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I, OVERVIEW

The purpose of this analysis is to provide a basic understanding of the
Shugart SA 850/450 floppy drive read chain electronics,and to provide a
record for future references.

Experiments were performed where ever possible to provide comparisons
between theoretical and actual results. It probably would be helpful to
study the table of contents on appendix and also section twelve--summary
of plots, more closely to visualize the comparisons.

A read chain block diagram is shown on page five.

II. READ CHANNEL FRONT END

The front end of read channel consists of read/write head, read damping
resistors and steering diodes.

1. D.C. ANALYSIS:

The steering diodes are there to provide D.C. bias paths during the read
mode, and to provide D.C. blocking during write mode. Side select is
accomplished by the write chip center taps. A summary table is provided

below:
READ MODE . WRITE MODE
SIDE 0 |SIDE 1 SIDE O SIDE 1
CT O LOW HIGH HIGH LOW
CT 1 HIGH LOW LOY HIGH

During write mode, the write chip data pins (6,7) provide high and
low resistance paths, according to the input data, to accomplish the
write function.
During read mode, pins (6,7) of write chip become an open circuit,
hence no data would be written even if one of the center taps (the
side that is not selected) is high.
There are also two diodes in front of the read chip to orovide
input clamping to prevent read chip from blowing up during transient
and/or static discharge,
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D.C. equivalent CKT of head in read mode is

y Lo

+12V A

i
zs

—~ €

D.C. bias current (D.C. current through the head):
. < .
] ,-’/2V ’-0'7V
T,- [z~ 0.7V o [ 19Kk
22K g Z
:;:0.55//;.?/} - {)(,71”A

The D.C. voltage at points 3 & 4 is, for all practical purposes, at ground.
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2. EQUIVALENT CIRCUIT:

A complete model of the A.C. equivalent circuit is shown below:

4——— HEAD b
Re

2%

L [ /r

a Py

L = Equivalent head inductance (full coil)

RL= Head internal D.C. resistance

C, = Equivalent distributed head capacitance
RP= Pure resistance at resonance.

R,= Pig tail wire resistance

= Pig tail wire capacitance

Rn= Equivalent read damping resistance

CA= Amplifier input capacitance

RA= Amplifier input resistance

"F0= Resonant frequency (Head and pigtail only)

Typical readings of head and pigtail are:

F L R, - C R R C R CA RA

0 L L P W W D
SIDE 0 | 513 Khz |1.97 mH | 360ohm | 48pf | 76Kohm | 4 ohm |1 pf 850 450
SIDE.1 | 536 Khz |1.72 mH | 360ohm | 51pf | 51Kohm | 4 ohm |1 pf 5.9K ohmj4k ohm

10pf {100kohm

* The readings for both side 0 & 1 are usually identical.
The inductance is spec. for 18mH * 2mH and the capacitance is spec.
for 12 + 3pf.
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3. TRANSFER FUCTION: (Appendix A)
Due to the complexity of the above model and in consideration of

the practwcahtg the mode1 is being simplified as the following:
Re

W AN ¢ 1
J_ +
-~ C Ro  Vouf )4
% 1 |

Assuming: R =0, R A=OO

C—CL+CW+CA
The transfer function as derived in appendix A is:
. L. /
7(s) = LC 52%5(Kz.% )% Re tRp
L%D ACR>
R f +C‘Ko ) '§ = Damping factor, not normalized
2 l
wh " = )Zzgép o~ L), = 3 dB corner frequency

151 = 2 = 2 &
From the re]atmnsmp listed above, it is obvious that head performance

That is the head band-width
For both

is degraded after connected to the amplifier.
is reduced due to the introduction of additional capacitance.

850/450:7/: I T
4 AN LL

= 494 kf/é (Compare with 513 Khz)
Bode plot of various LS and CS are plotted at Appendix A.

(L= 1.91 mH, C= 59 pf)  (natural frequency)

£ c Ko /%] | Overspoor 1) Fo
/.05 mH}25L% 2. 504 /5.2 Yo 538 KHE
SA 850 i2ei o gqp [LEE—22 %o | 495 Kiz
(L9 mH T F
5 mH =555 077 D W | 537 K
SA #50 £22m ;Z';,fp o Kk 2L p/ /) 795 KHZ
/9 mH SToF

As can be noted from the

For /“é/{o./ , peaking occurs at ,7/0'

L= LA 125"

plots for SA 850, peaking does not occur at /o .

Foro,?ﬂ}/f/)&./, peaking occurs at

(peaking frequency)



‘f ) Inter-Office Memo

To From

DISTRIBUTION BYRON WONG

Subject Date

UPDATES ON SA450/850 READ CHANNEL CEBRUARY 4, 1980
ANALYSIS

A mistake waS'discoverd by Art Geffon on P. 18A of the report.
The equation for Cp is:

Cn = _Imax
Amax Emax Wmax

where Emax should have been defined as

Emax = Max. head output (zero to peak)
' < 7 mv (0-P)

The error caused all subsequent calculations to be off by a factor of
two. However, using the values calculated in the report would not
affect the differentiator's performance in terms of frequency and
linearity. The error resulted in a more conservative differentiator
design. In other words, it increased the upper 1imit of the differ-
entiator's input dynamic range. A1l other parameters were self-
adjusted to compensate for the shift. Due to this conservative
design, we might be sacrificing the Tow end sensitivity of the
differentiator. Art is going to run some experiments to determine

the effect.

