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Description

The HD153031RF is a 36 Mbps 1-7 ENDEC data
separator with built-in read pulse detector, active
filter, frequency synthesizer and synchronizer
developed for use in magnetic disk drives. In
read mode the HD153031RF decords the read
wave form output from the read/write amplifier
into an NRZ signal. In write mode it encodes the
NRZ signal output from the controller into a 1-7
RLL code.

Features

« Maximum NRZ data transfer rate : 36Mbps.

« Data transfer clock frequency : 1.5 data transfer
rate (54MHz maximum).

» Settings are micro-computer programmable.

+ On-chip frequency synthesizer generates encode
clock for writing (1% steps atf max/fum =2.55).

+ Programmable window centering adjustment and
window monitoring functions.

+ User-selectable single zone recording or multiple
zone recording options. The following are
programmable for multiple zone recording : VCO
center frequency (192 settings), loop Filter
constant (2 settings), charge pump current
levels (8 settings), T/I converter output current (8
settings), active filter cutoff frequency for servo
and data modes (128 settings).

+ Dual-mode phase detector compares both phase
and frequency to ensure a wide capture range.

« Built-in active filter 7-bit programmable cut-off
frequencies.

+ Two sels of 4-bit High and Low slice levels for
reliable pulse detection .

+ I-7TWDOUT outputs are selectable differential

pseudo-ECL or TTL pair for high speed transfer
without timing error,

High-speed acquisition can be accomplished with
highly stable reproduction by switching between
normal-gain  and high-gain modes, and by
switching loop filter constants.

VCO oscillation liming capacitor is builtin for
better noise immunity,

PLL characteristic frequency and damping rate
are defined without 2T-8T (1-7RLL) signal cycle.
Built-in AGC amplifier for stable reproduction
despite varying media and head characteristics.
Gate  generator incorrect  read
pulse problems that occur with time-domain
filtering with appropriate slice-level setting.
Head resolution can be increased without
incorrect read pulse worries,

eliminates

AGC amplifier gain can be set to zero during
writing,

Built-in write phase compensation function with
programmable delay time.

Early or Late write pre-compensation amounts can
be programmed independently.

High speed data transfer inputs and outputs are
done via complementary TTL. output pairs.
Hi-BiCMOS process achieves high speed with
low power dissipation.

Idle mode and power down [unctions.

QFP-100 pin package suitable for compact surface
mounting (resin size : 14mm x 14mm)

Required only a single 5V supply.
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2. Block diagram
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3. Pin arrangement
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4. Pin Functions

Pin Name Pin No. Type Function

RG 36 In High leval at the input selects read mode.

(Read gate) This signal switches the clock for counters and internal circuits,
and begins phase synchronization of the decode clock generator's
VFO with the 1-7 decode data.

PHINX 11 In Differential inputs for the servo Peak/Hold circuit.

PHINY 12

RESET 19 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.

OSCCLK 31 In Clock synthesizer's reference clock input. The frequency synthesizer

{Oscillator generates encode clock frequencies from the input on this line. Data

clock) writing is synchronized with the encode clock. When not reading
data, the decode clock generator's VFO is also synchronized with
frequency 1.5 times the data transfer rate.

_ 1-7 BLL Write Data Differential Output. Pseudo ECL/TTL are
e Out available by bit 6 of register"$hD". When this bit is "H", these outputs
(Write Data are TTL. When this bit is "L", these outputs are ECL.These Pin
outputs) provide the 1-7WDOUT write data that goes to the Read/Write

amplifier after the write pre-compensation. When WG goes high, 1-7
WDOUT pin are output mode.

CLKOUT 46 Out This clock is for the external write pre-compensation in the Write

mode. This clock(TTL level} is synchronized with 1-7WDOUT.

ULD 37 Out Error output from the encode clock generator's frequency
{Unlock synthesizer. ULD goes low to indicate that the PLL in the encode
detect) clock generator's frequency synthesizer has lost lock. The disk

controller should immediately halt the write operation. Data must be
written again from the beginning.
RSVCO 16 External Connect a resistor to set the center frequency of the VCO in
component the encode clock generator's frequency synthesizer,
required
CPS 15 External Current output to an external loop fitter.
component
requirad
RSC 14 External Connect a reslstor to set the charge pump output current for the
component  encode clock generator's fregquency synthesizer.
required
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Pin Functions (cont)

Pin Name Pin No, Type Function

RFC 61 External Connect a resistor to set the charge pump output current for the
component  decode clock generator's VFO. The charge pump cutrent level is
réquired set by GAC[5:3] and CPO[4:0] registers.

RFT 60 External Connact a resistor to set the T/ converter's sampling feedback gain
component to 1(nominal). The T/l converter's output current is determined by
required this resistor, and registers VFC[4:0] & GAC[2:0] & TIC[4:0].

CPF 59 External Current output to the external loop filter.
component
required

RREF 70 External Connect to a resistor to set the reference current for the Active
component Filter's DAC,
required

FCO 83 External Connect to a loop filter resistor to set the attenuation { of the PLL.

o component  Each line is grounded through an MOS switch is selected by PLL

F 64 required gain mode and bit 6 of register GAC,

FC2 65 pi

. . . in
FC3 66 Bit 6 of register GAC  PLL gain mode FCO FC1 Foz FCa
g High ON ON OFF OFF
Normal ON OFF OFF OFF
Wy High OFF OFF ON ON
Normal OFF OFF ON OFF

RFVCO 57 External Connect to a resistor to set the center frequency of the VCO in the
component decode clock generator's VFO.
required

SRV/RD 40 Input "H":Servo Mode,"L":Read Mode. In the servo mode ,"CFGB" registet

set the A/F's cutoff frequency and VGSLB register set the gate slice
low level. In the read mode ,"CFCA" register set the A/F's cutoff
frequency and VGSLA register set the gate slice lavel,

RINX 85 Differen- Differential input lines for the signal read from the recording medium.
RINY 86 tial input

LININX 79 Differen- Differential input lines for the zero-crossing comparator. Normally
LININY 80 tial input connect to DIFOUTX/Y of the active filter with bypass capacitors,
AGCINX 96 Differen- Differential input lines for the AGC output amplitude detector.
AGCINY 97 tial input Connect to FILOUTX/Y outputs of the AF with bypass capacitors.
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Pin Functions (cont)

Pin Name Pin No. Type Function

RX 34 In TTL-tevel input that switches the AGC loop on or off.

ﬁ(-input AGC loop
High AGC loop on.
Low AGC loop off.

AGCHOLD 35 In TTL-Level input that locks the AGC amplifier gain. When AGCHOLD

goes high, the gain is locked at its immediately preceding value.

AGCOUTX 82 Differential Differential output lines for monitor from the AGC amplifier. The

AGCOUTY 83 output outputs are open-emitter type and would need ext. 1~ 10K pulldowns.

VREF 87 Monitor Monitor line for the AGC amplifier reference voltage.
line

VAGC 88 Monitor Monitor line for the AGC amplifier gain setting voltage.
line

Output line for the data read from disk as reshaped into digital data

PDRD 39 Out by the read pulse detector. When SRV/RD{40Pin) goes high, PDRD
outputs read data pulse. When SRV/RD go@s low, PDRD is disenable
mode.

VCOM 92 External Reference voltage output line for the AGC output amplitude detector
component and the Gate generator.
required

VSL 93 External Voltage input line for seting the low slice tevel of AGC output
component amplitude detector. Corresponds to the discharge current threshold.
requird Normally this level is set 67% of the VSH level.

VSH 94 External Voltage input line for settiing the high slice leve! of the AGC output
component  amplitude detector. Corresponds to the charge current threshold
required

Voltage inputline for setting the fast attack(high gain) high slice

VSSH 95 E;rtr?ggilent voltage of the AGC output amplitude detector.
required Normally this level is set 160% of the VSH level,

IDLE/SERVO 20 In The input is used in combination with the two Mode bits in the PCN

register to reduce power consumption in the Idle mode. When PCN=
00, device is in the R/W normal mode, all cireuits are ON. When PCN
= 11, device is in the Sleep mode, all circuits are OFF except the I/0
and logic. When PCN = 10, then depending on the logic level of the
IDLE/SERVE pin; if it is High, then chip is in the Idle mode and all
circuits are OFF except for the IO, logic, and the bias CKT's; if it is
Low, then the device is in the Servo mode and the I/O, logic, bias
CKT's, AGC, active fiiter, Read Pulse Detector, and Peak/Hold
should be ON with only the RD PLL and the WR PLL being OFF.
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Pin Functions (cont)

Pin Name Pin No. Type Function
CRD1 90 Externaj In reading the normal data, the charge /discharge current output
component line for the AGGoutput amplitude detector. connected to 91PIN
required (CRD2) ‘
CRD2 9 External External capacitor is needed for AGC output amplitude detector.
component
required
FILOUTX 69 Differential Differential output line from Active Filter. Gonnect to AGCINX,Y
FILOUTY 68 output and PHINX,Y through capacitors.
DIFOUTX 72 Differential Differential output line from Active Filter. Connect to LININX,Y
DIFOUTY 71 output through capacitors.
SHORT 33 In When this terminal is 'L, RINX and RINY are shorted.
OUTOo~ 6,7,89 External Connect to external capacitors for servo peak/hold.
cuUT3 component
required
WG 55 In Write gate signal input. Set this PIN high during writing
NRZRD/WD1 53 InOut IYG pin of NRZ signal. This pin is effective only in the case of

parallel transferring. NRZ Data select bit 7 of register($h8} controls
parallel/serial. ( When this bit is " H* , NRZ mode is parallel)

IO pin of NRZ signal. In the serial transfer mode, only this pin is

RD/W| |

NRZ Do 54 nout effective. NRZ Data select bit 7 of register($h8) controls parallel/
serial. { Whean this bit is" L" , NRZ mode is serial)

SDATA 23 In/Out Data is transmitted in 16-bit packet MSB first. The first 2 bits
determine the read or write mode, the next bit is "Don't Care", the
next 4 bits are for the register address, followad by 1 "Don't Care"
bit, then the last 8 bits are for the Write or Read Data.

RSENA 2 In This active low input selects the device and enables the serial port.
AMF 32 Out Output pin of the address mark found signal in the soft sector mode.

| Input pin for the address mark enable inthe soft sector mode. In the
AME 18 n

hard sector mode, this pin must set low.

CHA 30 In Input pin of the control signal of Peak/hold circuit(TTL level)
Position signal is sampled by CHA="L"

DUMP 29 In Input pin of the discharge control signal of Peak/Hold circuit.
TTL level, DUMP="L" is for discharge.
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Pin Functions (cont)

Pin Nams Pin No.  Type Function
SCLK 22 In This is the serial clock sent in by the hard disk controller or other
ASIC device. When the serial port is not enabled, this clock line
should be driven low. For either read or write transfer, a 16 clock
burst is required for proper operation. Data is latch in during write or
sent out during read with the rising edge of the SCLK,
DLYCLK 41 Out Monitor pin(TTL level) for Window adjustment. This pin allows the
VCO clock signal output by the PLL circuit to be monitored, Contact
Hitachi, Ltd. for special instrustions if use of this function is required.
DLYRD 42 Out Monitor pin(TTL level) for Window adjustment. This pin allows the
read data signal output from the window adjustment circuit {0 be
monitored. Contact Hitachi,Ltd. for special instructions if use of this
function is required.
SYNCRD 44 Out Monitor pin{TTL level) for Window adjustment. This pin outputs the
read data outputs the read data input to the PLL block latched by the
VGO clock. Gontact Hitachi,Ltd. for the special instructions if use of
this function is required.
RRCLK 45 Out Read refernce clock output(TTL level). At read time, this pin provides
a clock which is synchronized with the converted NRZRD signal.
This controller should read NRZRD by this clock. Other than read,
reefernce clock is provided to disk controller,
DGND 1,2, 24,2526, Ground Digital ground.
27, 38, 49, 50,
51,52, 74, 75,
76, 77, 99,100
DVce 28,43,56  Power Digitai Vec power supply.
AVee(PH) 10 Power Analog Vce power supply for peak hold.
AGND({PH) 5 Ground Analog ground for peak hold.
AVeo(W) 13 Power Analog Vec power supply for synthesizer,
AGND(W) 17 Ground Analog ground for synthesizer.
AVcc{R) 62 Power Analog Vcc power supply for synchronizer,
AGND{R) 58 Ground Analog ground for synchronizer.
AVcc(AF) 3,73 Power Analog Vcec power supply for active filter.
AGND(AF) 4,67 Ground Analog ground for active filter.
AVcc(AGC) 89 Power Analog Vcc power supply for AGC.
AGND(AGC) 384 Ground Analog ground for AGC.
AVcc(RPD) 81 Power Analog Vec power supply for read pulse detector.
AGND{RPD} 78 Ground Analog ground for read pulse detector.
AGND(DET) 98 Ground Analog ground for AGC control circuit




S. Registers

The HD153031RF has 16 address's 8 bits-register
that control the center frequency of the decode
clock generator's VFO and the frequency of the
encode clock generator's frequency synthesizer,
control the synthesizer's gain, control the read data
pulse width and its polarity, control the

synchronizer's gain and offset, adjust the decode

window, apply the early/late  write
precompensation, control the prescaling value,

adjust the active filter's cut-off frequency, and

controls various functions.

