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DESCRIPTION

The WD1100 Chip series provides a low cost alternative for
developing a Winchester Controller. These devices have
been designed to read and convert an MFM data stream
into 8bit parallel bytes. During a write operation, paraliel
data is converted back into MFM to be written on the disk.
Address Marks are generated and detected while CRC
bytes can be appended and checked on the data stream.
The WD1100 is fabricated in N-channel silicon gate technol-
ogy and is available in a 20-pin Dual-In-Line package.
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FEATURES

¢ SA1000/ST506 COMPATIBLE

SINGLE 5V SUPPLY
TRI-STATE DATA LINES

APPLICATIONS
Winchester Controllers For:

SHUGART ASSOCIATES
SEAGATE TECHNOLOGY
QUANTUM CORP.
TANDON MAGNETICS
MINISCRIBE

RMS
CMI ...

AND OTHERS
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See page 481 for ordering information.

Information furnished by Western Digital Corporation is believed to be accurate and reliable. However, no responsibility is assumed by Western Digital
Corporation for its use; nor for any infringements of patents or other rights of third parties which may result from its use. No license is granted by
implication or otherwise under any patent or patent rights of Western Digital Corporation. Western Digital Corporation reserves the right to change
specifications at anytime without notice.
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Westemn Digital
WD1100-01 Serial/Parallel Converter

DESCRIPTION

The WD1100-01 Serial/Parallel Converter allows the user to The WD1100-01 is implemented in NMOS silicon gate
convert NRZ (non-return to zero) data from a Winchester technology and is available in a 20 pin plastic or ceramic
disk drive into 8 bit parallel form. Additional inputs are pro- dual-in-line package.

vided to signal the start of the parallel process, as well as
Byte Strobes to signify the end of the conversion. The FEATURES

device contains two sets of 8-bit registers; one register may e SINGLE +5V SUPPLY
be read (in parallel), while data is being shifted into the

. , ! * DOUBLE BUFFERING
other register. This double-buffering allows the Host to read « BYTE STROBE OUTPUTS
data from the disk drive at one-eighth the actual data rate. o SMBITS/SEC SHIFT RATE
¢ SERIAL IN/SERIAL-PARALLEL OUT
¢ 20PIN DIP PACKAGE
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PIN
NUMBER SYMBOL NAME FUNCTION
1 CLK CLOCK NRZ data is entered into the 8-bit shift register on the low-
to-high transition of clock.
NC NO CONNECTION No connection. This pin is to be left open by the user.
3 BCLR BYTE CLEAR When this line is at alogic 0, the BDONE (Pin 15) line is heid
reset.
4 TEST TEST INPUT This pin must be left open by the user.
59, DO00-DO7 DATAO-DATA7 8 bit parallel data outputs.
1113

10 Vss GROUND Ground.

14 SHFCLK SHIFT CLOCK Inverted copy of CLOCK (pin 1) which is active when EN
(pin 19)is at alogic 1.

15 BDONE BYTE DONE This signal is forced to a logic 1 signifying 8 bits of data
have been assembled. BDONE remains in a logic 1 state
until reset by a logic 0 on the BCLR (pin 3) line.

16 DOUT DATA OUT Serial Data Output from the 8th stage of the internal shift
register. DOUT is in a high impedance state whenever EN
(pin 19) is at alogic 0.

17 ST START This line enables the byte counter and is used for syn-
chronization. It must be held to a logic 1 prior to first data
bit on the NRZ (Pin 18) line.

18 NRzZ NRZ DATA NRZ serial data is entered on this pin and clocked by the
low to high transition of CLK (pin 1).

19 EN ENABLE When this signal is at a logic 0, DOUT, SHFCLK, and
BDONE outputs are in a high impedance state.

20 vee Vce +5V = 10% power supply input.

DEVICE DESCRIPTION

Prior to shifting data through the device, the WD1100-01
must be synchronized to the data stream. The ST line (Pin
17 high) is used to hold the internal bit counter in a cleared
state until valid data (NRZ) and clocks (CLK) are entered.
The ST line is a synchronous input and therefore requires
one full cycle of the CLK line (Pin 1) to occur in order to ac-
cept a ST condition. After this happens, the device is ready
to perform serial to parallel conversions.

Data is entered on the NRZ line and clocked into the &bit
shift register on the low-to-high transition of CLK. The ST
line must be set low during the low time of CLK. Data is ac-
cepted on low-to-high transition of the clock while the high-
to-low transition of CLK increments the bit counter. After 8
data bits have been entered the final high-io-low transition
of CLK sets an internal latch tied to the BDONE line (Pin
15). At the same time, the contents of the shift register are
parallel loaded into an 8 bit register making the parallel data
available on the D00-DO7 outputs. BDONE will remain in a
latched state until the BCLR is set to a logic 0, clearing off
the BDONE signal. BCLR is a level triggered input and
must be set back to a logic 1 before the next 8 bits are
shifted through the register. BCLR has no effect on the
serial shifting process. When the next 8 bits are received,
BDONE will again be set and the operation continues.

When interfacing to a microprocessor, BDONE is used to
indicate a parallel byte is ready to be read. As the processor
reads the data out of the D00-DO7 lines, the BCLR line
should be strobed to clear off BDONE in anticipation of the
next assembled byte. An address decode signal generated
at the host may be used for this purpose. During a power-
up condition, the state of BDONE is indeterminant. It is
recommended that BCLR be strobed low after power-up to
insure that BDONE is cleared.

The serial output line from the last stage of the shift
register is available on the DOUT pin. An inverted copy of
CLK is available on the SHFCLK pin. Both DOUT (Pin 16)
and SHFCLK (Pin 14) can be used to drive another shift
register external to the device.

The three signals BDONE, DOUT, and SHFCLK can be
placed in a high impedance state by setting EN (Pin
19) to a logic 0. Likewise, EN must be at a logic 1 in
order for these signals to be active.

The TEST pin is intemally OR’ed with the ST line to inhibit
the bit counter. It is recommended that TEST be left open
by the user. An internal pull-up resistor is tied to this pin to
satisfy the appropriate logic level required internally for
proper device operation.
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SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS

Ambient Temperature under8ias . .......... 0°Cto50°C
Voltage on any pin

withrespecttoVgg ......... ... ... -02Vto +7.0V
PowerDissipation. . ........... ..o il 1 Watt
STORAGE TEMPERATURE

PLASTIC. ... -55°Cto +125°C
CERAMIC. .. ... ...t —55°Cto +150°C

NOTE: Maximum ratings indicate operation where perma-

nent device damage may occur. Continuous opera-
tions at these limits is not intended and should be
limited to those conditions specified in the DC
electrical characteristics.

DC Electrical Characteristics TA = 0°C1050°C; VgC = +5V %= 10%,Vss = 0V

SYMBOL PARAMETER MIN TYP! MAX UNIT CONDITION

ViL Input Low Voltage -0.2 0.8 \

VIH Input High Voliage 20 \

Vo Output Low Voltage 0.4 \ oL = 32mA

VOH Output High Voltage 24 Vv IOH = —200uA

vVee Supply Voltage 45 5.0 55 \

Icc Supply Current 100 mA All Outputs Open
AC Electrical Characteristics Tp = 0°t050°C, Vg = 5V£10%, Vss = OV

SYMBOL PARAMETER MIN TYP! MAX UNITS CONDITION

foL CLK FREQUENCY 0 525 MHZ

tLs {CLK 1o ST 0 nsec ST = 1(min 200nsec)

tHs 1CLK 1o ST 0 nsec ST = 1 (min 200nsec)

tDs Data set-up to t CLK 15 nsec

tve BDONE valid from t CLK 65 110 nsec EN =1

tRs BDONE reset from BCLR 110 nsec EN = 1

tew BCLR Pulse Width 50 nsec EN =1

tsc 1 CLK to } SHFCLK 90 nsec EN =1

cs 4 CLK to* SHFCLK 100 nsec EN =1

tsp Data delay from t SHFCLK 55 nsec EN =1

tFO Enable to DOUT ACTIVE 90 nsec

tDH Data Hold w.rt.t CLK 25 nsec

NOTES: 1. Typical Values are forTp = 25°Cand Voo = +5.0V
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See page 481 for ordering information.

Information furnished by Western Digital Corporation is believed to be accurate and reliable. However, no responsibility is assumed by Western Digital
Corporation for its use; nor for any infringements of patents or other rights of third parties which may result from its use. No license is granted by
implication or otherwise under any patent or patent rights of Western Digital Corporation. Western Digital Corporation reserves the right to change
specifications at anytime without notice.
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Western Digital
WD1100-02 MFM Generator

DESCRIPTION .

The WD1100-02 MFM Generator converts NRZ data into an
MFM (Modified Frequency Modulated) data stream. The
derived MFM signal containing both clocks and data can
then be used to record information on a Winchester Disk
Drive utilizing this recording technique. In addition to an
MFM output, the device generates first level Write
Precompensation signals for use with inner track densities.
A unique feature of the WD1100-02 is the ability to delete a
clock pulse in the outgoing MFM stream in order to record
Address Marks.

The WD1100-02 is fabricated in NMOS silicon gate
technology and is availabie in a 20 pin plastic or ceramic
dual-in-line package.

FEATURES

* SINGLE + 5V SUPPLY

* 5MBIT/SEC DATA RATE

* WRITE PRECOMPENSATION

¢ ADDRESS MARK GENERATION
¢ 20 PIN DIP PACKAGE
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Figure 1. Pin Connections
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Figure 3. Block Diagram Interrupt Control Logic
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PIN
NUMBER SYMBOL NAME FUNCTION
1 NRZ NON-RETURN-TO NRZ data input that is strobed into the MFM generator by
ZERO WCLK (¥).
2 SKPEN SKIP ENABLE This input arms the SKIP logic for recording Address Marks
when set to a logic 1.
3 WCLK WRITE CLOCK Complimentary clock inputs. NRZ data is clocked into the
MFM Generator on the high-tolow transition of
WCLK WRITE CLOCK WCLK (pin 3).
RWC REDUCED WRITE This signal when high, enables EARLY, LATE and NOM
CURRENT outputs.
9 NC No Connection No Connection.

10 Vss Vss Ground.

11 NOM NOMINAL Output signal from the Write Precompensation Logic used
to signify that data is to be written nominal.

12 LATE LATE Output signal from the Write Precompensation Logic used
to signify that data is to be shifted LATE before writing.

13 EARLY EARLY Output signal from the Write Precompensation Logic used
to signify that data is to be shifted EARLY before writing.
.16 . . MEM.. MEM.DATA --This_output.contains the. MEM encoded-data derived.from...
the NRZ (pin 1) line.
cs CHIP SELECT Low input signal used to enable the Address decode logic.
INTCLK INTERRUPT A high-tolow transition on this line will latch the
REQUEST CLOCK INTRQ (pin 15) at alogic 0.
7 DRQCLK DATA REQUEST A high-to-low transition on this line will latch the DRQ (pin
CLOCK 14) at a logic 0.
15 INTRQ INTERRUPT - This output is latched at a logic 0 when INTCLK (pin 8)
REQUEST makes a high-to-low transition while the decode logic is
disabled.

14 DRQ DATA REQUEST This output is latched at a logic 0 when DRQCLK (pin 7)
makes a high-to-low transition while the decode logic is
disabled.

17 MR MASTER RESET A low level on this line causes DRQ and INTRQ to set at a
logic 1.

18,19 Ap,A1 ADDRESS 1,0 When CS is low and the address lines are high, INTRQ is
cleared; if the address lines are low then DRQ gets cleared.
(i.e. set at alogic 1).
20 Vee vee +5V +10% power supply input.
DEVICE DESCRIPTION

The WD1100-02 is divided into two sections: MFM
Generator and Interrupt Logic. The MFM Generator con-
verts NRZ data into MFM data and provides Write
Precompensation signals. The Interrupt Logic is used
specifically on the WD1000 Winchester Controller Board
and may be used in similar designs to generate Interrupt
signals. The two sections of the device are isolated and
have no common innut or output signals,

Prior to entering data, the SKPEN line must be set to a logic
0 to enable only clocks in the data stream. Data is entered
on the NRZ fine and strobed on the high-to-low transition of
WCLK. The encoded NRZ data appears on the MFM (pin 16)

output lagging by one clock cycle.
Write Precompensation signals EARLY, LATE, and NOM are
generated as each data or clock pulse becomes available at

the input when RWC is iogic 1. The aigorithm used is on
Page 8.



TO BE SENT

LAST DATA SENT SENDING NEXT EARLY LATE NOM

X 1 1 0 H L L

X 0 1 1 L H L

0 0 0 1 H L L

1 0 0 0 L H L

ANY OTHER PATTERN L L H

DEVICE DESCRIPTION (CONTINUED) — — — [ —=
The SKPEN signal is used to record a unique data/clock MR A Ao cs DRQ | INTRQ
pattern as an Address Mark, using Al data with OAsg 0 X X X H H
clock. This pattern is used for synchronization prior to data
or ID fields that are read from the disk. 1 X X 1 Qy Qy
When the SKPEN signal is set to a logic 1, the internal skip 1 0 0 0 H Q
logic is enabled. As long as zeroes are being shifted into : N
the NRZ line, the device generates normal MFM data. On 1 1 1 0 Q, H
receipt of the first non-zero bit (typically the MSB of the
Af4g the skip logic begins to count WCLK cycles. When the 1 1 0 0 Qy Qy
MFM generator tries to produce a clock between data bits 2 1 0 1 0 Q a
and 3, the skip logic disables the MFM generator during N N

that time. The result for A14g data is a clock pattern of 0A¢5
instead of OE,g. Although other data patterns may be used,
the MSB of the pattern must be a 1 (804 or higher) in order
to enable the skip logic at the proper time. After the skip
logic has performed, it then disables itself and MFM data
is recorded normally starting with the succeeding byte.
To re-enable the skip logic again, the SKPEN line must be
strobed.

The Interrupt Logic is used to clear Data Requests (DRQ)
and Interrupt Requests (INTRQ) by selecting CS (pin 6) in
combination with Ag and A;. The MR (Master Reset) signal
is used to clear both DRQ and INRQ simultaneously.

173

X = Don’tcare

Q,, = remains at previous state

N
DRQ and INTRQ can be set to a logic 0 only on the high-to-
low transition of DRQCLK and INTCLK respectively. The

signal will remain at a logic 0 until cleared by a MR or pro-
per address selection via CS, A4, and Ag.

¢0-00L1LAM



c0-00L1AM

10—

SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS

Ambient Temperature underBias. ........... 0°cto50°c
Voltage on any pin with respecttoVgg .. —0.2Vto + 7.0V
Power Dissipation. . ......... ... iiiiin 1 Watt
STORAGE TEMPERATURE:

PLASTIC. .. ... iiees —-55°Cto +125°C
CERAMIC............ciiii et ~55°Cto +150°C

NOTE: Maximum ratings indicate operation when perma-

nent device damage may occur. Continuous opera-
tion at these limits is not intended and should be
limited to those conditions specified in the DC Elec-
trical Characteristics.

DC Eiectrical Characteristics TA = 0°C1050°C, Voo = +5V = 10%,Vss = OV

SYMBOL PARAMETER MIN TYP! MAX UNIT CONDITION
ViL Input Low Voltage -02 08 \

ViH Input High Voltage 20 Vv

VoL Output Low Voltage 04 \" loL = 3.2mA
VOH Output High Voltage 24 v IOH = —200uA
Voc Supply Voitage 45 50 5.5 \

Icc Supply Current 100 mA All outputs open

AC Electrical Characteristics Tp = 0°Ct050°C; Vog = +5V + 10%;Vss = 0V

SYMBOL PARAMETER MIN TYP! MAX UNIT CONDITION

fwe WCLK FREQUENCY 5.25 MHZ

tps Data Setup w.r.t. | WCLK 10 nsec

toH Data hold w.r.t. { WCLK 25 nsec

tMF 1 WCLK to t MFM delay 160 nsec Pin 1 LOW

tFM + WCLK to { MFM delay 180 nsec Pin 1 LOW

WN Data delay to NOM from 190 nsec Pin4 = LOW
+WCLK

tWE Data delay to EARLY from 180 nsec Pin4 = LOW
YWCLK

twi Data delay to LATE from 180 nsec Pin4 = LOW
YWCLK

tMR Master reset pulse width 50 nsec

tMD MR to?DRQ 150 nsec
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SYMBOL PARAMETER MIN TYP! MAX UNIT CONDITION
tMI {MRtotINTRQ 150 nsec
tpQ DRQCLK pulse width 50 nsec
tiq INTCLK pulse width 50 nsec
top + DRQCLK to DRQ 120 nsec
il +INTCLK to INTRQ 120 nsec
taD {AXt01DRQ 145 nsec
tal 1 AX totINTRQ 160 nsec
tcD 1CStotDRQ 145 nsec
tcl 1CS10tINTRQ 180 nsec
RN tRWC to {NOM 115 nsec

NOTES: 1. Typical Values are forTp = 25°Cand Vcg = +5.0V.

0 1 2 3 4 5 8 7
WCLK — | i "
NRZ el =l O o |1 o | v | o o 10 o 1
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See page 481 for ordering information.

Information furnished by Western Digital Corporation is believed to be accurate and reliable. However, no responsibility is assumed by Western Digital
Corporation for its use; nor for any infringements of patents or other rights of third parties which may resuit from its use. No license is granted by
implication or otherwise under any patent or patent rights of Western Digital Corporation. Western Digital Corporation reserves the right to change
specifications at anytime without notice.
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Western Digital
WD1100-12 Improved MFM Generator

o
-
DESCRIPTION s
The WD1100-12 improved MFM Generator converts NRZ The WD1100-12 is fabricated in NMOS silicon gate =]
data into an MFM (Modified Frequency Modulated) data technology and is available in a 20 pin plastic or ceramic = b
stream. The derived MFM signal containing both clocks dual-in-line package. N

and data can then be used to record information on a

Winchester Disk Drive utilizing this recording technique. In

addition to an MFM output, the device generates first level FEATURES

Write Precompensation signals for use with inner track ¢ SINGLE +5V SUPPLY

densities. A unique feature of the WD1100-12 is the ability e 5 M BIT/SEC DATA RATE
to delete a clock pulse in the outgoing MFM stream-in ¢ WRITE PRECOMPENSATION
order to record Address Marks. * ADDRESS MARK GENERATION
RWC »— N
2XDR
. EARLY
NRZ »———O E L > nom
4BIT | WRITE A [ LATE
GEN. c
REG. H
"/ WCLK »————————1 MFM GEN MFM
N—RZE 1 20 Voo
SKPEN]_] 2 191 ]A0
woLrk[] 3 18 [JA1 “SKIP"
- £
WCLR[ ] 4 17 IR SKPEN LOGIC
RWCE ° 1o pIuFw Fi 2.Bl k“I:’)P1100-1:AFMG t
— B igure 2. Block Diagram enerator
cs[] s 15 [JiNTRG 9 9
DRQCLK[] 7 1| _DRQ N

___E o DRQCLK »

INTCLK[] & 13[JEARLY = S5
- D
2XDR[] 9 12 [JLATE oo °

v ~Op CP
ss[Jo 11[INOM R
INTCLK » —
D QP+— INTRQ
bCP
R
AQ »—ril
DECODE
AT “Loaic
CS »—
MR»
WD1100-12 WD1100-12
Figure 1. Pin Connections Figure 3. Block Diagram Interrupt Control Logic
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PIN
NUMBER SYMBOL NAME FUNCTION
1 NRZ NON-RETURN-TO NRZ data input that is strobed into the MFM generator by
ZERO WCLK().
2 SKPEN SKIP ENABLE This input arms the SKIP logic for recording Address Marks
when set to a logic 1.
3 WCLK WRITE CLOCK Complimentary clock inputs. NRZ data is clocked into the
MFM Generator on the high-to-low transition of WCLK
WCLK WRITE CLOCK (pin 3).
RWC REDUCED WRITE This signal when high, enables EARLY, LATE and NOM
CURRENT outputs.
9 2XDR 2TIMES This input is used to latch EARLY, LATE, NOM and MFM
DATA RATE outputs.
10 vVss Vss Ground.
11 NOM NOMINAL Output signal from the Write Precompensation Logic used
to signify that data is to be written nominal.
12 LATE LATE Output signal from the Write Precompensation Logic used
to signify that data is to be shifted LATE before writing.
13 EARLY EARLY Output signal from the Write Precompensation Logic used
to signify that data is to be shifted EARLY before writing.
16 MFM MFM DATA This output contains the MFM encoded data derived from
the NRZ (pin 1) line.
6 cs CHIP SELECT Low input signal used to enable the Address decode logic.
8 INTCLK INTERRUPT A low on this line will latch the INTRQ (pin 15) at a logic 0.
REQUEST CLOCK
7 DRQCLK DATA REQUEST A low on this line will latch the DRQ (pin 14) at a logic 0.
CLOCK
15 INTRQ INTERRUPT This output is latched at a logic 0 when INTCLK (pin 8)
REQUEST goes/ is low.
14 DRQ DATA REQUEST This output is latched at a logic 0 when DRQCLK (pin 7)
goeslis low.
17 MR MASTER RESET A low level on this line causes DRQ and INTRQ to set at a
logic 1.
18,19 Apg,A1 ADDRESS 0, 1 When CS is low and the address lines go high, INTRQ is
cleared: if the address lines go low then DRQ gets cleared.
(i.e. set at a logic 1).
20 vee \o'e] +5V % 10% power supply input.

DEVICE DESCRIPTION

The WD1100-12 is divided into two sections: MFM
Generator and Interrupt Logic. The MFM Generator con-
verts NRZ data into MFM data and provides Write
Precompensation signals. The Interrupt Logic is used
specifically on the WD1000 Winchester Controller Board
and may be used in similar designs to generate Interrupt
signals. The two sections of the device are isolated and
have no common input or output signals.

Prior to entering data, the SKPEN line must be set to a logic
0 to enable only clocks in the data stream. Data is entered
on the NRZ line and strobed on the high-to-low transition of
WCLK. The encoded NRZ data appears on the MFM (pin 16)
output lagging by one clock cycle.

Write Precompensation signals EARLY, LATE, and NOM
are generaied as each data of clock pulse becomes
available at the input when RWC is logic 1. The algorithm
used is on Page 4.
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DEVICE DESCRIPTION (CONTINUED)

The SKPEN signal is used to record a unique data/clock
pattern as an Address Mark, using Aly5 data with OAsg
clock. This pattern is used for synchronization prior to data
or ID fields that are read from the disk.

When the SKPEN signal is set to a logic 1, the internal skip
logic is enabled. As long as zeroes are being shifted into
the NRZ line, the device generates normal MFM data. On
receipt of the first non-zero bit (typically the MSB of the
Al46 the skip logic begins to count WCLK cycles. When the
MFM generator tries to produce a clock between data bits 2
and 3, the skip logic disables the MFM generator during
that time. The result for A14g data is a clock pattern of 0Ag
instead of OE4g. Although other data pattems may be used,
the MSB of the pattern must be a 1 (804 or higher) in order
to enable the skip logic at the proper time. After the skip
logic has performed, it then disables itself and MFM data
is recorded normally starting with the succeeding byte.
To re-enable the skip logic again, the SKPEN line must be
strobed.

The Interrupt Logic is used to clear Data Requests (DRQ)
and Interrupt Requests (INTRQ) by selecting CS (pin 6) in
combination with Ag and Ay. The MR (Master Reset) signal
is used to clear both DRQ and INRQ simultaneously.
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X = Don’t care
Q, = remains at previous state

DRQ and INTRQ can be set to a logic 0 only by a low level
or DRQCLK and INTCLK respectively. The signal will
remain at a logic O until cleared by a MR or proper address
selection via CS, A4, and Ag.
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SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS

Ambient Temperature under Bias
Voltage on any pin with respectto Vss . . .

Power Dissipation

STORAGE TEMPERATURE:

0°Cto50°C
—-02Vto +7.0V
1 Watt

e eiiiieiaaaa.... —85°Cto +126°C
—55°Cto +150°C

NOTE: Maximum ratings indicate operation when per-

manent device damage may occur. Continuous
operation at these limits is not intended and should
be limited to those conditions specified in the DC
Electrical Characteristics.

DC Electrical Characteristics Ta = 0°Ct050°C; VoG = +5V = 10%;Vss = 0V

SYMBOL PARAMETER MIN TYP? MAX UNIT CONDITION
ViL Input Low Voltage -02 0.8 Vv
VIH Input High Voltage 20 v
VoL Output Low Voltage 04 v loL = 32mA
VOH Qutput High Voltage 24 \ IoH = —200uA
vVco Supply Voltage 45 5.0 55 A
Icc Supply Current 100 mA | Alloutputsopen
AC Electrical Characteristics Tp = 0°Ct050°C; VoG = +5V = 10%;Vss = OV
SYMBOL PARAMETER MIN TYP! MAX UNIT CONDITION
tFR WCLK FREQUENCY 5.25 MHZ
tDs Data Setup w.r.t. § WCLK 10 nsec
tDH Data hold w.r.t.  WCLK 25 nsec
tMF t WCLK to * MFM delay 210 nsec Pin1LOW
tFM + WCLK to ¢ MFM delay 230 nsec Pin 1 LOW
tWN Data delay to NOM from 240 nsec
+WCLK
twEe Data delay to EARLY from 230 nsec
IWCLK
twi Data delay to LATE from 230 nsec
+WCLK
tMR Master reset pulse width 50 nsec
tMD 1 MRtotDRQ 150 nsec
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SYMBOL PARAMETER MIN TYP! MAX UNIT CONDITION
My {MRtotINTRQ 150 nsec
tpQ DRQCLK pulse width 50 nsec
tiQ INTCLK puise width 50 nsec
toD {DRQCLK to DRQ 120 nsec
) {INTCLK to INTRQ 120 nsec
tAD {AX 101 DRQ 145 nsec
tal 1 AX to t INTRQ 160 nsec
tcp 1CStotDRQ 145 nsec
il 1CStotINTRQ 180 nsec
tRN +RWC to{ NOM 145 nsec
tTE §2XDR to t EARLY 75 nsec
tTN {2XDR to t NOM 75 nsec
tTL 1 2XDR to 1 LATE 75 nsec

NOTES: 1. Typical Values are for T, = 25°Cand Ve = +5.0V.
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WD1100-12 Figure4 MFM GENERATOR TIMING
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See page 481 for ordering information.

Information furnished by Western Digital Corporation is believed to be accurate and reliable. However, no responsibility is assumed by Western Digital
Corporation for its use; nor for any infringements of patents or other rights of third parties which may result from its use. No license is granted by

implication or otherwise under any patent or patent rights of Western Digital Corporation. Western Digital Corporation reserves the right to change
specifications at anytime without notice.
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Western Digital
WD1100-03 AM Detector

DESCRIPTION

The WD1100-03 Address Mark Detector provides an effi-
cient means of detecting Address Mark Fields in an MFM
(NR2) data stream. MFM (NRZ) clocks and data are fed to
the device along with a window clock generated by an ex-
ternal data separator. The WD1100-03 searches the data
stream for a DATA = A1, CLK = OA pattern and produces
an AM DET signal when the pattern has been found. NRZ
data is an output from the device, which can be used to
drive a seriallparallel converter. An uncommitted latch is
also provided for by the data separator circuitry, if required.

The WD1100-03 Address Mark Detector is fabricated in
NMOS silicon gate technology and is available in a 20 pin
dual-in-line package.

FEATURES

+ SINGLE +5V SUPPLY
« 5MBITS/SEC DATA RATE

» DECODES A1450A5

« SYNCHRONOUS GLOCK/DATA OUTPUTS
« 20 PIN DIP PACKAGE

Figure 1. Pin Connections
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Figure 2. Block Diagram
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PIN
NUMBER SYMBOL NAME FUNCTION
1 RCLK READ CLOCK Complimentary clock inputs used to clock DIN and CLK IN
3 RCLK READ CLOCK into the AM detector.
2 DIN' DATAINPUT MFM data pulses from the external Data Separator are con-
nected on this line.
4 CLKIN CLOCK INPUT MFM clock pulses from the external Data Separator are
connected on this line.
5 DOUT DATA OUTPUT Data Output from the internal Data Shift register, syn-
chronized with DCLK.
6,7,13,17 NC No Connection To be left open by the user
8 TEST 1 TEST 1 To be left open by the user.
11 TEST2 TEST 2
9 ENDET ENABLE A logic 1 on this line enables the detection logic to search
DETECTION for a data A1, and clock.
10 Vgs vss GROUND.
12 DCLK DATA CLOCK Clock output that is synchronized with DATA OUT (Pin 5).
14 QOuUT LATCH OUTPUT Signal output from the uncommitted latch.
15 AMDET ADDRESS MARK Complimentary Address Mark Detector output. These
DETECT~ - signats witt go-active when aData = At45 Clock = QAsg
16 AMDET ADDRESS MARK pattern is detected in the data stream.
DETECT
18 CP CLOCK PULSE A low-to-high transition on this line will cause the QOUT
(Pin 14) to be latched at a logic 0.
19 RST RESET A logic 0 on this line will cause the QOUT (Pin 14) signal to
be set at a logic 1.
20 Ve vee +5V £ 10% power supply input.
DEVICE DESCRIPTION

Prior to shifting data through the device, the internal logic
must be initialized. While the ENDET (Pin 9) line is at a logic
0, shifting of data will be inhibited and AMDET, AMDET,
CLK, and DATA OUT will remain inactive.

When ENDET is at a logic 1, shifting is enabled. NRZ data is
entered on the DIN line (Pin 2) and shifted on the high-to-
low transition of RCLK (Pin 1). NRZ clocks are entered on
the CLK IN line, and shifted on the high-to-low transition of
RCLK (Pin 3). The DOUT line (Pin 5) is tied to the last stage
of the intern~! Data Shift register and will reflect informa-
tion clocked into the DIN line delayed by 8 bits.

While each bit is being shifted, a 16 bit comparator is con-
tinuously checking the parallel contents of the shift
registers for the DATA = A145, CLK = OAsg pattern. When
this pattern is detected, AMDET will be set to a logic 0 and
AMDET will be set to a logic 1. AMDET and AMDET will re-
main latched until the device is re-initialized by forcing
ENDET to a logic 0.
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When an AM is detected, DCLK will begin to toggle. Data
present on the DOUT line may then be clocked into an ex-
ternal serial/parallel converter. DCLK will remain inactive
when ENDET is held at alogic 0.

An uncommitted edge-triggered flip/flop has been provided
to facilitate the detection of high frequency by the data
separator, but may be used for any purpose. The low-to-
high transition of CP (Pin 18) will set the QOUT (Pin 14) to a
logic 0. QOUT may be reset back to a logic 1 by a low level
on the RST line (Pin 19).

TEST1 and TEST2 are output lines. TEST1 is an active low
puise when an Alyg is detected, and TEST2 is active low
pulse when a 0A; is detected. These signals are
used for test points and therefore should be left open by
the user if not required.
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SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS

Ambient Temperature underbias ........... 0°Cto50°C
Voltage on any pin with respecttoVgg ... —0.2Vto +7.0V
Powerdissipation. ....... ..., 1 Watt

STORAGE TEMPERATURE
PLASTIC. ... .. i -55°Cto +125°C
CERAMIC. ... —55°Cto +150°C

NOTE: Maximum ratings indicate operation where perma-
nent device damage may occur. Continuous opera-
tions at these limits is not intended and should be
limited to those conditions specified in the DC elec-
trical characteristics.

DC Electrical Characteristics TA = 0°Ct050°C;Vog = +5V = 10%, Vsg = OV

SYMBOL PARAMETER MIN TYP! MAX UNIT CONDITION
VIL Input Low Voltage -02 0.7
VIH Input High Voltage 20 \"
VoL Output Low Voltage 0.4 v loL =32mA
VOH Output High Voltage 24 \ loH = —200uA
vVee Supply Voltage 45 50 55 \

Icc Supply Current 100 mA All outputs open

AC Electrical Characteristics Tp = 0°Ct050°C; Vgg = +5V = 10%,Vsg = OV

SYMBOL PARAMETER MIN TYP! MAX UNIT CONDITION
fRC RCLK Frequency 5.25 MHZ

tsT Data Setup time 40 nsec

tHT Data Hold time 10 nsec

toD DOUT to DCLK DELAY 110 nsec

tRD +RCLK to* DCLK 120 nsec

tRA {RCLK tot AMDET 115 nsec

tRM VRCLK to  AMDET 125 nsec

tRO + RCLK to DOUT 135 nsec

tEA + ENDET to ¢ AMDET 130 nsec

tRQ +RST to t QOUT 110 nsec

tRW Pulse width of RST 50 nsec

tcw CP Pulse width 90 nsec

tcQ +CPto+ QOUT 106 nsec

NOTES: 1. Typical Values are forTp = 25°CandVgg = +

5V.
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See page 481 for ordering information.

Information furnished by Western Digital Corporation is believed to be accurate and reliable. However, no responsibility is assumed by Western Digital
Corporation for its use; nor for any infringements of patents or other rights of third parties which may result from its use. No license is granted by
implication or otherwise under any patent or patent rights of Western Digital Corporation. Western Digital Corporation reserves the right to change
specifications at anytime without notice.
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Western Digital

WD1100-04 CRC Generator/Checker

DESCRIPTION

The WD1100-04 CRC Generator/Checker is designed to
generate a Cyclic Redundancy Checkword from a serial
data stream, and to check a data stream against a known
CRC word. Complimentary latched “CRCOK” outputs are
provided to indicate CRC errors in check mode. Additional
togic has been included to shift the CRC checkword out of
the device by signals generated on other WD1100 family
devices.

The WD1100-04 is fabricated in NMOS silicon gate
technology and is available in a 20 pin dual-in-line package.

FEATURES

GENERATES/CHECKS CRC
SINGLE + 5V SUPPLY
LATCHED ERROR OUTPUTS
X16 + X12 + X5 + 1(CCITT-16)
AUTOMATIC PRESET

20 PIN DIP PACKAGE

CRCEZ >——l
T D S
——acC Q »SKPCLK
N/
o [ 2] veo
56K S
DOCK 2 19 NC _
— - - DIN > D POLYNOMIAL GEN Q
SHFCLK [ 3 18] NC (16 x12, x5, 4
~ DOUT
N []e [ ] NC SHFCLK » c
Nne []s 18] GRCOK
CWE [] & 15[] TIMCLK DOCE  » SEEE) > GWE
poce (] 7 14| ] WCLK —
_ pock »——qC Q
croiz (] & 13] ] CRCOK
ne 1o 12[] SKPCLK
SouUT A o
vgs [ 1 [] bout ‘ CRCOK
L>o_> CRCOK
WCLK + 16 l—————————> TIMCLK
WD1100-04 WD1100-04

Figure 1. Pin Connections

Figure 2. Block Diagram
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PIN
NUMBER SYMBOL NAME FUNCTION
1 DIN DATATNPUT Active low serial input data stream is used to
generate/check the 2 byte CRC word.
2 DOCK DATA OR CRC After a byte of data has been transferred in, this input
WORD CLOCK signal is used to latch the state of DOCE in an internal
D flop with a high to low transition.
3 SHFCLK SHIFT CLOCK The falling edge shifts data bits into the CRC
generator/checker. It also transfers the CRC check word to
DOUT in the write mode (DOCE = LOW). The rising edge
also activates the CRCOK lines in the read mode when no
error is found.
4,5 N.C. NO CONNECTION
6 CWE CHECK WORD This active low output indicates that the CRC checkword is
ENABLE being output on the DOUT line. When CWE is high, data is
being output on DOUT.
7 DOCE DATA OR CRC Initially, this input line is held high to direct input data (pin
ENABLE 1) to the output data (pin 11). After the next to the last BYTE
is transmitted but before the last BYTE occurs DOCE must
be low to direct the 2 CRC check bytes to DOUT (pin 11).
. DOCE must. be maintained. low. for.a minimum of 2 byte
times. DOCE is used only in the write mode.
8 CRCIZ CYCLIC When this line is at a logic 0, the SKPCLK output line is
REDUNDANCY held high and the CRC generator is held preset to hex
CHECK INITIALIZE “FFFF”
9 N.C. NO CONNECTION

10 Vss GROUND GROUND.

1" DOUT DATA OUTPUT In the write mode, this line outputs the unmodified data
stream along with the 2 byte CRC word appended to the
end of the stream.

12 SKPCLK SKIP CLOCK The first highto-low transition on DIN (pin 1) resets
SKPCLK low and enables the CRC to either generate or
check the CRC word.

13 CRCOK CYCLIC In the read mode, after the 2 byte CRC word is entered

REDUNDANCY on DIN and no error has been detected, this line is set
CHECK OKAY high to indicate no errors_have occurred. This line wili
then remain high as long as DIN is maintained high.

14 WCLK WRITE CLOCK This input clock is divided by 16 to produce TIMCLK
(pin 15) and has no effect on the rest of the intemal cir-
cuitry.

15 TIMCLK TIMING CLOCK See above.

16 CRCOK CYCLIC Complementary output version of CRCOK (pin 13).

REDUNDANCY
CHECK OKAY
17-19 N.C. NO CONNECTION
20 Vce Vee +5V + 10% power supply input.
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DEVICE DESCRIPTION

Prior to shifting data thru the device (either in the read or
write modes) the CRC generator/checker is initialized by
strobing the CRCIZ (pin 8) low. This forces the SKPCLK (pin
12) line to the high state. The first low going transition on
DIN (pin 1), namely the most significant bit of an address
mark, resets the SKPCLK line. The WD1100-04 has now
been properly initialized and is ready to generate/check the
CRC bytes. The CRCOK and CRCOK lines should be set to
their inactive states.

in the write mode, initially the DOCE (pin 7) is held high and
a pseudo DOCK is produced by supplying a string of zeros
before the address mark. This ensures the proper state of
the internal D flip flop to gate input data to the output line
DOUT (pin 11). As shown in the block diagram the CWE (pin
6) will be set high. Sometime between the next to the last
and the last DOCK that indicates the end of the data
stream, DOCE (pin 7) is lowered to ensure the smooth tran-
sition of the 2 byte CRC checkword to the output line
DOUT (pin 11).

DOCE must be maintained low for a minimum of 2 byte
times. After the CRC word is generated, DOUT will produce
a string of zeros (i.e., held high). This portion of the circuitry
is dormant in the read mode.

After proper initialization, input data is entered on DIN (pin
1) along with the 2 byte CRC word for the read mode of

operation. At the end of the data stream, if no errors were
detected the CRCOK (pin 13) is set high. Accordingly the
complimentary output (pin 16) is set low. These output
states will be maintained as long as DIN is held high and
CRCIZ (pin 8) is not strobed. If the CRCOK lines do not
become active, an error has been detected and are-try is in
order. If successive re-tries fail, an error flag may be set to
determine a further course of action as desired by the user.
WOCLK is divided by 16 to produce TIMCLK which may be
used as a buffered step clock for SA1000 compatible
drives.

SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS

Ambient Temperature underBias............ 0°cto50°c
Voltage on any pin with respecttoVss... —0.2Vto +7.0V
Power Dissipation. . . ........ ... 1 Watt
STORAGE TEMPERATURE

PLASTIC. ...t —-55°Cto +125°C
CERAMIC. ... —55°Cto +150°C

NOTE: Maximum ratings indicate operation where perma-
nent device damage may occur. Continuous opera-
tions at these limits is not intended and should be
limited to those conditions specified in the DC Elec-
trical Characteristics.

DC Electrical Characteristics T = 0°Ct050°C; Vog = +5V = 10%, Vgg = 0V

SYMBOL PARAMETER MIN TYP MAX UNIT CONDITION
ViL Input Low Voltage -0.2 0.8
ViH Input High Voltage 20 \
VoL Output Low Voltage 0.4 \ loL = 32mA
VOH Output High Voltage 24 \ IoH = —200pA
vce Supply Voltage 45 5.0 55 \
Icc Supply Current 100 mA All outputs open

AC Electrical Characteristics Ta = 0°t050°C, Vg = 5V £10%,Vsg = OV

SYMBOL PARAMETER MIN TYP! MAX UNIT CONDITION
twT +WCLK to ¢ TIMCLK 95 nsec
WR +WCLK to t TIMCLK 85 nsec
tzs 4+ CRCIZ tot SKPCLK 120 nsec
tzk CRCIZ pulse width 90 nsec
tBS DOCE set up time w.r.t. 20 nsec
+ DOCK
tBH DOCE hold time w.rt. 40 nsec
4 DOCK
tpD DIN to DOUT delay 105 nsec CWE set high

#
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SYMBOL PARAMETER MIN TYP! MAX UNIT CONDITION
tpK JDIN to ¢ SKPCLK 120 nsec
tow DIN PW. to reset SKPCLK 50 nsec
tic 4+ DOCK to | CWE 120 nsec
tec 4 DOCK to t CWE 120 nsec
fsc SHFCLK frequency 5.25 MHZ
tsR 1+ SHFCLK to * CRCOK 85 nsec
tsc t SHFCLK to | CRCOK 90 nsec
tIN +DOCK to § DIN 90 nsec

Notes: 1. TypicalvaluesareforTa = 25°CandVgg = +5.0V
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-1 1 n 1 n+1
DIN nn DEDED D ED D DD ED &
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tsp—e| |=—
SR ;
CRCOK J
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i
|
|

WD1100-04
Figure 3. Write Mode
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See page 481 for ordering information.

Information furnished by Western Digital Corporation is believed to be accurate and reliable. However, no responsibility is assumed by Western Digital
Corporation for its use; nor for any infringements of patents or other rights of third parties which may result from its use. No license is granted by
implication or otherwise under any patent or patent rights of Western Digital Corporation. Western Digital Corporation reserves the right to change
specifications at anytime without notice.
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Western Digital
WD1100-05 Parallel/Serial Converter

DESCRIPTION FEATURES

The WD 1100-05 Parallel/Serial Converter ailows the user to SINGLE + 5V SUPPLY

convert a byte of data to a serial stream when writing to a DOUBLE BUFFERING

disk or any serial device. Parallel data is entered via the DO- BYTE STROBE OUTPUTS

D7 lines on the rising edge of DCLK. A synchronous BYTE 5 M BITS/SEC SHIFT RATE
counter is used to signify that 8 bits of data have been TRI-STATE OUTPUT CONTROL
shifted out and that the 8 bit latch is ready to be reloaded. PARALLEL IN/SERIAL OUT
The double buffering of the data permits another byte to be 20 PIN DIP PACKAGE

loaded while the previous byte is in the process of being

shifted.

The WD110005 is implemented in NMOS silicon gate
technology and is available in a 20 pin plastic or ceramic
dual-in-line package.

® ® o @ o o o

N/
ot #[Jvwe
o1 [ 19[]EN
D2 s 18] NC
D3 [ 4 [ ] TEST
D4 []s 16} BDONE
ps []s 15| ] pouT
o6 []7 14| SHFCLK
or (] 8 13[_J LD
SHFCLK [] 9 12[] WCLK
Vss [0 1 [ ] boLk WD1100-05
Figure 1. Pin Connections
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PIN NUMBER| SYMBOL NAME FUNCTION

18 DO-D7 DATAO-DATA 7 8 bit parallel data inputs (bit 7 = MSB).

9 SHFCLK SHIFT CLOCK Inverted copy of WCLK (pin 12) which is active when
ENABLE (pin 19) is at a logic 0.

10 Vss GROUND GROUND.

1 DCLK DATA CLOCK Active low input signal resets the BDONE (pin 16) latch.
The low-to-high (trailing edge) clocks the input data into the
internal 8 bit latch.

