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DISTINCTIVE CHARACTERISTICS

B Complete single-chip Disk Data Separator for
tloppy disk and hard disk drives (minimal
external components)

H  Complete on-chip Phase-Locked Loop (PLL),
frequency may be dynamically changedJ

B Supports:
— 1 to 10 Mbit/s NRZ data rate with MFM coding
for hard disks and high-density floppy drives
— 1 to 10 Mbit/s NRZ data rafe with 2,7 RLL
coding for hard disk

— 250K to 1000 Kbit/s NRZ data rate with MFM
coding for double-density floppy disks

— 1.5 to 2.5 Mbit/s NRZ data rate with MFM
coding for high-density disk
B On-Chip Write Precompensation (frequency
proportional) (MFM)

B On-Chip Address Mark Generator/Detector

B One Am95C82 can support both fioppy and
hard disk drives. The on-chip analog section
can dynamically be switched between those
modes. No external components need to be
switched.

— 5V Vee, CMOS technology

— 28 Pin Dip or PLCC

GENERAL DESCRIPTION

The Am95C82 Disk Data Separator is a single-chip so-
lution to several functions associated with reading and
writing data to floppy or hard disk drive systems. The
Am95C82 is divided Into two basic sections: the Read
section and the Write section.

The Read section contains an on-chip Phase-Locked
Loop (PLL) to provide a read clock signal that tracks the
serial data from the disk. The MFM or 2,7 RLL data is
then fed into the MFM/2,7 RLL decoder to be converted
into NRZ (Non Retumn to Zero) data. A built-in address
mark detector recognizes the standard address marks
for MFM floppy and hard disks, and a sync, preamble,
and address mark sequence for 2,7 RLL disks. -

The Write section contains two encoders that encode
the incoming NRZ data and the Write clock into a single
stream of either 2,7 RLL- or MFM-encoded data. The

Write section also contains an address mark generator
and the Write precompensation logic. This address
mark generator can generate the standard address
marks for MFM floppy and hard disk data formats, and
the appropriate preamble and address mark of 2,7 RLL.
Write precompensation (MFM) compensates the bit-
shifting caused by the characteristics (pulse super-
positioning) of the magnetic media.

The Am95C82 is the companion device for the
Am9580A/Hard Disk Controller or the Am3590 ESDI
Hard Disk Controller. These chip sets provide a com-
plete disk controller solution to interface ST506- or
ST412-type hard disk drives and floppy disk drives. The
small size and low external component of the Am95C82
permit easy integration onto disk drives offering an NRZ
data interface (e.g., ESDI or SMD).

This doculmem co:;(}a.'m infoymation on a product u dvanced Micro

nder di
formation s Intended to help you to evmww. AMD reserves the
proposed product without notice.

Deovices,
ﬂgmtod\armocdnoomhuowod(onthb

Publication # 12550 Rev, A
fssue Date: November 1959

Amendment /0

i RE L e e e g

Power ed by | Cniner.com El ectronic-Library Service CopyRi ght 2003

28E D MM 0257525 0035790 7 WM AMD

e




BN 0257525 0035791 9 B AMD

ADVANCED MICRO DEVICES

28E D

BLOCK DIAGRAM

Ve00-0552t

NTI3S ~>

Lvaad

TTHMNEW
Sd0

1Yam

TIH/NIN

‘A1a0d

T1d eduelejey m_.x.__u_o
®
WAL osowix | X
2 3 ﬁ
XN
ONAS > Y1043HaY
%010 ,
lepodeq # [ ]
Wan
]
XN Lvaay
MOpUIM Bleq h
Jopsteq
Wen s
SSeIppY
Td ErA ool - 10p8jeQ 1 WY
eleQ - MopuIp ONAS |4
¥ ¥ mopumdoory ¥
! B4
ST weleq ¥ 1 V4 "W
P lwﬂmvg | p——3»] IOJRIBUBY)
Yey HAd
_ ) sselppy
)
oM
Zred T
XN M10HM
p 1vaum
uoesuedwooald
BRGWIN| AW _ e [
T TN
dNA/NIOd

2A1a0d

Amg5C82

.com El ectronic-Library Service CopyRi ght 2003

Power ed by | Cm ner



ADVANCED MICRO DEVICVES

BE 0257525 0035792 0 W AMD

28E D
CONNECTION DIAGRAMS .
T-52-38
PDIP ‘
cFiLm [ 1 28 M v,
Veo: [] 2 27 {1 MFM/RLL RODAT
TMODE [| 3 26 1 Rra
X, ] 4 25 [1] PcpLYy,
X, s 24 [ PcoLYy,
RD/REFCLK/2F [ 23 [ ] CFlLs
PCENDMP [ 7 22 [7] GND,
SELEN[| 8 21 1 MFW/ALL WRDAT
WRDAT [} 9 2 1 FH
WRCLK [} 10 19 [] FAM,
RDDAT [}/ 11 18 [_] FAM;
MFMALL [] 12 17 1 wa
AMF 1 13 16 [ ] AMC
GND, [] 14 15 [] @ND,
12650-002A
[
PLCC 3
Q
[+«
= i@
§ & &8 g [0}
X X S 6 S 8 8
I I I I
/4 a3 2 1 28 27 26
. ( !
PCENDMP [_| & 25/ ] criLs
ROmEFCLK [ | 6 24 ] e,
mooe [ | 7 23] pcoLy,
wrek [ ] @ 22 ] PpcoLy,
WRDAT [ o 21]7] .FH
SECEN [| 10 20 | MFM/ALL WRDAT
RODAT [_| 11 19] ] FAM,
12 13 14 15 16 17 18
I R N O N I Y AN I O | 12550-003A
Lt 5 g Q@ @ <
= () Q = . =
2 %588 23
|7
=
Am95C82

