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UCC27714 High-Speed, 600-V High-Side Low-Side Gate Driver
with 4-A Peak Output

1 Features 2 Applications
1• High-Side, Low-Side Configuration, with • Half-Bridge and Full-Bridge Converters in Offline

Independent Inputs AC and DC Power Supplies
• Fully Operational up to 600 V (HS Pin) • High-Density Switching Power Supplies for

Server, Telecom, IT and Industrial Infrastructure• Floating Channel Designed for Bootstrap
Operation • Solar Inverters, Motor Drive and UPS

• Peak Output Current Capability of 4-A Sink 4-A
3 DescriptionSource at VDD = 15 V
UCC27714 is a 600-V high-side, low-side gate driver• Best-In-Class Propagation Delay (125-ns
with 4-A source and 4-A sink current capability,Maximum)
targeted to drive power MOSFETs or IGBTs. The

• Best-In-Class Delay Matching (20-ns Maximum) device comprises of one ground-referenced channel
• TTL and CMOS Compatible Input Logic (LO) and one floating channel (HO) which is designed

for operating with bootstrap supplies. The device• VDD Bias Supply Range of 10 V to 20 V
features excellent robustness and noise immunity• Bias UVLO Protection for Both Channels with capability to maintain operational logic at

• Rail-to-Rail Drive negative voltages of up to –8 VDC on HS pin (at VDD
= 12 V).• Robust Operation Under Negative Voltage

Transients The device accepts a wide range bias supply input
• High dv/dt Immunity (HS Pin) from 10 V to 20 V and offers UVLO protection for

both the VCC and HB bias supply pins. UCC27714 is• Separated Grounds for Logic (VSS) and Driver
available in SOIC-14 package and rated to operate(COM) with Capability to Sustain Voltage
from –40°C to 125°C.Difference

• Optional Enable Function (Pin 4) Device Information (1)

• Outputs Held in LOW when Inputs Floating PART NUMBER PACKAGE BODY SIZE (NOM)
• Inputs and Enable Pin Voltage Levels Not UCC27714 SOIC (14) 3.91 mm × 8.65 mm

Restricted by VDD Pin Bias Supply Voltage
• High and Low Voltage Pins Separated for

Maximum Creepage and Clearance
• Negative Voltage Handling Capability on Input and (1) For all available packages, see the orderable addendum at

Enable Pins the end of the datasheet.

4 Simplified Schematic

Typical Propagation Delay Comparison

1

An IMPORTANT NOTICE at the end of this data sheet addresses availability, warranty, changes, use in safety-critical applications,
intellectual property matters and other important disclaimers. PRODUCTION DATA.

http://www.ti.com/product/UCC27714?dcmp=dsproject&hqs=pf
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http://www.ti.com/product/UCC27714?dcmp=dsproject&hqs=sw&#desKit
http://www.ti.com/product/UCC27714?dcmp=dsproject&hqs=support&#community
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6 Pin Configuration and Functions

D Package
14-Pin SOIC

Top View

Terminal Functions
PIN

I/O DESCRIPTION
NAME NO.
COM 5 – Return for low-side driver output.

Enable input for high-side and low-side driver. This pin biased LOW, disables both HO andEN/NC 4 I LO regardless of HI and LI state, This pin biased high or floating enables both HO and LO.
High-side floating supply. Bypass this pin to HS with a suitable capacitor to sustain boot-HB 13 I strap circuit operation in the desired application, typically 10× bigger than gate capacitance.

HI 1 I Logic input for high-side driver. If HI is unbiased or floating, HO is held low.
HO 12 O High-side driver output.
HS 11 – Return for high-side floating supply.
LI 2 I Logic input for low-side driver. If LI is unbiased or floating, LO is held low.
LO 6 O Low-side driver output.
NC 8, 9, 10, 14 – No connection.

Bias supply input. Power supply for the input logic side of the device and also low-side driver
output. Bypass this pin to VSS with typical 1-µF SMD capacitor (typically CVDD needs to beVDD 7 I 10 × CBOOT). If shunt resistor used between COM and VSS, then also bypass this pin to
COM with 1-µF SMD capacitor.

VSS 3 – Logic ground.
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7 Specifications

7.1 Absolute Maximum Ratings (1) (2)

Over operating free-air temperature range (unless otherwise noted), all voltages are with respect to COM (unless otherwise
noted), currents are positive into and negative out of the specified terminal. (1)

MIN MAX UNIT
HI, LI, EN (3) with respect to VSS –5 20 V
VDD supply voltage –0.3 20 V

VIN Input voltage range
HB –0.3 640 V
HB-HS –0.3 20 V
DC HS – 0.3 HB + 0.3 V

Output voltage range, HO
Transient, less than 100 ns (4) HS – 2 HB + 0.3 V

VOUT DC –0.3 VDD + 0.3 V
Output voltage range, LO

Transient, less than 100 ns (4) –2 VDD + 0.3 V
Logic ground, With respect to COM –7 6 V
Logic ground, VDD-VSS –0.3 20 V

IOUT Output current, HO, LO, IOUT_PULSED (100 ns) ±4 A
IOUT Output current, HO, LO, IOUT_DC 0.25 A
dVHS/dt Allowable offset supply voltage transient –50 50 V/ns

Lead temperature (soldering, 10 second) 300 °C
TJ Junction temperature range –40 150 °C
Tstg Storage temperature range -65 150 °C

(1) Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings
only, which do not imply functional operation of the device at these or any other conditions beyond those indicated under Recommended
Operating Conditions. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

(2) See Packaging Section of the datasheet for thermal limitations and considerations of packages.
(3) The maximum voltage on the Input pins is not restricted by the voltage on the VDD pin.
(4) Values are verified by characterization on bench.
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7.2 ESD Ratings
VALUE UNIT

Human body model, HBM ±1400 V
V(ESD)

(1) Electrostatic discharge
Charge device model, CDM ±500 V

(1) These devices are sensitive to electrostatic discharge; follow proper device handing procedures

7.3 Recommended Operating Conditions
All voltages are with respect to COM, –40°C < TJ < 125°C, currents are positive into, negative out of the specified terminals

MIN NOM MAX UNIT
VDD Supply voltage 10 18 V
HB-HS Driver bootstrap voltage 10 18 V
HS Source terminal voltage (1) –8 600 V
HB Bootstrap pin voltage HS + 10 HS + 18 V
HI, LI, EN Input voltage with respect to VSS –4 18 V
VSS Logic ground –6 (2) 5 (3) V
TJ Junction temperature –40 125 °C