12 WCLK WRITE CLOCK The high-to-low (¥) edge of this clock signal is used to shift
the data out serially. The low-to-high (t) edge is used to up-
date the internal byte counter (module 8).

13 D LOAD This active low signal indicates that the Byte Counter is be-
ing preset to 1. Normally left open by the user.

14 SHFCLK SHIFT CLOCK Delayed copy of WCLK (pin 12) which is active when EN
(pin 19)is at alogic 0.

15 bouT DATA OUT Serial data output enabled by EN (pin 19).

16 BDONE BYTE DONE This output signal is forced to a logic 1 whenever 8 bits
of data have been shifted out. BDONE remains in this
state unless reset by the loading of another byte of
data.

17 TEST TEST INPUT THis pin MUst be 16Tt open by ThHe usér.

18 NC No Connection

19 EN ENABLE This active low signal enables DOUT, SHFCLK,
SHFCLK, and BDONE outputs. When high, these out-
put signals are in a high impedance state.

20 vee \'/elo) +5 = 10% power supply input.

DEVICE DESCRIPTION WCLK cycles unless the next byte to be transmitted is the

Prior to loading the WD1100-05, it is recommended that
00H (or FF) be loaded into the input buffers to ensure that
DOUT is at a fixed level. EN (pin 19) is set to a logic 0 to
enable the device outputs.

Data is entered on the DO-D7 input lines and is strobed into
the data latches on the rising edge of DCLK (pin 11). DCLK
also resets BDONE (pin 16). The first BDONE that comes
up simply means that the WD1100-05 is ready to accept
another byte of data and that the previous byte entered is in
the process of being shifted out. If the BDONE is serviced
prior to every 8th WRITE CLOCK puise the output data will
represent a contiguous block of the bytes entered. Due to
the asynchronous nature of the WD1100-05, the input data
will be available in serial form at the output anywhere from
8 to 16 write clock cycles later.

Data is shifted out on the high-to-low (4} transition of the
WCLK (pin 12). The low-to-high (1) transition of WCLK in-
crements a byte counter which in turn sets the BDONE
signal high after 8 bits of data have been shifted out. The
low-to-high transition of BDONE also causes the loading of
the data buffer into the shift register. The data buffer is now
ready to be reloaded with the next byte.

The loading of the next byte automatically clears the
BDONE signal. The entire process as outlined above is
repeated. BDONE always needs to be serviced within 8

same as the previous byte.

Four signals, BDONE, DOUT, SHFCLK, and SHFCLK, can
be placed in a high impedance state by setting EN (pin 19}
to a logic 1. Likewise, EN must be at a logic 0 in order for
these signals to drive any external device.

The TEST pin is internally OR’ed with the counter output to
produce the LD (pin 13) signal. This is used to inhibit the bit
counter by external means for test purposes. It is recom-
mended that TEST be left open by the user. An internal
pullup register is tied to this pin to satisfy the appropriate
logic level required for proper device operation.
SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS

Ambient Temperature underBias . .......... 0°Cto50°C
Voltage on any pin with respect to Vgg ... —0.2Vto + 7.0V
Power Dissipation. . .......................... 1 Watt
STORAGE TEMPERATURE

PLASTIC....................ce.L. -55°Cto +125°C
CERAMICS. ...................... -55°Cto +150°C

NOTE: Maximum ratings indicate operation where perma-
nent device damage may occur. Continuous opera-
tions at these limits is not intendad and shouyld be
limited to those conditionss 3 .ed in the DC elec-
trical characteristics.

S
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DC Electrical Characteristics: T, = 0°Ct050°C; Vg = +5V % 10%, Vg = OV

SYMBOL PARAMETER MIN TYP! MAX UNIT CONDITION
ViL Input Low Voltage -0.2 0.8 )

VOH Input High Voltage 20 \

VoL Output Low Voltage 0.4 \ loL =32mA
VOH Output High Voltage 24 A IoH = —200uA
vce Supply Voltage 45 5.0 55 \

Icc Supply Current 100 mA Ali Outputs Open

AC Electrical Characteristics: Tp = 0°C1050°C;VoC = +5 £ 10%;Vgs = OV

SYMBOL PARAMETER MIN TYP MAX UNIT CONDITION
fwe WCLK frequency 5.25 MHZ
tow DCLK pulse width 50 nsec
tps Data set-up w.rt. t DCLK 30 nsec
tDH Data hold time w.rt.t DCLK 30 nsec
tDB { DCLK to { BDONE 130 nsec EN=0
tpo + WCLK to DOUT 130 nsec EN=0
tsH +WCLK to ¢ SHFCLK 75 nsec EN=0
tHS *WCLK tot SHFCLK 70 nsec EN=0
WwB *+ WCLK to t BDONE 75 180 nsec
tes + EN to BDONE, DOUT 25 nsec
SHFCLK ACTIVE
toL +WCLK to+ LD 50 nsec
NOTES: 1. Typical Values are for TA = 25°Cand VgC = +5.0V
_4.1\ fWCS "* 7 8 1 2 3 4 5 6 7 8 1 2 3 4 5
WELK Wmummm
| W ! | !
DCLK : ! i !
L] ‘ LT ‘ L
tosg 1y 1 tow | i i i !
i . ) ! ! i
D7-D0 Moo 1 1 l i
toa, | [ | i Voo twe |
-~ [ i i -~ :
BONE I L ! '
o= L __
EN o 5 ‘i 1 _too i
H e !
| ¥ |
o) i TR € € Y 5 ED D O CD EF ED ED ED D,
i ; o ;.__‘sw _,i AN
SHFCLK i
SHFELK r———jﬂﬂ\_'ﬁur—\uﬁ‘_lﬁ uﬁuﬁuﬁuﬁumﬁuﬁgl‘{_{_!ml_!—l_‘r
WD1100-05

Figure 3. Functional Timing Diagram
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See page 481 for ordering information.

Information furnished by Western Digital Corporation is believed to be accurate and reliabie. However, no responsibility is assumed by Western Digital
Corporation for its use; nor for any infringements of patents or other rights of third parties which may result from its use. No license is granted by
implication or otherwise under any patent or patent rights of Western Digital Corporation. Western Digital Corporation reserves the right to change
specifications at anytime without notice.
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Western Digital
WD1100-06 ECC/CRC Logic

DESCRIPTION

The WD1100-06 ECC/CRC logic chip gives the user of
the WD1100 series of chips easy ECC or CRC imple-
mentation. With proper software, it will provide single
burst correction up to 8 bits and double burst detec-
tion. The computer selected polynomial has been op-
timized for Winchester 514" and 8” drives with sector
sizes up to 512 bytes.

FEATURES

32 bit computer selected polynomial

Single burst correction up to 8 bits

Multiple burst detection
Programmable correction/detection span

CRC or ECC scftware selectable

Data transfer rates to 5.25 Mbits/sec
Serial check/syndrome bit processing

128, 256, 512 byte sector sizes

Single + 5V supply

TTL, MOS compatible

¢ 20 pin DIP package
SEL »
ECCIZ »
DCSS »
RIW»——I
Q
1
— ~ 21 vos aep »—  MUX : CONTROL O—» DOUT
mer[]2 19 [ JWBs WCP »-O : [D—» EDOUT
wor [ 18| ) ABS RDAT »—O) : —» CSE
moAT 4 17[]bcss WoAT »O) | > BS
WoAT []5 16 ] EDOUT o | -
seL{]s 15| ] BouT RBS O : O— ECCEN
gcez (7 14[]F8D wss »QO I (O—>- FED
Nc[]8 13 JCSE ]
ECCEN[] 9 12[ ]88 ? > FHICE
vss[]10 1 ]Rwer

SHIFT REGISTER

]

Do Q31 —(+>
WD1100-06 Figure 1. WD1100-06 Figure 2.
PIN CONNECTIONS BLOCK DIAGRAM
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WD1100-06 ECC/CRC DEVICE PIN DESCRIPTION

PIN
NUMBER PIN NAME SYMBOL FUNCTION

1 READ/WRITE RW Input line used to select the data, clock and
CRCIECC strobe during read/write operations.
When low input signals WDAT, WCP, and WBS
are_selected. When high input signals RDAT,
RCP, and RBS are selected.

2 READ CLOCK RCP Input pulse used by the internal shift registers

PULSE to compute the 4 syndrome bytes.
3 WRITE CLOCK WCP Input pulse used by the internal shift registers
PULSE to compute the 4 check bytes.

4 READ DATA RDAT Serial data input during a read operation.

5 WRITE DATA WDAT Serial data input during a write operation.

6 SELECT SEL This input is used to select either the CRC or
the ECC polynomial for error detec-
tion/correction. SEL = 0 ECC polynomial
selected. SEL = 1 CRC polynomial selected.

7 ECC INITIALIZE ECCIZ Input used to preset ali the internal shift
registers. Output lines FBD, EDOUT, DOUT, and
CSE will be in their inactive high states. The
first low going edge of either RDAT or WDAT
signals the activation of all internal circuitry. .. ..

8 NO CONNECTION N/C No connection.

9 ECC ENABLE ECCEN When low, the ECC/CRC process is enabled.
When high, this output signal indicates that the
process is disabled.

10 GROUND Vss Ground

11 READWRITE RWCP Output clock pulse during read or write

CLOCK PULSE operations. The input clock puises RCP and
WCP are multiplexed on this output line for use
by any support logic.

12 BYTESYNC BS The input signals RBS and WBS are gated with
the appropriate clocks and multiplexed as an
output on the byte sync line. Normally not used
by the user.

13 CLOCK SELECT CSE When high, this output indicates that the device

ENABLE is in the process of computing the
check/syndrome bytes and that EDOUT and
DOUT lines contain data information. When
low, the device puts CRC or ECC checkisyn-
drome bits on the output data lines.

14 FEEDBACK FBD The feedback line to the shift registers is
brought out as an output line for test purposes.
Normally left open by the user.

15 DATA OUTPUT DOUT Output data line carries data or CRC/ECC in-
formation depending upon the state of DCSS.

16 EARLY DATA EDOUT Unlatched output data line available 1 clock

OUTPUT period earlier than DOUT.
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WD1100-06 ECC/CRC PIN DESCRIPTION (CONTINUED)

FUNCTION

' the next to the last data byte transferred to/from

Data or check/syndrome select input line. When
high, data is output on the data lines; when low,
CRC or check syndrome bits are output
depending upon which polynomial is selected.
DCSS goes low sometime between the last and

the disk provided all set-up and hold-times have
been met. DCSS must stay low for at least 2
byte times when the CRC polynomial selected
and it must stay low for at least 4 byte times if
the ECC polynomial is selected.

Input used to latch the state of DCSS during the
read mode.
Input used to latch the state of DCSS during the
write mode.

+5V £10%

PIN
r NUMBER PIN NAME SYMBOL
7 DATA/CHECK DCSS

SYNDROME SELECT

18 READ BYTE RBS

19 WRITEBYTE WBS

20 +5V Ve

DEVICE DESCRIPTION

To ensure correct operation of the WD1100-06 device,
the ECCIZ line is strobed to preset the polynomial
generator shift register, and reset the Data/Check-
Syndrome select flip-flop. The 32 bit shift register
string is preset to avoid all zero check bytes. The
DCSS line is held high and appropriate signals are
then applied to the rest of the inputs. Since most disk
media use an Address mark of A1 (or M.S.B. set),
advantage is taken of this feature to start off the
ECCICRC calculation on the data/ID fields automati-
cally. The first active low going edge on the input
data lines releases the internal SET Flip-Flop. The
ECCEN output line is set low indicating that the
internal circuitry is ready to begin the computation of
the ECCICRC bytes. Immediately following the
Address mark, data is supplied in a serial fashion.

Sometime before the last byte of data and after the
next to the last byte of data is transferred through
this device, the DCSS line is set low. Since data is
generally serialized/deserialized before/after process-
ing by the WD1100-06 device, the byte-sync pulses
can be easily obtained from those devices marking
the byte boundaries. The byte-sync pulses are inter-
nally ANDED with the RWCP line to ensure the

. smooth transition of check/syndrome bytes on the
DOUT output line only after the last bit of data has
been entered into the device. A one bit time delay
through a D Flip-Flop has been added on the DOUT
line to deglitch this output line.

During a WRITE operation, the input data stream is
divided by the polynomial X32 + X28 + X26 + X19
+ X17 +°X10 + X2 + 1 and the 32 bit remainder ob-
tained is used as the 4 check syndrome bytes. If the
syndrome is zero, no errors occurred. Otherwise, the
non-zero syndrome is used by a software algorithm to
compute the displacement and the error vector

within the bad sector. To protect the integrity of the
ID field only a CRC check should be performed over
this field. No attempt ought to be made to correct
data in the ID field. The CRC polynomial imple-
mented is the standard CCITT (X16 + X12 + X5 + 1)
Although either polynomial may be used for both
fields, the use of the CRC polynomial for the ID fields
is recommended since it only requires 2 bytes in-
stead of 4. .

POLYNOMIAL SELECTION

For disk media, polynomial selection has a signifi-
cant influence on data accuracy. Fire code
polynomials have been widely used on OEM disk
controllers, but provide less accuracy than properly
selected computer generated codes.

For fixed, guaranteed correction and detection
spans, data accuracy may be highly dependent on
polynomial selection. Some polynomials, fire codes
for example, are particularly susceptible to miscor-
rection on common disk type errors, while others,
computer generated polynomials for example, can be
selected to be less susceptible. Computer generated
codes do not have the pattern sensitivity of the fire
code and the miscorrection patterns are more ran-
dom in nature.

More than 20,000 computer generated random
polynomiais of degree 32, each with 8 feedback
terms, were evaluated in order to find the polynomial
described in this specification.

SELECTING THE CORRECTION SPAN
The code described in this document can be used to
correct up to 8 bits.

Any correction span from 1 to 8 may be selected.
However, for best data accuracy, the lowest correc-
tion span should be used that meets the correction

;
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requirements for the disk drives supported.

For most Winchester media, a 5 bit correction span is
adequate.

The correction span may have to be longer if the drive
uses a read/write modulation method that maps a
single media bit in error into several decoded bits in
error. Examples of read/write modulation methods of
this type would be GCR and 2,7 code.

PROPERTIES OF THE POLYNOMIAL

The following polynomial was computer selected for
insensitivity to short double bursts, good detection
span and 8 feedback terms.

Forward golynom ial is:
X3%+X8+X26+X19+X17+X10+X6+X2
+

Reciprocal polynomial is:

X320+ X30 +X26 + X22 + X15 +x13 4+ X6 + X4
+ X

Properties*

1. Maximum record length () = 526x8 bits (including

check bits)

. Maximum correction span (b) = 8 bits

. Degree of polynomial (m) = 32

. Single burst detection span without correction =

32 bits. (Detection span when the code is used for
detection only)

5. Single burst detection span with correction (d) —
{Detection span when the code is used for correc-
tion)

= 19 bits forb="5and r=526x8
= 14 bits forb=_8 and r=526x8
= 20 bits forb=5 and r=270x8
= 14 bits forb=8 and r + 270x8

6. Double burst detection span without correction —
(Doule burst detection span when code is used for
correction)

= 3bitsforb=5and r=526x8
= 2bits forb=8and r=526x8
= 4 bits forb="5and r = 270x8
= 2bits forb=8 and r=270x8

7. Non-detection probability = 2.3 E-10.

8. Miscorrection probability—

1.57 E-5 forb=5and r=526x8

1.25 E-4 forb=8and r=526x8

8.00 E-6 forb=>5 and r = 270x8

= 6.40 E-5 forb=8 and r=270x8

NOTE:*

You should not use this polynomial for a record

length or correction span beyond the maximum

specified above.

HhwWN
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SOFTWARE REQUIREMENTS

The software algorithm, developed by the user, uses
the syndrome to detect an error, generate a correc-
tion pattern and a displacement vector or to deter-
mine if uncorrectable. In the correction algorithm, a
simulated shift register is used to implement the
reciprocal polynomial. The simulated shift register is
loaded with the syndrome and shifted until a correct-
able pattern is found or the error is determined to be
uncorrectable. Both forward and reverse displace-
ments are computed.

Either the serial or the parallel algorithm may be
implemented by the user. In almost all cases the
serial software algorithm is the most applicable.
Additionally, 1K of table space is required if the
parallel software algorithm is selected. It is assumed
that the highest order bit of a byte is serialized and
deserialized first.

CORRECTION TIME PERFORMANCE

All real time operations are performed with error cor-
rection hardware. The software algorithms used get
involved only after an error has been detected.

The following correction times are for a serial type
algorithm such as that used onthe WD1001:

a) Standard microprocessor = 30 to 60 milliseconds
b) Bit slice = 6 to 12 milliseconds
€) 8X300 (used on WD1001) = 15 to 30 milliseconds

DATA ACCURACY

ERP (Error Recovery Procedure) strategies have a
significant influence on data accuracy. An ERP
strategy requires data to be re-read before applying
correction and results in much better data accuracy.
The WD1001 empioys such a strategy. This strategy
reduces the possibility of passing undetected erron-
eous data by rereading until the error goes away, or
until there has been a consistant error syndrome over
two previous rereads.

Another technique that can be used to give data a
higher probability of recovery is write check: read
back after write. Since write check affects per-
formance, it should be optional. Alternate sector
assignment and defect skipping are some of the
other techniques that may be implemented by the
user if so desired.
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SELF-CHECKING WITH MICROCODE

Periodic microcode and/or software checking is
another approach that can be used to limit the
amount of undetected erroneous data transferred in
case of an ECC circuit failure. Microcode or software
diagnostics could be run on subsystem power up
and during idle times. These diagnostics would force
ECC errors and check for the proper syndrome and
proper decoding of the syndrome by the correction
routine of the operational microcode.

To do this, simply use a long bit in the READ and
WRITE commands to the disk. This bit can then be
used to suppress the transfer of checkisyndrome
bytes on the output data line by letting the DCSS line
stay high during ECC TIME. The complete procedure
is summarized below.

1. WRITE: Pass all data to the disk and generate 4
check bytes at the end of the data field.

2. READLONG: Do not generate the syndrome, in-
stead copy the 4 check bytes as data and pass
them unaltered to the host. Now the host may in-
duce errors anywhere in the data stream as long as

199

the induced error does not exceed the correction
span of the polynomial generator.

3. WRITELONG: Write the data and check bytes

supplied by the host to the disk. Prevent WD1100-
06 from generating check bits by not asserting
DCSS during transfer. No check bytes will be
recorded.

4. READ: Read data and generate the syndrome in a
normal manner. The software algorithm can now
be invoked to correct the induced error.

To aid in detection of certain hardware failures, it is
desirable to have non-zero check bytes for an all
zeros record. This feature has been incorporated into
the circuit defined in this specification.
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SPECIFICATIONS
ABSOLUTE MAXIMUM RATINGS

Ambient Temperature underbias. .. ... 0°Cto50°C

Voltage on any pin with

NOTE:

Maximum ratings indicate operation where per-
manent device damage may occur. Continuous
operations at these limits is not intended and should
be limited to those conditions specified in the DC

respecttoVss............... -02Vto +7.0V electrical characteristics.
Powerdissipation ...................... 1 Watt
Storage Temperature
Plastic................... —55°Cto +125°C
Ceramic.................. -55°Cto +150°C

DC Electrical Characteristics T = 0°Ct050°C; Ve = +5V + 10%, Vsg = OV

SYMBOL PARAMETER MIN TYP? MAX UNIT CONDITION
ViL Input Low Voltage -0.2 0.8 \
ViH Input High Voltage 20 A
VoL Output Low Voltage 04 Vv loL=32mA
VOH Output High Voltage 24 \" IoH = —200uA
Vce Supply Voltage 45 5.0 55 \"
Icc Supply Current 75 150 mA All outputs open
ECCIZ PULSE WIDTH
RN )( HIGH FOR READ LOW FOR WRITE X
ECCIZ -_—l_]-— tiz
> fe— tE
ECCEN
RDAT i
WDAT tsT —-».'4_ THT
: — f~—fcp
RCP
wop s I |

AC Electrical Characteristics Tp = 0°Ct050°C; Vog = +5V + 10%, Vss

SYMBOL PARAMETER MIN TYP! MAX UNIT CONDITION
fcp Clock Frequency 525 MHZ
tiz ECCIZ Pulse Width nSec
HE ECCIZ | to ECCEN ! 100 nSec
tsST R/WDAT Setup Time 1Clock | nSec
Period
tHT RMWDAT Hold Time 0 nSec

See page 481 for ordering information.
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Western Digital
WD1100-07 Host Interface Logic

DESCRIPTION FEATURES
The WD1100-07 Host Interface Logic chip simplifies ¢ SINGLE +5V SUPPLY
the design of a Winchester Hard Disk Controller e WAIT SIGNAL GENERATION

using the WD1100 chip series. It does this by per-
forming logic functions that would otherwise require ~ * TIMING CLOCK GENERATION
considerable discrete logic. Additionally, there are o INDEX PROPAGATION

signals provided for ECC implementation. « CARD ACCESS CONTROL

The WD1100-07 is implemented in NMOS silicon gate
technology and is available in a 20 pin plastic or * COMPLIMENTS ECC ARCHITECTURE

s
(w)
-
-—h
(=]
=3
[=]
~

ceramic Dual-in-Line package. * 20 PIN DIP PACKAGE
RD6
I p—————— WAIT
WRE Q) CONTROL
WAEN ) . LOGIC ~
7 b3 CSAC
WCL1 d 1 20 vee cs p———(
werz [ 2 19[J weLK SACEN
RESET ] 3 18 Cs
SACEN [] 4 17[] WHEN
AMDET ] 5 16[ 1 RCP WCLK P> + 16 —————————3 TIMCLK
TIMCLK 6 15 RBS
- - RESET pgp——
ReLK ] 7 14_] AMOUT WRE —
INDEX [] 8 13[J CSAC l
oNR [ @ 12[JWAT b S
_..——»
vss []10 11{_J LINDEX INDEX - P '-RATCH Q LINDEX
—
RCLK p» b—  _» RBS
BYTE COUNTER
AND ——————— RCP
DELAY
AMDET P»—rt——Q : p—————Pp AMOUT
¥
WD1100-07 Figure 1. WD1100-07 Figure 2.
PIN CONNECTIONS BLOCK DIAGRAM

—
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PIN
NUMBER PIN NAME SYMBOL FUNCTION

1 WAIT CLEAR 1 WCL1 This input presets a WAIT latch to a non-WAIT
condition on the falling edge.

2 WAIT CLEAR 2 WCL2 This input presets a WAIT latch to a non-WAIT
condition on the falling edge.

3 RESET RESET An input used to set TIMCLK & reset WA,
AMOUT and RBS.

4 SELECT ADDRESS SACEN This is an input signal that is used to enable

ENABLE card select for host access.
5 ADDRESS MARK AMDET An input that must go active when a
DETECT DATA = A1(HEX) or clock=0A(HEX) pattern is
detected in the data stream

6 TIMING CLOCK TIMCLK An output used to provide reference timing sig-
nals to SA100 type drives

7 READ CLOCK RCLK This input, the same as used to clock in data
and clocks to the AM detector, is used to
produce AMOUT.

8 INDEX PULSE INDEX This input is provided by the drive once each
revolution of the disk

9 LINDEX RESET OINR An input used to reset LINDEX.

10 GROUND Vss Ground

11 LATCHED INDEX LINDEX An output that is INDEX delayed by one clock

1 time. . . .

12 WAIT WAIT This output goes true when controller is inter-
nally accessing data or has not accepted data
from the host during a WRITE.

13 CARD SELECT CSAC An output that is the result of CS qualified with

ADDRESS SACEN.
14 ADDRESS MARK AMOUT This output is a delayed version of AMDET.
DELAYED OUTPUT

15 READ BYTE STROBE | RBS This output strobes once for each byte of READ
data. Initialized by AMDET.

16 READ CLOCK PULSE | RCP This output is delayed from RCLK through prop-
agation. Not normally used.

17 WAIT ENABLE WAEN An input that is used to enable the internal
WAIT circuitry.

18 CARD SELECT Cs An input from host that selects controller.

19 WRITE CLOCK WCLK This input is used to produce TIMCLK on low to
high transitions.

20 +5VDC vVce +5V + 10%

DEVICE DESCRIPTION Timing Clock

Upon power up or reset, WAIT, AMOUT, and RBS are
reset and TIMCLK is set. This is the only interactive
signal between the four sections of the chip. Each
section will be described separately.

Control Logic

This_section provides WAIT (pin 12) and CSAC (pin
13). WAIT is set in its active low state when WAEN
(pin 17) is active low by the falling edge of CS (pin 18).
WAIT is reset by the falling edge of either WCL1 or
WCL2 depending on whether in a read or write mode.
CSAC (pin 13) is enabled by setting SACEN (pin 4)
low after WAIT has been enabled. CSAC is reset by
WCL1 orwWCL2.

TIMCLK (pin 6) is a divided by sixteen version of
WCLK (pin 19). It is used with SA1000 type drives.

Index Pulse

Lindex (pin 11) is a delayed version of INDEX (pin 8). It
remains high until reset by LINR (pin 9).

Read Byte Sync

RBS (pin 15) will go true on the eighth negative going
transition of RCLK (pin 7) after AMDET (pin 5) goes
true. RBS will remain true for one clock cycle.

Read Clock Pulse

RCP (pin 16) is a delayed version of RCLK and is
normally left open by the user.

S
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Address Mark Delayed Output
AMOUT (pin 14) is the same as AMDET delayed by
two clock times.

These circuits were developed to work with the other
chips in the WD1100 series. They are used on the
WD1001 the timing relationships must be observed.

SPECIFICATIONS
ABSOLUTE MAXIMUM RATINGS
Ambient Temperature underBias . .. ... 0°Cto50°C
Voltage on any pin with

respecttoVgg ............... —0.2Vto +7.0V
Power Dissipation.................... ... 1 Watt
Storage Temperature Plastic = —55°Cto +125°C

Ceramic —55°Cto +150°C

NOTE:

Maximum ratings indicate operation when perma-
nent device damage may occur. Continuous opera-
tion at these iimits is not intended and should be
limited to those conditions specified in the DC Elec-
trical Characteristics.

DC Electrical Characteristics TA = 0°Cto50°C; VoG = +5V = 10%;Vss = OV

SYMBOL PARAMETER MIN TYP! MAX UNIT CONDITION
ViL Input Low Voltage -02 0.8 \"

ViH Input High Voltage 20 \"

VoL Output Low Voltage 0.4 Vv loL = 32mA
VOH Output High Voltage 24 Vv loH = —200uA
vco Supply Voltage 45 5.0 55 \

Icc Supply Current 100 mA All outputs open

AC Electrical Characteristics TA = 0°Ct050°C; Vo = +5V = 10%;Vss = OV

SYMBOL PARAMETER MIN TYP! MAX UNIT CONDITION

fwe WCLK FREQUENCY 5.25 MHZ

tow CSi to WAITY 50 160 nSec

tws WCL1{ or WCL2! to WAIT? 170 195 nSec

tsu WAEN Setup Time 50 nSec

tsc SACEN! to CSACt 5 70 nSec | WAIT TRUE

tcs WCLi+ or WCL2! to CSACY 45 155 nSec | WAIT TRUE

Wt WCLK? to TIMCLK? 250 nSec

tL) INDEX! to LINDEX#t 50 100 nSec

tLw LINR! to LINDEX 30 100 nSec

tpC RCLK! to RCPY 30 75 nSec

tRA AMDET Setup Time 30 50 nSec

2CLOCK | 2CLOCK
tAM AMDET! to AMOUTY CYCLES CYCJ‘.EI)ES nSec
+
o 8CLOCK | 8CLOCK
tBs RCLK! to RBSY CYCLES CYCLES nSec
+165
tRB RBS Period 1CLOCK
CYCLE

1NOTE: Typical Values are for TA = 25°C and VoC = +5V

S
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WAEN -
tSy—! la—
cs J
tow —» - tWs—i ——
I
_— ]
WAIT L .
1
I
WCLT or WCL2 U
i
1
SACEN . E
18C —» r-— tcs —m —
CSAC |
wo | L LT LT LT LT L L L L L L L]
W e ) TWC e
iINDEX

- -

RCP'II'II’IIlllllllllllllIlII

tPC—»‘= e
o LI LT LT LML LML
tRA > .-
_—I i
1
AMDET .
:nfhtAM-bl
[
I}
AMOUT E
_ ;
RBS ; !
e tgs ::"RB»

See page 481 for ordering information.

Information furnished by Western Digital Corporation is believed to be accurate and reliable. However, no responsibility is assumed by Western Digital
Corporation for its use; nor for any infringements of patents or other rights of third parties which may result from its use. No license is granied by
implication or otherwise under any patent or patent rights of Western Digital Corporation. Western Digital Corporation reserves the right to change
specifications at anytime without notice.
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Western Digital
WD1100-09 Data Separator Support Logic

GENERAL DESCRIPTION technology and is available in a 20 pin plastic or
The WD1100-09 Data Separator Support Logic, when ~ Ceéramic package.

used with the other chips in the WD1100 series,

greatly reduces the external discrete logic required to FEATURES

design a Winchester hard disk data separator. The e SINGLE +5V SUPPLY

chip provides the pump signals to an external error o DRUN GENERATION

amplifier, control signals to an internal bus and a
special drive selection signal also to an internal bus. * DATA SEPARATION CONTROL SIGNALS

The WD1100-09 is fabricated in NMOS silicon gate ~ * 20 PIN DIP PACKAGE

60-00L 1AM

DRS1 »——0
DRS2 —( DRIVE
SELECTED L e DS
DRS3 ——Q LoGIC
ORSz »—0
DATA [ 1 20 Jvee
ReF[] 2 19[ ) RGATE DIN J—] oUMP D—3»- UP
DIN[] 3 18} DMR 0SG LOGIC L 3 DOWN
osc[] 4 17[_] DRS4
prs1] 5 16[_] WRITE I
AiFRa ] 6 15[ ] DRS3
DRS2[] 7 14[JDs DMR J—
DRUN[] 8 13[J WDAT DATA  Jw————i H—» DRUN
DSUT E ° 12 g zEWN RGATE I SEPIZg:TOR [ bouTt
10 1J0
* wowr R p 0
WRITE p»—(
REF J»——rt
WD1100-09 Figure 1. WD1100-09 Figure 2.
PiN CONNECTIONS BLOCK DIAGRAM
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PIN
NUMBER PIN NAME SYMBOL FUNCTION

1 READ DATA DATA Input that is used in DRUN generation.

2 REFERENCE REF An input that is 2 times the data rate that keeps
the VCO on center frequency during non-read
times.

3 DELAYED DATAIN DIN This input is a delayed version of DOUT. An
external delay line is used. The signals are
compared to provide pumps.

4 OSCILLATOR 0SC An input from the external VCO that is used in
pump development

5,7, DRIVE SELECT 1- DRS1- Input signals indicating which drive has been
15,17 DRIVE SELECT 4 DRS4 selected.

6 HIGH FREQUENCY HIFRQ Output to controller microprocessor that in-
dicates 16 ones or zeros have been entered on
the DATA line.

8 DATA RUNNING DRUN Output that indicates to the controller
microprocessor the completion of 16 ones or
zeros on the data line. Used to switch from REF
to DATA via firmware.

9 DATA OUT DouT Output data line. Can be REF or DATA or WDATA
depending on the condition of WRITE, DMR and
RGATE.

10 | GROUND Vss_ Ground .

11 UP PUMP upP An output that indicates REF is leading DATA.
Goes to erroramp. Open collector.

12 DOWN PUMP DOWN An output that indicates DATA is leading REF.
Goes to error amp. Open collector.

13 WRITE DATA WDATA MFM Write data input. Qutput appears at DOUT.

14 DRIVE SELECTED DS An output that indicates that one of four drives
have been selected.

16 WRITE MODE WRITE This input is active during a write operation and
enables WDAT.

18 DATA MASTER DMR This input is used to provide time-out for DRUN

RESET and HIFRQ in the event that 16 ones or zeros are
not present.

19 READ GATE RGATE This input, usually provided by the controller
microprocessor, places chip in read mode.

20 +5VDC \'e’e] +5VDC = 10%

DEVICE DESCRIPTION

The WD1100-09 is divided into three sections. Each
section will be described separately.

Drive Select Logic

DS (pin 14) will go active high if any input DSR1
through DRS4 (pins 5, 7, 15, 17) are active low.

Pump Logic

Internal logic causes the UP (pin 11) and the DOWN
(pin 12) to be set, initially to their inactive states. DIN
(pin 3) is the delayed data developed by passing
DOUT through a delay line. OSC (pin 4) is the output
of the data separator VCO. Whichever reaches the
pump logic first will determine whether UP PUMP or

DOWN PUMP is produced. These signals are then

sent to an external error amplifier and used for VCO
correction. During a write, the DIN must be locked to

a crystal oscillator clock and will hold the VCO on
frequency.

Data Separator Control Logic
Read Mode

In order to prevent the external VCO from locking
onto a harmonic of its operating frequency, REF (pin
2) is provided with a signal twice the data rate that is
crystal controlled. With WRITE (pin 6) and RGATE (pin
19) inactive, this signal will appear at DOUT (pin 9).
This signal is applied to the pump logic (see above).

The switching function is initiated immediately after
RGATE goes true. DMR (pin 18) will be set active as a
result of high frequency pulses applied to an external
one shot whose pulse width is such that its output is
2 single stretched pulse. The high frequency pulses
are applied to the DATA (pin 1) line and after 16
consecutive pulses, DRUN (pin 8) and HIFRQ (pin 6)




go true. At this point REF is switched out and the Write Mode

DATA stream is switched in and appears at DOUT. When WRITE (pin 16) goes active, REF is switched

DRUN is reset when RGATE goes inactive and oyt and WDAT (pin 13) will appear at DOUT. Since

HIFRQ goes inactive when DMR goes inactive. WDAT is a crystal controlled signal (usually the MFM
write data); the VCO is held locked and will not drift
(see pump logic above).

READ MODE
DMR __I £
1
DATA ___ JUUUUUUUUUUUUUUUUUUUUL
ipp >l !
I
DRUN I ' < ¢ |
T —2 7
' ~-»| le 1pR
T )
RGATE _I .
- - tHD »
HIFRQ ! — ¢
|
- REF >l DATA »|«—REF
vour [INMNANAAANANRANARMAUIA_ UL
>} H—fRE
WRITE
WRITE MODE
DMR
DATA
DRUN
HIFRQ
WRITE
«————REF >l DATA >
1
DOUT !

AC Electrical Characteristics TA = 0°Ct050°C; VoG = +5V = 10%;Vsg = 0V

SYMBOL PARAMETER MIN TYP? MAX UNIT CONDITION
tbb DATA! to DRUNY 170 nSec
DR RGATE! to DRUN? 90 nSec
tHD DMR! to HIFRQ? 90 nSec
2 TIMES
RE REF frequency DATA RATE 10 MHz

L]
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SPECIFICATIONS
ABSOLUTE MAXIMUM RATINGS
Ambient Temperature underBias . ..... 0°Cto50°C
Voitage on any pin with

respecttoVSS ...........ut. —-0.2Vto +7.0V
Power Dissipation. ...................... 1 Watt
Storage Temperature Plastic —55°Cto +125°C

Ceramic —55°Cto +150°C

NOTE:

Maximum ratings indicate operation when perma
nent device damage may occur. Continuous opera-
tion at these limits is not intended and should be
limited to those conditions specified in the DC Elec-
trical Characteristics.

DC Electrical Characteristics TA = 0°Ct050°C; VGG = +5V % 10%; Vss = OV

SYMBOL PARAMETER TYP? MAX UNIT CONDITION
ViL Input Low Voltage -02 08 \

VIH Input High Voltage 20 \

VoL Output Low Voltage 04 \ loL = 3.2mA
VOH Output High Voltage 24 \ IOH = —200uA
vVce Supply Voltage 45 5.0 55 \

Icc Supply Current 100 mA All outputs open

NOTE: UP and DOWN are open collector outputs and provide 12mA Io| @ .5V.

See page 481 for ordering information. ..

Information furnished by Western Digital Corporation is believed to be accurate and reliable. However, no responsibility is assumed by Western Digital
Corporation for its use; nor for any infringements of patents or other rights of third parties which may result from its use. No license is granted by
implication or otherwise under any patent or patent rights of Western Digital Corporation. Western Digital Corporation reserves the right to change

specifications at anytime without notice.

Printed in U.S.A
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WD1010-00/01 Winchester Disk Controllers

FEATURES

o ST506/SA1000 COMPATIBLE

¢ MULTIPLE SECTOR READ/WRITE

e UP TO 5MBITS/SEC DATA RATE

¢ UNLIMITED SECTOR INTERLEAVE

¢ AUTOMATIC FORMATTING

e CRC/ECC CAPABILITY

¢ AUTOMATIC RETRIES (WD1010-00 ONLY)
¢ VARIABLE SECTOR SIZE

e SINGLE +5V SUPPLY

DESCRIPTION

The WD1010 is a MOS/LSI device which performs the
functions of a Winchester Disk Controller/Formatter.
It is compatible with the Seagate ST506 and the
Shugart Associates SA1000 drives, as well as all
other 5% " and 8” products utilizing the same type of
interface. On the host side, an 8 bit bi-directional bus
accepts all commands, data, and status bytes. The
Westermn Digital WD1000 series of board level con-
trollers are software compatible with the WD1010.

Operating from a single 5 volt supply, the WD1010 is
implemented in NMOS silicon gate technology and
is available in a 40 pin dual-in-line package.
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A1 10
A2
D7 12
D6 []13
p5s 114
D4 115
D3 []16
p2 ]17
D118
po 19
V35:20

40 Vce
39[] RCLK
381 RG
371 RD

36[ ] BDRQ
35 ] BRDY
34{7] DRUN
33[ ] RWC
32 sC
31177 TKO0O
30 WF
29[ INDEX
28] DRDY
277 STEP
26/ DIR
257 WCLK
24 WG
231 EARLY
221 [ATE
2171 wD

PIN DESIGNATION
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e ]
PIN DESCRIPTION

PIN NUMBER PIN NAME SYMBOL FUNCTION
1219 DATA7-DATAOQ D7-DO Eight bit tristate bidirectional bus used for
transfer of commands, status, and data.

6 READ ENABLE RE Tristate bidirectional line, used as an input for
reading the task register and an output when
WD1010 is reading the buffer.

7 WRITE ENABLE WE Tristate bidirectional line used as an input for
writing into the task register and as an output
when the WD1010 is writing to the buffer.

911 ADDRESS0- AQ-A2 These three inputs select the register to
ADDRESS 2 receive/transmit dataon DO-D7.

8 CHIP SELECT Cs A logic low on this input enables both WE and
RE signals.

3 INTERRUPT REQUEST | INTRQ Active high output which is set to alogic high in
the completion of any command.

5 MASTER RESET MR A logic low in this input will initialize all intermnal
logic.

1 BUFFER CHIP SELECT | BCS Active low output used to enable reading or
writing of the external sector buffer.

This rising edge activated input is used to
35 BUFFER READY BRDY inform the controller that the sector buffer is full
e S orempty. . : !
2 BUFFER COUNTER | BCR Active low output that is strobed by the WD1010
RESET prior to read/write operations. This pin is strob-
ed whenever BCS changes state.
36 BUFFER DATA BDRQ This out i initi
put is set to initiate data transfers
REQUEST to/from the sector buffer.
40 +5VOLT Vce +5V +5% Power supply input.
20 GROUND Vss Ground
4 NO CONNECT NC

21 WRITE DATA wD This open drain output contains the MFM clock
and data pulses to be written on the disk.

25 WRITE CLOCK WCLK 4.34 or 5.0 Mhz clock input used to derive all
internal write timing.

24 WRITE GATE WG This output is set to a logic high before writing
is to be performed on the disk.

23,22 EARLY, LATE EARLY, Precompensation open drain outputs used to
LATE delay the WD pulses externally.

37 READ DATA RD Data input from the Drive. Both MFM clocks and
data puises are entered on this pin.

39 READ CLOCK RCLK A nominal square wave clock input derived from
the external data recovery circuits.

38 READ GATE RG This output is set to a logic high when data is
being inspected from the disk.

34 DATA RUN DRUN This input informs the WD1010 when a field of
one’s or zeroes have been detected.

27 STEP PULSE STEP This output generates a pulse for stepping the
drive motor.

26 DIRECTION DIR This output determines the direction of the
stepping motor.

28 DRIVE READY DRDY This input must be at a logic high in order for
commands to execute.

30 WRITE FAULT WF An error input to the WD1010 which indicates a
fault condition at the drive.

PREERRERRRRR s e
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PIN DESCRIPTION (Continued)

PIN NUMBER PIN NAME SYMBOL FUNCTION

31 TRACK 000 TKO00 An input to the WD1010 which indicates posi-
tioning over track 000.

29 INDEX PULSE INDEX A logic high on this input informs the WD1010
when the index hole has been encountered.

33 REDUCED WRITE RWC This output can be programmed to reduce write

CURRENT current on a selected starting cylinder.

32 SEEK COMPLETE SC This input informs the WD1010 when head

settling time has expired.
ARCHITECTURE

The WD1010 Winchester Disk Controller provides the
necessary link between an &bit, parallel processor
and a Winchester disk drive. Two versions of the
WD1010 are available. The WD1010-00 has automatic
retries on errors. The WD1010-01 terminates the com-
mand execution on errors. These differences are
noted in the following text and flowcharts. The inter-
nal architecture of the WD1010 is shown in Figure 1.
Its major functional blocks are:

PLA Controller
The PLA interprets commands and provides all con-
trol functions. It is synchronized with WCLK.

Magnitude Comparator

A 10 bit magnitude comparator is used for calcula-
tion of drive step, direction, present and desired
cylinder position.

CRC Logic

Generates and checks the cyclic redundancy check
characters appended to the ID and data fields. The
polynomial is X16 + X12+ X5+ 1.

MFM Encode/Decode

Encodes and decodes MFM data to be written/read
from the drive. The MFM encoder operates from
WCLK; a clock having a frequency equivalent to the
bit rate. The MFM decode operates from RCLK; a bit
rate clock generated from the external data separator.
RCLK and WCLK need not be synchronized.

AM Detect
The address mark detector checks the incoming data
stream for a unique missing clock pattern
(Data=H'A1’, Clock=H'0A’) used in each ID and
data field.

8
D0-D7—/——{ 110 BUFFER;J I TASK FILE ] L CRC LOGIC I l DATA REG ]
[ ] T 1 ) [}
A | y Yy
) 3
s 1 I N4
PARALLEL MEM [ WO
—>
s SERIAL ENCODER | e woLk
| STATUS REG I MAGNITUDE Y
[} COMPARATOR N SERIAL
— c TO MFM
RE —F< PARALLEL [*~] DECODER
—_— 1
WE =————t-q
3]
A2-AD -—/——--
SYNCHRONIZER RCLK
|RQ ——] HOST
IFC ¥
MR ——
— > AM DETECT RD
cs PLA
CONTROLLER STEP
- - DIRC
- > EARLY
BRDY —BUFFER f—g= L ATE
BDRQ = IFC f—
il DRIVE DRDY
8CS = > “Fc e wF
*— TKo0O
Voo =i = INDEX
Vgg ———p fa— sC
ss —> RWC
L _ > wG
Figure 1. WD1010 BLOCK DIAGRAM P Re
IFC DRUN
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Host/Buffer IFC
This logic contains all of the necessary circuitry to
communicate with the 8-bit host processor.

