Technical
documentation

'E Ordering &

quality

i3 TEXAS
INSTRUMENTS

Design & Support & o
development E training »i}%gﬂ
UCC23313

JAJSHW8B — SEPTEMBER 2019 — REVISED OCTOBER 2020

UCC233134A Y —R, 5A > >4, 3.75kVryse 74 FATSHEHBDS V)L -

F 4 XIVBRE Y —

F RSAN

18R

S H AT ED 3.75kVRus ¥ 7V s F v R ILs

BT —hRTAN

o RIS — R RTANNITHIL T, A TRy
AT T 7L —KHE

e 45AYV—R 53AT IO —IHIIER

o K 33V O HRFANEIRETL

+ 8V (B) BLUN 12V ® VCC UVLO %EIR AT HE

o L—JLe—L—LH

o GHEIEIERF[E 1 105ns (FK)

o ERALEIEIEIX SO X:25ns (FK)

o SULRIEFEH:35ns (B oK)

o [AFEIEPETIPE (CMTI): 150kV/us (5/1N)

o HMakx NUT OF A 50

o AUH—ay TGO ANTEET 13V ORI A
ALEE R HE

o NTHFEEESZE R REEEDS 8.5mm A2 5, ALy T
SO-6 /\yir—

o EIERFOBEAEIRE, T,):-40°C~+150°C

o ZEVEREHEORE (TE):

— DINV VDE V0884-11
AHiz it : 2017-01

— UL 1577 |ZHELL 7= #ef%kimi I : 3.75kVRus (1 57
i)

— GB4943.1-2011 #E§Lo> CQC #HE

277V —>3>
o PFEEHT—HFHIERNIAT

@C@mbfl GOOOVPK 0)%

- PEFEMEI. UPS
KB AN—%H
o FHEINEL
1
[
ANODE| 1 |g| 6 [Vcc
:%: uvLo _I
I =1
N I
NCE e —>H|—:‘[> 5 |Vour
N
| o |
1% 4
| &
CATHODE| 3 17 4 Vg
[
| |
#BeE Ny IR

3=

UCC23313 iX. IGBT. MOSFET. SiC MOSFET H®,
TANATTHME TN TF e RV MRS — R
4’”“@“@’0 V—RA45A,. 7 53A 0)[:°*-7'ﬂ§{)lu7i’l'ﬂ73

F%EI# 33V é:mb\t&') /\4’1‘*—7 {ﬁ%{%ﬁﬁbf
IGBT 8L SiC /XU — FET 220z BRE T& £,
UCC23313 &, e —H A RENATARDRE DT —
FET ZBRE) CXE7, F/oMrB L FrIk 1T, /27 41
HTT e R—=ADF =R RTA NN R THERE LG M
KEEIZ A BB LRI, B EFTFEL AT UM O
W T B A HE R LTV 9, BRI
(CMTI) A3@E<, AR IERF R 23 <, 7V ABEZE Z 53]
SNEVIRFEDRHVET, B 7 e AHENIC LY, &5
AR 22—/ NS s TWVET, ANBRIZIE A4 —R-
T3l —ay (e-diode) THY, T T T+ —hR
FANRNTHDONTWDHERR LED (2T, EHIRZR(E
FEME SR NTRRRF R E A SRBLL E3, AT AL, M8
I N—7 | (lel b7 v 7 Fe% (CTI) > 600V) DE—
IR e RO U RER AU, 0w S 2B RS S
5t 8.5mm ZiBZ HAN v T SO6 /v — TG
NFET, UCC23313 T EMHRETHI > EHEME N E
D, ‘?‘/\“C@§74'7°0)‘E*—5’5|X@J\ KBGSeA v N—% FE
EEF ., FEMGICFEN T, &VEE TEIETS
728, T/J?EE@77H*737?“C“&iﬁﬁﬁf‘%ﬁﬂof:?fU’?*‘
ar CIERTAEENIANET,

BmER ()
nE 5 Nolr—y ARG AX (AFF)
UCC23313 Ak F SO-6 | 7.5mm x 4.68mm

(1) FAARERT N TO Ry —=DIZON TR, 207 =22 —hD
REIZHHENFHRES L TZS W,

BEFEIR O TI EHZ DWW TOFEHEFIR L2 0% R, S OB A #3720 B M CETIICIR AL TWDb 0 TF, 5%
www.ti.com TR CTE, ZONFENFITELSNET, TI TIEFRRO BB O 4 ML

TR ORI A Z S <IESWET IO BV ZLET,

25 IE AR IEFERR O T B i HU

IZOEEL UL —UURFEW - L ER A, FEREOREH e E DRINTIL, Z ¥

English Data Sheet: SLUSDS6


https://www.ti.com/ja-jp/lit/pdf/JAJSHW8
https://www.ti.com/product/ja-jp/UCC23313?dcmp=dsproject&hqs=#order-quality
https://www.ti.com/product/ja-jp/UCC23313?dcmp=dsproject&hqs=#tech-docs
https://www.ti.com/product/ja-jp/UCC23313?dcmp=dsproject&hqs=#design-development
https://www.ti.com/product/ja-jp/UCC23313?dcmp=dsproject&hqs=#support-training
https://www.ti.com/lit/pdf/SLUSDS6

I3 TEXAS
UCC23313 INSTRUMENTS
JAJSHW8B — SEPTEMBER 2019 — REVISED OCTOBER 2020 www.ti.com/ja-jp
Table of Contents
L 1 7 Parameter Measurement Information..................... 13
2 T TV =T B e 1 7.1 Propagation Delay, rise time and fall time................. 13
B 1 7.2 log and lop testing......coooveeiiieie e 13
4 ReVISION HISOTY.........o.ovoeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee e 2 7.3 C.:MTl Testin.g... ........................................................... 13
5 Pin Configuration and FUnction................co.coocovevven..... 3 8 Detailed I?escrlptlon ...................................................... 14
PiN FUNCHONS oo 3 8.1 OVEIVIEW.. ...ttt 14
6 SPECIfICAtIONS...........eoeeeeeeeeeeeeeeeeee e 4 8.2 Functional Block Diagram...........ccccceveviniiinieeennnenn. 14
6.1 Absolute Maximum Ratings..............oweevereeererrerrennenn. 4 8.3 Feature Description............c.cccooeoiiiii 15
6.2 ESD RAUNGS. .. veoeeeeeeeeeeeeeeeeeeeeeeeeeeeseeereseseeseeeeeenen 4 8.4 Device Functional Modes............cccooveeiiciiiirieecinnenn. 19
6.3 Recommended Operating Conditions......................... 4 9 Application and Implementation............................. 20
6.4 Thermal INformation. ... 4 9.1 Application Information...........ccccciniiiniinie, 20
B.5 BT TEAR 1ot 5 9.2 Typical ApPICALION. ... 21
6.6 Insulation Specifications.............ccccoevevcuevererereceenennn. 6 10 Power Supply Recommendations..............c..ccooo.... 27
6.7 Safety-Related Certifications. ..o oo 7 11 Layout ..... R AR 28
6.8 LA R AU 7 11.1 Layout Guidelines...........cccoviueeeiniieiniiie e 28
6.9 Electrical Characteristics..........ccccovviiiiiiiiiiieee 8 11.2 Layout Exa.mple """"""""""""""""""""""""""""" 29
6.10 A A Fo 7 B 8 11.3 PCB Material...........c.coooooiiii s 32
. AL s 12 Mechanical, Packaging, and Orderable
6.11 Insulation Characteristics Curves.............ccceeeevenee. 9 Information 33
6.12 Typical Characteristics...........cccevrieernieenieeeiieens 10 T T T
4 Revision History
EERE SRR ORFIIUGET 2R L TOET, LOUGETEIEITRGEIZEL TV ET,
Changes from Revision A (October 2019) to Revision B (October 2020) Page
* Added UCC23511B orderble to include 8-V UVLO OPtioN.........coiiiiiiiiiiiiiieeeeee e 8
Changes from Revision * (September 2019) to Revision A (October 2019) Page
* Changed Minimum internal gap unit from mm 0 M. ..o 6
2 Submit Document Feedback Copyright © 2023 Texas Instruments Incorporated

