HD153021 F Preliminary

25-Mbps VFO with Built-in 1-7 Encoder/Decoder

Description

The HD153021F is a 25-Mbps VFO with built-in HD153021F
1-7 run-length-limit encoder/decoder developed for
use in magnetic disk drives. In read mode it
decodes 1-7 RLL encoded data from the magnetic
disk to an NRZ signal, which it outputs in
synchronization with a read clock. In write mode it
encodes an NRZ signal to 1-7 RLL data. The
HD153021F supports zone bit recording and has
circuits for generating the necessary write clock. (FP-80A)

Features

¢ Maximum data transfer rate: 25 Mbps Ordering Information

» Data transfer clock frequency: 1.5 x data transfer Type No. Package
rate HD153021F FP-80A

» Encoding and decoding: IBM 1-7 RLL code

« Settings are microcontroller-programmable

* Supports zone bit recording

» On-chip frequency synthesizer generates encode
clock (32 frequencies, 3.125% steps)

+ Window centering adjustment (rough and fine)
and window monitoring functions

= Programmable write precompensation table and
delay

« The following are programmable for zone bit
recording: VCO center frequency (32 settings),
loop filter constant (2 settings), charge pump
current (2 settings), and T/I converter output
current (8 settings).

= Supports both hard sectoring and soft sectoring
(DC erase)

* Detects sync field (3T)

* Hi-BiCMOS process achieves high speed with
lower power dissipation

» Standby function

» QFP80 package suitable for compact surface
mounting (resin size: 14 mm?2)

» Convenient single 5-V power supply
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HD153021F

Pin Arrangement
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HD153021F

Block Diagram
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HD153021F

Pin Functions

Pin Name Pin No. Type Function
RG 3 In High input selects read mode, in which 1-7 encoded data
(Read gate) read from disk are converted to an NRZ signal and output.

This signal switches the clock for counters and internal circuits,
starts NRZ signal output, and begins phase synchronization of the
decode clock generator’'s VFO with the 1-7 coded data.

When bit 4 in register MDC is set to 1, the sync field detect circuit is
activated and the internal RG signal is delayed until after sync

detection.

AME 5 In Used for soft sector formats. Drive this line high to generate or

(Address detect address marks.

mark enable) For address mark generation, drive this line high for 1 to 3 bytes
when WG is high to write a fixed-length address-mark pattern (8T,
8T, 11T, 117T).

For address mark detection, drive this line high when WG is low. An
AMF signal will be output when an address mark is detected.
When the AMF signal is output, the disk controller should drive

AME low.
STBY 9 In Low input selects standby mode, reducing power dissipation.
(Standby) Internal circuits are initialized.

Keep this line high during normal operation.

WCLK 10 In Apply a clock signal synchronized with the NRZ write data signal
(Write clock) input to NRZWD.
If the connected disk controller provides write clock output, connect
the write clock directly to this input line,
If the disk controlier does not provide write clock output, connect
this input line to the RRCLK output fine from this IC. The signal
input to NRZWD must then be synchronized with the RRCLK
output.

RESET 11 In Low input initializes internal circuits. Drive this line low at power-up.
Low input also locks the two built-in VCOs to their center
frequencies.

Keep this line high during normal operation.

NRZWD 15 In NRZ signal to be written to disk. Must be synchronized with
(NRZ write the clock signal input to WCLK.

data) Input on this line is inverted on-chip, then converted to 1-7 code.
CS8 16 in Register control input.

{Chip select) On-chip registers connected to the microcontroller's bus are

selected when this line is driven low.

WE 17 In Register control input.

(Write enable) Data on the microcontroller’s bus are written on the rising edge of
WE to the on-chip register selected by address input. CS must be
low.
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HD153021F

Pin Functions (cont)

Pin Name Pin No. Type

Function

RE 18 In
(Read enable)

Register control input.

While this line is low, contents of the on-chip register selected by
address input are output on the microcontroller’'s bus, permitting
register contents to be verified. CS must be low.

DO to D4 23 — 27 In/Out Register data lines, normally connected to the
(Data 0 to microcontrolier’s data bus.
data 4) Input lines when RE is high. Output lines when RE is low.
A0 to A2 28-30 In Register address input lines, normally connected to the
(Address 0 to microcontrofler’s address bus.
address 2)
OSCCLK 35 In Reference clock input.
(Oscillator The encode clock generator’s on-chip frequency synthesizer
clock) generates encode clock frequencies from the clock input on this
line. Data writing is synchronized with the encode clock.
When not reading data, the decode clock generator’s VFO is also
synchronized with the encode clock.
Apply a clock signal with frequency frequency 1.5/8 times the
minimum data transfer rate.
If not using the encode clock generator’s on-chip frequency
synthesizer, apply an encode clock at 1.5 times the transfer rate
directly to OSCCLK. Bit 4 of register WPC1 must then be setto 1.
RAWRD 72 In Input line for 1-7 encoded data read from disk. The leading edge of
(Raw read the input signal is timed with magnetic reversal. Leading edge
data) polarity can be selected by bit 3 in register WPCO.
The decode clock generator's VFO is phase-synchronized with this
leading edge.
WG 78 in High input selects write mode, in which the NRZ write data signal
(Write gate) is converted to 1-7 code and output.
Drive this line high to generate a soft sector address mark, and low
to detect address marks.
DLCYRD 4 Out Window adjustment monitor output.
(Delay read Low output on this line corresponds to 1s in 1-7 code read
data) from disk.

In window adjustment, center the falling edge of the output on this
line halfway between the falling and rising edges of the output at
DLYCLK.

Bit 0 of register MDC must be set to 1. If MDC bit 0 is cleared to 0,
DLYRD is always high.
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HD153021F

Pin Functions (cont)

Pin Name Pin No. Type

Function

SYNCRD 6 Out

Window adjustment monitor output.

(Sync. read 1-7 codes read from the disk are latched on the decode clock

data) and output on this line. SYNCRD output is equivalent to capturing
the 1-7 codes output from DLYRD on the DLYCLK output,
Use this line to monitor window margin tests.
Bit 0 of the MDC register must be set to 1. If MDC bit 0 is cleared to
0, SYNCRD is always high.

DLYCIK 7 Out Window adjustment monitor output.

(Delay clock) Provides decode clock output synchronized with the 1-7 codes read
from disk. The 1-7 codes can be latched on this clock.
In window adjustment, center the falling edge of the DLYRD output
halfway between the falling and rising edges of the DLYCLK output.
Bit 0 of register MDC must be set to 1. If MDC bit 0 is cleared to 0,
DLYCILK is always high.

RRCLK 12 Out In read mode, a clock signal synchronized with the converted

(Read NRZ read data is output on this line. At other times, a reference

reference clock is output for input by the disk controller.

clock) In read mode, the disk controller should latch the NRZ read data on
the RRCLK output.
if the connected disk controller does not provide write clock output,
connect RRCLK to WCLK on this IC. The signal input at NRZWD
must then be synchronized with the RRCLK output.
The RRCLK clock output is free of glitches at clock switchover.
The duty cycle of the clock output on this line can be selected by
bits 0 to 3 in register DTC.

NRZRD 14 Out 1-7 codes read from the disk are converted to an NRZ signal

(NRZ read and output on this line.

data) The NRZRD signal is synchronized with the RRCLK signal.

CLKOUT 74 Out Clock output used for external write phase compensation

{Clock out) (write precompensation).
The clock signal output on this line is synchronized with the 1-7WD
output.
Bit 3 of register WPC3 must be set to 1. f WPC3 bit 3 is cleared to
0, CLKOUT is always high.

1-7WD 75 Out Output signal to be written to disk, consisting of 1-7 codes obtained

(1-7 write by encoding the NRZ signal.

data) The polarity of the output on this line can be switched by bit 4 of

register WPC1.
For external write precompensation, use the CLKOUT clock output,
which is synchronized with the 1-7WD output.
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HD153021F

Pin Functions (cont)

Pin Name Pin No. Type Function
§1s) 76 Out Error output from the encode clock generator’s frequency
(Unlock synthesizer.
detect) ULD goes low to indicate that the PLL in the encode clock
generator's frequency synthesizer has lost lock.
The disk controller should immediately halt write operations. Data
must be written again from the beginning.
AMF 77 Out Soft sector address mark detect output.
(Address I AME input is high and WG input is low, AMF goes low whenever
mark found) an address mark pattern is detected.
The disk controller should then drive AME low, to clear the AMF
output to high.
RSVCO 38 External Connect a resistor to set the center frequency of the VCO in
component  the encode clock generator's frequency synthesizer.
connection
VSIN 4 External Voltage input controlling the VCO in the encode clock
component  generator's frequency synthesizer. Reset causes a VCO bias
connection  voitage generated on-chip to be applied to VSIN through an analog
switch, making the VCO oscillate at its center frequency.
Normally this line should be connected to CPS.
CPS 45 External Current output to an external loop filter.
component  Normally this line should be connected to VSIN as well as to
connection  the loop filter.
RSC 46 External Connect a resistor to set the charge pump output current for the
component  encode clock generator’s frequency synthesizer.
connection
RFCO 49 External Connect a resistor to set the charge pump output current for the
component  decode clock generator's VFO.
connection  This line is selected when bit 3 in the GAC register is cleared to 0,
and is deselected if bit 3 is setto 1.
RFC1 50 External Connect a resistor to set the output current of the charge pump
component  used in the decode clock generator's VFO.
connection  This line is selected when bit 3 in the GAC register is set to 1, and
is deselected if bit 3 is cleared to 0.
RFT 51 External Connect a resistor to set the T/l converter's sampling
component  feedback gain to 1 (nominal).
connection  The T/l converter's output current is determined by this resistor, bits
0 1o 4 of register VFC, and bits 0 to 2 of register GAC.
CPF 52 External Current output to external loop filter.
component  Normally this line should be connected to VFIN as well as to
connection  the loop filter.
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HD153021F

Pin Functions (cont)

Pin Name Pin No. Type Function

VFIN 53 External Voltage input controlling the VCO in the decode clock
component  generator's VFO. Reset causes a VCO bias voltage generated
connection  on-chip to be applied to VFIN through an analog switch, making the

VCO osciltate at its center frequency.
Normally this line should be connected to CPF.

