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HD153081
Hard Disk Drive Programmable
Filter/Frequency Synthesizer

HITACHI

The HD153081 is a programmable filter/frequency
synthesizer developed for use with magnetic disks
with transfer rates of up to 40 Mbps. When used
with a 1, 7 RLL code, the HD153081 built-in
programmable filter is a variable cutoff frequency
read channel filter that includes a pulse slimming
equalizer function based on a 2-stage
differentiation method combined with a low pass
filter that has seventh order Bessel function
characteristics. Also, the frequency synthesizer is
used for write clock synthesis, and generates the
clock used for writing data to the disk.

Features

+ Built-in electronic control programmable filter
with seventh order Bessel characteristics

* The filter cutoff frequency can be set to any
frequency in the 5 to 30 MHz range.

« Two filter output systems are provided: a low
pass output and a low pass differential output.
The group delay characteristics of these
systems can be set to be identical.

+ Pulse slimming based on a 2-stage
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differentiation equalizer is provided.

* The gain at the cutoff frequency can be
boosted by up to 15 dB.

» The group delay characteristics when boost is
used do not depend on the amount of boost.

+ Built-in PLL write clock generation frequency
synthesizer

+ Clock frequencies of up to 60 MHz can be
generated by setting the division ratios of the
two dividers.

+ Two output clock systems are provided: a
pseudo-ECL differential output and a single-
sided TTL output.

+ Built-in unlock detection function for detecting
PLL synchronization loss

» The unlock detection circuit can be set to one
of four sensitivity levels.

+ High speed and low power dissipation
characteristics were realized by the adoption of
a Hi-BiCMOS process.

« Standby function provided

« The QFP-56 package used is optimal for
miniature surface mounting. (Resin size: 10 x
10 mm)

» Easy to handle 5 V single-voltage power
supply specification

Functional Overview

Item Specification Item Specification
Filter Seventh order Bessel Synthesizer PLL pull-in time  Less than 1 ms
characteristics characteristics Data transfer rate 15 to 40 Mbps
Cutoff frequency 5 to 30 MHz (programmable) (for 1, 7 code)
Equalizer 2-stage differentiation Power Operating 600 mW

technique dissipation Standby Less than 10 mW
Boost level 0 to 15 dB (programmable) /O TTUpseudo-ECL
Synthesizer output Up to 60 MHz (programmable) Power supply Unitary 5 V
clock frequency

Package QFP-56 (Resin size
10 x 10 mm)
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Pin Arrangement

2 2 —_
$ £ 3
a Z o
Q 0 X X G
nNu ~ © 1w % VC © ~§ - O VC m m V%
0O O 0o 00 o0 o0 o0 o0 o0 Qo oo
CICIC I A It i1
[ ™~ [{=} [Te] < [s2] [V — [=] [¢2] O P~ 0 Te}
[aV} [aV] (&Y} [a\} [aV] (oY} [aY] N [aV] — — — — —
oy [ *| ] bGND (ECL)
‘v 8 ®| JRFCK-T
v s ~ o
EXTIE r| Jwa
EVYE: el JosceoLk
so[ |3 > ] DGND
anoa[ |3 ©| |RESET
(@) anov | |8 ~ ] TeT
xLnoN[ |5 o |TE
ALNON[ |8 w| ] AGND (S)
xtnooa [ |3 +| ]Rcs
ALnooa [ |Q o ]FILTS
(@ anov [ |3 | AV (S)
oN[ ¢ ~[ ] AGND
s < w (<o} ~ e8] D (=} — Al [32] < [T (e}
< < < < < ~ < wn w0 Te] W W
HiEjEIRINIEIEINI NN
¥ X r@srpzzi 48
F F oF F @ F F o3 ao > 8
> 0w =z o
< < m

Note: Pseudo-ECL outputs

(Top view)




HD153081

Block Diagram
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Pin Assignments

Pin Name

Pin Number Type

Function

RESET

8

In

The internal circuits are re-initialized when this pin is set low. It
should be held at a high value during normal operation. This
pin must be brought low at least once following power on.

OSCCLK

10

The input from this pin provides the basic clock for the
frequency synthesizer. The frequency synthesizer uses a PLL
technique to generate the other clock frequencies based on the
clock input to this pin.

WG

11

Set this pin high during writes.
This activates the frequency synthesizer PLL unlock detection
circuit, and enables the ULD pin.

DO to D7

1910 22
24 t0 27

In/Out

These pins are connected to the register data signals, and are
usually connected to the microcomputer data bus.

These function as input pins when RE is high, and as output
pins when RE is low.

AO to A2

29 to 31

In

These pins are connected internally to the register address
signals, and are usually connected externally to the
microcomputer address bus.

32

This is a register control pin. When RE is low, the contents of
the register specified by the address are output to the
microcomputer bus. This pin is used to check the contents of
registers. Set the CS pin low during this operation.

33

This is a register control pin. The data on the microcomputer
bus is transferred to the register specified by the address on the
rising edge of this signal. Set the CS pin low during this
operation.

34

This is a register control pin. When this pin is low, the register
specified by the address on the microcomputer bus is selected.

EQINX
EQINY

52
53

In
in

The programmabile filter differential input pins. Normally
connected to the output of the AGC circuit through a coupling
capacitance.

C
=
(w]

12

Qut

The frequency synthesizer's unlock detection circuit error output
pin. This pin outputs a low pulse when the frequency
synthesizer's PLL circuit loses synchronization. When this
occurs, the disk controlier must immediately stop the write
operation and restart the operation from the first data item.

