








































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































4.1 PROGRAMMABLE FILTER USING A 
CURRENT SOURCE DAC (continued) 

Some design guidelines: 

o The VFP pin should be left open. 

o Both the current source DAC and the voltage DAC 
should reference to VR for accuracy and tempera­
ture stability. 

o The reference bias current drawn from VR should 
be less than 2 mA. 

o The current source output voltage compliance 
should be > 2.0 V. 

o The IFP current and the filter cutoff frequency are 
related as follows: 

fc (MHz) = 16.25 x IFP (mA) x VR 
2.2 

IFP should be between 0.31 mA to 0.8 mA with 
VR = 2.2V. 

o The VBP voltage and the high frequency boost are 
related as follows: 

FB = 20 x log (1.884 x VBP / VR + 1) dB 

�V�C�C�~�l�l�·� 
C1 C2 

O.D1W -I- -p.1W 

GND1 VO_DIFF 
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VIN- • �~� 5 VIN 

�V�I�N�+�~� VIN 

VBP 

SSI32F8011 
Programmable Electronic Filter 
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4.2 PROGRAMMABLE FILTER USING CURRENT 

SINKDAC 

Figure 5 showsthe setupschematicoftheSSI32F8011 
using an external current sink DAC to control the filter's 
cutoff frequency. The high frequency boost control is 
the same as in Section 4.1. 

Some design guidelines: 

16 

15 

14 

o Rx should be set to 917Q between VR and VFP. 

o Both the current source DAC and the voltage DAC 
should reference to VR for accuracy and tempera­
ture stability. 

o The total current drawn from VR should be less 
than 2mA. This includes the 0.8mA through Rx. 
Thus, the current sink DAC and the voltage DAC 
reference should not draw more than 1.2 mAo 

The current sink DAC output voltage compliance 
should be between O.75V to 1.2V. 

o The IFP current and the cutoff frequency are 
related as follows: 

fc (MHz) = 13 -16.25 x IFP (mA) x VR 
2.2 

IFP should be between 0 mA to 0.49 mAo 

Cl M • VO_DIFF+ 

C8 M • VO_DIFF-

• PWRON 

CURRENT 

FBST. 8 FBST GND2 9 
SOURCE 
DAC 

32F8011 

FIGURE 5: The SSI32F8011 Setup Schematic Using a Current Sink DAC for Cutoff Frequency Control 
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INTRODUCTION 

Analog filtering is a universal requirement in any signal 
processing system. Filter design is now made easy 
with the programmable filters from Silicon Systems 
Inc. Whether the requirement is a fixed filtering charac­
teristic or a programmable response, this family of 
programmable filters offers distinct advantages of de­
sign simplicity, accuracy, versatility and board space 
savings. Additional features, such as high frequency 
boost, differentiated outputs, are also available. This 
application note focuses on the SSI 32F8020A, cutoff 
frequency programmable from 1.5 - 8 MHz. 

VIN+ Low Pass 
Summer 

VIN- Filter 

High Variable 
Filter Allen. 

VBP 

FBST 

IFI 
Filter 

Control 

IFO 

SSI 32F8020A 
Programmable Electronic Filter 

October 1992 
The objectives of this application note are: 

• To present a description of the SSI 32F8020A 

• To discuss its applications 

• To present a typical fixed response design 

• To present a programmable response application 

Low Pass VO_NORM+ 
Filter VO_NORM-

High Pass VO_DIFF+ 
Filter VO_DIFF-

VREF VR 

RX 

BIAS PWRON 

FIGURE 1: Block Diagram 

1.31703 
INPUT 

S2+ 1.68495 5 + 1.31703 

5 2+ 1.68495 5 + 1.31703 

2.95139 5.37034 

5 2+ 1.542035+2.95139 5 2+ 1.145585 + 5.37034 

Transler Function normalized lor co = 2" Ic = 1 
AN and AD are adjusted lor unity gain (0 dB) at I = 0.67 Ic 
Frequency scaling s = s 12 " Ic 

FIGURE 2: The 551 32F8020A Transfer Function 

14-27 
CAUTION: Use handling procedures necessary II 

for a static sensitive component. 



SSI 32F8020A 
Programmable Electronic Filter 

*4Ur"t¥,,[."i~ml 
1.0 DESCRIPTION 

The SSI 32F8020A is a programmable 7-pole 0.05· 
equiripple low pass filter in a silicon bipolar integrated 
circuit. Figures 1 and 2 show the block diagram and the 
filter transfer function. 

The SSI 32F8020A cutoff frequency and high fre­
quency boost can be independently controlled by two 
control signals. Two sets of filter outputs are available: 
normal low pass output and differentiated low pass 
output. As a 0.05· equiripple type filter, the filter outputs 
exhibit constant group delay beyond its cutoff fre­
quency. Furthermore, the delays through the normal 
output and the differentiated output are well matched. 

The input and outputs of the SSI 32F8020A are differ­
ential signals, requiring external ac coupling capaci­
tors. The given transferfunction shows the relationship 
between the input end the two sets of outputs. The 
maximum input signal is 2.0 Vpp differential. The 
differential input resistance is 4 k.Q (typ.). 

1.1 CUTOFF FREQUENCY CONTROL 

The cutoff frequency, defined to be the -3dB corner 
frequency with no boost, is programmable from 1.5 - 8 
MHz. It can be set by one of three methods: 

1) A resistor is connected between Ax and Ground. 
The IFO and IFI pins are shorted. This setting is 
only used for a fixed response design. The design 
equation for this resistor value is: 

Ax (kil) = 10.00 I Ic (MHz) 

A design example is given in Section 3. 

2) A current source input can be fed into the IFI pin. 
With a current source digital-to-analog converter 
(DAC), such as the DACF in the SSI 32D4661 
Time Base Generator, this design allows a 
microcontroller to change the filter response dy­
namically. A resistor from Ax to Ground is needed 
to establish a bias current on the IFO pin. To 
achieve the highest accuracy and temperature 
stability, this bias current on the I FO pin is used to 
reference the current source DAC. This bias cur­
rent should be set such that the maximum DAC 
output current is 0.6 rnA at room temperature. The 
design equations for Ax and the current source 
value are: 

Ax (kil) = 0.7S/IFO (rnA) at T = 27°C 

IFI (rnA) = 0.075 x Ic (MHz) 

A design example is given in Section 4. 

3) A current sink input can be fed into the IFI pin. With 
a current sink DAC, this design also allows a 
microcontroller to change the filter response dy­
namically. To achieve the highest accuracy and 
temperature stability, the current sink DAC should 
be referenced to the proportional to absolute tem­
perature voltage at the Ax pin, nominally at 750 
mV. The DAC maximum sinking current should be 
at least 0.49 rnA. A resistor from Ax to Ground is 
needed. The total current drawn from the Ax pin 
needs to be 0.6 rnA at room temperature. The IFO 
and IFI pins are shorted. The design equations for 
Ax and this current sink value are: 

Ax (kil) = 0.751 ( 0.6 - IDAC Bias) (rnA) 

IFI (rnA) = 0.60 - 0.075 x Ic (MHz) 

A design example is given in Section 4. 

1.2 HIGH FREQUENCY BOOST CONTROL 

The high frequency boost function is especially desir­
able for pulse slimming and magnitude equalization 
applications. This function can be enabled or disabled 
by a TTL logic input at the FBST pin. With FBST = '1' 
or open, the amount of high frequency boost, mea­
sured at the cutoff frequency ,can be programmed from 
o to 9 dB by a voltage input at the VBP pin. External 
resistors can be used infor a fixed filter response. For 
a programmable high frequency boost, a voltage DAC, 
such as the DACS in the SS132D4661, can be used to 
controlthe VBP pin. This input voltage should be made 
proportional to the reference voltage at the VA pin for 
accuracy and temperature stability. The design equa­
tion for this control voltage is: 

VBP = VA x (10A(FB/20) - 1) / 1.884 

where FB is in dB. 

Design example is given in Section 3. 

With a finite boost, the magnitude response peaks at a 
frequency slightly higher than the original cutoff fre­
quency. The effective pass band bandwidth is also 
wider. 

1.3 OTHER FEATURES OF THE SSI32F8020A 

The SSI 32F8020A is a 7-pole 0.05· equiripple type 
filter. It features excellent constant group delay. The 
group delay variation from 0.2 Icto 1.75 Ic is less than 
± 2% of the. total filter delay. Furthermore, the high 
frequency boost function does not affect the group 
delay variation. 
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In addition to the normal low pass output, the SSI 
32F8020A also provides a differentiated low pass 
output of the input signal. The signal delay is well 
matched to the normal output. 

The SSI 32F8020A provides a temperature compen­
sated reference voltage, VR, and a proportional to 
absolute temperature voltage, Rx, for the DAC refer­
ences. The filter cutoff frequency should be referenced 
to the current at the Rx pin. The high frequency boost 
control should be referenced to the voltage at the VR 
pin. 

The SSI32F8020A can be switched into a sleep mode, 
dissipating less than 2.5 mW, by a TTL low level input 
at the PWRON pin. 

Three package options are available for the SSI 
32F8020A: 16-pin DIP, 16-pin SOL and 16-pin SON. 
The small feature size of the 16-pin SON package 
offers significant board space saving. 

2_0 APPLICATIONS 

A programmable filter is a versatile component in any 
signal processing system. Some areas of applications 
include fixed response filtering, variable data rate pro­
cessing and adaptive equalization. 

For fixed response filtering applications, the SSI 
32F8020A offers a simple-to-use solution. The once 

N/C 

C3 
2 VO_NORM-VO_NORM- H 

C4 
3 VO_NORM+ VO_NORM+ H 

+5V 4 VCC 

VIN-~ VIN-

VIN+~ 6 VIN+ 

7 VBP 

FBST. B FBST 

5S1 32F8020A 
Programmable Electronic Filter 

1!'Dr"[¥ii[.';i~$(i 
complex design of cutoff frequency or magnitude equal­
ization is now rendered to simple resistance calcula­
tions. The narrow 16-pin small outline package offers 
significant board space economy. 

In variable data rate processing, a programmable filter 
can be used to optimize bandwidth and signal-to-noise 
tradeoff. One application is constant density recording 
for high capacity storage products. As the data rate 
increases from the inner tracks to the outer tracks, the 
filter cutoff frequency can be scaled accordingly to 
maximize signal-to-noise performance. The high fre­
quency boost function provides pulse slimming for 
accurate pulse detection. 

A programmable filter offers a revolutionary approach 
to adaptive equalization. In signal transmission appli­
cations, an equalization filter is used to combat channel 
distortion. The magnitude of channel distortion is often 
not known a priori. Adaptive equalization can dynami­
cally shape the equalization function. With an appropri­
ate external adaptive sensing function, the cutoff fre­
quency and the high frequency boost of the SSI 
32F8020A can be dynamically programmed through 
microprocessor control. . 

VO_DIFF+ 
16 

C7 H VO_DIFF+ 

VO_DIFF-
15 CBH • VO_DIFF-

PWRON 
14 

VR 
13 

IFO 11 

IFI 10 

GND 9 

32FB020A 

FIGURE 3: The 32F8020A Setup as a Fixed Response Filter 
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SSI 32F8020A 
Programmable Electronic Filter 

3.0 FIXED RESPONSE DESIGN 
PROCEDURE 

This section suggests some design guidelines to apply 
the SSI32FB020A as a fixed response filter. Figure 3 
shows the design schematic. Ax determines the filter's 
cutoff frequency, defined as the -3 dB frequency with 
no boost. The ratio of AB1 and AB2 determines the 
amount of high frequency boost. 

Given fe, cutoff frequency in MHz, and FB, high 
frequency boost in dB: 

• Ax can be calculated, as given in Section 1. 

Ax (kO) = 10.001 fC (MHz) 

Voltage across Ax is 0.75V, and is proportional to 
the absolute temperature. 

Ax should be between 1.25 kO to 6.67 kO, i.e., fc 
between 1.5 MHz to B MHz. 

• AB1/RB2 sets FB, and can be determined as 
follows: 

AB1 1 AB2 = 1.BB41 (10"( FB 120 ) - 1) - 1 

• Total current drawn out of the VA pin should be 
limited to 2 rnA max. Thus, AB1 and AB2 should be 
designed accordingly. 

• The IFO and IFI pins are shorted together. 

VCC~ll· 
Cl C2 

O.Ol¢: l ~.1y.F 

+5V VR 13 

RX 12 

4.0 PROGRAMMABLE RESPONSE 
DESIGN PROCEDURE 

This section suggests some design guidelines to apply 
the SSI 32FB020A as a programmable filter. The high 
frequency boost can be controlled by a voltage DAC 
driving the VBP pin. The VBP voltage should be be­
tween 0 and VA. The cutoff frequency can be con­
trolled by a current DAC. The application setup for 
using a current source DAC is different from the one 
using a current sink DAC. Both are presented below. 

4.1 PROGRAMMABLE FILTER USING A 
CURRENT SOURCE DAC 

Figure 4 shows the setup schematic ofthe SSI32FB020 
using an external current source DAC to control the 
filter's cutoff frequency. 

Some design guidelines: 

• The current source DAC should be referenced to 
the IFO current. The voltage DAC should refer­
ence to VR. 

• The reference bias current drawn from VA should 
be less than 2 mA. 

• The IFO current biases the current source DAC for 
0.6 mA maximum output at room temperature. 

Rx 
4 vee 

VIN. ~11--_..:.5 VIN· 

VIN+ H 6 VIN+ IFOf-l_l ____ _ 

7 VBP IFI f-l.:..0 ---<--I 
FBST .,)-_-....fII'--..:.8 FBST GND 9 

32F8020A 

CURRENT SOURCE 
DAC 

FIGURE 4: The SSI 32FB020A Setup Schematic Using a Current Source DAC for Cutoff 
Frequency Control 
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4.1 PROGRAMMABLE FILTER USING A 
CURRENT SOURCE DAC (continued) 

• The Rx resistor determines the IFO current. 

Rx (kil) = 0.75/1DAC Bias (rnA) 

• The current source output voltage compliance 
should be between 0 to 2.5V. 

• The IFI current and the filter cutoff frequency are 
related as follows: 

Ic (MHz) = 13.33 x IFI (rnA) 

IFI should be between 0.11 rnA to 0.6 rnA at room 
temperature. 

• The VBP voltage and the high frequency boost are 
related as follows: 

FB = 20 x log (1.884 x VBP I VR + 1) dB 

4.2 PROGRAMMABLE FILTER USING 
CURRENT SINK DAC 

Figure 5 shows the setup schematic of the SSI32F8020 
using an external current sink DAC to control the filter's 
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SSI32F8020A 
Programmable Electronic Filter 

I!i ij.lI tin t.H' ~ M tj 
cutoff frequency. The high frequency boost control is 
the same as in Section 4.1. 

Some design guidelines: 

-

• The current sink DAC should reference to the 
voltage at the Rx pin. 

The voltage DAC should reference to VA. 

• The IFO and IFI pins are shorted. 

• The total current drawn from VR should be less 
than 2 rnA. 

The total current drawn from the Rx pin should be 
0.6 rnA. 

Rx (kil) = 0.751 ( 0.6 - IDAC Bias) (rnA) 

• The current sink DAC output voltage compliance 
should be between 0 to 2.5V. 

• The I FI current and the cutoff frequency are related 
as follows: 

Ic (MHz) = 8 - 13.33 x IFI (rnA) 

IFI should be between 0 rnA to 0.49 rnA. 

C7H • VO_DIFF+ 

C8H • VO_DIFF-

• PWRON 

CURRENT 
SINK DAC 

FIGURE 5: The SSI 32F8020A Setup Schematic Using a Current Sink DAC for Cutoff 
Frequency Control 
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INTRODUCTION 
Analog filtering is a universal requirement in any signal 
processing system. Filter design is now made easy 
with the programmable filters from Silicon Systems 
Inc. Whether the requirement is a fixed filtering char­
acteristic or a programmable response, this family of 
programmable filters offers distinct advantages of de­
sign simplicity, accuracy, versatility and board space 
savings. Additional features, such as high frequency 
boost, differentiated outputs, are also available. This 
application note focuses on the SSI 32F8030, cutoff 
frequency programmable from 250 kHz - 2.5 MHz. 

VIN+ 

VIN-

VBP 

IFP 

VFP 

FBST 

SSI32F8030 
Programmable Electronic Filter 

December 1992 

The objectives of this application note are: 

• To present a description of the SSI 32F8030 

• To discuss its applications 

• To present a typical fixed response design 

• To present aprogrammable response application 

VO_NORM+ 
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VO_DIFF+ 

VO_DIFF-

VR 

PWRON 

FIGURE 1: Block Diagram 

+1.31703 
INPUT fr + 1.68495 + 1.31703 

-KS' 

fr+ 1.68495+ 1.31703 

2.95139 5.37034 
s' + 1.54203 + 2.95139 s'+ 1.14558+5.37034 

Transfer Function normalized for OJ = 2lt Ic = 1 
AN and AD are adjusted lor unity gain (0 dB) at I = 0.67 Ic 
Frequency scaling s = s 12 It Ic 

FIGURE 2: The 551 32F8030 Transfer Function 
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SSI32F8030 
Programmable Electronic Filter 

1.0 DESCRIPTION 
The SSI 32F8030 is a programmable 7-pole 0.05° 
Equiripple low pass filter in a silicon bipolar integrated 
circuit. Figures 1 and 2 show the block diagram and the 
filter transfer function. 

The SSI32F8030 cutoff frequency and high frequency 
boost can be independently controlled by two control 
signals. Two sets of filter outputs are available: normal 
low pass output and differentiated low pass output. As 
a 0.05° Equiripple type filter, the filter outputs exhibit 
constant group delay beyond the pass band. Further­
more, the delays through the normal output and the 
differentiated output are well matched. 

The input and outputs of the SSI 32F8030 are differential 
signals, requiring external AC coupling capacitors. The 
given transfer function shows the relationship between 
the input and the two sets of outputs. The maximum 
input signal is at least 1.0 Vpp differential, with differen­
tial input resistance 4 kil typical. 

1.1 CUTOFF FREQUENCY PROGRAMMING 

The cutoff frequency, defined to be the -3 dB corner 
frequency with no boost, can be prograrnmed between 
250 kHz -2.5 MHz. It can be set byone ofthree methods: 

• A resistor can be inserted between the VR and the 
VFP pins. This setting is only used for a fixed 
response design. The IFP pin should be left open. 
The design equation for this resistor value is: 

Rx (kil) = 2.292 Ilc (MHz) 

A design example is given in Section 4. 