Loyt -/

BW:ds
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4. READ DAMPING ANALYSIS:

For minimum phase distortion, group delay should equal to phase delay.
Under this theoretical consideration, we would like to have a read damping
factor of .866 and quality factor of .577. (See Appendix A --Tinear phase
analysis). The damping factor indicates the amount of over shoot and it
affects the amplitude and phase linearity of signal. Damping factor for

SA 850:
/

/jf/ * ‘_‘ = 2% ¢/—_7T-

Rp = (.J’K//,?c:-zk) = 59K O4m

- Under Bamped )
/3= 0#f ((<f L= 190K, 0= 5TPf2

)5 = 0-44 = YmH, C=59pF)

SA 450:
Ro = 4.81k[)2 (10k)D = 4K ohm

= 07/

Given ZETA, the percent of overshoot, if occurs, can be calculated by

~ / |
Overshoot % = [ 'z/f/mz - /J/oo"/o /g/< .07

This equation is true for ZETA less than 0.707. For ZETA greater than
.707, the system is over damped and no overshoot can occur. For an under-
damped system, overshoot will occur yet the read back signal will have a

narrower pulse width.
An experiment was done by Art Geffon to determine the damping factor.

The result showed that a head with L=1,7mH, C=59 pf, RD=5.9k ohm has ZETA
equal to 0.43 (see Appendix A). This is very close t0 the calculated value,

*kk Three parameters dictate the choice of damping factors. They are
1) head bandiwidth entension consideration to retain more higher harmonies
which would affect the margin; 2) signal to noise ratio which would also
affect margin; 3) phase linearity which would affect signal linearity and
margin to see P. 46 for linear phase analysis.
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5. SENSITIVITY ANALYSIS:

In order to determine how component tolerance will affect various

parameters, it is necessary to do a sensitivity analysis for individual

parameter with respect to different components. Damping factor sensiti-

vity will be considered.

j/f/ ool g A%l
= 65’4 /“ﬁ/ ‘ﬂ’ﬁi (sensitivity of ¥/ with

respect to variable g(')

A
*i g het iz
/31 /3‘/ /3’/ /3’/
kf;zbrz tC RD * j j
AR IS Af A? _ac /3/

AY , /f/ ac
—_‘?—_ jﬂo 2 f C Jo_

Worest case analysis:

s8] AR (1% aL pl3, 4C )
/5 ?D§o+LfL ’ dj\a

/é/ ,Zﬁo
/¥ _ Re ol¥l . .
j /3] 4 Rp ,2/;//—-( /eo Z/f//{’or

/5/ L d5 _ £ 7
Ve e T 77 =

2
z

Bl e g5 _ 4T 4 ‘2
Jo - /5/2.7‘5“ 2k (F)(C) "= #;&F

EUI ,?/5/& j_( fep) 4/80/?/J/(4)‘f/f/f »}/(

["?(/f’f)*(ﬂ ) a3 ]4/?//(’»4/ 3

2.




SB[ 1481 2 412/ 51 TR

AL g AR é:/%f—/ﬁé’/%f/]

/31

Percent change of rfl X percent change of RD, L, C.

e.g., 5% change in components could cause a

—4/—%1 [sh+tz5hts5h]

VY18
WiiB

[}

l\

/10 76 change in damping factor.

010

This also implies using 5% damping resistors could cause a worse case

of 5% change in damping factor.



tm, ab

011

The foHoWing two families of curves are standard second order
response with varioys damping factors. The one on the left is in
frequency domain and the other one is in time domain.
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III. READ CHIP--AMPLIFIER PORTION

The read chip is an eighteen-pins LSI chip. (See Shugart ES 30064-0 & Mot. MC3470).
The chip basically consists of three separate portions--amplifier, differentiator
and time-domain filter and digitizer. Each portion will be discussed separately

in a logical order so as to preserve the flow of read chain signals.

1. AMPLIFLIER GAIN CALCULATION:
The amplifier is a two-stage ampliflier with gains equalled to:

Ao A:'Az

4, - 2 X (2500)
, =

[\

YOt Rte
/e = Transistor internal
= [0q emitter resistance
32 ~ RénmV
fa = 2200 = g4 vy
ST f Rl
= /30~
A, = ¥
* % // //b ,24/”//
e o
~ J00 3004 A

= f7

**The Motorola LSI Process Variation, according to the designer--
Mike Henry, ustally resulted in values of average gain higher

than calculated. The average is usually around 100.
+5V +s Vv ~ 15V ~ts5V
éz.sk %2-5‘{ A
%
17

P D@

simplified schematic of MC3470,amplifier portion.
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2. TRANSFER FUNCTION:

Due to the fact that the transistor parameters are not given, the
band-width of the amplifier cannot be calculated. I shall use the
guaranteed minimum device band-width for analysis purposes. From actual
tests (See Appendix B), the minimum band-width of the amplifier is more
than 5 MHZ.

7(s) = A A e Wg= Min. band-width
S # s = 270 X 5 % /0 ® Hz
= Jo A wWs

S #ue

The gain of the first stage is affected by the D.C. blocking capacitor.

/4 _ R{(Ar$00)
; =

7
R =<5

2bx /0 ) & 5004

P=2¢mro)+ 2x oo 7 705

4, - So0 SC
’ T s8¢ + !

S¢ L3
Tes) = Jo » LSS

S ¢ W8

=_(00 Swls
(S+4)8)(S + 57¢ )

From the transfer function, it is obvious that the high frequency corner
of the amplifier is determained by WB while the low frequency corner is deter-
mined by the value of the capacitor & the internal resistance. If we do not
have to worry about read/write recovery, then the capacitor can be chosen such

that L. _k )
we ) W= the lowest frequency we want to pass
e.g. W= 2K (62.5 KHz)\\\\-—-; This number can be varied to suit
R= 500/ (Fixed) different requirements

Co .47 uf
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3. D.C. BLOCKING CAPACITOR:

The capacitor is necessary at gain-stage #1 of the read amplifier to
prevent gain-stage #2 from saturating due to D.C. offset from stage #l.
A problem arises after insertion of the capacitor. That is, during write
mode, the capacitor will be AC charged to a worse case of 5V P-P which will
affect the read/write recovery time. It was determined empirically (visually)
that read/write recovery time equals to 1004%for SA 450 and 50,45 for SA 850.
This amounted to two time constants for SA 450 and four time constants for

SA 350.