FCo 54 External Connect a loop filter resistor to set the attenuation £ of the
component PLL.
connection  This line is grounded through an MOS switch when bit 3 of register

GAC is set to 1, and is internally disconnected when bit 3 is cleared
to 0.

FC1 55 External Connect a loop filter resistor to set the attenuation ¢ of the PLL.
component  This line is grounded through an MOS switch in high gain mode
connection  when bit 3 of register GAC is set to 1, and is internally disconnected

at other times.

FC2 56 External Connect a loop filter resistor to set the attenuation { of the
component  PLL.
connection  This line is grounded through an MOS switch when bit 3 of register

GAC is cleared to 0, and is internally disconnected when bit 3 is set
tol.

FC3 57 External Connect a loop filter resistor to set the attenuation & of the PLL.
component  This line is grounded through an MOS switch in high gain mode
connection  when bit 3 of register GAC is cleared to 0, and is internally

disconnected at other times.

RFVCO 63 External Connect a resistor to set the center frequency of the VCO in the
component  decode clock generator’s VFO.,
connection

RWDAJ 65 External Connect a resistor for fine adjustment of window centering.
component  Fine adjustment is determined by the relative values of this
connection  resistor and the reference resistor connected to RWDRF

RWDRF 66 External Connect a reference resistor for fine adjustment of window
component  centering.
connection

DVeet 3N Power Digital Vo power supply.

DVeeo 71 Power Digital Vg power supply.

DGND1 13 Power Digital ground.

DGND2 8 Power Digital ground.

AVCC(R) 64 Power Analog V¢ power supply.

Powers analog circuits in the decode clock generator.
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HD153021F

Pin Functions (cont)

Pin Name Pin No. Type Function
AVeow) 37 Power Analog V¢ power supply.

Powers analog circuits in the encode clock generator.
AGND(R) 48 Power Analog ground.

Powers analog circuits in the decode clock generator.
AGND(W) 47 Power Analog ground.

Powers analog circuits in the encode clock generator.

AGND(VCOR) 58 Power Grounds the decode clock generator’s VCO.

AGND(VCOW) 43 Power Grounds the encode clock generator's VCO.

DGND 1,2 Power Ground lines for cooling.

19 -22
39 - 42
59 - 62
79, 80

TESTIO 36 In Test input line. Drive this line high at all times.

TESTN 68 In Test input line. Drive this line low in test mode to monitor clock
output from the encode clock generator’s frequency synthesizer and
decode clock generator's VFO.

If RESET is also driven low, the output clocks are locked at center
frequency.
Normally, keep this line high.

TESTI2 73 In Test input line. Drive this line high at all times.

TESTOO 32 Out Test output line. In test mode, this line outputs the clock signal
created by the encode clock generator’s frequency synthesizer.
Normally, leave this line unconnected.

TESTO1 33 Out Test output line. Leave unconnected.

TESTO2 34 Out Test output line. Leave unconnected.

TESTO3 67 Out Test output line. In test mode, this line outputs the clock signal
created by the decode clock generator’s VFO.

Normally, leave this line unconnected.

TESTO4 69 Out Test output line. Leave unconnected.

TESTOS 70 Out Test output line. Leave unconnected.
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HD153021F

Registers

The HDI53021F has eight S-bit registers that
control the center frequency of the decode clock
generator’s VFO and the frequency of the encode

clock generator’s frequency synthesizer, adjust the
decode window, adjust the write precompensation,
control the duty cycles of the read clock and
reference clock signals output t the disk
controller, and select various modes.

Registers

Address Name Abbreviation
0 VCO center frequency control register VFC register

1 Gain control register GAC register
2 Window adjust register WA register
3 Duty control register DTC register
4 Wirite precompensation control register 0 WPCO register
5 Write precompensation control register 1 WPC1 register
6 Write precompensation control register 2 WPC2 register
7 Mode control register MDC register

Note: The registers are initialized to 0 by a low input on the RESET line or STBY line.
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HD153021F

Register Descriptions

Register 0: VCO Center Frequency Control Register (VFC)

MSB LSB

This register is used in zone bit recording to set the
center frequency of the decode clock generator's
VCO, the T/l converter's reference current, and the
osciliation frequency of the encode clock generator's
frequency synthesizer.

Resistors connected to the RFVCO, RFT, and
RSVCO lines set these values for the minimum data
transfer rate. The VFC register raises these values
in steps of 3.125%, permitting 32 settings up to a
maximum transfer rate double the minimum rate.

00000 Minimum transfer rate (reference rate)

11111 Maximum transfer rate (double speed)

L
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HD153021F

Register 1: Gain Control Register (GAC)

MSB

LSB

0

N

-

at TESTOS.

Bit 4: Selects test mode when setto 1. The
TESTH input must be low. When TESTI1 is
high, this bit is held at 0 and cannot be written.

Bit 4 = 0: Normal mode. The TESTOO and
TESTOS lines are held high.

Bit4 = 1: Test mode. The clock output from
the encode clock generator's
frequency synthesizer can be
monitored at TESTOO. The clock
output from the decode clock
generator's VFO can be monitored

Bits 2 to 0: Select the output current of
the T/l converter. Eight settings are
possible in relation to the reference
current determined by the transfer rate.

000 Minimum gain

111 Maximum gain

Bit 3: Switches the charge pump output
in the decode clock generator's VFO.

Bit 3 = 0: Output current is determined
by the resistor connected to
the RFCO line.

Bit 3 = 1: Output current is determined
by the resistor connected to
the RFC1 line.

Bit 3 also selects the resistors that
determine the attenuation & of the loop
filter for the decode clock generator's VFO.

Bit 3 = 0: & is determined by resistors
connected to the FC2 and FC3
lines.

Bit 3 =1: & is determined by resistors
connected to the FCO and FC1
lines.
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HD153021F

Register 2: Window Adjust Register (WAJ)

MSB

LSB

This register adjusts the setting of the window
adjust circuit. Window centering can be adjusted
to 32 positions by an on-chip delay line.

A microcontroller can be used to center the window
automatically.

11111
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HD153021F

Register 3: Duty Control Register (DTC)

MSB LSB

Bits 3 to 0: Adjust the duty cycle of the clock
output on the RRCLK line. Sixteen settings are
possible according to the transfer rate.

0000 Minimum adjustment

| 1111 Maximum adjustment

Bit 4: Clear this bit to 0 in test mode. Normally
(when the TESTI1 line is high) this bit is held at
0 and cannot be written.
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HD153021F

Register 4: Write Precompensation Control 0 Register (WPCO)

MSB

LSB

Bits 2 to 0: Select write precompensation. The A-B
phase offset can be selected in eight steps.

000 Minimum (zero) phase offset

L1 11 Maximum phase offset

Bit 3: Selects the polarity of the read 1-7 code
input on the RAWRD line.

Bit 3 = 0: Negative logic (active low)

Bit 3 = 1: Positive logic (active high)

-

Bit 4: Selects the polarity of the write 1-7 code
output on the 1-7WD line.

Bit 4 = 0: Negative logic {active low)

Bit 4 = 1: Positive logic (active high)
L
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HD153021F

Register 5: Write Precompensation Control 1 Register (WPC1)

MSB

LSB

2 1 0

T

-
Bits 2 to 0: Select write precompensation. The B-C
phase offset can be selected in eight steps.

000 Minimum (zero) phase offset

111 Maximum phase offset

r
I_Blt 3: Test bit; must be cleared to 0.

Bit 4: Selects the encode clock generator mode.

Bit 4 = 0: The encode clock is generated by the
on-chip encode clock generator's
frequency synthesizer. Apply a clock
frequency equal to 1.5/8 times the
minimum transfer rate to the OSCCLK
line.

Bit 4 = 1: The encode clock is generated
externally. Apply a clock frequency
equal to 1.5 times the minimum

transfer rate to the OSCCLK line.

564
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HD153021F

Register 6: Write Precompensation Control 2 Register (WPC2)

MSB

L.SB

Bits 2 to 0: Select write precompensation. The C-D
phase offset can be selected in eight steps.

000 Minimum (zero) phase offset

L1 11 Maximum phase offset

Bit 3: Can be set to 1 10 select external write
precompensation.

Bit 3 = 0: Internal write precompensation mode.
CLKOUT output is always high.

Bit 3 = 1: External write precompensation mode.

CLKOUT output is a clock signal
L synchronized with 1-7WD output.

Bit 4: Clear this bit to 0 in test mode. Normally
(when the TESTIA line is high) this bit is held at
0 and cannot be written.

L
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HD153021F

Register 7: Mode Control Register (MDC)

MSB LSB

L I

Bit 0: Controls the window adjustment monitor lines.

Bit 0 = 0: Window adjustment monitor lines (DLYRD,
DLYCLK, SYNCRD) are held high.

Bit 0 = 1: Window adjustment monitor lines output
monitor signals.

Bit 1: Controls the window fine-adjust circuit.
Bit 1 = 0: Window fine-adjust circuit is disabled.

Bit 1 = 1: Window fine-adjust circuit is enabled.

Bits 3 and 2: Select the high-gain interval.
Bits 3 and 2 = 00: Six bytes
Bits 3 and 2 = 01: Four bytes

Bits 3 and 2 = 10: Eight bytes

Bit 4: Controls the sync field detector.

Bit 4 = 0: Sync field detector is disabled.

Bit 4 = 1: Sync field detector is enabled.
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HD153021F

1-7 Encoder/Decoder

The encoder converts an NRZ signal to 1-7 coded
data. The decoder converts 1-7 coded data to an

NRZ signal. See the conversion table.

