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Second Edition (November 1970) 

This is a major revision of. and obsoletes. SY34-0021-0. This edition incorporati:s use 
of the disk attachment in the IBM 5406 in addition to its previous use in the IB\1 
5410. Chapter 2 is completely new and now con ta ins second-level dia!!ranh of each 
card in the disk attachment. Chapter 3 has been extensively revised by addin!! more 
detailed information on disk ~1ttachment operations. 

Chan~es arc periodically made to the intormatiLJn hcrl'in: any q1ch chan!!l'S \\ill be 
reported in subsequent revisions or Ted111ical Ncwslctt.:r'. 

Som.: illu-arations in thb manual h~1vc a code numb.:r in tht> lmwr n1rner. This is a 
publishin!! control number and is not related to the subiect matter. 

Copi.:s of this and other IBJ\1 publications can be obtained throu!!h IB\1 Branch OlliLTS. 

A form 1·or read.:r,' l·ommenh i-; pruvided at th-.· bad. of thi' publication. If the form 
has been rcmov.:d. send yuur comrnents to IB\1 Coqwration. Ceneral Systems Divis1(111, 
Systems Publication'. Department 707. Boca Raton. l·lorida 33432. Comments becnrnc 
the property of I BM. 

© Copyri!!ht International Business Mad1ines Cnrporati()n 1970 
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Preface 

This is a combined theory-diagram manual on the disk attachment for the 
IBM System/.1 Model I 0 and System/3 Model 6. There are no other manuals 
for the uisk attachment. 

This manual is organized into three chapters: introduction. functional 
units. and operations. Information on how to use each chapter is found on 
the first page or the chapter. 

The page numbering system of this manual is as follows: 

8 xxx 

===-~TJ 
11---,-----" 

a 
II 

Section number: applies to the Model 6 FETM. This manual is Section 8. 

Chapter number: a "1" means chapter I. a··~-- means chapter 2, a "3'" 
means chapter 3. 

II Page number of chapter: numbered 01 through 99. 

The di:.1grams and flowcharts in this manual are at engineering level 571538. 
Other manuals needed to understand and service the file attachment are: 

• Field Engineering Theory of Operations Manual. /B.fl.1 54]() Central 
Processing Unit. Order No. SY 31-0207 

o FielLl Engineering Maintenance Diagrams Manual. /B/11 541 () Ce11tral 
Processing l./nit. Order SY3 l-0202 

• Fielu Engineering Maintenance Manual. IBM 5410 Crntral PmcessillK 
Unit, Order No. SY 3 1-0244 

• field Engineering Theory-Maintenanct' \1anual. Syste111/3 Model 6 5406 
Pmccssin;.; Unit and A rrachme111s. Order No. SY 34-0022 

• Field Engineering Theory of Operatilll1S Manual. /BM 5406 Central Process
ing U11ir. Order No. SY34-0023 

• held Engineering Theory-Maintenanct' M~rnual. /B.llf 5444 Disk Stora~c 
Unir. Order ~o. SY33-002h 

• Field Engineering Theory-Maintenance Manual. /BJ\f 5444 Disk Storage 
Drfre (Machines with serial numbers up to 30100). Order No. SY33-0026 

• IBM Maintenance Library. 5444 Disk S10ra:;.;c Drire. Theory-Maintenance 
(Machines with serial numbers ahm•e 301UO). Order No. SY33-0029 
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IBM 5444 DISK STORAGE DRIVE ATTACHMENT 

The IBM 5444 Disk Storage Drive Attachment, also called the disk attach-

mentor file control unit ( FCU), can attach either one or two 5444 Disk 
Storage Drives to the I BM System/3 Model 10 or the I BM System/3 Model 6. 

The file control unit is the interface between the disk storage drive and the 

central processing unit (CPU). The file control unit (FCU) provides a way 

for the disk storage drive to use the facilities of the CPU w communicate 

with core storage. Communication between the CPU and file control unit 

(FCU) is via the data bus out (DBO) lines and data bus in (DBI) lines, with 

additional lines for controi signai interchange. 

The disk attachment is located in the main gatf of the CPU. In the Modei 

10 it is located in gate 01 A-A2; in the Model 6 it is located in gate 01A-A1. 

A disk attachment may be either standard or high speed, depending on 

the model of 5444 Disk Storage Drive attached to the CPU. The difference 
between a standard and high speed attachrnent is determined by the type 

of logic card plugged into positions G2 and F2 of the attachment board. 

The standard disk attachment is used in either the Model 6 or Model 10 

CPU to attach 5444 Disk Storage Drives with friction drive or stepper 

motor access mechanisms. 
The high speed disk attachment is u!>ed cnly with the Model 10 CPU to 

attach 5444 Disk Storage Drives with the high-speed access feature installed. 

080 .... 5444 

"'"I Disk 
T 

Disk 
CPU i..... DBI AttachfT'ent I Storage .... ... 
Logic .... (Fiie Control - I T 

Control I Drive 1 
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I 
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I Disk I Other 1/0 L - _ ~ Storage I Attach men ts 
i Drive 2 I L ___ _J 

AR0451 A 

The file control unit contains logic circuits to: 

1. Decode program instructions into signals to control a disk operation. 

2. Generate timing signals for data transfe,· to and from the disk. 

3. Address the local storage registers assigned to disk operation. 

4. Detect error conditions. 
5. Generate the cyclic code (CC) and bit count appendage (BCA) check 

characters. 
6. Provide status information about the file control unit and drive(s). 

7. Generate cycle steal requests. 

DISK ATTACHMENT-Introduction 

8. Serialize data (change from parallel-by-byte to serial-by-bit) and 

deserialize data (change from serial-by-bit to parallel-by-byte). 

, 9. Control the high-speed access interface I ine for drives that have the 

high-speed access featurn installed. (Model 10 CPU only.) 

Program Instructions 

Four f)rogram instructions are used for disk operation: 

1. Load I /0 (LI 0) 
2. Test 1/0 (TIO) I Advance Program Level (APL) 

3. Sense !/O (SNS) 

4. Start 1/0 (SIO) 

Load f 10 (LIO) 

Load I /0 transfers two bytes of data from core storage into either of the 

local storage registers assigned to disk, disk file data register (DFDR) or disk 

file control register (OFCR). For diagnostic purposes, a CE load 1/0 (LIO) 

instruction transfers two bytes from core storage to the file control unit. 

This information controls logic lines in a manner that duplicates disk drive 

functions to facilitate diagnostic programs. 

Test 1/0 (TIO) 

Test 1/0 I Advance Program Level tests for operating conditions of the drive 

and attachment. This instruction is used to branch the program into sub

routines depending on the results found in the test (condition met or not met). 

If the system has the dual program feature, the program may branch into 

another program depending on the conditions found in the test. Without the 

dual program feature, the program loops on the advance program level 

(APL) instruction until the condition specified in the test is no longer present. 

Sense I 10 (SNS) 

Sense I /0 transfers ( 1) the two bytes in either local storage register ( LSR) 

or (2) two bytes of file control unit status information into core storage. 

The four status bytes indicate operating conditions about the file control unit 

and drive(s). Each bit within each byte carries a significance, providing up to 

32 indications of the condition of the units. 

Start I 10 (SIG) 

Start 1/0 selects the drive an operation is directed to, selects the disk (either 

fixed or removable), and specifies the command (operation) to be performed. 

These commands are: 

TNL SN34-0059 to SY34-0021-1 
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Seek-positions the read heads in the 5444 to a desired location (cylinder) 

and selects a read head to be used in the next start 1/0 instruction operation 

(read, write, or scan). Head selection determines the upper or lower surface 

of the disk to be addressed. 

Write-records data on the disk from the data field in core storage. 

Read-reads data recorded on the disk and transfers the data to the data field 
in core storage. 

Scan-compares data on disk with a data field in core storage. An equal, low 

or equal, or high or equal indication can be obtained. 

Timing 

File control unit circuits are controlled by timing (clock) signals. These signals 

are generated by (1) a crystal oscillator (write clock) or (2) signals produced 

from the clock signals when data is read from the disk (read clock). Clock 

signals drive other time-generating logic needed to control the transfer of 

data through the file control unit and to and from the disk. 

Local Storage Register Addressing 

The local storage registers disk file data register and disk file control register 

are addressed by the file control unit to: 

1. Locate the data field in core storage. 

2. Locate the disk control field in core storage. 

3. Increment or decrement the address in a register. 

4. Load the local storage register with an address. 

Error Detection 

Errors in the file control unit may be of two types: 

1. Error in data {parity). 

2. Failure of the file control unit to follow the functional objectives of 

a program instruction. 

System/3 FETMM (8/71) 8-101 
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ii ~:~:.~:::!the data is checked as it enters the file control unit. After the 

::_i!I .. ~ 1ra;~ ~~:e ~:t~n:;:e~~:~~~t~~~:: ;~: ~~an~;~~r~en~ti,nt::e~a~i~~ ~~ei~:~~~~ar~~gh 
the file control unit. At each transfer point the parity is compared with the 

1 __ .... ==_:=·= .... ::·=_ ... ··:: ... ==.=:·:····:·: ~::~:~~::~:~~:~;:~::~~: ~::h;:,:::.~:~:;;~~~~~::~~~~~:~~:~:~~{~~~ted 
with the same parity as when it entered the file control unit. 

In place of recording parity bits on the disk, the file control unit generates 

check characters (cyclic code and bit count appendage) from the serialized 
data bits and records the characters at the end of the identifier area (ID) A 

II 

!Iii 

II 

!iii 
B 

II 

I 

and data fields on the disk. With a known input (the data byte parity), the par

ity cf the check character can be predicted. The check character generated is 
therefore compared with the separated parity bit for error in generation. 

When data is read from the disk, the check characters are regenerated 

and compared to the check characters recorded on disk to insure that the 
data was read correctly. Before the data byte is returned to the CPU, a parity 

bit generator reinserts the parity bit that was removed from it before the 
byte was serialized. 

Functional Objective Errors 

Functional objectives of each program instruction are checked and if the ob
jectives are not met, an error is indicated by setting an error latch. If an error 

is indicated, the operation in progress is ended, and a status (error) latch is 

set to indicate the type of error. 

Cycle Steal Requests (CSR) 

A cycle steal request operation permits the file control unit to share 

processing time with the CPU and other 1/0 devices. Cycle steal requests 
for disk data transfer are highest in priority of the cycle steal devices. 

The file control unit requests a cycle steal when there is data or control 
information to transfer to or from the file control unit or when the address 
of a LSR is to be modified. A LSR is usually addressed during a cycle 

steal to locate the data field or the disk control field in core storage. 
One data byte is buffered (stored) in the file control unit. As a result 

the file control unit requests a cycle steal one cycle before the data is 

needed at the file control unit, or one cycle after the data byte is ready 
to send to the CPU. 

Serializer-Deserializer (Serdes) 

Data is transferred to the file control unit parallel-by-byte but is recorded 
on the disk serial-by-bit. Data is read from the disk serial-by-bit and trans
ferred to the CPU parallel-by-byte. 

Two registers in the file control unit operate in a multifunction manner 

to change the byte into bits or the bits back into a byte. One register 

acts as a buffer while the other shifts or vice-versa. These registers are 
called a serdes (serializer-deserializer). 

TNL SN34-0059 to SY34-0021-1 
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During seek operations on disk drives with the high-speed access feature 

installed, the disk attachment must monitor the carriage position relative 
to the desired track. Depending on the length of the seek, the disk attach
ment deactivates the high-speed access interface line at various numbers of 
tracks before the end of the seek. This is to allow the carriage to slow to 

normal speed and stop at the desired track without overtravel. 

IBM 5444 DISK STORAGE DRIVE 

The I BM 5444 Disk Storage Drive is a direct access storage device for the 
IBM System/3 Model 10 or System/3 Model 6. 

A 5444 drive contains two disks mounted on a common spindle. One disk 

is permanently mounted in an enclosure at the base of the drive spindle. 
The other disk, which is removable, is housed in a cartridge at the top of 
the spindle above the fixed disk. When removed from the drive, the cartridge 

is placed into a base to form a fully sealed enclosure for protected, off-line 

storage. 
5444 Disk Storage Drives use either of two types of access drive mechanism, 

friction drive or stepper motor. Early drives below serial number 30100 use 
friction drive, later drives above serial number 30100 use the stepper motor. 

A high speed access feature is available for drives above serial number 
30100 and is available for use on the Model 10 only. High speed access and 
normal speed drives can not be installed (mixed) on the same system. 

A system can contain one or two drives. The drives are mounted within 

the system on sliding drawers. 

System/3 FETMM (8/71) 
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Six models of the 5444 can be used to obtain four different drive 

configurations as shown in the following tables. The first table lists and 

describes the available models. The second table shows the drive config
urations. 

Available Models 

Model 

2 

3 

A1} A2 
A3 

Description 

Single drive. Accesses 104 cylinders on removable 
cartridge and 104 cylinders on fixed nonremovable disk. 
Single drive. Accesses 204 cylinders on removable car
tridge and 204 cylinders on fixed nonremovable disk. 
Single drive. Accesses 204 cylinders on removable cartridge 
only. 
Model A 1, A2, and A3, are equivalent to models 1, 2, and 

3 except that high speed access is installed. These models 
are available on the Model 10 only. 

8-102 
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::::: 
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B 

Ill 

Cylinders Accessed 

Storage 
Capacity Removable Fixed 
(million bytes) Cartridge Disk 

2.46 104 104 
4.92 204 204 
7.37 204 204 
9.83 204 204 

Model 1 is located in the upper drawer; model 3 or a second model 2 
is located in a lower drawer. 

The disk drive uses solid logic dense (SLD)-100 circuits and SLD-100 
line levels between the drive and disk attachment. 

For further information about the 5444 disk storage drives, refer to: 

FE Theory-Maintenance Manual, IBM 5444 Disk Storage Drive, (Machines 
with serial numbers up to 30100), Order No. SY33-0026 

I BM Maintenance Library, 5444 Disk Storage Drive, Theory-Maintenance, 
(Machines with serial numbers above 30100), Order No. SY33-0029 

Operator Console (Model 10) 

Operator controls for the disk drives are located on the system console. 

MFCU 

PROGRAM LOAD 

SELECTOR 

DISK 1 

DISK 2 

Program Load Selector 

START A 
STOP U 

START hJ 
STOP W 

This three-position switch determines 

what 1/0 device will be selected for 

the program load operation: 

MFCU position selects the multi

function card unit. 

Fixed Disk and Removable Disk 
select disk drive one and either 

the fixed (lower) or removable 

(upper) disk, depending on the 

switch position. 

FIXED 

DISK 

REMOVABLE 
DISK 

BB 
BBJ 

The START-STOP switch and indicators 
READY and OPEN provide individual 

control and status for the drives: 

Start-Stop switches apply AC power 

to the respective drive. 

Ready indicator on means that the 
respective drive is ready for operation. 

Open indicator on means that the 
drive drawer may be opened to attend 

to the drive or to change the remov

able disk. 
BR0443A 
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Operator Console (Model 6) 

Operator controls for the disk drives are located on the system console. 

DlSK DR/ VF I and DISK 
DR/ l'F :.' (i11dica!Ors) 
These lights indicate that 
the respective disk drive 
(a) requires manual 
intervention by the 
operator, or (b) that 
the FCU has rejected 
an instruction for the 
drive 

DISK DR/ I 'F I t111J WSK 
DR/ VJ:':; (switcl1cs; 
These switches aµply 
power to the respective 
disk drive units 

msi.: Sl:l.FCT r,·witch; 
Selects either the fixed 
or the removable disk 
on drive 1. This switch 
is used in coniunction 
with the program load 
switch 

PRO<;RAM UJAD {S1\'itd1J 

The program load switch 
starts a disk operation that 
transfers 256 bytes of data 
into core storage from the 
disk selected with the disk 
select switch 

------- SYSTEM DISK DISK DISK PROGRAM 

PROC DATA DISK DISK RESET DRIVE DRIVE 

lo1l lo21 1o31 lo41 CHECK SIOC BSCA LCD CRT RCRDR PRINTR DRIVE 1 DRIVE 2 1 2 

SELECT LOAD 
DATA INQUIRY SYSTEM 

RCRDR REQUEST START 

EJ [:] EJ EJ IPW: KE:BD c D HALT C02DE 3 4 S:DP I ~ i ~ 
REMOVABLE ON ON LINE ON 

1o91 li01 li1l 1121 ON IREADY ~:F OFF 

LJ LJ LJ L_j . FIELD/OPERATION POWER~ 

OFF LINE FIXED STOP 

EJ EJ EJ EJ [] EJ [] [] EJ ~ D ~ ..____OFF ----J 

Data Storage 

Data is recorded (written) on the disk serially by byte and serially by 
bit. In addition to data, clock bits are recorded on the disk. Data bits 
are recorded between the clock bits in a continuous pattern without 
separation or extra bits as markers. The clock bits provide timing signals 
when the data is recovered (read) from the disk. This method of re
cording data is referred to as double-frequency recording. A data byte 
of hexadecimal FF, for example, is written as all ones-twice the fre
quency of zeros that are recorded as clock bits only. 

Zeros c ...._ __ _, c L-----.J c ,__ __ __. c .__ __ __..J c .__ __ ___.. 
BR0444 
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Data recorded on the disk does not contain a parity bit; it is removed 
from the data byte before it is recorded on the disk. Instead of a parity 
bit, check characters are generated from the data bits and recorded at 
the end of the data field. When data is recovered (read) from the disk, 
the check characters are regenerated and compared with the check char· 
acters recorded on the disk to verify the data. 

Data is recovered serially by bit and reassembled into an 8-bit byte. 
A parity-bit generator reinserts the parity bit removed in the recording 
process, before the data byte is returned to the system for processing. 
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Track Format 

The track is the smallest addressable unit to which the drive access mech-
anism can position its heads. Each track is divided into 24 sectors, each 
with its own address. A sector may be read or written selectively through 
programming. A fixed point on the disk, index, is the starting point for 
all tracks. Each disk surface contains either 104 or 204 tracks. The tracks 
that are related to each other in the vertical plane on a single disk form 
a cylinder. On drives with two disks, the corresponding cylinders on both 
disks have the same cylinder numbers. Depending on the disk drive 
model, 100 or 200 cylinders are used for data storage. Cylinders 001, 
002. and 003 are for alternate tracks and cylinder 103 or 203 is for 
customer engineer use. 

Cylinder 0 

Head 0-----.-
Head 1-----

Index 

Gl 

AM 

G2 

ID 

BR0445A 

A mark which is fixed for each disk and provides orientation 
information to the disk attachment. It is the starting point 
for every track. 
A gap area between index and the first address mark. G 1 
contains 40 bytes of FF followed by seven bytes of zeros. 
Address mark (AM) is a specially written group of bits that 
indicate the start of a new sector. AM contains two bytes. 
(See "Data Separator" for additional information on address 
marks.) 
A gap area between an address mark and the identifier of a 
sector. G2 contains a one-byte sync character (hexadecimal 
OE). 
The identifier area (ID) of a sector contains six bytes, one 
flag byte, two address bytes, and three bytes of check 

characters. 

G3 

Data 

,.--, 
x 
w 
Cl 

~ Address 
Gap 1 Mark Gap 2 Identifier Gap 3 

40 bytes of FF 2 bytes 1 byte 6 bytes 
10 bytes of FF 

7 bytes of 00 of F2 OE (see format below) 
4 bytes of 00 
1 byte OE 

---- --------- --
_..J l.. 

----,- Flag 

,I 0 

Cylinder 

1 
Sector 

1 
Cyclic Check Character 

lo 
2 bt•~ 

1
1

0 

1 
'v"" 

3 

Data 

256 bytes of data 
2 bytes cyclic check 
1 byte BCA 

---BCA--. 

1 byte 

71 
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Address 
Gap 4 Mark 

Sector 0 thru 22 
(Ne>t mto<lj 28 bytes of FF 

7 bytes of 00 

Gap 5 

Written at the end of 
sector 23 data field. 
Write FF until index 

Cylinder Address 
Bits 0-7 contain the binary 
number of the cylinder 

Check characters for ID field 
(cyclic code and bit count 
appendage) 

(0 to 203) 

Flag Bits 
Bits 0-5 not used. 
Track condition is indicated 
in bits 6 and 7: 

0 0 = good track 
1 0 =defective track 
0 1 = alternate track 
1 1 = defective alternate 

track 

Sector Address 
Bit 0 is head number: 

0 = head 0 (upper surface) 
1 = head 1 (lower surface) 

Bits 1-5 are sector address: 
0 to 23 (upper surface) 

32 to 55 (lower surface) 
Bits 6 and 7 are not used 

(should be zeros) 

A gap area between the identifier and the data area of a 
sector. G3 contains 1 S bytes: ten bytes of FF, followed by 
four bytes of zeros, followed by one sync character (hexa
decimal OE). 
The data area contains 256 bytes of data and three bytes of 
check characters. 

BR0462 

G4 A gap area between the data field and the address mark of 
the next sector. G4 contains 28 bytes of FF and seven bytes 
of zeros. 

GS A gap area between the end of the last sector and index. 
GS is filled with FF (number of ones varies with disk rota~ 
ti on al speed). 

~--~-----2_5_6--1~:1~-B_Y_te_s~-~--~------c_c~~c_c_~B_c_A~I 
BR0448 

The track format for address marks, gaps, identifier fields, and data 
field is established by the disk attachment while executing a write 
identifier command. (This command is principally used to prepare a 
new disk for operation.) Data recorded on the disk during subsequent 
write data operations is written between gaps three and four. These 
gaps may vary slightly in length due to disk rotational speed. 
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Local Storage Registers (LSR) 

Two local storage registers, located in the CPU, are assigned to disk 
operation. They are the disk file data register and disk file control 
register. 

Disk File Data Register (DFDR) 

This register addresses the disk data field in core storage. The data field 
contains data to be written on the disk or data received from the disk. 

At the start of an operation, the disk file data register contains the two
byte address of the first byte in the data field. The disk file data register 
is updated by one as each byte is read from or written on the disk. At 
the end of an operation, the address in the disk file data register is one 
greater than the last address used during the operation. (For read data 
diagnostic, scan, and write identifier commands, the disk file control 
register address is equal to the original address.) If there is no data trans
ferred, the contents of the disk file data register remain unchanged. 

Note: In any of the described operations, the contents of the disk file 
data register are not predictable if an equipment check occurs. 

The data field format is: 

CPU Core Storage 

0500 
..--2-56_D_a-ta-By_t_e_s_-r-_2_5_6_D_at_a_B_y_t_es---.-L==t=J 

DFDR 

I osoo I 
Points to an address 
in core storage. 

Up to 48, 256-byte fields I 
(48 sectors) 

Disk File Control Register (DFCR) 

BR0449 

The disk file control register contains the address of a four-byte disk 
control field (DCF) in core storage. The disk control field contains 
information regarding (1) track condition, (2) cylinder address, (3) sector 
address, (4) head selection, (5) number of sectors to process during an 
operation, (6) number of cylinders to move the access mechanism 
during a seek instruction, and (7) the direction in which the access 
mechanism should move for the seek operation. 

DISK ATTACHMENT -Introduction 

The disk control field format is: 

CORE STORAGE 

Bit within Byte 
F : c T s : N I 

0 1 2 3 4 5•6 7 0 1 2 3 4 5 6 7 011 2 3 4 5t6 7 0 1 2 3 4 5 6 7 

I 
_:_ l l 

Bit within Field 0 7 8 15 16 23 24 31 

I DFCR 10100) 1-------1 -

Points to the 
address of the 
F byte in core 
storage 

Flag Byte 
Bits 0-5 not used 
Bits 6 and 7 indicate track condition: 

0 0 = good track 
1 0 = defective track 
0 1 = alternate track 
1 1 = defective alternate 

track 

Cylinder Byte 

Note: Head selection is 
made during a seek 
operation only. 
The head is not 
enabled until the 
next SIO, read, 
write, or scan 
operation. 

Bits 0-7 contain 
the binary number 
of the cylinder 
address (0 to 203) 

Sector Byte 
Bit 0 is head selection (See note) 

0 = select head 0 
1 = select head 1 

Bits 1 through 5 are sector address: 
on disk upper surface address 
will be 0 to 23, lower 
surface 32 to 55 

Bits 6 and 7 indicate direction of seek: 
0 0 = seek reverse 
0 1 =seek forward 

N Byte (Field) 
Bits 0-7 contain a binary 
number of the number of 
cylinders to move in a seek 
operation, or a number that 
indicates how many sectors 
to process. This number 
is equal to the number of 
sectors desired, less one 
(N = 16 will process 17 sectors) 

BR0450A 
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File Instructions 

Before a disk operation begins, a load 1/0 instruction is issued to load 
the local storage registers, disk file data register and disk file control 
register, with the address in core storage of the data field and disk control 
field, respectively. 

Next, the availability and operating status of the device should be checked 
with the test 1/0 and sense 1/0 instructions. !f the results of the test 
1/0 and sense 1/0 indicate that the device is ready to accept an instruction, 
a start 1/0 instruction is issued. 

All devices on the data bus out receive the start 1/0 instruction; 
however, only the device that decodes its address from the device address 
in the 0-byte may accept the instruction. The device that decodes its 
address must return a signal to the CPU (1/0 condition A-1/0 condition B) 
to indicate if the device accepts or rejects the instruction. 

After the start 1/0 instruction cycles (I-op, 1-0, 1-R) are complete, 
the instruction is set up in the disk attachment. The disk attachment will 
complete the specific operation with only cycle steal requests from the 
CPU. 

If a start 1/0 instruction read, write, or scan instruction is issued to a 
drive that is currently in a seek operation, the instruction will be pro
visionally accepted (held) by the disk attachment for execution at the end 
of the seek. If a seek check (error) occurred during the seek operation, 
the provisionally held start 1/0 instruction will be reset and a status bit 
set to indicate the result. 

The disk instructions and the functional objectives of each are given in 
the following headings: Load 1/0, Test 1/0, Sense 1/0, and Start 1/0. 
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Load 1/0 (LIO) 

• This instruction loads the local storage registers (disk file data register 

or disk file control register) with an address used by the file control 

unit during start 1 /0 instructions. 

• Load 1/0 can be used to set diagnostic CE mode, allowing CE control 

of a disk operation. 

The format of the Load 1/0 instr'uction is: 

0 

3 
7 
B 

Op Code 

3 4 

Op Code (LIO): 
31 d1 re ct address 

7 0 

71 =indexed by R1 
81 =indexed by R2 

FCU Address: 
1010 =drive 1 
1011 = drive 2 

M bit not used 
in LIO 

Q Byte Operand 1 Address 

3 4 5 7 0 

-r---------
1 

Core address 
of data for 
LSR's or CE 
diagnostic byte. 

N Field 
Bits 5, 6. 7 

J 

1 0 0 ~select DFDR 
1 0 =select DFCR 
0 = d1agnost1c 

15 

BR0453A 

DFDR and DFCR (N Field= 100 or 110) 

Two bytes located in storage at the address specified by the operand 

address are loaded into the register designated by the N bits as shown. 

If any combination of N bits other than shown is used, a processor 

check stop will occur. 

Diagnostic (N Field= 011) 

This combination of N bits is for diagnostic use. The file control unit 

logic is operated at a reduced rate of speed with no data transfer to and 

from the disk. The rate of speed is controlled by the diagnostic program. 

One clock pulse is issued with each diagnostic load 1/0 instruction. By 

stopping the CPU after a diagnostic load 1/0 instruction. the disk opera

tion can be stopped to probe signal levels with a light indicator or a sense 

1/0 instruction command may be issued to sense the status of attach

ment conditions. 

DISK A TT ACHMENT-lntroduction 

In diagnostic mode, two bytes, located at the operand 1 address, con

trol the disk operat•un. The format and description of these two bytes 
follow. 

: . I Not used ·I 
0 5 7 8 15 

BR0454 

Bit 0-lndex. Presence of this bit generates an index pulse in the file 

control unit. Index stays on until the next load 1/0 instruction is issued 

without bit 0 on, or until a CPU system reset occurs. 

Bit 1-Write Oscillator. A write oscillator pulse is generated each time a 

load 1/0 instruction is issued with bit 1 on. 

Bit 2-Separated Clock. A separated clock pulse is generated each time 

a load 1/0 instruction is issued with bit 2 on. 

Bit 3-AM Indicate. An address mark indicate pulse is generated each time 

a load 1/0 instruction is issued with bit 3 on. (This pulse normally is 

produced when the data separator reads an address mark.) 

Bit 4-Separated Data. One separated data pulse is generated when bit 

4 is on. When a data bit is desired, it should be used after a separated 

clock bit is issued. Bits 1-4 operate file control unit lines of the same 

name and allow program control of these lines. 

Bit 5-lnhibit CPU Request. This bit will cause CPU requests made by the 

attachment. to be inhibited until the next LIO instruction without this bit 

on or there is a system reset. 

If a high speed FCU is installed, this bit also simulates a track crossing 

pulse from both drives. The track crossing pulse will stay on until the next 

LIO instruction without this bit or a system reset. 

Bits 6-15. These bits are not used. 

A diagnostic load 1/0 instruction sets the file control unit into a diagnostic 

mode. In diagnostic mode, the file control unit is not busy to another load 

1/0 instruction or start 1/0 instruction. Load 1/0 instructions can be issued 

during a sense 1/0 instruction when they would normally not be accepted. 

Programming Note: An example of proper instruction sequence after 

the disk file control register and disk file data register are loaded is: 

LIO 

SIO 

LIO 

LIO 

LIO 

LIO 

(Diagnostic; to set the file control unit into diagnostic mode) 

(Write ID) 

(Diagnostic) 

(Diagnostic) 

(Diagnostic) 

(Diagnostic) 

Operate file control unit interface lines 

by the appropriate bit or bits present in 

the diagnostic control byte. 

Diagnostic mode is reset at the end of the start 1/0 instruction or by a 

system reset. 

TNL SN34-0059 to SY34-002 l-l 

Load 110 General Notes 

1. If the file control unit is busy, the load 1/0 instruction becomes 

equivalent to an advance-program-level-on-busy operation. 

2. Load 1/0 does not set any disk status conditions. The M-bit is not 
used by the file control unit. 

3. Load 1/0 is executed if the drive is executing a seek or recalibrate 

instruction, and a read, write, or scan has not been provisionally 
accepted . 

4. If the drive is not ready, a load 1/0 instruction is executed. 
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Test 1/0 I Advance Program Level (TIO/APL) 

• This instruction is used to test for scan-found, error, drive-not-ready, 
and file control unit busy. 

The format of the test 1/0 instruction is: 

Op C0de 

0 3 4 7 0 

I 
Op Code (TIO): 
C1 = direct address 
01 =indexed by Rl 
El =indexed by R2 

FCU Address: 
1 010 =drive 1 
1011 = drive 2 

Disk Select: 
0 = removable 
1 =fixed 

Q Byte 

3 4 5 7 0 

Branch-to Address 

N Field 

Core address 
to branch to 
it condition 
tested for is 
met 

Bits 5, 6, 7: 

0 1 0 = busy 
0 0 0 = not ready or error 
1 0 0 = scan found 

15 

BR0455 

Busy (N Field= 010) 

A control-unit-busy condition may be indicated by a test 1/0 and 
branch/advance program level instruction or by the rejection of a load 
1/0 or start 1/0. The busy condition is indicated to all file 1/0 instructions 
except sense 1/0 while: 

1. The file is executing any read, write, or scan on any drive. 
2. The file has provisionally accepted any operation for automatic 

execution at the conclusion of a seek currently in progress. 

Not Ready or Error (N Field= 000) 

The ready state of the disk drive is indicated to the file control unit by 
the conditioning of the file ready line. Failures that result in a not-ready 
state of the disk drive include: 

• Failures of drive interlock switches 

• Failure of the disk to maintain the rotational speed 

• Failures that interrupt the normal head loading sequence or which 
cause the heads to unload 

• A failure of ac power 

• The occurrence of an unsafe condition 

Unsafe conditions turn on latches located in the file circuitry. 

1. Write unsafe latch 
a. Write selected and no write transitions detected. 
b. Write selected and multiple heads selected. 
c. Write not selected and write current source on. 

2. Erase unsafe latch 
a. Write selected and erase current source not on. 
b. Write not selected and erase current source on. 

3. Read/write selection unsafe latch 
a. Read selected and write selected. 
b. Read selected and erase selected. 
c. File accessing and write selected. 
d. File accessing and erase selected. 

A test 1/0 instruction error is indicated when either drive is addressed 
if the following device status is present: 

Data check 
Track condition check 
Missing address mark 
End of cylinder 
No record found 
Equipment check (if not caused by unsafe) 
No-op 
Overrun 

Note: See "Device Status" for description of the individual device 
status conditions. An error is indicated if there is a seek check or unsafe 
for the drive addressed. A seek check or unsafe condition for the unse
lected drive does not cause an error to be indicated. The drive to which 
the device status applies may be determined by the device status, status 
address (byte 1, bits 6-7). 

Scan Found (N Field= 100) 

The result of a start 1/0 scan instruction is determined by a test 1/0 
scan found. The result is indicated if either drive 1 or drive 2 is addressed. 
The drive that the scan found condition occurred on is determined by a 
sense 1/0 instruction in status byte 1, bit 7. 

Test 1/0 General Notes 

1. If any N field other than the three previously shown (010,000, 
or 100) is used, the operation causes a processor-check stop. 
The test 1/0 instruction does not receive a busy indication if a 
seek is in progress on either or both drives 1 and 2 and no other 
operation has been provisionally accepted. If another operation 
(read, write, or scan) has been provisionally accepted or is in 
progress, busy is indicated when either drive is addressed. 

System/3 FETMM. (12/70) 

2. File control unit busy rejects (equivalent to advance program level) 
a start 1/0 seek when the addressed drive is executing a previous 
seek instruction. This busy condition is not indicated by test 1/0 
and branch/advance program level but may be checked by sense 
1/0. A busy condition occurs only when two consecutive seeks 
are issued to the same drive and the second seek is issued before 
the first is completed. 

3. If a read, write, or scan is issued to a drive that is currently seeking, 
the new instruction is provisionally accepted for execution at the 
end of the seek. The provisionally accepted instruction causes a 
busy indication to a test 1/0 instruction. If there is a seek check 
at the end of the seek, the provisionally accepted read, write, or 
scan is not executed and no-op is set. 

4. The scan-found indication is reset by the next start 1/0. 

Advance Program Level (APL) 

An advance program level instruction tests for the same conditions as 
the test 1/0 instruction and uses the same N field codes. The OP code, 
however, is different (F1 ). 

The format of the advance program level instruction is: 

Op Code Q Byte 

F1 DA M N Not Used 

The manner in which the CPU executes the advance program level 
instruction depends on whether the advance program level feature is 
installed on the CPU. 

Operation: This instruction tests for the conditions specified in the 

BR0463 

Q byte. If the condition tested for is present, a system with the dual 
programming feature installed activates the inactive program level; a 
system without the dual programming featur~ loops on the advance 
program level instruction until the condition no longer exists. If the 
condition is not present, systems with and without the dual programming 
feature take the next sequential instruction in the active program 
level. 
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Sense 1/0 (SNS) 

• This instruction causes the contents (two bytes) of the specified 

local store register or device status to be stored into core storage at 

the address specified in the first operand address. 

The format of the sense 1/0 instruction is: 

0 

Op code 

3 
7 
B 

3 4 

0 

Op Code (SNS): 

1 a 

30 = direct address 
70 =indexed by R1 
BO = indexed by R2 

FCU Address: 
1010=drive1 
1011 = drive 2 

Disk Select: 
0 = removable 
1 =fixed 

0 Byte 

3 4 s 1 a 

TT 
I 
l 

Operand 1 Address 

N Field 

Core address 
where status 
bytes will be 
stored 

l 
Bits 5, 6, 7: 

0 0 = device status bytes 
a and 1 

0 1 = device status bytes 
2 and 3 

0 0 = DFDR 
1 0 = DFCR 

15 

BR0456A 

Device Status (N Fidd = 010 or 011) 

• Device status is four bytes of information assembled by the control 
unit which provide information about the control unit and the file. 

• Devie;e status is made available by use of a sense 1/0 instruction. 

The device statu~ bits are: 

Byte 0 Byte ~ I Byte 2 Byte 3 
l 

Bit 0 No-op Scan Equa! l Unsafe CE sense Bit 
Hit 

Bit 1 Intervention Cylinder l TAP Line A CE sense Bit 
Required Zero 

Bit 2 Missing Address End of ! TAP Line B CE sense Bit 
Marker Cylinder .l 

Bit 3 Equipment Seek Susy I TAP Line C Not Bit Ring 
Check 

I inhibit 

Bit 4 Data Check 100 Index Standard Write 
Cylinder Trigger 

Bit 5 No Record I Overrun Head Condition Priority 
Found Settling Request 

Bit 6 Track Condition Status CE sense Bit Ring a 
Check Address A Bit 

Bit 7 Seek Check Status Model 6 Not CC-Register 
Address B Position 17 

BR0457A 

DISK ATTACHMENT-Introduction 

Byte 0, Bit 0-No Op. This bit indicates that the last issued command 

was not executed. It is caused by the selected file being unsafe or by a 

seek check occurring during a seek on the drive that read, write, or scan 
is provisionally accepted for. The no-op status bit is reset only by (1) 

a sense 1/0 command, (2) a CPU check reset, or (3) a general reset. 

Byte 0, Bit 1-lntervention Required. This bit indicates that the addressed 

drive is not ready. The condition may be corrected by making the file 
ready. An uninstalled second drive causes an intervention required in

dication in response to a start !/O. A two-drive system with an uninstalled 

fixed disk on the second drive also causes an intervention required when 
the fixed disk is addressed 

A seek in reverse of too many cylinders may cause the high speed model 

files to become not ready if the carriage mechanism approaches cylinder 

zero at a speed greater than the normai speed files. This can occur from 
cylinder 4 or greater it a reverse seek beyond cylinder zero is attempted. 
Recalibration will never cause ready to drop as it is executed in low speed 

mode. To reinstate ready, the fiie power must be turned off and back on 
again. 

Byte 0, Bit 2-Missing Address Mark. This bit is set on any multisector 
operation after identifier area orientation is established when any two 
following sequential sectors read from ~he file have identical bits in bit 
position 5 of the head/sector byte of the identifier. If this condition is 
detected before ID orientation or or. a single sector operation, it is in

dicated after the control unit has determined that the record cannot be 
found on the track. This bit is also set if no address mark is found and 
index has passed twice while looking for address mark. This bit is not 
set if a data check is detected in one of the two identifier fields. 

Byte 0, Bit 3-Equipment Check. This bit indicates that the control 

unit has detected a hardware failure, such as a CC register check, an 
equipment check write gate, a check counter error, a parallel parity 

check, or a serdes check. This status bit will also indicate that the selected 

drive has detected an unsafe drive condition. 

Byte 0, Bit 4-Data Check. This status bit indicates that a cyclic check 
or bit-count appendage check was detected while reading the identifier 

area or data fields from the file. 

Byte 0, Bit 5-No Record Found. This bit indicates that the first identi
fier called for on a read, write, or scan could not be found on the track; 
or, after the first hit of a multisector operation, there is a subsequent 

identifier noncompare. This bit is set with track condition check. The 
identifier compare takes place on all bits of the identifier. 

Byte 0, Bit 6-Track Condition Check. This status bit is an indication 
that a data operation was attempted, but the track condition bits in the 
flag byte in main storage did not agree with the track condition bits 
written on the file. 

TNL SN34-0059 to SY34-0021-I 

Byte 0, Bit 7-Seek Check. This status bit indicates that the control 
unit has detected a seek error caused by one of the following conditions: 

1. Access overrun on selected drive while go forward is active 
2. Go forward or go reverse active and drive not ready 

3. Go reverse active, cylinder zero active and not in a recalibrate 
operation 

4. Go forward or go reverse active for longer than 1 to 2 seconds 
5. Track crossing pulse from drive sensed at the end of head settling 

time 

Byte 1, Bit 0-Scan Equal Hit. This status bit indicates that the equal 
condition was satisfied whenever a scan equal/low, an equal/high, or 
equal command is issued. 

