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CAUTION 
FAILURE TO OBSERVE THESE IMPORTANT PRECAUTIONS WILL VOID WARRANTY 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

Read all material before beginning construction. 

Use ON L Y electronic quality rosin core solder. 

Use extreme care with static-sensitive chips to prevent static discharge damage. (These 
chips are inserted in black conductive foam material in your kit.) 

Do NOT plug or unplug boards while power is on. 

Do NOT apply power to any board or circuit before checking each component and 
each trace. 

Do NOT insert chips in socket before all soldering on the board is completed. 

Do NOT use nonstandard parts such as fuses of a higher current rating. 

Do NOT leave out any construction step. 

Use only specified AC power. 

Prevent flat cable end from touching areas of the system that may be carrying 
current. 

Clean unit with soap and water or isopropyl alcohol only to prevent damage to plastic 
components. 

Some repair operations are quite demanding. Do not attempt repairs beyond your 
level of skill to prevent damage to the board or the components. 

Use ON L Y a 25 watt electronic soldering iron for assembly of your IMSAI kit. 

Do NOT perform any solder work on a board while power is applied. 

Do NOT plug or unplug a chip from a socket while power is applied. 

Check power supply voltages BEFORE inserting any boards into chassis. 

For all assembled units, read USER GUIDE section for jumpering instructions. 

To register your kit for warranty protection, fill out warranty cards and mail to 
IMSAI. Kits without warranty cards on file are NOT covered by warranty. 
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IMPORTANT NOTICE 

Errata 
4/7/77 

A Floppy Drive with Floppy Power Supply Rev. 3 is not com­
patible with a drive with FPS Rev.' s 0, 1 and 2; 1. e., a 
dual drive system will not operate with a FPS Rev. 3 and 
one of the others. FPS Rev. IS 0, 1 and 2 are compatible, 
however. The difference is that with FPS Rev. 2 or earlier 
each drive requires a PLO Card, and with FPS Rev. 3 one 
PLO card is used for up to 4 drives. If you have recently 
purchased a drive with FPS Rev. 3 to modify a single drive 
system to dual, first check the Rev. # on the power supply 
in your present system. If it isn't Rev. 3, please notify 
one of our salespeople at 415-483-2093 before installing 
the new·drive. 
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PURPOSE ••.•.•••••••••••• The IMSAI FLOPPY DISK MANUAL 
was designed as an aid and 
reference source to be used 
in understanding, assembling, 
and using the IMSAI FLOPPY 
DISK SYSTEM. 

SCOPE ••.•••.•••••••••••. It is assmned that the User 
is familiar with the operation 
of the IMSAI 8080 MICROCOMPUTER 
SYSTEM. Recommended references: 

1. IMSAI 8080 USER MANUAL 
2. INTEL 8080 Microcomputer 

Systems User Manual 
3. Introduction To Micro­

processors - Osborne and 
Associates 

ORGANIZATION •••••••••••• The IMSAI FLOPPY DISK MANUAL 
is organized into two major 
sections: 

1. THE SYSTEM 
2. COMPONENTS OF THE 

SYSTEM 

THE SYSTEM section covers the 
operation of the IMSAI FLOPPY 
DISK as a SYSTEM. 

THE COMPONENTS OF THE SYSTEM 
section covers the operation 
of the individual components 
which make up the IMSAI FLOPPY 
DISK SYSTEM. 

FDM - 15 
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WHAT TO DO WHEN YOU GET YOUR SYSTEM---------

If you ordered an assembled FIF and FDC, 
proceed as follows: 

a o. Turn to SYSTEM CONFIGURATION AND 
TESTING (po 1 - 19) 0 

If you ordered and FIF kit and an assembled 
FDC, proceed as follows: 

ao Assemble the IFM as per the IFM 
ASSEMBLY INSTRUCTIONS (p. 2 - 17). 

bo ,Assemble the FIB as per the FIB . 
ASSEMBLY INSTRUCTIONS (po 3 - 23). 

Co Turn to SYSTEM CONFIGURATION AND 
TESTING (p. 1 - 19). 

If you ordered an FIF kit and an Foe kit, 
proceed as follows: 

a. Assemble the IFM as per the IFM 
ASSEMBLY INSTRUCTIONS (p. 2 - 17) 0 

b. Assemble the FIB as per the FIB 
ASSEMBLY INSTRUCTIONS (p 0 3 - 23). 

c. Assemble the FPS as per the FPS 
ASSEMBLY INSTRUCTIONS (p. 5 - 29). 

d. Assemble the FLB as per the FLB 
ASSEMBLY INSTRUCTIONS (p. 6 - 17). 

e~ Assemble the Floppy Cabinet as per 
the FLOPPY CABINET ASSEMBLY 
INSTRUCTIONS (p. 7 - 11). 

f. Turn to SYSTEM CONFIGURATION AND 
TESTING (p. 1 - 19) 0 

FDM - 17 
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Functional Description 

The IMSAI Floppy Disk System. provides 
for control of up to 4 flexible disk 
drives from the IMSAI 8080 System. 

Data formats are fully compatible with 
the IBM 3740 format, providing a total 
storage capacity of 1.94 M bits per 
flexible di~k. This is organized as 
77 tracks with 26 sectors per track. 
Each sector contains 128 bytes of data. 

To allow for non 3740 compatible formats, 
provision is made for reading all clock 
and data bits in an unformatted mode. 
The firmware may also be changed by repro­
gramming to support varying densities and 
formats. 

The IMSAI Floppy Disk System utilizes 
an intelligent dedicated controller with 
a DMA capability to free the main processor 
from the overhead associated with floppy 
disk control processing. 

Commands to the Floppy Disk System are 
initiated from the main processor by means 
of an output instruction to the controller 
(Byte Command). The actual command is . 
executed from a command string located in 
the main system memory. Up to 16 different 
command string pointers may c'o-exi'st at any 
one time, with the values of these command 
string pointers being User definable. 

1 - 3 
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SYSTEM COMPONENTS 

FLOPPY DISK SYSTEM 
System Components 

The IMSAI Floppy Disk System consists of a Controller Set 
and a Drive Assembly. 

The Controller Set is composed of two boards, 
the IFM (Interface Master) and the FIB (Floppy 
Interface Board). 

The IFM is a separate 8080 based processor 
used to control floppy disk functions. It 
contains the 8080, 512 bytes of RAM, 2K 
bytes of EPROM, and all support logic for 
the 8080 chip. Communications with the ma"in 
system processor takes place through the 
DMA channel or the single output port. 

The FIB contains all the control logic 
necessary to drive the floppy disk from 
the IFM processor. 

The Drive Assembly is composed of the Floppy 
Disk Drive, the Floppy Disk Cabinet, the 
FPS (Floppy Power Supply), the FLB (Floppy 
Light Board), and the PLO (data separator). 

Each Floppy Cabinet houses up to two complete 
floppy drives with power supplies and a single 
FLB. In addition, the cabinet which houses 
Drive O' contains a single PLO board which may 
be shared by up to 4 drives. 

The Floppy Drive used in the system is the 
CalComp Model 140 providing up to 3.21 M bits 
of storage space (1.94 M bits with the IBM 
3740 Format). Access times are 6ms track.to 
track with a 10ms head stabilization. 

The FPS provides all power needed to run the 
floppy disk drives and FLB. Provision is also 
made to terminate all control and signal lines 
from the Floppy Controller Set. 

The PLO Board ensures a high level of data 
integrity and allows for the detection of 
missing clock patterns as used with the IBM 
3740 Data and Address Marks. 
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FLOPPY DISK SYSTEM 
Theory of Operation 

THEORY OF OPERATION 

PREFACE 

This section_is intended to help the User gain a general 
understand~ng of how the IMSAI Floppy Disk System functions 
as a whole. The operation of a theoretical floppy disk 
system is first presented to convey a general understanding 
of the principles involved in floppy disk transfers. Once 
this is achieved the operation of the IMSAI Floppy Disk 
System is explained. 

Systems Operation does not cover the detailed logic and 
timing functions. If this information is desired the User 
should reference the Theory of Operations section for the 
individual system component •. 

I. FLOPPY DISK SYSTEMS IN GENERAL 

A floppy disk system allows for the storage 
and retrieval of blocks of data between the 
main system memory and a storage medium, the 
floppy diskette. 

The floppy disk system shown in Figure 1 
provides the framework for a discussion 
of the processes involved in general floppy 
disk transfers. This floppy disk system is 
assumed to interface to a main processing. 
system and is composed of two major elements: 

l} a controller 
2) a drive 

MAIN PROCESSING 
SYSTEM 

--

FLOPPY 
DRIVE 

FIGURE 1, a simple floppy disk system 
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1 - 6 

FLOPPY DISK SYSTEM 
Theory of Operation 

The controller contains all of the logic 
necessary to interface the floppy disk 
drive with the main processing system. 
All transfer routines are taken care of 
by the main processor. Note that control 
resides with the main processor only. 

The drive contains the floppy disk storage 
unit which utilizes a moveable read/write 
head to access information stored on a 
flexible diskette. 

DATA FORMATS 

The data on the diskette is organized into tracks and 
sectors. 

A track can be conceived of as a circular 
ring with its center located at the physical 
center of the diskette. If the read/write 
head is located a "distance" n from the center 
of the diskette, the nth track is defined as 
the area passing directly under the head in 
one complete1revolution of the diskette. 

Each track consists of a number of sectors. 
A sector is composed of preamble information, 
a data block, and postamble information. 
(See figure 2.) 

A preamble information will normally contain: 
1) a set pattern to indicate the start of a 
sector; 2) the track address; and 3) the sec­
tor address. 

The data block contains the actual data trans­
ferred from the system's main memory. 

The postamble information will normally include: 
1) a number of check characters and 2) a gap to 
fill the end of a sector. 

WRITE PROCESSES in a simple floppy disk system. 

Assume there exists a block of data located in the sy­
stem RAM which is to be stored on a floppy diskette. 
For simplicity, assume that the block size is equal to 
the sector data block size. In order to set up the 
transfer, the processor needs to get the address of the 
data block in system RAM and the location of the des­
tination on the diskette (track and sector). Prior 
to executing the transfer, the processor needs to com­
pute check characters for the block of data to be 
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FLOPPY DISK SYSTEM 
Theory of Operation 

DISKETTE 

----TRACK 
I 

FIGURE 2, tracks and sector's 

transferred. The check character~ are used to verify 
the validity of the data when the block is read back 
into memory. 

At this point the processor tells the floppy controller 
to position the head over the destination track and 
sector on the diskette. Once the floppy acknowledges 
it has positioned the head over the correct iocation, 
the processor sets the write enable and executes the 
transfer a word at a time until the block transfer is 
complete. 

The check characters are then stored in the postamble, 
and the write enable is turned off. The process of 
writing onto the diskette is complete. 

READ PROCESSES in a simple floppy disk, system. 

Transferring a block of data stored on diskette to the 
main processor's memory involves a similar process. 
The processor first needs to get the location of the 
data block on the diskette (track and sector) and the 
address of the destination in the system RAM. 

, 
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Theory of Operation 

The processor then commands the floppy to position the 
head over the desired track and sector. When'the floppy 
acknowledges it has found the requested track and sector, 
the processor begins reading the data from the diskette 
into a previously defined storage area until the block 
read is complete. 

The check characters (eRe) are then read and checked 
to insure the validity of the data. If the eRe is 
correct, the processor transfers the d~ta from the stor­
age area to the desired destination in the system RAM, 
thus completing the block read process. 

ADDITIONAL HARDWARE FEATURES 

With a basic understanding of the processes involved 
in floppy disc transfers, we can upgrade and improve 
the floppy disc sys·tem. shown in figure 1 by: 
1) using a separate processor in the controller; and 
2) providing the controller with a DMA channel to the 
main system RAM. 

Use of a separate processor in the controller to con­
trol floppy disc transfers will free up the main pro­
cessor from the overhead associated with the previously 
discussed control processes and floppy housekeeping 
routines. 

CONTROLLER 
PROCESSOR 

FIGURE 3, proposed floppy controller 



FLOPPY DISK SYSTEM 
Theory of Operation-

Introducing a DMA channel into the proposed design 
of the controller allows for a direct access into 
the main system memory. The process of accessing 
system RAM then becomes essentially transparent to 
the main processor. 

II. THE IMSAI FLOPPY DISK SYSTEM 

The IMSAI Floppy Disk System consists of a Controller and 
Drive Assembly shown in figure 4. 

The Controller contains an 8080 based processor and all 
logic necessary to interface up to four floppy disk drives 
from the .8080 microprocessor. The firmware, located in the 
Controller's 2K bytes of EPROM, contains the driving program 
for the IFM processor and suppQrts the IBM 3740 Data Format. 

DMA 

IMSAI8080 r------ ---1 

I 

MPU-A 
PROCESSOR 

L ___ _ 

I 

_ -J 

OUTPUT PORT 

--, 

70 Next 
DRIVE ASSEMBLY 

FIGURE 4, IMSAI Floppy Disk System 
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IBM 3740 FORMAT. 

FLOPPY DISK SYSTEM 
Theory of Operation 

The IBM 3740 format is organized into 77 tracks. 
Track 0 is used for Data Set Labels which contain 
descriptive information regarding data residing on 
tracks 01 through 76. Tracks 01 through 73 and 
75 to 76 contain 26 sectors each with 128 data bytes 
per sector. Track 74 is not used. 

