L L X X VAX-11 CPU writes to
L = FM ITD register.
X b4 L L CIH imitiptes a Mainte-
L RN nance Read Function.
H X H X X H On all ather signal com-
H x X H x H binations no positive
X H H X x H edge is developed.
X H X H X i H

Mote: X = don’t care condition

The ID bus data, therefore, will be latched from the 1D bus transceivers gnly when the VAX-11 /T80
CPY writes data eo the FM ID register or when the C1B performs a maintenance read cycle on the [Dr
bus, Figure 3.16 shows the FM 1D register logic,

The output of the FM 112 register feeds the QMTIX. When the LEI-11 performs o DATI transfer 1o the
high or low portion af the register, the contents of the FM TDLO repister or the FM TDHT repisier are
enabled on the BUS QDATA <1500> H lings and sent ta the LST-£1 with BRPLY L, at CPT 30,

353 1y C/S Register Logic

The 1D /S register enables the LSI-11 to control and monitor sctivity on the 10 bus, When the LSI-
L1 performs a read transfer ta the register, the § bus address decoder logic and the QMUX select lines
enable the outpul af the TR C /8 register through the OMITX and on the BUS QDATA <15:00> H
lines to be asserted on the () bus together wilth BREPLY L.

113 /5 hits < 14082 are nol latched on the CIB, but fed dicectly from ID bus receivers to the QMITX.
Figure 3-17T shows the ID C/S repisler logic.

The setting of T CYCLE causes TDXMATNT (o set at the next cocurcence of CPT O, 1T MATNT (13 H

then resers ITD CYCOLE at CPT 150 wutomatically, unless the VAX. 11 /T80 CPU clock is stopped. The
LEI-11 wriles to the ID MAINT bil theough the direct set and direct clear inputs ta the flip-Oap.
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Figure 3-16  FM TD Register Logic
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Figure 3-17 ID C/S Register Logic
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354 MCRE Realster

The machine control register (MCR) enables the L81-11 to control and monitor cectain VAX-11,750
CPU fenctions. The L51-11 reads the MCR register through the QMUX. Figure 3-18 shows the MCR
lopgac.

when the LSI-11 processor writes a | to MCR bit 10, MAINT RTN EN, a seeond flip-Aop sets when
CPT 150 H poes high, enabling CIBN DMAINT RTN H. The 1 output of this second flip-flop also
loops back to dear the MAINT RTN EN flip-flop, putting a low level on the B input to the seeond
flip-flop. CIBN DMAINT RTN is thus disabled after ane bus cyele at the next oceurrence of CPT 150,

MOR bit 5 is not tatched on the CB hut formed directly from CLKN STOPPED H.

MCER bit ¢, PROCEED, does not feed the QMUX and thus cannot be read. Asg soon as the LEI-1E
wriles 2 | to PROCEED, the VAX-11;780 CPU clock starts. CTET STOPPED L then goes high
imedigtely, clesring the fip-Mop.

355 MCS Replater Logle

The LST- 11 uses the miscellancous control stutus (MOCS) register 10 monitor conditions on the contral
panel (SCP) and in the VAX-11 /780 CPU and to enable or disable interrupts from the C1B to the L3I
11. Figure 3-19 shows the MCS Register logic.,

The [81-11 resds (e MCS register through the QMUX. Notice thal LOCK, REMOTE, AHTO-
RESTART, CMSL ACE, RUN, and ATTN are read-only bits.

MCS bit &, the RUN signal, is deveioped [rom a series of two one-shots. The 1 side of the first one-shot
feeds negative inputs of both one-shots, When the YAX-11/780 CPU sturts cunning, ICLD ISTR R
goes high, firing both one-shots and enabling CIEN RUN H. At this point the | output of the first
one-shol disables the negative inputs to both one-shols. The first one-shot therefore times owt after
2{1.5 ps, whether or not ICLI> 1STR H cycles sgain, thus reenabling the negative inpiits to both ote-
shots. The second ong-shol curries for 423 ps without retriggering, however, so that RUN remaing
asserted, JCLD TSTR H will be asserted again, before the second one-shot times out, il the VAX-
11/7%0 CPL) is still running. This fires the first one-shat, retriggers the second one-shot. and keeps
CIBN RUN nsseried.

Motice also that the LS1-11 cun clear, but nol set, the BOOT bit,

The 1.51-11 reads the MCS regisier regularly when going thraugh a null loop and on power up in order
to take appropriate action in response to a change in the status of the VAX-11,780 CPU or the control
panel.

356 V Bus Register Logic

The L51-11 can read the ¥ bus regisier o any lime, and it can set and clear the sell Lest and load bils at
any time, but il should write a | to the clock bit {bit 0) only when the YAX-11/760 CPU clock is
slopped and 1the CPL is in 5 stable state. Setiing the clock bit at any other tine may result in the receipt
of invalid data an the sight ¥ bus channels, Figure 3-20 shows the ¥ hus register logic.