Byte 1, Bit 1-Cylinder Zero. An indication that the selected drive's 
access mechanism is positioned at cylinder zero. 

Byte 1, Bit 2-End of Cylinder. This status indicates that on a multiple 
sector data or scan operation one of the following occurred: 

a. An attempt was made to operate beyond the end of the cylinder. 
(Head 1 of the selected disk). 

b. Head 1 I D's were written on Head 0 (Bit O= 1 of S byte) and 

an attempt was made to operate beyond the end of the track. 
This can happen on alternate tracks. 

In both cases, all sectors up to and including the last one on the track 
were successfully handled. 

Byte 1, Bit 3-Seek Busy. This bit indicates that the drive addressed by 
the sense 1/0 is seeking (includes head settling time). 

Byte 1, Bit 4-100 Cylinder. This status bit indicates that the first drive 
(drive 0) attached to the system has 100 cylinders available to the cus
tomer. This indication is generated by the attachment hardware. 

Byte 1, Bit 5-0verrun. This bit is set when a data cycle request is not 

honored within the time required to maintain data transfer with the file. 
This condition occurs due to a process-check stop which stops the CPU 
clock. 

Byte 1, Bits 6 and 7-Status Address A and Status Address B. Status A and 
Status B indicate the address of the drive that was specified in the last 

read, write, or scan instruction. They provide the drive number that per
tains to the attachment-dependent status bits. 

Bit 6 
Status Address A 

0 
0 

Bit 7 

Status Address B 

0 

Drive 

1 

2 

This address is updated when a start 1/0 is accepted or provisionally 
accepted on either drive. 
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1r.w.w.-·.··-~;;~~~~~~;;~;;;~:~~-~~i~1;i·~;~v:~·· one of the following 
1. Write unsafe 

a. Write selected and no write transitions detected. 
b. Write selected and multiple heads selected. 
c. Write not selected and write current source on. 

2. Erase unsafe 
a. Write selected and erase current source not on. 
b. Write not selected and erase current on. 

3. Read/write selection unsafe 
:·:·: a. Read selected and either write or erase selected. 
A 

Ii 

!II 

ill 

II 
B 

Ill 

I 
I 

b. Carriage accessing and either write or erase selected. 

Byte 2, Bit 1-Tap Line A. Used by the timing analysis program (TAP). 
These lines can be jumpered at the drive to sense signals that normally are 

not checked. See note 5. 

Byte 2, Bit 2-Tap Line B. Same as byte 2, bit 1. 

Byte 2, Bit 3-Tap Line C. Same as byte 2, bit 1. 

Byte 2, Bit 4-lndex. This line is active for about 43 micro seconds starting 

with each index pulse from the selected drive. 

Byte 2, Bit 5-Head Settling. This line turns on at the end of a seek opera
tiorl to time out head settling. It is on for 24.67 {+3.2, -3.74) milliseconds 
for the high speed files and about 28 milliseconds for the standard speed 

drives. 

Byte 2, Bit 6-Wireable CE Sense Bit. This sense bit allows the customer 
engineer to provide the CPU with MST signals which normally are not 
available for sensing (used for diagnostic programs). 

Byte 2, Bit 7-Model 6. This bit indicates that the CPU is a 5406. 

Byte 3, Bit 0, Bits 1 and 2-Wireabfe CE Sense Bit. Same as byte 2, bit 6. 

Byte 3, Bit 3-Not Bit Ring Inhibit. For CE use in diagnostic programs. 

Byte 3, Bit 4-Standard Write Trigger. For CE use in diagnostic programs. 

Byte 3, Bit 5-Condition Priority Request. This bit indicates the status 
of the condition-priority-request latch. 

Byte 3, Bit 6-Bit Ring 0. This bit is active at bit ring 0 time. 

Byte 3, Bit 7-(Not) Cyclic Check-Register Position 17. This bit indicates 

the status of position 17 of the cyclic check-register. 

DFDR/DFCR (N Field= 100 or 110) 

The local storage register designated in the N field coding is sensed and the 
address in the local storage register is transferred into core storage at the 

address specified in the operand one address. 

TNL SN34-0059 to SY34-0021-l 

Sense 1/0 General Notes 

1. If any combination of N bits other than the four designated is 
used, the operation causes a processor-check stop. 

2. The file attachment is not busy to a sense 1/0. 
3. Sense 1/0 does not set any file status conditions. 
4. The sense bytes are placed in core so that the highest numbered 

byte is placed at the highest address. 
5. TAP lines A, B, and Care normally jumpered to the three unsafe 

latches in the file drive. If these lines {jumpers) are moved to sense 
other signals as required in diagnostic programs, be sure to reinstall 
the jumpers to the unsafe latches. (See 5444 ALO FN260 for drives 
below serial 30100, 5444 ALO FS260 for drives above serial 30100, 

6. 
for normal jumpering of these lines.) 
Device status bits equipment check (due to unsafe condition) cylinder 
zero, seek check, seek busy, intervention required, unsafe, head 

settling, and index may vary depending on the drive selected by the 
sense 1/0 instruction. These bits are presented only when the drive 
to which they apply is selected. They are reset when the drive to 
which they apply is selected if the error condition is no longer 
present. All remaining bits may be presented when either drive 

is selected by sense 1/0. All remaining bits except no-op are reset 
when a start 1/0 is executed on either drive. No-op is reset by the 
sense 1/0 instruction that transfers no-op to core storage (N code 
010). 
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Start 1/0 (SIO) 

• This instruction selects an I /0 device and provides the additional 

information to specify the detailed operation. 

The format of the start 1/0 instruction is: 

Q Byte R - Byte < M > 1-~o~-'~ed-! I 

Op Code (SIO): 

F3 

FCU Address: 
1010 = drive 1 
1011 =drive 2 

Disk select: 
0 = removable 
1 =fixed 

N Field Bits 5, 6, 7: 

seek 0 0 0 
read 0 0 
read 0 0 
read 0 0 
read 0 0 
write 0 0 
write 0 0 
scan 0 
scan 0 
scan 0 

70 56 7 

Control Code Bits 6, 7: 

seek 
0 0 data 
0 1 identifier 

1 0 diagnostic 
1 verify 

0 data 
1 identifier 

0 0 equal 

0 1 low or equal 
0 high or equal 

indicates bit not 
checked by attachment 

BR0458A 

There are four basic disk operations: write,. read, scan, and seek. These 

are further defined into twelve soecific operations. 

Operation 

Write 

Read 

Definer 

Data 

Identifier 

Data 

Identifier 

Diagnostic 

Verify 

DISK ATTACHMENT -Introduction 

Scan 

Seek 

Seek 

Equal 

Low or Equal 

High or Equal 

Forward 

Reverse 

Recalibrate 

The head access of the selected drive is moved a specified number of 

cylinders, and the specified head number is set for future read, write, or 

scan operations. Seek uses only two bytes of information from the disk 

control field: the Sand N bytes. The disk file control register address 

must contain the address of the F byte. 

I 
F Byie C Syte l0 i S Byte i, J 

N Byte 

0 7 0 15 16 23 24 

No: •Js~d 1n sP.ek op 

:~ 1 

Set Head 
O =head 0 
1 = head 1 

Direction of seek 
Bit 7: 0 = seek reverse 

1 = seek forward 

Number of cylinders 
to move in seek 

BR0459A 

The N byte specifies the number of cylinders the access mechanism 

will move on the seek. Bit 23 ot the S byte specifies the direction of 

movement. Forward (bit 23 = 1) is from cylinder 0 to 202. 

Recalibration is executed by specifying a seek in the reverse direction 

and a number of cyiinders to be moved that is equal to or greater than 

223. Head 0 is selected automatically for a recalibration operation. 

Seek Forward: Moves the head-access mechanism forward. (Forward 

direction is from the outer edge of the disk to the inner tracks.) 

Seek Reverse: Moves the head-access mechanism from the inner to the 

outer edge of the disk. 

Seek Recalibrate: Moves the head-access mechanism to cylinder zero. 

This positions the mechanism to a specific location (cylinder zero) 

when needed in error recovery routines. On high speed drives, recalibrate 

operation is always in low (normal) speed. 

Write Operations 

Write Data: Records data on disk from the data fieid in core storage. 

Write Identifier: Records addresses from the disk control field tor sectors 

and cyiinders in the identifier area field on disk. Address marks and gaps 

generated by the file control unit are written by this command. Twenty

four sectors are always written. 

TNL SN34-0059 to SY34-0021-l 

Read Operations 

Read Dura· Recovers data recorded on disk and transfers this information 

to the data tield in core storage. 

Read Identifier: Transfers only the identifier area field information on 

disk into the disk control field. 

Read Diagnostic: The file control unit is operated with reduced require· 

ments for detection of address marks. Otherwise, this operation is very 

similar to read data. 

Read Verify: Does not transfer any information. Regenerates the 

cyclic check and bit count appendage check characters and compares 

them with the check characters recorded on the disk. This command 

usually follows a write operation and verifies that the data-check characters 
were written correctiy. 

Scan Equal. Compares data on disk with data in core. The result is indi

cated by a status bit and is available to a sense 1/0 instruction or test 1/0 
instruction. 

Scan Low or Equal and Scan H(qh or Equal: These commands differ 

from scan equal only in the indication returned about the compare. 

Initial Program Load (IPL) 

The initial program load operation is not under program control. It is 

started with the program load switch on the operator console. 

An initial program load operation reads a 256-byte data field from 

sector 0. head 0, from either the fixed or removable disk as determined by 

the proqram load selector switch on the operator console. Drive 1 is 

selected by the file control unit. Initial proqram load cannot be performed 

from drive 2. 

At the start of nn initial program load operation, the disk fiie data 

register address is set to 0000 and a seek recalibrate is performed to 

position the read heads to cylinder 0. Data is read from the first sector 

past index (sector 0). At the end of the data field, the file control unit 

signais the central processing unit to start processing at core address 0000. 
No compare is made on the identifier ot the first record; the first record 

found after the index mark is read and any error conditions are made 

available for program testing. If no record is found or the wrong record 

is read. the program will not start correctly. An unsuccessful initial program 

load operation requires an operator retry 

A test 1/0 and branch instruction should be performed to test for errors 

or busy before attempting the first start 1/0 instruction. 
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DBO 
Register Write Buffer 
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II 
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7 Operational 

Logic 

Parallel 

Flow 

Serial 
Flow 

Note: Operational logic is all FCU 
logic necessary to control 
an operation (disk select, 

instruction decode, etc.I 

128 

II 

Standard 
Write Trigger 

FL 
Data Time X 
(ID or Data) 

x 

H 
Constants 

DBI 
A~mbler 

0 

7 

II 

'FF' 

Check Counter 

II 

(BCA) 8 

Cyclic Code Register (CC) 

8 9 16 

II 
FL 

CC Position 17 

s To CPU 
Logic 

g 
g 

X -CC Time 

System/3 FETMM (12/70) 

Write Operation 

a Start 1/0 instructions and data enter the file control unit via the data bus 
out. The Q and R bytes are decoded for the file control unit address and 
the specific operation to be performed. The operation is stored in the 
operation register within the operational logic. 

II 

II 

a 
El 

II 

II 

After the start 1/0 operation 1-0 and 1-R cycles are complete, the file 
control unit requests a cycle steal, selects a local storage register for an 
address of a control or data field, and receives the data (in parallel) into 
the write buffer from the data bus out. One data byte is buffered (stored) 
in the write buffer until it is needed at the read buffer. 

Control circuits transfer the write buffer to the read buffer, start a shift 
operation to serialize the byte, and at the same time generate another 

cycle steal request to refill the write buffer. 

The shifted bits are transferred out of the read buffer into the standard 
write trigger. The standard write trigger output is combined with clock 
signals and sent to the drive to be recorded. 

Constants for address marks (F2) and sync bytes (OE) are generated by 
the constants generator and gated into the read buffer to be serialized. 
One constant FF is combined directly with clock bits to write all ones on 
the disk. Other constants are gated onto the data bus in to modify the 
local storage register addresses. 

The serialized data bits enter the check counter and cyclic code register 
to generate the cyclic check and bit count appendage check characters. 
At the end of the identifier area or data field, the cyclic check register 
shifts (serializes) the register contents into cyclic check register position 
17. This register position functions in the same manner as the standard 
write trigger. Its output is combined with clock timing and sent to the 
drive to be recorded on disk. 

The data bus in assembler gates the constants onto the data bus in lines 
for use at the CPU. 
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g 
g Q 

Data 
Separator 
A and B 

FL 

Standard 
Read 
Trigger 
and 
Compare 
Read 
Trigger 

Read Buffer 

128 

--J x 

DBI 
Assembler 

0 

7 

.. - To CPU 
Logic 

Constants 

II 

I 
--~~~~-x~~---

II 

Check Counter 
(BCA) 

Cyclic Code Register (CC) 
8 9 

CC Time 

II 

8 

16 

Compare Logic Data Check 

FL 

Read Data Operation 

II Start I /O instructions enter the file control unit via the data bus out 
register. The 0 and R bytes are decoded for the file control unit address 
and the specific operation to be performed. The operation is stored in 

II 
the operation register within the operation logic. 

The drive is conditioned to read data from the disk. Raw data from the 
drive enters the file control unit through the data separator, standard 
read, and compare read triggers. The data bits enter the check counter 
and cyclic code register to regenerate the bit count appendage and 
cyclic check characters, and enter the write buffer to be deserialized. 

II The serial bits enter the write buffer until it is full (8 bits). Then the write 
buffer register contents are transferred to the read buffer until a cycle 
steal operation can gate the read buffer onto the data bus in and transfer 
the byte to the CPU. 

II At the end of the identifier area or data field, the regenerated cyclic 
check and bit count appendage characters are compared to the check 
characters recorded on disk with the compare logic. The characters should 
compare correctly; if not, a data check is indicated. 

II Constants are gated onto the data bus in when needed to modify local 
storage register addresses. 
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II 

DBI 
Assembler 

0 

7 
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Data Check 

II 

II 
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Compare/Scan Operation 

The file control unit compare function looks at data from two sources 
and indicates the result of the compare. Examples of compare are: 

1. The file control unit searching for a specific address on the disk. 
Data in the disk control field is compared to the identifier area 
field read from disk. When a correct compare (match) is found, 
identifier area orientation is active. 

2. A data field in core storage may be compared to a data field on 
disk and the result indicated as file control unit status. An equal, 
low or equal, or high or equal indication may result . 

3. Cyclic code and bit count appendage check characters are regener
ated when data is read. The regenerated characters are compared to 
the check characters recorded on the disk at the end of identifier 
area and data fields, to check that the data was recovered properly. 
The compare function resembles a combination disk read and disk 
write operation. Disk control field data from the CPU is serialized 
in the same manner as in a write operation but is not gated out to 
the disk. Identifier area field data read from the disk is received 
into the file control unit in the same manner as in a read operation, 
and gated to the compare logic to compare against the data from 
the CPU. 

A scan operation (sense 1/0 instruction) is different only because a scan 
mask character (hex 'FF') can prevent a compare (block) until the scan 
mask is no longer present. 

To compare check characters, the cyclic check register position 17 is gated 
to the compare logic along with the data read from disk. A data check 
results if a noncompare is found. 
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x 

Write Buffer 

128 

Read Buffer 
DBI 
Assembler 

128 0 

.._ __ x ~x 

7 

Sense Operation x 
FCU 

and -{--~ Status 

Conditions '------....J 

Error 
Device Status 

-- To CPU 
Logic 

Sense Operation 

A sense operation does not require any data transfer from the CPU or 
drive. The instruction is decoded in the file control unit and gates the 
file control unit status onto the data bus in for use at the CPU. 

Load 1/0 ~d Test 1/0 Operations 

These instructions do not transfer data through the file control unit. 
A load 1/0 instruction selects a local storage register in the CPU. The 
test 1/0 instruction causes the file control unit to return an 1/0 condition 
A or 1/0 condition B in response to a specific test command. 
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::::: INTRODUCTION TO FUNCTIONAL UNITS 
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~~~~~ This chapter describes the functional units of the disk attachment and 
~;~:~ contains second-level diagrams. Chapter 2 is divided as follows: 

A 

~t 
····· 

I 
I 
!!i 

B 

Ii ····· 

I ·••·· 
~I 

1. A functional unit index for the second-level diagrams and a cross 
reference chart for card locations vs ALOs. 

2. A layout of the disk attachment board and the major logic functions 

within each card. 
3. An overall data flow of the disk attachment. 
4. A CPU-to-disk attachment and disk-attachment-to-disk-drive interface 

diagram. 
5. Second-level diagrams combined with descriptions of the functional 

units. 

Each card location has its own group of second-level diagrams. For most 
card locations, there is a description of the functional units contained on the 
card in front of the second-level diagrams. 

The 8-XXX references on the second-level diagrams are page numbers to 
the card second-level diagram that originates the incoming signal line. An 
asterisk refers to an interface line and is shown on the interface diagram, 
page 8-205. There are no second-level diagrams for drive 1 seek controls, 
card F2, because the logic on card F2 is identical to the logic on card G2. 
Where a drive 1 seek control line is referenced on the second-level diagrams, 
the reference is to a card G2 diagram. The reference is in parentheses to 
indicate that it actually originates on card F2: 

I Example 

8-213 refers to drive 0, card G2 
(8-213) refers to drive 1, card F2 

The GOXXX references below latches and logic blocks within the diagrams 
refer to disk attachment ALOs. The GOXXX numbers in the lower left 
corner of each diagram refer to the span of disk attachment ALO pages for 

that card position. 
File control units to attach standard speed access drives, use version 000 

ALOs. File control units to attach high speed access drives use version 001 
ALDs. Version numbers are printed below the ALO page number. 
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Functional Unit Index, ALO-Card Cross Reference Chart 

A 

11 
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::::: 

1111 1 

I 
II 
B 

Functional unit 

Address mark detect 

Bit ring 

CE controls 
Check counter (BCA) 

Clock 
Clock gate 
Compare 
Compare read data trigger 
Constants 
Control counter 
Cycle control ring 
Cyclic code register 

Data separator 
Data bus in (DBI) 
Data bus out (DBO) 
Difference counter 

Erase gate 
Error conditions 

Go slow counter 

Index 
ln:tial selection 
Initial program load (IPL) 

LSR selection 

Operation register 

Priority request 3 (data) 
Priority request 7 (seek) 

Read buffer 
Read gate 
Resets 

Seek (common controls) 
Seek (individual drive controls) 
Ser des 
Serdes control 
Standard read data trigger 
Standard write trigger 

Write buffer 
Write gate 

Card location 

L2 

L2 

P2 
P2 
R2 
J2 
N2 
L2 
02 
K2 
K2 
L2 

04-E4 
R2 
S2 
G2 

J2 
M2-N2 

G2 

J2 
T2 
P2 

P2 

S2 

02 
E2 

S2 
J2 
M2 

E2 
G2 
S2 
02 
L2 
S2 

S2 
J2 

Description 

8-224 

8-224 

8-236 
8-236 
8-244 
8-216 
8-232 
8-226 
--

8-222 
8-220 
8-226 

8-208 
8-244 
8-248 
8-212 

8-216 
8-228 

8-214 

8-216 
8-252 
8-236 

8-236 

8-248 

8-240 
8-210 

8-248 
8-216 
8-228 

8-210 
8-212 
8-248 
8-240 
8-226 
8-248 

8-248 
8-216 
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Diagram 
CARD ALO cross reference chart 

8-225 

8-225 By card location By ALO location 

8-237 C2 GD-811 GD-101-104 R2 

8-237 
8-247 C3 801 111-117 L2 

8-217 
8-234 C4 901-902 121-125 K2 

8-227 
8-243 02 911 201-204 T2 

8-223 
8-221 03 501 211-216 S2 

8-227 
04 511-512 301-304 E2 

8-209 
8-245 E2 301-304 311-317 G2 

8-251 
8-213 E4 521 321-327 F2 

8-219 F2 321-327 501 03 

8-230 thru 8-235 
G2 311-317 511-512 04 

8-214 
H2 not used 521 E4 

8-218 
8-253, 8-254 

J2 621-626 601-606 P2 

8-239 K2 121-125 611-615 02 

8-239 L2 111-117 621-626 J2 

8-249 M2 711-713 701-706 N2 

8-241 N2 701-706 711-713 M2 
8-211 

P2 601-606 801 C3 
8-251 
8-217 02 611-615 811 C2 
8-230, 8-231 

R2 101-104 901-902 C4 
8-211 
8-213, 8-215 S2 211-216 911 02 
8-251 
8-241 T2 201-204 
8-227 
8-251 U2 not used 

8-251 
8-219 
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Note 1 

A 

B 

A2 82 C2 02 

TAPs File 
line line 
receivers drivers 

ALO page ALO page 

GD811 GD911 
Card type Card type 
7043 3363 

CJ 03 
File FCU osc 

meter 
Write 
drivers 

•, 

ALO page ALO page 
GD801 GD501 
Card type Card type 

6456 0997 

C4 04 
File Data 
line separator 
drivers 

Spindle 0 
and 1 
ready 

Drawer 
release 

Drawer 
release 
light 

ALO pages ALO pages 
GD901 GD511 
thru thru 
GD902 GD512 
Card type Card type 

3362 0998 

Note 1. Card F2 logic is identical to card G2 except 
for drive reference. Card F2 is not shown in 
the second level diagrams, refer to card G2 
for drive 1 logic representation 
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Board Layout 

E2 F2 G2 H2 
Common Spindle Spindle (not used) 
seek 1 seek 0 seek 
controls control control 

Seek cycle 
Difference Difference 

Priority counter counter 
request 7 

Seek times Seek time Seek time 

1, 2, 3, 4 out out 
counter counter 

Seek time 

out Initial Initial 
counter seek time seek time 

Head settle 
counter Forward- Forward-

reverse reverse 
Disk select 

Go Go 

Reset Reset 

ALD pages go go 

GD301 

thru Recalibrate Recalibrate 

GD304 op op 

Card type 

3353 Pre end Pre end 

E4 End seek End seek 
Data 
separator Seek Seek 

check check 

Head Head 
trigger trigger 

For FCU with high speed 
access only; Go slow 
counter Aux counter 

ALO pages ALO pages 
GD321 GD311 

ALO page thru thru 
GD521 GD327 GD317 
Card type Card type Card type 
7874 Note 2 Note 2 

Note 2. Card type for FCU without high speed access is 
3354, with high speed access card type is 6884 

J2 
Read 
gate 

Write 
gate 

Erase 
gate 

Clock 
gate 

Write 

data 

Execute 

Write 
FF 

N carry 

Index 

ALO pages 
GD621 
thru 

GD626 
Card type 
3358 

K2 L2 M2 N2 

Cycle Bit Resets Compare 
control ring Scan 
ring Select 
and Cyclic file ID 
controls check orientation 

register Start 
Control op cc Sync 
counter detect 

register 

and FCU check 

controls Zeros error 1 
Parallel 

detect 
Count No parity 

zero Address record check 

gate mark found 

detect 
Serdes 

Set end check 

of Standard 
cylinder FCU 

read 
data 

error 

Intervention 1, 2 and 3 
trigger 

required 

Compare 
Track 

read Overrun condition 

data 
check 

trigger 
Data 
check 

ALO pages ALO pages ALO pages ALO pages 

GD121 GD111 GD711 GD701 

thru thru thru thru 

GD125 GD117 GD713 GD706 
Card type Card type Card type Card type 
3350 3349 3361 3360 

(card side) 

5410 Disk attachment board location is 01 A-A2 
5406 Disk attachment board location is 01A-A1 
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P2 02 R2 S2 T2 U2 V2 
LSR Priority DBI Op Initial (not used) Cable 
select request assembler register selection 

3 
IPL FCU Spindle CE 

Input clock select mode 
CE data 
controls time Phase Ser des 1/0 

oscillator condition 
Check Data Bus out A and B 
counter area 
(BCA) Parity 1/0 

ID check attention 
Check area 
counter Standard 
error Ser des write 

Cable 
controls trigger 

Sense 
byte Constants 

selection 
CPU 

controls 

Cable 

Cable 

ALO pages ALO pages ALO pages ALO pages ALO pages 
GD601 GD611 GD101 GD211 GD201 
thru thru thru thru thru 
GD606 GD615 GD104 GD216 GD204 
Card type Card type Card type Card type Card type 
3355 3357 3348 3352 3359 
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DISK_ATTACHMENT-Functional Units 

Data Flow 

r~*-<*=':1=~.Xiw.Wl~::;:-:,;:;~;:;:;:;:::l:<::$!:!:::1'&~~ 

FCU address 
8-249 

••••• 2 I Chaonel DBO ~ : ~ 
·•·•· 
~~~~~ 
A 

I 
6 

-
7 

p 

DBO register 8-251 

Channel 
control 
lines 

FCU 
timing 
8-247 
8-225 
8-221 
8-223 

LSR select 
Cycle steal 
request 

1---------x 

8-239 

3.177 
Osc 
8-237 

8-241 (data) 
8-211 (seek) 

DBI assembler 8-245 
Parity 

p generator 
B 

8-239 
7 

6 

5 Status 

4 
x 

Channel DBI 3 
x 

2 

Constants 
generator 

0 8-243 

x 

p 

I X-----------X 

p 

Error 
checking 
8-230 
8-231 
8-233 
8-234 
8-235 

AM and OE 
constant 
generator 
8-219 

Shift 

2 

Read buffer 8-251 

4 8 16 32 

1. Operation register 
8-249 

2. Disk select 8-211 

3. Head select 8-213 

4. Drive select 8-249 

5. Difference counter 
8-213 

Ser des 
control 
8-241 

64 128 

TNL SN34-0059 to SY34-0021-l 

FF 

8-227 

Standard 
read data 

Separated read data 

FF 

8-227 

Compare 
read data 

8-209 

Data separator 

I 
I 

5444 
Drive 1 

5444 
Drive 2 

I ____ _ 

I 
I 

_J 

System/3 FETMM 

AM bits 

I 
AM detect 

-------------'·-. 8-225 

Separated clock -------:8---..
5 

(8/71) 

OR1--------------l 
OR 

Check counter (BCA) 8-237 

128 

ORt--------~ 

FF 

8-251 

Standard write trigger 

Scan mask 
char 8-251 

Test 
counter 
8-237 

Zero detect 
8-227 

Cyclic code register 8-227 

OE detect 
8-227 

8 9 

Compare logic 8-234 

t !

Check I 
•---------tJlll~ counter 
X error 8-237 

Write FF 

FF ..--------1 0 R 

8-225 

CC position 17 

Equal Scan found ID CC error 

ID orientation Data CC error 

8-204 



II 

B 

SIO, LIO, 
TIO, SNS 

1 nstruct ions; 

1-0, 1-R, 

EB1,EB 

not 1 cycles 

Not power 

on reset 

Not system 
reset 

Check reset 

CPU meter run 

ALU carry 

Parity, 

0 thru 7 

1/0 cond A-B 

1/0 working 

1/0 attention 
1/0 meter run 

LSR select 

Store d<Ka 
Block SOR to B reg 

ALU binary subtract 

Priority request 3 
Priority request 7 

Write inhibit 

Disk select removeable 

Spin 0 - spin 1 stop reset 

1/0 attention 0 - 1/0 attention 1 
Spin 0 - spin 1 ready light 

Spin 0 - spin 1 drawer release light 

Spin 0 - spin 1 drawer release 

Spin 0 - spin 1 meter run 

DISK ATTACHMENT ~Functional Units 

Attachment Interface 

1 

{ 

{ 

{ 
{ 

{ 
{ 

{ 

Data bus out (DBO) 

transmits data, 

I /O device address, 

instructions, and cycle steal 

assignments from the CPU 

to the I /0 attachments 

9 

CPU timing 

control 

Ind 1cates what k 1 nd 

of information is en the 

DBO lines and what 1/0 

instruction is in progress 

_:J 
Presents the status of the -----5 
system to the 1/0 attachments 

Data bus in (OBI) 

transmits data, sense 

data, constants, and 

status from the 1/0 

attachments to the CPU 

Presents the status of 

the I /0 attachments 

to the CPU 

LSR select lines to select 

the attachment LS R ( s) 

Ccntrols the flow of 

data in the CPU 

during 1/0 cycles 

Requests cycle steal 

cycles from the CPU 

Non channel 

interface 

--

9 
'..r 

.... 5 ------1 

3 
4 --5 .... 

I 
I 

) 

5444 Disk Attachment 

References are to 

disk attachment 

ALO pages 

wr=o10 

WF015 

l\lote: lriterface lines 

WKOOO 

WK010 

are indicated on 

card diagrams with 

an asterisk 

WF020 

Raw data 

Read selec t 

{ Upper 
k 

Lower 
Select dis 

Select hea d { Upper 
Lower 

Double fr eq. write data 

Erase sele 
Write sele 

Data unsa 

ct 
ct 

fe 

Access fo rward 

Access re verse 

Power-on reset 

.... 
--...... 
~ 

~ 

High speed (High speed access FCU only) 

,-.,J 

..... 
---• ... 

Write .. 
trigger ... 

~ -_.._ 
_ ... 
....... 
... 

... ..... 

... ..,. 

Track crossing-----------------------~ 

Index pulse ------------1 Amplifier 

3 

Read 

amplifier 

1 
~ 

Head I--- .... 
1--

1 
Write 

erase 

driver 

T T 
Write ~ 
safety ..... 

..._ -
T 

Ac tu a tor 

drivers 

Amplifier 

Home--------------------------------------------~ 

Access overrun-----------------------------~-

Fileready~---------------------------1 

Cartridge safe-----------------------~ 

1--------) 
(TAP lines A, B, C 

File start/stop _____________ ,.... 

File power 
J 

File 

AC { power 

AC Grnd --------!~_co_.n_tr_o_I _. 

+6V 

• 4V 

File 

interlocks 

11 

1 +24V (1)-~~~~--~-..~~~~~~~~~~~~~~-411~~~~~~~~~~~~-

l~~4~r~~~cis 
~18V-~~---~~~~--11--~~~~~~~~~~~~~~-~~~~~~~~~~~~

-30v~~~~~~~~~ ........ ~-~~~-~~~~-~-~~--~~--~~~~~~~-
-18V-~~~~~~~~--"ll,--~~~~~~~~~~~~~~~~~~~~~~~~~~ 

Head coils 

read write/ 

erase 

} 

Forward 

Detent 

Reverse 

Track crossing 

transducer 

} 
Index 

t r·ansducers 

Home swi!ch 

Overrun switch 

} 
Interlock 

conditions 

} AC power 

DC power 
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DISK ATTACHMENT-Functional Units 

Cards C2 and C3 

~~~~~::::::::::::::::~:::::::::::::::::::::~::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 1 

····· 

*Spin 0 TAP line A 

8-253 Sense spin 1 

*Spin 1 TAP line A 

~~~~~ 
A *Spin 0 TAP line B 

*Spin 1 TAP line B 

*Spin 0 TAP line C 

*Spin 1 TAP line C 

B 

~ N 

... 

llL N 

llL 
I" 

II" N 

Card C2 
GD801 thru GD811 

A 

1-- OR 

A 

A 

t-----1 OR 

A 

A 

t--1 OR 

A 

TAP line A 

TAP line B 

TAP line C 

*Interface Line Page 8-205 

8-249 

8-249 

8-239 

8-207 

8-243 

8-253 

Seek spin 0 or 1 

FCU busy 

IPL ..----

Spin 0 ready 
A 

L...........J 

CNot) sense spin 1 ,----, 

SIO IR cycle sample A 

.._ 

*Spin 0 stop reset 

*CPU power on reset 
..,.-

8-253 

.---

OR 

r---L__. 

_.. 
"I 

,....---, .___ 

OR 

'-----' 

:u 
....___ 

Sense spin 1 

*Spin 1 stop reset 

Card C3 
GD801 thru GD811 

System/3 FETMM (12/70) 8-206 

3 

1/0 meter run 

Spin 0 run 

FL Spin 0 meter run 

"CPU meter run 

Spin 1 run Spin 1 meter run A t--~~~~~~~~~-

FL 

joR 

*Interface line page 8-205 



Ill 
B 

8-213 

8-213 

8-217 

Select removable r-----1 

Disk select upper spin O* 
Spindle 0 select A 

"I 
~ 

Disk select lower spin O* 

Select fixed A 

Erase gate to driver ~ 
Erase select spin O* 

A 

~ 

Write select spin O* 
Write gate to driver A 

Spin 0 head 0 t---

Head select upper spin O* 
A 

Spin 0 select head 1 ~ 

Head select lower spin O* 
Spin 0 head 1 A 

._____ 

_R_e_a_d_g_a_te_s_p_in_o __________ --t~~-----------R-e_a_d_s_e_l_ec_t_s_p_i_n_O~* 

Spin 0 go forward Access forward spin O* 
------------------1AR1-------------------~ 

Spin 0 go reverse Access reverse spin O* 
------------------iAR~-----------------~ 

_*_S_p_in __ O_d_a_t_a_u_n_sa_fe _____________ --t~~--------------S-p_in_O_u_n_sa_fe 

*Spin 0 cartridge safe Spin 0 drawer release light 
~----------------..,AR t------r--------------~ 

Spindle 0 on ALO GD901 

Spindle 1 on ALO GD911 Drawer release spin 0 
AR----------

Note: Only spindle 0 lines are shown. Spindle 1 lines are identical 
except for spindle reference 

*Interface line page 8-205 

GD901 thru GD911 

DISK A TI ACHMENT-Functional Units 

Card C4 

3 

*Spin 0 ready Spin 0 ready 

A PH Spin 0 ready 

A 

GD902 

_*C_lo_c_k_5 _______ -i N ---------

Spin 1 ready 
*Spin 1 ready A PH Spin 1 ready 

-----------1 A 
GD902 

Note: Spin 0 or spin 1 ready may set or reset only at (not) clock 5 time 

Clock 5 

*Spin 0 or 1 ready L 

PH output L 
(spin 0 or 1 ready) 

*Interface line page 8-205 

GD901 thru GD911 

System/3 FETMM (12/70) 8-207 



DISK ATTACHMENT-Functional Units 

Cards D3, D4, and E4 (Part 1 of 2) 

A 

B 

CARDS 03, 04, AND E4 

Cards 03, 04, and E4 are shown on one diagram and contain the following 
logic: 

1. 
2. 

File control unit oscillator (card 03) 
Data separator {cards 04 and E4) 

The file control unit oscillator produces a 3.177 MHz square-wave signal 
which is gated into the file control unit clock with 'clock gate'. 

Raw data received from the drive consists of clock bits, data bits, and 
address marks. The function of the data separator is to separate the three 
signals into different outputs: separated clock, separated data, and address 
mark bits. 

The data separator must be stabilized before it can function properly. 
This is accomplished by reading at least 10 bytes of FF followed by at 
least 7 bytes of 00, which explains the purpose of the sector gaps before 
each address mark in the track format. 

After the data separator is stabilized on clock bits by reading zeros, 
it directs each clock bit detected to the separated clock output. The sepa
rated clock output drives the file control unit clock during a read operation. 

The space between two clock pulses is called a bit cell. Data bits are 
recorded after a clock bit. Therefore a bit detected after a clock bit is recog
nized as a data bit and is directed to the separated data output. 

,., 630ns~ 

~BitCell---..1t+j .. •-- Bit Cell~ 

Clock Bits 

BR0464A 

Separated data pulses are processed by the file control unit standard-read 
and compare-read triggers. As a result, the compare-read data signal is one 
bit eel I in length and one bit cell later in relation to when the data bit was 
read. 

Each sector begins with an address mark (AM), a unique pattern encoded 
on the disk which cannot be found in a data pattern. Within the limitations 
of double frequency recording, the only possibility is the omission of clock 
bits. Two bytes of F2, with clock bits missing, are written for address marks. 

Bits: 0 2 3 4 5 6 7 

Missing Clock Bits 

BR0465 

TNL SN34-0059 to SY34-0021-l 

The data separator can detect the missing clock bits and direct this in

dication to a separate output, address mark bits. Address mark bits are 
processed by the address mark detect logic on card L2-1, to check if the 
address mark bits are in proper relation to the rest of the file control 
unit timing circuits. 
These checks are: 

1. That there was compare data during bit ring 0, 1, and 6 time. If not, 
there may have been missing bits in the address mark. 

2. That address mark indicate was not active during bit ring 0, 1, 4, 5, 
6, or 7 time. If address mark indicate is detected during this time, a 
false address mark detect or an address mark was detected at the in
correct time. 

3. That compare read was not up at bit ring 2, 3, 4, 5, or 7 time. This 
indicates that bits were read when they should not have been. 

4. That address mark indicate was active at bit ring 2 and 3 time. 

All operations, except read data diagnostic, check for all four of the above 
requirements for address mark detection. Read data diagnostic reduces the 
requirements by eliminating check conditions 1, 2, and 3. If any of the check 
conditions are detected during an operation (check 4 for read data diagnostic), 
start address mark search FL is reset to prevent generation of the address 
mark detect signal. 

Data Separator Adjustment: 

Note. Board locations differ with CPUs. XX refers to board A-A2 in the 
5410, to A-A 1 in the 5406. 

1. 

2. 

3. 

4. 

5. 
6. 

Volts 

Remove card in location A-XXJ2 to select 'read gate spin O' and 
'read gate' for data separator A card. 
Disable '+spin 0 read data' and '+spin 1 read data' inputs to data 
separator A, with jumpers to -4 volts (04G13 to 04806) and (D4J13 
to D4G06). 
Disable 'ratio circuit 2' output on data separator A with jumper to 
logic ground (D4B07 to 04008). 
Jumper '3.177 MHz osc output' signal on oscillator card (03007) 
into data separator A card (04G03). 
Observe 'ramp' waveform on data separator B output (E4G02). 
Adjust potentiometer on data separator B card {A-XXE4) until 
'ramp' waveform is swinging equally about logic ground with a 
±100 millivolt tolerance. Vl should equal V2 within ±100 mV. 

Time 

I · 
Bit Cell 

· I 
Z 630 Nanoseconds 

BR0471 
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A 
:·:·: 

;::_:;:~-.~: 

3.177 MHz Osc output 
(to card P2, page 8-237) 

:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: * ~ 

~~~~~ Spi"n 0 select .• :~ •. :~_.=~ .. :~ .. :~ *Spin 0 read data i A 1--------·-R_e_ad_ga_t_e_s_p_in_o ______ A 

::::: Read gate .~.~-~-~-~ ::::: 
=~=~= FL ;:::: :;::: ~l;~i Read gate spin 1 
;~~~~ A t----""""'......--------~-----i 
w .=:=.=:=.: ::::: 
~.=.= .. =.=.. 1 I GD621 ::::: ~n se~ t 
• 