The NRZ signal is inverted before conversion to

Conversion Table

1-7 code. The disk controlier must write 0000... in
the sync area. The 3T pattern written in the sync
area (100100...) will be decoded to 0000....
The polarity of the 1-7 code can be selected by bit
3 in register WPCO.

Last bitof Data bits Last bitof Data bits
previous Code previous Code
code Current Next bits code Current Next bits
0 10 0x 101 0 01 0x 001
0 10 1x 010 0 01 1x 000
0 1 00 010 1 00 0x 001
0 11 00 100 1 00 1x 010
0 00 0x 001 1 01 00 010
0 00 1x 000 1 01 00 000
00: Not 00
x: Don’t care
1.7 Code Polarity Selection
1-7 Code Input Polarity Selection
WPCO Register
4 3 2 1 0 1-7 code input on RAWRD line
— 0 — — — Negative logic (active low)
— 1 — — — Positive logic (active high)
MSB LSB
1-7 Code Output Polarity Selection
WPCO Register
4 3 2 1 0 1-7 code output on 1-7WD line
0 — — — — Negative logic (active low)
1 — —_ — — Positive logic (active high)
MSB LSB
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HD153021F

An example of the conversion of an NRZ signal to
(1, 7) coded data is given below.

NRZdata 100.00:01:01:11:11:01 .0

NRZ data f11:11:10:10i00:00 101
| N Ne N2 N N8 NNz

(1, 7)code 0i100100010101:001010010

The NRZ data is inverted before it is converted the result of converting A (100" and the next NRZ
into (1, 7) code. For example, when the above data status C '01' (C = '10") dictate that 4 is
NRZ B data ('00") is converted, it is first inverted selected from the conversion table, so that the B
to give the NRZ data '11', then the last bit (0") of  data '00 is converted into the (1, 7) code '100".

Conversion Table

1, 7 code bits
No. Previous Current Next NRZ data bits
1 X10 000 XXX 00
2 X00 000 XXX 01
3 XXX 100 XXX 11
4 XXo0 010 00X 10
5 XX0 010 00X 11
6 XXX 101 XXX 10
7 X00 001 XXX 01
8 X10 001 XXX 00
9 XX1 001 XXX 00
10 XX1 010 00X 00
1 XXA1 010 00X 01
12 XX1 000 XXX 01

x: Don't care
00: NotoO
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HD153021F

An example of the conversion of (1, 7) coded data

to an NRZ signal is given below.
H 1 J K L M
(1.7)code 100100010101001010.01
\g 4 \ 9 \10
Nﬁfda‘a ----- {11i11110i10:00:00i
NRZdata - 100i00i01 011111
For example, when the above (1, 7) coded I = dictate that 3 is selected from the conversion table,

"100' data is converted into NRZ data, the previous so the data is converted into the NRZ data ‘11"
status H = '100' and the next status J = ‘010’ This is inverted and output as the NRZ data '00'
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Window Adjust Circuit
The decode window is centered by means of a

programmable, on-chip delay line. The centering is
adjusted by setting one of 32 values in the WAJ

Circuit Configuration

register. This can be done under microcontroller
control for automatic centering. If more precise
adjustment is required, the window fine-adjust
circuit enables you to perform continuous
adjustment while monitoring the signal waveform.

WA register [:".:>[ Select

Hr - [
RAWRD —-[ Programmable delay line (32 taps) ]

Decode clock

!—~ generator's VFO

DYLRD (monitor line)

——— DLYCLK (monitor line)

— SYNCRD (monitor line)

Window fine
adjust circuit

RWDRF RWDAJ

Programmable Delay Line

Td

Td: 1.5 ns (typ)

! Td x 31 stages

() 4)

/Adjustment range: + 22.5 ns (typ)

DLYRD (monitor line)

] !

|

|
DLYCLK (monitor line) | |

1

@G HITACHI
570 Hitachi America, Ltd. e Hitachi Plaza » 2000 Sierra Point Pkwy. * Brisbane, CA 94005-1819  (415) 589-8300




HD153021F

WAJ Register WAJ Register

Delay line tap Delay line tap
4 3 2 1 0 No. 4 3 2 1 0 No.
1 1 1 1 1 -186 0 0 0 0 1 +1

0 0 0 1 0 +2

1 0 0 0 0 -1 0 1 1 1 1 +15

Window Fine-Adjust Circuit

-) +)
Adjustment range: 15 ns (typ)

DLYRD (monitor line)

-

DLYCLK (monitor line)

oL
E?

|

Line Resistance
RWDRF 10 — 20 kQ (reference)
RWDAJ 10 — 20 kQ (adjustment)

Notes: 1. The adjustment is determined by the relative resistances of the resistor connected to the
RWDREF line and the resistor connected to the RWDAJ line. Any combination of resistances can
be used.

2. When the adjustment exceeds the tap interval (1.6 ns) on the delay line, stability can be
improved by changing the delay line tap selection and reducing the adjustment.
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Window Adjustment Mode

MDC Register

4 3 2 1 0 Window adjustment mode

—_ - — 0 0 Delay line only, monitor lines off

— — — 0 1 Delay line only, monitor lines on

— — — 1 0 Delay line and fine-adjustment circuit, monitor lines off
- — — 1 1 Delay line and fine-adjustment circuit, monitor lines on
MSB LSB

Write Precompensation Circuit

The write precompensation circuit contains data
divided into four blocks according to combinations
of the number of O bits between adjacent 1 bits.
Settings in registers WPC0, WPC1, and WPC2 can

Circuit Configuration

establish phase offsets of up to 10 ns (typ) between
the blocks, in eight steps each.

Write precompensation can also be performed
externally, using a clock signal output on the
CLKOUT line in synchronization with the output
on the 1-7WD line.

WPC2 Register L

WPC1 Register [
WPCO Register

Programmable

delay fire (8 taps)

Programmable Programmable
delay line (8 taps) delay line (8 taps)

‘_—_—Iecb___l

1-7WD

Select logic (table)

1-7WD
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Table
N1 23 456 7
1{c] A n m
2 10...0 1 0...01
3 Last This Next
4 3 4 )
D B n:  Number of Os between this 1 bit and last 1 bit
5 m: Number of Os between this 1 bit and next 1 bit
6
7
Programmable Delay Line
_— —
! Td x 7 stages
Td
Td: 1.5 ns (typ)
WPCO register
4 3 2 1 0 A-B phase offset (unit: Td)
— —_ 0 0 0 0
I [
—_ —_ 1 1 1 7
MSB LSB
G HITACHI
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WPCH1 register

4 3 2 1 0 B-C phase offset (unit: Td)
- — 0 0 0 0
l |
— —_ 1 1 1 7
MSB LSB

WPC2 register

4 3 2 1 0 C-D phase offset (unit: Td)
— —_— 0 0 0 0
I |
—_ —_— 1 1 1 7
MSB LSB

External Write Precompensation Mode

The external write precompensation mode is A clock signal synchronized with the 1-7WD
selected by setting bit 3 of the WPC2 register to 1. output is then output on the CLKOUT line.

WPC2 register

4 3 2 1 0 Write precompensation mode
—_ 0 — — — Internal write precompensation mode (CLKOUT off)
— 1 — — — External write precompensation mode (CLKOUT on)
MSB LSB
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Duty Adjustment Circuit
The read clock and reference clock output to the  the RRCLK line can be adjusted by setting the

disk controller are multiplexed and output on the = DTC register.
RRCLK line. The duty cycle of the clock output on

Circuit Configuration

DTC register U

Programmable
delay line (16 taps)

RRCLK" Adjust )——————= RRCLK

Programmable Delay Line

Adjustable up to 22.5 ns (typ)

T ] — NRZ signal

Td !

Decode clock
Td: 1.5 ns (typ) Td x 15 stages

RRCLK

RRCLK

NRZ 1/3 bit length
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DTC register
4 3 2 1 0 Adjustment (unit: Td)
- 0 0 0 0 0
[ I
—_ 1 1 1 1 15
MSB LSB
Adjustment Examples
Table 11 shows adjustment values (n0) that Derror=T ~ 1.5 x n0 T: Length of 1
minimize [Derrorl (defined below) for several 6 NRZ bit

transfer rates in the vicinity of a 50% duty cycle.

Transfer NRZ Bit Adjustment Adjustment DTC register Duty
rate length value size (typ) ————  cycle
(Mbps) T (ns) no (ns) 3 2 1 0 (%)
10 100.0 11 16.5 1 0 1 1 50.2
15 66.7 7 10.5 o 1 1 1 50.9
20 50.0 6 9.0 o 1 1 0 48.7
30 333 3 45 o o 1 1 51.7

Address Mark Generator and Detector Address Mark Generation

For soft sectoring, on-chip circuits can generate ~ * When the WG line is high, if the AME line is

and detect address marks. Address marks are driven high for 1 to 3 byte lengths, the address
written at the beginning of sectors. mark pattern shown below is output on the 1-
TWD line.

» Input on the NRZWD line should be 00....

1-7 WD I lSeven Os U Seven Os U Eleven Os Ll Eleven Os l I I

f Address mark
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Address Mark Detection

* When the WG line is low, address mark « When the AMF line goes low, the disk
detection begins when the AME line is driven controller should drive AME low to reset the
high. AMF line to the high state.

» When six consecutive 0 bits are detected, the « After six consecutive 0 bits are detected, if five
detector next looks for nine consecutive O bits. 1 bits are input before nine consecutive 0 bits

= When nine consecutive O bits are detected, the are detected, the detector starts looking for six
AMF line is driven low. consccutive 0 bits again.

» The AMF signal may be output at either of two
times, as shown bclow.

U Seven Os U Seven 0s I_I Eleven Os U Eleven Os
AME J l
AMF
(Not detected) Six O0s Nine 0Os
detected detected
AME __I
AMF
(Not detected) Six Os (Not detected) Nine Os
detected detected
(Not detected) (Not detected) Six Os Nine Os
detected detected
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Sync Field Detector

An on-chip sync field detector can ensure that read ~ The RG detector should be enabled whenever soft

gating begins in a sync field. After the RG line  sectoring is used. Set bit 4 in the MDC register.

goes high, the sync field detector waits until three  The high-gain period can be set to last four, six, or

consecutive 3T patterns are detected, then activates  eight bytes after the internal RG signal is goes

the internal RG line. active. Bits 2 and 3 in register MDC select the
high-gain period.

