

























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Chapter 12—Memories

MRV11-C
Wirewrap Pin  Function
Designation
J6 Window address enable ground
J7 Window address enable
J8 High byte chip enable bit A11
Jo CSR high byte bit 8 chip enable output
J10 High byte chip enable bit A12
J11 CSR high byte bit 9 chip enable output
J12 High byte chip enable least significant bit
J13 CSR high byte bit 10 chip enable output
J14 High byte chip enable intermediate bit
Ji15 CSR high byte bit 11 chip enable output
J16 High byte chip enable most significant bit
J17 CSR high byte bit 12 chip enable output
J18 Boot address chip enable bit A11
J19 Boot address chip enable bit A12
J20 Boot address chip enable least significant bit
Ja1 Boot address chip enable intermediate bit
J22 Boot address chip enable most significant bit
Ja23 Boot address chip enable logic 1
J24 Boot address chip enable logic 0
J25 Direct address bit 11 chip enable output
J26 Low byte chip enable A11 H bit
J27 CSR low byte bit 0 chip enable output
J28 Direct address bit 12 chip enable output
J29 Low byte chip enable A12 bit
J30 CSR low byte bit 1 chip enabie output
J31 Direct address bit 13 chip enable output
J32 Low byte chip enable least significant bit
J33 CSR low byte bit 2 chip enable output
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Wirewrap Pin
Designation

J34
J35
J36
J37
J38
J39
J4o
J41
J42
J43
Ja4
J4s5
J46
Ja7
J48
J49
J50
J51
J52
J53
J54
J55
J56
J57
J58
J59
J60
Jé1
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Function

Direct address bit 14 chip enable output
Low byte chip enable intermediate bit
CSR low byte bit 3 chip enable output
Direct address bit 15 chip enable output
Low byte chip enable most significant bit output
CSR low byte bit 4 chip enable output
Not used (Reserved for future DIGITAL use)
Window address bit 15 compare ground
Window address bit 13 compare input
Window address bit 12 compare ground
Window address bit 14 compare input
Window address bit 14 compare ground
Window address bit 15 compare input
Window address bit 16 compare ground
Window address bit 16 compare input
Window address bit 13 compare ground
Window address bit 17 compare input
Window address bit 17 compare ground
Window address bit 12 compare input
Direct address 32K memory limit output
Direct address 16K memory limit output
Direct address memory limit input
Direct address 8K memory limit output
Direct address bit 17 compare ground
Direct address bit 16 compare input
Direct address bit 16 compare ground
Direct address bit 17 compare input
Direct address bit 15 compare ground
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Wirewrap Pin
Designation

J62
J63
J64
J65
J66
J67
J68
J6é9
J70
J71
J72
J73
J74
J75
J76
J77
J78
J79
J8o
J81
J82
J83
Jg4
J8s
J86
J87
J8s
J89
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Function

Direct address bit 15 compare input

Direct address bit 14 compare ground
Direct address bit 14 compare input

Direct address bit 13 compare ground
Direct address bit 13 compare input

CSR high byte bit 15 enable ground

CSR high byte bit 15 enable input

High byte chip enable window address function
High byte chip enable direct address function
High byte chip enable function select drivers
Bit 7 chip select enable input

Bit 7 chip enable decoder output

Bit 6 chip select enable input

Bit 6 chip enable decoder input

Bit 5 chip select enable input

Bit 5 chip enable decoder output

Bit 4 chip select enable input

Bit 4 chip enable decoder output

Bit 3 chip select enable input

Bit 3 chip enable decoder output

Bit 2 chip select enable input

Bit 2 chip enable decoder output -

Bit 1 chip select enable input

Bit 1 chip enable decoder output

Bit 0 chip select enable Input

Bit 0 chip enable decoder output

Boot address enable ground

Boot address enable
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Wirewrap Pin
Designation
J9o
Jo1
Jo2
J93
J94
J95
J96
Jo7
Jos8
Jog
J100
J101
J102
J103
J104
J105
J106
J107
J108
J109
J110
Ji11
J112
J113
J114
J115
J116
J117
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Function

DAL 4 CSR address select signal

DAL 4 CSR address select ground

DAL 1 CSR address select signal

DAL 1 CSR address select ground

DAL 2 CSR address select signal

DAL 2 CSR address select ground

DAL 3 CSR address select signal

DAL 3 CSR address select ground

Pin 18 input for chip set 5

Chip wirewrap interconnection for chip set 5
Pin 20 input for chip set 5 (Chip Enable 5)
Pin 18 input for chip set 4

Chip wirewrap interconnection for chip set 4
Pin 20 input for chip set 4 (Chip Enable 4)
Pin 18 input for chip set 6

Chip wirewrap interconnection for chip set 6
Pin 20 input for chip set 6 (Chip Enable 6)
Pin 18 input for chip set 7

Chip wirewrap interconnection for chip set 7
Pin 20 input for chip set 7 (Chip Enable 7)
Not used (Reserved for future DIGITAL use)
ROM interconnection, ground reference
Chip enabile bit bus input

Address bit A11, used as chip input A10
Chip interconnection-loop (to wirewrap pins)
Address bit A12, used as chip input A11
Chip interconnection loop for chip pin 21
ROM interconnection for chip set 0

440



Chapter 12—Memories

MRV11-C
Wirewrap Pin  Function
Designation
J118 Pin 18 input for chip set 0
J119 Chip wirewrap interconnection for chip set 0
J120 Pin 20 input for chip set 0 (Chip Enable 0)
Ji21 Pin 18 input for chip set 1
J122 Chip wirewrap interconnection for chip set 1
J123 Pin 20 input for chip set 1 (Chip Enable 1)
J124 Pin 18 input for chip set 2
J125 Chip wirewrap interconnection for chip set 2
J126 Pin 20 input for chip set 2 (Chip Enable 2)
J127 Pin 18 input for chip set 3
J128 Chip wirewrap interconnection for chip set 3
J129 Pin 20 input for chip set 3 (Chip Enable 3)
PROGRAMMING

Window Mapped Mode Application Examples

The window mapped mode may be used in two different ways in LSI-
11 application programs. The application can be coded in such a way
as to execute directly from the windows, or the window mapped board
may be used as a program load device to transfer a stand-alone appli-
cation program from ROM into RAM memory at system start-up.

Executing Windowed Programs — Executing directly from MRV11-C
windows allows very large program sizes, up to 56K Bytes of RAM on
LSI-11/2 systems. However, software to be executed in this mode
must be custom-designed and must be written in assembly language.

An application designed for windowed execution must have a mecha-
nism for calling a subroutine or transferring control to another routine
which is physically located in a presently unmapped section of the
windowed ROM board. To accomplish this, we must use a technique
different from the standard JSR or JMP instructions. A method for
doing this is illustrated below. The routine which processes subroutine
calls and jumps to other pages must, of course, be located in a section
of memory which is not window mapped. To call a subroutine using
these capabilities, one would write CALLWO, label rather than JSR PC,
label. This would cause the subroutine desired to be mapped into
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window 0 and the cali to be executed. Upon subroutine return, which is
done with a normal RTS PC instruction, the original mapping would be
restored and control would be returned to the calling program unit.
Likewise, to invoke a subroutine but have it mapped in window 1, the
programmer codes CALLW1, label. Note that the mechanism shown
below preserves condition codes from the called routine back to the
caller (i.e., routines can return status in the condition codes). Instead
of the unconditional jump instruction, the programmer codes JMPWO,
label to jump to a routine, mapping it into window 0. Similarly, one can
code JMPW1, label to transfer control to a routine which should be
mapped into window 1.

To make use of this, the program should be assembled with .ENABL
AMA to force absolute addressing in the assembly. At start-up time, a
boot routine must be executed (from the MRV11-C boot window or
elsewhere) which copies the trap handler routine to RAM memory, if
necessary, and initializes the trap vector to contain the address of the
trap handling routine and a new status word of all 0’s.

WOBASE = 160000
W1BASE = 164000

JMPW =1
JSRW =0
Wi =2
W0 =0
.MACRO CALLWO ADRS
TRAP JSRW + W0 + <<ADRS/1000> & 174>
.WORD WOBASE + <ADRS & 3777>
.ENDM CALLWO
.MACRO JMPWO ADRS
TRAP JMPW + W0 + <<ADRS/1000> & 174>
.WORD WOBASE + <ADRS & 3777>
.ENDM JMPWO
.MACRO CALLW1 ADRS
TRAP JSRW + W1 <<ADDRS/1000> & 174>
.WORD W1BASE + <ADRS & 3777>
.ENDM JMPW1
.MACRO JMPW1ADRS
TRAP JMPW + W1 + <<ADRS/1000> & 174>
.WORD W1BASE + <ADRS & 3777>
.ENDM JMPW1
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TRPHAN: MOV @#MRVCSR,-(SP) ;Save previous mapping
TST -(SP) ;Reserve space for adrs
MOV RO, -(SP) ;:Save caller's register
MOV 6(SP), R0 ;And set RO to address of
TRAP + 2
ADD #2,6 (SP) ;Update return PC beyond adrs
MOV @RO0, 2(SP) :Move adrs (follows
TRAP instruction)
MOV -(RO), RO ;RO TRAP instruction itself
BIC #177600, RO ;Extract page #, window #,
JMP/JSR
ASR RO ;Move JMP/JSR to C bit
ROR RO ;Place window #in C,

JMP/JSR in bit 15
MOV #MRVCSR, -(SP) ;Set address of window

0 in map bits
ADC @SP ;And update based on window #
MOVBRO, @(SP)+ ;Map new page in
selected window
ROL RO JMP/JSR back to C bit
MOV (SP)+, RO Restore caller’s register
BCS 1% ;if JMP, branch to 1$
JSR PC, @(SP)+ ;Else JSR to desired routine
MFPS 4(SP) ;Store returned condition codes
in old PS
MOV (SP)+, @#MRVCSR ;Restore original mapping
RTI ;And return after TRAP and adrs
1$ MOV (SP)+, @SP ;If JMP, move adrs
MOv (SP)+, @SP ;Up over old (caller's) PC
RTI ;And go to new location

JSR and JMP Window Mapped Control Routines

The programmer of this type of application must take care not to cross
page boundaries without remapping to the next page. If a page
boundary is encountered, the JMPWO or JMPW1 pseudo instructions
should be used to get to the beginning of the next page.

Using Window Mapping as a Program Loader — The MRV11-C in
window mapped mode can also be used as a low-cost program load
device for stand-alone applications. This allows application programs
which cannot be easily segmented into ROM and RAM sections to be
loaded from a ROM environment into RAM for execution. To use the
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MRV-11C in this mode, a bootstrap loader program must be written to
copy the contents of the ROM board into the RAM area at power-up.
The figure below demonstrates such a program, designed to load
stand-alone images which have been created by the RT-11 LINK utili-
ty. It is also possible to load an RSX-11S system image from one or
more MRV11-C boards into RAM for execution.

MRVCSR = 177000

MRVWIN = 160000
ONEKW = 003777

LOADER: CLR @#MRVCSR ;Enable & map low 1K words
MOV @#MRVWIN+50,R5 ;R5=RT-11 SAV file high limit
CLR R4 ;Start copying into location 0
1$ MOV #MRVWIN, R3 ;Reset to base of first window
2% MOV (R3)+, (R4)+ ;Copy one word into RAM
. CMP R4,R5 ;Moved highest word in program?
BHIS 3% ;IfHIS, yes
BIT #ONEKW, R3 ;Have reached next 1Kw
boundary?
BNE 2$ ;ENE, no
INC @#MRVCSR ;Else map next 1K in window 0
BR 1§ ;And continue copying
3% MOV @#40,PC ;Start at user’s transfer address

Bootstrap Loader for Stand-Alone Programs in RT-11 .SAV Format

444



Chapter 12—Memories

MSVii-B

MSV11-B 4K BY 16-BIT MOS READ/WRITE MEMORY

GENERAL

The MSV11-B is a 4K by 16-bit dynamic MOS read/write memory mod-
ule which can be used for storage of user programs and data. The stor-
age capacity is 4096 16-bit words. Memory address selection is user-
configured by installing or removing jumpers contained on the module.

Memory refresh is directly controlled externally by LSI-11 bus signals.
The MSV11-B is LSI-11 bus-compatible and capable of either pro-
grammed |/0 data transfers with the processor or DMA transfers with
other LSI-11 bus modules.

FEATURES

4096 by 16-bit word

Fast access time — 550 ns maximum

Lower power — 12.7 W for the module, maximum

Dynamic MOS memory chips — Refresh is externally controlled
User-configured 4K addresses — Three jumpers allow user address
configuration.

SPECIFICATIONS

Identification M7944
Size Double
Power +5V +5%at0.6 A
+12V £+ 3%at0.54 A
Bus Loads
AC 1.9
DC 1.0

CONFIGURATION

General

The user can select the 4K address space (bank) in which the module is
addressed by installing or removing jumpers. The MSV11-B module is
factory-configured to respond to addresses in bank O (addresses
0-17776) and not reply to refresh.

Address Jumpers

MSV11-B address jumpers are located as shown in Figure 1. The mod-
ule is supplied with all address jumpers instalied. Figure 2 illustrates a
16-bit address and how jumpers are assigned for the MSV11-B modaule.
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o o o (o]
$£353
M7944 ETCH REV B Figure MSV11-B-1 CP-1749

MSV11-B Jumper Locations
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BDAL
BITS 15 1312 1 0
Ll Ly Py [y Iy [
| | | 4096 LOCATION ADDRESS ‘
wow w POINTER
————
4K ADDRESS
SPACE JUMPERS
——t—
Bank Address Octal Address
Wi | W2 | W3 | Ne. Range Range
| | I 0 0-4K 000000-017776
| i R 1 4-8K 020000-037776
| R ! 2 812K 040000-067776
| R R 3 12-16K 060000-077776
R | | 4 16-20K 100000-117776
R | R 5 20-24K 120000-137776
R R 1 6 24-28K 140000-157776
R R R 7 28-32K 160000-177776
NOTE: [=Installed, R =Removed

cP-1883

Figure MSV11-B-2
MSV11-B Address Format/Jumpers

Reply to Refresh Jumpers

Only one dynamic memory module in a system is required to reply to the
refresh bus transactions initiated by the refreshing device. The module
selected to reply should be the module with the slowest access time or
physically the farthest from the refreshing device. Jumper W4 enables or
inhibits the MSV11-B reply as follows.

W4 installed: MSV11-B will not assert BRPLY in response to refresh
bus signals.

W4 removed: MSV11-B will reply to refresh bus BSYNC/BDIN trans-
actions by asserting BRPLY L.

Refresh Requirements

The MSV11-B module contains dynamic MOS integrated memory cir-
cuits which must be comp®etely refreshed once every 2 ms or less. The
refresh operation can be performed by the processor, by the REV11
series refresh/bootstrap module, or by special DMA logic provided by
the user.
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FUNCTIONAL DESCRIPTION

General

Major functions contained on the MSV11-B module are shown in Figure
3. Memory data can be stored (written) or read by the processor or other
bus master devices operating in the DMA mode, with appropriate bus
cycles: DATO (16-word write operation); DATOB (8-bit byte write oper-
ation); DATI (16-bit read operation); or DATIOB [16-bit read-modify-
write (8- or 16-bit) operation].

Addressing is initiated by a master device (either the processor or a
DMA device) by placing the 16-bit address on BDALO-15 L and assert-
ing BSYNC L, latching the address (and bank select information) in the
address register. Address bits are routed from the BDAL bus receivers
onto the module’s DALO-15 H bus to the 13-bit address and bank select
register input. Address bits BDAL13-15 L are decoded by the bank
address decoder. Decoded output signal BS H will go active (high) only
when the jumper-selected bank address is decoded. The active BS H.
signal is stored along with the 13-bit memory address for the duration of
the operation.

The memory array comprises sixteen 16-pin 4K by 1-bit memory chips
which require the address multiplexer to address the array with two 16-
bit bytes. Address multiplexer control logic responds to the active SYNC
H and stored active bank select (LBS L) signal by immediately gener-
ating an active row address strobe (RAS). This signal remains active for
the duration of the active SYNC H signal. Address multiplex control
AMX L is initially passive (high), multiplexing the stored row address bits
(LDAL7-12 H) through the 12:6-bit address multiplexer and into all
memory chips. After approximately 150 ns, address multiplex control
logic generates an active column address strobe (CAS) and an active
AMX L signal. Multiplexer column address bits (LDAL1-6 H) are then
strobed into all memory chips. This completes the chip addressing por-
tion of the memory operation.

When in a memory read operation, the bus master device asserts BDIN
L. The data from the accessed memory location is present on the DO-15
H bus and at bus driver inputs. Reply logic responds to BDIN L by gener-
ating an active DRIVE L signal which gates the memory read data onto
BDALO-15 L for input to the requesting device; reply logic also asserts
BRPLY L to complete the data transfer portion of the cycle.

When in a memory write operation {(or the write portion of a DATIOB
cycle), the addressing portion of the operation is similar to the read cycle
addressing. After the addressing portion of the cycle has been com-
pleted, the master device asserts BDOUT L, and BWTBT L either goes
passive (high) if a DATO (word) write cycle is to be performed, or
remains asserted if a DATOB (byte) write cycle is to be performed.

448

i



Chapter 12—Memories

MSV11-B

Av2
somsL B2 — —
soaLl L JR—
soarz L [8 )22
BF2
soava L [B]2H2 -
soaus L [8 842 e
2 DYNAMIC
BDALEL O
ARRAY
B0ALTL . 2 - oaw:ns DAL -15H
M2 AND
eoaLeL[B] ™24 peceivens -
FAIYENY -y L —
unAuoLE]m__q I
BDALY ._ b—e— DRIVE L
eoaviz L [8)222
eoaLisL [0 212 —
spaiar [B]202
z
soaLis . [B J2¥2 z
a 7
maxt L [B]242 3
a
al
sano L[B ]2 — 2
BANK
vt - ADDRESS BS W
+58 »ov DECODER
gg. w2
v [[PReev [ ws
BANK
“secect
JUMPE RS il
LOALI6 H
13-817
| z:emir [agok
sswe L[8)224> SYNC L apongss — Jeean
SELECT REGR 2H__ ] muLTiPLexer
somc1 L [E]2R2 SREFL v
W3 REFREPLY |ims1
sonco L[B]A52
SYNC W
orer L [8 ]R8 > » . REF L AMX L
ADDRESS RAS L
REF H MULTIPLEXER
CONTROL
pLas W Losic CAS L
aF2 RPLY W
BRPLYL TS TS
[
DIN H
son L ORIVE L sa0 B
Lesh WORD/ "L
b BYTE
LoGiC LAKY
soour L [E2E24> ouT 1 oout w
cHIpS

Bat o DCOK L -9v 10
80cox K[ 6] > - v MEMORY
e INVERTER

GND D AC2,AT1, AJ), AM1, BC2, BT, BJ1, BMI

-5V TO ADDRESS
MULTIPLEX CONTROL LOGIC

Figure MSV11-B-3
MSV11-B Logic Block Diagram

449

“-sse



Chapter 12—Memories
MSV11-B

Word/byte select logic responds to the DATO cycle by asserting both
WO L and W1 L for the duration of the cycle, enabling DALO-15 H bits
to be written into the address location in all memory chips. However, in a
DATOB cycle with AO H low (even byte), only WO L goes active,
enabling the writing of DALO-7 H into the addressed location in the
appropriate eight memory chips. Similarly, if AO H is high (odd byte),
only W1 L goes active, enabling only DAL8-15 H bits to be written into
the addressed location in the appropriate eight memory chips. The reply
logic also responds to the active BDOUT L signal by asserting BRPLY L,
indicating that the data has been written, completing the data transfer.

The memory chips in the MSV11-B require a refresh operation once
every 1.6 ms. This operation is entirely under the control of either pro-
cessor microcode or a DMA device, as selected by the user. The address
multiplex control logic responds to BREF L, generated by the refresh-
controlling device, by simulating a “bank selected” operation. (All sys-
tem memory banks are simultaneously selected during refresh.) Refresh
is then accomplished by a device by executing 64 successive BSYNC
L/BDIN L operations while incrementing BDAL1-6 by one on each bus
transaction. Refresh is simply a series of forced memory read operations
where only the row addresses are significant. Each of the 64 rows in all
dynamic MOS memory chips in an LSI-11 system are simultaneously
refreshed in this manner. The REF H signal inhibits all BDAL bus drivers
for the duration of the refresh operation.

A dc-to-dc inverter circuit is included on the module for negative voltage
generation. Output voltages include -9 V for the MOS memory chips
and -5 V for linear devices in the address multiplex control logic. Hence,
only +12 V and +5 V power inputs are required for module operation.
The BDCOK H signal starts dc-to-dc inverter oscillation when bus power
is applied.
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MSV11-CD 16K BY 16-BIT MOS READ-WRITE
MEMORY

GENERAL

The MSV11-CD is a 16K dynamic MOS read/write memory option that
can be installed in any LSI-11 bus. Memory contents are volatile; that is,
when operating power is removed, memory data is lost.

FEATURES
* On-board refresh circuit that eliminates need for refresh signals on
the LSI-11 bus.

¢ The system memory address space to which the option will respond
is user-configured via switches contained on the module. An address
can start at any 4K bank boundary.

* |t will perform DATI, DATO, DATOB, DATIO, and DATIOB bus cycles
according to LSI-11 bus protocol.

e Jumpers allow the module to be configured for using external bus
refresh signals and disabling the internal refresh function.

* No special power is required. Only the normal +5 and +12 Vdc
volitages are necessary. An on-board charge pump circuit provides the
necessary —5 V operating voltage to the memory circuits.

e Jumpers allow the user to implement battery backup power.

SPECIFICATIONS

Identification M7955-YD

Size Quad

Power
System Power Operating Standby
+5V £ 5% 11A 1.1A
+12V £ 3% 0.54 A 0.16 A
Power 12W 7.7W
Battery Backup Power
+5V+5% 08A
+12V £ 3% 0.16 A

Bus Loads
AC 2.3
DC 1
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Operational

Operating Speed — The operating speeds stated below are based on the
bus not attempting a memory cycle during a refresh operation and that
an arbitration was not necessary.

Access Time
Bus Cycle Type Access Time
DATI, DATIO 300 ns typ. (350 ns max. from RSYNC H)
DATO(B) 300 ns typ. (350 ns max. from RDOUT H).
Cycle Time
Bus Cycle Type Cycle Time
DATI 650 ns typ. (760 ns max. from RSYNC H)
DATO(B) 650 ns typ. (750 ns max. from RDOUT H)

NOTE
If a bus cycle is being done as a result of win-
ning the synchronization arbitration, the bus
cycle will be delayed or increased from O to 80
ns. If a refresh operation is in progress when a
cycle is requested, a delay from O to 750 ns will
occur before the bus cycle starts.

CONFIGURATION

General

Configuring the MSV11-CD will alter its operation for a specific system
application. The following items can be configured:

1. Select the starting address for the contiguous memory contained on
the module

2. Select the number of banks required on the memory

3. Refresh mode: on-board or external refresh, and reply to external
refresh signals

4. Battery backup power
5. Bus grant (BIAK L and BDMG L) signals.
In most applications, the user will simply configure the starting address

and install the module. Refer to the following paragraphs for procedures
for configuring each item.
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Address Selection

The MSV11-CD address can start at any 4K bank boundary. The address
configured is the starting address for the contiguous 16K portion of
memory contained on the module. Set the switches, located as shown
on Figure 1, to the desired starting address as listed in Table 1. The
upper 4K address space is normally reserved for peripheral device and
register addresses. Thus, bank 7 (addresses 160000-177777) normally
should not be used for system memory in a 32K addressable system.

Number of Banks Selection

It may be necessary in some systems to use less than the 16K of mem-
ory that is available on the MSV11-CD. The 4K banks of memory can
only be disabled consecutively from the top bank down. Table 2 identi-
fies the proper configuration of the jumpers.

&pg | - | ¢ =15

ST
$2ee ]

48 T

w14 Wis wie w8

MRA-0821

Figure MSV11-CD-1
MSV11-CD Switch and Jumper Locations
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Table 1 MSV11-CD Addressing Summary

Switch
Starting Address Settings
Address Banks Range S§1 S2 S3 S5
(o] 0-3 0-77777
20000 1-4 20000-117777
40000 2-5 40000-137777
60000 3-6 60000-157777
100000 4-7 100000-177777
120000 5-10 120000-217777
140000 6-11 140000-237777

160000 7-12  160000-257777
200000 10-13  200000-277777
220000 11-14 220000-317777
240000 12-15  240000-337777
260000 13-16 260000-357777
300000 14-17 300000-377777
320000 15-20 320000-417777
340000 16-21  340000-437777
360000 17-22  360000-457777
400000 20-23  400000-477777
420000 21-24  420000-517777
440000 22-25  440000-537777
460000 23-26 460000-557777
500000 24-27 500000-577777
520000 25-30 520000-617777
540000 26-31 540000-637777
560000 27-32 560000-657777
600000 30-33 600000-677777
620000 31-34 620000-717777
640000 32-35 640000-737777
660000 33-36 660000-757777
700000 34-37 700000-777777

QOO0 000D I MEHEHOOOQOO OO O I i i g

COO0OOHKFHFKHFHOOOOKFRMHOOOOHKEKMEHOOQOO MMM
QOO0 OO0O0OCOOOOOO O M I i i b bbbt i ot ok bk ot bt b b b

OHO=OO~ROHOHOROROROROOHOROHRHOMROM
COHMFMOORFHOOR OO MFROOFR OO OO OO M =

720000 x X-X
740000 X X-X
760000 b4 X-X
NOTES
1. Switch settings:

1 =0ON

0 = OFF

2. Each memory bank = one 4K address space.
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Table 2 Bank Selection

Banks Disabled W4 W8 W12 W16

None | | | l

3 | | | R
2,3 | | R R-
1.2,3 | R R R

Refresh Mode Selection

The MSV11-CD module is factory-configured for internal (on-board)
memory refresh and no reply (assertion of BRPLY L) in response to re-
fresh cycles on the LSI-11 bus. Factory-installed wire-wrap jumpers W6
and W7, located as shown in Figure 1, provide these functions. W7,
when installed, enables internal refresh. W6, when removed, enables the
MSV11-CD to reply to external (LSI-11 bus) refresh cycles. W6 must be
installed if W7 is installed to prevent erroneous assertion of the BRPLY L
signal. A summary of refresh mode jumpers is provided in Table 3.

The reply to external refresh cycles is normally enabled when the module
is deemed the slowest dynamic MOS memory device in the system. The
slowest device (in this application) is generally the device located the
greatest electrical distance from the device generating the refresh bus
cycles. Only one device should be permitted to reply to refresh bus sig-
nals.

Table 3 Refresh Mode Selection

Jumper ,
Weé W7 Refresh Mode Function
In In Factory configuration. Internal refresh; no reply.
Out In lilegal — do not use.
In Out External refresh; no reply.
Out Out External refresh; reply enabled.

Battery Backup

The MSV11-CD module is designed so that the dc power required to
support it during a backup period is minimized. Jumper wires are pro-
vided on this module to allow the user to disconnect the memory and
refresh logic from the normal bus power and connect it to a separate
battery backup system. When supplied by DIGITAL, these jumpers allow
the memory and refresh logic to be powered off the normal bus back-
plane power by having all power jumpers (W1, W2, W3, and W5} in-
stalled. The jumpers connect normal system power to battery backup
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power pins. If battery backup is to be used with the MSV11-CD, cut or
remove jumpers W1 and W5 as described below. The module will then
receive dc operating voltages (+5 V and +12 V) from the battery
backup source.

To support battery backup, the user-configurable jumpers shown in Fig-
ure 1 should be configured as follows.

W1, WH Remove to separate the battery power from the bused
system power.

W2, W3 Insert to connect the battery power to the refresh
logic.

weé, w7 Insert to enable internal refresh and to prevent the

module from asserting BRPLY during refresh.

If battery backup power is available but not desired for a particular
MSV11-CD module, cut or remove jumpers W2 and W3; jumpers W1
and W5 must remain installed.

To use the MSV11-CD in a battery backup system, the battery system
must be capable of supplying the following power.

1 Module 2 Modules
+5Vdc + 5% 08A 16A
+12 Vvde + 3% 0.18 A 0.32A

These voltages must remain within £3 percent of the voltages for the
LSI-11 bus at all times and must not change by more than +3 percent
during the transition to or from the battery. One MSV11-CD module
draws approximately 7.5 W of power while in the backup mode. This
means that for a typical backup system that is 30 percent efficient, a 2.5
A-hr battery will support one module for approximately 1.5 hours.

When used in a PDP-11V03 system or equivalent, no additional cooling
of this module is required during the backup period if the room temper-
ature is maintained at less than 36° C (97° F) for one module and at less
than 28° C (82° F) for two modules.

Bus Grant Continuity
Bus grant continuity jumpers W14 and W15 are factory-installed and
normally should not be removed.
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FUNCTIONAL DESCRIPTION

General

The basic functions that comprise the MSV11-CD are shown in Figure 2.
All signals interface with the LSI-11 bus via bus receivers, bus drivers,
and bus transceivers, which contain both receiver and driver functions.
The receiver function of the bus transceivers shown in the figure dis-
tributes the 16 input data/address lines (D100-15 H) to the memory
array and to addressing logic.

DIPOG-15 H
BDAL@@-15 L Bus
xVas —
DOUT@E-15 H ARRAY
RDIN L
FRPLY (1) L
BSYNC L
8DIN L
TIMING AND
" BDouUT L CONTROL
2 BRPLY L LOGIC
= BDCOK H
~
(]
=}
ADDRESSING
BREF L REFRESH Losic
LOGIC
— +5V
+12v CHARGE
PUMP CKT[ > 5V
| — ono

11-4592

Figure MSV11-CD-2
MSV11-CD Block Diagram

Timing and control logic receives BSEL H from the addressing logic
whenever the bus address received is within the range configured by the
operator. This is the signal that allows the timing and control logic to
communicate with the bus and generate appropriate timing and control
signals from the option.

457



Chapter 12—Memories
MSV11-CD

The memory responds to address and control signals by storing (writing)
an 8-bit byte or 16-bit word, or by outputting 16-bit (word) read data to
the LSI-11 bus.

Additional functions include refresh logic and a charge pump circuit. The
refresh logic is capable of responding to LSI-11 bus (“external”) refresh
signals, or it can produce refresh signals (including row address) inde-
pendent of the LSI-11 bus (“internal refresh”). Memory chips are re-
freshed by forcing a read cycle at all 64 row addresses once every 2 ms,
maximum. The MSV11-CD refresh logic refreshes one row address
every 25 us.