Power ed by | Cniner.com El ectronic-Library Service CopyRi ght 2003




ADVANCED MICRO DEVICES 28E D' MW 0257525 0035793 2 WE AMD

LOGIC DIAGRAM o
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ORDERING INFORMATION
Standard Products

AMD standard products are available in several packages and operating ranges. The ordering number (Valid

Combination) is formed by a combination of: a. Device Number
b. Package Type
c. Temperature Range
d. Screening Option (if desired)

o

AMoscs2 P

L — d. SCREENING OPTION
B =Bum-in
Blank = Standard Processing

c. TEMPERATURE
C = Commercial (0°C to +70°C)

b. PACKAGE TYPE
P = 28-pin Plastic DIP (PD 028)
J = 28-pin Plastic Leaded Chip Carrier (PL 028)

a. DEVICE NUMBER/DESCRIPTION

Am95C82
) Valld Combinations
Valld Combinations Valid Combinations list configurations planned to be
AM95C82 JC, PC supported in volume for this device, Consult the local AMD
i sales office to confirm availability of specific valid
combinations, to check on newly released combinations,

and to obtain additional data on AMD’s standard military
grade products. R :

Am95C82
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PIN DESCRIPTION

AMC

Address Mark Control (Input, Active High)

This pin has three functions: generate and write an ad-
dress mark during a Write operation, enable detection of
an address mark during a Read operation, and latch (on
the Low-to-High transition) the state of the FAM1, FAMo
pins at the beginning of a Read operation.

AMF :

Address Mark Found (Output, Three-State,

Active High)

During a Write operation, AMF acknowledges that the
address mark has been completely generated. The
Am95C82 latches in the data bit following the address
mark with the first clock after AMF has been asserted.
During a Read operation, AMF acknowledges that an
address mark of the requested type has been found.
The Am95C82 synchronously strobes out AMF and the
first data bit following the address mark.

CFILM
Filter Capacitor (Input, Analog)

This pin is for a .033-uf capacitor for the master PLL.

CFILS
Fiiter Network (Input, Analog) .

This pinis for a user-defined passive filter network used
to define the characteristics of (slave) data PLL.

FAM;, FAM,

Floppy Address Mark Select (Inputs)

These inputs select the address mark to be processed
and set up clock dump and data dump maodes for MFM
data, These inputs are further qualified by the MFM/
RLL, F/H, and PCEN/DMP pins (see Table 2).

F/H

Floppy/Hard Disk (Input)

This pin has two functions. It selects the prescaler value
for Xs, Xz inputs to determine the relationship between
the crystal frequency and data rate. When High, the
prescale value is 16 for MFM floppy operation (250~
1000 kbit/s). When Low, the prescale value is unity for
MFM and RLL hard disk operation {1-10 Mbit/s).

When qualified by FAM1, FAMs, and MFM/RLL, this pin

- selects the type of address mark to be generated or de-

tected (see Table 2).

MFM/RLL

Code Selection (Input)

Selects RLL or MFM modes of operation. Selects RLL
(2,7) coding when Low, MFM coding when High (see
Table 2). This pin has an interal pull-up to default to
MFM mode if not connected.

PCDLY:, PCDLY, -
Precompensation Delay (Inputs, Analog)

The ratio of the resistors connected between PCDLY1
and Vees (Ri) and PCDLYz and Vcca (R2) sets the

T-52-38

precompensation delay as a fraction of the reference

clock cycle time. The range of the precompensation de-
lay canbe set from 1% to 20% of the bit cell time with an
accuracy of +5% of the chosen value or 1 ns, whichever
is greater (using 1% resistors). The minimum precom-
pensation delay can be setto 2 ns.

These inputs must not be left open. Open inputs disturb
the operation of the on-chip PLL and thereby affect both
the Read and the Write logic. If precompensation is not
enabled, these inputs may be directly connected to Vec.
Figure 6 gives the typical values.

PCEN/DMP
Precompensation Enable/Dump Data (Input)

This input implements two functions that are muiti-
plexed. For Read operations the Am95C82 latches the
level on this pin with the falling edge of SELEN. A High
selects dump mode; a Low selects normal Read mode.
In dump mode the first non-0 bit received after a sync
field (eight consecutive 0s) will be interpreted as the ad-
dress mark, AMF will be asserted, and data will then be
output. This mode is. useful for attempting to recover
data from sectors with corrupted address marks. Dump
mode applies to MFM data only.

For MFM Write operations, this input enables/disables
the Write precompensation logic. When Low, PCEN dis-
ables Write precompensation, permitting Write data to
flow with no alteration in timing. When High, PCEN en-
ables Write precompensation, aitering the pulse-to-
pulse timing of Write data to minimize the effects of
pulse superposition on the magneticmedia. The degree
of compensation is adjusted by the PCDLY inputs.
Wirite precompensation is not used in RLL mode.