Each data track has an Index Mark, a preamble, 26 
sectors and a postamble. The organization of each 
sector is shown in figure 5. Both the ID Address 
Mark and the Data Address Mark consist of a parti­
cular pattern of missing clock pulses. These are 
used by the controller for synchronization. 

For more detailed imformation refer to IBM publica­
tion GA21-9190. 

INOEX rl~ ______________________________________________ ~Il~' __ _ 

TR_A_CK _____ rll-__ -t1 SECTOR 11 I---it ~r------tl SECTOR 26 11-----

33 BYTES OF 0 
10 FOR 17 BYTES DATA 

SECTOR 01 OFO SECTOR 01 

\ ) ~ 
10 TRACK SECT DATA 128 BYTES AODR. ZERO ER CRe CRC AOOR. CRC CRC 

·MARK NO. NO. MARK OF DATA 

FIGURE 5, IBM Data Format 



RECORDING FORMAT 

FLOPPY DISK SYSTEM 
Theory of Operation 

In the IMSAI Floppy Disk System, both clocks 
and data are recorded on the disk utilizing 
a double frequency (FM) recording format. 
This fo~t utilizes clocks to define bit cell 
t~es. The presence of a flux reversal between 
clocks is defined as a "one" bit. The absence 
of a flux reversal between clocks is defined 
as a "zero" bit. Figure 6,is an example of FM 
encoded data written on the disk. 

RAW DATA 

o lJ 

FIGURE 6, Raw Data 

Data Recovery with the IBM 3740 Format 

To allow recovery of data when using IBM 3740 
formats, a PLO data separator is used. When 
synchronized, the PLO takes raw data from the 
disk and provides separated, coincident data 
and clock pulses to the ,FIB board. Figure 7 
is an example of data and clock outputs from 
the PLO. A "one" bit may be detected as coin­
cident pulses occurring on the data and clock 
lines. . 

Separated data and clock lines allow for the 
detection of ID and Data Address Marks which 
utilize a missing clock pattern. All missing 
clock patterns of significance in the 3740 
format have a missing clock pulse in bit 5. 
Therefore, an ID or Data Address Mark is de­
tected by checking for a missing clock pulse 
in this bit position. 

1 - 11 
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FLOPPY DISK SYSTEM 
Theory of Operation 

'I 

LJ I 1 I 
I 

1 1 I, 

FIGURE 7, PLO outputs 

MAIN PROCESSOR CONTROL OF FLOPPY DI$K FUNCTIONS 

Execution of a disk transfer operation is determined 
by Command Strings which reside in the main processor's 
memory. The execution of these Command Strings are 
initiated from the Main Processor by means of an out­
put instruction. 

The byte output to the IFM processor will contain 
a BYTE COMMAND number of 0 in the high 4 order bits 
and a pointer number to a particular Command String 
in the low 4 order bits. 

Upon receipt of this Byte Command, the IFM processor 
will DMA the Command String pointed to in main memory 
and execut~ th~ command defined therein. 



FLOPPY DISK SYSTEM 
Theory of Operation. 

WRITE PROCESSES IN THE IMSAI FLOPPY DI"SK SYSTE~1 

MAIN SYSTEM PROCESSES 

Assume there exists a block of data located in 
the main system RAM to be transferred to floppy 

·disk. The main processor needs to first set-up 
the COMMAND STRING in main memory with 1) the 
command number for a sector write; 2) zero in 
the Status Byte; 3) ~e destination track ~d 
sector number and 4) the address· in memory of 
the data block to be transferred. 

The main processor then outputs a BYTE INSTRUC­
TION a to the IFM output port to initiate the 
execution of the write. The acknowledgement of 
a completed operation will be indicated by a non­
zero value being stored in the status .word of 
the COMMAND STRING. Thus once the processor 
issues the BYTE COMMAND 0, it only need wait for 
the status word to go non-zero before proceeding 
with another' disk operation. . 

CONTROLLER PROCESSES 

When the IFM board receives the output instruc­
tion (BYTE. COMMAND 0), it lowers the Main Pro­
cessor's READY line. The Main Processor goes into 
a WAIT state and the IFM Processor reads the out­
put word from the system data bus into its own 
accumulator. Once the BYTE COMMAND is read the 
IFM Processor raises the System READY line to allow 
the SYSTEM to continue. The output word a is 
decoded by the IFM f~are as being a command to 
execute from the COMMAND STRING located in the 
System RAM. 

DMA FUNCTIONS 

The IFM processor will present a HOLD REQUEST 
to the System, and the System will respond with 

- HOLD ACXNOWLEDGED. At this point the System is 
in a HOLD STATE and the IFM processor will dis­
able all of the Main Processor's address, data, 
and status lines (with the exception of PELDA). 
The IFM processor then gates its own address, 
data and status lines onto the System Bus. 

The COMMAND STRING is now transferred to the IFM 
RAM from the System RAM, and the HOLD MQUEST is 
released, allowing the System to continue with 
its own processing activity. 

1 - 13 
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FLOPPY DISK SYSTEM 
Theory of Operation 

The Conunand Number is decoded as a Write operation. 
The IFM processor transfers the Data block to the 
IFM RAM. This transfer is accomplished by DMA'ing 
a Byte at a time in the HOLD MODE during state T3 
(or the state following T3) of the main processor's 
machine cycle. 

To proceed with the WRITE operation, the IFM proces­
sor computes and stores the CRC characters in its 
own RAM. 

TRACK POSITIONING 

A request is issued to the FIB to load the head, sync 
the PLO, and then to synchronize on the ID Address 
Mark. The FIB then places the IFM Processor in a 
WAIT State until it has found the desired missing 
clock pattern. 

Once the FIB has recognized the Address Mark, it 
raises the IFM READY line, allowing the IFM processor 
to read and check the track address. ·A compare is 
made to see if the head is positioned over the de­
sired track. If not, the direction and Step lines 
are used to reposition the head over the destination 
track. 

SECTOR POSITIONING 

Once again the IFM Processor issues a request to the 
FIB to synchronize-on the ID Address Mark. The IFM 
is again placed in a WAIT State until the ID Address 
Mark is recognized. Once the IFM is allowed to con­
tinue, it reads and checks track and sector number, 
this time looking for the destination sector. If the 
head is verified to be positioned over the desired 
sector, the IFM processor waits 12 bytes before 
writing the remaining five 0 bytes, the Data Address 
Mark, 128 bytes of data, and the 2 CRC characters 
according to the IBM 374.0 Data Format. 

COMPLETION OF THE OPERATION 

At this point, the Write operation is complete and 
the IFM board will indicate the results of the opera­
tion to the Main System by storing a non-zero value 
in the Status Word of the COMMAND STRING, via the 
DMA channel. 
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Theory of Operation 

READ PROCESSES IN THE. IMSAI' FLOPPY DISK SYSTEM 

MAIN SYSTEM PROCESSES 

To prepare for a Read operation the main pro­
cessor sets up the COMMAND WORD in its RAM with: 

1) The Command Number for a sector Read; 
2} zero in the Status Bvte; 
31 the track"and sector number for the data 

block"to be read from the diskette; 
4} the Address of the destination in Main 

. memory.' 

The main processor then issues an output in­
struction (BYTE COMMAND 0) to initiate the 
READ operation. The main processor waits unti~ 
the Status ~yte of the COMMAND STRING qoes non­
zero before proceeding with another disk opera­
tion. 

CONTROLLER PROCESSES 

As before, the IFM processor will receive the 
output. instruction from the main processo.r and 
decode it as an execute from COMMAND ST~G. 

The COMMAND STRING wil~ be transferred from the 
System RAM to the IFM memory via the DMA access 
channel. The Command Number is decoded as a 
READ operation and the IFM processor positions 
the read/write head over the desired track and 
sector as before. , Once- the head is correctly 
positioned, the IFM processor waits for the 
Data Address Mark. 

When the Data Address Mark is recognized, 128 
bytes of data are read into the IFM RAM. The 
two CRC characters are then read and checked to 
verify the data block. If the data block is 
verified, it is written into the main processor's 
RAM via the DMA channel. 

-
To acknowledge completion of the READ operation, 
the IEM processor wi~l store a non-zero value 
in the Status Byte. This value is then passed to 
the COMMAND STRING located in the main system 
RAM via the DMA channel. 
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CONFIGURATION INFORMATION 

SINGLE DISK SySTEM-------------------------------------------------~------- . 

FIF-1 CONSISTING OF: 

1 IFM 
1 FIB 
1 CABLE A 
1 CABLE C 
1 CABLE F 

1 CABINET 
1 FPS (#O) 
1 FLB (#0-1) 
1 C140 DRIVE UNIT 
1 CABLE E 

ORDER: 

1 FIF 
1 FDC 2-1 (#O) 

TWO DISK SySTEM-------------------------------------------------------______ _ 

FIF-1 AS PER 1 CABINET ORDER: 
ABOVE 2 FPS (#0) 

(#1) 1 FIF 1 FIF 
1 FLB (#0-1) 1 FDC 2-1 ~ 1 FDC 2-2 
2 CABLE E 1 Foe 
2 C140 DRIVE UNITS (DRIVE O,l) 

THREE DISK SySTEM---------------------------------------------------------____ _ 

FIF-l AS PER 
ABOVE 

CABINET WITH 2 DRIVES 
AS PER ABOVE AND •.. 

1 CABINET 
1 FPS (#2) 
1 FLB (#2-3) 
1 C140 DRIVE UNIT 
1 CABLE E 
1 CABLE C 

ORDER: 

1 FIF 
2 FDC 2-1 
1 FDC 
1 CABLE C 

1 FIF 
1 FDC 2-2 

OR 1 FDC 2-1 

(DRIVE O,l,2) 

FOUR DISK SySTEM---------------------------------------------------------------

FIF-l AS PER 
ABOVE 

CABINET WITH 2 DRIVES 
AS PER ABOVE AND .•. 

1 CABINET 
2 FPS (#2) 

(#3) 
1 FLB (#2-3) 
2 C140 DRIVE UNITS 
2 CABLE E 
1 CABLE C 

ORDER: 

1 FIF 1 FIF 
2 FDC 2-1 OR 2 FDC 2-2 
2 FDC 
1 CABLE C 

(DRIVE 0,1,2,3) 

1 - 19 
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FLOPPY DISK SYSTEM 
System Configuration 

IMSAI FLOPPY DISK SYSTEM CONFIGURATION GUIDE------------------

The information here is presented to serve as a reference 
in configuring an IMSAI Floppy Disk System once its 
components have been assembled. 

1. SET-THE ADDRESS for the IFM output port by config­
uring the header for the address jumper socket in 
position C3 (IFM). IMSAI standard Floppy address 
is FD (Hex) ~ 

a: 
::2 

16 0 ~ 
1-----1 1 u 

2 w 
3 i:i:l 
4 <J) 

5 ~ 
6 w 

8 9 7 a: 
o 
o 
~ 

-2. INSERT THE IFM AND FIB BOARDS into two slots in the 
IMSAI 8080 Motherboard. 

3. IDENTIFY THE THREE CABLES used in the System as follows: 

CABLE A- CABLE A is a 12" I 25 conductor cable with 
an EIA D Type connector on one end and a 
26 pin board edge connector on the other end. 

CABLE C- CABLE C is a 3', 25 conductor cable with 
an EIA D Type connector on each end. 
NOTE: 3 and 4 Drive systems require 2-Cable C's. 

CABLE F- CABLE F is a 4", 50 conductor cable with 
a 50 pin board edge connector on each end. 

4. ATTACH CABLE F between the IFM and FIB Boards. When 
attaching Cable F, verify that pin 1 on each connec­
tor corresponds to pin 1 on the board edge connector. 

5. MOUNT THE EIA D TYPE CONNECTOR of Cable A to the 
rear of the 8080 chassis with the hardware provided. 

6. ATTACH THE REMAINING END OF CABLE A to the FIB Board. 
The 26 pin edge connector mates with the edge connector 
located in the upper left hand corner of-the FIB Board. 
Verify that pin lof the connector mates with pin 1 
of the board edge connector. 
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FLOPPY DISK SYSTEM 
System Configuration 

IMSAI FLOPPY DISK SYSTEM CONFIGURATION GUIDE-----------------

SINGLE DRIVE SYSTEM 

7. CONNECT CABLE C between the rear of the IMSAI 8080 
chassis and the Floppy Drive Chassis as follows. 
Attach one end of Cable C to the D Type connector of 
Cable A. The remaining end will connect to the D Type 
connector located at the rear of the Floppy Chassis 
BEHIND DRIVE 0, (located 'on the right as you face the 
front of the Floppy Chassis). 

TWO DRIVE SYSTEM 

7. CONNECT CABLE C between the rear of the IMSAI 8080 
chassis and the Floppy Drive Chassis as follows. 
Attach one end of Cable C to the D Type connector of 
Cable A. The remaining end will connect to the D Type 
connector located at the rear of the Floppy Chassis 
BEHIND, DRIVE 0, (located on the right as you face the 
front of the Floppy Chassis). 

THREE DRIVE SYSTEM 

7. CONNECT ONE CABLE C between the rear of the IMSAI 
8080 chassis and the Floppy Drive Chassis as follows: 
Attach one end of Cable C to the D Type connector of 
Cable A. The remaining end will connect to the D Type 
connector located at the 'rear of the Floppy Chassis, 
(containing Drives a and 1), BEHIND DRIVE 0, (located 
on the right as you face the front of the Floppy Chassis). 

