

































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































RKV11-D

fore the write. Alters the normal read operation in that only one word,
the header word, is transferred to memory per sector. For example, a
3-word read function in format mode will transfer header words from
three consecutive sectors to three consecutive memory locations for
software checking.

Bit: 11 Name: IBA (Inhibit Incrementing the RKBA)
Description: This read/write bit inhibits the RKBA from incrementing
during a normal tranfer function. This allows data transfers to occur to
or from the same memory location throughout the entire transfer op-
eration.

Bit: 12 Name: Unused

Bit: 13 Name: SCP (Search Complete)

Description: This read-only bit indicates that the previous interrupt
was the result of some previous seek or drive reset function. Cleared
at the initiation of any new function.

Bit: 14 Name: HE (Hard Error)

Description: - This read-only bit sets when any of RKER 5-15 are set.
Stops all control action, and processor reaction is dictated by RKCS 6
(IDE), until cleared, along with RKER 5-15, by INIT or by a control reset
function.

Bit: 15 Name: ERR (Error)
Description: This read-only bit sets when any bit of the RKER sets.

Processor reaction is dictated by RDCS 6 and RKCS 8 (IDE and SSE).
Cleared if all bits in the RKER are cleared.

WC16 WCoo
1 1 1 i 1 1 | 1 | Il | 1 1 1 !

CP 3140

Figure 10 Word Count Register (RKWC)—Address 177406
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Table6 Word Count Register Bit Descriptions

Bit: 0-15 Name: WCO00-WC15

Description: The bits in this register contain the 2's complement of
words to be affected or transferred by a given function. The register
increments by one after each word transfer. When the register over-
flows (all WC bits go to zero), the transfer is complete and RKV11-D
operation is terminated at the end of the present disk sector. However,
only the number of words specified in the RKWC are transferred.

BA15 BAOO
1 1 1 1 1 [l 1 1 | 1 1 1 1 1 1

CP 3135

Figure 11 Bus Address Register(RKBA)—Address 177410

Table 7 Bus Address Register Bit Descriptions

Bit: 0-15 Name: BA00-BA15

Description: The read/write bits in this register contain the bus
address to or from which data will be transferred. The register is
incremented by two at the end of each transfer.

NOTE
This register will not respond to commands while the
controller is busy. Therefore, RKDA bits are loaded
from the bus data lines only in the control ready (bit 7
of the RKCS) state, and are cleared by BUS INIT and
control reset. The RKDA is incremented automatical-
ly at the end of each disk sector.

15 14 13 12 1 10 09 08 a7 06 05 04 03 02 01 00
T 1 I I L 1 I ! 1 I I
DRIVE SELECT CYLINDER ADDRESS SUR SECTOR ADDRESS
2 4 1 4 0 7 6 ) 8§, 4 4 3, 2 41 0 3, 2,1 40

CP 3136

Figure 12 Disk Address Register (RKDA)—Address 177412
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Table8 Disk Address Register Bit Descriptions

Bit: 0-3 Name: SA (Sector Address) _
Description: Binary representation of the disk sector to be ad-
dressed for the next function. The largest valid address (or number)
for the sector address is 13;.

Bit: 4 Name: SUR (Surface)

Description: When active, enables the lower disk head so that opera-
tion is performed on the lower surface; when inactive, enables the
upper disk head.

Bit: 5-12 Name: CYL ADDR (Cylinder Address)

Description: Binary representation of the cylinder address currently
being selected. The largest valid address.or number for the cylinder
address is 312,.

Bit: 13-15 Name: DR SEL (Drive Select)
Description: Binary representation of the logical drive number cur-
rently being selected.

DB16 DBOO
Y B I | ) | J I [l —_1 A 1 1 1 .

cP N34

Figure 13 Data Buffer Register (RKDB)—iAddress 177416

Table 9 Data Buffer Register Bit Descriptions

Bit: 0-15 Name: BD00-BD15 :
Description: The read-only bits of this register work as a general
data handler in that all information transferred between the control
and the disk drive must pass through this register. Loaded from the
bus only while the RKV11-D is bus master during a DMA sequence.
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PROGRAMMING

RKV11 Boot Program
The following boot program can be used to boot an RKV11/RK05
system from drive unit 0.

@1000/000000 12700<LF>
001002 000000 177406 <LF>
001004 000000 12710<LF>
001006 000000 177400<LF>
001010 000000 12740<LF>
001012 000000 5<LF>
001014 000000 105710<LF>
001016 000000 100376 <LF>
001020 000000 5007 <CR>
@1000G
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RLV11
RLV11 RLO1 DISK DRIVE CONTROLLER

GENERAL

The RLV11 option is designed to interface RLO1 disk drives with the
LSi-11 bus. The RLV11 controller can be used only in an H9273-A type
backplane (PDP-11/03L or BA11-NE), which incorporates the LSI-11
bus in slot AB and an interboard bus in slot CD. The 2-card controller
can interface up to four RLO1 disk drives for a complete system. The
RLV11 option consists of two quad-size boards, an RLO1 disk drive,
and all the necessary cables.

The RLO1 disk drive is a random access, mass storage system that
stores data in fixed-length blocks on a preformatted disk cartridge.
Each drive can store 5.24 million bytes and a complete system can
store up to 21 million bytes. The RLV11 transfers data to and from the
LSI-11 bus using direct memory access (DMA) techniques. This allows
data transfers to occur without any processor interruptions and at the
bus bandwidth speed.

FEATURES
¢ 5.24 million bytes per RLO1 disk drive; 21 million bytes per system

® 10.48 million bytes per RLO2 disk drive; 42 million bytes per system

e Up to four RLO1 or RLO2 disk drives or a combination can be used
with one RLV11 controller

® Universal power supply, 110/220 V, 50/60 Hz
® Bootstrap provided on BDV11

® Mounts in a PDP-11/03-L system, BA11-N expansion box, or
H9273-A backplane

o DMA transfers to and from the LSI-11 bus at 256K words per second

e 256 word silo buffer that eliminates late data er?ors on normal reads
and writes

SPECIFICATIONS
LSI-11 Bus Modules
Identification M8013
M8014
Size . Two quads
Power +5Vdc £5% at6.5 A
+12Vdc +3% at1A
Bus Loads
AC 3.2
DC 1
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RLO1 Disk Drive
Data Organization

Formatted Capacity

Recording Density

Recording Method

Performance
Peak Transfer Rate

Head Positioning Time

Rotational Latency

Operating Environment
Temperature Range

Relative Humidity
No Condensation
Max. Wet Bulb
Altitude

Heat Dissipation

Operation
Start Time
Stop Time
Rotational Speed

Power
Drive
Start Current
Running Current

RLV11

564

256 bytes per sector

40 sectors per track

256 tracks per surface

256 cylinders per cartridge
2 surfaces per cartridge

10,240 bytes per track
20,480 bytes per cylinder
5.24M bytes per cartridge
21M bytes per controller

125 tracks/in.
3725 bits/in (max.)

MFM

3.9 us per word

512.5K bytes per second
15 ms track-to-track

55 ms average

100 ms maximum

12.5 ms average

10° to 40° C (50° to 104° F)
at sea level
1010 90%

28° C(82° F)

Up to 240 m (8000 ft.) at max.
temperature of 36° C (96° F)
150 W (600 Btu/hr.)

50 seconds
30 seconds
2400 rev/min.

Single-phase
5 A/1.6 Amax., 110V, 50/60 Hz
2.5 A/0.85 A max., 230V, 50/60
Hz
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Mechanical Drive 48 cm wide X 63.4 cm deep X 27
Size cm high (19. in wide X 25 in. deep
X 10.5in. high)
Weight 33.75kg (75 1b.)
Mounting RETMA standard 48.26 cm

(19in.) rack-mounted on slides
(provided). Recommended maxi-
mum height from floor is 18.9 cm
(48in.).

Stand-alone cabinets for expan-
sion (standard option) available.

Cartridge 2 data surfaces
Embedded servo
Top loading
Cable Lengths
Standard
Power 3.05m (10 ft.)
Controller to Drive 3.05m (10ft.)
Drive to Drive 3.05m (10 ft.)
Optional
Drive Cables 6.96, 12.19, 18.29, m
(20, 40, 60 ft.)
NOTE

Maximum physical length from controller to last
drive should be 30.48 m (100 ft.).

DESCRIPTION

General

The RLV11 controller was designed to interface the RLO1 disk drives
to the LSI-11 bus. One RLV11 controller can support up to four RLO1
disk drives. The controller consists of two quad-height modules that
plug directly into an LSI-11 backplane assembly. The backplane
should be structured as an H9273 (slots AB are LSI-11 bus and slots
CD are an interboard bus. Refer to section H9273.)
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The M8014 module contains all the LSI-11 bus-related circuits. Items
such as the bus control circuits, bus transceivers and decoders, pro-
grammable registers, and the FIFO circuits are located on this module.
The bus control function consists of the register protocol, interrupt
control, operation incomplete timer, direct memory access, and non-
existent memory timer. The bus transceiver circuits transmit and re-
ceive both data and address information on the bus. The programm-
able registers consist of the control/status register, bus address word
counter, disk address register, and the multipurpose register. The
FIFO circuits are a first-in/first-out memory that can store up to 256
16-bit data words.

The M8013 module contains all the controller timing and sequence
logic and the data formatting circuits necessary to read and write on
the disk. The microsequencer logic decodes the function command
and proceeds to the address of the routine associated with the com-
mand. The write precompensation logic encodes the data into modi-
fied frequency modulation and precompensates the data for peak
shifting effects. The cyclic redundancy checker is used to detect errors
and compute CRC on a write operation. The data source selector
allows the multiplexing of the data under control of the microsequen-
cer. The header compare circuits compare the first header word re-
ceived from the data separator with the serial disk address word
coming from the disk address register.

The major functional sections of the RLV.11 controller are shown in
Figure 1. The processor controls the RLO1 disk drives indirectly by
means of the RLV11 controller. The controller has four registers: the
bus address register (BAR), disk address register (DAR), con-
trol/status register (CSR), and a multipurpose register (MPR). Of these
four registers, the CSR is always written last because it initiates the
microsequencer operation. These registers can be addressed like any
other memory location.

566



198

LSi BUS

CAC ERR . I CRC NOT ZERO

{;BPOK

MB8014 MBo13
I [ on cnn
- ! DR RDY
i {>—JoRsEL0
i DR SEL 1
K M csr
BUS {
CONTROL L) FUNCTION CMDS > <f={ sTatus cu
______ - SEC PLS
l DATA LATE
REGISTER MICRO SEQUENCER x‘ SYS CLK
_?gTEC_Oi oF1 oLt I MISMATCH AND WR GATE
NTERRORT WNF I FUNCTION CONTROL
CONTROL I
oPl
o " I HEAD
ConTROL 2 ¢> COMPARE
——————— BAR I
NXM E’ l RY
= DATA AREA
5 1
&
= :> we l “ SEND DRIVE COMMAND
]
H L | Hor— or cmo
xcns | -
AND <:> SEA DA DATA AITE I
v Wi
::gg;?s @ DAR | SER DATA OUT .} <6 mee —D ',s: \ PRECOM- WR DATA
] DS DATA | SELECTOR | PENSATION I
l WAT MKR
l MAINT
AiAL DATA | DATA SEPARATOR
L FIFO SERIAL D AND PLL RD DATA
FIFO
A0
CONTROL | 0 Tus STATUS
POWER
3 PWR FAIL
R
BUFEE | DRIVE BUS XCVAS

Figure 1

RLV11 Controller Simplified Block Diagram

[ONTE)

LLATH



RLV11

To issue a function command, the processor places the address and
data onto the LSI-11 bus in a multiplexed fashion. The RLV11 controll-
er decodes the information and channels it to the appropriate register.
Once the desired function command is written into the control/status
register, it begins the microsequencer routine. The control mi-
crosequencer goes through a different routine for each of the eight
possible command functions. These routines manipulate the data for-
matting circuits to format the data properly. Included in the data
formatting function is an error detection feature that uses cyclic redun-
dancy checking (CRC).

The data buffer (silo) is a data storage element used primarily when
reading or writing the RLO1K disk under DMA control. It is a FIFO
memory that can store up to 256 words of data. The data buffer also
performs data conversion functions. It converts parallel data coming
off the LSI-11 bus into the serial form that can be written onto the disk.
When performing a read operation, it reverses the direction of data
flow and converts the serial disk data back into its parallel form.

Bus Control Functions .
The bus control block consists of five separate functional units.

o Register Protocol Circuit—This circuit selects the controller register
to be read or written and supplies the required control signals for
loading and reading.

e Interrupt Control Circuit—This circuit sends out a bus interrupt re-
quest to the processor when the controller has completed a com-
mand operation and the interrupt enable bit is set. It also passes or
blocks the processor interrupt acknowledge along the priority daisy
chain and produces control signals for the generation of RPLY and
vector data.

e OPI Circuit—This circuit is the operation incomplete (OPI) timer.
This timer is initiated upon issuing a controller command. If the
command sequence is not completed within the 490 msec nominal
OPI time-out period, an OPI error bit is set in the control/status
register. The controller ready bit is also set and the processor re-
ceives an interrupt request if enabled.

o DMA Control Circuit—The direct memory access (DMA) circuit
coordinates the timing of the controller FIFO during DMA data ex-
changes with memory.

e NXM Circuit—The nonexistent memory (NXM) circuit is a timer used
when the controller is attempting to read or write from memory. ltis
initialized by the bus SYNC signal and gives the memory device 10
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usec to reply to a controlier data in (DIN) or data out (DOUT) signal.
If the reply (BRPLY) is not received within 10 usec, the NXM error bit
is set in the CSR. NXM time-out can also occur because of a failure
at the controller or drive.

Bus Tranceivers

These circuits transmit and receive both data and address information
on the bus. The address decoder circuit compares each incoming
address with the controller's preset base address. When a match is
found, the register protocol circuit is enabled.

Programmable Registers

Control/Status Register (CSR) — The CSR is a holding register for
command control information such as drive select, function to be per-
formed, interrupt enable, and extended address bits. it also indicates
drive ready and error conditions.

Bus Address Register (BAR) — The BAR contains the 16-bit memory
address to which the next DMA transfer is to be made. It is increment-
ed by 2 under control of the DMA control circuit at the end of each
DMA transfer.

Disk Address Register (DAR) — The DAR contains the next sector
address where data is to be read or written on the disk. It is increment-
ed by 1 at the end of each sector read or written. The DAR is used also
to store drive command information that is sent to the drive during a
seek or get status operation.

Multipurpose Register (MPR) — The MPR is not a single physical
entity like the other registers. It consists of two separate registers, the
word counter and the FIFO output buffer, both bearing the same base
address.

When writing the MPR, the data word is loaded into the word counter
(WC) register. The WC register contains the number of data words
remaining to be transferred under DMA control. The WC register is
incremented by 1 under control of the DMA control circuit at the end of
each DMA transfer.

When reading the MPR, the data word is read from the FIFO output
buffer. After a read header command, it contains the header words.
After a get status, it contains the disk drive status.

FIFO
The FIFO is a first-in/first-out silo-type memory element that can store
up to 256 data words. When full, it holds two sectors of data. A FIFO
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serializer circuit converts the FIFO parallel data into the serial form
needed for writing to the disk. Similarly, the serial data read from the
disk is converted to parallel form through the same serializer circuit.

The FIFO contents can be recovered by reading the current data word
in the MPR. For example, to recover three FIFO words requires three
successive readings of the MPR. During disk read and write

operations, the FIFO is emptied and filled under control of the DMA
logic.

Microsequencer Logic

The microsequencer first decodes the function command by using
three funcion bits to point to an address in the sequencer ROM. There
it finds a routine that corresponds to the command issued. It then
proceeds to generate the timing and control signals needed to chan-
nel the incoming or outgoing data through all its various paths within
the controller.

Write Precompensation

This circuit performs two major functions. It encodes digital data into
its MFM form, and it precompensates this data for peak shifting ef-
fects.

MFM encoding is a magnetic recording technique used by the RLO1
drive. A flux reversal is written on the disk in the center of a bit cell to
represent a logical 1. To represent two successive logical Os, a flux
reversal is written at this common cell boundary. This recording tech-
nique guarantees at least one flux reversal for every two cell bits.

One of the problems associated with magnetic recording is a phenom-
enon called peak shift. Adjacent flux reversais on a track appear to be
displaced from where they were written. To offset peak shift, the
precompensation logic is used to displace the encoded data pulses in
the opposite direction as the expected peak shift before they are writ-
ten.

Data Separator

The data separator circuit makes use of a phase-locked loop oscillator
to detect and decode incoming MFM disk data into its digital logical
representation. It also generates the timing signals used by the mi-
crosequencer to control the read data operations.

CRC Circuit
The cyclic reduncancy checker (CRC) is an error-detection circuit. For
any data written on the disk, a code is generated in the CRC circuit by
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an internal algorithm. The code is then appended onto the end of each
header sector in the form of a CRC word. When this header or sector is
read from the disk, the data is channeled through the CRC circuit. Any
errors introduced into the data or its CRC word are detected and a
CRC error bit is set in the CSR.

Data Source Selector

This circuit allows the multiplexing of different data sources under the
control of the microsequencer. There are five different sources of
data: CRC data, serial disk address data, serial FIFO output data, data
separator (DS) data, and the write marker pulse.

Header Compare Circuit

The function of the header compare circuit is to compare the first
header word coming from the data separator with the serial disk ad-
dress word coming from the DAR. This compare is done serially on a
bit-by-bit basis. If any pair of bits is not identical, a mismatch signal is
generated. At the end of a compare, the result is available to the
microsequencer.

CONFIGURATION

General

Ali software control of the RLV11 controller is performed by means of
four device registers. These registers are assigned addresses and can
be read or written (as required) under software control. DIGITAL soft-
ware requires that the device addresses are within the range of 160000
to 177777. This device address is preset at the factory to 174400. The
address can be changed by setting the rocker switches designated
“bus address switches” in Figure 2. These switches are used to assign
a specific address to the control/status register (CSR) and the
remaining registers will be assigned the next three addresses as
shown in Table 1. A logical 1 is represented when the switch is placed
on the ON position. Figure 3 shows the switch positions for the factory
set address. The M8014 module must be located immediately after the
M8013 module on the LSI-11 bus priority chain.
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COMPONENT SIDE 1
RLV11 BUS INTERFACE BOARD M8014

MSB
BUS ADDRESS SWITCH
LSB
SBE

mss
VECTOR SWITCH

L

1 PT ]

DY1 ‘DAl (2 4] CA1 BY1 BA1 AY1 AA1

e
>

Figure2 RLV11 Bus Interface Module (M8014)

Table1 Standard Assignments

Read/
Description Mnemonic  Write Address
Registers
Control/Status CSR R/W 174400
Bus Address BAR R/W 174402
Disk Address DAR R/W 174404
Multipurpose MPR R/W 174406
Interrupts
Interrupt Vector 160
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DEVICE ADDRESS FORMAT
1514 13 12 11 10 039 08 07 06 05 04 03 02 01 00

|
!

1 1 1 A9 | A8 | A7 |.AB A5 A4 | A3

TTITT]
| |

{BANK 7 SELECTED}
FACTORY
CONFIGURATION
CSR 174400
BAR 174402
DAR 174404
MPR 174406

P

4 5 6 7

© +—0 -
> *—0oe—ol

-

A12
1
1

BUS ADDRESS SWITCH

0=SWITCH OFF
1=SWITCHON

MRA-1274

Figure3 RLV11 Device Address Format

The interrupt vectors are allocated memory locations from 0-774. The
recommended interrupt vector for the RLV11 is 160 and is preset at
the factory for this vector. The user may set the rocker switches desig-
nated “vector switches” in Figure 2 for any vector within the allocation.
A logical 1 is presented when the switch is placed to the ON position.
Figure 4 shows the switch positions for the factory set address.

Jumpers

There are four.jumpers (W1 to W4) installed on the M8013 printed
circuit board as shown in Figure 5. These jumpers are installed in the
factory and are used as described in Table 2.

INTERRUPT VECTOR FORMAT

15 14 13 12111003 08 07 06 05 04 03 02 01 00
oo o|ve|vi|ve|vslvalva|vz| o | 0
FACTORY
CONFIGURATION

- 1’ I 1 l l I (i

A 2 3 4 8 8 1
0= SWITCH OFF VECTOR SWITCH
1=SWITCH ON

MR-1276

Figure4 RLV11 Interrupt Vector Format
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BCO6R CABLE
|~ RED STRIPE
-
N w2f |4 vco poT (5 K
CABLE CONNECTOR
TO DRIVE GND TP
o ovartp
Ovco TP

COMPONENT SIDE 1
RLV11 DRIVE BOARD M8013

JUMPERS W2 & W4 IN PLACE FOR E PROM USE
JUMPERS W1 & W3 IN PLACE FOR MASKED ROM USE

w1
E49
om| | 90
OR wé w3
EPROM
H ] . [ g
Dv1 DA1 <Y CA1 BY1 BA1 AY1 AA1

NOTE:
JUMPERS ARE 0-OHM COMPOSITION RESISTORS

MA-1167

Figure5 RLV11 Drive Module (M8013)

Table2 M8013 Jumpers

Jumper Definition

W‘i Used with masked ROMs
w2 Used with EPROMs

w3 Used with masked ROMs
w4 Used with EPROMs

Masked ROMs W1, W3 — These jumpers are installed when using
masked ROMs in E49. Jumpers W2 and W4 are removed.
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EPROMs W2, W4 — These jumpers are installed when using EPROMs
in E49. Jumpers W1 and W3 are removed.

Registers

Control/Status Register (CSR) — The control/status register (Figure
6) is a 16-bit, word-addressable register with a standard address of
174400. Bits 1 through 9 can be read or written; the other bits can only
be read. The bit functions are described in Table 3.

When the LSI-11 bus is initialized (BINIT L), bits 1-6 and 8-13 are
cleared, and bit 7 is set. Bit 0 is set whenever the selected drive is in
the ready condition; otherwise the bit is cleared. Bit 14 is cleared as
long as there is no drive error; otherwise the bit is set and remains set
until the drive error is corrected or the drive error is cleared by a get
status command with drive reset (bit 3) set. Bit 15 is set only when
there is a drive or controller error (bits 10-14).

CONTROL STATUS REGISTER (CSR)

DCRC
~
16 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00
IERRI DE |NXM DIT OoPy DSI|DSO| l IE | l l F2 [ F‘IJ FO L'
HNF OPI cn[av BA17 DRIDV
| BA16
HCRC
- g —_—A
READ ONLY READ/WRITE READ
ONLY
MA 0569
Figure 6 Control/Status Register
Table3 CSR Word Format
Bit: 0 Name: DRDY

Description: (Drive Ready)

When set, this bit indicates that the selected drive is ready to receive a
command or supply valid read data. The bit is cleared when a seek
operation is initiated and set when the seek operation is completed.

Bit: 1-3 Name: F2-FO

Description: (Function Code)

These bits are set by software to indicate the command to be execut-
ed.
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Octal
F2 F1 F0O Command Code
0 0 0 Maintenance 0

Mode

1 Write Check
0 Get Status
1 Seek
0 Read Header
1 Write Data
0 Read Data

- e - OO O
- 00 <4 =0
DT A WN =

-

1 1 1 Read Data
Without
Header Check

Command execution starts when CRDY (bit 7) of the CSR is cleared by
software. In a sense, then, bit 7 can be considered a negative GO bit.

Bit: 4-5 Name: BA16, BA17

Description: (Bus Address Extension Bits)

Two upper order bus address bits. Read and written as bits 4 and 5 of
the CSR, they function as address bits 16 and 17 of the BAR.

Bit: 6 Name: |E

Description: (Interrupt Enable)

When this bit is set by software, the controller is allowed to interrupt
the processor at the assertion of CRDY. This occurs at the normal or
error termination of a command. Once an interrupt request is posted
in the LS| bus, it is not removed until serviced, even if IE is cleared.

Bit: 7 Name: CRDY

Description: (Controller Ready)

When cleared by software, this bit indicates that the command in bits
1-3 is to be executed. Software cannot set this bit because no registers
are accessible while CRDY is 0.

Bit: 8-9 Name: DSO0, DS1

Description: (Drive Select)

These bits determine which drive will communicate with the controller
via the drive bus.

Bit: 10 Name: OPI

Description: (Operation Incomplete)

When set, this bit indicates that the current command was not com-
pleted within the OPI timer period.
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Bit: 11 Name: DCRC or HCRC

Description: (Data CRC) or (Header CRC)

IF OPI (bit 10) is cleared and bit 11 is set, the CRC error occurred on
the data (DCRC). If OPI (bit 10) is set-and bit 11 is also set, the CRC
error occurred on the header (HCRC).

NOTE
Cyclic redundancy checking is done only on the de-
sired header. it is performed on the first and second
header words, even though the second header word
is always 0.

Bit: 12 Name: DLT or HNF Error

Description: (Data Late) or (Header Not Found)

When OPI (bit 10) is cleared and bit 12 is set, it indicates that a data-
late condition occurred in a read without a header check operation.
The FIFO was more than half full.and the controller was unable to
transfer the next sequential sector.

When OPI (bit 10) is set and bit 12 is also set, it indicates that a timeout
occurred while the controller was searching for the correct sector to
read or write (no header compare).

Bit: 13 Name: NXM

Description: (Nonexistent Memory)

When set, this bit indicates that during a DMA data transfer, the mem-
ory location addressed did not respond within 10 us.

Bit: 14 Name: DE

Description: (Drive Error)

This bit is buffered from the drive error interface line. When set, it
indicates that the selected drive has flagged an error, the source of
which can be determined by executing a get status command.

Bit: 15 Name: ERR

Description: (Composite Error)

When set, this bit indicates that one or more of the error bits (bits 10-
14) are set. When an error occurs, the current operation terminates
and an interrupt routine is initiated if the interrupt enable bit (bit 6 of
the CSR) is set.

At the beginning of each controller command, error bits 10-13 are
automatically cleared. At the completion of each controller command,
bit 7 is automatically set. (Bit 7 is also set if an error is detected during
command execution.)
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The functions of control/status register bits 1-3 are described in the
following paragraphs.

Maintenance Function (0) The maintenance command provides a
means of exercising the controller logic circuits to test whether the
major data paths and data storage functions are operating. This
command is used during the diskless diagnostic routine to detect
controller malfunctions or to establish a level of confidence in controll-
er operations.

The first circuitry tested is the microsequencer wait and branch logic,
followed by branch conditions WCOFLW and MISMATCH. Upon suc-
cessful completion of this test, the DAR is incremented by 1. This is
used as a trace feature to show in which test a failure occurred.