English Data Sheet: SLUSDS6


https://www.ti.com/ja-jp/lit/pdf/JAJSHW8
https://www.ti.com/ja-jp
https://www.ti.com/feedbackform/techdocfeedback?litnum=JAJSHW8B&partnum=UCC23313
https://www.ti.com/lit/pdf/SLUSDS6

13 TEXAS

INSTRUMENTS

www.ti.com/ja-jp

UCC23313
JAJSHW8B — SEPTEMBER 2019 — REVISED OCTOBER 2020

5 Pin Configuration and Function

Pin Functions

1 6
ANODE___ 1 O I Y/
2 5
NC . 1Vour
3 4
CATHODE[_| © [ Ve

EJ 5-1. UCC23313 Package SO-6 Top View

PIN
T NO. TYPE(") DESCRIPTION
UCC23313
ANODE 1 | Anode
CATHODE 3 I Cathode
NC 2 - No Connection
Vee 6 P Positive output supply rail
VEee 4 P Negative output supply rail
Vout 5 (0] Gate-drive output

(1) P =Power, G = Ground, | = Input, O = Output
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6 Specifications
6.1 Absolute Maximum Ratings

Over operating free air temperature range (unless otherwise noted)(")

MIN MAX UNIT
Average Input Current IFava) - 25 mA
Peak Transient Input Current IrrraN) <1us pulse, 300pps 1 A
Reverse Input Voltage VR(MAX) 14 \%
Output supply voltage Vee — VEe -0.3 35 \%
Output signal voltage Vour - Vee 0.3 \Y
Output signal voltage Vout — VEe -0.3 \Y
Junction temperature T, @ -40 150 °C
Storage temperature Tstg -65 150 °C

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

(2) To maintain the recommended operating conditions for T, see the Thermal Information Section.

6.2 ESD Ratings

VALUE UNIT
v Electrostatic Human-body model (HBM), per AEC Q100-002(") +4000 v
(ESD) discharge Charged-device model (CDM), per AEC Q100-011 £1500
(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
Over operating free-air temperature range (unless otherwise noted)
MIN NOM MAX UNIT
Vee Output Supply Voltage(Vce — Veg) 14 33 \%
Vee Output Supply Voltage(Vce — Veg) 10 33 \%
Ir (ON) Input Diode Forward Current (Diode "ON") 7 16 mA
Vg (OFF) | Anode voltage - Cathode voltage (Diode "OFF") -13 0.9 \Y
T, Junction temperature —40 150 °C
Ta Ambient temperature -40 125 °C
6.4 Thermal Information
uUCC23313
THERMAL METRIC(") SO06 UNIT
6 Pins

Rga Junction-to-ambient thermal resistance 126 °C/W
ReJcitop) Junction-to-case (top) thermal resistance 66.1 °C/W
Ress Junction-to-board thermal resistance 62.8 °C/W
WYr Junction-to-top characterization parameter 29.6 °C/W
Y Junction-to-board characterization parameter 60.8 °C/W

(1)  For more information about traditional and new thermal metrics, see the http://www.ti.com/lit'SPRA953 application report.
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6.5 BAER
IRTGA—H T ANGRfE B/AME  BRMEE  BOKfE| BT
Po ANBECHAORKHREN Vo = 20V, I = 10mA 10KHz, 72— - 750] mW
Pb1 B R A8 @ YAV 50%. J7IGIE, 180nF £fif, Ta = 10 mw
Poo | BAHAWHES 25°C 720 mw

(1) 25°CHHEZ LA TIZ 6mW/I CTT AL —T (7
(2)  HESERCKAE Ppq = 40mW, #aktfi KfiE Ppy = 55mW

Copyright © 2023 Texas Instruments Incorporated

Submit Document Feedback

5

English Data Sheet: SLUSDS6


https://www.ti.com/ja-jp
https://www.ti.com/ja-jp/lit/pdf/JAJSHW8
https://www.ti.com/feedbackform/techdocfeedback?litnum=JAJSHW8B&partnum=UCC23313
https://www.ti.com/lit/pdf/SLUSDS6

13 TEXAS
UCC23313 INSTRUMENTS
JAJSHWS8B — SEPTEMBER 2019 — REVISED OCTOBER 2020 www.ti.comlja-jp

6.6 Insulation Specifications

SPECIFIC
PARAMETER TEST CONDITIONS ATION UNIT
CLR External clearance(") Shortest terminal-to-terminal distance through air |>8.5 mm
CPG External Creepage(!) Shortest terminal-to-terminal distance across the >8.5 mm
package surface
DTI Distance through the insulation Minimum internal gap (internal clearance) >17 um
CTI Comparative tracking index DIN EN 60112 (VDE 0303-11); IEC 60112 >600 \Y
Material Group According to IEC 60664-1 |
Rated mains voltage < 600 Vgrus -1V
Overvoltage category per IEC 60664-1
Rated mains voltage < 1000 Vgrus 1111
DIN V VDE 0884-11 (VDE V 0884-11)?
VIorMm Maximum repetitive peak isolation voltage AC voltage (bipolar) 990 Vpk
AC voltage (sine wave); time-dependent dielectric 700 Vv
Viowm Maximum isolation working voltage breakdown (TDDB) test; see Figure 1 RMS
DC voltage 990 Vpe
. R ) V1esT = Viotm, t = 60 sec (qualification)
Viotm Maximum transient isolation voltage Vresr = 1.2 X Vior t = 1 s (100% production) 5300 Vpk
. . . Test method per IEC 62368, 1.2/50 ms waveform
3) ) )
Viosm Maximum surge isolation voltage Vrest = 1.6 X Viogy = 9600 Vpx (qualification) 6000 Vpk
Method a: After 1/0O safety test subgroup 2/3,V;,; =
Viotm, <5
tini =60 S, Vpd(m) =12x VIORM =1188 VF’K! tm = -
10s
Method a: After environmental tests subgroup 1,
Apparent charge®) C
Gpo PP g Vini = Viotms tini = 60 S; Vpg(m) = 1.6 X Viorm = <5 P
1584 Vpi, t, = 10s
Method b1: At routine test (100% production) and
preconditioning (type test), Vini = Viotms tini = 1's; |5
Vpd(m) =1.875 x VIORM = 1856VPK, tm = 1s
Coo Barrier capacitance, input to output(®) Vio = 0.4 x sin (2mft), f= 1 MHz 0.5 pF
Vio =500V, Ty =25°C >1012
Rio Insulation resistance, input to output(® V)0 =500V, 100°C < Tp < 125°C >10M Q
Vio =500V at Tg = 150°C >10°
Pollution degree 2
Climatic category 40/125/21
UL 1577
V1esT = Viso = 3750 VRrus, t = 60 s (qualification),
VISO Withstand isolation voltage VTEST =1.2x VISO =4500 VRMS! t=1s (100% 3750 VRMS
production)

(1) Creepage and clearance requirements should be applied according to the specific equipment isolation standards of an application.
Care should be taken to maintain the creepage and clearance distance of a board design to ensure that the mounting pads of the
isolator on the printed-circuit board do not reduce this distance. Creepage and clearance on a printed-circuit board become equal in
certain cases. Techniques such as inserting grooves, ribs, or both on a printed-circuit board are used to help increase these
specifications.