(1) Logic operational for HS of –8 V to 600 V at HB – HS = 12 V
(2) At VDD – COM = 10 V
(3) At VDD – COM = 15 V

7.4 Thermal Information
UCC27714

THERMAL METRIC (1) D (SOIC) UNIT
PINS

RθJA Junction-to-ambient thermal resistance 72.3 °C/W
RθJC(top) Junction-to-case (top) thermal resistance 31.8 °C/W
RθJB Junction-to-board thermal resistance 26.5 °C/W
ψJT Junction-to-top characterization parameter 3.6 °C/W
ψJB Junction-to-board characterization parameter 26.2 °C/W
RθJC(bot) Junction-to-case (bottom) thermal resistance N/A °C/W

(1) For more information about traditional and new thermal metrics, see the IC Package Thermal Metrics application report, SPRA953.
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7.5 Electrical Characteristics
At VDD = VHB = 15 V, VSS = VHS = 0, all voltages are with respect to COM, no load on LO and HO, –40°C < TJ < 125°C,
current are positive into and negative out of the specified terminal, over operating free-air temperature range (unless
otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
SUPPLY BLOCK
VVDD(on) turn-on threshold voltage of VDD 8.4 9.1 9.8 V
VVDD(off) turn-off threshold voltage of VDD 7.9 8.6 9.3 V
VVDD(hys) Hysteresis of VDD 0.4 0.5 - V

turn-on threshold voltage of VHB-VVHB(on) 7.7 8.3 9.0 VVHS
turn-off threshold voltage of VHB-VVHB(off) 6.7 7.25 8.05 VVHS

VVHB(hys) Hysteresis of VHB-VHS 0.5 1.0 - V
Total quiescent VDD to VSS andIQDD HI = LI = 0 V or 5 V, DC on/off state 750 1050 µACOM supply current

IQCOM Quiescent VDD-COM supply current HI = LI = 0 V or 5 V, DC on/off state 175 350 µA
IQVSS Quiescent VDD-VSS supply current HI = LI = 0 V or 5 V, DC on/off state 550 750 µA

HI = 0 V or 5 V, HO in DC on/offIQBS Quiescent HB-HS supply current 120 300 µAstate
IBL Bootstrap Supply Leakage Current HB = HS = 600 V 20 µA
INPUT AND ENABLE BLOCK

Input pin (HI or LI) and enable pinVINH, VENH 1.7 2.3 2.7 V(EN) High threshold
Input pin (HI or LI) and enable pinVINL, VENL 1.2 1.6 2.1 V(EN) low threshold

VINHYS, Input pin (HI or LI) and enable pin 0.7 VVENHYS (EN) threshold hysteresis
IINL HI, LI input low bias current HI, LI = 0 V -5 0 5 µA
IINH HI, LI input high bias current HI, LI = 5 V 3 65 µA
IENL EN input low bias current VEN = 0 V -90 -50 µA
IENH EN input high bias current VEN = 5 V -65 -25 µA
RHI Pull-down resistor on HI input pin 400 kΩ
RLI Pull-down resistor on LI input pin 400 kΩ
REN Pull-up resistor on enable pin 200 kΩ
OUTPUT BLOCK
VDD-VLOH LO output high voltage LI = 5 V, ILO = –20 mA 70 120 mV
VHB-VHOH HO output high voltage HI = 5 V, IHO = –20 mA 70 120 mV
VLOL LO output low voltage LI = 0 V, ILO = 20 mA 15 35 mV
VHOL HO output low voltage HI = 0 V, IHO = 20 mA 20 40 mV
RLOL, LO, HO output pull down resistance ILO = 20 mA, IHO = 20 mA 1.45 ΩRHOL

(1)

RLOH, LO, HO output pull up resistance ILO = –20 mA, IHO= –20 mA 3.75 5.8 ΩRHOH

HO. LO output low short circuit HI = L = 0 V, HO = LO = 15 V, PW <IGPK-
(2) 4 Apulsed current 10 µs

HO. LO output high short circuit H I= LI = 5 V, HO = LO = 0 V, PW <IGPK+
(2) 4 Apulsed current 10 µs

(1) ROH represents on-resistance of only the P-Channel MOSFET device in pull-up structure of UCC27714 output stage. Refer to Output
Stage

(2) Ensured by Design, Not tested in production
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7.6 Timing Requirements
MIN NOM MAX UNIT

DYNAMIC CHARACTERISTICS
tPDLH Turn-on propagation delay, LI to LO, HI to HO, HS = COM = 0 V or 90 125 ns

HS = 600 V
tPDHL Turn-off propagation delay, LI to LO, HI to HO, HS = COM = 0 V or 90 125 ns

HS = 600 V
tPDRM Low-to-high delay matching, HS = COM = 0 V 20 ns
tPDFM High-to-low delay matching, HS = COM = 0 V 20 ns
tRISE Turn-on rise time, 10% to 90%, HO/LO with 1000-pF load 15 30 ns
tFALL Turn-off fall time, 90% to 10%, HO/LO with 1000-pF load 15 30 ns
tON Minimum HI/LI ON pulse that changes output state, 0-V to 5-V input 100 ns

signal on HI and LI pins
tOFF Minimum HI/LI OFF pulse that changes output state, 5-V to 0-V input 100 ns

signal on HI and LI pins

Figure 1. Typical Test Timing Diagram

7.7 Typical Characteristics

Figure 2. Low-Side, Turn-On Propagation Delay vs Figure 3. Low-Side, Turn-Off Propagation Delay vs
Temperature Temperature
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Typical Characteristics (continued)

Figure 4. High-Side, Turn-On Propagation Delay vs Figure 5. High-Side, Turn-Off Propagation Delay vs
Temperature Temperature

Figure 6. Turn-On Delay Matching vs Temperature Figure 7. Turn-Off Delay Matching vs Temperature

Figure 8. High-Side, Turn-On Propagation Delay vs HS Figure 9. High-Side, Turn-Off Propagation Delay vs HS
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Typical Characteristics (continued)

Figure 10. LO Rise Time with 1000-pF Load vs Temperature Figure 11. LO Fall Time with 1000-pF Load vs Temperature