The next circuit element to be tested is the silo (first-in/first-out buff-
er). A microsequencer routine is initiated to transfer 256 words of data
from memory into the silo and then back to memory again. This ex-
change is performed under DMA control and again the DAR is
incremented by 1 (which is the original DAR + 3).

Next a test word previously loaded into the disk address register
(DAR) is sequenced through the controller data path and cyclic redun-
dancy checking (CRC) logic to end up in the silo. The resultant silo
word is in the form of the CRC of the test word.

The DAR is then incremented by 1 and the test word + 1 is sequenced
through the same data paths and CRC to become the second silo
word. This second silo word is in the form of the CRC of the test word
+ 1. The DARis then incremented by 1 again.

Finally, to exercise the silo serial output stage, this second silo word is
shifted out of the silo and sequenced through the same data paths and
CRC circuit another time before coming to rest in the silo again. it now
becomes the new second silo word and has the form of the CRC of the
test word + 1. The DAR is then incremented by 1 again.

The results of this exercise are two adjacent data blocks in memory,
two test words residing in the silo, and the test word + 3 residing in the
DAR.

The silo buffer contains 225 words and each data block in memory
occupies 256 locations.

The two words residing in the silo can be accessed via the multipur-
pose register. The first word is a test of the data paths. The second
word is a test of the data paths plus the silo serial output stage. These
words are read into memory and software monitored for malfunctions.
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Write Check (1) The write check command compares the datain the
memory buffer to the data on the disk. Write check functions the same
as a read, except the data transfer is from the memory.

Get Status Function (2) The get status command initiates a micro-
sequencer routine that shifts a drive command word from the controii-
er to a selected drive. This word is a status request word that asks the
drive to return information concerning its current operation and error’
status. If the reset bit in the status request is set, the drive will first
clear all soft errors (those no longer present) before sending back
drive status. When the drive sends back its status word, it is stored in
the controller silo to await later access through the multipurpose regis-
ter.

One prerequisite for issuing the get status command is a knowledge
that the controller is in the ready state. It is important to note that the
drive does not have to be ready (for example, during a seek or when in
the load state) to issue a get status command.

The only programming prerequisite is that the status request word be
loaded first into the disk address register before issuing the get status
command.

Seek Function (3) The seek command initiates a microsequencer
routine that shifts a drive command word from the controller DAR to
the drive. This drive command word contains head position
information that includes the cylinder distance to be moved, the direc-
tion of movement, and the head to be selected for the next data trans-
fer operation. Once this positioning information is received by the
drive, the heads seek to the new track location.

There are several prerequisites for issuing a seek command. First, the
present location must be known and this is available from the read
header function. Once this is known, the software must calculate the
cylinder difference information needed by the drive to reposition the
heads. Then, before issuing the seek command, the software must
know that the controller is in the ready state.

The only programming prerequisite is to load the disk address register
with the head positioning information prior to issuing the seek func-
tion.

Read Header Function (4) The functions of the read header com-
mand are to read the first header encountered on the selected drive
and to store the three header words in the silo. These are: header
WD1, which contains the cylinder address, head select, the selector;
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header WD2, which contains all zeros; and header WD3, which
contains the header CRC. One or more header words can then be
extracted from the silo by reading the MPR. Extracting the first header
word alone provides sufficient head positioning information to permit
software calculation of cylinder difference for a subsequent seek oper-
ation to a new track address.

The only prerequisite for issuing the read header command is knowi-
edge that the controller is in the ready state.

Write Data Function (5) The write data command initiates a mi-
crosequencer routine that enables the controller DMA circuitry. The
controiler eventually becomes LSI-11 bus master and data words are
loaded into the silo. When the drive is ready, header information is
continually read off the disk and compared with the first sector ad-
dress stored in the DAR. Once a header match is found, the silo data is
written on the disk in successive sectors until the word counter
overflows. For partial sector writes, the remaining sector area is filled
with Os.

There are two prerequisites for the write data command. The first is
that the heads must already be located at the correct track. This im-
plies issuing a seek command if necessary. Also, the software must
know that the controller is in the ready state before issuing a com-
mand.

Read Data Function (6) The read data command initates a controller
microsequencer routine that reads successive headers off the disk
and compares them against the first sector address in the DAR. When
a header match is found, disk data is transferred into the silo and out
to the LSI-11 bus under DMA control. The data transfer ends when the
word counter overflows.

There are two prerequisites for the read data command. The first is
that the heads must be located at the correct track. This implies issu-
ing a seek command if necessary. The second is that software must
know that the controller is ready to accept a command.

Read Without Header Check Function (7) This command allows the
recovery of data if the headers become unreadable. If header not
found (HNF) or header CRC (HCRC) errors are encountered on a
particular sector, then data is not recoverable by the standard read
data command.

To convert this data, a seek command must be issued if the heads are
not already located on the track where the bad sector is. Then the
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sector preceding the bad sector must be located by performing
successive read header commands. Finally a read header without
header check command can be issued within 300 us to recover the
next sector if the controller is ready.

Bus Address Register (BAR) — The bus address register (Figure 7) is
a 16-bit, word-addressable register with an address of 174402. Bits 0
through 15 can be read or written; bit 0 should normally be written as
0. Expansions bits 16 and 17 are programmable via bits 4 and 5 of the
CSR.

The bus address register indicates the memory location involved in
the DMA data transfer during a read or write operation. The contents
of the BAR are automatically incremented by 2 as each word is trans-
ferred between the system memory and the controller.

BUS ADDRESS REGISTER (BAR)
15 14 13 12 11 10 09 08 07 06 05 04 03 02 O1 00

[T LT T T Tepfsloufsufopdle]

BA15 l BA13 BA11
BA14 BA12 . BA10

J
READ/WRITE MA-0570

Figure7 Bus Address Register

Clearing of the BAR is accomplished by executing a BUS INIT.

Disk Address Register (DAR) — The disk address register is a 16-bit,
read/write, word-addressable register with an address of 174404. Its
contents can have one of three meanings, depending on the function
being performed. Clearing of this register is accomplished by execut-
inga BUS INIT.

DAR During a Seek Command To perform a seek function, it is
necessary to provide address difference, head select, and head direc-
tional information to the selected drive as indicated in Figure 8. The
word format is described in Table 4.

DAR DURING SEEK COMMAND
16 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00

ro IDF7|DF6|DF5 OF4 DF3|DF2|DF1|DFO| O—I 0 |HS| 0 IDIRl 0 I 1 |

MA-0871

Figure8 DAR Seek Command
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Table4 DAR Seek Command Word Format

Bit: 0 Name: MRKR
Description: (Marker)
Mustbea 1.

Bit: 1 Name:

Description: Must be a 0, indicating to the drive that a seek com-
mand is being requested and that the remaining bits in the register will
contain the seek specifications.

Bit: 2 Name: DIR

Description: (Direction)

This bit indicates the direction in which a seek is to take place. When
the bit is set, the heads move toward the spindle (to a higher cylinder
address). When the bit is cleared, the heads move away from the
spindle (to a lower cylinder address). The actual distance moved de-
pends on the cylinder address difference (bits 7-14).

Bit: 3 Name:
Description: Mustbea0.
Bit: 4 Name: HS

Description: (Head Select)

Indicates which head (disk surface) is to be selected. Set = lower,
clear = upper.

Bit: 5-6 Name:

Description: Reserved

Bit: 7-14 Name: DF (07:00)

Description: (Cylinder Address Difference)

Indicates the number of cylinders the heads are to move on a seek.
Bit: 15 Name:

Description: Mustbea0.
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DAR During Read or Write Data Command For a read, write, or
write-check operation, the DAR is loaded with the address of the first
sector to be transferred. Thereafter, as each adjoining sector is trans-
ferred, the DAR is automatically incremented by 1 (Figure 9). If the
DAR increments to the nonexistent sector address (50;), OPI time-out
will occur. The word format is described in Table 5.

DAR DURING READING OR WRITING DATA COMMANDS
15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00

I (o} lCA7|CA6|CAS]CAdICA3|CA2|CA1ICAO[ HS LSASISA!%I SASlSAZl SA11$AO]

MA 0572

Figure9 DAR Read/Write Data Command

Table 5 DAR Read/Write Data Command Word Format

Bit: 0-5 Name: SA (5:0)
Description: (Sector Address)
Address of one of the 40 sectors on a track. (Octal range is 0 to 47).

Bit: 6 Name: HS

Description: (Head Select)

Indicates which head (disk surface) is to be selected. Set = lower;
clear = upper.

Bit: 7-14 Name: CA (7:0)

Description: (Cylinder Address)

Address of one of the 256 cylinders. (Octal range is 0 to 377).

Bit: 15 Name: Notused
Description: Mustbe a0.

DAR During a Get Status Command After the get status command is
deposited in the CSR, it is the DAR's responsibility to get the com-
mand transferred to the drive. Therefore, the DAR must also be pro-
grammed along with the CSR to do the get status command.

For a get status command, the DAR register bits must be programmed
as shown in Figure 10; the word format is described in Table 6.

DAR DURING GET STATUS COMMAND
15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00

Delxlefxlefxlxfxfofoofolusrfo] ]0]

Ma 0513

Figure 10 DAR Get Status Command
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Table 6 DAR Get Status Command Word Format

Bit: 0 Name: MRKR
Description: (Marker)
Mustbea 1.

Bit: 1 Name: GS

Description: (Get Status)

Must be a 1, indicating to the drive that its status word is being
requested. At the completion of the get status command, the drive
status word is read into the controller multipurpose (MP) register (out-
put stage of FIFO). With this bit set, bits 8-15 are ignored by the drive.

Bit: 2 Name: Notused
Description: MustbeaO.
Bit: 3 Name: RST

Description: (Reset)
When this bit is set, the drive clears its error register of soft errors
before sending a status word to the controller.

Bit: 4-7 Name: Notused
Description: MustbeaO.

Bit: 8-15 Name:
Description: Not used.

Multipurpose Register (MPR) — The MPR is made up of two registers
bearing the same base address. When writing into that location, the
word counter accepts the data. When reading from that location, the
FIFO output buffer provides the data.

MPR During a Get Status Command When a get status command is
executed and a status word is returned to the controller, the MPR
(FIFO output stage) format is as shown in Figure 11 and described in
Table 7.

MPR DURING GET STATUS COMMAND
15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00

|@DE HCE] WL| ISPE WGEl vc IDSEI o I HS I co I HO l BH ]STCISTBISTAJ
|}

SKTO

taanre

Figure 11 MPR Status Word
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Table 7 MPR Status Word Format

Bit: 0-2 Name: State (C:A)
Description: These bits define the state of the drive:
C B A

0 0 0 Load State

0 0 1 Spin up

0 1 0 Brush cycle

0 1 1 Load heads

1 0 0 Seek track
counting

1 0 1 Seek linear
mode (lock on)

0 Unload heads
1 1 1 Spin down
Bit: 3 Name: BH

Description: (Brush Home)
Asserted when the brushes are not over the disk.

Bit: 4 Name: HO

Description: . (Heads Out)
Asserted when the heads are over the disks.

Bit: 5 Name: CO

Description: (Cover Open)

Asserted when the cover is open or the dust cover is not in place.
Bit: 6 Name: HS

Description: (Head Select)
Indicates the currently selected head.

Bit: 7 Name:
Description: Reserved. Will be 0.
Bit: 8 Name: DSE

Description: (Drive Select Error)
Indicates multiple drive selection is detected.

Bit: 9 Name: VC
Description: (Volume Check)

VC is set every time the drive goes into load heads state. This asserts a
drive error at the controller but not on the front panel. VC is an indica-
tion that program does not really know which disk is present until it
has read the serial number and bad selector file. (The disk might have

been changed while the heads were unloaded.)
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Bit: 10 Name: WGE

Description: (Write Gate Error)

Indicates the drive sensed that write gate was asserted when sector
pulse was asserted, or write gate was set with the drive not ready, or
the drive was write-locked.

Bit: 11 Name: SPE

Description: (Spin Error)

Indicates the spindie is not reaching speed in the required time, or
over speeding.

Bit: 12 Name: SKTO

Description: (Seek Time Out)

Indicates the heads did not come on track in the required time during
a seek command.

Bit: 13 Name: WL
Description: (Write Lock)
Indicates write lock status of selected drive.

Bit: 14 Name: HCE

Description: (Head Current Error)

Indicates write current was detected in the heads when write gate was
not asserted.

Bit: 15 Name: WDE

Description: (Write Data Error)

Indicates write gate was asserted but no transitions were detected on
the write data line.

MPR During a Read Header Command When a read header com-
mand is executed, three words will be stored in the multipurpose
register (FIFO output buffer). The first header word will contain sector
address, head select, and cylinder address information. The second
word will contain all 0s. The third word will contain the header CRC
information. All three words are readable by the main program (Figure
12).

MPR During Read/Write Data Commands When transferring data
via DMA, the MPR functions as a word counter and is loaded by the
program with the 2's complement of the number of words to be trans-
ferred. It is then incremented by 1 by the controller as each word is
transferred. The reading or writing operation generally is terminated
when the word counter overflows. The word counter can keep track of
from one data word to the full 40-sector count of 5120 data words
(decimal). The maximum number of words that can be transferred in a
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single operation is limited by the number of sectors available to be
written in the track (Figure 13). The word counter format is described
in Table 8. .

MPR DURING READ HEADER COMMAND

15 14 13 11 10 09 08 07 06 05 04 03 02 01 00
;‘A?SRDI CA7 CAGLA‘S‘CAJCA:!ICAZICAI]C;Q HS ISAS SA4F3ISA A1lSAO]
156 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00

Woro[ oo feofofefofofefofofafo]e]o]
1110 09 08 07 06 05 04 03 02 01 00

e[ T T T M [TTTTTTITIT]

CRC156 | CRC13 { CRC11 CRCS CRC7 CRC5 CRC3 CRC1
CRC14 CRC12  CRC10 CRC8 CRCB CRC4 CRC2 CRCO

MAnsrs

Figure 12 MPR Three Header Words

MPR DURING READ/WRITE COMMANDS FOR WORD COUNT
15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 OO0

[T DT T I pefeoeofefccched

wcC12 wC10
weCi1

MA 0576

Figure 13 MPR Used as Word Counter

Table8 MPR Word Counter Format

Bit: 0-12 Name: WC (12:0)
Description: (Word Count)
2's complement of total number of words to be transferred.

Bit: 13-15 Name:
Description: Must be all 1s for word count in correct range.
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Operator Controls and Indicators

The following switches and indicators are located on the RLO1 front
bezel.

1.  RUN/STOP switch with LOAD indicator light

2. UNIT SELECT switch with READY indicator light

3. FAULT indicator light

4. WRITE PROTECT switch with WRITE PROTECT indicator light

Power ON/OFF control is via a rear panel circuit breaker switch which
is normally left in the ON position. Operation of this circuit breaker
switch will not damage the drive in any way.

RUN/STOP Switch with LOAD Indicator — The RUN/STOP switch is
a push/push alternating action switch which, when depressed,
energizes the spindle motor. When released, it de-energizes the spin-
dle motor provided the heads are not loaded and the brushes are
retracted. If the heads are loaded, it causes the heads to unload and
then de-energizes the spindle motor.

The switch contains mechanical memory. In the event of main power
disruption and subsequent restoration, the drive will cycle up if the
switch is in the depressed state.

The LOAD indicator is lit whenever the spindie is stopped, heads
home, brushes home, and the spindie motor is not energized. A car-
tridge can be loaded when this indicator is lit.

UNIT SELECT Switch with READY Indicator — The UNIT SELECT
switch is a cam-operated switch which is actuated by inserting a num-
bered cam button. The numbered cam button is such that the drive
logic will recognize the drive address code corresponding to the unit
select number on the cam button. The numbered indicator lights to
indicate the condition identified, such as heads loaded and locked on
acylinder, or drive ready for read or write operations.

FAULT Indicator — The FAULT indicator is lit whenever a fault or
error condition occurs in the drive.

WRITE PROTECT Switch with WRITE PROTECT Indicator — The
WRITE PROTECT switch is a push/push alternating action switch.
When depressed, it sets the drive in write protect mode. If the drive is
in the process of writing at the time that the switch is depressed,
writing will continue until the write gate is negated at the next sector
pulse. The WRITE PROTECT indicator will not be illuminated until the
write protect function is enabled. Removal of write protect will occur
immediately upon the deactivation of the WRITE PROTECT switch.
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1/O Transfer Operations

There are three kinds of 1/0 transfers that are used to interface the
processor with the RLV11 controller. They are programmed I/0 trans-
fers, DMA transfers, or interrupt-driven transfers.

Programmed 1/0 transfers are executed by single- or double-operand
PDP-11 instructions. By including the device's address as the effective
source or destination address, the user specifies the transfer as an
input or output operation. Programmed 1/0 allows information to be
transferred between the RLV11 addressable registers and LSI-11
memory locations and processor registers. The transfer of each word
requires the executjon of a PDP-11 instruction.

DMA transfers, on the other hand, require only a few programmed 1/0
transfers to set contro! information. Then a large block of data can be
moved to or from memory without any support from the processor.
DMA transfers are the fastest method of transferring data between
memory and a device. They can occur between processor bus cycles
and do not alter processor status in any way. Blocks of data can be
moved at speeds that are not limited by processor instruction execu-
tion via the DMA transfer mode. The read and write data in the con-
troller FIFO is received and transmitted under DMA control.

Interrupt-driven transfers allow the processor to continue a pro-
grammed operation without waiting for the controller to become
ready. When the controller becomes ready, it interrupts the proces-
sor's background program sequence and causes execution of the
controller’s service routine. After the controller’s service routine has
been executed, the background program is restored and program
execution resumes at the point where it was interrupted.

Programmed /O Transfers — Every processor instruction requires
one or more |I/O operations. The first operation required is a data input
transfer (DATI), which fetches an instruction from memory at the loca-
tion addressed by the program counter. This operation is called a
DATI bus cycle. If the controller is referenced, additional DATI, or data
output transfer (DATO) bus cycles are required.

Writing Controller Registers When writing the controller registers,
the CPU is the bus master and the controller is the slave. The initial
DATI fetch cycle is followed by a DATO cycle.

Reading Controller Registers When reading the controller registers,
the CPU is bus master and the controller is the slave. The processor
performs a DATI cycie to obtain the data from the RLV11 registers.
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The DATI cycle is a result of a processor-programmed instruction
which addresses the controller registers. )

DMA 1/0 Transfers — Direct memory access (DMA) is used to transfer
data between the controller FIFO and memory without program con-
trol. The processor can service DMA requests between bus cycles.
Upon receiving BDMR requests from the bus, the processor sets up
the conditions for DMA transfer by granting bus mastership to the
BDMG priority daisy-chain. If a high-priority device is requesting bus
mastership, it will receive it and inhibit passage of the processor’'s
grant, regardless of other low priority requests. If it is not requesting
bus mastership, it will pass the processor's BDMGO through other
nonrequesting devices to the one that is requesting the mastership. In
practice, the disk controller is the highest priority device, after memo-
ry, in the system.

Once the controller is bus master and memory is the slave, DMA
transfers can occur without processor intervention. The DMA protocol
circuit limits transfers to four words at a time to aliow other devices to
be serviced and to prevent interference with the memory refresh cycle.
After a time-out of 4 us, if the processor is bus master, the controller
can reassert mastership and continue the transfer with another four
words.

Interrupt-Driven I/O Transfers — Interrupts are requests made by the
controller that cause the processor to temporarily suspend its present
program sequence to execute the controller service routine. The
controller can interrupt the processor only when its interrupt control
circuit is enabled. This circuit is enabled by an interrupt enable (IE) bit
in the control/status register. A program must set this bit before an
interrupt request can be issued.

An interrupt vector associated with the RVL11 controller is located in
the controller interface/control logic. This vector is an address pointer
that allows automatic entry into the controller service routine without
_ device polling. The vector is switch-selectable in the range 0-774.

The controller requests interrupt service by asserting BIRQ L. The
processor acknowledges the interrupt request by asserting BDIN L
followed by BIAKO L. The first device on the bus receives this daisy-
chained signal at its BIAKI L input. If it is not requesting service, it
passes the signal via its BIAKO L output to the next device, and so on,
until the requesting device receives the signal. The requesting device
responds by asserting BRPLY L and placing its interrupt vector on the
data/address bus lines BDAL (0:15) L. Automatic entry to the service
routine is then executed by the processor.
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Bus Signal Timing

Diagrams illustrating the bus timing requirements between the proc-
essor and the RLV11 controller, given in general master/slave device
terms, may be found in the Microcomputer Processor Handbook pub-
lished by Digital Equipment Corporation.
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RXV11 FLOPPY DISK OPTION

SPECIFICATIONS

Module
Identification

Size
Power

Bus Loads
AC
DC

Drive
Identification
Size

Recommmended Service Clear-
ance (front and rear)

AC Power

Cable Included

Drive Performance
Capacity (8-bit bytes)
Per diskette
Per track
Per sector

Data Transfer Rate
Diskette to controller
buffer

Buffer to RXV11 interface

RXV11 interface to LSI-11
1/0 bus

Track-to-track move
Head settle time
Rotational speed

M7946
Double
+5V +5%at15A

1.8
1

RX01

46.3cmw X 28.7cmh X 53.3cm
d
(19inw X 10.5inh X 21ind)

55cm (22in)

4 Aat115Vac; 2 A at 230 Vac
(dual drive)

BCO5L-15 (15 ft)

256,256 bytes
3,328 bytes
128 bytes

4 usec/data bit (250K bits/sec)

2 usec/bit (500K bits/sec)

18 usec/8-bit byte (<50K
bytes/sec)

6 msec/track maximum
25 msec maximum

360 rpm+2.5%; 166 msec/rev
nominal
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Recording surfaces per disk 1
Tracks per disk 77 (0-76) or (0-114,)
Sectors per track 26 (1-26) or (0-32;)
Sectors per disk 2002
Recording technique Double frequency
Bit density 3200 bits/in atinner track
Track density 48 tracks/in
Average access 262 msec, computed as follows:
Seek Settle Rotate Total

(77 tks/3) X 6 msec + 25 msec + (166 msec/2) = 262 msec
Environmental Characteristics

Temperature

RXO01, operating 15° to 32° C (59° to 90° F) am-
bient; maximum temperature
gradient = —6.7° C/hr (20° F/hr)

RX01, nonoperating —35°to +60° C (—30° to +140°
F)

Media, nonoperating —35°to +52° C (—30°to +125°
F)

NOTE

Media temperature must be within operating tem-
perature range before use.

Relative Humidity
RX01, operating 25° C (77° F) maximum wet bulb
2° C (36° F) minimum dew point
20% to 80% relative humidity

RX01, nonoperating 5% to 98% relative humidity (no
condensation)
Media, nonoperating 10% to 80% relative humidity
Magnetic field Media exposed to a magnetic

field strength of 50 oersteds or
greater may lose data.
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System Reliability
Minimum number of 3 million/media (head-loaded)
revolutions/track

Seek error rate 1in 10° seeks

Soft read error rate 1in 10° bits read

Hard read error rate 1in 10'2 bits read
NOTE

The above error rates apply only to media that are
properly cared for. Seek error and soft read errors
are usually attributable to random effects in the
head/media interface, such as electrical noise, dirt,
or dust. Both are called “soft” errors if the error is
recoverable in ten additional tries or less. “Hard”
errors cannot be recovered. Seek error retries
should be preceded by an initialize.

CONFIGURATION

General

The factory jumper locations on the M7946 interface module are
shown in Figure 1. Note that two styles of modules are used; one style
(etch Rev B) has machine-inserted jumpers; the other (etch Rev C) has
wire-wrap jumpers. All M7946 interface modules are configured and
shipped with preselected register addresses and vectors as shown in
Figure 2. The control/status register (RXCS) address is 177170, and
the data buffer register (RXDB) address is 177172. The interrupt vec-
tor is 264,. As supplied, the factory-configured jumpers are for the
normal addresses used with DIGITAL software. However, in applica-
tions where more than one RXV11 system is required, appropriate
register addresses and vectors may be configured by installing or
removing jumpers. A second RXV11 system would normally be as-
signed register addresses 177174 (RXCS) and 177176 (RXDB), with an
interrupt vector of 270, (Table 2).

Register Descriptions

Control/Status Register (RXCS)(177170) — The format for the RXCS
register is shown in Figure 3. Bit descriptions are presented.in Table 3.
Loading the RXCS register while the RX01 is not busy and with bit 0 =
1 will initiate a function described in Table 3.
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DAL BITS —»15 ; 20
—r r T T T T T
DEVICE
apDRESS| ' ! ! ’ ! ’ x I
L L L N L L L L
JUMPER ON [ I I ' T I l I | I REGISTER SELECT
M7946 MODULE ——wi17 wte wisS wi4 w13 w12 witl w10 w9 we w7 @ *RXCS
| || | | K03
FACTORY-
CONFIGURED —o R R R R 1 1 R R R R 1
ADDRESS
RXCS:=177170
RAXDB:177172
DAL BITS—»15 o7 20
T r T T r r——— T T
adERese] © L 0 o 0 4 [} [J ] LV ‘ 0 o ‘
L L s L L N . L
rer v | L)

M7946 MODULE | |

FACTORY - CONFIGURED

—® W6 W5 W!4 w3 w2 W]‘
VECTOR AODRESS:264 R R

—®R 1

NOTE
I+ Jumper nstatied - Logicol @
R Jumper removed - Logical 1

X:Don't care " sae

Figure2 Device Register Address and Interrupt Vector

Table1 RXV11 Configurations

System Disk Drive Line Voltage*
RXV11-AA Single drive system  115V/60 Hz
RXV11-AC Single drive system 115V/50 Hz
RXV11-AD Single drive system 230V/50 Hz
RXV11-BA Dual drive system 115V/60 Hz
RXV11-BC Dual drive system 115V/50 Hz
RXV11-BD Dual drive system 230V/50 Hz

* 50 Hz versions are available in voltages of 105, 115, 220, and 240 Vac by
field-pluggable conversion.
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Table2 Standard Assignments

First Second
Read/ Module  Module
Description Mnemonic Write Address Address
Registers
Control/Status RXCS R/W 177170 177174
Data Buffer RXDB R/W 177172 177176
Interrupt
Function Done — 264 270
Complete
15 14 13 12 n 10 09 [o]:3 o7 06 05 04 03 o2 o1 00
ERROR - NOT USED ’ TL DONE FUNCTION oo
RX INT UNIT
INIT ENB SEL 000 FILL BUFFER
001 EMPTY BUFFER
010 WRITE SECTOR
011 READ SECTOR
100 NOT USED
101 READ STATUS
110 WRITE DELETED
DATA SECTOR
111 READ ERROR
Figure3 RXCS Format
Table 3 RXCS Bit Descriptions
Bit Description
0 Go. Initiates a command to RX01. This is a write-only
bit.
1-3 Function Select. These bits code one of the eight
possible functions described in detail in this section.
These are write-only bits.
4 Unit Select. This bit selects one of the two possible

disks for execution of a desired function. Thisis a

write-only bit.
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Done. This bit indicates the completion of a function.
Done will generate an interrupt when asserted if in-
terrupt enriable (RXCS bit 6) is set. This is a read-only
bit.

