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5 Pin Configuration and Functions
D Package
8-Pin SOIC
Top View
)
O
LI 1 8 HB
Hl ] 2 7 [ HO
VvDD ] 3 6 [ HS
COM (] 4 5[ LO
iQOf {0 scale
Pin Functions
PIN
110 DESCRIPTION
NAME NO.
COM 4 - Ground
HB 8 | High-side floating supply. Bypass this pin to HS with a suitable capacitor to sustain boot-strap
circuit operation, typically 10 times bigger than the MOSFETs/IGBTs gate capacitance.
HI 2 | Logic input for high-side driver. If HI is unbiased or floating, HO is held low
HO 7 O High-side driver output.
HS 6 - Return for high-side floating supply.
LI 1 | Logic input for low-side driver. If LI is unbiased or floating, LO is held low
LO 5 O Low-side driver output.
VDD 3 | Bias supply input. Power supply for the input logic side of the device and also low-side driver
output. Bypass this pin to COM with a 0.1-uF or larger value ceramic capacitor.

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.®

PARAMETER MIN MAX UNIT
HI, LI @ -5 22
VDD supply voltage -0.3 22
Input voltage \%
HB -0.3 700
HB-HS -0.3 22
DC HS-0.3 HB+0.3
HO - 3 \%
Transient, less than 100 ns®) HS—2  HB+0.3
Output voltage
DC -0.3 VDD+0.3
LO - 3 \%
Transient, less than 100 ns®) -2 VDD+0.3
| 100 ns 2.8/-1.8
Output current HO, LO out_puLsen ( ) A
lout_bpC 0.15
dVyg/dt Allowable offset supply voltage transient -50 50 Vins
Ty Junction temperature -40 150 oc
Tstg Storage temperature —65 150

(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) The maximum voltage on the input pins is not restricted by the voltage on the VDD pin

(3) Values are verified by characterization on bench.

4 Copyright © 2017, Texas Instruments Incorporated
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6.2 ESD Ratings

VALUE

o Human-body model (HBM), per AEC Q100-002¥ +1500
Electrostatic discharge - \%
Charged-device model (CDM), per AEC Q100-011 +750

UNIT

V(EsD)

(1) AEC Q100-002 indicates that HBM stressing shall be in accordance with the ANSI/ESDA/JEDEC JS-001 specification.

6.3 Recommended Operating Conditions
All voltages are with respect to COM, over operating free-air temperature range (unless otherwise noted)

MIN NOM MAX | UNIT
IGBT applications 10 20
VDD Supply voltage —
MOSFET applications 10 17
. IGBT applications 10 20
HB-HS  Driver bootstrap voltage — \%
MOSFET applications 10 17
HS Source terminal voltage® 11 600
HI, LI Input voltage with respect to COM -4 20
Ta Ambient temperature -40 125 °C
(1) Logic operational for HS of —11 V to +600 V at HB-HS = 15 V
6.4 Thermal Information
UCC27712-Q1
THERMAL METRIC® (SoIC) UNIT
8 PINS
Rgia Junction-to-ambient thermal resistance 108.3 °C/W
Rojctop) Junction-to-case (top) thermal resistance 61.5 °C/W
Rgis Junction-to-board thermal resistance 57.9 °C/W
WIT Junction-to-top characterization parameter 15.3 °C/W
viB Junction-to-board characterization parameter 57.2 °C/W

(1) For more information about traditional and new thermal metrics, see the Semiconductor and IC Package Thermal Metrics application
report, SPRA953.

6.5 Electrical Characteristics

At VDD = VHB = 15V, COM = VHS = 0, all voltages are with respect to COM, no load on LO and HO, —40°C < T; < +125°C
(unless otherwise noted). Currents are positive into and negative out of the specified terminal.

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
SUPPLY BLOCK
VvbD oN Turn-on threshold voltage of VDD 8.0 8.9 9.8
Vyvpp ore  Turn-off threshold voltage of VDD 7.5 8.4 9.3
Vyvpp Hys  Hysteresis of VDD 0.5
Turn-on threshold voltage of Vv
VUHBON  VHB_VHS 7.2 8.2 9.2
Turn-off threshold voltage of
VVHB OFF V1B VHS 9 6.4 7.3 8.3
Vyue Hys  Hysteresis of VHB—VHS 0.5 0.9
lo Total quiescent supply current HI=LI=0Vor5YV, DC on/off state 180 255 420
lovop Quiescent VDD-COM supply current | HI = LI =0 V or 5 V, DC on/off state 190 320
. HI =0V or 5V, HO in DC on/off
loBs Quiescent HB-HS supply current state 65 100 LA
IgL Bootstrap supply leakage current HB = HS = 600 V 20
. . HI=LI=0Vor5V,f=100 kHz, )
lop Dynamic operating current duty = 50%, C,= 1 nF 3800 4500
(1) Ensured by design, not tested in production
Copyright © 2017, Texas Instruments Incorporated 5
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Electrical Characteristics (continued)

At VDD = VHB = 15V, COM = VHS = 0, all voltages are with respect to COM, no load on LO and HO, —40°C < T; < +125°C
(unless otherwise noted). Currents are positive into and negative out of the specified terminal.