Figure 12. HO Rise Time with 1000-pF Load vs Temperature Figure 13. HO Fall Time with 1000-pF Load vs Temperature

Figure 14. VDD UVLO On Threshold vs Temperature Figure 15. VDD UVLO Off Threshold vs Temperature
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Typical Characteristics (continued)

Figure 16. VHB-VHS UVLO On Threshold vs Temperature Figure 17. VHB-VHS UVLO Off Threshold vs Temperature

Figure 18. VDD UVLO Hysteresis vs Temperature Figure 19. VHB-VHS UVLO Hysteresis vs Temperature

Figure 20. HI/LI/EN Pin High Threshold vs Temperature Figure 21. HI/LI/EN Pin Low Threshold vs Temperature
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Typical Characteristics (continued)

Figure 23. LO Output Low Voltage with 20-mA Load vsFigure 22. HI/LI/EN Pin Hysteresis vs Temperature
Temperature

Figure 24. LO Output High Voltage with 20-mA Load vs Figure 25. HO Output Low Voltage with 20-mA Load vs
Temperature Temperature

Figure 26. HO Output High Voltage with 20-mA Load vs Figure 27. LO Output Pull-Down Resistance vs Temperature
Temperature
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Typical Characteristics (continued)

Figure 29. LO Output Pull-Up Resistance vs TemperatureFigure 28. HO Output Pull-Down Resistance vs Temperature

Figure 30. HO Output Pull-Up Resistance vs Temperature Figure 31. EN ON Response Time vs Temperature

Figure 32. EN OFF Response Time vs Temperature Figure 33. Total Quiescent VDD to VSS and COM Supply
Current vs Temperature
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Typical Characteristics (continued)

Figure 35. Quiescent VDD to VSS Supply Current vsFigure 34. Quiescent VDD to COM Supply Current vs
TemperatureTemperature

Figure 36. Bootstrap Supply Leakage Current vs Figure 37. Total Quiescent HB to HS Supply Current
Temperature
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8 Detailed Description

8.1 Overview
High-current, gate-driver devices are required in switching power applications for a variety of reasons. In order to
implement fast switching of power devices and reduce associated switching power losses, a powerful gate-driver
device is employed between the PWM output of control devices and the gates of the power semiconductor
devices. Further, gate-driver devices are indispensable when having the PWM controller device directly drive the
gates of the switching devices is sometimes not feasible. In the case of digital power supply controllers, this
situation is often encountered because the PWM signal from the digital controller is often a 3.3-V logic signal
which is not capable of effectively turning on a power switch.

In bridge topologies, like hard-switch half bridge, hard-switch full bridge, half-bridge and full-bridge LLC, phase-
shift full bridge, 2-transistor forward, the source and emitter pin of the top-side power MOSFET and IGBT switch
is referenced to a node whose voltage changes dynamically; that is, not referenced to a fixed potential, so
floating-driver devices are necessary in these topologies.

The UCC27714 is a high-side and low-side driver dedicated for offline AC-to-DC power supplies and inverters.
The high side is a floating driver that can be biased effectively using a bootstrap circuit, and can handle up to
600-V. The driver includes an enable and disable function, and can be used with 100% duty cycle as long as HB-
HS can be above UVLO of the high side.

The device features industry best-in-class propagation delays and delay matching between both channels aimed
at minimizing pulse distortion in high-frequency switching applications. Each channel is controlled by its
respective input pins (HI and LI), allowing full and independent flexibility to control on and off state of the output.
The UCC27714 includes protection features wherein the outputs are held low when inputs are floating or when
the minimum input pulse width specification is not met. The driver inputs are CMOS and TTL compatible for easy
interface to digital power controllers and analog controllers alike. An optional enable and disable function is
included in Pin 4 of the UCC27714. The pin is internally pulled to VDD for active-high logic and can be left open
(NC) for standard operation when outputs are enable by default. If the pin is pulled to GND, then outputs are
disabled.

8.2 Functional Block Diagram

Figure 38. UCC27714 Block Diagram
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8.3 Feature Description

8.3.1 VDD and Under Voltage Lockout
The UCC27714 has an internal under voltage-lockout (UVLO) protection feature on the supply circuit blocks
between VDD and VSS pins, as well as between HB and HS pins. When VDD bias voltage is lower than the
VVDD(on) threshold at device start-up or lower than VVDD(off) after start-up, the VDD UVLO feature holds both the
LO and HO outputs LOW, regardless of the status of the HI and LI inputs. On the other hand, if HB-HS bias
supply voltage is lower than the VVHB(on) threshold at start-up or VVHB(off) after start-up, the HB-HS UVLO feature
only holds HO to LOW, regardless of the status of the HI. The LO output status is not affected by the HB-HS
UVLO feature (see Table 1 and Table 2). This allows the LO output to turn-on and re-charge the HB-HS
capacitor using the boot-strap circuit and thus allows HB-HS bias voltage to surpass the VVHB(on) threshold.

Both the VDD and VHB UVLO protection functions are provided with a hysteresis feature. This hysteresis
prevents chatter when there is ground noise from the power supply. Also this allows the device to accept a small
drop in the bias voltage which is bound to happen when the device starts switching and quiescent current
consumption increases instantaneously, as well as when the boot-strap circuit charges the HB-HS capacitor
during the first instance of LO turn-on causing a drop in VDD voltage.

The UVLO circuit of VDD-VSS and HB-HS in UCC27714 generate internal signals to enable/disable the outputs
after UVLO_ON/UVLO_OFF thresholds are crossed respectively (please refer to Figure 39). Design
considerations indicate that the UVLO propagation delay before the outputs are enabled and disabled can vary
from 10 μs to 70 μs.

Special attention must be paid to the situation when the VDD-VSS voltage drops rapidly, during abnormal
condition tests such as pin-to-pin shorting. If VDD-VSS voltage drops from VDD(OFF) to a 4-V level in a time that
is less than the propagation delay, then there is a chance for the HO and LO outputs to be latched in the
incumbent state prior to the UVLO incident. For UVLO_OFF logic block to be effective in turning off the outputs,
the VDD-VSS bias voltage must be at least 4 V. Hence, it is recommended that VDD pin voltage is not allowed to
dip from VDD(OFF) to 4 V in 70 μs or less.

