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- WD37C65/A/B
- Floppy Disk Subsystem

Controller .

FEATURES

¢ IBM* PC AT* compatible format (single and double
density) -
— Floppy control and operations on chip

. —In PC AT mode, provides required signal

" qualification to DMA channel

— BIOS compatible

« Dual speed spindle drive support

Address mark detection circuitry internal to floppy
disk controller

. ¢ Multisector and multitrack transfer capability

‘.939=ouu<&mxa:<o.=_a;mnoi=::ou::aa
needed :
— 48mA sink output drivers
— Schmitt Trigger line receivers
e Compatible with PD8080/85, PD8086, and, PD780
(Z80™) microprocessors . :
On chip clock generation
Two TTL clock inputs for 40 pinDIP_ . .-
Two XTAL oscillator circuits for 44 pin PLCC
Automatic write precompensation g
Inner track value of 125 or 187NS pin selectable
Enhanced host interface I
— Read/Write accesses compalible registers with 8
or 12 MHz 286 microprocessor with 0 wait states
— 20 LSTTL output drive capability

— Inputs are TTL level Schmitt Trigger (except data
bus)

* High performance, classical 2nd order, type 2,
phase locked loop digital data separator < 10E-9
industry standard error rate

125, 250, 300, 500 kbits/sec data rates
* CMOS low power 125mwW
® +5V DC power supply
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— DMA timing corrected

User programmabie track stepping rate and head
load/unload time

Drives up to four floppy or Micro Floppydisk™
drives .

Data transfer in DMA or non-DMA mode

Parallel seek operations on up to four drives

_:._m:,m. power c«u reset circuitry (WD37C65A/8
only).

DESCRIPTION /

The WD37C65/A/B Floppy Disk Subsystem Controller is
an LS| device that provides all the needed functionality
between the hest processor peripheral bus and the cable
connector to the floppy disk drive. This “superchip” inter-
grates: formatter/controiler, data separation, write
precompensation, data rate selection, clock generation,
drive interface drivers and receivers.
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WD37C65/A/B is a reference to the fact that there are
three revisicns of this device: the original V/D3J7CES, the
V/D37CE5A, and the WD37C658. The WD3TCE5A and the
WC37C65B are cin-for-pin compatible with the WD37C65.
except for the &4 pin PLCC package, whe-e advantace
was taken o the additional pins. The orlv diference
between the WD37CE5A and the WD3TC333 is the ‘act

*) 1BM and AT are registersd trademarks of International Business Machines Corporanon,

w89 aiey Sty rademark of Zilog Inc
Micro Flazpydisk is a registered trademark of Sony Corparation,
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that the WD37C65A (and the WD37C65) issues 255 step
p.!ses. while the WD37C658 issues 77 step pulses during -

tible Schmitt Trigger fine receivers, and outputs are high
current, open drain, with the Am mA drivers meeting the

PIN DESCRIPTIONS (cont.)

a racalibrate command. In _:o. WO37C65A/B, pins 17 and ANSI specification. : %&ﬂh_mﬂ MNEMONIC mv_%u_>mr 7o FUNCTION

40. wnich were not utilized in the WD37C65. became The host interface has been _au.o<ma for speed operation

CZHGEN (Disk CHanGe ENable) and DCHG (Disk supporting eight or .12 MHz, 286 microprocessor bus. 17 DCHGEN® DISK CHANGE ! This inout must be at Logic = 0 to enable DCHG inoy

CHanGe) respectively. Both are active low. DCHGEN is without the use of wait states. The inputs are Schmitt ENABLE Status at oin 40 to be placed on CB7 during a RO = (

o:m:.ua as an option for those designs that used the Triggers (except the data bus). Output drive capability is of LDCR - 0. Internal pull-up.

2.nal WD37C65 part where DCHG did not exist as a 20 LSTTL loads. allowing direct interconnection to bus T 1718 LOOR LOAD | Address cecode which enables the loading of :ne

.u rect input into the chip. structures s:SoE.Sm use of buffers or :.m:mnm:.\mﬁ For ’ OPERATIONS Operations Register. Internally gated with WR creates

Cn the d:sk drive interface, the 20303\»5 includes ~ PC and PC AT applications. qualification of interrupt i REGISTER the strose which latches the data bus into the

ca:a separation that has been designed to address high . request and DMA request is provided. . ) Operations Reg:ster.

percrmarce error rates on floppy disk drives, and Traditionally, data rate selection. drive selection, and 18/19 LDCR LOAD CON | Address cecode which enables loaa:ng of the Contro

cortains ail the necessary logic to achieve classical 2nd stepper motor control have been output ports of the host ) . EGISTER Register. Internally gated with WR creates the strobe

orcer. type 2, phase locked loop performance. Write processor architecture. In the WD37C65/A/B, these func- : which latches the two LSBs from the data bus intc
precompensation is included, in addition to the usual tions are latched into registers addressed within the 1/O the Control Register.

formatting. encoding/decoding, stepper motor control, mapping of the system. The WD37C65/A/B has eight 19/20 RST RESET | Resets controller. 4 .

. . placing microsequencer in idie.
ana status sensing functions. Allinputs are TTL compa- internal registers. The eight bit main status Bu_m.m_. Resets device outputs. Puts device in Base mode. nal
(Continued on page 35). . . PC AT or Soecial mede.

PIN DESCRIPTIONS ] 20/21 | RDD READ DISK I | This is the raw serial bit stream from the disk drive.
D/P PIN | SIGNAL DATA Each falling edge of the pulses represents a flux
NUMBER m MNEMONIC NAME 10 A FUNCTION transition of the encoded data.

