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KA3017

Spindle + 4-CH Motor Driver

Features

» Built-in Pover Saw Circuit
¢ Built-in Curent Limit Circuit

« Built-in Thermal Shutdown Circuit (TSD)

* Built-in Hall Bias
e Built-in FG Sigial Ouput Circuit

¢ Built-in Raational Direction Detecting Circuit
» Built-in Praection Circuit For Rewerse Raation

» Built-in Short Brake Circlit
* Built-in Normal OP-AMP

 Built-in 4-CH Balanced Trarsformerless (BTL) Driver
* Built-in BTL MUTE Circuit (CH1-2, CH3and CH4)

e Corresponds o 3.3V DSP

Target Application

* Mini Disk Player
 Digital Video Disk Player
» Car Mini Disk Player

e Car Navigaion System

Description

The KA3017is a madlithic integatedcircuit suitable for a
4-CH motor driver which drives the trackng actwtor, focus
actuator, sledmotor, loading motor ard 3-phase BLDC
spndle motor of the MDP/CAR-MD/CAR-NAVIGATION
system.

48-QFPH-1414

Ordering Information

Device Package Operating Temp.
KA3017 48-QFPH-1414 -35°C ~ +85°C

Rev. 1.0.3

©2002 Fairchild Semiconductor Corporation
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KA3017

Pin Assignments
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KA3017

Pin Definitions

Pin Number Pin Name I/0 Pin Function Description
1 VH I Hall Bias
2 FG (0] FG Signal Output
3 ECR | Torque Control Reference
4 EC | Torque Control Signal
5 VCC2 - Supply Voltage
6 PC1 - Phase Compensation Capacitor
7 SIGGND - Signal Ground
8 VM - Motor Supply Voltage
9 CS1 | Current Sensor
10 SIS | Start/Stop
11 DIR (0] 3-Phase Rotational Direction Output
12 SB I Short Brake
13 PWRGND - Power Ground
14 A3 (0] 3-Phase Output 3
15 A2 (0] 3-Phase Output 2
16 Al (0] 3-Phase Output 1
17 OPIN+ I OP-AMP Input (+)
18 OPIN- I OP-AMP Input (-)
19 OPOUT o] OP-AMP Output
20 VCC1 - Supply Voltage
21 AVM12 - BTL CH-1, 2 Motor Supply Voltage
22 Dl4 I BTL Drive Input 4
23 DI3 | BTL Drive Input 3
24 DI2 I BTL Drive Input 2
25 DI1 I BTL Drive Input 1
26 DO1- (0] BTL Drive 1 Output (-)
27 DO1+ o] BTL Drive 1 Output (+)
28 DO2- O BTL Drive 2 Output (-)
29 DO2+ (0] BTL Drive 2 Output (+)
30 BTLPGND1 - BTL Power Ground 1
31 BTLPGND2 - BTL Power Ground 2
32 DO3- (0] BTL Drive 3 Output (-)
33 DO3+ o] BTL Drive 3 Output (+)
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KA3017

Pin Definitions (continued)

Pin Number Pin Name I/O Pin Function Descrition
34 AVM3 - BTL CH3 Motor Supply Voltage
35 DO4- (0] BTL Drive 4 Output (-)

36 DO4+ (0] BTL Drive 4 Output (+)
37 MUTE4 I BTL Drive Mute CH4

38 MUTE3 I BTL Drive Mute CH3

39 MUTE12 I BTL Drive Mute CH1, 2
40 AVM4 - BTL CH4 Motor Supply Voltage
41 BIAS - BTL Bias Voltage

42 BTLSGND - BTL Drive Signal Ground
43 H1- I Hall1(-) Input

44 H1+ | Hall1(+) Input

45 H2- | Hall2(-) Input

46 H2+ I Hall2(+) Input

47 H3- | Hall3(-) Input

48 H3+ | Hall3(+) Input
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KA3017

Internal Block Diagram
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KA3017

