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DESCRIPTION =~ % -

The M51785P/SP is a semlconductor Integrated circult de- |
signed for a slngle-chlp controller for FDD spindle motor;

consisting of power amplifier, Hall ajplifier, FG amplifier,
oscillator and speed discriminator and various protection
circuits.

The device shows superiority in speed switching function of
1 : 1.2 which enables miniaturization of motor sets and cost
reduction.

FEATURES _

® High-accuracy, high-stability, and adjustment-free con-
troller Is possible by digital servo .

® Speed switch of 1: 1.2 possiblercceeeerseesermeace: MOD

® Io(peaky=1.2A

APPLICATION
FDD spindle motor (57, 3.5")

RECOMMENDED OPERATING CONDITIONS

2 ENABLE systems r+eresseeeresrssessnmmniinnn.. EN, EN

.3- PHASE BRUSHLESS FdiOTOR CONTROLJ

PIN CONFIGURATION (TOP VIEW)

FG AMPLIFIER

0 3] «— FG AMPLIFIER
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INJECTION FG AMPLIFIER OUTPUT
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SETERTION 72] + ENABLE (EN)
W PHASE HALL DISCRIMINATOR
INPUT (4) 1] 23— ourTPUT
m;ll;lASE)HALL_, [15] 22] — ERPFLOTR( A—A_MPLIFIER
SosF [ ~ Siigg pueuiren
SETASE FILTER
WASE [T POWER SUPPLY

T-52-13-25

Supply vohage ...................................... 10_8 12 132\/
Oscillating frequency- -+ 400-650kHz
Ingector current ««-xesererererristireticesriiesaniinenen 2.5-3-7mA
Maximum output current::ooeeessressrremaeosesniennneiacene 800mA . _
FG OUT Load resistance «»+sseseseseserssmsesseaivenns 100k fﬁ%ﬁgﬁ%‘f'“—» — hEOMPLRIER
FG -amplifier input signal level -+-===s<-=--= 5 or above mVp.p § gggggﬁﬁﬁz g & : g@ﬁ;ﬁ;ﬁ:ﬁmpm
Hall amplifier input signal level :«-sceeeeee 50-100-150 mVp.p EEEZ\(EEALL = ?é%‘?wmﬂ
‘ R - Sekron
PR AL — 6] « ENABLE (EN)
5
, GND 3 GND
&
Sgﬁecﬁgn ~ i} o +—- ENABLE (EN)
W PHASEHALL _, [ ~» DISCRIMINATOR
m;ﬁl?(SE)HALL_’ 3] [70] «— ERROTR( AMPLIFIER
R N gJPPAUS'I'E «—[id] 9] — ERROR AMPLIFIER
GETASE o [ig] FJLTER
DHASE «—[Te] - POWER SUPPLY
32-pin molded plastic DIP (shrink) with fin
p
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BLOCK DIAGRAM : )
GND
Vee U v w RF FLT ERRour ERRyy 7~12 DSCour MOD
©—® —@— @ —@ D
. 25~30
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l DISCRI- I
: — MINATOR :
OPERATION zk
CONTROL EE
BIAS
i & — A\ L P
H -
4 3 6 5 )}H15)(14 24 ——
Hy- Hyt+ Hy- Hy+ Hy— Hyw+  EN ‘
Note Pin No.=M51785P.
ABSOLUTE MAXIMUM RATINGS (To=25¢)

Symbol Parameter : Conditions Ratings Unit
Vecoa Operating supply voitage 15 \4
lo Qutput current 1.2 A
Vupo | Hall amplifier differential Input voltage 3—4, 5—6, 14—15(Pin no). 5 v
Ilss Source/sink current 20, 21, 23, 32, 33, 36(Pin no.) . : +3 mA
Vin Pin applied voitage . 1,3,4,5,6, 14, 15, 22, 24, 31, 34(Pin no.) 0~Vee \
1inj injection current 20 mA
Vgre @ pin applied voltage 1 v
Pt Power dissipation - - Heatsink of infinite size used 4.5(8) w

K@ Thermal derating Heatsink of Infinite size used 27.8(15.6) ‘CT/W
T Junction temperature ) 150 ‘Cc
Topr Operating temperature —20~+4-75 C
Tstg Storage temperature : ' = —40~+4125 ‘Ce«
Vees Quiescent supply voltage . - ) EN-Lo, EN-HI. 16 Vi

