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Reversible Motor Driver IC Series for Brush Motors %
Free

Reversible Motor Drivers
for Output 0.8A or less 1 Motor

(with variable speed function)
BAG6950FS,BA6951FS

Pb

@ Description
The BA6950FS and BA6951FS are reversible motor drivers that can directly drive brush type motors which require normal
and reverse rotations.  Four modes of output setting are available by the use of input logic (2 inputs); namely, normal,
reverse, stop (idling), and braking. In addition, since voltage applied to motors varies in accord with the control terminal,
motor rotating speed can be optionally set and by the built-in current feedback amplifier, the motor can be driven at a
constant speed.

@Features
1) Four-mode outputs of normal rotation, reverse rotation, stop (idling), and braking are enabled in compliance with input
logic (2 inputs) of Control Logic.
2) Motor speed can be varied by Vcontrol signal.
3) Motors can be driven at a constant speed by a current feedback amplifier.
4) Control gain can be freely set by external resistors.
5) Built-in thermal shutdown circuit (TSD)
6) Built-in current limiting function (BD6951FS).

@ Applications
VTR, audio equipment in general, OA equipment in general

@ Absolute maximum ratings (Ta=25°C)

Limits
Parameter Symbol BAGI50FS BAGI51FS Unit
Supply voltage VCC 8 8 \%
Supply voltage VB 18 18 V
Power dissipation Pd *800 *800 mwW
Operating temperature Topr -20~+75 -20~+75 °C
Storage temperature Tstg -55~+150 -55~+150 °C
Output current lout **400 **800 mA
Junction temperature Tjmax 150 °C
* *with 90 mm x 50 mm x 1.6 mm glass epoxy substrate mounted.
* When used at Ta=25°C or higher, derated at 6.4 mW/°C.
** However, do not allow current to exceed Pd and ASO.
@®Recommended operating range (common) (Ta=25°C)
Parameter Symbol Range Unit
Supply voltage VCC 3~6 Vv
Supply voltage VB 3~16 Vv
VCTL voltage VCTL 0~(VCC-1.8V) V
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@Electrical characteristics
BAB950FS(Unless otherwise specified, Ta=25°C, VCC=4.8V,VB=4.8V)

Parameter Symbol Min. L_:_r;rl)ts Max. Unit Conditions
(RIN,FIN)=(L,H)or(H,L),

Supply current 1 ICC1 - 4.0 6.0 mA VCTL=0V
Supply current 2 ICC2 - 0.7 15 mA  [(RIN,FIN)=(L,L), VCTL=0V
Supply current 3 IBoff - 0 1.0 UA | @Vce=0V
Input threshold voltage "H” | VR/F H 2.0 - - \Y;
Input threshold voltage "L” | VR/F L - - 0.8 V
Input bias current IRIFH - 80 135 uA  |RIN=2V, FIN=2V
CTL AMP offset VCTLofs| -5.0 - +5.0 mV | (VCTL-RC) @VCTL=0V, 1V
CTL AMP gain VCTL Ga 40 46 52 LAN | AIRT1/1@VCTL=2V, 1V
CTL output ratio 1 ICTLRA1 0.85 1 1.15 ratio [IRT1/IRC@IRC=20 ¢ A
CTL output ratio 2 ICTLR2 0.90 1 1.10 ratio |[IRT1/IRC@IRC=200u A
CSAMP offset CS ofs -5.0 - +5.0 mV |CS1-CS2) @CS1=0V, 0.1V
CS output ratio 1 ICSR1 0.85 1 1.15 ratio |IRT2/ICS2@ICS=20 u A
CS output ratio 2 ICSR2 0.90 1 1.10 ratio |IRT2/ICS2@ICS=200 1« A
Output H voltage VH 2.0 4.6 - V VM1,VM2 @VCTL=0.2V
Output saturation voltage L VOL - 0.07 0.2 V RT1=VCC@ lo=50mA
Output saturation voltage H VOH - 0.09 0.3 V RT1=VCC@lo=50mA

