General Description

The LM621 is a bipolar IC designed for commutation of
brushless DC motors. The part is compatible with both
three- and four-phase motors. It can directly drive the power
switching devices used to drive the motor. The LM621 pro-
vides an adjustable dead-time circuit to eliminate ‘“shoot-
through” current spiking in the power switching circuitry.
Operation is from a 5V supply, but output swings of up to
40V are accommodated. The part is packaged in an 18-pin,
dual-in-line package.

Features
B Adjustable dead-time feature eliminates current spiking
m On-chip clock oscillator for dead-time feature
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W Direct interface to Hall sensors
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Outputs drive bipolar power devices (up to 35 mA base

current) or MOSFET power devices

Compatible with three- and four-phase motors . ..

— Bipolar drive to delta- or Y-wound motors

— Unipolar drive to center-tapped Y-wound motors

— Supports 30- and 60-degree shaft position sensor
placements for three-phase motors

— Supports 90-degree sensor placement for four-phase
motors

Directly interfaces to pulse-width modulator output(s)

via OUTPUT INHIBIT (PWM magnitude) and DIREC-

TION (PWM sign) inputs

Outputs are current limited
Undervoltage lockout

Connection Diagram

See NS Package Number N18A
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Absolute Maximum Ratings (see Notes)
If Military/Aerospace specified devices are required,

Operating Ambient Temperature Range

please contact the National Semiconductor Sales LM621 —40°Cto +85°C
Office/Distributors for availability and specifications. Storage Temperature Range —65°Cto +150°C
Veet +7v Junction Temperature 150°C
Veez +45V ESD Susceptibility (Note 10) 2000V
Logic Inputs (Note 1) Vo1 +0.5V, —0.5V Lead Temperature, N pkg.
Logic Input Clamp Current 20 mA (Soldering, 4 sec.) 260°C
Output Voltages +45V, —0.5V
Output Currents Internally current limited
Electrical Characteristics (sce Notes)
. Tested Design .
Parameter Conditions Typ Limits Limits Units
DECODER SECTION
High Level Input Voltage
HS1, HS2, HS3: 2.0 2.0 V min
30/60 SELECT: 2.0 2.0 V min
High Level Input Current
HS1, HS2, HS3: Vi = Veot 100 200 A max
30/60 SELECT: ViH = Vcoq 120 240 1A max
Low Level Input Voltage
HS1, HS3 and HS2 30/60 = 5V 0.6 0.4 V max
HS1, HS3 and HS2 30/60 = OV 0.6 0.4 V max
30/60 Select Hs) = Hgg = 5V 0.6 0.4 Vmax
Low Level Input Current
HS1 and HS3: ViL = 0.35V —400 —600 1A max
HS2: ViL = 0.4V —100 —200 1A max
30/60 SELECT ViL = 0.0V —700 -1000 A max
Input Clamp Voltage lin = 1mA (Vcet1 + 0.7) "
(Pins 2,3,5,6,7,8,17) lin = —1mA (—0.6) Vv
Output Leakage Current Outputs Off
Sinking Outputs Voo = 40V, 0.2 1.0 nA
VouTt = 40V
Sourcing Outputs Vout = 0V —0.2 -1.0 RA
Short-Circuit Current Veeoe = 10V, 50 35 mA min
Sinking Outputs Vout = 10V
Sourcing Outputs Vout = 0V —50 —35 mA min
Vsat (sinking) | =20 mA 0.83 1.00 V max
Vgrop (sourcing) = (Vccz — Vour) | = —20mA 1.7 2.00 V max
Output Rise Time (sourcing) 50 ns
CL <10pF
Output Fall Time (sinking) 50 ns
CL < 10pF
Propagation Delay Dead-Time Off 200 ns
(Hall Input to Output)




Electrical Characteristics (See Notes) (Continued)

