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ICs for Motor

AN8221FB

HDD Sensor-less Motor Driver IC

W Overview

ANB2Z1FEB Ia a asnszor-lass motor drive 1C which
requires no sensors like a Hall alameant of spindie motor
in HOD., .

It amploys the soft switch system of three-phase full
wave driva.

W Features

= Soft swhich system {snubber-less)

» Externalintamal clock change-over allowed

« External and internal synchronous start circuits buill-in
« Small current in stand-by mode (typ. 10z A)

» Start current {output current) © 1A max,

» Short brake function provided

= CWIACCW switching terminal provided

« Currant control and Thamal protective circult provided
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ICs for Motor ANB221FB

l Block Diagram
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AMNB221FB |Cs for Mator

B Pin Descriptions
FmBe, | Symbol Pin mame FaKo | Symbal Pt Fusamiod
1 U UJ-phease output t=nminai . 0O8C1 | Oecillation circoit terminal 1
2 LY Vephats cutpor tenminal 24 08C2 | Oscillafion circuil krminal 2
3 W W.phats ousput ieminal 25 | COM | Neutral point desection terminl
4 26
N 21
& G Power growmnd 28 S5 Signal grouwmsd
IEN 20
g 30
9 5G Signal ground 1 wi W1 BEMF inpat terminal
10 Vi Mionlior serminal 1 32 vl V1 BEMF inpat terminal
11 Vi Morritor kerminal 2 13 ul Ul BEMF mput terminal
12 W1 W waeefom shaping ostpet kerminal 34 PG FiG outpat terminal
13 Vi V1 waveform shaping owtpul werminal a5 SDO | SunDetection swisching outpat tsrminal
14 Lz [M wavefons shaping owpul iemeinal || 36 NC
15 Al Wireefrms dhapirg speed egubanon ierinad || 37 CLE  |External clock input terminal
16 NC I8 FR | MomalRevess: rotation swikching teominal
17 | Phass compensation erminal 39 BR Brake tarminal
18 EAQ | Eror amp. owipat terminal 40 Voo | Supply voliage werminal
F] Eal Error anp. feverss input isrminal 41 C5 Current deteciion lemminal
0 WoEl Wioltage nionitor térmaial 1 42 EIC ExiermalTrbemal clock switching berminal
21 Worms Voltage monitor terminal 2 a3 SDE StarDetoction swikching coabiing fermmal
rae 5/5 Stand-byfSei-up terminal 44 S hﬂ,lﬂttﬁﬂiﬂlﬂhlﬂirgmiul
M Absolute Maximum Rating (Ta=25T)
Parameter Symbol Ratimg Linit
Supply voltage Ve 6.5 v
Supply curment lec mA
Motor oaipat carrend T =T mui
Motor peak outpot curment ¥o=! lcsnas £ 1000 mA,
Current detection inpwt current Lnpeak + 700 mA
Current detection peak input curment ™= [mpeak + 1000 mA
Motor owtpat voltage Vo —03 10 Vee+0.3 v
Input voliage Yo, —03 10 Ve H03 v
Fower dissipation (single unkt) Po 752 mW
Operating ambient temperature T — Mo +75 T
_ Storage lemperature Ty — 4010 +125 T
Moie) pesk =0.5sec or less
B Recommended Operating Range
Paramster Symibol B.m!:n
Openwing supply volrage Vee 43V I0 33V




ICs for Motor AMEB221FB

M Electrical Characteristics (Voe=5V, Ta=25+2T)

Parameier Symibaol Condition min iyp X Unit

Stand-by supply curreni I s by Vin=4.2Y —_ 1 [k 1] A

Set-up supply cusment lervr | Ves=0EV — 10 15| ma
Errar Amp.

Open-loop gain Asso &0 0| — dB

Tniput biss cusrent lean — 20 10 i,
BEMF Detection

Input bias current Iy Theee lirmes beger for [scrw tandsrd valee | —0.8 | =02 08| A

Common-mode inpat voltage range Vi 035 | — Vﬁ v
Q3G

. Yo =

R B a3 ~

Oscillation frequency ermor fose C=172 23 30 37| kHz
FG

Output high voltage Vg | L™= —05mA | 42| — v

Oiprist tov wlu!n Viro Lioe=10.5mA — 0.2 0.5 ¥
Drive Output System

Sﬁiﬂﬁ'ﬁ'?ﬁﬂu bower 1) Vatl | L=100mA — 1.5 22 v

i m:;"?ffm owee 2) Vsat2 | Io=100mA — | oe| 12| w

ICXE-tieme Beak curment Lo — 10K} 1 100 oA
Dvive System

Drive gain O 076 | 095 | 1.14 | Times

Current limiter voltage Ve R, =HK, R,=3K 0,345 | 0305 | D443 ¥

Corrent Hmdoer delen voliage g, By=20K, E,=60K —30 ] 30 my
Trapazoid Wave Shaping Block

