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Chapter 1
Introduction

1.1 SCOPE

This manual describes the DF32-D, E Disk File and Control Unit and the DS32-D,E Disk Extender Unit.
The information is intended primarily for maintenance personnel familiar with the DEC PDP-8 family
of computers. Table 1-1 lists supplementary publications and Table 1-2 lists operating and maintenance

programs available for use with the disk file system.

Table 1-1
Reference Publications

Title Description

Logic Handbook Function and specifications of FLIP CHIP® modules,
cabinets, power supplies and accessories.

PDP-8 Maintenance Manual Theory, operation and maintenance information on the
PDP-8.

PDP-8/1 Maintenance Manual Theory, operation and maintenance information on the
PDP-8/1.

PDP-8/L Maintenance Manual Theory, operation and maintenance information on the
PDP-8/L.

Small Computer Handbook Operation and programming of PDP-8/L and PDP-8/1

computers and peripheral equipment.

Table 1-2
Operating and Maintenance Programs

Program Description
DF32-D Software Package Perforated program tapes, symbolic assembly, assembly
language, and utility subroutines.
DF32-D Diskless Logic Tests Tests master logic without the disk in operation.
(Maintenance)

MAINDEC-8I-D5FA
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Table 1-2 (Cont)
Operating and Maintenance Programs

Program Description

DF32/DF32-D Disk Data Tests master logic with the disk in operation.
Mini Disk, Interface Address,
Data Test MAINDEC-08-D5CD

DF32/DF32-D Multi Disk Exer- Tests master disk and up to three slave disks.
ciser MAINDEC -08-D5DB

1.2 EQUIPMENT APPLICATION

The DF32-D, E subsystem is comprised of the DF32-D, E Disk File and Control and as many as three
DS32-D, E Disk Extenders. This subsystem is part of a major system built around either a PDP-8, PDP-8/1,
or PDP-8/L computer. The subsystem expands the memory capacity of the particular computer by
providing a quickly-accessed storage facility. The subsystem stores information transferred from

the computer memory and returns this information on command. The DF32-D, E and each DS32-D,E
store up to 32,768 13-bit words. The subsystem can thus expand the computer memory by as many as
131,072 words.

1.3 DF32-D,E DESCRIPTION

The DF32-D,E Disk File and Control Unit can be used with either 60~ or 50~Hz primary power, and
with either a positive or negative computer bus. Thus, four distinct units are available. The complete

nomenclature of a particular unit is one of the following:

DF32-DP ...... 115V, 60 Hz, positive bus
DF32-DN...... 115V, 60 Hz, negative bus
DF32-EP ...... 115V, 50 Hz, positive bus
DF32-EN...... 115V, 50 Hz, negative bus

NOTE

All of the above can be used in 230V systems. A multi-
tap transformer (DEC P/N 16-2283) can be provided for
this purpose.

For convenience, the nomenclature DF32-D will be cited, except where basic differences must be

noted.

The DF32~D is a random access, bulk storage device that uses a magnetic recording process to record

information on an aluminum disk. The unit consists of two assemblies: the disk assembly and the
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logic module assembly (see Figure 1~1). The disk assembly is mounted on shock-absorbing columns at
the rear of the frame. The logic modules are inserted in mounting connectors at the front. The wiring
side of the connectors faces the front of the unit. The frame is equipped with track slides for easy ac-
cess and can be installed in any 19-in. equipment rack. The frame is 10~1/2 in. high, 19 in. wide,
and 23-1/4 in. deep from the mounting surface, with a 2-3/8 in. extension in front of the mounting

surface. (Refer to Table 1-3 for subsystem specifications.)

Figure 1-1 Disk and Logic Module Assembly

Table 1-3
DF32-D,E Subsystem Specifications

Storage Capacity DF32-D,E: 32,768 13~bit words
DS32-D,E: 32,768 13-bit words

Three DS32-D, E extender disks may be used with each DF32-D, E
master unit, resulting in a system capacity of 131,072 13-bit
words .

Data Transfer Rate DF32-D: 32 ps/word
DF32-E: 39 ps/word

Access Time

Average DF32-D: 16.67 ms
DF32-E: 20.00 ms

Maximum DF32-D: 33 ms
DF32-E: 40 ms
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Table 1-3 (Cont)

DF32-D,E Subsystem Specifications

Bit-to=Bit Transfer Rate
Addressing Scheme
Data Assembly
Recording Medium

Recording Method

Number of Disk Data Tracks
Data Words per Track

Bit Density

Number of Disk Timing Tracks
Tracks per Inch

Track Width

Special Features
Number of Recording Heads
Power Requirements

ac

de

Recommended Environment

DF32-D: 1.10 s serial
DF32-E: 1.33 s serial

Random or absolute addressing from 0 to 32,768 words; variable
block size: from 1 to 4096 words.

Internal read/write, serial; external transfer, parallel, 12 bits
per word

Nickel=cobalt, rhodium plated surface of a 10~in. diameter
aluminum disk

Non=Return to Zero Inhibit (NRZI)

16

2048

1170 BPI, maximum

Two, plus spare for each: all prerecorded
30

0.020

Write inhibit of lower/upper 16K of any 32K disk surface:
inhibit of one or more 32K disks of an expanded configuration

20, in groups (pads) of four

DF32-D: 115V, 60 Hz, single phase
DF32-E: 115V, 50 Hz, single phase

DF32-D,E +20V, 300 mA
+10V, 65 mA
+5V, 3.6 mA
-15V, 702 mA

DS32-D, E +20V, 300 mA
+10V, 35 mA
15V, 677 mA
-15V, 377 mA

NOTE

+20V, +10V: requirements for one DF32-D,E and three
DS32-D, E provided by one DEC type 705B or H709/H7098
Power Supply

+5V, =15V: one H716 required for DF32-D,E and one
H716 required for the three DS32-D,E

70 to 80°F, 20 to 80% relative humidity




Table 1-3 (Cont)
DF32-D, E Subsystem Specifications

Physical Characteristics

Height 10-1/2 in.
Width 19 in.
Depth 21-1/4 in. from mounting surfaces;

2-3/8 in. extension in front of mounting surface

Weight 65 b, approximate

1.3.1 Disk Assembly

The disk assembly includes a 10=in. diameter aluminum disk, 20 recording heads, and a drive motor
mounted on a base plate , supported by four shock=absorbing columns. Top and bottom dust covers
protect the disk and heads. Elecirical signals are sent through two connector cards that plug into the
logic module assembly . Figure 1-2 is the disk assembly with the top dust cover removed. Figure 1-3
is the assembly with the disk removed and recording heads exposed. Note that there are four heads on

each head shoe.

