HD6843, HD68A43
FDC (Floppy Disk Controller)

The HD6843 Floppy Disk Controller performs the com-
plex MPU/Floppy interface function. The FDC was designed to
optimize the balance between the “Hardware/Software” in
order to achieve integration of all key functions and maintain

flexibility.

The FDC can interface a wide range of drives with a
minimum of external hardware. Multiple drives can be con-
trolled with the addition of external multiplexing rather than

additional FDC’s.

= FEATURES
® Format compatible with IBM3740

® User Programmable read/write format

® Ten powerful macro-commands

® Macro End Interrupt allows parallel processing of MPU

and FDC

HD6843P, HD68BA43P

(DP-40)

e Controls multiple Floppies with external multiplexing

® Direct interface with HMCS6800

® Programmable seek and settling times enable operation

with a wide range of Floppy drives

® Offers both Programmed Controlled /O (PCIO) and

DMA data transfer mode
® Free-Format read or write
® Single 5-volt power supply
® All registers directly accessible

® Compatible with MC6843
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HD6843,HDE68A43

s ABSOLUTE MAXIMUM RATINGS

Item Symbol Value Unit
Supply Voltage Vee* -0.3 ~+7.0 v
Input Voltage Vi * -0.3~+7.0 Y]
Operating Temperature Topr 0 ~+75 °c
Storage Temperature T -56 ~ +150 °c

* With respect to Vgg (SYSTEM GND)

(NOTE} Permanent LS! damage may occur if maximum
ratings are exceeded. Normat operation should
be under recommended operating conditions. If
these conditions are exceeded, it could affect
reliability of LSI.

= RECOMMENDED OPERATING CONDITIONS

Item Symboi min. typ. max. Unit
Supply Voltage Vee* 4.75 5.0 5.25 \
Input “’High" Voltage Vin* 2,0 — Vee v
Input *‘Low’’ Volitage viL* -0.3 - 0.8 \"
Operating Temperature Topr 0 25 75 °C

* With respect to Vgg (SYSTEM GND}

s ELECTRICAL CHARACTERISTICS
e DC CHARACTERISTICS (Vgc=5V+56%, Vgs=0V, Ta=0 ~ +75°C, unless otherwise noted.}

Item Symbol Test Condition min. typ.” max. | Unit
Input ““High’’ Volitage Vin 2.0 - Vee A"
Input “‘Low"’ Voltage Vie -0.3 - 0.8 \
{nput Leakage Current lin Vin=0~5.25V - 1.0 25 MA
e lon=-205uA (De~D
Output “High”’ Voltage Vou Ig: o oﬁA zo:hers;) 2.4 - - v
OQutput ““Low’’ Voltage VoL :gt:?g:;ﬁ z:)Rtge)rs) - - 0.4 v
Three-state {off-state) Leakage Current lrsi Vin=0.4~2.4V - 2.0 10 HA
Output Leakage {off-state) - _
Current (TRQ) lon Von=2.4V 1.0 10 HA
Power Dissipation Po - 600 1000 mwW
Do~D — - 125 F
tnput Capacitance > C; Vin=0V, T,=25°C, 2
Other inputs n f=1 MHz - — 10 pF
Output Capacitance Cout :i‘;‘ =M0l-\|/z’ Ta=25°C, - - 10 pF
* Ve =5V, Ta=25°C
460 @O HITACHI
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HD6843 HD68A43

® AC CHARACTERISTICS (Voc=5V+5%, Vgs=0V, Ta = 0 ~ +75°C, unless otherwise noted.)

. HD6843 HD68A43
Item Symbol Test Condition - - Unit
min. | typ. | max. | min. | typ. | max.

CLK Cycle Time teyec Figure 1 - 1.0 - — 1.0 — us
CLK Pulse Width, ‘"High’’ PWyc Figure 1 0.4 - - 0.4 — - us
CLK Pulse Width, “Low"’ PW ¢ Figure 1 0.35 - - 0.35 — - us
Rise and Fall Time of CLK ters tof Figure 1 - - 25 - - 25 ns
DCK Cycle Time teyeD Figure 2 2.6 4.0 — 2.6 4.0 - us
DCK Puise Width, *'High” PWhp Figure 2 1.3 | 195 | — 1.3 | 1.95 - us
DCK Pulse Width, “Low"’ PW_Lo Figure 2 1.3 1.95 - 1.3 | 1.95 — Hs
Rise and Fall Time of DCK tor. tof Figure 2 - - 25 — — 25 ns
RDT Width, “High”’ tron Figure 2 1.0 | — - 10 | — - us
RDT Width, ““Low” tROL Figure 2 1.0 - - 1.0 - — us
RDT~DCK Delay Time 1 trRDD1 Figure 2 0.15 - 1.70 0.15 — 1.70 us
RDT~DCK Delay Time 2 trRoD2 Figure 2 0.15 - 1.70 0.15 = 1.70 us
IDX Pulse Width, “High”’ PW ox Figure 3 20.0 - - 20.0 - — us
FIR Delay Time teIRD Figure 4 - - 450 - - 450 ns
FIR Puise Width, “’"High” PWgr Figure 4 200 - - 200 - - ns
WDT Pulse Width, ““High’" PWwp Figure 7 = 1.0 - - 1.0 - s
WDT Cycle Time teyew Figure 7 - 2.0 - - 2.0 - s
STP Pulse Width, ‘“High’’ PWsve Figure 5 — 32 - — 32 — us
STP Cycle Time teyes ” Figure 5 1 - 15 1 — 15 ms
HLD Delay Time (HLD~STP) tyioo " | Figure5 1 - 15 1 - 15 ms
HDR Set Up Time tHDRS Figure 5 0 — - 0 - - ns
HDR Hold Time tHORH Figure 5 32 — - 32 - — HS
TxAK Set Up Time tasa Figure 10, 11 140 - - 140 - — ns
TxAK Hold Time taAH3 Figure 10, 11 10 - - 10 - - ns
TxRQ Release Time ttR Figure 10,11 — — 450 - - 240 ns
TRQ Release Time tip Figure 6 - - 1.2 - - 1.2 us

* Cycle Time of STP and HLD Delay Time change according to the program.

e BUS TIMING CHARACTERISTICS (Ve =5V5%, Vgs =0V, Ta= 0 ~ +75°C, unless otherwise noted.)
1 READ OPERATION SEQUENCE

item Symbol Test Condition x HD6843 - HD6BA43 Unit
min. | typ. max. min. | typ. max.
Enable Cycle Time teycE Figure 8, 10 1.0 - - 0.666 | — - s
Enable Pulse Width, “High” PWen Figure 8,10 0.4 - - 0.23 - - Ms
Enable Pulse Width, ““Low"’ PWe Figure 8,10 04 - - 0.23 - — us
g:‘s:b?:fniﬂtl Time of ter, et Figure 8,10 — — 25 — — 25 ns
Address Set Up Time tas Figure 8, 10 140 - - 140 - - ns
Data Delay Time topR Figure 8, 10 - - 225 — - 200 ns
Data Access Time tacc Figure 8, 10 — - 365 — — 340 ns
Data Hold Time ty Figure 8, 10 10 - - 10 - - ns
Address Hold Time taH Figure 8, 10 10 — — 10 — — ns
Bus Direction Delay Time toeD Figure 8, 10 - - 400 - - 400 ns
O HITACHI 461
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HD6843,HD68A43

2 WRITE OPERATION SEQUENCE

. { HD6843 HD68A43 .
Item Symbol Test Condition ' min. T typ, e~ min. | typ. p— Unit

Enabie Cycle Time teyeE Figure 9, 11 1.0 - — 0.666 | — — us
Enable Pulse Width, “’High” PWeg Figure 9, 11 0.4 — - 0.23 — — S
Enable Pulse Width, “‘Low" PWe Figure 9, 11 0.4 — — 0.23 — — us
2;15:;:?“%:: Time of tg,, tes Figure 9, 11 - - 25 — - 25 ns
Address Set Up Time tas Figure 9, 11 140 — - 140 - - ns
Data Set Up Time tosw Figure 9, 11 100 - - 60 - - ns
Data Hold Time th Figure 9, 11 10 - — 10 - - ns
Address Hold Time tan Figure 9, 11 10 - — 10 - - ns
Bus Direction Delay Time toeD Figure 9, 11 — — 400 — - 400 ns

CLK

Figure 1 CLK Waveform
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HD6843,HD68A43
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HD6843,HD68A43
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= GENERAL DESCRIPTION

The HD6843 FDC consists of four primary sections; the
Register, Serializing, Bus Interface, and Control sections. The
following explanation of these sections can be followed in the
block diagram of Figure 13.