() Shows the value of M51785SP :
‘\‘ -
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BT Lo Sme o T s L 3.PHASE BRUSHLESS MOTOR CONTROL
ELECTRICAL CHARACTERISTICS (Vec=12V, Ta=25%C, unless otherwise noted) * - i o
smool | T pamameter T 7T T T restoonditions Limits Unit
Min Typ Max
- EN=2,5V, MOD=EN=0.8V, excluding injec- ’
loo(H) Crcult current (EN ON) tion current and FG monitor pin ::urrgm.l No 9 18 28 mA
foad
lec(L) | Ciroult current (EN OFF) ;‘:.":fr:'c:;‘y'i:"\j:c’sm"iaﬂ." E:'i ; (;V':';':‘: - 90| 300 | wA
2.5V
Vec(OP)| Operating supply voitage 9 12 15 \"
linHa Hall amplifier input current — 0.4 4 A
Vi Phase output middie point voitage 5.3 6.5 7.3 \4
AVy Diifference of middle point voltage between phases —_ - 0.2 v
Vsat Output saturation yoltage A S'u;:e:; 2‘::;\ l:‘;‘;:- l\‘l’:;ﬂl;’\\N—- U- Totat of Vsat — 2.3 3.3 v
Vrn Control Input referance voltage FLT pin voltage producing output 1.0 1.1 1.2 \'
. - Source 16. 65 18,06 | 26.81
Gy Voltage gain between contol input and output Sk 20,82 23.80 | 26.81 dB
AGy Difference of voitage gain between phases — —_ 2 dB
Vryef Errar amplifier recerence voltage = Measure middle level of discriminator output 2,0 2.2 2.4 \
linea Error amplitier input current —2.0 | —0.02 — A
Voea Error amplifier output level | Hi | 2.2 2.5 8.1 v
Lo 0.6 0.8 1.05
Veu Current limiter reference voltage g:czglt:?:::;aﬁhigvﬂr pin voltage s re- 0.36 0.40 [ 0.44 A
Hi | 24, 31,34 2.5 — -
Vin Function Input threshold value — \"
Lo — — 0.8
[T] Input current at function input pin VZ12v %34 500 700 1000 mA
Vin=0V 31 —150 —100| —70
Vinj Injection pin voltage linj=6mA. 0.6 0.9 1.5
Voobso Discriminator cutput level —E‘;— :) ; ; g ? 3
+ for deceleration, —for acceleration
AT Dlscriminator count error fose=610. 2kHz. —6 1 6 | wusec
fosc Oscilllating frequency fosc=610. 2kHz. —0.2 — -+8.2 %
lin]MAX | Maximum injection operationg current fosc=610, 2kHz. 17 - - mA
linjMIN_ | A Injecti perating current fosc=610. 2kHz. —_ — 4 mA
Voo (FQ)| FG amplifier output fow level {(monitor) 1L.=200uA. - 0.1 0.2 v
1H(FQa) Leak current at FG amplifier output (monitor) pin 12V is applied — — 1.0 nA
Vecotsp) | Over-voltage protection operating voltage ) - "16.3 \
Tso Thermal shutdown protection operating temperature 150 c
AT(gp) | Thermal shutdown protection hysteresis 25 ‘c
Vintra)MIN| FG amplifier operating minimum input voltage Measure at FG monitor-pin 2.5 mVe_p
VEeatnm) | FG amplifier' input noise margin 1.0 mVpe.p
. MOD=Lo | Count error Is specilied in section 1695
Neowk Discriminator count no. —_
MOD=Hi 19 of ELECTRICAL CHARACTERISTICS. 2034
fraut Synchronous frequency MOD=HI, fosc=610. 2kHz. - 300.0 Hz
| fracL2 Synchronous frequency 2 MOD=Lo, fosc=610. 2kHz. 360. 0 Hz
£,
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3-PHASE BRUSHLESS MOTOR CONTROL

. THERMAL DERATING (MAXIMUM RATING)

g, M51785P

. ! -

- _WITH INFINITE HEAT, SINK
8 3% Y
o 3
& \ WXLXT=
2 30 »Z- 50mmX50mmX2mi
a Nk IRON HEAT SINK
E 20 YO, | Free aim
4 LAY
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@ 1o 7Y
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< 0 3
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AMBIENT TEMPERATURE Tg('C)

APPLICATION EXAMPLE

THERMAL DERATING (MAXIMUM RATING)

1 P M58785SP
=
&
"% 80
o _WITH INFINITE HEAT SINK
£ A<
2 6.0
a s \
L 48 T "T—M .
A
2 40 N
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m 20
< il phale Sty N
g 1.8 ~<0 .
It N\
j 0 \\‘\
<

