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_3-PHASE BRUSHLESS MOTOR CONTROLJ

DESCRIPTION ; SRS - f . :
The M51785P/SP is a semiconductor Integrated circuit de- . P!N CONFIGPRATION (TOP VIEW).
signed for & single-chip controlier for FDD ‘spindle motor, | " ro AMPLIFIER FG AMPLIFIER
ifi olifi ii AT s i KX 136 — INPOT (+)
consisting of power amplifier, Hall ajplifier, FG amplifier, Notetion 7] L. et CFben outeur
oscillator and speed discriminator and various protection 3352521&51_. a8 & ‘_SS“F'..'Q,;‘A?E’,‘_ECT
circuits. E.EEEQ%EI}IALL_, 0 7] + OSCILLATOR
The device shows superiority in speed switching function of VEHacE HALL _, [F] ~» OSCILLATOR
1: 1.2 which enables miniaturization of motor sets and cost hsiar et d [ B «— ENABLE (EN)
reduction.
FEATURES . GND I~ GND
® High-accuracy, high-stabllity, and adjustment-free con- ]
troller is possible by digital servo ) °
® Speed switch of 1:1.2 possmle ------------------------- MOD CURRENT o [3 [77] < ENABLE (EN)
® lopealo=1.2A | _ BRI gecsnion
[ ] 2 ENABLE syStems ........................................ EN' EN m;ﬁ‘]'A(SE)HALL—’ ‘_IENR;{%R(-A—")‘PLIF'ER
, SLET:F:U:"E el [57] —» ERROR AMPLIFIER
APPLICATION ’ Qureut +~ FILTER
FDD spindle motor (57, 3.5*) output 11§ POWER SUPPLY
36-pin molded plastic FLAT (shrink)
RECOMMENDED OPERATING CONDITIONS i prast
Supply voltage * seeeee 10.8-12-13.2V
Oscillating frequency ------ 400-650kHz
Ingector current ««----* -+ 2.5-3-7mA
Maximum output current:seeeeeseresrreraesnsnirninececcee 800mA s AMPRIFIER < o AMPLIFIE
FG OUT Load resistance «+---«seseessseesssnesenesive s 100k S g £ 3 — ROV R
FG .amplifier input signal level -+« 5 or above mV, Gurnent ser — 21 31— Gaonimor) - T
p put sig P-p U PHASE HALL _, [3] 3 . SPEED SELECT
Hall amplifier input signal level-««-««teserree 50-100-150 mVe.p BT At 5 - JdeB) o ror
} INPUT (=) "
R }INPHASE HALL _ [5] j — ga?LL#TOR—
e EyALL — 6] < %« ENABLE (EN)
26|
GND 3 z]
, S i GND
g &
pereetion + [l 2] + ENABLE (EN)
m;’H_‘_A(S_iE-)HALL : — DISTCRIMINATOR
IN:G{#(SE)HALL j — ERPF:JOR AMPLIFIER
R N ch)JYHPAGSTE «—[id} j — EHROHTAMFLIFIER
YERASE o 18] 6] FILTER
S EHASE [ POWER SUPPLY
32-pin molded plastic DIP (shrink) with fin
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- | BLOCK DIAGRAM

P i

GND
Veo U v w RF FLT ERRour ERRyy 7~12 DSGour MOD
©—®—@— @ —@ — @
. 25~30 .
J [ J J ! Vref
. Za
L
4+
o- -
l DISCRI- l
H — MINATOR :
OPERATION ]
CONTROL o

Huy- Hy+ Hy— Hy+ Hyw— Hy+ EN : EN

Note Pin No.=M51785P.

ABSOLUTE MAXIMUM RATINGS (ta=25¢)

Symbol Parameter Conditions Ratings Unit
Vooa Operating supply voitage 15 \4
lo Output current 1.2 A
Vuo | Hall amplifier ditferential input voltage 3—4, 5—6, 14—15(Pin no). 5 \%
lss 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 \"
1in} injection current 20 mA
Vge @ pin applied voitage ] 1 \%
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 c
Topr Operating temperature —20~-475 C
Tstg Storage temperature - ) ) N —40~+4125 ‘Ce
Vees Quiescent supply voltage . - EN-Lo, EN-Hi. 16 4
() Shows the value of M51785SP :
i
H 7 N\ * ‘
. N RUTSUBISHI . ) 6—55
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S T -5 M51785P.SP
5249826 MITSUBISHI ELEK (LINEAR) ~ 80C 09034 D T-52-13-25
C R o Fhew om0 00 3.PHASE BRUSHLESS MOTOR CONTROL
ELECTRICAL CHARACTERISTICS (Vcc=12\]. Ta=25C, unless otherwise noted) * - : B o
: blhuﬂ; T pameter T T festoondions Limits Unit
S
Sym 0l 'arameter est condition: Min Typ Max
: EN=2,5V, MOD=EN==0.8V, excluding injec- .
28 A
lec(H) Gircuit current (EN ON) tion current and FG monitor pin current. No 9 18 m
load
Connect Injection setting pin and FG monitor _
lce(L) | Circult current (EN OFF) pin directly to Veo, No load, EN=0,8V, EN= 90 300 | wA
2.5V
Voc(OP)| Operating supply voitage E) 12 15 \Y
linHa Hall amplifier input current — 0.4 4 A
Vn Phase output middle paint voltage 5.3 6.5 7.3 \
AVy Diiference of middle point voltage between phases — — 0.2 \
. ) Current flow U~V, V—~W, W—U. Total of Vgat _
Vsat Output saturation yoitage N of Ty on both sides, [o=0.7A 2.3 3.3 v
Vru Control Input reference voltage FLT pin voltage producing output 1.0 1.1 1.2 \"
G Volt in between contol input and output N Source 16.65 | 18.06 | 26.81 dB

