HD153035F
56-Mbps Read Channel

@A HITACHI

rev. 1

Description

The HD153035F is a 56 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 rcad mode the HD153035
F decodes 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 inte a 1-7 RLL code.

Features

» Maximum NRZ data transfer rate : 56Mbps.
» Dara transfer clock frequency : 1.5 data transfer
rate (8B4MHz maximum}.

Settings are micro-computer programmable.
On-chip frequency synthesizer generates encode
clock for writing (f max/fum=3.98).
Programumable window centering adjustment and
window monitoring functions.

.

L]

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

Dual-mode phase detector compares both phase

and frequency to ensurc a wide capture range.

L3

*

Separate active filter 7-bit programmable cut-off
frequencies.

« Two sets of 4-bit High and Low slice levels for
reliable pulse detection .

1-7WDOUT oulputs 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 mnormal-gain and high-gain modes, and

by switching loop filter constants,

VCO oscillation timing capacitor is built in 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 eliminates incorrect read
pulse problems that occur with tine-domain
filtering with appropriate slice-level setting.
Head resolution can be increased without
incorrect read pulse worries.

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.

Built-in active filter with 7-bit programmable cut-
off frequency.

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

Idle mode and power down functions.

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

Required only a single 5V supply.

Oct. 1993
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2. Block diagram
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HD153035F

3. Pin arrangement

- 8B
TEE Erg n €, 5%
OO 22 2w 2320 =4 aad ., oo
RIS EEERREE R TS S SR LR
AR ATFTLLAEASLOLLTErOSCrOSZZO00N0
aorornonoooooe e et
55737271 7059836766656463626160595857565554535-5
DGND 78 50 DGND
DGND E 77 49 DGND
AGND{RPD) 78 aa| 1 1-7 WDOUT(E/M)
LININX [ 7o a7[_1 1.7 WDOUT(E)
LININY ] =0 48] 1 CLKOUT
AVec(RPD) (] @ 451 RRCLK
AGCOUTX [] & 14| —J SYNCRD
AGCOUTY [ es 431 DViee
AGND(AGC) [] a4 421 DLYRD
RINX [} 85 411 DLYCLK
RINY ] s |1 SAV/RD
VREF [ &7 s PDRD
VAGC [§ e as[] DGND
AVeo{AGE) [ ] se w1 uLD
CRD [ 90 sej_] RG
CRD2 [] o1 851 AGCHGLD
VCOM [ a2 w3 RX
vSL [} o3 as] 1 SHORT
vsH [] o4 z2|l_1 POL
VSSH [} o5 31— OSCCLK
AGCINX (] o5 a0 1 CHA
AGCINY T ] o 28| 1 DUMP
AGND(DET) [ 98 28 DVcc
27 DGND
26 DGND
345Bﬁillzﬁljlfll‘jﬂljf—ﬁlﬂ131920212223ﬁ
d LU LY UL
0o CCTECERFEEs 38R EFRIOIB S22
S8ga500003EE8“ g oloL|hlenalR
> Z Z s Z £ Fiolc|ple ©@
<3y = < |
< El,

(Top view)



HD153035F

4. Pin Functions

Pir Name Pin No. Type Function

RINX a5 Differential Differential input lines for the signal read from the recording

RINY 86 input medium.

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

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

pulldowns.

CRD1 90 External In reading the normal data, the charge /discharge current output
component line for the AGC output amplitude detector. Connected to pin 91
required {CRD2).

CRD2 91 External External capacitor is needed for AGC output amplitude detector.
component Connected to pin 90 (CRD1).
raquired

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

VSL 03 External Voltage input line for setting the low slice level of AGC output
component amplitude detector. Corresponds te the discharge current
required threshold. Normally this level is set 67% of the VSH level.

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

VSSH 95 External Voltage input line for setting the fast attack(high gain) high slice
component voltage of the AGC output amplitude detector. Normally this level is
required set to 160% of the V3H level.

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

FILOUTX 69 Differential Differential output line from Active Filter, Connect to AGCINX,Y and

FILOUTY 68 output PHINX,Y through bypass capacitors.

DIFQUTX 72 Differential Differential output line from Active Filter. Connect to LININX,Y

DIFOUTY 7 output through bypass capacitors.

AGCINX 96 Difteren- Ditferential input lines to the AGC output amplitude detector.

AGCINY 97 tial input Connect to FILOUTX/Y outputs of the AF with bypass capacitors.

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




HD153035F

Pin Functions (cont)

Pin Name Pin No. Type Function
SHORT 33 In (TTL) When this terminal is ‘L', RINX and RINY are shorted together.
RX 34 In (TTL) TTL-level input that switches the AGC loop on or off.
When RX signal turn Low =
RX input AGC lo
to High, AGC gain starts P °p
from maximum gain. _High AGC loop closed.
Low AGC loop open.
AGCHOLD 35 In {TTL} TTiL-Level input that locks the AGC amplifier gain. When

AGCHOLD goes High the gain is locked at its immediately
preceding value.

SRV/E 40 In(TTL) "H":Servo Mode,"L":Read Mode. In the servo mode ,"CFCB®
register set the A/F's culoff 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 lowslice level.

PHINX 11 n Differential inputs for the servo Peak/Hold circuit.
PHINY 12
QuUTO0~ 6,7, External Gonnect to external capacitors fer servo peak/hold.
ouT3 8,9 componant
required
CHA 30 In (TTL) input pin of the control signal of Peak/hold circuit(TTL level)

Position signal is sampled by CHA="L"

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

LININX 79 Differen- Differential input lines for the zero-crossing comparator. Normally
LININY 80 tial input connect to DIFOUTX/Y of the active fitter with bypass capacitors.
PDRD 39 Out(TTL) Output line for the data read from disk as reshaped into digital data

by the read puise detector. When SRV/RD(pind0) goes high,
PDRD outputs read data pulse. When SRV/RD goes low, PDRD is

disable.
POL 32 Cut(TTL) Output pin of the polarity signal for read signal from disk drive,
RFVCO 57 External Connect to a rasistor to set the center frequency of tha VCO in the
compenent decode clock generator's VFO.
required
RFC &1 External Connect a resistor to set the charge pump output current for the
component decode clock generator's VFO. The charge pump current level is
required set by GAC[5:3] and CPO[4:0] registers.
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Pin Functions (cont)

Pin Name Pin No. Type Function

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

CPF 59 External Current output to the external locp filter.

compohent
required

FCoO 63 External Connect 1o a loop filter resistor to set the attenuation ¢ of the PLL.

Eg; g‘; component  Each line is grounded through an MOS switch is selected by PLL

FO3 86 required gain mode and bit 6 of register GAC, Pin

Bit 6 of register GAC PLLgainmode FCo FCi FC2 FC3
“g» High ON ON OFF OFF
Normal ON OFF OFF OFF

.y High OFF _OFF ON_ON
Normal OFF _OFF ON OFF

RG 36 In(TTL) High leve! at the input selects read mode, This signal switches the

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

DLYCLK 41 Out(TTL) 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 instructions if use of this function is required.

DLYRD 42 Ouk(TTL) Monitor pin(TTL level) for Window adjustment. This pin allows the
read data signal cutput from the window adjustment circuit to be
monitored. Contact Hitachi,Ltd. for special instructions if use of this
function is required.

SYNCRD 44 Oul{TTL) 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 VCO clock. Contact Hitachi,Ltd. for the special instructions if
use of this function Is required.

R3VCO 16 External Connect a resistor to set the center frequency of the VCO in the

component encode clock generator's frequency synthesizer.
required

CPsS 15 External Current output to an extemal loop filter.

component
required
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Pin Functions (cont)

Pin Name Pin No. Type Function

RSC 14 External Connect a resistor to set the charge pump output current for the
component encode clock generator's frequency synthesizer.
required

QSCCLK a1 In{TTL} Clock synthesizer's reference clock input. The frequency

(Oscillator synthesizer generates encode clock frequencies from the input on

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

ULD 37 Out{TTL) Error output from the encode clock generator's frequency

(Uniock 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.

WG 55 in(TTL) Write gate signal input. Set this pin high during writing.

NRZRD/WD1 53 In/Cut I/C pin of NRZ signal. This pin is effective only in the case of

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

NRZRD/WDO 54 In/Cut I/O pin of NRZ signal. In the serial transfer mode, only this pin is

(TTL) effective. NRZ Data select bit 7 of register($h8) controls parallel/
serial. { When this bitis " L" , NRZ mode is serial)

RRCLK 45 Out(TTL}) Read reference 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 mode, reference clock is provided to disk controller.

1-7ZWDOUT 48 Out 1-7 RLL Write Data Differential Qutput. Pseudo ECL/TTL are

1-7WDOUT 47 (TTL/ECL)  available by bit 6 of register"ShD". When this bit is "H", these

(Write Data outputs are TTL. When this bit is "L", these outputs are ECL.These

outputs) pin provide the 1-7WDOUT write data that goes to the Read/Write
amplifier after the write pre-compensation. When WG goes high, 1-
' 7WDOUT pin are output mode.

CLKOUT 48 Out(TTL) This clock is for the external write pre-compensation in the Write
mode. This ¢lock(TTL level} is synchrenized with 1-7WD.

DCERA 18 In{TTL) Input pin for the DC erase. When this pin is "L", 1-7WDOUT (pin#4
8)is "L" and 1-7WDOQUT (pin#47) is "H".

RESET 19 In(TTL) 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.

RSENA 21 In(TTL) This active low input selects the device and enables the serial port.
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Pin Functions (cont)

Pin Name Pin No. Type

Function

SCLK 22 In{TTL} 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 s latched in during write
or sent out during read at the rising edge of the SCLK.

SDATA 23 InfOut Data is transmitted in 16-bit packet MSB first. The first 2 bits

(TTL) determine the read or write mode, the next bit is "Don’t Care", the
next 4 bits are for the register address, followed by 1 "Don't Care"
bit, then the last 8 bits are for the Write or Read Data.

IDLE/SERVO 20 in{TTL) 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 circuits are ON.
When PCN = 11, device is in the Sleep mode, all circuits are OFF
axcept the VO and logic. When PCN = 10, then depending on the
logic level of the IDLE/SERVO pin; if it is High, then chip is in the
Idle mode and all circuits are OFF except for the I/0, logic, and the
bias CKT's; if it is Low, then the device is in the Servo made and
the IO, logic, bias CKT's, AGC, active filter, Read Pulse Detector,
and Peak/Hold will be ON with only the RD PLL and the WR PLL
being OFF,

DVee 28, 43, 56 Power Digital Vee power supply.

DGND 1,2, 24,2526, Ground Digital ground.

27, 38, 49, 50,
51, 52, 74, 75,
76,77, 99,100

AVce(AGC) 89 Power Analog Vicc power supply for AGC.

AGND(AGC) 84 Ground Analog ground for AGC.

AGND(DET} 98 Ground Analog ground for AGC control circuit

AVcc(AF) 3,73 Power Analog Voe power supplies for active filter.

AGND(AF) 4,67 Ground Analog ground for active filter.

AVcee(RPD) 81 Power Analog Vee power supply for read pulse detector.

AGND{RPD) 78 Ground Analog ground for read pulse detector.

AVee(PH) 10 Power Analog Vce power supply for peak hold.

AGND(PH) 5 Ground Analog ground for peak hold.

AVee(R) 62 Power Analog Vee power supply for synchronizer.

AGND(R) 58 Ground Analog ground for synchronizer.

AVec(W) 13 Power Analog Vee power supply for synthesizer.

AGNDW) 17 Ground Analog ground for synthesizer.




HD153035F

5. Registers

The HD153035F has 16 addressable 8-bits registers
that control the center frequency of the deccede clock
generator's VFO and the frequency of the encode
clock generator's frequency synthesizer, control the
synthesizer's gain, conirol 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.

