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GENERAL DESCRIPTION

The DFE9952R is a 200 Mbit/s Decision Feedback Equalization (DFE) read channel integrated circuit designed for hard
disk drives. With enhanced decision feedback equalization implemented with advanced BiGCMOS technolagy, the
DFE9952R is able to provide high performance with low power consumption.

The following read channel functions are included: variable gain amplification with programmable AGC confrol, adaptive
forward filtering, hybrid RAM/linear feedback filtering, timing recovery, synchronization, write/idle clock synthesis, servo
demodulation, a complete 8/9 (0,4) ENDEC, and programmable write precompensation.

The DFE9952R is fully pregrammable to support a wide range of hard disk drive design peints. This includes operating
frequencies from 64 to 200 Mbit/s, fully programmable, adaptive equalizers, write precompensation, write current
reference, etc. The programmed parameters are easily accessed through a serial port.

The DFE9952R dissipates 800 mW in read mode at 200 Mbit/s. Full power management features have been designed
to power down idle circuits. Sleep mode power consumption is less than 100 mW.

Features
+ Fully integrated BICMOS single chip read channel

-

64-200 Mbit/s data rate, programmable in 1% steps

-

Hybrid RAM/linear decision feedback equalization

Real-time adaptive equalization
Single 5V (+10%) supply

PD <800 mW at 200 Mbit/s
Sleep mode power <100 mW

-

-

-

-

Sleep to Wakeup time <bps

Bidirectional NRZ data interface, Byte or nibble (8 or 4 bits) wide

Local data generator for equalizer training and channel quality measurement
8/9 rate (0,4/4) Industry standard ENDEC

Data randomizer

-

-

-

-

Adjustable threshaold slicer in DFE core for stressed error generation.

-

Standard 3-wire sevial port interface

-

Sync detector logic

-

Programmable Wite precompensation

Write current reference DAC

MR stripe bias DAC

Differential Analog test povts {ferward filter, equalizer out, etc.)
64-pin LQFP package

-

-

-

-
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ABSOLUTE MAXIMUM RATINGS
Operation beyond the maximum ratings may damage the device.
Maximum Ratings
Parameter Rating Units
Storage Temperature - 6510 150 °C
Maximum Junction Operating Temperature 125 °C
Positive Supply Voltage -0.5t06.5 3
Voltage Applied to Any Pin 05toV,,+05 A
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FIGURE 1. High Level Block Diagram
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MATHEMATICAL MODEL TERMS
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PIN DIAGRAM
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FIGURE 3. DFE9952R Pin Diagram

1996 Mar 20 5 Version1.0



Philips Semiconductors

Objective Specification

DFE Read Signal Processor DFE9952R

PIN DESCRIPTIONS

Digital Pins
Symbol Pin Type Description

SDEN 41 | Shift Enable - Allows data transfer to/from the serial interface. Active LOW.

SCLK 38 | Serial Clock - Positive edge clocks data bits into and out of the sexial
intarfaca.

SDATA 35 [l{®] Serial Data - Bidirectional data interface to/from the sevial interface. Data
must be/is valid at the rising edge of SCLK.

POR 42 | Power-On Reset - Sets intemal logic to reset state. Connect to
microcontroller Power on Reset pin. Active LOW. (TTL compatible)

POWERON 6 | Poweron - Must be tumed on & psec before RDGT and SVOGT, but not
WRTGT.

RDGT 32 | Read Gate - From disk controller to initiate read operation.

(TTL compatible)

WRTGT 31 | Write Gate - From disk confroller to initiate write operation. Active LOW.
(TTL compatible)

SVOGT 30 | Servo Gate - Periodic signal required for offset cancellation - there is no
active Servo circuitry in this device. (TTL compalible)

NRZ7 24 [I{e] NR2Z Data - 8-bit bi-directional interface. Assering RDGT makes the

NRZ6 20 DFE9952R drive read data onto this bus. When WRTGT is asserted, the

NRZ5 1 DFE9952R receives wiite data from this bus. Data is strobed on the rising
edge of RWCLK. In the 4-bit NRZ mode, the data is transferved using the

NRZ4 19 four LSBs of this bus. (TTL compatible. Input buffers have intemal

NRZ3 18 pulldowns.)

NRZ2 16

NRZ1 15

NRZ0 13

RWCLK 12 O R/W Clock - From DFE9952R to disk controller to strobe data on NRZ7:0.
CLOCK IS ALWAYS PRESENT unless the DisRWCLK bit is set.

wWDOUT 26 O Differential Write Data Output - Encoded and precompensated NRZI

WDOoUT 27 write data to preamp. (Pseudo-ECL levels)

SYNC 33 0 Sync Mark Detected - Asserted when the sync mark is detected in the
read mode and remains asserted until the end of the curvent read
operation.

ALARM 34 0 Alarm - Assertion indicates the |G has determined an intemal emor has
occurred. Assertation of two controls at once will set this signal - confrols
SVOGT, RDGT, and WRTGT.

SFREF 36 Synthesizer Reference Clock -Reference frequency for the frequency
synthesizer. The input frequency must be from 20 to 40 MHz. Also used as
the reference for tuning the Prefilter.

AGCHOLD 8 | AGC Hold - Disables the AGC charge pump and holds the variable gain
amplifier gain at its last value. Active LOW. (TTL compatible)

SQLCH 7 | VGA Squeleh - Places low impedance across signal inputs to VGA. Aclive
LOW. (CMOS compatible)

1996 Mar 20 <] Vearsion1.0
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Digital Pins (Continued)

Symbol Pin Type Description
TST_DATA 29 | Test Read Data Input - NRZ| read data input port when EnRdTest bit in
Control? Register is enabled. Allows test access into the Decision block
and Feedback filter.
TST_CK2:1 44 I{e] Test Clock 1VO pins - When used as inputs, external clocks can be used to
TST_CK2:0 43 replace free running oscillators for testing purposes. When used as outputs,
they can be used to monitor the VCOs of the Frequency Synthesizer or
Timing Recovery.
Analog Pins
Symbol Pin Type Description
RDX 59 | Differential Read Data - Analog head read signal from preamp input into
RDY 58 Variable Gain Amplifier.
IWRT 46 O Write Current - This is a scaled current used to establish the write head
(TST_CK1:1) (n current in the RW preamp. In test mode, this is the TST_CK1:1 input pin.
IMRBIAS 45 O MR Head Bias Current - This scaled cument is used by the R/W preamp to
(TST_CK1:0) (n set the MR element bias level. In test mode, this is the TST_CK1:0 input pin.
MSEOUT 53 O Equalizer Error Analog - Oulput of Mean Square Emor. Averaged
equalizer emor signal for channel quality assessment.
REXT 51 | Master Resistor - A 20 kQ, 1% extemal vesistor is connected from this pin
to VCGCAZ.
ATSTIOY 1 [Fe] Analog High-Speed 1/0 Test Bus - stale and intemal conneclions
ATSTIOX D controlled through the serial interface.
ATSTOX 63 O Analog High-Speed Output Test Bus - state and intemal connections
ATSTOY 64 controlled through the serial interface. Bandwidth is 150 MHz.
ADCX 8h f1e} Analog Low-Frequency 10O TestBus - DC bias and low frequency
ADCY 54 {< 5 MHz) test points. Pins can be internally buffered when used as cutput.
1996 Mar 20 7 Version1.0
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Power Pins
Symbol Pin Name Pin Function

VCCD 11 Digital + 5 VDC

VCCD 17

VCCD 23

VCCD 28

VCCS 40 VCO +5VDC

VCCA 3 Analog + 5 VDC

VCCA 48

VCCA 52

VCCA 56

VCCA2 50 Master Resistor + 5§ VDC - To be connecled lo the 20 kQ external

resistor, which is connected to REXT on the other end.

DGND 14 Digital Ground

DGND 20

DGND 25

DGND 37

AGND 47 Analog Ground

AGND 49

AGND 57

AGND 60

SGND 39 VCO Ground

FUNCTIONAL DESCRIPTION

System Operation

The DFE9952R is a Decision Feedback Equalization Signal Processor. There are three major operational modes
supported by the device: Fixed Normal Operation, Adaptive Normal Operation and Supervised Training mode. This
sectlion will be a general overview of the DFE processor usage in all three of these modes.

The details about individual blocks are covered in the following section Gircuit Description. This includes the required
programming of the many registers.

Normal Operation

The DFE9952R DFE Signal Processor is used to write data to, and read data from a Head Disk assembly equipped with
a read/write Preamplifier IC. The write data inputs of the Preamplifier must be differential PECL and directly control the
direclion of the write cumrent. The read data outputs of the Preamplifier should be ditferential amplified head waveforms
between 35 and 600 mVpp.

Normal operation is controlled by 3 asynchronous inputs: RDGT, WRTGT, and SVOGT. The signal SVOGT overrides
the other mode controls, RDGT and WRTGT. RDGT in tum overrides WRTGT. Data Read made is defined by RDGT
assertion. Data Wirite mode is defined by WRTGT assertion. SYOGT is asserted only to perform internal cancellations.
There are no outputs of controls for use by the Preamplifier.

For Normal Data Read operation, the bypass ENDEC bit is reset and the ENSuprvsry bit is reset. Both of these are in
Control register 1. For Training, the ENSuprvsry bit in Control register 1 is set.

Normal operation has 2 submodes: Fixed Tap, and Adaptive. Since the modes only differ in the Data Read portion, the
differences will be covered in detail at that point.

1996 Mar 20 8 Version1.0
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DaTA READ

Normal Data Read Operation has both a Fixed Tap submode and an Adaptive submode. The difference between the two
is that the Fixed Tap submode has all data directed Adaptation (correction) to the Forward and Feedback filters tumed
off. These two filters have tap weights which can be adjusted during the Adaptation process to minimize the error in their
output. It is recommended that the Adaptive submode be used.

The head readback waveforms from the Preamplifier are input to a Variable Gain amplifier. This regulates the output of
the Prefilter to be constant. The AGC action begins at the start of the Preamble at maximum gain. The AGC contral then
decays the gain quickly to the set level.

The amplified waveforms are then input to a low pass continucus-time filter to reduce noise and bandlimit the signal. This
specific filter is referred to as the Prefilter.

The Data Read mode uses the Decision Feedback core as its circuit of data detection. The Normal outputs of the Prefilter
are applied to a squelching circuit (considered part of the Prefilter), and the output of this squelching circuit is connected
intemally to the DFE core.

The first part of the DFE core is the Forward filter. It is a continucus time transversal filter which shapes the input signal
for sampling by the decision block. There are & taps (coefficients) and they must be programmed for optimal performance
to starting values determined in the Supervised Training mode. They can be either adaptive during Normal Operation, or
they can be fixed. It is recommended that at least 1 coefficient always be in Fixed mode. The function of the Forward
filter is to transform precursor InterSymbel Interference (ISI) inte posteursor IS1.

The next portion of the DFE is the sampler which is a Sample and Hold circuit controlled by the Timing Recovery clock
running at the symbol rate. The sampled output enters one input of the Decision block at a summing junction. The other
input to the summing junction is from the Feedback Filter. The previcus 8 decisions (logic level outputs) are stored for

feedback. The most recent 3 decisions select a value from an 8 level adaptive RAM lockup storage. The least recent 5
decisions are multiplied by adaptive linear coefficients. These selected values, the lookup and the linear, are combined.
Their sum is the Feedback Filter output.

The output of the summing junction is applied to the Slicer block and the output of the slicer is the data decisions. When
the summing junction input signal to the slicer is greater than a programmable threshold, the high logic level is genevated.
This serial stream of Slicer outputs is a reproduction of the write curent waveform that recorded the pattem read from
the disk.

In Data Read mode, the Timing recovery PLL, the VGA amplitude control and the Forward and Feedback coefficient
adaptation all use Decision directed tracking. This term means the comection factor for all the closed loop funclions is
derived from the equalizer enor. The input to the slicer and the output decision are subtracted, and this residual analog
voltage, the equalizer ervor gy, is fed back for Decision directed control. The emwor gy is in control from just after the
Preamble portion of the data until RDGT is deasserted.

The serial decision stream and the Timing Recovery clock are input to a postcoder, then to a 9 to 8 decoder function,
and optionally through a de-Randomizer block. The user data then decoded is output, either in a nibble wide orbyte wide
interface, to the disk data path controller.

The Data Read mode is started by asserting the control signal RDGT. When this is done, the immediate minimum 100
symbol periods will be used for the Data frequency acquisition phase of the Data read. This field of Preamble should be
from 100 to 244 symbol periods long. Prior to the assertion of RDGT, the Frequency Synthesizer should be programmed
to the zone data rate. The Timing Recovery VCO should acquire the Frequency Synthesizer's cutput frequency before
starting acquisition of the data frequency (initiating a Data read).

The disk data frequency is acquired by the Timing Recovery portion of the IC. The disk preamble readback frequency is
1/4 the sampling (symbol) frequency. The Timing recovery matches by taking samples at (2n +1)n/4 intervals. These are
then intemally compared and the VCO frequency adjusted.