PARAMETER ‘ TEST CONDITIONS MIN TYP MAX UNIT
INPUT BLOCK
VINH Input Pin (HI, LI) high threshold 1.6 2.0 2.4
ViNL Input Pin (HI, LI) low threshold 0.8 1.2 15 v
Vinvs Ihnput Pin (HI, LI) threshold 0.8
ysteresis

IINL HI, LI input low bias current H,LI=0V -5 0 5 uA
liNH HI, LI input high bias current H,LI=5V 1.7 70
OUTPUT BLOCK
Vpp-Vion LO output high voltage LI=5V, Il oc=-20 mA 60 136
Vue-Vhon  HO output high voltage HI =5V, lyo =-20 mA 60 136 my
VioL LO output low voltage LI=0V, Il o=20mA 30 80
VoL HO output low voltage HI =0V, lgo =20 mA 30 80
S":gl-_’ LO, HO output pull-down resistance |l o = lyo = 20 mA 1.5 4 .
Sh%:’ LO, HO output pull-up resistance ILo = lno =—20 mA 3.0 6.8
e HO, LO output low short circuit HI=LI=0V,HO=LO =15V, PW 28

pulsed current <10 ps A
lapis @ HO, LO output high short circuit HI=LI=5V,HO=LO=0V,PW< _18

pulsed current 10 ps

6.6 Dynamic Electrical Characteristics

At VDD = VHB = 15 V, COM = VHS = 0, all voltages are with respect to COM, no load on LO and HO, —40°C < T, < +125°C
(unless otherwise noted). Currents are positive into and negative out of the specified terminal.

PARAMETER ‘ TEST CONDITIONS MIN NOM MAX UNIT
DYNAMIC CHARACTERISTICS
Turn-on propagation delay (without _ _
tppLH deadtime) Ll to LO, HI to HO, HS=COM =0V 100 160
tPDHL Turn-off propagation delay LI to LO, HI to HO,HS=COM =0V 100 160
tPDRM Low-to-high delay matching 5 30
tPDEM High-to-low delay matching 12 30
0, 0, i -
trISE Turn-on rise time Ijz-)%g t0 90%, HO/LO with 1000-pF 16 50
ns
0, 0, i -
feaLL Turn-off fall time L0% to 90%, HO/LO with 1000-pF 10 30
t Minimum HI/LI ON pulse that 0-V to 5-V input signal on HI and LI 25 45
ON changes output state pins
t Minimum HI/LI OFF pulse that 5-V to 0-V input signal on Hl and LI 35 45
OFF changes output state pins
DT Deadtime Internal deadtime for Interlock 100 150 200

6 MR © 2017, Texas Instruments Incorporated
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6.7 Typical Characteristics
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Typical Characteristics (T X)
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Typical Characteristics (T X)
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7 Detailed Description

7.1 Overview

The UCC27712-Q1 consists of one ground-referenced channel (LO) and one floating channel (HO) which is
designed for operating with bootstrap or isolated power supplies. The device features fast propagation delays
and excellent delay matching between both channels. On the UCC27712-Q1, each channel is controlled by its
respective input pins,

Developed with TI's state of the art high-voltage technology, the device features robust drive with excellent noise
and transient immunity including large negative voltage tolerance on its inputs, high dv/dt tolerance, and wide
negative transient safe operating area (NTSOA) on the switch node (HS).

The UCC27712-Q1 includes protection features where the outputs are held low when the inputs are floating or
when the minimum input pulse width specification is not met. Interlock and deadtime functions prevent both
outputs from being turned on simultaneously. In addition, the device accepts a wide range bias supply range
from 10 V ~ 22 V, and offers UVLO protection for both the VDD and HB bias supply.

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, and
phase-shift full bridge, 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 UCC27712-Q1 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 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 delay and delay matching between both channels aimed
at minimizing pulse width distortion in high-frequency switching applications. Each channel is controlled by its
respective input pins (HI and LI), allowing independent flexibility to control on and off state of the output but does
not allow the HO and LO outputs to be on at the same time. The UCC27712-Q1 includes an interlock feature
which guarantees a 150ns dead time between the HO and LO outputs if the HI and LI inputs are complimentary.
The UCC27712-Q1 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.