Drive IFC
This logic controls and monitors all lines from the
drive, with the exception of read and write data.

DRIVE INTERFACE

The drive side of the WD1010 controller requires
three sections of external logic. These are buf-
fersireceivers, data separator, and write precom-
pensation. Figure 2 illustrates a drive side interface.

The buffer/receivers condition the control lines to be
driven down the cable to the drive. The control lines
are typically single-ended, resistor terminated TTL

levels. The data lines to and from the drive also
require buffering, but are differential RS-422 levels.
The interface specification to the drive can be found
in the manufacturers’ OEM manual. The WD1010
supplies TTL compatible signals, and will interface to
most buffer/driver devices.

The data recovery circuits consist of a phase-lock
loop data separator and associated components. The
WD1010 interacts with the data separator through the
DATA RUN (DRUN) and Read Gate (RG) signals. The
block diagram of the data separator circuit is shown
in Figure 3. Read data from the drive is presented to
the RD input of the WD1010, the reference
multiplexor, and a retriggerable one shot. The read
gate (Pin 38) output will be low when the WD1010 is
not inspecting data. The PLL at this time should
remain locked to the reference clock.

RG >
DRUN |g=—
DATA
RD |
RoLK L RECOVERY
WD
BARLY > WRITE
HOST {  DATA/CTRL LATE »|  PRECOMPENSATION
RWC
STEP
DIRC >
DRDY [
WF | BUFFER/
TKO0O [ RECEIVERS |
INDEX
SC .
WG - Figure 2.
DRIVE INTERFACE BLOCK DIAGRAM
RETRIGGERABLE
ONE-SHOT »1 DRUN
MFM
DISK » RD
DATA
I_ wD1010
PHAS VGO -
A COMP, c RCLK
=2 MUX
r B - RG
| WCLK
10 MHZ .
0sC Figure 3.
DATA RECOVERY CIRCUIT
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When any Read/Write command is initiated and a

search for address marks begins, the DRUN input is
(ngtﬁozv) examined. The DRUN one-shot is set for slightly
greater than one bit time, allowing it to retrigger

constantly on a field of ones and zeros. An internal
\ counter times out to see that DRUN is high for 16 bits
(2 byte times). Since all address marks are preceded
by 12 bytes of zeros, an attempt is made to read an
address mark. If DRUN falls prior to 64 bit times, the
process is repeated. Read gate is then set by the
WD1010, switching the data separator to lock onto
the incoming data stream. Read gate will remain
active high until a non-zero, non-address mark byte is
detected. It then will lower read gate for 2 byte times
(to allow the PLL to lock back on the reference clock)
SET RG and start the DRUN search over again. If an address
HIGH mark is detected, read gate will be held high and the
command will continue searching for the proper ID
field. This sequence is shown in the flow chart of
Figure 4.
The write precompensation logic is controlled by the
signals Reduce Write Current (RWC), Early and Late.
RESET The cylinder in which the RWC line becomes active
is controlled by a register in the Task File. It can be
A used to turn on the precomp circuitry on a
predetermined cylinder.

DRUN

HIGH FOR

2 BYTE TIMES
?

WAS DRUN

HIGH FOR

9 BYTE TIMES
?

The signals Early and Late are used to tell the
precomp how much delay is required on the write
data puise about to be sent. The amount of delay is
determined externally through a digital delay line or
equivalent circuitry. Since the signal Early occurs
after the fact, write data should be delayed one in-
terval when both Early and Late are high; two in-
tervals when Late is low; and no delay when Early is
low. An interval, for example, is 12-15 ns. on the
ST506. Early or Late will be active slightly ahead of
the write data pulse; Early and Late will never be low
at the same time. Regardless of the contents of the
RWQGC register, Early and Late will always be active.

Examples for all three of the above circuits can be
found in the WD1010 Application Note.

HOST INTERFACE

The primary interface between the host processor
and the WD1010 is through an 8-bit bidirectional bus.
This bus is used to transmit/receive data to both the
WD1010 and a sector buffer The sector buffer is
constructed with either FIFO memory or static RAM
and a counter. Since the WD1010 will make the bus
active when accessing the sector buffer, a trans-
ceiver must be used to isolate the host during this
time. Figure 5 shows a typical connection to a sector
buffer implemented with RAM memory. Whenever
the WD1010 is not using the sector buffer, the Buffer
Chip Select (BCS) is high (disabled). This allows the
host to access the WD1010’s Task File, and to set up
parameters prior to issuing a command. it aiso ailows
the host to access the RAM buffer. A decoder is used

Figure 4. to generate a chip select when Ag-A2 are ‘000’; an
PLL CONTROL SEQUENCE unused address in the WD1010. A binary counter is
enabled whenever RE or WE goes active and in-

HAS AM
OCCURRED
IN 1-1/2
BYTES
?

PROPER
iD FIELD
?
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X

cremented on the trailing edge of the chip select.
This allows the host to access sequential bytes
within the RAM. The decoder also generates another
chip select when Ag-A2 # ‘000’; allowing access to
the WD1010’s internal registers while keeping the
RAM tri-stated.

During write sector commands, the processor sets
up data in the Task File and issues the command. It
then generates a status to inform the host it may load
the buffer with the data to be written. When the
counter reaches its maximum count, the Buffer
Ready (BRDY) signal is made active (by the “carry”
out of the counter), informing the WD1010 that the
buffer is full. (BRDY is a rising edge activated signal.)
The Buffer Chip Select (BCS) is then made active,
disconnecting the host through the transceivers, and
the RE and WE lines become outputs from the
WD1010 to allow it access to the buffer When_the
WD1010 is done using the buffer, it disables BCS

which again allows host access to this local bus. The
read sector commands operate in a similar matter,
except the buffer is loaded by the WD1010 instead of
the host.

Another control signal called Buffer Data Request
(BDRQ; not used in Figure 5) is a DMA signal that can
inform a direct memory access controller when the
WD1010 is requesting data. For further explanation,
refer to the description of the individual commands
and the A.C. Timing Specifications. In a read com-
mand, interrupts are generated at the termination of a
command; an interrupt may be specified to occur
either at the end of the command or when BDRQ is
activated. The interrupt line (INTRQ) is cleared either
by reading the status register or by writing a new
command in the command register.

- ?E.
WE
i BCR
L—' Qp Ag DATA
HOST . Aq RE
PROCESSOR . : _ WD1010
pck L 12 WE
hgll SRS g
MR * .
16 X AX cs
b —3
E
c I
o BCS
b P —
s - 1‘ £ s
3 3
A0-2 f——e #— Ao2
D Q BRDY
cP N.U. —— BDRQ
RST
Figure 5.
HOST INTERFACE
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TASK FILE

The Task File is a bank of registers used to hold
parameter information pertaining to each command.

These registers and their addreses are:

A2 A{ Ag|READ WRITE
0 0 O |(Bus Tri-Stated) (Bus Tri-Stated)
0 0 1 |Error Flags Write Precomp
Cylinder
0 1 0 |Sector Count Sector Count
0 1 1 |Sector Number Sector Number
1 0 0 |Cylinder Low Cylinder Low
1 0 1 |Cylinder High Cylinder High
1 1 O|SDH SDH
1 1 1 [Status Register Command
Register

NOTE: Registers are not cleared by master reset
(MR).

ERROR REGISTER

This read-only register contains specific error status
after the completion of a command. These bits are
defined as follows:

7 6 5 4 3 2 1 0
[BB]CRC [— [ID [— [AC [TK [ DM |

Bit 7 — Bad Block Detect

This bit is set when an ID field has been encountered
that contains a bad block mark. Used for bad sector
mapping.

Bit 6 — CRC Data Field

This bit is set when a data field CRC error has oc-
curred or the Data Address Mark has not been found.
The sector buffer may still be read but will contain
errors,

Bit 5 — Reserved
Not used; forced to a zero.

Bit4 — ID Not Found

This bit is set when the desired cylinder, head, sector,
or size parameter cannot be found after 8 revolutions
of the disk, or if an ID field CRC error has occurred.

Bit 3 — Reserved
Not used; forced to a zero.

Bit 2 — Aborted Command

This bit is set if a command was issued while the
DRDY (Pin 28) line is low or the WF (30) line is low.
The aborted command bit will also be set if an un-
defined command code is written into the command
register, but an implied seek will be executed.

Bit1 — TKO0O0O Error

This bit is set only by the restore command. It in-
dictes that the TK00O (Pin 31) line has not gone active
after the issuance of 1024 stepping pulses.

Bit 0 — Data Address Mark Not Found

This bit is set during a read sector command if the
data address mark is not found after the proper
sector ID is read.

WRITE PRECOMP CYLINDER
This register is used to define the cylinder number
where the RWC (Pin 33) line is asserted:

7 6 _5 4 3 2 1 0
[ CYLINDERNUMBER + 4

The value (0-255) loaded into this register is internally
multiplied by 4 to specify the actual cylinder where
RWC is asserted. Thus, a value of H'01" will cause
RWC to activate on cylinder 4; H'02' on cylinder 8,
and so on. Switching points are then 0, 4, 8, . . . 1020.
The RWC will be asserted when the present cylinder
is equal to a greater than the value in this register. For
example, the ST506 requires precomp on cylinder 128
(H'80’) and above. Therefore, the write precomp
cylinder register should be loaded with 32 (H'20").

SECTOR COUNT

This register holds the number of sectors that are
needed to be transferred to the buffer:

7 6 5 4 3 2 1 0
[ j # OF SECTORS

This register is used during a multiple sector RIW
command. The written value is decremented after
each sector is transferred to the sector buffer. A zero
represents a 256 sector transfer, a 1 = one sector
transfer, etc. This register is a “don’t care” when
single sector commands are specified.

SECTOR NUMBER
This register holds the sector number of a desired
sector: '

7 6 5 4 3 2 1 0
SECTOR NUMBER

During a multiple sector command, this register
specifies the first sector in the transfer. It is internally
incremented after each transfer of data to the sector
buffer. The sector number register may contain any
value from 0 to 255.

CYLINDER NUMBER LOW

This register holds the least significant 8 bits of the
desired cylinder number:

7 6 5 4 3 2 1 0
|' "LS BYTE OF GYLINDER NUMBER | }

It is used in conjunction with the cylinder number
high register to specify a range of 0 to 1023.

R
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CYLINDER NUMBER HIGH
This register defines the two most significant bits of
the cylinder number desired:

7 6 5 4 3 2 1 0
X Ix [x [x [x[x[@]®]

Internal to the WD1010, is another pair of registers
that hold the actual position number where the RW

heads are located. The cylinder number high and low
registers can be considered the cylinder destination
for seeks and other commands. After these com-
mands are executed, the internal cylinder position
registers’ contents are equal to the cylinder high/low
registers. If a drive number change is detected on a
new command, the WD1010 automatically reads an
1D field to update its internal cylinder position regis-
ters. This affects all commands except a Restore.

SDH BYTE
This register contains the desired sector size, drive number, and head number parameters. The format is:
7 6 5 4 3 2 1 0
[ ExT| siZE [ DRIVE [ HEAD |
- VA e - -
- VR R ———
//// // \\\ \\\\\\\\\\\ \\\\‘\\
6 | 5 |SECTORSIZE 4 |3 DRIVE # 7 21110 HEAD# _
00 256 [N DSEL1 0/01|0 HSELO
0|1 512 0 |1 DSEL 2 0|0 |1 HSEL 1
110 1024 110 DSEL 3 o110 HSEL 2
111 128 - 1-{ 1- {- DSEL4 041 |1 HSEL 3
11010 HSEL 4
1 0 1 HSELS
11110 HSEL 6
Both head number and sector size is compared 11111 HSEL 7

against the disks’ ID field. Head select and drive
select lines are not available as outputs from the
WD1010, and must be generated externally. Figure 6
shows the logic to implement these select lines.

Bit 7, the extension bit, is used to extend the data
field by seven bytes when using ECC codes. CRC is
not appended to the end of the data field when

command. The SDH byte written into the ID field is
different than the SDH register contents. The
recorded SDH byte does not have the drive number
written but does have bad block mark written. The
format is:

EXT=1; the data field becomes “sector size +7" BAD SIiE 0 0 HEAD #
bytes long. CRC is checked on the ID field regardless BLOCK ) . . '
of the state of the extension bit. Note that the sector 7 8 5 4 3 2 1 0
size bits are written to the ID during a formatting
Do
D1
D2
BUS D3
TRANSCEIVER D4
D5
D6
g b7
s L
T ———dq DO Q1 p—— HSEL 0
v‘vE)-———-] D1 ? Q2 HSEL 1
D2 Q3 HSEL 2
A0 ) D3 C Q4 |— wD1010
A1 ) pa M ogs| 1 © |—pseL1
A2 A g — DSEL 2
— |— DSEL 3
cs ¥ g | DSEL 4
riguie 8. E
DRIVE/HEAD SELECT LOGIC
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STATUS REGISTER

The status register is a read-only register which
informs the host of certain events performed by the
WD1010 as well as reporting status from the drive
control lines. The format is:

2 10
— [ cIP [ ERR |

7 6 5 4 3
[ BSY [RDY [ WF [ SC | DRQ |

Bit7 — Busy

This bit is set whenever the WD1010 is accessing the
disk. Commands should not be loaded into the
command register while busy is set. Busy is made
active when a command is written into the WD1010
and is deactivated at the end of all commands except
the read sector. While executing a read sector
command, busy is deactivated after the sector buffer
has been filled.

Bit 6 — Ready

This pin normally reflects the state of the DRDY (Pin
28) line.

Bit 5 — Write Fault

This bit reflects the state of the WF (Pin 30) line.
Whenever the WF pin goes high, an interrupt will be
generated.

Bit4 — Seek Complete

This bit reflects the state of the SC (Pin 32) line.
Certain commands will pause untit seek complete is
true.

Bit 3 — Data Request

This bit reflects the state of the BDRQ (Pin 36) line. It
is set when the sector buffer should be loaded with
data or read by the host, depending upon the com-
mand. DRQ/BDRQ remains high until BRDY is
sensed, indicating the operation is completed. The
BDRQ signal can be used in DMA interfacing, while
the DRQ bit can be used for programmed /O trans-
fers.

Bit2 — Reserved
Not used. This bit is always forced to a zero.

Bit1 — Command in Progress

When this bit is set, a command is being executed
and a new command should not be loaded until reset.
Although a command may be executing, the sector
buffer is still available for access by the host.

Bit0 — Error

This bit is set whenever any bits in the error register
are set. It is the logical ‘or’ of the error register and
may be used by the host to quickly check successful
completion of a command. This bit is reset when a
new command is written into the command register.

COMMAND REGISTER

This writeonly register is loaded with desired
command:

7 6

L . .

2 1 0

]

5 4 3
COMMAN

—

The commands begins to execute immediately upon
loading. This register should not be loaded while the
Busy or CIP bits are set in the status register. The
INTRQ (Pin 3) line, if set, will be cleared by a write to
the command register.

INSTRUCTION SET

The WD1010 will execute six commands. Prior to
loading the command register, the host must first set
up the task file with the proper information needed
for the command. Except for the command byte, the
other registers may be loaded in any order. Any
subsequent writes to the command register will be
ignored until execution is completed indicated by the
resetting of the CIP bit in the status register.

COMMAND SUMMARY
COMMAND 7 6 5 4 3 2 1 0
RESTORE 0 0 0 1 RRR2R1 Ro
SEEK 0 1 1 1 RRR2RI Ry
READ SECTOR 0 01t 01 MOO
WRITE SECTOR 00011 0MPOO
SCANID 010 0 00 0O
WRITE FORMAT 01 01 00 0O
Ra-Rp Rate Field
For5 MHz WCLK:
R3-Rg = 0000 — =35 us.
0001 — 5ms.
0010 — 1.0 ms.
0011 — 1.5 ms.
0100 — 20 ms.
0101 — 25 ms.
0110 — 3.0 ms.
0111 —35ms.
1000 — 4.0 ms.
1001 — 4.5ms.
1010 — 5.0 ms.
1011 — 55 ms.
1100 — 6.0ms.
1101 — 6.5 ms.
1110 —7.0ms.
1111 —7.5ms.

Bit 0, (“T”") Read Sector, Write Sector Commands

Should be set to 0 for WD1010-00
Should be set to 1 for WD1010-01

M = Multiple Sector Flag

M = 0 Transfer 1 sector
M = 1 Transfer multiple sectors

Interrupt Enable

0, Interrupt at BDRQ time
1, Interrupt at end of command

10/00-0L0LAM
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RESTORE

RESET INTRQ,
ERRORS,
SET BUSY, CIP

Y

RESET RWC
SET DIRECTION
= OUT
STORE STEP RATE

DRIVE

NOT READY

OR WRITE

FAULT
?

PULSE BCR
SET AC, INTRQ
RESET BSY, CIP

YES

TK000

ACTIVE
?

1,024

STEP PULSES

ISSUED
?

YES

SET
TKO000 ERROR

PULSE BCR
SET INTRQ
RESET BSY, CIP

ISSUE A
STEP PULSE

RESTORE COMMAND

The restore command is usually used on a power-up
condition. The actual stepping rate used for the
restore is determined by Seek Complete time. A step
pulse is issued and the WD1010 waits for the Seek
Complete line to go active before issuing the next
pulse. If after 1,024 stepping pulses, the TK00O line
does not go active, the WD1010 will set the TKO0O
error bit in the error register and terminate with an
INTRQ. An interrupt will also occur if the write fault
goes active or the DRDY goes inactive during
execution.

The rate field specified (R3-Rp) is stored in an internal
register for future use in commands with implied
seeks.

SEEK COMMAND

Since all commands feature an implied seek, the
seek command is primarily used for overlap seek
operations on multiple drives. The actual step rate
used is taken from the rate field, which is also stored
in an intenal register for future use. If DRDY goes

-inactive .or. WE. .goes. active,-the.command is. ter-

minated and an INTRQ is generated.

The direction and number of step pulses needed are
calculated by comparing the contents of the cylinder
register high/low to the cylinder position number
stored internally. After all steps have been issued, the
internal cylinder position register is updated and the
command is terminated. Seek complete is not
checked at the beginning or end of the command.

READ SECTOR

The read sector command is used to transfer one or
more sectors of data to the disk. Upon receipt of this
command, the WD1010 checks the cylinder registers
against its internal cylinder position register to see if
they are the same. If not, the direction and number of
steps calculation is performed and a seek takes
place. Write Fault and DRDY lines are checked
throughout the command.

After seek complete is found to be true (with or
without an implied seek), the search for an ID field
occurs. The WD1010-00 must find an ID with the
correct cylinder, head, sector size, and CRC within 8
revolutions; else the appropriate error bits will be set
and the command terminated. If not, eight retries are
performed with the ID-NOT-FOUND error bit set and
the command terminated. Both the Read and Write
sector commands feature a “simulated completion”
to ease programming. DRQ/BDRQ will be generated
upon detecting an error condition. This allows the

same program flow for successful or unsuccessful
completion of a command.
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SCAN ID
GET CYL #

SEEK

RESET INTRQ,
ERRORS,
SET BUSY, CIP
STORE STEP RATE

DRIVE #
CHANGED?

1

SET ABORTED
COMMAND BIT

SET
DIRECTION

l

CALCULATE
# OF STEPS

Nor
ISSUE STEP
PULSE

!

DELAY
ACCORDING TO
RATE FIELD

PULSE BCR
SET INTRQ
RESET BSY, CIP
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< READ SECTOR ’

[

RESET INTRQ,
ERRORS,
SET BSY, CIP

YES
DRV # CHANGED?

SCAN ID
GET CYL #

CYL

REGISTERS

& INTERNAL

CYL SAME
?

SEARCH
FORID
FIELD

PERFORM
SEEK
COMMAND

DRIVE RDY?

SEEK NO

COMPLETE
?

WF
OR NOT RDY
ACTIVE
2

ACTIVATE
BCS __
PULSE BCR

PULSE BCR
SET INTRQ, AC
RESET BSY, CIP, B

* Pertains to WD1010-00 only.

CYL,

HEAD, SEC
SIZE MATCH

NOTE*

8 INDEXES NO |
PASSED L \
SCAN ID
GETCYL #
NOTE*
RESEEK
TOCYL #

SET
1D NOT FOUND

PULSE BCR

SETINTRQ,
RESET BSY, CIP, BCS
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SET BAD

BLOCK BIT SET CRC

ERROR

NOq———————l

CRC ERROR
?

DEACTIVATE BCS

PULSE BCR
RESET BSY, CIP
4 SET DAM
SET INTRQ DAM I;OUND NOT FOUND

I
YES

PULSE BCR
SET INTRQ
RESET BSP, CIP

TRANSFER
SECTOR
TO BUFFER

8 INDEXES
PASSED?

"
FLAG SET YES
2
SET _ '
CRC
ERROR INCREMENT SECTOR # .
DECREMENT SECTOR
DEACTIVATE BCS COUNT SET
PULSE BCR B DRQ
SET BDRQ
RESET BSY
BRDY
LOW TO HIGH
NO SET ?
INTRQ
YES
YES [ DEACTIVATE BCS
PULSE BCR
BRDY
Low TO HiGH D2
? RESET BDRQ
YES
Y 3

RESET BDRQ
PULSE BCR
SET INTRQ
RESET CIP

* Pertains to WD1010-00 only.
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When the data address mark is found, the WD1010 is
ready to transfer data to the buffer. After the sector
data has been transferred, the | flag is checked. If the
| flag is 0, the INTRQ is made active coincident with
BDRQ, indicating a transfer of data is required by the
host. If 1=1, the INTRQ will occur at the end of the
command (i.e. after the buffer is unloaded by the
host).

An optional M flag may be set for multiple sector
transfers. When M =0, one sector is transferred and
the sector count register is ignored. When M =1,
multiple sectors are enabled. After each sector is
transferred, the WD1010 decrements the sector
count register and increments the sector number

When M =0 (Single Sector Read)

register. The next logical sector will be transferred,
regardless of the interleave. Sectors are numbered at
format time by a byte in the ID field.

For the WD1010 to make multiple sector transfers to
the buffer, the BRDY line must be toggled low to high
for each sector. The sector transfers will continue
until the sector count register equals zero or BRDY
goes inactive. If the sector count register is non-zero
(indicating more sectors are to be transferred but the
buffer is full), BDRQ will be made active and the host
must unload the buffer. Once this occurs, the buffer
will again be free to accept the next sector in this
multiple sector read command.

Finds sector specmed transfers data to buffer (by WE strobes).

(1 Host: Sets up parameters; issues read sector command.
(2 1010: Strobes BCR; sets BCS =0 (On).

(3 1010:

(4) 1010: Strobes BCR; sets BCS = 1.(Off.

( 5) 1010: Sets BDRQ =1; sets DRQ flag.

( 6) 1010: If | bit=1 then (9). __

(7 Host: Reads out contents of buffer (by strobing RE).

( 8) 1010: Waits for BDRY then sets INTRQ = 1; End.

(9 1010: Sets INTRQ =1. __

(10) Host: Reads out contents of buffer (by strobing RE); End.

When M = 1 (Multiple Sector Read)

(1 Host: Sets up parameters; issues read sector command.
(2 1010 Strobes BCR; set BCS =0 (On). L
(3 1010: Finds sector specified; transfers data to buffer (by WE strobes).
(4 1010: Decrements sector count register; increments sector number register.
( 5) 1010: Strobes BCR; sets BCS =1 (Off).
( 6) 1010: Sets BDRQ =1; DRQ flag=1.
(7 Host: Reads out content of buffer (by RE strobes).
( 8) Buffer: Indicates data has been transferred by asserting BRDY.
(9 1010: When BRDY is asserted, go to (11) if sector count = 0.
(10) 1010: Go to Step (2).
11) 1010: Activates INTRQ.
WRITE SECTOR

The write sector command is used to write one or
more sectors of data to the disk. Upon receipt of this
command, the WD1010 checks the cylinder registers
against its internal cylinder position register to see if
they are the same. If not, the direction and number of
steps are calculated and a seek command takes
place. Write fault and DRDY lines are checked
throughout the command.

After Seek complete is found to be true (with or
without an implied seek), the BDRQ signal is made
active and the host proceeds to load the buffer. When
the WD1010 senses the BRDY line going high, the ID
field with the specified cylinder, head, and sector size
is searched for. Once found, the write gate signal is
raised and the data is written to the disk, If the ID
field cannot be found within 8 revolutions, the ID not
found bit is set and the command is terminated.

L ]



WRITE SECTOR

RESET INTRQ,
ERRORS, DRQ
SET BSY, CIP

YES DRIVE # SCAN 1D
CHANGED? SET WG ON GET CYL #
SGAN ID
GET CYL # YES RESEEK
TO CYL #
NO NOTE*
WRITE DATA SULSE 508
TOo zEgTOF‘ SET ID NOT FOUND
WG OFF INTRQ, RESET BSY, CIP
J DEACTIVATE BCS
\
NO YES
YEs
DEACTIVATE BCS
ACTIVATE BDRQ PULSE BCR
g INCREMENTS SEGTOR i
DRQ NUMBER; DECREMENT SET INTRQ; RESET
SECTOR COUNT \

RESET BDRQ DEACTIVATE BCS
PULSE BCR

( ) ACTIVATE BDRQ

ACTIVATE BCS

PULSE BCR
SElAcH SET ABORTED
COMMAND
FIELD o

PULSE BCR

SET INTRQ
RESET BSY, CIP__
DEACTIVATE BCS

* Pertains to WD1010-00 only.
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During a multiple sector write operation (M flag = 1),
the sector number is incremented and the sector
count register is decremented. If the BRDY line is
asserted after the first sector is read out of the buffer,
the WD1010-00/01 will continue to read data out of

the buffer for the next sector. If BRDY is inactive, the
WD1010-00/01 will raise BDRQ and wait for the host
to place more data in the buffer.

In summary then, the write sector operation is as
follows:

(1) Host:
(2 1010:
(3 Host:
(4 1010:
( 5) 1010
(6 1010:
(7 1010:
(8 1010:
(9 1010: Go to (2).

Sets up parameters; issues write sector command.
Sets BDRQ =1, DRQ flag=1.

Loads buffer with data (by WE strobes).

Waits for BRDY = iow to high.

Finds specified ID field, write out sector.

If M=0, then interrupt; End.

Increments sector number, decrements sector count.
If sector count=0, then interrupt; End.

SCAN ID

The scan ID command is used to update the head,
sector size, sector number and cylinder registers.

The ready and write fault lines are checked
throughout the command. When the first ID field is
encountered, the ID information is loaded into the
SDH, cylinder, and sector number registers. The
internal cylinder position register is also updated. If a
bad block-is detected; the-bad block bit-will-also-be
set. CRC is checked and if an error is found, the
WD1010 will retry up to 8 revolutions to find an error-
free ID field. There is no implied seek with this
command and the buffer is left undisturbed.

FORMAT

The format command is used to format one track
using the task file and the sector buffer. During this
command, the sector buffer is used for additional
parameter information instead of sector data. Shown
in Figure 7 is the contents of the sector buffer fora 32
sector track format with an interleave factor of two.
Each sector requires a two byte sequence. The first
byte designates whether a bad block mark is to be
recorded in the sector's ID field. A H’00’ is normal; a
H'80' indicates a bad block mark for that sector. In
the example of Figure 7, sector 04 will get a bad block

mark recorded.

The second byte indicates the logical sector number
to be recorded. Using this scheme, sectors may be
recorded in any interleave factor desired. The remain-
ing memory in the sector buffer may be filled with
any value; its purpose is only to generate a BRDY to
tell the WD1010 to begin formatting the track.

An implied seek is also in effect on this command.
As in other commands, if the drive number has
changed, an ID field will be scanned for cylinder
position information before the implied seek is
performed. If no ID field can be read (because the
track had been erased or because an incompatible
format had been used), an IDNF error will result and
the Format command will be aborted. This can be
avoided by issuing a Restore command before
formatting.

The sector count register is used to hold the total
number of sectors to be formatted, while the sector
number register holds the number of bytes minus 3
to be used for Gap 1 and Gap 3; for instance, if the
sector count register value is 2 and the sector
number register value is 0, then 2 sectors are written
and 3 bytes of H'4E’ are written for Gap 1 and Gap 3.

DATA
ADDR 0 1 2 4 5 6 7
00 00 00 00 10 00 01 00 11
08 00 02 00 12 00 03 00 13
10 80 04 00 14 00 05 00 15
18 00 06 00 16 00 o7 00 17
20 00 08 00 18 0.9] 09 00 19
28 00 0A 00 1A 00 0B 00 1B
30 00 oC 00 1C 00 oD 00 1D
38 00 OE 00 1E 00 OF 00 1F
40 FF FF FF FF FF FF FF FF
FO FF FF FF FF FF FF FF FF
Figure 7.

FORMAT COMMAND BUFFER CONTENTS
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The data fields are filled with H'FF; and CRC is
automatically generated and appended. The sector
extension bit of the SDH register shouid not be set.
After the last sector is written, H'4E’ is filled until
index. Like all commands, a write fault or drive not
ready condition will terminate the command. Figure 8
shows the format that the WD1010 will write on the
disk.

The Gap 3 value is determined by the drive motor
speed variation, data sector length, and the interleave
factor. The interleave factor is only important when

1:1 interleave is used. The formula for determining
the minimum Gap 3 value is:

Gap3=2*M"S+ K+ E

motor speed variation (e.g. .03 for + —3%)
sector length in bytes

25 for interleave factor of 1

0 for any other interleave factor

7 if the sector is to be extended

Like all commands, a write fault or not ready con-
dition will terminate the command. Figure 8 shows
the format that the WD1010 will write on the Disk.

MXXOZ
T TIRTINT

SCAN ID

RESET INTRQ,
ERRORS
SET CIP, BSY

SEARCH FOR
ANY ID FIELD

SET INTRQ, AC
RESET BSY, CIP

1D
FOUND
?

YES

UPDATE SDH,
CYL, SECTOR,
CYL POS. REG'S

BAD
BLOCK
DETECT

SET INTRQ
RESET BSY, CIP

* Pertains to WD1010-00 only.

g PULSE BCR "

8

NO INDEXES NO
PASSED e

YES

PULSE BOR

SET ERROR, INTRQ
RESET BSY, CIP

!

SET BAD BLOCK BIT
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‘ FORMAT ,

RESET INTRQ,
ERRORS,
SET CIP, BSY
ACTIVATE BDRQ

WRITE GAP 1
OR GAP 3

SEEK EXTEND

\
BRDY NO
?
YES

RESET B8DRQ

DRIVE #
CHANGED?

NO

COMPLETE=0?

GAP

NO

I

DECREMENT
SECTOR COUNT

SECTOR
COUNT

SCAN ID - =0
GET CYL # > ,
¥
SEEK TO
DESIRED CYL WRITE
SECTOR
1 «—— [NO
SEEK YES
COMPLETE
? WRITE 4E'S
UNTIL INDEX
YES
STROBE BCR ]
ACTIVATE BCS —
PULSE BCR
SET INTRQ
NO RESET BSY, CIP
NO YES
YES SET WG ON .
YES NO
YES NO
WE?
WG
SET ABORTED PULSE BCR
COMMAND BIT SET INTRQ

RESET BSY, CIP
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REPEATED FOR EACH SECTOR

————————————— DATA FIELD
. ID FIELD ! r — P
alolclElE 6|5 lsovmes| r2mvres | a]F o
aAPa aAP uevtes | 4 e[V |5 A A et A Al I USER DATA R|R [aByres| capa
¥ pla|1]2 1]2
/ ; : 7
WRITE GATE ——l ‘___
ID FIELD DATA FIELD
Al1= H'A1’ withH'OA' clock. A1= H'A1’ withH'0A’ Clock
IDENT = MSB of Cylinder Number F8 = Data Address Mark; Normal Clock
FE = 0-255 Cylinders - i 2
FF — 256511 Gylinders USER = Data Field 128 to 1024 Bytes:
FD = 768-1023 Cylinders 1. GAP1 and 3 length determined by sector number
HEAD = Bits0, 1,2 = Head Number register contents during formatting.
Bits 3,4 = 0 2. If EXT bit in SDH register is set to 1 then an ad-
Bits 5,6 = Sector Size ditional 7 data bytes are written, no CRC bytes are
Bit7 = Bad Block Mark written.
Sec#= Logical Sector Number

Figure 8.
FORMAT
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ELECTRICAL CHARACTERISTICS
ABSOLUTE MAXIMUM RATINGS
Ve with respect toVgs (Ground) .......... +7V
Max Voltage on any Pin with

respecttoVes ................ —-05Vto +7V
Operating Temperature ............. 0°Cto70°C
Storage Temperature ......... -55°Cto +125°C

NOTE:

Maximum limits indicate where permanent device
damage occurs. Continuous operation at these
limits is not intended and should be limited to those
conditions specified in the DC Electrical charac-
teristics.

DC Operating Characteristics To = 0°C t0 70°C; VSs = OV,VCG = +5V + .25V

SYMBOL CHARACTERISTIC MIN MAX UNITS CONDITIONS
L Input Leakage +10 KA | VIN=.4toVee
loL Output Leakage +10 vA | VouT=4toVce
(Tristate & Open Drain)

ViH Input High Voltage 20 \

ViL Input Low Voltage 0.8 \

VOH Output High Voltage 24 v 10= - 100uA

VoL Output Low Voltage 04 \ 10=16mA

VoL Output Low Voltage (Pins 21-23) 0.45 \ I0=48mA

Icc Supply Current 200 mA | All Outputs Open
For Pins 25, 34,37, 39:

VIH Input High Voltage 46 Vv

VIL Input Low Voltage 05 \

TRS Rise Time 30 ns 10% t0 90% points

HOST READ TIMING

AC Timing Characteristics TA = 0°Ct070°C;Vss = 0V, VGG = +5V + .25V

SYMBOL CHARACTERISTIC MIN MAX UNITS CONDITIONS
TASE ADDR Setup to RE 100 ns
TDAC Data Valid from RE 375 ns
TRE Read Enable Pulse Width 4 10 us
TDOH Data Hold from RE 20 200 ns
THLD ADDR, CS, Hold from RE 0 ns
TRDR Read Recovery Time 300 ns
TCSE CSSetupTo 0 ns

ADDR

pd

Ag, A1, Ag STABLE

i(-—TASE——P!

_Nﬁ——TCSE -—b'

L
Thio =} m

1
|
]
"
-

4]

TRE

DBO0-7

' ]
r&—Tpac—»-]

DATA VALID

HOST READ TIMING
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ADDR X Ag, A1, Az STABLE ’P<
’ |
— TAHW ==
cs W— 1 | TWER —>
TSEW —m1 . -

1 - |leTohw

WE \_"~ TWE »> '! Z. |
( N—TDH

<———TDS——>| 1

HOST WRITE TIMING
HOST WRITE TIMING
SYMBOL CHARACTERISTIC MIN I MAX UNITS CONDITIONS
TSEW ADDR, CS Setup toWE 0 10 us
Tps Data Bus Setup to WE 2 10 us
TWE Write Enable Pulse Width 2 10 us
TDH Data Bus Hold from WE 10 ns
TAHW ADDR Hold fromWE 30 ns
TWER Write Recovery Time 1.0 us See Note 1
TCHW CS Hold Time 0
BCS \
S H
B I e
_ ’._.I\:_
TVWE->: :4- —>| |a—THwE :
DBO-7 ﬂ DATA VALID S ]y‘ DATA VALID >—‘ 5____
l\———/ |
TRR -
BUFFER WRITE TIMING

BCSX
{ [

TReV ~{ t— |

| i TRF
RE ' b N
(OUTPUT) TREB

I
g I
[
: :<—THRE I
t
1

1
:<-TR05->
207 JOX XXX KD

TRR VN.
BUFFER READ TIMING

A

229

10/00-010LAM



10/00-0101LAM

—
BUFFER WRITE TIMING (READ SECTOR CMD)

SYMBOL CHARACTERISTIC MIN TYP MAX UNIT CONDITIONS
TWEV WE Float to WE Valid 15 100 ns CL = 50 pf
TWRB WE Output Pulse Width 300 400 500 ns See Note 4
TVWE Data Valid from WE 110 ns
THWE Data Hold from WE 60 ns
TRR WE Repetition Rate 1.2 16 20 us See Note 2
TWF WE Float from BCS 15 100 ns CL = 50 pf

BUFFER READ TIMING (WRITE SECTOR CMD)

SYMBOL CHARACTERISTIC MIN TYP MAX UNIT CONDITIONS
TREV RE Float to RE Valid 15 100 ns CL = 50pf
TREB RE Output Pulse Width 300 400 500 ns See Note 4
TRDS Data Setup to RE 140 ns
TRR RE Repetition Rate 1.2 1.6 20 us See Note 2
TRF RE Float from BCS 100 ns CL = 50pf
THRE Data Hold from RE 0 ns

] 5, WE
. e Tory — i s : U
BRDY '
:<-Tno->= I
BDRQ | — ) '
MR \I T |£ i
\k—_ MA I TMrwa
— BCR :
BCR
w > TMRe U
. WCLK \ T
TsTP L = I
STEP h WG -
ﬂ RCLKN
INDEX .

1
]
-

r Frc >
MISCELLANEOUS TIMING MISCELLANEOUS TIMING
MISCELLANEOUS TIMING

SYMBOL CHARACTERISTIC MIN TYP MAX UNIT CONDITIONS
TrRQ BDRQ Reset from BRDY 40 200 ns
TBCR \?chfjft?]r Counter Reset Pulse | 1.4 16 1.8 us See Note 2

i

TSTP Step Pulse Width 8.3 8.4 8.7 us See Note 2
TIDX Index Pulse Width 5 15 us
TMR Master Reset Pulse Width 24 WC See Note 3
Fwc Write Clock Frequency 25 5.0 5.25 MHz 50% Duty Cycle
FRC Read Clock Frequency 25 50 5.25 MHz 50% Duty Cycle
TBRY BRDY Pulse Width 800 ns See Note §
TMRB MR Trailing To BCR 16 32 64 us See Note 2
TMRW MR Trailing To Host Write 6.4 us See Note 2

m
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H |
TRCP
TRCF >

DRUN

READ DATA TIMING

READ DATA TIMING

SYMBOL CHARACTERISTIC MIN TYP MAX UNIT CONDITIONS
TRCP RCLK Pulse Width 95 2000 ns 50% Duty Cycle
Tx1 RD from RCLK Transition 0 TRCP ~ 2| ns
Tx2 RD to RCLK Transition 20 TRCP =+ 2| ns
TRD RD Pulse Width 40 TRCP ns
TDRN DRUN Pulse Width 30 ns
TRCF RCLK Fregquency .250 5.25 MHZ See Note 6

TWD -4 : Twp —'i !
1
P 5 N
: —-P: Ed— TwD i
WGLK | ! i !
_ f— TWCF »' ' I
LATE \ j — le—Twe —»E !4— TELW
' |
1 ]
EARLY \L -
WRITE DATA TIMING
WRITE DATA TIMING

SYMBOL CHARACTERISTIC MIN TYP MAX UNIT CONDITIONS
TWC WCLK Puise Width 95 2000 ns
TWD Prepagation Delay WCLK 10 65 ns

towD
TWLE WCLK to Leading Early/Late | 10 65 ns
TELW WCLK to Trailing Early/Late | 10 65 ns
TWCF WCLK Frequency .250 5.25 MHZ See Note 6
NOTES:

1. AC timing measured at VOH = 2.0V, VoL = 0.8V,

4, 2WCLK + 100 ns.

CL = 50pf. 5. BRDY must be >4 us or a spurious BDRQ pulse may
2. Based on WCLK = 5.0 MHz existforup  ns after rising edge of BRDY.
3. 24 WCLK periods (4.8 usec at 5.0 MHz). 6. TRCF =Ty 2t 15%.

#
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See page 481 for ordering information.

This is a preliminary specification with tentative device parameters and may be subject to change after final product characterization is completed.

Information furnished by Western Digital Corporation is believed to be accurate and reliable. However, no responsibility is assumed by Western Digital
Corporation for its use; nor for any infringements of patents or other rights of third parties which may result from its use. No license is granted by
implication or otherwise under any patent or patent rights of Western Digital Corporation. Western Digital Corporation reserves the right to change
specifications at anytime without notice.

h
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WD1010-05/08 Winchester Disk Controllers

FEATURES

o ST506/SA1000 COMPATIBLE

¢ MULTIPLE SECTOR READ/WRITE

¢ UP TO 5MBITS/ISEC DATA RATE

¢ UNLIMITED SECTOR INTERLEAVE

o AUTOMATIC FORMATTING

¢ CRC/ECC CAPABILITY WITH EXTERNAL ECC
GENERATOR/CHECKER

e PROGRAMMABLE RETRIES

» VARIABLE SECTOR SIZE

* SINGLE +5V SUPPLY

DESCRIPTION

The WD1010-05/08 is a MOS/LSI device which
performs the functions of a Winchester Disk Control-
ler/Formatter. It is compatible with the Seagate ST506
and the Shugart Associates SA1000 drives, as well as
all other 5v4” and 8" products utilizing the same type
of interface. On the host side, an 8 bit bi-directional
bus accepts all commands, data, and status bytes.
The Western Digital WD1000 series of board level
controllers are software compatible with the
WD1010-05/08.

Operating from a single 5 volt supply, the
WD1010-05/08 is implemented in NMOS silicon gate
technology and is available in a 40 pin dual-in-line
package.

R
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r / 0O N

BCS AN 1 Vco
BCR[] 2 39{] RCLK
INTRQ[ ] 3 38[_] RG
NC [ 4 371 RD
MR[] 5 36[__1 BDRQ
REC] 6 35[] BRDY
WELC] 7 347 DRUN
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PIN DESCRIPTION

PIN
NUMBER PIN NAME SYMBOL FUNCTION
1219 DATA7-DATAO D7-DO Eight bit tristate bidirectional bus used for
transfer of commands, status, and data.

6 READ ENABLE RE Tristate bidirectional line, used as an input for
reading the task register and an output when
WD1010-05/08 is reading the buffer.

7 WRITE ENABLE WE Tristate bidirectional line used as an input for
writing into the task register and as an output
when the WD1010-05/08 is writing to the buffer.

9-11 ADDRESS0- AO-A2 These three inputs select the register to
ADDRESS 2 receivel/transmit data on D0-D7.

8 CHIP SELECT CS A logic low on this input enables both WE and
RE signals.

3 INTERRUPT REQUEST | INTRQ Active high output which is set to a logic high in
the completion of any command.

5 MASTER RESET MR A logic low in this input will initialize all internal
logic.

1 BUFFER CHIP SELECT| BCS Active low output used to enable reading or
writing of the external sector buffer,

35 BUFFER READY BRDY This rising edge activated input is used to

. : inform-the controller that the sector buffer is fuit
orempty.

2 BUFFER COUNTER BCR Active low output that is strobed by the

RESET WD1010-05/08 prior to read/write operations.
This pin is strobed whenever BCS changes
state.