Following 100 symbol periods (25 cycles of the amplified head waveform), the Sync Mark detection search starts. The
Sync Mark can be out to 144 symbol periods later. Its length is 36 symboal periods. The operalions of a Normal and a
Training read separate after the Sync Mark detection. In Training, the user data is not output, but is used intemally to
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Train the equalizers (see Training below). The Normal Data Read will postcode the serial decision stream, deserialize it,
9 to 8 decode it, and, if enabled, de-Randomize. This recovered data will be output on pins NRZ7-NRZ0 if the byte wide
mode is enabled, or on NRZ3-NRZ0 ifin nibble mode. The user data portion of both types of Data Read mode continues
until deassertion of RDGT. The signal SYNC remains high until the deassertion of RDGT.

DATA WRITE

The Data Write mode requires that RDGT be deasserted, SVOGT be deasserted, POWERON be deasserted, and then
WRTGT to be asserled Low. Any change in controls terminates the write.

Data Write has the opposite direction of data flow. When the controller asserts WRTGT, the inputs NRZ7-NRZ0 (byte
mode) or NRZ3-NRZ0 (nibble mode) should be 0. They should be held at 0 until 1 byte of 0xFF is input to indicate the
Sync Mark should be written. Following the Sync Mark, RWCLK clocks in write data on its vising edge. The data is
optionally Randomized, 8 to 9 encoded, optionally precoded and optionally precompensated. The output of the
precompensation block is the differential write cument drive signal. The outputs WDOUT and WDOUT are Pseudo ECL
level cutputs to the Read/Write Preamplifier, which are direct representations of the write current to the head. This data
path continues to write until WRTGT is deasserted, or one of the other two controls is asserted.

There is an ENDEC bypass mode which requires the datapath controller to write the Preamble, the Sync Mark and all
data directly. The data presented on the NRZ bus is serialized directly and is wyitten immediately at the very assertion of
WRTGT. No Preamble or Sync Mark are generated by the DFE9952R. The user must supply both of these patterns in
his data. This ENDEC bypass mode is intended for test. In the ENDEC bypass mode, the Randomizer is not available,
but the precoder and precompensation remain optional. The RWCLK will be set to the symbol VCO rate divided by 8 or
by 4.

OTHER MODES

There is a ready reserve state where the signal POWERON is turned on prior to a data read or servo compensation. The
ldle mode is the state where all controls are deasserted.

Supervised Training

The Supervised Training mode determines a set of coefficients for the Forward Filter and the Feedback Filter to be used
during normal disk operations, both Adaptive and Fixed. Starting values for the Training mode can be obtained from
Philips.

The Supervised Training mode is to take those starting values and then converge the coefficients of the filters to optimum
values for a particular data rate and a particular head and disk surface combination. The digitized coefficient (tap weight)
values read back after Training should be stored outside, and loaded into the Forward and Feedback filters when a zone
change or head switch is done during Normal Operations in the drive.

The training is done with a pseudo-random data pattern written on the disk, then read back. During readback, the pattem
known to be written on the disk is automatically substituted as the output of the decision block, and therefore as the input
to the equalizer ervor calculation block. The normal adaptation, correcting coefficients for error, converges as it would in
auser data disk read. After the read (or reads) complete, the coefficients are frozen, digitized and then read back through
the serial port, and stored for future use. The registers should be set to autedigitize the coefficients. Approximately

20 psec after the completion of the Training read, the digitization will be complete, and the microcontroller can read the
coefficient registers. If the read of coefficients is done before the completion of digitization, the results are not guaranteed.

The first step in the Supervised Training is to load the registers for a write. The Frequency Synthesizer M and N values,
Center Frequency value, VCO offset tuned value, (see VCO Tuning under Circuit Description), Delay Cell Galibration
Values, and control registers are loaded. The Frequency Synthesizer should be allowed sufficient time to lock. The MR
Bias current DAC and the Write Current DAC registers should be loaded with values appropriate for the particular head
undergoing Training. The Data Generator Seed should be loaded (12 bits). The Bypass SM and Bypass ENDEC bits in
Control register 1 (0x02) must be specifically reset for Training.

For Training, the ENSuprvsry bit in the Contral register 1 is set.

1996 Mar 20 10 Version1.0
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The Prefilter frequency cutoff register, the AGC Bandwidth register, and the AGC Loop Gain register should be loaded
for data read values.

The datapath controller should be set up to write the Preamble pattem (0x00 on NRZ data bus). Also, program 1 byte of
0xFF on the NRZ data bus for the Sync Mark. An arbitrary byte must be input as RWCLK clocks in data from the NRZ
interface during the Write. This data is intemnally discarded and the Data Generator output is substituted. At this point, a
disk write is done under normal datapath control.

A disk read should be setup by the drive. This includes loading the Starting values into the taps of the Forward and
Feedback filters, and additionally a large value for both the RAM and linear Feedback filter and the Forward filter update
multipliers.

Then initiate a disk read with the datapath controller. When the Sync Mark is detected, the Data Generator is started at
the seed, and substitutes its known-correct values for the output of the Decision block. Since the Timing Recovery is
driving this process, the values are matched to the samples being processed by the DFE core. The calculation of Mean
Square error is done as normally, and the adaptive portions of both filters are updated. This adaptation continues until
the end of the disk read. At that time, the values adapted to are frozen, digitized and read into the register where the
Starting values had originally been placed.

The coefficients can be read cut and stored, or additional cycles of Training done until values have converged further. In
addition, more cycles of Training can be done with different pattems by changing the Data Generator seed value, writing
to disk, and then reading back without writing new Starting values. There will be a Users Manual published which will
cover the Supervised Training process, and the Starting values calculations, in detail.

Circuit Description
VARIABLE GAIN AMPLIFIER (VGA)

The VGA provides amplitude normalization and impedance transformation for differential read signals from the
pre-amplifier. This low noise amplifier increases the signal amplitude from the pre-amplifier level to the level required by
the Forward filter and decision blocks. The VGA will also maintain this signal level by adjusting its gain based on control
voltage from the AGG circuit. Prior to the Sync Mark detection portion of a Data Read, the AGC control uses a peak
detection, high Decay cumwent mode. After the Preamble, the DFE equalizer error controls the gain. The AGC goes into
HOLD mode after 100 symbol periods and then goes into Decision directed tracking mode after Sync Mark detection.

The VGA is fully-differential to maximize immunity to common-mode and power supply noise. The inputs to the VGA are
AC-coupled from the pre-amplifier. In order to minimize write-to-read recovery time, the VGA inputs are placed into a
low-impedance clamping configuration to allow for quick recovery of the AC coupling capacitors. The VGA inputs are
clamped for a programmable period of time following deassertion of WRTGT. They are also clamped when POR or
SQLCH is asserted.

AUTOMATIC GAIN CONTROL (AGC) CIRCUIT

The AGC circuit adjusts the VGA gain to regulate the signal amplitude at the output of the Prefilter. Two separate
feedback methods are employed to regulate the amplitude of the read data waveform. First, a continuous-time
peak-detecting control loop is used to acquire the desired signal level during the Preamble portion of data fields. In the
second method, when reading data, a decision-directed discrete-time algorithm regulates signal amplitude using
equalizer error as the controlling signal.

The AGC starts each data acquisition with maximum VGA gain to ensure that low level signals can be acquired quickly.
The acquisition is triggered by the rising edge of RDGT. The reference voltage is programmed in the AGCDataRef
register (0x10). The amplitude out of the Prefilter will be 4 times the setting of this register differential peak to peak. Full
scale reference output is .4V and the recommended setting is .25V. The VGA/AGC control feature is stabilized by a
temperature compensated circuit design incorporating an exponential confrol characteristic.

The AGC loop is designed to settle within 7 peaks (or 3 1/2 cycles) for any 4 dB change of input signal amplitude. The
VGA gain is directly controlled by the voltage on a 20 pF holding capacitor. The attack current charges the capacitor and
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will increase the gain of the amplifier whereas the decay current, which equals 10 times of the attack current, discharges
this capacitor and reduces the VGA gain.

The AGCDataBW register (0x12) sets the current during preamble acquisition for a data read. The attack cument is
programmable from 1 pAto 100 pA through a 6 bit DAC. During read mode, once the DFE9952R control state machine
determines that timing and amplitude acquisition has been established, the AGC system feedback is taken from a
discrete-time amplitude regulation loop controlled by equalizer error. The full scale charge current in decision directed
mode is:

fk

lage = 2Kk

The current Iy is then multiplied by the py; factor in the AGG Track register (0x1E) will the following weights:

AGCTrack
AGCTrack<3:0> gy, Current Multiplier

0000 0

0001 0.012
0010 0.037
0011 0.050
0100 0.110
0101 0.122
0110 0.147
o111 0.159
1000 0.330
1001 0.342
1010 0.367
1011 0.379
1100 0.440
1101 0.452
1110 0.477
1111 0.489

This allows the AGC system to compensate for media and track following induced amplitude variations.

When SQLCH is asserted, or following the rising edge of WRTGT, the VGA inputis clamped lo a low-impedance state
for a duration that is programmed from 0.2 pus te 3.2 ps by the VGASQ register (0x14).

The gain control voltage is frozen when it is not being updated in read mode. It can also be frozen by asserting
AGCHOLD. This allows the AGC to coast through areas where it is known that less than optimum amplitude regulation
will be realized. The gain control value is maintained with minimal leakage when the contral loop is frozen.

PREFILTER

The Prefilter removes high-frequency components of the read signal before it is supplied to the DFE Forward equalizer.
This filter is a digitally controlled 5-pole, 0.05° equiripple linear phase filter. The Prefilter cutput can be monitored at the
ATSTOX/ATSTOY pins with appropriate setting in the prefilter control register.

The Prefilter is designed using a fully-differential continuous-time circuit to maximize immunity to common-mode and
power supply noise. The functional blocks are the filter core, the bandwidth control block, and the tuning block.
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The filter core has a pair of cutputs - the normal lowpass output. The Prefilter output is sent to the DFE block through
offset cancellation circuit, which must be zero'd by periodic assertion of SVOGT.

The bandwidth control converts the register settings to analog controls to set the bandwidth of the filter. The tuning block
normalizes the filter response characteristics. It is used to lock the filter's frequency response against the variations of
process, temperature, and power supply voltage. The frequency synthesizer reference clock, SFREF, is used as the
reference for tuning.

FROM ™ 2 POLELOW ™ 2 POLE LOW ™ 1 POLE LOW ™ OFFSET ™ TQDFE
VGA PASS BIGUAD PASS BIQUAD PASS BIQUAD CANGELATION FORWARD
— - - - - » FILTER

FIGURE 4. Prefilter Block Dlagram

BANDWIDTH CONTROL

The PFBW register (0x17) controls the Prefilter Bandwidth. The low nibble sets the Data Cutoff frequency. The filter cutoff
is the -3 dB frequency.

DatBW<3:0> of the PFBW register is used to set the prefilter cutoff frequency from 30 to 86.25 MHz at 3.75 MHz per
step. Refer to Table below for detailed settings.

Prefilter Data Cutoff Frequency

DatBW<3:0> BW (MHz)
0000 30.00
0001 33.75
0010 37.50
0o 41.25
0100 45.00
0101 48.25
0110 5250
o111 56.25
1000 60.00
1001 63.75
1010 67.50
1011 71.25
1100 75.00
1101 78.25
1110 8250
111 86.25
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TUNING CONTROL

A5 bit register is used to adjust the on chip automatic tuning circuit to the input veference frequency SFREF, which could
vary from 10 to 38.75 MHz. Note that the Frequency Synthesizer stipulates SFREF to be from 20 to 40 MHz. If the SFREF
frequency is exactly equal to two table values, set PFRF<4.:0> to the lower setting.

Prefilter Tuning

Input Freq (MHZz)
PFRF<4:0> Min Freq (MHz) | Max Freq (MH2)
00000 10.00 11.25
00001 11.25 12.50
00010 12.50 13.75
00011 13.75 15.00
00100 15.00 16.25
00101 16.25 17.50
00110 17.50 18.75
00111 18.75 20.00
01000 20.00 21.25
01001 21.25 22.50
01010 22.50 23.75
01011 23.75 25.00
01100 25.00 26.25
01101 26.25 27.80
01110 27.50 28.75
o111 28.75 30.00
10000 30.00 31.25
10001 31.25 3250
10010 3250 33.7%
10011 33.75 35.00
10100 35.00 36.25
10101 36.25 37.50
10110 37.50 38.75

FORWARD FILTER

The forward adaptive filter is implemented using a continuous-time five-tap finite-impulse response (FIR) filter. The tap
weights (coefficients) can either be fixed in value, set once during initialization, or they can be adaptive and will change
during Read cperations to minimize the calculated ewor.

The forward filter consists of a tapped delay line, tap weight multipliers, and circuitry to set and adapt the weights. The
delay line has four delay cells and five taps. Each delay cell is an all-pass structure which has frequency independent

time delay over the necessary range of input signal frequencies. The signal at each tap is multiplied by a coefficient and
summed to form the output of the forward filter.
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When in Adaptive mode, the FIR filter is adapted according to the equalizer ervor, g, that is generated as a result of data
decisions (in decision-directed mode) or the data generator output {in supervised training mode), each with an update
multiplier that is user programmable. The transfer function of the forward filter is determined by:

4
fily = ¥ y(t—de) X Wi
i=0
where pt) is the continuous read data output from the Prefilter, T4 is the delay time of the delay cells and w; is the
coefficient (or tap weight) of the forward filter. The subscript i refers to the tap number of the five taps.

