


















































































































characters for each data field (includes address mark and 128 bytes of datal read, then compares these with the two
CRC characters that were appended to the data field, to verify the validity of the data.

The BUS CONTROL BLOCK provides the interface with the INTELLEC System bus. The bus control block requests
and maintains master control of the system bus, and generates the memory read (MRDC/) and memory write (MWTC/)
commands that allow the diskette controller to access system memory. In addition, the bus control block acknowl­
edges (XACK/) the I/O read (lORC/) or I/O write (lOWC/) command that is issued when the CPU in the INTELLEC
System executes a channel command to the diskette controller.

4.2 THEORY OF OPERATION: INTERFACE BOARD

In this section we will describe the circuitry on the Interface Board. We will divide this theory of operation dis­
cussion into five sub-sections, each dealing with one of the functional blocks defined in Section 4.1.

The Interface Board accepts/transmits signals, data and power through three different PC edge connectors:

• Pl Bus connector (to/from INTELLEC System bus)
• P2 Controller connector (to/from Channel Board)
• Jl Drive connector (to/from diskette driver)

To avoid any ambiguity when referring to connector pins in subsequent paragraphs, we will always list the connector
as well as the pin whenever such references are required; for example, Pl-57 refers to pin 57 on connector Pl. Pin
lists for the three connectors are provided in Section 4.3.

The schematic drawing (6 sheets) for the Interface Board is also provided in Section 4.3.

The circuits which drive signals to the diskette drives and those which receive signals from the drives have been
specified by the drive manufacturer. Refer to Chapter 5 for more information concerning the electrical characteristics
of the interface. Note that all drive output and input signals are driven and received in parallel to/from each of the
attached drive boxes (drives 0, 1 and drives 2, 3). Only one drive is selected at any time however.

4.2.1 Disk Drive Control

The disk drive control block interfaces with all drive input/output signals except read data, write data and write
gate. The main function of this block is to cause the read/write head on the diskette drive to move to the next
track (in either direction). The circuitry in this block is shown on sheet 1 (inop reset, track > 43), sheet 3
(drive selection, drive ready and write protect), and sheet 4 (step, direction, track 0, index and file inop).

The drive READY/ lines (pins Jl - 30, Jl - 24, Jl - 26, and Jl - 22 shown on sheet 3) are driven by each drive
to indicate that a diskette is ready to be accessed in that drive. The disk drive control block receives the READY/
signals (I.C. A30) which are then passed to the Channel Board via the 7400 gates (A45) and the 74367 multiplexing
gates at signal lines DRO/ (pin P2 - 15) and DR1/ (pin P2 - 17). The GATE LOWER signal (A58 - 9, sheet 1) is
controlled by the microprogram (see Table 3-3) to multiplex the ready signals of either drives 0 or 1 or drives 2 and
3 to these pins. The ready lines for each drive are gated by a flip-flop which retains the 'drive not ready' status for
that drive (I.C.s A43 and A44). These flip-flops are cleared by the RDY RS/ pulse (A38 - 11 on sheet 4) which is
generated by the microprogram (see Table 3-3l. In essence these flip-flops are used to insure that the Channel Board
sees a 'drive not ready' status whenever a diskette is changed on a non-selected drive. The DATO/, DAT1/, DAT5/,
and DAT6/ MDS BUS lines are driven at the Pl connector (sheet 4) whenever the READ INT/ signal is activated by
the Channel Board, indicating the drive ready status to the Channel. The non-gated ready status of the selected drive
is multiplexed and passed directly to the Channel Board as the SEL DR NRDY/ signal (pin P2 - 20) by the 74153
multiplexer (A31) under control of the unit select lines from the Channel Board (USA at Pin P2 - 9, USB at pin
P2 - 12).
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The unit select lines, USA and USB, are decoded by the 745139 decoder (A56 on sheet 3) to generate the drive
select signals. The decoder outputs are inverted and driven by 7438 gates (A17) at the DRV SEL lines to the drives
(J1 - 46, J1 - 48, J1 - 50, J1 - 52). The HEAD LOAD/ signal (I.C. A46 - 4 on sheet 4) gates the DRV SEL
signals. The decoder outputs are also used as inputs to the drivers for the drive select LED indicators (LED/ lines
at J1 - 54, 66, 64, 68). These lines are also gated by the HEAD LOAD/ signal.