RN © 2017, Texas Instruments Incorporated 13
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7.2 Functional Block Diagram
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29. UCC27712-Q1 Block Diagram
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7.3 Feature Description

7.3.1 VDD and Under Voltage Lockout

The UCC27712-Q1 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 Vyuger 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 ¥ 1 and & 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 UCC27712-Q1 generate internal signals to enable/disable the
outputs after UVLO_ON/UVLO_OFF thresholds are crossed respectively (please refer to 30). Design
considerations indicate that the UVLO propagation delay before the outputs are enabled and disabled can vary
from 20 ps to 50 ps.

5% 1. VDD UVLO Feature Logic Operation
CONDITION (VHB-VHS>Vy5. on FOR ALL CASES

BELOW) 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 < Vypp(fr) after device start up H L L L
VDD-VSS < Vypp(ofy) after device start up L H L L
VDD-VSS < Vypp(fy) after device start up H H L L
VDD-VSS < Vypp(ot) after device start up L L L L

#k 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 L
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 < Vyg(ofy) after device start up L H L H
VHB-VHS < Vyg(ofy) after device start up H H L L
VHB-VHS < V(o) after device start up L L L L
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30. Power-Up Driver

7.3.2 Input and Output Logic Table

UCC27712-Q1 features separate inputs, HI and LI, for controlling the state of the outputs, HO and LO,
respectively. The device does include internal cross-conduction prevention logic and does not allow both HO and
LO outputs to be turned on simultaneously (refer to ¥ 3). This feature prevents cross conduction in bridge
topologies in the case of incorrect timing from the controller.

£ 3. Input/Output Logic Table
(Assuming no UVLO fault condition exists for VDD and VHB)

HI LI HO LO Note
L L L L
L H L H QOutput transitions occur after the
H L H L dead time expires
H H L L
Left Open Left Open L L
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7.3.3 Input Stage

The input pins of UCC27712-Q1 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 2.0 V and typical low threshold
(V\nD) of 1.2 V, along with very little temperature variation as summarized in B 16 and B 17, 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 0.8 V) offers enhanced noise immunity compared to traditional TTL logic
implementations, where the hysteresis is typically less than 0.5 V. UCC27712-Q1 also features tight control of
the input pin threshold voltage levels which eases system design considerations and ensures stable operation
across temperature.

The UCC27712-Q1 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 COM pull-down
resistors on all the input pins (HI, LI).

The UCC27712-Q1 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 UCC27712-Q1 helping to reduce gate charge related switching losses. This capability is
envisaged in UCC27712-Q1 by way of two ESD diodes tied back-to-front as shown in & 31.

Additionally, the input pins are also capable of sustaining negative voltages below COM, 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 COM as illustrated in & 31.

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 UCC27712-Q1 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 is recommended to be 20 ns or less, for example, 50 Q with 220 pF is an
acceptable choice.

LI |1

HI |2

5V

4

COM
31. Diode Structure of Input Stage
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7.3.4 Output Stage

The UCC27712-Q1 device output stage pull-up structure features a P-Channel MOSFET to provide source
current until the output is saturated to VDD or HB. The Ry parameter (see B 21) is a DC measurement and it is
representative of the on-resistance of the P-Channel device.

The pull-down structure in UCC27712-Q1 is composed of a N-Channel MOSFET. The Ry, parameter (see
19), which is also a DC measurement, is representative of the impedance of the pull-down stage in the device.

Each output stage in UCC27712-Q1 is capable of supplying 1.8-A peak source and 2.8-A peak sink current
pulses. The output voltage swings between (VDD and COM) / (HB and HS) providing rail-to-rail operation, thanks
to the MOSFET output stage which delivers very low drop-out.

VDD
3
q
. Body
4 .
B Ro Diodes
Input Anti Shoot- !
Voltage Through 5|LO
Circuitry
& Rou Body
e f Diodes
<
4
COM

32. 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 UCC27712-Q1 is
summarized in & 6 and B 7.

The level shifter in UCC27712-Q1 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 UCC27712-Q1 features a best in class, 100-ns (typical) propagation delay (referto & 2, B 3, B 4 and
5 ) between input and output in high voltage 600-V driver, which goes to offer a low level of pulse width
distortion for high frequency switching applications.

(Go)5.0Vldiv MO By:250M 400psipt MO By:250M 400psipt
o) 5.0vid MO By:250M

RL:25k
17 11:44:31

RL:25k
17 11:42:48

Ca)9sns
Q mvis  (ia)10.48MHz Auto F s Auto
33. Turn-On Propagation Delay 34. Turn-Off Propagation Delay

8Viat ) 89.83MV/s
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7.3.7 Parasitic Diode Structure

35 illustrates the multiple parasitic diodes involved in the ESD protection components of UCC27712-Q1
device. This provides a pictorial representation of the absolute maximum rating for the device.