Figure 1-2 Disk Assembly with Top Dust Cover Removed
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Figure 1-3 Disk Assembly with Disk Removed and Recording Heads Exposed

1.3.2 Logic Module Assembly

The logic module assembly includes the logic modules, the module mounting panels, controls, and
switches. The logic for the DF32-D is contained on DEC logic modules, which are inserted in the
mounting connectors. Connections between the modules are made by wiring the connector pins. The
modules consist of G-series (discrete components) and M-series (integrated circuit) modules. The
majority of these modules are the M=series, which use high speed TTL integrated circuits to implement
the logic. Table 5-1 lists the DEC modules in the DF32~D. Drawing DF32-DP-06 (Section 6) shows
the location of each module in the connector blocks, and the identity of the signals furnished by each

module.

1.4 DS32-D,E DESCRIPTION

The disk extender (as well as the master controller) can be used with either 60- or 50~ Hz power, and

with either a positive or negative bus. The following extender units are available:



DS32-D......115V, 60 Hz, positive and negative bus
DS32-E......115V, 50 Hz, positive and negative bus

For convenience, the short nomenclature, DS32-D, will be used.

The DS32-D is similar to the DF32=D in appearance and in overall dimensions. The disk assembly is
identical to that of the DF32-D; however, the logic module assembly is significantly different. The
logic module assembly contains fewer logic modules because the DS32-D operation is controlled by the
DF32-D control circuits. A completely extended DF32-D subsystem consists of one DF32-D Disk File
and Control, three DS32-D Disk Extenders, a DEC Type 705B or H709/H709B Power Supply, two DEC

T ., LI%7

Type H716 Power Supplies, and a power control panel.



Chapter 2
Installation

2.1 CABINET INSTALLATION

The DF32-D subsystem will normally be an addition to a system built around a PDP-8, PDP-8/1, or
PDP-8/L computer. This computer will be either pedestal or rack mounted. If other peripheral equip-
ment is rack mounted in a DEC standard computer cabinet, it may be possible to incorporate the DF32-D
subsystem into the existing mounting configuration. Refer to the appropriate computer maintenance

manual for a discussion of mounting arrangements in the DEC cabinet.

Additional cabinet space may be required if the DF32-D subsystem includes disk extenders. In this
event, the DF32-D should be mounted at the top with the extender disks mounted below. Cables must

be kept as short as possible; therefore, all extender units should be mounted in the same cabinet as the

DF32-D. Although any 19-in. equipment rack can be used, a DEC standard computer cabinet is sug-
gested for convenience and appearance. Various panel doors and cover plates can be purchased along
with the basic 19=in. frame. A typical system is shown in Figure 2-1. Refer to the Logic Handbook

for a guide to available cabinet hardware.

If the DF32-D is to be installed in a cabinet of an existing system in the field, it may be necessary
to install the cabinet portion of the track slide assembly. Two types of track slides are used, de-
pending upon the type of DEC cabinet in which the equipment is being mounted. DEC Type CABS
Cabinets use Chassis Track Slides (C300~5-20), while the new DEC H960 and H961 Cabinets use
Slides 12-91-54. When the cabinet location of the equipment has been selected, the track slide
housing should be mounted with four No. 10-32 Rivinuts.

2.2 POWER REQUIREMENTS

The DF32-D/E requires a 115V ac, single-phase power source. The DF32-D is designed for 60~Hz
operation; the DF32~E is designed for 50~Hz operation. AC connections are made directly to the dc
power supplies listed in Table 1-3. DC power connections to the logic modules are made at a power

end panel located on the left side of either DF32-D or DS32-D.



NOTE

The disk motor should not be turned on and off any more
than is absolutely necessary. There is contact between the
disk and the heads when the disk is stopped. Excessive
starting and stopping creates excessive wear on both disk
and heads. The disk motor ac power should, therefore,

be supplied directly from a power source and not from the
power control switch.

PRIORITIES :
{. PTOB
F— DF32-D — | — 2. AFOQ1A — — — | - DF32-D —
3. AAO1Aor ADOS8
A/B
PRIORITIES :
1. VROi or VRO2
L ps3z-p  —{|}— 2.0F32-0 — - —|—  Dbss2-0 —
3.PTO8
4, TRO2
— pu—
RESERVED FOR
. ps32-p | PC8/T — - —l~ obs32-p0
READER - PUNCH
e PDP-8/1 ] L. PDP-8/1 _ |f| - ]
—  Dbs32-D CONTROL PANEL CONTROL PANEL DS32-D
H716 P.S.
H7ie P.S. pRO- || POWER POWER || pro-
coRoor || suppLY suppLy || FRO~ (|1 ]
7044 704A 7058
| STEP-DOWN _| | ]
TRANSFORMER
HO6IA H960A H960A HO61A
FRONT VIEW REAR VIEW

08-0578

Figure 2-1 DF32-D/DS32-D Mounting Locations

2.3 CABLE REQUIREMENTS

Connections between the computer and the DF32-D are made by shielded mylar interfacing cable,
terminated on either end by single= or double~sided connector boards. Cable requirements are shown

in Table 2-1 for each combination of DF32-D and computer.




Table 2-1
Cable Requirements

Type of DEC Standard Number of Cables

Computer Interface Cable Needed Needed Cable Components

PDP-8 BC08C-5 5 5 ft. 1-1/4 in. mylar M903 to
2 WO031

1 5 ft. 1=1/4 in. mylar WO21 to

Wwo021

PDP-8/1 BCO8C-5 5 5 ft. 1-1/4 in. mylar M903 to
2 woz1

PDP-8/L BCO8A-5 5 5 ft. 1-1/4 in. mylar M903 to
M903

Table 2-2 gives cable connections between the DF32=D and associated computer.