™ Tested Design .
Parameter Conditions Typ Limits Limits Units
DEAD-TIME SECTION
High Level Input Voltage
DIRECTION: Pin3 = 0V 2.0 2.0 V min
OUTPUT INHIBIT: 2.0 2.0 V min
DEAD-TIME ENABLE: Pin17 = oV 2.0 2.0 V min
High Level Input Current Vin = 5V
DIRECTION: Pin3 = 0V 100 150 1A max
OUTPUT INHIBIT: 60 100 LA max
DEAD-TIME ENABLE: 200 300 1A max
Low Level Input Voltage
DIRECTION: Pin3 = 0V 0.6 0.4 V max
OUTPUT INHIBIT: 0.6 0.4 V max
DEAD-TIME ENABLE: 0.3 0.2 V max
Low Level Input Current
DIRECTION: Vin = 0.6V —100 —150 WA max
OUTPUT INHIBIT: Vin = 0.6V —60 -100 1A max
DEAD-TIME ENABLE: Vin = 0V —200 —300 LA max
Propagation Delays Dead-Time Off,
(Inputs to Outputs) (Pin3 = 0V)
OUTPUT INHIBIT 200 ns
DIRECTION 200 ns
Minimum Clock Period, R =11kQ,Ry = 1k 18 s
ToLk (Notes 3, 11) C = 200 pF . ®
Clock Accuracy R = 30k, Ry = 1k 43 %
f = 100 kHz (Note 11) C = 420 pF °
Minimum Dead-Time Dead-Time Off 15 ns
Minimum Dead-Time Dead-Time On 2 ToLk
COMPLETE CIRCUIT
Total Current Drains Outputs Off
lccq 10 mA min
lccq 15 22 30 mA max
lcc2 Vcee = 40V 2 mA min
lcc2 3 6 9 mA max
Undervoltage Lockout 36 3.0 Viax
Vet

Note 1. Unless otherwise noted ambient temperature (Ta) = 25°C.
Note 2. Unless otherwise noted: Voo = +5.0V, “recommended operating range Vcc = 4.5V to 5.5V” Vggp = +10.0V, ambient temperature = 25°C.

Note 3. The clock period is typically Tgi k = (0.756 X 10’3) (R + 1) C, where Tgk is in us, R is in k€2, and C is pF. Also see selection graph in Typical
Characteristics for determining values of R and C. Note that the value of R should be no less than 11 k2 and C no less than 200 pF.

Note 4. Tested limits are guaranteed and 100% production tested.

Note 5. Design limits are guaranteed (but not 100% production tested) at the indicated temperature and supply voltages. These limits are not used to calculate
outgoing quality levels.

Note 6. Specifications in boldface apply over junction temperature range of —40°C to +85°C.
Note 7. Typical Thermal Resistances Oya (see Note 8):

N pkg, board mounted 110°C/W

N pkg, socketed 118°C/W

Note 8. Package thermal resistance indicates the ability of the package to dissipate heat generated on the die. Given ambient temperature and power dissipation,
the thermal resistance parameter can be used to determine the approximate operating junction temperature. Operating junction temperature directly effects
product performance and reliability.

Note 9. This part specifically does not have thermal shutdown protection to avoid safety problems related to an unintentional restart due to thermal time constant
variations. Care should be taken to prevent excessive power dissipation on the die.

Note 10: Human body model, 100 pF, discharged through a 15000 resistor.
Note 11: Ry = 0 for C = 620 pF.




Typical Performance Characteristics
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Description of Inputs and Outputs
Pin 1: Vgg1 (+5V). The logic and clock power supply pin.
Pin 2: DIRECTION. This input determines the direction of
rotation of the motor; ie., clockwise vs. counterclockwise.
See truth table.

Pin 3: DEAD-TIME ENABLE. This input enables or disables
the dead-time feature. Connecting +5V to pin 3 enables
dead-time, and grounding pin 3 disables it. Pin 3 should not
be allowed to float.

Pin 4: CLOCK TIMING. An RC network connected between
this pin and ground sets the period of the clock oscillator,
which determines the amount of dead-time. See Figure 2
and text.

Pins 5 thru 7: HS1, HS2, and HS3 (Hall-sensor inputs).
These inputs receive the rotor-position sensor inputs from
the motor. Three-phase motors provide all three signals;
four phase motors provide only two, one of which is con-
nected to both HS2 and HS3.

