Motor driver ICs

3-phase motor driver

- BA6860FS/BA6862FS

The BABBBOFS and BAB862FS are 3-phase, full-wave, pseudo-linear motor drivers suited for driving movie camera
capstan motors that can be operated at low voltages. The ICs have a torque ripple cancellation circuit to reduce
wow and flutter. The drive mode can be switched to either current or voltage-drive with the mode switching pin. A

motor power supply control pin is also built in.

@Applications
Capstan motors of video and movie cameras

@Features

1} 3-phase, full-wave, pseudo-linear drive system.
2) Torque ripple cancellation circuit.

3) Output transistor saturation prevention circuit.
4) Mator power supply control pin.

@Absolute maximum ratings (Ta=25TC)

5} Power saving circuit.

6) Current/voltage drive mode switching pin.

7) Built-in amplifiers.

Parameter Symbol Limits Unit
Power supply voltage Vco 7 v
Power supply voltage VM 12 A
Power dissipation Pd 1000*1 mw-
Operating temperature Topr —10 ~75 c
Storage temperature Tstg —40 ~150 c
Allowable output current loomax. 1%2 A
*1 Mounted on a glass apoxy PCB (70 X 70 X 1.8 mm).
Reduce power by 8 mW for each degres above 25°C.
%2 Should not exceed Pd- or ASO-value.
®Recommended operating conditions (Ta=257C)
Parameter Symbol Range Unit
Voo 3.0~86.0 \
Power supply voltage Ve 3.0~ 10.0 v
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Motor driver ICs BAGBGOFS/ BA6862FS
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Motor driver ICs BA6B860FS/BA6862FS
|
@Pin descriptions
Pin No. Pin name Function
1 GND Signal ground pin
2 osD Output short-circuit detection
3 Vm Motor power supply
4 VS Motor power supply control
5 MODE Current/voltage drive mode switching
6 EC Torque control input
7 " ECR Torque control reference input
8 TL Torque limit
9 PCI Phase compensation for the low-side output saturation prevention circuit
10 PCV Phase compensation for the high-side output saturation prevention circuit
11 BRK Brake input; brake mode when HIGH, run mode when LOW
12 FR Motor direction control input
13 PS Power save input; standby when HIGH, run mode when LOW
14 Vce Signal power supply
15 AMP QUT Ampilifier output
16 AMP IN— Amplifier input (-)
17 AMP IN+ Amplifier input (+)
18 PCH Hall amplifier AGC phase compensation
19 RCC Resistor connection pin for changing the ripple cancellation ratio
20 H3— Hall signal input
21 H3+ Hall signal input
22 H2— Hall signal input
23 H2+ Hall signal input
24 H1— Hall signal input
25 Hi+ Hall signal input
26 A1H Motor output (pre-drive)
27 AZH Motor output (pre-drive,)
28 A3H Motor cutput (pre-drive)
29 Al Motor output
30 A2 Motor output
31 A3 Motor output
32 RNF Motor ground pin; connect a current-sensing resistor (0.68Q recommended)
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Motor driver ICs BAG6860FS/BAGB62FS

@Input/output circuit

(1) Powersave (PS : 13 pin) (2) Brake (BRK : 11 pin)
' =
19K 38k
BRK
PS ;
40k 9k
’ -r
(3) Hallinput {4) Hallinput {(H3+, 21 pin ; H3~, 20 pin)

{(H1+, H1—, H2+, H2- : 25-22 pin)

1k 1k
1Kk 1k
(5} Motor output (ATH, A2H, A3H : 26—28 pin) (&) Motor output (A1, A2, A3 | 29—-231 pin)
Pre-drive
—C
100K
r

{7} Torgque control (EC, 6 pin; ECR, 7 pin) (8) Torgue limit (TL : 8 pin)

1k 1k

EC ECR 1k

TL
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Motor driver ICs BAG6B60FS/BA6862FS W

(9) Torque ripple (RCC : 19 pin) (10} Motor direction (FR @ 12 pin) -g
‘ 2
FRO—AAA :

{11) VS (VS ! 4 pin) {12) Mode (MODE : 5 pin)

Vs

(13} OSD (0OSD : 2 pin) {(14) Amplifiers (AMP IN—: 16 pin; AMP IN+: 17 pin;
AMP OUT: 15 pin)

0sD

AMP IN— AMP IN+ AMP QUT

* Resistances, in Q, are typical values, Note that the resistance values can vary £30%.