Table 2-2

DF32-D/Computer Cable Connections

Computer Receptacle Connector
DF32-D Receptacle Connector PDP-8 PDP-8/1 PDP-8/L
(Wo031) (wo31) (M903)
A25 (M903) ME-34 Jo1 D36
MF-34 Jo2
A26 (M903) ME=35 Jo3 D35
MF=35 Jo4
A27 (M903) PE-02 Jos D34
PF-02 Jos
A28 (M903) PE-03 Jo7 C36
PF-03 Jos
A29 (M903) PE-04 Jo9 C35
PF-04 J10
BO2 (W031) ME-30 Jn
(Negative
bus only)

Connections between the DF32-D and DS32-D are also made by standard DEC interfacing cable.

Table 2-3 gives cable requirements and cable connections for DF/DS32-D combinations.




Table 2-3
DF/DS32-D Cable Connections

Cable Number Required From To
BCO3D-5 1 DF32-D, B03 (W021 DS32-D, C10 (w021
Connector) Connector)
BCO8A-5 1 DF32-D, A03 (M903 DS32-D, D09 (M903
Connector) Connector)
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Chapter 3
Operation and Programming

3.1 OPERATION

No special operating procedures are required for the DF32-D or the DS32-D. The DF32-D front panel
is shown in Figure 3-1; the DS32-D front panel is shown in Figure 3-2. The DF32-D operating con-

trols are described in Tables 3-1 and 3-2.

Table 3-1
DF32-D Operating Control Functions

Confrol Function

UNIT SELECT Assigns disk selection number.

UPPER 16K When in the ON position, inhibits writing on the upper 16K
word positions of the DF32-D if write lockout is enabled.

LOWER 16K When in the ON position, inhibits writing on the lower 16K
word positions of the DF32-D if write lockout is enabled.

OPR/MAINT Normally in the OPR position; when in the MAINT position,
enables maintenance IOT instructions (for diskless diagnostic
test).

DISK 0 WRITE LOCKOUT When in the ON position, enables write lockout selection
on unit 0.

DISK 1 WRITE LOCKOUT When in the ON position, enables write lockout selection
on unit 1.

DISK 2 WRITE LOCKOUT When in the ON position, enables write lockout selection
on unif 2.

DISK 3 WRITE LOCKOUT When in the ON position, enables write lockout selection
on unit 3.




Figure 3-1 DF32-D Front Panel

Figure 3=2 DS32-D Front Panel



Table 3-2
DS32-D Operating Control Functions

Control Function
UNIT SELECT Assigns disk selection number.
UPPER 16K ° When in the ON position, inhibits writing on the upper 16K word
positions of the DS32-D if write lockout is enabled.
LOWER 16K When in the ON position, inhibits writing on the lower 16K word
positions of the DS32-D if write lockout is enabled.

3.2 PROGRAMMING

~ The programming of the DF32-D is typical of an input/output (I/O) device attached to a PDP-8 family
computer. Input/output transfer (IOT) instructions control device operation. The 3-cycle data break
facility of the computer is used to transfer data between core memory and the DF32-D. The word count
(WC) register (memory address 7750) of the data break facility specifies the number of word transfers,
and the current address (CA) register (memory address 7751) of the data break facility specifies the
starting address of the transfer. The DF32-D contains a disk buffer (DB) register to buffer the data be=
tween core memory and the disk; a disk memory address (DMA) register to specify the disk data address;
an extended memory address (EMA) register to specify the disk and frack; and an extended address (EA)

register to specify the core memory field when the computer memory capacity has been expanded.

The IOT instructions initiate a data transfer and provide the DF32-D with the information it needs to
take part in the transfer (see Figure 3=3). Bits 0, 1, and 2 represent the operation code. When the
computer recognizes operation code 6, indicating an IOT instruction, the computer generates an IOP
pulse. IOPT is generated if a 1 is present in bit 11 of the IOT instruction; IOP2 is generated if a 1 is
present in bit 10 of the IOT instruction; IOP4 is generated if a 1 is present in bit 9 of the IOT instruc-
tion. These IOP pulses are sent to the peripheral device designated by bits 3 through 8 of the IOT.
Selection circuits within the device then generate IOT pulses, which specify device control oper-

ations. The IOT instructions that apply to the DF32-D are listed in Tables 3-3 and 3-4.

OPERATION DEVICE IOP IOP IOP
CODE 6 SELECTION 4 2 1
A A
[ Y N

ol 1 2|13|4|5|6}7 g|l9fj10on

08-053¢9

Figure 3-3 1OT Instructions
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Table 3-3
DF32~D Instructions

Mnemonic Octal Operation

DCMA 6601 Clear the disk memory address register, parity error, and com=
pletion flags. This instruction clears the disk memory request
flag and interrupt flags.

DMAR 6603 Load the disk memory address register with the information (ini-
tial address) stored in the accumulator (AC). Then clear the AC.
Begin to read information from the disk into the specified core
location. Clear parity error and completion flags. Clear in-
terrupt flags.

ACo-117PMAL 1y

DMAW 6605 Load the disk memory address register with the information (ini-
tial address) stored in the accumulator (AC). Begin writing in-
formation onto the disk from the specified core location, A
data break must be allowed to occur within 64 s after this in-
struction is issued. Clear parity error and completion flags.
Clear interrupt flags.

ACo-11 ~PMAg 4y

DCEA 6611 Clear the disk extended address and memory address extension

register.
0 -»EMAS_] 0 -EA3_]

DSAC 6612 Skip the next instruction if the address confirmed flag isa 1.

This flag is set for 16 ps (AC is cleared).
0 -AC

DIEF 6614 Load the following information into the accumulator:
Gap (Simulated photocell) flag —-AC0
EMA5_] ->AC]_5
EAg. ~ACqg
data late flag »AC9
write lockout flag *ACIO error flags
parity error flag ->AC”

DEAL 6615 Clear the disk extender address and memory address extension reg-
isters. Then load the disk extender address and memory address ex-
tension registers with the track address data held in the accumulator.
AC 6-8 ->EA3_] , core memory extension
AC]_5 -»EMAS_] , disk address extension (128, 96, 64, 32K)
AC0;9_”, used with DEAC instruction

DEAC 6616 Clear the accumulator, then load the contents of the disk ex-

tended address register into the accumulator to allow program
evaluation. Skip the next instruction if address confirmed
flagisa 1.
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Table 3-3 (Cont)
DF32-D Instructions

Mnemonic

Octal

Operation

DEAC
(Cont)

DFSE
DFsSC

DMAC

6621

6622

6626

128, 96, 64, 32K: EMA, . ~AC,

Computer memory EA3_] ~AC 6-8
Simulated photocell sync mark ->AC0

Data request late flag -»AC9

Nonexistent disk flag or write lock switch "on" -»AC.IO*

Parity errors —*AC.”