Equivalent Circuits

Hall Bias

FG Signal Output

50kQ:

10kQ

50Q

Torque Control Reference & Signal

Phase Compensation Capacitor

®®

50Q 1kQ

2kQ

2kQ

Current Detector

Start/Stop

VvV

50Q 50kQ :
@

30kQ =

Downloaded from Elcodis.com electronic components distributor



http://elcodis.com/parts/5469746/KA3017.html

KA3017

Equivalent Circuits (continued)
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KA3017

Equivalent Circuits (continued)
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KA3017

Absolute Maximum Ratings ( Ta=25°C)

Parameter Symbol Value Unit
Supply Voltage (BTL Signal) VCC1imax 15 \%
Supply Voltage (Spindle Signal) VCC2max 7 \%
Supply Voltage (Motor) VMmax 15 \%
Supply Voltage (BTL Motor) VMBTLmax 15 \%
Power Dissipation Pd 3.note W
Operating Temperature Range Topr -35 ~ +85 °C
Storge Temperature Range Tstg -55 ~ +150 °C
Maximum Output Current (Spindle Part) IOMAXS 1.3 A
Maximum Output Current (BTL Part) IOMAXB 1

Note:

1. When mounted on 70mm x 70mm x 1.6mm PCB (Phenolic resin material)

2. Power dissipation is reduced 24mW/°C for using above Ta=25°C

3. Do not exceed Pd and SOA (Safe Operating Area).

Pd [mW]
3,000

2,000

1,000

0

Recommended Operating Conditions ( Ta=25°C)

Ambient Temperature, Ta [°C]
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Parameter Symbol Min. Typ. Max. Unit
Operating Supply Voltage (BTL Signal) Vccel 4.5 - 13.2 \%
Operating Supply Voltage (Spindle Signal) Vce 4.5 - 5.5 \%
Operating Supply Voltage ( Spindle Motor) VM 4.5 - 13.2 \%
Operating Supply Voltage (BTL Motor) VMBTL 4.5 - Vccel \%
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KA3017

Electrical Characteristics (Ta=25°C, Vcc2=5V, Vi=12V)

Parameter Symbol Condition Min. Typ. Max. Unit
Circuit Current 1 Icci Power Save = 0V - 0 0.1 mA
Circuit Current 2 Icc2 Power Save = 5V - 8.0 - mA
START/STOP

On Voltage Range VPSON L-H Circuit On 25 - - \%
Off Voltage Range VPSOFF H-L Circuit Off - - 0.5 \%
HALL BIAS

Hall Bias Voltage VHB IHB = 20mA | - | 12 | 18 | vV
HALL AMP

Hall Bias Current IHA - - 1 5 UuA
In-phase in Voltage Range VHAR - 15 - 4.0 \%
Minimum in Level"°® VINH - 60 - - mVpp
TORQUE CONTROL

In Voltage Range Ec 0.5 - 3.3 \%
Offset Voltage (-)"°® ECOFF- ECR = 2.5V -80 -50 -20 mvV
Offset Voltage (+) ECOFF+ ECrR=2.5V 20 50 80 mV
In Current EcCIN Ec=EcCr=25V -5 -1 - UuA
In/Output Gain GEC Ecr=2.5V,Rcs=05Q| 0.41 0.51 0.61 AV
FG

FG Output Voltage (H) VFGH IFG = -10uA 3.0 - Vcc \%
FG Output Voltage (L) VFHL IFG = 10uA - - 0.5 \%
Input Voltage Range"°®® VFGR Hn+, Hn- input D-range 15 - 4.0 \Y
OUTPUT BLOCK

Saturation Voltage (upper TR) VOH lo =-300mA - 0.9 1.6 \%
Saturation Voltage (lower TR) VoL 10 = 300mA - 0.2 0.6 \%
Torque Limit Current ITL Rcs=0.5Q 560 700 840 mA
DIRECTION DETECTOR