Interrupt Enable. This bit is set by the program to
enable an interrupt when the RX01 has completed an
operation (done). The condition of this bit is normally
determined at the time a function is initiated. This bit
is cleared by LSI-11 bus initialize (BINIT L) signal,
but it is not cleared by the RXV11 initialize bit (RXCS
bit 14). This is a read/write bit.

Transfer Request. This bit signifies that the RXV11
needs data or has data available. This is a read-only
bit.

Unused.

RXV11 Initialize. This bit is set by the program to
initialize the RXV11 without initializing all of the de-
vices on the LSI-11 bus. This is a write-only bit.

Caution

1. Loading the lower byte of the RXCS will also

load the upper byte of the RXCS.

2. Setting this bit (BIS instruction) will not clear the

interrupt enable bit (RXCS bit 6).

Upon setting this bit in the RXCS, the RXV11 will
negate done and move the head position mecha-
nism of drive 1 (if two are available) to track 0. Upon
completion of a successful initialize, the RX01 will
zero the error and status register, set initialize done,
and set RXES bit 7 (DRV RDY) if unit 0 is ready. it will
also read sector 1 of track 1 on drive 0.

Error. This bit is set by the RX01 to indicate that an
error has occurred during an attempt to execute a
command. This read-only bit is cleared by the
initiation of a new command or by setting the initial-
ize bit. When an error is detected, the RXES is auto-
matically read into the RXDB.

598



RXV11

Data Buffer Register (RXDB)(177172)

This RX01 interface register serves as a general purpose data path
between the RX01 and the interface. It may represent one of five RX01
registers according to the protocol of the command function in prog-
ress. The RX01 registers include RXDB, RXTA, RXSA, RXES, and
RXER,; each is described below.

This register is read/write if the RX01 is not in the process of executing
a command. That is, it may be manipulated without affecting the RX01
subsystem. If the RX01 is actively executing a command, this register
will accept data only if RXCS bit 7 (TR) is set. In addition, valid data can
be read only when TR is set.

Caution
Violation of protocol in manipulation of this register may cause per-
manent data loss.

RX Data Buffer (RXDB) (Figure 4) — All information transferred to
and from the floppy media passes through this register. It is address-
able only under the protocol of the function in progress.

- I —

NCT USED READ/WRITE DATA

cp-2247

Figure4 RXDB Format

RX Track Address (RXTA) (Figure 5) — This register is loaded to
indicate on which of the 114, tracks a given function is to operate. It
can be addressed only under the protocol of the function in progress.
Bits 8 through 15 are unused and are ignored by the control.

- )

NOT USED . 0-11ag

Cp-1310

Figure5 RXTA Format
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RX Sector Address (RXSA) (Figure 6) — This register is loaded to
indicate on which of the 32, sectors a given function is to operate. it
can be addressed only under the protocol of the function in progress.
Bits 8 through 15 are unused and are ignored by the control.

15 14 13 12 n 10 09 o8 07 06 05 04 03 02 01 00

o o] o

NOT USED 1-32g
cp-15m

Figure6 RXSA Format

RX Error and Status (RXES) (Figure 7) — This register contains the
current error and status conditions of the drive selected by bit 4 (unit
select) of the RXCS. This read-only register can be addressed only
under the protocol of the function in progress. The RXES is located in
the RXDB upon completion of a function. Table 4 lists the RXES bit
descriptions.

15 14 13 12 N ‘o ©09 08 D07 06 05 04 03 02 O1 00
DRY
roY | 0P ID | PAR | CRC
- ” [ ——)
NOT USED NOT USED

CP-1813

Figure7 RXES Format
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Table 4 RXES Bit Descriptions

Description

CRC Error. A cyclic redundancy check error was de-
tected as information was retrieved from a data field
of the diskette. The RXES is moved to the RXDB, and
error and done are asserted.

Parity Error. A parity error was detected on com-
mand or on address information being transferred to
the RX01 from the LSI-11 bus interface. A parity
error indication could mean that there is a problem
in the interface cable between the RX01 and the in-
terface. Upon detection of a parity error, the current
function is terminated; the RXES is moved to the
RXDB, and error and done are asserted.

Initialize Done. This bit is asserted in the RXES to
indicate completion of the initialize routine, which
can be caused by RX01 power failure, system power
failure, or programmable or LS1-11 bus initialization.

Unused.

Deleted Data Detected. During data recovery, the
identification mark preceding the data field was de-
coded as a deleted data mark.

Drive Ready. This bit is asserted if the unit currently
selected exists, is properly supplied with power, has
a diskette installed correctly, has its door closed,
and has a diskette up to speed.

NOTE

The drive ready bit is only valid when retrieved via a
read status function or at completion of initialize
when it indicates status of drive 0.

If the error bit was set in the RXCS but error bits are
not set in the RXES, then specific error conditions
contained in the RXER can be accessed from the
RXDB via a read error register function.
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RX Error (RXER) (Figure 8) — This register is located in the RX01 and
contains specific RX01 error information. This information is normally
accessed when RXCS error bit 15 is set but RXES error bits 0 and 1 are
not set. This is a read-only register.

"
NOT USED . I

CP-2248

—

Octal Code Error Code Meaning

010 Drive 0 failed to see home on initialize.

020 Drive 1 failed to see home on initialize.

030 Found home when stepping out 10 tracks for INIT.

040 Tried to access a track greater than 77.

050 Home was found before desired track was reached.

060 Self-diagnostic error.

070 Desired sector could not be found after looking at 52
headers (2 revolutions).

110 More than 40 usec and no SEP clock seen.

120 A preambie could not be found.

130 Preamble found but no 170 mark found within aliow-
able time span.

140 CRC error on what was thought to be a header.

150 The header track address of a good header does not
compare with the desired track.

160 Too many tries for an IDAM (identifies header).

170 Data AM not found in allotted time.

200 CRC error on reading the sector from the disk. No
code appears in the ERREG.

210 All parity errors.

Figure8 RXER Format
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Function Codes

Data storage and recovery on the RXV11 system is accomplished by
careful manipulation of the RXCS and RXDB registers according to the
strict protocol of individual functions. The penalty for violation of pro-
tocol can be permanent data loss. Each of the functions is encoded
and written into RXCS bits 1-3, as shown in Figure 3. Programming
protocol for each function is described below.

Fill Buffer (000) — This function is used to fill the RX01 buffer with 128
8-bit bytes of data from the host processor. Fill buffer is a complete
function in itself. The function ends when the buffer has been filled.
The contents of the buffer can be written onto the diskette by means of
a subsequent write sector function, or the contents can be returned to
the host processor by an empty buffer function.

RXCS bit 4 (unit select) does not affect this function, since no diskette
drive is involved. When the command has been loaded, RXCS bit §
(done) is negated. When the TR bit is asserted, the first byte of data
may be loaded into the data buffer. The same TR cycle will occur as
each byte of data is loaded. The RX01 counts the bytes transferred. It
will not accept less than 128 bytes and will ignore those in excess. Any
read of the RXDB during the cycle of 128 transfers results in invalid
read data.

Empty Buffer (001) — This function is used to empty the internal
buffer of the 128 data bytes loaded from a previous read sector or fill
buffer command. This function will ignore RXCS bit 4 (unit select) and
negate done.

When TR sets, the program may unload the first of 128 data bytes from
the RXDB. Then the RXV11 again negates TR. When TR resets, the
second byte of data may be unloaded from the RXDB, which again
negates TR. Alternate checks on TR and data transfers from the RXDB
continue until 128 bytes of data have been moved from the RXDB.
Done sets, ending the operation and initiating an interrupt if RXCS bit
6 (interrupt enable) is set. RXES contents are moved to the RXDB
where they can be read.

NOTE
The empty buffer function does not destroy the con-
- tents of the sector buffer.

If the deleted data address mark was detected, the control will assert
RXES bit 6 (DD). As data enters the sector buffer, a CRC is computed,
based on the data field and CRC bytes previously recorded. A non-
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zero residue indicates that a CRC error has occurred. The control sets
RXES bit 0 (CRC error) and RXCS bit 15 (error). The RXV11 ends the
operation by moving the contents of the RXES to the RXDB, sets done,
and initiates an interrupt if RXCS bit 6 (interrupt enable) is set.

Read Status (101) — The RXV11 will negate RXCS bit 5 (done) and
begin to assemble the current contents of the RXES into the RXDB.
RXES bit 7 (drive ready) will reflect the status of the drive selected by
RXCS bit 4 (unit select) at the time the function was given. All other
RXES bits will reflect the conditions created by the last command.
RXES may be sampled when RXCS bit 5 (done) is again asserted. An
interrupt will occur if RXCS bit 6 (interrupt enable) is set.

NOTE
The average time for this function is 250 ms. Exces-
sive use of this function will resuit in substantially
reduced throughput.

Write Sector with Deleted Data (110) — This operation is identical to
function 010 (write sector), with the exception that a deleted data
address mark precedes the data field instead of a standard data ad-
dress mark.

Read Error Register Function (111) — The read error register func-
tion can be used to retrieve explicit error information contained in the
RXER when RXCS error bit 15 is set. The function is initiated, and bits
0-6 of the RXES are cleared. Out is asserted and done is negated. The
controller then generates the appropriate number of shift pulses to
transfer the specific error code from the RXER to the interface register
and completes the function by asserting done. The RXDB program
can then read the error code to determine the type of failure that
occurred (Figure 8). :

NOTE
Care should be exercised in the use of this function
since, under certain conditions, erroneous error in-
formation may resuit.

Power Fail — There is no actual function code associated with power
fail. When the RX01 senses a loss of power, it will unload the head and
abort all controller action. All status signals are invalid while power is
low.
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When the RX01 senses.the return of power, it will remove done and
begin a sequence to:

Move drive 0 head position mechanism to track 0.

Clear any active error bits.

Read sector 1 of track 1 of drive 0 into the sector buffer.

Set RXES bit 2 (initialize done) after which done is again asserted.
Set drive ready of the RXES according to the status of drive 0.

Ll ol

Write Sector (010) — This function is used to locate a desired track
and sector and write the sector with the contents of the internal sector
buffer. The initiation of this function clears bits 0, 1 and 6 of RXES
(CRC error, parity error, and deleted data detected) and negates
done.

When TR is asserted, the program must first move the desired sector
address into the RXDB, which will negate TR. When TR is again assert-
ed, the program must move the desired track address into the RXDB,
which will negate TR. If the desired track is not found, the RXV11 will
abort the operation, move the contents of the RXES to the RXDB, set
RXCS bit 15 (error), assert done, and initiate an interrupt if RXCS bit 6
(interrupt enable) is set.

TR will remain negated while the RX01 attempts to locate the desired
sector. If the RX01 is unable to locate the desired sector within two
diskette revolutions, the RXV11 will abort the operation, move the
contents of the RXES to the RXDB, set RXCS bit 15 (error), assert
done, and initiate an interrupt if RXCS bit 6 (interrupt enable) is set.

If the desired sector is successfully located, the RXV11 will write the
128 bytes stored in the internal buffer followed by a 16-bit CRC char-
acter that is automatically calculated by the RX01. The RXV11 ends the
operation by asserting done and initiating an interrupt if RXCS bit 6
(interrupt enable) is set.

NOTE
The contents of the sector buffer are not valid data
after a power loss has been detected by the RX01.
The write sector function, however, will be accepted
as a valid function, and the random contents of the
buffer will be written, followed by a valid CRC.

The write sector function does not destroy the con-
tents of the sector buffer.
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Read Sector (011) — This function is used to locate a desired track
and sector and transfer the contents of the data field to the microCPU
controller sector buffer. The initiation of this function clears bits 0, 1,
and 6 of RXES (CRC error, parity error, and deleted data detected)
and negates done.

When TR is asserted, the program must first move the desired sector
address into the RXDB, which will negate TR. When TR is again assert-
ed, the program must move the desired track address into the RXDB,
which will negate TR.

If the desired track is not found, the RXV11 will abort the operation,
move the contents of the RXES to the RXDB, set RXCS bit 15 (error),
assert done, and initiate an interrupt if RXCS bit 6 (interrupt enable) is
set.

TR and done will remain negated while the RX01 attempts to locate the
desired track and sector. If the RX01 is unable to locate the desired
sector within two diskette revolutions after locating the presumably
correct track, the RXV11 will abort the operation, move the contents of
the RXES to the RXDB, set RXCS bit 15 (error), assert done, and
initiate an interrupt if RXCS bit 6 (interrupt enable) is set.

If the desired sector is successfully located, the control will attempt to
locate a standard data address mark or a deleted data address mark.
If either mark is properly located, the control will read data from the
sector into the sector buffer.

There is no guarantee that information being written at the time of a
power failure will be retrievable. However, all other information on the
diskette will remain unaitered.

One method of aborting a function is through the use of RXCS bit 14
(RXV11 initialize); however, this will not clear the interrupt enable bit
(RXCS bit 6). Another method is through the use of the system
initialize signal that is generated by the PDP-11 RESET instruction, the
console ODT Go command, or system power failure.

PROGRAMMING

Bootstrapping the RXV11

The RXV11 bootstrap loader program loads the system monitor from
disk into system memory. No system operation can occur until the
monitor is contained in system memory. Bootstrapping (“booting”) the
system can be accomplished via a hardware-implemented bootstrap
in the REV11-A, REV11-C, or the BDV11 option, or it can be entered
and executed via the console device.
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When a bootstrap option is not included in the system, the operator
must enter a bootstrap program via the console device. Place the
processor in the Halt mode and proceed as shown below; The boo-
table volume must be in drive zero. All devices are at standard ad-
dresses and vectors. Enter the code starting at location 1000. Inhibit
all interrupts by entering RS/___340 <CR>. Initialize the program
counter by entering R7/___1000 <CR>. After the code has been en-
tered, type P.

RX01 RX01
LOCATION  CODE LOCATION CODE
1000 12702 1040 111023
1002 100247 1042 30211
1004 12701 1044 T 1778
1006 177170 1046 100756
1010 130211 1050 103766
1012 1776 1052 105711
1014 112703 1054 100771
1016 7 1056 . 5000
1020 10100 1060 22710
1022 - 10220 1062 240
1024 402 1064 1347
1026 12710 1066 122702
1030 1 1070 247
1032 6203 1072 5500
1034 - 103402 1074 5007
1036 12711 .
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RXV21 FLOPPY DISK OPTION

GENERAL

The RXV21 floppy disk option is a random access mass memory de-
vice that stores data in fixed-length blocks on a preformatted, flexible
diskette. Each diskette can store and retrieve up to 512K 8-bit bytes of
data. The RXV21 system is rack-mountable and consists of an inter-
face module, an interface cable, and either a single or dual RX02
floppy disk drive.

FEATURES
® Compact disk system

e Stores/retrieves 512K 8-bit bytes of data

e Rack mountable

¢ Available with either single or dual disk drive
e Available for 115 or 230 Vac, 50 or 60 Hz

® Can be converted (50 Hz version) for 105, 115, 220 or 240 Vac
operation

® Direct Memory Access data tranfer
e |ndustry-compatible mode under software selection

SPECIFICATIONS
Module
Identification M8029
Size Double
Power +5V 5% at 1.8A typically
Bus Loads
AC 3
DC 1
Drive
Identification RX02
Size 46.3cmw X 28.7cmh X 53.3cm

Recommended Service

d
(19in.w X 10.5in.h X 21in.d)

55cm (22in.)
Clearance (front and rear)
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AC Power

Cable Included

Drive Performance
Capacity (8-bit bytes)
Per diskette

Per track
Per sector

Data Transfer Rate
Diskette to controller buffer

Buffer to RXV21 interface

RXV21 interface to LSI-11
1/0 bus

Track-to-track move
Head settle time

Rotational speed

Recording surfaces per disk
Tracks per disk

Sectors per track

Sectors per disk

Recording technique

Bit density

Track density
Average access

Seek Settle

4A at 115 Vac; 2A at 230 Vac
(dual drive)

BCO5L-15 (15 1t.)

512,512 bytes
6,656 bytes
256 bytes

2 usec/data bit (500K bits/sec)
1.2 usec/bit (500K bits/sec)

23 usec/16-bit word

6 msec/track maximum
25 msec maximum

360 rpm +£2.5%; 166 msec/rev
nominal

1
77 (0-76) or (0-114y)
26 (1-26) or (0-32,)
2002

Double frequency (FM) or modi-
fied (MFM)

3200 bpi (FM); 6400 bpi (modified
MFM)

48 tracks/in.
262 msec, computed as follows:
Rotate Total

(77 tks/3) X 6 msec + 25 msec + (166 msec/2) = 262 msec
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Environmental Characteristics

Temperature

RX02, operating 15° to 32° C (59° to 90° F) am-
bient; maximum temperature
gradient = 11°C/hr (20°F/hr)

RX02, nonoperating —35°to +60°C (—30°to +140°
F)

Media, nonoperating —35° to +52° C (—30° to +125°
F)

NOTE

Media temperature must be within operating tem-
perature range before use.

Relative Humidity
RX02, operating 25° C (77° F) maximum wet bulb
2° C (36° F) minimum dew point
20% to 80% relative humidity

RX02, nonoperating 5% to 98% relative humidity (no
condensation)
Media, nonoperating 10% to 80% relative humidity
Magnetic fietd Media exposed to a magnetic

field strength of 50 oersteds or
greater may lose data.

System Reliability

Minimum number of revolu- 3 million/media (head-loaded)
tions/track
Seek error rate 1in 106 seeks
Soft read error rate 1in 10° bits read
Hard read error rate 1in 10'2 bits read
NOTE

The above error rates apply only to DIGITAL-ap-
proved media that is properly cared for. Seek error
and soft read errors are usually attributable to ran-
dom effects in the head/media interface, such as
electrical noise, dirt, or dust. Both are called “soft”
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errors in that the error is recoverable in ten addition-
al tries or less. “Hard” errors cannot be recovered.
Seek error retries should be preceded by an
initialize.

DESCRIPTION

The interface module converts the RX02 1/0 bus to the LSI-11 bus
structure. It controls the RX02 interrupts to the processor, decodes
device addresses for register selection, and handles the data inter-
change between the RX02 and the processor via DMA transfers.
Power for the interface module is supplied by the LSI-11 bus.

The RXV21 floppy disk system is available in the configurations de-
scribed in Table 1.

Table1 RXV21 Configurations

System Disk Drive Line Volitage*
RXV21-AA Single drive system  115V/60 HZ
RXV21-AC Single drive system 115V/50 Hz
RXV21-AD Singie drive system 230V/50 Hz
RXV21-BA Dual drive system 115V/60 Hz
RXV21-BC Dual drive system 115V/50 Hz
RXV21-BD Dual drive system 230V/50 Hz

* 50 Hz versions are available in voltages of 105, 115, 220, and 240 Vac by
field-pluggable conversion.

CONFIGURATION

General ‘
The factory jumper locations on the M8029 interface module are
shown in Figure 1. All M8029 interface modules are configured and
shipped with preselected register addresses and vectors as shown in
Figure 2. The control/status register (RX2CS) address is 177170, and
the data buffer register (RX2DB) address is 177172. The interrupt
vector is 264,. As supplied, the factory-configured jumpers are for the
normal addresses used with DIGITAL software. However, in applica-
tions where more than one RXV21 system is required, appropriate
register addresses and vectors may be configured by installing or
removing jumpers. A second RXV21 system would normally be as-
signed register addresses 177200 (RX2CS) and 177202 (RX2DB), with
an interrupt vector of 270, (Table 2).
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Register Descriptions

Control/Status Register (RXCS)(177170) — The format for the RX2CS
register is shown in Figure 3. Bit descriptions are presented in Table 3.
Loading the RX2CS register while the RX01 is not busy and with bit 0 =
1 will initiate a function described in Table 3.

I M7744

1“

A
I vv
jo—RED STRIPE

w A
2o NOTES:
M oMy ). MODULE M7744 AND CABLE ASSEMBLY
25 ohS BCOSL ARE SUPPLIED WITH RX02
2 ° %l FLOPPY DISK SUBSYSTEM ASSEMBLY
o %ar® 2.RED STRIPE OF BCOSL INDICATES
o0 oo PIN "A" ON THE CONNECTOR
O %
V7 A0
8 Al
o Mo

Figure 1 RXV21 Device Register and Interrupt Vector Jumper
Locations
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To select the standard address, the following jumpers are ir d
A12 Installed

A1l Installed

A10 Installed

A9 Installed

AB Removed

A7 Removed

A6 Installed

A5 Installed

A4 Installed

A3 Installed

The standard Interrupt Vector is selected by installing the following jJumpers:
V2 Installed

V3 Removed

V4 Installed

V5 Instailed

Ve Removed

v7 Installed

ve Installed

Figure 2 Device Register Address and Interrupt Vector

Table2 Standard Assignments

First Second

Read/ Module Module
Description Mnemonic Write Address Address
Registers
Control/ RX2CS Seeregister 177170 177150
Status description
Data Buffer RX2DB 177172 177152
interrupt
Function Done —_ 264 270 |
Complete
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14 13 12 11 10 9 8
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Figure3 RXV21 Command and Status Register (RX2CS)

Table 3 RX2CS BitDescriptions

Bit: 0 Name: GO
Function: Initiates acommand to the RX02. Write-only.

Bit: 1-3 Name: Function Select
Function: These bits code one of the eight possible functions de-
scribed in the Programming Specification. Write-only.

Bit: 4 Name: Unit Select

Function: This bit selects one of the two possible disks for execution
of the desired function. This bit is readable only when DONE is set. At
that time, it indicates the unit previously selected. At any other time itis
not valid.

Bit: 5 Name: DONE

Function: Indicates the completion of a function. DONE will generate
an interrupt upon being asserted if Interrupt Enable (RX2CS Bit 6) is
set. Read-only.

Bit: 6 Name: Interrupt Enable

Function: This bit is set by the program to enable an interrupt when
the RX02 has completed an operation (DONE). The condition of this bit
is normally determined at the time a function is initiated. Cleared by
initialize. Read/write.

Bit: 7 Name: Transfer Request

Function: This bit signifies that the RXV21 needs the next word in the
register protocol sequence (see Programming Specification). Read-
only.

Bit: 8 Name: Density

Function: This bit determines the density of the function to be exe-
cuted. This bit is readable only when DONE is set. At that time, it
indicates the density of the function previously executed. This bit is not
valid at any other time.
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Table 3 RX2CS Bit Descriptions (Contj

Bit: 9 Name: Head Select

Function: This bit selects one of two heads for double sided opera-
tion. This bit is readable only when DONE is set. At that time, it indi-
cates the side that was previously selected. At any other time, it is not
valid.

Bit: 10 Name:
Function: Reserved Note: Must be written 0.

Bit: 11 Name: RX02
Function: This bit is set by the interface to inform the programmer
that this is an RX02 system. Read-only.

Bit: 12-13 Name: Extended Address
Function: These bits are used to declare an extended bus address.
Write-only.

Bit: 14 Name: RXV21 Initialize
Function: This bit is set by the program to initialize the RXV21
without initializing all of the devices on the UNIBUS.

CAUTION: Loading the lower byte of the RX2CS will also load the
upper byte of the RX2CS. Upon setting this bit in the RX2CS, the
RXV21 will drop DONE and move the head position mechanism of
both drives (if two are available) to track zero. Upon completion of a
successful initialize, the RX02 will zero error and status and set DONE.
It will also read sector one of track one on drive 0. At termination, drive
0 head is at track one.

Bit: 15 Name: ERROR

Function: This bit is set by the RX02 to indicate that an error has
occurred during an attempt to execute a command. Cleared by the
initiation of a new command. Read-only.

RXV21 Data Buffer Register (RX2DB)

This register serves as a general purpose data path between the RX02
and the RXV21. It may represent one of six RX02 registers according
to the protocol in progress. (See Programming Specification.) This
register is read/write if the RX02 is not in the process of executing a
command; it may be manipulated without affecting the RX02.

Caution
Violation of protocol in manipulation of this register may
cause permanent data loss.
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RX2DB—RXV21 Data Buffer Register

15 0

L ]

RX2WC—RXV21 Word Count Register — For a double density sector
the maximum word count is 128,,. For a single density sector the
maximum word count is 64,,. If a word count is beyond the limit for the
density indicated, the control asserts Word Count Overflow (Bit 10 of
RX2ES). Write-only register. The actual word count and not the 2's
complement of the word count is loaded into the register.

15 8 7 6 5 4 3 2 1 [
LTTTT[TT]
. J
0-128y9
RX2BA—RXV21 Bus Address Register — This register specifies the
bus address of data transferred during Fill Buffer, Empty Buffer, and
Read Definitive Error operations. Incrementation takes place after a
memory transaction has occurred. The RX2BA, therefore, is loaded

with the address of the first data word to be transferred. This is a 16-bit
write-only register (See Programming).

{

RX2CA—RXV21 Track Address Register — This is a write-only regis-
ter which is loaded to indicate on which of the 77,, tracks a given
function is to operate. It is addressed only under the protocol of the
function in progress.

15 0

] TITTTTT]

RX2SA—RXV21 Sector Address Register — This is a write-only
register which is loaded to indicate on which of the 26, , sectors a given
function is to operate. It can be addressed only under the protocol of
the function in progress.

) T[T TTT]
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RX2ES—RXV21 Error and Status Register — The RX2ES is a read-
only register available at the termination (DONE) of each function. The
Drive Ready bit is only updated during an Initialize or Read Status
function. At the termination of any other function, it reflects the drive
status of the last Read Status or Initialize command.

NIT DEL | DRV [ DEN INIT
SEL DATA | DEN | ERR DONE

15

[ Tefls

HD
SEL

0
SIDE cRC
RDV ERR

Bit: 0 Name: CRC Error

Function: The cyclic redundancy check at the end of the data field
has indicated an error. The data collected must be considered invalid.
It is suggested that the data transfer be re-tried up to 10 times, as most
data errors are recoverable (soft).

Bit: 1 Name: Side 1 Ready

Function: This bit, when set, indicates that a double-sided diskette is
mounted in a double-sided drive and is ready to execute a function.
This bit is only valid at the termination of an Initialize sequence or a
Maintenance Read Status command.

Bit: 2 Name: Initialize Done

Function: Indicates completion of the initialize routine. Can be as-
serted due to: a) a RX02 power failure, B) system power failure, C)
programmable or bus initialize.

