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HD153036TF
64-Mbps Single Chip Read Channel

HITACHI

Description

The HD153036TF is fully integrated single-chip
Data Channel LSI for high performance magnetic
disk drives. Function blocks include the automatic
gain control (AGC) circuit, pulse detector,
programmable filter, 4-burst servo demodulator,
write clock synthesizer, data synchronizer, and
1,7RLL ENDEC with programmable write
precompensation circuit. This LSI supports {rom 24
Mbit/s to 64 Mbit/s data rate, and can be ultilized
for either single or multiple zone recording.

The HD153036TF is fabricated in HITACHI 1-3
pm Hi-BiCMOS process technology which yields
a high performance device at low power
consumption. In power down mode, power
consumption is reduced to 5 mW.

General Features :

+ 24 to 64 Mbit/s data wansfer rate.

+ A serial port for register access.

» User-selectable single zone recording or multiple
zone recording options. The following are
programmable for multiple zone recording :
VCO center frequency (64 settings), Read-PLL
loop filter dumping factor, charge pump current
levels (16 settings), active filter cut-off
frequency for servo and data modes (128
settings).

+ Power Management system
(Servo = 400mW, Idle = S0mW, Sleep = SmW)

« Selectable 1 bit serial or 2 bits parallel NRZ. bus.

+ Power consumption is at 770 mW typical.

+ A single 5 V supply is required.

» This type 64 pin TQFP package (1.2 mm height)

%
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Read Pulse Detector & Servo Functions :
* Built-in AGC amplifier for stable operation in
spite of varying media and head characteristics.
* AGC amplifier gain can be set to zero during
writing.

» Fast AGC attack can be accomplished with RX
function.

* AGC input’s short time can be controlled by
internal time and register.

» 4-burst servo circuit (peak-hold) with buffer amps.

= Servo reference voltage output.

» Servo charging speed can be controlled by register.

Programmable Filter :

+ Programmable cut-off frequency of 6 to 24 MHz.

» Cut-off frequency and boost level can be set
independently for servo and data mode.

= 7th order Bessel filter.

* 10 % cut-off (fc) accuracy.

* 13 % group delay variation. (0.2 fc to fc)

Write Clock Synthesizer :

» On-chip frequency synthesizer generates write clock.
(fmax./fmin. = 2.67)

+ Independent M and N divide by registers.

» Unlock detect function.

VCO center frequency matched to data synchronizer.

* VCO center frequency accuracy is within £10 %.

Synchronizer :

+ 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.(6 NRZ, bytes typ. acquisition time})

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

* V(O center frequency accuracy is within +10 %.
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Data Separator :

* Window center accuracy is 0 + 1.5 ns.

+ Programmable window shift control.

* Window monitoring functions.

Encoder/Decoder :
+« IBM 1,7RLL code.

+ 1 bit serial or 2 bits parallel NRZ bus.

= 1,7 data to be written to disk can be programmed
to be differential pseudo-ECL or TTL pair for
high speed transfer without timing error.

» On chip write precompensation function with
programmable delay line.

Pin Arrangement
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Block Diagram
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Pin Functions
Pin Name Pin No. Type Function
RINX 62 Differential Differential input lines for the read signal from the recording
RINY 63 input medium.
AGCOUTX 59 Differential Differential output lines for monitor from the AGC amplifier.
AGCOUTY 58 output The outputs are open-emitter type and would need external
3.9 kQ pull down resistors.
CRD0 56 External The charge/discharge current output line for the AGC
component control circuit.
required
FILOUTX 47 Differential Differential output line from Active Fiter. Connect to AGCINX,
FILOUTY 48 output Y through bypass capacitors.
DIFOUTX 50 Differential Differential output line from Active Filter. Connect to LININX,
DIFCUTY 49 output Y through bypass capacitors.
AGCINX 53 Differential Differential input lines to the AGC output amplitude detector.
AGCINY 54 input Connect to FILOUTX/Y outputs of the Active Filter with
bypass capacitors.
LININX 51 Differential Differential input lines for the zero-crossing comparator.
LININY 52 input Normally connect to DIFOUTX/Y of the Active Filter with
bypass capacitors.
RREF 60 External Connect 1o a resistor fo set the reference current for the
component Active Filter's DAC.
required
CPF1 42 External Current output to the external loop filter for read PLL.
CPF1 41 component
CPF2 39 required
CPF2 40
RWAJ 43 External Connect to a resistor to set the half window delay.
component
required
RFC 38 External Connect to a resistor to set the center frequency of the VCO
component in the decode clock generator's VFO.
required
R8C 10 External Connect to a resistor to set the center frequency of the VCO
component in the encode clock generator’s frequency synthesizer.
required
CPS 8 External Current output to an external loop filter for write clock synthesizer.
CPS 9 component
required
OSCCLK 22 In (TTL}) Clock synthesizer's reference clock input. The frequency
(Oscillator synthesizer generates encode clock frequencies from the
clock) input on this line. Data writing is synchronized with the
encode clock. When not reading data, the decode clock
generator's VFO is also synchronized to this frequency
(1.5 times the data transfer rate}.
4
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Pin Functions (cont)

Pin Name Pin No. Type Function

SHORT 29 In (TTL) When this terminal is “L’, RINX and RINY are shorted
together. This short timing can be generated both by the
internal short pulse generate circuit or direct input by this pin.

RX 23 In (TTL}) TTL-level input that switches the AGC loop on or off. When
RX signal turn Low to High, AGC gain starts from maximum
gain. HD1&83039TF has internal automatic RX pulse
generate circuit.

RX input AGC loop
High AGC loop closed
Low AGC loop open

AGCHOLD 31 In (TTL) TTL-level input that locks the AGC amplifier gain. When
AGCHOLD goes High, the gain is lccked at its immediately
preceding value.

SERVO 19 In (TTL}) *H" . Servo mode, "L’ : Read mode. In the servc mode,
"FCS8” register set the A/F's cut-off frequency and GSH/
GSLS register set the gate slice level. In the read mode,
“FCR” register set the A/F's cut-off frequency and GSH/
GSLR register set the gate slice level.

QUTO, OUTH, 3 4, Analog Servo burst’s peak and hold outputs. Connect to A/D

OouT2, OUT3 56 outputs converter. Holding capacitors resides inside the chip with
buffered outputs.

VRT 2 Analog Servo reference (maximum) voltage output.

outputs

CHA 21 In (TTL) The sampling control signal for Servo Peak/Hold circuit (TTL
level). Position signal is sampled by CHA = "L".

DUMP 20 In (TTL}) The discharge control signal of Servo Peak/Hold circuit (TTL
level). DUMP = "L is for discharge.

PDRD 27 Out (TTL) Output line for the data read from disk as reshaped into
digital data by the read pulse detector. When SERVO (pin19)
goes high, PDRD outputs read data pulse. When SERVO
goes low, PDRD is disable.

WG 36 In (TTL) Write gate input signal. Set this pin high during writing.

RG 30 In (TTL} High level at this input selects read mode. This signal

(Read Gate) 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.

NRZRD/WDH1 26 In/Out The parallel data /O pin of NRZ sighal.

(TTL)
NRZRD/MWDO 25 In/Out The parallel data /O pin of NRZ signal. When the bypass
(TTL) encoder mode, provide the 1-7 write into this pin. Write data

will be directory output from 1-7WDOUT and 1- 7WDOUT.

HITACHI >
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Pin Functions (cont)

Pin Name Pin No. Type Function

RRCLK 24 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 controcller should read
NRZRD by this clock. Other than read mode, reference
clock is provided to disk controller.

1-7WDOUT 35 Out 1-7 RLL Write Data Differential Cutput. Pseudo ECL/TTL are

1-7WDOUT 34 (TTL/ECL) available by bit O of register “$h14”. When this bit is “H",

(Write data these outputs are ECL. When this bit is “L’, these outputs

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

RESET 12 In (TTL}) Low input initializes internal logic circuits and registers.

RSENA 13 In (TTL) This active low input selects the device and enables the
serial port.

SCLK 14 In (TTL) This is the serial clock sent in by the hard disk controller or
other ASIC device. For either read or write transfer, a 16
clock burst is required for proper operation. Data is latched
in during write or sent out during read at the rising edge of
the SCLK.

SDATA 15 In/Out Data is transmitted in 16-bit packet MSB first. The first 2 bits

(TTL) is used to determine the read or write mode, the next 5 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 18 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 except the I/O and register. When
PCN = 10, then depending on the logic level of the IDLE
pin; if it is High, then chip is in the |dle mode and all circuits
are OFF except for the I/O, register, and the bias circuit’s; if
it is Low, then the device is in the Serve mode and the 1/O,
logic, bias circuit’'s, AGC, Active Filter, Read Pulse Detector,
and Servo circuit will be ON with only the RD VFO and the
WR synthesizer being OFF.