The HEAD LOAD latch is set by the LDHD/ control pulse (A47 - 3) which is generated by the microprogram being
executed on the Channel Board (see Table 3-3). The LOAD latch is cleared by the UN LHD/ pulse (A47 - 11) which
is also, generated by the microprogram.

After loading the read/write head on the selected drive, the head must be positioned over the proper track. Any of the
seven diskette operations will cause the diskette controller to seek the track specified in the I/O Parameter Block (I0PB),
prior to actually performing the operation (refer to Chapter 2).

The direction of head movement is defined by the level on the 01R/ lines (pins J1 - 6, J1 - 8 on sheet 4). The
01REC control level (I.C. A58 - 11), maintained by the microprogram (see Table 3-3), is applied to the 7438 NAND
gates in the disk drive control block. The outputs from these 7438 gates (A11 - 3, A11 - 6) drive the 01R/ lines.

Each pulse on the STEP/ lines (pins J1 - 2, J1 - 4) will cause the read/write head on the selected unit to move one
track either in or out depending on the level of the 01R/ lines. When 01R/ is high, the head will move one track away
from the center of the diskette. When 01R/ is low, the head will move one track closer to the center.

The STEP/ pulse is defined by the output of a 9602 one-shot (at A61 - 10). This one-shot is triggered by the CSTEP
oontrol pulse, generated by the microprogram (see Table 3-3), unless the read/write head at the selected unit is already
over track 0 (the outermost track) while the 01R/ line indicates outward movement. If the head on the selected unit
is loaded, the output from the one-shot will produce a 10 usec. pulse on the STEP/ line, as shown in Figure 4-2.

After the head has been positioned over the proper track (by pulsing STEP/ the required number of times), the
diskette controller must wait at least 20 msec. before it begins examing the read data in an attempt to detect the 10
address mark which precedes an address field. Reading the address field will verify that the seek operation placed
the head over the proper track. Read initiate timing is illustrated in Figure 4-3.

The disk drive control block also includes a 9602 one-shot (at A61 - 7) which produces a 10 msec. TIMEOUT pulse,
which is made available to the Channel Board (pin P2 - 38) for use by the microprogram. The microprogram triggers
this one-shot by generating the SSCLK control pulse (see Table 3-3). Ten milliseconds after SSCLK triggers the one­
shot, a low-to-high transition from the 5 output of the one-shot will appear on the TIMEOUT line.

The disk drive control block drives the INOP RESET/ lines (pins J1 - 60 and J1 -,62) and the TRACK> 43/ lines
(pins J1 - 56 and J1 - 58) to the diskette drives under control of the microprogram. The TRACK> 43 latch
(I.C. A46 - 7 on sheet 1) is set by the GTR43/ pulse (A59 - 3) which is generated by the microprogram (see Table 3:3).

The latch is reset by the NGTR43/ pulse (A59 - 6). The WFLR5 level (I.C. A58 - 2) is maintained by the micro­
program and drives the 7438 gates which in turn drive in INOP RESET/ lines to the drives. INOP RESET/ resets the
FI LE INOP/ lines driven by the selected drive. TRACK> 43/ forces the selected drive to reduce the write current on
inner tracks of the diskette.

The disk drive control block accepts the TRACKO/, INDEX/, FILE INOP/, and WPROT/ lines from the diskette
drives and passes them to the Channel Board for use by the microprogram. TRACKO/ (pin J1 - 38 or J1 - 44
depending on which drive is selected) is merely inverted twice and output as TRACKOO/ at pin P2 11. INDEX/
(pin J1 42 or J1 40) is inverted and clocks a 7474 latch to the set state. The Q output of this latch drives
the INDEX line (pin P2- 42) to the Channel Board. The microprogram can reset the INDEX latch by generating
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the RNDX! control pulse (see Table 3-3). An INDEX! pulse will be received once every 166.7 msec. and will be

approximately 1.7 msec. wide:

u
.---------166.7 msec. -------..+oiIE--i~- 1.7 msec.