Pin 8: 30/60 SELECT. This input is used to select the re-
quired decoding for three-phase motors; ie, either ““30-de-
gree” (+5V) or “60-degree” (ground). Connect pin 8 to
+ 5V when using a four-phase motor.

Pin 9: LOGIC GROUND. Ground for the logic power supply.

TL/H/8679-2

Pin 10: POWER GROUND. Ground for the output buffer
supply.

Pins 11 thru 13: SOURCE OUTPUTS. The three current-
sourcing outputs which drive the external power devices
that drive the motor.

Pins 14 thru 16: SINK OUTPUTS. The three current-sinking
outputs which drive the external power devices that drive
the motor.

Pin 17: OUTPUT INHIBIT. This input disables the LM621
outputs. Itis typically driven by the magnitude signal from an
external sign/magnitude PWM generator. Pin 17 = +5V =
outputs off.

Pin 18: Vgg2 (+5 to +40V). This is the supply for the
collectors of the three current-sourcing outputs (pins 11 thru
13). When driving MOSFET power devices, pin 18 may be
connected to a voltage source of up to +40V to achieve
sufficient output swing for the gate. When driving bipolar
power devices, pin 18 should be connected to + 5V to mini-
mize on-chip power dissipation. Undervoltage lockout auto-
matically shuts down all outputs if the Vgcq supply is too
low. All outputs will be off if Vo1 falls below the undervol-
tage lockout voltage.




Functional Description

The commutation decoder receives Hall-sensor inputs HS1,
HS2, and HS3 and a 30/60 SELECT input. This block de-
codes the gray-code sequence to the required motor-drive
sequence.

The dead-time generator monitors the DIRECTION input
and inhibits the outputs (pins 11 thru 16) for a time sufficient
to prevent current-spiking in the external power switches
when the direction is reversed.

The six chip outputs drive external power switching devices
which drive the motor. Three outputs source current; the
remaining three sink current. The output transistors provide
up to 50 mA outputs for driving devices, or up to 40V output
swings for driving MOSFETs. The LM621 logic is powered
from 5V.

The undervoltage lockout section monitors the Ve supply
and if the voltage is not sufficient to permit reliable logic
operation, the outputs are shutdown.

Three-Phase Motor Commutation

There are two popular conventions for establishing the rela-
tive phasing of rotor-position signals for three-phase mo-
tors. While usually referred to as 30-degree and 60-degree
sensor placements, this terminology refers to mechanical
degrees of sensor placement, not electrical degrees. The
electrical angular resolution is the required 60 degrees in
both cases. The phasing differences can be noted by com-
paring the sequences of HS1 through HS3 entries in Table I,

LM621 Commutation Decoder Truth Table, which shows
both the 30- and 60-degree phasings (and the 90-degree
phasing for four-phase motors) and their required decoder
logic truth tables, respectively. Table | shows the phasing
(or codes) of the Hall-effect sensors for each 60-degree
(electrical) position range of the rotor, and correlates these
data to the commutator sink and source outputs required to
drive the power switches. These phasings are common to
several motor manufacturers. The 60-degree phasing is pre-
ferred to 30-degree phasing because the all-zeros and all-
ones codes are not generated. The 60-degree phasing is
more failsafe because the all-zeros and all-ones codes
could be inadvertently generated by things like disconnect-
ed or shorted sensors.

Because the above terminology is not used consistently
among all motor manufacturers, Table Il, Alternative Sen-
sor-phasing Names, will hopefully clarify some of the differ-
ences. Table Il shows a different 60-degree phasing, and
120-, 240-, and 300-degree phasings. Comparison with Ta-
ble | will show that these four phasings are essentially shift-
ed and/or reversed-order versions of those used with the
LM621.