OFFSET GANCELLATION

The Forward filter offsets are cancelled every time SVOGT is active. During this mode, the Prefilter squelches its output
stage so the Forward filter will see a zero input. The offset cancellation block inside the decision block then uses the
1MHz clock to compensate for any offset through the Ferward filter. Every SVOGT mustbe at least 2 psec. long. At least
150 SVOGTs should occur after Delay Cell Calibration, or reload of the DGCalVal register {0x62), and before doing a
Data Read.

DELAY CELL CALIBRATION

The calibration circuitry sets the value of the delay time used in the Forward filter. The range of the delay time is between
4 to 14 ns. The DCCalVal register (0x62) is used to stove the value, and after the calibration, it should be read and stored
elsewhere.

The Frequency Synthesizer has an output at 1/16 the symbol frequency. This is input to a quadrature phase detecter so
that phase match is obtained at 90°. The derived tuning voltage then sets each of the four delay elements to one symbol
pericd in delay length. The tuning needs to be done during final test of the manufacturing of the disk drive for each data
rate (zone), and before any Supervised Training for any head or zone. This is because Supervised Training assumes a
successful Read can be accomplished.

The DCCalVal register must be loaded at least 150 SVOGT assertions before the Forward filter offsets can be
guaranteed to be zero'd.
TaP WEIGHT INITIALIZATION AND UPDATE

The tap weights are coefficients of the linear filter. They are optimized during the adaptation process using the least mean
square (LMS) algorithm:

Wi,k+1 = wi’k+|.L](f XE X sgn[y(t—iTd)y)

where w, is the tap weight vector, y(t-iTd) is the local delayed value at the ith tap of the delay line, g, is the ewor signal
derived from the decision feedback block and p, is the tap weight updale mulliplier that is programmable by the FFGain
register (0x65). This parameter is chosen on an empirical basis. This is covered in detail in the Users Manual on Starting
Values for Training.
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The FFGain register (0x65) has the following values:

Forward Filter update

FFGain<2:0» Update Multiplier
111 0.1
110 0.05
101 0.02%
100 0.0125
oM 0.01
010 0.005
001 0.0025
000 0.00125

In Fixed Nommal Operation, these taps are only initialized. The value loaded into the Forward Filter tap weight registers
will not change. In Adaptive Normal Operation, the updates to the tap weights may cccur continuously when data is read,
either during Supervised Training or Normal Adaptive Operation.

The ceefficients can be frozen by resetting the bits<4:0= in the AdaptFFTap register (0x63). When an individual bit is
raset, all adaptation for that tap is disabled.

At least one tap should always be operated in fixed mode by resettting its bit.

The FFWn tap weight registers (0x5D-0x61) have the following value range:

Forward Filter taps

FFWne<7:0> Nominal Tap Weight
00000000 +1.000

10000000 0

11111111 -1.000

The three operating modes of the coefficient updating circuitry are adaptation, digitization, and initialization. Initialization
is done when the tap weights are loaded via register. The lowest FFWh register, FFWO or (0x5D) corresponds to the
undelayed input of the Forward Filter. The highest FFWn register, FFW4 or (0x61) is the tap for the output of the last
delay cell. Initialization time is around 4 ps.

The adaptation process runs during read mode, if enabled. In the adaptive mode, the initialization of the filter tap weights
is done in the same manner as the fixed tap mode. The taps will be adapted during data reads. The Adaptation will not
start until after the Sync Mark has been detected. The autodigitize function is used to capture the tap weights after
adaptation during RDGT. The AutoADG bit of the ADCntl register {(0x30) should be set. At the deassertion of RDGT, the
autodigitize function will start. It will complete digitizing the new, adapted values about 20 psec. after a Read is complete.
If a serial port read of tap weight or RAM register values is attempted in either the Forward or Feedback filters before
they are completely digitized, the autodigitization operation is stopped and the values not held. The adapted to values
are held during Idle, Write, and Servo modes. Initialization does not have to be redone after Sleep mode.

Values read should be used toload the register after power up or zone changes.

In Fixed Nommal Operation, the values will be held continuously, and not Adapt during all modes.
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FIGURE 5. Forward Filter Block Diagram
SAMPLER

The sampler converts the continuous-time output of the forward adaptive filter into a discrete-time signal.
This is done for two reasons:
1. The timing recovery needs a sampled output of the equalizer error gy to calculate VGO clock phase error,

2. With a discrete-time signal, the subfraction of the feedback filter cutput is independent of timing, within the same
clock cycle.

The sampling frequency is extracted from the input data waveform and is equal to the code frequency. The sampled
output is one of the inputs to the Decision block summing junction.

FEEDBACK EQUALIZER

The feedback adaptive filter is used to remove both the linear and non-linear trailing 131. The Feedback Equalizeris a
hybrid architecture consisting of a linear feedback filter and a RAM-based equalizer.

The most recent decisions go through an 8-bit shift register. The most recent three decisions are used to address the
RAM lock up table. The five least recent decisions are the taps for the FIR filter. These five decisions are multiplied by
the coefficients and the sum of the products are the output of the linear feedback equalizer. The lookup table output and
the linear filter output are summed. This sum is the Feedback Equalizer output and is one of the inputs to the summing
junction ahead of the Decision Block. The total Feedback output is:
4
= RAM X 4. X _ o Xk—3]+j zobj, KX XK= (j+ 4)

Both the linear feedback block and the analog RAM block use the error signal ey generated by the decision circuitry for
adaptation purpose.
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RAM FEEDBACK FILTER

Analeg RAM cells are included in the feedback equalizer to cancel cut the non-linear 1S effect. Each cell consists of three
functional blocks: the current DAC used during fixed tap operation; the integrator used during adaptive operation and
switching circuitry for output selection and mode control.

During adaptation, the update of the presently addressed cell location is:
ramg o= ram b x e

where ram, is the value of the currently addressed location in the RAM and p,,,,, is the update multiplier ranging from
0.00125to 0.1 and is programmable by RGain<2:0> of the FBFGain register (0x41).

RAM Feedback update

RGain<2:0> Update Multiplier
111 0.1
110 0.05
101 0.02%
100 0.0125
oM 0.01
010 0.005
001 0.0025
000 0.00125

LINEAR FEEDBACK FILTER

There are 5 cells in the linear feedback filter. The b5 least recent decisions of the previous 8 (from the shift register) are
cennected to each of these cells. The cutputs of all 5 cells are summed to form the linear feedback output. Similar to the
RAM feedback filter, the linear feedback filter consists of three functional blocks: the cument DAC, the integrator and the
switching circuitry. The difference is that decisions are used directly to modify the signs of the tap weights and input emror
signal. The update of the each cell is determined by:

b =b

P k+1 = P kTP Bk ko4 4)

where b, is the tap weight value, py is the linear feedback filter tap weight update multiplier that is programmed by
LGain<2:0> of the FBFGain register (0x41) and x,_; is the bit in the shift register that corresponds to the tap weight b.

The values of the taps are below:

Feedback Filter taps

FFWne<7:0> Nominal Tap Weight
00000000 -1.000

10000000 0

11111111 +1.000
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FEEDBACK FILTER OPERATION

Linear Feedback update

LGaine<2:0> Update Multiplier
111 0.1
110 0.05
101 0.025
100 0.0125
oM 0.01
010 0.00%
001 0.0025
000 0.00125

The feedback filter operates in twe different modes: fixed tap mode and adaptive mode.

In fixed tap mode, the tap weight of the linear feedback cells and the values of the lookup RAM are loaded through serial
interface. This is done by loading the RFBn registers (0x50 - 0x57) for the RAM feedback filter and LFBn registers
(0x58 - 0x5C) for the linear feedback filter. All tap weights stay constant during operation, i.e. theve is no adaptation done
during Read mode. The lowest number RFBn register corresponds to a decision of {-1, -1, -1}. The lowest number LFBn
register corresponds to the fourth most recent decision and the highest LFBn register to the least recent (8).

In the adaptive mode, the initialization of the filter tap weights is done in the same manner as the fixed tap mode. The
taps will be adapted during data Reads, and the adapted to value held during Idle, Write, and Servo modes.

The autodigitize function will allow the new, adapted values to be read about 20 psec. after a Read is complete. If a read
of values is attempted in either the Forward or Feedback filters before they are completely digitized, the autodigitization
operation is stopped and the values not held.

Initialization does not need to be done after Sleep mode.

Decision
kk 8-bit Shift Register
Updal » €
mz[a: (] 8 CeF\i\Ai\Mna\og L I Kep=El
v v
T Tap hd Tap ¥
Weight 41% = = = = Weight —H§<
Update ) Update )
T I Initalize
b v -
Kram€k Zr
Feedback Signal
Us
FIGURE 6. Feedback Filter Block Diagram
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DEGISION GENERATOR

The decision block combines the sampled forward filter output f, and the feedback filter output r, to generate 2;. The
signal z is the fully (forward and feedback) compensated signal. The decision block utilizes a slicer to make the decision
x,. The slicer is an analog comparator which compares the summer oulput with a single, dc threshold. The threshold
value is programmable by the SlicerThresh register (0x1D). If the summer output is above the dc level, the decision is
made that the write current flowed in one direction. If the summer output is below the threshold, then the write current
was in the opposite direction. The oulput serial stream from the Decision block reproduces the direction of the write
cumrent which recorded the head readback waveform. The Decision block also contains the equalizer error generation
as well. The ervoreg, is generated from z, and x,, the decision. The error is used to adapt the forward and feedback filters,
adjust the AGC gain, and to synchronize the timing recovery clock.

There is also a register for oy, which should be programmed to a factory set value.

Equalized Signal:

z, = rk+fk

X = Sig"(zk) if threshold = 0
g = Xy X((dk)izk)

FREQUENCY SYNTHESIZER

The DFESS52R contains a programmable frequency synthesizer that generates a low-jitter wiite clock (WrtClk). The
write clock frequency is programmed through the serial interface. It is specified as the frequency of a reference clock
(SFREF) multiplied by a ratio of two integers.

B(M+1)

Fotcik = TN+ 1y ¥

FSFREF

The frequency synthesizer is a phase-locked loop (PLL) with a divide by 8 pre-scaler, and a programmable 6 bit divider
(M counter) in the feedback path. Another programmable 8 bit frequency divider (N counter) is used to divide down the
SFREF frequency. By phase comparing the frequency-divided clocks, the synthesizer VCO output (WrtClk) will achieve
the desired frequency once the PLL is locked.

N Counter »
SFREF ———| 1 Phase Detector #  Charge Pump » Loop Filter
(N+1)
Both Dividers 4
are & bit
M Counter
810 1
’ ~ Prescale VGO
(M+1)
WriClk
FIGURE 7. Frequency Synthesizer Block Diagram
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The synthesizer PLL includes a digital phase detector, fully differeniial charge pump with seleclion of four charge pump
cumants, programmable on-chip ioop compensator with four choices of pole/zens frequencies and a narow-rangs, fully
difterantial YOO with 16 overlapping freguency bands.

Charge pump current is varied as follows:

Synthesizer Current

i_pmpe1:0> Charge Pump current
00 16.67nA
01 22.221A
10 27.78nA
11 33.33nA

SYNTHESIZER LoOP FILTER

The synthesizer PLL loop filter is of the integrator-pole-zero type and is internal to the DFE9952R. Its zero and pole
frequencies are programmed by Ipf 1:0> of the SynthN register (0x22). Bits <7:6>.

The nominal zero/pole frequencies are as follows:

Pole/Zero Frequency

ipfe1:0> 2010 =-mn-n Pole
00 11.9 kHz / 572.9kHz
01 13.7 kHz / 661.0 kHz
10 16.2 kHz / 781.2 kHz
11 19.8 kHz / 954.8 kHz
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VGO

The fully differential VCO is identical to the Timing recovery VCO in design. Both of the VCOs require loading registers
to adjust their center frequency. The table below lists nominal values to be used for both the SynthGF register (0x23) and
TRCintl2 register (0x26).

VCO Center Frequency

Nominal register 0x23,

Band Number fcenter (MHz) 0x26 contents
0 78.26 0x10
1 88.04 0x21
2 97.83 0x22
3 107.61 0x23
4 117.40 0x24
5 127.17 0x25
6 136.96 0x26
7 146.74 0x37
8 156.52 0x38
9 166.30 0x39
10 176.09 0x3A
11 185.87 0x3B
12 195.65 0x3C
13 205.43 0x4D
14 215.22 Ox4E
15 225.00 Ox4F

VCO CENTER-FREQUENGY CALIBRATION

In order to guarantee the relationship between the VCO center frequency and the frequency programming, itis necessary
to calibrate the synthesizer VGO center frequency. This calibration must be done prior to attempting to lock the
synthesizer.

The calibration process utilizes the existing M and N dividers of the synthesizer. By carefully selecting the M and N
values, the divided reference frequency and the desired divided center frequency are made as close to each other as
possible. The VCO control voltage is set to zero and a 4-bit offset DAC is initially set to 0x0 to bring the VCO frequency
below the target center frequency. The two divided frequencies are compared to each other. If the divided VGO frequency
is below that of the reference, the offset DAG is incremented by one step to increase the VGO frequency. This process
is repeated until the divided VCO frequency is just above that of the referenca. At this point, the offset DAC is held and
the VGO center frequency is established. Since the data VGO is the same as the synthesizer VCO, the data VCO is
calibrated at the same time. The offset DAC value should then be read back and stered for future use.