(2) This coupler is suitable for safe electrical insulation only within the safety ratings. Compliance with the safety ratings shall be ensured
by means of suitable protective circuits.

(3) Testing is carried out in air or oil to determine the intrinsic surge immunity of the isolation barrier.

(4) Apparent charge is electrical discharge caused by a partial discharge (pd).

(5) All pins on each side of the barrier tied together creating a two-pin device.
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6.7 Safety-Related Certifications

VDE

UL

cQc

Plan to certify according to DIN V VDE V
0884-11: 2017-01

Plan to certify according to UL 1577
Component Recognition Program

Plan to certify according to GB4943.1-2011

Basic insulation Maximum transient isolation
voltage, 5300 Vpg;

Maximum repetitive peak isolation voltage,
990 Vpk;

Maximum surge isolation voltage, 6000 Vpk

Single protection, 3750 Vrus

Certificate planned

Certificate planned

Certificate planned

6.8 ZLMRAME
INTGA—H T AN RAME  AEYEE ROKfE|  BAAZ
Rqa = 126°C/W. V, = 15V, T, = 150°C.
d 50
\ Tp=25C
Is TRAT), ), Fr B mA
Rqia = 126°C/W, V; = 30V, T, = 150°C, o5
Ta=25C
Ps TR W), FTEEET) Rqua = 126°C/W, T; = 150°C, Tp = 25°C 7501 mw
Ts e 2R ol o

(1) EEZERE Ts i AT A ACBESNI B RKEGEIRE T) LRICE TY, Is BEO Pg R"IA—XIZNENELEEREL LB 15 FK
LET, ls BEO Pg DRKRIRSMEZ B L TIREE A, ZNHDORFMEIZL, JEFIRE T (CXoTRRVET, T DFRIEICHD
BEAWNDLAER DB Ryya 13, V—FHOREFLE v — U HOE K 7 ANMERIHERES W TS T A Z2DHED T, 2L DR A
LT, LU FOINCHE AT AL OfEEFHRELET, Ty=Ta + Rqua "P. 22T\ P T A ATHESNDE T, Tymax)y = Ts=Ta +
RqJA ’ PS\ ZZ T, TJ(max) liﬂ%ﬁﬂ@%ﬁ%ﬂ(ﬂfﬁf?‘o PS = IS ’ V|\ ZZT. VI li%ﬁ%{ﬁ%gfﬂ‘o
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6.9 Electrical Characteristics

Unless otherwise noted, all typical values are at Ty = 25°C, Vcc—Vee= 15V, Vgg= GND. All min and max specifications are at
recommended operating conditions (T, = -40C to 150°C, Irony= 7 mA to 16 mA, Veg= GND, V¢e= 15V to 30 V, Vg(e)= -5V

to 0.8V)
PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
INPUT
IFLH Input forward threshold current low to High Vour>5V,Cg=1nF 1.5 2.8 4 mA
Vg Input Forward Voltage I =10 mA 1.8 21 24 Vv
VE HL Threshold input voltage High to low V<5V,Cg=1nF 0.9 \
AVE/AT Temp coefficient of Input forward voltage I =10 mA 1 1.35| mv/°C
Vkr Input Reverse Breakdown voltage Ir= 10 UA 15 \%
Cin Input Capacitance F =0.5 MHz 15 pF
OUTPUT
Ir =10 mA, Ve =15V,
lon High Level Peak Output Current gbﬁgﬁgjsupilse 3 45 A
width <10us
VE= 0V, Ve =15Y,
loL Low Level Peak Output Current &ggijgjgupilse 35 5.3 A
width <10us
Vou High Level Output Voltage I(Cvith1 ?ersrrt;’cltcio Vzgg)A 0.07 018 0-36 v
I =10 mA, Io= 0 mA VCC \Y
VoL Low Level Output Voltage VE=0V, lp=20 mA 25 mV
lcc H Output Supply Current (Diode On) I =10 mA, Io=0 mA 2.2 mA
lec L Output Supply Current (Diode Off) VE=0V, lp=0mA 2 mA
UNDER VOLTAGE LOCKOUT, UCC23313 (12-V UVLO Version)
UVLOR Under Voltage Lockout VCC rising Ve Rising, [F=10 mA 11 12.5 13.5 \%
UVLOg Under Voltage Lockout VCC falling Vec Faliing: IF=10 mA 10 11.5 12,5 \Y
UVLOpys |UVLO Hysteresis 1.0 \%
UNDER VOLTAGE LOCKOUT, UCC23313B (8-V UVLO Version)
UVLOR Under Voltage Lockout VCC rising Vec Rising, [F=10 mA 7.8 8.5 9.2 \
UVLOg Under Voltage Lockout VCC falling Vec Fallings IF=10 mA 7.05 7.75 8.45 \
UVLOyys |UVLO Hysteresis 0.75 \%
6.10 21 v F Ukt

FRZFLR D72 RY | TN TOREAENEIE Ta = 25°C. Vee - Vee = 30V, Ve = GND TOME T, T _TOHR/NB LU R AART,
HESREN ES:AF (T, = -40°C~150°C. Igiony = 7MA~16mA, Veg = GND, Vg = 15V~30V, Vgorr) = -5V ~0.8V) TOE T,

INTA—H TANRME B/ IME T YE(E RAME|  HAL
tr HME B DNED AR 28 ns
t; HF1E B DOSLH T3 RERH] Cg = 1nF 25 ns
tpLH {EHGESE, Low 7°5 High Fsw = 20kHz, (Fa—F 1« HA2/L 50%) 70 105 ns
tPHL B AE, High 2°5 Low VCC =15V 70 105 ns
tewp 7V ANGFE S |tonL - tpLul 35| s

N i 7 Cg =1nF
ik 32 S0 . _
tsk(pp) igz%i;fﬁaﬁi(f”aﬁ%&im Fsw = 20kHz, (72 —7 - %1271 50%) 25| ns
FPRRIFAT = VCC = 15V, I = 10mA
tuvLo rec UVLO [RI1E 4 Ve 73 0V 785 15V (2 - 20 30 us
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HRECREBRDZRWRY | F N TOFEAEEIT T = 25°C. Ve - Ve = 30V, Veg = GND TOMETT, T X TOR/N IS I TR KA,
HELFBEVESSA: (TJ =-40°C~150°C. IF(ON) = 7mA~16mA, Vgg = GND, Vee = 15V~30V, VF(OFF) = —5V"‘08V) TOETT,

R FANES BME  BEME N[ W
CMTh | FHHBIEIEHE (i) High) e om = TO00V: Voo = 30V, 150 Vi
CMTI, FUAFE L (117 Low) ‘Z’gz OV Vem = 1500V, Ve = 30V, Ta= 150 KV/ps

(1) tekpp) HEs

A~ OEIRBE, W, ANIE

T CORMREBIER D7 T,

6.11 Insulation Characteristics Curves

AT (RIS EREE) CEMET BB T A RIZHOWT, FBH AT 7T HLEDH
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6.12 Typical Characteristics

