Foer V% Now' Docmants 9N Software Community
: ’{Elg?gUMENTS ucc2r714
SLUSBY6B —AUGUST 2015—-REVISED MARCH 2017
UCC27714 High-Speed, 600-V High-Side Low-Side Gate Driver
with 4-A Peak Output
1 Features 2 Applications

Controller

High-Side, Low-Side Configuration, with
Independent Inputs

Fully Operational up to 600 V (HS Pin)

Floating Channel Designed for Bootstrap
Operation

Peak Output Current Capability of 4-A Sink 4-A
Source at VDD =15V

Best-In-Class Propagation Delay (125-ns
Maximum)

Best-In-Class Delay Matching (20-ns Maximum)

TTL and CMOS Compatible Input Logic
VDD Bias Supply Range of 10 V to 20 V
Bias UVLO Protection for Both Channels
Rail-to-Rail Drive

Robust Operation Under Negative Voltage
Transients

High dv/dt Immunity (HS Pin)

Separated Grounds for Logic (VSS) and Driver
(COM) with Capability to Sustain Voltage
Difference

Optional Enable Function (Pin 4)

Outputs Held in LOW when Inputs Floating
Inputs and Enable Pin Voltage Levels Not
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

Enable Pins
Simplified Schematic

Bias

Up to 600 V

uccer714
I VDD HB

PWM1

PWM2

—{alenmc com|s

,,,,,,,,,,, —

» Half-Bridge and Full-Bridge Converters in Offline
AC and DC Power Supplies

» High-Density Switching Power Supplies for
Server, Telecom, IT and Industrial Infrastructure

» Solar Inverters, Motor Drive and UPS

3 Description

UCC27714 is 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. The
device comprises of one ground-referenced channel
(LO) and one floating channel (HO) which is designed
for operating with bootstrap supplies. The device
features excellent robustness and noise immunity
with capability to maintain operational logic at
negative voltages of up to —8 Vpc on HS pin (at VDD
=12 V).

The device accepts a wide range bias supply input
from 10 V to 20 V and offers UVLO protection for
both the VCC and HB bias supply pins. UCC27714 is
available in SOIC-14 package and rated to operate
from —40°C to 125°C.

Device Information®
PACKAGE BODY SIZE (NOM)
SOIC (14) 3.91 mm x 8.65 mm

PART NUMBER
UCC27714

(1) For all available packages, see the orderable addendum at
the end of the datasheet.
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5 Pin Configuration and Functions

D Package
14-Pin SOIC
Top View
HI ] 1 e 14 [T ] NC
(. 2 13 |11 HB
vss [1 3 12 [T 1 H+Ho
EN/NC [] 4 11 I ns
com [J 5 10 |1 NC
Lo 1 6 9 [ Nc
VDD [] 7 8 [ I Nc
Pin Functions
PIN
110 DESCRIPTION
NAME NO.
COM 5 - Return for low-side driver output.
EN/NC 4 | Enable input for high-side and low-side driver. This pin biased LOW, disables both HO and
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 | N s E ; o h . -
strap circuit operation in the desired application, typically 10x bigger than gate capacitance.
HI 1 | Logic input for high-side driver. If HI is unbiased or floating, HO is held low.
HO 12 (0] High-side driver output.
HS 11 - Return for high-side floating supply.
LI 2 | Logic input for low-side driver. If LI is unbiased or floating, LO is held low.
LO 6 (0] 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
VDD 7 | output. Bypass this pin to VSS with typical 1-uF SMD capacitor (typically Cypp needs to be
10 x Cgoor). If shunt resistor used between COM and VSS, then also bypass this pin to
COM with 1-uF SMD capacitor.
VSS 3 - Logic ground.
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6 Specifications

6.1 Absolute Maximum Ratings® @

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. @

MIN MAX UNIT
HI, LI, EN® with respect to VSS -5 20 Y
VDD supply voltage -0.3 20 \%
Vin Input voltage range
HB -0.3 640 \Y,
HB-HS -0.3 20 \Y,
DC HS -0.3 HB + 0.3 \%
Output voltage range, HO - 7
v Transient, less than 100 ns® HS -2 HB + 0.3 \Y
ouT DC -03 VDD + 0.3 v
Output voltage range, LO - n
Transient, less than 100 ns® -2 VDD + 0.3 \Y
Logic ground, With respect to COM -7 6 \%
Logic ground, VDD-VSS -0.3 20 \%
lout Output current, HO, LO, IOUT_PULSED (100 ns) +4 A
lout Output current, HO, LO, IOUT_DC 0.25 A
dVys/dt Allowable offset supply voltage transient -50 50 V/ns
Lead temperature (soldering, 10 second) 300 °C
T; 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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6.2 ESD Ratings

VALUE | UNIT

VEesp)® Electrostatic discharge

Human body model, HBM

+1400 \%

Charge device model, CDM

+500 \%

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

6.3 Recommended Operating Conditions
All voltages are with respect to COM, —40°C < T; < 125°C, currents are positive into, negative out of the specified terminals