• A current source input can be fed into the IFP pin. 
The VFP pin should be left open. A current source 
digital-to-analog converter (DAC), such as the 
DACF in the SSI32D4661 Time Base Generator, 
allows a microcontroller to change the filter re­
sponse dynamically. To achieve the highest ac­
curacy and temperature stability, the current 
source DAC should be referenced to the tempera­
ture compensated reference voltage at the VR 
pin. The design equation for this current source 
value is: 

IFP (mA) = 0.320 x Ic (MHz), 

A design example is given in Section 4. 

• A current sink input can be fed into the IFP pin. A 
917il resistor should be placed across the VR 
and the VFP pins. With a current sink DAC, this 
design also allows a microcontrollerto change the 
filter response dynamically. To achieve the high­
est accuracy and temperature stability, the cur­
rent sink DAC should be referenced to the tem­
perature compensated reference voltage at the 
VR pin. The design equation for this current sink 
value is: 

IFP (mA) = 0.320 x (2.5 - jc) (MHz) 

A design example is given in Section 4. 

1.2 HIGH FREQUENCY BOOST CONTROL 

The high frequency boost function is especially desir­
able for pulse slimming and magnnude equalization 
applications. This function can be enabled or disabled 
by a TIL logic input at the FBST pin. With FBST = '1' or 
open, the amount of high frequency boost measured at 
the cutoff frequency can be progralT'lmed from 0 to 9 dB 
by a voltage input at the VBP pin.~xternal resistors can 
be designed in for a fixed filter response. For a program­
mable high frequency boost, a voltage DAC, such as the 
DACS in the SSI 32D4661 Time Base Generator, can 
b&used to control the VBP pin. This input voltage should 
be made proportional to the reference voltage at the VR 
pin for accuracy and temperature stability.The design 
equation for this control voltage is: 

VBP = VR x (1 0"(FB/20) -1) 11.884 where FB is in dB. 

Design example is given in Section 3. 

With a finite boost, the magnitude response peaks at a 
frequency slightly higher than the original cutoff fre­
quency. The effective pass band bandwidth is wider. 

1.3 OTHER FEATURES OF THE SSI32F8030 

The SSI32F8030 is a 7-pole 0.05° Equiripple filter. It 
features excellent constant group delay. The group 
delay variation from 0.2 jcto jc is less than 2%of mean 
group delay. Furthermore, the high frequency boost 
function does not affect the group delay variation. 

In addition to the normal low pass output, the SSI 
32F8030 also provides a differentiated low pass output 
of the input signal. The signal delay is well matched to 
the normal output. 
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The SSI 32F8030 provides a temperature compen­
sated reference voltage, VR, for the DAC references. 
Because the internal filtercontrol circuitry is referenced 
to VR, the control current for filter cutoff frequency and 
control voltage for high frequency boost should be 
referenced to VR. 

The SSI32F8030 can be switched into a sleep mode, 
dissipating < 5 mW, by a TIL input at PWRON. 

Three package options are available for the SSI 
32F8030: 16-pin DIP, 16-pin SOL and 16-pin SON. 
The small feature size of the 16-pin SON package 
offers significant board space saving. 

2.0 APPLICATIONS 
A programmable filter is a versatile component in any 
signal processing system. Some areas of applications 
include fixed response filtering, variable data rate pro­
cessing and adaptive equalization. 

For fixed response filtering applications, the SSI 
32F8030 offers a simple-to-use solution. The once 
complex design of cutoff frequency or magnitude equal­
ization is now rendered to simple resistance calcula­
tion. The narrow 16-pin small outline package offers 
significant board space economy. 

Vcc9 1 1 • 
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GND1 
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~ VIN- • 5 VIN-

VIN+~ 6 VIN+ 

7 VBP 

FBST. 8 FBST 

SSI32F8030 
Programmable Electronic Filter 

In variable data rate processing, a programmable filter 
can be used to optimize bandwidth and signal-to-noise 
tradeoff. One application is constant density recording 
for high capacity storage products. As the data rate 
increases from the inner tracks to the outer tracks, the 
filter cutoff frequency can be scaled accordingly to 
maximize the signal-to-noise performance. The high 
frequency boost function provides pulse slimming for 
accurate pulse detection. 

Programmable filter offers a revolutionary approach to 
adaptive equalization. In Signal transmission applica­
tions, an equalization filter is used to combat channel 
distortion. The magnitude of channel distortion is often 
not known a priori. Adaptive equalization can dynami­
cally shape the equalization function. With an appropri­
ate external adaptive sensing function, the cutoff fre­
quency and the high frequency boost of the SSI32F8030 
can be dynamically programmed through a micropro­
cessor control. 

3.0 FIXED RESPONSE DESIGN 
PROCEDURE 

This section suggests some design guidelines to apply 
the SSI 32F8030 as a fixed response filter. Figure 3 
shows the design schematic. Rx determines the filter's 
cutoff frequency, defined as the -3 dB frequency with 
no boost. The ratio of RB1 and RB2 determines the 
amount of high frequency boost. 

VO_DIFF+ 
16 

C7 ~ VO_DIFF+ 

VO_DIFF-
15 e8~ • VO_DIFF-

32F8030 

FIGURE 3: The 32F8030 Setup as a Fixed Response Filter 
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SSI32F8030 
Programmable Electronic Filter 

3.0 FIXED RESPONSE DESIGN 
PROCEDURE (continued) 

Given fc, cutoff frequency in MHz, and FB, high 

frequency boost in dB: 

• Rx can be calculated, as given in Section 1. 
Rx (kO) = 2.292 1 fC (MHz) 
Voltage across Rx is 0.33 VA. The current through 
Rx is 0.33 (VR / Rx). 
Rx should be between 9170 to 9.17 kO, i.e., fc 
between 250 kHz to 2.5 MHz. 

• RB1/RB2 sets FB, and can be determined as 
follows: 
RB11 RB2 = 1.8841 (101l( FB 120) - 1) - 1 

• Total current drawn out of the VR pin should be 
limitedt02mAmax. Thus, RB1 and RB2 should be 
designed accordingly. 

• The IFP pin should be left open. 

Vee ~ 1 1 • 
C1 . C2 

O.Q1I1~ ~.lI1F 

GND1 VO_DIFF+ 

C3 
VO_NORM- -)--=1 VO_NORM- VO_DIFF-

C4 
3 VO_NORM+ VO_NORM+ ~ PWRON 

+5V 4 VCC1 VR 

VIN-~ 5 
VIN- VCC2 

VIN+~ 6 
VIN+ IFP 

7 VBP VFP 

4.0 PROGRAMMABLE RESPONSE 
DESIGN PROCEDURE 

This section suggests some design guidelines to apply 
the SSI 32F8030 as a programmable filter. The high 
frequency boost can be controlled by a voltage DAC 
driving the VBP pin. The VBP voltage should be be­
tween 0 and VA. The cutoff freguency' can be con­
trolled by a current DAC. The application setup for 
using a current source DAC is different from the one 
using a current sink DAC. Both are presented below. 

4.1 PROGRAMMABLE FILTER USING A CUR-
RENT SOURCE DAC 

Figure 4 shows the setup schematicof the SSI32F8030 
using an external current source DAC to control the 
filter's cutoff frequency. 

16 C7H • VO_DIFF+ 

15 CBH • VO_DIFF-

14 
• PWRON 

CURRENT 

B FBST GND2 9 
SOURCE 

FBST. DAC 

-
32FB030 

FIGURE 4: The SSI 32F8030 Setup Schematic Using a Current Source DAC for Cutoff 
Frequency Control 

14-36 



Design guidelines for the SSI 32F8030: 

o The VFP pin should be left open. 

o Both the current source DAC and the voltage DAC 
should reference to VR for accuracy and tempera­
ture stability. 

o The reference bias current drawn from VR should 
be less than 2 rnA. 

o The current source output voltage compliance 
should be between 1.3V to 2.1 V. 

o The IFP current and the filter cutoff frequency are 
related as follows: 

jc (MHz) = 3.125 x IFP (rnA) 

IFP should be between O.OS rnA to O.S rnA. 

o The VBP voltage and the high frequency boost are 
related as follows: 

FB = 20 x log (1.SS4 x VBP / VR + 1) dB 
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4.2 PROGRAMMABLE FILTER USING CURRENT 
SINKDAC 

Figure 5 shows the setup schematicofthe SSI32FS030 
using an external current sink DAC to control the filter's 
cutoff frequency. The high frequency boost control is 
the same as in Section 4.1. 

Some design guidelines: 

o Rx should be set to 917Q between VR and VFP. 

o Both the current source DAC and the voltage DAC 
should reference to VR for accuracy and tempera­
ture stability. 

o The total current drawn from VR should be less 
than 2 rnA. This includes the O.S rnA through Rx. 
Thus, the current sink DAC and the voltage DAC 
reference should not draw more than 1.2 rnA. 

o The current sink DAC output voltage compliance 
should be between 0.S5V to 1.6V. 

o The IFP current and the cutoff frequency are 
related as follows: 

jc (MHz) = 2.5 - 3.125 x IFP (rnA) 

IFP should be between 0 rnA to 0.72 rnA. 
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FIGURE 5: The SSI 32FS030 Setup Schematic Using a Current Sink DAC for Cutoff Frequency Control 
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SERVO DESIGN EXAMPLE 

The application of the SSI 32H6220 dedicated servo 
controller, SSI 32H569/32H6230 H-bridge predriver, 
and SSI 32H6210 servo demodulator chips require 
both discrete component determination and micropro­
cessor programmed register values. This section 
provides as a design example, a systematic method of 
determining both the discrete components and pro­
grammable values required in implementing a fully 
functional track and seek head positioning servo. This 
example makes use of an available Silicon Systems' 
program named SERVO CALC which runs on the PC/ 
XT or PC/AT compatible personal computer. The 
program provides an interactive enviroment for enter­
ing target specifications, systematically proceeding 
through the design, and automating the calculation of 
components and programmable values. The program 
provides various tools for system performance review 
such as velocity prOfile plots, open and closed loop 
Bode plots, step response plot, mechanical resonances 
and notch filter effects. 
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Servo Products 

SPECIFY SEEK PERFORMANCE 
REQUIREMENTS 

December 1992 

Specifying the average seek time, total number of 
tracks for a full length seek, and profile characteristics 
will provide the basis for determining a precise head 
velocity profile. Profile characteristics specify the rela­
tionship between acceleration and deceleration under 
different conditions. The ratio of deceleration time plus 
settling time all divided by the acceleration time pro­
vides the profile characteristic "R." The number of 
tracks traveled in ''triangular mode" divided by the total 
number of tracks for a full length seek provides the 
profile characteristic "BETA." These two profile char­
acteristics may be used along with a modified square 
root law to determine a velocity profile which will result 
in satisfying the specified average seek time. 

As an example, specify as design goals: 
Linear actuator 
1400 TPI for a G2 of 55,860 Tracks/Meter 
1000 total cylinders 
Average access time of 15 ms 
30 gram actuator mass 
R = 1.2 and BETA = 0.4 
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FIGURE 1: Track Seek Profile 
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REVIEW VELOCITY PROFILES 

The deceleration profile may be reviewed and adjusted 
by modifying the square root law which relates profile 
head velocity to the number of tracks left to travel. 
Step-wise increasing the exponent of tracks to go from 
1/2 (square root starting point) will "soften" the decel­
eration approach curve. As the curve softens, the 
settling time available decreases. The "R" value may 
be adjusted to match a suitable deceleration curve with 
the required settling time. 

From the profile chosen, the following parameters may 
be determined for our example design: 

Head acceleration of 6,175,115 tracks/sec2 

Peak head velocity of 49,699.5 tracks/sec 

200 deceleration tracks required 

B.05 mS of acceleration, 12.0B ms coasting, and 
9.66ms decelerating full seek 

Full seek time 29.8 ms 

Both the average and full length seek profiles are 
shown in Figure 1. 

SPECIFY MOTOR AND LOAD PARAMETERS 

The motor and load parameters must be estimated and 
specified so that the power required to meet the veloc­
ity profile chosen may be computed and compared 
against design goals. G1 is preamplifier gain and is not 
dependent upon motoror load parameters. G1 is fixed 
at 6 VOLTSITRACK when using the SSI 32H6210. 
The motor resistance will introduce both a power loss 
and a voltage drop which must be considered. The two 
motor systems, namely linear and rotary, require differ­
ent units of specification. 

Linear Motor Specifications 

G2 transport constant in Tracks/Meter 

J mass in KG (kilograms) 

Km motor constant in N/A (newton/amps) 

Rotary Motor Specifications 

G2 transport constant in Tracks/Rad 

J inertia in KG m2 (kilograms meter squared) 

Km motor constant in (N • m/A) 

Optionally, Km may be computed from the head veloc­
ity profile based on a specified maximum motor current 
IPEAK. The two specifications of IPEAK and Km are 
interrelated. 

For our example, 

IPEAK is 1 Amp and Km is calculated 

Rm=3.BO 

Rs = 0.20 

REVIEW MOTOR VOLTAGE, POWER AND Km 

From the motor and load specifications, the required 
peak current needed to satisfy the chosen head veloc­
ity profile may be calculated. Using the transport 
constant G2, the back EMF of the motor may be 
calculated at peak head velocity and added to the the 
voltage drop across the motor resistance Rm and 
sense resistor Rs. The total voltage required by the 
motor may be compared to the available driver voltage. 
Peak motor power may be computed and compared to 
design goals. If Km was calculated from a specification 
of IPEAK, the resulting value of Km may be compared 
against that actually attainable in the motor design. 
Adjustment of Km and IPEAK may be made to both 
satisfy the average seek time specification and general 
design goals. 

For this example: 

Km was calculated to be 3.316 N/A 

Peak drive voltage required is 6.95V including the 
voltage across Rs 

Peak coil input power is 6.75 Watt 

Coil dissipation 3.B Watt 

SPECIFY POWER AMPLIFIER COMPONENTS 

The power amplifier is shared by both the track follow­
ing and seek servo control loops. The determination of 
DC gain for the power amplifier for seek will also 
determine some components shared with the track 
following servo. Referring to the example schematic of 
the SSI 32H621 0/6220/6230, RS, RF and the sum 
resistance of RINV1 and RINV2 (RINV) may be deter­
mined. Choosing RF to be an initial nominal value such 
as 10,0000 and choosing RS as some small resis­
tance such as 0.20 provides good starting points. 
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The DC power amplifier gain for the seek servo is 
calculated from the peak current required to satisfy the 
peak velociyy of the velocity profile and the full scale 
target DAC output voltage. A motor current limit may 
be implemented when using the SSI 32H6230 by 
connecting the CLAM P pin to ERR- through the RINV1 
and RINV2 network as shown on the schematic. The 
limit voltage is programmable by setting the voltage at 
the 6230 VLlM pin. It is necessary to choose the limit 
current higherwith tolerance margin above that current 
required to meet the maximum head velocity from the 
velocity profile. 

In the example, 

RINV total should be 5062.5Q 

RF is specified as 10,000Q 

CHOOSE DIFFERENTIATOR AND VELOCITY 
LOOP GAINS 

The differentiator within the SSI 32H568 or 32H6220 
provides a programmable corner frequency determined 
by servo frame rate and the two bit register N D. Having 
determined the maximum head velocity from the veloc­
ity profile and knowing the transport constant and servo 
frame rate, the maximum output voltage from the 
differentiator may be calculated. 

The output of the differentiator is amplified by the 
veloCity amplifier A3 and the programmable gain stage 
set by NVG. The velocity loop gain from the output of 
the differentiator to the feed back summing junction of 
the target DAC must be set so that the peak differen­
tiator output vonage will result in zero VE voltage 
(relative to VREF) when the target DAC is at its full 
range of 255. Choosing a nominal NVG setting of 10 
and selecting an ND which does not exceed the am­
plitude limit of the differentiator itself, will result in the 
calculation of the necessary gain in A3. The seek 
velocity feedback may be fine tuned by adjusting the 
gain of NVG as indicated in drive self-calibration. 

For the example, the programmable registers are: 

NVG is 10 decimal 

ND will be 2 for a frame rate of 250 kHz 

Gain of A3 will be 1.96 so that (RV4/RV3) = 1.96; 
If RV4 = 19.6K, then RV3 = 10K 

RV1 and CV1 will not be used in this example 

Servo Products 

GENERATE TARGET PROFILES 

The seek servo velocity loop is closed within the SSI 
32H6220. The implementation of the velocity profile is 
commanded by the supporting microprocessor. The 
microprocessor commands target velocities by writing 
to the target DAC. The necessary DAC values may be 
derived from the velocity profile. The acceleration DAC 
value is determined from the peak head velocity in the 
velocity profile. The microprocessor writes the accel­
eration target velocity to the target DAC and monitors 
track crossings determining when to begin decelera­
tion. Once the head has moved past the deceleration 
corner, the microprocessor will write the deceleration 
target velocities to the target DAC usually track by track 
thereby following the head velocity down to the transi­
tion point into track following. The number of table 
entries making up the deceleration table can be found 
from the profile data discussed in the earlier section, 
Review Velocity Profiles. 

A fill table may be generated corresponding to the 
target velocity table. The fill table is usually only a few 
entties long. The fill table values are computed from 
the position error voltage available at FP1 and the step 
in target DAC voltage for the last few deceleration 
velocity targets. The fill value programs the gain of the 
fill amplifier which subtracts from the velocity error a 
portion of the position error signal. This subtraction of 
position error from the velocity error has the effect of 
smoothing the velocity error voltage at VE when the 
head is moving slowly and tends to insure thatthe head 
will move towards the center of the target track prior to 
switching on track following. 

The 20 element fill value table resulting forthe example 
is shown below in Table 1. ''1'' is the target track. 