The L51-11 ceads the ¥ bus register through (he OMUX, Bits <15:04 > ure not latched, but fed ditectly
from the Y AX-1E/T80 CPUT wo the QMUX. CPT O, 50, 100, and 150 H da aot Focin 2 patt of the ¥ bus;
they are included on the ¥ bus register so that the maintenance person can determine the state of the
VAX-11/780 CPU clock during the reading of the ¥ bus lines,

The CIRL CLE VB LB L signal clocks 1he duta to be written into bits (0, T, and 2 on a write trensler.
Natice that bil 0, the SDMS CLOCK bil, can be written as 2 1 anly, and s se1f clearing, but that (he
output, CIBH SDMS CLOCK H is normally high, and goea low when the bit is clocked, for the period
of the one-shot, as shown in Table 3-2, Figure 3-21 shows the timing invobed.
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Figure 3-18  Machine Control Register Logic
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Figure 3=-19 MCS Register Logic
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Figure 3-20 ¥ Bus Register Logic
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Takle 3-2 Geperathon of the SIS Clock H Sigaal

Chie-shot
Cutput 0
C1Bt! {1BH
Clnck Orme=Shot SDM=
¥V Bus Bus () Dsata Input Clock
LBL (L1} (Pinl} H Comment
H 1. H H Muormal condition
H H H 0
I H 1 " LEITT writes o 1 1o bil O
H H T L Negative pulse on output clock-
ing shifl cegister on leading edge
(thtough receivers)
INPUT TO FIAST OME-SHOT (FIM )
INORMALLY HId=H I
Ci1BH SDMS CLOCK H
(NRAMALLY HIGH!
CLOCK INPUT TQ ¥ BUS
CHAMKEL SHIFT REGISTERS
ON CPLY MODLULES
cigH 50MS DEL CLEK H
INORMALLY HIGH] L_

DELAYED INPUT TO W BUS CHANNEL
SHIFT REGISTERS ON CPLI MODULES

Te jaaE

Figure 3-21 ¥ Bus Clock Timing Driagram

When the one-shot fires, the C1BH SDMS CLOCK H signal stuys low for abouwt 2 wa. The CPII
modules which use this signal 10 clock the ¥V bus shift registers inverl the signal 1o develop a positive
pulie on the clock inputs Lo the shift register chips, The positive edge of the anc-shot 0 cutput also
triggers & second vae-shot, providing the CIBH SDMS DEL CLK H. The delay produced is 2 s,

357 1D Duata Reglater Logic

The [1? datu register provides a window to the 1D bus for the LE1-11, v is unique in that it containg no
storage elements and is a read-anly register, as shown 1o Figure 3-21.
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Figure 3-22 ID DATA HI and 1D DATA LO
Register Logic

When the L8I-11 petforms o read transfer 1o cither the ID DATA LO regisier or the TD DATA HI
register, the ) bus address decoder logic enatbiles CIA] SEL I DATA (L0 or HI} L, selecting the A ar
B inputs to the 2:1 muliiplexer shown in Figure 3-22. CTBR 1D DATA STRB L enables the tristate
cutput of the multiplexer on the BUS QDATA < 15002 H lincs after a delay following the receipt of
BN from the LSI-11.

358 luterrape Logic
The interrupt logic enables the LSI-11 and the YAX-11/TEQ CPU 1o interrupt each other. It involves
rar ID bus registers and three Q) bus registers. Like other registers on the CIB, the RXCS and TXCS
registers permit access by the YAX-117780 CPL), and the RX DONE, TX READY, and MC5 {de-
scrihed above) registers permil aceess by the L8I-11 via the address decoder mechanisms,

When the VAX-11,/T30 CPL writes a | to bit 6 of the RXCS repister or the TXCE register, the 1T bus
address decoder logic clocks the bit at CPT 100, enabling interrupts to the VAX-11,/T80 CPU. Then,
when the LS[-11 wntes a 1 to the READY or DONE bit, the latched signal is ANDed with the
corresponding mterrupl enable bit to clock an interrupt pending flip-flop and enable an interrupt
signal to the VAX-11/780 CPU, if the CIBN STAR INTR DISAB H signal is false.

Later, whena YAX-] /T80 interrupl subrouling reads the TO ID register or writes the FM 1D ecgister,
the DONE or READY [lip-flop will clear sutomatically when the corresponding 1D hus address
decoder signal is enabled, as shown in Figure 3-23. ICLC CINSL RCV ACK L {(which indicates the halt
state in the VAX-11/780 CPU}, CIBY INIT H, or CIBN CMSL RESET H will reset the interrupt
pending Mip-flops, preventing inadvertent interrupts.
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Figure 3.23  VAX-11 /780 CPU Imerrupt Lopic
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Also, the READY and DONE bils ure wcluded in two sets of regisiers so that they are accessible Lo
both (ke LSI-11 and the VAX-11,/780 CPU. From the ID bus side they are read-onty bits which clear
auslomatically. From the €2 bus side they are sead/write hits.