The charge pump circuit eliminates the need for backplane power other
than the standard +5 V and +12 V. It contains an inverter circuit that
receives + 12 V input power and produces a negative voltage output. A
zener-diode regulator produces -5 V for the memory integrated circuits.

Memory Array

The memory array (Figure 3) consists of sixteen 4K by 1-bit integrated
circuits per memory bank; four memory banks are included in the option.
Hence, 64 integrated circuits comprise the array. Each integrated circuit
provides 1-bit by 4096-location storage.

[Ty | R —
€8¢, 1L — ] MOS MEMORY ARRAY
AQQ - @54, BL

RASA L

RASB L

RASC L

RASD L

BITS 0@ -07 BITS gp—15

\ . ,
e — m—p$- A

wBoL

wBIL

1-4993

Figure MSV11-CD-3
Memory Array
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The memory array is arranged so that one bank out of four can be
accessed at a time. The row address strobe (RASAL, RASBL, RASCL,
and RASDL) signals select the desired bank. During a write operation,
control signals WBO L and WB1 L enable writing in the “low” byte (data
bits 00-07) or “high” byte {(data bits 08-15), or full word (both bytes
accessed simultaneously).

Duplicate drivers are used for certain signals. These signals include col-
umn address strobe (CAS), chip select (CS), and address lines 00-05.

The duplicate driver output signals include:

Drivers Output Signals

CAS CASOLand CAS1 L

CS CSOLandCS1L

Address AO00-05A L and AOO-05B L

Each memory integrated circuit has six address input pins and contains a
12-bit address latch. Addressing the 4096 locations is accomplished by
mulitiplexing the 12-bit address in two 6-bit segments. The low-order six
bits (bus address bits 01-06) are first multiplexed onto AQO0O-05A
L/AOO-05B L signal lines and latched in the addressed 16 integrated
circuits by the active row address strobe signal. This is followed by muilti-
plexing the high-order six bus address bits 07-12 onto the same six
address lines; the column address strobe signals latch the address bits in
the memory integrated circuits. The memory array is ready for the read
or write operation once the addressing sequence has been completed. A
detailed description of the complete addressing and read or write
sequence is included in the following paragraphs.

Addressing Logic

The addressing logic (Figure 4) decodes a memory bank within the user-
defined address space, latches the word or byte address within the
selected bank, and routes time-multiplexed 6-bit address segments to
the memory array for 1 of 4096 word addresses within the bank. In
addition, it routes the refresh address to the memory bank during a re-
fresh cycle. The following paragraphs describe addressing logic functions
in detail. Generation of the control signals and how they relate to a
complete memory read or write operation are described in the paragraph
entitled ““Timing and Control Logic.”

A memory read or write cycle is initiated by the addressing portion of the
LSI-11 bus cycle. The “bus master” first places the address on
BDALOO-15 L and BAD16 and 17 L. (BAD16 and 17 L are presently
not used by LSI-11 system hardware, but are available for future system
configurations.) The bus master then asserts BSYNC L, indicating that a
valid address is on the bus. LATCH L occurs on the leading edge of
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MSV11-CD Addressing Logic
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BSYNC L, latching the received address bits RAO—17 H and the received
bus write/byte control signal, RWBT H, for the duration of the bus cycle.
Note that RWBT H is active during the addressing portion of DATO or
DATOB bus cycles, indicating that a memory write operation will follow.

Start address switches S1-S5 are configured by the user to select the
address space that the 16K memory will occupy. ADDR OFFSET 13-17
L signals are the encoded starting address switch bits. The bits are
applied to the adder and decoder logic, where they are added to latched
address bits LA13-17 L. One decoded output (ROWO0-3 L) goes active
(low) only when the latched address is within the 16K address space
selected by the user. When the latched address is not within the
assigned address space, the decoder outputs remain passive (high).
These signals are applied to the BSEL H and bank select OR gates. Any
active output (or an active LAT EXT REF L signal) produces an active
(high) BSEL H signal; BSEL H enables the timing and control logic to
start a memory cycle.

Bank select OR gates receive one active ROW signal via jumper W4,
W8, W12, or W16 or an active REF L signal and produce one active
BANK A-D H for normal memory cycles, or all active BANK A-D H
signals during a memory refresh operation. The active BANK A-D H
signal is ANDed with TRAS (1) H for proper timing during the memory
cycle. The appropriate row address driver then produces one active RAS
A-D L signal that enables one memory bank; all four signals go to the
active state during a refresh operation to allow all memory banks to be
refreshed simultaneously.

The 3:1 address multiplexer and address drivers select and apply the
6-bit address to the memory array. During a normal (non-refresh) mem-
ory cycle, MUX H and INT REF (1) H are passive (low), and the low-order
six address bits are applied to the memory array and latched in each
memory integrated circuit. MUX H then goes high, selecting the high-
order six bits, which are then latched in the memory integrated circuits
to comprise the 12-bit address. During an internal memory refresh oper-
ation, INT REF (1) H goes active, selecting the refresh address bits
(RAO-5 H), which are applied to the memory array. If the external mem-
ory refresh mode of operation is configured by the user, the low-order
address bits (LA1-6 H) are used for the refresh address.

During a write operation, the bus I/0 sequence can be a DATO (word) or
DATOB (byte) cycle. Bus signal BWTBT L goes passive during the data
portion of a DATO cycle, enabling writing in all 16 bits of the addressed
word. RWBT H goes low, inhibiting the byte inhibit gates, and HBWINH
L and LBWINH L go passive (high), enabling WBO L and WB1 L memory
array drivers. The drivers are enabled only during an output data transfer
(BDOUT L is active) and a non-refresh operation. The active MUX H
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signal gates the drivers on at the proper time during the bus cycle. Dur-
ing a DATOB bus cycle, RWBT H goes active, enabling the byte inhibit
gates. Latched address bit O (signals LAOO H and LAOO L) inhibits the
WBO L or WB1 L signals, as appropriate, to enable writing in only the
addressed 8-bit byte within the addressed 16-bit location.

When backplane power is abnormal, DCOK H goes low. This signal
inhibits WBO L and WB1 L, preventing erroneous write operations.

Timing and Control Logic

Timing and control logic (Figure 5) interfaces the MSV11-CD to the LSI-
11 bus and produces the internal control signals required for memory
operation. This function produces timing and control signals for three
types of memory cycles: read (DATI), write (DATO or DATOB), and re-
fresh. In addition, read-modify-write cycles (DATIO or DATIOB) can be
executed according to LSI-11 bus protocol. The MSV11-CD will also
respond to externally generated refresh cycles if that refresh mode is
configured by the user.

The control signal sequence for a memory read operation is shown in
Figure 6. All bus transactions involving the MSV11-CD are initiated by
the addressing portion of the bus cycle. The bus master first places an
address on the BDALOO-15 L (and optional BAD16, 17 L) lines and
asserts BSYNC L. BSYNC L is received and distributed as RSYNC H and
LATCH L. The leading edge of LATCH L latches the address in the
addressing logic and the address will remain valid for the duration of the
bus transaction (during the active state of BSYNC L).

Initially, NO DIN L and LOCKOUT L are passive (high}), enabling two
inputs of the read cycle initiate gate. RSYNC H enables a third input to
the gate. When the latched address is within the MSV11-CD’s address
space configured by the user, BSEL H goes high, producing a low
(active) read cycle initiate gate output. The low signal is ORed, producing
an active GOTIM H signal. This is the signal that starts the memory
cycle.

GOTIM H is then applied to the 80-ns delay circuit. The delay circuit
inserts an 80-ns delay only during internal refresh operation. The delay
circuit is shown in Figure 7.

If an internal refresh cycle is in progress when BSYNC L is asserted, the
memory read or write cycle cannot be executed until the refresh cycle
has been completed. However, if an internal refresh cycle is requested
after GOTIM H is generated for a read or write cycle, the read or write
cycle is first executed.
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Figure MSV11-CD-6
MSV11-CD Read (DATI) Sequence
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Figure MSV11-CD-7
80 ns Delay Circuit

START L is the active (low) delay circuit output and it sets the row
address strobe flip-flop. Active TRAS (1) H and TRAS (1) L signals are
produced. Active TRAS (1) L is ORed with OFF L and the lockout flip-
flop to generate LOCKOUT L. LOCKOUT L is ANDed in the read cycle
initiate gate, the write cycle initiate gate, and the internal refresh gate to
inhibit the GOTIM H signal from occurring until the present cycle is
complete. The lockout flip-flop is used to generate a delay from the reset
of TRAS (1) L to ensure proper memory timing. TRAS (1) L is gated with
passive (low) SRPLY H and INTREF H signals, producing a high signal
that clocks the Go Inhibit flip-flop to the set state; note that the high
(active) RSYNC H signal applied to the data input of the flip-flop when
clocked by the leading edge of TRAS (1) L enables the set state on the
positive-going leading edge of the clock input to the flip-flop. The result-
ing high flip-flop output signal is ORed to produce an active (low) NO
DIN L signal that inhibits the read cycle initiate gate to prevent multiple
DATI cycles from occurring without RSYNC H being reset.

TRAS (1) H enables column address strobe drivers that latch the high-
order 6-bit address in the memory array later in the read cycle.

TRAS (1) L activates an R-C ramp voltage generator that applies a rising
voltage (Figure 6) to the voltage comparator circuits. Four voltage com-
parators, each having different reference voltage inputs, produce the four
control signals: MUX H, CAS H, SRPLY H, and OFF L. The reference
voltage applied to a comparator determines the point along the ramp
voltage at which the comparator’'s output will change logical state.

465



Chapter 12—Memories

MSV11-CD

Hence, the reference voltage, relative to the ramp voltage, determines
the time delay produced by each comparator circuit.

The first active signal produced by the comparator circuit is MUX H.
MUX H selects the high-order six address bits that are applied to the
memory array. MUX H is ANDed with the passive REF L signal. produc-
ing the active chip select (CSO L and CS1 L) signals.

The next voltage comparator output signal that goes active is CAS H.
CAS H is ANDed with the active TRAS (1) H signal, producing the active
column address strobe (CASO L and CAS1 L) signals. These signals latch
the high-order six address bits in the memory array integrated circuits,
completing the 12-bit address within the accessed 4K bank. Read data
is then available on DOUT00-15 H.

The next voltage comparator output signal that goes active is SRPLY H.
SRPLY H is applied to a pulse generator circuit whose 30 ns output
pulse is ANDed with the passive REF L signal; the resulting low pulse
sets the reply flip-flop, and FRPLY (1) H and FRPLY (1) L signals go to
their active states. The BRPLY L bus driver asserts the BRPLY L signal
and driver portions of the bus transceivers, enabled by RDIN L (received
BDIN L) and FRPLY (1) L, place the memory read data on BDALOO-15
L.

The last voltage comparator signal produced is OFF L. OFF L clears the
row address strobe flip-flop and TRAS (1) H and TRAS (1) L go to their
passive states. The passive (low) TRAS (1) H signal inhibits the column
address strobe drivers and CASO L and CAS1 L go to their passive
states. The passive (high) TRAS (1) L signal resets the ramp voltage and
MUX H, CSO L, CS1 L, CAS H, SRPLY H, and OFF L go to their passive
states.

The bus master responds to the active BRPLY L signal by reading the
data from the bus and terminating the BDIN L signal. BDIN L (passive) is
received and inverted, producing a negative-going trailing edge on BDIN
H. BDIN H is ORed with RDOUT H, producing a positive-going transition
at the clock input of the reply flip-flop. This transition clocks the flip-flop
to the reset state. FRPLY (1) H goes low, inhibiting the BRPLY L bus
driver and FRPLY (1) L goes high, inhibiting the BDALOO-15 L read data
bus drivers. The bus master responds by terminating BSYNC L, and the
memory read cycle is completed.

A memory write (DATO or DATOB) cycle is somewhat similar to the
memory read cycle. However, during the addressing portion of the cycle,
the bus master asserts BWTBT L, indicating an output (write) operation
is to follow. The signal sequence for the timing and control logic write
operation is shown in Figure 8. BWTBT is received (RWBT H) and
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MSV11-CD Write (DATO or DATOB) Sequence
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latched by the active LATCH L signal; the address bits are latched in the
same manner as previously described. The latched signal (LWBT H)
inhibits the read cycle initiate gate and prevents immediate generation of
the GOTIM H signal. However, the latched row address bits LA1-6 H
are routed via the 3:1 address multiplexer to the memory array.

The bus master then places the write data on the BDAL bus and asserts
BDOUT L. BDOUT L is received, producing RDOUT H. RDOUT H is
gated with passive (high) LOCKOUT L, FRPLY (1) L, and active WRITE
ENBL H signals to produce the active GOTIM H signal.

Operation of the timing and control logic continues as described for read
operation generation of the MUX H, CAS H, SRPLY H, and OFF L sig-
nals. However, the RDOUT signal enables WBO L and/or WB1 L signal
generation in the addressing logic, and the received data is written in the
addressed location.

The bus master responds to the BRPLY L signal by terminating BDOUT
L and removing the write data from the BDAL bus lines. RDOUT H,
which is ORed with the passive RDIN H signal, goes low, and the low to
high transition resets the reply flip-flop. BRPLY L then goes passive
(high). The bus master responds by terminating BSYNC L and the write
operation is completed.

The memory read-modify-write operation is produced by the DATIO (or
DATIOB) bus cycle. The bus master first initiates a “‘memory read” oper-
ation at the addressed location. However, instead of terminating BSYNC
L after the read portion of the cycle has been completed, BSYNC L
remains asserted; the bus master places the write (modified) data on the
bus and asserts BDOUT L. The MSV11-CD responds by writing the data
in the addressed word or byte location. The BWTBT L signal is asserted
with the write data to indicate a DATIO bus cycle is in progress, when
appropriate. Except for the addressing portion being omitted for the
write portion of the DATIO (or DATIOB)} bus cycle, operation of the
MSV11-CD is as previously described for memory read and memory
write operations.

Memory Refresh Operation

Dynamic MOS memory integrated circuits comprising the memory array
require periodic refreshing in order to retain stored data. This is accom-
plished by forcing a memory read operation on each of the 64 row
addresses; one read operation is required for each row address. Each
row address must be refreshed in this manner once every 2 ms (max-
imum).

MSV11-CD memory refresh can be accomplished by using the on-board
(internal) refresh logic signals, or by using refresh signals present on the
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LSI-11 bus (external refresh). The internal refresh circuit is most trans-
parent to the LSI-11 system since it automatically refreshes one row
address every 25 us; bus-generated refresh cycles are not required
when the internal refresh mode is selected. When other memory system
components in the system require LSI-11 bus memory refresh signals,
the MSV11-CD internal refresh mode can be disabled and the refresh
operation can be controlled externally by LSI-11 bus signals. Note
thatwhen the external refresh mode is selected, all system memory com-
ponents are refreshed simultaneously.

The MSV11-CD refresh logic circuit is shown in Figure 9. The sequence
of internal refresh operation is shown in Figure 10. When the internal
refresh mode is selected, jumper W7 is installed, producing the active
(high) CLK EN H signal. This signal activates the 25 us clock and places
a high level at the internal refresh cycle flip-flop’s data input. The posi-
tive-going transition of the 25 us clock clocks the flip-flop to the set
state, causing GO REF L and GO REF H to go to their active states (low
and high, respectively). GO REF H conditions the data input of the inter-
nal refresh flip-flop.

When the MSV11-CD is not involved in a read or write operation, FRPLY
(1) L and LOCKOUT L are passive (Figure 5). These passive signals are
gated with the active GO REF H signal, producing an active GOTIM H
signal. The leading edge of GOTIM H clocks the internal refresh flip-fiop
to the set state and INTREF (1) H goes high. INTREF (1) H is ORed with
the passive LAT EXT REF H signal to produce an active (low) REF L
signal.

GO REF L is applied to the 80 ns delay circuit (Figure 7), forcing the 80
ns delay to occur. The delay provides settling time for the internal refresh
flip-flop. After the 80 ns delay has completed, START L goes active,
setting the row address strobe flip-flop, and TRAS (1) L and TRAS (1) H
go to their active states. TRAS (1) L provides an active LOCKOUT L
signal, inhibiting the GOTIM H signal. Operation then continues as in the
memory read cycle, except the active INTREF (1) H signal selects
RAO00-05 H refresh address (row) bits, which are routed through the
address multiplexer and applied to the memory array; passive (low) col-
umn address bits are applied to the memory array during the active state
of MUX H, but are not significant during the refresh operation. The active
REF L signal, applied to the reply circuit via jumper W6, also inhibits
SRPLY H from setting the reply flip-flop and generating an erroneous
BRPLY L signal.

SRPLY H is gated with INTREF (1) H, producing a low clear signal for
the internal refresh cycle flip-flop, and GO REF L and GO REF H go
passive. GOTIM H goes passive and the 80 ns delay circuit START L
signal goes passive. OFF L then goes active (low), clearing the internal

469



oLy

+5v

H

__Do-—»REFL

w7 E CLKENH
+ e
ENABLE | REFREGH
EFRES GO REF L 60 REF H
F/E
2505 INTREF (1)
cLock
g
SRPLY H e
GOTIM H—
e o
H
—9  ADDRESS RAGD-05 H
6-BIT COUNTER
CLKEN L
LAT EXT REF L
XT REF H LAT EXT REF H
rer L —q > T LaTCH
LATCH L

Figure MSV11-CD-9

MSV11-CD Refresh Logic

11-4599

ad-LLASIN

seoweN—zgL 419)deyd



Chapter 12—Memories

MSvV11-CD

25usec

REF CLK H

INCREMENT INTERNAL
REFRESH ADDRESS COUNTER —»|

GO REF L

GO REF H

GO TiM H

INTREF (1) H

REF L

B@ nsec DELAY

START L

LOCKOUT L

TRAS(D L

MUX H

€SB L, €SI L (PASSIVE) \ \
cas W

: _\/ 7
CAS@ L, CASIL
SRPLY H

OFF L

1-4600

MSV11-CD Internal Refresh Sequence

refresh and row address strobe flip-flops; REF L, TRAS (1) L, LOCKOUT
L. MUX H, CAS H, SRPLY H, and OFF L signals go to their passive
states.

The internal refresh counter is incremented by the trailing edge of REF
CLK H prior to the next internal refresh operation. Hence, each succes-
sive internal refresh operation uses the next sequential row address.

When a memory read or write operation is initiated just prior to the
refresh operation, and the read or write cycle is still in progress, the
leading edge of GOTIM H clocks the passive (low) GO REF H signal into
the internal refresh flip-flop; INTREF (1) H remains reset for the duration
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of the memory cycle. The refresh operation will not be enabled until
LOCKOUT L and FRPLY (1) L go passive (high) at the end of the read or
write cycle, enabling a new GOTIM H signal. If this condition occurs, the
leading edge of the new GOTIM H signal clocks the active (high) GO REF
F signal into the internal refresh flip-flop, and the refresh operation con-
tinues as described previously.

When the external refresh mode is selected, jumper W7 is removed. CLK
EN H goes low, and the internal refresh cycle flip-flop cannot be set by
the 25 us clock signal. CLK EN L goes high, enabling one input to the
LAT EXT REF L gate.

An external refresh cycle is initiated by the bus master asserting BREF L;
EXT REF H goes high. The bus master places the refresh row address on
the BDAL 1-6 L lines and asserts BSYNC L. BSYNC L produces the
active (low) LATCH L signal that latches the 6-bit address in the address
latch (Figure 4), and the EXT REF H signal (Figure 9), producing the
active (high) LAT EXT REF H signal. This signal is gated with CLK EN L,
producing the LAT EXT REF L signal and forcing an active BSEL H signal
in the addressing logic. Thus, the MSV11-CD is addressed and enabled
for the refresh operation. The external refresh signal sequence is shown
in Figure 11.

BREF L —L /r_—

/
BDAL1-6 L I ADgg‘gSS I
BSYNC L l) e ]
LAT EXT REF H T
LA@P-26 H : : ::
LAT EXT REF L ——
BSEL H T
BOIN L

BRPLY L

11-4601

MSV11-CD External Refresh Signal Sequence
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The refresh operation continues as described for a memory read oper-
ation, except the active REF L signal {produced by the active LAT EXT
REF H signals) inhibits a BRPLY L signal, as described for the internal
refresh operation. If the MSV11-CD must reply during the external re-
fresh bus transaction, jumper W6 is removed; REF L will not inhibit the
reply circuit and BRPLY L will be generated. Only one MOS memory
module in a system is required to reply to the refresh bus transactions.
The module that should reply is the module with the slowest access time
relative to the bus master device. This module is generally the module
located the greatest electrical distance on the LSI-11 bus from the bus
master device controlling the refresh operation.

Charge Pump Circuit

The charge pump circuit (Figure 12) provides the -5 V power for the
MOS memory array integrated circuits. The input power source for this
circuit is +12 V. An oscillator circuit, running at approximately 40 kHz,
produces a square-wave drive signal to the rectifier circuit. Q2 switches
the ground alternation for the charge pump capacitors, reducing the
switching current requirement for the oscillator circuit. The rectifier out-
put is —10 V (approximately). The -5 V output is zener-diode regulated.
Note that this circuit eliminates the need for backplane power other than
the standard +5 V and +12 V. The circuit remains active when battery
backup power is used.

+12v
SWITCH Q2
CHARGE IV
PUMP o 1€ & -5V
osc

SV

t—i—
I

’ ]
|

11-4602

MSV11-CD Charge Pump Circuit
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MSV11-D, -E MEMORY

GENERAL
All MSV11-D and MSV11-E memory modules plug into any LSI-11 bus.
There are @ight versions of this module and they are listed below.

Memory Parity
Model Capacity Module Bits

MSV11-DA 4K by 16 bits M8044-A No
MSV11-DB 8K by 16 bits M8044-B No
MSV11-DC 16K by 16 bits mM8044-C No
MSV11-DD 32K by 16 bits M8044-D No
MSV11-EA 4K by 18 bits M8045-A Yes
MSV11-EB 8K by 18 bits M8045-8 Yes
MSV11-EC 16K by 18 bits M8045-C Yes
MSV11-ED 32K by 18 bits M8045-D Yes

NOTE
K = 1024 (e.g.. 4K = 4096).

Memory storage is provided by either 4K by 1 bit or 16K by 1 bit
integrated circuits, depending on model. The integrated circuits are dy-
namic metal oxide semiconductor (MOS) types that the processor can
access during read and write operations. Memory contents are volatile;
that is, when operating power is lost, memory data is lost. However,
memory contents can be protected during system power failures by sup-
plying battery backup power.

FEATURES

¢ On-board memory refresh is provided, eliminating the need for refresh
signals on the LSI-11 bus.

¢ The system memory address space to which the module will respond
is user-configured via switches contained on the module. An address
can start at any 4K bank boundary ranging through the 0-128K
address range.

e Memory modules perform DATI, DATO, DATOB, DATIO, and
DATIOB bus cycles according to LSI-11 bus protocol.

¢ No special power is required. Only the normal +5 V and +12 V
present on the LSI-11 backplane are necessary. An on-board charge
pump circuit produces the necessary -5 V operating voltage for the
memory integrated circuits.
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e Jumpers allow the user to implement battery backup power.

¢ Memory access is disabled when “bank 7 is addressed (BBS7 L is
asserted) or when “external” memory refresh bus cycles are in prog-
ress. The lower 2K of bank 7 can be enabled by a user-installed
jumper. (Bank 7, the upper 4K system address space, is normally
reserved for peripheral device addressing.)

SPECIFICATIONS

Identification
MSV11-DX M8044-X
MSV11-EX M8045-X (X = A,B,C.D)

Size Double
Power
Typical Typical
Operating Standby
Supply Voltage Power Power
MSV11-DA,-DC  +5V system power 1.7A 1.7A
(4K or 16K) +5 V battery backup 0.7A 0.7A
+12 V system power 034 A 0.06 A
or battery backup
MSV11-DB,-DD +5 V system power 1.7A 1.7A
(8K or 32K) +5 V battery backup 0.7A 07A
+ 12 V system power 0.37 A 0.08 A
or battery backup
MSV11-EA.-EB  +5 V system power 20A 20A
(4K or 16K) +5 V battery backup 1.0A 1.0A
+12 V system power 0.38A 0.06 A
or battery backup
MSV11-EC.-ED  +5V system power 20A 20A
(8K or 32K) +5 V battery backup 1.0A 1.0A
+12 V system power 041A 008 A
or battery backup
Bus Loading
AC 2
DC 1
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Operational
MSV11-D
Bus Cycle Access Time (ns) Cycle Time (ns)
Type Typ Max Notes Typ Max Notes
DATI 210 225 1.2 500 520 1.4
DATO(B) 100 110 1.2 545 565 1.5
DATIO(B) 630 650 1,3 1075 1100 1,6
MSV11-E
Bus Cycle Access Time (ns) Cycle Time (ns)
Type Typ Max Notes Typ Max Notes
DATI 250 265 2 500 520

1
DATO(B) 100 110 1
1

1
545 565 1
DATIO(B) 670 690 1

2
3 11156 1140

[ RSN

All Models
Refresh cycle time (7) 575 ns typ., 600 ns max.

NOTES

1. All operating speeds are in nanoseconds and
are based on memory not busy and no re-
fresh arbitration. Refresh arbitration adds
100 ns typical (120 ns maximum) to access
and cycle times. Refresh conflicts add 5675 ns
typical (600 ns maximum) to access and
cycle times.

2. Access times are defined as internal SYNC H
to REPLY H with minimum times (25 or 50
ns) from SYNC H to DIN H or DOUT H. The
DATO(B) access and cycle times assume a
minimum 50 ns from SYNC H to DOUT H at
bus receiver outputs. For actual LSI-11 bus
measurements, 150 ns should be added to
DATO(B) times. i.e.. access time (typical) =
100 + 150 = 250 ns.

3. Access times are defined as internal SYNC H
to REPLY H [DATO(B)] with minimum time
(25 ns) from SYNC H to DIN H, and min-
imum time (350 ns) from RPLY H (DATI)
asserted to DOUT H asserted.
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4. Cycle times are defined as internal SYNC H
to LOCKOUT L negated.

5. Cycle times are defined as internal SYNC H
to LOCKOUT L negated with minimum time
(50 ns) from SYNC H to DOUT H.

6. Cycle times are defined as internal SYNC H
to LOCKOUT L [DATO(B)] with minimum
times (25 ns) from SYNC H to DIN H and
minimum time {350 ns) from RPLY H (DATI)
asserted to DOUT asserted.

7. Refresh cycle time is defined as internal REF
REQ L to LOCKOUT L negated.

CONFIGURATION

General
Configuring the MSV11-D or MSV1 1-E will alter its operation for a spe-
cific system application. The following items can be configured.

1. Select the starting address for the contiguous memory contained on
the module

2. Battery backup power

3. Enable/disable 2K word portion of bank 7

NOTES

1. If the MSV11-D or MSV11-E memory mod-
ule is installed in a system that contains a
KD11-F processor module etch revision C or
D. CS revision H2 or earlier, BDAL16 L and
BDAL17 L bus lines (AC1 and AD1, respec-
tively) must be terminated. An REV11-A,
TEV11, or BCV1B cable set will also accom-
plish this termination.

2. Each MSV11-D or -E module contains two
factory-installed wire-wrap jumpers that se-
lect memory size (4K, 8K, 16K, or 32K);
these jumper configurations normally should
not be changed.

477



Chapter 12—Memories

MSV11-D, -E

Address Selection

The MSV11-D or MSV11-E address can start at any 4K bank boundary.
The address configured is the starting address for the contiguous portion
of memory (4K, 8K, 16K, or 32K) contained on the module. Set the
switches, located as shown in Figure 1, to the desired starting address
as listed in Table 1. The upper 4K address space is normally reserved for
peripheral device and register addresses.

Factory-configured modules will not respond to bank 7 addresses. In
special applications that permit the use of the lower 2K portion of bank 7
for system memory, enable the lower 2K portion of bank 7 by removing
the jumper from wire-wrap pins 1 and 3 and connecting a new jumper
from 1 to 2.

Battery Backup Power

The MSV11-D and MSV11-E modules are factory-configured with the
power jumpers installed for normal system power. In this configuration,
the memory and refresh logic are powered from the normal bus back-
plane power. The modules are designed so that the dc power required to
support them during a backup period is minimized. The jumpers are pro-
vided to allow the user to disconnect the memory and refresh logic from
the normal bus power and connect it to a separate battery source. The
user can configure the jumpers, shown in Figure 1, for battery backup
operation as follows:

W2, W3 Remove to separate the module from the bus-powered
backplane.
W4, W5  Insert to connect the battery power to the memory and

refresh logic.

To use the MSV11-D or MSV11-E modules in a battery backup system,
the battery or source must be capable of supplying the following:

MSV11-D MSV11-E

(1 Module) (1 Module)
+5Vdc+3% O07A 1.0A
+12Vdc £ 5% O0.37A 0.41 A max

These voltages must remain within £3% of the bus voltage at all times
and not vary more than +3% during the transition to or from the battery.
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—
511
o [T —512
ADDRESS —51-3
SWITCHES 514
MEMORY {1:0 ®10 91-8
size 170 @ 016
" v 8
c®
W—v® .58 5@ ) PARITY/NO PARITY
BATTERY BACKUP QPERATION
POWER JUMPERS we @ v1zv 1@
wWe—oQ 128
se e
2 1 3
o/
BANK 7
ENABLE/DISABLE
MR.0345

Figure MSV11-D, -E-1
MSV11-D, MSV11-E Switch and Jumper Locations
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Table 1 MSV11-D, MSV11-E Addressing Summary

o8y

Starting Switch Settings Memory Bank(s) Selected
Address $1-1 §$1-2 813 S14 S1-5 -DA,-EA -DB,-EB -DC,-EC -DD,-ED
0 c c Cc c Cc (0] 0-1 0-3 0-7
20000 Cc C Cc C o} 1 1-2 1-4 1-10
40000 c C c 0] Cc 2 2-3 2-5 2-11
60000 (o Cc C 0] 0 3 3-4 3-6 3-12
100000 Cc C 0] (o Cc 4 4-5 4-7 4-13
120000 c Cc 0] c 0] 5 5-6 5-10 5-14
140000 Cc c 0 0 Cc 6 6-7 6-11 6-15
160000 Cc (o 0] (0] (o) 7 7-10 7-12 7-16
200000 C 0 Cc Cc C 10 10-11 10-13 10-17
220000 C 0] Cc Cc 0 11 11-12 11-14 11-20
240000 C (0} Cc (0] Cc 12 12-13 12-15 12-21
260000 c 0 C 0] 0] 13 13-14 13-16 13-22
300000 c 0] 0] C Cc 14 14-15 14-17 14-23
320000 Cc 0] 0 C (0] 15 15-16 15-20 15-24
340000 c o) 0] 0] Cc 16 16-17 16-21 16-25
360000 c 0] 0 o) 0 17 17-20 17-22 17-26
400000 0 C C Cc o 20 20-21 20-23 20-27
420000 (0] C C c o) 21 21-22 21-24 21-30
440000 0 (o Cc 0] c 22 22-23 22-25 22-31
460000 0 o Cc (0] 0] 23 23-24 23-26 23-32
500000 0] C 0] c Cc 24 24-25 24-27 24-33
520000 0] Cc 0] c 0] 25 25-26 25-30 25-34
540000 6] C 0] o] C 26 26-27 26-31 26-35
560000 6] C 0] o @) 27 27-30 27-32 27-36
600000 0 0 C C C 30 30-31 30-33 30-37

3- ‘A-LLASWN
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Table 1 MSV11-D, MSV11-E Addressing Summary (Cont)

Starting Switch Settings Memory Bank(s) Selected

18:14

Address $1-1 S81-2 813 814 815 -DA,-EA -DB,-EB -DC,-EC -DD,-ED
620000 0 0] C c 0] 31 31-32 31-34 X
640000 0 o c (o) c 32 32-33 32-35 X
660000 0 o) c (o) 0 33 33-34 33-36 X
700000 o o 0] c c 34 34-35 34-37 X
720000 (0] 0] o c (o) 35 35-36 X X
740000 0 o) (¢) 0] c 36 36-37 X X
760000 (0] o) o o) 0 37 X X X
NOTES
1. Switch settings
C = ON
0 = OFF

. Bank 7 cannot be selected as factory-con-

figured; however, the user can enable the
lower 2K portion of bank 7 for use.