v oltege gain between @ i Py Sink 20,82 | 23.80 | 26.81
AGy Difference of voitage gain between phases — - 2 dB
Vref Error amplifier recerence voltage =~ Measure middle level of discriminator output 2.0 2.2 2.4 \'
linea Error amplitier input current —2.0 | —0.02 — HA
v Err fifier output level LN 22 2.5 31 \

oFA fror ampiifier output feve Lo 0.6 0.8 1.05
Re pin voltage when FLT pin voltage is re- '
Vou Current limiter reference voltage duced to less than 1.5V 0.36 0. 40 0.44 v
Hi | 24,31, 34 2.5 — -
Vin Function input threshold value 1 \
Lo — — 0.8
V=12V | 24,34 500 700 1000
| Input current at function input pin A
N nput cur unction fnput = E —is0 | —100| —70| *
Vinj Injection pin voltage linj=6mA. 0.6 0.9| 1.5
Hi 4.1 4.8 5.3
V Discriminat tput level —1
opse alor output fev Lo 0.5 0.8 1.2
+ for deceleration, —for acceleration
PN 4 -

T Dlscriminator count error fosc=610. 2KkHz. 6 1 6 | wusec
fosc Oscilllating frequency fosc=610. 2kHz. —0.2 — +8.2 %
Hn|MAX | A injection operationg current fosc=610. 2kHz. 17 — — mA
linjMIN Minl Injection operating current tosc=610. 2kHz. — — 4 mA
Voo{FG)| FG amplifier output fow level (monitor) 1L.=200uA. — 0.1 0.2 \"
H(FG) Leak current at FG amplifier output (monitor) pin 12V is applied — - 1.0 uA
Vootspy | Over-voltage protection operating voltage ) - 16.3 \
T(so) 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
Veatnm) | FG amplifier'input noise margin 1.0 mVpe.p

. MOD=Lo | Count error is specified in section 1695
Nork Discriminator count no. -

MOD=HI | 19of ELECTRICAL CHARACTERISTICS. 2034
fraLt Synchronous frequency } MOD=HI, fosc=610. 2kHz. - 300.0 Hz
fraLz Synchronous frequency 2 MOD=Lo, fosc=610. 2kHz. 360. 0 Hz

<
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. 3 2 s - - - : : o e e e A v
T 6249826 MITSUBISHI ELEK (LINEAR) _ 80C 09035 D7 7.52-13-25
MO Gie e o g piacE BRUSHLESS MOTOR CONTROL
| THERMAL DERATING (MAXIMUM RATING). .~ THERMAL DERATING (MAXIMUM RATING)
el gl T L MBITEEP [ o gl M58785SP
F .| E
2 ac _WITH INFINITE HEAT, SINK 2 8o
Q i N e " /WITH INFINITE HEAT SINK
& N\, | WXixT= g N
2 3.0 2 50mmX50mmX2mm 2 6.0 AN
2 YR 1RON HEAT SINK g .o
i AR e € sl T- N~ |-
g, O | FreE AR g 48 S
E va W g 30 FREE AIRT
& 3
E’ ]l:% 4 \\ S 2.0 ==t ..g:. \\
g T s £ s 7 ~<I Y.
S <L 5 I 1N
F 0 ~ 3 2 0 ~
0 % 50 75 100 125 150 ¢ 0 2% 50 75 100 125 150
AMBIENT TEMPERATURE Tg(C) AMBIENT TEMPERATURE Ta(C)
APPLICATION EXAMPLE
: = Q a
£3 8 co - 5 12 3 $
o 1797 {
: E