Bit: 3 Name: RXACLO
Function: RX power failure. Bit is set when the subsystem power is
gone. ’

Bit: 4 Name: Density Error

Function: Indicates that the density of the function in progress does
not match the Drive Density. Upon detection of this error, the control
terminates the operation and asserts Error and Done.

Bit: 5 Name: Drive Density
Function: Indicates the density of the diskette mounted in the drive
indicated by the Unit Select bit.

Bit: 6 Name: Deleted Data

Function: In the course of recovering data, the “deleted data” ad-
dress mark was detected at the begining of the data field. The Drv Den
bit(s) indicate whether the mark was an address mark. The data fol-
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lowing the mark will be collected and transferred normally, as the
deleted data mark has no further significance other than to establish
drive density. Any alteration of files or actual deletion of data, due to
this mark, must be accomplished by user software.

Bit: 7 Name: Drive Ready

Function: The selected drive is ready if Bit 7 = 1. All conditions for
disk operation are satisfied, such as door closed, power OK, diskette
up to speed, etc. The RX02 may be presumed to be ready to perform
any operation. This bit is only valid when retrieved with a Read Status
function or initialize.

Bit: 8 Name: Unit Select

Function: This bit indicates the drive on which the previous com-
mand was executed. This bit should agree with bit 4 of the RX2CSR for
commands which require drive operation.

Bit: 9 Name: Reserved
Function:

Bit: 10 Name: Word Count Overflow

Function: The Word Count Register resides in the control. If the
control senses that the word count is beyond sector size it will termi-
nate the Fill or Empty Buffer operation and set Error and Done.

Bit: 11 Name: Nonexistent Memory Error

Function:  This bit is set when a DMA transfer is being performed and
the memory address specified in RX2BA is nonexistent (does not re-
spond to MSYN within 10 usec.).

PROGRAMMING

Data storage and recovery on the RXV21 occurs with careful manipu-
lation of the two RXV21 registers (RX2CS, RX2DB) following the strict
protocol of the individual function. Data may be permanently lost if the
protocol is not followed. New functions given before the completion of
a previous function are ignored.
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The following is a detailed description of the programming protocol
associated with each function encoded and written into bits 1-3 of
RX2CS if DONE is set.

Function
000

001

Description
Fill Buffer

This function is used to fill the RX02 data buffer with
the number of words of data specified by the RX2wWC
register. “Fill Buffer” is a complete function in itself.
The function ends when RX2WGC overflows and, if
necessary, the control has zero-filled the remainder
of the buffer. The contents of the buffer may be writ-
ten on the disk, by means of a subsequent Write
Sector command, or returned to the host processor
by an “Empty Buffer” command. To initiate this
function, the RX2CS Is loaded with the function. Bit 4
of the RX2CS (Unit Select) does not affect this func-
tion, since no disk operation is involved. Bit 8 (Densi-
ty) must be properly selected since this determines
the Word Count limit. When the command has been
loaded, the DONE bit (RX2CS Bit 5) goes false. When
the TR bit is asserted, the RX2WC may be loaded
into the data buffer register. When TR is again as-
serted, the. RX2BA may be loaded into the RX2DB.
The data words are transferred directly from memo-
ry and DONE goes true, ending the operation, when
RX2WC overflows and the control has zero-filled the
remainder of the sector buffer, if necessary. If bit 6
RX2CS (Interrrupt Enable) is set, an Interrupt is
initiated. Any read on the RX2DB during the data
transfer is ignored by the RXV21. After DONE Is true,
the RX2ES is located in the RX2DB register.

Empty Buffer

This function is used to empty the contents of the
internal buffer through the RXV21 for use by the host
processor. This data Is in the buffer as the result of a
previous “Fill Buffer” or “Read Sector” command.

_ The programming protocol for this function is identi-

cal to that for the “Fill Buffer” command. The RX2CS
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Is loaded with the command to initiate the function.
This function will ignore bit 4 RX2CS (Unit Select).
RX2CS bit 8 (Density) must be selected to allow the
proper word count limit. When the command has
been loaded, the DONE bit (RX2CS bit 5) goes false.
When the TR bit is asserted, the RX2WC may be
loaded into the RX2DB. When TR is again asserted,
the RX2BA may be loaded into the RX2DB. The
RXV21 assembles one word of data at a time and
transfers it directly to memory. Transfers occur until
Word Count overflow, at which time the operation is
complete and DONE goes true. If bit 6 RX2CS (inter-
rupt Enable) is set, an interrupt is initiated. After
DONE is true the RX2ES is located in the data buffer
register.

Write Sector

This function is used to locate a desired sector on
the diskette and fill it with the contents of the internal
buffer. The initiation of the function clears RX2ES,
TR, and DONE.

A. When TR s asserted, the program must load the
desired Sector Address into RX2DB, which will
drop TR.

TR will remain unasserted while the RX02 at-
tempts to locate the desired sector. The diskette
density is determined at this time and is com-
pared to the function density. If the densities do
not agree, the operation Is terminated; bit 4
RX2ES Is set, RX2ES is moved to the RX2DB,
Error (bit 15 RX2CS) is set, DONE is asserted,
and an interrupt is initiated if bit 6 RX2CS (Inter-
rupt Enable) is set.

If the densities agree but the RX02 is unable to
locate the desired sector within two diskette rev-
olutions, the RXV21 will abort the operation,
move the contents of RX2ES to the RX2DB, set
ERROR (bit 15 RX2CS), assert DONE, and initi-
ate an interrupt if Bit 6 RX2CS (interrupt Enable)
is set.
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If the desired sector has been reached and the
densities agree, the RXV21 will write the 128,, or
64,, words stored in the internal buffer followed
by a CRC character which is automatically cal-
culated by the RX02. The RXV21 ends the func-
tion by asserting DONE and if bit 6 RX2CS (In-
terrupt Enable) is set, initiating and interrupt.

CAUTION:

The contents of the sector buffer are not valid data
after a power loss has been detected by the RX02.
“Write Sector” however, will be accepted as a valid
instruction and the (random) contents of the buffer
will be written, followed by a valid CRC.

NOTE:

The contents of the sector buffer are not destroyed
during a write sector operation.

Read Sector

This function is used to locate the desired sector and
transfer the contents of the data field to the internal
buffer in the control. This function may also be used
to rapidly retrieve (5 ms) the current status of the
drive selected. The initiation of this function clears
RX2ES, TR, and DONE.

A.

When TR is asserted, the program must load the
desired Sector Address into the RX2DB, which
will drop TR. When TR is again asserted, the
program must load the desired Cynlinder
Address into the RX2DB, which will drop TR.

TR and DONE will remain unasserted while the
RX02 attempts to locate the desired sector. If the
RX02 is unable to locate the desired sector with-
in two diskette revolutions for any reason, the
RXV21 will abort the operation, set DONE and
ERROR (Bit 15 RX2CS), move the contents of
the RX2ES to the RX2DB, and if Bit 6 RX2CS
(Interrupt Enable) is set, initiate an interrupt.

If the desired sector is successfully located, the
control reads the data address mark and deter-
mines the density of the diskette. If the diskette
(drive) density does not agree with the function
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density, the operation is terminated and DONE
and ERROR (bit 15 RX2CS) are asserted. Bit 4
RX2ES is set (Density Error) and the RX2ES is
moved to the RX2DB. If Bit 6 RX2CS (Interrupt
Enable) is set, an interrupt is initiated.

D. If the desired sector is successfully located, the
densities agree, and the data are transferred
with no CRC error, DONE will be set and if Bit 6
RX2CS (Interrupt Enable) is set, the RXV21 initi-
ates an interrupt.

Set Media Density

This function causes the entire diskette to be reas-
signed to a new density. Bit 8 RX2CS (Density) indi-
cates the new density. The control reformats the
diskette by writing new data address marks (double
or single density) and zeroing out all of the data
fields on the diskette.

The function is initiated by loading the RX2CS with
the command. Initiation of the function clears RX2ES
and DONE. When TR is set, an ASCIi “I” (111) must
be loaded into the RX2DB to complete the protocol.
This extra character is a safeguard against an error
in loading the command. When the control recog-
nizes this character it begins executing the com-
mand.

The control starts at Sector 1, Track 0 and reads the
header information, then starts a write operation. If
the header information is damaged, the control will
abort the operation.

If the operation is successfully completed, DONE is
set and if Bit 6 RX2CS (Interrupt Enable) is set, an
interrupt is initiated.

NOTE:
If double-sided media is mounted in a double-sided
drive, both sides are set to the same density auto-
matically.
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CAUTION:
This operation takes about 15 seconds and should
not be interrupted. If for-any reason the operation is
interrupted, an illegal diskette has been generated
which may have data marks of both densities. This
diskette should again be completely reformatted.

Maintenance Read Status

This function is initiated by loading the RX2CS with
the command. DONE is cleared. The Drive Ready bit
(Bit 7 RX2ES) is updated by counting index pulses in
the control. The Drive Density is updated by loading
the head of the selected drive and reading the first
data mark. All other RX2ES bits reflect the condi-
tions created by the last command. During this
function, in addition to status, the control performs
the wraparound mode in the device electronics. If an
error occurs while wrapping the data from the Sector
Buffer through the device electronics, the Error bit
(Bit 15 RX2CS) is set. The RX2ES is moved into the
RX2DB. The RX2CS may be sampled when DONE
(Bit 5 RX2CS) is again asserted and if Bit RX2CS
(Interrupt Enable) is set, an interrupt will occur. This
operation requires approximately 250 msec to com-
plete.

NOTE:
If double-sided media is mounted in a double-sided
drive, the Side 1 Ready bit (RX2ES bit 1) Is set.

Write Sector With Deleted Data

This operation is identical to function 011 (Write Sec-
tor) with the exception that a deleted data address
mark is written preceding the data rather than the
standard data address mark. The Density bit associ-
ated with the function indicates whether a single or
double density deleted data address mark will be
written.

Read Error Code

The Read Error Code function implies a read ex-
tended status. In addition to the specific Error code,
a dump of the control’s internal scratch pad registers
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also occurs. This is the only way that the Word Count
Register can be retrieved. This function is used to
retrieve specific information as well, as drive status
information, depending on detection of the general
ERRORBIT.

The transfer of the registers is a DMA transfer. The
function is initiated by loading the RX2CS with the
command. DONE goes false. When TR is true, the
RX2BA may be loaded into the RX2DB and TR goes
false. The registers are assembled one word at a
time and transferred directly to memory.

Following is the Register Protocol.
NOTE:
The Density bit (bit 8 RX2CS) must be loaded with
the function. If the wrong assumption was made, an
error is returned.

Following is the Register Protocol.

15 8 7 0
WORD 1 [ WORD COUNT REGISTER l DIFINITIVE ERROR CODE ]

15 8 7 0
WORD 2 [ CURRENT TRACK ADDR DRV 1 I CURRENT TRACK ADDR DRV 0 —]

15 8 7 0
WORD 3 TARGET SECTOR TARGET TRACK I

15 8 7 [¢]

WORD 4 l BAD TRACK * l SOFT STATUS

Table 4 Deflnitive Error Codes

10 DRIVE 0 FAILED TO SEE HOME ON INITIALIZE

20 DRIVE 1 FAILED TO SEE HOME ON INITIALIZE

40 TRIED TO ACCESS A TRACK GREATER THAN 76

50 HOME WAS FOUND BEFORE DESIRED TRACK
WAS REACHED
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Table 4 Definitive Error Codes (Cont)

70 DESIRED SECTOR COULD NOT BE FOUND AFTER
52 TRIES

110 MORE THAN 40 MICROSECONDS AND NO SEP
CLOCK SEEN

120 A PREAMBLE COULD NOT BE FOUND

130 A PREAMBLE FOUND BUT NO ID MARK FOUND
WITHIN ALLOWABLE TIME

150 THE TRACK ADDRESS OF A GOOD HEADER DOES
NOT COMPARE WITH DESIRED TRACK

160 TOO MANY TRIES FOR IDAM

170 DATA ARE NOT FOUND IN ALLOTTED TIME

200 CRC ON READING THE SECTOR FROM THE DISK

220 FAILED MAINTENANCE WRAPAROUND CHECK

230 WORD COUNT OVERFLOW

240 DENSITY ERROR

250 INCORRECT KEY WORD ON SET DENSITY COM-
MAND

RX02 Power Fail or Initialize

When the RX02 control senses a loss of power within the RX02, it will
unload the head and abort all controller action. The RXAC L line is
asserted to indicate to the RXV21 that subsystem power is gone. The
RXV21 asserts DONE and ERROR and sets the RXAC L bit in the
RX2ES.*

When the RX02 senses the return of power, it will remove DONE and
begin a sequence to:

1. Move each drive head position mechanism to track 00

2. Clear any active error bits

3. Read sector 1 of track 1, on drive 0

4. Assert Initialize DONE in the RXES

Upon completion of the power-up sequence, DONE is again asserted.
There is no guarantee that information being written at the time of a
power failure will be retrievable; however, all other information on the
diskette will remain unaltered.
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LSI-11 Bus Power Falil

When the BPOK H line is negated by the LSI-11, the RXV21 asserts the
Initialize line and holds it asserted. The RX02 control unloads the head
and aborts controller action as detailed above. When LSI-11 power is
restored, the above power-up sequence is started.

* This is the only valid bit in the RX2ES at this time.

Programming Examples for Typical Operation
Disk Write

A typical disk write sequence, which is initiated by the user program,
would occur in two steps.

Fill Buffer—A command to fill the buffer is moved into the RX2CS. The
GO bit must be set. The program tests for TR. When TR is detected,
the program moves the desired word count into the RX2DB. TR goes
false while the word count is moved to the RX02. The program retests
TR and moves the Bus Address into the RX2DB. The device now
requests bus mastership and DMA’s one data word at a time into the
RX2DB and shifts it across the RX02 data bus bit serially one 8 bit byte
at a time into the sector buffer. When the Word Count Register over-
flows and, if necessary, the RX02 control zero fills the remainder of the
sector buffer, the DONE bit is set and an interrupt will occur if the
program has enabled interrupts.

Write Sector—A command to write the contents of the sector buffer
onto the disk is moved into the RX2CS. The program tests TR and
when TR is set, moves the desired sector address to the RX2DB. TR
remains false while the sector address is shifted to the RX02 control.
The control retests TR and when it is again set, moves the desired
track address register to the RX2DB. Again TR is negated. The RX02
locates the desired track and sector and compares the diskette densi-
ty against the assigned function density and writes the contents of the
sector buffer onto the disk if the densities agree. When the write oper-
ation is completed, the DONE bit is set and an interrupt will occur if the
program has enabled interrupts.

Disk Read

A typical disk read operation occurs in the reverse order. First, the
desired track and sector are located and the contents of the sector are
read into the sector buffer (Read Sector). Then, the contents of the
sector buffer are unioaded into memory (Empty Buffer). In either case,
the contents of the sector buffer are not valid if either a Power Fail or
Initialize follows a Fill Buffer or Read Sector function.
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BOOTSTRAPPING THE RXV21

The RXV21 bootstrap loader program loads the system monitor from
disk into system memory. No system operation can occur until the
monitor is contained in system memory. Bootstrapping ("booting”) the
system can be accomplished via a hardware-implemented bootstrap
in the BDV11 optiion, the MXV11-A with MXV11-A2 boot chips, or it
can be entered and executed via the console device.

The following bootstraps are entered under microcode ODT. The boo-
table volume must be in drive zero. All devices are at standard ad-
dresses and vectors. Enter the code starting at location 1000. Inhibit
all interrupts by entering RS/__340 <CR>. Initialize the program
counter by entering R7/___ 1000 <CR>. After the code has been en-

tered, type P.
RX02 DOUBLE RX02 SINGLE

DENSITY DENSITY
LOCATION CODE CODE
1000 12700 12700
1002 100240 100240
1004 12701 12701
1006 177170 177170
1010 5002 5002
.1012 12705 12705
1014 200 100
1016 12704 12704
1020 401 401
1022 12703 12703
1024 177172 177172
1026 30011 30011
1030 1776 1776
1032 100437 100437
1034 12711 12711
1036 407 7
1040 30011 30011
1042 1776 1776
1044 100432 100432
1046 110413 110413
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1060
1052
1054
1056
1060
1062
1064
1066
1070
1072
1074
1076
1100
1102
1104
1106
1110
1112
1114
1116
1120
1122
1124
1126
1130
1132
1134
1136

RXV21

RX02 DOUBLE
DENSITY

CODE

304
30011
1776
110413
304
30011
1776
100421
12711
403
30011
1776
00414
10513
30011
1776
100410
10213
60502
60502
122424
120427
3

3735
12700
0
5007
0
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RX02 SINGLE
DENSITY

CODE

304
30011
1776
110413
304
30011
1776
100421
1271
3
30011
1776
100414
10513
30011
1776
100410
10213
60502
60502 -
122424
120427
7

3735
12700
0

5007

0
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TEV11 TERMINATOR

GENERAL
The TEV11 terminator module provides 120-ohm termination circuits
as shown in Figure 1.

FEATURES
SPECIFICATIONS
Identification M9400-YB
Size Double
Power +5 Vdc + 5% at 0.54A
Bus Loads 0
0
AC
DC

DESCRIPTION

General

Each bus signal line terminates with two resistors as shown in Figure 2.
These termination resistors are generally contained in a 16-pin, dual-
in-line package which is identical to an IC package. Each package
contains 14 termination pairs. The values used are shown in the figure.
Daisy-chained grant signals are terminated and jumpered. BIAKI L is
jumpered to BIAKO L and BDMGI L is connected to BDMGO L via

factory-installed jumper W1. 5

180 2
M9400 - YB
2
2 1209 BUS TO/FROM
.: TERMINATION SIGNAL
@ LINES
33000
¥1-3597
Figure1 TEV11 Functions =

MR-1171

Figure2 Typical
120-Ohm Bus Termination
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TU58 CARTRIDGE TAPE DRIVE

GENERAL -

The TU58 is a low-cost intelligent mass memory device that offers
random access to block-formatted data on pocket-size cartridge
media. It is ideal as a small computer systems device, as inexpensive
archive mass storage, or as a software update distribution medium. A
dual drive TU58 offers 512 Kb of storage space, making it one of the
lowest cost complete mass storage subsystems available.

Ma-2378

Figure 1 Loading a Cartridge

630



TUS8

FEATURES

® 512 Kb per dual drive subsystem

o RS422, RS423, and RC232-C serial line I/0

e Reliable 30 inches per second read/write tape speed combined with
60 inches per second bidirectional search speed

o Flexible baud rates from 150 to 38,400
e Complete tape subsystem on one P.C. module for compact

mounting

e Microprocessor-based subsystem with automatic soft-error recov-

ery viarereads.

SPECIFICATIONS

Performance
Capacity per cartridge

Data reliability
Soft data error rate

Hard error rate

Hard error rate with write verify
and system correction

Error checking
Average access time
Maximum access time
Read/write tape speed
Search tape speed
Bit density
Flux reversal density
Recording method
Medium

631

262,144 bytes, formatted in 512
blocks of 512 bytes each

1in 107 bits read (before self-cor-
rection)

1in 10° bits read (unrecoverable
within eight automatic retries)

2in 10" bits read/written

Checksum with rotation
9.3 seconds

28 seconds

76 cm/s (30 ips)

152 cm/s (60 ips)

315 bits/cm (800 bits/in.)
945 fr/cm (2400 fr/in.)
Ratio encoding

DECtape ll cartridge with 42.7 m
(140 ft.) of 3.81 mm (0.150 in.)
tape

Size: 6.1 X 8.1 X1.3cm (2.4 X
3.2 X 0.5in.)



Track format

Drive

Drives per controller

Electrical
Power consumption

Module and 1 or 2 drives

Serial interface standards

Mechanical
Drive

Board (Module)

Power connector to module

Interface connector to module

TUS8
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Two tracks, each containing 1024
individually numbered, firmware-
interleaved “records.” Firmware
manipulates four records at each
operation to form 512-byte
blocks.

Single motor, head integrally cast
into molded chassis.

1 or 2. Only one may operate ata
time.

11 W, typical, drive running

+5V +5% at 0.75A, maximum

+12V + 10% —-5% at 1.2A, peak
0.6A average running
0.1Aidle

In accordance with RS422 or
RS423; compatible with RS232-C.

8.1HX83D X 10.6Wcm (3.2 X
3.3 X 4.1in.)with19cm (7.5in.)
cable 0.23 Kg (0.516 Ibs.)

13.2H X 26.5D X 3.5Wcm(5.19
X 10.44 X 1.4in.) 0.24 Kg (0.5316
Ibs.)

AMP 87159-6 with 87027-3 con-
tacts (DEC part nos. 12-12202-
09, 12-12203-00)

AMP 87133-5 with 87124-1 lock-
ing clip contacts and 87179-1 in-
dex pin (DEC part nos. 12-14268-
02, 12-14267-00, 12-15418-00)
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Environmental
Maximum dissipation

TU58-AB, TU58-BB 34 Btu/hour

Temperature
TU58-AB, BB operating 15°C (69°F)to 4 °C (108°F)
TU58-AB,BB nonoperating —34°C (—30°F) to 60°C (140°F)
Medium operating 0°C (32°F) to 50°C (122°F)
temperature
Maximum temperature 18°C (32.4°F)

difference between system
ambient and TU58 module

Relative Humidity, noncondensing

TU58 operating
Maximum wet bulb 26°C (79°F)
Minimum dew point 2°C (36°F)
Relative humidity 20% to 98%
TUS58 nonoperating 5% to 98%
Medium nonoperating 10% to 80%
PESCRIPTION
General

The tape cartridges are DIGITAL preformatted miniature reel-to-reel
packages containing 42.7 m (140 ft.) of 3.81 mm (0.15 in.) wide tape.
The tape is driven by a single puck which engages a roller which
moves an elastomer drive belt in the cartridge. This belt loops around
both tape spools and provides uniform tension and spill-free winding
without mechanical linkages (Figure 1). The simple single-point drive
mechanism allows high reliability for the entire system.

The control and drive circuitry of the TU58 is located on a single circuit
board. The motor, tape head control, driver, and switching circuits to
manage the tape drives are located on the printed circuit board along
with the subsystem’'s microprocessor. Operational amplifiers, com-
parators, and logic circuits perform ampilification, signal switching and

633



TUS8

conditioning, proportional control, and logic steering functions in the
controlier. The tape is protected by motor current limiting and an anti-
runaway timer. Although the controller supports one or two drives,
only one drive can operate at a time. Head selection and motor
selection, speed and direction changes, etc., are managed by outputs
from 1/0 ports on a peripheral IC. The mechanical actions of the drives
themselves are supervised by the microprocessor to improve the sys-
tem'’s performance.

HOST TUs8

COMMAND
PACKET

CONTINUE

DATA
PACKET

CONTINUE

DATA
PACKET

END
MESSAGE
PACKET

MA-2384

Figure2 An Exchange in Radial Serial Protocol

Because of the microprocessor intelligence, requests from the host for
data retrieval or storage need only contain simple specifications about
the transfer. The controller positions the tape and performs the trans-
fer without supervision from the host.

The host and controller communicate in a format called Radial Serial
Protocol (RSP). The RSP uses two kinds of byte sequences called
message packets. Both commands and data packets have protocol
information placed in specific locations in the byte sequence. This
format is easily generated by the TU58, making host-peripheral inter-
action possible at a high level with low cost.

Figure 2 illustrates a typical RSP exchange between a host computer
and the TU58.
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The serial host interface operates on full-duplex, asynchronous 4-wire
lines at jumper-selectable rates from 150 to 38,400 baud. The send
and receive rates may be independently set with jumpers to operate in
accordance with Electronic Industries Association (EIA) Standards
RS422 or RS423. When set to RS423, the TU58 is also compatible with
devices complying with RS232-C.

Figure 3 illustrates the structure of the TU58 system. The data path is
along the top of the diagram, passing to the host through the proces-
sor at the right. The drive control is at the lower left, also closely
associated with the processor through the 1/0 ports. The ports, mem-
ory, and universal asynchronous receiver-transmitter (UART) are tied
to the processor by an 8-bit-wide data/address bus.

AGC
r————n 1
l DRIVE N HEAD READ PEAK DETECTOR
| 0 SELECT AMP AND DECODER
| W S
WRITE AND
| | ERASE LOGIC
IVE
I _— TACHAND AND DRIVERS
| ) : VELOCITY 1
T CONTROL CONTROLLER PROCESSOR
| M _l_ — INTERFACE 5035
1/0 PORTS

MOTOR
DRIVER SERVO AMP

AND

DRIVE U
MOTOR SELECT

DRIVER RAM ROM
256 2K UART
BYTES BYTES

I

RECEIVERS

Figure3 TU58 Block Diagram

The cartridge drive motors are powered by servo-regulated speed and
direction circuits. These are controlled by the processor, which moni-
tors with tachometers and with signals from the tape. The heads are
selected by processor-controlled switches and either feed the au-
tomatic-gain-controlled (AGC) read amplifier and decoder circuits or
are driven by write currents encoded by the processor.
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The processor consists of an 8085 processor supported by firmware in
a 2 Kb read-only memory (ROM) and by scratchpad and data buffer
memory in a 256-byte random access memory (RAM). The processor
communicates with the drive control circuity through a bidirectionai
1/0 port. The UART exchanges data between the TU58 processor bus
and the host computer via the serial line drivers and receivers.

CONFIGURATION
The TUS8 is avallable in the following configurations with
accompanying designations:

Components

TUS8-AB Serial interface controller module, surface
mounting, with one drive.

TUS8-BB Serial interface controlier module, surface

mounting, with two drives.

Additional Supplies
TU58-K preformatted tape cartridges.
TUC-01 Tape Drive Cleaning Kit.

OPERATION

The TU58 may be supplied with power from a host system. It is ready
for operation within 1 second of voltage stabilization. It does not need
to be turned off when not in use; its idling power consumption is less
than5W.

When power is applied, the TU58 initializes itself, performs its internal
diagnostic tests, and then asks the host for an acknowledgement be-
fore it settles down to wait for instructions. Refer to the Programming
section for a description of the required exchange.

If power is removed while a tape is being written, data may be lost, but
there are no other restrictions on power removal.
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DRIVE PUCK

MICROSWITCHES /[ﬂo

HEAD

| _——SWINGOUT
GATE

WRITE PROJECT
TAB

DRIVE SUPPLY g
ROLLER HUB TAPE

MA-2380

TAPE ELASTOMER
CARTRIDGE BELT

Figure5 Tape Cartridge Partially Inserted Into Drive

Cartridge Loading

The TUS58 drive is designed to make correct loading easy. To load the
cartridge, hold it label-up, line it up with the grooves in the chassis,
and slide it in with a firm push. Figure 1 illustrates the fit of the car-
tridge into the drive chassis grooves.