MIN MAX UNIT
VDD Supply voltage 10 17 \%
HB-HS Driver bootstrap voltage 10 17 \%
HS Source terminal voltage™® -8 600 Y,
HB Bootstrap pin voltage HS + 10 HS + 17 \%
HI, LI, EN Input voltage with respect to VSS -4 17 \%
VSS Logic ground -6 50 \Y
T, Junction temperature -40 125 °C
(1) Logic operational for HS of -8 V to 600 V at HB —HS =12 V
(2) AtVvDD-COM =10V
(3) AtvDD-COM =15V
6.4 Thermal Information
UCC27714
THERMAL METRIC® D (SOIC) UNIT
PINS
Rgia Junction-to-ambient thermal resistance 72.3 °C/W
Rojctop) Junction-to-case (top) thermal resistance 31.8 °C/W
Rgis Junction-to-board thermal resistance 26.5 °C/W
WIT Junction-to-top characterization parameter 3.6 °C/W
viB Junction-to-board characterization parameter 26.2 °C/W
Roc(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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6.5 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 < T, < 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
VvbD(on) turn-on threshold voltage of VDD 8.4 9.1 9.8 \%
VvbD(offy turn-off threshold voltage of VDD 7.9 8.6 9.3 \%
VvbD(hys) Hysteresis of VDD 0.4 0.5 - \%
turn-on threshold voltage of VHB-
VurBen | yps g 7.7 8.3 9.0 v
VBt {l/{'rgoff threshold voltage of VHB- 6.7 795 8.05 v
VVHB(hys) Hysteresis of VHB-VHS 0.5 1.0 - \%
Total quiescent VDD to VSS and -
lopp COM supply current HI=LI=0V or5V, DC on/off state 750 1050 HA
locom Quiescent VDD-COM supply current | HI = LI =0V or 5V, DC on/off state 175 350 HA
lovss Quiescent VDD-VSS supply current |HI=LI =0V or 5V, DC on/off state 550 750 HA
loBs Quiescent HB-HS supply current sHtIat:eo Vor5V, HO in DC onfoff 120 300 HA
IsL Bootstrap Supply Leakage Current | HB = HS = 600 V 20 pA
INPUT AND ENABLE BLOCK
Input pin (HI or LI) and enable pin
Vink: VENH | (EN) High threshold 17 23 21 v
Input pin (HI or LI) and enable pin
Vine VENL | (EN) low threshold 12 16 21 v
VNHYS: Input pin (HI or LI) and enable pin 0.7 v
VENHYS (EN) threshold hysteresis ’
IinL HI, LI input low bias current HI,LI=0V -5 0 5 HA
liNH HI, LI input high bias current HI,LI=5V 3 65 HA
lENL EN input low bias current Ven=0V -90 -50 HA
lENH EN input high bias current Ven=5V -65 -25 HA
Rui Pull-down resistor on HI input pin 400 kQ
Ry Pull-down resistor on LI input pin 400 kQ
Ren Pull-up resistor on enable pin 200 kQ
OUTPUT BLOCK
Vpp-Vion | LO output high voltage LI=5V, Il oc=-20 mA 70 120 mV
Vug-Vhon | HO output high voltage HI =5V, lyo =—-20 mA 70 120 mV
VioL LO output low voltage LI=0V,Ilo=20mA 15 35 mV
VoL HO output low voltage HI =0V, lgo =20 mA 20 40 mV
S;%'—L’ ® LO, HO output pull down resistance | I o = 20 mA, lyo = 20 mA 1.45 Q
E'—OH’ LO, HO output pull up resistance ILo = —20 MA, lyo= —20 mA 3.75 5.8 Q
HOH
| @ HO. LO output low short circuit HI=L=0V,HO=LO =15V, PW< 4 A
GPK- pulsed current 10 s
| @ HO. LO output high short circuit HI=LI=5V,HO=LO=0V,PW< 4 A
GPK+ pulsed current 10 ps

(1) Ron 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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6.6 Timing Requirements
MIN NOM MAX UNIT
DYNAMIC CHARACTERISTICS
tpoLH Turn-on propagation delay, LI to LO, HI to HO, HS =COM =0V or 90 125 ns
HS =600 V
tPDHL Turn-off propagation delay, LI to LO, Hl to HO, HS=COM =0V or 90 125 ns
HS =600 V
tPDRM Low-to-high delay matching, HS = COM =0 V 20 ns
tPDEM High-to-low delay matching, HS = COM =0V 20 ns
trise Turn-on rise time, 10% to 90%, HO/LO with 1000-pF load 15 30 ns
traLL 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 40 100 ns
signal on HI and LI pins
torr Minimum HI/LI OFF pulse that changes output state, 5-V to 0-V input 40 100 ns
signal on HI and LI pins
A A
|
|
|
|
50% HI, LI >
| |
| |
| |
HI, LI } } >
| |
IteoLy) rise | Iterony traLy
| | | | |
| | | LO t t >
| 90% | I | I |
| | | Loy Loy
| | | Loy Lo
I I I ! !
| | | : :
! : I | |
HO, LO | | > HO : : >
[ [
tppRM tpDEM
Figure 1. Typical Test Timing Diagram
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6.7 Typical Characteristics
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Figure 2. Low-Side, Turn-On Propagation Delay vs
Temperature
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Figure 3. Low-Side, Turn-Off Propagation Delay vs
Temperature
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Figure 4. High-Side, Turn-On Propagation Delay vs
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Figure 6. Turn-On Delay Matching vs Temperature
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Figure 7. Turn-Off Delay Matching vs Temperature
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Typical Characteristics (continued)