® Register Section

The register section consists of twelve user accessible registers
used for controlling a floppy disk drive. All twelve are
connected by the internal data bus to allow the processor access
to them.

Data Output Register (DOR)

The DOR is an 8-bit register which holds the data to be
written onto the disk. The information is stored here by the bus
interface.

Data Input Register {DIR)
The data words read from the disk are stored in the 8-bit
DIR until read by the bus interface.

Current Track Address Register (CTAR)
CTAR is a 8-bit register containing the address of the track
over which the R/W head is currently positioned.

Command Register (CMR)
The macro commands are written to the 8-bit CMR to begin
their execution.

Interrupt Status Register (ISR)

The four bits of the ISR represent the four conditions that
can cause an interrupt to occur.
Set-Up Register (SUR)

Variable Seek and Settling times are programmed by the
SUR; Four bits are used to program the track to track seek time
and four bits are used to program the head settling time for the
floppy disk drive used with the FDC.

Status Register A (STRA)
The eight bits of STRA are used to indicate the state of the
floppy disk interface.

Sector Address Register (SAR)
SAR contains the five bit sector address associated with the
current data transfer.

Status Register B (STRB)

The eight error flags of STRB are used to signify error
conditions detected by the FDC or generated by the floppy disk
drive.

General Count Register (GCR)

The seven bits of GCR contain the destination track address
when a SEK (seek) macro command is being executed. If a
multi-sector Read or Write macro command is being executed,
GCR contains the number of sectors to be read or written.

CRC Control Register (CCR)
The two bits of the CCR are used to enable the CRC and
shift the CRC for the Free Format Commands.

Logical Track Address Register (LTAR)
The seven bit track address used for read and write

HD6843,HD68A43
operations is stored in the LTAR by the bus interface.

e Serializing Section

The serializing section handles the serial-to-parallei and
parallel-to-serial conversions for Read/Write operations as well
as CRC generation/checking and the generation/detection of the
clock pattern. The Data Output Shift Register (DOSR), Data
Input Shift Register (DISR), CRC Generator/Checker, and
Clock Shift Register (CSR) comprise the serializing section of
the FDC.

¢ Bus Interface

The Bus Interface section provides the timing and control
logic that allows the FDC to operate with the 6800 bus, and is
comprised of the Data Buffers. Request Control, and the
Register Select circuitry.

e Control

The internal timing and control signals which sequence the
FDC are derived from the macro instructions by the control
section.

= HD6843 PIN DESCRIPTION

® Power Pins
Vce: +5 volt (25%) power input.
Vss: Power Supply Ground.

® Bus Pins

Reset (RES) Input o

The RES input is used to initialize the FDC. When RES
becomes “Low”, the state of the outputs is defined by the table
below:

Qutput State of Output Qutput State of Output
FIR “Low” HLD “Low”
WGT “Low” TxRQ “Low"
HDR “Low” TRQ ""High"’
sTP “Low” WDT “Low””

Registers which are affected by RES are shown in Table 7.

interrupt Request {IRQ) Output

The IRQ line is an open drain output that becomes a “Low™
level (logic “0”") when the FDC requests an interrupt. Interrupt
requests are controlled by the interrupt enables in CMR
(Command Register) with the function causing the interrupt
shown in ISR (Interrupt Status Register).

Data Bus 0~Data Bus 7 (D, ~D-) Bidirectional

The 8 bidirectional data lines allow the transfer of data
between the FDC and the controlling system. The output
buffers are three-state drivers that are enabled when the FDC is
transferring data to the data bus.

Enable (E) Input
The E input to the FDC causes data transfers to occur
between the FDC and the system controlling the FDC

O HITACHI 467
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HD6843,HD68A43

(HMCS6800 MPU, DMA Controller, etc.) E must be a logic *“1”
(“‘High™ level) for any transfer to be enabled on Do~D;. The E
input is normally connected to system ¢, .

Chip Select (CS) Input

The CS input in conjunction with the E input, is used to
enable data transfers on Do~D,. E must be a “High” level and
CS must be a “Low” level (logic “0") to enable the transfer.
The TxAK input being a “High” level (logic ““1”) performs a
similar function as CS being a “Low"” level.

Read/Write (R/W) Input

The R/W input is issued by the system controlling the FDC
(HMCS6800 MPU, DMA Controller, etc.) to signify if a read or
write operation is to be performed on the FDC. When TxAK is a
“Low"" level, R/W is used in conjunction with ‘CS and RS, ~RS,
to determine which register is accessed by the bus as shown in
Table 1. When TxAK is a “High” level, R/W is used to select
either the DOR or DIR to the data bus (see description of
TxAK input).

Register Select 0~Register Select 2 (RS, ~RS; ) Input

RS,~RS,, in conjunction with the R/W input, are used
to select one of the user accessible registers in the FDC as
shown in Table 1.

Transfer Request {TxRQ) Output

TxRQ is used in the DMA mode to request a data transfer
from the DMAC. TxRQ is a “High” level if the FDC is in the
DMA mode (CMR bit 5 is set) when a data transfer request
occurs (STRA bit O is set). It is reset to a “Low” level (logic
“0”) when TxAK becomes a ‘“‘High” level (logic “1”). Data
transfer errors will occur if TXAK does not reset TxRQ before
the next data transfer is required.

Transfer Acknowledge {TxAK) Input

TxAK is generated by the system controlling the FDC
(HMCS6800 MPU, DMA Controller, etc.) and is a response to a
TxRQ issued by the FDC. A “High” level (logic “1”") on TxAK

causes the FDC to neglect the state of RSq~RS, causing the
FDC to select the DOR (Data Output Register) or DIR (Data
Input Register) to the data bus (Do~D-) as shown in Table 2.
C§=40" and TXAK =“1” cannot be permitted at the same
time.

Table 2 Register Selection for DMA Transfers

TxAK | RSo~RS, | TS R/W 3273223
1 x 1 1 DOR
1 x 1 0 DIR
17 “High’', 0" ..... “Low'’

This mode of operation is normally used for DMA (Direct
Memory Access) transfer with the FDC. _

‘When TxAK is a “Low” level the registers are selected by CS,
R/W and RSy~RS; as shown in Table 1.

® Bus Direction (BD) Output

The BD output is provided to control external bidirectional
buffers on the data bus (Dg~D,) as shown in Figure 14. Its
polarity is shown by Table 3.

Table 3 Bus Direction (BD) States

TxAK cS BD
1 1 R/W
0 1 0
0 0 R/W
17 L. High, 0" L. Low’”

(Operation of BD as defined by this chart allows the FDC to function
with the DMA Controller HD6844.)

Table 1 Address Codes for User Accessible Registers

TxAK TS RS2 RS, RS, R/W Registers
o 0 0 0 0 0 DOR (Data Output Register)
1 DIR {(Data Input Register)
0 o] 0 0 1 1/0 CTAR (Current Track Address Register)
o o o 1 o 0 CMR {Command Register)
1 ISR (Interrupt Status Register)
o 0 0 1 1 0 SUR (Set Up Register)
1 STRA (Status Regiser A)
o 0 1 o o 0 SAR (Sector Address Register)
1 STRB (Status Register B)
0 0 1 0 1 0 GCR (General Count Register)
0 0 1 1 0 0 CCR (CRC Control Register)
0 0 1 1 1 0 LTAR (Logical Track Address Register)
17 L High'!, 0T L. “Low’”
468 G HITACHI
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Figure 14 Bus Buffer Control

® 1/0 and Control Pins

Head Load {(HLD) Output

HLD is used to notify the disk drive that the R/W head
should be loaded (placed in contact with the media). When the
FDC is ready for the head to load, HLD is a “High” level (logic
“17). A “Low” level (logic “‘0”) HLD indicates the head should
be unloaded.