To calibrate the VCO center frequency, the M and N values must first be selected and loaded into the SynthM and SynthN
registers (0x21 & 0x22). Next, load the SynthCF register (0x23) with the appropriate frequency band setting. The VGO
center-frequency calibration process is started when the start_cf_calib bit in the TRCalib register (0x24) is reset, then
set. While the calibration is in progress, the cf_calibrating bit will be set. If the VCO center frequency is above the range
of the offset DAC, then the cf_overflow bit will be set. The logic is not designed to detect if the VCO center frequency is
below the range of the offset DAC. If only one frequency can be calibrated, the highest zone frequency used in the
application should be the one used.
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When the VCO center frequency is not being calibrated, i.e. the cf_calibrating bit is not set, the offset DAC can be loaded
through the serial interface.

TiMING RECOVERY

In the read mode, the VCO frequency and phase are adjusted to lock to the incoming read signal. The system first
acquires the correct frequency and phase using an acquisition preamble - 4T pattern (1/4 of the symboal rate).
ZERC-PHASE RESTART

The VGO is started synchronously with the preamble to reduce the acquisition time. (This is commonly known as
zero-phase restart, (ZPR)). At the assertion of RDGT, the ZPR circuit counts two analog cycles. A fixed comparator is
amed, and when the input waveform next crosses the threshold, the VCO is started synchronously.

TIMING ERROR

Immediately after a zero-phase restart, the timing control attempts to acquire phase lock to the incoming signal. In both
the acquisition mode and tracking modes, the timing eror is calculated as follows:

T = €, 50N [f(k—1)] —€K _q sgn[f(k)]
In all non-read modes, the data VGO is locked to the frequency synthesizer output frequency.
SYNC MARK DETECTION

After the data VCO enters data tracking the DFE9952R searches for the sync mark written between the preamble and
data. Locating the sync mark identifies the start of customer data and frames the read data bits into the comect byte
boundaries for decoding.

This operation is important for three reasons:
1) the read data cannot be properly decoded unless the byte boundary is established,
2) the data randomizer must be initialized to its seed value for the first byte of data.

3) the data generator must be initialized to the programmable seed value to match the incoming read data under
supevvisory training mode.

The read acquisition mode time is a minimum of 100 symbol periods, and can be up to 18 bytes (144 symbol periods)
longer. After the minimum 100 symbol periods, the DFE9S952R enters read tracking mode and Sync Mark detectionis
started.

The Sync Mark must be found before the number of user bytes programmed for the Sync Timeout. The time-out period
is programmed as SMT0O<3:0> in the SyncTol register {(0x04). The number of errors allowed in Sync Mark detection is
programmed in the SMTol«<2:0= bits in the same register.

If the Sync Mark is detected, the Read mode continues until RDGT is deasserted. If the Sync Mark is not found within
the time-out period, the Read mode is aborted.

The sync mark is a (1,3) RLL encoded pattem:

0100 0100 1000 1010 0101 0010 1001 0001 0010,

The Sync Mark is exactly 4 user bytes long. The pattern is fixed.

It is possible to force the DFE9952R to complete the Read mode by setting the BypassSM bit in the Control1 register
(0x02). In this case, the Read mode continues until RDGT is deasserted. This is a special test hook that is used only

when the ENDEC is also bypassed. Otherwise, the read data cannot be propery decoded when the Sync Mark is not
detected.

1996 Mar 20 23 Version1.0



Philips Semiconductors Objective Specification

DFE Read Signal Processor DFE9952R

NRZ INTERFACE

The NRZ interface is a bi-directional data interface that communicates with the disk controller to transfer read/write data.
In the Wrrite mode, the data to be written onto the disk is transferred from the disk controller to the DFES352R. In the
Read mode, the data read from the disk is transferred from the DFE9952R to the disk controller. The DFES952R supports
both 8-bit and 4-bit data transfer across the NRZ interface. The width of the NRZ interface can be selected by
programming the NRZWidth8 bit in the Confrol1 register (0x02). When NRZWidth8 is set, the NRZ interface is eight bits
wide, and data is transferred via the NRZ7:0 pins. When NRZWidth8 is reset, the NRZ interface is four bits wide, and
data is transferred via the NRZ3:0 pins.

In the Write mode, the disk controller must start by transferring a minimum of 14 bytes of 0x00 across the NRZ inter-
face. These bytes of 0x00 indicate to the DFE93952R to write the preamble. The disk controller must then transmit
exactly one byte of OxFF to initiate the writing of the Sync Mark. After one byte of 0xFF, the customer data must follow.
Since the actual Sync Mark is four bytes in length, the customer data has three bytes buffered in the DFE9952R. This
buffering and other delays in the write data path result in a 7 byte latency delay. The disk controller must account for this
by writing arbitrary pad bytes at the end of the customer data.

I the DFE3252R design, there are aclually thres phases o Write made. AL WRTGT asserlion, presmble is withen until
a byle of OxFF is wansferred acioss the NRZ interface. The Syne Mark is then generated and written. After 4 user bylte
timaes the user data transferred across the NRS interface is wiitten.

In the Read mode, the DFE9352R will transfer 0x00 across the NRZ interface until the Sync Mark is detected. One byte
of 0xFF will be transfemred to indicate Sync Mark detection. The user read data is then transferred.

In Supervised Training mode data is transfered after the Sync Mark, both in Write and Read modes. However, the
White data is not written to the Preamplifier and the Read data is not the recovered data from the disk.

In the 4-bit NRZ mode, one byte of data is fransferred as two 4-bit nibbles. There is no specilic indication of which nibble
is MSB or LSB. Itis up to the disk controller and the DFE9952R to frame these nibbles into bytes based on the detection
of the Sync Mark across the NRZ interface.

Data across the NRZ interface is strobed by the clock at the RWCLK pin. In both Read and Write modes, the data must
be/is valid at the rising edge of RWCLK. The RWCLK is active and available to the disk controller in read, write, servo,
and standby modes. Howevaer, if the DisRWCLK bit in Control1 register (0x02) is set, the RWCLK is active only in read
and write modes. The RWCLK is generated from the frequency synthesizer WrtClk during non-read mode. During the

read mode, RWCLK is generated from the Timing recovery VCO. During the clock source switching, RWCLK will exceed
its nominal clock period. However, it will not glitch or produce a clock period that is smaller than nominal.
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ENDEC

The DFES952R uses an industry standard 8/3 (0,4/4) ENDEC for converting user data into codewords written to disk.
This is done to ensure sufficient transitions are written to maintain phase lock of the Timing Recovery in readback.

During Write, the ENDEC outputs 9 symbols for every 8 input user data bits. During Read, the ENDEC translates 9
symbols into 8 output user data bits.

The intemal ENDEC can be bypassed by setting the Bypass ENDEC bit in Control1 register (0x02). When bypassing the
ENDEC, the codewords, written to disk, or read from disk, are direclly transferred direclly on the NRZ interface. On
readback, the codewords are not byte-aligned on cutput.

When bypassing the ENDEG, the protocal for transferring preamble and Sync Mark are no longer valid. The pre-encoded
preamble (1/4T) and Sync Mark must also be generated by the disk controller and transmitted across the NRZ interface.
In the Bypass mode, the DFE9952R does not generate any preamble or Sync Mark internally. Additionally, the RWCLK
will have a shorter period, 8/9ths of nominal. This is because only 8 bits of codeword are written/read for every RWCLK
rather than 9 symbols when the ENDEC is not bypassed.

When the ENDEC is enabled, the Randomizer can either be on or off. When the ENDEC is bypassed, the Randomizer
is always off.

DATA RANDOMIZER

In the DFEQ952R, the randomizer can be selectively enabled or disabled by setting the EnRandom bit in the Control1
Register (0x02) to set or reset. Data written with the data randomizer enabled cannot be recovered with the data
randemizer disabled, and vice versa. When the ENDEC is bypassed, the data is not randomized regardless of the state
of the EnRandom bit.

DATA GENERATOR SHIFT REGISTER

Do

QUTPUTTO
® PRECODER

FIGURE 9. Data Generator Block Diagram

DATA GENERATOR

The DFE9952R contains a data generator that generates a pseudo-random data pattermn used for various testing and
functional purposes. The data generator is basically a linear-feedback shift register (LFSR) with comesponding control
logic to reset, hold, and enable the data generator. The feedback initial seed value is programmable up to 12 bits. The
high order bit must be zero (0). The pseudo-random data pattern generated is used to write the data for Training. When
aread is done during Training, the LFSR pattern is substituted for the output of the decision block. This forces the
equalizer error to be the value it should be, even if the decision was incorrect, and adapts the equalizers.
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The block diagram of the data generator is shown in the figure above. The feedback polynomial is fixed and is of degree 12:

12 ,6_ .4

X E+xT+xT+x+1

WRITE PRECOMPENSATION CIRCUIT

The DFE9952R includes a write precompensation circuit to shift the write data edges in order to reduce the amount of
inter-symbol interference (I1S1) effects. The precomp algorithm delays a magnetic transition whenever it is preceeded by
a transition in the previous clock cycle. Since 151 compensation requires adjusting the relative distance between adjacent
magnetic transitions, the time delay is therefore specified as a percentage of the symbol-clock period te accommodate
zone recording. The amount of delay is programmable in 5% steps up to 30% and is controlled by Precomp register
(0x0D).

White precompensation can be done even if the data is not precoded. The precoder can be bypassed by setting the
BypassPrecoder bit in Control 1 register (0x02).

Bypassing the Precoder is only for test modes. The Postcoder is in-circuit at all times. Therefore user data should be
Precoded if the data must be recovered.

The following table shows the value of the Precompensation that can be programmed.

Delay set

Precomp«<2:0= | Delay (%T)
000 5
001 10
010 15
011 20
100 25
101 30

WRITE CURRENT DAC

The DFE9952R includes a 6 bit DAC to control head write current. Write DAC<5:0> of WriteDAC register (0x0B) controls
an ocutput sink current from 0.5 mA to 2.5 mA. The write current DAC is enabled only when WRTGT is asserted (Low).
In all other modes, the write current DAC is shut off to reduce power consumption.

MR Blas CURRENT DAC

The DFE9952R has a programmable head bias current DAC for MR preamp applications. The current available is from
0.1 mAto 1.6 mA. The cumrent is programmed through bits MRDAC<5:0=> of the MRDAC register (0x0G). The MR Bias
DAC is tumed off only when WRTGT is asserted (Low).

SERIAL INTERFACE

The DFE9952R contains a serial interface that allows the microprocessor to program the intemal registers. It consists of
three signals: SDEN, SCLK, and SDATA. Both the SDEN and SCLK lines are driven by the microprocessor to the
DFEY9952R. The SDATA line is bi-directional to allow data transfer to/from the DFE9952R. The SDEN line is asserted
low only during address/data transfer. |t must be deasserted to the high state after each address/data transfer to
terminate the transfer cycle before the next transfer cycle can begin. During the time that the SDEN line is asserted, the
SCLK line must switch exactly 16 cycles to clock 16 bits of address/data transfer. Each data bit is clocked on the rising
edge of SCLK. In addition, there must be exactly 1 SCLK after the deassertion of SDEN. After that one clock, SCLK is
ignored when SDEN is not asserted. (However, it would be best not to switch SCLK when it is not necessary in order to
reduce noise and power.)
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A transfer cycle consists of transfer of the register address, a R/W mode bit, a don't care bit, and the register data. The
R/W mode bit and the register address is always transferred from the micropracessor to the DFE9952R. The register
data can be written to or read from the DFE9952R. The first six bits transferred is the register address with the MSB
transferred fivst. The next bit transferred is the R/W mode. It indicates the direction of register data transfer. The register
data is written to the DFE9952R if the RAW mode bit is set. Otherwise, the register data is read from the DFE9952R. The
next don’t care bit allows SDATA to tum around in case of a read operation. Finally, the last eight bits transferred are the
register data with the MSB transferred first.

POWER MANAGEMENT

The DFE9952R operates in four power-management modes: read mode, write mode, standby mode, and sleep mode.
Power management features are designed into the DFES952R with the intention of reducing the maximum power
dissipation during not only read mode but also in all other operating modes in order to minimize average power
consumption in the disk drive.

The Read, Write, and Servo modes are the active modes. Transition from any active mode to another active mode must
pass through the standby mode. The important timing parameters of power management are the wakeup times allowed
for each circuit when transitioning from standby mode to each of the active modes.

A manual overide is provided via the serial interface to keep individual blocks powered-on in all operating modes except

the sleep mode.
Sleep Mode
Standby Mode

POWERQN signal

Control Reg 2
EnSleep

Write Mode

Ready Reserve

Read Mode

FIGURE 10. Operating Mode Transition Diagram for Power Management

READ MODE

The DFESS52R is in the read mede when RDGT is asserted. At least 5 psec before RDGT, the signal POWERON must
be asserted. In the read mode, all write data path logic is powered-down. This includes the write curvent DAC, the
precompensation logic, and the serializer. The Sync Mark deteclion circuit is active only from the beginning of the read
mode until the end of the sync mark search operation, i.e., sync mark found or time-out.
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SERVO MODE

The DFES9952R is in the servo mode when SVOGT is asserted. In the servo mode, the offset cancellation of the Forward
filter is done. SVOGT duration must be a minimum of 2 ps for offset cancellation to be done. The SVOGT peried is a
maximum of 100 ps.