The LE1-11 provessor reads the READY and DONE hits through o 2:1 iristete muliiplexer us shawn in
Figure 3-24. Mote that the other data inputs to the multiplexer are prounded. CIBE QMUX SELOH
selecls the A of B inpal Lo the multiplexer. CIBR QDATA <7> L enables the data onto the tristule
BUS QDATA lines (ses Poragraph 3.3.4 for an gxplapation of the way thiz signal is developed), and
thus 1o the data inpuls 1o the corresponding DO00S interfuce chip, The tranamit enable signal for this
D00 chip is CIBT XMT RPLY H (not CIBR QBUS XMT H, as for the other 003 chips). Figure
3-7 shows the development of this signal.

When the VAX-11/T80 UCPL) reads or writes one of the two CIB date buffer registers, clearing the
corresponding READY or DONE hit, the interrupt logic generates 2 transmil interTupt or receive
inlerrupt signal W the LSI-11 on the DICOO3 interface chip, as shown in Fipure 3-25, il (the cormespond-
ing mlerrupl enable Bit 15 gl

Table 3-3 shows the functions of the five interruptl related registers.

L M
1 B\\ EBLIE CIDATA Q1 H :‘BDAL o1L
e BUS GDATA 09 H BDAL D9 L
READy |1 H TRI- 1 5
STATE DEODS AL%
o Le] BUS ODATA 08 H DAL 07 L
BLS GDATA 07 H BOAL 06 L
oy
XMIT
‘L—E A sey
1 EM
CIBE DOME
oanNEe [i11 H AN
CIBR QDATA <7> STRE L CIBT KMT RPLY H—

LIBR OMUX SEE O H
Th-OiEa

Figure 3-24  Ready sad Done Muoltiplexer Logic
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Table 3-3  Taterrupt Related Register Bit Funcibons

Interrupt
Hegisler Rendy and Done Ensble
Mame Bits Bits Commenis
RXCS RX DMNE-K /O RXIE R/W | If both bits are set, in-
(1D bus Odq5) {bit T} (bl &} tercupt the VAX-11.
same flop-flop
RX DONE EX DNE-R/W IF this bit is resel and
(0 bus Lo3004: 173004 (it 7 MCS <05> i sal, in-
terrupt the L5I-11,
TX C8 TX EDY-R/0O TXIE BR/W | IT bath bits arc set, in-
(1D bus O6qg) (hit Ty [hit &) leerupt the YA X-11,
sumne Mlip-flop
TX RDY TX READY-R /W 17 this bit iz resel and
{9 bus 18381065/ 173016, | (bt T MCS <06> is set. in-
tercupt the LEI-11.
MCS RDY IE-R/W (DNE IE-RE /W] Enable or disahle jn-
(0 bus 163034, 717 HHg) {(hat &) i bit 51 terrupts to the LS[-]11,
These hits are imple-
mented an the D3
chip.

3.6 TYPICAL CLB TRANSFER QPERATIONS

When the VAM-1]1/780 software and the LSI-11 wansfer data and control signuls vig the Console
Interface Hoard, the Lransfer operutions ogewr in predictable and logical sequences. Far example, when
the ¥AN-11/780 CPL is running mucracods and the conzsale terminal operator types “set terminal
program.” switching from the console 10 maode to the program 170 made, the following scquence

will cocur.

. The L1 sets the READY bil (7)in the C1B TX READY register, informing the WA X-
117780 that the console terminal is ready ta accept a character (Figure 3-26).

2. The VAX-11/780 writes to the FM ID regisver, clearing the READY hitin the TX READY

tepisler, interrupling the L8111 (Tigure 3-27).

3. The L3111 and CIB hold an inlerrupt dialogus on the Q@ bus (Figure 3-28).

4. An |51l interrupl rouling resds the character in the FM 1D register and transfers the

churacter 1o the console Lerminal {Figure 3-24),

5. The console terminal completes printing ihe character and intercupts the LSI-11 {not

thown),

6, The LSI-11 sets READY jn the TX READY register, thus completing one transfer (ot

shown),
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Figure 3-26 LS1-11 Sets TX READY, DATOB Transfer on ¢ Bus
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Figure 327 ¥VAX-11/7B0 Safltware Sends a Character to the FM [D Register
for Transmission Lo the Console Terminal, Write Transfer an the 1D Bus
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Figure 3-23 Interrupt Dislogue on the () Bus
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L5l-11 ClB