Sync Field Detector Enabled

MDC register
4 3 2 1 o] Format
1 — — — — Hard-sectored format or soft-sectored format
MSB LSB
RG line —i
RAWRD line 1 2 3
Internal RG I

Sync Field Detector Disabled

MDC register

4 3 2 1 0 Format

0 — — — -— Hard-sectored format
MSB LSB
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RG line —————J

RAWRD line

Internal RG __l

High-Gain Period

MDC register

4 3 2 1 0 High-gain period
- 0 0 — —_ 6 Bytes

- 0 1 —_ — 4 Bytes

—_ 1 0 — — 8 Bytes

MSB LSB

Test Mode

The clock signals output by the encode clock
generator's frequency synthesizer and the decode
clock generator's VFO can be monitored directly
by setting the chip to test mode. (In normal mode,
these clock signals are divided and output from
RRCLK.) The clock signals can be locked to the
VCO center frequencies set by the resistors
connected to the RSVCO and RFVCO lines by
driving the RESET line low. The monitored clock
frequency is 1.5 times the data transfer rate.

Setting Procedure

* Drive the TESTII line low.

« Set bit 4 in the GAC register to 1. This causes
the clock signal from the encode clock
generator's frequency synthesizer to be output
on the TESTOO line, and the clock signal from
the decode clock generator's VFO on the
TESTO3 line.

Bit 4 in the DTC register and bit 4 in the WPC2
register must be cleared to 0. (See note)

« Drive the RESET line low. The encode clock
output on the TESTOQ line will be locked to the
center frequency set for the minimum data
transfer rate by the resistor connected to the
RSVCO line. The decode clock output on the
TESTO3 line will be locked to the center
frequency set for the minimum data transfer rate
by the resistor connected to the RFVCO line.

» When the TESTII line is driven high, bit 4 in
the GAC register is resct and normal mode
resumes.

Note: During normal operation (when the
TESTI1 line is high), bit 4 of these
registers is held at 0 and cannot be
written.
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GAC register WPC2 register

D4 D3 D2 D1 Do D4 D3 D2 D1 Do

1 — — — — 0 — — - —
MSB LSB MSB LSB
DTC register

D4 D3 D2 D1 Do

0 — — — —

MSB LSB

Encode Clock Generator's Frequency Synthesizer

Block Diagram

l l 1 Frequency hél Encode
x | o lock
OSCCLK C 2 phase Charge — VCOo X clo
pump
| comparator
h VFC register
I ﬁ Ibits 0 to 4
i 1
I 32-63
' 8
| g 2 G 2
(&) [sef

|

|
(J?U

|
$RSC
|

Cgr C
L
Rs
Rsvco
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Function

A PLL-type frequency synthesizer generates the
encode clock.

The encode clock frequency can be set by bits 0
to 4 of register VFC to a value N/32 times the
minimum data transfer rate (innermost track on
the disk), where 32 <N <63,

The lock/unlock function (UOLD line) can
prevent data from being written when a drive
fault occurs.

Direct, external input of the encode clock (at 1.5
times the transfer rate) is also possible without
using the on-chip frequency synthesizer.

The VCO center frequency can be selected by

Operation

« Input a reference clock to OSCCLK at 1.5/8

times the drive's minimum transfer rate.

This signal is intenally divided by four and
input to the frequency-phase comparator at 1/32
the normally required encoder clock rate.

The VCO clock is divided by 1/32 to 1/63,
depending on bits 0 to 4 of register VFC, and
input to the frequency-phase comparator.

fvwm=%Xfmw 32<N<63

fvcowy: VCO output frequency

bits 0 to 4 of register VFC, so a single external frow:  Encoder clock frequency
resistor covers the entire setting range. corresponding to minimum transfer
rate
GO HITACHI
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Decode Clock Generator's VFO

Block Diagram

GAC register

— bilsOto3

Read ﬂ

From window data | .| Charge pump
adjust circuit Frequency-phase TA converter
comparator

— VFC register
bits 010 4

~ VCo Decode clock

RFCO

A

REct
Reco

FIN
RFVCO

VI

it
|
|

Rrveo

q_a

Function

» The phase of the VCO clock is synchronized
with the read data from the window adjust
circuit.

* The frequency-phase comparator operates in the
frequency-phase  comparison mode  while
acquiring phase lock in the sync field, and in
phase comparison mode during synchronization
in the data ficld.

* The charge pump and T/I converter circuits both
operate while phase lock is being acquired.
During synchronization, only the T/I converter
operates.

= The VFO is synchronized with the encode clock
until the read gate signal (RG) is asserted.

The VCO center frequency can be changed by
rewriting bits 0 to 4 of the VFC register, so zone
bit recording can be implemented with only a
single external resistor.

The charge pump can provide two output
currents, the values of which are controlled by
external resistors Rpcg and Rgep. Bit 3 in
register GAC sclects either of these two
currents.

The T/ converter provides one of eight output
currents as selected by bits 0 to 2 of register
GAC.

The loop filter attenuation { can be selected by
bit 3 of register GAC (two selections).
Independent settings can be made for high gain
and normal gain.
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Calculation of PLL Constants
1. Encode Clock Generator's Frequency Synthesizer

1. VCO center frequency fow

foo = (2.8125x 109+ N
oW =

HZ)  ceeverererereserenesemttsenesseneessnesssstssssssesns s besss s snsaessss seasssesnsnnnns (L.1)
Rsvco (Hz)

2. VCO gain KOW

Kow = (5.215 x 10%) - @ ( ;L&d\?) ..................................................................... (12)

3. Charge pump current oy

1.0 L T (1.3)

o= =
CWRSC

4. Characteristic frequency ®,w

o - [Kow=lcw (m) ................................................................................................ (1.4)
"W arN - Csp s

5. Attenuation {w

Cs1 +C
QW:(sx sz).RS1

2 * Opw

II. Decode Clock Generator's VFO
1. VCO center frequency for

fop = 28125 X 109) * N () e (IL1)

REvco

2. VCO gain Kgg

K =(1.015 % 10%) « N ( rad ) ...................................................................... (11.2)
or = ) \(RFVCO s*V

3. Charge pump current IcR

D30 (A} e a13)
IeR=Rpe (A)

where Rgc = RFCO when GAC register bit 3 = 0
RFC1 when GAC register bit 3 =1
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4. T/ converter external resistance RFT

.................................................................................................................. 4
5. T/I converter current I
- 31 e L e st ILS
Iyg = (1.5625 x 10-3) « T @ (Ls)
where 1 <L <8
6. Characteristic frequency (high gain) 0 gy
Icr )
Kor*{=2 +1
o oo \/ OR ( 6 TR (FRD) o (1L6)
nRH e CF] S

1. Characteristic frequency (normal gain) 0 pN

_ [Kor-1TR TAAY] ettt ettt ettt ee e e eeeer e e enean 1.7
W = ot 1dad
nRH T CFl ( S )

8. Attenuation (high gain) {py

- Cr1+Crp) , 1 ‘o
Sru 5 1, 1 R e (11.8)
REA  RfB

where Rpp and Rpg = RF2 and RF3 when GAC register bit 3 =0
RFO and RF1 when GAC register bit 3 = 1

9. Attenuation (normal gain) (g

Cr1 +Cr
CRN=(_F—2—2'RFA'“)nRN

where R = RF2 when GAC register bit3=0
RFO when GAC register bit 3 =1
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Table 1 VCO Oscillation Frequency and Transfer Speed for Settings of Register VFC

VFC register Example: Rpyco and Rgyco = 3 kQ
VCO oscillation
Bits frequency and VCO center Transfer
transfer speed frequency speed

4 3 N ratio (MHz) (Mbps)
1 0 0 32 1.00000 30.0000 20.000
2 0 0 33 1.03125 30.9375 20.625
3 0 O 34 1.06250 31.8750 21.250
4 0 0 35 1.09375 32.8125 21.875
5 0 o 36 1.12500 33.7500 22.500
6 0 0 37 1.15625 34.6875 23.125
7 0 O 38 1.18750 35.6250 23.750
8 0 0 39 1.21875 36.5625 24375
9 0o 1 40 1.25000 37.5000 25.000
10 [V 41 1.28125 38.4375 25.625
1 0o 1 42 1.31250 39.3750 26.250
12 0 1 43 1.34375 40.3125 26.875
13 0 1 44 1.37500 41.2500 27.500
14 o 1 45 1.40625 42.1875 28.125
15 0 1 46 1.43750 43.1250 28.750
16 0 1 47 1.46875 44.0625 29.375
17 1 0 48 1.50000 45.0000 30.000
18 1 0 49 1.53125 45,9375 30.625
19 1 0 50 1.56250 46.8750 31.250
20 1 0 51 1.59375 47.8125 31.875
21 1 0 52 1.62500 48.7500 32.500
22 1 0 53 1.65625 49.6875 33.125
23 1 0 54 1.68750 50.6250 33.750
24 1 0 55 1.71875 51.5625 34.375
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VCO Oscillation Frequency and Transfer Speed for Settings of Register VFC (cont)

VFC register Example: Rpyco and Rgyco = 3 kQ
VCO oscillation
Bits frequency and VCO center Transfer
transfer speed frequency speed
4 3 2 1 0 N ratio (MHz2) (Mbps)
25 1 1. 0 0 O 56 1.75000 52.5000 35.000
26 1 1 0 0 1 57 1.78125 53.4375 35.625
27 it 1 0 1 0 58 1.81250 54.3750 36.250
28 t 1 0 1 1 59 1.84375 55.3125 36.875
29 i 1 1 0 0 60 1.87500 56.2500 37.500
30 1 1 1 0 1 61 1.90625 57.1875 38.125
31 11 1 1 0 62 1.93750 58.1250 38.750
32 11 1 1 1 63 1.96875 59.0625 39.375

Table 2 T/I Output Current Settings in Register GAC

GAC register

Bits Example: Rer =12 kQ
2 1 o] L TA output current ratio T/ output current (LA)

1 0 0 0 1 1 4.17

2 0 0 1 2 2 8.33

3 0 1 0 3 3 12.5

4 0 1 1 4 4 16.7

5 1 0 0 5 5 20.8

6 1 0 1 6 6 25.0

7 1 1 0 7 7 29.2

8 1 1 1 8 8 33.3

Note: VFC register bits 4 to 0: 00000 (N = 32)
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1. Flowchart of Procedure for Setting Encoder Clock Generator's Frequency Synthesizer Constants

(1)

@)

3

(6)

Y

Decide number of zones
and transfer rate in
each zone

[

Calculate VCO external
resistance Rgyco

Find center zone N¢ for
sefting PLL constants

I

Calculate VCO gain
in zone N¢

l

Calculate charge pump current
and external resistance Rsc

I

Calculate filter capacitances
Cs1and Csp

[

Calculate fitter resistance Rgy

Draw bode plot

OK at minimum and
maximum transfer rates?