HD153031RF

Address register value
MSB LSB

Name

Abbreviation

0000 VCO center frequency control register VFC register
0001 RD-PLL Gain control register GAC register
0010 RD-PLL Charge Pump offset control register CPO register
Write precompensation delay control register (L) WPL register
001 1 RD-PLL T/l offset control register TIO register
Write precompensation delay control register (S) WPS register
0100 Window adjustment register ( 0.67ns typ. /step ) WAJ register
Window fine adjustment register( 0.25ns typ. /step ) WFA register
AGC Mode control bit ( FAST / SLOW ) AGS bit
010 1 Read data (PDRD) polarity control register RDSEL register
Read data (FDRD) pulse width control register PW register
WR-PLL Gain control register SGC register
0110 Prescaler of WR-PLLcontro! registar PSC register
0111 AF cut-off frequency control register({or Read) CFCA registar
1000 NRZ Data 1bit - serial / 2bits parallel select bit NRZM bit
AF cut-off frequency control register(for Servo) CFCB
100 1 Unlock detect gain control register { for WR-PLL ) ULD register
Boost level control register BLC register
1010 High pass filter cut-off frequency control register(for Read) HPCA register
1011 High pass filter cut-off frequency control register(for Servo) HPCB register
1100 Gate generator's High-slice level control register(for Read) VGSHA register
Gate generator's Low-slice level control register(for Read) VGSLA register
1-7 WDOUT output type control bit (ECL / TTL ) WDM bit
1101 Wrlte precompensation delay control register (E) WPE register
Write precompensation delay control register (N} WPN register
AGCOUT enable control bit AOE bit
T110 Power management control register PCN register
Gate generator's Low-slice level control register(forServo) VGSLB register
1111 Test Mode control register MDC register
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Register Descriptions (cont)

VCO Center Frequency Control register (VFC)

Address $h0 ( at write = "CO" hex, at read = "80" hex ),
VFC Register

MSB LSB
D7 |D6 |D5 |D4 | D3 |D2 | D1 | DO

VFC register is 8 bits long.

This register Is used in multiple-zone recording to set the center frequency of the decode clock generator's
VCO, the T/l converter's reference current, and the oscillation frequency of the encode clock generator's
frequency synthesizer. Bit D7 is cleared when reset pin is asserted.

Resistors connected fo the RFYCO and RSVCO lines set these values for the minimum data transfer rate,
The VFC register raises these values in step of 1.56%, permitting 192 settings up to a maximum transfer
rate 3.98 times of the minimum rate.

0100 0000  Minimum transfer rate (reference rate)

1111 1111 Maximum transfer rate (3.98 times speed)

Gain Control Register (GAC) : RFCA, GAC[5:0] for Read PLL synchronizer

Address $h1 ( at write = "C2" hex, at read = "82" hex )

M3B LSB
0 |De|D5|D4|D3|D2|D1 |DO r
Bits 2 to 0: Select the output current of
' ! ' ! the T/ converter to vary the gain. Eight
| GAC[2:0] gain settings are possible.
000 Minimum gain (L=0)
111 Maximum gain (L=7)
GACH3] Bits 5 to 3: Select the output current of
the Charge pump to vary the gain.
iaht aai : ible.
| RFCA Eight gain settings are possible
Bit 6 selects the resistors that determine the 000 Minimum_ gain (P=1)
attenuation & of the loop filter for the )
decode clock generater's VFO.
Bit 6 = 0: resistors connected to the FCO 111 Maximum gain (P=8)

and FC1 are selected —

Bit 6 = 1: resistors connected 1o the FC2
and FC3 are selected

Unused bil. must be 0 when written.

11
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Register Descriptions (cont)

Charge Pump Offsct Control Register (CPO), Write Precompensation delay control Register (WPL)

Address $h2 ( at write = "C4" hex, at read = "84" hex )
MSB LSB

D7 |Ds |D5 | D4 | D3 D2 |D1 |DO

CPO register
Cancel the offset current of the charge pump.

0 0000 (- ) offset < -32% >

CPO[4:0] 1 0000  Ooffset (2% steps)
1 1111 (+) offeet <+ 30% >
WPL register

[“sets the write precompensation delay for
WPL[2:0] the L part of WP-table.
000 : Early

¢ { 0.55ns steps typical )

111 : Late

T/T Offset Control Register (TIO) , Write Precompensation delay control Register (WPS)

Address $h3 ( at write = "C6" hex, at read = "86" hex )
MSB LSB

D7 |D6 (D5 | D4 [ D3 |D2 |D1 |DO

TIO register
' ] L ! Cancel the offset current of the T/l converter.
0 0000 (- ) offset < - 40% >
TI0[4:0] 1 0000 zero offset ( 2.5% steps)
1 1111 (+}) offset <+37.5% >
WPS register
sets the write precompensation delay for
000 : Early
. { 0.55ns steps typical )
L]
111 : Late




Register Descriptions (cont)

Window Fine Adjust Register WFA[2:0] and Window Adjust Register WAJI[4:0]

MSB

Lse

D7

D&

D5

D4

D3

D2

D1 |DO

1

WAI[4:0]

Address $h4 ( at write = "C8" hex, at read = "88" hex )

WAT register

This register adjusts the setting of the window. Window
centering can be adjusted to 32 positions by an on-chip
delay line. Bit D4 will always be cleared during reset.

WFA[2:0]

The microcontrollar can center the window automatically
with firmware by changing these values.

0 0000

. (- ) negative delay adjustment

0 1111

1 0000 ( 0.67ns steps typical )

1 0001
. {(+) positive delay adjustment

1 1111
WFA register

[ This register adjusts eight setting of the window fine
adjust circuit. The register setting adds fine delay to the

Window adjustment circuit.

000 Minimum delay
001 Initial delay (4.9ns typical)

N ( 0.25ns steps typical )
101 Maximum delay

HD153031RF

13
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Register Descriptions (cont)

14

RD-PLL Gain Control Register (SGC), Read data Pulse Width Control Register (PW),
Read data Potarity Control Register {RPC) and AGC Mode Selects bit (AGS)

MSB

LSB

D7 | D6

D& | D4

D3

D2

D1 |DO

SGC[2:0]

Address $h5 ( at write = "CA" hex , at read = "8A" hex )

SGC register

Select the output current of the RD-PLL's Charge
pump. Eight settings are possible in relation to
the reference current set by resistor RSC to
determine the minimum transter rate.

PWI[1:0]

000 Nec=0 Reference current times 1.0

111 Nc=7 Reference current times 1.875

PW register

[ Set the pulse width of PDRD signal output line,
Four settings are possible with 2.4ns per stap.

00 Minimum pulse width

é {2.4ns steps typical)
1 Maximum pulse width

—_— s O

RDSEL register

RDSELD selects PDRD signal polarity
0  Signalvalue 't* = 'H"

RDSEL[1:0] 1 Signal value '1' = 'L*

AGCSEL

RDSEL1 composite POLARITY signal
0  Signal value = non-composite
1 Signal value = composite

AGCSEL bit

This bit controls the ratio of the charge &
discharge current to the AGC capacitor.

0 Ich/idisch = 5 to 1
1 Ich/idisch = 5 to 0.1

Prescaler of the Synthesizer Control Register (PSC) [ M value ]

MSB LSB
0 |D6| D5|D4|D3 |D2|D1|DO
| |
PSC[6:0]

Address $hé ( at write = "CC" hex, at read = "8C" hex )

PSC Register

[ This register controls the prescale counter's value of the
synthesizer. The OSCCLK signal is divided by 2 to 127.

000 0010 divided by 2

111 1111 divided by 127

Unused bit, must be 0 when written.
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Register Descriptions (cont)

Read Mode AF Cut-Off Frequency Register (CFCA)
Address $h7 ( at write = "CE" hex , atread = "8E" hex )

MSB LSB
0 |D6|D5|D4|D3|D2 D1 |D0O CFCA register
L | Select the cut-off frequency for the active filter in the
normal data read mode. (when SRV/RD=0)
0001101 minimum (= 5MHz)
CFCA [6:0] .

. 250 kHz per step

1011010 maximum ( = 28MHz)

Unused bit, rnust be 0 when written.

NRZ Data mode select bit (NRZM), Servo Mode AF Cut-Off Frequency Register {CFCB)
Address $ha ( at write = "D0” hex, at read = "90" hex )

MSB LSB
D7 | De| D5| D4) D3] D2( D1| DO CFCB register
T l Select the cut-off frequency for the active filter in the
Servo mode. (when SRV/RD=1)
0001101 minimum (= 5MHz)
CFCB[6:0] .

. 250 kHz per step

1011010 maximum (= 25MHz)

NRZM bit: NRZM = 0 : 1-bit serial NRZ mode.
NRZM =1: 2-bit parallel NRZ mode

15
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Register Descriptions (cont)

Unlock Detect Register (ULD) and Boost Level Control Register (BLC)

MSB

LSB

D7

D6 | D5

D4

D3

D2

D1 | Do

— 1

BLC[4:0]

Address $h9 (at write = "D2" hex, at read = "92" hex )

BLC register

FThis register sets the boost amplifier's gain of the
active fiter for the equalization.

ULD(1:0)

0 0000  Minimum gain

1 1111t  Maximum gain

ULD register

Select the unlocked detect gain for the RD-PLL synthesizer
to activate the ULD~ output when unlock condition oceurs.

TESTBF

00: 2 OSCCLK
01: 4 OSCCLK
10: 6 OSCCLK
11: 8 OSCCLK

When this bit sets "1" , SYNCRD(44Pin), DLYRD(42Pin),

DLYCLK(41Pin) are output mode. Normaly this bit sets "0".

High-Pass Filter Cutoff Frequency Control Register (HPCA)

MSB LSB

D71D6 (D5 (D4 |D3 [D2 | D1 [ DO

L ] — ]
HPCA[4:0]

Address $hA ( at write = "D4" hex, at read = "94" hex )

HPCA Register

[ This register controls the cutoff frequency of the high-pass
filter in the active filter circuit in the normal data read mode.
(when SRV/RD=0)The register changes it by 6.25% step.

0 1111 Maximum cutoff frequency (193.75% )

0 0001

0 0000 Center cutoff frequency

11111 (100%, depend on CFCA )
L]

1 0000 Miniimum cutoff frequency { 50% )

Unused bit, must be 0 when written.
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Register Descriptions (cont)

High-Pass Filter Cutoff Frequency Control Register (HPCB)
Address $hB ( at write = "D6" hex , at read = "96" hex )

MSB LSB
HPCB Register

D7|D6 |D5|D4|D3|D2|D1|DO — ) .

This register controls the cutoff frequency of the high-pass
L | ! | filter in the active filter circuit in the Servo mode.
(when SRV/RD=1)The register changes it by 6.25% step.

0 1111 Maximum cutoff frequency ( 193.75% )
*

HPCB[4:0]

*

0 0001

0 0000 Center cutoff frequency

1 1111 (100%, depend on CFCB)
.

L]
1 0000 Miniimum cutoff frequency (50% )

Unused bit, must be 0 when written,

TSTPD

When this bit sets "1", PDRD oulput is enable.

