'I.— Product \wr Sample & b Technical 2 Tools & Support &

Folder e e Buy Documents #N\ Software Community

13 TEXAS
INSTRUMENTS UCC27516, UCC27517

ZHCS784D — MARCH 2012—-REVISED DECEMBER 2014

UCC2751x HiEIE. &iE. {KMMikIEsiss (BA 4A EEH BHRA 4A %
{EVE TR

1 Rt 2 M
o MRBRAHI N R Sh A 2 FR AL NPN AT PNP 35 i ok o FFRAE AYE
77 SR v b 5 A i . H-EREHE
o AA WEAEHL TR AA WV RTINS FR K o ool B FRL U RO AR D 2
© REARTIE JURE 13ns) o OKPHAE. FHLEEH]. REETHEIE (UPS)
o ELTHRUTRERTE] CHER{E ST 9ns Al 7ns) o JHTH ERIGEH B (I GaND [rIHi
e 4.5V % 18V HLHJFEVEH KRB A%
« VDD RJEMST (UVLO) HATE 4 H AR FFE T (iR .
I F A B E AT 3 WM
o AEEHE (TTL) MHEAN B Sk UCC27516 F1 UCC27517 Huim & iy (% M AR 2K 5 3%
(CMOS) MeAEMmANEHBE (5HRIFHEELR) AT R AN & B A AR N SRR
o EPXTEIPUILEE B S 2R R E (MOSFET) FAZAZ MR Y fit A% (IGBT) HLYEIT Ko
o XN (ATIEFERAH C(IN- 51D Bk AR UCC27516 1 UCC27517 KA Mttt 7 Enl i KFEFE
(IN+ 51D SRz BRE) T 5 P, AT A P AR A e O W
= RBEFH RS AT TR RE SRR D HLER T, RIS SR BB RS 8 7 L R R ) 9 1
o YEINGIHEEE, R B (LA )y 13ns) .
o BN EIL T B KL R LS ANZ VDD | M B .
B P T F P 1 4 VDD = 12V i, UCC27516 fl UCC27517 A4t
. 40°C % 140°C [ IR WEE A 4A HOWEIS: CRIFRIREN) FifidRahht
. 53 }%L DBV (EOT-ZL;) i GEéLﬂiﬂ DRS §3mm X B k(= 5 (1)
?wgnoﬁﬁgﬁg%ﬁﬁmaazm\m;%%lz;% e[ SRR G
(6) 3.00mm x 3.00mm
UCC27517 SOT-23 (5) 2.90mm x 1.60mm
(1) B0 T ARFITAT AT PR, i SRR A R 0 FT T 07 5 B
SR A
Non-Inverting Input Inverting Input

UCC27517 UCC27517

45Vto18V

An IMPORTANT NOTICE at the end of this data sheet addresses availability, warranty, changes, use in safety-critical applications,

intellectual property matters and other important disclaimers. PRODUCTION DATA. }
English Data Sheet: SLUSAY4


http://www-s.ti.com/sc/techlit/SLUSAY4.pdf
http://www.ti.com.cn/product/cn/ucc27516?qgpn=ucc27516
http://www.ti.com.cn/product/cn/ucc27517?qgpn=ucc27517

I} TEXAS
INSTRUMENTS
UCC27516, UCC27517
ZHCS784D — MARCH 2012 —REVISED DECEMBER 2014 www.ti.com.cn
I = 9.2 Functional Block Diagrams ............ccoceevrererireeeennnen. 13
2 SR 9.3 Feature DesCription.........cccocverieerieeiieie e 13
3 B e, 9.4 Device Functional Modes.........ccccceevvvveriieeniieeennnne. 16
4 BITHEiLE 10 Application and Implementation............ccccc....... 17
5 WE (&) 10.1 Application Information
6 Device Comparison Table........ccccoiviiiiniicninnn. 3 1 ’130'2 T‘g"cal f‘prg'cat'on dati
7 Pin Configuration and Functions ...........ccceeevuee. 4 12 Lower upply Recommendations
8  SpecificationS ..o 5 1?10u|_tted| """"""""""""""""""""""""""""""
8.1 Absolute Maximum Ratings .........ccccovvveerieeniiniieeninnns 5 12'2 Layout EUI ellnes """""""""
8.2 ESD RAUNGS wvvcoorvreeeereeereeeeeessesereonn s Tiyou I’éamp_g S,
8.3 Recommended Operating Conditions.... ’ erma . o.n5|'era ons..... a
8.4 Thermal Information ... 12.4 Power DiSSIPation .........cccocccvveeieieiiiiiieee e 24
8.5 Electrical CharacteristiCs...........cccooeenieiiieinienicines 13 A BX%i% """""""""""""""""""""""""""" 26
8.6 SWitching CharaCteriStics .............ooorrrrrrrrreveeerrrrrsenn 7 13.1 fﬁ?ﬁ%% ................................................................ 26
8.7 Typical CharacteristiCS ........coccvvieereireiiiienie e 9 132 E;zﬁgmﬂ: """"""""""""""""""""""""""""""""""""" 26
9 Detailed DESCIiPiON .....ccoveveveeeeeeeeeeeeeeeeeen 12 13.3 AUBHES. .. - 26
91 Overview 12 134 RiEFE ... ... 26
oo m—m—m"m 14 MU BTG R e, 26

4 BT SR
P 2 BRSO TR AT i 5 2 RURA TR .

Changes from Revision C (May 2013) to Revision D Page
o TN FIMBCEMITIRER Sy, ESD BUEME, FFIE fiiid oy, avfFIypetial, MRSy, HIR A E R

Grs ARGy, A PERICRSRRR Y LR AU EFRERTAT LTI ST oo, 1
Changes from Revision B (June 2012) to Revision C Page
« NN 0.5 to beginning of Py, equation in Power DiSSipation SECHON ..........cccuoviiriririreireisieeseeeseese e seese s 25
Changes from Revision A (March 2012) to Revision B Page
o EUAIIUCC275L6 ZHIFc oo 1
e Added GND, ground efiNItION...........oo ittt e e e et e e e e e s bt e e e e e s bbb e e e e e aabbe e e e e e aab b et e e e e nbbe e e e e anbbe e e e e anbreeeeean 4
¢ Added DC and repetitive pulse rates t0 OUT VOIAGE. ......oiii ittt et e e et e e e e e etbe e e e e e anbeeeaeeannneeaeeannnees 5
LI Vo [0 (=T I 010 (=N T TP TP PSP PUPPUPRPTPRRN
¢ Changed Human Body Model max value from 2000 V 0 400V. .......c.uuiiiiiiiiiiiae ettt ettt e e sibneee e s een 5
¢ Changed Charged Device Model max value from 500 V t0 100 V. ......uiiiiiiiiiiiie ettt e e e e e e e e snaeeeeeeenes 5
o LN UCC27516 BIOCK GIAGIAM......c.iiviiiititiititiitete ettt sttt ettt ettt ettt ettt e b e e eb s e et ese st esesaete s b ebessebessebe st ebessebessabe e ebesnaras 13
o BRI PCB 1AYOUL DUIIEL. ......vcviviiitctetet ettt ettt ettt s s bbb bbb e s bbb e se et b e bt ettt b ese e s s bene s 22
o N Thermal INfOrmation AESCHIPLION. ......c.veiviiieiieetereeiet et et ete st see et ete e etestestesaeseeseeseetessessesseseseeneeneeseseesaensenseneaneaneas 23

fiAl © 2012—-2014, Texas Instruments Incorporated


http://www.ti.com.cn/product/cn/ucc27516?qgpn=ucc27516
http://www.ti.com.cn/product/cn/ucc27517?qgpn=ucc27517
http://www.ti.com.cn

13 TEXAS
INSTRUMENTS
UCC27516,UCC27517

www.ti.com.cn ZHCS784D — MARCH 2012—REVISED DECEMBER 2014

5 Ui (8D

UCC27516 f1 UCC27517 Ef5 4.5V & 18V 5 VDD JulH, LK —40°C % 140°C e EVil . vDD 5| Lk
(9 A R P B (UVLO) HLE AT TE R HY VDD 3 47 Yo [l IRy th AR BRI P o 8RR RS AEMR B R (9 i T 5V)
TIEAT, JE R RIS S T e, BRI AR & T REh I 0 GaN ThER Y SRR SRR T
FLIRTT R

UCC27516 fl UCC27517 HrA WA A BT, [Fl—#8 o] RIGSEIR A (IN- 518D FIdERA N+ 518D FCE .
IN+ 5 BRI IN- 510 R AT A — AR T B 4% Ph O 3l # i HE ODIRAS o A F R0 an N 51 BRI T 4 FH 1 Js RN F o
BE. HTF2aHmE, HNTI L PSR b AR 47 s BB AR g N B AL T B 2R, e B AR R (AR
R, AN G| A GEOR B 7 B 2 RS T L AH0E M m S, CARRCRIKSh 285 i fERE A T IE #1817 .