CONNECT THE SECOND CABLE C between the two Floppy 
Drive Chassis' as follows. Attach one end of Cable C 
to the D Type connector BEHIND DRIVE 1, (located on 
the left as you face the front of the Floppy Drive 
Chassis containing Drives a and 1). The remaining end 
of this Cable C will connect to the D Type connector 
BEHIND DRIVE 2, (located on the right as you face the 
Floppy Drive Chassis containing Drive 2). 
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IMSAI FLOPPY DISK SYSTEM CONFIGURATION GUIDE------------------

FOUR DRIVE SYSTEM 

7. CONNECT ONE CABLE C between the rear of the IMSAI 
8080 chassis and the second Floppy Drive Chassis 
as follows. Attach one end of this Cable C to the 
D Type connector of Cable A. The remaining end will 
connect to the D Type connector located at the rear 
of the Floppy Chassis, (containing Drives 0 and 1), 
BEHIND DRIVE 0, (located on the right as you face the 
front of the Floppy Drive Chassis). 

CONNECT THE SECOND CABLE C between the two Floppy 
Drive Chassis' as follows. Attach one end of this 
Cable C to the D Type connector located at the rear 
of the Floppy Chassis BEHIND DRIVE 2, (located on the 
right as you face the front of the Floppy Chassis 
containg Drives 2 and 3). The remaining end will 
connect to the D Type connector located at the rear 
of the Floppy Chassis BEHIND DRIVE I, (located 
on the left as you face the front of the Floppy 
Chassis containing Drives 0 and 1). 

THE IMSAI FLOPPY DISK SYSTEM IS NOW CONFIGURED AS 
REQUIRED FOR SYSTEM TESTING AND CP/M OPERATION. 
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FLOPPY DISK SYSTEM 
System Testing 

SYSTEM INITIALIZATION-----------------------------

The following procedure should be used when 
powering up the System. 

1. Insure that the diskettes are removed from the 
Drives. 

2. Power up the 8080. 

3. Connect the power cord from the Drive Assembly. 

4. Insert a diskette in the Drive. 

5. The following events should be observed: 

a. When the drive becomes Ready, a faint, 
audible click should be heard as the 
drive is restored by the Firmware. 

b. Status Lights: TRACK 00 should be active; 
WRITE ENABLED should be active; 
HEAD LOADED should be inactive; 
WRITE should be inactive. 

c. Ready and Select: 
Both SELECT's should be active. 
The READY should be active for 
the drive being used. 

IF THESE EVENTS ARE NOT OBSERVED, check the 
following points: 

a. Check all supply voltages on the IFM and 
FIB Boards. 

b. Check and verify all cable connections. 
c. Check and verify the EPROM located in 

position AIO of the IFM Board (PROMOO). 
d. Insure that an address jumper has been placed 

in socket C3 of the IFM Board. 
e. Check and verify that the IFM processor is 

in the RUN state (Al-3). 
f. If the problem still exists, use the firm­

ware listing as a guide in troubleshooting 
the Scan Loop. The Scan Loop code begins at 
SCLP and is described in the FIB Firmware 
section under the heading STRAIGHT LINE 
DESCRIPTION OF THE PROGRAM. 
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SYSTEM TESTING-----------------------------------

TEST MODULES 

System testing described in this section consists 
of : 1) testing a single track format operation; 
2) testing a sector write; 3) testing a sector 
read; and 4) testing the head positioning oper­
ation. 

The test procedure is written so that the User 
must start with Test Module 1 to test single track 
format operations. Each succeeding module may be 
added to the existing code to test succeeding 
disk functions. 

The complete test procedure requires 512 bytes of 
RAM beginning at address l8aOH. The Command String 
resides at address 1880H, and the 128 byte buffer 
begins at 18aaH. 

If an error occurs when running the Test Modules, 
the Status Word in the Command String should indi­
cate the type of error encountered. This in for-

. mation may be used to narrow down the possible 
sources of trouble given in the following section. 

If the Status Word remains a when a failure occurs, 
the firmware has not completed, or perhaps even 
started, the operation. Check the DMA control cir­
cuits. Reference the IFM Theory of Operations. 

TEST MODULE 1 

1. Set the address jumper at C3 on the IFM board 
for the address FD (Hex). 

~ 
~ 
~ 

16 0 ~ 
1 G 
2 w 
3 ~ w 
4 ~ 
5 ~ 6 w 

9, 7 .~ 
0 
0 
< 

FIGURE 13, C3 Address Jumper (IFM) 1 - 29 



1 - 30 

FLOPPY DISK SYSTEM 
System Testing 

2. Load the Test Module 1 beginning at 1889H. 

3. RESET 

4. EXAMINE 1889H. 

5. Set the Drive Select Number in the Programmed 
Input Switches as follows: 

OlH to select Drive 0 
02H to select Drive 1 
04H to select Drive 2 
08H to select Drive 3 

6. Load the Diskette and close the door on the Drive. 
-Wait for the Drive to come READY. 

7. RUN. 

When operating correctly, Track 0 is continuously 
formatted. 

TEST MODULE 2 

1. Load the Test Module 2 beginning at 18CDH. 

2. Note that Test Module 1 MUST be loaded prior 
to using Test Module 2. 

3. EXAMINE 1889H. 

4. Set the Drive Select Number in the Programmed 
Input Switches. 

5. Load the Diskette and wait for the Drive to come 
READY. 

6. RUN. 

Test Module 2 will Write from the buffer area at 
1800H onto Track 0, Sector 1. 

TEST MODULE 3 

1. Load Test Module 3 beginning at 18E2H~ 

2. Test Modules 1 and 2 MUST be loaded prior to using 
Test Module 3. 

3. EXAMINE 1889H. 
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4. Set the Drive Select Number in the Programmed 
Ihput Switches. 

5. Load the Diskette and wait for the Drive to 
come READY. 

6. RUN. 

Test Module 3 will Read from Track a, Sector 1 into 
the Buffer Area at laOOH. 

TEST MODULE 4 

10 Load Test Module 4 beginning at l8FOHo 

2. Test Modules I, 3 and 3 MUST be loaded prior to 
using Test Mqdule 4. 

~o EXAMINE l889H. 

4. Set the Drive Select N~ber in the Programmed 
Input Switches. 

5. Load the Diskette and wait for the Drive to 
come READY. 

6. RUN. 

Test Module 4 will format Track 76 to test the head 
positioning routines. 

ERROR DEBUGGING 

If an error occurs when running Test Module I, the 
following points should be checked. 

GROUP 1 

1. Check FIF blue wire modifications (IFM Rev. 2 
and 3, FIB Rev. 2 and 3). 

2. Check and verify that the diskette is not damaged. 

3. Check and verify the firmware in the IFM PROM. 

4. Check the OUTPUT COMMAND CONTROL CIRCUIT on the 
IFM board. Use the IFM Theory of Operation as 
a reference in troubleshooting .. 

5. If the Status Word in the Command String remains 
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o when the failure occurs, or if the test pro­
gram is lost/destroyed when running the test 
module, check the DMA CONTROL CIRCUIT. Use the 
IFM Theory of Operations as a reference in 
troubleshooting. 

6. Insure that the address jumpers have been cor­
rectly configured in position C3 of the 
IFM board. 

7. Check the LOAD CONTROL CIRCUITS on the FIB 
Board. Reference the FIB Theory of Operations. 

8. Check the INDEX MARK DETECTION CIRCUIT on the 
FIB board. Reference FIB Theory of Operations. 

9. Check the IFM RAM CHIPS B9 and B12. 

IF AN ERROR OCCURS with the addition of Test Module 2, 
check all items listed in GROUP 1 and the following. 

GROUP 2 

1. Check the SYNCH READ DATA CIRCUIT on the FIB 
Board. Reference the FIB Theory of Operations. 

2. Check the PLO operation and the PLO SYNCH 
circuit on the FIB Board. 

IF AN ERROR OCCURS with the addition of Test Module 3, 
check all items in GROUPS 1, 2, and the following. 

GROUP 3 

1. Check the READ DATA CIRCUIT on the FIB. 
Reference the FIB Theory of Operations. 

2. Check the BYTE DONE CIRCUITS on the FIB. 
Reference the FIB Theory of Operations. 

IF AN ERROR OCCURS with the addition of Test Module 4, 
check all items in GROUPS 1, 2, 3, and the following. 

GROUP 4 

1. Check the Direction and Step Lines on the FIB 
Board. Refer to the CALCOMP OEM Manual for specs. 

USE OF THE FIRMWARE LISTING IS RECOMMENDED AS A GUIDE 
IN TROUBLESHOOTING INDIVIDUAL DISK OPERATIONS. 
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AND NOW--------------------------------------------

Once your system has passed the system Testing 
previously described, you may proceed in one of 
several ways. 

* 

* 

* 

If you wish to bring up IMSAI, CP/M, 
refer to the IMSAI CP/M USER MANUAL 
for further instructions. 

If you wish to write your own disk 
access programs, refer to the Prog­
ramming Guide in the System User 
Guide section of this manual. In 
writing your own disk access programs, 
it is adviseable to read the system 
Theory of Operation to gain a general 
understanding of the system operation. 

If you wish to understand the operation 
of the system, the following sections 
of this manual may prove helpful. 

f system Theory of Operation 
.. IFM Theory of Operation 

FIB Theory of operation 
FIB Firmware Theory of Operation 
Cal Comp OEM Reference Manual for 
the Model 140 Drive. 
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Floppy Disk System 

CAUTION 

Take Diskettes out of the drives during system power up or down to prevent any possible 

changing of data. 
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USER GUIDE---------------------------------~-----

USER CONTROLS 

POWER SWITCH: The AC power switch is located at 
the rear of each FPS. Assembled Drives are shipped 
with this switch in the power-on position. 

LOADING AND REMOVING DISKETTES: In the center of 
the face of each Drive is a simple, thumb operated 
pushbutton which is depressed to allow the spring­
loaded front cover to open. The Flexible Disk may 
then be inserted or removed as appropriate. The 
cover may then be closed manually. 

NOTE: Remove the Diskette from the drive before 
power is applied to or removed from the Controller 
Boards. 

LIGHT DISPLAY: The Light Display monitors the 
READY and SELECT Lines for each Drive in the cab­
inet. The states of the four signal lines TRACKOO, 
HEAD LD, WRITE, and WRITE ENABLED are monitored for 
the selected Drive. 

SELECT: A SELECT line will become active when the 
Controller raises the Select Line for the appro­
priate Drive. Both Select Lines will appear to be 
continuously active since the Controller uses 
these lines in a polling process to determine if 
a Drive has become Ready. 

READY: This will become active when a diskette 
is loaded and the cover is closed on a selected 
Drive. 

TRACK 00: The TRACK 00 line will become active 
when the Read/Write head on the selected drive is 
positioned over Track 00. 
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HEAD LOAD: The HEAD LOAD line will become active 
when the Controller issues a request to the 
selected Drive to load the Read/Write head. 

WRITE: The WRITE line will become active when 
the Controller issues a command to the selected 
drive to enable the Write line. 

WRITE ENABLED: The WRITE ENABLED line will be­
come active when the selected Drive acknowledges 
that the loaded diskette is not write protected. 
Circuitry in the Drive to support this feature 
is not standard. 

SYSTEM INITIALIZATION 

The following procedure should be used when power­
ing up the System. 

1. Insure that the diskettes are removed from 
the Drives. 

2. Power up the 8080. 

3. Connect the power cord from the Drive Assembly. 

4. Insert a diskette in the Drive. 

5. The following events should be observed: 

a. When the Drive becomes Ready, a faint, aud­
ible click should be heard as the drive is 
restored by the Firmware. 

b. Status Lights: TRACK 00 should be active; 
WRITE ENABLED should be active; 
HEAD LOADED should be inactive; 
WRITE should be inactive. 

c. Ready and Select: Both SELECT's should be 
active. The READY should 
be active for the drive 
being used. 
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SYSTEM BOOTSTRAP (IFM REV 3 FIRMWARE ONLY) 

A IIbootstrap" is a short program which reads another pro­
gram 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 slhe de­
sires." The IMSAI Floppy Disk System bootstrap reads sec­
tor 1 of track ~ from drive ~ into system RAM at ~-7F and 
then jumps to location ~. 

The following procedure should be used when bootstrapping 
from an IMSAI CP/M System Diskette. 

1. Insure that the diskettes are removed from the 
drives. 

2. Power up the 8080. 

3. Power up the floppy disk drive. 

4. Insert a system diskette in drive ~. 

5. When the drive becomes READY, press RESET. 

6. Set the ADDRESS switches for ~~~~ and press 
EXA..N1INE. A "C3" shculd appear in the DATA 
lights. 

7. Press RUN. 

At this point, the operating system should be loaded and 
run. 

If a hardware error occur's, the error code (see FIB Soft­
ware section) will be displayed in the PROGRAMMED OUTPUT 
lights. The bootstrap will be retried until it is success­
ful, or until it is stopped. If unable to bootstrap, check 
the points described at the end of the SYSTEM INITIALIZATION 
section. 

If REV 3 Firmware is not available, a Bootstrap Sim­
ulator is described in the IMSAI CP/M Documentation. 
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PROGRAMMING GUIDE 

A. Introduction 

An Assembly Language Program stored in the 
8080 System Memory is necessary to access the 
Floppy Disk. To use the IMSAI Floppy Disk 
System, the User must understand how to write 
such a program. 

In order to accomplish this, the User may think 
of the Floppy Disk as a SINGLE OUTPUT PORT from 
the 8080 Microprocessor System. 

