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5-V o 35-V HOT SWAP
POWER MANAGER
FEATURES DESCRIPTION
® 5-Vio 35-V Operation The UC3914 family of hot swap power managers
® Precision Maximum Current Control provides complete power management, hot swap
o and a few external components, allows a board to
® Programmable Average Power Limiting . .

o be swapped in or out upon failure or system
® Programmable Overcurrent Limit modification without removing power to the
® Shutdown Control hardware, while maintaining the integrity of the
® Charge Pump for Low R pg(on) High-Side powered system. Complementary output drivers

Drive and diodes have been integrated for use with

® Latch Reset Function Available external capacitors as a charge pump to ensure
i ) sufficient gate drive to the external N-channel

® Output Drive V. gs Clamping MOSFET transistor for low Rpgon). All control and
® Fault Output Indication housekeeping functions are integrated and
® 18-Pin DIL and SOIC Packages externally programmable and include the fault

SIMPLIFIED APPLICATION DIAGRAM

\j

VouT

UDG-03114

current level, maximum output sourcing current,
maximum fault time and average power limiting of
the external FET. The UC3914 features a duty
ratio current limiting technique, which provides
peak load capability while limiting the average
power dissipation of the external pass transistor
during fault conditions. The fault level is fixed at
50 mV with respect to VCC to minimize total
dropout.

The fault current level is set with an external
current sense resistor. The maximum allowable
sourcing current is programmed by using a
resistor divider from VCC to REF to set the voltage
on IMAX. The maximum current level, when the
output appears as a current source is (Vycc —

ViMAX)/RSENSE:

This part is offered in both 18-pin DW wide-body
(SOIC) and dual-in-line (DIL) packages.

Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of
Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

PRODUCT PREVIEW information concerns products in the formative or
design phase of development. Characteristic data and other
specifications are design goals. Texas Instruments reserves the right to
change or discontinue these products without notice.
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DESCRIPTION (continued)

When the output current is less than the fault level, the external output transistor remains switched on. When
the output current exceeds the fault level, but is less than the maximum sourcing level programmed by IMAX,
the output remains switched on, and the fault timer starts to charge C, a timing capacitor. Once Ct charges
to 2.5V, the output device is turned off and Ct is slowly discharged. Once Ct is discharged to 0.5 V, the device
performs a retry and the output transistor is switched on again. The UC3914 offers two distinct reset modes.
In one mode with LR left floating or held low, the device tries to reset itself repeatedly if a fault occurs as
described above. In the second mode with LR held high, once a fault occurs, the output is latched off until either
LR is toggled low, the part is shutdown then re—enabled using SD, or the power to the part is turned off and then
on again.

ABSOLUTE MAXIMUM RATINGS

over operating free-air temperature range unless otherwise noted.(1)(2)

uC2914
UC3914 UNIT
Input supply voltage VCC 40
SD, LR 12 %
Maximum forced voltage
IMAX VCC
FAULT 20
Maximum current mA
PLIM 10
Maximum voltage FAULT 40 \%
Reference output current internally limited A
Storage temperature range, Tstg —65 to 150
Junction temperature range, T -55 to 150 °C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds 300

(1) stresses beyond those listed under absolute maximum ratings may cause permanent damage to the device. These are stress ratings only,
and functional operation of the device at these or any other conditions beyond those indicated under recommended operating conditions is
not implied. Exposure to Absolute Maximum Rated conditions for extended periods may affect device reliability

(2) currents are positive into and negative out of the specifief terminal unless otherwise noted. All voltage values are with respect to the network
ground terminal.

RECOMMENDED OPERATING CONDITIONS

MIN  NOM  MAX | UNIT
Supply voltage, Vcc 5 35 \%
uC2914 -40 85
Operating free-air temperature range, T, °C
perating P 98 1A TUczo14 0 70
i
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ELECTRICAL CHARACTERISTICS

TA =0°C to 70°C for the UC3914, ~40°C to 85°C for the UC2914, Ve = 12V, VpuMP = VPUMP(max), SD =5 V., Cp1 =Cp = Cpymp= 0.01 yF.

Ta = TJ. (Unless otherwise specified)

PARAMETER | TEST CONDITIONS | MIN TYP MAX | UNIT
SUPPLY CURRENTS
| @) 8 15
| Su current! mA
cc PRy Vee =35V 12 20
lccsD Shutdown supply current SD=0V, 500 900 uA
UVLO turn-on threshold voltage 4.0 4.4 \Y
UVLO hysteresis 55 120 250 mV
FAULT TIMING
T3 = 25°C, wrt Voo -55 -50 -45
Overcurrent threshold - mV
Over operating temperature wrt Vcc -57 -50 -42
IMAX input bias 1 3
A
) Ver=1V -140 -100 -e0| "
| CT charge current —
L s g Ver=1V, overload condition -6.0 -3.0 -15 mA
lcT bscH CT discharge current VeT=1V 2.0 3.0 4.5 A
VeT FLT | CT fault threshold voltage 2.25 2.50 2.75
V
Vet RST | CT reset threshold voltage 0.45 0.50 0.55
Output duty cycle Fault condition, IpL=0A 15% 3.0% 4.5%
OUTPUT
VvouTs =Vce:  VPUMP = VPUMP(max): _ _
15 1.0
wrt Vpymp
VoH High-level output voltage
VvouTts =Vce:  VPUMP = VPUMP(max): _ _
T 2.0 15
louT = —2 mA, wrt Vpymp
louT=0A 0.8 1.3 \V;
| =5mA 2
VoL Low-level output voltage ouT
louT =25 MA, VvouTts =0V
e 1.2 1.8
overload condition
VouT(cl) Output clamp voltage Vouts=0V 115 13.0 145
tRISE Rise time(1) CouT=1nF 750 1250
- ns
tEALL Fall time(1) CouT=1nF 250 500
LINEAR CURRENT AMPLIFIER
Vio Input offset voltage -15 0 15 mV
Voltage gain 60 80 dB
VIMAX = VouT._ VSENSE = Vvcc, wit VCC -20 0 20
VIMAX IMAX control voltage : mv
VIMAX =VOUT: _ VSENSE = VREF Wrt REF -20 0 20
SENSE input bias 15 35 A
SHUTDOWN
Shutdown threshold voltage 0.6 15 2.0 \Y
input current SD=5V 150 300 A
Delay to output time(1) 0.5 20| us
(1) Ensured by design. Not production tested.
(2) A mathematical averaging is used to determine this value. See Application Section for more information.
i
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ELECTRICAL CHARACTERISTICS

Tp =0°C to 70°C for the UC3914, ~40°C to 85°C for the UC2914, Vc = 12V, VpuMP = VPUMP(max): SD = 5 V. Cp1 = Cp = Cpymp= 0.01 uF.