. X = Do not use.

. Rocker switch positions are defined by press-

ing the desired side of the rocker, not by the
red line on the opposite side of the rocker.

3- ‘G-LLASIN
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One MSV11-E module draws approximately 7 W when operating in the
battery backup mode. A typical backup system that is 30% efficient with
a 2.5 ampere-hour battery will support each module for approximately 2
hours. When used in a PDP-11/03 system, or equivalent, no additional
cooling of the module is required during the backup period, if the room
temperature is maintained to less than 32° C (90° F).

Parity

One jumper is factory-installed for nonparity (MSV11-D) or parity
(MSV11-E) operation, depending on model. Do not reconfigure this
jumper. Standard jumper configurations are listed below for reference
purposes. Refer to the functional description section on parity for recom-
mended implementation.

All MSV11-D models: Jumper installed from pin 7 to pin 5
All MSV11-E models: Jumper installed from pin 6 to pin 5

Memory Size

Two jumpers are factory-installed to configure addressing logic for mem-
ory size (number and type of memory integrated circuits). Do not reconfi-
gure these jumpers. Standard jumper configurations are listed below for
reference purposes.

Jumpers (Two Installed)

Models Memory Range Pins Memory Select Pins
MSV11-DA.-EA From17t0 15 From17to 14
MSV11-DB.-EB From17to 15 From12to 14
MSV11-DC.-EC From16to 15 From16to 14
MSV11-DD,-ED From 16to 15 From10to 14

FUNCTIONAL DESCRIPTION

General

Logic functions and circuits that comprise MSV11-D and MSV11-E
memory modules are shown in Figure 2. Both types of memory modules
are identical, with the exception that MSV11-E models include parity
logic; MSV11-D models do not include parity.

Memory Array

The memory array is the main function contained on the module. De-
pending on model, the module will contain 16 or 32 dynamic random
access memory (RAM) integrated circuits (ICs); MSV11-E models
include an additional two or four RAM ICs, depending on model, as part
of the parity logic. All RAM ICs will be identical types for a given model.
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WWPATBH
I PAR ERR H, LAT D<0:16>H
BDAL
<075t | gus DAL<0:15>H v
XCVRS l
MEMORY | DO<0:16>H
LosIc ARRAY
H "~ swiTcHEs I
z PARITY
& BSYNC L Tomic
- PAR ERRH
BWTBT L TIMING {MSV11.€ ONLY)
BOIN L AND
BOOUT L CONTROL DATALATL DATA
Loaic DaTen
BRPLY L

REFRESH

cLocK

AND CHARGE
puMP

p——u 5V
v COUNTER KT

Figure MSV11-D, -E-2
MSV11-D and MSV11-E Logic Functions

Two types are used: 4K-by 1 bit and 16K by 1 bit. The number and type
of RAMS used are listed for each memory model as follows.

RAM IC Qty RAM ICs in Qty RAM ICs in

Model Type Memory Array Parity Logic
MSV11-DA 4K X 1 16 None
MSV11-DB 4K X 1 32 None
MSV11-DC 16K X 1 16 None
MSV11-DD 16K X 1 32 None
MSV11-EA 4K X1 16 2

MSV11-EB 4K X 1 32 4

MSV11-EC 16K X 1 16 2

MSV11-ED 16K X 1 32 4

The memory array is organized as shown in Figure 3. As previously
listed, either 16 or 32 memory ICs comprise the memory array. Models
that include only 16 ICs are organized with 8 ICs in the high byte and 8
ICs in the low byte of the low range array shown on the figure. Models
that include 32 ICs include the 16 ICs described for the 16-1C models.
plus an additional 16 ICs for the high and low bytes of the high range
array. Row address strobe (RASO L and RAS1 L) control signals, pro-
duced by the addressing logic. select the appropriate low or high range
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array. Write byte (WTBT1 L and WTBTO L) control signals are produced
by the addressing logic during a memory write operation to select the
addressed byte (DATOB bus cycle); during a word write operation
(DATO bus cycle), WTBT L is high and selects both bytes.

WRITE

DaTA
(HIGH BYTE) (LOW BYTE)
DAL<08:16>H 1 DAL<00:07>H
RASTL
e N —
g 3]  HIGH RANGE
. * ] ARRav
—J° g I
casoL,
casiL — J— MUX<AT:A7>H wraToL
—
I* —% LowRANGE
| vl pu | ARRAY
I |
RASOL
DO<08:15>H DO<00:07>H
——
(HIGH BYTE) LOW BYTE)

READ
DATA

* HIGH RANGE ARRAY IS PRESENT ON THE FOLLOWING
MODELS ONLY: MSV11.D8, MSV11.DD,
MSV11-EB, MSV11-ED
MR-0347

Figure MSV11-D, -E-3
Memory Array

Fourteen address bits are required for 16K by 1 bit RAM ICs, and 12
address bits are required for 4K by 1 bit RAMs. The required 12- or 14-
bit address is multiplexed over 6 or 7 address lines [MUX {(A1:A7)H] to
all RAM ICs that comprise the memory array. Addressing is controlled by
column address strobe (CASO L and CAS1 L) and row address strobe
{RASO L and RAS1 L) signals.

Addressing Logic

Addressing logic (Figure 4) receives addresses from the LSI-11 bus and
produces address bits and control signals when the received address is
for a memory location on the module. The user configures a starting
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Figure MSV11-D, -E-4
Addressing Logic
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address (described in Table 1) that defines the lowest address in the
module’s range. When an address is received that resides in the mod-
ule’s user-configured range, SELECT L goes active. SELECT L is pro-
duced by decoding address bits DAL (13:15) H and the starting address
configured by S1-S5. Memory array size jumpers select the appropriate
SELECT L and LOW RANGE L decoder ROM outputs, depending on
MSV11-D or MSV11-E model; these jumpers are factory-configured
and normally should not be changed. SELECT L initiates the memory
cycle in the timing and control logic. LOW RANGE L controls selection of
RASO L or RAS1 L signais that select the low range array for all models,
or the high range array when addressed on MSV11-DB, -DD. -EB, and
-ED models.

The starting address decoder is always inhibited during external refresh
operations; EXT REF H goes low during normal memory access oper-
ations.

The upper 4K address space in all systems is normally reserved for
peripheral device=. However, the user can enable the use of the lower 2K
portion of bank 7 by installing a jumper. When bank 7 is not enabled,
BBS7 L is inverted by a bus receiver producing BANK 7 SEL H: the high
signal inhibits the starting address decoder ROM and no active outputs
are produced. When the lower 2K portion of bank 7 is enabled, a jumper
on the input of the BBS7 L bus receiver is reconfigured to inhibit the bus
receiver when BDAL 12 L is high (the lower 2K portion). Thus, BANK 7
SEL H will go high only when an address resides in the upper 2K portion
of bank 7 and inhibits memory address decoding.

MSV11-D and MSV11-E models will not respond to external refresh
signals, only to “on-board” refresh described in the paragraph entitled
“Memory Refresh.” When the externally generated BREF L signal is as-
serted, EXT REF H goes high and inhibits the starting address decoder
ROM.

Timing and Control Logic

Circuits comprising timing and control logic are shown in Figure 5. Sig-
nal sequences for DATI, DATO(B), DATIO(B), and refresh cycles are
shown in Figures 6 through 9, respectively.

The major portions of timing and control functions are contained in the
timing and refresh arbitration logic (Figure 5). Basic timing for any mem-
ory cycle is produced by a tapped delay line and appropriate gating logic.
Additional logic functions arbitrate refresh cycles, produce control sig-
nals for the memory array, addressing logic, and parity logic functions,
and generate appropriate BRPLY L signals during any memory access
operation.
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syncH _/F
msor | N\ /|
cAsOL _—_ﬂ /———_
MUX<ALAT>H :m COLUMN 0
DATIREQ L —\ /
LockouT L AN / | NEW MEMORY
DATA OUT X LATCHED DATA VALID
MR-0361
Figure MSV11-D, -E-6
DATI Signal Sequence
I
SYNCH _ Vg X
woe TN\ /
casSOL \—-———/——
MUX<AL:AT> H >( ROwW )O( CcoLUMN D
wrsToL \ /S
DATOREQ L ] \| /
LocrouTt h 'l NEW MEMORY
DATAIN X WRITE DATA X

Figure MSV11-D, -E-7
Figure 7 DATO(B) Signal Sequence
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SYNCH Y/

nasoc | 1\ y 4 \ / courieTE
CASOL \ / N/

i X ==X O T XX
AEQ L \ DATI / \ DATO /

LockouT L N\ / AN
eveLe
APLY H ﬁ- ENABLED
t— BUS MASTER READS DATA
DaTa X vatcheopatavaun X WRITE DATA ) ¢
WTBTOL \ /

MR-0353

Figure MSV11-D, -E-8
DATIO(B) Signal Sequence
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1455 J NExt
REFCLK H 4 ” ’l \—/_
REF REQ L \ /
INT REF DEL H / \___
RASOL \ s/
MUX<A1:A7> H j( REFRESH ROW ADDR X
sve |/ N——
LOCKAUT L N /—

Figure MSV11-D, -E-9
Memory Refresh Signal Sequence

A memory cycle (other than refresh) is initiated by the active SELECT L
signal produced by addressing logic. The leading edge of SYNC H clocks
either the DAT! or DATO flip-flop to the set state, depending on the state
of WTBT H and WTBT L; these two signals, produced by the LSI-11 bus
BWTBT L signal, go active during the addressing portion of the cycle
only when a DATO(B) cycle is in progress; DATO H enables DATA REQ
L when DOUT H goes active (high). The appropriate DATI REQ L or
DATO REQ L signal is ORed with REF REQ L, producing a high signal
that initiates the timing sequence.

If a refresh cycle is in progress when the DATI, DATO(B), or DATIO(B)
cycle is initiated, the refresh operation is first completed before contin-
uing the memory access operation; LOCKOUT L goes active during any
cycle timing sequence and inhibits the new request from starting an-
other cycle until the present cycle has been completed. However, if a
memory access cycle is initiated (addressing portion completed) and a
refresh cycle request occurs, refresh arbitration logic delays the start of
the memory access cycle approximately 100 ns. If a refresh conflict
occurs (refresh wins), the refresh cycle will be first completed and add
approximately 575 ns to the DATI or DATO(B) cycle time. If memory has
been accessed (LOCKOUT L goes passive), a refresh cycle can be
initiated although the bus cycle “handshaking” may not have been com-
pleted.

A DATIO(B) bus cycle is similar to a DATI cycle followed by a DATO(B)

cycle; however, only the addressing portion of the cycle prior to the
DATI portion occurs, according to LSI-11 bus protocol.
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Write-byte operations (DATOB or the DATOB portion of DATIOB cycles)
are controlled by the bus BWTBT L signal and the addressing logic. The
timing and control functions are exactly the same for write byte or write
word operations.

Memory Refresh

Memory refresh request logic is shown in Figure 10. A 14.5 us refresh
clock operates the refresh request time to allow completion of 128
refresh cycles during any 2 ms period. A refresh address counter in-
crements once on each refresh cycle, producing the current refresh row
address. Sequential row addresses are thus refreshed. completing all
128 rows within 2 ms for 16K by 1 bit memory integrated circuits, or 64
rows within 1 ms for 4K by 1 bit memory integrated circuits.

"2V

14.508 +12V PULSE uv
- sV
REFRESH " AECTIFIER
CLOCK REGULATOR
<
MSPARE B CONNECTION
ON BACKPLANE
BK1 BL1-sv] ruTer | sV
CAPACITORS ouTPUT
wv L
3
REF<AG:AG> M
AercLxw | REFRESH REFRESH
REF KILL L CTR ADDRESS
TO ADDRESSING LOGIC
REF CLKM
=

MR-0358
Figure MSV11-D, -E-10
Refresh Logic and Charge Pump Circuit

Charge Pump Circuit

The charge pump circuit (Figure 10) produces -5 Vdc for the memory
array. Input power is obtained from the +12 V system or battery backup
power applied via the refresh clock. The resulting 12 V 14.5 us refresh
clock pulse is applied to a rectifier circuit which produces a —11 Vdc
(approximately) output. A 3-terminal regulator then produces the
required regulated--5 Vdc.
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Note that the -5 V is applied to the filter capacitors via MSPAREB back-
plane pins. This is done for manufacturing test purposes. These pins are
connected on all LSI-11 backplanes as shown on the figure. If non-
standard backplanes (user-supplied) are used, be certain that these pins
are connected.

MSV11-E Parity Logic

MSV11-E parity logic functions are shown in Figure 11. The basic func-
tions include a parity generator for memory write data, a 2-bit memory
array, a parity detector, and a latch circuit. The parity generator produces
two parity bits, one for each main memory byte. Address and control
signal {(not shown) lines are identical to those applied to the main mem-
ory array. When any main memory location is read, the corresponding

-9
F—— | |
WRITE DATA READ DATA :
\ I' MEMORY ARRAY = _! f:.::" i LAT<D00:16> H
b — | |
PARITY
DETECTOR
o
|7/0 BUS
I XCVR I Noau<ao0r> u | BTN P00 161
BDALIBL WWPA 16 H PARITY 2817
*|cenenrator MEMORY
ARRAY
\_ DAL<08:16> H ] PDI 1T H 14K, BK, POO17H
16K, OR
L ' 32K)
—
MUX <A1:A7> H
PARITY ERROR IND H

I-PIO BUS XCVR I

PAR ERR H l |

SYNCL ? T RPLY L !

DATA LAT L DINL

LATCH

= ]

Figure MSV11-D, -E-10
Parity Logic

MR-0366
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parity memory location is read. Parity bits are checked by the parity
detector and the result is stored in the output latch. If a parity error is
detected (PAR ERROR IND H is active), PAR ERR H is gated onto the
BDAL 16 L bus line. The processor reads the error during the memory
read (DATI) cycle and responds accordingly.

MSV11-E memory modules respond to bus master devices by delaying
BRPLY L assertion to accommodate the parity generator and parity
detector logic. This timing is jumper-selected (factory-configured) and
should not be changed.

Parity logic functions are tested when running memory diagnostics by
writing incorrect parity bits. The processor forces this condition during a
DATO(B) cycle by asserting BDAL 16 L during the output data transfer
portion of the bus cycle. BDAL 16 L is received, inverted to produce
“write wrong parity” (WWPA 16 H), and applied to the parity generator,
forcing it to store incorrect parity bits. The error is then detected by
subsequent memory read cycles.

LSI-11 processors do not support the parity implementation used on the
MSV11-E. However, the user may implement logic to use the PAR ERR
signal that is gated onto the BDAL 16, and to assert it for testing the
parity function. A recommended method could be a module that clocked
BDAL 16 on the trailing edge of DIN. Any time BDAL 16 is asserted, a
parity error has occurred. The user can then cause an interrupt, in-
crement a counter, etc. Note that the instruction execution cannot be
aborted under this scheme, as is the normal procedure when detecting a
parity error.
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MEMORY AND ASYNCHRONOUS SERIAL LINE INTERFACE

GENERAL

The MXV11-A is a dual height multifunction option module for the LSI-
11, LSI-11/2 or LSI-11/23. It contains a read/write memory, provisions
for read-only memory, two asynchronous serial line interfaces and a
60 Hz clock signal derived from a crystal oscillator. Read/write memo-
ry is supplied with either 8K or 32K bytes (4K or 16K words). Two 24-
pin sockets are provided for +5 V read-only memories. 1K X 8, 2K X
8, or 4K X 8 ROMS may be used. The sockets may also be used for
256 words of bootstrap code.

The two asynchronous serial lines transmit and receive EIA-423 signal
levels from 150 baud to 38.4K baud. 20 mA active or passive current
loop operation at 110 baud may be obtained with the DLV11-KA EIA to
20 mA converter option. The serial lines will not support the reader run
function of the DLV11-KA option. The serial lines provide error indica-
tor bits for overrun error, frame error, and parity error, but do not have
modem controls. Serial line 1 may be configured to respond to a break
signal. The serial lines have single level interrupt logic and shouid be
placed after muiti-level devices on an LSI-11/23 system. Serial line 1
may be used as a console port, or, along with serial line 0, may be
used with any of several standard types of serial communication de-
vices.

The 60 Hz clock signal can be selected by a wirewrap jumper to pro-
vide line time clock interrupts on the bus.

FEATURES
e 8K or 32K bytes of RAM with on-board refresh

e User-configured with choice of PROM or system device bootstrap
ROM option (MXV11-A2)

e Accepts two 5V, 24-pin UVPROM or fusible-link PROM chips

e Two serial lines meeting RS-423 standard (backward compatible
with RS-232C), baud rates up to 38.4K

e Jumper selected crystal controlled baud rates of 150, 300, 1.2K,
2.4K, 4.8K, 9.6K, 19.1K, 38.4K baud, and external.

e Crystal clock—60Hz

Model Designations

MXV11-AA LSI-11 muitifunction module, 8K-byte Random
Access Memory.
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MXV11-AC LSI-11 multifunction module, 32K-byte Random Ac-
cess Memory
SPECIFICATIONS
|dentification M8047-AA MXV11-AA 8K bytes
M8047-BA MXV11-AC 32K bytes
Size Double
Power +5V,1.2A
+12V,0.1A
Bus Loads
AC 2
DC 2
RAM Performance
Bus Cycle T acc (ns) Max
Type Typical
DATI 280 300
DATO(B) 395 410
NOTES:

4.

5.

Access time (T acc) is from SYNC to RPLY
Assumes memory is not busy and there is no arbitration

Refresh arbitration adds 100 ns typical and 120 ns maximum to
access time.

Refresh conflict adds 575 ns typical and 600 ns maximum to ac-
cess time.

Assumes that SYNC to DOUT time = 285 ns.

ROMs
Power: +5V £5%

Pins: 24 Pin Spacing

Access Time:  Up to 450 nanoseconds
Array Size: 1K X 8, 2K X 8, or 4K X 8 bits
Type: See accompanying tables
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Typical PROM Types

Chip
UV PROMS Array Size Memory Size
Intel 2758 1K X 8 bits 1K words
Intel 2716 2K X 8 bits 2K words
Intel 2732 4K X 8 bits 4K words
Mostek MK2716 2K X 8 bits 2K words
T.. TMS 2516 2K X 8 bits 2K words
T.I. TMS 2532 4K X 8 bits 4K words
Bipolar PROMS
Intel 3628 1K X 8 bits 1K words
Signetics 82S 2708 1K X 8 bits 1K words
Signetics 82S 181 1K X 8 bits 1K words
Signetics 82S 191 2K X 8 bits 2K words
CONFIGURATION
General

The following paragraphs describe how the user can configure the
rmodule so that it will function in the system. The jumpers used on this
modaule are of two types. Two jumpers consist of insulated wires sold-
ered to plated-through holes, and the remaining jumpers are wirewrap
pins to which connections are made. The soldered jumpers are factory
configured and should not be changed. When installing jumpers, the
wire runs must be arranged so no more than two wires are on each
post and there is no level jumping between posts.

The ROM and RAM memories should not be configured to cover the
same area of memory. There is no overlay protection logic to prevent
conflicts in this case. The RAM memory will not respond to addresses
in the I/0 page area (bank 7 in 16-bit address systems). This prevents
conflicts when peripherals (including the on-board SLUs) are ad-
dressed.

Factory Configuration Wiring

Wire Wrap Pins
Function From To
RAM Bank 0 J30 J31
J32 J33
J31 Ja2
SLU Channel 0 Address 176500 J23 J18
J24 J19
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SLU Channel 1 Address 177560

ROM Bootstrap (TUS58)

SLU Vectors CHO (300)
CH1 (60)

SLU Parameters (8 Data bits,
no parity, one stop bit)

Baud Rates CHO (38.4K)
CH1 (9600)

Break Generation

(Halt option)

Crystal Clock
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Figure MXV11-A-1
MXV11-A Jumper Locations
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MXV11-A Jumper Functions

Pin Function Option

J3 Clock L. Open collector output 60 Hz
of the clock. Connected to Pin
AF1 (SSpare 2). Wirewrap to J4
to implement the clock option.

J4 BEVNT L. Event interrupt (Pin 60 Hz
BR1) used for the clock option.

J5 BDCOK H. DCOK (Pin BA1) BOOT
when HIGH allows the proces-
sor to operate, when LOW ini-
tializes the system. Connected
to J6 to implement the boot op-
tion.

J6 Framing error. Open collector BREAK
output of framing error from se-
rial line one. Connected to Pin
AE1 (SSpare 1). Wirewrap to J5
to implement the boot option or
to J7 for the HALT option. Reset
by bus initialize or reception of a
valid character.

J7 BHALT L. Halt (Pin AP1) when HALT
LOW will stop program execu-
tion and cause the processor to
enter ODT microcode. Connect-
ed to J6 to implement the Halt
option.

J8 GND. A ground signal that can ROM
be used to disable ROM by
wirewrapping to J21 or to dis-
able a serial line by wirewrap-
ping to an address input pin
(J23 or J24 for serial line 0; or
J25, J26, J27, or J28 for serial
line 1).

J9 A13 L. Address bit 13 asserted ROM
LOW. Wirewrap to J11 to select
Bank 1 with the ROM address
decoder.
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J14

Ji15

J16

J17
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Function

A13 H. Address bit 13 asserted
HIGH. Wirewrap to J11 to select
Bank 0 with the ROM address
decoder.

A13 M. Address bit 13 input to
the ROM address decoder. See
J9 and J10. Used only if J20 is
wirewrapped to J21.

AO03 H. Address bit 03 asserted
HIGH. Wirewrapped to the seri-
al line address decoders (J23 or
J24 for serial line 0; J25, J26,
J27 or J28 for serial line 1) when
address bit 03 is to be decoded
asal.

A04 H. Address bit 04 asserted
HIGH. Wirewrapped to the seri-
al line address decoders when
address bit 04 is to be decoded
asal.

A05 H. Address bit 05 asserted
HIGH. Wirewrapped to the seri-
al line one address decoder
when address bit 05 is to be de-
codedasal.

A09 H. Address bit 09 asserted
HIGH. Wirewrapped to the seri-
al line one address decoder
when address bit 09 is to be de-
codedasai.

A09 L. Address bit 09 asserted
LOW. Wirewrapped to the serial
line one address decoder when
address bit 09 is to be decoded
asa0.

AO05 L. Address bit 05 asserted
LOW. Wirewrapped to the serial
line one address decoder when
address bit 05 is to be decoded
asa0.
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Ji8

J19

J20

J21

J22

Ja3

J24
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Function

AO4 L. Address bit 04 asserted
LOW. Wirewrapped to the serial
line address decoders when ad-
dress bit 04 is to be decoded as
a0.

AO03 L. Address bit 03 asserted
LOW. Wirewrapped to the serial
line address decoders when ad-
dress bit 03 is to be decoded as
a0.

ROM address. Output of the
ROM address decoder. Con-
nected to J21 when ROM is to
be used in Bank 0 or Bank 1.

ROM select. ROM address se-
lection enable asserted HIGH.
Wirewrapped to J8 (GND) to
disable ROM, to J20 for Bank 0
or Bank 1, or to J22 for boot-
strap.

Boot address. Output of the
bootstrap address decoder.
Connected to J21 when ROM is
to be used in the bootstrap
range from 173000—173776
(773000—773776 for LSI-
11/23).

Serial line zero address decod-
er input asserted HIGH. May be
wirewrapped to A03 H (J12),
AO3 L (J19), AO4 H (J13) or A04
L (J18).

Serial line zero address decod-
er input asserted HIGH. May be
wirewrapped to A03 or A04,
whichever bit is not wired to
J23. May be wirewrapped to
GND (J8) to disable serial line
zero.
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Function

Serial line one address decoder
input asserted HIGH. Four ad-
dress decoder inputs to be con-
nected to address bits A03,
A04, A05, and A09. Whether the
HIGH or LOW assertion state of
a bit is wirewrapped to an input
determines if that bit is decoded
asalora0.SeeJ12 through
J19. May be wirewrapped to
GND (J8) to disable serial line
one.

ROM address bit 09 input.
Wirewrapped to A09 H (J15) for
normal ROM addressing and al-
so for the MXV11-A2 option
when the TU58 bootstrap is de-
sired. Wirewrapped to AO9 L
(J16) for the MXV11-A2 option
when the disk bootstrap is de-
sired.

RAM starting address selection.
These pins are wirewrapped to
J33 (logic 0) or J34 (logic 1) to
select the RAM starting ad-
dress. (See below)

MXV11-A
Option

SLU

ROM

RAM

Starting
J30 Bank Address

-0 -20-=-0-=0
NOODHLWN =

GND. Logic 0 level signal used
for selecting the RAM starting
address and for enabling some
ROM ICs in the ROM sockets.
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J34

J35

J36

J37

J38

J39

J40

Ja1

J42
J43
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Function

+3 V. Logic 1 level signal used
for selecting the RAM starting
address and for enabling some
ROM ICs in the ROM sockets.

A12 H. Address bit 12 asserted
HIGH. Used for addressing 4K

X 8 bit ROMs. Wirewrapped to
J37, J38 or J39, depending on

the ROM used.

A11H. Address bit 11 asserted
HIGH. Used for addressing 2K
X 8 and 4K X bit ROMs.
Wirewrapped to J37, J38 or J39,
depending on the ROM.

Pin 18 on both ROM sockets.
Used for addressing or enabling
ROM. Wirewrapped to J33 for
ground, to J34 for +3 V, to J35
for A12 or to J36 for A11.

Pin 19 on both ROM sockets.
Used for addressing or enabling
ROM. Wirewrapped to J33 for
ground, to J34 for +3V, to J35
for A12 or to J36 for A11.

Pin 21 on both ROM sockets.
Used for addressing or enabling
ROM. Wirewrapped to J33 for
ground, to J34 for +3 V, to J35
for A12, to J36 for A11 or to J40
for+5V.

+5V. Used to power some
ROMs on pin 21.

Used for 150 baud.
Wirewrapped to J45 for serial
line 0, to J46 for serial line 1.
(See accompanying table)

Used for 1200 baud.
Used for 300 baud.
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Ja4
J45

J46

J47
J48
J49
J50
J51

J52

J53
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Function

Used for 2400 baud.

Clock 0. The clock input for se-
rial line 0 transmit and receive,
16 times the baud rate.
Wirewrapped to either J41, J42,
J43, J44, J47, J48, J49, or J50.

Clock 1. The clock input for se-
rial line 1 transmit and receive,
16 times the baud rate.
Wirewrapped to either J41, J42,
J43, J44, J47, J48, J49 or J50.

Used for 4800 baud.
Used for 9600 baud.
Used for 19.2K baud.
Used for 38.4K baud.

Vec 0. Vector enable for Chan-
nel 0. Used to drive vector bits
that pass the test: logic 1 for
channel 0 and logic 0 for chan-
nel 1. Wirewrapped to J53 for
bit 03, to J54 for bit 04, to J55
for bit 05, to J56 for bits 06 and
07.

Vec 1. Vector enable for Chan-
nel 1. Used to drive vector bits
that pass the test: logic 0 for
Channel 0 and logic 1 for Chan-
nel 1. Wirewrapped to J53 for
bit 03, to J54 for bit 04, to J55
for bit 05, to J56 for bits 06 and
07

Vector bit 03. Selects how bit 03
is to be driven for interrupt
vectors. Wirewrapped to J51if a
logic 1 for Channel 0 and a logic
0 for Channel 1, to J52 if a logic
0 for Channel 0 and a logic 1 for
Channel 1, to J57 if a logic 0 for
both Channel 0 and Channel 1,
or to J58 if a logic 1 for both
Channel 0 and Channel 1.
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Pin
J54

J55

J56

J57

J58

J59

J60

J61
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Function

Vector bit 04. Selects how bit 04
isto be driven for interrupt vec-
tors. Wirewrapped the same as

J53.

Vector bit 05. Selects how bit 05
is to be driven for interrupt vec-
tors. Wirewrapped the same as
J53.

Vector bits 06 and 07. Selects
how bits 06 and 07 are to be dri-
ven for interrupt vectors.
Wirewrapped the same as J53.

GND. Logic 0 signal for confi-
guring vector bits. Wirewrapped
to J53, J54, J55 and/or J56
when the corresponding vector
bit(s) will be logical 0 for both
serial line channels.

+3 V. Logic 1 signal for confi-
guring vector bits. Wirewrapped

"to J53, J54, J55 and/or J56

when the corresponding vector
bit(s) will be a logical 1 for both
serial line channels.

7 bits parity/8 bits no parity,
Channel 1. Wirewrapped to
ground (J65) for seven bits with
parity or to +3 V (J66) for eight
bits with no parity.

2 stop bits. Selects one or two
stop bits for Channel 1.
Wirewrapped to ground (J65)
for one stop bit or to +3 V (J66)
for two stop bits.

