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MDIO CONTROLLER 
Transaction Processes 

User Guide 

Da ta transaction processes involving I MSA I disk systems are governed by the I MDOS 
disk I/O protocol. They are, therefore, nearly identical for all IMSA I diskette 
controllers. A detailed description of this protocol, its diskette access conventions, and 
the data and command formats may be found in section 3 - 3, titled TRANSACTIONS. 
Additional clarification of the protocol may be found in the Programming Guide of the 
I MOOS User's Manual. 

The MDIO supports two single density (FM) recording formats (Formats t and II). A 
breakdown of these sector formats into the various fields is shown in table 2, subsection 
3 - 2.3, titled Format Compatibilities. 

5 - 4 USER GU I DE 

MOIO ADDRESS ASSIGNMENT 

The MOIO may be switched into (selected) or out of (deselected) the system addressing 
space. This is accomplished by the execution of OUT instructions that reference the 
OUTPUT port address assigned to the l"vlD I O. This port address assignment js made 
with the appropriate selection of SWI 'switch settings. The four (4) switches of SWI 
decode the upper nibble of the port address (N). Execution of an OUT instruction to 
port NFH selects, to port NEH deselects the MDIO. 
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MOIO JUMPER CONFIGURATIONS 

MOJO CONTROL PORT SELECTION 
(SHOWING EXH SETT1NG) 

The following is a complete summary of MD 10 configuration jumpers and their use. 

ADDRESS DECODI NG: 

The board is pc'ed for 65K maximum system configuration and the FANTOM line is 
enabled: 

A14 
A15 

FANTOM A16 
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F or systems with memory configur.ed for more than 65K, these changes in the jumper 
'configuration must be made: 

Delete 

BOARD SELECTION 

o -P 
R -S 
U-v 

Add P - Q 
S - T 
X-Y 

The board is pc1ed to power-up in the MOIOIN-state. To have it come up /MDION, 
i.e., deselected, these jumpers are changed: 

Delete L-M Add M-N 

BUS BUFFER TYPE SELECTION 

This is primarily a manufacturing option to permit instaJiation of either buffer type. 

- I NBOARD is generated as /1 NBOARD for 74LS244 use. To change this for 74LS241 
use: 

Delete AE - AD Add AD - AF 

ROM/EPROM S1ZE SE L ECTI ON 

The board is pc/ed for 2K (2716) ROM/EPROM. To cbange to 1 K capacity, change 
thusly: 

Delete 

MPU-A COMPATIBI L ITY 

1- K 
F-H 

Add I-J 
F-G 

Although pc1ed for MPU-B (BOBS-based microprocessor) operation, the MO 10 board may 
be modified to work with an BOBO-based microprocessor. The following jumpers should be 
changed. 

Delete AA - AB Add AA -AC 

DRIVE-TYPE SELECTION 

The MO lOis pc1ed to attach to MPI 851 mini-diskette drives and may be modified to 
accept other drive types. Note that the MD I 0 supports 40 tracks on MP J drives and 35 
tracks on other drives. Parameters that specify either the MP J drive or a non-MP I 
drive are loaded into MD I 0 RAM by the initialization routine of MD I 0 firmware upon 
power-on (see also the section titled The 1771 Ready Status Bit). If micropolis 1015 
drives (up to four) are attached to the MD 10, then the user must change the drive type 
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parameter code from 6 to an AH, if IMOOS is to be informed of the availability of n 
tracks. This may be effected by a cold start command that loads AH values into the 
appropriate MOIO RAM locations. 

In addition, this cold start command must also load the value 40H in MOIO RAM location 
E850H so as to inform MDIO firmwar.e that track numbers 0 through 76 are to be legal. 
F or information regarding the use of the cold start command feature, the user is 
referred to IMOOS User's Manual. 

To use Shugart SA400 or Wangco 82: 

Delete 

To use a Micropolis 1015: 

Delete 

AJ - AH 

AJ - AH 
A-C 

Add 

Add 

AJ - AG 

AJ' - AG 
A-B 

The parameters which specify the drive type are kept in MD 10 locations: 

E 804 mini-drive 0 
E80S 1 
E806 2 

The codes used to identify these parameters are: 

6 
8 

Shugart 450 (35 tracks) 
MPI 851 (40 tracks) 

MOIO - 7 



MOIO CONTROLLER 

Theory of Operation 

5 - 5 THEORY OF OPERATION 

5 - 5.1 HARDWARE STRUCTURE, 

BUS ORGANIZATION 

The DAL-bus (see Figure 3) is a bi-directiona1 bus which interconnects the several 
MDIO components with the 5-100 bus where data pathing occurs on two uni-directional 
buses, namely 000 - 007 for data transfers from CPU to peripheral and 010 - 017 for 
data transfers fro{11 peripheral to CPU. Interfacing between the DA~-bus and the 0 I, 
DO lines is accomplished by two 74LS244 bus drivers (U30 and U31). 

MAJOR LOGIC BLOCKS 

I n addition to the bus-switch, MD lOis composed of these major functional components: 

- 1771 controller, a 4O-pin LSI chip that supervises and 
directly controls communications with the selected mini drive. 

- Data separator, an MSI-implemented FM pulse stream decoder 
interposed between the drive and the 1771. 

- Memory mapped port, a six-bit strobed latch which exercises 
control over drive motor as well as, drive selection in 
system configurations containing more than one mini drive. 

- ROM/EPROM, a 24 pin device which contains the 2K bytes 
(optionally 1 K) of MD I 0 firmware. 

- RAM, 256 bytes of random access memory used by MOIO firmware 
for variable data and status storagd. 

- Timing and control logic, which performs address decode, bus 
control and device strobing functions. 

Operation with regard to device selection and access timing of the ROM/EPROM, RAM, 
memory-mapped port, and bus switch is straight forward and is discussed below. 
Operation of the 1771 and the data separator is more complex and is treated 
s epar a tely. 
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MOIO ADDRESSING 

MOIO CONTROLLE~ 

Theory of Operation 

The MO I 0 resides at EOOO - EFFF within a 6SK address space, and within the highest 
65K block in any conf.iguration space that exceeds 65K. Several gates (chips U2, U15, 
U2S and U20 decode address lines A12 - A19 for a partial decode of MOIO board select. 
This decode is EXXX for an address space of 65K, FEXXX for greater than a 6SK 
space. 

The quad-XOR (U6), together with the 4-position DIP switch (SWI), a 7422 (U18), 1/4 
of U9 and one D-FF (1/2 of US) forms the control logic whereby the ·MD 10 may be 
switched into and out of the address space. Execution of an OUT instruction to port 
NE deselects, to port NF selects the MD I o. When the MO lOis deselected, any RAM 
existing "behind" the MOIO becomes available to the system. The signal generated by 
this logis is MOIOIN. . 

Together with EXXX (or FEXXX), MDIOIN forms BDSELX. The X in this signal 
name signifies that MOIO board selection has not yet been qualified with negation of 
5-100 bus status signals SINTA, SINP, and SOUT. (For reasons elaborated upon below, 
these status signals are kept out of MD 10 access decoding until the next logic layer.) 
The product of /51 NT A, -lSI NP, and /SOU T forms the term MEM. Subsequent ANDing 
of BDSELX and MEM produces BDSEL. This term appears as qualifier at several nodes 
within the remainder of the address decode and timing logic. 
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Theory of Operation 

MD 10 RAM is located at E800 through E8FF. Access to this space is decoded by 
BOSEL X8XX which produces RAMSEL (U18, U26 and U17). Similarly, RaMI EPROM 
resides' an EOOO through E7FF. Any 1K firmware will image in two regions, EOOO -
E3FF and E400 - E7FF, because Al0 is not decoded. The standard 2K MOIO firmware 
will, of course, occupy the entire MO 10 ROM/EPROM space. This space is distinguished 
from RAM space by the inversion of All and access is decoded by BDSEL-X(OXXX.)XX 
which produces ROMSE L. 

Located at E9X (X1XX), the memory-mapped port is enable by BOSEL-X9XX·A2 which 
forms the signed PORTSEL. SEL1771, on the other hand, is decoded by ANDing 
BDSELX-X9XX./ A2. The results in the following address assignments: 

memory-mapped port 
1771 data register 
1.771 sector register 
1771 track register 
1771 status register 
1771 command register 

E9X7 
E9X8 
E9X9 
E9XA 
E9XB (read) 
E9XB (write) 

The OAL/5-100 bus switch is controlled by BDSEL PDBIN for data going off-board and 
BOSE L· /SMEMR for data heading on-board. The control signals are OFFB RD and 
I NBRD, respectively. 

5 - 5.2 CONTROL LOGIC TIMING 

WRITE OPERATIONS 

The 5-100 bus signal I?W R is the write strobe which trips destination latches with its 
trailing edge during CPU to peripheral qevice write operations. 

/PW R controls the R/W control line of RAM directly while the negation of SMEMR 
controls the output-disable (00) line. During writ~ operations, SMEMR will be low, and 
RAM outpu't thus disabled (00 = 1). ' 

/INBRD, meanwhile, will be active (I(BDSEL·jSMEMR) = 0), thus enabling data from the 
DO lines onto the DAL bus. At the end of /PW R, this data is latched into the RAM 
cell addressed by address lines AO - A 7. 

Writing into the memory-mapped port occurs at the end of /PORTWT, the product of 
I(PORTSELe PWR). In this case the write strobe also contains the device selection 
term. 

The leading (i.e., falling) edge of /PORTWT triggers the DRIVE SELECT ONESHOT 
(1/2 of Ul) which has a period of arollnd 4 - 5 seconds. When set, the Q-output of 
this oneshot removes the reset on U23, thus allowing updating of the latches at the time 
of the trailing (i.e., rising) edge of jPORTWT. 

Head loading takes place within the mini drive concurrent with drive selection. 
Conversely, head de-selection is equivalent to drive deselection. It follows that the head 
of a selected drive will remain loaded as long as the DRIVE SELECT ONESHOT is 
retriggered prior to time-out. 
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If the oneshot is a.llowed to time out, the Q-output (U1 - 5) will revert to a low state 
whic;h, in turn, resets U23. This results in drive de-selection and hence head unloading. 

Since the term MOTORON is stored in an independent memory cell (FF US), the 
motor(s) of the drive(s) will remain on even after DR I VE SE L ECT ONESHOT time-out 
has occured. This ensures that the drive(s) continue -at full rotational speed. 

Upon drive re-selection, only the normal head load settling time will have to be reckoned 
with by the controller. 

READ OPERATION 

Our~ng read. operations, BSOE L POSI N generates OFFB RO which enables data flow off 
the DAL bus and onto the 01 lines. SMEMR will be high, while PW R will remain 
inactive. 

SMEMR will thus remove the data out disable during RAM access (00 = 0) allowing the 
accessed RAM cell to output its contents onto the DA L bus. ROM/EPROM is enabled by 
ROMSE L going true during a ROM/EPROM access. 

Accessing the 1771 is a little more involved. Due to its long access time, the 1771 must 
be selected well in advance of strobing time at the destination (i.e., at the CPU). 
Similarly, the 1771 read strobe must arrive as early as possible. 

This is accomplished by a) deferring the MEM qualification and deriving SE L 1771 solely 
from address bus decoding plus MOIOIN, and b) generating an advanced "PDBIN" and 
qualifying that with MEM. This latter signal becomes ADVREAD, the read window for 
the 1771. 

ADVREAD is the latched result of sampling the status line SMEMR as soon as it 
becomes stable on the bus. This happens to be just prior to the rising edge of PSYNC 01 
in an 80BO-based system and /PSYNC 01 in an 80S5-based system •. ADVREAD is reset 
by the trailing edge of POSI N at the conclusion of the data transfer. 