Ta = T3. (Unless otherwise specified)

PARAMETER | TEST CONDITIONS | MIN TYP MAX | UNIT
CHARGE PUMP
fosC.  oscillator frequency 0SC, OSCB 60 150 250 | kHz
foscs
VOH High-level output voltage losc =-5mA 10.0 11.0 11.6
VoL Low-level output voltage losc =5mA 0.2 0.5 v
Output clamp voltage Vcc =25V 18.5 20.5 22.5 \%
ILim Output current limit High side only =20 -10 -3 mA
Pump diode voltage drop E&%QE:MfBTOA‘VpS&?:SWed from PMP to 0.5 0.9 1.3
PMP clamp voltage Vcc=25V 18.5 20.5 225
x\égU:Tlsz:vvcc charge pump disable threshold, 20 29 24
VPUMP maximum voltage VyouTs = Vcc charge pump disable threshold, \
Voo =35V 42 45 48
::]\r/eosldgﬁ Vce cha\;géecpt:JTg \r/e enable 03 07 14
VPUMP hysteresis
VyvouTs = Ve charge pump re-enable 025 0.70 1.40
threshold, Vcc=35V
REFERENCE
REF output voltage wrt VCC -2.25 -2.00 -1.75 \%
REF current limit 12.5 20.0 50.0 mA
Load regulation 1 mA<IyREE <5 MA 25 60
Line regulation 5V<Vycc<35V 25 100 mv
FAULT
Low-level output voltage IFAULT =1 mA 100 200 mVv
Output leakage VEAULT =35V 10 500 nA
LATCH
Latch release threshold voltage High-to-low 0.6 14 2.0 \%
Input current VLR=5V 500 750 A
POWER LIMITING
IpLIM = 200 HA In fault mode 0.6% 13% 2.0%
Duty cycle control IPLUM=3MA In fault mode 0.05% 0.12% 0.20%
OVERLOAD
Delay-to-output time(1) 500 1250 | ns
Threshold voltage wrt IMAX -250 -200 -150 mV

(1) Ensured by design. Not production tested.

(2) A mathematical averaging is used to determine this value. See Application Section for more information.
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AVAILABLE OPTIONS

PACKAGED DEVICES
TA PLASTIC DIL-18 PLASTIC SOIC
(N) (dbw)(1)
-40°C to 85°C UC2914N UC2914DW
0°C to 70°C UC3914N UC3914DW

(1) The DW package is available taped and reeled. Add an TR suffix
to the device type (e.g. UC2914DWTR) to order quantities of

2,000 devices per reel.

DIL-18
SoIC-18
DW PACKAGE N PACKAGE
(TOP VIEW) (TOP VIEW)
GND [ |1 18 [T REF GND[] 1 % 18]] REF
vee |2 17 -1 SENSE vce | 2 17|] SENSE
NnC (3 16 LT IMAX NC[]3  18[] IMAX
spD [ |4 15 1T CT SD[4 15]CT
osce [I|s 14 [ 13 PLIM
OSCB[] 5 14]] PLIM
osc [I|s 13 [IJ LR osc[l s 13[] LR
VPUMP [I1]|7 12 [T VOUTS
PvPB 1|8 11 1 out VPUMP [] 7 12[] vOUTS
pvp O |9 10 T3 FAULT pvpB[l8  11flouT
PMP[] 9 10[] FAULT
BLOCK DIAGRAM
PMP 0sC REF IMAX
== =B} - - {8} - - - — - oo 8- o - - -
\ \
} vce-2v }
REFERENCE 50mV
PMPB 250kHz . H‘ é] vee
osca [5] CHARGE PUMP OSCILLATOR ) ot |
(VOLTAGE TRIPLER) ronm OVERGURRENT |
VPUMP To/PUMP COMPARATOR |
| AMPLIFIER 17| SENSE
\
I VPUMP
\
\
FAULT [10 LINEAR CURRENT
QJ <] _ AMPLIFIER |
| ﬂﬁmv out
| ik DISABLE
[ UNDERVOLTAGE ‘
\ LOCKOUT 4V/3.8V [ —— )— OVERLOAD 1Y |
| COMPARATOR
_ 12] vOUTS
i -
\
| ) I
} PLIM
[ A 4 [
GND ON-TIME [
Ij] < CONTROL [* g \
| = AVERAGE }
| POWER LIMITING |
e - - - - - - - - --------—-—-——-————A-M2 - - - - - ____ _
CT LR
UDG-95134-2
i
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TERMINAL FUNCTIONS