Temperature (°C)

Figure 8. High-Side, Turn-On Propagation Delay vs
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Figure 9. High-Side, Turn-Off Propagation Delay vs

Temperature (°C)

Figure 10. LO Rise Time with 1000-pF Load vs Temperature
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Figure 11. LO Fall Time with 1000-pF Load vs Temperature
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Figure 12. HO Rise Time with 1000-pF Load vs Temperature

10
— VDD=10V
—— VDD=15V

HO traL (ns)

20 40 60 80 100 120

Temperature (°C)

-20 0

Figure 13. HO Fall Time with 1000-pF Load vs Temperature
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Typical Characteristics (continued)
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Figure 14. VDD UVLO On Threshold vs Temperature
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Figure 15. VDD UVLO Off Threshold vs Temperature
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Figure 18. VDD UVLO Hysteresis vs Temperature
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Figure 16. VHB-VHS UVLO On Threshold vs Temperature Figure 17. VHB-VHS UVLO Off Threshold vs Temperature
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Figure 19. VHB-VHS UVLO Hysteresis vs Temperature
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Typical Characteristics (continued)
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Figure 20. HI/LI/EN Pin High Threshold vs Temperature Figure 21. HI/LI/EN Pin Low Threshold vs Temperature
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Figure 22. HI/LI/EN Pin Hysteresis vs Temperature
Figure 23. LO Output Low Voltage with 20-mA Load vs
Temperature
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Figure 24. LO Output High Voltage with 20-mA Load vs . .
9 p 9 9 Figure 25. HO Output Low Voltage with 20-mA Load vs
Temperature
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Typical Characteristics (continued)
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Figure 28. HO Output Pull-Down Resistance vs Temperature
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Figure 26. HO Output High Voltage with 20-mA Load vs Figure 27. LO Output Pull-Down Resistance vs Temperature
Temperature
1.2 6.0
5.5
1.0 =
L=
: 1
08 — =
— ] 45 L=
S ©) "
506 40 -
I S ~
@ @ 35
04 //
3.0 "
0.2 VDD=10V 25 VDD=10V
VDD=15V —— VDD=15V
0.0 2.0

40 20 0 20 40 60 80 100 120
Temperature (°C)

Figure 29. LO Output Pull-Up Resistance vs Temperature
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Figure 30. HO Output Pull-Up Resistance vs Temperature
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Figure 31. EN ON Response Time vs Temperature
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Typical Characteristics (continued)
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Figure 32. EN OFF Response Time vs Temperature
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7 Detailed Description

7.1 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.

7.2 Functional Block Diagram

HB

VDD '
200 kQ VHB
§ uvLO

ENINC |:4]

'_
Vss/HS Level 40 ns J"'
Ok Shift | Delay VssHS Level H |'_
I
400 kO é
VDD-VSS

HO

HS
UVLO VDD
I: Vss/COM Level 40 ns LO
Ll |2 X —— —l /
Shift Delay A 4 VSS
400 kQ

COM

Figure 38. UCC27714 Block Diagram
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7.3 Feature Description

7.3.1 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
Vvop(on) threshold at device start-up or lower than Vypp, 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 Vyyg(on) threshold at start-up or Vyygor 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 Vyg(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 ps to 70 ps.

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 g 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 gg) to 4 V in 70 ps or less.

Table 1. VDD UVLO Feature Logic Operation
CONDITION (VHB-VHS>Vys oy FOR ALL CASES

BELOWj) HI LI HO LO
VDD-VSS < Vypp(on) during device start up H L L L
VDD-VSS < Vypp(on) during device start up L H L L
VDD-VSS < Vypp(on) during device start up H H L L
VDD-VSS < Vypp(on) during device start up L L L L
VDD-VSS < Vyppor after device start up H L L L
VDD-VSS < Vyppor after device start up L H L L
VDD-VSS < Vyppor after device start up H H L L
VDD-VSS < Vyppor after device start up L L L L

Table 2. VHB UVLO Feature Logic Operation
CONDITION (VDD-VSS > Vy/pp on FOR ALL CASES