Even parity. Selects odd or even
parity for Channel 1 when seven
bits with parity (J59
wirewrapped to ground) is se-
lected. Wirewrapped to ground
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J62

J63

J64

J65

J66

J67

J68
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Function

(J65) for odd parity orto +3V
(J66) for even parity.

7 bits parity/8 bits no parity,
Channel 0. Wirewrapped to
ground (J65) for seven bits with
parity or to +3 V (J66) for eight
bits with no parity.

2 stop bits. Selects one or two
stop bits for Channel 0.
Wirewrapped to ground (J65)
for one stop bit or to +3 V (J66)
for two stop bits.

Even parity. Selects odd or even
parity for Channel 0 when seven
bits with parity (J59
wirewrapped to ground) is se-
lected. Wirewrapped to Logic 0
(J65) for odd parity or to Logic 1
(J66) for even parity.

Logic zero. Ground signal used
for configuring serial line inter-
faces.

Logic one. +3 V signal used for
configuring serial line inter-
faces.

Clock in. Clock input for baud
rates, memory refresh and ne-
gative voltage generator.
Wirewrapped to J68. Not a user
option.

Clock out. Crystal oscillator out-
put at 19.6608M Hz.
Wirewrapped to J67. Not a user
option.

Configuring the RAM
The RAM can be configured to start on any 8KB boundary below
64KB. Because of this restriction, the MXV11 (8KB version) is not
usable for memory above 56KB. The MXV11 can be used in 18-bit
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memory address systems, but it is restricted to being assigned to the
memory area below 56KB.

Five wirewrap terminals, J30 through J34, select the starting address.
The figure shows the jumper configurations required to obtain the
desired starting addresses.

17 15 14 12 1N 9 8 i 6 5 3 2 ]
0 [} 32 3 130 l T l l ]
(1) l l «————FACTORY CONFIGURED
1= CONNECT JUMPER TO J34
0= CONNECT JUMPER TO J33
Figure MXV11-A-2
RAM Starting Address Selection
Configuring the ROM

Depending on the ROM type, the module’s capacity is 1K, 2K, or 4K
words using a pair of 1024 X 8, 2048 X 8 or 4096 X 8-bit ROMs
respectively. The user configures jumpers on the module for the ROM
type being used. The actual procedure for loading data into EPROMS,
PROMS (or writing specifications for masked ROMs) will vary depend-
ing on the manufacturer, and are beyond the scope of this section. The
user must refer to the manufacturer’'s data sheets and to the Chapter
Using PROMs. The user must be aware of the relationship of the
EPROM, PROM or ROM pins to the LSI-11 data bits, and the relation-
ship of the pins to the memory address bits. Refer to the accompany-
ing figure for ROM socket pin assignments. All ROMs used on the
MXV11-A must conform to these pin assignments.

The factory configuration allows for using the MXV11-A2 bootstrap
ROMS.

Configuring the Bootstrap ROM — The ROM can be configured to
operate in the 1/0 page to support bootstrap programs. The address
area contains 256 words from 173000 to 173776 (773000 to 773776 for
the LSI-11/23.

The MXV11-A is configured at the factory to allow for using the
MXV11-A2 TU58 bootstrap. To reconfigure to use the disk bootstrap
of the MXV11-A2, remove jumper J29 to J15 and install jumper J29 to
J16.

ROM Bank Selection — If the MXV11-A sockets are used for program
ROM instead of a bootstrap ROM, the memory must be selected by a
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jumper connecting J20 to J21. When main ROM memory is selected,
the entire 4K word bank in enabled. if a 1K or 2K ROM is used, it will
“wrap-around” and give invalid data depending on how the address
lines are configured when the nonexisting ROM area is addressed.
Main memory may be positioned in bank 0 or bank 1. To position the
ROM in bank 0, jumper J10 to J11. To position the ROM in bank 1,
jumper J9 to J11. These jumper functions are described in the accom-
panying table.

Configuring for Specific ROM Types — Additional jumpers must be
connected depending on the type of ROM used. The accompanying
table describes the jumper configuration when using typical ROMs
such as the Intel 2716 (2K X 8) or 2732 (4K X 8) EPROMs. The user
must refer to the manufacturer’s data sheets when configuring
jumpers for other ROM types.

The function of wirewrap pins J29, J38, J37 and J39 are shown in the
accompanying figure. These pins are to be connected as required to
pins J33 through J40.

EPROM Address Jumpers
2716 ROM 2732 ROM
Function Bank0 Bank1 Bank0 Bank1
From To To To To
Bank Enable J20 Ja1 J21 J21 J21
Bit 09 Input J29 J15 J15 J15 J15
Address or Enable J38 J36 J36 J36 J36
Address or Enable J37 J33 J33 J35 J35
Address or Enable J39 J40 J40 J33 J34
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A08 H []1 e 24 ] Vce
A07H[]2 23— 420
a0s H]3 20 at0H
A0S H[] 4 21 ———-x} 432
A04 H[s 20[JROM L
A03H[]6 19 )———PJi38
AD2 H q 7 18— 437
Aot H[]8 17[J007H (D15 H)
(D08 H) DOO H ]9 16 :] D06 H (D14 H)
(D09 H) DOV H ] 10 15[J 005 H (D13 H)
(D10 H) DO2 H [}11 MPDMH (D12 H)
GND 12 13[7JDO3H (D11 H)

NOTE:
DATA OUT PINS SHOWN IN PARENTHESES
REFER TO THE HIGH BYTE SOCKET XE67.
DATA OUT PINS DOO H THROUGH D07 H
REFER TO THE LOW BYTE SOCKET XE57.

Figure MXV11-A-3
MXV11-A ROM Socket Pin Assignment

CONFIGURING THE SERIAL LINE UNITS.

Serial Line Register Address Selection

Four device registers (RCSR, RBUF, XCSR and XBUF) are provided

for each of the two serial lines. Jumpers are configured to establish

separate base addresses for each serial line as shown.

e Serial port 0 may be assigned to one of four starting addresses:
176500, 176510, 176520, 176530.

e Serial port 1 may be assigned addresses in two ranges. The first
range starts at 176500 and covers the eight starting addresses from
176500 to 176570. The second range starts at 177500 and also con-
tains eight possible starting addresses, including the standard con-
sole address, 177560. Since several other standard DIGITAL de-
vices use addresses in this second range, it is recommended that
only the console address be used.

The format of an SLU address is shown in the accompanying figure.
Note that bits 13-17 are neither configured on nor decoded by the
MXV11-A module. These bits are decoded by the bus master module
as the bank 7 select (BBS7 L) bus signal. This signal becomes active
only when the 1/0 page is accessed. Bit 0 is used as the byte pointer.
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Bits 1 and 2 select one of the four device registers within the ad-
dressed serial line. Bits 3 and 4 are used to select one of four possible
device addresses for serial line 0. Bits 3, 4, 5 and 9 are used to select
the device addresses in two ranges for serial line 1 (console). The
table describes the jumper combinations to select one of four device
addresses for serial line 0 (1/0).

Serial Line 0 Address Jumpers

Address Jumper Posts

(Octal) J23to J24 to

176500 J18 (Logic 0) J19 (Logic 0)

Factory Configuration

176510 J18 (Logic 0) J12 (Logic 1)

176520 J13 (Logic 1) J19 (Logic 0)

176530 J13 (Logic 1) J12 (Logic 1)

NOTE
Logic 1 Logic 0

J13 (A04 H) J18 (A04 L)
J12(A03 H) J19 (A03 L)

Serial line 1 may have 16 possible device addresses in two ranges.
The table describes the jumper combinations to select the eight
device registers available in range 1. Only one device address is used
inrange 2.

00 = RCSR
01 = RBUF
1= RANGE 2 10 = XCSR
BANK SELECT 7 0 = RANGE 1 11 = XBUF
~— A ) | —t—

A7 16 15 14 13 12 11 10 09 08 07 06 05 04 a3 02 01 00
T T T T T T —]— T T T T T T
L L i 1 ] I A 1 A | s i | i i |

SERIAL LINE O J23 J24 1 =HIGH BYTE
0= LOW BYTE

J26 SERIAL LINE 1 J28  J27  J28

NOTE:
JUMPER POSTS ARE WIRED TO A HIGH
ADDRESS LINE FOR A 1 AND TO A LOW
ADDRESS LINE FOR A 0. REFER TO
TABLES 7 AND 8 FOR JUMPER CONFIGU-

RATIONS.
Figure MXV11-A-4
MXV11-A SLU Address Format
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Serial Line 1 Address Jumpers
Address Jumper Posts
(Octal) J26 J25 Ja7 J2s
Range 1 to to to to
176500 J16 J17 J18 219
176510 J16 J17 J18 Ji12
176520 J16 J17 Ji13 J19
176530 J16 J17 J13 J12
176540 J16 J14 J18 J19
176550 J16 J14 J18 J12
176560 J16 J14 J13 J19
176570 J16 J14 J13 J12
Range 2
177560 J15 J14 J13 J19
(See note)
NOTE

Factory configurations use only one address in
range 2 to avoid possible device conflicts. The re-
maining addresses are pre-assigned to other de-

vices.

Logic 1 Logic 0
J15 (A09 H) J16 (AO9 L)
J14 (AO5 H) J17 (A0S L)
J13 (A04 H) J18 (AO4 L)
J12 (A03 H) J19(A03L)

Control/Status Register

The MXV11-A has two control/status registers (CSRs) for each of its
two serial line units. The figure below shows the control/status regis-
ters and the read/write data registers. Transmitter control/status
registers 0 and 1 (XCSRO and 1) and receiver control/status registers
0 and 1 (RCSRO0 and 1) operate with serial lines 0 and 1 respectively.

Both serial line units have the same bit assignments. There are four
registers for each serial line. They are sequential in this order: 0,
receiver status; 2, receiver data; 4, transmitter status; and 6, transmit-
ter data. All unused bits are read as zero. The tables below describe
the bit assignments for each register.
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15 8 7 é 5 3 2 )]
RCSR[O]OOO]OOOI(’l l IOOOIO [} I
L L s N — — s -
— ~—
NOT USED ] NOT USED
RECEIVER DONE (READ ONLY)
RECEIVER INTERRUPT ENABLE(READ/WRITE)
15 14 13 12 n 8 7 ]
RBUF [ ] | | | o o o o
1 " 1 N i
< T
1 ] NOT USED
ERROR(READ ONLY)
OVERRUN ERROR(READ ONL)
FRAMING ERROR (READ ONLY)
PARITY ERROR (READ ONLY)
RECEIVE DATA(7.8 BIT DATA IS RIGHT-JUSTIFIED) IF BIT 7 UNUSED =7
15 8 7 [} 5 1 0
XCSR ’ 0 0 ] ] 4] [+] ] 0 l | l 0 0 0 (o] ] J J
I 1 " N 1 s 1 "

\§ J - N ~ J
NOT USED ] NOT USED
TRANSMIT READY(READ ONLY)
TRANSMIT INTERRUPT ENABLE(READ/WRITE)

TRANSMIT BREAK (READ/WRITE)

15 8 7 0
XBUF | O 0o o o [ o} [} [}
1

2 1 " " 1 s —

\ VN J

NOT USED I
TRANSMIT DATA(7.8 BIT DATA 1S RIGHTv)USTIFIED’(wmrE ONLY) ON READ =0

Figure MXV11-A-5
SLU CSR Formats

Bit Assignments for the Receiver Status Register

Bit Description

Bit6 Interrupt enable, read/write. A 1 enables receiver
interrupts, a 0 disables interrupts. Cleared by
Initialize.

Bit7 Receiver done, read-only. A 1 indicates that the seri-

al interface has received a character. If enabled by
bit 6, receiver done will request an interrupt. Receiv-
er done is cleared by reading the receiver data regis-
ter or by Initialize.
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Bit Assignments for the Receiver Data Register

Bit Description
Bits 0 Data bits, read-only. Bit 0 is the least significant bit
through 7 and bit 7 is the most significant. If seven data bits

plus parity is selected, bit 7 will always read as a 0.

Bit 12 Parity error, read-only. A 1 indicates that the word
being read in bits 0 through 6 has a parity error. Bit
12 will always read 0 when eight data bits and no
parity is selected. Cleared when read or by Initialize.

Bit 13 Framing error, read-only. A 1 indicates that a start
bit was detected, but there was no corresponding
stop bit. A framing error will be generated when a
break is received. Cleared when read or by Initialize.

Bit 14 Overrun error, read-only. A 1 indicates that a word in
the receiver buffer had not been read when another
word was received and placed in the receiver buffer.
Cleared when read or by Initialize.

Bit15 Error, read-only. A 1 indicates that one or more of
bits 12, 13, and 14 are 1. Cleared when read or by
Initialize.

Bit Assignments for the Transmitter Status Register

Bit Description

Bit0 Break, read/write. When set to a 1, bit 0 causes the
serial output signal to go to a SPACE condition. A
SPACE condition longer than a character time
causes a framing error when it is received and is
regarded as a break. Cleared by writing a 0 or by

Bus Initialize.

Bit6 Interrupt enable, read/write. A 1 enables transmitter
interrupts, a 0 disables interrupts. Cleared by
Initialize.

Bit7 Transmitter ready, read-only. A 1 indicates that the

serial interface is ready to accept a character into the
transmitter data register. If enabled by bit 6, trans-
mitter ready will request an interrupt. Transmitter
ready is cleared when data is written into the trans-
mitter data register. It is set by Initialize.
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Bit Assignments for the Transmitter Data Register
Bit Description
Bits 0 Data bits, write-only. Bit 0 is the least significant bit
through 7 and bit 7 is the most significant bit. If seven data bits

plus parity is selected, bit 7 will not be transmitted.
The transmitter data register will read all 0s.

Interrupt Vector Selection

Two consecutive interrupt vectors (one for receive and one for tranmit)
are provided for each of the two serial lines. The interrupt vector
format is shown in the figure. Each SLU port can be independently
configured to operate in one of two ranges: 000 to 074, or 300 to 376.
The table below lists the vector addresses which may be assigned to
the serial lines. Note that all vector addresses in the 000 to 074 range,
except 060, are reserved vector locations. The jumper selectable bits
are 3 through 7. Bits 6 and 7 are wired together.

17 16 15 14 13 12 H 10 09 08 07 06 05 04 03 02 01 00
T T T T T T T _r T T T
1 1 i 1 1 I l L L

NOTE:

BITS 3 THROUGH 7 MAY BE WIRED

O ONE OF FOUR WIREWRAP POSTS 556 U85 Js4 U53 1=TX

J51 (VEC D), J52 (VEC 1), IS GND) 0= RCV

OR J58 (+3 V). Figure MXV11-A-6

Interrupt Vector Format

Serial Line Vector Addresses

Serial Line 1 (Console) Serial line 0 (1/0)
000 300
010 310
020 DIGITAL Reserved 320
030 Do not use 330
040 340
050 350
060 Console 360
070 DIGITAL Reserved 370

The following example illustrates the procedure to configure the vec-
tor addresses. Assume that 60 is the address for serial line 1 (console)
and 310 is the address for serial line 0 (1/0). The table following de-
scribes the relationship between the vector bases, vector address bits,
and the jumper posts. The jumpers are configured using the following
four rules.

514



Chapter 12—Memories

MXV11-A

1. Ifabit = 1in both vector bases, it is tied to J58 (Logic 1).
2. Ifabit = 0in both vector bases, it is tied to J57 (Logic 0).

3. If a bit = 1 for serial line 1 and a O for serial line 0, it is tied to J52
(VEC 1).

4. If a bit = 0 for serial line 1 and a 1 for serial line 0, it is tied to J51
(VEC 0).

SLU Vector Addresses Example

Serial Vector Vector Address Bits
Line No. Base 7 6 5 4 3
1 (Console) 60 0 0 1 1 0
0(1/70) 310 1 1 0 0 1
Jumpers
From J56 J56 J55 J54 J53
To J51 J51 J52 J52 J51

Serial Line Parameter Jumpers

Each MXV11-A serial line has three options that are selected by
wirewrap jumpers. The two serial lines may be configured for one or
two stop bits, seven data bits plus parity or eight data bits without
parity, and odd or even parity.

The parameters are selected by installing jumpers between the appro-
priate parameter post and J65 (Logic 0) or J66 (Logic 1). The table
below describes the jumper configurations required for the desired
serial line parameters.

Serial Line Parameter Jumpers

SLUO SLU 1 Function
From From
Pin To* Pin To*
J62 0 J59 0 7 bits with parity
J62 1 J59 1 **8 bits with no parity
J64 0 J61 0 odd parity
J64 1 J61 1 **even parity
J63 0 J60 0 **1 stop bit
J63 1 J60 1 2 stop bits
J45 J50 **38.4 Kb
J46 J48 **96 Kb

* Logic 1 =J66

Logic 0 = J65
** Factory Configuration
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BAUD RATE JUMPERS

Each serial line can be configured for internal baud rates from 150 to
38.4K baud. Both transmitter and receiver for a given serial line oper-
ate at the same baud rate; split baud operation is not provided. One
baud rate clock input wirewrap post is provided for each serial line.
J46 is the clock input post for serial line 1 and J45 is the clock input
post for serial line 0. The baud rate generator outputs are applied to
jumper posts J41 through J44 and J47 through J50. The baud rates
available at these posts are described in the table below. Configure
baud rates (except 110 baud) by connecting a jumper from the de-
sired baud rate generator output post to the serial line clock input
post.

The DLV11-KA option may be used to provide 110 baud rate with a 20
mA active or passive current loop interface. The DLV11-KA contains a
110 baud rate clock signal which is supplied to pin 1 of serial lines 0
and 1 1/0 connectors. In this case, the MXV11 should be jumpered for
an external baud rate.

Baud Rate Jumpers

From To Function

J45 SLUO

J46 SLU1
J41 150 baud clock
J43 300 baud clock
J42 1.2K baud clock
J44 2.4K baud clock
Ja7 4.8K baud clock
J48 9.6K baud clock
J49 19.2K baud clock
J50 38.4K baud clock

External baud clock

Halt/Reboot on Break — A break signal is a continuous spacing con-
dition on the serial data line that occurs either when an operator
presses the BREAK key on the associated terminal or when the line is
opened. The MXV11-A detects this condition as a framing error. Serial
line 1 (console) may be configured for the break responses described
in the table below.
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Serial Line 1 Break Response Jumpers
Break Response, Jumper Posts
Operation From To
Re-Boot J6 J5
Halt (Factory J6é J7
Configuraton)
No Response No Jumper installed

60 Hz Clock — A 60 Hz clock is derived from the crystal on the MXV11.
It can be jumpered to the BEVNT line to provide the equivalent of line
time clock for a system which does not otherwise have one. in the
factory configuration, this signal disconnected. It should not be con-
nected if there is any other source in the system. This includes the
case where there is more than one MXV11 module in a system.

This clock can be used with the BDV11 clock status/control register
feature. The BDV11 can still be used to turn the clock off under pro-
gram control, since it accomplishes this by pulling the BEVNT L line to
ground on the bus. If this control feature is to be used, the MXV11
should be installed in the same expansion box as the BDV11.

To select this option, jumper J3 to J4 or wire backplane pin AF1 to
BR1.

CABLE DEFINITIONS

The following table gives the part numbers, applications and lengths
of cabling and options available for the MXV11-A module. DIGITAL
offers the BC20M-50 cable for MXV11-A to DLV11-J operation as
shown in figure MXV11-A-9. Because longer cables usually require
routing without connectors attached, it is recommended the user
make cables for lengths greater than 15 meters (50 feet). Cable mate-
rial must adhere to EIA RS-423 specifications. The connectors on the
MXV11-A module are AMP-87272-8 (2 pin X 5 pin on 0.1 inch cen-
ters). These connectors can mate with a wide variety of low cost cables
including 10-conductor flat cable. Note that pin 1 supplies the SLU
clock TTL output when the module’s internal clock is selected but is
used as the SLU clock input when an external baud rate is desired. Pin
10 carries +12 Vdc used to supply power for the DLV11-KA option.
Therefore, pins 1 and 10 should be unterminated if the DLV11-KA
option is not used. Cable retention in the module is provided by lock-
ing clip contacts (AMP PN87124-1).
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The locking clips will hold the receptacle (AMP PN87133-5) in the
module connector when the cable is pulled. To remove the cable from
the connector, the cable receptacle must be pulled back to disengage

the locking clips.

Cable
BC21B-05

BC20N-05

BC20M-50

BCO5D-10

BCO5D-25

BCO3M-25

Definition of Cables

Application

EIA RS-232C modem cable to
interface with modems and
acoustic couplers (2 X 5 pin
Amp female to RS-232C male)

EIA RS-232C null modem cable
to directly interface with a local
EIA RS-232C terminal (2 X 5 pin
Amp female to RS-232C female)

EIA RS-422 or RS-423 cable for
high-speed transmission (19.2K
baud) (2 X 5§ pin Amp female to

2 X 5 Amp female)

Extension cable used in con-
junction with BC21B-05

Extension cable used in con-
junction with BC21B-05

“Null Modem” extension cable
used in conjunction with
BC21B-05

NOTE

Length
1.5m (5 ft)

1.5m (5 )

15m (50 ft)

3m (10ft)

7.6 m (25 ft)

7.6 m (25 ft)

“Strapped” logic leveis are provided on data termi-
nal ready (DTR) and request to send (RTS) to all
operation of modems with manual provisions (such

as Bell 103A data set with 804B auxiliary set).

The MXV11-A may operate with several peripheral device cables and
options for flexibility when configuring systems. Figures MXV11-A-8
and -9 show the variety of cables and options used with the MXV11-A
as well as the primary applicaton of each.

1. The receivers on the MXV11 have differential inputs. Therefore,
when designing an RS-232C or RS-423 cable, RECEIVE DATA
(pin 7 on the 2 X 5 pin Amp connector) must be tied to signal
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ground (pins 2, 5, or 9) in order to maintain proper EIA levels. (See
the figure below.)

2. To directly connect to a local EIA RS-232C terminal, it is necessa-
ry to use a null modem. To design the null modem into the cable,
one must switch RECEIVED DATA (pin 2) with TRANSMITTED
DATA (pin 3) on the RS-232C male connector as shown in Figure
MXV11-A-7.

To mate to the 2 X 5 pin connector block, the following parts are
needed:

Cable Receptacle (QTY 1) AMP PN 87133-5
DEC PN 12-14268-02
Locking Clip Contacts (QTY 9) AMP PN 87124-1
DEC PN 12-14267-00
Key Pin (pin 6) (QTY 1) AMP PN 87179-1

DEC PN 12-15418-00

BC21B-05 MODEM CABLE

E1A
DLV-11) R$-232C
<5<+ CLEAR TO SEND (CB)
GND >9. l | 4< < REQUEST TO SEND (CA)
RCV DATA >7 <6< - DATA SET READY (CC)
12 VDV 7508 :
Fl —ono>0 WL\ A——<20¢- = DATA TERMINAL READY(CD)
RCV DATA >8 3< RECEIVE DATA (BB)
XMIT DATA >3 2< TRANSMITTED DATA {BA)
GRD >2 7< SIGNAL GROUND (AB)
@ 1< PROTECTIVE GROUND (AA)
CABLE EIA
DLv11-J MODULE RS-232C MODEM
CONNECTOR CONNECTOR
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DW= EIA RS-232C

XMT DATA+ >3 {\\ J’\\ 3¢ RCV DATA
RCV DATA + > 2 ¢ xMT DATA
RCV DATA - 5:]

GRD ; ,

GRD GRD

\/ \/ 1
I SHIELD

IMPORTANT: ATTACH TO =
CHASSIS AT AN EARLY
POINT.

interface Connector Pins

Two 10-pin connectors (one for each serial line) are provided on the
MXV11-A module. Connector pins and signal functions are described
in the following table and shown in the figure below.

TYPICAL INTERFACE
CONNECTOR

10F 2
9 7 5 31
0O 00 OO0
% (8) O 0O
)] 6 4 2
(@] S N
/ AN
NO/FIN TOP OF
{FOR CABLING MXV11-A
INDEXING) MODULE

Figure MXV11-A-7
MXV11-A Connector Pins

MXV11-A I/O Connector Pin Functions

Pin Signal Function

1 UART CLOCK The baud rate clock appears
on this pin. When an internal
baud rate is selected, this pin
is a TTL output. When no baud
rate is selected on the module,
this is an external baud rate in-
put. The high level for the
clock >eq 3.0 V.
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Ground
XMIT+
Ground
Ground
NC
RCV-
RCV+
Ground
+12V

© 0O N O O~ N

-
o

Current Loop

Chapter 12—Memories

MXV11-A

Function

Transmitter output

Key, pin not provided
Receiver input most negative
Receiver input most positive

Power for the DLV11-KA op-
tion.

The MXV11-A module can interface with 20 mA active or passive
current loop devices when used with the DLV 11-KA option. This option
consists of a DLV11-KB (EIA to 20 mA current loop converter) and a
BC21A-03 interface cable. The MXV11-A does not have the capability
to support the reader run portion of the DLV11-KA option. The DLV11-
KA option is placed between the MXV11-A serial line output and the 20
mA current loop peripheral device. Figure MXV11-A-9 shows the ca-
bles and devices which may be used with the DLV11-KA option.
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MXV11-A TO MODEM OR ACQUSTIC COUPLER

MODEM
OR

| ACOUSTIC
«——1.5M (5§ FT)———{ COUPLER

{NOTE 1)

«———46 M (15 FT} OR

ACOUSTIC
MXV11-A—Tpc218.08 BCO5D-10 COUPLER
BC218.05 BCO5D-25

9.1 M (30 FT) ACOUSTIC

COUPLER

DL11-D, DLV11;
DLVIT1-F
{EIA MODE}

MXV11-A TO SLU CHANNEL INTERFACE
BC20N-05

mxvi1-a L1

BCO1V-25
OR OR
BCO5C-25

DL11-D, DLVI1Y,
DLV11-F
{EIA MODE}

B8C218-05 BCO3M-XX (NOTE 3}
«——152 M (50 FT)
BC20M-50

MXV11-A TO LOCAL TERMINAL

42 M (14 FT) —————]
BC20N-08 ~——2.7M (9 FT)
13
(NOTE 2)
———118M (Y FT)————
[Jsc218.05 BCO3M-25 s
27M
NOTES: 9 FT)

1. MODEM USED IS A "MANUAL TYPE"
SUCH AS BELL 103A WITH 804B.

DEC EIS RS-232C TERMINALS (VT52,
LA36, LS120, ETC.) COME EQUIPPED
WITH A 9 FT CABLE. NON-DEC EIA
RS-232C TERMINALS ARE CONNECTED
SIMILARLY EXCEPT 9 FT OF LENGTH
MUST BE DEDUCTED FROM THE TOTAL
CABLE LENGTH.

XX = CABLE LENGTH WHICH MUST BE
SPECIFIED WHEN ORDERING.

Figure MXV11-A-8
MXV11-A EIA Cable Configurations

g

w
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MXV11-A TO 20 MA TERMINAL

DLV11-KA
A

(NOTE 3)

DLV11-KB | BCOSF X

DEC 20 MA
TERMINAL
{LA36, VT52
LA35, LS120
LA180S, ETC.)

DLV11.KB
LT33.DC/DD/DE
OR ASR33
{NOTE 2) WITH LT33:MD
MODIFICATION
KiT.
DLV11-KA PR/SO1

A A

N A}

BC21A-03 ovitke [ | {moten BCOSF XX

DEC 20 MA

TERMINALS
N {LA36, VT52

LS120, ETC.)

DLV11.KB

BCOSF-XX

DLVI1KB |

\

A
DLVKI-KA DLV11-KA

N

B LV11.KB BCOSF-XX BC05M-05

NOTES:
1.PR/SO1 IS A SERIAL LINE PAPER TAPE Bt},‘,'ﬁ'F"L"”'
LOADER. (IN 20 MA
2. MXV11-A WILL NOT SUPPORT DLV11-KA MODE)

READER RUN CIRCUITS.
3. XX = CABLE LENGTH WHICH MUST BE
SPECIFIED WHEN ORDERING.

Figure MXV11-A-9
MXV11-A 20 mA Cable Configurations
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n 32 BAUD 60 HZ
cLock RATE
| I 1 GENERATOR
EIA DRIVERS -2V ,SSQSGE
AND RECEIVERS

REFRESH 5V
CLK 2 J 5

4K RAM
CLK 1 oR
BDAL 0-17 16K RAM

RAM
XMIT DATA | BDAL0-17 ADDRESS
DA 00-07 SELECTION
SERIAL SERIAL -— 1—
LINE < LINE <
0 1 >

| RCV DATA 1.2,4K ROM
D 00-07, 12-15 OR
D 0-15 256 BOOTSTRAP
24.PIN SOCKETS

INTERRUPT SLU ADI_13 ROM
CONTROL ADDRESS Cm ADDRESS

LOGIC SELECTION SELECTION
BIAKI BUS 1/0
BIAKO XCVRS CONTROL
BIRQ
BINIT p.
BDAL 0-2 BDIN
BDAL 0-17 BWTBT BSYNC
BDOUT BRPLY

< £51-11 BUS >

Figure MXV11-A-10
Memory and Serial Line Block Diagram

FUNCTIONAL DESCRIPTION

The console device uses serial line 1 and is connected to J2 whereas
an /0 peripheral device or other terminal may use serial line 0 and be
connected to J1 on the module. The computer program can address
any of four device registers within each channel to transfer data and
status information. The computer program can also enable transmitter
or receiver interrupts. When a peripheral device requires service, the
serial lines will, if enabled, interrupt the program and provide a vector
to the necessary service routine.

The 60 Hz signal is derived from the 300 Hz output of the baud rate
generator. The 300 Hz signal is applied to a 5 to 1 divider and the

resultant 60 Hz output may be used to produce the BEVNT L bus
signal. If the current PS bit 7 is clear, BEVNT L will interrupt the
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processor and go to locations 100 and 102 for a new PC (starting
address) and PS (processor status word).

RANDOM ACCESS MEMORY

Memory Array

The memory array contains sixteen 16-pin dynamic RAM integrated
circuits (ICs). Eight ICs are used for high byte and eight are used for
low byte. Depending on the model, two types of ICs are used. The
MXV11-AA uses sixteen 4K X 1 I1Cs and the MXV11-AC uses 16K X 1
ICs. The figure below shows the signals required to access the memo-
ry array. Write byte (WTHB L and WTLB L) control signals are pro-
duced by the control logic during a memory write operation to select
the addressed byte (DATOB bus cycle); during a word write operation
(DATO bus cycle), BWTBT L is high and selects both bytes. Twelve
address bits are required for 4K X 1 bit RAMs and fourteen bits for
16K X 1 bit RAMs. The required 12- or 14-bit address is multiplexed
over six or seven address lines (MUXA1-A7 L) to all RAM ICs that
make up the memory array. Addressing is controlled by row address
strobe (RAS L) and column address strobe (CAS L) signals.