0 AD READ 1 Control signal for transfer of data or status onto the 2 CLk2 CLOCK2 I | TTL level clock input used for non-standard data rates;
h data bus by the WD37C65/A/B. . "w.mmu_szn *_oruoo kbs. and can only be selected from
Y YT=] WORITE . i . . I : e Control Register.
2/2 WR WRITE | Control signal for latching ,Qma from the bus into the : 122 XT3. . XTALS o XTAL oscillator drive output for 44 pin PLCC (See
SR WDarEssiAI0.Bulter: Registar ! Figure 6). Should be left fioating if TTL inputs used
313 CS HIP SELE | Selected when 0 (low) allowing RD or WR operation i . at pin 23
from the host. g :
123 XT2 - XTAL2 A XTAL oscillator input used for non-standard data rates.
a/4 A0 ADDRESS LINE | Address line selecting data (=1) or status (=0) ' It may be a:<n:n§5 a TTL leve! signal.
information. (A0 - logic 0 during WR is illegal). 22/24 DRV DRIVE TYPE I Drive type input indicates to the device that a two-
5/5 DACK DMA | Used by the DMA controller to transfer data from the speed spindle motor is used if logic is 0. In that case.
ACKNOWLEDGE WD37C65/A/B onto the bus. Logical equivalent to the second clock input will never be selected and S:B.
CS and A0-1. In Special or PC AT mode, this signal : be grounded.
) e : " A ; : .
oo . is-qualified by DMAEN from the Operations Register. 23/ | CLKi CLOCK1 I | TTL level clock input is used to generate all internal

i 6/6 TC TERMINAL | This signal indicates to WD37C65/A/8B that data trans- ! timings for standard data rates. Frequency must be

_ COUNT fer is complete. If DMA operational mode is selected | 16MH2 » 019 and may have 40/60-or 60/40-duty
v for command execution, TC will be qualified by DACK, cycle.

but not in the programmed 1/O execution. In PC AT : 125 XT1 XTALT O | XTAL oscillator drive output for 44 pin PLCC (See
or Special mode. qualification by DACK requires Figure 6). Should be left floating if TTL inputs used
the Operations Register signal DMAEN to be logically at pin 26.
true. Note also that in PC AT mode, TC will be qualified ! . " .
i by DACK. whether in DMA or non-DMA host ' 126 XT1 XTAL1 | XTAL oscillator _:nE requiring 16MHz crystal. This
_ operation. Programmed 1/0 in PC AT mode will cause h oscillator is used for all standard data rates. and may
an abnormal termination error at the completion of . be driven with a TTL level signal. )
a command. . | 24127 PCVAL. PRECOMPEN- | PRECOMPENSATION VALUE select input. This pin
714 | DBO thru DATA BUS O thru | 1/O | B-Bit, bi-directional. tri-state. data bus. DO is the least SATION VALUE o Bkttt Mo i bt
714 | DB? DATA BUS 7 significant bit (LSB). D7 is the most significant bit o e Doy LECINCT (e Ine0s. Logic Ty
’ (MSB). 125ns. Legic 0 = 187ns. e
, HEAD SELECT

., 15/15 DMA DIRECT MEMORY (o) DMA request for byte transfers of data. In Special or 2 As B o I_.mzvn‘.:_«_._m.::a:ﬁ‘n:ﬂo.mv_OC.MS wo._uﬂm the head

] ACCESS PC AT modan. this pin is tri-stated, enabled by the Arm e m mdconv\ 12 .Om s being read or written.

DMAEN signal frem the Operations Register. This pin | . 0gic 1 - s.de 0. Logic 0 = side 1.

! is driven in the Base mcae. _ 26129 | WE WRITE m2>.mrm O | This HCD output becomes true. active low. just pricr

i IHW iatalioar 0 Interrupt request indicating the completion of "m i::noyn:._:m erm:m This allows current to flow

~~and execution or data transfer requests :in non- T = rough the write head
DMA mode). 1vGine., =" Raen mode. In Special _ 27/130 | WD - WRITE DATA O | This HCD outout is WRITE DATA. Each falling edge

_ or PC AT mode. this pin is tri-stated, enavieu uy .. € of the encoded data pulse stream causes a flux

ars — DMAEN signa! tfrom the Operations Reqister. _ * transition on the media.

*Only in the PLCC version of the WD37C65A/8. Not conrected in the \WD37CES
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PIN DESCRIPTIONS (cont.)

contains status information of the WD37C65/A/8 and may
be accessed any time. Ancther four status registers under

oscillator is at 9.6 MMz to support the 300 kb/Sec data
rate used in PC AT designs.