- R/W Recovery time X= Number of time constants
XR

n

504 S
4 X 500
0.025/(,(70 (SA850)

C= 100 M5
2 X500

- O-Wf (SA 450)

See Appendix B for the exponential decaying of amplitude verse time
contant plot.

.4, AMPLIFIER SATURATION:

The read amplifier begins to show distortion if the input exceeded
28mV (P-P). With a nominal gain of 100, the output would be 2.8 V (P-P).
when input reaches 35 mV, the amplifier breaks down completely. We are
currently operating at an input voltage of less than 15 mV (P-P) which is
in the linear region. (See Appendix B for the saturation plot).

A rough'extimation from the read circuit shows thdt the read output
pins are sitting at +3V. This tells us that the output cannot exceed

2V (0-P). This agrees with what was observed.
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IV. IBM FILTER (SA 850 ONLY)

The so-called IBM filter is actually a jumper selectible "all pass" filter
or "low pass" filter. When the "F" jumper is "IN", a ground is provided
to the circuit, the filter becomes a single pole low pass filter. When
"F" jumper is "OUT", the filter becomes a single pole all pass filter.

1. SINGLE POLE LOW PASS FILTER

The equivalent circuit of the single pole low pass is:
R IS
/ 2z A
-+ W l e | -+
C Kﬁ, \/’.:'

A ]ﬁ
Point A is the emitter of either transistors (8B, pin 10 or 8) on the
schematic of SA 850.

Z] is the parallel impedance of 1.5K ohm and 1.5k ohm + 22.
22 is the input impedance of Bessed filter.
Beta is the forward current gain of the transistors.

5(533/ Z//j)

/

.
T

Fi
/
—— L R ,
] J To A Fr2reBator
:T I— I.5K

1.8k
WA

% 5K F"

SEer: ;‘:/" ’ :""/"" S i
£ LI R
/ i i

A /) 6:742'«"»‘ i

Z, Z,
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To evaluate the change of impedance Z] to the response of the L.P.
network and for simplicity without losing accuracy, I am using piece wise
Tinear approach by assuming:

Zz= 1.5K (in passband)

22= 0 (in stopband)

Z]= 1.5k (1.5K+1.5K)=1K (pass band)
Zy= 1.5k 1.5K =.75K (stop band)
B Z 100

R]=1k ohm

R2=1k ohm

B(1K) or B(.75K5L) >> 1K

This means that the impedance changes will not have a drastic effect on the
network under study. This is an important point to note when we are trying to
calculate the transfer function and response of the network in Appendix C.

It simplifies the matter a lot.
The transfer function of the original network as calculated in Appendix C is:

| 1
T(S)=  CRy (5= ) (/g%' >>'el,/?z)

This is a typical single pole low pass network. Its responses are plotted
in Appendix C with various C's and R]‘s.

2. SINGLE POLE ALL PASS FILTER:

The equivalent circuit is:

R R
nvA% A 2 :
+
N C

' ” > ‘/
- + %Zﬁ'} Q2

A\ d $

The transfer function of this network (see Appendix C) is:

/- SC&, . -
()= V5ed ; 7'(/2/@9 = g=2 lom /2/27502,
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It is obvious that the network is used for phase compensation. The

amplititude is unity. The responses of this network are plotted in

appendix C with various values of C and R.

V. LOW PASS BESSEL FILER

The filter was used for its superior linear phase characteristics. See
memo to Roger Stromsta on 8-7-79 on the filter.
The transfer function of the third order filter is:

s

7(s) = P S— ’ ' _
S3RC Ly G + 52 (C18)+S(R(GG)+55) +2
The filter being used for the current SA 850 is a standard 3 pole L.P.

Bessel filter with proper scaling. The one being used for the SA 450 is a
modified 3 pole L.P. Bessel with C3 changed from standard 47 pf to 100 pf for

high frequency compensation.
The actual frequency'reépqnse plots of the SA45Q0 do indicate that the

standard elements LP filter has a more linear phase characteristics than the

adjusted one.



VI. READ CHIP--DIFFERENTIATOR PORTION

1. OVERALL DESCRIPTION:

For a complete description of the differentiator, please read Motorola's

ML3470 specification and application note. The following is a brief descrip-
tion of the differentiator. There are two 0,1 micro-farad capacitors at the

input of differentiator, They are there to prevent any  D,.C, leyel imbalance

on the line which would upset (saturate) the input stage of the differentiator,

+5 +5V
é/@cf& /.;H’f": ’QC': f«:??'( %
b
o\éc}
- N /Mo
r_g_:\: 2o R ?’D LD r_ezzo__:g_—‘
_Y AYA i AL N ——
/\c ' /27 :gOK
M
* I” [0k @Yu
i
|
= == L
Vo = ZEC "('(,

