












































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Sensorless Motor Speed Control 

Blocking Diodes 

A blocking diode is necessary only when external 
MOSFET drivers are used. This need arises from the 
fact that the upper P channel MOSFET has an inherent 
parasitic diode. This upper diode can be used to complete 
the set necessary for full-wave rectification of spindle 
motor but only when the cathodes of these diodes are 
isolated from the power supply. For this reason, a 
"blocking" diode isolates the power supply (which will be 
dropping) from the VBEMF point. This has the 
disadvantage of requiring a component and reducing 
the voltage available to the spindle motor by the drop 
across one diode. Figure 3 shows the blocking diode 
and how it isolates VBEMF from the supply voltage. 

Dynamic Braking and Free Spin 

Most MSC family components have a controlled brake 
feature; the SSI32H6812 does not. This feature allows 
the MSC operation to behave in two ways in response 
to a power failure. These modes of operation are 
determined by the voltage on the BRAKE pin. When 
BRAKE is above a voltage threshold, the spindle motor 
will free-spin during power fault. When the BRAKE 
voltage is belowthis threshold, the circuit will dynamically 
brake the motor. Figure 19 illustrates this bimodal 
braking operation. 

This braking feature is intended to be used with an 
external RC network which provides a programmable 
free spin to brake delay. If an RC network is connected 
so that the resistor is from SYSRST (an open drain 
reset signal available on Silicon Systems' positioner 
components) to BRAKE, and a capacitor connects 
BRAKE to ground, then the time taken for the brake 
capacitor voltage to decay below the threshold 
determines the free spin delay. 

Normal Freespin Brake 

-
FAULT 

V\/\ '\/\./\.7'\.'>0 

Threshold 

Figure 19. Bimodal Braking Operation 

POWER DISSIPATION CURVES 

Data sheets for Silicon Systems' devices with integrated 
power drivers for spindle or servo motors have typically 
specified drive capability in two ways. These two drive 
specifications are "ABSOLUTE MAXIMUM RATING" 
and "RECOMMENDED OPERATING CONDITIONS." 
The absolute maximum rating is a maximum current 
such as 1 A beyond which the component may be 
damaged. The recommended operating condition is 
intended to suggest a typical current amplitude. In fact, 
the recommended operating condition is of very little 
use since it does not reflect power dissipation versus 
time. A spindle motor draws considerable current when 
starting then drops off while running. Silicon Systems 
is now providing power dissipation curves for many of 
its integrated power devices. Power dissipation curves 
provide answers to "how much current can the device 
deliver" based on the time duration and ambient 
temperature expected. 

In any application, power will be dissipated in the motor 
loads, the sense resistors, and the drivers. Figure 20 
illustrates the approximate power dissipation curves 
for the SSI 32H6810A (this figure is only an 
approximation, please request the full page plot for 
actual analysis). The vertical axis of the power curves 
is power dissipation in watts inside the SSI32H6810A 
only. The horizontal axis is ambient temperature. The 
power curves consist of a family of individual test 
conditions; each test condition represents a different 
time duration of power dissipation. 

In a hard-disk drive, power diSSipation is not constant. 
The power dissipation during startup is greatest and 
then drops to a fairly small constant value while running. 
The VCM dissipation is very much dependent upon 
seek activity and is usually very small while track 
following. Because of the differences in power 
dissipation based on operating conditions, it is best to 
isolate operation into particular modes. Example modes 
are listed in the following: 
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Sensorless Motor Speed Control 

Operating Modes 

MODE CONDITION 

Startup Peak 1A start current, dissipation 
primarily in spindle driver resistance 
for a few seconds 

Seek Small spindle run current typically 
100 mA along with peak VCM currents 
possibly as high as 500 mA 

Track Small spindle run current ypically 
100 mA along with small VCM 
currents varying in time typically with 
average of 50 mA (measured at 
IWMPpin) 

Fault Retract current holding VCM in 
position and typically under 50 mA 

Operating mode power dissipation can be computed 
using the simple equation: 

p = [2 • R 

where P is power, I is current, and R is resistance. For 
each mode, power dissipation can be computed (not 
counting the worst case 100 mW dissipation in other 
circuits such as bandgap, digital, and misc analog) as 
tabularized in the example below for spindle resistance 
of 1.7 and VCM resistance of 2.50: 

MODE DISSIPATION 

Startup 1 .7 walts (12 • 1.7) 

Seek 642 mW [(0.1 2 • 1.7)+(0.52 .2.5)] 

Track 23 mW [(0.1 2 • 1.7)+(0.052 • 2.5)] 