To enter Servo Mode, first assert the signal POWERON, then at least b usecs later, assert SVOGT.

WRITE MODE

The DFE9952R is in the write mode when WRTGT is asserted. In the write mode, most of the DFE9952R chipis
powered-down. The powered down blocks include the VGA, AGC, Prefilter, forward adaptive filter, feedback adaptive
filter, sampler, slicer, and sync mark detector.

STANDBY MCDE

The DFE9952R is in the standby mode when the signals POWERON and WRTGT are deasserted. The only two mode
switches are to Write and to Ready Reserve when WRTGT or POWERON are asserted, respectively.

SLEEP MODE

The DFE9952R is placed in and out of the sleep mode only by programming through the serial interface. Individual power
management overdde controls are ignored in sleep mode. While in the sleep mode, all registers shall maintain their
contents.
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REGISTER DESCRIPTION

Addr Name Description
0x00 Serlintf Serial interface register - {serial /O section)
Reg Bank Chip
Reset
0x01 Status Status register - (ENDECG section)
Alarm OpMode | OpMode Mode SMNot
<1> <0> Error Found
0x02 Control1 Control1 register - (ENDEC section)
NRZ Enab Bypass En Bypass Dis Bypass Bypass
Width8 Random SM Supvsry Endec RWCLK | Precomp | Precoder
0x03 Control2 Control? register - (ENDEC section)
En Sleep Dis EnRd Test
EndPdn
0x04 SyncTol Sync mark detection error tolerance and time-out count (ENDEC section)
SMToal SMTol SMTol SMTO SMTO SMTO SMTO
<2 <1> <0 <3 <2 <1> <0
0x05 | DGSeed LSB Data generator seed value (ENDEC section) (LSB)
DGSeed | DGSeed | DGSeed | DGSeed | DGSeed | DGSeed | DGSeed | DGSeed
<7> <B> <b> <d> <3> <2> <1> <0>
0x06 DGSeed Data generator seed value (ENDEC section) (MSB)
M3B DGSeed | DGSeed | DGSeed | DGSeed
<11> <10 <9 <8
0x07 | RefClkDiv Reference clock divider. (ENDEC section)
DCEOK RefDiv RefDiv ClkDiv ClkDiv ClkDiv ClkDiv
<1> <0 «3> «2> <1> <0

0x08 Reserved

0x0A

0x0B | WriteDAC Programmable write current DAC value. (write data section)
WriteDAC lwyite<b> | lwrite<d> | lwrite<3> | lwiite<2> | lwrite<1> | lwrite<0>
Oft
0x00 MRDAC Programmable MR bias DAC value (write data section)
MRDAC IMR<b> IMR<4> | IMB<3> IMR<2> IMR<1> IMR<0>
Oft
0x0D Precomp Programmable precomp delay selection. (write data section)
Dis WD Precomp | Precomp | Precomp | Precomp
PDn Test 2> <1> <0>
0x0E | Reserved
0x0F | Reserved
0x10 AGC AGC data mode reference level (VGA/AGC section)
DataRef AGC AGC AGC AGC AGC AGC AGC
DataRef | DataRef | DataRef | DataRef | DataRef | DataRef | DataRef
<B> <h> <4 <3> <2 <1> <0

Ox11 Reserved
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Addr Name Description
0x12 AGC AGC DatBW mode bandwidth (VGA/AGC section)
DalaBw Dis AGC AGC AGC AGC AGC AGC
VGAPDn DatBW DatBw DatBw DatBwW DatBw DatBW
<h> <4> <3> <P <1 <0>

0x13 Reserved

0x14 VGASQ VGA squelch time (VGA/AGC section)
AGC AGC AGC DisSvo VGASQ | VGASQ | VGASQ | VGASQ
Test<0> | Test<1> Test<P> 8Q <3> <> <1> <0

0x15 Reserved

0x16 Reserved

0x17 PFBW Prefilter data cutoff frequency (Prefilter section)
DatBW DatBW DatBW DatBW
<3> <?> <1> <0>

0x18 Reserved

0x18 PFCntl Prefilter control register (Prefilter section)
DisPFPDn | PFRF PFRF PFRF PFRF PFRF
<4> <3> <2> <1> <0>
Ox1A PFTest Prefilter test register (Prefilter section)
<> <B> <5> <4> ‘ <3> | <2> ‘ <1> ‘ <0>

0x1B Reserved

0x1C dGain Target amplitude - scaling factor for equalizer error, dy. (decision section)
diGain dGain dyGain d,Gain d,Gain d,Gain d,Gain dGain
<7> <B> <h> <4> <3> <> <1> <0>
0x1D | SlicerThresh Slicer threshald - {decision section)
Slicer Slicer Slicer Slicer Slicer Slicer Slicer Slicer
Thrash Thrash Thresh Thresh Thresh Thresh Thresh Thresh
<> <B> <5> <4> <3> <2> <1> <0>
Ox1E | AGCTrack AGC Iracking gain, py;, (decision section)
Dis Dec DecTst DecTst DecTst AGC AGC AGC AGC
PDn <10> <9> <8> Trk<3=> Trk<P> Trk<1> Trk<0>
0x1F | Reserved
0x20 SynthCntl Synthesizer control register (timing recovery section)
‘ ‘ | ‘ forc vetl | mon_ vell ‘ forc clk ‘ pd_clr
0x21 SynthM Synthesizer M feedback counter {timing recovery section)
i_pmp ‘ i_pmp ‘ M<5> M<4> M<3> M<2> M<1> ‘ M<0>
<1> <0>
0x22 SynthN Synthesizer N reference counter (timing recovery section)
Ipf<1> ‘ Ipf«<0> ‘ N<5> | N<d> ‘ N<3> | N<2> ‘ N<1> ‘ N<0>
0x23 SynthCF Synthesizer control - VCO center frequency and loop gain {timing recovery section)
sveo Id | sveo ld | svco Id SVCO SVCO SVCO SVCO
en<Z> en<l> en<0> cll<3> clle2> clle1> ctl<0x>
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Addr Name Description
0x24 TRCalib Data and synthesizer VCO center-frequency offset calibration. {timing recovery section)
Zero start cf | cf calibrat | veo over | vco offset | veo offset | veo offset | veo offset
cmp calib ing _flow <3> <2> <1> <0>
0x25 TRCntl1 Read mode acquisition time-out and zero-phase start threshold ({timing recovery section)
dvco_up | dvco_dn | pdinsel_ | Ichg<1> | Ichg<0> ZP<2> ZP<1> ZP<0>
nrd
0x26 TRCntl2 Timing recavery control, charge pump and VGO current adjustment (timing recovery section)
lchg Adj | dveo Id | dvco Id | dvco Id dvco dvco dvco dvco
en<Z> en<i> en<0> ctl<3> ctl<?> ctl<1> cll<0>
0x27 TRTest1 Timing recovery test control1 {timing recovery section)
VCOin | EnTestClk | RefDiv4 TRAcq VCOout TRTest TRTest TRTest
Test On Test <?> <1> <0>
0x28 TRTest2 Timing recovery test control2 {timing recovery section)
| Ck2Sel | CkeDrv | Ck2En | CkiEn
0x29 Reserved
0x2F
0x30 ADCntl Analog diagnostic control register (analog diagnostic section)
ErrLavon Single Auto Auto ADC | Exrlev ADC
Trigger Trigger toADC Done
0x3F ADData Analog diagnostic data register (analog diagnostic section)
ADData ADData ADData ADData | ADData ADData ADData ADData
<> <B> <h> <4 <3> <2 <1> <0
0x32 ADTest Analog diagnostic test control register (analog diagnostic section)
Erlev Enlev HSOon | HS1O on | HSIOIn | DCIOCH | DCIOGH | DCIOGH
Reset BWLo <2> <1> <0
0x33 Reserved
0x3E
0x3F ChiplD Chip ID Number
0 0 0 0 0 0 0 0
Ox41 FBFGain Feedback filter update gain, pram and pip
L Gain L Gain L Gain RGain RGain RGain
<2> <1> <0> <2> <1> <0>
0x42 FBFCntl Feedback filter control register
FBF Test TstAddr TstAddr TstAddr TstAddr
Adapt Mode <3> <2> <1> <0>
0x43 Reserved
Ox4F
0x50 RFBO RAM feedback filter cell0 content - RFB0<7:0>
0x51 RFBA RAM feedback filter cell1 content - RFB1<7:0>
0xb2 RFB2 RAM feedback filter cell? content - RFB2<7:0>
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Addr Name Description

0x53 RFB3 RAM feedback filter cell3 content - RFB3<7:0>

0x54 RFB4 RAM feedback filter cell4 content - RFB4<7:0>

0xb5 RFB5 RAM feedback filter cells content - RFB5<7:0>

0x56 RFB6 RAM feedback filter cell6 content - RFB6<7:0>

0x57 RFB7 RAM feedback filter cell7 content - RFB7<7:0>

0xb8 LFBO Linear feedback filter tap0 weight - LFB0<7:0>

0xh9 LFB1 Linear feedback filter tap1 weight - LFB1<7:0>

OxbA LFB2 Linear feedback filter tap2 weight - LFB2<7:0>

0x6B LFB3 Linear feedback filter tap3 weight - LFB3<7:0>

0xhC LFB4 Linear feedback filter tap4 weight - LFB4<7:0>

0xbD FFWO0 Forward filter tap0 weight - FFW0<7:0>

OxbE FFW1 Forward filter tap1 weight - FFW1<7:0>

0x5F FFW2 Forward filter tap2 weight - FFW2<7:0>

0x60 FFW3 Forward filter tap3 weight - FFW3<7:0>

0x61 FFW4 Forward filter tap4 weight - FFW4<7:0>

0x62 | DCCalVal Delay cell calibration value
DCCalVal | DCCalVal | DCCalVal | DCCalVal | DCCalVal | DCCalVal | DCCalVal
<B> <h> 4> «3> 2> <1> <0>
0x63 | AdaptFFTap Forward filter tap fixed (freeze)
Tufore Adc Byp Adapt Adapt Adapt Adapt Adapt
FFTap FFTap FFTap FFTap FFTap
<4 <3> <2 <1> <0
0x64 | DisFFTap Forward filter tap disable
Ekforc Ftforc DisFFtap | DisFFTap | DisFFTap | DisFFTap | DisFFTap
<4> <3> <2> <1> <0>
0x65 FFGain Forward filter tap weight update gain, pg
FFGain FFGain FFGain <4= <3> <2> <1> <0>
<?> <1> <0>
0x66 DCCntl Delay cell contral register
Calib Calib Wait?2 GainCntl | Sellest StartDly Dis
Error Done Off Phase Calib FFPDn
0x67 DCTest Forward filter test control register

FFTH«3> | FFTH<2> | FFTH<1> | FFTH<0> | FFTL<3> | FFTL<2> | FFTL<1> | FFTL<0>

0x68 Reserved

0x7F

Since the serial interface will only receive six bits of register address from the microprocessor, only 64 register locations
can be directly addressed at one time. As a result, the registers have been divided into two banks of 84-register space
to get around this limitation. Bank 0 is mapped into addressing space from 0x00 to 0x3F, and bank 1 is mapped into
addressing space from 0x41 to 0x7F. The seven-bit address is formed by using the RegBank bit in register 0x00 as the
MSB and concatenating the six-bit serial interface address as the LSBs. Since the RegBank bit needs to be accessed
redardless of its value, there is no register 0x40.
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In order to minimize bank switching, all of the control registers and most of the operating parameters are placed in bank
0 while bank 1 contains only the equalization parameters. This way, bank 1 is accessed only during power-on reset and
zone change. When the equalizer parameters are loaded, the RegBank bit should be reset so that subsequent serial
interface operations address only bank 0.

Serintf Register (0x00)

Bit

Name

POR
State

Description

RegBank

Register bank selection - This bit is added as the MSB to the 6-bit serial
interface address. This bit must be set when addressing registers 0x41 to
0x7F. It must be reset when addressing registers 0x00 to 0x3F. This bit does
not affect the addressing of register 0x00, i.e., register 0x40 is the same as
register 0x00

ChipReset

Chip reset - Setting this bit resets the DFES952R to power-on state. It has the
identical effect as asserting the POR pin. The only exception is that the serial
interface and this register are not reset by this bit. This bit is latched until it is
reset.

Status Register (0x01)

Bit

Name

POR
State

Description

Alamm

R/O

Alarm - This bit is set whenever an error is detected in the DFE9952R. The
exact eror that caused the alarm can be found by reading bits 4 - 0 of this
register. This bit is automatically reset when the error source has been
cleared.

<B6:5>

OpMode<1:0>

R/O

The operational mode of the DFE9952R is encoded in these two bits as
follows: 00 - standby or sleep made, 01 - read mode, 10 - write mode, 11 -
servo mode. {Check bit 0 of Control1 register (0x02) for sleep mode.)

ModeError

Operating mode error - This bit is set if any two of SVOGT, WRTGT or RDGT
are active. This bit is latched. When the error condition is removed, you must
reset this bit. ModeEvror does net prevent DFE9952R from operating. The
actual operating mode of the DFE3952R is determined based on SVOGT
having the highest pricrity and WRTGT having the lowest.