The program which will access the Floppy Disk 
System utilizes TWO TYPES OF INSTRUCTIONS: 

1. BYTE INSTRUCTIONS and 

2. A COMMAND STRING INSTRUCTION. 

BYTE INSTRUCTIONS are OUTPUT INSTRUCTIONS to 
the output port of the Floppy Disk System. 

A COMMAND STRING is a series of consecutive 
words located in the System Memory. 

The processes which need to take place within 
this program are described as follows. 

START ••••• SET UP THE COMMAND STRING IN p~ 
FOR A PARTICULAR DISK OPERATION 

END ••••••• 

- - -- ~ 

ISSUE THE BYTE COMMAND (OUTPUT INSTRUC­
TION). TO INITIATE THE EXECUTION OF A 
DISK OPERATION 

CHECK THE STATUS WORD IN THE COMMAND 
STRING FOR AN INDICATION THAT THE 
DISK OPERATION IS COMPLETE 

The sections of the USER GUIDE which follow give 
the detailed information necessary to WRITE THE 
.FLOPPY DISK ACCESS PROGRAM. 

_ .. 
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B. Command Types 

Control of the IMSAI Floppy Disk System 
from the 8080 Microcomputer System is of two 
types: 1) the BYTE COMMAND and 

2) the COMMAND STRING. 

BYTE COMMAND instructions are directly exe­
cutable and are passed to the IFM board from 
the Main Processor via an OUTPUT instruction. 

COMMAND STRING instructions are indirectly 
executable and are stored in variable length 
COMMAND STRINGS in the Main System RAM. 

A COMMAND STRING instruction is executed when a 
BYTE COMMAND of a is output to the IFM board. 
At that time the IFM processor will get the 
COMMAND STRING from the Main Processor's memory 
via the DMA channel and execute the instruction 
contained therein. 

MAIN PROCESSOR SYSTEM 

SYSTEM 
RAM 

,-

OUTPUT 
PORT 

DMA CHANNEL 

FIGURE 8, Control in the IMSAI FDS 

BYTE 
\.INSTRUCTION 

tFM 
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C. BYTE COMMANDS· 

DATA BIT 
7 

The Byte instruction is an eight bit word 
structured so that the upper four bits contain 
the BYTE INSTRUCTION NUMBER and the lower four 
bits contain either a painter number or a 
drive select number, depending on the command 
used. (See figure 9.) 

DATA BIT DATA BIT DATA BIT DATA BIT DATA BIT DATA BIT DATA BIT 
6 5 4- 3 2 1 0 

I I I 

It-o-.---- BYTE COMMANO ----~I ... -- DRIVE SELECT OR 
POINTER NO-:-

----J 

FIGURE 9, Byte Command 

The Byte Instructions are "listed below according 
to the Byte Instruction Number (the hex number 
contained in" the upper four bits of the Byte 
Instruction) • 

COMMAND 0: Execute Command String from pointer. 
This command will take the pointer 
number from 0 to 15 and execute the 
Command String pointed to by that 
pointer. Note that prior to using 
this command the pointer address 
must have been initialized using 
Command 1. 

COMMAND 1: This command will cause the floppy 
controller to take the -next two 
bytes passed to it by the master 
microprocessor and use these as the 
new address for the pointer speci­
fied. Note that three bytes must 
be output to the IFM I/O port from 
the ma~n processor to properly exe­
cute this command. (BYTE COMMAND 
NUMBER, LOW ORDER ADDRESS, HIGH OR­
DER ADDRESS) 
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COMMAND 2: Restore Drive causes the floppy con­
troller to execute a restore command 
(position the head over track 0) on 
any or all drives selected. 

CO~~D 3: Set Software Write Protect causes the 
controller to set a Write Protect on 
any of the drives which are selected. 
Note that in a power on condition, 
all drives come up WRITE ENABLED and 
therefore the WRITE PROTECT must be 
reset whenever power goes on. 

COMMAND 4: Software WRITE ENABLE causes the mi­
croprocessor or the floppy controller 
to remove the WRITE PROTECT on any or 
all drives selected. 

COMMAND 5 through COMMAND 15 perform no operation, 
except to reset interrupt if interrupt 
mode is being used. IMSAI standard 
RESET INTERRUPT command is command 5. 

POINTERS 

The pointer is a number from 0 to 15 which signi­
fies that one of 16 addresses be. used as the address 
9f the Command String in Main Memory. Byte Commands 
o and 1 will take the lower four bits of the Byte 
Instruction Word as a pointer number to a Command 
String address. Note that Byte Command 1 is used 
to initialize the addresses of the pointers, while 
Byte Command 0 will execute the Command String 
pointed to by the lower four bits of the Byte Com-
mand ~qord. . 

On system power-up or RESET, the sixteen pointers 
are initialized with the following default values 
(all in hexadeci.rnal). 

;3: ;3;38~ 4: 4;3;3~ 8 : 8;3~~' C: C~~Xf 
1: 1~~;3 5: 5~;3~ 9 : 9~~~ D: D~f1f1 
2 : 2~~~ 6: 6~~f1 A: A~~f1 E: E~~f1 
3: 3~~~ 7: 7;3~~ B: B~~~ F: F~~~ 

DRIVE SELECT NUMBERS 

Byte Commands 2, 3 and 4 will take the lower four 
bits of the Byte Instruction Word as a Drive Select 
number. A dri:ve is selected (O-3) if its corres­
ponding bit is a 1. A command with no drives se­
lected does no operation. 

' I 
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DRIVE SELECT NUMBER 

SELECT SELECT SELECT SELECT 
DRIVE 3 DRIVE 2 DRIVE 1 DRIVE a 

BIT3 BIT 2 BIT 1 . BIT a I 

BYTE COMMAND --------------------~.I 
FIGURE ~O, Drive Select Numbers 

D. COMMAND STRING INSTRUCTIONS 

Command String Instructions are indirectly 
executable and are stored in a variable length 
Command String in the Main System RAM. 

The Command String is a series of from 4 to 9 
consecutive 8 bit bytes in the main processor's 
memory. Its length or structure is dependant 
on the command used. 

SYSTEM RAM 

~I""------ REQUIRED ------1-, 
WORD 1 t :WORD 21 WORD 3 1 WORD 41 WORD 51 .. · ·1 WORD 9j 

I I 

~ QPTIONAL -..1 
AS REQUIRED 

FIGURE 11, Command String Instructions 
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All Command Strings consist of at least four bytes 
of information. The definition of each 8 bit byte 
in the Command String is given below. 

BYTE I - Command Byte 

This byte contains a command number in the upper 
hexadecimal digit and the drive select number in 
the lower digit. The operation for each Command 
Number is defined in the next section and a drive 
is selected (0-3) if its corresponding bit is a 
one (bits 0-3). 

BYTE 2 - Status Byte 

This byte indicates to the master microprocessor 
the status of the present disk operation. It 
must be SET EQUAL TO 0 prior to executing the 
single Byte Command o. This byte is set non-zero 
at the completion of the Command String by the 
IFM processor. If bit 7 is set, it indicates that 
the operation was not completed successfully~ Bit 
o only is set on successful completion. 

BYTE 3 and 4 --Track Address 

Two Bytes are allowed for the track-address for 
future expansion. At this time, Byte 3 must be 
0, and Byte 4 contains a value from 0 - 76 to 
specify on what- track the operation should be 
performed. Note that to maintain IBM medi.a com­
patibility, it is possible to have the logical 
and Rhysical track address differ. For commands 
to process this type of data, Bytes 3- 4 contain 
the physical track address number. 

Care mus_t be exercised in operating with the 
logical and physical track address being differ­
ent, and the user must be totally familiar with 
the format slhe is working with to perform any 
operation of this nature. For commands which spe­
cify no further track address, these two bytes 
contain both the physical and logical track ad­
dress numbers. 

BYTE 5 to 9 

Bytes 5 to 9 of the Command String are defined 
according to the Command used • 
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The individual Command String commands are listed 
below by the command numbers - the upper four bits 
of the Command Byte. 

COMMAND 0 

The READ ALL command causes the IFM to delay the 
number of milliseconds contained in Byte position 
5 from the physical index poles of the floppy disk 
and then to read 64 bytes. For each data byte, 
the corresponding clock byte is also read and is 
s-tored in the next_ sequential location in memory 
(i.e., stored are data from byte 1, clock from 
byte 1, data from byte 2, clock from byte 2, etc.). 
Hence, 128 bytes are transferred to the main pro­
cessors memory at the data buffer location pointed 
to in Bytes' 6 and 7. The delay in Byte 5 can be 
from 0 to 255 ms. 

Note that the 64 bytes on the floppy disks consume' 
approximately 2 ms and that software recognition 
fo;r repositioning of the data is required to com­
pletely reconstruct the data pattern which is on 
the floppy disk. This command shoulg be used with 
caution, and the user should be totally familiar 
with format contained on the floppy disk slhe is 
referencing before attempting to use the command. 
It is normal.ly used only' in cases of extreme dif­
ficulty or to decipher an unknown diskette format. 

COMMAND 1 

The WRITE SECTOR command causes the floppy con­
troller to write the data from the location pointed 
to by Bytes 6 and 7. Byte 6 contains the least 
significant half of the data buffer location, and 
Byte 7 contains the most significant half. The 
data is written in the sector specified in Byte 5 
(from 1 to 26). 

COMMAND 2 

READ SECTOR: The sector number contained in Byte 
5 (from 1 to 26) is read and, upon successful com­
pletion of the read, the data is transferred to 
the data buffer location contained in Bytes 6 and 
7. Byte 6 contains the least significant half of 
the data buffer location, and Byte 7 contains the 
the most significant half. J 
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The FORMAT TRACK command uses no additional bytes 
and causes the floppy controller to write an IBM 
compatible format on the selected track number. 
This command destroys all previous information on 
the track and should be used with caution to ini­
tialize new diskettes. 

COMMt\..ND 4 

The VERIFY SECTOR command causes the floppy con­
troller to read and verify the redundancy check 
on the selected sector. NO DATA ~RANSFER to the 
main processor's memory is initiated. Byte 5 for 
this command contains the sector nmnber (from 1 
to 26) which is to be.verified. 

COMMAi.'I'D 5 

The WRITE DELETED DATA SECTOR MARK command causes 
the floppy controller to write a deleted data mark 
in the data portion of the sector nlli~er contained 
in Byte 5. This command is used to indicate a de­
fective sector, and the user should be completely 
familiar with the IBM format prior to initiating 
this command. ' 

. CO~~~D 7 through 11 

Commands 7 through 11 are identical with co~~ands 
1 through 5 and are used to read diskettes ;"lhich 
have the logical and physical track address phy­
sically.different. The logical track address to 
be used is ahvays contained in the two bytes di­
rectly following the other command data called for 
in the COMMAND STRING (0-5). For example, if the 
basic command uses just 4 bytes, then the logical 
track number would be in bytes 5 and 6. If the 
basic command used 7 bytes, then the logical track 
address number would be in bytes 8 and 9. 

The command will cause the controller to reference 
the physical track called out in bytes 3 and 4. 
But to compare the track address re.ceived off this 
physical track or to write the track address onto 
this physical track, it will use the logical track 
number contained in the appropriate bytes. 

Note that up to 16 Command String Pointers may co­
exist in IFM memory at anyone time. When a BYTE 
INSTRUCTION 0 is output to the IFM processor, the 
upper 4 bits of the BYTE INSTRUCTION will be the 
BYTE COMMAND NUMBER (in this case 0). The lower 

1 -: 53. 
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4 bits will be the pointer number. The Command 
String to be taken from main memory and executed 
begins at the address contained in the specified 
pointer. 

E. USE·OF THE COMMAND STRING INSTRUCTIONS 

Use of the Command String Instructions is detailed in 
the following discussion. 

1. SET' UP A POINTER TO A COMMAND STRING 

By using Byte Command 1, the processor may set the 
value of a pointer. The processor will output a 
IX to the IFM board where X is a pointer number 
(0-15). Following this will be an output of LL 
and then an HH where LL is the low order 8 bits 
and HH is the high' order 8 bits of the address. 

Once this is accomplished, the Command String be­
ginning at address HHLL may be referred to by the 
pointer number X. 

2. SET UP THE COMMAND STRING WITH ALL REQUIRED INFORMATION 

a) Load the Command Number and Drive Select 
Number in BYTE 1. 

b) Load a zero in the Status Byte (BYTE 2). 
c) Load a zero in BYTE 3. 
d) Load the track number in BYTE 4. 
e) Load BYTES 5-9 as required by the operation 

being performed. 

3. ISSUE A BYTE COMMAND a TO INITIATE THE EXECUTION 
OF A COMMAND STRING 

The processor will output a OX to the IFM board 
where X is a pointer number causing the Command 
String pointed to by Xto be executed. 

4. WAIT FOR THE COMPLETION PO THE OPERATION 

The processor must wait for the Status Word to 
go non-zero before proceeding with another disk 
operation. If an error is indicated, the pro­
cessor may at this time take appropriate actions. 

EXAMPLES ARE GIVEN IN THE SECTION ON SYSTEM 
TESTING 
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F. ERROR SPECIFICATION FOR THE STATUS WORD 

I BIT7 BIT6 BIT 5 BIT4 BIT3 BIT 2 BIT 1 I BIT 0 I 
I 

\ . USED FOR ERROR 
MESSAGE DECODI~!G 

.j 
ERROR INDICATOR 

1- ERROR 
Q-NO ERROR 

t-ERROR IN 
COMMAND 
STRING 

1 - RECOVERABLE 
SySTEM E R RO R 

1- HARDWARE ERROR 

FIGURE 12, Status Word 

If an error is indicated in the status word, BITS 
6, 5, and 4 are used to identify the class of error 
as follows: 
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BIT 6 

Bit 6, if set to a 1, indicates that 
was detected in the Command String. 
individual error is specified by the 
significant hexadecimal digit of the 
response as follows: 

an error 
The 
least 
status 

IF SET TO a 1, it indicates that the Status 
Byte was not 0 upon initiation of the 
operation. 