36 BUFFER DATA BDRQ This output is set to initiate data transfers

REQUEST to/from the sector buffer.

40 +5VOLT vVco + 5V +5% Power supply input.

20 GROUND Vss Ground

4 NO CONNECT NC

21 WRITE DATA WD This output contains the MFM clock and data
pulses to be written on the disk.

25 WRITE CLOCK WCLK 4.34 or 5.0 Mhz clock input used to derive all
internal write timing.

24 WRITE GATE WG This output is set to a logic high before writing
is to be performed on the disk.

23,22 EARLY, LATE EARLY, Precompensation outputs used to delay the WD
LATE pulses externally.

37 READ DATA RD Data input from the Drive. Both MFM clocks and
data pulses are entered on this pin.

39 READ CLOCK RCLK A nominal square wave clock input derived from
the external data recovery circuits.

38 READ GATE RG This output is set to a logic high when data is
being inspected from the disk.

34 DATA RUN DRUN This input informs the WD1010-05/08 when a
field of one’s or zeroes have been detected.

27 STEP PULSE STEP This output generates a pulse for stepping the
drive motor.

26 DIRECTION DIR This output determines the direction of the
stepping motor.

“
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PIN DESCRIPTION (Continued)

PIN
NUMBER PIN NAME SYMBOL FUNCTION

28 DRIVE READY DRDY This input must be at a logic high in order for
commands to execute.

30 WRITE FAULT WF An error input to the WD1010-05/08 which
indicates a fault condition at the drive.

31 TRACK 000 TKO0O An input to the WD1010-05/08 which indicates
positioning over track 000.

29 INDEX PULSE INDEX A rising edge on this input informs the
WD1010-05/08 when the index hole has been
encountered.

33 REDUCED WRITE RWC This output can be programmed to reduce write

CURRENT current on a selected starting cylinder.

32 SEEK COMPLETE SC A rising edge on this input informs the
WD1010-05/08 when head settling time has
expired.

ARCHITECTURE Magnitude Comparator

The WD1010-05/08 Winchester Disk Controller pro-
vides the necessary link between an 8-bit, parallel
processor and a Winchester disk drive. The WD1010-
05/08 may be programmed to either automatically
retry errors, or to terminate the command. The inter-
nal architecture of the WD1010-05/08 is shown in
Figure 1. its major functional blocks are:

PLA Controller
The PLA interprets commands and provides all con-
trol functions. It is synchronized with WCLK.

A 10 bit magnitude comparator is used for calcula-
tion of drive step, direction, present and desired
cylinder position.

CRC Logic

Generates and checks the cyclic redundancy check
characters appended to the ID and data fields. The
polynomial is X16 + X12 + X5+ 1.

MFM Encode/Decode
Encodes and decodes MFM data to be written/read
from the drive. The MFM encoder operates from

Do-D7

1

/0 BUFFERS | l TASK FILE

I CRC LOGIC

DATA REG J

R 3 i
.
F 7
1 |
PARALLEL VR o
TO ™ ENCODER
s SERIAL WCLK
| STATUS REG I MAGNITUDE 7
_ 1 COMPARATOR N SERIAL
RE  ——te ¢ TO MFM
_ H PARALLEL [*] pECODER
WE  =————t=q
3|
A2-AD —/—--
SYNCHRONIZER RCLK
RQ ——] HosT
IFC 1
MR ] /U
— - - N -AM DETECT RD
cs PLA
CONTROLLER STEP
BCR — - - - |—» DIRC
T > EARLY
BRDY —{gurrer |- LATE
BDRQ IFC DRIVE [ DRDY
T — »| ORIVE [ i
— TK000
R j&— INDEX
le— sC
. =5 RWC
Figure 1. L > WG
PPL |~ RG
WD1010 BLOCK DIAGRAM IEC DRUN
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WCLK; a clock having a frequency equivalent to the
bit rate. The MFM decode operates from RCLK; a bit
rate clock generated from the external data separator.
RCLK and WCLK need not be synchronized.

AM Detect

The address mark detector checks the incoming data
stream for a unique missing clock pattern (Data=
H’'A1’, Clock=H'0A') used in each ID and data
field.

Host/BufferIFC

This logic contains all of the necessary circuitry to
communicate with the 8-bit host processor.

Drive IFC

This logic controls and monitors all lines from the
drive, with the exception of read and write data.

DRIVE INTERFACE

The drive side of the WD1010-05/08 controlier
requires three sections of external logic. These are
buffers/receivers, data separator, and write precom-

pensation. Figure 2 illustrates a drive side interface.

The buffer/receivers condition the control lines to be
driven down the cable to the drive. The control lines
are typically single-ended, resistor terminated TTL
levels. The data lines to and from the drive also re-
quire buffering, but are differential RS-422 levels. The
interface specification to the drive can be found in
the manufacturers’ OEM manual. The WD1010-05/08
supplies TTL compatible signals, and will interface to
most buffer/driver devices.

The data recovery circuits consist of a phase-lock
loop data separator and associated components. The
WD1010-05/08 interacts with the data separator
through the DATA RUN (DRUN) and Read Gate (RG)
signals. The block diagram of the data separator
circuit is shown in Figure 3. Read data from the drive
is presented to the RD input of the WD1010-05/08, the
reference multiplexor, and a retriggerable one shot.
The read gate (Pin 38) output will be low when the
WD1010-05/08 is not inspecting data. The PLL at this
time should remain locked to the reference clock.

RG >
DRUN
RD -
ROLK |

DATA
RECOVERY

wWD1010

WD
EARLY

LATE
RWC

HOST DATA/CTRL

WRITE DISK
PRECOMPENSATION

DRIVE

STEP >
DIRC
DRDY [
WF
TKO0O
INDEX e
SC |
WG

BUFFER/
RECEIVERS [

Figure 2.
DRIVE INTERFACE BLOCK DIAGRAM

RETRIGGERABLE
ONE-SHOT > DRUN
MFM
DISK Sy
pDATA < RD
I_ wD1010
PHAS -
~—1 A COME veo ROLK
L2 MUX
[— B RG
WCLK
10 MHZ .
0SC Figure 3.
DATA RECOVERY CIRCUIT
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When any Read/Write command is initiated and a
search for address marks begins, the DRUN input is
examined. The DRUN one-shot is set for slightly
greater than one bit time, allowing it to retrigger
constantly on a field of ones and zeros. An internal
counter times out to see that DRUN is high for 16 bits
(2 byte times). Read gate is set by the WD1010-05/08,
switching the data separator to lock onto the incom-
ing data stream. If DRUN falls prior to 72 bit times RG
is lowered and the process is repeated. Read gate
will remain active high until a non-zero, non-address
mark byte is detected. It then will lower read gate for
2 byte times (to allow the PLL to lock back on the
reference clock) and start the DRUN search over
again. If an address mark is detected, read gate will
be held high and the command will continue search-
ing for the proper ID field. This sequence is shown in
the flow chart of Figure 4.

The write precompensation logic is controlled by the
signals Reduce Write Current (RWC), Early and Late.
The cylinder in which the RWC line becomes active
is controlled by a register in the Task File. It can be
used to turn on the precomp circuitry on a predeter-
mined cylinder. If the write precomp register value is
ff, then RWC will always be low.

The signals Early and Late are used to tell the pre-
comp how much delay is required on the write data
pulse about to be sent. The amount of delay is deter-
mined externally through a digital delay line or equi-
valent circuitry. Since the signal Early occurs after the
fact, write data should be delayed one interval when
both Early and Late are high; two intervals when Late
is low; and no delay when Early is low. An interval,
for example is 12-15 ns. on the ST506. Early or Late
will be active slightly ahead of the write data pulse;
Early and Late will never be low at the same time.
Regardiess of the contents of the RWC register, Early
and Late will always be active.

Examples for all three of the above circuits can be
found in the WD1010 Application Note.

HOST INTERFACE

The primary interface between the host processor
and the WD1010-05/08 is through an 8bit bidirec-
tional bus. This bus is used to transmitireceive
data to both the WD1010-05/08 and a sector buffer.
The sector buffer is constructed with either FIFO
memory or static RAM and a counter. Since the
WD1010-05/08 will make the bus active when ac-
cessing the sector buffer, a transceiver must be
used to isolate the host during this time. Figure 5
shows a typical connection to a sector buffer im-
plemented with RAM memory. Whenever the
WD1010-05/08 is not usmg the sector buffer, the
Buffer Chip Select (BCS) is high (disabled). This
allows the host to access the WD1010’s Task File,
and to set up parameters prior o issuing a corm-
mand. It also allows the host to access the RAM
buffer. A decoder is used to generate a chip select
when Ag-A2 are ‘000’; an unused address in the
WD1010-05/08. A bmary counter is enabled when-
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ever RE or WE goes active and incremented on the
trailing edge of the chip select.” This allows the
host to access sequential bytes within the RAM.
The decoder also generates another chip select
when Ag-A2 # ‘000’; allowing access to the WD1010-
05/08's internal registers while keeping the RAM
tri-stated.

During write sector commands, the processor sets
up data in the Task File and issues the command. The
WD1010 then generates a status to inform the host it
may load the buffer with the data to be written. When
the counter reaches its maximum count, the Buffer
Ready (BRDY) signal is made active (by the “carry”
out of the counter), informing the WD1010-05/08 that
the buffer is full. (BRDY is a rising edge activated
signal.) The Buffer Chip Select (BCS) is then made
active, disconnecting the host through the trans-
ceivers, and the RE and WE lines become outputs
from the WD1010-05/08 to allow it access to the

buffer. When the WD1010-05/08 is done using the
buffer, it disables BCS which again allows host
access to this local bus. The read sector commands
operate in a similar matter, except the buffer is
loaded by the WD1010-05/08 instead of the host.

Another control signal called Buffer Data Request
(BDRQ; not used in Figure 5) is a DMA signal that can
inform a direct memory access controller when the
WD1010-05/08 is requesting data. For further explan-
ation, refer to the description of the individual com-
mands and the A.C. Timing Specifications. In a read
command, interrupts are generated at the termin-
ation of a command; an interrupt may be specified to
occur either at the end of the command or when
BDRQ is activated. The interrupt line (INTRQ) is
cleared either by reading the status register or by
writing a new command in the command register.

S R —
RE RE
2 |
e S (G
DATA BUS (8)
DATA § _&]_ Do-D7
TRANSCEIVER
BCR
- Qg — Ao DATA _
HOST 3 Aq RE |~
PROCESSOR I3 e S — wD1010
L ey WE
b et B
MR * }—d?
16 X1 X Cs
o T
E
c _
0 BCS
I—‘ p [P _
ﬁ r E > cs
3 3
202 frft A Ag-2
D Q BRDY
cP N.U, =——dq BDRQ
RST
Figure 5.
HOST INTERFACE
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TASK FILE

The Task File is a bank of registers used to hold
parameter information pertaining to each command.
These registers and their addreses are:

A2 A{ Ag|READ WRITE

0 0 O |(Bus Tri-Stated) (Bus Tri-Stated)

0 O 1 |ErrorFlags Write Precomp
Cylinder

0 1 0 |Sector Count Sector Count

0 1 1 [Sector Number Sector Number

1 0 0|Cylinder Low Cylinder Low

1 0 1 |Cylinder High Cylinder High

1 1 0|SDH SDH

1 1 1 |Status Register Command
Register

NOTE: Registers are not cleared by master reset
(MR).

ERROR REGISTER

This read-only register contains specific error status
after the completion of a command. These bits are
defined as follows:

7 6 5 4 3 2 1 0
| BBJCRC| — | D | — [ AC | TK | DM |

Bit 7 — Bad Block Detect

This bit is set when an ID field has been encountered
that contains a bad block mark. Used for bad sector
mapping.

Bit6 — CRC Data Field

This bit is set when a data field CRC error has
occurred or the Data Address Mark has not been
found. The sector buffer may still be read but will
contain errors.

Bit5 — Reserved
Not used; forced to a zero.

Bit4 — ID Not Found

This bit is set when the desired cylinder, head, sector,
or size parameter cannot be found after 8 revolutions
of the disk, or if an ID field CRC error has occurred.

Bit 3 — Reserved
Not used; forced to a zero.

Bit 2 — Aborted Command

This bit is set if a command was issued while the
DRDY (Pin 28) line is low or the WF (30) line is low.
The aborted command bit will also be set if an
undefined command code is written into the
command register, but an implied seek wili be
executed.

Bit 1 — TK00O Error

This bit is set only by the restore command. It
indictes that the TKOOO (Pin 31) line has not gone
active after the issuance of 1024 stepping pulses.

Bit 0 — Data Address Mark Not Found

This bit is set during a read sector command if the
data address mark is not found after the proper
sector ID is read.

WRITE PRECOMP CYLINDER

This register is used to define the cylinder number
where the RWC (Pin 33) line is asserted:

7 6 5 4 3 2 1 0
 CYLINDERNUMBER + 4

The value (0-255) loaded into this register is internally
multiplied by 4 to specify the actual cylinder where
RWC is asserted. Thus, a value of H'01’ will cause
RWC to activate on cylinder 4; H'02’ on cylinder 8,
and so on. Switching points are then 0, 4, 8, ... The
RWC will be asserted when the present cylinder is
equal to a greater than the value in this register. For
example, the ST506 requires precomp on cylinder 128
(H'80') and above. Therefore, the write precomp
cylinder register should be loaded with 32(H'20").

A value of H‘ff’ will always cause RWGC to be low, no
matter what the cylinder number values are.

SECTOR COUNT

This register holds the number of sectors that are
needed to be transferred to the buffer:

7 6 5 4 3 2 1 0
[ : # OF SECTORS

This register is used during a multiple sector RW
command. The written value is decremented after
each sector is transferred to the sector buffer. A zero
represents a 256 sector transfer, a 1 = one sector
transfer, etc. This register is a “don’t care” when
single sector commands are specified.

SECTOR NUMBER
This register holds the sector number of a desired
sector:
7 6 5 4 3 2 1 0
| SECTORNUMBER

During a multiple sector command, this register
specifies the first sector in the transfer. It is internally
incremented after each transfer of data to the sector
buffer. The sector number register may contain any
value from 0 to 255.

CYLINDER NUMBER LOW
This register holds the least significant 8 bits of the
desired cylinder number:
7 8 5 4 3 2 i 0
[ 'LS BYTE OF CYLINDER NUMBER _ |

It is used in conjunction with the cylinder number
high register to specify a range of 0 to 1023.
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CYLINDER NUMBER HIGH

This register defines the two most significant bits of
the cylinder number desired:

1 0
ERIEN

7 6 5 4
[x [ x| x[x

3 2
[ x| x|

Internal tc the WD1010-05/08, is another pair of
registers that hold the actual position number where

the R/W heads are located. The cylinder number high
and low registers can be considered the cylinder des-
tination for seeks and other commands. After these
commands are executed, the internal cylinder posi-
tion registers’ contents are equal to the cylinder
high/low registers. If a drive number change is
detected on a new command, the WD1010-05/08 auto-
matically reads an ID field to update its internal
cylinder position registers. This affects all com-
mands except a Restore.

SDH BYTE
This register contains the desired sector size, drive number, and head number parameters. The format is:
7 6 5 4 3 2 1 0
| ExXT| sIZE | DRIVE HEAD'
-7 //\\ \t ~ T ——
//// // \ \\\\\\\ \\\\\
6 | 5 | SECTORSIZE 41 3 DRIVE # - 21110 HEAD # B
0|0 256 6| 0 DSEL 1 o 0] 0 HSELO
0| 1 512 0| 1 DSEL 2 0|0} 1 HSEL1
110 1024 110 DSEL 3 0| 1 0 HSEL 2
1 1 128 1 1 DSEL 4 01 1 HSEL 3
110 1 HSEL5
1 1 0 HSEL 6
Both head number and sector size is compared 1 1 1 HSEL7

against the disks’ ID field. Head select and drive
select lines are not available as outputs from the
WD1010-05/08, and must be generated externally.
Figure 6 shows the logic to implement these select
lines.

Bit 7, the extension bit, is used to extend the data
field by seven bytes when using ECC codes. CRC is
not appended to the end of the data field when
EXT =1; the data field becomes “sector size +7"

command. The SDH byte written into the ID field is
different than the SDH register contents. The
recorded SDH byte does not have the drive number
written but does have bad block mark written. The
format is:

bytes long. CRC is checked on the ID field regardless BAD |SIZE 0 0 HEAD #
of the state of the extension bit. Note that the sector BLOCK ! I ! !
size bits are written to the ID during a formatting 7 6 5 4 3 2 1 0
)
D1
D2
BUS D3
TRANSCEIVER D4
D5
H D6
o) D7
s
T _ L__4po L a1 HSEL 0
WE)—-—) D1 .‘; Q2 HSEL 1
A0 — gg c gi [ S€ WwD1010
Al h) ps M o5 D skl
— DSEL 2
— VAN c - DgEL 3
cs Y 8 | DSEL 4
Figure 6. £
DRIVE/HEAD SELECT LOGIC
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STATUS REGISTER

The status register is a read-only register which
informs the host of certain events performed by the
WD1010 as well as reporting status from the drive
control lines. The format is:

7 6 5 4 3 2 1 0
BSY | RDY | WF | SC DRQ — CIP ERR |

Bit7 — Busy

This bit is set whenever the WD1010-05/08 is
accessing the disk. Commands should not be loaded
into the command register while busy is set. Busy is
made active when a command is written into the
WD1010-05/08 and is deactivated at the end of all
commands except the read sector. While executing a
read sector command, busy is deactivated after the
sector buffer has been filled. When the BUSY bit is
set, no other bits in either the status or other
registers are valid.

Bit 6 — Ready

This pin normally reflects the state of the DRDY (Pin
28) line. The state of this pin is latched after an
‘aborted command’ error

Bit5 — Write Fault

This bit reflects the state of the WF (Pin 30) line.
Whenever the WF pin goes high, an interrupt will be
generated. The state of this pin latched after an
‘aborted command’ error.

Bit 4 — Seek Complete

This bit reflects the state of the SC (Pin 32) line.
Certain commands will pause until seek complete is
true. The state of this pin is latched after ‘aborted
command’ error.

Bit 3 — Data Request

This bit reflects the state of the BDRQ (Pin 36) line. It
is set when the sector buffer should be loaded with
data or read by the host, depending upon the
command. DRQ/BDRQ remains high until BRDY is
sensed, indicating the operation is completed. The
BDRQ signal can be used in DMA interfacing, while
the DRQ bit can be used for programmed /O trans-
fers.

Bit 2 — Reserved
Not used. This bit is always forced to a zero.

Bit 1 — Command in Progress

When this bit is set, a command is being executed
and a new command should not be loaded until reset.
Although a command may be executing, the sector
buffer is still available for access by the host. Only
the status register may be read. If other registers are
read, the status register contents are returned.

Bit0 — Emor

This bit is set whenever any bits in the error register
are set. It is the logical ‘or’ of the error register and
may be used by the host to quickly check successful
completion of a command. This bit is reset when a
new command is written into the command register.

COMMAND REGISTER

This write-only register is loaded with desired
command:

7 6
T r
l L
The commands begins to execute immediately upon
loading. This register should not be loaded while the
Busy or CIP bits are set in the status register. The

INTRQ (Pin 3) line, if set, will be cleared by a write to
the command register.

1 0

32
MAND . |, |

5 4
COM

INSTRUCTION SET

The WD1010 will execute six commands. Prior to
loading the command register, the host must first set
up the task file with the proper information needed
for the command. Except for the command byte, the
other registers may be loaded in any order Any
subsequent writes to the command register will be
ignored until execution is completed indicated by the
resetting of the CIP bit in the status register.

COMMAND SUMMARY
COMMAND 7 6 5 4 3 2 10
RESTORE 0 0 0 t R3R2R1 Ry
SEEK 0 1 1 1 R3R2R1 Rp
READ SECTOR o010 1 MOT
WRITE SECTOR 001 1t 0MZOT
SCANID 01 0 0 O0O0O0T
WRITE FORMAT 01 0 100 00O
R3-Rg Rate Field
‘For5 MHz WCLK:
R3-Rgp = 0000 — =35ps.
0001 — .5ms.
0010 — 1.0 ms.
0011 — 1.5 ms.
0100 — 2.0 ms.
0101 — 25 ms.
0110 — 3.0 ms.
0111 —3.5ms.
1000 — 4.0 ms.
1001 — 45 ms.
1010 — 5.0 ms.
1011 — 5.5 ms.
1100 — 6.0 ms.
1101 — 6.5 ms.
1110 —7.0ms.
1111 —7.5ms.

Bit 0, (“T”) Read Sector, Write Sector Commands

T = 0 Enable retries
T = 1 Disable retries

M = Multiple Sector Flag

M = 0 Transfer 1 sector
M = 1 Transfer multiple sectors

= Interrupt Enable

0, Interrupt at BDRQ time
1, Interrupt at end of command

ce— -
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RESTORE

RESET INTRQ,
ERRORS,
SET BUSY, CIP

y

RESET RWC
SET DIRECTION
= OUT
STORE STEP RATE

PULSE BCR
SET AC, INTRQ
RESET BSY, CIP

NOT READY
OR WRITE
FAULT
?

YES

TK0O00
ACTIVE
?

1,024

STEP PULSES

ISSUED
?

YES

SET
NO TKO000 ERROR

PULSE BCR
SET INTRQ
RESET BSY, CIP

ISSUE A
STEP PULSE

RESTCRE COMMAND

The restore command is usually used on a power-up
condition. The actual stepping rate used for the

restore is determined by Seek Complete time. A step
pulse is issued and the WD1010-05/08 waits for a
rising edge on the seek complete line before issuing
the next pulse. If 8 index pulses are received without
a rising edge of seek complete, the WD1010 will
switch to sensing the level of the SC line. If after
1,024 stepping pulses, the TK00O line does not go
active, the WD1010-05/08 will set the TKOOO error bit
in the error register and terminate with an INTRQ. An
interrupt will also occur if the write fault goes active
or the DRDY goes inactive during execution.

The rate field specified (R3-Ro) is stored in an internal
register for future use in commands with implied
seeks.

SEEK COMMAND

Since all commands feature an implied seek, the
seek command is primarily used for overlap seek
operations on multiple drives. The actual step rate
used is taken from the rate field, which is also stored
in an internal register for future use. If DRDY goes
inactive or WF goes active, the command is ter-
minated and an INTRQ is generated.

The direction and number of step pulses needed are
calculated by comparing the contents of the cylinder
register high/low to the cylinder position number
stored internally. After all steps have been issued, the
internal cylinder position register is updated and the
command is terminated. Seek complete is not
checked at the beginning or end of the command.

If an implied seek was performed, the WD1010-05/08
will search until a rising edge of Seek Complete is
received.

READ SECTOR

The read sector command is used to transfer one or
more sectors of data to the disk. Upon receipt of this
command, the WD1010-05/08 checks the cylinder reg-
isters against its internal cylinder position register to
see if they are the same. If not, the direction and
number of steps calculation is performed and a seek
takes place. If an implied seek was performed, the
WD1010-05/08 will search until a rising edge of seek
complete is received. Write Fault and DRDY lines are
checked throughout the command.

After seek complete is found to be true (with or
without an implied seek), the search for an ID field
occurs. The WD1010-05/08 must find an ID with the
correct cylinder, head, sector size, and CRC within 8
revolutions if T bit of command is zero, and within 2
revolutions if T = 1; else the appropriate error bits will
be set and the command terminated if T = 1. Both the
Read and Write sector commands feature a “simu-
lated completion” to ease programming. DRQ/BDRQ
will be generated upon detecting an error condition.
This allows the same program flow for successful or
unsuccessful completion of a command. If T=0, an
automatic scan ID is performed to obtain cylinder
position information and then, if necessary, a seek is
performed. The search for the correct ID field is
continued for 8 more disk rotations.




v

SCAN ID
GET CYL #

L

SEEK

RESET INTRQ,
ERRORS,
SET BUSY, CIP
STORE STEP RATE

DRIVE #
CHANGED?

SET ABORTED
COMMAND BIT

SET
DIRECTION

l

CALCULATE
# OF STEPS

NO¢-

ISSUE STEP
PULSE

!

DELAY
ACCORDING TO
RATE FIELD

PULSE BCR
SET INTRQ
RESET BSY, C\P
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‘ READ SECTOR .

\

RESET INTRQ,
ERRORS,
SET BSY, CIP

YES,
DRV # CHANGED?

SCAN ID
GET CYL #

-

CYL

CYL SAME
?

REGISTERS PERFORM
& INTERNAL SEEK
COMMAND

NO

DRIVE RDY?

SEEK
COMPLETE
?

NO

WF

OR NOT RDY

ACTIVE
?

O

ACTIVATE
BCS

PULSE BCR

PULSE BCR _
SET INTRQ, AGC__
RESET BSY, CIP, BCS

DRIVE RDY?

SEARCH
FORID
FIELD

NOTE"

T T T T T T T

CYL,

HEAD, SEC

SIZE MATCH
?

8 INDEXES

PASSED.. .
?

YES

SCAN ID
GET CYL #

RESEEK
TOCYL#

SET
ID NOT FOUND

PUSE BCR

SETINTRQ, ___
RESET BUSY, CIP, BCS

*If T bit of command = 1 then dashed path is taken after 2 index pulses.

A
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BAD
BLOCK
DETECT

YES

SET BAD
BLOCK BIT

SET CRC
ERROR

DEACTIVATE BCS

PULSE BCR
RESET BSY, CIP
SET INTRQ SET DAM
NOT FOUND
1
YES |
. g
PULSE BCR
SET INTRQ
RESET BSP, CIP
TRANSFER
SECTOR
TO BUFFER
.
!
I
|
3 INDEXES
PASSED?
"
FLAG SET >1ES
?
SET _
CRC !
ERROR I INCREMENT SECTOR # \
DECREMENT SECTOR
DEACTIVATE BCS COUNT SET

PULSE BCR B DRQ

SET BDRQ

RESET BSY

BRDY
LOW TO HIGH
NO SET ?
INTRQ

YES

YES |=—

DEACTIVATE BTS
PULSE BCR

BRDY

LOW TO HIGH NO
?

RESET BDRQ

YES

RESET BDRQ
PULSE BCR

hyEa *If T bit of command = 1 then dashed path is taken.

**If T bit of command = 1 then test is for 2 index puises.

RESET CIP

245

80/50-0L0LAM



80/S0-0L0LAM

R e

When the data address mark is found, the WD1010-
05/08 is ready to transfer data to the buffer. After the
sector data has been transferred, the 1 flag is
checked. If the | flag is 0, the INTRQ is made active
coincident with BDRQ, indicating a transfer of data is
required by the host. If | =1, the INTRQ will occur at
the end of the command (i.e. after the buffer is un-
loaded by the host).

An optional M flag may be set for muitiple sector
transfers. When M =0, one sector is transferred and
the sector count register is ignored. When M=1,
multiple sectors are enabled. After each sector is
transferred, the WD1010-05/08 decrements the sector
count register and increments the sector number reg-

When M =0 (Single Sector Read)

ister. The next logical sector will be transferred,
regardless of the interleave. Sectors are numbered at
format time by a byte in the ID field.

For the WD1010 to make multiple sector transfers to
the buffer, the BRDY line must be toggled low to high
for each sector. The sector transfers will continue
until the sector count register equals zero or BRDY
goes inactive. If the sector count register is non-zero
(indicating more sectors are to be transferred but the
buffer is full), BDRQ will be made active and the host
must unload the buffer. Once this occurs, the buffer
will again be free to accept the next sector in this
multiple sector read command.

Finds sector specified; transfers data to buffer (by WE strobes).

(1) Host: Sets up parameters; issues read sector command.
(2 1010: Strobes BCR; sets BCS =0 (On).

(3 1010: fied;

(4 1010: Strobes BCR; sets BCS =1 (Off).

( 5) 1010: Sets BDRQ = 1; sets DRQ flag.

( 6) 1010: If | bit="1 then (9). s

(" Host: Reads out contents of buffer (by strobing RE).

(.8) 1010: Waits for BDRY then sets INTRQ = 1; End.

(9 1010: Sets INTRQ =1.

(10) Host: Reads out contents of buffer (by strobing RE); End.

When M = 1 (Multiple Sector Read)

(1 Host: Sets up parameters; issues read sector command.
(2 1010: Strobes BCR; set BCS =0 (On). .
(3 1010: Finds sector specified; transfers data to buffer (by WE strobes).
(4 1010: Decrements sector count register; increments sector number register.
(5 1010: Strobes BCR; sets BCS =1 (Off).
( 6) 1010: Sets BDRQ=1; DRQ flag=1. __
(7 Host: Reads out content of buffer (by RE strobes).
(8) Buffer: Indicates data has been transferred by asserting BRDY.
(9 1010: When BRDY is asserted, go to (11) if sector count = 0.
(10) 1010: Go to Step (2).
(11) 1010: Activates INTRQ.
WRITE SECTOR

The write sector command is used to write one or
more sectors of data to the disk. Upon receipt of this
command, the WD1010-05/08 checks the cylinder
registers against its internal cylinder position register
to see if they are the same. if not, the direction and
number of steps are calculated and a seek command
takes place. Write fault and DRDY lines are checked
throughout the command.

After Seek complete is found to be true (with or
without an implied seek), the BDRQ signal is made
active and the host proceeds to load the buffer. When
the WD1010-05/08 senses the BRDY line going high,
the iD fieid with the specified cylinder, head, and
sector size is searched for. Once found, the write gate
signal is raised and the data is written to the disk. If

retries are disabled and if the ID field cannot be found
within 2 revolutions, the ID not found bit is set and
the command is terminated.

If retries are enabled, and the ID field cannot be
found within 8 revolutions, an automatic scan ID and
seek commands are performed. The ID Not Found
error bit is set if the ID field is not found after 8 more
revolutions.

During a multiple sector write operation (M flag=1),
the sector number is incremented and the sector
count register is decremented. If the BRDY line is
asserted after the first sector is read out of the buffer,
the WD1010-05/08 will continue to read data out of
the buffer for the next sector. If BRDY is inactive, the
WD1010-05/08 will raise BDRQ and wait for the host



WRITE SECTOR

RESET INTRQ,
ERRORS, DRQ
SET BSY, CIP

SCAN ID
GET CYL #

SET WG ON

SCAN 1D
GET CYL # YES RESEEK
TOCYL #
NO
WRITE DATA PULSE BCR
TC‘>N SGEng:gR SET ID NOT FOUND
INTRQ, RESET BSY, CIP

DEACTIVATE BCS

SEEK
COMPLETE
?

YES

DEACTIVATE BCS

ACTW?)L%BDRQ’ INCREMENTS SECTOR TPU L'-TSRE)'BSS ET
NUMBER; DECREMENT SE INU ,C = S
SECTOR COUNT BUSY, Cl

RESET BDRQ DEACTIVATE BCS
PULSE BCR

( : ) ACTIVATE BDRQ

ACTIVATE BCS

PULSE BCR
YES
NO
SEARCH
SET ABORTED
w0
BIT
. . PULSE BCR
*|f retries disabled then dashed path is Ress%TT lgsT\?% "
taken after 2 index pulses. DEACTIVATE BCS
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to place more data in the buffer.

In summary then, the write sector operation is as follows:

(1 Host: Sets up parameters; issues write sector command.
(2 1010: Sets BDRQ =1, DRQ flag=1.
(3 Host Loads buffer with data (by WE strobes).
(4) 1010: Waits for BRDY = 1: then reset DRQ, BDRQ.
(5 1010: Finds specified ID field, write out sector.
( 6) 1010: If M=0, then interrupt; End.
(7 1010: Increments sector number, decrements sector count.
(8 1010: If sector count=0, then interrupt; End.
(9 1010: Go to (2).
SCAN ID to be recorded. Using this scheme, sectors may be

The scan ID command is used to update the head,
sector size, sector number and cylinder registers.

The ready and write fault lines are checked
throughout the command. When the first ID field is
encountered, the ID information is loaded into the
SDH, cylinder, and sector number registers. The
internal cylinder position register is also updated. if a
bad block is detected, the bad block bit will also be
set. CRC is checked and if an error is found, the
WD1010-05/08 will retry up to 8 revolutions to find an
emror-free ID field. There is no implied seek with this
command and the buffer is left undisturbed.

FORMAT

The format command is used to format one track
using the task file and the sector buffer. During this
command, the sector buffer is used for additional
parameter information instead of sector data. Shown
in Figure 7 is the contents of the sector buffer fora 32
sector track format with an interleave factor of two.
Each sector requires a two byte sequence. The first
byte designates whether a bad block mark is to be re-
corded in the sector's ID field. A H’00’ is normal; a
H'80’ indicates a bad block mark for that sector. in
the example of Figure 7, sector 04 will get a bad block
mark recorded.

The second byte indicates the logical sector number

recorded in any interleave factor desired. The remain-
ing memory in the sector buffer may be filled with
any value; its purpose is only to generate a BRDY to
tell the WD1010-05/08 to begin formatting the track.

An implied seek is also in effect on this command.
As in other commands, if the drive number has
changed, an ID field will be scanned for cylinder
position information before the implied seek is
performed. If no ID field can be read (because the
track had been erased or because an incompatible
format had been used), an IDNF error will result and

~the Forfiat ¢command Will b€ aboitéd. This ¢an bé

avoided by issuing a Restore command before
formatting.

The sector count register is used to hold the total
number of sectors to be formatted, while the sector
number register holds the number of bytes minus 3
to be used for Gap 1 and Gap 3; for instance, if the
sector count register value is 2 and the sector
number register value is 0, then 2 sectors are written
and 3 bytes of H'4E’ are written for Gap 1 and Gap 3.
The data fields are filled with H‘FF,; and CRC is
automatically generated and appended. The sector
extension bit of the SDH register should not be set.
After the last sector is written, H'4E’ is filled until
index.

The Gap 3 value is determined by the drive motor
speed variation, data sector length, and the interleave

DATA

ADDR 0 1 2 3 4 5 6 7
00 00 00 00 10 00 01 00 11
08 00 02 00 12 00 03 00 13
10 80 04 00 14 00 05 00 15
18 00 06 00 16 00 07 00 17
20 00 08 00 18 00 09 00 19
28 00 0A 00 1A 00 0B 00 1B
30 00 0C 00 1C 00 0D 00 1D
38 00 OE 00 1E 00 OF 00 1F
40 FF FF FF FF FF FF FF FF
FO FF FF FF FF FF FF FF FF

Figure 7.

FORMAT COMMAND BUFFER CONTENTS
o —
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factor. The interleave factor is only important when \ N | 5
1:1 interleave is used. The formula for determining — S
the minimum Gap 3 value is: - =
T .
Gap3=2*M*"S+ K+ E ou E TS
e o
M = motor speed variation (e.g. .03 for + —3%) E g =
S = sectorlengthinbytes - - % g 3
K = 25forinterleave factor of 1 6 3 5 282
K = O0forany other interleave factor %S O o ‘g T
E = 7ifthe sector is to be extended - LE88 9o o £
. . . Pl > O+
Like all commands, a write fault or not ready condi- oroa g 5@ oo 8
tion will terminate the command. Figure 8 shows the oxo- o< § BEOX
format that the WD1010-05/08 will write on the Disk. > é - ELEg®2 g
Ss2 Eoge
@ Low
3 I 28 328§
w = 9 T o E
SCAN ID [ g 52 32T
< < 3 © £T
©c 2 2
13 a -~ < ook
3 « - L c2n o
© «© [O =
8 SRR =82°
=] ~ -—
RESET INTRQ, T oo 4‘_; S'E g
ERRORS Q cO0ER
SET CIP, BSY g A A:l “5,_&
C<lygparaxs
< 0 Wgotlo
14 u o = D D
o < o) O~
e .
SET INTRQ, AC 2 <~ ] Z< o
RESET BSY, CIP b >
Q 7]
< w [
w =%
< %8 2
b = E oX 5
SEARCH FOR @ i z 838
ANY ID FIELD 2 > - cex g
5 Ea & 83z
g EP I 32 —
om &S
Y N w to®g 5
8 orow g o~ 83
FOUND NO INDEXES NO TR AT
? PASSED NOTE* o=or E 200t B
? EEEe 5
VES Tes Owo= onmoom A
Tu<o n I
PULSE BCR 91; o
UPDATE SDH, SET ERROR, INTRQ o> i o
CYL, SECTOR, RESET BSY, GIP T @
CYL POS. REG'S .
a —QWZ- ¢ o= »
o o8 05
| <~ L Epe8T
[5] =TTV C
B8AD e - 38EES
BLOCK & S SEXR0
DETECT 1 o 1S g;oom
! 2® T o8
b =
SET BAD BLOCK BIT - £ 6@ 2R >
s 2 N = ©
7 soqo~
- = % o
oy = wuw oo
YES ES) T Swuilw
inon
8z5%
o *If retries are disabled, path s a <3
is taken after 2 index pulses. 5 g% L o
PULSE BCR a N [=}
SET INTRQ Z
T BSY, CIP "
RESE Figure 8.
FORMAT
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‘ FORMAT '

/

RESET INTRQ,
ERRORS,
SET CIP, 8SY
ACTIVATE BDRQ

oy

\ )
BRDY NO
?
YES

RESET BDRQ

Y

DRIVE #
CHANGED?

Y

WRITE GAP 1
QR GAP3

T

SEEK
COMPLETE=0?

EXTEND
GAP

y

DECREMENT
SECTOR COUNT

SECTOR

NO COUNT
SCAN ID . =0
GETCYL #
y
SEEK TO
RED CYL WRITE
DESI SECTOR
Y —
SEEK {
COMPLETE
? WRITE 4E'S
UNTIL INDEX
YES
STROBE BCR. ]
ACTIVATE BCS PULSE BCR
SET INTRQ
NO RESET BSY, CIP
DEACTIVATE BCS
NO YES
YES SET WG ON
YES NO
YES NO
WF?
RESET WG, BCS
SET ABORTED i

COMMAND BiT

PULSE BCR

SET INTRQ
RESET 8SY. CIP
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ELECTRICAL CHARACTERISTICS
ABSOLUTE MAXIMUM RATINGS

Voo with respect to Veg (Ground) ........ .. +7V
Max Voltage on any Pin with

respecttoVgs ....... ... ...t ~-05Vio +7V
Operating Temperature ............. 0°Cto70°C
Storage Temperature ......... —-55°Cto +125°C

NOTE:

Maximum limits indicate where permanent device
damage occurs. Continuous operation at these
limits is not intended and should be limited to those
conditions specified in the DC Electrical charac-
teristics.

DC Operating Characteristics TA = 0°Ct070°C; Vgs = 0V, VCC = +5V + .25V

SYMBOL CHARACTERISTIC MIN MAX UNITS CONDITIONS
IR Input Leakage =10 uA |VIN=.4toVCe
loL Output Leakage +10 uA  [VouT=4toVce

(Tristate & Open Drain)
VIH Input High Voltage 20 \
ViL Input Low Voltage 0.8 \
VOH Output High Voltage 24 \" 10 = —100uA
VoL Output Low Voltage 0.4 \ 10=1.6mA
VoL Output Low Voltage (Pins 21-23) 0.45 \ 10=48mA
Icc Supply Current 200 mA | All Outputs Open
For Pins 25, 34, 37, 39:
VIH Input High Voltage 46 \
ViL Input Low Voitage 05 \
TRS Rise Time 30 ns 10% 10 90% points
AC Timing Characteristics TA = 0°Ct070°C; Vs = 0V, VCC = +5V = .25V
HOST READ TIMING WD1010-05 WC = 5 MHZ

SYMBOL CHARACTERISTIC MIN MAX UNITS CONDITIONS
TASE ADDR Setup to RE 100 ns
TDAC Data Valid from RE 375 ns
TRE Read Enable Pulse Width 4 10 us
TDOH Data Hold from RE 20 200 ns
THLD ADDR, CS, Hold from RE 0 ns
TRDR Read Recovery Time 300 ns
TCSE CS Setup ToRE 0 ns

HOST READ TIMING wWD1010-08 WC = 8 MHZ
SYMBOL CHARACTERISTIC MIN MAX UNITS CONDITIONS
TASE ADDR Setup to RE 100 ns
TDAC Data Valid from RE 250 ns
TRE Read Enable Pulse Width 3 10 us
TDOH Data Hoid from RE 20 100 ns
THLD ADDR, CS, Hold from RE 0 ns
TRDR Read Recovery Time 300 ns
TcSE CS Setup ToRE 0 ns

—
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ADDR >{ Ag, A1, Ag STABLE X T
II<_TASE_>= —>| :
j——Tcse—y THLD = m
“ t L --
| I
= \\1!:— TRE—jf_—
He—ToAc—| , = TooH
DATA VALID
DBO-7
HOST READ TIMING
HOST WRITE TIMING WD1010-05/08
SYMBOL CHARACTERISTIC MIN MAX UNITS CONDITIONS
TSEW ADDR, CS Setup toWE 0 10 us
Tps Data Bus Setup to WE 2 10 us
TWE Write Enable Pulse Width 2 10 us
- TDH Data Bus Hold-from WE- 10 ns
TAHW ADDR Hold from WE 30 ns
TWER Write Recovery Time 1.0 us See Note 1
TCHW CS Hold Time 0

ADDR X Ag, A1, Ap STABLE X

_— TAHW =y
cs | | i TWER
TSEW—3my X -

i o la—Tonw

i
WE \_'r Twe 'IZ. 1
l
i "_TDH

'<— TDS —y |

HOST WRITE TIMING

BUFFER WRITE TIMING (READ SECTOR CMD) WD1010-05 WC = 5 MHZ

SYMBOL CHARACTERISTIC MIN TYP MAX UNIT CONDITIONS
TWEV WE Float to WE Valid 15 100 ns CL = 50 pf
TWRB WE Output Pulse Width 300 400 500 ns See Note 4
TVWE Data Valid from WE 110 ns
THWE Data Hold from WE 60 ns
TRR WE Repetition Rate i.2 1.8 2.0 us See Noie 2
TWF WE Float from BCS 15 100 ns CL = 50 pf




BUFFER WRITE TIMING (READ SECTOR CMD) wD1010-08 WC = 8 MHZ

SYMBOL CHARACTERISTIC MIN TYP MAX UNIT CONDITIONS
TWEV WE Float to WE Valid 15 100 ns CL = 50 pf
TWRB WE Output Pulse Width 200 250 500 ns See Note 7
TVWE Data Valid from WE 100 ns
THWE Data Hold from WE 60 ns
TRR WE Repetition Rate 75 1.0 1.25 us See Note 2
TWE WE Float from BCS 15 100 ns CL = 50 pf

BCS \
{ s / :
-»: }4— TWRV ! ’;j\iﬁ——TWF
YéﬁTPF/*W
Tvwe - - =1 |e—THWE :

DBO-7 !ﬂ DATA VALID S —{l DATA VALID >—‘ }._

| — |

e TRR ]

BUFFER WRITE TIMING
BUFFER READ TIMING (WRITE SECTOR CMD) WwWD1010-05 WC = 5 MHZ

SYMBOL CHARACTERISTIC MIN TYP MAX UNIT CONDITIONS
TREV RE Float to RE Valid 15 100 ns CL = 50 pf
TREB RE Output Pulse Width 300 400 500 ns See Note 4
TRDS Data Setup to RE 140 ns
TRR RE Repetition Rate 12 16 20 us
TRF RE Float from BCS 100 ns Cp = 50 pf
THRE Data Hold from RE 0 ns

BUFFER READ TIMING (WRITE SECTOR CMD) WD1010-08 WC = 8 MHZ
SYMBOL CHARACTERISTIC MIN TYP MAX UNIT CONDITIONS
TREV RE Float to RE Valid 15 100 ns CL = 50pf
TREB RE Output Pulse Width 200 250 300 ns See Note 7
TRDS Data Setup to RE 100 ns
TRR RE Repetition Rate 75 10 1.25 us
TRF RE Float from BCS 100 ns CL = 50 pf
THRE Data Hold from RE 0 ns

TN
[ 1
1

| T
TREV={  le— 'l

] —»| «—THRE

DOKKK XA X ity X XX XXX
! I

- TRR >

BUFFER READ TIMING

DATA MUST
BE VALID

DBO-7

| TRF
RE | L .
(OUTPUT) h TReB !
| 1<TRDS 1 |
|
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BROY \ .TBRY |
:<-Tn0->c
|

SN
BCR
w
TsTP
STEP

Tipx
INDEX

MISCELLANEOUS TIMING

BDRQ

Frc >
MISCELLANEOUS TIMING

MISCELLANEOUS TIMING

SYMBOL CHARACTERISTIC MIN TYP MAX UNIT CONDITIONS
TRQ- . BDRQ Reset-from BRDY.- 40 ek 200 RS- . I
TBCR %qgﬁ]r Counter Reset Puise | 1.4 16 18 us See Note 2
I
TsTP Step Pulse Width 8.3 8.4 8.7 us See Note 2
TIDX Index Pulse Width 500 ns
TMR Master Reset Pulse Width 24 wC See Note 3
FWC(05 Write Clock Frequenc 25 5.0 5.25 MHz 50% Duty Cycle,
WCE) auency WD101095
FRC(-05) Read Clock Frequency .25 5.0 5.25 MHz See Note 6
Fwc(-08) Write Clock Frequency 25 80 84 MHz 50% Duty Cycle,
WD1010-08
FRC(-08) Read Clock Frequency 25 8.0 8.4 MHz See Note 6
TBRY BRDY Pulse Width 800 ns See Note
TMRB MR Trailing To BCR 16 32+° 6.4 us See Note 2
TMRW MR Trailing To Host Write 6.4 us See Note 2
:-‘—TRD ——pE

| 1
! '
o TX1 g Tx2

.