Table 1. VDD UVLO Feature Logic Operation
CONDITION (VHB-VHS>VVHB, ON FOR ALL CASES HI LI HO LOBELOW)

VDD-VSS < VVDD(on) during device start up H L L L
VDD-VSS < VVDD(on) during device start up L H L L
VDD-VSS < VVDD(on) during device start up H H L L
VDD-VSS < VVDD(on) during device start up L L L L
VDD-VSS < VVDD(off) after device start up H L L L
VDD-VSS < VVDD(off) after device start up L H L L
VDD-VSS < VVDD(off) after device start up H H L L
VDD-VSS < VVDD(off) after device start up L L L L

Table 2. VHB UVLO Feature Logic Operation
CONDITION (VDD-VSS > VVDD,ON FOR ALL CASES HI LI HO LOBELOW)

VHB-VHS < VVHB(on) during device start up H L L L
VHB-VHS < VVHB(on) during device start up L H L H
VHB-VHS < VVHB(on) during device start up H H L H
VHB-VHS < VVHB(on) during device start up L L L L
VHB-VHS < VVHB(off) after device start up H L L L
VHB-VHS < VVHB(off) after device start up L H L H
VHB-VHS < VVHB(off) after device start up H H L H
VHB-VHS < VVHB(off) after device start up L L L L
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Figure 39. Power-Up Driver

8.3.2 Input and Output Logic Table
UCC27714 features independent inputs, HI and LI, for controlling the state of the outputs, HO and LO,
respectively. The device does not include internal cross-conduction prevention logic and allows both HO and LO
outputs to be turned on simultaneously (refer to Table 3). This feature allows it to be used topologies such as 2-
transistor forward.

Table 3. Input/Output Logic Table (1)

(Assuming no UVLO fault condition exists for VDD and VHB)
EN/NC HI LI HO LO

H L L L L
H L H L H
H H L H L
H H H H H
L Any Any L L

Any × × L L
× L L L L
× L H L H
× H L H L
× H H H H

(1) × = floating condition
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8.3.3 Input Stage
The input pins of UCC27714 are based on a TTL and CMOS compatible input-threshold logic that is independent
of the VDD supply voltage. With typical high threshold (VINH) of 2.3 V and typical low threshold (VINL) of 1.6 V,
along with very little temperature variation as summarized in Figure 20 and Figure 21, the input pins are
conveniently driven with logic level PWM control signals derived from 3.3-V and 5-V digital power-controller
devices. Wider hysteresis (typically 0.7 V) offers enhanced noise immunity compared to traditional TTL logic
implementations, where the hysteresis is typically less than 0.5 V. UCC27714 also features tight control of the
input pin threshold voltage levels which eases system design considerations and ensures stable operation across
temperature.

The UCC27714 includes an important feature: wherein, whenever any of the input pins is in a floating condition,
the output of the respective channel is held in the low state. This is achieved using GND pull-down resistors on
all the input pins (HI, LI), the input impedance of the input pins (HI, LI) is 400-kΩ typically, as shown in the device
block diagrams.

The UCC27714 input pins are capable of sustaining voltages higher than the bias voltage applied on the VDD
pin of the device, as long as the absolute magnitude is less than the recommended operating condition's
maximum ratings. This features offers the convenience of driving the PWM controller at a higher VDD bias
voltage than the UCC27714 helping to reduce gate charge related switching losses. This capability is envisaged
in UCC27714 by way of two ESD diodes tied back-to-front as shown in Figure 40.

Additionally, the input pins are also capable of sustaining negative voltages below VSS, as long as the
magnitude of the negative voltage is less than the recommended operating condition minimum ratings. A similar
diode arrangement exists between the input pins and VSS as illustrated in Figure 40.

The input stage of each driver must be driven by a signal with a short rise or fall time. This condition is satisfied
in typical power supply applications, when the input signals are provided by a PWM controller or logic gates with
fast transition times. With a slow changing input voltage, the output of driver may switch repeatedly at a high
frequency. While the wide hysteresis offered in UCC27714 definitely alleviates this concern over most other TTL
input threshold devices, extra care is necessary in these implementations. If limiting the rise or fall times to the
power device is the primary goal, then an external resistance is highly recommended between the output of the
driver and the power device. This external resistor has the additional benefit of reducing part of the gate-charge
related power dissipation in the gate-driver device package and transferring it into the external resistor itself. If an
RC filter is to be added on the input pins for reducing the impact of system noise and ground bounce, the time
constant of the RC filter must be 20 ns or less, for example, 50 Ω with 220 pF is an acceptable choice.

Figure 40. Diode Structure of Input Stage
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8.3.4 Output Stage
The UCC27714 device output stage features a unique architecture on the pull up structure which delivers the
highest peak-source current when it is most needed during the Miller plateau region of the power-switch turn on
transition (when the power switch drain or collector voltage experiences dV/dt). The output stage pull-up
structure features a P-Channel MOSFET and an additional N-Channel MOSFET in parallel. The function of the
N-Channel MOSFET is to provide a brief boost in the peak sourcing current enabling fast turn on. This is
accomplished by briefly turning-on the N-Channel MOSFET during a narrow instant when the output is changing
state from low to high.

The ROH parameter (see Electrical Characteristics) is a DC measurement and it is representative of the on-
resistance of the P-Channel device only. This is because the N-Channel device is held in the off state in DC
condition and is turned on only for a narrow instant when output changes state from low to high.

NOTE
The effective resistance of UCC27714 pull-up stage during the turn-on instant is much
lower than what is represented by ROH parameter.

The pull-down structure in UCC27714 is simply composed of a N-Channel MOSFET. The ROL parameter (see
Electrical Characteristics), which is also a DC measurement, is representative of the impedance of the pull-down
stage in the device.

Each output stage in UCC27714 is capable of supplying 4-A peak source and 4-A peak sink current pulses. The
output voltage swings between (VDD and COM) / (HB and HS) providing rail-to-rail operation, thanks to the
MOS-out stage which delivers very low drop-out. The low drop-out voltage is summarized in Figure 23,
Figure 24, Figure 25 and Figure 26

Figure 41. Output Stage Structure
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8.3.5 Level Shift
The level shift circuit (refer to the Functional Block Diagram) is the interface from the high-side input to the high-
side driver stage which is referenced to the switch node (HS). It is a pulsed generated level shifter. With an input
signal the pulse generator generates "on" pulses based on the rising edge of the signal and "off" pulses based
on the falling edge. On pulses and off pulses turn on each branch of the level shifter so that current flows in each
branch to generate different voltages, which is transferred to the set and reset signal in the high side. The signal
is rebuilt by the RS latch in the high side domain. The level shift allows control of the HO output referenced to the
HS pin and provides excellent delay matching with the low-side driver. The delay matching of UCC27714 is
summarized in Figure 6 and Figure 7.