High-Slice Level Register (VGSHA), low-Slice Level Register (VGSLA)

Address $hC ( at write = "D8" hex, atread = "98" hex )

MSB LSB
D7|D6|D5|D4 |D3 D2 | D1| D0 _ VGSLA Register
L I L | These are input to the internal DAC using VCOM as

refenrece source 1o generate the programmable Low-Slice
level for the Pulse detection circuit in the read mode. (when

VGSLA[3:0] | SRV/RD="L")
0000 Minimum high-slice level {0% of Vpeak)

L1111 Maximum high-slice level (100% of Vpeak)

VGSHA Register
[ These are input to the internal DAC using VCOM as
refenrece source to generate the programmable High-Slice
level for the Pulse detection circuit both in the read and

VGSHA[3:0] | servo mode.
0000 Minimum high-slice level (0% of Vpeak)

£ 1111  Maximum high-slice level (100% of Vpeak)

17
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Register Descriptions (cont)

1-7WDOUT output type select bit (WDM), Wrileprecompensation delay control register (WPE, WPN)

Address $hD ( at write = "DA" hex, at read = "9A" hex )

MSB LSB
O |[D6|D5|D4 |D3{D2|D1|D0O WPE register
1 ) 1 I [ sets the write precompensation delay for
the E part of WP-table,
WPE[2:0] 000 : Early
’ { 0.55ns steps typical )

111 : Late

WPN register

sets the write precompensation delay for
the N part of WP-table.
WPN[2:0] 000 : Early

»

* ( 0.55ns steps typical )
111 @ Late

WDM bit : WDM = 0 : pseudo EGL
WDOM=1: TTL

Unused bits, must be written as 0's.

AGCOUTX/Y enable control bit (AOE), Power Control Register (PCN)

Address $hE ( at write = "DC" hex, at read = "9C" hex )

MSB LSB
b7 0 |D5|D4 | D3| D2]|D1] DO _ VGSLB Register
] These are input to the internal DAC using VCOM as

refenrece source to generate the programmable Low-Slice
level for the Pulse detection circuit in the Servo mode.
VGSLB[30] (When SHV/F(U:"H")

0000 Minimum high-slice level (0% of Vpeak)

L1111 Maximum high-slice level (100% of Vpeak)

PCNOQ : Power control register(see page62)

PCN1 : Power control register(see page62)

Unused bits, must be written as 0's,

ACE bit : ACE = 0 : AGCOUTX / AGCOUTY are disable.
AOE =1: AGCOUTX / AGCOUTY are enable.




HD153031RF

Register Descriptions (cont)

Test Mode Control Register (MDC}

Address = $hF

MSB L3B

D7| 0 |D5 |D4 | D3 |D2 | D1 |DO

MDC[4:0]

Reserved

Unused bit, must be written as 0.

TEST: when set to "1", it enables the internal test mode.

7. Read/Write timing of the control registers
< Write >

teL ten

A

F 3
L

tcu toL GG

RSENA | > >

SCLK \(WAVAVAWAWAW

SDATA MSB E

tersF teos teow

mode | Address (abits) | | Input Data (8bits) |
(21?“3) Don't care Don't care

19
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Read/Write timing of the control registers (cont)

< Read >

ot te ten
tcH oL

RSENA fcc {cop

soie | LA UN AN NN AN NN R
SDATA MSB 0 6 o G 4 & Gb (=

P P

tersF teos toow tsrer teoH
mode Address (4bits) Output Data (8bits) _ |
(?1%?.8) Don't care Don't care

20
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Write and read registers (cont)

Write to VFC register

RSENA [

S N AW AT AN AW AW AW AW AW AW AW RWAW AW AW T
SDATA ——(1 X XX X0 X0 X0 X 0 X X XD7 XD6 XD5 X4 X D3 XD2 XDt X D0 )———

- . -
Address (4bits) VFC register (8bits)

Y

(/O direction) Writing

Read from VFC register

RSENA | /

S AN AW AN AN AW AT AW AWAW AW AWAWAW AW AW AW TE—"
SDATA —-(1)(o)(x)(o)(o)(ox 0 X__ X __XD7 XD6 XD5 X D4 XD3XD2XD1XD0Y——

-

~ Address (4bits) > VFC register (8bits)
(VO direction) Wiitng - Reading g
Write to GAC register
RSENA | /
SCLK 1 8
SDATA —( 1 X1 X X}X(o X o X0 X1 X x X0 Xp6XD5XD4XD3 D2XD1XDO)———
- -~
Address (4bits) GAG register (7bits)
I - >
{ [/O direction ) Writing
Read from GAC register
RSENA | /
SCLK 1 16
SDATA ——(1 )(o)(x)(o)( X0 X1 XX X0 XpeXD5XD4X03X02XD1 XD ——
*Address (dbits) " GAC register (7bits) o
{ /O direction ) - Witing - - Reading '

21
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Write and read registers (cont)

Write to WPL & CPO register
RSENA 1\ f

S N W AW AV AV AW AW AWAVAWAWAVAYAWAWAW rEE—

SDATA — (1 X 1 X X X0 X 0 X1 X 0o XX X7 XDe XD5XDa XDa XDz XD1XD0

-y

[ B
—

4_ -
WPL register CPO register (5bits)

" Address (4bits)

(3bits)
{ IO direction ) - Writing -
Read from WPL &CPO register
RSENA  \ —
SCLK 1 6
SDATA  —(1 X0 X x X0 X0 X1 X0 X_x_Xb7 XD6XD5XDa X3 XD2 XDt X D0
- - >t
Address (4bits) WPL register CPO register {5bits)
(3bits)
irecti - > - (2
(VO direction ) Whriting Reading
Write to WPS & TIO register
RSENA \ /
SCLK q 6
SDATA  ——( 1 X1 XXX 0 X0 X T X1 XX XD7 X6 X 05 X 04 X3 X D2 YD1 XD0 ——o
-— - g . . -
Address {dbits) WPS register TIO register (5bits)
(3bits)
( YO direction ) < Writing o

Read fromWPS & TIO register

RSENA f

S N A AV AY AV AW AWAWAWAWAWAWAWAWRWAW TEE—

SDATA —(1 X 0o X X X o X o X1 X1YX X__ X7 X6 X05 X D4 Xb3 X D2 X D1 X D0 y——

Address (4bits) WPS register TIO register (Sbits)
(3bits)
irecti - > - »-
( I/O direction ) Writing Reading

22
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Write and read registers (cont)

Write to WFA & WAJ register

RSENA T\ I
SCLK 1 16
SDATA ——(1 X 1 X—X 0 X 1 Xo¥XoXXx XD?)LDGXDSXHXDSXDz)(W——
Address (4bits}) > WFA regnster.>4 WAJ register >
( /O direction ) - Writing >

Read from WFA & WAJ register

RSENA | /

R AW AW AW WA AW AW AWAWAWAWAWAW AW AW "

spAaTtA ——(1 XoXxX__X“)(o X0 X xﬂ(meeXDsXmXDa)(DaXmXW}—

Address {4bits) > WFA reglster > WAJ register

y

[ -l
- -

{ /O direction) — = Writing Reading

Write to AGCSEL bit, RDSEL, PW & SGC register

RSENA | f

SCLK 1 16

SDATA  —(_1 X1 X X X 0 X1 X0 X1 XX XD7 X6 XD5 X4 XB3 XD2 XD1 X Do »——

-

- - o -+ -
Address (4bits) AGCSEL RDSEL PWreg SGC register

B
ol

]

( I/O direction ) « Writing

Read from AGS bit, RDS, PW & SGC register

RSENA \ /

SCLK \f1\/\/\/\f\/\f\/\/\/\/\/\/\l\/\ﬁa

SDATA ——(1 X o XX Xo XaXo X1 X X X D7 X D6 X D5 X D4 X3 X D2 X D1 X Do ——

Address (4hits) AGCSEL RDSEL PWreg SGC ragister

. . - - - -
( 170 direction ) Writing Reading

23
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Write and read registers (cont)

Write to PSC register

RSENA [
N A A YA A WA AW a WAl Al alWalal remm—"
SDATA ——(1 X1 X X X0 X1 X1 X 0 XX X 0 XDeXD5 XD4XD3XD2 X D1 XDO )}—

- -
Address (4bits) PSC register (7bits)
( /O direction ) « Writing

-

Read fromPSC register

RSENA  \ f

SR AW A AV AYAWAWAWAYAW AW AW W AW AW AW T

SDATA  ——( 1 X0 XX X0 X 1 X1 X0 X_ x X0 _XD6XD5XD&XD3 XD2 X D1 XDo ——

-+ -t >
Address {4bits) PSC register (7bits)
: P -+ - -
( YO direction ) Writing Reading

Write to CFCA register

RSENA  \ /

R RN AW AN AT AW AYANAYAWAWAWAYAYAWAW AW TE—.
SDATA  ——(1 )} XX X0 X X XX X0 X106 XD5 X D4 X D3 X D2 X1 X Do ———

- CFCA register (7bits)

-
Address (4bits)
( /O direction } - Writing

[

Read from CFC register

RSENA  \ /

N Y A A A AW AN AW aW aWal a W aVaWaWalW "

SDATA ———(1 X 0 X X X 0 X 1 X 1 X1 X__x X0 XD6X05XDaxXD3XD2XD1 XD0) —

" Address (4bits) ~ CFCA register (7bits)

- -
- - -

Writing Reading

( 11O direction ) -

24
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‘Write and read registers (cont)

Write to NRZM bit & CFCB register

RSENA )\ [

o RN A AW AW AW AWAWAWAWAWAWAWAWAW WA TE—"
SDATA ——(1 X1 XX X1 X0 X0 X o Xx¥Xo7X o XD5XD4XD3X02XH)-——

-
Address (4bits) NHZM CFCB reqg. (7bits)

Y

{ /O direction ) - Writing

Read from NRZM bit & CFCB register

RSENA  \ /

N AW AW AW AW AWAWAWAWAW AW WA WA T

SDATA —(1 X o X x XI XoXo Xo¥X x )(m)(DsXD_s)(ﬁ)(D:sXDszXDo)——

-

 Address (dbits) anm CFCB reg. {7bits)

( 11O direction ) - Writing B ' - Reading

Write to ULD & BLG register

RSENA | _ f—
SCLK 1 16
SDATA —(1_X“X_)< 1 X0 X0 X3 XX X7 X106 X0s X4 X D3 X 52 X D1 X0 )
“Addrese (4bits) . TTBF UD Y BLC register (Bbits)
(11O direction ) - Writing >
Read from ULD & BLC register
RSENA  \ [
SCLK 1
SDATA —(1 X o XX XI X o Xo X1 X x X D7 X D6 X D5 X D4 X D3 X D2 X D1 X Do ——
- Address (4bits) > 'WM)—D'
{ 17O direction } - Writing - = Reading g

25
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Write and read registers (cont)

Write to HPCA register

RSENA '\ ;S

SR A A AW AW AWAWAWAWAYAYAWAWAWAW I

SDATA ——(1 X 1 XX X1 X 0 X 1 X0 X XX 0 X 0 X0 XpaxXD3XD2XDi XDo ———

Address {4bits) = = HPCA register (5hits) >
(1O direction) = Writing >
Read from HPCA register
RSENA | /
SCLK 1 18
SDATA  ——(1 X0 XX X1 X0 X7 X0 X_x_ X 0X 0 X 0XpaXDsXbzXpiXoo)——
~Address (dbits) " HPCA register (5bits) =
(/O direction) = Writing > - Reading >
Write to HPCB register
RSENA T\ [
SCLK 1 »
SDATA.  ——( X T XX X X o X X1 MD4X03X02XM—
“Address (@oits) . TaTPD " HPCB register (5b|ts)
(1#O direction ) - Writing -

Read from HPCB register

RSENA  \ /

RN W VAT AV AW A AVAY AW AWAYAWAYAWAY TEE—

SDATA —(_)(o)(x)( TXo X1 X1 X x XorXoXo XD4XD3_(D1XDO}—

> o —
Address (4bits) TSTPD HPCB register (5bits)
o - > -
( 17O direction ) Writing Reading

26
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Write and read registers (cont)