Skip next instruction if the parity error, data request late, or
write lock switch flag is a T (no error).

Skip next instruction if the completion flag is a 1 (data trans-
fer is complete)-,

Clear the accumulator, then load the contents of the disk memory
address register into the accumulator to allow program evaluation.

PMAG11 ~ACo-11

NOTE

During read the final address will be the last address
transferred +1.

During write the final address will be the last address
transferred.

The nonexistent disk condition will appear following
the completion of a read data transfer if the address
acknowledged was the last address of a disk and the
next word to be addressed falls within a nonexistent
disk. The completion flag for this data transfer is set
by the nonexistent disk condition.

*Write lock switch status is true only when the disk module contains a write command.

Table 3-4
IOT Instructions

Instruction

Description

6601: DCMA

1.

Geneérates SCL (start clear), which clears:
a. TRC FF  (transfer complete)

b. NED FF (nonexistent disk)

c. MRS FF  (memory request sync)
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Table 3-4 (Cont)
IOT Instructions

Instruction

Description

6601 (Cont)

d. ADC FF (address confirmed)
e. DRL FF  (data request late)
f. PERFF  (parity error)

2. Generates DTC (disk time clear) which clears:
a. SEN FF  (search enable)
b. TCA FF (time counter "A")
c. TCBFF (time counter "B")

3. Clears the disk memory address register

6602: 1. Clears the accumulator.
Clears the WRITE FF (sefting transfer direction to read).
3. Generates LAD (load address), which:
a. Causes a jam transfer from the accumulator to the disk memory
address register by generating LAP and IOT 40.
b. Clears WCO FF (word count overflow).
c. Sets MRS FF (memory request sync).
6604: 1. Clears the accumulator.
2. Sets the RAW FF, setting transfer direction to write.
3. Generates LAD.
4, Sets DBR FF (data breck request).
NOTE
Combinations of the 660X IOT are:
6603 DMAR (read)
6605 DMAW (write)
6611: DCEA 1. Clears disk extended memory address register.
0 -EMA
5-1
2. Clears extended address register (for extended memory in computer).
0 --EA:3
-1
6612: DSAC 1. Skip on address confirmed flag (used primarily in diagnostic
programming) .
2. Clears the accumulator.,
6614: DIEF 1. Causes a transfer of 1s from the disk status register to accumulator

bits 0 through 11 as follows:
GAP -'AC0

EMA,_, ~AC, ¢

EAs) ~ACsg
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Table 3-4 (Cont)
IOT Instructions

Instruction

Description

6614 (Cont)

DRL flag --AC9
WLO flag -~AC]0 error flags

PER flag ~AC,,

2. Causes a jam transfer from accumulator bits 1 through 5 to the disk
extended address register.
AC]_5 -»EMAS_]

NOTE

Combinations of 661X IOTs are:
6615 DEAL (clear and load disk EMA register)

ACq g ~EA3

AC, 5 ~EMA. |

6616 DEAC (0 ~AC, load AC with disk EMA)

6621: DFSE

6622: DFSC

6624:

1. Enables skip bus if no error flags are up (skip on no error).

1. Enables skip bus if the TRC FF is set and computer MB bit 9 is a 0
(IOT 6622 used alone).

2. Enables clear bus if computer MB bit 9 is a 1 (IOT 6622 used with
IOT 6624).

1. Causes a transfer of 1s from disk memory address register to accu=
mulator bits O through 11.

DMAG_11 ~ACo-11

NOTE

Combinations of 662X IOTs are:
6626 DMAC (0 - AC and load AC with DMAR)

6631: TAS
(TTA simulator)

6632: TBS
(TTB simulator)

6634: DBRS

Maintenance IOT Instructions

Generates false TTA pulses for static logic test.

Generates false TTB pulses for static logic test.

Sets data break request FF static logic fest.
NOTE

| For maintenance, the MAINT-OPR switch must be furned

to MAINT.
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A typical computer program (Figure 3-4) illustrates the writing of a block of data onto the disk. The
calling subroutine must be set up so the subsequent locations to SUB (SUB+1, SUB+2, etc.) contain the
parameters shown in the comments column. The format of location SUB+3 must conform to that of the

DEAC instruction in Table 3-3.

/CALLING SEQUENCE

SUE » JMS WRT /JUMP TC WRITE SUBRCUTINE
% /CONTAINS WORD COUNT
7] /CONTAINS INITIAL CORE MEMORY ADDKESS
0 /CONTAINS TRACK AND UNIT NUMBEK
4] /CONTAINS TRACK ADDRESS
XXX /CONTINUE WITH MAIN PROGRAWN

/WRITE SUBKCUTINE

WRT» B /ENTER WRITE SUEBKOUTINE
TAD 1 WRT /FETCH WORD CCUNT
DCaA We /DEFPGSIT IN WORD CCOUNT REGISTEK
1Sz WRT /INCREMENT POINTER
TAD 1 WRT /FETCH INITIAL CCRE MEMORY ADDRESS
DCA cAa /DEPOSIT INTO CURKRENT ADDRESS REGISTER
1Sz WRT /INCREMENT POINTER
TAD 1 WKT /FETCH TKRACK AND UNIT NUMBER
DEAL /DEPOSIT INTO REGISTER IN DF32-D CONTROL
CcLA /CLEAR AC
1Sz WRT /INCREMENT POINTER
TAD 1 WRT /FETCH TRACK ADDRESS
DNMAY /TRACK ADDKESS TO DMA IN DISKs START
/WRITE OPERATION
DFSC /J0B DONE
JMP -1 /NO> WAIT
DFSE /ANY ERRORS?
JMP ERR /YES», GO TO ERROR SUBROUTINE
1sz WKT /NO> INCREMENT POINTER TO EXIT ADDRESS
JMP T WRT /EXIT PROGRAM