Step {STP) Output

The STP output, in conjunction with HDR, is used to control
head movement. A 32 us wide positive (logic “17") pulse is
generated on STP, to move the R/W head one track in the
direction defined by the HDR output. The period of the STP
signal is programmable by the SUR (Set-Up Register). The
number of pulses generated on STP is the difference between
the contents of the CTAR (Current Track Address Register),
and the GCR (General Count Register) which contains the track
address to which the head is to be moved.

Head Direction (HDR) Output

The HDR signal controls the direction of head movement. A
“High” level (logic ““17) signifies the head should step to the
inside (toward the hub) of the disk. A “Low” level (logic “0”")
indicates the direction of head movement should be to the
outside of the disk.

Low Current Track (LCT) Output

The LCT signal is used to control the level of write current
used by the disk drive. LCT is 2 “Low” level (logic **0”) when
the write head is positioned over tracks 0~43. If it is over tracks
44~76, LCT is a ““High” level (logic ““1”"). LCT is determined
from the contents of the Current Track Address Register
(CTAR).

Write Gate (WGT) Output

When a write operation is being performed, WGT is a logic
1" (“High” level). For a read operation, WGT is a “Low”" level
(logic *0).

File Inoperable Reset (FIR) Output

FIR is an output from the FDC to the floppy disk drive to
reset it from an inoperable status. If the FI input is a “High”
level, a pulse, of which width almost equals to E pulse “Low™
width, is generated on the FIR output whenever Status Register

@ HITACHI

B is read.

File inoperable {F1) Input

FI is an input to the FDC from the drive. A “High” level
indicates the drive is in an inoperable state. Its current state can
be examined by reading bit 5 of Status Register B (STRB).

Track Zero (TRZ) Input

The TRZ input is reflected by bit 3 of STRA (Status Register
A). The TRZ input must be a “High” level (logic **1”) when the
R/W head of the drive is positioned over track zero. A logic 1
on this input inhibits step pulses during a Seek Track Zero
command.

index (IDX) Input

The index input is received from the floppy disk drive and is
used to sense the index hole in the disk media. The IDX signal is
used to initialize the internal FDC timing. The state of the IDX
input is reflected by bit 6 of Status Register A (STRA). A
“High™ level (fogic **1”") is to indicate the index hole is under the
index sensor. The index input is used to count the number of
disk revolutions while searching for the address ID field (see
description of STRB bit 3).

Ready (RDY) Input

The ready input is received from the disk drive and can be
read as bit 2 of STRA (Status Register A). A “High” level (logic
“17) indicates the drive is ready and allows the FDC to operate
the drive.

Write Protect (WPT) Input

WPT is an input indicating when the media is Write
Protected. A “High” level during an FDC write operation results
in a Write Error (STRB bit 6) but the FDC continues to perform
the write function. The state df the WPT input can be read by
examining bit 4 of the Status Register A (STRA).

Clock (CLK) Input

The CLK input is used to generate various timing sequences
internal to the FDC. The head settling, seek time, step pulse
width and write data pulse width, etc., are generated from the
CLK input signal. The CLK is 1 MHz frequency and the duty is
50%.

469
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e Data Pins

Data Clock (DCK) input
DCK is used to clock data from the drive into the FDC. Itis
generated from the read data received from the drive.

Read Data (RDT) Input
RDT is the serial data input from the drive. The data stream
includes both the clock and data bits.

Write Data (WDT) Output

WDT is the double frequency modulated data output from
the FDC. The time between clock bits is 4/f where f is the
frequency of the clock input. The pulse width for both clock
and data is 1/f (see Figure 15). For the normal clock frequency
of 1 MHz the clock period is 4 us, the clock pulse width is 1 us
and the data pulse width is 1 ws. Figure 15 shows the
relationship between the WDT output and the frequency of the
CLK inputs.

Variable Frequency Oscillator Control (VFOC) Output
VFOC is used as a sync signal during system diagnostics.
Waveforms are shown in Figure 16.

SSR, RCR, MSR Command

Clock Data Clock Data

f = Frequency of the CLK Input. To insure I1BM3740
compatibitity the clock frequency must be t MHz.

Figure 15 WDT Output Timing

= FORMAT
The format used by the HD6843, shown in Figure 18, is
compatible with the soft sector format of the IBM3740.

= MACRO COMMAND SET

The macro command set shown in Table 4 is discussed in the
following paragraphs.

10X
v
. ]
Disk Data | G, G, lal 6. | D G, I Data l G, I 1D I G,
;.Highn T ~
WGT
VFOC I_,._j __-I
2 bits —e] }——16-—- 2 bits —=f 12+ 2 bits —= L—16—>’ 2 bits —=| )——12»!
bytes bytes bytes bytes

Disk Data 0 I G, I Data I G, I 0 I G,
|
6 bytes—=| L— ——I t— 1 bytes
WGT
woo L[ L i

2 bits —e=] F16——j o l-*zbits

byte

I
-»14.]

bytes

In FFW Command, VFOC becomes ""High’* when WGT is at “'High"* level.
In FFR Command, VFOC remains ‘'High"".

Figure 16 Variable Frequency Oscillator Control Waveform
{Relation Between WGT and VFOC)
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SSW, SWD and MSW commands (Single Sector Write, Single Sector Write with Delet Data Mark, and Multi-Sector Write}

WGT ——-I

WDT
(1) 1.0 ps (typ) (2) 0 us (min)
0.7 us (min) 0.3 us (max)
1.3 us {max)
Figure 17 Write Data versus Write Gate Timing
Index l I s I I
Gap 1 Gap 2
Preamble  (Post-Index}
Track 46 Bytes 32 Bytes
Format {—H Sector2 Sector 2§
i
Sector 1 Sector3 Sector 24  Sector 26~ ¥
Inde x Gas 5
Address Mark 274 Bytes
Data = FC {Pre-Index Gap)
Clock = D7
1D
Address Gap 3 Gap 4
Da,:ga;kFE (1D Gap) (Data Gap)
s Clock = C7 17 Bytes 33 Bytes
ector r—'\s ,—A—l ———
Format { + + } } } —
I—L_Y___/ e N e e
d D Field Data Data CRC
Ad resévtes 1% nddress Mark 128 Bytes 2 Bytes Next ID
Data=FB or F8 Address Mark
1 — Track Address Clock = C7
2 — 00 Byte
3 — Sector Address
4 — 00 Byte
5 — CRC
6 — CRC
Figure 18 Soft Sector Format
Table 4 Macro Command Set
Macro Command - CMR Bits Hex
Bit3 | Bit2 | Bit1 | Bit0 | Code
1 STZ Seek Track Zero 0 0 1 0 2
2 SEK Seek 0 0 1 1 3
3 SSR Single Sector Read 0 1 0 0 4
4 SSW Single Sector Write 0 1 0 1 5
5 RCR Read CRC 0 1 1 0 6
6 SWD Single Sector Write with Delete Data Mark 4] 1 1 1 7
7 MSW Multi Sector Write 1 1 0 1 D
8 MSR Multi Sector Read 1 1 0 0 C
9 FFW Free Format Write 1 0 1 1 B
10 FFR Free Format Read 1 0 1 0 A
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® Seek Track Zero (STZ)

The STZ command causes the R/W head to be released from
the surface of the disk (HLD is reset) and positioned above
track 00. The FDC issues step pulses on the STP output until
the TRZ input becomes a “High” level or until 82 pulses have
been sent to the drive. When the TRZ input becomes “High”,
the step pulses are inhibited on the STP output but the FDC
remains busy until all 82 have been generated internally.

If the TRZ input remains “Low” (logic “0”) after all 82
pulses have Been generated, the seek error flag (STRB bit 4) is
set.

After all 82 pulses have been generated, the head is loaded
(HLD becomes a “High™). After the settling time specified in
the SUR has expired, the Seek Command End flag is set (ISR
bit 1), Busy STRA7 is reset, CTAR and GCR are cleared. The
head remains in contact with the disk. A command such as
RCR (Read CRC) may be issued following a STZ if the head
must be released.