BELOW) HI LI HO LO
VHB-VHS < Vyg(on) during device start up H L L L
VHB-VHS < Vyg(on) during device start up L H L H
VHB-VHS < Vyg(on) during device start up H H L H
VHB-VHS < Vyg(on) during device start up L L L L
VHB-VHS < V(o) after device start up H L L L
VHB-VHS < V(o) after device start up L H L H
VHB-VHS < V(o) after device start up H H L H
VHB-VHS < V(o) after device start up L L L L
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7.3.2 Input and Output Logic Table

Figure 39. Power-Up Driver

v

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 &

(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 X X L L

X L L L L

x L H L H

x H L H L

x H H H H

(1) x = floating condition

16 Submit Documentation Feedback Copyright © 2015-2017, Texas Instruments Incorporated

Product Folder Links: UCC27714



http://www.ti.com/product/ucc27714?qgpn=ucc27714
http://www.ti.com
http://www.ti.com/product/ucc27714?qgpn=ucc27714
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLUSBY6B&partnum=UCC27714

13 TEXAS
INSTRUMENTS
UCcC27714

www.ti.com SLUSBY6B —AUGUST 2015—REVISED MARCH 2017

7.3.3 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 (V,yy) of 2.3 V and typical low threshold (Vi) 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-kQ 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 Q with 220 pF is an acceptable choice.

VDD

7}

20V 20V

HI| 1
LI 2
EN/NC | 4

Vv

3
L=
VSS

Figure 40. Diode Structure of Input Stage
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7.3.4 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 Rpy 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 Rqy parameter.

The pull-down structure in UCC27714 is simply composed of a N-Channel MOSFET. The R, 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

VDD

p
> :j Row
Input Anti Shoot- —
Voltage Through R nmos
8¢ | Circuitry 7 (LO
Pull Up /" ‘ RoL

5
comMm
Figure 41. Output Stage Structure
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7.3.5 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.

7.3.6 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.

L -
value Mean Min Max Std Dev ‘4“-0"5 \ [5»"055/5 Value Mean [ Viax Std Dev 100ns \ ‘5.00&5/5 ‘ I S 120V
=00 0 00 00 0 0 0o 1 699 2 699 9 Iy 0.0 u 1

v 12.8000ns M points 9+2.43760ps M points

Figure 42. Turn-On Propagation Delay Figure 43. Turn-Off Propagation Delay
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7.3.7 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.

VDD
71
L
20V 20V _| 700V
A A A A
Hi| 1 —
Ll 2
EN/NC | 4
v 7V TV
3
VSS
Figure 44. ESD Structure
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7.4 Device Functional Modes

7.4.1 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-kQ,
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).

|
|
|
|
|
|
|

. i . A . P w—
| )
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Figure 45. EN Function Response Time
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Device Functional Modes (continued)

7.4.2 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 toy and toee 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.

4

h

<100 ns
——

A

2100 ns
Pn—

—» —»
HI, LI > HI, LI >
troLH
Low State
HO, LO » HO, LO »>
Figure 46. Minimum Turn-On Pulse
A A
HI, LI HI, LI
<100 ns =100 ns
—» ——————— —> ———
troLH
HO, LO
HO, LO High State
Figure 47. Minimum Turn-Off Pulse
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Device Functional Modes (continued)
7.4.3 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.

HO

(@ 250V €& 250V ][zuws Js‘oocws ] J L4V

+*390.000us 10M points

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.
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Figure 49. Two-Transistor Forward Converter Circuit
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Device Functional Modes (continued)
7.4.4 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.

7.4.5 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 Lg; 5 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 Lgs, Lks 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.

VBUS+

L1 ,
i
ucc27714 QT i
Ho [12 H
L E Current Path 1
K2 :
hecceccne Pocecceccncananns »eey
1} v
i :
— z
Lks : : '
; i ?
QB: : :
Lo |:6 ; current } | Load :
: Path 2 E H
: : M
Lka : : :
: M :

' ' ' SPRRPES: S i P S c
i H H 5.00V 5.00 V i 5.00G5/s @ 7 290V
COM| 5 : H H S e e } ‘ 1M points ‘ |
..... R ' s
'
'
'

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 Vat 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.

HB

HS

\\ I HB-Vss v

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.

HB |13

HO \Probe % Cgoor 15V

\ Single Phase
LO n Negative
/ Voltage
Generator

HS |11

Max std Dev 5.00GS/s H @ 440V

i Wax — Sudpev |[T.00ks I 3
@@ Vin i E 16.60 —15.40 848.5m | \»¥1.96000us J11M points

Figure 52. Negative Voltage Test Method and Typical Failure Mode
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Figure 53. Negative Voltage Chart
Time vs Negative Voltage
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8 Application and Implementation

NOTE

Information in the following Applications section is not part of the TI component
specification, and Tl 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.

8.1 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.