L.....J
I~

INDEX/

FILE INOP/ (pin J1 - 32 or J1 - 34) is inverted twice and passed to the channel board as the WRT ERR/ signal at
pin P2 - 18. WPROT/ lines (pin J1 - 20 or J1 - 18) are multiplexed by the 74153 multiplexer (I.C. A31 on sheet
3) and passed on to the channel board at pin P2 - 14 to indicate the presence of a write protected diskette in the
selected drive.

SS

~
II.-- ~~------

SELnl
(n=l or 0)

DIRI

I I

~2see~

S5

STEPI

10 usee ---.l ~ I .
~ ~8ms min

Figure 4-2 HEAD MOVEMENT CONTROL TIMING
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4.2.2 Write Data Generator

Figure 4-3 READ INITIATE TIMING

The write data generator block develops the pulse stream which is driven to the drives as the WRT OATI lines (J1 - 10

and J1 - 12 on sheet 2 of the schematic). For each negative pulse on the WRT DATI line, the selected drive will

change the direction of write current in the magnetic head, resulting in a flux reversal on the diskette media. The

selected drive supplies write current to the media (that is, 'writes') only if the WRT GTI signal is activated. The micro­

program controls the WRT GT/lines (pins J1 - 14 and J1 - 16 on sheet 2) by the DISK WRITE signal which is

sent to the Interface Board at P2 - 55 (sheet 5).

The write data is double-density encoded using the Modified-Modified Frequency Modulation (M2FM) algorithm ex­

plained in Section 1.2. Figure 4-4 illustrates the double density encoding and provides a comparison with single­

density (FM) encoding to show that the bit cell time can be halved from 4 us to 2 us since the minimum time between

pulses is 2 us. in both cases. Note that clock bits are only written to aid read-back synchronization and data recovery.

Since the bit cell is halved with double-density encoding, data recovery is more susceptible to errors associated with

magnetic bit shift. To minimize the effects of read-back bit shift, the write data block includes precompensation cir­

cuitry. This circuitry anticipates magnetic shifts by writing bits earlier or later than nominal bit times in an opposite

direction to the magnetic shifts that will occur upon readback. For example, the third data bit from the left (M2FM) in

Figure 4-4 will tend to shift upon readback towards the '0' bit cell (to the right). This shift is 'precompensated' by

writing the bit closer to the preceding data bit (more to the left).

The precompensation and encoding circuitry are shown on sheet 2 and 3 of the schematic. The write oscillator,

Y1, outputs an 8 Mhz clock signal which drives a 74164 (A8 - 8) 8-bit shift register which has been connected as

a bit-ring. The outputs of the bit ring are connected to 'AND' gates (7402,7411 and 7408) which generate active

high pulses relating to the specific clock bit times and data bit times which, in turn, are selected as WRT DATI pulses
by the 74150 multiplexer (A34).

Figure 4-5 illustrates the timing of the precompensation circuitry which generates the pulses used by the encoding

circuitry. Note that there are two possible times to write a clock bit: on-time (C), or 125 us. eatly (CE). There

are three possib!e times to vvr i le d udLCI bil : on-time (0), 250 ns. eariy (DE) or 250 ns. iate(DU.
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M2FM ENCODING RULES:

• WRITE CLOCK BITS (PULSES) AT THE BEGINNING OF A BIT CELL
• WRITE DATA BITS AT THE MIDDLE OF A BIT CELL
• WRITE A DATA BIT FOR EACH BIT CELL WITH A BINARY '1' VALUE
• WRITE A CLOCK BIT ONLY IF THERE IS NO DATA BIT IN THE

CURRENT CELL AND THERE WAS NO CLOCK OR DATA BIT IN THE
PRECEDING CELL

Figure 4-4 M2FM DATA ENCODING
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The WR ITE CLOCK signal (A8 - 3) is used to shift the serial data in the precomp selection and encoding shift

register (A48 on sheet 3). In addition, the WRITE CLOCK signal is multiplexed with the read clock by the DISK

WRITE signal to generate the CLOCK SR STB and DATA SR STB signals (P2 - 8 and P2 - 48 shown on sheet

5). These signals are used by the Channel Board to shift the data byte being written or read by the drive.