5 - 5.3 THE 1771 LSI CONTROLLER 

Next to the firmware, the 1771 LSI chip is the most important single item in the MD I 0 
design. It performs all the diskette drive control operations such as head positioning, 
head loading, and read or write operation sequencing. If contains the requisite logic to 
sense TRKO, DRIVE READY, INDEX and WTPROT and use these inputs in conjunction 
with the various operation it may be instructed to perform. These operations are very 
complex and are initiated by commands which the MO I 0 firmware issues to the 1771 
command register. A summary of those commands which are utilized within the MD 10 
design, is given below: 
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1771 COMMAND SUMMARY 

RESTORE 

SEEK 

Forces head carriage assembly to reposition over track-O. 

Computes difference between current track and destination track, then issues 
appropriate number of steps in desired direction. 

WRITE TRACK 

Writes an entire track from index to next index, including aU sector formatting 
information. All information to be written is suppUed by the firmware.-

WRITE 

READ 

Searches for desired sector in track over which the head is located, then 
overlays data field with new block of data. 

4Searches for des.ired sec.tor in track over which the head is located, then reads 
that data freld into system main memory. 

READ ADDRESS 

Inputs the six f D-field bytes of the next encountered sector. This is used to 
examine validity of Tr.ack and Format information when an I D-field CRC error 
is encountered during a sector search. 

FORCE INTERRUPT 

Used solely for' the purpose of placing the 1771 into a state that allows 
continuous monitoring of the index pulse. 

These commands are used in conjunction with three additional 1771 registers through 
which track, sector and data information ;s interchanged between the 1771 and the 
firmware. To inform the external. world of i~ current status, the 1771 updates the 
contents of its status register as required. A summary of the status byte codes is 
given below: 
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BIT 

S7 

S6 

S5 

S4 

S3 
S2 

S1 

SO 

MOIO CQNTROLLER 

Theory of Operation 

MSBI 57 

ALL TYPE I 

~6 55 54 53 ., 52 51 ,~ 50 LSB 

STATUS REGISTER SUMMARY 

COMMANDS READ ADDRE,SS READ READ TRACK WRITE WRITE TRACK 

NOT READY NOT READY NOT READY NOT READY NOT READY NOT READY 

WR ITE PROTECT 0 RECORC-TYPE a WR ITE PROTECT WRITE 

PROTECT 

HEAD ENGAGED a RECORD TYPE 0 WRITE FAULT WRITE FAULT 

SEEK ERROR 10 NOT RECORD NOT 0 RECORD NOT 0 

FOUND FOUND FOUND 

CRC ERROR CRC ERROR CRC ERROR a CRC ERROR a 
TRACK 0 LOST DATA LOST DATA LOST DATA LOST DATA LOST DATA 

INDEX ORO ORO ORO ORO ORO 

BUSY BUSY BUSY BUSY BUSY BUSY 

The MO I 0 employs the Programmed Data Transfer method and thus does not make use 
of the 1771's interrupt and data request lines. Instead, the MOIO firmware supervtses 
data transfer activity by constantly monitoring the 1771 status register, and in 
particular, the DRQ and BUSY bits of the status byte. 

f 
F or a detailed description of the 1771 the reader is referred to the 1771 Data Sheet at 
the end of this section. 

THE 1771 READY STATUS BIT 

During initialization, the READY input of the 1771 is used to determine which of the 
two permissible jumpers, AG - AJ and AJ - AH, is installed on the board. 

MD I b firmware strobes the control port with a dummy drive seJect byte that selects no 
drive (but does turn on drive motor(s)). This strobe fires the DR I VE SE L EeT 
ONESHOT, while also latching a "011 into 4Q at U23, thus forcing jumper point AG high. 

The firmware then examines the 1771 status byte for a READY. If it finds a RE~DY, 
it infers that the board is strapped for MPI 8S1 use and readies the appropriate 
parameters for step rate and number of tracks per diskette (12 ms, 40 tracks). If it 
finds a NOT READY, it infers that the board is not strapped for MPI 851 use and 
readies the default parameters (40 ms, 35 tracks). All future control bytes strobed into 
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U23 during drive selection activities will have bit 6 set to force a low at jumper point 
AG. 

Before issuing a READ or a WRITE command to the 1771, MDIO firmware looks at the 
status of the chip to determine whether the READY flag has gone faJse. This flag 
serves the combined purpose of sensing both the readiness of a drive (where the drive 
does output such a status line) and the condition of the DRIVE SELECT ONESHOT. 

If the firmware 'detects a NOT READY condition, it assumes that the oneshot has 
timed out. Re-selecting the specified drive will, therefore, result in the loading of the 
head. To allow for the required head load settling time, the firmware issues an 
alternate versi~n of the READ or WRITE command which raises the HLD signal (Ul1 -
28). This fires the HEAD LOAD ONESHOT. The Q-output of this oneshot (U1-4) 
drives the HL T input at U11 - 23 low for approximately 75 ms. Sensing a low at HL T, 
the 1771 will defer commencement of the actual data transfer operaton until HL T once 
again has gone high. 

If, on the other hand, the firmware detects a READY condition, it will merely re-select 
the specified drive (thUS re-firing the DR I VE SE L ECT ONESHOT) and issue a normal 
READ or W RITE command. In response to this, the 1771 assumes tha.t the hea.d is 
already loaded and begins the data transfer operation immediately. 

DA T A SEPARATOR 

The separator consists of' two stages: a sychronization front end, followed by a 
quadrature circuit. The front end sychronizes the incoming FM pulse stream to the 
on-board 2 MHz clock. It does this by first converting the pulse stream to an NRZ 
waveform (U19) then reconstructing the now sychronized pulse stream (U20, U7 and 
U9). This is traced in the Data Separator timing diagrams. 

Each FM pulse broadsides the 4-bit binary counter (U21) with the value N101, where N 
is the current binary value of' Q (D), the output of Ithe fourth stage of the counter. 

I n the timing diagram, Q (D) is assumed to be low at the beginning of the first bit~ell 
shown. It could just as easily have been high, due to asynchronism in bit-timing between 
the drive output and the separator, but a low is chosen at this time for ease of 
discussion. 

LOADing of the counter at time "a" will jam the value 1101 into its stages (Q (D) will 
remain the same) and the next pulse coming from pin 10 of U20 will be routed to the 
F DCLOCK line. Three clock cycles later, the counter rolls over and Q (D) toggles, 
ready now to steer the (possible) next pulse to the FDDA T A line. 

I n the absence of a data pulse, the counter does not get LOADed and, hence, Q (D) 
will toggle after eight more clock cycles, ready, again, to steer the next pulse to the 
F DCLOCK line. 

By loading the counter on each FM pulse, the quadrature waveform (0 (D)) is updated 
a t least once per bit-frame (and twice during every ''1 11 bit). This ensure tight tracking 
of the raw FM pulse stream by the data separator. 
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Note that the 1771 - 1 is interested in the leading edges of FDCLOCK and FDDA T A. 
While in frequency synchronization, these edges will fall on or near the center of the 
quadrature waveform which, of course, extends 25% of bit-time back- and forward in 
time. Considerable pulse jitter can thus be tolerated and changes in pulse separation, 
between any two consecutive pulses, of nearly 25% of bit-time (i.e., 2 us) will not 
impair data recovery. 

Depending on initial conditions, Q (D) mayor may not be in phase synchronization with 
the FM pulse stream. The separator may, therefore,' output data pulses on the 
F DCLOCK line. This is of no consequence, as the 1771 - 1 will perform phase 
synchroniza tion upon detection of synch sequences consisting of multiple NU L bytes. 
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FM DATA SEPARATOR 
(AFTER NAT10NAL) 

2 BIT CELLS 

..... 1·1---.,.-------.-8IJS--------.-l·~I~ .. t---------8iJS-------I.~1 
I I -

U19:'3lJ - u u 
U19-S---1 

2MHZ 

U20-15 --.J 
U20-14 -, 
U20-2 

U20-3 

(<<~ J --y Yl LJ 
I 

LOAD LOAD LOAD 

U20-10 

U21-11 • .. I I • ~ .. I I -

I I I I 
THIRD EDGE(~) THIRD EDGE (r) THIRD EDGE(..r) 8TH E DG E (...r) 
AFTER LOAD AFTER LOAD AFTER LOAD AFTER TOGGLE 

- LOAD BROADSIDES N 101 INTO 74161 (WHERE N IS THE CURRENT VALUE OF QD) 
-3 CLOCK PULSES AFTER LOAD, QD TOGGLES. 
-IF NO LOAD OCCURS FOR ANOTHER 8 CLOCK PERIODS, 
-aoWILL TOGGLE AGAIN 
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5 - 6 1771 DATA SHEET 

A comprehensive data sheet detailing the function and operation of the 1771 LSI 
Controller chip may be obtained from National Semiconductor Corporation •. 

Data Sheet Title: I NS1771-1 Floppy Disk Formatter/Controller 
Pub. No.: 426305468-001 (Apr. 1977) 
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J2 
PIN # 

2 
4 
6 
8 

10 
12 
14 
16 c 
18 
20 
22 
24 
26 
28 
30 
32 
34 

NOTE: 

MOIO TO DRIVE INTERCONNECTION 

SIGNAL SIGNAL 
NAME DIRECTION 

.......-

INDEX <-
OSl -> 
DS2 -> 
DS3 -> 
MTRON -> 
DIRSEL -> 
STEP -> 
WT DATA -> 
WT GATE -> 
TRK 00 <--
WRT PROT <-
RAW DATA <-

OS 4 -> 

All signals are low true, except D I RSE L 
which is bi-polar. All odd-numbered 
J 2 pins are signals ground. 

-> means: control signal to drive 
<- means: sense line tr;om drive 
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6 010 CONTROLLER 

6 -1 INTRODUCTION 

010 CONTROLLER 

Introduction 
Functionai Description· 

This section presents a detailed discussion of the functional and operational 
characteristics of the 010 diskette formatter/controller. A common functional 
description precedes two user guide subsections, one for the 0 10-C, the other for the 
010-0 configuration. These are followed by a common theory of operation section. In 
this section, differences between the two D 10 versions are pointed out within the text. 
The subsection titled DATA TRANSACTION PROCESSES, refers the user to a 
discussion of the IMOOS disk I/O protocol. 

6 - 2 FUNCTIONAL DESCRIPTION 

The' 010 is a two-board, 5-100 Bus compatible diskette formatter/controller. It i,s 
avaiJable in two 'f'ersions. The DIO-C supports up to four (4) standard diskette drives; 
the 0 I 0-0 supports up to four (4) mini-diskette drives. Each version supports four (4) 
data formats, two in single density (FM) and two in double density (MFM) recording 
technique. These formats are discussed in greater detail in subsection 3 - 2.3, title 
FORMA T COMPA TIBI L ITIES. 

Each 010 controller consists of a 010 board (either DIO-C or -D) and a 
Programmable Data Separator (PDS) board. The PDS decodes the FM or MFM pulse 
sequences sourced by the diskette drive during a disk read transaction. It inputs 
separa ted clock and data pulses to the D I 0 board. The PDS is not involved in a write 
transaction. 

The 010 is accessed by the execution, of CALL instructions that reference one of 
several points of the 010 firmware. Such a CALL initiates a disk I/O with the control 
byte that is conveyed in the A-register. The nature of the requested transaction is 
specified by a command string which is located in system main memory. 

The 0 I 0 firmware interprets this command stri~g and performs the desired data 
transfer. Upon completion of the transaction, the D I 0 returns to the CAL Ler with a 
status describing the outcome. 