IF SET TOa 2, it indicates that no drive 
was selected. 

IF SET TO.~ ~it indicates that greater 
than one drive was selected. 

IF SET TO a" 4, it indicates an illegal 
command nuIDber was contained in the string. 

IF SET TO a,~ 5, it indicates that there was 
an illegal track address in the string. 

IF SET TO,a 6, it indicates that there was 
illegal sector address in the string. 

IF SET TO a"7, it indicates that there was 
an illegal ~~"tabuffer loc:~tion in the string. 

IF SET TO ~8, it indicates that there was 
illegal logical track address number in'the 
string. 

BIT 5 

Bit 5, if set, indicates that there was a system 
error which may be recoverable by the operator. 
The low order digit is defined as follows: 

IF SET TO a l,it indicates that the selected 
drive was not ready for operation. 

IF SET TO a 2, it indicates that the selected 
drive is hardware write protected, and an 
attempt to initiate a write operation on this 
drive was performed 

IF SET TO a 3, it indicates that the selected 
drive is software write protected, and an 
attempt was made to initiate a write on this 
drive. • 
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Bit 4, if set, indicates that there was a hard­
ware malfunction which inhibited completion of 
the operation. The indicator digit is as follows: 

IF SET TO a l,it indicates that the selected 
drive is not operable; that is the controller 
was unable to position over track 0, or the 
drive went not ready during an operation. 

IF SET TO .a 2, it indicates that a track address 
error has occurred when attempting to read 
or write data onto the drive. An attempt 
is made 10 times to reposition the head over 
this track prior to indicating the e~ror. 

IF SET TO a 3, it indicates that a data syn­
chronization error occurred i- that is, the 
floppy controller was unable to find the 
selected sector number on the track pres­
cribed within two revolutions. 

IF SET TO a 4,it indicates that a eRC error 
occurred in the ID sector when attempting 
to locate the sector for read or write. 

IF SET TO a 5,it indicates that there was 
a format error in the ID section when an 
attempt was made to locate the proper sec­
tor for a read or write. 

IF SET TO a 6,it indicates that a CRC error 
occurred in the data portion of the sector 
when the data was read. Again this error 
is retried 10 times prior to submitting 
it to the processor as an error. 

IF SET TO a 7, it indicates that a deleted 
data address mark was encountered when at­
tempting to read data from the prescribed 
sector. 

G. GENERAL NOTES ON ACCESSING THE DISK 

Before writing on a new diskette the Format command 
must be used to write an IBM compatible format on 
the tracks to be used. 

1 -57 
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Note that tracks are numbered from 0 to 76 while 
sectors are numbered from 1 to 26. Also, note 
that these are decimal values. 

To prevent possible damage to information stored 
on a diskette, remove the diskette from the drive 
BEFORE powering down the system. 
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FUNCTIONAL DESCRIPTION----------------------------

The IMSAI Interface Master Board (IFM) is 
a complete S080A based single board microcomputer 
configured as an intelligent interface controller. 
It is capable of interfacing, either directly or 
via minimal additional electronics, a wide vari­
ety of sophisticated peripheral equipment to an 
IMSAI 8080 Microcomputer System. The overhead 
normally associated with peripheral processing is 
eliminated from the system microprocessor (SMPU) 
since: 1. the IPM moves data between the SMPU and 
the peripheral via a DMA Channel; and 2. the IFM 
excercisesroutine control over the peripheral. 

IPM I/O The SMPU communicates with the IFM via 
a bi-directional DMA Channel and an isolated out­
put port. The electronics for both are implemented 
in the IFM and require no additional support cir­
cuitry. The DMA Channel normally gives the IFM 
access to the lower 32K bytes of the SMPU's mem­
ory~ The isolated output port is normally used 
for issuing single byte commands to the IPM from 
the SMPU. Its address is jumper selectable and 
can range from 0 to 255 10 , 

DMA PRIORITY When used with other DMA devices, 
e.g. multiple IPM Boards, the DMA priority is 
resolved using a daisy chain scheme. 

IMPLEMENTATION The IFM is implemented using an 
8080A microprocessor, its support chips, 2K bytes 
of EPROM, 512 bytes of RAM, and the additional 
electronics required to interface to the SMPU 
busses. The IFM is powered by the IMSAI 8080 
System and consumes one slot in the IMSAI 8080 
backplane. External interface connections to 
peripherals or other interface boards are made 
via a 50 pin edge connector at the t~p of the 
Board. 
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THEORY OF OPERATION------------------------------

The operation of the IFM Board is easily 
understood if it is broken down into its major 
functional blocks. The IFMconsists of: 

1. CPU Circuits, 
2. On-Board Address Decoding, 
3. Memory Circuits, 
4. I/O Circuits, 
5. DMA Circuits, and 
6. DMA Priority Circuits. 

CPU: The CPU employed by the IFM consists of an 
8080A microprocessor, an 8224 System Clock, and 
an 8228 System Controller. This circuitry is de­
scribed in detail in the Intel 8080 Microcomputer 
System User's Manual. 

IFM ON-BOARD ADDRESS DECODING: IFM Address Lines 
MA10- MA15 are decoded by the 8205, located in 
position AS, to originate signals /EI through IE8. 

The 8205 is enabled when MA15, MA14, and MA13 
are present on the IFM Address Bus in a low state. 
At this point, MAIO - MA12 are decoded to select 
one of the eight outputs /EI - /E8, which are 
active low. Note that IINTA going low will disable 
the 8205. 

The outputs lEI - /E8' are used for gating and 
selecting,on-board functions as listed in Table 1. 
They may also be used for external device and 
peripheral control functions, as /E4 - /E8 are 
available at the connecto~ J2. 

MEMORY: The IFM employs 2K Bytes of Eraseable 
Programmable Read Only Memory (EPROM) and 512 
Bytes of Random Access Read Write Memory (RAM). 
The EPROM consists of two 8708 chips and the RAM 
consists of four 81ll chips. 

On~board RAM is selected when the IE3 output of the 
-- 8205 (AS) goes -low. This will occur when the address 

08XX - 09XX appears· on the. IFM Address Bus. ·2 _°5· 
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The IFM RAM is organized as two blocks of 256x8 
bit words. Each block of 256 is composed of two 
4 bit half blocks since the organization of the 8111 
is 256x4. 

A RAM chip is selected when its inputs /CEI and 
/CE2 are both low. Since the input of /CE2 is /E3 
and the input to /CEI is driven from MA8, an 
address of 08XX will select chips B9 and B12, 
while an address of 09XX will select chips BIO 
and Bll. 

Selection of an 8 bit word within a block of 
256 is achieved through the use of MAO - MA7. 
Output Disable and R/W inputs to the RAM chips are 
driven by /MEMR and /MEMW respectively. 

The IFM PROM consists of two 8708 chips, organized 
as lKx8. PROM 0000, location AIO, is enabled_when 
/El goes active low. --This will occur when an address 
in the range of 0000 - 03FF appears on the IFM 
Address Bus. Similarly, PROM 0400, location All, 
is enabled when /E2 goes-active low. This wi],.).. oc­
cur when an address in the range of 0400 - 07FF 
appears on the IFM Address Bus. Selection of a 
word within each lK block of PROM is achieved 
through t~e use of MAO - MA9. 

All of the IFM's memory (both EPROM and RAM) has less 
than 500 nanosecond access time so no WAIT states are 
used for memory references. 

MAO-MA15 ADDRESS SIGNAL FUNCTION 

0000-03FF /El Enable PROM 0 

0400-07FF /E2 Enable PROM 1 

0800-09FF /E3 Enable RAM 

OCOO-OFFF /E4 not assigned 

1000-13FF /E5 not assigned 

1400 /E6 Command Data Port 

1800 /E7 Command Status Port 

lCOO-lFFF /E8 not assigned 

TABLE 1. ON-BOARD ADDRESS DECODING 
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INPUT/OUTPUT:' All I/O on the IFM Board is imple­
mented using the Memory Mapped I/O technique. The 
I/O facilities consist of a single byte command 
port from the SMPU and any control ports imple­
mented in the peripheral or external interface 
circuitry (e.g. FIB or LIB boards). The DMA 
channel can be viewed as 32K I/O ports but be­
cause of the extensive circuitry involved, it will 
be considered separately. 

As viewed from the SMPU, the single byte command 
port is an isolated output port. When the SMPU 
outputs to this port, the address is decoded by 
the 7485 Comparators (C4 and C5) causing PADR 
to'go high. This is gated with PWR and SOUT by a 
74LSll AND gate (B3), whose output CIN is 'high 
if and'only if the SMPU is outputting to this ' 
port. 'CIN is connected to the STB input of the 
8212 8-bit Latch (C8) and causes the data on the 
SMPU Data Bus to be loaded into the latch. This, 
in turn, sets the 8212 Internal Service Request 
Flip/Flop, causing /IORQ to go low and a Hold 
Request to be initiated. (Hold Request and DMA 
logic is discussed below) • 

As viewed from the IFM CPU, the single byte command 
port consists' of a Memory Mapped Status Input Port 
and a Memory Mapped Data -Input Port. The Status Port 
address is fixed at l800H. When l800H is decoded by 
the 8205 (AS)~ it causes /E7 to go low. This in turn, 
places IORQ on bit 0 of the Data'Bus. ( The remain­
ing 7 bits of the status port are not used and their 
states are undefined.) IORQ being high indicates 
that a byte has been loaded into the 8212 (C8). 

The Memory Mapped Dat~_Input Port address is fixed 
at l400H. When l400H is, decoded by the 82 05 (~5), it 
causes the signal /E6 to go l.ow. This enables the 
Tri-State outputs of the 8212, allowing the CPU to 
read the contents. /EG also resets -the 8212 Ser­
vice Request Flip/Flop, causing /IORQ to g.o high 
and the associated Hold Request is removed. 

Control I/O ports may be implemented in the peri­
pheral equiptrnent or external interface circuitry. 
This is possible since all of the IFM's busses 
are available at the J2 connector. 

2 - 7 
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DIRECT MEMORY ACCESS: As viewed from the IFM 
CPU, the DMA Channel can be considered to be 
32K Memory Mapped I/O Ports. Alternately, it can 
be considered as a virtual extension of the IFM 
memory. A read or write in the upper 32K bytes 
of the IFM address space causes a DMA read or 
write in the lower 32K bytes of the SMPU address 
space. This can be changed to the upper 32K 
bytes of the SMPU address space under IFM pro­
gram control, if the requisite latch. is implement­
ed on an additional board (e.g. LIB or FIB). 

A DMA transaction is initiated when MA15 is high 
and either /MEMR or /MEMW is low. The IFM CPU 
is put into a Wait State, (RDYIN pulled low), and 
a Hold Request is initiated, (A2-11 goes high) . 

If /IORQ and /PRIIN are high, the CLR input to 
the. shift register at A3 goes high. At this point, 
the 74195 shift register, A3, is in the LOAD mode. 
I.f /PHOLD is not currently being pulled low by' 
another DMA device, the output Qa of A3 is latched 
high on the trailing edge of the SMPU ~2 clock, 
(S~2). The output Qa of A3 drives /PHOLD active 
low. 

The SMPU acknowledges its entry into the HOLD 
State by driving PHLDA high. This, in turn, latch­
es the Qb output of A3 high. The SMPU Drivers are 
disabled at this time and the IFM drives the SMPU 
Address, Control, and Status Busses. 
Note: When a byte is output to the single byte 
command port, a sequence of actions occurs similar 
to that which put the SMPU into a Hold. 

Since the Qb output of A3 is high, the signal, 
DMA, (A2-6) goes high, placing the 74195, A3, 
into the SHIFT Mode. The 8216 Bi-Directional Bus 
Drivers, (C6 and C9), are also enabled at this 
time, with the direction of the data transfer de­
termined by /MEMR. 

I 



IPM Revision 6 
Theory of Operation 

On the ne~t trailing edge of S~2, the Qc output 
of A3 goes high, driving PWAIT high. /PWR is also 
driven low at this time if a write operation is 
to be executed .. 

One S~2 period later, the Qd output of A3 goes 
high. At this time PRDY is gated to drive RDYIN. 
Thus the IPM CPU resumes operation when PRDY is 
high. The DMA transaction terminates when both 
/MEMR and /MEMW are high. 

If, at the end of the DMAtransaction, /IORQ is 
.high, the CLR input to A3 goes low and control of 
the Busses is returned to the SMPU. /PHOLD goes 
high. The SMPU ceases Holding and resumes normal 
operation until the next DMA operation. 

If, at the end of a DMA transaction, /IORQ is low, 
a single byte command is pending and the CL~ in­
put to A3 remains high. Since the DMA REQ, A2-11,' 
is now low, DMA, A2-6, goes low and the 74195 
shi'ft register, A3, returns to the LOAD Mode. 
The first two bits of A3 remain high, but the sec­
ond two bits go low. The SMPU continues to Hold. 
The 74195 remains in this state until /IORQ goes 
high or another DMA transaction is initiated. Thus, 
the SMPU is held after outputting a byte to the IPM 
until the IPM CPU reads the byte. The IPM is able 
to continue DMA operation during this time and will 
DMA slightly faster since it no longer is delayed 
by waiting for PHLDA. 