TERMINAL
lfe] DESCRIPTION
NAME NO.
A capacitor is connected to this pin in order to set the maximum fault time. The minimum fault time must be
cT 15 e more than the time to charge external load capacitance. The fault time is defined as shown in equation (1)
where IcH =100 pA + Ip_, where Ip|_is the current into the power limit pin. Once the fault time is reached the
output shuts down for a time given by equation (2) where Ip|g is nominally 3 pA..
FAULT 10 o Open collector output which pulls low upon any of the following conditions: timer fault, shutdown, UVLO. This
pin MUST be pulled up to Vy/cc or another supply through a suitable impedance.
GND 1 - Ground reference for the device.
This pin programs the maximum allowable sourcing current. Since REF is a —2-V reference (with respect to
VCC), a voltage divider can be derived from VCC to REF in order to generate the program level for the IMAX
IMAX 16 | pin. The current level at which the output appears as a current source is equal to the voltage on the IMAX pin,
with respect to VCC, divided by the current sense resistor. If desired, a controlled current startup can be pro-
grammed with a capacitor on IMAX to VCC.
If this pin is held high and a fault occurs, the timer is prevented from resetting the fault latch when CT is dis-
charged below the reset comparator threshold. The part does not retry until this pin is brought to a logic low or a
LR 13 | power-on-reset occurs. Pulling this pin low before the reset time is reached does not clear the fault until the
reset time is reached. Floating or holding this pin low results in the part repeatedly trying to reset itself if a fault
occurs.
ouT 11 (@) Output drive to the MOSFET pass element. Internal clamping ensures that the maximum Vgg drive is 15 V.
osc 6 o Complementary output drivers for intermediate charge pump stages. A 0.01-uF capacitor should be placed
OSCB 5 0 between OSC and PMP, and OSCB and PMPB.
This feature ensures that the average MOSFET power dissipation is controlled. A resistor is connected from this
PLIM 14 | pin to VCC. Current flows into PLIM, adding to the fault timer charge current, reducing the duty cycle from the
typical 3% level. When Ip|_>> 100 pA then the average MOSFET power dissipation is given by equation (3).
PMP 9 ! Complementary pins which couple charge pump capacitors to internal diodes and are used to provide charge
PMPB 8 | to the reservoir capacitor tied to VPUMP. Typical capacitor values used are 0.01-uF.
REE 18 o —2-V reference with respect to VCC used to program the IMAX pin voltage. A 0.1-uF ceramic or tantalum ca-
pacitor MUST be tied between this pin and VCC to ensure proper operation of the device.
_ When this TTL-compatible input is brought to a logic low, the output of the linear amplifier is driven low, FAULT
SD 4 | is pulled low and the device is put into a low power mode. The ABSOLUTE maximum voltage that can be
placed on this pinis 12 V.
SENSE 17 | Input voltage from the current sense resistor. When there is greater than 50 mV on this pin with respect to
VCC, a fault is sensed and CT begins to charge.
Vee 2 | Input voltage to the device. The voltage range is from 4.5 V to 35 V. The minimum input voltage required for
operation is 4.5 V.
VOUTS 12 o Source connection of external N-channel MOSFET and sensed output voltage of load.
Charge pump output voltage. A capacitor should be tied between this pin and VOUTS with a typical value be-
VPUMP 7 (0] .
ing 0.01-uF.
2 xCq
T =__ '
FAULT |
CH (1)
T _2xC
SD
lois (2)
— -6
PreT@avg) = Imax X 3 X 1077 X Rp ©)
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APPLICATION INFORMATION

The UC3914 is to be used in conjunction with external passive components and an N-channel MOSFET to

facilitate hot swap capability of application modules. A typical application setup is given in Figure 1.

|
|
Vece Vec -2V
Toggle Reference Overload :
verloas
Q o25f_)”kHZ Comparator 200 mV :
T scillator
_ — |_ |
: Q + |
- |
|
VouT +10V |
+
OSCB = (45 Viax) T Overcurrent : v
L E Comparator 50 mV | VCC VEAULT
VPUMP L i =50 mV
To Linear T
Amplifier Vee \zcc T+ i o
I _
| Undervoltage
CPUMF’I Lockout —
I 40VI38V 3mA [(§) 103pa -
Tovour ! | VPUMP
D4
SENSE RSENSH
H = Close H = Close [Em )
To + .
Linear -
Amplifier 15

Q R

et I E E S
(3]

|
|
To V [ Fault

ce | = Timing PLIM RPL

: Circuitry VVV
GND

|

= | =
! I

\/
To VouTt

Figure 1. Typical Application

UDG-98194

The term hot swap refers to the system requirement that submodules be swapped in or out upon failure or
system modification without removing power to the operating hardware. The integrity of the power bus must not
be compromised due to the addition of an unpowered module. Significant power bus glitches can occur due to
the substantial initial charging current of on-board module bypass capacitance and other load conditions (for
more information on hot swapping and power management applications, see SLUA157). The UC3914 provides
protection by monitoring and controlling the output current of an external N-channel MOSFET to charge this
capacitance and provide load current. The addition of the N-channel MOSFET, a sense resistor, Rggnse, and
two other resistors, R1 and R2, sets the programmed maximum current level the N-channel MOSFET can
source to charge the load in a controlled manner. The equation for this current, Iyax, is:

| _ chc B VIMAX
MAX Rsense (4)
where
® V|uAx is the voltage generated at the IMAX pin
{5‘ TEXAS
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APPLICATION INFORMATION

Analysis of the application circuit shows that Vyax (with respect to GND) can be defined as:

Ve o =V +(VCC_VREF)XR1:2VXR1
IMAX REF R1 + R2 R1 + R2

+ Vier

5)
where
® VRer is the voltage on the REF pin, an internally generated potential 2-V below VCC

The UC3914 also has an internal overcurrent comparator which monitors the voltage between SENSE and
VCC. If this voltage exceeds 50 mV, the comparator determines that a fault has occurred, and a timing capacitor,
CT, begins to charge. This can be rewritten as a current which causes a fault, IpayLT:

| _ 50mVv
FAULT Rsense (6)

FAULT TIMING

Figure 2 shows the circuitry associated with the fault timing function of the UC3914. A typical fault mode, where
the overload comparator and current source 13 do not factor into operation (switch S2 is open), is first
considered. Once the voltage across Rggnsg exceeds 50 mV, a fault has occurred. This causes the timing
capacitor, Cr, to charge with a combination of 100 pA (I11) plus the current from the power limiting circuitry (Ip| ).

ToV
A CcC Overload
RpLPLlM Comparator _~ . SENSE
—AW—]14] <+ —F—
il vee IMAX
3 02V
3mA
50 mVv
VCCr‘l +|m Fault
12] L + ] S2 Comparat'(:); it
- 25V LATCH
§ RSENSE T H=CLOSE S, D
- Output
SENSE c
oo R D Drive
7 2 H=OFF
P 3 WA 05V
L Reset
VOUTS — Comparator
To [12]
Output l =
[15]
To LOAD cT
™

Cr

- UDG-03158

Figure 2. Fault Timing Circuitry Including Power Limit and Overcurrent
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APPLICATION INFORMATION

Figure 3 shows typical fault timing waveforms for the external N-channel MOSFET output current, the voltage
on the CT pin, and the output load voltage, VoyT, with LR left floating or grounded.

louT 4 (VCC - VIMAX )
IMAX= ——MM—
/ R SENSE
IMAX ————
50mV
OUTPUT  |pauLt | ——— 21— —— — |- b — — — | «IFAULT= ————
CURRENT R SENSE
lo(NOM) _——
| \
|| !
OA % | T T T {)() T % >t
b | I
Lo I I
VecTa \ } (I (. [
\ [ [ [
25V —— —— 4+ |
cr | } \ \ |
VOLTAGE o | | |
0.5V | — —— -
AR I |
VA I I
ov t — — —
Lo I I
b I I
VouT 3 | } I I I
vee } | } \ I L
\ \
\ \
OUTPUT | |
VOLTAGE | |
\ \
\ \
oV | » t
to 1112 3 t4 ts te t7 UDG-97054
Figure 3. Typical Timing Diagram
Table 1. Fault Timing Conditions
TIME CONDITION
t0 Normal conditions. Output current is nominal, output voltage is at positive rail, VCC
t1 Fault control reached. Output current rises above the programmed fault value, Ct begins to charge at 100-puA + Ip|_.