Dir Output Voltage (H) VDIRH IFG = -10uA 3.0 - Vcc \%
Dir Output Voltage (L) VDIRL IFG = 10uA - - 0.5 \%
SHORT BRAKE

On Voltage Range VSBON - 25 - Vcc \%
Off Voltage Range VSBOFF - 0 - 0.5 \%

Note: Guranteed field. (No EDS / Final test)

10
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KA3017

Electrical Characteristics (continued)
BTL Drive Part (Ta=25°C, Vcc1=12V, VMBTL=12V, R =24Q)

Parameter Symbol Condition Min. | Typ. | Max. Unit
Quiescent Circuit Current Icc - - 9 15 mA
Output Offset Voltage Voo - -30 - 30 mV
Maximum Output Amplitude Voltage Vom - 9.5 10.5 - Y,
Voltage Gain Gvc VIN=0.1Vrms, 1kHz 10.5 | 12.0 | 135 dB
Ripple Rejection Ratio"°® RR VIN=0.1Vrms, 120kHz - 60 - dB
Slew Rate"°® SR 120Hz, 2Vpp - 1.0 - Vl/us
CH Mute Off Voltage VMOFFCH | Pin37, 38, 39 = Variation - - 0.5 Vv
CH Mute On Voltage VMONCH Pin37, 38, 39 = Variation | 2.5 - - \Y
NORMAL OP- AMP

Input Offset Voltage VOF - -10 - +10 mV
Input Bias Current IB1 - - - 300 nA
High Level Output Voltage VOH1 - 11 - - \%
Low Level Output Voltage VoL1 - - - 0.1 \Y,
Output Sink Current ISINK - 10 20 - mA
Output Source Current Isoul - 10 20 - mA
Open Loop Voltage Gain"°t® Gvo1 f=1kHz, VIN= -75dB - 75 - dB
Ripple Rejection Ratio"°® RR1 f=120Hz, VIN= -20dB - 65 - dB
Slew Rate"°®® SR1 f=120Hz, 2Vp-p - 1 - Vlius
Common Mode Rejection Ratio"°®® CMRR1 | f=1kHz, VIN= -20dB - 80 - dB

Note: Guranteed field. (No EDS / Final test)

11
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KA3017

Calculation of Gain & Torque Limit Current
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Ig Output
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+
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Max. output current limiting

0.255 is made from GM times RL and is afixed value within IC.

Gain = %290
s

ltifmA] = Ymax
Rs

_ 350[mV]

Rs

Vmax (seeaboveblodk diagram) is sd to 350mV.

H1 H2 H3
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KA3017

Application Information

1. Mute Function

1) Mute Cantrol Voltage Condition
Whenusing the mute function, the applied control voltage condition is asfollows.

Mute On Voltage 2.5[V] Above Mute Function Operation
Mute Off Voltage OPEN or 0.5[V] Below Normal Operation

2) Individud channel Mute Function
These jns are wedfor individual chamel mute geration.

- When the mue gns (pin 37, 38 ard 39) are OPENbr the wltages at the mue gns are below 0.5[V], the mue circdit is
disabed ard BTL output circuits gperate rormally.

- When the mue pns (pin 37, 38 ard 39) are albve 25[V], the mue circuts are activatedsothat the BTL output circuit
will be muted

- If the junction temperatue lises atove 175°C, thenthe thermal shutdown (TSD) circuit is activatedard all the autput
circuits (4-CH BTL Drivers and 3-phase BLDC Driver) aremuted.

2. 4-CH Balanced Transformerless (Btl) Driver

VCC

ot | I Q2
DRIVE DRIVE
AMP | | AMP

@ @
X2 @ @ X2
@ @
Q3 @ @ Q4
— GND
@
Vbias o L h
LEVEL
Vin o——AMN\ ] A_MP1 SHIFT
Rextern @

2] 10k

- Thevoltage, Vbias, isthe reference voltage given by the external bias voltage of pin 41

- Theinpu signals, Vin, throughthe pins (pin 22, 23, 24and 25) are amplified 10K/Rextern times and then fed to the level
shift.