For a Azw/f«& /&?//’zczajééfoa
%?C>:: O , ﬁax =X Z%D = 59, ﬁiy =&

A v
Az

.« { V. = 2R.Co 7;] Whnax W,

s e 7D . '
Zimple jdeal AeTiereatialor

/('C :C

A

Wha, = Max. 495%1Z?f gy
o

Wo =l 7z
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RD is introduced to ensure the phase linearity of the differentiator
and to 1imit the noise band-width where ‘
‘ ’T(dftw)
/0 4 yp = :
" \
HaX Cplary -fip/ /
W.: /O (/Unmx /7/,//
r / — < f > ()
i - ™ ;4 (/"J l‘j
/e = = & [ 8 — T ;
TG e —0 , 1
L PR //Ny () ‘; &/,/ ‘_/7,’;/':?// _r; 4 7f‘7)’ Aoz 0 /;
1 S ﬁ,//fﬁrXf’;:f'/ /)y {‘D .
LD is introduced to create another pole to further reduce the noise
band-width: J 7—/4';.]
4
W =010 . .
) o X -
| 7 \
- /// \\\
Ase, - ~.
) . - ‘5 S (/U
/ Nmax o]
Ly = ~ 2)
= — L -~ i , / s
loo/ S ViitoppnTiaTor colders osies
p()/& /‘:_ ;I;/z/ﬁ::‘/
CD is determined such that under maximum input voltage, the current
source will not be saturated. That is,
( - Z_/;MX :
- b s} o
2 A e “max Elpmn <
-‘Tma_-( = //”’/}
. s
/’7 pah = AR ;)/*/*”’/{ Te#pm oA
= /20
é: i = /-'/d X ,/2,(’(& ( 3.".»,»;:“
Ll (PP
Wpax = ) fox. 7/’”;{!-’4’%—?’ = 27X 20pkHR A

- B R I il
—_— YT [ Y
- &t AX '/:} 5 .

e
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RY is there to null the current imbalance in the\differentiator and to
compensate for offset voltage in the digitizer portion. By varying RY’
the internal asymmetry of the device can be eliminated. * Under A.C. analysis,
the resistor RY can be ignored.

Rx is added to control the Tocation of zero of the transfer function.
This zero is adjusted so as to cancell out the pole created by the D.C.
blocking capacitor in the amplifier portion as discussed earlier. In other
words , we want to adjust RX to improve the overall system low frequency
linearity.

.“ Pa/e c:*eafe, 57 b.c. Ca/;ac,?for:. -é-(z

) f

gc T 5R

t Zero acl tﬁ%ﬁum.ﬁnf&n

)

- _Sooc B '
Ry = 52 ®

There are two capacitors at each of the read chip's D.C. power inputs. The
power inputs are +24 V and +5 V for SA850 and +12 V and +5 V for SA450. The
capacitors are there for power Tine noise filtering. For SA850, there is

an additional +12 V zener diode CR11 which is for generating +12 V on board.

* Assumption was made here that the supply voltages and input voltage
remain constant. Otherwise, asymmetry can still occur.
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2. TRANSFER FUNCTION:

The transfer function without RX is : (See Appendix E)
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The responses of the differentiator before and after pole/zero
cancellation are plotted in Appendix E.



3. COMPONENT SELECTION:

The following components are selected under ideal and theoretical

conditions.

They are selected and their responses are plotted for the

purpose of comparison with the actual values used on the devices.
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Frequency response and time response plot of the actual values and the
jdeal (optimum) values are shown in Appendix E.  As revealed from the plots,
the frequency response curves (no perfect pole/zero cancellation) with opti-
mum elements do look better than the response curves with actual values--curr-
ently in use on our drives.  Furthermore, by assuming a perfect pole/zero
cancellation, the frequency response of the actual value curves improved
substantially at low frequency while the optimum value curves did not show
much of a difference. The time domain response plots do indicate less
phase delay in the optimum case than the actual., These time domain plots
are assuming a steady\stateAconditions, One thing that is intexesting to
note is that in the case of perfect pole/zero cancellation, the steady-

state phase delay remains the same-=no improyement ,



VII. READ CHIP-- TIME DOMAIN FILTER AND DIGITIZER

1. TIME DOMAIN FILTER AND BIT PULSE WIDTH:

The filter is necessary because the actual signal from our read/write
head is not a sinewave. It is more like GuaSssian curves superimposed-
on each other and plus the system noise. The differentiated signal
would not be a pure cosine wave. It would have "snakes" on the differ-
entiated signal. This would mean that extra bit would be generated if
these "snakes" were not being filtered. The time domain filter behaves
1ike a window where it opens up at some instances and closed at other
instances to block out the "snakes".

+5V
R,
. 4
- T C
/sjfm I, éJ' +ey
READ
CHIP |19 k2
Al
Typical IT-2T | ] |
I3yn&f ' 5
/{npof%fafVCt '
Outpel
S nake - Shake
g ‘ J eyl
o !
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If the time domain filter had effectively blocked out the snakes,
then the differentiator and the zero-crossing comparator in the chip
would behave like a peak detector and data bit would be regenerated.
Period T] determines effectively how much we want to block and period

T2 determines the pulse width of the regenerated bits. The periods
are determined

T, > a7
7F < / 27T (= aziuped “5 he tia
< F(z) T iz g % s
< //af}7<$7kjiéigofé i A ER poer ot o
Under the worst case situation: e v
T 44/: ) s - "— ! -
A (shcty) 27 =dus (Ar5)
-
ISR ) =i AER

If AT ever gets greater than 1/3 (2T), the time domain filter
would not be effective. Bit error would occur:

Without going into any further details, it is obvious that the
optimum T, (assuming symmetrical signal) should be:

s e v e e ’fz'u:w'aﬂ .
/ 5 /) ey
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= Y ’/_-)} \
= [/33 »¢< FSASTD)
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@?’ Z// sl WY VAt Ly RSV

= 226/n% (SpyLo) /
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77 = (RCZ/0$2f9—+2&Oﬂ§ /5¢14¥““)
= G6Fas  (SAé50) | :

R SN 2 . ;
| ///;, QAL S Sy R 2

= /2507165 /A aj1>;J bgé;gbétf S et

There are three constraints which have to be met for the time domain
filter to work:

AT <z (2T) (snake cannot be big)
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The aforementioned criteria is not critical for our current
SA 850/450 operations. We have a lot of margin to play with at
this point.  However, in the future, if we intend to increase bit
density with the same chip, problems may arise.