DMA PRIORITY: Conflicts for DMA access by multi-. 
pIe DMA channels is resolved using a daisy chain 
scheme. The /PRIOUT output of a DMA Controller is 
connected to the /PRIIN input of the controller 
with the next lowest priority. The /PRIIN input j 

of the highest priority controller is left open 
and is pulled up by an on-board IK resistor. 

A controller pulls i~s /PRIOUT low if its /PRIIN 
input is low or if that controller is executing a 
DMA transaction. /PRIIN low indicates that a high-:­
er priority controller is executing a D~~ transfer. 
Any pending DMA request must be delayed until 
/PRIIN returns high and /PHOLD is high .. 

2 - 9 
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IFM Revision 6 
Theory of Operation 

If /PRIIN and /PHOLD are high, the IFM may initiate 
a DMA transaction by pulling /PHOLD low synchro­
nized to the trailing edge of the SMPU ~2 Clock. 
Simultaneously, /PRIOUT is pulled low. If /PRIIN 
remains high until the next trailing edge of S~2, 
no higher priority DMA device requires service, 
and the DMA transaction may continue. However, 
if /PRIIN is pulled low, a higher priority channel 
requires service and the transaction must be 
aborted. DMA priority applies only to DMA trans­
actions initiated on the same trailing edge of 
S~2. All other DMA transactions are serviced on 
a first-come first-served basis. Once a DMA trans­
action is in progress, higher priority controllers 
must not initiate a DMA transaction or system 
malfunction will occur. 
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REVISIONS 

LTR DESCRIPTION ·ID~ 
o I ORIGINAL 

NOTES: 

A 1 0 & A 11 with 24 pin sockets. 
A9 with 28 pin socket. 
A7 with 40 pin socket. 
C3 with 16 pin socket. 

11/76 I C 

Capacitors C19 through C24 are 33uF. 
Capacitors C 1 through C 11, C 14 through C 18 & C25 are .1 u F. 
Capacitor C12 is 39 pF. 
Capacitor C13 is 56 of 

I Resistors are Y.. Watt. 

.:J 
TOLERANCES UNLESS 

OTHERWISE SPECIFIED 

FRACTIONS DEC. ANGL~S 

± ± ± 

DATEi 
DRAWN /./ 

If-: I/j! .. , i6 

Resistor R1 is 470. 
Resistors R2 & R4 through R8 are 1 K. 
Resistor R3 is 4.7K. 
Resistors R9 through R 16 are 2.2K . 

Inductor L 1 is 1.0 uH. 
CrystalY1 is: 18MHzforflF, 

16.129 MHz for LlF. 

EPROM for A 1 0 is 0000, 
A 11 is 0400. 

@19761MSAI MFG. CORP. 
SAN LEANDRO, CA. 

~I----------------

ASSEMBLY DIAGRAM 
IFM REV.6 11/76 

I I SCALE SIZE I DRAWING NO. 

B 
~ ., I I DO NOT SCALE DRAWING I SHEET 
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7805 Cl 
C3 ADD. SEL JMPRS. 

C4 J 
C5 
C6 J 
C7 
C8 
C9 ] 
Cl0 
Cll 
C12 

Rl 
R2 
R3 

R4 ] thru 
R16 

R9 ] thru 
R16 

7485 

7416 

8212 

8216 

8T97 
74LS04 

470%W 
lK %W 
4.7K %W 

lK %W 

2.2K %W 

thru .1 uF Cl J 
Cll 
C12 
C13 

39 pF 
56 pF 

thru C14] 
C18 .1 uF 

C25 
C19] thru 33 uF 
C24 

L1 1.0 uH 

Yl XTAL 

IMSAI MFG. CORP. 
SAN LEANDRO. CA. 

SCHEMATIC DIAGRAM 
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BOARD: IFM Rev. 6 

IMSAI 

IFM Rev . 6 
Parts List 

ITEM PART # QUANTITY DES~~TION/IDENTIFYING MARKS 

solder 15-0000001 10' 

Heat Sink 16-0100004 1 

Screw 20-3702001 1 

Screw 20-3302001 2 

Lockwasher 21-3350001 · 3 

Nut 21-31.20001 3 

SOcket 23-0800001 1 

Header 23-0400001 1 

Socket 23-0800002 2 

SOcket 23-0800003 1 

socket 23-0800004 1 

socket Pin 23-0900007 2 

Inductor 29-0400001 1 

Re.sistor 30-3470362 1 

Resistor 30-4100362 6 

Resistor 30-4220362 8 

Resistor 30-4470362 1 

Capacitor 32-0239010 1 

capacitor 32-0256010 1 

capa.citor 32-2010010 17 

Capacitor 32-2233070 6 

BT97 36-0089701 4 

74LSOO 36-0740002 1 

Therma~loy/6D72-B 

6-32~" Pbillips Pan Head Machine 

6-32x5/16" Phillips Pan Head Machine 

. #.6 Internal Star 

6-32 Hex 

16-pin solder Tail 

I6-Pin Ie Header 

24-Pin solder Tail 

28-Pin Solder Tail 

40-Pin Solder Tail 

cambion *450-370401-04 (or -03 or -06) 

luH/WEE 1.0 

470 Ohm, ~ Watt/yellow, violet, brown 

11< Ohm, lz Watt/brown, black t red 

2.2K Ohm, ~ watt/red, red, red 

4.7K Ohm, ~ Watt/yellow, violet, red 

39pF Disk Ceramic 

56pF Disk Ceramic 

.1uF Disk Ceramic 

33uF, 25V Tantalum 

Hex Tri-State Buffer/N8T97B 

Quad 2-Input NAND(Low Power Schottky) 1 
SN74LSOON 

2 - 17 



ITEM 

74LS02 

74LS04 

74LS08 

74LS11 

7416 

74LS32 

7485 

7805 

7812 

7905 

8080A 

8111 

8205 

8212 

8216 

8224 

8228 

74LS195 

Cable 

PC Board 

FIF PROMs 

Crystal 

Cable 

2 - 18 

IMSAI 
PART :if 

36-0740202 

36-0740402 

36-0740802 

36-074110J 

36-0741601 

36-0743202 

36-0748501 

36-0780501 

36-0781201 

36-0790501 

36-0808001 

36-0811101. 

36-0820501 

36-0821201 

36-0821601 

36-0822401 

36-0822801 

36-7419502 

91-0400007 

92-0000021 

88-0000006 

35-5000003 

91-0400003 

IFM Rev. 6 
Parts List 

QUANTITY DESCRIPTION/IDENTIFYING MARKS 

1 

2 

1 

1 

2 

1 

2 

1 

1 

1 

1 

4 

1 

1 

2 

1 

1 

1 

1 

1 

1 

1 

1 

Quad 2-Input AND (LPS}/SN74LS02N 

Hex Inverter (LPS}/SN74LS04N 

Quad 2-Input AND (LPS)/SN74LS08N 

Triple 3 Input AND (LPS}/SN74LS1LN 

Hex Inverter Driver, Open Co11ector/9N16/ 
7416 

Quad 2-Input OR (LPS}/SN74LS32N 

4 Bit Magnitude Comparator/SN7485N 

Regu1ator/7805CU 

Regu1ator/FUA7812UC 

Regu1ator/MC7905CP 

Microprocessor/C8080A 

256x4 static MOS RAM/P8111 (or P2111) 

High Speed Binary Decoder/P8205 

8 Bit Input/Output Port/P8212 

4 Bit Bi-Directiona1 Bus Driver/P8216 

Ciock Generator and Driver/PB8224D 

System Controller and Bus Driver/D8228 

4 Bit Parallel In/OUt Shift Register (LPS)/ 
DM74195N 

Cable F Assembly 

IFM Rev. 6 

Includes: 1 8708 Programmed FIF 0000 Rev. 3 
1 8708 Programmed FIF 0400 Rev. 3 

18.00 MHz Crystal 

Cable A Assembly 



. IFM Rev. 6 
Assembly Instructions 

ASSEMBLY INSTRUCTIONS 

1. Unpack your board and check all parts against the 
parts list enclosed in the package. 

2. If gold contacts on the edge connectors appear to 
be tarnished, use a pencil eraser to remove any 
oxidation. NOTE: Do not useScotchbright or any 
other abrasive material as it may remove the gold 
plating. 

Ie INSTALLATION 

NOTE: All Pin lis point toward the upper left hand edge of 
the board. Pads for Pin lis are square. 

( 3. Insert and solder the one 8224 at location Al as 
shown on the Assembly Diagram. 

) 4. Insert and solder the one 74LS08 at location A2 
as shown on the Assembly Diagram. 

S. Insert and solder the one 7SLS19S at location A3 
as shown on the Assembly Diagram. 

) 6. Insert and solder the one 74LS32 at location A4 
as shown on the Assembly Diagram. 

( 7.;. Insert and solder the one 820S at location AS as 
shown on the Assembly Diagram. 

8. Insert and solder the four 8T97's at locations A6, 
BS, B6 and Cll as shown on the Assembly Diagram. 

9. Insert and solder the one 74LS02 at location Bl 
as shown on the Assembly Diagram. 

10. Insert and solder the one 74LSOO at location B2 
as shown on the Assembly Diagram. 

11. Insert and solder the one 74LSll at location B3 
as shown on the Assembly Diagram. 

( ) 12. Insert and solder the two 74LS04's at locations 
B4 and C12 as shown on the Assembly Diagram. 

( ) 13. Insert and solder the four 81l1's (or 2111's) at 
locations B9 through B12 as shown on the Assembly 
Diagram. 

2 - 19 
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IFM Rev. 6 
Assembly Instructions 

14. Insert and solder the two 7485's at locations 
C4 and C5 as shown on the Assembly Diagram. 

15. Insert and solder the two 74l6's at locations 
C6 and C7 as shown on the Assembly Diagram. 

16. Insert and solder the 8212 at location C8 as 
shown on the Assembly Diagram. 

17. Insert and solder the two 82l6's at locations 
C9 and CIO as shown on the Assembly Diagram. 

18. Insert and solder the one 40 pin socket at loca­
tion A7 as shown on the Assembly Diagram. 

19. Insert and solder the one 28 pin socket at loca­
tion A9 as shown on the Assembly Diagram. 

20. Insert and solder the twO 24 pin sockets at loca- . 
tions AID and All as shown on the Assembly Diagram. 

( ) 21. Insert and solder the one 16 pin socket at loca­
tion C3 as shown on the Assembly Diagram. 

RESISTOR INSTALLATION 

( ) 22. Insert and solder the one 470 Ohm, ~ Watt resistor 
(yellow, violet, brown) at location RI as shown 
on the Assembly Diagram. 

( ) 23. Insert and solder ~he six lK Ohm, ~ Watt resistors 
(brown, black, red) at locations R2 and R4 through 
R8 as shown on the Assembly Diagram. 

( ) 24. Insert and solder the one 4.7K Ohm., ~ Watt resis­
tor (yellow, violet, red) at location R3 as shown 
on the Assembly Diagram. 

( ) 25. Insert and solder the eight 2.2K Ohm, ~ Watt re­
sistors (red, red, red) at locations R9 through 
R16 as shown on the Assembly Diagram. 

DISCRETE COMPONENT INSTALLATION 

( ) 26. Insert and solder the seventeen .1uF disk ceramic 
capacitors at locations Cl through Cll, C14 through 
C18 and C25 as shown on the Assembly Diagram. 

( ) 27. Insert and solder the one 39 pF disk ceramiccapa­
citor at location C12 as shown on the Assembly 
Diagram. 



IFM·Rev. 6 
Assembly Instructions 

( ) 28. Insert and solder the one 56pF disk ceramic capa­
citor at location C13 as shown on the Assembly 
Diagram. 

( ) 29. Insert and solder the six 33uF tantalum capacitors 
at locations C19 through C24 as shown on the 
Assembly Diagram. 
NOTE: Observe polarity (+ to +) as indicated on 
the board. 

30. Insert and solder the one 1.OuH inductor coil at 
location Ll as shown on the Assembly Diagram. 

( ) 31. At this time insert and solder the crystal (Yl). 
Use the two pads next to the legend C12. Make 
sure that the leads are long enough to allow the 
crystal to lay on its side flat against the board. 
Place a piece of electrical tape over the single 
pad which is completely under the crystal, then use 
a cut resistor lead soldered to the two pads at the 
edges of the crystal to hold the crystal down 
against the board. Refer to the photo. 

REGULATOR AND HEAT SINK INSTALLATION 

( ) 32. Bend the leads of the 7805, 7812 and 7905 regula­
tors at 90 degree angles approximately ~" from the 
Qpttom edge of the regulator to facilitate inser­
tion. The bends should be away from the side 
bearing the regulator number. 

( ) 33. Insert the 7812 regulator at the top of the heat 
sink. Attach securely with a 6-32x5/l6" machine 
screw from the component side and a #6 lockwasher 
and nut on the solder side. Ensure that the heat 
sink is positioned with its sides parallel to the 
sides of the board to prevent shorting to adjacent 
traces. Solder the regulator leads. 

( ) 34. Insert the 7805 regulator at the bottom of the 
heat sink. Attach securely with a 6-32x5/l6" 
machine screw from the component side and a #6 
lockwasher and nut on the solder side. Ensure that 
the heat sink is positioned with its sides parallel 
to the sides of the board to prevent shorting to 
adjacent traces. Solder the regulator leads. 