SMNotFound

R/O

Sync Mark not found ervor - This bit is set if the Sync Mark is not found within
the Sync Mark search window. This bit is automatically cleared at the
beginning of a Read eperation.
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Control1 Register (0x02)
Bit Name POR Description
State

7 NRZwidth8 0 NRZ width selection - Setting this bit selects the NRZ interface to be eight bits
wide. Otherwise, the NRZ interface is four bits wide.

6 EnRandom 0 Enable randomizer - Setting this bit enables the randomizer in read and write
modes. When Bypass ENDEC is set, the Randomizer is always off.

5 BypassSM 0 Bypass Sync Mark detection - Setting this kit disables the Sync Mark detection
circuit and allows the data to be read even if the Sync Mark is not found. Usually,
this bit is set only when Bypassing the ENDEC.

4 EnSupvsry 0 Enable supervisory mode - Setting this bit enables the supervised training mode
for the DFE9952R.

BypassENDEC 1 When sel, the write data is not encoded and the read data is not deceded.

DisRWCLK 0 Disable RWCLK during non-read and non-write modes - Setting this bit disables
RWCLK during non-read and non-write modes. Resetting this bit allows the
RWCLK to toggle at all times.

1 BypassPrecomp |0 Bypass precomp - Setting this bit disables the precomp control logic so that the
write data transitions are not precomped.

0 BypassPrecoder |0 Bypass precoder - Setting this bit bypasses the precoder so that the output of the
serializer becomes the write current to the pre-amplifier.

Control2 Register (0x03)
Bit Name POR Description
State

7 EnSleep 0 Enable sleep mode - Setting this bit will place the DFE9952R in sleep mode,
regardless of the power management override bits. Resetting this bit will place
the DFE9952R in active mode. Transition from sleep to active mode requires
considerable wakeup time.

6 DisEndPdn 0 Disable powering down ENDECG section - Setting this bit will overide the power
management of the ENDEC section so that it is never powered down unless in
sleep mode. Resetting this bit will allow the ENDEC section to be powered down
based on the power management scheme of the DFES952R.

5 EnRdTest 0 Enable read path testing - Setting this bit will allow the NRZ| read data to be
multiplexed from the extemal read data pin. This feature is provided for testing
purposes only. In normal operation, this bit must be reset to pass the NRZ| read
data from the decision section to the vead data path.

SyncTol Register (0x04)
Bit Name POR Description
State

<64 SMTol<2:0> N/A Sync Mark detection emor tolerance. Number of bits in error allowed for

detection.

<3:0> |SMTO<3:0> N/A Sync Mark detection time-out count
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DGSeedLSB Register (0x05)

Bit Name POR Description
State
<7:0> |DGSeedl3B<7:0> | NA Data generator seed value (lower 8 LSBs)
DGSeedMSB Register (0x06)
Bit Name POR Description
State
<3:0> |DGSeedMSB<11:8> | N/A Data generator seed value {upper 4 M3Bs).
MSB (bit 11) must be reset.
ReiClkDiv Register (0x07)
Bit Name POR Description
State
6 DCHOK 0 Select forward filter delay-cell calibration clock - Setting this bit will select the
50 KHz clock. Resetting this bit will select the 100 KHz clock.
<hi4> RefDivel 0> N/A Divider to generate 10 MHz ADC clock - These two bits will divide the
SFREF clock frequency by 2, 3, or 4 to generate a 10 MHz intemal ADC
clock. The divider must be selected to produce an ADC clock that is as close
to 10 MHz as possible but must not exceed 10 MHz. Since the SFREF clock
frequency has a range of 20 - 40 MHz, the resulting ADC clock will have a
frequency of 6.66 - 10 MHz.
<3:0> | ClkDiv<3:0= N/A Divider to generate 1 MHz internal clock - The ADC clock is divided by
(CIkDiv + 1) to generate the 1 MHz intemal clock. The divider must be
selected to produce an internal clock that is as close to 1 MHz as possible
but must not exceed 1 MHz. Since the ADC clock frequency has a range of
6.66 - 10 MHz, the resulting intemal clock will have a frequency of 0.875 - 1
MHz. Itis used to digitize the filter coefficients.
WriteDAC Register (0x0B)
Bit Name POR Description
State
7 WiriteDACOff N/A Wiite current DAC power control - Setting this bit will override the power
management scheme and power down the write current DAG in all operating
modes. This is useful if the preamp contains built-in write current DAC.
Resetting this bit will allow the write cunent DAC to be powered on and off
based on the power management scheme.
<h:0> Iwrite«<h:0> N/A Programmable wiite current DAC value - 0.5 - 2.5 mA £5%.
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MRDAC Register (0x0C)

Bit Name POR Description
State
7 MRDACOft N/A MR bias DAC power control - Setting this bit will override the power
management scheme and power down the MR bias DAC in all operating
modes. Thisis useful if the preamp contains built-in MR bias DAC. Resetting
this bit will allow the MR bias DAC to be powered on and off based on the
power management scheme.
<h:0> IMR<5:0> N/A Programmable MR bias current DAC value -0.1 to 1.6 mA £5%.
Precomp Register (0x0D)
Bit Name POR Description
State
7 DisWDPdn 0 Disable powering down write data path seclion - Setting this bit will override
the power management of the wiite data path section so that it is never
powered down unless in sleep mode. Resetting this bit will allow the write
data path section to be powered down based on the power management
scheme of the DFES952R.
3 PrecompTest 0 Enable precomp test
«2:0> | Precomp<2:0> N/A Programmable precompensation control - These three bits selects the
amount of delay for precompensation. Precompensation can be disabled by
setting the BypassPrecomp bit in the Control1 register (0x02).
AGCDataRef Register (0x10)
Bit Name POR Description
State
<6:0> |AGCDataRef<6:0> | N/A Sets gain regulation in data read mode. The Prefilter output is 4 times the
programmed value, differential peak to peak. Data amplitude ranges from 0
to 1.6Vppd. Nominal setting is 1.0Vppd (register setting 0x50).
AGCDataBW Register (0x12)
Bit Name POR Description
State
7 DisVGAPdn 0 Disable powering down VGA/AGC section - Setting this bit will override the
power management of the VGA/AGC section so that it is never powered
down unless in sleep mode. Resetting this bit will allow the VGA/AGC
section to be powered down based on the power management scheme of
the DFE9952R.
<b:0> |AGCDataBW<5:0> | N/A AGC data mode programmable charge pump current.
Full-scale = 100 pA. Recommended 1 pA/MHz of preamble frequency.
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VGASQ Register (0x14)

Bit Name POR Description
State
<7:5> | AGCTest<0:2> 0 Not used. VGA test selects. Setto 0.
4 DisSvoSQ 0 Setto 1.
«3:0> |VGASQ<3:0> N/A AGC squelch time. Setting is from .2 to 3.2 usec.

PFBW Register (0x17)

Bit Name POR Description
State
<74> N/A Not used
<3:0> |DatBW<3:0> N/A Prefilter data mode cutoff frequency

PFCntl Register (0x18)

Bit Name POR Description
State
5 DisPFPdn 0 Disable powering down Prefilter section - Setting this bit will overide the

power management of the Prefilter section so that it is never powered down
unless in sleep mode. Resetting this bit will allow the Prefilter section to be
powered down based on the power management scheme of the DFES952R.

<4:0> | PFRF<4:0> N/A Prefilter reference frequency control.

PFTest Register (0x1A)

Bit Name POR Description
State
<7:0> PFTest<7:0=> 0 Prefilter test control. Set to 0.

Prefilter test control:

0000000 no output

0000001 VGA Qutput on ATSTIOX ATSTIOY

0000010 FSREF Output on ATSTIOX ATSTIOY

0000100 Prefilter Normal output for data cutput on ATSTOX ATSTOY
0001000 Prefilter Normal output for servo output on ATSTOX ATSTOY
0010000 Prefilter differentiated for servo cutput on ATSTOX ATSTOY
0100000 Reference frequency tuning off, input from ADCX ADCY
1000000 Reference frequency tuning on, output to ADCX ADCY

DkGain Register (0x1C)

Bit Name POR Description
State
<7:0> |dkGain<7:0> N/A Target amplitude - scaling factor for equalizer error.
IMPORTANT: The factory will supply the value to be loaded here with the
sample [Cs.
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SlicerThresh Register (0x1D)

Bit Name POR Description
State
<7:0> SlicerThresh<7:0> N/A Slicer threshold. Nominal setting is 0x7F

AGCTrack Register (Ox1E)

Bit Name POR Description
State

7 DisDecPdn 0 Disable powering down decision section - Setting this bit will override the
power management of the decision section so that it is never powered down
unless in sleep mode. Resetling this will allow the decision section to be
powered down based on the power management scheme of the DFES952R.

<6:4> DecTst<10:8> 0 Test control bits. Set to 0.

«3:0> |AGCTrack<3:0> N/A AGC Data read tracking current multiplier. These 4 bits set the multiplier of
the emor current g,/2kQ in decision directed data read mode.

SynthCntl Register (0x20)
Bit Name POR Description
State

3 forc_vatl 0 Force control voltage - When set, this bit causes the differential voltage on
the DC test bus to be impesed on the synthesizer's compensator. This
voltage controls the VCO frequency. While forc_vcll is asserted, pd_clr
should also be asserted. Nominal level is VOG/2.

2 mon_vctl 0 Read control voltage - When set, this bit places the buffered differential VCO
contral voltage on the DC test bus. This allows the VGO control voltage to be
monitored off-chip.

1 forc_clk 0 Force clock - When set, this bit disconnects the VCO from the input of the
prescaler and injects the TST_CK1 signal.

0 pd_clr 0 Phase detector clear - When set, this bit disables the phase detector and
allows the chip’s TST_CK1 signals to force pump-up and pump-down
signals.

SynthM Register (0x21)
Bit Name POR Description
State
</6> |i_pmp<1:0> N/A Synthesizer charge pump current control - Charge pump current is varied as
follows:
<00> 16.67 pA
<01> 22.22nA
<10> 27.78uA
«11> 33.33pA
«5:0> | SynthM<5:0> N/A Synthesizer feedback counter (M) value - The VCO frequency is first divided

by 8in a prescaler, and then divided by the value M+1.
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SynthN Register (0x22)

Bit Name POR Description
State
<7:6> Ipf<1:0> N/A Low pass filter control - These bits control the zero and pole frequency of the
synthesizer’'s compensator. The nominal value of the integrator capacitor is
205pF. The nominal zero/pole frequencies are as follows:
Zevo - Pole
<00=> 11.9 kHz / 572.9kHz
<01=> 13.7 kHz / 661.0 kHz
<10> 16.2 kHz / 781.2 kHz
<11> 19.8 kHz / 954 .8 kHz
<5.0> SynthN<5:0= N/A Synthesizer reference counter (N) value - The reference frequency supplied
at SFREF is divided by the value N+1.
SynthCF Register (0x23)
Bit Name POR Description
State
<64 sveo |d en<2:.0> N/A Synthesizer VGO load control
<3:0> sveo ctl<3:0> N/A Synthesizer VGO center frequency control
TRCalib Register (0x24)
Bit Name POR Description
State
7 zero_cmp N/A Force Synthesizer VGO to center frequency
6 start_cf calib 0 Start VCO center-frequency calibration
5 cf calibrating R/O VCO center-frequency calibration in progress
4 vco_overflow R/O VCO center-frequency calibration overflow
<3:0> |vco_offset<3:0> N/A VCO center-frequency offset. 0x00 is lowest offset.
TRCntl1 Register (0x25)
Bit Name POR Description
State
7 dvco_up 0 Data VCO charge up
6 dvco dn 0 Data VCO charge down
5 pdinsel_nrd 0
<4:3> lehg<1:0> N/A Charge pump current. Sets current in fracking mode in read only. A set of 11
is track current equal to acquire, 00 is 25%.
«2:0> |ZP<2:0> N/A Zero-phase start threshold. Recommended value is 110 for 200 Mbits/sec

and 000 for 64 Mbits/sec.
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TRCntl2 Register (0x26)

Bit Name POR Description
State

7 lehgAdj 0 Increases the Read mode Timing Recovery charge pump curent by 50%
when set.

<6:4> |dvco |d_en<?:0> N/A Data VCO load control

<3:0> |dvco_cll<3:0> N/A Data VCO center frequency

TRTest1 Register (0x27)
Bit Name POR Description
State

7 VCOinTest 0 When set, the VCO Control Voltage is driven directly by the ADCX and
ADCY pins. Requires bit VCOout Test to be set as well.

6 EnTestClk 0 All intemal clocks will be driven by TST CK1 and TST CK?2. These will have
TST_CKI1 leading TST_CK2 by 90 degrees. Both pairs are CML differential
inputs.

5 RefDiv4 Meant for characterization use only.

4 TRAcqOn Hold timing recovery in acquisition for testing

3 VCOoutTest If set and VCOQinTest is set, the ADCX and ADCY pins drive the VGO Gontrol
voltage. If set and VCOinTest is reset, allows monitoring of the VCO Control
Voltage for testing.

<2:0> | TRTest<2:0> 0 Bits 2 & 1 not used. Bit 0 when set forces VCO Control voltage circuit to
follow the ADCX pin DC level as the Common Mede voltage of the Loop
Filter.

TRTest2 Register (0x28)
Bit Name POR Description
State

3 Ck2Sel 0 When set, the Timing recovery VCO is output on the TST_CK2 pins @ CML
levels. Reset selects the Frequency Synthesizer VCO.