B Raw data 

~;~; Ratio detect 30% 

~~~~ 
~::: 

:;::: 
:::-: 
:;::: 

Ratio detect 60% 

Clock gate 

Separated clock 

Separated data 

AM bits 

- -

*Spin 1 read data 

-

A 

Selected data 

Ramp 
gen. 

ORi-----------------1 
A 

- - -
~=== ·=·=· GD501 thru G0521 Data separator reading 1 byte of an address mark 

DISK ATIACHMENT-Functional Units 
Cards D3, D4, and E4 (Part 2 of 2) 

-

Ratio 
..----"'fdetect 

top 30% 

Ratio 
'------11"'4detect 

top60% 

Read gated data (raw datal 

-

Data Separator 

Cards 04 and E4 

AM 
ratio 
detect 

Restore 

separato 

CE controls 

Card P2, page 8-237 

AM bits 

To: AM detect logic, 
card L2. page 8-225 

To: clock logic, 
card R2. page 8-247 

To: read data trigger, 
card L2, page 8-227 
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DISK A TI ACHMENT - Functional Units 

Card E2 (Part 1 of 2) 

A 

II 
::::: 

I! 

I 
B 

CARD E2 

Card E2 is shown on one diagram and contains seek controls that are common 
to the individual drive seek controls shown on card G2. The following logic 
is shown: 

1. 
2. 
3. 

4. 
5. 

Head settle common counter 
Seek-time-out common counter 
Priority request 7 
(seek cycle-steal request) 
Fixed-removable disk selection 
Sense signals for device status 

The head settle common counter is advanced by clock 0 from the CPU 
and steps continuously. The counter's output is gated to the selected drive 
difference counter during head settle time, to develop a 27 .6 to 28.3 ms time 
delay. This time delay prevents another start 1/0 instruction operation from 
starting until the access mechar"iism motion has stopped, following a seek 
operation. 

The seek time-out common counter is advanced by raw index pulses from 
spindle 0 if spindle 1 is not ready, or from spindle 1 if spindle 1 is ready. 
This counter's output is gated to the selected drive's seek-time-out counter 
when 'go' for the selected drive is active. The purpose of this counter is to 
develop ::i 1 to 2 second time base whic'1 is used to set a seek check if a 
seek operation has not ended within this tfme. 

Priority request 7 is the seek instruction cycle steal request (CSR). Four 
CSRs are made during a seek operation to bring control information in 
the disk control field to the file control unit. Each cycle steal request 
modifies the disk file control register address plus one (see logic on 02-2) 
to address each successive byte in the disk control field. Only information in 
the S and N bytes is used in seek control. 

A cycle steal request is made by the file control unit until it is honored 
by the CPU. The CPU indicates that it is honoring the request by returning 
bus out lines 2 and 7 active at clock 8 time. This sets the condition seek 
cycle latch in the file control unit and prepares the logic in the file control 
unit to accept the information on the data bus out in the next cycle. Each 
cycle steal request honored advances the seek time counter plus one and 
keeps track of which cycle steal request the file control unit has made. 
The seek time counter gates the file control unit logic to direct the S and N 
byte information into the head trigger and difference counter logic. 

The inhibit request latch is set after the fourth seek cycle steal request 
is made to halt any further cycle steal requests. 

Fixed-removable disk selection gates the control logic in the 5444 drive 
to select either the upper or lower disk. For a start 1/0 instruction, the 
selection is indicated with a bus out 4 condition during an initial program 
load. The program load selector switch on the operator console determines 
the selection. 

Sense signals for device status seek check {byte 0, bit 7), unsafe (byte 2, 
bit O), and equipment check (byte 3, bit 0) are generated on this card. 
These signals are gated to the data bus in during a sense instruction. 
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*Clock O 

:·:·:-:·:·:·:.:·:·:·:·:·:·:·:·:·:·:·:-:·:·:-.~:-:-:-:-:-:·:-:-:-:·:·:·:·:·:·:-:-:-:-:·:-:·:·:·:-:-:~:::·:·:·: 1 :::::::::::::::=::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::~: • 
~~~r······································--····--················································-- ·•·•·•· 

~:: Head settle common counter I •c1«• o +1 ~ ..... ---'_2___.__:_0304..__8 ....... l_1_s .... I _32__,, 

::::: 
::::: 

*CPU clock 8 phase C Cond sk cycle 

I 
I 
A 8-218 

::::: 8-207 
··•·· ::::: 
::::: 8-218 
::::: 
····· ::::: 8-207 

~~~~~ 
····· 
~l;l~ 
··•·· ::::: 
::::: 

I 
:·:·: •·•·· ····· ·•··· ·:·:· 

~~~~~ 8-215 
::::: 
::::: I 18-215) 

~~~~~ I 8-253 

B 

8-207 

8-249 

8-233 

Index spin 0 

Spin 1 (not) ready 

Raw index spin 1 

Spin 1 ready 

Seek check spin 0 

Seek check spin 1 

Sense spin 1 

Spin 1 unsafe 

Spin 0 unsafe 

Spin 0 select 

FCU error 2 

G0301 thru GD304 

DISK ATTACHMENT-Functional Units 

Card E2 (Part 2 of 2) 

A 

..._____ OR 

A 

1--

..__ 

... 

Adv diff cntr for hd settle 

8-251 

8-251 

8-213 

Bus out 2 

Bus out 7 

Initial seek time (spindle 0 or 11 

Seek time out common counter 

+1 ~i-~-:-0-30-:-,-4--il 
T Seek time out advance 

A 
.--- Sense selected seek check 
~ OR 

A 

GD302 

N 
A 

.---- Sense selected unsafe 
1-- OR 

A ..... 
GD302 

... 
A 

..,___ OR 
Equipment check 

4J A 
.___ 

.__ 
GD302 

A FL 

GD301 

A 1--------1 8-253 

A 

8-253 SIO IQ eye e samp e 

8-239 Initialize IPL ~ 

8-251 Bus out 4 

•1PL select removable 

*Interface line page 8-205 

3 

Seek cycle 

A 
Seek cycle 

FL 

GD301 

Seek time 2 

General reset 
Seek time 

(reset) 

+1~ lnh req GD301 

FL 2 3 4 

Seek time 4 

GD301 

Priority request 7 
A 1--------------:.---'---~ 

*Clock 0 

" A Select removable 
....--

I-- OR 

" 
FL Select removable 

.... A 
A ..---

r-B '--

GD302 

8-230 Select file 

L--

A 

1--- OR ,--

Select fixed 
.____ 

Select fixed 
A 

B- :0302 
FL .____ 

N 

GD302 
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DISK ATTACHMENT -Functional Units 
Card G2 (Part I of 4) 

A 

B 

CARD G2 

I Card G2 is shown on 4 pages and contains seek control and 5444 
drive head selection logic for disk drive 0. Drive 1 seek controls on card F2 
are not shown, but card F2 has logic identical to that of card G2 except 
that the drive references are to drive 1. For some cards shown on other pages, 
references are made to drive 1 seek controls. These references are shown 
in parentheses and refer to card G2. (8-213) refers to drive 1. 

Card G2 (and F2) can be one of two types, depending if the FCU is to 
attach standard or high speed drives. 

Cards G2 (and F2) in FCUs to attach the high speed drives contain a go 
slow counter. The basic logic and operation, however, remain the same as 
the standard speed FCU. Because the logic was repackaged for high speed 
access, the second level diagrams reference two locations in the ALDs 
where the various logic can be found. References to high speed access 
( HSA) ALDs will have a (HSA) suffix. 

1. 
2. 

3. 
4. 
5. 
6. 
7. 
8. 

The following logic is shown on card G2: 

Difference counter 
Seek time-out counter 
Initial seek time 
Head trigger 
Forward-reverse 
Recalibrate operation 
Seek check 
Go 

9. Head settling latch 
110. For FCUs with high speed access, the go slow counter. 

The difference counter indicates the number of cylinders to move in a 
seek operation. This counter is used in conjunction with the head settle 

I counter to develop the head settle time delay. During a seek operation, 
at seek time 4 when the N byte information is on the data bus out, the 
binary complement is set with the counter by (not) data bus out conditions. 
For example, N=7 would set the difference counter to a value of 248. 
Track crossing pulses from the drive advance the counter until it carries, 
which indicates that the desired count was reached. (The counter receives 
one advance pulse at the start of its operation so that the count is correct.) 
During head settle time, the counter is advanced with the head settle 
counter. (See card E2.) 

The seek time-out counter is a two-position counter to aid in the 1 to 2 
second time base for a seek check condition. (See card E2 and error condi
tions on card M2 for seek check conditions.) 

Initial seek ti me indicates the start of a seek operation at start I /0 i nstruc· 
tion 1-R cycle time and is reset at the end of seek 4 time, the last of the 
file control unit seek cycle steal requests. 

The head trigger is set with bus out 0 during a seek operation when the 
seek counter is at 3. The S-byte information is on the data bus out at this 
time. In a recalibrate operation, the head trigger is set to 0. If the allow
head-switch latch is set, the head-enable latch prevents a head selection until 
index 2 time. 

The forward-reverse latch determines in which direction the drive access 
mechanism will travel in a seek operation. The latch is set with a bus out 
7 condition when the S-byte information is on the data bus out. 

TNL SN34-0059 to SY34-0021-l 

When the fite control unit is to perform a seek-recalibrate operation, 
the recalibrate operation latch is set. A reverse seek instruction and a bus 
out with a value greater than 223 at seek 4 time (N byte) indicate that 
the latch is to be set. 

Seek check is set when one of five error conditions is sensed during a 
seek operation. (See error conditions on card M2 for these error descrip
tions.) 

Go is the signal to start the mechanical motion in the drive for the 
seek operation. A signal to the drive to stop the access motion results 
when this latch is reset. 

Setting the head settling latch starts the head settling time out, and gates 
the file control unit logic to generate the 27 .6 to 28.3 ms time base for the 
delay. 

System/3 FETMM (8/71) 8-212 



SIO IR cycle sample 

Control spin 0 

*CPU early phase C 

*CPU clock 8 

Seek time 4 

General reset 

*Spin 0 track crossing 

Index time 2 

8-230 Reset A 

8-218 Index time 3 

GD311 thru GD317 

DISK A TI AC HM ENT -Functional Units 

Card G2 (Part 2 of 4) 

A OR 

Initial seek time 0 

A FL 

GD312 
(GD311 HSA) 

Head enable 

OR FL 

Initial seek time 0 

*CPU clock 8 
8-211 Seek time 4 

8-215 Head settling time spin 0 

8-211 Adv diff cntr for hd settle 

8-215 Go spin 0 

Ai---------' 

A 

A 

8-215 

8-215 

..,. 

8-251 (Not) bus out 

8-215 

7 -----,..---- 0 

Load spin 0 track diff counter x 

0 

I 
I 
I 
I 

3 

Set counter position 
1 through 128 (HSA only) 

Adv diff counter =-====-= = =====~ 
I 

Spin 0 seek initial reset 

Reset go spin 0 

Diff counter GD311 

Reset diff counter spin 0 
OR 0------------

Spin 0 select 

Select file 

11111 ::::: 

Load spin 0 head reg 

Bus out 0 

Spindle 0 select 

Allow head switch 

.---

A -- '----
GD311 

r--

A 

L--

r--

A 

(GD314 HSA) 

I 
I 
I 

128 

Counter position 32 

Counter position 16 

Counter position 8 

Counter position 2 

Raw home spin 0 

.---

A 

L--

Head trigger 

FL 

Diff counter carry 

FL 

GD314 

N 

Spin 0 select head 

Head 0 

FCU without high speed access 

Ill ;;;; 
Index time 2 

TNL SN34-0059 to SY34-0021-1 

.___ Head 1 

General reset .--- GD312 

Control spindle 0 

l:lt,, :: : ;: i: ,,::::: :,, :: : :::::::::: :;:::::: :: : : : : : : : : : : : : : : :: : ::: : :::::::::: :: : : : :; : : : : : ;: ::;:: :; :; :; :;: : : :: : : : : ;: : :; : :: : : : : : : ::: : : : ;: ::: :;: : : : :; :; : ;: : :: : : : : :;: ;: ;: : :;: :::::: ;: ;: : : : : ;: ;: : :;:::: :::: :::: :: : :: ;: : :: : :: : ::: :: : :; ::: ::::: :::::: :: : ::: ::: :::: :::: ::::: :::::: ::·,:::::::::::::::: :::;:: ::: 

A 
Recalibrate operation 

.___ FCU with high speed access 

8-211 Seek time out advance ~ 

Reset status spin 0 
8-215 Go spin 0 A 

'---

*Interface line page 8-205 

Seek time out counter 
(2 position) 

GD315 (GD312 HSA) .. 1] 2 

-r-

T Seek time out 2 spin O 

Seek time out 1 spin 0 
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DISK ATTACHMENT-Functional Units 

Card G2 (Part 3 of 4) 

::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 1 
·•·•· 

I 
8-215 Spin 0 seek initial reset 

8-213 

~~~~~ 

[_ 
Aux cntr 

OR i-----_., .. GD316 

A 

.-
I--

TN SN34-0059 to SY34-0021-1 

l 
Go slow cntr 1 

FF 

GD315 

Clock 6 

Initial seek ti me A 
Decode 

Slow cntr 105 or less 
.___ A ORI---~ 

8-213 

8-211 Seek time 4 .....-

Slow cntr 35 or less 
A 

8-215 Spin 0 seek initial reset 
Extra adv l 

FL 

*Clock 5 

l A FL 
A ~-411~---1 N 1----------

___ _. 

8-213 Track crossing 

8-253 General reset .. 8-215 Go spin 0 GD316 

I 8-213 Adv diff counter 

I Thi• logi< is'°' FCU with h;gh •p•od a«e" only. 

::::: 

II 
II 
B 

High Speed Access 

The 5444 drive access operates at high speed under control of the high 
speed interface line. When the interface I ine is active, the drive will access 
at high speed, deactivating the I ine causes the drive to access at slow (normal) 

speed. 
A go slow counter, located in the FCU, monitors the drive carriage 

relative to the desired track. Depending on the length of the seek, the FCU 
will deactivate the high speed interface line at various number of tracks 
before the end of the seek operation as shown in the chart. 

The diagram on this page shows the high speed interface line control 
logic, and is the only additional circuitry added to the normal speed FCU. 

Go Slow Counter 

The go slow counter controls the high speed interface line. Note that the 
high speed interface line is active at the start of a seek operation and remains 
active until the go slow counter carries. The high speed interface line is not 
active during a seek recalibrate operation. 

GD316 

OE 1--------' 

A~-------1 

At the start of a seek operation, the go slow counter is set to the same 
value as the difference counter. Then before the access mechanism starts 
to move, the go slow counter is advanced by a count of three. (Two counts 
by direct input to the 2-bit trigger and one count by the 'adv. diff counter' 

signal as described on page 8-212.) 
After the initial advance of three counts, the go slow counter is advanced 

by 'adv diff counter' signals and extra advance pulses as gated by the 
auxiliary counter. 

Auxiliary Counter 

This counter, and a decode network, develop the extra advance pulses to 
tile go slow counter to achieve the deactivation of the high speed interface 
line as shown in the chart. The auxiliary counter is advanced by track 
crossing pulses received from the drive, and its count is reset with each 

extra advance pulse to the go slow counter. 

At--
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Set counter 1 through 128 
(from 8-21 3) 

..... ~ 
_/ 

OEt------i-. 

Go slow cntr GD315 

8-215 Recal Op 
N------1 

Cntr carr~ [l 
FF~ 

GD315 

A 
*High speed 

(to drive) 

*Interface Ii ne page 8-205 

Access length in tracks 

Units 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

Units 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

0 

Q) 

0 
z 

2 

3 

3 

3 

4 

4 

110 

28 

28 

28 

28 

28 

28 

28 

29 

29 
29 

10 

4 

5 

5 

5 

6 

6 

6 

7 

7 

7 

120 

29 
29 

29 

29 

29 

29 

30 

30 

30 
30 

20 

8 

8 

8 

9 

9 

9 

10 

10 

10 

11 

130 

30 

30 

30 

30 

30 
31 

31 

31 

31 

31 

30 

11 

11 

12 

12 

12 

13 

13 

13 

14 

14 

140 

31 

31 

31 

31 

32 

32 

32 

32 
32 

32 

40 

14 
14 

14 

15 

15 

15 

15 

15 

16 

16 

150 

32 

32 

32 

33 

33 

33 

33 

33 

33 

33 

Tens 

50 

16 

16 

16 

17 

17 

17 

17 

17 

18 

18 

Tens 

160 

33 

33 

34 

34 

34 

34 

34 

34 

34 

34 

60 

18 

18 

18 

19 

19 

19 

19 

19 

20 

20 

170 

34 

35 

35 

35 

35 

35 

35 

35 

35 

35 

70 

20 

20 

20 

21 

21 

21 

21 

21 

22 

22 

180 

36 

36 

36 

36 

36 

36 

36 

36 

36 

37 

80 

22 

22 

22 

23 

23 

23 

23 

23 

24 

24 

190 

37 

37 

37 

37 

37 

37 

37 
37 

38 

38 

Number of tracks, before the desired track, that the high speed interface 
line is deactivated. 

Note 1. High speed is not active for seek lengths of 3 tracks or less. 

90 
24 

24 

24 

25 

25 

25 

25 

25 

26 

26 

200 

38 

38 

38 

38 

38 

100 

26 

26 

26 

27 

27 

27 

27 

27 

28 

28 



Initial seek time 0 card 

*CPU clock 5 and CPU phase C 

,---....._ 

A 
Seek time 4 

....__ 

A ~ __. ....---

II 

8-251 CPU bus greater than 223 
~ An home spin 0 --1 '----

8-239 Initialize IPL 

!l! 
8-207 ... 

*Access overrun spin 0 

A 
3 

Spin 0 ready I---

A 

~;j\~ 4 -L I---
~~j~~ 

8-213 

8-213 

Seek time out 1 spin O 
A 

Seek time out 2 spin 0 
•.·.· ::::: 
::::: 

~~j~~ 8-213 
GY:~ 

1---

A 
Home spin O 

!!II 
B 

•···· ::::: 
····· :·:·: ····· 

I 
·=·=· ·•·.· ····· CPU clock 5 and 
::::: 
::::: 8-215 :·:·: 

CPU phase C 
Recal op 

·:·:· ::::: 
!•!•! 
·•··· B-249 :;:~: 
::::: B-213 
::::: B-213 

Seek spin 0 
(Not) initial seek time 0 

Diff counter carry 
:·:·: 
•!•!• GD31 1 th ·.·.· ru GD317 

DISK A TI AC HM ENT - Functional Units 

Card G2 (Part 4 of 4) 

'----

A 
..----

I---

A 

I---
'---

A 

OR --, 

OR 1--

Seek time 3 ....----
~ Load spin 0 head register - l A - 8-251 Bus out 7 

'--

8-249 Control spin 0 
r-

~ Load spin 0 track diff counter 8-253 General reset OR 

'---

~ 1 

._____ 

A 
N ....---

OR r--- 8-207 Spin 0 ready A 
N 

A '--

[-
Recal op 

,---
L-_ OR FL ~ Recal op 
~ A 

7 

~ ~ 
Set seek 

GD313 check 0 

.-- Seek check 

OR FL 

*CPU clock 6 L_J~ 
A 8-213 Reset status spin 0 

*Spin 0 track crossing 

..--- GD316 
L--

(GD313 HSA) 

Cond end seek 

...-----! FL 
A _____. 

OR 
L--.... .---I 

L____. 

GD316 
8-213 Counter pos 32 

A (GD313 HSA) 
8-213 Diff cntr carry 

OR I--
*CPU clock 8 

L-0---1---

8-251 A 
8-253 Gen reset 

CPU bus equal zero 

*CPU clock 4 

•interface line page 8-205 

TNL SN34-0059 to SY34-0021-l 

Forward-reverse 

l Note: Latch set forward A FL 
'--- Latch reset revers e 

"I 

GD313 
(GD312 HSA) 

d --- __} Spin 0 seek 
\ initial reset 

2 
,.---

HSA only 8-253 (Not) CE mode -- _l ---------- _,------A 

-cL 
-.: Spin 0 go forward 

I~ I -----
Go 

I N ..-
FL "' I -.. L _____ A --- ~ Spin 0 go reverse 

~ ~ l 
'-----' 

Go spin 0 ' GD313 
(G0312 HSA) 4 

_) Seek check spin 0 
' 

r---

8-207 (not) spin O ready OR 
,. 

Spin 0 error 
..___ 

"CPU clock 6 ,---
Reset go 

A FL ... l 
\ 

.--.______ 

.---

Pre end GD316 

FL ~ 

'II 

GD316 .---
(GD313 HSA) 

Head settling .___ 
A FL ...... N .. 

J 'CPU phase C '--
r-

~ l 
Head settling time 

J 
...... 

rlOR \ spin 0 

GD316 
(GD313 HSA) l End seek 0 J -.- \ 

2 

7 

System/3 FETMM (8/71) 8-215 



DISK ATIACHMENT-Functional Units 

Card J2 (Part l of 4) 

I 
A 

B 

II 

CARD J2 

Card J2 is shown on three pages and contains the following logic: 

1. 
2. 
3. 

4. 

5. 
6. 
7. 
8. 

Read gate 
Clock gate 
Index 
a. Index reset 
b. Index passed 
Execute 
End write identifier area operation 
N carry latch 
Write gate 
Erase gate 

9. Write gate equipment check 
10. Write data to spindles 0 and 1 
11. Set fixed-write data 

Read gate conditions the read heads in the drive and the logic in the 
file control unit to read data from the disk. 

Clock gate selects either the 3.177 MHz oscillator or the separated clock 
signals from the data separator to drive the file control unit clock. 

Index logic processes the raw index pulse from the drives and synchronizes 
it with the file control unit clock and bit ring signals. Index reset and in-
dex passed indicate when an index has passed twice in an operation. 
They are used to set error status under some conditions; for example, 
no record found. 

Execute is set as a result of a 'start op' pulse whenever index is not active. 
Execute is an indication to the file control unit to start an operation. 

Activating an end write identifier area operation terminates a write 
identifier area operation. 

The N carry latch is set when the N field in the disk control field (in 
core storage) has decremented the number of sectors as specified at the start 
of an operation. This latch gates the reset logic on card M2-1 to end an opera
tion in progress. 

Write gate and erase gate condition the read-write heads in the drive to 
write information on the disk. 

Write gate equipment check is an error indication and is active when 
write gate is active, index is sensed, and the file control unit is not in a 
write identifier area operation. 

Write data to spindles 0 and 1 is the file control unit "outlet" for data 
to the drives. This is where data and the write clock signals are combined. 
Write FF conditions th is logic to write all ones on the disk for sector gaps. 
Block clock is active only during a write identifier area operation and is 
responsible for the missing clock pulses in the address mark. 

Set fixed-write data generates constants F2 and OE, the address mark and 
sync byte characters. During a write operation, these characters are gated 
into the read buffer to be serialized and written on disk. 
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Set counter to 8 

Bit ring 7 r---

A 
Count zero gate A r---

.......___. 

Reset A 

Index reset 

• 

B 

I ::o:: 
~·· I 
I 
H 

I 
I ~ GDG1 thru GD626 

DISK A TI ACHMENT-Functional Units 
Card J2 (Part 2 of 4) 

Cond rd gate 

FL 

~ 

GD623 

~ 

OR I---' 

-

8-218 Index time 4 

8-249 (Not) write ID op 

8-223 Counter decode 4 

8-219 Write gate reset 

8-225 Bit ring 3 --1 
8-223 Counter decode 6 

~ Condition 1st read gate 

A 

r---

A OR 

to--

A 

8-218 

8-230 

8-247 

8-223 

8-234 

8-221 

8-249 

8-221 

8-247 

8-230 

8-221 

8-249 

8-249 

8-221 

8-230 

8-249 

Standard index 

ORLJ 
Reset A 

Phase D ,......--u-Counter decode 3 

ID orientation 
A 

Post ID time 

Write data op 
L-.--

Post data or post ID time 

Phase D A 

Pure initial reset ~ OR 

Standard index .....___. 

Address mark time 

A 

CNot) write ID op 4~ t--
~ 

OR 

CNot) write data op A 

Pre-data time 
.____ 

End ~reset -

*Interface line page 8-205 

Spin 0 select ,......--

A 
Read gate spin 0 

r---1 .____ 

Read gate 

FL ~ Read gate 

GD621 ,----, . 
'----i Read gate spin 1 

8-249 Spin 1 select A 

Clock gate 

FL 

GD622 

.............. 
GD624 

Note: The clock gate latch determines if the separated clock 
or the write oscillator drives the file control unit clock. 
If the clock gate latch is sat, the clock is driven from 
the write oscillator, if reset, the clock drive is from 
separated clock pulses 
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DISK A TI ACHMENT -Functional Units 

Card J2 (Part 3 of 4) 

___ ..,.~ Raw index 

8-247 

A 

8-249 Spin 0 select 

8-237 Index spin 0 

*Index spin 1 

8-249 Spin 1 select 

8-230 Start op 

B 
8-230 End op reset 

8-249 Write ID op 

8-219 (Not) write gate 
8-225 Bit ring 6 

8-223 Counter decode 22 

GD621 thru GD626 

(Not) clock 

8-230 . 

A 

1--- OR ~ 

A 

GD624 

\ , 

Condition execute 

FL 

,...---

GD623 
,. 

...---

A 

GD621 

8-247 (Not) clock 

8-247 Clock 
~---------------------. 

Pre index cond 

Reset A _r
--~---------~-'JoR 

l. 

FL t--

Cond std index 

GD623 .__ ______ '::j _ _. A FL 1---
L__ 

8-218 Standard index 
8-247 Clock 

LG-
Execute 

:-=J A FL .....___ 

,...---

GD623 

End write ID op 

8-230 Reset A -,__ _____ ]OR 
--._L-_.__ __ ___, 

GD623 

8-230 Reset A 

-, 
8-247 (Not) clock 

Cond index reset 

J A FL ..... 
l._ 

8-

1 

GD623 

L&--
A 

'---

\ Execute ' 

8-223 

8-221 

8-241 

c d od 3 ounter ec e 

Post ID time 
*CPU ALU carry 
Set write buffer 

*Interface line page 8-205 

8-234 

8-230 

.-----

A 

I-

System/3 FETMM (12/70) 8-218 

Std index ...} Standard index 
l ~ 

]A FL --'---

r---

~OR 
GD623 

Index time 

----.--~..,...ll Index time gate C __ lo_c_k _____________ --11 A 
'--

8-247 FL 

8-230 ~R_es_e_t_A _____________ ...... r--
Count zero gate and bit ring 7 JOA 

GD623 

..... 

..---
8-225 Bit ring 1 .--

Index time 1 A j----J 

A 
'--- .__ 

......__ 4.._.. 
8-223 Counter decode 1 .. 
8-225 Bit ring 2 

--. A 
Index time 2 

8-225 Bit ring 3 I--

Index time 3 
A ._ 

I--
'----

A 8-223 Count zero gate 
Index time 4 

.....___ 

Index reset 

[ '-·-__=::] A FL N ID orientation L_ 

1 .----
Reset A ]OR 

GD624 

N carry 

FL 
N carry gate 

8-230 Reset A 

GD625 



Address mark time A 

• 
Counter decode 1 

GD626 

8-247 

8-225 

Phase C 

Bit ring 7 
Set fixed write data 

Pre data time A 
.--

'----4..-t.----------i 
ORt-------------..._------4 

..--.-i OR 1------4----•,..~---~ 

~A G'D625 Count zero gate A 8-223 
Gate read buffer bit 4 and 5 

GD625 

L---------'i-1~ Gate F2 into read buffer 

A 
8-221 Address mark time r-----1 

~~~~~~~~~~---1.____ml l--10R1--~~ 

A • Counter decode 1 8-223 

~r-- Block clock 

FL --------------------------t A i------• 8-249 Write ID op 

8-225 Bit ring 1 

8-230 Reset A .--

8-225 Bit ring 3 phase D jOR 

GD626 
8-218 Index time 1 --------------------------i..--. Write FF 
8-221 Post ID time .::...::..:..:...:.:;:_----------------------------4QRi------• FL 
8-221 Post data time 

B 

GD626 

8-230 Reset A ,.....---, 

8-221 Address mark time ....---i 

8-223 Counter decode 8 A 
8-247 Phase C · ~ 

OR 

~ 
f----

8-221 Pre data time A 
8-223 Counter decode 4 

G0621 thru G0626 

DISK A TI ACHMENT-Functional Units 

Card J2 (Part 4 of 4) 

8-247 

8-221 

8-227 

N 

....___. 
GD625 

Gate read buffer bit 6 

8-249 Write data op .--

8-221 Post data time 
A 

8-247 Phase D 
L--.... 

8-247 Write clock 

A 

8-251 Standard write trigger 1--

A 

-r-8 1--LJ OR 
Data time pulse 

CC time .. 
(Not) CC register position 17 

A 

1---

A 

8-249 

8-218 

*Interface line page 8-205 

8-249 

8-221 

8-249 

8-243 

8-218 

8-218 

8-223 

8-225 

8-230 

Write data op 

Pre data time A 

Write ID op ~ OR 
~irst sector tag 
Index time 2 

A 8-230 Reset A --::JoFi~ 

Write gate 
reset 8-225 Bit ring 1 __r-i 

Index time 1 ....-- Ar--

OR -.ii 
...___. llL 

GD621 

~ 

'---i 
Counter decode 9 

A 
Bit ring 0 

...___. 

Reset A 

L__J 

1 Write gate reset 

Erase gate 

'----I Fl 

-
~OR 

GD621 

*(Not) write inhibit FCU (switch on CPU CE panel) 

8-249 Spin 0 select 

Write data 

Write gate 

Fl 
"" 

_. \ 
\ 

GD621 

Erase gate to driver 

Write data spin 0 
A 1----------~ 

----.I---~,---, 

8-249 Spin 1 select 

(Not) write ID op ----------------1 A Standard index 

8-231 Reset FCU status 

.____ Write data spin 1 
A i----------~ 

Write gate 
equipment check 

Fl 

GD621 

Equipment check write gate 
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DISK ATIACHMENT-Functional Units 

Card K2 (Part 1 of 4) 

A 

B 

CARD K2 

Card K2 is shown on two pages and contains the following logic: 

1. 
2. 

Cycle control ring, page 8-221 
Control counter, page 8-223 

Cycle Control Ring (CCR) 

The cycle control ring provides gating signals that correspond to the sector 
fields on disk. There are nine conditions or times in the cycle control ring 
cycle: 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 

Address mark (AM) 
Preidentifier-gap 2 (pre ID) 
Identifier (ID) 
Identifier cyclic code and bit count appendage characters (ID CC) 
Postidentifier-part of gap 3 (post ID) 
Predata-part of gap 3 

Data 
Data cyclic code and bit count appendage characters (data CC) 
Postdata-gap 4 

The cycle control ring starts in address mark time and will cycle through 
conditions 1 through 5 in the order listed above. The cycle control ring 
may continue with conditions 6 through 9 or return to address mark 
time after condition 5, depending on the file control unit operation. 

AM Time Pre ID ID 

8 FCU searches for zeros 2 Request a cycle steal 1 Continue to cycle steal 
0 detect and then two for the 'F' byte from C and S information out 
c: bytes of 'F2' with clock the disk control field of the disk control field 
cg 

bits missing (address (DCF). <DCF). Compare DCF ~ 
0 

marks). FCS with FCS read from 

'tl 
disk ID field. Regener-

cg ate CC and BCA 
Cl> 
a: characters. 

0. Same as read data 2 Same as read data 1 Same as read data 
0 
!'9 

operation. operation. operation. 

cg 
Q 

~ 

~ 

Write 13 bytes of ones, 3 Write sync byte 'OE' 3 Cycle steal C and S in-

0. 7 bytes of zeros and 2 cycle steal 'F' byte formation from disk 
0 bytes of 'F2' with miss- from DCF. control field and write 
Q ing clock bits (address the bytes on disk. Gen--
-~ 

marks). (gap 2) erate CC and BCA char· 

~ 
acters. 

l! 

3 

3 

3 

Each sector starts with an address mark. If the cycle control ring is started 
(synchronized) when an address mark is detected (or is to be written), 
and advanced at the end of each field, the cycle control ring can signal 
what field is presently in operation and determine what will be the next 
field. 

When searching for a specific address in a cylinder, the cycle control ring 
cycles address mark through post ID time. During this time the file control 
unit will compare the sector address on disk with the address in the disk 
control field (in core storage). If a correct compare was made (ID orienta
tion), the cycle control ring may end the operation or continue on with 
predata through postdata time. If a correct compare was not made, the cycle 
control ring returns to address mark time and compares the next sector 
address with the disk control field. The functional objective of the file 
control unit operation (op-code) determines how the cycle control ring 
cycles. The end of sector fields is indicated by: 

1. 'Address mark' or 'sync byte detect' ANDed with 'clock'. 
2. 'CCR advance gate' ANDed with 'clock'. 

'CCR advance gate' is set when' preadvance gate', 'bit ring 7 time', 'phase 
D', and 'count zero gate' are active. 'Preadvance gate' is set at the beginning 
of an operation when the control counter decode is 3 and at bit ring 1 
time. The 'preadvance' latch remains set until the end of an operation. 

IOCC Post ID Pre Data 

Compare regenerated 3 Activate ID orientation if 3 FCU sets up to read 256 
CC and BCA characters ID field and CC and BCA bytes of data. 
with those written on characters compare 
disk. correctly. Subtract 3 

from DFCR address. Set 
'N carry latch' if N field 
(in OCF) equal 'FF'. 

Same as read data 3 Same as read data 3 Write gate active. Write 
operation. operation. 4 bytes of ones, 4 bytes 

of zeros, and 1 sync byte 
OE. Cycle steal first data 
byte from data field. 

Write CC and BCA char- 3 Start writing 10 bytes of 3 Finish writing the 10 
acters on disk that were ones. bytes of ones. Write 4 
generated from I 0 data. bytes of zeros and one 

(gap 3) sync byte OE. Cycle 
steal first data byte 
from data field (gap 3). 

\ Note: The number in this column indicates the condition that advances 
.. 

: the CCR into the next time. These cond1t1or.s are 

1. 'Sync byte (OE) detect' ANDed with 'clock'. 
2. 'Address mark detect' ANDed with 'clock'. 
3. 'Counter advance gate' ANDed with 'clock'. 

1 

3 

3 

System/3 FETMM (12/70) 

Gate logic determines if the cycle control ring is to continue into predata 
time after post ID time or return to address mark time after postdata, 
and to set address mark time at the start of an operation. These gates are: 

1. 'Post ID time', '(not) write ID operation', '(not) IPL operation', 
and '(not) ID orientation' 

2. 'Post data time' and '(not) N carry gate' 
3. 'Condition first AM' 

The chart on this page shows the cycle control ring cycles and brief descrip
tions of the operations performed in each for read data or scan, write data, 
and write identifier instructions. 

The control counter is described briefly on page 8-222. 

Data Data CC Post Data 

Read 256 data bytes. 3 Compare regenerated 3 If multi-sector opera-
Cycle steal to transfer data, CC and BCA tion, prepare to return 
data bytes to CPU. Re- characters with those to AM time. If last sec-
generate CC and BCA recorded on disk. tor, end operation after 
characters. post data time. 

Write 256 data bytes. 3 Write data, CC, and 3 If multi-sector opera· 
Cycle steal each char- BCA characters on tion, prepare to go back 
acter from the data field. disk. into AM time. If last 
Generate CC and BCA sector of operation, end 
characters. cycle after post data. 

Write the same data 3 Write CC and BCA 3 Write 15 bytes of ones. 
character 256 times. characters on disk If last sector, write ones 
Generate CC and BCA generated from data until index (gap 4 and 
characters cycle steal bytes. gap 5 respectively). 
each data byte from the 
data field. 

BR0476A 

8-220 



8-249 

8-234 

(Not) write ID op 

(Not) ID orientation. 

Post ID time 

8-239 (Not) IPL 

A 

~ ~.,__ __ P_e_n_d_in_g_A_M_t_im_e 

1- C._. ~ 
~--+-------.0R1------------------4-_._ _________ .__ ________ __, 

8-223 Count zero gate 

Address mark 

A t------------------- FF 

2 
Post data time 

8-218 (Not) N carry gate 

GD122 -<b 
A 

Cycle control ring 
Cond first AM 

~AMtime-------• FL 
t-------t N ----~ 

FF 

8-230 Reset B 

FF 
GD122 

'---------- N 1--------irl Gate pre data on I A Lt--------------+---------------------. .___ __ LJ 
FF 

:I~ 

FF 

8-227 Adr mark or sync detect 

A Advance ID cycle control 

8-223 

8-247 Clock ~ r 
----•'[__ t--1 OR i-----"""-1_ 

--------------------------+--........ Advance data cycle control CCR adv gate Count zero gate 
GD121 

8-225 Bit ring 7 phase D A 
,-, A FL -----------A ~.----------t~ 

Bit ring 1 Pre adv gate 

Couifter decode 3 ] A -------~ FL 
B 

Reset B 

5 

6 

GD121 thru GD125 

DISK ATTACHMENT-Functional Units 

Card K2 (Part 2 of 4) 

GD122 

4 

2 

....-----< 8-230 

8-247 

Pre data ti me 

Data time 

Post data time 

Data CC time 

Reset B 

Phase C OR 

GD122 

FF --
6 

OR t-------1----------------~ 
Any data time 

GD122 

Any_ ID time 

Reset cycle control (reset B) FF ~ 
~~~~~~~--~--___.~ 

•Interface line page 8-205 
GD121 

,l\M time 

Pre ID time 

ID time 

ID CC time 

Post ID time 

Pre data time 

Data time 

Data CC time 

Post data time 
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DISK A TI ACHMENT - Functional Units 

Card K2 (Part 3 of 4) 

A 

Control Counter 

Individual field operations within the file control unit are definite in length. 
For example, the identifier area field is always six bytes in length. The control 
counter controls file control unit circuits within a field and signals the ends 
of fields. This counter can be set to predetermined values, then changed 
by one as each byte is processed. When the counter reaches zero an indica-
tion is given to the file control unit. 

The control counter is an eight-position binary counter which increases 
in value with each advance pulse. Its maximum value (all positions on) is 
255; 256 is considered zero (all positions off). A count of ten requires the 
counter to be preset to 246. 

Predetermined values are set into the counter with decode logic which 
considers op-code commands, the field within the sector format that is 
to be operated on (zone), index pulse, and counter set. Zone lines and/or 
op-code lines select the circuit block that corresponds to the desired counter 
value. The 'counter-set' line activates the gate logic and decodes the selected 
block to turn on the necessary counter positions to produce the desired 
count. Bit ring 0 is ANDed with the advance-counter gate to provide the 
counter advance. 

Resetting the bit ring leaves bit ring position 7 active. When 'bit ring 
inhibit' goes inactive, the next clock pulse steps the bit ring to 0. This action 
produces a redundant control-counter advance. The value preset into the 
counter is one more than the actual count needed to allow for this redun
dant advance. 

Counter position outputs are fed into a decode network which interprets 
the counter condition into decimal values. File control unit logic uses these 
indications to prepare for the next sequential operation or to signal the end 
of an operation. 