Cartridge Unloading

Unloading the cartridge is as simple as loading. Just pull it straight out.
It is best to wait for the tape to stop, as indicated by the run light,
before removing the cartridge. The mechanism cannot be damaged
by removing the cartridge while the tape is moving, but if a write is in
progress, data may be lost. An error message will be sent to the host if
acommand is interrupted by removal of a cartridge.

Keeping Track of Cartridges

If the TUS8 is used in a non-file-structured system, the cartridge does
not have an identifying number or label recorded on the tape. If a
cartridge is changed, the TU58 will not know that a different cartridge
‘was loaded; the operator must keep track of the contents of various
cartridges.
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Write Protect Tab

Each tape cartridge has a movable tab which, when properly posi-
tioned, protects data on the tape from unintended write operations.
When this write protect tab (Figure 6) is in the inner position (toward
the drive roller), it locks out the write circuity.

When the write protect tab is in the outer position, it closes a switch in
the chassis and allows the controller to write when it is commanded to.
The operator should be sure that system or program tapes are backed
up with copies before loading them into the TU58 with their write
protect tabs set to record.

WRITE PROTECT TAB IN
PROTECT POSITION

MOVE TO RIGHT TO RECORD

MOVE TO LEFT TO PROTECT

™A-2359

Figure6 Write Protect Tab

Cartridge Storage and Care

Store cartridges in their cases, away from dust and heat or direct
sunlight. Do not touch the tape; there is no safe way to clean the tape
and permanent errors may result. Keep tools and other ferrous or
magnetic objects away. If a tape is suspected of having been exposed
to environmental extremes as listed in the specifications and if the
software operating system permits, wind it all the way through by
requesting positioning to blocks at each end of the tape before at-
tempting to store data on the cartridge.
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MAINTENANCE

Head and Puck Cleaning

After 100 hours of tape running time or semi-annually, clean the head
and motor puck with a long handled cotton applicator moistened with
DEC cleaning fluid (from cleaning kit TUC-01), 95 percent isopropyi
alcohol, fluorocarbon TF, 113 or equivalent (Figure 7). Push the puck
around with the applicator to clean its entire surface. Regular cleaning
minimizes tape and head wear and prevent tape damage and data
errors caused by contamination. A new drive requires head cleaning
after the first 20 hours of actual use. After this initial cleaning, 100 hour
intervals are adequate. This is the only regular maintenance required
for the TU58.

e =11

DRIVE PUCK TAPE HEAD
MICROSWITCHES

Figure 7 View Into Tape Drive Cartridge Slot

PROGRAMMING

The TU58 is controlled by a high-level command set that relieves the
host computer of device-related operations such as tape positioning
and read retries. The TUS8 firmware contains subroutines that are
activated by brief strings of command bytes. The command strings
contain the numerical code for the operation to be performed and the
location and size of data files that are to be transferred, when applica-
ble. They also contain various housekeeping characters that are part
of the Radial Serial Protocol (RSP) under which the byte sequences
are defined. The byte sequences are called message packets and are
designed to be transmitted by asynchronous interfaces.

Block Number, Byte Count, and Drive Number

The TU58 uses the block number and byte count to write or retrieve
data. If all of the desired data is contained within a single 512-byte
block, the byte count will be 512 or less. When the host asks for a
particular block and a 512-or-less byte count, the TU58 will position
the specified drive (unit) at that block and transfer the number of bytes
specified. If the host asks for a block and also a byte count greater
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than that of the 512-byte boundary, the TU58 will read as many
sequential blocks as are needed to fulfill the byte count. The same
process applies to the write function. This means that the host soft-
ware or an on-tape file directory need only store the number of the first
block in a file and the file’s byte count to read or write all the data
without having to know the additional block numbers.

Special Handler Functions
Some device-related functions are not dealt with directly in the RSP or
in the TU58 firmware.

A TU58 handler should check the success code (byte 3 of the RSP end
message) for the presence of soft errors. This enables action to be
taken before hard errors (permanent data losses) occur. For example,
if the number of retries on a particular cartridge reaches some value, a
message like “Tape Maintenance Required” could be presented to the
operator. This would suggest that prompt tape copying and head
cleaning is in order.

RADIAL SERIAL PROTOCOL (RSP)

Message Packets

All communication between the TU58 and the host is divided into
message packets, which are groups of bytes arranged in fixed order.
Position within the packet determines the meaning of each byte. There
are three kinds of message packets: command, data, and end mes-
sages. The end message is a special case of the command packet. In
addition, there are three single-byte protocol management messages:
INIT, Continue, and XOFF.

Each packet begins with a flag byte, which announces its contents.
The next byte in a message packet is the byte count. This is the num-
ber of message characters in the packet, excluding the flag, byte
count, and checksum. Up to 128 message bytes may be in each pack-
et. Larger blocks of data are sent with multiple packets. The last two
byte pairs of the message packet are a 16-bit checksum. The check-
sum is formed by summing sucessive byte pairs taken as 16-bit words
and using an end-around carry from bit 15 to bit 0. The flag and byte
count are included in the checksum.
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Bits 7-5 of the op code are reserved.

01,
02,
04,
10,
20,
23,

Data

Command

INIT

Bootstrap

00001
00010
00100
01000
10000
10011

Data

Control (command)
INIT

Bootstrap
Continue

XOFF

This flag informs the receiver that data rather than
commands are arriving. The receiver loads the in-
coming bytes into a buffer area in memory. It does
not look for an op code to execute.

The command flag informs the TUS8 that a com-
mand packet follows. An instruction code will be in
this packet. The flag is particularly important when
the TU58 encounters an error condition. In this case,
it sends an end packet before data transfer is
complete. The host knows that the end packet has
been sent because the packet received has a com-
mand flag instead of a data flag.

This op code is sent from the host to cause the TU58
to execute its power-up sequence. The TUS8 returns
Continue after completion. It is sent from the TU58 to
the host to indicate that the power-up sequence has
occurred. When the TU58 makes a protocol error or
receives an invalid command, it reinitializes and
send INIT continuously to the host. When the host
recognizes INIT, it send Break to the TU58 to restore
the protocol.

A flagbyte saying Bootstrap (octal 10), followed by a
byte containing a drive number, causes the TU58 to
read block 0 of the selected drive. It returns the 512
bytes without radial serial packaging. This simplifies
bootstrap operations. Bootstrap may be sent by the
host instead of a second INIT as part of the initializa-
tion process described below.
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Continue After a message is sent from host to the TU58, the
hast must wait until the TU58 sends Continue before
any more messages can be sent. This permits the
TU58 to control the flow of data.

XOFF Ordinarily, the TU58 does not have to wait betwaen
messages to the host. However, if the host is unable
to receive all of a message from the peripheral at
once, it may send XOFF. The TU58 stops transmit-
ting immediately and waits until the host sends Con-
tinue to complete the transfer when it is ready. (Two
characters may be sent by the UART to the host after
the TU58 receives XOFF).

Break and Initialization

Break is a unique logic entity that can be interpreted by the TU58 and
the host regardless of the state of the protocol. Break is transmitted
when the serial line, which normally switches between two logic states
called mark and space, is kept in the “space” condition for more than
one character time. This causes the TU58's UART to set its framing
error bit. The TUS58 will interpret the framing error as break.

Break has two applications in the TU58: one is routinely used, and the
other is for special conditions. When the TU58 is powered up, it per-
forms its internal checkout and initialization and then transmits INITs
continuously to the host to inform the host that it is present. The host
acknowledges the TU58 by sending break for a minimum of one
character time, and then sending two INITs. The TU58 responds with
Continue and enters an idle state in which it will wait for further instruc-
tions.

If communications break down, due to any transient problem, the host
may restore order by sending break and INIT as outlined above. What-
ever faulty operations were underway will be cancelled, and the TU58
will reinitialize itself, return Continue, and wait for instructions.

With DIGITAL serial interfaces, the initialize sequence may be sent by
the following sequence of operations. Set the break in the transmit
control status register, then send two null characters. When the trans-
mit ready flag is set again, remove the break bit. This will time Break to
be one character time long. The second character will be discarded by
the TU58 controller. Next, send two INIT characters. The first will be
discarded by the TU58. The TU58 will respond to the second INIT by
sending Continue. When Continue has been received, the initialize
sequence is complete and any command packet may follow.
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COMMAND SET

The command set for the TUS8 provides capabilities for random ac-
cess operations. To allow for future development, certain op codes in
the command set have been reserved; these commands have
unpredictable results and should not be used. Op codes not listed in
the command set are illegal and result in the return of an end packet
with the “bad op code” success code.

A data transfer operation uses three or more message packets. The
first packet is the command packet from host to the TU58. Next, the
data is transferred in 128-byte packets in either direction (as required
by read or write). After all data is transferred, the TU58 sends an end
packet. If the TU58 encounters a failure before all data has been trans-
ferred, it sends the end packet as soon as the failure occurs.

Command Packets
The command packet format is shown in Table 1. Bytes 0, 1, 12, and
13 are the message delivery bytes. Their definitions are as follows.

Table1 Command Packet Structure

=
o

Byte Contents

Flag = 0000 0010 (02,)
Message Byte Count = 0000 1010 (12;)
Op Code

Modifier

Unit Number

Switches

Sequence Number—Low
Sequence Number—High
Byte Count—Low

Byte Count—High

Block Number—Low
Block Number—High
Checksum—Low
Checksum—High

Flag This byte is set to 00000010 to
indicate that the packetis a
Command packet.

OCODNONRWN=O®

- ok ok ot
WN =0

o
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Message Byte Count

Checksum

Number of bytes in the packet
excluding the four message
delivery bytes. This is decimal
10 for all command packets.

The 16-bit checksum of bytes
0 through 11. The checksum is
formed by treating each pair of
bytes as a word and summing
words with end-around carry.

The remaining bytes are defined as follows.

2

6,7
8,9

10, 11

Op Code

Modifier

Unit Number
Switches
Sequence Number
Byte Count

Block Number

Operation being commanded.
Refer to Table 2 for definitions.

Permits variations of com-
mands.

Selects drive Q or 1.
Selects maintenance mode.
Always zero for TU58.

Number of bytes to be trans-
ferred by a read or write com-
mand. ignored by other com-
mands.

The block number to be used
by commands requiring tape
positioning.
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Table2 Instruction Set

Op Code Op Code
Decimal Octal Instruction
0 0 NOP
1 1 INIT
2 2 Read
3 3 Write
4 4 : (Reserved)
5 5 Position
6 6 (Reserved)
7 7 Diagnose
8 10 Get Status
9 1 Set Status
10 12 (Reserved)
11 13 (Reserved)

Maintenance Mode — Setting bit 4 of the switches byte (byte 5) to 1in
a read command inhibits retries on data errors. Instead, the incorrect
data is delivered to the host followed by an end packet. The success
code in the end packet indicates a hard data error. Since data is
transmitted in 128-byte packets, a multiple packet read progresses
normally until a checksum mismatch occurs. Then the bad packet is
transmitted, followed by the end packet, and the operation terminates.

Special Address Mode — Setting the most significant bit of the modi-
fier byte to 1 selects special address mode. In this mode, all tape
positioning operations are addressed by 128-byte blocks (0-2047) in-
stead of 512-byte blocks (0-511). Zero-fill in a write operation only fills
out to a 128-byte boundary in this mode.

Data Packets

The data packet is shown in Table 3. The flag byte is set to 00000001.
The number of data bytes may be between 1 and 128 bytes. For data
transfers larger than 128 bytes, the transaction is broken up and sent
128 bytes at a time. The host is assumed to have enough buffer ca-
pacity to accept the entire transaction, whereas the TU58 only has 128
bytes of buffer space. For write commands, the host must walit
between message packets for the TU58 to send the Continue flag
(00010000) before sending the next packet. Since the host has enough
buffer space, the TU58 does not wait for a continue flag between
message packets when it sends back read data.
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Table3 DataPackets

Byte Byte Contents
0 Flag = 0000 001
1 Byte Count = M
2 First Data Byte
3 Data

M Data

M+1 Last Data Byte
M+2 Checksum L
M+3 Checksum H

End Packets

The end packet is sent to the host by the TU58 after completion or
termination of an operation or on an error. The end packet is shown in
Table 4. The definition of bytes 0, 1, 12, and 13 are the same as for the
command packet. The remaining bytes are defined as follows.

Byte 2 Op Code—0100 0000 for end packet

Byte 3 Octal Success Code
0 -0=Normal
1 —1 = Success but with Retries
377 —1 = Failed Self-Test
376 —2 = Partial Operation (End of Medium)
370 —8 = Bad Unit Number
367 —9 = No Cartridge
365 —11 = Write Protected
357 —17 = Data Check Error
340 —32 = Seek Error (Block Not Found)
337 —33 = Motor Stopped
320 -—48 =Bad Op Code
311 —55 = Bad Block Number (i.e., > 511)

Byte 4 Unit Number 0 or 1 for Drive Number
Byte 5 Always 0
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Bytes 6,7 Sequence Number — always 0 as in com-
mand packet
Bytes 8,9 Actual Byte Count — number of bytes han-

dled in transaction. In a good operation, this
will be the same as the data byte countin
the command packet.

Bytes 10, 11 Summary Status
Byte 10
Bit0

Byte 11 Reserved
BitO

Logic Error

Motion Error

Transfer Error

Special Condition (Errors)

NOAADLOON =

Table4 End Packet

Byte Byte Contents

Flag = 0000 0010
Byte Count = 0000 1010
Op Code = 0100 0000
Success Code

Unit

Not Used

Sequence No. L
Sequence No. H
Actual Byte Count L
Actual Byte Count H
10 Summary Status L

1 Summary Status H

12 Checksum L

13 Checksum H

OCONOGDHDWN-—=-O
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THE INSTRUCTION SET
The instructions and their op codes are shown in Table 2. The foliow-
ing is a brief description and usage example of each.

OPCODE O NOP
This instruction causes the TUS8 to return an end packet. There are no
modifiers to NOP. The NOP packet is shown below.

BYTE

0 0000 0010 FLAG

1 0000 1010 MESSAGE BYTE CNT

2 0000 0000 OP CODE

3 0000 0000 MODIFIER

4 0000 000X UNIT NUMBER (IGNORED)

5 0000 0000 SWITCHES (NOT USED)

6 0000 - 0000 SEQ NO.

7 0000 0000 SEQ NO. NOT USED

8 0000 0000 BYTE COUNTL NO DATA
9 0000 0000 BYTECOUNTH INVOLVED
10 0000 0000 BLOCK NO. L NO TAPE
11 0000 0000 BLOCKNO. H POSITION
12 0000 001X CHECKSUM L

13 0000 1010 CHECKSUMH

The TU58 returns the following end packet.

0 0000 0010 FLAG

1 0000 1010 MESSAGE BYTE CNT

2 0100 0000 OP CODE

3 0000 0000 SUCCESS CODE

4 0000 000X UNIT NUMBER (IGNORED)

5 0000 0000 NOT USED

6 0000 0000 SEQ.L

7 0000 0000 SEQ. H NOT USED

8 0000 0000 ACTUALBYTECNTL  NO DATA
9 0000 0000 ACTUAL BYTECNTH INVOLVED
10 0000 0000 SUMMARY STATUS L

1 XXXX XXXX SUMMARY STATUS H

12 000X XXXX CHECKSUM L

13 XXXX XXXX CHECKSUMH
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OP CODE 1 INIT

This instruction causes the TUS58 controller to reset itself to a ready
state. No tape positioning results from this operation. The command
packet is the same as for NOP except for the op code and the resultant
change to the low order checksum byte. The TU58 sends the same
end packet as for NOP after reinitializing itself. There are no modifiers
to INIT.

OP CODE 2 Read, and Read with Increased Threshold

This instruction causes the TU58 to position the tape in the drive
selected by Unit Number to the block designated by the block number
bytes. It reads data starting at the designated block and continues
reading until the byte count (command bytes 8 and 9) is satisfied. After
data has been sent, the TU58 sends an end packet. Byte 3 indicates
success, success with retries, or failure of the operation. In the event of
failure, the end packet is sent all the time of failure without filling up the
data count. The end packet will be recognized by the host by the flag
byte. The host will see a command flag (0000 0010) instead of a data
flag (0000 0001).

There is one modifier to the read command. A modifier of 0000 0001
causes the TUS58 to read the tape with an increased threshold in the
data recovery circuit. This makes the tape drop bits if any weak spots
are present. Thus, if the TU58 can read error-free in this mode, the
data is healthy. The read transaction between TU58 and host is shown
in Figure 8.

HOST TusS8s

COMMAND
PACKET - .
(READ 510 BYTES) l

DATA
128 BYTES

DATA
128 BYTES

DATA
128 BYTES

DATA
126 BYTES

THHEN

wa 2318

Figure8 Read Command Packet Exchange
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OP CODE 3 Write, and Write and Read Verify

This op code causes the TUS58 to position the tape in the selected drive
to the block specified by the number in bytes 10 and 11 of the com-
mand packet and write data from the first data packet into that block. it
writes data from subsequent data packets into one or more blocks
until the byte count called out in bytes 8 and 9 of the command packet
has been satisfied.

The controller automatically zero-fills any remaining bytes in a 512-
byte tape block.

There is one modifier permitted with the write command. A modifier of
000 0001 causes the TU58 to write all of the data and then back up and
read the data just written with increased threshold and test the check-
sum of each record. If all of the checksums are correct, the TUS8
sends an end packet with the success code set to 0 (or 1 if retries were
necessary to read the data). Failure to read correct data results in a
success code of -17 (1110 1111) to indicate a hard read error.

The write operation has to cope with the fact that the TU58 only has
128 bytes of buffer space. It is necessary for the host to send a data
packet and wait for the TUS8 to write it before sending the next data
packet. This is accomplished using the continued flag. The continue
flag is a single byte response of 001 0000 from TU58 to host. The write
operation is shown for both write and write/verify operations in Figure
9.

OP CODE 4 (RESERVED)

OP CODE 5 POSITION

This command causes the TUS58 to position tape on the selected drive
to the block designated by bytes 10 and 11. After reaching the select-
ed block, it sends an end packet. No modifiers are used.

OP CODE 6 (RESERVED)

OPCODE7 DIAGNOSE

This command causes the TU58 to run its internal diagnostic program
which tests the processor, ROM, and RAM. Upon completion, TU58
sends an end packet with appropriate success code (0 = Pass, —1 =
Fail).

OP CODE 8 GET STATUS
This command is treated as an NOP. The TU58 returns an end packet.
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‘'OP CODE 9 SET STATUS
This command is treated as an NOP because TU58 status cannot be
set from the host. The TU58 returns an end packet.

OP CODE 10 (RESERVED)
OP CODE 11 (RESERVED)
HOST TUS8
COMMAND
PACKET
WRITE ——
620 |
BYTES I
DATA _|__,
128 BYTES TAPE POSITIONS
AND WRITES DATA
CONTINUE
DATA
128 BYTES TAPE POSITIONS
AND WRITES DATA
—
DATA
128 BYTES TAPE POSITIONS
AND WRITES DATA
DATA 1 ___,I
128 BYTES TAPE POSITIONS
AND WRITES DATA
-— CONTINUE
DATA )
108 BYTES
TAPE POSITIONS AND WRITES

DATA. TUB8 ZERO-FILLS REMAIN-
ING 404 BYTES OF BLOCK. IF WRITE/
VERIFY, TAPE REWINDS AND READS
BLOCKS JUST WRITTEN AND TESTS
CHECKSUMS.

SUCCESS/FAILURE

n

“a.237?

Figure9 Write Command Packet Exchange
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DRIVE AND MODULE INSTALLATION

Figures 10 and 11 provide the mounting dimensions for the circuit
board (module) and drive mechanism. The drive has a 19 cm (7.5 in.)
cable which plugs into the module header with the wires coming out of
the plug toward the center of the module. The plug is keyed to ensure
proper orientation. The cartridge extends 1.60 cm (0.62 in.) from the
front of the drive. If the drive is recessed in a panel, clearance must be
provided around the opening for fingers to grip the cartridge. !deally,
the cartridge slot in a front panel will be somewhat larger than mini-
mum, to allow easy insertion. The opening should be at least the
dimensions of the cartridge, 1.3 cm (0.5 in.) X 8.1 cm (3.2 in.),located
not more than 0.53 cm (0.17 in.) above the bottom mounting surface.

The module should be mounted on a flat surface with 3 mm (4-40)
hardware and 1 cm (3/8 in.) standoffs. Both the module and the drive
may be mounted at any angle. For mounting to a surface above the
drives, the 1.80 cm (0.71 in.) clearance is required; hole spacing is
given in the outline drawings. For mounting to a surface below the
drives, an 8.18 cm (3.22 in.) X 8.89 cm (3.50 in.) chassis cutout is
required, with the same mounting hole spacing.

CAUTION
The mounting surface for the drives must be flat within
0.64 cm (0.025in.).

INTERFACE STANDARDS SELECTION AND SETUP

The TU58 is shipped with factory-installed jumpers for a transmission
rate of 38.4 kilobaud and the RS-423 unbalanced line interface (Figure
14). A variety of standards and rates may be selected by changing the
jumpers on the controlier module. Table 5 provides a list of all the pins
on the board and their functions, including the wire-wrap (WW) pins,
interface, and power connectors.
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Figure 10 Drive Outline Drawings
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Figure 11 Module Outline Drawing
Table5 TUS8 Module Connections
Wire-Wrap
Pins
wWwi1 150 baud
ww2 300 baud
wwa 600 baud
ww4 1200 baud
WW5 2400 baud
wweé 4800 baud
wWw7 9600 baud
wws 19,200 baud
wwo 38,400 baud
WW10 UART Receive Clock
WWi11 UART Transmit Clock
wwi2 Auxiliary A (to interface connector pin L)
wwi13 Auxiliary B (to interface connector pin A)
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WW14 Factory Test Point

WW15 Ground

WW16 Boot Connect together for auto-boot on power-up
wWw17 RS-423 Driver

wWwi1s RS-423 Common (Ground)

wwi19 Transmit Line +

WW20 Transmit Line —

Wwa21 RS-422 Driver +

wwa22 RS-422 Driver —

wwa3 Receiver Series Resistor

WWw24 (Jump for RS-422)

Serial Interface Connector

J2-10 Auxiliary B J2-5 Ground

J2-9 Ground J2-4 Transmit Line —
J2-8 Receive Line + J2-3 Transmit Line +
J2-7 Receive Line — J2-2 Ground

J2-6 Key (no connection)  J2-1 Auxiliary A

Power Input Connector

J1-1 +12v

J1-3 Ground

J1-5 +5V

J1-6 Ground

Drive Cable

J3,4-1 CartL J3,4-9 LED

J3,4-2 No Connection J3,4-10 Head Shield Ground
J3,4-3 Permit L J3,4-11 Erase Return
J3,4-4 Signal Ground J3,4-12 Erase 1
J3,4-5 Motor + J3,4-13 Erase 0
J3,4-6 Motor — J3,4-14 Head Return
J3,4-7 +12v J3,4-15 Head 0
J3,4-8 Tachometer J3,4-16 Head 1
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Figure 12 Data Rate and Cable Length for RS-423

Selecting Interface Standards

The serial interface operates on full-duplex, asynchronous 4-wire lines
at rates from 150 baud to 38.4 kilobaud. The transmit and receive
rates may be independently set. Each 8-bit byte is transmitted with
one start bit, one stop bit, and no parity. The line driver and receiver
may be set to operate with EIA RS-422 balanced or RS-423 unbal-
anced signal standards. When set to RS-423, the TU58 is compatible
with devices complying with RS232-C.

The TU58 is shipped prewired for operation at 38.4 kilobaud transmit
and receive on RS-423. The maximum wire length that may be used at
the data rate in an electrically quiet environment is approximately 27
m (90 ft.). The wire used with any installation should be no less than 24
AWG diameter.

Longer wire runs may be made if data rates are reduced. RS-422 is
considerably more noise-immune than RS-423 and can be used over
at least 1200 m (4000 ft.) at any TU58 data rate. Figure 12, derived
from the EIA standards, illustrates the variations in distance needed by
RS-423 for different data rates. For more information, consult the
standards for RS-422 and RS-423 published by the Electronic Iindus-
tries Association.
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Connecting Standard Jumpers

~ The jumper pins are standard 0.635 mm (0.025 in.) wire-wrap posts
which may be connected using 30 AWG wire and a hand tool. Other
techniques that may be used include slip-on connectors such as DEC
H821 Grip Clips, 915 patchcords, 917 daisy-chain, or soldering.

The baud rates may be set independently for transmission and recep-
tion, or both can operate together. Simply connect the pin with the
desired baud value to either the XMIT or RCV pins or both. Figure 13
illustrates the pin locations, and Figure 14 shows the factory-wired
configuration.
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Figure 13 Interface Selection Jumper Pin Locations
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Figure 14 Factory Wiring

The interface standards may be selected by connecting sets of pins
together. The connections are listed in abbreviated form in Figure 13.
The group of pins 17 through 24 are the interface pins. The module is
shipped prewired for RS-423 with pin 17 connected to pin 19, and pin
18 connected to pin 20. No other pins in the group are connected.

For RS-422, pin 21 should be tied to pin 19, pin 22 to pin 20, and pin 23
to pin 24. No other pins in the group are connected.

BLOCK DIAGRAM

Figure 3 shows the signal and control paths between the various ele-
ments of the TU58 and between the TU58 and its internal microproc-
essor. This diagram illustrates the control the microprocessor has
over activities in the TU58.

Data Flow, Tape to Interface

The tape track is selected by signals from the 1/0 ports. Recorded
data passes through the selection circuits to the read amplifier. There,
the signal amplitude is adjusted to a standard level by the automatic
gain control (AGC) action of the circuit. The Gain Reduce signal allows
detection of weak recordings. The slope changes of the sinusoidal
signal are sensed by the peak detector that produces a squarewave
with a duty cycle similar to that of the original encoded data. The duty
cycle is decoded to data bits by an integrater in the bit detector that
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delivers the bits to the microprocessor serial data input (SID) with a
strobe signal from the peak detector.

The microprocessor deserializes the read data and stores it in the data
buffer area of memory. After a 128-byte record has been stored, a
checksum caiculated from the read data is compared with the
checksum read from the tape. If they do not match, retries are at-
tempted. Failure is indicated to the host in an end packet. Success
results in the transfer of the data, one byte at a time, to the interface. If
the unit has a parallel interface, the data is transferred eight bits at a
time upon receipt of a strobe from the host. If the unit has a serial
interface, the data is loaded into a UART and transmitted through line
drivers with one start bit and one stop bit. A charge pump supplies
negative voltage for the bipolar EIA line drivers since the power supply
only produces positive voltages.

