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FIGURE 6. Programming the DDC Format Parameters in the Case of an ESDI Hard Sectored Implementation
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Index/Sector Machine Timing Diagrams
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FIGURE 9. Index/Sector Machine Hard Sectored ESDI
(Non-Format) State Diagram, Truth Tables and Timing

State Diagram

TL/F/9381-10
Truth Table
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Present = F1 F2
State Inputs Next State Outputs
0 0 0 0 0 0 0 0
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1 1 1 X 1 1 1 0
1 1 X 1 1 1 1 0
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0 0 X 1 1 0 0 1
1 0 X 1 1 0 0 1
1 0 X 0 0 0 0 0

hole. Figure 10 shows the state diagram, truth table and
timing relationships for this section of the Index/Sector ma-
chine. It uses two state variables, F1 and F2.

4. Soft sectored drive, format operation
PAL inputs: soft/hard/ = 1 and format = 1

In this case the index/sector machine essentially follows
the index pulse from the drive and passes it on to the DDC
while it forces the sector input to the DDC to be inactive
(low).

3.3.2 The Address Mark Machine

The Address Mark Machine consists of a pair of muitiplex-
ers which feed the AME input to the drive and translate the
AMF from the drive as the sector pulse input to the DDC.
Once again as before there are 4 types of drive operations,
encoded using the two PAL inputs soft/hard/ and format.

wex [ ]

L | I | I
SO pe I

r__ [ 1

omoex [ |

SECTOR

TL/F/9381-11
FIGURE 10. Index/Sector Machine Soft Sectored ESDI
(Non-Format) State Diagram, Truth Table and Timing
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The working of the address mark machine in these cases is
outlined below.

1. Hard sectored drive, Read and Write operation
PAL inputs: soft/hard/ = O and format = O.

The AME to the drive is kept inactive (low).

2. Hard sectored drive, format operation
PAL inputs: soft/hard/ = O and format = 1

State Diagram

WG = Write Gate

/F/9381-1
WGD = Write Gate Delayed by One Clock TLF/9381-12

Timing Diagrams—Soft Sectored
(Non-Format) Operation

we [ |
w1

WGD

1

AME

EXTERNAL DELAY FOR 10us
TO HOLD OFF AME

TL/F/9381-13

In this case the AME to the drive follows the DDC generated
AME.
3. Soft sectored drive, read or write operation

PAL inputs: soft/hard/ = 1 and format = O
In this case the PAL generates AME and handshakes with
the AMF from the drive, translating it to the DDC as the
sector input.
4. Soft sectored drive format operation

PAL inputs: soft/hard/ = 1 and format = 1
In this case the leading edge of AME generated by the DDC
is delayed by the length of the ISG (post index/sector gap)
and presented to the drive.
Note: The trailing edge is not delayed.
Figure 11 shows the state diagram and timing relationships
for the Address Mark Machine. Given below are the PAL
equations for this control PAL implemented in a 16R4.
These include some simplifications from the above informa-
tion. In particular the hard sector non-format equations for
F1, F2 and G1 can drop the use of the term /FORMAT,
since during the format operation it is quite acceptable to
have these output behaving as for non-format since the in-
dex to the DDC follows the index from the drive. The equa-
tions are written in PLAN format.

Timing Diagrams—Soft Sectored Format Operation

e __ [ 1
weows — . T
msee [ L

me 1
TL/F/9381-14

FIGURE 11. Address Mark Machine Details
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Control PAL Equations (Plan Format)
Version 1.3 Dated: 05/12/86

/vg

(soft*/wgd

(soft*wgd*wg)+(soft*wgd*gl)+

*/wg*amf) +

(/soft*/gl*index)+(/soft*gl*/f1l)+
(/soft*gl*f2)+(soft*gl*/timeout)

(soft*/format*f2*amf)+

(soft*/format*f1*ff2*index)+
(soft*/format*fl*/f2*%amf)+
(soft*/format*/f1*/£2*%/index*amf)+

(/soft*/£1

*P2*timeout)+(/Soft*F1*£2)+

(/soft*f1*/£2*/timeout)

.

= (soft*/format*/f1%*/f2*%index)+

(soft*/format*/f1*£2)+
(soft*/format*f1*f2*amf)+
(soft*/format*f1*f2*index)+
(/soft*/fl*/f2*index)+
(/soft*/f1*/f2%amf) +
(soft*/f1*£2)

(vee) /ame =

(vee) reset =

(vee) /dindex =

(vee) /sector =

(soft*/format*gl)+
(soft*/format*wg)+
(soft*format*/dame)+
(soft*format*/timeout)+
(/soft*/format)+
(/soft*format*/dame) + (amd)

(soft*/format)+
(soft*format*/dame)+
(/soft*/format*/f1*/£2)+
(/soft*/format*f1*£2)+
(/soft*format)

(soft*/format*/f1)+
(soft*/format*/f2)+
(format*/index)+
(/soft*/format*/f1)+
(/soft*/format*£2)+
(/soft*/format*/gl)+
(/soft*/format*timeout)

(/format*/f1)+
(soft*/format*£2)+
(soft*format)+
(/soft*/format*£2)+
(/soft*/format*gl)+
(/soft*/format*timeout)+
(/soft*format*/amf)

3.3.3 Timer PAL

This is essentially the PAL used to generate the delay.
When the RESET input to the PAL is low it does not count. It
starts counting and when the desired time delay is reached
it produces an active low output (TIMEOUT). The value of
the delay is variable from 1 to 32 byte times. The counter is
clocked by the disk’s RCLK which is divided by 8 to provide
a byte-rate clock to a five-stage counter. When RESET is
low (active), the inverse of the values GA-GE are loaded
into the counter, and one byte-time after the counter reach-
es 11111 the TIMEOUT output goes low and counting
stops. The value on GA-GE (GA is least significant bit)
should be set to (number of bytes delay—1). Given below
are the equations for this PAL 20X10). Note that PLAN re-
qures the use of a dummy term to complete the OR function
before the XOR. Hence for example, in the equation for F1
the term “F1*/F1” is put in, which always equals to 0.

Timer PAL Equations (Plan Format)
Version 1.3 Dated: 05/12/86

£3 := (/timeout*/reset)+
(£3*%/£3) :+: (£3%* /reset)

£2 := (/timeout*/reset*f3)+
(£2%/£2) :+: (f2%/reset)

f1 := (/timeout*/reset*f2*f£3)+
(f1*/£1) :+:(f1*/reset)

qa := (/reset*f3*f2*fl)+
(reset*ga) :+:(qa*/reset)

gb := (/reset*f3*f2*f1l*/qa)+
(reset*gb) :+:(gb*/reset)

qc = (/reset*f£3*f2%f1l*/qa*/qb)+
(reset*ge) :+:(qc*/reset)

qd := (/reset*f3*f2*fl*/qa*/qb*/qc)+
(reset*gd) :+:(qd*/reset)

timeout :=

(/reset*f3*f2*f1*/qa*/qb*/qc*/qd*/qe)+
(timeout*/timeout) :+:(timeout*/reset)

3.3.4 Some Other Timing Considerations

The ESDI specification imposes some additional timing re-
strictions which have to be accommodated for with external
logic. These are outlined below:

1. AME to the drive cannot be asserted till at least 10 us,
after deassertion of Write Gate to the drive.

2. In the PAL solution discussed above, when the drive
drops AMF at the end of the handshake, the PAL reas-
serts AME. The MAXTOR doesn’t seem to like that and
hence the AME to the drive must be held off for at least
8 ps, from the trailing edge of AMF.

3. On a similar token, the MAXTOR drive doesn’t like AME
to be active when Read Gate is asserted, (it usually acti-
vates ATTENTION on the drive). Hence AME needs to be
held off at least 8 us from trailing edge of Read Gate.
This is accomplished using a mono shot, which generates
a disable signal (Address Mark Disable, AMD), for 10 us
and while this is active the control PAL disables AME to
the drive. Also since we are presenting the drive like a
hard sectored one to the DDC, we could safely assume
that AME need not be active with Read Gate. This is
accomplished by gating the AME to the drive with the
read gate. Hence if read gate is active, AME gets dis-
abled to the drive. These could be incorporated within the
control PAL if desired.
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3.4 Handling the Optional ESDI Format Specifications

The ESDI has certain optional specifications which are not
directly supported by the DDC. These are discussed below
with explanations of the way they can be implemented.

3.4.1 Optional Deassertion of Write Gate between the ID
and DATA Fields in a Format Operation

This option is not supported by the DDG, as once its starts
the format operation, the Write Gate remains asserted for
the entire track. The purpose of the deassertion of Write
Gate between the ID and Data fields is usually to indicate to
the 2,7 RLL encoder, the start of the data preamble. This
enables the encoder to substitute the 3T or 4T preamble
pattern. This feature could be implemented in two ways.
Using external logic, the trailing edge of the SDV (Serial
Data Valid) is used to gate the logic, count until the header
postamble has been written and then force the Write Gate
low for the required two bit times. This problem could also
be circumvented in software by incorporating a two pass
format. The first pass involves a regular format operation
which will write the headers for all the sectors, but since
there will be no de-assertion of Write Gate before the data
fields, the proper data preamble will not be written. In the
second pass a compare header-write data operation is
done, where the Write Gate edge is used to initiate the drive
generated preambile. It should be noted (as also pointed out
in the ESDI specification), that this is necessary only if a
read will be attempted after a format.

3.4.2 Handling the Write Splice Field between the ID and
DATA Fields in the ESDI Format

The ESDI format specification recommends a 2-byte header
postamble and a 1-byte write splice. The DDC does not
have a separate field to implement the write splice. It is
accomplished by software manipulation as follows. The for-
mat is programmed to have a 2-byte header postamble and
a data preamble which is one byte longer than the desired
length. This byte is taken as the write splice (a floating
Byte). During a write operation, this floating byte is consid-
ered as part of the data preamble. As Write Gate is asserted
3 RCLKS into the data preamble, the “write splice” associ-
ated with Write Gate assertion, due to write driver turn on
time, etc, occurs during the 1 byte of the data preamble
which is the floating byte. When the sector is being read,
this byte is attached to the header postamble. Since Read
Gate is reasserted 11.5 RCLKS into the data preamble, this
ensures that it doesn't get asserted in the splice. From the
above data it can be concluded that for a normal operation
in the DDC, Read Gate and Write Gate assertion in the data
field are separated by 8.5 RCLKS in the data preamble,
hence automatically taking care of the write splice as the
first byte of the data preamble.

3.5 Critical Read and Write Parameters

There are a number of drive dependent parameters which
must be met in order to ensure proper operation with an
ESDI drive. These are summarized below, for consideration
during actual design.

3.5.1 Read Function Parameters

1. A read operation may not be initiated until 15 ps following
head switch.

2. Read Gate may not be asserted during a write splice or
within £ 1 bit time of a write splice.

3. Read gate must be asserted within 16 bit times from the
write gate assertion point when the current field was writ-
ten.

4. Data (read) at the interface could be delayed by up to 9
bit times from the data recorded on the disk media.

. RCLK and RDATA are valid within the number of PLO
sync field bytes specified by the drive configuration after
read enable and a PLO sync field is encountered.

(4]

3.5.2 Write Function Parameters

1. Assuming head selection is stabilized, the time lapse
from deassertion of Read Gate to assertion of Write Gate
shall be five reference clock periods minimum.

2. Write Clocks must precede Write Gate by a minimum of
two and a half Reference Clock periods.

3. Write driver plus data-encoder turn on time (write splice
width) is between 3 and 7 reference clock periods.

4. To account for data-encoding delays, write gate must be
held on for at least 2 byte times after the last bit of infor-
mation to be recorded. This implies a minimum data post-
amble length of 2 bytes.

5. The time lapse before Read Gate or AME can be assert-
ed after deassertion of Write Gate is defined by the “ISG
bytes after index/sector” in the configuration data re-
sponse (10 ps).

6. Write Gate must be deasserted at least 1 ps before a
head change and shall not be asserted untl 15 us after a
head change or command complete.

7. Write data received at the 1/0 connector will be delayed
by the encoder by up to 8 bits maximum prior to being
recorded on the media.

Some of these parameters were accommodated in the com-
bined PAL solution, while others need to be accommodated
in firmware. The above discussion covered the hardware
and relevant firmware considerations for designing the disk
side data path section of the controller subsystem. The oth-
er aspect of the disk side design is the control path which is
discussed in the following sections.

3.6 Disk Side Control Path Design

Since the DDC is a data path controller, the control path
functions of the drive have to be controlled by the local
intelligence in the disk controller subsystem. This offers
more versatility and is less of a handicap, for it allows the
DDC to be used with any of the disk interface standards.
Also the control path functions like seeks, etc, are very slow
operations and by not handling them, the DDC is able to
achieve maximum operating speeds of 25 Mbits/sec. Any
1P or pC with simple 170 ports would suffice for the control
path functions. This usually is no extra overhead, because a
local P or pnC is necessary to handle the protocol over the
system bus and accordingly set up and activate the DDC
anyway.

The control signals are sent over the drive’s “A” control
cable. Details of the respective signals are discussed in sec-
tion 2.1. These signals are sent/received, to/from the drive
through industry standard open collecter drivers (DP8311)
and receivers (74ALS240), with appropriate terminations in
accordance with the ESDI specification. These are also
shown in the complete design, schematic (Figure 13). In the
system design under consideration, the control path func-
tions are controlled by the NSC800, through the NSC810
programmable 170 port. The ideal flow of operations for the
control path is shown in Figure 12 and is self-explanatory.
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TL/F/9381-16
FIGURE 12. Control Path Flow of Operations
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The above discussion covered the hardware and relevant
firmware considerations for designing the disk side of the
disk controller subsystem. The other aspect of the disk con-
troller subsystem design is the system side. This essentially
involves the interface of the DDC to the local buffer memory
and interface of this local buffer over the system bus to the
host system. Discussion of the system side design follows in
the next section.

4.0 CONTROLLER DESIGN—SYSTEM SIDE

4.1 System Side Hardware Considerations

The system side architecture in controller subsystems usu-
ally consists of two buses. A local bus accommodates the
DDC, local microprocessor or microcontroller and the buffer
memory while the remote bus is usually a standard bus like
VME, STD100, MULTIBUS®, SCSI, etc, which connects the
controller to the host system. The buffer memory on-board
is a disk buffer which could have a maximum size of 64k.
The DDC supports two 16-bit DMA channels, local and re-
mote DMA. The local DMA transfers the data between the
on-board FIFO and local buffer memory, while the remote
DMA transfers data between the local buffer memory and
the host over the system bus.

In the controller subsystem under consideration (Figure 13),
the local pP is the NSC800TM. This can access the registers
of the DDC in the peripheral mode and executes program
code from an EPROM. All the peripheral chips are memory

mapped and the 74HC138 decodes the address lines to -

generate the various chip selects. A PAL has been designed
to provide arbitration between the DDC and the NSC800 for
use of the local bus. This design was intended to provide a
good exerciser for the DP8466 and hence a terminal is con-
nected to the pP (NSC800) through a UART (NSC858). A
monitor has been developed which allows exercise of the
DDC in a lot of modes and interacts with the user through
the terminal. Hence the remote DMA is not really used. Also
in order to be able to do both byte-wide and word-wide
transfers, a detection logic was implemented. Only an 8k
local buffer RAM is -used, accommodating 8k bytes or 8k
words. LEDs are provided for visual indications of certain
disk parameters.

As mentioned above, from a general design point of view,
this could be easily extended to a standard system bus like
VME, MULTIBUS Ii, etc, using the remote DMA channel of
the DDC and using the local microprocessor to handle the
communications protocol to the DDC and to the host opera-
tion system over the system bus.

4.2 System Side Programming Considerations

The firmware in conjunction with the microprocessor is es-
sentially responsible for deciphering the protocol sent over
the system bus and then based on the requested opera-
tions, set up the control path through the 1/0 ports and set
up the DDC to initiate the disk operation. The driver routines
to handle the control path are usually very simple and need
to do the defined task as outlined in Section 3.6. The driver
would consist of various blocks to implement the different
ESDI commands and interpret the status reported; however,
the flow would be as shown in Figure 12. Once the drive is
positioned at the right track and ready to start the operation,
control is handed over to the DDC. Before the DDC can be
instructed to initiate a disk operation it has to be prepared,
i.e., all registered set up to achieve the desired task.

Figure 14 shows the sequence of actions to be done with
parameter RAM is initialized with the pattern and count val-
ues in accordance with the format desired. The DMA regis-

ters should be set up next starting with the LT and RT regis-
ters followed by the DMA Address Byte #, indicating start
boundaries in memory and finally the sector byte count #
and remote data byte count # registers. The ECC registers
(preset, taps and control) are set up and the DF register is
set up accordingly. Having set up the various registers, the
format registers are manipulated if desired, sector counter,
NSO counters initialized, and DC register loaded to initiate a
disk operation. The interrupts are monitored with reads of
the status register to determine the results of the disk oper-
ation. If desired, certain fancy operations like error correc-
tion cycle, interlock mode of operations, FIFO table format-
ting could be implemented with additional firmware.

An effort has been made in this application note to intro-
duce the designer to the ESDI interface, and explain the
intricacies of designing to its specifications with the DDC.
The emphasis was on the disk side, as system side require-
ments may vary with different design situations. A repre-
sentative design has been included which was built and
tested at National (shown in Figure 13). For more details on
the ESDI standard, refer to the official specifications provid-
ed by the ESDI committee. For more details on the
DP8466A refer to AN-413 and the data sheet.

APPENDIX
Schematic of a Representative Design
of an ESDI Disk Controller

Shown in the attached schematic is the design of an ESDI
disk controller system. Emphasis has been placed on the
disk side of the design, as that is of foremost concern with
respect to the DDC. The design incorporates the PALs as
described in the previous sections, to implement the short-
comings of the DDC, in order to completely support the En-
hanced Small Device Interface specifications.