8.2 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)

UCC28950

Bias

Rains Reoor

Leading leg

Dgoor

UCC27714

Ucc27714

Lagging leg

10K
g
+
o
— Vour
L‘L 10K
UCC27524

(driven by controller)

Figure 54. Typical Application Schematic
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Typical Application (continued)
8.2.1 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 \%
liN(max) Maximum input current V|n= 370 Vpc to 410 Vpe 2 A
OUTPUT CHARACTERISTICS
Vout Output voltage V)N = 370 Vpe to 410 Vpe 11.4 12 12.6 \%
lout Output current VN = 370 Vpc to 410 Vpe 50 A
Pout Continuous output power Vin =370 Vpe to 410 Vpc 600 W

8.2.2 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,
SLUUBO2.

8.2.2.1 Selecting HI and LI Low Pass Filter Components (Ry;, Ry, Chi, CL)

A RC filter should be added between PWM controller and input pin of UCC27714 to filter the high frequency
noise, like Ry /Cy and R/C, which shown in Figure 54. The recommended values of the RC filter is refer to
Equation 1 and Equation 2:

@
@

8.2.2.2 Selecting Bootstrap Capacitor (CgooT)

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 Cgoot 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 (V14 ) and knowing the FET's gate
charge (Qg). Vqig is approximately the bias voltage supplied to VDD less the forward voltage drop of the boost
diode (Vpgoor)- In this design example, the estimated Vg4 was approximately 11.4V
The FET used in this example had a specified Qg of 87 nC. Based on Qg and Vg4 the calculated Cy was 7.63
nF.

Qg 87nC

Cy=c =
Voig 114V

~7.63 nF

(4)
Once Cy is estimated Cgoor Should be sized to be at least 10 times larger than Cy.

Caoor 210xCy > 76nF )

For this design example a 100-nF capacitor was chosen for the bootstrap capacitor.

Copyright © 2015-2017, Texas Instruments Incorporated Submit Documentation Feedback 29
Product Folder Links: UCC27714


http://www.ti.com/product/ucc27714?qgpn=ucc27714
http://www.ti.com
http://www.ti.com/product/ucc27714?qgpn=ucc27714
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLUSBY6B&partnum=UCC27714
http://www.ti.com/lit/pdf/SLUUB02

13 TEXAS
INSTRUMENTS
uCc27714

SLUSBY6B —AUGUST 2015—REVISED MARCH 2017 www.ti.com

8.2.2.3 Selecting VDD Bypass/Holdup Capacitor (Cypp) and Rpjas

The VDD capacitor (Cypp) should be chosen to be at least 10 times larger than Cgoor. FoOr this design example
a 1-pF capacitor was selected.

CVDD >10xCgoor =1 uF e

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

Figure 55. VDD/HB-HS Fast Ramp Up

8.2.2.4 Selecting Bootstrap Resistor (Rgoor)

Resistor Rgpoot is selected to limit the current in Dgoor 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 Rgoot iS
between 2 Q and 10 Q. For this design we selected a current limiting resistor of 2.2 Q. The bootstrap diode
current (IpgooT(pk) Was limited to roughly 5.2 A.

Rgoor =22 Q ®)

VDD - Vpgoor 12V -0.6V

I = = =52 A
DBOOT (pk) Reoor 520

©

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 x CBOOT x V2. This energy is dissipated during the charging time of
the bootstrap capacitor (~3 X Rgoot X CrooT)- Special attention must be paid to use a bigger size Rgpot When a
bigger value of Cggot is chosen.
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8.2.2.5 Selecting Gate Resistor Ryo/R o

Resistor Ry and R o 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-Q resistors were selected for this design.

Maximum HO Drive Current (lyo pr):

~1.7 A

I -
HO[) = Rio +Ruoy  3.01Q+3.75Q (11)
Maximum HO Sink Current (lyo_sk):
WO =R TR 3010+1450 20
HO T RHoL . +1 (12)
Maximum LO Drive Current (I o pg):
V.
Ro+Ron 3.01Q+3.750 (13)
Maximum LO Sink Current (I .o _sk):
V
lLosk) = VDD 12v ~2.7 A

In applications with high dV/dt switching and/or significant ringing on the HS node, the HO output may exhibit a
short duration pulse although the HI input is high for a longer time. MOSFET's with slow body diode recovery
time can result in high dV/dt transitions and excessive ringing in hard switching conditions. If the user observes
this condition the problem can be corrected by increasing Ry and R g to limit HS dV/dt and ringing to <50 V/ns
dVys/dt specification of the UCC27714. Refer to Figure 56 below.

VBD A,
L

VIN HV DC-Link
ucc27714 L
—1 7 | vDD HB |13 ‘
Ruo [
1 12 —o
HI HO )
— SW
o—()
2 LI HS 11 &
| |_
Rio J“
3 | vss Lo |6 V'V ",\|_:' Increase Ryo and Rp to
limit HS dV/dt to <50 V/ns
4 1 EN/NC com| 5

I |
Figure 56. Increase Ryg and R, o, Reduce HS dV/dt

8.2.2.6 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 tgg, low forward voltage Vg and low junction capacitance is recommended.