Fig.1

Motor Drivers for VCRs - Three-Phase Full-Wave Motor Drivers for Capstan Motors
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Motor driver ICs

BA6860FS/BA6862FS

e

@Electrical characteristics (unless otherwise noted, Ta=25C, Vec=5V, =5V}

Parameter Symbol Min, Typ. Max. Unit Conditions
{Total davice)
Circuit current 1 el - o 0.2 mA Power save ON
Circuit current 2 lece - 10 mA Power save OFF
{BABBBOFS torque control)
Torque control 110 gain Gio 0.29 0.39 0.49 AV | Eca=1.0V, Ec=1.2V, 1.4V
Torgque control voltage Ec 1.0 — 4.5 Y
Torgue control voltage offset Ecors —100 - +100 mv
TL-RNF voltage offset VTL0Fs 20 &5 90 my Vi=0.2V
Ripple cancellation ratio VRoo 10 15 20 % Ec=1.2V, Rcc=12kQ
(BABBB2FS torgue control)
Torque control I/O gain Gio 0.29 0.39 0.49 AfY | Ecr=1.2V, Ec=1.5V, 1.7V
Torque control voltage Ec 1.2 -— 45 v
Targue control voltage offset Ecors —150 - +150 mv
TL-RNF voltage offset VrLoFs 20 65 20 mV Vn=0.2V
Ripple canceilation ratio VRroo 10 15 20 % Ec=1.5V, Rec=12kQ
{Power save}
ON voltage Veson 4 - - v
OFF voltage VrsorF - - 3 v
{Hall amplifier)
H1 common-mode input voltage Ve 1.0 - 4.5 v FR=GND, Vcc
H2 common-mode input voltage Vewe 1.0 - 45 v FR=GND, Vcc
H3 common-mods input voltage Vems 0.4 - 38 v FR=GND, Vcc
Hall input offset voltage VHors —15 - +15 mV | FR=GND, Vcc
{Output}
Pre-drive output current lorRe 14 23 - mA,
Low-side saturation voltage Vsar — 0.65 1.0 v lour=400mA
{Motor direction)
Forward mode voltage Vor - - 08 v
Stop mode voltage Vos 1.2 — 2.3 v
Reverse mode voltage Von 27 - — v
(Brake)
ON voltage VBRroN 2 - - v
OFF voltage VBROFF - - 1 v
{Mode switching}
Current-drive ON voltage Vibon - — 1 v
Voltage-drive ON voltage Vvoon 2 — — v
(0S8 D) _
Cutput voltage Voso - 0.12 0.18 v loso=3mA
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BAGB60FS/BAG6862FS

Motor driver ICs
0
Parameter Symbol | Min. | Typ. | Max. | Unit Conditions

(vs) ‘
Volitage gain Guvs 4.5 5.0 5.5 Mult
HIGH level output voltage 1 Vorva 350 4.20 - Vv MODE=GND, lovs==-3mA
LOW level output voltage 1 " VoLver - 0.28 0.42 A MODE~GND, lovs=50 A
HIGH level output voltage 2 Vorvsz 3.50 4.20 - v MODE=Vce, lovs=—3mA
LOW level output voltage 2 VoLvsz - 0.08 0.12 v MODE=Vce, lovs=50 uA
{Operational amplifiet} .
Input offset voitage Vio -8 — 8 mv
DC bias voltage Veiss . 24 25 26 v
Voltage gain 1 AV1 65 75 - dB f= 500Hz
Voltage gain 2 AV2 30 35 - dB f= 50kHz
Common-mode input voltage View 0.5 - 4.0 v .
High-side output voltage Vou 37 4.1 - v lon=—3mA
L ow-side output voltage VoL - 0.9 1.3 v loL=3mA
* Current flows out from Ics is negative, and current flows into is positive. Hall signal /\
Hi=H1+—H1~ /
@Circuit operation \/
(1) Halll/O . ’\ /‘\
The 3-phase Hall ‘signal is amplifiec} in the hall amplifi- Ha=Ha+—H2 \/ \
ers and sent to the matrix section, where the signal is '
further amplified and combined. After the signal is con- R /\ /\

verted to a current in the amplitude control circuit, the
current is supplied to the output driver, which then pro-

vides a motor drive current. The phases of the Hall in-Cuteut current waveform

put signal, output voltage, and output current are
shown in Fig. 2. ' '