Write to VGSHA & VGSLA register

RSENA 1\ |
SCLK 1 16
SDATA —{ 1 Y1 X_X 1 X1 X o XoXx )(Dﬂ(os)(gs)(n—z;)(ns)(nz)@w@)“
Address {(4bits) - VGSHA register - VGSLA register >
( 140 direction ) - Writing >
Read from VGSHA & VGSLA register
RSENA  \ f
SCLK 1 16
SDATA ——(1 X o XX X1 XTI Xo Xo X x )@(DGXEE).(D&\XDQ)(DT(DO}——
- Address {4bits) > VGSHA register ~ VGSLA register >
(/O direction) = Wiiting >~ - Reading —
Write to WDM bit, WPN & WPE register
RSENA f
SCLK 1 16
SDATA  —(1 X1 XXX X1 X o X XX X0 X peXDs X 04 X 53 X D2 X D1 X Do)
- Address (4bits) > V=VDI\7 * WPN reg -;:WPE reg
{ IO direction ) - Writing —>
Read from WDM bit, WPN & WPE register
RSENA ~ \_ [
SCLK 1 16
SDATA  —{1_ X0 XXX X0 XXX X0 X 06X D5 Xba X D3 X2 X 51 X6 )——
~ Address (4bits) > WDM WPN reg - T WPE reg >
{ 17O direction ) - Writing - - Reading >
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Write and read registers (cont)

Write to AOE blt, VGSLB & PCN register

RSENA '\ A
SCLK 1 16
SDATA ———( 1 X 1 X X X1 X 1 X1 X0 XX Xb7 X 0_X05XDaXD3X02 XD1 X0
- - -t »-
Address (4bits) AQE PCN register VGSLB register

J

{ I/O direction ) - Writing

Read from ACE bit, VGSLB & PCN register
RSENA  \ /
S R A AV AW AWANAWAWAWAWAYAWAWAWRY AW rEE—

SDATA —(1HXX1X1X1K0X X XDTXO)Q)S)(DA‘\XDS)-(me)—
- -—p >
Address (4bits) AQOE PCN reg|ster VGSLB register
( /O direction ) - ertlng > - Reading >

Write to MDC register

' RSENA |\ /

S N Y A AT AN AW AYAVAWAYAYAYAYAYAYEY T
spAaTA ——(1 X1 XxX1 X1 X3 X1 XX X7 Xo XDSXD4XD3XDZXD_1)-—

- - -
Address {4bits) TEST MDC register

N - -
( 1/O direction ) Writing

Read from MDC register

RSENA  \ /

S N Y A A W A AW W a W aWa W el aWaWaWal ="
SDATA —{( 1 X o X X X1 X1 X1 X1 XX Xo7X 0 X5 XDaXD3 XDz XD1 XDo
—

- - > -+ -
Address (4bits) TEST MDC register

[
-

A

-l
-

Writing Reading

{ 170 direction )

Y

28
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9. 1-7 ENDEC

Encoder and Decoder

Therefore the disk controller should input the sequence "

The encoder converts an NRZ signal to a (1,7) encoding, 0000..." in the sync region. This will be converted to the
and the decoder converts a (1,7) signal back to an NRZ {1,7) encoding 3T pattern "100100...",
signal. The conversion table is shown in Table4.

The NRZ signal is encoded after being inverted.

The NRZ signal is encoded after being inverted. The For exampile, if the NRZ data 00 is to be (1,7) encoded,
inverted NRZ signal is encoded according to the it is first inverted to 11.
conversion rules shown in figures,

Table4 Encoding Table (NRZ to (1,7) Code)

Last Bit of the

No. g:?c;gous ) Current (D :dgzz) = BI:\]ext (Da,D4) (1,7) Code Bits (C2,C3,C4)
1 0 1 0 0 X 1 0 1
2 0 1 0 1 X 0 1 0
3 0 1 1 0 0 0 1 0
4 0 1 1 0 0 1 0 0
5 0 0 0 0 X 0 0 1
6 0 0 0 1 X 0 o 0
7 ] 0 1 0] X 0 0 1
8 0 0 1 1 X 0 ] 0
9 1 0 0 0 X 0 0 1
10 1 0 0 1 X 0 1 0
1 1 0 1 0 0 0 1 0
12 1 0 1 0 0 0 0 0
00: A Anything other than 0 0
X :Don'tcare
A B C D
NRZ Data \ 00 | 00 } ot (01 | 11 | 11 |o1 ] VIERTITTITR
¢ Inverston
NRZ Data seeeneene | 11 10 |10 | oo oo | 1 sueernres
+ Enceding \? \? \S‘D \ED \ESD \? \?
(1,7) Code sese+==+ 0] 100 | 100 | 010 | 101 | 001 010 [010 | eeverene

Fig.5 Shows an Example of NRZ to (1,7} Code Conversion.
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e ——

Next, since the last bit of the previous conversion result Figure6), since the previous data H was 100 and the
A (100) was 0, and the next state of the NRZ data C is 0 next data J is 010, the decoding table gives 11 as the
l(C: 10), the NRZ data B (00) is converted to the ( 1,7 NRZ data. Inverting this gives the NRZ data 00, which is
code 100, then output.

In decoding the (1,7) code I (=100} to NRZ data (see

Table 5 Decoding Table ((1,7) Code to NRZ)
(1,7) Code Bits

No. Previcus Current Next NRZ Data Bit
1 X 1 0 0 0 0 X X X 0 0
2 X 0 0 0 0 0 X X X 0 1

3 X X X 1 0 0 X X X 1 1

4 X X 0 0 1 4] 0 0 X 1 0
5 X X 0 0 1 0 o 0 X 1 1

6 X X X 1 0 1 X X X 1 0
7 X 0 0 0 0 1 X X X 0 1

8 X 1 0 0 0 1 X X X 0 0
9 X X 1 0 0 1 X X X 0 0o
10 X X A L 0 0o X 0 0
" X X 1 0 1 0 0 0 X 0 1
12 X X 1 0 0 0 X X X 0 1

00: A Anything other than 0 0
X :Don'care

{1,7) Code ‘100 100 010 101 001 010|o1o
fomem R eNe0Nele

NRZ Data eavacnns | 1 ’ 11 | 10 |1° |00 | 00 | seeervens

NRZ Data sessesssr |00 |00 [ 01 [ 01 |11 | 41 | eeneennns

Fig.6  (1,7) Code to NRZ Decoding Example
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10. Sync Field Detection

The high-gain period can be set (o last six bytes
after the RG signal is goes active,

RG signal /’: ;
| |

Read Data E ANA S\ - M
| |
, :

\@——————  High-gain period ( 6 Bytes ) —p >

' Normal-gain

( 3T pattern only ) period

Read and write mode

RG | A ] |
WG | \
— - et o > >
Read Mode  Servo or | Write Mode Servo or Read Mode
No access No access
mode mode
1-7 WDOUT
> >t
High impedance Encode High impedance
Data

Encode time (typical = 14 clocks of CLKOUT )

+ ) 1.7 WDOUT is synchronized rising edge of CLKOUT
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11. Window Adjustment Circuit

The HDS3031RF has two on-chip delay lines for
centering the decode window, First delay line has 32
taps for coarse adjustment that can be selected by
register WAJ. Second delay line has 5 taps for fine
adjustment that can be selected by register

(1) Circuit Configuration

WFA. Centering adjustment can beperformed
automatically by a microcontroller. This adjustment
function can also be used for preshipment window
margin test.

3
WFA register TSTBF
5 register
WAJ register —ﬁ
internal Delay Line 1 Delay Line 2 ON/
1,7RD P (32 taps) ™ e tap) OFF| ® DLYRD
*—
Y Latch ON/ {3 SYNCRD
PLL » OFF
_> ¥
ON/ o 1
oFF[ P DLYCLK
(2) Delay Line 1 (Coarse Window Adjustment)
T Delay T Delay T Delay [~ Controled by WAJ register
I I
]

[
ia— 0,67ns—»l

(typ.)
(-) -

X 32 taps

F‘I /2

> (+)

'
'
'
)
i

o

: 1/2*%
L Adjustment range

:
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WAJ Register

MSB LSB

4 3 2 1 0 Delay line 1 tap No.
Q 0 0 0 0 -16

0 1 1 1 0 -2

0 1 1 1 1 -1

1 0 0 0 0 0

1 0 0 0] 1 + 1

1 0 0 1 0 + 2

1 1 1 1 1 +15

(3) Delay Line 2

=171 1st Delay |7 Delay
| I

T
i i
I
|4~ 49ns —»e— (,25ns —™ x 5 taps
(typ.) (typ.) S— )

S e

L—— Adjustment range

Delay [===

Controled by WAF register

WAF Register

MsB K

2 1 0 Delay line 2 tap No.

0 0 0 0

0 0 1 + 1

0 1 0 + 2 B
0 1 1 + 3

1 0 0 + 4
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12, Write Precompensation Circuit

The HD153031RF has a built-in  synchronous
write precompensation circuit, and the 4 matrix
delay levels from the write precompensation table

(1) Circuit Configuration

shown below can be sclected independently for
the EARLY and LATE sides.

WPL,WPN,WPS, WPE l ¢
Write precompensation Write precompensation )
controFI)Logic i > table Selectiorl?
Select I 1-7WDOUT
. Logic | g 4 ZwDoUT
1-7WD —-e P Delay line > —P
(2) Programmable Delay Line
71 Delay [T Delay m| Delay [~
i i
“— 055ns —™  x 8 taps each
(typ)
(3) Table
n m
m 1 0 =#e¢ 0 1 0 e 0 1 0
n\[t 2 38 4 65 6 7 Previous Current Next
1!/N E E E E E E n: The number of zeros between the current
1 bit and the previcus 1 bit
2 L S 8 8 s s s m: The number of zeras between the current
3|L 8 8 8§ 8 § 8 1 bit and the next 1 hit
4| L 8 8 8§ S 8 8
The precompensation delay time for each the 4
5L 8 8 8 8 8 s matrix entries in the precompensation table (see
6|lL 8 8 8§ 8 S 8§ Table) can be set independently.
The delay time (8 levels) is selected by the each
7/]L S S S8 s 8 8 part of register.
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13. Encode Clock Generator's Frequency Synthesizer

Block diagram

M
-] Frequency — - s Encod
1 = Encode
OSCCLK 9~ t L phase Charge VCO clock
2 127 sl comparator pump
T I VFC register
PSC register bit0to 7
bitOGto 6 —N1
1 1
to —— €
64 255 8
9 g/ & 3
3 a8 & y o
o] O O Q
at fmax/ fLow< 4 3§ 3T
o
fLow = minimum transfer rate x 1.5 N _ 3
[7:] w 4
fOSCCLK:B—I\: X fow (M=2t0127) OT « £$
N1 S
fvcow) = — x fLow(N1 =64 to 255) r
Function Operation

* A PLL-type frequency synthesizer generates the
encode clock.

* The encode clock frequency can be set by bits 0
to 7 of register VFC to a value N/64 times the
minimum data transfer rate (innermost track on
the disk), where 64< N< 255.

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

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

* The VCO center frequency can be selected by
bits 0 to 7 of register VFC, so a single external
resistor RSVCO covers the entire setting range.

* Input a reference clock to OSCCLK at (1.5M)/6
4 times the driver's minimum transfer rate.
This signal input to the frequency-phase
* comparator at 1/M .
The VCO clock is devided by 1/64 to 1/255,
*+ depending on bits 0to 7 of register VFC, and
input to the frequency-phase comparator.

2sM< 127,64 <N1<255.

fVCO(W) : VCO output frequency

fLOW : Encoder clock frequency
corresponding to minimum
transfer rate.
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14. Decode Clock Generator's VFO

Block diagram

TIO register GAC register

bitOto4 bitsOto 5
QPO register . VFC register
bit 0 to 4 * Y y bits 0 to 7

; Read data
From w[ndow ——— = Frequency Charge pump
adjust circuit phase | | VCO o Decode
— | comparator T/I converter clock

M\
AN

RrF2 WA FC2
AN
G:=l1

Rrc
RFT
RF3
Rr1
RFo

36

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
frquency-phase comparison mode whilc acquiring * The

in the sync field, and in phase

comparison mode during synchronization in the date

phase lock

field.

rewriting bits 0 to 7 of the VFC register, so
multiple zone recording can be implemented with
only a single external resistor(R FvCo).

charge pump can select eight levels
the reference value of which is
controlled by external resistor Rrc. Bit 3 to 5 in
register GAC sclects these eight currents.

currents,

* The charge pump and T/1 converter circuits both * The T/ converter provides one of eight output

operate while phase lock is being acquired.
During synchronization, enly the T/I converter

operates.