® Seek (SEK)

The SEK command is used to position the R/W head over the
track on which a Read/Write operation is to be performed. The
contents of the GCR are taken as the destination address and
the content of the CTAR is the source address; therefore, the
number of pulses (N) on the STP output are given by:

N = |(CTAR) - (GCR)|
HDR is a “High” for (GCR) > (CTAR) otherwise it isa “Low”.

When a SEK command is issued, Busy is set, the head is
raised from the disk, HDR is set as described above, and N
number of pulses appear on the STP output. After the last step
pulse is used, the head is placed in contact with the disk. Once
the head settling time has expired, the Seek Command End flag
(ISR bit 1) is set, Busy is reset, and the contents of the GCR are
transferred to the CTAR.

= SINGLE SECTOR READ/WRITE COMMANDS

The single sector Read/Write commands (SSR, RCR, SSW,
and SWD) are used to Read/Write data from a single 128 byte
sector on the disk. As shown in Figure 19 these types of
instructions can be divided into two sections. The first section,
which is common to all instructions, is the address search
operation, while the second section is unique to the require-
ments of each instruction.

Command Loaded
into CMR
Address Search
Operation

Command
Complete

Figure 19 Basic Single Sector Command Flow Chart

472

e Address Search Operation
The flow chart of Figure 20 shows the operation of the
address search operation.

Set Busy
(STRA Bit 7)
Address Search

This Operation is Conducted in Parallel
with ail Other Operations.

Enable CRC snd
Input Dats

Reset CRC

Set Track Not Equal
(CMR Bit 5}

Set RWCE (ISR Bit

Store Track Address

inDIR

Start Disk
Revoiution Countsr

Does it = SAR?

Y,
Input One Byte
(No Action Taken)

Has Disk Made
3 Revolution? input 2 Bytes for
CAC & Check Against|
CRC Calcutated by
FOC

Set Sector Address
Error (STRB Bit 3)

Set RWCE (ISR Bit 0)
Set RWCE (1SR Bit O) Set CAC Error

{STRB Bit 1}
Set Sector Addvess
Ermor (STRB Bit 3}

icl.-v Busy {STRA Bit 7)
Start Settling
Time Out

Are they = ?

[(Nc
Set Status Sense
Request (ISR Bit 2)

Germmne Search) Search Complete)

Figure 20 Operational Flow of the Address Search Sequence

® Single Sector Read {SSR)

The single sector read command follows the address search
procedure as defined in the previous flowchart. If the search is
successful, status sense request is set and the operation
continues as described by the flowchart of Figure 21 .

® Read CRC {RCR)
AThe RCR command is used to verify that correct data was
written on a disk. The operation is the same as for the SSR

G HITACHI
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Start Byte Count

Is
Byte Count

Set Data Address
Mark Undetected

(STRB Bit 2)
Greast;r?than Yes Set RWCE
) (1SR Bit 0}

Is

Reset CRC & ita Data
Increment Address Mark
Byte Count ?
I
Set Delete |Itsa
Data Mark Detected
8 Delete Data
(STRB Bit 1) Mark ?

I

Set Data Was
Transfer Last Data
Error Read From

{STRB Bit 0) DIR?

Set Data
Transfer Request
& Transfer Data
From DISR to DIR

Set CRC Error
it=CRC (STRB Bit 1}
Calculated by
Set RWCE
Foc? (ISR Bit 0)

Yes
Set RWCE
(ISR Bit 0)

eset
Bit 7}

Time
Expired
?

Execute Command
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Figure 21 Operational Flow of the SSR Command
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command with the exception that the data transfer request ® Single Sector Write with Delete Data Mark (SWD)
(STRA bit 0) is not set. The Status Sense Request interrupt can The operation flow of SWD is exactly like that of SSW. For
be disabled by using the DMA flag of CMR. SWD, the data pattern of the Data Address Mark becomes F8

instead of FB. The clock pattern remains C7.
e Single Sector Write (SSW)

Single sector write is used to write 128 bytes of data on the ® Muiti-Sector Commands (MSR/MSW)
disk. After the command is issued, the address search is MSR is used for sequential reading of one or more sectors.
performed. The remainder of the instruction’s operation is If S sectors are to be read, S — 1 must be written into the GCR
shown in Figure 22. before the command is issued.
Set Data
Transfer Request
(STRA Bit 0).

Set Simuttaneously]
with Status
Sense Request)

Input 11 Bytes

Set Write
Gate (WGT) &
Write Six Bytes

of Zero Data

Enable CRC
Calculation

Write the
Data
Address Mark
(Clock = C7,
Data = FB}

Write 2 Byte
CRC Calculated
by FOC

Write One
Byte of ‘FF’
atter CRC

Set RWCE
(ISR Bit 0)

Set Transfer
Request Error
(STRB Bit 0}

Transfer Contents
of DOR 1o DOSR
& Set Data
Transfer Request
{STRA Bit 0)

Time Out
Compiete
?

Execute
Command

Figure 22 Operational Flow of the SSW Command
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The basic operation for the MSR and MSW is the same as
that for the SSR and SSW respectively. The basic operation
begins with an address search operation, which is followed by a
single sector read or write operation. This completes the
aperation on the first sector. The SAR is incremented, the GCR
is decremented, and if no overflow is detected from the GCR
(ie., GCR become negative) the sequence is repeated until S
number of sectors are read or written.

The completion of an MSR or MSW is like that of an SSR or
SSW command. First RWCE is set and Busy is reset, after the
settling time has expired, the head is released.

If a delete data mark is detected during an MSR command,
STRA bit 1 (Delete Data Mark Detected) remains set through-
out the commands operation.

When a multi-sector instruction is issued, the sum of the SAR
and GCR must be less than 27. If SAR + GCR > 26, an address
error (STRB bit 3 set) will occur after the contents of SAR
becomes greater than 26.

® Free Format Write (FFW)

The FFW has two modes of operation which are selected by
FWF (Free Format Write Flag) which is data bit 4 of the CMR.

When FWF = “07, the data bits of the DOR are written di-
rectly to the disk without first writing the preamble, address
mark, etc. The contents of the DOR are FM modulated with a
clock pattern of all ones.

If FWF = “1” the odd bits of the DOR are used as clock bits
and even bits are used for data bits. In this mode, the DOSR
clock is twice a normal write operation and one byte of DOR is
one nibble (four bits of data) on the disk.

The two modes of the FFW command allow formatting a
disk with either the IBM3470 format or a user defined format.

After the FFW command is loaded into the CMR, WGT
becomes a “High™ level, the contents of DOR are transferred to
the DOSR, data transfer request (STRA bit 0) is set, and the
serial bit pattern is shifted out on the WDT line. Therefore, DOR
must be loaded before the FFW command is issued. Data from
the DOR is continually transferred to the DOSR and shifted out
on WDT until the CMR has been written with an all zero
pattern. When CMR becomes zero, WGT becomes a “Low™
level, but RWCE is not set and the R/W head is left in contact
with the disk.

® Free Format Read (FFR)

FFR is used to input all data (including Address marks) from
a disk. Once the FFR command is set into the CMR, the head is
loaded and after the settling time has expired the serial data
from the FDC is brought into the DISR. After 8 bits have
accumulated, it is transferred to the DIR and Data Transfer
Request (STRA bit 0) is set.

This operation continues until a zero pattern is stored in the
CMR, terminating the FFR command. As in the case of the
FFW command, RWCE is not set and the head remains in
contact with the disk.

The first data that enters the DISR is not necessarily the first
bit of a data word since the head may be lowered at any place
on the disk. To prevent the FDC from remaining un-
synchronized to the data, the FFR command will synchronize
to an ID address mark (FE) or a Data Address mark (FB or F8)
or an Index Address Mark (FC).

HD6843,HD68A43
= REGISTER DEFINITIONS

® Data Output Register (DOR); Hex address 0, write only
Bit7] Bit6 | Bit5 [Bit4 [ Bit3 [Bit2 [Bit1]Bit0
8 Bits of Data Used for a Disk Write Operation

When one of the four write macro commands (SSW, SWD,
MSW, and FFW) is executed, the information contained in the
DOR is loaded into the DOSR, and is shifted out on the WDT
line using a double frequency (FM) format.

