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WESTFORD, MASSACHUSETTS 01886 

14 September 1989 Area Code 508 
692-4764

To: V L B A  D ata  Acquisition G ro up
From : A lan  E.E. Rogers

Subject: O p tim iza tion  of equalizer  for playback of D1 tapes at 56 K b /in

A] E qua lize r  circuit
A n  equal izer  has been built and tes ted  for playback of D1 tape at 160 IPS and S M b /s  per 

track (56K flax transi t ions / in ) .  Figure  1 shows the  equalizer circuit and Figure  2 shows the 
resulting  "eye" pa tte rn .

B] E q ua lize r  phase  and  delay response
T h e  am plitude  and delay response  is shown in Figure 3. Two sets o f curves a re  shown 

giving the  resp o nse  with and w ithout the 470 p f  capacitor which provides low pass filtering of the 
high frequencies  above the  bandedge. In the  new parallel playback electronics this low pass will 
p robably  be p e rfo rm ed  with a sep a ra te  circuit.
C] S N R

T h e  spectral signal to noise ratio  (which is independent o f the equalizer) is shown in Figure 
2. T h e  b ro a d b a n d  signal to noise ra tio  is abou t 18 dB. T he  b roadband  SN R  is d epen d en t on the 
equalizer  and  is optim ized  by having an equalizer which weights the spectral S N R  in p ro p o rt ion  to 
the  S N R  - at least w hen the  noise is only the  random  (therm al) portion. T he  bit e r ro r  ra te  (B E R ) 
is d e p e n d e n t  on a m odified  S N R  which includes the  intersymbol in terference, due to im perfect 
waveform  equalization, as a reduction  o f  the available signal which com petes with the noise in the 
decision process.

D] O p tim iza tion  by m anual ad justm ent
T h e  equalizer  was first optim ized by substituting po ten tiom ete rs  for som e of the  resistors 

and  a variable  capac ito r  for the series resonan t  ad justm ent of C1,L. To the first o rder
C l  adjusts the  peak  frequency to bandedge
R1 adjusts the Q  of the resonance
R2,C3 adjusts the  mid frequency response
R3 adjusts the phasing between bandedge and  m idband
R4 adjusts the low frequency cut-off

Ideally the B E R  should be optim ized but in practice it is convenient to watch a spectrum  
analyzer  and  "eye" p a tte rn  display.



E] C heck ing  optim ization  by circuit simulation
A co m ple te  circuit sim ulation provides som e useful added  insight into the optimization. The 

following m odel was ad op ted
1] G e n e ra te  p seudo  random  square  wave with 8 M H z sam ple rate
2] F F T  to frequency  dom ain
3] F ilter  signal with

a) C u rre n t  source into parallel L = 23 /iH, C = 8pf to sim ulate inductive pick-up of
head  and  its resonance.
b) G ap  loss o f  0.35 microns (see Acquisition M em o #150).
c) Spacing o f  0.35 microns.

4] A d d  noise filtered with head  resonant circuit
5] E qualize  signal plus noise
6] F F T  to t im e dom ain
7] D evelop  an  "eve" pa tte rn
8] M e asu re  signal from  the  opening of eye
9] R ep ea t  with signal tu rned  off to m easu re  noise level and hence the SN R

Figure  4 shows som e examples of the input signal, reconstructed  waveform and "eve" 
p a t te rn s  from  the  co m p u te r  simulation. N oted  are  cases w here the eye pa tte rn  is d ecrad ed  bv low 
frequency  baseline  w an d er  and  high frequency noise p resen t without low pass filter.

F igure  5 gives the m odified SN R  from which the B ER can be calculated as a function of 
various p a ram e te rs .
F] T h e  n eed  for "DC restoration"

T h e  n eed  for "DC restora tion  ' was described in a Haystack m em o of 8 June  1988 (attached). 
A  circuit for the  D C  res to ra t ion  was tested and found to substantially improve the M KIIIA 
p e rfo rm an c e  (by a factor o f 10-100 in PER ). However, owing to its complexity, the circuit has not 
yet been  re tro f i t ted  into M KIIIA. An a l te rna te  and som ewhat simpler circuit by W.D. H uber  has 
b een  found  (by D an  Sm ythe) in the IE E E  Transactions on Magnetics, M A G - 17, N o .6, p^. 3352, 
1981) and  D C  re s to ra t ion  is p lanned  for the  V LBA parallel reproduce  electronics. T h e  com puter  
s im ula tion  confirm s the  advantage  of DC resto ra tion  even for a random  signal without lonti runs 
o f  zeroes.
G] T h e  need  for a low pass filter

T h e  high frequency  noise (especially around  head resonance) has to be m ore  adequately  
filtered than  it is in the p resen t  MKIILA electronics. Adding one additional high frequency poie 
(with the  470 p f  in th e  equalizer) may be adequ a te  for the acquisition recorders  - but even better 
p e rfo rm a n ce  can be achieved with an even be tte r  filter.
H] E qua lize r  dispersion

Ideally the  equalizer  should be non-dispersive. T he  delay characteristic  has som e ripple and 
increases rapidly below 70 KHz. T he  co m pu te r  simulation shows that there  are  two p rob lem s with 
not allowing the  in teg ra to r  to go sufficiently low in frequency:

1] T h e re  is baseline wander.
2] D ispers ion  increases the intersymbol in terference and degrades the eye pattern .