RD/REFCLK/2F

Read/Reference Clock/2* Data Frequency (Output,
Three-State)

During a Read operation (RG active), RD/REFCLK is
the Read clock that is derived from the encoded disk
data signal on MFM/RLL RDDAT. The disk controller
shoulduse this clockto sample the Read data (RDDAT).
When the system is not performing a Read operation
(RGinactive), RD/REFCLK is the reference clock thatis
derived from reference frequency supplied from X and
Xa. The switching from RDCLK to REFCLK is a glitch-
free operation. This output is three-stated when SELEN
is High (inactive).

When the Am95C82 is selected to operate in the syn-
chronizer-only mode, the recovered clock signal is out-
put on the RD/REFCLK pin. The recovered clock is two
times the data frequency.

SELEN
Select Enable (Input, Active Low)

Used to enable three-state outputs (AMF, RD/REFCLK,
RDDAT MFM/RLL WRDAT). Also used to strobe in the
state of PCEN/DMP (falling edge of SELEN) to deter-
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mine normal or dump data modes. If dump data mode is
not used, SELEN may be permanently tied Low.

If the Am95C82 only controls hard disk drives (F/H tied
Low), SELEN may be tied Low permanently.

TMODE

Testmode (Input, Active Low)

This input Is used to test the Am95C82 logic indepen-
dent of the internal PLL. This input should be tied High
for normal operation. It is used for test purposes only.

x‘l, x2
Crystal Osciilator 1,2 (Inputs)

An external crystalis connected to these two inputs (see
Figure 2). Altermnatively, a TTL-compatible clock may be
connected to X1 with X2 not connected. Table 2 specifies
the crystal frequency for various operating modes. In
floppy mode, the crystal frequency is divided down inter-
nally by 16, allowing the crystal oscillator to operate be-
tween 4 and 16 MHz for floppy MFM data rates of 250
kbit/s to 1000 kbit/s.

Write Section

MFM/RLL WRDAT
MFM/RLL Write Data (Output, Three-State)

MFM/RLL Write Data is the encoded data output to the

disk drive. The MFM format is used for hard disks and
double-density floppy disks. The RLL format is used for
hard disks. This output is three-stated when SELEN Is
High (inactive).

WG
Write Gate (Input, Active High)

When Write Gate is High the Write logic. is enabled.
This input should be connected to the Write gate output
of the disk controller. WG and RG must not be active
simultaneously.

WRCLK
Write Clock (Input)

In applications where the data separator and disk con-
troller are physically close, this clock input is typically
connected to the RD/REFCLK output of the Am95C82.
WRDAT must satisfy the setup and hold-time require-
ments with respectto WRCLK. in applicationswhere the
data separator and the disk controller are physically
separated (for example, ESDI), this input should be con-
nected to the Write clock output of the disk controller (for
example, the Write clock of the ESDI interface). This
connection minimizes the skew hetween clock and data.

WRDAT
Write Data (Input, Active High)
This input receives the NRZ Write Data from the disk

controller. The Am95C82 samples this input with
WRCLK (Write clock).

Read Section T-52-38
MFM/RLL RDDAT

MFM/RLL Read Data (Input, Active High)

This input provides the encoded data read fromthe disk.
The Am95C82 internally separates clock and data infor-
mation of the encoded MFM/RLL RDDAT and restores it
to the original NRZ format (RDDAT), which is sent to the
disk controller.

RDDAT

Read Data (Output, Three-State, Active High)

This output provides the decoded NRZ data for the hard
disk controller. In RLL sync mode the data is not
decoded; the Am95C82 directly passes the MFM/RLL

. RDDAT to the RDDAT output. No internal processing

takes place. This output is three-state when SELEN
is High. -

RG
Read Gate (Input, Active High)

* When RG is High, the Read section of the Am95C82 is

enabled, allowing the internal PLL to lock up to the
incoming encoded data stream. Read operations pro-
ceed as follows.

AMC is asserted, latching in the state of the FAM1, FAMo
pins and selecting the appropriate address mark to
search for. RG is then asserted, switching the input of
the data tracking loop from the reference loop (training
mode) to the MFM/RLL RDDAT pin. The loop acquires
lock and constantly searches for a sync field and ad-
dress mark. AMF is asserted when the address markis
found (the address mark pattern precedes the AMF sig-
nal), and NRZ data is output starting coincident with the
AMF. Receipt of the AMF by the Am9580A/90 will cause
AMC to be deactivated, thereby deasserting AMF; how-
ever, NRZ data continues to be output as long as RGis
asserted. At the end of the sector, RG must be deas-
serted in order to reset the sync field and address mark
detection circuitry for the next sector.

Veei
Output power supply (+5 V)
Veez
Analog power supply (+5 V)

GND;
Logic ground potential (0 V)

GND:
Output ground potential (0 V)

GND,
Analog ground potential (0 V)

Am95C82 7
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FUNCTIONAL DESCRIPTION

The Am95C82 Is a highly integrated single-chip data
separator for both floppy and hard disk drives that use
MFM codes and for hard disks that use 2,7 RLL code.
Data separation is the regeneration of a reference clock
from an incoming bit stream (Read data) and the use of
that clock to separate out serial NRZ data. The coding
rules for MFM use a unit of time called a bit cell. The cod-
ing rules for 2,7 RLL are shown in Table 1 and Figure 1.