i |
—%cm..mv_mﬂ __ MNEMOMNIC mbmﬂ_Mr 170 FUNCTION system control also give various status and error infor- Some AT compatibles use two-sceed disk drives. If a two-
; mation. The Control Register provides support logic that speed disk drive is used, the DRV input should be
28/31 DIRC DIRECTION (o) This HCD output determinas the direction of the head latches the two LSBs used to select the desired data rale . grounded along with the CLK2 input.
stepper motor. Logic 1 = outward motion. Logic 0 = that controls internal clock generation. The Operations
inward motion, . Register replaces the stancard latched port used in floppy ARCHITECTURE
29/32 STEP PULSE o} This HCD output issues an active low pulse for each subsystems. These registers are incorporated into the The WD37C65/A/B Floppy Disk Subsystem 0023:!. is
track to track movement of the head. WD37C65/A/B. an LSI device that provides all the needed ‘unctionality
s8r aner,
| 3033 | BST IVE SELECT 1 O | This HCD output, when active low, is DRIVE SELECT 1 Al Clock Generation: SCLK - Sampling Clock, WCLK - wmﬂﬂmﬂo_.: wo:ww%ﬂmvnmwwoywn mmﬂu_ wnwmmm._ﬁ,m“ﬂm
. ! in PC AT mode, enables the interface in this disk drive. i Write Clock, and MCLK - Master Clock, are included in integrates: formattericontrolier. data separation, write
I This signal comes from the Operations Register. In ) the WD3J7C65/A/B. XTAL oscillator circuits provide the v.,mnoaumrmm:o: datarate um_mn:o:. clock oo:o.sm:o?
Base, or-Special mode, this output is #1 of the four : necessary signals for internal timing when using the 44 drive interface drivers and recervers.
decoded Unit Selects, as specified in the device ' pin PLCC. If the 40 pin DIP is used, the TTL level clock . X
command syntax. inputs must be provided. There are two oscillator inputs Figure 1 illustrates a u_on_memoa_a of the WD37C65/A/8
31134 | vss GROUND Ground. i to the WD37CE5/A/B; one at 16 MHz that handles afl Floppy o_.“_, SUdyen | oﬂﬁuwwo e
£ i Vs 5
32135 | b33 DRIVE'SELECTZ | O | This HGD output, when activ low,is BRIVE-SELECT 3 | Flandare cata aies (500, 250, and 125 kbiSec). The other  Figure 2 ilusirates a typica i
in PC AT mode, enables the interface in this disk drive. |
This signal comes from the Operaiions Register. In
Base or the Special mode, this output is #2 of the four
decoded Unit Selects as specified in the device - w—— |
s command syntax. - : senr _ « * 0 y
33/36 | MOT, 553 MOTOR ON T, O | This HCD output, when active low, is MOTOR ON DATA <5
DRIV L enable for disk drive #1.in PC AT mode. This signal 4 oS m&wﬂmﬂ m_.nﬂmwﬂo. ﬁl nmmﬂm.ﬂmx nw,mmu.umﬂmwxz
comes from the Operations Register. In the Base or
Special mode, this output is #3 of the four decoded 4 L _ A
Unit Selects as specified in the device command ‘
syntax.
34/37 | MO32, B34 MOTOR ON 2. O | This HCD output, when active low, is MOTOR ON 8 BIT INTERNAL DATA BUS SEn
DRIVE SELECT 4 enable for disk drive #2, in PC AT mode. This signal = %
comes from the Operations Register. In the Base or x'_ ¢ « Y
Special mode. this output is #4 of the four decoded DRV Pt > RAM H3
Unit Selects as specified in the device command : I 1 :o_.x. T 2uxs Lom SO
syntax. ! CLock o1 AL - = DeSK
; - . . ! D 1 AND [ | INTERFACE | =25
35/38 HDL HEAD LOADED (o] This HCD output, when active low, causes the head Wi - TIMING | gp CONTROC oAc
1o be loaded against the media in the selected drive. — GENERATOR| o la—{'NSTRUCTION ROM REGISTER
. CS-»{ HosT g DECODE L L AWC
36/29 | RWC. APM REDUCEDWAITE | O | ThisHCD output. when active low, causes a REDUCED A0 -] INTERFACE WCLK it e
CURRENT, RITE CURRENT when bit density is increased e ) « o 0514
REVOLUTIONS toward the inner tracks, tecoming active when tracks DACK SCLK : <& TRoO
PER MINUTE > 28 are accessed. This condition is valid for Base TC -3 Ty PROGRAM e OX
° or Special mode, and is indicative of when write DMA <a—{ ~ P CCUNTER [e r- WP
precompensation is necessary. In the PG AT mode, M STATE
this signal will be active i:mﬂ. CRO=-1. 10 = “ :;mm MACHINE _rv : T
40 DCHG- i HAN ] This ST input senses status ‘rom the drive, indicating — i niaE lep] FLAG
active low that drive door is open or that the diskette | LDOR i LOGIC e o .
has possibly changed since last drive selaction, | . o
37141 WP WHITE B ! This Schmitt Trigqor (ST) input sensas status from the i W‘Mmo
PACTECTED disk drive, Indicating active low when a diskette is i g‘ % _ o
y ) WRITE PROTECTED. i CLKT=™1 cAvsTaL
3842 | TAOO - TFACK 00 | This ST input senses status from disk drive, indicating | Clk2 p| OSC.Xx2 DIGITAL DATA DATA ENCCOER {CRC GENERATOR it
. 3 ¢ active low when the head is positioned over the P ATOR OECODER PCVAL
i i . outermost track. TRACK d9. -
32::3 i INOEX - A | This ST input senses status from the disk drive, I "PLCC ve-scn of WD3TCEIA 8 only
| indicating active low when the head is positioned over ¥
. “ R the beginning of a track marked by an index hole. FIGURE 1. WD37C65/A/B BLOCK DIAGRAM
40/44 vCC | +5vDC Input power supply. )

Inly ‘0 the PLCC version of

N

the v/D37C65A/8. Not connected in the WD37C65.
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FIGURE 2. TYPICAL WD37C65/A/B SYSTEM