22V

/I/700V 7:| HO

LI |1

HI |2

35. ESD Structure
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7.4 Device Functional Modes

7.4.1 Minimum Input Pulse Operation

The UCC27712-Q1 device has a minimum turn-on, turn-off pulse transfer function to the output pin from the input
pin. This function ensures UCC27712-Q1 is in the correct state when the input signal is very narrow. The
function is summarized in B 36 and [ 37. The toy Which is 25 ns typical is shown in B 36 and toee Which is
35ns typical is shown in B 37

HI, LI

HO, LO

HI, LI

HO, LO

4

h

<25 ns 225 ns
—>
> HI, LI >
troLH
Low State
» HO, LO >
36. Minimum Turn-On Pulse
h
HI, LI
<35ns 235 ns
—>
troHL
- HO, LO
High State
¥ 37. Minimum Turn-Off Pulse
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Device Functional Modes (T R)
7.4.2 Output Interlock and Dead Time

The UCC27712-Q1 has 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 bridge power supply topologies, such as half-
bridge or full-bridge, the UCC27712-Q1 interlock feature will prevent the high-side and low-side power switches
to be turned on simultaneously. The UCC27712-Q1 generates a fixed minimum dead time of tyr which is 150ns
nominal in the case of LI and HI overlap or no dead time. B 38 illustrates the mode of operation where LI and HI

have no dead time and HO and LO outputs have the minimum dead time of tp7.

File | Edit | Wertical | Horizisc | Trigy ‘ Display ‘ Cursors | Meazure ‘ Mazk | Math ‘ MyScope ‘ Analyze ‘ LHilties ‘ Help }a
. T T =

" HI
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((c1 ) 5.0V/div

1MQ By:250M (Vi y13av (v )-5.02ps AlCca N\ 36Y 1.0us  5.0GSfs 200ps/pt
10.0V/div 1MQ By:500M 115\! _4_3-“,5 Stopped
((cs_)5.0v/div 1MQ By:500M _121‘,- “1,,5 311 acqs RL:50.0k
(Cox ) 10.0vidiv 1MQ By:500M 81.63MV/s E.!MH: Auto  March 09, 2017 16:00:42
38. HO and LO Minimum Dead Time with LI HI Complementary
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Device Functional Modes (T R)

An input signal's falling edge activates the dead time for the other signal. The output signal's dead time is always
set to the longer of either the driver's minimum dead time, tpt, or the input signal's own dead time. If both inputs
are high simultaneously, both outputs will immediately be set low. This feature is used to prevent cross
conduction, and it does not affect the programmed dead time setting for normal operation. Various driver dead
time logic operating conditions are illustrated and explained in & 39.

| | 1 | 1 |
| 1 | et |
] | 1 | [ |
| | 1 | 1 |
| | 1 | 1 |
| | 1 | 1 |
| | 1 | 1 |
HI L L — L PR L »
Il I [ 1 1 o
I | | I |
| | | I | T
| | | I | I
| | | I | I
| | | I | I
| | | I | I
LI l l l m l w >
I I 1 1 1 I
I I 1 1 1 I
| | 1 | | I
| | 1 | | I
| | 1 | | I
| | 1 | | I
| | 1 | | I
| | 1 | | I
| | 1 | | I
| | 1 | | I
HO [ [ [ [ [ Il v
I I 1 1 1 I
I I 1 1 1 I
—_— | | I I |
| | | I 1 |
| | | I 1 |
| | | I 1 |
| | | I 1 |
| | | I 1 |
| | | I 1 |
| | | I 1 |
LO l l l H H — >
I I 1 1 1 I
I I 1 1 1 I
I I 1 1 1 I
[ | | | L [
A B C D E F

39. Input and Output Logic Relationship

Condition A: HI goes high, LI goes low. LI sets LO low immediately and assigns tyt to HO. HO is allowed to go
high after tpr.

Condition B: LI goes high, HI goes low. HI sets HO low immediately and assigns tpt to HO. LO is allowed to go
high after tpr.

Condition C: LI goes low, HlI is still low. LI sets LO low immediately and assigns tpr to HO. In this case, the
input signal's own dead time is longer than tpr. Thus when HI goes high HO is set high immediately.

Condition D: HI goes low, LI is still low. HI sets HO low immediately and assigns tyr to LO. In this case, the
input signal's own dead time is longer than tp. Thus when LI goes high LO is set high immediately.

Condition E: HI goes high, while LI and LO are still high. To avoid cross-conduction, HI immediately sets LO low
and keeps HO low. After some time LI goes low and assigns tpt to HO. LO is already low. After tpt HO is allowed
to go high.