UCC27516 il UCC27517 #8441 N5 BIBME R R T TTL fl COMS FEAMCE 25 K I, i 58 i i 2 52 10
H5 vDD HEHE LT, w5 5 34t T et g .

6 Device Comparison Table

The UCC2751x family of gate-driver products (Table 1) represent TI's latest generation of single-channel low-
side high-speed gate-driver devices featuring high-source/sink current capability, industry best-in-class switching
characteristics and a host of other features (& 2), all of which combine to ensure efficient, robust, and reliable
operation in high-frequency switching power circuits.

Table 1. UCC2751x Product Family Summary

PEAK CURRENT

PART NUMBER PACKAGE (SOURCE/SINK) INPUT THRESHOLD LOGIC
UCC27516DRS 3 mm x 3 mm WSON, 6 pin 4-AJ8-A
UCC27511DBV SOT-23, 6 pin (Symmetrical Drive) CMOS/TTL-Compatible

- (low voltage, independent of VDD
UCC27516DRS 3 mm x 3 mm WSON, 6 pin bias voltage)
UCC27517DBV SOT-23, 5 pin A-NA-A
UCC27518DBV SOT-23, 5 pin (Symmetrical Drive) CMOS
UCC27519DBV SOT-23, 5 pin (follows VDD bias voltage)

Copyright © 2012-2014, Texas Instruments Incorporated 3
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7 Pin Configuration and Functions

5-Pin .
UCC27517 DBV Package 6-Pin
Top View UCC27516 DRS
Top View
vop[|1° — out o
e LT
GND [ |2 : !
! I
r57 ! re7
IN+ |3 ] IN- GND ._2_}: i.s: ouT
i |
_—— | _——
GND | {3 +-----—-- {41 | VDD
Pin Functions — UCC27516
PIN
/0 DESCRIPTION
NO. NAME
1 IN— | Inverting Input: When the driver is used in noninverting configuration, connect IN- to
GND in order to enable output, OUT held LOW if IN- is unbiased or floating.
23 GND . Ground: All signals referenced to this pin. TI recommends to connect pin 2 and pin 3
' on PCB as close to the device as possible.
VDD | Bias supply input.
ouT | Sourcing/Sinking Current Output of Driver
6 IN+ o Noninverting Input: When the driver is used in inverting configuration, connect IN+ to
VDD in order to enable output, OUT held LOW if IN+ is unbiased or floating.
Pin Functions — UCC27517
PIN
/0 DESCRIPTION
NO. NAME
1 VDD | Bias supply input.
5 GND _ Ground. All signals reference to this pin. For the UCC27516, Tl recommends to
connect pin 2 and pin 3 on PCB as close to the device as possible.
3 IN+ | Noninverting input. When the driver is used in inverting configuration, connect IN+ to
VDD in order to enable output, OUT held LOW if IN+ is unbiased or floating
4 IN— | Inverting input. When the driver is used in noninverting configuration, connect IN- to
GND in order to enable output, OUT held LOW if IN- is unbiased or floating
5 ouT (0] Sourcing/Sinking current output of driver.
4 Copyright © 2012-2014, Texas Instruments Incorporated
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8 Specifications

8.1 Absolute Maximum Ratings®®®
over operating free-air temperature range (unless otherwise noted)

MIN MAX UNIT

Supply voltage VDD -0.3 20

DC -0.3 VDD + 0.3 v
OUT voltage Eggii%e pulse less than D) VDD + 0.3
Output continuous current louT pc (source/sink) 0.3 A
Output pulsed current (0.5 ps) louT puised(source/sink) 4
IN+, IN-® -0.3 20 Y
Operating virtual junction temperature, T; -40 150

Soldering, 10 sec. 300
Lead temperature °C

Reflow 260
Storage temperature, Tgyg -65 150

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

(2) All voltages are with respect to GND unless otherwise noted. Currents are positive into, negative out of the specified terminal. See
Packaging Section of the datasheet for thermal limitations and considerations of packages.

(3) These devices are sensitive to electrostatic discharge; follow proper device-handling procedures.

(4) Values are verified by characterization on bench.

(5) Maximum voltage on input pins is not restricted by the voltage on the VDD pin.

8.2 ESD Ratings

VALUE UNIT
Human body model (HBM), per ANSI/ESDA/JEDEC JS-001(® +4000
Vesp)y Electrostatic discharge Charged-device model (CDM), per JEDEC specification JESD22- +1000 \
c101® £l

(1) JEDEC document JEP155 states that 500-V HBM allows safe manufacturing with a standard ESD control process.
(2) JEDEC document JEP157 states that 250-V CDM allows safe manufacturing with a standard ESD control process.

8.3 Recommended Operating Conditions
over operating free-air temperature range (unless otherwise noted)

MIN NOM MAX UNIT
Supply voltage range, VDD 4.5 12 18 \%
Operating junction temperature range -40 140 °C
Input voltage, IN+ and IN- 0 18 \%
8.4 Thermal Information
UCC27516 UCC27517
THERMAL METRIC® WSON SOT-23 UNIT
6 PINS 5 PINS
Rosa Junction-to-ambient thermal resistance 85.6 217.6
RoJc(top) Junction-to-case (top) thermal resistance 100.1 85.8
Ross Junction-to-board thermal resistance 58.6 44.0 .
LAL Junction-to-top characterization parameter 7.5 4.0 cw
Vi Junction-to-board characterization parameter 58.7 43.2
RoJc(bot Junction-to-case (bottom) thermal resistance 23.7 n/a

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

MR © 2012-2014, Texas Instruments Incorporated 5
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8.5 Electrical Characteristics

VDD =12V, T, = T; = -40°C to 140°C, 1-puF capacitor from VDD to GND. Currents are positive into, negative out of the
specified pin.

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
BIAS CURRENTS
IN+ = VDD, IN- = GND 40 100 160
Ippery  Startup current VDD =34V IN+ = IN- = GND or IN+ = IN- = VDD 25 75 145 HA
IN+ = GND, IN- = VDD 20 60 115
UNDERVOLTAGE LOCKOUT (UVLO)
Ta=25°C 3.91 4.20 4.5
Von Supply start threshold
Ta = —40°C to 140°C 3.70 4.20 4.65
Minimum operating \
Vorr voltage after supply start 345 39 4.5
Vpp H  Supply voltage hysteresis 0.2 0.3 0.5
INPUTS (IN+, IN-)
v Input signal high Output high for IN+ pin, 29 24
INH  threshold Output low for IN- pin : :
. Qutput low for IN+ pin, \%
ViN L Input signal low threshold Output high for IN- pin 1.0 1.2
Vin_Hys  Input signal hysteresis 1.0
SOURCE/SINK CURRENT
Source/sink peak
ISRCISNK ~ oyrrent @ P Cloap = 0.22 pF, Fgw = 1 kHz 4 A
OUTPUTS (OUT)
VDD_= 12V 50 90
Vpp- . lout = =10 mA
High output voltage
VOH VDD =45V
_ 60 130
loutr ==10 mA
_ mV
VDD_— 12 5 10
IOUT =10 mA
VoL Low output voltage
VDD =45V 6 12
lour =10 mA
VDD =12V
5.0 7.5
R Output pullup lout = =10 mA
OH resistance® VDD = 4.5V
A 5.0 11.0
loutr ==10 mA Q
VDD =12V
0.5 1.0
R Output pulldown lout = 10 MA
oL resistance VDD =45V 06 )
IOUT =10 mA ’ L

(1) Ensured by Design.
(2) Ron represents on-resistance of P-Channel MOSFET in pullup structure of the UCC27516 and UCC27517's output stage.