Vee= 15V, 1-uF capacitor from V¢ to Vg, CLoap = 1 nF for timing tests and 180nF for Ioy and I tests, T; = —
40°C to +150°C, (unless otherwise noted)

6.6 15
— IOH — ICCH
6.3 1.45
— 0L — IccL
6 ~ 14 -
5.7 ~_ 1.35
< 54 T 13
e 51 €25
3 48 ™~ © 12
3
5 | T~ ~ 3 115
o T~ 11
4.2 :
3.9 B— 1.05 —
\ 1
3.6
3.3 0.95
40 20 0 20 40 60 80 100 120 140 160 40 -20 0 20 40 60 80 100 120 140 160
Temp (°C) Temp (°C)
ClLoap = 180-nF B 6-4. Supply currents versus Temperature
EJ 6-3. Output Drive currents versus Temperature
1.4 35
— ICCH //
— ICCL 3.4 —
13 —| 3.3
/
_ ] 32 /
< | . //
£ ] T 31
g 1.2 =
S - z @
O /
| 29
//
1.1 28
2.7
] 26
13 155 18 205 23 255 28 305 33 35 40 -20 0 20 40 60 80 100 120 140 160
Vee (V) Temp (°C)
6-5. Supply current versus Supply Voltage Eq 6-6. Forward threshold current versus
Temperature
84 66
82 : :PDLH //
PDHL /
80 / 64
78 /‘ ™ /
% 76 A z 62
< / < — tpDLH
A >
g7 / T \ — tPDHL
[} [}
a 72 /, Q 60
) L — ™~
70 / L— / \
" =] = 58
66 b=
64 56
40 20 0 20 40 60 80 100 120 140 160 7 9 11 13 15 17 19 21 23 25
Temp (°C) IF (MA)
CLOAD =1-nF CLOAD =1-nF
6-7. Propagation delay versus Temperature & 6-8. Propagation delay versus Forward current
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7 Parameter Measurement Information
7.1 Propagation Delay, rise time and fall time

7-1 shows the propagation delay from the input forward current Ig, to Vout. This figures also shows the circuit
used to measure the rise (t,) and fall (tf) times and the propagation delays tpp 4 and tppn .

ANODE B Ve | |
e 17] g 5] ’
e |
—= o ] !
= ' i
5 NC 7 Vour i § i tPD LH § i tpD HL
oTL BRVAT Epl () — e
1nF ) L — 80%
@ /i N\
CATHODE % Vee T Vv / \ 50%
3 2 1 our /i S\ 20%
VL )

7-1. I to Voyt Propagation Delay, Rise Time and Fall Time

7.2 loy and I testing

7-2 shows the circuit used to measure the output drive currents loy and lg,. A load capacitance of 180nF is
used at the output. The peak dv/dt of the capacitor voltage is measured in order to determine the peak source
and sink currents of the gate driver.

2700 ANODE Vee
11— 6
|

=y ]

+
5 NC —— Vour |
(10 7 \&» e (=)
loL ¢— )

CATHODE
3 —

NOILVY10SI

==
—_

Y3 YYve
4>_| <

7-2. loy and lgL

7.3 CMTI Testing

7-3 is the simplified diagram of the CMTI testing. Common mode voltage is set to 1500V. The test is
performed with I = 6mA (VOUT= High) and Iz = OmA (Vout = LOW). The diagram also shows the fail criteria for
both cases. During the application on the CMTI pulse with I = 6mA, if Voyt drops from VCC to 2VCC it is
considered as a failure. With Iz= 0mA, if Vot rises above 1V, it is considered as a failure.

e-diode on e-diode off

ANODE Vi
150Q j Vem Vem

/—/\/\/\,—E 1500V |- 1500V |
ey ]
+ Vour y

N @D ov ov

NOILY10SI

]

—|— 1nF ) 30V Vour
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AN 15v

L

RERE]
5

Fail Threshold

L]
4_
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ov oVt N\ A
Vem =1500V t t

JY
B 7-3. CMTI Test Circuit for UCC23313
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8 Detailed Description
8.1 Overview

UCC23313 is a single channel isolated gate driver, with an opto-compatible input stage, that can drive IGBTSs,
MOSFETs and SiC FETs. It has 4A peak output current capability with max output driver supply voltage of 33V.
The inputs and the outputs are galvanically isolated. UCC23313 is offered in an industry standard 6 pin (SO6)
package with >8.5mm creepage and clearance. It has a working voltage of 700-Vruys, isolation rating of 3.75
kVgrus for 60s and a surge rating of 6 kVpk. It is pin-to-pin compatible with standard opto isolated gate drivers.
While standard opto isolated gate drivers use an LED as the input stage, UCC23313 uses an emulated diode (or
"e-diode") as the input stage which does not use light emission to transmit signals across the isolation barrier.
The input stage is isolated from the driver stage by dual, series HV SiO, capacitors in full differential
configuration that not only provides isolation but also offers best-in-class common mode transient immunity of
>150kV/us. The e-diode input stage along with capacitive isolation technology gives UCC23313 several
performance advantages over standard opto isolated gate drivers. They are as follows:

1.

1. Since the e-diode does not use light emission for its operation, the reliability and aging characteristics of
UCC23313 are naturally superior to those of standard opto isolated gate drivers.

2. Higher ambient operating temperature range of 125°C, compared to only 105°C for most opto isolated gate
drivers

3. The e-diode forward voltage drop has less part-to-part variation and smaller variation across temperature.
Hence, the operating point of the input stage is more stable and predictable across different parts and
operating temperature.

4. Higher common mode transient immunity than opto isolated gate drivers

5. Smaller propagation delay than opto isolated gate drivers

6. Due to superior process controls achievable in capacitive isolation compared to opto isolation, there is less
part-to-part skew in the prop delay, making the system design simpler and more robust

7. Smaller pulse width distortion than opto isolated gate drivers

The signal across the isolation has an on-off keying (OOK) modulation scheme to transmit the digital data across
a silicon dioxide based isolation barrier (see [X| 8-1). The transmitter sends a high-frequency carrier across the
barrier to represent one digital state and sends no signal to represent the other digital state. The receiver
demodulates the signal after advanced signal conditioning and produces the output through a buffer stage. The
UCC23313 also incorporates advanced circuit techniques to maximize the CMTI performance and minimize the
radiated emissions from the high frequency carrier and IO buffer switching. 8-2 shows conceptual detail of
how the OOK scheme works.

8.2 Functional Block Diagram

Transmitter : : Receiver | Ve
& T
Anode |: S N Vass =
D : g Vee Rnmos Ron
NC M T Level oy
: i : Amplifi ——  Shift ;| Vour
D_ Vclamp Oscillator B —| l— | mplifier Demodulator Plre/ :
: driver
. ]
CE —
: =
. : le— R
: : < i oL
Cathode |: ] Ve
O )
: ]

8-1. Conceptual Block Diagram of a Isolated Gate Driver with an Opto Emulated Input Stage (SO6 pkg)
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barrier
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B 8-2. On-Off Keying (OOK) Based Modulation Scheme

8.3 Feature Description
8.3.1 Power Supply

Since the input stage is an emulated diode, no power supply is needed at the input.