RFCK-T

13

Out

Frequency synthesizer output clock pin. The output from this
pin is a single-sided TTL level. It is selected by setting bit 6
(Dg) of register 7 to 0.

RFCK-P
RFCK-N

16
17

Out
Out
(ECL)

Frequency synthesizer output clock pins. The outputs from
these pins are differential (pseudo-) ECL levels. They are
selected by setting bit 6 (Dg) of register 7 to 1.

NOUTX
NOUTY

37
38

Out
Qut

Programmable filter differential low-pass output pins. They are
normally used to contro! the AGC circuit connected to the
previous stage. They are connected through a coupling
capacitance.
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Pin Assignments (cont)

Pin Name Pin Number Type Function
EQOUTX 39 Out Programmabile filter differential low-pass differentiator output
EQOUTY 40 Out pins. These are normally connected to the peak detection
circuit connected of the previous stage through a coupling
capacitance.
FILTS 3 Component  Frequency synthesizer external loop filter connection.
connection
Res 4 Component  Resistance connection for setting the programmabile filter
connection reference voltage.
Rec 48 Component  Resistance connection for setting the programmable filter
connection  reference current.
Vaer 55 Component  Connection for the frequency synthesizer VCO reference
connection  voltage stabilization capacitance.
Rvcos- 56 Component  Connection for the resistance that sets the frequency
connection  synthesizer VCO center frequency.
AVce (s) 2 Power The analog circuit Vg pin that supplies power for the
supply frequency synthesizer analog circuits.
AVee /) 45 Power The analog circuit Vc pins that supply power to the
51 supply programmable filter analog circuits.
DVee 18 Power The digital circuit Ve pin.
23 supply
DVcc 15 Power The digital circuit V¢ pin that supplies power for the ECL
(ECL) supply buffer circuit.
AGND 1 Power The substrate ground pin that provides the ground potential for
supply the whole substrate.
AGND (S) 5 Power The analog circuit ground pin for power supply to the frequency
supply synthesizer analog circuits.
AGND (F) 36 Power The analog circuit ground pin for power supply to the
4 supply programmable filter analog circuits.
54
DGND 9 Power The digital circuit ground pin.
28 supply
35
DGND 14 Power The digital circuit ground pin for power supply to the ECL buffer
(ECL) supply circuits.
TI-E 6 [} Test input pins. Should be tied high.
TI-T 7
T2X 43 Out Test output pins. Should be left open.
T2Y 44
T1X 46
T1Y 47
TOX 49
TOY 50
NC 42 NC Unused pin. Connect to substrate V¢ or ground for heat

dissipation.
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Functional Description

Registers frequency, the programmable filter cutoff
frequency, the programmable filter equalizer boost
This IC includes eight built-in 8-bit registers. level, and other parameters.

These registers control the frequency synthesizer

Address
A, Ay A, Name Function
0 0 O Register0O Synthesizer input clock frequency switching divider A
0 0 1 Register1 Synthesizer input clock frequency switching divider B
0 1 0 Register2 Charge pump current, unlock detection sensitivity, and VCO center frequency
0 1 1 Register3 Filter cutoff frequency, differential output offset
1 0 O Register4 Filter cutoff frequency, differential output offset
1 0 1 Register5 Filter cutoff frequency, differential output offset
1 1 0 Register6 Filter cutoff frequency, differential output offset
1 1 1 Register7 Filter boost level, differential output offset, output clock level, and standby mode

Initial Values after Reset

Address Data
A, A, Ay, D Dg Dgs Dy D3 D, Dy Dy
0 0 0 1Note Q 0 0 0 0 0 0
0 0 1 1Note Q 0 0 0 0 0 0
0 1 0 0 0 0 0 0 0 0 0
0 1 1 0 0 0 0 0 0 0 0
1 0 0 0 0 0 0 0 0 0 0
1 0 1 0 0 0 0 0 0 0 0
1 1 0 0] 0 0 0 0 0 0 0
1 1 1 0 0 0 0 0 0 0 0
MSB LSB

Note: Setto 1 after reset.
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Register 0 (divider A setting)

Address Data
A2|A1|Ao D7‘D6‘D5|D4lDa‘DziD1lDo
0 O 0

Register 1 (divider B setting)

MSB
|

LSB

This register sets the divisor value N for the synthesizer input
clock switching divider A. The settings are described in the section
on frequency synthesizer settings below.

00000010: Na=2 (divisor)
fo
11111111: Na=255 (divisor)

Address Data
As| As] Ao | D7 | D6 | Ds| D4l Ds ] Dy Dy Do
0 O 1

MSB
I

LSB

This register sets the divisor value Np for the synthesizer input
clock switching divider B. The settings are described in the section
on frequency synthesizer settings below.

00000100: Na =4 (divisor)
to
11111111: Na=255 (divisor)
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Register 2 (charge pump current, unlock detection, VCO center frequency)

Address Data
Az] A+] Ao| D7[ De| Ds| Da] D3| D2] Dy Do
0 1 0

MSB LSB
I b | | ]

These bits set the charge pump current ratio N . The
current values that result from these settings are
calculated by formula (3-4) in the item on PLL constant
calculation formulas below.

L 000: N¢ = 0 (Reference current times 1.0)
to
111: N = 7 (Reference current times 1.875)

The reference current is given by the expression K3 /Res
Lin formula (3-4) below.