The encoding and precompensation selection for the write data is performed by the data shift register (A48) and

the 74150 multiplexer (A34). The outputs of the register (SDA, SOB, SOC, SOD) drive the select inputs of the

74150 multiplexer. Depending upon the data pattern presented at the select inputs, the 74150 selects one of the

five timing pulses during each bit cell (i.e., C, CE, 0, DE or DL). For a 'zero-data' bit cell which was preceded by

a bit cell which generated a pulse, no pulse is selected. The pair of flip-flops (A 10 on sheet 3) which are clocked

by WRITE CLOCK generate the CLOCK GATE signal (A10 - 8). This signal gates the C and CE pulses so that

only every other clock bit is written in a string of 'zero' bit cells. Figure 4-6 illustrates the signal timing of the

circuitry which generates WRT OAT/pulses.

The AMWRT/ latch (A58 - 6 on sheet 1) is controlled by the microprogram on the Channel Board and is used to

set the CLOCK GATE active during the writing of an address mark, resulting in a unique clock pattern (three clock

bits in sequential bit cells) which aids in read-back synchronization. In addition, the AMWRT/ level controls the

74157 multiplexer (A7 - 5 on sheet 2) by selecting the appropriate precompensation times during an address mark.

Note that all of the switches shown on sheet 2 and 3 of the schematic are only manufacturing options for an alter­

nate type of data encoding and are not field selectable.

4.2.3 Serial Data/Clock Synchronization

The serial data/clock synchronization block contains circuitry which separates the serial READ DATA pulses from

the drive into data and clock bits for serial transfer to the Channel Board. The circuitry can be subdivided into the
following segments: phase locked oscillator (PLO, shown on sheet 6), PLO start-up logic (sheet 5), and byte-synchroni­

zation counter (A 19 on sheet 4).

The PLO consists of linear circuitry which 'locks' onto the recorded information and generates separate 'windows'

for data bits and clock bits. Staying in synchronization with small, slow variations in disk speed, it averages quick

variations caused by bit shift. Figure 4-7 provides a block diagram of the PLO with startup logic and data separator.

When not reading, the RESET READ/ level (A46 - 9 on sheet 4), maintained by the microprogram on the Channel

Board, is active (low) and the PLO is locked to the write oscillator. The 2F CLOCK signal is multiplexed to fire
the SAMPLE one-shot (A37 - 5 on sheet 5) which provides the input pulse train feeding the PLO. When the micro­

program initiates a read operation by inactivating the RESET READ/ signal, the PLO startup logic is activated. The

startup logic monitors the drives' READ DATA/ signals (pins J1 - 36 and J1 - 28) until the all 1's area in an

address mark preamble is detected. Then the PLO input pulse stream is switched from the write oscillator to read

data. As soon ~s the PLO is locked to the read data, the startup logic starts waiting for the first bit of the address

mark, that is, the first '0' bit cell. When this bit cell is detected, the ENABLE BR signal (A 15 - 5 on sheet' 5)

is activated, enabling the 74195 bit ring to start counting the bits. On every eighth bit cell count, the 'F' signal

(pin P2 - 58) is activated to notify the Channel Board that a valid data byte has been read. When the Channel

Board receives the first 'F' signal, it compares the data and clock bytes with the known address mark patterns. If

there is a match, the Channel Board continues to accept data bytes and the PLO stays locked to the read data. If

there is not a match, the Channel Board resets the read circuitry by activating the RESET READ/ level and later

enabling the read circuitry to continue searching for the desired address mark. Figure 4-8 illustrates the detailed

timing for the serial data/clock synchronization block during the address mark synchronization process.

4.2.4 Cyclic Redundancy Check (CRC)

Two cyclic redundancy check (CRC) characters (16-bits) are generated for each data field (i.e., the address mark and

128 bytes of data) and are then appended to the data field as it is written to diskette. During all read operations,

16 Cfl C bits are generated as data is read; these CRe bits are then compared with the CRC bits that were appended

to the field when it was written. eRC generation and checking are performed by the CRC block which consists of
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a 9401 Universal Polynomial Generator (UPG), a 7451 multiplexer, a control latch, and several inverting circuits, as

shown on sheet 4 of the board schematic (see Section 4.3).