Condition F: LI goes high, while HI and HO are still high. To avoid cross-conduction, LI immediately sets HO low
and keeps LO low. After some time HI goes low and assigns tpt to LO. HO is already low. After ty1 LO is allowed
to go high.
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Device Functional Modes (T R)
7.4.3 Operation Under 100% Duty Cycle Condition

The UCC27712-Q1 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. Also consider the HI and LI interlock function prevents both outputs from being
high.

7.4.4 Operation Under Negative HS Voltage Condition

A typical half-bridge configuration with UCC27712-Q1 is shown in B 40. 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, Lxs and body diode of QB
pulls HS lower than COM. 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 UCC27712-Q1 offers robust operation under these
conditions of negative voltage on HS.

VBUS+
Lx1 .
1
QT
HO | 7 -/\/\/\J :
i
Lo : Current Path 1
L Peoccccccccccccaan »e-y
HS | 6 —y ¥
Lks ' E 5
i i
QB! E :
LO| 5 iCurrent E Load E
i Path2 | :
: a :
b | a s
i Y :
com | 4 t :
leccageccncas '
1
..... 1—.............................*.......-’

40. HS Negative Voltage In Half-Bridge Configuration
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Device Functional Modes (T R)

The level shifter circuit is with 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 B 41. 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 UCC27712-Q1 is 4 V, so the recommended HS specification is
dependent on HB-HS. The specification of recommended HS is —11 VatHB - HS =15 V.

In general, HS can operate until -11 V when HB — HS = 15 V as the ESD structure in B 35 allows a maximum
voltage difference of 22 V between both pins. If HB-HS voltage is different, the minimum HS voltage changes
accordingly.

HB

HS

\ I HB-COM com

\

41. Level Shifter Supply Voltage with Negative HS

A 4

x
Logic operational for HS of —11 V to 600 Vat HB - HS =15V
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Device Functional Modes (T R)

The capability of a typical UCC27712-Q1 device to operate under a negative voltage condition in HS pin is
reported in B 43. The test method is shown in B 42.

Bias
RBIAS
15V

q

CVDD

7 3|vbD  HB|8

\ Cgoor n
i <> 15V
2 |Hi HO [ 7 /Pmbe =
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42. Negative Voltage Test Method
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43. Negative Voltage Chart
Pulse Width vs Negative Voltage
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8 Application and Implementation

x

/:

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 44 shows a reference design example with UCC27712-Q1 driving a typical half-bridge
configuration which could be used in several common power converter topologies such as synchronous buck,
synchronous boost, half-bridge/full bridge isolated topologies, and motor drive applications.

For more information, please refer to & 44.
Bias

RBIAS

Rgoot Dgoor

sw
+—o0

{7
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44. Typical Application Schematic
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Typical Application (3ETR)
8.2.1 Design Requirements

& 4 shows the reference design parameters for the example application: UCC27712-Q1 driving 650-V
MOSFETSs in a high side-low side configuration.

Fz 4. UCC27712-Q1 Design Requirements

PARAMETER VALUE UNIT
Power transistor IPB65R190CFD
VDD 12 \%
Input signal amplitude 33 \Y,
Switching frequency (fsw) 100 kHz
DC link voltage (Vhy) 400 \%

8.2.2 Detailed Design Procedure

This procedure outlines the steps to design a 600-V high-side, low-side gate driver with 1.8-A source and 2.8-A
sink current capability, targeted to drive power MOSFETSs or IGBTs using the UCC27712-Q1. Refer to B 44 for
component names and network locations. For additional design help see the UCC27712EVM-287 User Guide,
SLUUBOL.

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

It is recommended that users avoid shaping the input signals to the gate driver in an attempt to slow down (or
delay) the signal at the driver output. However it is good practice to have a small RC filter added between PWM
controller and input pin of UCC27712-Q1 to filter the high frequency noise, like Ry /Cy and R/C, which is
shown in B 44.

Such a filter should use a Ry /Ry, in the range of 10 Q to 100 Q and a C,,/C,, between 10 pF and 220 pF. In the
example, a Ry/R; =49.9 Q and a C/C,, = 33 pF are selected.

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, and
maintain a stable gate drive voltage for the power transistor.

The total charge needed per switching cycle can be estimated with:

IoBs 65uA

QTotal = QG+ ——=68nC + =68.65nC
fsw fsw

(1)
This design example targets a boot capacitor ripple voltage of 0.5 V. Therefore, the absolute minimum Cgoot
requirement is:

QTOTAL _ 68.65nC ~137nE

AVBOOT 0.5V 2
In practice, the value of Cgoor Needs to be greater than the calculated value. This allows for capacitance shift

from DC bias and temperature, and also skipped cycles that occur during load transients. For this design
example 2x 220-nF capacitors were chosen for the bootstrap capacitor.