HOST INTERFACE

The host interface is the Host Microprocessor Peripheral
Bus. This bus s composed of eight control signals and
eight data signals. !n the Special or PC AT modes, IRQ
ard DMA request are tri-stated and qualified by DMA
enaola. internaily provided by the Operations Register.
The data bus. OMA, and IRQ outputs ara designed to
hand e 20 LSTTL loading. Inputs, except the data bus,
are Schmitt Trigger receivers and can be hooked up to
a bus. or backplane without 2~y additional buffering.
During the Command or Resu!* phases, the Main Status
Register must be read by the processor before each byte
of rformauon is wrtten into or read from the Data’
Pegisier. Atar 2ach oyte of data is read from'cr written
into the Data R 2 o127 the CPU srou'd wait for 125 bafore
reazing the Main Status Raegister. Bits D6 and D7 in the
Main Status Register must be ina 0 and 1 state, respec-
tively, before each pbyte of the command word may be
wrtien nto the WD37C65/A/B. Many of the commands

require multiple bytes. As a result, the Main Status
Register must be read prior to each byte transfer to the
WD37C65/A/B. During the Result phase, Bits D6 and D7
in the Main Status Register must beth be 1's (D6=1 and
D7-1) before reading each byte from the Data Register.
Note that this reading of the Main Status Register before
each byte transfer to the WD37C65/A/B is required only
Inthe Command and Result phases, and not during the
Execution phase. Note also that DB6 and DB7 in the MSR
can be polled instead of waiting 12us. When they have
the right bit settings, the WD37C63/A/B is ready for
commands. This might save some time.

During the Execution thase. the Main Status Reqister
need not ta read. If the VWD37CA3/A/B 15 in the non-OMA
Maode, then the receipt of each cata e (WDITCBSA/8
is reading aas from the FDD) is indicated by an interrupt
sianalon pin 16 (IRQ -1). The generation of a Read signal
(RD = 0) will clear the interrupt as well as ouiput the
data onto the data bus. If the processor cannct hand'e

interrupts fast enough (every 13.s for the MFM mode and
27us for the FM mode), then it may poll the Main Status
Register and bit D7 (RQM) functions as the _am:.mm
signal. If a Write Command is in process then the W
signal performs the reset to the Interrupt signal,

All timings mentioned above double for mini floppy data
rates.

Note that in the non-DMA mode it is necessary to examine
the Main Status Register to determine the cause of the
interrupt since it could be a data interrupt or a command
termination interrupt, either normal or abnormal. If the
WD37C65/A/B is in the DMA mode, no Interrupt signals are
generated during the Execution phase. The WD37C65/A/B
generates DMA's (DMA Requests) when each byte of data
is available. The DMA Controller responds to this request
with both DACK = 0 (DMA Acknowledge) and an RD = 0
(Read signal). When the DMA Acknowledge signal goes
low (DACK = 0), then the DMA Request is cleared (DMA
= 0). It a Write Command has been issued, then a WR
signal wi!l appear instead of RD. After the Execution
phase has been completed (Terminal Count has occurred)
or the EQT sector read/written, then an Interrupt will occur
(IRQ = 1). This signifies the beginning of the Result phase.
When the first byte of data is read during the Result
phase, the Interrupt is automatically cleared (IRQ = 0).
It should be noted that in PC AT usage, non-DMA Host
transfers are not the normal procedure. If the user
chooses to do so, the WD37C65/A/B will successtully
complete commands, but will always give abnormal
termination error status since TCis qualified by an inactive
DACK.

The RD or WH signals should be asserted while DACK
is true. The CS signal is used in conjunction with RD
and WR as a gating function during programmed 70
operations. CS has no effect during DMA operations. If
the non-DMA mode is chosen, the DACK signal should

be pulled up to Vee It is impoartant to note that during

the Result phase all bytes shown in the Command Table .

must te read. The Read Data Command for example,

has several bytes of data in the Result phase. All seven

TABLE 1. CONTROL REGISTER

bytes must be read in order to successfully complete the
Read Data command. The WD37C65/A/8 will not accept
a new command until all seven bytes have been read.
Other commands may require fewer tytes to be read
during the Result phase. The WD37C65A/8 contains fve
Status Registers. The Main Status Reg:ster menticre
may be read by the processor at any time. The other four
Status Registers (STO, ST1, ST2, and ST3) are available
only during the Result phase and may be read only after
completing a command. The particu'ar command that
has been executed determines how many of the Starus
Registers will be read.

The bytes of data which are sent to the WD37C65/A/B
to form the Command phase, and are read out of the
WD37C65/A/B in the Result phase, must occur in the
order shown in the Command Table. The command coce
must be sent first and the other bytes sent in the
prescribed sequence. No foreshortening ¢ the Command
or Result phases is allowed. After the iast byte of cata
Inthe Command phase is sent to the WD37C65/A/B, the
Execution phase automatically starts. In a similar fashion,
when the last byte of data is read out in the Result phase.
the command is automatically ended and the
WD37C65/A/B is ready for a new command.

CONTROL REGISTER

The Control Register provides support logic that latches
the two LSBs of the data bus upon receiving LDCR and
WA. CS should not be active when this happens. These
bits are used to select the de<.red data rate. which in turn
controls the internal clock ge.ieration. Clock switchover
isinternally “deglitched,” allowing continuous operation
after changing data rates. If the Control Register is not
used. the data rate is governed by the suoplied clock or
crystal. The frequency m-ist be 64X the des.red MFM gata
rate, up to a maximum frequency of 16 MHz2. This imp'es
a maximum data rate of 250 kb/s, uniess the Controt
Registeris-used. Swilching this clock must be “giitchiess™
or the cevice will need to be rese!. Table 1 presents the
Control Register.

CR1_| CRO | DRV | DATA RATE COMMENTS RPM (IN PC/AT mode)
0 0 X 500 K MFM 1
0 0 X 250 K FM o 1
0 1 0 250 K MFM 0
0 1 1 300 K MFM t 0
1 0 X 250 K MFM, RST Default 1
1 0 X 125 K FM, RST Default 1
1 1 X 125 K FM 0

MASTER STATUS REGISTER .