Target Track Lineup 

t-O: 12 t-1 0: 2 
t-1: 5 t-11:1 
t-2: 4 t-12: 2 
t-3: 3 t-13: 1 
t-4: 3 t-14: 2 
t-5: 3 t-15: 1 
t-6: 3 t-16: 1 
t-7: 2 t-17: 1 
t-8: 2 t-18: 2 
t-9: 2 t-19: 1 

TABLE 1 
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The velocity target DAC values for the example are listed below in Table 2, ordered as the number of tracks 
remaining to go, ie: ''t-n'': 

t·O t·20 t·40 t·60 t·80 t·100 1-120 t·140 t~160 t·180 
0 81 114 140 161 180 198 213 229 243 
18 83 115 141 162 181 198 214 229 243 
25 85 117 142 163 182 199 215 230 244 
31 86 118 143 164 183 200 216 231 245 
36 88 120 144 165 184 201 217 232 245 
40 90 121 145 166 185 202 218 232 246 
44 92 122 146 167 186 202 219 233 247 
48 94 124 148 168 187 203 219 234 247 
51 95 125 149 169 187 204 220 234 248 
54 97 126 150 170 188 205 221 235 249 
57 99 127 151 171 189 206 222 236 249 
60 100 129 152 172 190 206 222 236 250 
62 102 130 153 173 191 207 223 237 250 
65 104 131 154 174 192 208 224 238 251 
67 105 132 155 175 193 209 224 239 252 
70 107 134 156 176 193 209 225 239 252 
72 108 135 157 177 194 210 226 240 253 
74 110 136 158 178 195 211 227 241 254 
76 111 137 159 178 196 212 227 241 254 
79 113 138 160 179 197 213 228 242 255 

TABLE 2 

POWER AMPLIFIER COMPENSATION 

Components RL2 and CL3 set the bandwidth of the 
power amplifier. Specifying motor inductance Lm and 
power amplifier bandwidth BW while having deter­
mined RF, Rm, and Rs from seek requirements pro­
vides the means for calculating CL3 and RL2. 

For the example, 

Power amplifier bandwidth is specified as 10kHz 

Lm is specified as 1 mH 

CL3 is calculated to be 0.00511F 

RL2 is calcuated to be 47 kQ 

TRACK FOLLOWING GAIN 

Both the track following and seek loops share many of 
the power amplifier gain setting components. Having 
determined RINV, RF and Rs from velocity profile 
requirements, the track following power amplifier gain 
KP is determined entirely by RINP. The track following 

power amplifer gain KP is interactively set with the 
position loop filter gain KF. An initial KP may be chosen 
as 1 AMPIVOL T and the value of KF may be adjusted 
as needed to stabilize the track following loop. The 
value of RINP may be computed from RF, Rs, and KP. 

In the example, 

Specify KP = 1 AmplVolt 

Calculate RINP = 12.5 kQ 

POSITION LOOP FILTER 

The implemented filter will take the form of a LAG­
LEAD-LEAD-LAG in ascending frequency breakpoints. 
Due to the double integration in the motor-load me­
chanics going from acceleration to position, there is an 
initial 180 degree position phase lag which must be 
compensated to prevent instability and oscillation. 
Phase lag introduced by a pole will add additional 
phase lag exceeding 180 degrees while phase lead 
introduced by a zero will reduce phase lag. The 
objective ofthe position loop filteris to ensure thatthere 
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FIGURE 2: Position Loop Filter Bode Plot 

is phase margin at the system unity gain crossover 
frequency while at the same time providing stiffness 
and long term tracking error cancelation. 

The initial position loop filter gain KF may be estimated 
through a specification for DC stiffness. Specifying a 
stiffness in units offorce pertrack and knowing G1 , Km, 
and KP will provide a way to solve for KF. 

DC stiffness per track is calcuated as: 

STIFFNESS = G1 KF KP Km 

Specifying 100 NITRACK stiffness, KF is determined in 
the example to be 5. 

The lowest frequency LAG time constant is referred to 
as bT2 and is the product CP2(RP3+RP4). This low 
frequency LAG serves effectively as an integrator with 
limited DC gain intended to minimize long term tracking 
error and allowing an increased DC gain improving 
stiffness which otherwise would not be possible due to 
mechanical higher frequency resonances. Time con­
stant bT2 generally should be made as large as prac­
tically possible. Choosing a value for CP2 such as 
.47 flF and a pole frequency between 0.1 and 1 HZ will 
provide a good starting pOint. 

The track following servo is stabilized by providing 
phase margin at the unity gain crossover frequency. 
Phase margin is obtained through the use of the two 
LEAD networks. The first lead breakpoint compen­
sates for the integrator phase lag and the second lead 
breakpoint provides the required phase margin. Time 
constant T2 made up of RP3 and CP2 provides the 
phase lead needed to bring the phase back towards 
180 degrees of phase lag. Lead time constant aT1 
provides additional phase lead by reducing the phase 
lag less than 180 degrees at the unity gain crossover 
frequency. Choosing the time constant aT1 such that 
its break point frequency is equal to the unity gain 
crossover bandwidth for the system will provide ap­
proximately 45 degrees of phase margin. Time con­
stant T2 needs to be chosen to be at least five times 
aT1 thereby minimizing the interactive effects of the 
two leads together. T2 should not be chosen so low in 
frequency as to cancel out the effects of the integrator 
lag and the low frequency gain enhancement. 

Finally, the high frequency pole T1 determined by RP1 
and CP1 provides a high frequency gain limit. The 
breakpoint frequency associated with the time con­
stant T1 should be placed several times higher than the 
breakpoint frequency set by aT1. Mechanical reso­
nances may require further adjustment of the T1 break­
point frequency. Some systems may require additional 
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POSITION LOOP FILTER (Continued) 

notch filters to minimize high frequency mechanical 
effects. 

Having chosen the break point frequencies, the posi­
tion filter components may all be computed having 
specified CP2 and KF. 

Forthe example, the break points were initially speci­
fied as: 

bT2 frequency = 0.6 Hz 

T2 frequency = 60 Hz 

aT1 frequency = 600 Hz (target system unity gain 
bandwidth) 

T1 frequency = 2000 Hz 

rRACK FOLLOWING SYSTEM RESPONSE 
REVIEW 

Bode plots of .the open loop response for the LAG­
LEAD-LEAD-LAG position loop filter are useful in 
evaluating the break point frequencies chosen. More 
useful is the system open loop Bode plot which pro­

. vides the necessary information needed to properly 
adjust KF to meet the desired system unity gain band­
width. Adjusting KF will move the overall response 
vertically such that unity gain occurs at the desired 
system bandwidth frequency. The amount of vertical 
movement indicates how KF should change relative to 
its intial current value. The phase margin peak may be 
adjusted horizontally by changing the time constants 
aT1 and T2. Moving the peak phase lead to corre­
spond to the unity gain frequency is desireable. The 
system unity bandwidth indicates the stability of the 
servo system by the amount of phase margin at the 
unity gain crossover point. Figure 2 shows the open 
loop position filter Bode plot. Notice the peaking of 
phase near the target system unity bandwidth fre­
quency of 600 Hz. Figure 3 shows the overall open 
loop system Bode plot. 

After review and adjustment, the final components 
were standardized as: 

RP1 = 8,250il 

RP2 = 91 kil 

RP3 = 13 kil 

RP4 = 680 kil 

CP1 = 0.0075 IlF 

CP2 = 0.47 IlF 

Which resulted in actual break pOints of: 

bT2 frequency = 0.49 Hz 

T2 frequency = 26 Hz 

aT1 frequency = 213 Hz 

T1 frequency = 2572 Hz 

And KF = 7.47 for a DC stiffness of 148 N/Track. The 
resulting phase margin is 51.60 degrees at 630 Hz. 
The gain margin is 25.2 dB at 4800 Hz. 

The closed loop system step response may be ob­
tained and examined to evaluate the overshoot and 
settling time. The integrator time constant bT2 will tend 
to control the settling time or ·~ail." The time constants 
aT1 and T2 effect the amount of ringing and overshoot. 
Figure 4 shows the response of the system to a position 
step. 

For the example, 

Overshoot is 30% 
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First zero crossing at 0.4 ms 

Settling within 2 ms 
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Servo Products 

SERVO CALC SOFTWARE 

HEAD POSITIONING APPLICATIONS TOOL 

DESCRIPTION 

This software is an aid to disk drive head position servo 
design using SSI 32H 6210, 32H6220, 32H569, 
32H6230 servo controller and servo motor driver chips. 
It uses block diagram algebra and transfer function 
analytical techniques to arrive at first order approxima­
tions forthe servo design values and parameters. This 
software offers visual representations of block dia­
grams, transfer functions, schematics, as well as 
Bode, seek profile and step response plots. It includes 
design aids forthe design of velocity profiles and tables 
for evaluation of gain and characteristics settings. It 
uses simple menus to choose the design screens for 
power amplifier and position loop filter design and 
design modules for seek profile/loop parameters and 
their components. It also has a user definable polyno­
mial transfer function for Bode plot and step response 
evaluations. The effects of parameter and component 
changes are specially flagged and quickly displayed. 

SERVO CALC PROGRAM FEATURES 

Mathematical modeling 
Polynomial transferfunctions displayed/described 
Block diagrams displayed 
Individual design screens displaying design prog­
ress 
Stability analysis 
Bode and step response plots 
Mechanical resonance and notch filter effects 
Motor current and power dissipation analysis 
Velocity profile and fill table generation 
Develops design for power amplifier components 
Tabulates and displays design choices in velocity 
loop 
User-controllable plot and print settings 

MINIMUM SYSTEM REQUIREMENTS TO RUN 
SERVO CALC 

An IBM PC/XT/ATorcompatible computer with at least 
512 Kbof RAM, EGAor EGA-compatible video adapter 
and monitor, one 5 1/4 inch floppy disk drive. A dot 
matrix printer for plots and screen printings is optional. 
A math co-processor and a hard disk is recommended 
but not required. 

For your copy of the SERVO CALC software and other helpful servo tools, please contact your local 
representative or Silicon Systems, Inc. at (714) 573-6000. 

No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights 
of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. Silicon Systems 
reserves the right to make changes in specifications at.any time without notice. Accordingly, the reader is cautioned to verify that the data 
sheet is current before placing orders. 

Silicon Systems, Inc., 14351 Myford Road, Tustin, CA 92680, (714) 573-6000, FAX: (714) 573-6914 
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0691 

The use of an RC snubber network placed across each 
winding of a three-phase brushless motor may be 
beneficial in reducing the switching EMF and acoustic 
noise of the motor. Further, use of the snubber is 
generally required when applying the SSI 32M595 or 
32H4631 in systems using 12 volt unipolar (HALF­
WAVE) drive modes. Use of snubbers in the unipolar 
drive mode reduces the amplitude of the switching 
transients which can be as large as 20 volts. When the 
individual motor phase and snubber circuit is consid­
ered as a simple L-R-C circuit, the following design 
approach may be taken to compute the necessary 
snubber Rand C values. 

1. Determine the necessary time constant for the 
network. 

Snubbing Network Design 
for Spindle Motors 

Silicon Systems 32M595, 32H4631 

c. Decay period (1/2 the commutation cell time) 
is 694IJSec for a 4-pole motor at 3600 RPM. 

d. Motor inductance is 3.5 mH, resistance is 7(2, 
and torque constant, Kt, is 3.5 oz-in/Amp. 
Knowing that the transient dies down expo­
nentiallyas: 

v = e(-Ut) 

Where 1: denotes the time constant of the 
motor and snubber circuit and t is the time 
allowed for this decay to occur. We can solve 
for the necessary -(111:) by: 

Loge ( 1 11000) = -6.908 

and since 111: = 6.908, and t=694IJSec, then 1: 
= 694e-6 + 6.908, which equals 100.5 Ilsec. 

The motor circuit and the snubbing network to be 
added will be designed so as to create a second 
order exponentially decaying step response. The 
remaining amplitude should be a small value at the 
time the next commutation zero crossing is ex­
pected to occur. Since the zero crossing occurs 
roughly 1/2 of a commutation cell period after 
commutation occurs (due to the Chip intentional 
commutation delay), one can calculate the allow­
able time for the decay and specify the snubbing 
network by following through this example: 

2. Computing the required snubbing capacitor. 

a. Peak amplitude of transient is 12 volts (12 volt 
UNIPOLAR) 

b. Die down to 1/1000 of initial transient in 1/2 
commutation cell period. This will result in 12 
mV remaining. The remaining transient volt­
age can alter the commutation angle. In a 
typical unipolar application with a Kt (torque 
constant) of 3.5 oz-in/Amp the magnitude of 
the BEMF signal used for commutation when 
at speed (assumes 3600 RPM) is 9.3 volts 
peak. The amount of commutation shift, or 
jitter due to residual transient voltage in 
degrees of electrical angle is: 

Angleshift = ± [SIN-' (.012/9.3)] = .074' 

Which is, of course, negligible. 

14-47 

The motor and snubber circuit equivalent circuit is 
shown in Figure 1. 
Solving for the transient response at 

v= RCS + 1 

Lm C S2 +(Rm + R)C S + 1 

Where: Lm C = 1lwT)2 , and wT) is the natural 
frequency in radians, and (Rm + R)C = 2~lwT)' and 
~ is the damping constant of the second order 
characteristic equation which defines the time 
constant, 

1: = 1/(~WT))' 

When critical damping is desired, as it is now, 1: 

reduces to 1/wT)' 
In our example 1: is 100.5e-6 sec, and in the 
calculation Lm x C = 1/WT)2 , therefore to calculate 
C when Lm is known: 

C = 1:2 ILm . 

Inthe example Lm is3.5 mH, thereforeC = (100.5e-
6)2/3.5e-3 

C = 2.891lFd 
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Snubbing Network Design 
for Spindle Motors 
Silicon Systems 32M595, 32H4631 

3. Computing the resistor. 
The total resistance in the circuit determines the 
damping factor. The characteristic equation has 
(Rm + R) x C equaling 2 times the damping factor 
divided by the natural frequency, wI]' The total 
resistance for a damping factor of 1 (critical damp-

ing is desired) is: R(IOlal) =(2 x t)/C 
R(lolal) =(2 x 100.5e-6)/2.8ge-6 

R(IOlal) = 69.70. 
To find R (the snubbing resistor) the motor resis­
tance is subtracted from the total resistance just 
calculated: 
69.7 - Rm( which is 70), therefore: 

R = 62.70. 

Summary 

This approach can be iterated to result in a more 
common snubbing capacitor value by changing the 
target time constant. Too much snubbing will cause a 
shift in the zero crossing time resulting in poorer motor 
performance. Further, the snubber may result in some 
noticeable power and torque loss, but using this ap­
proach generally will yield good working values. 

Figure 1: Motor and Snubber Circuit Equivalent Circuit 
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The speed control compensation is controlled by two 
gain terms Kp and K;, the proportional and integral gains. 
These gains are set by the selection of two resistors. 
This document presents a method of determining those 
two gains and then the resistor values. The derivation 
of the gains will be shown by using the linearized block 
diagram and the transfer function obtained from that 
simplification. The amount of errorthat this will introduce 
due to the speed control being a sampled system is 
within tolerable limits at most bandwidths necessary for 
disk drive spindle applications. Of course the presenta­
tion of this method does not try to indicate this is the only 
way these gains may be determined, or even the best 
way. It is one method only and the user may elect 
another method that will best suit his needs. 

The simplified, linearized block diagram is seen in 
Figure 1; the derivation of the open loop transfer 
function is shown. 

REF 377 
RAD/SEC + 

Setting Speed Control 
Loop Compensation Gains 
for SSI 32M595, 32H4631, 32M7010 

ED~"[*U[."i~$§i 

This is where: 
KA is the transconductance gain of the driver circuit 
which is a function of Asense (see the respective part 
data sheet). 

KT is the motor torque constant. Use units that are 
compatible with J such as oz-inJAmp and oz-in­
sec2, or newton-meters/Amp & Kilogram-meters2. 

J is the load rotating inertia. Use units that are 
compatible with KT. 

S is the Laplace operator. 

Kp is the proportional gain calculated. 

K; is the integral gain calculated. 

TRANSCONDUCTANCE INERTIA 

SIMPLIFIED 

REF 377 
RADJSEC + 

60------

TRANSCONDUCTANCE 

TRANSFER FUNCTION 

OPEN LOOP TRANSFER FUNCTION = 11.6 ~I ~t KT (1 + .;;~~ S) 

FIGURE 1: Motor Speed Control Linearized Block Diagram 
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Setting Speed Control Loop 
Compensation Gains 
For SSI 32M595, 32H4631, 32M7010 

From the open loop transfer function the loop gain is: 

LG= 11.6 KjKAKr (1+ .775Kp S) 
J S2 11.6Ki 

This can be expanded to: 

The problem is to select values for Kp and Kj that will 
allow the loop gain to come to 1.0 (0 dB) at the desired 
bandwidth frequency; and with a phase margin of the 
desired amount considering stability and performance 
(usually 45 to 60 degrees). 

Evaluate the loop gain at the bandwidth frequency and 
calculate the unknown gains. 

Where: LG = 1.0 at an angle of -135 degrees 
(45 degrees phase margin) 
S=jw 
BW = desired bandwidth frequency in Hertz 

W= 21tBW 

Separate both sides of the equation into their real and 
imaginary parts: 

-.707,-)·.707= -11.6KjKAKr . KAKr .775Kp 
Jw2 -) Jw 

The real part can be solved directly for KI and the 
imaginary part for Kp: 

-.707 = -11. 6 Kj KA Kr solving: Kj = .707 J (2nBW)2 
J (2nBW)2 11.6 KA Kr 

_j .707 = _ j KA Kr .775 Kp solving: Kp = .707 J (2nBW) 
J (2nBW) .775 KA Kr 

Let some values be assumed as an example and solve 
for the gains: 
Let: 

KA = 1.0 Amplvolt 
KT = 3.5 oz-in/Amp 
J = .0098 oz-in-sec2 
BW = 1 Hz. 

Ki = (.707 x .0098 x (21t1 )2)/(11.6 x 1.0 x 3.5) = .00674 

Kp = (.707 x .0098 x (21t1))/(.775 x 1.0 x 3.5) = .016 

These gains and assumed values can be put into the 
loop gain equation and as a design verification a bode 
plot can be made with SERVOCALC®, see Figure 2. 

LG= 11.6(.00674)(1.0)(3.5) (1+ .775(.016) S) 
(.0098) S2 11.6 (.00674) 

In polynomial form: 

LG(s) = 4.429 S ~ 27.923 
S 

This polynomial is entered into the USER POL YNO­
MIAL module of SERVOCALC®and a Bode plot made. 

As can be seen in the figure the 0 dB crossover is at 1 
Hz and the phase margin is 45°. 

Nowthatthe gains have been calculated they need to be 
set in to the circuit with resistors Rp and Ri as in the data 
sheet. Let the summing resistor be Ro from the Vin pin to 
ground as on the data sheet; a suggested value is 10 
KQ. Solving for the resistors in the general case: 

Rp =Ro (~ -1) 
Kp 

Ri =RO (1-KKp -1) 
I 

And solving for our example case: 

Rp = 610 KQ 
Ri = 1.45 MQ 
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INTRODUCTION 
The SSI32P3000 is a high performance pulse detector 
for 48 MbitSlsec storage system applications. It pro­
vides the complete solution for detection and qualifica­
tion of encoded read signals. The AGe function, noise 
limiting filtering, pulse slimming, level and time qualifica­
tions are all integrated into one Chip. Additional features 
include input impedance control, fast AGe recovery 
from write-to-read transition, and independent positive 
and negative threshold qualifications. 