¢ Data Input Register (DIR); Hex address 0, read only
Bit7] Bit6 | Bit5 | Bitd |Bit3 [Bit2 [Bit1] Bit0
8 Bits of Data Used for a Disk Read Operation

One of the three read macro commands (SSR, MSR, FFR)
executed, will cause the information on the RDT input to be
clocked into the DISR. When 8 clock pulses have occurred, the
8 bits of information in the DISR are transfernied to the DIR
where it can be read by the bus interface.

® Current Track Address {CTAR); Hex address 1, read/write
Bit7 | Bit6 | Bit5 | Bit4 | Bit3 |Bit2 [ Bit 1] Bit0

Track Address of Current Head position

The address of the track over which the R/W head is
currently positioned is contained in the CTAR. At the end of a
SEK command, the contents of the GCR are transferred to the
CTAR. CTAR is cleared at the completion of a STZ command.
CTAR is a read/write register so that the head position can be
updated when several drives are connected to one FDC. Bit 7 is
read as a “0”".

® Command Register (CMR); Hex address 2, write only

Bit 7 Bit6 | Bt | Bitd |Bit3* Bit2* Bit1] Bio*
Function ISR3
Interrupt | Interrupt ?:MA FWF Macro Command

Mask Mask lag

*Bit O ~ 3 are cleared by RES.

The commands that control the FDC are loaded into the
lower four bits of the CMR. Information that controls the data
transfer mode and interrupt conditions are loaded into bits four
through seven.

Bit 0~Bit 3: Macro Command

The Macro Command to be executed by the FDC is written
to bits 0~3.

Bit 4: Free Format Write Flag (FWF)

If a Free Format Write command is issued, the state of bit 4
of the CMR determines what clock source will be used. The
FWF is defined in the FFW (Free Format Write) command
explanation.

Bit 5: DMA Flag

If bit 5 is a “1” the FDC is in the DMA mode. Bit 5 being a
“1" inhibits setting of Status Sense Request (ISR bit 2) thereby
preventing its associated interrupt. A logic ‘1" DMA flag aiso
enables the TxRQ output allowing it to request DMA transfers
when the Data Transfer Request flag (STRA bit 0) is set.

A logic “0” DMA flag indicates the program controlled 1/0
(PC 1/0) mode.
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A 4
Command Set

GCR, CTAR; ctear

Command End

[

HLD
=TT Sew
——e ettting
HDR time
T
3245 ]
Seek time e Seek time
™ h N WO |
;4 13 Ly
sye f 2 3 1 Q 2K 82
—=| fe—min. Ons H min. 2us
TRZ
PTa—
RDY

STRA? __f

(Busy)

1SR1
{Seek Command End}

+ STP output is masked when TRZ becomes “High'". But if TRZ falls to *Low’’ again before 82 pulse outputs are al! provided,
STP output become available again from that time point.
«« When RDY is ““Low"” with Command Set, the execution is postponed until RDY becomes “High"".

GCR Set
A A 4

Figure 23 Timing Sequence of STZ Command

Command Set

HLD ----\

CTAR Determined

Seek
S

Settling

A 2
iCommand €nd

tme T

/

\

HOR
i
[Kox 8 T :
—e bea—min. 32 us T
sTP A /) A :
(D itference between l
ar R and CTAR)
RADY GCR a |

STRA7
(Busy} _"/

ISRt

{Seek Com-
mand End)

Time tor calculation
of reiative address
Max 1ms.

* When ROY is “‘Low"” with Command Set, the execution is postponed until RDY becomes ‘“High"’.
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Figure 24 Timing Sequence of SEK Command
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LTARSAR
Set_ Set Start Address Search Next Command Set
YVYY A 4
Command Set A N

Command End
t (Address Error) \\
HLOD \ Unless a new command
_——— Sett is issued during the
:"lms, ;.._;Se"'mg—.‘ settling time after
ime ume

Command End, HLD
becomes “Low" .

1DX I_\_”_/_\ / \
o Uniess the address is detected

before the disk revalves three

/ I\ times after Command Set, it
STRA7 | results in Command End with

{Busy) : Address Error

/ ISRQ =1
ISRC STRB3 =1
{R/W Command End)

ADT Valid 4 \

* |f HLD has already been *“High’’ when the command is set, the FDC starts the address search immediately.

When RDY is “Low” with Command Set, the FDC waits for the execution until RDY becomes "High"".

Figure 25 Timing Sequence of SSR, SSW, RCR, SWD, MSR, MSW Command
{Relation with HLD and IDX)

— D— |

Data from FF 00 00 00 00 00 00 'IDAM Track 0C Sector 00 CRC CRC FF FF
the diskette + : ' 4 4 4 4 + + + }

Check Timing
of Data " + + u
IDAM
®
Compare with
Track Come:
Equal @
Compare with
Sector
Equst Q@
ID CRC
o ®
Track Sector
Not Equal Not Equal
.
Command End
L with CRC Error or with Track Not Equal &}
{R/W Command End) !
ISRO
{Sense Request) 1 152 set by address

sz detection

; in the case of Track Not Equal, @ is not set and if CRC equals to the one calculated by FDC, STRAGB is set.
(@ : In the case of Sector Not Equal @ isnotset and (L & (2 are reset to search the next IDAM.
(© ; In the case of CRC Error, @ is not set and(@),2 & @ are reset. (ISRO: Set, STRB1: Set, STRB3: Set)
When @ , , & @) are all set, ISR2 is Set. These four signals are reset with Command End.
When @ is 1", go to the data transfer routine.

Figure 26 Internal Timing Sequence of Address Search Routine
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JR— Data
DAM
or 15t 2nd 3rd 127th 128th
CRC| FF FF FF 00 DDAM_Data  Data Dsata N Dats  Dets CRC CRC| FF FF
Dats from T +
the diskette Gap ——1 ————GAP—
"\ \_—
IDCRC M e o = | e ——————— ==
o Command End with DAM Undetected Reset with Command End
Read Data
Valid
STRAD (Data Transfer Request) B AL R I L R I
Set Pulse 7
In the case of RCR,
STRAD - no signal related to
STRAQ is generated
Read |
OIR
sTRBg (D@ Transfer Ervor) 1 Transfer Error
T
44— 32bytes !
i
sTRB2 (DAM undetected) i T X7 et with DAM Undetected
U
STRB1 (CRC Error) K ; " 5ot with CRC Error
fmpme—m e e ————————
\sro (R Command End) i~ /
- ¥
{ Command End with DAM Undetected
STRA1 (DDAM detected) | S~ Set if DAM is ‘F8'.
Remains "0" if DAM
is'FB’.
ISR2
{Sense Request) A
ISR Read
Unless DAM(FB) or DDAM(F8) is detected within 32 bytes after 1D fieid has been detected, STRB2 is set to end the command.
Figure 27 Data Transfer Timing of SSR, RCR Command
S - Data
DAM*® -
R E EE or ist ny 127th 128t CRC CRC
patatom , cc F . o0 %0 |50AM Data Data . FERAISW -
the diskette T
11 bytes 6 bytes ! .
1DCRC t
0 ﬁ& Write Data \—__
WGT ——-—I L—.———
STRAO

{Data Transfer Request,

DOR — DOSR

Transfer

Writing
on DOR

STR8O
(Data Transfer Error)

ISR

ISR2

{Sense Request)

0
{R/W Command End}

1

Lo

Transfer Error

d End

—

A
ISR Read

* As Data Address Mark, SSW command writes ‘FB’ and SWD command writes ‘F8'.
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Figure 28 Data Transfer Timing of SSW, SWD Command
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Sector Sector ———— p— Sector ——————wm|
Comroand Set !  Command End
- 10] GAP | Date GaP | ID[ GAP | Data 101 Gap [ Data GAP |
Address
Address
FOC N Ag,dd.':,‘.‘ L Data Transfer Search Data Transter Search Data Transfer
Operation —1 + T
GCR-1 GCR-1 GCR-1
GCR decrement SAR+1 SAR+1 sAR+1 } (GCRI=0
SAR increment
i R e
1SA0
IRW Cod Bl Command End

Command End with Address Error

Address Search and Data Transfer in each sector is the same as those of SSR or SSW command.
When Address Error occurs, it results in Command End. If an error relating to Data Transfer occurs,
Error flag is set. But the command continues to be executed to shift into the-next sector.