Addressing Logic

Addressing is initiated by a master device (either a processor or DMA
device) by placing the 16-bit address on the BDAL00-15 L, BAD16 L
and BAD17 L lines during the addressing portion of the DATI, DATO
(B) or DATIO (B) bus cycles. Bus receivers route the address signals to
the address latch where the signals are stored by the assertion of
BSYNC L. Address bits A13-17 H are routed to the address decoder
which is a 1K X 4 PROM. The SYNC L and BS7 H signals enable the
address decoder. If the BBS7 L signals is asserted, memory cannot be
accessed, BS7 is high, and the address decoder is inhibited. Three
jumper posts (J30, J31 and J32) are connected to J34 (+3 V) and J33
(GND) in straight binary combinations to select the 4K bank starting
address. Jumpers W4 and W5 are factory configured and only one is
installed, depending on the memory size. When an address is received
that resides in the module’s user-configured range, RAM SEL L goes
low, and enables the outputs of the data latches. RAM SEL L is also
sent to the timing and control logic. The address latch also sends
address bits A01-A14 H to the address multiplexer to address the
memory array with two 6-bit addresses for a 4K memory or two 7-bit
addresses for a 16K memory. Jumpers W1 and W3 are factory
configured to permit MUXA7 L to become active or to ground it, de-
pending on memory size. Jumper W1 is installed with 4K memory,
while W3 is installed when the module contains 16K of memory.
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N ¢
N READ DATA D0O0-15 H
—{} DA 00 H WRITE DATA DADO-ISH  rigL DAOB-15H DA 00-07 H
BDAL 00-15 L | BUS
XCVRS A01-14 H A 01-06, A 14 H
> ADDRESS [} | WTHB L BV
BAD 17 L ADDRESS Mux
BAD 16 L A7 H {1 arcH {}“3“7” 3
BS7H ’———J
BBS7 L BBS7H ADDRESS M
BSYNG L SYNG L ) DECODER MUX A1-A6 L | MEMORY MEMORY
3 1K X 4 ‘ ADDRESS [ ARRAY ARRAY
+,
132 | PROM w5 :V Mux —
b o 16kfo—o0 | A07-13H V'l wisvre Low
] w3 BYTE
339 ] wa —— 4 | owid wmux
< 30 4K A7
BDCOK H 38.4K —] | | hd L 1 P
2 19.2K —]
o
@ baoH 9.6K — ApDRESS
= 4.8k — mux
z 2.4K —
1.2k —
RPLY L ROW ADD L 00 —]1 po 08-15 H| | Do 00-07 H
COL ADD L
BWTBT L TIMING REF ADD L T
BDIN L AND WTLB L
BDOUT L ﬁgg,TcROL WTHB L
BRPLY L RAS L N/
CAS L
REFRESH CLOCK | o DATA LATCHES
BDMGI L
l— 38.4K REF {0) H
AR2 [ ook RAM SEL L ] |
AS2 BAUD |— 96K
RATE | — 48K
BOMGO L GEN  }— 24k 2V
1.2k
600 1
307.2K CHARGE [—* 5V
PUMP —» -12V
Vv Figure MXV11-A-11

MXV11-A RAM Block Diagram

seloweN—z | 10)deyn

V-LLAXIN



Chapter 12—Memories

MXV11-A

Timing and Control Logic

Basic timing for any memory cycle is produced by a tapped delay line
and appropriate gating logic. Additional logic functions arbitrate re-
fresh cycles, produce control signals for the memory array, address-
ing logic, and generate the BRPLY signal during any memory access
operation. The timing and control logic responds to the RAM L signal
by generating the row address strobe (RAS L), row address (ROW
ADD L), column address strobe (CAS L), and column address (COL
ADD L) signals in the proper timing sequence.

Memory Read

When in a memory read operation, the bus master device asserts
BDIN L. The data from the accessed memory location is present on the
DO00-15 H bus and the bus driver inputs. Reply logic responds to BDIN
L by generating an active RPLY L signal to gate the memory read data
onto the BDALO00-15 L lines for input to the requesting device. Reply
logic also asserts BRPLY L to complete the data transfer portion of the
cycle.

Memory Write

When in a memory write operation (or the write portion of a DATIO(B)
cycle), the addressing portion is similar to the read cycle addressing.
After the addressing portion of the cycle is completed, the master
device asserts BDOUT L, and BWTBT L either goes passive (high) ifa
DATO (word) write cycle is performed, or remains asserted if a DATOB
(byte) write cycle is performed. Word/byte select logic responds to the
DATO cycle by asserting WTLB L and WTHB L for the duration of the
cycle, enabling DA00-15 H to be written into the address location in all
memory chips. When in a DATOB cycle, with BDALOO L asserted,
DA00 H (high byte) will cause WTHB L to be active, enabling the
writing of DA08-15 H into the eight chips comprising the high (odd)
byte of the memory array. Similarly, if BDALOO L is unasserted, DAOO
H will be unasserted and cause WTLB L to become active, enabling
the writing of DA00-07 H into the eight chips comprising the low (even)
byte of the memory. The reply logic also responds to the active
BDOUT L signal by asserting BRLY L, indicating that data has been
written, thus completing the data transfer.

Memory Refresh

Dynamic MOS memory integrated circuits in the memory array require
periodic refreshing to retain stored data. This is accomplished by forc-
ing-a RAS-only operation on each of 64 row addresses in a 4K memo-
ry, or 128 row addresses in a 16K memory. Each row address is
refreshed once every 0.83 msec for 4K memory and 1.66 msec for 16K
memory. On-board refresh circuits eliminate the need for refresh sig-
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nals on the LSI-11 bus. The accompanying figure shows the signals
required for the refresh operation. The refresh clock (76.8K Hz) is
obtained from the baud rate generator and applied to the timing and
control logic to produce REF ADD L once every 13 microseconds. REF
ADD L is applied to the address multiplexer along with seven clock
signals (38.4K, 19.2K, 9.6K, 4.8K, 2.4K, 1.2K, and 600 Hz) obtained
from the baud rate generator. These signals increment MUXA1-A7 L
each time REF ADD L becomes active, thus sequentially refreshing all
row addresses in the memory. REF (0) H is inactive during a refresh
operation to prevent memory array outputs DO00-15 H being stored in
the data latches. In addition, refresh logic will inhibit the assertion of
BRPLY L during a refresh operation.

Charge Pump

The charge pump circuit is a dc-to-dc converter which provides the —
12 V power for the serial communications driver and -5 V for the MOS
memory array integrated circuits. The input power for this circuit is
+12 V. A 307.2K Hz signal obtained from the baud rate generator is
applied to a rectifier circuit which produces a ~12 V output. The —12V
output is applied to a resistor and zener diode to produce the —5 V
output. Note that this circuit eliminates the need for backplane power
other than the standard +5V and +12 V.

READ-ONLY MEMORY

Addressing

A master device can address any 16-bit word in the ROM by placing
the appropriate address bits on the BDALO1-13 L lines during the
addressing portion of the DATI bus cycle. The figure below shows the
data/address lines and bus interface signals required for accessing
the read-only memory.

BDALOO L is not used since this address bit functions only as a byte
pointer during DATO(B) and the write portion of the DATIO(B) bus
cycles. Bus receivers route BAD16-17 H, DA01-15 H and BBS7 H to
the address storage latches where the signals are restored by the
assertion of BSYNC L. Address bits A01-08 H and A10 H are routed
directly to the high byte (E67) and low byte (E57) ROMs.
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Bootstrap Address Decoder

Address bits A09 H, A10 L, A11 H, A12 L, and BS7 L are sent to the
bootstrap address decoder. When the incoming address is in the
bootstrap area of 1/0 page (173000-173776), a high output is applied
to jumper post J22. Jumper post J22 is connected to J21 when the
ROM is used to store bootstrap code.

Memory Bank Decoder

Address bits A14-17 H and jumper-selected bits A13 H or A13 L are
sent to the main memory bank decoder. Address bit A13 is used to
select bank 0 or bank 1. When the incoming address bits are in the
selected bank address range, a high output will be applied to jumper
post J20. Jumper post J20 is wired to J21 when the ROM is used as
main memory.

Address Selection Jumpers

Address bits A09 H, A09 L, A11 H and A12 H are wired to J15, J16, J36
and J35, respectively. These address bits, along with the +3 V (J34),
+5 V (J40), and GND (J33) signals, are used to enable and address the
1K, 2K or 4K ROM.

Data Read Operations

Once the ROM chips are addressed, data can be read by the bus
master device. BSYNC L is ANDed with the output of the bootstrap
address decoder or main memory bank decoder to produce ROM L
which enables the ROM outputs. The ROM outputs are sent to the bus
drivers on lines D00-15 H. When the processor asserts BDIN L, the bus
drivers place the ROM data on BDALOO-15 L. Active BSYNC L and
BDIN L also enable the BRPLY bus driver, producing the required
response to BDIN L.

I/0 Timing and Bus Restrictions

Addressed memory read data is available within 450 ns after the
BSYNC L signal is received by the MXV11-A. ROM logic on the module
responds only to DATI and DATIO(B) bus cycles. ROM logic functions
are not affected by the bus initialize (BINIT L) signal.

SERIAL LINE INTERFACE

General

Data passes through four main circuits when moving to and from a
peripheral device. The serial transmitter data leaves the SLU and en-
ters the EIA transmitter driver where the data is converted from TTL to
ElIA-compatible bipolar levels. The data leaves the EIA converter on an
interface cable and enters the peripheral device. When using 20 mA
current loop signals, an external option (DLV11-KA) is placed between
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the module output and the 20 mA device. The EIA receiver converts
the incoming EIA levels to TTL and applies the data to a receiver buffer
in the SLU. The receiver buffer converts the serial data to parallel data
and sets a flag. The bus master reads the data. In addition, the SLU
monitors the received data and places appropriate error signals on
the D12-15 H data bus. The received data and error signals are sent to
the output data selector during a read cycle. The output data selector
enables the appropriate bus drivers to place the data on the BDALOO-
15 L lines.

UART Operation

The serial line units (SLUO and 1) are universal asynchronous receiv-
er/transmitter (UART) chips. This is a 40-pin LSI chip that is capable of
parallel I/0 with the computer bus and asynchronous serial 1/0 with
an external device. Jumpers allow the user to select parity functions,
number of stop bits and seven or eight data bits. Both transmit and
receive functions are totally asynchronous in operation. The transmit
and receive clocks are obtained from the same jumper-selectable
output of the baud rate generator. Split baud operation is not support-
ed. Clock 1 is used to drive SLU1, while clock 2 drives SLUO. If the
internal baud rate generator is not selected, an external baud rate
clock may be applied to SLUO and SLU1 through pin 1 of module
connectors J1 and J2.

Baud Rate Generator

The baud rate generator produces the desired UART clock for 150,
300, 1.2K, 2.4K, 4.8K, 9.6K, 19.2K and 38.4K baud rates. A crystal-
controlled oscillator produces the basic 19.6608 MHz frequency for
the baud rate generator. Two chips in the baud rate generator divide
this frequency to produce the available baud rates.
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CHAPTER 13
PROMS

This chapter contains specific instructions for programming, loading,
and erasing MRV11-AA, MRV11-BA, MRV11-C and MXV11 PROMs.
Instructions are also included for using the QJV11 PROM formatter
program and the PB11. The QJV11 program reads binary object pro-
gram paper tapes and produces PROM listings and paper tapes for
use with automatic PROM loaders. The PB71 is a software/hardware
option for programming PROMs. It consists of a software utility which
runs under RT-11 (V3B or later) and a PROM programmer which
interfaces to the computer through a serial line (RS-232C).

PROGRAMMING NOTES

Generally, programs or data that can be read from read/write memory
can also be read from MRV11-A PROMs. However, special care is
required when using the MTPS instruction and KEV11 option EIS in-
structions. These instructions are listed below:

Mnemonic Octal Code Function

MTPS 10648S Move byte to PS

MUL 070RSS Muitiply

DIV 071RSS Divide

ASH 072RSS Shift arithmetically

ASHC 073RSS Arithmetic shift combined

These instructions, when executed, fetch source operands via the DA-
TIO bus cycle, rather than the DAT/ bus cycle. Thus, fetching a source
operand from a PROM location will result in a bus error (time-out)
because the processor will attempt to write into the addressed location
after fetching the operand.

There are two ways to avoid this potential problem. The first way
involves the MRV11-BA and the MRV11-C UV PROM module because
it has the capability to reply to a DATIO bus cycle although the write
operation will not actually write into PROM. When configured to reply
to DATIO cycles, the above list of instructions can be executed from
PROM. However, precautions must be taken if a module that is config-
ured to reply to DATIO cycles is used in any system running DIGITAL
software or bootstraps. Most DIGITAL software, such as the RT-11
operating system, determines memory size by attempting to write into
a location within the memory. If a time-out occurs, it is ensured that no
RAM memory is present at that location. PROM memory will normally
timeout, as it will not reply to a write cycle. When the MRV11-BA is
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configured to reply to write cycles, DIGITAL software will assume RAM
is present and attempt to write data into it. When the software tries to
write data into a PROM, the resultant errors will probably crash the
system. Therefore, any MRV11-BA module used with DIGITAL
software or bootstraps must not be configured to reply to DATIO cy-
cles.

The second way to avoid this potential problem is to include separate
MOVe instructions within the program. First, MOVe the source oper-
and from the PROM location to a general register or a location in
read/write memory. The MTPS or appropriate EIS instruction is then
executed using the general register or the read/write temporary
(TEMP) location as the source operand.

Two examples are shown below using general register R4 and memo-
ry location TEMP as the source operand.

Using a general register:

MOV NEWPS, R4 ;MOVE SOURCE OPERAND FROM PROM
;TO TEMPORARY (GENERAL) REGISTER

MTPS R4 ;MOVE NEWPS TO PS.

Using a temporary read/write memory location:

MOV CONS, TEMP ;MOVE SOURCE OPERAND FROM PROM
;TO TEMPORARY LOCATION IN
;READ/WRITE MEMORY.

MUL R1,TEMP ;MULTIPLY THE CONTENTS OF R1 BY THE
;CONSTANT IN TEMP.

When programming MRV11-AA, PROMs for use as RT-11 bootstraps,
use 256 X 4 PROMs. This will allow the addresses to be configured in
the 173000-173776 (773000-773776 for 18-bit processors) range.
Processor module power-up mode 2 can then be used for automati-
cally bootstrapping RT-11 during system turn-on. Avoid using 512 X 4
PROM:s in this application. If 512 X 4 PROMs are used, the MRV11-AA
will respond in the 172000-173776 address range and the RT-11 Edi-
tor (EDIT SAV) cannot run properly. This problem exists because the
Editor tests for a peripheral device in the 172000-172776 address
range. The problem can be avoided by using 256 X 4 PROMs, as
described.

LOADING AND INSTALLING PROMS

General
Loading (blasting, burning, or programming) PROMs is the process in
which the binary information is stored in the PROM locations. This is a
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process that must be carefully executed as directed by the appropri-
ate PROM loader manufacturer’s instructions.

The procedures for loading and installing PROMs for use in MRV11-
AA and MRV11-BA applications are somewhat different.

MRV11-AA, MRV11-C, and MXV11 Procedures

PROM Types — Basically, two general types of PROMs can be used in
the MRV11-AA module: 512 X 4 bit and 256 X 4 bit. The MRV11-AA
module contains sockets for installation of up to 32 PROMs. Only the
types listed in this chapter are recommended; the particular pinning
and 1/0 levels for the devices listed are fully compatible with the
MRV11-AA addressing and data interface. Note that PROMs are al-
ways used in multiples of four, making up the 16-bit word format.
Hence, a minimum configuration of four PROMs will comprise either a
256 X 16 or 512 X 16 read-only memory function. Recommended
types are listed below.

MRV11-AA PROM Types
Manufacturer 512 4-Bit 256 4-Bit
or Source PROMs PROMs
DIGITAL MRV11-AC* —
Intersil IM5624 IM5623
Signetics 825131* 825129
MMI 6306 6301

Word Format — Each PROM word, when read by the processor, is
stored in four 4-bit slices in four separate PROMs. Each word is simul-
taneously addressed and produces its respective 4-bit portion of the
16-bit word that is read. For example, consider the CMPB instruction.
Its machine code, using the addressing modes shown, is 121343, or
1010001011100011,. The binary bits are stored in PROMs numbered
from 1 to 4. Output pins, as indicated, will yield the read data bits for
this instuction when addressed.

SYMBOLIC
CMPB {R3},-(R3)

CoDE SEGMENT OR

CHIP NO.

4 3 2 14-——|
MACHINE r—'ﬁl—*—l—'k—ﬂr—‘h-—\
PINS

L L l_‘0 Oll "2
" ' X : o

MRV11-AA Data Format

CODE
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Since the word format is contained in four 4-bit slices (one slice in
each PROM), the you must load each PROM with successive memory
locations. This information can be generated manually—an error-
prone, time-consuming process—or it can be generated automatically
using the PB11 option or the QJV11 PROM formatter program, de-
scribed later.

Addressing — PROMSs, when installed in the MRV11-AA module, are
addressed by low-active address bits. When loading PROMs, you
must be careful that the correct addressing technique is used. An
example of this addressing technique, relative to PROM pins, is pro-
vided in the accompanying table. Note that 256 X 4 bit and 512 X 4 bit
PROMs are addressed in exactly the same manner, except for pin 14,
which is A8 in the 512 X 4 bit part, and CE in the 256 X 4 bit part. Also
note that LSI-11 bus address bit 0 (DALO L) is not used in this applica-
tion since all read operations are 16-bit word bus transfers.

MRV11-AA PROM Addressing

Address* 8 7 6 5 4 3 2 1 «Address (DAL) Bits
Octal Binany 14 1 2 3 4 7 6 5 «PROM Chip Pins
0 000000000 H HHHHHMHH
2 000000010 H HHHHHHL
4 000000100 H HHHHMHLH
6 000000110 H HHHHMHLL
10 000001000 H HHHHL HH
12 000001010 H HHHHIL H L Actual
14 000001100 H HHHHULL H Logic
16 000001110 H HHHMHL L L Levels
20 000010000 H HHHL HH H Required
° (25610 Locations)
o
774 111111100 L L L L L L L H
776 111111110 L L L L L L L L

* Address bit 0 is not used; hence, only even-numbered addresses are shown.

The optional QJV11 PROM formatter program addresses PROMs in
the manner described.

The MRV11-AA address format for 512 X 4 and 256 X 4 PROM appli-
cations is shown in the accompanying figure. Note that the BDALO is
not used in the address word format: BDAL1 corresponds to PROM
chip address bit AO. The 4K bank select bits and 2K segment select bit
(256 X 4 PROM applications only) are jumper-configured on the
MRV11-AA module.
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MRV11-AA Address Word Format

Installing PROMS — After PROMs are properly programmed, loaded,
and verified, they can be installed on the properly configured MRV11-
AA module. Observe that PROMs are always installed in sets of
four—one for each segment. Segment and set numbers correspond to

those indicated in the QJV11 PROM listing output.

An addressing summary from PROM sets as arranged by physical
locations (CE numbers marked on the MRV11-AA module) is provided

in the accompanying table.

MRV11-AA PROM Addressing Summary

512 X 4 PROMs

256 X 4 PROMs

Address Range

Address Range

Physical Physical
Set No. Decimal Octal Location Decimal Octal Location
0 0-511 0-11777 CEO 0-255 0-777 CEO
1 512-1023 2000-13777 CE1l 256-511 1000-1777 CE4
2 1024-1545 4000-15777 CE2 512-767 2000-2777 CE1
3 1546-2047 6000-17777 CE3 768-1023 3000-3777 CES
4 2048-2557 10000-11777 CE4 1024-1279 40004777 CE2
5 2560-3071 12000-13777 CES 1280-1545 5000-5777 CE6
6 3072-3583 14000-15777 CE6 1546-1791 60006777 CE3
7 3584-4095 16000-17777 CE7 1792-2047 7000-7777 CE7
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512 x4 28614
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SEGMENT NO
CHIP LOCATIONS

1 | |

PROM Set and Segment Positions on the MRV11-AA Module

MRV11-BA Procedures

Data Word Format — Each PROM word, when read by the processor,
is stored in two bytes in two separate PROMs. Each word is simulta-
neously addressed and produces its respective 8-bit portion of the 16-
bit word that is read. Since the word format is contained in two 8-bit
bytes (one byte in each PROM), you must load each PROM with
successive memory locations. This information can be generated
manually or it can be generated using the optional QJV11 PROM for-
matter program described later.
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Addressing — PROM integrated circuits, when installed in the
MRV11-BA module, are addressed by high-active address bits. When
loading PROMs, you must be careful that the correct addressing tech-
nique is used. An example of this addressing technique, relative to
PROM pins, is provided in the accompanying table. Note that LSI-11
bus address bit operations are 16-bit word bus transfers.

Installing PROMs — PROMSs should be installed in the MRV11-BA
sockets shown in Chapter 12. PROMs are normally installed starting
with the first 1K locations (E28 and E29). Check PROM size jumpers to
ensure that they agree with the number of PROMs installed. Also, be
sure to install the low byte and high byte PROMs in appropriate sock-
ets.

Erasing PROMs — PROMs can be erased by exposure to ultraviolet
light at a wavelength of 2537. The recommended integrated light
(light intensity X exposure time) is 10 W-s/m?. The lamp is normally
placed approximately 2.54 cm (1 in.) away from the PROM to be
erased and turned on for a period of time. The time required can be
determined empirically or you can refer to typical times recommended
by PROM integrated circuit manufacturers. Typical times may vary
from 10 to 30 minutes (approximately).

MRV11-C PROCEDURES

Data Word Format

Each 16-bit word is stored in two bytes. One PROM contains the high
byte, the other contains the low byte. The two PROMSs are addressed
simultaneously. Data is non-inverted and asserted on the high state.

Addressing — MRV11-C uses non-inverted addressing. The address
bits are asserted on the high state.

Installing PROMS — PROMSs are installed in pairs in their appropriate
socket. See Chapter 12, Memories.

Types of PROMs — The MRV11-C can take the following parts:

1K X 8 bit PROM, UVPROM, OR ROM +5V Parts Only
2K X 8 bit PROM, UVPROM, OR ROM +5V Parts Only
4K X 8 bit PROM, UVPROM, OR ROM +5V Parts Only
MXV11-AA, AC

The MXV11-AA and AC have two sockets available for PROM/ROM
memory. They are addressed and programmed identically to MRV11-
C PROMS. For more information, please refer to Chapter 12.

PB11 UNIVERSAL PROM PROGRAMMER
The PB11 is a complete hardware/software solution to PROM pro-
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gramming requirements for LSI-11 microcomputers. It has been de-
signed for maximum user flexibility, efficiency and ease of operation.

PB11 hardware consists of a table-top PROM programmer unit. The
unit is capable of accepting a number of adapter modules which make
it possible to program a variety of PROM chips.

It is capable of blasting the following PROMs:

1K X 8 bit PROM and UVPROM
2K X 8 bit PROM and UVPROM
4K X 8 bit uv PROM

256 X 4 bit PROM

512 X 4 bit PROM

The software will take the data file and do all the necessary prepara-
tion to get the data in the format accepted by the PROM programmer.
The data file is then sent to the PROM programmer via the serial link
and blasted into the PROMS. No papertape is involved.

The PROM programmer connects to the development system (PDP-
11/03 up to PDP-11/34) by means of a serial line. This direct connec-
tion to the development system is far simpler to use than an off-line
PROM programmer which requires you to create a program and then
to physically transfer it to the PROM programmer.

The software utility (which is included in the PB11 package) operates
under RT-11 and includes Class C (no support services) software. The
entire PROM programming process is controlled from the user’'s
terminal. Easy-to-understand English language commands and diag-
nostic messages are used to communicate with the operation. PB11
software has been designed to lead the operator through the PROM
programming process and to provide diagnostic messages to correct
for common errors.

Features

o Convenient desk-top size

e Optional adapters for different PROMs

e Supported under RT-11 development software

e Supports application development under PROMmable FORTRAN
e Includes on-line diagnostic for the PROM programmer

e Connects to serial line interface on host via RS-232C.

Specifications

Physical:
Width: 15.0in. (38.1 cm)
Depth: 10.75in.(27.3¢cm)
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Height: 6.0in. (15.2¢cm)

Weight: 14 Ibs. (6.3 Kg)

Environmental

Operating 5°C to +45°C (41°F to 113°F)

Temperature (Am-

bient):

Storage Temperature —40°C to +5°C (—40°F to 131°F)
(Ambient):

Humidity: to 90% (non condensing)

Electrical:

Input power range: 100, 120, 220, 240 Vac (internally selecta-

ble), 50-60 Hz+10% at 35 Watts.
UL listed and CSA certified.

Model Designations

PB11-AY Desk-top universal PROM programmer with a 25
foot (7.6m) EIA cable for connection to RT-11 (V3V
or later) system (11/03 or 11/34) using a serial inter-
face (DLV11-E, DLV11-F, DLV11-J or DL11-W and
DL11-E). Includes Class C software on RX01 disk.
Adapter kit and RS-232C cable must be purchased

with the unit.
PB11-AQ Same as PB11-AY, includes Class C software on
RLO1 disk.
PB11K-AA Adapter for 825129, 82S131 fusible link PROMs.
PB11K-AB Adapter for 2708 UV PROMS.
PB11K-AC Adapter for 825181, 825191 fusible link PROMs.
PB11-AD Adapter for 2716, 2732 UV PROMs.
Documentation provided:

AA-D848A-TC, PROM/RT-11 SYSTEM USERS GUIDE

Hardware Requirements

The PROM programmer comes with a 25 foot (7.6m) EIA cable for
connection to a disk-based PDP-11/03 or PDP-11/34 system operat-
ing under RT-11 (V3B or later). The user must supply a non-multi-
plexed serial line interface (DLV11-E, DLV11-F, DLV11-J or DL11-W
and DL11-E) with a RS-232C cable and a PROM adapter kit. The PB11
software components are available on RX01 or RLO1 media.
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Software Support

The PB11 software utility is supported under the RT-11 real-time oper-
ating system. Documentation includes a tutorial on PROM-based ap-
plication design, as well as PROM programmer operation and fault
diagnosis.

RT-11 is a powerful foreground/background operating system that
supports DIGITAL's special PROMmable FORTRAN—a FORTRAN
package uniquely designed for PROM applications.

The PROMmable FORTRAN (RT-11 FORTRAN IV V2.1) is a full im-
plementation of the language, with 1/0 statements, data formatting
and data conversion facilities already provided. Object programs are
put out in runtime format, without any intermediate assembly. The
FORTRAN package automatically segments user programs into read-
only and read/write sections, thus simplifying the work of program-
ming for PROM applications.

All the programming work is done on the development system, then
transferred to PROM with minimum programming effort. Because RT-
11 is a foreground/background system, users can program PROM in
the foreground, while continuing with other software development in
the background. The PROM programmer can make programming
work more efficient.

The following commands are supported under the software utility:

Command Function

COPY Copy of an existing PROM chip by reading
its contents and replicating in another chip.

DIAGNOSE Run extended programmer and interface
diagnostics to analyze/isolate a hardware
problem.

HELP Print a list of all valid commands on the ter-
minal.

INTERFACE Alter CSR and vector addresses for serial
interface to PROM programmer hardware.

LIST Print a listing of the contents of a PROM or
EPROM chip.

MODIFY Modify the contents of one or more existing
PROM or EPROM chips.

SEQUENTIAL Redefines PROGRAM, MODIFY, and VERI-

FY commands to be used to prepare
PROMs which were not intended for use
with a PDP-11.
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VERIFY Verify that existing PROM or EPROM chips
match the contents of a master PROM or
program file.

THE QJV11 PROM FORMATTING PROGRAM

The QJV11 PROM formatter program is a paper tape software option
that reduces the work required for coding binary patterns for individu-
al PROM chips. Object tapes punched in absolute loader format are
the input to the program. QJV11 will produce and verify PROM tapes
and listings for PROMs for use in the MRV11-AA and MRV11-BA, and
PROMs in other configurations for special user applications.

Loading QJV11

QJV11 is supplied on punched paper tape in absolute ioader format.
Load the program using the absolute loader program (DEC-11-
UABLB-A-PO) or the REV11-A or REV11-C AL (absolute loader) com-
mand.
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Table 3-4 MRV11-BC PROM Addressing

Address*® 10 09 08 07 06 O05 04 03 02 O1 <Address Bits
Octal Binary 22 23 1 2 3 4 5 6 7 8 <PROM Pins
0] 0000000000 L L L L L L L L L L ~N
2 0000000001 L L L L L L L L L H
4 0000000010 L L L L L L L L H L
6 0000000011 L L L L L L L L H H Actual
10 0000000100 L L L L L L L H L L Logic
12 0000000101 L L L L L L L H L H > Levels
14 0000000110 L L L L L L L H H L Required
. (1024, Locations)
377é 1111111111 H H H H H H H H H H J

*Bus address bit O is not used; hence. only even-numbered addresses are shown.
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Hardware requirements include 8K read/write memory (minimum),
and either a high-speed paper tape reader (CSR address = 177550)
or a low-speed paper tape reader (Teletype®) used as the console
terminal (CSR address = 177560). (Teletype is a registered trademark
of Teletype Corporation.) QJV11 is self-starting; when it has been
correctly loaded, the program automatically starts and the initial mes-
sage, illustrated, is displayed. QJV11 is now ready to receive specific
input parameters.

PROM VO1-00

ENTER AN OCTAL VALUE IN RESPONSE TO QUESTIONS 1
WHICH REQUIRE A NUMERIC RESPONSE. TYPE 'Y’ FOR
YES AND ‘N’ OR NOTHING FOR NO. TERMINATE ALL
RESPONSES WITH A <CR> (CARRIAGE RETURN). Initial
RUBOUT MAY BE USED TO DELETE ONE CHARACTER AT Message
A TIME BEFORE <CR> IS TYPED. CTRL/U MAY BE

USED TO DELETE THE ENTIRE RESPONSE. CTRL/O
MAY BE TYPED TO TURN OFF OUTPUT TO THE
TERMINAL.