BAB951FS(Unless otherwise specified, Ta=25°C, VCC=4.8V,VB=4.8V)

Limits . -,
Parameter Symbol Min. Typ. Max. Unit Condition
(RIN,FIN)=(L,H)or(H,L),
Supply current 1 ICC1 - 4.0 6.0 mA VCTL=0V
Supply current 2 ICC2 - 0.7 1.5 mA  [(RIN,FIN)=(L,L), VCTL=0V
Supply current 3 IBoff - 0 1.0 “4A |VCC=0V DD IB
Input threshold voltage "H” | VR/F H 2.0 - - \Y
Input threshold voltage "L” | VR/F L - - 0.8 \Y
Input bias current IR/IFH - 80 135 1A  |RIN=2V, FIN=2V
CTL AMP offset VCTLofs| -5.0 - +5.0 mV [(VCTL-RC)@ VCTL=0V, 1V
CTL AMP gain VCTL Ga 40 46 52 LAN | AIRT1/1@ VCTL=2V, 1V
CTL output ratio 1 ICTLR1 0.85 1 1.15 ratio |IRT1/IRC@ IRC=20 A
CTL output ratio 2 ICTLR2 0.90 1 1.10 ratio |IRT1/IRC@ IRC=200u A
CSAMP offset CS ofs -5.0 - +5.0 mV |[(ATC-CS)@ ATC=0V, 0.1V
CS output ratio 1 ICSR1 0.85 1 1.15 ratio |IRT2/ICS@ ICS=20 1 A
CS output ratio 2 ICSR2 0.90 1 1.10 ratio |IRT2/ICS@ ICS=200u A
TL-Rarc offset TL-Raofs 6 18 30 mV  |TL=0.3V, Rarc=1.0Q
Output H voltage VH 1.85 2.2 2.55 V VCTL=1.0V
Output saturation voltage L VOL - 0.28 0.56 V RT1=VCC@ lo=300mA
Output saturation voltage H VOH - 0.32 0.64 V RT1=VCC@ lo=300mA
@ Thermal derating curves
Pd[mW]
1000
800
BOO oo T
o e
25 50 75 100 125 150  Ta[°C]

* with 90 mm x 50 mm x 1.6 mm glass epoxy substrate mounted.
*When used at Ta=25°C or higher, derated at 6.4mW/°C.
Fig.1
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@Reference data
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@ Truth table
FIN RIN M1 M2
H L L H Forward
L H H L Reverse
H H L L Brake
L L OPEN Standby
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@Block diagram, application circuit

BAGI950FS

Connect phase Connect control phase
compensation capacitor. compensation capacitor. 33 pF
0.1 yF is recommended. is recommended.

Filter = capacitor to
alleviate VB noise.

T~100uF [+ 01“':

1\,

33pF
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Connect capacitors as FIN RIN pcT
required. .-. Filter capacitor to
allgwate VCC
noise.
CTLAMP
Pre AMP
Recommended to
remove motor noise.
0.01-0.1 yF
Because wiring
resistance is added to
motor impedance,
voltage loss results.
Connect to motors by Layout resistors close to terminals by as thick wiring as
as thick an.d short possible with care to prevent wiring resistance from being
wirina as possible. generated. Current setting is changed.
Fig.10
PIN No. Pin name Function
1 GND Ground
2 VCTL Control voltage input pin
3 RC Control gain setting pin GNDL{~ &> RT1
4 PCT Phase compensation for CTL amp VCTL L - RT2
5 RIN Control logic input RCL 1 CS2
6 VB Power supply for driver PCT 1 CS1
7 M1 Driver output RINL 1vee
8 ATC Power ground VB L 1PC
9 M2 Driver output M1 L I FIN
10 FIN | Control logic input ACTLJe ©[ M2
11 PC Phase compensation for small signal
12 VCC Power supply for small signal Fig.11
13 CS1 CS amp gain setting pin
14 CS2 CS amp gain setting pin
15 RT2 Control gain setting pin
16 RT1 Control gain setting pin