010 BOARD 

The 010 Board operates on a memory mapped basis and occupies 1000H locations (4096 
bytes)_ The addresses which ar,e not used for the D I 0 ROM and RAM in the 4K 
address space are used for memory mapped I/O. The D 10 has the capability of residing 
in the same location as RAM memory and can be switched in and out using I/O 
instructions. 

Data is transferred between the floppy disk drives and the main system memory under 
program control. The CPU Ready line is used to introduce Wait States and theroby 
provide synchronization with the floppy disk drive data tr;:nsfer rates. 

The D lOis designed to make the operation as easy as possible for the operating 
system. All initialization sequences and error recovery procedures are contained within 
the firmware in the floppy disk controller. Hence, if a hardware error is indicated by 
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F unc tional Description 

the floppy disk firmware, it is an unrecoverable error and the user need not have error 
recovery procedures in the software. Similarly, the floppy firmware is designed to do 
the necessary head positioning and to remember the existing head positions, so the user 
need only execute read and/or write functions. 

USER RAM 

OR VIO 
ADDRESS SPACE. 

FFFF 

FOOO 

~~.,...,..~,....,..~,...,..~~----- 256 BYTES 010 SYSTEM RAM 

USER RAM 

• • • • 

~:: 010 ADDRESS SPACE REQUIREMENTS 

FIGURE 1 010 Address Space Requirements 
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Functional Description 

The 0 I 0 firmware is designed to pick up from its internal RAM memory the type of 
drive and recording technique being used each time a read or write operation is 
requested. Therefore, under program control the operating system can modify RAM 
locations and change the recording technique used on the same physical drive. Thus, a 
single-drive system is capable, under program control, of reading or writing a IBM 3740 
format diskette and then switching to a high or double-density format to achieve 
economy in storage using the same physical drive. These settings- are initialized by the 
initialization or bootstrap call to the value which is defined by the hardware switch 
settings on the DIO board and is initialized during the GENESYS phase of IMDOS. 

PDS BOARD 

The PDS is an 5-100 board used to separate the clock and data pulses which are 
received as a continuous pulse stream from the diskette drives electronics. The PDS is 
designed around a programmable Phase Lock Loop. The PL L phase locks on incoming 
signals from the drive and maintains lock even under missing clock or data bits. 

The PDS can be programmed via the proper software operations to read and write with 
both the 250 KHz FM for single density or 500 KHz MF M (Modified FM) for double 
density formats, or 125 KHz FM for single density or 250 HHz MFM for double density 
format when used with D I O-D. 

In terms of overall operation and interaction between the DIO-C and the PDS boards, 
the board set should be viewed as a single unit with two basic functions spread across 
circuitry in two boards. 

The overall block diagram for the 010 and PDS in an 5-100 system is shown below. Note 
that the D lOis connected to both the PDS and the drives. The PDS is used when read 
operations are required. For writing on the diskettes, the 010 sends the digital data 
directly to the drive. 

As shown in the diagram, up to four (4) standard floppy disk drives may be operated 
from one 0 I 0 board. Selection of drives is ddne under software control. The' D I 0 
contains an on-board DIP switch that allows selecting one of 16 unique addresses for the 
01O-C. 
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Functional Description 
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FIGURE 2 DIO/PDS Block Diagram 
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6-3 DATA TRANSACTION PROCESSES 

010 CONTROLLER 

Transaction Processes 

Data transaction processes involving IMSAI disk systems are governed by the IMOOS 
disk I/O protocol. They are, therefore, nearly indentical for all IMSA I diskette 
controllers. A detailed description of this protocol, its diskette access conventions, and 
the data and command formats may be found in section 3 - 3, titled TRANSACTIONS. 
Additional clarification of the protocol may be found in the Programming Guide of the 
IMOOS User's Manual. 

The 010 supports two single density (FM) and two double density (MFM) recording 
forma ts (Formats I and II, and III and I V, respectively). A breakdown of these sector 
forma ts into the various fields is shown in Tables 3 and 4; the former for 0 10-C, the 
latter for 0 I 0-0. The tables may be found in subsection 3 - 2.3, titled Format 
Compa tibili ties. 
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6 - 4 DIO-C USER GUIDE 

All IMSA I D I O-C disk controllers are designed to occupy 4K of address space in an 
IMSAI 5-100 mainframe. The specific addresses are at the top of memory at locations 
EOCO to EFFF hex. Each OIO-C uses two I/O Ports in the 8080/8085. The ports are 
used by the operating system to switch a .specific DIO-C in and out of operation. Each 
o 10-C contains a DIP switch which allows the user to select several default options for 
the controller. Four of these switch positions are used to give the D 10-C board a port 
address of XE or XF where X is a value between 0 and F. The XE port is used to 
disable a D I O-C with address switch set to X and the XF port is used to enable a 
o IO-C with the address switch set to X. (the value of X is set in binary on the 
switch; this is explained later). 

Thus up to 16 DIO-C controllers can occupy the same DIO-C address space (EOOO to 
EFFF) and anyone can be enabled at a specific time. During this time all remaining 
D IO-Cs must be disabled by the operating system. 

The D I O-C is designed so it can occupy its memory space along with real RAM memory, 
providing that the RAMs use A16 (backplane pin 16) to disable their selection logic. 
Alternately the OIO-Cs may exist without any RAM in their address space. Both these 
conditions are described below. 

SINGLEOIO-C WITH NO OVERLAPPING RAM 

In the situation where the DIO-C is to exist without overlapping RAM, when the 
D IO-C receives a RESET command (RESET on the front panel), the D 10-C is enabled 
and no· further I/O instructions need be executed for the 0 10-C. The I/O ports for the 
D IO-C should be switch seJected to be I/O ports which are NOT used in the rest of the 
system. 

SINGLE DIO-C WITH OVERLAPPING RAM 

I n the situation where the D 10-C is to exist ~wit'h overlapping RAM when the D I O-C 
receives a front panel RESET command, the DIO-C is enabled. To disable the DIO-C 
(and thus enable the RAM locations at the same addresses) an OUT XE instruction 
should be executed. For the I/O instructions, the contents of the A register (i.e. the 
data value) is not used and can be any value. The value of X should be switch selected 
to be unique to that DIO-C and the appropriate output instruction executed to enable 
or disable the DIO-C for DIO-C and RAM references respectively. 

CAUTION: Note that this definition precludes the transfer of data directly to or 
from the RAM locations EOOO-EFFF using the D I O-C Floppy Disk System. 

MULTIPLE DIO-C INTERFACES 

Multiple D 10-C Interfaces may be used in a single system by selecting a diffen.:nt set of 
I/O ports (e.g. a different value of X) for each DIO-C. Then the derived DIO-C can 
be enabled, or all of them disabled for referencing overlapping RAM memory. In 
addition, reset command jumpers (described later) are inserted so that the primary 
D IO-C board is enabled and the others are disabled by the Reset Command. 
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The 0 I O-C board requires switch settings to delineate the type of standard floppy drive 
and the recording format for that drive for use by the Firmware. These switch values 
are read by the Firmware when bootstrapping and each time the system is initialized to 
determine the type of drive, default density, type of processor (8080 or 8085),and so 
on. The results are stored in specific OIO-C address locations. The value in the RAM 
memory is then used by the Firmware when transferring data to or from the disks. In 
this manner, the same physical drive can be used, under program control, to read and 
record in different formats. For more complete information on how to do this, the 
reader is referred to the Programming Options section of this guide. 

SWITCH'ANO JUMPER SETTINGS ;.-:' 

This section gives the physical configuration requirements to accomplish the above 
alternatives. The switches at location U3 are used for the I/O Port selection and the 
Drive selection. The discrete jumper locations are called out alphabeticaUy as shown on 
the assemble diagram. 

Switches: 

Address Assignment 

The standard address assignments are selected by the top half of the DIP switch 
(switches 1 - 4). The assignment for the first 0 10-C is E, 0 for the second, C for the 
third, and so forth in descending order. Note that a 1 corresponds to OFF on the 
switch. Switch physical 'position does not correspond to binary weighting. 

SW# 
Binary Weight 

Recording Density 

The recording density used by the drives is selec~ed by switch 6. It should be ON for 
single density FM and OFF for double density MFM. Number of sides Switch 8 selects 1 
or 2 sided operation and is currently not implemented. Place in OFF position. Drive 
types switch 5 selects the drive type. It must be set on for Persci drives (usedi.n the 
VDP-80). . 

MPU Selec tion 

Due to differences in system clock frequency the type of MPU being used 
switch 7. It should be OFF for 3 mHz 8085 (MPU-B) systems such as the 
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Jumpers: 

Reset Command Selection (L, M, N) 
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The D 10-C has a trace from L to M which causes the 0 I O-C to be enabled by a Reset 
Command (RESET is usually pressed to make a cold-boot). To cause the particular 
o 10-C to be disabled, cut the trace from L to M and insert a jumper from L to N. 
Note only one DIO-C in a group may be the default DIO-C that's enabled by RESET. 

SWITCH CONFIGURATION 

DIO·C PORT· \ ______ ~ 

UPPER NIBS!..:, I.e.) 

PEASClORIVE } 

,---- SINGLE DENSITY :FM) ON 

x IN TEXT. . --_ 

1 2 345 6 7 8 

ONrllll~~ ~n i"'"! I: ; II I .. I. U' I 
' ~ ~ U ••• '-oj 
" 

I I I 
I I I I , j I 

I I I I 
2~ 2~ 2' 2~ I L acBs t 
~ DOUBLE DENSITY (MF~11) " OFF 

·NOTE: Binary '1alues'of tnis switch do not follow normal 3. 2. 1.0 weighting. Weighting is actually 
2, 3. 1, 0 as shown in the above exampie. Also the ON position is a binary 0 and the OF F 
position is a binary 1. Thus for port set to D in the above example. switch 3 on ,he DIP 
switcn would be set on 3nd Switch 4 WOUld be 'Jff. In ~he example abo 'Ie ,ne switch is 
Set to E. 

FIGURE 3 DIO-C Switch Organization 

SYSTEM BOOTSTRAP 

A "bootstrap" is a short program which reads another program from some storage 
medium into system RAM and executes it. This simple, yet general procedure gives the 
user freedom to load in any kind of operating system desired. The IMSA I Floppy Disk 
System bootstrap reads sector 1 of track 0 from drive 0 into system RAM addresses at 
0-127 (0-7F) and then jumps to location O. Note: On all IMSAI standard diskettes, 
regardless of density and format, track 0 is always single density 18 sectors/track and 
128 bytes/sector. This allows any IMSAI computer with IMOOS to always be able to 
read in a system. Drive 0 of the mini drive is used by the bootstrap starting at EOOO. 

PROGRAM OPTIONS 

Under program controi, the main program can alter the recording format used on a 
standard disk drive, modify the timing used by the D 10-C Firmware and program 
input/ output pins on the 50 pin flat cable to use options available on the disk drives 
which are not supported by the firmware. 
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The first four locations of the DIO-C RAM Memory are used to define the type of 
drive present and the recording format used for that drive. The locations are: 

E 800 - Specify drive 0 
E801 - Specify drive 1 
E 802 - Specify drive 2 
E803 - Specify drive 3 

These four locations are loaded with the switch selected drive type and recording 
density each time Initialization Command or Bootstrap is executed. 

The' codes used to identify those parameters are given below: 

SD DO 

o 
2 
4 

1 
3 
5 

Persci 277 Drive-side 0 (77 tracks) 
Other STD Drive (Calcomp 142) (77 traCks) 
Persci 277 Drive-side 1 (77 tracks) 

Bit-4 is reserved for future expansion to include double-sided media specifications; thus, 
15H would specify a media organization at: STD diskette, double-sided, 77 tracks, double 
density, mounted on Persci I17 drive-side 1. 