Suggested parts include MURA160T3G and BYG20J.
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8.2.2.7 Estimate the UCC27714 Power Losses (Pycca7714)
The power losses of UCC27714 (Pycco7714) @re estimated by calculating losses from several components:
The static power losses due to quiescent current (Iopp, lggs) are calculated in Equation 15:
Poc = Vvop * (lopp +loss) (15)
Static losses due to leakage current (Ig, ) are calculated from the HB high-voltage node as shown in Equation 16:
Pa. = Vhg xlgL xD (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.

PQleQGZ =2xVypp X QG % fSW a7

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.

Pleveishitt = Vs X Qp * fsw (18)
The total power losses are calculated in Equation 19:
Puccz7714 = VYwop X (lopp +loss) + Vis *IsL XD +2xVypp x Qg x ey +Viyg x Qp xfgyy (19)

For the conditions, VDD=VBS=15V, VHB = VHS + VBS = 400V, HO On-state Duty cycle D = 50%, Q¢ = 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:

Puccar71a =15 V(750 JA +120 HA) + 400 Vx 20 pAx 0.5+ 2x 15 Vx 87 NCx 100 kHz+ 2x 400 Vx 0.5 NCx 100 kHz = 0.318 W
(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.

8.2.2.8 Application Example Schematic Note

In the application example schematic there are 10-kQ 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.

8.2.2.9 LO and HO Overshoot and Undershoot

The LO and HO driver outputs may exhibit output overshoot beyond the VDD or HB level or output undershoot
below COM or HS. This overshoot and/or undershoot is typically due to the high di/dt during switch transition and
parasitic inductance, including PC board trace inductance and device package inductance in the driver gate drive
current loop. If the driver output overshoot or undershoot exceeds the datasheet limits of —-0.3 V DC, -2 V for 100
ns, or VDD (VHB) +0.3 V, the driver output can be in the incorrect state. If the user observes the incorrect output
behavior, the issue can be resolved by slowing down the di/dt and dv/dt by increasing the gate drive resistance,
see Figure 56, or adding Schottky diodes to the HO and LO outputs to clamp the driver LO output to VDD and
COM, and the HO output to HB and HS. Refer to Figure 57 below for diode placement. The diodes must be
placed close to the IC pins and connected with short traces.
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Figure 57. Driver Overshoot and Undershoot Clamp Diodes
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8.2.3 Application Curves

Figure 58 and Figure 59 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.

C1 3 Timebase-145.0ns
500 Vidv 10.0Vidw 00 Vidv 500nsidiv Auto 115V
490Vofset| -S50mVolst  -1475Volst 100kS 200GSis Edge  Posiive

X1=-15ns AX=  76.5n5
X2=75.0 ns 1/8X= 13.07 MHz

Figure 58. LI to LO Turn-On Propagation Delay

C1

3 Timebase-145.0ns
00Vidy 10.0Vidw v 500nsidiv Auto 115V
490Vofset| -S50mVolst  -1475Volst 100kS 200GSis Edge Negatve

X1=-105ns0X= 73505
X2=63.0 ns 1/0X= 13.61 MHz

Figure 59. LI to LO Turn-Off Propagation Delay

Figure 60 and Figure 61 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.

o

ci o @mmlcr — eEm imcbase 20ns] Tigoer @)
SO0V 100VEN  S00mVidy| 100V 00 sl Sop 415V
0mvaist  2035Vomsel  S%myoist| 3950vosl 100ks 200056 Edge  Pasitve

X1=86.0 nsAX= -87.5ns
X2=-1.5 ns 1/AX=-11.43 MHz

Figure 60. HI to HO Turn-On Propagation Delay

- = [Timebsse 20 ns] Trgger  @Ea)
500 Vidv 100V 500 mvid 10,0V 500nsidiv Stop 415V
300mVofst  2035Vofsst  -S35myofst| 3950V oist 100kS 200GSis Edge Negatve

X1=825ns0X= -840 ns
X2=-1.5 ns 1/8X=-11.90 MHz

Figure 61. HI to HO Turn-Off Propagation Delay
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9 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-yF, 50-V capacitor. The recommended decoupling capacitors are a 1-
MF 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 ogr to 4-V level in 70 ps or less

10 Layout

10.1 Layout Guidelines

* Locate UCC27714 as close as possible to the MOSFETSs in order to minimize the length of high-current
traces between the HO/LO and the Gate of MOSFETSs.

* A 5-Qresistor 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-Qto 5-Q resistor series with bootstrap diode is recommended to limit bootstrap current.

* A RC filter with 5.1 Q to 51 Q and 220 pF for HI/LI is recommended.

» Separate power traces and signal traces, such as output and input signals.