The control signals are generated using the NSC810 pro-
grammable 170 port. They are connected to the “A” cable
through industry standard open collector drivers, (DP8311)
and receivers, (74ALS240). The receivers support a termi-
nation of 150Q. The Data path signals are directly con-
trolled by the DDC. They are connected to the “B” cable
through industry standard differential line drivers and receiv-
ers (DS8923A). The appropriate terminations required are
shown in the schematic. The design supports two drives
and the appropriate data cable is enable by the drive select-
ed line as shown.

The local microprocessor used is the NSC800, which is re-
sponsible for controlling the NSC810 to generate the appro-
priate control signals, and also programming the DDC to
initiate the desired disk operation. This design is essentially
a demonstration system and hence supports a UART
(NSC858), through which the user is allowed to interact
through a special monitor to initiate specific operations for
the DDC. The memory design has been done so that the
system could be operated in both the byte-wide transfer
mode and also the word-wide transfer mode. The arbitration
PAL is a simple one to arbitrate the bus between the DDC's
DMA activity and the microprocessor accesses of the DDC.

It should be noted that the DDC has the capability of two 16-
bit DMA channels, local and remote. The local DMA is used
to transfer data between the FIFO and the local buffer
memory, while the remote DMA is used to transfer data be-
tween the local buffer memory and the host system over a
system bus like VME, MULTIBUS, SCS], etc. Hence the de-
sign could easily be extended to these situations, if desired.
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Interfacing National’s
DP8466A to the SMD
Storage Module Device
Interface Standard (Hard
Sectored Drive)

1.0 INTRODUCTION

With the advent of computer technology, the demand for
high performance memory devices has been increasing. Be-
fore the introduction of 5%, and 8 inch Winchester disk
drives in the late 1970's, minicomputers and mainframes
were the only systems that utilized rigid disks. Storage ca-
pacity, data transfer rates and to some extent cost, are the
main factors which determine the performance of Winches-
ter drives. The data transfer rate is highly dependent on the
interface protocol adopted by the drive and also the elec-
tronics. The defacto industry standard drive interface for low
end systems, ST506 by Seagate Technology, supports a
maximum data transfer rate of 5 Mbits/sec and requires the
disk controller to take care of data separation (synchroniza-
tion and decoding). With the intention of supporting higher
data transfer rates, newer standards were defined, like the
ESDI (Enhanced Small Device Interface), which incorpo-
rates data separation on the drive itself and supports a data
transfer rate of 10 Mbits/sec. The intelligent disk interface
standards like SCSI and IPI, incorporate an interface to the
host system with a well established high level communica-
tion protocol, however they also need to incorporate a drive-
level interface like ESDI, SMD, etc.

With the intention of standardization of a common interface
and to prevent product obsolescence, Control Data Corpo-
ration developed an intelligent interface called the Storage
Module Device (SMD). This interface allows different drives
to use the same hardware signals, even though their capaci-
ties and physical sizes were different. Variations of the SMD
were also introduced. SMD started out at 9.667 Mbits/s
data transfer rate and has since gone through several up-
grades to a 24 Mbit/s option (SMD-E), introduced recently
by Control Data Corporation. The SMD disk interface is a
high quality proven attachment and is well on its way to
becoming a defacto industry standard. It incorporates error
recovery facilities, includes power sequencing for multiple
units and is adaptable to many different rigid-disk storage
units. Although it requires two very bulky and expensive ca-
bles, in high-end products this is an acceptable drawback
and SMD still remains a popular choice for the higher ca-
pacity 51/, and 8 inch Winchesters. It offers several advan-
tages over the ST506 type interface in the high capacity
arena (like parallel seek instead of serial step pulses and
better status reporting), however, it is not a trivial interface
when it comes down to designing a controller.

This application note looks into the definition of the SMD
interface and the various design aspects of building a Disk
Controller for a hard sectored drive supporting the SMD in-

National Semiconductor
Application Note 501
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terface, using National Semiconductor’s Disk Data Control-
ler IC, DP8466A (DDC). Emphasis is laid on the disk inter-
face design as that is of relevance to the DDC. The DDC is
the most versatile LS| disk controller in the market today,
offering fully programmable format features, maximum
range in data rate (50 Kbits/s to 25 Mbits/s, dual DMA ca-
pability with a transfer rate of 10 Mbytes/sec, programma-
ble error checking and correction and many other features
which makes the design of a disk controller simpler and less
complex. To be able to support high performance drives in
the future, disk controller IC's must be capable of handling
data transfer rates >20 Mbits/s. The DDC concentrates on
the high speed data path signals, while the slower drive
control operations are left to an inexpensive microcontroller,
or the local (on board) microprocessor. The DDC in con-
junction with this local intelligence, can achieve the Disk
Controller function which was accomplished by 100-150
SSI/MSI integrated circuits in earlier Disk Controller sys-
tems, minimizing complexity, cost and system overhead.

2.0 SMD INTERFACE DEFINITION

The SMD disk interface standard started out as a dominant
de-facto standard for 14” OEM Winchester drives and is
virtually the basis of 8" -14” OEM disk drive industry today,
with an eye out for the 54" OEM market in the future. It
was approved by the ANSI committee (ANSI X3.91), in
1982. The interface consists of a 60-pin twisted pair control
(A) cable and a 20-pin data (B) cable with a molded foil
ground plane on one side. The ‘A’ cable is responsible for
all head movements, status reporting and issuing com-
mands, while the ‘B’ cable is used for reading and writing
NRZ data. The ‘A’ cable assignments are shown in Figure 1.
Address and Control functions are transferred on ten BUS
OUT lines. The significance of the information on these
lines is indicated by one of the six TAG functions as shown
in Figure 2. Status for real time control, device identity and
current sector status are returned on eight BUS IN lines.
Drives are selected by separate UNIT SELECT lines on the
‘A’ cable, which have their own strobe line, UNIT SELECT
TAG. All TAG lines except UNIT SELECT TAG are gated by
the UNIT SELECTED signal, unit referring to the drive. The
‘B’ cable (Data) I/0 signal assignments are shown in Figure
1. This cable essentially handles the transmission of data
and clock information, which could be at very high transfer
rates. The ‘A’ interface cable may be connected to the con-
troller in a star-chained mode or daisy-chained mode. Most
of the drive manufacturers support a dual channel option,
where the drive could be accessed by two controllers. This
is controlled by three special signals on the ‘A’ cable—PRI-
ORITY SELECT, BUSY and RELEASE lines.
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All signals are differential
Tag6 = Tag 4 AND Tag 5

FIGURE 1. SMD Interface Cable Assignments

All input and output signals are differential in nature, and
utilize industry standard transmitters and receivers. When
used with properly shielded cables, this interface provides a
terminated, differential transmission system for long dis-
tances, up to 50 feet, in noisy electrical environments. The
maximum number of drives connected to the ‘A’ cable is 16.
The recommended TTL differential drivers and receivers are
the MC3453 and MC3550. The appropriate terminations for
the driver/receiver combinations are shown in Figure 3. The
detailed schematic in the appendix also shows them in the
design. There are certain drives like CDC's 9772-XMD drive
(24 MHz), where the high data rates and timing require-
ments at the drive necessitate the use of ECL drivers and
receivers, with the appropriate terminations. The schematic
in the appendix outlines the connection requirements for
these with the appropriate terminations.

3.0 DISK SIDE INTERFACING

In the SMD interface it is fairly obvious that a lot of control is
necessary to perform even a simple operation. The disk
controller must perform simultaneous operations on both
cables, as well as monitor status signals to determine if the
command was executed properly. The disk controller board
essentially provides a connection from the drive-level inter-
face to the system. Its main functions are to handle the
disk’s control and data path, to transfer data between the
disk and the system. The Disk Controller interfaces to the

disk drive at one end and the main system at the other end.
On the disk side the DDC interface to the drive can be bro-
ken down into two main paths—control path and data path.
The control path essentially comprises of the ‘A’ cable sig-
nals on the SMD interface. These are differential in nature
and require differential drivers/receivers to drive the cable
between the chip and the interface connectors. The local
P has to activate and monitor the control lines in a certain
sequence to achieve a desired operation, defined by the
SMD protocol. The interface is activated by asserting the
OPEN CABLE DETECT signal. This signal is sent through
two drivers paralleled and the regular termination resistor is
omitted. The first task then is to select the drive using the
UNIT SELECT lines, latching them with the UNIT SELECT
TAG. UNIT SELECTED is asserted by the drive indicating
the selection of the drive. The unit is checked to see if it is
ready for the next operation by monitoring the READY line.
Once ready, the head and cylinder addresses are provided
to place the drive’s head assembly at the desired position
on the media, and then the desired sector of data is sought.
On arriving at the desired sector, the read/write operation is
performed. In case of an unsuccessful operation, an error
condition is flagged which could be determined by reading
the status and monitoring other signal lines. Figure 4 gives a
detailed flow chart of the sequence of drive control opera-
tions performed by the local uP for the SMD interface stan-
dard. The status information presented on the interface is a
function of the various TAG lines as seen in Figure 2.
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FIGURE 3. Driver/Receiver Combinations with the Appropriate Terminations for ‘A’ and ‘B’ Cable
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The other component of the Disk Controller system is the
data path. The SMD ‘B’ cable essentially contains the data
path signals to the drive. It consists of lines to transmit serial
NTZ data to and from the drive. Associated with the read/
write lines are the clocks: Read Clock for reading data,
Write Clock for writing data and a Servo Clock synchronous
with the rotation of the spindle, for reference. Additional sig-
nals help in determining the status of each drive on the bus.
The main component of the data path in a disk controller
system is the Disk Data Controller IC, like the DP8466A.
The DDC can be programmed to operate in accordance to
the SMD interface specification for the associated opera-
tions like formatting, reading and writing. Read Gate and
Write Gate are the two main read/write control signals in
the data path. Write Gate enables the write operation and is
validated only when UNIT READY, ON CYLINDER, SEEK
END are false. If Write Gate is asserted under any other
conditions, a fault occurs and writing is inhibited. There are
also certain drive dependent constraints which affect the
read/write timing and must be taken care of. Listed below
are some of them. Details can be found in the SMD specifi-
cation.

1. write circuit turn-on delay

2. head select transients

3. read after write transients

4. read/write—encoding/decoding delays
5. write after read transients

6. PLL synchronization time

The DDC supports most of the specifications of the SMD
standard, however there are certain specifications that the
DDC does not directly support. These can be taken care of
through software or with the help of external logic. A discus-
sion of these considerations is given in the following sec-
tions.

4.0 HANDLING THE SMD RECOMMENDED

FORMAT AND INTERFACE SPECIFICATIONS

Figure 5 shows the recommended format for SMD drives.
There are certain fields in the format which are not directly
supported by the DDC, which however can be implemented
as discussed below.

SYNC PATTERN
FLAG STATUS &
LOGICAL UNIT
UPPER CYLINDER
LOWER CYLINDER
HEAD #

CRC(2 BYTES)

SECTOR #

|

P
g o_F
— P
gg,\ggg @~
—
CmE—mC E o
E-ce28c- g mgg
sSpsgEaggd
[P
mggmo“{mo
328gsgsgdse
Ia < Fawnwoowi

TL/F/9382-7
FIGURE 5. SMD Recommended Format (Hardsectored)

9-209

L0S-NV




AN-501

4.1 The Write Splice Field

The SMD format specification recommends a zero byte
header postamble, a one byte write splice field and an elev-
en byte data preamble, (PLO sync field). The DDC does not
support a separate register for the write splice field between
the header and the data segments in its format parameter
RAM. However this can be easily taken care of by the pro-
grammable format feature of the DDC. The format parame-
ter registers are programmed to have a 12 byte data pream-
ble, one byte longer than the desired length. This byte is
considered for practical purposes as the write splice. Hence
when formatted this will have the same pattern as the data
preamble. During a write operation, this byte is kept as part
of the data preamble and with the standard requirement of 8
clocks write propagation delay in the drive (due to write cir-
cuitry), the data gets written on the media beyond the write
splice field, at the correct place in the preamble. In case of a
read operation, this byte is considered to be part of the
header postamble. Since the DDC asserts read gate 11.5
bits into the data preambile, it will never be asserted in the
write splice. In this manner the write splice field can be im-
plemented to support the recommended SMD format speci-

fication. It should be noted however that it is mandatory to
use at least a one byte header postamble with the DDC for
proper operation.

4.2 The Post Index/Sector Gap Field (Head Scatter)

The recommended format in the SMD standard supports a
gap felled after the index/sector pulse, referred to as the
post index/sector gap or head scatter. This is necessary
mainly to accommodate drive dependent transients as men-
tioned earlier. The DP8466A does not support a separate
field for this gap and also uses the index/sector pulse as a
reference for the read/write control signals. To implement
this gap field, an external counter is used to delay the in-
dex/sector pulse from the drive, by the desired gap count,
before presentation to the DDC. The circuitry to achieve this
is shown in the schematic in Appendix A. Since the index/
sector pulse is presented to the DDC delayed by the length
of the Head Scatter field, at the time it starts writing the PLO
field etc., it's at the right area on the media. The gap field at
the end of the sector is written till a sector pulse is received
by the DDC. Hence the gap pattern gets written for the
Head Scatter field of the next sector. Figure 6 shows the
details of this technique and the manipulation of the param-

eter fields.
5 5 S
z I 2 .
a5 2 5 s &
-4 @ [} -
o [ o h--3 o o
E 2 3 & 8t £ 3
£C
7
[C
B 1J
o o o ]
2 € a2 L1 3
g & 5 N H
e = 2 g £
a a a o a
a = ¥} e
8
INDEX I_I
(from drive)
SECTOR I I
(from drive)
INDEX I_l
(to controller)
SECTOR I_I

(to controller)

Read Gate l L_r l I___-

Write Gate I
(format)

TL/F/9382-8

The disk controller writes the end of sector gap over the head scatter area, hence achieving the writing of the post index/sector gap. The last sector overlaps to

write the head scatter for the first sector.

FIGURE 6. PISG Implementation (Technique 1)

9-210




4.3 Read/Write Gate Timing Restrictions

On assertion of Write Gate, there is a write splice before
data is actually written on the media. Hence when reading
the data, it must be ensured that Read Gate is asserted
sometime after the write splice. In the DDC the delay be-
tween Write and Read Gate in the Data field is 8.5 bit times,
which satisfactorily covers the write splice. However at the
beginning of the sector it is only 0.5 bit times, hence Read
Gate would have to be delayed to prevent assertion of the
Read Gate during the write splice. This would be a problem
only in the first sector after the index pulse, as during a
format operation Write Gate remains asserted till the Index
pulse is encountered again. This is done by delaying the

Read Gate by 8 bits from the DDC to the drive, using a
counter as shown in the schematic in the appendix. This
results in the read gate assertion delayed by a byte even in
the data field which does not make any difference to the
performance.

4.4 Alternative Technique to implement the
Shortcomings in Section 4.2 and 4.3

An alternative technique to implement the Post index/sec-
tor gap and the problem of asserting read gate in splice at
the. beginning of the sector is to have a single delay circuit
which delays the read gate qualified by index/sector, asser-
tion to the drive by the length of this gap. The manipulations
of the DDC fields to achieve this is shown in Figure 7.
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4.5 MUXing the Two Clocks on the
SMD INTERFACE ‘B’ CABLE

The ‘B’ cable has two clock outputs— the SERVO CLOCK
and the READ CLOCK. The SERVO CLOCK signal is a
phase locked clock, (frequency dependent on the drive),
generated from the servo track bits and is available at all
times. The READ CLOCK signal defines the beginning of a
data cell and is synchronous with the detected data. This
signal is derived from the SERVO CLOCK. At the start of a
read operation, READ GATE is asserted by the controller.
This initiates the PLL on the drive to begin locking on the
data from the media. Till this point, the clock sent to the
controller is the reference clock (similar to the SERVO
CLOCK frequency). When the PLL achieves phase lock, the
clock transmitted on the READ CLOCK line to the controller
is the one in phase sync with the data. An undefined clock
may be transmitted at the point of obtaining phase sync,
upon initiating or ceasing a read operation. Read Clock is in
phase sync within 2.5 us after Read Gate is asserted,
(worst case). Also the WRITE CLOCK generated by the
DP8466A is essentially the SERVO CLOCK retransmitted to
the drive synchronized to the NRZ Write Data. The
DP8466A has only one clock input line (READ CLOCK).
Hence the switching of the SERVO or READ CLOCK to the
DP8466A must be done externally. Also since the
DP8466A’s clock input cannot accommodate short pulses,
this switching must be done without short pulses. The exter-
nal circuitry to multiplex the two clocks and the deglitcher is
shown in the schematic. This can safely operate up to clock
frequencies of 25 MHz. To take care of the undefined pulse
occurring on obtaining phase sync, the Read Gate signal
delayed by 3 ps (to accommodate worst case lock time), is
used as the ‘switch’ control input. The delay can be generat-
ed by using a counter clocked by the SERVO CLOCK as
shown in the schematic.

4.5.1 CLOCK MUX/DEGLITCHER PAL®

The circuitry to multiplex the two clock lines READ CLOCK
and SERVO CLOCK and provide the appropriate output

clock to the controller, without any short pulses could be
implemented in a PAL. If the application involves disk data
rates less than 20 MHz, then 16L4 or 16L8 could be used,
as their worst case steady state delay is 25 ns. However for
faster applications like the 25 MHz XMD, an ECL PAL needs
to be used, like National’s PAL1016P8. These have steady
state delay (clock to output) of 6 ns. This PAL requires the
select signal which needs to be the delayed Read Gate as
described in Section 4.5. Figure 8 shows the block diagram
and the state machine. The operation of the state machine
can be described as follows.