Control Counter 8 ... I •---Decrement Count---- 3 2 o .----- Set new\crmt --~ ?::J 0 -----------------------1----'---.... --..1-~---"L.--------"4\ r-
Bit Ring ~----------·~--------------B_R_1~1~~'B-R_7 _____ BR_1~'~~'-8-R7 ________ ~i-l---------B-R_1...._ __ f_BR_7~ 

B 
::::: 
•·•·· ::::: 
····· •·•·· 
~;~;; 
•·•·· 
~=~=~ 
·=·=· •···· :·:·: 
·=·=· ·•·•· ::::: 
::::: 

~~~~~ 
····· 

I 
~m 

Count Zero Gate 

Pre Adv. Gate I Active until end of operation 

Ctr Adv Gate Phase C 

Clock 

Advance CCR 

CCR Condition (CCR Reset). Address Mark Time 

Condition 1st AM Inactive until next operation 

BR0478 
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:::::~:::=~=~::::::;:;:::::::::::;:;:;:;:;:;:::::~::::::~::::::::::::::::::::::::::::::::::::::::::::::::: 1 
~=~ :-:.•. 
~·=· 
~~=~ 8-218 
·:·:· 

8-221 

8-221 

8-221 

8-249 

I ::::. 
8-249 

A 8-239 

8-249 
8-230 

8-249 

8-234 

8-249 

8-221 

·•·•· 
i~l 8-249 

.. 8-218 

B 

8-249 

8-221 

8-249 

8-218 

Standard index 

Pre ID time 

ID time 

Data time 

Write ID op 

Write data op 

ID CC time 

(Not) read data diag op 
(Not) IPL 
(Not) write ID op 

Start op 

Write data op 

(Not) ID orientation 

Post ID time 

ID CC time 

Data CC time 

Index time gate 

(Not) write ID op 

Post data time 

Write ID op 

Index time gate 

Bit ring 4 

Bit ring 7 phase D 

Sync detect latch 

ru GD125 

DISK ATTACHMENT-Functional Units 

Card K2 (Part 4 of 4) 

Set to 2 

~ A 
.- Set to 3 

OR 1------1 OR 

.__ ...__ A 
,.----, 

OR __. .. 5et to 5 ...__ A ,__ 

t---

Set to 8 
A --G M 

N -t--- c ,.----, ~ CJ 

A Set to 10 Q) 

A "8 
CJ 

~ 
Q) 

'O ... 
t--- Q) ... 
~ c 

Set to 11 :s 
N 0 A CJ ... 

Q) 
(/) 

t---
~ Set to 15 

A 

t---
~ Set to 16 

A 

...__, 
A 

'II Set to 22 
r--
~ 

OR 

? A 
~ rB ~ Set to 25 

A ~ 

....____. 

.... 

• Counter set 
8-221 Pre data time 

C¥iA 

8-230 Reset B 

~ OR t---' 

A 

GD125 

Set counter positions 1 through 128 

8-230 Reset B 

8-225 Bit ring zero Advance 
Control counter GD124 

counter 2 4 8 16 32 64 128 A 

fa 
Adv counter gate 

N FL Counter decode GD125 

8-230 Reset B ,..,__ 
8-225 Bit ring 1 ~ jOA 

~ ~ 
A GD122 .....___, 
~ 

Counter Decode to: 

advance gate I I I I I I I I 
0 2 3 4 6 8 9 22 

~ 

8-219 (Not) write gate ~ 

A IL 8-221 Address mark time A N 

Cnt zero gate 

FL .._ 
~ 

8-230 Reset B. 

OR 

GD122 
8-247 (Not) phase D r--

A 

L--

Count zero reset 
8-225 Bit ring 7 phase D 

FL 

8-221 ID 8-230 Reset B ,---.., time 

8-247 Phase C OR 8-223 Co unter decode 0 

8-225 Bi 
GD122 

8-227 Co 

t ring 0 
A 

Set head 1 ID latch 
mpare read data 

8-247 p hase D 

GD121 

256 latch r--0 First AM gate 

J A FL 1 FL~ i__ 

~ 
8-230 Reset B .---

.--{OR 8-221 Addr mark time jOR 

GD123 GD123 

4 
•interface line page 8-205 

System/3 FETMM (12/70) 8-223 



DISK ATTACHMENT-Functional Units 

Card L2 (Part 1 of 4) 
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~:~~~.:~~:~~.:·;: ~1 .~:~~~ shown on two pages and contains the following logic: 

Address mark detect 

I.!.!;!. :dre:~::~:~:::.::::'and com~re read data tri~rs 
·:·:· The address mark detect logic (page 8-225) processes the address mark 
~:;:~ bits from the data separator and checks for the following conditions: 

A 

II, 

Ii 
i 

1. 

2. 

3. 

4. 

That there was compare data during bit ring 0, 1, and 6 time. If not, 
there may have been missing bits in the address mark. 
That address mark indicate was not active during bit ring 0, 1, 4, 
5, 6, or 7 time. If address mark indicate is detected during this time, 
a false address mark detect or an address mark was detected at the in
correct ti me. 
That compare read was not up at bit ring 2, 3, 4, 5, or 7 time. This 
indicates that bits were read when they should not have been. 
That address mark indicate was active at bit ring 2 and 3 time. 

All operations, except read data diagnostic, check for all four of the 
above requirements for address mark detection. Read data diagnostic 
reduces the requirements by eliminating check conditions 1, 2, and 3. 
If any of the check conditions are detected during an operation (check 4 
for read data diagnostic). start address mark search FL is reset to prevent 
generation of the address mark detect signal. The address mark detect 
signal advances the cycle control ring from address mark time into pre ID 
time. 

Bit Ring 

The bit ring (page 8-225) provides the file control unit with timing for the 
sub byte level. Each of its eight outputs is active for the length of time of 
one bit cell and is named for the bits within a byte, zero through seven. 
The bit ring is advanced with clock pulses which are gated with the 'bit ring 
inhibit' line. 'Bit ring inhibit' is active when the bit ring must be held from 
stepping to synchronize with a data bvte or at the start of an operation. 
Bit ring outputs are used throughout the file control unit to gate logic at 
the sub byte level; for example, to locate the flag bits 6 and 7 within the 
F byte. When reset, the 'bit ring 7' output is active and remains in this 
state until the 'bit ring inhibit' line is inactive. 

Ill 
Signals 1 through 15 i----------AM Byte 1 ---------........ --------- AM Byte 2 ---------""' 
are shown on page 8-225 

1. Raw Data 

2. Separated Clock 

3. Separated Data 

4. AM Bits (from Data Separator) 

5. Compare Trigger 

6. Bit Ring 

7. Start AM Search FL 

8. Zeros Detect 

9. Address Mark Indicate FL 

10. Address Mark 1 
B 

11. Address Mark 2 

12. Bit Ring Inhibit 

13. Address Mark Detect 1 

14. Address Mark Detect 2 

15. Address Mark Detect 

16. Cycle Control Ring 
page 8-221 

3 

7 0 

Phase a 

4 Phase b 4 

6 

6 

. I 
AM: At the beginning of an operation, the cycle control ring is set to AM time. 

Phase b 

I 
Bit Ring 7 Phase d 

Phase b 12 

Phase C Phase d 

Pre ID 

BR0469A 
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~1 
-225 Bit ring 1 0 or 6 

::::: 8 

~=~=~ 
-247 

·:·:· 8 -227 
·•··· ····· ::::: 8 -249 
:·:·: 

~~~~~ 
=~=~= :·:·: 8 ·:·:· 

I 8 

-230 

-227 

A 8-247 

8-237 

8-230 

8-230 

····· ::::: 
····· :·:·: 

I 
I 

8-221 

8-217 

(Not) phase B 

(Not) compare read data 

(Not) read data diag op 

Phase A 

Compare read data 

Phase B 

AM indicate FCU 

Reset B 

Phase B joR 

Address mark time 

Read gate 

I Count zero gate and post ID 

::::: 

B 

8-230 Reset B 

8-221 Pending AM time 

8-219 (Not) write gate 

8-218 Standard index 

8-223 Set counter to 8 

8-227 Reset bit ring inhibit 2 

2 
Reset bit ring inhibit 

DISK ATIACHMENT-Functional Units 

Card L2 (Part 2 of 4) 

A 8-227 

8-237 

r---1 

A 

4 
r---1 OR 1-----1 

A 

5 
I--.______ 

3 
A 

~ GD113 

AM indicate 

FL 1---

GD113 

~ 

A 
A 

~ 

1---

1 

~ 
A OR 1----1 

t----1 

A 

.-

,.....--
OR 

A 

r---

OR 

~ 

2 ~ ~ 

Zeros detect 8-247 Phase C 
,-----, Start AM srch Adr mark 

Separated data FCU Adr mark 1 Adr mark detect 2 
A FL Adr mark 2 detect 1 =:J A A FF FL 1 

....___ A FF 1----i FL ---i -4J 
...___, 

,.--, Lf} A r---1 GD113 .__ - OR A ,....---! 

GD113 OR GD113 
~ GD113 GD113 

..----! 

--
8-230 Reset B 

OR 

....--L-

8-225 Bit ring 0 
----r-

7 A 8-227 Comp read data 
8·247 Clock r--- -
8-225 Bit ring 7 Address mark detect 8-225 Bit ring 7 phase D .---A 

r---L.......... OR 

8-230 Reset B r--
L.r---

8-247 Clock 
OR 

....___ 

~ Search address mark Bit ring reset (resets bit ring with position 7 active) 

Decode to: 

_[ 
8-218 Standard index r--- (Not) bit ring 0 1 2 3 4 5 6 

OR Bit ring GD111 
,____.. Bit ring 2 or 3 

0 I 1 2 l 3 4 l 5 l 6 l 7 3 

'o 
Bit ring 0 1 or 6 

J I -~ 

Bit ring 2 3 4 5 or 7 
Bit ring Q) 5 
inhibit "8 

Eh~ 
~ 

FL 
Bit ring 0 7 0 

Bit ring 6 or 7 
advance Bit ring output 0 through 7 

~ 
Bit ring 0 1 4 5 6 or 7 

4 

8-247 Phase C 
GD112 I 

Bit ring 7 and phase C 

8-247 Bit ring 7 and phase D Phase D I 8-247 Clock 6 

GD112 
*Interface line page 8-205 
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DISK ATTACHMENT-Functional Units 

Card L2 (Part 3 of 4) 

:::::~~:::~:::*~=:~::::~::::::::::::::::::::::~::::::::::::::::::::::::::~~==~==~:::::::::~:::::~ 1 
::::: 
::::: 
·•··· •···· 

~=== 
~~~~~ 
A 

B 

Cyclic Code Register (CC Register) 

The cyclic code register shown on page 8-227: 

1. 
2. 

3. 

4. 

Generates the cyclic code characters 
Deserializes the cyclic code character and the bit count appendage 
byte to be written on disk 
Detects the sync byte OE recorded in the field gaps ('sync byte' 
detect, used for controlling the cycle control ring) 
Detects zeros recorded in the sector field gaps ('zeros detect', used 
in address mark detection) 

Signals from the op-code register and cycle control ring determine which 
function the cyclic code register will perform. Input to the cyclic code 
register can be from: 

1. 
2. 
3. 

Position 128 of the read buffer on a write operation 
The 'standard read' trigger on a read operation 
The bit count appendage register. The eight bits of the bit count 
appendage register transfer in parallel into positions 9 through 16 
of the cyclic code re~ister 

Cyclic code characters are generated from data bits during read data, 
write data, write identifier area, or verify commands. Data bits enter po
sition one of the cyclic code register and are shifted toward position sixteen 
at the rise of phase A time. The first two data bytes enter the cyclic code 
register unchanged. The first bit of the third byte and each successive bit 
is exclusive ORed (OE) with the output from position sixteen before en
tering position one. Position one will assume the result of the OE. Cyclic 
code generation ends with the last data bit for the data field processed. 

At cyclic check time, the contents of the cyclic code register are shifted 
out bit by bit into position seventeen. The output of position seventeen 
is combined with clock pulses, gated to the selected drive, arid recorded 
on the disk. Active output ot position seventeen is the (not) condition 
(a one bit is written on disk as a zero). 

After writing the cyclic code characters, positions 9 through 16 of the 
cyclic code register are reset and the contents of the bit count appendage 
register are transferred into these positions. The cyclic code register then 
continues its shift operation to write the bit count appendage charac-
ter in the same manner as the cyclic code characters are written. 

Cyclic Code Register Check 

The parity of the generated check character in the cyclic code register is 
checked against two other flip-flops which indicate the parity of the byte 
transferred into the read buffer. The following table shows the correct 
(no error) conditions of the three flip-flops. If other than these conditions 
occur, a cyclic code check is indicated. 

'FF' Name 

CC Odd-Even E 

Odd Count P Xfer E 

Odd Byte Xfer E 

0 =Odd 
E =Even 

E 0 

0 E 

0 0 

0 

0 

E 

BR0481 

Standard Read Data Trigger and Compare Read Data Trigger 

Separated data pulses are processed by the file control unit standard read 
and compare read triggers (page 8-227). As a result, the compare read data 
signal is one bit cell in length and one bit cell later in relation to when the 
data bit was read. 

Bit Value 8 4 

Clock 

Separated Data 

Standard Read Data 

Compare Read Data 

Phase "A" 

2 8 4 

Example shown is separated data of 
byte F2 

2 

System/3 FETMM (12/70) 8-226 
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I :~r~-: __ :_:_:_:_in_~_t_:_M_t-im_e ________ A---t~----S-e_t_C_C_re_g_p_o_s_1_o_n ____________________________________________________ ~ 
····· 

I :·::: 
••••• 8-251 
A 

II 

!!! ...... 

B 

8-217 

8-225 

8-221 

8-221 

8-247 

8-219 

8-230 

8-225 

8-237 

8-230 

Bit ring inhibit 

Search address mark 

Write ID or data ti me 

Read buffer 128 

Read gate 

Count zero gate and post ID 

Bit ring 7 phase C 

P:" ID time 

Pre data ti me 

Phase D 

Write gate 

Reset B 

Adr mark detect 

CC time 

Counter decode 1 

Bit ring 7 phase C 

Separated data FCU 

Phase A (delayed) 

Reset A 

GD111 thru GD117 

DISK ATTACHMENT-Functional Units 

Card L2 (Part 4 of 4) 

8-247 

A 1------

A 

A 

Standard 
read data 

FF 

GD117 

Clock 

A 

A 
OR 1------" 

Comp read data 

A FF 

Reset pos 1-16 

Reset pos 9-1 6 

8-247 Phase A (CC reg shift) 

Standard read data 

Compare read data 

8-217 Read gate 

8-247 Phase B 

8-221 Pre ID time 

8-221 Pre data time 

8-225 Bit ring 0 

8-247 Phase D 

8-230 Reset B 

Decode for 
sync detect 

GD116 

OR 

A 

TNL SN34-0059 to SY34-0021-l 

Set cyclic check register 
position 9 through 16 
(from 8-237) 

I 
CC register GDl 13 and GD114 

Decode for 
zeros detect 

8 9 

GD116 

X or CC reg pos 1 and 9 
OE1----------

Zeros detect 

Sync detect 

FL 

8-225 Adr mark detect 

GD116 

*Interface line page 8-205 

CC register 

Pos 17 

FF 

GD116 

Reset bit ring inhibit 2 

OR1-------A_d_d_r_e_s_s_m_a_r_k_o_r_s_v_n_c_d_e_te_c_t 
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DISK ATTACHMENT-Functional Units 

Card M2 (Part 1 of 4) 

~~;~~:::::::::::::::~::::~::::::::::::::::::::::::::~::::::::::::::::::::::::::::::::::::::::::::::::::::::: 

::::: 

~~~~~ 

A 

B 

CARD M2 

Card M2 is shown on pages 8-230 and 8-231 and contains the following 
logic: 

1. 
2. 
3. 

Resets 
Error conditions 
Signals for status information 

Resets 

The reset logic is shown on page 8-230. 
Resets are performed to set the file control unit into the condition 

needed to start an operation or to stop an operation in progress. In the case 
of some error conditions, a reset is performed to halt the operation_ 

'Reset A', 'reset B', and 'pure initial reset' are active at the beginning of 
an operation at clock 0 time. The drive selected by the logic on page 8-249 
is also enabled at this time. The 'start op' pulse at clock 4 time starts the 
operation set up in the operation resister. 

The other inputs into the large OR circuit are the normal ending signals 
for an operation and the error reset conditions. 

Error Conditions 

The simplified reset logic figure, page 8-229, shows the error inputs into 
the reset logic. The conditions that cause the error signals are described 
below. 

Seek Check 

Seek checks indicate an abnormal condition during a seek operation. 
Conditions that set seek check are: 

1. 
2. 

3. 

4. 
5. 

No seek ends 1 to 2 seconds after 'go' is active. 
'Go Forward' is active and access overrun is indicated. 'Access over
run' occurs when the access mechanism is at its inner stop. 
'Go Reverse' is active, 'cylinder zero' is indicated, and file control 
unit is not in a recalibrate operation. 
A track crossing pulse is sensed after head settling time. 
'Go' is active and drive becomes (not) ready during a seek operation. 

Virgin Track 

This error indicates that an 'index' pulse passed twice while looking for 
an address mark and none was found. 

First Record Not Found 

This error indicates that 'ID orientation' was not established after an 
address mark was located. 'Index' passed twice after locating the address 
mark. 

Set End of Cylinder 

Indicates one of two conditions: 

1. That 'index' was sensed while reading from head 1 
2. That 'index' was sensed while reading an alternate track from head 

0 which was originally located on the lower surface of the disk 
(head 1) 

Overrun 

Indicates that a data cycle steal request from the file control unit was 
not honored by the CPU before the next file control unit 'set write buffer' 
time or 'gate data to DBI' time. 

No Record Found 

Indicates a 'first record not found' or virgin track error, or that a successive 
identifier area field did not compare successfully after 'ID orientation' 
was established. 

Equipment Check Write Gate 

Indicates that 'write gate' was active at 'standard index' time and that the 
file control unit was not in a 'write ID' operation. 

Check Counter Error 

Indicates that 'check counter' register positions 8 through 128 were not 
reset at 'index 2' time, or that the check counter register did not advance 
to a count of 192 from index 4 time until the control counter decoded 
to 1. Both of these conditions are checked only during a write operation. 

Cyclic Check Register Check 

Indicates that a cyclic code check character was not generated with parity 
as predicted by the 'odd count parity transferred' and 'odd byte trans
ferrecr latches. 

Parallel Parity Check 

Indicates that the parity of the byte entering the read buffer was not the 
same as when that byte entered the write buffer from the bus-out latches. 

Sercles Check 

Indicates that the parity of the serialized byte shifted out of the read 
buffer was not the same as that byte entering the read buffer. 

System/3 FETMM (12/70) 

Missing Address Mark 

Indicates that a virgin track error was found, or that the units position of 
the sector count was not odd-or-even different from the last sector read 
in a multisector read or write operation. This condition can also mean 
that the units position of the sector address was not even after a head switch 
during index time. 

Track Condition Check 

This error indicates that bits 6 and 7 of the flag byte in the disk control 
field were not the same as bits 6 and 7 of the flag byte read from disk. 

Data Check 

This error indicates that the cyclic code or bit count appendage check 
characters read from disk during an identifier area compare or read data 
operation were not the same as the cyclic check and bit count appendage 
regenerated during the read operation. 

Equipment Check 

This error indicates any of the file control unit error 2 conditions plus 
spindle unsafe conditions. 

Status Signals 

The signals, 'diagnostic head settling', 'selected cylinder zero', 'intervention 
required', and 'sense seek busy', are input signals for file control unit 
sense information. 

8-228 



A 

B 

DISK A TT AC HM ENT - Functional Units 

Card M2 (Part 2 of 4) 

Normal ending conditions 
for operations 

Seek check 

r-8-i 
Execute 

Selected spindle lnotl ready 

Equipment check 

Set end of cylinder 

Overrun 

No record found ~ 

OR 
End of cylinder 

8-231 

Equipment check write gate ,---

Check counter error 

CC ~ster check 
OR 

Parallel parity check, 

Ser des check .___ 
8-233 

Missing address mark 

Track condition check 
OR 

Data check -8-235 

Simplified Reset Logic 

.---

Seek check r--

Virgin track 1100 ±JOO ns 
,---

......---
First record not found Pure end op reset 

OR SS 
A Set end of cylinder .___ 

I-- 8-230 .....----.___ 
A 8-230 

~ 

A 

.___ 

Bit ring 7 r-

Post data time 

Counter decode 1 
A 1---

INot) read data diag op 

OR 
FCU error 

....___ 

FCU error 1 

FCU error2 

FCU error 3 

L--

8-235 
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DISK A TI ACHMENT - Functional Units 

Card M2 (Part 3 of 4) 

Set seek check 0 

Execute 

8-253 No op status 

A 

t-- OR t---

A 

A I B-218 
::::: -------------+---+---------------~~--__,,Ni---~-

I 
A 

8-207 (Not) spin 0 ready A 

~OR t---

8-207 (Not) spin 1 ready A 

8-249 FCU busy 

8-231 Set end of cylinder 

8-211 Equipment check 
8-249 (Not) read data diag op ....---

A 

I B-223 
::::: 

I 
8-221 

r--1 8-235 FCU error 
....__ 

8-249 Read ID op 

r----i 

A 8-249 Write data op 
.._____. 8-234 ID orientation 

8-235 Virgin track 

8-218 End write ID op 

8-231 First record not found 

Counter set 

Post ID time 

B 
Bit ring 7 ,...--- 8-234 Scan found 

Counter decode 1 
A ..... 

8-221 Post data time 

......._.. 
8-249 (Not) write ID op 

8-218 N carry gate 

8-239 IPL 

GD711 thru GD713 

A 

.--
A 

.._ 

r---1 

A 

~ 

A 
_.&. 

Lg 
('.;-

r--

A 

t--.._ 

"'""'" A 

'---

A 

L~ 
A 

.-.__A----

OR 

8-249 

8-249 

8-249 

8-249 

8-249 

*CPU clock 0 

(Not) FCU busy 

1100 ns 

SS 

L---f Pure end op reset 

*CPU clock O 

*CPU clock 4 

(Not) seek spindle 1 

Spin 1 select 

(Not) seek spindle 0 

Spin 0 select 

IPL set 1/0 cond B 
8-249 FCU busy 

*Interface I ine page 8·205 

.----

A 
~ ......__ 

.....--

A 
~ 
~ 

.....--

.__ A 

....__ 

A 

i---

A 

r:i r 
LJ 

Seek check reset FCU busy 

8-253 General reset 

Set no op 

*CPU clock 2 

J Cond AST 2 

1----==-=r----.i A FL ~ 
L_ 

Cond AST 1 

FL 

GD711 GD711 

System/3 FETMM (12/70) 8-230 

r-

OR 
Reset FCU busy 

~ 

'---

Select file 

GD711 

End op reset 
ORi------------

OR 

Reset A 

..._ __ -1 OR 1-----------------..-i--~ Reset 8 
OR1--------8-218 Index reset 

--- _J -d? 1 Pure initial reset 

*CPU clock 4 
Start op 

"CPU early phase C 

r---. lnh start 
~ 

Bi .....--
A FL 

A --4111 

~ 

,..----.___. r--

GD711 

N 



:::::::::::::::::::~:::::::::::::::~::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 1 
::::: 

~~~~~ 8-249 

8-213 

8-249 

(8-213) 

:·:·: 

~~~~~ 8-223 
•·•·· ::::: 
A 

B 

8-221 

8-215 

8-253 

(8-215) 

8-213 

(8-213) 

8-207 

8-254 

8-207 

8-249 

8-249 

8-241 

8-241 

8-230 

Spindle 0 select 

Spin 0 hd 1 

Spindle 1 select 

Spin 1 hd 1 

Set hd 1 ID latch 

Pre ID time 

Hd settling time spin 0 

Sense spin 1 

Hd settling time spin 1 

Home spin 0 

Home spin 1 

(Not) spin 0 ready 

Mod 3 intervention req 

(Not) spin 1 ready 

Seek spindle 0 

Seek spindle 1 

Condition priority request 

Reset cond overrun 

Reset A 

GD711 thru GD713 

DISK A TT AC HM ENT - Functional Units 

Card M2 (Part 4 of 4) 

~ ---

OR 

-ill 

A 

r-- OR 
Selected spindle head 1 

A 

Head 1 ID 

FL 

8-218 Standard index 

8-234 ID orientation 

GD713 

A 
Diag head settling 

~ OR 

A 

A 

1-----i OR 
Selected cylinder zero ._ 

A 

A 
Intervention required 

ORr-----------------

A 

A 

OR 

A 

Cond overrun 

FL 

OR 

GD713 

8-225 

8-247 

Sense seek busy 

Bit ring 6 

Phase D 
A 

. • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . - ·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.· ... ·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.· ... ·.·.·.·.·.· 3 .:·.:.· .. =.·.=· •• =.·.=· .• =:= •• ·.=.·.=.·.=.··.·.·.=.·.=.·.=:.=:·.·:.:::.:·.·:.=:.=:·.·:=.:.=:.::.=:.=:·.·:.::.:::.::.::.::.:.=:.=:.=:.=:=.:.=:.::.=:.=:.=:.=:.::.=:=.:=.:.=:.=:.=:.=:.=:=.:.:: ::::;:::::;:;:;:;:;:::::::;:::::::;:::::::::::::;:;:;:;:;:;:::;:;:::::;:::::::::::::;:::::::::::::::::::: .... :·:·:·:·:·:·:·:·:·:·:-:-:·:·:·:·:·:·:·:·:·:·:·:·:·:·:·:·:·:·:·:·:·:·:·:·:·:·:·:·:·:-:-:·:-:-:·:·:·:·:·: 

'----1 End of cylinder OR 
Set end of cylinder FL -t '---1 A 

~ 

1 
L--

GD713 

r--.___ 
OR -> 

l FCU error 1 
r--

No record .__ 

8-234 Set no record found r-- found 

8-235 Virgin track 
OR FL _. 

_) 
t No record found 

r--..__ 
~ 

GD713 

8-249 (Not) write ID op r--

8-218 Standard index 
A 

._ 
_) 

8-218 Index passed t First record not found 

..._ 

8-249 Read ID op 

A 
8-221 Pre ID time 

OR Special reset status 

8-249 Read data diag op A 

8-253 General reset 

8-253 SIO IR cycle sample 0 R 1------<--------4 Reset FCU status 

8-234 Start orientation reset 

Overrun 

FL Overrun 

GD713 

*Interface line page 8-205 
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DISK ATTACHMENT -Functional Units 

Card N2 (Part l of 4) 

A 

II 
::::: 
··•·· 

1111 
·•··· ·.•.· ·.·.· ::::: 

B 

•·•·· 

I 

CARD N2 

Card N2 is shown on three pages and contains the following logic: 

1. Error conditions 

2. 

a. Cyclic code register check 
b. Parallel parity check 
c. Serdes check 
d. Missing address mark 
e. Track condition check 
f. Virgin track 
g. Data check 
h. ID CC error 
Compare 

The error condition objectives are described on page 8-228. 
The compare logic receives its input from two sources, the standard 

write trigger and the compare read data trigger. The compare logic can 
indicate 'hi' if the compare read data trigger source is greater than the 
standard write trigger, 'lo' if the standard write trigger source is greater than 
the compare read data trigger source, or 'equal' if the two sources match 
correctly. 

The hi, lo, or equal conditions are gated by the operation being performed 
by the file control unit to indicate 'ID orientation', 'scan found', or 'data 
check'. 

TNL SN34-0059 to SY34-0021-l System/3 FETMM (8/71) 8-232 
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I ::::: :-D-:~-::-d-~~-a:-:-:-;:-e-----------1~ OR ~---• 
CC odd even CC register check 

A 

X or CC reg Pos 1 and 9 
A 

FF 

L 
..__ y GD702 

,..----., 

Odd cnt P xfer 
A 

L c-~ 
FF f-----' 

.---

8-227 

8-247 

Decode 
r--- FL 

x x 0 0 

8-231 Reset FCU status 
x 0 x 0 

x 0 0 x GD702 

.-----

8-225 Bit ring 7 phase C 
A I----' 

m~ 8-221 D_a_t_a_t_im_e __________ __ 

•···· 

I 
2 

Phase B 

A 
8-249 Write ID op ..---.___ 

illi 

,...-----., GD702 

A 
Odd byte xfer 

.._ 
FF 

8-225 8-221 ID or data time A 

8-249 Write data op 
r-- OR 

8-221 Data time 
A 

Bit ring 7 

Write ID or data time 

8-219 Equipment check write gate 

8-237 C_h_e_c_k_c_o_u_n_te_r_e_r_ror __________________________ _, 0 Ri---..---F_C_U_e_r_ro_r~2 

-----'-----''------------------------------119----------------------------------------l..---, 

8-225 Bit ring 7 phase D (delayed) 

A 
8-243 Input data time 

8-230 Reset B 

B 
8-251 Standard write trigger 

8-247 Phase B 

8-249 Write data op 
.. 

::::: 

I :·:·: 

~m 
8-249 Write ID op 

--------------iOR 

·:·:· 
::::: 
·•··· 

I ····· •···· :·:·: ·:·:· ··•·· ::::: ·.·.· 

8-249 

8-249 

8-221 

8-249 

Scan op 

Read data op 

ID time 

Read data diag 

DISK ATTACHMENT-Functional Units 

Card N2 (Part 2 of 4) 

1-- A 

OR 

8-251 Read buffer parity OE 1-------. 

Parity generate 

l A FF 2 

3 

3 
A 

4 N 

OR --------. 
8-231 (Not) overrun 

Ser odd even 

A 

L 
'-----4~ Sample scan mask 

GD701 

Bit ring 7 phase C 8-225 
A t--------------------+---• 

OR !-----.---------------------------~~-------------------~.___ 8-231 Reset FCU status 

•interface line page 8-205 

GD701 thru GD706 

Par par 
check 

GD701 

Ser des 
check 

FL 

GD701 

4 

System/3 FETMM (l 2/70) 8-233 



DISK ATTACHMENT - Functional Units 

Card N2 (Part 3 of 4) 

-
___________ ......,.r:l Ser-thi 

Set lo 

Set hi 
Standard write trigger ~ 1 ..- A t-----+----e----1----~ 

A 

Set lo 
..--

Compare read data &..___ A.h 
~-------4~~---.... +-

L--

8-247 Phase B 

Hi comp 

-FL IG .---

A i------------

GD703 .--

OR ....,__ 4 

.___ 

Lo comp rB FL --

System/3 FETMM (12/70) 8-234 

8-249 Scan hi or eq op 
A 

.---
8-221 Data CC time .--

.___ Hi or lo 

OR 
N A ~ 

FL I---

J~'--- ...__.--- ....--

8-249 Scan lo or eq op A GD704 .----....___ 
OR '----....1~ Scan found 

.---
L--

3 ----~ Equal compare 

B 

8-230 Reset B 

8-221 CC time 

8-225 Bit ring 7 phase D 

8-221 Count zero gate 2 

.____.---

----------------1.--- GD703 

~---------~r-- ORl----

A ~ L-- End of CC t;me ,..., 

8-249 Scan op 
.____ 

8-231 Reset FCU status 

Equal 

FL ~ Equal hit A t----------+--m 

.___ 
GD704 

A~----. 
Data 
,---

.------------------------------------------~ 

A 

ID 
OR1--

8-249 Scan op ,...._ 

~A 
Scan mask -- 8-221 Data time 

8-251 Scan mask char A 

...__ 
FF 

1--
8-217 Read gate 

8-233 Sample scan mask 
L_ 

5 

L----------1..r--
] o R 8-230 Reset B 

GD705 

,__.---
1 A 8-221 ID time L__ OR 8-230 Reset B 

GD703 8-239 (Not) IPL 
'---

ID compare gate time 
A i----------------~ 

Set no 
record 
found 8-249 (Not) read ID op 

8-249 (Not) write ID op ~ Count zero gate and bit ring 7 phase C 

3 

8-227 CC pos 17 A 8-221 Data CC time 
Data check 

..-- Compare data for CC time 
1--- OR1--------------------e~ 

41 
...___ 

N ...._____..___~ 

LJ;l_r-.____.____. ... LJ GD703 

8-231 Reset FCU status 
A 

A 
OR----------

J 

FL n 
GD704 

ID CC error 

8-217 Read gate r------------4 
8-221 CC time 

G0701 thru GD706 

A t----

8-247 Phase B -
8-221 ID CC time 

8-230 Reset A ..--
8-221 Pre ID time 

OR 1 8-221 Pre data time ...__ 

A 1------------- FL 1---

~----... Pre ID data reset 

*Interface line page 8-205 
GD704 

A 

Start 
..--------.i-~ orientation 

reset ~ [~ 
~1------------__.Ai---. n.:J 8-221 ID CC time ID orientation 

QRt------------ FL 

8-218 

8-249 

Data check in ID or data 

ID CC error 

Index time 4 

Read data diag op A 

.-._____ 

8-230 Reset A 

A 1---------.i~ Set data check ID 

8-221 ID CC time 

Count zero gate and bit ring 7 · phase C 

GD705 

r-

Set data check ID 
A 1----------



A 

8-218 Index time 4 

8-223 Count zero gate 

8-221 ID time 

8-217 Read gate 
8-225 Bit ring 5 

8-247 Phase D 

1· 
Reset A 

,..-

A .... 
"'I 

.___ .--...____ 
A 

.__ 

8-230 
8-221 

,..---

OR 
r--

.___ 

__. 

8-230 

B 8-234 Se ;;;._t_d;_a_ta_c_he_c_k__;ID _________________ ---1 OR I--

8-223 Count zero gate 

8-225 Bit ring 7 phase C 

8-221 ID CC time 

8-234 (Not) ID CC error 

G0701 th ru GD706 

DISK A TI AC HM ENT - Functional Units 

Card N2 (Part 4 of 4) 

8-247 

A r--. 

8-227 

At--

Phase B 

Compare read data __. 

3 

No AM found 8-247 Phase C r---i 

8-225 Bit ring 6 or 7 Track 1 
8-223 condition ~ J Counter decode 2 

FL Virgin track 
A 

8-221 ID time check 

8-217 Read gate A FL r----i 

GD706 

8-234 Set hi r---i 

OR 
.---

8-234 Set lo 

GD704 

8-230 Reset FCU status 
-...-

8-218 Index reset r--"" ..-- _f 

Cond bit 5 set Missing AM J 

FL A OR FL ~ 

r---G 
,....---

GD706 

8-227 Compare read data 
~ Bit 5 trigger 

A FF -.,.--
8-247 Phase C Note Bit 5 trigger 

J 
.____... 

set = a 1 bit, ..--
reset= a 0 bit 

GD706 

,----..., 

8-218 Index time4 OR 

'----l 

..- A 
I CondMAM N-----LJ-- OR 1---------------------- Fl t---

8-230 

8-234 

*Interface line page 8-205 

_R_es_e_t_B ________ -4..r---
End of CC time reset ]OR ------------------4 

GD706 

.....___... 
....____. 

.___ 

...--' GD706 

e-, 
FCU error 3 

8-234 Data check OR 

'---

8-231 Overrun 

8-231 FCU error 1 
OR 1-----F_c_u_e_rr_o_r 

8-233 FCU error 2 

System/3 FETMM (12/70) 8-235 



DISK ATTACHMENT-Functional Units 

Card P2 (Part l of 3) 
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::.:.t:.·.:;i. ::~;:shown on two pages and contains the following logic: 

1. CE controls .·.· .. 
=~=~ 2. Check counter (bit count appendage) 

~m 3. Local storage register selection 
Initial program load latches •.• .. • 

II 
A 

I 
I ····· 

I 
B 

4. 

CE Controls 

This logic is active for a load 1/0 instruction diagnostic operation. 
Normal in.put to index, oscillator, separated clock, separated data, and 

address mark indicator lines is blocked and controlled instead by bits 
present in the load 1/0 instruction diagnostic byte. (See the description 
of the load 1/0 instruction diagnostic byte, load 1/0 instruction in chapter 
1.) The file control unit cycle steal requests may also be blocked in addi-
tion to the other input mentioned. 

Check Counter (BCA) 

The bit count appendage check character is generated in the check counter. 
The counter will accumulate 255 data bits, reset to zero by overflowing, 
and continue to count toward 255 bits again. When data input stops, the 
result is left in the check counter to be written after the cyclic code charac
ters on disk. The manner in which the bit count appendage bits are written 
is explained under "Cyclic Code Register." 

A test is made on the check counter before it is used in a start 1/0 in
struction write operation by allowing the counter to step at each phase 
B time, in the area following index. The output is compared to a predicted 
value at the proper time and a check counter error is indicated if the 
results do not compare. Two checks are made on the check counter: ( 1) 
that positions 8 through 128 are reset off at index 2 time, and (2) that the 
counter stepped to a value of at least 192 from index 4 time until the con
trol counter is decremented to 1 (the control counter was set to 25 at 
index 4 time). There are 8 inputs per byte (phase B), for 24 bytes of the 
25 byte countdown for a total of 192 advance pulses. 

Local Storage Register Selection 

The file control unit addresses the local storage registers during load 
1/0 instructions, sense 1/0 instructions, and during cycle steal cycles 
(1/0 cycle). Local storage registers are addressed at CPU clock 8 and clock 
4 times. 

Status byte latches 0-1, 2-3, disk file control register and disk file data 
register, are set during the 1-0 cycle of an instruction with the N-field bits. 
These latches gate the file control unit logic to select the desired sense 
byte or local storage register. 

Initial Program Load Latches 

The initial program load latches are set at the start of an initial program 
load command. The output of the latch controls the file control unit logic 
which performs the initial program load operation. 