Maximum current reached. Output current reaches the programmed maximum level and becomes a constant cur-

12 rent with value IMAX.

3 Fault occurs. C has charged to 2.5V, fault output goes low, the FET turns off allowing no output current to flow,
VyouTs discharges to GND.

ta Retry. CT has discharged to 0.5 V, but fault current is still exceeded, CT begins charging again, FET is on, VoyT

increases.

t5 =t3 | lllustrates < 3% duty cycle depending upon Rp|_selected.
t6=t4

t7=t0 | Fault released, normal condition. Return to normal operation of the load.
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APPLICATION INFORMATION

The output voltage waveforms have assumed an R-C characteristic load and time constants vary depending
upon the component values. Prior to time t0, the load is fully charged to almost Vycc and the N-channel
MOSFET is supplying the current, IoyT, to the load. At tO, the current begins to ramp up due to a change in the
load conditions until, at t1, the fault current level, IeayLT, has been reached to cause switch S1 to close. This
results in Ct being charged with the current sources |11 and Ip| . During this time, VoyT remains almost equal
to Vyycc except for small losses from voltage drops across the sense resistor and the N-channel MOSFET. The
output current reaches the programmed maximum level, Iyyax, at t2. The CT voltage continues to rise since lyax
is still greater than IzayT- The load output voltage drops because the current load requirements have become
greater than the controlled maximum sourcing current. The CT voltage reaches the upper comparator threshold
(Figure 2) of 2.5 V at t3, which promptly shuts off the gate drive to the N-channel MOSFET (hot shown but can
be inferred from the fact that no output current is provided to the load), latches in the fault and opens switch S1
disconnecting the charging currents 11 and Ip;_ from CT.

Since no output current is supplied, the load voltage decays at a rate determined by the load characteristics and
the capacitance. The 3-uA current source, 12, discharges Ct to the 0.5-V reset comparator threshold. This time
is significantly longer than the charging time and is the basis for the duty cycle current limiting technique. When
the CT voltage reaches 0.5 V at t4, the part performs a retry, allowing the N-channel MOSFET to again source
current to the load and cause VOUT to rise. In this particular example, IMAX is still sourced by the N-channel
MOSFET at each attempted retry and the fault timing sequence is repeated until time t7 when the load
requirements change to lgyT. Since lgyT is less than the fault current level at this time, switch S1 is opened,
12 discharges Ct and Vgy rises almost to the level of VCC.

Figure 4 shows fault timing waveforms similar to those depicted in Figure 3 except that the latch reset (LR)
function is utilized. Operation is the same as described above until t4 when the voltage on CT reaches the reset
threshold. Holding LR high prevents the latch from being reset, preventing the device from performing a retry
(sourcing current to the load). The UC3914 is latched off until either LR is pulled to a logic low, or the chip is
forced into an under voltage lockout (UVLO) condition and back out of UVLO causing the latch to automatically
perform a power on reset. Figure 4 illustrates LR being toggled low at t5, causing the part to perform a retry.
Time t6 again illustrates what happens when a fault is detected. The LR pin is toggled low and back high at time
t7, prior to the voltage on the CT pin hitting the reset threshold. This information tells the UC3914 to allow the
part to perform a retry when the lower reset threshold is reached, which occurs at t8. Time t9 corresponds to
when load conditions change to where a fault is not present as described for Figure 3.

10
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APPLICATION INFORMATION

louT A
OUTPUT IMAX | — — —
CURRENT IFaoLT b — 4 4
lonomy /- | | __U______
\
\
0A L
y [
5V t
LR
VOLTAGE
ov t
VcT 4
2.5V
Ct
VOLTAGE
0.5V
ov t
VCC
OUTPUT
VOLTAGE
VOUTS
ov t

to t1ta2t3 t4 ts5 te t7 tsto UDG-97055

Figure 4. Typical Timing Diagram Using Latch Reset (LR) Function

Table 2. Fault Timing Conditions with Latch Reset Function

TIME CONDITION
t0 Normal conditions. Output current is nominal, output voltage is at positive rail, VCC
t1 Fault control reached. Output current rises above the programmed fault value, CT begins to charge at 100-puA + Ip|_.
t2 Maximum current reached. Output current reaches the programmed maximum level and becomes a constant cur-
rent with value IMAX.
3 Fault occurs. CT has charged to 2.5V, fault output goes low, the FET turns off allowing no output current to flow,
VyouTs discharges to GND.
t4 Reset comparator threshold reached but no retry since LR pin held high.
t5 LR toggled low, N-channel MOSFET turned on and sources current to load.
t6=t3
t7 LR toggled low before VcT reaches reset comparator threshold, causing retry.
t8 Since LR toggled low during present cycle, N-channel MOSFET turned on and sources current to load.
t9=t0 | Fault released, normal condition. Return to normal operation of the load.
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APPLICATION INFORMATION

Power Limiting

The power limiting circuitry is designed to only source current into the CT pin. To implement this feature, a
resistor, Rp|, should be placed between VCC and PLIM. The current, Ip|_ (show in Figure 2) is given by the
following expression:

V -V
VCC VOUTS
! forVVOUTS > 1V VCT

|
PL RpL (7

where
® V7 is the voltage on the CT pin

For VyyouTs <1V + VT the common mode range of the power limiting circuitry causes Ip; = 0 A leaving only
the 100-uA current source to charge Ct. Viycc — WouTs represents the voltage across the N-channel MOSFET
pass device.

This feature limits average power dissipation in the pass device. Note that under a fault condition where the
output current is just above the fault level, but less than the maximum level, VyoyTs ~ Vvce, IpL = 0 A and the
Ct charging current is 100 pA.