The Master Status Ragister is an eight-bit register that
contains the status informaticn cf the FDC, and may be
accessed at any time. Only the Master Status Register
may be read and used to facilitate the transfer of data
between the processor and WD37C65/A/8. The DIO and
RQM bits in the Master Status Register indicate when
data is-ready and in which direct.on data will ba trans-
ferred on the data bus The maxmum time between the

last RD or WR during a Command or Fesult phase and
DIO and RQM getting set is 12us if 500 «2:s MFM cara
rai2 s selected. (If 250 kb/s MFM is se'ected. the c¢olay
is 24us.) For this reason, everynme the Master Status
Register is read, the CPU should wat 12us. The
maximum time from the trailing edge of the last BD in
the result phase to when DB4 (FOC dusy) goes low is

12us



:.m bits in the Master Status Register are listed in Table 2.
ABLE 2. MASTER STATUS REGISTER BITS

BIT
DESCRI

NO. NAME SYMBOL SCRIPTION

08O FOD 0 BUSY oo FDD number is 0 in the Seek Mode. If any of the bits is set,
FDC will not accept READ or WRITE commands.

ce: i FDD 1 BUSY D18 FDD number 1 is in the Seek Mode. If any of the bits is set,

! FDC will not accept READ or WRITE commands.

De2 FDD 2 BUSY D28 FOD number 2 is in the Seek Mode. If any of the bits is set,
FOC will not accept READ or WRITE commands.

Des | FOD 3 BUSY D3B FDD number 3 is in the Seek Mode. If any of the bits is set,
FDC will not accept mm>o. or WRITE commands.

D84 FDC BUSY cB A READ or WRITE command is in progress. FDC will not
accept any other command.

Des EXECUTION MODE EXM This bit is set only during Execution phasein non-DMA mode.
When DBS goes low Execution pnase has ended and Results
Phase has started. It operates only during non-DMA mode
of operation. '

D86 DATA INPUT DIO Indicates direction of data transfer bétween FDC and Data
Register. If DIO-1, then transter is from Data Register to the
processor. It DIO=0, then transfer is from the processor to
Data Register. :

DB? REQUEST FOR ROM Indicates Data Register is ready to send of receive data to |

MASTER or from the processor. Both bits DIO and RQM should be
used to perform the handshaking functions of "ready" and
“direction” to the processor.

Mo

in Status Register 0 are listed in Table 3.

BLE 3. STATUS REGISTER 0 BITS

The bits in Status RegiSter 1 are listed in Table 4.
TABLE 4. STATUS REGISTER 1 BITS

BIT

NO.

NAME

SYMBOL

DESCRIPTION

D7

D6
D5

D4

D3
D2

D1

END OF CYLINDER

DATA ERROR

OVERRUN

NO DATA |

NOT WRITEABLE

MISSING ADDRESS
MARK

EN

DE

OR

ND

NwW

MA

When the FDC tries to access a sector beyond the final sector
of a cylinder, this flag is set.

Not used. This bit is always 0 (low).

When the FOC detects a = CRC error in either the ID field
or the data field, this flag is set.

If the FDC is not serviced by the host system during data
transfers within a certain time interval, this flag is set.
Not used. This bit is always 0 (low).

During execution of READ DATA, WRITE DELETED DATA,
or SCAN command, if the FDC cannot find the sector
specified in the * xIDR Register, this flag is set. During
execution of the READ ID command, if the FDC cannot read
the ID field without an error, then this flag is set.

During execution of the READ A TRACK command, if the
starting sector cannot be found, then this flag is set.
During execution of WRITE DATA, WRITE DELETED DATA
or FORMAT A TRACK commands. if the FDC detects a WP
signal from the FDD, then this flag is set.

If the FDC cannot detect the ID Address Mark after
encountering the index hole twice, then this flag is set.

It the FDC cannot detect the Data Address Mark or Deleteq
Data Address Mark, this flag is set. Al the same time the
MD (Missing Address Mark in data field) of Status Register
2 is set.

The bits in Status Register 2 are listed in Table 5.
TABLE 5. STATUS REGISTER 2 BITS

BIT o
DESCRIPT
NO. NAME SYMBOL Sl j BIT DESCRIPTION
. D7-0 and D§-0. Normal termination of command .was i b ididi STMBOL :
mw.:%_ﬁm%Om%a UM%E; @”mncaa. ; M D7 Not Used. This bit is always 0 (low).
~0an =1. Abnormal termination o command, (AT). 9 ; CAN
D7 INTERRUPT CODE IC Exscution of command was started but was not successfully ! 28 CONTROL MARK M %whwzmcmm.wnhﬁﬂhmw%m%ﬂ%%“ﬂoﬁ:u a Om.w.ﬂmwﬂ
. : nOowaw_mﬁmaa.Om A Address Mark, this flag is set.
=1 an =0. . B
Invalid command issue. (IC). Command which waslissuod D5 DATA ERROR oD ““m.zwoﬂwA.u detects a CRC error in the data field, then this
was naver started, 9 e Ll
D5 SEEK END SE | When the FDC completes the SEEK command, this flag is ! D4 WRONG CYLINDER Lide Uosis) ﬁu,waa..%hnmhw:ﬂ.mmwiﬂuhﬂﬁw s i A
, set to 1 (high). 2 : : K4k X .
. IDR, this flag is set.
tD4 EQUIPMENT CHECK EC . I the Track O signal fails to occur after 255 step pulses ; ; i s
: " | (Recalibrate Command), then this flag is set. = SCAN EQUAL st %c.cm:%:Mwﬂ%wwmmﬂmwzm:mm‘w_uonmﬂﬂm_,d, i the Candidon
03 NOT READY NR ¢ Si i i is wi . r .
e m,_mawm_%m__mmommm% 's 2lways presumed true, this will L : D2 SCAN NOT SN Ouring execution of the SCAN command. if the FDC cannot
Fa ol P e i 5 find a sector on the cylinder which meets the condition, then
D2 HEAD SELECT | HS This flag is used to indicate the state of the head atinterrupt. ) this flag is set. - R .
D1 UNIT SELECT 1 Ust This flag 1s used to indicate a Drva Unit Number at interrupt. i D1 BAD CYLINDER BC This bit is related to the ND bit, and when the contents of
0o UNIT SELECT 0 " uso This flzg 1s used to indicate a Drive Unit Number at interrupt. C on the medium 15 different from that stored in the IDR and
the contents of C is FF, then this flag is set.
- Do MISSING ADDRESS MD When data is read from the medium, if the FOC cannct find
MARK IN DATA FIELD a Data Address Mark or Deleted Data Address Mark, then
o . this flag is saet.