HOW MANY WORDS ARE IN A PROM? 1000 ]
HOW MANY BITS ARE IN A PROM WORD? 4
HOW MANY PROMS ARE USED IN PARALLEL? 4
ARE THE DATA BITS INVERTED? N

ARE THE ADDRESS LINES INVERTED? Y

HOW MANY BYTES ARE IN THE AREA TO BE | Input
OUTPUT? 20000 Parameters
WHAT IS THE STARTING ADDRESS OF THE AREA TO
BE QUTPUT? 0O

IS YOUR INPUT/OUTPUT DEVICE ON THE HIGH SPEED
READER/PUNCH? Y

READY INPUT, TYPE <CR> WHEN READY. <CR> )
DO YOU WISH TO PUNCH TAPES? Y )
DO YOU WANT TO VERIFY A TAPE? N QIvi1

DO YOU WANT A LIST OF THE PROM CONTENTS? Y
DO YOU WANT IT ON A LINE PRINTER? Y
DO YOU WISH TO MAKE ANOTHER TAPE? N

" Operation

QJV11 Program Execution (for 512 X 4 PROMs)

Entering Parameters

QJV11 requires certain inputs that must be supplied for each PROM
loading session. The dialogue between the QJV11 user and the pro-
gram is shown in the illustration above for 512 X 4 PROMs (to be used
in the MRV11-AA PROM module); a similar example for 1K X 8
PROMs (for use in the MRV 11-BA module) is illustrated.
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PROM VO0O1-00

ENTER AN OCTAL VALUE IN RESPONSE TO QUESTIONS
WHICH REQUIRE A NUMERIC RESPONSE. TYPE 'Y’ FOR
YES AND ‘N’ OR NOTHING FOR NO. TERMINATE ALL
RESPONSES WITH A <CR> (CARRIAGE RETURN). Initial
RUBOUT MAY BE USED TO DELETE ONE CHARACTER AT | \essage
A TIME BEFORE <CR> IS TYPED. CTRL/U MAY BE
USED TO DELETE THE ENTIRE RESPONSE. CTRL/O
MAY BE TYPED TO TURN OFF OUTPUT TO THE

TERMINAL. J
HOW MANY WORDS ARE IN A PROM? 2000
HOW MANY BITS ARE IN A PROM WORD? 10 )

HOW MANY PROMS ARE USED IN PARALLEL? 2
ARE THE DATA BITS INVERTED? N

ARE THE ADDRESS LINES INVERTED? N

HOW MANY BYTES ARE IN THE AREA TO BE Input
OUTPUT? 20000 Parameters
WHAT IS THE STARTING ADDRESS OF THE AREA TO
BE OUTPUT? O

IS YOUR INPUT/OUTPUT DEVICE ON THE HIGH SPEED
READER/PUNCH? Y

READY INPUT, TYPE <CR> WHEN READY. <CR> J

DO YOU WISH TO PUNCH TAPES? Y 1

DO YOU WANT TO VERIFY A TAPE? " Y

READY INPUT, TYPE <CR> WHEN READY. <CR> (QJV11
DO YOU WANT A LIST OF THE PROM CONTENTS? Y Operation

DO YOU WANT IT ON A LINE PRINTER? N

QJV11 Program Execution (for 1K X 8 PROMs)

The first parameter to be entered is the number of words (locations) in
a PROM. The parameter is requested in the form of a question at the
end of the initial message. Operator response to QJV11 requests in
the above figures are underlined. Refer to the following table for a list
of valid parameter inputs for specific applications.

When reading source tapes for MRV11-AA programs that are not
greater than 4K, only a single pass of the source tape is required; the
QJV11 source buffer is 4K words (4096 X 16 bits). However, longer
programs will require one additional pass for each 4K word buffer
storage. The appropriate portion of the program is read into the buffer
when reading the source tape as specified by the “STARTING AD-
DRESS OF THE AREA TO BE OUTPUT.” Hence, the starting ad-
dresses shown in the table are applicable for both multiple-pass pro-
grams to specify the starting address for that pass, and for programs
that do not reside in the first 4K of system memory (addresses O-
17776).
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QJV11 Input Parameters

MRV11-AA Applications

MRV11-BA Applications

Parameter 512 X 4 PROMs 256 X 4 PROMs 1K x 8 PROMs Special Applications

No. words in a PROM (Ng) 1000 400 2000 Any integer power of two
(2000 max.)

No. bits in a PROM 4 4 10 1, 2, 4, or 10 (8;¢)

word (Ng)

No. PROMs used in parallel 4 4 2 Any number; however,
No. bits X No. PROMs
must not exceed 20
(1610)-

Are data bits inverted N N N NoryY

Are addr. lines inverted Y Y N NorY

How many bytes in the area 20000 10000 20000 Any integer power of two

to be output (Ng)
Starting Address

1/0 device on the H.S.
reader/punch

0, 20000, 40000,
60000, 100000,

etc.

etc.

YorN Y or

0, 10000, 20000,
30000, 40000,

N

0, 20000, 40000,
60000, 100000,
etc.

YorN

(20000 max.)

Any integer multiple of
the no. of bytes in the
area to be output.

YorN
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The final input to QJV11 is the source program to be loaded into the
PROMSs. The program must be in absolute loader format. Place the
source tape in the tape reader. Press the RETURN key (shown as
<CR> in program examples) on the console device to initiate tape
reading.

QJV11 Operation

General — Once the input parameters and source program have been
entered, QJV11 is ready to output tapes or listings, or to verify tapes.
Operation is simple: respond to QJV11 questions by typing Y or N to
indicate the operation(s) desired. The Y answers cause the appropri-
ate QJV11 function to execute immediately. The two examples above
do not contain the PROM program listing because the separate line
printer was selected for the listing. (QJV11 assumes a line printer CSR
address = 177514.) If the line printer was not selected, the listing
would appear immediately below the listing request.

PROM Paper Tape Formats — The QJV11 output tape is punched
with as many segments as there are PROMs to be loaded for a
particular application. A segment contains the information necessary
for loading one PROM. Since muiltiple PROMs are normally required
for the 16-bit PDP-11 word format, either two segments (MRV11-BA
applications) or four segments (MRV11-AA applications) are required,
comprising a set. Therefore, the minimum-size QJV11 output would
occur when programming a single set of two PROMs for the MRV11-
BA or four PROMs for the MRV11-AA.

The tape is punched for MRV11-AA applications as shown below.
Special alternate punched frames (16 total) identify that a PROM set
follows. This area is followed by 32 frames with all frames punched
(377,), followed by an unpunched frame (0). The first data frame fol-
lows immediately after the unpunched frame.

This frame contains the low-order four bits of the 16-bit PROM word at
the lowest address (0) in this PROM set; the bits are read over BDALO-
3 bus lines. Successive frames contain 4-bit slices, each representing
the 4-bit contents of PROM location. A frame is punched for each of
the 256 or 512 locations in the PROM segment. Frames are punched in
high-active PROM address sequence, rather than LSI-11 bus address
sequence. (LSI-11 bus address bits are inverted; hence, PROMs are
programmed starting at the highest bus address or lowest PROM
location address.)

The punched tape for MRV11-BA applications will differ from the
MRV11-AA type. Instead of the first data frame containing four bits,
this frame contains the low-order eight bits of the 16-bit PROM word at
the lowest address (0) in this PROM set; the bits are read over BDAL
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(0:7) bus lines. Successive frames contain 8-bit bytes, each represent-
ing the 8-bit contents of a PROM location. A frame is punched for each
of the 1K locations in the PROM segment. Frames for MRV11-BA
applications are punched in high-active PROM address sequence.

"SET" LEADER —
ALTERNATE FRAMES
OF 252g AND 125

SINGLE UNPUNCHED FRAME FIRST DATA FRAME
T
UIFHENT CORPORATION = 3 PLOpMARIRprasteqomeEs : ey
J . . . 000 o0 Ll
SR o ssisastesdasssensansesattttianss o, $8esiar T
- e o0 o0 o
. . o
L L]
o e 000 000
. .
“SEGMENT " LEADER SEGMENT 01
32 FRAMES DATA FRAMES

OF 377g EACH

END OF SEGMENT Ot “SEGMENT *
DATA FRAMES LEADER

SEGMENT 02
DATA FRAMES

UNPUNCHED
FRAME
QJV11 PROM Tape Format for MRV11-AC Applications

Verifying Tapes — Tapes punched by QJV11 can be verified by com-
paring the punched tape with the QJV11 source buffer contents. Re-
spond to the “DO YOU WANT TO VERIFY A TAPE?" request by typing
Y <CR>. The program responds with “READY INPUT, TYPE <CR>
WHEN READY.” Place the tape in the reader and press the RETURN
key on the console device.

If an error is found, the program responds with “ERROR VERIFYING
TAPE.” When an error is found, it is necessary to punch another tape.
If errors are not found, the program responds with “DO YOU WANT A
LIST OF THE PROM CONTENTS?”

QJV11 PROM Listing Formats — Sample portions of PROM listings
for MRV11-AA and MRV11-BA applications are shown in the following
two figures. The listings are organized by sets. Each set contains the
successive PROM addresses, octal and binary codes for each of the
PROM sets, the system memory address obtained from the absolute
loader format source tape, and the octal content of the 16-bit PROM
word.
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PROM
PROM SET SEGMENT
IDENTIFIER IDENTIFIER STORED
WORD
MEMORY
ADDRESS
# % % PROM SET 000 & % #
FROM #/ [k} O "y} ol A
PROM

CHIP — 00 00 0000 0 00 0000 101000 001776 000010
001 01 0001 171111 07 Q111 001774 012767
ADDRESS 00z 0D QOO0 3 0000 11 1001 001772 Q01411
00F 02 0010 111100 11 1401 001770 00211
004 o0 0000 00 @000 07 o1l 001766 000407
00% 00 0000 13 1011 17 1111 001764 ODOZTT7
004 101000 11 1001 17 1111 00L742 105237
o7 01 oot 00 00O 0Z 0010 064 0110 001760 010044
010 00 000D 00 0000 01 0001 12 1010 GO17S4 000032
011 00 0000 00 0000 00 0000 07 Oi1t 001754 000007
012 o1 0001 os o010l 17 1111 07 o1t 001752 012767

OCTAL VALUE OF | OCTAL J
PROM CONTENTS) gINARY

779 17 1111 04 0110 15 1101 14 1110
77 14 1i10 17 1111 be 1110 D4 D110 [x 2
- 777 o0 0000 00 0000 X o1l 17 11it QODOO0
STARTING
ADDRESS
* o % FROM SET OQL + % +
FROM 7/ Q4 0z o1

00 0000 o0 0000 11 1021 Q0D011
1z 1010 03 1101 17 1111 122737
00 0000 ot 04 Q100 000L2A
00 0000 o1 14 1110 000
a0 Q000 03 L) S} not121
00 0000 (3 DR Sela)
o0 Q000 o0 11 1001
12 1010 (] 17 1111
00 0000 0z Q001 QS 0101 Q02754

011 01 17 1111 16 1110 0032731

QJV11 PROM Listing Format for MRV11-AA Applications
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PROM
PROM SET SEGMENT MEMORY STORED
IDENTIFIER IDENTIFIER  ADDRESS WORD
X X X FROM SET 000 % x’ﬁ
PROM FROM %/ 02/ 01
DDRESS ¥
ADD 0000 020 00010000 000 00000000 000000 010000
0001 020 00010000 001 0000C001- 000002 010001
0002 020 00010000 002 00000010 000004 010002
0003 020 00010000 003 00000011 000006 010003
0004 020 00010000 004 00000100 000010 010004
0005 020 00010000 005 00000101 000012 010005

0006 020 00010000 006 00000110 000014 010006

0007 020 00010000 007 00000111 000016 010007

0010 020 00010000 010 00001000 000020 010010
1

1776 023 00010011 376 11111110 003774 011776
1777 023 00010011 377 11111111 003776 011777
- —
OCTAL BINARY  OCTAL BINARY
{HIGH BYTE) (LOW BYTE)
PROM CONTENTS

% % % FROM SET 001 % X X
FROM %/ 02 01

0000 044 00100100 000 00000000 004000 022000
0001 044 00100100 Q0L 00000001 004002 0220

QJV11 PROM LISTING
THROUGH PROM SET 003

1776 217 10001111 376 11111110 017774 107776
1777 217 10001111 377 11111111 017776 107777

QJV11 PROM Listing Format for MRV11-BA Applications

Using QJV11 PROM Tapes — PROM tapes can be used with automat-
ic PROM loaders, such as those manufactured by DATA 1/0
Corporation and PRO-LOG Instruments Corporation. Refer to docu-
mentation supplied with the PROM loader for the procedure for using
the PROM tapes generated by QJV11.
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APPENDIX A
TIMING INFORMATION

LSI-11/23 INSTRUCTION TIMING
The following are the assumptions used to calculate instruction times.

Instruction times, are calculated using this equation:
Instruction Time = Basic Time + Source Time + Destination Time

If memory management is enabled, add .16 microseconds for each
memory reference. To arrive at incremental value to add to the above
instruction time, use the following equation (select numbers from
memory cycle column):

Increment = .16 (reads + writes) + .32 (read/modify/write)

All timing is based on the MSV11-D memory (no parity) with the follow-
ing characteristics. Typical times are shown for a 300 ns microcycle
+10%.

Access Cycle
Bus Cycle Time (ns) Time (ns)
DATI 210 500
DATO(B) 100 545
DATIO (B) 630 1075

Source Address Time
Source Memory Time

Instruction Mode Cycles (Microseconds)
o] 0 0
1 1 1.12
2 1 1.12
Double Operand 3 2 2.25
4 1 1.42
5 2 2.55
6 2 2.55
7 3 3.67
Destination Time
Destination Memory Time
Instruction Mode Cycles (Microseconds)
0 0 0
MOV, CLR, SXT, 1 1 1.84
2 1 1.84
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Destination Memory Time
Instruction Mode Cycles (Microseconds)
MFPS, MTPI (D) 3 2 2.66
4 1 1.84
5 2 2.96
6 2 2.96
7 3 4.09
0 0 0
CMP, BIT, 1 1 1.42
2 1 142
TST 3 2 2.25
4 1 1.42
5 2 2.55
6 2 2.55
7 3 3.67
0 0 0
1 1 0.22
2 1 0.22
MTPS, MFPI (D) 3 2 1.05
MUL, DIv, 4 1 1.22
ASH, ASHC 5 2 1.35
6 2 1.35
7 3 2.47
0 0 0
BIC, BIS, ADD, 1 1 2.66
SuUB, SWAB, 2 1 2.66
COM, INC,DEC, 3 2 3.49
NEG, ADC, SBC, 4 1 2.66
ROR, ROL, ASR, 5 2 3.79
ASL, XOR 6 2 3.79
7 3 4.91
Execute and Fetch Time
Memory Time
Instruction Cycles (Microseconds)
MOV, CMP, BIT, 1 1.72
ADD, SUB, BIC,
BIC, SXT, CLR,
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Instruction

TST, SWAB, COM,
INC, DEC, NEG,
ADC, SBC, ROR,
ROL, ASR, ASL,
MFPS

Instruction

MTPS
MFPI (D)
MTPI (D)
MUL
DIV
ASH
ASHC

All branch instructions
SOB (branch)

(no branch)

RTS

MARK

RTI, RTT
SetorClearN,2,V,C
HALT

WAIT

RESET

EMT, TRAP

10T, BPT

JUMP INSTRUCTIONS

Instruction Mode

1

2
JMP 3

4

5

6

7

1

2

Memory
Cycles

Time

(Microseconds)

Memory Time
(Microseconds)

Cycles

OV Ul = = OV = WO NN = o b ot cd ok d ) =d

Memory
Cycles

NP ONDN=2 DN

555

4.72
4.12
2.85
24.52
50.62
30.80
47.02

1.72
2.62
2.32
3.15
4.65
5.17
2.62

2.92

7.98
8.85

Time
(Microseconds)

2.02
2.32
2.85
2.32
3.15
3.15
4.27

3.86
4.16
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Memory Time

Instruction Mode Cycles (Microseconds)
JSR 3 3 4.69

4 2 4.16

5 3 4.99

6 3 4.99

7 4 6.11
Latency

Interrupts (BR requests) are acknowledged at the end of the current
instruction. Interrupt latency, which is the time from when an interrupt
is requested to when it is granted, is 10.79 microseconds (max) (non-
EiS) and 55.65 microseconds (max) (EIS) for the LSI-11/23.

Interrupt service time, which is the time from BR acknowledgement to
the first subroutine instruction, is 8.18 microseconds max.

NPR (DMA) latency, which is the time from request to bus mastership
for the first NPR device, is 3.34 microseconds max.

FLOATING POINT INSTRUCTION TIMING (OPTION)
The execution time of a floating point instruction is dependent on the
following:

1. Type of instruction
2. Type of addressing mode specified
3. Type of memory.

In addition, the execution time of many instructions, such as ADDF,
are dependent on the data.

The table below provides the basic instruction times for addressing
mode 0 with a microcycle time of 300 ns. The following tables show the
additional time required, using the MSV11-D memory with parity en-
abled, for instructions with other than mode 0. Refer to the notes for
the execution time variations for the data-dependent instructions.

Instruction Times

Mode 0
Time
Micro- (Micro-
Instr cycles seconds) Notes Modes 1-7
LDF 28 9.15 1,2,19 Use Table 8-2
LDD 36 11.55 1,2,23
LDCFD 40 12.75 1,4
LDCDF 55 17.25 1,5
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CMPF
CMPD
DIVF
DIFD
ADDF
ADDD
SUBF
SUBD
MULF
MULD
MODF
MODD
TSTF
TSTD

Instr

STF
STD
STCDF
STCFD
CLRF
CLRD

ABSF

ABSD
NEGF
NEGD

LDFPS
LDEXP
LDCIF
LDCID
LDCLF
LDCLD

Micro-
cycles

65

71

301
795
121
139
124
142
264
641
682
693
28

32

Micro-
cycles

18
26
65
48
46
40

43

51
42
50

11
38
60
55
60
55

Appendix A—Timing Information

Mode 0
Time
(Micro-
seconds) Notes Modes 1-7
20.25 14,15
22.05 14,15
91.05 1,29,41,43,44
239.25 1,30,42,43,44
37.05 1,16,17,18,20,25,27,28,41,43,44
42.45 1,16,21,22,24,26,27,28,42,43,44
37.95 1,16,17,18,20,25,27,28,41,43,44
43.35 1,16,21,22,24,26,27,28,42,43,44
79.95 1,29,31,41,43,44
193.05 1,30,32,42,43,44
205.35 1,26,30,32,33,34,35,41,43,44
208.65 1,26,30,32,33,34,36,42,43,44
9.15 1,2,37
10.35 1,2,37
Instruction Times
Mode 0
Time
(Micro-
seconds) Notes Modes 1-7
6.15 Use Table 8-3
8.55
20.25 1,38
15.15 14
11.55
12.75
13.65 37 Use both Tables
8-2 and 8-3
16.05 37
13.35 1,37
15.75 1,37
4.05 Use Table 8-4
12.75 1,2,3,37
18.75 6.8
17.25 6,8
18.75 6,7,8,9
17.25 6,7,8,9,
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Instr

STFPS
STST
STEXP
STCFI
STCDI
STCFL
STCDL

CFCC
SETF
SETD
SETI

SETL

Micro-
cycles

16
17
34
58
59
55
56

12
14
14
14
14
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Mode 0
Time
(Micro-
seconds)

5.55

5.85
10.95
18.15
18.45
17.25
17.55

4.35
4.95
4.95
4.95
4.95
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Notes

1,2
11,12,39
11,12,39
10,11,13,40
10,11,13,40

Modes 1-7
Use Table 8-5

No Operands
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Instruction Times

Read/Write
Microcycles* Memory Cycles
Addressing Single Double Single Double
Mode Precision Precision Precision Precision
1 6,8,11 8,10,13 2/0 4/0
2 7,911 9,11,14 2/0 4/0
2
Immediate 6,8,11 2,47 1/0 1/0
3 7,9,11 9,11,14 3/0 5/0
4 7,9,11 9,11,14 2/0 4/0
5 8,10,13 10,12,15 3/0 5/0
6 8,10,13 10,12,15 3/0 5/0
7 10,12,15 12,14,17 4/0 6/0

*Note: The three numbers (of microcycles) in each set represent three
different conditions:

1. Ifthe floating point number is positive
2. lIfthe floating point number is negative and non-0
3. If the floating point number is negative 0 with FIUV flag clear.

Time
(Microseconds)
Single Double
Precision Precision
4.81 6.92
5.11 7.22
4.05 2.85
5.86 7.97
5.11 7.22
6.16 8.27
6.16 8.27
7.52 9.63
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Addressing
Mode

1
2
2
Immediate

~NOoOOh W

Instruction Times

Read/Write Time

Microcycles Memory Cycles (Microseconds)
Single Double Single Double Single Double
Precision Precision Precision Precision Precision Precision
3 5 0/2 0/4 2.56 4.82
6 8 0/2 0/4 3.46 5.72
-2 -6 01 0/1 0.23 -0.97
4 6 1/2 1/4 3.61 5.87
6 8 0/2 0/4 3.46 5.72
5 7 1/2 1/4 3.91 6.17
5 7 1/2 1/4 3.91 6.17
7 9 2/2 2/4 5.27 7.53
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Instruction Times

Read/Write Time
Instruction Microcycles Memory Cycles (Microseconds)

Addressing Single Double Single Double Single Double

Mode Integer Integer Integer Integer Integer Integer
1 2 4 1/0 2/0 1.35 2.7

2 3 5 1/0 2/0 1.65 3.01

2

Immediate 1 1 1/0 1/0 1.05 1.05

3 3 5 2/0 3/0 2.41 3.76

4 3 5 1/0 2/0 1.65 3.01

5 4 6 2/0 3/0 2.71 4.06

6 4 6 2/0 3/0 2.7 4.06

7 6 8 3/0 4/0 4.06 5.42

Instruction Times

Read/Write Time
Instruction Microcycles Memory Cycles (Microseconds)
Addressing Single Double Single Double
Mode Integer Integer Short Long Integer Integer
1 2 4 0/1 0/2 1.43 2.86
2 3 5 0/1 0/2 1.73 3.16
2
Immediate 1 1 0/1 0/1 1.13 1.13
3 3 5 11 1/2 248 3.91
4 3 5 0/1 0/2 1.73 3.16
5 4 6 1/1 1/2 2.78 4.21
6 4 6 1/1 1/2 2.78 4.21
7 6 8 2/1 2/2 4.13 5.57
NOTES
1. Add 300 ns if result is positive.
2. Add 300 ns if result is non-0.
3. Add900nsif SRC > 177 or SRC < —177.
4. Add 900 ns if floating point number = 0.
5. Add 3.3 microseconds if overflow on rounding.
6. Add 300 ns if integer is negative.
7. Add 1.5 microseconds if absolute value of integer < 65,536.
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12.
13.
14.

15.
16.
17.
18.
19.

20.
21.

22.
23.

24.
25.
26.
27.
28.
29.

30.
31.
32.

33.

34.
35.
36.
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Add 1.2 microseconds n times where n = 240 — exp and if abso-
lute value of integer > = 65,536.

Add 600 ns if exp < 20.

. Add 2.1 microseconds n times where n is the smaller of the two

absolute values: (310 — exp) or (230 — exp).

Add 600 ns if integer is negative.

Add 900 ns if integer is negative.

Add 1.2 microseconds if floating point numbers are equal.

Add 2.1 microseconds if numbers are unequal but the signs are
the same.

Add 600 ns if FPACC > FPSRC.

Add 2.4 microseconds if FPSRC > FPACC.

Add 600 ns if adding opposite signs or subtracting like signs.
Add 2.4 microseconds if trapped on undefined variable.

Add 900 ns and 1.2 microseconds n times where n = exp differ-
ence.

Add 3.6 microseconds if FPSRC > FPACC.

Add 1.2 microseconds if adding opposite signs or subtracting like
signs.

Add 1.2 microseconds if trapped on undefined variable.

Add 900 ns and 1.8 microseconds n times where n = exp
difference.

Add 1.2 microseconds n times where n = shifts to normalize.
Add 1.8 microseconds n times where n = shifts to normalize.
Add 3.3 microseconds if underflow.

Add 600 ns if overflow.

Add 600 ns if need to normalize after multiply or divide.

Add 1.2 microseconds if need to normalize after muitiply or di-
vide.

Add 600 ns for every “1” bit in multiplier (FPSRC).
Add 1.2 microseconds for every “1” bit in multiplier (FPSRC).

Add 900 ns n times where n = exp module 16 (calculate integer
and fraction).

Add 300, 600, or 900 ns if exp = 21-40, 41-60 or > 100, or 61-100
respectively.

Add 1.8 microseconds if the fractional part = 0.

Add 1.2 microseconds if the fractional part = 0.

Add 4.5 microseconds if trapped on any of the FP11 interrupts.
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37. Add 5.4 microseconds if trapped on overflow.

38. Add 24.3 microseconds if trapped on conversion error.
39. Add 24.9 microseconds if trapped on conversion error.
40. Add 1.2 microseconds if rounding.

41. Add 1.8 microseconds if rounding.

42. Add 8.1 microseconds if trapped on overflow.

43. Add 9.9 microseconds if trapped on underflow.

Interrupt Latency

For all floating point instructions except ADD, SUB, MUL, DIV, and
MOD, the interrupt latency is the length of the instruction. The longest
execution for each of the FPP instructions are shown in the table
below.

In the floating point arithmetic instructions, interrupts may be serviced
while in the midst of their execution. The table below shows the lon-
gest times between checking for interrupt requests during the floating
point instructions. If an interrupt is to be serviced before execution is
complete, the instruction is aborted and all the PDP-11 general regis-
ters and floating point registers are restored to their original values.
After the interrupt is serviced, the floating point instruction is restarted
from scratch. This interrupt restore routine takes 6.9 microseconds
and the time must be added to the interrupt latency times where exe-
cution of an instruction is aborted.

Longest Execution Times

Worst Case (Mode 7) Time
Instruction No. of Microcyles (Microseconds)
LDF 50 18.77
LDD 56 22.08
LDCFD 56 20.87
LDCDF 91 33.48
CMPF 86 29.57
CMPD 96 34.08
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Worst Case (Mode 7) Time
Instruction No. of Microcyles (Microseconds)
DIVF 350 108.77
DIVD 849 259.98
ADDF 310 96.77
ADDD 596 184.08
SUBF 313 97.67
SuUBD 599 184.98
MULF 361 112.07
MULD 919 280.98
MULF 1166 353.57
MODD 1311 398.58
TSTF 58 2117
TSTD 64 24.48
STF 25 11.42
STD 35 16.08
STCDF 98 34.98
STCFD 54 20.12
CLRF 43 16.82
CLRD 49 20.28
ABSF 72 28.54
ABSD 80 34.11
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Worst Case (Mode 7) Time
Instruction No. of Microcyles (Microseconds)
NEGF 72 28.54
NEGD 80 34.11
LDFPS 17 8.1
LDEXP 64 22.21
LDCIF 127 41.11
LDCID 122 39.61
LDCLF 134 43.97
LDCLD 129 42.47
STFPS 22 9.68
STST 25 11.42
STEXP 42 15.68
STCFI 143 45.98
STCDI 144 46.28
STCFL 145 47.42
STCDL 146 47.72
-
CFCC 12 4.35
SEIF 14 4.95
SETD 14 4.95
SETI 14 4.95
SETL 14 4.95
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Instruction

ADDF/SUBF
ADDF/SUBF
ADDF/SUBF
ADDF/SUBF
ADDF/SUBF
ADDF/SUBF
ADDF/SUBF
ADDF/SUBF
ADDF/SUBF

ADDD/SUBD
ADDD/SUBD
ADDD/SUBD
ADDD/SUBD
ADDD/SUBD
ADDD/SUBD
ADDD/SUBD
ADDD/SUBD
ADDD/SUBD

Longest Interrupt Request Checking Times

From

fetch
fetch

Ist svept
fetch

1st svept
2nd svept
3rd svept
3rd svept
4th svcpt

fetch
fetch

1st svept
fetch

1st svept
2nd svept
3rd svcpt
3rd svept
4th svept

To

end

1st svept

2nd svept
3rd svept
3rd svept
3rd svept
4th svept

end

end

end

1st svept

2nd svept
3rd svept
3rd svept
3rd svept
4th svept

end

end

Max.

No. of
Micro-
cycles

95
83
42
71
48
11

80
79

105

103
56
83
64
13

88
87

Max.
Time
(Micro-
seconds)

32.27
28.67
12.60
25.07
14.40

3.30

1.80
24.00
23.70

36.78
36.18
16.80
30.18
19.20

3.90

2.40
26.40
26.10

Max.
Latency
Time
(Micro-
seconds)*

32.27
35.57
19.50
31.97
21.30
10.20

8.70
24.00
23.70

36.78
43.08
24.70
37.08
26.10
10.80

9.30
26.40
26.10

uonew.opuy butwi] —y xipueddy
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Instruction

MULF
MULF
MULF

MULD
MULD
MULD

DIVF
DIVF
DIVF

DIVD
DIVD
DIVD

MODF
MODF
MODF

From

fetch
fetch
svept

fetch
fetch
svept

fetch
fetch
svept

fetch
fetch
svcpt

fetch
fetch
1st svept

To

end
svept
end

end
svept
end

end
svept
end

end
svept
end

end
1st svept
2nd svept

Max.

No. of
Micro-
cycles

89
82
93

101
91
106

89
73
96

101
85
112

93
86
29

Max.
Time
(Micro-
seconds)

30.47
28.37
27.90

35.58
32.58
31.80

30.47
25.67
28.80

35.58
30.78
33.60

31.78
29.57
8.70

Max.
Latency
Time
(Micro-
seconds)*

30.47
35.27
27.90

35.58
39.48
31.80

30.47
32.57
28.80

35.58
37.68
33.60

31.67
36.47
15.60

uofnew.soyul Bujwi —y xipusddy
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Instruction

MODF
MODF
MODF

MODD
MODD
MODD
MODD
MODD
MODD

*Note: These times include the register restore time.

From

2nd svept
2nd svept
3rd svept

fetch
fetch

11st svept
2nd svept
2nd svept
3rd svept

To

3rd svept
end
end

end

1st svept

2nd svept
3rd svept
end

end

Max.