Yes
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11
)

2

3

@

&)

Flowchart Explanation
Decide number of zones and transfer rate in each zone

The HD153021F uses a frequency synthesizer to generate the reference clock, so the value of the
transfer rate is quantized. If the lowest rate corresponds to N = 32, the available rates are given by the
formula:

TRy = N TRmin, 32 <N <63
N™3

where, TRp: Transfer rates in different zones
TRmin: Minimum transfer rate (innermost track)
Calculate VCO external resistance Rgycg
Use equation (I.1) to calculate the external resistance Rgycg that makes the VCO oscillate at 1.5
times the minimum transfer rate (N = 32)
Find center zone (TRcen)

Calculate the midpoint (TRcen) between the minimum transfer rate (TRmin) and maximum transfer
rate (TRmax), and from the zones selected in step (1), find the value of N (Nc) that comes closest to
TRcen.

TRcen = IRmin + TRmax
2

VCO gain Kgw
Use equation (1.2) to calculate the VCO gain { in the center zone (N = No).

Charge pump current Iy
Select the charge pump current within the following range:

Icw<200  (nA)

Calculate the necessary external resistance R from equation (I.3).
This data sheet recommends Iy = 100 pA, provided the desired loop characteristics can be obtained
with this value.
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©

)

®)

®

Filter capacitances Cg; and Cgo

Decide the phase-lock acquisition time Taq, considering the change in characteristic frequency from
zone to zone and the head seek time. The value used in this data shect is:

Taqg=0.9 (ms)

The following formula gives an estimate of the acquisition time:

Ony * Tag=54

Substitute the values of Kow and Icyw into equation (1.4) and combine with the formula above to
calculate the filter capacitance Cgy. To suppress jitter and allow a phase margin, the following value is

recommended for Cgy:

Cer=LC
S2 65 S1

Filter resistance Rg;

To ensure loop stability, set the attenuation to approximately:

L= 15

Substitute this value into equation (I.5) to calculate the filter resistance Rg;.
Bode plot

Calculate the open-loop transfer function G(s) and draw a Bode plot.

OK?

Decide whether the open-loop and closed-loop characteristics are satisfactory.

(10)OK at TRmin and TRmax?

Repeat steps (8) and (9) for the minimum and maximum transfer rates.
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1.2 Example of Settings
The preceding calculations are shown below for a sample HD153021F application.

(1) Decide number of zones and transfer rate in each zone

Transfer VFC register
Zone rate N 43210
I 20.000 32 00000
It 21.875 35 00011
1] 23.750 38 00110
1\ 25.625 41 01001
Vv 27.500 44 01100
vi 29.375 47 01111
Vil 31.875 51 1001 1

(2) VCO external resistance Rgyco

_2.8125 x 109x 32 _

R
sveo 3.0 x 107

30 (kQ)

(3) Center zone (TRcen)

(20.000 + 31.875) x 106
2

TRcen = =25.9375x 106  (bps)

Closest value of N is N¢ =41,

(4) VCO gain Kow

Kow =5215x108x , /41 _ _61.0 (M)
ow 3.0 x 107 sV

(5) Charge pump current Icw and external resistance Rgc

Iew=100  (uA)
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©®

)

Filter capacitances Cg; and Cg;

54 _¢0 (krad)

[(V) = =
"W 90 x 107 s

g = 81X 107 x 1.0x 107% _
LT x4l x (60 x 1092

068 (uF)

7
Csy= ﬂ%‘i; 001 (uF)

Filter resistance Rgy

6.1x 107 x1.0x 104 d
O W= =59 Ia
nW 1/21:x41><6.8><10‘7 ( s )

1.5x2 750

= = Q
(6.8 x 10°7 + 1.0 x 10-8) x 5.9 x 10° “@

Rg

at which

7 -8
Gy = 88X 10 + LOX107) » 750 x 5.9 x 103 = 1.52

2
(8) Bode plot
The open-loop frequency response is shown below. (N = 41)
(9) OK?
80 FREQUENCY RESPONCE
° Open-loop characteristics
60 -20 « Angular frequency at 1st
40 N 40 corner: 1.93 krad/s
“\ « Angular frequency at 2nd
20 ] 60 corner: 133 krad/s
g o T s ° An_gular frequency at unity
S Y 80 8 gain: 17.8 krad/s
£ 20 ot -100 § « Phase margin: 76 degrees
© A ™ AN g -
-40 L 5 S -120 Closed-loop characteristics
~§
60 \\ 140 « Characteristic frequency:
/ \\ \\ 5.90 krad/s
-80 padit SN 1t -160 « Attenuation: 1.53
11 M ™
-100 L1 - -180
120 3 4 5 6 ;200
10 10 10 10 10 10
in (rad’s)
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(10)OK at TRmin and TRmax?
(@) TRmin (N = 32)

FREQUENCY RESPONCE

80 0 Open-loop characteristics
P! P
60 -20 * Angular frequency at 1st
40 ™ 40 corner: 1,93 krad/s
“*\ * Angular frequency at 2nd
20 S -60 corner: 133 krad/s
- N 5 * Angular frequency at unity
g 0 uy 80 8 gain:20.4 kradss
£ 20 — ™ 4100 § * Phase margin: 76 degrees
(& ,"' \\ \\ =
40 N N 20 Closed-loop characteristics
™
60 140 + Characteristic frequency:
N 6.28 krad/s
-80 » g Sy (i -160 » Attenuation: 1.62
1 N N
100 =] ™ -180
-120 ;200
10° 10° 10° 10 10 107
Win (rad/s)
(b) TRmax (N = 51)
FREQUENCY RESPONCE
80 0 Open-loop characteristics
60 P\ -20 » Angular frequency at 1st
40 N corner: 1.93 krad/s
A -40
™ » Angular frequency at 2nd
20 N S 60 corner: 133 krad/s
. Rl 5 * Angular frequency at unity
8 0 RNy 80§ gain:16.2 krad/s
£ 2 g N 100 % + Phase margin: 76 degrees
O L] I~ \\ P
-40 d q 420 & Closed-loop characteristics
60 \ 140 » Characteristic frequency:
N 5.59 krad/s
-80 eht -160 = Attenuation: 1.45
/// N M
100 F1 ; B~ -180
|
-120 L ‘ -200
10° 10° 10* 10 10 107
in (rad/s)
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2. Flowchart of Procedure for Setting Encoder Clock Generator's VFO Constants

M

2

3

6

(6)

@)

(8)

()

(10)

an

Y

Divide zones into inner
group and outer group

I

Calculate VCO external
resistance Rgyvco

|

Calculate T/l converter
external resistance Rgr

1

Find center zone N¢| and
Ncyi of groups | and Ii

I

Calculate VCO gain
in groups ! and Il

Calculate charge pump current
and Rfpgo in group |

I

Calculate T/l converter output
current in group |

I

Calculate filter capacitances
Cp1 and Crp

I

Calculate filter resistances
Rf2 and Rp3

I

Draw bode plot

OK at minimum and
maximum transfer rates
in group 1?

(13

Calculate charge pump

current and Rgg1 in group 11

]

(14)

Calculate T/I converter
output current in group Il

I

{15)

Calculate filter resistances
Rpo and Ry

I

(1)

Draw bode plot

a7

(18)

OK at minimum and
maximum transfer rates
in group 1?7
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2.1
M
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©)

@

(&)

©®

M

594

Flowchart Explanation
Divide zones into groups

Divide the zones selected in step 1.1.(1) into two groups (I and II) having equal frequency ranges.
Divide the groups at the following transfer rate TGgr:

TRgr = Y TRmin » TRmax

VCO external resistance Rgycg

Use equation (IL.1) to calculate the external resistance Rgycg that makes the VCO oscillate at 1.5
times the minimum transfer rate (N = 32)

Note: In general, Rgycq should have the same resistance value as Rgyco

T/I converter external resistance Rgy

Calculate Rgt from equation (I1.4).

Center zones TRy and TRy of groups I and 1T
Find N¢p and Ny in groups I and II by the same method as in step 1.1.(3).

VCO gain Kpp in groups I and 11

Use equation (I1.2) to calculate the VCO gain Kop at the center zones (N = N¢p and N = Neyp) in
groups I and II.

Charge pump current Icg in group I

Select the charge pump current within the following range:
ICR <3.0 (mA)

Calculate the necessary external resistance R from equation (I1.3).
This data sheet recommends I = 2.0 mA, provided the desired loop characteristics can be obtained
with this value.

T/ converter output current Iy in group I
Decide the ratio Ag between high gain and normal gain, and use equation (I1.5) to calculate a value of
L (1 £L < 8) that gives the following relationship:

Icr

1 =LK
TR™6(Ag-1)

See table 2 for the relationship between L and register GAC.