ADDAESS FM IDLO REGISTER

¢ ASEEAT 183024, OM
BO&AL <1508 L

= ASERT BBST L . DECODE ADDRESS
+ ASSEAT BEYNC L ™ v DEOOS MATCH H QUTPUT o 1

R = 163024p 15 ASSERTED ON
T, BUS QDATA LINES

~~ * ADDRERS BITS <12:01> ARE

REQUEST DATA - LATCHED
- « CIEJ) LADORS <03:01> H
* MEGATE '“'L:‘D“:ng ON J,,f"'r — CIBA OMUX SEL <2:0% H
BOAL <15:00> L SELECTING THE CUTPUT
- NEGATE EBST L . QOF THE FM 1010 REGISTER
NTH MLIX
+ ASSERT BDHN L '\,\ U THE QML
", N AUTRUT DATA
"‘M + DOO04 ASSERTS CiEd INWD L
“\ ENABLING CIER QMUX STROBE L.
4 AFTER CIBR ONE-SHOT DELAY.
- ENABLING CONTENTS OF FM IDLD
TERMINATE INPUT THANSFER . - AEGISTER UNTL BUS QDATA LINES
- » CIEJ TRPLY L A CRT16Q, CPTSQ
-~
+ ACCEPT DATA A — CIBT ¥MT RPLY H
« NEGATE BDIN L - — QIR QBUS XMT H
. EMABLING DATA ONTO BDAL <15:00> L
™ * ASSERT BRPLY L
Y
T
b

™o OREAATION COMFLETED
+ MEGATE BRPLY L
TERMINATE BLIS CYCLE - —_— + REMOYE DaTa FROM BDAL <15:D0> L

¢ MEGATE BSYNC L
| RrA3T

Figure 3-29  LSI-11 Tnlesrupt Subroutine Reads the FM TDLO Register.
DATI Transfer an ) Bus



Some time later, another sequence mighl acour, as follows:
1. LSI-11 writes ta the TQ LDLO register {Figure 3-30),
2. LSEI11 ez DHINE (aol shown).
3. VAK-11/780 CPU reads the TO ID register ( Figure 3-313

The flowcharts which follow trace the operations basic te each transfer.

L51-11 clg

ADDRESS TG IDLO REGISTER
UMk BUE

= ASSERT 163020 ON
BDAL <15:00> L

« ASSEAT BBST L ~
= ASSEAT BWTET L " N
» ASSERT HSYMNC L n,
Sy

™ . DECODE ADDAESS
OUTFUT DATA ~a + DEDOS MATCH OUTPUT « 1
» REMOVE ADDRESS FROM “‘--H.I + 163020, |5 ASSEATED ON

BOAL <165:DD> L - BUE QDATA LINES

= NEGATE BEST L - » ADDRESS BITS <12:013>
+ MEGATE BWTET L . ARE LATCHED

L
% AEEERT DATA ON BOAL <1500 L xH « ASSERT CIBJ SELTO IDLD L
1+ ASSERT BDOLT L "\.H

"l.\.\l

. ACCEPT DATA

‘t + ERABLE CIBU CLE TO IDLD LB L

TEAMINATE QUTPLIT TRANSFER
CIEU CLE TO IDLD HB L

' :E’:Ef@%ﬁgTﬂM - - = LATCH DATA [N TO IDL3 REGISTER
' S = ASSEAT BAPLY L
= HEGATE BDOUT L e
—

T i OPERATION COMPLETED

— == = NEGATE BRPLY L
TEAMIMATE BLE CYCLE —_——

+ NEGATE BSYNC L

Tk-0zH

Figure 3-30 LS[-11 Writes 4 Character 10 the TO TDLO Register
for Transmission to the YAX-11/T80 Sofiware, DATO Transfer on the Q Bus



THE L&i-11 WRITES & 7 TS

THE DOMNE RIT ON THE CIB

(RH DONE <07, 183014,}

EMABLING CIBS CHEL ACY INTH H,
WHICH INTERRLUIPTS THE WAX-11 CPU.
SOME TIME LATER THE WAX-11 CPL
INVO¥ES AN INTEARLPFT SUBROUTINE

Cig VAR-11 CPU

EMITIATE AEAD TRAMSFER

ADORESS
DECODE TO IR BUS LOCATION OB

* ENABLE CIBM 1D MLUX SEL L /= MSSERT 05, ON ID ADDRS <50> H
ICIBM SYS!D DECODE L IS FALSE) #" D WRITE L |5 FALSE|
SELECT QUTPUTS FROM TO 1D i
AEGISTER OM (O MLIX AND o~
1.8 MUK #
r

= ENABLE TD ID DECOOE L.
ENABLING CiBM EMDAT ALL L
AND CIBM EMDAT (78] L, Y
ENABLING BUS TRANSCEIVERS %
AMND ASSERTING CONTENTS OF *,
TO 1D REGISTER ON 1D BUS “
aT cFT 100 \
l ACCEPT DATA
| \. AEMOVE AQDAESS FROM
I0 ADDRS <E:0> H.
TEAMINATING BUS CYCLE

« DISAALE BUS TRANGCEIVERS
AT CPT 0. AEMOWVING
DATH
TH-0FH

Figure 3-31  ¥AM-11/780 Interrupt Subroutine Reads the TO D Register,
Head Tratisles an the TD Bus



APPENDIX A
Q BUS TECHNICAL DESCRIPTION

Al GENFERAL
The } bus is the /0 and memory bug for the LSI-11 and the VAX-[1/780 consale subsystemn, The
Q bus multiplexes address and data signals on the 16 BDAL lings. In addition individual cantrol

sighals are wged Lo sequence 170 transfers and interrupi transfers. Table A-1 lists the important £ bus
gignal lines.