Figure 3-4 Programming Example

Continuing with the program, the JMS WRT instruction causes a subroutine jump to location WRT,
with the contents of the PC+1 (which contains symbolic address SUB+1) deposited into location WRT.
Because location WRT contains SUB+1, the first instruction of the subroutine (TAD I WRT) loads the
AC with the contents of SUB+1, the word count. The word count is then deposited into the WC
register. The initial address is deposited in a similar manner into the CA register. The program then
proceeds to set up the EMA and DMA registers and start the write operation. After the DMAW in~
struction is issued, the data transfer operation begins and continues independently of the program;
the DF32-D operates under control of the data break facility while transferring data. When the
transfer is complete, the transfer complete (TRC) flag raises and, when sensed by the DFSC control
causes the program to pass to the DFSE instruction. DFSE then senses for errors; if any errors are

. . . . ’ .
sensed, control jumps to an error or diagnostic routine. If no errors are sensed, control exits from
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the subroutine, returns to the main program, and resumes main processing. The data transfer operates
independently of the program; therefore, the subroutine could be exited following the DMAW instruc-
tion. An interrupt subroutine could handle the post-data transfer processing because the TRC flag
generates an interrupt. An identical program could handle data transfers for a read operation if the

DMAW instruction is replaced by the DMAR instruction.



Chapter 4
Theory of Operation

4.1 GENERAL

The mnemonics that represent the DF32-D and DS32-D signals are listed in Table 4-1. The control
unit and the expander unit use the same mnemonics, but mnemonics representing signals generated by
an expander unit are subscripted (e.g., SEL, indicates that the select signal was generated by ex-

pander unit 1).

Table 4-1
DF32-D/D532-D Signal Mnemonics

Mnemonics Description
ABD Address Bit Detector
AC BUS*
AC CLEAR*
ACE Address Compare Error
ADC Address Confirmed
ADD ACCEPT* Address Accept
A GND Analog Ground
B AC* Buffered Accumulator Bits
B ADC Buffered Address Confirmed

B INITIALIZE*
B IOP*

Buffered Input/Output Pulse

B RUN Buffered Run

B WRITE Buffered Write

BEM 0,1,2,3 Buffered Extended Disk Memory Units
BEMA Buffered Extended Memory Address (disk)
BMB* Buffered Memory Buffer Bits

BREAK* Break Cycle

BRK RQST* Break Request

BTS1* Buffered Time State 1

BTS3* Buffered Time State 3

BWC OVERFLOW*

BWFF#*

Buffered Word Count Overflow
Buffered Write Flip~Flop (for writing in NRZI)

*Signals between computer and disk logic.
**Signals between extenders and disk logic.
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Table 4-1 (Cont)
DF32-D/D$32-D Signal Mnemonics

Mnemonic Description
BWLO Buffered Write Lock-Out
Cco-C7 Center Tap Selection 0 to 7
CARRY Carry Flip=Flop (for address increment in DMA)
CBR Clear Break Request
CEMA Clear Extended Memory Register
CLA Clear Accumulator
CLCP Clear Carry Pulse
CSEN Clear SEN Flip-Flop
DATA ADD* Disk Address (7750)
DATA IN* Direction of Information Flow into Computer During Break
DATA 00-11 Data Bits to Computer
DB 00-11 Data Bits Register in Disk Control
DBR Data Break Flip=Flop
DCH Disk or Track Change
DDI Disk Data In (for assembly) ,
DEND Data End (for address n if searching for n + 1)
DEP Data End Pulse (for address n + 1 if searching for n + 1)
DMA Disk Memory Address Register
DMA IN Clocking Signal for Data into DMA Register
DOP Data Ones Pulses
DRL Data Request Late
DSL (#), (=) Data Sense Lines
DTC Disk Timer Clear (4 words)
EA1,2,3 Extended Address
EDOP** External Data Ones Pulses
EMO 1,2,3 Extended Disk Memory Units 0 to 3
EMA 1-5 Extended Memory Address Register (disk)
ERROR Error in Search of Address
ETTAP** External TTA Pulse
ETTBP** External TTB Pulse
EUSS** External Unselected Switch
EWL** External Write Lock~-Out from EA
EXT DATA ADD 0~2 Extended Address Bits Reversed
GAP Flip-Flop Set During Time Between Address 4000 and Address O
INITIALIZE* Pulse from Computer to Reset Control Logic
INT Interrupt to Computer

INT RQST BUS*
10T 60

IOT

LAD

LAP

LD ENABLE

MB INC
MB00-11

Decoded Signal for Disk Input/Output Transfer
Input/Qutput Transfer Instruction

Load Address IOT

Load Address Pulse

Load Enable (for shift register M233)
Increment MB

Memory Buffer Bits

*Signals between computer and disk logic.

**Signals between extenders and disk logic




Table 4~1 (Coni‘)
DF32-D/DS532-D Signal Mnemonics

Mnemonic Description
MBC Disk Memory Buffer Clear
MRS Memory Request Synchronization
NED Nonexistent Disk Flip=Flop
NEX Nonexistent Disk
OPTION SELECT Disk (option) Selected During In/Out Instruction
PAR Parity Flip-Flop (even parity during read)
PER Parity Error
SADC Set ADC Fiip~Fiop
SAP Shift Address Pulse
SBR Set Break Request Flip-Flop
SCL Start Clear
SEN Search Enable
SKIP BUS* Skip Next Instruction
SLT Select
SNE Status = No Error in WLO, EWL
SPW Bit for Special Word (4000)
STATUS Status of WLO, EWL, NEX
SYNC P Synchronizing Pulse (end of address 4000)
SYNC Flip=Flop to Synchronize with Addressing on Disk
TCA Time Countfer A
TCB Time Counter B 4 Word Hold Before Setting SEN
TCX Time Counter X
TP1 Time Pulse 1
TRC Transfer Complete
TRK INC Track Increment (during search)
TS3 Time State 3
TS3B Time State 3 of Break Cycle
TTA Timing Track A (timing)
TTB Timing Track B (addressing)
TTA D1 Strobed Analog Signal TTA from Disk
TTA D2 ‘
TTA 1 TTA Delayed for DDI
TTA 2 TTA Delayed for ABD Resetting
TTAD TTA Delayed for Strobing Data

TTA, ADC + TS3B
uss

WC OVERFLOW
WCO

WFF

WIA

WIB

WLO

WRITE

X0-X7

3 CYCLE

For Clocking Data Shift Register
Unselected Switch (disk units)

Word Count Overflow

Word Count Overflow Flip-Flop

Write Flip-Flop (for NRZI writing)
Inhibit Writing on Upper 16K of Memory
Inhibit Writing on Lower 16K of Memory
Write Lock-Out

Write on Disk Flip-Flop (READ if flip=flop reset)
Selection Levels for Disk Heads
3-Cycle Break

*Signals between computer and disk logic.