These bits set the unlock detection circuit detection sensitivity
NuyLo-

L 00: Ny p = 2 (Maximum sensitivity)

to

11: Ny p = 8 (Minimum sensitivity)

Refer to the section on the unlock detection function below for
details.

L

This bit is used for testing. It shorts the VCO input, and fixes the
synthesizer output at the VCO center frequency.

0: Normal operation
1: VCO input short

—|:These bits are reserved for testing, and must always be set to "00".
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Register 3 (cutoff frequency, differential output offset)

Address Data
Az] Ai] Aq| D7 D6 Ds| D4] D3| D2| D1 Do
0 1 1

MSB LSB

Sets the programmable filter cutoff frequency fc setting value Ny,
Refer to the section on setting the programmabile filter constants
below for details on this setting.

0010110: The minimum fc value (5 MHz)
to
1101010: The maximum fc value (30 MHz)

Sets the low pass differential offset adjustment Nyg This bit indicates
bit 0. Refer to the section on setting the programmable filter constants
below for details on this setting.

Register 4 (cutoff frequency, differential output offset)

Address Data
Az] A1[ Ag| D7 | Ds| Ds| Ds| D3| D2| Dy | Do
1 0 0
MSB LSB

Sets the programmable filter cutoff frequency fc setting value Ny
Refer to the section on setting the programmabile filter constants
below for details on this setting. '

0010110: The minimum fc value (5 MHz)
to
1101010: The maximum fc value (30 MHz)

Sets the low pass differential offset adjustment Ntg  This bit indicates
bit 1. Refer to the section on setting the programmable filter constants
below for details on this setting.
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Register 5 (cutoff frequency, differential output offset)

Address Data
Az| A1| Ao| D7[ D] Ds| Ds] D3| D2] D1 Do
i 0 1

MSB

LSB

Sets the low pass differential offset adjustment N¢,. Refer to the
section on setting the programmabile filter constants below for
details on this setting.

0010110: The minimum fc value (5 MHz)
to
1101010: The maximum fc value (30 MHz)

Sets the low pass differential offset adjustment Nig. This bit indicates
bit 2. Refer to the section on setting the programmable filter constants
below for details on this setting.

Register 6 (cutoff frequency, differential output offset)

Address Data
Az| A1]Aq| D7 [ Dg|Ds| D4| D3| D2 | D1 Do
1.1 0
MSB LSB

10

Sets the programmable filter cutoff frequency fc setting value Nrc.
Refer to the section on setting the programmable filter constants
below for details on this setting.

0010110: The minimum fc value (5 MHz)
to
1101010: The maximum fc value (30 MHz)

Sets the low pass differential offset adjustment Nig. This bit
indicates bit 3. Refer to the section on setting the programmable
filter constants below for details on this setting.
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Register 7 (boost level, differential output offset, output level, standby)

Address Data
As| As] Ag| D7| Dg| Ds| D4| D3| D2| D1 ] Do
1 1 1

wn

MSB LSB
J

Sets the Ng, setting for the programmable filter boost
level gb. Refer to the section on setting the programmable
filter constants below for details on this setting.

00001: The minimum gb value (O dB)
to
10001: The maximum gb value (15 dB, fc = 5 MHz)

Sets the low pass differential offset adjustment N¢g. This bit indicates
bit 4. Refer to the section on setting the programmable filter constants
below for details on this setting.

Switches the synthesizer output clock level.

0: TTL
1: Pseudo-ECL

Sets all circuits to standby mode and reduces power dissipation.

0: Normal operating state
1: Standby state

11
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The Programmable Filter

The programmable filter is an electronically
controlled filter whose cutoff frequency can be set
to any frequency in the range 5 to 30 MHz. The
filter characteristics are those of a seventh order
Bessel function, and two output systems, a low
pass system and a low pass differential system are
provided. When both are used, the group delay
characteristics of both systems can set to be

identical.

The programmabile filter also includes a two-stage
differentiation technique based pulse slimming
equalizer function, and the gain, gb, can be
boosted by as much as 15 dB at the cutoff
frequency. When this function is used, the group
delay characteristics will be independent of the
boost level.

’ |

d_ EQOUTX
EQINX O > > > —=__dt EQOUTY
EQINY 8 ol 2-L.P.F s »| 2-L.P.F 2-LPF )
@2 - >: pi K = NOUTX
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l Fc Gain I Fc r ‘r I — 3 s
control control control control ontrol ontrol 2 WE
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[ pac | | DLI | DAC | pAac || DAC | [ pAc | Agto A,
7 bit £\ 5 bit 7 bit l/T7 bit 7 bit 5 bit
RFC L 1

L.P.F. : Lowpass filter

T‘{ : Highpass filter

Figure 1 Programmable Filter Block Diagram
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Programmable Filter Transfer Characteristics

Seventh order bessel filter

Equalizer (second order)

Low pass filter (fourth order)

|

Output stage (first order)

— | f | T 1
2 2 2 ) 1
EoTng - o ~{ Wz w3 - EQOUTX
EQINY (1= 52+%):—S + (l)% 82+Q—(DZS + (.t)% 82+—00§38 + a)§ st ¢ EQOUTY
- -
-+
—Ks? Seventh order bessel W4 NOUTX
] P filter normalization S+ (g NOUTY
S e s+ 0f constants (we= 1)
—_— Normalization
Item Constant
w? 2.94930
oy/Q 3.22597
o 3.32507
0/Q, 275939
w2 4.20534
wyQ; 1.82031
o 1.68536
Figure 2 Programmable Filter Transfer Characteristics
Low pass output Low pass differential /.. \_______
(NOUTX, Y) output (EQOUTX, Y)
Gain Gain gb
0dB
0dB[ "

fc

Frequency

'
]
'
'
'
'
1
1
[
|
|
1
|
|
1
|
|
|
1
|
'
|
|
|
|
|
'
'
|
'
'