Connect phase Connect control phase
BA6951FS compensation  capacitor. compensation capacitor. 33 pF
0.1 pF is recommended. is recommended.
Filter ~ capacitor to 1~100uF
alleviate VB noise.
Connect capacitors as
required. Filter capacitor to
alleviate VCC
noise.
Current limiter
The current limit value can be
set by torque limit input
terminal voltage. See page 6.
Recommended to
remove motor noise.
0.01-0.1 pF
Because wiring
resistance is added to
motor impedance,
\C/;oltaget Itoss tresulLs. Layout resistors close to terminals by as thick wiring as
onnect 1o motors by possible with care to prevent wiring resistance from being
as thick and short generated. Current setting is changed.
wiring as possible.
Fig.12
Pin No. | Pin Name Function
1 GND Ground
2 VCTL Control voltage input pin
3 RC Control gain setting pin
4 PCT Phase compensation for CTL amp
5 RIN Control logic input
6 VB Power supply for driver
7 M1 Driver output
8 ATC Power ground
9 M2 Driver output
10 FIN Control logic input
11 PC Phase compensation for small signal
12 VCC Power supply for small signal
13 TL Torque limiter setting pin
14 CS CS amp gain setting pin
15 RT2 Control gain setting pin
16 RT1 Control gain setting pin
@ |Interfaces BA6950FS. BA6951FS
O R/F Input O CTLAmp O Phase compensation O Driver
VM
o R,F input
< (FIN, RIN)
13.5KQ :-
10KQ
) VCTL w M2
3.6KQ 3: 1KQ
10KQ r
e éACT

77

O RT2

RT2

-

O RT1 O TL(BAB951FS)

11KQ
s

3.125KQ

Fig.13

RT1
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@ Operations
(1) Description on input sections (FIN, RIN) and I/0 mode
Terminal to enter control signals. Operation of each mode is described as follows.
When FIN is “H” and RIN is “L,” the normal rotating mode is achieved and current flows from M2 to M1. When FIN
is “L” and RIN is “H,” the reverse rotating mode is achieved, and current flows from M1 to M2. When both FIN and
RIN are “H”, the brake mode is achieved. Operation in such event takes place as follows: the upper-side output
transistor turns OFF to stop supplying motor driving current and the lower-side output transistor turns ON to absorb
back electromotive force and apply brake to the motor. When both FIN and RIN are “L,” M1 and M2 reach open

potential (all output transistors OFF) and the motor stops.
(2) Motor speed control servo function

It is possible to vary output H voltage by controlling input voltage of control AMP (CTRL) and optionally set the motor
rotating speed.
In addition, it is also possible to drive motors with constant speed servo applied by feeding back motor current to the
output with a built-in current feedback amplifier.
It is possible to set output H voltage control gain and current feedback amplifier gain in conformity to Eq. [1] through
[4] from resistance values of R1 through R4.

Output H voltage control gain: AVOH.” AVCTRL=(R2+R3)x 4 “R1

Current feedback AMP gain: AVH.” Al8pin(ATC)=R5XR3x 4 /R4
(3) CTL AMP(control amplifier)