No. of
Micro-
cycles

51
125
86

107
91
29
49
135
96

Max.
Time
(Micro-
seconds)

15.30
37.50
25.80

37.38
32.58

8.70
14.70
40.50
28.80

Max.
Latency
Time
(Micro-
seconds)*

22.20
37.50
25.80

37.38
39128
15.60
21.60
40.50
28.80

uonew.ojuj Buiwi —vy xjpusddy
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LSI-11 and LSI-11/23 Bus Timing

Even though the LSI-11 bus is asynchronous, many users did not take
advantage of this feature by optimizing their custom interfaces. Some
custom interfaces that work with LSI-11 and LSI-11/2 processors will
not work with the LSI-11/23 because this module performs bus
transactions faster than the earlier modules.

NOTE
Any custom interface that meets the LSI-11 bus
specification published in the LSI-11 Processor
Handbook will work with either the LSI-11 or LSI-
11/23 processor modules. Only modules that do not
abide by the specification have a potential compati-
bility problem.

Note the following while studying the table LSI-11 vs. LSI-11/23 Timing

Differences:

1. The LSI-11/23 performs bus transactions faster than the LSI-11.

2. Neither the LSI-11/23 nor the LSI-11 run at the maximum bus
speed.

Users should review their custom interface designs to make sure that

changing things like address set-up time from 285 ns. to 196 ns. will

affect their module operation.

All DIGITAL modules meet the bus timing specification and will work
with all processor modules. Also, modules designed with the DCK11
Chipkits will work properly with all processors.

LSI-11 vs. LSI-11/23 BUS TIMING DIFFERENCES
BUS SPEC' KD11-F? KDF11-A?®

BSYNC L—BDINL 100 ns. min. 190 ns. 130 ns.
BSYNC L—BDOUT L 200 ns. min. 285ns. 260 ns.
ADDRESS SET-UP TIME 150 ns. min. 285 ns. 196 ns.

ADDRESS HOLD TIME 100 ns. min. d100 ns. 100 ns.
REPLY TO DIN/DOUT 150 ns. min. 720 ns. min. 220 ns. min.

INACTIVE TIME 1120 ns. max. 285 ns. max.

NOTES:

1. Bus specification times are at the bus master inside the bus dri-
vers.

2. LSI-11 with 380 ns. microcycle time.
3. LSI-11/23 with 300 ns. microcycle time.
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LSI-11 INSTRUCTION EXECUTION TIME

The execution time for an instruction depends on the instruction itself,
the modes of addressing used, and the type of memory referenced. In
most cases the instruction execution time is the sum of a Basic Time, a
Source Address (SRC) Time, and a Destination ‘Address (DST) Time.

INSTR TIME = Basic Time 4 SRC Time 4 DST Time

(BASIC Time = Fetch Time 4 Decode Time - Execute Time)

Some of the instructions require only some of these times. All timing in-
formation is in microseconds, unless otherwise noted. Times are typical;
process timing can vary =20 percent. A 350ns microcycle is assumed.

SOURCE AND DESTINATION TIME
SRC TIME SRC TIME DST TIME DST TIME

MODE (Word) (Byte) (Word) (Byte)
0 0 _ 0 0 0
1 1.40 us 1.05 us 2.10 us 1.75 us
2 1.40 1.05 2.10 1.75
3 3.50 3.15 4.20 4.20
4 2.10 1.75 2.80 245
5 4.20 3.85 4.90 4.90
6 4.20 3.85 4.90 4.55
7 6.30 5.95 6.65 7.00

NOTE FOR MODE 2 and MODE 4 if R6 or R7 used with Byte operation,
add 0.35 s to SRC time and 0.70 us to DST time.

BASIC TIME

DOPS (Double Operand) DMO DM1-7
MoV 3.50 us 2.45 us
ADD,XOR,SUB,BIC,BIS 3.50 4.20
CMP,BIT 3.50 3.15
MOVB 3.85 3.85
BICB,BISB 3.85 3.85
CMP,BITB 3.15 2.80

NOTE

DMO = Destination Mode O
DM1-7 = Destination Modes 1 through 7
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SOPS (Single Operand) DMO DM1-7
CLR 3.85 us 4.20 us
INC,ADC,DEC,SBC 4.20 4.90
COM,NLG 4.20 4.55
ROL,ASL 3.85 455
TST 4.20 3.85
ROR 5.25 5.95
ASR 5.60 6.30
CLRB,COMB,NEGB . 3.85 4.20
ROLB,ASLB 3.85 4.20
INCB,DECB,SBCB,ADC 5.85 4.55
TSTB 3.85 3.50
RORB 4.20 4,90
ASRB 4,55 5.95
SWAB 4.20 3.85
SXT 5.95 6.65
MFPS (1067DD) 4.90 6.65
MTPS (1064SS) 7.00 7.00 *

* For MTPS use Byte DST time not SRC time.
* Add 0.35 us to instr. time if Bit 7 of effective OPR =1

JMP/JSR MODE DST TIME

1 0.70 us

2 1.40

3 1.75

4 1.40

5 2.45

6 245

7 4.20
INSTRUCTION BASIC TIMES
JMP 3.50 us
JSR (PC = LINK) 5.25
JSR (PC = LINK) 8.40
ALL BRANCHES 3.50 (CONDITION MET OR NOT MET)
SOB (BRANCH) 4.90
SOB (NO BRANCH) 4.20
SET CC 3.50
CLEAR CC 3.50
NOP 3.50
RTS 5.25
MARK 11.55
RTI 8.75 *
RTT 8.75 * +
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INSTRUCTION BASIC TIMES

TRAP,EMT 16.80 * us

IOT,RPT 18.55 *

WAIT 6.30

HALT 5.60

RESET 5.95 + 10.0 us for INIT 4 90.0 us
MAINT INST. (00021R) 20.30

RSRVD INST. (00022N) 5.95 (TO GET TO »ADDRESS 3000)

* |f NEW PS HAS BIT 4 or BIT 7 SET ADD 0.35 us FOR EACH
+ IF NEW PS HAS BIT 4 (T BIT) SET ADD 2.10 gs

EXTENDED ARITHMETIC (KEV11) INSTRUCTION TIMES

EIS Instruction Times

MODE SRC TIME
0 0.35 us
1 2.10
2 2.80
3 3.15
4 2.80
5 3.85
6 3.85
7 5.60
INSTRUCTION BASIC TIME
MUL 24.0 to 37.0 us If both numbers less than
256 in absolute value
64.0 us Worst Case 16 bit multiply
DIv 78.0 us Worst Case
ASH (RIGHT) 10.1 4 1.75 per shift
ASH (LEFT) 10.8 + 2.45 per shift
ASHC (RIGHT) 10.1 4 2.80 per shift
ASHC (LEFT) 10.1 -+ 3.15 per shift

FIS Instruction Times (us)
INST. TIME = BASIC TIME 4 SHIFT TIME FOR BINARY POINTS + SHIFT
TIME FOR NORMALIZATION

INSTRUCTION BASIC TIME
FADD 42.1 us
FSUB 42.4
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EXPONENT DIFFERENCE

ALIGN BINARY POINTS

0-7 2.45 us per shift
8-15 3.50 + 2.45 per shift over 8
16-23 7.00 + 2.45 per shift over 16
EXPONENT DIFFERENCE NORMALIZATION
0-7 2.1 us per shift
8-15 2.1 4+ 2.1 per shift over 8
16-23 4.2 4 2.1 per shift over 16

INSTRUCTION BASIC TIME (us)

FMUL 74.2 to 80.9 us if either argument
has only 7 bits of precision, i.e., the
second word of the 32 bit argument

is 0.

121.1 us worst case (i.e., arguments
have more than 7 bits of precision).

FDIV 151 us typical
232 us worst case

DMA (DIRECT MEMORY ACCESS) LATENCY
DMA latency, which is the time from request (BDMRL) to bus mastership
for the first DMA device, is 6.45 us, maximum. This time is the longest
processor DATIO cycle which occurs for an ASR instruction with destina-
tion modes of 1 through 7. DMA requests are honored during memory
refresh by the processor.

INTERRUPT LATENCY (ALL TIMES IN MICROSECONDS)

a.

If processor is performing memory refresh
(regardless whether KEV11 is present):
Time from interrupt request (BIRQ L)

to acknowledgement (BIAK L)

Time from acknowledgement (BIAK L)
to fetch of first service routine
instruction

Total time from request to first
service routine instruction

. If processor is not performing memory refresh

(and KEV11 not present):

Time from interrupt request (BIRQ L)
to acknowledgement (BIAK L)
(Longest instruction is 10T)

Time from acknowledgement (BIAK L)
to fetch of first service routine
instruction

Total time from request to first
service routine instruction

573
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If processor is not performing memory refresh

and KEV11 option is present:

Time from interrupt request (BIRQ L)

to acknowledgement (BIAK L) 27.6 us max

Time from acknowledgement (BIAK L)
to fetch of first service routine

instruction +16.5 us max

Total time from request to first _—_—

service routine instruction 44.1 us max
NOTE

During all KEV11 instructions (EIS and FIS), de-
vice and event interrupt requests are periodically
scanned. If present, the instruction is aborted
and all processor state information is backed up
to the beginning of the instruction. After the in-
terrupt is processed, the KEV11 instruction is
re-executed from the beginning. Caution should
be observed with the frequency of event inter-
rupts; if the frequency is too high, the KEV11
instruction will never complete. It is suggested
a maximum frequency of 3.3 kHz be used on the
event input if the KEV11 option is present. With-
out the KEV11, the maximum frequency should
not exceed 20 kHz. Both times allow approxi-
mately 50 us for the interrupt service routine.
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APPENDIX B
DIFFERENCES

PDP-11 FAMILY DIFFERENCES

The attached PDP-11 Family Differences table illustrates software mi-
gration between different members of the PDP-11 family. Each mem-
ber of the family has some slight differences in the way instructions are
executed. Any program developed using PDP-11 operating systems
with higher level languages will migrate with very little difficulty. How-
ever, some applications written in assembly language may have to be
modified slightly.
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948G

Activity LSI- PDP-11

1" 11/23 04 05/10 15/20 34 35/40 45

OPR%R, (R)}+ or OPR%R, —(R) using the X X X
same register as both source and destina-

tion: contents of R are incremented

(decremented) by 2 before being used as

the source operand.

OPR%R, (R)+ or OPR%R, —(R) using the X X X
same register as both register and desti-

nation: initial contents of R are used as the

source operand.

OPR%R, @(R)+ or OPR%R, @ —(R) using X X X
the same register as both register and des-

tination: contents of R are incremented

(decremented) by 2 before being used as

the source operand.

OPR%R, @(R)+ or OPR%R, @—(R) using X X X X
the same register as both source and des-

tination: initial contents of R are used as

the source operand.

OPR PC, X(R); OPR PC, @X(R); OPR PC, X X

@A; OPRPC, A: location A will contain the

PC of OPR +4.

OPRPC, X(R); OPRPC, @X(R), OPRPC, X X X X
A; OPR PC, @A: location A will contain the

PC of OPR +2.

seoueseliq—g xipueddy



LLS

Activity

JMP (R)+ or JSR reg, (R)+: contents of R
are incremented by 2, then used as the
new PC address. .

JMP (R)+ or JSRreg, (R)+: initial contents
of R are used as the new PC.

JMP %R or JSR reg, %R traps to 4 (illegal
instruction).

JMP %R or JSR reg, %R traps to 10 (illegal
instruction).

SWAB does not change V
SWAB clears V

Register addresses (177700—177717) are
valid program addresses when used by
CPU.

Register addresses (177000—177717)
time out when used as a program address
by the CPU. Can be addresses under con-
sole operation. Note addresses cannot be
addressed under console for LSI-11 or
LSi-11/23.

Basic instructions noted in PDP-11 Proc-
essor Handbook.

LSI-

11

11/23

04

05/10

POP-11

15/20
X

34

35/40

45

seoueJeyig—g xipueddy
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Activity LSI- PDP-11
1" 11/23 04 05/10 15/20 34 35/40

SOB, MARK, RTT, SXT instructions. X X X X X
ASH, ASHC, DIV, MUL. X X

XOR instruction. X X

The external option KE11-A provides MUL, X
DIV and SHIFT operation in the same data

format.

The KE11-E (Expansion Instruction Set) X
provides the instructions MUL, DIV, ASH,

ASHC. These new instructions are 11/45

compatible.

The KE11-F adds unique stack ordered X
floating point instructions: FADD, FSUB,

FMUL, FDIV.

The KEV11 adds EIS/FIS instructions. X
SPL instruction.

Power fail during RESET instruction is not

recognized until after the instruction is fin-
ished (70 milliseconds). RESET instruction
consists of 70 millisecond pause with INIT

occurring during first 20 milliseconds.
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Activity LSI- PDP-11

1" 11/23 04 05/10 15/20 34 35/40 45

Power fail immediately ends the RESET in- X
struction and traps if an INIT is in progress.

A minimum INIT of 1 microsecond occurs

if instruction aborted.

Power fail acts the same as 11/45 (22 mil- X X X
liseconds with about 300 nanoseconds

minimum). Power fail during RESET fetch

is fatal with no power down sequence.

RESET instruction consists of 10 micro- X X

seconds of INIT followed by a 90 micro-

second pause. Power fail not recognized

until the instruction is complete.

No RTT instruction X X

If RTT sets the T bit, the T bit trap occurs X X X X X X
after the instructing following RTT.

If RTl sets T bit, T bittrap is acknowledged X X

after instruction following RTI.

If RTI sets T bit, T bit trap is acknowledged X X X X X X
immediately following RTI.

If an interrupt occurs during an instruction X X X X X X X

that has the T bit set, the T bit trap is ac-
knowledged before the interrupt.

seoueleljig—g xipueddy
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Activity

If an interrupt occurs during an instruction
and the T bitis set, the interrupt is ac-
knowledged before T bit trap.

T bit trap will sequence out of WAIT
instruction

T bit trap will not sequence out of WAIT
instuction. Waits until an interrupt.

Explicit reference (direct access) to PS can
load T bit. Console can also load T bit.

Only implicit references (RTI, RTT, traps
and interrupts) can load T bit. Console
cannot load T bit.

Only address/non-existent references us-
ing the SP cause a HALT. This is a case of
double bus error with the second error oc-
curring in the trap servicing the first error.
Odd address trap notin LSI-11 or LSi-
11/23.

0Odd address/non-existent references us-
ing the stack pointer cause a fatal trap. On
bus error in trap service, new stack creat-
ed at0/2.

LSI-

1

X

11/23

04

05/10

PDP-11

15/20

34

35/40

45

seouseleligd—g xipueddy
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Activity LSI- PDP-11
" 11/23 04 05/10 15/20 34 35/40 45

The firstinstruction in an interrupt routine X X X X X X X
will not be executed if another interrupt oc-
curs at a higher priority level than as-
sumed by the firstinterrupt.

The first instruction in an interrupt service X
is guaranteed to be executed.

Eight general purpose registers. X X X X X X X
Sixteen general purpose registers. X

PSW address, 177776, not implemented X
must use new instructions, MTPS (move to
PS) and MFPS (move from PS).

PSW address implemented, MTPS and X X X
MFPS notimpiemented.

PSW address and MTPS and MFPS imple- X X X X
mented.

Only one interrupt level (BR4) exists. X

Four interrupt levels exist. X X X X X

Stack overflow not implemented. X X X
Stack overflow below 400 impiemented. X X X X X

Red and yellow zone stack overfow imple-
mented.
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Activity LSI-
1"
0Odd address trap not implemented. X

0Odd address trap implemented.

FMUL and FDIV instructions implicityuse X
R6 (one push and pop); hence, R6 must be

set up correctly.

FMUL and FDIV instructions do not impli-

citly use R6.

Due to their execution time, EIS instruc- X
tions can abort because of a device

interrupt.

EIS instructions do not abort because of a
device interrupt.

Due to their execution time, FIS instruc- X
tions can abort because of a device inter-
rupt.

EIS instructions do a DATIP and DATO bus X
sequence when fetching source operand.

EIS instructions do a DATI bus sequence
when fetching source operand.

MOV instruction does justa DATO bus se- X
quence for the last memory cycle.

PDP-11

11/23 04 05/10 15/20
X
X X X
X
X
X

Sseouelelig—g xipueddy
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Activity

MOV instruction does a DATIP and DATO
bus sequence for the last memory cycle.

If PC contains non-existent memory ad-
dress and a bus error occurs, PC wil have
been incremented.

If PC contains non-existent memory
address and bus error occurs, PC wili be
unchanged.

If register contains non-existent memory
address in mode 2 and a bus error occurs,
register will be incremented.

Same as above but register is unchanged.

If register contains an odd value in mode 2
and a bus error occurs, register will be in-
cremented.

If register contains an odd value in mode 2
and a bus error occurs, register will be un-
changed.

Condition codes restored to original val-

ues after FIS interrupt abort (EIS doesn't
abort on 35/40).

LSi-

1"

11/23

04

05/10
X

X

PDP-11

15/20
X

X

34

35/40

45
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Activity LSI-
1
Condition codes that are restored after X

EIS/FIS interrupt abort are indeterminate.

Op codes 075040 through 075377 uncon-
ditionally trap to 10 as reserved op codes.

If KEV11 option is present, op codes X
075040 through 075377 perform a memory
read using the register specified by the low
order 3 bits as a pointer. If the register
contents are a non-existent address, a trap

to 4 occurs. If the register contents are an
existing address, a trap to 10 occurs if user
microcode is not present. If no KEV11 op-
tion is present, a trap to 10 occurs.

Op codes 210 through 271 trap to 10 as
reserved op codes.

Op codes 210 through 217 are used as a X
maintenance instruction

Op codes 075040 through 075777 trap to
10 as reserved op codes.

11/23

04

05/10

PDP-11

15/20

34

35/40

45

soeoueleyig—g xipueddy
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Activity LSI-

Only if KEV11 option is present, op codes
075040 through 075377 can be used as es-
capes to user microcode. Op codes
075400 through 075777 can also be used
as escapes to user microcode and KEV11
option need not be present. If no user mi-
crocode exists, a trap to 10 occurs.

Op codes 170000 through 177777 trap to
10 as reserved instructions.

Op codes 170000 through 177777 are im-
plemented as floating point instructions.
Op codes 17000 through 177777 can be
used as escapes to user microcode. If no
user microcode exists, a trap to 10 occurs.

CLR, SXT, MFPS, MTPI and MTPD do just
a DATO sequence for the last bus cycle.

CLR and SXT do DATIP-DATO sequence
for the last bus cycle.

MEM.MGT maintenance mode SRO bit 8 is
implemented.

MEM.MGT maintenance mode SRO bit 8 is
not implemented.

1"
X

11/23

04

05/10

PDP-11

15/20

34

35/40

45
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Activity LSI- PDP-11
1 11/23 04 05/10 15/20 24 35/40 45

PS <15:12>, user mode, user stack point- X
er, and MTPX and MFPX instructions exist
even when MEM.MGT is not configured.

PS <15:12>, user mode, user stack point-
er and MTPX and MFPX instructions exist
only when MEM.MGT is configured.

Current mode PS bits <15:14> of 01 or 10 X X
will cause a MEM.MGT trap upon any
memory reference.

Current mode PS bits <15:14> setto 01 or
10 will be treated as user mode (11) and
not cause a MEM.MGT trap.

MTPS in user mode will cause MEM.MGT X
trap if PS address 177776 not mapped. If
mapped PS <7:5> and <3:0> affected.

MTPS is user mode will only affect PS <3: X
0> regardless of whether PS address

177776 is mapped.

MFPS in user mode will cause MEM.MGT

trap it PS address 177776 not mapped. If
mapped, PS <7:0> are accessed.

seoualeIg—g XIpueddy
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Activity LSI-

1

MFPS in user mode will access PS <7:0>
regardless of whether PS address 177776
is mapped.

A HALT instruction in user mode traps to
4.

A HALT instruction in user mode traps to
10.

If an RTT sets the T bit and the next in-
struction is an RTI, which clears the T bit,
the T bit trap will not be taken.

Same as above, but the T bit trap will be X
taken.

11/23

04

05/10

PDP-11

15/20

34

35/40

45
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LSI-11

BUSERR Trap
Memory Refresh
Trap Inst.

Trace Trap
PFAIL Trap

Bus Halt Signal
Event Line
Device Interrupts
Wait Loop

PRIORITY OF TRAPS AND INTERRUPTS

LSI-11/23

CTLERR Trap
MMU Trap
BUSERR Trap
PARERR Trap
Trap Inst.
Trace Trap
STOVF Trap
PFAIL Trap
Device Interrupts
Bus Halt Signai
Wait Loop

PDP-11/04

BUSERR Trap
Trap Inst.

Trace Trap
STOVF Trap
PFAIL Trap
Device Interupts
Console Halt
Wait Loop

PDP-11/05,10

BUSERR Trap
Trap Inst.

Trace Trap
STOVF Trap
PFAIL Trap
Device Interrupts
Console Halt
Wait Loop

seoueleyig—g xipueddy



686

PDP-11/34

ODDAD Trap
MMU Trap
BUSERR Trap
PARERR Trap
Trap Inst.
Trace Trap
STOVF Trap
PFAIL Trap

Device Interrupts

Console Halt
Wait Loop

PDP-11/35,40

PARERR Trap
MMU Trap
BUSERR Trap
STOVF Trap
(Red Zone)
Trap Inst.
Trace Trap
STOVF Trap
(Yellow Zone)
PFAIL Trap
Console Hait

Device Interrupts

Wait Loop

PDP-11/45

Console Halt
ODDAD Trap
STOVF Trap
(Red Zone)
MMU Trap
BUSERR Trap
PARERR Trap
STOVF Trap
(Yellow Zone)
PFAIL Trap’
PIRQ

Device Interrupts

Wait Loop
Trace Loop

BUSERR = Timeout Error

MMU = Memory Management Trap
PARERR = Parity Error

ODDAD = 0dd Address Error

STOVF = Stack Overflow

PFAIL = Power Fail

Inst. = Instructions

seouelelia—g xipueddy



Appendix B—Differences

KD11-F/KD11-HA/KDF11-AA DETAILED COMPARISON

The KDF11-A module uses five bused spare lines that were reserved
for future expansion to implement 18-bit addressing (two lines) and 4-
level interrupts (three lines). In addition, the processor uses several of
the SSPARE lines for test points or for control functions required
during manufacturing testing of the boards. These lines should not
cause users any problems unless they have inadvertently bused user
signals across the backplane on these pins. For a backplane pin as-
signment comparison, see the table below.

The KDF11-AA uses the LSI-11 bus closer to its specified limits than
either the KD11-F or KD11-HA. These bus timing differences, listed in
the table, should have no effect on any user of LSI-11 peripherals or
memories since a safety margin still exists between actual times and
bus limits.

Backplane Pin Assignment Comparison

Backplane
Line Name KDF11-AA KD11-F KD11-HA
AA1 BSPARE1 BIRQ5L Reserved* Reserved*
AB1 BSPARE2 BIRQ6L Reserved* Reserved*
BP1 BSPAREG6 BIRQ7L Reserved* Reserved*
AC1 BAD16 BDAL16L Reserved* Reserved*
AD1 BAD17 BDAL17L Reserved* Reserved*
AE1 SSPARE1 Single Step Not Used STOPL
AF1 SSPARE2 SRUNL SRUNL SRUNL
AH1 SSPARE3 SRUNL Not Used SRUNL
AK1 MSPAREA Not Used Not Used MTOEL
AL1 MSPAREA Not Used Not Used GND
AM2 BIAKIL MMU STRH Not Used Not Used
AR1 BREFL Not usedt BREFL Not Usedt
AR2 BDMGIL UBMAAPL Not Used Not Used
BC1 SSPARE4 MMU DAL18H Not Used SCLK3H
BD1 SSPARES MMU DAL19H Not Used SWMIB18H
BE1 SSPARE6 MMU DAL20H Not Used SWMIB19H
BF1 SSPARE7 MMU DAL21H Not Used SWMIB20H
BH1 SSPARES CLK DISL Not Used SWMIB21H
BK1 MSPAREB Not Used 4K RAM BIAS Not Used
BL1 MSPAREB Not Used 4K RAM BIAS NotUsed

*Even through these lines are not used on the KD11-F and KD11-HA,
they are bused on the backplane and terminated for future bus expan-
sion.

tNot used on the KDF11-AA and KD11-HA but terminated in the inac-
tive state to prevent problems with older memories.

All remaining pins are identical among all three processors.
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Appendix B—Ditterences

Comparison of KD11-F, KD11-HA, and KDF11-AA Bus Timing

Bus Specifi-

cation (ns) KD11-F KD11-HA KDF11-AA
Interval (ns) (ns) (ns)
BSYNC L
—BDINL 100 200 188 144
BSYNCL
—BDOUTL 200 300 281 288
BSYNCL
—BIAK L 325 600 562 435
Address set-
up time on
bus 150 300 281 180
Address
holding on 100 100 100 108
bus
Replay to 200 700+400/-0 675+375/-0 225+472/-0
DIN/DOUT
inactive time

System Differences—LSI-11 vs. LSI-11/23

Here is a list of system differences between the KDF11-A and the

KD11-F. It is intended to point out all possible problems that may arise

if a KD11-F is removed from a backplane and a KDF11-A is substitut-

ed.

1. KDF11-A has no boot loader in microcode—KD11-F has the “L"
command. Those users who are downline-loading to KDF11-As
will have to change their host software to enter the 14-memory-
word bootstrap loader via micro ODT. KDF11-A users whose
memory size varles will have to self-size the system via micro ODT
or enter a PDP-11 program to do the same thing. The LSI-11's
boot loader automatically sizes memory.

Those users still using paper tape and thus invoking the LSI-11
boot from a terminal will have to enter the 14-word PDP-11 boot
by hand from the terminal.

2. KDF11-A will not perform memory refresh, KD11-F does—The
dual LSI-11 board (KD11-HA) does not perform refresh either.
Nevertheless, there will be some users who pull out a KD11-F,
insert a KDF11-A, and then must do something else to keep re-
freshed, such as change over to the newer memories that perform
refresh locally (e.g., MSV11-C, MSV11-D).
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Appendix B—Differences

Event line is on level 6 in KDF11-A, on level 4 in KD11-F—The
KDF11-A has the optional capability to support four interrupt lev-
els, so the real time clock on normal PDP-11 systems is attached
to Level 6. In the KD11-F, it is attached to Level 4. Users who have
written software and have locked out the event line by setting the
priority level to 4 will still see the event line interrupt with the
KDF11-A. Users will have to set the priority level to 6 or above to
lock out the event line.

DIGITAL software is unaffected since it takes advantage of the fact
that in the KD11-F the other two bits of the priority level are
mechanized (read/write) but do not do anything. In many cases,
users do not lock out the clock at all because they do not want to
miss a tick, and if they have, the change is trivial and should be
only in a small number of places in their code.

KDF11-A does not bring four extra microcode bits to module
connector as KD11-F does—The KDF11-A does not have four
microcode bits like the KD11-F has. Users who are sensing these
four bits for one reason or another (e.g., bus initialize, bus error,
etc.) will have to make a change in their system.

The KDF11-A pulses SRUN (AF1, AH1) during ODT each time a
character is transmitted. The KD11-F and KD11-HA modules do
not pulse SRUN during ODT. All three modules do pulse the
SRUN line each time an instruction is fetched. Those users who
use SRUN for other than driving the RUN lamp should be aware
that they will get additional pulses.

The KDF11-A supports 18-bit addressing whereas the KD11-F
and KD11-HA modules only support 16-bit addressing. When the
KDF11-A has the MMU enabled, all modules on the bus must be
capable of responding to 18-bit addressing. Memory modules
must decode all 18 bits. Modules with DMA capability must ad-
dress 18 bits instead of only 16 bits. 1/0 interfaces that use BBS7
instead of decoding address bits 13 and above will work with
either 16- or 18-bit addressing.

There are some differences in instruction execution between the
KD11s and the KDF11-A. See Micro Note #053 for details.

ODT DIFFERENCES—LSI-11 AND LSI-11/23

This micro ODT difference list shows that there are some changes in
ODT between the LSI-11 CPUs and the LSI-11/23 CPUs. Notably, the
LSI-11/23 does not support the “L” command.

In most cases, if you are using ODT from a console terminal, your
program will not be affected. However, the slight differences in re-
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sponse to some commands may impact users who have programmed
a host computer to emulate a console terminal to down-load programs

to the LSI-11.

Micro ODT Differences: LSI-11 vs. LSI-11/23

LSI-11, LSI-11/2

All characters that are input are
echoed except when in the APT
command mode, where no char-
acters are echoed. An echoed
line feed (LF) will be followed by a
carriage return (CR) only (no sec-
ond (LF) or padding nulls). This
method creates a potential timing
problem with a TTY ASR33 which
types the next character before
the print head has completely re-
turned.

When an address location is
open, another location can be
opened without explicitly closing
the first location (e.g.,
1000/123456

2000/054321).

“4” will open the previous loca-
tion.

“@" will open a location using in-
direct addressing.
“«" will open a location using re-
lative addressing.

“M” will print the contents of an
internal CPU register.

Rubout (ASCII 177) will delete the
last character typed in.

“L"” is the boot loader command
which will load the absolute load-
er.

593

LSI-11/23

All characters that are input in
any command mode except the
APT mode are echoed except the
octal codes 0, 2, 10, 12, 200, 202,
210 and 212. This suppresses
echoing (LF)s, nulls (0), STXs (2),
and BSs (10)) because an au-
tomatic (CR) and (LF) follow. In
the APT command mode, no in-
put characters are echoed.

An address location must be ex-
plicitly closed by a (CR) or (LF)
command before another is
opened or else an error (7) will
occur and any open location will
automatically be closed without
altering it contents.

“4 is illegal and micro ODT prints
2(CR){LF)@.

“@" is illegal and micro ODT
prints ?(CR)(LF)@.

“?" is illegal and micro ODT
prints ?2(CR)(LF)@.

“M"” is illegal and micro ODT
prints ?(CR)(LF)@.

Rubout is illegal and micro ODT
prints ?2(CR)(LF)@.

“L" is illegal and micro ODT
prints ?2(CR)(LF)@.
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LSI-11, LSI-11/2

Control-Shift-S command mode
(ASCII 23) accepts 2 bytes form-
ing a 16-bit address and dumps
10 bytes in binary format. The 2
input bytes are not echoed.

Up to a 16-bit address and 16-bit
data may be entered. Leading ze-
roes are assumed.

Incrementing (LF), the address
177776 results in the address
000000.

Incrementing a PDP-11 register
from R7 prints out “R8” a the con-
tents of RO.

The I/0 page is in the address
group 17XXXX.

The micro ODT mode can be en-
tered from the following sources:

a. APDP-11HALT instruc-
tion.

A double bus error.

An asserted HALT line.
A power-up option.