6 MY © 2012-2014, Texas Instruments Incorporated
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8.6 Switching Characteristics

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

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
o=ty oz
tr Rise time® VILDOSD— 2 5 v
CLOAD = 18 nF 16 22
VDD =12V
7 11
C =1.8nF
te Fall time® LOAD
VDD=4.5V 7 11
CLOAD =1.8nF
VDD =12V ns
. 1 5-V input pulse C oap = 1.8 nNF 4 13 23
to1 IN+ to output propagation delay®
VDD =45V 4 15 26
5-V input pulse C oap = 1.8 nF
VDD =12V 4 13 23
. 1) CLOAD =1.8nF
tp2 IN- to output propagation delay
VDD =45V 4 19 30
CLOAD =1.8nF
(1) See timing diagrams in & 1, & 2, & 3, and & 4.
Highg,......... \
INPUT
(IN+ pin)
Low fun s .
High
IN- pin
Low
Q0% fovevoeme
OUTPUT
10% ........... / .k
H H = H = H L
tor t tor &
(PWM Input to IN+ Pin (IN- Pin Tied to GND))
1. Noninverting Configuration
Highg...... I ...... \
INPUT f
(IN- pin)
Low [/ \
High
IN+ pin
Low H
90% o
OUTPUT i
10% ] R
»
tDZ tf tD2 tr
(PWM Input to IN- Pin (IN+ Pin Tied to VDD))
2. Inverting Configuration
MR © 2012-2014, Texas Instruments Incorporated 7
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A
High
INPUT
(IN- pin)
Low

High o
ENABLE
(IN+ pin) i

Low [/

90%
OUTPUT
10%

t t tD1 tl

D1 'r

(Enable and Disable Signal Applied to IN+ Pin, PWM Input to IN- Pin)
3. Enable and Disable Function Using IN+ Pin

High
INPUT
(IN+ pin)

Low

High

ENABLE
(IN- pin)

Low / \

90%
OUTPUT
10%

tD2 tl

(Enable and Disable Signal Applied to IN- Pin, PWM Input to IN+ Pin)
4. Enable and Disable Function Using IN- Pin

WX © 2012-2014, Texas Instruments Incorporated


http://www.ti.com.cn/product/cn/ucc27516?qgpn=ucc27516
http://www.ti.com.cn/product/cn/ucc27517?qgpn=ucc27517
http://www.ti.com.cn

13 TEXAS
INSTRUMENTS
UCC27516,UCC27517

www.ti.com.cn ZHCS784D — MARCH 2012—REVISED DECEMBER 2014

8.7 Typical Characteristics

0.12 4
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r \
-~ 35 S

0.1 /// / /

-
0.08 _- Vpp =12V
L — P Cload = 500 pF
0.07 / 25 fow = 500 kHz

Startup Current (mA)
\
\
\
IDD (mA)
w

0.06 Vpp =3.4V
0.05 2
-50 0 50 100 150 -50 0 50 100 150
Temperature (°C) oot Temperature (°C) co1s
5. Startup Current vs Temperature 6. Operating Supply Current vs Temperature (Output
Switching)
0.5 4.6
== |N+=Low,IN-=Low = UVLO Rising
< ==« IN+=High, IN-=Low == « UVLO Falling
£ 44
z 0.4 s
= ke
3 - S 42
> p— g
S 03 — 2
2 —=" S
(] — - - _———/ o) 4
o - / |
£ B — S b e e e e — - e e —— =
8 0.2 f—— > [~
2 3.8
o Vpp =12V
0.1 3.6
-50 0 50 100 150 -50 0 50 100 150
Temperature (°C) G002 Temperature (°C) 5003
7. Supply Current vs Temperature (Output In DC On/Off 8. UVLO Threshold Voltage vs Temperature
Condition)
35 8
== Turn-On Vpp =12V = ROH
= =  Turn-Off Cload = 1.8 nF a
3 S
(]
o 7
S s
© ki
S 25 3
B N e
£ 5 —
= 2 L /
= =
Q. o
£ 5 5 -
15 = _— Vop =12V
e 3 / oo = 10 MA

1 4
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9. Input Threshold vs Temperature 10. Output Pullup Resistance vs Temperature

MR © 2012-2014, Texas Instruments Incorporated 9
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Typical Characteristics (T X)

1 8
— ROL Vpp =12V
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o 0.8 7
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[
¢ o6 — E s
1 [}
g / ;
@
9 /
= 04 5
o
0.2 4
-50 0 50 100 150 -50 0 50 100 150
Temperature (°C) 5000 Temperature (°C) 5000
11. Output Pulldown Resistance vs Temperature 12. Rise Time vs Temperature
10 20
Vpp =12V == Turn-On
Cload = 1.8 nF = « Turn-Off
9 B
B g ==
g 8 - - - -
[ 8 § - - /
% g | —— //
[
w g 10 —
7 b /
& Vpp = 12V
6 5
-50 0 50 100 150 -50 0 50 100 150
Temperature (°C) 5000 Temperature (°C) 5006
13. Fall Time vs Temperature 14. Input To Output Propagation Delay vs Temperature
20 20
18 | = VvDD=45v
— - VDD=12V pd 18
16 | + = VDD=15V 7 -
—_ . p 2 \
T 14 - —~ E; 16 \
= v |” 3 \
e 12 7 7 T 14 \ .
[ e e [s] \
5 10 # s \ 4 1.
g . P _ 7 .§ 12 —_—— . —
g ) Pid g 1o \‘ —
(%] g o
4 /// // o
4
P 4 —| Cload =1.8 nF 8 | «= Turn-On
==« Turn-Off
0 — 6
0 100 200 300 400 500 600 700 0 4 8 12 16 20
Frequency (kHz) G010 Supply Voltage (V) 007
15. Operating Supply Current vs Frequency 16. Propagation Delays vs Supply Voltage

10 MY © 2012-2014, Texas Instruments Incorporated


http://www.ti.com.cn/product/cn/ucc27516?qgpn=ucc27516
http://www.ti.com.cn/product/cn/ucc27517?qgpn=ucc27517
http://www.ti.com.cn

13 TEXAS
INSTRUMENTS

www.ti.com.cn

UCC27516, UCC27517
ZHCS784D — MARCH 2012—REVISED DECEMBER 2014

Typical Characteristics (T X)

20

Rise Time (ns)

10 \
~—

0 4 8 12 16
Supply Voltage (V)

17. Rise Time vs Supply Voltage

20

G008

Fall Time (ns)
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4 8 12 16 20
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18. Fall Time vs Supply Voltage
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9 Detailed Description

9.1 Overview

The UCC2751x single-channel, high-speed, low-side gate-driver device can effectively drive MOSFET and IGBT
power switches. Using a design that inherently minimizes shoot-through current, the UCC2751x device can
source and sink high peak-current pulses into capacitive loads, offering rail-to-rail drive capability and extremely
small propagation delay of 13 ns (typical). The UCC2751x device provides 4-A source, 4-A sink (symmetrical
drive) peak-drive current capability. The UCC27511 device is designed to operate over a wide Vpp range of 4.5
to 18 V, and a wide temperature range of —40°C to 140°C.

Internal UVLO circuitry on the Vpp pin holds the output low outside Vpp operating range. The capability to
operate at low voltage levels, such as below 5 V, along with best-in-class switching characteristics, is suited for
driving emerging wide band-gap power-switching devices such as GaN power-semiconductor devices.