TESTH 28 Test pin Output pin of the test signal.

DVl 17 Power Digital Vg power supply.

DVec?2 32

DGNDH1 16 Ground Digital ground.

DGND2 33

AV c(AF1) 64 Power Analog Vg power supplies for active filter.

AVolAF2) 45

AGND(AF1) 61 Ground Analog ground for active filter.

AGND(AF2) 48

6
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Pin Functions (cont)

Pin Name Pin No. Type Function

AVce(RPD) 57 Power Analog Ve power supply for read pulse detector.
AGND(RPD) 55 Ground Analog ground for read pulse detector.
AGND(P/H) 1 Ground Analog ground for peak hold.

AV o(VFO) 44 Power Analog Vg power supply for synchronizer.
AGND(VFO) 37 Ground Analog ground for synchronizer.

AVec(SYN) 7 Power Analog V¢ power supply for synthesizer.
AGND(SYN]) 11 Ground Analog ground for synthesizer.

HITACHI 7
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Registers
Address Name Abbreviation Note
00h VCO center frequency control register VFC register fmax/fmin = 2.67

O1h Read PLL (Synchronizer) charge pump gain control register NCR register Normal gain mede
Write precompensation delay control register (Value S)  WPS register

02h Read PLL (Synchronizer) damping factor control register NDR register Normal gain mode
Write precompensation delay contrel register (Value L) WPL register

03h Read PLL (Synchronizer) charge pump gain control register HCR register High gain mode
Write precompensation delay conirol register (Value N)  WPN register

C4h Read PLL (Synchrenizer) damping factor control register HDR register High gain mode
Write precompensation delay conirol register (Value E) WPE register

05h Read PLL (Synchronizer) charge pump gain control register NCW register  White clock Ref mode
AGC super discharge time control register. SLT register

06h Read PLL (Synchronizer) damping factor control register NDW register Wite clock Ref. mode
AGC amp. internal short time control register. SHT register

07h Write PLL charge pump gain control register NCS register
Internal RX time control register RXT register

08h Pre-Scaler of write clock synthesizer control register (Value M)  PSM register

0%h Divider of write clock synthesizer control register (Value N) PSN register

OAh Decode window adjustment register WAJ register

0Bh Half window delay adjustment register WTS register
Unlock detect sensitivity control register ULD register

oCh AGC amplitude setting register ADSL register
AGC Det. charge/discharge ratio setting register DSL register
AGC Det. charge/discharge current control register ASL register

oDh Filter cut-off frequency control register {Read mode} FCR register fc =610 24 MHz

CEh Filter cut-off frequency control register {(Servo mode) FCS register fc =610 24 MHz

OFh Filter boost level control register (Read mode) BLR register 0to10dB

10h Filter boost level control register (Servo mode) BLS register 0to10dB

11h High pass filter cut-off frequency control register HPF register
High pass filter pre-amp gain control register PAG register

12h Gate slice low-level setting register (Read mode) GSLR register
Gate slice low-level setting register (Servo mode) GSLS register

13h PDRD pulse width control register PW register
PDRD ocutput mode select register PDS register

8
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Registers (cont)

Address Name Abbreviation  Note

14h 1-7 write data output type control bit (ECL/TTL) WDSEL bit Pseudo ECL or TTL
1-7 write data 1/2 divide mode select bit WDDIV bit
Servo circuit’s charge rate control bit PHSEL bit x1.0,x08

15h Negate counter control register RGN register

16h Power management control register PCN register
Gate slice high level setting register GSH register

17h Test mode control register TEST register

HITACHI
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Mode Control Register Map

Address BIT7 BIT6 BIT5S BIT4 BIT3 BIT2 BIT1 BITO Resister
Functions
cCo00O0O0 “Q” “ o VFC5* VFC4 VFC3 VFC2 VFC1  VFCO VFC: Read and Write
PLL center
frequency
00001 WPS2 WPS1 WPSO 0 NCR3* NCR2 NCR1 NCRO* NCR:  Normal
gain char ge pump
current for read
mode
WPS: Write precomp.
delay (S)
co010 WPL2 WPL1 WPLO -0 NDR3* NDR2 NDR1 NDRC NDR: Nor mal
gain PLL's damping
factor for read
mode
WPL: Write precomp.
delay (L)
coo011 WPN2 WPN1 WPNO ~ 0" HCR3* HCR2* HCR1* HCRO™* HCR: High
gain char ge pump
current for read
mode
WPN: Write precomp.
delay (N)
00100 WPE2 WPE1 WPED ~ 0 HDR3 HDRz HDR1* HDRO* HDR: High
gain PLL s damping
factor for read
mode
WPE: Write precomp.
delay (E)
00101 SLT2 SLT1 SLTO ~ 0" NCW3* NCW2 NCW{ NCwo* NCW: Nor mal
gain charge pump
current for Ref.
mode
SLT: AGC Super
discharge time
setting
co110 SHT2 SHT1 SHTO ~ 0 NDW3* NDW2 NDW1 NDWO NDW: Nor mal
gain PLL's damping
factor for Ref. mode
SHT: AGC amp. short time
setting
cot111 RXT2 RXT1 RXT0 ~ 0" NCS3 NCS2* NCS1  NCSC NCS: Write
synthesizer's char ge

time setting

pump current
RXT: Internal BX pulse

c1000 PSM7 PSM6 PSM5 PSM4 PSM3 PSM2 PSM1
clock synthesizer’'s

10 HITACHI
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divide value

01001 PSN7 PSNe PSN5 PSN4 PSN3 PSN2 PSN1  PSNO PSN: Write
clock synthesizer's N
divide value
01010 “ o “ o WAJS* WAJ4 WAJ3 WAJ2* WAJ1 WAJD WAJ: Decode
window adj ustment
c1011 ULD1 ULDD WTSE WTS4 WTS3 WTS2 WTS1* WTSo WTS: Half
window delay adjustment
ULD: Unlock detector
sensitivity
01100 "0 "o ASL DSL  ADSL3* ADSL2 ADSLA ADSLO ADSL:
AGC Loop amplit ude setting
DSL: AGC CHG DISCHG
ratio
ASL: AGC CHG DISCHG
cur rent
01101 "o FCRs FCR5™ FCR4™ FCR3 FCR2 FCR1 FCRO FCR:Active filter
cut- off frequency
for read mode
01110 ACE FCS6 FCS5* FCS4* FCS3 FCS2 FCS1  FCS0 FCS:Active filter
cut- of f frequency
for servo mode
1111 “ 0" “ Q" “ 0" BLR4 BLR3 BLR2 BLR1 BLRO BLR:Active filter
boost level for
read mode
10000 “ o “o” “ 0" BLS4 BLS3 BLS2 BLS1 BLSO BLS:Active filter
boost level for
servo mode
Note: * These bits are set “1” when RESET pin is assented.

HITACHI
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Register Descriptions

VCO Center Frequency Control Register (VFC)

MSB

Address : $00 (at write="C0" hex, at read="80" hex)

VFC register

This register is used in multiple-zone recording to set
the center frequency of the decode clock generator's
VCO and the oscillation frequency of the encode clock
generator's frequency synthesizer.

Resistors connected to the RFC and RSC lines set
these values for the maximum data fransfer rate.
(0.375 times maximum transfer rate)

011000 Minimum transfer rate

100000 Default transfer rate

111111 Maximum transfer rate

Unused bits, must be 0 when written.

Read PLL’s Charge Pump Output Current Control Register for Normal Gain Mode (NCR),
Write Precompensation Delay Control Register (WPS)

Address : $01 (at write="C2" hex, at read="82" hex)

MSB

D7 | D6

L 1

NCR register

Select the output current of the R-PLL's charge pump
for normal gain mode to vary the gain.

1001 {Default)
1111

Unused bit, must be 0 when written.
WPS register

Sets the write precompensation delay for the S part of
WP-table.

000 : Early
. (0.80ns/step typical)
111 : Late

12
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Read PLL’s Damping Factor Control Register for Normal Gain Mode (NDR),
Write Precompensation Delay Control Register (WPL)

Address : $02 (at write="C4" hex, at read="84" hex)

MSB — LSB _NDR register
D7 | D8 (Ds| O (D3 D2|D1 D0 Select the cutput current ratio of the R-PLL's charge

- pump for normal gain mode fo vary the damping factor.
NDR [3:0] 0000

1000  (Default)
1111

Unused bit, must be 0 when written.

WPL register

' Sets the write precompensation delay for the L part of
WP-table.

WPL[2:0] | 000 : Early
. (0.80ns/step typical)
111 : Late

Read PLL’s Charge Pump Output Current Control Register for High Gain Mode (HCR),
Write Precompensation Delay Control Register (WPN)

Address : $03 (at write="C8" hex, at read="86" hex)

MSB LSB
D7|De|Ds| 0 [Dafb: Do _HCR register
L — Select the output current of the R-PLL's charge pump

for high gain mode to vary the gain.