The objectives of this application note are to: 

• Present a brief description of the SSI 32P3000 

• Present a description of the evaluation board of 
the SSI32P3000 

• Explain in detail key features of the SSI32P3000 

551 32P3000 
Evaluation Board 

December 1992 

While the evaluation board design does not suggest 
optimized component values, which vary with system 
requirements, it presents a means to evaluate the 
performance ofthe SS132P3000. Test setups in evalu­
ation of pulse pairing~ exerciseof fast recovery function 
and others are suggested in this application note. 

1.0 DESCRIPTION OF THE 551 32P3000 
The AGe amplifier compensates for variations in head 
preamp output levels, and presents a constant input 
level to the pulse qualification circuitry. The AGe action 
can be suspended to hold at a constant gain in embed­
ded servo decode or other processing needs. 

A programmable 7-pole Bessel low pass filter is in­
cluded. Two sets of filter outputs are available: normal 
low pass output and differentiated low pass output. The 
Signal delays of the two outputs are well matched, ideal 
in pulse qualification. The filter cutoff frequency can be 

(continued) 

AGND DGND VCA VCD 

lYH 
J. .5V 

RD 
1m 

Figure 1: The 551 32P3000 Block Diagram 
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SSI32P3000 
Evaluation Board 

1.0 DESCRIPTION OF THE SSI 32P3000 
(continued) 

programmed from 9 to 27 MHz, via a current input. Up 
to 12dB high frequency boost (for pulse slimming) can 
also be independently programmed. The SSI32P3000 
is ideal for constant density recording. 

Both level qualification and time qualification are used in 
the SSI32P3000 pulse qualification. For level qualifica­
tion, the filter output peak can be fed forward to establish 
the comparator hysteresis threshold. This allows the 
threshold to track the comparator input amplitude, and 
to qualify data while AGC amplifier settling is still in 
transition. The 32P3000 employs a dual-comparator 
qualification scheme, which allows independent posi­
tive and negative threshold detection. This has the 
advantage of reducing error propagation. Fortime quali­
fication, the differentiated filter output translates each 
input peak into a zefo crossing, and is used in clocking 
the comparator outputs. 

For each peak ofthe VIA+/-, there is a one-shot pulse at 
the differential RD output. The pulse width of the one­
shot pulse is determined by a user selected resistor at 
the OSTpin. 

The SSI32P3000 is available in a 36-pin SOM package. 

2.0 DESCRIPTION OF THE EVALUATION 
BOARD 

The SSI 32P3000 can be evaluated with the 48 MbiVs 
Demo Board from Silicon Systems. This board is 
designed with the Silicon Systems 48 MbiVs chip set: 
32P3000 (36-pin SOM) as the pulse detector, 32D4661 
(24-pin DIP) as the time base generator; and 32D539 
(44-pin PLCC) as the data synchronizer with 1,7 RLL 
ENDEC. The SSI 32D4661 provides two digital-to­
analog converters (DAC) to program the filter cutoff 
frequency and the high frequency boost function of the 
SSI32P3000 filter. In evaluating the SSI 32P3000, the 
SSI 32D539 is not needed. 

This evaluation board requires the Silicon Systems 
Serial Communication Board to interface between a 
RS232 serial port and the SSI 32P4661. This reduces 
the filter programming to simple inputs through an IBM 
PC. Details in programming steps are discussed in a 
later section. 

The analog inputs, VIA+/-, mode control inputs, LOWZ, 
HOLD- and FAST REC, and read data outputs, RD+/- of 
the SSI 32P3000 are accessible through pin terminals. 

The filter inputs and outputs are not brought out to pin 
terminals, but accessible at the pads of their respective 
coupling capacitors. 

3.0 EQUIPMENT AND SOFTWARE 
REQUIREMENTS 

To facilitate the following demonstrations of the SSI 
32P3000 with the Silicon Systems 48MB Demo Board, 
the following equipment and software are needed: 

IBM PC with serial port on COM1 

Crosstalk communication software 

Silicon Systems Serial Communication Board 

Serial port setup file, provided with evaluation 
board 

+5V, +12V and -12V power supplies to the 
Serial Communication Board 

+5V power supply to Silicon Systems 48MB 
Demo Board 

TTL pattern generator 

Signal generator, with amplitude modulation 
input 

Oscilloscope 

Spectrum analyzer, with a tracking output, for 
filter characteristics measurements 

Time interval analyzer, for pulse pairing mea­
surement 

4.0 DEMONSTRATIONS 

Fourdemonstration setups are presented in this section 
for: 

general functionality 

pulse pairing 

filter characteristic 

fast recovery exercise 

4.1 SOFTWARE SETUP & COMMANDS 

To facilitate filter cutoff frequency and high frequency 
boost control, an RS232 serial port is used to command 
the two 7-bit DACs inthe SS132D4661. 

Two files can be found on the Silicon Systems Serial 
Port Setup Disk: "SERIAL.XTS" and "SERIAL.XTK". 
Both files should be copied to the Crosstalk directory. At 
prompt, type xtalk serial. Now, the Silicon Systems 
Serial Comm Board and the 32D4661 are ready to 
accept control commands from the keyboard. 
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4.1 SOFTWARE SETUP & COMMANDS 
(continued) 

In evaluating the SSI 32P3000, only two functions are 
contrOlled from the keyboard: the filter cutoff frequency 
and the high frequency boost. Because each DAC in the 
SS132D4661 is a 7-bit DAC and the Silicon Systems 
Serial Comm Board data is 4-bit wide, two registers are 
needed for each function control. Registers 8 and 9 are 
for high frequency boost control; Registers 10 and 11 
are for filter cutoff frequency control. Other registers are 
used to control the SSI32D539 functions which are not 
covered in this application note. 

Upon power up of the evaluation board and the commu­
nication board, these registers must be initialized by the 
user. For now, type R8=0 R9=0 R10=7 R11=15, 
followed by a carriage return. Details are given in 
Section 5.4 filter characteristics discussion. The above 
command sets the filter at 27 MHz cutoff frequency with 
no boost. 

• IBM PC wi RS232 on COM1 

• Crosstalk 

• SSi Serial Comm Files 

SSI32P3000 
Evaluation Board 

4.2 GENERAL FUNCTIONALITY 

Figure 2 shows a general setup to evaluate the SSI 
32P3000. In normal read operation, the following con­
ditions should be set: LOWZ=O, HOLD-=1 and FAST 
REC=O. With an 18 MHz, 200 mVpp sinusoidal input, 
the RD+/- shows a pulse corresponding to each positive 
peak and each negative peak, as shown in Figure 3. The 
pulse width has beerrpresetto be -1 Ons, with RT = 3kQ. 
The user may change the pulse width by replacing RT. 

RT = 302n + Pulse Width / [0.159 (22 pF + Cst ray ) I 
RT should be between 3 k.Q to 10 kil. 

4.3 PULSE PAIRING MEASUREMENT 

The SSI32P3000 has demonstrated excellent pulse 
pairing perlormance, less than 500ps. Pulse pairing is 
one of the most critical parameters of any pulse detec­
tor. It is defined to be the systematic time error from 
ideal, caused by comparator threshold offset, in pulse 
detection of an input signal peak. 

SSI Serial 
Communication Board 

+5V 

UJ 
+12V 

'" ~ 
Cl ·12V 

..J .. 0 
<.l Cl :::; GND 
(/) (/) (/) 

SSI 48MB Evaluation Board 

r-~==~~---------1~LOWZ 
I---------!.!....-j HOLO· 

L------.....J------------=i FAST REC 

I SSI 32D539 I 

Figure 2: SSI 32P3000 Evaluation Board General Setup 
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SSI32P3000 
Evaluation Board 

( 

( 
Oscilloscope E 

Input 
Cl 

s/Div 
20.0 ns 

C2 
X-17.5mV 
0-14.4 mV 

Cl 
X 3.80 V 
03.81 V 

) ( Channel Autoscale Stop 

Figure 3: Normal Read Function: 18 MHz Sinusoidal Input (top) and RD Pulses (bottom) 

• IBM PC Wi RS232 on COM1 

• Crosstalk 

• SSi Serial Comm Rles 

OscNloscope 

A bimodal distribution 
is a meast.n of pulse pairing. 

PP • 0.5 x Oistance between two peaks 

i-::::-i----'r---l VIA+ 

X,. Time Interval 
y., OcclI'T8OCe 

VIA-
06 a: a: 

SSI48M8 Evaluation Board 

Figure 4: SSI 32P3000 Evaluation Board Pulse Pairing Setup 
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100/ div rei = 28.090 ns. 
mean = R 261 PS • 
sigma = D 3.61 
X:R 000 PS 
Y:486 

SSI32P3000 
Evaluation Board 

Figure 5: Histogram of RD Periods with 18 MHz Sinusoidal Input 
No Bimodal Distribution => Pulse Pairing less than 500 ps 

4.3 PULSE PAIRING MEASUREMENT 
(continued) 

The test procedure is as follows: 

Feed a low jitter sinusoidal input 

Measurethetimedistance between RD pulses, 
corresponding to one positive peak detection 
and one negative peak detection 

Histogram plot measurements 

Significant pulse pairing will appear as a bimo­
dal distribution of time period measurements 

Pulse pairing can be calculated as half of the 
time distance between two peaks in the histo­
gram plot 

Figure 4 shows a setup for the pulse pairing measure­
ment. The SSI 32P3000 has demonstrated less than 
500 ps pulse pairing. as shown in Figure 5. 

4.4 FILTER CHARACTERISTIC 

The SSI32P3000 is ideal for constant density recording 
application with ns programmable filter. The filter is a 7-
pole Bessel low pass filter with normal output. as well as 
differentiated output. The normal output is for level 
qualification; the differentiated output is for time qualifi­
cation. Their signal delays are well matched. The group 
delay is maintained within ±300 ps from 0.3 fC to fc. The 
filter cutoff frequency can be programmed from 9 MHz 
to 27 MHz through a current input atthe IFI pin. The high 
frequency boost can be programmed from 0 to 12 dB 
through a voltage input at the VBP pin. 

fc = 45xIFIMHz; IFlinmA(atroomtemp.) 

Boost = 20 x log [ Kb (VBP I VRG) + 1 1 dB; 

VRG is reference voltage at Pin 1. 
Kb = 3.041 + 0.0276 x fci. where fci is the 

ideal cutoff frequency. 

Figure 6 shows a test setup to evaluate the frequency 
response of the SSI 32P3000 filter. Tne SSI 3204661 
provides two 7-bit DACs for ease of programming. 
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SSI32P3000 
Evaluation Board 

*4 Dr' Itih til ;,~tf1(j 

"IBM PC wI RS232 on COM1 

• Crosstalk 

• SSi Serial Comm Files 

" Susperd AGC 
action in filter sweep 

[-:::-::=~--r---------"- LOWZ 

I-------=-- HOLD· 

L ___ s--------"-----j FAST REC 

I SSI 320539 I 

Sweeping Evaluation Board 
from - DC to 40 MHz 

Figure 6: SSI 32P3000 Evaluation Board Filter Characteristic Setup 

The full scale DAC value, Le., Code 127, corresponds to 
maximum cutoff frequency, 27M Hz, or maximum boost, 
12dB. In decimal code, the cutoff frequency and high 
frequency boost can be calculated as follows: 

fC = 27 MHz x ( DACF Code) / 127; 
42;5; DACF Code;5; 127 . 

Boost= 20x log [Kb x (DACS Code) /127 + 1] dB; 
0;5; DACS Code;5; 127 

Because the Silicon Systems Serial Communication 
Board works with 4-bit nibbles, each 7-bit code is 
divided into two registers. For cutoff frequency control, 
R10 and R11 represents the 3 most significant bits 
(MSB) and the 4 least significant bits (LSB), respec­
tively. Only the lower 3 bits of R10 4-bit nibble is used. 
For high frequency boost control, R8 and R9 represents 
the 3 MSBs and the 4 LSBs, respectively. 

For example, the user wants to program the filter to 
14 MHz cutoff with 3 dB boost. The DAC codes are 
calculated as the following: 

DACF Code = 127 x 14/27 = 66, R10=4 R11=2; 

DACS Code = 127 x [10A( 3 / 20) -1] / 3.467 = 15, 

R8=0 R9=15. 

At the keyboard, the user enters R8=O R9=15 R10=4 
R11=2, followed by a carriage return. 

To evaluate the frequency response of the filter, the 
AGC amplifiergain must be held constant, HOLD-=O. 
The tracking output of the spectrum analyzer sweeps 
the signal over a frequency spectrum. The filter output 
can be examined at the pad of C5 on the board. Figure 
7 shows the filter responses at 9MHz and at 27MHz. 
Figure 8 shows the filter response with no boost and that 
with maximum boost. 
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REF -29.3 dBm 

SSI32P3000 
Evaluation Board 

1 dB/DIV RANGE .0 dBm 
MARKER 27 790 600.0 Hz 

-35.20dBm 

...... 
"\ i""-'-- r--..... 

\. ~ 
~ 

\ ...... 
r-....... 

1\ '" \ ~ , "' \ " START 100 000.0 Hz 

RBW 30 kHz VBW 30kHz 

STOP 40 000 000.0 Hz 

ST.2 SEC 

Figure 7: 551 32P3000 Filter Magnitude Responses at 9 MHz (left) and 27 MHz (right) Cutoff 

REF -15.0 dBm 
5 dB/ DIV 

....".. 
..-

~ 

START 100000.0 Hz 

RBW30 kHz 

OFFSET.O Hz 
RANGE .0 dBm 13.40 dB 

~ ..... -....... r--.... 
r--... -- r--.. -..... ........... 

~ 
~ 
~ 

VBW 30 kHz 

STOP 40 000 000.0 Hz 

ST.2 SEC 

Figure 8: Cutoff Frequency = 14 MHz. The 551 32P3000 Filter Response with no boost 
(bottom) and with maximum boost (top) 
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SSI32P3000 
Evaluation Board 

4.5 AGC ACTIONS & RECOVERY 

The SSI 32P3000 has the following AGC control fea­
tures: 

• Automatic 
Fast Attack: When the DIN+/- input exceeds the 
preset nominal level (1Vpp) by 25%, a fast attack 
current, 2.24 x fFI, quickly discharges CBYP and 
lowers the AGC amplifier gain. 

Slow Attack: When DIN+/- input exceeds the preset 
nominal level by less than 25%, a slow attack 
current, 0.32 x IFI, discharges CBYP and lowers the 
AGC amplifier gain until DIN+/- returns to nominal 
level. 

Slow Decay: When the DIN+/- input falls below the 
preset nominal level, a small decay current, O.OO~ 
x IFI, charges CBYP and increases the AGC ampli­
fier gain until DIN+/- returns to nominal. Because 
Fast Attack and Slow Attack currents are much 
larger than that of Slow Decay, it is obvious that 
AGC ampnfier gain can be lowered quickly, but can 
only be increased very slowly. The purpose of the 
large ratio between attack/decay current is to en­
sure that the AGC settles to the peak-to-peak 
voltage amplitude. 

• IBM PC wI RS232 on CQM1 

·Cross1alk 

• SSi serial Comm Files 

• User Control 
Fast Recovery: To recover the AGC amplifier gain 
from a low gain condition rapidly, the FAST REC 
can be asserted. With FAST REC = 1, a fast decay 
current, 0.16 x IFI, charges CBYP continuously, 
independent of signal level. While the Fast and 
Slow Attacks are still active, the AGC amplifier gain 
settles quickly to -125% of nominal. When the 
FAST REC returns to 0, the Fast Attack and Slow 
Attack actions restore the AGC amplifier gain to 
100% level. 

Hold: When HOLD- = 0, all the above AGC actions 
are suspended. The AGC amplifier gain is held 
constant, except for leakage effects. 

The setup in Figure 9 is used to demonstrate the 
advantage of the FAST REC function. Figures 10a & 
1 Ob show the AGC amplifier gain recovery time without 
and with the FAST RECfunction, respectively. Without 
the FAST REC function, the AGC amplifier gain slowly 
recovers to the 100% nominal level, due to the small 
decay current. With the FAST REC function, the AGC 
amplifier gain quickly reaches 125%+. When the FAST 
REC returns to 0, the attack time is very short. One 
application of the FAST REC function is immediately 
after a long hold period during which the gain could have 
drifted low . 

SS148MB 
Evaluation Board 

Figure 9: SSI 32P3000 Evaluation Board AGC Recovery Setup 
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Figure 10: AGC Recovery Without Using FAST REC 
FASTREC= 0 
HOLD-

SSI32P3000 
Evaluation Board 

Analog Input: Amplitude Modulated to Simulate Gain Change 
DIN± 

Figure 11: AGC Recovery With FAST REC 
FAST REC 
HOLD-
Analog Input 
DIN±: Note fast recovery settling to above 100% and attacking 
at the end of fast recovery 
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1.0 INTRODUCTION 

Silicon Systems Inc. is pleased to introduce the SSI 
32P4730 /4731, the highest performance single-chip 
read channel device available. This device contains all 
the functions needed to implement a complete zoned 
recording read channel for hard disk drive systems. The 
functional blocks include a pulse detector, program­
mable filter, 4-burst servo circuit, time base generator, 
and a data separator with a 1,7 RLL ENDEC. The data 
sheet shows the device block diagram of the SSI32P4 730 
and 32P4731, respectively. The operating NRZ data 
rate is programmable from 8 to 24 Mbit/s. 

While both the SSI 32P4730 and 32P4731 provide a 
4-burst servo capture circuitry, the distinction is in the 
servo output form. The SSI 32P4730 features A+B, 
A-B and C-O outputs. The SSI 32P4731 features indi­
vidual Burst A, B, C and 0 outupts. 

This application note details the operation of all func­
tional blocks of the SSI 32P4730/4731. This is an 
abridged applications note for the SSI32P473014231, 
a more detailed note is available upon request. Design 
notes and evaluation techniques are suggested when 
applicable. This note is intended to supplement the 
device specification. For updated device parameter 
limits, the user is recommended to refer to the specifica­
tion. 