The UCC2751x device features a dual-input design which offers flexibility of implementing both inverting (IN—
pin) and noninverting (IN+ pin) configuration with the same device. Either the IN+ or IN- pin can be used to
control the state of the driver output. The unused input pin can be used for enable and disable functions. For
system robustness, internal pullup and pulldown resistors on the input pins ensure that outputs are held low
when the input pins are in floating condition. Therefore the unused input pin is not left floating and must be
properly biased to ensure that driver output is in enabled for normal operation. The input pin threshold of the
device is based on TTL and CMOS-compatible low-voltage logic which is fixed and independent of the Vpp
supply voltage. Wide hysteresis between the high and low thresholds offers excellent noise immunity.

Fk 2. UCC2751x Family of Features and Benefits

FEATURE BENEFIT
High Source/Sink Current Capability High current capability offers flexibility in employing UCC2751x
4 AI8 A (Asymmetrical) — UCC27511/2 family of devices to drive a variety of power switching devices at
4 Al4 A (Symmetrical) — UCC2751x varying speeds
Best-in-class 13-ns (typ) Propagation delay Extremely low-pulse transmission distortion
Expanded VDD Operating range of 4.5V to 18 V Flexibility in system design

Low VDD operation ensures compatibility with emerging wide-

Expanded Operating Temperature range of -40°C to 140°C bandgap power devices such as GaN

(See Electrical Characteristics table)

VDD UVLO Protection Outputs are held low in UVLO condition, which ensures predictable
glitch-free operation at power up and power down

Outputs held low when input pins (INx) in floating condition Safety feature, especially useful in passing abnormal condition tests
during safety certification

Ability of input pins (and enable pin in UCC27518/9) to handle System simplification, especially related to auxiliary bias supply

voltage levels not restricted by VDD pin bias voltage architecture

Split output structure in UCC27511 (OUTH, OUTL) Allows independent optimization of turnon and turnoff speeds

Strong sink current (8 A) and low pulldown impedance (0.375 Q) in High immunity to C x dV/dt Miller turnon events
UCC27511/2

CMOS/TTL compatible input threshold logic with wide hysteresis in Enhanced noise immunity, while retaining compatibility with

UCC27511/2/6/7 microcontroller logic-level input signals (3.3 V, 5 V) optimized for
digital power

CMOS input threshold logic in UCC27518/9 (VIN_H — 70% VDD, Well suited for slow input-voltage signals, with flexibility to program

VIN_L — 30% VDD) delay circuits (RCD)

12 MY © 2012-2014, Texas Instruments Incorporated
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9.2 Functional Block Diagrams
IN+ | 6 A >—| > VDD :|
4 | VDD
vbb 230 kQ
200 kQ
N-[ 1 =1 5 | out

VDD

GND I:Z @7 — 1[3] GND

o

IN+ | 3 >_‘> VDD
1:| VDD

VoD 230 ke
200 ke
IN-[ 4 =1 5 | out
VDD

20. UCC27517 Functional Block Diagram

9.3 Feature Description

9.3.1 VDD and Undervoltage Lockout

The UCC2751x devices have internal UVLO protection feature on the VDD-pin supply-circuit blocks. Whenever
the driver is in UVLO condition (for example when Vpp voltage is less than Vg during power up and when Vpp
voltage is less than Voge during power down), this circuit holds all outputs LOW, regardless of the status of the
inputs. The UVLO is typically 4.2 V with 300-mV typical hysteresis. This hysteresis helps prevent chatter when
low Vpp-supply voltages have noise from the power supply and also when there are droops in the VDD-bias
voltage when the system commences switching and there is a sudden increase in Ipp. The capability to operate
at low voltage levels such as below 5 V, along with best-in-class switching characteristics, is especially suited for
driving emerging GaN wide-bandgap power-semiconductor devices.

For example, at power up, the UCC2751x driver output remains LOW until the Vpp voltage reaches the UVLO
threshold. The magnitude of the OUT signal rises with Vpp until steady-state Vpp is reached. In the noninverting
operation (PWM signal applied to IN+ pin) shown below, the output remains LOW until the UVLO threshold is
reached, and then the output is in-phase with the input. In the inverting operation (PWM signal applied to IN- pin)
shown below the output remains LOW until the UVLO threshold is reached, and then the output is out-phase with
the input. In both cases, the unused input pin must be properly biased to enable the output. Note that in these
devices the output turns to high-state only if IN+ pin is high and IN- pin is low after the UVLO threshold is
reached.

MR © 2012-2014, Texas Instruments Incorporated 13
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Feature Description (3T )

Because the driver draws current from the VDD pin to bias all internal circuits, for the best high-speed circuit
performance, two VDD bypass capacitors are recommended to prevent noise problems. The use of surface-
mount components is highly recommended. A 0.1-uF ceramic capacitor should be located as close as possible to
the VDD to GND pins of the gate driver. In addition, a larger capacitor (such as 1 pF) with relatively low ESR
should be connected in parallel and close proximity, in order to help deliver the high-current peaks required by
the load. The parallel combination of capacitors should present a low impedance characteristic for the expected
current levels and switching frequencies in the application.

\

vDD “7 -VuD-D Threshold .-“““7 -VD.[; Threshold

IN- IN+

v MAn M

21. Power Up (Noninverting Drive) 22. Power Up (Inverting Drive)

9.3.2 Operating Supply Current

The UCC2751x features very low quiescent Ipp currents. The typical operating-supply current in Undervoltage-
Lockout (UVLO) state and fully-on state (under static and switching conditions) are summarized in @& 5, B 6, and
7. The Ipp current when the device is fully on and outputs are in a static state (DC high or DC low, see & 7)
represents lowest quiescent Ipp current when all the internal logic circuits of the device are fully operational. The
total supply current is the sum of the quiescent Ipp current, the average loyt current due to switching and finally
any current related to pullup resistors on the unused input pin. For example when the inverting input pin is pulled
low additional current is drawn from VDD supply through the pullup resistors (refer to Functional Block Diagrams
for the device Block Diagram). Knowing the operating frequency (fsy) and the MOSFET gate (Qg) charge at the
drive voltage being used, the average Ioyt current can be calculated as product of Qg and fgy.

A complete characterization of the IDD current as a function of switching frequency at different VDD bias
voltages under 1.8-nF switching load is provided in [ 15. The strikingly-linear variation and close correlation with
theoretical value of average Iyt indicates negligible shoot-through inside the gate-driver device attesting to the
high-speed characteristics of Igyt.

9.3.3 Input Stage

The input pins of the UCC27516 and UCC27517 devices are based on a TTL/ICMOS compatible input-threshold
logic that is independent of the VDD supply voltage. With typ high threshold = 2.2 V and typ low threshold = 1.2
V, the logic-level thresholds can be conveniently driven with PWM-control signals derived from 3.3-V and 5-V
digital-power controllers. Wider hysteresis (typ 1 V) offers enhanced noise immunity compared to traditional TTL-
logic implementations, where the hysteresis is typically less than 0.5 V. These devices also feature tight control
of the input-pin threshold-voltage levels which eases system-design considerations and ensures stable operation
across temperature. The very low input capacitance on these pins reduces loading and increases switching
speed.

The device features an important safety function wherein, whenever any of the input pins are in a floating
condition, the output of the respective channel is held in the low state. This is achieved using VDD-pullup
resistors on all the inverting inputs (IN- pin) or GND-pulldown resistors on all the noninverting input pins (IN+
pin), (refer to Functional Block Diagrams).

The device also features a dual-input configuration with two input pins available to control the state of the output.
The user has the flexibility to drive the device using either a noninverting input pin (IN+) or an inverting input pin
(IN-). The state of the output pin is dependent on the bias on both the IN+ and IN- pins. Refer to the input/output
logic truth table (% 3) and the Typical Application Diagrams, (B 24 and B 25), for additional clarification.
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Feature Description (3T )

Once an input pin has been chosen for PWM drive, the other input pin (the unused input pin) must be properly

biased in order to enable the output. As mentioned earlier, the unused input pin cannot remain in a floating

condition because, whenever any input pin is left in a floating condition, the output is disabled for safety

purposes. Alternatively, the unused input pin can effectively be used to implement an enable and disable

function, as explained below.