During a fault, the CT pin charges at a rate determined by the internal charging current and the external timing
capacitor, Ct. Once Ct charges to 2.5 V, the fault comparator trips and sets the fault latch. When this occurs,
OUT is pulled down to VOUTS, causing the external N-channel MOSFET to shut off and the charging switch,
S1, to open. Ct is discharged with 12 until the VT potential reaches 0.5 V. Once this occurs, the fault latch resets
(unless LR is being held high, whereby a fault can only be cleared by pulling this pin low or going through a
power-on-reset cycle), which re-enables the output of the linear amplifier and allows the fault circuitry to regain
control of the charging switch. If a fault is still present, the overcurrent comparator closes the charging switch
causing the cycle to repeat. Under a constant fault the duty cycle is given by:

3 uA

Duty Cycle = ——————
IPL + 100 pA (8)

Average power dissipation can be limited using the PLIM pin. Average power dissipation in the pass element
is given by:

PreT(avg) = (Vyee = Vvours) X lwax X Duty Cycle 9)
3 uA
- (VVCC a VVOUTS) X Iyax X lp, + 100 A
Vyvce —WouTs is the drain to source voltage across the MOSFET. When Ip; >> 100 pA, the duty cycle equation
given above can be rewritten as:
Rp X 3uA
V

Duty Cycle =
(Vvee = Vvours) (10)
and the average power dissipation of the MOSFET is given by:
Rp. X 3uA

V

= lyax X Rp. X 3 uA

Preriavg = (Yvee ~ Vvours) X uax X (v vours) (11)

vCC

The average power is limited by the programmed Ipax current and the appropriate value for Rp| .

12
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APPLICATION INFORMATION

OVERLOAD COMPARATOR

The linear amplifier in the UC3914 ensures that the external N-channel MOSFET does not source more than
the current Iy ax, defined in equation (4):

| _ chc B VIMAX
MAX — T R._
SENSE

In the event that output current exceeds the programmed IMAX current by more than 200-mV/RsgnNsE, the
output of the linear amplifier is immediately pulled low (with respect to VOUTS) providing no gate drive to the
N-channel MOSFET, and preventing current from being delivered to the load. This situation could occur if the
external N-channel MOSFET is not responding to a command from the UC3914 or output load conditions
change quickly to cause an overload condition before the linear amplifier can respond. For example, if the
N-channel MOSFET is sourcing current into a load and the load suddenly becomes short circuited, an overload
condition may occur. The short circuit causes the Vgg of the N-channel MOSFET to immediately increase,
resulting in increased load current and voltage drop across Rggnsg. If this drop exceeds the overload
comparator threshold, the amplifier output is quickly pulled low. It also causes the CT pin to begin charging with
I3, a 3-mA current source (refer to Figure 2) and continue to charge until approximately 1-V below Vy,cc, where
it is clamped. This allows a constant fault to show up on FAULT and since the voltage on CT charges past 2.5 V
only in an overload fault condition, it can be used for detection of output N-channel MOSFET failure or to build
redundancy into the system.

ESTIMATING MINIMUM TIMING CAPACITANCE

The startup time of the device may not exceed the fault time for the application. Since the timing capacitor, Cr,
determines the fault time, its minimum value can be determined by calculating the startup time of the device.
The startup time is dependent upon several external components. A load capacitor, C| oap, Should be tied
between VOUTS and GND. Its value should be greater than that of Cpy\p, the reservoir capacitor tied from
VPUMP to VOUTS (see Figure 4). Given values of C| oap: RLoaDs RsENsE, Vvcc and the resistors determining
the voltage on IMAX, the user can calculate the approximate startup time of the node V. This time must be
less than the time it takes for CT to charge to 2.5 V. Assuming the user has determined the fault current, RgensE
can be calculated by:

R _ 50mVv
SENSE ALt (12)

IMAX is the maximum current the UC3914 allows through the transistor, M1. During startup with an output
capacitor, M1 can be modeled as a constant current source of value Iy ax Using equation (4).

Given this information, calculation of startup time is now possible via the following:

Using a constant-current load model, use this equation:

- _ (CLoap X Vvec)
START ~ 7| )
( MAX LOAD) (13)
Using a resistive load model, use this equation:
\Y
_ VCC
Tstart = — Rioap X Cloap X €n (1 - T)
MAX LOAD (14)
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APPLICATION INFORMATION

The only remaining external component which may affect the minimum timing capacitor is the optional power
limiting resistor, Rp| . If the addition of Rp|_is desirable, its value can be determined from the Power Limiting
section of this datasheet. The minimum timing capacitor values are now given by the following equations.

Using a constant-current load model, use this equation:

v
_ VCC
10 4><RPL+( 2 )

CTiin = TstarT X 2 X Rp,
(15)
Using a resistive load model, use this equation:
o - (10_4 X Rp + Vyee = (luax X RLOAD)) X TstarT N Vyee <R “c
(min) — % RPL 2 X RPL LOAD LOAD (16)

OUTPUT CURRENT SOFTSTART

The external MOSFET output current can be increased at a user-defined rate to ensure that the output voltage
comes up in a controlled fashion by adding capacitor Cgg, as shown in Figure 5. The one constraint that the
UC3914 places on the soft-start time is that the charge pump time constant must be much less than the soft-start
time constant to ensure proper soft-start operation. The time constant determining the startup time of the charge
pump is given by:

Tep = Rout X Cpuwp (17)
RouyT is the output impedance of the charge pump given by:

1

R = —-—
feump X Cp (18)

ouT

where fpymp is the charge pump frequency (125 kHz) and Cp =Cp1 =Cp> are the charge pump flying capacitors.
For typical values of Cp1, Cps and Cpymp (0.01-uF) and a switching frequency of 125 kHz, the output
impedance is 800 Q and the charge pump time constant is 8 us. The charge pump should be close to being fully
charged in 3 time constants or 24 us. By placing a capacitor from VCC to IMAX, the voltage at IMAX, which sets
the maximum output current of the MOSFET, exponentially decays from VCC to the desired value set by R1
and R2. The output current of the MOSFET is controlled via soft-start as long as the soft-start time constant (tgs)
is much greater than the charge pump time constant tcp, given by:

Tss = (R1[|R2) x Cgg (19)

14
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MINIMIZING TOTAL DROPOUT UNDER LOW VOLTAGE OPERATION

In a typical application, the UC3914 is used to control the output current of an external N-channel MOSFET
during hot swapping situations. Once the load has been fully charged, the desired output voltage on the load,
VouT: heeds to be as close to VCC as possible to minimize total dropout. For a resistive load, R oap, the output
voltage is given by:

R
\%

LOAD
X Vyee

OUT " R oap + Rsense + Ropson) (20)

RseNsE sets the fault current, IpauLT: Rps(on). the on-resistance of the N-channel MOSFET, should be made
as small as possible to ensure Vo is as close to VCC as possible. For a given N-channel MOSFET, the
manufacturer specifies the Rpgon) for a certain Vg (i. €., between 7 V to 10 V). The source potential of the
N-channel MOSFET is VouT In order to ensure sufficient Vgg, this requires the gate of the N-channel MOSFET,
which is the output of the linear amplifier, to be many volts higher than Vy,cc. The UC3914 provides the capability
to generate this voltage through the addition of three capacitors, Cp1, Cp2 and Cpypmp as shown in Figure 6.
These capacitors should be used in conjunction with the complementary output drivers and internal diodes
included on-chip to create a charge pump or voltage tripler. The circuit boosts Vy/cc by utilizing capacitors Cp1,
Cp2 and Cpypp in such a way that the voltage at VPUMP approximately equals three times the voltage at VCC
minus five times the voltage drop of the diodes, almost tripling the input supply voltage to the device.

Vvpump = (3 X chc) ~ (5% Vpiope) (21)

On each complete cycle, Cpy is charged to approximately (Vycc — Vpiopg) (unless VCC is greater than 15V
causing internal clamping to limit this charging voltage to about 13 V) when the output Q of the toggle flip-flop
is low. When Q is transitioned low (and Q correspondingly is brought high), the negative side of Cps is pulled
to ground, and Cpq charges Cp> up to approximately:

Vepa = (2% Vyee) = (3 % Vpiopg) (22)

ToVce
A

TOGGLE

REF FLIP FLOP

IMAX

13T
=
o
3 T
<
jﬁg
2

0sC ouT
uC2914

T OSCB Q
VouTt [5] |—c

QT

PMP VOUTS |
L 250 kHz
OSCB of == osc
A r;j
T T
OMPB _ +| VPUMP
LOAL
— ;r CVPUMP UDG-03178
- ToVou
Figure 5. MOSFET Softstart Diagram Figure 6. Charge Pump Block Diagram
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When Q is toggled high, the negative side of CP2 is brought to (Vcc - Vpiopg)- Since the voltage across a
capacitor cannot change instantaneously with time, the positive side of the capacitor swings up to:

Vempg = 3 X Vee = 4 X Vpiope (23)
This charges Cpypp up to:

\Y

cpump = 3 X Vee = 5 X Vpiopg (24)

The maximum output voltage of the linear amplifier is actually less than this because of the ability of the amplifier
to swing to within approximately 1 V of Vpypp. Due to inefficiencies of the charge pump, the UC3914 may not
have sufficient gate drive to fully enhance a standard power MOSFET when operating at input voltages below
7 V. Logic level MOSFETSs could be used depending on the application but are limited by their lower current
capability. For applications requiring operation below 7 V, there are two ways to increase the charge pump
output voltage. Figure 7 shows the typical tripler of Figure 6 enhanced with three external schottky diodes.
Placing the schottky diodes in parallel with the internal charge pump diodes decreases the voltage drop across
each diode thereby increasing the overall efficiency and output voltage of the charge pump.

Figure 8 shows a way to use the existing drivers with external diodes (or Schottky diodes for even higher pump
voltages but with additional cost) and capacitors to make a voltage quadrupler. The additional charge pump
stage provides a sufficient pump voltage to generate the maximum Vgg:

Vvpump = 4 X Vee = 7 X Vpiope (25)
Cp2
||
I
L,
J_‘OSC
OSC PMPB
Toggle >
Flip—Flop
Cp2 Q L) Toggle
Flip—Flop
g Q-:— | Q
250 kHz ¥y b4 1=
VPUMP Oscillator n PMP qQ 'II'
7
250 kHz
1 N VPUMP Oscillator
P couwe ——="PUMP

T
1 T

To VouTt
Figure 8. Low Voltage Operation to Produce

Figure 7. Enhanced Charge Pump Higher Pump Voltage
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Operation is similar to the case described above. This additional circuitry is not necessary for higher input
voltages because the UC3914 has internal clamping which only allows Vpyp to be 10 V greater than Vy,oyTs.

Table 3 characterizes the UCx914 charge pump in its standard configuration, with external schottky diodes, and
configured as a voltage quadrupler.

NOTE: The voltage quadrupler is unnecessary for input voltages above 7.0 V due to the internal
clamping action.

Table 3. Charge Pump Characteristics

EXTERNAL
voriaee | "DERNEE | SCHOTTKY | QUADRUPLER
(Veeo) (Ves) DIODES Ves)
(Ves)

45 457 6.8 8.7

5.0 5.80 7.9 8.8

5.5 6.60 8.6 8.9

6.0 7.60 8.8 9.0

6.5 8.70 8.8 9.0

7.0 8.80 9.0 9.0

9.0 9.20 9.4 9.1

10.0 9.30 9.4 9.3

lcc SPECIFICATIONS

The Icc operating measurement is actually a mathematical calculation. The charge pump voltage is constantly
being monitored with respect to both Ve and VouTs to determine whether the pump requires servicing. If there
is insufficient voltage on this pin, the charge pump drivers are alternately switched to raise the voltage of the
pump (see Figure 9). Once the voltage on the pump is high enough, the drivers and other charge pump related
circuitry are shutdown to conserve current. The pump voltage decays due to internal loading until it reaches a
low enough level to turn the drivers back on. The chip requires significantly different amounts of current during
these two modes of operation and the following mathematical calculation is used to calculate the average
current:

ICCdrivers(on) X TON + ICCdrivers(off) X TOFF

I —
Ton + Torr (26)

ccC

Since the charge pump does not always require servicing, the user may think that the charge pump frequency
is much less than the datasheet specification. This is not the case as the free-running frequency is guaranteed
to be within the datasheet limits. The charge pump servicing frequency can make it appear as though the drivers
are operating at a much lower frequency
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Pump Lower Level
«— Pump Servicing plepl Oscillator
Frequency Frequency
[ Ton TOFF TIME UDG-98144

Figure 9. Charge Pump Waveforms
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IB|AS — Bias Current = pA

TYPICAL CHARACTERISTICS

INPUT BIAS CURRENT

Vs TIMING CAPACITOR DISCHARGE CURRENT
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T3 — Junction Temperature - °C T3 — Junction Temperature - °C
Figure 14 Figure 15

SAFETY RECOMMENDATIONS

Although the UC3914 is designed to provide system protection for all fault conditions, all integrated circuits can
ultimately fail short. For this reason, if the UC3914 is intended for use in safety critical applications where UL®
or some other safety rating is required, a redundant safety device such as a fuse should be placed in series with
the device. The UC3914 prevents the fuse from blowing in virtually all fault conditions, increasing system
reliability and reducing maintainence cost, in addition to providing the hot swap benefits of the device.