The level shifter in UCC27714 offers best-in-class capability while operating under negative voltage conditions on
HS pin. The level shifter is able to transfer signals from the HI input to HO output with only 4-V headroom
between HB and COM. Refer to Operation Under Negative HS Voltage Condition for detailed explanations.

8.3.6 Low Propagation Delays and Tightly Matched Outputs
The UCC27714 features a best in class, 90-ns (typical) propagation delay (refer to Figure 2, Figure 3, Figure 4
and Figure 5 ) between input and output in high voltage 600-V driver, which goes to offer the lowest level of
pulse-transmission distortion available in the industry for high frequency switching applications.

Figure 42. Turn-On Propagation Delay Figure 43. Turn-Off Propagation Delay
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8.3.7 Parasitic Diode Structure in UCC27714
Figure 44 illustrates the multiple parasitic diodes involved in the ESD protection components of UCC27714
device. This provides a pictorial representation of the absolute maximum rating for the device.

Figure 44. ESD Structure
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8.4 Device Functional Modes

8.4.1 Enable Function
The enable function is an extremely beneficial feature in applications where the DC-to-DC controller is located on
the secondary side, which is very common with digital controllers. In these applications, it is easy to turn off the
driver signal in a very short time when critical faults such as primary-side overcurrent occurs. The Enable
Function response time is typically around 80 ns, refer to Figure 31, Figure 32 and Figure 45.

The enable pin controls both the high-side and low-side driver-channel operation. The enable pin is based on a
non-inverting configuration (active-high operation). Thus, when EN pin is driven high the driver is enabled and
when EN pin is driven low the driver outputs are low. The EN pin is internally pulled up to VDD using 200-kΩ,
pull-up resistor as a result of which the outputs of the device are enabled in the default state. The EN pin is left
floating or Not Connected (N/C) for standard operation, where the enable feature is not needed. Care must be
taken not to connect the EN pin to ground, which permanently disables the device. Like the input pins, the enable
pin is also based on a TTL and CMOS compatible input-threshold logic that is independent of the supply voltage
and is effectively controlled using logic signal from 3.3-V and 5-V microcontrollers. The UCC27714 also features
tight control of the enable-function-threshold voltage levels which eases system design considerations and
ensures stable operation across temperature (refer to Figure 20 and Figure 21).

Figure 45. EN Function Response Time
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Device Functional Modes (continued)
8.4.2 Minimum Input Pulse Operation
The UCC27714 device has a minimum turn-on, turn-off pulse transfer function to the output pin from the input
pin. This function ensures UCC27714 is in the correct state when the input signal is very narrow. The function is
summarized in Figure 46 and Figure 47. The 100 ns shown in Figure 46 and Figure 47 is ensured by design.

The tON and tOFF parameters in the electrical table are characterized by applying a 100-ns wide input pulses and
monitoring for a corresponding change of state in the outputs.

Figure 46. Minimum Turn-On Pulse

Figure 47. Minimum Turn-Off Pulse

22 Submit Documentation Feedback Copyright © 2015, Texas Instruments Incorporated

Product Folder Links: UCC27714

http://www.ti.com/product/ucc27714?qgpn=ucc27714
http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLUSBY6A&partnum=UCC27714
http://www.ti.com/product/ucc27714?qgpn=ucc27714


7

1

2

3

4 EN/NC

UCC27714

VSS

LI

HI

VDD 13

12

11

6

5

HB

HO

HS

LO

COM

Bias

HV

Q1

Q2

RBOOT

CVDD

RBIAS

CBOOT

DBOOT

Load

UCC27714
www.ti.com SLUSBY6A –AUGUST 2015–REVISED AUGUST 2015

Device Functional Modes (continued)
8.4.3 Operation with HO and LO Outputs High Simultaneously
The UCC27714 does not have cross-conduction prevention logic, which is a feature that does not allow both the
high-side and low-side outputs to be in high state simultaneously. In some power supply topologies, such as two-
transistor forward, it is required for both the high-side and low-side power switches to be turned on
simultaneously. The UCC27714 can handle both HO and LO high condition at same time as long as there are no
bias supply UVLO fault conditions present. Figure 48 illustrates the mode of operation where both HO and LO
outputs are in high state.

Figure 48. Simultaneously Supported HO and LO High State

The circuit in Figure 49 shows a two-transistor forward converter circuit driven by the UCC27714. This circuit
requires both outputs to be high or low simultaneously. The bootstrap capacitor would be charged with LO high
state only (HO low). As this would decrease overall system efficiency two additional diode and two additional
transistors are required to charge the bootstrap capacitor during LO and HO low period.

Figure 49. Two-Transistor Forward Converter Circuit
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Device Functional Modes (continued)
8.4.4 Operation Under 100% Duty Cycle Condition
The UCC27714 allows constant on or constant off operation (0% and/or 100% duty cycle) as long as the VDD
and VHB bias supplies are maintained above the UVLO thresholds. This is a challenge when boot-strap supplies
are used for VHB. However, when a dedicated bias supply is used, constant on or constant off conditions can be
supported, refer to Figure 48.

8.4.5 Operation Under Negative HS Voltage Condition
A typical half-bridge configuration with UCC27714 is shown in Figure 50. There are parasitic inductances in the
power circuit from die bonding and pinning in QT/QB and PCB tracks of power circuit, the parasitic inductances
are labeled LK1,2,3,4.

During switching of HS caused by turning off HO, the current path of power circuit is changed to current path 2
from current path 1. This is known as current commutation. The current across LK3, LK4 and body diode of QB
pulls HS lower than COM, like shown in the waveform in Figure 50. The negative voltage of HS with respect to
COM causes a logic error of HO if the driver cannot handle negative voltage of HS. However, the UCC27724
offers robust operation under these conditions of negative voltage on HS.