Command Set

Figure 29 Timing Sequence of MSR, MSW Command

Set 00" Command into CMR

HLD /

Settling
time

S SO

WGT
st 2nd . - _ _ - - -
_ Data_ Data |
DOSR
b0~ 00sR [ S N |
Transfor
srano /N U T U Iy

(Data Transfer Requsst}

L nrnfn.

Writing on
OOR

20d e N
DOR ‘ 15t Data 4 Data_, N ; '

® The first one-byte data must be set into DOR before Command Set.

@ (f HLD has aiready been “High'’ when the command is set, WG T becomes “High'' immediately.

® When ‘00’ command is set into CMR, an interrupt of Command End is not generated.

Figure 30 Timing Sequence of FFW Command

Command Set Set 00" command into CMR
-

Settling time

RAead Dota ‘

Vahd
15t 2nd
DSR , Dawa  Dats N 4 N N
bis - oiR ﬂl m, ﬂ&;,ﬁ\ ﬁﬁ
Transfer
15t 2nd i i i
IR ( Data, Doata, ; + + — ; " " "

Reading out
of DIR

| | | |

STRAO

{Data Transfer Request)

{f HLD has already been “High” when the command is set, Read operation starts immediatety without waiting for the settiing time.
When *‘00"” command is set into CMR, an interrupt of Command End is not generated.

Figure 31 Timing Sequence of FFR Command
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Bit 6: ISR3 Interrupt Mask

CMR bit 6 (ISR3 Mask) is used to control the operation of
ISR bit 3. A logic “1”” in CMR bit 6 inhibits output of STRB-
OR-Interrupt signal to TRQ. If CMR bit 6 (ISR3 Mask) and
Q_MGR bit 7 are “0” STRB-OR-Interrupt signal will be output to
IRQ.

Bit 7: Function Interrupt Mask
When CMR bit 7 is a logic “1”* all interrupts are inhibited.

Table 5
Command Register Masks
Causes That Affect Interrupts
of CMR?
Interrupt (Function| CMRE CMRS5
fnterrupt | (ISR3 Mask) | (DMA Flag)
Mask)
ISRO
(Read write M X X
Command End)
ISR1
(Seek Command M X X
End)
ISR2
(Status Sense M X M
Request)
ISR3
{STRB-OR- M M X
interrupt)

X = No effect
M = Bits that are used as masks

® interrupt Status Register (ISR); Hex address 2, read only

Bit 7/Bit 6]Bit5/Bit4| Bit3 | Bit2"| Bit1® | Bit0

Status Seek Read Write
Sense |Command| Command
Request End End

Not Used STRB
{Read as “0"') -OR

* Cleared by RES

Bit 0: Read Write Command End (RWCE)

When an SSR, RCR, SSW, SWD, MSR or MSW Macro
Command has completed executioi, bit 0 becomes set (logic
“1™). If the function interrupts are enabled (bit 7 of CMR is a
logic “0”), the conclusion of a Macro Command’s execution will
cause an interrupt.

Bit 1: Seek Command End (SCE}

Seek Command End is set on SEK and STZ commands to
indicate the head has been loaded and the settling time specified
in SUR has expired. Since RWCE is not set for the SEK or STZ
command, SCE can be used as an interrupt to signify the SEK
or STZ command has finished. SCE is not set for any of the
R/W commands.

Bit 2: Status Sense Request

For an SSR, SSW, SWD, MSR, or MSW Command, Status
Sense Request indicates that the specified address ID field has
been detected and verified by a CRC check. This is used as an
early indication that data transfers will occur after 18 more byte

times. For MSR and MSW commands, it is set for each sector.

In the PC I/O mode, an interrupt occurs when Status Sense
Request becomes a logic “1”. In the DMA mode, (DMA flag of
CMR is set) Status Sense Request is unchanged and does not
generate an interrupt when the address ID field has been
verified.

Bit 3: STRB-OR
STRB-OR is an “OR” of all of the bits of Status Register B.
STRB-OR = STRBO + STRB1 + STRB2 + STRB3 +
STRB4 + STRBS + STRB6 + STRB7
STRB-OR-Interrupt = STRBI + STRB2 + STRB3 +
STRB4 + STRBS + STRB6 + STRB7
STRB-OR-Interrupt signal causes IRQ. STRB-OR is read

by Read ISR. STRBO (Data Transfer Error) sets ISR Bit 3 but
does not cause Interrupt.

ISRO, ISR1, and ISR2 are cleared when the Interrupt Status
Register is read, but ISR3 is cleared only after Status Register B
has been read except when FI input is “High”.

® Set-Up Register {SUR); Hex address 3, write only
Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 [Bit1]Bit0
Track to Track Seek Time Head Settling Time

The SUR is not affected by a reset operation; therefore, once
it is initialized, the information remains until power is removed
from the FDC.

Bit 0 ~ Bit 3: Head Settling Time

The head settling time is used to generate a delay after the
head is placed in contact with the disk. This allows the head to
stop bouncing before any operations are performed. The delay
is programmed by bits 0~3 and is specified by the equation:

2006
6 .8

B = Number contained in bits 0~3 of SUR

f = Frequency of CLK input

For IBM3740 compatibility f = 1 MHz and the timing range
is 4.096 ms for a “0001” to 61.44 ms fora “1111”. A *0000”

code prevents Settling Time complete from being set and the
FDC must be Reset.

Delay =

Bit 4 ~ Bit 7: Track to Track Seek Time
The frequency of STP is determined by bit 4~ bit 7 of SUR
as shown below.

( 1024 |
2 ’ |
s | M

A = Number specified in bits 4~7 of SUR.
f = Frequency of CLK input.

For IBM compatible operation, f is | MHz. This results in an
STP pulse width of 32 us and an STP interval of 1.024 ms for a
“0001" to 15.36 ms fora “1111”.
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® Status Register A (STRA); Hex address 3, read only

Bit7"| Bit6 | Bit5°| Bit4 | Bita | Bit2 | Bit1”® Bit0*
. Delete
Track | Write . Data
Busy Index Not Pro- | Track | Drive Data Transfer
Equal tect Zero Ready Mark Request
Detected 9

* Cleared by RES

Bit 0: Data Transfer Request

For a write operation (SSW, SWD, MSW, FFW) the transfer
request bit indicates that the DOR is ready to accept the next
data word to be written on the disk. If data is not written into
the DOR before the last data bit in the DOSR is shifted out to
the WDT line; the data transfer error bit (bit 0 of STRB) will be
set. After a write command has been issued, the first transfer
request occurs simultaneously with the Status Sense Request.
For a write operation, transfer request is reset after the DOR
has been written from the data bus.

During a read operation (SSR, MSR, FFR) the transfer
request bit signifies data from the DISR has been transferred to
the DIR. The DIR must be read before the DISR is full again or
the data transfer error bit (bit 0 of STRB) will be set. For read
operations, transfer request is reset by a read of the DIR.

Bit 1: Delete Data Mark Detected

A Single Sector Read operation that detects a delete data
code (F8) instead of a general data code (FB) as a Data Address
Mark will set the Delete Data Mark Detected bit. For the MSR
command, bit 1 is set the first time an “F8” code is found and
remains set throughout the execution of the command. Bit 1 is
reset whenever an SSR, SSW, SWD, MSR, MSW, or RCR
command is issued.

Bit 2: Drive Ready

The Drive Ready bit indicates the state of the Ready input
from the floppy disk drive. If a command is issued with Ready
at logic 0", its execution will be inhibited until Ready becomes
a logic “17. If ready becomes a “0” during the execution of a
command the Hard Error Flag (STRB bit 7) is set.

Bit 3: Track Zero :

The state of the Track Zero input from the floppy disk drive
is reflected in this bit of STRA. A logic “1” on the Track Zero
input inhibits step pulses during an STZ command.

