I
FAIRCHILD

e ——
SEMICONDUCTOR®

www.fairchildsemi.com

Application Note 4112

The Selection Guide for Appropriate Motor Drive
ICs In Optical Media Applications

1. The need for gain adjustment
and the various input stage
schemes
Optical media systems have many motors (including
actuators) and most of them are DC motors. A Balance

Transformer-less (BTL) driver is commonly used to operate
these motors. Figure 1 shows atypical block diagram.

The total gain can be described as shown in equation 1

V
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Where, Ain is the gain of the input stage and Ap is the gain
of the power amplifier. Generally Ap is afixed value within
the IC, so Ain is used to change the overal total gain.
Because of various DSP operating voltages, power amplifier
supply voltages and the actuator's physical dynamic ranges,
the total gain should be adjusted to fit the specific
application.
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Figure 1. Overall block diagram
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Table 1. Classification of input stage schemes
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Without gain adjustment, the available resources can't be
used properly. For example Vinis 1.5V ina 3.3V DSP

application, the motor supply power VM is 12V, Apis4 and
Ain is 2. In this condition the output voltage is
1.5xApxAin=12V. But when VM is changed to 5V, the max-
imum output voltage is only 5V. This means that the input
range is limited to 0.8V. If Ain is adjusted to a lower value,
this situation can be avoided. Fig. 2 describes this example.
Another example shows power loss in the output stage due to
a change in the DSP operating voltage. When Vinis 2.5V in
a5V DSP application, VM is5V, Apis2 and Ainis 1, then
the output voltage is 2.5xApxAin=5V. If Vin is decreased to
1.5V because of a 3.3V DSP application, the output voltage

isonly 3V. In this case the surplus power that is (VM-3V)xI
[current] means that there is a power loss. This is described
infig. 3.

. . inXAin % BTL driver supply voltage(VM
VinxAin JVln AinxAp B pply voltage(VM)
Vin Y ittt
______ S
Tnput range Input stage gain .
If VM is decreased
become narrow must be lowered
— S
A > T
» normal condition
» In case the power voltage is decreased input voltage cannot be used totally
» Input stage is adjusted to use input range totally

Figure 2. Gain adjustment process when motor supply voltage is changed
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Figure 3. Gain adjustment process when DSP chipset voltage is changed
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The user can select any type of motor drive IC and change
total gain to any value according to the system configuration.
Hence, the input stages of the motor drive ICs have various
schemes to serve flexible total gain adjustment methods as
shown in table.1 The schemes are classified into 8 possible
methodsin Fairchild'slinear BTL drivers.

The total gain adjustment means to not only change Ain but
aso the ICs. The input stage gain Ain is made up of input
OP-amp gain and the ratio of the resistors. Some other
criterion is required in selecting the device, because the
difference in the temperature coefficient between internal
and external resistor resultsin total gain variation. The
influence of temperature variation and a possible solution is
explained in the following paragraphs.

2. The influence of temperature
variation in adjusting total gain.
In semiconductor manufacturing resistors are made by

various processes. These are diffusion, ion implantation,
epitaxial, etc. And most of the semiconductor processes use

the physical characteristics of doped impurity carriers. For
exampl e the unit resistance of a diffused layer isgivenin
equation 2.

- 1
Runit - qunNDT (2)

01 coulomb

Where, q isthe electron charge; 1.6x1l
|‘1n[cm2 IV - 9] isthe electron mobility
ND[cm'3] is the concentration of the donor
T isthethickness of the layer

In equation 2 is the function of temperature. Hence, the
resistance value will vary depending on the
temperature variation. Table 2 isa summary of resistor
properties.

Table 2. Summary of resistor Properties for different types of IC resistors

(Form Analysis and Design of Analog Integrated Circuits 3rd Ed.

By Gray and Meyer © 1993, John Wiley & Sons, Inc.)

Unit Absolute Matching Temperature
Resistor type resistance tolerance (%) tolerance (%) coefficient
Base diffused 100 ~ 200 +20 +2 Or £0.2 +233333530 c
Emitter diffused 2~10 +20 12 +600ppm/°C
lon implanted 100 ~ 1000 +3 +1 or 0.1 +100ppm/°C
Base pinch 2k ~ 10k 150 +10 +2500ppm/°C
Epitaxial 2k ~ 5k +30 15 +3000ppm/°C
Epitaxial pinch 4k ~ 10k 150 17 +3000ppm/°C
Thin film 0.1k ~ 2k +5 ~ 120 +0.2 ~£2 +10 to £200ppm/°C

L et's concentrate on the temperature coefficient of table 2. In
the case of abase pinch typeresistor, if the resistor valueis
10K then the resistor value at 100°C is calculated as shown
bel ow.

Rioocc = Rstan* (Rgran MTcoerr Hemp)

= 10K + (10K [2500 x 10™° [1.00)= 125kQ (3)

In the case of atype A intable 1, the gain of the input stage
is set to (R2/Rext) and only R2 is subject to change when the
temperature inside the IC is changed. If this R2 is a base
pinch type in table 2, the input stage gain Ain will increase
25% when the temperature inside the | C reaches 100°C.