CsooT = 440nF 3)

CBoOOT =
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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 Cgoot SO there is minimal voltage
drop on the VDD capacitor when charging the boot capacitor . For this design example a 4.7-uF capacitor was
selected.

CvbD > 10 x CBoOT = 4.7 uF (4)

A 10-Q resistor Rgas in series with bias supply and VDD pin is recommended to make the VDD ramp up time
larger than 20 ps to minimize LO and HO rising as shown in B 45

File ‘ Ecit ‘ Vertical ‘ Horiziseq ‘ Trig ‘ Display ‘ Curs essure ‘ Mask ‘ Mth ‘ MyScope ‘ Ana\yle| Utiities | Help }D Tl E‘
L o s L s S
Gi; / E
& M o,
I
I HO
@(“. NP T m
e T o e e 0 e e e o e T
(&1 ) 5.0Vrdiv MO By:250M Vi )2.3v (1 )stons ACGRYES 1.0ps  5.0GSls 200ps/pt
(Cc2 )5.0vidiv 1MQ By:500M @1.9v @550!!! Run HiRes.
(3 ) S.0vidiv 1MQ By:500M .4;,0.,“. (o )-50.0ns 27 acqs RL:50.0k
ca ) 5.0V/div MO By:500M (aviar)8.0MVIs (81)20.0MHz Auto  March 20, 2017 16:58:08

45. VDD/HB-HS Fast Ramp Up

8.2.2.4 Selecting Bootstrap Resistor (RgooT)

Resistor Rgpoot is selected to limit the current in Dgoot and limit the ramp up slew rate of voltage of HB-HS to
avoid the phenomenon shown in 45. 1t is recommended when using the UCC27712-Q1 that Rgpoot IS
between 2 Q and 20 Q. For this design we selected an Rgpopt current limiting resistor of 2.2 Q. The bootstrap
diode current (IpgooT(pk) Was limited to roughly 5.0 A.

VoD - Vbeootr 12V -1V _50A

RBooTt 2.2Q (5)

IDBOOT(pk) =

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 Cgoot)- 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 Ron/Rore
Resistor Rgy and Rogr are sized to achieve the following:

» Limit ringing caused by parasitic inductances and capacitances.

» Limit ringing caused by high voltage/current switching dV/dt, dl/dt, and body diode reverse recovery.
» Fine-tune gate drive strength to optimize switching loss.

» Reduce electromagnetic interference (EMI).

As mentioned in Output Stage, the UCC27712-Q1 has a pull up structure with a P-channel MOSFET providing a
peak source current of 1.8A.

For this example 3.3-Q resistors for Rgy and 2.2-Q resistors for Ropr were selected to provide damping for
ringing and ample gate drive current.

Ron =3.3Q,RoFF =2.2Q (6)

Therefore the peak source current can be predicted with:

IHo+ = MIN| 1.8 A, YD = VDBOOT

RHOH + RON + RGFET_Int @)
ILo+ = MIN| 1.8 A, VoD

RLOH + RON + RGFET _Int 8)

where

* Ron: External turn-on resistance

* Rgrer n: Power transistor internal gate resistance, found in the power transistor datasheet.

* o+ = Peak source current. The maximum values between 1.8 A, the UCC27712-Q1 peak source current, and
the calculated value based on the gate drive loop resistance.

In this example:

VDD — VDBOOT 12V-0.6V
IHO+ — = ~ 16A
RHOH+RON+RGFET_ It 3.0Q+3.3Q+1.0Q (9)
lLos = Voo - 12V ~1.6A
RLOH+RON+RGFET It 3.0Q+3.3Q+1.0Q (10)

Therefore, the high-side and low side peak source current is 1.6 A. Similarly, the peak sink current can be
calculated with:

Ho- = MIN| 2.8, VDD — VDBOOT — VDGATE

RHoOL + ROFF + RGFET _Int (11)
lLo- = MIN| 2.8 A, /DD~ VDGATE

RLoL + ROFF + RGFET_Int (12)

where

* Roer: External turn-off resistance

* Vpgate: The diode forward voltage drop which is in series with Roge. The diode in this example is an
MBRM130L.

* lp. = Peak sink current. The maximum values between 2.8 A, the UCC27712-Q1 peak sink current, and the
calculated value based on the gate drive loop resistance.

In this example:
_ Vbop - VDBOOT - VDGATE ~ 12V-0.6V-0.6V

IHO- = = ~2.3A

RHOL+RON+RGFET It 1.5Q+2.2Q+1.0Q (13)
Lo — VDD — VDGATE _ 12V-0.6V ~2AA

RLoL +RoN+RGFET Int 1.5Q+2.20Q0+1.0Q (14)
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8.2.2.6 Selecting Bootstrap Diode

A fast recovery diode should be chosen to avoid charge being 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.