GENERAL FEATURES 
• Programmable data rate 8 - 24 Mbitls 
• Low power dissipation 450 mW typ @ 24 Mbitls 

and 5V supply 
• Bi-directional serial port programming 
• Flexible power management less than 5 mW in 

complete power down 
• Wide power supply range 4.5 to 5.5 V 
• Small footprint 64-lead TQFP package 

Pulse Detector 
• Fast attack / decay mode for rapid AGC recovery 
• Dual rate charge pump for fast transient recovery 
• Programmable qualification threshold 

SSI 32P4730/4731 
Single-Chip Read 

Channel Device 

*4g~"t¥\u."i~ml 
January 1993 

• Low drift AGC hold circuitry 
• Temperature compensated, exponential control 

AGC 
• Wide bandwidth, high precision full-wave rectifier 
• Dual mode pulse qualification circuitry (user se­

lectable) 
• TTL RDIO Signal output for servo timing support 
• Internal Low-Z and fast decay timing for rapid 

transient recovery and AGC acquisition 
• 0.5 ns max pulse pairing 

Servo Capture 
• 4-burst servo capture 
• Internal hold capacitors 
• Separate registers for filter cutoff and qualifica­

tion threshold in servo mode 
• Servo AGC level programmable via 4-bit DAC 
• P4730: A+B, A-B and C-D outputs 

P4731: Burst A, B, C and D outputs 

Programmable Filter 
• Cutoff frequency programmable from 3 to 9 

MHz, within ±1 0% accuracy 
• Boost programmable from 0 to 13 dB 
• Matched normal and differentiated outputs 
• Constant group delay, within ±2% variation 
• Low Z for rapid transient recovery 
• No external filter components needed 

Time Base Generator 
• Better than 1 % frequency resolution 
• Up to 75 MHz frequency output 
• Independent M and N divide-by counters 
• VCO center frequency matched to data 

synchronizer VCO 

Data Separator 
• Fast acquistion phase lock loop with zero 

phase restart technique 
• Programmable high phase detector gain switch 

for fast acquisition 
• Integrated 1,7 RLL encoder/decoder 
• Programmable decode window symmetry 

control via serial port 
• Programmable write precompensation 
• Hard and soft sector operation 
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2.0 CONTROL REGISTER MAPPING & 
SERIAL INTERFACE DESCRIPTION 

For flexible system applications, the SSI 32P4730/31 
features 14 control registers for device configuration. 
The control words can be loaded to or read back from 
these registers via the 3-pin serial interface. This 
section defines the register mapping and the serial 
interface timing. 

Upon power up from no supply voltage state, the 
control registers are at random state, and should be 
programmed before system operation. The control 
register contents are retained when the device is 
powered down to idle mode, i.e. with PWRON = 1. 

2.1 COMMAND REGISTER MAPPING 

Power Down Control Register 
Address (A6 .. AO) = 0 0 0 0 0 1 0 = 02HEX 

D7 (MSB) - D5 Internal hardwired for factory use only 

D4 = 1 Time Base Generator is disabled, re-
ducing power dissipation by 100 mW. 

= 0 Time Base Generator is active. 

D3 = 1 Data Separator is disabled, reducing 
power dissipation by 120 mW. 

= 0 Data Separator is active. 

D2 = 1 Programmable Filter is disabled, re­
ducing power dissipation by 100 mW. 

= 0 Programmable Filter is active. 

D1 = X Not used, don't care 

DO = 1 Pulse Detector/Servo is disabled, re-
ducing power dissipation by 75 mW. 

(LSB) = 0 Pulse Detector/Servo is active. 

Data Mode Cutoff Register 
Address (A6 .. AO) = 0 0 0 0 0 1 1 = 03HEX 

D7 (MSB)= X Not used, don't care 

D6 .. DO Filter cutoff frequency control in the 
data read mode. 

Ic (MHz) = 9· Code /127 

Maximum code, 1111111 or 127 deci­
mal, represents the maximum 9 MHz 
cutoff frequency. 

Minimum code is 42, for 3 MHz cutoff 
frequency. 

Servo Mode Cutoff Register 
Address (A6 .. AO) = 0 0 1 0 0 1 1 = 13HEX 

D7 (MSB)= X Not used, don't care 

D6 .. DO Filter cutoff frequency control in the 
Servo mode. 

Filter Boost Register 
Address (A6 .. AO) = 0 0 0 1 0 1 1 = OBHEX 

D7 =1 Filter boost remains active inthe Servo 
mode. 

(MSB) =0 Filter boost is disabled in the Servo 
mode. 

D6 .. DO Filter boost control setting 
Boost (dB) = 
20 log [(0.0273 • Code) + 1] 

Maximum boost, 13 dB, is set with 
Code = 127 decimal. 

Minimumcode, 0, represents no boost. 

Data Threshold Register 
Address (A6 .. AO) = 0 0 0 1 0 1 0 = OAHEX 

D7 = 1 Window Threshold Qualification in 
Data Read Mode 

(MSB) = 0 Hysteresis Threshold Qualification in 

D6 .. DO 

Data Read Mode 

Qualification threshold percentage 
setting in Data Read Mode 

Qual % = 97.6% • Code / 127 

Qual % should be limited between 
10% to 80%. Thus, this code should 
be restricted from 13 to 104. 

Servo Threshold Register 
Address (A6 .. AO) = 0 0 1 0 0 1 0 = 12HEX 

D7 = 1 Window Threshold Qualification in 
Servo Mode 

(MSB) = 0 Hysteresis Threshold Qualification in 

D6 .. DO 

Servo Mode 

Qualification threshold percentage 
setting in Servo Mode 
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Control A Register 
Address (A6 .. AO) = 0 0 1 1 0 1 0 = 1 AHEX 

D7 = 1 Not in fast decay current test mode 
(MSB) = 0 Fast decay current is always turned 

on, for test use only. Other AGC 
actions, such as HOLD, attack, ... 
remain active. 

D6-5 Test point source select bits, work in 
combination with Control B Register: 
D6. See Section 4.5. 

D4 = 1 Frequency synthesizer is bypassed. 
TBG output = FREF 

= 0 Frequency synthesizer is active. 
TBG output = FREF • [(M+ 1) / (N+ 1)]. 

D3 = 1 Enables test pOint MTP3 
= 0 Test point MTP3 forced to Logic 1 

D2 = 1 TBG phase detector pump down state, 
for test use only. 

= 0 Not in TBG phase detector Pu mp Down 
Test mode 

D1 = 1 TBG phase detector pump up state, for 
test use only 

= 0 Not in TBG phase detector Pump Up 
Test mode 

DO = 1 TBG phase detector active 
= 0 TBG phase detector disabled, allow-

ing pump up/down test modes 

Only one bit of {DO, 01, 02} can be set to 1 at anyone 
time. Violation causes indeterminate state. 

Control B Register 
Address (A6 .. AO) = 0 0 0 1 1 0 0 = OCHEX 

D7 (MSB)= X Not used, don't care 

D6 = 1 Enables test points MTP1 and MTP2 
= 0 Test points MTP1 and MTP2 forced to 

Logic 1 

05 = 1 Data Separator phase detector pump 
down state, for test use only 

= 0 Not in Data Separator phase detector 
Pump Down Test mode 

D4 = 1 Data Separator phase detector pump 
up state, for test use only 

= 0 Not in Data Separator phase detector 
Pump Up Test mode 

Iii D r" MUH.U' ~ Mi 
D3 = 1 Data Separator phase detector active 

= 0 Data Separator phase detector dis­
abled, allowing pump up/down test 
modes 

Only one bit of {03, 04, 05} can be set to 1 at anyone 
time. Violation causes Indeterminate state. 

D2 = 1 The RDIO pin is an input pin. 
= 0 The RDIO pin is an output pin. 

D1 = 1 Data Separator phase detector gain 
shift is enabled. 

= 0 Data Separator phase detector gain 
shift is disabled. See Section 4.8. 

DO = 1 Direct write enabled, I.e. write data 
bypasses the ENDEC. 

= 0 Direct write disabled, I.e. write data is 
encoded before appearing at write data 
output. 

N Counter Register 
Address (A6 .. AO) = 0 0 0 0 1 1 0 = 06HEX 

D7 (MSB)= X Not used, don't care 

D6 .. DO 7-bit N counter code in Time Base 
Generator frequency synthesizer 

See Section 4.3 for N selection. 

N Counter can be programmed any­
time, but becomes effective only after 
a subsequent Date Rate Register pro­
gramming. 

M Counter Register 
Address (A6 .. AO) = 0 0 0 1 1 1 0 = OEHEX 

D7 .. DO 8-bit M counter code in Time Base 
Generator frequency synthesizer 

Fout = [(M + 1) / (N + 1) I . Fref, 

Fout = TBG output frequency 
Fref = Reference frequency @ 

FREF pin 

M Counter can be programmed any­
time, but becomes effective only after 
a subsequent Date Rate Register pro­
gramming. 
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2.0 CONTROL REGISTER MAPPING & 

SERIAL INTERFACE DESCRIPTION 
(continued) 

2.1 COMMAND REGISTER MAPPING (continued) 

Data Rate Register 
Address (A6 .. AO) = 0 0 0 0 1 0 0 = 04HEX 

07 (MSB) = X Not used, don't care 

06 .. 00 Per data rate, code sets the VCO 
center biasing 

Code =(3· OR MHz -4.27)/0.622, 
(use 1.5 • OR for 1.5X VCO's) 

For 20 Mbitls operation, 
Code = 90, i.e. 1011010 

Window Shift Register 
Address (A6 .. AO) = 0 0 0 0 1 0 1 = 05HEX 

07 .. 06 = 00 Fc OAC output, i.e. filter cutoff, 
@OACOUT 

= 01 Vth OAC output, i.e. qualification 
threshold, @ OACOUT 

= 10 Ws OAC output, i.e. window shift, 
@ OACOUT 

= 11 Wp OAC output, i.e. write precomp, 
@ OACOUT 

05 = 1 Window shift function enabled 
= 0 Window shift function disabled 

04 

03-0 

= 1 Window shift direction: Late 
= 0 Window shift direction: Early 

4-bit code to set the window shift mag­
nitude 

Window Shift % of Oata 
Separator VCO Period = 
30% - Code' 2% 

For 20% shift, 
Code = 5 i.e. 0101 

Write Precomp Register 
Address (A6 .. AO) = 0 00 1 1 0 1 = OOHEX 

07 = 1 Servo burst reset in High Resolution 
mode 

= 0 Servo burst reset in Normal mode 

06 . .04 Not used, don't care 

03 = 1 
=0 

Write Precomp function enabled 
Write Precomp function disabled 

02 .. 00 3-bit code to set the write precomp 
magnitude 

The need and direction of write 
precomp is determined by data pat­
tern. But precomp magnitude is pro­
grammable via this register as the 
following: 

= 000 7 x TSTS = 0.04 • Oata Separator 

= 001 6 x 
= 010 5 x 
= 011 4 x 
= 100 3 x 
= 101 2 x 
= 110 1 x 

PLL reference clock period, i.e. 
the TBG output 

= 111 No Precomp 

Servo AGC Level I Peak Detector Current Register 
Address (A6 .. AO) = 0 1 0 0 0 1 0 = 22HEX 

07 .. 04 

03 . .00 
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4-bit code to set the output current of 
the servo peak detector charge pump. 
The current is programmable from 
6/lA to 96!Ul. Maximum noise immu­
nity is obtained in the servo peak 
detector by choosing the smallest 
value of charge current. 

POCurrent = ( code' 6/lA) + 6/lA 

4-bit code to set the AGC nominal 
level at the OP/ON in the servo mode 
only. 

Nominal level at OP/ON = 
1 - Code' 0.0153 Vppd 

For 0.8 Vppd at OP/ON, code = 
13, i.e. 1101 



3.0 MODES OF OPERATION & 
POWER MANAGEMENT 

The SSI32P4730/4731 has several operating modes 
that support read, write, servo and power management 
functions. Mode selection is accomplished by control­
ling the read gate (RG), write gate (WG), servo gate 
(SG) and PWRON pins. Additional modes are con­
trolled by programming the Power Down Control Reg­
ister (PDCR), the Control A Register (CAR), and the 
Control B Register (CBR). This section discusses the 
controls of each mode. The detailed operatingfunc­
tions are presented in Section 4. 

3.1 POWER MANAGEMENT 

For optimal overall system power saving, the SSI 
32P4730/4731 allows flexible power down options. 
With PWRON = 1, the entire device is powered down, 
except the serial interface and the control register. 

Pin Power Down Voltage 

VIAt 4.0 V 
DP,DN 5.0 V 
CP,CN 5.0 V 
IN± 3.8 V 
MTP1,2,3 Pseudo-ECl logic '1' 
OD± 4.5 V 
ON± 4.5V 
VOAt 4.4 V 
DACOUT 5.0 V 
TFlT± OV 
DFlT± OV 
lEVEL 3.9V 
RR OV 
RTS 3.9V 
RTD 3.9 V 
RX OV 
SREF OV 
A-B 5V 
C-D 5V 
A+B 5V 
BYP leakage effect only 
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With PWRON = 0, the device is in normal operation 
mode. Each individual function can be powered down 
by programming the Power Down Control Register. An 
important consideration in exercising the power down 
functions is the recovery time. 

The recovery time from a power down mode is applica­
tion dependent. While most of the internal nodes within 
the device can recover very quickly, the 110 DC bias 
settling times depend on the external ac-coupling and 
bypass capacitors. All TTL logic inputs are not affected 
by any power down state. However, for low power 
dissipation, these logic inputs are recommended to be 
at a logiC '1' state. All TTL logiC outputs are in high 
impedance states. These logiC outputs return to active 
state in less than 1 IlS after power up. The following are 
some notes on the other 1I0s power down recovery 
behavior. 

Typical Recovery Time 

211S 
61lS 

1211S 
51lS 

350 IlS 
0.5 IlS 
2.811S 
31lS 
11lS 

13 1lS, loop filter dependent 
13 1lS, loop filter dependent 

211S 
0.511S 

20 IlS in Non-Servo mode, 0.8 IlS in Servo mode 
20l1S in Non-Data mode, 0.8 IlS in Data mode 

1.5 IlS 
1001lS 
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3.2 READ MODE 

When PWRON = 0, SG=O and RG = 1, the SSI 
32P4730/4731 is in Data Read mode. All the control 
bits in the Power Down Control Registermust be reset 
to O. 

Inthe data read mode, all functions ofthe SS132P4730/ 
31, except the servo, are active. The AGC amplifier 
amplifies the read signal. The low pass filter bandlimits 
the high frequency noise and applies pulse slimming. 
The pulse qualifier validates each valid signal peaks. 
The time base generator provides an internal fre­
quency reference to the data separator at 3X the NRZ 
data rate. The data separator phase locked loop is 
locked onto the read data pulses from the pulse quali­
fier. The clock is extracted from the data bits. The data 
is re-synchronized and decoded into NRZ data. 

The servo outputs remain to be valid and are held 
constant from the previous servo sampling. 

3.3 WRITE MODE 

When PWRON = 0, SG=O, RG = 0, and WG = 1, the SSI 
32P4730/31 is in write mode. At the least, the data 
separator and the time base generator control bits in 
the Power Down Control Register must be reset to O. 

In the write mode, the SSI 32P4730/31 accepts the 
NRZIN input at each rising edge of the WCLK. The data 
is encoded into 1,7 RLL codes, unless the ENDEC 
bypass is chosen for direct write. Write 
precompensation, if enabled, is applied to selected 
data pattern. The coded data is re-synchronized at the 
WD output by the internal data separator reference 
clock. 

The pulse detector and programmable filter are not 
used in the write mode. The AGC amplifier gain is held 
constant at prior to entering the write mode. The servo 
outputs remain to be valid and are held constant from 
the previous servo sampling. 

PWRON SG RG WG MODE 

1 X X X SLEEP 
0 0 0 0 IDLE 
0 1 X X SERVO 
0 0 1 X READ 
0 0 0 1 WRITE 

Mode Control 

3.4 SERVO MODE 

When PWRON - 0 and SG = 1, the SS132P4730/4731 
is in Servo mode. Atthe least, the pulse detector/servo 
and the programmable filter control bits in the Power 
Down Control Register must be reset to O. 

While the SSI32P4730 and the SSI 32P4731 feature 
different servo outputs, both share the same servo 
sampling sequence in operation. In the servo mode, 
the AGC amplifier remains active. A servo AGC pattern 
should be provided for servo AGC with the HOLD input 
at '1'. With the HOLD input at '0', the AGC amplifier gain 
is held constant. The servo A, B, C and 0 bursts are 
sampled and captured. 

The servo operation, with the distinctions between the 
SSI 32P4730 and the SSI 32P4731, is detailed in 
Section 5.0. 

4.0 READ MODE EVALUATION 

As a single-chip read channellC, the SSI32P4 7304 731 
supports many functions in read mode alone. This 
section discusses the functions of the various blocks. 
Where appropriate, lab experiments are suggested in 
evaluation. 

4.1 PULSE DETECTOR FUNCTION 

The pulse detector is the first block of the SS132P4730/ 
4731. It amplifies, validates and time-preserves the 
read signal from a read/write pre-amp, such as the SSI 
32R2020. The pulse detector block includes the 
wideband AGC amplifier, the AGC control circuitry, the 
7-pole programmable low pass filter, and the pulse 
qualifier. 

4.1.1 AGC Amplifier & Control 
The wideband AGC amplifier accepts a low amplitude 
read signal, typically <200 mVppd, and amplifies it to a 
larger amplitude priorto pulse qualification. Because of 
varying head-to-media conditions, the amplifier gain is 
automatic-gain controlled to provide a 1 Vppd signal at 
the DP/DN pins. The amplifier gain is an exponential 
function of the voltage at the BYP pin. For reference 
use only, the gain function is Av = 12 exp {2.5 (V@BYP 
+ 2.15 - VPG)}.lnternal clamp circuitry clamps the BYP 
pin voltage between -2.0V and -3.5V. The clamp 
resistance is <10 Q. It is advised not to sink or source 
more than 3 rnA at the BYP pin. 
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The AGe actions are current charging and discharging 
the external BYP integrating capacitor to maintain a 
1 Vppd at the OP/ON pins. They are described as 
follows: 
• Slow Decay 

When the instantaneous OP/ON signal is below 
1 Vppd, a slow decay current, 4.0 J.IA, charges 
the BYP capacitor. The AGe amplifier gain is 
increased slowly. 