System/3 FETMM (12/70) 8-236 



8-253 CE LIO cycle sample 

"EB not 1st cycle 

8-253 CE mode 

0 

8-251 Bus out 0 through 5 

A 
5 

18-200 

Ii 
;:::: 8-209 

.... 
:·:·: ····· 

111: 

ii 8-200 

·=·=· 

tl 8-209 

B 

····· 

3.1 77 osc output 

Sep clock 

AM bits 

Se data 

~~~~~ GD601 thru GD606 

DISK A IT ACHMENT-Functional Units 

Card P2 (Part 2 of 3) 

0---ill..._-------------~ 

5--1-------------~ 

A 

7---------------J 

Osc 3.177 
0 R 1---------

OR 1----S_e..:...p_c_lo_c_k_F_C_U 

AM indicate 
OR 1---------

8-219 

8-218 

8-230 

8-223 

8-225 

8-247 

8-251 

8-219 

8-221 

8-227 

8-217 

8-230 

Write gate 

Index 4 time 

Reset B 

Counter decode 1 

Bit ring 7 phase D 

Phase B 

Std write trigger 

Write gate 

ID or data time 

Compare read data 

Read gate 

Reset B 

LIO CE index 

A FL 

OR 

GD605 

Test counter 

A FL 
'----1 

---l 

,.----1 OR 

A GD604 

'-----' 

~ 

8-253 

1 

'----i 

A 

1---

A 

D 1---

---
A 

(Not) CE mode 

*Raw index spin 0 

OR 

Adv 
check 
counter 

Reset 
check 

A 

Index spin 0 
OR 1-----------'---

__J L__ 

8-221 Pre data time -----------------------IQR1----c_o_u_n_te_r_-t1~ Check counter GD602 

OR ,__ __ S ..... ep_d_at_a_F_C_U_ 
8-221 

8-221 

8-223 

8-225 

A 

A 
OR 

Pre ID time 
2 4 8 16 32 64 128 

CC time 

Counter decode 1 

Bit ring 7 phase D ------iGi------X 
lnh CPU req 

FL 

GD601 

*Interface line page 8-205 

Set cyclic check reg 
pos 9 through 16 

Decode 

GD603 

8-231 

128 

7-----------------' 
Ito cyclic check register 8-2271 

TNL SN34-0059 to SY34-0021-1 

Decode 248 

8-218 Index time 2 
A 

8-219 Write gate 

OR 

Decode 48 

8-223 Counter decode 1 A 

8-225 Bit ring 7 phase C 

CK cntr error 

FL 

Reset FCU status 

GD604 
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System/3 FETMM (12/70) 8-238 

A 

(Intentionally blank) 

B 

:·:·: 
·=·=· ::::: 
::::: 
•···· ::::: 

I 

I ••··· :-:-: 
~;~;~ 



LIO or SNS 10 
cycle sample 

*CPU clock 1 

Stat bytes 
0 - 1 

Bus out 6 not 5 not 7 HA Fl 
_. 

'------

1 

GD605 

A 

Stat bytes 
2-3 

8-251 Bus out 6 7 not 5 t::j A FL ~ 
'------

2 

GD605 

Il 3 

DFCR 

8-211 Seek cycle 

8-241 Data cycle req gate 
A 

DBI P gen 

A OR~--------------• FL 

LSR SELECTION 

DFCR - Select Lines 4 and 3 

DFDR - Select Lines 3 and 5 

..-----------------------ll-----< 8-253 G~en_e_r_a_lr_e_se_t __ ---l,--
*CPU clock 8 OR 

--I-- OR f--------....--

A 

I--
'--

A 

*SNS 1/0 

8-213 

8-251 
8-251 

8-221 
8-241 

A 

GD605 

3 

I 8-211 Seek cycle 

A 

Initial seek time spin 0 or 1 f---- *LSR select 4 
_B_u_s_o_u_t_2--------------<~----------J ORr------~~-~1---------~---· 

Bus out 7 A 

Any ID time 
Data cycle req gate 

A 

*CPU clock 8 
OR1------*_L_S_R_se_le_c_t~3 

*CPU clock 4 0 R 1----+--t.;1•"'-~.---
,___ __ _. A 1--Iii 8-251 Bus out 5 6 not 7 t::j A FL 

~-----------+--+-~'-----
~-------.-...•--+------!----~ A .,_ __ __, 8-221 Any data time 

GD605 

8-251 

DFDR ·-~-__.__ ..... .----

Bus out 5 not 6 not 7 ~ A FL 
~-----------+-------1l---

"CPU clock 2 

GD605 

B 

•·Es not 1st cycle .._ 8-
_*_E_B_-1_s_t_c_y_cl_e __ ___,,.__+---IJ 0 R 

*CPU clock 4 J 

*EB not 1st cycle J A 
-----'--------------1L__ORl---

8-253 General reset 

*Clock 1 

*Sense 1/0 

,---
'--

.---------------------------------+--------------_jORr---~-..•--------"L_S_R_s_e_le_c_t5 

8-221 .:..B_us=-o=-u=-t:.....:5::__ _____________ -.J A ~ 

.__r- Sense status 
byte 0 

A ~-------

Sense status 
byte 1 

A ~-------

------ll---
Sense status 
byte 2 

A ~-------
...----1 
~ Sense status 

byte 3 
A ~-------

At---

2 

Initialize IPL 

..___ FL 

*CPU power on reset 

*CPU clock 2 OR 

GD606 

*CPU clock 0 

8-230 Deselect file 

IPL 

I FL l 

-
'-----------------------------------------------------------~~~.__ _____________________ ---J' OR .____..___ _ __, 

G 0601 thru G 0606 

DISK ATTACHMENT-Functional Units 

Card P2 (Part 3 of 3) 

*Interface I me page 8-205 

TNL SN34-0059 to SY34-0021-l 

GD606 
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DISK ATTACHMENT-Functional Units 

Card Q2 (Part l of 3) 

A 

I •·•·· 

i 
B 

CARD 02 

Card 02 is shown on two pages and contains the following logic: 

1. 
2. 

Priority request 3 (data cycle steal request) 
Serdes control 

Priority request 3 is highest in priority of the cycle steal 1/0 attach
ments. The file control unit requests a cycle steal ( 1/0 cycle) whenever 
it needs the CPU facilities to address core storage or to modify the address 
in a local storage register. Constants which modify core storage or the 
local storage register address are generated by the file control unit during 
an 1/0 cycle and may be added or subtracted to the value in the local 
storage register or core. The constant may also be entered into these lo
cations without change. A cycle steal request is started when one of the in
puts to the 'condition prior reauest' latch is active, and gated by a final 
condition, 'bit ring 7 and phase C'. The remainder of the cycle steal request 
is as fol lows: 

Clock 3-The 'prior request' latch is set. 
Clock 6-The request for an 1/0 cycle is active on the interface lines. 
Clock 8-The CPU responds to the cycle steal request by 'bus out 3' active. 

The 'data cycle reauest' latch is set to indicate that the next 
1/0 cycle is for the file control unit. 

The 1/0 cycle is a result of a priority request. The following actions 
occur during the 1/0 cycle: 

Clock 0-Reset 'condition prior request' latch 
Clock 2-Data in the file control unit or a constant generated in the file 

control unit is gated onto the data bus in lines. 
Clock 4-A constant which modifies a local storage register address can 

be gated onto the data bus in. 
Clock 5-lnformation in the CPU is available to the file control unit on the 

data bus out Ii nes. 

The latches arithmetic and logic unit binary subtract, store data, and block 
SDR to 8 register are located in the file control unit and control how the 
CPU processes the constants and data. If the arithmetic and logic unit 
binary subtract latch is set, the constant is subtracted from the value at 
the specified location; if the latch is not set, the constant is added to the 
value. If the store data latch is set, the sum or difference is restored to core 
storage or the local storage register. If the block SOR to 8 register latch 
is set, data from core storage is prevented from reaching the 8 register in 
the CPU. As a result, information entered into the 8 register from the 
data bus in is not modified. 

The serdes registers are controlled by the serdes control logic. The gates 
generate, reset, shift, and transfer data within and through the registers. 
The signal names are self-explanatory as to their functions. 

System/3 FETMM (12/70) 8-240 



Reset cond overrun 
OR~--------------

8-225 
A 

8-249 
:;::: 8-239 

I •·•·· 

I! 
Ill 

B 

8-223 

8-221 
8-230 

8-249 

8-221 

8-249 

8-249 

8-221 

8-249 

8-239 

8-221 

8-223 

8-239 

8-249 

8-234 

8-249 

8-223 

8-249 

8-221 

Address mark time 

Count zero gate A 

Read ID op 

ID time A 

Adr mark detect 

_(N_o_t~)_r_ea_d_ID_o~p-----------1 A 
(Not) IPL 

Counter decode 1 

_ID_C_C_ti_m_e _________ -+---tOR 

Reset B 

Scan op 

Pre data time A 

Write op 

(Not) verity op 

Data time 

Read op 

IPL 

Data CC time 

A 

Counter decode 4 

(Not) IPL A 

(Not) read data op 

Post ID time A 

ID orientation A 

Scan op 

Count zero gate A 

Read data diag 
A 

Data CC time 

GD611 thru GD615 

DISK A IT ACHMENT-Functional Units 

Card Q2 (Part 2 of 3) 

OR 

OR 

OR 

OR 

ID area 

FL 

GD612 

,___ __ ---1 0 R ,___--------------~ 

Data area 

FL 8-225 

8-225 (Not) bit ring inhibit 
Ai-----

Bit ring 7 phase C 

FL 

GD612 
8-230 Reset A 

~L...O_R _____ __, 

I L GD612 

8-237 
L~ 1 

l Prior req 
(Not) inhibit CPU request CE 

A FL 
*Clock 3 

*CPU clock 0 

GD612 

*CPU clock 6 

8-251 Bus out 3 
(Not) bus out parity 

A ........, 
*CPU clock 8 Data cycle request 

Data cycle request gate 
FCU request granted A FL 

*CPU clock 7 

8-253 ~G~e~n~era;.;;;..;..l~re~se;;;...;..t _____________________ --lOR 
,____.L-_--J 

*Interface line page 8·205 GD612 

TNL SN34-0059 to SY34-0021-l 

8-243 Input data time 

8-225 - A Bit ring 7 phase D 

A 

8-221 Post data time 
1-- 0 R ------W_r_i_ t_e_b_u_ff_e_r_re_s_e_t 

8-223 Count zero gate 
-- A 

L~ 
8-225 Post ID time A 

Shift write buffer 

8-247 FCU clock ~ ~ 

·--------------------lr---..--~l~ 
A 

. 

8-225 _B_it_ri_ng_7_p_h_a_se_C ___ ~-~ OR Xfer wr buffer to rd buffer 

8-243 Input data time A 

8-241 Data cycle request gate 
A 

*CPU clock 3 

8-225 CC time I-- OR ______ R_ea_d_b_u_ff_e_r _re_s_et 

8-223 Count zero gate A 

8-230 Reset B 

LQI----_____..---...______ __ ---0 8-247 Phase A ,----- Shift read buffer 
(Not) CC time A 

8-253 

8-225 

General reset 

*CPU clock 8 

*CPU clock 4 early ph~se C 
*CPU clock 6 early phase C 

DBI reg reset 
ORt------------~ 

GD615 
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A 

(Intentionally blank) 

B 



A 8-249 

~~~~ 
::::: 8-241 

8-221 

8-223 

••••• 8-234 

I ::~~ 

I 
···•· 

I 
1111 
•·•·· 

l!I 
B 

8-249 

8-230 

8-230 

8-221 

8-249 

8-249 

8-234 

8-239 

Pre ID time 

ID time 

Data time 

Pre data time 

(Not) write ID op 

CC time 

Read ID op 

Data cycle request gate 

"CPU clock 4 

Post ID time 

Counter decode 3 

ID orientation 

Write ID op 
Data cycle request gate 

*CPU clock 2 

Write ID op 

Start op 

Read data diag op 

Reset A 

Pre data time 

(Not) write ID op 

(Not) read ID op 

ID orientation 

(Not) IPL 

GD611 thru GD615 

,----, 

OR 

.___. 

r---

A 

....__ 

DISK A TI ACHMENT-Functional Units 

Card Q2 (Part 3 of 3) 

OR 

A 

Rtn DFCR 

A 

8-211 

8-211 

Seek cycle 

(Not) seek time 4 

"CPU clock4 

Set bus to 1 

A 

OR -----1 
Condition bus 1 B -------1 

A 

A 1----------------Set bus time------' 

Decrement N 
..--- Set bus to 1A 

A 4 

..--~ 

8-241 Gate data to DB I 
] OR 
~ 

A ~ 6 

~ 

8-253 General reset 
1 st sector tag 

8-J A FL *CPU clock 8 ---
2 

GD614 ~ 
Inc ...,,0 , numbe.-(' bu• to 4 

8-249 (Not) read ID op ~ 

8-223 Counter decode 1 

r---.... 
OR 

,___ 

r---

OR 

,___ 

~ 

"CPU clock 2 

8-241 Data cycle request gate 

8-223 
8-221 

8-211 • 

Counter decode 3 

Post ID time 

Seek time 4 

"CPU clock 4 

Rtn DFCR 3 

A 

Constant DBI bit 5 

A 

-----------1 OR _____ c_o_n_sta_n_t_D_B_l_b_i_t_6 

8-221 · Post ID time ORi-----------------+----

8-249 

8-221 

8-241 

Read diag or scan op 

Post data time 

A 

*CPU clock 6 

Rtn DFDR 

A 
Data cycle request gate 

*CPU clock 4 

Store data 

FL 
Store data 

....-- 7 

GD615 

8-227 Sync detect latch 

8-249 Scan op 

8-221 Pre ID time 

8-249 (Not) read ID op 

A 

A 

,___ 

OR 
Constant DBI bit 7 

ALU bin subtract 

OR FL 

r---

*CPU clock8 ..--- GD615 
8-253 General reset 

OR f----
*CPU clock 4 and early phase C 

..____. 

Block SOR to B reg 

OR FL -
GD615 

.---

r--
A 

OR 

8-221 ID time 
A """ ~Set bus A 

A 8-239 (Not) IPL Input data time to 32 
..-- .--- 8-221 Pre ID time Input data time '-----' OR Fl 

lnh sec no inc 8-249 Write ID op 
A 

J A FL N Head c - 8-218 Index time 2 switched 8-223 Count zero gate f---i 

J A ..l 8-249 Write op -FL l. A 
GD611 

- 8-221 Pre data time 
8-230 Reset A 

GD614 joR 8-221 Post ID time 
8-230 Reset B ..---

GD614 
8-223 Count zero gate ,.------., 

~ Allow head switch ID time 8-221 .---1 OR r--
A 

* - - 21 Data time OR Interface line page 8 205 82 
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DISK A TI ACHMENT-Functional Units 

Card R2 (Part 1 of 3) 

A 

:-:-: 

I >.·. 
=~~= ····· :-:-: ..... 
::::: 

I 
~::: 
:-~: 
~.-: .... 
B 

Card R2 is shown on two pages and contains: 

1. 
2. 

Data bus in assembler 
File control unit clock and phase generator 

The data bus in assembler is the file control unit "outlet" for information 
to the CPU. Data, constants, and status information are grouped and 
gated onto the data bus in through this register. The data bus in parity bit 
is generated on card P2-2. 

The file control unit clock provides basic timing for file control unit 
operation. The clock may be driven by a 3.177 oscillator (write clock) 
or separated clock pulses from the data separator (read clock). The clock 
is started when 'execute' is active. These signals are produced at the be
ginning of an operation, after the 1-0 and 1-R cycles are complete. 

During a write operation, or during any operation for which the clock 
bits from the disk are not usable, the clock is driven with the 3.177 oscilla
tor. When data is being read from the disk, the clock is driven with the 
separated clock pulses from the data separator. A gating signal, 'clock gate', 
determines which signal (oscillator or separated clock) has control. If 'clock 
gate' is active, the oscillator drives the clock. 

When th~Jock drive is changed from oscillator drive to separated clock 
pulses or vice versa, a sliver (partial) pulse can be produced. 'Start read 
clock' triggers 1 and 2 prevent the sliver by sequencing the changeover. 

Clock pulses are alternately gated to produce clock and data time pulses. 
Timing within each bit cell is accomplished with phase pulses 'A', 'B', 
'C', 'D'. These pulses are generated with each clock pulse by a delay line 
(delay oscillator) and a four-ring FF circuit. Each phase pulse is 40 nano
seconds in duration and 40 nanoseconds apart. 

During a search for an address mark on disk, phase pulses 'C' and 'D' 
are not produced. The phase generator is turned off after phase B with a 
gate line, 'address mark one', which stops the generation of phases 'C' 
and 'D*;·When the clock is driven with separated clock pulses, noise spikes 
read from the disk could be mistaken for a clock pulse. The 'noise reject' 
flip latch prevents a clock pulse from being recognized before phases 
'A' through 'D' are complete. 

Clock 

Phase 'A' 

Phase 'B' 

Phase 'C' 

Phase 'D' 

Time 1 

Time2 

Time3 

Time4 

Latched Clock 

Reset 

Pre End 

Inhibit Delay Oscillator 

~~~~~~~~~~~~~~~~~630Nanoseconds ~~~~~~~~~~~~~~~~---

r Data Time Pulse , 

_ .. ·----------· 

Dotted line indicates where 
_ r - - - - - - - - pulse occurs when "address 

mark 1" is active. 

BR0473 

System/3 FETMM (12/70) 8-244 



Sense byte 0 
----------- 1 
_s_en_se_b_y_te_1 _______ 

2 
Sense byte 2 
----------- 3 Sense byte 3 __ .......;.. ________ 4 

Gate data to DBI 
----------- 5 
_D_B_l_reg_is_t_er_r_ese_t _____ 6 

A 

No op status 8-234 

Equal hit 

Read buffer 128 

Sense selected unsafe 

CE sense bit (pin location R2-M02) 

Intervention required 

Selected cylinder zero 

Read buffer 64 

Tap line A 

CE sense bit (pin location R2-M03) 

Missing address mark 

End of cylinder 

Read buffer 32 

Tap line B 
B 

CE sense bit lpin location R2-M04) 

Equipment check 

8-231 Sense seek busy 

8-251 Read buffer 16 

8-206 Tap line C 

8-225 Bit ring inhibit 

GD101 thru GD102 

DISK ATIACHMENT-Functional Units 

Card R2 (Part 2 of 3) 

x 

x 

x 

x 

DBI parity bit shown on card P2, page 8-239 

2 3 4 56 2 3 4 5 6 

x 

x OR FL 

x 

x 
GD101 

x 

x 

x OR FL 

x 

x 
GD101 

x 

x 8-243 Set bus to 32 
OR FL 

x OR 

x 
r-----i 

x GD101 

x 

x 8-243 Set bus to 22 
OR FL x OR ~ 

x 
r-----i 

x GD101 · 

x 
Decode 

Chan DBI bit 0 

Chan DBI bit 1 

Chan DBI bit 2 

Chan DBI bit 3 

8-234 

8-251 

8-218 

8-251 

8-231 

8-231 

8-251 

8-231 

8-241 

8-235 

8-251 

8-225 

8-211 

8-249 

8-251 

8-227 

Data check in ID or data 

Mod 1 ,-, 
•'-"' 

Mod 2 or 3 
-e ·'--------Read buffer 8 

Raw index spin 0 or 1 

Standard write trigger 

No record found 

Overrun 

Read buffer 4 

Diag head settling 

Condition priority request 

Track cond check 

not used 

Read buffer 2 

CE sense bit (pin location R2 P10) 

Bit ring 0 

Sense selected seek check 

Spindle 1 select 

Read buffer 1 

CC reg pos 17 

5410CPU .p 
Not 5410CPU '-~ • 

*Interface line page 8-205 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 
Decode 

OR FL Chan DBI bit 4 

GD101 

8-243 Constant bit 5 
OR 

Chan DBI bit 5 
OR FL 

L--

GD101 

8-243 Constant bit 6 

OR FL Chan DBI bit 6 
OR -

.---

GD101 

8-243 Constant bit 7 

OR FL Chan DBI bit 7 
OR 

~ 

GD101 
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A 

:·:·: ·:·:· ···•· :·:·: ::::: 
~:~:~ 

I ····· 

I 
(Intentionally blank) 

B 



Osc 3.177 me FCU 

Osc triggers 
1and2 

FF 

.--

Ff t---

2 

Decode 

0 x 

0 x 
I Data time pulse 

T Write clock 

,.--GD103 Start wr clock 
.___ __ ___.. ,.--

A ....-----'.....j A FL L.._ 

A ~-----------
QR i-------------m ....--- . 

.. 

8 

8-217 

8-217 

8-237 

Execute r--

-C-lo_c_k_g_a_te----------1 A-~ 

'-----

Separated clock 

DISK ATTACHMENT-Functional Units 

Card R2 (Part 3 of 3) 

GD103 

A I ~ Start rd_ c_ lock 2 Start rd clock 1 

-. FL t---------1 A FL ......---'----- 1--------~ 
At--

T GD103 
GD103 

Noise reject· .--lrJ--
1------------ FL ~ LJ 

Phase A. 

8-230 

GD103 

Pre end 

*Interface line page 8-205 

'-----

8-217 Clock gate .-

----10R ..__ 

FL Clock 

GD103 

Latched clock 

FL 

GD104 

-

Time 1thru4 
.--

FF 
A ..-----

1 .----
'-----

,.--
FF ..__ A 
2 

._____ 
......__ 

FF 
,.....--

A 

3 
...__ 

'-----

FF r---

L-- A 

4 .___'----
GD104 

8-225 Addr mark 1 time 

Phase A 

Phase B 

Phase C 

• Phase D 

r-.___ 

....--
.__ OR~ 

A 
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DISK A IT ACHMENT -Functional Units 

Card S2 (Part 1 of 3) 

A 

B 

Card S2 is shown on two pages and contains the following logic: 

1. 
2. 
3. 

Operation register 
Bus out register 
Read buffer/write serializer and write buffer/read deserializer 
(Serdes) 

Operation.Register 

The operation register is set by bus out I ines which sense the N-field and 
control field of the start 1/0 instruction during the start 1/0 instruction 
1-0 and 1-R cycles. This instruction is retained by the file control unit 
until the operation is complete or certain errors occur. 

Bus Out Register 

All CPU information sent to the file control unit via the data bus out 
enters the file control unit through the bus out register. Three decode 
networks check the bus out register output for errors in parity and seek 
control, CPU bus greater than 223, and CPU bus equal to zero. The parity 
bit is detached from the data byte at this point and is transferred through 
the file control unit separately. 

Read Buffer/Write Serializer and Write Buffer/Read Deseiralizer (Serdes) 

• Two registers, referred to as serdes, handle data in the file control unit. 

• Each register can shift data bits or function as a buffer for the other 
register. 

• Parity bit from the data bus out is not used in the registers. 

Two eight-position, dual-purpose registers handle data in the file control 
unit. Both registers may shift bits toward the high-order end or pass the data 
byte in parallel without change. These registers, read buffer/write serializer 
and write buffer/read deserializer (serdes), provide serialization of data 
during a write operation and deserialization of data during a read. In both 
operations, the write buffer is the input register, the read buffer is the output. 

Write Operation 

Data is gated into the write buffer register from the data bus out on a cycle 
steal operation. The data byte is temporarily held there until it is needed 
in the read buffer. Another operation transfers the data byte from the write 
buffer into the read buffer and requests another byte from the CPU to 
fill the write buffer. 

Shift operation of the read buffer can now begin, shifting the bits toward 
the high-order end and into the 'standard write' trigger where the bit is 
combined with clock timing and sent on to the disk to be recorded. 

As the last bit is shifted out of the read buffer, the write buffer is gated 
into the read buffer and a cycle steal request is generated to reload the write 
buffer. This operation continues until the end of the command. 

Special bytes that are written on the disk (F2 for address marks) are 
gated into the read buffer for deserialization. Cyclic code and bit count 
appendage bytes are not gated into the read buffer for deserialization. 

Read Operation 

Separated data from the data separator enters the write buffer on the low
order end. The bits are shifted upward to the high-order end as each bit 
arrives until eight bits are read. The byte is then transferred to the read 
buffer where it is temporarily held before it can be transferred to the 
data bus in assembler for entry into the CPU. A parity bit is generated 
at the data bit in assembler before the read buffer information is gated 
onto the data bus out. 
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A 

B 

Bus out 

,---....___ ____ o_ 
FCU address 

(Not) 1- A -------
....___----2-

GD215 

8-253 SIO IQ cycle sample x------------

8-239 Initialize IPL 

J Select 0 

3 N ~OR FL 
----~--t t--1.---t~ 

GD211 

0 x 

0 0 x x 0 

0 0 x 0 x 
Decode 

Spin 0 select 

8-253 Reset op reg 

GD211 thru GD216 

DISK A TI ACHMENT-Functional Units 

Card S2 (Part 2 of 3) 

Select 1 
Spin 1 select 

FL 

GD211 

8-239 

Ctrl spin 0 

FL 

GD211 

Ctrl spin 1 

FL 

r---1 

GD211 

8-253 General reset 

(8-215) End seek 1 

..... .. 
Scan 

FL 

GD211 

*CPU clock 6 

Initialize IPL 

- A 
.--.....__ 

Seek 0 
A 

Reset control spin 0 

FL 
._ 

8-215 End seek 0 
Seek spin 0 

GD212 

~ 

L=: 

,.---, 
Seek 1 Reset control spin 1 

A ..... A 
FL """L._ .....___ 

Seek spin 1 
.---

GD212 

,----.., 

OR 

.._____, 8-253 SIO IR cycle sample 

Read 

FL 
" ~ 

GD211 

Write 

FL ---
----t---t N 2 

GD211 

.--- j-i Read write or scan FCU busy 

...____, 0 R .,.__.,.l__.,__ ____________ ~--t A FL 

--- ~ 

8-230 Reset FCU busy 

GD212 

*Interface line page 8-205 

TNL SN34-0059 to SY34-0021-l 

~7 

~6~ 
x x 

0 0 

x 0 

0 x 

0 0 

0 x 

0 x 

x 0 

Decode 

3 

::::::::::::::::::::::::::::::::::::::: 
~=~=~ GD212 
·=·=· 
~=~=~ 

iili 
·=·=· 

~I .·.•. 
·=·=· 

1.11 
·=·=· :·:·: .·.·. .·.· . .·.·. 
=~=~= ::::: ·.·.· ·.·.· ::::: 
::::: 
::::: .•.•. 
=~=~= ····· 
fl 
·=·=· :·:·: 
::::: .•.·. 
·=·=· ::::: 

~=~=~ ::::: 

It:t 

·=·=· :-:·: ·:·:· 

.;::: ·.·•· :-:-: 
::::: 

~=~=~ ••••• ·GD212 ••.·. 
::::::::::::::::::::::::::::::::::::::: 
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A 

B 

::::: 
::::: 
•···• ····· ::::: 
·=·=· ·•··· •···· •·•·· ::::: 
•···• 
~~~l~ 
::::: 
::::: 
::::: 

I 
~~~~~ 
····· 
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A 7 

8-241 Set write buffer· 

8-227 Standard read data 

J_ 
8-241 Write buffer reset 

8-241 Shift write buffer 

8-241 Xfer wr buffer to rd buffer 

*CPU bus out 

0 p 

x 

Bus out GD211 and GD215 

6 5 4 3 2 0 

x -------X 

Write buffer GD213-214 

2 4 8 16 32 64 128 

Wr buffer par 

FL 

GD215 

Rd buff par 

FF 

------------------x ---------------------
8-219 Gate F2 into rd buff 

8-219 Gate rd buff bit 4 and 5 

8-219 Gate rd buff bit 6 

8-219 Set fixed write data -------------x--x-----x 
B 8-241 Read buffer reset 

8-241 Shift read buffer 

GD211 thru GD216 

DISK ATTACHMENT-Functional Units 

Card S2 (Part 3 of 3) 

--'-- ---'---

Read buffer GD213·214 

2 4 8 16 32 64 

128 

To DBI register 
card R2, page 8-245 

GD215 

Std wr trig 

FF 

GD215 

Read buffer parity generate 

Decode 

0 

1 

2 

3 
080 even parity 

4 

5 

6 

7 

GD216 

7-

6-

5-

4- Bus out 

3-

2-

1-

0-

Decode 

0 
CPU bus greater than 223 

2 

GD215 

Decode 

0 

2 

3 
CPU equal zero 

4 

5 

6 

7 

GD216 

Read buffer parity 

Decode 

Standard write trigger 

Scan mask character 

*Interface line page 8-205 

GD214 
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DISK ATIACHMENT-Functional Units 

Card T2 (Part 1 of 3) 

A 

B 

CARD T2 

Card T2 ls shown on two pages and contains the following logic: 

1. 
2. 
3. 
4. 

Initial selection 
Signals for device status 
1/0 conditions A and B 
1/0 attention 

Initial Selection 

Initial selection prepares the file control unit to start an operation. It con
tains logic to sample the data bus out (either for normal operation or for 
diagnostic operation), reject an instruction, return 1/0 condition A and/or 
1/0 condition B signals, and indicate if the drive requires attention with 
the 1/0 attention signal iine. 

Signals for Device Status 

The no-op status latch is set for either of two conditions: 1) when the file 
control unit cannot execute an instruction due to the file control unit being 
unsafe, or 2) after a seek operation, there is a seek check and the opera
tion register is holding an instruction to be executed after the seek. 

Sense spindle 1 latch is set with a bus out 3 condition which gates the 
file control unit to sense the drive sensitive status conditions. 

1/0 Condition A and 1/0 Condition B 

1/0 conditions A and B signals indicate the status of the file control unit 
to the CPU. The CPU interprets the returned 1/0 conditions A and B 
combination and can determine if the file control unit can accept or will 
reject an instruction issued to it. 

1/0 Condition 
1/0 AttachmMt Condition 

A B 

Incorrect DBO Parity 1 1 

c a Byte not correct 0 0 0 ... 
u 
:l SNS Instruction 0 1 ID ._ 

u~ 
ti E. Correct SIO Reject lm;truction 1 0 

I 
oo DBO Correct or LIO I ':::: 
- > Parity a Instruction Accept Instruction 0 1 c Byte • 

0 I TlO Condition not met 0 1 I or APL 
Instruction Condition met , 0 

·ai Incorrect DBO Parity , 1 a: . ...:.wo: 
oo-::::ul 

Correct DBO Parity 0 0 (ii~ tiJ ~ •• 

1/0 Attention 

1/0 attention illuminates the disk drive '1/0 attention' indicators on the 
operator console for the Model 6 or turns off the 'ready' indicator for the 
Model 10, when the disk drive is not ready or requires attention from the 
operator. 

CPU Reaction 

PrOCeMor Check Stop 

Processor Check Stop with 
Q Byte Invalid Check 

Proceed to next sequential instruction 

Retry 1/0 instruction 

Proceed to next sequential instruction 

Proceed to next sequential instruction 

Branch to effective address 

Processor Check Stop 

Continue as normal 

BR0452 
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~~ _*_L_IO~~~~~~~~~~~~~ 
*SNS 

*SIO 
*TIO 

8-251 Bus out 

..., 1'-:7 
ll t= 

I 
---1 0 x 0 

- 0 0 x 

- 0 0 0 

IPL 

A 

8-239 

8-207 

8-249 

8-249 

Spin 0 ready 

Seek spin 0 or 1 '---I OR 

FCU busy 

..___ 

GD203 

8-230 Set no op 

3-249 FCU busy 

8-251 Bus out 3 

8-207 

8-251 

B 8-207 Spin 0 unsafe 

Check or general reset 

•sense 10 

Status byte 0 or 1 

*EB not 1st cycle 

•cpu clock 3 

GD201 thru GD204 · 

DISK ATTACHMENT-Functional Units 

Card T2 (Part 2 of 3) 

I 

l 
__.__ 

0 0 x x: 0 

8-251 (Not) DBO even parity ...-----, 

- x x 0 x 
8-249 FCU address 

- 0 0 0 x *CPU early phc;se C 

I 
*CPU clock 5 A 
*IQ cycle 

Decode 
Valid load-sense JI 

JoR (valid N field) 
l_J ...___.. 

rijJ 
1/0 working 

8-249 FCU busy 

~ 
A 

*SIG I---

V--1 
A 

8-254 
8-251 (Not) bus out 3 t--- OR 

*(Notl LIO .--- 8-249 Seek spin 0 
A 

8-251 (Not) bus out 7 ~ A l.____; 
,___, 

8-251 (Not) bus out 6 
8-249 Seek spin 1 

A '----

8-251 Bus out 3 

A GD202 

No op status 

No op status 
A OR 1---------- FL 

GD203 
Sense spin 1 

OR 
8-251 Bus out 3 

A 

•cpu not system reset General reset 

A 

~ OR 

~ 
LIO or SNS IQ cycle sample *CPU early phase C .--

*CPU clock 5 
A 

*IR cycle Condition IR cycle sample 
A 

r--1 

..____.. 

~ SIO IR cycle sample 

,ff A 
N 

L-.--J 

FCU IQ cycle sample 
~ 

SIO select cycle 

A 
SiO IQ cycle samp!e 

LJ 
FL 

8-253 General reset r-1 
r-i_OR 

*CPU clock 8 GD202 
r--

*CPU early phase C 
A t----' 

*IR cycle 8-251 080 even parity '---I ...____ 
A Reset op register 

No op status OR OR 
5 ~ 

._____.. 
8-230 Er.d op reset 

LIO or SIO rej~"'t 

Sampled doclc 5 

*CPU clock 5 ,---., 
CE LIO cycle 

,.----, .-----... 
"CPU early phase C A r--~-~-------~----1 

.-~~-~-~~ A CE LIO cycle ~mple 

8-251 

Sense spin 1 

8-253 

.FL 

*Clock5 f:l 
------l~ 

*LIO G0201 

B~us_o_ut_6_7_n_o_t_5~~~~~ 
l CE LIO CE mode 

~·~~~--1.----.,..---F-L.......,~---~~~~~~~-- FL ~-~-----~-~-
General reset 

I 
•es not 1st cycle 1 I 
-.c-P-u-ci-oc_k_e~~~-r-:iµ 

_•_c_P_u_e_a_r_IY_P_h_a_se_c ___ LJ 
*Interface line page 8-205 

8-230 End op reset 

GD201 GD201 
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DISK ATIACHMENT-Functional Units 

Card T2 (Part 3 of 3) 

8-249 Set write buffer 

8-251 080 even parity 

8-253 Condition IR sample 

8-253 Sampled clock 5 

8-211 Seek cycle 

*IQ cycle 

A 

8-253 CE LIO cycle 

•and 8-253 Check or general reset 

8-234 Scan found 

8-251 Bus out 5 

FCU error status 
1 

8-251 Bus out not 5 not 6 not 7 

8-215 Spindle 0 error 

8-251 Bus out 3 

2 
Spindle 1 error 

8-251 Bus out 6 

8-249 FCU busy 

8-253 LIO or SNS IQ cycle sample 

B 

I 
(8-215) Spin 1 error 

8-235 FCU error 

8-253 No op status 

·•·•· 

I ····· 
~t 

ii .... · GD201 thru G0204 

Parity sample .... 
*LIO or SIO ~ 

...... A 8-253 LIO or $10 reject 

~ 

•H 
A *Test 1/0 

•H 
t---1 Ewn parity 

Parity check __. 
A OR 

_._ 
Fl 

t---1 
~ • A r---1 

~ GD203 •sense 1/0 .---
'----1 

A 8-253 FCU IQ cycle sample A --1 .__ 

*LIO or SIO 

8-253 LIO or 510 reject 
N Test 1/0 cond 

A 
_._ 

N 

t---1 

A 
8-253 General reset 

t---1 

*CPU clock 0 

~ 
A OR .__ 

t---1 .___ 

- A *SIO ~ 

t---1 8-253 FCU IQ cycle sample A 

A '-

8-239 IPL· 

8-207 Spindle 0 ready 

8-251 (Not) bus out 3 
Mod 3 error Mod 3 intervention 8-207 (Not) spin 0 ready 

A FL 
required 

GD201 

Spin 1 error 

GD201 

~~-------~~~~---------1 A 
8-207 (Not) spin 0 unsafe 

8-251 Bus out 3 

8-251 Bus out 4 

Mod 3 ready 

i CU jumper 
I 

J • 8-207 Spin 1 ready (Mod 1 or 2) 
I ! ____ (tie down for Mod 3) 

8-251 
8-207 

8-207 

Bus out 3 
(Not) spin 1 unsafe 
Spin 1 ready 

*Interface line page 8-205 

......-

,---< 

A 
OR ,.---

~ .__ .. A "I 

......-

_..._ r--
OR 

A 

I----..__, 
A 

r---i 

OR 

.....___. 

-...,,-

8-253 
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.I Cond A 

FL 
1/0 condition A 

~ 

8-253 General reset ...--
*CPU clock 0 jOR 

GD203 

IPL cond B 
8-230 IPL set 1/0 cond B 

FL 

8-239 IPL 

Cond B 

Fl 

r--

GD203 

A 

t-- OR 

A 

-----4 

8-253 

General reset 

8-- GD203 

1/0 attention 0 

FL 

OR 

G0202 

I /O attentien 
Mod 3 

FL 

OR 

GD202 

1/0 attention 1 

FL 

OR 

GD202 

OR 

....__, 

~ .____, 
1/0 condition B 

OR 

1....---J 

1/0 attention 
OR t--------



A 

B 
::::: 
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··•·· :·:·: 
::::: 
·=·=· 

I :-:-: 

I •···· ::::: 

INTRODUCTION TO OPERATIONS 

This chapter contains detailed flowcharts and timing charts of the opera
tions performed by the disk attachment. 

Flowcharts 

The flowcharts contain three levels of information. By reading down the 
heavy dark lines, the reader can learn the major objectives of the opera-
tion. The second level of information is obtained by reading the infor
mation in the boxes that branch off the heavy dark line. The information 
that is contained in each block in a heavy dark line is explained in the blocks 
that branch off from it. The third level of information is contained in the 
note blocks (open ended blocks) that branch off the second level blocks. 

Information in these blocks is intended to explain why an action has been 
performed. 

The page references next to the blocks refer to the second level diagrams 
in chapter 2. A clock time to the side of a block, indicates the CPU time 
that causes the action described in the block. 

Timing Charts 

The timing charts in this chapter are to be used to supplement the infor
mation found in the flowcharts and the second level diagrams in chapter 

2. 
The numbers at the start or ending of a signal line in the timing chart re· 

fer to the number at the left hand side of the timing chart. This reference 
indicates the signal, or signals, that caused the desired line name to become 
active or inactive. Line references are for individual timing charts (signal 
line numbers are not the same from chart to chart). 

DISK ATTACHMENT -Operations 

Introduction to Operations 

Chapter 3. Operations 

System/3 FETMM (12/70) 8-301 



DISK A TI ACHMENT-Operations 

Load 1/0 Operation (Part I of 2) 

A 

B 

Start 
load 1/0 

I-op cycle 

1-0 cycle 

CE mode 011 

Clock 5 

Clock 5 

'LIO' interface 
line active 

8-249 

Decode 'FCU address' 

8-251 

Check bus out parity 

No 

Check bus out 
for 'valid N 
field' 

'LIO or SNS IQ 
cycle sample' 

8-253 

Yes 

8-254 

'Even parity' latch 

8-254 

'1/0 condition A and B' 

End LIO 

No 

8-254 

'1/0 condition A' and 'B' 

DFDR or DFCR 
100-110 

End LIO 

No 1-R cycle 

H1, L1 or X1 
cycle may occur 

A 8-303 

Set: 

'CE LIO' 

'CE LIO cycle 
sample' 

'CE mode' 

Note: 'CE mode' 
blocks the normal 
·osc·. 'sep clock', 
'AM bits', 'sep 
data', 'index' signals 
and inhibit CPU 
cycle steal requests 

Check bus out parity 

Reset: 'CE LIO 
cycle sample' 

8-253 

8-253 

8-253 

8-237 

Set: 

'OFCR' or 
'DFDR' latch 
depending on 
N field code 

System/3 FETMM (12/70) 

8-239 

Load 110 Instruction Operation: This instruction loads the two bytes of 
data contained in the operand addressed by the operand address into a 
local storage register specified by the 0 byte. The operand is addressed 
by its low-order byte. 

The 0 byte specifies the drive that is to operate in the first four bits 
(device address) and the local storage register to be loaded in the last three 
bits (N code). The M bit is not used. 

The device address portion of the 0 byte can take either of two values: 
1010 for drive 1, or 1011 for drive 2. 

The N code can specify only three values: 

1. An N code of 011 is for customer engineer use. 
2. An N code of 100 specifies the disk file data address register. 
3. An N code of 110 specifies the disk file control address register. 

Any N code other than the ones specified causes the processing unit to 
stop with a processor check and an invalid-0-byte indication. 

A load i/O instruction issued to a busy control unit causes the program 
to loop on the load 1/0 instruction until the control unit is no longer busy. 

Load 1/0 does not set any file status conditions. 
The load 1/0 instruction is executed if the addressed drive is executing 

a seek or recalibrate operation and a read, write. or scan has not been ac
cepted or provisionally accepted. The load 1/0 instruction is executed if 
the addressed drive is not ready. 

8-302 
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EB-1 cycle 

A 

EB not - 1 cycle 

B 

End LIO 

DISK A TI AC HM ENT -Operations 

Load 1/0 Operation (Part 2 of 2) 

Clock 5 ____ v~e-s< 

'CE LIO cycle 
sample' 

Clock 6 8-253 

Reset: 'CE LIO 
cycle sample' latch 

Clock 5 ____ v_e_sc 

'CE LIO cycle 
sample' 

Check bus out 
parity. If even 
end LIO operation 

Sample bus out 
lines 0 thru 5 

8-237 

Generate a pulse 
respective to CE 
byte bit that is a 1 

Clock6 

Reset: 'CE LIO 
cycle sample' 

Clock8 

Reset: 'CE LIO' 
latch 

8-253 

8-253 

No 

No 

'LSR select 3 
and 5' lines 

DFDR 

'LSR select 
3 and 5' lines 

DFDR DFCR 

Clock 4 8-239 

Reset: 'DFOR' 
or 'DFCR' latch 

'LSR select 3 
and 4' lines 

DFCA 

'LSR select 
3 and 5' lines 

3 

8-239 

8-239 
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DISK A TI AC HM ENT -Operations 

Test 1/0 Operation 

~~~~~:::::::::::::::~~::::::::::::::::::::::~::::::~::::~::::::::::::::~::::~~==~::::::::::~::::::::: 1 