7,—2(%(/4@ W;"ZZZ): "*02 (L O 428 (see Spec.)

T2 is not critical as long as it is wide enough to provide enough
hold time for TTL circuit. Minimum of 100 nano seconds is sufficient.
Current value of Tzfor SA 850 is 200nS , for SA 450 is ‘].O5f£§ .

2. DIGITIZER:

It consists of basically a comparator, one shot and a D-f1ip flop.
Together they convert the analog input signal which contains the data
into a series of digital pulse train. Then the digitized information
(bits) can be processed by the host system (computer). The digital
output is being time delayed by an amount T], which is the time domain
filter window width.

The following sketch show a hypothetical and ideal case of how an
analog signal is being converted into digital information.
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ITX. CONCLUSION:

This read chain analysis by no means is "the analysis" to
to determine the system parameters. It is extremely unlikely
for anyone to come up with a perfect working system from paper
work calculation and modeling. A lot of changes have to be made
by an experienced system designer judging from overall system
performance to perfect the design. However, this analysis does
provide a complete explantion of individual functions of the
read chain and also provides a quantitative way (guideline)
of selectingcomponents. Any major deviation from the calculation
should probably be backed up with logical explantions from the
original designer.

In general, the experiments agreed very well with simulated
plots in‘the pass band. The original goal of this assignment
was to put in writing how each individual blocks of the read
chain functioned. The time expection and the original goal
of this assignment making it not feasible at this point to
delve into other related'ggestions. They are as follows:

1. Actual impacts of PBM filter on phase performance.

2. Is the low pass Besséd filter necessary at all and how
does is affect our phasggmargln?

3. What is the amount of Dhase jitter introduced by the
read chlp'>

4. The noise level of the read chain.

5. Electromagnetic interference susceptibility of our drives.

Some of these questions can be answered quite easily, with
time availability, by taking the analysis done here one step
further. Others require a completely dlfferent approach to get to
the answer.

A similar analysis on write chaln, which is sunposedly to
be completed at the same time, will most likely ready in about a
week.
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4. Time domain filter and digitizer
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XII.  SUMMARY OF VARIOUS CURVES

1. Simulated Frequency Response of Read Channel Front End With

Various L's and C's:

L C Rp RL Freq. Page No.

SA 850 1.9mH 50pf 5.89Ka| 36 L 0-1 MHz 50
1.9mH 59pf s
1.7mH 50pf 52
1.7mH 59pf \ S3

SA 450 1.9mH 50pf 4K I S4
1.9mH 59pf 56
1.7mH 50pf 56
1.7mH 59pf \ ] | 57

2. Simulated Frequency Response of Read Amplifier With Various
Values of D.C. Blocking Capacitor and Frenquency:

C Freq. Page No.
0.0luf 0 - 500 kHz £y
SA850/450 0.1uf 65
1uf 46
10uf 67
100uf Y (83
0.01uf 0 - 10 Miz é9
10uf | 70
100uf v 70A

032



3. Actual Frequency Response of Read Amplifier With Various Values

of D.C. Blocking Capacitors and Frequency:

C Freq. Page No.
SA 850/450 0.01uf 0-500 KHz 71
0.027uf 0-500 KHz 72
l 0-10 MHz 73
0.1luf 0-500 KHz 74
L 0-10 MHz 7¢ B
1uf 0-500 KHz ¢
! 0-10 MHz 77

4. Exponential Decaying verse RC Time Constant for Read/Write

Recovery.

5. Amplifier Saturation Plot

p. 78

p.- 79

6. Simulated A1l Pass Filter Response With Various R's, C's
and Frequency:

R C Freq. Page No.
SA 850 500 _TL 220pf 0-500 KHz g2
390pf ! £4
| 0-10 MHz £
v 680pf 0-500 KHz g6
1000 v 220pf £7
390pf ' £&
| 0-10 MHz &1
s 680pf 0-500 KHz q0
3000 S 220pf | a
390pf ! g2
390pf 0-10 MHz 3%
] 680pf 0-500 KHz ;7(}«

0633



7. Actual Plot of IBM A1l Pass Filter:

034

R= 1000 ohm, C= 390 pf, 0 - 500 Khz P. 95
R= 1000 ohm, C= 390 pf, 0 - 10 Mhz P. 96
8. Simulated Plot of IBM Low Pass Filter With Various Capacitors
and Frequency:
R C Freq. Page No.
SA 850 1000 SL 220pf 0-1  MHz 48
390pf 0-500 KHz 499
} 0-10 MHz 160
y 680pf 0-1 MHz jol
9. Actual Plot of IBM Low Pass with:
R= 1000 ohm, C= 390 pf, 0 - 500 Khz, P. l0OZ
R= 1000 ohm, C= 390 pf, 0 - 10 Mhz, P. |02

10. Simulated Response of Read Amplifier and IBM A1l Pass Filter
with Various Values of C's and Frequency:

R Co (Filter){ C1 (D.C.) Freq. Page No.

SA 850 1000 L | 220pf 0.027uf 0-500 KHz |04
390pf | | /05

v 0-10 MHz lob

0.0luf 0-500 KHz 167

| 0-10 MHz [6B

0.1luf 0-500 KHz 109

! 0.1uf 0-10 MHz 110

680pf 0.027uf 0-500 KHz R




11. Actual Plot of Read Amplifier and IBM A1l Pass Filter with
(C]= D.C. blocking, C2= Filter)

R

n

R

100042 , C,=0.027uf
10008 , C.=0.027uf

1

s C2=390pf , 0-500 KHz

’ C

=390pf , 0-10 MHz

12. Simulated response of Read Amplifier and IBM Low Pass Filter
with Various Values of C's and Frequency:

035

P.liz
P.l12

R Cp (Filter)| C; (D.C.) Freq. Page No.
SA 850 1000 S 220pf 0.01uf 0-1 MHz 14
390pf | s
680pf ! 16
220pf 0.027uf 1 /17
390pf | 0-500 KHz e
| I 0-10 MHz (19
680pf 0.027uf 0-1 MHz /20
220pf 0.1uf 0-1 MHz 121
390pf I | 122
, 680pf I ' /23
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13. Actual Response of Read Amplifier and IBM Low Pass Filter
with (C1= D.C. Blocking, C2= Filter)