This is an amplifier to set motor output High voltage. By adjusting the motor output High voltage, it is possible to
control the motor rotating speed. The current which flows out from 16pin(RT1) is created from 2pin(VCTL) voltage
and R1 resistance value in compliance with Eq. [1].
116pin(IRT1)=V2pin/R1 V2pin(VCTL)R1 - - - [1]
(4) CS AMP(current sense amplifier)
CS AMP is an amplifier which has a function to multiply the current flowing to motors (current that flows out from
ATC) by R5/R4 and allow the current to flow out from the RT2 terminal. CS AMP detects current that flows to
motors by resistor R5 connected to 8pin(ATC) and enters it to the CSAMP+ side. The CSAMP output is outputted
as constant current from 15pin(RT2). This current is expressed by Eq. [2] from the current that flows out from
8pin(ATC) and resistance values of R4 and R5.
115pin(IRT2)=18pin(ACT) X R5/R4 -0 [2]
CS AMP gain can be adjusted by resistance values of R4 and R5.
(5) Pre AMP(preamplifier)
CTR AMP output and CSAMP output are added and entered into PreAMP. PreAMP outputs voltage four times as
much as the input voltage” to 9pin(HI side) in compliance with Eq. [4]. This voltage is created from currents 116pin
and 115pin created by CTR AMP and CS AMP and resistance values of R2 and R3 in compliance with Eq. [3].
V16pin=R3 X (I16pin+I15pin)+R2 x [16pin - - - [3]
V7,9pin=4 x V16pin(Typ.) - - - [4]
Now, by adjusting R2 and R3, the radio of CS AMP output added to CTRL AMP output added can be varied.
(6) Setting of motor rotating speed
The motor rotating speed is determined by the motor output High voltage. The motor output High voltage is
determined by Eq. [1] through [4]. That is, it is not determined by the VCTL input voltage only but R1 through R5
resistance values are involved, too. It is recommended to first set R1 through R5 resistance values to the

recommended values and adjust the motor output High voltage by the VCTL voltage.
(7) DRIVER

This is an 1/0 section circuit that supplies voltage to the motor output in compliance with signals from PreAMP.
(8) TLAMP (current limit AMP) (BA6951FS)

In the event that motor current flows to R5 and the generated voltage exceeds the torque limit terminal input voltage
VTL, control is activated to lower output H voltage and limit the motor current. The current limit limit can be
expressed by Eq. [5].
limt=VTLR5 + - - [5]
@ Constant setting method

Resistors R1 through R5 which set output H voltage control gain and current feedback AMP gain can be set by Eq. [1]
through Eq. [4]. In such event, it is recommended to set resistors within the range of recommended conditions of the

table below.
Constant Parameter Conditions Method
R1 116pin(RT1) 116pin< 1 mA Equation [1]
R5 V8pin(ATC) V8pin< 1V V8pin =R5 X lout
R4 115pin(RT2) 115pin< 1 mA Equation [2]
R2+R3 V16pin(RT1) V16pin<VCC/4 Equation [3]
R2R3 Ratio Check the stability at constant velocity drive.
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@ Cautions on use
1) Absolute Maximum Ratings
For the present product, thoroughgoing quality control is carried out, but in the event that applied voltage, working temperature
range, and other absolute maximum rating are exceeded, the present product may be destroyed. Because it is unable to identify
the short mode, open mode, etc., if any special mode is assumed, which exceeds the absolute maximum rating, physical safety
measures are requested to be taken, such as fuses, etc.

2) Reverse connection of power supply connector
Reverse connection of power supply connector may destroy the IC. Take necessary measures to protect the IC from reverse
connection breakage such as externally inserting diodes across power supply and IC power supply terminal as well as across
power supply and motor coil.

3) Power supply line

Because return of current regenerated by Back-EMF of a motor occurs, take necessary measures such as inserting capacitors
across the power supply and GND as a path for regenerated current, and determine the capacity value after thoroughly confirming
that there would be no problems in various characteristics such as capacitance drop at low temperature which may occur with
electrolytic capacitors. By the way, in the event that the power supply connected does not have sufficient current absorbing
capability, voltage of the power supply line rises due to regenerative current and there is a fear in that the present product
including the peripheral circuits exceeds the absolute maximum rating. It is therefore requested to provide physical safety
measures, such as inserting a diode for voltage clamp across power supply and GND, etc.

4) Electrical potential at GND
Keep the GND terminal potential to the minimum potential under any operating condition. In addition, check if there is actually any
terminal, which provides voltage below GND including transient phenomena.

5) Thermal design
Consider the power dissipation (Pd) under actual working condition and carry out thermal design with sufficient margin provided.