1111 (Defaut)

Unused bit, must be 0 when written.

WPN register

Sets the write precompensation delay for the N part of

WP-table.
WPN[2:0] | 000 : Early
: (0.80ns/step typical)
1 ‘.I 1 Late

HITACHI 13
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Read PLL’s Damping Factor Control Register for High Gain Mode (HDR),
Write Precompensation Delay Control Register (WPE)

Address : $04 (at write="C8" hex, at read="88" hex)
MSB LSB
D7|De|D5| 0 |D3|D2|Di|Do|  HDRregister
R T Select the output current ratio of the R-PLL's charge
pump for high gain mode to vary the damping factor.
HDR [3:0] 0000
0011 (Default)
| 1111
Unused bit, must be O when written.
WPE register
Sets the write precompensation delay for the E patt of
WP-table.
WPE[20] | 000 : Early
. (0.80ns/step typical)
111 : Late

Read PLIL’s Charge Pump Output Current Control Register for Write Clock Reference Mode (NCW),
AGC Super Discharge Time Control Register (SLT)

Address : $05 (at write="CA” hex, at read="8A" hex)
MSB

LSB
D7|D6|Ds| 0 |D3|D2|D1|DO|  NGW register
| |

Select the output current of the R-PLL’s charge pump
for write clock reference mode to vary the gain.
NCW [3.0] 0000

1001 (Default)
1111

Unused bit, must be 0 when written.
SLT register

Sets the period of the super discharge function on
AGC control circuits. See the following.
(see page 24 - Figure 1)

000 : Ocount {(Ng 1=0)
001 : 8counts (Ng . T=8)

. 4 counts / SLT register bit
111 : 32 counts (Ng 7=32)

SLT [2:0]

14
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Read PLL’s Damping Factor Control Register for Write Clock Reference Mode (NDW),

AGC Amp. Input’s Short Time Control Register (SHT)

Address : $06 (at write="CC" hex, at read="8C" hex)
MSB LSB

D7|Ds|Ds| 0O

NDWI[3:0] | 0000

1000
1111

D1| Do _NDW register

L [ Select the output current ratio of the R-PLL's charge
pump for normal gain mode to vary the damping factor.

(Default)

Unused bit, must be 0 when written.
SHT register

Sets the internal SHORT pulse ganerator. SHORT(Pin
29) pin and internal SHORT pulse gen. are connected
OR logic. See the following.

SHT [2:0] (see page 24 - Figure 2)

000 : 0count (Ngy7=0)
001 : 8 counts (Ngyr=8)

. 4 counts / SHT register bit
111 : 32 counts (Ngyr=32)

Write Synthesizer’s Charge Pump Current Control Register (NCS),

Internal RX Time Control Register (RXT)

Address : $07 (at write="CE" hex, at read="8E" hex)

MSB LSB
p7|Ds|Ds| o | D3| D2] D1 DO _NCS register
[ I Select the output current of the write synthesizer's
charge pump to vary the gain.
NCS[30] | o000

0100
1111

_RXT register

RXT [2:0]

(Default)

Unused bit, must be 0 when written.

Sets the internal RX pulse generator. RX{Pin 23} pin
and internal RX pulse gen. are connected OR logic.
See the following. (see page 25 - Figure 3)

000 : 0count (NrxT=0)
001 : 8counts (NgxT=8)

4 counts / RXT register bit
L 111 : 32 counts (Ngyr=32)

HITACHI
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Pre-scaler of the Synthesizer Control Register (PSM) [M value]

Address : $08 (at write="D0" hex, at read="90" hex)
MSB LSB

D7 |De|Ds (D4 | D23 |D2|D1|Do PSM register
L

‘ This register controls the M pre-scale counter’s value
of the synthesizer. The OSCCLK signal is divided by 4
PSM [7:0] | 45 255

0000 0100 dided by 4 (Minimum)

1111 1111 divided by 255

Divide of the Synthesizer Control Register (PSN) [N value]

Address : $09 (at write="D2" hex, at read="92" hex)
MSB LSB

D7 |De|Ds (D4 (D3| D2 | D1 | D0 PSN register
\

‘ F’his register controls the N divide counter's value of

] the synthesizer. The write VCO clock signal is divided
PSN[7:0] | by 4 to 255.

0000 0100 dividedby 4 (Minimumj

1111 1111 divided by 255

Decode Window Adjust Register (WA J)

Address : $0A (at write="D4" hex, at read="94" hex)
MSB LSB

o|o|D5|D4|D3fD2|D1|D0O

T WA register

This register adjusts the seiting of the window.
Window centering can be adjusted by an on-chip
WAJ [5:0] delay line.

010010 (Minimum)

100100 (Default)
111111 (Maximum)

Unused bits, must be 0 when written.

16
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Half Window Delay Adjust Register (WTS),
Unlock Detector Sensitivity Control Register (ULD)

Address : $0B (at write="D8" hex, at read="96" hex)
MSB LSB

D7 | D6 | D5 | D4 | D3| D2 | D1 | DO WTS register

_This register selects the step's value of the half
windov_v delay. Norm_ally this register will be set
WTS [5:0] according to the following.

000000 &4 Mbps
000010 48 Mbps (Default)
| 001001 24 Mbps

_ULD register

Select the unlocked detect gain for the W-PLL
synthesizer to activate the TEST1 output by set fo test
ULD [1:0] mode when unlock condition occurs.

00:2 OSCCLK

01:4 OSCCLK

10:6 OSCCLK

11:8 OSCCLK

AGC Loop Amplitude Setting Register (ADSL),
AGC DET. Circuit’s Charge Discharge Ratio Setting Register (DSL),
AGC DET. Circuit’s Charge Current Setting Register (ASL)

Address : $0C (at write="D8" hex, at read="98" hex)

MSB LSB
0|0 |D5|D4}D3|D2|D1|Do _ADSL register
. L This register sets the amplitude of the AGC loop's

output. The amplitude is FILOUT pin's differential
ADSL [3:0] voltage (Vppdif).
0000 :0.55 Vppdif (Minimum)

1000 :0.95 Vppdif (Default)
1111 :1.30 Vppdif (Maximumj

DSL

Controls the ratio of the charge & discharge current to
the AGC capacitor.

0: 71

1. 2841
ASL

Controls the charge current to the AGC capacitor.
0: 210pA
1: 420 pA

Unused bits, must be 0 when written.
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Read Mode AF Cut-off Frequency Register (FCR)

Address : $0D (at write="DA” hex, at read="9A" hex)

MSB LSB
0 |D6 L s D2 | D1 Do FCR register
: ‘ Select the cut-off frequency for the active filter in the
normal data read mode. (when SERVO=0)
FCRI6:0] | 0010111 Minimum (~8 MHz)
011 (.)0 00 Default (=12 MHz)
B 110 (; 001 Maximum (=24 MHz)

Unused bit, must be 0 when written.

Servo Mode AF Cut-off Frequency Register (FCS)

LSB
D5 [D4|D3|D2|D1|Do

MSB
D7 | D6 [D5

FCS [6:0]

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

FCS register

Select the cut-off frequency for the active filter in the
servo mode. (when SERVO=1)

0010111 Minimum (=6 MHz)

ACE

0110000 Default (=12 MHz)
1100001 Maximum (=24 MHz)

AQE=0 : AGCOUTX/AGCOUTY are disable.
AQE=1: AGCOUTX/AGCOUTY are enable.

18
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Read Mode AF Boost Level Control Register (BLR)

Address : $OF (at write="DE" hex, at read="9E" hex)
MSB LSB

0 4] 0 D4 | D3| D2|D1]| D0 BLR register

1 0000

This register sets the boost amplifier's gain of the
active filter for data read mode. (when SERVO=0)

BLR[40] | o0 o000

Minimum gain (0 dB)

Maximum gain (10 dB}

Unused bits, must be 0 when written.

Servo Mode AF Boost Level Control Register (BLS)

Address : $10 (at write="EOQ" hex, at read="A0" hex)
MSB LSB

0 0 0 |D4|D3|D2|D1]DO BLS register

This register sets the boost amplifier's gain of the
active filter for servo mode. (when SERVO=1}

BLS[40] | 0 0000 Minimum gain (0 dB)

1 0000 Maximum gain (10 dB)

Unused bits, must be O when written.

HITACHI
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High-Pass Filter Cut-off Frequency Control Register (HPF),
High-Pass Filter Pre-amp Gain Control Register (PAG)

MSB

LSB

D7

D5 | D4 | D3 | D2 | D1 | DO

HPF [3:0]

Address : $11 (at write="E2" hex, at read="A2" hex)

HPF register

This register controls the cut-off frequency of the high-
pass filter in the active filter circuit during read and
servo mode.