» To drive the device in a noninverting configuration, apply the PWM-control input signal to IN+ pin. In this
case, the unused input pin, IN-, must be biased low (eg. tied to GND) in order to enable the output.

— Alternately, the IN- pin can be used to implement the enable/disable function using an external logic
signal. OUT is disabled when IN- is biased high and OUT is enabled when IN- is biased low.

» To drive the device in an inverting configuration, apply the PWM-control input signal to IN- pin. In this case,
the unused input pin, IN+, must be biased high (eg. tied to VDD) in order to enable the output.

— Alternately, the IN+ pin can be used to implement the enable/disable function using an external logic
signal. OUT is disabled when IN+ is biased low and OUT is enabled when IN+ is biased high.

» Finally, note that the output pin is driven into a high state only when IN+ pin is biased high and IN- input is
biased low.

The input stage of the driver should preferably be driven by a signal with a short rise or fall time. Caution must be
exercised whenever the driver is used with slowly-varying input signals, especially in situations where the device
is located in a mechanical socket or PCB layout is not optimal:

» High dl/dt current from the driver output coupled with board layout parasitics causes ground bounce. Because
the device features just one GND pin, which may be referenced to the power ground, the differential voltage
between input pins and GND is modified and triggers an unintended change of output state. Because of fast
13-ns propagation delay, high-frequency oscillations ultimately occur, which increases power dissipation and
poses risk of damage.

e 1-V input-threshold hysteresis boosts noise immunity compared to most other industry-standard drivers.

« In the worst case, when a slow input signal is used and PCB layout is not optimal, adding a small capacitor (1
nF) between input pin and ground very close to the driver device is necessary. This helps to convert the
differential mode noise with respect to the input-logic circuitry into common-mode noise and avoid unintended
change of output state.

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 instead of adding delays on the input
signal. 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 the gate driver into the external resistor.

9.3.4 Enable Function

As mentioned earlier, an enable/disable function is easily implemented in the UCC27516 and UCC27517 using
the unused input pin. When IN+ is pulled down to GND or IN- is pulled down to VDD, the output is disabled.
Thus IN+ pin is used like an enable pin that is based on active-high logic, while IN- can be used like an enable
pin that is based on active-low logic.

9.3.5 Output Stage

The UCC27516 and UCC27517 devices can deliver 4-A source, 4-A sink (symmetrical drive) at VDD =12 V. The
output stage of the UCC27516 and UCC27517 devices are illustrated in B 23. The UCC27516 and UCC27517
devices features a unique architecture on the output stage which delivers the highest peak-source current when
most needed during the Miller-plateau region of the power-switch turnon transition (when the power-switch
drain/collector voltage experiences dV/dt). The device output stage features a hybrid pullup structure using a
parallel arrangement of N-Channel and P-Channel MOSFET devices. By turning on the N-Channel MOSFET
during a narrow instant when the output changes state from low to high, the gate-driver device delivers a brief
boost in the peak-sourcing current enabling fast turnon.
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Feature Description (3T )
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23. UCC2751x Gate Driver Output Structure

The Rpy parameter (see Electrical Characteristics) is a DC measurement and is representative of the on-
resistance of the P-Channel device only, because the N-Channel device is turned on only during output change
of state from low to high. Thus the effective resistance of the hybrid pullup stage is much lower than what is
represented by Rgy parameter. The pulldown structure is composed of a N-Channel MOSFET only. The Rg.
parameter (see Electrical Characteristics), which is also a DC measurement, is representative of true impedance
of the pulldown stage in the device. In the UCC27516 and UCC27517, the effective resistance of the hybrid
pullup structure is approximately 1.4 x R, .

The driver-output voltage swings between VDD and GND providing rail-to-rail operation because of the MOS
output stage which delivers very low dropout. The presence of the MOSFET-body diodes also offers low
impedance to switching overshoots and undershoots. This means that in many cases, external Schottky-diode
clamps may be eliminated. The outputs of these drivers are designed to withstand 500-mA reverse current
without either damage to the device or logic malfunction.

9.3.6 Low Propagation Delays

The UCC27516 and UCC27517 driver devices feature best-in-class input-to-output propagation delay of 13 ns
(typ) at VDD = 12 V. This promises the lowest level of pulse-transmission distortion available from industry-
standard gate-driver devices for high-frequency switching applications. As seen in 14, there is very little
variation of the propagation delay with temperature and supply voltage as well, offering typically less than 20-ns
propagation delays across the entire range of application conditions.

9.4 Device Functional Modes

% 3. Device Logic Table

IN+ PIN IN- PIN OUT PIN
L L L
L H L
H L H
H H L
x@ Any L
Any x@ L

(1) x = Floating Condition
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10 Application and Implementation

x

/:

Information in the following applications sections 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.

10.1 Application Information

High-current gate-driver devices are required in switching power applications for a variety of reasons. In order 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. Further,
gate drivers are indispensable when there are times that the PWM controller cannot directly drive the gates of
the switching devices. With advent of digital power, 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. A 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. Because traditional buffer-drive circuits
based on NPN/PNP bipolar transistors in totem-pole arrangement, being emitter-follower configurations, lack
level-shifting capability, the circuits prove inadequate with digital power. 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 into itself. Finally, emerging wide-bandgap power-device
technologies, such as GaN based switches, which are capable of supporting very high switching frequency
operation, are driving very special requirements in terms of gate-drive capability. These requirements include
operation at low VDD voltages (5 V or lower), low propagation delays and availability in compact, low-inductance
packages with good thermal capability. In summary gate-driver devices are extremely important components in
switching power combining benefits of high-performance, low cost, component count and board space reduction
with a simplified system design.

10.2 Typical Application
The UCC27516 and UCC27517 devices can be used in non-inverting and inverting driver configurations.

x
The UCC27516 features two ground pins, pin 2 and pin 3. Tl recommends tying both pins
together using PCB trace as close as possible to the device.

UCC27516 UccC27517

45Vto18V

=T

l
JUUL

v

(IN- Is Grounded to the Enable Output)
24. Using Noninverting Input

MR © 2012-2014, Texas Instruments Incorporated 17


http://www.ti.com.cn/product/cn/ucc27516?qgpn=ucc27516
http://www.ti.com.cn/product/cn/ucc27517?qgpn=ucc27517
http://www.ti.com.cn

13 TEXAS
INSTRUMENTS
UCC27516,UCC27517

ZHCS784D — MARCH 2012—REVISED DECEMBER 2014 www.ti.com.cn

Typical Application (3T }R)

UCC27517

UCC27516

45Vto18V
o
R1 c1
l
45Vto18V

l(ﬁ
(IN+ Is Tied to VDD Enable Output)
25. Using Inverting Input

10.2.1 Design Requirements

When selecting the proper gate driver device for an end application, some design considerations must be
evaluated first to make the most appropriate selection. Among these considerations are input-to-output
configuration, the input threshold type, bias supply voltage levels, peak source and sink currents, availability of
independent enable and disable functions, propagation delay, power dissipation, and package type.

# 4. Design Parameters

Design Parameter Example Value
Input-to-Output Logic Non-Inverting
Input Threshold Type Logic Level
VDD Bias Supply Voltage 10 V (Minimum), 13 V (Nominal), 15 V (Peak)
Peak Source and Sink Currents Minimum 3 A Source, Minimum 3 A Sink
Enable and Disable Function Yes, Needed
Propagation Delay Maximum 40 ns or less

10.2.2 Detailed Design Procedure

10.2.2.1 Input-to-Output Logic

The design should specify which type of input-to-output configuration should be used. If turning on the power
MOSFET or IGBT when the input signal is in high state is preferred, then the noninverting configuration must be
selected. If turning off the power MOSFET or IGBT when the input signal is in high state is preferred, the
inverting configuration must be chosen. The UCC27516 and UCC27517 devices can be configured in either an
inverting or noninverting input-to-output configuration, using the IN— or IN+ pins, respectively. To configure the
device for use in inverting mode, tie the IN+ pin to Vpp and apply the input signal to the IN— pin. For the non
inverting configuration, tie the IN— pin to GND and apply the input signal to the IN+ pin.