- Thelevel shift produces tle curert due tothe dffererce ketweenthe input signal (Vin) ard the arbitrary reference
voltage (Vbias). The current produced as + Al and- Al are fed into the drive buffers.

- Thedrive hbuffer qperates tle power TR o the autput stage according to the state bthe input signal (Vin).

- The output stageis the BTL driver, and the motor (or actwtor) rotates inforward direction, when TR Q1 ard TR Q4 are
on. On the other hand, if TR Q2 and TR Q3 are on, the motor (or aduator) rotates in reverse direction.

- When the input signal Vin, throughthe gn (pin 22, 23, 24 and 25) is below the Vhias thenthe motor (actuator) moves in
forward drection.

13
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KA3017

- Whentheinput signal Vin, throughthe pin (pin 22, 23, 24 ard 25) is atove the Vbias, trenthe motor (actuator) moves in

reverse diredion.

-To charge the gain, modify the exerral resisto'svalue (Rexern)

3. Torque & Output Current Control
Torque & Output Current Control

VM VM
; RNF
- VRNF
Torque sense amp Current sense amp * lo
V, .
AMP ‘ Gain Driver @

Ec + ‘

ECR

Controller

- By anvylify ing the voltage diff erernce betweenEc ard ECRr from the Serw IC, the taque sense AMP producesthe input

voltage (VamPp) for thecurrent £nse AMP.

- Thecuren serse AMP produces tkeinput for the Gaincontroller to allow the autput currert (10) of the driver to be
controlled by theinpu voltage (VAM P), where the autput curert (10) is detectel by the senseesista (RNF) ard is

convertedinto VRNF.

- Inthe er, the sigralsof the Serw IC cantrol the velocity of the motor by controlling the autput currert (Io) of the

driver.

- When the junction terrperature risesup to 175°C, the output drive circuit shuts down.
- Therange of the torque control inpu voltage is as shown bdow.

VRNF
I\

Reverse ! ' X Forward
-—— —_—
\ h

! Ecoff+

o7 Y] EE N -

The input rarge (Ec) of the TorqueSense AMP is 0.5V ~ 3.3V

Rotation
Ec < EcR Forward rotation
Ec > ECR Stop after detecting

reverse rotation

Ecr-Ec[V]

14
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KA3017

4. Power Save Function

Bias block

Vee
100k

Start O 30KQ

L M\ ’ Q1

Stop O

12KQ
m

- The power saw circuit is activatedby operating TR Q1

- Whenthe SS Start/Stg) pin 10is high (Vcc), the TR Q1is tunedon ard the as drcuit is erabed. Onthe other hand,
whenthe SS (StarStagp) pin 10 is Openor Low (GND), the TR Q1 is turned off and the bias circiit is disabled

- The power saw operation controlled by SS pin 10) input conditions is as fdlows;

Pin#10 KA3017
High Start
Open/Low Stop

5. Short Brake Function

Drive logic

Whenthe dck-up mecharism moves from the imer to the auter spindle d the MD(Mini Disk), the krake function of the
reverse \oltage is canmonly enmployed to rate the rotationa velocity of the spndle notor.However, if the spndle notor
rotates rapidly, the trake function of the reverse wltage may produce ta much hea at the drive IC.

To remove these shrtcomings ard to erhance eficiency, the dort brake function is added to KA 3017 Whenthe short brake

function is active, all ypper Powver transistas are tuned off andthe lover Paver transistas turned on, soas toreduce tre rota-
tional velocity of the motor. The short brake gperation controlled by SB (pn 12), ard the input conditions are as flows.

6. Thermal Shutdown (Tsd) Function

Pin#12 SHORT BRAKE
HIGH ON
LOW OFF

Whenthe junction temperature risesup to 175°C, the autput drive circuit shuts down, whenthe junction tenperature falls df
to 160°C, the autput drive circuit operates ormally. It has the tenperature hysteresisof atout 15°C.