• Slow Attack 
When the instantaneous OP/ON signal exceeds 
1 Vppd, but is below 1.25 Vppd, a slow attack 
current, 0.18 mA, discharges the BYP capacitor. 
The AGe amplifier gain is decreased. 

• Fast Attack 
When the instantaneous OP/ON signal exceeds 
1.25Vppd, the device enters a fast attack mode. 
A fast attack current, 1.26 mA, discharges the 
BYP capacitor. The AGe amplifier gain is quickly 
lowered. 

• Write-to-Read Recovery 
With a Ho-O transition of the WG, the SSI 

WRrrE NON-WRITE 

W~L ________ __ 

I I 
I I 
I 0.9!1S I 
I I 
I I 

LOW INPUT 
IMPEDANCE 

FAST DISCHARGE 
SWITCH 

(NOT ACTIVE IF 
DP/DN ABOVE 125%) 

r 125% OF NOMINAL LEVEL 

D~ 
ENVELOPE I 

I 

I I I 
I I I 

IFAST ! SLOW 

ATTACK ATTACK 

IUr"[¥ii[."i~MI 
32P4730 enters the write-to-read recovery mode. 
The input impedance remains in low impedance 
state for 1 ~ for fast input De coupling recovery. 
Then, the device restores to high input imped­
ance state, and enters into a fast decay mode. In 
the fast decay mode, a high current quickly 
charges the BYP capacitor until the signal at OPI 
ON exceeds 125% of nominal. After reaching 
125%, the high current is disabled and the slow 
attack sequence commences. (Otherwise only 
the slow decay mode is available to increase the 
AGe amplifier gain.) Figure 4.1.1 shows the 
write-to-read AGe action timing. This same se­
quence is executed when the device switches 
from power down to power up mode. 

All the AGe actions are suspended in anyone of the 
following conditions: 

• HOLD = O,or 
• Write mode. 

The AGe amplifier gain is then held constant, except 
for leakage effect. 

WRITE NON·WRITE 

WG 

I I 
I I 

: 0.9 Jls : 
I 

LOW INPUT 
IMPEDANCE I 

I 

FAST DISCHARGE n1----
SWITCH I ! 

: ~ 125% OF NOMINAL LEVEL 

D~ 
ENVELOPE I : 

I I I 
I I I 
I I I 
FKST SLOW 
DECAY ATTACK 

FIGURE 4.1.1: AGe Action Timing in Write·to·Read Recovery 
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4.0 READ MODE EVALUATION (continued) 

4.1 PULSE DETECTOR FUNCTION (continued) 

4.1.2 Low Pass Filter Function 
From the head/media pOint to the AGC amplifier out­
put, the signal path should have very wide bandwidth, 
and is therefore noisy. To reduce false pulse qualifica­
tion, the SSI 32P4730 includes a 7-pole 0.05° phase 
equiripple programmable low pass filter to reject noise 
beyond the signal frequency of interest. In addition, this 
filter provides pulse slimming equalization for improved 
pulse pairing performance. Ideal for zoned bit record­
ing applications, the filter bandwidth and the pulse 
slimming equalization are both programmable through 
the serial port. The filter's normal low pass output, 
ON±, is the input to the pulse qualifier. 

An additional function of the filter is to provide a time 
differentiated signal of the read data, i.e. 90° phase 
lead. Each read data peak is translated into a zero­
crossing at the OO±. This time differentiated output is 
used in time qualification as described in the next topic. 

The control and the dynamics ofthe filter are discussed 
in Section 4.5. 

4.1.3 Pulse Qualifier Function 
The pulse qualifier transforms each valid analog read 
data pulse into a digital pulse, while preserving the 
relative time position of each valid pulse peak. Each 
OP/ON pulse is validated by a combination of level 
qualification and time qualification. The SSI 32P4730/ 
4731 supports two methods of level qualification: win­
dow threshold qualification and hysteresis qualifica­
tion. In time qualification, the time differentiated filter 
output is used to locate the signal peaks in time. 

Level Qualification 
The two options in level qualification are: window 
threshold qualification and hysteresis qualification. 

Window Threshold Qualification: When in window 
threshold qualification mode, independent positive and 
negative threshold qualification comparators are used. 
A slight amount of local hysteresis is included to 
increase the comparator output time when a signal that 
just exceeds the threshold level is detected. This eases 
the timing with respect to the zero crossing clock 
comparator. Any peak, regardless of polarity, which 
exceeds the programmed threshold level triggers the 
read data one-shot. Qualification thresholds from 10% 
to 80% may be set with a resolution of 1 %. A parallel 
R-C network of RTO and CT set the hysteresis thresh­
old time constant when not in the Servo mode. 

Hysteresis Qualification: When the hysteresis qualifi­
cation mode is selected, the same threshold qualifica­
tion mode is selected, the same threshold qualification 
comparators and clock comparators are used to imple­
ment a polarity checking rule. In this mode, a positive 
peak that clears the established threshold level will set 
the hysteresis comparator and trigger the bidirectional 
one-shot that creates the read data pulses. In order to 
get another pulse clocked out, a peak of the opposite 
polarity must clear negative threshold level to reset the 
hysteresis comparator and trigger the bidirectional 
one-shot. 

.!!Sj .... -.. ·::·-:·.·::::::::::i~·l~ 

........................... - ... _- ... .. 
.............. _ ............. .. 

QUAL % = L . 100% 
Y 

FIGURE 4.1.2: Qualification Percentage Definition 

Qualification threshold in percentage is defined to be 
the distance between the positive threshold and the 
negative threshold as a percentage of the OP/ON 
peak-to-peak. The SSI 32P4730 has a 7-bit OAC to 
allow flexibility in qualification % setting through serial 
port programming, with better than 1 % resolution. 

Qualification Percentage = 97.6%· OAC Code /127. 

Because the qualification percentage should be be­
tween 10% to 80%, the OAC Code must be limited 
between 13 and 104, in decimal. Operation outside of 
this range may result in qualification percentage set­
ting inaccuracy. 

The qualification threshold OAC can accept its 7-bit 
input code from one of two registers, Data Threshold 
Register or Servo Threshold Register, depending on 
the operation mode. Thus, the qualification percentage 
can be set separately for the normal data read mode 
and the servo mode. The MSB bit (07) of each register 
selects the level qualification method, either window 
threshold or hysteresis. 
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WINDOW THRESHOLD QUALIFICATION HYSTERESIS QUALIFICATION 

DPIDN DPIDN 

+ THRESHOLD + THRESHOLD 

CPICN CPICN 

m m 

FIGURE 4.1.3: Window Threshold Qualification & Hysteresis Qualification 

Qualification Threshold Time Constant 
Because the qualification threshold is set as a percent­
age of the pulse qualifier input's peak-to-peak swing, 
this threshold can track with any long term signal 
amplitude variation at the OP/ON input. An external 
R-C network, with an internal 50 ~ pull down current 
source, from the LEVEL output to the RTO pin (or the 
RTS pin for servo mode) determines the tracking time 
constant. 

There are two constraints in determining this R-C time 
constant: 

• This time constant should not be too small such 
that the threshold may track the noise . 

• This time constant should not be too large such 
that reasonably lower amplitude pulses are not 
qualified. 
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Both constraints are system dependent, specifically 
the head/media combination. The user must determine 
these limits. However, it is accurate to say that the time 
constant should be smaller than that of the AGC loop. 
Otherwise, the AGC loop will restore 1 Vppd at the OP/ 
ON input, and this defeats the purpose of the tracking 
threshold. 
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4.0 READ MODE EVALUATION (continued) 

4.1 PULSE DETECTOR FUNCTION (continued) 

4.1.3 Pulse Qualifier Function (continued) 

Lab Experiment 4.1: Pulse Detector Qualification 
Threshold Time Constant 
The SSI 32P4730 supports a tracking qualification 
threshold in pulse detection. Given a change in input 
signal amplitude, at a rate fasterthan the AGC loop can 
respond, the qualification threshold can remain as a 
fixed percentage of the signal level, if its time constant 
is set properly. This qual threshold time constant is 
determined by an external R-C network between the 
LEVEL pin and the RTD (or RTS) pin, with an internal 
50 jJA pull down current at the LEVEL pin. Because the 
LEVEL voltage 70 is the reference voltage for the 
internal 7-bit threshold setting DAC, the percentage 
change in (V@LEVEL - VRC) is the same as the 
qualification threshold voltage. The key point is then to 
allow the LEVI;L 70 voltage to track with any change in 
signal amplitude with the two constraints discussed 
above. 

For this experiment, the AGC time constant is made 
artificially large with a 0.01jlF BYP capacitor. This is to 
suppress the AGC action to emphasis the qualification 
threshold time constant effects. 

What would happen if the qualification threshold time 
constant is too large? 

A 0.033jlF capacitor is connected between the LEVEL 
pin and the VPA pin. The resistor is omitted, but the 
internal pull down current provides a discharge path. 
With 50 jJAdischarge current, the maximum decay rate 
at the LEVEL pin is 50 jJA 10.033 jlF = 1.52 mV/jlS. 
Nominally, the LEVEL voltage is at 0.65V above the 
VRC voltage. Thus, the percentage change rate of the 
qualification threshold voltage is 1.52 I 650 x 100% per 
jlS = 0.24%/jlS. The actual qualification percentage 
change is then 0.24%/jls x Set Qual Level. If the 
qualification level is set at 50%, for example, the 

qualification percentage change rate is 0.12%/jlS.llthe 
DP/DN signal changes faster than this rate, the quali­
fication threshold may not stay at 50% level. 

Photo 4.1.1 shows the dynamic input signal, the LEVEL 
voltage and the RDIO. The input signal changes gradu­
ally from 100 mVppd to 40 mVppd, and remains at 40 
mVppd for 10 jlS. The qualification level is set at 50%. 
Because of the large time constant, the LEVEL voltage 
does not track with the input amplitude. The qualifica­
tion threshold remains at 50% olthe larger input signal. 
As a result, the pulses of 40 mVppd are not qualified 
and missed. Photo 4.1.2 shows the same signal dy­
namics with a 330 pF capacitor from the LEVEL pin to 
the RTD pin. 

What would happen if the qualification threshold time 
constant is too small? 

To exaggerate the effects, no external capacitor, ex­
cept parasitics from scope probe, is placed between 
the LEVEL pin and the VPA pin. The input signal has 
a sequence of 100 mVppd pulses, followed by a '0' 
period for 500 ns and two weak pulses of 20 mVppd. 
The qualification level is set at 50%. Should the thresh­
old stay rigid, the two weak pulses would not be 
qualified. Because of the small time constant, the 
LEVEL voltage varies very rapidly with the instanta­
neous input signal. The qualificatiqn threshold drops 
very quickly. As a result, anyweak pulses are qualified. 
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VIN± 

V@LEVEL 

PHOTO 4.1.1: Qualification threshold at 50%; 0.03311F from LEVEL to VPA.lnput changes from 100 
mVppd to 40 mVppd. Large qual threshold time constant» Missing ROIO pulses. 

VIN± 

V@LEVEL 

PHOTO 4.1.2: Qualification threshold at 50%; 330 pF from LEVEL to VPA. Input changes from 100 
mVppd to 40 mVppd. Proper qual threshold time constant» All ROIO pulses present. 
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4.0 READ MODE EVALUATION (continued) 

4.1 PULSE DETECTOR FUNCTION (continued) 

4.1.4 Pulse Detector 1/0 & Test Points 
An excelient troubleshooting aid is to know the inputs, 
the outputs and the available test pOints. For the pulse 
detector portion, this is a list of the related pins: 
• VIA± 

Differential analog input to the AGC amplifier: 
The input should be ac-coupled from the source. 
The input amplitude should be limited to be­
tween 20 mVppd to 240 mVppd when no boost 
is applied at the filler. When boost is applied, the 
input amplitude should be lowered, as not to 
exceed the dynamic range of the AGC amplifier 
and the filter. The DC bias voltage is approxi­
mately 3.SV. 

• VOA± 

• BYP 

Differential analog output of the AGC amplifier: 
The output should be ac-coupled to the the filter 
input. In a closed AGC loop, its amplitude de­
pends on the filter cutoff and boost setting. The 
DC bias voltage is approximately 3.SV. 

AGC amplifier gain control pin: The input voltage 
controls the AGC amplifier gain. An integrating 
capacitor should be connected from the BYP pin 
to VPG. This voltage should be between 2V to 
3.SV. 

• HOLD 

• IN± 

TTL logic input: When HOLD = 0, the AGC 
amplifier gain is held constant. When HOLD = 1, 
or left open, the AGC loop is active. 

Differential analog input of the filter: The DC bias 
voltage is approximately 3.SV. The VOA± should 
be ac-coupled to this input. 

·ON± 
Differential normal low pass filter output: This 
output should be ac-coupled to the DP/DN input. 
It is simply the filtered version of the IN±. In a 
closed AGC loop, it should be - 1 Vppd. The filter 
has a nominal gain of 2.0VIV in the passband. 
However, the gain can be higher at frequency 
where boost is applied. The DC bias voltage is 
approximately 2.3V. 

·OD± 
Differential differentiated low pass filter output: 
This output should be ac-coupled to the CP/CN 
input. It is the bandlimited time differentiated 
version of the IN±. Every peak (positive or nega­
tive) is translated into a zero crossing. Its ampli­
tude is frequency dependent. The DC bias volt­
age is approximately 2.3V. 

• DP/DN 
Differential input to the pulse qualifier: The ON± 
should b e ac-coupled to this input. The DC bias 
voltage is approximately 3.6V. 

• CP/CN 
Differential input to the time qualifier: The OD± 
should be ac-coupled to this input. The DC bias 
voltage is approximately 3.6V. 

• PPOL 
Pulse polarity indicator: This is an optional TTL 
output indicating the polarity ofthe input pulse. A 
positive qualified pulse puts a logic '1' at the 
PPOL output. A negative qualified pulse puts a 
logic '0' at the PPOL output. This output is 
enabled when RG = WG = O. 

• MTP1-3 
Open emitteroutputtest points: These test points 
are governed by the foliowing logic control. 
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• ROIO 

06 

0 
0 
1 
1 
1 
1 

VCO REF 
OS-IN 

OS REF 

MCTR 
RO 
OOUT 
COUT 
SET 
RESET 
1 
1* 

5S1 32P4730/4731 
Single-Chip Read Channel Device 

UDrn(¥U(.hi~m{j 

Control A Reg 
05 06 MTP1 MTP2 MTP3 

0 X 1 1 1 
1 X 1* 1* 1* 
0 0 VCO REF OS-IN OS REF 
0 1 VCO REF OS-IN MCTA 
1 0 RO DOUT COUT 
1 1 SET RESET COUT 

= reference input to the data synchronizer phase detector, VCO REF = VCO + 2 
= input to data synchronizer 

in read mode, this is the delayed read data 
in non-read mode, this is the output of the time base generator + 2 

= reference frequency to the data separator, i.e. time base generator output (Active only 
in idle mode) 

= time base VCO divided down signal, an input to the time base phase detector 
= read data output of the pulse detector, i.e. input to the 1/3 cell delay 
= output of the data comparator in hysteresis qualification 
= output of the clock comparator in hysteresis qualification 
= output of the positive threshold comparator in window threshold qualification 
= output of the negative threshold comparator in window threshold qualification 
= logic 1 
= logic 1, but with slightly higher power dissipation 

OACOUT 
Read data I/O pin: This is a bi-directional TTL 
compatible pin. When Control B Register 02 = 
1, the ROIOisan inputpinforthe data separator. 
When the Control B Register 02 = 0, the ROIO 
is an output pin. When this pin is configured as 
an output pin and both RG = WG = 0, the ROIO 
represents the pulse detector read data output. 
A pulse is generated for every qualified peak. 
With either RG or WG being 1, the ROIO is held 
at static 1. 

Multiplexed OAC output: When Window Shift 
Register: 07-6 = 01, OACOUT represents the 
qualification threshold setting OAC output. The 
qualification threshold voltage can be estimated 
to be about TBO. 
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4.0 READ MODE EVALUATION (continued) 

4.2 PROGRAMMABLE FILTER 
CHARACTERISTICS 

The 551 32P4730/31 features a on-chip program­
mable 7-pole 0.050 phase equiripple low pass filter 1 
equalizer. This filter serves three functions: (1) noise 
limiting low pass filter of the read data signal, (2) time 
differentiating the read data signal for signal peak 
location, and (3) high frequency boost for pulse slim­
ming equalization. The cutoff frequency, to be defined 
below, is programmable from 3 MHz to 9 MHz. The 
boost function can be programmed up to 13 dB. Both 
functions are controlled by command registers pro­
grammable via the serial interface. 

The cutoff frequency, fe, is defined to be the -3dB 
bandwidth with no boost. When finite boost is applied, 

TABLE 4.2.1: Filter Bandwidth Increase vs Boost 

New -3dB Bandwidth 1 
Boost (dB) Cutoff Frequency 

0 1.00 
1 1.21 
2 1.50 
3 1.80 
4 2.04 
5 2.20 
6 2.32 

BIQUAO 3 

INPUT 1.31703 2.95139 

52 + 1.684955+ 1.31703 52+ 1.542035+2.95139 

BIQUA02 

the effective -3 dB bandwidth is higher than the cutoff 
frequency. Table 4.2.1 lists the bandwidth increase vs 
the applied boost. 

The high frequency boost is defined to be the amount 
of magnitude rise at the cutoff frequency, relative to the 
original-3 dB point. A 13 dB boost would mean a 10 dB 
peaking above the passband. 

Figure 4.2.1 shows the normalized transfer function of 
the programmable filter. As a 0.050 phase equiripple 
filter, the group delay variation is minimal within the 
passband and up to - 2 x Ie. One fact not denoted in 
the transfer function diagram is that the DIFF± output 
is delayed by 1.2 ns relative to the NORM±. This is to 
ensure sufficient data setup lime for a flip-flop in the 
pulse qualifier. 

An 1 % 12.1 kQ resistor and a 0.01 J.l.F are needed from 
the RX pin to ground for filter biasing. 