—g-fc fc  Frequency

Figure 3 Programmable Filter Transfer Characteristics Overview
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Formulas for the Programmable Filter Settings

» The filter cutoff frequency f. (MHz) setting,
Nfc

N = int Note [a; + a5 (f + a3)?] ... 2-1)
a = 135.5
a2 =-0.044
a3 =-55.7

« The filter boost level g;, (dB) setting, Ng,

Ngp = int Now [by + by X gp] .. (222)

b, = 1.32-0.0176 x f,
by = 1.12-0.0115 x f,

» The low pass differential offset adjustment
value, Ny

Nig=int N [19.5 + %@] o (23)

» The filter reference current generation external
resistance value, Ry,
Ry, = 4.0kQ (fixed) ... (2-4)

Note: int[ ] is the integer value calculated by
discarding the fractional part of the value.

Setting the Programmable Filter Constants

« The filter cutoff frequency fc (MHz) setting,

Nfc

1. Determine the required cutoff frequencies
for each transfer rate.”!

2. Using formula (2-1), compute Ny, the
filter cutoff frequency constant, from the
cutoff frequencies calculated in step 1, and
set the values of registers 3 to 6 as shown
in table 1.%2

Notes: 1. Since the relationship between the
transfer speed and the cutoff frequency
fc will differ depending on the
characteristics of the disk system (e.g.,
the type of heads and medium) in which
the HD15308]1 is being used, an optimal
value should be determined separately
for each application system.

2. Registers 3 to 6 are all set to the same
setting value, Ny, and the cutoff
frequency fc will be indicated by the
seventh order Bessel characteristics of
the system. Although the filter
characteristics can be adjusted by
changing the values of registers 4 to 6
with respect to the value in register 3,
we do not recommend this for most

situations.
Table 1  Settings for Registers 3 to 6
Settings for Registers 3 to 6
Address Data 106

fc Nfc A2 A1 Ao D7 De D5 D4 D3 D2 D1 Do

5§ 2 0 1 1 —

to —0 01 01 1 0
1 1 0 —
to to to to
30 1060 1 1 —
to —1 1 01 0 t O
1 1 0 —
—: Don't care.

14
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» The filter boost level gb (dB) setting, N b
1. If the equalizer pulse slimming function is
to be used, determine the boost level gb for
the gain at the cutoff frequency fc.Note Note:
2. Using formula (2-2), compute the filter
boost level setting value, Ngb, from the
boost level gb determined in step 1, and set
register 7 as shown in table 2.

Note: As was the case for the cutoff frequency fc,
in determining the boost gain gb, since the
characteristics of the system will vary with
the structure of the disk system actually
used, the optimal value should be
determined separately for each application
system.

« The low pass differential output offset
adjustment value, N4
— Using formula (2-3), compute the low pass

differential output offset setting value, Ngg,
and set registers 3 to 7 as shown in table
3.Note

The low pass differential output adjustment
value Ny4 is a value that adjusts the fc
offset of the low pass differential output
differentiator, and using formula (2-3)
value, the group delay characteristics of the
low pass differential output (the EQOUTX
and Y pins) and the low pass output (the
NOUTX and Y pins) can be set up to be
equal. Although it is possible to set the
low pass differential output adjustment
value Nfd independently and thus alter
only the low pass differential
characteristics, we do not recommend this
since it would result in group delay
characteristics that differ from those of the
low pass output.

Table 2  Settings for Register 7

Settings for Register 7

Address Data
Ngo A2 Ay Ag D; Dg Ds Dy D3 Dy Dy Dy
1 i1 1 — — — 0 0 0 0 1
to 1 1 1 o
7 111 — — — 1 0 0 0 1

—: Don't care.

Table 3  Settings for Registers 3 to 7

Settings for Registers 3to 7
Address Data
Nig A2 Ay Ag D; Dg Ds D4y D3 D, Dy Do

200 1 1 0 — — — — — — —

1.0 0 0 — — — — — — —
101 1 — — — — — — —
110 0 — — — — — — —
111 — =1 — = — — —

to to

25 0 1 1 1 — — — — — — —
100 0 —— — — — — —
101 0 —— — — — — —
110 1 — — — — — — —
111 - — 1 = — — — —

—: Don't care.

7 fom e
fc=5MHz /|

12 ememmmmnee

Ngb

15
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Programmable Filter Setup Example
»  When the filter cutoff frequency fc is 20 MHz
According to formula (2-1)

Settings for Registers 3 to 6

Address Data

Nie A2 Ay Ag D7 Dg D5 Dy D3 Dy Dy Do

+ Low pass differential output offset adjustment
value

According to formula (2-3)

Settings for Registers 3to 7
Address Data
Nig A, Ay Ag D; Dg Ds Dy D3 D, Dy Dy

79 0 — 1 0 1 1 1 1
11 1 1
11 1 1
1 11

11 0
1.0 0 1.0 0
1 01 —1 0 0
110 1.0 0 1

22 0 1 1 1 — — — — — — —
100 1 —m— — — — — —
1011 —m— — — — — —
1100 —— — — — — —
1141 — =1 — — — — —

—: Don't care.
»  When the filter boost level gb is 9 dB
According to formula (2-2)

Setting for Register 7

Address Data

b1 bz NgbAZ A1 AO D7 DB D5 D4 D3 Dz D1 Do

097088 11 1 ———0 1 0 0 0

16
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The Frequency Synthesizer

The frequency synthesizer generates the write
clock using a PLL technique. By setting the two
divisor ratios, a clock with a frequency of up to 60
MHz can be generated. The divisor ratios are set
by writing register values, and therefore differing
clock frequencies can be output under program
control. There are two clock output systems: a

pseudo-ECL differential output system and a
single-sided TTL output system.