3. Selection guide for a motor drive
IC

Keeping these semiconductor characteristics in mind, users
must note that the resistor value in the IC can be changed
around 10~30% from the typical value whentheICis
operated in hot conditions. Above all motor drive ICs in
optical media applicationsinclude power devices that handle
high current, which results in high power consumption

and heat generation. Therefore, a more reliable way to adjust
the input stage gain even though the temperature varies is
recommended.

Let's examine type B.2 in table 1 and assume that

R2= R1= Rext=10k at 25°C, R1=R2=12K at 100°C.
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R

R2 10k - ext2 2
25°Ccondition=>A; | = =05 (4) 100°Ccondition=>A. = ———
“R1I+R 10k + 10k EE
ext n Rextl+Rext2 1
100°Ccondition=>A; le; _12IiLiI§.0k:0'55 (5) _ __10k__ 2k _ .
xt ~ 10k + 10k 12k (")

The total gain difference between 100°C and 25°C isabout ~ We summarized the advantages and disadvantages of the

10%. various types of input stage schemesin table 3. Table 4 isa
summary of optical mediarelated motor drive ICs
But if the user uses atype B.3 the situation manufactured by Fairchild in the context of the above
dramatically changes thereisno gain variance. classification.
25°Ccondition=>A, = & EE-Z
n Rext1 * Rext2 1
__ 10k D! Ok _ (6)

~ 10k + 10k 10k _

Table 3. Summary of various input stages

Func. i
Tot_al gain Nee_ded Gain Extern. Input stage
variation? pin attenuation Com ain(Ain)
Type (with Temp.) (DSP/MDI) P 9
Type A Yes 11 Small gain 1R R2
yp Large gain

Rext
Type B.1 No 1/1 Fixed 0 R2

R1
Type B.2 Yes 1/1 Small gain 1R R2

Reyt t R1
Type B.3 No 1/2 Small gain 2R Rext2 E%Z
Rextl + Rextz 1
Type C Yes 1/2 Large gain 1R R2
Rgy//R1
Type D No 12 fma” gain 2RI0 Rextz
arge gain R .
extl
Small gain Differential

Type E No 2/3 Large gain 4R/2C PWM
Type L No 3/3 - - Logic loading
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Table 4. Classification of Fairchild Motor Drive ICs in Optical Media Applications

Channal

Input stage type (3-phase BLDC spindle included)

Device CH1 CH2 CH3 CH4 CH5 CH6 CH8
KA3014  * A A A SPM ; ]
KA3017  * A A A SPM ; ]
KA3012D E E E - _ ]
KA3018D2 E E E ; - ] ]
KA3021D C L B C - ] ]
KA3022D/D3 C L B C - - ]
KA3027D2 E E B L - - ]
KA3030D B B (**) B B L L ]
KA3031 E E (**) B B L L -
KA3032 E E (**) E E L - -
KA9258BD C C (™) C C ; ] ]
KA9259BD C B (**) B C L - -
KA9260D C A () A C L - -
FANS00OD C C (*) C C - _ ]
FANS033 E E E (**) E L L -
FANS001BD C B (**) B C L - -
FAN8024D/BD B E B B - - ]
FAN8725  * D D D D D SPM -
FANS002D2 B B - - - _ ]
FANS007D B B (**) B B L L -
FANS008 E E E E L L -
FAN8037 E E E L L L
FANS038B B B B B - - ]
FANS005D2 E E E - ; ] ]
FANS727 * A A A A SPM - -
FANS004 E E E E L - -
FANS034 E E E E E L -
FAN8039D3 A B B A L - -
FANS006D3 E B E E ; ] ]

*: one chip optical mediadrive IC, **: DC motor drive channel for spindle motor, SPM: 3-phase BLDC driver
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4. Conclusion

In a BTL type DC motor driver, the gain regulation is the
most important factor. With this in mind, the users are
encouraged to use a more stable method in gain adjustment,
and to pay close attention to temperature issues in motor
drive ICs.
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DISCLAIMER

FAIRCHILD SEMICONDUCTOR RESERVES THE RIGHT TO MAKE CHANGES WITHOUT FURTHER NOTICE TO ANY
PRODUCTS HEREIN TO IMPROVE RELIABILITY, FUNCTION OR DESIGN. FAIRCHILD DOES NOT ASSUME ANY
LIABILITY ARISING OUT OF THE APPLICATION OR USE OF ANY PRODUCT OR CIRCUIT DESCRIBED HEREIN; NEITHER
DOES IT CONVEY ANY LICENSE UNDER ITS PATENT RIGHTS, NOR THE RIGHTS OF OTHERS.

LIFE SUPPORT POLICY

FAIRCHILD’S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT DEVICES
OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF FAIRCHILD SEMICONDUCTOR

CORPORATION. As used herein:

1. Life support devices or systems are devices or systems
which, (a) are intended for surgical implant into the body,
or (b) support or sustain life, or (c) whose failure to perform
when properly used in accordance with instructions for use
provided in the labeling, can be reasonably expected to
result in significant injury to the user.

www.fairchildsemi.com

2. A critical component is any component of a life support
device or system whose failure to perform can be
reasonably expected to cause the failure of the life support
device or system, or to affect its safety or effectiveness.
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