~~;~~ 

····· 
~~~~~ 
::::: 
····· ::::: 
::::: 

A 

B 

Start 
test 1/0 

I-OP cycle 

1-Q cycle 

Clock 5 

TIO interface 
line active 

Clock 5 8-249 

Decode FCU 
address 

'FCU 1-Q cycle 
sample' 

Yes 

8-254 

Set! 'even parity' 
latch 

End TIO 

H1, L1, or X1 
cycle may 
occur 

End test 1/0 

- - - I /O condition returned 

System/3 FETMM ( 12/70) 

Test 1/0 Instruction Operation: This instruction tests for the conditions 
specified in the 0 byte. If the condition tested for is present, the next 
instruction is taken from the storage address specified by the operand 
address and the address of the next sequential instruction is placed in the 
address recall register. If the condition is not present, the next sequential 
instruction is executed and the address contained in the operand address 
is stored in the address recall register. The information stored in the address 
recall register remains there until the next decimal, insert-and-test-characters, 
or branch instruction is executed. 

The 0 byte specifies the drive to be tested and the conditions to be tested 
for. The device address portion of the 0 byte specifies the drive to be tested 
and can take on two values: hexadecimal A indicating drive 1 and hexa
decimal B indicating drive 2. 

The N code of the 0 byte can specify testing for any of three conditions: 

1. N code 000-(not ready/check) indicates that the drive is not in con
dition to operate or that a check condition has been detected. A 
check condition is indicated when either drive is addressed if the fol
lowing device status is present. 

2. 

3. 

Data check 
Track condition check 
Missing address marker 
End of cylinder 
No record found 
Equipment check not caused by unsafe 
No-op 
Overrun 

A check condition is also indicated if a seek check or unsafe exists 
for the addressed drive. A seek check or an unsafe for the drive 
not addressed will not be indicated. The drive that has the check 
condition can be determined from the status byte. 
N code 010-(busy) control unit either is executing a read, write, 
or scan operation or has provisionally accepted one of these opera
tions for execution at the end of the seek operation in progress. 
N code 100-(scan found) indicated when either drive is addressed. 
The sense byte indicates which drive contains the scan found con
dition. The scan found indication is reset by the next start 1/0 in
struction. 

Any N code other than those listed causes the processing unit to come to 
processor check stop with an invalid-0-byte indication. 

The M bit is not used except when addressing the second drive because 
it is possible that the fixed disk is not installed. Addressing an uninstalled 
fixed disk results in a not ready indication. 

8-304 



::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 1 

I ;::: 1/0 

II I~ cyclo 

I 
A 

.. 

I!! 

Iii 
B 

1-0 cycle 

Clock 5 

Sense interface 
line active 

Clock 5 8-249 

' 

Decode FCU address 

Check DBO parity 

'LIO or SNS IQ 
cycle sample' 

Value on DBO 

T 

~II 

!I!! 

010 011 100 

l>SK A TI ACHMENT-Operations 

Sense I/O Operation 

Set: 
'status bytes 0-1' 

latch 

8-239 

Set: 
'status byte 2-3' 
latch 

8-239 

Set: 
'DFDR' latch 

8-239 

Sense 1/0 Instruct.on Operation: This instruction causes the two bytes 

contained in the specified local storage register or the specified two bytes 

of status informat1un to be transferred to the two-byte field in storage 

addressed by the operand address. The operand is addressed by the low

order byte. 

The 0 byte specifies the drive to be sensed and the register or status bytes 

to be transferred. The device address portion of the 0 byte specifies the 
drive to be sensed. The device address can be either of two hexadecimal 

values: A specifies drive 1, and B specifies drive 2. The N code specifies 
what is to be transferred to storage as follows: 

1 . N code 010-status bytes 0 and 1 

2. N code 011-status bytes 2 and 3 
3. N code 100-disk file data address register 

4. N code 110-disk file control address register 

Any N code other than those specified causes a processor check stop with 

an invalid 0-byte indication. 

Set: 'even parity' 
'1/0 condition A 

and B' 

End sense 1/0 

110 

Set: 
'DFCR' latch 

8-254 

8-239 

I-Hi or I-Lo 

cycle may occur 

EB - 1 cycle 

EB not 1 cycle 

End sense 1/0 

TNL SN34-0059 to SY34-0021-l 

Status byte 0-1 

Gate status 
byte 1 onto 
DBI 

Status byte 0-1 

Gate status 
byte 0 onto 
DBI 

8-247 

8-245 

The M bit is used in this instruction to determine if the intervention re

quired status bit will be set if the second drive is addressed and the fixed 
disk is not installed. 

The sense liO instruction will be accepted by the file control unit no matter 
what other operations are in progress at the time. 

Some bits of the status bytes are drive sensitive to the sense 1/0 instruc

tion. Equipment check caused by unsafe, cylinder 0, seek check, seek busy, 

intervention required, unsafe, head settling, and index are set in the status 

bytes only when they apply to the drive addressed by the sense 1/0 instruc

tion. These bits, if they can be reset, are reset by the same sense 1/0 in

struction that transfers them to storage. 

All remaining status bits are presented with the status bytes to a sense 

1/0 for either drive. All status bits except no-op are reset by the next start 

1/0 instruction issued to either drive. No-op is reset by the sense 1/0 in
struction to either drive that transfers it to storage. 

Status latch set in 1-0 cycle 

Status byte 2-3 DFDR 
8-247 

Gate status 
'LSR select 

byte 3 onto 
3 and 5' lines 

DBI 

Status latch set in 1-0 cycle 

Status byte 2-3 

Gate status 
byte 2 onto 
DBI 

8-245 
DFDR 

'LSR select 
3 and 5' lines 

DFCR 

8-239 

'LSR select 
3 and 4' lines 

DFCR 
8-239 

'LSR select 
3 and 4' lines 

System/3 FETMM (8/71) 
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(Intentionally blank) 

B 
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::::: 
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•···· 

I 
::::: 
::::: 
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I 
•·•·· 
~=~=~ 

B 

The initial program load is a disk read operation, started by the program 
load switch. A second switch, disk select, determines which disk in drive 
1 data is to be read from. Sector zero data field on the selected disk is read 
and transferred into core storage starting at address 0000. When the 256 
byte data field is read, the central processing unit starts processing at core 

)! 

location 0000. 

1. 

2. 

An initial program load is accomplished as follows: 

The program load selector is set either to the fixed disk or removable 
disk position to select the disk to IPL from. 
Operate the program load switch to start the IPL operation. 

The program load switch starts a CPU system reset and activates DBO 5. 
One CPU machine cycle is_ started to reset the IAR to 0000. DBO 5 and 
system reset is sent to the file control unit and is a signal to start an IPL 
operation. An IPL operation: 

1. Selects disk drive 1 (spindle 0). 
2. Selects the disk determined by the program load selector and head 0. 
3. Selects the DFDR and resets it to 0000. 
4. Starts a seek recalibrate operation to position the read heads to 

cylinder zero. 

When the seek operation is complete and the head settle time has ended, 
the file control unit starts a read operation on the first sector after index. 
This read operation is exactly like a start 1/0 instruction read data operation 
except that the sector ID field is not compared to the disk control field in 
core. Two hundred fifty-six data bytes are read, each byte is transferred 
to the CPU with a cycle steal request (1/0 cycle). At the end of the data 
field, the file control unit activates 1/0 condition B to signal the CPU 
to start processing at core location 0000. If 1/0 condition Bis activated 
before the program load switch is released, the CPU waits until the switch 
is released before starting to process. 

DISK ATI ACHMENT-Operations 

Initial Program Load (Part 1 of 3) 

IPC key released earlier IPL key released 

Program Load Key 

/ than end IPL Op after FJC Op end 

L _______________ 11 __ 

CPU (Not) System reset 

Data Bus Out bit 5 Clock 2c I t Clock 8 
I 

LSR Select (DFOR) Clock411~--~-------------~--~---~-~~---~---~-~--~ 
-' ------\~-~~~~~-

_______ __.-------Many Cycle Steal Operations -----·t'------------------Disk Cycle Steal Requests 

1/0 Condition B {Indicates end of IPL Op) 

Processor Run 

IPL switch operated 
starts CPU and 
FCU 
for IPL operation. 

A. 
/ ' 

/ ' 
/ ' 

/ ', 
/ ' 

/ ' 
FCU: 

Selects disk drive 1. 
Selects disk. 
Resets DFDR to zeros. 
Starts seek-recalibrate. 

FCU performs read 
operation from first 
sector past index. 
1/0 condition B indicates 
end of IPL operation. 

Depends on 1/0 cond 
Band release of IPL 
key. 

For details of IPL operation, refer to: (1) Seek Operation flowchart (8-304). 
(2) Read Data Instruction (8-111 ), and (3) Read Data timing chart. 

8R0605 
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DISK A IT ACHMENT -Operations 

Initial Program Load (Part 2 of 3) 

No Signal name 

1 CPU clock 

2 Program load key 

3 CPU (natl system reset 

4 Data bus out 5 (CPU) 

5 LSR select 

6 Initialize IPL 

A 7 IPL 

8 Spin 0 select 

9 Seek spin O 

10 Select fixed or removable I ·•··· ::::: 
11 Recalibrate op 

12 Go 

13 Reset condition end seek 

14 1/0 working 

15 Head trigger 

16 1/0 attention 0 

17 Forward-reverse 

18 Start op 

19 Inhibit start 

20 Reset A - reset B 

21 Initial reset 

22 Select file 

23 Head enable 

24 Clock gate 

B 25 Condition execute 

26 Execute latch 

27 End seek O 

::::: 
::::: 
·•··· :·:·: 

~~~~~ 
28 FCU clock :-:·: ·•··· 

Diagram 

CPU 

CPU 

CPU 

CPU 

CPU 

8-239 

8-239 

8-249 

8-249 

8-211 

8-215 

8-215 

8-215 

8-253 

8-213 

8-254 

8-215 

8-230 

8-230 

8-230 

8-230 

8-230 

8-213 

8-217 

8-218 

8-218 

8-215 

8-247 
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o J 1 J 2 J 31415I6 I 7 I 8 I ol 1 I 2 ~ ~ s Jo J 1 l 2 l 3 J 4 J s J 6 l 1 J 8 Jo J 1 J 2 J 3 J 4 J 5 J 6 J 1J s Jo J 1 J 2 J 3 l 4 J s J 6 J 1 J s J 0 

! I 
Active until operator releases key 

I 
, 

I 
I I 

I I 
I I 

I I 
(CPU resets DFDR to 0000) I 

I I 
1, 3 and 4 I I 

1and6 
1 I 

J Reset by 'end op reset' 

I I I 
6 I Reset by next drive selection 

J' 
I 

6 _j_ _, L 27 

; 
-, T I 

6 -' Make selection determined by fixed-removable switch 

i 
, 

I 
6 271 

i 7 / I 
6.L-------- - -'- - - - - - - --::( _f_ - - - --1 27 I Note: go will not be set if 'home spin 0 is active or spin 0 is not ready 

I 
, 7 I I 

1- I I I 

7 i I I 
_r Reset by IPL latch reset I 

J 
I I I 

11 J Gate to select head 0 I 

i I I I 
11:_----- - -_1 Active if spindle 0 is not ready when IPL latch is set I 

I 7 I I 
3 

...l J Reverse is selected -- this direction is active until next direction selection 
.~· 

! 
I 

I I 
I I 1 _1 I 

I I I 
I I 1 Reset by IPL latch reset 

I I 
, 

I 
I 1 ~1 I 

I I I 
I 1 ..._ 1 I 

I I I 

I 1 L Reset by 'end op reset' 

I I 7 I 
I 20 J Reset by 'index' 

I I ' I 

I 21 L Reset by 'AM time' 

I l r I 
I 18 l ..I Reset by ·end op reset' 

I I I 
, 

Set if 'index' is not active I 25_[_ - - ..L ..I Reset by 'end op reset' 

I I I 
, 

I , ..._, Active when seek ends or if no motion seek, when head settle time out ends 

I I I 
f Clock pulses begin when 'execute', line 26, is active. Clock driven from 3.177 osc Ja. -- ---

_. -- I -- -- --Program load key is operated, FCU sets up for IPL operation, then waits for index to continue 

I 
I 
I 
I 

' I 
I 

I 
I 

I 

l 
I > 

Wait for 'index' pulse 
to pass to set 'read 
gate' before next action 
occurs 



1 FCU clock 

2 Raw index 

3 Pre index condition 

4 Condition standard index 

5 Standard index 

6 Condition index reset 

A 7 Index time 

8 Index times 1 through 4 

9 Bit ring inhibit 

10 Bit ring (starts at 7) 

11 Control counter 

12 Read gate 

13 Count zero gate 

14 Counter set 

15 Cycle control ring 

16 CCR advance gate 

17 Condition first AM 

18 Clock gate 

19 Pre ·advance gate 

B 

DISK AITACHMENT-Operations 
Initial Program Load (Part 3 of 3) 

Diagram 

8-247 

8-218 

8-218 

8-218 

8-218 

8-218 

8-218 

8-218 

8-227 

8-227 

8-223 

8-217 

8-223 

8-223 

8-221 

8-221 

8-221 

8-218 

8-221 

.. .. .. .. .... • .. .. .. -- -- -- -- -- -- -- -- -- _._ -- .... -- -- .... --- .... --- -- -- -- --
:..::t 

1and2 1and6 

1 and3-1 and6 

1 and4-1 and6 

1and5 ._,_ 

1and5 

7 and 10 l 1 I 2 l 3 1 J 4 

5 

7 0 I 1 
I 

2 13 14 15 16 1 7 0 I 1 
I 

2 l ~ 4 1 s l 6 l 1 Ir- oI 1 I 2 13 l 4 15 16 I
1 ls-- o} 

0 I 

(__ 
T 

2 1 

Wait for 'zeros detect' and address 
mark detect. When an address mark 
is detected the FCU continues to 
read the ID field, however no ID 
compare with the disk control 
field is made 

0 16 }----

8 1 Reset by ·reset A' 

10 and 11 10 

7, 10and 13-10 'set counter to 16' 

Reset 

10 and 11 

Sense 'index', set 'read gate', then wait for zeros and address mark detect to continue 

The FCU cycles through the ID 
field. When the cycle control 
ring reaches data time, the FCU 
starts to read data and sends it 
to the CPU to be stored at the 
OFOR address. 

Note: see read data operation 
for details of read data field 

At post data time. counter 
decode 1 and bit ring 7 time, 
(this condition occurs at the 
end of post data time) 'pure 
end op reset' is active to 
deselect the drive and reset 
the 'IPL' latch 

3 s---

10 and 11 

..1 Reset by 'reset B' 
7 

'IPL set 1/0 condition B' 
is active and indicates the 
end of the IPL operation 
to the CPU. The CPU 
starts processing at core 
location 0000 

--- - ---
_._ -- --- --- --- --- ---

1 }2}3I4JsisJ1Jol 1 12 1 3 

0 

10 

_.J AM 
l 

10. 13. and 19-10 

15-....t 
Clock driven from 3. 177 osc It I '4 ' Clock driven 

from separated clock 
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DISK ATTACHMENT -Operations 

Start 1/0 Initial Selection (Part l of 3) 

A 

B 

Start 1/0 
initial selection 

Start 1/0 
I-op cycle 

Start 1/0 
1-0 cycle 

FCU decodes 
its address, 
checks for bus 
out parity. and 
sets part of the 
instruction into 
the op register. 

The FCU indicates 
its operating status 
to the CPU by 
'1/0 cond A' and 
'1/0 cond B' 

Clock 5 

Interface line 
'SIO' active 

'FCU 1-Q cycle 
sample' 

Clock 0 8-254 

n
;~et '1/0 ~ond A' -
and 'l/G co1l<..I B' 
atches 

8-254 

No Set 'even 
parity' latch 

No 

8-253 

Block 'FCU 1-0 
cycle sample' 

8-254 

'1/0 cond A' and 
'1/0 cond B' 
latches not set 

End operation 

Latch up bus 
out register 
parity holds 

8-251 

8-254 

Set '1/0 cond A' 
and '1/0 cond B' 

End operation 

Set 'select O' or 
'select 1' latch 
with 'bus out 3' 

8-311 

Yes 

No 

8-253 

'SIO 1-0 cycle 
sample' 

8-253 

Set 'SIO select 
cycle' latch 

8-254 

Set 'l/O cond B' 
latch 

8-249 8-211 

Set 'fixed' or 
'removable' latch 
with 'bus out 4' 

System/3 FETMM (12/70) 

3 

8-254 

Set '1/0 Attention' 
latch 

Set 'no op 
status' latch 

8-253 

Set 'op register' 
with 'bus out 
5, 6 and 7' 

. 8-249 

Yes 

'LIO or SIO 
reject' 

8-253 

8-254 

Set '1/0 cond A' 
latch 

Block 'SIO 1-0 
cycle sample' 

8-253 

CPU operates in 
1-R backup mode 
until drive is ready 
or not busy 

8-310 
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I 
A 

8-310 

Start 1/0 1-R cycle 

FCU checks bus out 
parity and continues 
to set up for the 
instruction command 

End SIO instruction 
cycles 

• • • • 
CPU cycles (1/0 
cycles) are available 
to the FCU at the 
request of the FCU 

DISK A TI ACHMENT-Operations 

Start 1/0 Initial Selection (Part 2 of 3) 

Clock 0 8-254 

Reset '1/0 cor:id A' 
and '1/0 cond B' 
latches 

Clock 5 8-253 

'Condition 1-R 
cycle sample' 

'Reset op reg' 

No further action 
in the FCU 

Set op reg with 
1-R byte, bits 

8-249 

'SIO 1-R cycle 
sample' 

'Reset FCU 
status' 

8-253 

8-231 

Clock 8 8-253 

Reset '510 select 
cycle' latch 

'Reset op reg' 

Set 'even parity' 
latch 

8-253 

8-254 

8-251 

Latch up bus out 
register parity holds 

Set '1/0 cond A' 
and '1/0 cond B' 
latches 

End operation 

'FCU busy' 

8-254 

8-249 

Exit to seek 
operation if this 
is a seek instruction 
page 8-313 

'Pure initial reset' 

'Clock gate' 

'Reset A' and 
'reset B' 

'Select file' 

8-230 

8-217 

8-230 

8-230 

Clock 4 8-230 

Yes 

'Start op' 
'lnh start' 

Set 'condition 
execute' latch 

Set'exeeute' latch 

8-2~8 

Yes 

No 

Complete seek operation 
on selected drive 

See SIO seek operation 
for details of seek 
operation page 8-313 

Yes 

8-230 

'Pure end op reset' 
and 'reset A' and 'B' 

Set 'no op status' 
latch 

'Seek check reset 
FCU busy' 

End operation 

8-253 

8-230 

See specific operatio~ for operational details . 

Write identifier operation, page 8-317 

Write data operation, page 8-325 

Read data, read verify, read data diagnostic 
or scan, operation, page 8-336 

Read identifier, page 8-348 

System/3 FETMM (12/70) 8-311 



DISK A TI ACHMENT -Operations 

Start 1/0 Initial Selection (Part 3 of 3) 

No Signal name 

1 Start I - 0 

2 CPU cycle 

3 CPU clock times 

4 SIO select cycle 

5 Cycle sample - {1-Q or 1-R) 

6 Initial reset 

A 7 I - 0 condition B 

8 FCU busy 

9 Start op 

10 Drive select 

11 Write read or scan operation 

12 Clock gate 

13 Write ID, read ID, read data, or scan (specific operation) 

14 Condition execute 

15 Execute 

16 FCU clock 

17 Raw index 

18 Set counter to 8 

19 Bit ring inhibit 

20 Bit ring 

B 

Diagram 

Interface line I I 
3 

I -op 1-0 

CPU 
oJ 1 l 2 l 3

}
4

}
5 l 6 l 1 l 8 0J1J2J3I4I5Jsl1l 8 

8-253 5 l 
8-253 

This signaf is bTocked in case or an I 
error in the 1-0 or 1-R cycle - I 

8-230 I 
I 

8-254 
I 

.J 

8-249 
I 
I 

8-230 I 
I 

T 

l 8-249 5 

8-249 I 
5 

8-217 
I 
I 

8-249 
I 

8-218 

8-218 

8-247 

8-218 

8-223 

8-225 

8-225 81 

Set Q byte N field 
into FCU operation 
register 

System/3 FETMM (12/70) 8-312 

3 

I I 
I 

1-R I phase ' I 
ol 1J2J3l4J5Jsl1l 8 oj1J2JaJ415lsJ1JsJoJ1l2J3J4J 5 

I I 
2 and 3 I 

I I - I I 
I I -- I 
I I 
I I 
I l Note 1 5 and 11 .J. 

I I 
I - I 
I ' Note 1 

' I Note 1 _l 

I I 
6 

I I Note 1 5 _l ..J. 

I i Note 1 
I 9 1-

I I Note 1 Active if 'index' is not active 9 J_ 

I I 
Note: FCU clock is not to the same scale as CPU clock - - _.._1 -- ~ .. 

I I 
I I 
I I 
I 9- I 
I I 

Reset BL I 
I I 

ring position seven active when bit ring is reset 7 .i 0 .J. 1 .J. 12 .J. 3 ..I_ 4 .J. 

Set control code Note 1: These lines are active until 

into operation 'end operation reset'_ Normally 

register this will occur when an operation 
is complete_ An FCU error may 
cause 'end op reset' to be active 
at any time 



A 

B 

s 
D --- B 

register~ 3 

CPU 

- CSR 
CSR t----- P--1 

i-------""~acknow·----- 2 __,/'1 

T FCU Seek time 
out 
counter 

~ 1.0· 
2.0 sec. 

II 
8-215 

.. Ori ve 
~ 

e- Seek 
R ~ 
~ 

ID F C F) 

ALU 

' , 
DFCR 

080 

LSR select 
(device address 

SARISAR] 
LSR LSR ..- register) 

hi lo 
hi lo 

• l T .._ _____________ I~ 

SEEK OPERATION 

--

A 
register -

LSR 
select 
decode 

a A seek operation is indicated to the file control unit when the N field of the 
Q byte is all zeros. The R byte cycle does not contain any seek information. 

II After the Start 1/0 1-0/l·R cycles are complete, the file control unit selects 
the disk file control register local storage register to locate the F byte in 

ledge 7_/ 

DBI 

LSR 
select 
triggers 

FF J: 
~ 

8-211 

Clock 0---..;.-
Head 
settle 
counter 

II 

'N' byte 

'S' byte ~ 

8-211 

Raw index pulse 

(no motion required) 

8-213 
Cl> 

-x 
g ._ _______ .,....., __ ~ Difference I--- ~ ....... 

c!)lJ llllll 8_214 counter c'.3 ,I 
lm--223--i 

1....---J Go slow + '-----" 8-2,..1 _s......__1..._•__, 

... .., 
e .. 
V' 

II 

check 

(see text for 
set conditions) 

27.6-28.3 msec. // 
II 

tB-215 Start/stop Go (to drive) a counter 
(HSA only) logic ~ 

T High speed Recalibrate 
operation 

-r 

L-----· I- - - - -- ----- - - ----- - ------1~ 
8-213 Track crossing pulse I 

~H-e-ad---~ T 

register 7· 

... ------------x----------a--..:.._-.i Bit 0 .. 1 =head 0 -- 0 =head 1 

II 8-215 

Bit 7 Direction 
__.. 

1 =forward --
IQ byte ~ 

....,_____________ ~ 
Bits 5 • 7 

0 =reverse 

Bits 3 and 4 

c 

~ 
8-249 a --8-249 l FCU 

L.-..- address 
decode 

.__ ____ _, Operation _______ se_e_k_ 

register 
8-211 

~ 
Seek _3.. 

...----..... 8·211 
Drive/ 
disk 
select 

8-249 

..p;' 

the disk control field. Four cycle steal requests are made to read out the F, 
C, S, N, information. Each cycle request updates the disk file control 
register address by one in order that the next successive byte of the disk 
control field may be read out. After all four bytes are addressed, the disk 
file control register address is returned to its original content by subtracting 
three from the updated value. Information in the F and C bytes are not 
used in the file control unit for a seek operation. 

------------- ___ ..J times 1-. -,-1-4____._ 3~ 

II 

II 

Bit zero of the S byte selects the head to be enabled in a read, wnte or scan 
operation. Bit seven of the S byte determines the direction the access mech· 
anism will move. 

The N byte is set into the difference counter and indicates the number of 
cylinders the head access mechanism should move. If the N byte is equal 
to zero, no access motion is required and the seek time is only as long as 
it takes the four cycle steal operations to complete. If N is equal to or 
greater than 223, and reverse direction is specified, a recalibrate opera-

tion is indicated. A recalibrate operation selects head zero and ignores the 
condition of the zero bit in the S byte. The file control unit is set up with 
all seek control information when the fourth cycle steal is complete; mech
anical motion (if required) is started at this time. 

8-211 

3 

t'----2 
l'--P CSR 

CSR 
t'--1 ack 

Priority request 7 J 

II , Track crossing pulses increment the difference counter as each cylinder 

II 

is crossed. When the difference counter carries (FF) the·'go' line is de
activated and access motion stops. An interlock time of-24.67 (+3.2, -3.74) 
milliseconds for the high speed drives, or approximately 28 milliseconds 
for the standard speed drives, and prevents another disk start 1/0 operation 
from starting until head settle motion is ended (see 7). 

Seek checks indicate an abnormal condition during a seek operation. 
Conditions that set seek check are: 

0 No seek end 1 to 2 seconds after 'go' is active. 
8 'Go forward' active and access overrun indicated. 'Access overrun' 

occurs when the access mechanism is at its inner stop. 

8-239 
4 

--------1 Constants 
LSR 
select 
IDFCR) 

~4~ 
8-243 

I ~---.1....----' 

J 

'Go reverse' active, 'cylinder zero' indicated, and not in a recalibrate 
operation. 
A track crossing pulse was sensed during head settling time. 
'Go' active and drive goes not ready during a seek operation. 

Two counters generate time for head settle-24.67 (+3.2, -3.74) milliseconds 
for the high speed drives, or approximately 28 milliseconds for the standard 
speed drives, and seek time out (1 - 2 sec). The head settle counter is 
advanced with clock zero and uses the difference counter for full counting. 
The difference counter is reset when 'go' drops so it can be used in the head 
settle time out. The seek time out counter is advanced with raw index pulses 
from the selected drive. 

DISK A TI ACHMENT-Operations 

Seek Operation (Part 1 of 4) TNL SN-34-0059 to SY34-0021-l System/3 FETMM (8/7 l) 8-313 



DISK A TI ACHMENT-Operations 

Seek Operation (Part 2 of 4) 

A 

B 

Start seek 
operation 

During the 
initial selection 
IQ cycle, the 
following latches 
were set: 

'spin select' and 
'control spin' for 
the selected 
drive. 

'seek initial 
reset' was active 
to reset t=CU 
latches for the 
seek operation. 

The 1-R cycle 
activated: 

'initial seek 
time', '1/0 
working', 
'status reset', 
and 'seek' latch 
for the selected 
drive 

The FCU requests 
the lirst of four 
cycle steal cycles to 
set up for seek 
control. Informa
tion is in the disk 
control field at 
the DFCR 
address 

8-249 

8-215 

8-215 
8-253 
8-251 

Note. For FCU with high-speed access, 
refer to page 8-214 for the go slow counter 
operation. High-speed seek operations 
other than the go slow c~unter are the 
same as for normal speed seek. 

First cycle steal: 
1 . read out F byte 

(information not 
used for seek) 

2. increment DFCR 
address +1 

Clock 0 8-211 

'Priority request 7' 

Second cycle 
steal. Read 
out C byte. 
Increment LS R 
address +1 

TNL SN34-0059 to SY34-0021-l 

Clock 8 8-211 

CPU acknowledges 
CSR by 080 
line 2 and 7 active 

Clock 0 

Set 'seek cycle' 
latch and advance 
seek time counter 
+ 1 . Request 2nd 
cycle steal 

Clock 4 

Clock 5 

Select LSR 
(DFCR) and 
modify the 
LSR address +1 

Read out F byte 
(information is 
not used for seek 
operation) 

Clock 8 

8-211 

8-239 
8-243 

8-211 

CPU acknowledges 
CSR by DBO line 
2 and 7 active 

Clock 0 8-211 

Set 'seek cycle' 
latch and advance 
seek time counter 
+ 1. Request 3rd 
cycle steal 

Clock 4 
8·239 
8-243 

Select LSR (DFCR) 
and modify the 
address +1 

Third cycle steal. 
Read out S byte. 
Increment LSR 
address +1 

Bit 0 of the S byte 
selects read head 
1 or 0 

Bit 6 and 7 
selects direction 
of seek 

Fourth cycle steal. 
Read out N byte. 

Set difference 
counter with 
the N byte information 

Clock 5 

Read out C byte. 
This information 
is not used for 
seek operation 

Clock 8 8-211 

CPU acknowledges 
CSR by DBO line 
2 and 7 active 

Clock 0 

Set 'seek cycle' 
latch and advance 
seek time counter 
+1. Request 4th 
cycle steal 

Clock 4 

8-211 

8-239 
8-243 

Select LSR IDFCRI 
and modify the 
address +1 

Clock 5 

Read out S byte. 
Bit 0 will set read 
head select. Bit 6 
and 7 will set 
direction of seek 

3 

8-213 

8-215 

System/3 FETMM (8/71) 8-314 

A 8-315 

Clock 8 8-211 

CPU acknowledges 
CSR by OBO line 
2 and 7 active. 
Set 'inhibit request' 
latch 

Clock O 

Set 'seek cycle' 
latch and advance 
seek time 
counter +1 

Clock 4 

8-211 

8-239 
8-243 

Select LSR (OFCR) 
and modify the 
address -3 

Clock 5 

Read out N byte 

8-315 



A 

B 

Start mechanical 
motion on selected 
drive. Track crossing 
pulses from the 
drive advance the 
difference counter 

DISK A TI ACHMENT -Operations 

Seek Operation (Part 3 of 4) 

No 

Advance difference 
counter +1 

Clock 8 

No Yes 

..-~~~-< ~--------------------..... 

Load track 
difference 
counter 

Yes 

8-215 

Set 'go' for 
selected drive. 

Reset: 
'ALU binary sub' 
'in!tia! seek time' 
'seek cycle' 
'condition seek cycle' 
'inhibit request' 

Yes 

8-243 
8-213 
8-211 
8-211 
8-211 

.., 
I 

I 

Do not set 'go' 

8-215 

Set 'recalibrate 
operation' latch 

8-213 

Set 'head trigger' 
for head 0 

No 

L __ _ 
Note: A seek check will 
occur if 'go' is not reset 
in 1 to 2 seconds after 
'go' is active. The 'seek 
time out counter' is 
started at this time 

8-215 

8-316 

Set: 'seek 
check' 

8-215 

Yes 

Reverse 

No 

Yes 

No 

8-213 

Access mechanism 
moves one track. 
A track crossing 
pulse is sent to 
the FCU 

Advance the 
difference 
counter +1 

Set 'pre end' 
latch 

I 
t 

Reset 'go' for 
selected drive 

8-213 

8-215 

Forward 

No 

i\.!o 

Yes 

System/3 FE1MM (12/70) 8-315 



DISK ATTACHMENT -Operations 

Seek Operation (Part 4 of 4) 

A 

B 

8-316 

'Go' inactive causes 
the drive to stop 
seek motion. 

Head settling 
time out is 
started to prevent 
any disk operation 
from starting until 
head motion has 
stopped 

Reset: 

'difference counter' 

'difference counter 
carry' latch 

'Head settle 
counter' output 
advances the 
difference 
counter 

Continue to advance 
difference counter 
with 'head settle 
counter' output 

Set: 'condition end 
seek' latch 

8-213 

8-213 

No 

No 

Yes 

8-215 

Set: 'seek check' 

End operation 

Yes 

Reset 'recalibrate' 
latch 

No 

Activate 'end 
seek' for selected 
drive 

Reset: 

'seek' latch 
'pre end' 

8-215 

'head settling' 
'condition end seek' 

No 

Continue with 
operation set 
in operation 

.register 

8-249 
8-215 
8-215 
8-215 

Yes 

Set: 
'no op' latch 

Reset: 
'op register' 

System/3 FETMM (12/70) 8-316 
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8-253 

8-249 
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WRITE IDENTIFIER OPERATION 

This instruction initiates the writing of a 24-sector format on the selected 
disk. The operation always starts at the index marker on the disk and writes 
24-sector formats. There is no identifier-field compare on a write-identifier 
instruction before writing. 

• This operation always writes 24 sectors per track. 

• Operation starts at index. 

• The N byte in the disk control field is automatically set to 22 by the file 
control unit (24 sectors are written). 

• Sector number is incremented by one. N byte is decremented by one for 
each sector written. Both of these bytes are in the disk control field in 
core. 

• The DFDR local storage register is not updated for each byte written 
in the data field. The same character is written repeatedly for the 256 
byte data field. 

• Cyclic code and bit count appendage characters are generated for the 
ID and data field. These characters are written at the end of their re
spective fields within each sector format. 

• Two bytes of 'F2' with 2 clock bits missing are written for address 
marks. 

The contents of the sector-identifier field is the first three bytes of 
the disk-control field {F, C, S) as addressed by the DFCR. The N byte is 
set by the control unit to ensure writing exactly 24 sectors per track. As 
each identifier is written on the file the sector number of the disk-control 
field (S byte) is incremented by one and the N field is decremented by one. 

The data field for each sector is written with data from core addressed 
by the DFDR. This register is not incremented so the entire 256-byte field 
is written with the same character. If all records have been written, the N 
byte contains hexadecimal EF. 

The file control unit is busy to all new operations during a write-identifier 
operation except sense 1/0. The read verify command must be used to check 
for write errors after a write identifier command, in order to meet file 
performance specifications. 

DISK A TI ACHMENT-Operations 

Write Identifier Operation (Part 1 of 9) System/3 FETMM (12/70) 8-317 



DISK A TI AC HM ENT-Operations 

Write Identifier Operation (Part 2 of 9) 

A 

~=~: 
~=== ·•··· ~:=: 
····· ..... 
::::: 
····· •·•·· ..... ..... 
•···· •···· 
~=== ::::: ..... 
•···· ..... 
····· ..... 
::::: 
•·•·· 
~=== .•.•. •·•·· ::::: 
·•·•· •···· ····· 
8 

Start write 
ID operation 

Execute latch 
is active from 
initial selection 
flow chart. 
Wait for 'index' 
to continue 

Write gate 
active at 
'index 3 time' 

Write 40 bytes 
of FF - gap 1 

AM time 

No 

8-219 

8-221 

8-319 

Write 7 bytes 
of zeros 

Control counter 
to 1. Write 
first AM mark 

Control counter 
to 0. Write second 
AM mark 

8-221 

Pre ID time 

8-221 

ID time 

Cycle steal 
request for 
F byte. Incre
ment DFCR 
address +1 

Constant OE 
set into read 
buffer 

Write OE 
on disk 

Transfer write 
buffer to read 
buffer 

~ycle steal 
requested for 
C byte. Incre
ment DFCR 
address +1 

Write F byte 
on disk. 

Generate CC 
and BCA check 
characters 

Transfer write 
buffer to read 
buffer 

8-241 
8-243 

8-219 

8-241 

8-241 
8-243 

8-227 

8-241 

8-221 

ID CC time 

8-221 

Post ID time 

8-319 

Set N field 
to22 

Yes 

8-243 

System/3 FETMM (12/70) 

Cycle steal 
request for 
S byte. In
crement DCF 
+1 (S byte) 
and DFCR 
address +1 

Transfer write 
buffer to read 
buffer 

Write C byte 
on disk 

Transfer write 
buffer to read 
buffer 

Write S byte 
on disk 

Write ID CC 

8-241 
8-243 

8-241 

8-241 

8-219 

and BCA 
characters on disk 

8-219 

Start writing gap 
3 - 10 bytes of FF, 
and 4 bytes of zeros 

No 

8-243 

Modify DFCR 
address - 3 

Decrement 

1_N field - 1 

8-318 

8-243 



A 

····· :·:·: 
::::: 
~~~~~ 
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·•·•· ····· :-:·: ::::: 
•·•·· •···· •···· 
~~~~~ 
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~~~~~ 
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~~~~~ 
B 

8-318 
A 

8-221 

Pre data time 

8-221 

Data time 

DISK A IT ACHMENT-Operations 

Write Identifier Operation (Part 3 of 9) 

Yes 

Finish writing 
gap 3 

8-219 

Constant OE 
set into read 
buffer 

8-241 

Cycle steal 
request for 
first data byte. 
Do not modify 
DFDR address 

Write OE on disk 

Transfer write 
buffer to 
read buffer 

Cycle steal 
request for 
next data byte. 
Do not modify 
DFDR address 

Write data on disk. 
Generate data CC 
and BCA check 
characters 

8-241 

8-241 

8-227 

8-221 

Data CC time 

8-221 

Post data time 

Yes 

No 

8 8-318 

Return to AM time 

No 

Write CC and 
BCA characters 
"n disk 

Write gap 4 
on disk. 
15 bytes of 
FF 

Write FF for 
gap 5 

'End write ID op' 

End operation 

3 

8-219 

No 

System/ 3 FETMM (12/70) 8-319 



DISK A TI ACHMENT -Operations 

Write Identifier Operation (Part 4 of 9) 

1 Cycle control ring 

2 Control counter 

3 Bit ring 

4 Raw index 

5 Bit ring inhibit 

6 Pre index condition 

A 7 Condition standard index 

8 Standard index 

9 Condition index reset 

10 Index reset 

11 Index time 

12 Index time 1, 2, 3, 4 

13 Clock 

14 Count zero gate 

15 Write FF 

16 Write gate 

17 Gate F2 into read buffer 

18 Set fixed write data 

19 Block clock 

20 Spin write data 

21 1st sector tag 

B 

System/3 FETMM (12/70) 8-320 

8-221 L Reset J AM J ""l 
8-223 l2 1 0 25 S\ 0 22 SS 8 \\ 2 1 0 

8-225 7 0I1I2 I3I4IsisI1 0I1J213 4I5I6I7IoJ 1J2l3 4JsJsJ1lol1J2I3I4I5Isl1loJ1l2I3I4I5I617 oJ1J2}3}4JsJsJ1 0!1 

8-218 
I (43 µs long) I I I I 

_l_ _J I I I 

8-225 8 
I I I I I I 
I I I I I I 

8-218 I I I I I I I 
4 and 13 I I I I I 

8-218 I I I I I I 
6and13 ...... ! I I I I 

8-218 
I I I I I I 

-7 and 13..I. I ! I I I 

8-218 I I I I I l 8 and 13 -1 4 I 

8-218 I I I I I 
4 and9 I I I I 

I l I I I 8-218 8 and 13 L 3 and 14 ! I 
I I I I I 8-218 I _.1.._2.._3. I ..I.. 4 ..I. i I I I 

8-247 I I I I i :.I .J!I. JI. _._ ..JL 
_._ 

II II • • • • • "' • • • • • • • " • • • Ill • • • • • • • • • • • • • • • I! lliL...JL....JL. • • • lli1 • • • I 2 and 3 
I I 

8-223 I 2 and 3 I I 

I I I I I 
8-219 I 12 _l _l _l_ 1and2 I 

I l I I I l 8-219 12 and 21 .1 .l. .l. 

8-219 
I ! I I I l I 
I I I I 1 and 2 _J 2 

I I I I 
(set byte F2 into 'read buffer') 

I I 
8-219 I I I I 3 and phase C ....I. 1 (same)_._ 1 

8-219 I I I I I I I 
I I I I I 1,2and3 - 3 I -8-219 I C D1C D [_ Write 40 bytes of FF _{ CDC C c c c r-write 7 bytes of zeros~ ~ _i _i _ii~ ~ ~_i c _i~~ iii~ I _.__.__._ ..... T --, ..1_.__._ _..._ _._ _.._ _._ _._ 

8-243 Reset by pre data time 8 4 2 1 8 4 2 1 8 4 

~1 Write ID operation ----------ilO*"'il-----------------------------Write gap 1----------------------------+....,.f---Write first AM 
starts at index byte ('block clock' 

~ For 2nd through 24th sector _. I line causes missing 
operation starts here clock pulses) 



No Signal name 

1 Cycle control ring 

2 Control counter 

3 Bit ring 

4 Count zero gate 

5 Condition priority request 

6 Priority request 3 

A 7 Data cycle request gate 

a ID area 

9 Gate read buffer bit 4, 5 & 6 

10 Set fixed write data 

11 Set write buffer 

12 Xfer write buffer to read buffer 

13 Input data time 

14 Constant on DBI 

15 DFCR select 

• 16 Spin write data 

17 Xfer chk ctr to CC register 

18 Input data time 

B 

DISK ATTACHMENT-Operations 

Write Identifier Operation (Part 5 of 9) 

Diagram 

8-221 

8-223 

8-225 

8-223 

8-241 

8-241 

8-241 

8-241 

8-219 

8-219 

8-241 

8-241 

8-243 

8-243 

8-239 

8-219 

8-237 

8-243 

AM ] Pre ID ID IDCC 

0 3 2 1 0 3 2 1 

2 l 3 l 4J 5 J 6] 7] 0 J 1] 2] 3 4]5]s]1 0]1J2l3]4l5]s]1 ol1J2l3]4ls]s]1 oj1j2j3 4j5Jsl 7 ol1l2l3l4lsls]1 ol1l2l3l4l51sl 7 0 

I I I 
I I I 

Bit ring 7, phase C ...J Clock 3 
I I (cycle steal request) .... .... 

I i I 
Clock 6 _. I -- I • 

I I I 
Clock 8 Clock 7 I I 

I I 
J2 _l 

(OE) I I I 
I I I 
I (set constant OE into 'read buffer') I _. I I 
I I I 

Clock 5, early phase C _. (F byte) I 1 !C byte) I 1 
(S byte) (data on DBO transferred into 'write buffer') 

I I I I 
I • I • I • I 

1 and 4 l l ..l 
I 

4 I 

I I I I I 
Clock 4 _. DBI line 7 I a DBI line 7 Clock 2 • • DBI line 7 I (update DFCR for next byte) I 
I I I I I 

Clock 8_. ..I.. Clock 4 Clock 8 • _._Clock 4 Clock 8 • • Clock 4 I I 
I 

~ --~ 
I I .... _. _. ..... J. .... _. ..... _... ...... __. -- _. _. __. _. • • • • • • • Ja ------------. J... • . • __. . __. i. _. ·------ -• ..• 

I I I I I I I 
I I I I I t I 
: J I I I I I 

I I I I I 

---1~4-----Flag-----ir~I•• Cylinder -llJl'~J1o-11•._---Sector-----.-.· ... ~1--------- WriteCC characters =7\ 
---~~------------Write ID field information-------------~ 

------------- Generate CC and BC characters Write BCA character 

Write 2nd AM byte ·1: 0 .. , .. E . 
~ 

Write gap 2 .. ...... 