Data Flow, Interface to Tape

Data enters the interface and is latched (parallel) or deserialized and
stored in a register (serial). The microprocessor receives a ready sig-
nal from the interface and transfers the data to a buffer area in memo-
ry. The data then re-enters the microprocessor, is serialized, ratio-
encoded, and sent to the write circuit through the serial data output
(SOD). When the write circuit interlock is released by the cartridge-
activated write permit switches on the drives, write current is delivered
to the correct head gap by selection circuits under microprocessor
control. The erase circuit control logic is part of this control loop.

VELOCITY CONTROL

Velocity Sensing

Each motor has a LED lamp focussed on a phototransistor through a
slotted disk on the motor shaft. (Only the activated drive delivers a
tachometer signal.) This optical tachometer output is amplified and
shaped by a comparator to produce a pulse rate proportional to the
shaft speed of the motor. The buffered puises from the optical ta-
chometer go into an 18-bit shift register. The clock for the shift register
is selected to give a quarter-period delay to the pulses at the desired
shaft speed. The delayed and undelayed pulses are then exclusive-
ORed to yield a pulse width modulated representation of the actual
velocity. Modulation occurs because the shift-register delay, a fixed’
amount of time, is a different fraction of a period for different

tachometer frequencies. Therefore, the amount of overlap varies
between delayed aand undelayed waves. The overlap is extracted by
the exclusive-OR gate, averaged to a dc level by a capacitor, and
buffered by an operational amplifier (op amp).

659



099

1/0 PORTS

8sN.L

REGISTERS TimER ouT
TIMER SEL O
s GAIN REDUCE READ STROBE ERASE
CIRCUIT
4|—O TEST POINT 2 READ SELECT €6, 13,26, 27
PORT C-{ 31—0 TEST POINT 1 GAP READ AP & PEAK DETECTOR ggc‘rsc‘ron DATA TRACK 0 o4
2}— DIAGNOSTIC LED ° €28, Q1 £ £4,21,22,20.30 ERASE
1—OTEST POINT 3 ORIVE @] | ENABLE
Of}—=800T —————  WRITE ]
FEEN oA WRITE CIRCUT }an e 5ATR Jd e
& INTERLOCK
7 pali= 30 1PS HEAD GAP [ E5, 207, 35, +£34 [o WRITE ENABLE zl =z
6|——e ERASE ENABLE seiecrion | 023,17 Pan SELECT DRIVE 8 L
LU
5|—GAIN REDUCE w onr | (€330aR) T REVERSE
4f——e-SELECT TRACK 0 s ¢ o ™| DRIVE SELECTION (A, B) &
PORT 8] 3 DIRECTION CHANGE
3jie-SELECT DRIVE B g Bl onne cARTRIDGE  [RITE PERMIT, £6.810, 13
2 - REVERSE s g 1 WRITE PERMIT
1}—ewRITE ENABLE Al = cap SWITCHES Lo - as16 DRIVE
OVER
(op==RUN A ]  OUT CURRENT |8 _TRANSIENT SUPRESSION
1l MARK €20, 20 DRIVE LIMIT ACH OUT
it FINDER RUN TEST POINT E1S
| 6[e——B00T SWITCH £S5, 12, 25
She— VELOCITY TEST POIN Tty ‘
4J@——RUN TEST POINT TACH
PORT A CARTRIDGE sionats [ vewociTy VELOCITY
3 CART RIDGE ey IN PLACE FROM SENSING ™ CONTROL
2B CARTRIDGESmmmm o1\ TopES DRIVES (el EI5 E14, 15, 21
VELOCITY TEST
1
[ 30 1PS v CHARGE PUMP
Ote——WRITE PERMIT ELOCI €23
~ cLock
-9 VOLTS
us
—— sox g yucor R
E7,12,19
TRAPje— TRAP H SERIAL INTERFACE
RST 7.5 j&——READ STROBE E16.17, 24,3134
RST 6.5 |
RSTES I-INTERFACE H
8085  SIDfe— READ DATA ' :
4P SODl—w WRITE DATA | ﬁf&ﬁf&
CLOCK = CLOCK E16, 17, 23, 24,
< TRapH | 26.31,32
"2
*:.s Figure 15 Tape Motion Control




TACH
SIGNAL:

TUS8

FOWARD/
REVERSE
GATING
FORWARD REVERSE
Lol powER POWER
SWITCH SWITCH
T
|
|
|
| I
T~ 1
|
|
O '
, |
REVERSE FORWARD
SPEED SPEED
CONTROL CONTROL
L =]
|
|
OVER 3
cuRRent|  2lo20mm
SENSING 5 :
|
v
SPEED
Lol CONTROL
BUFFER
FORWARD/
REVERSE
GATING

Figure 16 Motor Bridge

661

MA.2689



TUS8

60
VELOCITY
30
+
MOTOR
CURRENT
SPEED CHANGE
60 SEEK
READ READ
30
VELOCITY
_30-
- -
60 REVERSE
+ |-
MOTOR
CURRENT
L] -I
DIRECTION

AND VELOCITY CHANGES

VELOCITY TEST POINT
INTERVAL EXCEEDS
uP REFERENCE TIME;
POWER IS TURNED OFF.

STOP

Ma-2670

Figure 17 Velocity Change Waveforms

662



TUS8

HEAD SELECTION

The read/write heads are selected by signals from the microproces-
sor. The microprocessor generates a SEL DRV B signal to choose the
head. The gap for track 0 or track 1 is chosen by SEL 0 H from the
microprocessor. The selected head gap is connected to the read and
write circuitry through a dual 4 to- 1 multiplexing analog switch IC. The
IC’s dual circuits are paralleled to minimize series resistance in the low
impendance write driver circuit. The common taps of both heads are
connected together, so only one lead per gap needs to be switched.

WRITE CIRCUIT AND INTERLOCK

The write drivers are two transistors (Q2, Q3) arranged as a constant
current source and sink operating at 7.5 mA. They use tristate buffers
as data-gated switches and return paths. Writing is gate-interlocked
by the mechanical interlock on the cartridge in the drive being select-
ed. Also, the microprocessor tests the mechanical switch for the Write
Permit signal before turning on write current. Attempting to write while
the cartridge is write-protected results in an error report to the host.
The microprocessor Write Enable signal turns the write current on and
off at the proper times. In the absence of write enabling, the tristate
outputs become open-circuited and source and sink transistors Q2
and Q83 are biased off.

ERASE CIRCUIT

Erase gaps are selected by the same pair of signals that select
read/write gaps. They are also enabled by ERASE ENA L. A 26 mA
current source supplies the erase gaps in common. Current through
the desired gap is passed to ground through a peripheral driver (high
current capacity) gate which is part of a decoder for the control sig-
nals. A diode across each erase head winding clamps the inductive
voltage spike when the erase current is turned off.

DATA ENCODING AND DETECTION

Data is recorded on tape using the ratio encoding method. Each data
bit is given a cell with room for three flux reversals. After an initial
positive transition, only one of the remaining reversal positions is
used. If the reversal occurs in the first available position, the bit is a
zero. If it occurs in the second position, the bit is a one. These position
shifts correspond to duty cycles or ratios of 1/3 and 2/3 (Figure 18). To
compensate for waveform distortion in the recording process, the
actual write encoding ratio is ¥s to 3/4.
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Figure 18 Data Encoding and Decoding

The beginning of a bit cell is defined by a positive peak at the read
amplifier. The second flux reversal is defined by the next negative
peak. The peaks are detected by a comparator.

The read amplifier output is fed to one input of the comparator. The
same signal is phase-shifted and fed to the other output. The output is
high for a positive slope input and low for a negative slope input. A
small amount of hysteresis is added to prevent oscillation at the zero-
sloped-point.

The output of the comparator has a duty cycle similar to that of the
original encoded signal. The data are recovered using an integrater as
shown in Figure 18B. The integrater is discharged by an analog switch
on the positive edge of the data waveform. The integrater is sampled
by a flip-flop on the next edge. If the integrater is positive at sample
time, the recorded bit was one. If the integrater is negative at sample
time, the bit was zero.

Decoded data is delivered to the serial data input (SID) on the 8085
microprocessor, while a strobe corresponding to the moment of integ-
rater sampling triggers an interrupt to get the microprocessor to store
the data bit in a register.

664



TUS8

MAX CURRENT= AGC
MAX GAIN 3 BIASDIVIDER

MIN RpjoDE 1
Il ?W—Q—(GMN REDUCE L
weaD T
@ oP AMP —OouT

=

CONTROL J
DIODE

MA-3814

Figure 19 Read Amplifier and Automatic Gain Control

READ AMPLIFIER AND AUTOMATIC GAIN CONTROL

An op amp amplifies the signals coming from the selected head. Au-

tomatic gain control (AGC) maintains a constant output to following
. stages in the presence of large variations in output from the tape

because of worn tape or recording variations (Figure 19).

CHARGE PUMP

The principle behind the operation of the charge pump is that of
charge storage in a capacitor. This is illustrated by the simplified ex-
ample in Figure 20. Assume that a capacitor is connected between a
positive charge source, e.g., +12V and ground. Electrons will accumu-
late at the grounded end. If the capacitor is disconnected from the
source and ground, it still has 12V across it, because the electron
charge accumulated may not move. If the original positive end is con-
nected to ground, the 12V extends its polarity below ground betause
now there is an excess of electrons relative to ground. This negative
potential is available to do work at a rate subject to the charge capacity
of the storage element (capacitor).
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MARK FINDER

A specially encoded signal is recorded on the DECtape Il as part of the
formatting operation. The signal is recorded at one quarter of the
normal bit density and is located at the beginning and end of the tape
(BOT and EOT) and also between each of the formatted records. The
signal is called a mark and indicates the location of the beginning of
each record header. This allows the microprocessor to count the pas-
sage of records past the head at winding speed, and alerts the
microprocessor when the tape enters the BOT or EOT regions. Header
marks and BOT-EOT marks are distinguished by different bit patterns.
BOT is all zeros, EOT is all ones, and the header mark alternates ones
and zeros. The mark is detected by a circuit that detects the lower bit
density of the mark compared with normal data. The microprocessor
sets up the timer in the 8155 to provide a clock to the mark finder. The
clock is chosen to allow the MARK H output to be set while the pulse
rate coming in through the read strobe input is lower than that of the
timer. MARK H appears at an input port that is examined by the mark-
detecting routine in the microprocessor.

INTERFACES

Serial interface

Data moves within the TU58 microprocessor on an 8-bit parallel bus.
Data is transferred between the TU58 and the host computer through
a full-duplex asynchronous serial interface that uses one signal loop
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. (conductor pair) for each direction. The universal asynchronous re-
ceiver/transmitter (UART) performs the parallel to serial and serial to
parallel conversions that make the economy of wire possible. The
UART, a single IC, contains circuitry allowing wired programming of its
conversion format, plus microprocessor bus protocol management,
and the capability to detect conversion and timing errors.

MICROPROCESSOR AND MEMORY

All TU58 activities are supervised or directly controlled by an 8085
microprocessor. The microprocessor operates with firmware stored in
a 2K X 8 read-only memory (ROM). Scratchpad memory for the mi-
croprocessor computations, and a 128-byte buffer for data coming
from the host, are located in a 256 X 8 random access memory (RAM).

1/0 Ports .

The 1/0 ports provides most of the communication paths between the
microprocessor and the TU58 hardware. Port A provides the inputs for
the various status signals from the mechanism, such as cartridge pre-
sent and write permit. Port B delivers control signals to the system,
such as velocity and direction commands. Port C controls the self-test
indicator lamp and causes the interface to the host to transmit Break
as a part of the boot sequence.

Port C also carries three signals useful for module testing. Test Point 1
(pin 1) pulses high when the header of a sought record is successfully
read (confirmed by the record number complement). Test Point 2 (pin
2) pulses high each time the header of any record is unsuccessfully
read. Test Point 3 (pin 38) pulses high after a record of data is read but
fails the checksum test.

Registers and Timer

The 8155 registers control the operation of the 1/0 ports and timer.
The registers are addressed as 1/0 locations like the ports. The con-
trol/status register defines the ports as input or outputs and sets the
timer start and stop characteristics. The timer registers define the
cycle characteristics and load the value required to generate the
desired pulse interval with the system clock at the timer’s clock input.
A 14-bit counter, parallel-loaded by the registers, provides the timer
function.

FIRMWARE

The TUS8 operates under control of a microprocessor whose instruc-
tions are stored in a ROM. These instructions, called firmware, define
the functions and capabilities of the TU58 as an integral part of the
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normal TU58 operation. No extensive coverage is attempted because
firmware problems cannot be repaired in any direct way. The self-test
checks for proper contents in the ROM and halts the processor if a
fault is detected. The self-test checks other things as well but does not
isolate the problem to a particular component. Field repair is the re-
placement of the module.

HOST TUS8

POWER-ON RESET (OR ERROR)
INITIALIZE

SEND INITS CONTINUOUSLY
UNTIL BREAK IS RECEIVED
RECOGNIZE INIT
SEND BREAK
RECEIVE BREAK

WAIT FOR INIT

SEND INIT
\b RECEIVE FIRST CHARACTER

AND DISCARD
SEND INIT
T RECEIVE SECOND CHARACTER

REINITIALIZE
SEND CONTINUE AND
LOOP IN IDLE

RECEIVE CONTINUE

SEND MESSAGE PACKET

FLAG BYTE

RECEIVE FLAG BYTE

TEST FOR COMMAND OR DATA.
IF COMMAND, STORE MESSAGE
BYTES IN LABELED LOCATIONS,
IF DATA, STORE MESSAGE BYTES
IN DATA BUFFER.

PERFORM INSTRUCTIONS. IF
DATA IS COMING FROM HOST,
SEND CONTINUE AS REQUIRED.

MA.2673

Figure21 Host TU58 Power-Up Interchange
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SERIAL VIDEO MODULE

GENERAL

The VK170 module forms an integral part of a terminal. The module
accepts serial ASCIlI encoded data to be stored in a refresh memory to
generate a display for a video monitor. The VK170 also accepts paral-
lel data from a keyboard (on strobe demand) to generate serial ASCI|
output.

The VK170 is an extended-length, double-height, single-width board.
Mounting holes are provided for stand-off mounting via handle rivets
and two holes located near the module fingers (Figure 2).

FEATURES

e Complete video subassembly on a double-height module

o Displays a full 80 characters per line and 25 lines

® 7 X 7 characters displayed in 8 X 8 character cells using standard
installed character ROM

® 8 X 8 character cell allows simple graphics with customer-defined
character set

o Selectable attributes:

blink

half intensity

reverse video

characters, from customer-defined character set

e Customer may enable video attributes on a character-by-character
basis .

® |.C. socket for two customer-defined character sets (2716 EPROM
or equivalent)

o Simple EIA RS-423 serial interface for direct interconnect to DLV11-
J or MXV11, consequently no bus loading

e Jumper-selectable baud rates: 150, 300, 600, 1200, 2400, 4800,
9600, 19,200, 38,400

® Smooth scroll is used to move text up the screen to allow entry of
new data on the bottom line of the display

o Drives standard video monitors over coaxial cable per EIA RS170,
or jumper-selectable for direct drive monitor
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o Interfaces to a standard keyboard (8-bit ASCII)

e Can be plugged into LSI-11 backplanes or mounted on stand-offs
applying power via H807 edge connector

SPECIFICATIONS

Height 13.2cm(5.2in.)

Length 223cm(8.5in.)

Width 1.27cm (0.5in.)

Power Requirements +5V £5%, 1.2A
+12V (or —15V)
+3%, .15A

The VK170 module operates under the following conditions:

e Environment must conform to:
Temperature 5°C to 60°C
Humidity 10% to 95% (no condensation)

e Power dissipation is based on circuit requirements of 1.8 amps
maximum. If only § Vdc is used, power dissipation does not exceed
9 watts. An additional 2 watts (nominal) is dissipated when the + HV
(nominal 12 volts) is enabled.

DESCRIPTION
The VK170 functions as separate input and output devices. Parallel
data bits from a user-supplied keyboard are serialized and transmit-
ted (XMIT DATA SERIAL ASCII) to a computer serial line interface
(e.g., DLV11-J).

Serial data bits received from a serial line are decoded in the internal
logic to determine whether a received character is a displayable char-
acter or a control character (e.g., CR, LF). Displayable characters are
written into an internal memory which is continuously read to generate
the video signal used to refresh the screen of the customer-supplied
video monitor.

The communications port contains the necessary level converters to
allow the module to communicate with the serial lines in either EIA RS-
423 or 20mA current loop.

A master crystal clock generates the required timing for the baud
rates for the UART in the communications port and also generates the
horizontal and vertical synchronization signals for the external video
monitor.
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The internal charge pump power supply runs on either +12V or —15V
input. Output from the power supply Is used to power the EIA RS-423
driver for the serial line as well as provide a source of —12V for the
external keyboard.

The cursor and attribute logic. provides control over the individual
attributes as selected by the wire-wrap jumpers and the control char-
acters as well as relocating the video cursor as required. This logic
also provides internal control over the scroll function, allowing a nor-
mal smooth scroll to be replaced by a high-speed jump scroll if the
data input is faster than the execution time for smooth scroll.

The video image consists of 25 lines of 80 characters each presented
in adjacent 8 X 8 dot cells (Figure 1).

Horizontal Frequency = 15.36 kHz
Vertical Frequency = 60 Hz
Horizontal scan lines per frame = 256 lines

- n
CHARACTER CHARACTERS
MATRIX

80 TOTAL
8x8 {640 DOTS)

<— CHARACTER
LINES, 25 TOTAL
(200 DOTS)

Figure1 VideoImage

Smooth scrolling rolls a clear line into the bottom of the image display.
It is used whenever an attempt is made to move the cursor down with a
line feed (LF) or a vertical tab (VT) after the cursor has reached the
bottom line.

Direct cursor addressing is available (VT52 compatible).

Character attributes allow selection of blink, forward and reverse
video, alternate character set, or half intensity. The selected attribute
may be set or cleared with bit 8 of the received data or with ASCI|
character SO/SI (Shift Out/Shift In).

The cursor is a flashing reversed video cell with a 500 millisecond
nominal period and a reversed duty of 60% to 80%.
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CONFIGURATION

Interface . )

This section describes the sequences of signal exchanges that occur
among the VK170 and other external devices. Figure 4 shows the pin
number locations of the interfacing connectors.

J3 J1 J*Z
97531 1234 19 '
XXX X 0o XXIXXXX]
[ XX =—— 0000000000
I AAAAANY AV -, ]
INNANY N \
108 64 2 2 2

MK-0689
Figure4 Connector Pin Number Location Diagram

Keyboard/VK170 Interface

The keyboard interfaces to the VK170 via a 20-pin connector (J2). The
DIGITAL mating connector is the H8561. Table 1 presents the connec-
tor pin numbers and associated signal names.

Table1 Keyboard/VK170 Connector (J2)

Pin No Signal Name  Pin No. Signal Name
1 +5 Volts 11 KB4

2 —12 Volts 12 Not used

3 GND 13 KB3

4 KB8 14 BREAK (GND)
5 KB7 15 KB2

6 GND 16 " GND

7 KB6 17 KB1 (LSB)

8 KBSTRB H 18 GND

9 KBS 19 Not Used

10 BREAK 20 Not Used
Edge Connector

VK170 edge connector pins and associated signals are presented in
Table 2.
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Table2 VK170 Edge Connector

Pin No. Signal Name
AA2,BA2 +5Vdc
AC2,AT1,BC2,BT1 GND

AB2 —15 Volts

AD2 +12 Volits
Others Not Connected
Video Output Connector

Video output is provided as RS170 compatible and as separate TTL
output lines. A 5-pin MOLEX* connector (J1) is used with pin assign-
ments as shown in Table 3. (Mating connector = H8562.)

Composite video output provides RS170 output generated by combin-
ing the video signal with a composite sync signal. The picture from the
balancing level to reference white across 75 ohms is 1 volt. The syn-
chronizing levels are imposed at 40% of the signal.

* Vendor Trademark

Table3 Video Output Connector (J1)

Pin No. Signal Name Timing/Freq
HORIZONTAL DRIVEH 15.36 kHz/27 us
VERTICAL DRIVE L 60 Hz/520 us
VIDEOHIZ

GND

RS170 VIDEO

0 volts = SYNC
0.4 volts = BLACK
1.4 volts = WHITE

For direct drive output, jumper W4 must be cut, providing a high
impedance source at the MOLEX* connector, pin 3. The VK170 has
been tested with the following direct drive monitors:

e ITOH
e Ball Brothers
e Elston

OO =

Communications Port Connector
The communications port is a 10-pin connector (J3), pinned for direct
DLV11-J connection. The electrical interface may be wired for RS-423
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or 20 mA communication (see Figure 5). The DIGITAL mating
connector is H8560. Table 4 presents the pin assignments and associ-
ated signal names.

WIREWRAP

8 43
e ‘ e
VA8 UATS /
ROV DATA - - uA%
e | 2 o
RECY DATA + >l WAZln__ oUA2 A o - X4+
\\
| o e, e
.
RS UA?
423

- KYED MEM

Figure5 Select RS-423/20 mA Loop

* Vendor Trademark

Table4 Communications Port Connector (J3)

Pin No. Signal Name
CLOCK 170
GND

XMIT DATA +
XMIT DATA —
GND

NOT USED/POLARIZING POINT
RCV DATA ~-
RCV DATA +
GND

20 mA SOURCE

© ® N O O A WO NN -

-
o

Installation Procedures
The following sections describe the installation of the VK170 module.

Jumper Configurations

Figure 6 illustrates the location of the various jumpers and wire wrap
posts of the VK170. Verify that the factory-installed jumpers are con-
figured per Table 5. Any jumper configuration changes required for
user applications should be made at this time.
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Data Rate Selection

The data rates are generated via a 13.5168 MHz crystail and selected
through a dual 4-bit decade and binary counter. The following data
rates are selectable: 150, 300, 600, 1200, 2400, 4800, 9600, 19,200,
and 38,400 bits per second.

The UART may be configured to transmit and receive at either the
same data rate or at split data rates. Data rates are configured by
connecting a jumper from the selected data rate wire-wrap pin to the
clock input pin(s) of the UART. When configuring at the same data
rate, the wire-wrap pins may be daisy-chained. Table 6 lists the data
rates and their respective pin numbers.

The UART can be configured to operate from an external clock source
via pin 1 of J3. Both UA26 and UA27 must be jumpered to the external
clock. Do not select a data rate pin when using an external clock.

RECEVE  |RemOVE TO 3’:;;
LEVEL REVERSE VIDED  COMPOSITE VIDEO RECEIVE LEVEL ¢ ©
ol uAs \ o] uazz  }raansmir
F [ ) UA7 T d . UA35 LEVEL
[5+¢ ettse Pe “l Uase
uazot | 1, A e W o] Uaas
ua19 )
INTENSITY a2t
uate
ua22
UA23
UASD: ATTRIBUTE SELECT o | ua2a }mc“
uas! \ o | uazs  fcopv seLecT
UA62 —
UAsS oo
UAB3 l
uaa
UA42 —mr eq| ua27 TRANSMIT Lok
UAaz .1 UA26 RECEIVE CLOCK
e[| varz 1200
o | var? 3sa00
ol vae 19200
o uan eoco
€52 CHARACTER ATTRIBUTE Lo UAIS 9800
SET SELECT CONTROL . UAI0 300
\ o | uala 4800
B — o | vas 2a00
Wi . e 4 w7 o | uas 1s0

H --a .-
_] 8 w6
UA3B:
UA40: INITIALIZE FUNCTION
UA39.

POWER PUMP
VOLTAGE SELECT

M7142 ETCH REV B

|

Figure6 Jumper and Wire Wrap Post Locations

§

MK-0878

676



VK170-CA

Table 5 Factory Installed Jumper Configurations

Jumper
W1 (or UA1 to UAS)

W2 (or UA4 to UAB)
w4

W7

UA59 to UAG1 to UAB2

Function Implemented
+12V operation

RS 170 operation

Form feed receive enabled for re-
mote initialization

8-bit—no parity

EIA RS-423 operation

E52 character set enabled

SI/S0 (Shift In/Shift Out) attrib-
ute control

Forward video
Blink attribute enabled
9600 data rate selected

Table 6 Data Rate Jumper Configurations

UA18 to UA20

UA21 to UA23

UA34 to UA32

UA36 to UA37

w3
UA39 to UA40
w5

UA41 to UA43

UA26 to UA27 to UA15
TO

FROM Pin
UA9
UA10

Transmit clock UA11

pin UA27 UA12

and/or UA13

Receiver clock UA14

pin UA26 UA15
UA16
UA17

Data Rate
150

300

600

1200

2400
4800
9600
19200
38400

Attributes and Attribute Control Selection
Several jumpers are used for attribute and attribute control selection.
Table 7 lists the various attribute and attribute control configurations.
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Communications Selection

Four jumpers are used for communications selection. Table 8 lists the
jumper configurations required for either EIA RS-423 or 20 mA current
loop communications.

Table 7 Attribute Jumper Configurations

Jumper Characteristic

w3 . Install to enable character ROM E52
Remove to enable character ROM XE53

w5 Install for forward video
Remove for reverse video

UA7 to UA8 Install to disable half intensity

UA41 to UA42 Install to select reverse attribute

UA41 to UA43 Install to select blink attribute

UA40* to UA38 Install to select character bit 8 for attribute
control

UA40* to UA39 Install to select SI/SO for attribute control

UA40 can either be jumpered to UA38 or UA39, but not both at the same
time.

Table8 Communications Jumper Configurations

TO0
FROM RS423 20 mA
UA18 UA20 UA19
UA21 UA23 UA22
UA34 UA32 UA33
UA36 UA37 UA35

Parity Selection .

As many as three jumpers can be used to select ASCII serial data
format. Table 9 lists the jumper configurations required to select either
odd, even, or no parity.

Voltage Selection

As many as six jumpers (two are optional) can be used for voltage
selection. Table 10 lists the jumper configurations required for either
+12 Volt or —15 Volt operation.
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Table 9 Parity Jumper Configuration

Characteristic Jumper
No Parity (8 data bits) UA59 to UA61 to UAG2
Odd Parity (7 data bits) UA60 to UA61 to UA62 to UAG3

Even Parity (7 data UAG60 to UA61 to UA62 and UA59 to UAG0
bits)

Table 10 Voitage Jumper Configurations

Jumper +12V -15V
W1 (or UA1to UAS) In Out
W2 (or UA4 to UAG) In Out
UA3 to UAS Out _In
UA1 to UAB Out In

Remote Initialize Selection

As many as three jumpers are used for remote initialize selection.
Table 11 lists the jumper configuration required for remote initializa-
tion.