**Signals between extenders and disk logic.
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A write operation and a read operation are shown in Figure 4-1. Although the two block diagrams are
similar to a great extent, the operations have been presented separately to avoid confusing overlap of
signal directions. The DF32-D can be represented by two large blocks (the logic circuits and the disk)
and each operation involves a transfer of a data word, an address word, and a track selection signal
between these two blocks. Also note that only the data word changes direction when the operation

changes from write to read.

4.1.1 Write Operation

When the program has loaded the WC and CA registers, it sets up the AC with the unit number
(DF32-D or one of the extender disks) and the disk data frack number. The DEAL instruction transfers
this information to the DF32-D extended memory address (EMA) register, which selects 1 of 16 data
tracks. When the data track has been selected, the program loads the AC with the initial address.
DMAW transfers this address from the AC to the disk memory address (DMA) register, and, at the same
time, sefs the data break request (DBR) flip=flop. The DBR flip~flop sends a break request signal to the
data breck facility. The facility responds with a BREAK signal, which, at time state 3 (TS3) of the
computer break cycle, enables a parallel transfer of the data from the computer memory buffer (MB)

register to the disk buffer (DB) register.

The data word stored in the DB register must be written on the disk in the correct data track location.
The data track has already been selected. The DMA contains the address of the track location where
the data should be written. To indicate when the correct location is passing over the recording heads,
an address frack is included on the disk. For each address on this frack, there is a corresponding data
word location on the data track. If the two differ, the address in the DMA is circulated and compared
to the next address from the track. This comparison continues until the two addresses match (i.e., the
correct address on the track has been found). An address confirmed (ADC) signal, developed in the

comparator, indicates that the desired location on the data track is passing over the recording head.

The data word is now serially shifted from the DB to the disk data track. When the addresses match,
the DMA address is again circulated, but in this case it is also incremented. The new address indi-
cates the dafa track location of the next data word. The comparison is repeated for this address and
for each succeeding incremented address. When the last word of the block has been transferred from
the MB to the disk, the WC register sends a word count overflow (WCO) signal to the logic, and the

operation ends.

4.1.2 Read Operation

Like the write operation, the read operation begins with an address search. DMAR transfers the initial

address to the DMA but does not request a break (in the write operation the DMAW requests a break).
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Instead, a break is requested only after the initial address has been found and the data word has been

loaded into the DB, Then, i’hevcompufer responds with the BREAK signal, transferring the data word
to the MB.

The search, read, and write operations, and the disk are described in detail in succeeding paragraphs.
However, before proceeding to the discussion, refer to Figure 4-2. Some features of this diagram are
beyond the level of information already presented in the manual; however, a careful study of this
diagram will provide further insight to the general operation of the DF32-D. The flow diagram is use-

ful as an aid to understanding the detailed discussions, and should be consulted frequently .

4.2 DISK

Figure 4-1 is divided info two large components: the logic circuits and the disk. The disk is a major

component of the DF32-D and is discussed in detail in the following paragraphs.

4.2.1 Disk Format

The disk is a 10-in. diameter aluminum plate, covered first with a thin nickel-cobalt layer and then
with a hard rhodium plating. A 0.95-in. wide ring at the outside edge of either surface is used for
recording. Within this ring, 16 data tracks and 4 timing tracks can be recorded (see Figure 4-3).
The first track is the TTA timing track and the fourth is the spare TTA. The seventh track is the TTB
address track and the tenth is the spare TTB. .The remaining 16 tracks, numbered 08 through ]78, are

reserved for data recording.

gTB SPARE

4
TTB
3

2
;I'TA SPARE

0
TTA

®DISK SURFACE EDGE
08-0541

Figure 4-3 Disk Track Order
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The timing track, the address track, and the two spares, are recorded on thee disk at the factory. If
the main tracks are accidentally destroyed, the spare TTA and TTB tracks can be used. In the unlikely
event that the entire disk is erased, a DF32~D-15 Timing Track Writer can be used for field recording of

the timing and address fracks. Appendix A contains a detailed discussion of the timing track writer.

Figure 4-4 is a portion of the recorded surface of the disk (TTA, TTB, and data track 2); for clarity,
the remaining tracks are not identified. A total of 2050 12-bit addresses are recorded on TTB. Two
addresses, 60008 3
through 37778, is used to locate a 13-bit data track word. There are 16 data tracks and only one track

and 40008 , are used for timing. Each of the remaining 2048 addresses, from 0000

at a time is used; therefore, there are 16 times 2048, or 32,768 data word locations.

Addresses 60008 and 40008 are used only for timing and have no corresponding data words on the data
tracks, thus, the data track is blank from the end of address 60008 to the beginning of address 20008'
This interval , specifically the group of three TTB pulses appearing after address 40008, is used to syn=
chronize the disk tracks with the control logic. Synchronization is discussed in detail in Paragraph 4.3.
The data word for each address is located in the interval immediately following that address. A search
process takes place prior to a read or write operation, and TTB addresses are compared to an address
contained in the DMA. An address match is recognized only after the complete address has been ex-

amined; therefore, the data word for the address must be placed in the location following the address.

The recording of an address on the disk is also shown in Figure 4-4. Rather than being consecutive
from 00008 ’
20028 , 00038 ’

00008 is stored in the DMA. An address search begins and later, 00008 from the TTB track is compared

to 00008 in the DMA. This comparison occurs during period 5 (Figure 4-5). At the end of period 5,

the ADC signal enables the serial shift of the data word to the disk data track, if a write operation is

the addresses alternate in the following manner: 00008' 20008, 000]8, 20018, 00028’

etc. Figure 4=5 illustrates the reason for this particular scheme. Assume that address

performed.
1 2 3 4 5 6 7 8 9
DMA 0000 0000 0000 0000 0000 | INCREMENT| 0001 | INCREMENT| 0002
TTB 1777 3777 6000 4000 0000 2000 0001 2001 0002
ADC 555
NO MATCH | NO MATCH | NO MATCH | NO MATCH | MATCH |NO MATCH | MATCH | NO MATCH | MATCH
DMA DMA
INCREMENTED INCREMENTED
DATA DATA
TRANSFERRED TRANSFERRED

08-0545

Figure 4-5 Search/Transfer Operation Timing
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The shift occurs and the DMA is incremented during period 6; thus, at the beginning of period 7, the
DMA contains 0001 8 and this same address is beginning to be read from the TTB track. Another match
occurs and a transfer takes place in period 8. An address match occurs in each succeeding odd period
until the end of the block transfer. The particular addressing scheme of the TTB track thus results in an

optimum data transfer rate.