PAG [3:0]

0000 Minimum 50%
0100 Default 100 % (FCR register)
1111 Maximum 2375% (12.5 %f/step typical)

PAG register

This register controls the pre-amp gain of the high-
pass filter in the active filter circuit during read and
servo mode.

0000 Minimum gain (-6 dB)
0100 Default gain (0 dB)
1111 Maximum gain (6 dB)

Read Mode Low-Slice Level Register (GSLR),
Servo Mode Low-Slice Level Register (GSLS)

Address : $12 (at write="E4" hex, at read="A4" hex)

LSB

7| D&

Ds | D4 | D3| D2| D1 | DO

GSLS [3:0]

_GSLS register

These are input to the internal DAC using to generate
the low-slice level for the pulse detection circuit in the
servo mode. (when SERVO=1)

GSLR [3:0]

0000 Minimum low-slice level 00V

1000 Default low-slice level 050V

1111 Maximum low-slice level 0.85V

_GSLR register

These are input to the internal DAC using to generate
the low-slice level for the pulse detection circutt in the
read mode. (when SERVO=0)

0000 Minimum low-slice level 00V

1000 Default low-slice level 050V

1111 Maximum low-slice level 095V

20
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Read Data Pulse Width Control Register (PWO),
Internal Read Data Pulse Width Control Register (PWI),
Read Data Polarity Control Register (PDSEL)

MSB LSB
0|1 |D5|D4|D3|D2|D1|DO

Address : $13 (at write="EB" hex, at read="A8" hex)

PWOQ register

Set the pulse width of PDRD signal oulput. Four
settings are possible with 2.4 ns per step.

PWO [1:0]

PWI[1:0]

00 Minimum pulse width
(2.4 ns/step typical)
|11 Maximum pulse width

PWl register

Set the pulse width of PDRD signal internal line. Four
settings are possible with 2.4 ns per step.

PDSEL [1:0]

00 Minimum pulse width

(2.4 ns/step typical)
L 11 Maximum pulse width
_PDSEL register
PDSELO selects PDRD signal polarity

0 Signal value ‘1" ="H’

1 Signal value ‘1’ ="'
PDSEL1 composite POLARITY signal
0 Signal value "1’ = non-composite

| 1 Signalvalue ‘1" = composite

Unused bit, must be 1 when written.

Unused bit, must be 0 when written.

HITACHI
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1-7WDOUT Output Type Select Bit (WDSEL), 1-7WDOUT Polarity Select Bit (WDPN),
1-7WDOUT Divide Mode Select Bit (WDDIV), NRZ Data Mode Select Bit (NRZSEL),
PDRD Output Enable Control Bit (PDE), Servo Circuit’s Charge Rate Select Bit (PHSEL)

MSB LSB

o |ps|ps| o [p3|D2|D1]| Do

Address : $14 (at write="E8" hex, at read="A8" hex)

[WDSEL \ypsEL selects 1-7WDOUT output type.

0: TTL output mede
1: pseudo ECL output mode
WDDIV selects 1-7WDOUT divide mode.

0 normal signal
1 divided by 2

WDDIV

WOPN_ WDPN selects 1-7WDOUT signal polarity.
0. Signalvalue 1’ ="H
1. Signal value 1’ =L

NRZSEL  NRZSEL selects 1bit or 2bits NRZ data.
0. 1-bit serial NRZ mode.
1: 2-bit parallel NRZ mode. (Default)
FDE When this bit sets "1”, PDRD output is enable.
PHSEL

Servo circuit's charge rate control register.
0: x1.0 charge rate (1.0us at Typ. condition)
1. x0.8 charge rate (0.8us at Typ. condition)

Unused bits, must be 0 when written.

Negate Counter Setting Register (RGN)

Address : $15 (at write="EA” hex, at read="AA" hex)

LSB
o|o|o|D2|{Di|Do

RGN [2:0]

RGN register

This register sets the negate period of the reference
data on read phase comparator.
(see page 25 - Figure 4)

000 :12 W-VCO counts (tggy = 1 byte)
100 80 W-VCOcounts (trgy =5 byte) (Default)
111 968 W-VCO counts (tggy = 8 byte)

Unused bits, must be 0 when written.

Unused bit, must be 1 when written.
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Read and Servo Mode High-Slice Level Register (GSH)

Power Control Register (PCN)

Address : $16 (at write="EC"” hex, at read="AC" hex)

MSB LSB
D7|De|Ds|D4| o | o [D1|Do

GSH [3:0]

1111

L | L |
L PCNO : Power control register {(see page 26)
PCN1 : Power control register (see page 26)

PCN1,0=00: Normal mode. All circuits are powered.

PCN1,0=11: Sleep mode. Everything powered down except the /O
and the logic section of the chip.

PCN1,0=10: Power Save mode. In this mode, the IDLE 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, legic, and the
bias circuits. If IDLE = 0O then Servo mode will be
selected and all blocks will be kept on except the clock
synthesizer (WR PLL) and the synchronizer (RD PLL).

Unused bits, must be 0 when written.

GSH register

There are input to the internal DAC using to generate
the programmable High-Slice level for the Pulse
detection circuit in the read and servo mode.

0000 :
1000 :

Minimum high-slice level 00V

Default high-slice level 050V

. Maximum high-slice level 0.95V

Test Mode Control Register

Address : $17 (at write="EE" hex, at read="AE" hex)

MSB LSB
ojoJofOo]o]|]0]0] O

Unused bits, must be 0 when written.
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RX Pulse

(internal)

—
SLT Pulse E

Non-AGC Control

| tsLT=NsL7 % 1foscoik

tsLT

Super Discharge function ON

Super Discharge function OFF {Normal mede)

Com. k Com. \ ] F NO Chal’ge &
AGC Control Discharge  VSL {— Discharge
Circuit's r VaH \ / y Discharge
Operation VSH 3 i
\/ Charge v Charge
VSSH { VSSH 1
4 x Charge 4 x Charge
Figure 1 Super Discharge Function of the AGC Control Circuits
From RINX AGE g )
Pre Amp.
RINY b .
o | H s 4P 55
SHORT
Short pulse| |
WG Gen.
OSCCLK
HD153036TF —/
WG
{Pin 36) j
SHORT
(Pin 29) | tsrr=Nsrr X 1/fosceLk
tsHT _
Short Pulse
gen.'s output
(internal)
Short Pulse
(internal)
Figure 2 Short Timing Generate Function
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WG
(Pin 36) ‘ \
]

IDLE

(Pin 18) \

SERVO

(Pin 19)

i ) —
RX
(Pin 34) | trxr=NrxT * 1/foscek |
JIRXT tRxT JRxT

RX Pulse

gen,’s output

(internal)

RX Pulse

(internal}

Figure 3 RX Pulse Generate Function
Negate
RG "1 Counter Sync Byte
i f Counter
RD —
Select = Read Phase| _|Charge Pump| [ Read
— Comp. & Filter VCO —J
1/3 [173}+] RReLk |RRCLK
@__ Switch
OSCCLK - -
+1/M Write Phase Charge Pump Write
o Comp. [ | &Fiter "l veo [ ]
|| 1/N ||
traL .
RG
Internal 1/3 Write 1/3 Write

Ref. Data VGO | Read Data . traN . VCO |, PReadData

{traL = tRan) >
Internal 1/3 Write Neo Phase Comparate

Ref. Data VGO - Read Data rd =!_ Read Data

(traL = traN)
Figure 4 Read / Write PLL’s Block Diagram & Negate Count Function
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Input / Output Impedance of the Read Pulse Detector’s Amplifiers

+ AGC amplifier

Input impedance

Ria/2 1.5k
Vea ‘ ‘ Reat 300 @
| o Reoat 37143 0
hreQat 80

RINX RINY

Rin (AGC) = Ria/2 / hpegat % (Reat/2 + Regat)
Z15kQ /14971 kQ

=1.363 kQ2
NreQar  ©hee of Qay
700 pA 700 pA Reoat : Emitter resistance of Qpy
+ LIN amplifier
Input impedance v
VaL cC
Ri/2 1.5kQ
RiLt 100 Q
Ri/2 ZR/2
Qy EEQU 63.4;:) 50
FEQL1
LININX Quy
RiL1
LININY [ }——=——
RiL1
Rin (LIN) =Ry /2 // (RiLy + hegary X Reqri)
GP 215kQ /5173 kQ
=1.183 k&
410 pA heequr 1 hpeof Quy
ReaLt : Emitter resistance of Q4
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P/H Circuit for Servo four channel servo. When, the D UMP signal goes
L. . . low, all holding capacitors are discharged. Then,
The P/H circuits consists of a full-wave rectifier, ] e p‘ . ® )
: the CHA signal is activated producing a succession
sample and hold, followed by a gain stage that
drives internal capacitors through switches. Four

outputs are made available to enable detection for

of four negative pulses.