—

l
;{ TrReP
RCLK

- TRCF

A

DRUN

READ DATA TIMING

\\kz;;;;:"/’__-—____-
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B
READ DATA TIMING wWD1010:05 WD = 5 MHZ

SYMBOL CHARACTERISTIC MIN TYP MAX UNIT CONDITIONS
TRCP RCLK Pulse Width 95 2000 ns 50% Duty Cycle
Tx1 RD from RCLK Transition 0 TRCP + 2 ns
Tx2 RD to RCLK Transition 20 TRCP + 2 ns
TRD RD Pulse Width 40 TRCP ns
TDRN DRUN Pulse Width 30 ns
TRCF RCLK Frequency 250 525 MHZ See Note 6

READ DATA TIMING wWD1010-08 WD = 8 MHZ

SYMBOL CHARACTERISTIC MIN TYP MAX UNIT CONDITIONS
TRCP RCLK Pulse Width 60 2000 ns 50% Duty Cycle
Tx1 RC Transition to Next 0 TRCP + 2 ns
Leading RD

Tx2 Leading RD to Next 10 TRCP + 2 ns
RC Transition

TRD RD Pulse Width 30 TRCP ns

TDRN DRUN Puise Width 25 ns

TRCF RCLK Frequency .250 84 MHZ See Note 6

TWD =t ‘ Two —’i !
oo F ) N
1

WRITE DATA TIMING

WRITE DATA TIMING WD1010-05 WD = 5 MHZ

SYMBOL CHARACTERISTIC MIN TYP MAX UNIT CONDITIONS
TWC WCLK Pulse Width 95 2000 ns
TwD Prepagation Delay WCLK 10 65 ns
toWD
TWLE WCLK to Leading Early/Late] 10 65 ns
TELW WCLK to Trailing Early/Late | 10 65 ns
TWCE WCLK Frequency 250 5.25 MHZ See Note 6

#
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S
WRITE DATA TIMING WD1010-08 WD = 8 MHZ

SYMBOL CHARACTERISTIC MIN TYP MAX UNIT CONDITIONS
TWC WCLK Pulse Width 95 2000 ns
TWD Prepagation Delay WCLK 10 45 ns
toWD
TWLE WOCLK to Leading Early/Late| 10 45 ns
TELW WCLK to Trailing Early/Late | 10 65 ns
TWCF WCLK Frequency .250 8.4 MHZ See Note 6
NOTES:
1. AC timing measured at VOH = 2.0V, VoL = 0.8V, 4. 2WCLK = 100 ns.
CL = 50 pf. 5. BRDY must be >4 us or a spurious BDRQ pulse
2. Based on WCLK = 5.0 MHz Multiply timings may exist for up to 4 us after rising edge of BRDY.
by .625 for 8 MHz operation. 6. TRCF = TWCF = 15%.
3. 24 WCLK periods (4.8 usec at 5.0 MHz). 7. 2WCLK = 50 ns.

See page 481 for ordering information.

Information furnished by Western Digital Corporation is believed to be accurate and reliable. However, no responsibility is assumed by Western Digital
Corporation for its use; nor for any infringements of patents or other rights of third parties which may result from its use. No license is granted by
implication or otherwise under any patent or patent rights of Western Digital Corporation. Western Digital Corporation reserves the right to change
specifications at anytime without notice.
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WD1010 Application Notes

FLEXIBLE CONTROLLER MATES WITH POPULAR
WINCHESTER DRIVES

To take advantage of the growing demand for Sea-
gate Technology-type 5v4-in. Winchester disk drives
in personal computers, electronic work stations, and
small-business systems, designers need an appropri-
ate controller that is inexpensive. In fact, today's
designs must implement the control link between a
host CPU and a disk drive at far lower cost than the
drive itself. That requires a single-chip controller
rather than discrete, gate-array-intensive circuits that
take up valuable board space in ever smaller compu-
ter equipment.

Such a device is now available in the form of an LSI
single-chip Winchester controller-formatter. The chip
incorporates 80% of the circuitry required for Win-
chester control, eliminating between 50 and 75 SSI
and MSI devices used in earlier designs.

A controller that claims Seagate compatibility must
be sufficiently flexible to meet not only the com-
pany's original ST506 specifications, but aiso the
various deviations from them. The basic specifica-
tions include a data rate of 5.0 Mbits/s and open-
collector outputs and differential signal inputs for the
separate control and data interface cables. The
recording format is modified frequency modulation
(MFM), but more importantly, the structure of the
format defines both specific address-mark bytes and
ID fields. These are fixed specifications, but manu-
facturers of Seagate-type drives sometimes make
other changes. For example, the track density on
high-capacity drives may be greater than that in the
original ST506 specifications. Also, the number of
sectors and bytes per sector on each cylinder can
vary according to the application. in each case, a
compatible controller must be able to handle the
original specifications plus the deviations.

The ST506 interface is a spinoff of the Shugart
Associates SA1000 drive, first introduced in 1979.
Two important differences between the interfaces are
the data rates and a timing-clock differential signal
on the SA1000. The latter operates at 4.34 Mbits/s vs
5 Mbits/s for the ST506, but the remaining signals
have enough similarity to permit a single controller
design to run either an 8-in. SA1000 drive or the 5%a-
in. ST506 drive. The advantage of the WD1010 Win-
chester controller-formatter is that it works with
either and with other manufacturers’ variations as
weli.

Operation of the drive begins when a host processor
initiates a command after first loading a set of inter-
nal task registers called the task file. Information
such as cylinder, sector, and head number is written

{0 these registers, which are selected by address
lines. The memory-mapped register scheme allows
individual accesses to each register. Thus the host
need not waste valuable time reading all the registers
to obtain a specific parameter.

The WD1010, which comes in a 40-pin DIP, is run by
an internal microcontroller — a PLA (programmable
logic array) serving as a state machine (Fig. 1). This
logic controls the flow of data throughout the chip,
recognizes and processes commands, and formats
the data.

WRITING AND READING DATA

During a write operation, parallel data is read from the
data bus and written to a specific sector. But first the
cylinder and sector must be located on the requested
disk drive. The WD1010’s micro-controller accesses
its internal cylinder-position data and compares it
with the requested cylinder number. If necessary, a
seek is performed automatically to position the head
assembly over the desired cylinder.

If the drive requested is changed before a seek com-
mand is executed, the WD1010 enables its read logic
and searches for an ID field on the currently selected
drive. Then it reads the cylinder number from the new
ID field and determines whether to seek in or out to
find the requested cylinder. This so-called implied
seek is a feature of all commands (see “Macro Com-
mands Provide Multiple Options”).

After the WD1010 finds an ID field that matches the
cylinder, head, sector, sector size and CRC (cyclic re-
dundancy check) value, it writes a field of Os and a
new address mark — later these two fields will be
used for synchronization during a read operation. The
chip then reads paralle! data in from the data bus,
serializes it, and converts it into the MFM format.
Next, a new CRC value is calculated for the incoming
data and is appended to the end of the data field
(after the last byte). If the original command specified
multiple sectors, the next logical sector must be
searched for and the process repeated. After the last
sector is written, the WD1010 gives the bus back to
the host and waits for the next command.

Although the chip does not generate an error correc-
tion signal, an optional command bit can be set to
disable cyclic redundancy checks of the data field.
The sector is extended by seven bytes to allow the
host to write its 56-bit error detection and correction
code. Later, during a read operation, these seven
bytes are transferred back to the host to permit it to
identify a syndrome and correct any errors that were
encountered. For systems that require such opera-
tions, the WD1014 error detection and correction and

—
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WD1015 butfer controller chips are available,

Reading is similar to writing except that data is sent
out on the data bus and written into the sector buffer

at the host. MFM data is entered on the RD pin along
with a synchronous clock (RCLK) generated from an
external data separator (Figure 2).

DoD74H 1o BUFFERS TASK FILE CRC LOGIC DATA REGISTER
4 i i i
A Ay Ay 3 MEM
s ' v 3 ENCODER
! ] .
WCLK
PARALLEL-TO-
| status ReGIsTER ] SERIAL =y
RE— A CONVERTER DECODER
] MAGNITUDE — Y _SYNG
we—] ! COMPARATOR ~ |— | GENERATOR SERIAL-TO- j
| PARALLEL
A2-A0§/-‘ - GONVERTER SYNCHRONIZER
HOST ]
1ro—{ INTERFACE ro»{  AMDETECTOR |
MR — — STEP RCLK
v ' — DIRG
cs - —» EARLY
o — LATE
5CR_t MICROCONTROLLER A\r:— DRIVE < DRDY
- {PLA) INTERFAGE - WP
BRDY—  BUFFER b—_TK000
8DRG] INTERFACE — g\éoex
iy  —
BCS—
F—» RWC
Veg— e e e —» WG
V8§ e PHASE-LOCKED l—» RG
LOOP INTERFACE | oo

Figure 1.
The architecture of the WD1010 Winchester controller-formatter chip is designed to reduce a host proces-
sor's overhead burden. An intemal microcontroller (PLA) manages data flow, incoming commands, and

formatting.
Since the data rate is relatively high, the data separa-
tor must instruct the controller to lock on to the RD
incoming data stream only during a field of 1s and Os. PH;‘(’:D&%E"’@ATT%N
A Data Run (DRUN) signal to the WD1010 indicates MFM DATA 20832 DEVICE
such an occurrence. When DRUN is active, the + + MFD 1SH DRUN
WD1010 counts off 16 bits — 2 byte times — sets the _{MEM DATA « RG RG
Read Gate (RG) signal, and starts to search the data L wo we
stream for an address mark. % LK
X2 TA[—wv WwD1010
ANk T T
IMPLEMENTING THE T 2XD -
ATI L H = ] X
PRECOMPENSATION ALGORITHM DAT&%‘Q’EA%}'TQH oaTA Dgg#ﬁ ] .
ALREADY TO BE SHIFT
SENT | SENDING| SENT REQUIRED ™ omln
: 60NS
X 1 1 0 Early DELAY LINE
X 0 1 1 Late
0 0 0 1 Early Figure 2.
1 0 0 0 Late A separate IC — the WD1012 — performs the data

NOTE: All other patterns preduce no shift,

separation for the WD1010. The data separator sends
a DRUN signa! to the controller when it encounteis a
data field (1s and 0s).
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An address mark is a unique pattern of clock and
data bits that does not appear in any place that
normal MFM data appears. If an address mark is not
detected within nine bytes or if a non-0 pattern is de-
tected within nine bytes, RG is turned off and the
search repeated. Since data fields within sectors can
contain Os or all 1s, the DRUN algorithm is also trig-
gered in these cases. But the address mark will not
be detected, preventing erroneous data from being
transferred.

After the ID field is compared and verified, a search
begins for the address mark. Resynchronization oc-
curs and the data is transferred to an internal MFM-
to-NRZ converter. Data is then shifted through a
double-buffered shift register and placed on the data
bus for loading to the buffer. Either the cyclic redun-
dancy code at the end of the data field is checked or
the error detection and correction bytes are trans-
ferred in parallel to the host, depending on which
option is used. Then the host processor can read the
data from its local buffer.

Like all magnetic recording media, Winchester disks
are not immune to the effects of bit shifts at high re-
cording densities. The WD1010 uses an algorithm
that informs external delay circuits when to shift out-
going data. A register within the task file specifies
which cylinder receives reduced write current and if
precompensation is needed. Typically, both occur on
the same cylinder about half way down the disk
surface.

The WD1010’s precompensation signais are called
Early and Late. Depending on the bit pattern leaving
the device, data will be shifted early, late, or not at all.
A WD1011 data separator implements the precom-
pensation delay network (Figure 3).

Since the Early signal and the current data (or clock)
bits leaving the WD1010 have already occurred, the
WD1011 performs no delay function on Early. If both
Early and Late are inactive, the WD1011 inseris a
12-ns delay; if only Late is active, it inserts a 24-ns
delay. The result is a = 12-ns shift of the data from its
nominal position. An inactive Reduced Write Current
(RWC) signal from the WD1010 disables the WD1011.
The WD1010 then furnishes precompensation sig-
nals independent of current cylinder position.

INTERFACING WITH CABLES AND BUSES

The remaining function on the drive side is to provide
sufficient buffers to drive the cables between the
chip and the interface connectors. Single-ended
open-collector signals are used for the control cable,
and differential receiver-drivers are used for the data
cable (Figure 4). Each line must have such buffers,
since the controller is designed to drive one TTL load
on all inputs and outputs.

At a 5-Mbit/s data transfer rate to the host interface, a
byte of data must be read every 1.6 us — in 8-bit paral-
lel form. Few microprocessors can access a port and
check status within this period. Consequently, a
design objective of the WD1010 is compatibility with
a programmed YO environment, as well as the sup-
port of off-line error detection and correction. More-
over, the chip can transfer multiple sectors on one
command. To achieve such performance within the
constraints of a 40-pin package, the WD1010 relies on
a unique approach to the traditional peripheral
interface.

Three modes of communication can exist at the host
interface: between the host and the WD1010, be-
tween the host and the buffer, and between the
WD1010 and the buffer. For hostWD1010 commun-

+5V
26L.S31
7438 1.8K o+
DRIVE INPUTS
TO DRIVE INPUTS > T0 o
COMMON
WwD1010 L5V WD1010 —L— _l_
Y - 51 51
FROM DRIVE 26LS32 L
OUTPUTS * *
FROM DRIVE OUTPUTS
470 —0-
o +8Y ®)
Figure 3.

Buffering circuits from the WD1010 to the control cable (A) and the data cable (B) must be used because the con-

troller has a rather limited drive capability (one TTL load each on inputs and outputs).
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ication the chip, like many microprocessors, talks In host-buffer or WD1010-buffer communications

over an 8-bit bidirectional bus, plus Read, Write and
chip select lines (Figure 5). Three address lines

access registers within the chip.

(Figure 6), when the chip reads or writes to the buffer,
the Buffer Chip Select (BSC) line is pulled low. This
signal should be used to disconnect the host data

ADg ; Ao
AD4 A1
ADy A2
Cs (&3
DBo-DB; @ DATA BUS (8) Dg-D7
: |
HOST — DgD WE WD1010
PROCESSOR g 0 gTATIC RAM WE
Ay o o Ax  RE
LIIITTTTT | BDRY
Qy e Qx
BINARY COUNTER___
cP RST
BCR
5 f\' RE
WR Lr we
BUST s . s

Figure 4.

Communications between a host and the WD1010 can be effected with the static RAM and binary counter cir-
cuitry shown here. These devices form a sector buffer that stores data sent from the host or the controller. This
hardware handles both read and write operations on multiple sectors.

.%—» ENABLE
ADg Ag
ADq Aq
AD» Ay
cs cs
DBg-DBy _@, DATA BUS (8) Dg-D7
PORT B __
HOST WDis10 MR BCR
PROGESSOR DIR
FIFO
BUFFER wb1ot0
EMPTY
CSE  FULL| BDRY
RD > RE
WR {‘} ( wE
BUSY ; BCS
ENABLEl—-i_\/ LQ-—

WD1010 to the host.

Figure 5.
A variation on the circuit of Figure 6 uses 2 WD1510 FIFQ buffer to replace the counterrRAM circuitry. The
scheme works well at high throughout rates since the buffer need not be filled to transfer data supplied by the
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bus and Read and Write lines from the WD1010. The
Read (RE) and Write (WR) lines become outputs from
the WD1010 and are strobed as each byte is placed
on the bus.

The sector buffer in Figure 6 is implemented with a
binary counter and a static RAM. With each RE or WE
strobe, the counter is incremented so that the follow-
ing byte can be read from or written to the next
sequential location in the RAM. After all memory lo-
cations are written to, a carry signal from the counter
goes to the Buffer Ready (BRDY) line of the WD1010.
This signal informs the controller that the counter
has rolled over and that the buffer is either full or
empty, depending on the command.

During multiple-sector transfers, the RAM can be as
large as the available sectors on each cylinder. The
controller continues to load the RAM with data when
a sector is being read. When no more memory is
available. BRDY signals the WD1010. The command
will then pause, wait for the host to dump the
memory, and then begin filling the RAM again. This
scheme permits both read and write operations on
multiple sectors.

Signals for host and buffer control include the Buffer
Counter Reset (BCR) line, which is pulsed when BCS
makes an active transition. BCR resets the binary
counter before a read or write operation. Since ad-
dress location 000 does not exist in the WD1010, a
decoder can be used to make this address location
enable the RAM and simulate a data register. For
DMA applications, the Buffer Data Request (BRDQ)
line is activated when data is available for host use.

Numerous other methods can be used with these
same control signals. For example, a first-in, first-out
buffer (Figure 7) can replace the counter-RAM. In this
scheme, the host can dump data before the WD1010
fills the buffer. With sufficient throughput, the FIFO
buffer need not have the storage capacity of an entire
sector if the host can empty it quickly enough with a
burst mode. In that case, the BRDY signal becomes
the OR function of the Empty and Full signals from
the FIFO buffer.

MACRO COMMANDS PROVIDE MULTIPLE
OPTIONS

Each of the WD1010 Winchester controller-format-
ter's six macro commands contains several option
flags. These flags allow the selection of stepping
rates, multiple-sector transfers, and interrupt timing.
The WD1010’s task file contains additional options
that are programmed before the command is actually
issued. The operations of each command are as
follows:

Restore causes the read/write head assembly to
move to track 000. The stepping rate is determined by
the state of Seek Compiete (pin 32), which is acti-
vated by the drive to indicate its readiness. The step-
ping rate specified in the Restore command is not
actually used but retained internally for an implied
seek later on.

’

261

Activation of a Seek causes a seek operation for any
desired cylinder. The selected cylinder is loaded into
the cylinder register. Then the controller decides
which way to seek and how many steps to use. The
Seek Complete line is not checked, making possible
overlapping seek operations on several drives.

The actual transfer of data from the WD1010 to sector
buffer is performed under the Read Sector command.
This command also causes a search for the specified
cylinder, drive, head, and sector. Multiple sectors are
specified and enabled through the sector count reg-
ister. If the multiple-option flag is set, the number of
sectors specified are transferred to the buffer.

Data in the sector buffer is written on the disk under
the Write Sector command. Like the Read Sector
command, it specifies and enables muitiple drives
through the sector count register.

Both the Read and Write Sector commands will retry
up to eight times before automatically performing a
restore operation. After a restoration, the controller
seeks out the marginal sector and tries to determine
whether an error condition was caused by a misposi-
tioning of the head or a problem in the actuator.

The Format command is used to initialize a track with
ID fields, gaps, and all information necessary for sub-
sequent read and write operations. The sector buffer
plays a unique role in this command, since it pro-
vides information on error mapping and inter-leaving
rather than data from a sector. The order in which
each sector is to be recorded is specified in the buf-
fer, together with information indicating whether a
sector contains a bad block or an error flag. Gap
sizes, number of sectors, and other information are
specified in the task file to allow further control over
the format. By incrementing the cylinder number reg-
ister, an entire surface can be formatted by accessing
just two registers.

THE WD1010°'S MACRO COMMANDS
CODE

7/16/5,4|3,2{1,0
Restore 0/ 0|0|1{R3/R2[R1|Ro
Seek 0|1|1|1|R3/R2|R1|Ro
Read Sector 0/0/1{0;1 /M O0|O
Write Sector o/0i1{1}j0[M{O]|O
ScanID o 1/0/0|0j0f0!O0
Write Format o/1|/0|1]0(0|0]|O

M = Multiple Sector Flag

M = 0 — transfer 1 sector
M = 1 — transfer multiple sectors

Interrupt Enable

0 — Interrupt at BDRQ time
1 — Interrupt at end of command

oLoLam



0L0LAM

—

A MULTIPLE-DRIVE SYSTEM

For multiple drive-head configurations, the WD1010's
sector-drive-head (SDH) register is decoded at ad-
dress 110 to produce individual, latched drive-selec-
tion signals whenever the host writes to this address
location. Binary head selection does not require a
separate decoder, since one is located at the drive.

When the WD1010 senses a change in drive number,
it automatically reads a cylinder. This takes place
before the execution of the current command. The
chip records the new cylinder number it has read and
stores it internally as a reference for future seek
operations on the current drive.

After the execution of any command, the WD1010 in-
forms the host processor of any errors encountered
during execution. On-board status and error registers
report error conditions and signal status from the
drive. To eliminate tedious error detection proce-

dures, the host processor need only check the error
bit in the status register to determine whether any
bits are set in the error register.

Bit 0 of the status register is set if any of 5 bits in the
8-bit error register are set — bit 0 establishes the logi-
cal OR of the status register. Other error indicators in-
clude a Bad Block Detect bit, which is activated when
an ID field contains a bad block mark, and an ID Not
Found bit, which is set when the desired cylinder,
head, sector, or size parameter is not found after 16
revolutions of the disk. The latter is also set if the
data address mark of the data field is incorrect when
aread is executed.

Do
D4
- Do
D3
Dy
D5
Dg
T0 p o7
HOST Y, WE
1( Ap
F Aq
J4 A2
£ cs
\ A BCS
HEAD SELECT 0 - Qo Do
WD1010
HEAD SELECT 1 - Q4 D4
HEAD SELECT 2 <& Q D2
TO ] DRIVE SELECT 1 «g—{ Y,
DRIVE 0 A Q3 D3
DRIVE SELECT 2 <—{ Y4 o D4
4
DRIVE SELECT 3 -] Y l cp
DRIVE SELECT 4 Yy, B LATCH
\ 2.TO-4-LINE
DECODER
Figure 6.

Four Winchester drives can be controlled by the WD1010 using an external latch and a 2-to-4-line decoder. If the
drive being accessed changes, the controller performs an automatic read operation. It records the cylinder
number of the read for future seeks.
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implication or otherwise under any patent or patent rights of Western Digital Corporation. Western Digital Corporation reserves the right to change
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WD2010 Winchester Disk Controller

FEATURES

e COMPATIBLE VIA 8BIT DATA BUS WITH MOST
MICROPROCESSORS

e UP TO 5 MBITS/S DATA RATE WITH AUTOMATIC
ERROR CORRECTION

¢ MULTIPLE SECTOR READ/WRITE COMMANDS

e FORMATTING AND SECTOR INTERLEAVE
CAPABILITY

e SEEK COMBINED WITH READ/WRITE
COMMANDS

¢ SINGLE OR MULTIPLE SECTOR BUFFER USING
FIFO OR RAM/COUNTER

+ BUFFER ACCESS VIA PROGRAMMED I/O OR
DMA

» 32 BIT ECC OR 16 BIT CRC SELECTABLE

e SELECTABLE 128, 256, 512, OR 1024 BYTE
LENGTH SECTORS

e PROGRAMMABLE RETRY ALGORITHM
e SINGLE +5V SUPPLY

DESCRIPTION

The WD2010 Winchester Disk Controller is a single
chip controller designed for use with the Shugart As-
sociates SA1000 8” Winchester disk drive or the Sea-
gate Technology ST506 5.25" Winchester disk drive.
The WD2010 is designed to be software compatible
with the WD1010. The WD2010 will read or write MFM
data at a rate of up to 5 Mbits per second, with
selected parts at a rate of up to 10 Mbits per second.

The WD2010 interfaces directly with TTL logic, is
packaged in a 40-pin DIP, and requires only a single
+5V supply. The WD2010 is designed to operate with
an external sector buffer memory, or with an extemal
DMA controller. Data bytes are transferred to or from
the buffer every 1.6 usec. with a 5 Mbit per second

A
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BCS 1 :,VCC
BCRO 2 39 RCLK
INTRQ O 3 38 RG
SDH O 4 37QRD
MRO 5 36[1 BDRQ
REOQ 6 350 BRDY
WEO 7 34[3 DRUN
csd 8 330 RWC
A0[] 9 32p8C
A1[]10 31{1 TKOOO
A2 011 30 wWF
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D5 {14 273 STEP
D4 {15 26[1DIR
D3 16 250 WCLK
D2 017 241 wWaG
D118 23[1 EARLY
Do 19 22[J LATE
Vgs 020 21[AwWD

PIN DESIGNATION

drive. The buffer may consist of either a WD1510
128x9 FIFO memory, or a combination of a 256x8
static RAM and an 8-bit resettable counter. The
WD2010 generates counter control signais to mini-
mize external gating. Buffer to CPU transfers may be
made via programmed /O or DMA. The WD2010 also
generates handshake signals to control DMA opera-
tion for multiple sector transfers.

A 32-bit ECC (Ervor Correction Code) polynomial or a
16-bit CRC polynomial may be selected. If a
RAM/Counter sector buffer is used, the WD2010 can
be programmed to automatically access the sector
buffer and correct the data in error.
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PIN DESCRIPTION

PIN
NUMBER PIN NAME SYMBOL FUNCTION

1 BUFFER CHIP SELECT BCS Active low output used to enable reading or
writing of the external sector buffer.

2 BUFFER COUNTER BCR Active low output that is strobed by the WD1010

RESET prior to read/write operations. This pin is strob-
ed whenever BCS changes state.

3 INTERRUPT REQUEST INTRQ Active high output which is set to a logic high in
the completion of any command.

4 SDH LATCH ENABLE SDH Provides a latch enable signal when the SDH
register is addressed.

5 MASTER RESET MR A logic low in this input will initialize all internal
logic.

6 READ ENABLE RE Tristate bidirectional line, used as an input for
reading the task register and an output when
WD1010 is reading the buffer.

7 WRITE ENABLE WE Tristate bidirectional line used as an input for
writing into the task register and as an output
when the WD1010 is writing to the buffer.

8 CHIP SELECT CS A logic low on this input enables both WE and
RE signals. .

9-11 ADDRESS 0- AD-A2 These three inputs select the register to
ADDRESS 2 receive/transmit data on DO-D7.
1219 DATA 7-DATA O D7-D0 Eight bit bidirectional bus used for transfer of
commands, status, and data.

20 GROUND Vss Ground.

21 WRITE DATA WD This output contains the MFM clock and data
pulses to be written on the disk.

23,22 LATE, EARLY LATE, EARLY | Precompensation outputs used to delay the WD
pulses externally.

24 WRITE GATE WG This output is set to a logic high before writing
is to be performed on the disk.

25 WRITE CLOCK wWC 4.34 or 5.0 Mhz clock input used to derive ali
internat write timing.

26 DIRECTION DIR This output determines the direction of the
stepping motor,

27 STEP PULSE STEP This output generates a pulse for stepping the
drive motor.

28 DRIVE READY DRDY This input must be at a logic high in order for
commands to execute.

29 INDEX PULSE INDEX A logic high on this input informs the WD1010
when the index hole has been encountered.

30 WRITE FAULT WF An error input to the WD1010 which indicates a
fault condition at the drive.

31 TRACK 000 TK0O0O0 An input to the WD1010 which indicates
positioning over track 000.

32 SEEK COMPLETE SC This input informs the WD1010 when head
settling time has expired.

33 REDUCED WRITE RWC This output can be programmed to reduce write

CURRENT current on a selected starting cylinder.

e —
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PIN DESCRIPTION (CONT)

PIN
NUMBER PIN NAME SYMBOL FUNCTION

34 DATA RUN DRUN This input informs the WD1010 when a field of
one’s or zeroes have been detected.

35 BUFFER READY BRDY This input is used to inform the controller that
the sector buffer is full orempty.

36 BUFFER DATA BDRQ This output is set to initiate data transfers

REQUEST to/from the sector buffer.

37 READ DATA RD Data input from the Drive. Both MFM clocks and
data pulses are entered on this pin.

38 READ GATE RG This output is set to a logic high when data is
being inspected from the disk.

39 READ CLOCK RC A nominal square wave clock input derived from
the external data recovery circuits.

40 +5VOLT \'ele] +5V +5% Power supply input.

0L02aMm
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See page 481 for ordering information.
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WD1050 SMD Controller/Formatter

FEATURES

¢ 16 BIT HOST INTERFACE

¢ 9677 MBITS/SEC DATA RATE

¢ SINGLE/MULTIPLE SECTOR TRANSFERS
¢ FIXED SECTOR FORMAT

e TTL COMPATIBLE INPUT/OUTPUTS

e SINGLE 5V SUPPLY

¢ 68 PIN JEDEC TYPE C CHIP CARRIER
PACKAGE

o COMPATIBLE WITH SMD, MMD, FHT, LMD, AND
CMD FAMILIES

e SINGLE +5V SUPPLY

DESCRIPTION

The WD1050 SMD controller/formatter is a MOS/LSI
device designed to interface an SMD compatible
rigid disk drive to a host processor. The device is
compatible with all rigid disk drives adhering to
Control Data Corporation’s flat cable interface for
SMD, MMD, FHT, FMD, LMD and CMD families (CDC
specification 64712400 Rev H). It is TTL compatible
on all inputs and outputs, with interface capability for
8 or 16 bit data busses.

The WD1050 contains a powerful set of macro-
commands for read/write and control functions. An
internal 16 bit task file is used to process a selected
command based upon parameter information in the
file.

The WD1050 operates from a single + 5V supply and
is available in a 68 pin JEDEC Type C chip-carrier
package.
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PIN
NUMBER NAME SYMBOL DESCRIPTION

1 vVce \ oo} +5V £5% power supply input

2 NO CONNECTION NC

3 REA A RE Tri-state bidirectional line, used as an input
when reading the task file and an output when
the WD1050 is reading from the buffer.

4 WRITE ENABLE WE Tri-state bidirectional line used as an input
when writing to the task file and an output when
the WD1050 is writing to the buffer.

5 CHIPSELECT Cs l’é_logic low on this input enables both WE and
RE signals as inputs.

68 ADDRESS 0-2 Ag-A2 These three inputs select a task file register to
receive/transmit data.

9 NO CONNECTION NC

1025 DATA BUS 0-15 Do-D15 Sixteen bit bidirectional bus used for transfer of
commands, status, and data.

26 WRITE DATA WD Open drain, NRZ data output which is syn-
chronized to the Servo Clock input.

27 READ CLOCK RCLK Input clock from the drive which is syn-

) B ] chronized with the Read Data Input.

28 SERVO CLOCK SCLK A nominal 9.677 MHz clock input from the drive.
This clock must be valid when Unit Ready (Pin
31) is active and Fault (Pin 34) is inactive.

29 READ DATA RD NRZ data input from the drive which must be
synchronized to the Read Clock (Pin 25) input.

30 INDEX PULSE IP Active high input used to monitor the Index
signal from the drive.

31 SECTOR SEC Active high input used to monitor sector pulses
from the drive.

32 UNIT SELECTED USEL Active high input used to verify the selected
drive.

33 UNIT READY URDY Active high input used to inform the WD1050 of
a ready condition on a selected drive. If this line
is made inactive during any command (except
RTZ or FAULT CLEAR), command execution is
terminated.

34 UNIT BUSY UBSY Active high input used to monitor drive status
during a unit selection. If the unit had previously
been selected and/ or reserved prior to issuing a
USTAG, the UBSY must be made active within
one microsecond of the USTAG selection. This
signal is used for dual-channel access ap-
plications and shouid be tied to ground when
not used.

35 GROUND Vss Ground.

36 FAULT FAULT Active high input used to detect a fault con-

dition at the drive. Command execution is
terminated if Fault is made active during any
command. Only the FAULT CLEAR command
may be issued while this line is asserted.
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PIN
NUMBER NAME SYMBOL DESCRIPTION

37 SEEK ERROR SKERR Active high input used to detect a seek error at
the drive.

38 ON CYLINDER ONCYL Active high input used to inform the WD1050
when the heads are settled and positioned over
acylinder.

39 WRITE PROTECT WPROT Active high input used to monitor the Write
Protect signal from the drive.

40 NO CONNECTION NC(TP) Test point.

41 NO CONNECTION NC

42 UNIT SELECT TAG USTAG Active high output used for selection of a unit
on USO-US3 lines.

4345 TAG1-TAG3 TAG1-TAG3 Active high outputs used to strobe specific data
out on the Control Port Lines. Tag definitions
are:

TAG1 — Cylinder address
TAG2 — Head/Volume select
TAG3 — Control Tag

46-49 UNIT SELECT0-3 US0-US3 These four outputs reflect the contents of the
unit address field of tho task file and are used to
select one of 16 drives.

50-59 CONTROL PORT CP9-CPO Ten bit output bus used to issue tag parameters

BITS 90 to the selected drive.

60 NO CONNECTION NC

61 NO CONNECTION NC(TP) Test point.

62 BUFFER CHIP SELECT | BCS Active low output used to enable reading or
writing to the external buffer by the WD1050.

63 BUFFER COUNTER BCR Active low output that is strobed prior to

RESET read/write commands. Used to clear an external
buffer counter.

64 BUFFER DATA BDRQ This output is set to initiate data transfers

REQUEST to/from the external buffer.

65 BUFFER READY BRDY This input informs the WD1050 that the buffer is
either full or empty.

66 INTERRUPT REQUEST | INTRQ Active high output which is set at the com-
pletion of any command, providing the ‘T’ bit is
aiso set in the command word. INTRQ is reset
subsequent to a Status register read.

67 MASTER RESET MR Active low input used to initialize the WD1050,
usually after a power-up condition.

68 CLOCK CLK 2 MHz Master Clock is input.
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FUNCTION DESCRIPTION

The WD1050 SMD Winchester Controller performs
the necessary link between an 8 or 16 bit processor
and an SMD compatible drive. The internal ar-
chitecture of the WD1050 is shown in Figure 1. The
major functional blocks are:

Control Unit

This section decodes commands, implements
command execution sequencing, monitors the
comparator and CRC logic, monitors status and
issues control to the Host and Drive Interfaces. It
also writes appropriate information to the Status
register during command execution.

Data I/O Buffers

A 16-bit bi-directional three-state bus (D15-D0) for
data transfers between the host CPU or data buffer
and the HDC. (The higher order 8-bits of this bus
[D15-D8] may be used for 8-bit data bus transfers
between the host CPU and the HDC).

Host/Buffer Control

This section allows HDC register selection and
communication by the --GPU; -issues - interrupt
requests, and provides Direct Buffer Access (DBA)
transfers between the disk drive and the data buffer.

Status Register

A 16-bit register reflecting operational status of the
HDC and disk drive. This is a read-only register.

Command Register

A 16-bit field containing command information that
dictates operational control sequencing of the Host
and Drive Interfaces by the HDC. This is a write-only
register.

Data Register

A 16bit field used to assemble/disassemble
words/bytes during data transfers. This register is
internally interfaced to the HDC’s Data VO Buffers
(‘D’ bus) and the HDC's Read Data Holding (RDH)
register or Write Data Holding (WDH) register (as
appropriate) during host/drive data transfers. The
contents of this register are compared to the ap-
propriate Task File field as required by command
execution.

CRC Logic

This logic is used to generate or check the 16-bit
Cyclic Redundancy Check (CRC). The polynominal is:

G =X16 £ X124 X5+ 1
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The CRC includes all information beginning with the
Sync character and ending with the CRC word. The
CRC is preset to ones prior to a data transmission.

The CRC is implemented in parallel eight bits at a
time as data is transferred between the HDC'’s Data
register and the HDC’s Read or Write Data Holding
registers. The CRC word is transferred to the HDC'’s
Data register and appended to the ID Field and Data
Field (if enabled) during Format Sector or Write Data
Commands.

Comparator

A 16-bit comparator used to compare the appropriate
HDC’s Task File field with the respective byte(s) read
from the disk.

Read Data Shift Register (RDS)

This 8-bit register shifts data read from Read Data
(RD) input via the drives Read Clock (HDC’s RCLK
input).

Read Data Holding Register (RDH)

This 8-bit holding register assembles bytes from the
Read Data Shift register and transfers them to the
Data register.

Write Data Holding Register (WDH)

This 8-bit holding register receives bytes from the
Data register and provides an eight bit parallel input
to the HDC's Write Data Shift register (WDS).

Wirite Data Shift Register (WDS)

This 8-bit shift register converts the eight bit parallel
input from the Write Data Holding register (WDH) into
a serial bit stream issued to the HDC’s Write Data
(WD) output via the drive’s Servo Clock (HDC’s SCLK
input).

Drive Control

This section monitors drive status, synchronizes the
byte boundries generated by the Serve Clock to the
sync character read from the disk or the drive’s Index
or Sector pulse as appropriate, and issues control
tags to the drive.

Control Port (CP0-9)

This 10 bit output port is used to provide the drive
with volume/head #, cylinder address, and control
information in conjunction with outputs Tag 1
(cylinder address), Tag 2 (volume/head #), and Tag 3
(control). The contents of the appropriate HDC
register or signals generated from the Control Unit
are gated to the Control Port during command
execution.

Unit Select Port (US0-3)

This 4-bit output port reflects the contents of the Unit
Address register, respectively. The Unit Select Tag
output selects the desired disk drive unit.

HOST INTERFACE

The primary interface between the Host processor
and the WD1050 is through a 16-bit bi-directional bus.
This bus is used to transfer status, parameter, and
command information between the WD1050 and the
host, as well as data between the WD1050 and sector
buffer. The external sector buffer is constructed with
either FIFO memory or a RAM and binary counter.
Since the WD1050 will make this bus active when
accessing the sector buffer, a transceiver must be
used to isolate this bus from the host. Figure 2
shows a typical Host Interface using a RAM and
Binary counter. The sector buffer may be one or more
sectors in length, depending upon system
requirements.

Whenever the WD1050 is not using the sector buffer,
the Buffer Chip Setect (BCS) is high (disabled). This
allows the Host to access the WD1050’s Task File,
read status, and issue commands. It also allows the
host to access data within the sector buffer A
separate RAM select line from the host is_used to
access the data in memory. With each RE or WE
strobe from the host, the address counter is in-
cremented on the trailing edge of RE or WE, pointing
to the next sequential memory location. Whenever
the WD1050 changes the state of BCS, the Buffer
Counter Reset (BCR) Line is strobed, causing the
address counter to be reset to zero. The RE and WE
lines become outputs from the WD1050 to allow
access to the buffer only when BCS is low. Although
8-bit programming is allowed via the use of Address
Line 0, the data path to and from the WD1050 must be
16 bits wide.

TASK FILE

The WD1050 contains five 16-bit registers called the
Task File. These registers are used to set up
parameter information prior to issuing a command.
These registers are:

A2 | A1 | AO| 15 REGISTER 0
0 | 0| O |HEAD/SECTOR ADDRESS
0| 1| O |SECTOR COUNT/LENGTH & UNIT

ADDRESS

1| 0| 0 |CYLINDER REGISTER

1| 1| 0 |COMMAND REGISTER (WRITE
ONLY)

1 | 1 | O |STATUS REGISTER (READ ONLY)

Each register in the Task File js_accessed by
selecting the proper address while CS (pin 4) is low,
then strobing the WE or RE lines. All registers in the
Task File are Read/Write except for the Com-
mand/Status register. The Command register can
only be written to, while the Status register is a read-
only register. But the command and status registers
have the same address.

An 8-bit mode can also be used for accessing the
Task File. Data is read/written on the most significant
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Do-L15 {§} DATA BUS (16) DgD15
[} DATA
RAMSEL »—D_ STATIC
¢ RAM WwD1050
A
BINARY | 5CR
COUNTER Be
HOST BRDY
INTERFACE —
BCS
=) JJ RE
WR - | WE
INTR REQ INTR
DATA REQ BDRQ
CHP SEL cs
ADDR Ap-A2
Figure 2.
8-bits of the Data bus (D15-D8). The upper byte is Cylinder Register

accessed when Ag (pin 7) is high, and the lower byte
is accessed when Ag is low. The upper byte (Ag=1)
must be accessed first, followed by the lower byte.
This insures that data is transferred to the internal 16
bit bus properly, and that a command will execute
when the full 16 bit word is written.

Head/Sector Address

This register holds the Head number and sector
address fields:

15 8 7 0
T T T T T T 1 T T U T
| | HEADNUMBER | | | SEGTORADDR

The Sector Address byte (bits 7-0) holds the logical
sector number used for comparison when searching
for the specified ID field. The Head number byte (bits
15-8) hold the logical head number, and volume flag
{where applicable). This 8 bit field is sent to the drive
via the Control Port (CP7-0) when Tag 2 is issued.
Note that all 8 bits of each byte are written into the ID
field during formats and are compared during other
commands.

This Register holds the 16 bit cylinder number:

1|5| T T T LV L T 9
[ 1 | | | CYLINDERREGISTER
1 | | I W) 1 i

The least significant 10 bits of this register (bits 9-0)
are transferred to the Control Port (CP9-0) when Tag 1
is issued. All sixteen bits of this register are written
to the ID field during formats and are compared
during other commands.

Sector Count/Length & Unit Address

This register holds the sector count, sector length
and unit address fields:

15 14. — 8 7 4 3 0
[ | SEctonogun, | (eNatn | Dl |

The four bit unit address field (bits 3-0) contains the
physical unit address and is reflected at the drive via
the Unit Select Port (US3-0). This port is used in
conjunction with the Unit Select Tag (USTAG) output
to select the desired drive.

