ROHIM Technical Note

SEMICONDUCTOR

DC Brushless Motor Drivers for Cooling Fans ‘ Pb ;%w
| ion Si “Free RoHS
Multifunction Single-phase Full-wave ..LICC Boi2

Fan Motor Driver

BD6974FV No.12010EAT17
@General description @Package W (Typ.) x D (Typ.) x H (Max.)
BD6974FV is a pre-driver that controls the motor drive SSOP-B16 5.00mm x 6.40mm x 1.35mm
part composed of the power transistors. Moreover, a lot
of functions are installed, and the pin is compatible with
BD6973FV(rotation speed pulse signal output).
@Features
W Pre-driver for external power transistors
B Speed controllable by DC / direct PWM input
B PWM soft switching
B Soft start
B Quick start
®  Current limit
W Lock protection and automatic restart
B Lock alarm signal (AL) output SSOP-B16
@Application

B Fan motors for general consumer equipment of desktop PC, and Server, etc.

@Absolute maximum ratings

Parameter Symbol Limit Unit
Supply voltage Vcce 20 V
Power dissipation Pd 874.7" mw
Operating temperature range Topr —40 to +100 °C
Storage temperature range Tstg -55 to +150 °C
High side output voltage Voh 36 V
Low side output voltage Vol 15 \'
Low side output current lol 10 mA
Lock alarm signal (AL) output voltage Val 20 V
Lock alarm signal (AL) output current lal 10 mA
Reference voltage (REF) output current Iref 12 mA
Hall bias (HB) output current lhb 12 mA
Input voltage (H+, H—, TH, MIN, CS) Vin 7 \Y;
Junction temperature Tj 150 °C

*1 Reduce by 7.0mW/°C over Ta=25°C. (On 70.0mmx70.0mmx1.6mm glass epoxy board)

@Recommended operating conditions
Parameter Symbol Limit Unit

Operating supply voltage range Vce 431t017.0 \%

Operating input voltage range 1 (H+, H-)

Oto7 Y,
(more than Vcc=9V) Vin °
ting input volt 1 (H+, H-
Operating input voltage range 1 (H+, H-) 0 to Veo2 Vv
(less than Vcc=9V)
Operating input voltage range 2 (TH, MIN) Vin2 0 to Vref \%

OProduct structure : Silicon monolithic integrated circuit OThis product is not designed protection against radioactive rays
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BD6974V

Technical Note

@Pin configuration

(TOP VIEW)

AL [ 1]
osc [ 2 |
MN [ 3|

T[4 |
REF [ 5 |
vee [ 6 |
aH [ 7]
AL [ 8

O

Fig.1 Pin configuration

@Block diagram

@1/0 truth table

@Pin description

P/No. | T/Name Function
1 AL Lock alarm signal output terminal
Oscillating capacitor connectin
16 | GND 2 0SC aung cap 9
terminal
15 | H— 3 MIN Minimum output duty setting terminal
4 TH Output duty controllable input terminal
14 | HB 5 REF |Reference voltage output terminal
:l 6 Vce Power supply terminal
13 H+ 7 A1H High side output terminal 1
12 | sS 8 A1L Low side output terminal 1
9 A2L Low side output terminal 2
11 | CSs 10 A2H High side output terminal 2
:l 11 CS Output current detection terminal
10 | A2H : .
Soft start capacitor connectin
12 SS terminal e "
9 | A2L ermina
13 H+ Hall + input terminal
14 HB Hall bias terminal
15 H- Hall — input terminal
16 GND Ground terminal
AL SIGNAL PWM SOFT
[1]_ OUTPUT SWITCHING
y
L=< osc
PWM
[3]MIN > COMP I;?A_é HB [1‘3
oo | CONTROL
I LOGIC
TH comp H
[« < prorecT o X
Quick | | vel
START
[ﬂLl 17]
Vee REF SOFT START
?— & CURRENT
[6 Tee * * * * LIMIT COMP 1]]
PRE-
A1lH DRIVER A2H
REG REG
o bl LI iq
E ALL I I A2L o]