20
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PACKAGING INFORMATION

Orderable Device Status Package Type Package Pins Package Eco Plan Lead/Ball Finish MSL Peak Temp Op Temp (°C) Device Marking Samples
@) Drawing Qty @ ©) @ (/5)
UC2914DW ACTIVE SoIC DW 18 40 Green (RoHS CU NIPDAU Level-2-260C-1 YEAR -40 to 85 UC2914DW Samples
& no Sh/Br)
UC2914DWTR ACTIVE SoIC DW 18 2000  Green (RoHS CU NIPDAU Level-2-260C-1 YEAR -40 to 85 UC2914DW Samples
& no Sh/Br)
UC3914DW ACTIVE SoIC DW 18 40 Green (RoHS CU NIPDAU Level-2-260C-1 YEAR 0to 70 UC3914DW Samples
& no Sh/Br)
UC3914DWTR ACTIVE SOIC DW 18 2000 Green (RoHS CU NIPDAU Level-2-260C-1 YEAR 0to 70 UC3914DW
& no Sh/Br) P
UC3914DWTRG4 ACTIVE SOIC DW 18 2000 Green (RoHS CU NIPDAU Level-2-260C-1 YEAR Oto 70 UC3914DW Samples
& no Sh/Br)

@ The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

LIFEBUY: Tl has announced that the device will be discontinued, and a lifetime-buy period is in effect.
NRND: Not recommended for new designs. Device is in production to support existing customers, but Tl does not recommend using this part in a new design.
PREVIEW: Device has been announced but is not in production. Samples may or may not be available.

OBSOLETE: Tl has discontinued the production of the device.

@ Eco Plan - The planned eco-friendly classification: Pb-Free (RoHS), Pb-Free (RoHS Exempt), or Green (RoHS & no Sb/Br) - please check http://www.ti.com/productcontent for the latest availability
information and additional product content details.
TBD: The Pb-Free/Green conversion plan has not been defined.
Pb-Free (RoHS): TI's terms "Lead-Free" or "Pb-Free" mean semiconductor products that are compatible with the current RoHS requirements for all 6 substances, including the requirement that
lead not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, Tl Pb-Free products are suitable for use in specified lead-free processes.
Pb-Free (RoHS Exempt): This component has a RoHS exemption for either 1) lead-based flip-chip solder bumps used between the die and package, or 2) lead-based die adhesive used between

the die and leadframe. The component is otherwise considered Pb-Free (RoHS compatible) as defined above.

Green (RoHS & no Sb/Br): Tl defines "Green" to mean Pb-Free (RoHS compatible), and free of Bromine (Br) and Antimony (Sb) based flame retardants (Br or Sb do not exceed 0.1% by weight

in homogeneous material)

® MsL, Peak Temp. - The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder temperature.

® There may be additional marking, which relates to the logo, the lot trace code information, or the environmental category on the device.

® Multiple Device Markings will be inside parentheses. Only one Device Marking contained in parentheses and separated by a "~" will appear on a device. If a line is indented then it is a continuation
of the previous line and the two combined represent the entire Device Marking for that device.
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© | ead/Ball Finish - Orderable Devices may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead/Ball Finish values may wrap to two lines if the finish
value exceeds the maximum column width.

Important Information and Disclaimer: The information provided on this page represents Tl's knowledge and belief as of the date that it is provided. Tl bases its knowledge and belief on information
provided by third parties, and makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and
continues to take reasonable steps to provide representative and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals.
Tl and Tl suppliers consider certain information to be proprietary, and thus CAS numbers and other limited information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
4 |+ KO
i |
& go W
Reel | | l
Diameter
Cavity +‘ A0 M
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
\ 4 W | Overall width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ 1
T Reel Width (W1)
QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE
O O O O OO O O O QfSprocket Holes
|
T
Q1 : Q2
H4-—-—
Q3 1 Q4 User Direction of Feed
[ 4
T
=
Pocket Quadrants
*All dimensions are nominal
Device Package|Package|Pins| SPQ Reel Reel AO BO KO P1 w Pin1
Type |Drawing Diameter| Width | (mm) [ (mm) | (mm) | (mm) | (mm) |Quadrant

(mm) |W1(mm)

UC2914DWTR SOIC DW

18

2000 330.0 24.4 10.9 | 12.0 2.7 12.0 | 24.0

Q1

UC3914DWTR SOIC DW

18

2000 330.0 24.4 10.9 | 12.0 2.7 12.0 | 24.0

Q1
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*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
UC2914DWTR SoIC DW 18 2000 367.0 367.0 45.0
UC3914DWTR SoIC DW 18 2000 367.0 367.0 45.0
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NOTES:  A. Al linear dimensions are in inches (millimeters). Dimensioning and tolerancing per ASME Y14.5M—1994.
B. This drawing is subject to change without notice.

C. Body dimensions do not include mold flash or protrusion not to exceed 0.006 (0,15).
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DW (R—PDS0O—G18)

PLASTIC SMALL OUTLINE

Example Board Layout
(Note C)

—t 16x1,27
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Non Solder Mask Define Pad

(Note E)

(Note C)

18x1,9:5

Stencil Openings
(Notep D) g

I::IL

Solder Mask Opening

Pad Geometry

4209202-3/F 08/13

NOTES:

All linear dimensions are in millimeters.

This drawing is subject to change without notice.

Refer to IPC7351 for alternate board design.

Laser cutting apertures with trapezoidal walls and also rounding corners will offer better paste release.
Refer to IPC-7525

contact their board assembly site for stencil

design recommendations.