MFM Coding

Inthe FM encoding scheme a bit cell accommodates up
to two flux transitions: a first flux transition of the manda-
tory clock and an optional second flux transition if the
NRZ data is 1. However, all clock flux transitions are
redundant. 4

MFM (Modified Frequency Modulation) uses the flux
transitions more efficiently. Here, each bit cell accom-
modates at most one flux transition. Hence, MFM re-
cording doubles the data capacity over FM recording
without increasing the flux transition density.

The rules for MFM encoding are as follows:

®  Generate a pulse in the middle of the bit cell (data
pulse), if a 1 is to be stored.

T-52-38

®  Generate a pulse in the beginning of the bit cell
(clockpulse), if a 0 is to be stored and the preceding
bit cell also stores a 0.

" [f the current bit cell stores a 0 and the preceding

bit cell stores a 1, the current bit cell does not
accommodate any pulses.

Because the MFM encoding only generates one flux

. transition per bit cell, the bit cell can be reduced to one-

half of the FM bit cell, keeping the flux transition density
constant. This doubles the data capacity of the disk
compared to FM encoding.

The data separator regenerates a data window that cov-
ers the position of the data pulse. For a constant flux
transition rate, the MFM data window is half the size of
the FM data window. This means that MFM recording
demands more sophisticated data separators than FM
recording.

2,7 RLL Coding

The RLL encoding scheme is a more general method to
encode data. Basically, RLL just defines the minimum
and the maximum number of Os between iwo 1s in the

1
L]
1
RD/REFCLK .
1
] 1 1 ' . .
] » T ' . .
' 1)
g 1 ' 1 0 1 (V] v
NRZ Data Pattern | .

(] (] N ' N N N
[ ‘ ' i . .
2F Clock I l | I | I | I | | | I | I I
' [] ] t 1 ' s '
1Y ) [} t ] & ] y f
' ] ' ' .

Y 1 0 ] o 1 0 0 )
RLL Encoded Data ! ' ' ' ,

Flux Transitions

Figure 1. RLL Encoding
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output data stream. Again, the output is running at twice
the input speed. There are several different RLL codes
inuse today. They differ in their maximum and minimum
numbers and in the actual bit pattern used to encode a
certain input pattern.

There are certain technical and physical limitations to
the values in use for these codes. The maximum num-
ber of 0s is limited by the quality of the PLL synchroniz-
ing onto the data stream while reading. The minimum
number of 0s, on the other hand, is limited by the possi-
ble bit density on the magnetic media. The goalisto use
a given bit density and increase the number of possible
0Os as much as possible. By this definition of RLL the
older MFM coding scheme is just a special case of RLL.

The mostcommon RLL code used today is the so-called
2,7 Code. These numbers indicate that the minimum
number of 0s between two 1s is two and the maximum
number is seven. Table 1 shows the possible patterns
on both sides of the encoder. The Amg5C82 imple-
ments this RLL 2,7 Code. ’

PLL Operation

The on-chip PLL regenerates the Read clock from the
encoded data read fromthe disk. It operates by compar-
ing the input data with a reference signal generated by a
Voitage Controlled Oscillator, or VCO. If the input tran-
sitions and the VCO transitions match, then the loop is
saldtobe inlock. If these sets of transitions do not match
(coincide in time), then a correction signal is generated
by the phase detector and sent to the VCO to modify its
output. Standard phase detectors expect a one-to-one
correspondence between input transitions and VCO
transitions. A disk data stream, however, contains
missing pulses. If this bit stream is directly applied to
the phase detector, it gives an erroneous output. For
example, a repeated “...1010...” pattern would cause
a standard PLL to lock to half the frequency because
only half the number of transitions exist versus the
*,..0000..." bit stream.

Two approaches can correct this PLL behavior, First,
the phase detector performs a phase comparison only if
a data pulse is present, that is, within one-half bit cell
time of a VCO edge. Generally, this arming function in-
volves two data paths to the phase detector: a “prompt”

Table 1. FRANASZEK Coding Rules

NRZ -~ RLL
10 1000

11 0100
000 100100
010 001000
o11 000100
0010 00001000
0011 00100100

28 D BN 0257525 0035798 1 EE AMD

path and a “delayed” path. The “prompt” path enables
the phase detector for a phase comparison, which is
then done using the “delayed” path. The drawbacks of
this scheme are that the delay must be proportional to
the data rate and that it requires external components
such as delay lines or one-shots.

The second technique employed by the Am95C82,
however, integrates a proprietary PLL that is not sensi-
tive to missing pulses and requires only a minimum
number of nonadjustable external components. The
next section describes the unique approach that is im-
plemented.on the Am95C82. -

T-52-38

Master and Slave PLL

The Ama5C82 contains two PLLs: a Master PLL (or ref-
erence PLL) and a Slave PLL (or data PLL). The Master
PLL is set to the nominal expected data frequency (as
specified by the crystal), and serves to keep the slave
PLL close to that frequency in the absence of any clock
or data pulses. It generates a reference current that is
proportional to the expected data frequency.