During write operations, data bits from the data shift register (on the Channel Board - see Section 3.2.5) are input

to the 9401 UPG device (pin 11, 0), as well as the 7451 multiplexer via the SR DATA OUT line. The SR OUT
control level (maintained by the microprogram on the Channel Board - see Table 3-3) allows the data bits through

the multiplexer and onto the WRT OATI line. The data bits, which are also being input to the 9401 device, cause
the 9401 to generate the CRC characters (16 bits) for the 128 data bytes by 'dividing' the data by the encoding poly­

nomial (x 16 + x 12 + x5 + 1). When the enti re 129 bytes (1 address mark byte and 128 data bytes) have been

written to disk, the microprogram lowers the SR OUT level, which allows the 16 CRC bits being output by the 9401
device (pin 12, SDO) to pass through the 7451 multiplexer and be written onto the diskette immediately after the

data.

During read operations, each data byte is shifted into the 9401 UPG device as the succeeding data byte is being

shifted into the data shift register (on the Channel Board). The data bits are carried on the SR DATA OUT line,

just as during a write operation. The absence of the SR OUT control level (from the microprogram), however,

prevents the data bits from being gated out onto the WRT OAT I line. The 129 bytes are 'divided' by the encoding

polynomial to generate 16 CRC bits. After all 129 bytes have been read, the 16 CRC bits which were appended to

the data when it was written are also shifted into the 9401 device where they are compared with the CRC bits just

generated. If the two sets of CRC bits match, the all zeroes output (ER, pin 13) goes true (low), and is applied

to the D-input on a 7474 latch at A60 - 12. When the bit counter in address mark detection logic determines that

all data has been shifted out of the data register (i.e.. when the F signal goes true), the low level from the ER out­

put is clocked into the 7474 latch. The high Q output from this latch drives the AZ line (pin P2 - 41) to the

Channel Board.

The microprogram controls the various operating modes of the 9401 UPG by maintaining the appropriate levels on

the CRCMD control line (see Table 3-3). CRCMD, which feeds the shift right (eWE) input to the UPG, is

usually low, causing logical zeroes to be shifted through the UPG. It is only vlJhen CRC characters are being gene­

rated or checked that CRCMD presents a false (high) level to the active-low CWE input. The 9401 device is clocked
by the data shift register strobe signal.

4.2.5 Bus Control

The bus control block maintains the diskette controller interface with the INTELLEC System bus. This block
consists of a 52-104 Bus Control I.C., six flip-flops, a 9602 one-shot multivibrator and assorted gating and inverting

circuits, as shown on sheets 1 and 2 of the board schematic (see Section 4.3).

Before the diskette controller can transfer data to or from system memory, the bus control block must request and
be granted master control of the INTELLEC System bus. When the Diskette Channel requires access to memory,

the microprogram (being executed on the Channel Board - see Chapter 3) will initiate the bus request sequence by

generating the SMREOI control pulse (see Table 3-3). SMREOI will cause the 74LS112 latch at A51 - 4 to be

pre-set unless the inhibit memory write latch (A46 -13) is set.

The inhibit memory write latch will be set during VERIFY CRC diskette operations, in which data is read and verified

but is not transferred to memory. The inhibit memory write latch is set and reset by the SINHI and RINHI control

pulses, respectively (both are generated by the microprogram, see Table 3-3).

The 0 output from the 7474 latch which is pre-set by SMREOI (A51 - 5) is applied to the transfer request inputs

of the 52-104 Bus Control I.C. (A50 - 25, 3, 4). The next bus clock pulse (BCLKI at P1 - 13) will clock this
input into the 52-104. The low 0 output drives the XFER REOI line (pin P2 - 39) which informs the Channel

Board that the memory transfer is not yet complete. The 0 output from the transfer request latch feeds the J-input

of the data overrun (DOR/) latch.
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