Fig.2 Block diagram

Hall input Driver output
H+ H- A1H A1L A2H A2L
H L Hi-Z H L L
L H L L Hi-Z H
H; High, L; Low, Hi-Z; High impedance
Motor state AL
Rotating L
Locking Hi-Z
L; Low, Hi-Z; High impedance
AL output is open-drain type.
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BD6974V Technical Note

@Electrical characteristics(Unless otherwise specified Ta=25°C, Vcc=12V)

Limit . . Ref.
Parameter Symbol - Unit Conditions
Min. | Typ. | Max. data
Circuit current Icc 3 5 8 mA Fig.3
Hall input hysteresis voltage Vhys 5 +10 | #15 mV Fig.4
High side output current loh 9.0 | 12.0 | 16.5 mA | Voh=12V Fig.5
High side output leak current lohl - - 10 MA Voh=36V Fig.6
Low side output high voltage Volh 9.3 9.5 - V lol=—5mA Fig.7, 8
Low side output low voltage Voll - 0.5 0.7 V lol=5mA Fig.9, 10
Lock detection ON time Ton 0.20 | 0.30 | 0.45 S Fig.11
Lock detection OFF time Toff 40 | 6.0 9.0 S Fig.12
AL output low voltage Vall - - 0.3 \% lal=5mA Fig.13, 14
AL output leak current lall - - 10 MA Val=17V Fig.15
OSC high voltage Vosch 2.3 2.5 2.7 \' Fig.16
OSC low voltage Voscl 0.8 1.0 1.2 \' Fig.16
OSC charge current Icosc -55 | 40 | -25 MA Fig.17
OSC discharge current Idosc 25 40 55 MA Fig.17
Vth=Vref x 0.26
Output ON duty 1 Poh1 75 80 85 % Pull up resistance 1kQ, -
OSC=470pF
Vth=Vref x 0.35
Output ON duty 2 Poh2 45 50 55 % Pull up resistance 1kQ, -
0OSC=470pF
Vth=Vref x 0.44
Output ON duty 3 Poh3 15 20 25 % Pull up resistance 1kQ, -
OSC=470pF
Reference voltage Vref 48 | 5.0 5.2 \Y Iref=—2mA Fig.18, 19
Hall bias voltage Vhb 1.10 | 1.26 | 1.50 Vv Ihb=—2mA Fig.20, 21
Current limit setting voltage Vcl 120 | 150 | 180 mV Fig.22
SS charge current Iss -300 | —-120 | -50 nA Vss=0V Fig.23
TH input bias current Ith - - -0.2 MA Vth=0V Fig.24
MIN input bias current Imin - - -0.2 MA Vmin=0V Fig.25
CS input bias current Ics - - -0.2 MA Vcs=0V Fig.26

About a current item, define the inflow current to IC as a positive notation, and the outflow current from IC as a negative notation.
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@Typical performance curves(Reference data)
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@Typical performance curves(Reference data)
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Technical Note

@Typical performance curves(Reference data)
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Technical Note

@Typical performance curves(Reference data)
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@Typical performance curves(Reference data)
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@Typical performance curves(Reference data)
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@Application circuit example(Constant values are for reference)

Protection of AL open-drain

Output PWM frequency setting B [CRE gum )
0Qto
100pF

Circuit that converts PWM duty
into DC voltage

Noise measures of substrate

Hall bias is set according to the
amplitude of hall element
output and hall input voltage
range.