- The slave PLL tracks the incoming data bit stream and

produces a reference clock that times the actual data
separation process. It has two phase detectors/filters: a
“fast" detector/filter that acquires and tracks the input
signal, and a “slow” detectorffilter that eliminates any
steady-state phase errors between the generated refer-
ence clock and the incoming bit stream. The input to the
slave VCO is the weighted sum of the output of these
two phase detectorsffilters. and the reference current
from the master PLL.

The phase detectors/filters are time-to-voltage convert-
ers (integrators), which are ramped up for haif the VCO
time and ramped down for the other half. The “fast”
phase detector consists of a matched pair of integrators
that, inlock orinthe absence of data, are ramped up and
down in a synchronous manner. When the loop is not in
lock, the arrival of a data transition will cause one in-
tegrator to “freeze” immediately, while the other in-
tegrator continues its cycle. The output of the “fast”
phase detector is the difference between the outputs of
the two integrators. So, the phase detector is immune
to missing data transitions; in the absence of data the
two integrators will merely cycle with a constant net
difference of zero.

Compared to implementations that use only one inte-
grator, this approach yields a phase detector that is
faster and free of ripple. This “fast” phase detector re-
quires well-matched, low-drift integrators for proper op-
eration (static and dynamic matching and drift cancella-
tion). This phase detector is called “fast” because it
tracks the instantaneous changes in phase and has
negligible low frequency response.

The “slow” phase detector remembers and overcomes
static phase errors that the “fast” integrators do not
detect.

ey,

~
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External Components

A single, nongritical filter capacitor used in the Master
PLL is required on the CFILM pin. The only absolute
quantity in the circuit is the reference frequency, whichis
set by the crystal connected to X1 and Xa.

The Am95C82 requires an external loop filter for the
data PLL. The minimum configuration of aresistoranda
capacitor is shown in Figure 3. The optimum configura-
tion adds a second capagcitor o the minimum configura-
tion. The two-capacitor configuration is necessary in ap-
plications where the reference input frequency will be
changed on the fly, requiring optimized transient re-
sponse and bandwidth for the slave loop.

Mixed Control of Floppy and
Hard Disk Drives

£
Because all read PLL parameters are adjusted auto-
matically, one Am95C82 can provide the control for both

28E D WE 0257525 0035799 3 WM AMD

floppy and hard disk drives, No external companents
need fo be switched assuming that the relative precom-
pensation value for floppy and hard disk modes is identi-
cal (for example, 1% to 20% of bit cell time). In this
mixed mode itis suggested not to use the on-chip crystal
oscillator. Instead, a switchable (for example, 4 MHz for
250 kbi/s MFM floppy data rate and 5 MHz for 5 Mbit/s
MFM hard disk data rate) TTL clock source should be
connected to Xi.

The Am95C82 is divided into two basic sections as fol-
lows: the Write section and the Read section. Both sec-
tions operate independently of each other, but they do
not operate concurrently.

WRITE SECTION T-52-38

The Write section encodes the NRZ data stream sup-
plied on WRDAT into the MFM or RLL format. It consists
of a sync field translator, MFM and BLL encoders, and

X1
Am9582 =
!
T 47 pF T 47 pF
GND3 + Analog GND
Crystal Mode
X1
. — < fexr=4...16 MHz
Am9582
X2 L — NG
GND3 |——————o Analog GND
External Frequency Mode
SEL
4
FH SEL
X1 Y Ar¢——d friopry
Am9582 Bfe—d fiip
X2 —Nc
A -
GND3 Analog GND

12550-012A

Mixed Mode (Floppy/Hard Disk)

Figure 2. Crystal Osclllator Interfacing
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ZF

R1

C1

a. Simple Lag-Lead Passive Filter Network

oZF o

R1 ¢

Cc2

Ci

b. Lag-Lead Filter Network w/Ripple Fliter Capacitor

Flgure 3.

the address mark generator. It performs optional pre-
compensation of the MFM data if desired.

Sync Field Translator

Before any information is written to a sector, a PLO
SYNC field is written to the disk, This synchronization
field is required by the PLL (Phase-Locked Loop) during.
reading. For MFM encoding, a pattern of several 0s is
used for this purpose. However, this pattern is not suit-

ableforthe RLL 2,7 Code. Table 1 shows that the data
000 is encoded inta 100100. Since thisis a symmetrical
pattern, it cannot be used to synchronize properly.
Therefore, this application uses the data 11 instead,
which translates into the RLL data 0100. The
Am9580A/90 sends out a PLO SYNC field of 0s. In order
to avold a special treatment of the sync field in the en-
coder, all data coming from the HDC is inverted inter-
nally to the Am95C82, During a Read operation, NRZ
data is inverted again, before being sent to the HDC.

Address Mark Generation T-52-38

Each seclor on the disk contains two address marks.
They mark the start of the header and the data field. For
MFM floppy and in hard disk mode, these address
marks are different (see Table 2). To make the address
marks unique and always distinguishable from all possi-.
ble data patterns, the MFM encoding rules are deliber-
ately violated when an address mark is generated. This
is done by deleting some of the clock bits in the encoded
clock/data pattern. When a sector is read back from the
disk, these missing clocks are detected and the disk
controller is assured that correct synchronization has

taken place. Note for RLL that although the code is

unique, the encoding is not violated.