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

currents as selected by bits 0 to 2 of register
GAC.

* The loop filter attenuation ¢ can be selected by bit
6 of register GAC ( two selections ). Independent
settings can be made for high gain and normal gain.

* The VCO center frequency can be changed by
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15. Calculation of PLL Constants
|. Encode Clock Generator's Frequency Synthesizer (W-PLL)

1. VCO center frequency fow

6.975X10%) o N o
fow = ( : X ) (Hz) ................................................................................ (|1)
Rsvco
2. VCO gain Kow
9 ,, N rad
Kow = (1.056 ¥ 10 ) Rsvco {sec - V) ................................................. (1.2)

3. Charge pump current ratic Ng¢
{(When N1=N1wax, set the Ne=7)
(1.3)

-NOIBZ N1
Nc =int[ 16 ’\’ N1 S B e

Note2: in[ ] is the integer value calculated by discarding the fractional part of the value.

4. Charge pump current lcw

low=-23_ 1.,_.'1"3) (A) e e e (1.4}
Rsc 8
5. Characteristic frequency @ nw
Wow=pf Kowelow _(rad) (15)
Di o N1 Gt | gap| 1777 s s .
6. Attenuation {w
Lw= LCe1+C82) wRste@aw (1.6)
2
Il. Decode Clock Generator's VFO
1. VCO center frequency f or
(3.375x 10°) « N
fo = HZ) ot vttt i v b n e e rar e n i rmannnae
R S (Hz) (1.1)
2. VCO gain Kor
;] , d
Kor ={1.536x 10 ) RF?IICO S(:(?O 7] (.2 )
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3. Charge pump current | cr

a8

_25x10
Rrc

lcr %_ (mA) .................................................................................. (.".3 )

where 1<P <8

T/l converter current | TR

NeL

|1-H=(3_52x103) © BOO TR (WA, (1.4)

where 0L <7

Characteristic frequency {high gain ) ®nrH
Icr
WnRH = KOH'( 6 +ITH) _[a_d 05
vy SEG | T (1.5)
Characteristic frequency (normal gain ) @ nRn
. ’ Kor » TR rad
L L e il PSR
" e CF1 sec) (116)
. Attenuation (high gain ) & rn
(= (CF1+CR2) | 1 SWMRH e (1.7)
2 a1 )
RFa  Rrs
where Rra and Rre = Rro and Rr1 when GAC register bit 6 = 0
Rrz and Rra when GAC register bit 6 = 1
Attenuation (normal gain ) {rn
Crn= (_CEE;&_)'RFA'(DHHN ..................................................................... (11.8)

where RFa = Rro when GAC register bit6 =0
Rr2 when GAC register bit 6 = 1
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Table 15.1 VCO Oscillation Frequency and Transfer Speed for Settings of Register VFC
(at IMAX / fLOW =3.98)

VFC register VGO oscillation Example: Rrvco= 3.0 kQ2, Rsvco = 6.2 kQ
MSB LSB frequency and ) VCO center Transfer speed
N1 76543210 N transfer speed ratio frequency (MHz) (Mbps)
0
o Inhibit
63
64 01000000 16 1.000 18.00 12.00
65 01000001 16 1.016 18.28 12.19
66 01000010 16 1.031 18.56 12.38
67 061000011 16 1.047 18.84 12.56
68 01000100 17 1.063 19.13 12,75
127 01111111 3 1.984 35.72 23.81
128 10000000 32 2.000 36.00 24.00
129 10000001 32 2.018 36.28 24.19
130 10000010 32 2.031 36.56 24.38
253 11111101 63 3.95 71.16 47.44
254 11111110 63 3.97 71.44 47.63
255 11111111 63 3.98 71.72 47.44
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40

Table 15. 2 Charge pump Output Current Settings in Register GAC

Example:Rec = 5.1kQ

GAC register
—_— Charge pump Charge pump
Bits 5 4 3 P output current ratio output current (mA)
1 0 ¢ o0 1 1 0.613
2 0 0 1 2 2 1.226
3 o 1 0 3 3 1.838
4 0 1 1 4 4 2.451
5 1 0 0 5 5 3.064
6 1 0 1 6 6 3.677
7 1 1 0 7 7 4.289
8 1 1 1 8 8 4.902
lon < 25%10° | P @)
Rrc 8

Table 15.3 T/I Output Current Settings in Register GAC

GAC register

Example:Rrr =12kQ2
N=63

T/l output
Bis 2 1 ¢ L current ratio T/l output current (uA)
1 0 0 0 0 0 0.0
2 c 0o 1 1 17.7
3 o 1 0 2 2 35.5
4 0 1 1 3 3 53.2
5 1 0 0 4 4 71.0
6 1 0 1 5 5 88.7
7 1 1 0 6 6 106.5
8 1 1 1 7 7 124.2
m=(352x10") « 50me (W)
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16. Flowchart of Procedure for Setting Encode Clock Generator's Frequency Synthesizer

(W-PLL ) Constants

M

@)

(3)

{4)

)

(8)

(1)

(12)

Decide number of zones and
transfer rate in gach zone

Calculate VCO exexternal
resistance Rsvco

Find center zone Nc for
setting PLL constants

Calculate VCO gain
in zone Nc

Calculate charge pump current

and external resistance Rsc (™

Set acquisition time Tagq

|

Set (One+Taq

Calculate filter capacitances
Csi and Csz

Calculate filter resistance R s1

Draw bode plot

NO

OK at minimum and NO

maxfmum transfer rates?

4
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17. Flowchart Explanation (W-PLL)

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

The HD153031RF 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=16, the available rates are given by the
formula:

TRn= TRmin, 16<N<83

where, TR : Transfer rates in different zones
TRmin : Minimum transfer rate {innermost track)

{2) Calculate VCO external resistance R svco

Use equation (1.1) o calculate the external resistance R svco that makes the VCO oscillate at 1.5 times
the minimum transfer rate (N=16)

(3) 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{N ¢ } that comes closest to
TRcen.

TBmin+TRmax
2

TRcen =

(4) VCO gain Kow
Use equation (1.2) to calculate the VCO gain ( in the center zone (N=Ng¢)

(5) Charge pump current | cw

Select the charge pump current within the following range:
low < 500 (uA)

Calculate the necessary external resistance R sc from equation {1.4).

(6) Setting phase-lock acquisition time Tagq

Decide the phase-lock acquisition time Tag, considering the change in characteristic frequency from zone to
zone and the head seek time.

(7) Setting n e Tag
Decide (n » Tag the end of the phase-lock acquisition.
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(8) Filter capacitances Cs1 and Cs2

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

Taq=10.1 {ms)
The following formula gives an estimate of the acquisition time:
onw e Taq =2.25

Substitute the values of Kcw and low into equation (L.5) and combine with the formula above to

calculate the filter capacitance Cs1. To suppress jitter and allow a phase margin, the following value is
recommended for Cs2 !

Csz= ] * Csi

45

(9) Filter resistance R s1
To ensure loop stabllity, set the attenuation to approximately:
Enw =10

Substitute this value into equation {1.6) to calculate the filter resistance R s1.

{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 satistactory.

(12) OK at TRmin and TRmax?

Repeat steps (8) and {9) for the minimum and maximum transfer rates.
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18. Caluculation example of HD153031RF W-PLL Constants

Transfer rate ; 18Mbps , 36Mbps 2 zone

(1) Oscillation frequency  fow = 36MHz , N=32

_ (6.975x10%) #32

Rsvce =6.2kQ
fow
{2) VCO gain Kow
9 24
Kow 1 =1.056 x 10 3 =65.7Mrad/seV
6.2x10
g 48
Kow3s =1.056 x 10 3 =929 Mrad/seV
6.2x10

(3) Charge Pump Current |cw

Rsc = 20KQ
low 18 = — (1+—)=2981pA (NC=1)
20x 10 8
S (NC=5)
lewas=—"—"73" (1+—)=43086 =5
20x 10° 8 hA
4) on
®n*Taa =225 Cs118 = 64137pF
{on=225Krad/s) (taq=0.1ms) Cs136 = 65500pF
- = ~. Cs1= (64137 + 65500 ) /2 =64819
w18 =/ 65.7 x 10 x 298.1 x 10 = 68000pF
2ne* 936+ Csi 1
Csz2= * Cst1 = 1440.4
6 -6 45
w36 = 029 x10 x 4306x 10 e 1500DF
21+ 192 ¢ Cs1 S Sl L
(5) Attenaton &nw
-12
o = (68000+1500) x 10 .« RS * O
2
omw1s=21.86 Krad /s, {nwia=0.9875
~ Rs1=1.3kQ

wnw3s = 22,09 Krad /s, €nwas = 0.9979
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19. Flowchart of Procedure for Setting Decode Clock Generator VFO
(R-PLL. ) Constants

(1)
(2
(3
4

(5)

(10)
(n
(12)
(13)
(14)

{15)

(19)

Y

Divide zones into inner
and outer groups.
|
Calculate the VCO extamal
resistance Rrvco,

1
Derive the T/ converter
extemal resistance Rrr.
|
Calculate the group tand |l
center zones, Noi, and Nen.
|
Calculate the VCO gain for
groups 1 and Il
1

Calculate the group I (outer group)
charge pump current .

1
Calculate the group |l (cuter group)
high gain/normal gain ration.
1
Calculate the group I} {outer group)
T/l converter output current
and GAC register.

Can the TA converter
output current be set?

Calculate the gréup M owtar grolp] @n

at high gain.
I
Calculate the filter capacitances
Cr1,Cr2.
Calculate e group T {ouler group) ®n at
normal gain,
CalcuEts he groupJ T{outer groupy Mn at]
high gain.

|
Calculate the group Il {outer group) ¢ and
filter resistance Rro at normal gain.

I
Calculate the group Il {outer group) ¢ and
filter resistance Re1 at High gain.
I
Caleulate the group Il {outer group) ¢
at both high and normal gain.

Draw the Bode ptot,

Dose the system
operate currently at the highest and
lowest transfer rates in group 1l
(the outer group)?

(20}

(21)

(22)

(23)

(24)

(25)
(26)
27)
(28)

(29}

(30}

(31)

(32)

Calculate The group T(nner groupy 0 &

at high gain,

I

Calculate the group | (inner group)
charge pump current.

Calcudate the group | {inner group)
high gain/nermal gain ration.

Caleulate the group | (inner group}
T/l converter output current
and GAC registar.

Can the T/ convertor
output current be set?

Calculate the group I {inner group} ®n
at normal gain.

Calculate the group | {inner group) ® n

at high gain.
I

Calculate the group | {inner group) {
and filter resistance Rr2 at normal gain.

Caloulate the group | {inner group) ¢
and filter resistance Rra at high gain.

Calculate the group I (inner group) &
at both high and nermal gain.

Draw the Bode plot,

Dose the system
operale currently at the highest and
lowest transfer rates in group |
(the inner group)?
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20. Flowchart Explanation (R-PLL)

(1) Divide zones into groups

Divide the zones selected in synthesizer step (1) into two groups (1 and i ) having equal frequency
ranges.
Divide the groups at the following transfer rate TRgr:

TRgr = TR TR

{2) VCO external resistance R rvco

Use equation ( Il.1 ) to calulate the external resistance R rvco that makes the VCO oscillate at 1.5 times the
minimum transfer rate { N=18 )

(3) T/l converter external resistance R Fr

Find the RFT values at the minimum transfer rate as shown in Fig1.(RFT vs Data transfer rate).

(4) Center zones TR ci and TRen of group | and Il

Find Nci and Nei in groups | and Il by the same method as in synthesizer step (3). See page 42.

(5) VCO gain Kor in groups | and Il

Use equation ( I1.2 ) to calculate the VCO gain K or at the center zones ( N=N ¢ and N=Nci ) in groups |l and Il

(6) Charge pump current | ¢cr in group ||
Select the charge pump current level within the following range:

lcr£5.0 (mA)
Calculate the values for the external resistances R Fc and P from equation ( 11.3). So that the current has the
desired value. See Table2 for the relationship between the value of P and GAC register.

(7) High gain/normal gain ratio in group 1.
Set the current ratio g G between high and normal gain.
gJae=16
(8) Group Il T/l conversion output current |

Determine the value of L{0 < L < 7 ) using equation (I1.4), so that the following equation is satisfied.