10.2 Layout Example

Figure 62. UCC27714 Layout Example
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11 Device and Documentation Support

11.1 Device Support

11.1.1 Development Support
User Guide, Using the UCC27714EVM-551, (SLUUBO02)

11.2 Trademarks

E2E is a trademark of Texas Instruments.
All other trademarks are the property of their respective owners.

11.3 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.

11.4 Glossary

SLYZ022 — TI Glossary.
This glossary lists and explains terms, acronyms, and definitions.

11.5 Receiving Notification of Documentation Updates

To receive notification of documentation updates, navigate to the device product folder on ti.com. In the upper
right corner, click on Alert me to register and receive a weekly digest of any product information that has
changed. For change details, review the revision history included in any revised document.

11.6 Community Resources

The following links connect to TI community resources. Linked contents are provided "AS IS" by the respective
contributors. They do not constitute Tl specifications and do not necessarily reflect Tl's views; see TlI's Terms of
Use.

TI E2E™ Online Community TI's Engineer-to-Engineer (E2E) Community. Created to foster collaboration
among engineers. At e2e.ti.com, you can ask questions, share knowledge, explore ideas and help
solve problems with fellow engineers.

Design Support Tl's Design Support Quickly find helpful E2E forums along with design support tools and
contact information for technical support.
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12 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 part number Status  Material type Package | Pins Package qty | Carrier RoOHS Lead finish/ MSL rating/ Op temp (°C) Part marking
@ @ ® Ball material Peak reflow ©)
@ )

UCC27714D Active Production SOIC (D) | 14 50 | TUBE Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 UCC27714
UCC27714D.B Active Production SOIC (D) | 14 50 | TUBE Yes NIPDAU Level-2-260C-1 YEAR -40 to 150 UCC27714
UCC27714DR Active Production SOIC (D) | 14 2500 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 uUCC27714

UCC27714DR.B Active Production SOIC (D) | 14 2500 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 150 uUCC27714
UCC27714DRG4 Active Production SOIC (D) | 14 2500 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 150 UCC27714
UCC27714DRG4.B Active Production SOIC (D) | 14 2500 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 150 UCC27714

@ status: For more details on status, see our product life cycle.

@ material type: When designated, preproduction parts are prototypes/experimental devices, and are not yet approved or released for full production. Testing and final process, including without limitation quality assurance,
reliability performance testing, and/or process qualification, may not yet be complete, and this item is subject to further changes or possible discontinuation. If available for ordering, purchases will be subject to an additional
waiver at checkout, and are intended for early internal evaluation purposes only. These items are sold without warranties of any kind.

® RoHS values: Yes, No, RoHS Exempt. See the Tl RoHS Statement for additional information and value definition.

@ Lead finish/Ball material: Parts may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead finish/Ball material values may wrap to two lines if the finish value exceeds the maximum
column width.

® msL rating/Peak reflow: The moisture sensitivity level ratings and peak solder (reflow) temperatures. In the event that a part has multiple moisture sensitivity ratings, only the lowest level per JEDEC standards is shown.
Refer to the shipping label for the actual reflow temperature that will be used to mount the part to the printed circuit board.

© part marking: There may be an additional marking, which relates to the logo, the lot trace code information, or the environmental category of the part.

Multiple part markings will be inside parentheses. Only one part marking contained in parentheses and separated by a "~" will appear on a part. If a line is indented then it is a continuation of the previous line and the two
combined represent the entire part marking for that device.

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. 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. 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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PACKAGE MATERIALS INFORMATION
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
4 |+ KO [¢—P1—
L Regic oy Rogic e o T
o| |e o Bo W
el |
. Diameter ' '
Cavity —>| AO |<—
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
A W | Overal width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ ]
_f Reel Width (W1)
QUADRANT ASSIGNMENTSFOR PIN 1 ORIENTATION IN TAPE
O O O OO0 O 00 Sprocket Holes
| |
T T
St N Il )
H4-—q--4 t--1--1
Q3 1 Q4 Q3 | User Direction of Feed
[ & A |
T T
N
Pocket Quadrants
*All dimensions are nominal
Device Package |Package|Pins| SPQ Reel Reel A0 BO KO P1 w Pinl
Type |Drawing Diameter| Width | (mm) | (mm) | (mm) [ (mm) [ (mm) |Quadrant
(mm) |W1(mm)
UCC27714DR SolIC D 14 2500 330.0 16.4 6.5 9.0 2.1 8.0 16.0 Q1
UCC27714DRG4 SOIC D 14 2500 330.0 16.4 6.5 9.0 2.1 8.0 16.0 Q1
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TAPE AND REEL BOX DIMENSIONS

*All dimensions are nominal

Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
UCC27714DR SOIC D 14 2500 353.0 353.0 32.0
UCC27714DRG4 SoIC D 14 2500 353.0 353.0 32.0
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TUBE
T - Tube
height L - Tubelength
*
> w-Tube| I U U L
> width
v
— B - Alignment groove width
*All dimensions are nominal
Device Package Name |Package Type Pins SPQ L (mm) W (mm) T (um) B (mm)
UCC27714D D SOIC 14 50 506.6 8 3940 4.32
UCC27714D.B D SOIC 14 50 506.6 8 3940 4.32
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PACKAGE OUTLINE
SOIC - 1.75 mm max height