Figure 1 shows the waveforms associated with the commu-
tation decoder logic for a motor which has 60-degree rotor-
position phasing, along with the generated motor-drive
waveforms. As can be seen in the drawing, Hall-effect sen-
sor signals HS1 through HS3 are separated by 60 electrical
degrees, which is the required angular resolution for three-
phase motors.
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FIGURE 1. Commutation Waveforms for 60-degree Phasing




Three-Phase Motor Commutation (ontinued)
TABLE I. LM621 Commutation Decoder Truth Table

Sensor Position Sensor Inputs Sink Outputs Source Outputs
Phasing Range HS1 HS2 HS3 1 2 3 1 2 3
0-60 0 0 0 ON off off off ON off
60-120 0 0 1 ON off off off off ON
30 deg 120-180 0 1 1 off ON off off off ON
180-240 1 1 1 off ON off ON off off
240-300 1 1 0 off off ON ON off off
300-360 1 0 0 off off ON off ON off
0-60 1 0 1 ON off off off ON off
60-120 1 0 0 ON off off off off ON
60 deg 120-180 1 1 0 off ON off off off ON
180-240 0 1 0 off ON off ON off off
240-300 0 1 1 off off ON ON off off
300-360 0 0 1 off off ON off ON off
0-90 0 1 HS2 off na off off na ON
90 deg 90-180 0 0 HS2 ON na off off na off
180-270 1 0 HS2 off na ON off na off
270-360 1 1 HS2 off na off ON na off
Pin Numbers: 5 6 7 16 15 14 13 12 11

Note 1: The above outputs are generated when the Direction input, pin 2, is logic high. For reverse rotation (pin 2 logic low), the above sink and source output
states become exchanged.

Note 2: For four-phase motors sink and source outputs number two (pins 15 and 12) are not used; hense the “na” (not applicable) in the appropriate columns
above. Figure 6 shows how the required sink and source outputs for four-phase motors are derived.

TABLE Il. Alternative Sensor-Phasing Names

Alternate Position Sensor Inputs Corresponding LM621 Position
Phasing Range HS2 Range and/or Comments

I
(7]
-
I
[
w

0-60
60-120
“60 deg” 120-180
180-240
240-300
300-360

Same as 30-degree phasing, but in reverse
order; i.e., only change is relative direction.

0-60
60-120
“120 deg” 120-180
180-240
240-300
300-360

Same as 60-degree phasing, but with shifted
order of position ranges; i.e., only change is
relative phasing of sensor signals.

0-60
60-120
“240 deg” 120-180
180-240
240-300
300-360

Same comment as above for “120 deg”
phasing.

0-60
60-120
“300 deg” 120-180
180-240
240-300
300-360

Same as 30-degree phasing, but with shifted
order of position ranges, i.e., only change is
relative phasing of sensor signals.

OO0 A2 aw0|l0O0 22 a0|l0O0Or a0 |OO0O 2 a2 a0
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- 000+ 4|44 141000 |00 0O0O 22|22 2000

Four-Phase Motor Commutation

Four-phase motors use a 90-degree (quadrature) rotor-posi- position-sensor signals, HS1 and HS2. When using the
tion sensor phasing. This phasing scheme is also shown in LM621 to run a four-phase motor the HS2 signal is connect-
Table I. LM621 Commutation Decoder Truth Table. As ed to both the HS2 and HS3 chip inputs.

shown in Table |, the 90-degree phasing has only two rotor-




Dead-Time Feature

The DEAD-TIME ENABLE input is used to enable this fea-
ture (by connecting +5V to pin 3). The reason for providing
this feature is that the external power switches are usually
totem-pole structures. Since these structures switch heavy
currents, if either totem-pole device is not completely turned
off when its complementary device turns on, heavy “shoot-
through” current spiking will occur. This situation occurs
when the motor DIRECTION input changes (when all output
drive polarities reverse), at which time device turn-off delay
can cause the undesired current spiking.

Figure 2 shows the logic of the dead-time generator. The
dead-time generator includes an RC oscillator to generate a
required clock. Pin 4 (CLOCK TIMING) is used to connect
an external RC network to set the frequency of this oscilla-
tor. The clock frequency should be adjusted so that two
periods of oscillation just slightly exceed the worst-case
turn-off time of the power switching devices. As shown by

DIRECTION

the graph in Typical Peformance Characteristics, the time of
one clock period (in us) is approximately (0.756 X 1073)
(R + 1) C, where R is in k2 and C is in pF; the period can
be measured with an oscilloscope at pin 4. The dead-time
generator function monitors the DIRECTION input for
changes, synchronizes the direction changes with the inter-
nal clock, and inhibits the chip outputs for two clock periods.