Address register value  Name Abbreviation
MSB LSB
0000 VCO center frequency control register VFC register
RD-PLL Gain control register GAC register
0001 Synchronizer loop fiker gain contrel bit. RFCA bit
Synthesizer operating mode control bit SPSYNT bit
RD-PLL Charge Pump Offset control register CPO register
0010 , . . .
Write pre-compensation delay control register (L) WPL register
00 1 1 RD-PLL T/ 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
AGGC Mode control bit { FAST / SLOW ) AGS bit
010 1 Read data {(PDRD) polarity control register RDSEL register
Read data (PDRD) pulse width control register PW register
WR-PLL Gain control register SGC register
0110 Prescaler of WR-PLL control register P3C register
o111 AF cut-off frequency control register {for Read) CFCA register
100 0 NRZ Data 1bit - serial / 2-bit parallel select bit NRZM bit
AF cut-off frequency control register (for Servo) CFCB register
i 00 1 Unlock detect gain control register { for WR-PLL } ULD register
Boost level control register BLC register
1010 Boost enable bit at servo mode SRVBE bit
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) VGESHA 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 Write pre-compensation delay control register (E) WPE register
Whrite pre-compensation delay control register (N) WPN register
AGCOUT enable contro! bit AQE bit
1110 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 Descript
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Register Descriptions (cont)

VCO Centet Frequency Control register (VFC)

Address $ho ( at write = "C0" hex, at read = "80" hex ),
VFC Register

MSB LSB

D5|D4|D3|D2|D1|DO

VFC register is 8 bits long.

This register is used in multiple-zone recording 1o 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 to the RFVCO 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)

111 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 )
MSB Lsp

D7

DO Bits 2 to 0: Select the output current of
the T/l converter to vary the gain. Eight
gain settings are possible,

GAC[2:0]

000 Minimum gain {L=0)

111 Maximum gain (L=7)

GAC[5:3] Bits 5 to 3: Select the output current of
— RFCA the Charge pump to vary the gain.
Eight gain settings are possibla.

Bit 6 selects the resistors that determine the

attenuation & of the loop filter for the 000 Minimum gain (P=1)
decode clock generator's VFO. :

Bit6 = 0: resistors connected to the FCO .
and FC1 are selacted 111 Maximum gain (P=8)

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

Synthesizer operating mode control bit

0 : 56Mbps mode
1:50Mbps mode

11
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Register Descriptions (cont)

12

Charge Pump Offset Control Register (CPO), Write pre-compensation delay control Register (WPLL)

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

MSB LSB
D7 | D6 D1 |Do
L ]
CPO[4:0]
WPL[2:0]

CPO register

Cancel the offset current of the charge pump.

0 o000 (- ) offset < - 32% >

1 0000 zerooffset (2% steps)

[ 1 1111 {+} offset <+ 30% >

WPL register

sets the write precompensation delay for
the L part of WP-table.
000 : Early

. ( 0.55ns/step typical)

.

111 : Late

T/ Offset Control Register (TIO) , Write pre-compensation delay control Register (WPLS)

MSB

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

LSB

D7

D6

D1

Do

T10[4:0]

TIO register
Cancel the offset current of the T/l converter.

0 0000 {- ) offset < -40% >

1 0000 zero offset ( 2.5% steps)

WPS[2:0]

*

1 1111 {+) offset <+ 37.5% >

WPS register
sets the write precompensation delay for
the S part of WP-table.

000 : Early

. ( 0.55ns/step typical )}

-

_111 : Late




HD153035F

Register Descriptions (cont)

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

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

MSB LSB
D7 D1 {DO WAIJ register
I ’_This register adjusts the setting of the window. Window
centering can be adjusted to 32 positions by an on-chip
WAI[4:0] delay line. Bit D4 will always be cleared during reset.
The microcontroller can center the window automatically
with firmware by changing these values.
0 0000
. (- ) negative delay adjustment
0 1111
1 0000 Center (0.67ns/step typical )
1 0001
, {+) positive delay adjustment
1 1111
WFA register
WFA[2:0] |_This register adjusts eight setting of the window fine

adjust circuit. The register setting adds fine delay to the
Window adjustiment circuit.

010 -2 delay {-0.50 ns typical)

001 -1 delay (-0.25 ns typical)

000 Center (Ons)

101 +1 delay (+ 0.25 ns typical)

| 110 +2 delay (+ 0.50 nsiypical)

13
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Register Descriptions (cont)

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

MSB

LSB

D7 | D6

D5

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 1o
determine the minimum transfer rate.

PWI1:0]

000 Nc=0 Referance current times 1.0
»

111 Ne=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 step.

RDSEL[1:0]

0o Minimum pulse width

? (1) (2.4ns/step typical)

| 11 Maximum pulse width

RDSEL register

RDSELO selects PDRD signal polarity
0 Signal value '1'= 'H"
1 Signal value 't'= "

AGCSEL

. RDSEL1 composite POLARITY signal
1] Signal value '1' = composite
| 1 Signal value '1'= non-composite

AGCSEL bit

This bit selects discharge current to the AGC
capacitor.

0 lchfldisch = 5 to 1

1 lch/ldisch =5 t0 0.1

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

MSB LSB
0 1 D6| DS} D4 Do
L
PSC6:0]

Address $h6 ( at write = "CC" hex, at read = "8C" hex )

PSC Register

| G‘his register controls the prescale counter's value of the
synthesizer. The OSCCLK signal is divided by 2 to 127.

000 0010 dividedby2

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)

CFCA [6:0]

Address $h7 ( at write = "CE" hex, at read = "8E" hex )
LSB

CFCA register

Select the cut-off frequency for the active filter in the
normal data read mode. (when SRV/RD=0)

0001101 minimum (= 5MHz)

. 250 kHz per step

| 1011010 maximum (= 25MHz)

Unused bit, must be 0 when written.

NRZ Data mode select bit (NRZM), Servo Mode AF Cut-Off Frequency Register (CFCB)

MSB LSB

D7 | D&| D5| D4| D3| D2| D1| Do

L I
CFCB[6:0]

Address $h8 ( at write = "D0" hex, at read = "90" hex )

CFCB register

[~ Select the cut-off frequenﬂ for the active fitter in the
Servo mode. (when SRV/RD=1)

0001101 minimum (= 5MHz)

. 250 kHz per step

L. 1011010 maximum (= 25MHz)

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

15



HD153035F

Register Descriptions (cont)

16

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

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

BLC register

This register sets the boost amplifier's gain of the
active filter for the equalization.

C 0000 Minimum gain

L1 1111 Maximum gain

ULD register

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

MSB LSB
D7| D&|(D5| D4 |D3|D2|D1| Do
i J | ]
BLC[4:0]

ULD(1:0]

TSTBF

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

| 11: 8 OSCCLK

When this bit sets "1", SYNCRD(pin 44), DLYRD(pin 42),
DLYCLK(pin 41) are output mode. Normaly this bit sets "0".

High-Pass Filter Cutoff Frequency Control Register (HPCA)

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

MSB LSB
D7 (D6 |D5|D4|D3|D2|D1|Do
| | 1 ]
HPCA[4:0]

HPCA Register

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

0 1111 Maximum cutcff frequency ( + 193.75% )

L]
0 0001

0 0000 Center cutoff frequency
1 0111 {100% depend on CFC )

L1 0000 Minimum cutoff frequency { 50% )

Unused bit, must be 0 when written,

This bit controls filter boost function on and off
at servo mode.
" 1" : No boost at serve mode
" 0" : Boost at servo mode
(boost level : the same level at read mode )
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‘Register Descriptions (cont)

High-Pass Filter Cutoff Frequency Control Register (HPCB)

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

0 1111 Maximum cutoff frequency ( + 193.75% )

0 0000 Center cutoff frequency
1 0111 (100% depend on CFC )
L)

L 1 0000 Minimum cutoff frequency { 50% )

Address $hB ( at write = "D6" hex, at read = "96" hex )
MSB LSB
PCB Regist
D7 [De | D5 | D4 [D3 [ D2 | D1 | Do | EECB Register
HPCB[4:0] .
0 0001
TSTPD

Unused bit, must be 0 when written.

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

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

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

MSB LSB
D7 |[D6 | D5[D4 | D3|D2|D1|DO|  VGSLA Register
| | | ]

VGSLA[3:0] | nLny

These are input to the intemal DAC using VCOM as
reference source to generate the Low-Slice level for the
Pulse detection circuit in the read mode. (when SRV/RD=

VGSHA[3:0] | servo mode.

0000 Minimum high-slice level { 0% of Vpeak }

—1111  Maximum high-slice level { 100% of Vpeak)

__VGSHA Register

These are input to the internal DAC using VCOM as
reference source o generate the programmable High-Slice
level for the Pulse detection circuit used in the read and

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

—1 111  Maximum high-slice level { 100% of Vpeak)

17
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Register Descriptions (cont)
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1-7WDOUT output type select bit (WDM), Write pre-compensation delay control register (WPE, WPN)

MSB

LSB

0

D6

D5

D4

D3|D2|D1|D0

WPE[2:0]

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

WPE register
sets the write pre-compensation delay for
the E part of WP-table.

000 : Early

WPN[2:0]

* ( 0.65ns/step typical )

-

111 : Late

WPN register
sets the write precompensation delay for
the N part of WP-table.

000 : Early

. { 0.55ns/step typical )

111 : Late

WDM bit: WDM =0 : pseudo ECL
WDM=1: TTL

Unused bits, must be written as 0,

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

MSB LSB
D7| ¢ |D5|D4|D3|D2[D1]| DO
. 1

VGSLB[3:0]

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

VGSLB Register

These are input to the internal DAC using VCOM as
reference source to generate the programmable Low-Slice
level for the Pulse detection circuit in the Serve mode.
{(when SRV/RD="H")

0000 Minimum low-slice level { 0% of Vpeak )

—1111 Maximum low-slice level { 100% of Vpeak )

PCNO : Power condrol register

(see "34. Idle / Servo inpul pin for power saving*}

PCN1 : Power control register

(see "34. Idle / Servo input pin for power saving")
Unused bits, must be written as 0.

AOEbit: AOE = 0: AGCOUTX/AGCOUTY are disable.

AQE = 1: AGCOUTX / AGCOUTY are enable.
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Register Descriptions (cont)

Test Mode Control Register (MDC)

Addrass = $hF

M3B LSB
D7| 0 |D5 D4 D3|D2 |D1 |DO
L ]
MDC[4.0}

Reserved

Unused bit, must be written as 0.

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

7. Read/Write timing of the control registers

< Write >

teL teH

— fch to G,
RSENA » e |

SCLK AWAUAVAVAWAWAWAWAWAWAWAWAWAWAW

SDATA —“*--@ DCE LSB
L — 0
tersa tcos tcow tsrer
mode wlgddress (4bits) | | Input Data (8bits) N

(ﬁ?',ts) Don't care Don't care

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

< Read >

teL pig ten >
ten fer foc tcp |

RSENA b p <—p p

SCLK AVATARRVANANAVAVAVAYAYAYAYAYAYRE
SDATA ——;%9(:) (o7 X_ X XX Do

o
tsrer teoH

{cos toon

tersm
mode | (Address (4bits) | . Output Data (8bits) |
(?ﬁ)i:[.s) Don't care Don't care

8. Write and read registers

Write to register

SEN |\ [
SCLK 1 16
spATA  —1_ X1 X x Xas Xaz X a1 X a0 X x X7 XDe X05 X4 XD3 X2 X1 XDo
~ Address (abits) . Data (8bits) g

Read from register
SEN \ /

SCLK 1 \[\{\/\/\/\{\hs\
SDATA ——(1 X 0 X x XaaXazXa1 Xao XX [Xp7Xps X5 Xpa X0aXp2 Xp1 Xoo ——

-l .
- Lol

 Address (dbits) Data (8bits)

[
—-

Output buffer begins to drive

20
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Write and read registers (cont)