1. Wait for the previously selected clock to go low.
2. Disable the previously selected clock output.

3. Wait for the previously selected clock to go high.
4, Wait for new clock input to go low.

5. Enable new clock to output.

Note: Overlap of terms b states is ded to p “hazards"
which could cause the system to fail. Do not reduce the above equa-
tions. Implement the output mux with positive AND gates to prevent
output glitching.

5.0 SYSTEM CONSIDERATIONS AND CONCLUSIONS

The DP8466A supports a dual channel onboard DMA con-
troller which simplifies the task of interfacing to any system
bus. System design considerations are flexible to the de-
signer as outlined in the Application Note: “Designing an
ESDI Disk Controller system with National’s DP8466A” and
AN-413. An effort has been made in this application note to
introduce the designer to the SMD interface, and explain the
intricacies of designing to its specifications with the
DP8466A. The emphasis was on the disk side design and a
representative design of the disk side is included in the ap-
pendix. This is the disk side for a disk controller designed for
the 25 MHz XMD drive from Control Data Corporation. The
board was built and tested in the Labs at National and was
found to perform satisfactorily. For more details on the SMD
standard, refer to the ANSI document on SMD interface
specifications. For more details on the DP8466A refer to
AN-413 and the datasheet.
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Equations
clkout = (clock a */s0 */s1) + (clock b */s0 *s1)
s0 = (/s1 */clocka * select) + (/s1 * sO * select) + (sO * clockb * select)
(s1 */clockb * select) + (s1* sO */select) + (sO * clocka */select)
s1 = (s0 * clocka * select) + (s1* select) + (s1* s0) + (s1 */clockb)
FIGURE 8. SMD Mux/Deglitcher PAL
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Defect List Format (SMD Drives)

INDEX
56 (116) /A »le 49 (108) /2
HIGH ORDER BIT __ HIGH ORDER BIT
OF 1 INDICATES OF 1 INDICATES
DEFECTIVE TRACK DEFECTIVE TRACK
N e AN -V .
ZeROS [ HEX |y, D] 00] 1st DEFECT [ 2nd DEFECT [ 3rd DEFECT | 4th DerecT [HEX] 60 | ADDR] ZEROS | HEX Joy, [HD]00] st DEFECT [2nd DEFECT | 3rd DEFECT [ 4th DEFECT [HEX| 60
1919 fo | zeros | ess 1919 Fo | zeros
SYNC pos | Len | pos tzu POSILEN POS | LEN MARK SYNC POS EN POSILEN POSILEN POS I LEN
LiE b N A : A
3022112[222222213320221|f2f222222213
(50) !
I
< 21 Bytes : 21 Bytes
O ' g .
(4] [ I8 o o~ =
w ] pur | I @ ™ =
s 2| & - ‘213 |¢| 3 a
] g ] [3) 173 ! g a & Fred e
£ |5 g |8 4 (8 l= | 2| = =
e | e LS e e @18 |8 & # NO DATA CRC 3
#1 #2

Notes:
No data CRC is selected, OPERATION is IGNORE HEADER—READ DATA

TL/F/9382-12

If in case of a defect, so that #1 field becomes 90 and # 2 field becomes 60 then it poses no complications for reading the defect information. However if the defect format is to be written again then it might cause complications as
the max. byte count for a field is 32 bytes, hence cannot be done unless delayed physically.

Under no conditions can sync #1 be useq with a pattern of zeroes. Its count must be kept zero.
Note that this technique to enable the DP8466 to be able to read the defect list format is possible only if written in two parts originally. HITACHI, NEC and CDC support the above but not FUJITSU.




DP8459 Evaluation Board

I. INTRODUCTION

This literature describes the hardware and function of a
printed circuit board for the evaluation of National Semicon-
ductor's DP8459—All Code PLL Data Synchronizer. The
purpose of the board is to assist the user of the chip in
becoming familiar with the device features and in under-
standing its operation. The board is configured (socketed)
for the 28-pin PLCC package (DP8459V) device. It contains
the necessary connections and circuitry which greatly sim-
plify the set-up of a test apparatus and facilitates the task of
device evaluation.

IL. CIRCUIT BOARD DESCRIPTION

Please refer to the schematic and layout captions in Figures
1 to 4. The circuit board layout follows the general recom-
mendations discussed in Section 5 of the DP8459 data
sheet. The entire circuit on the board can be described by
the four subsections in the following text.

1. RESET FUNCTION: D1, Q1, Q2, and % of U1 (2-input
NAND gates) form a single-shot circuit which generates a
reset pulse during power-on. This signal clears the shift reg-
ister, counters, and D-type flip-flops on board. Subsequent-
ly, it allows the selected STROBE circuitry control word (bits
#0 to #4) and the test bit #5 to be loaded into the PLL's
internal control register. The board also provides a manual
reset function, which consists of switch SW-1 (SPDT mo-
mentary or toggle switch) and the remaining half of U1. It
provides a reset signal while the chip is powered on.

2. LOAD AND SHIFT FUNCTION: U2 (2-input NAND
gates), U3 (D-type flip-flops connected in toggle mode), U4
(8-bit parallel-in serial-out Shift Register), and U5 (divide-by-
6 counter) constitute a 6-bit word programmable data gen-
erator. It issues a set of MICROWIRE™™ equivalent outputs
to program the control register in the PLL. U5 pin #8 is the
Control Register Enable (CRE) signal. A logic LOW level
allows data to be strobed into the registers. A logic HIGH
level latches the register data and issues the information to
the appropriate circuitry in the chip. U4 pin #9 to the Con-
trol Register Data (CRD) input shifts out a selectable 6-bit
word. U3 pin #8 is input to the Control Register Clock
(CRC) whose negative edge clocks the CRD pattern into the
register.

3. REFERENCE FREQUENCY CLOCK: U6 (CMOS Inverter

HCO04) and a crystal form a stable reference oscillator which-

is required by the PLL for proper operation. This signal is
applied to the RFC input of the DUT.

4. DIP SWITCHES: Three sets of toggle DIP switches are
used to manually program the PLL input pins for the differ-
ent modes of operation and for the various ranges of data
rates and window strobe features.

(i) SW2—Switches #1 to #6 select the 32 combinations
or steps of Early/Late window strobe position which is
useful for the purpose of window skew compensation
or recovery routines of marginally readable data. For
normal device operation (non-test mode), the test bit
(switch #6) must be set logic LOW.

The control register bit and toggle switch correspon-
dence is shown below. Whenever the reset function is
activated, the current SW2 setting is loaded into the

National Semiconductor
Application Note 502
Kern Wong and Michelle Wong

control register. For detailed window step vs. strobe bit,
refer to Figure 4 in the data sheet.

SWa2: Switches #1 #2 #3 #4 #5 #6
Control RegisterBit: [ 0 1 2 3 4 Test

(i) SW3—The top three switches are used to select the
VCO frequency range via the Range Select pins RSO0,
RS1, and RS2. The fourth switch is not used. The rela-
tive VCO frequency versus the 3 bit code is tabulated

below:
Switch

#3 #2 #1 VCO Range

RS2 RS1 RSO
1 1 X 0.50 MHz-1.25 MHz
1 0 1 1.25 MHz-2.5 MHz
1 0 0 25 MHz-5.0 MHz
0 1 1 5.0 MHz-10.0 MHz
0 1 0 10.0 MHz-20.0 MHz
0 0 X 20.0 MHz-48.0 MHz

Important—If the desired VCO frequency is located at
the boundary of 2 ranges (overlapping), select the
range which places that frequency at the higher end of
the spectrum, (e.g. Fvco = 20.0 MHz, choose RS code
= 010). This will optimize the performance of the chip.
(i) SW4—The functions of the 8 switches are detailed as

follows:
Switches #1 to #3 control the Frequency Lock Control
(FLC). At most one and only one of the 3 switches
should be engaged or closed.

Switch #1 closed—FLC connects to PDT

Switch #2 closed—FLC connects to RG

Switch #3 closed—FLC connects to GND
Switches #4 and #5 program the Sync Pattern Select
Pins SPO, SP1 for the internal divider modulus to detect
either the 1T, 2T, 3T, or 4T preamble pattern. (T = VCO
period; e.g. 3T = 100100...preamble).

Switch Sync Matching
#5  #4 Divider Modulus
SP1  SPO M

0 0 1
0 1 2
1 0 3
1 1 4

Switches #6 to #8 control the High Gain Disable
(HGD) pin. Again, only one of these 3 switches should
be closed at any time.

Switch #6 closed—HGD connects to GND
Switch #7 closed—HGD connects to RG
Switch #8 closed—HGD connects to PDT
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lIl. TEST HARDWARE

1. EXTERNAL COMPONENTS: All integrated circuits are
socket mounted to make it easy for the purpose of inter-
change or replacement. Passive components for the loop
filters, charge pump resistors, and the crystal oscillator sec-
tions are also provided with sockets to facilitate alteration of
components for different data rates.

2. POWER SUPPLY: Three separate supply terminals are
provided on board. One ties to the Analog Vcc and a sec-
ond ties to the Digital Vo of the PLL chip. A third post
makes connection to the rest of the digital support circuitry.
Normally two + 5V supplies are used, one to supply the Vg

support circuitry. It should be noted that in order to take
advantage of the power on reset function, the power of the
PLL chip must be turned on first, then apply power to the
support circuitry.

3. ENCODED READ DATA (ERD) AND READ GATE (RG):
A word pattern generator is a convenient signal source to
provide the desired TTL logic level signals to these inputs.
4. LOOP FILTER COMPONENTS: Normally components
“Re1” should be replaced by a short-circuited connection
and “Ce1” should be open-circuited for a second order loop
filter implementation. These optional components are in-
tended for higher order filter realization.

20S-NV

pins of the PLL device under test, another to power the

IV. DP8459 EVALUATION BOARD PARTS LIST: (10 Mbit/s 2, 7 code operation)

DUT = DP8459 (PLCC package) D1 = Zener Diode (Vz = 3.3V)
U1l = 74ALS00 Q1 = 2N2369 (NPN)
U2 = 74ALS00 Q2 = 2N2369 (NPN)
U3 = 74ALS74

U4 = 74LS165 Xtal = 20 MHz

U5 = 74LS92

U6 = 74HC04

SW1 = SPDT Momentary  Switch

SW2 = 16-Pin DIP Toggle Switch

SW3 = 8-Pin DIP Toggle Switch

SW4 = 16-Pin DIP Toggle  Switch

Bypass Capacitors: Loop Filters: Crystal Oscillator:
Cb1 = 0.1 uF Ct1 = 0.05 uF Cx1 = 22 pF
Cb2 = 0.1 pF Ct2 = NC* Cx2 = 100 pF
Cb3 = 0.1 uF Rt =680 Cx3 = 56 pF
Cb4 = 0.1 pF Cvl = 0.022 uF Rx1 = 1MQ
Cb5 = 0.1 uF Cv2 =510pF Rx2 = 1000
Cb6 = 0.1 pF Rv = 1500

Cal = 0.1 pF

Ca2 = 1000 pF

Cdi = 0.1 uF

Other External Components: Reset Circuitry:

Cet = NC* R1 = 2kQ

Re1 = Short Circuit It R2 = 10kQ

Rn = 24kQ R3 = 10k

Rb = 2.4kQ R4 = 10kQ

Ce2 = NC* R56 = 1kQ

Ce3 = 1000 pF R6 = 1kQ

Rpu = 5100 C1 =10 uF

Rpd = 5100

*NC means no component required there (leave nodes open).
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1.0 INTRODUCTION

Due to the increase in CMOS processing capabilities it is
now possible to integrate both the analog and digital circuit-
ry to achieve a high performance monolithic data separator.
The choice of CMOS technology also enables the integra-
tion of an analog data separator function with good perform-
ance onto a floppy disk controller, resulting in National’s
DP8472/3/4 family of integrated floppy data separator/con-
trollers.

This paper discusses the functionality of the DP847x data
separator blocks, after a brief introduction to floppy disk
data separator theory. It then delves into the detail of PLL
design theory, providing design equations and considera-
tions that enables the user to optimize the performance of
the PLL for various applications.

2.0 THE FUNCTION OF A DATA SEPARATOR

2.1 Encoding Techniques

The floppy disk controller writes data to the floppy disk drive
in a bit serial fashion as a series of encoded pulses. These
pulses are then converted by the drive into magnetic flux
reversals on the floppy disk media. The pulses can be later
read by the drive and converted back to encoded pulses
which can be decoded by the controller into the original
data.

Since data is one serial set of bits, and because ‘“real
world” imperfections in the writing/reading process can
cause the serial information to vary and jitter, the clocking
information is embedded into the data stream, which en-
ables synchronization to the data by the circuitry in charge
of reading the data.

It is the purpose of the Data Separator circuit to take the
encoded data from the disk, and to recover and separate
out the clock signal. The separated clock and data signals
are then sent to the controller’s deserializer which converts
the data to bytes of data suitable for microprocessor manip-
ulation.

The two most popular encoding schemes used on floppy
disks are: FM (Frequency Modulation), and MFM (Modified
Frequency Modulation). FM defines a bit cell for each bit of
data. Each cell contains a position for a clock pulse and a
position for a data pulse. Each of these positions are re-
ferred to as windows. The clock pulse is present in every
cell and a data pulse is present only if the data bit for that
cell is a one. When this data is read back from a disk, a read
clock can be generated from the clock pulses of the signal.
An example of FM encoded data is shown in Figure 1.

FM encoding was the first method used for recording data
on a floppy disk. It is still used in some low cost systems
where storage capacity is not a critical issue. This method
works very well and requires relatively simple circuitry to
separate the clock pulses from the data pulses when the
data is read back. However, only 50% of the useful disk
space is used for recording data. The other 50% is used to
record clock pulses.
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FIGURE 1. Examples of how clock and data information is encoded into
FM and MFM formats. Notice the increased density of MFM over FM.

MFM encoding allows 100% of the useful disk space for
storing data, and is currently the most widely used recording
format used for floppy disks. MFM defines a bit cell for each
bit of data, similar to FM. Again, each cell contains a posi-
tion for a clock pulse (clock window) and a position for a
data pulse (data window). A data pulse is present if the data
bit is a one. A clock pulse is present only if the data bit is a
zero and the data bit in the previous bit window was a zero.

A comparison of FM and MFM can be seen in Figure 1.
Because MFM requires fewer pulses to encode the same
amount of data, the information can be stored in half the
area required for FM encoded data. The only drawback of
MFM is that it requires better read/write head and accom-
panying electronics. It also requires a higher precision data
separator than FM requires. This is to resolve the location of
each pulse more precisely than with FM.

2.2 Typical Floppy Format

A disk consists of many separate tracks. These tracks are
configured as a set of concentric circles. Each track con-
tains a set of many sectors. Each sector contains one Ad-

dress Field and one Data Field. Figure 2 shows the most
common track format used on floppy disks today. It is the
|BM double density standard.

The Address Field within a sector is used to identify what
sector the following data field belongs to. It begins with a
synchronization field or preamble to allow the data separa-
tor (which will be described soon) to synchronize to the
speed at which the data is being read from the disk.

Next an address mark uniquely identifies this field as an
Address Field. The address marks are encoded with a
unique illegal pattern that is an MFM encoding rule violation.
The violation is a missing clock pulse from a particular loca-
tion within the byte. This illegal pattern guarantees that this
is an address mark field and not a data pattern from some
other area of the disk. The following four bytes identify the
sector being read. This is followed by a CRC (Cyclic Redun-
dancy Check). The CRC allows the controller to verify that
the information read is free of errors. This is followed by a
gap which is simply a series of bytes that physically sepa-
rates the Address Field from the Data Field.

[¢]
™ Mmoo St AN
SYNC GAP | swe lulelefc] o | sme DATA c| o GAP
- 80 OF | 12 0F 50 OF | 12 OF Mlelc]y]|r| 220F | 120F R |PROGRAN-}
roruar NPM]| 4 00 sorf oo | 0 fsor| . lc|AjT]Tlc| “ 00 Jsorf F8 c| B
c2* At® MLERAR] Ate] OR
R}S 8
INDEX ADDRESS
f— FIELD ADDRESS FIELD DATA FIELD
REPEATED FOR EACH SECTOR
’ |
TL/F/9419-2

FIGURE 2. Typical format of a floppy disk. This is the IBM MFM standard.

Notes:

C2* = Data Pattern of C2, Clock Pattern of 14
A1* = Data Pattern of A1, Clock Pattern of 0A
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The Data Field contains the data that the sector represents.
It begins with a preamble and data field address mark, simi-
lar to the beginning of the Address Field. The actual sector
data follows this. The data is followed by a CRC and then a
gap, that separates this sector from the next.

2.3 Obstacles in Reading Data

Since MFM is the most popular floppy disk data encoding
method the following discussion will refer specifically to
MFM.

The floppy controller must be able to decode the data read
from a disk drive. Theoretically, this could be a fairly easy
process. The controller must first synchronize to the clock

pulses in the preamble field of a sector. After that, itis justa -

matter of checking when the next encoded data pulse ar-
rives. The pulse can arrive, 1, 1.5 or 2 bit periods later.
Using this information the controller can decode this and all
subsequent bits, reconstructing the original data from this
information.

Unfortunately, this simple method is not so simple. The data
pulses read back from a disk drive will generally be some-
what different from the data originally written.

There are three major sources of data degradation.

1. Bit Shift—As data is written, magnetic interaction of adja-
cent bits cause the data to be shifted in time from its
nominal position. When these flux transitions are record-
ed close to each other, the superposition of their magnet-
ic fields tends to move their apparent position. Thus when
they are read, the floppy drive’s peak detector moves the
peak of these flux transitions apart from each other. This
is the major cause of instantaneous bit shift.