G HITACHI
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®

®

Filter capacitances Cgy and Cpp

Decide the phase-lock acquisition time Taq in the center zone Ncy of group 1, considering the high-
gain interval specified in the MDC register.
The following formula gives an estimate of the acquisition time:

wnry * Tag=5.7

Combine this formula with equation (IL.6) to calculate the filter capacitance Cf;.
To suppress jitter and allow a phase margin, the following value is recommended for Cgy:

Cpp=-LC
F2 5 F1

Substitute the value of C; into equation (I1.7) to calculate the normal-gain characteristic frequency
®nRN-

Filter resistances Rgy and Rp3

For quick acquisition, set the high-gain attenuation Cry to approximately:
Cry=08
For stability, set the normal-gain attenuation {gy to approximately:

Lrn=10

Substitute these values into equations (I1.8) and (I1.9) to calculate the filter resistances Rpp and Rgs.

(10) Bode plot

Calculate the open-loop transfer function G(s) and draw a Bode plot.

(11) OK?

Decide whether the open-loop and closed-loop characteristics are satisfactory.

(12) OK at TRmin and TRmax?

Repeat steps (10) and (11) for the minimum and maximum transfer rates in group I.

G HITACHI
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(13) Charge pump current I~g in group II

Select the charge pump current within the following range:

IcR<40  (mA)

Decide the phase-lock acquisition time Taq in the center zone N of group II, considering the high-

gain interval specified in the MDC register.
The following formula gives an estimate of the acquisition time:

(l)nRH' Taq= 5.7

Combine this formula with equation (IL6) to calculate the charge pump current I-g. Use the value

calculated in step (7) for Irg.

Substitute the value of the charge pump current IcR into equation (IL.3) to calculate the necessary

resistance Rpcy.

(14) T/I converter output current Iy in group I

Decide the ratio Ag between high gain and normal gain, and use equation (IL.5) to calculate a value of

L (1 < L < 8) that gives the following relationship:

Icr

I =
R 6 Ac-1)

See table 2 for the relationship between L and register GAC.

Next, substitute the charge pump current Icg and T/I converter current IR into equations (IL6) and

(IL.7) and calculate the high-gain and normal-gain characteristic frequencies ®nRH and O,RN-

(15) Filter resistances Ry and Rg

For quick acquisition, set the high-gain attenuation LRy to approximately:

Cry =08

For stability, set the normal-gain attenuation {gy to approximately:

Crn=10

Substitute these values into equations (I1.8) and (IL.9) to calculate the filter resistances Rpp and RE;.

(16) Bode plot

Calculate the open-loop transfer function G(s) and draw a Bode plot.
(17)0K?

Decide whether the open-loop and closed-loop characteristics are satisfactory.

(18) OK at TRmin and TRmax?

Repeat steps (16) and (17) for the minimum and maximum transfer rates in group I

G HITACHI
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2.2 Example of Settings
The preceding calculations are shown below for a sample HD153021F application.

(1) Divide zones into groups

TRgr = ¥20.000 x 106 x 31.875 x 106 = 25.249 x 106  (bps)

The zones divide into two groups as follows:

Transfer VFC
Group Zone rate(Mbps) N register
| 1 20.000 32 00000
2 21.875 35 00011
3 23.750 38 00110
I 4 25.825 41 01001
5 27.500 44 01100
6 29.375 47 01111
7 31.875 51 10011

(2) VCO external resistance Rpyco

2.8125 x 109 x 32
R = —_— 30 Q
Fveo 3.0 % 107 ()

(3) T/ converter external resistance Rgr

Rpr=4x30x103=12 (kQ)
(4) Center zones TR¢y and TRy of groups I and 11

6
= 20000+ 23.750) x 107 _ 31 875 x 105 (bps)

TRc 5

6

@ HITACHI
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From table 1, the closest values of N are:

Transfer
Group N¢ rate (Mbps) VFC Register

I 35 21.875 00011

] 46 28.750 01110

(5) VCO gain Ky in groups I and II

Kogy=1015x109% , /— 35 _ =110 (Mrad)
ORI 3.0 x 103 seV
Korp = 1.015x 109% /46 _ 126 (M
ORIL 3.0 x 103 seV

(6) Charge pump current Icg in group 1

ICR =20 (mA)

3.0
R =—=% =15 Q)
Fe0 = 5 %1073 *

(7) T/l converter output current IR in group [

Ag=14

Therefore:

2% 1073

=_2X07 _9256 A
6x(14-1) “A)

Substituting this value into equation (2.5):

25.6 x 106 = 1.5625 x 103 x 39 XL _
12 x 103

L=6

Which gives ITg as follows:

Irp = 1.5625 x 103 x %ﬂ =273 (uA)

x 103

G HITACHI
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®

Filter capacitances Cgj and Cgp
The high-gain interval in this application is 6 bytes.

MDC Register
Bit 3 2

Value 0 0

The phase-lock acquisition time Taq is:

Taq= x6=22 (us)

8
21.875 x 106

The characteristic frequency @,gy is accordingly:

_ 5.7 _ Mrad
o =——=! =26 Mrad
nRH ™5 2% 10-6 ( s )

Therefore:

3
. \/110x106x(___2'0x610_ +27.3% 1076
26 x10°=

3.14 x Cp

Cpp = 1800  (pF)
Cp, is therefore:

_ 1800 x 1012 _
Cpy=B0X10—=39 (P

The normal-gain characteristic frequency wpRy is:

110 x 106 x 27.3 x 10-6 krad
. = = 730
"RN 3.14 % 1800 x 1012 ( s )
Filter resistances Rpj and Rg3
2 1
Re, = 1.0 X x =15 (&Q)
F2 (1800 + 39) x 10712~ 730 x 103
12
0.8 = (1800 +39) x 1077 1 X 2.6 X 106
2 D S
15x10° Rp3
Rp3 =430 (Q)

O HITACHI
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(10}, (11) Bode plot

N=35
(High gain)
FREQUENCY RESPONCE
80 { 0 Open-loop characteristics
60 A -20 * Angular frequency at 1st
P 40 corner: 1.63 Mrad/s
\\ * Angular frequency at 2nd
20 ™ 60 corner: 76.7 Mrad/s
- \\ __* Angular frequency at unity
9 0 I -80 2 gain: 4.51 Mrad/s
c ™~ 2 . Phase margin: 67 degrees
8 -20 N -100 3
AN £ Closed-loop characteristi
.40 S -120 @ Closed-loop characteristics
N .
/| N N » Characteristic frequency:
-60 )4 Ny -140 2.64 Mrad/s
80 H 4 -160 + Attenuation: 0.81
|1 \\\.
100 T I .180
-120 -200
10 10° 10° 107 10° 10°
in (rad/s)
(Normal gain)
FREQUENCY RESPONCE
80 \ 0 Open-loop characteristics
60 N -20 » Angular frequency at 1st
40 ™ 0 corner: 363 krad/s
N *» Angular frequency at 2nd
20 ] 80 corner: 17.1 Mrad/s
= Y * Angular frequency at unity
Q@ 9 P Sy -80 @ gain: 1.51 Mrad/s
£ 2 T 100 2 . Phase margin: 71 degrees
o - -
L] L—TTT™N \\\ §
-40 A1 4 .120 & Closed-loop characteristics
N
0 S « Characteristic frequency:
N -140 728 krad/s
80 L/ N | S 160 « Attenuation: 1.00
_,/// \\ m
-100 = -180
-120 -200
10* 10° 10° 107 10° 10°
Win (rad/s)
@ HITACHI
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(12) OK at TRmin and TRmax?
TRmin, N =32
(High gain)

FREQUENCY RESPONCE

80 e
\ 0 Open-loop characteristics
N
60 . N -20 - Angular frequency at 1st
40 J 40 corner: 1.63 Mrad/s
N « Angular frequency at 2nd
20 b 60 corner: 76.7 Mrad/s
—_ \\ « Angular frequency at unity
jos] =3 R
S o Suj 80 8 gain:4.37 Mrad/s
™~ = . in-
§ 20 S 100 g Phase margin: 66 degrees
T ™ ]
.40 o 120 & Closed-ioop characteristics
60 / N M « Characteristic frequency:
I'4 W 140 2.58 Mrad/s
-80 A -160 « Attenuation: 0.79
/// \“'~.
-100 = M -180
-120 ” . -200
10 10 10° 107 10° 10°
®in (rad/s)
(Normal gain)
FREQUENCY RESPONCE
80 ,\ 0 Open-loop characteristics
60 N -20 + Angular frequency at 1st
N
40 ™ 40 corner: 363 krad/s
‘\ - Angular frequency at 2nd
20 S 60 corner; 17.1 Mrad/s
. ! __ + Angular frequency at unity
] -80 P gain: 1.32 Mrad/s
~ ™~ k) .
£ T = « Phase margin: 70 degrees
T -20 - ~ -100 3
O ) L1 \“\ \\ ] .
.40 A . 1120 & Closed-loop characteristics
\
& v ‘\\ » Characteristic frequency:
N -140 681 krad/s
/] N N .
80 » S K -160 » Attenuation: 0.94
/,,/' I~ h 180
-100 -
-120 . LI 200
10 10° 10° 107 10 10°
in (rad/s)
G HITACHI
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TRmax, N = 38
(High gain)
FREQUENCY RESPONCE
80 { 0 Open-loop characteristics
60 B -20 * Angular frequency at 1st
40 N 40 corner: 1.63 Mrad/s
\\ » Angular frequency at 2nd
20 b 60 corner: 76.7 Mrad/s
- N » Angular frequency at unit
N Y
g Y Sy -80 gain: 47.9 Mrad/s
T~ « Phase margin: 68 degr
£ 20 ~ L] 100 e marg egrees
] L~ NU
.40 q N N S -120 & Closed-loop characteristics
0 N NN * Characteristic frequency:
) ) Y| -140 2.71 Mrad/s
-80 ¢ 160 * Attenuation: 0.83
//‘// \\m.
-100 2ae H 180
-120 -200
10 10° 108 107 10° 10°
(Yin (rad/s)
(Normal gain)
FREQUENCY RESPONCE
80 \ 0 Open-loop characteristics
60 ™ N -20 » Angular frequency at 1st
© ™ © corner: 363 krad/s
N ) * Angular frequency at 2nd
20 AN 60 corner: 17.1 Mrad/s
- N » Angular frequency at unity
g o N -80 gain: 1.70 Mrad/s
S THA « Phase margin: 72 degrees
T -20 .| ~ -100
L] P '*\.\ \\
.40 oA A X 120 Closed-loop characteristics
N » Characteristic frequency:
60 % N 4o 774 krad/s
-80 ,/ N 5 | -160 * Attenuation: 1.07
,v"’/ T~ I
-100 -180
-120 -200
104 10° 10° 10’ 108 10°
Win (rad/s)
GO HITACHI
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(13) Charge pump current Icg in group II
The high-gain interval in this application is 6 bytes.