R
R

1000 ohm, €,=0.027uf  , C,= 390 pf, 0 - 500Khz P.l24
1000 ohm, C,=0.027uf , C,= 390 pf, 0 - 10 Mhz P. 12§

14. Actual Response of Bessel Filter.

C1 Cs3 Lo Freq. Page No.
SA 850 150pf 27pf 330uH 82?§°q£§ 154
SA 450 Actual 300pf 100pf |  680uM 0230 pi 133
SA 450 Ideal | 47pf | 9-1800Hz ‘32

15. Actual Response of Amplifier, IBM Filter L.P. and Bessel Filter:

0 - 500 Khz p. /33
0 - 10 Mhz P./34

16. Actual Response of Amplifier, IBM Filter A.P. and Bessel Filter:

Bessel Filter 0 - 500 Khz . P. /35
0 - 10 Mhz P.136

17. Actual Response of Amplifier and Bessel Filter (SA850)

Differentiator disconnected 0 - 500 Khz p. 137
0 - 10 Mhz p. /38
With Differentiator connected 0 - 500 Khz p. /37
0 - 10 Mhz P. /140
18. Actual Response of Amplifier and Bessel Filter (SA 450)
Differentiator disconnected 0 - 500 Khz p. /4]
0 - 10 Mhz P. /42
Differentiator connected 0 - 500 Khz p. /43
0 - 10 Mhz P. /44
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19. Simulated Frequency Response of Differentiator with Actual
and with Optimum elements:

RD Rx Cp Lp Freq. -Page No.
SA 880 o 270 15K 680pf | 62uH | 0-500 Kz /151
{ \ ' i 0-10 MHz 152
: (| 150 40.2K | 330pf | 12uH | 0-500 KHz /55
opeimn l ' ' Y ¢ 0-10 MHz /56
SA RS0 200 47K 1800pf | 100uH | 0-500 KHz 153
{ y t { 0-10 MHz 54
. 150 68K 680pf 22uH 0-500 KHz /7
opLimuT Y { Y 0-10 MHz /SH

20. Simulated Frequency Response of Differentiator and Amplifier
with actual and with optimum elements (No perfect pole/zero
cancellation assumed)

C Rp Ry Cp Lp Freq. Page no.
SA 850 0.027 270 15K 680pf 62uH__ {0-500KHz | [6°
Actual | l } I Jo-10 Mz gy
‘ 150 40.2K | 330pf 12uH  |0-500KHz | /6%
Optimun l | t } | 0-10 MKz | /45
SAA450 0.1uf 200 47K 1800pf | 100uH |0-500KHz | /62
ctual) ! } ! t |o-tomiz| /63
. 150 68K 680pf 22uH  |0-500KHz | /44
Optimun | = ' | T fo-omiz| /767
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21. Simulated Frequency Response of Differentiator and Amplifier

with actual and with Optimum Elements.
cancellation assumed.

Perfect pole/zero
(1deal differentiator response)

Rp Ry CD Lp Freq. Page No.
SA 850 270 15K 680pf | 62uH 0~1 MHz 169
Actual i i | | 0-10 MHz- |70
_ 150 40.1K 330pf | 12uH 0-1 MHz /73
Optimum | N 4 i 0-10 MHz 174
SA 450 | [ 200 47K 1800pf| 100uH | 0-1 My 171
{ { 3 | 0-10 MHz 172
' 150 68K 680pf | 22uH 0-1 MHz (75
Optimum i } i | 0-10 MHz (76

22. Simulated Time Response Plots of Differentiator to Sinewave
input with Actual and with Optimum Elements:

Same variation on elements as in #19,

P.|80- P.190

23. Simulated Time Response Plots of Amplifier and differentiator
to sinewave input, assuming perfect pole/zero cancellation,
with actual and with optimum elements:

Same variations on elements as in #21,

P.194- P.204
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PAGE PRH1

SINSERT SYSCOMOKEYS.F
SINSERT SYSCOMDASKEYS

DIMENSION Y(1881),X(1681),FAZE(1001)
REAL L

CALL SRCHSS{KSWRIT,'FURT4',5,1,4,C0DE)

RD=4.E3
L=1.75E£-3
C=59.E-12

ZETA=USQRT(L/C)Y)/(2.%*RD}
FU=495301.

DO 19 1=1,1001

F=FLOAT(I-1)*1.E3

A(I)=F

RAT=F/FJ

YOID)=SORTC(L./( (1. -RAT**2)**x2+( 2 *ZETA*RAT )**2)})
18 FAZE(I)=-ATANC(RAT+SQRT(1-ZETA**2))}/ZETA)

1 ~ATANC(RAT-SQRT( 1-ZETA**2)})/ZETA)
37 FORMAT(IS,5E12.5)

WRITE(S,28)(X(1),Y(1),FAZE(]I),I=1,1881)
29 FORMAT(3E12.8)

CALL SRCH$s(KsCLOS,?,8,1,9,CODE)
CALL EXIT
END
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A-5  Experimental Determination of Damping Factor:

/\'{«\Eoﬂ-‘/‘ \/L 1t ‘ i 16 ‘ \f 0 1Y)

\

Vi (4) H (9 Vs LS)

Velt)= Vitd) * (1)

(Ou‘TPuT) = (KNP\)T) il ( 755 | NPT 25(@/\43-@
LenvobuTlon
TIve)\ = 7 L) % \3@} .
Vel) = L1 Vitn) s L LhD
b MulTIPLi caTioy
= Vi) Hie)

3 i Egu—.)}

SRR
Vo (g)

The last
to an impulse

1 TeansFere FuoneTion

|

T \Mpulis
Sty * Lix)
Ho(g)

"ot

two equations described that response of a system (network)
equalled to the system transfer function H(S) in frequency

domain and equalled to zero input response in time domain.