Select Logic «—CQ CHA

321 0 R
i
s—O0 DUMP
to AGC Detector
P/H;
:fo—_ol_—~| >——I—() ouTo
AGCINX:t - cwr LISample] | DC 1 F P
AGCINY @ & Hold Amp. ——*—F’/H' }7
3
s’o—r{}—g—owﬁ
i .._.i
P
:fo—_ol_ﬂl >——£—() ouT2
Vref. Amp. -+ =
Y —_*_ P/H- i
o’o—r~| %—I—O ouTs
7 _.i

7;- Vref. Top

Amp.

JVRT

Band-Gap Ref. Voltage

Figure 5 Servo Peak & Hold Circuit Block Diagram
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AGC (Automatic Gain Control) Amplifier Circuit

The AGC amplifier is a two-stage differential
amplifier. The first stage has variable gain and the
second stage has fixed gain. The AGC block

consists of the first stages. The output of the active
filter (FILOUT and DIFOUT) stage is the second
gain stage of the AGC block.

“ACE” »

O AGCOUTX

Oulputs are enable.

When “AOE” bit = 1, =
Active Filter

: OAGCOUTY

- AGG amp. —
™.

Equalizer and low-pass
o qua a pass -
RINX —--g 1st> filter for Multiple Zone
RINY O 1 I Recording
7% to Pulse
SHORT J Detector
|Timer.l}= —— S« —0OSHTOto 2
ulse 3
e 20
RX © o > —ORXT0to2 i
3 e ;S\g[o to 2 |from ——
I register
S F | [ Fens [
N cr‘1 " Amplitud —¢7: AGCIIX
; arge mplitude
! / :‘}‘GC\ Pump control 5
AGCHOLDE u. Vesver fvsL | AGCINY
[o. - L4 .
| M—w'— ADSLO to 3 (from register)

,,,,,,, AGC control circuit -

Figure 6 AGC Block Diagram

The first-stage gain can be controlled in the range
from — o 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-iq +exp (qVC/kT))

Ky =7.08

Ve =Vaac — VRer

g: Unit electrical charge

k: Bolzmann constant

T: Absolute temperature

The second-stage amplifier within the active filter
has fixed gains of 21 dB (at the outputs of FILOUT).

The AGC full gain is 79.4 V/V (=38 dB).

When bit 7 of register address “01110” (AOE bit) is
set 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, please terminate to ground by 3.9 k€ resistor.
Bit 4 of register address 011007 (DSL register)
determines the AGC control current ratio. When
DSL will be set to “0”, Charge: Discharge ratio will
be 7 : 1. When DSL will be set to “1”, Charge:
Discharge ratio will be 28 : 1.

Bit 5 of register address “01100™ (ASL register)
determines charge current of AGC. When ASL will
be set to “0”, the charge current will be 210 pA.
When ASL will be set to “1”, the charge cuirent will
be 420 pA.
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Table 1 Charge, Discharge Current of AGC Amp. vs. ASL, DSL Register

Register “01100”

ASL DSL Charge Current Discharge Current
0" 0" 210 pA 30 pA
0" " 210 pA 7.5 pA
1 0" 420 pA 60 pA
" " 420 pA 15 pA

The AGC amplifier gain control system is shown
in figure 6. The AGC amplifier output is amplified
by the post-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 Vgy and Vg
that are set internally (Vg is 50 % of Vgy), then
the external capacitor (CRD) are charged or
discharged. The charging and discharging of the
external capacitor varies the control signal Vage
which directly affects the gain of the AGC
amplifier. The final amplitude V; (of the AGCINX
and AGCINY waveforms) in this control system
can be calculated from the following equations,
assuming sine waveforms:

T, % Ich = T, x Idis (1

Veom — V

T1=(1%siu1 M)XT (2)
P

(1_ %) ®
P

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

v -V i v -V
s—1 YCOM SH Idis . -1 YCOM SL
sin Vp Tch sin VP
~nf; Idis
=2 (1 Ich) (4)

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

Vepr =4 (Veom —Vsy) X m (%)

where m = 1.00to 1.05

Veom \

Vs

Vgy -

Ich
Idis

T : Half-period of signal cycle
T1 : Charging period

T2 : Discharging petiod

Vp : One-sided amplitude

Figure 7 Charge / Discharge Timing
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Programmable Active Filter Circuit

Active filter consists of equalizer and electronic
filter. Flectronic 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 FCR and FCS.
Writing to the HPF register will set the high-pass

cut-off frequency of the differential amplifier.
Writing of the PAG register will set the pre-amp
gain of the high-pass filter. The equalizer is double
differentiation pulse sliming equalization. The
boost level is set by writing to register BLR and
BLS.

| Q1. Oo/ Qa, g Q4 Oy 3
! w0 FILOUTX
from | 2-LPF 2LPF| |2-LPF 1-LPF[ |
AGC | - - ——=0 FILOUTY
l 4 Yoo
| Q1,4 z O, 1
! |
T TR - L+ DIFOUTX
- A 1HPF[ ]
| . . —=oDIFOUTY
: — 1
1 fe Gain fe !
| Control | [Control Gontrol | |
| — 1 ;
| |
! | DAC | DAC DAC :
| Y [ |
ey B 7| FCR (7.0
n<=| it FCg[7:0]
r=|| 2Dt BLR [4:0]
o | abqT— BLS [4:0]
: b HPF [3:0]
b o Active Filter ____ —_______. PAG [3:0]
Figure 8 Active Filter Block Diagram
Transfer Function
-+—2-Pole—= -—2-Pole—»> «—2-Pole—» =1-Polew
ACCOUT| o o o 2| wFiLoUT
2 O 2™ 2 2™ 2 2™ —
8 +Q—118+(:)1 + I8 +Q—®§S+m2 8 +Q—®:S+m3 S+
2
—KS o]
—=-DIF OUT
82+$—118+a)12 S+iy

%0 HITACHI




HD153036TF

Example of External Components Connected to the RPD

These values are tentative.

FILOUTX
FILOUTY

2200p| 2200p

AGCINY
AGCINX

RREF

AGND(AF1) O————

s
DIFOUTX
HD153036TF | _ -
2200p | 2200p

LININY J
LININXES—
ol

CRDO

AGND(RPD) Oﬂ

Unit R: @
C.F
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The AGC full gain is 79.4 V/V (=38 dB).

When bit 7 of register address “01110” (AOE bit) is
set to “17, AGCOUTX and AGCOUTY pins can be
used to menitor the output of the AGC amplifier.
These pins are open emitter type. When monitor
them, please terminate to ground by 3.9 k€ resistor.
Bit 4 of register address “01100” (DSL register)
determines the AGC control current ratio. When DSL
will be set to “0”, Charge: Discharge ratio will be 7 :
1. When DSL will be set to “1”, Charge: Discharge
ratio will be 28 : 1.

Bit 5 of register address “01100” (ASL register)
determines charge current of AGC. When ASL will
be set to ‘07, the charge current will be 210 pA.
When ASL will be set to 17, the charge current will
be 420 pA.

Table 1 Charge, Discharge Current of AGC
Amp. vs. ASL, DSL Register

Register “01100”

ASL DSL Charge Current
Discharge Current

HOH “OH 21 O uA

30 pA

HOI! H1 n 21 O uA

7.5 pA

H1 n “OH 420 uA

80 pHA

H1I! H1I! 420 uA

15 pA

The AGC amplifier gain control system is shown in figure 6. The AGC amplifier output is amplified by the

post-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 Vg and Vg that are set internally (Vg is 50 % of Vgy), then the external capacitor

(CRD) are charged or discharged. The charging and discharging of the external capacitor varies the control
signal V 5 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:

T, x Ich = T, x Idis (1)

(2)

3)

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

(4)
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A B C D E F G

NRZData =weeeeeees 00 |00 [ o1 |ot |11 ]11]01 | 0
l Inversion

NRZ Data vttt 11 10 | 10 [ 00 | 00 | 10 | 4o
,  Ereodns \? @ e \@ \@? \?