DISK DRIVE OPTIONS 

The D I O-C uses memory mapped transfer for transferring its I/O data. There are four 
output registers and two input registers used for the control functions. For a complete 
description of all bits in these registers the reader is referred to the Firmware 
Reference Information below. When using the control ports, care m'Jst be taken to 
ensure that all bits of that port ar:e set appropriat~ly. 

Memory RAM 
Register Name Address Address 

Output Control 1 (OC1) E900 E80F 
Output Control 2 (OC2) E902 E8l0 
Output Control 3 (OC3) EAOl E8l1 
Output Control 4 (OC4) EA02 E812 
I nput Sense 1 (IS1 ) E901 None 
1 "put Sense 2 (IS2) EAOO None 
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FIRMWARE REFERENCE INFORMATION 

The 0 I 0 Floppy Disk Interface is designed to function with a POS Programmable Data 
Separator to form a Floppy Disk Controller. The 010 uses 1000 Hex address locations 
beginning at EOOO Hex for its self-contained ROM, RAM and Memory Mapped I/O. The 

, following paragraphs provide a detailed description of the address use within the 1000 
Hex locations. For jumper options available on this board, the reader is referred to the 
User Guide. 

The format for the following discussion will be to give the address locations in hex 
followed by a description of the use of those locations. Locations labeled as undefined 
will cause indeterminate results if referenced with a read or write operation. 

EOOO to E7FF - Used to address the 2048 bytes of ROM contained on the board. The 
ROM contains all of the firmware required to operate all supported combinations of 
drives. 

E800 to E8FF - Used to address the 256 bytes of RAM contained on the board. 

E 900 - Output Control 1 register I write only. The individual bits of this register are 
used as follows: 

Bit 0 - Enable the CRC calculation on the eRC chip. 

Bit 1 - Bit 0 (LSB) of the four bit clock pattern which is used for identifying 
the soft-sectored Address Marks. 

Bit 2 - Sync Signal to PDS 

Bit 3 - Bit 3 of the clock recognition pattern. 

Bit 4 - Enable a write on the selected drive. Controls the Write Gate line for 
all drives. 

Bit 5 - LSB of the Write Precompensation ROM group select. These two bits 
are used as follows: 

00 - FM Data 
01 - FM Address Mark 
10 - MFM Data 
11 - MFM Address Mark 

Bit 6 - MSB of the Write Precompensation ROM group select. 

Bit 7 - Enable the CRC bytes to be shifted out onto the data line (for 
recording CRC) 

010 - 10 
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E901 _ Input Sense 1, read only. The individual bits contain the following input values: 

Bit 1 - Contains the value of Switch 6. 

Bit 2 - Contains the value of Switch S. 

Bit 3 _ Seek complete signal from selected Persci drive; 0 when complete. 

Bit 4 - Contains the value of Switch 7. 

Bit S - Side 1 ready from selected Percsi drive, 0 when ready. 

E902 _ Output Control 2 register, write only. The individual bits of this register are 

used as follows: 

Bit 6 - Bit 1 of the clock recognition pattern. 

Bit 7 _ Preset the CRC value in the CRC chip to all ones. 

E903 _ Write only, used to configure the 82SS chip containing the above three locations. 
Must be loaded with 82 Hex after any RESET pulse. 

E904 to E9FF - Undefined. 

EAOO _ Input Sense 2, read only- The individual bits contain the following input values: 

Bit 0 _ Contains the present value of the head load active one sho't. The value 
is a one if the heads are still loaded on the selected drive. 

Bit 1 - CRC value from the chip. Contains a zero when okay-

Bit 2 _ Write Protect - side 1 from the selected drive, 0 when protected. 
,~ 

Bit 3 _ Index pulse for the selected drive, 0 when index poise is present. 

Bit 5 - Ready line from the selected drive, 0 when ready. 

Bit 6 _ TOO from the selected drive, 0 when drive is over track o. 

Bit 7 _ Write Protect from the selected drive, 0 when protected. 

EA01 _ Output Control 3 register, write only. The individual bits of this register are 

used as follows: 

Bit 1 - Enable the Restore line for the drives. 

Bit 4 _ Enable the Direction Select line for th~ drives. 0 causes the head to 

move out towards lower-numbered track. 

Bit 5 - Enable the Drive Select 2 line. 

Bit 6 - Enable the Step line. 

Bit 7 - Enable the Drive Select 1 line. 
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EA02 - Output Control 4 register, write only. The individual bits of this register are 
used as follows: 

Bit 0 - Enable the head load side 1 

Bit 1 - Not used~ 

Bit 2 - MSB of the density select control. Used with LSB to select densities 
as follows: 

00 - 250 kHz FM 
01 - 500 kHz MFM . 

Bit 3 - LSB of the density select control. 

Bit 4 - Enable the Head Load line. 

Bit 5 - Enable the Remote Eject - Side 0 line. 

Bit 6 - Enable the Side Select for Persci Drives line, 1 selects side 1. 

E A03 - Write only, used to configure the 8255 chip containing the above three locations. 
Must be loaded with 90 Hex after any RESET pulse. 

EA04 to EAFF - Undefined. 

EBOO - Read only, Address Mark Synchronous read input. Reading this address causes 
the CPU to be put into a Wait State until there is a compare in the clock value compare 
logic. When the comparison occurs, the data byte corresponding to the clock byte is 
input on the data lines. 

EB01 to ECFF - Undefined. 

E 000 - Read only, Byte Complete Synchronous read. Reading this address causes the 
CPU to be put into a Wait State until the next serial byte from the drive is ready for 
parallel input. 

E001 to EDFF - Undefined. 

EEOO - Write only, Byte Complete Synchronous write. Loading this address causes the 
CPU to be put into a Wait State until the Controller is ready to accept the next 
parallel output byte. 

EE01 to EEFF - Undefined. 

EFOO - Write only. Loading this byte causes the head load active one shot to be 
triggered, independent of the data value. 

EF01 to EFFF - Undefined. 
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All IMSAI 010-0 disk controllers are designed to occupy 4K of address space in an 
IMSAI S-loo mainframe. The specific addresses are at the top of memory at locations 
EOOO to EFFF hex. Each 010-0 uses two I/O Ports in the 8080/8085. The ports are 
used by the operating system to switch a specific 0 I O-D in and out of operation. Each 
010-0 contains a 0 I P switch which allows the user to select several default options for 
the controller. Four of these switch positions are used to give the DIO-O board a port 
address of XE or XF where X is a value between 0 and F. The XE port is used to 
disable a 0 10-0 with address switch set to X and the XF port is used to enable a 
010-0 with the address sWitch set to X. (the value of X is set in binary on the 
switch; this is explained later). 

Thus up to 16 010-0 controllers can occupy the same DIO-O address space (EOOO to 
EFFF) and anyone can be enabled at a sp.ecific time. During this time all remaining 
010-05 are disabled by the operating system. 

The D I 0-0 is designed So it can occupy its memory space along with real RAM memory, 
providing that the RAMs use A16 (backplane pin 16) to disable their selection logic. 
Alternately the 0 10-Os may exist without any RAM in their address space. Both these 
conditions are described below. 

SINGLE 010-0 WITH NO OVERLAPPING RAM 

I n the situation where the 0 I 0-0 is to exist without overlapping RAM, when the 
o JO-O receives a RESET command (RESET on the front panel), the D I Q. ... D is enabled 
and. no further I/O instructions need be executed for the 0 I 0-0. The I/O ports for the 
o IO-D should be switch selected to be I/O ports which are NOT used in the rest of the 
system. 

SINGLE 010-0 WITH OVERLAPPING RAM 

In the situation where the 010-0 is to exist with overlapping RAM when the 010-0 
receives a front panel RESET command, the OIO-D is enabled. To disable the 010-0 
(and thus enable the RAM locations at the same addresses) an OU T XE instruction 
should be executed. For the I/O instructions, the contents of the A register (i.e. the 
da~a value) is not used and can be any value. The value of X should be switch selected 
to be unique to that 0 I 0-0 and the appropriate output instruction executed to enable 
or disable the 010-0 for 010-0 and RAM references respectively. 

CAUTION: Note that this definition precludes the transfer of data directly to or 
from the RAM locations EOOO-EFFF using the 0 I 0-0 Floppy Disk System. 

MULTIPLE 010-0 INTERFACES 

Multiple 0 10-0 I nterfaces may be used in a single system by selecting a different set 
of I/O ports (e.g. a different v;:.lue of X) for each 0 I O-D. Then the derived 0 10-0 
can b~ enabled, or all of them disabled for referencing overlapping RAM memory. In 
addition, reset command jumpers (described later) are inserted so that the primary 
010-0 board is enabled and the others are disabled by the Reset Command. 
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DRIVE SELECTIONS 

The 0 I 0-0 board requires switch settings to delineate the type of mini-standard floppy 
drive (MPI or Micropolis) and the recording format for that drive for use by the 
Firmware. These switch values are read by the Firmware when bootstrapping and each 
time the system is initialized to determine the type of drive, default density, type of 
proc;essor (8080 or 8085),and so on. The results are stored in specific DIO-D address 
locations. The value in the RAM memory is then used by the Firmware when 
transferring data to or from the disks. In this manner, the Scmle physical drive can be 
used, under program control, to read and record in different formats. For more 
complete information on how to do this, the reader is referred to the Programming 
Op~ions section of this guide. 

JUMPER AND SWITCH SELECTIONS 

This section gives the physical configuration requirements to accomplish the above 
alternatives. The switches at location U3 are used for the I/O Port selection and the 
Drive selection. The discrete jumper locations are called out alphabetically as shown on 
the assemble diagram. 

Switches: 

Address Assignment 

The standard address assignments are selected by the top half of the 0 I P switch 
(switches 1 - 4). The assignment for the first 0 I O-D is E, D for the second, C for the 
third, and so forth in descending order. Note that a 1 corresponds to OFF on the 
switch. 

Recording Density 

The recording density used by the drives is selected by switch 6. It should be ON for 
single density FM and OFF for double density MFM. Number of sides Switch 8 selects 1 
or 2 sided operation and is currently not implementeQ. Place in OFF position. 

MPU Selection 

Due to differences in system clock frequency the type of MPU being used must be set in 
switch 7. It should be ON for 2 mHz 8080 (MPU-A) systems and OFF fot 3 mHz 8085 
( MPU-B) systems. 
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Jumpers: 

Reset Command Selection (L, M, N) 

The 0 10-D has a trace from L to M which causes the 0 10-0 to be enabled by a Reset 
Command (RESET is usually pressed to make a cold-boot). To cause the particular 
D 10-D to be disabled, cut the trace from L to M and insert a jumper from L to I'J. 
Note only one DIO-O in a group may be the default OIO-D that's enabled by RESET. 

010-0 PORT· 1 uppeR NIBBLe.. I.E. 
x IN TEXT. 

SWITCH CONFIGURATION 

I I rr= 
I , , 

ONQQQnOOOD 
l I I I I I \ I 

MPI DRIVE (40 TRACKS) 

SINGLE DENSITY (FM) 

8080 

2 SIDED DRive 

ON 

II I I 2' 2' 2' 2' \ I I 1 SIDeD DRIve 
8085 
DOUBLE DENSITY (MFM) 

MICROPRLIS DRIVE (77 TRACK) 

·NOTE: Binary values of this switch dt) not follow normal 3,2. 1, a weighting. Weighting is actuallv 
2,3, 1, a as shown in the above example. Also the ON position is a binary a and the OFF 
position is a binary 1. Thus for port set to 0 in the above example, switch 3 on the o I"? 
switch would be set on and switch 4 would be off. In the example above the switch is 
set to E. 