The output supply, Vcc, supports a voltage range from 10 V to 33 V. For operation with bipolar supplies, the
power device is turned off with a negative voltage on the gate with respect to the emitter or source. This
configuration prevents the power device from unintentionally turning on because of current induced from the
Miller effect. The typical values of the V¢ and Vgg output supplies for bipolar operation are 15V and -8V with
respect to GND for IGBTs, and 20V and -5V for SiC MOSFETs.

For operation with unipolar supply, the V¢ supply is connected to 15V with respect to GND for IGBTs, and 20V
for SiC MOSFETs. The Vg supply is connected to OV.

8.3.2 Input Stage

The input stage of UCC23313 is simply the e-diode and therefore has an Anode (Pin 1) and a Cathode (Pin 3).
Pin 2 has no internal connection and can be left open or connected to ground. The input stage does not have a
power and ground pin. When the e-diode is forward biased by applying a positive voltage to the Anode with
respect to the Cathode, a forward current I flows into the e-diode. The forward voltage drop across the e-diode
is 2.1V (typ). An external resistor should be used to limit the forward current. The recommended range for the
forward current is 7mA to 16mA. When Ir exceeds the threshold current Ig (2.8mA typ.) a high frequency signal
is transmitted across the isolation barrier through the high voltage SiO, capacitors. The HF signal is detected by
the receiver and Vgyt is driven high. See 7122 9.2.2.1 for information on selecting the input resistor. The
dynamic impedance of the e-diode is very small(<1.0Q) and the temperature coefficient of the e-diode forward
voltage drop is <1.35mV/°C. This leads to excellent stability of the forward current I across all operating
conditions. If the Anode voltage drops below Vi i (0.9V), or reverse biased, the gate driver output is driven low.
The reverse breakdown voltage of the e-diode is >15V. So for normal operation, a reverse bias of up to 13V is
allowed. The large reverse breakdown voltage of the e-diode enables UCC23313 to be operated in interlock
architecture (see example in [X] 8-3) where Vgyp can be as high as 12V. The system designer has the flexibility
to choose a 3.3V, 5.0V or up to 12V PWM signal source to drive the input stage of UCC23313 using an
appropriate input resistor. The example shows two gate drivers driving a set of IGBTs. The inputs of the gate
drivers are connected as shown and driven by two buffers that are controlled by the MCU. Interlock architecture
prevents both the e-diodes from being "ON" at the same time, preventing shoot through in the IGBTs. It also
ensures that if both PWM signals are erroneously stuck high (or low) simultaneously, both gate driver outputs will
be driven low.
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8-3. Interlock

8.3.3 Output Stage

The output stages of the UCC23313 family feature a pullup structure that delivers the highest peak-source
current when it is most needed which is during the Miller plateau region of the power-switch turnon transition
(when the power-switch drain or collector voltage experiences dV/dt). The output stage pullup structure features
a P-channel MOSFET and an additional pull-up N-channel MOSFET in parallel. The function of the N-channel
MOSFET is to provide a brief boost in the peak-sourcing current, enabling fast turnon. Fast turnon is
accomplished by briefly turning on the N-channel MOSFET during a narrow instant when the output is changing
states from low to high. The on-resistance of this N-channel MOSFET (Rnmos) is approximately 5.1 Q when
activated.

# 8-1. UCC23313 On-Resistance
Rnmos RoH RoL UNIT
5.1 9.5 0.40 Q

The Roy parameter is a DC measurement and is representative of the on-resistance of the P-channel device
only. This parameter is only for the P-channel device because the pullup N-channel device is held in the OFF
state in DC condition and is turned on only for a brief instant when the output is changing states from low to high.
Therefore, the effective resistance of the UCC23313 pullup stage during this brief turnon phase is much lower
than what is represented by the Rpoy parameter, yielding a faster turn on. The turnon-phase output resistance is
the parallel combination Roy || Rumos-
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The pulldown structure in the UCC23313 is simply composed of an N-channel MOSFET. The output voltage
swing between V¢ and Ve provides rail-to-rail operation because of the MOS-out stage which delivers very low

dropout.

VCC

I
uvLo
1 Ve Rnmos Ron
Level A
— Demodulator Shift /

]

Vour

Pre
driver

VEE

[ 8-4. Output Stage

8.3.4 Protection Features
8.3.4.1 Undervoltage Lockout (UVLO)

UVLO function is implemented for Vcc and Vgg pins to prevent an under-driven condition on IGBTs and
MOSFETs. When V¢ is lower than UVLORg at device start-up or lower than UVLOE after start-up, the voltage-
supply UVLO feature holds the effected output low, regardless of the input forward current as shown in & 8-2.
The Ve UVLO protection has a hysteresis feature (UVLOy,s). This hysteresis prevents chatter when the power
supply produces ground noise which allows the device to permit small drops in bias voltage, which occurs when
the device starts switching and operating current consumption increases suddenly.

When V¢ drops below UVLOE, a delay, tyyLo rec OCCUrs on the output when the supply voltage rises above

UVLOg again.

Copyright © 2023 Texas Instruments Incorporated

Submit Document Feedback 17

English Data Sheet: SLUSDS6


https://www.ti.com/ja-jp
https://www.ti.com/ja-jp/lit/pdf/JAJSHW8
https://www.ti.com/feedbackform/techdocfeedback?litnum=JAJSHW8B&partnum=UCC23313
https://www.ti.com/lit/pdf/SLUSDS6

13 TEXAS

UCC23313 INSTRUMENTS
JAJSHW8B — SEPTEMBER 2019 — REVISED OCTOBER 2020 www.ti.com/ja-jp
lF 10mA
>
UVLOg \
UVLO¢ /
»
»
A
VCC
VOUT tUVLO_rec

v

B 8-5. UVLO functionality

8.3.4.2 Active Pulldown

The active pull-down function is used to pull the IGBT or MOSFET gate to the low state when no power is
connected to the V¢ supply. This feature prevents false IGBT and MOSFET turn-on by clamping VgoyT pin to
approximately 2V.

When the output stage of the driver is in an unbiased condition (V¢ floating), the driver outputs (see [X| 8-4) are
held low by an active clamp circuit that limits the voltage rise on the driver outputs. In this condition, the upper
PMOS & NMOS are held off while the lower NMOS gate is tied to the driver output through an internal 500-kQ
resistor. In this configuration, the lower NMOS device effectively clamps the output (Voyr) to less than 2V.

8.3.4.3 Short-Circuit Clamping

The short-circuit clamping function is used to clamp voltages at the driver output and pull the output pin Voyt
slightly higher than the V¢ voltage during short-circuit conditions. The short-circuit clamping function helps
protect the IGBT or MOSFET gate from overvoltage breakdown or degradation. The short-circuit clamping
function is implemented by adding a diode connection between the dedicated pins and the V¢ pin inside the
driver. The internal diodes can conduct up to 500-mA current for a duration of 10 ys and a continuous current of
20 mA. Use external Schottky diodes to improve current conduction capability as needed.
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8.4 Device Functional Modes
¢ 8-2 lists the functional modes for UCC23313
#% 8-2. Function Table for UCC23313 with VCC Rising

e-diode VCC Vout
OFF (Ig< IpLp) oV - 33V Low
ON (Ig> IpLp) 0V - UVLOR Low
ON ( (> leLp) UVLOg - 33V High
£ 8-3. Function Table for UCC23313 with VCC Falling
e-diode vCcC Vour
OFF (Ig< IeLp) oV - 33V Low
ON (Ig> IpLp) UVLOE- OV Low
ON ( (Ig> leLh) 33V - UVLOg High

8.4.1 ESD Structure

8-6 shows the multiple diodes involved in the ESD protection components of the UCC23313 device . This
provides pictorial representation of the absolute maximum rating for the device.