There is also an unlock detection function that
detects when the PLL synchronization is lost.
This function is used to provide write protection
on errors (drive faults), and the sensitivity with
respect to the reference clock (OSCCLK) can be

Register

switched between 4 levels.
Do to Dy
cs
WE
RE
Agto A,

L

‘;<}:‘

= pump

Selector

Divider B Frequency
phase

= Divider A comparator Lt
2 bit

v L
1 Charge
]
L

| bac |

UuLD

3 bit

N

[ 1

jw)
S15H 8
ol | O

DM O_l ®
R

4_‘ [
amn O

M100S0 (5
SOH

Note: Pseudo-ECL outputs

'd
o
<
s}
o]
)

S11d
434 A
1-3044
-M04H
-404d

g

810N N
8I0N d

Figure 4 Frequency Synthesizer Block Diagram
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Unlock Detection Function

The unlock detection function is a function that
detects loss of PLL synchronization, and is used to
provide write protection on errors, i.e., drive
faults. The unlock detection function outputs an
error detection signal (ULD) when the phase
difference between the divider A and the divider B
exceeds a certain range. This phase difference
range is called the detection sensitivity, and can be
selected from 4 levels with respect to the reference
clock (OSCCLK) frequency. The table below
shows the relationship between the detection
sensitivity Ny p and the value set in register 2.

Register 2 Setting

Detection

Sensitivity Address Data

NuLp Ay Ay Ag D; Dg D5 D4 D3 Dy Dy Dy

2 010 ———00 — — —

4 610 ———01 —— —

6 610 ———10 — — —

8 010 ———1 1 — — —
—: Don't care.

Here, the absolute value of the detection
sensitivity phase difference is given by the formula
below, which uses the period of the OSCCLK

input, Tosc.
NyLp X Tosc (s)

The ratio with respect to the PLL phase
comparison period is given by the formula below
using the divisor value N, of the divider A.

Nub 100 (%)
Na
Formulas for PLL Constant Derivation

»  VCO center frequency fycos

Ki_ . jntNote [I_‘Ié] (Hz) ... (3-1)
Rvcos 4

fvcos =

K;=28.12x 105
¢ VCO gain Kpg
Note

rad . (3-2)
Rvcos

Kos =K» -
SV

18

K, = 5.48 x 105

+ Charge pump current ratio N¢

Ne=intNepig. ,/_NB g . (33
Npmax

However, when Ng = Ngpax, set No = 7.

» Charge pump current I~g

Ies =&(1 N
Rcs 8

K3 = 5.00

o (3-4)

«  Characteristics frequency ;g

o

+ Attenuation ratio {g

... (3-5)

C C
L _(Cs1+Csn) . Rg,

- Wps ... (3-6)

Note: int [ ] is the integer value calculated by
discarding the fractional part of the value.
Setting the Frequency Synthesizer Constants

The frequency synthesizer output clock frequency
fos depends on the step frequency fgrgp as
follows.

fos =fstep - NB (Hz) o (37
fsTEP = foscak. (Hz) ... (3-8)
A

Here, select Ng and Ry cgg so that the VCO center
frequency fycps indicated by formula (3-1) is
essentially the same as fpg. Use formula (3-9) as a
guide.

095< 08 <105
fvcos

... (39)
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If the conditions of formula (3-9) are met, it will
be possible to generate the required output clock
frequency fog by selecting appropriate values for
N,, Ng, and Rycps. However, the ranges of the
values that can be selected are shown in table 4.
Here, since the number of possible combination is
large, we recommend using the method shown
below for selecting these constants.

Output clock frequency range and the step
frequency determination

Determine the output clock frequency range

(fosmin to fosmax) and the step frequency
fstep for each transfer rate so that:

fosmax < 4
fosmiN

Divider A (register 0) setup

Determine the input clock frequency for the
OSCCLK pin (fosccLk) and the value of the
divisor N from formula (3-8), and set divisor
value N4 in divider A (register 0).

Divider B (register 1) setup

Set the divisor value NB (NBMIN to NBMAX)
for divider B (register 1) to correspond to the
output clock frequencies (fogmin t0 fosmax)
according to formula (3-7).

VCO external resistance calculation

Calculate Rycog by substituting Ng = Ngpax
and fycos = fosmax into formula (3-1)

VCO gain calculation

Calculate the VCO gain for each output clock
frequency using formula (3-2).

Characteristic frequency calculation

First determine the PLL pull-in time, Tagq.
Then calculate the PLL characteristic
frequency ®, using the formula below as an
estimate.

o, - Tag=12
Charge pump external resistance setup

Set the charge pump external resistance to a
value such that in formula (3-4), when N¢ =
Nemaxs Ies <500 pA.

We recommend that Reg be 20 k€ unless it is
impossible to achieve the desired loop
characteristics with that value.