10.2.2.2 Input Threshold Type

The type of input voltage threshold determines the type of controller used with the gate driver device. The
UCC27516 and UCC27517 devices feature a TTL and CMOS-compatible input threshold logic, with wide
hysteresis. The threshold voltage levels are low voltage and independent of the Vpp supply voltage, which allows
compatibility with both logic-level input signals from microcontrollers, as well as higher-voltage input signals from
analog controllers. See Electrical Characteristics for the actual input threshold voltage levels and hysteresis
specifications for the UCC27516 and UCC27517 devices.
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10.2.2.3 Vpp Bias Supply Voltage

The bias supply voltage to be applied to the Vpp pin of the device should never exceed the values listed in the
Recommended Operating Conditions table. However, different power switches demand different voltage levels to
be applied at the gate terminals for effective turnon and turnoff. With certain power switches, a positive gate
voltage may be required for turnon and a negative gate voltage may be required for turnoff, in which case the
Vpp bias supply equals the voltage differential. With a wide operating range from 4.5 V to 18 V, the UCC27516
and UCC27517 devices can be used to drive a variety of power switches, such as Si MOSFETs (for example,
VGS =45V, 10V, 12 V), IGBTs (VGE = 15V, 18 V), and wide-band gap power semiconductors (such as GaN,
certain types of which allow no higher than 6 V to be applied to the gate terminals).

10.2.2.4 Peak Source and Sink Currents

Generally, the switching speed of the power switch during turnon and turnoff should be as fast as possible, to
minimize switching power losses. The gate driver device must be able to provide the required peak current for
achieving the targeted switching speeds for the targeted power MOSFET.

Using the example of a power MOSFET, the system requirement for the switching speed is typically described in
terms of the slew rate of the drain-to-source voltage of the power MOSFET (such as dVpg/dt). For example, the
system requirement might state that a SPP20N60C3 power MOSFET must be turned-on with a dVpg/dt of
20V/ns or higher, under a DC bus voltage of 400 V in a continuous-conduction-mode (CCM) boost PFC-
converter application. This type of application is an inductive hard-switching application and reducing switching
power losses is critical. This requirement means that the entire drain-to-source voltage swing during power
MOSFET turnon event (from 400 V in the OFF state to Vpgn) in on state) must be completed in approximately
20 ns or less.

When the drain-to-source voltage swing occurs, the Miller charge of the power MOSFET (QGD parameter in
SPP20N60C3 power MOSFET data sheet = 33 nC typical) is supplied by the peak current of gate driver.
According to the power MOSFET inductive switching mechanism, the gate-to-source voltage of the power
MOSFET at this time is the Miller plateau voltage, which is typically a few volts higher than the threshold voltage
of the power MOSFET, VGS(TH). To achieve the targeted dVpg/dt, the gate driver must be capable of providing
the QGD charge in 20 ns or less. In other words, a peak current of 1.65 A (= 33 nC / 20 ns) or higher must be
provided by the gate driver. The UCC27516 and UCC27517 gate driver is capable of providing 4-A peak
sourcing current, which exceeds the design requirement and has the capability to meet the switching speed
needed.

The 2.4x overdrive capability provides an extra margin against part-to-part variations in the QGD parameter of
the power MOSFET, along with additional flexibility to insert external gate resistors and fine tune the switching
speed for efficiency versus EMI optimizations. However, in practical designs the parasitic trace inductance in the
gate drive circuit of the PCB will have a definitive role to play on the power MOSFET switching speed. The effect
of this trace inductance is to limit the dl/dt of the output current pulse of the gate driver.

To illustrate this, consider output current pulse waveform from the gate driver to be approximated to a triangular
profile, where the area under the triangle (2 xlpgax * time) would equal the total gate charge of the power
MOSFET (QG parameter in SPP20N60C3 power MOSFET datasheet = 87 nC typical).

If the parasitic trace inductance limits the dl/dt, then a situation may occur in which the full peak current capability
of the gate driver is not fully achieved in the time required to deliver the QG required for the power MOSFET
switching. In other words, the time parameter in the equation would dominate and the Ipgak Value of the current
pulse would be much less than the true peak current capability of the device, while the required QG is still
delivered. Because of this, the desired switching speed may not be realized, even when theoretical calculations
indicate the gate driver is capable of achieving the targeted switching speed. Thus, placing the gate driver device
very close to the power MOSFET and designing a tight gate drive-loop with minimal PCB trace inductance is
important to realize the full peak-current capability of the gate driver.
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10.2.2.5 Enable and Disable Function

Certain applications demand independent control of the output state of the driver, without involving the input
signal. A pin offering an enable and disable function achieves this requirement. The UCC27516 and UCC27517
devices offer two input pins, IN+ and IN—, both of which control the state of the output as listed in & 3. Based on
whether an inverting or non inverting input signal is provided to the driver, the appropriate input pin can be
selected as the primary input for controlling the gate driver. The other unused input pin can be used for the
enable and disable functionality. If the design does not require an enable function, the unused input pin can be
tied to either the Vpp pin (in case IN+ is the unused pin), or GND (in case IN— is unused pin) to ensure it does
not affect the output status.

10.2.2.6 Propagation Delay

The acceptable propagation delay from the gate driver is dependent on the switching frequency at which it is
used, and the acceptable level of pulse distortion to the system. The UCC27516 and UCC27517 devices feature
industry best-in-class 13-ns (typical) propagation delays, which ensure very little pulse distortion and allow
operation at very high-frequencies. See Switching Characteristics for the propagation and switching
characteristics of the UCC27516 and UCC27517 devices.

10.2.3 Application Curves

.
. i3 S 2.7 Suld
VDD =10V C(LOAD) =1nF VDD =10V C(LOAD) =1nF
26. Typical Turnon Waveform 27. Typical Turnoff Waveform
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11 Power Supply Recommendations

The bias supply voltage range for which the UCC27516 and UCC27517 device is rated to operate is from 4.5 V
to 18 V. The lower end of this range is governed by the internal UVLO protection feature on the Vpp pin supply
circuit blocks. Whenever the driver is in UVLO condition when the Vpp pin voltage is below the V(ON) supply
start threshold, this feature holds the output low, regardless of the status of the inputs. The upper end of this
range is driven by the 20-V absolute maximum voltage rating of the Vpp pin of the device (which is a stress
rating). Keeping a 2-V margin to allow for transient voltage spikes, the maximum recommended voltage for the
Vpp pin is 18 V.

The UVLO protection feature also involves a hysteresis function. This means that when the Vpp pin bias voltage
has exceeded the threshold voltage and the device begins to operate, and if the voltage drops, then the device
continues to deliver normal functionality unless the voltage drop exceeds the hysteresis specification Vpppys)-
While operating at or near the 4.5 V range, ensure that the voltage ripple on the auxiliary power supply output is
smaller than the hysteresis specification of the device, to avoid triggering a device shutdown.

During system shutdown, the device operation continues until the Vpp pin voltage has dropped below the V(ogr
threshold, which must be accounted for while evaluating system shutdown timing design requirements. Likewise,
at system startup the device does not begin operation until the Vpp pin voltage has exceeded above the Vo)
threshold. The quiescent current consumed by the internal circuit blocks of the device is supplied through the
Vpp pin. Keep in mind that the charge for source current pulses delivered by the OUT pin is also supplied
through the same Vpp pin. As a result, every time a current is sourced out of the output pin (OUT), a
corresponding current pulse is delivered into the device through the Vpp pin. Therefore, ensure that local bypass
capacitors are provided between the Vpp and GND pins, and located as close to the device as possible for the
purpose of decoupling. A low ESR, ceramic surface mount capacitor is necessary. Tl recommends using 2
capacitors; a 100-nF ceramic surface-mount capacitor which can be nudged very close to the pins of the device,
and another surface-mount capacitor of few microfarads added in parallel.