(17)Code ~ +reeeeeee | 100 | 100 | 010 | 101 | 001 | 010 | 00 |+

Figure 9 Shows an Example of NRZ to (1, 7) Code Conversion

Table 3 Decoding Table ((1, 7) Code to NRZ)

(1, 7) Code Bits

No. Previous Current Next N R 7 Data Bit
1 X 1 0 0 0 © X X X 0 o
2 X 0 0 0 0 O X X X o 1
3 X X X 1 0 0 X X X 1 1
4 X X 0 o 1 0 0 0 X 1 0
5 X X 0 o 1 © 0 0 X 11
6 X X X i 0 A1 X X X 1 0
7 X 0 0 o 0 1 X X X o 1
8 X 1 0 o 0 1 X X X 0 o
9 X X 1 o 0 1 X X X 0 0
10 X X A o 1 0] o 0 X 0 o©
11 X X 1 0 1 © 0 0 X o 1
12 X X 1 0 0 O X X X o 1
0D0: Anything other than 00
X: Don't care
---------- | 100 | 100 | 010 | 101 | 001 | 010 | 010 | -oevnc
(1,7) Code
i Decoding \C? \C? \C? @ \C‘g)
NRZData e 1111 10 | 10 |00 |00 | eeeeees
i Inversion
NRZ Data e | 00 [ 00 | 01 | 01 | 11 | 11| e

Figure 10 (1, 7) Code to NRZ Decoding Example
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Write Precompensation Circuit

The HD153036TF has a built-in synchronous write
precompensation circuit, and the 4 matrix delay
levels from the write precompensation table shown
below can be selected independently for the

(1) Circuit Configuration

NORMAL (N), EARLY (E) and LATE (L) sides.
Each delay group of the table can select delay
value independently.

WPL,WPN WPE

WPS Register

X 4

Write precompensation

Write precompensation

control logic table selection Select | 17WDOUT
. Logic | 17wpouT
17WD - i -
from Encoder Delay line
(2) Programmable Delay Line
----| Delay : Delay [ -r--| Delay |[—
—0.80 ns —= -7 stages each
(Typ)
(3) Table
n m
\ \ \ I
I’]m1234_567 ‘IO_---O‘IO---O‘IO
Previous Current Next
TN E n . The number of zerc's between the current
) 1 bit and the previous 1 bit
m : The number of zerc's between the current
3 1 bit and the next 1 bit
4
L S The precompensation delay time for each the 4
5 matrix entries in the precompensation table (see
5 Table) can be set independently.
The delay time (8 levels) is selected by the each
7 part of register.
34
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Decode Window Adjustment Circuits

The half window delay circuits select T/2 delay
value each transfer rate. The delay value will be
controlled by WTS register. When window center

adjustment mode, the latch input data’s delay will
be controlled by WAJ and WTS register. The width
of the window adjustment is £1.8 ns (typ.).

Internal _|Half Window _| Adjustment Read Data
Read Data Delay delay Latch [—
[ T ~ Latch Input Clock
WTS Registeri || Adjustment _
delay R-PLL |
WTS Register 1 r
WAJ Register

Latch Input Data
5 P Synchronized

R-PLL Input Data

Figure 11 Window Adjustment Circuit Block Diagram

Latch Input Clock

Latch Input Data

WAJ="100100"
WTS="10XXXX"

WAJ="010110"
WTS="10XXXX"

WAJ="110010"
WTS="01XXXX"

-

T/2 T/2

——

1/

—1.8ns (Typ)

\

+1.8ns (Typ)

-

Figure 12 Window Adjustment Timing Waveform
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For example, if the NRZ data 00 is to be (1, 7) encoded, it is first inverted to 11.

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

In decoding the (1, 7) code I (= 100) to NRZ data (see figure 12), since the previous data H was 100 and
the next data J is 010, the decoding table gives 11 as the NRZ data. Inverting this gives the NRZ data 00,
which is then output.
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Sync Field Detection

By using an internal counter to the transitions (24  transitions (4 x 6).

pulses), the HD153036TF RD-PLL can operate in It is recommended that the sync field should be of
the high-gain mode immediately after RG is 3T pattern, and that a minimum of “6-NRZ-byte”
asserted, then automatically switched over to the  period is allowed for proper RD-PLL phase
normal-gain mode after the counter counts 24  locking.

RG signal [f i
ReadData  _/\__/\_/\ - oAy

+———————— High-gain period (6 Bytes) -t -

: : Normal-gain
(3T pattern only) period
Figure 13 Sync Field Detection Timing
Read and Write Mode
RG _/ \ / \
WG / \
Read Mode ' Servo or Write Mode Servo or Read Mode
No access No access
mode mode
1-7 WDOUT *
Fix low ﬂEncode Fix low
Data

Encode time (typical = 10 clock of CLKOUT)

Note: * 1-7 WDOUT is synchronized with the rising edge of CLKOUT.

Figure 14 Read and Write Mode Timing
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Read and Write PLL Block Diagram

4 | ™\
High Gain HCR Reg.
Current HDR Reg.
IN1 l
IH1
! VR NCR Reg.
Phase .| Charge | Normal Gain NDR Reg.
Read Data | Comparator Pump1 (Read) Current #NCW Reg.
(Internal)
IHHH1 INSIM1 NDW Reg.
3 * IH1+IN1
or IN1
Charge ‘ | DAC I
Pump2
x LR
— Synchronizer (Read PLL) = O T J
= Rec
e
4 ~
— PSN Reg. W
1/N Phase Charge VGO | | Write
Comparator Pump (Write) Charge Pump NCS Reg.
1/M Current
w *_
L PSM Reg. t [ DAC |- VFC Reg.
5
Q
6] re} /2] &}
i . § 15 ¢ y
Synthesizer (Write PLL)
Cs2
3 XTAL etc. »—l |—0 RSC
CSS Rs
_|
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Calculation of PLL Constants

1.

Encode Clock Generator’s Frequency
Synthesizer (W-PLL)

VCO center frequency fow

f  (990x10%) - L
CW ™ (R ge +400)

where 24 < 1. < 63 (L. : VFC register value)

(Hz) (1-1)

VCO oscillation frequency fow
fow=X . f 1-2
ow =31 " fosc (H2) (1-2)

where 4 <M <255 (M : PSM register value)
where 4 <N < 255 (N : PSN register value)
fosc : Ose clock’s input frequency

VCO gain Kpy

K ow=(2.15x 10%) .

L d _
\ (R g+ 400) (serca- V) (1-3)

where 24 < 1. € 63 (L. : VFC register value)

Charge pump current Ty

Ty = (2.05 % 10-5) . (NCS + 1) (A) (1.4
where 0 £ NCS < 15 (NCS : NCS register value)

Characteristic frequency ®,w

_ Kow 1w rad )
m“W_\/Z:'t-N-(C51+CSQ) (SCC) (1-3)
where 4 <N <255 (N : PSN register value)

Attenuation Ly

Cw=%'C31'Rs'®nw (1-6)

. Decode Clock Generator’s VFO

. VCO center frequency frgr

£ _(9.90x 109 - L
CR™ (R pe +400)

where 24 < L <63 (L : VFC register value)

(Hz) (2-1)

. VCO gain Kpp

K or=(7.42x10%.

L d
\/ (R gc + 400) (sef;a- v) (2-2)

where 24 < L. €63 (L. : VFC register value)

Charge pump normal gain current Iy, Iy

In=(3.25x 105 . (NCR + 1) (A) (2.3)
where 0 < NCR < 15 (NCR : NCR register value)
IN1=%6+1'IN(A) (2-4

where 0 < NDR < 15 (NDR : NDR register value)
Charge pump high gain curent Iy, Iy

1, =HEB+3 10 a) (2-5)
where 0 < HCR < 15 (HCR : HCR register value)
IP[1=%(1H*IN)+1N1(A) (2-6)
where 0 < HDR < 15 (HDR : HDR register value)

Charge pump reference gain cuirent Ig, Ig;
Iy = (3.25 % 10-5) - (NCW + 1) (A) 2.7
where 0 < NCW < 15 (NCW : NCW register value)

1R1=%'1R(A) (2-8)

where 0 < NDW < 15 (NDW : NDW register

value)
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6. Characteristic frequency (high gain) @y

_ Kor-1n rad R
m“RH_\/Zn-3-(CF1+CF2) (SCC) (2-9)

7. Characteristic frequency (normal gain) ® gy

_ Kor-In rad N
‘”nRN‘\/zn-4-(CF1+CF2) (Sﬂc) (2-10)

8. Characteristic frequency (reference gain) ®,gg

_ Kor:Ig rad _
m“RR_\/Zn-3-(CF1+CF2) (scc) (2-11)

9. Attenuation (high gain) {gy

1
Cru=Cri Rp Oy 7or (2-12)
H

10. Attenuation (normal gain) {py

cRN=CF1'Rl='0)nm~1'11ﬂ (2-13)
N

11. Attenuation (reference gain) {pp

1
CRR=CF1'RF'mnRR'ILR1 (2-14)
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Calculation Example of HD153036TF
W-PLL Constants

Transfer rate ; 64 Mbps, 32 Mbps, 24 Mbps 3 zones

(1)

(2)

(3)

Ry =6.2kQ
VCO center frequency =96 MHz (L = 63)

PSM register, PSN register (M, N)

Xfow dow= % fosc

2. N
3% M

where fosc =12 MHz,
Transfer rate resolution = 500 kbps

where Transfer rate = %

.~ Transferrate = fosc

2 fosc

M=£x—2_=16
37 500 x 103
. Transfer rate = ; P E x 12 % 106bps
s _ 64 x 108 _
S 64Mbps Ngg=—"—— x 16 =128