TR = lcR

B{ga-1
See Tables(f%r tht)a relationship between the value of L and GAC register.

(9) Analysis

Determine if the T/I converter output current can be set.
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(10) Group Il High Gain en

After determining the group Il center zone N cn phase pull-in time Taq taking into consideration the
high gain set time, and determine the high gain characteristic frequency ®nrH. using the following
equation.

WrRH * Tag =2.7

(Adjust so that this value is in the range 2 to 4.)

(11) Filter Capacitances C r1 and Cr2

Calculate the filter capacitance C 1 by substituting the high gain characteristic frequency @ nRH
calculated in ttem (10) above in formula 1.5,

Also, set the ratio between C F1 and Crz taking into consideration high region jitter suppression and
phase margin. We recommend deriving C r2 using the following equation.

’
Crz =— + CF

45
(Adjust so that this value is in the range 1/20 to 1/100.)

(12) Group l Normal Gain ®n

Compute the normal gain characteristic frequency @ nrn by substituting the derived value of G #1 into
formula 11.6.

(13) Group Il High Gain @n

Comptute the high gain characteristic frequency @ nrH by substituting the derived value of C F1 into
formuida I1.5.

(14} Group If Normal Gain § and Filter Resistance R ko
Set the normal gain attenuation ratio £ rn with stability as the main criteria.
The equation below indicate the recommend value . Can=1.0
Calculate the filter resistance R Fo by substituting that value into formula 11.8

(15) Group Il High Gain { and Filter Resistance Rr1
Set the normal gain attenuation ratio { rH with stability as the main criteria.
The equation below indicate the recommend value . {an = 0.8
Calculate the filter resistance R F1 by substituting that value into formula 11.7.

(18) Group ll High Gain { and Normal Gain {

Calculate the attenuation ratios {rHand {an by substituting the values of R ro and Rr1 into equations
1.7 and 11.8.

(17) Bode Plot Construction

Compute the open loop transfer function G(s) and construct the Bode plot.
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{18) Analysis

Determine if the systern is suitable from the open and closed loop characteristics.

(18} Analysis at TRmin and TRmax
Repeat the analysis of item (17) and (18) for group il TRmin and TRmax.

(20) Group | High Gain ®n
After determining the group | centar zone N ¢1 pfase pull-in time Tagq taking into consideration the high
gain set time, and determine the high gain chracteristic frequency @nrH using the following equation
wnRH * Taq = 3.07

(Adjust so that this value is in the range 2 to 4.)

(21} Group I Charge Pump Current | cr

Calculate the charge pump current | cr by substituting the high gain characteristic frequency  (onRH
computed in item (20) above into formia I1.5.

Here, set the charge pump current level within the following range:
[CR < 5.0mA

Now , derive a value for P using equation 11.3 so that the desired charge pump current is achieved.
See Table2 for the relationship between the value P and GAC register.

(22) Group | High gain / Normal Gain Ratio
Set the high gain to normal gain current ratio ga.

ge=16

(23) Group [ T/l Converter Qutput Current | TR

Determine a value of L (0 < L < 7 ) using equation (I1.4) so that the following equation

lcr
6(ga-1)
See Table3 for the relationship between the value L and GAC register.

ITR =

{24) Analysis

Determine if the T/l converter output current should be set .
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(25) Group I Normal Gain @n

Calculate the normal gain characteristic frequeny  nrN by substituting the | Tr derived above into
formuia I1.6.

(26) Group | High Gain wn

Calculate the high gain characteristic frequeny @nRrH by substituting the Icr derived above into
formuia IL.5.

{27) Group | Normal Gain Q and Filter Resistance Rrz

Set the normal gain attenuation ration Crn with stability as the main criteria.

Tghe equation below indicate the recommend value.
RN = 1.0
Calculate the filter resistance R F2 by substituting that value into formula I1.8.

(28) Group | High Gain C and Filter Resistance R £3

Set the high gain attenuation ration CHH with stability as the main criteria.

'I;;he equation below indicate the recommend value.
RH= 0.8

Calculate the filter resistance R 3 by substituting that value into formula 1.7.

(29) Group | High Gain { and Normal Gain {

Calculate the attenuation ratios {ar and {rn by substituting the values of R F2 and RFa into equations
.7 and i1.8.

(30) Bode Plot Construction

Compute the open loop transfer function G(S) and construct the Bode plot.

(31} Analysis

Determine if the system is suitable from the open and closed loop characteristics.

(32} Analysis to determine TRmin and TRmax
Repeat the analysis of items (30) and (31) for group | TRmin and TRmax.
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20. Caluculation example of HD153031RF R-PLL Constants
Transfer rate ; 18Mbps , 36Mbps 2 zone

(1) Rrvco = 3.0KQ Oscillation frequency = 36MHz
(2) RrT=16KQ

(3) VCO Gain Kor

9
Kor1s =1.536 x 10 —'—2-4—3 =137.4 Mrad/s+*V
3.0x10
¢ 48
Koras = 1.536 x 10 % =1943Mrad/seV
3.0x10

(4) Charge Pump Current Icr

Rrc = 5.1 KQ
25x10° P
lcR3s =—————*
5.1x10 8 IcR3s = 4.9 mMA (P=8)

(5) T/l Current IR

.9
ITR 36 = Ge(16-1) =54.4 uA
Itrss =3.52 x 10°s — Nk
500 + RFT

- ITR36 = 51.2pA (N=48,L=5)
(6) wne*Tagqas=2.7

Taq36 = 0.89u s (6 bytes x 2/3)

wnAd = 3.03 Mrad /s

Cr=5600P , Cr2=130P
®nRH36 = 3.10 Mrad /s WnAN 36 = 0.75Mrad /s

(7) tn=1.0, CH=08
Rr2=470Q , Rr=110Q
En=1.01 , CH=0.79

{8) wneTag1a=3.07

Tag18=1.78us (6 bytes x 2/3)
@nRH 18 = 1.72Mrad/s

(9) Charge Pump Current Icr

2
lcr1a = BaCF1 * @aRh 18 - 6ltr = 1,96 mA
Kor 18

~ IcR18=1.84 mA (P=3)
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(10} T/I Current ITr
IT 18 = 20.48 pA (N=24, L=4)
wnrH 18 = 1.60 Mrad/s
@nRN 18 = 0.40 Mrad /s

(1) ¢n=10 , Cn=08

Rro=910 Q RrF1 = 2200
{n=1.04 £H=0.81

21. Example of HD153031RF PLL's external parts (18/36Mbps)

(A) W-PLL
Rsvco = 6.2KQ Register Valus
Rsc = 20KQ 18Mbps 36Mbps
Cs1 = 68000pF VFG = 0110 0000 1100 0000
Cs2 = 1500pF SGC = 0100 0001 0100 0101
Rst1 = 1.3kQ
(B) R-PLL
Rrvco = 3.0kQ
RFrc=5.1kQ
RFT = 16 kQ Register Value
CF1 = 5600pF 18Mbps ' 36Mbps
Cr2 = 130pF
VFC =0110 0000 11
Rrs= 1100 C=01100 00 0000
GAC= 0001 0100 0111 1101
RFr2 =470
RF1 =220 Q
Rro=910Q
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22. Example of External Components Connected to the Read PLL and Write PLL

These values are tentative.

AVcc {R) o— i +5V
01p
AGND (R) &— 1 . ]
RFVCO REVCO  aan
3.0k
FC3 5D an, —
FC2 b2 amn, —
FC1 -BELan, 50
FCO & Ann, N
Cr1__ 1 Crz__ |,
CPF 5600 p 130p
HD153031RF
BFr
RFT ¢ ‘VW16k »
Rrc
RFC ¢ JVV\'S 1K
AVee (W) [ j_ +5V
T LR T)
AGND (W) - . - 71
J‘_ Rsc
RSC Y VWv 20 k g
Rs1
——— A
1.3k
CPS L CS1== CSZ_= X
[ 680000  1500p
RSVCO b—HSveo MW
OSCCLK o { .
N Unit R:
C:F
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23. Example of External Components Connected to the RPD

These values are tentative.

VREF ﬂ__l
82p
VAGC O——T

CRD1 o——

CRD2 ¢———+

T 4300p
AGND(DET) ¢ e ;lr
3.3k
HD153031RF VSSH
270
VSH
180
VSL ¢
270
VCOM J
3.0k
RREF
AGND(AF)

Unit R: Q
C:F
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24. Example of External Components Connected to the RPD

FILOUTX

AGCINY
AGCINX
DIFOUTX
DIFOUTY
LININY

HD153031RF LININX

PHINX
OuTo
ouT1
ouT2

OouT3

These values are tentative.

FILOUTY ¢

PHINY ¢

0.01UJ_ 0.01u_|_ 0.01u.__ U.O1u__
0.01u l]_ = 0.01u
|
s
f
g S ——
. 1000p 1000p 1. 1000p L 1000p
1_ . —
Unit R: Q
C:.F
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25. Imput/Output impedance of the Read Pulse Detector's amplifiers

B AGC amplifier

Input impedance

Ria/2 1.5k
VBa
I Reaq 1670
b Reaci 21.4Q
hFEQA1 100
RINX Ris/2 QT, EIM Ria/2 RINY
O I n -0
Reai
—AA—1
RIN(AGC) = Riw2 // hreaat x (Reqat + Reai/2)

@ @ = 1.5kQ / 10.48kQ
= 1.31kQ

1.2mA 1.2mA hreqal : hre of Qa1
Read : Emitter resistance of Q a1
® LIN amplifier
Input impedance
VBL Vce
RiL/2 4 5K
Riw2 Ri/2 RiL1 100Q
QL1 Reat4 103Q
LININX Qi hreaL1 100
RiL1
LININY D AVAYAY
RiLs RIN(LIN) = Ri/2 /{ Rut + hreaLt x React )
* = 3.14kQ
hFEQLT  : hre of QL1
500pA ReaL1 . Emitter resistance of QL1
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26. AGC(Automatic Gain Control) amplifier circuit

The AGC amplifier is a three-stage differential stages. The output of the active filter (FILOUT
amplifier. The first stage has variable gain and and DIFOUT) stage is the third gain stage of the
the second and third satges have fixed gain. The AGC block.

AGC block consists of the first and second gain

Active Filter Block Diagram

— Active Filter
AGC amp — FIL OUT Ik m
RINX ™ 4{;} ——damp
RINY 1st ¢> Equalizer and low-pass filter o Pulse
for Multiple Zone Recording DIF OUT Detector
3] H 3rd
(0] L
SIE
V SH VSL
r~=—-~fF--=q--===---r=- T"""“T“""'I
1 1
1 1
: _ \ AGCINX
' Control signal Amplitude _¢—I
i generator detector
! | AGCINY
b e e e
CRD2 RAD1
AGC control circuit
J; CRD
Fig.2 Active Filter Block Diagram
The first-stage gain can be controlled in the range The second-stage amplifier has fixed gains of 6dB.
from - o< to approximately 15 dB by an amplitude
control  signal (VAGC) from the AGC control The third-stage amplifier within the Active filter
ciccuit.  The first-stage gain is given by the has fixed gains of 20dB (at the outputs of
following formula. FILOUT).
The AGC full gain is 112V/V (= 41 dB).
Av=Ki~ ( i )
1 +exp (ch /kT)

Ki1=5.62

V¢ =Vace - VRER

q: unit electrical charge
k: Bolzmann constant
T: absolute temperature
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The AGC amplifier gain control system is shown
in figure 2. The AGC amplifier output is
amplified by the post-amplifier and baffer
amplifier, then passed through a low-pass filter.
The low-pass filter output is connected to the
differentiating amplifier, and is also feedback to
the AGC control circuit. Here it is compared
with reference voltages (Vsd and VsL) that are
set externally, then the external capacitor (C rD} is
charged or discharged. The charging/discharging
of the external capacitor varies the control signal
Vacc which directly affects the gain of the AGC
amplifier. The final amplitude Vp (of the
AGCINX and AGCINY waveforms) in this
control system can be calculated from the
following equations, assuming sine waveforms:

TixIch =T2x1 dis (26-1)

_ _2_,_.-1VCOM-VSH i
T1—(1—ﬂ:sm oo Y5 )xT 26-2)

_f1.2 -1 VCcOM - VsL R
Tz—(l 7 sin B a— )XT (26-3)

From equations (26-1), (26-2), and (26-3):