The four bit sector length field is used to determine
the number of bytes to be read/written from the disk.
The allowable sector lengths are:
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BITS #OF BYTES
7 6 _5 4 IN DATA FIELD
1 0 0 O 128
0o 1 0 O 256
o 0o 1 0 512
0 o0 o0 1 1024

if the CE bit (CRC Enable) in the command word is
zero, an additional 8 bytes are added to the above
sector lengths (and the CRC bytes are not appended
to the data field). These bytes can be used to append
ECC codes to each sector.

The Sector Count Field, seven bits of which (bits 14-
8) are used to control single/multiple record
operation for commands where the LS (Logical
Secton) Flag is set, is decremented by one for each
sector encountered after the desired sector has been
located on the disk. The Op Code command is
repeated until the contents of this field (bits 14-8) are
equal to zero. For single sector operation, this field
(bits 14-8) must equal “0000000.” (This field [bits 14-8]
is ignored for the Fault Clear command).

For the Format Sector, Verify Sector, and commands
where the LS flag is not set, the Sector Count Field
(bits 14-8) must contain the desired physical sector
location (i.e.,, the Sector Count number of sector
pulses from the Index pulse=physical sector

location). This register is counted down to zero to
determine the physical sector location for these
commands. For physical sectored commands, bit 15
is used as a one bit field controlling single/multiple
record operation. For bit 15 equal to ‘0, a single
sector command is executed. For bit 15 equal to ‘1’,
these commands are repeated until the Index pulse
is re-encountered, allowing multiple sector
operations.

For logical sectoring, bit 15 of this register should
equal ‘0.
Command Register

This “write-only” register is used to load in the
desired command:

15 0
T 1 T T v Ly ¥ L1 T T T T T T
l ! 1 1 1 CPMMAND $EG|ISTER 1 1 I i J
The command register may be loaded whenever the
Command-In-Process (CIP) status bit is reset.

Status Register

This “read-only” register is used to monitor status
and error conditions as the result of command
execution. Its format is:

15 14 13 12 11 10 6 5 4 3 2 1 0
[8cs | cip | usy | USEL | wPRT| URDY |OCYL| SKER | BCs | FLT | BDRQ | — | DFGE | DFNF | IDCE | IDNF |
BIT NAME DESCRIPTION
0 ID Field Not Found Set if the sync character preceding the ID Field or ID Field

(IDINF)

1 ID CRC Error (IDCE)
error.

2 Data Field Not Found
(DFNF)

3 Data Field CRC Error (DFCE)

Not Used

Buffer Data Request (BDRQ)
Fault (FLT)

Buffer Chip Select (BCS)

~N o O b

output.
8 Seek Error (SKER)
9 On Cylinder (OCYL)

10 | Unit Ready (URDY)

11 Write Protect (WPRT)

12 | Unit Selected (USEL)

13 | Unit Busy (U Bsy)

14 | CIP

15 | Buffer Chip Select (BCS)

contents read from the disk do not match the respective Task
Fiie contents.

Set if the CRC calculation on the ID Field read from the disk is in

Set if the Data Field sync pattern following the ID Field does not
match the sync character.

Set if the CRC Calculation on the Data Field read from the disk
isinerror.

This bit is not used; it is forced to a zero.

Reflects the Buffer Data Request output.

Reflects the status of the Fault (Fit) input.

This bit is an inverted copy of the Buffer Chip Select (BCY)

Reflects the status of the Seek Error (Sk Er) input.
Reflects the status of the On Cylinder (On Cyl) input.
Reflects the status of the Unit Ready (U Rdy) input.
Reflects the status of the Write Protect (WPRT).
Reflects the status of the Unit Selected (U Sel) input.
Reflects the status of the Unit Busy (U Bsy) input.
Set when a command is in progress.

This bit is an inverted copy of the Buffer Chip Select (BCS)
output. This bit also appears in STATUS Bit 7.

—
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INSTRUCTION SET

Task File with parameter information. A command

The WD1050 will execute eight commands. Prior to can only be accepted if the CIP bit in the status
issuing a command, the Host must first setup the register is reset.
MSB. COMMAND REGISTER BITS LSB
COMMAND 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Fault Clear 1 0 0 0 0 0 0O I 0 0 0 0 U s E D

Return to Zero t 0 0 1+ 6 0 060 I 0 0 0 M U S E D

Seek Cylinder it 06 1 0 V L O I Z C H M U s E b»D

Read ID Field i 0 1.1 R L o }V Z C H M U S E D

Read Sector i 1. 0 0 R L Ot Z C H M U S E D

Write Sector i 1 0 1 R L O I Z € H O U S E D

Format i 11 0 R P O I Z C H 0O U S E D

Verify 1 11+ 1 R P O I Z C H M U S E D

FLAG SUMMARY

V = Verify I = Interrupt Enable
R = CRC Enable Z = Volume/Head Change
L = Logical Sectoring C = Cylinder Addr
P = Programmable Sectors H = Head Selection
O = OnCylinder M = Marginal Data Recovery
E = Priority Release/Early U = Unit Sel/Servo Minus
D" = Unit Deselect/Late S = Priority SeliServo Plus
COMMAND FLAG DESCRIPTION

FLAG NAME DESCRIPTION

v Verify Compare the Head number and Cylinder Address word of the ID
field with the appropriate Task File field when On Cylinder
becomes active. The Sector Address byte in the ID Field is not
compared, although the CRC is checked. This flag is valid only
for the Seek Cylinder command.

R Data Field CRC Enable Data Field CRC is enabled. If the flag is not set, the condition of
the DFCRC Status bit will not affect command execution; the
data field is extended by four words (8 bytes), and the CRC bytes
are not appended.

L Logical Sectoring Locate sector by matching the ID Field bytes read from the disk
to the appropriate field in the HDC Task File. The Sector Count
register in the Task File is used to indicate the additional
number of sectors to be transferred for multiple sector com-
mands.
if L is not set, physical sectoring is implemented. The Task Fiie
Sector Count register is decremented to locate the desired
physical sector from the Index pulse. ID Field compares are
made, but do not affect command execution.

P Programmabie Sectors The Head Number/Sector Address register is read from the
buffer as each sector is encountered per command execution.
(This allows an entire track to be formattediverified with in-
terleave sectors in one revolution of the disk). This flag is valid
only for the Format Sector or Verify Sector commands.

O | OnCylinder For the Seek Cylinder command, command completion re-
quires activation of On Cylinder or Seek Error inputs.

For other commands, On Cylinder is required before 2 read or
write can occur.

| Interrupt Enable Enable the interrupt output (INTRQ) for activation upon com-
pletion or termination of command execution.

“
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COMMAND FLAG DESCRIPTION

DESCRIPTION

Issue Tag 2 as required for volume/head change.

Issue Tag 1 as required for cylinder address selection. (Tag 1 will
follow Tag 2 if the Z and C flags are both set).

Issue Tag 2 as required for head selection. (Tag 2 will follow Tag
1if the C and H flags are both set).

Attempt a marginal data recovery. (Marginal data recovery may
be attempted only where a command requires reading from the

This bit controls the function of bits 3-0 (U, S, E, D). (See Note 1).

For M = 0 (or not applicable), set Unit Select Tag as required for
unit selection. Unit Selected must become active for command
execution to continue.

For M = 1, issue servo offset minus control for marginal data
recovery attempt.

For M = 0, issue priority select control as required to reserve
the unit. (See Note 2).

For M = 1, issue servo offset plus control for marginal data
recovery attempt.

For M = 0, issue priority release control as required to release
reserve of the unit. (See Note 2).

For M = 1, issue data strobe early control for marginal data
recovery attempt.

For M = 0, reset Unit Select Tag at completicr of this com-

FLAG NAME
z Volume/Head
C Cylinder
H Head
M Marginal Data
drive).
U Unit Select/Servo
Offset Minus
S Priority Select/
Servo Offset Plus
E Priority Release/
Data Strobe Early
D Unit Deselect/Data
Strobe Late mand.

For M = 1, issue data strobe late control for arginal data
recovery attempt.

Note 1: Certain marginnal data recovery features are not applicable depending on the particular drive type under
control. (Refer to CDC Interface Specification 64712400).

Note 2: Priority select and release features are applicable only for dual channel drive applications.

COMMAND EXECUTION

Command word architecture has been designed to
provide comprehensive control of the drive unit via
programmable micro-level commands. For example,
unit selections, cylinder seek, head selection, Op
Code execution (of multiple records if desired), and
unit deselection can be performed with a single
command.

Command execution foliows the following sequence

(for‘M’ flag = O):

1. If the U flag is set, the Unit Select (US) Tag is ac-
tivated. (The drive should select the unit specified
by the Unit Select bus [US0-3] when the US Tag is
activated.)

If the S flag is also set, CP9 will be active when the
US Tag is activated (exclusively reserving the unit
to that channel until released).

2. The following conditions must be met and
maintained for command execution to continue:
Unit Ready input active
Unit Selected input active
Unit Busy input not active

If these conditions are not met, command
execution is terminated with the appropriate bit
set in the Status register.

For all commands except the Fault Clear com-
mand, the Fault input must also be inactive and
remain inactive for command execution to con-
tinue.

. For the Write Data and Format Commands, the

Write Protect Status bit is checked; if true com-
mand execution is terminated.

. For the Write Data command, and the Format and

Verify command with the P (programmable sector)
flag set, the HDC activates BDRQ requesting the
host to provide the required data to the buffer.

. If the Z flag is set (indicating a volume change), the

Head number field of the Task File is issued to the
Control Port (Head field bits 158 to CP lines 7-0
respectively), and Tag 2 is pulsed. (Applies only for
drives with volume select))

. If the C flag is set (indicating a cylinder address

seek), the Cylinder Address field of the Task File is
issued to the Control Port (bits 90 respectively),
and Tag 1 is pulsed.
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NOTE:

For the Seek Cylinder command, and for other
commands where the On Cylinder flag is set, the
On Cylinder input must be active before Tag 1 will
be issued. (If the Seek Error input is active or
becomes active before On Cylinder is active,
execution is terminated with the Seek Error status
recorded in the Status register.

7. I the H flag is set (indicating a head selection), the
Head number field of the Task File is issued to the
Control Port (Head field bits 158 to CP lines 7-0
respectively), and Tag 2 is pulsed.

8. For commands other than Seek Cylinder, O flag
operation is as follows:

If O is set, execution is suspended pending an
active On Cylinder input.

If O is not set, the command is executed regard-
less of the condition of On Cylinder.

NOTE:

Data transfer to/from the drive with On Cylinder
inactive is allowed only under certain cir-
cumstances on specific drives. For example, on a
drive with both fixed and moveable heads, it is
possible to execute a Seek Cylinder ccmmand
with the C flag not set to the moveable heads (On
Cylinder will drop). The fixed heads may then be
given a Read Data command with the O flag not
set. The fixed head can then be read regardless of
the condition of On Cylinder. (This is an overlap
seek within a given unit between the fixed and
moveable media). For valid read/write operation
without an active On Cylinder, refer to the ap-
propriate drive operating specification.

For commands with C set and Seek Error received
instead of On Cylinder, command execution is
terminated.

9. For the Write Data command, and the Format and
Verify commands with the P flag set, the BRDY
input is inspected. Command execution is
suspended pending reception of a low to high
transition on the BRDY input.

NOTE:

For commands where M is set, marginal data
recovery control as described in the chart below is
issued to the control port prior to the activation of
Tag 3. Note that unit selection, channel reserve
control, and unit deselection must be ac-
complished with a non-marginal data recovery
command since the U, S, E, and D flags assume
marginal data recovery control significance.

MARGINAL DATA RECOVERY OPERATION

COMMAND CONTROL
FLAG PORT BIT
IF MD IS SET FEATURE ACTIVATED
u Servo Offset Plus 2
S Servo Offset Minus 3
E Data Strobe Early 7
D Data Strobe Late 8

Location of the appropriate sector within the cylinder
is common to all commands except Fault Clear and
RTZ. One of two methods is used: logical sector
search (for commands where the L flag is set) and
physical sector locating (for the Format and Verify
commands and commands where the L bit is not
set).

Logical sector search consists of reading the first
encountered ID Field, comparing these bytes to the
appropriate fields in the HDC’s Task File, (including
the sync byte) and checking the ID Field CRC bytes.
When a valid compare with correct CRC are found,
execution continues. If a valid compare with correct
CRC are not found before four Index pulses are
detected, the appropriate Status bits are set (IDNF
and/or IDCE) and command execution is complete.
For multiple sector commands, the Sector Address
field of the Task File is incremented between sectors
and the Sector Count field is used to indicate the
number of additional sectors for which the command
is to be executed. A single sector command is
executed for Sector Count = ‘00...00".

Physical sector locating is accomplished by
decrementing the Sector Count field of the Task File
by one for each Sector pulse encountered after the

" “Index pulse is located until the Sector Count field =

‘0000000°. For Sector Count = ‘0000000°, the com-
mand will be executed to the sector immediately
following the Index pulse). The ID Field compares
and the IDCE check are still made and the ap-
propriate bit set in the Status register (if applicable),
but command execution is not affected by an error
condition. A single sector command is executed if bit
15 of the Sector Count/Sector Length/Unit Address
register of the Task File is zero. If bit 15 is one,
command execution is repeated until the Index pulse
is re-encountered. Note that Status register error bits
are not cleared between sectors (one’s catching).

Tag 3 (Control Select) is activated for all commands
except Seek Cylinder with the V flag not set.

When the appropriate Sector pulse is encountered,
CPl| (Read Gate) is activated and the HDC syn-
chronizes to the first low to high transition on the
Read Data (RD) input. This initiates the following
three compares: the sync byte FE preceded by eight
zeros, the upper and lower Cylinder Address, and the
Head number and Sector Address. (The Sector
Address compare is suppressed on the RTZ and
Seek Cylinder commands). The ID FIELD CRC is then
checked. CPi is deactivated and command execution
follows.

FAULT CLEAR

CP4 (Fault Clean is pulsed and this completes
execution. This command is intended to clear the
Fault output of the drive. The condition causing the
fault within the drive should no longer exist when this

RTZ (RETURN TO ZERO)
CP6 (RTZ) is pulsed and the Cylinder Address, Head

276



number, and Sector Address fields of the Task File
are all set to zero. This completes execution.

SEEK CYLINDER

Execution of this command is controlled completely
by the command flags. If O is set, execution is
suspended until On Cylinder (or Seek Ermon) is
received. If the V flag is not set, receipt of On
Cylinder completes execution. If C and V are both
set, and On Cylinder is received, CPI (Read Data) is
issued and the ID Field is inspected. The Sector
Address compare is not made for this command.

NOTE:

If L is set (logical sectoring), execution is complete
when ID Field is successfully found or when the 4th
Index pulse is encountered. There is no multiple
sector operation when L is set for this command. If L
is not set (physical sectoring), the IDNF and IDCE
Status bit are one’s catching. (The entire track may
be verified with multiple sector operation).

The V flag is ignored if the O flag is not set.

If the C flag is not set, this command may be used for
Unit Select only functions.

READ ID FIELD

The Read ID Field command is provided to allow
transfer of the ID Field formatted on the disk to the
data buffer (ie., BCS ¢ D15-D0 » WE pulses). The
Sector Address field is not compared in this com-
mand.

If the L flag is set, the first encountered ID Field is
transferred to the buffer The following bytes are
transferred: 00FE, Upper and Lower Cylinder Ad-
dress, Head number,_Sector Address, and the two
CRC bytes. Thus four WE puises are issued.

If the L flag is not set, the physical sector is located
and the corresponding ID Field is transferred to the
buffer.

There are no retries with this command if ID Field
compare errors result.

CP1 is then reactivated, and the first low to high
transition on the RD input causes a compare for the
Data Field sync character. If the compare does not
match, the Data Field Not Found (DFNF) Status bit is
set. The Data Field CRC (DFCE) Status bit is set if an
error is detected. CP1 is then deactivated.

Note that the Data Field is not transferred with this
command.

For multiple sector operation, the Sector Address
Field of the Task File is automatically incremented.
The BRDY input is inspected following each sector's
transfer. If a low to high transition has not occurred
(ie., buffer not full) execution is then repeated. If a low
to high transiticn has occurred, {ie., bufferis full) BCS
is deactivated, BCR is pulsed, and BDRQ is activated.
Execution is suspended pending a low_to high
transition of BRDY (ie., buffer empty). BCR is then
pulsed, and execution is repeated. If a Data Field
CRC is detected, the command will not terminate.

READ DATA

After the appropriate sector has been located, Data
Field operation is as described under the Read ID
Field Command, except that the Data Fieid is
transferred to the buffer. Note that only the Data Field
data bytes are transferred with this command.

This completes execution for single sector com-
mands and for multiple sector commands where the
L and R flags are set. If a Data Field sync error (DFNF)
or a Data Field CRC (DFCE) error has occurred, the
command will also be terminated.

For multiple sector command where the C flag and/or
L flag is not set, and for multiple sector commands
where no Data Field error has occurred, execution is
repeated.

Note that if the R flag and/or the L flag is not set, the
DFNF and DFCE Status bits are one’s catching.

WRITE DATA

After the appropriate sector has been located, CPO
(Write Gate) is activated. Thirteen bytes of zeros (two
Write Splice bytes and eleven PLO Sync bytes) are
written followed by the sync character The Data
Field is then written to the disk from the data buffer
(ie., BCS » D15-DO » RE pulses). The CRC bytes and
two bytes of zeros (End of Record) are appended to
the Data Field and written to the disk.

For multiple sector operation, the BRDY input is
inspected following each sector's transfer, If a low to
high transition has not occurred (ie., buffer not
empty), execution is then repeated. If a low to high
transition has_occurred (ie., buffer empty), BCS is
deactivated, BCR is pulsed, and BDRQ is activated.
Execution is suspended pending a low to high
transition on BRDY (ie., buffer full. BCR is then
pulsed, and execution is repeated.

FORMAT SECTOR

Physical sectoring only applies to the Format Sector
command. Upon reception of the appropriate Sector
pulse, CPO (Write Gate) is activated. Twenty seven
bytes of zeros (16 Head Scatter bytes and eleven PLO
Sync bytes), and the sync character are written to the
disk. The four ID Field bytes are written to the disk
from the HDC’s Task File, and the resultant CRC is
appended. Thriteen bytes of zeros are written (two
Write Splice bytes and eleven PLO sync bytes)
followed by the sync character The Data Field
(Format Character E5 repeated) is then written. If the
R bit is set, then the two CRC bytes are appended; if
R is not set eight additional E5’s are added to the
data field. Zeros are written until the next Sector or
Index pulse is encountered.

For single sector operations CPQ is then deactivated.

For multiple sector operation, CPO remains active,
and execution is repeated until the Index pulse is
again encountered.
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If the P flag is set, the HDC will fetch the Head
number/Sector Address from the data buffer prior to
encountering each ID Field. Thus, by filling the data
buffer with the desired Head Number/Sector Address
information, the HDC can format an entire track with
any given programmed sector interleave in one
revolution.

If the P flag is not set, the contents of the Sector
Address field of the Task File will be incremented by
one between sectors.

The BCS output will remain active for the duration of
this command.

VERIFY SECTOR

This command allows verification of sector format
without transfer of data. Sector addressing is
identical to that described for the Format Sector
command. The IDNF, IDCE, DFNF and DFCE bits are
set if errors are found (all bits are one’s catching for
multiple sector operation). With multiple sector
operation, an entire track can be verified in a single
revolution.

NOTE:

When used with the Lark drive, the validity of the
DFCE bit is not guaranteed with this command if it
immediately follows a FORMAT of the sector.

inl (I
J
S s c
16BYTES | 11BYTES|Y| ID |2B|11BYTES|Y DATA FIELD g gl28| 7BYTES | 0
00’ 00’ g FIELD | ‘00’ ‘00’ g 128 TO1024BYTES [ ¢ | c |00’ | MIN ‘00’
1 T
i }
] 1 |
W GATE gl
\ e
\ IDFIELD (6BYTES) T T ———
UPPER | LOWER HEAD | SECTOR CRC CRC
CYL CYL ADDR 1 2
FIXED SECTOR FORMAT
ISSUE
COMMAND
NO SETCIP_
ISSUE BCR
YES
SET CP9
\
SET USTAG
¥
RESET CP9
(IF SET)
Y
O
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YES FC

COMMAND
?

'

I

SETTAG3 SETTAG 3
] RTZ YES 1
COMMAND
ISSUE CP4 PULSE ? ISSUE CP6 PULSE
(FC) (RT2)

WRITE DATA
COMMAND
?

YES FORMAT

COMMAND
?

VERIFY
COMMMAND
?

SET BDRQ

P NO NO
FLAG SET -
? /
P ——
YES
NO
SETBDRQ
YES
HEAD & SECTOR ADDR.
TO CONTROL PORT
PULSE TAG 2

©
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SEEK
COMMAND
?

YES

[¢]
FLAG-SET
?

CYLINDER ADDRESS
TO CONTROL PORT
PULSE TAG 1

HEAD & SECTOR ADDR
TO CONTROL PORT
PULSE TAG 2
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T

M YES
FLAG SET
?
NO
SET CP2,3,7,8

RESET CPS-CPO AS APPROPRIATE

' 1

SET TAG 3

Y

o\ o
FLAG SET —>
2

SEEK OR RTZ
COMMAND
?

YES

NO

1

3
Qe

J ves

A
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FORMAT
OR VERIFY
COMMAND,

NO

BRDY NO

RECEIVED
?

WRITE DATA
COMMAND

YES

RESET BDRQ
PULSE BCR

INDX OR SCTR
PULSE
RECEIVED,
?

YES

SET BCS

O
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INDX
OR SCTR
PULSE
RECEIVED
2

YES

FORMAT
COMMAND
?

SET CP1 (READ GATE)
(7%2 BYTE FROM
INDX OR SCTR PULSE)

VERIFY
COMMAND
?

NO

YES

FORMA
OR VERIFY
COMMAND,

NO

NO

YES

RESET RG

DECREMENT

| SECTOR COUNT
RESET RG

YES

READ
WORD FROM
BUFFER

YES

NO

Y

NO A&MAT

283
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COMPARE SYNC,
CYLINDER, AND
HEAD ID FIELD,

BYTES FROM DISK

COMPARE SECTOR
ID FIELD BYTE
.FROM DISK

Y

OMPAR
ERROR
DETECTED,
?

NO

/

READ IDCRC
BYTES FROM DISK

|

CRC ERROR
DETECTED
?

\

RESET CPI
(READ GATE)

284

YES

SET ID NF

———————

SET IDCE

— 1




YES

SEND
D FIELD
TO BUFFER

SEEK

NO

COMMAND
?

READ

OR WRITE DATA

COMMAND
?

VERIFY
YES

YES

YES

YES

INDX COUNT
=4

RESET ID NF,
IDCE

4
X
©)
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SET DFNF

|

WRITE DATA

COMMAND

SET CP1
(READ GATE)

\

COMPARE DATA
FIELD SPEC BYTE

COMPARE
ERROR

TRANSFER
DATA TO
BUFFER

1 NO

READ DATA FROM
DiSK

1

READ DATA
COMMAND

YES

READ CRC
BYTES

|

CRC

!

SET DFCRC
RESET CP1
(READ GATE)

ERROR
?

NO

RESET CP1

\

SET CPO
(WRITE GATE)

WRITE PAD, SYNC,
DATA & CRC TO
DISK

]

RESET CPO
(WRITE GATE)

(READ GATE)

286




NO

L
FLAG SET
?

YES

INCREMENT
SECTOR ADDRESS
DECREMENT
SECTOR COUNT

BRDY NO

i

INCREMENT
SECTOR ADDRESS

RECIEVED
?

YES

RESET B
PULSE B

O)

S
R

@]

SET BDRQ

BRDY
REGEIVED
?

NO

YES

INDX OR SCTR
PULSE
RECEIVED
?
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SET CPO
(WRITE GATE)

/

WRITE 27 BYTES
OF ‘00’ TO DISK

)

WRITE:
SYNC BYTE
ID FIELD
ID CRC BYTES
T0O DISK

'

WRITE 13 BYTES
OF '00" TO.DISK

{

WRITE:
SYNC BYTE
E5 DATA FIELD

TO DISK

WRITE ‘00" TO DISK

INDX

PULSE

RECEIVED
?

YES

RESET CPO
(WRITE GATE)

SCTR

PULSE NO

RECEIVED
?

H YES

SECTOR

COUNT

Q15 8BIT = 0
?
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° { ABORT* ,
Y
RESET TAG 3
FREEZE RESET USTAG
1 STATUS REGISTER FREEZE STATUS
REGISTER
‘ PULSE CP9

Y

RESET TAG 3 RESET TAG 3
RESET BCS RESET BCS
YES
RESET USTAG
NO I

1S
STATUS
REGISTER

FROZEN
?

YES

RESET BDRQ

INDX COUNT
4

?

'0 EIELD
REAS PATA proat iy RE%FE?JED
ET

MMAND SET BDRQ Y

SET INTR _’
. *Abort upon loss of URDY or USEL, or receipt of UBSY (all

PULSE BCR commands).
RESET CIP Abort upon receipt of FLT (ali commands except Fault Clear).
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ELECTRICAL CHARACTERISTICS
ABSOLUTE MAXIMUM RATINGS

Vce with respect to Vsg (Ground) ....... ... +7V
Max Voltage on any Pin with

respecttoVss ................ -0.5Vto +7V
Operating Temperature ............. 0°Cto70°C
Storage Temperature ......... —-55°Cto +125°C

NOTE:

Maximum limits indicate where permanent device
damage occurs. Continuous operation at these limits
is not intended and should be limited to those condi-
tions specified in the DC Electrical characteristics.

DC Operating Characteristics TA = 0°C to 70°C; Vgg = 0V, VCC = +5V +.25V

SYMBOL CHARACTERISTIC MIN MAX UNITS CONDITIONS
T8 Input Leakage 10 pA | VIN = VCe
. loL Output Leakage 10 uA | VouT = Voo
LOViH Input High Voltage 20 v
ViL Input Low Voltage 0.8 \Y
VOH Output High Voltage 24 \') 10 = —100uA
VoL Output Low Voltage 04 \ 10 =16mA
Icc Supply Current 200 mA | All Outputs Open
FOR PINS 25, 26, 27: See Note 1
VIH Input High Voltage Vee \'%
Vil ‘tnput Low Vottage - Tl V8§ ¥ \
<04V
AC Timing Characteristics TA = 0°C to 70°C; Vgg = 0V, VCC = +5V £.25V
HOST READ TIMING
SYMBOL CHARACTERISTIC MIN MAX UNITS CONDITIONS
TSET1 ADDR, Set up to RE 80 nsec
TSET? CS Setupto RE 0 nsec
TDACC Data Valid from RE 375 nsec | CL = 100 pF
TRC Read Enable Pulse Width 375 5.0 usec
TDOH Data Hold from RE 150 nsec
THLD ADDR, CS, Hold from RE 0 nsec
TRDR Read Recovery Time 500 nsec

Ag, Ay, Ap STABLE

ADDR Xl‘

DO-15

] [}
et ToE Ty '
cs . | THo = |
N | (-
: — _———
— Tserz—»{ < ) e TRDR »!
RE 1 - Trc > Y
! \L :'A‘ 1 |\
: T . > le—TooH {
*=TDACC -»! 1!

1 DATA VALID J

HOST READ TIMING

ﬁ
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ADDR )( Ag, Aq, Ag STABLE

b4
1
_ !«—Tssﬁ——»: T ]
s ! HD == b
N 4 AN
TSET2 =——p>) — | T |
VTE— ' | 14_..__. WEH——D'
| T \
->, —TDH
Tpbs > : |

HOST WRITE TIMING

HOST WRITE TIMING

SYMBOL CHARACTERISTIC MIN MAX UNITS CONDITIONS
TSET1 ADDR, Set up to WE 80 nsec
TSET2 CS Setup to WE 0 nsec
Tbs Data Bus Setup to WE 100 nsec
TWE Write Enable Pulse Width 200 nsec
TDH Data Bus Hold from WE 80 nsec
THLD ADDR, CS Hold from WE 0 nsec
TWER Write Recovery Time 1.0 usec

BUFFER WRITE TIMING

BCS
N !
£¢ }
— £¢
RE £ §—
(OUTPUT) TReB f |.\__
1

1 ]
| ' _TRDS r—l be—ToOH !
!

I (I ,
OO0 O ST, OO0

1 TRR ‘:

DATA MUST
BE VALID

BUFFER READ TIMING
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L .
BUFFER WRITE TIMING (READ SECTOR CMD)

SYMBOL CHARACTERISTIC MIN TYP MAX UNIT CONDITIONS
TWRB WE Output Pulse Width 4 SC See Note 2
TVWE Data Set up to WE 4 sC See Note 2
TDH Data Hold from WE 4 SC See Note 2
TRR WE Repetition Rate 16 sC See Note 2
TWF WE Float from BCS 0 nsec

BUFFER READ TIMING (WRITE SECTOR CMD)

SYMBOL CHARACTERISTIC MIN TYP MAX UNIT CONDITIONS
TREB RE Output Pulse Width 4 SC See Note 2
TRDS Data Setup to RE 100 nsec
TRR RE Repetition Rate 16 SC See Note 2
TDOH Data Hold from RE 80 nsec
TRF RE Float from BCS 0 nsec

TAG 3 -__f__él

le—>»t Tis
IP OR SEC : : '
Tic l—>| | | |
CP!I (RGATE) 1 | I |
! |#—TRC —-j&— Tp —> TDc—>| I'<——
]
% iD \' / DATA F
RD (RDATA) T T
[} | |
™~ Tew 'j‘ (WRITE) \
CPO (WGATE) |
[

DISK R/W CONTROL TIMING

US3.Us0 ///X - vVA'-'D }(//////

—! e TuH

i

] !

! Toe 1 N\
cP9 : :<b——-'1

]
L]
]
:4___TSG —_—, :

7“ E
USTAG

UNIT SELECT TIMING

1
—] fﬁ— TsH

202




e 77 TR X7

:<—TCT—>1' le—T1c —»:

Taw ->|

TAG 1,2

-

TAG 3

/ 1 \
CP4,6,9 - Tep ——tmy

CP TAG TIMING

w0 e Y X

READ DATA TIMING

DISK R/W CONTROL TIMING (SCLK = 9.677 MH2)

SYMBOL CHARACTERISTIC MIN TYP MAX UNIT CONDITIONS
TiIs Index/Sector Pulse Width 2 1.25 3.0 usec
Tic Index/Sector to CP1 High 60 SC See Note 3
TRC CP1 Low from Read Data 56 SC See Note 3
Tcp CP1 Low to CP1 High 12 SC See Note 3
TDC Last Read Data to CP1 Low 16 SC See Note 3
Tow CPO High from Read Data 60 SC See Note 3

UNIT SELECT TIMING (SCLK = 9.677 MH2)

SYMBOL CHARACTERISTIC MIN TYP MAX UNIT CONDITIONS
TsG US3-USO Setup to USTAG 20 usec
TcG CP9 Setup to USTAG 4 CLK See Note 4
TuH CP9 Hold Time from USTAG 4 CLK See Note 4
TSH US3-US0 Hold Time from 20 usec
USTAG
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CP TAG TIMING (SCLK = 9.677 MH2)

SYMBOL CHARACTERISTIC MIN TYP MAX UNIT CONDITIONS

TeT CP9-CP0 Setup to 5 CLK See Note 4
TAGS 1,2,0r3

Tew TAGS 1 & 2 Pulse Width 4 CLK See Note 4

TT1C CP9-CP0 Hold Time from 2 CLK See Note 4
TAG 1,2 Low

Tcp CP4, 6, 9 Pulse Width 4 CLK See Note 4
During TAG 3 True

READ DATA TIMING

SYMBOL CHARACTERISTIC MIN TYP MAX UNIT CONDITIONS
TRF RCLK Frequency 1.0 9.677 10.1 MHZ
TRR Read Data Setup to 35 nsec
RCLK Low
TRH Read Data Hold Time 0 nsec
from RCLK Low

e Tws =l
)
w X D¢
WRITE DATA TIMING
e TCF e}
! ! BDRQ
CLK‘N 'M
—p
__ j<ThR-)
MR . ]
1
| Tecr
u— e ——
BCR = | | e
l
SEENOTE 1 —»: J*Tgs
MISCELLANEOUS TIMING MISCELLANEOUS TIMING
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WRITE DATA TIMING
SYMBOL CHARACTERISTIC MIN TYP MAX UNIT CONDITIONS
TsSF Servo Clock Frequency 1.0 9.677 10.1 MHZ
TWS WD Valid from Servo 85 nsec CL = 15pf.
Clock High See Note 5

MISCELLANEOUS TIMING

SYMBOL CHARACTERISTIC MIN TYP MAX UNIT CONDITIONS
TCF Master Clock Frequency 20 25 MHZ 50% Duty Cycle
TMR Master Reset Pulse Width| 12 usec CLK Active
TBCR BCR Pulse Width 4 CLK See Note 4
TBRQ BDRQ Reset from BRDY 50 600 nsec
TRS Rise or Fall Time 15 nsec See Note 1

NOTES:

1. It is recommended to buffer the line receiver stage with a TTL or Schottky TTL stage on pins 25, 26 and 27. A
current sink capability of 48 mA with a 100 ohm pull-up resistor will provide both the required rise and fall
times and also the required voltage swing. It is recommended to locate these buffers physically near the
WD1050 to minimize inductive ringing.

. Timing is a function of the Servo Clock (SCLK) frequency. The number of SCLK periods is specified.
(Disregard “TYP” in this case.)

. Timing is a function of the Servo Clock (SCLK) frequency. The number of negative SCLK transitions plus 400
nsec. max. is specified. (Disregard the “TYP” in this case.)

. Timing is a function of the Master Clock (CLK) frequency. The number of CLK periods is specified. (Disregard
the “TYP” in this case)

. WD is an open drain output and requires an external 1K ohm pull-up to V. This pin is inverted relative to the
SMD interface cable. It is recommended that this output go to the ‘D’ input of a 74574 flip-flop that is clocked
by the SCLK buffer described in Note 1. The 74574 @ output may then connect to the interface line driver. It is
recommended that the 74574 be located physically near the WD1050.

6. All AC timing is measured at VOL = 0.8V,VOH = 20V.

(S, IR - . I
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See page 481 for ordering information.

This is a preliminary specification with tentative device parameters and may be subject to change after final product characterization is completed.

Information furnished by Western Digital Corporation is believed to be accurate and reliable. However, no responsibility is assumed by Western Digital
Corporation for its use; nor for any infringements of patents or other rights of third parties which may result from its use. No license is granted by
implication or otherwise under any patent or patent rights of Western Digital Corporation. Western Digital Corporation reserves the right to change
specifications at anytime without notice.
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WD1011 Winchester Data Separator Device

o
—
)
FEATURES N =
MFM [ 1 181 Vee -
e 4.34 OR 5.0 MBIT/SEC DATA RATE DATA ] 2 17 ] RGATE
o SINGLE +5V SUPPLY DEL250 [ 3 16|_] RDDATA
DEL-50 R
« FM OR MFM OPERATION ERR AMP E ; 13 % ch.':
 COMPATIBLE WITH THE WD1010 B E s 13% —_—
¢ WRITE CLOCK GENERATOR VCOADJ [ 8 11 XTAL2
¢ HIGH FREQUENCY DETECTION ves [ 9 10 XTALY

PIN DESIGNATION

DESCRIPTION

The WD1011 Winchester Data Separator has been
designed to replace the complex analog/digital cir-
cuitry required for data recovery by Winchester disk
drives. Directly interfacing to the WD1010 Winchester
Controller device, the WD1011 allows operation of
4.34 Mbit/sec or 5.0 Mbit/sec transfer rates. In addi-
tion to data recovery, the device provides Write Clock
signals for the WD1010 as well as high frequency
detection for pre-amble search. Output levels on data
pins swing close to the supply rails for increased
noise immunity and to minimize layout restrictions.

The WD1011 operates from a single +5 volt supply
and is available in an 18 pin plastic or ceramic Dual-
in-Line package.
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2.0.2 PIN DESIGNATIONS

PIN
NUMBER PIN NAME SYMBOL FUNCTION

1 MFM MFM MFM read data input from the disk.

2 DATA DATA Output which extends width of disk pulse
externally connected to input of delay element.

3 DELAY-250nSEC DEL-250 Input to DRUN — externally connected to
250ns output of delay element.

4 DELAY-50nSEC DEL-50 Input to phase detector and DRUN — externally
connected to 50ns output of delay element.

5 ERROR AMPLIFIER ERR AMP Output from error amplifier — externally con-
nected to input of low pass filter.

6 INPUT CURRENT IREF Input current reference used to stabilize error

REFERENCE amplifier.

7 TANK TANK Variable capacitor is connected to this pin to
adjust the open loop frequency of the VCO.

8 VCO ADJUSTMENT VCO ADJ Input to VCO TANK — externaily connected to
output of low pass filter.

9 Vss Vss Ground.

10 XTAL1 XTAL1 Crystal oscillator connection, or connection to
TTL driver.

71 XTALR2 - XTALZ " | Crystal oscillator connection, or no connection
if external TTL driver is used.

12 DATA REFERENCE 2XDR Data Reference clock.

CLOCK

13 WRITE CLOCK WCLK Write Clock output. (Frequency = RCLK)

14 READ CLOCK RCLK Read Clock synchronous with MFM data read
from the disk.

15 DRUN DRUN DRUN output signal that is true whenever there
is a continuous stream of either MFM ones or
zeros.

16 READ DATA RDDATA Output of disk pulse extended MFM bits —
externally connected to WD2183.

17 READ GATE RGATE Read Gate input from the WD2183 used to
multiplex the reference clock or MFM to the
phase comparator:

If RGATE = O reference is enabled
If RGATE = 1 MFM is enabled
18 vee Vce +5V + 5% Substrate.

See page 481 for ordering information.

Information furnished by Western Digital Corporation is believed to be accurate and reliable. However, no responsibility is assumed by Western Digital
Corporation for its use; nor for any infringements of patents or other rights of third parties which may result from its use. No license is granted by
implication or otherwise under any patent or patent rights of Western Digital Corporation. Western Digital Corporation reserves the right to change
specifications at anytime without notice.
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WD1012 Write Precompensation Device

e ——_e =
O
ey
FEATURES =t
WCLK 1 N 1411 Voo N
e INTERNAL DELAY LINE EARLY [ 2 131 TIMGLK
rwc [ 3 12[] 2XDR
e COMPATIBLE WITH THE WD1010 L= 25 Mo
« INTERFACES DIRECTLY WITH TTL LOGIC WDAT [ 5 10 NG
e CMOS TECHNOLOGY NG [ © 9 N
Vss | — 4 8 NC
o SINGLE +5VDC SUPPLY
e USED WITH SHUGART SA1000, SEAGATE
TECHNOLOGY ST506, AND OTHER PIN DESIGNATION
COMPATIBLE DRIVES
DESCRIPTION

The WD1012 Write Precompensation Logic Device
has been designed to replace a complexity of logic
circuitry as well as several TTL packages. By design-
ing the Write Precomp delay line into the package, an
additional device is replaced reducing on-board
space and design requirements and minimizing
layout restrictions.

The WD1012 is designed to be used with the
WD1010 for Winchester disk operation. The WD1012
operates from a single +5VDC supply and is
manufactured using CMOS technology. The device is
available in a 14 pin, dual-in-line package.
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PIN DESCRIPTION

PIN
NUMBER SIGNAL SIGNAL NAME DESCRIPTION

1 WCLK WRITE CLOCK Write Clock input required to generate TIMCLK
output.

2 EARLY EARLY Input from WD1010 used to gate internal Time Delay
(EP) to WDAT output.

3 RWC REDUCE WRITE Reduce Write Current input from the WD1010. When

CURRENT RWC is low, NOMINAL is high. If RWC is high and
either EARLY or LATE is enabled to the WDAT multi-
plexer then NOMINAL is disabled, otherwise it is
high. Both EARLY and LATE cannot be active at the
same time.

4 LATE LATE Input from WD1010 used to gate internal time delay
(LD) to WDAT output.

5 WDAT WRITE DATA This output line to the disk is multiplexed to the
internal delay line taps (ED, ND, LD) using gated sig-
nals EARLY, LATE respectively.

6 NC NO CONNECTION

7 Vss GROUND Ground.

810 NC NO CONNECTION

il MFMWD MFM WRITE DATA | MFM Write Data input from the WD1010. This signal
is latched with 2XDR internally and transmitted to the
external delay line on DOUT.

12 2XDR 2X DATA This input reference clock latches MFMWD

REFERENCE internally.

13 TIMCLK TIMING CLOCK Timing Clock output used by the SA1000 drives as a
stepping rate reference in the stepper control
circuitry. WCLK is divided down by 16 to produce
TIMCLK.

14 Vce +5VDC + 5VDC input supply.

See page 481 for ordering information.

Information furnished by Western Digital Corporation is believed to be accurate and reliable. However, no responsibility is assumed by Western Digital
Corporation for its use; nor for any infringements of patents or other rights of third parties which may result from its use. No license is granted by
implication or otherwise under any patent or patent rights of Western Digital Corporation. Western Digital Corporation reserves the right to change
specifications at anytime without notice.
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WD1014 Error Detection/Support Logic Device

FEATURES

e 32 BIT ECC POLYNOMINAL

e BURST CORRECTION TO 5 BITS

e MULTIPLE ERROR BURST DETECTION

o DATA TRANSFER RATE OF 5 M BITS/SECOND

e PROCESSES CHECK/SYNDROME BITS IN 2-BIT
SERIAL FASHION

¢ SECTOR SIZES = 128, 256, 512, & 1024 BYTE
DATA FIELDS

s SUPPORT READ/WRITE SHORT/LONG
FEATURES

e ON-CHIP STORAGE OF SYNDROME/CHECK
BYTES

¢ 8BIT I/O DATA BUS

e SOFTWARE ADDRESSABLE REGISTERS &
LATCHES

» ON-CHIP LOGIC FOR EXTERNAL BUFFER
CONTROL

o 40-PIN, DUAL-N-LINE, N-MOS DEVICE
e TTL, MOS COMPATABILITY
o SINGLE SOURCE +5 VDC SUPPLY

DESCRIPTION

The WD1014 EDS logic chip provides the WD1002-05
Winchester Floppy Disk Controller (WFC) board with
ECC and support logic. The EDS chip is a single chip
device specifically designed to add error correction
capabilities to a 5.25” Winchester disk drive. It also
contains three 8bit registers, three counters, and
several latches that enhance the capability of the
WFC on-board Control Processor (CP) chip WD1015)
for control functions in real time operation. The EDS
40-pin device replaces approximately 35 standard
TTL packages consisting of shift registers, flip-flops,
and logic gates.