SIGNAL PWM SOFT GND
OUTPUT |r|SWITCHING TSD |

* HALL

0sCc H

+

CONTROL
LOGIC

QUICK Vel 0.01yF
START Y X
,,,,,,,,, 1 - LR Soft start time setting
T
Stabilization of REF voltage 0.1pF to& VC REF SOFT START 100pF
» [6] LIMIT COMP t_Q.ﬂDJ.!JF
Reverse-connected prevention ce i 2000
of the FAN connector 1uF toJ; ALH oo LDRIVER [T A2H J"_ "/ 020k0
7 10)
. ] [ O] e C] 20 Low-pass filter for RNF voltage
So bypass capacitor, o ° smoothing
arrangement near to Vcc
terminal as much as possible I'i" ALL AZL "i"
Drive the PMOS FET gate by
I [ ' T constant current flowing to IC
+D ' 470Qt0 1kQ ~
Reverse-connected prevention 1WFto [ Adjustment the PMOS FET
of the FAN connector AAA slew rate
VVV ¥
0Q to 2kQ
M
So bypass capacitor, A ' .
arrangement near to FETs as Wv 1 Adjustment the NMOS FET
much as possible b3 0Q to 2k slew rate
A 2kQ to 20kQ

Stabilization of NMOS FET gate
drive

o *
To limit motor current, the

current is detected.
Note the power consumption of
detection resistance.

Fig.27 PWM controllable 4 wires type motor application circuit

Substrate design note

a) Motor power and ground lines are made as fat as possible.

b) IC power line is made as fat as possible.

c) IC ground line is common with the application ground except motor ground (i.e. hall ground etc.), and arranged
near to (-) land.

d) The bypass capacitors (Vcc side and Vm side) are arrangement near to Vcc terminal and FETSs, respectively.

e) H+ and H- lines are arranged side by side and made from the hall element to IC as shorter as possible,
because it is easy for the noise to influence the hall lines.
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@Power dissipation

Power dissipation (total loss) indicates the power that can be consumed by IC at Ta=25°C (normal temperature). IC is
heated when it consumes power, and the temperature of IC chip becomes higher than ambient temperature. The
temperature that can be accepted by IC chip depends on circuit configuration, manufacturing process, etc, and consumable
power is limited. Power dissipation is determined by the temperature allowed in IC chip (maximum junction temperature)
and thermal resistance of package (heat dissipation capability). The maximum junction temperature is in general equal to
the maximum value in the storage temperature range.

Heat generated by consumed power of IC is radiated from the mold resin or lead frame of package. The parameter which
indicates this heat dissipation capability (hardness of heat release) is called heat resistance, represented by the symbol
Bja[°’C/W]. This heat resistance can estimate the temperature of IC inside the package. Fig.28 shows the model of heat
resistance of the package. Heat resistance 6ja, ambient temperature Ta, junction temperature Tj, and power consumption P
can be calculated by the equation below:

Bja = (Tj—Ta) /P [°C/W]

Thermal de-rating curve indicates power that can be consumed by IC with reference to ambient temperature. Power that
can be consumed by IC begins to attenuate at certain ambient temperature. This gradient is determined by thermal
resistance Bja. Thermal resistance 6ja depends on chip size, power consumption, package ambient temperature, packaging
condition, wind velocity, etc., even when the same package is used. Thermal de-rating curve indicates a reference value
measured at a specified condition. Fig.29 shows a thermal de-rating curve (Value when mounting FR4 glass epoxy board

70[mm] x 70[mm] x 1.6[mm] (copper foil area below 3[%])). Thermal resistance 8jc from IC chip joint part to the package
surface part of mounting the above-mentioned same substrate is shown in the following as a reference value.

Bjc = 36 [°C/W] (reference value) Pdmw], . T ) R

6ja = (Tj - Ta) / P ["C/W] 8r4.1

Bjc = (Tj—Tc) / P [°C/W] 750 S

\eja=142.9 [°CIW]
Ambient temperature Ta[°C]
Package surface temperature Tc[°C] 500 [ R \ R
250 ey
|_/—| ) T~
JNF—7 Lo
7 0 25 50 75 100 125 150

* Reduce by 7.0mW/°C over 25°C
(On 70.0mm x 70.0mm x 1.6mm glass epoxy board)

7
Chip surface temperature Tj[°C]
Power consumption P[W]

Fig.28 Thermal resistance Fig.29 Thermal de-rating curve

@1/0 equivalence circuit(Resistance values are typical)