FIGURE 4 010-0 Switch Organization 

SYSTEM BOOTST RAP 

OFF 

A IIbootstrapJl is a short program which reads another program from some storage 
medium into system RAM and executes it. This simple, yet general procedure gives the 
user freedom to load in any kind of operating system desired. The IN1SAI Floppy Disk 
System bootstrap reads sector 1 of track 0 from drive 0 into system RAiY\ addresses at 
0-127 (0-7F) and then jumps to location o. Note: On all IMSAI diskettes, regardless 
of density and format, tr ack 0 is always single densi ty 18 sec tors/track and 128 
bytes/sector. This allows any IMSA I computer with IMOOS to always be able to read 
in a system. Drive 0 of the mini drive is used by the bootstr ap starting atE 003. 

PROGRAM OPTIONS 

Under program control, the main program can alter the recording format used on a 
standard disk drive, modify the timing used by the D 10-0 Firmware and program 
input/output pins on the 34 pin flat cable to use options a-¥ailable on the disk drives 
which are not supported by the firmware. 
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ALTERING RECORDING FORMATS 

The second four locations of the 0 10-D RAM Memory are used to define the type of 
drive present and the recording format used for that drive. The locations are: 

E804 - Specify drive 0 for the mini drives 
E80S - Specify drive 1 for the mini drives 
E 809 - Specify drive 2 for the mini drives 
E807 - Specify drive 3 for the mini drives 

These four locations are loaded with the switch selected drive type and recording 
density each time Initialization Command or Bootstrap is executed. 

The codes used to identify these parameter are given below: 

SO DO 

6H 
8H 
AH 

7H 
9H 
BH 

Shugart SA400 (35 tracks) 
MPI BS1 (40 tracks) 
Micropolis 1015 (77 tracks) 

Bit-4 is reserved for future expansion to include double-sided media specification; thus 
1 AH would specify a media organization of: mini- disk, double sided, 77 tracks, single 
density. 

DISK DRIVE OPTIONS 

The 0 I 0-0 uses memory mapped transfer for transferring its I/O data. There are four 
output registers and two input registers used for the control functions. For a complete 
description of all bits in these registers the reader is referred to the Firmware 
Reference Information below. When using the control ports, care must be taken to 
ensure that all bits of that port ate set appropriately. 

Memory RAM 
Register Name Address Address 

Output Control 1 (OC1) E900 E80F 
Output Control 2 ~ OC2~ E902 E810 
Output Control 3 OC3 EAOl E811 
Output Control 4 (OC4) EA02 E812 
I nput Sense 1 (IS1 ) E901- None 
I nput Sense 2 (152) EAOO None 

MINI DRIVE OPTIONS 

Motor On - Controlled by OC2, bit 4. Always turned on by 0 I O-D Firmware. 1 is on, 
o is off. 
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FIRMWARE REFERENCE INFORMATION 

The D 10 Floppy Disk Interface is designed to function with a PDS Programmable Data 
Separator to form a Floppy Disk Controller. The D 10 uses 1000 Hex address locations 
beginning at EOOO Hex for its self-contained ROM, RAM and Memory Mapped I/O. The 
following paragraphs provide a detailed description of the address use within the 1000 
Hex locations. For jumper options available on this board, the reader is referred to the 
User Guide~· 

The format for the following discussion will be to give the address locations in hex 
followed by a description of the use of those locations. Locations labeled as undefined 
will cause indeterminate results if referenced with a read or write operat.ion. 

EOOO to E7FF - Used to address the 2048 bytes of ROM contained on the board. The 
ROM contains all of the firmware required to operate all supported combinations of 
drives. 

E800 to E8FF - Used to address the 256 bytes of RAM contained on the board. 

E900 - Output Control 1 register, write only. The individual bits of this register are 
used as follows: . 

Bit 0 - Enable the CRC calculation on the CRC chip. 

Bit 1 - Bit 0 (LSB) of the four bit clock pattern which is used for identifying 
the soft-sectored Address Marks. 

Bit 2 - Sync Signal to POS 

Bit 3 - Bit 3 of the clock recognition pattern. 

Bit 4 - Enable a write on the selected drive. Controls the Write Gate line for 
all drives. 

Bit 5 - LSB of the Write Precompensation ROM group select. These two bits 
are used as follows: 

00 - FM Recording Format 
01 - FM Address Mark recording 
10 - MFM Recording Format 
11 - MFM Address Mark recording 

Bit 9 - MSB of the Write Precompensation ROM group select. 

Bit 7 - Enable the eRC bytes to be shifted out onto the data line (for 
recording CRC) 
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E901 - Input Sense 1, read only. The individual bits contain the following input values: 

Bit 0 - Write Protect for selected Mini Floppy - 0 when protected. 

Bit 1 - Contains the value of Switch 6. 

Bit 2 - Contains the value of Switch 5. 

Bit 3 - Contains value for s witch for 2-sided version 

Bit 4 - Contains the value of Switch 7. 

Bit 5 - Ready from selected Micropolis Drive - 0 when ready. 

Bit 9 - TOO from selected Mini Floppy - 0 when positioned over Track o. 

Bit 7 - Index pulse from selected Mini Floppy - 0 when index pulse is present. 

E902 - Output Control 2 register, write only. The individual bits of this register are 
used as follows: 

Bit 0 - Enable the Step line for Mini Floppy 

Bit 1 - Enable the Drive Select 1 line for Mini Floppy. 

Bit 2 - Enable the Drive Select 2 line for Mini Floppy. 

Bit 3 - Enable the Drive Select 3 line for Mini Floppy. 

Bit 4 - Enable the Motor On line for Mini Floppy 

Bit 5 - Enable the Direction Select Line for Mini Floppy (0 causes head to move 
out towards lower-numbered track.) 

Bit 9 - Bit 1 of the clock recognition pattern. 

Bit 7 - Preset the CRC value in the CRe chip to all ones. 

E903 - Write only, used to configure the 8255 chip containing the above three locations. 
Must be loaded with 82 Hex after any RESET pulse. 

E 904 to E9FF - Undefined. 

EAOO - Input Sense 2, read only. The individual bits contain the following input values: 

Bit 0 - Contains the present value of the head load active one shot. The value 
is a one if the heads are still loaded on the selected drive. 

Bit 1 - CRC value from the chip. Contains a zero when okay. 

E AOl - Undefined 
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EA02 - Output Control 4 register, write only. The individual bits of this register are 
used as follows: 

Bit 0 - Enable the drive select 4 line for mini floppy 

Bit 1 - Not used. 

Bit 2 - MSB of the density select control. Used with LSB to select densities 
as follows: 

00 - 125 kHz FM (for Mini) 
01 - 250 kHz MFM (for Mini) 

Bit 3 - LSB of the density select control. 

Bit 7 - Enable the side select line for double side drives 

EA03 - Write only, used to configure the 8255 chip containing the above three locations. 
Must be loaded with 90 Hex after any RESET pulse. 

E A04 to EAFF - Undefined. 

EBOO - Read only, Address Mark Synchronous read input. Reading this address causes 
the CPU to be put into a WaH State until there is a compare in the clock value compare 
logic. When the comparison occurs, the data byte corresponding to the clock byte is 
input on the data lines. 

EB01 to ECFF - Undefined. 

EDOO - Read only, Byte Complete Synchronous read. Reading -this address causes the 
CPU to be put into a Wait State until the next serial byte from the drive is ready for 
parallel inpu~ 

E001 to EDFF - Undefined. 

EEOO - Write only, Byte Complete Synchronous write. Loading this address causes the 
CPU to be put into a Wait State until the Controller is ready to accept the next 
parallel output byte. 

EEOl to EEFF - Undefined. 

EFOO - Write only. Loading this byte causes the head load active one shot to be 
triggered, independent of the data value. 

EF01 to EFFF - Undefined. 
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6 - 5 THEORY OF OPERATION 

6 - 5.1 DISK I/O BOARD (010) 

I NT ROD UCTI ON 

The 0 I 0 Board is designed to operate with a data separator to form a complete floppy 
disk controller. It is used with the IMSAI Programmable Data Separator (PDS) Board 
to form the IMSAI Floppy Disk Controller which is capable of operating with minifloppy 
disks and standard floppy disks in either single density or double density. The 
minifloppies and standard floppies are connected to the 0 lOusing flat cables as 
recommended by the drive manufacturers. The standard floppies connect to J4 using 
5O-conductor cable. There is a one-to-one correspondence between the pin numbers 
and signals on the 010 connectors and those called out in the drive manual. The reader 
is referred to the manual for the particular drive used to identify these signals for his 
system. 

010 AND PDS INTERCONNECTION 

The PDS connects to the 010 using a 2O-conductor flat cable attached to connector J2. 
All odd-number pins on this connector are signal ground. The signals contained on the 
even pins are as follows: 

Pin 2 - C L K D A T A 

This signal is a high if there was a clock pulse in the previous bit cell. It is 
gated into the D 10 on the ~ow-to-high transition of the PLO shift pulse~ 

Pin 4 - PLO SHFT 

This is the square wave output of the phaselocked oscillator. The low-to-high 
transition is used (one per bit cell) to shift the value of. the data and clock lines 
into registers on the DIO. 

Pin 9 -/eLK 

This is a 2 mHz reference signal transmitted from the D 10 to the PDS. It is 
used on the PDS for the self-adjust feature. 

Pin 8 - CLK A 

This is used with CLK B to define the format of the input data as follows: 

CLK B 

o 
o 
1 
1 

CLK A 

0 
1 
0 
1 

Data Format (D 10-C) Data Format (010-0) 

Not used FM Data at 125 KHz 
Not used MFM Data at 250 KHz 
FM Data at 250KHZ Not used 
FM Data at 500KHZ Not used 
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This is the Raw Data input from the standard drives. A high-to-Iow transition 
is used to signify a pulse. It must be high when not being used. 

Pin 12 - / MIN I DATA 

This is the Raw Data from the mini drives.· A high-to-Iow transition is used to 
signify a pulse. It must be high when not being used. 

Pin 14 - ClK B 

This is used with ClK A to define the format of the input data as described 
above. 

Pin 16 - IClR 

When low, this causes the PDS to be in a clear state which in turn forces the 
PlO Shift Output signal to be a high. 

Pin 18 -/SYNC 

Input signal used by the PDS to properly phase itself during an input of zeroes 
. on the raw data line. 

Pin 20- 0 A T A IN 

This signal is a high if there was a data pulse in the previous bit cell. It is 
gated into the .DIO on the low-to-high transi~ion of the PLO Shift Pulse. 

D 10 IMPLEMENTATION 

With the exception of the data separator, all the logic required to interface with the 
floppies is contained on the D I O. There are two 8255 Programmable Peripheral 
I nterface chips used to generate and receive all signals except read and write data from 
the floppies. 'They are also used to generate or receive other control signals for the 
interface. All I/O operations in the D I 0 Firmware are performed using Memory 
Mapped I/O. The reader is referred to the Firmware Reference Information for a 
definition of the addresses used and the bit assignments within the two 8255 chips. 

The self-contained memory on the D 10 consists of 2048 bytes of ROM (or EPROM) 
and 256 bytes of RAM. The ROM is implemented using a single 2316/2716 
ROM/EPROM. The RAM is implemented using two 8111 chips (each is a 256 x 4 RAM). 
The serializing and deserializing of the data is accomplished using the two 74lS395 
chips. These tri-state chips are used so an internal data bus can be used. The data 
bus provides bidirectional communication with the two 8255 chips, the two 8111 RAMs, 
the two 74lS395 chips and the 5-100 Bus Interface 8216 chips. The 2316/2716 
ROM/EPROM also gates its data onto the internal bus. The 8216 chips are selected by 
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the ISO SEL signal (discussed below) while the direction of data flow is determined by 
the Backplane signal I'D BIN which is high when data flow is from the 0 I a to the MPU 
Soard. 