(This type of data degradation is mostly predictable and
can be partially compensated for by shifting the data as it
is written to the disk in the opposite direction that the bit
is predicted to shift. This is called Write Precompensa-
tion, and all three controllers have circuitry to enable the
data to be precompensated. The write precompensation
circuit accepts the serial write data output from controller
and shifts the data early, late, or none, based on the early
and late input signals. The amount of write precompensa-
tion is software selectable on the DP8472/4. This circuit
uses the same type of delay elements as the secondary
VCO. The DP8473 utilizes a shift register delay technique
to provide IBM® compatible write precompensation.)

Several other factors can contribute to jitter. The drive’s
peak detector may be unbalanced, resulting in a bit shift
similar to that described above. This could cause positive
going peaks to appear earlier than negative going peaks
or vice-versa. Also, a long cable between the disk drive
and the disk controller may contribute to bit shift.

2. Motor Speed Variation (MSV)—This is an error in the
spindle motor speed from the nominal, and causes the
data rate to vary typically 1-2% for each drive. For de-
sign purposes this value is doubled since drive media is
interchangeable. Thus a slow drive can record data that
is read on a fast drive.

3. Instantaneous Speed Variation (ISV)—This is an addi-
tional speed error that is a constantly changing affect due
to disk-jacket friction, and mechanical resonances. Usu-
ally this variation has a frequency component less than
1 kHz and causes the data rate to vary an additional 1-
2% (again doubled). )

While bit shift is the primary cause of decoding problems,

the speed variations create difficulty in locking to the fre-

quency of the data stream, and degrade jitter tolerance. The

data separator must be able to synthesize the average fre-
quency of the data coming in, and if the disk data rate dif-
fers from the nominal value then synchronization is more
difficult.

2.4 Performance Measures of a Data Separator

There are several measures of data separator performance.
The most universal one is window margin. Window margin
measurements themselves can be subdivided into two cate-
gories, Dynamic, and Static (described shortly). Window
margin is defined as the amount of bit shift that can be
tolerated by a data separator without mis-decoding the data.

[e——— SINGLE BIT CELL ——————— =
Clock Window Data Window
Theoretical Theoretical
Window Boundry Window Boundry
/) 7
Actual / Actual /
Window Window
~
[N ]
[N ]
[N ]
3!
Nominal Reglons where Nominal!
Clock pulse Da
Pulse may not be Pulse
(If Present) correctly (if no Clock
decoded Pulse)

TL/F/9419-3
FIGURE 3. Window Margin Timing Definition
Figure 3 shows a timing diagram of a typical bit cell, and its
composite data and clock windows. Theorstically a pulse

" (either clock or data) could be shifted in time either early or

late relative to its nominal position by up to ¥ of a bit period
and still be decoded correctly. This is the theorstical window
boundary region in Figure 3. If the pulse is shifted more than
this, then it would fall into another pulse’s window. In reality,
due to the limitations of practical data separator implemen-
tations, the actual window boundary in which data will be
directly decoded is less than the full 1/ period. This is
shown in Figure 3 as the actual window region. Typically this
actual window size is measured as either a percentage of
the theoretical maximum or in terms of nanoseconds. The
former is the more popular method and will be used here as
well. In equation form:

WM% = (Actual Window Size)
(Nominal Theoretical Window Size)

Window margin should be measured with a specified
amount of ISV and MSV, at a specific data rate, with a spec-
ified data field and format pattern, and a known bit shift
algorithm. If any of these are unspecified, then a true com-
parison of data separator performance is more difficult. Win-
dow margin is usually specified as a percentage of the nomi-
nal frequency window (as opposed to the nominal frequency
plus the MSV).

X 100%




There are two basic types of window margin tests. One test
is where the data separator and controller must read a sec-
tor of data, in which all the bits are shifted until the data
separator cannot read the sector correctly. This is called
dynamic window margin. A second test is to present a long
sequence of perfectly centered MFM clock pulses except
for one bit. This bit is shifted until an error occurs. This sec-
ond test is called static window margin.

Do Not Confuse the Two Measurements. The first one more
correctly reflects the “Real World”. The second one is an
indicator of the accuracy of the circuits that compose the
PLL, but does not include most of the errors due to the
response of the PLL.

As an example of a dynamic window margin test: A data
separator has a 70% window margin at 500 Kb/s, with a
total £1.5% MSV, and +1% ISV. The encoding is MFM,
and the data pattern is a repeating DB6DB6 . . . (HEX) pat-
tern. A reverse write precompensation algorithm is used for
pattern dependent bit jitter (all bits are jittered). These con-
ditions are one of the worst case conditions for analog data
separators. This means that the data separator will correctly
decode a pulse so long as it is shifted no more than
+350 ns from its nominal position (the theoretical window
at 500 Kb/s is +500 ns) over the full MSV and ISV range.

Another data separator performance measurement is Bit Er-
ror Rate (BER). This is a measure that is defined as ratio of
the number of bit errors during long term reading divided by
the total number of bits read. A small bit error rate is desir-
able. BER is better for evaluation of total system perform-
ance, since the performance of the whole system effects on
this figure. Thus as a final system checkout the manufactur-
er can specify the media, drives, data separator, and deter-
mine the error rate of this system. It is relatively difficult to
isolate the bit errors due solely to the data separator. This
specification is a less exact performance measurement than
window margin for a data separator.

Why is Window Margin Important?

The greater the window margin the lower the error rate. For
example if a bit is read with too much bit jitter for the data
separator, then that data cannot be read and the whole sec-
tor (or file) is lost. This is especially fatal since floppies do
not have error correction capability.

Another area where window margin is important, is manu-
facturing yields. A larger window margin ensures that when
intermixing best/worst case drives and controllers there is
minimum fallout. Thus larger volume vendors tend to try to
optimize window margin to improve yields as well as data
integrity.

Each designer needs to decide for himself what margin re-
quirements are necessary. In general, many high quality an-
alog designs typically achieve 60-65% window margin un-
der worst case conditions, with the best designs approach-
ing 70%.

Later in sections 4.2 and 5.1 theoretical calculation and
practical measurements of window margin are described.

2.5 Analog Data Separator Basics

The job of a data separator is to produce a read clock that
follows the slow data rate change caused by the drive motor
variation (MSV and ISV), but not track the instantaneous bit
jitter. This read clock then is used to clock in the serial data
into some type of deserializer. Generating a read clock for
MFM encoded data is potentially difficult. Because of the
MFM encoding rules, many clock pulses are missing from
clock or data windows. As a matter of fact, in a long string of
one’s, there are no clock pulses at all. A data separator
must use both clock pulses and data pulses to synchronize
to the encoded signal. The most popular method to do this
is with a Phase Locked Loop (PLL).

A PLL consists of three main components, a phase detec-
tor, a filter, and a voltage controlled oscillator (VCO), as
shown in Figure 4. Also in most cases a divider is used to
divide the VCO frequency as needed. The basic operation
of a PLL is fairly straight-forward. The phase detector de-
tects the difference between the phase of the VCO (or divid-
er) output and the phase of a periodic input signal. This
phase difference is converted to a current which either
charges or discharges a filter. The resulting filter voltage
changes the frequency of the VCO (and also the divider)
output in an attempt to reduce the phase difference be-
tween the two phase detector input signals. A PLL is
“locked” when the frequency of the two phase detector in-
put signals is the same.

Dete =1 n
a ase
Detector Filter
| Signal that Is
the Average
input
Frequency
Optional
Voltage
Dévyig:‘- Controlled
Counter Osclllator

TL/F/9419-4
FIGURE 4. Simplified Block Diagram
of Phase Locked Loop

With a slight modified version of the basic PLL, an MFM
data separator can be made. A modification is required be-
cause MFM encoded data is not a periodic signal. A phase
comparison can only be made when a pulse arrives from the
disk. When there is no clock or data pulse, the PLL should
continue generating the frequency it was generating before
the missing pulse. This is called a phase only comparison,
and it is the usual method of tracking an MFM signal.
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FIGURE 5. Simplified Block Diagram of Typical Data Separator

A typical data separator is shown in Figure 5. In addition to
the components of a typical PLL, it includes a quarter period
delay line and either a pulse gate or pulse inserter (not
both). Both of these blocks enable the pulse gate or pulse
inserter to decide when the phase comparison should be
made. The quarter period delay line delays the incoming
data pulses a quarter of a bit cell, and this feeds the pulse
gate or pulse inserter. The pulse gate will disable phase
comparisons when a VCO pulse occurs but read data puls-
es are missing. The pulse inserter will insert fake read data
pulses into the phase detector when there is a VCO pulse
but no read data pulse. These components are required to
determine the proper timing of the phase comparisons for
MFM encoded data. The need for these blocks can be dem-
onstrated by referring to Figure 6. Only the use of the pulse
gate is described since this is what is implemented in the
DP847x data separators.

Figure 6a shows two MFM bit cells, each with a clock pulse.
The VCO output provides two clocks per cell since an MFM
pulse can appear in either of the two windows that compose
the bit cell. (Note for simplicity the divider block is ignored.)
To achieve lock, the data separator tries to line up the rising
edge of the input pulses with the rising edges of the VCO
output cycles. MFM encoded data is not periodic, that is
some of the cells are missing pulses. The data separator
must decide when to make a valid phase comparison. This
can be seen from Figure 6a where the phase detector first
makes a comparison to an early pulse, which is correct, but
then on the next VCO cycle the phase detector now com-
pares this VCO edge even though no input pulses are pres-
ent. Hence, there must be a mechanism for fooling the
phase detector into not making a comparison. The method
chosen in the DP847x is to use a pulse gate to eliminate the
unwanted VCO edge.

However, disabling the phase detector’s input does not
completely solve the problem, as shown in Figure 6b. Here
the first early pulse is compared correctly. At the beginning
the next VCO cycle the data separator does not know
whether to do a phase comparison, since it does not know
whether the pulse is missing or just late. Thus by the time
the next pulse does arrive the PLL is lost.

Therefore, the DP847x data separators use a Y/ period (Y,
bit window) long delay line with the pulse gate. Now with this

delay line, all phase comparisons are made to the delayed
data. Thus the PLL is operating ¥, of a period behind the
data coming from the disk, but this allows the phase com-
parison enable logic to determine whether a pulse will occur
in a bit cell or not, and make the proper comparison.

Figure 6c shows how this works. For an early bit, the data
input enables a phase comparison, and the phase detector
compares the delayed data bit to the VCO edge. In the case
of this early bit, the proper pump up is generated. On the
next VCO cycle, the quarter period delay has detected no
pulse, and so no comparison is made. For the late bit, the
comparison is enabled prior to the VCO clock, so a pump
down is generated until the delayed data bit is seen by the
phase detector.

At nominal frequency, a delay of 14 of a bit ensures that the
phase detector will be properly enabled even if the data bit
is late all the way to the edge of its clock or data window.
(Remember one bit cell contains a clock and a data window.
A data pulse will appear within either (but not both) of these
windows. Therefore the theoretical maximum amount of bit
shift is 1/, of a bit cell.)

The quarter period delay line solves this problem of fore-
casting the future. It causes the MFM encoded data pulses
to be delayed by a quarter of a bit period. This allows the
pulse gate to determine when data pulses exist ahead of
time and thus enable the phase detector only at the appro-
priate times.

It is important that the quarter period delay line be accurate.
If the quarter period delay line is not accurate (ie. it's too
long or too short), then the window margin performance of
the data separator will be reduced. This performance reduc-
tion is due to the PLL'’s inability to correctly resolve bit shift
near the edge of a bit window. For example, if at 500 Kb/s
the delay line were shorter than it should be, say 400 ns
long instead of 500 ns, then a bit shifted 450 ns from its
nominal position is incorrectly decoded. The window margin
in this case is immediately reduced 20% from it's ideal. The
same degradation occurs when the delay line is too long.

2.6 Operation of an Analog Data Separator

A data separator can be described as operating in one of
three phases during each read cycle: Idle Phase, Initial
Locking Phase, and the Tracking Phase.
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Initially, when the data separator is not being used to read
data from the disk, it is in the Idle Phase. While in the Idle
Phase, the PLL is both phase and frequency locked to a
reference frequency. (Frequency comparison is implement-
ed by forcing a phase comparison every VCO clock.) The
PLL must eventually lock to both clock and data pulses of
the encoded data when it is read from the disk, so the refer-
ence frequency is generally two times the data rate frequen-
cy.

When data is to be read from the disk, the PLL switches
from the reference frequency to the incoming data stream.
Because the encoded data read from the disk is not a peri-
odic signal, only phase comparisons are made. Since the
PLL was initially locked to a frequency very close to twice
the actual data rate, the time required for the PLL to lock
onto the data read from the disk is minimized.

To further minimize this locking time, the beginning of each
Address Field and Data Field starts with a preamble (or syn-
chronization field). The preamble is a series of bytes with a
zero data pattern (all clock pulses and no data pulses).
When read, the preamble will produce a periodic signal with
little bit jitter. The data separator can lock to this signal with
the least chance of an error. It would be ideal for the floppy
controller to switch the data separator from the Idle Phase
to the Initial Locking Phase at the beginning of a preamble
to enable the maximum amount of lock time.

Once the PLL is locked to the average frequency of the data
being read from the disk, it should simply track the data
frequency. This means tracking the slow data rate speed
variations caused by the drive motor, yet ignoring instanta-
neous bit jitter. This is the Tracking Phase. The data separa-
tor then allows the controller’s deserializer to start decoding
the incoming data.

2.7 Digital Data Separators

A second method of separating clock and data information
is to use a digital data separator. While the circuits for the
analog solution has evolved significantly, digital data sepa-
rators have also improved somewhat, in a (less than suc-
cessful) attempt to match the performance of the analog
approach. These circuits are described below.

First Generation Digital Data Separator (DDS)—This circuit
is a very convenient all digital data separator. Its primary
advantages are simplicity, and low external parts count. This
circuit usually consists of a set of counter timing circuits and
some control logic to count times between individual pulses,
and thus determine whether a pulse is clock or data. The
SMC9216 is representative of this technology. Its major dis-
advantage is performance, and the inability to optimize the
window margin for various lock ranges. The dynamic win-
dow margin for these types of circuits is usually around 55%
with no MSV and as low as 30% with a £3% total MSV.

Second Generation DDS—A sophisticated digital data sep-
arator can be compared functionally to an analog data sep-
arator. The ideal digital separator consists of a sampler
(phase detector), a ROM look up table, with memory (filter),
and a programmable counter (VCO). The pulse gate can be
implemented as an extension of the ROM look up table.
These circuits are typically much better than 1st generation
circuits, but still far short of the analog approach. These
circuits have dynamic window margins of 50-55% over a
+6% lock range (total MSV variation).

3.0 DP8472/3/4 DATA SEPARATOR FUNCTIONAL
DESCRIPTION

The integrated floppy disk data separators from National
Semiconductor combine the performance of an analog PLL
and the ease of use of a digital data separator. They do not
require any external trimmed components, and they have a
data rate range from 125 Kbits/sec up through 1.0 Mbits/
sec (up to 1.25 Mb/s for the DP8472/4 with a 10 MHz
clock). They are built using CMOS technology to achieve
good linear performance as well as low power operation. A
block diagram for the data separator is shown in Figure 7.

3.1 Block Diagram Description

The heart of the DP847x data separator is the main PLL.
The main PLL consists of the VCO, programmable divider,
phase detector, and the charge pump. The entire operation
of the PLL and data separator logic is based on the Refer-
ence Clock which should be an accurate reference frequen-
cy. The Reference Clock is divided by two, then feeds the
Secondary PLL, and the divide-by-N counter. As discussed
later the Secondary PLL is used to calibrate the operation of
the quarter period delay and Primary VCO. The Reference

Clock’s Divide-By-N counter and the Programmable Divider

are both programmable counters whose divide by factor is

determined by the data rate selected. The output of the di-

vide-by-N and the Programmable divider is always twice the

data rate. The output of the divide-by-N is used as a refer-
ence frequency for the PLL to lock to when the PLL is idle.

The output of the Programmable Divider is the separated

clock that is used to strobe the incoming pulses into the

controller's deserializer.

Note: Throughout this di ion, the F Clock as shown in Figure 7
is the master clock for the data block. This F Clock
also generates several other clock frequencies that are used by the
data or sub-secti In the followi i ions the term
Reference Clock refers only to the signal in Figure 7 that feeds the
divide-by-2 and divide-by-N blocks. Also the term Divide-By-N counter
is used for the counter driven by the Reference Clock, whereas the
Programmable Divider refers to the counter driven by the VCO.

While the primary intention of the DP8472/4 is to have the

Reference Clock set at 8 MHz, it is possible to vary this

clock from 4 MHz to 10 MHz. If the clock is scaled the data

rate scales proportionally as well, because the Secondary

PLL and the dividers track the frequency change. If the

DP8472/4 is operated with a 4 MHz clock, then actual data

rate will be half the value selected when operating at 8 MHz.

In the DP8473, the Reference Clock of Figure 7 is derived
from a prescaler circuit that is operating at 24 MHz. The
output of this prescaler circuit is 8 MHz for all data rates
except 300 Kb/s. At 300 Kb/s the equivalent prescaler out-
put is 9.6 MHz. The 24 MHz is intended to be a fixed fre-
quency, but could be scaled lower for unique applications if
desired.