8.2.2.7 Estimate the UCC27712-Q1 Power Losses (Pycc2r712-01)

The power losses of UCC27712-Q1 (Pyccor712-01) are estimated by calculating losses from several components.
The gate drive loss in the UCC27712-Q1 is typically dominated by gate drive losses associated with charging
and discharging the power device gate charge. There are other losses to consider especially if operating at high
switching frequencies outlined below.

To determine the UCC27712-Q1 operating with no driver load, refer to the Typical Characteristics & 26 for IDD
and IHB to determine the operating current at the appropriate fgy. The operating current power losses with no
driver load are calculated in 2% 15:

PQ = VDD x (IVDD, 100kHz + IHB,100kHz ) = 12V x (310 pA + 350 pA) ~ 8mwW (15)

Static losses due to leakage current (Ig,) are calculated from the HB high-voltage node as shown in A3 16:
PiBL = VHB xIBL XD =400V x 20pA x0.5 = 4mwW (16)

A3 17 calculates dynamic losses during the operation of the level shifter at HO turn-off edge. Qp, typically 0.6
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.

PLevelshift = I:VHV +(VHB — VHs)] x QP xfsw =411.4V x0.6nC x100kHz = 24.7mW 17)

where

* Vyv: DC link high voltage input in V

» fgw: Switching frequency of converter in Hz.
Dynamic losses incurred due to the gate charge while driving the FETs Q1 and Q2 are calculated 23\ 18.
Please note that this component typically dominates over the dynamic losses related to the internal VDD and
VHB switching logic circuitry in UCC27712-Q1. The losses incurred driving the gate charge are not all dissipated

in the gate driver device, this includes losses in the external gate resistance and internal power switch gate
resistance.

PQG1,0G2 = 2x VDD x QG x fsw = 2x12V x68nC x 100kHz = 163mwW (18)
The UCC27712-Q1 gate driver loss on the output stage ,Pgpo, is part of Pog; oc2. If the external gate resistances

are zero most of the Pog; os2 Will be dissipated in the UCC27712-Q1. If there are external gate resistances, the
total loss will be distributed between the gate driver pull-up/down resistances and the external gate resistances.

The gate drive power dissipated within the UCC27712-Q1 driver can be determined by 23\ 19:

PoG1,0G2 RHOH RHoL
Pcbo = x +
2 RHOH + RON + RGFET_Int  RHOL + ROFF + RGFET _Int (19)
In this example the gate drive related losses are approximately 60mwW as shown in 243 20:
PGDO = 163mw N 3Q N 1.50 ~60mMmW
2 3Q0+330+1Q 150+2.20+10 (20)

For the conditions, VDD=12V, VHB = 400V, HO On-state Duty cycle D = 50%, Qg = 68nC, fgy = 100kHz, the
total power loss in UCC27712-QL1 driver for a half bridge power supply topology can be estimated as follows:

Puccz7712 = Po + PiBL + PLevelshift +- PGDO = 8mW + 4mW + 25mW + 60mW = 97mwW (21)
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8.2.2.8 Estimating Junction Temperature
The junction temperature can be estimated with:
Ti=Tc+ Yir xPuccarri2 (22)
where
e Tcis the UCC27712-Q1 case-top temperature measured with a thermocouple or some other instrument.
and

* Wi is the junction-to-top characterization parameter from the Thermal Information table. Importantly.

Using the junction-to-top characterization parameter (W;7) instead of the junction-to-case thermal resistance
(Resc) can greatly improve the accuracy of estimating the junction temperature. The majority of the power
dissipation of most devices is released into the PCB through the package leads, whereas only a small
percentage of the total dissipation is released through the top of the case (where thermocouple measurements
are usually taken). Ry;c can only be used effectively when most of the thermal energy is released through the
case, such as with metal packages or a heatsink is applied to the device package. In other cases Ry will
inaccurately estimate the true junction temperature of the device. W;7 is experimentally derived by assuming the
amount of thermal energy dissipated through the top of the device will be similar in both the testing environment
and the application environment. As long as the recommended layout guidelines are observed, junction
temperature can be estimated accurately to within a few degrees Celsius. For more information, see the
Semiconductor and IC Package Thermal Metrics application report.

Additional Considerations: 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 UCC27712-Q1 is not in place or properly soldered to the circuit board or if UCC27712-Q1
is in an unbiased state.