An asserted HALT line

caused by a DLV 11
framing error.

A micro ODT bus error.

g. A memory refresh bus
error.

h. Aninterrupt vector time

out.

epao0g

—
:

LSI-11/23

Control-Shift-S command mode
(ASCII 23) accepts 2 bytes form-
ing an 18-bit address with bits
(17:16) always zeroes and dumps
10 bytes in binary format. The 2
input bytes are not echoed.

Up to an 18-bit address and 18-
bit data may be entered. Leading
zeroes are assumed.

Incrementing (LF), the addresses
177776, 377776,577776 and
777776 result in the addresses
000000, 200000, 400000, and
600000 respectively; i.e., the up-
per 2 bits of the 18-bit address
are not affected. They must be
explicitly set.

Incrementing a PDP-11 register
from R7 prints out “R0” and the
contents of RO.

The I/0 page is in the address
group 77XXXX where address
bits (17:12) must be explicit 1s.

The micro ODT mode can be en-
tered from the following sources:
a. APDP-11HALT instruc-
tion when in kernel
mode; the POKL line is
low and the HALT jump-
er option strap is pre-
sent.
b. Anasserted HALT line.
A power up option.
d. Anasserted HALT line
caused by a DLV11
framing error.

e. A micro ODT bus error:

o
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LSI-11, LSI-11/2 LSI-11/23

i. A non-existent micro PC
address

A carriage return (CR) is echoed A carriage (CR) return is echoed

and followed by just a line feed and followed by another (CR) and
(LF). line feed (LF).
No “H” command. “H"” causes the LSI-11/23 to exe-

cute a microcode routine that, in
effect, does nothing.
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APPENDIX C

INTEGRATED CIRCUITS

Vee
14 13 12 1

ainlalninEnln

cP-1271

Figure E-1 DEC 8640 QUAD 2-INPUT NOR GATES
(Bus Receiver)

Vee
14 13 12 11 10 9

1110101

g
e

Epupupug=puys

CP-1272
Figure E-2 DEC 8881 QUAD 2-INPUT NAND GATE
(Bus Driver)
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Appendix C—Integrated Circuits

gus 1 |

DATA IN1 2
DATA OUT 1 3

pus 2 -2

DATA IN 2 -3
DATA OUT 2 A—*
ENABLE A

GROUNDL

16

DATA IN 1

s o
|15 gus 4
1 paTA IN 4
13 pata ouT 4
L 12 ays 3
DATA IN 3
19 5ata out 3
ENABLE B
/_:__._]- BUS 1

2 hY
7 —7 3
ENABLE A DATA OUT 1
ENABLE B —2

ONE OF FOUR

Figure E-3 DEC 8641 QUAD UNIFIED BUS TRANSCEIVER
(Bus Receiver/Driver)
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0000 0000
to to
0777 0511
(Octal) | (Decimal)
Octal Decimal

10000 - 4096
20000 - 8192
30000 - 12288
40000 - 16384

50000 -
60000 - 24576
70000 - 28672
1000 0512
to to
1777 1023
(Octat) | (Decimal)

APPENDIX D

OCTAL-DECIMAL CONVERSION
OCTAL-DECIMAL INTEGER CONVERSION TABLE

0

1

3

S

1

$

0000
0010
0020
0030
0040
0050
0080
0070

0100
Q110
0120
0130
0140
a1s0
0160
0170

0200
0210
0220
0230
0240
0250
0260
0270

0000
0008
10016
10024
10032
10040

0048
0056

0064
0072
0030
0088
10096
{0104
on2
0120

0128
0136
0144
0152
0180
c168
[Uk{]
0184

0300, 0192
03100200
10320 | 0208
10330 0216
‘0340 0224

0360 ; 0240

r”o 10232

0370 | 0248

0001
0009
0017

0005
0013
002!
0029
0037
0045
0053
0081

0089
0077
0085
0093
0101
0109
on?
0132%

0133
o141
0149
0157
0165
0113
0181
0189

0197
0205
0213
022)
0229
0y
0245
0293

0008
0014
0022
0030
0038
0046
0054
0082

0070
0078
0096
0094
o102
oilo
o118
0126

0134
o142
0150
0158
0166
o174
0182
0190

0198
0208
0214
0222
0230
0238
0246
0254

0007
001s
0023
003t
0039
0047
005%
0062

0071
0079
0087
0095
0103
Ml
0119
27

013%
oda
0151
0159
0167
0173
0183
a9

0199
0207
0218
0223
0231
0239
0247
025%

0400
0410
0420
0430
0440
0450
0460
0470

0500
0510
0520
0530
0540
0550
0560
0570

000
0810
0820
0630
0640
0650
0660

0384
0382
0400
0408
0416
0424

0432

0870, 0440
0700 | 0448

10710 0456

0720 0464
0730 ' 0472
0740 0480
0750 0488
0760 | 0496

0257
0265
0273
0281
0289
0297
0305
033

0321
0329
0337
0345
0383
0361
0369
03717

0385
0383

0258
0266
0274
0202
0290
0298
0308
03¢

0322
0330
0338
0346
0354
0362
0370
0378

0386
0394
0402
410
o418
0426
0434
0442

0450
0458
0466
0474
0482
0490
0498

0411
0419
0427
0435
0443

0451
049
0467
0475
0483
0491
0499

0260
0268
0276
0284
0232
0300
0308
016

0324
0332
0340
0348
035
0364
0312
0380

0388
0396
0404
0412
0420
0428
0436
0444

0452
0460
0468
0476
0484
0492
0500

0261
0269
0277
028%
0203
0301
0309
on?

0325
0333
0341
0349
0257
0365
0373
0381

0389
0397
0405
0413
o421
0429
0437
0445

0453
0461
0469
0477
0405
0493
0501

0770/ 0504 0305 0308 0507_0308_0509.

0262
0210
0278
0286
0294
0302
oo
oxne

0328
0334
0342
03%0
0358
0366
0374
0382

0390
0398
0406
0414
0422
0430
0438
0448

0454
0462
0470
0478
04686
0494
0502

0263
oan
0219
0287
0295
030)
o
0319

0321
033s |
0343
033}
0359 |
0367
0313
0383

0391
0399
0407
0415
0423
04
0439
0447

0455
0463
0471
0479
0407
0493
0503

0510 0511
——=

0

Do

1

3

4

7

1000
1010
1020
1030
1040
1050
1080
1070

1100
o
1120
1130
(L1

0512
0520
0528
0536
0544
0552
0560
0568

0576
0s84
0592
0500
0608

115010616
1160 0624
1170, 0632

1200 0840
1210, 0648

1220
1230
1240
1250
1260
1210

1300
1310
1320
1336
1340
1350
1360
1370

0656
0664
0612
0880
0688
0696

0704
0712
0720
0728
0736
0744
0752
0760

05t
0s2t
0529
0537
0545
0533
[31])
0369

05717
0585
0593
0601
0609
0837
0625
0633

084
0849
0857
0665
0673
068}
0889
0697

0705
0719
121
0129
0137
0749
07183
9761

0570

0578
0588
0594

0610
0818
0626
0824

0642
0850
0658
0666
0574
0682
0690
0698

0706
Q714
0722
0730
0738
0746
0754
0762

0317
0525
0533
0541
0549
0957
05685
05713

0889
0897
0605
0613
0821
0629
0637

0645
0653
0861
0669
0877
0683
0693
0701

0709
on?
072%
0733
074t
0749
0157
076%

0518
0526
0524
0542
0550
0558
0566
0574

0582
0590
0598
0606
0814
0822
0630
0838

0646
0854
0662
0670
0678
0686
0694
0702

ono
0718
0726
0734
0742
0750
0758
0788

0519
0527
0535
0343
0581
0559
0567
0875

0583
0591
0599
0607
0515
0623
0631
0639

0847
0855
0663
(133}
0679
0687
0695
0703

0711
0719
o127
0735
0743
0751
0159
0167

1400|0768
14100176
14200784
1430,0792
1443 | 0820
14501 0808
1480 0616
1470|0024

|
1500 - 0832
151010840
1520 | 0848
15300856
1540 0864

1550
1560
1570

1600
1610
1620
1630

0872
0880
o888

0896
0904
0912
0920

1640 (0926
1650 0936
1660 10944
1670,0952

I
1100 10960
1710 0968
1720 {0976
1730 098¢
1740 | 0992
1750 | 1000
1760 [ 1008

17701016

0769
0117
0785
0793
0801
0809
0817
0825

0833
084}
0849
0857
0865
0873
0881
o889

0897
0905
0913
092t
0929
0931
0945
09%3

0961
0969
0977
0985
0993
1001
1009
1017

0710
0778
0786
0794
0802
0810
0818
0826

0834
0842
0850
0858
0866
0874
0882
0890

0898
0808
0914
0922
0930
0938
0948
0954

0962
0970
0978
0986
099¢
1002
1010
1018

0771
0719
0787
0193
0803
0811
0819
0827

0835
0843
0851
0859
0867
0875
088)
0891

0899
0907
0915
0923
0931

0939
047
0855

0963
0971
0979
0987
0898
1603
101
1019

0772
0780
0788
0796
0304
0812
0820
0828

08136
0844
0852
0860
o8es
0876
0884
[

0900
0908
0916
0924
0932
0940
0948
0956

0964
0972
0980
0988

1004
1012
1030

0173
0781
0789
0797

0813
0821
0829

0837
0845
0853
0861
ases
0877

0501
0909
0917
0925
0933
0941
0949
0857

0965
0973
0981
a8

1005
1013
1021

0114
0782
0790
0798
0808
0814
0822
0830

0838
0846
0854
0842
0870
0878
oass
0854

0902
0910
0918
0926
0934
0942
0950
0958

0866
0974
0982
0890
0998
1008
1014
1023

0715
0783
0791
0799,
0807
0815;
0823
0831

0839
0847
0855,
08683
o1
0870
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2000
to
2777
{Octal)

OCTAL-DECIMAL INTEGER CONVERSION TABLE (continued)

1024

L0
153%
(Decimal)

Octal Decimal

10000 -

3000
to
3777

204
{Octal) | (Decimal)

1536
to
7

Appendix D—Octal-Decimal Conversion

[

1

4

S

3

4

S

2000
010
2020
2030
o

2050
2070

2100
a0
120
130
2040
Q%0
60
a0

2200
o
2220
petl]
2240
2%
2280
227

2300
Mo
220
330
2340
2350

2370

102¢ 1025, 1026

1032
1040
1048
1056
1064
1072
1080

1088
1098
1104
112
1120
na
1136
1144

1152
1160
1168
1176
184
192
1200
1208

1216
1224
1232
1240
1248
1256
1264
171

1033
1041
1049
1057
1085
1073
1081

1089
1097
1105
un
1
1129
13
1145

153
1161
1189
nm
185
193
1201
1209

m?
1225
1233
124
1249
1287
1265

1273 |

1034
1042
1050
1058
1066
1074
1082

1080
1098
1108
1114
na
1130
13
1146

1154
nez
1w
1"
1186
1194
1202
1210

1218
1228
124
1242
1250
1258
1288
1274

1027
1033
1043
105)
1059
1087
1075
1083

1091

1nor
ms
1:23
uan
n3
1147

1ss
1163
un
n»”
1187
1195
1203
1211

1219
1227
1235
12
1251
1259
1267
12375

1028
1038
1044
1052
1060
1088
1076
1084

1092
1100
1108
ne
1124
n»n
1140
1148

1156
1164
umn
180
1nes
1196
1204
2

1220
1220
1238
1244
1252
1280
1288
1278

1029
1037
1045
1053
1081
1089
1077
1085

1093
1101
1108
m?
ns
13
1na
1149

1157
1165
nn
na
118%
1197

13

122
1229
12n
1245
1293
1261
1289
1217

10%
1038
1048
1054
1062
1070
1078
1088

1094
102
1110
1118
1128
1n4
nea
1150

1158
1168
17
182
1190
1198
1208
1214

1222
1230
1228
1248
1354
1262
1270
1278

100
1039
1047
1055
1083
1on

1087

1095
1103
Hnu
ny
nam
1133
1143
1S

1159
1167
1175,
1183
1191
1199
1207
ms

1223
123
1239
1247
1255,
1263
127

12%9)

2400
24010
420
2430
1440
2450
2460
2470

2500
510
2320
2530
2540
2550
2560
370

2600
2610
2620
630
2640
2656

2870

2700
mo
2720
2130
2740
1%
2760

2170

1280
1288
1298
1304
1312
1320
1328
1338

1344

1281
1289
1297
130%
m3
1321
1329
1337

145
1353
1381
1369
1377
1385
1293
(L]

409
1417
1425
1433
146
1449
1437
146%

“n
1481
1489
1497
1505
1913
1521
1529

1202
1290
1298
1308
1314
1322
1330
1338

1346
1354
1382
1370
1378
1388
1394
1402

1410
1418
1426
144
1442
1450
1458
1468

1474
1482
1490
1498
1506
1514
1522
1530

1283
1291
1299
1307
1315
1323
133
1339

1347
1355
138
1m
1319
1387
1395
1403

“n
1419
1427
1435
149
1451
1459
1467

1475
1483
1491
1499
1507
1518
1523

1204
1292
1300
1308
1316
1324
1312
1340

148
1356
1384
1372
1380
1388
1396
1404

1412
1420
1428
1426
1444
1452
1460
1468

1476
1484
1492
1500
1508
1516
1524
1532

1205
1293
1301

1309
117
1325
1333
1341

149
1357
1365
1313
1381

1397
1405

1413
1421
1429
1437
1445
1453
1461
1469

1477
148%
1493
1501

1517
1535
1533

1286
1294
1302
1o
118
1326
1334
1342

1350
1358
1366
1374
1382
1%0

1408

1414
1422
1430
1438
1446
1454
1462
1470

1470
1488
1494
1502
1510
1518
1526
1534

1287
1295
1303
13
109
1327
1335
1343

1351
1358
1367
13715
1383
191

1407

1415
1423
<M
1439
1447
1458/

1mn

1479
1487
1495

[E11)
1519
1527
1535

159

3

4

2

3000
3010
3020

3030
3040
3050
3060
3070

3100
310
20
kIR
3140
350
3160
n10

3200
3210
3220
3230
3240
3250
3260
270

1536
1544
1552
1580
1568
1578
1584
1592

1600
1608
1618
1624
1632
1640
1648
1656

1684
1672
1680
1688
1696
1704
m2
1720
!

3300 1728
310
3320
3330
3300
2350
3380
ano]

1736
1744
1752
1760
1768
17

1537
1545
1553
1581
1569
1517
1585
1593

1601
1609
1617
1623
1633
1641
1649
1657

1665
1673
1681
1689
1697
1705
m3
1721

1729
1"
1745
1753
1761
1769
1

1784 178%

1538
1340
1534
1562
1570
1570
1586
1594

1602
1810
1618
1626
164
1642
1650
1658

1688
1874
1682
1630
1698
1708
1714
1722

1730
1738
1746
1754
1762
1770
17178
17

1539
1547
1585
1563
157
1579
1587
159%

1603
1611
1619
1627
1635
1643
1651
1659

1667
1675
1683
1681
1699
1707
ms
13

1”0
1739
1747
1755
1763
1
1779

1540
1348
1556
1564
512
1580
1580
1598

1604
1612
1620
1628
1636
1644
1652
1660

1688
1676
1684
1692
1700
1708
1me
172¢

1732
1740
1748
1758
1764
1772
1780

7 1788

1541
1549
1557
1565
1573
158

1597

1605
1613
1821
1629
1637

1653
1668

1669
1677
1685
1693
1701

17
172%

1733
ta
1749
1757
1765
1773
1"
1789

1542
1550
1558
1566
1574
1582
1590
1598

1608
1614
1622
1630
1638
1648
1604
1662

1870
1678
1636
1654
1702
1mo
ms
1726

1734
1742
1750
1738
1766
1774
1782
1790

600

1543

3400

1551

1559

3410
3420

1567
1575

1591
1589

1607
1615
1623)
183
1629
1847
1655
1662

1671
1679

1695
1703
m
179
1727

1735
1743
1751
1759
1787
1775
1783
191

U3
3450
3460
M0

3500

o
3520

3780!32032 20:
13770 2040 204, 2942

1984
1992
2000
2008
016
2024

1793
1801

1817
182%
1833
1841
1849

1857
1885
1873
180)
1889
1897
1905
1913

9521
1929
1937
1945
1953
1981
1989
1M

1985
1993
2001
2009
2017
2025
2033

1794
1802
1810
1818
1826
1834
1842
1850

1858
1866
1874
1882
1890
1898
1908
914

1922
1930
1938
1946
1954
1962
1970
1978

1986
1994
2002
2010
2018
2026
204

1797

1813
1821
1829
1837
1845
1853

1861
1869
1877
1885
1892
1901
1909
7

1928
1923
1941
1949
1957
1965
1973
1981

1989
1997
2005
2013
2028
202%
2097

814
1822
1830
1838
1846
1854

1862
1870
1878
1888
1894
1902
1910
1918

1926
193¢
1942
1950
1958
1968
1974
1982

1990
1998

2014
2022
2030
203§

2045 _1346_

1799
1807
1815
1823
1831
1839
1847
1855

1883,
1871
1879
1887
1895
1903]
911
1919

1927
1935
1942
1951
1959
1967
1975
1983

2007
2013

2023)
2031
2039
2047



Appendix D—Octal-Decimal Conversion

CCTAL-DECIMAL INTEGER CONVERSION TABLE (continued)

4000 | 2048
to to
4777 2559
(Octal) | (Decimal)
Octal Decimal
10000 - 4096
20000 - 8192

30000 - 12:
40000 - 16384
50000 - 2
60000 - 24576
70000 - 2867
5000 2560

to to
5777 3071
(Octal) | (Decimal)

o 1 2 3 4 S [] 1

4

$

1

4000
4010
4020
4020,
4040
4050/
4060
4070

4100
4110
4120
4130
4140
4150
4160
4170]

4200
4210
4220
4230
4240
4250
4260
4270

4300
4210
4320
4330
4340
4350
4360
4370

2048 2049 2050 2051 2052 2053 2054 2055
2056 2057 2058 2059 2060 206F 2082 2063
2064 2065 2066 2067 2068 2069 2070 207t
2072 2073 2074 2075 2076 2077 2078 2079
2080 2081 2082 2083 2084 2085 2086 2087
2086 2089 2090 2091 2092 2093 2094 2095
2096 2087 2098 2099 2100 2101 2102 2103
2104 2105 2106 2107 2108 2109 2110 2111

2112 2113 2114 2115 2116 2117 2118 2119
2120 2121 2122 2123 2124 212% 2126 2127
2128 2129 2130 2131 2132 2133 2134 2135
2136 2137 2138 2139 2140 2141 2142 2143
2144 2145 2146 2147 2148 2149 2150 2151
2152 2153 2154 2155 2156 2157 2158 2159
2160 2161 2162 2163 2164 2165 2166 2167
2168 2169 2170 2171 2172 2173 2174 2175

2176 2177 2178 2179 2180 2181 2182 2183
2184 2185 2186 2187 2188 2189 2190 2191
2192 2193 2194 2195 2196 2197 2198 2199
2200 2201 2202 2203 2204 2205 2208 2207
2208 2209 2210 2211 2212 2213 2214 2215
2216 2217 2218 2219 2220 2221 2222 2223
2224 2225 2226 2227 2228 2229 2230 2211
2232 2233 2234 2235 2236 2237 2238 2238

2240 2241 2242 2243 2244 2245 2246 2247
2248 2749 2250 2251 2252 2253 2254 2255
2256 2257 2258 2259 2260 2261 2262 2263
2264 2265 2266 2267 2268 2269 2270 2271
2272 2273 2274 2275 2276 2277 22718 2219
2200 2281 2282 228) 2284 2285 2206 2287

2208 2289 2290 2291 2292 2293 2294 2295
2296 2207 2298 2299 2300 230! 2302 2301

“oo
4410
4420
4430
4440
4450
4460
4470

csool
4510
4520/
4530!
4540
4550
4560
4570]
4ooo‘
4610
4620 |
4630
4640
46%0 !
4660,
4670,

4710
4720
4730
4740
4750

2304
2312
2320
2328
2336
2344
2352
2360

2368
2176
2384
2392
2400
2408
2416
2424

2432
2440
2448
2456
246¢
2472
2480
2488

470011496

2504
2512
2520
2528
2536

4760 2644
47701 2552

2305
2l
2321
2229
2337
245
233
23681

2369
217
2385
2393
2401
2409
2417
2425

243
2441
2449
2457
2465
2473
2481
2489

2497
2505
2513
2521
2529
2537
2545
2553

2308
2314
2322
2330
2218
2246
2354
2362

2370
28
2386
2394
2402
2410
2418
2426

F1RN)
2442
2450
2458
2466
2474
2482
2490

2498

2307
231%
2323
3N
239
2.7
2358
2363

23n
2319
2387
2395
2403
24N
2419
2421

2435
2443
2451
2459
2461
2475
2483
2491

2499

2507

2515
2523
250
2539
2547
2555

2308
216
224
2312
2340
2248
2356
2364

23712
2360
2388
2396
2404
2412
2420
2428

2436
2444
2452
2460
2468
2476
2484
92

2500
2508
2516
2524
2532
2540
2548
2556

2309
n?
2325
2333
21
2349
2357
2365

273
238
2189
2397
2405
u1
2421
2429

2437
2445
2453
2461
2469
2477
2485
2493

2501
2509
2517
2525
2533
2541
2549
2551

2310
FE11)
2328
234
2
23350
2358
2368

224
2382
2390
2390
2408
2414
242
2430

4N
2446
2454
2462
2470
47
2486
2494

2502
2510
2518
2528
253¢
2542
2550
2558

3’1
319

! 0 1 2 3 4 5 6 7

3

w

5000
s0i0
$020
$030
S040
5050
5060
5070

5100
sti0
5120
5130
S140
5150
5160
5170

5200
s210
5220
5230
5240
$250
$260

$300
S310
$320
$330
S0
$3%0
$380
$370

s210!

2560 2561 2562 2563 2964 2565 2966 2567
2568 2569 2570 2571 2572 2573 2574 2319
2576 2577 2578 2579 2380 2381 4582 258)
2584 2585 2386 2587 2588 2389 2580 2591
2592 2993 2594 2595 2596 23597 2598 2999
2600 2601 2602 2603 2004 2605 2806 2607
2608 2609 2610 2611 2612 2613 2614 2615
2616 2617 2618 2619 2620 2621 2622 2623

2624 2625 2626 2627 2628 2629 2630 2631
2632 2633 2634 2615 2636 2637 2638 2639
2640 2641 2642 2643 2644 2645 2646 2647
2648 2649 2650 2651 2652 2653 2654 2655
2656 2657 2658 2659 2660 2661 2662 2663
2664 2665 2666 2667 2668 2669 2670 2671
2672 2673 2674 2675 2676 2677 2678 2679
2680 2681 2682 2683 2684 2685 2686 2687

2688 2689 2690 2691 2692 2693 2694 2695
2696 2697 2698 2699 2700 2701 2702 2703
2704 2705 2706 2107 2708 2709 2710 2711
'2712 2113 24 2715 2716 2717 2M8 2718
12720 2121 2722 2723 2724 2725 2126 2727
!2728 2729 2730 2731 2132 2733 2134 2735
12736 2737 2738 2739 2740 2741 2742 2743
2744 2745 2746 2747 2748 2749 2750 2751

2752 2753 2754 2755 2756 2757 2758 2759
2760 2761 2762 2763 2764 2765 2766 2767
2768 2769 2770 2771 2772 2773 2774 2715
2176 2777 2178 2779 2760 2781 2782 2783
2784 2785 2786 2787 2768 2789 2790 2791
2792 2793 2794 2795 2796 2797 2798 2799
2800 2801 2802 2803 2804 2805 2806 2807

2808 2800 2010 2011 2812 2813 2614 2815

601

5400
3410
5420
5430
5440
5450
$460
5470

5500
5510
$520
5530
5540
5550
5560
§570

$600
5610
5620
5630
5640
5650
5660
5670

3700
5710
$720
5730
5740
$750

2816
2824
2832
2840
2848
2856
2864
2872

2680
2088
2896
2904
2912
2920
2928
2936

2944
2952
2960
2968
2976
2584
2992
3000

3008
3016
3024
3032
3040
348
3056

5760
$770

817
2825
2833
2841
2849
2857
2065
2873

2881
2089
2897
2905
2913
2921
2929
2937

2945
2953
2961
2969
2917
298S
2993
3001

3009
n?
3025
3033
3041
049
3057

3064 3085

2819
2827
2835
2843
2851
2859
2867
287%

2883
2891
2899
2907
2915
2923
2931
2939

2947
2955
2983
297}
2979
2987
2995
3003

3o
3019
3027
3035
3043

3059
3067

2820
2028
2836
2844
2852
2860
2868
2876

2884
2892
2900
2908
2916
2924
2932
2940

2948
2956
2964
2972
2980
2988
2996
3004

3012
3020
3028
3036
3044
3052

3068

2821
2029
2037
2845
2053
2861
2869
287

2885
2891
2901
2909
2917
2925
2933
2941

2949
2957
2965
2973
2981
2989
2997
3005

3013
ao21
3029
3037
2045
3953

2022
2830
2638
2846
2854
2862
2870
2878

2886
2894
2902
2910
2918
2926
2934
2942

2950
2958
2966
2974
2982
2990
2998
3008

3014
3022
3030
3038
3046
3084
3082
3070




Appendix D—Octal-Decimal Conversion

OCTAL-DECIMAL INTEGER CONVERSION TABLE (continued)

3072
to

3583
(Decimal)

6000

to
6777
(Octai)

Qctal .Decimal
- 4096

50000 - 20480
60000 - 24576
70000 - 28672

7000
to
7777
(Octal)

3584
to

0

]

$

6000
6010
6020
6030
6040
Iﬁiol
6080
6070

6100
6110 .
6120 .
6130,
6140
8150
6160
8170

6220
6230
6240
6230
6260
6270

360
3168
Eikl]
3184
ans2

3200

€210 (3208

18
224
121
3240
248
256

300 , 3264
8310 13212
6320 | 3280
€330 3208
$340 ;3296
6350 3304
8360 13312
6370 13320

2n
241

3257

3265
3273
3201
3269
13297
3308
313
3321

3074
3082
3090
3098
3108
e
nn
i

3138
3146
3154
ae2
e
318
3186
N4

3202
a0
kit
3226
323
3242
3250
3258

3266
121
3282
3290
3298
3306
3314
3322

3196

2204
21
3220
228
3236
244
3252
3260

3268
3276
204
3292

33108
ane
322

017
2085
3093
ot

mn
328
N3

3141
3149
ns?
n6s
an
3181
3189
a9

3205
213
221
229
3237
3245
3253
326l

3269
nM"
328%
3293
3301
3309
317
3328

3078
3088
3094
02
nwo
3118
Jize
I

3142
3150
atse
66
3174
3182
3180
s

3208
214
222
3230
3238
3246
3254
3282

27
3278
3286
3294
3302
3310
318
332

3328
3336
3344
352
3360
3368
6
3384

1392
3400
3408
3416

6540, 342¢
6530, 3422
6560 3440
6570 2448

6600’ 3436
6610, 3464
6620° 472
6630} 3460
6640' 2488
6650, 3496
6660/ 3504
8670, 3512

6700
6710
6720
6730
6740
6750
8760

(8710}

3820
2520
3526
3544
3552
3560
2568
| 3576

3330
3238
3346
3354
3362
N
3378
3386

3394
3402
3410
las
3426
3434
442
3450

3458
3466
3474
3482
490
3498
3506
asie

922
3530
3530
1548
34
3562
as?0
3578

an
339
3347
3355
3363
an
30
387

3398
1403
un
419
427
43
10
51

3459
3467
7S
3483
3491
3499
3507
15

5
931
3
3547
3558
3563
nsn
3578

3332
3340
8348
3356
3364
an
3380
3388

3386
3404
a2
3420
3420
3426
3444
3452

460
3468
3476
3484
3492
3500
3508
3sté

524
332
3540
3548
3556
3564
72
3580

pREH
I
3349
3357
3365
an
3381
3389

3397
3405
3413
3421
3429
kL%
3448
M9

461
3469
4
485
483
3s01
3509
s

352§
31
2541
3549
3557
3565
3573
3s81

333
a2
3350
3358
3366
3
3382
3380

3398
3406
34t4
422
3430
3438
3446
3454

462
3470
3478
3486
3494
3502
3510

3818 -

3526
3834
3542
3550
3558
3568
3574
3582

2

L}

5

[

4

5

4095 |1
(Decimal)

1240
7250/

7270

1300
310
1330
1330
1340
1350

7370

3586
3602

3788
m

e
ne

ases
3596
3504
612
3620
3628
3636
3644

3652
3660
3668
3678
3084
3692
700
3708

3718
3724
132
3740
348
3758
764
nmn

3780
%8

aun
9
nn
3833

3589
597
3605
3613
3621
3629
3837
3648

3633
3861
3689
3817
3689
3693
701
3109

m1

n
741
349
3787
3768
3

378t
3188
3797

»3
BN

u

3590
3598

7400
7410
1420
7430
7440
7450
1460
410

7500
510
1920
7530
1540
7550
7560
%7

7600
1610
1620
1630

1650
1660
7670

1700
mo
1720
1130
7740
1%

1170

3840
3848
3856

873
3881

3897

3805
3913
3921
3929
3937
3948
3953
3961

3969
Ky
398$
389

4009
4017
4025

4033
4041
4049
4037

4073
4081
4089

3842
3850
38se

874
3802

3898

3906
914
3922
3930
3938
3946
3954
3962

970
976
3986
3994
4002
4010
4018
4028

4034
4042
4050
4038
4088
4074
4082
4090

3843
3851
3859
3867
2875
asal
2891
3898

3907
3918
323
3931
3939
3947
3955
3963

M
3979
3987
3995

4011
4019
4027

4035

051
4059
4087
4078
4083
4091

3844
3852
3860
3868
3876
38084
3892
3900

3g08
e
392¢
3932
1940
3948
3956
3964

3972
3980
3988
3996
4004
4012
4020
4020

4036
4044
4082
4060
4088
4076
4084
4092

3848
3853
3881
3869
un
3885
3893
50

3909
mr
3925
3933
3941
1949
2957
1965

3973
3981
3989
3997
4005
4013
4021
4029

4037

4053
4081
4089
4017
4085
4093

3046
3854
862
3870
3078
1888
3894
3902

3910
e
3926
3934
942
3950
3958
3966

3974
3982
3990
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