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Design and Implementation of a Servo Interpolated Timing
Recovery Model Based on 7t Factor

WANG Qingdong, LUO Zhongliang ,LIU Yufang
(Department of Compute Science , Huizhou University , Huizhou 516007 , China)

Abstract; the design of servo signal timing recovery model plays a important role in the performance of
read/write channel of micro hard disk. A servo interpolated timing recovery model is proposed based on
the 7 factor, which is used to solve the disadvantages of timing recovery model based on the phase-locked
loops. It derives that the arithmetic for T factor interpolator obtains the test result, compared with the a-

rithmetic for linear interpolation method which shows that the reduction of content of harmonic is doubled,
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based on the T factor servo interpolated timing recovery model.
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Fig. 1 Servo signal timing recovery model
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Fig. 2 Servo signal interpolation timing recovery model
1.4 TEFRE$TE® sinc(mw+(n-7/T,)) (2)

PR A R 52 i S8 T LA MASRAE e 37 Hh ik A2 e
HERREE R ™ o B BRELEE S v (0), JH
b T 735 & Nyquist ZH 51T, LA T, RlalbER
FEAR aCmT) , JH T/T, HICHE, 2 NG K
RS, W ykry , o T, = /K, K Rp/h
BT y T AT K AN, RIAS 3] 5 AR AT
SR AERFEEIT S 2 (nT) . WAREEIKE
FL B A G — > N AR S D A A AR IR R Rl R %, Y
YR UL MORFE 9 P R 2 B AR AR, 23R
E IS [R) A0 B DG B . 4 ) P B 6 68 a5 2 A DU P
B PRBRUB UL AR RS R G AR, ) NS IR D AR AR AL
T (B0 AR 975 i 1 B 451 5 OB
L5 rEFHESFIEITED

HLAEL B 1S (0] A 57 4 (L 008 00 #5502 365 - i o
Al (AR [, BRAR A s mi R AN F

C.(e") =€ (1)

1T AR I TERR bt R TR S, PR
L0 D 28 0 o 7 28 1 4 3 7 B AR e o
JRE R S A (1 0 A 23 o7 o AR 10
WA/ AR IR 22 RSB AR S B
A S O RO, BV AL B 5 S B A 1
AR T T A 2 T 5 AR S0 A TR 1
NI RRRE ¢
C,()X(e”) - C () X(&) (3)
Ao €, () JySEBRAE IR T, X () Ky
WAL SR, RS N
B =5 [ 1C(e) — o [P () o (4)
X X(e”) &L B R (4 PR4, EPR4,
EEPR4) FS4M ARG . LESCBRI R, JL A

2 A B A G SIS0, Toer e H4L
O<w<am(0<a<l), MATLIE.



5 4 4] FRARS . ST r TN S R I A 5 S0 69
| X(e*) | = 0,for|@|= am (5) =X (16) .
Moz (4) WU FRFER: C, =&'d, (17)
1 ™ — . . . NS N
BT e men P Fo 2 IR
(6) 2.1 ISEAR

3 (6) MFFALHE X UE I 28 500 S BRI (ELUE I 4% A1
2 28 NS4 (Y PR . SEPRAE(ELDE D 4% 7] LA FIR
Z AR

C.(*) = 3 C.(n)e™ (7)

n=-R

X (7)) R ERAEE AR RS KL, SR
IFIE] 7, OISR 1, — TSR (D8 i AR RS
AT LGE R A

n=R-1

2 — L “ —jwn jwT 2 j©
B = 5| 2 ctme - o [ x(en) o
(8)
A HIRA: B — My T R, JFEN 0, 15
oE?
T - - — eee 1--- -1
(g = 0o == Ro0, 1R (9)

FRAZL (6) At

QT n=R-1

[ ICY C(nycos(wlng —n))) -

n=-R

cos(w(pn, + ) 1|X(”) *dw =0  (10)
ng =-R,0,1--R -1
o(r) = [ [x(e) Peos(@rdo (1)
FTiA:
ZRQ(n)d)(n “ny) = dng +1)  (12)
ny =-R,0,1R -1
AT E A R S5 RIS IE I R C.(n)
SRR A
DC - @, (13)
I C, JB—AN T E A .
C,=[C(-R),-,C(0),,C(R-1)]
(14)
D, JE— IR
B b2R - D

(PO
@, = | SO

-

(15)

HQR - D))
JEHB BRI D, J&h
D =[p(-R+71),,d(p),
G+, dp(R-1+p] (16)

7 PRI PN A7 2 A TR A 35 1 O 28 R DSP
FPGA R 45, SEBL ADC e 4o SR Ff 3 38 1%
T AEENEDE AT, SR FPGA SC8 + 46 {E
UEWE TS, SRAM LRIFUEIE R EL, H T 43 i
T, UM 1024 5, —TURAFIRIE RS, ST
TR 45 . DSP L8 I REUfL A SRAM J41
FPGA il 45 F1% A SRAM, ADC 54 e 2 R AL 1
INE] 12 bit sy, WITHERIANE 3 Fis .