2 Ck2Drv Set selects the TST_CK2 pins to be cutput drivers

1 Ck2En Set enables the TST_CK2 pins for both input and output

0 Ck1En Set selects the TST_CK1 pins to be input receivers
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ADCntl Register (0x30)

Bit Name POR Description
State

6 Erl evOn 0 Power on Errlev circuit -

4 SingleTrigger 0 Manual control of a single digitization - do an A to D conversion. The ADC
output can be read from the ADData register (0x3F). When AutoADC is set,
the value of this bit is ignored.

3 AutoTrigger 0 Manual control of digitization of {ilter tap weights - When AutoADC is reset,
setting this bit will cause all of the filter tap weights to be digitized and stored
in their respective registers. When AutoADC is set, the value of this bit is
ignored.

2 AutoADC N/A Automatic digitization of filter tap weights - Setting this bit will cause all of the
filter tap weights to be digitized and stored in their respective registers at the
end of each read operation. Resetting this bit will allow manual control of
ADC by SingleTrigger and AutoTrigger.

1 Erl evicADC N/A ADGC input selection - When the ADC is in single-trigger mode, this bit
selects the Enlev as the input to the ADC when it is set, otherwise, the DC
test bus is selected as the input to the ADG.

0 ADCDone R/O Digitization completed - This bit is reset at the start of a digitization cycle and
is set when the cycle has completed.

ADData Register (0x3F)
Bit Name POR Description
State
<7:0> |ADData<7:0> R/O ADG output data register - This register holds the output of the ADC when a

conversion is done in the single-trigger mode.
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ADTest Register (0x32)

Bit Name POR Description
State

7 ErlevReset 0 Reset ErrLev circuit.

6 ErrLevBWLo 0 ErlLev bandwidth select - Setting this bit selects low bandwidth.
Resetting this bit selects high bandwidth.

5 HSOon 0 Enable high-speed cutput test bus - Setting this bit enables the high-speed
output test bus buffer. Resetting this bit disables the buffer.

4 HSIOon 0 Enable high-speed input/output test bus driver - Setting this bit enables the
buffer circuit. Resetting this bit powers off the buffer circuit.

3 HSI10in 0 Select high-speed input/output test bus direction - Resetting this bit allows

the contents of the test bus to be driven out to the pad. Setting this bit allows
the external signal to be driven onto the test bus.

«2:0> | DClIOcl<2:0> 02 DC Bus control bits. These bits control the ADGX/ADCY bus per the
following:
2 1 0
0 0 0 ADCX/ADCY off
1 0 0 ADCX/ADCY read test voltages from IC
0 1 1 ADCX/ADCY drive |G with extemnal
voltages
ChiplD Register (0x3F)
Bit Name POR Description
State
<7:0> |none R/O Read only value of 0 which identifies the DFE9952R rev. 0.
FBFGain Register (0x41)
Bit Name POR Description
State
«b5:8> | LGain<2:0> N/A Linear feedback fiter tap weight update multiplier, Ly
«2:0> |RGain<2:0> N/A RAM feedback filter update multiplier, prgm
FBFCntl Register (0x42)
Bit Name POR Description
State
5 FBFAdapt 0 When set, the Feedback Filter Adaptive operation is enabled. All portions
(RAM and linear) are Adaptive.
4 TestMode 0 Enables the TstAddr bits.
<3:0> |none 0 Test Address bits. Set to 0.
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RFBn Register (0x50 - 0x57)

Bit Name POR Description
State
<7:0> |RFBn<7:0> N/A RAM feedback filter cell n value, n = 0 to 7. RFBO register corresponds to
address 0x50, and RFB7 corresponds to address 0x57. RFBO is the cell for
the most recent decisions being -1, -1, -1. RFB7 is for most recent decisions
being 1,1,1.
LFBn Register (0x58 - 0x5C)
Bit Name POR Description
State
<7:0> |LFBn<7:0> N/A Linear feedback filter tap n weight, n = 0 to 4. LFBO register comesponds to
address 0x58, and LFB4 comesponds to address 0x5C. LFBOQ is the cell
closest to the Decision block, i.e., the most recent decision.
FFWn Register (0x5D - 0x61)
Bit Name POR Description
State
<7:.0= | FFWn<7:0> N/A Forward filter tap n weight, n = 0 to 4. FFWO register corresponds to address
0x5D, and FFW4 corresponds to address 0x61. FFWO is the closest to the
input.

These five registers hold the digitized tap weights of the forward filter. When tap n is fixed by resetting bit n of the
AdaptFF Tap register (0x63), the value programmed in the corresponding FFWhn register is converted by tap n DAC into
the fixed tap weight. When the weight of tap n is digitized with the 8-bit ADC, the result is stored in the corresponding
FFWh register.

DCCalVal Register (0x62)

Bit Name POR Description
State
<6:0> DCCalVal<6:0> N/A Delay cell calibration value

AdaptFFTap Register (0x63)

Bit Name POR Description
State
6 Tufore 0 Connects a path through one of the low-speed buses (operated in INPUT
mode) to the master tuning voltage at the delay line {overriding the Cal-DAC
output).
5 AgcByp 0 Enables AgcByp mode, which connects extemal input pins of DFE directly to

forward filter, bypassing AGC and Prefilter.

«4:0> | AdaptFFTap<4:0=> 0 Adapt forward filter tap weight - Setting any bit will enable adaptation for the
corresponding forward filter tap, and vice versa. Bits<4:0> comespond to tap
<4:0>, respectively. One bit should be reset during Normal Operation.

This register allows independent control of all five tap weights of the forward filter. When tap n is fixed, the value
programmed in the corresponding FFWn register is converted by tap n DAC into the fixed tap weight. When tap n is
allowed to adapt, the tap weight is continuously updated during read operations based on the equalizer eror, g,.
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DisFFTap Register (0x64)

Bit Name POR Description
State
6 Ekforc 0 Forces the emor signal, “g”, for the whole DFE, from an external source via
the high-speed analog I/0 bus.
5 Ftforc 0 Forces output signal of forward-filter, from an external source via high-speed
analog /O bus.
<4:.0> | DisFFTap<4:0> 0 Disable forward filter tap weight - Setting any bit will disconnect the tap from
the Forward filter cutput, and vice versa. Bits <4:0> correspond to tap <4:0>,
respectively. Setting any bit is equivalent to loading the corresponding
tap-weight register with zero and resetting the corresponding AdaptFFTap
bit.
FFGain Register (0x65)
Bit Name POR Description
State
<7:5> |FFGain<2:0> N/A Forward filter tap weight update multiplier, pg
DCCntl Register (0x66)
Bit Name POR Description
State
6 CalibEmor R/O Delay cell calibralion error - This bit is set if the delay cell fails to re-calibrate
itself. This bit is reset at the beginning of the delay cell re-calibration
operation.
5 CalibDone R/O
Wait2 0
3 GainCntlOff 0 Calibration gain control off - Setting this bit will disable gain control in the
calibration circuit.
2 SelTestPhase
StartDlyCalib Start delay cell calibration - Setting this bit starts the calibration of the delay
cell. This bit must be reset before it can be set to start the next calibration
cycle.
0 DisFFPdn 0 Disable powering down forward filter section - Setting this bit will override the

power management of the forward filter section so that it is never powered
down unless in sleep mode. Resetting this bit will allow the forward filter
section to be powered down based on the power management scheme of
the DFE9952R.
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FFTest Register (0x67)

Name

POR
State

Description

<74

FFTH<3:0>

High-speed buffer control

0000 - off

0001 - Forward filter tap weight #0
0010 - Forward filter tap weight #1

0011 - Forward filter tap weight #2
0100 - Forward filter tap weight #3

0101 - Forward filter tap weight #4

0110 - Forward filter output

0111 - error signal input at Forward filter

<3:0>

FFTL<3:0>

Low-speed buffer control

0000 - off

0001 - first derived tuning voltage

0010 - second derived tuning voltage

0011 - third derived tuning voltage

0100 - Cal DAG output

0101 - delay-cell amplitude-control voltage
0110 - balance voltage (Vec / 2)
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PARAMETRIC SPECIFICATIONS

Unless otherwise specified, the following specifications are valid over the temperature range of 0°C to 70 °C and for Veo
between 4.5V and 5.5 V. Currents flowing into a pin are positive. Maximum values are values with the largest absolute

value.

Nominal Operating Conditions

Param eter Rating Units
Temperature (ambient) Ote70 °C
Supply Voltage (Vi) 451055 Voo
Power Supply Current and Power Dissipation
Symbol Param eter Conditions Min Nom Max Unit
lee Outputs and all test points open 180 mA
@200 Mbil's (target)
Tamb = 27°CG
Ve =5 Vde
DIGITAL INPUTS AND OUTPUTS
TTL Compatible Inputs
Symbol Param eter Conditions Min Nom Max Unit
ViL Input Low Voltage -0.3 0.8 v
VIH Input High Voltage 2.0 Voo + 03 |V
I Input Low Current V=04V -400 pA
i1 Input High Current Viu=24V 50 pA
Input Leakage CGurrent -1 +1 pA
Cin Input Capacitance 2.7 pF
Internal Pull-up Resistor 10 30 kG
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CMOS Compatible Inputs and Qutputs
Symbol Param eter Conditions Min Nom Max Unit
Vi Input Low Voltage 0.3 15 v
ViH Input High Voltage 3.5 Ve +03 |V
VoL Output Low Voltage Vee =50V, Ty = 257G, 0.5 v
|0|_ =50mA
Vo Output High Voltage Voo =50V, Tymp=25°C, [4.5 v
lon =-5.0 mA
tr Rise Time Vee =45V, Tymp = 70°C, 3.0 ns
G =15pF
tr Fall Time Vee =45V, Ty =70°C, 4.0 ns
G =15pF
Qutput Gapacitive Load 15 pF
2.0
CMOS
08
L (1) 1y ()
PECL Output Levels
Symbol Param eter Conditions Min Nom Max Unit
VOH OUtpUt High Voltage Vcc- 1.0 VCC -0.85 VCC -07 |V
VOL OUtpUt Low Voltage VCC -2.2 VCC -1.95 VCC' 1.7 |V
tr tF Rise/fall time 10% - 90% swing 1.0 ns
Standard single load capacitance 14.0 30.0 pF
Vg -0.85 —pm
PECL
Voo -1.95
L (1) i (R)
CML (Test Point) Inputand Output Levels
Symbol Param eter Conditions Min Nom Max Unit
Vo Output High Voltage Vee vV
VoL Output Low Voltage Ve - 15 vV
VIH Input High Voltage Ve vV
Vi Input Low Voltage Ve - 15 vV
tr tF Rise/fall time 10% - 90% swing 1.0 ns
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Variable Gain Amplifier (VGA)

Symbol Parameter Conditions Min Nom Max Unit
Differential Input Range Input signal frequency from 10 | 35 600 mVppd
(peak-to-peak amplitude) to 50 MHz, Minimum Boost

Voo Offset Referred to Input -10 10 my
Squelch Duration VGASQ<3:0> = 0x00 0.2 [T

VGASQ«3:0> = OxFF 3.2 1s
Output Swing Differential, at 0.1% THD 1.0 Vppd

Ay Gain Range 2 35 Vv
Gain Control Sensitivity per volt of AGC control voltage, 15 dB/Nv

for reference only. Not Tested.

2N Differential Input Impedance Normal Mode 3.0 4.0 5.0 kQ

Squelched Mode 50 150 200 Q

CMRR | Common Mode Rejection Gain = max, f= 10 MHz 40 dB

PSRR | Power Supply Rejection Gain =max, f = 10 MHz 45 dB

BwW Bandwidth Gain = 35 VV @ -3 dB point TBD MHz

€in Input-referred Noise Voltage | Gain = max, Inputs shorted 10 nV/ ./Hz

Automatic Gain Control (AGC)

Symbol Parameter Conditions Min Nom Max Unit
Input Signal Range 1.0 Vppd

le Peak Detector charge Current | AGCDatBW<5:0> = 0x00 1 pA

AGCDatBW<5:0> = Ox3F 100 A
In Peak Detector discharge Current 10%lc pA
Vace Capacitor Value 20 pF
Gain Decay Time 65% drop in level of 4T signal, TBD ns
symbol rate = 225 MHz,
to 85% of correct signal level

Gain Decay Time 65% drop in level of 4T signal, TBD ns
symbol rate = 225 MHz,
95% of correct signal level

Gain Attack Time Initial gain = 2X comwect value, TBD ns
4T input signal, symbol rate =
225 MHz, settled to 115% of
correct signal level.