Write to VFC register
RSENA \ /
sck MU\ STY I\ LA
SDATA — 1 X1 X X X% 0 X 0 X0 X0 X x Xp7 X0s6 XD5XD4aXD3 Xp2XD1 XDo)——
-~ -t -
Address (4bits) VFC register {8bits)
{ VO direction ) - Writing -
Read from VFC register
RSENA \ f
SCLK 1 16
SDATA —1 X0 X x X0 X0 X0 X0 X x Xb7Xo6XD5XD4XD3XD2XD1XD0)——
B I EEE— 4 - -
Address (4bits) VFC register {8bits)
( 170 direction ) = Writing - = Reading g
Write to GAC register
RSENA \ /
SCLK 1 16
SDATA — 1 X1 X x X o X 0 X o X1 X(x X b7 X06 X5 XpaXp3 Xo2 XD1Xpoy———
-
Address (4bits) SPSYNT RFCA  GAC register (6bits)
. . -t -
{ /O direction ) Wiiting
Read from GAC register
RSENA \ /
SCLK i h6
SDATA — 1. X0 X x X0 X0 X0 X1 X x X07X0DsXD5XD4sXD3XD2XD1XDo)r—
“~— - >
o B Address (4bits) SPSYNT RFCA  GAG reqister (6bits)
( 1/O direction ) - Writing S Reading -

21
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Write and read registers (cont)

Write to WPLL & CPO register

RSENA ~ \ /

SCLK /1\/\/\/\/\/\/\_/\!\_/\_/\_J\_f\_l\_./\_hs\__.___
spaTa —(1 X1 XXWX X D7 X6 X5 X4 mmmm

Address (4b1ts) WPL register - CPO register (5bits)
(3bits)

Y

( 17O direction ) - Wiiting

Read from WPLL &CPO register

RSENA /

Sl G AW AT AT AV AW AYAWAVAWAWAYAWAWAW AW

SDATA ——(1 XoXxXoXoX X 0 X_ X ><D7)<D6X05>(D4X93X02)@1X00)——

Address (4bits) g wp|_ register ~ CPO register (5bits)
(3bits)
iranti - > - -
( ¥/0 direction ) Writing Reading
Write to WPLS & TIO register
RSENA \ /
SCLK 1 16
SDATA —<__X1XxXoX_X*X1Xx Ds><D4><Ds
" "-
 Address {4bits) WPS register TIO register (5bits)
(3bits}
( VO direction ) - Writing o

Read fromWPLS & TIO register

RSENA ~ \ [
SCLK 1 ”
SDATA ——_1 X o X x X0 X0 X1 X3 X_ x Xb7 Xpe X05 X042 X3 X2 XD1 XDo ——
W WPS register - TIO register (5bits) >
(3bits)
{ /O direction ) - Wiiting > = Reading g

22
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Write and read registers (cont)
Write to WFA & WAJ register
RSENA \ /

SCLK 1 6

SDATA ——<_LMXIX_0_X_1_XLX_X—X XQG_XEX D4 XD3

~ Address (4bs) . WrA register (3b|ts) WAJ register (SbIlS)
(VO direction) Writing

Read from WFA & WAJ register

RSENA  \ f
SCLK 1 16
SDATA —«{1 X 0 XX X0 Xa X o X o X _x Xo7X DSXJD_SXM D3 XEXW—
Address (4b|ts)_> WFA register (3b|ts) WAJ reglster(5b|ts)
(VO direction) Writng > - Reading >

Write to AGCSEL bit, RDSEL, PW & SGC register

RSENA |\ /

SCLK 1 16

SDATA —(IXI)(xXoX1XO>(1 x_XD7 X'06 XD5 X D4 X D3 X D2 X D1 X Do )

" Address {4bits) g AGCSEL RDSEL PWreg SGC register
s : -
( 1/O direction ) Writing

[
-

Read from AGS bit, RDS, PW & SGC register

RSENA L A /
Sl S A AW AY AW AN AYAYAVAWANAWAY AW AWl
SDATA 1 X o X x Xo X1 X0 X3 X __ XD7 XD6 X D5 mmmmm
- Address {4bits) > AGCSEL FlDSEL PW reg SGC reglster
(VO direction}y = Writing - Reading ~

23
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Write and read registers (cont)

Write to PSC register

RSENA \ /
SCLK i 16
SDATA X 0O e X0 0 X X X 0 XD XD5XD4XD3X52XD1 XD0)
- . -t —
Address (4bits) PSC register (7bits)
( VO direction ) - Writing o
Read fromPSC register
RSENA _ /
SCLK 1 h6
SDATA ~—(1X0Xx)(o3(1)< X0 X x_)(tﬂ(os D5 X D4 X D3 X2 X D1 X00)
»- —p
Address (4hits) PSGC register (7bits)
(WO direction) Writing - Reading g

Write to CFCA register

RSENA \ /

SCLK /1\/\/\/\/\/\/\/\/\-!\./\_J\_)LJ\_/\_J16\.“
SDATA 1 D6 X D5 X D4 X 03 XD2 X D1 X D0 )

~ Address (dbits) D CFCA register (7bits)
{ VO direction ) ~ Writing -
Read from CFC register
RSENA \ /
SCLK 1 16
SDATA ——(1 X 0 _X X X XA nn-mmmmmﬁzmﬁm
~ Address (@bits) CFCA register (7bits) g
(/O direction ) h Writing e h Reading -

24
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Write and read registers (cont)

Write to NRZM bit & CFCB register

RSENA — \__ —

S [ AV AV ATAW A AW ANWANAYAWAWAWAWAW W
SDATA X1 X x X1 X0 X0 X0 XX XDr X ne X5 Xba X3 X 02 XD1 X Do)
<t —>

- -
Address {4bits) NRZM CFCB reg. (7bits)

Y

{ VO direction ) - Writing

Read from NRZM bit & CFCB register

RSENA — /
SCLK 1 16
sDATA (1 X oGO XX o X o XX Xo7X06 X085 X2 X3 X5 X5 X bo)
- - -t >
Address (4bits) NRZM CFCB reg. (7bits)
( /O direction ) - Writing S Reading -

Write to ULD & BLC register

RSENA \ /
SCLK 1 16
SDATA —E(I)(ZX_H & X X XD7 mm 0403 X2 X b1 Xbo
Address (4b|ts) TSTBF ULD - BLC register (Sbits)
T - -
( 170 direction ) Writing
Read from ULD & BLC ragister
RSENA v /
SCLK 1 16
SDATA -nnn 0 X0 X1 X x Xbp7XpeX05XDaX03 X0z X1 XDo
> <+ - .
Address {4bits) TSTBF ULD BLC register (5bits)
i atd - —» - —-
(/O direction ) Whriting Reading

25
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Write and read registers (cont)

Write to HPCA register

RSENA |\ /

SCLK i 16

SDATA L1 X3 XX X o X Do X X XorX o )X o X 0a X B3 X0z X o (Do)

— - - -
Address (4hits) SRVBE HPCA register (5bits)

(1/O direction) Writing -

Read from HPCA register

RSENA /

SCLK /1\/\/\/\/\/\/\/\!\/\-/\./\J\_]LJ\_/16\h_.

SDATA. ——(1 X o YOO X o XT Xo X X (07X 0 X 0 XDaXD3 X2 X1 Xbo)

- — - - — -
Address (dbits) SRVBE HPCA register (5bits)
R . - - ~f
( I{®] direction ) Writing Heading
Write to HPCB register
RSENA \ /
SCLK 1 he
SDATA 1 X 1 XX 0 nnnnnnmmmmm
~ Address (abits) HPCB register (bits)
T - —>
{ 1O direction ) Writing
Read from HPCB register
RSENA |- ' /
SCLK 1 16
SDATA nmnnnnn— nnnmmmmm
~ Address (4bits)  HPCB register (Sbits) g
et - —> -
( /O direction ) Writing Reading

26
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Write and read registers (cont)

Wirite to VGSHA & VGSLA register

RSENA \ /
SCLK 1 16
SDATA ——( 1 X1 XX X 1 X1 X0 X o XX X07 X106 X5 Xpa X03 Xoe X1 Xpo
- - ot -
Address (4blts) VGSHA register VGSLA register
(/O direction) Writing T

Read from VGSHA & VGSLA register

RSENA | /

SCLK —JWWWM
sbATA. —1 X 0 Xx X 1 X1 X0 X0 X X X7 X5e )05 X04 X3 X2 X b1 X Do ——

Address {4bits) > VGSHA register > VGSLA register -

C—— - —» -
( /O direction ) Writing Reading

[
|

Write to WDM bit, WPN & WPE register

RSENA \ /
SCLK 1 16
SDATA —(1X1XXX1X1XQX1 X X o X D6XDs X 04 XD3 X b2 X1 XDo )
- - - —
~ Address (4bits) WDM  WPN reg WPE reg
Seandt - — -
( /O direction ) Writing

Read from WDM bit, WPN & WPE register

RSENA \ /
SCLK 1 161
SDATA —(1 X o XX X XX o XX x
- I
Address (4bits) WDM  WPNreg WPE reg
—— - R N -
( I/O direction ) erting Reading

27
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Write and read registers (cont)

Write to AOE bit, VGSLB & PCN register

RSENA \ /
SCLK 1 16
SDATA nnnnnnnnmnmm’ D3 X b2 X01 XDo
»  Address {4bits) g AOE PCN reglsier VGSLB register :
( /O direction ) “« Writing T
Read from AOE bit, VGSLB & PCN register
RSENA \ /
SCLK 1 6
SDATA ——1 K 0 X X X1 X X0 X X~ X7 X o Xos Xoa X pa X o2 Xor Xog ——
- — -~ - - —
Address (4bits) AQE PCN register VGSLB register
iracti - — - >
(1/0 direction ) Writing Reading
Write to MDC register
RSENA \ /
SCLK 1 16
spATA  — (1 XXX X A DO o X X X e o X o ————
-+ - - -
Address {4bits) TEST MDC register
{ 170 direction ) “ Writing T
Read from MDC register
RSENA \ /

SCLK AR RN AW AW '\_.!\_/\_f\_/\_l\_l'\_J'\_JLJ'LJ16\__

SDATA L X o XOOGX G XG4 X__ X0z X_o X05X b4 X3 X2 X1 X0o)
- - > S - -
Address (dbits) TEST MDC register
iranti - — - »
( I/0 direction ) Writing Reading
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9. AGC(Automatic Gain Control) amplifier circuit

The AGC amplifier is a three-stage differential
amplifier. The first stage has variable gain and

stages. The output of the active filter (FILOUT
and DIFOUT) stage is the third gain stage of the

the second and third stages have fixed gain, The AGC block.
AGC block consists of the first and second gain
P
"AOE" :; o— ‘ ﬁ‘:)AGCOU.rX
When " AOE" bit =1, S —O0 AGCOUTY
Outputs are enable, __ . .
AGC amp — Active Filter FILOUT
RINX Equalizer and low-pass J3rd
RINY . iiter for Multiple Zone FOUT LININY
Recording to Pulse
' 3 ' Detector
r |
VREF O
Vage O "
i
5 N
AGCHOLD O~ ==
 — By R— _ [
' ull=1.0mA & AGCINX
1
— i lit
o~ Contel s e |
! g ' AGCINY
I I
"‘AGCSEL" Yoo/ Py e RO
CRD1 CRD2 T
When "AGCSEL" bit =0, AGC control circuit
AGC works FastAGC mode.
When "AGCSEL" bit =1. CRD
AGC works SlowAGC mode. ;

Fig. 9.1 Read Pulse Detector Block Diagram

The first-stage gain can be controlled in the range
from - = to approximately 17 dB by an amplitude
control  signal (VAGC) from the AGC control
circuit. The first-stage gain is given by the
following formula.

1

— [ ]
Av=Ki ( L +exp Vo) )
Kr=71
Vc=Vace - Vrer
q: unit electrical charge
k: Bolzmann constant
T: absolute temperature

The second-stage amplifier has fixed gains of

6dB. The third-stage amplifier within the Active
filter has fixed gains of 20dB (at the outputs of
FILOUT). The AGC full gain is 142V/V (= 43
dB).