Table A-1 ©Q Bus Signals

/0 Transfer Control Signala

Mame Dhescription

BSYNCL Synehronize - The bus master [LSI-11 processor) asserts BSYNC L 1o in-
dicate that it bas placed an address on BDAL < 15:003 L. The transfer is in
progress until BSYNC L is negated.

BOIN L Data Input — The LE[-11 asserts BDIN L for 1wo types of operationy:

1. When it is asserted during BSYMNC L time. BDIN L
specifies an input trangler with respect to the proces-
gor. It requires BRPLY L as u response. The proces-
sor asgeris BDIN L when it is ready to accept data
from the slave device.

2. When the processar asserts BDIN L without B3YNC
L, it i8 requesting an interrupt vector from an inter-
rupting dewice,

BDOUT L Data Output = When the L8111 processor asserts BDOUT L, valid dats is
an the bus for an owtpui fransfer from the processor to an 170 slave device.
The slave device deskews BDODUT L {pauses) before lawching the dato. The
slave device responding to the BDOUT L signal must assett BRPLY L tior
complers the transfer.




Tabe A-1 () Bus Sigmals {Coat}

T/ Transfer Contvel Signals

Mame

Descripthon

BWTBT L

BRPLY L

Write /Byte — The LS1-11 processor uses BWTBT L to control bus cycles in
WO Ways:

!. The pracessor askerts BWTRT L on the leading edpe
of BSYMNC L e indicate Lhat an owtpul sequetce
(DATO or DATOB) is to follow,

2. The processor asserts BWTBT L together with
BCOUTL, on a DATOR cycle, for byte addressing.

Reply - A slave deviee asseris BRPLY L in response to BDIN L and
BDOUT L. on data transfers and it response o BIAKOC L during interrupt
transfers. ARPLY indicates that the slave has asseried input data on the bos,
accepted autput dela from the bus, or asserted an interrupt vector on the
hus.

Interrupt Centrol Signals

BIRQ L

BlAKD L
and EIIA_KI L.

Interrupt Request - A devics usserts Lhis signal when its interrupt enable and
interrupt request Mip-Mops are sl BIRQ L informs the processar that o
device has data 1o kend o Lhe processor (input) or that the device is ready 1o
accept oulplt duta from the processor. Ll the processor’s PS word bit 7 s 0,
the processor responds by acknowledging the request, asserting BDTN L and
BlAKO L.

Intercupt Acknowledge Output and Interrupt Acknowledge Tnput — The pro-
cessor asserts this signal in response to un interrupt request (BIRG LY. The
processor asserts BIAKO L which is routed via the  bus to the AIAKT L pin
of the ficst device o the bus, If this device i3 requesting an interrupl {aseert-
ing BIRQ L), it will block the passing of BJIAKO L to the nest device and
thet place (he interrupt vector on the bus, At the same time Lhe device will
negate BIR L and assert BRPLY L. If the device is nol asserting BIRQ L, i
passes BlAKI L to the next device vig its own BIAKO L pin and the BIAKI
L pin of the lower priotity device.

Address and Trata Signals

BIDXAL <1500 L

BBETY L

These 16 lines form the data/address path, Address information is first
placed on the bus by the bus master (processar], The processor then either
receives inpul dara from or transmits cutput data to Lhe addressed slave
device or memory location over the same 16 bus lines.

Bank 7 Sclect — The bus master usserls BBST L when an address in the upper
4K hank (address in the 2BK-32K range) is placed on the bus. BSYNC L is
then asserted, and BBST L remains acrive for the duration of the addreessing
porron of the bus cycle,
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Tahle A-1 Q Bus Signals [ Cont)

Inlttalization, Power Fail Signals

Mame Deacriptlon

BFOK H Power OK - The power supply asserts this signal when primary power is
normal. IT BPOK H is negated during processar operation, the processor
initiates a power [ail trap sequence.

BRCOK H D Pawer OK - The power supply asserts this signal when there is sufficient
de voliage available 1o suslain reliable system operation,

BINIT L Initialize - The processor asserts BINTT L w initinlize or clear all devices
connected to the ( bus. The signal is generuled in response th @ power up
condition (the negated condition of BDCOK H.

Halt and Relresh Signals

BHAIT L Progessor Halt - When BHALT L is asserted, the processor responds by
halting normal program execution. Ealermal intertupts are jgnored, but
memary refresh interrupts ace enabled if W4 an ke processor module is
removed. When the processor is in the hal slate, il executes the OTXT micro-
code, invaking console device {terminal) operation.