6) Short-circuiting between terminals, and mismounting
When mounting to PCB, care must be taken to avoid mistake in its orientation and alignment. Failure to do so may result in IC
breakdown. Short-circuiting due to foreign matters entered between output terminals, or between output and power supply or
GND may also cause breakdown.

7) Operation in strong electromagnetic field
The use in the strong electromagnetic field may sometimes cause malfunction, to which care must be taken.

8) ASO
) When IC is used, design in such a manner that the output transistor does not exceed absolute maximum ratings and ASO.

9) Built-in thermal shutdown circuit
When junction temperature (Tj) becomes thermal shutdown ON temperature 175°C, the thermal shutdown circuit (TSD circuit) is
activated and turns OFF all the coil outputs to motors. In addition, there is 20°C temperature hysteresis. The thermal shutdown
protection circuit is first and foremost intended for interrupt IC from thermal runaway, and is not intended to protect and warrant the
IC. Consequently, never attempt to continuously use the IC after this circuit is activated or to use the circuit with the activation of
the circuit premised.

10) Capacitor across output and GND
In the event a large capacitor is connected across output and GND, when VCC and VIN are short-circuited with 0V or GND for some
kind of reasons, current charged in the capacitor flows into the output and may destroy the IC. Use a capacitor smaller than 1 pF
between output and GND.

11) Inspection by set substrate
In the event a capacitor is connected to a pin with low impedance at the time of inspection with a set substrate, there is a fear of
applying stress to the IC. Therefore, be sure to discharge electricity for every process. Furthermore, when the set substrate is
connected to a jig in the inspection process, be sure to turn OFF power supply to connect the jig and be sure to turn OFF power
supply to remove the jig. As electrostatic measures, provide grounding in the assembly process, and take utmost care in
transportation and storage.

12) IC terminal input

The present IC is a monolithic IC and has P* isolation and a P substrate between elements to separate elements. With this P layer
and N layer of each element, PN junction is formed, and various parasitic elements are formed. For example, when resistors and
transistors are connected to terminals as is the case of Fig. 14, where in the case of resistor, the potential difference satisfies the
relation of ground (GND)>(terminal A), and in the case of transistor (NPN), the potential difference satisfies the relation of ground
(GND)>(terminal B), PN junction works as a diode. Furthermore, in the case of transistor (NPN), a parasitic NPN transistor
operates by the N-layer of other elements adjacent to the parasitic diode. The parasitic element is inevitably formed because of the
IC construction. The operation of the parasitic element gives rise to mutual interference between circuits and results in malfunction,
and eventually, breakdown. Consequently, take utmost care not to use the IC to operate the parasitic element such as applying
voltage lower than GND (P substrate) to the input terminal. In addition, when the power supply voltage is not applied to IC, do not
apply voltage to the input terminal, either. Similarly, when the power supply voltage is applied, each input terminals shall be the
voltage below the power supply voltage or within the guaranteed values of electrical properties.
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13) GND wiring pattern
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Parasitic
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Terminal B

Terminal B
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]
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P-sub

7J7_ GND
Parasitic element

GND

Example of the basic structure of a bipolar IC

Parasitic element

If there are a small signal GND and a high current GND, it is recommended to separate the patterns for the high current GND and
the small signal GND and provide a proper grounding to the reference point of the set not to affect the voltage at the small signal
GND with the change in voltage due to resistance component of pattern wiring and high current. Also for GND wiring pattern of the
component externally connected, pay special attention not to cause undesirable change to it.

@ Ordering part number

B A 6 9 5 0 F S — E 2
ROHM part number Type Package Package specification
E2 = Embossed tapin
SSOP-A16 ping
<Dimension> <Tape and Reel information>
Tape Embossed carrier tape
Quantitv| 2500pcs
Direction| E2
of feed (The direction is the 1pin of product is at the upper left when you hold
reel on the left hand and you pull out the tape on the right hand)
Reel 1pin Directiaon of feed
(Umtmm) XWhen you order , please order in times the amount of package quantity.