Table 11 Remote Initialize Jumper Configurations

Characteristic wé w7 w8
Form Feed Receive Out In Out
Break In Out [[]

" None Out Out in
Form Feed or Break In In Out
Module Mounting

The VK170 module is mounted by one of two methods.

1. The module can be mounted in a DIGITAL computer backplane,
taking care that all signals (e.g., grant lines) are jumpered on the
backplane as required.

2. The module can be mounted on a panel or chassis using nylon
hardware (i.e., spacers and #2-56 screws and nuts as required),
using the mounting holes in the module.

The H807 edge connector is available to provide péwer connec-
tion to the VK170 when used in this mounting configuration.
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Checkout Procedures

Two checkout methods are available to the user:

1.  When the VK170 is used on a PDP-11 system, run the diagnostic
CZVTO in accordance with the Instructions distributed with the
diagnostic.

2. To check out the VK170 without a processor, local testing can be
done over the RS-423 or 20 mA communication lines.

If the VK170 is configured for RS-423 operation, jumper J3-3
(XMIT DATA +) to J3-8 (RCV DATA +) to provide local testing
with a user-supplied display monitor and keyboard.

If the VK170 is configured for 20 mA current loop (passive), local
testing is provided by the following three jumpers:

"J3-10 (+ Voltage) to J3-3 (XMIT DATA +)
J3-4 (XMIT DATA —) to J3-7 (RCV DATA +)
J3-8 (RCV DATA —) to J3-9 (GND)

Once these three jumpers are installed, a user-supplied keyboard
and display monitor can be used to check the operation of the
module.

PROGRAMMING

Control/Function Characters

The control/function characters are interpreted as non-graphic data.

The following actions occur at the terminal upon receipt of these char-

acters from the communication port:

e BS (backspace)—the cursor moves one position to the left, if it is not
currently in it leftmost position (left margin). ‘

e HT (horizontal tab)—the cursor moves one position to the right, if it
is not currently in its rightmost position (right margin).

e FF (form feed)—the module Is reinitialized if the remote-initialize
form-feed jumper is installed (34 ms of no transmission fill-time
required).

o CR (carriage return)—the cursor moves to the left margin.

o LF (line feed)—the cursor moves down one line If not in scroll mode.
(Scroll mode is entered when the cursor enters the bottom line,
scroll mode is exited by an initialize operation.) If required, a smooth
scroll occurs and a clear line is provided. If a scroll operation occurs
at data rates above 19,200, 512 microseconds are required before
another scroll can be requested.
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o VT (vertical tab)—the cursor moves as in a line feed, except the next
line is not cleared. If a scroll operation occurs at data rates above
19,200, 512 microseconds are required before another scroll can be
requested.

e BREAK (spacing condition)—an initialize sequence similar to
power-up initialization is generated if remote Initialize BREAK jump-
ers are installed (34 ms of no transmission fill-time required).

Cursor Addressing
Direct cursor addressing allows movement to any position on the
screen by transmitting an escape sequence to the module.

The ESC character followed by the Y character sets up the logic for a
newcursor location : e.g.,

<ESC> <Y> <Line number> <Column number>
e <ESC> <Y> = Defines cursor addressing function
e <Line number> = one character
040 = top line (ASCI! space)
041 = second line (ASCII !)

070 = bottom line (ASCII 8)

o <Column number> = one character
040 = leftmost column (ASCII space)

157 = rightmost column (ASCII o)

The cursor is moved to the specified column of the specified line. For
example, the sequence <ESC> <Y> <)> <A> places the cursor on
the tenth line (because ASCIl <)> is 51;) and in the thirty-fourth co-
lumn (because ASCIlI <A> is 101, and —40, for the offset resulits in
octal column 41). The initial sequence should be preceded by a form
feed (FF) to initialize the screen registers, if a scroll has been per-
formed.

Optional Character Set Selection

Selection of the optional character ROM is accomplished via the re-
moval of jumper W3. An optional character-generator socket is pro-
vided on the VK170.
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Data Formats

The data mode for ASCII serial input is eight-level without parity. In
this case, the lower order bits represent the appropriate character with
bit 8 as the attribute select bit..If bit 8 is set, the selected attribute is
enabled for the character received.

For the 7 bits with odd or even parity mode, SI/SO can be used to
select the attribute bits. When enabled, all characters received after
SO have the attribute selected. All characters received after Si have
the attribute deselected. The implemented ASCII 7-bit character set is
shown in Figure 7.

Attributes :
Selection of the various attributes is controlled by setting ASCII bit 8 to
a logical one (1) or manipulation of SI/SO and adding/deleting wire-
wrap jumpers on the VK170 module (see Figure 8).

This section contains a description of each attribute, instructions for
implementation, and illustrations of each attribute as it appears on the
screen.

Reverse Video Versus Forward Video

The forward video display on the CRT consists of white characters on
a black background. To change the entire display to reverse video,
(black characters on a white background), jumper W5 must be
removed as shown in Figure 9.

Reverse Video Attribute

The reverse video attribute reverses the video on a character-by-char-
acter basis. Wire-wrap UA41 to UA42 must be installed for the reverse
video function. (Refer to Figure 9.)

b, 1o o |o 0 1 1 1 1
bp 0 ]0 0 1 1 ] ) 1 1
8 0 1 1] 1 0 1 o 1
oo COLUMN
Vielelvjrows~=_| o 1| 2|3 |a|5s|8]|7
SP @ . D
! A a
* b r
c I}
d 1
) u
E [} v
W
T BS { H X
1 HT ) ] y
LF . : 2
VT + R K
FF < y ] :
CA . )| m | }
N > N [ ~ n | o~
17 El] / 7 0 - (]

Figure 7 ASCII Character Set -
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UA331 UA4D
J RATRIB H
SO STRB L. 8V UA3g
RAD H ,
R
Q
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INIT L
S| STRB L
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Figure 8 Attribute Selection Flow

SHIFT LOAD
VIDEO HOLD} FLPFLOP
+5V
$
+5v
\
WW_ ’
W5 \/\ 42
WIREWRAP MUST BE INSTALLED
FOR REVERSE VIDEO ATTRIBUTE
== \\ FUNCTION
JUMPER MUST BE REMOVED
FOR FULL SCREEN REVERSE WIRE-WRAP MUST BE INSTALLED
VIDEO FUNCTION FOR BLINK FUNCTION

WW = PINS UA41 TO UA42 (FOR REVERSE VIDEO)
WW = PINS UA41 TO UA43 (FOR BLINK)

MK-0694

Figure9 Reverse Video and Blink Attributes
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Blink Attribute
A wire-wrap must be installed as shown in Figure 9 to Iimplement the
blink attribute.

Half Intensity _
The wire-wrap shown in Figure 10 must be removed to enable the half
intensity attribute.

47K ~
+ 5V

VIDEO DATA L
1K~

€

ATTRIB H

REMOVE FOR HALF
INTENSITY FUNCTION

MK-0677

Figure 10 Half Intensity Wire-Wrap Removal
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W9500 HIGH-DENSITY WIRE-WRAPPABLE MODULES

GENERAL .

The W9500 series of high-density wire wrappable modules enable a
user to easily configure special interface logic for the LSI-11 Micro-
computer systems. These modules consist of DIGITAL's standard
double and quad height sizes and are available with or without pre-
mounted Dual-In-Line Packages (DIP) low-profile sockets.

SPECIFICATIONS

W9511 Quad-Height Without Sockets

Height Quad, 10.5in. (26.6cm)

Length Extended, 8.9 in. (22.8cm)
Width Single, 0.5in. (1.27cm)

Vee Pins AA2, BA2, CA2, DA2

GND Pins AT1,BT1,CT1,DT1,AC2,BC2,

CC2, DC2

W9512 Double-Height Without Sockets

Height Double, 5.2in. (13.2cm)
Length Extended, 8.9 in. (22.8cm)
Width Single, 0.5in. (1.27cm)
Vce Pins AA2, BA2

GND Pins AT1,BT1, AC2, BC2
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DESCRIPTION

The LSI-11 compatible series consists of four modules: a quad-height
with and without premounted sockets and a double height with and
without premounted sockets.

Table 1 provides a brief summary of each type. All modules are sin-
gle-width; the height of each pinis 5/16 in.

Each module without premounted sockets is configured to accept IC
packages with pin centers on 0.3 in. (7.62cm); 0.4 in. (10.16cm); and
0.6 in. (15.24cm). The IC package density for these modules is shown
in the drawings in this data sheet. Each module can be wrapped by
standard automatic wrapping techniques as well as by hand.

Those modules with premounted sockets accept 16-pin IC's with 0.3
in. centers. Space is provided between the sockets for decoupling
capacitors or other discrete components as required by the user. In
addition, these modules supplied with sockets also contain universal
areas that will accept IC's with pin centers of 0.3 in. (7.62cm); 0.4 in.
(10.16cm); and 0.6 in. (15.24cm). The accompanying photos and
drawings point out these universal areas and their capacities.

The printed circuit on each board connects the appropriate edge con-
nector pins to the Vcc plane on side 2 of the board and the ground
plane (GND) on side 1 (component side). The remaining edge connec-
tor pins terminate to a double row of wire wrap pins for user designat-
ed functions. Each of the modules also includes a 40-pin male cable
connector to allow an interface cable to be attached to the module
logic. The pins of the cable connector are also terminated to a double
row of wire wrap pins. The quad height modules are also provided with
a space where an additional 40-pin cable connector (labeled J2) can
be inserted by the user. When a connector is not required, additional
IC packages with .3, .4, and .6 in. centers can be installed in the space
reserved for the connector. Each board contains insulated standoffs to
maintain the required clearance between adjacent moduies and pre-
vent shorting of wire wrap pins. A helpful alphanumeric X-Y grid
pattern is also etched onto each board to facilitate ease in wire wrap
pin location and identification.
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Module No.

W9o511

Wos514

W9512

W9515

W9500

Table1 W9500 Series Modules

Description

Quad height, extended length, single width module
with extractor handle. No DIP sockets included. One
40-pin male cable connector premounted on board
and space for additional 40-pin connector provided.

Same as W9511 except with 58 premounted DIP
sockets.

Double height, extended length, single width module
with flip chip handle. No DIP sockets included. One
40-pin male cable connector premounted on board.

Same as W9512 except with 25 premounted DIP
sockets.
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ADDRESS MAP
FIXED ADDRESS AREA 777777
2K RESERVED FOR USE BY
WORDS DIGITAL EQUIPMENT
CORPORATION 770 000
1K ’ 767777
WORDS USER ADDRESSES AREA 764 000
1K 4 763 777
WORDS FLOATING ADDRESSES AREA 760010
RESERVED FOR USE BY 760 006
DIGITAL EQUIP CORP 760 000
757 777
001 000
80 * 000 777
VECTORS FLOATING VECTOR AREA 000 300
48 TRAP & INTERRUPT 000 277
VECTORS VECTOR AREA 000 000
MR- 1545
FLOATING VECTORS

The conventions for the assignments of floating vectors for modules
on the LSI-11 bus will adhere to those established for UNIBUS de-
vices. UNIBUS devices are used to explain the priority ranking for
floating vectors and are included in the subsequent table of trap and
interrupt vectors as a guide to the user.

The floating vector convention used for communications and for de-
vices that interface with the PDP-11 series of products assigns vectors
sequentially starting at 300 and proceeding upward to 777. (Some LSI-
11 bus modules, such as the DLV11 and DRV 11, have an upper vector
limit of 377). The following table shows the sequence for assigning
vectors to modules. It can be seen that the first vector address, 300, is
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assigned to the first DLV11 in the system. If another DLV11 is used, it
would then be assigned vector address 310, etc. When the vector
addresses have been assigned to all the DLV11s (up to a maximum of
32), addresses are then assigned consecutively to each unit of the next
highest ranked device (DRV11 or DLV11-E, etc.), then to the other

devices according to their rank.

Ranking for Floating Vectors
(Start at 300 and proceed upward.)

Rank UNIBUS LSI-11 Bus
1 DC11

2 KL11,DL11-A, -B DLV11,-F,-J
3 DP11

4 DM11-A

5 DN11

6 DM11-BB

7 DR11-A DRV11-B

8 DR11-C DRV11

9 PA611 Reader

10 PA611 Punch

11 DT11

12 DX11

13 DL11-C, -D, -E DLV11-E
14 DJ11

15 DH11

16 GT40

17 LPS11

18 DQ11

19 KW11-W KWV11

20 DU11 DUV11
INTERRUPT AND TRAP VECTORS

Vector UNIBUS LSI-11 Bus

000 DEC reserved DEC reserved

004 CPU errors Bus time-out and illegal in-
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INTERRUPT AND TRAP VECTORS (Cont)

Vector UNIBUS LSI-11 Bus
. implemented on LSI-11)
010 lilegal and reserved lllegal and reserved
- instructions instructions
014 BPT, breakpoint trap BPT instruction and T bit
020 10T, input/output trap 10T instruction
024 Power-fail Power-fail
030 EMT, emulator trap EMT instruction
034 TRAP instruction TRAP instruction
040 . System software
044 System software
050 System software
054 System software
060 Console terminal, Console terminal, input
. keyboard/reader
064 Console terminal, Console terminal, output
. printer/punch
070 PC11, paper tape reader
074 PC11, paper tape punch
100 KW11-L, line clock External event line interrupt
104 KW11-P, programmable clock
110
114 Memory system errors
120 XY plotter
124 DR11-B DMA interface; DRV11-B
. (DA11-B)
130 ADO01, A/D subsystem
134 AFC11, analog subsystem
140 AA11, display
144 AA11, light pen
150
154
160 RL11 RLV11
164
170 User reserved
174 User reserved
200 LP11/LS11, line printer; LAV11, LPV11
. LA180
204 RS04/RF11, fixed head disk
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INTERRUPT AND TRAP VECTORS (Cont)

Vector UNIBUS LSI-11 Bus
210 RC11, disk
214 TC11, DECtape
220 RK11, disk RKV11
224 TU16/TM11/TS03, magnetic

. tape
230 CD11-CM11-CR11, card

reader

234 UDC11, digital control

. subsystem .
240 PIRQ, program interrupt

. request (11/45)
244 Floating-point error FIS (optional)
250 Memory management
254 RP04/RP11 disk pack
260 TA11, cassette
264 RX11, floppy disk RXV11,RXV21
270 User reserved
274 User reserved
300 (Start of floating vectors) User reserved

- A
374
400
404 }
410 ADV11-A
414
420
424 }
430 IBV11-A
434
440
444 } KWV11-A
450 L

User reserved

777 (End of floating vectors)
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FLOATING ADDRESSES

The conventions for the assignment of floating addresses for modules
on the LSI-11 bus are the same as UNIBUS devices. UNIBUS devices
are used to explain the ranking sequence.

The floating address convention used for communications and for
other devices that interface with the PDP-11 series of products assigns
addresses sequentially starting at 760 010 (or 160 010) and proceeds
upward to 763 776 (or 163 776). For compatiblity with UNIBUS conven-
tion, addresses are expressed as consisting of 18 bits (7XX XXX) rath-
er than 16 bits (1XX XXX).

Floating addresses are assigned in the following sequence:

UNIBUS LSI-11

Rank Device Device

1 DJ11

2 DH11

3 DQ11

4 DU11 DUV11

5 DUP11

6 LK11A

7 DMC11

8 DZ11 Dzv11

9 KMC11
10 RL11 (extras) RLV11 (extras)
DEVICE ADDRESSES

Address UNIBUS LSI-11 Bus
777776 Processor status word (PS)

777774 Stack limit

777772 Program interrupt request (PIRQ)
777770

: DIGITAL reserved
777720
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DEVICE ADDRESSES (Cont.)

Address UNIBUS LSI-11 Bus
777716
CPU Registers
777 710
777 707 R7 (PC)
777 706 R6 (SP)
777705 R5
777 704 R4 General
777 703 R3 Registers
777 702 R2
777701 R1
777 700 RO
777 676
Memory management
777 600
777 576 (SR2)
777 574 } Memory mgt status register (SR1)
777 572 (SR0)
777 570 Console switch and display register
777 566 (XBUF)
777 564 (XCSR) Console Console
777 562 (RBUF) Terminal Terminal
777 560 (RCSR)
777 556
777 554
777 550
777 546 KW11-L, DL11-W (LTC) KPV11
BDV11
777 544
XY11
777 530
777 526 Unassigned
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DEVICE ADDRESSES (Cont.)

Address

UNIBUS

LSI-11 Bus

777 524
777 522
777 520
777516
777 514
777512
777510
777 506

777 500
777 476

777 460
777 456

777 440
777 436
777 434
777 432
777 430
777 426
777 424
777 422
777 420
777 416

777 400

— I~

J \

Unassigned

LA180, LP11
LS11,LV11

TA11

RF11

RC11

DT11, bus switch #5

RK11
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DEVICE ADDRESSES (Cont.)

Address UNIBUS LSI-11 Bus

777376
: } DC14-D
777 360
V.

777 356
TC11

777 340
777 336

J

> KE11-A, EAE #2

777 320
777 316 arithmetic shift
777 314 logical shift
777312 normalize

777 310 > KE11-A,EAE#1  step count/status register
777 306 multiply

777 304 multiplier quotient

777 302 accumulator
777 300 |/ divide

777 276

J \

DIGITAL reserved

777 200
777 176

777174
777 172 RX11 RXV11

777170 | == =RX11- — — = = = = = = = =] RXV11,RXV21

777 166
777 164 CR11,CM11,
777 162 CD11

777 160
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DEVICE ADDRESSES (Cont.)

Address UNIBUS LSI-11 Bus
777 156

. } DIGITAL reserved
777 000
776776

. 1 ADO1
776770
776 766 |~

1 AA11#1
776 750 J
776 746 1\
> Unassigned

776740 |/
776736 |

: f RP11
776700 ] i _
776676 | ~ T T T T —— ———

>  DL11-A,-B
#4-#16

177530 | J
177526 This area
177524 reserved for 16
177522 DL11-A,-B, #3 serial line units
177520 without modem
177516 control capability
177514
17eto DL11-A,-B #2 l
177510
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DEVICE ADDRESSES (Cont.)

Address

UNIBUS

LSI-11 Bus

177506
177504
177502
177500

776 476

776 400
776 376

776 200
776 176

775 660
775 656
775 654
775652
775 650
775 646
775 644
775642
775640
775636
775634
775632
775630
775626
776 624
775 622
775620

DL11-A,-B, #1

— o - —— G —— —— G —  —— — — — e —— ama

AAT1

DX11

#6-#31

#5

#4

#3

#2

#2

DL11-C,-D,-E
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DEVICE ADDRESSES (Cont.)

Address UNIBUS LSI-11 Bus

775616

775614 #1

775612 ,

775610

775 606

775604 .

775602 DIGITAL reserved

775600

776 576 #4

} DS11

775 400 #1

775376 #16
. } DN11

775 200 #1

775176 #15
. } DM11

775000 #1

774776 #1
. } DP11

774 410 .

774 406

774 404 DP11

774 402 RLO1 RLV11

774 400 #32

774 376 #32

} DC11
774 000 #
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DEVICE ADDRESSES (Cont.)

Address UNIBUS LS!1-11 Bus
773776 *

Maintenance loader
773700
773 676

M792 diode ROM

773 400
773 376

BM792-YH cassette
773300 Y
773276 | f

>  BM792-YC card
773200 |
MR11-DB | REV11,BDV11

773176 | MRV11-AA

BM792-YB disk/DECtape 256-word ROM

space

773 100
773076

BM792-YA paper tape
773000

. L Y_ __
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DEVICE ADDRESSES (Cont.)

Address

UNIBUS

LSI-11 Bus

772776

772700
772676

772 600

772566

772 560
772556

772550
772 546
772544
772542
772540
772536
772534
772532
772530
772526
772524
772 522

772520 | J

772576
772574
772572 AFC11
772570
\

PA611 typeset punch

PA611 typeset reader

DIGITAL \reserved

DIGITAL reserved

KwW11-P

——

™11
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DEVICE ADDRESSES (Cont.)

Address

UNIBUS LSI-11 Bus

772516
772514

772500
772 456

772450
772 446

772440
772 436
772434
772432
772430
772 426
772424
772422
772420
772416
772414
772412
772410
772 406

772 400
772376

772200

T T T T T — I T

Memory mgt status register (Sha)

osT

DR11-B, #3

TJU16

DR11-B, #2 DRV11-B, #3
DIGITAL reserved DRV11-B, #2

DR11-B,-C, #1 DRV11-B, #1

KW11-W

Memory management
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DEVICE ADDRESSES (Cont.)

Address UNIBUS LSI-11 Bus
772176
} FP11
772160
772 156
Unassigned
772 140
772136
Memory parity
772110
772106
Unassigned
772102
772100 MS11-K, -LP, MM11-LP
772 076
} RL11
772070
772066 .
RJS04
772040 | /7
772 036
} DIGITAL reserved
772020
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DEVICE ADDRESSES (Cont.)

Address| UNIBUS LSI-11 Bus

772016 ;l
: GT40, VT48

772000 |~

771776
. 1 UDC functional 1/0 modules

771000
770776

J \

#8

. f KG11
770700 #1

770676 | ) #16

DM11-BB

770500
770476

#1

ADF11

770460
770456

Unassigned

770450
770 446
770 444
770442
770440
770436

LPS11 AAV11-A

k"\r—J;Y_J% <\ Y

705



APPENDIX A

DEVICE ADDRESSES (Cont.)

Address UNIBUS LSi-11 Bus

LPS11

770424

770422
770420 |J } KWV11-A

770416 T

. > AR11,LPS11
770404

770 402 J } ADV11-A
770400
770376 N

r DIGITAL reserved

770000 Y
7e7776 N~ ~ T T T Ty T T

767774
767772
767770
767 766
767 764
767 762
767 760

767756 |\ A
767 754 DR11-C, #3 DRV11,#3

DR11-C, #1 DRV11, #1

DR11-C, #2 DRV1i1, #2

767 752
767 750
767 746

User User

Reserved Reserved
Area Area

\/ v

776 000
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DEVICE ADDRESSES (Cont.)

Address UNIBUS LSI-11 Bus
765776 * A

. REV11 256-word

ROM space

765000
764 776

. \J
764000 | (start here and assign upwards to 767 776) |

________ | _— e e o e e e —— ——
763776 | (top of floating addresses) A
760 154
760 152 Floating
760 150 Addresses } IBV11-A
760 146 . Floating
Addresses

760 010 (start here and assign upwards to 763 776) v

760 006

DIGITAL reserved DIGITAL
reserved

760000
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LSI11 BUS SIGNALS

MODULE CONTACT FINGER DESIGNATION

DIGITAL interface modules all use the same contact finger (pin) identi-
fication system. The LSi-11 I/0 bus is based on the use of double-
height modules. These modules plug into a 2-slot bus connector, each
containing 36 lines per slot (18 each on component and solder sides of
the circuit board). Although the LSI-11 processor module and core
memory modules are quad-height modules that plug into four connec-
tor slots, only two slots (A and B) are used for interface purposes on
the processor module. Etched circuit jumpers on the unused portion
of the module maintain continuity of grant signals BIAKI L to BIAKO L
and BDMGI L to BDMGO L. These daisy-chained signals are de-
scribed later.

Slots, shown as Row A and Row B in Figure 1, include a numeric
identifier for the side of the module. The component side is designated
side “1” and the solder side is designated side “2.” Letters ranging
from A through V (excluding G, |, O, Q) identify a particular pin on a
side of a slot. Hence, a typical pin is designated as:

BE2
Slot (Row) - Module-Side ldentifier
Identifier “solder side”
“Slot B” Pin Identifier
“PinE”

Note that the positioning notch between the two rows of pins mates
with a protrusion on the connector block for correct module position-'
ing.

Quad-height modules are similarly pin numbered. They are identified
in Figure 2.

Individual connector pins, viewed from the underside (wiring side) of a
backplane, are identified as shown in Figure 3. Only the pins for one
bus location (two slots) are shown in detail. This pattern of pins is
repeated eight times on the H9270 backplane, allowing the user to
install one LSI-11 microcomputer module (four slots) and up to six
additional 2-slot modules.

708



APPENDIX B

cP-1403.

- Dual Moduie Contact Finger identification

Figure i

Figure2 Quad Module Contact Finger Identification
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YPICAL MODULE  MODULE smE mzmlnzn WIRE-WRAP PINS
H9270 POWER AND ROW IDENTIFIER LOCATlON 1= COMI T SIDE PASS THROUGH
SIGNAL CONNECTIONS {SLOTS A1-B1) 2= SOL oE s DE H9270 PC BOARD
B \I_ A f
—oﬁoeeooo:a ° o °
:o :52’?22#5233:8&: | 252?2‘%5&:3:’::-»: 1 MODULE SIDE
-
—————— t
| | 2 ‘
_______ r—————————— e —
| | 3
—————e— e — — — e e ———
| | 4
_______ —————
I |

cP-1773

Figure3 LSI-11 Backplane Module Pin Identification

BUS SIGNALS

H9270 backplane pin assignments are listed and described in Table 1.
Only slots A and B are listed. However, they are identical to slots C and
D respectively. Table 2 alphanumerically lists the LSI-11 bus pin
assignments.

Table1 Backplane Pin Assignments

Bus Mnemonic Description
Pins

AA1 BIRQ5 L Interrupt Request
AB1 BIRQ6 L priority level 5

Interrupt Request
priority level 6

AC1 BDAL16 Extended address bits.

AD1 BDAL17

AE1 SSPARE1 Special Spare (not assigned,

AF1 SSPARE2 not bused; available for user

AH1 SSPARE3 interconnections).

AJ1 GND Ground—system signal
ground and dc return.

AK1 MSPAREA Maintenance Spare—normally

AL1 MSPAREA connected together on the

backplane at each option loca-
tion (not bussed connection).
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AM1

AN1

AP1

AR1

GND

BDMRL

BHALTL

BREFL

APPENDIX B
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Ground—system signal
ground and dc return.

Direct Memory Access (DMA)
Request—a device asserts this
signal to request bus master-
ship. The processor arbitrates
bus mastership between itself
and all DMA devices on the
bus. If the processor is not the
bus master (it has completed a
bus cycle and BSYNC L is not
being asser.21 by the proces-
sor), it grants bus mastership
to the requesting device by as-
serting BDMGO L. The device
responds by negating BDMR L
and asserting BSACK L.

Processor Halt—when BHALT
L is asserted,the processor re-
sponds by halting normal pro-
gram execution. External
interrupts are ignored but
memory refresh interrupts
(enabled if W4 on the proces-
sor module is removed) and
DMA request/grant se-
quences are enabled. When in
the halt state, the processor
executes the ODT microcode
and the console device opera-
tion is invoked.