12 x 106

12 x 108

24 x 108

12 % 106

3
X3

32Mbps N, =32X10° x3 x 16 = 64
3
2><16 48

24MbpS N24 =

Cg1. Cgy (calculate from max. transfer rate)

1 fosc
where, ® < - 30 X 27 X == M
1 12 x 105 _
0, =55 % Im X == 16 =117.8krad / s
Max. transferrate = = >< 11% % 12 % 108
—64Mbps

where Ly =max. (NCS =15)
Iy =2.05x 105 x (15 + 1) =328.0 uA
where calculate VCO gain from L

_9.90 x 10°

64 % 10° % XL
2 6.6 x 107

L=63

) _ 9 63

=210.1Mmad/s - V

HITACHI

)

(3)

Cs)
30

1_ [/3280x10°x%x210.1x 10°
117.8 %10 ‘\/ 2mx 128 x41/40 Cg

+.Cg =6000pF C g, =150pF ¢
® ywes = 118.0krad / s

where C ¢ =

Rg (calculate from max. transfer rate)
where {weq=1.0

10 =1 % 6000 x 1072 x R g x 118.0 x 10°

~R g = 2.7kQ d; Wed = 0.9558

32 Mbps

Transferrate = 2 x & x 12 x 106 = 32Mbps

16
where calculate VCO gain from L

9
32 % 10% % M L
2 6.6 x 10
~L=32
K =2.15x10% /—32
owsz 6.6 x 103

=149.7Mrad/s-V

where Onwes = Opwsz

180 % 107 = \/ Ty X 149.7 x 10‘5712
27 % 64 X 6150 x 10
1y = 230.0pA
230.0 x 1075 =2.05 x 107 x (NCS + 1)
~NCS=10 dw=2300pA C
O pn3p = 118.0krad / s

%x 6000 % 10712 % 2.7 x 103
% 118.0 x 107 =0.9558

-'-§w32 =
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42

(6) 24 Mbps

2

Transferrate= 2 x 38 x 12 x 10% = 24Mbps

3716

where calculate VCO gain from L
9
24x 100 2 = 2M0 X100,
2 6.6x10
~L=24
~Kown=2.15x10°, / —2¢__
Ows 6.6 %103

=129.6Mrad/s-V
where Oyweq = ®pyazg

1180><103—\/ Ty % 129.6 x 10°
’ 21 % 48 X 6150 x 10712

Iy =199.3pA
199.3 x 1079=2.05 x 1073 x (NCS + 1)
~NCS =9 dy =205.00A,
® ryog = 119.7krad / s
~Gwaa=1x 60001072 x2.7 x 103
% 119.7 x 10° = 0.9696
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Calculation Example of HD153036TF
R-PL.L Constants

Transfer rate ; 64 Mbps, 32 Mbps, 24 Mbps 3 zones

(1)

(2)

(3)

(4)

RFVCO = 62 kQ
VCO center frequency = 96 MHz(L = 63)

VCO gain Kgg

K opeq = 7.42 x 10° ﬁ
=724.9Mrad/ s - V

K opsy = 7.42 x 10° ﬁ
=516.7Mrad/ sV

K ggaq = 7.42 x 10° ﬁ

=447 4Mrad/s -V

Cp|. Cgp (calculate from max. transfer rate’s

high gain)

where ®; - Tyq64 = 6.0

= Lﬁ - 4 bytes = 500ns
64 x 10

®yrues = 1 2.0 Mrad/s

Tagea

ﬁFOl C gy (min.) =910pF ¢
3T sync pattern
- C F1~= 910pF a 2= 7PF

where Cpy =

1, x7249x 108
6 _ H
12010 _\/an3 X(Cp +Cry)

AT =3434mA

Rp (calculate from min. transfer rate’s
normal gain)
where @« Tygp4 = 6.0
= Lﬁ - 4 bytes = 1333ns
24 x 10
@R 24 = 4.50 Mrad/s
where @y =3.0- oy
®yrN24 = 1.50 Mrad/s

T oq24

1.5(”(106:\/ 1HX447'4X10:2
2n X 4 x 917 x 10
sy =115.9pA

1159 % 1076 =3.25x 1073 x (NCR + 1)
~NCR=3 dy=130.0pA

(5)

where

CRN64
=10

HITACHI

where NDR = 14 (max. -1)

1 _14+1
N1~ 16

x 130.0 x 107% = 121.9pA

® =\/ 130.0 x 10 % x 447.4 x 105
nRN24 2w x4 x 917 x 10712

=1.589Mrad/ s
Craag =910% 1072 xR £ x 1.589 x 10°

o 1219 x 107
-6
130.0 x 10
where CRN24 =1.0

1.0 =910 x 1072 x R x 1.589 x 10°
1219 x10°°
-6
130.0 x 10
RF = 7500 Cg RN24 = 1.0169

64 Mbps normal gain
where ®y=3.0- ®y
mnRN64 =4.0 Ml"ad/s

j 6
4.0><10"’=\/ Iy %7249 % 10 ;
2E X4 x917x 107

~1y =508.7pA

508.7 x 1079=3.25x 107 x (NCR + 1)
~NCR=14 dy=487.54A C
G)URN64 = 3916Mrad/ s

1.0=910x 1072 x 750 x 3.916 x 10°

Iy
487.5x 1079
sy = 182.4pA

X

182.4 x 106 = %6” x 487.5 x 1076
~NDR=5 .y =182.8pA
L ryes =910 x 10712 X 750 x 3.916

6.5+1
%10 x—m

.8 ryes = 1.0023
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{6) 64 Mbps high gain
®urues = 12.0 Mrad/s

120“06_\/ Iy %7249 x 10°
' TV 2m%3x917x 10712

o1y =3.434mA

3.434 % 107 = @ % 487.5 % 107°
~HCR=11 dp=3.413mA C
® nRH64 = 11964Mrad/ s

where £pi1gq=0.7

0.7=910 % 1012 x 750 x 11.964 x 108

Ty
3.413 x 1073
o1y = 292.6HA

292.6x 1070 =

HDR
32

+182.8x107°
~HDR=1 d =274.2pA
€ Riea = 910 x 10712 x 750 x 11.964 x 10°

o 274.2 % 108
-3
3.413 x 10

L gries = 0.656

X {(3.413 % 1073 — (487.5 % 10—6)}

(7) 64 Mbps reference gain
where @nrres = OnrNes

: 6
4.0><10"=\/ g X 724.9 x 10 12
2 X3 X917 x10°

~1g =381.5nA
381.5x 107 6=3.25x 1073 x (NCW + 1)
ANCW =11 dg=390.0pA C

® greq = +.044Mrad / s

where {grga=1.0

1.0=910x 10712 x 750 x 4.044 x 10°

Igy
390.0x 1079

141.3 x 1075 =7ND‘1"{5+ 1 «390.0 x 106
~NDW=5 dg, =146.34A
L rres =910 x 10712 x 750 x 4.044

6.5+1
% 10° x 16

S C RR64 = 1.0350

(8) 32 Mbps normal gain
from the above @ gn24

6
=1.5x100%x32%10° _ 5 oMrad/ s
gnRNBZ 24 106

50 106 \/ Ty x516.7 % 10"’12
2w x4 X917 x 107
Iy =178.4pA
178.4x10%=3.25x 10" x (NCR + 1)
~NCR=4 dy=16250A C
O pr3z = 1.909Mrad/ s

where " 6

C 1.0=910x 107" x 750 x 1.909 x 10
RN32

1.0 v 1N

162.5x 10°%
.'.I N1 = 1247“A

124.7 x 107 =%6+1>< 162.5 % 10~
ANDR=11 dy =121.94A

£ g = 910 x 10712 x 750 x 1.909

6. 11 +1
X 10° x 16

Z RN32 = 09772
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(9) 32 Mbps high gain
where @, - Tyq32=6.0
-4 bytes = 1000ns

_ 8
Tagn2 =07 106

[1)] nRH3? = 60M1'dd/ s
Ty %516.7% 10
6.0 x 10°= \/ I

2w x3x917 x 10712
A= 1.204mA

1.204 x 1073 = % x 162.5 x 1078
A~HCR=12 dg=1.219mA C

® nRH32 = 6.037Mrad/ s
where ‘;RH32 =07

0.7=910 x 1072 x 750 x 6.037 x 10°

L
1.219 % 1073
1 H1 = 2071“.A
207.1 x 1078 =

% X {(1.219 % 1073~ (162.5 x 10—6)}

+121.9%x107°
~HDR=3 .y =2209pA
rpm =910 % 10 12 % 750 x 6.037 x 106

« 220.9 x 105
-3
1.219 % 10
w8 gppap = 0.7466

(L0) 32 Mbps reference gain
where pR3> = @yrNs2

20><106—\/ Ty x516.7 x 10°

2mx 3% 917 x 10712
~Ig=133.8uA
133.8%x1079=3.25 x 1077 X (NCW + 1)
A NCW=3 dg=1300uA C
O grr3 = 1.971Mrad/ s