New -3dB Bandwidth 1 
Boost (dB) Cutoff Frequency 

7 2.42 
8 2.51 
9 2.59 
10 2.66 
11 2.73 
12 2.80 
13 2.86 

BIQUA04 

5.37034 

5 2+ 1.145585+5.37034 

5 2+ 1.68495 s + 1.31703 
Normalized for roc = 2 1t Ie = 1 rad/s 

Is ~F ~ AD 

Denormalize the frequency by substituting 5 ~ (s/2 1t Ie) 
e.g. Ie = 8.0 MHz, s ~ s/[2 1t (8 X 10 )]6 

FIGURE 4.2.1: Programmable Filter Normalized Transfer Function 
AN = 1.17 and AD = 1.51 for unity gain (0 dB) at 0.67 fc 

K varies from 0 to 4.57 for boost up to 13 dB 
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4.2.1 Cutoff Control 
For optimized signal-to-noise performance in a zoned 
recording application, the SSI32P4730/3471 provides 
a programmable low pass filter. The filter cutoff fre­
quency is programmable from 3 MHz to 9 MHz by the 
Fc DAC, an on-chip 7-bit DAC. In any non-servo mode, 
i.e. SG = 0, the Fc DAC is controlled by the Data Mode 
Cutoff Register. Inthe Servo mode, i.e. SG = 1, the Fc 
DAC is controlled by the Servo Mode Cutoff Register. 
This allows immediate bandwidth adjustment switch­
ing between data Read and Servo modes. 

The filter cutoff frequency is determined as: 
fc (MHz) = 9 • Code I 127. In general, the cutoff 
frequency should be set to about the maximum signal 
frequency at the given data rate. However, the user 
should optimize the filter cutoff setting for a given headl 
media system combination. 

4.2.2 Boost Control 
For pulse slimming application, the programmable 
filter allows high frequency boost equalization. The 
filter boost is programmable from 0 to 13 dB by the Fb 
DAC, an on-Chip 7-bit DAC. The Fb DAC is controlled 
by the lower 7 bits of the Filter Boost Register. In the 
Servo mode, i.e. SG = 1, the boost can be enabled I 
disabled by the MSB of this control register. 

The filter boost is set as: 
Boost (dB) = 20 log [(0.0273 • Code) + 11. This boost 
setting should be optimized for lowest bit error rate for 
a given head/media system combination. 

*4 g r" tOOil t.H' ~ mtj 
4.2.3 Programmable Filter I/O & Test Points 
In troubleshooting the programmable filter, the follow­
ing I/O and test points should be examined: 
• IN± 

Differential analog input of the filter: The DC bias 
voltage is approximately 3.SV. The AGC ampli­
fier output, VOA±., should be ac-coupled to this 
input. 

• ON± 
Differential normal low pass filter output: This 
output should be ac-coupled to the DP/DN input. 
It is simply the filtered version of the IN±. In a 
closed AGC loop, it should be - 1 Vppd. The filter 
has a nominal gain of 2.0VIV in the passband. 
However, the gain can be higher at frequency 
where boost is applied. The DC bias voltage is 

. approximately 2.3V. 
• OD± 

• RX 

Differential differentiated low pass filter output: 
This output should be ac-coupled to the CP/CN 
input. It is the bandlimited time differentiated 
version of the IN±. Every peak (positive or nega­
tive) is translated into a zero crossing. Its ampli­
tude is frequency dependent. The DC bias volt­
age is approximately 2.3V. 

Reference resistor pin: An external 1 % 12.1 kQ 
resistor should be connected from this pin to 
ground. The voltage at this pin is proportional to 
absolute temperature. At room temperature 
ambient, this voltage is typically measured to be 
700 mY. 

• DACOUT 
Multiplexed DAC output: When Window Shift 
Register: D7-6 = 00, DACOUT = Fc DAC. 
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4.0 READ MODE EVALUATION (continued) 

4.3 TIME BASE GENERATOR FUNCTIONALITY 

The SSI32P4730/4731 includes the time base genera­
tor to support the variable data rate in a zoned record­
ing application. The data separator VCO requires a 3X 
data rate reference frequency (not to confuse with 
FREF, which is reference to the time base generator). 
Thus, for 24 MbiVs operation, a 72 MHz reference is 
needed to the data separator. The time base generator 
provides such a stable reference frequency. 

The SSI32P4730/4731 time base generator is a phase 
locked loop based frequency synthesizer, Figure 4.3.1 . 
If Control A Register: 04 = 0, the time base generator 
output, Fout, is made programmable by loading two 
divide-down factors achieving better than 1 % resolu­
tion upto 75 MHz. If the Control B Register: 04 = 1, the 
frequency synthesizer is bypassed. The time base 
generator output is at the same frequency as FREF. 
FREF should pe limited between 8 MHz to 20 MHz. 

In the frequency synthesizer active mode, Fout = FREF 
• [(M + 1) I (N + 1)]. The N factor is a 7-bit code in the 
N Counter Register. The M factor is a 8-bit code in the 
M Counter Register. How do you determine the optimal 
Nand M codes? The principle is to meet the frequency 
resolution requirement and to achieve the highest 
update rate for the phase detector. Figure 4.3.2 illus­
trates a flow chart to determine the M and N codes. 

The M and N counters can be programmed anytime. 
However, they only become effective after a Data Rate 
Register programming. This is to reduce any transient 
condition for the phase locked loop in new data rate 
programming. 

An external differential passive loop filter is need in the 
phase locked loop. This loop filter design allows design 
trade off between PLL settling time vs noise jitter 
performance. The differential architecture minimizes 
external noise pickup. The loop filter design details are 
presented in the next section. 

4.3.2 Time Base Generator Loop Filter Design 
The SSI32P4730/4731 requires a loop filter to control 
the PLL locking characterisitcs. While there are several 
types of filters that can be usedto perform this function, 
a Simple differential integrating filter, Figure 4.3.1, has 
proven to be very effective. 

In designing the loop filter for the TBG PLL, two key 
considerations should be noted: 

• PLL settling time 
In zoned recording application, the TBG output 
frequency must vary with data rate changes from 
one zone to another. When the M Counter Reg­
ister is updated, the PLL would acquire and 
settle to the correct output frequency. This set­
tling time should be less than the minimum track­
to-track seek time. 

• C1 capacitor must have low leakage. 
Typically, C1 should be selected to be less than 
1.0 ~F. 

The loop filter bandwidth .must be large enough for the 
PLL to settle fast. Yet, the time jitter performance is 
improved by a lower filter bandwidth. Thus, the band­
width should only be large enough to meet the PLL 
settling time requirement. 
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C2 

~ 
TFLT Rl Cl mT 

SSI32P473014731 

---I +(N+l) I PHASE "--
DETECTOR VCO FOUTTO 

DATA SEPARATOR 
r-

t +(M+l) J 

FIGURE 4.3.1: Time Base Generator Functional Model 

M-INT[ =~~~ (N+l)-l] 

NO 

FOUT. FREF !~: N 

NO 

FIGURE 4.3.2: M & N Codes for Time Base Generator 
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4.0 READ MODE EVALUATION (continued) 

4.3 TIME BASE GENERATOR FUNCTIONALITY (continued) 

Figure 4.3.1 shows the functional model diagram. C2 is typically designed to be only one-tenth of C 1, for high 
frequency noise shunt purpose. It may be neglected in the R1 and C1 design consideration. From second-order 
linear analysis, the loop response can be shown to be: 

KD = Phase Detector Gain 
9j = Reference input phase 
90 = VCO output phase 

VVCO = lOUT 0 F(s) F(s) = Loop Filter Transfer Function 

9 KVCOoVvco KVCO = VCO Gain 
o (M+1) s 

90 _ KVCOoKDoF(s) 

9j s+KVCOoKDoF(s)/(M+1) 
1 

F(s)=Rl+­
sC1 

_ KVCOo KD 0(1 + S R1C1)/[C1(M + 1 )) 

- s2+SKVCOoKDo __ R_l_+_K~V~C~O_o~K~D 
(M+1) C1(M+1) 

Let the characteristic equation be written as: 

x (s) = S2 + 2s ~ ron + ron 2 2 KVCO·KD 
ro -----

n - C1(M+1) 
~= KVCOoKDoR1 

2(M+ 1)ron 

The damping factor of 1.0 is employed thereby allowing the damping factor to drop as the frequency drops. 

The acquisition time of the loop is set-up to accommodate a zero phase restart and allow for 1 % maximum phase 
error after acquisition. 

Refer to Figure 3 in Data Synchronizer Family Applications Notes in 1992 Data Book. 
ronT = 5.2 

where T = settling time 

From data sheet, KVCO = 0.17 Olvcorad/(V-sec), rovco = 2 x 7t X Fout 
KD = (0.6768 0 DR-code + 3.4798) IlA!rad; see latest specifications for 

accurate values 

Design Example: 
Assume a Data Rate of 24 MHz with a TBG reference FREF = 12 MHz 
Choose N = 14 and M - 89 for an FOUT of 72 MHz 
NOTE: The choice of N will decide the size of Capacitor C1 

KVCO = 76.9 Mrad / (V-sec) 
KD = 76.5 I1A / rad 

Max settling time = 0.5 ms» Olv = 10.4 Krad / sec 

C1 = 0.91 JlF 
C2 = 0.091 JlF 

Rl = 212Q 
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In the following table, R C1 and C2 were chosen based on the maximum data rate. Wn and Psi are then re­
calculated based on other data rate requirements and calculated loop filter component values. 

Zone Data Rate N M KD KVCO T Wn Psi 

0 24 14 59 76.5 76.5 0.5 10.4 1.0 
1 20 14 49 63.0 64.1 0.55 9.4 0.90 
2 16 14 39 50.2 51.2 0.62 8.4 0.81 

4.3.2 Time Base Generator Jitter Performance 
Jitter performance is an important figure of merit for a 
time base generator. For a single-chip read channel 
device, jitter can degrade a drive system in two areas: 
(1) noisy reference clock to the data separator, and (2) 
write data clock instability. Because the data separator 
is re-trained and re-Iocked to the read data pattern, the 
former is not as critical as the latter. 

One method to minimize the TBG output jitter is by 
limiting the TBG PLL loop filter bandwidth. However, the 
loop bandwidth must be wide enough to allow fast 
acquisition time. 

The SSI 32P4730/4731 features very low output jitter. 
With the proper loop filterdesign, the SSI32P4730/4731 
rms jitter is specified as <130 ps. For design purposes, 
the time jitter six sigma would be + or - 400 ps. 

4.3.3 Time Base Generator 1/0& Test Points 
The SSI32P4730/4731 Time Base Generator has only 
one input and one test point. 

• FREF 
TIL frequency reference input: This input pro­
vides a reference input to the TBG PLL. It should 
be limited to between 8 MHz to 20 MHz. When 
the TBG is bypassed, as commanded by Control 
A Register. 04, the data separator PLL refer­
ence is that at the FREF input. 

• MTP3 
This test point can be configured to monitor the 
data separator PLL reference clock. 
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4.4 DATA SEPARATOR FUNCTIONALITY 

The SSI 32P4730/4731 Data Separator performs the 
following functions: 

• Synchronization 
• RLL 1,7 encode & decode 
• Address mark generation & detection (for soft 

sector application) 
• Preamble generation & detection 
• Write pre-compensation 
• Window shift adjustment 

4.4.1 Synchronization 
For synchronization, the data separator has two objec­
tives: 

• Clock regeneration 
• Encoded data syncrhonization 

4.4.1.1 Clock Regeneration 
Because the data is coded with the clock Signal, the 
clock must be regenerated for precise timing. For the 
SSI 32P4730/4731 , the clock regeneration is accom­
plished with a phase locked loop comprised of a phase 
detector, a loop filter and a voltage controlled oscillator 
(VCO). The VCO runs at 3X the NRZ data rate. For 
24 Mbit/s operation, the VCO should run at 72 MHz. 

In the Idle mode, i.e. RG = WG = SG = 0, the VCO is 
phase & frequency locked to the time base generator 
output, Fout, which can be either a frequency synthe­
sized signal or FREF (see Section 4.3). With the TBG 
output at 3Xthe NRZdata rate, the VCO is centered for 
a subsequent read/writecycle. The RRC isatthe NRZ 
data rate, which is Fout + 3. 
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4.0 READ MODE EVALUATION (continued) 

4.4 DATA SEPARATOR FUNCTIONALITY 
(continued) 

4.4.1.1 Clock Regeneration (continued) 

Entering into the Read mode, i.e. RG 0-to-1 transition, 
the phase detector reference input switches from the 
TBG output to the delayed read data, ORO. A preamble 
pattern of 19 '3T' is used for training the VCOto phase­
lock to the ORO. 

To reduce the initial phase error, the SSI 32P47301 
4731 employs a zero-phase restart technique which, 
after 3 ORO transitions, halts the VCO momentarily 
until the 4th ORO transition is detected. The initial 
phase error is limited to below 2 ns of the decode 
window. For 24 Mbit/s operation, this represents - 7% 
error, or 0.45 radian. 

In addition to the zero-phase restart, the SSI32P47301 
4731 also feat.ures phase detector gain shift, enabled 
by Control B Register : 01, to support fast phase 
acquisition. When phase detector gain shift is enabled, 
immediately following the read gate transition, the 
phase detector gain is 3X the nominal Idle mode phase 

detector gain. The PLL bandwidth is effectively in­
creased by a factor of -v3. The gain shift remains active 
until after the first 14 '3T' patterns are detected. After 
the 14th '3T', the phase detector gain returns to the 
nominal value for improved jitter performance. The 
VCO continues to be trained by the remaining pre­
amble pattern. After the first 19 '3T' patterns are 
detected, an internal VCO lock signal is asserted. 

With the internal VCO lock asserted, the following two 
events are initiated: 
o The RRC is now switched from Fout + 3 to VCO +3. 

During this switching, the RRC may be held static for 
a maximum of 2 NRZ clock periods. However, the 
SSI32P4730/4731 guarantees noglitchonthe RRC. 

o The data syncrhonizer decode window, to be defined 
in Section 4.4.1.2, boundaries are by the next two 
'3T' pattern. 

When the phase detector gain shift is disabled, imme­
diately following the read gate transition, the phase 
detector gain is 3X the nominal Idle mode phase 
detector gain. The PLL bandwidth is effectively in­
creased by a factor of -v3. The gain boost remains 
active throughout the read cycle. 

RG.Jr------------------u-nc-e-rta-in-, b-u-t n-o--T-o-be-d-e-lined, but 

RRe 

veo 

glitch; hand 011 Irom no glitch; RRe 
Fout to veo aligning to DRD 

1lJUlSlIlIlJlJ" ___ I1.fLIlJL __ ~ 

~ ___ III\JIIU1IlIIJI ___ nnnnnnnnnnnnnrm 

r ~~~!i~t; 1 ] 
• Engage PD gain 

boost ,I enabled 

4th Transition 
• Restarts veo 

14th Transition .1 
• DiS~:?ir :.,~~:~ 

19th Transition .1 
• veo Lock declared 

. RRe source switches Irom 
Foutto veo 

. Align data synchronization 
window 

t 
• Bit sync guaranteed by 

the 22nd transition 

FIGURE 4.4.1: SSI 32P4730/4731 Regeneration Process 
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FIGURE 4.4.2: SSI32P4730/4731 Data Separator Phase Detector Data Locking Mechanism 

Figure 4.4.1 illustrates the clock regeneration process. 

4.4.1.2 Data Separator PLL & 
Phase Decode Window 

In the Data Read mode, the veo is locked to the ORO 
by phase comparing the VeO+2 and ORO. Each ORO 
pulse corresponds to a read data '1'. Its width is one­
half of the encoded bit period. Its leading edge enables 
the phase detector. Its trailing edge is phase compared 
to the rising edge of VeO+2. The veo is then steered 
in the direction to correct the phase difference. After a 
phase comparison, the phase detector is disabled until 
the next leading edge of the ORO. 

An important concept in the working of data separator 
is the phase decode window. The phase decode win­
dow is the time span between two consecutive falling 

edges of the VeO+2. In a locked condition, when the 
phase detector is enabled at the beginning of a phase 
decode window, the phase decode window is said to be 
perfectly centered. Should a ORO bit shift by up to half 
of VeO+2 period in either direction, this ORO bit would 
still be phase compared with the proper VeO+2 rising 
edge, Figure 4.4.3a. If the DRD pulse width is not 
matched to half of VeO+2 period, the tolerance on bit 
shift is reduced. The DRD bit would be phase com­
pared to the wrong VeO+2 rising edge. Thus, a phase 
decode error would occur. It should be noted that a 
phase decode error would cause a tran~ient distur­
bance on the veo control voltage. 

The SSI 32P4730/4731 features excellent matching 
between the DRD pulse width and the veo period. 
Figure 4.4.4 shows some test data taken on this 
device. 
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bit cOrfllared 

with the wrong 
VCo.2edge 

PUMP UP ______ -'-__ --1 L.... __ 

(b) l5FIn Pulse Width Longer than 0.5 VCo.2 Period 
Bit Shift up tolerance I. reduc ed before 
compared with the wrong VCO+2 edge. 

FIGURE 4.4.3: SSI32P4730/4731 Data Separator Phase Decode Window 
Asymmetry causes bit shift tolerance reduction. 
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FIGURE 4.4.4: SSI32P4730/47311/3 Delay Cell & VCO Period Matching 
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4.0 READ MODE EVALUATION (continued) 

4.4 DATA SEPARATOR FUNCTIONALITY ( 
continued) 

4.4.1.3 Encoded Data Synchronization 
With the clock extracted from the read data, the SSI 
32P4730/4731 re-synchronizes the encoded data prior 
to the 1,7 Decoder. Figure 4.4.5 illustrates the timing 
function of the synchronization. 

4.4.1.4 Data Separator PLL 1/0 & Test Points 
The following I/O & test points are helpful in trouble­
shooting the data separator PLL: 
• MTP1 

Open emitter output test point: it can be config­
ured to monitor the VCO+2 reference to the 
phase detector. See Section 4.1.4. 

• MTP2 
Open emitter output test point: it can be config­
ured to monitor the ORO input to the phase 
detector. See Section 4.1.4. 

• MTP3 
Open emitter output test point: it can be config­
ured to monitor the reference frequency to the 
data separator PLLin the idle mode. See Section 
4.1.4. 

·DFLT&DFLT 
Differential VCO control pins: a differential loop 
filter is connected across these two pins. The 
common mode voltage at these two pins should 
be near 2.0V. 

• RRC 
TIL read reference clock output: the RRC 
frequency should be at the NRZ data rate. 

4.5 DATA SEPARATOR LOOP FILTER DESIGN 

The SS132P4730/4731 data separator PLL requires a 
differential external loop filter. Again, the same inte­
grating loop filter topology as for the Time Base Gen­
erator can be used. The loop filter bandwidth must be 
suffiCient large for minimal phase error atthe end of the 
VCO training pattern. However, the narrow bandwidth 
is desirable for noise & jitter rejection. 