BREF L Memory Refresh - Thiz signal can he asserted by a processor microcode-
generated refresh interrupt sequence (when cnabled) or by an excernal device.
BREF L forces all dynamic MOS memory units to be activated for cach
BSYNC L/BDIN L bus transaction,

A.l TRANSFER OPERATIONS ON THE ¢} BUS

A master-slave relationship defines communication between the processor and the ather devices on the
C} bus. Each control signal msued by o master deviee must be acknowledged by » slave device in ander
to complete a transfer.

Every processor instruction requires one oc more 1,0 operations. The ficst operation required is a data
npul transfer (IXATL), which fetches an instruction from the location addressed by the progeam
counter {PC or R7). This operation is called a DATI bus cyele. T no additional operands are refer-
enced in memary or in an L/ device. no additional bus cycles are required far instruction execution.
However, if memaory or a device is referenced, additional DATI, data input,/output {DATIO or DA-
TIOB}, ar data cutput transfer (DATO or DATOB) bus cycles ure required. Tn uddition, the processor
cun service inleTrupt Tequests only prior o an insteuction feich (DATT bus cycle) and if the processoe’s
prionly 15 zero, (PS5 word bit 7 i50.)

The lollvwing parugraphs describe the types of bus cycles. Nole that the sequencey for 10 aperations
belween provessor and memory or between processor and T/0 device ace identical. DATO {or [FA-
TOB) cycles are equivalent to write operations, and DATT cycles are eguivalent ta read operarions. In
addition, DATIO cycles inglude an input transfer followed by un vutput transfer, The DATIO cvele
provides an elficient means of exeeuting an equivalent read-modify-write operation by making it un-
neceszaty Lo assert wn address & second time.,
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A.21  Input Operations

The sequence for & DATY operation is thown in Figure A-1. DATI cycles are asynchronous and
require & response from the addressed device or memory. The addressed memory or device responds to
the input request (BDIN L) by asserting BRPLY L. If BRPLY is not asseried within 10 us (max) after
ADIN L is agserted, the processor tcrminates the cyele and traps through lacation 4.

BUS MASTER (PROCESSOR) SLAVE {CONTROLLER)

ADDHESSE AKXV

» ASSERT EO&LD-16 L wWITH
ADDRESS AND

+ ASSERT EBST IF THE ADDRESS
IS IN THE 28 - 32K RANGE

+ BS5ERT BSYNE L

—— —
A
DECODE aDDRESS
« DECODE BASE ADDRESS
%« STORE BDAL 1,2 FOR AEGISTER
o — SELECTION
-t —
AEQUEST DATA
* REMOVE THE ADORESS FROM
BOALO-1% LAND NEGATE BBST
L
« BSSERT BOIM L
— —
—_
IWPLIT DATA
+ PLACE DATA ON BRALO-1E L
. -+ ASEREAT BAPLY L
— —_ -
e
TEAMINATE INPUT TRAMSFER
» ACCEPT DATA AND RESPOND
BY MNEGATING BOHN L
— — I_-_‘_-_‘_'
_‘_-_‘—I_
B S
TERMINATE BUS CYCLE COPERATION COMPLETED
» NEGATE BSYHEC L - « TERMINATE BRPLY L

ii-%17R

Figure A-1 DATI Bus Cyele
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Maote that BWTBT L is not asserted during the address time, indicating that an inpot data transfer iy ta
be executed,

A DATIO cyele is equivalent to a read-modify-write operation. An addressing operation and an input
word Leadafer are first execoled in o manner similar toe the DATI eycle; however, BSYNC [. remains in
the aclive slale after completing the input dawa transfer. Thig causes the addressed deviee or memary 1o
remain selected, and an cutput data transfer follows without any further addressing. A frer completing
the outpul transfer, the master {processor) terminates BYSNC L, completing the DATIO eyele. The
actual sequence required for a DATLO eycle is shown in Figure A-2, Note that the oulput dala wansfer
portion of the bus cycle can be a byte trunafer; hence, this cycle is shown as DATIOB.

A4.12.2 Cutpet Dperations
The sequence required for 3 DATO or the equivalent putput hyte {(DATOB) bus cycle is shawn in
Figure A-3,

As on the input operations, failure to receive BRPLY L within 10 g5 after usserting BDOUT L is an
errot and cesults in a processor time-out trap throwgh location 4.

Mote thut BWTBT L is aszerted during the addressing portion of the oycle to indicete thut un output
data transfer is to follow, If 2 DATOR 16 1o be executed, BWTRT L remuins getive for the duration of
the bus cvcle; however, if & TDATO (word transfer) s to be execoled, BWTBT L is nepaled during the
remainder of the eycle.