Filter capacitance calculation

Calculate the filter capacitance Cg; from
formula (3-5). Here, when the value of Cg)
varies with the output clock frequency fog, we
recommend using the average value.

Taking high region jitter control and phase
margin into account, we recommend setting
Cg» according to the formula below.

Csz =-L Cg
45

(Adjust the value of Cgj so that the multiplier
is in the range 1/20 to 1/100.)

Filter resistance calculation

Calculate Rg; from formula (3-6). Here,
taking PLL loop stability into account, we

Table 4

Constant Range Unit

Na 2<Np <255  Divisor (integer value)
Ng 4<Ng<255 Divisor (integer value)

Rvcos 3.00<Rycos  kQ
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recommend setting the attenuation ratio {g to
be about 1.0.

+ Confirmation

Construct a Bode diagram from the open loop
transfer functions, and determine whether the
system is appropriate.

Frequency Synthesizer Constants Setup Example

+ Output clock frequency range and step
frequency determination

fos = 15to 60 MHz
fSTEP =(.234375 MHz

» Divider A (register 0) setup

When fOSCCLK is 15 MHZ,

N, = 64.
Register 0
Address Data
fosceLk
[MHz] Np Ay Ay Ag D; Dg D; Dy D3 D, Dy Dy

15.00000064 0 0 0 0 1 0 O O 0O 0 O

« Divider B (register 1) setup

Register 1

Address Data

fog [MHz] Ng A, A; Ay D; Dg Ds Dy D3 D, Dy D

15.00000064 0 0 1 0 1 0 0 0 0O 0 O
15234375650 0 1 0 1 0 0 0 O 0O 1
to to 0 0 1 to

20.7656251270 ¢ 1 0 1 1 1 1 1 1 1
30.0000001280 0 1 1 0 0 0 0
302343751290 ¢ 1 1 0 0 0 0 0 O 1
to to 0 0 1 to

59.765625250 ¢ 1 1 1 1 1 1 1 1 1

+  VCO extemnal resistance calculation
Rvcos =3.0kQ

*  VCO gain calculation

20

fos [MHZ] Kos [Mrad/sV]
15 40.000

to to

30 56.569

to to

60 80.000

+ Characteristic frequency calculation

When Taq = 0.1 ms,
o, = 120 krad/s

+ Charge pump external resistance setup

Set RCS to be 20 kQ.
Register 2
Address Data

Ay Ay Ay D; Dg D5 Dy Dy Dy Dy Dy Ng lcs [mA]

010 —— — — — 0 0 0 0 250.00

0 1 0 to to to

0 10 —-———— 1 1 1 7 468.75
—: Don't care.

» Filter capacitance calculation

fos [MHz]  Cg; [PF]
15 3454
30 3358
60 3251

Cg =3434 + 33;58 +3251 = 3354.3 pF — 3300 pF

Cso =$>< 3300 = 73.3 pF — 75 pF

« Filter resistance calculation
Rg) =4.938 kQ — 5.1 kQ
+ Confirmation
Bode diagram construction.
Using register settings to change the constants

. fOSCCLK VS. register 0 (when fSTEP =0.234375
MHz)
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Register 0 » Register 2 vs. Icg (when Reg = 20.0 [kQ2])
foscoLK Address Data Register 2
[MHz] Na A, A; Ag D; Dg D5 D; D3 D, Dy Dy Address Data
04687502 0 0 0 0 0 0 0 0 0 1 O
07031253 0 0 0 0 0 0 0 0 0 1 1  AzA1Ag Dy Ds D5 Dy D3 Dz Dy Dy N lgs LA
09375004 0 0 0 0 0 0 0 0 1 0 O 010 ————— 0 0 0 250.00
to to 0 0 0O to 010 ———— — 0 1 1 281.25
18750008 0 0 0 0 0 0 0O 1t O O O 010 ——— — — 1 0 2 312.50
to to 0 0 0 to 010 —— —— — 1 1 3 343.75
375000016 0 0 0 0 0 0 1 0 O O O o010 ——— — — 0 0 4 375.00
to to 0 0 0 to 010 —— — — — 0 1 5 406.25
7500000320 0 0 0 01 0 0 0 OO 010 ——— — — 1 0 6 43750
to to 0 0 0 to 010 ———— — 1 1 7 468.75
15.00000064 0 0 0 0 1 0 0 0O O O O
to to 0 0 0 to
30.0000001280 0 O 0 00 O0O0O00O0
to 1o 0 0 0 to
59.53125 2540 0 O 111 1110
597656252550 0 O0 1 1 1 1 1 1 1 1
» Register 1 vs. the VCO center frequency
(Rycos = 3.0 [kQ2])
Register 1
Address Data

A Ay Ay D; Dg Ds Dy D3 D, Dy Dy Ng fos [MHz]
0 0 1 0O 0 0 0 © 1 — — 4t07 0.937500
0 o0 1 0O 0 0 O0 1 0 — — 8totl 1.875000
0 0 1 0 0 0 0 1 1 — — 12to 15 2.812500
0 0 1 0 0 0 1 0 0 — — 161019 3.750000

to to to
0 0 1 0 0 1 0 0 0 — — 321035 7.500000

to to to
0 0 1 0 1 0 0 0 0 — — 64to67 15.000000

to to to

1 0 0 0 0 0 — — 128t0131 30.000000

to 1o to
0 0 1 1 1 1 1 1 0 — — 248t0251 58.125000
0 0 1 1 1 1 1 1 1 — — 252t0255 59.062500

—: Don't care.

