HA13471,

HA13472

Three-Phase Brushless Motor Driver

Description

The HA13471 and HA13472 are three-phase brushless motor
drivers intended for use as spindle motor drivers in hard disk
drives.

Features

« Soft switching (no voltage spike occurs during phase
switching)

«» Output stage snubber circuit not needed

« High output current
—2.0 A/phase (HA13471)
—4.0 A/phase (HA13472)

+ High-efficiency, low-noise operation

Functions

 Three-phase driver

« Hall amplifier with AGC and matrix
» Midpoint feedback

« Forward/reverse select

« Output disable

» Oscillator

« Divider ratio selector (1/32, 1/16, 1/8)
 Speed discriminator

« Integrating amplifier

« Control amplifier

¢ Current limiter

+ Low voltage inhibiter (LVI)

¢ Overtemperature shutdown (OTSD)
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HA13471, HA13472

Block Diagram
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HA13471, HA13472

Absolute Maximum Ratings (Ta = 25°C)

Rating Unit Notes
Parameter Symbol HA13471 HA13472
Power supply voltage Ve +15 +15 v 1
Input voitage Vin Vee Vee \ 2
Output voltage o 2 4 A 3
Power dissipation Pr 25 25 w 4
Junction temperature Tj 150 150 'C )
Storage temperature Tstg 55104125  -551+125 'c
Notes:

1. Operating power supply voltage range is 12 V £15% (10.2 V to 13.8 V).

2. Applies to Hall amplifier, forward/reverse select, and divider select inputs.
3. The operating locus for all output transistors should not exceed the ranges shown in figure 1 or figure 2.

Vee (V)

Figure 1 HA13471

4. For Tc = 75°C. Thermal resistance is as follows:

8j — c <3°C/W
0j - a < 40°C/W

S. The operating junction temperature range is as follows:
Tjop = 0°C 10 +125°C

Ic (A)

e 8 ‘13'}’15’” 20
Vee (V) 138

Figure 2 HA13472
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HA13471,

HA13472

Electrical Characteristics (Ta=25°C, Vo = 12V)

Parameter Symbol Min Typ Max Unit Test Conditions Pins Notes
Current consumption Icc - 22 33 mA 1
Hall amplifier Input resistance Rhi 10 13 kQ 13,15
In-phase input voltage VH 25 - Vee V 17,19
-25 21,23
Differential input voltage Vh 75 — 300 mv
Output amplifier Leakage current ICER —_ —_ 2 mA Vcg=15V 18, 20, 22
Saturation voltage Vsat1 — 28 32 V Io=30A(15A) 1
Vsar — - 18 V  19=06A(03A) 1
Current limiter Internal reference voltage  Vigfy 0.225 0.25 0275 Vv 16
Buffer amplifier Internal reference voltage V(g Vec/2 Veg/2 Veg2 vV 7
-10% +10%
Voltage gain GeTL -2 0 +2 dB  Pins8-16 16
Integrating amplifier Input current ig (ER) — — 60 nA
Output voltage amplitude A+ 0.55 0.7 085 V lo = 0.5 mA 8 2
A- -0.55 -0.7 -085 V lo=-0.5mA 2
Bandwidth BW —_ 14 — MHz G,=0d8B 3
Speed discriminator  Output high voitage VoH Vcc-03 — — Vv lo = 0.5mA 6
Output low voltage VoL — — 02 V  Ig=-05mA T
Leakage current loft . — 160 nA -
Number of counts — 2048 —
Oscillator Frequency error forr — —_ 01 % Using crystal oscillator 4
Frequency range fosc — — 8 MHz Using crystal oscillator -
Forward/reverset Input high voltage VIH 36 — -V Reverse 9
sefect input middle voltage Vim 22 — 28 V  Stop -
input low voltage ViL —_ - 14 V Forward -
Input high current A — o054 08 mMA Vy=55V T
Input low current m — 044 08 mA V =00V T
Divider Input high voltage ViK2 3.6 — -V Divider ratio 1/32 5
Input middle voltage Vimz 22 - 28 V  Dividerratio 1116 T
Input low voltage iz — — 14 V  Divider ratio 1/8 -
Input high current K2 ~— 0.54 08 mMA Vo =55V T
Input low current 2 —  -044 08 mA Vp=0CV T
Revolution rate Output leakage current IcCER2 — — 100 pA  Vegp=15V 2
output Output iow voltage VoLz — — 04 V Ig=1mA S
LVI operating voitage - - 80 V
OTSD operating temperature Ted 125 150 - *C 3

Notes:

1. Sum of upper and lower saturation voltages. Values for the HA13471 are in parentheses.
2. Measured based on Viep).

3. This is a design target, and will not be factory tested.
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HA13471, HA13472

Timing Chart
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HA13471, HA13472

External Components

Symbol Recommended Value Purpose Notes
HA13471 HA13472
3.5" x 2 disks 5.25" x 6 disks
Ry01.R102 560 Q 560 Q Hall element bias 1
Rio4 4700 470 Q Oscillation stability 2
Ry 240 kQ 33 kQ Integration constant 3
Ry 560 kQ 560 k2
BNE 0.33 Q x 2 (parallel) 0.33 Q x 4 (parallel) Current detect 4
C401.C102.C103 0.0 47 pF 0.047 pF Stability
Ci04 247 uF 247 uF Power supply filter
Cq05 0.1 uF 0.1 uF Midpoint feedback phase comp ion
Cio6 0.047 puF 0.047 uF AGC filter
Cio7 0.01 puF 0.01 pF Control amplifier phase compensation
C1i08 0.1 pF 0.1 uF
Ci09 10 pF 10 pF DC filter
C110 0.047 uF 0.047 uF Stable oscillation
Cy 0.022 uF 0.022 uF Integration constant
Co 0.22 uF 0.22 uF
X'tal 3.932 MHz 3.932 MHz Oscillation generator
Notes:

1. Choose R} and Ry such that the Hall amplifier output voltage falls between 75 and 300 mVp, p.

2. Not required if oscillation frequency is under 4 MHz.

3. The optimal value differs depending on motor constants (moment of inertia, torque constant, and revolution rate).
4. Output current is limited as follows:

Iomax = Vref/RNF
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