HITACHI

where gRR?)Z =1.0

1.0=910x 1072 x 750 x 1.971 x 10°

Igy
130.0 x 1075
Iy =96.6pA

96.6 x 106 = %6” % 130.0 x 1078
~NDW =11 dg,=97.50A

L rraz =910 x 10712 x 750 x 1.971

6., 11+1
% 10 ><—16

L gr3p = 1.0089

(11) 24 Mbps normal gain
» RN24 — 1.376 Ml’ad/s

n
NCR =3, Iy = 130.0 pA
NDR = 14, Ty = 121.9 pA
gRNSZ: ].0].69

(12)24 Mbps high gain
CDI’]RH24 = 4-5 Ml‘ad/s
oI =782.3pA
782.3 x 1076 = w x 130.0 x 1075
~HCR=9 d;=780.0pA C
O g = 4.493Mrad/ s
where CRH24 = 07
0.7 =910 x 10712 x 750 x 4.493 x 10°¢

T
780.0 x 1076
sy =178.1pA

178.1x 1078 =

H3[;R x {(780.0 x 1078y (130.0 x 10*")}

+121.9x10°°
~HDR =3 dy; = 182.80A
£ Rina =910 % 10712 x 750 x 4.493 x 10°

182.8 x 10~°
® —6
780.0 x 10
L ppos = 0.7187
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(13)24 Mbps reference gain
where ®nrr24 = GnrN24

147 . 6
1.5><106=\/ Tg X 447.4 % 10 _
2ZEx3x917x 10"

~1g =86.9uA
86.9 x 107%=3.25 x 1073 x (NCW + 1)
~NCW=2 dg=97.5pA C

® proa=1.589Mrad/ s

where CRR24 =1.0

1.0 =910 x 1071% x 750 x 1.589
1
6 % R1 .
97.5% 10~
~1gy =89.9nA

x10

89.9 x 107° =%6+1><97.5 % 1075
~NDW =14 Qg =914pA

£ rroq = 910 x 10712 x 750 x 1.589
6., 14+ 1
x 107 x 16

‘-‘CRR24 =1.0167

48
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Calculation of PL1. Constants

1. Encode Clock Generator’s Frequency Synthesizer (W-PLL)

1. VCO center frequency fow

where 24 <L € 63 (L : VFC register value)

2. VCO oscillation frequency fow

where 4 <M <255 (M : PSM register value)
where 4 €N <255 (N : PSN register value)
fosc : Osc clock’s input frequency

3. VCO gain Kpow

where 24 < 1. < 63 (L. : VFC register value)

4. Charge pump current Iy,
Iy = (2.03 x 10-5) - (NCS + 1) (A)

5. Characteristic frequency ®,w

where 4 <N <255 (N : PSN register value)

6. Attenuation {w

(1-1)

(1-2)

(1-3)

(1.4)
where 0 <NCS8 < 15 (NCS : NCS register value)

(1-5)

(1-6)
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48

Decode Clock Generator’s VFO
VCO center frequency feg
(2-1)

where 24 < L. €63 (L : VFC register value)

Charge pump normal gain current Iy, Iy

Iy = (3.25 X 10-5) - (NCR + 1) (A)

where 0 <NDR < 15 (NDR : NDR register value)

Charge pump high gain current Iy, Iy;

where 0 <HCR < 15 (HCR : HCR register value)

where 0 < HDR < 15 (HDR : HDR register value)

Charge pump reference gain cmrent I, Ig,
Iy =(3.25x 10-5) . (NCW + 1} (A)
where 0 < NCW < 15 (NCW : NCW register value)

where 0 < NDW < 15 (NDW : NDW register value)

2. VCO gain Kgg

(2-2)

where 24 < 1. €63 (L : VFC register value)

(2.3)
where 0 <NCR <15 (NCR : NCR register value)

(2-4)

(2-3)

(2-6)

(2.7)

(2-8)

HITACHI



HD153036TF

Example of External Components Connected to the R-PLL & W-PLL

6.2k
RSC
AGND(SYN)
27k
cpPs C
150p == 5000p
CPS C 1 |}
10k
AWAJ O——WWA—
HD153036TF 6.9k
RFC C—— v A——s
AGND(VFO) .
vers
CPF1 *
750
CPF2 570 L.
CPF2 P TP
750
CPF1 ¢

Unit R: Q
C:.F
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10. Attenuation (normal gain) {pp
(2-13)
11. Attenuation (reference gain) {zg

(2-14)
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Calculation Example of HD153036TF W-PLL Constants
Transfer rate ; 64 Mbps, 32 Mbps, 24 Mbps 3 zones

(1) Rgc=6.2%kQ
VCO center frequency = 96 MHz (L = 63)

(2) PSM register, PSN register (M, N)

where fosc = 12 MHz,
Transfer rate resolution = 300 kbps

(3) Cgq, Cga (calculate from max. transfer rate)

where Iy = max. (NCS =15)
Iy =2.05x 1073 x (15 + 1) =328.0 pA
where calculate VCO gain from L
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{4) Rg (calculate from max. transfer rate)
where Lyeq=1.0

(5) 32 Mbps

where calculate VCO gain from L

where ®pweq = Oyws2
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(6) 24 Mbps

where calculate VCO gain from L

where Onwes = Bpwoa
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AC Timing Chart

(1) Register Read / Write

(Write)

) fcH  fou fee —,‘_—‘L_
RSENA B e ek i /

teos toon
| mode Address (5hits}) Input Data (8bits)
(2bits) Don't care
u11l)
{Read}
- teL ten
tey oL tee tcop
RSENA il -~ Saima / {
SCLK AVAVAVAVAVY o\ |/
SDATA — 4 Y b7 DO
r.—
teos teon tsrer tepH
Address (5bits) Qutput Data (8bits) __
(2bits) Don't care
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(2) Write for NRZ Data

= Serial Mode

NRZRD/WDO
(Input Mode)
tanws thnws
r ™
RRCLK
(Output)

= Parallel Mode

NRZRD/WDO
(Input Mode}
NRZRD/WDA
(Input Mode}
- tsnwp tinwe

S~
N

.
N

RRCLK
(Output)

Note: 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 Mede), 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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(3) Read for NRZ Data

= Serial Mode

NRZRD/WDO
(Cutput Mode)
tsnRs L

= Parallel Mode

RRCLK
(Output)

NRZRD/WDO
(Cutput Mode)
NRZRD/WD1
{Output Mede)
tsnRP

RRCLK clock duty “L" : "H"=1:2

RRCLK clock duty "L : "H"=1 : 1.

tHnRs |
RRCLK
(Output)
e tHNRP .

We recommend that more than 40Mbps, please select the "Parallel” mode.

Note: When data transfer rate is 40Mbps {Serial Mode), NRZ and RRCLK output is 40MHz.

When data transfer rate is 40Mbps (Parallel Mode), NRZ and RRCLK output is 20MHz.

58

HITACHI




HD153036TF

Example of The Idle to Servo Mode Waveform

Servo period

_ AGC time _J_”d‘a(_ Graycode | ABurst BBurst CBurst D Burst
RINX,
RINY
FILOUTX,
FILOUTY
IDLE |
RX -1 -
tacciN
AGCHOLD . |
DUMP | |
CHA txs taaca | [ [ 1] [ 1] [
™ tacc " tosca tswT |tsp| [tspL| | fspL| |tspL|
bl il il el el l
tswT tswT tswr
QuTo ras
ouTH VY
ouT2 /
QuT3 ——
During D Burst, no signal coming out.
Symbol Min Typ Max Unit Conditions
tXS 6.0 — —_ us CAGC|N=2200 pF AQC=28 Hex
tacca — 30 6.0 ps CRD=5600 pF ADC=28 Hex
tbsca — — 1.0 ps
tswTt 100 200 — Hs
tspL — 1.0 17 us Register A14=08 Hex
taccin 10.0 — — us CAGC|N=2200 pF ADC=28 Hex
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Package Dimensions

Unit: mm

12.0+02 .
J10.0
33
NENARNORROANAAND
49 5 32
o E =
=} = = (=]
+H 5 = |0
o = E o
| B E
647 =17
3 4“‘1 T TITTTI TN ITITT
0.20+0.10
== D010 W <
=
1.0 &
Lot g3
0.50+0.10 p
[=][=]

0.17 £ 0.05

m‘ﬁ#o—w

Hitachi Code

TFP-64B

ElAJ

JEDEG
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