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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ANB221FB |Cs for Maotor

S ——
M Pin Descriptions
Fube | Symbol Pin name Fabo.| Symbal Pin name
1 U U-phase output tsnminal 3 O8C1 | Oscillailon circoit terminal 1
2 v Vophasa ourpnt enminal 24 O5CE | Oscillation circuil sermdnal 2
3 W W -pihiasa output terminal 25 | COM | Neutral point desection terminal
4 26
N 27
& PG Power groumd 28 Six Signal groumsd
IEN 29
B | 30
5G Signal ground n w1 W1 BEMF input termdnal
10 | Ve | Monitor terminal 1 32 | W1 | V1BEMF input tenminal
11 Vip | Momitor lerminal 2 13 U1 U1 BEMF inpat terminal
12 W2 | W2 waveform shaping owlpst serminad || 34 FG | FG outpat terminal
13 W2 | VIwaveform shaping otput erminal || 35 SDO | StnyDetection swisching outpet eminal
14 Lz mﬂmmﬂmm 36 NC
15 Al Wirvelores shaping speed egubion serrinal || 37 CLE | Extemal clock inpul terminal
16 NC ET FR | MommalBevess: rotation switchisg teominal
17 PO Fhass compensation iemminal 39 BR Brake tarminal
13 EAQ | Eror amp. owipat terminal 40 Voo | Supply voliage terminal
19 EAl Esror amp. feverss inpat terminal 41 Cs Current detection |enmiinal
20 Wormi Woltage monitor termaisal 1 42 EIC ExiernalTnbemal clock switching berminal
21 Ve | Vollage monitor terminal 2 43 SDE | SeatDessction switching enabling terminal
2 515 Stand-by/Sei-up terminal 44 S StaryDetsction swisching werminal
I Absolute Maximum Rating (Ta=25T)
Parameter Symibol Rating Lnil
Supply voltage Vor 65 v
Supply cument lec mA
Motor paipui carmend  F— == T mA
Maotor peak outpud current == lcsnas £ 1000 mA
Current detection inpwt current Lopeak + 700 mA
Current detection peak input curment "= [apeak + 1000 A
Maotor omtpal voliage Vo —iL3 o W +0.3 W
Input voltage Youz, —0.3 10 Vee+10.3 v
Fower dissipation [single unit) Po 752 mW
Operating ambient temperature Tew —2w +75 T
Storage temperature T, =40 10 +125 T
Mote) pesk =0.5scc or less
Bl Recommended Operating Range
Parameter Symbol Range
Operating supply voliage Ve 4.5V 10 5.5V




ICs for Motor AMEB221FB

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

Parameier Symibaol Condition min iyp X Unit

Stand-by supply carrens oty | Vas=42V —_ 10 100 | pA

Ses-up supply cument [orp | Ves=08V — 10 15| maA
Errar Amp.

Open-loop gain Agsg 60 Wl — dB

Input biss curreni lgan — 20 10k i
BEMF Dataction

Ingust bias current In Thee Limes beger ff [aerw sandsrd value | —08 | =02 0.8 s

Common-mode inpat voltage range Vi 035 | — Vﬁ v
030

] Y= 23

Charging/Discharging current _l;: vﬁ?;; s =% —g HA

Oscillation frequency ermor fone C=272 23 30 17| kHz
FG

Output high voltage Virg L™= —0.5mA 30 42| — v

Outpist low voltage Viro Loce =0, 5mA — 0.2 0.5 v
Drive Qutput System

Eﬁﬂrppﬁ"iufvlsu bower 1) Vaatl [o=100mA — 1.5 22 v

i “:"”f"?ffm owee 2) Va2 | Io=100mA — 09| 12 v

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

Drive gain (e 076 | 095 | 1.4 | Times

Current limiter voltage Ve R, =20K, R,=2K 0.M5 | 0305 | 0448 v

Current lmdter delen Uﬂ“;?; IV B:=20K, R,=o6lK —30 1] 3 m¥ i
Trapezoid Wave Shaping Block s forf

External CLK fime outpul sousce carrent lasc —400 | =300 | —200 |  xa  [Motor f

External CLK time output sink carrent Tnsc /| — S50 | wA y

Intermal CLE time oulpal scurce canrent o =13 —_— =7 Iy

Intermal CLE time output sink currest L B| — 15.2 Py

Internal CLE fime output debta cusment dlye M=o+ Iy 0| =— 15 il

OHf-time leak current Iz —0.8 0 0. pA

Tes voltage output block Via 03 0.7 0.9 v
Test Monitar Voltage

Test voltage 1 Vi 217 252 L ki

Test vollage 2 Ve 22| 248 2.7 v
Al Terminal

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

Oratput high voltage Yisp R 50K 45 | 406 | — v

Cruput bow voltage Vin | R=50K — | om| o4 v

Chatpt sink current Tusn | 3| =— i,

Mot} Veo=3V unless otherwise specified.