8.2.2.9 Operation With IGBT's

The UCC27712-Q1 is well suited for driving IGBT's in various applications including motor drive and inverters.
The design procedure is as the previous MOSFET example but the VDD voltage is typically 15-V to drive IGBT
devices. Use the power transistor parameters and application specifications to determine the detail design and
component values. See & 46 below for a typical IGBT application.
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Reias

Reoor Dgoor
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Rorr Deate
Ron J Q1
_ | Ceoor R
T Gs sw
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46. Typical IGBT Application Schematic
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Refer to ¥ 47 below for the UCC27712-Q1 driving 40-A, 650-V IGBT's in a high voltage sync buck configuration.
The input voltage is 400 V, output 100 V with a 150-W output load. Channel 1 is the inductor current, Channel 2

is high-side IGBT VGE, Channel 3 is low-side IGBT VGE, and Channel 4 is the switch node or HS voltage.
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47. IGBT Sync-Buck Operating at 400 V and 150 W
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8.2.3 Application Curves

48 and & 49 show the measured LI to LO turn-on and turn-off delay of one UCC27712-Q1 device. Channel 3

depicts LI and Channel 4 LO.
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48. LI to LO Turn-On Propagation Delay
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49. LI to LO Turn-Off Propagation Delay

50 and & 51 show the measured HI to HO turn-on and turn-off delay of one UCC27712-Q1 device. Channel 1

depicts HI and Channel 2 HO.

50. HI to HO Turn-On Propagation Delay
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51. HI to HO Turn-Off Propagation Delay
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52. MOSFET Sync-Buck Operating at 400 V and 150 W

52 shows UCC27712-Q1 operating in a high voltage sync-buck. Channel 1 depicts inductor current, Channel
2 high side MOSFET VGS, Channel 3 low side MOSFET VGS, and Channel 4 high voltage switch node.
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9

Power Supply Recommendations

The VDD power terminal for the device requires the placement of an energy storage capacitor, because of
UCC27712-Q1 is 1.8-A, peak-current driver. And requires the placement of low-esr noise-decoupling capacitance
as directly as possible from the VDD terminal to the COM terminal, ceramic capacitors with stable dielectric
characteristics over temperature are recommended, such as X7R or better.

The recommended storage capacitor is an X7R, 50-V capacitor. The recommended decoupling capacitors
are a 1-uF 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.

10 Layout

10.1 Layout Guidelines

Locate UCC27712-Q1 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 MOSFETS, as well as the return current path to the driver HS and
COM.

A resistor in series with bias supply and VDD pin is recommended.

Locate the VDD capacitor (CVDD) and VHB capacitor (CBOOT) as close as possible to the pins of
UCC27712-Q1.

A 2-Q to 20-Q resistor series with bootstrap diode is recommended to limit bootstrap current.

A RC filter with 10 Q to 100 Q and 10 pF to 220 pF for HI/LI is recommended.

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

Maintain as much separation as possible from the from the low voltage pins and floating drive HB, HO and
HS pins.

Ensure there is not high switching current flowing in the control ground (input signal reference) from the
power train ground.

10.2 Layout Example

RBOOT DBOOT

LI

HI HO
Pyl To High Side Transistor
UDD ey HS g
GND./COM L0 1o Low Side Transistor

FET Source

53. UCC27712-Q1 Layout Example
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@ @ ® Ball material Peak reflow ©)
@ ©)
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EXAMPLE BOARD LAYOUT
DOOO8SA SOIC - 1.75 mm max height

SMALL OUTLINE INTEGRATED CIRCUIT

8X (.061 )
[1.55] SYMM
SEE
L ¢ DETAILS

— :

8X (.024) j C?
[0.6] SYMM
- ) P ¢

! ! ~— (R.002 ) TYP
_ [0.05]
=3 s

6X (.050 ) | |

[1.27]
~ (-[5143]) — ™

LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN
SCALE:8X

SOLDER MASK SOLDER MASK
METAL /OPENING OPENING‘\ /“S”S[Sggmii

|
|
EXPOSED /
METAL EXPOSED N 2
4 METAL
L .0028 MAX .0028 MIN
[0.07] [0.07]
ALL AROUND ALL AROUND
NON SOLDER MASK SOLDER MASK
DEFINED DEFINED

SOLDER MASK DETAILS

4214825/C 02/2019

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
SOIC - 1.75 mm max height

SMALL OUTLINE INTEGRATED CIRCUIT

DOOO8A

8X (.061 )
[1.55] SYMM

¥ 1
8X (.024) T

[0.6]

SYMM

—- iy
| | (R.002 ) TYP

0.05
o [T Js oo

6X (.050 ) — ! !

[1.27]
Li (.213) 4J
[5.4]

SOLDER PASTE EXAMPLE
BASED ON .005 INCH [0.125 MM] THICK STENCIL
SCALE:8X

4214825/C 02/2019

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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