HA13501S

Three Phase Motor Driver with Speed Discriminator

Description

The HA13501S is hall sensorless three-phase brushless
DC motor driver for HDD and, has the following func-

tions and features.

Functions

+ 3-phase motor drive circuit (1.2 Afphase)
* Start up circuit

+ Digital servo system

+ Digital ready circuit

» Chip enable

 Motor on/off

« Internal protecior (OTSD, LVD)

Features
+ Hall sensorless motor driving system

« Low saturation voltage; 1.5 V max.
(@1l =038 A)

« Applicable for 4.0 MHz clock
* Small surface mount package (6;—c < 7°C/W,

Ordering Information

Type No. Package

Preliminary

HA135018

(MP-26DT)

HA135018 MP-26DT
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HA13501S
Block Diagram

r g @A) - (B (- @@
(]
)
' dwind SJUNoY ¥8OZ
' abieyn [ -uosig pasdg [ e/ 0 SO
: dwe
' syng
(Paro0] paedSiH) ()
Apeay Apeal
" Hain paadg
_ syl seping |
' waling u -
" v
1
1
Id p | dslo
1l e _>J _.v__qo
) JONUOD
ﬂoro S "
1
of | | IR
an «
00 & M 10}0a13p
: oulg
NO % "
UG 10)R19uab 015018 yZr—
—00r (er)- A uone} dopeep o S0LD
ST e il I N
) S ]
‘a % ; PN o snlpe :
3 ULl | £2)—
12 ! =
—L & n ) ) = ;oo
& * |
101D H e . duwe inding )
SNIVLS
RSLFAS () T 2o @ "
20 I e D et e ®|||||._

® HITACHI

Hitachi America, Ltd.  Hitachi Plaza » 2000 Sierra Point Pkwy. * Brisbane, CA 94005-1819 « (415) 583-8300

176



HA13501S

External Components

Parts No. Recommended Value Purpose Notes
R1p1 1MQ Oscillation
Ry 10kQ2< 2100 kQ VCO time constants 1
R 100kQ < 21 kQ VCOIN time constants 2
Rnr - Current sensing 3
R 8.2kQ< 247 kQ Integral constants 4
R> —
Cio1 10 uF and 0.1 uF Power supply by-passing
Ciop 0.1 uF Control amp phase compensation
Cio3 0.01 uF
Cio04,C105, Cios 0.01 uF Output filter
C107, C108 10 uF Oscillation
Ciy — VCO time constants 1
Cio — -VCO time constants 2
Cq — Integral constants 4
Co —
D, Dy Dy — Output clamp 5
X'tal o Oscillation 6
Notes: 1. The relationship of time constant Cy; » Ryy and the VCC frequency fyco is shown as foliows:
() Vpind =0V
fyco = % O 1)
OV <Vpd<2V
fuco =(0.75 —0.34 ¢ Vpind) 7 Cip @ R cnieeiiie et e (@)
(i) Vpind > 2 V
fyeo = % (2 FYGO) oererersseeeesreneemeeseeeereeeee e e e s )
(c.f. figure 3 in references)
The maximum frequency fycoy should be satisfied with the following equation:
fucot =0.06 \/ m ...................................................................... (4)
Where,
J 1 Morment of inertia (kg * cm * s2)
P : number of poles in the motor
Kr : Torque constant kg ¢ cm/A)
lomax: Output maximum current (A)
2. The time constant Cy, * Ry which determine the frequency transition time of the VCO,
should be satisfied with the following equation:
Cio ® Rz 2 0.5 T eiiaeeeieieenrireeeies it e ettt ses s ns et ers s e s s eae b e san s e aneeembsee an (5
where Tg is the motor starting up time
(c.f. figure 2 in references)
3. Output maximum current lymax is determined by the following equation:
Lomax = Vrert 7 RINE coeeereermrricerirreeent s stestet sttt s et er et sr e srseeen e e ne soee sresmeance (6)
where,
Vier1: Current limiter reference voltage
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HA13501S

4.

The integral constant can be designed as follows:
2w D Ng P

W < ETE X 60 X e 7)
%f" = 5_153 x gg?}%%g& .................................................................... ®)
R € 25 KOttt eea bt e e ab bbb e ettt a st ©)
C1 =17 (/10 105 ® Ro) [F]lereouerrirmersscmeesssicesiss st ssssessasss s sissesss s (10)
€0 = 10 8 G [Pl oot et e ter et r sttt (1
where,

GeTy: gain from pin 13 to pin 16 (see electrical characteristics)
Some motors require these components,

6. The OSC frequency fogc is determined by the following equation:

f0SC = 5558 Ng ® P 8 D oooooooeeeeeeeeeeeeveseses e s (12)

where,

No : Standard rotation speed (rpm)

D : Dividing ratio on divider

D=1/6@Pin 10 =Low)

D =1/4@ Pin 10 = High)