Figure 50. HS Negative Voltage In Half-Bridge Configuration
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Device Functional Modes (continued)
The level shifter circuit is respect to COM (refer to Functional Block Diagram), the voltage from HB to COM is the
supply voltage of level shifter. Under the condition of HS is negative voltage with respect to COM, the voltage of
HB-COM is decreased, as shown in Figure 51. There is a minimum operational supply voltage of level shifter, if
the supply voltage of level shifter is too low, the level shifter cannot pass through HI signal to HO. The minimum
supply voltage of level shifter of UCC27714 is 4 V, so the recommended HS specification is dependent on HB-
HS. The specification of recommended HS is –8 V at HB – HS = 12 V.

In general, HS can operate until -8 V when HB – HS = 12 V as the ESD structure in Figure 44 allows a maximum
voltage difference of 20 V between both pins. If HB-HS voltage is different, the minimum HS voltage changes
accordingly.

Figure 51. Level Shifter Supply Voltage with Negative HS

NOTE
Logic operational for HS of –8 V to 600 V at HB – HS = 12 V
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Device Functional Modes (continued)
The capability of a typical UCC27714 device to operate under a negative voltage condition in HS pin is reported
in Figure 53. The test method and typical failure mode are shown in Figure 52, where the HO output can be seen
to flip from low to high, even while the HI input is held low.

Figure 52. Negative Voltage Test Method and Typical Failure Mode

Figure 53. Negative Voltage Chart
Time vs Negative Voltage
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9 Application and Implementation

NOTE
Information in the following Applications section is not part of the TI component
specification, and TI does not warrant its accuracy or completeness. TI’s customers
are responsible for determining suitability of components for their purposes.
Customers should validate and test their design implementation to confirm system
functionality.

9.1 Application Information
To effect fast switching of power devices and reduce associated switching power losses, a powerful gate driver is
employed between the PWM output of controllers and the gates of the power semiconductor devices. Also, gate
drivers are indispensable when it is impossible for the PWM controller to directly drive the gates of the switching
devices. With the advent of digital power, this situation will be often encountered because the PWM signal from
the digital controller is often a 3.3-V logic signal which cannot effectively turn on a power switch. Level shifting
circuitry is needed to boost the 3.3-V signal to the gate-drive voltage (such as 12 V) in order to fully turn on the
power device and minimize conduction losses. Traditional buffer drive circuits based on NPN/PNP bipolar
transistors in totem-pole arrangement, being emitter follower configurations, prove inadequate with digital power
because they lack level-shifting capability.

Gate drivers effectively combine both the level-shifting and buffer-drive functions. Gate drivers also find other
needs such as minimizing the effect of high-frequency switching noise by locating the high-current driver
physically close to the power switch, driving gate-drive transformers and controlling floating power-device gates,
reducing power dissipation and thermal stress in controllers by moving gate charge power losses from the
controller into the driver.

9.2 Typical Application
The circuit in Figure 54 shows two UCC27714 in a phase shifted full bridge setup converting 370 V – 410 V DC
into 12 V while driving up to 50-A output current. The UCC27524A drives the secondary side. All gate drivers are
controlled by the UCC28950. The leading leg is shown in detail.

For more information, please refer to UCC27714EVM-551.
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Typical Application (continued)

Figure 54. Typical Application Schematic
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Typical Application (continued)
9.2.1 Design Requirements
Table 4 shows the design requirements for a 600-W power supply used as an example to illustrate the design
process.

Table 4. UCC27714 Design Requirements
PARAMETER TEST CONDITIONS MIN TYP MAX UNIT

INPUT CHARACTERISTICS
DC input voltage range 370 390 410 V

IIN(max) Maximum input current VIN= 370 VDC to 410 VDC 2 A
OUTPUT CHARACTERISTICS
VOUT Output voltage VIN = 370 VDC to 410 VDC 11.4 12 12.6 V
IOUT Output current VIN = 370 VDC to 410 VDC 50 A
POUT Continuous output power VIN = 370 VDC to 410 VDC 600 W

9.2.2 Detailed Design Procedure
This procedure outlines the steps to design a 600-V high-side, low-side gate driver with 4-A source and 4-A sink
current capability, targeted to drive power MOSFETs or IGBTs using the UCC27714. Refer to Figure 54 for
component names and network locations. For additional design help see the UCC27714EVM-551 User Guide,
SLUUB02.

9.2.2.1 Selecting HI and LI Low Pass Filter Components (RHI, RLI, CHI, CLI)
A RC filter should be added between PWM controller and input pin of UCC27714 to filter the high frequency
noise, like RHI/CHI and RLI/CLI which shown in Figure 54. The recommended values of the RC filter is refer to
Equation 1 and Equation 2:

(1)

(2)

9.2.2.2 Selecting Bootstrap Capacitor (CBOOT)
The bootstrap capacitor should be sized to have more than enough energy to drive the gate of FET Q1 high,
without depleting the boot capacitor more than 10%. A good rule of thumb is size CBOOT to be at least 10 times;
as large as the equivalent FET gate capacitance (Cg).

Cg will have to be calculated based voltage driving the high side FET’s gate (VQ1g ) and knowing the FET’s gate
charge (Qg). VQ1g is approximately the bias voltage supplied to VDD less the forward voltage drop of the boost
diode (VDBOOT). In this design example, the estimated VQ1g was approximately 11.4V

(3)

The FET used in this example had a specified Qg of 87 nC. Based on Qg and VQ1g the calculated Cg was 7.63
nF.

(4)

Once Cg is estimated CBOOT should be sized to be at least 10 times larger than Cg.

(5)

For this design example a 100-nF capacitor was chosen for the bootstrap capacitor.
(6)
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9.2.2.3 Selecting VDD Bypass/Holdup Capacitor (CVDD) and Rbias

The VDD capacitor (CVDD) should be chosen to be at least 10 times larger than CBOOT. For this design example
a 1-µF capacitor was selected.

(7)

A 5-Ω resistor RBIAS in series with bias supply and VDD pin is recommended to make the VDD ramp up time
larger than 50 µs to prevent error logic error spikes on the outputs as shown in Figure 55

Figure 55. VDD/HB-HS Fast Ramp Up

9.2.2.4 Selecting Bootstrap Resistor (RBOOT)
Resistor RBOOT is selected to limit the current in DBOOT and limit the ramp up slew rate of voltage of HB-HS to
avoid the phenomenon shown in Figure 55. It is recommended when using the UCC27714 that RBOOT is
between 2 Ω and 10 Ω. For this design we selected a current limiting resistor of 2.2 Ω. The bootstrap diode
current (IDBOOT(pk)) was limited to roughly 5.2 A.