VCC
Anode [}—— ]
A\ 40V
20V \/, AN
/] ]
40V / \ —U Vour
2.5V /\ /\ 36V
Cathode [——— 0
VEE
EJ 8-6. ESD Structure
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9 Application and Implementation

&
LIFo7 7V r—vaAFiid, T o EARRICE EN56 O TIERL, Tl TIEEOIEMIEE 37w etz
PRAEVZLE A, fll 2 O BB 2 - OBEAVEIC DN TR, BERROEETHMTL TV e72<Zeic
MFET, BERITIAF ORI RIELHFEL T AN DL T, VAT AOKREEZHERR T DM BERHY ET,

9.1 Application Information

UCC23313 is a single channel, isolated gate driver with opto-compatible input for power semiconductor devices,
such as MOSFETs, IGBTs, or SiC MOSFETs. It is intended for use in applications such as motor control,
industrial inverters, and switched-mode power supplies. It differs from standard opto isolated gate drivers as it
does not have an LED input stage. Instead of an LED, it has an emulated diode (e-diode). To turn the e-diode
"ON", a forward current in the range of 7mA to 16mA should be driven into the Anode. This will drive the gate
driver output High and turn on the power FET. Typically, MCU's are not capable of providing the required forward
current. Hence a buffer has to be used between the MCU and the input stage of UCC23313. Typical buffer
power supplies are either 5V or 3.3V. A resistor is needed between the buffer and the input stage of UCC23313
to limit the current. It is simple, but important to choose the right value of resistance. The resistor tolerance,
buffer supply voltage tolerance and output impedance of the buffer, have to be considered in the resistor
selection. This will ensure that the e-diode forward current stays within the recommended range of 7mA to
16mA. Detailed design recommendations are given in the 273 5> 9.1. The current driven input stage offers
excellent noise immunity that is need in high power motor drive systems, especially in cases where the MCU
cannot be located close to the isolated gate driver. UCC23313 offers best in class CMTI performance of
>150kV/us at 1500V common mode voltages.

The e-diode is capable of 25mA continuous in the forward direction. The forward voltage drop of the e-diode has
a very tight part to part variation (1.8V min to 2.4V max). The temperature coefficient of the forward drop is
<1.35mV/°C. The dynamic impedance of the e-diode in the forward biased region is ~1Q. All of these factors
contribute in excellent stability of the e-diode forward current. To turn the e-diode "OFF", the Anode - Cathode
voltage should be <0.8V, or I should be <Ig 4. The e-diode can also be reverse biased up to 5V (7V abs max) in
order to turn it off and bring the gate driver output low.

The output power supply for UCC23313 can be as high as 33V (35V abs max). The output power supply can be
configured externally as a single isolated supply up to 33V or isolated bipolar supply such that Vc-Veg does not
exceed 33V, or it can be bootstrapped (with external diode & capacitor) if the system uses a single power supply
with respect to the power ground. Typical quiescent power supply current from Vg is 1.2mA (max 2.2mA).
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9.2 Typical Application

The circuit in [X] 9-1, shows a typical application for driving IGBTs.

VSUP

Rexr/2

—E)
+T NC

CATHODE
3 —

Rexr/2

NOILVY10SI

a=
—_

Y3lyyve

L

— GND

Eq 9-1. Typical Application Circuit for UCC23313 to Drive IGBT

9.2.1 Design Requirements

3% 9-1 lists the recommended conditions to observe the input and output of the UCC23313 gate driver.

£ 9-1. UCC23313 Design Requirements

PARAMETER VALUE UNIT
Vee 15 \
I 10 mA
Switching frequency 8 kHz
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9.2.2 Detailed Design Procedure
9.2.2.1 Selecting the Input Resistor

The input resistor limits the current that flows into the e-diode when it is forward biased. The threshold current

IFLH is 2.8 mA typ. The recommended operating range for the forward current is 7 mA to 16 mA (e-diode ON). All

the electrical specifications are guaranteed in this range. The resistor should be selected such that for typical

operating conditions, I is 10 mA. Following are the list of factors that will affect the exact value of this current:

1. Supply Voltage Vgyp variation

2. Manufacturer's tolerance for the resistor and variation due to temperature

3. e-diode forward voltage drop variation (at I;=10 mA, V= typ 2.1 V, min 1.8 V, max 2.4 V, with a temperature
coefficient < 1.35 mV/°C and dynamic impedance < 1 Q)

See [X] 9-2 for the schematic using a single NMOS and split resistor combination to drive the input stage of
UCC23313. The input resistor can be selected using the equation shown.

VSUP

ANODE Vee

]

NOILY10SI

Vour

<
m%
<]
a4
[

CATHODE

Y3y

g o
REXT/Z
PM
ail
— GND
Vsur — V
Rexr = L Rmi

B 9-2. Configuration 1: Driving the input stage of UCC23313 with a single NMOS and split resistors

Driving the input stage of UCC23313 using a single buffer is shown in [X] 9-3 and using 2 buffers is shown in [X|
9-4

VSUP

PWM (From MCU) Ro/2  lF_ anooe . e
— | 6]

=]

o

T -

= Ne | L
JV; 2] \/~dh 5]
Rext/2 CATHODE ;’é Vee
s —WNV———3— |3 4]
_ Vsup — Vg
Rexr = 1 Rou_buf

B4 9-3. Configuration 2: Driving the input stage of UCC23313 with one Buffer and split resistors
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9-4. Configuration 3: Driving the input stage of UCC23313 with 2 buffers and split resistors

7% 9-2 shows the range of values for Rgxt for the 3 different configurations shown in 9-2, 9-3 and
9-4.The assumptions used in deriving the range for Rgxt are as follows:

1. Target forward current I is 7mA min, 10mA typ and 16mA max
2. e-diode forward voltage drop is 1.8V to 2.4V
3. Vsup (Buffer supply voltage) is 5V with £5% tolerance
4. Manufacturer's tolerance for Rgxt is 1%
5. NMOS resistance is 0.25Q to 1.0Q (for configuration 1)
6. Ropu(buffer output impedance in output "High" state) is 13Q min, 18Q typ and 22Q max
7. Roy(buffer output impedance in "Low" state) is 10Q min, 14Q typ and 17Q max
£ 9-2. Rext Values to Drive The Input Stage
Rext Q
Configuration Min Typ Max
Single NMOS and 218 290 331
Rext
Single Buffer and 204 279 311
Rext
Two Buffers and Rexr 194 259 294

9.2.2.2 Gate Driver Output Resistor
The external gate-driver resistors, Rgon) and Rg(oFr) are used to:

1. Limit ringing caused by parasitic inductances and capacitances

2. Limit ringing caused by high voltage or high current switching dv/dt, di/dt, and body-diode reverse recovery
3. Fine-tune gate drive strength, specifically peak sink and source current to optimize the switching loss

4. Reduce electromagnetic interference (EMI)

The output stage has a pull up structure consisting of a P-channel MOSFET and an N-channel MOSFET in

parallel. The combined peak source current is 4.5 A Use = 1 to estimate the peak source current as an
example.

Vee — Veor
IOH = min 4‘5A,
(Rnmos|IRon + Rgon + Raremyy,) )
where
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* Rgon is the external turnon resistance.