The AM9I5C82 generates the standard IBM address
marks for floppy (IBM) format and hard disk (ST506)
formats and a unique address mark for RLL format.
AMC (Address Mark Control) is sampled on the rising
edge of WRCLK when a Write operation is taking place.
The appropriate address mark is then inserted. At com-
pletion AMF (Address Mark Found) is brought High in
acknowledgment.

The type of address mark generated is dependent on
FAM:1, FAMo, and the operating mode, that is, floppy or
hard, and MFM/RLL. The type of address mark selected
is listed in Table 2. .

Table 2. Address Mark and Frequency Selection

Mode Selection
*MFMW/RLL FH PCEN/DMP** FAM, FAM, MODE XTAL
1 1 1 0 1 floppy—dump data 16X
1 1 1 1 1 floppy—dump clock 16X
1 1 0 [ 0 floppy—IXAM 16X
1 1 [ 1 1 floppy id or data 16X
1 o] 0 [V 0 hard—MFM A1 bit rate
1 0. 1 0 1 hard-—MFM dump data bit rate
1 [} -1 1 1 hard—MFM dump clock bit rate
(¢] 0 0 [ [ hard—RLL (2,7) bit rate
o 0 0 1 0 hard-—RLL sync bit rate

*Code Rate Frequency—"2t" fraquency of PLL

**Dump is a mode whereby data {or clock) is passed to the disk controller on an apparent start of address mark (end of apparent
Sync Field). This is to enable the recovery of sectars that could not otherwise be read due to corruption of the address mark.
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Table 3. Address Marks for Varlous Operating Modes T-52-38
DOUBLE DENSITY FLOPPY*
Type Data Pattern Clock Pattern Number of Bytes
IXAM c2 14 - 3
DAM and IDAM Al 0A 3
HARD DISK (MFM)* .
Type Data Pattern Clock Pattern Number of Bytes
DAM and IDAM - Al 0A 1
HARD DISK (RLL)* .
Type Data Pattern Ciock Pattern Number of Bytes
DAM and IDAM 04 NA 05

*Note: The ID address marks and data address mark for double-density floppy and hard disks are normally qualified by an extra
byte following the address mark. However, these.extra.bytes are normally encoded (no missing clocks), which the controller can

easily detect during a Read operation.

Whenever an address mark needs to be written, the
HDC asserts the AMC (Address Mark Control) signal.
This causes the encoder to write the address mark pat-
tern 00000100. This does not violate the RLL 2,7 encod-
ing scheme, but it is a unique pattern.

The HDC, when starting a Read operation, always as-
serts AMC to search for an address mark. The decoder
starts looking for the sync pattern 0100. This pattern has
to occur at least five times before the Am95C82 starts
looking for the address mark. This method ensures syn-
chronization at the beginning of a sector.

After an address mark has been recognized, the device
waits until the first 4 bits of NRZ data are available inthe
NRZ shift register and asserts AMF (Address Mark
Found). This causes the HDC to interpret the data bit at
the next rising edge of RDREF/CLK as the first bit of
valid data.

Write Precompensation

Bit shifting is a phenomenon caused by the flux changes
stored on the disk, which are interacting with each other.
Its effectis to move nearby flux changes away from each
other, creating a timing uncertainty that can cause er-
rors when data is read. This phenomenon is more sig-
nificant on the inner tracks of a disk because the flux
changes are closer together.

To overcome this interaction between flux transitions,
the Write Data stream is precampensated; that is, the
direction of each bit shift is anticipated and the bit is
moved inthe other direction by the Am95C82 before be-
ing written to the disk. When PCEN is High, precompen-
sation Is enabled and each bit will be made either Early,
Nominal, or Late, depending on its interaction with its
neighbors. The amount of time shift between Early,
Nominal, and Late is set by two external resistors on the
PCDLY pins. The precompensation procedure is shown
inFigure 4and Figure5.

If precompensation is enabled, the pulse widths of the
Early and Nominal pulses are extended (see Figure 5).
The rising edges of the-Early, Nominal, and Late pulses
show the actual precompensation. Therefore, the rising
edge of Write Data should generate a flux transition on
the disk drive. The falling edges of Early, Nominat, and
Late are always aligned (no precompensation) and
therefore should not be used.

If precompensation is not used, PCDLY1 and PCDLYz
should still be connected to Analog Vec (Vees), either
directly or via pull-up resistor, to ensure proper
operation of the Master PLL (required for Read and
Write sections).

For RLL (2,7) mode, Write precompensation (if re-
quired) has to be performed by external circuitry.