MDC Register
Bit 3 2
Value 0 0

The phase-lock acquisition time Tagq is:

8
Taq=——2——X6=1.7
M 28.750 x 108 Us)

The characteristic frequency ®,ry is accordingly:

5754 (Muag)

O py=—
nRH ™ 2 106

Therefore:
126 x 106 x (Iﬂl +273 x 10-6)
34 x 106 = 6
3.14 x 1800 x 10-12

ICR =29 (mA)

Hence:

3.0
=—=2 =10 (kQ
FC1 ™5 9% 103 )

(14) T/ converter output current ITg in group

Ag= 14

Therefore:

3x 1073

=2X 10" =385
R < 4-1) ha)

Substituting this value into equation (11.5):

38.5 x 10-6 = 1.5625 x 10-3 x 20X L_
12 x 103

G HITACHI
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Which gives Ity as follows:

46 x 7
Ip=15625x103x 22" -419 (uA)
12 x 103

(15) Filter resistances Rg; and R

First calculate the high-gain and normal-gain characteristic frequencies:

\/ 126 x 10"’><(___3>‘61°'3 +419 x 10—6) Mead
= =348 (Mrad
“nRH 3.14 x 1800 x 10-12 ( s )

126 X 106 x 41.9 x 10-6 krad
w = =966 (=22
nRN '\/ 3.14 x 1800 x 10-12 ( s )

Then:
12
1.0=Mx Rpg % 966 x 103

Rpg=11 (k)

12

0'8=1839>;10 S—
—_—— e —
1.1x10° Rp

x 3.48 x 10

Rp, =330 (@

G HITACHI
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(16), (17) Bode plot

N =46
(High gain)
FREQUENCY RESPONCE
8 N ° Open-loop characteristics
N\
60 -20 » Angular frequency at 1st
40 N 40 corner: 2.14 Mrad/s
N » Angular frequency at 2nd
20 b 60 corner: 101 Mrad/s
—_ N __ * Angular frequency at unity
g o ™ iy -80 § gain: 6.03 Mrad/s
£ 20 L] -100 § » Phase margin: 67 degrees
S L1 ’——\\ I g
-40 // \ .420 & Closed-loop characteristics
N
60 ) N + Characteristic frequency:
N -140 3.47 Mrad/s
-80 ’ -160 + Attenuation: 0.81
_////’ \\~.
-100 Seas -180
-120 p p - . -200
10 10 10 10 10 10°
Win (rad/s)
(Normal gain)
FREQUENCY RESPONCE
80 0 Open-loop characteristics
60 -20 - Angular frequency at 1st
q Y
40 M 40 corner: 494 krad/s
L « Angular frequency at 2nd
20 - 60 corner: 23.3 Mrad/s
. M __ * Angular frequency at unity
g 0 Y -80 P gain: 1.95 Mrad/s
£ I 2 . Phase margin: 71 degrees
8 '20 4 \\ -100 z
.40 e I bs g 120 & Closed-loop characteristics
&0 7 N N « Characteristic frequency:
/ N SN[ 140 966 krad/s
.80 ] ™NA 160 « Attenuation: 0.98
| \,\
-100 = ™ -180
-120 -200
10* 10° 10° 107 10° 10°
®in (rad/s)
@G HITACHI
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(18) OK at TRmin and TRmax?
TRmin, N =41
(High gain)
FREQUENCY RESPONCE
80 3 U 0 Open-loop characteristics
60 \\ 20 * Angular frequency at 1st
40 N 40 corner: 2.14 Mrad/s
\\ * Angular frequency at 2nd
20 b 60 corner: 101 Mrad/s
& N __ * Angular frequency at unity
T ©0 80 §’ gain: 5.62 Mrad/s
£ ™~ 400 g Phase margin: 66 degrees
o L [T d
.40 { A < -120 & Closed-loop characteristics
N
0 N ! + Characteristic frequency:
N 40 3.36 Mrad/s
-80 ! AN -160 « Attenuation: 0.78
|11 N
-100 =] -180
-120 . p -200
10 10 10° 107 10° 10°
in (rad/s)
(Normal gain)
FREQUENCY RESPONCE
80 0 Open-loop characteristics
60 y -20 * Angular frequency at 1st
0 M. 40 corner: 494 krad/s
NG « Angular frequency at 2nd
20 H 60 corner: 23.3 Mrad/s
= ™ __ " Angular frequency at unity
@ o o -80 §’ gain: 1.66 Mrad/s
= T 2 . Phase margin: 69 degrees
‘s .20 P~ -100 @ 9
3 L TN a o
40 / \\ N .120 & Closed-loop characteristics
/ N » Characteristic frequency:
0 / N T 140 886 kradss
80 / N iy h di -160  * Aftenuation: 0.90
-100 =1L T 180
-120 - - -200
10° 10° 10® 10 10 10°
Min (rad/s)
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TRmax, N =51
(High gain)
FREQUENCY RESPONCE
8o N 0 Open-loop characteristics
60 [ -20 » Angular frequency at 1st
corner: 2.14 Mrad/s
40 N 40 « Angular frequency at 2nd
20 b 50 corner: 101 Mrad/s
. N __ = Angular frequency at unity
g o i 80 @ gain: 6.31 Mrad/s
£ ™~ 2 . Phase margin: 68 degrees
T -20 2 1100 g
O T TN h N o
40 \ N .420 & Closed-loop characteristics
60 N "N « Characteristic frequency:
) AN -140 3.58 Mrad/s
80 \\ -160 » Attenuation: 0.83
L1 N
/// N
-100 i -180
-120 p - 2 -200
10* 10° 10 10 10 10°
®in (rad/s)
(Normal gain)
FREQUENCY RESPONCE
8 ‘ ] 0 Open-loop characteristics
60 ™ y -20 « Angular frequency at 1st
™
40 ™ 40 corner: 494 krad/s
Y + Angular frequency at 2nd
20 q 60 corner: 23.3 Mrad/s
- ™ __« Angular frequency at unity
g o S| -80 §’ gain: 2.24 Mrad/s
£ 20 - & 100 g » Phase margin: 72 degrees
[0 / \‘\ \\ g
.40 N ~\ .120 & Closed-loop characteristics
« Characteristic frequency:
0 / N SN 140 1.0amradss
-80 ] M 160+ Attenuation: 1.06
-100 = el 180
-120 L.U _200
10 10° 10° 10’ 10° 10°
®in (rad/s)
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Example of External Components Connected to PLL

AVce (R) +5V
AGND (R) ,L
AGND (VCOR)
R
RFVCO FVCO 14 o
FC3
FC2
FC1
FCO
VFIN y—_.—CF% bt
1800 p 39p
CPF
R
RFT LW K
R
RFCT Pl
R
RFCO FCo., T
AVpe (W) +5V
AGND (W) ‘,L
AGND (VCOW)
R
RSC SC R
R
CPS Sl 750
VSIN |_4.&1 —
0.68 p 0.01
R
RSVCO SVCO ., S5k
OSCCOLK — < 3.75 MHz Unit R:Q
C:F
G HITACHI
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Absolute Maximum Ratings (Type QFP-80A, Ta = 25°C)

Description Symbol Rating Unit Notes

Supply voltage Vee 7 v DVcc1. AVee(R)
DVcca AVeow)

Input voltage Vv 55 \ *1

Output voltage Vo 55 \ "2

Allowable loss Pt

Operating temperature Topr Oto +70 °C

Storage temperature Tstg -55to0 +125 °C

The absolute maximum ratings are limiting values, to be applied individually, beyond which the device may be permanently damaged. Functional operation under
any of these conditions is not guaranteed. Exposing a circuit to its absolute maximum rating for extended periods of time may affect the device's reliability.