There are three possible sources for an internal RESET signal for the 0 10. Two are 
low active back plane signals IPOC and IEXTCLR. These signals are ORed with an 
internal reset signal by the 74LSll at U42. The internal signal is active (i.e. low) 
whenever the +5 Volts from the regulator chip falls below approximately 4.25 volts. This 
is detected by comparing the output voltage of the Zener Diode CRl (which is 3V) with 
the voltage at the base of Q2 formed by the divider network of R9 and Rl0. When this 
is less than 2.3V (+5V bus is less than 4.25V), Ql is turned on providing the low active 
signal. 

ADDRESSING 

As defined in the User Guide, the 0 I 0 may be enabled or disabled using two 1/0 ports 
with addresses of XE (for deselect) and XF (for select) where X is any hex digit. This 
is accomplished by compating the 1/0 addresses with the switch settings using the 
74LS85 Comparator at U39. The A=B Input is active when the 4 LSS's (bits) contain 
an E or F and the IPW R signal is low. The A=B output is ANDed with the SOUT 
signal at the 74LS08 gate located at U26 to form a clock signal for the 74LS74 at Ul. 
T.his clock captures the value of AO and selects or deselects the D lOon a high or low 
respectively. Note that the M, Nand P jumper configuration can be used to have the 
I RESET signal cause this flip-flop to be initialized in the set (selected, M to N) or reset 
(deselected, P to N) state. 

Figure 5 shows the 0 I 0 address Decode Logic. The standard (trace present) jumper 
configurations are shown with the solid curved lines. For operation with the IMSAI 
I MM Board these traces must all be cut and the jumpers shown with dotted curved lines 
must be added. The 74LS21 at U32 (output pin 6) is used to form the board seJect 
signal. In either case, the 4 MS bits of the address must be an E (Hex) and the other 
Backplane signals must be low (indicating that this is a memory reference). For the 
standard case, the select flip-flop must be set (U1

1
-5) or with the IMM the four extra 

address bits must all be ones (thus putting the 0 lOin the topmost page) to complete the 
selection. 

The ISO SEL signal is then used to enable the ROM (or EPROM) if All is low. This 
uses addresses EOOO to E7FF Hex and is accomplished by the 74LS32 at U22. If All is 
high then ISO SE L enables the 8205 Decode chip at U23. 

This selects eight 256-byte segments of the" addresses from E800 to EFFF Hex. The 
Firmware Reference Information defines the use of each of these selections and 
defines the addresses used by the 0 I 0 Firmware. 
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BIT AND BYTE TIMING 
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SEL SUS 

Figure 6 shows the bit timing generation for the 010. During a read operation the 
Write signal (U12 pin 7) is low causing the two counters and the flip-flop to be held in 
the clear state. The PLO SHFT signal from the data separator is used to generate the 
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timing and to form the SHFT (internal shift) signal. When Write is high, the PLO SHFT 
signal is low and the 0 I 0 generates the timing. The two sections of the 74LS04 at U9 
with the feedback resistors are used with the crystal to form a free-running 10 mHz 
oscillator. Capacitor C1 is to ensure that the crystal is not overstressed while C2 is 
used for pulse shaping. 

PtJ3 

0-..... ------'1 TO U2 PIN 9 

..----1---+---------"""'----\ FROM U12 PIN 7 

PU2 

C 
B 74LS161 

A 

_--j.-(lC1.R 

PU2 

C1.J(A\--+-~ 

C1.Ka~-+-~ 

R2330 

C, 10 pF 

. R3 330 

Y1 10.0 mHz 

AJo--.... ----4.TO Ull PIN7 

FIGURE 6 010 Bit Timing Generation 
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The 74LSi61 at U18 is then used to divide the 10 mHz signal for the required speeds as 
follows: 

Output Freq. Bit Freq. 

ClK B ClK A OIO-C OIO-C OIO-C DIO-D 

0 0 Not used 2.5 MHz Not used 125 KHz 
0 1 Not used S.O MHz Not used 250 KHz 
1 0 S.O MHz Not used 250 KHz Not used 
1 1 10.0 MHz Not used 500 KHz Not used 

The output frequency (from U9-12) is used to determine the amount of write 
precompensation and to keep it in proportion with the bit rate. The 74LS161 at U19 
divides the output of U19 by ten; its output is divided in half by the 74LS74 at Ul to 
form the bit frequency. 

Figure 7 shows the Byte Timing for the D 10. The SHFT signal, which is a square wave 
with a cycle time equal to a bit cell, is divided by eight using the 74LS161 at U27 to 
form the BYTE ROY signal. When reading, BYTE RDY is active when a full byte has 
been assembled in the shift registers (i.e., the two 74LS395 chips). This byte must be 
read from the interface during the next bit (as opposed to byte) time. When writing, 
BYTE RDY is active during the bit time AFTE R the parallel data from the CPU has 
been loaded into the shift registers. Note that the division is accomplished by sequencing 
the counter from 1 to 8. The 74LS21 at U33 is used to decode a count of seven when a 
write is in progress. Its output goes to the mode control of the 74LS395 chips and 
causes a parallel load of these chips on the leading edge of the clock which counts the 
74lS161 to the BYTE ROY state. (Note that the clock signal f~r the 74LS395 chips is 
the inversion of SHFT.) 

TO U25 
PfN 8 

/BYTE ROY TO U37 

9 
PIN 10 

6 . LO 11 3 aD 
U27 

12 5 
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as 13 2 

U33 
TOU34.U28 

1. .3 PIN 7 
QA 

U22 ",N 6 ~~--LJ 74lS21 

FROM U18 PIN 40 

FIGURE 7 010 Byte Timing 
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READY LINE SYNCHRONIZATION 

As discussed above, there is a singie bit time used to accomplish the reading or writing 
of the parallel data from the CPU. The CPU is put into the Wait State to perform the 
required synchronization for this timing. The logic used to generate the ready signal is 
shown in Figure 8. The one-shot (74LS123) at U43 is used to ensure that the DIO 
does not cause continuous Wait State if there is a hardware malfunction. Its time 
constant is set longer than any Wait State required for normal operation and it is 
triggered each time the D lOis referenced. The /Q output is then ANDed with the 
internal wait signal (by the section of U25 with pin 1 as its output) in order to form the 
wait (PRDY) signal for the MPU. 

/BD SEL 

I . tJ4~ 
14LS123 

t /SYNC AD 
~ 

12 r---...... 

w 
(IJ 

FAOM'U38 "N12 'r------\ 

18 1-------/ 

J1 

U38 

FIGURE 8 Ready Synchronization Logic 
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CRe TIMING 

All other registers in the system shift on the low-to-high transition of the SH 1FT signal. 
Due to the long setup and hold times required by the CRC chip it is set to shift on the 
high-to-low transition of this signal. The one exception is when the eRe value is to be 
shifted from this chip onto the Data Out Line. At this time the CRC chip must also 
shift on the low-to-high transition of the SH 1FT signal. This is accomplished by having 
the CRC SHIFT signal select an alternate clock input. This clock is generated by the 
one-shot (74LS123) at U37 which is triggered on the low-to-high transition of SH 1FT. 

F or writing, the output of the CRC chip is shifted into the 74LS164 at U13. This is 
required because five bits of data (two previous bits, the bit being written and the next 
two bits to be written) are needed to properly encode and compensate the data being 
written for the MFM format. Finally, the SH 1FT signal is used to determine when a 
clock pulse (SH 1FT is high) or a data pulse (SH 1FT is low) is to be written. These 
seven bits are used to select one of 128 locations in the PROM located at U14 and the 
data stored in each location determines whether a pulse is required and how it is 
compensa ted. 

The signals PWR and POBI N are ORed and the result ANOed with the internal address 
decodes to prevent internal gating of signals when there is not a legitimate memory 
reference. The output of the 74LS08 at U26 is used to synchronize internal signals at 
the end of the Wait State. 

AM SYNCHRONIZATION 

There are two different synchronization requirements for the 0 I O. The first is waiting 
for the hardware to recognize the unique clock and data pattern associated with the 
Address Marks for the three formats. For a definition of these patterns, see Sec'tion 
2. The recognition is performed by comparing the five clock bits (ignoring the MSB and 
two LSB) required to define the patterns. A 74LS85 at U15 is used to compare with 
the clock data value (deserialized by the 74LS164 at U20) with the value loaded in the 
8255 by the firmware. When /SYNC RO goes low, the CPU is then put into the Wait 
State (U25 pin 13 goes high) until a comparison is fbund (U15 pin 6 goes high). 

The other synchronization required is for the parallel transfer of bytes between the 
CPU and the 0 I O. The low active decodes of these signals are ORed by the 74LS11 at 
U42.. Its output going low causes the Wait State to be entered until the BYTE ROY 
signal (from U27 pin 11) goes high indicating that output data has been taken or input 
data is ready. 

CRC GENERATION 

The remainder of the logic on the 010 is associated with the CRC generation and 
testing and forming the clock and data pulses for writing on the diskettes. A complete 
specification of the MeS505 eRC chip is attached, so this discussion will only describe 
how it is used. Figure 9 shows the logic involved in the CRC and write pulse 
generation. The serial input data comes from the 74LS395 shift register for both 
reading and writing. Therefore, when in the read mode one trailer byte (after the two 
C RC bytes) must be shifted into the shift register before sampling the I AL L ZE RO 
output to determine whether there was a CRC error. 
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WRITE PRECOMPENSATION 
t 

The 3622 PROi''f1 has a 512 x 4 organization. The 512 locations are divided into four 
quadrants by A7 and A8 for the different encoding schemes as follows: 

A8 A7 Used For 

0 0 Encoding standard FM data 
0 1 Encoding FM address marks 
1 0 Encoding standard MFM data 
1 1 Encoding MFM address marks 

The 74LS166 shift register is parallel loaded twice per bit with the output of the PROM, 
once for the clock pulse and once for the data pulse. This is accomplished by having the 
output of the divide-by-ten chip at U19 (via U9 pin 6) activate the parallel load enable. 
There are 6 different values used in the PROM. The values and resultant compensation 
are as follows: 
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PROM Data Pulse Compensation 

0 No pulse 
1 Pulse, Compensated Heavy Late 
3 Pulse, Compensated Light Late 
7 Pulse, no compensation 
B Pulse, Compensated Light Early 
F Pulse, Compensated Heavy Early 

OIO-C 010-0 

~3oo nsl 100 ns ~400 nsl 200 ns 

(100 ns) (200 ns) 
(300 ns) (300 ns) 

The times in parentheses are calculated based on the fact that compensation is only 
used for MFM encoding and for these formats the shift pulse from U9 pin 12 will be a 10 
MHz signal on a OIO-C, a 5 MHz signal on a 010-0. 

Note that the PROM outputs together with the gates at U26 and U22 insure that 
whenever a data bit in the 74LSl66 is parallel loaded with a one, all bits to the right of 
it will also be a one. Therefore, pin 13 of U11 will go high once (if at all) and stay high 
until all of the bits are shifted out (eight shifts at most). This in turn will cause 
negative going pulses at J3 and J4. All drives which interface with the 010 detect the 
leading edge of input data pulses and ignore the pulse width. Hence the difference in 
timing of the leading edge of the pulse generates the desired precompensation at the 
drive. 
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PDS II 
Functional Description 

The PDS II board serves a supporting role to the D lOin the floppy disk interface 
process: it separates the clock and data pulses during a read from disk operation. The 
010 can write straight to a diskette, but the ambiguities of the pulse stream from the 
disk drives must be resolved before the clock and data pulses can be s,eparated. 