External CLK fime oulpu svifee ¢arment lasc —400 | =300 | —H) L.}

External CLE time output sink current Lase By — 550 ph

Intemal CLE time culpal scurce cumman Tar =13 | =— =7 17y

Intermal CLE time output sink current Luc E| — 152 | LA

Imternal CLE time output delbta current dhe e =lag+ Ipge nz| =-— 3.5 i

DAf-time leak current Iz —0.B 0| 08| pa

Test voltage output block Yia 0% ily) 0o W
Test Monitor Voltage

Test voltage | Vi 2| 232 277 v

Test vohlage 2 Ve 22| 245 27 V
Al Terminal

Inpat low current | Lu | Inpwt Volage=05V [ 10| w0 ] -0 | pa
SDO Tarminal

Oubpiut high voltage Vi = 50K 45| 496 | — v

Output low voltage Vi | R=50K — | o] o4 v

Chatpt sink current Tusn | 3] = i,

Mot} Veo=3V unless otherwise specified.




ANB221FB ICs for Motor

H Electrical Characteristics (cont.) (Voc=35V, Ta=25127)

Parmmeter Symbaol Condition min tvp max Uit
FA Terminal
Input high voltsge Virw 1| — Voo v
Input low voltage Vim 0| — 08 v
Imput high current ljww Input woltage = 2.0V 55 110 || pA
Input low carvent Tum Input voltage =08V —120 | —T0 | —45 | mA
BR Terminal
Input high voltape Vimn x| — Ver v
Ingnat low voltage Vi 0| — 0B ¥
It high cament _ Iima Einput waliage =20V a3 110 230 ar."
Input low current Lisr Inpus voltage =0.8% =120 [ = | —45 HA
EIC Terminal
Inpat high volinge Vi 2| — Vor v
Inpat bow voltage Vime 0| — 08 v
Inpat bikgh current hmc | Input vollage=2.0V 55| 10| 20| A
Input kow current Toewe Inpui voltage =08V —120 | - | =45 A
SDE Terminal
Input high voltage Visex 2| — Voo v
Input kow voltage Visoe o] — 0.8 v
Irput high curremt Theew Input voltage = 2.0V 55 1o o i)
It kerw corrent Lisin: Input voltage=0.8Y —120 —T0 =45 AA
S0l Terminal
Input high voltage Wiz | — Yoo v
Input low voltage Viara o] — 0.8 v
Ingrist hijgh current | .- Input voltage = 2.0V s5s| 10| 0| aA
It lowe cumrend | PP Inpat voltage =08V =120 | —T0| =45 7.
CLK Terminal
Input high voltage Vicwx 2| — Ve v
Inpiat low voliage Viax 0| — 08 ¥
Inpat high carrent - Inpat voliage = 2.0V 55 o | 220 | uA
Input bow cument Lax Tipur voltage =08V —12 | —1 —45 pily
&/8 Terminal B
Input high voltage Vier a2 — Ver v
Inpat bow voliage Vi o} — 03 v
Input high cument Tiass Input vohage = 4.2V —15 —d | — 77y
Iapat bow current Iiss Input voltage =10.8Y =500 | —180 | — 1.
Brake Block
Brake time saturation voltsge (Vesthower) | Viw | la=T00mA [ — ] oa] os v
Logic Block
Logic check A L External CLE used 50 | — 550 | wA
Logic check A Lun Extemnal CLK used —a00 | — | 200 | paA
Logic check A La Extemal CLK used —0.8 o| 08| pA
Logic check B Taw Irternal OSC2 used E|] — 15.2 il
Logic check B Tan | Internal OSC2 used PP p— =7 | uA
Logic check B Iz Tnternal O5C2 used —0.3 o] o8] pma




ICs for Motor

ANS8221FB
B Electrical Characteristics (cont.) (Vec=5V, Ta=25+2C)
Parameter | Symbol | Condition ] min [ typ I max | Unit
BEMF Detection
Detection sensitivity level | Veos | | -— | 3 I 20 | mV
B Electrical Characteristics (design reference values) (Vec=5V, Ta=25+2C)
Parameter | Symbol | Condition | min [ typ | max [ Unit
Error Amp.
Gain/Band width product N | — ] 80 — T e
Thermal Protection Circuit _
Thermal protection operation temperature Tp —_— 170 —_— T
Thermal protection reset temperature Tex — 125 | — T
Logic Block
Start count number | Nsc I Internal OSC used I —_— | 8 I —_— | Counts
Trapezoidal Wave Shaping Block
- C=223 (U2,V2,W2) — — .
Output amplitude 1 v foscs = 100Hz 2 \Y
- C=223 (U2,V2,W2) _ -
Output amplitude 2 vz fosca— 17,28k Hz 210 mV
Note) The above values are design reference values, but not guaranteed ones.
B Package Power Dissipation
PD—Ta
1400
5 '™ ICs forE
% Single unit MOtOf =
= 1000 Qj—a=133C/W 3
a Po=25T (752mw)
-9
yd
g™
.g 600 \\
2 AN
2 a0 N
o Mo
. g <
A 200 > <
0 25 50 75 100 125