21



HD153081

External Component Connection Example

AVee (F)
AGND (F)

RFC

AVcc (S)
AGND (S)
RCS

FILTS

Rvcos

VREF

OSCCLK

) I— +5V
T_0.1p.F
D .
Rrc T

O MA

4.0kQ
O i +5V

0.1 pF
O 1 1
Rcs
O AN
Cs, 200k ¢,
O X X
3300 pF 75 pF
Rs1
51kQ

Rvcos
O AMA

3.0kQ
O |

0.01 yF

15 MHz
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Sample Register Settings

Sample Register Settings

Setting Conditions for Sample Register Settings

Address Data » Programmable filter
A, A, Ap D Dg D; D, D; D, Dy D
2 1 0 7 6 5 2 % 2 1 0 Cutoff frequency, fo 20 MHz
0 0 0 0o 1 0 0 0 O 0 O
Boost level, gy 9dB
0o o+ 1t o 0 0 0O 0O O O
0 1 0o 0o 0o 0O 0O O O 1 f )
. t
o 1 1 1 1 00 1 1 1 1 Frequency synthesizer
it 0 011 0 0 1 1 1 1 Input clock frequency, fosceoLk 15 MHz
it 0ot 1 1 0 0 1t 1 1 1 Step frequency, fgTep 0.234375 MHz
1t 1.0 0 1 0 0 1 1 1 1 Output clock frequency, fog 30 MHz
1 1 1 0 1 1 0 1 0 0 O Unlock detection sensitivity Ny p 2
) MSB LSB Output clock level Pseudo-ECL
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Application Circuit Example

 EQOUTX
' 1
[ EQINX} e ‘ EQOUTY |
i HD153081 H
Frequency synthesizer
— 1 L EQINY with built-in active filter NOUTX 1\
|NOUTY
Eae
ol Z
X X
x| > 2ia 2=z
Q1 Q Oy Oy | =
O O O O w|
g O L e 2 2
< < [ o Q| @
HD153017 -
(1, 7) ENDEC data separator LINFY
with built-in read pulse detector LINIX
Read/Write Disk
amplifier controller
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Absolute Maximum Ratings (T, = 25°C)

Item Symbol Rating Unit Applicable Pins

Power supply voltage Vee 7 \) AVec (S), AVge (F)
DVce, DVee (ECL)

Input voltage Vi -0.3t0 +5.5 v RESET, CS, WE, RE,
Dgto D7, Agto Ay,
OSCCLK, WG

Output voltage Vo 5.5 v Dy to D, ULD, RFCK-T

Output current 1 lo1 -25 mA RFCK-P, RFCK-N

Output current 2 lo2 -0.5 mA Rre

Output current 3 loa -0.3 mA Rcs

Output current 4 loa -1.5 mA Rvcos

Operating temperature Topr 010 +70 °C

Storage temperature Tsig -55to +125 °C

Maximum operating Timax +125 °C

junction temperature
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Electrical Characteristics

DC Characteristics

Item Symbol Min Typ Max Unit Test Conditions  Applicable Pins
Power supply Vee 4.75 5.00 5.25 v AVec (S), AVee (F)
voltage DV¢c, DVec (ECL)
Input voltage ViH 2.2 — — \ *1
Vi — — 0.8 Vv #1
Input current hiH — — 20 nA Vec =525V 1
V=27V
I — — —400 pA Vg =5.25V #1
V=04V
Output voltage VoH 2.7/ ~/ — v Vee =475V #2/+3
VCC -11 VCC -0.8 IOH =—-400 }lA/
R.=510Q
VoL — ~/ 0.5/ v Ve =475V #2/%3
VCC -1.8 VCC -1.5 IOL =8 mA/
RL=510Q
Output amplitude gy 0.69 1.0 — v Ve =475V #3
R_.=510Q
Output shorted los -2.0 — -120 mA  Vee=5.25V *2
current
Input clamp voltage Vi — — -1.5 Vv Vee =475V #1
IOH =—18 mA
Current dissipation lgg — 115 135 mA  Vgg=5.25V* AV (S), AV (F)
DV¢c. DV (ECL)
Charge pump Ic) —_ 500 — pA Ve =5.0V, FILTS
output current Rgc = 20 kQ
VEiTs = 2.5 V*5
lCD — -500 —_ }lA VCC =5.0 V, FILTS
Rsc = 20 kQ
VEiLTs = 2.5 V*5
Standby current Isp — — 2 mA Register 7, AVee (S), AVee (F)
Dy ="1" DV¢c, DV (ECL)
Notes: 1. RESET, CS, WE, RE, Dy to Dy, Ag to Ay, OSCCLK, WG
2. Dy to Dy, ULD, RFCK-T
3. RFCK-P, RFCK-N
4. When f; is set to 30 MHz, and fpg to 54 MHz.
5. Register 2, Dy to Dy = "111"
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AC Characteristics