NOTE

(1) The address sequence described is the one normally
recorded on the disk. Many other schemes are
possible but this particular scheme results in rapid
data transfers and is preferable in most instances.

(2) In at least one instance, another scheme may be more
desirable to the DF32-D user. Users who previously
incorporated the DF32 into their systems, and who
have compiled large software files based on the ad-
dress sequence employed in the DF32, may wish to
continue with this sequence. Digital Equipment
Corporation has considered this and will record the
address sequence familiar to these users.

(3) To first=time users of the disk file system, DEC rec-
ommends using the normal address scheme of the
DF32-D. The alternate address scheme is described
in Appendix A for those who wish to compare the
two. Note that the sequence of the DF32-D allows
the user to transfer an entire data track in only two
revolutions of the disk; this is twice as fast as the
scheme used by the DF32.

4.2.2 Disk Timing

The relative timing of the three disk tracks is illustrated in Figure 4-6, covering addresses 37778
through 20008.

tions are always occupied by timing pulses. The remaining 12 positions contain 1s or Os depending

Each track has 14 bit positions per address word period. The first two TTB bit posi-

on the address word for that period. Refer to address 6000,. The first two TTB pulses are the timing

8 .
pulses. The next TTB bit position (the third) is reserved for the least-significant bit (LSB) of the address.
The bit positions increase in significance while proceeding to the right; thus, the most=significant bit
(MSB) would appear in position 14, as is the case with 60008. In other words, the addresses and data

words are recorded backwards on the disk.

TTA is characterized by one 0 and thirteen 1s during each period. Note that the TTA bit positions
are out of phase with the TTB positions; the significance of this phase difference becomes apparent

when the logic timing is discussed.
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Each data track (only one is represented in Figure 4~6) contains 40008 data words. Data word bit
positions are in phase with those of TTA and contain 1s or Os. The first twelve bits from the left repre-
sent the data (the data word is backwards). Bit 13, a parity bit position, contains a 1 when the data

word contains an odd number of 1s.

4.2.3 Disk Recording Technique

Various tracks are represented as containing 1s and Os, pulses and no pulses; however, during any bit
position, a magnetic flux pattern, recorded by a non-return to zero inhibit (NRZI) technique, is
physically present. In NRZI, a 1 is represented by a change in the direction of magnetic flux, and a

0 is represented by no change.

In the write operation, a flip~flop is used to control the polarity of the recording head magnetizing

current. When the flip~flop is set, current flows through the head coil in one direction; clearing the
flip~flop reverses the current flow and the direction of the magnetic flux lines. A 1 is recorded. In
the read operation, the head senses the flux changes and produces bipolar pulses, which are rectified

and shaped to produce data pulses.

4.3 LOGIC CIRCUITS

The DF32-D logic circuits are discussed in detail in the following paragraphs.

4.3.1 Logic Timing

The block diagrams of the read and write operations are similar in most respects. The greater part of
the logic hardware is used in searching for the correct address. Each operation (read or write) is pre-
ceded by an address search. To aid in understanding the addresssearch, certain aspects of operation

timing will first be discussed.

As noted earlier, the computer program provides instructions which initiate the DF32-D address search;
however, the DF32-D is not inactive before the program begins an address search. Instead, the disk
motor is turned on, the disk is rotating, TTA and TTB pulses are read from their respective tracks, and
certain timing pulses are generated by the logic circuits. Figure 4-7 shows basic timing signals, and

Figure 4-8 shows the logic elements used to generate the signals.

Recall that each address word period contains 13 TTA pulses and as many as 14 TTB pulses, and that the
first two TTB pulses are always present. These two TTB pulses are used to produce one TP1 pulse at the
beginning of each address word period. The first TTB pulse sets the address bit detector (ABD) flip=flop
and the second TTB is NANDed with ABD(1) to produce TP1. ABD is then reset by the first TTA2

pulse. Each succeeding TTB pulse sets ABD, which is then cleared by the next TTA2 pulse. Thus, the
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Figure 4-8 Basic Timing Logic

ABD signal represents the address contained in the TTB track, and performs an important function during
the address comparison process. Each TP1 pulse sets the time counter X (TCX) flip-flop. TCX is reset
by the trailing edge of the first TTA pulse. In Figure 4-8, TCX(0) is NANDed with TTA and SEN(1)

to produce shift address (SAP) pulses. SEN(1) represents the set state of the search enable flip~flop,
and is introduced at this time to demonstrate the application of the TCX flip=flop (i.e., masking of the
first TTA pulse). The masking process results in the generation of 12, rather than 13, SAP pulses. The
SAP pulses are used to serial shift the addresses through the DMA. Thus, only 12 pulses are required.

The signals representing the GAP flip=flop and the SYNC flip~flop are used primarily between addresses

40008 and 00008. In Figure 4~4, address 40008

followed by a 2-ms gap (approximate) during which the disk address and timing tracks are blank. The

is followed by three TTB pulses. The TTB pulses are

gap period is indicated as discontinuous due to the extreme difference in duration between this period
and a 15-ps address word period (refer to Appendix A for signal duration details). The timing related
to this gap is shown in Figure 4-9. The signals are generated continuously while the disk is rotating,
even when no data transfer has been programmed. The signals have little significance until a data

transfer begins; therefore, these signals will be discussed from that standpoint.
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Figure 4=9 GAP Timing

A write operation, for instance, could involve a block of 2060 data words. The block cannot be con-
tained in one data track because each track has only 2048 word locations; therefore, two data tracks

are used. When one is filled, the EMA register, which selects data tracks, is incremented and the re-
maining words are written on the second frack. The EMA is incremented at the end of address 60008.
At the same time, the search process is disabled and remains disabled during the transition period. The
search must be reinitiated before address 00008 is read from the TTB track. Four TP1 pulses are required
to begin the search. The ABD flip-flop remains high through the gap, as shown; therefore, these four

TP1 pulses are produced.