The PDS II has two configurations: one for standard drives (PDS-II/S) and one for mini 
drives (PDS-II/M). The difference is in the values of those capacitors that establish the 
various timing parameters. The capacitors and their values are shown on the schematic. 

FUNCTIONAL DESCRIPTION 

Beside the power requirements derived from the motherboard connector (J 1), the PDS II 
works entirely from inputs provided through the 2~onductor flat cable from the 0 10. 
The list below identifies the signals. Note that aU odd numbered pins are signal ground 
to provide shielding. 

INPUT SIGNALS 

elK A (pin 8) , 

This signal is used to define the format of the input data as follows: 

o ' FM data at 125 KHz (PDS-II/M) or 250 KHz (PDS-II/S) 
1 MFM data at 250 KHz (PDS-II/M) or 500 KHz (PDS-II/S) 

Note that the aforementioned capacitors determine the frequency for each 
format. 

ISTD DATA (pin 10) 

The raw data pulse stream input from standard drives. A high to low transition 
is used to signify a pulse. 

/ MIN I D A T A (pin 12) 

The raw data pulse stream input from mini drives. As above, a high to low 
transition signifies a pulse. 

/WRITE (pin 16) 

Turns off the PDS II during a write to diskette. 

/SYNC (pin 18) 

Indicates to the'PDS II that the D lOis searching for the next sync field and 10 
mark. ' 
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OUTPUT SIGNALS 

CLOCK (pin 1) 

This signal is high if there was a clock pulse in the previous bit cell. It is shifted 
into the 0 lOon the low to high transition of the PL 0 SFT pulse. 

PLO SFT (pin 4) 

The square wave output of the phase locking process. The low to high 
transition is used (one per bit cell) to shift the value of the data and clock lines 
into the appropriate (egi~ter on the 010. ' 

DATA (pin 20) 

This signal goes high if there was a data pulse in the previous bit cell. It is also 
shifted into the 0 lOon the low to high transition of the PL 0 SFT pulse. 

Figure 1 iIIustra:tes the relationship between the disk drive(s), PDS II, and 010. 

DATA FROM DISK 

DURING A READ OPERATION .-
(lSTD DATA OR /MINI DATA) 

... -PLO SFT ~ 

CLOCK. -
I - - - J~ 

r ~ 1 
DATA IN I 'r 

I ~ : l 1-
/WRITE DATA CLOCK 
.- REGISTER REGISTER -
/CLKA DISK ..-

PDS - 010 DRIVE 
/SYNC 

.--
Figure 1 

Note that the data from the drives (lSTD DATA or IMI N I DATA) is not processed by 
the DIO but sent directly to the PDS II. 
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There are several distinct functions performed on the PDS II that ultimately reduces 
the pulse stream to data and clock signals. Figure 2 identifies these functions and 
illustrates their interrelationship vis-a-vis signal processing. 

/0 PULSE 

IPHASE 
INPUT 

DATA 
SEPARATOR 

PLO 

Figure 2 
Block Diagram 

DATA IN 
CLOCK 

WINDOW'~-'- - PLO Sf! 
GENERATOR I--....---:~ ..... ----

The data from the Floppy Disk (lSTD DATA or IMI N I DATA) arrives first at the 
input section. Here the pulse stream is processed to yield two fixed duration signals 
(among others): IOPU lSE .and IPHASE •. 

The PlO section (Phase lock Oscillator) is the next step for the IPHASE signal. Since 
each disk drive, even those of the same manufacturer, can have variations in motor 
speed, the POS must self-adjust to accommodate !hese variations. This is the function 
of the PlO section. The VCF signal is the output "of this process. 

Once phase locked, a square wave signal Qf the appropriate frequency must be generated 
for comparison against the pulse stream (lDPUlSE). The Window Generator provides 
this service. Supplemental to this is the requisite logic to distinguish a clock from a 
data pulse. 

The Data Separator is now prepared to perform its role. The reference (PlO SFT) is 
compared against the pulse stream (lDPULSE). The resultant clock and data signals are 
sent on separate traces back to the 0 I 0 and shifted into the appropr iate register using 
the same PlO SFT signal used for separation. 

ClK A and ISYNC are sent from the 010 firmware to define two conditions. The 
former states for the PDS II whether the pulse stream is single or double density. The 
latter tells the PDS II whether or not it's sync1ed. (The D 1 0 determines this by 
comparing the clock and data registers looking for the unique address marks found before 
Index, 10 and data fields). 
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THEORY OF OPERATION 

The above block diagram identified the functions and sections necessary for accurate 
pulse analysis. The following text is an in-depth description of each section: the 
components and their interralationship. 

DATA SEPARA TOR 

Actual data and clock pulse separation takes place at the 7474s at locations U10 and 
U11. The signals involved are /DPULSE (from U6), /PLO SFT and PLO SFT (inverted 
/PlO SFT). 

The. /PLO SFT signal is derived from the divide by two function of the 7493 at U9. 
/VCF is the controlling signal. SH 1FT, a square wave signal, leaves U9 and becomes 
/PlO SFT after passing through US. US is a particjpant of the Window Generator 
circuitry· (see below) performing as an inverter. 

Figure 3 below illustrates the wave forms yielded by the interaction of these signals 
within these two ICs. The signal on top is a hypothetical pulse stream (lDPULSE). The 
next two waves are /PLO SFT and PLO SFT. They are used as the reference (clock 
input) for clock/pulse separation. The sequence illustrates all four possible combinations 
of clock and data pulses. The last three lines represent the 0 output of U10 (01) and 
U11 (02 = pin 6; 03 = pin 9). The rules for 01 and 02 are: 

1) any time there is a pulse on /DPULSE, the output lines (pins 9 and 5, 
respectively) wHi go high; 

2) the line will return low upon the rising edge of /PLO SFT (01) or PLO SFT 
(Q2). 

d 
All other inputs to Ul0 and U11 (the lower section) are held constant. The OAT A 
signal is derived from Ul0. Note that there are some extraneous pulses on this line, 
but pulses are only shifted into the data registers on the 010 upon the rising edge of 
PLO SFT. The arrows at the bottom of the figure indicate when this occurs. Notice 
the Os and 1 s above the DATA line indicating the status at that moment and the 
elimination of clock pulses. 

The 02 output is not used for the CLOCK signal. Instead, this output is fed into the 
other section of U11 as the D input. The signal is then clocked by /PLO SFT and yields 
Q3. Again all other inputs to this section of Ul1 are held constant. The resulting 
signal is then shifted into the clock registers . of the 0 I 0 upon the r ising edge of PL 0 
SFT. 

If you compare the DATA and CLOCK lines with the arrows at the bottom of the 
figure (denoting the rising edge of PLO SFT), you will see that the resulting signal 
levels of each represent the appropriate clock and data pulse from /DPU LSE. Notice 
that Q2 does not accurately separate the clock pulses. 
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The Window Generator has two functions: first it must generate the reference for the 
Data Separator and 010 (PLO SFT); and second, it determines the identity of a pulse 
(i.e., whether it is a data or clock pulse). 

The primary function is the first described above. The frequency of the /YCF signal 
from the Phase Lock Oscillator is divided by two at U9. For instance, the frequency of 
/YCF fo'r a standard drive, double density recording format is ~ KHz. SHIFT, the 
preliminary output of the Window Generator, is generated at 250 KHz. Referring to 
the wave diagram, Figure 3, note that this is the desired frequency of PLO SFT (half 
that of /DPULSE). 

The second function of the Window Generator is to determine whether a pulse on 
/DPU LSE represents a data or clock bit. As the pulse stream is processed by the PDS II 
there is no reference indicating which is which. The PDS II must have a procedure for 
first identifying the pulse then adjusting if the pulses are being misinterpreted. The PDS 
II is assisted in this task by the data format on the disks. 
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Recall from section 2 - 2.5 that each Index, I D and DATA Address Mark is preceded by 
6 or 12 (depending. upon the encoding frequency) bytes of Os. In both single and double 
density recording formats, this will register in the pulse stream as a sequence of clock 
pulses only. This sequence provides the reference needed to determine the nature of 
the pulse. 

The only situation that need be checked for is a sequence of data pulses within this 
field. (If a sequence of clock pulses occurs, no adjustment is necessary.) Consequently, 
the PDS II circuitry tesU the pulses on the DATA signal (again shifted by PlO SFT) at 
the 74lS163 at U12 for a sequence of 1 s. Note that any pulse from the clock (in this 
case IClOCK) will reset the counter. Consequently, only a sequence of data pulses 
with no clock pulses will set S ERR (for single density) and D ERR (for double 
density). The appropriate signal is chosen by the ClK A input to U7 and PH ERR 
results. The final affect of this process is to invert the SH 1FT signal at US which 
begets IPlO SFT. 

INPUT 

The other contributor to the Data Separator is the Input Section. As well as 
generating /DPUlSE for analysis, it provides a proper width signal for the Phase lock 
Oscillator (lPHASE). Both of these signals are derived from the pulse stream from the 
floppy disk drive (lSTD DATA or IMI NI l?AT A). 

As the signal arrives from the drive, it passes through an inverting Schmitt trigger to 
reduce the inherent n~oisen. (In fact, all inpuu to the PDS II but ClK A pass through a 
Schnitt trigger for the same reason.) Notice that the two inputs (lSTD OAT A and 
IMINI DATA) are tied together. The source of the signal is irrelevant regarding disk 
type since the PDS II is manufactured for either standard or mini drives exclusively. 

The single shot at U6 receives the pulse stream and generates a pulse just wide enough 
to activate the driver circuitry in the Data Separator. The other output, OPULSE is 
used by the Phase lock Oscillator (see below). The width of the 'output pulse is 
determined by the resistor-capacitor (RC) pair at pins 9, 10 and 11. In this case, there 
is no resistor and the capacitor is a very low value. Consequently, a relatively short 
pulse exits that is just long enough for the data separator section .• 

The other function of the input section is to provide the signal that assists generation of 
PlO SFT. The Phase lock Oscmator (PlO) intercedes between the Input section and 
Window Generator to create the signal phase locked with IDPUlSE for the Window 
Generator. The input to the PlO is IPHASE. It is important that this signal be 1/4 bit 
c'ell wide for optimum centering of the 10PUlSE pulses at the Window Generator. This· 
length is established by the RC pairs attached to Ul and U2 (Rl, RS and Cl; R2, R4 and 
C2 respectively). These ICs generate two signals, one for single density (lSD 
WI NOOW) and one for double density (lDD WI NDOW). Finally, the appr.opriate signal 
frequency is selected by the ClK A input from the D 10 at U7. The ·selected signal, 
IPHASE, then goes into the Phase lock Loop. 
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Floppy Disk drives are not highly regarded for the consistency of the frequency of the 
pulse stream generated. Generally, this signal drifts and jitters due to variations in the 
spindle velocity and power. Ultimately, one wants to derive a reference signal from the 
input pulse stream. This signal is then compared with the pulse stream to distinguish the 
two types of pulses. The process to implement this distinction is somewhat analogous to 
a flywheel. The outcome of this process is to accommodate drifts but to ignore jitter. 
The diagram below (figure 4) illustrates the components of this process. 

IPHASE 

. IS SYNC 

PHASE 
DETECTOR 

Figure 4 

CLKA 

VCO 

VCF-

This section will discuss each aspect function by function. First, the PHASE 
DETECTOR. 