ANS221FB ICs for Motor
Il Electrical Characteristics (cont.) (Vec=35V, Ta=25+£27T)
Parpmeter Symbol Conditicn min vp max Ulnit
FR Terminal
Iimput high voltage Virw a| — Voo v
Input low voltage Vim o] — 08 v
Imput high current | Input voltage = 2.0V 55 110 |} pA
Input low carrent (A Input voltage =08V —120 | —T0 | —45 | uA
BR Terminal
Input high voltage Vimn r | — Ver v
Inpet fow voltags Ve p| — 08 v
Inpat high cament - lnpat voltage =20V 55 mo | 20| wpA
Input low current Lisr Inpui voluge =0.8Y =120 [ =M | —45 HA
EIC Terminal
Inpat high volinge Vi 2| — Voo v
Inpat bow volags Viac n| — .8 v
Input high current hmc | Input vollage=2.0V 55| 10| 20| pA
Tmput kow cirrent Toewe nput voltage =08V —120 | —-T0| -—45 A
SDE Terminal
Input high voliage T— 2| — Voo v
Input low voltage Visoc o] — 0% v
Input high current Tioc | Input voltage=2.0V ss| 0| mo| uA
Imput lorw crrent Losee- Input voltage =08V —120 | —-Td§ =45 L
S0 Terminal
nput high voltage Viisaw 2| — | v v
Input low voliage Vi 0| — 0.8 v
Ingist hiigch current | Inpat voltage =2.0V 55 110 0 A
Input low current Teem Inpat voltage =0.8V —120| - -4 paA
CLK Terminal
Input high voltage Vicw 2| — Voo v
Inpuat low voltage Ve 0| — T v
Inpat high carrent Licvs Input voliage = 2.0V 55 o | 220 | wA
Inpat bow cument Do Tapur voliage=0.8Y 13| —1 —45 pily
&/8 Terminal B
Inpat high voltage Vi 2| — Ver v
Inpat bow voltage Wems oy — 08 v
Input high cument Tzss It vobtage=4.2V —15 —d | — A
Inpat bow current Iiss Tnput unhu_f-u.w =500 | —180 | — 1.
Brake Block
Brake time saturation volisge (Vestlower] | Via | lo=700mA [ — ] oa] oz| v
Logic Block
Logic check A Taa External CLK used asn | — 550 | pA
Logic check A L External CLK used —400 | — | —w0] @A
Logic check A lu | Buemal CLK used —08 | 0] 08| A
Logic check B Tas Irternal OSC2 used Bl — 15.2 i
Logic check B Tw | Internal OSCZ used | — | =7 A
L¢£lt check B sz Inbermeal O5CT ased =08 0 0.8 A




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 E
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)
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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 ’% (10
18 EAO ﬁ G’D
11 VM2 ) i
19 EAL 19)
12 w2 ‘——@D

Panasonic

B 932852 00128kl 277 W
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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 wi D
Voltage Source
32 A% Same as for PindD
33 Ul Same as for Pin3D
23 | osci z)
34 FG % ] )
24
24 0sC2 )
Logic
35 SDO output 35>
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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
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AN8221FB

. ICs for Motor

Il Block Diagram
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'
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sv 39 SpeedUp | e 17 Z
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o 43 13 —
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o n [ 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 Control IC N
Cs

Speed
Discriminator Limiter 6
T
N () 7;' {12\
3 &) =4
S/s Vee
———o5V
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ICs for Motor

AN8221FB

B 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
Cwo 0.1 uF~10 xF For protection from power supply noise
R, 20k 2 ~50k ) For SDO detection
Cu For triangular wave oscillation
Rs 20k ~50k 2,00 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,C1and 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, CS5 and C6

V : DC voltage (200mV to 400mV)

Q=Cvs=it- |
1

t

: Constant current (10 zA)
! The cycle of FG (Three-phase pole) X 1/6

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

_ 3600rpm x 12poles _

F 360H
G= 50 2 z
T= — =y

= 360Hz =4Z./ms

1
t = ? XT=463 us

Q=it=10 1A X463 usec=4.63X10° [q]

Setting V=210mV (approx.)

it 4.63X10°

C=—=

v 210X103

£0.022 uF

B L932852 00LedkS 912 M
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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).
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