The ECC polynomial selected is the same as the
one implemented in the WD110006 ECC/CRC
logic except that the current design is a 2-bit serial

A

301

A T 7 o N

DsB1 [ 1 1 40 [ Voo
HD/IFD [ 2 391 DSB2
Aa0[] 3 38 [ ] SDH2
D7 ] 4 37 [ SDH1
D61 5 36 [ SDHO
DsC] 6 351 INTRQ
pal} 7 341 MR
p3[] 8 33 ] sc128
p2] 9 32 [ CMR
D1 10 31 ] DRQ
Do |11 30 ] WAUP
AsC 12 29 ] CINC
HBC []13 28 [ SBEF
A2 —114 27 WE
A 15 26 3 RE
Cs0 116 25 [ CLK
Cs1 —]17 24 ] HDCS
BCS 18 23— RCS
[ 22 ] BCR
Vss 120 21— B

PIN DESIGNATION

implementation of the polynomial for faster opera-
tion. The ECC polynomial selected is a computer
generated code optimized for sector sizes of 128,
256, 512, and 1024 byte data fields. The four ECC
bytes appended by this chip enable correction of a
single burst of up to 5 bits. It can also a single
burst of up to 20 bits and a double burst of up to 4
bits. The computer generated code has been
selected over a comparable fire code since fire
codes suffer from a pattern sensitivity problem.

The WD1014 EDS device is fabricated using N-
channel! silicone gate technology, and is available
in a 40-pin, ceramic, dual-in-line package.
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PIN DESCRIPTION

PIN
NUMBER PIN NAME SYMBOL FUNCTION
1 DRIVE SELECT BIT 2 DSB1 These two output lines are encoded to select

39 DRIVE SELECT BIT 2 DSB2 one of three Winchester Drives or one of four
floppy drives depending upon the state of
HDIFD.

2 HARD OR FLOPPY HDIFD When high hard disk drives are selected and
DISK SELECT when low floppy disk drives are selected.
3 ADDRESS BIT0 A0 These 3 input lines along with CS0, CS1, are

14 ADDRESS BIT 2 A2 used to address the interim registers.

15 ADDRESS BIT 1 Al

16 CHIPSELECTBITO  |CSO One of these 2 lines should be low to select the

17 CHIP SELECT BIT 1 Cs1 registers as shown under task files.

411 DATA BUS D7-DO 8 bit bidirectional data bus. Data is output only
when the check/syndrome register or the com-
mand register is read.

12 HOST STATUS HSC This output when low, enables the WFC status

CONTROL onto the data lines available to the host pro-
cessor.

13 HOSTBUS CONTROL |{HBC This output when low, enables the host to
communicate to the WFC and set up all task
fites. : s

18 BUFFER CHIP SELECT |BCS This input line indicates that an external device
wants to access the buffer. The ECC check/syn-
drome computation is also enabled at this time.

19 LOAD LOWERBYTE |LLB The rising edge of this output line is used to
load the lower byte of address into the external
buffer counter.

20 GROUND Vss Ground.

21 LOAD UPPER BYTE LUB The rising edge of this output line is used to
load the upper byte of address into the external
buffer counter.

22 BUFFER COUNTER BCR This input indicates that an external device

RST. wants to reset the external buffer counters. The
internal overflow counters are also cleared.

23 RAM CHIP SELECT RCS This output line is used to select external RAM
when BCS is active low or when the CP or the
host is accessing the RAM.

24 HARD DISK CHIP HDCS This output line is used to enable the WD1010

SELECT when the host is accessing its task files except
the Error, Status and Command registers.

25 CLOCK CLK The rising edge of CLK is used to shift the ECC
polynominal and the falling edge is used to
count exactly 4 shifts.

2 READ ENABLE RE Strobes used in conjunction with CS0, CS7,

27 WRITE ENABLE WE AS-AQ to access registers.

28 SECTOR BUFFER SBEF Output signal used to indicate the sector buffer

EMPTY OR FULL has been filled or emptied.

29 COUNTER INCREMENT]|CINC The rising edge of this output signal increments

an external address counter.
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PIN DESCRIPTION

PIN
NUMBER PIN NAME SYMBOL FUNCTION

30 WAKE UP WAUP This output signal is used to indicate that a
command is being executed by the CP of the
WFC board. The host cannot communicate with
the WFC at this time until after the command
has been completed.

31 DATA REQUEST DRQ The data request line is activated whenever the
sector buffer contains data to be read by the
host, or is awaiting data to be loaded by the
host. This line is reset whenever the sector buf-
fer has been filled or emptied.

32 COUNTER MASTER CMR This output signal resets the external address

RESET counters whenever a MR or a command has
been issued by the host.

33 SECTORCOUNTOF | SC128 This input signal is used in conjunction with the

128 BYTES SDH register to indicate that the buffer has
overflowed.

34 MASTER RESET MR Used to initialize internal logic. All intemal
buffer overflow counters are reset, the DRQ and
INTRQ flip-flops are cleared and BUSY is set.

35 INTERRUPT REQUEST | INTRQ This output line is activated whenever a
command has been completed. It is reset to the
inactive state when the status register is read,
or a new command is loaded via the DAL lines,
or MR is asserted.

36 SECTOR SIZE SDHO The least 3 significant bits of the internal SDH

37 DRIVE SELECT,AND | SDH1 register are available as outputs. The SDH

38 HEAD SELECT BITS SDH2 register is updated whenever the host writes to
it.

40 +5V vVce + 5V input supply.

TASK FILES

WAKE UP, CS1, CS0, A2-A0, RE and WE are used to
select various registers as shown below:

BUSY | CS1- CS0— A2-A0 EFFECT
X 1 1 X Idle — Nothing selected.
0 1 0 X Host to WFC and WD1010 files.
1 1 0 X CPto WD1010 + RAM access.
1 0 1 X CP to EDS registers.
X 0 0 X lllegal condition.
WD1010 REGISTERS EDS REGISTERS
A2 | A1 A0 RE WE RE WD
0 0 0 | RAM RAM 0+ CHECK/SYN bytes | 0+ CHECK bytes
0 0 1 | Error Reg. Write Precomp Set ECC
0 1 0 | Sector Count Sector Count SLEEP 0+LLB
0 1. 1 | Sector Number Sector Number Clear OVFICNTRS 0+iUB
1 0 0 | Cylinder Low Cylinder Low Set DRQ
1 0 1 | Cylinder High Cylinder High Set Read Latch
1 1 0 | S.D.H. S.D.H. Clear Muit Mode Set Mult Mode
1 1 1 | Status Reg. Command Reg. 0+ Command 0 + Error Reg.

—
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COMMAND CODES

For the implementation of parts of the controls, the
following command codes are pertinent:

BITS
COMMAND 7 6 5 4 3 2 1 0
READ 0 0 1 0 D M L C
WRITE 0 0 1 1 0 M L 0
FORMAT 0 1 0 1 0 0 0 0

The control logic only decodes bits 7-4 and uses bit 1
(long bit) in its internal logic. The rest of the com-
mand codes and bits are not used by the EDS.

For a complete description of the commands or the
task files refer to the WD1002-05 WFC data sheet.

WD1014 ARCHITECTURE

The WD1014 chip was specifically designed for the
WFC board to extend the capabilities of the Control
Processor (WD1015) to handle real time functions. As

designed, the WD1014 is not a stand alone general
purpose device unless, of course, almost all of the
protocol described can be used in any new designs.

The WD1014 consists of a 2 bit serial polynomial
generator (that produces 4 bytes of check/syndrome)
an 8 bit data buffer and deserializer, two 8 bit latches,
namely a Command/Error register and a SDH latch,
and control logic consisting of 3 counters, 6 latches,
and a host of combinatorial logic. The addressable
registers and latches are accessed as shown in the
block diagram below.

oDD ECG
- POLYNOMIAL
- GENERATOR
DATA EVEN
DO-D7 BUFFER > CHECKER
-— EVEN
oDD
DE-SERIALIZER
. D0-D7 » SCH0-2
—» DSB1-2
ﬂl
y y

_ > HD/FD
MR ——3 —> HSC
CS0 ——»] —> HB
CS1 —3] —» 118

AQ =t —» 108

Al =t CONTROL - INTERNAL DECODE > HDCS

A2 —emmei LOGIC > REGISTERS > LOGIC [—> SBEF
BCS ——»- - CINC
CLK —» —»-WAUP
_RE —— —» DRQ
WE —— ——> CMR

SC128 —| — INTRQ

WD1014 BLOCK DIAGRAM
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Each major functional block will be described
essentially independent of one another. Some
overlap and references to the WFC board are
unavoidable and, in fact, they aid in presenting a
clearer picture of the device.

THE ECC POLYNOMIAL GENERATOR

The 4 byte checkisyndrome generator consists of
two 16 bit shift registers each of which has 8 feed-
back terms implemented with XOR gates, and
control gates for the feedback and data paths.

ECC computations are made whenever the external
sector buffer is being accessed. The data present on
the system data bus is accepted by the input data
buffer and processed along with the gated data from
the last stages of the shift register strings. The
direction of shift within the ECC polynomial is from
the L.S.B. to the M.S.B. After the last byte of data has
been accessed from the sector buffer, the internal
counter overflow register is set. This in turn sets a
feedback inhibit register after the last byte has been
processed by the ECC polynomial. At this point, the
feedback terms are forced to zero and only the data
path to the L.S.B. is enabled. This feature is con-
venient to store the 4 check/syndrome bytes in-
ternally so that RLONG and WLONG commands can
be supported without the use of an external buffer.

During a write operation, the input data stream is
divided by the polynomial and the 32 bit remainder
obtained after buffer overflow is used as the 4 check
bytes. The 4 check bytes are gated out of the WD1014
even though RCS = 1 since the internal RBCS is still
active. In a READ operation, the check bytes are
recomputed and compared to the recorded check
bytes to generate the 4 syndrome bytes. The syn-
drome bytes are stored internally in the shift registers
until the CP is ready to use them. Otherwise, the non-
zero syndrome is used by the software algorithm to
compute the displacement and the error vector
within the bad sector.

To support RLONG and WLONG (L =1) features of
the WD1002-05, shift register strings are used as
storage elements. After the last byte of data, the host
can write or read the 4 additional bytes which serve
as check bytes for the data transmitted to the buffer.
In this mode the feedback terms and the outputs
from M.S.B. of the shift registers are disabled so that
only data is accepted and stored. This enables the
user to alter the check bits/or data to verify the
operation of the Error detection logic.

SDH REGISTER

This register can be written into by either the host or
the CP. Bits 6 and 5 (sector size selection) are
decoded as follows:

SDH6 SDH5 SECTOR SIiZE iN BYTES
1 1 128
0 0 256
0 1 512
1 0 1024

The decoded bits are used in conjunction with a 3 bit
counter which has SC128 as its clock. The falling
edge of this input is used to set a counter overflow
latch for sector sizes 256, 512 and 1024. The rising
edge of this input sets counter overfiow latch when
the sector size is 128. The counter overflow is avail-
able on the output as SBEF and is used internally to
set the buffer overflow latch and various other control
logic as required by system operation. This counter
and associated logic is cleared upon MR, any new
command, or can be directly cleared by CLROVF.

Bits 1-4 are encoded as follows:

FD = SDH4. SDH3
HD = SDH4. SDH3 = SDH4 + SDH3

. DSB2  DSB1
FDIHD = 1 SDH4  SDH3
FD/HD = 0 SDH2  SDH1

In addition, the latched bits 0, 1 and 2 are directly
available as outputs.

COMMAND/ERROR REGISTER

This 8 bit register intercepts and hoids the command
issued by the host. When a command is issued:

(@) the sector counter and associated overflow
latches are cleared

(b) the external counters are cleared via CMR
(c) the read command latch is cleared
(d) INTRQ is reset

(e) bit 1 (the long bit) is used by the ECC polynomial
to implement the READLONG and WRITE LONG
command. The CP can also read this latch so that
it can execute the command.

() WAKEUP is set immediately if the command is a
RESTORE, SEEK, or READ. For a WRITE or a
FORMAT command, WAUP is set after counter
overflow (COVF) occurs or an additional four RAM
accesses have occured (SYN4), depending upon
thelongbitL = OorL = 1.

At the completion of a command, this register is re-
used to hold error information that can be read by the
host. This is necessary since error information from 2
sources has to be manipulated by the CP and
reported to the host in real time when requested to
do so. :

ERROR DETECTION LOGIC

The error detection logic consists of an input data
buffer and deserializer, two 16 bit shift registers to
generate the ECC bytes, and associated control logic
consisting of two 3 bit counters and integrated logic.

INPUT DATA BUFFER AND DESERIALIZER

This section is designed to accept a byte of data on
the rising edge of RE or WE under the following
conditions:

e e e
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1. The ECC polynomial is selected as implied by
SDH7 = 1.

2. A valid RBCS is generated regardless of the
counter overflow

3. If the syndrome is to be read by the C.P. after an
overflow condition has occurred (i.e., the syn-
drome is not saved after it has been read by the
C.P).

Valid data presented to the WD1014 device is ac-
cepted by the data buffer and the ECC shift registers
on the rising edge of RE or We input strobes. These
strobes are synchronized internally by the falling
edge of the input clock so that shifting can begin on
the rising edge of the clock. Data is serialized and
shifted in a 2 bit paraliel mode until the internal bit
counter reaches the count of 3. This process is
repeated for every byte of data until the counter
overflow occurs plus an additional 4 bytes have been
processed. Under the worst case conditions, a byte
of data will be processed within 4 clock cycles after
the RE or WE strobes are terminated.

MULTIPLEXER

The multiplexer is used to channel data to the IO
pins D7-DO when one of the following conditions
occur.

1. The command register is read
2. The error register is read

3. The check bytes are read

4. The syndrome bytes are read

CONTROL LOGIC

This section will cover the rest of the control logic re-
quired for system operation not described as part of
the other sections, in terms of the output signals.

WAKEUP

This signal alerts the external CP that a command
has been received and is internally referred to as the
busy signal.

This line is set high whenever MR is asserted or a
command has been received unless itisaWRITE ora
FORMAT command. In that case, WAUP is not set un-
tit SBEF =1 (COVF) if L=0, or until an additional 4
bytes have been accepted by the EDS if L=1.

For proper operation, the READ command latch must
be set by the CP whenever that command has been
received. Also the Multiple Mode latch is set by the
CP in order to execute the same command a multiple
number of times. This latch must be reset if ex-
ecuting a READ or a WRITE command only once, or if
the last sector of a multiple sector transfer is being
processed.

WAKEUP can only be reset by asserting SLEEP.

DATA REQUEST

The true condition of the DRQ latch can only be
sampled by external circuitry if WAUP =0.

This latch can be set by either the CP, or whenever a
WRITE or FORMAT command is written into the
WD1014. It is reset by COVF =1 (SBEF) if L=0, or un-
til an additional 4 bytes have been accepted by the
EDSifL=1.

INTERRUPT REQUEST

Two latches are provided to handle interrupts. The
programmed /O interrupt (PINT) latch is set when-
ever an interrupt is desired at the start of data
transmission to the host. The DMA interrupt (DINT)
latch is set whenever an interrupt is desired at the
end of data transmission to the host.

Both latches are reset when:

1. AMRoccurs

2. Any command is transmitted

3. The output signal HCS is activated.

As in the case of DRQ, the true condition of INTRQ
can only be sampled by extemal circuitry if
WAUP=0.

MISCELLANEOUS CONTROL SIGNALS

The rest of the output signals are purely com-
binatorial in nature and are best described by
Boolean . expressions. Refer to Section 3. .for a
description of these signals.

1. HSC = BUSY.CSO.A2. A1. A0. RE

HBC = BUSY.CSO. HSC
LUB = CS1.A2.A1.A0.WE
LLB = CS1.A2.A1.A0.WE

RCS = COVF(CSO.A2.A1.A0 + BCY)

HDCS = (BUSY.A2.A1.A0. + BUSY.A2.A1.
RE + CSO)-

In words, HDCS is active only if the host is not ac-

cessing the error, status or the command registers of
the WD1010 device, and CSO is aserted.

7. CINC = COVF.RSC (WE + RE)
8. CMR = MR + CSTwhere
CST = BUSY.CS0O.A2.A1.A0.WE (Any cmd written)

9. SBEF = COVF
ELECTRICAL CHARACTERISTICS
ABSOLUTE MAXIMUM RATINGS

oA ®N

Ambient Temperature underbias . . . ... 0°Cto50°C
Voltage on any pin

withrespecttoVssg........... -02Vto +7.0vV
Powerdissipation ..................... 1.5 Watt
STORAGE TEMPERATURE
Plastic..................... —-565°Cto +125°C
CeramiC.................... —55°Cto +150°C
NOTE 4:

Maximum ratings indicate operation where perma-
nent device damage may occur. Continuous opera-
tions at these iimits is not intended and should be
limited to those conditions specified in the DC elec-
trical characteristics.

L
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TIMING DIAGRAMS
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See page 481 for ordering information.

information furnished by Western Digital Corporation is believed to be accurate and reliable. However, no responsibility is assumed by Western Digital
Corporation for its use; nor for any infringements of patents or other rights of third parties which may result from its use. No license is granted by

implication or otherwise under any patent or patent rights of Western Digital Corporation. Western Digital Corporation reserves the right to change
specifications at anytime without notice.
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WD1015 Buffer Manager Control Processor

FEATURES
e SINGLE +5V POWER SUPPLY
* COMPLETE BUFFER MANAGER

o PROGRAMMABLE SECTOR SIZES — 128, 256,
512, OR 1024 BYTES

s ECC BURST ERROR CORRECTION.UP TO 5
BITS ON HARD DISK DATA

¢ 8 BIT MULTIPLEXED ADDRESS/DATA I/O BUS
e FLOPPY DISK COMMAND TRANSLATION

e SUPPORTS MOTOR ON OR HEAD LOAD
DRIVES

* SUPPORTS 250 OR 500 KBS FLOPPIES

¢ BUFFERED SEEKS WITH FLOPPIES AND
WINCHESTERS

¢ 16 POPULAR STEPPING RATES AVAILABLE

+ AUTOMATIC RETRIES ON ALL ERRORS WITH
SIMULATED COMPLETION

* POWER-ON DIAGNOSTICS INCLUDED
e 10 MHZ CLOCK RATE
* 40 PIN DIP PACKAGE

DESCRIPTION

The WD1015 is a complete Control Processor (CP)
that is used to handle all aspects of buffer man-
agement, in conjunction with the EDS (WD1014)
device, for the Winchester/Floppy Controller board
(WD1002-05). It executes all of the commands used
by the WD1002-05 and does all of the control required
except for real time processing, which is done by the
WD1014. Throughout this specification this device
will be referred to as the WD1015, or BMAC (buffer
manager and controller), or simply as the CP (control
processor). The WD1015 is programmed to control
the transfer of information within the WFC and it
maintains the necessary copies of the task files (TSF)
found on both drives. Host access to the WFC
causes the CP to access task file information in the
TSF after a command is issued. Depending on the
command, the CP will make the buffer accessible to
the host or the WD1010 or 2797 controllers. The CP
also controls the operation of the Error Correcting
logic. During the transfer of data from the host to the
WD1010, the EDS monitors the data bus, if so en-

A r / g N

waup [ 1 %4 40 3 veet
xTaL1 [ 2 39 [] DRQFD
x7AL2 [ 3 38 1 ERR
MR [ 4 37 [—] CORRD
TST5 [ 5 36 1 BRDY
INTFD [ & a5 [ ] FMO
vss2 [ 7 341 DIR
RE[] s 33[ 1 STEP
TST9 [ 9 32 ] MOM
WE [J10 31 [ TST31
LAD [ 11 30 [ SBEF
Do [ 12 29 [ TROO
D1 13 28 ] HDIFD
D2 —] 14 27 ] INTHD
D3 ] 15 26 1 Vcez
Da 16 25[ ] TST25
D5 [—] 17 24— TST24
De 118 23 TST23
D7 119 22 TST22
Vas1 [ 20 21 E TST21

PIN DESIGNATION

abled, to compute a 4 byte ECC which is appended to
the end of data transferred to the WD1010 and re-
corded on the disk. During data transfers from the
WD1010 to the host the CP uses the ECC to validate
the data. If data is corrupted the CP envokes recovery
techniques such as retries and correction. A max-
imum of 8 retries are attempted if two consecutive
syndromes do not match. Correction is attempted
only if two consecutive syndromes match. If the error
is uncorrectable, the operation is terminated. The CP
is also used to handle data transfers from/to the SF
for the floppy disk controller, which only uses CRC
check bytes for its data fields. Two commands,
RESTORE and SEEK, are directly executed by the CP
rather than the WD2797 floppy disk controller. During
status reads by the host, the CP consolidates the nor-
mal completion status from the WD1010, the WD2797
and the current EDS status into a form consistant
with established WD1010 error reporting. This con-
solidated status is then presented to the host. The
WD1015 is fabricated using HMOS technology and is
available in a 40 pin DIP package.
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5
PIN DESCRIPTION

PIN
NUMBER PIN NAME SYMBOL FUNCTION

1 WAKE-UP WAUP This input is used by the BMAC to poll a
command from the host. The BUSY status bit is
set immediately except in case of a WRITE/
FORMAT command. In that case, WAUP and
BUSY, are set only after the sector buffer has
been filled by the host. WAUP is reset when the
command has been executed.

2 CRYSTAL1 XTAL1 One side of crystal input for internal oscillator.
Also input for external source. '

3 CRYSTAL 2 XTAL2 Other side of crystallexternal source input.
Frequency should be 10 MHz.

4 MASTER RESET MR This input is used to initialize the internal logic

 of the processor.

5 TESTS TSTS This input is to be left open by the user. Internal
pullup — 300K ohm.

6 FLOPPY DISK INTFD Initiates an interrupt if interrupt is enabled;

INTERRUPT disabled on reset.

7 Vss2 Vss2 This input is to be left open by the user. Intemnal
pullup —-10M ohm.

8 READ ENABLE RE Output strobe activated during a BUS read. Can
be used to enable data onto the BUS from an ex-
ternal device.

9 TEST9 TST9 This output is left open by the user.

10 WRITE WE Output strobe during a BUS write. Used as write

strobe to an external device. Signifies that valid
data has been put on the BUS.

" ADDRESS LATCH LAD This output signal occurs once during each
instruction cycle. The negative edge of LAD
strobes address into an external latch, used to
communicate to the WD1010, WD2797, and the
WD1014 chips.

1219 DATA BUS D7-DO True /O bidirectional BUS which can be written
to or read synchronously using RE, WE,
strobes. Also contains the address and data
during an external acess to/from port devices,
under control of LAD, RE, and WE.

20 GROUND Vss1 Ground.
21-25 TEST 21-25 TST21-25 Unused pins to be left open by the user.

26 Vcez \ele7] + 5V during operation.

27 HARD DISK INTHD This input is polled to sense an interrupt from
INTERRUPT the WD1010, indicating compietion of com-

mand issued to it by the BMAC.

28 HARD DISK/FLOPPY HDIFD This input is used to sense hard disk operation
DISK when high, and floppy disk operation when low.

29 TRACK 00 TROO This input indicates that the RW heads of the

selected floppy drive are positioned over the
outermost cylinder.

30 SECTOR BUFFER SBEF This input to the BMAC is set high whenever a
EMPTY/FULL sector of data has been written to or read from
the sector buffer.

'“
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PIN
NUMBER

PIN NAME

SYMBOL

FUNCTION

31
32

35

37

39

TEST 31
MOTOR MODE

STEP

DIRECTION

FLOPPY MOTOR-ON

BUFFER READY

CORRECTED DATA

ERROR

DATA REQUEST

Vcet

TST31
MOM

STEP

DIR

FMO

BRDY

CORRD

ERR

DRQFD

Vet

Normally left open by the user.

Input used to select motor-on or head load
timings for floppies. This line should be left
open for motor-on type drives such as the mini
floppies. A delay of 1 second will be observed
before FMO is activated.

For head load type drives like the standard flop-
pies, this input should be grounded. A delay of
40 mS, will be observed before FMO is ac-
tivated, thereby improving the overall per-
formance when accessing the floppies.

The STEP output is pulsed once for each
cylinder to be stepped on the floppies. The step
pulse period is normally determined by the step-
ping rate selected. On a RESTORE for the flop-
pies, however, a stepping rate of 8 mS, is used if
the specified stepping rate is faster than 8 mS.

This output is used by the floppy drive to
determine the direction of a seek operation. A
low defines direction as out and a high
specifies direction as in.

This output is used to turn the motor on, on all
floppy drives supported by the WD1002 WFC
board. The drives must be configured such that
the heads are loaded when this signal is ac-
tivated.

When the floppies are being accessed for the
first time, a delay as determined by MOM, is
observed before activating FMO. Motor on is
turned off after — 3 seconds, if no further fiop-
py accesses are made.

This output signal indicates the sector buffer is
ready to be accessed by an external device
such as the WD1010.

This output status indicates to the host that the
BMAC has successfully corrected a data error
in the data buffer, at least once. To determine if
more than one correction has taken place dur-
ing a multisector read, each sector specified
must be reread by the host on an individual
basis.

Output status bit indicates that the BMAC
encountered an error during the execution of a
command. The error reg, on the WFC board
must be read by the host to determine the type
of error that occurred.

This input indicates to the BMAGC that the
WD2797 has a byte of data available to be read
from the disk, or requires a byte of data to be
written to the floppy disk.

Main power supply. +5V +/—5%

n
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Write Precomp/Data Separator Support Chip

FEATURES

¢ COMPATIBLE WITH THE WD1010 WINCHESTER
DISK CONTROLLER

e 1MHZ AND 2MHZ CLOCK OUTPUT FOR OP-
TIONAL FLOPPY DISK CONTROL

o EARLY/LATE/NOMINAL SIGNALS TO WRITE
PRE-COMPENSATION CIRCUITRY

¢ SINGLE +5VDC SUPPLY

DESCRIPTION

The WD1100-10 Write Precomp/Data Separator Sup-
port Logic, when used with the WD1010 and other
chips in the WD1100 series, greatly reduces the ex-
ternal discrete logic required to design a Winchester
Hard Disk Write Precomp/Data Separator.

The WD1100-10 is fabricated in NMOS Silicon Gate

Technology and is available in a 20 pin plastic or
ceramic package.
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PIN DESCRIPTION

PIN
NUMBER SYMBOL PIN NAME FUNCTION
1 RD READ DATA This AH input is combined data and clock
pulses from disk drive. (MFM)
2 2XDR 2 TIMES DATA RATE This AH input is a 2 TIMES DATA RATE SIGNAL
used to generate WC, FDCLK1 and FDCLK2.
3 MR MASTER RESET MR resets the clock generator.
4 FDCLK2 FLOPPY DISK CLOCK 2 | This output supplies a nominal 2 MHz clock for
a floppy disc controller.
5 EAREN EARLY ENABLE This AH output signifies the write data should
be shifted early before writing.
6 NOMEN NOMINAL ENABLE This AH output signifies the write data should
be shifted nominal before writing.
7 LATEN LATE ENABLE This AH output signifies the write data shouid
be shifted late before writing.
8 RG READ GATE This AH input from the WD1010 or other source
signifies that data is to be read from the disk.
9 DOUT DATA OUT This AH output data line may be 2XDR, RD, or
WD depending upon the states of RG and WG.
10 Vss GROUND Ground.
" NC NC
12 NC NC
13 EARLY EARLY This AL input is used with LATE to derive
NOMEN, EAREN and LATEN.
14 LATE LATE This AL input is used with EARLY to derive
NOMEN, EAREN and LATEN.
15 wWC WRITE CLOCK This output runs at the data rate and is 1/2 2XDR
Nominal 5.0 MHz
16 FDCLK1 FLOPPY DISK This output supplies a nominal 1 MHz clock for
CLOCK 1 a floppy disk controller.
17 WG WRITE GATE This AH input goes high when data is to be
written to the disk. Normally comes from the
WD1010.
18 WPEN WRITE PRECOMP This AH input enables EAREN and LATEN to be
ENABLE active during a write operation.
19 WD WRITE DATA This AH input is the WRITE DATA signal which
can be gated onto DOUT.
20 Vee vVce +5V +10% power supply input.

AH = ACTIVE HIGH
AL = ACTIVE LOW
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CLOCK
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[ a— CONTROL > DouT
RG ——— LOGIC
Figure 1.

WD1100-10 BLOCK DIAGRAM

DEVICE DESCRIPTION

The WD1100-10 is divided into four sections, each
section will be described separately.

WRITE PRECOMPENSATION LOGIC

The EARLY, LATE and WPEN input signal from the
WD1010 are decoded and latched to form NOMEN,
EAREN and LATEN. These three output signals are
used by external circuitry to delay the write data.

CLOCK GENERATION LOGIC

The 2XDR input signal is divided to produce the
output signals WC (5 MHz), FDCLK1 and FDCLK2.
Both signals are symmetrical and suitable for driving
WD1010 and WD279X controllers. WC is a simple
divider by-two of 2XDR. FDCLK2 is derived from a
symmetrical divide-by-five counter chain driven by
2XDR and FDCLK1 is derived from FDCLK2.

DATA SEPARATOR CONTROL LOGIC

The Data Separator Control Logic provides three
separate operational modes by selecting one of three
input sources.

IDLE MODE RG =0,WG =0

In this mode, the VCO is held locked to 2XDR. This
prevents the VCO from drifting far off of the data
rate when RD is not being read.

READ DATA MODE RG =1,WG =0

In this mode, the VCO is locked to actual data from
the disk. RD is locked to the falling edge of OSC.
Dividing OSC with an external F/F produces RCLK.
RD and RCLK are of the proper relationship to be
read by the WD1010.

WRITE DATA MODE RG = X, WG =1

In this mode, the dealy line is used to provide Write
Precomp delays and at the same time the VCO is
locked to WD. This accomplishes essentially the
same result as locking the VCO to 2XDR in the idle
mode.

WRITE MODE READ MODE
~  j—2XDR
2xonwwl—ﬂ—’m—l
ch S p—
EARLY or LATE : o j
EAREN or LATEN —~ 1i’ES i |~—_:;‘,T5F\:—____ bour TOH—=| oL
WG . o I o
WD__—D__‘_}_; !__l—]_—_
poUT TDS_"I; = boR, L
SYMBOL PARAMETER MIN TYP MAX UNIT COND
TES 2XDR | TO EAREN * 2NDR NS |EARLY =0
+150
TER 2XDR { TO EAREN ?* 2XDR NS |EARLY =1
+150
TDS 2XDR { TO DOUT ¢ 165 NS |WD =1
WG =1
TDR 2XDR { TO DOUT * 165 NS |WD=0
WG =1
TOH RD ¢ TO DOUT ?* 70 NS |RG =1
TOL RD { TO DOUT ¢ 70 NS [RG =1

#
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SPECIFICATIONS
ABSOLUTE MAXIMUM RATINGS
Ambient Temperature under Bias. . . . .. 0°Cto50°C
Voltage on any pin with
respecttoVssg.............. -02Vto +70V
Power Dissipation ...................... 1 Watt
Storage Temperature
Plastic ................... -55°Cto +125°C
Ceramic.................. -55°Cto +150°C

DC Electrical Characteristics TA = 0°Ct050°C; Voo = +5V +10% Vss = 0V

NOTE:
Maximum ratings indicate operation when permanent device damage may occur. Continuous operation at these
limits is not intended and should be limited to those conditions specified in the DC Electrical Characteristics.

SYMBOL PARAMETER MIN. TYP. MAX. UNIT CONDITION
ViL Input Low Voltage -0.2 0.8 \'
VIH Input High Voltage 20 v
VoL Output Low Voltage 0.4 Vv IOL = 3.2mA
VOH Output High Voltage 24 \' IOH = —200uA
Vce Supply Voltage 45 5.0 55 \
Ice-- - |-Supply.Current... ... N - 100 mA- - ~AH-outputs-open-

See page 481 for ordering information.

Information furnished by Western Digital Corporation is believed to be accurate and reliable. However, no responsibility is assumed by Western Digital
Corporation for its use; nor for any infringements of patents or other rights of third parties which may result from its use. No license is granted by
implication or otherwise under any patent or patent rights of Western Digital Corporation. Western Digital Corporation reserves the right to change
specifications at anytime without notice.

“
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WD1100-11 Buffer Manager Support Chip

O
[y
S
FEATURE
URES DRD1 1 N 40[JVee e
e DRUN PULSE GENERATION DRD2 1 2 39140 :
 RD PULSE GENERATION % E : gjgi;
e BUFFER MEMORY CONTROL ij s 36 A3
* HEAD SELECT GENERATION Dgtg 2 33%“
HD2 A5
* DRIVE SELECT GENERATION HD1 [ ] 8 331RCE
* 40 PIN DUAL-IN-LINE PACKAGE HDO 4 9 s2pJecLR
MR []10 311p6
¢ SINGLE +5VDC SUPPLY BGs 1 30[ b5
BCRL[]12 29[1Da
RD |13 28[1D3
BRDY 114 27130 D2
DRUN CJ15 26 1D1
ce1 16 25 1D0
we 17 247 A01
RELC]18 23 A1
DRADJ ({19 227 A21
vgg T 20 211 RDADJ
PIN DESIGNATION
DESCRIPTION

The WD1100-11 Buffer Manager Support Chip con-
trols the operation of the external buffer memory
when used with the WD1010 Winchester Disk Con-
troller. The WD1100-11 provides a means for program-
ming the Head Select and Drive Select by latching
onto the SDH information when it is available on the
Data Bus. The WD1100-11 also converts the serial
data from the selected drive and shapes the Read
Data and DRUN pulses appropriately for the WD1010.

The WD1100-11 is designed using NMOS technology
and is manufactured in a 40 pin DIP package. The
WD1100-11 requires only a single +5VDC supply.
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PIN DESCRIPTION

PIN
NUMBER SIGNAL SIGNAL NAME DESCRIPTION
1 DRD1 DRIVE DATABITS | Serial data from four drives.
2 DRD2 3
3 DRD3
4 DRD4
5 DRH DRIVESELECT Selects drives 1-4 depending upon bit configuration.
6 DRL BITS
7 HD2 HEAD SELECT Selects heads 1-8 depending upon bit configuration.
8 HD1 BITS 0-2
9 HDO
10 MR MASTERRESET | Master reset.
11 BCS BUFFER CHIP WD1010 to RAM chip select.
SELECT
12 BCR BUFFER Resets the external buffer counter.
COUNTER RESET

13 RD READ DATA Strobe for reading data from the disk.

14 BRDY BUFFER READY | This line indicates the RAM buffer is ready to read or
write data.

15 DRUN DRUN This line informs the WD1010 when a field of 0’s or

o . . . .| 1’s have been detected.

16 Csi CHIP SELEGT1 Host to WD1100-11 chip select.

17 WE WRITE ENABLE Write Enable strobe latches SDH value on bus and
increments Sector Buffer Address Counter for write
operations.

18 RE READ ENABLE Read Enable strobe increments Sector Buffer
Address Counter for read operations.

19 DRADJ DRUN ADJUST DRUN pulse adjustment.

20 Vsg GROUND

21 RDADJ RD ADJUST RD pulse adjustment.

22 A1 HEAD/DRIVE SDH | These bits select the SDH register in the WD1100-11

23 A1l REGISTER SELECT| for head and drive select programming and also

24 A1 BITS A21,A11,A01 | select the data register during RW sector
commands.

25 DO DATA BIT 0-6 7-bit data access lines.

26 D1 ACCESS LINES

27 D2

28 D3

29 D4

30 D5

31 D6

32 BCLR BUFFER CLEAR This line clears the RAM buffer.

33 RCE RAM CHIP WD1100-11 to RAM chip enable.

ENABLE

34 A5 RAM ADDRESS Address lines for accessing the external RAM buffer.

35 Ad LINES 0-5

36 A3

37 A2

38 Al

39 A0

40 vVce +5VDC

See page 481 for ordering information.

—
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WD1100-13 ECC Logic Device

o
Y
-t
FEATURES w7 b Vee =
e 32 BIT COMPUTER SELECTED POLYNOMIAL NC O 2 19— LONG -
X PRESET [] 3 18[ 1 D7 w
¢ MAXIMUM BURST DETECTION SPAN-11 BITS s s 708
¢ PARALLEL INPUT/OUTPUT RE[] s 16 D3
WEL]6 15[ D1
e DATA TRANSFER RATES UP TO 5 MBITS/SEC ecoB 0 7 123 0o
e RECORD LENGTH UP TO 1038 BYTES BUSY [ 8 13 D2
INCLUDING CHECK BYTES D6 ]9 12[] D4
e TTL, MOS COMPATIBLE L 1R oLk

¢ 20 PIN, NMOS TECHNOLOGY DIP PACKAGE

P
¢ SINGLE +5VDC SUPPLY IN DESIGNATION

DESCRIPTION

The WD1100-13 is designed to provide ECC capa-
bilities for Winchester Disk Controliers and will ac-
commodate data transfer rates of up to 5 Mbits/sec.
Data is transferred into and out of the WD1100-13 via
an 8 bit bidirectional parallel data port.

The WD1100-13 performs several operations includ-
ing, check byte generation, error detection, and error
syndrome generation. Additionally, the WD1100-13
supports user diagnostics by allowing transparent
check byte transfers between the host and disk
medium.

The WD1100-13 uses NMOS technology and is pro-
vided in a 20 pin DIP package configuration. Only a
single +5VDC supply is required.
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PIN DESCRIPTION

PIN
NUMBER SIGNAL SIGNAL NAME /o SIGNAL DESCRIPTION

1 ERR ERROR O | When this line is low, it indicates that no error
was detected in the syndrome bytes.

2 NC NC NO CONNECTION

3 PRESET PRESET I | This line, when low, presents the ECC
accumulator to logic ones.

4 CsS CHIP SELECT I | Alow input on this line enables WE and RE.

5 RE READ ENABLE I |Used to write data bytes into the ECC
accumulator and read data bytes from the ECC
accumulator.

6 WE WRITE ENABLE I | Used to write data bytes and check bytes into
the ECC accumulator,

7 ECC/D ECCI/DATA I | A logic 0 indicates that user data is being
strobed for check byte computation and a logic
one indicates a check/syndrome byte is being
strobed.

8 BUSY BUSY O | The BUSY bit is set when the WD1100-13 is
performing an input or output data transfer, thus
inhibiting user access.

10 Vsg GND Ground.

9 D6 DATA BITS 0-7 IO | 8 bit parallel bidirectional bus used to transfer
12 D4 data bytes, check bytes, and syndrome bytes.
13 D2
14 Do
15 D1
16 D3
17 D5
18 D7
1 CLK CLOCK I | 5 MHz clock used for internal timing within the

WD1100-13.

19 LONG LONG I | When this signal is a logic one, normal mode is
selected. When this signal is low, long mode is
selected and PRESET is inhibited.

20 Vee +5VDC +5VDC + 10%

See page 481 for ordering information.

Information furnished by Western Digital Corporation is believed to be accurate and reliable. However, no responsibility is assumed by Western Digital
Corporation for its use; nor for any infringements of patents or other rights of third parties which may result from its use. No license is granted by
implication or otherwise under any patent or patent rights of Western Digital Corporation. Western Digital Corporation reserves the right to change

specificationg at anvtime withaut nntisg
specitications at anytime without notics,

%
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WD1100-14 Programmable Polynomial Generator (PPG)

2
FEATURES N 3
DB3 1 20{ 7 V¢o o
+ PERFORMS THE FUNCTION OF AN 8 BYTE BY oBs [ 2 190 bB2 o
8 BIT (64 BITS) PROGRAMMABLE POLYNOMIAL pes [ 3 181 081 IS
(ERROR CORRECTION CODE) GENERATOR. DB [ 173 oeo
o ALL BIT POSITIONS CAN BE PROGRAMMED = o o
TO PERFORM THE FUNCTION OF ERROR we 3 7 15 somma
CORRECTION CODE CALCULATION. MR 3 8 1o o
o LAST BIT IS ALWAYS SET FOR CALCULATION. oR g o 127 sp
0 1
« BYTE LENGTH OF THE POLYNOMIAL IS s e

PROGRAMMABLE FROM 1TO 8.

o DESIRED POLYNOMIAL CAN BE ENTERED IN
PARALLEL OR SERIAL.

o DATA CAN BE WRITTEN TO DEVICE iN
PARALLEL OR SERIAL FORM.

e ECC'S OUTPUT IS IN PARALLEL OR SERIAL
FORMAT.

e WHEN GOING FROM FUNCTION OF READING
ECC TO INPUT OF DATA FOR CALCULATION,
DATA REGISTER IS SET TO ALL 1'S.

e WHEN A PARALLEL OPERATION IS IN
PROGRESS, DRQ & LOST DATA STATUS ARE
ACTIVE.

o ANY DATA TRANSFER TO AND FROM DEVICE
IS TRUE DATA.

e PARALLEL l/O BUS & SERIAL I/O PIN.

e ALL LOGIC IS IMPLEMENTED WITH STATIC
CIRCUITS.

e ALL INPUTS AND OUTPUTS ARE TTL
COMPATIBLE.

e PACKAGED IN A 20 PIN DUAL INLINE
PACKAGE.

» SINGLE 5V SUPPLY.

PIN DESIGNATION

DESCRIPTION

The WD1100-14 Programmable Polynomial Generator
(PPG) is an NMOS logic device designed to be pro-
grammed for 8 bit to 64 bit polynomial byte length in
8 bit steps. The WD is designed primarily for gener-
ating ECCICRGC polynomials for Winchester control.
The WD1100-14 permits greater ECC/CRC range in
the transfer of data to and from Winchester disks.

The WD1100-14 requires only a single +5VDC power
source and is available in a 20-pin, duakinline
package.

p
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PIN DESCRIPTION

PIN
NUMBER PIN NAME SYMBOL | TYPE FUNCTION
51, 19-17 | DATA BUS DB7-0 10 IO bus line, true, DB7 = MSB.

6 READ ENABLE RE | When low the contents of the 8 bit output
register appear on the Data Bus. Resets DRQ
pin.

7 WRITE ENABLE WE I When low loads the input register with the

contents of the Data Bus. When a MR pulse has
occurred with S/P =0 the next 8 WE's load the 8
bytes of the polynomial register from the Data
Bus. Resets DRQ pin.

8 MASTER RESET MR | Resets the SET latch, picks parallel or serial
load of polynomial from S/P pin, and sets poly-
nomiat length latch from DIR pin.

9 DIRECTION DIR | After a MR puise : DIR=0 selects polynomial
length of 8 bytes, DIR=1 selects a program-
mable polynomial length. This is 1 of 3 control
pins for the functions of the chip.

10 GROUND Vss P Device ground.
11 SERIAL/PARALLEL SiP | After a MR pulse : S/P =0 selects 8 byte parallel
load of polynomial register S/IP=1 selects

-serial load of polynernial register- through-DB7.-
This is 1 of 3 control pins for the functions of

the chip.

12 SERIAL DATA SD o Tri-state /O pin for serial data to and from the
chip, controlied by DIR, S/P, and D/E.

13 |DATAECC DIE I For DIE=0 to 1 transition a set sequence is

initiated to set the data register to all 1’s. On any
transition resets DRQ and LD pins. This is 1 of 3
control pins for the functions of the chip.

14 SERIAL OUTPUT/ SO/DRQ 0 When S/P=1 this is a Serial Output from the

DATA REQUEST data register When S/P=0 this the Data
Request Output.

15 LOAD POLYNOMIAL/ | LP/LD lle} When S/P=1 this is an input pin that when

LOST DATA pulsed high Loads the Polynomial register with

the contents of the data register When S/P=0
this is the Lost Data output.

16 CLOCK CLK | Master clock for device.
20 Vce Vce P + 5V power supply.

See page 481 for ordering information.