When bit 7 of register address "1110" (AOE bit) is
sel to "1", AGCOUTX and AGCOUTY pins can
be used to monitor the output of the AGC
amplifier. These pins are open emitter type. When
monitor them, piease terminate to ground by 1K~1
OKQ resistor,

When bit 7 of register address "0101" (AGCSEL
bit} is set to "0", AGC works FastAGC mode.
When AGCSEL bit is set to "1", AGC works
SlowAGC mode. The discharge current of AGC
chargepump circuit is 2001A at FastAGC mode. It
is 20pA at Slow AGCmode. The Charge current is
1mA at any mode.
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The AGC amplifier gain control system is shown
in figure 9.1. The AGC amplifier output is
amplified by the post-amplifier and buffer
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 (Vsu and Vsu) 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
VaGc which directly affects the gain of the AGC
amplifier. The final amplitude Ve (of the
AGCINX and AGCINY waveforms) in this
control system can be calculated from the
following equations, assuming sine waveforms:

TixIch =T2xIdis ©.1)

Ty =(1-%sin“lc%;l§i) XT 9.2)

_fy 2..- Vcom- VsL
Tz—(1~nsm BV — )XT (9.3)

From equations (9.1), (9.2), and (9.3):

. -1 VcoM - Vs ITdis . -t Vcom-VsL
sin Vr T T
hg I dis
S48 es

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

VepE =4 (VoM - VsH)Y X m {9.5)

where m = 1.02 to 1.04
Vcom =Vee - 1.0V

The preceding VroF is determined by the signal
waveform, the output dynamic range of the
amplifiers, and other factors. An appropriate value
is VeoF = 1.7V £ 0.1V. Accordingly, (V com -
VsH) should be around 0.41V. VsL should
normally be about:

VeoM - VL = 0.67 (Vcom- Vsu)  (9.6)

The value must be determined from the resolution

Veom \

VsL 777

Vsy -

N

4 Ty ——W

N
NN

4 T2 P

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

Tz : Discharging period

Vp: One-sided amplitude

Fig 9.2 Charge / Discharge timing

specifications, however. The procedure is to
determine Vsu and Ve from equation (9.4), then
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, [rom equation (9.5), (V com - VsH) =
0.41V and m = 1.03 gives Vpor = 1.69 V, and
from equation (9.4), (Vcom - VsL) = 0.10 V, but if
the input amplitude is instantaneously attenuated
from its previons value to a new value that is not
larget than (Vcom - Vsu), the amplitude recovery
time might be excessively long. Next, it is
necessary to consider the relationship of the
recovery time to the charge-discharge capacitor
Crp. The Crp capacitance should be close to
the following value:

300000 (o)
Transfer rate (Mhps) P

Crp = 9.7)
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10. Setting for Vsr, Vsn, Vssu level

[
A
;=
£
x =
«
g
=
f
RES = Wmax / Wmin ( Resolution )
Fig. 10.1 Example of input signal for HD153035F
(1) VsH level :
VFILouT = Peak to peak output signal amplitude of between FILOUTX and FILOUTY
(Veom - VsH) = VRILouT + m + 4,
Where VFrILOUT=2.0V, m=1.03
Veom - VsH= 0413V
Where internal pull down current lpull = 1.0mA
Hence, RSH + RSL =413
(2) Vst level :
(Voo - VsL) = (Vcom - VsH) + RES + 1.1
Where RES=1.6,
Veom - VsL = 0.235 V
Therefore, RSL = 235 O, RSH= 178 Q
(3} VssH level :
RSL =240 Q
(Vcom - VssH) = (Voom - VsH) x RES x 1.1
Vcom - Vssh = 0.727 V RSH = 180 O
Hence, RSSH + RSH + RSSL =727 Q RSSH = 300 O
RSSH =314 Q
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11. Programable Active Filter

Active Filter consists of equalizer and electronic HPC register will set the high-pass cut-off
filter. Electronic filter is 7-pole, Bessel-type, low- frequency of the differential amplifier. The equalizer
pass filter and can be used in multiple zone is double differentiation pulse sliming equalization.
recording (MZR) design. Cut-off frequency of filter The Boost level is set by writing to register BLC.

is set by writing to register CFC. Writing to the

Q1.0 Q2, ®2 Qs s Q4 ma

from > S —P —» ::EFILOUTX
LP.F 2-L.P.

AGC 2LPF-—> ->2L —> P-F b”‘PF—- FILOUTY

- Qs w4
da ::IE: > 1-H.PE —-::j DIFOUTX
1 —»___ " |PDIFOUTY

vy
iy

fe Gain fe
Control Control Control

A
| bac| |pac DAC | .

7hit A Shit A A
T 1 1 CFC{7:0]

BLC[4:0}
l IRet HPC[4:0]

Active Filter—-
L
w
@
i
Fig. 11.1 Active Filter Block Diagram
Transfer function
4—2_Pole—P 4—2.Pole—» A—2.Ppole—P 41-Poled
AGCOUT Wi W w3 -
2 @i 1 2 W2 A IRRVE) 2 —» FIL OUT
~ w dind w o 48]
S+le+ 1 + S+st+ 2 S+st+ 3 S+
_Ks’ i wa — DIF OUT
4
sH—Ski 0.’
Q
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Normalized Constant of 7-pole Bessel filter

Parameter  Normalized constant (¢ = 1)

2

oy 2.94930
o / Q4 3.22597
09 3.32507
2/ Q2 2.75939
09 4,20534
s/ Qs 1.82031
e 1.68536

11.1 CFC and HFC register application

CFC register controls low pass cutoff frequency of
the Active filter for FILOUTX/Y. HFC register
contrels high pass cutoff frequency of the Active
filter for DIFOUTX/Y. When SRV/RD pin is low,
the cutoff frequency is decided by CFCA and HPCA
register values, When SRV/RD pin is high, the

cutoff frequency is decided by CFCB and HPCB
register value. When HPC register value is "0 0000",
DIFOUTX/Y output is shifted 90° (defferential
outputs} from FILOUTX/Y. Normally, HPC register
is set "0 0000".

(dB)

Without Boqst

Gain

A

CFC controls filter cutoff frequency

- 40

Y

5 10

50 100
fc (MHz)

Fig. 11.2 Output bandwidth of FILOUTX and FILOUTY
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(dB)

Gain

_HFC coﬁtrols filter cutoff frequency

Without Boost

5 10
fc (MHz)

50 100

Fig. 11.3 Output bandwidth of DIFOUTX and DIFOUTY

34

fc (MH2)

CFC register value (decimal)

120

160

Fig 11.4 fc vs CFC register
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11.2 BLC register application

BLC register controls the Active filter Boost level. frequency.
When sets BLC value except "0", filter boost is High boost level can get slimmed pulse easily, but it
active, gets slimming pulse wave and low pass filter' is caused distortion and noise. Boost level should be

s cutoff frequecy will be shifted to higher

optimized for each zone.

(dB)
+ 10
4]
-3
Without Boost
| =
‘B
[0}
2 D [ ettt SRS NS W N, W
¢
5 10 fe 50 100
fc (MHz)

Fig. 11.5 Output bandwidth of FILOUTX and FILOUTY (with Boost )

14 : i
+$--1c=30 MHZ (at Boost = O}~
DY C—

Boost (dB)

{at Boost = 0)

0 10 20
BLC register value {decimal)

Fig. 11.6 Boost vs BLC register at fc=30MHz
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12, Gate Generator Circuit

A gate signal is used to gate the read signal ncar its
peak value to remove incorrect read pulse. This
gating signal is created by the gaie generator circuit.
The principle is to ensure that the read pulse crosses
two programmable slice levels before being gated
out as PDRD signal. For normal read mode, shifter
and logic are used to qualify pulses that crosses only
the low slice level or multiple peaks that would
require polarity checking. The two slice levels

VesL and VGsH are sel by writing to the VasH and
Vast, 4-bit registers. The High slice level is
programmed to covered 0% to 100% of the Vsu
level and the Low slice level would covered 0% to 1
00% of the Vsu. In servo mode, if one pulse is
missing because it is not meeting the Low slice
level, the next qualifying pulse will be dis-qualificd
as well.

Principal of Double-Slice-Level Gate Generation Circuit.

Extra pulse

Missing pulse

Gate L IJ :I
I

Gate H

ReadL o0 1 0 o 1 0 1

ReadH 0 1 0 0 1 0 0

Judge ¢ 4 4} )

Coreet 6 1 0 0 1 0 o
data

1 0 1 0 1 o 0 0
1 0 1 0 0 0 0 0
4
|
1 0 1 0 1 0 o 0
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13. Input/Output impedance of the Read Pulse Detector's amplifiers

B AGC amplifier

Input impedance
Ria/2 1.5k}
VBa
Rea1 167Q
t Reaqi 21.4Q
hFEQA1 80
RINX Ria/2 Qa1 QA1 Riaf2 RINY
] 1 - ~_ -
N -
REeai
+—A\AN— RIN(AGC) = Riv2 // hreaat x { REA1/2 + REQAt )
=127 kQ
* CP hrecat  : hre of Qad
Recai . Emitter resistance of Qa1
1.2mA 1.2mA
B LIN amplifier
Input impedance
VeL Vee
‘ Ri/2 4.5kQ
Ri/2 Riw2 RiL1 100Q
Qu1 REaLi 103Q
LININX [ N\ Qut hreaLt 80
RiL1
LININY DL NN\
RiLt RIN(LIN) =Rw2 // ( RiL1 + hreaut x ReaLt )
* =2.92k(2
hrealt1r @ hee of Qs
ReaL1 . Emitter resistance of QL1

500pA
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14. Example of External Components Connected to the RPD

VREF §

VAGC

CRD1
CRD2 §

AGND(DET)
HD153035F VSSH J
VSH

VSL

VCOM 4
RREF

AGND(AF)

1L

.

82p

These values are tentative.

NRZ transfer rate at 56 Mbps

3900p

300

180

240

J

Unit R:Q
C:F
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15. P/H circuit for Servo

The P/H circuits consists of a full-wave rectifier,
sample and hold, followed by a gain stage that
drives extemal capacitors through switches. Four
outputs are made available to enable detection for
four channel servo. When, the DUMP signal goes
low, all output capacitors are discharged. Then, the
CHA signal is activated producing a succession of
four negative pulses. During each negative going

pulse, one of the four external capacitors is shorted
to the output of the gain stage for holding the peak
of the servo burst signal into the capacitor.

Hitachi use QUT0 and OUT1 pin to monitor the
internal signals in test mode. So, if you don't use P/
H circuit, the PAH Vee pin(#10) should be
connected (o the power supply line.

Vc?
PHle:‘L - Fwr | sample
PHINY ¢ & Hold
Leve!
Shifter
VCOM §
VCOM
36 kQ p
e :D_
4
12 kQ

Selector
210 H

Peak Ve
Data

Fig. 15.1 P/H circuit Block Diagram

® Input impedance of P/H circuit

Vep
+ Vee
ReH 6 kQ
Qei hregLt 80
PHINX [ Qr
M Rin(LIN) = RpH // ( hreaL x Reap1)
PHINY Ei = 4.87 kG
hreart ;| hre of Qpt
@ 0.2 mA Reaps : Emitter resistance of Qps



HD153035F

40

16. Servo application example

Servo pericd

[

)

AGC time

Gray code »ld Burst=u3 Burstbl_C Burst__[=D Burst_

RINX,
RINY

FILOUTX,
FILOUTY

OouTo

ouT1

ouT2

ouT3

txs|  tasca tosce towr lLhuspl._l‘,_kjsm.J_n_t I
towr towr tswr
= OV r
~ OV e
— =0V /
- _VCOM
\ =0V 4

During D Burst, no signal coming out.

Fig. 16.1 Timing Diagram of the servo function
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17. Servo application example (external components)

{1) Low input impedance Digital to Analog Converter application

HD153035F ) VCOM: :
T 4 !
1% ; A/D
Selector > CHA : Converter
108 : :
Peak Vee : P $—O MAX ref
Data in ¢ 18R
0 A
—0B
: / “—1—0 C
Raz Rai | :
M—"\N\r—&-—'\/\/\:——u—_—‘}o- OuTs :
4 ! R 10D
—’i Ng [/ i f
: > Min ref
,,,,,,,,,,,,,,,, R

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

High input-impedance OP-amp.

HD153035F
A/D
Selector Converter
- Ve £19 fF f MAX ret
Data in + —
O/O-—IJ)—_.I': <f A
} 0—->l ;;
| ouUTL )
o_hr, _T_ OB
u—-l ;”l_
| OUT2 )
i 1@__1; F ’J% 0C
—VC—40M7 —E&-—J'—m—-—drjo——réﬁou-r} O D
—0 Min ref
R
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17. Example of External Components Connected to the RPD

These values are tentative.