PHASE DETECTOR 

The dual 0 flip flop at US creates two independen~ outputs: /UP and IDOWN. Basically, 
these outputs reflect whether the /PHASE signal is before or after the VCF. The rules 
for each are: 

/UP: 
/DOWN: 

VCF=O jPHASE -> set 
/PHASE=(} VCF -> set 

Note that the pulses within IPHASE are 1/4 bit cell wide as determined by the 74121 at 
U1 or U2. 

Figure 5, below, illustrates when a pulse will be sent on the 100 W N line. The pulse 
length is a function of the amount of phase difference. When either /PHASE or VCF go 
high, there is a reset. 

Note that the width of 100WN represents the degree of discrepancy. 

Conversely, analysis of the IUP signal would indicate that the IPHASE pulse occurs 
before the VCF. Thus, the lines are mutually exclusive. 

At this point the IS SYNC signal is introduced to create two levels of the pulses of 
/DOWN and /UP. A digression is in orde.r at this point to define IS SYNC. 
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BIT CELL 

VCF 

/PHASE 

/DOWN 

Figure 5 

The ISYNC signal from the D lOis low active when sychronizing and inverted at U3. 
At U13, this signal is clocked by the DPU LSE signal from U6. The IQ output, IS SYNC, 
then is high or low, depending ul'on whether or not the input is synchronized or not (as 
determined by the DIO firmware). ISYNC is clocked by DPULSE to prevent any 
transition of IS SYNC in the middle of a phase measurement. 

The effect of IS SYNC on the IUP and IDOWN signals is to increase the amplitude of 
either of these signals when IS SYNC is low (to about 12 V) or decrease either when it 
is high (to about 3 V) depe.nding upon whether the D 10 has encountered the I D mark or 
not (IS SYNC is low until the I D mark has been read, then high). 

The rest of the circuitry leading to the Loop Filter (U1S) is used to translate the 
pulses from PUP and PDOW N into levels (performed by the RC pairs at R2SIC4 and 
R23/CS) and to set a free running voltage to allow for chip to chip differences of the 
VCO (the pot at R3). 

LOOP FI L TE RS 

The Loop Filter (U1S) is an active low pass filter. Its function is to provide a single 
output from the two inputs FUP and FDOWN by using the differential inputs of the 
amplifier. The output is the voltage which will be used by the VCO (U4). Remember 
that this voltage is originally a function of the amount of difference (the pulse width of 
IUP or IDOWN). The pulses are then translated into a precise level and finally 
p.rocessed by the loop filter to yield a signal for the veo. 
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As the difference between the VCF and IPHASE signals are converted to a voltage 
level, the 74LS124 at U4 adjusts the frequency output (signal VCO) to rectify the 
difference. All inputs to the VCO chip are held constant except for the control voltage 
(ilput pin 1). Thus the VCO frequency is matched with the frequency of the pulse 
stream from the drives. 

The VCO output is clocked at 2MHz for standard drives and 1MHz for minis. (This is, 
of course, the ideal state. The actual fr~quency is relative to the input from the drive.) 
However, the frequency of the pulse stream is 125 KHz single density, 250 KHz double 
density from mini drives or 250 KHz single density, 500 KHz double density from 
standard drives. Consequently, the veo output is divided by the 7493 at U9, a 4-bit 
bi1ary counter. The· resulting signals, SO VCF and 00 VCF, represent the proper 
diVision of the vco. 

The loop is completed at U7 where either SO VCF and 00 VCF is selected by the ClK 
A signal. VCF results and goes back through the comparison with IIPHASE for further 
adjustmen ts. 

This completes the Phase lock loop circuitry. When the two signals are locked, IS 
SYNC goes high, decreasing substantially the voltage changes to the VCOchip. The 
self-adjusting features wm now follow any "drifts" in the frequency. 

PDS II ALIGNMENT 

The settings of the potentiometers at Rl, R2, and R3 can only be performed by a 
factory-authorized technician. However, once ¥t the board will not wander out of 
alignment.. DO NOT attempt to re-adjust or replace these or any other components. If 
you have any problem with the POS II, contact IMSAI Customer Service. 
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CLOCK AND DATA SEPARATION 

The leading edge of the PLO SHFT pulse is used to gate the present value of the two 
flip-flops into the 0 I 0 Board. It aJso triggers the one-shot (74lS123) at U11 to make 
ClK DATA and DATA in both low. If a RA W DATA pulse occurs while PLO 5HFT is 
high then ClK DATA (U18 pin 9) will be set high. The exclusive or gate at U25 (in 
this case used as an OR gate since the inputs are mutually exclusive when RA W OA T A 
oCQJrs) is used to cause ClK OAT A to remain high if a RA W DATA pulse also occurs 
when PlO 5HFT is low - in that case this bit cell would have both a Clock and Data 
Pulse in it. 

SELF ADJUST LOGIC 

Figure 16 shows the test pulse generation used for the self adjust features on the POSe 
The' -four switches are used to determine a.djustments with Switch 1 (51) on for normal 
operation and all others off. For adjusting S1 is off and 54 is on while 52 and S3 (via 
U10 pin 12) determine what is to be adjusted as follows: 

DIO-C 5W2 5W3 Adjustment Test Rate 

Off On 1 Microsecond as 125 KHz 
On Off 2 MHz VCO Chan. 2SO KHz 

010-0 

Off Off 2 Microsecond as 62.5 KHz 
On Off 1 MHz VCO Channel 125 KHz 

The test rate is the frequency at which the RA W DATA input oneshot is triggered. The 
L ED on the PDS is lit whenever the 555 timer chip is not triggered. This occurs when 
the output of reference selector (Figure 16) cu,d the signal selector in this figure have 
the opposite polarity. The timing delays of the logic loop account for the light not 
responding at the precise point where the potentiometers are correctly adjusted. 
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POS AL IGNMENT PROCEDURE 

010 CONTROLLER 

Theory of Operation 

The PD5 board is designed to operate with the 010 board to form a floppy disk 
controller. 

The four position DIP switch 51 (at location U2) is used to control the self-adjust 
features. For normal operation, switch 1 should be on with all other switches' off. To 
perform the internal adjustments the following procedure should be followed. The 
discussion assumes D 10-C configuration. For PDS alignment is a D I O-D configuration, 
use. references in brackets, [], instead. 

1. Attach the PDS board and the D I 0 board with the 2O-conductor flat cable. 

2. Remove the the standard floppy interface cable from J4 on the D I a board. 

3. Set S1 and 52 off and 54 on [51, 2 and 3 off and 54 'on] on the PDS board. 

Our experience is that the factory prior to shipping of the D 10 IPOS is very stable. 
Therefore, this procedure is to be used only if there is a high frequency of data 
synchronization errors (type 93 - refer to Section ••• ). 

The set up will include the following items, though not all of them will be in use at any 
one time.· 

PC5-80 series chassis 
MPU-A or B 
010 (known good) 
Cable AG 
S-l00 Extender Board 
Oscilloscope 

The oscilloscope used in this procedure is a Tektronix Model 465. Its screen size is 10 
cm long by 8 cm high. Most measurements refer to this particular screen. This test is 
easily modified for other oscilloscopes. 

These adjustments set up both the intervals of two time-base one shots and the 
feedback bias of two voltage controlled oscillators. 

ONE [TWO] MICROSECOND ONE SHOT ADJUSTMENT 

I nitial Set Up 

Attach Channel-1 scope probe ground lead to the ground loop on the extender 
board (5-100, pin 50) • 

. Attach cable AG to J2 of the PD5 board, making sure that conductor 1 of the 
cable matches pin 1 of J2. The other end of the cable is attached to J2 of the 
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010 board. No other cables should be connected to the D 10. 

POS Sl should be set to the configuration shown below. 

OIO-C configuration 010-0 configuration 

2 3 4 

ON 0 0 

1 ___ 0 _0 ____ DOD 
The scope controls should be set as follows: 

MODE 

Volts/Div 
T'ime/Div 
Trig Source 
Trig Couple 
Trig Slope 

CHAN-l 

2 
0.1 [.2] microseconds 
CHAN-1 
AC, Normal 
+ 

o 

At this point turn on AC power. To adjust the two microsecond one shot, 
monitor U4-6 (IC at U4, pin 6) [U9 - 6J with the channel-l scope probe. Turn 
R6 [R3] clockwise (CW) or counterclockwise (CCW) until the pulse is exactly 1 
[2] microsecond (i.e., the trace fills the entire scope screen). 

TWO [ONEJ MHZ VCO CHANNEL ADJUSTMENT 

Set Up Changes 

Reset Sl on the PDS board to the following. 

OIO-C configuration 010=0 configuration 

2 3 4 

ON 0 0 0 

to 
'0 0 

o 0 
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Monitor U13-7 with the CHAN-1 probe. Adjust R36 l R35] CW or CCW until 
the following waveform appears. Failure to attain this waveform indicates a 

bad veo chip. 

Next monitor U17-5 with the probe. Readjust R36 l R35 J CW or CCW until the 
following waveform appears. Note that the adjustment should continue until the 
falling edge of the waveform coincides with vertical center of the scope screen. 

____ ..-t-------I 

This completes this set of tests. ·If these procedures do not succeed and the desired 
waveforms are not achieved, more detailed troubleshooting will be required. 

Before reinstalling the PDS into your compute}, reset 51-54 on the PD5 to the 
configuration shown below. 

2 3 4 

ON 0 

i DOD 
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6 - 6 SCHEMATICS AND I/O INTERCONNECT 
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J4 
PIN # 

2 
4 
6 
8 

10 

12 

14 

16 
18 
20 
22 
24 
26 
28 
30 

32 

34 
36 
38 
40 
42 
44 
46 
48 
SO 

NOTE: 

010 CONTROLLER 

Interconnect 

DIO-C TO DRIVE INTERCONNECTION 

SIGNAL SIGNAL NOTE 
NAME DIRECTION 

DSK SEL -> 
HD LD 1 -> 
ROY 1 <-
INDEX <- PERSCIONLY 

SEEK COMPL <- PE RSCI ON L Yi 
2-SIOEO FOR 
OTHER ORVs 

RESTORE -> PERSCIONLY 

DSK CHG <- OTHER DRIVES 

REM.EJO -> PERSCI ONL Y; SIDE 
SEL FOR OTHER 
DRVs 

LO CUR -> > TRK 43 

HD LD -> 
INDEX <- NON-PE RSCI DR I VE 

READY <-
MOTOR ON -> 
OSl -> SELECT DRIVE 1 

OS 2 -> SELECT DRIVE 2 

PS3 -> NON-PERSCI DRIVE 

WT PROT <- PERSCI DRIVE 

REM EJ1 -> PERSCI ONL Y; DRV 
SEL 4 FOR OTHER 
DRVs 

DIR SEL -> DIRECTION 

STEP -> 
WT DATA -> 
WT GATE -> 
TRK 0 <-
WT PROT <-
RAW DATA <-

All signals are low true, except 0 I R SE L which is bi-polar. All 
odd-numbered J4 pins are signal ground. 

-> means: control signal to drive 
<_.- means: sense line from drive 
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J3 
PIN # 

2 
4 
6 
8 

10 
12 
14 
16 
18 
20 
22 
24 
26 
28 
30 
32 
34 

NOTE: 

010-0 TO DRIVE INTERCONNECTION 

SIGNAL SIGNAL 
NAME DIRECTION 

READY <-
INDEX <-
OS 1 -> 
OS 2 -> 
OS 3 -> 
MOTOR ON -> 
DIRECTION -> 
STEP -> 
WT DATA -> 
WT GATE -> 
TRK 0 <-
WT PROT <-
RAW DATA <-

OS 4 -> 

All signals are low true) except 0 I RECTION 
which is 'bi-polar. All add-numbered J 3 pins 
are signal ground. 

-> means: control ~sjgnal to drive 
<- means: sense line from drive 
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