1) Power supply terminal, 2) Hall input terminals, 3) Minimum output duty setting 4) Soft start capacitor
and Ground terminal Output duty controllable input terminal connecting terminal
terminal,
and Output current detection
terminal Vce Vce Vce
Vce
Vcc
MIN[ ss[
:i 1%Q 1kQ
™ L W 300 30Q
CS
GND
5) High side output 1, 2 6) Low side output 1, 2 7) Reference voltage output 8) Oscillating capacitor
terminals, and terminals terminal, connecting terminal
Lock alarm signal output and Hall bias terminal
terminal
REG Vce Vce Vce Vce Vce
.d
ALH ALL REF
20Q ]AZH 20Q ]AZL ]HB
4 AL — 36K 1kQ 1kQ
31kQ
R ——— [}
osC
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@Operational Notes

1)

10)

11)

12)

13)

14)

Absolute maximum ratings
An excess in the absolute maximum rations, such as supply voltage, temperature range of operating conditions, etc.,
can break down the devices, thus making impossible to identify breaking mode, such as a short circuit or an open
circuit. If any over rated values will expect to exceed the absolute maximum ratings, consider adding circuit protection
devices, such as fuses.

Connecting the power supply connector backward
Connecting of the power supply in reverse polarity can damage IC. Take precautions when connecting the power
supply lines. An external direction diode can be added.

Power supply line
Back electromotive force causes regenerated current to power supply line, therefore take a measure such as placing a
capacitor between power supply and GND for routing regenerated current. And fully ensure that the capacitor
characteristics have no problem before determine a capacitor value. (When applying electrolytic capacitors,
capacitance characteristic values are reduced at low temperatures)

GND potential
It is possible that the motor output terminal may deflect below GND terminal because of influence by back
electromotive force of motor. The potential of GND terminal must be minimum potential in all operating conditions,
except that the levels of the motor outputs terminals are under GND level by the back electromotive force of the motor
coil. Also ensure that all terminals except GND and motor output terminals do not fall below GND voltage including
transient characteristics. Malfunction may possibly occur depending on use condition, environment, and property of
individual motor. Please make fully confirmation that no problem is found on operation of IC.

Thermal design
Use a thermal design that allows for a sufficient margin in light of the power dissipation (Pd) in actual operating
conditions.

Inter-pin shorts and mounting errors
Use caution when positioning the IC for mounting on printed circuit boards. The IC may be damaged if there is any
connection error or if pins are shorted together.

Actions in strong electromagnetic field
Use caution when using the IC in the presence of a strong electromagnetic field as doing so may cause the IC to
malfunction.

ASO
When using the IC, set the output transistor so that it does not exceed absolute maximum rations or ASO.

Thermal shut down circuit
The IC incorporates a built-in thermal shutdown circuit (TSD circuit). Operation temperature is 175°C (typ.) and has a
hysteresis width of 25°C (typ.). When IC chip temperature rises and TSD circuit works, the output terminal becomes an
open state. TSD circuit is designed only to shut the IC off to prevent thermal runaway. It is not designed to protect the
IC or guarantee its operation. Do not continue to use the IC after operation this circuit or use the IC in an environment
where the operation of this circuit is assumed.

Testing on application boards
When testing the IC on an application board, connecting a capacitor to a pin with low impedance subjects the IC to
stress. Always discharge capacitors after each process or step. Always turn the IC’s power supply off before
connecting it to or removing it from a jig or fixture during the inspection process. Ground the IC during assembly steps
as an antistatic measure. Use similar precaution when transporting or storing the IC.

GND wiring pattern
When using both small signal and large current GND patterns, it is recommended to isolate the two ground patterns,
placing a single ground point at the ground potential of application so that the pattern wiring resistance and voltage
variations caused by large currents do not cause variations in the small signal ground voltage. Be careful not to
change the GND wiring pattern of any external components, either.

Capacitor between output and GND
When a large capacitor is connected between output and GND, if Vcc is shorted with OV or GND for some cause, it is
possible that the current charged in the capacitor may flow into the output resulting in destruction. Keep the capacitor
between output and GND below 100uF.