Procedure:

<BEaRH
/<.o ‘e

( eap SCEPE

A step current is applied to the search coil. The flux generated

equals to :
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S
L
[}

turns of search coil; Lo Amplitude of current
reluctance of the set up (consider to be constant)

£

L
s A

Mo =Permeability of air
A =Cross-section of head

=Length of magnetic linkage surrounding search coil
and head ceoil

Voltage induced at the head equals:

-4 " = Number of turns of head coil
dt

)

\/\.

- At . )
at

— M To O

[}

n

Cda 4 £ )
e =

This implied that by applying a step current to the search coil,
we are really applying an impulse to the head. The response we see on
a memory scope is the zero response of the head.
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Result of experiment:

By finding the ratio between the main lobe and the second Tobe
from the scope, we can find ZETA of the system by using the following

relationship:

[ Tovs Lah [t TR g Tk S D POt ES :
N 4 MM ARG 1 LA 1 L L 2nd lobe amplitude
9;32\3(.;1_.'1.{ IR 2. I 4“\. A i!l'“"",;. S = p
pooE T LTI EEES COR Faints L . .
i ! 1 AR [ L A Main lobe amplitude
| SV JA{ AL } L s ,3 LA P
< S A 1 O T
S 11\ P T |3 [
R 1 LU R T AN T P
E,aaié‘{‘; IR 3 ,2‘: ; L,.».‘.}t-?t;_-ifi‘;u
PR R IS O A i ﬂj S = L R 22
Ee dn }i.i‘:i'. I ' RYIEI Iy
PR AR R AL IS SIS 5
Voo torn 3l oo I
SRR T \ 1/ T re
o N [ . [ %
L. L §L .
e ey € = ireereg
s g gl oAb g
e '_“_l 3 }':Z'it_t y"{i:&é \ﬁMé
lzt = —

Panpmy RessTore = 6.8 Ko

A= (7w
L= Gt 12\ = ouze

= skl 4dpn = SlER

This experimental result agreed very closely to the calculated
value. JE\= 048

* Inductance value could be in error due to improper range selected
when measurement was taken. The value probably should have been
1.9 mH. tn this case, the calculated damping factor agrees better

with the experiment. [§| =o0.46
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SINSERT SYSCOMMKEYS.F
SINSERT SYSCOM>ASKEYS

1g

)
5]

DIMENSION X(1£51),Y(1891),FAZ(1291)
REAL LD

CALL SRCHT3I(KSWRIT,'LOT7',4,1,8,CODE)
TOPI1=6.2832

RE=24.
PC=1330.
RO=15.
RI=63025.
CU=62J. r 12

1:72

TOPI*SGRT(LD*CD))
SQRT(LD*CD)I/2.)%(1./(CD*RX)I+(RD+2.*RE)/LD)}
{1./(CD*RX)+(RD+2,*RE)/LD)

«Z2.E~
=10/
ZETA=(
T 3%

N ™ O
TTHI(‘

A=

«Q

lq I=1,1401
T(I-1)*589.

PTC(TOPI*F)*®2+(1./(CD*RX ) )I**2)
”TO:I*FV QRT((TOPI*FY)**2-ZETA%*2)
TOLCTOPI*F ) **2+(TOFI*FY)**2)~-C}
A*B)/D
=ATAN(TOPT*CD*RX*F )~ATAN((F/F@+SQRT{1.~-AZETA**2))}/AZETA)
=FAZ(1)-ATAN((F/F@-SQRT{1.-AZETA**2)}/AZETA)

MM LD OO

I e~ powonow
-0 ,u
V\JA‘

Z=Y(1)

t0 30 1=1,1661

¥(I)=Y(1)/Z
HRITECS,20)0(X(1),¥Y(1),FAZ(I),1=1,1801)
FORMAT(3E12.5)

CALL SRCHS3(KsCLOS,?,9,1,8,C0DE)

CALL EXIT
ELD

Ez & &3
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SINSERT SYSCOMMKEYS.F
SINSERT SYSCOM>ASKEYS

DIMERSION X(1921),Y(19081),FAZ(1881)
REAL tD

CALL SRCHSS(KSWRIT,'LUD5',4,1,8,CODE)

TOPI=6.28318
Ri=29.
RC=1324.
RX=15440.
RO=2743.
CD=683.E-12
LD=62.E-6

F@=1./(TOPI*SQRT(LD*CD))
ZETA=.5*SQRT(LD*CD)I*(1./(CD*RX }+(RD+2.*RE}/LD)
D=SQRT(1.~ZETA**2)

FB=5.E6

DO 18 I=1,1801
FaFLOAT(I-1)%1.E4
X(1)=F
A=(180.*RC}/(LD*TOPI~TOPI)
E=SORT((F*F+FO*F@I**2-( (2 . *F*F@)**2)*(1-ZETA**2))
i G=(F*FB)/SQRT(F*F+FB*FB)
w Y(1)=A%G/B
19 FAZ(1)=-ATAN((F/F@+D)/ZETA)-ATAN( (F/F@-D)/ZETA)-ATAN(F/FB)

WRITE(S5,28){X(1),Y(I),FAZ(1),I=1,10481)
28 FORMAT(3E12.5)

/

WRITE(5,20)F0
WRITE(S,20)ZETA
CALL SRCHSS(KSCLOS,#,0,1,%,CODE)
CALL EXIT
END
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SINSERT SYSCOM>KEYS.F
SINSERT SYSCOM>ASKEYS

DIMENSION X(10£1),Y{1201),Y2(1001)
REAL LD '

CALL SRCHSS(KSWRIT,'LADB‘,4,1,9,CODE)

RX=68320.
RD=168.