The trapezoidal waveform of outpu‘t current would
create intermittence in the magnetic field generated by
the 3-phase motor, and would resultin an irregular
rotation of the motor. To prevent this, the output wave-
form is obtained by superimposing a triangular wave
on the trapezoidal wave. This process is called torque
ripple cancellation

A1

A2

A3

Al

A2

A3

Torque ripple cancelation

Fig.2 Waveform diagram for the forward mode
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Motor driver ICs

BAGB60FS/BAG862FS

@Circuit operation
(2) Torque control pin
The output current can be controlled by adjusting the
voltage applied to the torque contral pin (EC pin}.
ECR refarence voltage

RNF vollage

Ec voltage

Fig.3
The pins are the inputs to a differential amplifier. A refer-
ence voltage of 1.0V {recommended value for
BAGBB60FS) or 1.2V (recommended value for
BABGB62FS) is applied to pin 7. The offset voltage range
is between —100mV and +100mV for the BAGBEOFS
and between —150mV and +150mV for the BAG862FS.
(3) Brake
A brake is applied to the moter when the brake pin (pin
11) is put to HIGH. The brake mode is activated when
the brake pin voltage is 2.0V or more and deactivated
when the voltage is 1.0V or less.
(4) Output current sensing and torque limitation
The RNF pin (pin 32) is the ground pin far the output
stage. To sense the output current, a resistor (0.68Q
recommended} is connected between the RNF pin
and the ground. The cutput current is sensed by ap-
plying the voitage developed across this resistor to the
TL amplifier input as a feedback.
The output current can be limited by adjusting the volt-
age applied to pin 8. The current is limited when pin 8
reaches the same potential as pin 32. The output cur-
rent (Imax) under this condition is given by :
Vn—({TL—Rnr offset) A)

Rrnr

Imax.=

where Ranr is the value of the resistor connected be-
tween the Ry and ground pins and Vn is the voltage
applied to the TL pin.

(5) Motor power supply control

Nearly all the power dissipated by the IC is dissipated
between the collectors and emitters of the output tran-
sistors. More power is consumed as the C-E voltage

increases and as the output current increases.

The output transistor C-E voltage is equal to the differ-
ence between the supply voltage and the voltage ap-
plied to the motor. Because the voltage across the mo-
tor decreases with decreasing drive current, the C-E
voltage must increase if the supply voltage is fixed.
Therefore, to improve the efficiency of the driver and to
prevent the power rating of the {C being exceeded, the
supply voltage must be varied in response to changes
in the output current. The supply voltage is decreased
at low current and increased at high current so that no
excessive voltage is applied between the transistor
collectors and emitters.

The power supply control circuit (VS ; 4 pin) serves for
this purpose. The circuit senses the C-E voltage of the
high-side output transistor, and outputs a signal from
the VS pin to control the motor power supply.

(6) Motor direction control (FR pin)

The motor mode is :

Forward when the FR-pin voltage is less than 0.8V,
Stop when the voltage is between 1.2~2.3V,

Reverse when the voltage is above 2.7V.

In the stop mode, high- and low-side output transistors
are turned off, resulting in a high impedance state.

(7) Output transistor saturation prevention circuit
This circuit monitors the output veltage and maintain
the operation of the cutput transistors below their satu-
ration levels. Operating the transistors in the linear
characteristic range provides good contrel over a wide
range of current and good torque characteristics even
during overloading.

(8) Ripple cancellation circuit

The cancellation ratio of the torque ripple cancellation
circuit (Fig. 2) can be adjusted by an external resistor
connected to pin 19. Select a suitable value by taking
wow and flutter into consideration.

The ripple canceliation ratio can be obtained in the fol-
lowing manner, With Ec=1.2V for the BAGB60FS or
Ec=1.5V for the BA6B62FS, the Rnr value for the Hall
input of (H1+, H2+ H3*) = {L, L, H) is dencted as V4,
and the Rwr value for the Hall input of (H1+, H2+, H3t)
= {L, M, H) is denoted as Vz. The ripple cancellation
ratio is then given by :

RCC= Va—Vy

Vitvgyz <100(%)
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Motor driver ICs BAGB60FS/BAGB62FS E
{9} Output short-circuit detection (10) Current/voltage drive mode switching E
This circuit detects and alarms when outputs A1, A2, This circuit turns ON the current-drive mode when the N
or A3 is short-circuited to the GND or Vm pin. Normailly, MODE pinis 1.0V or less, and turns ON the voltage- %
a pulse with a duty ration. of 50% is output from the cir- drive mode when the MODE pin is 2.0V or more. =
cuit. # Note that high- and low-slde power transistors are both turned on and

a large currant flows in the IC when a brake is applled during the volt-
age-drive mode.