A2} Interropis

Inlerrupts are requests made by peripherul devices which cause the processor 1o temporarily suspend
its present {hackground)] progrum eaecution Lo service the requesting device, Bach device which is
capable of requesting un interrupl has a service routine which is automatically eotered when the pra-
cessar acknowledges the interrupt request, After completing the servies routine execution, program
control is relurned to the interrupted program,

A device can interrupt the processor only when interrupts are ¢nabled. The processor’s prionity in the
P5S woed i3 4 when external interrupts are disabled and b when externul interrupts are enabled. Device
priotily is highest for devices clectrically closest to the processor along the bus.

Any device that can interrupt the processar can also intercupt the service routine execution of a lower
priority deviee if the processar's pricrity is O during that execution;, hence, interrupt nesting to any level
is pogsible with this interrupt structure. Each device aormally contains a control status regaster (TSR,
which includes an interrupl enable bit. A propram must set this bit before an intcrrnpt request can
actually be made hy a device.

An interrupt vectar associuted wilh each device is hard-wired into the devieg's interface ‘cantral bagic.
This vertar is an address pointer thal allows autemalic entry into the service touting without device
paolling.

When an interrupt request is isswed via the external event signal line, the processor aulomalically

services 1he request via location 100y it does not input @ wector address as done for other extetnal
inteerup devices.
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BUE MASTER
[PROCESSOR OR DEVICE)

ADDRESS DEVICEMEMORY
®  ASSERT BDALD- 15 L 'WITH
ADDAESS
 ASSEAT BBS7 AND IF THE
ADORESS |5 IM THE 28 - 32K RANGE
&  ASSERT BSYMNC L

SLAVE
(MEMORY OR DEVICE]

-—.—.._______-

DECGOE ADDRESS
* STORE “DEVICE SELECTED™

OPERATION
AEQUEST DATA -
* REMOVE THE ADDRESS FAOM
BOMALO - 15 L
*  ASSERT BOIN L e
e LEUT DATA
s PLACE DATA ONBDALG - 15 L
*  ASSERT BRPLY L
TEHMIMATE INFLIT TRAMNSFER -t
& ACCEPT DATA AND AESPOND BY
TEARMINATING BOIMN L
COMPLETE INPUT TRANSFER
- REMOVE DATA
s TERMINATE 8RPLY L
—
-
QUTPUT DATA
s PLACE OUTPUT DATA ON BEALD - 15 L
s |ASSERT BWTET L IF AN OUTRUT
BYTE TRANSEEA]
w ASSERT BDOUT L
o,
—— —
TAKE DATA
* HECEIVE O&TA FROM BOAL LINES
* ASSERT BRFLY L
-
-
TERMIMNATE QUTPUT TRANSFEH
# TERMIMATE BOLIIT L, anND REMOYE
DATA FROM BOAL LINES
"—--.__-l —
L
DPERATION COMPLEYED
& TERMINATE BAPLY L
— it -
-

TERMINATE BUS CYLLE
& MEGATE BASY¥HNEL
(AR BWTET L IF IM
& DATEOR BUS CYLLE)

Figure A-2
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DATIO or DATIOB Bus Cycle



BUS MASTER {PROCESSOR) ' SLAVE (CONTROLLER|

AODRESS AXWYY

= ASSERT BDALO-15 L WITH
ADORESS

+ BRSGERT BBST L{IF ADDRESS |5
M THE 28 -32K RAMNGE)

= AGSEAT BWTET L {WRITE
CYCLE]

= ASSERT B SYMC L

— ——_— —
—_—
T e
PECODE ADDRESS
DE
.--"""" CODE BASE A DDRESS
o
..-""_Fr.-.-
—
.-'-"'"-F'r
QUTPUT DATA -
» REMOVE THE ADDRESS FROM
BDALG-16 LAND NEGATE BBST
L AND BWTHET L
 PLACE DATA QN BDALD-15 L
ASSERT BOOUT L
] ""‘—-—-.._ — ._‘_-_\_-_h
—
—
TA&KE RATA
» RECENE PATA FAQM BOAL
LINES
o Iy = AESEART BRAPLY L
-
—
TERAMINATE OUTPUT TRANSFER %
» REMOWVE DATA FROM
BRALO-15 L AND MEGATE
EDDUT L T TTe— ——
e—
T
OPERATION COMPLETED
-t TERMINATE BRPLY L
—— -
"
TERMINATE BLIS CYCLE -

*» WNESATE BSYNG |

10 Byac

Figure A-3 DATO ar DATOR Bus Cyele
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The interface control and data signel seaquence required For interrupts is shown in Figure A-4, A device
requests interrupt service by usserting BIRQ L. The processor can acknowledge interrupt requesis only
between instruction executions, It does this by generating an ackive {low) BDIN L signal, enabling the
device's vector response, The processor then asseris the BIAKO L signal. The fies device on the bus
receives this daisy-chained signal al its BIAKT L input. If it is not requesting service, it passes the signal
via its BIAKC [. output ta the next device, and so on, until the requesting devies recsives the signal.
The device Lhat does not pass the BIAKO L signal responds by asgerting BRPLY L (low) and placing
its interrupl veclor ¢ data/address bus lines BDALO-1S L. Autamatic entry Lo the secvice routine is
then executed by the processor as previously deseribed.