Ambient Temperature Ta (T)

M 6932852 0012859 619 1B
Panasonic
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ANS8221FB

ICs for Motor

B Pin Descriptions

Pin No. Pin name Function description
1~3 1 UVW Motor drive terminal
4~8 | PG Power ground
9 SG Signal ground
10 | VM1 Monitor terminal 1
11 M2 Monitor terminal 2
12~14) U2,V2,W2 It has function for shaping the waveform.

15 Al It has function for switching the waveform shaping process speed.

16 | NC

17 PCI Terminal for phase compensation of the current feedback system.

18,19 | EAOEAI Circuit for integrating the deviation of the motor signal speed from the reference speed signal

20 VETI1 The internal reference voltage connected to the reverse input of the buffer amp. and
the non-reverse input of the error amp.

21 | VET2 The internal reference voltage determining the reference set voltage of the triangular wave of the oscillation block

7 /S Low in the logic level for set-up mode, high in it for stand-by mode. The consumption
current in the stand-by mode is approx. 10 zA, typ.

23 0SC1 It outputs the rectangular wave synchronized with the triangular wave.

24 | OSC2 It can set the oscillation frequency of triangular wave with the capacitor.

25 COM Terminal inputting the neutral point of U, V and W.

26~30] SG Signal ground
31~33{ UL,V1,W1 Terminal detecting the inductive voltage coming from motor

34 FG It stably takes out the output of FG synchronized with the U-phase coil waveform.

35 SDO It takes out the output for switching between start and detection mode. For logic level,
“High” for start mode and “Low” for detection mode.

36 | NC

37 CLK Synchronous operation allowed with external clock. The logic level can be commutat-
ed at the rise edge of external clock.

38 FR It has function for rotating the motor normally or reversely. Energization to logic
level . for normal rotation U—+V—W—U—>-+-, and for reverse rotation U-W—V—
U—r-

39 BR It is used to stop the motor. The lower side transistor of U, V and W is shorted.

40 Vee Terminal supplying the supply voltage.

41 cs Terminal detecting the current flowing in the motor.

42 EIC Terminal switching the external/internal clock. When external clock is used, the logic
level is “High.” When the internal clock is used, it operates at the falling edge from
“High” to “Low”, and counts up with the count number fixed inside the IC. The start
and detection modes are switched from each other antomatically.

43 SDE When the external clock is used, it allows the start/detection mode to be switched from
outside. For logic level, “High” for operation and “Low” for stop.

44 SDI When the external clock is used, it switches the start/detection mode from outside. It
realizes synchronous operation with external clock in the start mode and operates the
detection loop in the detection mode. For logic level, “High” for start mode and
“Low” for detection mode.
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ICs for Motor

AN8221FB

B Internal Circuits

Pin No.| Symbol Internal circuit Pin No.| Symbol Internal circuit
13 V2 Same as for Pin@®
14 u2 Same as for Pin@®
1 U
15 Al —(5)
2 \' Same as for Pin(D
3 w Same as for Pin(D
4~8 PG Power GND 16 NC
9 SG Signal GND
La 17 PCI +—)
—r—
10 VMl ’%—@
18 EAO ﬁ G’D
11 VM2 ) i
19 EAL 19)

12 w2 ‘——@D

Panasonic

B 932852 00128kl 277 W
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ANS8221FB

ICs for Motor

B Internal Circuits (cont.)

Pin No.| Symbol Internal circuit PinNo.| Symbol Internal circuit
20 VTE1 25 COM
7 ®
g
8% @)
i
EES
21 VTE2 26~30 'SG Signal GND
31
22 /s 2) | 31 w1 D
Voltage Source
32 A% Same as for PindD
33 Ul Same as for Pin3D
0
23 0SC1
34 FG % ] )
24
24 0sC2 )
Logic
35 SDO output 35>

568
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ICs for Motor

AN8221FB

M Internal Circuits (cont.)