(8)

(9)

The power dissipation capability of the bootstrap resistor is important. The bootstrap resistor must be able to
withstand the short period of high power dissipation during the initial charging sequence of the boot-strap
capacitor. This energy is equivalent to 1/2 × CBOOT × V2. This energy is dissipated during the charging time of
the bootstrap capacitor (~3 × RBOOT × CBOOT). Special attention must be paid to use a bigger size RBOOT when a
bigger value of CBOOT is chosen.
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9.2.2.5 Selecting Gate Resistor RHO/RLO

Resistor RHO and RLO are sized to reduce ringing caused by parasitic inductances and capacitances and also to
limit the current coming out of the gate driver. For this design 3.01-Ω resistors were selected for this design.

(10)

Maximum HO Drive Current (IHO_DR):

(11)

Maximum HO Sink Current (IHO_SK):

(12)

Maximum LO Drive Current (ILO_DR):

(13)

Maximum LO Sink Current (ILO_SK):

(14)

9.2.2.6 Selecting Bootstrap Diode
A fast recovery diode should be chosen to avoid charge is taken away from the bootstrap capacitor. Thus, a fast
reverse recovery time tRR, low forward voltage VF and low junction capacitance is recommended.

Suggested parts include MURA160T3G and BYG20J.
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9.2.2.7 Estimate the UCC27714 Power Losses (PUCC27714)
The power losses of UCC27714 (PUCC27714) are estimated by calculating losses from several components:

The static power losses due to quiescent current (IQDD, IQBS) are calculated in Equation 15:
(15)

Static losses due to leakage current (IBL) are calculated from the HB high-voltage node as shown in Equation 16:

(16)

Dynamic losses incurred due to the gate charge while driving the FETs Q1 and Q2 are calculated Equation 17.
Please note that this component typically dominates over the dynamic losses related to the internal VDD & VHB
switching logic circuitry in UCC27714.

(17)

Equation 18 calculates dynamic losses during the operation of the level shifter at HO turn-off edge. QP, typically
0.5 nC, is the charge absorbed by the level shifter during operation at each edge. Please note that if high-voltage
switching occurs during HO turn-on as well (as in the case of ZVS topologies), then the power loss due to this
component must be effectively doubled.

(18)

The total power losses are calculated in Equation 19:

(19)

For the conditions, VDD=VBS=15V, VHB = VHS + VBS = 400V, HO On-state Duty cycle D = 50%, QG = 87nC,
fSW = 100kHz, the total power loss in UCC27714 driver for a ZVS power supply topology can be estimated as
follows, assuming no external gate drive resistors are used in the design:

(20)

When external resistors are used in the gate drive circuit, a portion of this power loss is incurred on these
external resistors and the power loss in UCC27714 will be lower, allowing the device to run at lower
temperatures.

9.2.2.8 Application Example Schematic Note
In the application example schematic there are 10-kΩ resistors across the gate and source terminals of FET Q1
and Q2. These resistors are placed across these nodes to ensure FETs Q1 and Q2 are not turned on if the
UCC27714 is not in place or properly soldered to the circuit board or if UCC27714 is in an unbiased state.
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9.2.3 Application Curves
Figure 56 and Figure 57 show the measured LI to LO turn-on and turn-off delay of one UCC27714 device.
Channel 1 depicts VDD, Channel 2 LO and Channel 3 LI.

Figure 56. LI to LO Turn-On Propagation Delay Figure 57. LI to LO Turn-Off Propagation Delay

Figure 58 and Figure 59 show the measured HI to HO turn-on and turn-off delay of one UCC27714 device.
Channel 1 depicts HI, Channel 2 LO, Channel 3 HO and Channel 4 VDD.

NOTE
HO was measured with a 1:20 differential probe.

Figure 59. HI to HO Turn-Off Propagation DelayFigure 58. HI to HO Turn-On Propagation Delay
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10 Power Supply Recommendations
The VDD power terminal for the device requires the placement of electrolytic capacitor as energy storage
capacitor, because of UCC27714 is 4-A, peak-current driver. And requires the placement of low-esr noise-
decoupling capacitance as directly as possible from the VDD terminal to the VSS terminal, ceramic capacitors
with stable dielectric characteristics over temperature are recommended, such as X7R or better.

The recommended e-capacitor is a 22-µF, 50-V capacitor. The recommended decoupling capacitors are a 1-
µF 0805-sized 50-V X7R capacitor, ideally with (but not essential) a second smaller parallel 100-nF 0603-
sized 50-V X7R capacitor.
Similarly, a low-esr X7R capacitance is recommended for the HB-HS power terminals which must be placed
as close as possible to device pins.

As described earlier in VDD and Under Voltage Lockout, the attention must be exercised to ensure that the VDD-
VSS bias voltage does not dip from VDD(OFF) to 4-V level in 70 µs or less

11 Layout

11.1 Layout Guidelines
• Locate UCC27714 as close as possible to the MOSFETs in order to minimize the length of high-current

traces between the HO/LO and the Gate of MOSFETs.
• A 5-Ω resistor series with bias supply and VDD pin is recommended.
• Locate the VDD capacitor (C_VDD) and VHB capacitor (CBS) as close as possible to the pins of UCC27714.
• A 2-Ω to 5-Ω resistor series with bootstrap diode is recommended to limit bootstrap current.
• A RC filter with 5.1 Ω to 51 Ω and 220 pF for HI/LI is recommended.
• Separate power traces and signal traces, such as output and input signals.

11.2 Layout Example

Figure 60. UCC27714 Layout Example
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12 Device and Documentation Support

12.1 Device Support

12.1.1 Development Support
User Guide, Using the UCC27714EVM-551, (SLUUB02)

12.2 Trademarks
All trademarks are the property of their respective owners.

12.3 Electrostatic Discharge Caution
These devices have limited built-in ESD protection. The leads should be shorted together or the device placed in conductive foam
during storage or handling to prevent electrostatic damage to the MOS gates.