Customers should

Customers should contact their board fabrication site for solder mask tolerances between and around signal pads.
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IMPORTANT NOTICE

Texas Instruments Incorporated (TI) reserves the right to make corrections, enhancements, improvements and other changes to its
semiconductor products and services per JESD46, latest issue, and to discontinue any product or service per JESDA48, latest issue. Buyers
should obtain the latest relevant information before placing orders and should verify that such information is current and complete.

TI's published terms of sale for semiconductor products (http://www.ti.com/sc/docs/stdterms.htm) apply to the sale of packaged integrated
circuit products that Tl has qualified and released to market. Additional terms may apply to the use or sale of other types of Tl products and
services.

Reproduction of significant portions of Tl information in Tl data sheets is permissible only if reproduction is without alteration and is
accompanied by all associated warranties, conditions, limitations, and notices. Tl is not responsible or liable for such reproduced
documentation. Information of third parties may be subject to additional restrictions. Resale of Tl products or services with statements
different from or beyond the parameters stated by Tl for that product or service voids all express and any implied warranties for the
associated TI product or service and is an unfair and deceptive business practice. Tl is not responsible or liable for any such statements.

Buyers and others who are developing systems that incorporate Tl products (collectively, “Designers”) understand and agree that Designers
remain responsible for using their independent analysis, evaluation and judgment in designing their applications and that Designers have
full and exclusive responsibility to assure the safety of Designers' applications and compliance of their applications (and of all Tl products
used in or for Designers’ applications) with all applicable regulations, laws and other applicable requirements. Designer represents that, with
respect to their applications, Designer has all the necessary expertise to create and implement safeguards that (1) anticipate dangerous
consequences of failures, (2) monitor failures and their consequences, and (3) lessen the likelihood of failures that might cause harm and
take appropriate actions. Designer agrees that prior to using or distributing any applications that include TI products, Designer will
thoroughly test such applications and the functionality of such Tl products as used in such applications.

TI's provision of technical, application or other design advice, quality characterization, reliability data or other services or information,
including, but not limited to, reference designs and materials relating to evaluation modules, (collectively, “TI Resources”) are intended to
assist designers who are developing applications that incorporate Tl products; by downloading, accessing or using Tl Resources in any
way, Designer (individually or, if Designer is acting on behalf of a company, Designer's company) agrees to use any particular TI Resource
solely for this purpose and subject to the terms of this Notice.

TI's provision of Tl Resources does not expand or otherwise alter TI's applicable published warranties or warranty disclaimers for Tl
products, and no additional obligations or liabilities arise from TI providing such Tl Resources. Tl reserves the right to make corrections,
enhancements, improvements and other changes to its Tl Resources. Tl has not conducted any testing other than that specifically
described in the published documentation for a particular TI Resource.

Designer is authorized to use, copy and modify any individual Tl Resource only in connection with the development of applications that
include the TI product(s) identified in such TI Resource. NO OTHER LICENSE, EXPRESS OR IMPLIED, BY ESTOPPEL OR OTHERWISE
TO ANY OTHER TI INTELLECTUAL PROPERTY RIGHT, AND NO LICENSE TO ANY TECHNOLOGY OR INTELLECTUAL PROPERTY
RIGHT OF TI OR ANY THIRD PARTY IS GRANTED HEREIN, including but not limited to any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI products or services are used. Information
regarding or referencing third-party products or services does not constitute a license to use such products or services, or a warranty or
endorsement thereof. Use of TI Resources may require a license from a third party under the patents or other intellectual property of the
third party, or a license from TI under the patents or other intellectual property of TI.

TI RESOURCES ARE PROVIDED “AS I1S” AND WITH ALL FAULTS. TI DISCLAIMS ALL OTHER WARRANTIES OR
REPRESENTATIONS, EXPRESS OR IMPLIED, REGARDING RESOURCES OR USE THEREOF, INCLUDING BUT NOT LIMITED TO
ACCURACY OR COMPLETENESS, TITLE, ANY EPIDEMIC FAILURE WARRANTY AND ANY IMPLIED WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE, AND NON-INFRINGEMENT OF ANY THIRD PARTY INTELLECTUAL
PROPERTY RIGHTS. TI SHALL NOT BE LIABLE FOR AND SHALL NOT DEFEND OR INDEMNIFY DESIGNER AGAINST ANY CLAIM,
INCLUDING BUT NOT LIMITED TO ANY INFRINGEMENT CLAIM THAT RELATES TO OR IS BASED ON ANY COMBINATION OF
PRODUCTS EVEN IF DESCRIBED IN TI RESOURCES OR OTHERWISE. IN NO EVENT SHALL Tl BE LIABLE FOR ANY ACTUAL,
DIRECT, SPECIAL, COLLATERAL, INDIRECT, PUNITIVE, INCIDENTAL, CONSEQUENTIAL OR EXEMPLARY DAMAGES IN
CONNECTION WITH OR ARISING OUT OF TI RESOURCES OR USE THEREOF, AND REGARDLESS OF WHETHER Tl HAS BEEN
ADVISED OF THE POSSIBILITY OF SUCH DAMAGES.

Unless Tl has explicitly designated an individual product as meeting the requirements of a particular industry standard (e.g., ISO/TS 16949
and ISO 26262), Tl is not responsible for any failure to meet such industry standard requirements.

Where TI specifically promotes products as facilitating functional safety or as compliant with industry functional safety standards, such
products are intended to help enable customers to design and create their own applications that meet applicable functional safety standards
and requirements. Using products in an application does not by itself establish any safety features in the application. Designers must
ensure compliance with safety-related requirements and standards applicable to their applications. Designer may not use any Tl products in
life-critical medical equipment unless authorized officers of the parties have executed a special contract specifically governing such use.
Life-critical medical equipment is medical equipment where failure of such equipment would cause serious bodily injury or death (e.qg., life
support, pacemakers, defibrillators, heart pumps, neurostimulators, and implantables). Such equipment includes, without limitation, all
medical devices identified by the U.S. Food and Drug Administration as Class Ill devices and equivalent classifications outside the U.S.

Tl may expressly designate certain products as completing a particular qualification (e.g., Q100, Military Grade, or Enhanced Product).
Designers agree that it has the necessary expertise to select the product with the appropriate qualification designation for their applications
and that proper product selection is at Designers’ own risk. Designers are solely responsible for compliance with all legal and regulatory
reguirements in connection with such selection.

Designer will fully indemnify Tl and its representatives against any damages, costs, losses, and/or liabilities arising out of Designer’s non-
compliance with the terms and provisions of this Notice.
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