FILOUTX
FILOUTY

0.01“_[_0.01 nl_

—
AGCINY

AGCINX

RREF > |

otu o,
DIFOUTX B
DIFOUTY Ir—J
0.01n| 0.01p |
LIN t;‘
HD153035F INY

PHINY

LININX
PHINX

OuTo

ouT1

ouT2

ouT3 ‘l'
:]_1 000p 1000p _L_1000p _l_1000p

,l, Unit R: Q
C:F
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18. Sync Field Detection

The high-gain period can be set to last six NRZ
bytes after the RG signal is goes active.

RG signal f :
Read Data | /_L /_\ /_\_ ““““““ E / / \
.:4-%—— High-gain period ( 6 Bytes ) Ff _ —p
( 3T pattern only ) ;l:;;r:;l-galn
Read and write mode
RG y ‘____
WG f \
- ot — | — ot — e
Read Mode = Servoor | Write Mode Servo or Read Mode
No access No access
mode mode
*
1-7 WDOUT
> >
High impedance Encode High impedance
Data

Encode time (typical = 14.7 clocks of CLKOUT )

RG____ | L ' _
-~

minimum 3 NRZ Bytes

) 1-7 WDOUT is synchronized with the rising edge of CLKOUT
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19. Window Adjustment Circuit

The HD153035F has two on-chip delay lines for Window centering adjustment can be performed
centering the decode window. First delay line has 32 automatically by a microcontroller. This adjustment
taps for coarse adjustment that can be selected by function can also be used for preshipment window
register WAJ. Second delay line has 5 taps for fine margin test.

adjustment that can be selected by register WFA.

(1) Circuit Configuration

3
WFA register TSTBF bit
5
WA register _ﬁ
internal p{ Delay Line 1 | Delay Line 2 ON/ _
RLLO L_l
—P Latch ON/ L. SYNCRD
PLL ‘ OFF
—P -—=3
ON/ RYZvan
OFF —» DLYCLK
RLLO= internal 1,7RD + 16 steps delay of Delay line1 + 2 steps delay of Delay ling2

{2) Delay Line 1 (Coarse Window Adjustment)

Delay Delay T Delay

T Controlled by WAJ ragister
[ I
T

]
—Q.67 ns—» x 31 stages ( -16, +15 steps)
(typ.)

L Adjustment range
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WAJ Register

MSB

LSB

4 3 2 0 Delay line 1 tap No.
0 0 0 0 0 -18 (-10.72 ns typ.)
0 1 1 1 0 - 2 {-1.34nstyp)
0 1 1 1 1 - 1 (-067nstyp.)
A1 0 0 0 0 0
1 0 0 0 1 + 1 {(+0.67nstyp.)
1 0 0 1 0 + 2 {+1.34nstyp.)
1 1 1 1 1 +15  (+10.05 ns typ.)
(3) Delay Line?2
| Delay : Delay I Delay [ Controled by WFA register
[ !
*— 0.25 ng ™ X 4 stages (& 2 steps)
{typ.) —_— 4

o

Y— Window

i

~—— Adjustment range

WFA Register
MSB

LSB

7 6 5 Delay line 2 tap No.

0 1 0 - 2 (-0.50nstyp.)
0 0 1 - 1 (-0.25nstyp.)
4] 0 0 0

1 0 1 + 1 (+0.25nstyp)
1 1 0 + 2  {+0.50nstyp.)
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20. Decode Clock Generator's VFO

TIO register 5 B GAC register
bit 0 to 4 bits0to 5
CPO register Sy £ * VFG register
bit 0 to 4 1 ‘ bits 2 to 7
R d
fromﬁa\?«r(ijndit\:rl Frequency
djust circuit phase ==l M g Charge pump Decod
adjuste comparator u VCO 0 eci ©
|—> x| =T/l converter cloc
I RFCA bit
encode ! Frequency
clock from phase
W-PLL 1 comparator
------ RG
O ol -
AL
= {
'l' &)
g o
77
Fig. 20.1 R-PLL Block Diagram

Function

* The phase of the VCO clock is synchronized by rewriting bits 0 to 7 of the VIC register, so
to the read data from the window adjust multiple zone recording can be implemented with
circuit. a single external resistor.

» The frequency-phase comparator operates in the * The charge pump can select eight levels currents,
frquency-phase comparison mode  while the reference value of which is controlled by
acquiring phase lock during the sync field, and external resistor Rrc. Bit 3 to 5 in register GAC
in phase comparison mode during selects these eight levels.
synchronization in the data field. * The T/I converter provides one of eight output

*» The charge pump and T/T converter circuits both currents as selected by bits 0 to 2 of the GAC
operate while the phase lock is being acquired. register.

During synchronization, only the T/1 converter * The loop filter attenuation § can be selected by bit
operates. 6 (RFCA bit) of register GAC ( two selections ).

* The VFQ is synchronized with the encode clock Independent settings can be made for high gain
unti} the read gate signal ( RG ) is asserted. and normal gain.

* The VCO center frequency can be programmed
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21. Encode Clock Generator's Frequency Synthesizer

1
3
1
]

OSCCLK

M
A, 1 | mFrequency [ . Charge |- vCO m- Encode
P phase um clock
1 comparator pume
bit 2
. 7 [
PSC register bit Oto 7 to J\ VFC register
bit 0 to 6 | bitOto 7
RN u
64 © 255 X
SPSYNT bit X & &
Q o & Q
5 o O =
at fmax / fow < 4 o< Lz 2
" i ©
fLow = minimum transfer rate x 1.5
M Sk & 8
foscolk =—— x fiow (M=2to0 127) Ol %
64 o=

fvcow) = N1 x fLow (N1 = 64 to 255)
64 rr
Fig. 21.1 W-PLL Block Diagram
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 of N/64 times the
minimum data transfer rate (innermost track on
the disk), where 64< N< 255,

* The lock/unlock monitor function (ULD line) can
prevent data from being wrillen when a drive

fault occurs,
* The VCO center frequency can be selected by
bits O to 7 of register VFC, so a single external
resistor RSC covers the entire setting range.
* The operating mode can be selected by bit 7
(SPYNT bit) of GACregister. When use over 50
Mbps, this bit has to be set low.

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

2sM=<127,64 <NI < 255.

fvcomw)
fLow

: VCO output frequency
Encoder frequency
corresponding to the minimum

clock

transfer rate,
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22. Calculation of PLL Constants

l. Decode Clock Generator's VFO { R-PLL. )

1. VCO center frequency for

9 .
3.375x10 )N
fOR = ( RFVCO ) (HZ) .................................................................................. (11 )

2. VCO gain Kor

Kor =(1.536x 10°) » '\/ HF\':‘CO

3. Charge pump current | cr

rad )
seceV

4
Rrc 8

where 1P <8

4, T/l converter current | TR

N+L

3
ITR=(3.52x10 ) o T (WAoo (1.4)

where 0 sL <7

5. Characteristic frequency (high gain ) ®nrH

KoR » (J‘QB- +1{TR ]
®OnRH = 6 B | et (15)
7 CF1 sec '
6. Characteristic frequency (normal gain ) ® nrn
Kor e ITR rad
W nAN = e Crr EéE) ...................................................... ( |.6)
7. Attenuation (high gain ) £ rw
(CrF1 + Cr2
CRH: 3 ) . 3 1 3 0 1= T (1.7)

RrFa Rre

where RFa and Rrs = Rro and RF1 when GAC register bit 6 = 0
RF2 and Rra when GAC register bit 6 = 1
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8. Attenuation (normal gain) £ rn

{CFri+Cr2)
CRN= _"T_°RFA'(DnHN ..................................................................... (1.8)

where RFa = Rro when GAC register bit 6 = 0
Rr2 when GAC register bit 6 = 1

ll. Encode Clock Generator's Frequency Synthesizer {(W-PLL)

1. VCO center frequency fow

(6.975 x10°) ¢ N
Rsvco

fow =

2.VCO gain Kow

rad
Kow =(1.056X109)‘ 1’ Rgvco (Sec.v) ........................................................ (1.2)

3. Charge pump current ratio N¢

St 4/ Nl g e e
Ne =int[16 » N1 e -8] (1L3)

When N1=N1wax, set the Nc=7
Note1: int[ ] is the integer value calculated by discarding the fractional part of the value.

4. Charge pump current lcw

(1.4)
ICW =—§i Q(‘I +_N..C_) (A) E N E B e e e R R s s et eeeme s iEas e masaeenerraan rmanan
Rsc 8

5. Characteristic frequency ® nw

il
o W_/\f_Ko_w'_l.c_w__ L OO (o)
™ =Y 2ne N1sCsr sec

6. Attenuation {w

(Cs1+ Cs2) I e

CW= —2-—-_ ® FIS1® (1) (W c--ovmmmrmesmrn st ot i e e trttea i e ra v e eas
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Table 22.1 VCO Oscillation Frequency and Transfer Speed for Settings of Register VFC

N1

VFC register

MSB

(at MAX / fLOW = 3.98 )

Example:
Transfer Transfer  1-7 clock Rrvco= 2.55 kQ, Rsvco = 5.24 kQ

LSB

speed speed frequency R-VCO setting  W-VCO setting

76543210 {Mbps) ratio (MHz} frequency (MHz) frequency (MHz)

0
- Inhibit

63

64 01000000 168 14.00 1.000 21.00 21.18 21.30
65 01000001 16 1422 1.016 21.33 21.18 21.30
66 01000010 16 1444 1.031 21.66 21.18 21.30
67 010006011 16 14.68 1.047 21.98 21.18 21.30
68 01000100 17 14.88 1.063 22.3 22.50 22.63
127 01 111111 31 27.78 1.984 41.67 41.03 41.26
1268 1 0000000 32 2800 2.000 42.00 42.35 42.60
120 10000001 32 2822 2.016 42.33 42.35 42.60
130 10000010 32 2844 2.031 42.66 42.35 42.80
253 11111101 63 5534 3.95 83.02 83.38 83.86
254 11111110 63 55586 3.97 83.34 83.38 83.86
25 11111111 83 5578 3.98 83.67 83.38 83.86
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52

Table 22. 2 Charge pump Output Current Settings with GAC Register

Exarmnple: Rrc = 5.1kQ

GAC register
Charge pump Charge pump
Bits & 4 3 P output current ratio output current (mA)
1 0 0 o0 1 1 0.613
2 o o 1 2 2 1.226
3 0 1 0 3 3 1.838
4 0 1 1 4 4 2.451
5 1 0o o0 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
25x10° P
ler = Rrc . ry {mA)

Table 22.3 T/I Output Current Settings with GAC Register

GAC register

Example: Rrr =11kQ

T/l output N=63
Bits 2 1 o L current ratio T/| output current (uA)
1 o 0 0 0 0 0.0
2 0 0 1 1 1 19.3
3 0 1 0 2 2 38.6
4 0 1 1 3 3 57.9
5 1 0 o 4 4 77.1
6 1 0 1 5 5 96.4
7 1 1 0 (5] 6 115.7
8 1 1 1 7 7 135.0
NelL

la=(3.52x10°) o

500 + Rer

(uA)
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23. Flowchart of Procedure for Setting Decode Clock Generator VFO {R-PLL ) Constants

(1
(2)
(3)
(4)

(5}

(7)

8

(9}

(10)
(1)
(12)
(13}
(14)
(15)
(16)

(7)

(18)

(19)

v

Divide zones info innar
and outer groups.
I

Calculate the VCO external
resistance Rrvco,
1

Derive the TA converter
external resistance Ber.
1

Calcutate the group | and Il
centar zones, Noi, and Nei.
|

Caleulate the VCO gain for
groups | and ||,
L

Calculate the group Il {outer group)

resistance RfGy,

|
Calculate the group Il {outer group)
high gain/normal gain ratio.

Calculate the group |l {outer graup)
T/ converter output current

charge pump current and external [ —

and GAC ragister.

Can the T/1 converter
output current be set?