Bit 4: Write Protect

The Write Protect input from the floppy disk drive is
reflected by bit 4 of STRA. A “‘High”" level (logic ©*17) on the
WPT input during the execution of any write command results
in a write error (bit 6 of STRB set).

Bit 5: Track Not Equal

If the track address read from the address ID field does not
coincide with the address in the LTAR inspite of CRC matching
the one calculated by FDC, the Track Not Equal bit is set.
Track Not Equal applies to all non-free format read/write com-
mands, and is reset after a non-free format read/write com-
mand is issued.
Bit 6: Index

The state of the index input appears in bit 6 of STRA. The
index input is used to count the number of disk revolutions
while the FDC is looking for the address ID field (see operation

HD6843,HD68A43

of STRB bit 3) during the address search phase of a non-free
format read/write command.

Bit 7: Busy

When Busy is a logic “17, the FDC is executing a command
and no new commands can be issued. Busy should be confirmed
to be “0” before reading ISR cr STRB as well as issuing a
command.

® Sector Address Register (SAR); Hex address 4, write only

Bit7] Bit6| Bit5 |Bit4"|Bit3*|Bit2"] Bit1°] Bito*
Not Used 5 Bit Sector Address

* Cleared by RES

Before a data transfer macro command (SSW, SWD, SSR,
RCR, MSW, MSR) is issued, the address of the sector on which
the operation is to be performed must be written into the SAR.
The address in the sector address byte of an Address ID field of
the disk is compared with the contents of the SAR. During an
MSW or MSR command, the SAR is incremented after each
sector is read or written. When execution is complete, the SAR
contains the address of the last sector on which an operation
was performed plus one.

® Status Register B(STRB); Hex address 4, read only

Bit7*| Bit6"| Bit5 | Bit4*| Bit3* Bit2*| Bit1* Bit0"
) File Sector | Data Dava
Hard | Write noper-| Seek | Address| Mark | CRC Trans-
Error Error bl Error | Unde- | Unde- | Error fer
€ tected |tected Error

* Cleared by RES

The bits of the STRB represent possible error conditions that
may occur during execution of macro commands. Whenever
STRB is reset, ISR bit 3 is also reset.

Bit 0: Data Transfer Error

Data Transfer Error indicates an underflow or overflow of
data. If a Write operation is being performed, it signifies that
data was not presented to the DOR before the DOSR became
empty. In this case, the current contents of the DOR are trans-
ferred to the DOSR and the write operation continues, The
data transfer error temains set until STRB is read, and the data
transfer request remains set until data is written into the DOR.
The operation of the CRC is unchanged.

For read commands, a data transfer error indicates that data
in the DIR was not read before the next data word from the
disk was transferred to the DIR. The read operation continues
until sufficient data has been read from the disk to satisfy the
requirements of the command (128 bytes for SSR). The error
indication remains set until STRB is read, and the transfer
request remains set until data is read from the DIR.

Bit 1: CRC Error

A CRC error occurs when the CRC read from the disk does
not match that calculated by the FDC on the data it reads from
the disk. A CRC error can occur in two different situations;
checking the address ID field, checking the data field.

If the CRC error occurs during the check of an address ID
field, Sector Address Undetected (STRB bit 3) will also be
indicated (see Table 6). A CRC error of a data field is indicated
by a CRC Error and no Sector Address Undetected.
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Bit 2: Data Mark Undetected
If a valid data mark is not detected in the data block of a
sector, it is indicated by a Data Mark Undetected error.

Bit3: S Address Und d

The Sector Address Undetected bit can be set on two condi-
tions; not finding the sector address and a CRC error on an
address 1D field.

If the disk makes three revolutions during an address search
operation and the sector address specified in the sector address
register is not found in any of the address ID fields, a Sector
Address Undetected condition is indicated.

A CRC error that occurs on an address ID field will set bit 3
also. Table 6 shows how bits 1 and 3 are related.

Table 6 Relationship of CRC Error and
Sector Address Undetected

Sector
((:STFREB"{ ;Jr Uﬁgile::ed Condition
(STRB3)
0 I 0 ‘ No Error _
0 I 1 { Sector Address not Detected
1 | o [ CRC Error on a Data Field
1 [ 1 l CRC Error on Address |D Field

Bit 4: Seek Error

An STZ (Seek Track Zero) command that never receives a
track zero indication on the track zero input will result in a
Seek Error (see description of STZ command).

Bit 5: File inoperable

The state of the File Inoperable input appears in bit 5. If the
File Inoperable input is a “High” level, a pulse of width equais
to Enable pulse width PWgy is issued on the FIR output when
STRB is read. FI is not latched but the input is gated to the bus
when STRB is read.

Bit 6: Write Error
If the WPT input becomes a “‘High” level (logic “1°") during
the execution of a write command the Write Error bit is set.

Bit 7: Hard Error

If the Ready input becomes a “Low” level during the opera-
tion of a command (Busy is set), a Hard Error indication will
result.

e General Count Register (GCR); Hex address 5, write only
Bit7 |Bit6| Bits| Bit4] Bit3|Bit2 ] Bit1]Bit0

Not |7 Bit Count for Track Number on SEK Command
Used and Sector Count for MSR or MSW Command

The GCR contains the destination track address for the R/W
head on an SEK Macro Command. The contents of the GCR are
transferred to the CTAR at the end of the SEK Command. For
multi-sector read or write operations (MSR, MSW), the GCR
contains the number of sectors to be read minus one. During the
MSR or MSW execution the GCR is decremented after each
sector is read or written.

® CRC Control Register (CCR) ; Hex address 6, write only
Bit7] Bit6] Bit5] Bit4]Bit3[Bit2 [Bit1)Bit0

Shift | CRC
CRC |Enable

Not Used

The CCR information is used only in the free format
commands; for all other commands this register is masked and
has no function.

Bit 0: CRC Enable

During an FFW command, CRC Enable is set by software
and CRC generation takes effect on the next transfer of data
from DOR to DOSR (see figure 32). The CRC generation
continues until Shift CRC (CCR bit 1) is set.

For an FFR command, CRC Enable is set by software and
CRC generation takes effect on the next data read from DIR.
The calculation continues for all data bytes read from DIR until
CRC Enable is reset. The bytes read previous to resetting CRC
Enable are considered the CRC information bytes and the CRC
check is made against them.

Bit 1: Shift CRC

Bit 1 is valid only for the FFW command. After setting, it
takes effect on the next transfer of data from DOR to DOSR
(see Figure 33). Setting Shift CRC terminates the CRC
calculation and causes the CRC calculated on all the data
written into DOR up to the setting of bit 1, to be shifted out
the WDT output. The CRC calculation will not include any data
written to DOR after Shift CRC is set.

® LTAR (Logical Track Address); Hex address 7, write only
Bit7 |Bit6 | Bit5 | Bitd | Bit3] Bit2] Bit1|Bit0

Not
Used

When a read or write macro command (SSW, SWD, SSR,
RCR, MSW, MSRY) is issued, the address of the track on which
the operation is to be performed must be written into the
LTAR. The address in the track address byte of an Address ID
field of the disk is compared with the contents of the LTAR.
The contents of LTAR are not affected by the execution of any
of the commands.