12 Am95C82
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T-62-38 . -
Encoded MFM Bit to be Written
MFM Write Data
Direction of Shift - 0 1 o]

MFMCLK
Write On Time 0 [+} 0 (1]
Write Early 1 0 1] 1]
Wirite Early 0 1 Q (1]
Wiite Late 0 0 1 ] "
Write Late 1 0 1 o
Write On Time 0 1 1 (V]
Wirite Late 0 0 0 1
Write On Time 1 0 0 1 .
Write Early 0 b} 0 1 :

Figure 4. Write Precompensation

[{ Bit To Be Written l_{ Next Bit To Be Written
MFM Read Data l

@ =
On time = nominal delay *
'tl,'. > I

Late r
]

Early
) *Nominal Delay =1, )
| **7e = Te= 1%—~20% bit cell time 12550-008A
}5
2
B Figure 5. Bit Shifting for Write Precompensation
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Am9582
PCDLY2

PCDLY;

CFILM
CFILS

GND,

R2

23 10

220 ) T Ho...} Ca—l-

T-52-38

Analog Ve
Ri

o Analog GND

4

«12550-009A

Figure 6. Discrete Components Connection

Precompensation
[

10% 3~

5% +

R2=65KQ
(typical for 5 MHz)

R, =5.2K nominal; R,=86.5K nominal

T t
14 18

$ » Ri

Rz 12560-010A

Figure 7. Suggested Reslistor Values for Precompensation

READ SECTION

The Read section of the Am95C82 consists of a read

. data Phase-Locked Loop (PLL), Window Logic, Sync
Field Detector, Address Mark Detector, MFM/RLL De-
coder, Synchronized Muitiplexer, crystal-controlled os-
cillator, a reference PLL, and a Divide-by-16 counter as
shown in the Block Diagram.

Phase-Locked Loop (PLL)

The main function of the data PLL is to provide a clock
signal (shown as 2f in Figure 8) that closely tracks the
MFM/RLL serlal data read from the disk. The 2t signalis
then used fo generate clock and data windows.

Whenthe chip is inthe Write mode (WG active), the PLL
Is synchronized to the REFCLK derived fromthe crystal-
controlled oscillator. When data is read from the disk
(RG active), the PLL is locked to the data stream from
the disk and outputs RDCLK. In either case these output
signals are avatlable on the RD/REFCLK pin. In syn-

chronizer-only mode, the Am95C82 provides a “code
rate” (2f) clock on the RD/REFCLK pin.

The Sync Field and Address
Mark Detector ’

The Sync Field Detector looks tor the.code-specific sync
field. For MFM the sync field consists of eight consecu-
tive pulses in clock windows generated by the on-chip
PLL. When this pattern is detected, the window signal
polarity willbe frozen. if the sync patternis not found, the
Am95C82 flips the window polarity so that the sync de-
tector can continue to look for the sync pattern. The ap-
parent sync field ending is seen as a pulse in the data
window. This action arms an address mark time-out;
that is, after 8 bit cells (or 24 bit cells for double-density
floppy mode), an address mark must be found or the
Am95C82 is reset back to the lowest level of search
where it looks for eight apparent Os (MFM).
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T-52-38 "
MFM Encoding

#1 #2 #3 #4 #5 #6 #7 #8 #9 #0  #1 #2

NRZ Data 1

Pattern ‘
S
MFM Encoded .

Data '

e
o
B
o
-
.
o
o
-
o
o

)

Flux
Transitions

Data
Window

MFM Decoded
Data

[T 1

*Note: MFM encoding doubles the bit density on the disk by replacing clock bits (C) used in FM encoding
with data bits (D). MFM encoding reduces the bit cell by one half.
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Figure 8. MFM Encoding*

In BLL mode, the same NRZ input is used for synchroni- Address Mark Recovery with

zation. However, aninverter is used on both the input of Media Defects
: the encoder and the output of the decoder. This con- , .

verts the NRZ sync pattern from 00 to 11. From Table 1 In the normal MFM operating mode the Ama5C82 will
this pattern translates to the 0100 RLL code sequence  Only detect an address mark if all 8/24 bits match the
p[aced onthedisk (note: inRLL mode, the encoded RLL selected address mark (See Table 2). ll:l the clock/data
disk data is that of the inverse of the incoming NRZ dump mode the Am95C82 can assist in the detection
data). The choice of the 11 pattern not only provides ~ ©f damaged address marks. Here, the Am95C82 will
compatibility with MFM for the NRZ data interface, but ~ assertAMF (Address Mark Found) as soon as it detects
also provides a nonsymmetric sync pattern guarantee-  the first data bit (pulse in the data window) (see
ing proper alignment of clock and data windows. The ~ Figure 9). Selectively, the Am95C82 then provides
sync detector circuitry looks for a minimum of five fields ~ either the clock pattern, which should show the missing
of 0100 before enabling the address mark detection  Cclock (coding violation within the address mark, clock
logic to begin searching for the address mark. After ad- dump mode), or the address mark data (data dump
dress mark detection is enabled the only allowable pat- ~ Mode). ,
terns are the sync pattem and the address mark; any ; :
other pattern will cause the address mark detection and aBg: ﬁg‘s :gfv?;:g ?é?gRicl_h eme differences these modes
the sync field counters to be reset and the sync field '

search is begun anew. MFM/RLL Decoder

The detection of various address marks for floppies and The MFM/RLL decoder converts the incomi
4 ng MFM/
hard disks Is performed by the Address Mark Detector. R | serial data from the disk to NRZ data for the disk

o The type of address mark to be detected is determined  ¢ontoller. If an MFM/RLL pulse occurs in a data win-
by the signals MFM/RLL, F/H, FAMo, and FAM1 a5 qow, the NRZ data is decoded as a 1. It no pulse occurs

shown in Table 2. In response to an active AMC, AMF in the data window, the NRZ data is decoded as
will be asserted to indicate that the desired address . l ao.
mark has been found during a Read operation, or an ap- implementing an RLL encoder/decoder is slightly more
propriate address mark has been written during a Write complicated, and. can require a more elaborate state
operation. machine. Before RGis asserted the NRZ and RLL regis-
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T-52-38