Calculate the group |1 {outer group) wn

at high gain.
I

Calculate the filter capacitances
CF1,CF2
I

Calculate the group Il (outer group) @ at
normal gain.

]
Calculate the group Il (cuter group) (n at

high gain.
I

Calculate the group 11 {outer group) £ and
filter resistance Rro at normal gain.

Calculate the group Il {outer group) £ and
filter resistance Rr1 at high gain,

Caleulate the group Il (outer group)
at both high and nomal gain.
I

Draw the Bade plot.

Does the system
operate currently at the highest and
lowest transfer rates in group Il
{the outer group)?

{20)

(21)

(22)

(23)

{24)

(25)
(26)
(27)
(28)
{29)

(30)

(31)

(82)

Y

Calculate the group | {inner group) @n

Calculate the group | (inner group)
charge pump current and external
resistance Rrco.

Calevtate the group | {inner group)
high gain/normal gain ratio.

Calcutate the group | {inner group)
T/l converter output current
and GAC register.

Can the T/l converter
output current be set?

Caleulate the group 1 (inner group) ® n
at nomal gain.

Calculate the group | (inner group) @ n

at high gain.
I

Calculate the group | (inner group) £
and fiiter resistance Rrz at normal gain.

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

Calculate the group | {inner group} ¢
at both high and normal gain.

Draw the Bode plot.

Does the system
operate currently at the highest and
lowest transfer rates in group |
{the inner group)?
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24, Flowchart Explanation (R-PLL)

(1) Divide zones into groups TR {min) TRu(max)

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

TRgr =y TRmin » TRmax

(2) VCO external resistance R rFvco

Use equation ( .1 ) to calulate the external
resistance RFvco that makes the VCO oscillate
at 1.5 times the minimum transfer rate ( N=16 )

(3) T/l converter external resistance R rr TR (min} TRI {max)

Find the RFT values at the minimum transfer rate , . )
as shown in Fig. 24.2.(RFT vs Data transfer rate). Fig. 24.1. Divide zone image

(4) Center zones TRci and TReil of group I and |1

Calculate the midpoint (TR o1 & TRcn) between the minimum transfer rate (TRmin) and maximum
transfer rate (TRmax) at each groups (caluculate at step (1) ), and from the zones selected in step
(1), find the value of N (Nc1 & Nen) that comes closest toTRc1 & TRal .
TRa = TRl(min)+TF{|(max), TRail = TRi(min}+TRi (max)
2 2
(5) VCO gain Kor in groups | and |l

Use equation ( 1.2 } to calculate the VCO gain K or at the center zones { N=Nci and N=Ngcil } in
groups | and I1.

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

IcR<5.0 (mA)
Calculate the values for the external resistances R £¢ and P from equation (1.3). So that the current
has the desired value. See Table 22.2 for the relationship between the value of P and GAC register.

(7) High gain/normal gain ratio in group I.

Set the current ratioc ga between high and normal gain. This value is depend on HDA system.
Normally,

Qe =16 (Adjust so that this value is in the range 11 to 21.)

(8) Group Il T/l conversion output current |

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

~ 6(ga-1)
See Table 22.3 for the relationship between the value of L and GAC register.

TR
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{9) Analysis

Determine if the T/l converter output current can be set.

(10} Group It High Gain wn

After determining the group |l center zone N ci phase pull-in time Taq taking into consideration the

high gain set time, and determine the high gain characteristic frequency MnrH. using the following
equation.

WnRH * Tag = 2.5

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

(11) Filter Capacitances Cr1 and Cr2

Calculate the filter capacitance C 1 by substituting the high gain characteristic frequency nnH
calculated in item (10) above in formula I.5.

Also, set the ratio between C r1 and Cre taking into consideration high region jitter suppression and
phase margin. We recommend deriving C r2 using the following equation.,

1
Cr2 =E * CF1
(Adjust so that this value is in between 1/20 to 1/100.)

(12) Group [l Normal Gain wn

Compute the normal gain characteristic frequency @naN by substituting the derived value of C F1 into
formula 1.6.

{13) Group Il High Gain @n

Compute the high gain characteristic frequency ® nau by substituting the derived value of C 1 into
formula 1.5,

(14) Group Il Normal Gain {aw and Filter Resistance R ro
Set the normal gain attenuation ratio CHN with stability as the main criteria.

The equation below indicate the recommend value . {an=1.0
Calculate the filter resistance R ro by substituting that value into formula 1.8

{15) Group Il High Gain CRH and Filter Resistance R e1
Set the normal gain attenuation ratio { rH with stability as the main criteria.

The equation below indicate the recommend value . {ru = 0.8
Calculate the filter resistance R r1 by substituting that value into formula |.7.

(16) Group I High Gain { r+ and Normal Gain { an

Calculate the attenuation ratios CRH and {rn by substituting the values of R Fo and Rr1 into equations
1.7 and I.8.
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(17) Bode Plot Construction

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

{18) Analysis

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

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

(20) Group | High Gain @wn
After determining the group | center zone N ¢ phase pull-in time Taq, taking into consideration the high
gain set time, and determine the high gain chracteristic frequency nRH using the following equation
WnRH * Taq = 2.9

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

{21) Group | Charge Pump Current | cr
Calculate the charge pump current | ¢k by substituting the high gain characteristic frequency nRH
computed in item (20) above into formula 1.5.
Here, set the charge pump current level within the following range:
iCR < 5.0mA
Now , derive a value for P using equation 1.3 so that the desired charge pump current is achieved.
See Table 22.2 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 Ja.
ge=16 (Adjust so that this value is in between 11 to 21.)

(23) Group | T/| Converter Output Current | TR

Determine a value of L (0 < L <7 ) using equation ( 1.4) so that the following equation
Ica

6(ga-1)

See Table 22.3 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 | Normal Gain ®n

Calculate the normal gain characteristic frequeny  @nrn by substituting the | Tr derived above into
farmuia 1.6.

(26) Group | High Gain wn

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

(27) Group | Normal Gain { rn and Filter Resistance Rz

Set the normal gain attenuation ration an with stability as the main criteria.
The equation below indicate the recommend value.

Can=1.0
Calculate the filter resistance R r2 by substituting that value into formula 1.8.

(28) Group 1 High Gain {rH and Filter Resistance RFs

Set the high gain attenuation ration Caw with stability as the main criteria.
The equation below indicate the recommended value.

frH=0.8
Calculate the filter resistance R r3 by substituting that value into formula |.7.

(29) Group 1 High Gain {rH and Normal Gain Crn

Calculate the attenuation ratios {an and {rn by substituting the values of R r2 and Rrs into equations
.7 and 1.8.

{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.

57



HD153035F

External Resistor RFT (KQ)

o8

40

w
[

o
o

10

S

10

20

30

40

NRZ Data Transfer Rate (Mbps)
Fig 24.2 T/I Converter Circuit External Resistor RFT vs NRZ Data Transfer Rate

50

D A
3.4 £
[
S NS A N A N — £l
3.2 l J;,f_ﬁ
................................ .3
3
3.0 D
=
2.8
2.6
2.4 -
.................... 8
2
2.
AR Y SR N S A O N 4]
i J
2.0 '
10 20 30 40 50 56 60

NRZ Data Transfer Rate (Mbps)
Fig24.3 onr ¢ Tag vs NRZ Data Transfer Rate (R-PLL)

60



HD153035F

25. Calculation example of HD153035F R-PLL Constants
Transfer rate ; 28Mbps , 56Mbps 2 zones

(1} Rrveo
Oscillation frequency {fo)= 36 MHz atRrvco=3KQ + + » « 24 Mbps

At 28 Mbps case, fo = 42 MHz
42 MHz x Rrvco = 36 MHz x 3kQ
Rrvco = 2.57 k§)

o RFvco = 2.55KQ s ese fosch=42.4 MHz

Error of oscillation frequency is
(fosc -fo)+fo=0.84%<5%

(2) ReT=11KQ
See Fig. 24.2

(3) VCO Gain Kor

]
Konzs =1.536x 10 [ —2—— _ 172.1 Mrad/s+V
255 10
of 63
Korss = 1.536 X 10 | —2—— = 241.4 Mrad/sV
255x10

{4) Charge Pump Current lcr

RFc = 5.1 KQ
4
2.5x10 P
lcRse =" — ¢ <5mA
5.1x10 8
IcRss = 4.9mA (P=8)
(5) T/l Current ITR
I =— _ 54,
TR 56 Be(16-1) 54.4 A
RFr = 11 KQ
ITR 56 =3.52 x 103 o —NoL
500 + Rrr

- ITRs6 = 57.9 puA (N=63,L=3)

(6) wnrH® Tagse=2.4
Tagse = .57 s {6 bytes x 2/3)

wnRH =4.21 Mrad/s
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Kor 55 » (ICH * + TR se)
WnRH 56 = 6
e CF
-3
8 {49x10 -5
241.4x10 » (_Hi- 57.9x10 )
421%10 = X 6
e CF1
Cr1 = 3792 pF
Cr2=CrF1+45=84pF
. GF1=3900 pF, Crz2= 82pF
49x10° 6
. ]
241.4x10 s ('—2—+ 57.9x 10° |
@ nRH 56 = =4.15 Mrad /s

7 x 3900 x 10

241.4%10 x57.9x10°
@ nAN 56 = =1.07 Mrad /s

« x 3900 x 10"

(7) CRnse=1.0, [RH56=0.8
Rr2=1.0+{(3900x 10"+ 82x10™9+2x1.07x 10 } = 469.4 Q
Rrs =122 Q
~ Rre=470Q, Rm=120Q

Cress=1.0, CrHSs=0.79

(8) wne*Tag2s=2.86

Taq2s =1.14 us (6 bytes x 2/3)
wrH24 =2.51 Mrad /s

(9) Charge Pump Current | cr

2 ge-1
ICREB:Gn-Cm-mnH . — 252 mA
Kor 28 gc

=~ IcrR2s = 2.45 mA (P= 4)

{10) T/ Current ITR
IT28=2.45+6+(16-1)=27.2 yA
S T8 =294 pA(N=32,L=3), wnmH28=2.47Mrad/s, onN2s= 064 Mrad/s

(11){RrN28=1.0 , CRH28=0.8

RFo =820 2, Rr1=2000
Lrn2s=1.04, {RHss=0.79
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26. Flowchart for Setting Encode Clock Generator's Fre

Constants

quency Synthesizer (W-PLL)

1

(2

(3)

(5)

(6}

@)

(8}

(11)

(12)

Decide number of zones and

transfer rate in each zone

Calculate VCO external
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 (Wn+Tay

Calculate filter capacitances

Cs: and Csz

Calculate filter resistance R s1

Draw bode plot

NO

OK at minimum and

NO

maximum transfer rates?
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27. Flowchart Explanation (W-PLL)

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

The HD153035F 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 : Minimurn transfer rate (innermost track)

(2) Calculate VCO external resistance R svco

Use equation (11.1) to calculate the external resistance R svco that makes the VGO oscillate at1.5
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.

TReen = TRmin+TRmax
2

{4} VCO gain Kow

Use equation (II.2) to calculate the VCO gain  in the center zone (N=N ¢ )

(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 (11.4),

(6) Setting phase-lock acquisition time Tag

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

(7) Setting (n* Taq }

Decide (0 * Taq) the end of the phase-lock acquisition.
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(8) Filter capacitances Cs1 and Csz
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 shest is:
Tag=0.1 {ms)
The following formula gives an estimate of the acquisition time:

onw e Tag=2.25

Substitute the values of Kcw and low into equation (11.5) and combine this with the formula above
to calculate the filter capacitance C s1. To suppress jitter and allow enough phase margin, the
following value is recommended for C sz :

1
=—C
Csz 25 *Csi

(9) Filter resistance R s1
To ensure loop stability, set the attenuation to approximately:
Law=1.0

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 satisfactory.

(12} OK at TRmin and TRmax?

Repeat steps (8) and (9) for the minimum and maximum transfer rates.