Under normal operation both the DP8472/4 and the
DP8473 fix the Secondary PLL and the Primary VCO to run
at one half the Reference Clock frequency. Thus using an
8 MHz clock on the DP8472 or the 24 MHz clock on the
DP8473 Primary VCO'’s output is 4 MHz (except on the
DP8473 at 300 Kb/s where the VCO output is 4.8 MHz.)
Operation at different data rates is accomplished by chang-
ing the Divide-By-N and Programmable Divider.

The basic operation of the Phase Locked Loop is fairly stan-
dard although there are several added features in the
DPB847x PLLs. The phase detector determines the phase
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difference between two inputs. One input is always the di-
vided output of the Programmable Divider.

The other input is either a reference frequency (derived from
the Reference Clock) of twice the data rate while the data
separator is in the idle mode, or when reading the disk the
encoded data from the drive after it has passed through the
quarter-period delay line.

While in the idle mode, the phase detector determines both
phase and frequency information. This is accomplished by
forcing the pulse gate to enable all phase comparisions.
This state is set by the top two multiplexers of Figure 7
which in idle mode select clocks generated by the Refer-
ence Clock to enable the pulse gate on every clock edge
(hence all clocks are compared by the phase detector). By
locking to the Reference Clock generated frequencies in
both phase and frequency, the PLL is preventing from lock-
ing back to a harmonic of this frequency.

When the data separator is told to read the incoming data
pulses, Read Gate is asserted. This changes the signals
selected by the multiplexers. The top multiplexer switches
to inputting the “raw” read data pulses into the pulse gate,
and the bottom multiplexer sends read data delayed by a
quarter bit period to the phase detector input. When this
switch occurs, the Zero Phase Start-Up logic synchronizes
the Programmable Divider's output to be in phase with the
very next arriving data pulse. This causes the PLL to acquire
lock to the data quicker since it is starting with a “near zero”
phase error between the Programmable Divider and the en-
coded data.

The quarter-period delay line consists of a series of voltage
controlled delay elements. The encoded data from the disk
drive enters the beginning of the delay line. The output is
derived from the output of one of the delay elements. The
delay element used for the output depends upon the data
rate used.

When locked to either the read data pulses or the refer-
ence, the phase detector issues either a pump up signal or
a pump down signal depending upon whether the VCO
should increase or decrease its frequency. The length of
this pump signal is proportional to the amount of phase dif-
ference between the two input signals. When locked, the
phase difference between the VCO and the delayed data

will be small. In this case the width of the pump signal could
be so small that the rise time may prevent the signal from
ever being recognized by the charge pump. To ensure that
the charge pump can recognize even the smallest pump
signal, both pump up and pump down signals are asserted
at each phase comparison and the appropriate signal is ex-
tended by an amount proportional to the phase difference
between the two input signals. The pump signals are then
subtracted from each other by the charge pump. Therefore,
the rise time of the pump up or down signals will not de-
grade the performance of the charge pump.

The charge pump simply adds or removes an amount of
charge proportional to the length of the pump signal to or
from an external filter. The voltage of the external filter de-
termines the frequency produced by the VCO.

Finally a synchronized clock and serial data signal is sent to
the controller’s deserializer by the Data Synch Logic Block.
This circuit takes the output of the Programmable Divider
and the Read Data pulses, and synchronizes these two sig-
nals, by centering the read data pulse in the appropriate
Programmable Divider's clock cycle. This allows the control-
ler to easily deserialize and decode the data pulses proper-
ly.

An additional block not shown here, but used on the
DP8473 is the filter selection logic. This logic is used to
select different filters for different data rates. The descrip-
tion and use of this circuitry is described in section 5.3.

3.2 Self Calibration

Normally, most VCO implementations would need an exter-
nal precision capacitor (maybe trimmed) to set its center
frequency. Also, the quarter period delay line would require
an external trimming resistor to set the delay to exactly a
quarter of the data rate. The actual delay of the delay ele-
ments used in these functions would normally vary from one
part to another due to normal process variations. However,
the DP847x has been designed to eliminate the need for
these external trims. There are actually two PLLs in the
DP847x; the Primary PLL, and a Secondary PLL. The Pri-
mary PLL is used for data separation. The Secondary PLL is
used to calibrate all of the delay elements used in the chip.
This includes the quarter-period delay line, the main VCO
and the write precompensation logic on the DP8472.
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The VCO of the Secondary PLL is a ring oscillator of delay
elements. The amount of delay that each inverter produces
is regulated by a control voltage which is the internally con-
nected output of the Secondary PLL. The Secondary PLL is
locked to the same frequency as the Primary VCO, half of
the reference clock frequency. The delay elements used in
the secondary VCO are identical to those used in the Pri-
mary VCO and are regulated by the same control voltage.
There are also the same number of delay elements in each.
Therefore, the center frequency of the Primary VCO is inter-
nally trimmed to exactly half of the reference frequency.
Since the delay elements in the Secondary PLL have a
known delay, any number of identical elements that are set
by the calibration voltage will have a very accurate delay.
Thus the quarter period delay line is just a chain of these
delay elements that have the desired total length. In the
DP8472 the write precompensation delay line consists of
the same quarter period delay line elements, but the desired
precompensation taps are selected to get the proper delay.

The delay elements used in the quarter-period delay line
and the write precompensation logic are also of the same
type used in the secondary VCO. Because the delay of each
element is accurately set by the Secondary PLL, there is no
need for any trimmed tuning components for any of these
circuits. Essentially, the only external passive components
required for the DP847x are for the filter(s) (two capacitors
and a resistor per data rate), and a resistor to set the gain of
the charge pump (ie. the amount of charge pump current).
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3.3 Data Separator Read Algorithm

Since the DP8472/3/4 floppy disk controllers incorporate
the analog data separator, these chips take advantage of
close proximity of the controller and data separator blocks
to implement a read algorithm that is much more sophisti-
cated than previous floppy controller integrated circuits.

Before describing the details of the algorithm, a brief discus-
sion of a disk read (or write) is necessary. When the control-
ler is issued a read (or write) command, it is asked for a
specified sector. The controller starts to look at the incom-
ing MFM information. It scans this information, trying to lo-
cate the proper address field. In order to do this, the data
separator is first told to lock to the disk data, and once
locked the controller looks at the incoming information. In
most controllers, the data separator is told to look at the
data continuously until the correct sector address is found.
This makes the data separator susceptible to being thrown
out of lock, since the controller is not “watching” the data
separator to see if it has maintained lock through the search
process (which it can easily lose). Once the correct address
is found the controller must then ensure that the associated
data area is read, by re-locking to the incoming signal and
then reading (or writing) the data.

Figure 8 shows in state diagram form the algorithm used by
the DP847x controllers to ensure that disk data is correctly
read (or written). This algorithm is much more sophisticated
than previous generation controllers. The following de-
scribes the operation. When the controller is idle, the data
separator is locked to the crystal/clock reference in a fre-
quency comparison mode. (Frequency comparisons are
made by disabling the pulse gate, and ensuring that all ref-
erence and VCO cycles are compared.)
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FIGURE 8. State Diagram for a Data Separator Synchronization and Read Operation
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When a read command is issued to the controller the con-
troller asserts an internal Read Gate signal to the data sep-
arator. This causes the PLL to switch from locking to the
reference to locking to the data with the pulse gate enabled,
and the primary VCO/divider started in phase with the next
incoming pulse. The PLL waits 6-bit times to lock to the
data. When the seventh bit arrives the data separator as-
sumes that this bit is a preamble bit (thus an MFM clock bit).
The controller/data separator then continues looking at the
data until a non-preamble pattern is detected (ie. an MFM
data pulse). It then checks to see if it has now encountered
an address mark with the proper rule violation. If it has not,
read gate is deasserted. The data separator returns to the
idle state for 6 byte times, and then starts all over again.

If three address mark bytes are found then the data separa-
tor remains locked to the data while the controller looks to
see if it has found the right address field. If the controller
discovers that this field is not the correct address field then
it deasserts read gate for 6 bytes, and tries again.

If the correct address field is encountered, the controller de-
asserts read gate during the gap between the address and
data fields. It then re-asserts read gate, and follows the
state diagram to read the data field (ie. looking for pream-
ble, address marks etc.).

This comparison is done on a bit-by-bit basis, therefore en-
suring that the PLL never tries to lock on an unwanted field
for more than one bit time. In other words, the PLL will never
loose lock. This algorithm provides a very fast lock to the
data stream, and ensures that the data separator never falls
out of lock while reading the data. Both of these features
reduce the need to do retries of operations to ensure cor-
rect execution. )

4.0 DESIGNING WITH THE DP8472/3/4
DATA SEPARATORS

The following section is a fairly in-depth description of the
design characteristics of the PLL in the DP8472/3/4 con-
trollers. (National Semiconductor cannot be responsible for
the sanity of any one who venturss into this section. Hence
we recommend using the filter values supplied in the dala-
sheets.)

Two elements determine the overall performance of a
Phasé Locked Loop: the loop gain and the loop filter design.
When using the DP847x both of these elements are con-
trolled by the user. The amount of current in the charge
pump circuit can be set with an external resistor. This will
set the overall gain of the PLL. The filter is external to the
DP847x and is user definable. This gives the user the possi-
bility of tailoring the data separator performance to his own
application requirements and design criteria. The following
information will present some tradeoffs that apply in choos-
ing the external components for typical applications.

4.1 Basic Phase Lock Loop Theory
This section will first start with the basic control systems

model for a second order PLL, and then apply these basic

equations to the individual blocks that compose the data
separator in the DP8472/3/4 Controllers.

Initially Locked Model

In order to understand the behavior of the data separator "

and to discuss the tradeoffs of the different design parame-
ters, some background in the theory of PLLs will be present-
ed.

Figure 9 shows a diagram of a PLL which is assumed to be
in a locked state. Each box contains the phase transfer
function of the corresponding block and each node has the
relative phase signal. The PLL is locked, which means that
the VCO output and the input signal are at the same fre-
quency and in-phase with each other (the phase error is a
constant). This model is useful for understanding the phase
locking process when the PLL is switched from the refer-
ence frequency to the incoming data.

F(s)

Kp F(s)
VD = (01- ’2) :

o

Vi(s)

TL/F/8419-11
FIGURE 9. The Block Diagram for an Initially
Locked PLL Control System, Showing the
Transfer Functions for Each Block

The frequency variations that this model take into account
are assumed small enough so that the loop stays locked in
frequency. Therefore, only the effect on the phase differ-
ence is considered. Also, it is easier to refer to bit shift toler-
ance in terms of phase. Hence the phase transfer functions
yield the most appropriate information.
The concept of phase is very much related with the concept
of time. The advantage of phase information is that it is
independent of frequency of the signal and it is measured
as a pure number (radians).
A simple RC filter model will be used to simplify the math.
This is actually a good model because the effect of a sec-
ond capacitor is only seen at high frequencies. This simplifi-
cation allows the use of second order PLL theory that is
easily available in literature. (See for example: R.E. Best,
Phase Locked Loops, McGraw-Hill, 1984)
From Figure 9 the closed loop phase transfer function for
the loop can be derived using standard control system theo-
ry techniques, and reduces to:
02(s) _ _KpK'vcoF(s)
H(s) = === ————— 1
® = 516 ~ s+KoK'vooF®) @
where K'vco = Kyco/N, N being the number of VCO cy-
cles between phase comparisons due to the divider that
typically is inserted between the VCO and phase detector.
The closed loop phase error function can be written as:
0(s)
01(s)
9,—0o s
1792 _ : @
04 s+ KpK'vcoF(s)
Now we'll evaluate the variables that appear in expressions
(1) and (2).

Hels) = =1-H(s) =
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The Charge Pump

In the phase detector/charge pump circuit a current is gen-
erated in the correct direction (positive or negative) every
time the edges of the VCO/divider output and the incoming
data pulses are not coincident. The current is a pulse with
amplitude equal to Ipymp and length equal to the phase
error between the two signals. The pump current is zero for
the rest of the period, so the average current is:

IpumPO¢

|l = M€

z om @)
where 6. is the phase error between the VCO/divider and
input pulses. The phase detector and charge pump gain is:

| |
Kp = 2 — lPump

0 2w @
where lpymp = Kp X IR, Ig is the current set by an external
resistor at SETCUR pin. The current at this pin is: Ig =
VRer/Ry, Kp = 2.5, and VRgr = 1.2V. Thus combining
equations:

(2.5)(1.2)
> ®)
Note that the maximum current that can flow to or from the
charge pump is 500 nA, which corresponds to a resistor
value of 3 k2. The minimum current is limited to 125 pA by
stability and leakage constraints on the internal reference
circuits. So Ry must be smaller than 12 k. In conclusion,
the charge pump current and resistor can be set in the fol-
lowing range:

125 pA < lpymp < 500 pA
3k < Ry <12kQ

Any value in this range can be chosen, and usually the
choice is dependent on the PLL filter capacitor’s mechani-
cal size and cost. We have chosen in the datasheet a value
of 5.6 kQ since it represents a good compromise of all
these considerations. )

The VCO and Programmable Divider

The VCO gain is defined as the ratio between a frequency
change at the output vs. a voltage change at the input (FIL-
TER pin). This value cannot be set by the user and has
been designed to be immune to process, temperature and
voltage variation. There is a variation of less than +20%
between different parts, and the typical value of Kygo is:

/
o -

(6)
The actual value K'ygo for expressions (1) and (2) differs by
a factor of N. N is the ratio between the frequency of the
internal VCO and the “instantaneous” frequency of the
data. This takes into account both the factor due to the way
the data is encoded, and the factor due to the internal pro-
grammable divider used for the data rate selection. The

following table gives the value of N for different codes, data
rates, and data patterns. K'yco can be derived from these
values of N.

For example in the DP8472/4, if an 8 MHz crystal is used,
and the 250 Kb/s MFM data rate is selected K'yco =
25/16 = 1.56 Mrad/sec/volt. If a 4 MHz crystal is used
then the 500 Kb/s data rate pin selection must be chosen to
achieve 250 Kb/s MFM. This K'yco = 3.13 Mrad/sec/volt.

TABLE I. VCO Galn Reduction Factor for
the DP8472/4 with an 8 MHz Crystal/Clock
or the DP8473 with a 24 MHz Crystal/Clock

Data Code Data Patterns N
Rate

1Mb/s MFM all0’s,all 1's 4

010101... 8

500 Kb/s MFM all0’s,all 1's 8

010101 ... 16

FM all0’s 8

all1’s 4

300 Kb/s MFM all0’s,all 1's 16

(DP8473) 010101 ... 32

250 Kb/s MFM all0’s,all 1's 16

010101... 32

FM all0’s 16

all1's 8

125 Kb/s FM all 0's 32

all1's 16

On the DP8473, the crystal/clock is fixed at 24 MHz, which
causes the PLL divider to be equivalent to the 8 MHz
DP8472. So for a 250 Kb/s data rate N=16 and K'yco
=1.56 Mrad/set/volt. For the DP8473 set to 300 Kb/s
MFM the PLL operates equivalent to the DP8472 selected
to run at 250 Kb/s but the crystal clock is set at 9.6 MHz.
Thus the N values for this case is the same as for 250 Kb/s,
and K'yco = 1.56 Mrad/sec/volt again.

The loop filter calculation is made assuming lock and acqui-
sition during a preamble (all 0’s pattern), so these values of
N are used in the bandwidth and damping calculations
shown later.

The PLL Loop Filter

Inside the data separator, the charge pump output is con-
nected directly to the VCO input. A filter is attached exter-
nally to this point. The typical configuration of this filter is
shown in Figure 10. The output of the phase detector/
charge pump circuit is basically a current generator with a
very high output impedance (hundreds of k). This high im-
pedance combined with the external capacitor, Cp, of the
filter provide a small (close to 0) steady phase error after a
frequency step in the input signal. The charge pump setting
along with Cz sets the bandwidth on the PLL. The DP847x’s
charge pump circuit eliminates the need for an external ac-
tive filter. The resistor Ry is the damping resistor and it con-
trols the stability of the loop.
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Damping Resistor

c, N ‘
~ Secondary Capacitor

Primary Loop Filter
Capacitor
TL/F/9419-12
FIGURE 10. Simple Schematic of Typical
DP847x Data Separator Filter Configuration

The filter design is usually improved by adding another ca-
pacitor in parallel, C4. This second capacitor is intended to
improve the low-pass filtering action of the PLL. In our sub-
sequent filter discussions, C is ignored initially since its val-
ue will be much smaller than Co.
In the DP847x, the input of the filter is a current from the
phase detector/charge pump, the output is a voltage to the
VCO. Therefore, the transfer function of the filter of Figure 9
is simply its impedance:
1+ sRaC

Fis) = 2(s) = — o 22 ™

2
(As mentioned, we are ignoring the effect of Cy for now.)
Substituting these equations into (1) and (2) produces:

K'vcoKp(sR2Ca + 1)

= K'vooK ®
(s2 + s(K'vcoRzKp) + —Vg—ﬂ’)
2

This then reduces to a standard second order equation of
the form:

H(s) =

(2S£wn + wnz)
(s2+2¢wps + wp?)
and similarly the error function has the form:

s2

Hel®) = (2 2tams + o) ®
In this discussion we won’t be making use of the error func-
tion equation, however it is the basis of much of the acquisi-
tion equations which are used to derive Figures 71 and 72.
The complete analysis is beyond the scope of this paper,
but is discussed in detail by most of the references. From
equation 8, and the standard second order equation we can
solve for the bandwidth, w, and damping, {. The natural
frequency is:

H(s) =

> _ K'vcoKp
Ca

on = ,lPUMPK'VCO
n 27Co

By combining Kyco and Ipymp constants, the design equa-
tions for the PLL can be simplified, by introducing Kp|,
which is defined as the product of Vrer X Kp X Kyco. By
using the Kpy | constant the above equation becomes:

= KpLL
“n =\ 22NR,C; n
where N is the VCO divider as deflned in Table I. The damp-
ing factor is given by:

wn

(10)

: K'vcoR2KpCa
2Lwp = K'VCORZKD—V"CQE:—D"z‘
2fwn = wn2R2C2
wnR2C!
¢ =2 (12)

These two parameters (equations 11 and 12) will allow us to
calculate the PLL filter components based on bandwidth,
and damping. The closed loop phase transfer function
shows that the PLL behaves like a low-pass filter. It passes
signals for input phasé signals whose frequency spectrum is
between 0 and wp. This means that a second-order PLL is
able to track a phase and frequency modulation of the input
signal up to a frequency equal to wp/2m, and it will not
follow iriput variations of higher frequencies.