A4 B Initializaion

Devices along the 1,0 bus are initialized whenever the system de vallages ate cycled on or off, or when
a RESET instruction is exccuted. Tnitislizalion during the power-on/power-off sequencr is described
in Paragraph A.2.5. When the RESET instruction is executed, the processor responds by asserting
BINIT L for approaimately 10 us. Devices aloag the bus respond to the BINIT L signal, as appropn-
ate, by clearing repisters and presetling or clearing flip-flops. '

A2S  Power-Up/Power-Down Sequence

Power status signals BPOK H and BDCOK H must be asserled or negated in a particular sequenee as
de operating power is applied or remnaved. Initially, BDCOK H and BPOK H are passive (low). As do
voltages risc ta pperating levels, BINTT L is asserted by the processor module, Approximately 3 tng
{min) after +5 ¥ und +12 V power are normal, an external signal source, or the HTRD pawer supply in
POP-11/07 syslems, produces an active BROCOK H signal: the processor responds by tieguling BINIT
[., and wails for BPOK H. The BPOK H signal, produced by an external signal source or the H780
power supply, goes true (high) 70 ms {min) afler BDCOK H goes high. The processor responds by
excculing (he user-selected power-up routing; if BHALT L is usserted, the consale microcode is exe-
cuted,

[uring a power-down sequence, Lhe exiernal signal source first negates BPOK H, cuusing the proces-
sar to eaccute Lhe pawer-Tail trap (PC at 024y, PS5 at (264).

Approximately 3 ms (max) later, the processor initializes the bus by wsserting BINIT L in response Lo
the external signal negation of BDXCQK H. -

A26 Memory Refresh Operation

A complete refresh operation reguires 64 BEYNC/BDIN wransactions which must be cotplered every
2 ma. The processor {or ather device controlling the refresh operution) frst asseres BREF L for each
BSYNC,/BDIN transaction during the addressing portion of cach refresh operation. BREF L. causes
all dynamic MOS memory devices to be simultanecusly enubled and addressed, overriding local bank
selection circuils. Refresh is then accomplished by excculing 64 BSYNC/BDIN transactians, in a
manner similar to the DATI bus cyele, incrementing the “row'™ address {bits 1-6) onee far cach truns-
action. Address bit 0 is not significant in the refresh operation. When refresh is contralled by processor
microcode, the operation takes approximately 130 pa
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FPROCESSOA CONTROLLER

IMITIATE RECGUEST
—~— % ACEERT BIAQ L

a———"
"
STROBE INTERALIPTE -
= ASSERT BDIM E -‘_'_"““—-..____q_‘_
—
B i,
! ARECEIVE BDM L
* STORE "INTERRUFT SELECTED™
* IN DEWICE
GRANT REQLIEET
* PALISE AWND 4SSERT BHAKD L — — —
——
T B ™
RECEIVE BIAK L
i RECERE BIAK | L AND INHIBIT
BIAE O L
+= PLACE WECTOR OM BDAL-15L
¢ ARSEAT BRDLY L
—® TERMINATE BIRQ L
—_—
_— '_'_'_'_F
RECEIVE WECTOR & TEAMINATE
REGUEST
# |NFUT VECTOR AODRESE
» TERAMIMATE gD L AMD
BlaKD
L — .
—_—
——
COMPLETE WECTOR TRANSFER
* REMOYE VECTOR
-+ TERMINATE BAPLY &
e
_-—'—'_'_F _'_._'_._F

PROCESS THE INTERRLIPT
» SAVE INTERALIPTED FROMGAAM
PC AND FS DN STALK
* LOAD MEW FU AND PS FROM
WECTOR A DDRESSED LOCATION
+ EXECUTE INTERARLIFT SERYICE
AQUTINE FOIR THE DEVIGE a4

Figure A-3 Interrupt Roquest/Acknowledge Sequence

A-9



VAX-11/750 CONSOLE INTEEFACE BOART .
TECHNICAL DESCRIFTION Reader's Comments

ER-KLTEOCT D000

Your comments and suggesrions will belp s in pur contnnons effort to improve the guality and osefuless of o
publications

What is your general bewction to this manual? In your judgment is it complete, accurate, well arganized, well
written, ¢te.? 15 it easy to use?

What leatures are mosl useful?

What faults or errees have vau Tound in the manual?

Droes this manual satisfy the need you Lhink i was intended ta satisfy?

Droes 11 sabisly paur necds? Why'?

O  Please send me the current copy of the Techning! Recwmeniation Catalog, which contains information on
the remainder of DIGITALs technica] documentation.

Wame Strest

Title City

Coempany State/Country
Drepartment Lip
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