A/DEHR » FPGA <4—» SRAM
' i
» DSP

B3 I PR A 1 B AE I

Fig. 3 Hardware diagram of interpolation timing recovery
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Table 1 Harmonic spectrum of linear interpolation
WP RV RE % AL R/ %

0 0.001 00 0.10 57.681 2.32
1 0.001 22 0.10 1.987 1.98
2 0.001 13 0.10 358.012 1.99
3 0.018 07 2.00 2.001 2.00
4 0. 000 88 0.10 1.988 1.99
5 0.001 00 0.10 358.678 1.33
6 0.001 03 0.10 357.997 2.00
7 0.008 71 2.00 357.989 2.01
8 0. 009 87 0.10 2.013 2.01
9 0.001 01 0.10 358.098 1.51
10 0.000 99 0.10 1.893 1.89
11 0.007 02 2.00 1.997 2.00
12 0.001 12 0.10 2.012 2.01
13 0.020 06 2.00 2.002 2.00
14 0. 000 98 0.10 1.987 1.99
15 0.001 02 0.10 1.878 1.88
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Table 2 Harmonic spectrum of 7 Factor interpolation

WBOKE EEY O RE/ % AL R/ %

0 0.001 00 0.10 0.040 0.04

1 0.001 22 0.10 0.043 0.04

2 0.001 13 0.10 0.035 0.04

3 0.007 99 0.80 359.971 0.03

4 0.000 88 0.10 0.022 0.02

5 0.001 00 0.10 359.980 0.02

6 0.001 03 0.10 0.037 0.04

7 0.007 85 0.80 359.961 0.04

8 0.009 87 0.10 359.977 0.03

9 0.001 01 0.10 0.051 0.05

10 0.000 99 0.10 359.946 0.05

11 0.008 23 0.80 0.064 0.03

12 0.001 12 0.10 0.032 0.03

13 0.008 11 0.80 0.041 0.04

14 0.000 98 0.10 359.948 0.05

15 0.001 02 0.10 359.976 0.02

£3 0 TR
Table 3 7 Factors filter coefficients

r32/Ts C(-2) C(-1) C(0) ¢(1) C(2) C€(3)
0 0.0000 0.0000 1.0000 0.0000  0.0000 0.0000
1 0.0090 -0.0231 0.9965 0.0337 -0.0120 0.00068
2 0.0176 -0.0462 0.9901 0.0690 -0.0241 0.0135
3 0.0258 -0.0445 0.9808 0.1058 -0.0364 0.0202
4 0.0335 -0.0819 0.9686 0.1438 -0.0487 0.0268
5 0.0407 -0.0979  0.9536 0.1829 -0.0608 0.033 1
6 0.0473 -0.1120 0.9359 0.2230 -0.0728 0.0393
7 0.0533 -0.1243  0.9155 0.2638 -0.0844 0.0451
8 0.0587 -0.1348 0.8926 0.3052 -0.0957 0.0506
9 0.0634 -0.1434  0.8674 0.3471 -0.1063 0.0556
10 0.0674 -0.1503  0.8398 0.3891 -0.1164 0.0603
I 00707 -0.1555 0.8101 0.4311 -0.1257 0.064 4
12 0.0732 -0.1589 0.7784 0.4730 -0.1341 0.068 0
13 0.0751 -0.1068 0.7448 0.5145 -0.1415 0.0710
14 00761 -0.1611 0.7096 0.5554 -0.1480 0.073 4
15 0.0765 -0.1578 0.6728 0.5956 -0.1532 0.0751
16 0.0761 -0.1572  0.6348 0.6348 -0.1572 0.076 1
17 0.0751 -0.1532  0.5956 0.6728 -0.1598 0.076 5
18  0.0734 -0.1480 0.5554 0.7096 -0.1611 0.076 1
19 0.0710 -0.1415 0.5145 0.7448 -0.1608 0.0751
20 0.0680 -0.1341 0.4730 0.7784 -0.1589 0.0732
21 0.0644 -0.1257 0.4311 0.8101 -0.1555 0.0707
22 0.0603 -0.1164 0.3891 0.8398 -0.1503 0.0674
23 0.0556 -0.1053  0.3471 0.8674 -0.1434 0.0634
24 0.0506 -0.0957 0.3052 0.8926 -0.1348 0.0587
25 0.0451 -0.0844 0.2638 0.9155 -0.1243 0.0533
26 0.0393 -0.0728 0.2230 0.9356 -0.1120 0.0473
27 0.0331 -0.0608 0.1829 0.9536 -0.0979 0.0407
28 0.0268 -0.0487 0.1438 0.9686 -0.0819 0.0335
29 0.0202 -0.0364 0.1058 0.9808 -0.0641 0.0258
30 0.0135 -0.0241 0.0690 0.9901 -0.0445 0.0176
31 0.0068 -0.0120 -0.0337 0.99%65 -0.0231 0.0090
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