Item Symbol Min Typ Max Unit Test Conditions Applicable Pins
Reset time trs 50 — — ns RESET
Oscillator clock 30 — 70 % OSCCLK
input duty
Standby recovery 10 — —_ ms
time
Data transfer rate 15 — 40 Mbps When (1,7)

code is used.
Registers (T, =25°C, Vo =5.0V)
Item Symbol Min Typ Max Unit TestConditions Applicable Pins Notes
Register write  tagw 0 - - ns Ve =475V Agto A Figure 5
address setup
time
Register write  tapw 10 — - ns Ve =475V Agto Az Figure 5
address hold
time
Register write  togw 0 - - ns Ve =475V cS Figure 5
CS setup time
Register write touw 10 — — ns Vec =475V [ Figure 5
CS hold time
Data setup time  tpgw 10 - — ns Ve =475V Dgto Dy Figure 5
Register write  tpuyw 10 — - ns Vec =475V Dyto Dy Figure 5
data hold time
Register write  tww 50 — — ns Veo =475V WE Figure 5
WE pulse width
Register read  tagpg 0 - = ns Vec =475V Agto Ay Figure 6
address setup
time
Register read taHR 10 — - ns Vg =475V Agto A, Figure 6
address hoid
time
Register read tesr 0 _ = ns Ve =475V cs Figure 6
CS setup time
Register read teHR 10 — — ns Ve =475V cS Figure 6
CS hold time
Registerread  tpgr — 5 40 ns Ve =475V Dy to Dy Figure 6
data setup time
Register read toHR 5 10 20 ns Vec =475V Doto Dy Figure 6
data hold time
Register read oo 5 —_— = ns Veg =475V Dgto Dy Figure 6

output on time
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Registers (T, = 25°C, V¢ = 5.0 V) (cont)

ltem Symbol Min Typ Max Unit Test Conditions Applicable Pins Notes
Registerread  tpgg — — 20 ns Veg =475V Doto Dy Figure 6
output off time

Registerread  tgw 50 — — ns Ve =475V RE Figure 6
RE pulse width

Read/Write twrR 50 — — ns Veo =475V WE, RE Figure 7
switching

time: Wto R

Read/Write tRTw 50 - - ns Vee =475V WE, RE Figure 7
switching

time:Rto W

Filter cutoff fc 5 — 30 MHz  EQOUTX,Y

frequency NOUTX, Y

Filter cutoff fca -15 — 415 % EQOUTX, Y

frequency NOUTX, Y

accuracy

Filter cutoff — 03 — MHz  EQOUTX,Y

frequency NOUTX, Y

setting DAC

step size

Filter boost gb 0 — 15 dB EQOUTX, Y

level NOUTX, Y

Filter boost gba -1 — 41 dB EQOUTX, Y gb=15

level accuracy NOUTX, Y

Filter boost — 06 — X EQOUTX, Y

level setting NOUTX, Y

DAC step size

Output DGN 09 — 11 VN NOUTX, Y f=0.21c,

differential gain gb=0

(normal})

Output DGD 09 — 11 VNV EQOUTX, Y f = 0.67 fc,

differential gain DGN DGN gb=0

(differential)

Differential Vin 25 — 35 Vpp EQINXY f=0.67fc,

input dynamic THD=1%

range

Differential Vout 25 — 35 Vpp EQOUTX Y f=10.67 fc,

output dynamic NOUTX, Y THD =1%

range

Differential input R;, — 10 — kQ EQINX, Y

resistance

Output sink lo— — — 20 mA EQOUTX, Y

current NOUTX, Y
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Registers (T, = 25°C, Ve = 5.0 V) (cont)

Item Symbol Min Typ Max Unit Test Conditions Applicable Pins

Group delay Gdo -3 — 3 % EQOUTX, Y f=0.2fctofc

variance NOUTX, Y

(gb = 0)

Group delay Gd1 -3 — 43 % EQOUTX, Y f=02fctofc

variance NOUTX, Y

(gb = 15)

Output noise Nn — 8 — mVrms NOUTX, Y gb=0

(normal)

Output noise Nd —_ 6 — mVrms EQOUTX, Y gb=0

(differential)

VCO maximum 100 — — MHz  RFCK-P,-N Rvcos = 750Q

oscillator RFCK-T

frequency

VCO center 57 60 63 MHz  RFCK-P, -N Rveso = 3 kQ

frequency RFCK-T

VCO clamping 684 72 — MHz  RFCK-P, -N Ryveso = 3 kQ

frequency upper RFCK-T

limit

VCO clamping — 48 504 MHz RFCK-P,-N Rvcso = 3 k@

frequency lower RFCK-T

limit

VCO gain 64 80 96 Mrad/S*V RFCK-P, -N Rveso = 3 kQ
RFCK-T Register 1

"11111111"

Synthesizer phase _ — 1.0 ms

pull-in time

Synthesizer 0 — — %

capture range

Synthesizer +#H0 — — %

lock range
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7
AgtoAg (IN) %<

CS (IN) \ 7
WE (IN) \ /
tesw ;\_____7‘ tehw |
- tasw - - AHW
tpsw toHw
Do to Ds (IN)

Figure 5 Register Write Timing

Ay 1o Ay (IN) %(

CS (IN) 5\ /Z
- taw
RE(IN) tcsm ] tour
- tasr - AHR
tpsr tDHR
High
High impedance impedance
Do to D, (OUT) —
tpeo tpeR
| l-———— i}

Figure 6 Register Read Timing
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WE (IN)

RE (IN)

trTw

Figure 7 Timing for Switching between Register Read and Write

Package Dimensions

Unit: mm

FP-56
12.8+0.3 ,
[110.0 '
42 29 }
go_ LNTTNATNINNIL 1 og
© = = —
S = =
- = = |s
N = =+
56 = = 15
A J00TTEROEULmT 14 :
0.3+ 0.10 1013 D
(V]

0.15+0.05
‘.ﬂ<
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