@®Application example

control signal
AMPOUT _ AMPIN+ AMPIN— R Voo
3 O—@—4 &

Motor direction ,I Signal power aupply

Motor
Direction

Hall Amp [@ I

DC/DC

F-H bt
$-H v
b

Signal Combiner
Difterential Divide

AGC

7]; 5D

Output 8
1 Sa{ﬁrmlon PCI L

| | Risple Protactlon
Cancel
[ [ (g EC
' !
osh cantral -5

V8
Brake |_ Vi N
© O—0
PS BAK TL OsD MODE
Torque control signal
Powar save Input Brake slgnal
Fig.4

Motor Drivers for VCRs - Three-Phase Full-Wave Motor Drivers for Capstan Motors
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Motor driver ICs

BAG6860FS/BAG6862FS

@Operation notes

{1) Thermal shutdown circuit

The BAB6860FS and BAB862FS has a built-in thermal
shutdown circuit to protect the ICs. The circuit is acti-
vated at the temperature of 175°C (typical} with a hys-
teresis width of 20°C (typical).

When the circuit is activated at an elevated chip tem-
perature, the output pins (pins 29, 30, and 31) are set
to the open state. The circuit is functional against ex-
cessive power dissipation, output short-circuiting, and
other irregularities in the cutput current, but does not
work against overheating caused by high internal cur-
rents due to externally caused IC damage or pin-to-pin
short-circuiting.

@Electrical characteristic curves

(2) Hallinput

The Hall input circuits are shown in (3) and (4) of input
circuits.” Hall devicas can be connected in either se-
ries or parallel. Make sure that the Hall device input
voltage stays within 1.0~4.5V for H1 and H2, and
0.4~3.8V for H3.

T
L

vece

H

LHe |

i

Parallel connection

\_H'a_l

Serles connection

Fig.5
(3) Amplifier
Unpredictable outputs may occur when the amplifier
input is outside the recommended range.

0.8 15
Voe=VM=8V
H1t, Hz"?\ Hah =(H, L. M} Voo=Vi=5Y
0.5 — i EcabV £
_ (HTt Het Hat) = (H, L M) =
= A/ RNF =008 s Fur=0.680 B
: 04 Pypeyem— : 0.8 10 raslstor connected to the output S 1.0
& (ECR=1.0V) ] E = \
> 0a - 0.8 =
w ~ BABBG2FS u e g \
2 / (ECR==1.2V) -4 /] 8 -
E 02 E 04 9 o5 -
o =4 W "
(=] [s] / T
=4 > / g
0.1 / 0.2 7 by
0 ) o *,
4 103, 20 30 40 60 - 0 02 04 08 08 10 0 25 50 75 100 125 150
"VOLTAGE : EC (V) VOLTAGE : TL {(V} AMBIENT TEMPERATURE : Ta (C)
Fig.6 Rwr voltage vs. Ec voltage Fig.7 Rnr voltage vs. TL voltage Fig.8 Power dissipation curve
648 nasm



Motor driver ICs

“

BA6860FS/BAG6B62FS

SATULATION VOLTAGE : VsaT (V)

VOC=VM=5V
ANF=0.680Q
1.0
0.8 //
06 //
0.4 ///
02
0
¢ 01 02z 03 04 05 DB
QUTPUT CURRENT : 10 (A)
Fig.9 Low-side output saturation

voltage vs. output curren

@External dimensions (Units: mm)

V¥s OQUTPUT VOLTAGE : Vs (V)

VCC=VM=5V
RNF=0880

5.0

4.0 /
a0

0 10 20 30 40 50
OQUTPUT VOLTAGE : A1 (V)

Fig.10 Vs output voltage vs. A1
output voltage

78+03

13.540.2

54302

a2 17
AARAAARAAARAARRA

Q

O

LEEEEEEEEEEEGEEL
16

T‘:! XTI
- z 08 03630.1
SS0OP - A32

649

Motor driver ICs

&
2
=}
=
g
(=8
]
Q
&
4
@D
2
£
8
-
£
[=}
=
g
£
5
'S
@
&
F
N
o
e
£
F

Motor Drivers for VCRs