Memory Refresh—asserted by
a processor microcode-gener-
ated refresh interrupt se-
quence (when enabled) or by
an external device. This signal
forces all dynamic MOS mem-
ory units to be activated for
each BSYNC L/BDIN L bus
transaction.



AS1

AT1

AU1

AV1

BA1

BB1

BC1
BD1
BE1
BF1
BH1

+12B

GND
PSPARE1

+5B

BDCOKH

BPOKH

SSPARE4
SSPARES
SSPARES
SSPARE7
SSPARES

APPENDIX B
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CAUTION -
The user must avoid multiple
DMA data transfers (burst or
“hog” mode) during a proces-
sor-generated refresh opera-
tion so that a complete refresh
cycle can occur once every 16
ms.

+12V Battery
Power—secondary +12V
power connection. Battery
power can be used with cer-
tain devices.

Ground—system signal
ground and dc return.

Spare (not assigned, customer
usage not recommended).

+5V Battery
Power—secondary +5V
power connection. Battery
power can be used with cer-
tain devices.

DC Power OK—power supply-
generated signal that is assert-
ed when there is sufficient dc
voltage available to sustain re-
liable system operation.

Power OK—asserted by the
power supply when primary
power is normal. When negat-
ed during processor opera-
tion, a power-fail trap se-
quence is initiated.

Special Spare (not assigned,
not bused; available for user
interconnections).



BJ1

BK1
BL1

BM1

BN1

BP1

BR1

BS1

BT1

BU1

BV1

AA2

AB2

GND

MSPAREB
MSPAREB

GND

BSACKL

BIRQ7 L

BEVNTL

PSPARE4

GND

PSPARE2

+5

+5

-12

APPENDIXB
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Ground—system signal
ground and dc return.

Maintenance Spare—
normally connected together
on the backplane at each op-
tion location (not a bused
connection).

Ground—system signal
ground and dc return.

This signal is asserted by a
DMA device in response to the
processor’'s BDMGO L signal,
indicating that the DMA device
is bus master.

Interrupt request priority

level 7

External Event Interrupt Re-
quest—when asserted, the
processor responds (if PS bit
7 is 0) by entering a service
routine via vector address
100, . A typical use of this sig-
nal is a line-time clock inter-
rupt.

Spare (not assigned; customer
usage not recommended).

Ground—system signal
ground and dc return.

Spare (not assigned; customer
usage not recommended).

+5V Power—normal +5 Vdc
system power.

+5V Power—normal +5 Vdc
system power.

—12V Power—-12 Vdc (op-
tional) power for devices re-
quiring this voltage.



AC2

AD2

AE2

AF2

AH2

GND

+12

BDOUT L

BRPLY L

BDINL
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NOTE

LSI-11 modules which require
negative voltages contain an
inverter circuit (on each mod-
ule) which generates the re-
quired voltage(s); hence, —12
V power is not required with
DIGITAL-supplied options.

Ground—system signal
ground and dc return.

+12V Power—+12 Vdc sys-
tem power.

Data Output—BDOUT, when
asserted, implies that valid da-
ta is available on BDALO-15L
and that an output transfer,
with respect to the bus master
device, is taking place.
BDOUT L is deskewed with re-
spect to data on the bus. The
slave device responding to the
BDOUT L signal must assert
BRPLY L to complete the
transfer.

Reply—BRPLY L is asserted in
response to BDIN L or BDOUT
L and during IAK transactions.
It is generated by a slave de-
vice to indicate that it has
placed its data on the BDAL
bus or that is has accepted
output data from the bus.

Data Input—BDIN L is used for
two types of bus operation:

1. When asserted during
BSYNC L time, BDINL im-
plies an input transfer with
respect to the current bus
master, and requires are-



AJ2

AK2

AL2

BSYNCL

BWTBTL

BIRQ4 L
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sponse (BRPLY L). BDIN
L is asserted when the
master device is ready to
accept data from a slave
device.

2. When asserted without
BSYNC L, itindicates that
an interrupt operation is
occurring.

The master device must de-
skew input data from BRPLY
L.

Synchronize—BSYNC L is as-
serted by the bus master de-
vice to indicate that it has
placed an address on BDALO-
17 L. The transfer is in process
until BSYNC L is negated.

Write/Byte—BWTBT L is used
in two ways to control the bus
cycle:

1. ltis asserted during the
leading edge of BSYNC L
to indicate that an output
sequence is to follow (DA-
TO or DATOB), rather
than an input sequence.

2. ltis asserted during
BDOUTL, ina DATOB
bus cycle, for byte ad-
dressing.

Interrupt Request—A device
asserts this signal when its in-
terrupt enable and interrupt -
request flip-flops are set. If the
processor’s PS word bit 7 is 0,
the processor responds by ac-
knowledging the request by
asserting BDIN L and BIAKO
L.



AM2
AN2

AP2

AR2
AS2

BIAKIL
BIAKO L

BBS7L

BDMGI L
BDMGO L
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Interrupt Acknowledge Input
and Interrupt Acknowledge
Output—this is an interrupt
acknowledge signal which is
generated by the processor in
response to an interrupt re-
quest (BIRQ L). The processor
asserts BIAKO L, which is
routed to the BIAKI L pin of the
first device on the bus. Ifitis
requesting an interrupt, it will
inhibit passing BIAKO L. Ifitis
not asserting BIRQ L, the de-
vice will pass BIAKI L to the
next (lower priority) device via
its BIAKO L pin and the lower
priority device's BIAKI L pin.

Bank 7 Select—The bus mas-
ter asserts BBS7 L when an
address in the upper 4K word
bank is placed on the bus.
BSYNC L is then asserted and
BBS7 L remains active for the
duration of the addressing
portion of the bus cycle.

DMA Grant Input and DMA
Grant Output—This is the
processor-generated daisy-
chained signal which grants
bus mastership to the highest
priority DMA device along the
bus. The processor generates
BDMGO L, which is routed to
the BDMGI L pin of the first
device on the bus. Ifitisre-
questing the bus, it will inhibit
passing BDMGO L. ifitis not
requesting the bus, it will pass
the BDMGI L signal to the next
(lower priority) device via its
BDMGO L pin. The device as-



AT2

AU2
AV2

BA2

BB2

BC2

BINITL

BDALOL
BDAL1L

+5

-12

GND

APPENDIX B

717

serting BDMR L is the device
requesting the bus, and it re-
sponds to the BDMGI L signal
by negating BDMR, asserting
BSACK L, assuming bus mas-
tership, and executing the re-
quired bus cycle.

CAUTION
DMA device transfers must be
single transfers and must not
interfere with the memory
refresh cycle.

Initialize—BINIT L is asserted
by the processor to initialize or
clear all devices connected to
the 1/0 bus. The signal is gen-
erated in response to a power-
up condition (the negated con-
dition of BDCOK H).

Data/Address Lines—These
two lines are part of the da-
ta/address bus over which ad-
dress and data information are
communicated. Address infor-
mation is first placed on the
bus by the bus master device.
The same device then either
receives input data from, or
outputs data to, the addressed
slave device or memory over
the same bus lines.

+5V Power—normal +5 Vdc
system power.

-—12V Power——12 Vdc (op-
tional) power for devices re-
quiring this voltage.

Ground—system signal
ground and dc return.



BD2

BE2
BF2
BH2
BJ2
BK2
BL2
BM2
BN2
BP2
BR2
BS2
BT2
BU2
Bv2

+12

BDAL2L
BDAL3 L
BDAL4 L
BDALS L
BDAL6 L
BDAL7 L
BDALSL
BDAL9 L
BDAL1OL
BDAL11L
BDAL12L
BDAL13L
BDAL14 L
BDAL15L
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+12V Power—+12 Vdc sys-
tem power.

Data/Address Lines—These
14 lines are part of the da-
ta/address bus previously de-
scribed.
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NOMENCLATURE FOR
CIRCUIT SCHEMATICS

BASIC SIGNAL NAMES
Signal names on DIGITAL print sets are in the following form:
SOURCE (ASSERTION) SIGNAL NAME (STATE) POLARITY

SOURCE indicates the drawing number of the print from which the
signal originates. The drawing number of a print is located in the lower
right corner of the print title block (D1, D2, D3, etc.).

ASSERTION is either blank or a NOT sign. A blank indicates reference
to the asserted state (the true state) of the signal; a NOT sign indicates
reference to the negated state (the false state) of the signal. Signals
originating from flip-flops do not use the NOT sign to indicate asser-
tion; instead, they use a 1 or 0 in parentheses following the signal
name for assertion indication.

SIGNAL NAME is the proper name of the signal. The names used on
the print are also in this manual for correlation between the two.

STATE is present when the signal source is a flip-flop; it is either 0 or 1.

POLARITY is either H or L to indicate the voltage level of the signal; H
means +3V; L means ground.

For example, the signal
D5 TX DONE H

originates on sheet 5 of the drawings and is read “when TX DONE is
true, this signal is at +3V.”

LSI-11 bus signal lines carry a dual source indicator. These signal
names represent a bidirectional wire-ORed bus; as a result, multiple
sources for a particular bus signal exist.

FLIP-FLOP SIGNAL NAMES

Flip-flop signal names add an extra dimension. Although flip-flops
have only two outputs, four signal names are possible (Figure 1). The
two real outputs are RXDONE (1) H on pin 5 and RX DONE (0) H on pin
6. The two additional outputs are simply the two real outputs reidenti-
fied. RX DONE (1) L is electrically the same as RX DONE (0) H and RX
DONE (0) L is electrically the same as RX DONE (1) H. For example,
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the signal RX DONE (0) L is read “when the RX DONE flip-flop is clear
(hoiding a zero), this signal is at ground.”

7
1 : RX DONE (1) H
b5 RX DONE (11 L

FIE
. D:— RX DONE {0) L
L€ rx DONE (0) H

J

1n-2236

Figure 1 Flip-Flop Signal Names
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ASYNCHRONOUS SERIAL LINE UNIT
(SLU) COMPARISONS

The characteristics listed in Tables 1, 2, and 3 compare the
different members of the DLV11 (LSI-11 bus) and DL11 (UNIBUS)
families of asynchronous serial line products. All modules of the
DLV11 series are dual-height modules. The DLV11-E, -F, and -J mod-
ules detect overrun conditions which are reported in the receiver CSR.
These modules will not generate phantom interrupts on overrun.
DLV11-J

Each of the four serial ports on this module are separate and indepen-
dent from the others. This is not a multiplexed module. Each port has
its own CSRs, data buffers, interrupt vectors, baud rates, UARTS, etc.
The net effect of this module is to achieve a 4:1 compression ratio over
the DLV11. The main functional difference between the ports of the
DLV11-J and the DLV11 is that the DLV11-J provides an RS-232C-
compatible interface (using RS-422 and RS-423) only and requires the
DLV11-KA module (one per port) to accommodate the 110 baud, 20
maA current loop interface.

DLV11-E

This module is functionally equivalent to the DL11-E except that it has
programmable baud rates. This module provides one serial port that
has full modem control.

DLV11-F

This module is functionally equivalent to the DL11-F except that it has
programmable baud rates. This module will eventually replace the
DLV11.

DzZV11-B

The DZV11-B is a muitiplexer interface between four asynchronous,
serial data communication channels and the LSI-11 bus. The DZV11-B
provides EIA level conversion and full modem control suitable for
support of Bell series 103, 202, or equivalent modems. Program com-
patibility is maintained with the UNIBUS option, DZ11-A. The only
compatibility exception is the number of serial channels supported. As
a product enhancement feature, additional modem control leads are
supported to allow half-duplex operation on switched-network-type
lines. ’
MXV11-A

This multifunction module consists of two serial ports, RAM and ROM
memory, and a 60 Hz clock. The two serial ports are RS-423 (RS-232-
C-compatible, data leads only) The MXV11-A has two completely sep-
arate serial ports, where each port has its own CSRs, data buffers,

baud rate generation, etc.
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Table1 Comparison of Hardware Features

Unibus LSI-11 bus
W ow < o <
< @ 9 9 wl,. &2 I 2 I T £
5 5 53 40 3|12 2 2 3 23R X
a o o o al o Qa o (=) o o
No. of ports per module 1 1 1 1 1 1 1 1 4 1 4 2
EIA RS-232C
Full modem control X X X
Limited modem interface X X X X X X
EIA RS-423, RS-422
Data leads only X .
20 mA current loop
RCVR active or passive X X o+ X
XMIT active or passive X X * X
XMIT active only X X X X

* The external 20 mA option (DLV11-KB) is required to implement this function.

t Optional feature.

1 Applies only to the port assigned to the console Device.

§ Theloop-back cable is required to implement this function.
| 110baud only.

** RS-423 only

a XIaN3addv
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Unibus LS1-11 bus
<
< @ 9 o w|,. £ ¥ 2 w3
r = =T ¢ |58 53 5 5 5 5 3
d Jd4 Jd Jd4 4SO 3 J N X
O o oA o o|la & o o a a =
CCITT X X X X
Halt on framing errort X X X b3 i
Boot on framing errort X X i ¥
Baud rates (Table 3)
Programmable X X X
On-board clocks for split speed X X X X X X X X
Reader run control X X X X *
Error flags X X X X X X X X

* The external 20 mA option (DLV11-KB) is required to-implement this function.

t Optional feature.

1 Applies only to the port assigned to the console Device.

§ Theloop-back cable is required to implement this function.

| 110baud only.

a XION3ddVv
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Unibus LSI-11 bus
<
g
<« @ ¢ o w|. & ¥ 2 ¥ ¥
- - - - - ™ - - - - - by
- - = = =1|> > > > > > 2
x
a a a a ala a a a8 a8 8 =
Break generation bit X X X X X X X X X X X
Receiver active bit X X X X X X
Maintenace bit X X X X X § X X § X §
UART cleared by INIT X X X X X X X X
UART cleared by DCOK X X
No trap on write to input buffer X X X X X X X

* The external 20 mA option (DLV11-KB) is required to implement this function.

1 Optional feature.

1 Applies only to the port assigned to the console Device.

§ Theloop-back cabie is required to implement this function.

| 110 baud only.

a XiIaN3ddv
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Unibus LSI-11 bus
w o w = § ma <«
<« @ Q9 Q w|,. £ I & £ & £
- - - - - - - - g - (= b
- - - - - > > > > > > ;
3 a a a ala a a a a 8 =
Easy configuration using wire-wrap X X X X
jumpers
Stop bits
1 X X X X X X X X X
1.5 . X X X X
2 X X X X X X | | X X X

* The external 20 mA option (DLV11-KB) is required to implement this function.

1 Optional feature.

i Applies only to the port assigned to the console Device.

§ The loop-back cable is required to implement this function.

| 110 baud only.

a XIaN3ddV



LSI-11 bus

APPENDIXD

V-LLAXWN xX X x X X X

G-LIAZA | X XX XX X X XXX XXX XX
I-LLATG
r-LEAa * X X X X X X X
S LIANG | XX X XX X X XX X XXX XX
FLIATA [ X X X XX X X XXX XXX XX

BIATA | X X X X XXX X XX X X X

Table 2 Baud Rates
Unibus

FI | XX XX XXX X XX X XXX
QLA | XX XX XXX X XX X XXX
DLLIF | XXX XX XX X XX X XXX

G117 | XXX X X X XX X

X
X
X
X
X
X

V-0 | X X X

150
200
300
600
1200
1800
2000
2400
3600
4800
7200
9600
19200
38,400

External
*- The external 20 mA option (DLV11-KB) is required to implement this function.

Baud
Rate
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Table 3 Comparison of Software Features

Unibus LSI-11 bus
<
< @ 9 0 wl. £ F 2 ¢
T 5 5 53 5l2 2 3 2 %
o o o o (=) o O o o =
Register Bit Name
RCSR 15 Data Set Status/
Interrupt X
14 Ring X X
13 CTS X X
12 CcD X X
1 Receiver Active X X X X X X X
10 2d Receive X X
9,84 Unused X X X X X X X X X X
7 Receive Done X X X X X X X X X X
6 Receive Int Enb X X X X X X X X X X
5 Data Set IntEnb X X
3 2d XMT X X
2 RTS X X
1 PTR X X
0 Rdr Enable X X X X *

* The external 20 mA option (DLV11-KB) is required to implement this funtion.

a XIaN3ddv
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Unibus LSI-11 bus

<
<« @ ¢ o wl,_ & ¥ 3 £
- = = ¥ FI|5S 5 5 5 >
*
Register E‘ 5' 'n" a Ea' 'o' 5' E:' E' =
RBUF 15 Error X X X X X X
14 OE X X X X X X X

13 FE X X X X X X X

12 PE X X X X X X X

11-8 Unused X X X X X X X X X X

7-0 Receive Data X X X X X X X X X X

XCSR 15-8 Unused X X X X X X X X X X
7 XMT Ready X X X X X X X X X X

6 XMT Int Enb X X X X X X X X X

5-3,1 Unused X X X X X X X X X X

2 Maintenance X X X X X * X X * *

0 XMT Break X X X X X X X X

XBUF 15-8 Unused X X X X X X X X X X
7-0 XMT BUF X X X X X X X X X X

*-The external 20 mA option (DLV11-KB) is required to implement this funtion.

d XION3ddVv
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COMPARISON OF DATA
TRANSMISSION TECHNIQUES

Frequently, the application arises where a data transmission path has
to be established between two devices. Usually the distance between
the device is known and also the rate of data transmission. The prob-
lem is deciding which is the best communication technique to use to
interconnect the devices.

Figure 1 is a graph of data versus distance for the various standard
transmission techniques. Parallel data transmission techniques (PLUs
and DMA) give the highest data rate; however, they are good only for
relatively short distances. The serial techniques (RS-232C, RS-422
and current loops) are good for longer distances but at limited data
rates.

While analyzing Figure 1, remember that the axes are logarithmic and
that the data in words per second rather than baud rate. The limits
established for distance and data rate are a function of both the inher-
ent limitations of the transmission technique and of the DIGITAL de-
vice used to do the interconnection. As an example, look at the 422
section of the graph. Maximum distance is 4000 feet as established by
EIA standard RS-422, but the maximum data rate of 1920 words per
second is based on the maximum baud rate of the DLV11-J which
is 38.4K baud.

Table 1 is a summary of the LSI-11 bus and UNIBUS devices which
can be used with each communication technique. Currently, there is
no UNIBUS device for EIA RS-422.
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100K +
10K ¥ EIA
RS-232C
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E: IK E o
g
<
®
o
100 4 CURRENT 100
LOOP
1920 &0
EIA RS-232C DMA (TRI-STATE)
_____ — 15
10+
ALL DMA
TECHNIQUES PLU (TTL)
10 100 1K 10K 100K ™
DATA RATE (WORDS/S)
MR-1455
Figure 1 Data Rate vs Distance with DIGITAL Devices
Table1 Communication Techniques
LSI-11 UNIBUS
Loop DLV11 DL11-C
EIA (RS-232C) DLV11 DL11-D
EIA with Modem DLV11-E DL11-E
RS422, RS423 DLV11-J —
PLU DRV11 DR11-C
DMA DRV11-B DR11-B
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APPENDIX E

NOTES AND ASSUMPTIONS FOR FIGURE 1
Data Rate Definition

1.

a.

One word equals 16 bits.

b. For serial techniques, one word equals two characters for-

matted with one start bit, eight data bits, and one stop bit.
Asynchronous serial transmission is assumed.

Serial Line Maximum Data Rate

a.

C.

Modems were limited to 120 words/sec (2400 baud) because
modems with higher rates cost more than LSI-11 systems
usually warrant. Higher data rate modems are generally
synchronous rather than asynchronous.

480 words/sec is equal to 9600 baud, the limit of the DLV11
SLU.

1920 words/sec is equal to 38.4 baud, the limit of DLV11-J
SLU.

PLU (Parallel Line Unit) Limits

a.

b.

The TTL inputs/outputs of the DRV11 limit the distance to 15
feet.

46K words/sec assumes non-interrupt-driven program ser-
vicing with bit testing (TSTB, BMI, MOV and SOB). 97K
words/sec is maximum rate with program servicing without
bit testing (MOV and BR). With interrupt-driven servicing, the
maximum limit is 20K words/sec assuming 50 us for interrupt
latency and software servicing of interrupt.

DMA (Direct Memory Access) Limits

a.

The DRV11-B can be used up to 50 feet because it has tri-
state drivers and receivers. The distance is limited to 15 feet
with TTL devices like the DR11-B.

DMA transfer with the DRV11-B and the DR11-B are limited to
500K words/sec in burst mode operation; 250K words/sec is
the limit for single-cycle mode operation with either device.
These limits are device-dependent, not LSI-11 bus-depen-
dent. Note that burst mode can disrupt memory refreshing if
bus refreshing (DMA and microcode) is used. Self-refreshing
memories (MSV11-CD or MSV11-D) eliminate this problem.

731



APPENDIX F

INTEGRATED CIRCUITS

Bus Receivers and Bus Drivers

The equivalent circuits of LSI-11 bus-compatible drivers and receivers
are shown in Figure 1. To perform the receiver and driver functions,
Digital Equipment Corporation uses two monolithic integrated circuits
with the characteristics listed in Table 1. A typical bus driver circuit is
shown in Figure 2. Note that 8641 quad transceivers can be used,
combining LS!-11 bus receiver and driver functions in a single package.
Bus receiver (8640), bus driver (8881), and bus transceivers (864 1) are
shown in Figures 3, 4, and 5, respectively.

+34v ouT
R1 = 120K. MIN TRANSMITTER OFF (LOGICAL 0)
R1 R2 = 20K.MIN ARC2 $R3 AI = 120K MIN
IN ~ C1 = 10pF MAX €2 = 10 pF. MAX
= TRANSMITTER ON [LOGICAL 1)

C1 gR2 R3 = 11 OHMS. MAX
C2 = 10 pF MAX

ME 1110

Figure 1 Bus Driver and Receiver Equivalent Circuits

TYPICAL BUS DRIVER

11-3307

Figure 2 Typical Bus Driver Circuit
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1
GND
cP-127
Figure 3 8640 Quad 2-Input NOR Gates
(Bus Receiver)

PR

GND
P 1272

Figure 4 8881 Quad 2-Input NAND Gate
(Bus Driver)

8US 1——] 116 vee
DATA IN 1—2 115 _gus 4
DpATA OUT 12 1'% _bata v a
sus 2-2 113 paraout 4
DATA IN 2—3.] 12 gus 3
pata out 28 L patain 3
ENABLE A —_] 119 paraour 3
GROUND—2] -2 enasLE B
———

1BUSI

I
i
i
—_— )
’

2 N

7 DATA IN 1 - 3
ENABLE A DATA OUT 1
9
ENA
BlE® ONE OF FOUR

we o

Figure 5 8641 Quad Unified Bus Transceiver
(Bus Receiver/Driver)
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APPENDIXF

Table 1 LSI-11 Bus Driver, Receiver, Transceiver
Characteristics

Device Characteristic Sym Specifications Notes
Receiver Input high voltage VIH 1.7V min 1
(8640) Input low voltage ViL 1.3 V max 1
(8641) Input current at 3.8 V lIH 80 uA max 1.3
Input current at 0 V h 10 uA max 1.3
Output high voltage VOH 2.4V min 2
Output high current VOH (16 TTL loads) 2,3
Output low voltage VoL 0.4 V max 2
Output low current loL (16 TTL loads) 2,3
Propagation delay to TPDH 10 ns min 4,5
high state 35 ns max
Propagation delay to TPDL 10 ns min 1.5
low state 35 ns max
Driver Input high voltage VIH 2.0V min
(8881) Input low voltage ViL 0.8 V max
(8641) Input high current hH 60 uA max 6
Input low current ITH -2.0 mA max 6
Output low voltage VoL 0.8 V max 1
70 mA sink
Output high leakage lOH 25 pA max 1.3
currentat3.5V
Propagation delay to TPDL 25 ns max 1.5
low state
Propagation delay to TPDH 35 ns max 1.5
high state
NOTES

1. This is a critical parameter for use on the 1/0 bus.
All other parameters are shown for reference only.

2. This is equivalent to being capable of driving 16
unit loads of standard 7400 series TTL integrated
circuits.

3. Current flow is defined as positive if into the termi-
nal.

4. Conditions of load are 390 2 to +5 V and 1.6 kQ
in parallel with 15 pF to ground for 10 ns min and
50 pF for 35 ns max.

5. Times are measured from 1.5 V level on input to
1.5 V level on output.

6. This is equivalent to 1.25 standard TTL unit load-
ing of input.

~

Bus receivers and drivers should be well grounded and use V¢¢ to
ground bypass capacitors. These gates should be located as close as
practical to the module fingers which plug into the backplane and all
etch runs to the bus should be kept as short as possible. Attention to
these cautions should vield a module design with minimum bus loading
(capacitance). .
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APPENDIX G
CABLING SUMMARY

Preassembled cables are available in a variety of lengths and types as
listed in Table 1 The H854 and H856 connectors are shown in Fig-
ure 1.

HB%4
CONNECTOR

HB856 CONNECTOR
(SHOWN WITH
CABLE INSTALLED)

"- 3296

Figure 1 J1 or J2 Connector Pin Locations
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APPENDIX G

Function

Module Type

Cable Recommendations

Serial I70—-Asynchronous
20 MA

EIA RS-232C

Data only

(DLV11-Jis also
RS422/423)

EIA RS-232C
with Modem Control

DLV11-F 1-Line
DLV11-J 4-Line

DLV11-F 1-Line

DLV11-J 4-Line
MXVI1-A

DLV11-E 1-Line
DZV11-B 4-Line MUX

BCQ5M-2C
DLV11-KA (1 per line)

BCO1V-25 (M)
BC21B-05 (M)

or
BC20N-05 (T)

BCO1V-25 (M)
Cable included

1per line

Serial 1/0—-Synchronous

EIA RS-232C DUV11-DA t-Line BCO5C-25 (M)

with Modem Control
Digital 110

Programmed Transfer DRV11 16 in/16 out BCO7D-15(U)

2ea or

DMA Transfer DRV11-B 16 in/16 out BCO8R-12(B)
Analog I/0

A/ID ADV11-A 16 channel BCO7D-15(U)

D/A AAV11-A 4 channel BCO8R-12(B)
Mass Storage

Tape Cartridge TUS58-BB BC20N-05 plus a

Double Density Floppy Serial Modem (M) cable

Diskette RXV21-BA Includes cable
Hard Disk RLV11-AK Includes cable
(H9273 Backplane Req'd)

Note: M-Connects to a Modem
U-User end unterminated

T-Connects to an EIA Terminal

B-User end terminated with 40 pin Berg Connector
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