4.2 System Performance and Fllter Design

The system performance of a data separator can be de-

scribed by three main criteria.

1) Acquisition Time—ability to guarantee lock during a pre-
amble.

2) Window Margin—ability to recognize data shifted in time
from its ideal position (bit jitter) without mcorrectly decod-
ing it.

3) Tracking of Disk Data—-ability to follow slow (<1 kHz)
disk data speed variations.

The filter design must meet the requirements set by these
performance characteristics. The two conflicting require-
ments are that the bandwidth must be large enough to en-
sure proper locking to the data stream, but as small as pos-
sible while tracking the data to maximize bit shift rejection
and window margin. Primarily the filter sets the bandwidth,
and it is determined by the required acquisition time as
shown later.

To illustrate this, a numerical example (for 500 Kb/s data
rate) is presented following the design considerations step
by step. After we have completed the paper design a dis-
cussion of performace measurements is provided. Once the
initially calculated paper values are chosen, then real mea-
surements must be made, and adlustments to these values
are decided upon.
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Acquisition to the Data Stream

Acquisition means to achieve phase lock and to bring the
phase error of the VCO to zero, or close to it. This includes
acquisition of phase lock to either the data input or to the
reference frequency. The lock mechanisms for these two
cases may be different.

At the moment just before Read Gate is asserted, it will be
assumed that the VCO is locked to the reference frequency.
It has been locked for a relatively long period of time, there-
fore the phase error between the VCO output and the refer-
ence frequency is nearly zero. Because the system is initial-
ly locked, the initially locked model can be used.

When Read Gate is asserted by the controller, the input to
the phase detector is switched from the reference frequen-
cy to the data stream. This is an instantaneous change of
both phase and frequency to the input of the phase detec-
tor. The loop must be designed to assure that it can achieve
both phase and frequency lock to the incoming data. Phase
and Frequency Lock implies that the steady state phase
and frequency error at the phase detector input is near zero.

The goal is to lock to the data stream within the length of
the preamble, very often half of the preamble to increase
the probability of locking successfully. In fact, during a pre-
amble the data pulses are relatively free of bit shift and the
frequency is constant. There are two basic requirements to
ensure that the data separator correctly locks to the data
stream in the required amount of time.

1. The loop bandwidth must be large enough to ensure that
phase and frequency error of the VCO goes to zero within
the required time (usually within 14 the length of the pre-
amble). This implies that the shorter the preamble the
larger wp.

2. The filter must also be designed to guarantee that a data
pulse will never fall out of the data window during the lock
process. The peak phase error during acquisition must be

less than 1/, of a data or clock window (i.e. or < 7/2). If
the filter is incorrectlly designed and the data pulse falls
outside the window (called cycle slipping) during acquisi-
tion, the loop may never lock within the desired acquisi-
tion time and the encoded data will not be decoded cor-
rectly. This requires that to guarantee lock over a wider
variation of data rate, a larger wp, is required.
Both of these requirements can be approximately derived
from Figures 171 and 72. These curves plot relative phase
error normalized to wp versus time in units normalized to
n. This period of time, and the amount of phase error pres-
ent is dependent upon wp and damping.

For the first requirement, the phase error settles close to 0
in about:

tacg = — (13)

Wn

This equation yields a minimum starting bandwidth, and is
valid for systems where the speed variation of the incoming
data is small (£1-2%).

For the second requirement, the peak phase error,
6o(PEEK), during acquisition can be determined from Figures
77 and 72. The design must ensure that the sum of this
peak phase error due to a phase step, 8¢(PHASE), the peak
phase error due to a frequency step, 6,(Freq), and the
phase error due to PLL noise and non-linearities, gpLL),
must all be less than /2. In equation form:

0e(PEAK) = Oo(FREQ) T Oo(PHASE)
ki
+0g(pLL) < 2 (14)

Thus the sum of the peak phase errors for a phase step and
a frequency step must be calculated.

08
s, %
6, 04
£=5.0
02 t=2.
0 VA +/ =
0 2 4 ] 0
-02 S
et~ \*f=0.7
-04 N 4=05
s T TT¢=03
(1)

TL/F/9419-13

FIGURE 11. A Plot of Normalized Phase Error of a PLL to a Phase Step Input
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FIGURE 12. A Plot of Normalized Phase Error of a PLL to a Frequency Step

TL/F/9419-14

L

TL/F/9419-15
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TL/F/9419-16

Data Pattern 0 0 0 1 1
One and
One a Half
Call Call
Pulse Pattern Spaco Space
(a)
Data Pattern 0 1 1
One Two
Call ] Call [
Pulse Pattern Space Space
(b)

FIGURE 13. Two “Worst Case” Data Field Patterns for Measurement of PLL
Bit Shift Tolerance a) “11000” Pattern with 2/3 ps Pulse Spacing (at 500 Kb/s), and
b) A “DB6” (“110”) Pattern with 2/4 us Pulse Spacing (at 500 Kb/s)
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FIGURE 14. A Plot of Normalized Bit Shift Resistance Versus Time for a PLL

For determining the peak phase step error, the value of Select a value of pump current resistor. For ex-
0a(PHASE) is the maximum Y-axis value of the chosen curve ample 5.6 kQ2.

multiplied by the input phase step, and the result is in radi- Find out the minimum acquisition time required.
ans. For example with a damping of 0.7 a maximum error of Generally, half preamble which is 6 bytes. Thus:

—0.20 occurs at about 3 wp,. If the maximum phase step is _ . .
/2 when switching to the data, then the peak phase error tacq = ((6 X 8) bits) X 2 us/bit = 96 ps

is 0.1 #r radians. The choice of which curve to use depends Next calculate wy based on the larger of the
on damping factor desired. two acquisition requirements. The first require-

. . - is: < ; 3
Since a frequency step is also present at the transition of ment for wn is: 5/wn < tacg; Thus

READ GATE, the peak phase error of the frequency step
given by the normalized plot in Figure 12 must also be de-
rived. The phase error can be calculated by reading the
peak Y-axis value from the desired curve and using:

wp > 52.5 Krad/sec.

Calculate w, for the second acquisition require-
ment, i.e. ensuring the maximum phase error is
less than 7/2. Due to the Zero Phase start-up
0e(FREQ) = Yé-‘-'f (15) block within the Data. Separator, the ma.ximum

Wn phase step when switching to the data is /8.

. We'll choose a damping of 0.7. From Figure 11
to determine O¢(FReq)- Where Y is the value read from the Y the maximum overshoot is 0.2 (7/8) = 0.08

axis, and Ao is the maximum frequency step times 27. The rad (Note 1.0 rad = 314 ns at 500 kb/s). As-
maximum frequency step is the worst case frequency varia- sume that the data separator contributes a total
tion of the data being read from the disk drive, which is the 0.1 rad noise error. This is for charge pump

sum of the MSV and the ISV. asymmetry, delay line variation, and VCO jitter.
With the equations for loop bandwidth, damping factor, and Using equation 18:

the relationship between acquisition time and bandwidth,
the following example demonstrates the first steps at arriv-
ing at the loop filter components.

Oe(PEAK) = Oe(FREQ) + 0.08 rad + 0.1 read <
w/20r...

Example 1: Design a data separator using the DP8472 or r5:soul?ssm> 25 ns + 31 ns + Oe(FREQ) Which
DP8473. Determine the loop bandwidth, damp- :
ening factor, and Cp, Ry, Ry component values 6e(FREQ) < 443 ns or 1.41 rad
for a data separator that decodes MFM data at This yields the maximum tolerable phase error
a data rate of 500 kbits/sec. The preamble is due to a frequency step (which is dependent on
12 bytes long, and the total MSV/ISV is £6%. wp).
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First find the maximum frequency step in radi-

ans that the data separator must undergo. The

design requirement was 6%, but in order to ac-

count for gain variations in the data separator

some margin on top of this is required, so we

will design to 8% total speed variation. Thus:
Aw = 0.08 (500k) 27 = 251 Krad

The relative phase step error from Figure 12
using a damping factor of 0.7,is Y = 0.45, plug-
ging into equation 15:

Aw _ 0.45(251Krad) _

2—=————=280 /s.
wn % 141 Krad/s.

The larger of the two calculated wp's is 80
Krad/sec, so that is the chosen bandwidth.
__ Kpeu
2~ 27RNwp2
_ 75 Mrad
 2m(8)(5.6 kQ)(80 k2)

We will round down to the next lowest standard
value of 0.039 uF.

(16)

= 0.041 pF

2L
Ra = 17,
2 G2 # (7
Ro = 2 - 20.7) = 4500

Cawn  (0.039) (80K)
In the above example we have calculated a set of compo-
nent values for the acceptable bandwidth based on acquisi-
tion. This calculation yields a good starting point from which
experimental measurements can be made, but may not be
the optimum values. Depending on other considerations we
may decide to chose a value of wp that is slightly different
depending on window margin, or bit shift performance; as
will be shown.

Theoretical Dynamic Window Margin Determination

Previously in section 2.4 Window Margin was discussed in
terms of distortions of the data that degrade the window
margin. Here, using a model for these distortions we will
arrive at a calculation of the expected Dynamic Window
Margin for the DP847x analog PLL. The effects of Window
error, VCO jitter, and PLL response to a previous or present
bit shift all cause a reduction of the available window margin
available. (Remember the goal is to maximize the total avail-
able bit window.) The following analysis provides a feel for
the amount of degradation due to various parameters, and
serves to provide an indicator of the expected PLL perform-
ance. The following is a list of parameters that cause loss of
window:

Internal Window Error (or static phase error): The win-
dow error is related to the accuracy of the internal delay line
in the data path before the phase detector. As explained
previously, this delay line is automatically trimmed using the
crystal frequency as reference. The static phase error is the
sum of two factors. One of these factors is the difference
between the data stream frequency and the nominal and
unavoidable internal mismatches. Another contributing fac-

tor is charge pump leakage. This factor causes a perceived
phase error that is equivalent to varying the delay line
length. This is usually > 2%-4%.

VCO Jitter: The VCO jitter is caused by the modulation of
the VCO frequency with secondary VCO frequency, crystal
oscillator and other noise. This can account for another
2-5% percent of error.

PLL Response: The PLL response to a data bit shifted from
its nominal position because of noise or jitter is directly
translated in a margin loss for the bits following any shifted
bit. For a highly accurate PLL circuit this is the primary
source of error,-and it typically results in a window loss of up
to 20%, depending on data pattern and frequency variation
constraints.

All of these degradations are summed into the Window Mar-
gin specification.

Owm = (V2 Bit Window) — 8g(pLL) — Oe(sWL) (18)

This yields the margin loss, where 6y, is the total window
margin or the total amount of a half bit cell in which a data
pulse will be properly recognized, 8¢(pLL) is the error due to
PLL response, and 6g(swL) is the total error contributed by
imperfections of the PLL circuitry (including delay line accu-
racy, leakage, and noise).
The window margin loss contributed by the device accura-
cies are relatively straightforward, and are supplied by Na-
tional. The more difficult task is to determine the window
margin loss due to the PLL response.

Tracking of the Disk Data

The bit shift produced by an average disk depends on the
pattern of encoded pulses recorded on the media. Pulses
that are placed close together appear to push each other
apart when they are read back. This is the primary cause of
bit shift.

The PLL tolerance to bit shift is dependent on the amount of
data bits that are shifted, and the data pattern. It can toler-
ate more bit shift by individual bits if only a few of the bits
within a pulse stream are shifted. However, if most of the
data read by the PLL is shifted (both early and late), the loop
is constantly correcting itself and is never really phase
locked. Because it is not phase locked the maximum tolera-
ble bit shift is less.

Some data patterns are better at determining PLL perform-
ance than others. These are patterns that are particularly
difficult for a PLL remain locked to while the data pulses are
shifted early and late. For example a bit pattern of *“11000”
is difficult to decode since it has pulses alternately spaced
by 1 and 1.5 bit cells. See Figure 13a. This is difficult to
decode in some cases because under maximum bit shift
conditions all pulses are equally spaced. .

Another bit pattern that is difficult to decode is a repeated
bit pattern triplet of “110” (or “101” also referred to as a
“DB6" pattern), which has a pair of pulses one bit cell apart,
and the next pair two bit cells apart. This pattern is particu-
larly difficult to decode because it contains two pulses of
minimum spacing, followed by two maximum spaced pulses.
This pulse pattern is shown in Figure 13b.

Unlike the acquisition process described earlier, the PLL
must largely ignore individual bit shifts during the tracking
phase. The PLL should only follow the longer term average
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data rate. The desired PLL response during the tracking
phase is somewhat different from the response required
during the acquisition phase. Instead of a high bandwidth to
decrease the lock time, a low bandwidth is preferred to pre-
vent the PLL from following individual bit shifts. When
choosing the filter bandwidth, the lowest possible value
should be used that still satisfies the acquisition time re-
quirement.

Figure 14 can be used to determine the theoretical window
margin. This curve of phase bit shift resistance plots the
amount of error introduced in the PLL’s VCO by a phase
error. The following example will show the steps involved in
calculating expected window margin, and illustrate some
concepts of tracking data.

Example 2: Determine the total dynamic window margin for
a loop with a bandwidth of 90 Krad/sec, a
damping of 0.7, and at a 500 Kb/s data rate.
The intrinsic circuit errors amount to 0.1 radi-
ans of the window. Calculate the margin for
both the 110 and 11000 pattern.

First step is to calculate the bandwidth of the
PLL while tracking these data patterns. The
bandwidth is the square root of the ratio of the
pulses per bit cell relative to preamble data,
multiplied by the bandwidth. Preamble data has
1 pulse/bit cell, and a 110 pattern has 2 pulses
per 3 bit cells, while a 1100 pattern has 4 puls-
es for every 5 cells. Thus:

wn(110) = (90 Krad/sec) X 0.66
= 72 Krad/sec
©n(11000) = (90 Krad/sec) x 0.8
= 81 Krad/sec

To analyze the problem, we need to look at
two bits. The present bit which has an early
phase step, and the next bit which has an
equal late phase step. We must determine how
large a shift in the first bit can be tolerated
such that the same amount of shift in the sec-
ond bit will still fall within the proper window. In
equation form:

Og(2) + KwmAOg(1) + OpLL 2 67 (19)
where Aoe“), the shift of the first bit, is multi-
plied by Kwm, which is the affect the first bit
has on the VCO when then next bit arrives. 61
is the total window available (in this case +500
ns). @pL is the static error degradation due to
the DP847x and is 10% of 500 ns or 50 ns.
Abg(g) is the maximum phase error of the sec-
ond bit. We can solve for Afg(2) assuming that
Afg(1) = Abg(2):

o1 — 6pLL
Abg(2) = T + Kwm (20)
The value of Ky is the value read off the y-
axis of Figure 14, at a time normalized to wp.

This time is the time between two bits or:
Fora “110” pattern wp(t) = (4 ps) (72 Krad/s)
= 0.29, resulting in a value from Figure 14 of
Kwm = 0.37. And for a *11000” pattern wp(t)
= (3 ps) (81 Krad/s) = 0.24, which results in
Kwm = 0.28. Using 0.37, the window margin
is:

500ns — 31 ns
ABe2) = 137

In terms of percentage this is 100*(342/500) %
= 68%. Note that this is the window margin at
nominal frequency.

=342 ns

Open Loop Bode Plots and the Second Capacitor

Figure 15 shows the open loop gain Bode plot for the sec-
ond order PLL. This plot is useful as a double check to
make sure that we have a stable design and is important to
show the affect of the second capacitor in the filter. In this
plot, it is assumed that the charge pump output impedance
is infinity.

40
% \\
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Open 10 =t/
n M -
(@Bs) _yq AN | g/
wzl, | N \\J
=20 \
-30 \
-40
104 10° 108 107

Frequency (radians/sec)
TL/F/9419-18
FIGURE 15. Bode Plot of Open Loop
Gain of DP8472/3/4 Using a Typical
Filter at 500 Kb/s (from Example 1)

As can be seen, the gain starts off with a slope of 40 dB per
decade due to the two poles of the filter and VCO. The
phase angle starts at —180°C. The stabilizing zero is intro-
duced at w1 = 1/R2Cy, and causes the slope to change to
20 dB per decade. wp, is the extrapolation of 40 dB/dec line
to 0 gain, and the actual crossing pointis @ = 2 {w. Exam-
ple 4 discusses how to plot this curve.

The further reduce the effect of unwanted changes in the
VCO phase the second capacitor can be added to the filter.
This capacitor, C4, introduces a pole, Figure 15, between
the loop natural frequency and the data rate frequency. The
pole due to the second capacitor occurs at wp = 1/7p =
1/R2GC4. This capacitor provides further attenuation of bit
shift caused frequency components, and the pump pulse
noise, both of which have frequency components that are
around the data frequency. The only considerations in
choosing the value of this capacitor are related to the stabil-
ity of the loop, and inadvertently affecting w,. A good criteri-
on for stability is that the Bode plot of the open loop gain,
Figure 15 must cross the 0 dB gain with a slope of
20 dB/dec, ie. before the break caused by C4’s pole.
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To determine a simple method for deriving C4, we must look
at the open loop gain of the PLL along with the transfer
function of the loop filter. The open loop gain is:

62 _ KoK'vao

64 s @

Where F(s) is the filters transfer function:

(1 + SH2C2)
sCq

(SRgC1Cg)
(C1+Cp)

Combining these two equations and manipulating we find
that the second pole occurs at:

F(s) = Z(s) = (22)

wp = A (confirming Figure 15) (23)
R2C4

This is assuming Co >> C4 (which we ought to assume to
maintain the validity of previous filter assumptions).