Flip-flops FF1 through FF3 form a three-bit, shift-register
delay line, the input of which is the DIRECTION input. The
flip-flops are the only elements clocked by the internal clock
generator. The shift register outputs must all have the same
state in order to enable gate G1 or G2, one of which must
be enabled to enable the chip outputs. As soon as a direc-
tion change input is sensed at the output of FF1, gates G1
and G2 will be disabled, thereby disabling the drive to the
power switches for a time equal to two clock periods.
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Dead-Time Feature (continued)

Dead-time is defined as the time the outputs are blanked off
(to prevent shoot-through currents) after a direction change
input. See Figure 3. It can be seen that the dead-time is two
clock periods. Since the dead-time scheme introduces de-
lay into the system feedback control loop, which could im-
pact system performance or stability, it is important that the
dead-time be kept to a minimum. From Figure 3 it can be
seen that the time between a direction change signal and
the initiation of output blanking can vary up to one clock
period due to asynchronous nature of the clock and the
direction signal.

Typical Applications

THREE-PHASE EXAMPLES

Figure 4 is a typical LM621 application. This circuitry is for
use with a three-phase motor having 30-degree sensor
phasing, as indicated by connection of the 30/60 SELECT
input, pin 8, to a logic “1”” (+5V). The same connection of
the DEAD-TIME ENABLE input, pin 3, enables this feature.
Typical power switches and a simple implementation of an

overcurrent sensing circuit are also detailed in Figure 4. This
application example assumes a device turn-off time of about
4.8 ps maximum, as evidenced by the choice of R and C.
See Typical Performance Characteristics. The choice of RC
should be made such that two periods are at least equal to
the maximum device turn-off time.

The choice of the value for Ryt (the resistors which couple
the LM621 outputs to the power switches) depends on the
input current requirements of the power switching devices.
These resistors should be chosen to provide only the
amount of current needed by the device inputs, up to 50 mA
(typical). The resistors minimize the dissipation incurred by
the LM621. Although Figure 4 shows the 5-40V supply (pin
18) connected to the motor supply voltage, this was done
only to emphasize the ability of the part to provide up to 40V
output swings. For the bipolar power switches shown, con-
necting pin 18 to a 5V supply would reduce on-chip power
dissipation. Driving FET power switches, however, may re-
quire connecting pin 18 to a higher voltage. Figure 5 is the
three-phase application built with MOSFET power-switching
components. Note that since the output Vgrop (sourcing) is
at least 1.5V, Vg2 can be chosen to avoid overdriving the
MOSFET gates.

R
[_tumon__ e oo
18 ‘ 1 AR 1 SUPPLY
+5 VOLTS SNk ! T VOLTAGE
1 16 H (5-40V)
1 1
1 |¢A
pEAD-TIME S 1K o T
__ENABLE 3 i YW H :
30/60 SELECT s MO 1 3=-PHASE
LME21 SOURCEr 2 = v BRUSHLESS
BRUSHLESS 1 1 DC MOTOR
MOTOR 1 1
] 1
R = ko COMMUTATOR SinK ¥ :
4 15 -AMA——— '
c = 1 B+ 1 ~~,
R = 15K #g 1
200 pF 2 . ' p |
1 1
9 12 VW~ 1 :
] 1
— SOURCE] 2 N1 — : :
1 1
1 1 1
1 1 :
] 1
DIR SINK g 1 1
1
SIGN 2 14 WV : * : .
[ C+ l\ 19C 1
#3 1 T !
5 1] c- I/ 1 :
6 1 WAL ! '
7 SOURCEN | & l\A — 1 ROTOR POSITION !
FROM 1< - ! SENSORS '
PULSE 17 10 1 R 1 !
wipTH L MAG I : CURRENT ! '
MODULATOR — 1 T2 sense A '
: S 1 »m 1
— cowp | 2 - '
OUTPUT INHIBIT OVERCURRENT 1 - v 1 -t
! E REF 1 t
1 — 1
] - 1
HS1 Ly |
HS2
HS3