. .1 VcoM - VsH Idis . . Vcom- VsL
sin Ve T Teh M T vy
k4 I1d
=5 (1- T C}‘:" ) (26-4)

The final amplitude of the AGC amplifier loop is
determined mainly by Vsa bias level. If
appropriate values are set for Vsi, Ich and
Idis, then from the preceding equations the
final differential peak voltage V ppF is:

VroF =4 (VcoM-VsH) X m (26-5)
where m = 1.02 to 1.04
Vcom= 4 Vcee

The preceding VSPDF is determined by the signal
waveform, the output dynamic range of the
amplifiers, and other factors. An appropriate value
is VepF = 1.7V + 0.1V, Accordingly, (V com -
VsH)} should be from 0.2V to 0.3V, V sL should
normally be about:

VeoM - VsL=0.67 (Vcom-VsH)  (26-6)

The value must be determined from the resolution
specifications, however. The procedure is to
determine Vsu and Vp from equation (26-4), then

Amplitude

Vcoom \

VsL
VsH ---

NN

—— T1 —-

W

‘— T2 P

T : Half- period of signal cycle
T+ : Charging period

T2 : Discharging period

Ve : One-sided amplitude

set Ich = 1.0mA and Idis = 0.2mA to determine
VSL. Attenuation of signal amplitudes internal to
the disk drive with respect to signal amplitudes
external to the disk drive must be considered. For
example, from equation (26-5), (V com - VsH) =
0.239V and m = 1.03 gives VepF = 0.985 V, and
from equation (26-4), (Vcom - Vsr) = 0.10 V, but
if the input amplitude is instantaneously attenuated
from its previous valee to a new value that is not
lacger than (VcoM - VsL), the amplitude recovery
time might be excessively long. Next, it is
necessary (o consider the relationship of the
recovery time to the charge-discharge capacitor
Crp. The Crp capacitance should be close to the
following value:

200000
Transfer rate (Mbps)
Cro = (oF (26.7)
The write-to-read recovery time t k 1s then :

tR = 200 X Crp (seconds) (26.8)
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27. Gate Generator Circuit

A gate signal is used to gate the read signal near its peak VGSH and VGSL 4-bit registers. The High slice
value to remove incorrect read pulse. This gate signal level is programmed to covered (0% to 100% of the
is created by the gate generator circuit. The principle is VSH level and the Low slice level would covered 0
to ensurc that the read pulse crosses two programmable % to 100% of the VSH. In servo mode, if one
slice levels before being gated out as PDRD signal. For pulse is missing because it is not meeting the Low
normal read mode, shifter and logic are used to qualify slice level, the next qualifying pulse will be dis-
pulses that crosses only the low slice level or multiple qualified as well.

peaks that would require polarity checking. The two slice
levels VGSL and VGSH are set by writing to the

Principal of Gate Generation Circuit.

VGESH - --

VasL --T..

Vcom

VesL - --f

VasH --1..|

cael [ ] - ‘Llllij']_
1

Gate H

ReadL ¢ 1 0 0 1 0 1 1 1 0 1 0 1 0 0O

L [

1 0

ReadH 0 1 0o o 1 0 0 0 1 0 1 0 090 o 0 1 o0
Voo ¥

Judge 4 b4 4 L ) anpanD v 4 L dpolariy b4 4 )
Vool d

Corect o 4 0 o 1 0 0 0 1 0 1 0 1 o0 0 1 o

data
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28. Active Filter

Active Filter consists of equalizer and electronic filter,
Electronic filter is 7-pole, Bessel-type, low-pass filter
and can be used in multiple zone recording (MZR)
design. Cut-off frequency of filter is set by writing to
register CFC. Writing to the HPC register will set the

high-pass cut-off frequency of the differential amplifier.
The equalizer is double differentiation pulse sliming

equalization. The Boost level is set by writing to register
BLC.

P Q2,0 Q3,03 Q. 4
¥4 l, [18 N1 iy
from 3 > E— ~» L > —::I DIFOUTX
AGC Lo 2-L.P.F > 2-L.P.F , 2-L..P.F 4 1-H.P.F |] DIFOUTY
Q.o 2 ?
> _‘i - K> d Q404
ot > —» —::I FILOUTX
1-L.P.F
T —P T N FILOUTY
fc Gain fe fc fc fe
Control Control Control Control Control Control
z A 3 S 5
DAC DAC DAC shit
I T 7bit A A soit A CFC[7:0]
BLC[4:0]
IRef
I——J HPC[4:0]
Active Filter——
——
W
v
i
Transfer function
4—2-Pole—p 4—2-Pole—p 4—2-Pole—p 41-Pole»
AGCOUT m3 w2? w3 S
2, Wi 0? 2, @2 w2 [P <2 @3 @12 ~—» DIF OUT
S+le+ + S+QzS+ S+Qas+ 3 S+ o
: e FIL OUT
——-:-L—OISS—Q S+ w4 ~>
EME N O
s* Qlé 1
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fc (MHz)

40 8o 120

CFC register value (decimatl)

160

Fig28.1 fc vs CFC register

Boost {dB}

14

12

10 T L Lot LTT T T T P r O SR

«©

20

BLC register value (decimal)

Fig 28,2 Boost vs BLC register
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Normalized Constant of 7-pole Bessel filter

Parameter Normalized constant (@¢ = 1)
0+ 2.94930
1/ Qy 3.20597
Wz 3.32507
Wz / Qe 2.75939
s 4.20534
0/ Qa 1.82031
W4 1.68536

29. Idle input pin for power saving:

With the mode control register(PCN), there are four different modes of operation as shown:

11 = Sleep, 10 = Power Save, 00 = Normal (full power).The modes are defined as

followed:

Power
Save

62

a) When bit5,4 = 00 : Normal mode. All circuitries should be powered.
b) When bit5,4 = 11 : Sleep mode. Everythings powered down except the

IO and the logic section of the chip.

c) When bit5,4 = 10 : Power Save mode. In this mode, the Idle/Serve-pin

will select which of the two power save modes to

be used. If Idle = 1 then Idle mode is selected and

all modules will be powered down except for the

I¥0, logic, and the bias circuitries.. If Idlel/Servo = 0 then
Servo mode will be selected and all blocks will be

kept on except the clock syncthesizer (WR PLL)

and the synchronizer {RD PLL).

PCN Reg. I/S RD WR
Mode Bit5.4 pin /O Logic Bias PLL PLL AGC AF RPD PH
Normal | 00 X |ON|ON [ON|ON|ON [ON |ON [ON | ON
Servo 10 0O JON [|ON | ON ON | ON | ON | ON
Idle 10 1 ON jON | ON
Sleep 11 X |ON |ON
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30. Example of the Normal to Servo mode waveform

Servo time
< AGC time =|'1=ndei%,_ Gray code =|14A Burst .;l':B Burst =l|=C Burst =JFD Burst -
RINX,
RINY
FILOUTX,
FILOUTY

Rx ]
AGCHOLD | [
DUMP | [

CHA | R
txs 1 aaca tosce tswr _;Lt SPL__L )t skal‘ e L t SPLJ
D B g r towr|  tewr]  tewr|
ouTo ov =
OUT1 oV -
ouT2 ~ 0V / VCOM/4
= 1.0V
ouUT3 L =0V t

When D Burst is no signal coming out.

Symbol min typ max unit Conditions
txs 150 ns
tacca 2 s CRD=3300pF
tpsca 2 us Couto~CouTa=1000pF
tswr 200 ns
tsrL 2 ns
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31. Example of the Idle to Servo mode waveform

Servo time
AGC time Inclex Gray code C Burst
RINX,
RINY
FILOUTX,
FILOUTY
IDLE, — teH >
SERVO
RX |
A— taacin
AGCHOLD | |
DUMP | l
CHA L LT
txs tacca tosca P tswr TSPLJ‘ tSPL_L ol tere b ‘tSPL.J
tswt tawT tswr
OuUTO -0V -
ouUT1 =0V
QuUT2 _ 7 VCOM/4
=0V - LOV
ouT3 ~ OV 4
When D Burst is no signal coming out.
Symbol min typ max unit Conditions
txs 4 us CAGCIN=2200pF
tacca 5 us CRD=3300pF
tosca Hs CouTto~CouT3=1000pF
tswr 200 ns
tse 2 us
ten 60 us CPHIN=2200pF
t acon 10 s CAGCIN=2200pF
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32. Servo application example (éxtemal compornents)

(1) Low input impedance Digital to Analog Converter application

HD153031RF VCOM e 5
< |+ :
1Nz A/D
Selector [ CHA | Converter
Peak | $—0 MAX ref
Data in o— —O DUMP? E 3R
ouTo : ; §
o : ,
; + : |
ST
i _'L ouTt §
> I +/ — B
,\L [P !
ouT2 !
3
36 kG H)/ ;J,- / ; o C
b OUT3 _L—\
0.25 « VCOM | : 1 1 dp
12kQ | _':j, + 3 ]
—0 Min ref
et §R
\ﬁ?

High input impedance OP-amp.
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(2) High input impedance Digital to Analog Converter application

High input impedance OP-amp.

HD153031RF voou: %
s o 2
FI/ A/D
Selector ) CHA : Converter
2210 B A “—é)MA)(ref
Peak f 3R
Data in o— & S0P §
QuTO
:/o—-—I-(F (f A
w—r)l ;I;
1‘*—‘14' OUT}_— -0 B
u——w—)} ;l;
j}—f ouT2 e
36 kQ § Hl ;]7_1
lo_ | oUT3 .
0.25 + VCOM RS G g
2ka § Y7
*—0 Min ref
terd §R
mn
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33. Absolute Maximum Ratings (Ta=25°c)

Description Symbol Ratings Unit Appiicable pins
Supply vottage vee 7 Vo Ve AveAGa e
Input voltage Vi -03 to 55 v Note1

Qutput voltage Vo 5.5 vV Note2

Operating temperature Topr 0to 70 °C

Storage temperature Tstg -55 to +125 °C

Note1: OSCCLK,RESET,IDLE/SERVO, RSENA,SCLK,SDATA,DUMP,CHA,SHORT,RX, ,AGCHOLD,RG,
SRV/RD, ,NRZRD/WDO0(Write mode), NRZRD/WD1 (Write mode) WG, AME
,OLYCLK,DLYRD,

Note2: SDATA,AMF,ULD,PDRD ,RRCLK, CLKOUT1 -7WDOUT;1-7WDOUT,
NRZRD/WDO(Read mode),NRZRD/WD1(Read mode)
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34. Electrical Characteristics (Ta=0 to + 70°C, unless otherwise specifiedVee = 5.0V = 10%)

68

ltam Symbol  min. typ. max Unit Conditions 2g}zllcable MNote
Supply Voltage Vee 45 5 5.5 Vv *4
Operating Ta 0 % 7 C
Temperature
Transfer Rate 10 36 Mbps
240 mA 5.5V_36Mbps *4
lce(read) *
200 mA 5.5V 24Mbps 4
. 240 mA 5.5V 36Mbps 4
lec(write) .
Current 200  mA 5.5V 24Mbps 4
Consumption .
tec(servo) 170 mA 5.5V 36Mbps 4
loc(idle) 15 mA 5.5V Y4
lce(sleep) 13 ‘mA 5.5V *4
TTL High Level *
Input Voltage VIH 2.2 v Vee=4.5V 1
TTL Low Levsl *
Input Voltage ViL 0.80 Vv Vce=4.5V 1
TTL High Levei loM=-400 u A, ¥
Cutput Voltage VOHT 2.4 v Vec=4.5V 2
TTL Low Level loL=4mA, *
Qutput Voltage Vot 0.5 v Voe=4.5V 2
ECL High Level Vee Vee v Ta=257C, *a
Output Voltage VOHE 995 .08 RL=510Q
ECL Low Level vee Voo Ta=25"C, *
Quiput Voltage VoLE -1.8 -1.6 v RL=5100Q 3
[IH 20 HA Vee=5.5Y, Vi=2.7V *1
Input Current .
I -400 pA Vee=5.5V, Vi=0.4V 1
Output Short Current  los -20 120 mA Vee=5.5Y *2
Input Clamp Voltage  Vik -1.5V Vv Voc=5.5V 1