The zero introduced by C and R should be designed to be
close to the 0 dB gain crossing. Ilts frequency is w; =
1/R2C,. The frequency of the pole due to Ry and Gy is
approximately wp = 1/R2C4. This pole must not significant-
ly change the slope around the 0 dB line. If we choose C1 =
C2/20 the effect on the slope of the transfer function is less
than 1 dB/decade at the frequencies around the 0 dB gain
line crossing. Thus as a guide:

C1SEZ-

20 (24?

Example 3: For example 1, determine Cy.
Very simply for example 1a:

0.039 uF
€ —
Cq 20 2000 pF
'i’he 1/20 factor provides the approximate value
for Cy.

Example 4: Plot the Bode diagram of the open loop gain for
the DP8472 with Ca = 0.027, C1 = 1000 pF,
Ry = 5.6 kQ, Ry = 545Q.

" There are two easy methods of doing this. One
method involves determining the open loop
gain at a low frequency, where the poles and
zeros don’t have any affect, and then using this
gain point at a start drawing the properly sloped
lines to the break point frequencies. A second
method is to calculate the wp, and 2{wn fre-
quencies.

For the first method, first calculate the locations
of 74 and 72 in Figure 15. Thus

1__1
71 R2C2
1
= = 6.8 X 104
(5450)(0.027 nF) 6.8 x 10
o= =
27 72 ReCy
1
_—— 6
(5450)(1000 pF) 1.8 10

Now pick a point that is below w1, and calculate
the open loop gain, which is:

K KpV, 1
Kicop = 2010g | (icokeveee) (L)

At o = 104, the K oop is:

12 X 106

n,czsz) = 3948

KLoop = 20 log (

Now draw a line from @ = 104 to w¢ with a
40 dB/decade slope. Then at w4 draw a line to
o with a 20 dB/decade slope, and finally draw
a line from wy with a 40 dB/decade slope.

To understand the affect of C4, the additional attenuation
introduced can be determined as using:

Ap(w) = (25)
1+2
“p

Using our previous example 1:

1

= m = 1834 Krad, and

wp

o = 2w (500 kHz) = 3142 Krad/sec.

Thus

Ap(w) = =037

1
| 3142
1834

which yields an additional 9 dB of attenuation.

Choosing Component Tolerances and Types

One of the most often asked questions is how accurate
should the filter and charge pump resistors and capacitors
be? The answer depends on how accurate a data separator
is required. For a good performance design, the foliowing
criteria can be followed for each component:

R4: The pump set resistor’s tolerance affects the loop band-
width, wp. The loop bandwidth directly affects window mar-
gin. Due to the square root relationship, a 5% change in this
resistor changes wp, by 2.5% which in turn affects the win-
dow margin by 1-2%. It is thus recommended that R¢ be a
1% resistor. A standard carbon or metal film resistor with a
low series inductance should be chosen.
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C2: The main filter capacitor also affects wy, in the same
way as Ry so it too should be relatively accurate. 5% is
recommended. This capacitor should be a very good quality
capacitor, with good high frequency response and low di-
electric absorption. Mica is a good choice although maybe
too expensive. Polypropalene and metal film are good as
well. Avoid Mylar or Polystyrene.

R2: This resistor has a much lower affect on window margin,
and thus standard 5% resistors can be used.

C4: The second capacitor's accuracy in not critical 10%~
20%, but its high frequency characteristics should be quite
good, similar to a good high frequency power supply decou-
pling capacitor.

5.0 ADVANCED TOPICS

The following sections discuss several specialized areas of
evaluation and design of the PLL for the DP847x controllers.
Also a short discussion of the crystal oscillator design con-
siderations is given.

5.1 Design and Performance Testing

Testing data separators can get rather complicated. Once
the PLL circuitry, gain, bandwidth, and damping are set,
then data separator lock range testing, window margin test-
ing, and finaly bit error rate testing may be undertaken. This
testing can require some fairly sophisticated setups, and is
time consuming. To help the designer get started, a rigorous
approach to floppy disk PLL design verification is described
with reference to desired performance and available equip-
ment. If the designer is not concerned about optimum per-
formance for custom applications, then the values for the
PLL filter and pump resistor provided in the DP847x data-
sheet should prove more than adequate.

Step 1—Calculating the Filter/Pump Resistor: Following
the examples above, the optimum “paper design” filter
components should be calculated (or use the values provid-
ed in the datasheets and tweak them).

Step 2—Testing Lock Range and Damping: For charac-
terization of the PLL's acquisition, a fairly simple setup can
be used, which utilizes a pulse generator to provide a pulse
train that simulates a preamble to be input into the data
separator’s read data input. A second synchronous square-
wave that is 20-50 times the period of the data pulses is
applied to read gate. The frequency of the read data pulses
should be varied from the nominal data rate to the limits of
the desired lock range, and the lock range requirement

should be verified by monitoring the Filter pin, and the Pump
outputs. Figure 16 shows a typical setup, and some typical
waveforms on the pump and filter pins during acquisition.
Figure 16b shows a proper locking PLL which does not ex-
hibit *cycle slipping”. Cycle slipping is denoted by the saw
tooth waveform on the filter pin, which can be seen by the
locking shown in Figure 16c.

In both Figure 16b and c the total amplitude, AV, of the filter
pin waveform is typically less than 200 mV.

The object is to adjust the PLL bandwidth to ensure that
when locking over the desired range of data rates (for ex-
ample 500 Kb/s +6%) that no cycle slipping occurs. If slip-
ping does occur then the bandwidth should be increased.

A second piece of information that these curves provide is
verification of the damping of the PLL. As in Figure 16b the
filter pin waveform should slightly overshoot, and then (may-
be) slightly undershoot the eventual locked voltage. If there
is very little overshoot then the loop may be overdamped,
and if the filter pin voltage *rings” for a few cycles the loop
is probably underdamped. For example, Figure 16¢ not only
cycle slips, but does not overshoot, therefore the loop band-
width may be fine, and the loop is just too heavily damped.

Step 3—Window Margin Evaluation: Usually to perform
this test a disk simulator should be used to simulate the
worst case drive read data conditions, and measure the er-
ror performance of the data separator. This simulator can
be used to vary the following parameters:

1. Motor Speed Variation
2. Instantaneous Speed Variation

3. Instantaneous bit shift
(to determine the window edge)

4, Data pattern.

The test setup shown in Figure 17 can accomplish some of
this testing. The disk simulator looks like a formatted disk to
the controller/data separator. To test the data separator,
software in the host computer performs a repeated series of
read operations over a period of time, while the designer
programs the disk simulator to vary the data rate from one
end of the lock range to the other. At each data rate the bit
shift is increased until the error rate increases above a mini-
mal threshold.

This testing should measure window margin over the entire
lock range, and under conditions as described in section
2.4, Typically this process is a trial-and-error process. The
bandwidth and damping can be adjusted based on the re-
sults of these tests.
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FIGURE 16. Simple PLL lock/performance testing; a) Typical frequency generation hardware to generate read gate and
preamble for various frequencies. b) Using this hardware a typical lock acquisition showing key signals. This is a
proper lock waveform. ¢) This shows an unreliable lock to a frequency beyond the lock range of the PLL. Cycle
slipping occurs because the PLL is unable to respond quickly enough to the frequency step.
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FLOPPY DISK DRIVE SIMULATOR
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FIGURE 17. Block Diagram of Connection of Disk Simulator to Data Separator to be Tested
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FIGURE 18. Various window margin graphs. a) Data separator with slightly long delay line and fairly normal lock range;
b) data separator with short delay line; c) a relatively poor data separator with a long delay line, and wide bandwidth.
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ISV may also be simulated. Unfortunately most disk simula-
tors do not easily test for this. Therefore it is very likely that
the window margin measurement will be made with only
MSV variation initially. This may also be desirable since
MSV-only testing will yield a better understanding of the
PLL’s lock range. If MSV-only testing is done initially then
the design of the PLL and total frequency range for evalua-
tion should be the sum of the desired MSV and ISV. For
example, a design requirement of +3% ISV and +3% MSV
can be approximated by 6% MSV.

If an MSV-only test is done, it may be useful to then follow
this with a simple ISV test just to double check that the loop
will follow the ISV properly with little degradation in window
margin. It is also sometimes useful to vary the ISV frequen-
cy until the window margin degrades, just to give an indica-
tion of how high the ISV frequency can go. A typical PLL's
ISV performance should not degrade until the frequency is
greater than about 800 Hz.

Step 4—Considering Temperature, Supply and Device
Variations: The next step is to take the above “optimum”
filter and simulate variations in gain induced by temperature,
supply and processing. This is accomplished with the same
disk simulator setup as in step 3. To simulate these varia-
tions, the designer need only vary the pump resistor’s value.
This will affect the open loop gain identically to device varia-
tions. The above tests should be re-run with a minimum and
maximum resistor. If the performance “falls-off-a-cliff’ then
some compromises and adjustments to the filter may be
required.

For relatively small temperature ranges a resistor variation
of £10-15% should be adequate. For full 0°-70° simula-
tion, resistor variation of +20% is a more accurate reflec-
tion of the DP847x performance. If for some reason the
performance of the data separator cannot be maintained at
the desired window margin, then trimming the pump resistor
may be needed to meet performance over the full process
spread.

The final simulation involves varying the delay line length. It
is possible to simulate variations in the delay line by forcing
a leakage current onto the filter pin (at the VCO input) using
a pull up or pull down resistor. This leakage current will
cause a phase error within the loop and will cause the loop
to act as if the delay line length were changed. Before actu-
ally running dynamic window margin tests, the designer
must determine the actual length of the delay line, and then
adjust this length to the limits specified in the datasheet.
Then at each limit the dynamic window margin test can be
performed.

In order to measure the length of the delay line a static
window margin test can be performed. This test uses a disk
simulator with a format that has all 0’s or 1’s data fields.
Within the data field one bit is shifted until the PLL mis-de-
codes the data. Using the maximum tolerable bit shift num-
ber, the delay line length can be extrapolated. This same
measurement can be done with various filter pull up/down
resistors. By proper resistor selection the limits of the delay
line length can be simulated. Using these simulated delay
line techniques a dynamic window margin test can be run,
and the resultant PLL performance can be characterized.

Step 5a—Bit Error Rate Measurements: This test is per-
formed as a verification of the final total system. It consists
of putting together a complete floppy drive, floppy media,

separator, and controller system then running long term
read/write tests randomly across the disk media. For a
known number of read/writes and the resultant value of
read errors, a number can be derived that is the ratio of bit
errors to total number of bits read. This test proves the in-
tegrity of the entire system, and should be performed over
some manufacturing spread of products. While this test is
useful to verify the complete system integration, the data
separator is only one small part of the total contribution to
the total system error rate.

Step 5b—Real World Worst-Case Tests: As a final analy-
sis and proof that the data separator is solid it is often useful
to test the data separator on a known “worst case” drive
and disk. Generally the evaluation is done with a disk that is
recorded off speed and off track. This ensures that a maxi-
mum amount of bit shift and speed variation is present. The
main problem is to ensure that the disk still has acceptable
data. If excessive errors are encountered, evaluation of the
types of error that are occurring can be used to determine
whether the bandwidth of the PLL needs to be increased
(acquisition related errors) or decreased (bit shift related er-
rors).

Alternate Simple In-System Data Separator Evaluation

Provided here are some quick tips on evaluating the data
separator without any test equipment, but just by running
long term in-system tests.

1. If after some initial testing a lot of sector or ID address
mark or data address mark not found errors are given by
the controller, then in all likelihood the data separator is
not locking properly. The bandwidth of the loop should be
increased, or possibly the loop is too heavily over-
damped.

2. If the disk controller is experiencing a large amount of
address or data field CRC errors, then probably the loop
is being sent out of lock by bit shift noise. Thus, the gain
of the loop may be too high or the loop is underdamped.

5.2 Understanding the Window Margin Curves

Careful analysis of a window margin curve can yield quite a
bit of information about the data separator characteristics.
Figures 18a, b, and ¢ show some typical window margin
plots. These curves were made using a disk simulator that
outputs a “reverse write precompensated” bit shift pattern
to the data separator.

These curves plot the maximum bit shift tolerance (vertical
axis) versus motor speed variation (MSV-only) (horizontal
axis). The controller was programmed to perform a repeti-
tive single sector read, while the simulator outputs a format-
ted track at the programmed MSV and bit shift amount. All
the data read with MSV and bit shift amounts that fall under
and within the curve (shaded area) can be consistently read
correctly. All data read with MSV and bit shift amounts out-
side and above the curve either could not be correctly locat-
ed by the controller, or had errors in it.

The first thing to note is that as the MSV variation from the
nominal frequency increases, there is a point at which the
PLL performance drops to zero bit shift (the vertical lines of
the curve). This is an indication of the lock range of the PLL.
Thus for Figure 18a the lock range is —8% to +10%. This
asymmetry in the lock range is typical of the DP847x series
PLLs and is due to a slight skew in the charge pump. This
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skew adds some bit shift rejection improvement. Figure 18b
has a lock range of —7% to + 9%, while Figure 18c has a
much wider lock range of nearly +12%. This is an indica-
tion of the loop bandwidth. Here Figure 18a has the lowest
bandwidth, then Figure 18b, and finally Figure 18c has the
highest bandwidth.

Another characteristic of each of these curves is the down-
ward slope in the positive MSV direction. The start of this
slope is the point at which the delay line becomes longer
than the Y/ period of the data rate. For example, in Figure
18a the slope starts at about 0 MSV (ignoring the dip at zero
MSV for the moment which is due to some internal noise).
This indicates that the delay line is a quarter period of the
nominal data rate. Unfortunately, this causes a degradation
in performance at higher MSV. In Figure 18b the slope
starts at about +3%-4% MSV, and so the delay line is
about 3%-4% short at a nominal data rate. This is an opti-
mal delay line length to maximize performance over a
+6%-8% lock range. In Figure 18c the delay line is about
3%-4% too long and so there is quite a bit of degradation
in window margin in the +MSV portion of the curve.

A final observation is that the wider the bandwidth the lower
the window margin, assuming other things like data rate re-
main constant.

Another interesting fact to note is the type of errors that
occur when the bit shift/MSV exceeds the PLL perform-
ance. Generally to the left or right of the curve (extreme
MSV) the controller will give “Address Mark not Found” er-
rors which is an indication of the PLLs’ inability to lock prop-
erly. Errors for bit shift that exceeds the curve but for MSV
within the PLL’s lock range are generally CRC errors, al-
though at very high bit shift a mixture of CRC and Address
Mark Errors are expected.

5.3 DP8473 Filter Switching Design Considerations

The DP8472 was designed to support a single disk data rate
very easily. The ability to switch between different data rates
was left for off chip circuitry to handle. The DP8473, by
virtue of its primary applications (IBM PC, XT, AT and
PS/2 compatible designs), is required to switch between
250 Kb/s, 300 Kb/s, and 500 Kb/s. In addition the DP8473
also supports switching to a 1 Mb/s data rate which is be-
yond current applications. Due to the desire to handle multi-
ple data rates, the DP8473 incorporates on-chip data rate
selection logic, and also filter switching logic. In this section
we will discuss how this logic works and how to design a set
of filters to maximize performance at various combinations
of data rates.

It should be noted that the following design considerations,
while specifically directed toward the DP8473, can also be
applicable to a DP8472/4 design when using external cir-
cuitry that is similar to that used on the DP8473.

Designing with a Single Filter

Previous design examples have dealt with optimization of a
single filter at a single data rate. If the DP8473 is to be used
at one data rate, the circuit connection is shown in Figure
19, and its design is straight forward. It is possible to use a
single filter and obtain a reasonable performance at two
data rates (i.e., 250 Kb/s and 500 Kb/s or 500 Kb/s and
1 Mb/s). This can be accomplished since the loop band-
width is scaled by the PLL's divider. Since the divider value
increases by a factor of two when going from the high to the
low data rate, the bandwidth scales by:

_ ®n500
wn250 = 2

This scaling is probably not enough to optimize the lower
data rate and the damping is affected too, but the single
filter approach can still provide acceptable performance in
many instances.

DP8473
Floppy Disk
Controller

SETCUR

FGND500

R2

2 ==

]

FGND250

TL/F/9419-26

FIGURE 19. DP8473 Filter Configuration for a Single Data Rate Filter,
May Be Used as Compromise Filter for Any Two Data Rates
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Designing for 250K/300K/500K MFM

This next filter configuration allows fewer compromises (and
hence better performance) when using all 3 PCAT data
rates. This configuration is shown in Figure 20. This circuit
uses two pairs of R’s and C’s that compose two indepen-
dent filters. One filter is connected to the FGND250, and the
other to FGND500.

To implement the design of Figure 20, first design single
optimum filters at 250 Kb/s, 300 Kb/s, and 500 Kb/s. Use a
single pump resistor for all data rates. Verify and tweak the
performance of these filters individually. The 500 Kb/s filter
can be directly used. The 250 Kb/s and 300 Kb/s individual
filter values need to be compromised into a single R and C
filter. C¢ should be 1/20th of Cyp, and if desired C3 can be
added with a value that is 1/20th of Cy.