.‘:I | ©
o ° m{;— = 11
/7;16 25: l\i D sk 10 «
= c10 3] O=r0O TE
s +
[ 1 11711 c8
3 35 34 33 32 31 30 29 8 27 26 25 24 23 2 2 20 19
® 5 -
M51785P
1 2 3 4 5 6 7 8 9 10 N 12 13 14 15 .16 17 18
| I | i I c2,, s
R10 1t AAA E
|j C3, Re
“ 1 R3 1 04"____“{7 WA—E
u nm ugv 3w -
l R1 ) ) R4
AWV ’
. R2 .
CONSTANTS
/1 3a . Of 4.7uF x1 610. 2kHz
R2 3.6kQ c2 0.1u4F
- c3 ) 0. 1F
R3 - 030 “c4 0.1uF
R4 3300 c5 0.1uF
RS 70 cé 0.22uF
R6 470 c7 0.33uF
R7 4.70 cs 0.033pF
R8 75k0 ©9 220pF
RO 2k0 c10 220pF
c1t 100pF
R10 3300 c12 0. 14F Note : Open collector output at FG OUT pin
Cc13 33.UF ’
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Lt e - NMi51785P,SP
6249826 MITSUBISHI ELEK (LINEAR) 8GC 09036 D T-52-13-25
'f':: SR T S AR U 3-PHASE BRUSHLESS NOTOR CONTROL
TIMING CHART :
HALL INPUT . - | - ’ -
+ /U? /¢ \\\ =~ A 3\
/ \ // \\
o @ " / )
\ /
\\ o / \\ / /
- \\_a/ N \_4, N
N ] A I ) ’
\ l4 \ /
\ / \ /
Hv l
\
© ©® \ / \ //’
L ~V_—,/ N \~._'
/,“\\ TV-? ,r_\\ o
/
// \\ / \\
Hw
o ® / \ \
/ . / \
’ Nt \\-al Nt Noeo
OUTPUT + (—j (—W SOURGE
. - g1 i 1
o T |
_ L_J L_J SINK
v _J - Y, |
U WL
Y [ 1Y [
o] WY
0* 180° 360° 540° 720° o

Note 1. The waveforms shown above are different from those at actual motor operation.
Note 2. Pin. No. =M51785P
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3 PHASE BRUSHLESS MOTOR CONTROL

TEST DESCRIPTION -
Phase output middle point voliage

Output saturation voltage

Control input reference voltage
Voltage gain between control input and output

Difference of voltage gain between phase

Difference of middle point voﬂage between phase

; Meastre voltage 1 for each phase and AVy is given In,
AVy=AVyy=Vy—Vy
=AVyw=Vy—Vw
=AVyy=Vw—Vu

—@+®  Load current 0.7A ~
Control input voltage 2.2V
-®@ Control input voitage value (Vg 1) when the output
- ) voltage is @-+100mV.
—+®(source)
@(sink)

@=2010g {(Va—V,)/0.2}

; Measure @ and @ for each phase, and AGy is given in,
(source and sink) .
AG=AGyv=Gvw)—GCGwv)
=AGyw=Cy(v)—CGv(w)
=AGwu=CGviw)—Gvw

AV v

. @
Vee — A\\
1 Set the values of @ to ®
v 8o that the output current flows
' - VF1=@+0.25v between phases
s @ VF2=@+0. 45V U=V, VW, WU,
W
2 v
[ ]
o |
s ‘N
5 I\ @
o @ 1|
V +—+

o ]

It ¥

P 1/

11} 1

JVFI VF2 CONTROL INPUT VOLTAGE Ver(V)
T

.
-
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et
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3 PHASE BRUSHLESS MOTOR CONTROL
DISCRIMINATOR COUNT ERROR ) A
* _Measure the pulsewidth at'23 pin DSC OUT The test value =
'Is negative for accelerating pulse.
®FG IN- ‘
50mv l . ) Measure acceleration or deceleration pulse at DOSgyr out-
put, applying pulse (synchronous with Fosc) divided by
Fosc to FGy-in each mode.
at Y¢Refer to table 1 for the frequency given to FGy.
B
1
Vimm e !
@DsG ouT n «— Deceleration pulse
3.6V
Vret
1.55v ] . ] .
Yz—_T’L‘“ \———Acceleration pulse
o .
—at ,r— Fig. 1
fea ; FGuy INPUT FREQUENCY
- Fosc ; oscillating frequency
Table 1
@MoD (DFG;y input frequency
L 1665 division Fosc/1695
H 2034 division Fosc/2034

DISCRIMINATOR OUTPUT LEVEL
Measure Vy and Vp In Fig. 1. Vopsc(Hi)—V;
(LO)_’Vz
But,.for Low(V,)level, measure Lo leve! of f-g=250Hz{acceleration puise),
and for High(V,)level,.-measure Hi level of fre=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. - EN=open after mounting on the equipment.)
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