12 Layout

12.1 Layout Guidelines

Proper PCB layout is extremely important in a high-current fast-switching circuit to provide appropriate device
operation and design robustness. The UCC27516 and UCC27517 gate driver incorporates short-propagation
delays and powerful output stages capable of delivering large current peaks with very fast rise and fall times at
the gate of the power switch to facilitate voltage transitions very quickly. At higher VDD voltages, the peak-
current capability is even higher (4-A/4-A peak current is at VDD = 12 V). Very high di/dt causes unacceptable
ringing if the trace lengths and impedances are not well controlled. The following circuit layout guidelines are
strongly recommended when designing with these high-speed drivers.

» Locate the driver device as close as possible to the power device in order to minimize the length of high-
current traces between the output pins and the gate of the power device.

» Locate the VDD bypass capacitors between VDD and GND as close as possible to the driver with minimal
trace length to improve the noise filtering. These capacitors support high-peak current being drawn from VDD
during turnon of power MOSFET. The use of low inductance SMD components such as chip resistors and
chip capacitors is highly recommended.

» The turnon and turnoff current-loop paths (driver device, power MOSFET and VDD bypass capacitor) should
be minimized as much as possible in order to keep the stray inductance to a minimum. High dl/dt is
established in these loops at two instances — during turnon and turnoff transients, which will induce significant
voltage transients on the output pin of the driver device and gate of the power switch.

» Wherever possible parallel the source and return traces, taking advantage of flux cancellation.
e Separate power traces and signal traces, such as output and input signals.

e Star-point grounding is a good way to minimize noise coupling from one current loop to another. The GND of
the driver should be connected to the other circuit nodes such as source of power switch or the ground of
PWM controller at one, single point. The connected paths should be as short as possible to reduce
inductance and be as wide as possible to reduce resistance.

* Use a ground plane to provide noise shielding. Fast rise and fall times at OUT may corrupt the input signals
during transition. The ground plane must not be a conduction path for any current loop. Instead the ground
plane must be connected to the star-point with one single trace to establish the ground potential. In addition
to noise shielding, the ground plane can help in power dissipation as well.
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Layout Guidelines (3T R)

* In noisy environments, tying the unused input pin of UCC27516 and UCC27517 to VDD (in case of IN+) or
GND (in case of IN-) using short traces to ensure that the output is enabled and to prevent noise from
causing malfunction in the output is necessary.

« The UCC27516 device offers two ground pins, pin 2 and pin 3. Shorting the two pins together using the PCB
trace is extremely important. The shortest trace should be located as close as possible to the device.
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12.2 Layout Example

28. UCC27516DRS in Noninverting Configuration
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29. UCC27517DBYV in Noninverting Configuration

12.3 Thermal Considerations

The useful range of a driver is greatly affected by the drive-power requirements of the load and the thermal
characteristics of the package. For a gate driver to be useful over a particular temperature range the package
must allow for the efficient removal of the heat produced while keeping the junction temperature within rated
limits. The thermal metrics for the driver package is summarized in Thermal Information. For detailed information
regarding the thermal information table, refer to the Application Note from Texas Instruments entitled IC Package
Thermal Metrics (SPRA953).

The UCC27516 and UCC27517 devices are offered in SOT-23, 5-pin package (DBV) and 3 mm x 3 mm, WSON
6-pin package with exposed thermal pad (DRS), respectively. The Thermal Information table summarizes the
thermal performance metrics related to the two packages. Ryja metric should be used for comparison of power
dissipation between different packages. Under identical power dissipation conditions, the DRS package will
maintain a lower die temperature than the DBV. The ;1 and y;g metrics should be used when estimating the die
temperature during actual application measurements.
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Thermal Considerations (#TR&)

The DRS is a better thermal package overall because of the exposed thermal pad and ability to sink heat to the
PCB better than the DBV. The thermal pad in DRS package provides designers with an ability to create an
excellent heat removal subsystem from the vicinity of the device, thus helping to maintain a lower junction
temperature. This pad should be soldered to the copper on the printed circuit board directly underneath the
device package. Then a printed circuit board designed with thermal lands and thermal vias completes a very
efficient heat removal subsystem. In such a design, the heat is extracted from the semiconductor junction
through the thermal pad, which is then efficiently conducted away from the location of the device on the PCB
through the thermal network. This extraction helps to maintain a lower board temperature near the vicinity of the
device leading to an overall lower device-junction temperature.

In comparison, for the DBV package, heat removal occurs primarily through the leads of the device and the PCB
traces connected to the leads.

Note that the exposed pad in DRS package is not directly connected to any leads of the package. However, the
DRS package is electrically and thermally connected to the substrate of the device which is the ground of the
device. Tl recommends to externally connect the exposed pads to GND in PCB layout for better EMI immunity.

12.4 Power Dissipation
Power dissipation of the gate driver has two portions as shown in 2% 1.
Poiss =Poc +Psw @

The DC portion of the power dissipation is Ppc = Ig X VDD where g is the quiescent current for the driver. The
guiescent current is the current consumed by the device to bias all internal circuits such as input stage, reference
voltage, logic circuits, protections, and also any current associated with switching of internal devices when the
driver output changes state (such as charging and discharging of parasitic capacitances, parasitic shoot-through
etc). The UCC27516 and UCC27517 features very low quiescent currents (less than 1 mA, refer 7) and
contains internal logic to eliminate any shoot-through in the output-driver stage. Thus the effect of the Ppc on the
total power dissipation within the gate driver can be safely assumed to be negligible.

The power dissipated in the gate-driver package during switching (Psy,) depends on the following factors:

» Gate charge required of the power device (usually a function of the drive voltage Vg, which is very close to
input bias supply voltage VDD due to low Vg drop-out).

» Switching frequency.
» Use of external-gate resistors.
When a driver device is tested with a discrete, capacitive load calculating the power that is required from the bias

supply is fairly easy. The energy that must be transferred from the bias supply to charge the capacitor is given by
N 2.

1 2
Eg = ECLOADVDD

Where
e Cioap is load capacitor
e Vpp is bias voltage feeding the driver (2)

There is an equal amount of energy dissipated when the capacitor is charged. This leads to a total power loss
given by A% 3.

2
Ps =CLoapVop fsw

where
* fswis the switching frequency 3)

The switching load presented by a power MOSFET/IGBT is converted to an equivalent capacitance by examining
the gate charge required to switch the device. This gate charge includes the effects of the input capacitance plus
the added charge needed to swing the drain voltage of the power device as it switches between the ON and OFF
states. Most manufacturers provide specifications of typical and maximum gate charge, in nC, to switch the
device under specified conditions. Using the gate charge Qg, determine the power that must be dissipated when
charging a capacitor. This is done by using the equation, Qg = C oap X Vpp, to provide 23X 4 for power:
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Power Dissipation (3#TFR)

2
Pe = CLoab VoD fsw = QgVopfsw @

This power Pg is dissipated in the resistive elements of the circuit when the MOSFET/IGBT is being turned on or
turned off. Half of the total power is dissipated when the load capacitor is charged during turnon, and the other
half is dissipated when the load capacitor is discharged during turnoff. When no external gate resistor is
employed between the driver and MOSFET/IGBT, this power is completely dissipated inside the driver package.
With the use of external gate-drive resistors, the power dissipation is shared between the internal resistance of
driver and external gate resistor in accordance to the ratio of the resistances (more power dissipated in the
higher resistance component). Based on this simplified analysis, the driver power dissipation during switching is
calculated in A3 5.