Pin No.| Symbol Internal circuit Pin No.| Symbol Internal circuit
36 NC
4 EIC %)
37 CLK )
43 SDE )
38 FR 3‘5
4“4 SDI W)
39 BR 39)
40 Vee Vcc Power Supply
#H_g QD
a1 cs :é

B b932852 0012863 04T IN

Panasonic
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AN8221FB

. ICs for Motor

Il Block Diagram

'

Ry
eLalal c
v, 11T L) |
R, Cu
Re o,
Ul vl wi SG lcomloscz osci
2 W31 W(30 (29 (28 )27 W26 W25 W24 W23
22
FG 1' Start/Det. SW J S/S
o —T 21
R; SDO, = vel[]. Vie R
Ll Ring osc 20 !
NC v [ jCou I Vet
H 19
T
CLK K On Time SW EAL :
° R - (Logic) ¥ ea0
s O %) Specd Up | o 17 G 2
BR>< n PCI G
@ - Shapin 16 ;
l | R Vee g 2l SINe
W 41 HK 5 3 15
Cio Ccs Phase S B Al
o 42 )4 5 14 o
l EIC 8 i vz G
o 43 13 —
SD E L Vi G
44 | 12 '_
SDI ] w2 G
13/6:600.0:60.0:00O 0 r
U v w G Vi Vi
As a substitute for MPU ANB8235S

=

Speed Current
Discriminator Limiter
T
(5) (3) r (i4)
Sy N
S/s Vee
———o5V

B 0932852 0012864 TakL H
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ICs for Motor ANS8221FB
Bl External Parts Table
ANB8221 {Sensor-less driver IC)
External parts No. Recommended value Function
Ri, R: Ci, C: Constant of integration
Cs 0.1xF For phase compensation
Ci~Cs 0.022 4F~0.1 «F For waveform shaping
Rs 0560 ~0.820 For current detection
Rs~Rs 10k (1 ~30k Q) " Functions also as BEMF detection
Ci~GCy 0.0033 uF~0.012 4F For noise reject filter
Cio 0.1 uF~10uF For protection from power supply noise
R, 20k 2 ~50k ) For SDO detection
Cu For triangular wave oscillation
Rs 20k ~50kQ, 00 For regulation of waveform shaping speed
ANS8235S (Speed control IC)
External parts No, Recommended value Function
| CsCo OSC/AC joint

(External Part Description)
1. Constant of integration (R1, R2, C1 and C2)
Refer to the data sheet for speed control IC.
2. For phase compensation (C3)
It is a capacitor for phase compensation (low-pass filter) of the current feedback system.
3. For waveform shaping (C4, C5 and C6)
They have a certain relationship with pole number of three-phase motor as a constant setting function.
Ex) When the motor with 12 poles is used,

C . Capacitance of C4, C5 and C6

V : DC voltage (200mV to 400mV)

i : Constant current (10 £A)

t . The cycle of FG (Three-phase pole) X 1/6

Q=Cv=it-

The FG frequency under 3600 rpm of the three-phase 12 poles motor :

3600rpm 12poles
= X PO =3

F 60H:
G= 50 2 z
T= — =y

= 360Hz =4Z./ms

1
t = — XT=463
6 pe
Q=it=10 1A X463 usec=4.63X10° [q]

Setting V=210mV (approx.)

et _ exi0e
TV T T210x100 ek

B 932852 00L28kL5 912 A
Panasonic
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ANS8221FB ICs for Motor

When three-phase 12 poles motor is used, the capacitance of C4, C5 and C6 is set to 0.022 ».F.
When 4, 6 or 8 poles motor is used, the constant should be reviewed according to the above values.

4. For current detection (R3)
Resistor R3 has double function : detection resistor for the current flowing in the motor, as current feedback system ; and current
limiter.
The voltage of current limiter is set to approx. 0.4V,

16 max=04V/R3 [A]

From the above calculation, the maximum current flowing in the motor can be set.

5. BEMF detection/noise rejection filter (R4, R5, R6, C7, C8 and C9)
It is a filter which rejects noise such as of inductive voltage generated from the motor. It is not required for the small noise motor.
When the filter constant is set too large, the optimum energization timing is missed, and the current value during constant rotation
of motor is increased. Therefore, it should be set, taking into consideration the relationship with the motor.
For our motor, the following filter is used : R=10k ), C=0.012 «F (approx.)

6. For power supply noise protection (C10) :
When noise from the power supply makes the operation unstabilized, it should be attached.

7. For SDO detection (R7)
It outputs the start/detection loop switching output with the open collector.

8. For triangular wave oscillation (C11)
It is a capacitor for triangular wave oscillation. The oscillation frequency of triangular wave can be set as follows ©
1

5 1
fosc2= —+-—+-———-ICH K [Hz]
8 Cl1 VTE2

C11 : External capacitor

VTE2 : Reference voltage inside IC (approx. 2.5V)
ICH : Reference current inside IC (approx. 3.3 zA)
K ' Dispersion factor

9. For waveform shaping speed regulation (R8)
With resistor R8, the constant current of the waveform shaping block in external clock mode can be regulated.

10. OSC/AC joint
Refer to the data sheet for speed control IC {(AN8235S).

|| 5932852 00128t 459 Wm
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