*1: OSCCLK,R ESET,IDLE/SERVO,RSENA,SCLK,SDATA,DUMP,CHA,SHORT,RX, AGCHOLD,RG

SRV/RD,NRZRD/WD0(Write mode), NRZRD/WD1 (Write mede), WG, AME
*2: SDATA,AMF,ULD,PDRD,DLYCLK,DLYRD,SYNCRD,RRCLK, CLKOUT, 1 -TWDOUT(TTL),
1-7WDOUT(TTL), NRZRD/WDO(Read mode), NRZRD/WD1{Read mode)

* 3: 1-7TWDOUT(ECL),1-7WDOUT(ECL)

¥ 4: DVee, AVoo(PH), AVee(W), AVec(R), AVES(AF), AVEG(AGG), AVec(RPD)
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35. Encoder/Decoder( Ta=25°C, Vce=5V, 36Mbps)

Applicable
Item Symbol min typ max unit  conditions pins
NRZRD set-up time(serial) fsnes 9.0 ns NRZRD/WDO0
NRZRD set-up time(parallel) tsnxep 15.0 ns NRZRD/WDQ, 1
NRZRD hold time(serial) tinrs 8.0 ns NRZRD/WDO
NRZRD hold time{parallel) tinre 180 ns NRZRD/WDQ,1
NRZWD set-up time(serial) tsnws 8.0 ns NRZRD/WDO
NRZWD set-up time(parallel) tsnwe  21.0 ns NRZRD/WDO,1
NRZWD held time(serial) tHnws 0 ns NRZRD/WDQ
NRZWD hold time(parallel) Tunwe 0 ns NRZRD/WDO, 1
Decode time too 14 16 RRCLK NRZRD/WDO
Encode time teo 12 14 RRCLK 1-7WDOUT,
, 1-7WDOUT

Write Precomp time step 0.28 055 082 ns Not tested
Write Precomp time width +20 1385 +57 ns * 7steps

36. Register ( Ta=25°C, Vce=5V)

Applicable

Item Symbol min  typ max unit conditions pins

RSENA "L" time tee 1650 ns RSENA
RSENA "H" time ten 50 ns RSENA
:CSEKNQI;‘;I;negdzgge to the first tersF 50 ns SCLK
SDATA set up time fcos 10 ns SDATA
SDATA hold time tcon 10 ns SDATA
P :
SCLK cycle time tcc 100 ns SCLK

SCLK "H" time ten 40 ns SCLK

SCLK "L" time fo. 40 ns SCLK

SDATA output delay fcop 20 ns SDATA
SDATA output hold time teoh 5 ns SDATA
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37. Synchronizer ( Ta=25°C, Vce=5V )

Item Symbol min  typ max unit conditions
Read VCO center RFVCO=3k,
frequency 1 fvcol 342 36 37.8 MHz2 Register VFC=80 Hex
Phase lock - 6 Byte 6 NRZ bytes period
acquisition time 1 at 24Mbps
Capture range 1 +15 o _— % at 24Mbps
Lock range 1 +15 — — % at 24Mbps
. Mrad/ RFVCO=3k,
Read VCO gain 1 126 160 194 secsV Register VFC=80 Hex
Read VCO upper limit — 48 — Mz RFVYCO=3K,
¢lamping frequency 1 Register VFC=80 Hex
Read VCO lower limit — o7 — MHz RFVCO=3k,
¢lamping frequency 1 Register VFC=80 Hex
Read VCO center RFVCO=3k,
frequency 2 feo2 678 715 755 MHz Register VFC=FF Hex
Phase lock - 8 Byte 6 NRZ bytes period
acquisition time 2 at 36Mbps
Capture range 2 +15 —_ —_ %o at 36Mbps
Lock range 2 +15 — -_— %  at 36Mbps
: Mrad/ RFVCO=3k,
Read VCO gain 2 174 220 266  gop ey Register VFC=FF Hex
Read VCO upper limit — 5 —  MHZz RFVCO=3k,
clamping frequency 2 Register VFC=FF Hex
Read VCO lower limit o — RFVCO=3k,
clamping frequency 2 o3 MHZz  Register VFC=FF Hex
Window margin loss 0 3 ns at any data rate
Window adjust tap 0.34 067 1.0 ng Not tested
) ) . +55 +10.0 +145 g _
Window adjust width —58 —10.7 —155 +15step, —16step
Window fine adjust tap 012 0.5 0.5 ns Not tested
Regd VCO maximum %0 108 — MHz RFVPO=1 K,
oscillate frequency Register VFC=80 Hex
Decode window center
accuracy 4.2 06 ns at 24MbpS
T/ offset accuracy -1.8 5.0 rA at 24Mbps
C/P offset accuracy -15 +15 % at GAC=20Hex
I Ta=25C
Oscillation Start Voltage y
g 4.0 v fosc=100KHz
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38. Synthesizer ( Ta=25°C, Vce=5V )

Item Symbol min typ max unit conditions
Write VCO RSVC0=6.2k,
center frequency fwvco 675 715 755 MHz Register VFG=FF Hex
Write VCO upper limit — 86 N MHz RSVC0=6.2k,
clamping frequency Register VFC=FF Hex
Write VCO lower limit — 588 — MHz RSVC0=6.2k,
clamping frequency ' Register VFC=FF Hex
Phase lock
acquisition time _— 1 ms  tested at 24Mbps,36Mbps
Capture range o — — % tested at 24Mbps,36Mbps
Lock range +10 — — o tested at 24Mbps,36Mbps
VCO frequency step — 1.0 — % at fmax / fLow = 2,55
‘ Mrad/ RSVC0=6.2k,
VCO gain 84 106 128 ooy Register VFC=FF Hex
— — RSVCO=2.3k,
Max frequency 80 MHz  Register VFG=80 Hex
39. RPD & PH ( Ta=25°C, Vcc=5V )
) Applicable
Item Symbol min typ max unit conditions pins
Max peak-peak Input signal 2.0 Vpp differential inputs PHINX/Y
PDRD pulse width 45 9 13.5 ns  at3sMbps, PW[1:0)=00
PDRD pulse rise time tr 0.5 2 4 ns CL=15pF,20%-80%  Not tested
PDRD pulse fall time tf 0.5 2 4 ns CL=15pF,80%-20%  Not testad
P/H output voltage swing 2.0 2.3 26 V  fin=6.5MHz, Vin=2Vpp **
P/H output leakage current -0.2 0 +0.2 pA OQuUTOo ~ QUT3
P/H Channel Offset -50 0 +50 mv OuUTo ~ QUT3
VCOM
P/H Reference Voltage X 25% VvV PHINX/Y=0Vpp OUTOo ~ OUT3
. . CouTo ~ Couts OUTO ~ OUT3
P/H Discharge time fosca 2.0 s 000pF DUMP
P/H Sampling time -
(CHA = "L" time) tere 29 HS CHA
CHA Switching time tswr 200 ns CHA

** 1 differantial input for PHINX and PHINY.
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40. Active Filter ( Ta=25°C, Vce=5V)

Item Symbol min typ max unit conditions
Filter cutoff frequency fc 5 25 MHz
fc Accuracy fca -15 +15 %
Filter boost level Fb 0 10 dB
Filter boost Accuracy Fba -1 1 dB Fb = 10dB
¥ [+]
Output dynamic range 1.5 1.8 2.0 Vpp ﬁ'gt' toeustt%léts' THD < 1%
Output noise(normal) 3 55 mVRms Not tested
Output neise(differential) 8 10 mVRBms Not tested
fe=9MHz f=0.2fc to fc
Group delay variation (0) 0 5 NS Boost=0dB, Not tested
fe=9MHz =0.2fc to fc
0 5 NS Boost=64B, Not tested
fc=5MHz to SMHz
Group delay variation (1) 0 5 % {f=0.2fc to fc Boost=0dB)
Not tested
AGC+Active Filt
Power noise rejection PSRR 45 dB  Not t;stz{;,ve e
ot C+Active Fi
Common mode rejection CMRR 40 dB ﬁi1:ﬁ'z‘v iter

Condition 1: fc =18MHz, range = 0.2ic to f¢, measured from AGCOUTX/Y to FILOUTX/Y.

ltem

41. AGC ( Ta=25°C, Vce=5V)

Symbol min typ  max unit conditions

AGC max gain 39 41 dB  RINX/Y to FILOUTX/Y
AGC min gain 0 VN  RX=Low
Input dynamic range 20 100 mV  Distortion <1% Not tested
Band width(-3dB) Bw 50 MHz  Not tested
Output DC offset Voff 100 200 mV  AGCOUTX/Y
Input noise{max gain) 5 15 nV//Hz Not tested

. . write(RX=L) to read cycle
Write to read recovery time twrr 1 2 us CHD(=3300LF 4
Read recovery time trr 5 ps recovery from max gain
Idle to Servo AGC
Recovery time tage 7 10 LS CaacN=2200pF
ldle to Servo P/H =
Recovery time teH 40 60 V5 CPHIN=2200pF
Sleep to Servo 1 ms

Recovery time
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42. AC Timing Chart

(1) Register read/ write

< Write >
teL o, tew
— tel foH oG,
RSENA » > \
SCLK AU AWAY A VAVAWAYAYAYAWAWAWAY T
SDATA D D I S 0 S 0 6 G G ()3 S
- P
tersr tcos teon tsren
| mode | | Address (4bits) | _ p Input Data (8bits) |
§ (21?"3) Don't care Don't care :
< Read >
ter pie—LEH ),
RSENA '_\‘ rtca. fen ‘tcc 'tGDD ]

SCLK AN Al aWala W aWal s WaVaValaWaWal -
SDATA VEB D Cor X X OO X —
‘“’I .

"
-

teFsF tcos toon tsheR teow
mode <Address (4bits) o Output Data (8bits) |
(?ﬁ;.t.s) Don't care Don't care
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(2) Read for NRZ data

NRZRD/WDO
{Output Mode)

{SNRS _ tHNRS

RRCLK
(Output)

NRZ Read Data(Serial Mode)

NRZRD/WD0
{Output Mode)
NRZRD/WD1
{Output Mode)

{SNRP tHNRP
RRCLK
(Output)

NRZ Read Data(Parallel Mode)

Note1: When data transfer rate is 36Mbps{Serial Mode),NRZ and RRCLK Output is 36MHz .

RRCLK clock duty "L":"H" =1:2.
When data transfer rate is 36Mbps(Parallel Mode),NRZ and RRCLK Cutput is 18MHz .

RRCLK clock duty "L.";"H" =1:1
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(3) Write for NRZ. data

NRZRD/WDO
{Input Mode)
tsnws tHNwS
RRCLK
{Qutput)

NRZ Write Data(Serial Mode)

NRZRD/WDO
(Input Mode)
NRZRD/WD1
(Input Mode)
tsnwe > tHNwP

RRCLK
(Output)

(’%@< KJ%<

NRZ Write Data(Parallel Mode)

NoteZ: When data transfer rate is 36Mbps(Serial Mode), RRCLK Output is 36MHz .
RRCLK clock duty "|.":"H" =1:2.
When data transfer rate is 36Mbps(Parallel Mode), RRCLK Output is 18MHz .
RRCLK clock duty "L":"H" =1:1
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43. PACKAGE DIMENSIONS

Unit : mm
16.0£0.3
76
«
bt
o
©
=
29 & 2
Rl 8 9
ol ™ v
o
S
FP -100B
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When using this documents, keep the following in mind:
1.
2.

This document may, wholly or partially, be subject to change without notice.

All rights are reserved: No one is permitted to reproduce or duplicate, in any form, the whole or part of thls document
without Hitachi's permission.

Hitachi will not be held responsible for any damage to the user that may result from accidents or any other reasons
during operation of the user's unit according to this document.

Circuitry and other examples described hersin are meant marely to indicate the characteristics and performance of
Hitachi's semiconductor products. Hitachi assumes no responsibility for any intellectual property claims or other
problams that may result from applications based on the examples described harain,

No license is granted by implication or otherwise under any patents or cther rights of any third party or Hitachi, Ltd.
MEDICAL APPLICATIONS: Hitachi's products are not authorized for use in MEDICAL APPLICATIONS without the
written consent of the appropriate officer of Hitachi's sales company. Such use includas, but is not limited to, use in fife
suppert systems. Buyers of Hitachl's products are requested to notify the relevant Hitachi sales offices when planning
to use the products in MEDICAL APPLICATIONS.