*  RgreT Int is the power transistor internal gate resistance, found in the power transistor data sheet. We will
assume 0Q for our example

* lpn is the peak source current which is the minimum value between 4.5A, the gate-driver peak source
current, and the calculated value based on the gate-drive loop resistance.

* Vgpr is the forward voltage drop for each of the diodes in series with Rgon and Rgogg. The diode drop for
this example is 0.7 V.

In this example, the peak source current is approximately 1.7A as calculated in = 2.

loy = min |4.5A 15-07 = 1.72A
OH = MR %2R 51011950 + 50 +00) |~ @)

Similarly, use ={ 3 to calculate the peak sink current.

Vee — Vopr ]
Io; = min|5.34,
oL [ (RovL+ Reorr + Reremy,)

(3)
where

* Rgorr is the external turnoff resistance.
* gL is the peak sink current which is the minimum value between 5.3A, the gate-driver peak sink current, and
the calculated value based on the gate-drive loop resistance.

In this example, the peak sink current is the minimum of = 4 and 1.38A.

Io; = min|5.3A 15-0.7 = 1.38A
oL =M >R 70%40 + 100 +00) |~ @

The diodes shown in series with each, Rgon and Rgorr, in 2 9-1 ensure the gate drive current flows through
the intended path, respectively, during turn-on and turn-off. Note that the diode forward drop will reduce the
voltage level at the gate of the power switch. To achieve rail-to-rail gate voltage levels, add a resistor from the
Vourt pin to the power switch gate, with a resistance value approximately 20 times higher than Rgon and RgoFr-
For the examples described in this section, a good choice is 100 Q to 200 Q.

pac
The estimated peak current is also influenced by PCB layout and load capacitance. Parasitic
inductance in the gate-driver loop can slow down the peak gate-drive current and introduce overshoot
and undershoot. Therefore, Tl strongly recommends that the gate-driver loop should be minimized.
Conversely, the peak source and sink current is dominated by loop parasitics when the load

capacitance (C,sg) of the power transistor is very small (typically less than 1 nF) because the rising
and falling time is too small and close to the parasitic ringing period.

9.2.2.3 Estimate Gate-Driver Power Loss

The total loss, Pg, in the gate-driver subsystem includes the power losses (Pgp) of the UCC23313 device and
the power losses in the peripheral circuitry, such as the external gate-drive resistor.

The Pgp value is the key power loss which determines the thermal safety-related limits of the UCC23313 device,
and it can be estimated by calculating losses from several components.

The first component is the static power loss, Pgpq, Which includes power dissipated in the input stage (Pgpqg IN)
as well as the quiescent power dissipated in the output stage (Pgpq out) When operating with a certain
switching frequency under no load. Pgpq v is determined by Ir and Vg and is given by = 5. The Pgpq out
parameter is measured on the bench with no load connected to Voyt pin at a given V¢, switching frequency,
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and ambient temperature. In this example, V¢ is 15 V. The current on the power supply, with PWM switching at
10 kHz, is measured to be Icc = 1.33 mA . Therefore, use =\ 6 to calculate Peba_our-

1
PGDQ_IN =g* Ve * g

®)

Pepq our = Vec™ lece
(6)

The total quiescent power (without any load capacitance) dissipated in the gate driver is given by the sum of = 5
and ={ 6 as shown in 2 7

PGDQ = PGDQ IN + PGDQ OUT ~ 10 mW + 20mW = 30mW
(7)

The second component is the switching operation loss, Pgpsw, with a given load capacitance which the driver
charges and discharges the load during each switching cycle. Use 3\ 8 to calculate the total dynamic loss from
load switching, Pgsw-

Pasw =Vecz x Qg *fsw (8)

where
* Qg is the gate charge of the power transistor at V.

So, for this example application the total dynamic loss from load switching is approximately 18 mW as calculated
in =0 9.

Pasw =15 Vx120 nC x10 kHz =18 mW (©)

Qg represents the total gate charge of the power transistor switching 520 V at 50 A, and is subject to change
with different testing conditions. The UCC23313 gate-driver loss on the output stage, Pgpo, is part of Pgsw.
Pcpo is equal to Pgsyy if the external gate-driver resistance and power-transistor internal resistance are 0 Q, and
all the gate driver-loss will be dissipated inside the UCC23313. If an external turn-on and turn-off resistance
exists, the total loss is distributed between the gate driver pull-up/down resistance, external gate resistance, and
power-transistor internal resistance. Importantly, the pull-up/down resistance is a linear and fixed resistance if
the source/sink current is not saturated to 4.5A/5.3A, however, it will be non-linear if the source/sink current is
saturated. Therefore, Pgpg is different in these two scenarios.

Case 1 - Linear Pull-Up/Down Resistor:

S Pesw [ Row || Rumos RoL ]
6Po 2 | Ronl|Rxmos + Rgon + Rererine - Ror + Roorr + RgreT int

In this design example, all the predicted source and sink currents are less than 4.5 A and 5.3 A, therefore, use
2 10 to estimate the UCC23313 gate-driver loss.

18 mw [ 9.50](5.10Q 0.40
2

950[[5.10 + 510+ 00 © 040+ 100 + on] =39mw

Pepo =

Case 2 - Nonlinear Pull-Up/Down Resistor:
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T R_Sys T F_Sys

PGDO = fSW x|4.5Ax f (VCC - VOUT (t))dt + 5.3Ax f VOUT (t) dt
0 0

(12)

where

* Vourg is the gate-driver OUT pin voltage during the turnon and turnoff period. In cases where the output is
saturated for some time, this value can be simplified as a constant-current source (4.5 A at turnon and 5.3 A
at turnoff) charging or discharging a load capacitor. Then, the Voyr(t) waveform will be linear and the Tr_sys
and Tg sys can be easily predicted.

For some scenarios, if only one of the pullup or pulldown circuits is saturated and another one is not, the Pgpg is
a combination of case 1 and case 2, and the equations can be easily identified for the pullup and pulldown
based on this discussion.

Use 2{ 13 to calculate the total gate-driver loss dissipated in the UCC23313 gate driver, Pgp.

PGD = PGDQ + PGDO =30mW + 3.9mW =33.9mW
(13)
9.2.2.4 Estimating Junction Temperature

Use 3\ 14 to estimate the junction temperature (T;) of UCC23313.
Ty=To+ ¥ xPap (14)

where

* Tcis the UCC23313 case-top temperature measured with a thermocouple or some other instrument.
*  WY,is the junction-to-top characterization parameter from the table.

Using the junction-to-top characterization parameter (W;7) instead of the junction-to-case thermal resistance
(Reyc) can greatly improve the accuracy of the junction temperature estimation. The majority of the thermal
energy of most ICs is released into the PCB through the package leads, whereas only a small percentage of the
total energy is released through the top of the case (where thermocouple measurements are usually conducted).
The Rgyc resistance can only be used effectively when most of the thermal energy is released through the case,
such as with metal packages or when a heat sink is applied to an IC package. In all other cases, use of Rg ¢ will
inaccurately estimate the true junction temperature. The W 1 parameter is experimentally derived by assuming
that the dominant energy leaving through the top of the IC will be similar in both the testing environment and the
application environment. As long as the recommended layout guidelines are observed, junction temperature
estimations can be made accurately to within a few degrees Celsius.