" CD=6i.E~12
LD=22.E~6
RE=20.
RC=1337.

W@=1./SQRT(LD*CD)
ZETA=.5%(1./(CD*RX)+{RD+2.*RE}/LD)
AZETA=ZETA/MA

F=125000.
VW=6.2832*F
DELTA={WxW-W@*WI)**2+( 2 , “ZETA*W)**2

A=(RC*W*WE*WG/LD-2 ., *ZETA*RC*W/(LD*CD*RX)-RC*W**3/LD)/DELTA
B=(2.*ZETA*RC*V**3/LD+RC+W+VH*VH/(LD*CD*RX)-RC*V**3/(LD*CD*RK))IDE
1ILTA v
C=(RC*W**3/LD+2.*RC*W*ZETA/(LD*CD*RX ) -RC*W*WA*WA/I.D}/DELTA
D=(RC‘N*'3/(LD*CD*RX)+4.*ZETA**Z*RC*WI(LD*CD*RX)-2.*ZETA*WH*WQ*RC*
IM/LD-RCAW*WR*WE/(LD*CD*RX))/DELTA

DO 18 I=1,1801

T=FLOAT(1~-1)*2.4E~8+24.E-6

X(1)=T
Y(I)=A*COS(N*T)+(B/W)*SIN(W*T)*(C*EXP(-ZETA*T)I(Uﬂ*Wﬂ-ZETA**Z))*(-
lZETA*SQRT(Uﬂ*Wﬂ‘ZETA**Z)'SIN(SORT(WG*UH-ZETA'*Z)*T)-(Wﬁ*Nﬂ-ZETA**Z
2)*C03(SQRT(VB*WE-ZETA**Z)*T))+D*EXP(—ZETA*T)*S!N(SQRT(WH*WK—ZETA"
32)*TH/SORT(WA*WI-ZETA**2)

12 Y2(1)=SIN(6.2832%F*T)

WRITE(S,20)0(X(1),Y(I),¥2(1),1=1,1801)

20 FORMAT(3EL12.5)

_ WRITE(5,28)A,8,C,D,DELTA,W,WA,ZETA,AZETA
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SINSERT SYSCOM>KEYS.F
$INSERT SYSCOM>ASKEYS

DIMENSION X{10821),Y(1Q@1),Y2¢(1021)
REAL LD

CALL SRCHSS(KSWRIT,'LuB2',4,1,9,CODE)

RX=4/104.
RD=154.
CD=338.E-12
LD=12.E-6
RE=2#.
RC=1334.

WA=1,/5QRT{LD*CD)
ZETA=.5%(1./(CD*RX)}+(RD+2.*RE)/LD}
AZETA=ZETA/D

F=125009.
W=6.2832%F
DELTA={WAW-WI WO I **2+{ 2  XZETA*W ) **2

A= (W*WI*WI-W**3 )} /DELTA
B=Wex3%2 *ZETA/DELTA

- C={W**3-W WO WYY /DELTA

{ D==2 . *ZETA*WEH"WI*W/DELTA

DO 1§ I=1,1021

T=FLOAT(I-1)*2.4E-8+24.E-6

XCL)=T

V(I =AYCOSIW*T )+ (B/UI*SIN(WAT I +(CXEXP(~ZETAXT )/ (WO*WO-ZETA**2) }*(~
1ZETA*SQRT MU *WE-ZETA**2 ) *SIN( SQRT{MA*WO~ZETA** 2 }*T )~ (WI*WH-ZETA**2
21%COS(SORT(WO WG~ ZETA**2 )% T ) Y+D*EXP( ~ZETAXT)*SIN{ SORT{WH*VI-ZETA**
B2)*T Y/ SARTUWH WA -ZETA**2)

18 Y2(I)=SIN(6.2832%F*T)

WRITE(é.Zﬂ)(X(I),Y(I),YZ(I),I=1,Iﬂﬂl)
2¢ FORMAT(3£12.5)

WRITE(5,20)A,B,C,D,DELTA,W,Wd,ZETA ,AZETA
CALL SRCH$3(K$CLOS,¥¢,s,1,9,CODE)

CALL EXIT o .

END
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F. Common collector transistor equivalent circuit model:

Common collector transistor circuit is commonly used as buffer to isolate
(reduce) the effect of output circuit effect (loading) on the input circuit.
There are many ways of modelling a transistor circuit. The most common ones
are Tee equivalent circuit, hybrid, hybrid II, charge control model and
other variations. The model I am going to use is a variation of hybrid II
model for small signal and low frequency applications. Small signal means
the transistor is in linear regim. Low frequency means singal below 10 MHz.
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5uqectSA850/450 Read Channel Analysis pate September 23, 1980

Report Corrections

Please correct the following typographical errors in subJect report, dated
December 1979:

Page # Was Should Be
04A (SA450 CKT) 22K, 22K 10K, 10K
, rd
012, line 10 = 10() = 10
s
- - 500°sC - 50005C
013, line 12 A B005CHT Al 50050+
wo '
045, Line 7 Woeak = —————= Wpeak = WoV 1-21(12
P 1-2|§“|2 g o S
‘ 21§ [WWg
047, second line = %— 2|§] } = %’ Wl - Wo "}
from the bottom Wo 242 0" T e
2y TN
. W
. SA S 1+(-—
048, line 1 .(1+(wo) :] . (Wo J

Thanks to Dr. M. K. Tsai of the Heéd/Media Group for spotting fhese errors.
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