Gain Attack Time Initial gain = 2X correct value, TBD ns
4T input signal, symbol rate =
225 MHz, settled to 105% of
correct signal level
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Automatic Gain Control (AGC) Continued
Gain Decay Time 50% drop in level of 4T signal, BD us
data synchronizer CCF = 35
MHz to 85%
Gain Decay Time 50% drop in level of 4T signal, TBD us
data synchronizer CCF = 35
MHz, Vace = 330 pF, to 95%
Prefilter
Symbol Param ster Conditions Min Nom Max Unit
fe Cutoff Frequency Unboosted response @ -3 dB 30 86.25 |MHz
point
Cutoff Frequency Step Unboosted response @ -3 dB 3.75 MHz
point
fch Cutoff Frequency Accuracy 10 Yo
Group Delay Variation From 0.2 f.to fe. 10 Yo
THD Total Harmonic Distortion Vppd=1.0V, f=0.5 f.. 1.0 Yo
Ay Filter Gain Vppd=05V, =05 f.. 0.8 1.2 VIV
Differential Input/Output Range THD = 0.1%. (measured as a 1.2 Vppd
peak-to-peak differential signal)
PSRR Power Supply Rejection DG, 10% change at Vi 60 dB
5 MHz, 10 mVpp at Ve 40 dB
CMRR | Common Mode Rejection input f = 5 MHz 40 dB
SNR Output Signal to Noise fe =36 MHz. Not tested in ATE 50 dB
R Filter Differential Input Resistance | Not tested in ATE 5.0 kQ
Cin Filter Differential Input Capacitance | Not tested in ATE 5.0 pF
out Filter Output Noise BW = TBD MHz, Rs =50 & 3.8 mV
fo=80.25 MHz RMS
Not tested in ATE
Filter Output Noise BW =TBD MHz, Rs =50 Q& 6.9 my
fc=180.25MHz RMS
Not tested in ATE
Filter Output Sink Cument Not tested in ATE 0.5 mA
Filter Output Source Current Not tested in ATE 2.0 mA
Filter Output Resistance Single ended. TBD Q
Not tested in ATE
SFREF | Reference Frequency 10 38.75 |MHz
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Forward Filter
Symbol Param eter Conditions Min Nom Max Unit
Number of Taps 5 taps
Delay Cell Input Voltage 1.2 Vppd
D Delay Time each cell 4.0 14.0 ns
Tuning Granularity 0.2 ns
Delay cell calibration time 1300 |ps
Short Range Calibration time < b steps 60 us
Timing Recovery
Symbol Param eter Conditions Min Nom Max Unit
fvco VGO Center Frequency Range After offset and Calibration 78 225 MHz
fycof | VGO Genter Frequency Accuracy 10 Yo
Input Voltage Range To intemal loop filter nodes 11 \')
Dynamic Range 10V <LPFP-LPFN«<+1.0V 116 124 Y%
Kyco VGO Gain wg=2r/Tyco 0.16mg 0.2dwg |rad/
V- sec
Phase Detector Range Non-read mode 2n rad
Read mode during acquisition 12 rad
Kp Phase Detector Charge Pump Gain | Non-read mode: Kp = lopg/2r. 0.9Kp 1.1Kp | Afrad
Read mode: Kp = lgpg/T. 0.9Kp 1.1Kp | Afrad
1 ¢ Generated Jitter Decision directed TBD ps
RWCLK Duty Cycle Measured at1.5V 40 60 Yo
Kyco * Kp Accuracy -28 28 Yo
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Frequency Synthesizer
Symbol Param eter Conditions Min Nom Max Unit
SFREF Frequency 20 40 MHz
SFREF Duty Cycle Measured at 1.5 V 40 60 Y%
Kyco WrCIk Frequency 78 225 MHz
WriClk Duty Cycle 40 80 Yo
WHCIk 1 6 Generated Jitter PLL locked at 225 MHz. TBD ps
Measured falling edge to falling RMS
edge, SFREF TBD, loop fiter
TBD
M Counter Range Feedback Counter 15 64
N Counter Range Reference Counter 1 64
taca Acquisition time Te 1% of {inal value. Fyeo = 225 100 us
MHz.
Loop bandwidth Open loop derived. Fyeq =225 |50 70 KHz
MHz.
Synthesizer VCO Dynamic Range | WrtClk = 200 MHz +20 Y%
Kyco Synthesizer VGO Control Gain 0.2f, |0.26 MHz/V
Charge Pump Current Refer to register 0x21
KVCO * KD Accuracy -28 +28 Yo
Write Current DAC
Symbol Param eter Conditions Min Nom Max Unit
lw Output Cuwent Range 0.5 25 mA
Output Cuwent Step Size 31.65 pA
Output Cuwent Step Size Accuracy -50 -50 % of LSB
Output Cuwent Step Size -50 +50 % of LSB
Maonotonicity
Tum On Time After Assertion of WRTGT 43 ns
Tum Off Time After Deassertion of WRTGT 7 ns
MR Bias Current DAC
Symbol Param eter Conditions Min Nom Max Unit
MR Output Current Range 0.1 1.6 mA
Output Guwent Step Size 23.9 wA
Output Gurment Step Size Accuracy -50 +50 % of LSB
Qutput Cuwent Step Size -50 +50 % of LSB
Maonotonicity
Tum On Time After deassertion of WRTGT 33 ns
Turn Off Time 7 ns
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Write Precompensation Circuit

Symbol Param eter Conditions Min Nom Max Unit
Precompensation Range 0 30 Yo bit cell
Precompensation Resoclution 5 Y bit cells
Precompensation Programming of setting 25 Y%
Accuracy
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TIMING CHARACTERISTICS

Serial Interface

Symbol Parameter Conditions Min Nom Max Unit
teo SCLK Period 20 pF load 25 ns
tep SCLK Low Time 20 pF load 10 ns
ten SCLK High Time 20 pF load 10 ns
tpg SDATA Setup Time 20 pF load 8 ns
tpH SDATA Hold Time 20 pF load 3 ns
tee SDEN Falling Edge to First 20 pF load 10 ns
SCLK Rising Edge

teg Last SCLK Rising Edge to 20 pF load 15 ns
SDEN Rising Edge

Ino Last SCLK Falling Edge io 20 pF load 5 ns
SDEN Rising Edge

teL SDEN Low Time 20 pF load 405 ns

tEH SDEN High Time 20 pF load 25 ns

=8 EH ‘
=] Ton [ Ieo 'ps Ion Ioe

™ —» [+
= T CAr e
h
> tew
__/‘,_\_/_\_/[_\‘L/_‘ ‘\_/‘/_\_/_\\_/_\ YAVAVA \_/‘/_\_/_\J‘HL/_\_/_\_/FLJR
SDATA — AS Ad @\i} D7 Ds Ds D3 D2 m B

Address (8 bits) Data (8 bits) RS
< » < No
- Ll L] La bl L4

Mode Don't care

FIGURE 11. Serial Interface Timing Diagram
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NRZ Data Read Mode
Symbol Parameter Conditions Min Nom Max Unit
tRry RDGT Assertion to First Rising 2tpa ns
Edge of RWCLK
tho Last valid data transfer to tR4 ns
deassertion of RDGT
tRs Sync Mark Search Time QOut 144 T
tRa One Byte Transfer Period @ 200 Mbit/s, ENDEGC 40 ns
enabled
@ 64 Mbit/s, ENDEC 125 ns
enabled
@ 200 Mbit/s, ENDEC 356 ns
bypassed
@ 64 Mbit/s, ENDEC 1111 ns
bypassed
trs One Nibble Transfer Period 4-bit NRZ, MSB, 4tRasg ns
ENDEC enabled
tre 4-bit NRZ, LSB, 5tRasg ns
ENDEC enabled
trs. trg 4-bit NRZ, MSB & LSB, 42 ns
ENDEC bypassed
RWCLK Duty Cycle 4-bit NRZ, MSB 50 Y
4-bit NRZ, LSB, 60 Y
ENDEC enabled
4-bit NRZ, LSB, 50 Yo
ENDEC bypassed
8-bit NRZ, ENDEC 555 Yo
enabled
8-bit NRZ, ENDEC 50 %
bypassed
tr RWCLK Rise Time 081020V, G =15pF 5 ns
tr RWCLK Fall Time 20008V, G =15pF 5 ns
tRy NRZ7:0 Setup Time 5 ns
tRrg NRZ7:0 Hold Time 2 ns
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In Training mode the Sync Mark is detected, the Sync Mark place nibbles are output, and
MSB and LSB are output but are not readback data.

FIGURE 12. 4-Bit NRZ Data Read Mode Timing Diagram
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FIGURE 13. 8-Bit NRZ Data Read Mode Timing Diagram
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NRZ Data Write Mode

Symbol Parameter Conditions Min Nom Max Unit
tys WRTGT Assertion to First 2hys ns
Rising Edge of RWCLK
twe Last valid data transfer to 3lws ns
deassertion of WRTGT
tws Preamble Length 12 byte
twa Sync Mark Length 1 byte
tws One Byte Transfer Period @ 200 Mbit/s, ENDEGC 40 ns
enabled
@ 64 Mbit/s, ENDEC 125 ns
enabled
@ 200 Mbit/s, ENDEC 356 ns
bypassed
@ 64 Mbit/s, ENDEC 1111 ns
bypassed
tws One Nibble Transfer Period 4-bit NRZ, MSB, Atwissg ns
ENDEC enabled
twr 4-bit NRZ, LSB, Shwssg ns
ENDEC enabled
twe: twz 4-bit NRZ, MSB & LSB, o ns
ENDEC bypassed
RWCLK Duty Cycle 4-bit NRZ, MSB 50 Y
4-bit NRZ, LSB, 60 %
ENDEC enabled
4-bit NRZ, LSB, 50 Yo
ENDEC bypassed
8-bit NRZ, ENDEC 555 Yo
enabled
8-bit NRZ, ENDEC 50 %
bypassed
tr RWCLK Rise Time 08tc20V, G =15pF 5 ns
tr RWCLK Fall Time 20008V, G =15pF 5 ns
twa NRZ7:0 Setup Time 9 ns
two NRZ7:0 Hold Time 4 ns
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In Training mode the Sync Mark is written at the location of the first OxF input nibble. The
nibbles MSB and LSB must be input on NRZ3:0. The data written is from the Pattem Generator.

FIGURE 14. 4-Bit NRZ Data Write Mode Timing Diagram
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In Training mode the Sync Mark is written at the location of the first 0xFF input byte. Data "Byte”
must be input on NRZ7:0. The data written is from the Pattem Generator.

A4

FIGURE 15. 8-BitNRZ Data Write Mode Timing Diagram
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LQFP64: plastic low profile quad flat package; 64 leads; body 10 x 10 x 1.4 mm 50T314-2

4BHHHHHHHH!HHHHHHHH% ! ‘

= | E |

= ' o fr) 1
=T + _____ g_f " A he IRV boae
= ‘ = G | l ‘y g J }\T* '
= ! E—fbp * \:Lp**\fu
= %pinﬁnd:ex == L

!

a 25 5mm

scale

DIMENSIONS {mm are the original dimensions)

a
UNIT | | A1 | A2 | Aa | bp | e |DMEMf e | Hp | He | L | Ly | @ | v | w | y |ZoWM|2eMf o

020 [ 1.45 027 | 0,18 | 101 | 101 1215 12.15 075 | 069 145 [ 1.45 77
mm 1.60
Q.05 | 1.35 025 017 | 012 28 | 89 08 11.85) 11.85 1.0 045 | 0.59 02 1012 ) 01 1.05 | 1.05 0®

Note
1. Plastic or metal protrusiens of 0.25 mm maximum per side are not included,

OUTLINE REFERENCES EUROPEAN
VERSIGN IEC JEDEC E1Al PROJECTION

S4-01+07
SCTa14-2 E @ 95-02-25

FIGURE 16. Package Diagram
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DEFINITIONS
Data Sheet
Identification Product Status Definition
Objective This dala sheet contains the design farget or goal specifications for product

Formative or in Design

Specification development. Specifications may change in any manner without notice.

This data sheel contains preliminary dala, and supplementary data will be published at
Preproduction Product a later date. Philips Semiconductors reserves the right to make changes at any time
without notice in order to improve design and supply the best possible product.

Preliminary
Specification

This data sheet contains Final Specificalions. Philips Semiconduciors reserves the
Full Production right to make changes at any time without notice, in order to improve design and
supply the best possible product.

Product
Specification

Philips Semiconductors and Philips Electronics North America Gorporation reserve the right to make changes, without
notice, in the products, including circuits, standard cells, and/or software, described or contained herein in order to
improve design and/or performance. Philips Semiconductors assumes no responsibility or liability for the use of any of
these products, conveys no license or title under any patent, copyright, or mask work right to these products, and
makes no representations or warranties that these products are free from patent, copyright, or mask work right
infringement, unless otherwise specified. Applications that are described herein for any of these products are for
illustrative purposes only. Philips Semiconductors makes no representation or wamanty that such applications will be
suitable for the specified use without further testing or medification.

LIFE SUPPORT APPLICATIONS

Philips Semiconductors and Philips Electronics North America Corporation Products are not designed for use in life
support appliances, devices, or systems where malfunction of a Philips Semiconductors and Philips Electronics North
America Corporation Product can reasonably be expected to result in a persenal injury. Philips Semiconductors and
Philips Corporation Product can reasonably be expected to result in a personal injury. Philips Semiconductors and
Philips Electronics of North America Corporation customers using or selling Philips Semiconductors and Philips
Electronics North America Corporation Products for use in such applications do so at their own risk and agree to fully
indemnify Philips Semiconductors and Philips Electronics of North America Corporation for any damages resulting
from such improper use or sale.

Philips Semiconductors Philips Semiconductors and Philips Electrenics North America Corporation
811 East Arques Avenue register eligible circuits under the Semiconductor Chip Protection Act.
P.O.Box 3409 © Copyright Philips Electronics North America Corporation 1996
Sunnyvale, California 94088-3409 All rights reserved. Printed in U.S.A.

Telephone 800-234-7381
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