@ The contents described herein are correct as of April, 2005

@ The contents described herein are subject to change without notice. For updates of the latest information, please contact and confirm with ROHM CO,,LTD.
@ Any part of this application note must not ba duplicated or copied without our permission.

@ Application circuit diagrams and circuit constants contained herein are shown as examples of standard use and operation. Please pay careful attention to the peripheral conditions when
upon circuit constants in the set.

@ Any data, including, but not limited to application circuit di and i herein are intended only as illustrations of such devices and not as the specifications for such devices. ROHM CO.,LTD. disclaims any
warranty that any use of such devices shall be free from infringement of any 1h|rd party's intellectual property rights or other propristary rights, and further, no liability of nature in the even of any such
infringement, or arising from or connected with or related to the use of such devices.

@ Upon tha sale of any such devices, other than for buyer's right to use such devices itself, resell or otharwise dispose of the same, implied right or license to praclice or
proprietary rights owned or controlled by ROHM CO., LTD. is granted to any such buyer.

@ The products described herein utilize silicon as the main material.

@ The products described herein are not designed to be X ray proof.

circuits and decidil

exploit any i property rights or other

The products listed in this catalog are designed to be used with ordinary electronic equipment or devices (such as audio visual equipment,
office-automation equipment, communications devices, electrical appliances and electronic toys).

Should you intend to use these products with equipment or devices which require an extremely high level of reliability and the malfunction of which
would directly endanger human life (such as medical instruments, transportation equipment, aerospace machinery, nuclear-reactor controllers,

fuel controllers and other safety devices), please be sure to consult with our sales representative in advance.

Contact us for further information about the products.
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Appendix

Notes

@ No technical content pages of this document may be reproduced in any form or transmitted by any
means without prior permission of ROHM CO.,LTD.

@ The contents described herein are subject to change without notice. The specifications for the
product described in this document are for reference only. Upon actual use, therefore, please request
that specifications to be separately delivered.

@ Application circuit diagrams and circuit constants contained herein are shown as examples of standard
use and operation. Please pay careful attention to the peripheral conditions when designing circuits
and deciding upon circuit constants in the set.

@ Any data, including, but not limited to application circuit diagrams information, described herein
are intended only as illustrations of such devices and not as the specifications for such devices. ROHM
CO.,LTD. disclaims any warranty that any use of such devices shall be free from infringement of any
third party's intellectual property rights or other proprietary rights, and further, assumes no liability of
whatsoever nature in the event of any such infringement, or arising from or connected with or related
to the use of such devices.

@ Upon the sale of any such devices, other than for buyer's right to use such devices itself, resell or
otherwise dispose of the same, no express or implied right or license to practice or commercially
exploit any intellectual property rights or other proprietary rights owned or controlled by

® ROHM CO., LTD. is granted to any such buyer.

@ Products listed in this document are no antiradiation design.

The products listed in this document are designed to be used with ordinary electronic equipment or devices
(such as audio visual equipment, office-automation equipment, communications devices, electrical
appliances and electronic toys).

Should you intend to use these products with equipment or devices which require an extremely high level
of reliability and the malfunction of which would directly endanger human life (such as medical
instruments, transportation equipment, aerospace machinery, nuclear-reactor controllers, fuel controllers
and other safety devices), please be sure to consult with our sales representative in advance.

It is our top priority to supply products with the utmost quality and reliability. However, there is always a chance
of failure due to unexpected factors. Therefore, please take into account the derating characteristics and allow
for sufficient safety features, such as extra margin, anti-flammability, and fail-safe measures when designing in
order to prevent possible accidents that may result in bodily harm or fire caused by component failure. ROHM
cannot be held responsible for any damages arising from the use of the products under conditions out of the
range of the specifications or due to non-compliance with the NOTES specified in this catalog.

Thank you for your accessing to ROHM product informations.
More detail product informations and catalogs are available, please contact your nearest sales office.
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