The bits in Status Register 3 are listed in Table 6.
TABLE 6. STATUS REGISTER 3 BITS

DESCRIPTION *

BIT
NO. NAME SYMBOL
b7 o _
D6 WRITE PROTECTED WP
1D5 READY RY'
D4 TRACK 0 TO
+D3 WRITE PROTECTED WP
D2 HEAD SELECT HS
D1 UNIT SELECT 1 us1
oo UNIT SELECT 2 uso

Not uséd. Will always be logic 0. )
This bit is used to indicate the status
PROTECTED sigrtal from the FDD. T
This bit will always be a logic 1. )
Drive is presumed to be ready. =~ = - = .
This bit is used to indicate the status of the Track 0 signal
- from the FDD. o : }
This_bit is used to indicate the status of the WHITE
PROTECTED signal from the FDD.
This bit is used to indicate the status of the Side Select signal
to the FDD. )
This bit is used to indicate the status of the Unit Select.1
signal to the FDD. ) .
This bit is used to indicate the status of the Unit Select 0
signal to the FDD. :

, of the WRITE

* CRC - Cyclic Redundancy Check
*x IDR -Internal Data Register
#x% C - Cylinder

t - Ditferent from NEC765

TABLE 8. OPERATIONS REGISTER

i | ORO - DSEL

OR1 (X)
No defined function in WD37C65.

OR2 SAST ; Soft reset, active low.

OR3 °~  DMAEN
IRQ outputs and DACK input.

OR4 - MOEN1

OR5 . MOEN?2

OR6 (X) : Has no defined function. A spare.
Special mode (1) and PC AT mode (0).

; Drive Select, if low and MOENT = 1, then D37 is active. If high and
MOEN2 = 1, then D32 is active, but only in the PC AT mode.

: In WD3J7C65A/B this must be a logic 0 for D31 and D32 to become active.
; DMA enable, active in Special and PC AT modes. Qualifies DMA and

i Motor On enable, inverted output MOT is active only in PC AT mode.
; Motor On enable, inverted output MO2 is active only in PC AT mode.

OR7 (MSEL) - ;Mode Select. During a soft reset condition, may be used 10 select between

.. .. BASE, SPECIAL, AND PC AT MODES

_Base. Special, and PC AT modes allow subtle diterences

-, which the user may find desirable. The Control Register

may be used in any mode without altering functionality.

Base Mode

After a hardware reset, RST active, the WD37C65/A/B will
be held in soft reset, SRST active, with the normally
driven signals, DMA request and IRQ request outputs tri-
stated. Base mode may be initiated at this time by a chip

" access by the host. Although this may be any read or -

write, it is strongly recommended that the Base mode
user’s first chip access be a read of the Master Status

the Operations Register. DMAEN and SHST are sup-
ported and compatible witn the current BICS. AWC pin
function is now RPM so that users with two-speed drives
may reduce spindle speed from a nominal 360 revolutions
per minute to 300 revol.tions per minute when active low,
or used to reduce write current when a slower data rate
is selected for a given drive. Figure 3 illustrates the
relationship among the three modes.

Register. Once Base mode is entered, the soft reset is -
5 released, and IRQ and DMA are driven. Base mode prohi- o —y
| bits the use of the Operations Register, hence there can « o
DATA REGISTER be no qualifying by OMAEN and no soft resets. The Drive o S | la!a...ﬂ.
The eight-bit Data Register stores data, commands. para- The relationship between the Master Status Register and Select outputs, DS1 to DS4, offer a 1 of 4 decoding of »%nwcum..m il e
meters, and FDD status information. Data bytes are read the Data Register and the signals RD, WR, and A0 are the Unit Select bits resident in the command structure. ) «
out of. or written into, the Data Register in order to shown in Table 7. : Pin RWC represents Reduce Write Current and is Y e .
program or ootain the results after a panticular command. . indicative of when write precompensation is necessary. BASE | .»%wznuxmn
i Special Mode MODE ¥
Special mode allows use of the Operations Register for
TABLE 7. MASTER STATUS AND DATA REGISTERS RELATIONSHIP ; the DMAEN signal as a qualifier and to do a software AL
5 B WA FUNGTION | driven device reset, w.n.m% To enter Special mode, the . 00E
slal. % _ Operations Register is loaded with (1X00XO0XX), A v
0 0 1 Read Main Status Register | setting mode Select to a logic 1 disabling MOEN1 and ) BT
0 1 0 lllegal i MOEN2 and causing SRST tobe active. Then a read of . WRITE 0coeR meg
0 0 0 llegal the Control Register address, LDCR and RD. will set the O CPER REG
1 0 0 illegal device into Special mode. The D51 through D33 is again ¥ «
1 0 1 Read from Data Register offered in this mode, as is AWC.
1 1 0 Write into Data Register PC AT Mode -ﬂm%.m A

OPERATIONS REGISTER

The Qperanons reygister piv..dis uam~= 'amic that
latches the data bus upon receiving LDOR and WA. Cs
should not be active when this happens. The Operations
Register replaces the typical latched port found in fleppy

—

subsystems used to control disk drive spindle motors and
w .. "o Adesired disk drive. Table 8 represents the
Operations Hegisic.