DO014A

SMALL OUTLINE INTEGRATED CIRCUIT

e 27vp SEATING PLANE——"
PIN 1 ID 01[Cl~
(- ) 14 e =Y
1] e ‘
— == ]
§ |
| ] il
8.75 8 2X :
8.55
WL — [ )
|
| ] H
— ) ]
il |
7 e |
¥ 8 0.51 T |
14X o
4.0 0.31 L
8] 3.8 |4 [0.2500 [c|AB] —=1.75 MAX

e —

NOTE 4
e |
/i Ny
Ny . T
— 0.25
/\* SEE DETAIL A 0.13 e -
0.25

GAGE PLANE

o"-aa"&—1

_—

DETAIL A
TYPICAL

4220718/A 09/2016

NOTES:

1. All linear dimensions are in millimeters. Dimensions in parenthesis are for reference only. Dimensioning and tolerancing
per ASME Y14.5M.

. This drawing is subject to change without notice.

. This dimension does not include mold flash, protrusions, or gate burrs. Mold flash, protrusions, or gate burrs shall not
exceed 0.15 mm, per side.

. This dimension does not include interlead flash. Interlead flash shall not exceed 0.43 mm, per side.

. Reference JEDEC registration MS-012, variation AB.

(G20 w N
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EXAMPLE BOARD LAYOUT

DO014A SOIC - 1.75 mm max height

SMALL OUTLINE INTEGRATED CIRCUIT

14X (1.55) SYMM
11
] [
14X (0.6) ] l::j l::j
e )
12X (1.27) ‘ ‘ MM
¢

-
—

e ey

LAND PATTERN EXAMPLE
SCALE:8X

SOLDER MASK
SOLDER MASK METAL UNDER
OPENING METAL SOLDER MASK‘\ i OPENING

(F N = \
‘ \
| |
— ==
JL 0.07 MAX JL* 0.07 MIN
ALL AROUND ALL AROUND

NON SOLDER MASK
DEFINED

SOLDER MASK
DEFINED

SOLDER MASK DETAILS

4220718/A 09/2016

NOTES: (continued)

6. Publication IPC-7351 may have alternate designs.
7. Solder mask tolerances between and around signal pads can vary based on board fabrication site.
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EXAMPLE STENCIL DESIGN
DO014A SOIC - 1.75 mm max height

SMALL OUTLINE INTEGRATED CIRCUIT

i
~

SYMM

o

14X (1.55) ﬁ SYMM
i ¢
|
|
|
|
|
!
|
|
|
|
|
|
|

IR0

SOLDER PASTE EXAMPLE
BASED ON 0.125 mm THICK STENCIL
SCALE:8X

4220718/A 09/2016

NOTES: (continued)

8. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate
design recommendations.
9. Board assembly site may have different recommendations for stencil design.
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IMPORTANT NOTICE AND DISCLAIMER

TI PROVIDES TECHNICAL AND RELIABILITY DATA (INCLUDING DATASHEETS), DESIGN RESOURCES (INCLUDING REFERENCE
DESIGNS), APPLICATION OR OTHER DESIGN ADVICE, WEB TOOLS, SAFETY INFORMATION, AND OTHER RESOURCES “AS IS”
AND WITH ALL FAULTS, AND DISCLAIMS ALL WARRANTIES, EXPRESS AND IMPLIED, INCLUDING WITHOUT LIMITATION ANY
IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE OR NON-INFRINGEMENT OF THIRD
PARTY INTELLECTUAL PROPERTY RIGHTS.

These resources are intended for skilled developers designing with Tl products. You are solely responsible for (1) selecting the appropriate
TI products for your application, (2) designing, validating and testing your application, and (3) ensuring your application meets applicable
standards, and any other safety, security, regulatory or other requirements.

These resources are subject to change without notice. Tl grants you permission to use these resources only for development of an
application that uses the Tl products described in the resource. Other reproduction and display of these resources is prohibited. No license
is granted to any other Tl intellectual property right or to any third party intellectual property right. Tl disclaims responsibility for, and you fully
indemnify Tl and its representatives against any claims, damages, costs, losses, and liabilities arising out of your use of these resources.

TI's products are provided subject to TI's Terms of Sale, TI's General Quality Guidelines, or other applicable terms available either on
ti.com or provided in conjunction with such Tl products. TI's provision of these resources does not expand or otherwise alter TI's applicable
warranties or warranty disclaimers for Tl products. Unless Tl explicitly designates a product as custom or customer-specified, TI products
are standard, catalog, general purpose devices.

Tl objects to and rejects any additional or different terms you may propose.

Copyright © 2025, Texas Instruments Incorporated
Last updated 10/2025
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