7 Bit Logical Track Address
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CRC
CRC Enable
Enable Reset
Set (CCRO=0)
(cCRo=1) [eadData Read Data Read Data Read Data Read Data
Read Data Byte 1 from Byte 2 from Byte n-1 from Byte n from Byte n+1
Byte O from DIR DIR DIR DIR from DIR
IR (Data 1} (Data 2) {Data n-1) {Data n) (Data n+1)
—% ) / : v - * ; +
DCK (Data
Clock Input) nuUUyvUvUuvuvrvuInUUI UL
Load Signal
from DISR 1N Il n. [ 1N
to DIR \ )] A\
DTR | / 1 | \L Iy 1 J \
CRC Enable 1 }
(CCRO)
CRC Calculation N
" Calcutation
valid Starts '/ / Stops
DIsR T/ Datal \ | Data 2 1/ Data3 |Datan-if/  Datan |/ Datan+l |/ Datan+2
DIR P Data O K3 Data 1 + Data 2 IDatan-Zy Datanl _F Data n 4 Data n+1
I
CRC Calculation includes Data Byte 1 through Data Byte n.
Figure 32 CCR Control Register Timing for an FFR Command (READ)
CCR Enable Se s
nable Set CCR Set i
(CCRO =1) (CCRO =1) site Byt
) {CCR1=0) Write Write write {CCR1=1) {Data n+2)
Write Byte 2 Byte 3 Byte n Write Byte CCR Set
Byte: 10 DOR to DOR to DOR n+1 to DOR (CCRO=0)
to DOR {Data 2) {Data 3) {Data n) {Data n+1) =
{CCR1=0)
; ¥ ) ' + ; * , v
Shift
Clock
Load signal
from DOR JL rh L L
to DOSR F i : : / l/ / Th/
STRAO S | J
(DTR) A\ /
CCRO Y \ {
| \ T 1 T
CCR1
(Shift CRC) Y T 1
CRC valid . \“ Shift CRC i
Calculation Starts Calculation Stops
DOR _Data0 ¢/ Data 1 ¢ Data2 ¥ Datan-1 Data n k4 Data n+1 ¢ Data n+2
DOSR _] Data 0 T Data 1 [__Dawa 2 |[Datan-2] Data n-1 I Data n Data nt1__|Data n+2
'gl?;u . Daw 0 T Data 1 [ ez IData n2] Data 1 I CRCI [ CRCZ __JData n+2
The CRC Calculation includes Data Byte 1 through Data Byte n-1.
Figure 33 CCR Control Register Timing for an FFW Command (WR{TE)
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Tabie 7 Programming Reference Data

Table 7 is a summary of the information in the data sheet and can be used as a reference when programming the HD6843.

Hex R/W _
Registers Address Mode Data Bits
Bit7 | Bit6 | Bit5 g4 | Bit3 | Bit2 | Bit1 | B0
DOR 0 wo 8 Bits of Data Used for a Disk Write Operation
g7 | Bre | Bis | B4 | B3 | B2 | sitl [ sito
DiR 0 RO 8 Bits of Data Used for a Disk Read Operation
Bit7 | Bit6 | Bib | Bit4 | Bit3 | Bit2 [ sit1 | Bito
CTAR 1 R/W Track Address of Current Head Position
Bit 7 Bit 6 Bit5 | Bit4 Bit3a*| Bit2 | Bit1' | Bit0*
Function ISR3 DMA 1
CMR 2 wo Interrupt | Interrupt Fla | FWF Macro Command
Mask Mask 9
Bit7 | Bit6 | Bits | Bitd Bit 3 Bit2" | Bit1" | Bit0"
Status Seek Read Write
ISR 2 RO Not Used STRB Sense  |Command | Command
-OR Request End End
Bit7 | Bit6 | sits | Bita Bit 3 Bit2 | Bitl | sito
SUR 3 WO Track to Track Seek Time Head Settling Time
Bit7 " | Bit6 Bit5" Bit 4 Bit 3 Bit 2 Bit1" Bit 0"
Track : . Delete Data
Busy Index Not P:’g):et:t T?:r‘; F[{);:: Data Mark | Transfer
STRA 3 RO Equal Y | Detected | Request
Bit 7 Bit6 | Bit5 Bita®| Bt3" | Bit2° | Bit1* | Bit0"
SAR 4 WO Not Used 5 Bit Sector Address
Bit7 " | Bit6 " | Bit5 Bit4 " Bit3*| Bit2*| Bit1*| Bit0"
Hard | Write File Seek | Sector A Data
Error Error Inoperable Error Address Mark Error Transfer
STRB 4 RO Undetected Undetected Error
Bit7 Bit 6 l Bit5 I Bit4 l Bit 3 l Bit 2 l Bit 1 l Bit 0
GCR 5 wo Not Used 7 Bit Count for Track Number on SEK or Sector Count for MSR or MSW.
Bit7 Bite | Bi5 | B4 | B3 | Bit2 | Bitl git0 |
CCR 6 WO Not Used Ishift CRC [CRC Enablq
Bit 7 a6 | Bins | Bra | ew3 | w2z | Bt | BitO
LTAR 7 WO Not Used 7 Bit Logical Track Address
RO — Read Only * Cleared by RES
WO — Write Only
R/W — Read/Write
484 G HITACHI
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MACRO COMMANDS

Hex Code Instruction Hex Code Instruction
2 STZ A FFR
3 SEK B FFW
4 SSR Cc MSR
5 SSw D MSwW
6 RCR
7 SWD

Table 8 Error Condition, Command Execution, Interrupt, and Head Controi

Error Flag Set Condition Reset Condition 1 Command Command Execution Interrupt| Head Control
Track information of ID field tssuing of SSH,RCH.{ The execution of a command
‘Er'“k‘ Not STRAS5 | is not equal to the content of MSR, SSW, SWD or gza :&g hl\/gal is interrupted and R/W Request Unchanged**®
qua LTAR. IMSW Command ’ . Command End (ISRO) is set. | {!SRO
Data . SSR, MSR, SSW
Overrun or underflow during . N " 4 Read/Write command con- No
1 FFR
Z:::: er STRBO | i1 data transfer Reading ot STR8 |S=Y=v\[l\)l Msw, tinues to be executed. interrupt | Unchanged®*
. SSR, RCR, MSR, | The execution of a command | Request
gsg{ STRB1 2:2 Error on ID field or Date | oo o0 of STRB | SSW, SWD, MSW | is interrupted and R/W (ISRO, |Unchanged**
{FFR) Command End {1SRO) is set. | ISR3)
Data Mark DAM or DDAM is undetected The execution of a command | Request
U : " a'ed STRB2 | within 32 bytes after D field Reading of STRB |SSR, RCR, MSR is interrupted and R/W (ISRO, |Unchanged**
ndetec has been detected. Command End {ISRO) is set. | ISR3)
Unchanged
Sector o ?:;qr ):dtd;es:a?’téothe Reading of STRB |cco poo msg | The execution of a command | Request | (Head remains
Address STRB3 c‘onte‘rs\t :f S?\R after Busy (STRA7) SSW’ SWD’ MSW is interrupted and R/W (ISRO, [loaded after
Undetected (2) CRC Error on “') field is reset. ‘ ' Command End (ISRO) is set. | ISR3) settling time
has expired.)
;‘RZ :‘igr?a:‘ster:amsSTLpow | tevel The execution of a command R
Seek Error | STRB4 ough eighty-two STP puise Reading of STRB [STZ is interrupted and Seek equest
outputs are provided in STZ Command End (ISR1) is set {1SR1, |Unchanged
command. s 58t | 1SR3)
Fi signal of the
File A "“High" leve! input of Fi fgvl:hl’s' r::fs'ev;z‘i? ?;':fe’:ﬁ;::; ;fif ::soammand :esv;u:st L::;gas“?‘;“e“
b i or o e
tnoperable STRBS terminal is reflected. put is provided by All commands Bead/Wr-tg command, ISRO R1 {HLD="Low"}
reading of STRB is set. If it is a seek command, 1SR3} Set WGT to
at Fl=""1"". ISR1 is set. “Low’’
N Write operation (WGT="High"’) The execution of a command |Request |Unload the
W
\g"r‘:: is performed when the input of | Reading of STR8 ?S;w SWD, MSwW is interrupted and R/W (ISRO, head imediately
STRB6 | WPT terminal is ‘‘High’’ level. Command End {ISRQ) is set. |ISR3) (HLD="Low"
Set WGT to
“Low"
The execution of a command R Unload the
RDY input signal becomes is interrupted. If itisa Read/ equest |y oad imediately
Hard Error | STRB7 | '‘Low” level during the execu- Reading of STRB |All commands Write command, ISRO is set. l“SsRRIO OF [{HLD="1Low"}
tion of a command {Busy="1".) tf it is a seek command, ISR1 ISR33 Set WGT to
is set. “Low”
Not Ready N Unload the
during the | STRA2 - - - - o head imediately
idling INterrupt | (4L D="Low")
* These errors except STRBS and STRA2 are reset by RES inputs.
** Head is unloaded it the new command is not issued during the settling time after Read/Write command ends.
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