For PC AT compatibility, users will write to the Operations
Reagister, LDOR and WR; this action, performed after a
hardware reset, or in the Base mode, initiates PC AT
mode. PC AT mode can also be entered from Special
mode by loading the Operations Register with (0 X 0 0
X 0 X X), seiting Mode Select to a iogic 0. disabling
MOEN1 and MOEN2, and causing SRST to be active.
Then a read of the Control Register address sets the
Adevice into PC AT mode. The DS outputs are now
replaced with tho DSEL and MOEN signals but'ered Irom

FIGURE 3. FLOW DIAGRAM
DEPICTING RELATIONSHIP OF BASE, SPECIAL,
AND PC AT MODES.



POLLING ROUTHNE

After any reset the WD37C65/A/B, (a hard RST or soft
T13ST). will autcmatically go into a Polling routine. In
tetween commands (and between step pulses in the
SEEK Command), the WD37C65/A/B polls all four FDDs
looking for a change in the Ready line from any of the
dnves. Since the drive is always presumed Ready, an
interrupt will only be generated following a reset. This
occurs because a reset forces Not Ready status, which

then promptly becomes Ready. Note that in Special or

PC AT modes, if DMAEN is not valig prior to 1ms after
reset goes inactive, then IRQ may be already set and
pending when finally enabled onto the bus. The polling

of the Ready line by the WD37C65/A/B occurs contin-

uously between commands. Each drive is polled every
1.024ms, except during the READ/WRITE commands. For
minifloppies, the polling rate is 2.048ms. The drive polling
sequence is 1-2-4-3. Please note that in the PC AT mode,
the user will not see the polling at the Drive Select signals.

Figure 4 illustrates the Drive Select Polling Timing.

(

FIGURE 4. DRIVE SELECT POLLING TIMING

DEVICE RESETS

The WO3J7CES/A/B supports both hardware reset (RST)
pin (19) anc a sortware reset ( through use of the
Operations Reg'ster. The RST pin will cause a device
reset for the active duration. RST cayses a default to Base
mode, and default selects 250k MFM (or 125k FM, code
dependent) as the data rate (16 MHz input clock). SRST
will reset the microcontroller as did the RST, but will not
affect the current data rate selection or the mode. RST,
when acuve, wil disable the high current criver outouts
t0 the .5+ arive AST and SAST will not aect the values
set for the internal timers - HUT, HTL, and SAT.

I the XTAL oscillators are used, instead of the TTL driven
clock inputs, the hardware RST active time requirement
will be extended. The oscillator circuit is designed so that
RST will bootstrap the circuit into guaranteed oscillation
in a fixed amount of time. The extended reset time allows

the growth of the oscillation to produce stable internal
clock timing.

DATA SEPARATOR

The Data Separator is a WD92C32 Digital Phase Lock
Loop Floppy Disk Data Separator (DPLL). It was designed
to address high performance error rates on floppy disk
drives. and to provid2 superior performance in terms of
availab'e bit jitter tclerance. It contains the necessary logic
to achieve classical 2nd order, type 2, phase locked loop
pertormance. Figure 1 illustrates the WD92C32 used as
the Data Separator in the WD37CE5/A/B system. Figure
5 illustrates the WD92C32 simplified block diagram. The
itter tolerance for the data separator is 60%, which
guarantees an error rate of <10E-9.

: DSKD B! RE SYNCHROMIZATION SO SErD)
TRANSIENT | puase *
RESPONSE |— [ sUMMER [—|-9 sepcix
STATE | CORRECTIONS
- FILTERING -

[ EEE)

STEADY INC

STATE }—3»- | CONTROULED
FREQUENCY | DEC

FILTERING  }—3

FOATA

OIGITAL
OSCILLATOR

=1l
i A

FIGURE 5. WD92C32 SIMPLIFIED BLOCK DIAGRAM

WRITE PRECOMPENSATION

The WD37C65/A/B maintains the standard first level
algorithm to determine when write precompensation
should be applied. The EARLY and LATE signals are used
internally to select the appropriate delay in the write data
pulse stream. The encoded WRITE DATA signal is syn-
chronized to the 16 MHz clock if this is the frequency on
CLK1 pin (23), and clocked through a shifi register.
Signals EARLY, NOM, and LATE determine the amount
of delay through the shift register before a multiplexer

cycles. For 9.6 MHz, this is + 208ns. In this case. the

"PCVAL function is disabled.

CLOCK GENERATION

This logical block provides all the clocks needed by the
WD37C65/A/8. They are: Sampling Clock (SCLK), Write
Ciock (WCLK), and the Master Clock (MCLK).

SCLK drives the WD92C32 Data Secarator used during
data recovery. This clock’s frequency is always 32 t:mes

sen bil {0 (e oulput. The output data puise
width has a 25% duty cycle, ie., one fourth of the bit cell
period, and equal to one half the WCLK period.