( ) 35. Insert a 6-32x~" screw through the 7905 regulator 
and mount the combination at the indicated loca­
tion with a #6 lockwasher and nut. No heat sink is 
needed for this regulator. Solder the leads. 
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IFM Rev. 6 
Assembly Instructions 

( ) 36. Mount the two .040 pin sockets for PI and PO as 
shown in the photo. Use cut resistor leads formed 
in a "u" and pulled down through the pair of holes· 
to sit snugly on the sockets in order to hold them 
in place for soldering. Take care not to let the 
solder flow into the opening of the pin sockets. 

( ) 37. Insert the 8080A microprocessor into the 40 pin 
socket at location A7. Ensure that Pin 1 is 
oriented properly. 

~ 38. Insert the 8228 IC into the 28 pin socket at loca­
tion A9 as shown on the Assembly Diagram. 

39. Insert the EPROM(s) into the 24 pin socket(s) at 
location(s) AIO (0000) and/or All (0400). 

40. Insert the 16 pin header into the socket at loca­
tion C3. See the User Guide for address selection 
information. 

--~--~~--------.................. "".I 
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USER GUIDE-----------------------------------------

The IMSAI Interface Master Board (IFM) is 
a complete 8080A based microcomputer, configured 
as an intelligent interface controller. It is used 
in a number of IMSAI peripheral products, such as 
the IMSAI Floppy Disk System and the IMSAI Line 
Printer. The design of the IFM makes it adaptable 
to a wide variety of interface applications. 
Depending on the particular interface requirements, 
additional interface electronics may, or may not, 
be required. 

PORT ADDRESSING 

The address of the Command Output Port must 
be selected by jumpers (or a DIP·switch) in posi­
tion C3. Socket pins 1 through 8 correspond to 
Address Bits AO through A7 respectively. Pins 9-
16 provide for ground connections. , 

The address is selected as follows. For each 
Address bit which is to be a "0", the pin 
corresponding to that Address bit must be jump­
ered to ground. If a "1" is desired in any bit 
position, the corresponding jumper position is 
left open. 

For example, to select address FD Hex, pin 2 
is connected to ground pin 15. Pins 1, 3, 4, 5, 6, 
7 and 8 are left open. To select address F6 Hex, 
pins 1 and 4 are connected to ground pins 16 and 
13. Pins 2, 3, 5, 6, 7 and 8 are left open. FD is 
the IMSAI standard port address for floppy disks, 
and F6 is used for the Line Printer. Figure 1 de­
picts these corinections. 

DMA PRIORITY 

When mUltiple DMA channels are used in an 
IMSAI 8080 System, they are usually serviced on 
a first-corne, first-served basis. When coincident 
DMA requests occur, priority is resolved using 
a daisy chain technique. To implement this, the 
Priority Output, (PO), of one IFM Board is con­
nected to the Priority Input, (PI), of the IFM 2 - 23 



Figure 1 

C3 

16 0 

2 

3 

4 

5 

6 

9 7 

JUMPERS SHOWN SET FOR FD 

Q.. 

~ 
...i 
w 
en 
c:i 
< 

(IMSAJ STANDARD ADDRESS FOR FLOPPY DISK) 

C3 

/ u 
- 1 16 I-

- I-

- I-

- I-

- ~ 

- !-

- :--

- 8 9 ~ 

JUMPERS SHO'lm SET FOR F6 

o 

2 

3 

4 

5 

6 

7 

a.: 
~ 
~ 

...i 
w en 
c:i 
< 

(lMSAi STAtJDARD ADDRESS FOR LINE PRINTER) 

@ 1976 
IMSAI MFG. CORP. 

I FM·SMPU ADDRESS JUMPER SOCKET 
SAMPLE CONFIGURATIONS REV. 6 



IFM Revision 6 
User Guide 

Board with the next lower priority. When using 
multiple IFM controllers, care must be taken 
when putting the SMPU into a Hold State for the 
duration of a block transfer of data, as all 
other controllers, regardless of priority, will 
be locked out for the duration of the transfer. 
Figure 2 depicts the DMA Priority connections 
for a Floppy Disk controller and a Line Printer 
controller. 

EXTERNAL INTERFACE CONNECTIONS 

All External Interface Connections are made 
via the 50 pin edge connector, J2, at the top of 
the IFM Board. Refer to Table 2 for a list of 
signals available and the corresponding pin 
assignments. 

J I 
PO PI PO PI 

< 

IFM FOR IFM FOR 
FLOPPY DISK LINE PRINTER 

FIGURE 2. DMA Priority Set For: I.Floppy Disk 
2.Line Printer 

2 - 27 



·IFM REV. 6 
J2 Signal Definitions 

J2 SIGNAL DEFINITIONS 

PIN SIGNAL NAME PIN SIGNAL NAME 

1 RESET 2 /E7 

3 /RESET 4 /E6 

5 T~2 6 /E5 

7 RDYIN 8 /E4 

9 MAIO 10 /E8 

11 MAll 12 MA14 

13 MA13 14 MA12 

15 MA15 16 MA9 

17 MA8 18 INTE 

,19 WAIT 2.0 SYNC 
~ 

121 I MEMRW 22 INT 

1 23 NC 24 HOLD 

.25 -5V 26 /INTA 

27 DMA15 28 /MEMR 

29 NC 30 /MEMRW. 

31 DISBUS 32 PADDR 

33 DBO 34\ MA7 

35 DB~l 36 MA6 

37 PB2 38 MAS 

39 DB3 40 MA4 

41 DB4 42 MA3 

43 DB5 44 MA2 

45 DB6 46 MAl 

47 DB7 48 MAO 

49 +5V 50 +5V 

TABLE 2. J2 SIGNAL DEFINITIONS 
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The Control Program (Firmware) for the IFM 
Processor normally resides in the PROMs or ROMs 
at the Board locations AIO and All. Only the 
programming considerations peculiar to the IFM 
will be covered in this document. Programming 
of 8080 based systems is covered in detail in 
the Intel 8080 Microcomputer Systems User's Manual. 

IFM I/O The IFM communicates with the SMPU 
via a DMA Channel and a Single Byte Command 
Command Port. As viewed from the IFM's CPU, 
all IFM Input/Output is Memory Mapped. (Table 3). 
Input and output instructions DB Hex and 03 Hex 
must not be used in the IFM's Firmware, or 
System malfunction will result. 

COMMAND PORT As viewed from the SMPU, the 
Command Port is an isolated output port whose 
address can be selected on thE;! IFM Board. The 
address may range from 0 to 255 Decimal. When 
the SMPU outputs a byte to the· Command Port, 
the IFM places the SMPU into a Hold State 
until· it ~s ready to accept another command 
byte. This simplifies SMPU software requir.e­
ments, as no additional data transfer synch­
ronization (e.g. status bit) is required. A 
sequence of commands may be programmed as an 
inline string of output instructions. 

As viewed from the IFM CPU, the single 
byte command port consists of a memory mapped 
status input port (address 1800H), and a 
memory mapped data input port (address 1400H). 
When a byte has been output by the SMPU, bit 
o of the status input port goes high and re­
mains high until the command byte is input 
by the IFM. Bits 1 through 7 of the status port 
are not used and their states are indetermin­
ate. 
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DMA CHANNEL The DMA Channel normally 
accesses the lower 32K bytes of the SMPU's 
memory by a virtual extension of the upper 
32K bytes of the IFM's memory. For example, 
an rFM memory write operation to IFM address 
alOOH will result in a DMA write operation 
into the SMPU memory address OlOOH.An IFM 
memory read operation from IFM address 92FFH 
will result in a DMA read operation from the 
SMPU memory address 12FFH. 

The SMPU address is always the same as 
the IFM address, except for address bit 15. 
Bit 15 is normally forced to zero during the 
virtual memory extension as described. How­
ever, a peripheral board (such as the FIB or 
LIB) can force bit 15 to a one for a virtual 
extension of IFM memory space to the upper 
32K bytes of SMPU memory space. 

EXTENDING THE HOLD STATE The DMA Channel 
is normally used for the high speed transfer 
of data between the SMPU and the IFM using 
the cycle stealing technique. The SMPU is 
placed in a Hold State only long enough to 
transfer one byte of data. Between transfers 
the SMPU functions normally and can continue 
executing its own programming. 

A certain amount of overhead time is 
involved in getting the SMPU into and out of 
the HOLD. State. If desired, this overhead 
can be reduced while transferring long 
strings of data by placing the SMPU into a 
Hold State for the duration of the transfer. 
This is implemented by outputting a dummy 
command to the IFM after the DMA evolution has 
has begun. After the evolution, the dummy com­
mand is read by the IFM and the SMPU is releas­
ed from holding. If the next desired command 
is known, it may be used in place of a dummy 
command. Note that once a command is output 
to the IFM command port, the SMPU remains in 
a Hold State until the IFM Processor reads the 
contents of the command port (1400H). 



rFM ADDRESS 

0000-07FF 

0800-09FF 

OAOO-OBFF 

OCOO-OFFF· 

1000-l3FF 

1400 

1401-17FF 

1800 

180l-lBFF 

lCOO-lFFF 

2000-7FFF 

8000-FFFF 
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Since the DMA Channel is a virtual exten­
sion of the IFM's memory, it is possible 
for the IFM to execute program code stored 
in the SMPU's memory. Due to the overhead 
time involved, program execution will be 
slower. This technique can be used for 
firmware development, system troubleshooting, 
and special function routines which are not 
on the IFM PROMS. 

SIGNAL 

EPROM (Firmware) 
. 

RAM 

, 
I Not Available 

·1 i Available /E4 Decode ! 

~ 
Available /ES Decode 

Command Data Port 

I Not Available 

Command Status Port 

Not Available 

Available /E8 Decode 

Available No Decode 

DMA 

TABLE 3. IFM MEMORY MAP 
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FUNCTIONAL DESCRIPTION 

FLOPPY INTERFACE BOARD 
Functional Description 

The Floppy Interface Board (FIB) is used in conjunction 
with an IFM board to form a complete floppy controller. 
The Floppy Interface Board references the Mother Board 
Conn~ctor only to connect-to an interrupt line and derive 
its voltage and ground from the proper pins. 

Every effort has been made to keep the design simple and 
straight forward to maximize the reliability and ease of 
maintenance. MSI and LSI were used where appropriate and 
discrete components are held to a minimum for greater cir-
cuit reliability and ease of assembly. • -

The interface board works on a memory mapped basis and 
an 8205 three to eight line decoder is used to generate 
the proper command signals for the interface logic. All 
connections to the data bus are driven with tri-state 
drivers and all signals to the disk drives are driven 
with open collector drivers capable of sinking 40 milli­
~ps. All lines from the disk drives are terminated with 
a resistor divider which is designed to match the im­
pedance of the cable so there is no ringing effect on 
the signals. Two hex latches (74174'5) are used to con­
trol the status information for the disk drive. These 
latches are, loaded on output commands from the IFM board. 
There are also 2 24-pin, 8 bit shift registers used to 
accumulate the serial clock and data bits from the disk 
drives and to transmit them in a parallel mode to the 
microprocessor; or to receive a parallel load from the 
microprocessor and to transmit them serially to the disk. 
The write clock for the disk is derived by dividing down 
the 2 megahertz, phase 2 signal which comes from the 
MPU-A board using a 74LS193 counting chip. Finally, the 
determination of when a byte has been assembled is done 
by using a 74LSl93 counting chip to count the 8 bits. 

Unregulated plus 8 volts and ground must be supplied to 
the bus. On board regulation is used to arrive at the 
power supply levels needed to run the chips. Integrated 
Circuit power regulators with overload protection are 
used. The board is supplied with ample bypass filtering 
using -both disk ceramic and tantalum capacitors. 
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FLOPPY INTERFACE BOARD 
Functional Description 

The board connector which plugs into the Mother Board 
is a 100 pin edge connector on a .125 inch centers, 50 
pins on each side. There is also a 50 pin edge connec­
tor on the right top of the board which is used to inter­
connect with the IFM board via a cable. This connector 
is on 0.10" centers. There is also a 26 pin edge con­
nector on the same centers which is used to connect the 
Floppy Interface Board with the floppy disk drive in a 
daisy chain manner. The cable used is a terminated rib­
bon cable with a ground on pin 1. Overall board dimen­
sions are 5" x 10" using two sided glass reinforced epoxy 
laminated with plated feed through holes to eliminate the 
need for any circuit jumpers. The contact fingers are 
gold plated over nickle for reliable contact and long 
life. All other circuitry is tin-lead plated for better 
appearance and more reliable solder connections. 

Power On reset is used on this board to clear the disk 
control registers whenever the power comes up to the 
floppy controller. This will inhibit any inadvertent 
damage or writing on diskettes during a power up sequence, 
(i.e., when the floppy controller has not had power to 
it but the disk drives have has power applied to them). 
The power on sequence is performed in the IFM boqrd when­
ever a reset has occurred. 