15
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KA3017

7. Rotating Direction Detecting Function

Vee
Ho+ +
)il +— Il DIR
S ) , @
D Q
cK
H3+ + m
H3- ) D-FIF

- Theforwardandreverse rdations of the MD aredetectedby the circuit, as shwn in the alove Table.
- Therotational diredion of the MD can beleaned by the output waveforms of the hall sensor and/or the driver. Hall
sersors are turnedonin the ader, H1 - H2 - H3 for thereverse raation The autput waweforms of the hall sensors are

as shown bdow.

H1

H2

Rotation DIR
Ec < EcCR Forward Low
Ec > ECr Reverse High

Inversely; if the hell sersors turn onin the ader, H3— H2- H1, then this slows forward rotation The autput waweforms of

the hdl sensorsare as shown bdow.

" J l—

mul

(a)

16
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KA3017

H1

H2
Ha J
(b)

8. Reverse Rotation Preventing Function

Ec

ECR— - H Current
Sense
Amp

H2+

Hz—_—Jj |_D o

CK

+ + ;
H3 g Gain Driver
H3- _ D-F/F Controller

- Theforward and reverse rotation of the notor aredetected as shown in the teable below. Consequently at reverserotation,
the D-F/F atput Q becames Low ard cus df the autput current serse Amp, resuting in the doppage d the Gain
controller function.

- When the MD isrotating in forward direction, EC>ECR is sanetimescontolled to retard ard/or sopthe MD. As the
controlling time of EC>ECR gets longer, MD slows down, sts, ard thenrotates inthe rewersedirection. To prevert the

MD from rotating in the reverse direction, a reverse rotation resigant function is required Its operationa principles are
disaussel bdow.

. Reverse Rotation Preventer
Rotation H2 H3 D-F/F

Ec<EcRr EC>ECR
Forward H H-L H Forward Brake and Stop
Reverse L H-L L - Stop

17
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KA3017

9. Fg Output Function

The FG aitput detectsthe rumber d rotations of the MD. This isgeneratedfrom combination zeracrossirg of the tall sersor
output waveforms. The FG output circuit is as shown beow.

H1 )il

H2 Jj
i\/ FG OUTPUT
+
|
10. Hall Sensor Connection
Extemal Hall semsors ae usedin series @ in parallel connectian asshown below.
\f ?
HALL 1
I
HALL 1 HALL 2 HALL 3
HALL 2
I
HALL 3

@VH @VH

18
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KA3017

11. Hall Input Output Timming Chart

The 3phase fal signal is anplified in the Fell amplifiers ard sen to the matrix section, where the sigal isfurther amplified
After the sgnal is convertedto a curent in the ampitude caitrol circuit, the currert is sypplied to the autput driver, which
then provides amotor drive current. The phases of the hdl inputsignal, output voltage, and output current are shown bdow.

H1+ I’\_/
H2 + /\

s ﬁ\

Al output current \_// !