Information furnished by Western Digital Corporation is believed to be accurate and reliable. However, no responsibility is assumed by Western Digital
Corporation for its use; nor for any infringements of patents or other rights of third parties which may result from its use. No license is granted by
implication or otherwise under any patent or patent rights of Western Digital Corporation. Western Digital Corporation reserves the right to change
specifications at anytime without notice.

%
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WD1000-05 Winchester Disk Controller

FEATURES

« BUILT IN DATA SEPARATOR

o BUILT IN WRITE PRECOMPENSATION LOGIC

« CONTROL FOR UP TO 4 WINCHESTER DRIVES

« CONTROL FOR UP TO 8 READ/WRITE HEADS

« 1024 CYLINDER ADDRESSING RANGE

« 256 SECTOR ADDRESSING RANGE

« CRC GENERATION/VERIFICATION ON ID
FIELDS

+ AUTOMATIC FORMATTING

o 128, 256, 512, 1024 USER SELECTABLE BYTES
PER SECTOR

o UNLIMITED SECTOR INTERLEAVE CAPABILITY

+ OVERLAP SEEK CAPABILITY

« IMPLIED SEEK ON ALL COMMANDS

 MFM ENCODING RECORDING

« AUTOMATIC RETRIES ON ALL ERRORS

« PROGRAMMABLE 500 uSEC INCREMENTAL
STEP PULSE RATES (35 4S TO 7.5 mS)

o AUTOMATIC RESTORE ON ALL SEEK ERRORS

« PROGRAMMABLE DISK PARAMETERS

* ERROR REPORTING (DISK/ICONTROLLER)
e 8 BIT HOST INTERFACE
¢ SINGLE +5VDC SUPPLY

DESCRIPTION

The WD1000-05 Winchester Disk Controller is a stand
alone, general purpose Winchester disk drive control-
ler board designed to interface up to four Winchester
disk drives with a host processor. The drive signals
are based upon the Floppy look-alike interface avail-
able on the Seagate Technology ST506, the Quantum
Q2000, and other compatible drives.

Communications to and from the host processor are
made via a separate computer access port. This port
consists primarily of an &bit bi-directional bus and
appropriate control signals. All data to be written to
or read from the disk, status information, and macro
commands are transferred via this 8 bit bus. An on-
hoard sector buffer allows data transfers to the host
computer independant of the actual drive data trans-
fer rate.

The WD1000-05 is based upon a proprietary chip set
consisting of the WD1010, the WD1100-11, and the

A
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WD1100-10 designed specifically for Winchester
drive control.

ARCHITECTURE

The WD1000-05 has seven on board connectors.
These connectors consist of a power connector, host
interface connector, drive control connector, and four
high speed data cable connectors. The drive control
cable is daisy-chained to each of the four drives.

The drive data connectors carry differential signals
and are radially connected. Up to four drives can be
accommodated by the WD1000-05.

The host interface connector provides interface sig-
nals that are compatible with most microprocessors
and mini-computers.

SPECIFICATIONS
Encoding method: MFM
Cylinders per Head:  Up to 1024

Sectors per Track: Up to 256 (1024 byte sec)
8

Heads:
Drive Selects: 4
Step rate: 75 mS to 35 uS

(0.5 mS increments)

Data Transfer Rate: 5 Mbits/sec

Write Precomp Time: 12 Nanoseconds

Sectoring: Soft

Host Interface: 8 Bit bi-directional bus

Drive Capability: 10 “LS” Loads

Drive Cable Length: 10 ft. (3M) max.

Host Cable Length: 3 ft. (1 M) max.

Power Requirements: +5V +5%, 3.0A Max. (25A
typ)

Ambient Temperature

Operating: 0°C to 50°C (32 F to 122 F)
Relative Humidity: 20% to 80%
MTBF: 10,000 POH
MTTR: 30 minutes
DIMENSIONS
Length: 8in.(20.3cm)
Width: 575in.(14.5 cm)
Height: 0.75in.(1.9 cm)

HOST INTERFACING

The WD1000-05 is designed to easily interface to
most micro computers and mini-computers. All inter-
facing is done through the Host Interface Connector
(J5). The interface is very similar to Western Digital's
family of Floppy Disk Controliers.

s
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J6é
J5
H WD1100-11 DRIVE
o] MD7 COMMAND
? ' INTERFACE
N é woio100s | -""J
T WINCHESTER J1
s ) CONTROLLER
F WD1100-10 |
A WRITE <
g CS, A0-A2, RE, WE, MR ? r PREDCAOTRXP & 12
— DRQ, INTRQ ' I SUPPORTY "—:m DRIVE
20 MHz LOGIC DATA
s 1 l,__l"a CONNECTORS
2XDR L J4
0osc [
=
Figure 1. WD1000-05 SIMPLIFIED BLOCK DIAGRAM
Table 1. HOST INTERFACE CONNECTOR
SIGNAL GROUND | SIGNAL PIN | SIGNAL NAME DESCRIPTION
2 1 ' 'DALD 8 bit bi-directional Data Access Lines. These lines
4 3 DAL1 remain in a high-impedance state whenever the CS
6 5 DAL2 line is inactive.
8 7 DAL3
10 9 DAL4
12 11 DALS
14 13 DAL6
16 15 DAL?7
18 17 A0 " | These three Address Lines are used to select one of
20 19 Al eight registers in the Task File. They must remain
22 21 A2 stable during all read and write operations.
24 23 cs When Card Select is active along with RE or WE, Data

is read or written via the DAL bus. CS must make a
transition for each byte read from or written to the

task file.

26 25 WE When Write Enable is active along with CS, the host
may write data to a selected register of the
WD1000-05.

28 27 RE When Read Enable is active along with CS, the host
may read data from a selected register of the
WD1000-05.

30 29 PULLED UP

(PUP)

32 31 Not Connected

34 33 Not Connected

36 35 INTRQ The INTerrupt ReQuest Line is activated whenever a

command has been completed. It is reset to the in-
active state when the Status Register is read, or a
new command is loaded via the DAL lines.

—
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Table 1. HOST INTERFACE CONNECTOR (Continued)

DESCRIPTION

The Data ReQuest line is activated whenever the
sector buffer contains data to be read by the host, or
is awaiting data to be loaded by the host. This line is
reset whenever the Data Register is read from or
written to. The DRQ line will continue to toggle until
the buffer is exhausted or until a write or read is per-
formed on the Cylinder Low register.

The Master Reset line initializes all internal logic on
the logic on the WD1000-05. Sector Number, Cylinder
Number and SDH are cleared, stepping rate is set to
75 mS, Write Precomp is set to cylinder 128 and
Sector Count is set to 1. The DRQ and INTRQ lines
are reset. The Drive Select registeris setto 1.

SIGNAL GROUND | SIGNAL PIN | SIGNAL NAME
38 37 DRQ
40 39 MR
41-50 Not Connected
Note: Grounds

All even numbered pins (2 through 40) are to be used
as signal grounds. Power ground is available on J7,
pins 2 & 3.

DRIVE CONTROL CONNECTORS

The drive control connector is a (relatively) low speed
bus that is daisy chain connected to each of the
drives (up to foun in the system. To properly ter-
minate each TTL level output signal from the
WD1000-05, the last drive in the daisy chain should
have a 220/330 ohm line termination resistor pack in-
stalled. All other drives should have no termination.
See Table 2:

Table 2. 34 PIN DRIVE CONTROL CONNECTOR

SIGNAL SIGNAL SIGNAL
GROUND PIN {I]e) NAME
1 2 O | RWC
3 4 O | HeadSelect2
5 6 O | Write Gate
7 8 1 Seek Complete
9 10 | TR00O
1 12 | Write Fault
13 14 O | HeadSelectO
15 16 NC
17 18 O | HeadSelect1
19 20 1 Index
1 22 | | Ready
23 24 O | Ste
25 26 O | Drive Select 1
27 28 O | DriveSelect2
29 30 O | DriveSelect3
31 32 O | DriveSelect4
33 34 O | Directionin

DRIVE CONTROL SIGNAL DESCRIPTICNS

RWC

When the Reduce Write Current line is activated with
Write Gate, a lower write current is used to compen-

sate for greater bit packing density on the inner
cylinders. The RWC line is activated when the cylin-
der number is greater than or equal to four times the
contents of the Write Precomp Register. This output
is valid only during Write and Format commands.

Write Gate

This output signal allows data to be written on the
disk.

Seek Complete

Informs the WD1000-05 that the head of the selected
drive has reached the desired cylinder and has sta-
bilized. Seek Compiete is not checked after a SEEK
command, thus allowing overlapped seeks.

Track 000

Indicates that the RW heads are positioned on the
outer-most cylinder. This line is sampled immediately
before each step is issued.

Write Fault

Informs the WD1000-05 that some fault has occurred
on the selected drive. The WD1000-05 will not exe-
cute commands when this signal is true.

HS0-HS2

Head Select lines are used by the WD1000-05 to se-
lect a specific RIW head on the selected drive.

Index

Is used to indicate the index point for synchroniza-
tion during formatting and as a time out mechanism
for retries. This signal should pulse once each rota-
tion of the disk.

’
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Ready

Informs the WD1000-05 that the desired drive is
selected and that its motor is up to speed. The
WD1000-05 will not execute commands unless this
line is true.

Step

This line is pulsed once for each cylinder to be step-
ped. The direction of the step will be determined by
the DIRECTION N line. The step pulse period is de-
termined by the internal stepping rate register during
implied seek operations or explicitly during Seek and
Restore commands. During auto restore, the step

pulse period is determined by the SEEK COMPLETE
time from the drive.

Direction In

Determines the direction of motion of the RW head
when the step line is pulsed. A high on this line
defines the direction as out and a low defines direc-
tionasin.

DS1-DS4

These four Drive Select lines are used to select one
of four possible drives. . S

DRIVE DATA CONNECTOR

Four data connectors (J1-J4) are provided for clock
signals and data between the WD1000-05 and each
drive. All lines associated with the transfer of data
between the drive and the WD1000-05 system are
differential in nature and may not be multiplexed.
The data connectors are 20 pin vertical headers on
tenth-inch centers. The cable used should be flat
ribbon cable or twisted pair with a length of less
than 10 feet. The cable pin-outs are per Table 4:

Table 3. DATA CONNECTIONS
AND DESCRIPTIONS

SIGNAL | SIGNAL SIGNAL
GROUND PIN 10 NAME
2 1 NC
4 3 NC
6 5 NC
8 7 NC
9 NC
10 NC
1 GND
12 GND
13 (0] + MFM Write Data
14 (o] — MFM Write Data
15 GND
16 GND
17 | + MFM Read Data
18 | — MFM Read Data
19 GND
20 GND

DIFFERENTIAL DATA DRIVER/RECEIVER

> 51Q
HIGH ‘HIGH
TRUE 351Q TRUE

AMD 261831 =

or 75110A = = AMD 261832
NOTE: ANY RS 422 Zy = 105Q
DRIVER/RECEIVER PAIR  FLAT RIBBON OR TWISTED PAIR
WILL INTERFACE MAX 10 FT.

POWER CONNECTOR

A four pin connector (J7) is provided for power
input to the WD1000-05. See Table 4.

Table 4.
PIN WD1001-05
1 Not Connected
2 Ground
3 Ground
4 + 5V Regulated
Housing | Amp 1-48404290
TASK FILE

The Task File is a bank of registers used to hold
parameter information pertaining to each command.
These registers and their addreses are:

A2 A1 Ag|READ WRITE
0 0 0 |(Bus Tri-Stated) (Bus Tri-Stated)
0 0 1]Emor Flags Write Precomp
Cylinder
0 1 0 [Sector Count Sector Count
0 1 1 |Sector Number Sector Number
1 0 O |Cylinder Low Cylinder Low
1 0 1 |Cylinder High Cylinder High
1 1 0|SDH SDH
1 1 1 [Status Register Command
Register
NOTE:

Registers are not cleared by master reset (MR).

ERROR REGISTER

This read-only register contains specific error status
after the completion of a command. These bits are
defined as follows:

7 6 5 4 3 2 1 0
| BBICRC[ — [ D [ —[AC[TK] OM |

Bit 7 — Bad Block Detect

that contains a bad block mark. Used for bad sector
mapping.

“
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Bit 6 — CRC Data Field

This bit is set when a data field CRC error has oc-
curred or the Data Address Mark has not been found.
The sector buffer may still be read but will contain
errors.

Bit5 — Reserved
Not used; forced to a zero.

Bit4 — ID Not Found )

This bit is set when the desired cylinder, head, sector,
or size parameter cannot be found after 8 revolutions
of the disk, or if an ID field CRC error has occurred.

Bit 3 — Reserved
Not used; fqrced to a zero.

Bit2 — Aborted Command

This bit is set if a command was issued while the
DRDY (Pin 28) line is low or the WF (Pin 30) line is low.
The aborted command bit will also be set if an un-
defined command code is written into the command
register, but an implied seek will be executed.

Bit 1 — TKO00O Error

This bit is set only by the restore command. It in-
dicates that the TK0OOO (Pin 31) line has not gone
active after the issuance of 1024 stepping pulses.

Bit 0 — Data Address Mark Not Found

This bit is set during a read sector command if the
data address mark is not found after the proper
sector ID is read.

WRITE PRECOMP CYLINDER

This register is used to define the cylinder number
where the RWC (Pin 33) line is asserted:

7 6 5 4 3 2 1 0
[ " CYLINDER NUMBER ~+ 4

The value (0-255) loaded into this register is internally
multiplied by 4 to specify the actual cylinder where
RWC is asserted. Thus, a value of H'01" will cause
RWC to activate on cylinder 4; H'02’ on cylinder 8,
and so on, Switching points are then 0, 4, 8, . .. 1020.
The RWC will be asserted when the present cylinder
is equal to a greater than the value in this register. For
example, the ST506 requires precomp on cylinder 128
(H'80") and above. Therefore, the write precomp
cylinder register should be loaded with 32 (H '20").

SECTOR COUNT
This register holds the number of sectors that are
needed to be transferred to the buffer.

7 6 5 4 3 2 1 0
| f #OFSECTORS =~ ]

This register is used during a multiple sector RIW
command. The written value is decremented after
each sector is transferred to the sector buffer. A zero
represents a 256 sector transfer, a 1 = one sector
transfer, etc. This register is a “don’t care” when
single sector commands are specified.

SECTOR NUMBER
This register holds the sector number of a desired
sector:

7 6 5 4 3 2 1 0
" SECTOR NUMBER ‘

During a multiple sector command, this register
specifies the first sector in the transfer. it is internally
incremented after each transfer of data to the sector
buffer. The sector number register may contain any
value from 0 to 255.

CYLINDER REGISTERS

Internal to the WD1000-05, is another pair of registers
that hold the actual position number where the R'W
heads are located. The cylinder number high and low
registers can be considered the cylinder destination
for seeks and other commands. After these com-
mands are executed, the internal cylinder position
registers’ contents are equal to the cylinder high/low
registers. If a drive number change is detected on a
new command, the WD1000-05 automatically reads
an ID field to update its internal cylinder position
registers. This affects all commands except a
Restore.

CYLINDER NUMBER LOW

This register holds the least significant 8 bits of the
desired cylinder number:

7 6 5 4 3 2 1 0
[ LSBYTEOFCYLINDERNUMBER | |

It is used in conjunction with the cylinder number
high register to specify arange of 0 to 1023.

CYLINDER NUMBER HIGH

This register defines the two most significant bits of
the cylinder number desired:

7 6 5 4 3 2 1 0

X [x X [ X[ x[x][O@]® |
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SDH BYTE

This register contains the desired sector size, drive
number, and head number parameters.

Bit 7, the extension bit, is used to extend the data
field by seven bytes when using ECC codes. CRC is
not appended to the end of the data field when
EXT=1; the data field becomes “sector size +7"

bytes long. CRC is checked on the ID field regardiess
of the state of the extension bit. Note that the sector
size bits are written to the ID during a formatting
command. The SDH byte written into the ID field is
different than the SDH register contents. The
recorded SDH byte does not have the drive number
written but does have bad block mark written. The
format is:

7 6 5 4 3 2 1 90
| EXT [ sizE DRIVE HEAD’

- 7 RN 2 (1] 0 | HEAD#
el s N 0ojo0]o HSELO
6 | 5| SECTORSIZE 4 |3 DRIVE# | M. 0|01 HSEL 1
oo 256 0o DSEL1 N 0o/1]o0 HSEL 2
0] 1 512 0 |1 DSEL 2 AN 011 HSEL 3
1]0 1024 1 ]0 DSEL3 AN 1107]0 HSEL 4
1| 1 128 1|1 DSEL 4 . 11011 HSEL5
<« |111]o0 HSEL 6
NNERERE HSEL7

STATUS REGISTER

The status register is a read-only register which
informs the host of certain events performed by.the
WD1010 as well as reporting status from the drive
control lines. The format is:

7 6 5 4 3 2 1 0
[ BSY[ ROY[ WF [ SC| DRQ] — [CIP [ ERR |

Bit 7 — Busy

This bit is set whenever the WD1010 is accessing the
disk. Commands should not be loaded into the
command register while busy is set. Busy is made
active when a command is written into the WD1010
and is deactivated at the end of all commands except
the read sector While executing a read sector
command, busy is deactivated after the sector buffer
has been filled.

Bit 6 — Ready
This pin normally reflects the state of the DRDY (Pin
28) line.
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Bit 5 — Write Fault

This bit reflects the state of the WF (Pin 30) line.
Whenever the WF pin goes high, an interrupt will be
generated.

Bit 4 — Seek Complete

This bit reflects the state of the SC (Pin 32) line.
Certain commands will pause until seek complete is
true.

Bit 3 — Data Request

This bit reflects the state of the BDRQ (Pin 36) line. It
is set when the sector buffer should be loaded with
data or read by the host, depending upon the com:-
mand. DRQ/BDRQ remains high until BRDY is
sensed, indicating the operation is completed. The
BDRAQ signal can be used in DMA interfacing, while
the DRQ bit can be used for programmed IO trans-
fers.

Bit2 — Reserved
Not used. This bit is always forced to a zero.

Bit 1 — Command in Progress
When this bit is set, a command is being executed



and a new command should not be loaded untii reset.
Although a command may be executing, the sector
buffer is still available for access by the host.

Bit0 — Emor

This bit is set whenever any bits in the error register
are set. It is the logical ‘or’ of the error register and
may be used by the host to quickly check successful
completion of a command. This bit is reset when a
new command is written into the command register.

COMMAND REGISTER

This write-only register is loaded with desired
command:

7 6 5 4 3 2 1 0
[ [ TcommaiNo] [ |

The commands begins to execute immediately upon
loading. This register should not be loaded while the
Busy or CIP bits are set in the status register. The
INTRQ (Pin 3) line, if set, will be cleared by a write to
the command register.

COMMANDS

The WD1000-05 will execute six commands. Prior to
loading the command register, the host must first set
up the task file with the proper information needed
for the command. Except for the command byte, the
other registers may be loaded in any order. Any
subsequent writes to the command register will be
ignored until execution is completed indicated by the
resetting of the CIP bit in the status register.

COMMAND SUMMARY

COMMAND 7 6 5 4 3 2 10
RESTORE 0 0 0 1 R3R2R1Ro
SEEK 0 1 1 1 R3R2R1 Ry
READ SECTOR 0010 1 MOO
WRITE SECTOR 0011 0MDODO
SCANID 01 0 000 O00O
WRITE FORMAT 01010000
R3-Rg Rate Field
For5 MHz WCLK:
R3-Rp = 0000 — =35us.

0001 — S5ms.

0010 — 1.0 ms.

0011 — 1.5 ms.

0100 — 2.0 ms.

0101 — 25 ms.

0110 — 3.0 ms.

0111 — 3.5 ms.

1000 — 4.0 ms.

1001 — 45 ms.

1010 — 5.0 ms.

1011 —5.5ms.

1100 — 6.0 ms.

1101 — 6.5 ms.

1110 — 7.0 ms.

1111 —75ms.

;
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( RESTORE )

\

RESET INTRQ,
ERRORS,
SET BUSY, CIP

!}

RESET RWC
SET DIRECTION

= OUT
STORE STEP RATE

SEEK
COMPLETE
?

YES

TKO00O

PULSE BCR
SET AC, INTRQ
RESET BSY, CIP

ACTIVE
?

1,024
STEP PULSES

ISSUED
?

ISSUE A
STEP PULSE

SET
TKO000 ERROR

PULSE BCR
SET INTRQ
RESET BSY, CIP
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Bit 0, (“T"") Read Sector, Write Sector Commands
Should be set to 0 for WD1000-05

M = Multiple Sector Flag

M = 0 Transfer 1 sector
M = 1 Transfer multiple sectors

= Interrupt Enable

0, Interrupt at BDRQ time
1, Interrupt at end of command

RESTORE COMMAND

The restore command is usually used on a power-up
condition. The actual stepping rate used for the
restore is determined by Seek Complete time. A step
pulse is issued and the WD1000-05 waits for the Seek
Complete line to go active before issuing the next
pulse. If after 1,024 stepping pulses, the TK00O line
does not go active, the WD1000-05 will set the TK00O
error bit in the error register and terminate with an
INTRQ. An interrupt will also occur if the write fault
goes active or the DRDY goes inactive during
execution.

The rate field specified (R3-Rg) is stored in an
internal register for future use in commands with
implied seeks.

SEEK COMMAND

Since all commands feature an implied seek, the
seek command is primarily used for overlap seek
operations on multiple drives. The actual step rate
used is taken from the rate field, which is aiso stored
in an internal register for future use. If DRDY goes
inactive or WF goes active, the command is
terminated and an INTRQ is generated.

The direction and number of step pulses needed are
calculated by comparing the contents of the cylinder
register high/low to the cylinder position number
stored internally. After all steps have been issued, the
internal cylinder position register is updated and the
command is terminated. Seek complete is not
checked at the beginning or end of the command.

READ SECTOR

The read sector command is used to transfer one or
more sectors of data to the disk. Upon receipt of this
command, the WD1000-05 checks the cylinder
registers against its internal cylinder position register
to see if they are the same. If not, the direction and
number of steps calculation is performed and a seek
takes place. Write Fault and DRDY lines are checked
throughout the command.

After seek complete is found to be true (with or
without an implied seek), the search for an ID field
occurs. The WD1000-05 must find an ID with the
correct cylinder, head, sector size, and CRC within 8
revolutions or else the appropriate error bits will be
set and the command terminated. if not, eight retries
are performed with the ID-NOT-FOUND error bit set

and the command terminated. Both the Read and
Write sector commands feature a “simulated com-
pletion” to ease programming. DRQ/BDRQ will be
generated upon detecting an error condition. This al-
lows the same program flow for successful or unsuc-
cessful completion of a command.

RESET INTRQ,
ERRORS,
SET BUSY, CIP
STORE STEP RATE

DRIVE #
CHANGED?

SCAN ID
GETCYL #

SET
DIRECTION

!

CALCULATE
# OF STEPS

3 ISSUE STEP
PULSE

!

DELAY
ACCORDING TO
RATE FIELD

SET ABORTED
COMMAND BIT

‘.* YES

PULSE BCR
SET INTRQ
RESET BSY, CiP




READ SECTOR

Y

RESET INTRQ,
ERRORS, DRQ
SET BSY, CIP

YES

DRV # CHANGED?

SCAN 1D
GETCYL #

CYL

REGISTERS

& INTERNAL

CYL SAME
2

PERFORM
SEEK
COMMAND

DRIVE RDY?

DRIVE RDY?

SEEK NO

COMPLETE
?

WF

OR NOT RDY

ACTIVE
?

Y

ACTIVATE
BCS
PULSE BCR

PULSE BCR
SET INTRQ, AC
RESET BSY. CIP

SEARCH
FORID
FIELD

'

CYL,
HEAD, SEC

SIZE MATCH
?

8 INDEXES
PASSED
?

YES

NO

SCAN 1D
GET CYL #

Y
A

RESEEK
TOCYL #

SET
ID NOT FOUND

PULSE BCR

SET INTRQ,

RESET BUSY, CIP

A
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BAD
BLOCK
DETECT

YES

SET BAD
BLOCK BIT

SET CRC
ERROR

DEACTIVATE BCS
PULSE BCR

RESET BSY, CIP

SET INTRQ

SET DAM
NOT FOUND

YES 4—————J

PULSE BCR
SET INTRQ
RESET BSP, CIP

TRANSFER
SECTOR
TO BUFFER

YES
8 INDEXES

PASSED?

‘M YES

FLAG SET
?
SET . ¥
CRC A
ERROR , i INCREMENT SECTOR # v
DECREMENT SECTOR
DEACTIVATE BCS COUNT SET
PULSE BCR B DRQ
RESET BDRQ
RESET BSY
BRDY
LOW TO HIGH
NO SET i
1 INTRQ
YES
YES FA Y
RESET BDRQ
\

RESET BDRQ
PULSE BCR

SET iNTRQ
RESET CiP
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When the data address mark is found, the WD1000-05
is ready to transfer data to the buffer. After the sector
data has been transferred, the | flag is checked. If the
I flag is 0, the INTRQ is made active coincident with
BDRQ, indicating a transfer of data is required by the
host. If 1 =1, the INTRQ will occur at the end of the
command (i.e. after the buffer is unloaded by the
host).

An optional M flag may be set for multiple sector
transfers. When M =0, one sector is transferred and
the sector count register is ignored. When M=1,
multiple sectors are enabled. After each sector is
transferred, the WD1000-05 decrements the sector
count register and increments the sector number

When M =0 (Single Sector Read)

register. The next logical sector will be transferred,
regardless of the interleave. Sectors are numbered at
format time by a byte in the ID field.

For the WD1010 to make multiple sector transfers to
the buffer, the BRDY line must be toggled low to high
for each sector. The sector transfers will continue
until the sector count register equals zero or BRDY
goes inactive. If the sector count register is non-zero
(indicating more sectors are to be transferred but the
buffer is full), BDRQ will be made active and the host
must unload the buffer. Once this occurs, the buffer
will again be free to accept the next sector in this
multiple sector read command.

Finds sector specnfled transfers data to buffer (by WE strobes).

(1 Host: Sets up parameters; issues read sector command.
(2 1000-05: Strobes BCR; sets BCS =0 (On).

(3 1000-05:

(4 1000-05: Strobes BCR; sets BCS =1 (Off).

(5 1000-05: Sets BDRQ = 1; sets DRQ flag.

( 6) 1000-05: If | bit=1 then (9).

(7 Host: Reads out contents of buffer (by strobing RE).

(8 1000-05: Wiaits for BDRY then sets INTRQ = 1; End.

(9 1000-05: Sets INTRQ=1.

(10) Host: Reads out contents of buffer (by strobing RE); End.

When M = 1 (Multiple Sector Read)

(1 Host: Sets up parameters; issues read sector command.
(2 1000-05: Strobes BCR; set BCS =0 (On).
(3 1000-05: Finds sector specified; transfers data to buffer (by WE strobes).
(4 1000-05: Decrements sector count register; increments sector number register.
(5 1000-05: Strobes BCR; sets BCS = 1 (Off).
( 6) 1000-05: Sets BDRQ =1; DRQ flag=1.
(7 Host: Reads out content of buffer (by RE strobes).
(8 Buffer: Indicates data has been transferred by asserting BRDY.
(9 1000-05: When BRDY is asserted, go to (11) if sector count = 0.
(10) 1000-05: Go to Step (2).
(11) 1000-05: Activates INTRQ.
WRITE SECTOR

The write sector command is used to write one or
more sectors of data to the disk. Upon receipt of this
command, the WD1000-05 checks the cylinder regis-
ters against its internal cylinder position register to
see if they are the same. If not, the direction and
number of steps are calculated and a seek command
takes place. Write fault and DRDY lines are checked
throughout the command.

After Seek complete is found to be true (with or
without an implied seek), the BDRQ signal is made
active and the host proceeds to ioad the buffer. When
the WD1000-05 senses the BRDY line going high, the

ID field with the specified cylinder, head, and sector
size is searched for. Once found, the write gate signal
is raised and the data is written to the disk. If the ID
field cannot be found within 8 revolutions, the ID not
found bit is set and the command is terminated.

During a multiple sector write operation (M flag= 1),
the sector number is incremented and the sector
count register is decremented. If the BRDY line is
asserted after the first sector is read out of the buffer,
the WD1000-05 will continue to read data out of the
buffer for the next sector. If BRDY is inactive, the
WD1000-05 wiil raise BDRQ and wait for the host to
place more data in the buffer.

S0-0001AM
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In summary then, the write sector operation is as follows:

(1 Host: Sets up parameters; issues write sector command.
(2 1000-05: Strobes BCR; sets BDRQ =1, DRQ flag=1.
(3 Host: Loads buffer with data (by WE strobes).
(4 1000-05: Waits for BRDY = low to high.
( 5) 1000-05: Finds specified ID field, write out sector.
( 6) 1000-05: If M =0, then interrupt; End.
(7 1000-05: Increments sector number, decrements sector count.
(8 1000-05: If sector count =0, then interrupt; End.
(9 1000-05: If BRDY = inactive, then (5).
(10) 1000-05: Go to (2).
O

RESET INTRQ,

ERRORS, DRQ

SET BSY, CIP

SCAN ID
GET CYL #

SET WG ON

DRIVE #
CHANGED?,
NO

SCAN ID
GETCYL # RESEEK RESEEK
. <MADE?

TOCYL#..

YES

NOTE 1
WRITE DATA PULSE BCR
TO SECTOR SET ID NOT FOUND
WG OFF

INTRQ, RESET BSY, CIP

!

DEACTIVATE BCS

ACTIVATE BDRQ.
DRQ

INCREMENTS SECTOR
NUMBER; DECREMENT]
SECTOR COUNT

RESET BDRQ

O—

ACTIVATE BCS
PULSE

DEACTIVATE BCS
PULSE BCR
ACTIVATE BDRQ

BRDY
ACTIVE
?

YES

SET ABORTED

COMMAND
BIT

PULSE BCR
SET INTRQ
RESET BSY, CIP,
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PULSE BCR

SET INTRQ; RESET
BUSY, CIP
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SCAN ID

The scan ID command is used to update the head,
sector size, sector number and cylinder registers.

After the command is loaded, the seek complete line
is sampled until true. The ready and write fault lines
are also checked throughout the command. When
the first ID field is encountered, the ID information is
loaded into the SDH, cylinder, and sector number
registers. The internal cylinder position register is
also updated. If a bad block is detected, the bad
block bit will also be set. CRC is checked and if an
error is found, the WD1000-05 will retry up to 8
revolutions to find an error-free ID field. There is no
implied seek with this command and the buffer is left
undisturbed.

FORMAT

The format command is used to format one track
using the task file and the sector buffer. During this
command, the sector buffer is used for additional
parameter information instead of sector data. Shown
in Figure 2 is the contents of the sector buffer for a 32
sector track format with an interleave factor of two.
Each sector requires a two byte sequence. The first
byte designates whether a bad block mark is to be
recorded in the sector’s ID field. AH'00' is normal; a
H’80’ indicates a bad block mark for that sector. In
the example of Figure 2, sector 04 will get a bad
block mark recorded.

DATA
ADDR 0 1 2 3 4 5 6 7
00 00 00 00 10 00 01 00 1
08 00 02 00 12 00 03 00 13
10 80 04 00 14 00 05 00 15
18 00 06 00 16 00 07 00 17
20 00 08 00 18 00 09 00 19
28 00 0A 00 1A 00 0B 00 1B
30 00 0C 00 1C 00 0D 00 1D
38 00 OE 00 1E 00 OF 00 1F
40 FF FF FF FF FF FF FF FF
FO FF FF FF FF FF FF FF FF

Figure 22 FORMAT COMMAND BUFFER CONTENTS

The second byte indicates the logical sector number
to be recorded. Using this scheme, sectors may be
recorded in any interleave factor desired. The remain-
ing memory in the sector buffer may be filled with
any value; its purpose is only to generate a BRDY to
tell the WD1000-05 to begin formatting the track.

An implied seek is also in effect on this command.
As in other commands, if the drive number has
changed, an ID field will be scanned for cylinder
position information before the implied seek is
performed. If no ID field can be read (because the
track had been erased or because an incompatible
format had been used), an IDNF error wiil result and
the Format command will be aborted. This can be
avoided by issuing a Restore command before
formatting.

The sector count register is used to hold the total
number of sectors to be formatted, while the sector
number register holds the number of bytes minus 3
to be used for Gap 1 and Gap 3; for instance, if the
sector count register value is 2 and the sector
number register value is 0, then 2 sectors are written
and 3 bytes of H'4E’ are written for Gap 1 and Gap 3.

The data fields are filled with H'FF, and CRC is
automatically generated and appended. The sector
extension bit of the SDH register should not be set.
After the last sector is written, H'4E’ is filled until
index. Like all commands, a write fault or drive not
ready condition will terminate the command. Figure 3
shows the format that the WD1000-05 will write on
the disk.

The Gap 3 value is determined by the drive motor
speed variation, data sector length, and the interleave
factor. The interleave factor is only important when
1:1 interleave is used. The formula for determining
the minimum Gap 3 value is:

Gap3 =2*M*S + K+ E

motor speed variation (e.g. .03 for + —3%)
sector length in bytes

25 for interleave factor of 1

0 for any other interleave factor

7 if the sector is to be extended

Like all commands, a write fault or not ready con-
dition will terminate the command. Figure 3 shows
the format that the WD1000-05 will write on the Disk.

MXX®OZ
wonon

.~~~
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SCAN ID

RESET INTRQ,
ERRORS
SET GiP, BSY

SET INTRQ, AC
RESET BSY, CIP

SEARCH FOR
ANY ID FIELD

®
!

UPDATE SDH,
CYL, SECTOR,
CYL POS. REG'S

PULSE BCR

SET ERROR, INTRQ
RESET BSY, CIP

BAD
BLOCK
DETECT

YES

SET BAD BLOCK BIT

8

INDEXES

PASSED
?

YES

PULSE BCR
SET INTRQ
RESET BSY, CIP

REPEATED FOR EACH SECTOR

. ¥ 1D FIELD [ f DATA FIELD 1
GAP4| GAP1 | 14BYTES | A olelbfe]% g 3 ALF HHEE
o . W . 5 ¥ g § ; (2; B?Q(’)?S 12 %,TES ils USER DATA ; § avoToEs G’:El"
r
WRITE GATE _,
ID FIELD
Al= H'A1’ withH'0A’ clock. DATA FIELD
IDENT = MSB of Cyliner Number Al= H'A1' withH'0OA' Clock
FE = ﬁ%;‘ﬁ'ﬁéirs F8= Data Address Mark; Normal Clock
FC = 512.767 Cylinders USER= Data Field 128 to 1024 Bytes2
FD = 768-1023 Cylinders NOTES:
HEAD = g':s g 1-3 5 Head Number 1. GAP1 and 3 length determined by sector number
B:ts 26 = SectorSi register contents during formatting.
Bits7 - Bed gf °l'; N"Z?k 2. If EXT bit in SDH register is set to 1 then an ad-
= ©ad block Ma ditional 7 data bytes are written, no CRC bytes are
Sec#= Logical Sector Number written,

—

Figure 3. FORMAT
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FORMAT

RESET INTRQ,
ERRORS,
SET CIP, BSY
ACTIVATE BDRQ

P S
BRDY NO
?
YES
RESET BDRQ

DRIVE #
CHANGED?

O

—~

WRITE GAP 1
OR GAP 3

SEEK
COMPLETE =07

NO

EXTEND
GAP

DECREMENT
SECTOR COUNT

A SECTOR
SCAN ID NO °°:”2‘ T
GETCYL # 2
y
SEEK TO
DESIRED GYL WRITE
SECTOR
o - I'no
SEEK\NO § YES
GOMPLETE >
? WRITE 4E'S
UNTIL INDEX
STROBE BCR i L
ACTIVATE BCS
NO
NO
YES
YES SET WG ON
YES NO
YES
WF?
WG__
SET ABORTED PULSE BCR
COMMAND BIT SET INTRQ

RESET BSY, CIP

PULSE BCR
SET INTRQ
RESET BSY, CIP
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ELECTRICAL CHARACTERISTICS
ABSOLUTE MAXIMUM RATINGS

Vce with respecttoVgg (Ground) .......... +7V
Max Voltage on any Pin with

respecttoVgas .......ovvinl -05Vio +7V
Operating Temperature ............. 0°Cto70°C
Storage Temperature ......... —55°Cto +125°C

NOTE:

Maximum limits indicate where permanent device
damage occurs. Continuous operation at these
limits is not intended and should be limited to those
conditions specified in the DC Electrical charac-
teristics.

DC Operating Characteristics TA = 0°Cto70°C;Vsg = 0V,VGoc = +5V + .25V

SYMBOL CHARACTERISTIC MIN MAX UNITS CONDITIONS
i Input Leakage +10 uA | VIN=41oVCo
loL Output Leakage +10 vA | VouT=.4toVCce

(Tristate & Open Draw)
ViH Input High Voltage 20 \
VIL Input Low Voltage 08 \ ‘
VOH Output High Voltage 24 \ 10 = —100uA
VoL Output Low Voltage 04 \ I0=1.6mA
VoL Output Low Voltage (Pins 21-23) 0.45 \ I0=48mA
Icc Supply Current 200 mA | All Outputs Open
For Pins 25, 34, 37, 39:
VIH Input High Voltage 46 \
VIL Input Low Voltage 05 \
TRS Rise Time 30 ns | 10% to90% points
AC Timing Characteristics T = 0°Cto70°C; Vss = 0V, VoC = +5V = .25V
HOST READ TIMING

SYMBOL CHARACTERISTIC MIN MAX UNITS CONDITIONS
TASE ADDR Setup to RE 100 ns
TDAC Data Valid from RE 375 ns
TRE Read Enable Pulse Width 4 10 us
TDOH Data Hold from RE 20 200 ns
THLD ADDR, CS, Hold from RE 0 ns
TRDR Read Recovery Time 300 ns
TCSE CSSetup To 0 ns

ADDR

p

Ag, Aq, Ap STABLE

Lo
| —— TASE_’:

|
\\ i Tcse

TRE

S

DBO-7

1 1
< Toac—1

HOST READ TIMING

—»: }«—TDOH
[}

DATA VALID
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ADDR >( Ag, Ay, Ap STABLE j

—_ ' TaHw =1 e
cs ! ' t TWER
TSEW —a ! 1 -

; —f | —TcHW
- |

WE 1 >
N Twe ,('I (|

T = |a—TpH
|<_—TDS__>|

HOST WRITE TIMING

HOST WRITE TIMING

SYMBOL CHARACTERISTIC MIN MAX UNITS CONDITICNS

TSEW ADDR, CS Setup to WE 0 10 us

) Data Bus Setup to WE 2 10 us

TWE Write Enable Pulse Width 2 10 us

TDH Data Bus Hold from WE 10 ns

TAHW ADDR Hold fromWE 30 ns

TWER Write Recovery Time 10 us See Note 1
TCHW CS Hold Time 0

—+
) 1 T

1
! |
—»1  le—TwRY - -TwE

1

— ' 1
WE T
(OUTPUT) (& WRB

[
1 l )
TVWE—>| r~— —] |<—THWE ]
,F" - * 1
DBO-7 DATA VALID T DATA VALID ;-——
| Y i
—i

| TRR
BUFFER WRITE TIMING

TR
Ev—>1 F ' | TRe

outron TREB '

<_THHE
'<-THDs-b’ '

DBO-7 DATA MUST DATA MUST
BE VALID BE VALID

BUFFER READ TIMING
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BUFFER WRITE TIMING (READ SECTOR CMD)

SYMBOL CHARACTERISTIC MIN TYP MAX UNIT CONDITIONS
TWEV WE Float to WE Valid 15 100 ns CL = 50 pf
TWRB WE Output Pulse Width | 300 400 500 ns See Note 4
TVWE Data Valid from WE 110 ns
THWE Data Hold from WE 80 ns
TRR WE Repetition Rate 1.2 16 20 us See Note 2
TWF WE Float from BCS 15 100 ns CL = 50 pf

BUFFER READ TIMING (WRITE SECTOR CMD)

SYMBOL CHARACTERISTIC MIN TYP MAX UNIT CONDITIONS
TREV RE Float to RE Valid 15 100 ns CL = 50 pf
TREB RE Output Pulse Width 300 400 500 ns See Note 4
TRDS Data Setup to RE 140 ns
TRR RE Repetition Rate 1.2 16 20 us See Note 2
TRF RE Float from BCS 100 ns CL = 50 pf
THRE Data Hold from RE 0 ns

) —
| ——TBRY I Cs, we \_/_
BRDY )
:<-Tno->' i

BDRQ | m‘ \- T l‘/ '
L <— ‘MR —» | TMRW’:
BCR 1
<«—'BCR —> TwAe H

WCLK
—TgTp—> ! E H
STEP /‘ I | \ |- WC r;
f—T|p—> RCLK N
INDEX

' FRC -}
I
MISCELLANEOUS TIMING MISCELLANEOUS TIMING :
MISCELLANEOUS TIMING )
SYMBOL CHARACTERISTIC MIN TYP MAX UNIT CONDITIONS
TRQ BDRQ Reset from BRDY 40 200 ns
TBCR \?Vuffe';‘r Counter Reset Pulse | 1.4 1.6 1.8 us SeeNote 2
idt
TSTP Step Pulse Width 83 84 87 us See Note 2
TIDX Index Pulse Width 5 15 us
TMR Master Reset Pulse Width 24 wC See Note 3
Fwc Write Clock Frequency 25 5.0 5.25 MHz 50% Duty Cycle
FRC Read Clock Frequency 25 5.0 525 MHz 50% Duty Cycle
TeRY BRDY Pulse Width 800 ns See Note 5
TMRB MR Trailing To BCR 16 32 6.4 us See Note 2
TMRW MR Trailing To Host Write | 6.4 us See Note 2
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READ DATA TIMING
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READ DATA TIMING

SYMBOL CHARACTERISTIC MIN TYP MAX | UNIT CONDITIONS
TRCP RCLK Pulse Width 95 2000 ns 50% Duty Cycle
X1 RD from RCLK Transition 0 TRCP + 2 ns
Tx2 RD to RCLK Transition 20 TRCP +2 | ns
TRD RD Pulse Width 40 TRCP ns
TDRN DRUN Pulse Width 30 ns
TRCF RCLK Frequency .250 5.25 MHZ See Note 6
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WRITE DATA TIMING L
WRITE DATA TIMING
SYMBOL CHARACTERISTIC MIN TYP MAX UNIT CONDITIONS
TWC WCLK Puilse Width 95 2000 ns
TWD Prepagation Delay WCLK 10 65 ns
toWD
TWLE WCLK to Leading Early/Late | 10 65 ns
TELW WCLK to Trailing Early/Late | 10 65 ns
TWCF WCLK Frequency .250 5.25 MHZ See Note 6
NOTES:
1. AC timing measured at VoH = 2.0V, VOL=0.8V,CL 4. 2WCLK = 100 ns.
= 50 pf. 5. BRDY must be >4 us or a spurious BDRQ pulse

2. Based on WCLK = 5.0 MHz.
3. 24 WCLK periods (4.8 usec at 5.0 MHz).

341

may exist for up to 4 us after rising edge of BRDY.
6. TRCF = TWCF = 15%.
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