IC terminal input
When Vcc voltage is not applied to IC, do not apply voltage to each input terminal. When voltage above Vcc or below
GND is applied to the input terminal, parasitic element is actuated due to the structure of IC. Operation of parasitic
element causes mutual interference between circuits, resulting in malfunction as well as destruction in the last. Do not
use in a manner where parasitic element is actuated.

In use
We are sure that the example of application circuit is preferable, but please check the character further more in
application to a part that requires high precision. In using the unit with external circuit constant changed, consider the
variation of externally equipped parts and our IC including not only static character but also transient character and
allow sufficient margin in determining.

@ Status of this document
The Japanese version of this document is formal specification. A customer may use this translation version only for a
reference to help reading the formal version.
If there are any differences in translation version of this document, formal version takes priority.
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@Physical dimension tape and reel information
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<Tape and Reel information>

Tape Embossed carrier tape
Quantity 2500pcs
Directi E2
oflrfe;:e(l‘on 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 )
! ] \
O OO O O OO O O O O O o o0 o O

Wk

Wk

Wi
Wk
ik
i

=
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Reel

rect \
1pin Direction of feed

#Order quantity needs to be multiple of the minimum quantity.

1HHHHHHE S
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- a\ o eror
=] 0.65
4l 0.22+0.1
(Unit : mm)
@®Marking diagram
SSOP-B16
(TOP VIEW)
D6974
~_ Part Number
LOT Numb
O\ N~ umber
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Notice

Notes

No copying or reproduction of this document, in part or in whole, is permitted without the
consent of ROHM Co.,Ltd.

The content specified herein is subject to change for improvement without notice.

The content specified herein is for the purpose of introducing ROHM's products (hereinafter
"Products"). If you wish to use any such Product, please be sure to refer to the specifications,
which can be obtained from ROHM upon request.

Examples of application circuits, circuit constants and any other information contained herein
illustrate the standard usage and operations of the Products. The peripheral conditions must
be taken into account when designing circuits for mass production.

Great care was taken in ensuring the accuracy of the information specified in this document.
However, should you incur any damage arising from any inaccuracy or misprint of such
information, ROHM shall bear no responsibility for such damage.

The technical information specified herein is intended only to show the typical functions of and
examples of application circuits for the Products. ROHM does not grant you, explicitly or
implicitly, any license to use or exercise intellectual property or other rights held by ROHM and
other parties. ROHM shall bear no responsibility whatsoever for any dispute arising from the
use of such technical information.

The Products specified in this document are intended to be used with general-use electronic
equipment or devices (such as audio visual equipment, office-automation equipment, commu-
nication devices, electronic appliances and amusement devices).

The Products specified in this document are not designed to be radiation tolerant.

While ROHM always makes efforts to enhance the quality and reliability of its Products, a
Product may fail or malfunction for a variety of reasons.

Please be sure to implement in your equipment using the Products safety measures to guard
against the possibility of physical injury, fire or any other damage caused in the event of the
failure of any Product, such as derating, redundancy, fire control and fail-safe designs. ROHM
shall bear no responsibility whatsoever for your use of any Product outside of the prescribed
scope or not in accordance with the instruction manual.

The Products are not designed or manufactured to be used with any equipment, device or
system which requires an extremely high level of reliability the failure or malfunction of which
may result in a direct threat to human life or create a risk of human injury (such as a medical
instrument, transportation equipment, aerospace machinery, nuclear-reactor controller, fuel-
controller or other safety device). ROHM shall bear no responsibility in any way for use of any
of the Products for the above special purposes. If a Product is intended to be used for any
such special purpose, please contact a ROHM sales representative before purchasing.

If you intend to export or ship overseas any Product or technology specified herein that may
be controlled under the Foreign Exchange and the Foreign Trade Law, you will be required to
obtain a license or permit under the Law.

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

ROHM ROHM Customer Support System

SEMICONDUCTOR

http://www.rohm.com/contact/
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