Al output voltage

A2 output current

A2 output voltage

A3 output current \\/

A3 output voltage \

19
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KA3017

Typical Performance Characteristics

Total Circuit

lccl(A) lcc2(mA)
0015 Vcc vs lecl 10 Vcce vs lcc2
8 ,,,,,,,,,,,,,,,,
000 | - -
6 ,,,,,,,,,,,,,,,,,,,,,,,,,,,
‘ al -
00B [ - -
2 ,,,,,,,,,,,,,,,,,,,,
0.000 0
0 2 4 6 8 10 12 14 16 18 2 0 2 4 6 8 10
Vee(V) Vee(V)
lccl(mA) lcc2(mA)
1 Temp vs lccl 8 Temp vs lcc2
09fF---~-- -~~~
08fF----"---"---"-""---“----"---- 78
107
106 - -~ 76
105
104 V2
103 Vee2 = 12V
,,,,,,,,,,,,,,,,,, cc2 =
102 72 SS = 5V
101 ‘ ‘ ‘ ‘ ‘
10 7 1 1 1 1 1
-3H -5 0 p.s) 20 ) D -35 -5 0 ) 50 ) PD
Temp(° C) Temp(° C)
Vom(V) Gvo(dB)
Vcc vs Vom Vcc vs Gvo(5V)
5 13
25f - - - - - - - -
12 ,,,,,,,,,,,,,,
Us5¢--/------~---~---~----------
s . -~ . Input=0.5V, 45V Np-f----------=--- Vcel =5V
LT Bias = 2.5V Vin = 0.1V rms
Rin=10KQ 05¢/---"----""----"~--"- f= 1KHz
o I RiN=10KQ
0 10
3 35 4 45 5 55 6 65 7 4 45 5 55 6 65 7
Vee(V) Vee(V)
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KA3017

Typical Performance Characteristics (continued)

Spindle Drive Part

Gvo(dB) Vout(V)
3 Vccel vs Gvo(12V)

Vin vs Vout (5V)

ps| S

P -

usf o e
mp-- - I - - -Vecl=12v ||\ | S
: : : Vin=0.1V rms
05F - - - - IR - f=1KHz
: : : Rin=10KQ

Vcel =5V
Bias = 2.5V
Rin=10KQ

9 10 un 12 13 14 15 0 1 2 3 4 5 6 7 8
Vee(V) Vin(V)

Vout(V)
15

Vin vs Vout (12V)

of

Veel =12V
Bias = 2.5V
Rin=10KQ

o 1 2 3 4 5 6 7 8
Vvin(v)

Voh(V) Vol(mV)
12

lo vs Vol

1

08
T S

0af -~ io e

o2b - lo = source current 1} --r-_~--+--+-- lo=sourcecurrent - -

0 150 225 25 35 35 450 0 10 150 20 20 30 H 400 40 50
lo(mA) lo(mA)
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KA3017

Typical Performance Characteristics (continued)

OP AMP Part
Vrnf(mV) Vrnf(mV)
%0 Ec vs Vrnf B0 Ec vs Vrnf

,,,,,,,,,,,,,,,,,,,,,,,,,,,

Ecr = 2.5V

,,,,,,,,,,,,,,,,,,,,,,,,,,,

Ecr=1.6V

. RNF=0.5Q RNF=0.5Q
0 1 2 3 4 5 0 1 2 3 4 5
Ec(V) Ec(V)
Isource(mA) Isink(mA)
Vcc vs Isource Vcc vs Isink
””””””””””” Rout=50Q Rout=50Q
e R (- B e S
0
35 4 45 5 55 6 65 7 3 35 4 45 5 55 6 65 7
Vee(V) Vee(V)
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KA3017

Test Circuits 1
BTL Drive Pat

KA3017 -

W
O—\\\—9 RL4’
swa O—W\—¢ RL4

SW3O0—\\\—e RL3’
QO
O—\W\—¢ RL3
©

SERVO AMP
» TRACKING
» FOCUS
BTL SVC 17 SLED
= =L 1 CONTROL TRAY
OPIN (+) OPIN (-) OPOUT
Vce
 —  —  —
(V)
SW5 & N N
1 3 SW6 12k OLSWI
2 O— 1MQ >—'W\r—O/ 02
1MQ 10pF
VIN3
Vs1

Vp1
VINL P
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Test Circuits 2
Spindle Motor Drive Part
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KA3017

Application Circuits
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KA3017

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 2. A critical component in any component of a life support
which, (a) are intended for surgical implant into the body, device or system whose failure to perform can be
or (b) support or sustain life, and (c) whose failure to reasonably expected to cause the failure of the life support
perform when properly used in accordance with device or system, or to affect its safety or effectiveness.

instructions for use provided in the labeling, can be
reasonably expected to result in a significant injury of the
user.

www.fairchildsemi.com
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