The GAP Flip;flop likewise remains set throughout the gap, and the trailing edge of the GAP signal is
used to clear the CARRY flip=flop (not shown) before address 00008 is read from the TTB frack. If
CARRY is not cleared, the DMA is prematurely incremented from 00008 to 00018.

4.3.2 Search Operation

During the cycle of these basic timing signals, the program will issue an IOT instruction and the
DF32-D device selector will provide a signal that initiates operation. Drawing DF32-DP-05

(Section 6) shows the disk control logic; locate the shift enable (SEN) flip-flop. The SEN signal, one
of the more important enabling signals used in SAP generation, provides the shift enable signal for the
DMA register. SEN must be set before a search can begin. The following paragraphs explain how this
signal is produced.
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Either DMAR or DMAW will initiate a search. Both instructions produce:

1. The start clear (SCL) signal
2. The load address (LAD) signal

SCL clears the following flip-flops: memory request sync (MRS), time count A (TCA), time count B
(TCB), and SEN. LAD then sets MRS which enables TP1 to clock the 3-stage counter consisting of
TCA, TCB, and SEN. The fourth TP1 pulse sets SEN, which then resets MRS, preventing further clock=-
ing of the 3-stage counter. The delay between issuing DMAW or DMAR and the setting of SEN ensures
that the correct data track heads are selected. In addition, the delay permits stabilization of the logic

modules that depend on the direction of information transfer (e.g., the disk amplifier module).

The major component in the logic elements used in address search is the DMA register, a 12-bit shift
register that is capable of serial and parallel load (see Figure 4-10). If the SEN signal is present on
the SHIFT line, SAP pulses will shift in the information present on the SERIAL IN line. If, instead, an
IOT 660X instruction is present on the LOAD line, a LAP pulse clocks in the information present on the
11 inputs designated AC1 through AC11.

CL
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ST -CLEAR IREERNIRER! TP1——C O
senSHET [ s[ofo[oTololo]ofofo]o]o
LOAD PMMMMMMMMMMM ADC
IOTGGOXWWAAAAAAAAAAA
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Figure 4-10 Address Search, Simplified Logic Block Diagram

The latter process, the parallel load, is accomplished by either the DMAR or the DMAW instructions.
Recall that the initial address is transferred by the program from computer memory to the AC. When
the LAD signal is generated by DMAR or DMAW, LAP pulse is produced. Because the DMA LOAD is
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enabled, the LAP pulse clocks in the information from the AC. Therefore, when the SEN signal is
generated by TP1, the initial address is present in the DMA. SAP pulses applied to the CLOCK line
shift in the information on SERIAL IN. This information is the output of the DMA (12th bit, or DMAT1)
fed back through an adder network. For the moment, assume that DMAT1 is tied directly to SERIAL IN.
The first SAP pulse shifts the DMA to the right by one bit position (bit 12 of the initial address is
shifted into SPW, bit 11 is shifted into DMAT1). Twelve SAP pulses will shift the DMA completely
around. As each SAP pulse shifts the DMA, the new content of DMAI11 is compared with the ABD
signal . Recall that the ABD flip-flop represents the address bit on the TTB track. The 12 bits of the
initial address are thus compared with the 12 bits of an address from the TTB track. If the two ad-
dresses compare, bit by bit, the output of the AND/INOR gate, B0, remains irue and the address
compare error (ACE) flip-flop, initially cleared by TP1, remains clear for the entire address word
period. Data input to the address confirmed (ADC) flip=flop is false when the next TP1 is applied to
the ADC clock input. ADC is then set by TP1. ADC enables the DB to shift the data word in the di-

rection of transfer.

If the two addresses do not match, the output of gate BO9 drops low. The negative-going signal at the
DC-set input of ACE sets the flip-flop. The ADC signal is not produced and the data word remains in
the DB. Each succeeding address from the TTB track is compared with the initial DMA address, until

the correct address on the track is found.

The DMA initial address represents the data track location from or to which only the first data word is
transferred. After the transfer of the first data word, the initial address must be incremented, in order
to represent the location of the second word of the group. Each time a word is transferred, the DMA
is incremented to indicate the intended location of the next data word. The DMA address is incre=

mented by the adder network (see Figure 4-10).

This adder network (shown in detail in Figure 4-11) and the accompanying timing diagram illustrate
DMA incrementation. The timing diagram represents an incrementation from address 35038 to address
35048, as an example. The SAP pulses are again used to circulate the address through the DMA;
however, during this circulation, a 1 is added to the address by the CARRY flip~flop. The CARRY
flip=flop will be set by the CLCP pulse at the beginning of the address word period if the address is to
be incremented. CLCP is produced by TP1, providing the ACE flip~flop has not been set during the
address search and there is no word count overflow (WCO) signal. If the ACE flip-flop has been set,
indicating that the DMA address and the TTB track address were different, the DMA address is circu~

lated without being incremented.
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Figure 4=11 DMA Incrementation and Timing
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In the above example, CARRY is set by CLCP and remains set until cleared by SAP pulse 3. SAP

pulse 3 also shifts a 1 into the DMA MSB. The 1 is shifted one bit position to the right by each suc-
ceeding SAP pulse. After 12 SAP pulses, DMA9 contains a 1 and the new address in the DMA is 35048.
The comparison process is repeated and the DMA is incremented again, this fime to 35058. When ad-
dress 37778
objectives must be met when 3777 is incremented. First, the logic must be reset so a search can begin

with address 00008. Second, the DMA must be cleared to 00008. Third, the data track count in the

EMA must be incremented.

appears in the DMA, special logic is employed to ensure correct operation. A number of

All the objectives are essentially met by the signal TRK INC. Drawing DF32-DP-02 (Section 6) shows
that this signal is produced by TP1 when 37778 is incremented to 60008 (60()08 and 400()8 are the only
addresses that produce a 1 in SPW of the DMA). TRK INC is applied to the EMA register, advancing
it to the next data track, and to the DMA register, resetting it to 0000. At the same time, TRK INC
produces a DCH pulse, which is applied to the control logic (Drawing DF32-DP-05). The DCH pulse
produces the disk timer clear (DTC) signal, which clears the SEN flip~flop and sets the MRS flip=flop.
SEN will be reset only after f