FIB: THEORY OF OPERATION 

INTERNAL ADDRESS DECODING 

JlNTA 6 
E3 OUT 7 

MAt5 5 .... 
E2 OUT 6 -

MAt4 5~6 4 .... El OUT 5 7- -
C9 

OUT4 

OUT 3 

MAO 1 AO OUT 2 

MAl 2 
A1 OUT 1 

MA2 3 
A2 aUTO 

4 FIGURE 1 

,....7 -
""' 9' .... 
~10 -
"" 11 -
,,",-12 -
..... 13 .... 
..... 14 -
,.... 15 -

LODAT A REG 

LDCNT RL2 

LOCNT RL 1 

RDSTA TUS 

CK RDCLO 

RO DATA 

SYNCH RD C 

REG 

LOCK 

SYNCH RD DATA 

INTERNAL ADDRESS DECODING 

All major functions on the FIB board are controlled from 
the IFM processor via _~ memory-mapped.I/O technique. 
Address decoding is achieved through the use of the 8205 
in position C9.' ' 

The 8205 is enabled.when MAl5 is low and MAl4 is high. 
It may be disabled when. I:NTA goes low. 

Once C9 is enabled, MAO - MA2 are decoded to produce 
a one of eight select function. The function of each 
select line is given below. 

MAO - MAl5 = 4000: SYNCH ON READ DATA 

This command is used to tell the floppy interface 
to go into a synchronization mode. The interface 
will then issue a HOLD command to the microproces­
sor until it has shifted a clock pattern into the 
shift register which has bit 5 missing. Note that 
the input data to the shift register is complemen­
ted, so this actually looks like bit 5 of the 
74198 is a one. 
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FLOPPY DISK SYSTEM 
Controller -- FIB 
Theory of Operation 

When this bit becomes a 1, it says that the clock 
byte is missing a bit in this position. All 
missing clocl<. patterns of significance in the 
3740 have-this bit as the first missing clock bit. 
Once this bit is detected, the microprocessor is 
allowed to read first the data and then the clock 
shift registers. 

The firmware then compares them in order to deter­
mine whether or not this is the proper address and 
address and clock byte. 

The read for this must be done with a 2 byte memory 
reference instruction to ensure the rapid timing 
between reading of the data byte and the clock 
byte (LHLD). This will result in the clock byte 
being read 2.5 microseconds after the data byte. 

Since in a double density disk drive this would 
be longer than the next bit time, the clock re­
gister is inhibited from shiftifig during the time 
that we are waiting to read this clock byte. 
This is accomplished by pulling the mode control 
to 0 on the 74198. . 

MAO - MA15 = 4001: SYNCH READ CLOCK 

This is the Synch Read Clock Command. This command, 
as mentioned: above, should be generated by refer­
encing a Sync Read Data address (4000) with a two­
byte instruction (LHLD). When this command is 
operational, it gates the clock shift register onto 
the data bus through the 8T98 tri-state drivers. 
Note that inverting drivers are used because the 
clock and data registers both shift in the comple­
ment of the data. 

MAO - MA15 = 4002: READ DATA REGISTER 

MAO - MA15 = 4003: READ CLOCK REGISTER 

These two commands operate ~n the same mode as the 
4000 and 4001 commands with the following exception. 
When an input from the data register is to be accom­
plished, then the microprocessor must be held in a 
WAIT state until 8 bits have been assembled so that 
there is a complete byte. 

r 
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FLOPPY DISK SYSTEM 
Controller -- FIB 
Theory ,of Operation 

This differs from the SYNCH READ CLOCK and SYNCH 
READ DATA commands where we are waiting to synch 
on a clock pattern. Once we have received the 8 
bit byte, the data from the shift register is gated 
onto the data bus using the inverting tri-state 
drivers, and the microprocessor is taken out of 
the HOLD state. 

Note that the single reference to the read data 
register will cause the data register to be trans­
mitted. Only the read data operation may be used 
when attempting to read data from a floppy disk 
which has a bit time faster than 2.5 microseconds 
since, otherwise, the clock register will become out 
of synch. 

MAO - MAl5 = 4004: READ STATUS 

This command causes the contents of the disk drive 
status to be gated into the microprocessor. The 
sector input pulse is input to the microprocessor 
even though it is not used elsewhere in the design. 
It could be used at some later time to initiate a 
firmware system which works with a hard sectored 
disk as opposed to the IBM electronically sectored 
disk. 

MAO - MAl5 = 4005: LOAD CONTROL I 

This command causes the content of the data bus to 
be transferred to the lower half of the floppy disk 
control register. The __ gating of these signals can 
then be controlled by the microprocessor to select 
a disk drive, to load the head on that drive, and 
to indicate to that drive when it is above track 43. 

MAO - MAl5 = 4006: LOAD CONTROL 2 

This command causes the contents of the data bus to 
be transferred to the upper half of the control re­
gister. It is used to initiate or generate seeks 
on the disk drive, to put the drive in the WRITE 
ENABLED mode, and to synch the PLO on the drive. 

The command also sets a flip-flop which forces clock 
bits of all ones and data bits of all zeros to be 
written for one byte. This feature is used to ini­
tialize the WRITE logic when the WRITE ENABLE is 
first turned on. After this time, the controlling of 
logic is by the load data register command. The 
command is also used to clear the index pulse holding 
flip-flop whenever it is issued with DB07 a one. 
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~·LU.l:'.I:'Y DISK 

Controller -- fIB 
Theory of Operation 

The top two bits of this register are used to en­
hance the communication between the IFM and MPU 
memory. The firmware gets the value for this bit 
from the memory locations (bit 15) called out by 
the command strings and then forces bit 15 to be 
a one for internal operations so the DMA will func­
tion properly. 

The second bit is used as an interrupt request bit 
and can be jumpered to any of the eight lines used 
as interrupt request inputs for the FIB. This bit 
is set whenever a command string execution has been 
completed (i.e., when the status byte value is modi­
fied from zero). It is cleared whenever a command 
is accepted. from the MPU. Note that any command 
not defined is treated as a NOOP command and may be 
used to clear this bit. 

MAO - MA15 = 4007: LOAD DATA REGISTER 

Load Data Registe~ commands will transfer the con­
tents of the data bus to the pararlel shift regis­
ter. The clock register is also loaded on this 
command with a value of FF, EF, D6 or C7 for memory 
address bits 3 and 4 equal to 00, 01, 10 or 11 
respectively. " 

CONTROL OF IFM READY LINE 

BYTE NE 

/SYNCH RD DATA 

ClK SY~JCH 

FIGURE 2 
CONTROL OF IFM READY LINE 



Controller -- FIB 
Theory of Operation 

If a SYNCH READ DATA COMMAND (4000) is issued to the FIB 
board, the output of the AND gate at B2 - 6 will go high. 
This high level signal is inverted at A4 - 13, lowering 
the IFM READY line. 

The IFM processor remains in a WAIT state until CLK SYNC 
appears high at C2 - 13. CLK SYNC goes high when a missing 
clock pulse is detected in bit position 5 of the clock 
shift register. This causes the output of the AND gate, 
B2 - 6 to fall and the READY line to rise. 

If either a READ DATA REF (4002) or LD DATA REG (4007) 
command is issued to the FIB board, the output of the 
OR gate at A3 - 11 will go high. This gets inverted at 
A4 - 13, and the IFM READY line is lowered. 

The IFM processor will remain in the WAIT state until the 
B~TE DONE signal appears high at C7 - 3. The BYTE DONE 
signal becomes active when an 8 bit byte has been assembled 
in the shift registers (for a read) or 8 bits have output 
(written) to the disk. 

The appearance of an active BYTE DONE signal causes the 
output of the OR gate A3 - 11 to fall. hfter inversion 
at A4 - 13, the READY line is raised, allowing the IFM 
processor to enter the RUN state. 

THE 7419'S 

so 51 FUNCTION 
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0 

FIGURE 3 
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3 - 9 



r 

1 
I 
1 
I 
f 

3 - 10 

FLOPPY DISK SYSTEM 
Controller -- FIB 
Theory of Operation 

The 74198 is a serial/parallel load shift register. 
This chip is used to assemble and t~ansmit both the 
<lata and clock pulses used by the floppy <lisk. The 
functions use<l are shown in figur~ 3. 

CLOCK SHIFT REGISTER 

SHIFT CLOCK , CLKSYNCH 

+v To Write 
11 'Data Logic 

H 
CK 

OH 20 3 DB7 

OG 18- 5 DB6 

/MA4 17 
F OF 16· 7 ; DBS 

/MA3 15 
E B8 oe 14 9 DB4 

9 
0 aD 

10 9 DB3 

7 
C OC' 8 7 DB2 

B. as • 5 081 

A QA 1-4 .... , - ______ ;...; 3 DBO 
SRSr SO SI 

J3 2 1 23 
/ReADCLK 

IRD ClK 4 r----... 
----~~~--------~~----~ /SYNCH 5 ca 
~----~----------~~----~ RDClOCK 

DBO-OB7 

JMEMR 3 

9 
lD ENABLE B4 8 

10'--

FIGURE 4 
CLOCK SHIFT REGISTER 
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Controller -- FIB 
Theory of Operation 

The 74198 in position B8 is used to output and input 
clock signals to or from the floppy disk. 

READING THE CLOCK 

A SYNC RD CLD (4001) command or a RD CLK (4003) 
command will output the 8 parallel bits of the 
74198 at B8 onto the IFM Data BuS by driving the 
output of the AND gate at C8 - 6 low to enable 
the inverting drivers at B7 and B9. 

NOTE: 8T98 inverting drivers are used since clock and 
data is input from the disk in inverted form. 

Use of the SYNC. p~ eLK (4001) and RD CLK (4003) 
command assumes that an 8 bit word has been shifted 
into the clock shift register. These commands 
should only be used following a SYNC RD DATA com­
mand (4000) or RD DATA command (4002). To insure 
the proper timing of the read, only the LHLD in­
struction should be used to access the clo~k 
shift register. 

SERIAL LOADING 

The READ CLOCK line from the disk provides the 
~erial input to the 74198 shift register. Clock 
data is input at the SRSI input to the 74198 and 
is shifted right on the positive edge of the shift 
clock. 

WRITING CLOCKS 

The shift register at B8 is also used in writing 
missing clock patterns to the disk. If a write 
to 4001, 4009, 4011 or 4019 occurs, one of four 
missing clock patterns is parallel loaded into the 
shift register. 

A write to anyone of these four addresses causes the 
SO input of B8 to go high. When LOAD ENABLE goes 
high, the Sl input to B8 also goes high, and the 
shift register is loaded from the parallel inputs. 
MA3 and MA4 are used in writing missing clock pulses 
in positions D3, D4 and D5. 

Once the parallel clock data is loaded, it is written 
to the disk. The serial output appears at the output 
Qh of B8 and shifts right on the rising edge of the 
Shift Clock. 

3 - ii 
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FLOPPY DISK SYSTEM 
Controller -- FIB 
Theory of Operation 

DATA SHIFT'REGISTER 
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FIGURE 5 
DATA SHIFT REGISTER 
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If the WRITE ENABLE is set, the LD ENABLE signal 
will gate parallel d~ta from the IFM Data Bus into 
the data shift register at AS • 



FLOPPY DISK SYSTEM 
Controller -- FIB 
Theory of Operation 

Once the parallel data is loaded, it is written 
to the disk on the rising edge of the Shift Clock. 
Serial data output appear~ at Qh of AS. 

SERIAL LOADING 

When the input Sl equals 0, serial data from the 
floppy disk is input to the shift register in in­
verted form at the SRSI input of AS on the rising 
edge of the Shift Clock. 

READING THE SHIFT REGISTER 

If a SYNC RD DATA or READ DATA REG appears, the 
tri-state drivers at A7 and A9 are enabled. This 
allows the IFM processor to read the parallel out­
puts of the data shift register. 

SYNCHRONIZATION 

BYTE DOWN 

R22 
+V 

/LO DATA REG 12 

fRO DATA REG 13 14 
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FIGURE 6 
SYNCHRONIZATION 
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WRITE SYNCHRONIZATION 

FLOPPY DISK SYSTEM 
Controller -- FIB 
Theory of Operation 

The LDDATA REG signal is used to load the €lata 
shift registers on a WRITE operation. The trailing 
edge of the LD DATA REG signal is used to fire the 
one-shot (B3) to clear the 4 bit counter (C4). 

Count pulses are provided by the shift clock con­
current with clock and data pulses to/from the 
disk. At a count of seven, the LOAD ENABLE signal 
appears at the output of the AND gate C3 - 6. If 
the WRITE ENABLE is set, the Sl Mode Control signal 
goes high to allow parallel loading of the data and 
clock shift registers at B8 and A8 once the BYTE 
DONE signal appears. 

At the count of 8, the Qd output is used to gener­
ate the BYTE DONE signal indicating that an 8 bit 
byte has been output from-the clock and data shift 
registers to the floppy disk. 

READ SYNCHRONIZATION 

I 

When the SYNCH RD DATA line goes low, the counter at 
C4 is held clear. Once the IFM processo~ recognizes .. 
the missing clock pattern, SYNCH RD DATA will go ,. 
high to enable the counter to start the count. Data 
is synchronized at this time. 

The RD DATA REG line goes low, the IFM processor 
waits for the BYTE DONE before reading the 8 bits 
of data from the shift registers. Once RD DATA REG 
goes high, the one-shot at B3 is fired to clear the 
counter C4, and the count repeats itself for the 
next 8 bits read from the disk. 

CLOCK W CLOCK/ DATA W CLOCK GENERATION 

Both Write clocks are generated using the 4 bit counter at 
CS to divide down the ~2 clock. These two clocks are on 
opposite 2 microsecond clock intervals, and both clocks 
have a pulse width equal to the IFM ~2 clock pulse width 
(275ns). 

If the WRITE ENABLE is not set, both clocks are disabled 
since the LD input to the counter goes to zero and all 
outputs Qa - Qd go low. 
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