0 2% 5 75 100 125 150
AMBIENT TEMPERATURE Ta(C)

s

out

z

O GND
E
OEN

-0 Vee

—O MOD

CONSTANTS
R1 30 . Cf 4.7uF x1 610. 2kHz
c2 0.1uF
R2 3.6k0 ca 0. 11F
R3 0.50 “c4 0.1uF
R4 3300 cs5 0.1uF
RS .70 cé 0.22uF
R8 470 c7 0.33uF
R7 4.70 cs 0.033pF
R8 75k0 c9 220pF
RO 2k0 c1o 220pF
o (o3} ] 100pF
R1 3300 c12 0. 1uF Note . Open collector output at FG OUT pin
c13 33uF '
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e B ST SN 3-PHASE BRUSHLESS MOTOR CONTROL

TIMING CHART

HALL INPUT . - 1 - ’ -
MR (P AN B AW
/ \ / \
/ \ / \
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AR \\ /
a4 - ~—4’ -
™ P~ P Sl "
AY v+ / \ 4
\ 4 \ /
\ / \ /
Hy )
® ® ‘\ / \ /
/ \ /
\|v— / \ '/
N N - oA M| N e
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Hw
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/ \lw_l/ \
’ N1 \\..4/ N Noo

OUuTPUT + r—\ {-—W sou1RcE
. w T

RS .l

ol W

0 180° 360° 540° 720°
Note 1. The waveforms shown above are difterent from those at actual motor operation.
Note 2. Pin. No. =M51785P
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3. PhAéE BRUSHLESS MOTOR CONTROL

Phase output middle point voltage -

Output saturation voltage

Control Input reference voltage
Voltage galn between contro! input and output

Difference of voltage gain between phase

TEST DESCRIPTION . . -

Difference of middle point voitage between phase

; Meastire voltage 1 for each phase and AVy is given in,
AVy=AVyy=Vy—Vy
=AVywWw=VW—Vw - -
=AVyy=Vyw—Vu
Load current 0.7A ~
Controt input voltage 2.2V
-©® Control input voltage value: (Vg ) when the output
- i voltage is O-+100mV.
—®@(source)
@(sink)
®@=20log {(V;—V,)/0.2}
®=20 IOQ l(V3—V4)/O.2l

-D+®

; Measure @ and @ for each phase, and AGy is given In,
(source and sink) :
AG=AGuv=Gvw—C8vwv)
=AGyw=Gy(v)—CGv(w)
=AGwu=Gviw)—Gv(u)

\Y. B ves

' X
Vee T \
1 Set the values of @ to ®
v 8o that the output current flows
' - VF1=@+0.28v between phases

E @ VF2=®+0. 45v U—V, VW, W—U.
g v
-4 2
5 Vg
o |
> \!
5 PN\ |@
o ® |

+1

Vs +—t

(] H J

1t 1

I I

}
JVFI VF2 CONTROL INPUT VOLTAGE VeLr(V)
T

.
-
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) B = E "3-PHASE BRUSHLESS MOTOR CONTROL -
DISCRIMINATOR COUNT ERROR .. .~ - .
*. Measure the pulsewidth at'23 pin DSC OUT, The tést value < :
'Is negative for accelerating pulse. -~
@®FG IN- 1
50mv l . ) Measure acceleration or deceleration pulse at DOSgyy out-
put, applying pulse (synchronous with Fosc) divided by
Fosc to FGy-in each mode.
I at YeRefer to table 1 for the frequency given to FGy.
i
Vicmee !
@osc out n «— Deceleration pulse
3.6V
Vret
1,55V — ] .
Yz__f,‘—" \———Acceleration pulse
AL Fig. 1
fea ; FGiy INPUT FREQUENCY.
Fosc ; oscillating frequency
Table 1
@MoD (DFGy input frequency
L 1665 division Fosc/1695
H 2034 division Fosc/2034

DISCRIMINATOR OUTPUT LEVEL
Measure V4 and V; in Fig. 1. Vopsc(Hi)—V;
(Lo)—V,
But,.for  Low(V,)level, measure Lo level of {g=250Hz(acceleration puise),
and for High(V,)level,.measure Hi level of frg=400Hz (deceleration pulse).

ENABLE FUNCTION

Table 2
— EN Lo Hi
EN
Lo DISABLE ENABLE
Hi DISABLE DISABLE

YEN pin=circuit is operated only when EN pin=Hi and EN pin=Lo
YEN pin—+open=Lo
EN pin—~open=Hi
(But anti-nolse characteristics may deteriorate if used with EN. * ﬁ=open after mounting on the equipment.)
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