Designing for 1.0 Mb/s and a 2nd Data Rate

By adding an additional capacitor to Figure 719 1.0 Mb/s
data rate can be supported, as shown in Figure 21. In this
figure a single damping resistor is used, but depending on
the chosen data rate, one or both capacitors is selected.
This configuration allows the bandwidth to be adjusted more
flexibly when designing for the various data rates. The de-
sign process is, however, a little more complex.

To implement the design of Figure 21, first design single
optimum filters at 1.0 Mb/s and 500 Kb/s (or 250 Kb/s).
Use a single pump resistor for all data rates. Verify and

tweak the performance of these filters individually. Using
these values, choose a value for Ry (damping resistor) that
is a good compromise for all data rates. Next choose Cp to
be the optimum value from the initial individual design verifi-
cation of the 1.0 Mb/s design. Next choose Cg such that the
sum of Cp and C3 equals the value for the optimum
500 Kb/s (or 250 Kb/s) design. Finally, choose Cy to be
1/20th of Cg.

Designing for All Possible Data Rates

To support all possible data rates the simplest circuit config-
uration is one similar to Figure 20, but with an additional
capacitor selected for the 1 Mb/s data rate.

To implement the design of Figure 22, first design single
optimum filters at 250 Kb/s, 500 Kb/s, (300 Kb/s also if
needed), and 1 Mb/s. Use a single pump resistor for all data
rates. Verify and tweak the performance of these filters indi-
vidually. Using all of these values, choose a value for Ra
(damping resistor) that is a good compromise for all data
rates. Next choose Cy to be the optimum value from the
initial individual design verification for 1 Mb/s data rate filter.
Next choose C3 from the 500 Kb/s initial design. Cg should
be chosen such that C;+ Cg equals the optimum 500 Kb/s
filter value. Then the 250 Kb/s (and 300 Kb/s if used) filter
capacitor, C4, must be chosen in a similar manner. C4
should be chosen such that C4 + Cg equals the optimum
250 Kb/s filter capacitor value, or if using 300 Kb/s it must
equal the best compromise 250/300 Kb/s filter capacitor.
C; should be chosen to be 1/20th of Cp.

250K/

500K 300K

Filter Fll‘hr ) Fil‘tor

DP8473 R3 J_cs R2 J_m
Floppy Disk

Controller c4 == 2 =
FGND500
FGND250

SETCUR

TL/F/9419-27

FIGURE 20. DP8473 Fiiter Configuration for Optimum 250/300/500 Kb/s (2 Filter) Design

9-248




>
=
[$4]
o
1.0M a
Filter Filter
DPBA7ZA 500K 3 .I.c'
Floppy Disk Filter 9
Controller c3 J_
016 5
FGND500 |.

1

FGND250
SETCUR.
R1
TL/F/9419-28

FIGURE 21. DP8473 Filter Configuration for a Slight Tradeoff Filter Design at 1 Mb and 500 Kb/s
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FIGURE 22. DP8473 Filter Configuration for All Data Rates
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The previous filter does, however, have some minor per-
formance tradeoffs if all data rates are to be implemented. If
the best performance is desired, then the configuration
shown in Figure 23 should be used. In this figure, 3 individu-
al filters are used for each of the data rates. The 1.0 Mb/s
filter must be switched via some external circuitry, labeled
“ground switch” in the figure. The circuit should enable this
filter only when 1 Mb/s data is used, and this filter should be
disabled when any other data rate is needed. The circuit to
accomplish this could be as simple as an open collector
gate derived from the RPM/LC pin, or an alternative that
uses no additional hardware is to use an unused drive select
output. If the latter option is chosen, then software will have
to select the 1 Mb/s filter prior to using this data rate by
enabling this bit in the Drive Control Register.

The design of this filter network is very straightforward. Sim-
ply design and optimize each filter individually, and use
these filter values directly. (Again if 300 Kb/s is also used
the 250 Kb/s filter used will be a compromise between the
optimal 250 Kb/s and 300 Kb/s filters derived individually.)

5.4 DP847x Oscillator Design

Figure 24 shows the schematic of the crystal oscillator used
on all the fioppy disk controllers. This circuit consists of a
simple inverter whose impedance has been optimized for
use as an oscillator. The inverter is biased into its linear
operating region by a high value (>1 MQ) resistor that is in
parallel with the crystal. This biasing allows the inverter to
operate as a simple inverting linear gain element.

P T Internal
Circuitry

AAA
\AAs

0sC1 0SC2/CLK

1
J

c1 c2

= External T
Oscillator
Components

= - o - - -
e

. TL/F/9419-31
FIGURE 24. Simplified Schematic of Oscillator
Circuit for DP8472/4 and DP8473

The DP8472/4 and DP8473 oscillators are both intended to
be used in fundamental mode parallel resonant crystal oscil-
lators. The only external components required are the crys-
tal and two external capacitors. These capacitors are usual-
ly very small (picofarads).

500K 250/ | 1.0Mb/s
Filter 300K Filter
Filter ) Filter .
DP8473 R3 R2 R2 _]_°‘
Floppy Disk i
Controller C4 == c2 = C2 ==
FGNDS00
FGND250
Ground
— _Enable ] syitch

SETCUR

TL/F/9419-30

FIGURE 23. Filter Configuration for Optimal Filter Design at All Data Rates
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TABLE II. Important Parameters for Selection of
Crystals for Use with the DP8472/3/4

Parameter DP8472 DP8473
Crystal Frequency 4 MHz to 10 MHz 24 MHz
Oscillatory Mode Fundamental Fundamental
Oscillator Resonance Parallel Parallel
Accuracy <0.5% <0.5%
Series Resistance <3000 <1009
Shunt Capacitance <7pF <7pF
External Parallel
Capacitors 30 pF 10 pF
(include parasitics)

Table Il shows the important parameters to check for when
selecting a crystal to use with these floppy disk controllers.
While the recommended resonance mode is parallel, a se-
ries resonant crystal can be used. It will just oscillate in par-
allel mode 30 ppm-300 ppm from its ideal frequency.

If an external oscillator circuit is used, it must have a duty
cycle of at least 40%-60%, and minimum input levels of
2.4V and 0.4V. The controller should be configured so that
the clock is input into the OSC2 pin, and OSCH1 is tied to
ground.

5.5 Trimming for Perfection

The DP847x controllers have data separators that achieve
excellent performance. However, product, temperature, and
power supply variations can degrade performance some-
what. This can lead to up to a 10% variation in window
margin performance. While this is still exceptional for any
analog design, it is possible to trim out this variability.

The two major factors that contribute to data separator per-
formance degradation are: 1) Loop Gain variation; 2) ¥, pe-
riod delay line length variation.

Trimming the Loop Gain

The loop gain variation can be trimmed by replacing the
pump resistor, Ry, with a variable resistor. This resistor
should be trimmed based on the ideal lock range of the PLL
desired. For example, if a £6% lock range is desired, then
during final board product test, a tester can be used to mea-
sure the total lock range and R4 can be adjusted larger to
reduce lock range, or smaller to increase it.

Trimming the Quarter Period Delay Line

The perceived length of the quarter period delay line can be
modified by causing a static phase error in the loop to com-
pensate for the quarter period delay line’s error. This is ac-
complished by placing a pull up or pull down resistor on the
filter pin. This resistor can be adjusted by measuring the
Static Window margin for both an early and late single bit
shift. Based on these measurements the delay line can ef-
fectively be adjusted by changing the value of the filter pull
up/down resistor.

5.6 Initially Unlocked Model

This section is provided in order to complete the full discus-
sion of the theoretical operation of a data separator. It is
useful to discuss how the controller locks back to the crys-
tal/clock reference when it needs to. This operation is taken
care of by the controller so that the user need not concern

himself with the design aspects of this section. However, if
the user desires a more complete understanding of the en-
tire lock process that the data separator goes through, this
section is presented.

Another model is used to analyze the behavior of the PLL in
an unlocked state. It is assumed in this model that the loop
is not locked, and the VCO frequency is different from the
input frequency. This model can be used to evaluate how
the PLL re-locks to the reference clock after reading bad
data and being thrown off frequency.

The first operation of the PLL is to frequency lock, so for this
model each block is described as a function in terms of
frequency, not phase. An equation can be derived for the
frequency error that is similar to equation (2) for the phase
error:

Qo1
Q4 [1 + Kpr K'vcoF(s)]
In the initially unlocked model, the phase detector has a key
role. The phase detector compares the VCO output with the
input signal. If the VCO output rising edge is leading the
input signal, a pump-down signal is generated from this
edge of the VCO to the next rising edge of the input signal. If
the VCO is lagging the input signal, a pump-up signal is
generated from the edge of the input signal to the rising
edge of the VCO.

There is no overshoot of the VCO frequency. Only one type
of pump signal is generated, up or down, to bring the VCO
frequency toward the input frequency. For example, if the
VCO frequency is higher than the input frequency, only
pump-down signals are generated. It can also be seen that
the larger the frequency difference between the VCO and
the input, the longer the pump pulses become. The average
current flowing from the charge pump is roughly proportion-
al to the frequency difference of the signals at the input of
the phase (and now also frequency) detector. The phase
detector gain is:

Ko = (26)

lpump
= 2
Kor = =40 @7
for wa < 2wq, where Aw = wg — w4, and
Kpr = —lpump (28)

for wa > 2w4. Therefore, if wa is not too far from w4, the
expression (8) can be written for our PLL as:

sAw Co

K'vco lpump
1+s (R2 Co + —TAO:EZ—')
K'vco lpump
This expression will allow the calculation of the time that the
loop requires to lock back to the reference after a read op-
eration goes through a bad data field or write splice.

Ke(s) =

(29)

Acquisition to the Crystal

After the completion of a read attempt, it is important to
ensure that under the worst case conditions the PLL will
properly re-lock itself to the reference clock. In order to
achieve the required performance during the acquisition to
the data stream, the PLL must have reached the lock to the
crystal before it is allowed to lock back to the data.
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If the PLL attempts to lock to a write splice the VCO may be
pulled way off frequency. To prevent this, read gate should
be deasserted as soon as a wrong or bad data field is de-
tected. This will prevent the VCO frequency from being
pulled too far away. In the DP8472/3/4 Floppy Disk Control-
lers the read algorithm has been optimized to prevent this.

If the PLL is locked to the data stream, when read gate is
deasserted, the lock mechanism to lock back to the refer-
ence frequency is quite similar to locking to the data. If the
frequency of the VCO has been swept way off frequency
because of a bad data field, noise, write splice, or missing
data, the unlocked PLL model must be used. Since when
locking to the crystal the phase-frequency comparison is
always enabled, the phase detector acts as a frequency
discriminator. Switching to the crystal imposes a frequency
step to the PLL. It can be demonstrated that the frequency
error generated is an exponential function of time, going to
0 with the time constant of:
CoAwRoN
KpLL
Thus Tp can be assumed to be the worst case acquisition
time to the reference clock.
Example 3: From the previous example 1, we have chosen
the values for the components of: C; =
0.039 uF, Ry = 535Q. We would like to find
the worst case time required to re-lock to the
crystal. Assume that the maximum frequency
range of the VCO is +30%.

Tp = R2Co + (30)

If the VCO is pulled 30% off center, then:
Aw = 2w (500 kHz) (0.30) = 942 Krad/sec

Using equation (10) for example 1, we can ob-
tain:

Tp = (0.039 uF)(545Q)
(0.0391)(942K)(5.6K2)(8)
(75 Mrad)

Tp=41ps

This is about 4 byte times. Thus, read gate
must be deasserted for this length of time be-
fore re-asserted to assure that the PLL has re-
locked to the reference. Most floppy control-
lers de-assert read gate much longer than this,
and the DP8472/3/4 deasserts its internal
read gate for 6 bytes.
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INTERFACE/BIPOLAR LSI/BIPOLAR MEMORY/PROGRAMMABLE LOGIC
DATABOOK—1983

Transmission Line Drivers/Receivers ® Bus Transceivers ® Peripheral/Power Drivers

Level Translators/Buffers e Display Controllers/Drivers ¢ Memory Support ® Dynamic Memory Support
Microprocessor Support ¢ Data Communications Support e Disk Support ® Frequency Synthesis
Interface Appendices @ Bipolar PROMs ¢ Bipolar and ECL RAMs ® 2900 Family/Bipolar Microprocessor
Programmable Logic

INTUITIVE IC CMOS EVOLUTION—1984

Thomas M. Frederiksen’s new book targets some of the most significant transitions in semiconductor technology since the
change from germanium to silicon. /ntuitive IC CMOS Evolution highlights the transition in the reduction in defect densities and
the development of new circuit topologies. The author’s latest book is a vital aid to engineers, and industry observers who need
to stay abreast of the semiconductor industry.




INTUITIVE IC OP AMPS—1984

Thomas M. Frederiksen’s new book, /ntuitive IC Op Amps, explores the many uses and applications of different IC op amps.
Frederiksen’s detailed book differs from others in the way he focuses on the intuitive groundwork in the basic functioning
concepts of the op amp. Mr. Frederiksen's latest book is a vital aid to engineers, designers, and industry observers who need to
stay abreast of the computer industry.

LINEAR APPLICATIONS HANDBOOK—1986

The purpose of this handbook is to provide a fully indexed and cross-referenced collection of linear integrated circuit
applications using both monolithic and hybrid circuits from National Semiconductor.

Individual application notes are normally written to explain the operation and use of one particular device or to detail various
methods of accomplishing a given function. The organization of this handbook takes advantage of this innate coherence by
keeping each application note intact, arranging them in numerical order, and providing a detailed Subject Index.

LINEAR 1 DATABOOK—1988

Voltage Regulators ® Operational Amplifiers e Buffers ® Voltage Comparators ® Instrumentation Amplifiers ® Surface Mount

LINEAR 2 DATABOOK—1988

Active Filters ® Analog Switches/Multiplexers ® Analog-to-Digital ® Digital-to-Analog ® Sample and Hold
Sensors ¢ Voltage References ® Surface Mount

LINEAR 3 DATABOOK—1988

Audio Circuits ® Radio Circuits ® Video Circuits ® Motion Control ® Special Functions ® Surface Mount

LINEAR SUPPLEMENT DATABOOK—1984

Amplifiers ¢ Comparators e Voltage Regulators e Voitage References ® Converters ® Analog Switches
Sample and Hold  Sensors e Filters ¢ Building Blocks ® Motor Controllers ® Consumer Circuits
Telecommunications Circuits ® Speech e Special Analog Functions

LS/S/TTL DATABOOK—1987

Introduction to Bipolar Logic ® Low Power Schottky ® Schottky ® TTL ® Low Power

MEMORY SUPPORT HANDBOOK—1986

Dynamic Memory Control ® Error Checking and Correction ® Microprocessor Interface and Applications
Memory Drivers and Support

NON-VOLATILE MEMORY DATABOOK—1987

CMOS EPROMs e EEPROMs ¢ Bipolar PROMs

SERIES 32000 DATABOOK—1986

Introduction ® CPU-Central Processing Unit ® Slave Processors ® Peripherals ® Data Communications and LAN's
Disk Control and Interface ¢ DRAM Interface ® Development Tools ® Software Support ® Application Notes

RANDOM ACCESS MEMORY DATABOOK—1987

Static RAMs ® TTL RAMs ® TTL FIFOs ¢ ECL RAMs




RELIABILITY HANDBOOK—1986

Reliability and the Die ® Internal Construction ® Finished Package ® MIL-STD-883 ¢ MIL-M-38510

The Specification Development Process  Reliability and the Hybrid Device ® VLSI/VHSIC Devices
Radiation Environment e Electrostatic Discharge ® Discrete Device ® Standardization

Quality Assurance and Reliability Engineering ® Reliability and Documentation ¢ Commercial Grade Device -
European Reliability Programs ® Reliability and the Cost of Semiconductor Ownership

Reliability Testing at National Semiconductor ® The Total Military/Aerospace Standardization Program
883B/RETS™ Products ® MILS/RETS™ Products ® 883/RETS™ Hybrids ® MIL-M-38510 Class B Products
Radiation Hardened Technology ® Wafer Fabrication ® Semiconductor Assembly and Packaging
Semiconductor Packages ® Glossary of Terms ® Key Government Agencies ® AN/ Numbers and Acronyms
Bibliography ¢ MIL-M-38510 and DESC Drawing Cross Listing

TELECOMMUNICATIONS—1987

Line Card Components e Integrated Services Digital Network Components ® Modems
Analog Telephone Components ® Application Notes

THE SWITCHED-CAPACITOR FILTER HANDBOOK—1985

Introduction to Filters ® National’s Switched-Capacitor Filters ® Designing with Switched-Capacitor Filters
Application Circuits ® Filter Design Program ® Nomographs and Tables

TRANSISTOR DATABOOK—1982

NPN Transistors ¢ PNP Transistors ® Junction Field Effect Transistors ® Selection Guides ® Pro Electron Series
Consumer Series ® NA/NB/NR Series ® Process Characteristics Double-Diffused Epitaxial Transistors
Process Characteristics Power Transistors ® Process Characteristics JFETs ® JFET Applications Notes

VOLTAGE REGULATOR HANDBOOK—1982

Product Selection Procedures ¢ Heat Flow & Thermal Resistance ® Selection of Commercial Heat Sink
Custom Heat Sink Design ® Applications Circuits and Descriptive Information ® Power Supply Design
Data Sheets

48-SERIES MICROPROCESSOR HANDBOOK—1980

The 48-Series Microcomputers ® The 48-Series Single-Chip System e The 48-Series Instruction Set
Expanding the 48-Series Microcomputers ® Applications for the 48-Series ® Development Support

Analog |/0 Components ® Communications Components e Digital 1/0 Components ® Memory Components
Peripheral Control Components
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