12.4 Glossary
SLYZ022 — TI Glossary.

This glossary lists and explains terms, acronyms, and definitions.
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13 Mechanical, Packaging, and Orderable Information
The following pages include mechanical, packaging, and orderable information. This information is the most
current data available for the designated devices. This data is subject to change without notice and revision of
this document. For browser-based versions of this data sheet, refer to the left-hand navigation.
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PACKAGING INFORMATION

Orderable Device Status
(1)

Package Type Package
Drawing

Pins Package
Qty

Eco Plan
(2)

Lead/Ball Finish
(6)

MSL Peak Temp
(3)

Op Temp (°C) Device Marking
(4/5)

Samples

UCC27714D ACTIVE SOIC D 14 50 Green (RoHS
& no Sb/Br)

CU NIPDAU Level-2-260C-1 YEAR -40 to 125 UCC27714

UCC27714DR ACTIVE SOIC D 14 2500 Green (RoHS
& no Sb/Br)

CU NIPDAU Level-2-260C-1 YEAR -40 to 125 UCC27714

 
(1) The marketing status values are defined as follows:
ACTIVE: Product device recommended for new designs.
LIFEBUY: TI 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 TI 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: TI has discontinued the production of the device.

 
(2) 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, TI 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): TI 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)

 
(3) MSL, Peak Temp. - The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder temperature.

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

 
(5) 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.

 
(6) Lead/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 TI's knowledge and belief as of the date that it is provided. TI 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. TI 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.
TI and TI suppliers consider certain information to be proprietary, and thus CAS numbers and other limited information may not be available for release.

http://www.ti.com/product/UCC27714?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/UCC27714?CMP=conv-poasamples#samplebuy
http://www.ti.com/productcontent
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In no event shall TI's liability arising out of such information exceed the total purchase price of the TI part(s) at issue in this document sold by TI to Customer on an annual basis.

 



TAPE AND REEL INFORMATION

*All dimensions are nominal

Device Package
Type

Package
Drawing

Pins SPQ Reel
Diameter

(mm)

Reel
Width

W1 (mm)

A0
(mm)

B0
(mm)

K0
(mm)

P1
(mm)

W
(mm)

Pin1
Quadrant

UCC27714DR SOIC D 14 2500 330.0 16.4 6.5 9.0 2.1 8.0 16.0 Q1
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*All dimensions are nominal

Device Package Type Package Drawing Pins SPQ Length (mm) Width (mm) Height (mm)

UCC27714DR SOIC D 14 2500 367.0 367.0 38.0

PACKAGE MATERIALS INFORMATION
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve 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 JESD48, latest
issue. Buyers should obtain the latest relevant information before placing orders and should verify that such information is current and
complete. All semiconductor products (also referred to herein as “components”) are sold subject to TI’s terms and conditions of sale
supplied at the time of order acknowledgment.
TI warrants performance of its components to the specifications applicable at the time of sale, in accordance with the warranty in TI’s terms
and conditions of sale of semiconductor products. Testing and other quality control techniques are used to the extent TI deems necessary
to support this warranty. Except where mandated by applicable law, testing of all parameters of each component is not necessarily
performed.
TI assumes no liability for applications assistance or the design of Buyers’ products. Buyers are responsible for their products and
applications using TI components. To minimize the risks associated with Buyers’ products and applications, Buyers should provide
adequate design and operating safeguards.
TI does not warrant or represent that any license, either express or implied, is granted under any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI components or services are used. Information
published by TI regarding third-party products or services does not constitute a license to use such products or services or a warranty or
endorsement thereof. Use of such information 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.
Reproduction of significant portions of TI information in TI data books or data sheets is permissible only if reproduction is without alteration
and is accompanied by all associated warranties, conditions, limitations, and notices. TI is not responsible or liable for such altered
documentation. Information of third parties may be subject to additional restrictions.
Resale of TI components or services with statements different from or beyond the parameters stated by TI for that component or service
voids all express and any implied warranties for the associated TI component or service and is an unfair and deceptive business practice.
TI is not responsible or liable for any such statements.
Buyer acknowledges and agrees that it is solely responsible for compliance with all legal, regulatory and safety-related requirements
concerning its products, and any use of TI components in its applications, notwithstanding any applications-related information or support
that may be provided by TI. Buyer represents and agrees that it has all the necessary expertise to create and implement safeguards which
anticipate dangerous consequences of failures, monitor failures and their consequences, lessen the likelihood of failures that might cause
harm and take appropriate remedial actions. Buyer will fully indemnify TI and its representatives against any damages arising out of the use
of any TI components in safety-critical applications.
In some cases, TI components may be promoted specifically to facilitate safety-related applications. With such components, TI’s goal is to
help enable customers to design and create their own end-product solutions that meet applicable functional safety standards and
requirements. Nonetheless, such components are subject to these terms.
No TI components are authorized for use in FDA Class III (or similar life-critical medical equipment) unless authorized officers of the parties
have executed a special agreement specifically governing such use.
Only those TI components which TI has specifically designated as military grade or “enhanced plastic” are designed and intended for use in
military/aerospace applications or environments. Buyer acknowledges and agrees that any military or aerospace use of TI components
which have not been so designated is solely at the Buyer's risk, and that Buyer is solely responsible for compliance with all legal and
regulatory requirements in connection with such use.
TI has specifically designated certain components as meeting ISO/TS16949 requirements, mainly for automotive use. In any case of use of
non-designated products, TI will not be responsible for any failure to meet ISO/TS16949.

Products Applications
Audio www.ti.com/audio Automotive and Transportation www.ti.com/automotive
Amplifiers amplifier.ti.com Communications and Telecom www.ti.com/communications
Data Converters dataconverter.ti.com Computers and Peripherals www.ti.com/computers
DLP® Products www.dlp.com Consumer Electronics www.ti.com/consumer-apps
DSP dsp.ti.com Energy and Lighting www.ti.com/energy
Clocks and Timers www.ti.com/clocks Industrial www.ti.com/industrial
Interface interface.ti.com Medical www.ti.com/medical
Logic logic.ti.com Security www.ti.com/security
Power Mgmt power.ti.com Space, Avionics and Defense www.ti.com/space-avionics-defense
Microcontrollers microcontroller.ti.com Video and Imaging www.ti.com/video
RFID www.ti-rfid.com
OMAP Applications Processors www.ti.com/omap TI E2E Community e2e.ti.com
Wireless Connectivity www.ti.com/wirelessconnectivity

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2015, Texas Instruments Incorporated
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