In order to minimize the error of rotation speed, select the dividing ratio m as follows:

at 8 pole motor - D =1/4
at 12 pole motor - D = 1/6

Timing Chart
Start-up
CE
MTRON
VCOIN
Cni
V]
v : { :
LR— L ﬂ
SYNG i
oft ——;4——— Synchronous running —-—-——g—— Normal running
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HA13501S

Running
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HA13501S

Absolute Maximum Ratings (Ta = 25°C)

Item Symbol Rating Unit Notes
Power supply voltage Vee 7.0 v 1
Input voltage VIN Vee \ 2
Output current lo 1.2 A 3
Power dissipation Pr 2.0 W 4
Junction temperature T +150 °C 5
Storage temperature Tstg -55to +125 °C

The absolute maximum ratings are limiting values, to be applied individually, beyond which the device may be permanently damaged. Functional operation under
any of these conditions is not guaranteed, Exposing a circuit to s abeclute maximum rating for extendad periods of time mary affect the device's reliability,

Notes: 1. Operating voltage range is 4.25 Vto 6.75 V.
2. Applied to CE, MTRON, DSEL 1 and VCOIN inputs.
3. Operating locus must be within the ASO.
ASO. of upper and lower power transistors are shown figure 1 in references.

4, Value at T = 136°C
Thermal resistance is shown below.

8;~ ¢ < 7°C/W, 8; - 51 < 15°C/W (using Fe board), § - o» < 62°C/W (using glass epoxy board)
5. Operating junction temperature is Tj,, = 0°C to +125°C.

Electrical Characteristics (Ta = 25°C, Ve =5.0V)

Appli-
cable
Block Item Symbol Min Typ Max Unit  Test conditions  Terminal Notes
Total Quiescent current foc — 10 15 mA  Pin8=0V 15
|ccz — —_ 2.0 Pin8=50V
CE Input low voltage Vi — — 15 v 88,10
MTRON Input high voltage Vil 35 — —
DSEL Input low current I — — +10 pA Pin8,10=0V
Input high current Iy — — +10 Pin8 10=50V
Outputamp. Leak current lcear  — — 1.0 mA Vep=7V 18,19,21
Saturation voltage Veat  — — 0.8 v fg=01A 1
Ve  — — 15 lo=08A
Curren ref. voltage Viett 225 250 275 mV  Rye=100Q 16 2
limiter
VCO Input current bn —_ — 200 nA Pind =0V 4
OSC frequency fvcor 90 110 130 Hz Pin4 Ry 1
=0V =68kQ
OSC frequency fvcoz 2 1 13 Hz Pin4 Cy 1
=25V =0.1pF
V/F conversion gain Gyr — -0.45 — Y 1 3
vCo Sink current hs — 10 -— HA Rig = 130 kQ 3
input Source current . — 1 - Pin3=20V
contro!
Set up voltage Vprz 1.1 1.3 15 Vv Rio = 130 kQ2 2
Threshold voltage Vin 2.2 2.5 2.8 \ 3 4
Zero x Min. input sensitivity Vming 60 - — mVpp Pin22=15V  21,19,18
comparator
Control amp Gain Getl — 0 —_ dB 13,16
Internal reference Viep 1,15 1.25 1.35 Vv
Oscillator freguency error ferr - — +0.1 % X'tal 5,6
Speed Operating frequency fosc -~ — 8 MHz 5.6 5
discri Count number N — 2084  — —
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HA13501S

Electrical Characteristics (Ta = 25°C, Vo = 12 V) (Cont'd.)

Appli-
cable
Block ltem Symbal Min Typ Max Unit  Testconditions  Terminal Note
Tharge RT sel-up vollage v T15 725 T35 1 R =82 K2 12
pump Charge current IeH 125 150 175 pA Ry=82kQ 13
Pin13=10V
Discharge current lois -125 -150 175
Leak current lcgra  — — 50 nA
Current ratio lrat 09 1.0 11 — brat = Icw/ipis
Sync running  Qutput high voltage Vort Vee-04 — - v lg=-1.0mA 11
monitor Output Tow voitage Voo — — 04 fo=10mA
Ready Output high voltage Voo  Vec—-04 — — v lg=-1.0mA 12 6
Cutput low voltage Voo — - 4.0 lg=10mA
LvI Recovery voltage Vivr — — 8.0 v
08TsD Operating temperature Trso 125 150 — °C 5
Hysteresis temperature Thys — 25 —
Notes: 1. Sum of upper and lower saturation voltage.

1
2. The reference voltage V g1 is measured from pin 15 to pin 16.
3. Seefigure 3 in references.

4. Seetiming chart.

5. Design guide only

6

. Ready output becomes high while the rotation speed error is smaller than 1%.

References
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Figure 1 ASO Output Stages
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Figure 2 Saturation Voltage of OQutput Stages
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Figure 3 VCO Characteristics

G HITACHI

Hitachi America, Ltd. ® Hitachi Plaza » 2000 Sierra Point Pkwy. » Brisbane, CA 94005-1819 « (415) 589-8300