..... 

---------1 ncrement S byte +1 during S byte cycle steal time ----------1~ _,,_ -
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DISK A IT ACHMENT-Operations 

Write Identifier Operation (Part 6 of 9) 

1 Cycle control ring 

2 Control counter 

3 Bit ring 

4 Count zero gate 

5 Condition prior request 

6 Prior request 3 

A 7 Data cycle request gate 

8 Constant on DBI 

9 Write FF 

10 ALU binary subtra<:t 

11 Store data 

12 Block SOR-8 1register 

13 Data area 

14 Gate bits 4, 5, & 6 to read buffer (OE) 

15 Set fixed write dgta 

16 Set write buffer 

17 LS R selected 

18 Input data time 

19 1st sector tag 
~ 

20 Decrement N 

B 

8-221 

8-223 

8··225 

8-223 

8-241 

8-241 

8-241 

8-243 

8-219 

8··243 

8-243 

8-243 

8-241 

8-219 

8-219 

8-241 

8-239 

8-243 

8-243 

8-243 

System/3 FETMM (12/70) 8-322 

IDCC Post ID l Pre data 

0 5 4 3 s~ 0 10 SS 4 S5 1 0 256 

0J1l2i3 4151617 0!1121314151617 '011 l 2 l 31415161 1J 0 J 1 J 2 l 3 41516 J 1 Jo J 1 l 2 l 3 l 4 Isl 6 I 7 Io I , I 2 I 3 T 4 I 5 I 6 I 7 0J1l2i3 41516 

2and 3 I I I I I I Signal drops ... 
3 I 2and 3 3 I 2and 3 

I I I I I I 
I Bit ring 7, phase C ..... Clock 3 I I I .... 
I I I I I 

(cycle steal first data byte~ I Clock 6_. I l I 
I I I I I I 
I Clock 8 Clock 7 I I I I -
I I I I I I 
I (set N field to 22) Clock 2, DBI 3, 5, 6 • • Clock 4, DBI 6 and 7 (subtract 3 trom DFCR address) I I 

1 I I I ! I i I _._ 2 and phaseC I I 
I I I I 

--, 
I Clock 4 - Clock 8 I I 
I I I 
Clock 2 I I 

I I 
I I 

1, 2 and write operation t I 
..J.. 

I I 
1 and 2 L ...I 

I I 
(set OE into 'read buffer') I ...I. I 

I I 
(DBO data transferred into 'write b';Jffer') Clock 5, early phase C 1 I I I I 

Cock8.a .._ Clock 4 (DFCRI I I i .. _. (DFDR) 
I I l I 
I L ...I. 

I J (active only for sector zero) 
I I 

.l_ __1_ I I 

I I I I I I 
I Subtract 1 from N field Clock 2 • (active only when line 19 is inactive on sector 1 through ~3) I I 

S--- Write BCA character _. ... Write Gap 3 -10 bytes of FF; 4 bytes zeros ---1 Write sync byte OE -4 -1 ... 



:~=: I No s;gnal name o;agram 

~:=: 1 Cycle control ring 8-221 

~~~~ ..... 
~~~~ ..... 
·•·•· 
~~~~ ..... 
~-=·· ::.:: 
·•·•· 
~=== ::::: 
:·:·: .•.•. 
A 

B 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

Control counter 

Bit ring 

Count zero gate 

Condition prior request 

Priority request 3 

Data cycle request gate 

Constant on OBI 

Write FF 

Input data time 

Xfer write buffer to read buffer 

Block SOR-B register 

Data area 

LSR select 

BCA to CC register gate 

Set write buffer 

DISK A TI ACHMENT-Operations 

Write Identifier Operation (Part 7 of 9) 

8-223 

8-225 

8-223 

8-241 

8-241 

8-241 

8-243 

8-219 

8-243 

8-241 

8-243 

8-241 

8-239 

8-237 

8-241 

Pre data Data Data CC Post data 

256 255 S\ 0 3 2 1 0 15 14 13 

51617 oj 1j2]3]4]5Jsl1lo] 1] 2] 3 4]5]s]1 0]1]2]3]4]5Jsl1 ol 1l 2] 3]4]5] 6] 1 oj1f2j3 4151617 ol1l2l 3]4]s]sl1 ol1l2l 3 

I I I I I I 
I 2and 3 I 2 and 3 I I 

I I I I I 
1111111..i Clock 3 ....I I I I 

I I I I 
Clock 6 _- I I I 

I I I I 
Clock 8 Clock 7 I I I 
I (do not change OFDR value) I I I 
I I I I 

I I 
1 l I 

I _l 

~ 
I 
I 

I I 

.1 I 
I I 

I I 

1 -1 Counter decode 1 
I 
I 

I I I 
OFOR clock 8 _. _.Clock 4 I I 

I I (transfer check character register into CC register) I I ..... 
I I I 

Clock 5, early phase C _. I I 

._. ___ ...,.~-------- Write 256 data bytes--------...,i.4--------- Write data field (two CC characters and BCA character) --------1~..,._:...,_ ______ Write gap 4 --------' 

(this sequence repeated until control counter reaches zero) (28 bytes of FF) 

~""------ Generate CC and BCA characters Write gap 5 if this is the end of ~ 
the 24th sector (sector 23) 
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DISK A TI ACHMENT-Operations 

Write Identifier Operation (Part 8 of 9) 

1 Cycle control ring 

2 Control counter 

3 Bit ring 

4 Write FF 

5 Count zero gate 

A 

B 

8-221 

8-223 

8-225 

8:219 

8-223 

Post data 

13 SS 0 22 

4151611lol1l2] 3 4J5]sj 7 

I 
__l 

I 

2and 3 

System/ 3 FETMM (12/7 0) 8-324 

AM 

21 )~ 9 8 7 6 5 

0]1]2]3]4]5]sJ1lo]1]2]3]4l5ls11 ol1]2l3]4J5Js]1 0]1]2]3J4]5JsJ 7 0]1]2]3]4]5161 7 0] 1 l 2 

I 1 I I I I 
..1 i Phase C I I I 
! ' I I I 1 i 
! l I l I 

Write FF (gap 4 or 5) -------------------11111""'-t.,.1111----- Return to [D on page 8-320 for sector 1 through 24. 
For ending sequence after the 24th sector, see next page 



1 Cycle control ring 

2 Control counter 

3 Bit ring 

4 Raw index 

5 Pre index condition 

6 Condition index 

A 7 Standard index 

8 Condition index reset 

9 Index reset 

10 Index times 1, 2, 3 & 4 

11 Index time 

12 Bit ring inhibit 

13 Write FF 

14 Write gate 

15 Erase gate 

16 Reset A 

1i Execute 

18 FCU busy 

19 End write ID 

B 

DISK A IT ACHMENT-Operations 

Write Identifier Operation (Part 9 of 9) 

8-221 

8-223 

8-221 

8-218 

8-218 

8-218 

8-218 

8-218 

8-218 

8-218 

8-218 

8-225 

8-219 

8-219 

8-219 

8-230 

8-218 

8-249 

8-218 

Post data I 
13 \\ ~s 0 I 2 1 0 25 \ 22 0 

4 I 5 l s J 7 I o I 1 l 2 l 3 l 41 51 6 l 7 l o 11 J 2 l 3 l 41 5 l 6 17 l a 111 7 0J1l2J3J4J5ls[1 0J1l2l3 41516171ol1 l 21314151 6 11 l I I I I I 
I I I (43 µs long) I 

Index sensed at drive 
I I I I 

4andclock - I I I 
I I I I 

5 and not clock - I I I 
I I I I 

6 and not clock - I I I 

I I I I 
7 and clock ..I. ..J.. 

I I I I 

4and8 - I I I 
I I I I I 
I I I _J_ 1 _J_ 2 _I_ 3 _J_ I J_ 4 _J_ I 

I I I I I 
I 7 and clock ..I. 3 and 'count zero gate' 

I I I I I 
I I I I I Reset B 
I I I I I 

..J.. .J. ..J.. J.. ...L 16 
I I I I I I 

_J_ .J. 10 I I 
I I I I I I 

..J.. ..I. ...... ..I. _L 16 
I I _, I I I 
I I I I I I 19 
I I I I I I 

...L _._ ...L ..J.. 16 
I I I I I I 

..J.. .J. _._ ...L _J_ .l. 

I I I I I I 
I I I I I I -1---------------------------------Write gap 5 (write FF until 'reset A')-----------------.......-------------.... ....,.~---End operation 

System/3 FETMM (12/70) 8-325 



DISK ATIACHMENT-Operations 

Write Data Operation (Part 1 of 9) 

A 

B 

WRITE DATA OPERATION 

This instruction initiates the transfer of data from core storage to the 
selected track on the disk. Data is transferred in multiples of 256 bytes. 
The entire data contents of a cylinder may be written (maximum of 48 
sectors) if started with sector 0, head 0. Only consecutive sectors are written 
when multiple-sector operation is indicated. 

• Data in core storage to be written on disk is transferred when the ID 
information in the disk control field correctly compares with an ID 
area read from disk_ 

• 256 data bytes per sector are written in the data field. Up to 48 sectors 
may be written during one start 1 /0 instruction. The file control unit 
switches head selection and updates the sector number in the disk 
control field to 32 when required in a multi-sector operation. 

• The DFDR is addressed to obtain the location of the data byte to be 
written. The DFDR is updateri one for each cycle steal within the data 
field. 

• Cyclic code and SCA charncters are generated and written after the 
data field. Only the data fieid CC and BCA are re-written. The ID 
area remains unchanged. 

• Operation ends when the N byte in the disk control field carries. Fiie 
control unit logic brings up 'end op reset' at post data time when the 
N byte carry is indicated. 

Writing of data begins with the sector specified by the file identifier in 
the disk-control field located in the core storage. A comparison is made 
between disk control field identifier and sector identifiers read from the 
selected disk track. Comparing begins with the first ID to pass under the read 
head. An equal comparn of the 3-byte identifier enables the transfer of the 
256-byte sector data. The data is fetched from core using the DFDR for 
addressing. When multiple sectors are indicated, the attachment logic up
dates the disk control field sector number by plus one and decrements the 
N field by one. This updated identifier is compared with the next identi-
fier read from the disk. In the multiple-sector write that requires head 
switching, the attachment updates the last disk address in the control field 
by adding nine to it. An equal comparison must be made on all succeeding 
addresses before their corresponding data fields are written on the disk. 
The data field of a sector is not written if an error is indicatred before writing 
of data begins. 

The write-data operation is ended by completing the N+1 sectors called 
for in the N byte of the disk-control field or by the detection of an error 
condition. An equipment check ends the operation immediately. The 
presence of the error can be determined by a test 1/0 and branch instruc
tion. 

The control unit is busy to any new operation except sense 1/0 while it 
is performing a write data operation. During writing, the control unit generates 
two cyclic-check characters and a one bit-count-appendage byte for each 
data field. The characters are recorded at the end of the data field. The 
verify command must be used to check for write errors to meet file perfor
mance specifications. 

During the writing of each identifier and data fieid, the attachment 
hardware generates two cyclic-check bytes and one bit-count-appendage 
byte which are automatically written at the end of each field. 

At the end of the operation the disk-control field contains information 
about the progress of the operation. The identifier portion of the disk
control field indicates the last sector written or attempted to be written. 
The number of records written (or attempted to be written in case of an 
error condition) can be determined by subtracting the contents of the N 
byte of the disk-control field from its original value unless all records have 
been processed. 
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Start SIO 
write data 

FCU sets up to detect 
an address mark 

8-329 

A 8-221 

AM time 

B 

8-221 

Pre ID time 

DISK A TI ACHMENT-Operations 
Write Data Operation (Part 2 of 9) 

8-223 

Control counter decode 
to zero. Set 'AM time' 

8-225 

Wait for 'zero detect' 
and first data bit 

No 

Yes 

8-235 

'Virgin track' 

8-231 

'No record found' 
'missing AM' 

'FCU error 1' 
'FCU error 3' 
'FCU error' 

8-230 

End operation 

8-241 

Cycle steal F byte. 
Modify DFCR address 
+1. 
Detect sync byte OE 

8-235 

8-231 

8-235 

8-235 

8-243 

8-227 

•First record not found' 

8-231 

'No record found' 

8-231 

'FCU error 1' 

8-230 

End operation 

8-221 

ID time 

No 

8-235 

'No AM found' 

8-218 

'Index passed' 

A 8-328 

No 

'Track condition check' 

8-235 

FCU error 3 

8-230 

End operation 

8-235 

'Condition miss AM 
mark' 

8-235 

'Missing AM' 

8-235 

'FCU error 3' 

8-230 

End operation 

8-235 

Read F byte from 
disk and compare 
with F byte from 
OCF 

Note: regenerate CC and 
BCA characters 8-227 
and 8-237 

Yes 

No 

Modify DFCR + 1 
modify core + 1 
(S byte) 

No 

8-241 

Cycle steal C byte 

8-243 

Modify DFCR + 1 

compare C bytes 

8-241 

Cycle steal S byte 

Compare S bytes 

8-243 

Modify orZn + 1 I 
modify core + 9 
(S byte) 

8-235 

Set: 'cond bit 5 set' 
latch 
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DISK A TI ACHMENT-Operations 

Write Data Operation (Part 3 of 9) 

~~;~~::::::::::::::~::::~:::::::::::::::::~~=:::~::::::::::::::::::::::::::~::::::::::::::::::::::::::: 1 

~:=: 
·•·•· ::::: 
••·•· A 8-327 

A 

8-221 

ID CC time 

No 

B 8-221 

Post ID time 

Set: 'ID 
orientation' 

Subtract 3 from 
DFCR address 

No No 

Yes 

Yes 

'Condition 
orientation' 

8-234 

Compare regenerated CC 
and BCA characters with 
those read from disk 

8-243 

Subtract 1 from DCF 
(N byte) and 3 from 
DFCR address 

No 

'Set.no record found' 

'No record found' 

'FCU error 1' 
'FCU error' 

End operation 

'ID CC error' 

8-231 

8-230 

8-234 

8-234 

'Set data check ID' 

8-234 

'Data check' 

8-235 

'FCU error 3' 8-235 
'FCU error' 8-235 

8-230 

End operation 

No 

Yes 

8-221 

Pre data time 

8-221 

Data time 

No 

8-221 

Data CC time 

D 8-329 

System/3 FETMM (12/70) 8-328 

8-221 
No 

Return to AM time 8-218 

8-227 

Write 4 bytes of FF, 
4 bytes of zeros, and 
1 sync byte OE 

Cycle steal first 
data byte. Modify 
DFDR address +1 

Cycle steal data byte 

Modify DFDR address +1 

Write data byte on disk 

Write CC and BCA check 
characters on disk 

Set: 'N carry latch' 

Note: Generate CC and 
BCA check characters 



D 8-328 

8-221 

Post data time 

A 

Yes 

8-230 

'End op reset' 

End operation 

B 

DISK A TI ACHMENT-Operations 

Write Data Operation (Part 4 of 9) 

No 

No 

No 

Set: 'head 
switched' latch 

Return to 
AM time 

c 8-327 

Yes 

8-243 

Set: 'end of 
cylinder' latch 

End operation 

8-231 

8-230 

System/3 FETMM ( 12/70) 8-329 



DISK A TI ACHMENT-Operations 

Write Data Operation (Part 5 of 9) 

No Signal name 

Cycle control ring 

2 Control counter 

3 Bit ring 

4 Clock 

5 Bit ring inhibit 

6 CCR pre advance gate 

A 7 CCR advance gate 

::::: 8 

=~=~= 
;~~~; 9 

Count zero gate 

Count zero reset 

•···· 
;:~=~ 10 Pending AM time 
::::: 
•···· 11 ::::: 

~~~~~ 12 

Conditions 1st AM 

Clock gate 

13 Set CC register pos 1 on 

14 Start op 

Diagram 

8-221 

8-223 

8-225 

8-247 

8-225 

8-223 

8-223 

8-223 

8-223 

8-221 

8-221 

8-217 

8-227 

8-230 

System/3 FETMM (12/70) 

AM 

Reset 7 6 3 0 

7 o l, 12 l 3 l 4151 s l 7 o J 1 12 l 3 l 4 ~ o 11 l 2 I 3 h o I, I 213 I 4 I 5 I 617 
H _. _. __. _. H _. _._ _. _._ _._ _. _. __. _. _._ • 

14 10 

2 and 3 _, Active until 'reset B' . 
Bit ring 7 and phase D - Phase C 

2 and 3 9 and (nod phase D 

7--7 

1 _,, Active until 'reset B' 

Active from initial selection L 
Clock driven from 3.177 MHz osc. ... 1 ""' ~ Clock driven from separated clock 

1 and phase D 

10and 17 - 10 

CPU clock 4 -I 15 Set counter to 8 8-223 14- 14 

... 16 

~;;~ 17 

:·:·: 
E~~;~ 18 

::::: 
19 •·•·· 

~~~~~ 
::::: 
::::: 
·•··· •···· ·•·•· ····· ::::: 
::::: 

I . . 
·=·=· :-:·: 
B 

i~ 
-~== 
~::: 
·•·•· -=·=· 
~=== ~-·· !".(.: 

~~~~ ,, ... 

I 
::::: 
::::: 
::::: 
~~;~ 
:·:·: 
~: ... :: 

Condition read gate 8-218 15 

Read gate 8-218 

Search address mark 8-225 
Zero detect 8-227 

In the initial selection flow chart, the file control unit was set up for a 
write data operation. The next objective is to locate an address mark. 
Address mark detection is started when zeros in the sector gaps are de
tected to indicate to the file control unit that an address mark is approach
ing the read heads in the drive. The next data bit read, after zeros detect, 
starts the FCU looking for the address mark. 

2 and 3 

2, 3 and 16 

1 and 17 

Active when zeroes are detected 

8-330 



1 Cycle control ring 8-221 AM I Pre ID ID IDCC 

2 Control counter 8-223 <,-- 0 _..J 3 -..1 2 1 0 3 2 

3 Bit ring 8-225 7 I c I, T2I 
3 

I 
4 

I 
5 I 6 I 1 I 0 I 1 121314 151 6 1 7 0J1J21314I51617 0J1J213I415I617 0J1J2I3 4I5I6I7 0111213 

4 Separated clock 8-237 I I I I I I ... • Ja_ -- __._. -- -- ---
_. _._ _.._ _.__. ..... -- __. -- JI.. ..... -- __.._ _._ _._ _._ _._ _.... --- _._ _. .. .... .... _._ _. _._ _. __. _._ _._ 

--- _I!_ 
_.I=_ _. .... ... ......... _._ -- _._ __. -- _._ 

5 Separated data 8-237 I I I I I 
_._1 Jll. ..... _.I _._ _IL .. -- -- I ._ .. I .. -- _._ I 

8-227 
I I I I I 6 Standard read data - ... l I -- - - - ---= - - - - - I 

A Compare data 8-227 I I I I I 
7 - - I - -- - - --8 Standard write trigger 8-251 I I I I I 

I I I - ~ - -- --9 Bit ring inhibit 8-225 I I I 
I I I 

8-227 I I I 10 Zero detect Phase A l I 

11 Start AM search latch 8-225 I I I 
I 

12 Sync detect latch 8-227 I I 
I ---13 Condition prior request 8-241 I I 
I Bit ring 7, phase C - _.... ..... 

Prior request 8-241 I I I 14 I Clock 3 Clock 0 I ·-15 Data cycle register gate 8-241 I I I 
I Clock 8 - Clock 1 I - I 

16 CC register reset 8-227 I I I 
I ..... .. I I 

ID area 8-241 I I I 
17 I ....1.. 

18 Input data time 8-241 I I I 
....1.. L _l 

19 Set write buffer 8-241 (DBO data set into 'write buffer') I I ! 
Clock 5 _._ I ..I. I ..I. I 

20 Xfer write to read buffer 8-241 I I I 
Bit ring 7, phase C ..I. 1 ...I.. I • I 

21 Shift read buffer 8-241 Every phase A except data time an CC time 
.1 .1 .J. .1 .J. .1 .1 .1 .1 .J. .1 .1 _l_ _l _j_ _l_ _j_ _l _l _l_ 1 _l ..l .1 ..l .1 _j_ _j_ _j_ _J _ _j_ I I .1 J. . 

22 Constant on DBI 8-241 (update DFCR address) I I I I I 
I DBI 7, clock 4..1. I ..I. I ...J.. I I 
I I I I I 23 Condition orientation 8-234 ~ 

I 
(this signal active if ID field on disk and ID area in disk control field compare correctly) 

.J. . . . 
24 AM detect 8-225' I I I I I 

I _. I I I I 

B 

--------Zeros detected--------...+-11-----------Read address mark-----------_.11 ... 1 .... ~---Detect sync byte OE---.. ...... .---F byte read from disk-+-- C byte read from disk ., i,. 

DISK A IT ACHMENT-Operations 

Write Data Operation (Part 6 of 9) 

.. __________ Compare ID field read from disk with the ID field _________ __,._,. 
in the disk control field 
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DISK ATTACHMENT -Operations 

Write Data Operation (Part 7 of 9) 

A 

B 

I 
·=·=· ::::: 
::::: 
::::: 
·=·=· ::::: 
::::: 
:-:·: ::::: 
····· •···· 

11 ····· ····· 
~l~~~ 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

Cycle control ring 

Control counter 

Bit ring 

Count zero gate 

Bit ring inhibit 

Condition orientation 

ID orientation 

Condition prior request 

Prior request latch 

Data cycle request gate 

Constant on DBi 

ALU binary subtract 

Start orientation reset 

Write gate 

Write FF 

N carry gate 

Diagram 

8-221 

8-223 

8-225 

8-223 

8-225 

8-234 

8-234 

8-241 

8-241 

8-241 

8-243 

8-243 

8-234 

8-219 

8-219 

8-218 

L 
r 

ID CC 

2 1 

3 14 15 16 1 7 0 l 1 I 2 l 3 I 4 I 5 I 6 I 7 0 

I I 
I 2 and 3 

I I 
I I 

l I 

I i 
I 
I 
I 
I 
l 
I 
I 
I 

(decrement N byte by one; subtract 3 from DFCR) 
I 

I 
I 
I 
I I 
I I 
I I 
I I 
I I 

This line active when N field= FF I 
I 

Write CC and BCA check characters 
on disk 

0 5 4 

1 1 I 2 I 3 4 1 5 I 6 1 7 0 J 1 l 2 1 3 J 4 l 5 

I 
31 

I 
I 
I 

I 
1,3,4and6 

7 _._ 

1 
I 
I 

.... 

System/3 FETMM (12/70) 8-332 

Post ID Pre data 

>~ 0 9 8 

1 6 l 7 l 0 1 1 l 2 l 3 4 l 5 l 6 l 7 0 l 1 
12 J 3 

I I 
2and 3 31 

I I 
I I 
I I 

1 

I (active until end of operation) I 

i I 
1 and3 .... 9 I 

I I 
8 and clock 3- Clock O I 

I I 
Bus out 3 and clock 8 Clock 1 I 

I I 
Clock 2 DBi line 1_. _._Clock 4 DBI line 6 and 7 I 

l I 
I Clock 2 Cleek 8 I 
I ! 

I I 
I 

1 i I 

I I 

I (active until 'end op reset') 
I Clock 5 

Decrement DFCR address -3 
Decrement N field -1 , if the 
N field carries, set N carry 
gate to indicate all sectors 
have been processed 

l.--write FF 



No Signal name 

1 Cycle control ring 

2 Control counter 

3 Bit ring 

4 Count zero gate 

5 Condition prior request 

6 Prior request latch 

A 7 Data cycle request gate 

8 Constant on DBI 

9 Input data time 

10 Write FF 

11 Gate read buffer 4, 5, & 6 

12 Set fixed write data 

13 Shift read buffer (phase A) 

14 Standard write trigger 

15 Data area 

16 Set write buffer 

17 Xfer write buffer to read buffer 

18 Write data to drive 

19 Hex character written 

B 

DISK ATTACHMENT-Operations 

Write Data Operation (Part 8 of 9) 

Diagram 

8-221 Pre data Data 

8-223 8 S\ 4 ~\ 1 0 256 255 S\ 1 

8-225 4 l 5 I 6 1 7 l 0 l 1 l 2 13
1

4
1

5 16 1 7 l 0 l 1 l 2 l 3 l 4 15
1

6
1 

7 0 l 1 l 2 l 3 41 5 l 6 1 7 0 l 1 1 2 l 3 J4J5J6J1Jol 1 l 2 l 3 l 4 l 
8-223 I I I I 

I 2 and 3 3 2 and 3 

8-241 
I I I I 
I 1and3_. I (samel- I (same)__... 

8-241 
I I I I 

(cycle steal request - LSR DFDR selected) 6 and clock 3 ....... Clock 0 ...... ,_ 
8-241 

I I I I 
I Bus out 3 and clock 8 Clock 7 I I 
I I I I 8-243 (update DFDR by one for each cycle steal) DBI 7, clock 4 - I - I -I I I l 8-243 I 1and4 

8-219 1 I I I 
1and2 I I I 

8-219 
I 

(OE) i 
I I i 

I _I I I 

8-219 I I I I i 
I I _.I (OE set into 'read buffer') I I 

8-241 I I I I I 

1 l l l l l 1 l l l J. l l l l l l l l J. l l ..1 l ..1 l l l ..1 ..1 l l _1 l _l l 1 .1 J. l l 
8-251 I I I I I 

I I I -- -8-241 
I I l l I 
I 1and2 _J i and 2 
I I I I I 8-241 (DBO data set into 'write buffer') I Clock 5, phase C l I l I l 
I I I I I 

8-241 I I I Phase c_.. I -• I 

8-219 I I I I I ---------- I I .... -- - ------------ ----------- -- ··-------- ---- -- ----.- .... --I I I l I I I C5 

---~~FF--~~~-----------~~4~~~~~-----------------W~~~~~~----~~1:~-----------W~~da~~~-------~ 
. - Generate CC and BCA charact8f'S -----
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DISK A TI ACHMENT -Operations 

Write Data Operation (Part 9 of 9) 

A 

•···· 
~~~~~ 
·=·=· 
~~=~ ····· ····· ·=·=· 

~~~~~ 
•·•·· 

I •···· 
~=~=~ 
B 

No 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

Signal name 

Cycle control ring 

Control counter 

Bit ring 

Input data time 

Count zero gate 

Shift read buffer 

Xfer write buffer to read buffer 

Write FF 

Write gate 

Bit ring inhibit 

End op reset 

Diagram 

8-221 

8-223 

8-225 

8-243 

8-223 

l B-241 l 
I 8-241 

8-219 

8-219 

8-225 

8-230 

Data 1 Data CC l Post data 

1 0 3 \~ 0 15 ~\ 1 

51617 ol1J213 4l sJ6T1IoT1I2l3 4T5I6I1Iol1J2l3T4I5Tsl1 
I I I 

1 and 2 I I 

I : 2 and 3 
I 

2 and 3 I 

I I LI I I I I j I J. .l. J. J. .l. .l. .1 J. .1 

l 
I 

I I I 

..I. I I I 

I I I I 

I I 1 Reset A 
I I I 

_L 1 and 3 

I I I 

I I I Reset B 
I I I 1.4 µs 
I I I (if 'N carry gate' active) 

'w-------Write data -----:"41,...•--Write CC characters+ Write 13 bytes of F F-•lli ... 1 .... 1(11----- If 'N carry gate' not active, more sectors are to 
__ (2) and BCA be written. Retllrn to AM time, page 8-318, and 

repeat operation until 'N carry gate' is active 
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READ OPERATIONS 

Read Data Operation 

This instruction initiates the transfer of data from the selected disk to core 
storage. Data is transferred in multiples of 256 bytes (contents of an indi
vidual file sector). The entire contents of a cylinder may be read (48 sectors) 
if started with sector 0 head 0. Only consecutive sectors are read when 
multiple-sector reads are indicated. 

• Reading of data begins when the ID information in the disk control 
field correctly compares with an ID field read from disk. 

• All of the sector data field is read (256 bytes). Up to 48 sectors may be 
read in one operation. The file control unit switches heads and updates 
the sector address in the disk control field to 32, if required in a multiple 
sector read operation. 

• The DFDR is addressed to obtain the location of the first byte in core 
where data is to be transferred. The DFDR is updated with each cycle 
steal request during the 256 byte data field. 

• Cyclic code and SCA characters are generated and compared with the 
check characters recorded on disk. A non-compare will be indicated 
with a data check. 

Reading of data begins with the sector specified by the disk-control field 
located in core. A comparison is made between this core identifier and 
sector identifier read from the selected disk track. Comparing begins with 
the first ID field to come under the head. An equal compare of the 3-byte 
identifier (flag, cylinder and sector) enables the reading and transfer of the 
256-byte sector data. This data is read into core using the DFDR for mem
ory addressing. If multiple sectors are indicated, the attachment logic up
dates the sector address by one and decrements the N field by one; both 
are found in the disk-control field. If the multiple-sector read requires 
head switching, the attachment updates the last sector address by adding 
nine to it. This updated identifier is compared with the next identifier 
read from the file. Any error found in this identifier causes the operation 
to end after the transfer of the data portion of the sector to core. 

During a read operation, the attachment generates two cyclic check bytes 
and a bit-count-appendage byte from the data that has been read and com
pares these to the CC bytes and bit-count-appendage byte read back with 
the data, thus providing a check for read errors. During multiple-sector reads, 
the operation terminates at the end of any sector in which an error is 
detected, except an equipment check causes an immediate end. 

At the end of an operation, the four bytes of the disk-control field con
tains information about the progress of the operation. The number of 
sectors processed is equal to the original value of N minus the present 
value unless all sectors requested have been processed. If ell s~ctors have 
been processed, the value of N is hexadecimal FF. The residual value of N 
is located in the N byte of the d!sk-control field at the end of the operation. 
The head/sector byte of the identifier portion of the disk-control field is 
the last identifier processed unless (1) there is a missing address marker or 
(2) no identifier has been processed. If no identifier has been processed, 
the identifier in the disk-control field is the identifier of the first sector 
desired. If there is a missing address marker and a sector has been processed 

DISK ATTACHMENT-Operations 

Read Operations (Part 1 of 12) 

on a multi-sector operation, then the identifier in the disk-control field is 
the identifier of the sector that has the missing address marker. The last 
data field in core is the data portion of the sector following the sector 
with the missing address marker. 

The file control unit is busy to all other operations except sense 1/0 
during a read-data operation. 

Read Verify Ope:-ation 

This instruction is used for write checking and should be used after every 
write instruction. (Instruction sequence should be write, test 1/0, then 
read verify.) The instruction operates exactly like a read-data instruction, 
except that the data field is not transferred to core, and no cycle-steal 
requests are made to transfer data field characters or to update DFDR. 
(DFDR addres$ is not changed.) The function of write checking is done by 
regenerating and comparing the cyclic check characters as in a normal 
read-data command. 

At the end cf the operation, the disk-control field contains information 
about the progress of the operation. The identifier portion of the disk
control field indicates the last sector v~rified or attempted to be verified. 
The number of records verified or attempted to be verified can be deter
mined by- subtracting the contents of the N byte of the disk-control field 
from its original vlc:ue unless all records have been verified. 

The file control unit is busy to all other instructions except a sense 
1/0 during a read verify command. 

The differences of the read verify operation from the read data opera
tion are as follows: 

1. 'Verify op' blocks data cycle steal requests on diagram 8-241. 
2. DFDR address +1 modification is blocked because 'data cycle request 

gate' is not active at data time, diagram 8-243. 

Otherwise this operation is the same as the read data operation. 

Read Data Diagnostic Operation 

This command operates similarly to a read-data command. The command 
always begins at index and reads up to a maximum of 48 sectors. However, 
the operation should not be used for more than 24 sectors. Exceeding the 
24-sector limit increases the chances of reading the wrong data field into 
core, and therefore must not be done. The data portion of the record is 
read and placed in core beginning at the address specified in DFDR. The 
sector number in the disk control field ls incremented by one and the N 
byte is decremented by one a5 the operation is repeated or. following sectors. 
The data addres~ is retur.1ed to its original value at the beginning of each 
sector so that the following data field overlays the first data field in core. 
The operation continues until (1) the end of the sector in which the N byte 
is reduced to FF, (2) t~~ e!1d of cylinder is reached, or (3) an equipment 
check is detectedo No other error conditions will end the operation. At 
this time the content:; of the last sector read am available in core. 

This command operates with reduced requirements for detection of 
address markers to improve the opportunity for recovering data that is 
not readable with a read-data due to a missing address marker. The reduced 
requirements are described in chapter 2 address mark detection. 

The original identifier in core should be the identifier of the first record 
on the track so that at the end of the operation the identifier area in core 
contains the identifier of the last record read, unless there is a no-record 
found without a data check or a track-condition check. If there is a no
record found without data check or track-condition check, this is an indi
cation that there was a missing address marker earlier on the track. 

See diagram 8-225 for address mark detection logic and functional unit 
description on page 8-224. 

The DFDR address is returned to the original address at the end of 
each sector by the constant 'return DFCR' on diagram 8-243. 
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Scan Operations 

The scan operation searches the data fields on the disk to find one that meets 
certain specified conditions when compared to a sector-sized data field in 
storage. Up to one cylinder of data (48 sectors) can be scanned in one opera
tion. The scan operation can specify one of the following conditions to 
satisfy the scan: 

1. 
2. 
3. 

Equal 
Low or equal 
High or equal 

The data in the sectors on the disk is compared with the 256 characters 
in the disk data field in storage. The disk data field is addressed by the disk 
field data register. The comparison of individual characters within the sector 
can be masked off by placing a mask character consisting of all bits (hexa
decimal FF) in each non-compare byte in the disk data field in storage. 
If only 10 bytes are to be compared the field must contain 246 mask charac
ters in the byte positions of the characters that are not to be scanned. 

Scanning of the data begins with the sector specified by the identifier 
portion of the disk control field. Comparing of sector addresses begins with 
the first sector identifier to come under the head. After the beginning 
sector is scanned, the S byte is updated to the identifier of the next sector 
and the N byte is decreased by 1 for each sector scanned. 

The operation ends under the following conditions: 

1. When the data on the disk satisfies whichever condition is specified 
by the start 1/0 instruction-
a. Equal to the storage data field 
b. Equal to or lower than the storage data field 
c. Equal to or higher than the storage data field 

2. At the end of the sector in which the sector count in the N byte of 
the disk control field goes to FF. 

3. When the end of the cylinder is reached. 
4. At the end of any sector in which an error occurs after the first identi

fier specified by the disk control field has been found. 

The control unit is busy to any new operations except sense 1/0 while 
performing a scan operation. 

A scan found condition is indicated to a test 1/0 and branch or advance 
program level instruction. The appropriate bit in the status byte is also 
set by a scan equal condition. 

At the end of the operation the disk control field contains information 
about the progress of the operation. The identifier portion contains the 
sector identifier of the last sector scanned unless there is a missing address 
marker. If there is a missing address marker, the identifier portion indicates 
the sector with the missing address marker. If no sector has been scanned, 
the identifier portion indicates the first sector designated. The number of 
sectors scanned can be determined by subtracting the contents of the N 
byte from the original vlaue of the N byte unless all sectors have been pro
cessed. If all sectors have been processed, the N byte is hexadecimal FF. 

The disk file data address register contains the original address at the end 
of the operation unless equipment check occurs. The register contains the 
address of the last character processed in the event of an equipment check. 

DISK ATTACHMENT-Operations 

Read Operations (Part 2 of 12) 

The read data operational flowchart and timing charts may be used for 
scan operations with the following exceptions. 

1. Scan is set into the operation register, diagram 8-249. 
2. The DFDR address is returned to the original starting address by 

the signal 'return DFCR' on diagram 8-243. 
3. Comparing of the 'standard write trigger' and the 'compare read 

data trigger' is on diagram 8-234. 
4. The scan mask is detected on diagram 8-251 and blocks the compare 

logic on diagram 8-234. 

Scan Low or Equal 

This instruction starts a scan operation similar to the scan-equal command 
except that this operation ends when the first disk data field is found that 
is lower than or equal to the masked data field in core. 

A scan-found condition is indicated to test 1/0 and branch or advance
program-level instruction after the end of the scan if a data field is found 
on the disk that is equal to or lower than the field in core. The scan equal 
bit of the device status is set if the two fields are equal. All other conditions 
are the same as in the scan-equal operation. 

Scan High or Equal 

This instruction starts a scan operation similar to the scan-equal command 
except that this operation ends when the first disk data field is found that 
is higher than or equal to the masked data field in core. 

A scan-found condition is indicated to a test I /0 and branch or advance
program-level instruction after termination of the scan if a data field is 
found on the disk that is equal to or higher than the data field in core. 
The scan equal bit of the device status is set if the two fields are equal. 
All other conditions are the same as in the scan-equal operation. 
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DISK A TI ACHMENT-Operations 

Read Operations (Part 3 of 12) 

StartSIO 
read data 

FCU sets up to detect 
an address mark 

8-340 

A 8-221 

AM time 

8-221 

Pre !D time 

8-223 

Control counter decode 
to zero set •AM time' 

8-225 

Wait for •zero detect• 
and first data bit 

No 

Yes 

8-235 

'Virgin track' 

'No record found' 8-231 
'missing AM' 8-235 

'FCU error 1' 8-231 

'FCU error 3' 8-235 
'FCU error' 8-235 

8-230 

End operation 

Cycle steal F byte. 8-241 
Modify DFCR + 1. 8-243 
Detect sync byte OE 8-227 

'First record not found' 

8-231 

'No record found' 

8-231 

'FCU error 1' 

8-230 

End operation 

8-221 

ID time 

No 

8-235 

'No AM found' 

8-218 

'Index passed' 

8-235 

Read F byte from 
disk and compare 
with F byte from DCF 

No 

'Track condition check' 

8-235 

'FCU error 3' 

8-230 

End operation 

8-235 

'Condition miss AM 
mark' 

'Missing AM' 

'FCU error 3' 
'FCU error' 

End operation 

8-235 

8-235 

8-230 

No 

Modify DFCR + 1 
modify core + 1 
(S byte) 

No 

System/3 FETMM (12/70) 

8-227 
8-237 

Note: regenerate CC 
and BCA characters 

Yes 

8-241 

Cycle steal C byte 

8-243 

Modify DFCR + 1 
compare C bytes 

8-241 

Cycle steal S byte 

Yes 

8-338 

8-243 

Compare S bytes 

Modify DFCR + 1 
; modify core + 9 
(S byte) 

No 

I Set: 'cond bit 
I 5 set' latch 

8-236 



A 

8-221 

ID CC time 

No 

8-221 

B Post ID time 

DISK ATTACHMENT-Operations 

Read Operations (Part 4 of 12) 

Set: 'ID orientation' 

Subtract 3 from DFCR 
address 

Yes 

No 

8-234 

'Condition orientation' 

8-234 

Compare regenerated CC 
and BCA characters with 
those read from disk 

No 

No 

'ID CC error' 

'Set no record found' 

8-231 

'No record found' 

8-231 

'FCU error 1' 
'FCU error' 8-234 

8-230 

End operation 

8-234 

8-234 

'Set data check ID' 

8-234 

'Data check' 
'FCU error 3' 8-235 
'FCU error' 8-235 

8-230 

End operation 

8-243 

Subtract 1 from DCF 
(N byte) and 3 from 
DFCR address 

No 

Yes 

8-221 

Pre data time 

8-221 

Data time 

8-221' 

Data CC time 

8-221 

Return to AM time 

8-338 

8-227 

Detect sync byte OE 

No 

Read a data byte 
from disk 

8-241 
Cycle steal request to 
move data to CPU 

Modify DFDR 
address+ 1 

8-243 

8-234 

Compare regenerated CC 
and BCA char with those 
read from disk 

3 

No 

8-218 

Set: 'N carry latch' 

8-227 
8-237 

Note: regenerate data 
CC and BCA characters 

'Data check' 

8-234 

'FCU error 3' 8-235 
'FCU error' 8-235 

8-230 

End operation 
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Read Operations (Part 5 of 12) 

D 8-339 · 

8-221 

Post data ti me 

A No 

Yes 

8-230 

'End op reset' 

End operation 

B 

Yes 

Set: 'head 
switched' latch 

Return to 
AM time 

8-243 

c 8-338 

Yes 

No 

8-235 

'Missing AM' 

8-235 

'FCU error 3' 

8-235 

'FCU error' 

8-230 

End operation 

Set: 'end of 
cylinder' latch 

End operation 

8-231 

8-230 
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No Signal name Diagram 

8-221 (_ Reset __,,] AM r ·1 Cycle control ring 

2 Control counter 8-223 Reset la 7 6 3 0 ---1 
3 Bit ring 8-225 7 0J1]2J3J4]5]sj 7 0]1J2]3]4s-- 0]1]2] 3 s-- ol112]3]4]s]s] 7 ~ 

• • • • -- -------------------- .. H. • • • H. • • _. _. _. _. -• • • ~ 4 Clock 8-247 

5 Bit ring inhibit 8-225 14 10 _1 

6 CCR pre advance gate 8-223 2and 3 Active until 'reset B' 

A 8-223 
1--~~-+~~~~~~~~~~~~ -~~~-r-~~~~-+~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~B_i_t_ri_n~g_7_a_n_d~p_h_a_se_o__. .. ._P_h_a_se~C~~~~~~~~~~~~~~~~~~~~~~~__J 

CCR advance gate 7 

::::: 
•···· ::::: 

8 

•.·.· 9 
~~~~~ 
::::: 
::::: 10 

f~ 1 1 

I 12 

13 

::::: 14 :·:·: 

@~~ 15 
:·:·: 
.... 16 

I 17 

18 

~~~~~ 
19 

I 
;;~l~ 
:-:·: 
::::: 

B 
::::: 
·•·•· ::::: 
:·:·: 
·=·=· ::::: 
::::: 
l~~~~ 
·=·=· ::::: 
::::: 
::::: 
~;~;~ 
····· ·•·•· ::::: 
::::: 
····· ·•··· ·=·=· ::::: 
:;:~: 

Count zero gate 8-223 

Count zero reset 8-223 

Pending AM time 8-221 

Condition 1st AM 8-221 

Clock gate 8-217 

Set CC register pos 1 on 8-227 

Start op 8-230 CPUclock4-

Set counter to 8 8-223 

Condition read gate 8-218 15 

Read gate 8-218 

Search address mark 8-225 

Zero detect 8-227 

In the initial selection flow chart, the file control unit was set up for a 
read data read verify, read data diagnostic or scan operation. The next 
objective is to locate an address mark. Address mark detection is started 
when zeros in the sector gaps are detected to indicate to the file control 
unit that an address mark is approaching the read heads in the drive. The 
next data bit read, after zeros detect, starts the FCU looking for the address 
mark. 