9.2.2.5 Selecting V¢c Capacitor

Bypass capacitors for V¢ is essential for achieving reliable performance. Tl recommends choosing low-ESR
and low-ESL, surface-mount, multi-layer ceramic capacitors (MLCC) with sufficient voltage ratings, temperature
coefficients, and capacitance tolerances. A 50-V, 10-uF MLCC and a 50-V, 0.22-uyF MLCC are selected for the
Cyvcc capacitor. If the bias power supply output is located a relatively long distance from the V¢ pin, a tantalum
or electrolytic capacitor with a value greater than 10 yF should be used in parallel with Cycc.

-
DC bias on some MLCCs will impact the actual capacitance value. For example, a 25-V, 1-uF X7R
capacitor is measured to be only 500 nF when a DC bias of 15-Vp is applied.
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10 Power Supply Recommendations

The recommended input supply voltage (V) for the UCC23313 device is from 10 V or 14 V to 33 V. The lower
limit of the range of output bias-supply voltage (V) is determined by the internal UVLO protection feature of the
device. V¢ voltage should not fall below the UVLO threshold for normal operation, or else the gate-driver
outputs can become clamped low for more than 20 us by the UVLO protection feature. The higher limit of the
V¢ range depends on the maximum gate voltage of the power device that is driven by the UCC23313 device,
and should not exceed the recommended maximum V¢ of 33 V. A local bypass capacitor should be placed
between the V¢ and Vg pins, with a value of 220-nF to 10-pF for device biasing. TI recommends placing an
additional 100-nF capacitor in parallel with the device biasing capacitor for high frequency filtering. Both
capacitors should be positioned as close to the device as possible. Low-ESR, ceramic surface-mount capacitors
are recommended.

If only a single, primary-side power supply is available in an application, isolated power can be generated for the
secondary side with the help of a transformer driver such as Texas Instruments’ SN6501 or SN6505A. For such
applications, detailed power supply design and transformer selection recommendations are available in SN6501
Transformer Driver for Isolated Power Supplies data sheet and SN6505A Low-Noise 1-A Transformer Drivers for
Isolated Power Supplies data sheet.
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11 Layout

11.1 Layout Guidelines

Designers must pay close attention to PCB layout to achieve optimum performance for the UCC23313. Some
key guidelines are:

Component placement:

— Low-ESR and low-ESL capacitors must be connected close to the device between the V¢ and Vgg pins
to bypass noise and to support high peak currents when turning on the external power transistor.

— To avoid large negative transients on the Vgg pins connected to the switch node, the parasitic inductances
between the source of the top transistor and the source of the bottom transistor must be minimized.

Grounding considerations:

— Limiting the high peak currents that charge and discharge the transistor gates to a minimal physical area
is essential. This limitation decreases the loop inductance and minimizes noise on the gate terminals of
the transistors. The gate driver must be placed as close as possible to the transistors.

High-voltage considerations:

— To ensure isolation performance between the primary and secondary side, avoid placing any PCB traces
or copper below the driver device. A PCB cutout or groove is recommended in order to prevent
contamination that may compromise the isolation performance.

Thermal considerations:

— A large amount of power may be dissipated by the UCC23313 if the driving voltage is high, the load is
heavy, or the switching frequency is high. Proper PCB layout can help dissipate heat from the device to
the PCB and minimize junction-to-board thermal impedance (8,g).

— Increasing the PCB copper connecting to the V¢ and Vgg pins is recommended, with priority on
maximizing the connection to Vgg. However, the previously mentioned high-voltage PCB considerations
must be maintained.

— If the system has multiple layers, Tl also recommends connecting the V¢ and Vgg pins to internal ground
or power planes through multiple vias of adequate size. These vias should be located close to the IC pins
to maximize thermal conductivity. However, keep in mind that no traces or coppers from different high
voltage planes are overlapping.
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11.2 Layout Example

11-1 shows a PCB layout example with the signals and key components labeled.

UDD GND ’. Uboot
- - INSTRUMENTS II, .

GND

+(@|+5v L
-GND° @ =

DB
Anode_R Anode v 5_33\/ P D
: VSS

SRL ¢

Ut 2359 USS
o9C1001DRIO D3 R11R12
gyt 1,0 1 ™

ed I_,Lu,_m L _‘

O
[_1 ﬁ Dhase
l l_lL._ll_J Ll

C12C13R9 U0 14 76 015J7

Cat hode_R Cat hode .
Cathode_BufolZloolZ‘

Phase Phase

GND GND GND
UCC23513EVM-014 E CE HVPO14A

For evaluation only; not FCC approved for resale.

A. No PCB traces or copper are located between the primary and secondary side, which ensures isolation performance.

Eq 11-1. Layout Example

11-2 and [%] 11-3 show the top and bottom layer traces and copper.
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11-2. Top-Layer Traces and Copper
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11-3. Bottom-Layer Traces and Copper (Flipped)

[X] 11-4 shows the 3D layout of the top view of the PCB.
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GND GND OGND

UCC23513EVM-014 Ei C € HVPGO14A

For evaluatien anly: not FGO approved far resale.

A. The location of the PCB cutout between primary side and secondary sides ensures isolation performance.

Kl 11-4. 3-D PCB View
11.3 PCB Material

Use standard FR-4 UL94V-0 printed circuit board. This PCB is preferred over cheaper alternatives because of
lower dielectric losses at high frequencies, less moisture absorption, greater strength and stiffness, and the self-
extinguishing flammability-characteristics.
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12 Mechanical, Packaging, and Orderable Information

The following pages include mechanical, packaging, and orderable information. This information is the most
current data available for the designated devices. This data is subject to change without notice and revision of
this document. For browser-based versions of this data sheet, refer to the left-hand navigation.
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PACKAGING INFORMATION

Orderable part number Status  Material type Package | Pins Package qty | Carrier RoOHS Lead finish/ MSL rating/ Op temp (°C) Part marking
@ @ ® Ball material Peak reflow ©)
@ )

UCC23313BDWY Obsolete Production SOIC (DWY) | 6 - - Call Tl Call Tl -40 to 125 UC23313B
UCC23313BDWYR Active Production SOIC (DWY) | 6 850 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 UC23313B
UCC23313BDWYR.A Active Production SOIC (DWY) | 6 850 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 uC23313B
UCC23313DWY Obsolete  Production SOIC (DWY) | 6 - - Call Tl Call Tl -40 to 125 UCC23313
UCC23313DWYR Active Production SOIC (DWY) | 6 850 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 UCC23313
UCC23313DWYR.A Active Production SOIC (DWY) | 6 850 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 UCC23313

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

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

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

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

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

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

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

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

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.
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OTHER QUALIFIED VERSIONS OF UCC23313:

o Automotive : UCC23313-Q1

NOTE: Qualified Version Definitions:

o Automotive - Q100 devices qualified for high-reliability automotive applications targeting zero defects
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PACKAGE OUTLINE
DWYO0006A SOIC -3.55 mm max height
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4223977/A 01/2018

NOTES:

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

2. This drawing is subject to change without notice.

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

4. This dimension does not include interlead flash. Interlead flash shall not exceed 0.70 per side.
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EXAMPLE BOARD LAYOUT
SOIC - 3.55 mm max height
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NOTES: (continued)

5. Publication IPC-7351 may have alternate designs.
6. Solder mask tolerances between and around signal pads can vary based on board fabrication site.
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EXAMPLE STENCIL DESIGN

DWYO0006A SOIC - 3.55 mm max height
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4223977/A 01/2018

NOTES: (continued)

7. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate

design recommendations.
8. Board assembly site may have different recommendations for stencil design.
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