Fault 6mW 

Clearly in this example, startup is the most demanding 
operating mode. Looking at the power curves in Figure 
20 show that the startup conditions can't be asserted 
indefinitely since the infinity curve intersects the vertical 
axis at less than 1.7 watts. The ten-second duration 
curve is very near 1.7 walts but this plot does not give 
sufficient resolution to precisely determine where its 
intersection is. The two-second curve intersects at 
approximately five watts and is well above 1.7 watts 
through 90°C. The plots show that the peak start current 
of 1 A can be dissipated for nearly 10 seconds without 

triggering the over-temperature shut-down circuit. 
Seeking is an application sensitive activity; even so, the 
power curves indicate that the drive could seek 
indefinitely out to an ambient temperature of 60 or 70°C. 

Many data sheets may not yet include power curve 
information. Please contact Silicon Systems' Servo/ 
MSC applications forthis information if you don't already 
have it. 

p 
watts 

6 

4 

2 

infinite 

o 20 40 60 80 100 120 'C 

Figure 20. Power Dissipation Curves 
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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 

'4 U." tiii t.h' ~ Mg 

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

d. Motor inductance is 3.5 mH, resistance is 70, 
and torque constant, Kt, is 3.5 oz-inlAmp. 
Knowing that the transient dies down expo­
nentially as: 

v= e(·th) 

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 -(V1:) by: 

Loge (1/1000) = -6.908 

and since V1: = 6.908, and t=694 ~ec, then 1: 

= 694e-6 + 6.908, which equals 1 00.5 ~ec. 
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·1 (.012/9.3)] = .074' 

Which is, of course, negligible. 

13-167 

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 = 1!w1l2 , and wll is the natural 
frequency in radians, and (Rm + R)C = 2~Wll ' and 

~ is the damping constant of the second order 
characteristic equation which defines the time 
constant, 

1: = 1/(~Wll). 

When critical damping is desired, as it is now, 1: 
reduces to 1/ww 
In our example 1: is 100.5e-6 sec, and in the 
calculation Lm xC = 1/w1l2 , therefore to calculate 
C when Lm is known: 

C = 1:2 ILm. 

In the example Lm is 3.5 mH, therefore C = (1 00.5e-
6)2/3.5e-3 

C = 2.89 JlFd 

II 



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, wtt . The total 
resistance for a damping factor of 1 (critical damp­

ing is desired) is: H(total) =(2 x 'C)/C 
R(total) =(2 x 100.Se-6)/2.8ge-6 

R(total) = 69.7n. 
To find R (the snubbing resistor) the motor resis­
tance is subtracted from the total resistance just 
calculated: 
69.7 - Rm( which is 7n), therefore: 

R = 62.7n. 

Summary 

This approach can be iterated to result in ~ 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. 

1:1 
/~C I 

V 

~ 
Figure 1: Motor and Snubber Circuit Equivalent Circuit 
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0691 

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 errorthatthis 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 ofthis method does nottry 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 
RAO/SEC .. 

Setting Speed Control 
Loop Compensation Gains 

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

KT is the motor torque constant. Use units that are 
compatible with J such as oz-iniAmp 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 

SIMPUFIED 

REF 377 
RADISEC ... 

TRANSFER FUNCTION 

OPEN LOOP TRANSFER FUNCTION = 11.6 ~I ~t KT (1 + ·ii~~ S) 

FIGURE 1: Motor Speed Control Linearized Block Diagram 
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Setting Speed Control Loop 
Compensation Gains 

From the open loop transfer function the loop gain is: 

LG= 11.6K;KAKT (1+ .775Kp S) 
J S2 11.6 K; 

This can be expanded to: 

LG= 11.6K;KAKT KAKT .775Kp 
J S2 + J S 

The problem is to select values for Kp and Ki 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: 

-11.6 K;KAKT . KAKT .775 Kp 
-.707, - j .707 = J w2 ,- J J w 

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

-116 KKK .707 J (2nBW)2 -.707 = . ; A T solving: K; = _.,....,..-:,...,-'---:-:----'_ 
J (2nBW)2 11.6 KAKT 

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

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 
S2 

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°. 

Now thatthe 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 

R; = Ro (1 - KKp - 1) 
I 

And solving for our example case: 

Rp= 610KQ 
RI = 1.45 MQ 
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Setting Speed Control Loop 
Compensation Gains 

g dB20 dB. ." +180° 

• ~ .. .. 
~ 
~ 
~ 
~ 
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I!!!!: !::iii ::iii ~ .. 
·20 dB. iii!I ·180° 

1 2 3 4 5 6 7 8 10 20 30 40 50 60 70 100 
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FIGURE 2: Open Loop Bode Plot 
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