The timing charts that follow show this sequence: (1) locate an address 
mark, (2) successfully detect the address mark, (3) compare the ID field 
on disk with the disk control field in core storage (a non compare results)! 
(4) locate another address mark, (5) compare disk ID field and disk control 
field (a successful compare results). (6) read the data field from disk, 
(7) and end the operation. 

DISK ATTACHMENT -Operations 

Read Operations (Part 6 of 12) 

2and3 9 and (not) phase D 

1 _1 Active until 'reset B' 

Clock driven from 3.177 MHz osc. -J' · 1 ...- Clock driven from separated clock 
1 and phase D Active from initial selection L 

10and 17-10 

2 and 3 

2, 3 and 16 

1 and 17 

Active when zeroes are detP.Cted 
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DISK A TI ACHMENT -Operations 

Read Operations (Part 7 of 12) 

•···· :·:·: ·:·:· •·•·· ::::; No Signal name Diagram 

i 
I 
~~~;~ 
::::: 
~~~;~ 
::::: 
A 

I 
I 
I 
• 

B 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

Cycle control ring 8-221 

Control counter 8-223 

Bit ring 8-225 

Separated clock 8-237 

Separated data 8-237 

Zero detect 8-227 

Bit ring inhibit 8-225 

Start AM search 8-225 

AM indicate 8-225 

AM detect 1 8-225 

AM detect 2 8-225 

AM detect 8-225 

Sync detect latch 8-227 

ID area 8-241 

Standard read data 8-227 

Compare data 8-227 

Standard write trigger 8-251 

Cond prior request 8-241 

Prior request latch 8-241 

Data cycle request 8-241 

CC register reset 8-227 

Set write buffer 8-241 

Input data time 8-243 

Xfer write buffer to read buffer 8-241 

Shift read buffer 8-241 

Constant on DBI 8-243 

Search address mark 8-225 

Read gate 8-218 

ID compare gate time 8-234 

AM 

(_ 0 I 

7 I 0 I 1 I 2J 3 I 41 5 I 6 I 7 I 0 l 1 

I I 
ill._ 

--- --- --- -- -----
_._ - - -- _._ --I I __ ,_ 

-- --
,_ 

I I 
__.5 (sep data enters CC register) ! 
I I 

8 I 

I I 
5 and 6 ...I. 

-----

-- - _,_ 
I I - _J_ 

(DBO data set into 'write buffer') 

Every phase A except data time and CC time .... 
I I 
I I 
I I 

_J_ ..1. 

! I 
..L .J. 

I I 
I I 
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I Pre ID ID 

~13 2 1 

J2 l 3 1 4 l 5 l 6 l 7 0 l 1 12 13 14 15 16 1 7 0 I 1 J2J3l4l5I6I 7 

I I 

----- - -- _._ -- -- _._ _._ -- -- _.. -- ..... ...... _.. ... • • • -- ..... ..... • ... ..... ... ..... _._ ... 
I I 

-- _._ .._ .... 1-- --I 
I 
I 

11 and 3 13 I 
I 

3 and 10 I 
I 

----- I 
I 

6and 14 - 3and phase D l 

I 
10 and phase C - 4 I 

I 
3,4and10-4 I 

I 
(OE detected in CC register) 3 and phase D I 

I I 
12 .J 2 

I I .. --- I I - -I I - I I - _. 
I I 
I I - -I I 

3, 14 and phase C -19 (sa'!lel _.. (same)~ 

I I I 18 and clock 3 Clock 0 (same) L (same) 

I I 
19, bus out 3 and clock 8 Clock 7 I (same) I (same) 

I I 
12_._ 13_. I I 

I I 
Clock 5 _._ (F byte) I Clock 5 _._ (C byte) I Clock 5 _. {S byte) 

I I 
1 and 13 ...I. ..1. 

I I 
3 and phase C ..I. 1 (same) 

..I.. I (same) I 

i 
........ .I.. .J.. .I. .... ..I. ..I.. .a. .I.. .I. .... _._ .I. .J.. I .... .I. ..a. _._ .I.. _I. _._ I I I I II II I I 

I I 
1, 20 and clock 4 .I. DBI 7 (same) .I. (same) I 

.I. ~ I I 
1 I I 

I I 
..1. .J. 

I I 
1 and 28 .l. 

----------~~~~~----------~~~-------------R~~~um~-------------~~~---~~~~~u~----~)~1~:~--F~u~~m~*---~-~1~~~-~~~-~~md~k----i 
. - Compare ID field read from disk with--------... 

the ID field in the disk control field 



·:·:· ::::: 
::::: 
::::: No Signal name Diagram 

~~~~~ 
····· ::::: 
····· 
~~~~~ 
•·•·· ::::: 
····· ·•·•· ····· ::::: 
·•··· •·•·· ::::: 
::::: 
····· •·•·· ::::: 
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A 

B 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

Cycle control ring 

Control counter 

Bit ring 

Separated clock 

Separated data 

Count zero gate 

Bit ring inhibit 

ID compare gate time 

Equal compare 

Condition orientation 

ID orientation 

Standard read data 

Compare data 

Standard write trigger 

Condition prior request 

Prior request latch 

Data cycle request gate 

Input data time 

Constant on DBI 

ALU binary subtract 

Read gate 

DISK A TI ACHMENT-Operations 

Read Operations (Part 8 of 12) 

8-221 

8-223 

8-225 

8-237 

8-237 

8-223 

8-225 

8-234 

8-234 

8-234 

8-234 

8-227 

8-227 

8-251 

8-241 

8-241 

8-241 

8-243 

8-243 

8-243 

B-218 

• 

ID ID CC l Post ID l AM 

1 0 3 2 1 0 11 1. 
( 4 l 0 

7 0 I 1 J 2 I 
3 4 I 5 16 

I 
7 ol 1 12 13 14

1
5 16 1 7 0 l 1 12 13

1
4

1
5 16 1 7 0 l 1 l 2 l 3 4 ~ 7 l 0 I 1 I2I3I4J516l 7 r 

I I I I I 
Jit -- -- -- -- -- -- -- _.._ -- -- -- -- -- -- -- _._ -- -- -- -- -- -- -- -- -- -- -- -- -- -- -_._ -- -- -- -- -- -- -- --I I I I I 
I -- -- _.I _._ -- -- -- _._ -- · -- _._ -- -- ---

I -- -- -- --
, __ --- - -- -- -- -- --I I I I I 

2 and 3 1 'Count zero gate reset' and lnot) phase D I lsame) ...) (same) 
I 

I 
I 

...1 

I 
...1 

I 
I 

I 
I 

I 
I 
I 

..L 

I I 
I I 
I I 

..I 1 I 
I I 

(drops because 'standard write trigger' and 'compare data' did not compare) 
I I 

(this signal not active because ID read from disk did not compare with ID area from dis~ control field) 
I I 

(this signal not active because ID read fro~ disk did not compare with ID area from dis.k control field) 

I I 

~ - ... - ---- ~ - - -- - - -- - - ---------I I - - ...... - .J - --I I - - ....... I 

I 
2, 3 and phase C _...15 

I 
15 and clock 3 Clock O 

I 
Bus out 3, 16 and clock 8 Clock 7 

I 
6 I 

I 
freturn DFCR 3) I Clock 4 _.DBI bits 6 and 7 

I 
I Clock 4 Clock 8 
I 

_l_ ...l 

S byte read from disk -----~..ii._._.._ _______ Compare regenerated CC and BCA characters with the CC and BCA characters written on disk -----1JP:....,1 .. ~---..... Return D FCR address _______ _, 
(if a non-compare set data check) by subtracting 3 

Search for another 
address mark 

Systern/3 FETMM (12/70) 8-343 



DISK ATTACHMENT-Operations 

Read Operations (Part 9 of 12) 

1 Cycle control ring 

2 Control counter 

3 Bit ring 

4 Separated clock 

5 Separated data 

6 Standard read data 

A 7 Compare data 

8 Standard write trigger 

9 Bit ring inhibit 

10 Zero detect 

11 Start AM search 

12 Sync detect latch 

13 Condition prior request 

14 Prior request latch 

15 Data cycle request gate 

16 CC register reset 

17 ID area 

18 Input data time 

19 Set write buffer 

20 Xfer writer to read buffer 

21 Shift read buffer 

22 Constant on DB I 

23 Condition orientation 

24 AM detect 

B 25 Search address mark 

26 Read gate 

27 ID compare gate time 

System/3 FETMM (12/70) 8-344 

8-223 AM I Pre ID ID 

8-223 ' 0 
T 1 f ,. -, 3 2 0 3 

8-225 7 1 ° l 1 121 3 14 l 5 16 l 1 l 0 J 1 121 31 41 5 l 6 l 7 oJ1J2J3T4I5IsJ1 0I1J21314151617 0111213 4151617 

I I I I I I 
8-237 .. • • • • •• _._ _. _. _._ . _. _._._ _._ -- _._ _._ _._ _. _. -- _. _._ _. -• • • • -- . -- -- • --- _. -- - -- --- -- • • • • • • • .. .. 
8-237 I I I I I I 

•' • _._ _.1 .. - -- . - I I .... • I • • • I 

8-227 I I I I I ... - - ... - - --- I - - I - - - I 

8-227 I I I I I 
L - l - I - _.. - - _.. 

8-251 I I I I I 
I ! I ~ - - .... -8-225 
I I I I 

9 I I I 

8-227 
I I I I 
13 I I I 

8-225 I I I I 
Jand 8 3 and •AM detect 1' I I 

8-227 I 
OE detected in CC register 

I I 
I ...... Jand phase D I I 

8-241 
I I I 

17, 3 and phase C -14 (same)_. (same)_.. I 

I I I 
8-241 13 and clock 3 - Clock 0 !same!- !same) I 

8-241 
I I I 

14, bus out 3 and clock 8 Clock 7 I (same) I (same) I 

8-227 
I I I I 

24_. 12. I I I I 

8-241 ! I I I 
24 2 I I 

8-243 
I I I I 

1 and 10 -1. _.l_ 'Count zero gate' I 

8-241 Clock s 1 (F byte) 
I I I I 
! Clock 5 I (C byte) I Clock 5 1 (S byte) I I 

8-241 
I I I I 

3 and 7, clock 0 ! I _J_I I I I 

8-241 Every phase A except data time and CC time 
I l I I I I I I I ! I I l l J_ l l J_ l l l i l J_ l t I J l 1 I ; 

I I I I I I 
8-243 I I 1, 2 and clock 4..l DBI 7 I (same) ..1 I (same) 1 I I 

I I I I I I 
8-234 I I I I Equal compare, 3 and count zero gate 

8-225 I I I I I 
I I AM detect 1, 3 and 4 _._ I I I 

8-225 I I I I I 
-' 1 I I I 

8-218 
I I I I I 

_.l_ ..L 

8-234 I I 
1 and 26 

1 I I 
I I 

Zeros detected----1~-1 ... •----------Read address mark----------1•.....,l •,._---Oetect sync byte OE -t=F byte •ead from d;•k •I~ C byte'°'"' from d"k---11r ... 1:.oi~1---S byte read from disk 

Compare ID field read from disk with 
ID in the disk control field located in 
core. Modify DFCR address +1 with 
each cyc!e ste!I! request 

I 
I 
I 
I 

I 
-1. 

I 
1 

ID CC 

2 

011121 

• • • 

·-1 

J 
i I ! I 
I 



No Signal name Diagram 

, Cycle control ring 8-223 IDCC Post ID Pre data time 

2 Control counter 8-223 2 1 0 11 10 1 I 4 l 0 

3 Bit ring 8-225 314151617 oJ1J2J3J4JsJsJ1 0J1J2J3 4IsJsJ1 0 J 1 t f o 11 I 2 I 3 I 4 I 5 Is I 7 1 aJ 1 I 2 J 31415 Is J 7 
I I I I I I 

4 Count zero gate 8-223 I 2 and 3 3 and (not) phase 0 I I 3 and phase D 

5 Bit ring inhibit 8-225 
I I I I I 
I I I I I 3 and phase D 
I I I I I 

6 Condition orientation 8-234 _1._ __J_ _1._ 1 

A 7 ID orientation 8-234 
I I I (stays up until end of operation) 3and 4 .J.. 

__._ 

8 Condition prior request 8-241 
I 

1 and3 ..... 9 

9 Prior request latch 8-241 
I 

8 and clock 3 - Clock 0 

10 Data cycle request gate 8-241 
I 

Bus out 3 and clock 8 Clock 1 

11 Constant on DBI 8-243 I 
Clock 2, DBI 7 ..1..1. Clock 4, DBI 6 and 7 

12 ALU binary subtract 8-243 I 
I Clock 2 - Clock 8 

13 Start orientation reset 8-234 
I 

.L I 

14 N carry gate 8-218 
I (active until 'end op reset') CPU ALU carry 

----------------------A successful compare results ---------------------------t•~ .. ~r----------Modify N field -1, modify the DFCR-3 ----------1-. .... 1 .. 4----- Detect sync byte OE _____ _, 
if CPU ALU carry active after the N field 

B 

DISK A TI ACHMENT -Operations 

Read Operations (Part I 0 of 12) 

is modified, set 'N carry gate' 
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D.ISK ATTACHMENT-Operations 

Read Operations (Part 11 of 12) 

~~=~:~:::::::::::~::::::::~:::::~:~::::-=:::::::::::::::~::::::::::::::::::::::::::::::::::::::=::::::::: 1 
:-:.·. 

~~~~~ 
·=·=· No Signal name 

1 Cycle control ring 

2 Control counter 

3 Bit ring 

4 Separated data 

5 Sync detect latch 

~~~~ 6 Bit ring inhibit 

A 7 Condition prior request 

8 Data area 

9 Data cycle request gate 

10 Xfer write buffer to read buffer 

11 Gate data to DBI 

12 Count zero gate 

13 CCR adv gate 

B 

Diagram 

8-221 

8-223 

8-221 

8-237 

8-227 

8-225 

8-241 

8-241 

8-241 

8-241 

8-241 

8-241 

8-241 

System/3 FETMM (12/70) 8-346 

Pre data time l Data time Data CC time 

l 51 \\ 
I 

255 254 1 0 3 2 I 1 

7 Jol1l2J3l41516l1 0 l 1 l 2 J 3141516171 0 J 1 J 2131 4151617 0J1l213 4151617 0}1)213141516 1 lo l 1 J 2 l 3 l 4J s ls l 1 
I I I I I ._ -• •' . • ._ . . . • ·' . .... Ill ..... ~ I I I 

I 
(detect OE) 

I I I I 
Phases ..... I I I I 

I I I I I 
51 I I I I 

I I I I I 
I 3 and phase C .... Clock 3 .... -I ... 
I I I I I 

1 L . ..L l_ ..1. ..J 

I I I I I 
I Clock 8 Clock 7 I I I 
I I I I I 
I 3 and phase C _._ I (same)_. I (samel_._ 1 (same)_._ I 
I I I I I 
I (data byte sent to CPU) Clock 2 _. I (same)_• I (same)_._ I _._ 
I I I I I 
I I I I 2 3 and 
I I I I I 
I I I I 3and 12. 

-------------------------R~d~6~m~~s(r~~erauCCMdBCA~MactM~-----------------compMer~MeragdCC~dBCA~Macte~~~~ 
Modify the DFDR address +1 with each byte read the characters written on disk, (if a non-compare, 

set data check) 



:•:•:(•:-»:-:-:~:::::..:~:::-:·:·:-:.:·:.:·:-:-:~;:~~;::·:~·=·=·=-:·:·:-:·:·:·:·:·:·:~·:·:·:::·:·:·:·:·: 1 ::::::::::::.=:::::::::::::::.=:. .:=.:=.::::::::.::.::.::.::.::.::.'!-,::.::.::.::.::.::.:· •• ::.::.::.::.::.::.::.: •• ·::.::.::.::.: •• ·::.::,: 
~~----·.·.-.·.·········· ·•·•·•·•·•·•·•·•·•·•·•· ·•·•· ·•·•·•·•·•···•·•·•···•·•·•·•·•··•·•·•··•·•·•·•·•· 
~=:: 

~~~ No Signal name Diagram 
::::: 
::::: 
•·•·· ····· ····· •···· ::::: 
::::: 
····· •···· ·•·•· ·•·•· ::::: 
····· •·•·· ·•·•· :·:·: 
•!•!· 

~=~=~ •!•!• 
!•!•! 
::::: 
·•·•· ::::: 

A 

~~~~~ 
:·:·: 
····· 

I 
I 

B 

1 Cycle control ring 

2 Control counter 

3 Bit ring 

4 Count zero gate 

5 CCR advance gate 

6 Clock gate 

7 N carry gate 

8 End op reset 

9 Bit ring inhibit 

DISK ATTACHMENT-Operations 

Read Operations (Part 12 of 12) 

8-221 

8-223 

8-225 

8-223 

8-221 

8-217 

8-218 

8-230 

8-225 

0 

ol 1 l 2 l 
2 and 3 

Data CC Post data 

15 14 H 1 

3 415161 7 oj 1 j 2j 3 j 4 J 516 J 11oJ1 J 2 l 3 l 4 l 5 l 6 

I I 
I I 
I I 

3and4- I 
I I 

1 

I I 

I I 
I I 1,2,3,and7 

I I 
I I Result of 8 

...... 
"""l 

7 

8 

8 

1~ 

_J 
I 

(single shot time out) 

It 'N carry gate' was active, 'end op reset' 
ends the operation. If 'N carry gate' was 
not active, return to AM time and continue 
to read sectors 

Reset t 
7 
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DISK ATTACHMENT-Operations 

Read Identifier Operation (Part 1 of 9) 

A 

::::: 
····· 
~~~~~ 
~~~~~ 
·•··· ····· 
;~;~~ 
····· ::::: 
;~~~~ 
····· •.•.• ·•·•· ····· ...... 
····· :::;: 

Ii 
B 

READ IDENTIFIER OPERATION 

• Transfers the first identifier field (3 bytes) of a sector to pass under the 
read heads into core storage at an address specified by the DFCR. 

• If an error is detected in the first ID field, the DFCR address is returned 
to its original address and the next ID field is read. 

• Operation ends when an ID field is read without an error, a no record 
found is detected, or an equipment check occurs. 

• The control unit is busy to any new operation. 

• When the operation ends, the disk control field in core contains the 
FCS information of the ID field read from disk. The DFCR contains 
the original address after an equipment check. 

This instruction initiates the transfer of a sector identifier (3 bytes-F, 
C, and S) from the selected disk to core storage. The operation starts with 
the next identifier to come under the head. It transfers the first sector 
identifier it find to the address designated by DFCR. If an error is found in 
this identifier, the next sector identifier is read and transferred to core 
starting at the original address contained in DFCR. The operation is termi
nated by the transfer of the first sector identifier without data check. A 
no-record status found during a read ID instruction indicates that an error
free ID was not found on the selected track. 

The control unit is busy to any new operation except sense 1/0 while 
performing a read-identifier operation. The control unit does not use the 
information contained in the disk-control field during this period. At 
the end of this operation, the first three bytes (F, C, S) of the disk-control 
field contain the last sector identifier read from the file. The last byte 
(N field) of the disk-control field is not changed. 

This operation does not switch heads. At the end of the operation, DFCR 
contains the original address unless there is an equ!pment check. 
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A 

~=== ::::: 
····· ·•··· ::::: 
·•·•· 
;~~~~ 
::::: 
::::: 
::::: 
····· ····· ::::: 
····· •·•·· ····· ::::: 
····· 

I 
B 

···•· 

I ::::: 

Start read 
ID operation 

FCU sets up to detect 
an address mark 

8-221 

AM time 

8-221 

Pre ID time 

DISK ATIACHMENT-Operations 
Read Identifier Operation (Part 2 of 9) 

Control counter 
decodes to zero 

8-223 

8-225 

Wait for zero detect 
and first data bit 

No 

'Virgin track' 

B 8-340 

Yes 

8-235 

'No record found' 8-231 
'missing AM' 8-235 

'FCU error 1' 8-231 
'FCU error 3' 8-235 
'FCU error' 8-235 

8-230 

End operation 

Detect sync byte OE 

'First record 
not found' 

No 

No 

8-231 

'No record found' 

8-231 

'FCU error 1' 

8-230 

End operation· 

No 

8-235 

'No AM found' 

8-218 

'Index passed' 

8-221 

ID time 

8-221 

IDCC time 

A 8-340 

Read F, C and S bytes 
from disk. 

Gate each byte onto 
the DBI at CPU 
clock 2 time to be 
stored in core at the 
DFCR address. 

Update the DFCR 
address + 1 , when 
the F anc C bytes 
are read. Regenerate 
ID CC and BCA 
·check characters 

Compare regenerated CC 
and BCA with those on 
disk 

No 

Set data check 

8-243 

Modify DFCR address -2 

System/3 FETMM (12/70) 
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DISK ATTACHMENT -Operations 

Read Identifier Operation (Part 3 of 9) 

A 

8-230 

End operation 

B 

No 

A 8-339 

Post ID time 

Yes 

Data check prevents 
ending read ID 
operation. 

The cycle control 
ring returns to AM 
time. 

Next the data field 
paSlieS under the 
read head and may 
try to decode 
'zero detect' and 
a false AM mark. 
However, AM 
detect logic senses 
the error and 
searches for 
another AM 

B 8·339 

System/3 FETMM (12/70) 8-350 
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Diagram 

1 Cycle control ring 8-221 L Reset J" 

2 Control counter 8-223 Reset ls 7 6 

3 Bit ring 8-225 7 oJ1l2I3I4IsJsI 7 0J1J2J3I 

4 Clock 8-247 

-- _. _. -- -- -- -- -- -- ---- -- --- -- -- -- _._ 
5 Bit ring inhibit 8-225 14 

6 CCR pre advance gate 8-223 

A 7 CCR advance gate 8-223 

8 Count zero gate 8-223 

9 Count zero reset 8-223 

10 Pending AM time 8-221 

11 Condition 1st AM 8-221 

12 Clock gate 8-217 Active from initial selection 
T 

13 Set CC register pas 1 on 8-227 

14 Start op 8-230 CPU clock 4 -

15 Set counter to 8 8-223 14 -14 

16 

17 

18 

19 

B 

Condition read gate 8-218 15 

Read gate 8-218 

Search address mark 8-225 

Zero detect 8-227 

In the initial selection flow chart, the file control unit was set up for a 
read identifier operation. The next objective is to locate an address mark. 
Address mark detection is started when zeros in the sector gaps are de
tected to indicate to the file control unit that an address mark is approach
ing the read heads in the drive. The next data bit read, after zeros detect, 
starts the FCU looking for the address mark. 

DISK A TI ACHMENT-Operations 

Read Identifier Operation (Part 4 of 9) 

2,3and16 

_..J AM 
l 

3 0 --s 
4H 0I1I2I3H oI 1 

I 2 I 3 I 4 JsJsI 7 --s 
H_. _._ _._ _. H_. _. _. _. _._ -- -- _._ __._ _. 

---
~ 

10 
~ 

2and 3 Active until 'reset B' 

Bit ring 7 and phase D - Phase C 

2and3 9 and (not) phase D 

7-7 

7-7 

1 Active until 'reset' 

Clock driven from 3.177 MHz osc. )II I 'II( ~ Clock driven from separated clock 
1 and phase D 

10and17--10 

2 and 3 

J 

1and17 

Active when zeroes are detected 
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DISK ATTACHMENT -Operations 

Read Identifier Operation (Part S of 9) 

No Signal name 

1 Cycle control ring 

2 Control counter 

3 Bit ring 

4 Separated clock 

5 Separated data 

6 Zero detect 

A 7 Bit ring inhibit 

8 Start AM search 

9 Standard read data 

10 Compare data 

11 Address mark indicate 

12 Address mark detect 1 

13 Address mark triggers 

14 Address mark detect 2 

15 Address mark detect 

16 Sync detect latch 

17 ID area 

18 Condition prior request 

19 Prior request latch 

20 Prior request 3 

21 Data cycle request gate 

22 CC register reset 

23 Shift write buffer 

24 Xfer write buffer to read buffer 

B 25 Gate data to DBI 

26 DBI parity generate 

27 Constant on DBI 

28 Store data and block SOR - B register 

Diagram 

8-221 

8-223 

8-225 

8-237 

-8-237 

8-227 

8-225 

8-225 

8-227 

8-227 

8-225 

8-225 

8-225 

8-225 

8-225 

8-227 

8-241 

8-241 

8-241 

8-241 

8-241 

8-227 

8-241 

8-241 

8-241 

8-239 

8-243 

8-243 

AM I 
7 I 0 I , 1213 I 415 I 6 I 7 I 0 I 1 J2I 31 4 I s I 6 I 

I I ---- • --- ---- -- _._ -- --- • • _.__. 
--- --- • • -- --I I 

_. I a -- -I ... .. 
I I 

_J I 
I I 
I I 
I I 

.J. 1. 

I I .... _ - -- -I I 
L - -I I 
I ...... I .... 
I I 
I I Phase B - Phase D 

L Address mark 1 1... Address mark 2 _...J 
l -_i- J_ 

I I 
I PhaseC 

I 
I --

-
('read buffer' egister gated to DBI) 

I 
I 

(update DFCR address by one) 

(store F byte, read from disk, into F byte address of disk control fieldl 
I 

... , ._ __________ Address mark detection __________ .... , ... 

System/3 FETMM (12/70) 8-3S2 

Pre ID ID 

l 3 2 1 

7 oJ1J2I3I4IsJsI 7 0J1I2I3l4I5Isl 
I I 

-- • - -- _. ... ..... _. _. -- --- • -- -- __. -- -- • • ..... -- --_. • .. -- -
-- - --- -- .... 

I 
I 

..1. Phase D 
I 
I 
I 

--1. 

I ... 
I 

Clock 3 Clock 0 

I 
I Clock 6_. 

I 
I 
I 

-- I 
I _. .... .... _. ... ... ... ... -- -- -- _. ... _a_ _. _. _. 

I 
Phase C _._ I _._ 

I 
I Clock 2 __. (F byte) 

I ,Clock 8 
I Clock 0 

I 
I DBI 7 _. Clock 4 

I Clock 8 
I Clock 2 

~ Read F byte data from disk --••....,.4i---- Read C byte from disk -------i 



1 Cycle control ring 

2 Control counter 

3 Bit ring 

4 Separated data 

5 Compare data 

6 CC register position 17 

A 7 ID CC error 

8 Data check 

9 Bit ring inhibit 

10 ID area 

11 Condition prior request 

12 Prior request latch 

13 Prior request 3 

14 Data cycle request gate 

15 Shift write buffer 

16 Reset write buffer 

17 Gate data to DBI 

18 Reset read buffer 

19 DBI parity generate 

20 Count zero gate 

21 Constant on DBI 

22 ALU binary subtract 

23 Store data and block SOR B register 

B 

DISK A TI ACHMENT-Operations 

Read Identifier Operation (Part 6 of 9) 

Diagram 

8-221 

8-223 

8-225 

8-239 

8-227 

8-227 

8-234 

8-234 

8-225 

8-241 

8-241 

8-241 

8-241 

8-241 

8-241 

8-241 

8-241 

8-241 

8-239 

8-223 

8-243 

8-243 

8-243 

ID IOCC Post ID l Address mark time 

1 0 3 2 1 0 11 0 

7 of1J2I3 4151617 0 ~ 1 J 2 J 314 J 5 J sl 1 o J 1J21314l 516I 7 ol1J2J 3 4151617 ol1l2J3I4151617 Hangs up and waits for zero detect 

I I I I I 
I -- _._ __ , 

-- --- -- ---
_.1_. 

---
_._ _._ -- I 

--- -- -- -- I_. ----------- .......... ... _._ _._ -- -- -- -- --- --- --- --- --- --I I I I I 
I - - ..... L - ..L -- .... 
I I I I I • 

i...i - - .J - .l. - L t 

I I I l I 
I I Phase BL Phase D 
I I ! I 
I I (data check prevents end operation) Phase C 
I I I I 
I I I I 
I J 
I I _, ...... 

Clock 3 Clock 0 
I 

Clock 6• --I 
Clock 8 Clock 7 
I ....... -......... • • -• --

...._ Phase D ...._ 
I 

Clock 2 _.(C byte) _.(S byte) I 
I 

Clock 3_. ..... I 
I 

Clock 0 Clock 8 I 
I 
I 
I 

DBI 7•_Clock 4 OBI 6 _.Clock 4 I (return DFCR address to original address) 

I I - I I 
I I 
I I 

ID CC does not compare set 'data check' 

Read S byte from disk Subtract 2 from DFC R address. Look for another.address mark 
Regenerated CC and BCA characters are 
compared to those written on disk (if 
non-compare set 'data check') 
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DISK A TI ACHMENT-Operations 

Read Identifier Operation (Part 7 of 9) 

1 Cycle control ring 

2 Control counter 

3 Bit ring 

4 Separated data 

5 Compare data 

6 CC register position 17 

A 7 ID CC error 

8 Data check 

9 Bit ring inhibit 

10 ID area 

11 Cond prior req 

12 Prior request latch 

13 Prior request 3 

14 Data cycle request gate 

15 Shift write buffer 

16 Reset write buffer 

17 Gate data to DBI 

18 Reset read buffer 

19 DBI parity generate 

20 Count zero gate 

21 Constant on DBI 

22 ALU binary subtract 

23 Store data and block SOR - B register 

24 Pure end op reset 

B 

8-221 

8-223 

8-225 

8-237 

8-227 

8-227 

8-234 

8-234 

8-225 

8-241 

8-241 

8-241 

8-241 

8-241 

8-241 

8-241 

8-241 

8-241 

8-239 

8-223 

8-243 

8-243 

8-243 

8-230 

ID ID CC 

1 0 3 2 1 

7 0 l 1 l 2 J 3 415161 7 0J1f213I415Tsl 7 0T1l2l314l5lsl 

I I I 
I ..... ..... -- I -- -- • -- -- _I I_._ - - .... ..... 
I I I 
I ·- - _... I -
~ I I - - I ..... - -I I 
I I 

I I 
I I 
I I 
I I 

I I 
I 

I I ...... J_ 

Clock 3 Clock 0 
I 
Clock 6 _.. 

--I 
I Clock 8 Clock 7 

I .. .. • .._ .._ .... .... -- --I 

II Phase D _. 
I 
I Clock 2 _. (C byte) • (S byte) 

Clock 3 _. • 
Clock 0 Clock 8 

I 

, Phase D 

I -
DBI 7 _.. Clock 4 I DBI 6 • Clock 4 

I I 
I Clock 4 Clock 8 
I I 

Clock 2 Clock 81 I 
I I I 
I I I 

I 
Read S byte from disk l Subtract 2 from DFCA address 1~ 

System/3 FETMM (12/70) 8-354 

.Post ID 

0 11 s~ 0 

7 0 l 1 l 2 l 3 4 l 5 I s I 7 ol 1 T 2 1 i'\47 7 

I I 
I • • • • '• • • • • • • • • 
I I - ~ 
I 
L - -

I 

I 
I 

I 
I 
I 
I 

I 
I 

Compare regenerated CC and BCA _J delay I characters with those written on -..1 1.4 µs 
disk - if no error end operation 



1 Cycle control ring 

2 Control counter 

3 Bit ring 

4 Separated clock 

5 Separated data 

6 Zero detect 

A 7 Bit ring inhibit 

8 Start AM search 

9 Standard read data 

10 Compare data 

11 Address mark indicate 

12 Address mark detect 1 

13 Address mark trigger's 

14 Address mari< detect 2 

15 Address mark detect 

16 Sync detect latch 

17 ID area 

18 Condition prior request 

19 Prior request latch 

20 Prior request 3 

21 Data cycle request gate 

22 CC register reset 

23 Shift write buffer 

24 Xfer write buffer to read buffer 

B 25 Gate data to DBI 

26 DBI parity generate 

27 Constant on DBI 

28 Store data and block SOR - B register 

DISK ATTACHMENT-Operations 

Read Identifier Operation (Part 8 of 9) 

Diagram 

8-221 
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DISK A IT ACHMENT-Operations 

Read Identifier Operation (Part 9 of 9) 

\ ~= 
t:: 
=~=: =:::: No Signal name Diagram 
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~=~; 
~~~~l 
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B 

1 Clock 8-247 
Ill • • .... _._ --2 Control counter 8-223 

3 Bit ring 8-225 

4 Separated data 8-239 

5 Bit ring inhibit 8-225 

6 Zero detect 8-227 

7 Standard read data 8-227 

8 Compare read data 8-227 

9 Reset start AM search 8-225 

00 

Note: While looking for the next address mark, the data field will pass under the read head. 
Zeros in the gap preceding the data field will set 'zero detect'. Normally the next bit 
will be the first bit of the address mark, however in this example it is the sync char
acter OE. The address mark detect circuits sense the error and cause 'AM restart' 
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Address Mark !AM) 8-104 
Adjustment, Data Separator 
Advance Program Level (APL) 
Alternate Track 8-104 
AM Bits 8-208 

Bit Cell 8-208 

8-208 
8-108 

Bit Count Appendage (BCA) 8-104 
Busy 8-108 

C Byte 8-104 
Card-ALO Cross Reference Chart 8-202 
Checks (Error Conditions) 8-228 
Compare/Scan Operation Data Flow 8-114 
Control Field 8-105 
Cycle Steal Requests (CSR) 8-102 
Cyclic Code Characters 8-101, 8-103 
Cylinder 8-104 
Cylinder Byte 8-105 

Data 8-104 
Data Field 8-105 
Data Flow 8-204 
Data Separator Adjustment 8-208 
Data Storage 8-103 
Device Status 8-109 
DFCR 8-105 
DFDR 8-105 
Diagnostic Byte 8-107 
Diagnostic Load 1/0 8-107 
Disk File Control Register (DFCR) 8-105 
Disk File Data Register (DFDR) 8-105 
Disk Instructions 

Load 1/0 (LIO) 8-107 
Load 1/0 (LIO) Diagnostic 8-107 
Sense 1/0 (SNS) 8-109 
Start 1/0 (SIO) 8-111 
Start 1/0 (SIO) Read Data 8-111 
Start 1/0 (SIO) Read Data Diagnostic 8-111 
Start 1/0 (SIO) Read Identifier 8-111 
Start 1/0 Read Verify 8-111 
Start 1/0 Scan Equal 8-111 
Start 1/0 (SIO) Scan High or Equal 8-111 
Start 1/0 Scan Low or Equal 8-111 
Start 1/0 Write Data 8-111 
Start 1/0 Write Identifier 8-111 
Test 1/0 (TIO) 8-108 

Error Conditions 8-228 

Flag Byte 8-104, 8-105 
Functional Unit Index 8-202 
Functional Units 

Address Mark Detect 
Description 8-224 
Diagram 8-225 
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Functional Units <Continued) 
Auxiliary Counter 

Description 8-214 
Oia!(ram 8-214 

Bit Ring 
DeSl:ription 8-224 
Diagram 8-225 

Board Layout 8-203 
CT Controls 

Desniption 8-236 
Diagram 8-237 

Check Counter1BCAl 
Description 8-236 
Diagram 8-237 

Clock 
Description 8-244 
Diagram 8-24 7 

Clock Gate 
Description 8-216 
Diagram 8-217 

Compare 
Description 8-232 
Diagram 8-2 34 

Compare Read Data Trigger 
Description 8-226 
Diagram 8-2 2 7 

Constants 
Diagram 8-243 

C'ontrol Counter 
Description 8-222 
Diagram 8-223 

Cycle Control Ring 
Description 8-220 
Diagram 8-2 21 

Cyclic Code Register 
Description 8-226 
Diagram 8-227 

Data Bus In (DBI) 
Description 8-244 
Diagram 8-245 

Data Bus Out (080) 
Description 8-248 
Diagram 8-251 

Data Separator 
Adjustment 8-208 
Description 8-208 
Diagram 8-209 

Difference Counter 
Description 8-212 
Diagram 8-2 l3 

Erase Gate 
Description 8-216 
Diagram 8-219 

Error Conditions 
Description 8-232 
Diagram 8-233 through 8-235 

Go Slow Counter 
Description 8-214 
Diagram 8-2 14 
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Functional Units (Continued) 
Index 

[)c,criptinn 8-216 
Diagram H-218 

Initial Program Load {IPL) 
Dc.;niption 8-236 
I>iaµram 8-25 3, 8-254 

Initial Selection 
Description 8-25 2 
Diagram 8-253, 8-254 

LSR Selection 
Description 8-236 
Diagram 8-239 

Operation R~gister 
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Diagram 8-249 

Priority Request 3 (Data) 
Description 8-240 
Diagram 8-241 

Priority Request 7 (Seek) 
Description 8-210 
Diagram 8-211 

Read Buffer 
Description 8-248 
Diagram 8-251 

Read Gate 
Description 8-216 
Diagram 8-217 

Resets 
Description 8-228 
Diagram 8-230, 8-231 

Seek (Common Controls) 
Description 8-210 
Diagram 8-21 I 

Seek (Individual Drive Controls) 
Description 8-212 
Diagram 8-213, 8-215 

Ser des 
Description 8-240 
Diagram 8-241 

Serdes Control 
Description 8-240 
Diagram 8-241 

Standard Read Data Trigger 
Description 8-226 
Diagram 8-227 
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Description 8-248 
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Diagram 8-251 
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Description 8-216 
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Read Data Operation Data Flow 8-113 
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Scan Found 8-108 
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Sense Operation Data Flow 8-115 
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