28. Calculation example of HD153035F W-PLL Constants
NRZ transfer rate ; 28Mbps , 56Mbps (2 zones)

(1) Oscillation frequency  fow = 42MHz (28 x 1.5 ), N=32
_ (6.975x10°) + 32

fow
- Rsvco = 5.24 kQ s e e e foscw = 42.60 MHz

Rsveo =531 kQ

Error of oscillation frequency is
I'(foscw -fow)+fowl=14%<5%
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(2) VCO gain Kow

32
Kowza=1.056x109;/ 5 042 10° =825Mrad/seV
24 %
9 63
Kowas=1.056x10/ 504 x10° =115.8Mrad/seV
24 x

(3) Charge Pump Current lcw

Res = 20KQ
5.3 3
low 28 =2~ (1+——)=364.4 uA {NC=3)
20x 10 8
5.3 7
low 56 ==~ (1+——)=4969pA (NC=7)
20 x 10 8
(4) Cs1, Cs2
WneTag=2.25

{on=225Krad/s) (taq=0.1ms)

6 -6
3
225x 10 =/81.7x10 X 3644 x 10
2ne 128+ Cs128

Cs128 = 76483 pF

8 -
3
295 % 10 ="/114.6x 10 % 496.9x 10
2me 255+ Cs1s6

Csis6 = 73432 pF

- Cst = (76483 + 73432 ) /2 = 74958
= 75000 pF

15 ¢ Cs1 = 1667

Csg2 =

. Csz = 1600 pF RS1=1

(5} Rst
Attenuation {nw =1
(75000+1600 ) x 102

gnw = 5 «[lst* wnw
-12
7 0 3
Rst=1a( " 5000”260 IXT0_ 22010 = 11870
. RAs1=1.2kQ

Wnw2g = 2222 Krad /s, {nw2s =1.021
@nwss =21.77 Krad/s, {nwse=1.000
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29. Setting value of M and N1 for R-PLL and W-PLL

f1-7 (1-7 clock frequency ) = _OSCCLK | N1
[ 1.7 - foscw |
Erffw = ———— <59
foscw
| f1-7 - fosch |
Erfgs ———— <5%
foscr

HD{153035F

example : OSCCLK = 21 MHz, RFVCO = 2.55 kQ, RSVCO = 524 kO, f 1-7 = 42 MHz, 63 MHz, 84 MHz

M=64, N1 =128, N=32 esee f1.7=42.0MHz, foscw = 42.60 MHz, foscr = 42.35 MHz

Emfw=14%<5%
EmMr=0.8%<5%

M=64, N1 =192, N=48 s<++ {1.7=63.0 MHz, fosc = 63.89 MHz, foscr = 63.53 MHz

Erfw=14%<5%
ErfrR=0.8% <5 %

M=63, N1=252 N=63 sess f1.7=84,0 MHz, fosc = 83.86 MHz, foscr = 83.38 MHz

EmMfw=0.2%<5%
Erfr=0.7% <5 %

30. Example of HD153035F PLL's external parts (28/42/56Mbps)

OSCCLK =21 MHz

(A) R-PLL

Rrvco = 2.55 kQ Register Value
Rrc = 5.1 ka 28Mbps 42 Mbps 56 Mbps
RFT = 11 k2
Gr1 = 3900 pF VFC 100G Q000 1100 Q000 1111 1100
Crz =82 pF
Rrs = 120 Q GAC 00011011 01101011 0111 1011
RFz =470 Q
Rrt =200 Q
Rro = 820 Q

(B) W-PLL Register Value
Rsveo = 5.24 kQ 28Mbps 42 Mbps 56 Mbps
Rcs = 20 kQ
Cs1 = 75000pF VFC 10000000 1100 0000 1111 1100
Csz = 1600pF SGC 00000011 00000101 0000 0111
Rs1=1.2kQ

PSC 00100000 00100000 0011 1111

65



HD153035F

31. Example of External Components Connected to the Read PLL and Write PLL

These values are tentative.

7

AVec (R) ¢ j_ +5V
0.1n
AGND (R) ¢ -"‘-_ I
RFVCO & Rrvco AN
255k (t1 %)
FC3 Rr3 AAA
120
Rr2
o 'A"2Y%
FC2 270
Rr1
FC1 AW
C1y 200
FCO | Rro AM
820
Cr2
oPF 2| {——r1
3900 p 82p
HD153035F
Rrr
oo 4"AA%
RFT 11k
) Rrc AAA
RAFC Y 5 1k
AVce (W) JE T +5V
T 0.1u
AGND (W) Y v ;7_
Rsc
2'A'A%
RSC Y 20 k
Rs1
—— AN ——
1.2k
cPS \ CS1| I CSZE I 4
75000p 1600p
RSVCO o—Dve
524k(+1%)
OSCCLK ¢~ < Oscillator

Unit R: Q
C:F
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32.1-7 ENDEC

Encoder and Decoder
The encoder converts an NRZ signal to a (1,7)
encoding, and the decoder converts a (1,7) signal
back to an NRZ signal. The conversion table is
shown in Table32.1,

The NRZ signal is encoded after being inverted. The
inverted NRZ signal is encoded according to the
conversion rules shown in fig. 32.1.

Therefore the disk controller should input the
sequence "0000..." in the sync region. This will be
converted to the (1,7) encoding 3T pattern "10010
0.
The NRZ encoded

signal s after being

inverted.

For example, if the NRZ data 00 is to be (1,7
encoded, it is first inverted to 11.

Next, since the last bit of the previous conversion
result A (100) was 0, and the next state of the NRZ
data C is 01 ( C=10 ), the NRZ data B (00) is
converted to the (1,7) code 100,

In decoding the (1,7) codeI (=100) to NRZ data
(see Fig 32.2), since the previous data H was 100
and the next data J is 010, the decoding table gives 1
1 2s the NRZ data. Inverting this gives the NRZ data
00, which is then output.

Table 32.1 Encoding Table (NRZ to (1,7} Code)

Last Bit of the

NRZ Data Bit

No. Previous (1,7)

(1,7) Code Bits (C2,C3,C4)

Code Current (D1,D2) Next (D3,D4)
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 0 0
7 0 0 1 0 X 0 0 1
8 0 0 1 1 X 0 0 0
8 1 0 0 0 X 0 0 1
10 1 0 0 1 X 0 1 0
11 1 0 1 0 0 0 1 )
12 1 0 1 0 0 0 0 0

0o: Anything other than 0 0
X :Don't care
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NRZ Data

NRZ Data

v

(1,7) Code

i \@@%@@%

B Cc D E F G
eveerssee ‘00 I 00 |01 |01 | 11 ‘ 11 Io-] ‘ (Q sseerenna

Inversion

dssesnvnsns

1 10 Co

'1 4vensnsen

LA R NN E NEN]

seveeeses 0| 100 | 100 | 010 | 101 | 001 | 010 | ot0

Fig. 32.1 Shows an Example of NRZ to (1,7) Code Conversion.

Table 32.2 Decoding Table ((1,7) Code to NRZ)

{1,7) Code Bits

No. Previous 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 4] X X X 1 1
4 X X 0 o 1 o o o0 X 1 0
5 X X 0 0 1 0 0 0 X 1 1
6 X X X 1 0 1 X X X 1 0
7 X 0 o o o 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 0

10 X X 1 0o 1 0 0 o0 X 0 o

11 X X 1 ] 1 0 0 0 X 0 1

12 X X 1 0 0 0 X X X 0 1

0o: Anything other than 0 0
X :Don'tcare

(1,7) Code

v

NRZ Data

v

NRZ Data

LA RN NERENE]

|100 |1oo | 010 | 101 |001 fo1o ‘010
Decoding \Ci) \C? \(“D @ \E@ \i@

]11|10|10I00|00

vesssssRe d4adunsns

Inversion

(AR N N ERNN) LA RN NN NN N

00‘00|01‘01|11|11
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33. Write Precompensation Circuit

The HD153035F has a built-in synchronous write below can be selected independently for the EARLY
precompensation circuit, and the 4 matrix delay and LATE sides. Each delay group of the table can
levels from the write precompensation table shown select delay value independently,

(1) Circuit Configuration

WPL,WPN WPS, WPE 1 ¢

Write precompensation > Write precompensation .
control Logic table selaction

Select ™ 1-7WDOQUT

Logic w3 -7wDOUT
8
1-7WD —¢ ™ Delay line >
(2) Programmable Delay Line
- Delay ; Delay Tl Deiay T
1 1
- 055ns —™  x7 stages each
(typ)
{3) Table
n m
| L i L
nm12345|6|7 19---010---010
Previous Current Next
1| N E n: The number of zero's between the current
2 1 bit and the previous 1 bit
m: The number of zero's between the current

3| 1 bit and the next 1 bit
4 L S

5 The precompensation delay time for each the 4
— matrix entries in the precompensation table (see

6 Table) can be set independently.

7 The delay time (8 levels} is selected by the each

part of register.
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34. Idle/Servo 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:

a) When bits 5,4 = 00 : Normal mode. All circuitries are powered.

b) When bits 5,4 = 11 : Sleep mode. Everythings powered down except the I/O and the logic
section of the chip.

¢) When bits 5,4 = 10 : Power Save mode. In this mode, the Idle/Servo 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 /O,
logic, and the bias circuitries.. If Idel/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).

A14 IS RD WR
Mode D54 pin /O Logic Bias PLL PLL AGC AF RPD PH
Normal | 00 | X FON|ON|ON |ON|ON |ON |ON |ON | ON
Power | | Servo 10 | 0 fON [ON | ON ON | ON | ON | ON
Save | [ 4 10 [ 1 Jon|on|oON
Sleep 11 X JON [ON
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35. Recommendation for PCB layout

To reduce Ground noise for proper chip operation, the following PCB board layout is recommended:

(1) Dedicate 1 layer for Ground plane.
(2) Divide the ground plane into 4 segments as show fig. 35.1
(3) System ground is connected Master GND.

Master GND

::W\ﬁ el
2 NNkesiacisy

Fig. 35.1 Recommendation for Ground layout
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36. Absolute Maximum Ratings (Ta=25 °C)

Description Symbol Ratings Unit Applicable ping
Supply voltage Vee 7 v DVee, AVec

Input voltage Vi -0.3 to 5.5 Y Note1

Output voltage Vo 5.5 v Note2
Operating temperature Topt 0to 70 °C

Sterage temperature Tstg -55 to + 125 °C

Notel: OSCCLK, RESET, IDLE/SERVO, RSENA, SCLK, SDATA, DUMP, CHA, SHORT, RX,

AGCHOLD, RG, SRV/RD, NRZRD/WD0O(Write mode), NRZRD/WD1{Write mode), WG, DCERA

WDOUT, NRZRD/WDOQ(Read mode), NRZRD/WD1(Read mode)

37. Electrical Characteristics (Ta=0to + 70 °C, Vce = 5.0V % 10% unless otherwise noted)

Note2: SDATA, POL, ULD, PDRD, DLYCLK, DLYRD, SYNCRD, RRCLK, CLKOUT, 1-7WDOUT, 1-7

General Applicable
Item Symbol min  typ max unit conditions pins
Power supply voltage Vee 4.5 5 5.5 V' Noted
Operation temperature Ta 0 25 70 c
NRZ transfer rate 15 56 Mbps

at 56Mbps, R/'W 20%
Power supply current lce 850 mw ldle/Servo mode 80%. Noted
TTL 'H' level intput voltage  ViH 2.2 Vv Vee=4.5V Note1
TTL 'L' level intput voltage  ViL 0.8 Vv Vce=4.5V MNote1
TTL 'H' level output voltage Vorr 24 V loH=-400uA, Vec=4.5V  Note2

TTL L' level output voltage  Vour 0.5 V loL=4mA, Vce=4.5V Note2
ECL'H level output voltage VorE  \wos oo V  Ta=25°C,RL=510Q  Note3
ECL L' level output voltage VoLe \.;cg V;:g Vv Ta=25°C, RL=510Q2 Note3

liH 20 WA Vee=56.5V Vi=2.7V Note1
input current

I 400 MA  Vce=5.5V,Vi=0.4V Note1
Output shorted current los -20 120 mA  Vcee=5.5V Note2
Input clamp voltage ViK 1.5V V. Vee=4.5V lon=-18mA Note1