When PCVAL pin (24) = 1, all data will be precompensated
by + 125ns, regardless of track number and data rate.
However, this is only for MFM encoding. There is no write
precompensation for FM. If PCVAL = 0. and if a track
inside number 28 is accessed. then + 187ns precompen-
sation will be ganerated. For frequencies other then 16
MHz on the CLK1 pin, the precompensation values will
be two and three clock cycles respectively.

When the non-standard data rate using CLK2 is chosen,
the MFM preccmpensation will always be two clock

TABLE 9. CLOCK DATA RATE

the selected data rate.

WCLK is used by the encoder logic to place MFM or FM
on the senal WD-stream to the disk. WCLK always has
a frequency two times .:.m selected data rate.

MCLK is used by the microsequencer. MCLK and MCLK
clock all latches in a two-phase scheme. One microinstruc-
tion cycle is four MCLK cycles. MCLK has a frequency
equal to e:gnt times the selected 'FA data rate ¢+ ‘6
times the FM data rate. Tabie 9 pres2mts the Clock Data
Rate. Figure 6 illustrates the XTAL csc:llator circu:s for
the 44 pin PLCC contiguration.

DATA RATE CODE R SCLK MCLK WCLK
500 kb/s MFM 160 MHz 40 MHz 1.0 MHz
250 kb/s | FM 80 MHz 40 MHz 500 KHz
250 kbis MFM 80 MHz 2.0 MHz 500 KHz
125 kbrs FM 40 MHz 20 MHz 250 KHz
300 kb/s MFM 96 MHz 2.4 MHz 609 KMz




TABLE 12. READ DELETED DATA

: mmm.mmxﬂmmofza PHASE | R/W | D7[ D6| D5 D4 D3 D2| D1| DO REMARKS
. XT1 h.j 96 MHz 4+ 100 ppm COMMAND | W | MT|MF|SK| o 1] 1| 0/ 0| Command Codes
| Cq A series = 30 ohm max w xI xI Xl X X| HS|US1IUSO : : :
TP 25 H. C shunt = 10 pf max W |< c >! Sector ID information prior to command
1 = (03] = 68 pf 5% mica W |« H >| execution. The four bytes are compared
i g Cs Cc2 = 56 pf 5% mica | " W |« R >| against heacer on flcpoy disk.
x2 2 = SERIES RESONANT ﬁ W< N >
== L S ! i : e
» == C2 160 MHz + 100 ppm i W < GPL >
XT2 ,IHUI _ R series = 30 ohm max w DTL
= = m%:ca : hw m“ msowaxaam EXECUTION Data transfer between FDD and main
= c4 - 15 pf 5% mica | Systom: :
i J RESULTS R |« STO >| Status information after command
FIGURE 6. XTAL OSCILLATOR CIRCUITS FOR THE 44 PIN PLCC m M < mqqm M execution.
COMMAND PARAMETERS TABLE 10, WD37C65/A/B COMMANDS : R | C Sector ID information after command
The WD37C85.A/B is capaole of performing 15 different READ DATA R |« H execution.
ccmmands. Each command is initiated by a multibyte READ DELETED DATA R |< R >
transfar from the processor. The results after execution WRITE DATA R - N >
of the command may also be a multibyte transfer back WRITE DELETED DATA
to the processor. The commands consist of three phases: READ A TRACK } S
Ccmmand phase. Execution phase, and the Result READ 1D . ! ) ’
pnase. FORMAT A TRACK"
Command phase - The Floppy Disk Controller (FDC) SCAN EQUAL ™ . o e N - ———
receives all information required SCAN LOW OR EQUAL
to perform a particular operation SCAN HIGH OR EQUAL
from the processor. RECALIBRATE
Execution phase - The FDC performs the operation mmmmﬂ24mxmc3 STATUS TABLE 13. WRITE DATA
R SENSE DRIVE STATUS PHASE | R/W | D7| D6] D5] D4 D31 02] D1] DO REMARKS
Resuit phase .- After completion of the operation, SEEK
status and other housekeeping ' ! COMMAND W |MT{MF{ 0| 0 0r 1| 0f 1| Command Codes
information are made availableto  Tables 11 through 25 are presented to show the requirad 9 w XXt oxi X X! HSUS1!USO ; AT
the processor. parameters and results for each command. Most com- & < m > mmﬂo.ﬁ_o _ﬁu«dm._oﬂu:os to n033~=au
e 10 1i mands require nine command bytes and return seven < ! >| execution. The four bytes are compar
o .. SRR (D e LR bytes during the result phase. The W' to the left of eaach W e R >| against header on flocoy disk.
byte indicates a command phase byte to be written. An W |< N >
" "“R" indicat : w EQT >
TABLE 11. READ DATA R indicates a result byte " 62 .
[ PHASE [ R/W [D7]D6] D5 D4 D3] D2[ D1] DO REMARKS : w Sl = _
T COMMAND W MT|MF| SKI o ol 1| 1| 0| Command Codes EXECUTION Data transfer between FDD and main
w | x|l x| x| x x| Hslustluso System.
W |< C >| Sector ID information prior to command RESULTS - R |< STO >| Status information after command
w H >| execution. The four bytes are compared R ST1 >| execution. :
W |e R »| against header on floppy disk. . R ST2 >
W |< N . : R |=< C >| Sector ID information after command
W < EOT > ! R H >| execution.
W < GPL H R R >
W |« DTL R N >
EXECUTION . Data transfer between FDD and main
. system.
| RESULTS R |< STO >| Status information after command b
R < ST > execution.
R ST2 !
‘R < C >| Sector ID information after command '
R |« H >| execution.
R |« R >
R < ——- N ———