TL/H/8679-9

FIGURE 4. Commutation of Three-Phase Motor (Bipolar Switches)




Typical Applications (continued)

POWER SWITCHES
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FIGURE 5. Commutation of Three-Phase Motor (MOSFET Switches)




Typical Applications (continued)

FOUR-PHASE EXAMPLE

Figure 6 is typical of the circuitry used to commutate a four-
phase motor using the LM621. This application is seen to
differ from the three-phase application example in that the
LM621 outputs are utilized differently. Four-phase motors
require four-phase power switches, which in turn require the
commutator to provide four current-sinking outputs and four
current sourcing outputs. The 18-pin package of the LM621
facilitates only three sinking and three sourcing outputs. The
schematic shows the 30/60 SELECT input in the 30-degree
select state (pin 8 high) and rotor-position sensor inputs
HS2 and HS3 connected together. This connection trun-
cates the number of possible rotor-position input states to
four, which is consistent with the 90-degree quadrature ro-
tor-position signals provided by four-phase motors. With the
LM621 outputs connected as shown, this approach pro-
vides the needed power-switch drive signals for a four-
phase motor. Note that only four of the six LM621 outputs

(SINK #1 and #3, and SOURCE #1 and #3) are used
directly, and that these are also inverted to form the remain-
ing four. SINK #2 and SOURCE #2 outputs are not used.

HALF-WAVE DRIVE EXAMPLE

The previous applications examples involved delta-config-
ured motor windings and full-wave operation of the motor.
The application shown in Figure 7 differs in that it features
half-wave operation of a motor with the windings in a Y-con-
figuration. This approach is suitable for automotive and oth-
er applications where only low-voltage power supplies are
conveniently available. The advantage of this power-switch-
ing scheme is that there is only one switch-voltage drop in
series with the motor winding, thereby conserving more of
the available voltage for application to the motor winding.
Half-wave operation provides only unidirectional current to
the windings; in contrast to the bidirectional currents applied
by the previous full-wave examples.
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FIGURE 6. Commutation of Four-Phase Motor
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Typical Applications (continued)
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FIGURE 7. Half-Wave Drive of Y-Configured Motor
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LM621 Brushless Motor Commutator

Physical Dimensions inches (millimeters)

0.845-0.870

Lit. # 107155

[21.46-22.10] ™
0.090
0.092 " 2.2 TP 0
[2.34]
70.0%0 hehdh ey Oy Y AN (A
MAX
[0.76] T
PIN NO. 1
0.245-0.255
N i
IDENT \ [6.22-6.48]
1 9
0.060 0.300-0.320
== [1.52) TP [7.62-8.13]
0.040 0.125-0.135 _ 0.145-0.200 ..,
0.065 R [3.18-3.43] ] [3.68-5.08]
[1.65]
[} \ a T 0.008-0.014 1 0
i [0.20-0.36]
90° £4° TYP 95° £5° TYP
S 0.100
[2.54] TYP 0.015-0.021 0.125-0.140 0.280
' > l~re 55 TP 3.18-3.56 [7.11]MIN
| 0.010-0.040 [0.38-0.53] [3. .56]
~ |- [0.25-1.02] "'F 0.020 N18A (REV F)
-25-1. L 0.020 .\ rvp ' 0.310-0.365
[0.51] [7.87-9.27]
Molded Dual-in-Line Package (N)
Order Number LM621N
NS Package Number N18A
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DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF NATIONAL
SEMICONDUCTOR CORPORATION. As used herein:

1. Life support devices or systems are devices or
systems which, (a) are intended for surgical implant
into the body, or (b) support or sustain life, and whose
failure to perform, when properly used in accordance
with instructions for use provided in the labeling, can

effectiveness.

be reasonably expected to result in a significant injury

to the user.

2. A critical component is any component of a life
support device or system whose failure to perform can
be reasonably expected to cause the failure of the life
support device or system, or to affect its safety or
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