Note1: OSCCLK,RESET,IDLE/SERVO,RSENA,SCLK,SDATA,DUMP,CHA,SHORT,W,AGCHOLD,HG,
SRV/RD,NRZRD/WDO(Write mode),NRZRD/WD1(Write mode),WG,DCERA

Note2: SDATA,POL,ULD,PDRD,DLYCLK,DLYRD,SYNCRD,RRCLK,CLKOUT,1-7WDOUT(TTL),

1-7WDOUT(TTL), NRZRD/WDO(Read mode), NRZRD/WD1(Read mode)
Note3: 1-TWDOUT(ECL),1-7WDOUT{ECL)
Note4: DVee,AVec(PH),AVec(W),AVeo(R),AVec(AF),AVec(AGC),AVec(RPD)
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38. Encoder/Decoder( Ta=25°C, Vcc=5V,56Mbps)

Applicable

Item Symbol min typ  max unit conditions  pins

NRZRD set-up time (serial) tsnrs 9.0 ns NRZRD/WDO
NRZRD set-up time (parallel} tsvep 16.0 ns NRZRD/WDO,1
NRZRD hold time (serial) thves 8.0 ns NRZRD/WDO
NRZRD hold time (parallel) thnee 210 ns NRZRD/WDO,1
NRZWD set-up time {serial) tsnws 8.0 ns NRZRD/WDOQ
NRZWD set-up time (parallel) ftsnwep 170 ns NRZRD/WDO,1
NRZWD hold time (serial) tHNws 0 B} ns NRZRD/WDO
NRZWD hold time (parallel} tHnwe 0 ns NRZRD/WDO,1
RRCLK high time T/2(H) 14.0 ns RRCLK
RRCLK low time T/2(L) 14.0 ns RRCLK
Decode time too 15 15 RRCLK NRZRD/WD0
Encode time teo 125 145  RRCLK 1-7WDOUT,

1-7TWDOUT

Write Precomp time step 028 0.55 0.82 ns Not tested

Write Precomp time width +20 +385 +57 ns + 7steps
39. Register ( Ta=25°C, Vce=5V )

Applicable

Item Symbol  min typ max unit conditions pins

RSENA "L" time teL 1650 ns RSENA
RSENA "H" time ten 50 ns RSENA
ggf}i\lﬁsﬁgr;% ggge to the first tersh 50 ns SCLK

SDATA set up time tcos 10 ns SDATA
SDATA hold time tcoH 10 ns SDATA
T .
SCLK cycle time fec 100 ns SCLK

SCLK "H" time ten 40 ns SCLK

SCLK "L"time | (o1 40 ns SCLK

SDATA output delay tcoo 20 ns SDATA
SDATA output hold time teon 5 ns SDATA
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40. Synchronizer ( Ta=25°C, Vce=5V)

ltem Symbol min__ typ max unit___conditions
Read VGO center RFVCO=2 .47k,
frequency 1 fveo1 399 42 44.2 MHz Register VFC=7B Hex
Phase lock - 6 Byte 68 NRZ bytes period
acquisition time 1 at 28Mbps
Capture range 1 +15 _— o % at 28Mbps
Lock range 1 +15 —— —_— % at 28Mbps
Read VCO gain 1 129 172 215 sec sV Ftegister VEC=7B Hex
Read VCO upper limit . 55 - MHz RFVCO=2.47kK,
clamping frequency 1 Register VFC=7B Hex
Read VCO tower limit ___ 30 _ MHz RFVC0O=2.47k,
clamping frequency 1 Register VFC=7B Hex
Read VCO center RFVCO=2.47k,
frequency 2 fveo2 799 84 88.3 MHz Register VFC=F6& Hex
Phase lock —_— 6 Byte 6 NRZ bytes period
acquisition time 2 at 56Mbps
Capture range 2 115 — — % at 56Mbps
Lock range 2 x15 - - %  at56Mbps

) Mrad/ RFVCO=2.47k,
Read VCO gain 2 178 236 296 geceV  Register VEC=F6 Hex
Read VCO upper limit — 109 —  MHz RFVC0=2.47Kk,
clamping frequency 2 Register VFC=F6 Hex
Read VCO lower limit — _ RFVCO=2.47k,
clamping frequency 2 55 MHz Register VFC=F8 Hex
Window margin loss 0 3 ns at any data rate
Window adjust step 034 0687 1.0 ns 31 steps, Not tested

5.5 10.0 14.
Window adjust width T5.9 :"10_7 +1555 ns +15 step, -16step
Window fine adjust width 012 025 05 ns total 4 steps
Rez-ad VCO maximum 90 108 — MHz FIFV_CO=1 k,
oscillate frequency Register VFC=80Hex
Decode window center -3 3 s at 28Mbps
accuracy -2 2 n at 56Mbps
-6 6 at 28Mbps
T/ offset accuracy -15 15 Hs at 56Mbps
C/D offset accuracy -15 +15 % at GAC=20Hex
Ta=25°C

Oscillation start voltage 4.0 v 2

fosc >100kHz
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41. Synthesizer ( Ta=25°C, Vee=5V)

Item Symbol min typ max unit conditions
Write VCO RSVCO=5.1k,
center frequency fwvco 800 840 883 MHz Register VFC=F6 Hex

Write VCO upper limit

RSYCO=5.1k,

clamping frequency 100.9 MHz Register VFC=F6 Hex

Write VCO lower limit - — RSVCO=5.1k,

clamping frequency 673 MHz Register VFC=F6 Hex

Phase lock

acquisition time 1 ms tested at 28Mbps, 56Mbps
Capture range +10 — — % tested at 28Mbps, 56Mbps

Lock range +2Ho — — A tested at 28Mbps, 56Mbps

VCO frequency step - 1.0 - Yo at fmax / fLow = 2.55

. Mrad/ RSVCO=5.1k,
VCO gain 84 115 140 geceV Register VFC=F6 Hex
42. RPD & PH ( Ta=25°C, Vec=5V )
Applicable

ltem Symbol min typ max unit conditions pins

Max peak-peak Input signal 2.0 Vpp differential inputs PHINX/Y
PDRD pulse width 4.5 9 13.5 ns at40Mbps, PW[1:0)=00

PDRD pulse rise time tr 0.5 2 4 ns ClL=15pF,20%-80%, Not tested
PDRD pulse fall time tf 0.5 4 ns CL=15pF,80%-20%, Not tested

P/H output voltage swing 20 23 26 vV  fin=6.5MHz, Vin=2Vpp **

P/H output leakage current 0.2 0 +0.2  pA OUTO - OUT3
P/H Channel Offset -50 +50 mv OuUTO ~ QUT3

VCOM
P/H Reference Voltage x 959, V.  PHINX/Y=0Vpp OUTOo - OUT3
(=]
. . CouTo ~ CouTs QUTD ~ QUT3

P/H Discharge time tosca 2.0 us | 000pF SUMP

P/H Sampling time —

(CHA = "L" time) tsp 20 us CHA

CHA Switching time tswr 200 ns CHA

** : differential input for PHINX and PHINY.
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43. Active Filter ( Ta=25°C, Vcc=5V )

44. AGC ( Ta=25°C, Vce=5V )

ltem Symbol min typ max unit conditions

Filter cutoff frequency fc 5 25 MHz

fc Accuracy fca -15 +15 o

Filter boost level Fb 0 10 dB

Filter boost Accuracy Fba -1 1 dB Fb = 10dB

Output dynamic range 1.7 vpp  diff. outputs, THD < 2%

Output noise(normal) 3 55 mVRms Not tested

Output noise(differential) 6 10 mVRms Not tested .

Group delay variation (0) +3 o Fb=0, condition 1

Group delay variation (1) 3 A Fb=10, condition 1
_Power noise rejiection PSRBRR -45 dB Not tested

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

ltem Symbol min typ  max unit___conditions

AGC max gain (39) 43 dB RINX/Y to FILOUTX/Y

AGC min gain 0 VIV

Input dynamic range 20 200 mv Distortion <2%

Band width{-3dB) Bw 50 MHz

Output DC offset Voff 100 200 mV AGCOUTXY

Input noise(max gain) 5 15 nViyHz Not tested

Write to read recovery time twrr 1 2 us write(ﬁ(:L) to read cycle

Read recovery time irr 5 us  recovery from max gain
45, P/H of servo mode ( Ta=25°C, Vce=5V )

Item Symbol min typ max unit conditions

AGC initialize time txs 150 ns

AGC gain attack time thaca 2 us CRD=3300pF

P/H discharge time {psca 2 LS CouTo~CouT3=1000pF

CHA sample waiting time Towr 200 ns

P/H sample time tspL 2 us
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46. AC Timing Chart

(1) Register read / write

< Write »

teL w14 fEH
tc
7 W
O
teos t o
tersn cos tooH tsren
moge g 0TTESS (4bits)__ et Input Data (8bits) -
(2bits)  pontt care Don't care
< Read >
< teL > teH >
ic
ASENA — JCH‘ _ttc‘ G Wlopp L
SCLK __| Tavava¥ 18
SDATA —| DDE;JD( Xor 9
fcos teoH tsrer  teon
=Address (4bits)= - -t Qutput Data (8bits) -
(2bits) Don't care Don't care
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(2) Read for NRZ data

NRZRD/WDO
(Output Mode)
tsNRS tHNRS
RRCLK
(Output)

NRZ Read Data(Serial Mode)

NRZRD/WDO
(Output Mode)
NRZRD/WD1
(Cutput Mode)
S ) > tHNRP

RRCLK
(Output)

(1%\%< KJ%<

NRZ Read Data(Parallel Mode)

Note1: When data transfer rate is 40Mbps(Serial Mode),NRZ and RRCLK Qutput is
40MHz. RRCLK clock duty "L":"H" =1:2.
When data transfer rate is 40Mbps(Parallel Mode),NRZ and RRCLK Output
is 20MHz. RRCLK clock duty "L":"H" =1:1
We recommend that more than 40Mbps,please select the "Parallei® mode.
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(3) Write for NRZ data

NRZRD/WDO
(Input Mode)
tshws tHNws
RRCLK
(Qutput)

NRZ Write Data(Serial Mode)

NRZRD/WDO0
(Input Mode)
NRZRD/WD1
(Input Mode)
tsNwp > tHNWP

K%<

N NS
N N

RRCLK
{Qutput)

\_

NRZ Write Data(Parallel Mode)

Note2: When data transfer rate is 40Mbps(Serial Mode}, RRCLK Output is 40MHz .
RRCLK clock duty "L":"H" =1:2.
When data transfer rate is 40Mbps(Parallel Mode), RRCLK Output is 20MHz .
RRCLK clock duty "L":"H" =1:1
We recommend that more than 40Mbps,please select the "Parallel" mode.
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(4) Timing for servo functions

A ]

AGCHOLD
DUMP

CHA

ouTe
QuUTH
ouT2

OuT3

L T T _TL_I
PR { acca . _tnsce_;‘ towr L"tspi}lq_;_-tspl;mrjspl_bl‘btsm
txs towT tswr tswr
= OV o
=V rall
M = 0V f
e, =0V /
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47. PACKAGE DIMENSIONS

16.0 0.3

16.0 0.3

76
100
0.20 +0.10
5
27 = 8
o = S e
[aY] [u] 1“2
: 0~5°
© y
o

Unit.mm_

FP -100B
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2,

When using this documents, kaep the following in mind:

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

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

Hitachi will not be held responsible for any damage to the user that may result from accidents or any other raasons
during operation of the user's unit according 1o this document.

Circuitry and other examples described herein are meant merely 10 indicate the characteristics and pertormance of
Hitachi’s semiconductor products. Hitachi assumes no responsibility for any intellectual property claims or other
problems that may result from applications based on the sxamples described harsin.

No license is granted by implication or otherwise under any patents or other rights of any third party or Hitachi, Lid.
MEDICAL APPLICATIONS: Hitachi's products ara not authorized for use in MEDICAL APPLICATIONS without the
written consent of the appropriate officer of Hitachi's sales company. Such use Includes, but is not limitad to, use in iife
support systems. Buyers of Hitachi's products are requested to notify the relevant Hitachi sales officas when planning
to use the products in MEDICAL APPLICATIONS.
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