Notes: 1. RG, AME, STBY, WCLK, RESET, NRZWD, TS, WE, RE, Do, D1, D2, D3, D4, A0, A1, A2,

OSCCLK, WG
2. DLYRD, SYNCRD, DLYCLK, RRCLK, NRZWD, Do, D1, D2, D3, D4, CLKOUT, 1-7WD, ULD,
AMF
Electrical Characteristics (Ta = 25°C)
Application
Test ltem Symbol Min Typ Max Unit Test conditions terminal
Supply Voltage Vee 475 500 525 V DVeer FVee:
DVcea. SVcc
Input voltage VIH 2.0 — - \' “1
40 — 42 "
ViL — — 08 V "1
34 — 36 "
Input current iy — — 20 uA Vg =525, "1
Vi=27V
L — — -400 pA  Vpo =525V, “1
V=04V
Output voltage VoH 27 — ==V Vo =475V, "2
IoH = —400 pA
VoL — — 05 V Voc =475V "2
IOL =8mA
Output short-circuit current los -20 — -120 mA Vg =525V 2
Input clamp voltage Vik — — -15 V Ve =475V, "1
iy = =18 mA
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Electrical Characteristics (Ta = 25°C) (cont)

Application
Test ltem Symbol Min Typ Max Unit Testconditions terminal
Off-state output current lozH — — 20 pA NRZRD
lozL — — -20 pA NRZRD
Current consumption loc — 80 120 mA  Vgg =525V, DVee1, FVee,

with recommended DVggo, SVee
constants for

20 Mbps
Write charge pump output low —90 -100 -110 pA Ve =50V, CPS
current RSC =30k,
lcow 90 100 110 puA Vepg =25V
Read charge pump output lcir -18 -20 -22 mA Vgc=50V, CPF
current Vepp=25V,

lcor 1.8 2.0 2.2 mA RFCO=15k,
GACreg.bit3=0

IClR -30 -33 -36 mA VCC =50V, CPF
Vepp=25V,
lcbRr 3.0 3.3 3.6 mA RFC1 =910,

GACreg. bit3 =1

T/ converter output current iy - 104 — pA "3 CPF
o - 0 — pA 4
T/ converter output current D — -104 — HA 5 CPF
Standby current Isg — 25 40 mA BSTBY=0 DVeers
DVeca
AVeeRy
AVeew)

Notes: 1. RG, AME, STBY, WCLK, RESET, NRZWD, TS, WE, RE, Do, D1, D2, D3, D4, A0, A1,

A2, OSCCLK, WG

1. RAWRD (ECL input)

2. DLYRD, SYNCRD, DLYCLK, RRCLK, NRZWD, Do, D1, D2, D3, D4, CLKOUT, 1-7WD,
ULD, AMF

3. Vge=5.0V, Vopp =25V, RFT = 12k, GAC register bits 2 to 0 = 100,
VFC register bits 4 to 0 = 00000, phase offset /2 (rad)

4. Voo =5.0V,Vopr =25V, RFT = 12 k, GAC register bits 2 to 0 = 100,
VFC register bits 4 to 0 = 00000, phase offset 0 (rad)

5. Veg=5.0V,Vepp =25V, RFT = 12 k, GAC register bits 2 to 0 = 100,
VFC register bits 4 to 0 = 00000, phase offset ~/2 (rad)
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HD153021F

Electrical Characteristics (Ta = 25°C)

Application
Test ltem Symbol Min Typ Max Unit Test conditions  terminal
Reset time tRs 50 — — ns RESET
NRZ read data setup time tsNR 10 — — ns 32 Mbps, duty NRZRD
adjusted
5 — - ns 32 Mbps,non-
adjusted
NRZ read data hold time tHNR 10 — — ns 32 Mbps, duty
adkisted
10 — —_ ns 32 Mbps non-
adjusted
Read data input pulse width  tyy 10.4 208 312 ns 32 Mbps RAWRD
Decode time top — 10 - DCLK NRZRD
NRZ write data setup time tSNW 5 - — ns NRZWD
NRZ write data hold time tHNW 5 — — ns NRZWD
Encode time tep — 13 - ECLK  With write 1-7WD
precompensation
- 17 - ECLK  Without write
precompensation
1-7 Write data setup time tscw 5 - — ns 32 Mbps 1-7 WD
1-7 Write data hold time tHow 5§ — — ns 32 Mbps 1-7WD
Reference clock to read clock tReR - - 53 RAWRD 32 Mbps RRCLK
switch time ——— Pulse
77
101
Read clock to reference clock tpgg - — 5 ECLK RRCLK
switch time
Address mark write time tAmMw 1 — 40 ECLK AME
Address mark write enable tAML — - - 1-7WD
time
Address mark detect disable  tar - - 20 ns AMF
time
Address mark length tAM — 40 — ECLK 1-7WD
ECLK: encode clock
DCLK: decode clock
@ HITACHI
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HD153021F

Electrical Characteristics (Ta = 25°C) (cont)

Application

Test ltem Symbol Min Typ Max Unit Test conditions  terminal
Write precompensation tag — 0 —_ ns Min. delay setting 1-7 WD
delay Ato B

— 105 — ns Max. delay setting
Write precompensation tec — 0 — ns Min. delay setting 1-7 WD
delay Bto C

— 105 — ns Max. delay setting
Write precompensation tcd — 0 — ns Min. delay setting 1-7 WD
delay Cto D

— 105 — ns Max. delay setting
Duty cycle of read and 45 — 55 % 32 Mbps, adjusted RRCLK
reference clocks

— 667 — Y% 32 Mbps, non-

adjusted

Duty cycle of oscillator 30 — 70 % 32 Mbps, adjusted OSCCLK
clock input

45 — 55 % 32 Mbps, non-

adjusted
Standby recovery time 10 — — ms STBY
Data transfer rate 10 — 32 Mbps
Register write cycle twe 50 — — ns AOto 2
Address setup time tas 40 — — ns A0to 2
Address hold time taH 0o - - ns AQto 2
Write chip select time tow 40 — — ns Cs
Write enable time tww 40 — — ns WE
Register data setup time tos 20 — — ns DOto 4
Register data hold time toH 0o — - ns DOto 4
Register read cycle tre 50 — — ns AOto 2
Address access time tAA — — 5 s DOto 4
Read chip select time teR 40 — — ns [o3
Read enable time tRR 40 — — ns RE
Read enable delay tRE 0 — 40 ns RE
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HD153021F

Electrical Characteristics (Ta = 25°C) (cont)

Application
Test tem Symbol Min Typ Max Unit Test conditions  terminal
Read disable delay tro 5 — 20 ns RE
Read chip select disable delay top 5 — 20 ns CS
Register output hold time tRH 0 - 20 ns AOto 2
Max. frequency of write VCO 70 — — MHz
Center frequency of write 285 30 315 MHz Veg=5V,
VCO RSVCO =3k
Upper clamp frequency of 345 36 375 MHz Veg=5V,
write VCO RSVCO =3k
Lower clamp frequency of 225 24 255 MHz Veg=5V.
write VCO RSVCO =3k
VCO gain 43.2 54 64.8 Mrad/s-V Voo =5V,
VFIN=25V,
RSVCO =3k
Max. frequency of read VCO 70 — — MHz
Center frequency of read VCO 285 30 315 MHz Vee =5V,
RFVCO =3k
Upper clamp frequency of 37.5 39 405 MHz Ve =5V,
read VCO RFVCO =3 k
Lower clamp frequency of 19.5 21 225 MHz Veg =5V,
read VCO RFVCO =3k
VCO gain 80 100 120 Mrad/s*V Vgo=5V,
VFIN=25V,
RFVCO =3k
Write phase-lock acquisition _ = 20 ms 20 Mbps,
time recommended
constants
Write capture range 10 — —_— % 20 Mbps,
recommended
constants
Write lock range 0 — — % 20 Mbps,
recommended
constants
G HITACHI
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HD153021F

Electrical Characteristics (Ta = 25°C) (cont)

Application

Test ltem Symbol Min Typ Max Unit Test conditions  terminal
Read phase-lock acquisition —_ - 6 Byte 20 Mbps,
time recommended

constants
Read capture range 15 — - % 20 Mbps,

recommended

constants
Read lock range 15 — — % 20 Mbps,

recommended

constants
Read window margin loss — - 33 ns 20 Mbps,

recommended

constants
Timing Charts

RESET (in)
tRs

Figure 1 Reset Input

NRZRD (out)

tSNR | tHNR

RRCLK (out)

Figure 2 NRZ Read Data Output
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HD153021F

RAWRD (in)
tw
| |
Figure 3 1-7 Code Read Data Input
(¢
J
RG (in)

RAWRD (in) >< >< ><

NRZRD (out)

Figure 4 Decode

NRZWD (in)

tSNW o tHNW

WCLK (in)

Figure 5 NRZ Write Data Input
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HD153021F

NRZWD (in) ><

WCLK (in)
tED
1-7 WD (out) >< X
| tsew  tHow
CLKOUT (out)
Figure 6 Encode and 1-7 Code Write Data Output
{C
V ))
RG (in)
NRZRD (out) / X
{(C
B2
tRER |
RRCLK (out)

Figure 7 Read Data Output Delay and Reference Clock to Read Clock Switchover
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HD153021F

RG (in)
tRRE
RRCLK (out)
Figure 8 Read Clock to Reference Clock Switchover
((
) N
AME (in) LAMW
tamL
—(C
J)
1-7 WD (out)
Figure 9 Address Mark Generation
{C
))
AME (in)
tAFL
{(
))
AMF (out)
| tAM
RAWRD (in)

Figure 10 Address Mark Detection
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HD153021F

1-7 WD (out)
through A

tAB

1-7 WD (out)
through B

tec

1-7 WD (out)
through C

tco

1-7 WD (out)
through D

Figure 11 Write Precompensation Delay

twe

AOto 2
{in)

tas tAH
L tew

CS (in) /

tww
WE (in) /

tos t pH

DOto 4 S
{in)

Figure 12 Register Write
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HD153021F

- tRC
AOto 2
(in)
- 7Y}
L tcr
CS (in) /
_ tRR tco
RE (in) \\ //
tRH
tRE trRo
DOto 4 .
(out)
Figure 13 Register Read
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DATA/DAT System Configuration

Ra
| Wa'f g )
Rec, Pre, EQ Rb Wb Servo
HA12133M —l » > HD49212
! Mainarea Data strobe
RAM | after-recording : HA12062AMP | | | Y.
HM62256 Teettotonnnananes A .................................... : Reel :
etc REC aoH P*LAY ! HMG2956 | [-2ontrol
* DAT Signal .. Generator = .
Processor e DAT Signal etc.
L aUN ~*  Processor
HD49211BFS | I FRSYNC : | \b4g211BFS !
L { B
L.ECU '’ i I
HD49224A System Drive
RAM control microcomputer (<> microcomputer
RAM HD49227FS H8/330 etc. HD4074418 etc.
HM514256 x 6 A
etc.
HOST _ Interface
- microcomputer
Dl SCSI - HD64180 etc.
T Discrete
fo......l Circuit
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