Pw = 0.5x Qg x VDD xfgyy X( Rore ,_ Row j
orf +Reate  Ron +Reate

where

Rorr = RoL
* Rgy (effective resistance of pullup structure) = 1.4 x R, (5)
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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 ©)
@ )

UCC27516DRSR Active Production SON (DRS) | 6 3000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 140 27516
UCC27516DRSR.A Active Production SON (DRS) | 6 3000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 140 27516
UCC27516DRST Active Production SON (DRS) | 6 250 | SMALL T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 140 27516
UCC27516DRST.A Active Production SON (DRS) | 6 250 | SMALL T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 140 27516
UCC27517DBVR Active Production SOT-23 (DBV) | 5 3000 | LARGE T&R Yes NIPDAU | SN Level-1-260C-UNLIM -40 to 140 7517
UCC27517DBVR.A Active Production SOT-23 (DBV) | 5 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 140 7517
UCC27517DBVT Active Production SOT-23 (DBV) | 5 250 | SMALL T&R Yes NIPDAU | SN Level-1-260C-UNLIM -40 to 140 7517
UCC27517DBVT.A Active Production SOT-23 (DBV) | 5 250 | SMALL T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 140 7517
UCC27517DBVTG4 Active Production SOT-23 (DBV) | 5 250 | SMALL T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 140 7517
UCC27517DBVTG4.A Active Production SOT-23 (DBV) | 5 250 | SMALL T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 140 7517

@ 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. Tl has taken and continues to take reasonable steps to provide representative
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and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals. Tl and Tl suppliers consider certain information to be proprietary, and thus CAS numbers
and other limited information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
4 [¢ KO [« P1L—>
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)
UCC27516DRSR SON DRS 6 3000 330.0 12.4 3.3 3.3 11 8.0 12.0 Q2
UCC27516DRST SON DRS 6 250 180.0 12.4 33 3.3 11 8.0 12.0 Q2
UCC27517DBVR SOT-23 DBV 5 3000 180.0 8.4 3.2 3.2 1.4 4.0 8.0 Q3
UCC27517DBVR SOT-23 DBV 5 3000 178.0 8.4 3.2 3.2 1.4 4.0 8.0 Q3
UCC27517DBVT SOT-23 DBV 5 250 178.0 8.4 3.2 3.2 1.4 4.0 8.0 Q3
UCC27517DBVTG4 SOT-23 | DBV 5 250 180.0 8.4 3.2 3.2 14 4.0 8.0 Q3
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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)
UCC27516DRSR SON DRS 6 3000 346.0 346.0 33.0
UCC27516DRST SON DRS 6 250 210.0 185.0 35.0
UCC27517DBVR SOT-23 DBV 5 3000 210.0 185.0 35.0
UCC27517DBVR SOT-23 DBV 5 3000 208.0 191.0 35.0
UCC27517DBVT SOT-23 DBV 5 250 208.0 191.0 35.0
UCC27517DBVTG4 SOT-23 DBV 5 250 210.0 185.0 35.0
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PACKAGE OUTLINE
DBVOOO5A SOT-23 - 1.45 mm max height

SMALL OUTLINE TRANSISTOR

PIN 1—]
INDEX AREA

4
0.3
\ { 0.15
0.2 [c|AB] NOTE 5 4X0°-15° = @D = =00 "YP
1.45
0.90

GAGE PLANE

f

g’ &/* L \ 1
. TYP 0.6
0 — o3 TYP SEATING PLANE

4214839/K 08/2024

NOTES:

[N

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

. This drawing is subject to change without notice.

. Refernce JEDEC MO-178.

. Body dimensions do not include mold flash, protrusions, or gate burrs. Mold flash, protrusions, or gate burrs shall not
exceed 0.25 mm per side.

. Support pin may differ or may not be present.

AOWN

)]
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EXAMPLE BOARD LAYOUT
DBVOOO5A SOT-23 - 1.45 mm max height

SMALL OUTLINE TRANSISTOR

—= BX(11) =

f

5X (0.6)

f
T

2X (0.95)

(R0.05) TYP

LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN
SCALE:15X

SOLDER MASK METAL METAL UNDER SOLDER MASK
OPENING \‘ SOLDER MASK‘\
|
/
EXPOSED METAL— |
J L 0.07 MAX JL 0.07 MIN

EXPOSED METAL

ARROUND ARROUND
NON SOLDER MASK SOLDER MASK
DEFINED DEFINED
(PREFERRED)

SOLDER MASK DETAILS

4214839/K 08/2024

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
DBVOOO5A SOT-23 - 1.45 mm max height

SMALL OUTLINE TRANSISTOR

PKG
—= BX(L1) = ¢

1 1l % | |
5
oo
ﬁ [ I
— ‘ L SYMM
[ Tt

‘ |
T
L7(2-5)4’

SOLDER PASTE EXAMPLE
BASED ON 0.125 mm THICK STENCIL
SCALE:15X

(RO.05) TYP

4214839/K 08/2024

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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MECHANICAL DATA

DRS (S—PWSON—NG6)

PLASTIC SMALL QUTLINE NO—LEAD

3,15
2,85

Pin 1 Index Area / |

Top and Bottom

[N

0,20 Nominal

Lead Frame

ﬁ Seating Plane
0,05

0,00
Seating Height

0,55

f 0,45

SIZE ANO SHAPE
SHOWN ON SEPARATE

N

-
4 Lﬁ OBO
S

Bottom View
4206219 /F

07,/11

NOTES:

All linear dimensions are in millimeters. Dimensioning and tolerancing per ASME Y14.5M-1994.
This drawing is subject to change without notice.

SON (Small Outline No—Lead) package configuration.

The package thermal pad must be soldered to the board for thermal and mechanical performance.

See the additional figure in the Product Data Sheet for details regarding the exposed thermal pad features and dimensions.
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THERMAL PAD MECHANICAL DATA

DRS (S—PWSON—N6) PLASTIC SMALL OUTLINE NO-LEAD

THERMAL INFORMATION

This package incorporates an exposed thermal pad that is designed to be attached directly to an external
heatsink. The thermal pad must be soldered directly to the printed circuit board (PCB). After soldering, the

PCB can be used as a heatsink. In addition, through the use of thermal vias, the thermal pad can be attached
directly to the appropriate copper plane shown in the electrical schematic for the device, or alternatively, can be
attached to a special heatsink structure designed into the PCB. This design optimizes the heat transfer from the
integrated circuit (IC).

For information on the Quad Flatpack No—Lead (QFN) package and its advantages, refer to Application Report,
QFN/SON PCB Attachment, Texas Instruments Literature No. SLUAZ71 This document is available at www.ti.com.

The exposed thermal pad dimensions for this package are shown in the following illustration.

T

W,QO+jWO — ‘ v\
M M

4—1,90+0,10 —pf

Exposed Thermal Pad

Bottom View

Exposed Thermal Pad Dimensions

4207663 /E  07/11

NOTE: All linear dimensions are in millimeters
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LAND PATTERN DATA

DRS (S—PWSON—N6)

PLASTIC SMALL QUTLINE NO—LEAD

Example Stencil Design
Example Board Layout 0,125mm Stencil Thickness
(Note E)
»’»4>< 0,9%« »r 0,95 ﬁ«
Note D U
RO,17
1,7 }
O O 2,85 11 2,85
//H\ ¢
( \ SN B 6>< 0,9 -1
\ / N
/\\\V,/ N = 6% 0,35
| .
! \\ 72% Printed Solder Coverage by Area
| N
| Non Solder Mask Defined Pad AN Center Pad Layout
/ L : Note D
[ T hS ( )
e N \.
y RO,20 Example \.
, Solder Mask Opening A
/ (Note F) ?
' 2X80,3
\ 0,93 Pad Geometry Y 1,30
\\\ (Note C) i 0.8 9« ¢
\ — |=— 0,07/
\\ | all Ground / ‘«— 2,00 —»‘
. —1(0,40 = /
\\\;7////
4209009/D 07/
NOTES: A. All linear dimensions are in millimeters.
B. This drawing is subject to change without notice.
C. Publication IPC—7351 is recommended for alternate designs.
D. This package is designed to be soldered to a thermal pad on the board. Refer to Application Note,
QFN/SON PCB Attachment, Texas Instruments Literature No. SLUA2Z, and also the Product Data Sheets
for specific thermal information, via requirements, and recommended board layout.
These documents are available at www.ti.com <http: //www.ti.com>.
E. Laser cutting apertures with trapezoidal walls and also rounding corners will offer better paste release. Customers should
contact their board assembly site for stencil design recommendations. Refer to IPC 7525 for stencil design considerations.
F. Customers should contact their board fabrication site for solder mask tolerances
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