The SSI32P4730/4731 features a high phase detector 
gain boost for fast phase acquisition, and yet narrower 
bandwidth in normal data read operation. While enter­
ing the read mode, the data separator PLL utilizes a 
zero-phase restart technique to minimize the initial 
phase error between the VCO & the ORO pulses. The 
initial phase error is 2 ns. For 24 Mbit/s operation, this 
corresponds to 0.45 rad phase error. The data separa­
tor PLL has 16 '3T' pattern period to lock onto the ORO 
pulses. Depending on system parameters, such as 
jitter expectation from the head I media combination, 
the user must decide the maximum acceptable final 
phase error at the end of the training sequence. The 
following presents a design example, with the phase 
detector gain shift disabled. 

DRIT=2tjD Q RE·SYNCHRONIZED 
ENCODED DATA 

VCO+2 

FLIP FLOP INPUT 

VCO+2 

RE-SYNC·ED 
ENCODED DATA 

o o o 

FIGURE 4.4.5: Data Resychrnoziation Timing 
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4.0 READ MODE EVALUATION (continued) 

4.5 DATA SEPARATOR LOOP FILTER DESIGN (continued) 

4.5.1 Phase Detector Gain Shift Disabled 

Assume max DR = 24 Mbitls 
1 

Encode Bit Period = 1.5 x 24 MHz = 27.78 ns 

Sixteen '3T' pattern implies training time T = 16· 3 ° 27.78 ns = 1.33 JlS 

Let Z be the damping factor. It is set to 1.0 to allow a drop as the data rate increases. 
Let the final phase error be less than 1% of maximum phase error. 

From SSi 1992 Storage Data Book, page 4-211, Figure 2, oon T = 2.6 

Thus, oon = 3.91 Mrad/s 

It was shown in Section 6.6.1 

OOn 2 = _K_V_C_O_o_K_D 
3C1 

Z= KVCOoKDoR1 

2·3·oon 

From data sheet, KVCO = 0.17 OlvcrJ2 = 0.17 ° 1t ° 72 = 38.5 Mrad/(V-sec) 
KD = (2.0304 ° DR-code + 10.4394 = 229.7 J,!AIrad; 

DR Code = 108 for 24 Mbit/s 

C1 = 192 pF 
C2 =19pF 

R1 = 26750 

see latest specifications for 
accurate values 

In the following table, R C1 and C2 were chosen based on the maximum data rate. Wn and Psi are then re­
calculated based on other data rate requirements and calculated loop filter component values. 

Zone Data Rate KD KVCO T Wn Psi 

0 24 229.7 38.5 1.33 3.9 1.0 
1 20 189.1 32 1.61 3.23 0.828 
2 16 150.5 25.6 202 2.58 0.66 
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SSI 32P4730/4731 
Single-Chip Read Channel Device 

4.6 1,7 RLL DECODE FUNCTION 

The SSI32P4730/4731 supports the 1,7 RLL encode & 
decode function. In the read mode, the encoded data 
from the reacllwrite preamplifier is AGC amplified, pulse 
qualified, clock extracted and re-synchronized. The 
encoded data is then decoded back into the NRZ 
domain. 

Because every three encoded bns are decoded into two 
NRZ bits, the leading bit of the three-bit frame must be 
defined. This is the bit synchronization. When the RG is 
asserted, nineteen 3T patterns must be detected prior to 
the internal VCO lock is asserted. Afterthe internal VCO 
lock is asserted, the SSI 32P4730/4731 searches for 
three consecutive 3T patterns for bn synchronization. 

PREVIOUS 

ENCODED BIT 

I'Dr"t*iit.hi~$(j 
The bit immediately following the last '1' bit of the three 
3T patterns is defined as the leading bit of a three-bit 
frame. The decode function follows Table 4.6.1. 

The decoded NRZ data appears at the NRZOUT pin. A 
valid NRZ data bit is clocked out by a RRC falling edge. 
The controller should receive the NRZ data bit by RRC 
rising edge. The NRZOUT bit is guranteed to be present 
at least 13 ns beforelhe RRC rising edge, and at least 
13 ns after the same RRC rising edge. 

In non-read mode, i.e. RG = 0, the NRZOUT is a tri-state 
high impedance pin. With the RG asserted, the NRZOUT 
is an output pin. Refer to the electrical specification for 
the delay time limits. 

PRESENT NEXT 

NRZ BIT X D1 X D2 X 

FIGURE 14: Definition of Y1-3 & 01-2 for Decode Table 

14-87 II 



SSI 32P4730/4731 
Single-Chip Read Channel Device 

Ph D.lI tiii t.h' ~ 01 
4.0 READ MODE EVALUATION (continued) 

4.7 ADDRESS MARK DETECT FUNCTION 

The SSI 32P4730/4731 can support both hard sector 
and soft secto( operations. 

In hard sector operation, the AMENB pin is held to logic 
'0' and the AMO output is in tri-state high impedance 
mode. The read cylce is initiated with the RG assertion. 
No address mark detection is necessary. 

In soft sector operation, the address mark must be 
detected before the RG is asserted to continue a read 
cycle. With the AMENB asserted to logic '1', the SSI 
32P4730/4731 initiates the address mark search. An 
address mark pattern should consist of two 8T patterns 
followed by two 12T patterns. The address mark detect 
circuitry searches for six consecutive D's followed by 
nine consecutive O's. After the.six consecutive O's are 
detected, the nine-O pattern must be detected within five 
encoded '1' bits are detected. If no nine consecutive 0 
pattern is detected before the fifth encoded '1' bit is 
detected, the address mark search resets and looks for 

8T, 8T, 12T, 12T 
Address Mark 

the six consecutive O's again. lithe nine consecutive O's 
are detected, the AMO output is pulled to logic '0' until 
the AMENB is released. The RG should be asserted 
after AMO is pulled low. Figure 4.7.1 illustrates a timing 
example in the soft sector read mode. 

4.8 WINDOW SHIFT FUNCTION 

The SSI 32P4730/4731 allows the user to perform 
window margin testing with the window shift function. If 
the synchronization window is well centered without 
loss, the window can be theorectically shifted up to 
50% in each direction. The window shift function is 
accomplished via a digital delay circuit which can delay 
the ORO with respect to the VCO+2, or vice versa. 
Figure 4.8.1 illustrates the window shift function. 

By programming the Window Shift Register, the syn­
chronization window can be shifted up to 15% in either 
direction. The lower 4 bits, 03 .. 00, sets the amount of 
window shift. 04 determines the window shift direction. 
05 enables the window shift function. 

DATA 

AMENB -.J 
AMD tri-state \ 

/,---1 ____ _ 
LJ tri·state 

RG ________ -' 

FIGURE 4.7.1: Read Mode Soft Sector Timing 
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FLIP FLOP INPUT 

VCO+2 

RE-SYNC'ED 
ENCODED DATA 

SSI 32P4730/4731 
Single-Chip Read Channel Device 

Window Shifted Late 

o o 

(a) WINDOW SHIFTED LATE 

Window Shifted Early 

o o 

'4 ij r" tOO" t.H' ~ Mtl 
Window Shifted Late 
Bit Shifted Early 

o 

Window Shifted Early 
Bit Shifted Late 

o 
ORO __ -, 

FLIP FLOP INPUT 

VCO+2 

RE-SYNC'ED 
ENCODED DATA 

(b) WINDOW SHIFTED EARLY 

FIGURE 4.8.1: Window Shift Function Illustration 
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SSI 32P4730/4731 
Single-Chip Read Channel Device 
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5.0 SERVO MODE EVALUATION 

The SSI 32P4730 and 32P4731 both support 4 burst 
servo capture function. Four internal peak capture 10 
pF capacitors are used to sample the 4 servo bursts. 
While all other functions are identical between the two 
devices, the two devices offer different servo capture 
schemes. 

For both the P4730 and the P4731 , the servo mode is 
initiated by asserting the servo gate. With a 0-to-1 SG 
transition, the following events occur: 

• the AGC control enters the fast decay (gain 
increase) for 1.0 J.l.S, 

• the programmable filter cutoff freqeuncy is set 
according to the Servo Mode Cutoff Register, 

• the programmable filter boost is enabled I dis­
abled according to the MSB of the Filter Boost 
Register, 

• the pulse qualification method and percentage 
are set according to the Servo Threshold Regis­
ter, 

• the qualification threshold time constant is 
switched to the RTS pin, and 

• the AGC functions will regulate the DP/DN signal 
to the prescribed level according to the Servo 
AGC Level Register. 

Because the servo signal and the data rate signal are 
typically of different frequency, the filter bandwidth can 
be set independent from the data mode. Likewise, the 
boost function can be enabled or disabled. The pulse 
qualification percentage, method and time constant 
are also set independent from the Data mode. 

Immediately following the SG 0-to-1 transition, the 
device enters the fast decay mode for 1.0 J.l.S. A servo 
preamble pattern is expected to allow the AGC to 
regulate the DP/DN signal level, which is program­
mable from 0.77 Vppd to 1.0 Vppd via the Servo AGC 
Level Register. The HOLD should be pulled to logic '0' 
after the servo AGC preamble. 

The control sequence after the servo preamble pattern 
differs between the 32P4730 and 32P4731. 

5.1 SSI 32P4730 SERVO 

The SSI 32P4730 features A+B, A-B and CoD servo 
outputs. Other input controls for the Servo mode in­
clude RESET, LATCHO, LATCH 1 , STROBE and 
reference input (SREF). 

The RESET input, when pulled to logic '0', the four 
internal peak capture capacitors are discharged and 
reset. All outputs are expected to be at the voltage as 
the SREF, which should be between 1.0Vto 3.0V. The 
RESET input can be active without SG activated. 

Each burst channel is designated by LATCH1 and 
LATCHO as following: 

• LATCH1, LATCHO = 0, 0 Burst Channel A 

LATCH1, LATCHO = 0,1 Burst Channel B 

• LATCH 1 , LATCHO = 1,0 

• LATCH 1 , LATCHO = 1,1 

Burst Channel C 

Burst Channel D 

The amplified, filtered and full-wave rectified servo 
signal is peak captured onto an internal hold capacitor, 
designated by LATCH1 and LATCHO, when STROBE 
= '1 '. When STROBE = '0', the full-wave rectified output 
is disconnected from all internal hold capacitors. It is 
recommended that STROBE returns to '0' before 
LATCH1/0 change state for next burst channel. 

The voltage gain from the DP/DN to the internal hold 
capacitors is 1.0 VoplVppd. For example, a 0.4 Vppd 
DP/DN signal yields O.4V (relative to a given reference 
bias). The P4730 outputs are defined as: 

• A + B = DP/DN@ Burst A + DP/DN@ Burst B + SREF 

• A - B = DP/DN @ Burst A - DP/DN@ Burst B + SREF 

• C - D = DP/DN @ Burst C - DP/DN @ Burst D + SREF 

All DP/DN voltages are peak-to-peak differential. 
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SSI 32P4730/4731 
Single-Chip Read Channel Device 

If' D _]I t,I1 [.h' ~ $(1 
I Servo AGC I Grey Code I A 

Preamble . . 
B C D 

SG J : 
1 lIS: 

L 
Fast Decay 

HOLD -------, 

u 
LATCHl ______________ ~ 

LATCHO __________________ ~~ 

STROBE ________ ~ 

FIGU RE 5.1.1: SSI 32P4730 Servo Control Sequence 

5.2 SSI 32P4731 SERVO 

The SSI 32P4731 features individual servo burst out­
puts: Bursts A, B, C and D. Other input controls forthe 
servo mode include RESET, STROBE. A reference 
output voHage is available, MAXREF, which should be 
always higher than the maximum possible Bursts A, B, 
C and D voltage when DP/DN = 1Vppd. 

The RESET input, when pulled to logic '0', the four 
internal peak capture capacitors are discharged and 
reset. All outputs are expected to be at 0.5V. The 
RESET input can be active without SG activated. 

There is no burst channel address bit needed for 
P4731. With the RESET pulled to logic 0, the internal 
counter is pre-set for Burst Channel A. With the first 
falling edge on the STROBE input, the counter is 
advanced to Burst Channel B. Another falling edge 
advances the counter to Burst Channel C. Another 
falling edge advances the counterto Burst Channel D. 

The amplified, filtered and full-wave rectified servo 
signal is peak captured onto an internal hold capacitor 
when STROBE = '1'. When STROBE = '0', the full­
wave rectified output is disconnected from all internal 
hold capaCitors. 
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The voltage gain from the DP/DN to the Bursts A, B, C 
and D outputs is 2.25 Vop/Vppd. For example, a 0.4 
Vppd DP/DN signal yields 0.9V (relative to a given 
reference bias). The 32P4731 burst output is: 

• Burst X = DP/DN @ Burst X • 2.25 + 0.5 V 

The DP/DN voltage is peak-to-peak differential. 

5.3 SERVO DIGITAL OUTPUTS 

To support the servo timing, the SSI32P4730/31 have 
two TTL digital outputs: RDIO and PPOL 

RDIO 

This pin must be configured as an output for this utility. 
In the servo mode, a 10 ns pulse is generated for each 
qualified peak. This output is disabled, pulled to static 
'1', when either RG or WG is at logic 1. 

PPOL 

When RG and WG are both logic 0, this output repre­
sents the polarity of the peak being qualified. A logic 1 
indicates a positive peak. A logic 0 indicates a negative 
peak. 
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I Servo AGC I Grey Code I A 
Preamble . . 

B C o 

SG J : 
1 JlS~ 

L 
Fast Decay 

RESET----------~L_J 

LATCH 1 
(internal, advanced by STROBE falling edge) 

LATCHO ____________________ ~ 
(internal, advanced by STROBE falling edge) 

STROBE _________ ----' 

FIGURE 5.2.1: SSI32P4731 Servo Control Sequence 

6.0 WRITE MODE EVALUATION 

In the write mode, the SSI 32P4730/4731 converts the 
NRZIN data into 1,7 RLL encoded data. Write mode is 
entered by asserting the write gate, WG, while the read 
gate, RG, is held to logic O.ln soft sector operation, the 
circuit generates an address mark and a preamble 
pattern. In hard sector operation, the circuit generates 
the preamble pattern without preceding address mark. 
The NRZIN data is clocked into the encoder at each 
WCLK rising edge. The encoded data appears at the 
WO output pin which feeds a write driver. The data 
separator PLL and the RRC are locked onto the time 
base generator output. 

The WO is an active low signal. When an encoded '1' bit 
is to be written, a low pulse of 0.67 encoded bit period 
occurs at the WD output. 

6.1 ADDRESS MARK GENERATION 

The address mark generation is only applicable to soft 
sector operation. One NRZ period after the WGO-to-1 
transition, the AMENB is asserted for at least 1 NRZ 
period and at most 27 NRZ period. The address mark 
pattern of two 8T's followed by two 12T's is automati­
cally generated. With the NRZIN input kept at logic '0', 

3T patterns are generated to follow the address mark 
pattern. From the WG 0-to-1 transition, the NRZIN input 
should be kept at logic '0' for at least 65 (for hard sector, 
at least 38) NRZ periods to ensure the complete pre­
amble & bit sync pattern is written. 

At the end of the NRZ data stream, at least five addi­
tional NRZ bits are recommended before. the WG re­
turns to logic O. 

6.2 WRITE PRECOMPENSATION FUNCTION 

The SSI 32P4730/31 supports a programmable write 
precompensation function, which can be enabled by 
Write Precomp Register. 03 = 1. The device examines 
the bit pattern to determine the write precomp direction 
as governed in Table 6.2.1. 

The 3 LSBs of the Write Precomp Register programs 
the amount of write precompensation as integral mUl­
tiple (up to 7X) of 4% of encoded bit period. For 
example, a precomp magnitude of 16% of the encoded 
bit period is given by setting Write Precomp Register: 
02-0 = 011. 

The write precornp function is bypassed in the direct 
write mode, see Section 6.4. 
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TABLE 6.2.1: Write Precompensation Direction 

Bit Bit Bit Bit Bit Bit N Precomp 
N-2 N-1 N N+1 N+2 Direction 

1 0 1 0 1 None 

0 0 1 0 0 None 

1 0 1 0 0 Early 

0 0 1 0 1 Late 

Late = Bit N is shifted toward Bit N+ 1; Early = Bit N is shifted toward Bit N-1 

~hDwr~e precomp disabled U U 
___ -, Early Late ,....-__ _ 

WD U U 
with wr~e precomp enabled 

FIGURE 6.2.1: Write Precomp Effect on WD 
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6.0 WRITE MODE EVALUATION (continued) 

6.3 1,7 RLL ENCODE FUNCTION 

The SSI32P4730/31 converts the NRZIN data into 1,7 RLL encoded bits as given in the data sheet endode table. 

· . 
Previous · Present Next · · 

X 02 ~ 01 X 02 ~ 01 X 02 

~ Y2 Gd Y1 

FIGURE 8.3.1: Definition of Y1·3 & 01·2 in Encode Table 

The write data output, WD, is synchronized to the 
internal synthesized clock which can be asynchronous 
relative to the WCLK input. In the bit stream of the NRZ 
input, every two NRZ bits are paired together and 
encoded into three 1 ,7 RLL code bits. The pairing of the 
NRZ bits can be one of two combinations which, for 
discussion purposes, are termed as odd-even pair and 

even-odd pair. The odd-even pair and the even-odd 
pair will be encoded into different 1,7 RLL code bits. 
However, in the decode process, both pairings will 
result in the same NRZ pattern with a possible extra 
leading '0' bit. While a controller will re-frame the NRZ 
data, this does not create any problem in a system 
application. 

Consider the following NRZ bit pattern: OAD340HEX = 00101011010011010000 

The two possible NRZ pairings are: 
odd-even pair - 00 10 10 
even-odd pair - 01 01 01 

The encoded bits are: 
odd-even pair - 010 010 010 
even-odd pair - 000 001 000 

6.4 DIRECT WRITE FUNCTION 

The SSI32P4730/4731 supports the direct write func­
tion by setting Control B Register: DO = 1. In the direct 
write mode, the 1,7 RLL encoder and the write 
precompensation are bypassed in the write mode. The 
NRZIN data is buffered and appears at the WD. 

11 01 00 11 01 00 
10 10 01 10 10 00 

100 001 010 100 001 001 
010 101 000 010 101 001 

This is an abridged applications note for the SSI 
32P473014231, a more detailed note is available upon 
request. DeSign notes and evaluation techniques are 
suggested when applicable. This note is intended to 
supplement the device specification. For updated de­
vice parameter limits, the user is recommended to refer 
to the specification. 
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