In o rd e r  to optim ize  pe rfo rm ance  with D C  resto ra tion  to reduce the effect of low frequencv 
noise, it is advan tageous  to first extend the in tegra tor  to the lowest possible frequencv to reduce 
dispersion. T his can be accom plished by increasing C3 (and  decreasing R3 to preserve the C3 R3 
t im e cons tan t)  as m uch as possible while still m ain ta in ing  acceptable loss in the equalizer.
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FIG 3 EQUALIZER AMPLITUDE AND 
DELAY RESPONSE WITH AND VITHDUT

LDVPASS



l x  in

EQUALIZATION WITH NO PHASE ERROR

WITH R 4 = 1 0 0 0  OHMS -  SHOWING DEGRADATION 
OF EYE PATTERN BY "DC BASELINE WANDER" 
(SEE TEXT FOR USE OF "DC RESTORATIO N")

FIG 4ry SOME SAMPLE "EYE" PATTERNS r \ O M  COMPUTER SIMULATION
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FIG 5 OPTIMIZATION

CURVE #1: - PHASING 
R3 FROM 9 TD 191 DHMS 

CURVE tt2: - LOW FREQ. CUTOFF 
R4 FRDM 560 TD 11760 OHMS 

CURVE #3; - SPACING LDSS 
SPACING FRDM 0.035 TD 0.74 
MICRONS 

CURVE tt4! - L D W PA S S  
LDWPASS CAP FRDM 50 TO 
1050 PF

CURVE #5: - EXTENDING INTEGRATOR 
C3 FRDM 100 PF TD 2100 PF 
R3 FRDM 910 DHMS TO 43 DHMS 
LDWPASS CAP FRDM 47 PF 
TD 990 PF

NOTE* RIPPLE ON CURVES 1 AND 4 IS DUE TD 
NUMERICAL APPROXIMATIONS IN PROGRAM

FILE'BER.DVG
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M ASSA CHU SETTS IN STITU TE O F TEC H N O L O G Y  
HAYSTACK OBSERVATORY

WESTFORD, MASSACHUSETTS 01886 

8 June 1988 Area Code 508 
692-4764

To:
From :

V LB I G ro up
A lan  E.E. Rogers 
H a n s  F. H in teregger

Subject: N arrow  T rack  S N R  M argin Equalization Im provem ents and  the  U se  of
D.C. R esto ra tion

In troduct ion
W e a re  studying the  p resen t  M K IIA  system in the hope that a few m inor changes might lead to 
a substan tia l  im provem ent in the  margin over which the  system will opera te . So far we have 
found two a rea s  which might yield som e im provm ent as follows:

a) L im iting  the  analog response  to 4 M H z (at 135 IPS playback) so that the  noise from 
the  h ead  resonance  at 12 M H z and  high frequency noise pick-up d oesn ’t d eg rad e  the 
b ro ad b an d  SNR.
b) D ynam ic  ad justm en t of the  co m para to r  threshold to reduce the  erro rs  p roduced  by 
the  inability o f  equalized signal to follow low frequency components.

P resen t  E qua lize r  L im itations
T h e  p re se n t  equalizer  whose transfer  function is shown in Figure 1 has the  low frequency roll­
off o f  the  equal izer  set a t  abou t 40 K H z and  as a result low frequency signals a re  poorly 
rep ro d u c ed  as illustrated by the "D.C." shifts shown in Figure 2. This prob lem  is especially bad 
during  the  t im e  code  and  auxilliary da ta  portions of the fram e and results in C R C  errors. We 
rec o m m e n d  tha t  m o re  ones be encoded  into the auxilliary data  field when tapes a re  recorded. 
H ow ever  the  p rob lem  is not limited to the auxilliary data  and additional m easu res  a re  probably 
needed . Simply reducing  the  low frequency roll-off actually degrades the b ro ad b and  S N R  as the 
spectra l  S N R  (shown in F igure 6) is degrad ing  by 6 d B /oc tav e  at low frequencies.
D.C. R es to ra tion
T he  effect o f  the D.C. shifts can be greatly reduced  by adding positive and  negative p eak  level 
de tec to rs  and  using the ir  m ean  to s tee r  the  re ference  on the com parator . F igure  3 shows both 
the equalized  signal and  the  voltage mid-way between the positive and negative peaks.
Im proved  E qualizer

With a D.C . re s to ra t ion  circuit the  low frequency response  can actually be ex tended  since the 
c o m p a ra to r  re fe ren ce  now tracks low frequency com ponents. In addition an additional high 
frequency cut-off has been  added  as illustrated in Figure 5.



C om p ariso n  T ests
T h e  im proved  equalizer  with D.C. res to ra tion  circuit was tested  on the  W estford  acquisition 
re c o rd e r  using a tap e  record ed  at H a t  C reek  during the 3 m m  experim ent (which reproduced  
poorly  on the  processor) .  T h e  results a re  shown in Figure 6.
T h e  im proved  equal izer  a lone  gives about a factor o f two im provem ent in e r ro r  ra te  while the 
com bina tion  of b e t te r  equalizer  plus D.C. resto ra tion  gives about 10-100 fold im provem ent in 
e r ro r  rate.
C onclusions
U n fo r tu n a te ly  the  circuit changes needed  to im plem ent D.C. restora tion  a re  fairly extensive. 
T h e  next step  is to test the  p ro to type  on the processor and if the im provem ent is d ram atic  look 
for s im pler  ways o f  achieving the  sam e result. This study indicates tha t the p resen t  m argin (to 
0 .1% e r ro r  ra te )  on the H a t  C reek  tapes is about 3 dB and increases to about 5 dB with 
im proved  equaliza tion  and  D.C. restoration.

A t ta ch m e n ts  (5 F igures)
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