3'::; Syne Field

Address Mark

Data Field

AMF

RD Data

RRRRRGCOUUN. X )

j¢— RD Data and AMF Valid
For Normal Operation

1st AM Data 2nd AM Data
(or Clock) Bit (or Clock) Bit
12550-011A
Figure 9. Dump Mode

ters are preset with unique stop patterns. After RG and
AMC are asserted to begin a Read operation, the de-
coder begins looking for the RLL sync pattern 0100. As
the RLL bits are loaded into the register the decoder
compares them to a look-up table containing the right
half of Table 1. When a match is detected, the corre-
sponding NRZ pattern in Table 1 is loaded into the NRZ
register and the RLL register value is reset with the

unique stop pattern. On detection of a proper address”

* mark the decoder waits until 8 more bits of RLL data
have been read into the RLL register, guaranteeing the
NRZ register has valid data ready, then asserts AMF.
This allows the Hard Disk Controller to interpret the NRZ

. databit at the next rising edge of RDREFCLK as the first
valid bit of data. Disk data Is then read until RG is deacti-
vated, resetting the logic and beginning a search for the
sync fields. The scheme works similarly for encoding
and decoding, with the NRZ register being loaded from
the disk controller. When patterns on the left of Table 1
are matched, the pattern on the right is loaded into the
RLL register for shifting out to the disk.

Clock Generator

' The clock generator consists of a crystal-controlled os-
cillator, a PLL locked to the output of the crystal oscilla-
tor, and a frequency divider. The oscillator frequency is
determined by the X1 and the Xz inputs (crystal or TTL-
level clock source). The frequency divider divides the
oscillator frequency to generate the REFCLK. The ap-
propriate divide ratio is selected internally as shown in
Table 2. )

The master PLL keeps the data (slave) PLL tuned to its
center frequency when the Am95C82 is not reading
data. When the Am95C82 is writing data (WG High), the
master PLL/divider frequency is output as REFCLK to
the disk controller for use during Write operations. When

the Am95C82 is reading disk data (RG High), the data
PLL is phase locked to the incoming data from the disk.
The RDREFCLK output continues to be the REFCLK
from the master clock until the proper sync fields are
detected when the output switches over without any
glitches to the RDCLK output from the data PLL.

Write Precompensation

The Am@5C82 performs Write precompensation. for
MFM-encoded data only. The bit to be written is shifted
early or late with respect to a nominal delay. The
nominal delay is selected if data is to be written on time.
Actionto be taken is made by examining an internal 7-bit
register through which the MFM-encoded data is
passed.

Printed Circuit Board Layout Guidelines

The Vee and ground of the Am95C82 contains PLL and
other analog circuitry that demands noise-free power
supplies to operate correctly. Therefore, Analog Vee and
GND should be connected to the power connector via
separate supply lines. They should not be connected di-
rectly to the GND and Vcc plane of a multilayer PC
board. These supply lines should have separate by-
pass capacitors located as close as possible to the sup-
ply inputs. :

The filter capacitors (CFILM, CFILS) should be con-
nected between the CFIL inputs of the Am95C82 and
Analog GND. The precompensation delay resistors
should be connected to Analog Vce.

The crystal should be positioned as close as possible to
the crystal osclllator inputs of the Am95C82 (X1 and Xa).
The two crystal capacitars should be connected to Ana-
log GND (see Figure 2). .
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T-52-38
ABSOLUTE MAXIMUM RATINGS OPERATING RANGES .
Storage Temperature ............ ~65to +150° C Commerclal (C) Devices
Supply Voltage to Ground Ambient Temperature (Ta) ........... 0to +70°C
Potential Continuous . ............. ~-05t0+7.0V Supply Voltage (Vo) ......... vesees BVI0210%
DC Voltage Applied to Cutputs Operating ranges define those limits between which the func-
for High Output State ............ -0.5V1to + Vec tionality of the device is guarantaed.,
DClInputVoltage ........cuuu... -05Vto4+7.0V
DC OQutput Current into Outputs ........... 30 mA
’ Stresses above those listed under Absolute Maximum Rat-
ings may cause permanent device failure. Functionality at
or above these limits is not implied, Exposure to Absolute
Maximum Ratings for extended periods may affect device
reliability.
4
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PHYSICAL DIMENSIONS - T-52-38
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PHYSICAL DIMENSIONS
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28-pin Plastic Leaded Chip Carrier

042
.048 050
REF

— ] |-

o o o U
[e] )

—

0 1 i
' N ]
IR 2
495 —.026
[ 1 %32
{ ]
{0 ]

4 "f»

a
£
2
H

P

L~

Power ed by | Cniner.com El ectronic-Library Service CopyRi ght 2003




