'E Ordering & Technical

6 o quality

i3 TEXAS
INSTRUMENTS

documentation

Design &
development

E Support &
training

UCC33410
JAJSUWO — JUNE 2024

UCC33410 #B/1MVEY, 1.0W, 3.3V, 3kVrys #d. EXRA DCIDCED a—Jb

15K

1.0W O K /18

. 4 5V~5.5V O A 77 & LB ER#FH

. T IEEE LT 3.3V, 3.7V &R Al hE
- 3.3V.300mA DR T 2 LG P RE

¢ 0.5% Du—F L¥al—iar (FEYEAE)

o 2mMVIV DT LF 2L —ial (FEUEH)

o BURIHMEGSUT

%@%%E*% : 3kVRMS

=M E 6.5kVpk

200V/ns O [RIFHEFEE 4

o MIUREENELUIZE B E O = Ok DC-
DC E¥=2—)L

o WISRANRTNT AYEEA TR (SSM)

+ CISPR32 Class B O i H k& 1o #EHL

o GRS

o AT L OVEE R

o =L Ty hF T

o INEWENEN (VT RAZ—F)

o THINEIAH =R LEMZT-AF—T L B
M ﬁir%@@ntun D+E:
— DINEN IEC 60747-17 (VDE 0884-17)
7 FEASHO RN
— UL 1577 (ZHERLL 7= HEf M T - 3kVRMs (1 27 fH)
Hiks

[ZHELL

— |EC 62368-1 io‘JZU“ IEC 60601-1 ff&tkas
—Emo) UL ﬂ'hD
GB4943.1-2022 (2&% CQC #i
. itf%%/mr“ #iPH : -40°C~125°C
+ VSON-12 (4.0mm x 5.00mm) /v /r—37

277V =3

o 77JN A —hA—T32 PLC BV a—)L

« EV(BEXH®HE) KETT

o HMu BT B L OER Y HOMGAL ST A

o TV T AL —HET ORI AT A

+ RS-485, RS-422, CAN FF7 v — 3\[a)i iz
AT A

3 M=

UCC33410 i%, b7 A &ML, 1.0W Oifafk i /)
BHEMAE T DI G S, FEZE] DC/DC /XU —
FVa—)L TT, 4.5V~5.5V O A J)EEFERPH I
L. 3.3V OEEAHTTEIEEZMIE L, 3.7V D~y RL
— LEEIRATRE T,

UCC33410 IE. 3kVrus PHEFEE R Z R T D2ME D
FTUA T =X T I F ¥R T HERFEC, K EMI SE
AL ol — a2 iz TOVET,

UCC33410 (Zi%, 74/ MNEARI A =X LfFE DA F—

LB AR L Dy Nl VAT A
DB Z ] S DR RE NS T ET,

UCC33410 1%, & 1.00mm., 74 1A EEEE 3 T Oz [
4 Amm oK T a7 A0 Y a— a2 VSON
(4.0mm x 5.00mm) /3 — T TR S E T,

Isolation Barrier

SlRE|C
MBS Rolr—y ARG A (AFF)
UCC33410 VSON-FCRLF (12) 4.0mm x 5.00mm
(1) FHARREZR T RTO =PI TE, 7 =2V — DK E
WD FRAES R TLIZE N,
VCC
VCC >—Jjb
Cour Courz
GNDS ;‘{
SEL

77V —2a EEE

2 ZOVY—ADTED S FHITHFET Y, TR ELE TR 260 T, ALY —/L (BREIER) 2L CWODZEBY, TI TIERIRRO EMEMEB L 0% Y

PEIZOFEL U —UIRGEN e L EE A, ERROR G2 E ORIIC

13, ti.com TUFRFOIZERE T B M ENET IO BRAOWZLET,

English Data Sheet: SLUSFK5

ADVANCE INFORMATION


https://www.ti.com/solution/mixed-module-ai-ao-di-do
https://www.ti.com/solution/dc-fast-charging-power-module
https://www.ti.com/product/jp/ucc33410?qgpn=ucc33410
https://www.ti.com/jp/lit/pdf/JAJSUW0
https://www.ti.com/product/jp/UCC33410?dcmp=dsproject&hqs=#order-quality
https://www.ti.com/product/jp/UCC33410?dcmp=dsproject&hqs=#tech-docs
https://www.ti.com/product/jp/UCC33410?dcmp=dsproject&hqs=#design-development
https://www.ti.com/product/jp/UCC33410?dcmp=dsproject&hqs=#support-training
https://www.ti.com/lit/pdf/SLUSFK5

NOILVINYOANI 3ONVAQV

I3 TEXAS
UCC33410 INSTRUMENTS
JAJSUWO — JUNE 2024 www.ti.com/ja-jp
Table of Contents
I O 1 6.4 Device Functional Modes...........ccccoeviiieinininnennne. 15
2 T TV Y s 1 6.5 Pre-Production Samples Operating Limits................ 15
B 1 7 Application and Implementation.................................. 16
4 Pin Configuration and Functions..................cccccoco........ 3 7.1 Application Information.............cccooiiiiiiiii 16
5 SPECIfICAtIONS............oveieeeieeeeeeee e 4 7.2 Typical Application...........ccooiiiiiiniiee e 16
5.1 Absolute Maximum Ratings.............c.cwewereeeererrrerrnenn. 4 7.3 Power Supply Recommendations............c.ccceceennene 17
5.2 ESD RAUNGS.....veeeeeeeeeeeeeeeeeeeeeeeeeee e 4 T4 LaYOUL.. ... 17
5.3 Recommended Operating Conditions......................... 5 8 Device and Documentation Support............................ 19
5.4 Thermal Information......oo. e 5 8.1 Device Support ......................................................... 19
5.5 Insulation Specifications _____________________________________________ 6 8.2 Documentation Support ............................................ 19
5.6 Safety-Related Certifications..............cccccveveeeenennnn. 7 8.3 N2 A MO FEHBINE TS T e 19
5.7 Electrical Characteristics............cccoovvevveeeceeeieeeeeene. 7 8.4 VIR =R UV = i 19
5.8 External BOM Components............ccceeeeveeeecieeeeinnennn. 9 8.5 Trademarks..........ooviiiiiiiiiii e 19
6 Detailed Description..................ccccoeeeiiiiecii e, 10 8.6 T R EEICBI T AIEE I oo, 19
6.1 OVEIVIBW. ....iiiiiiiiiii 10 8.7 FHZBEEE oo, 19
6.2 Functional Block Diagram..........c.ccceoerininnnnnnnnens 10 9 Revision HiStory..............c.coooveveveeeeeeeeeeeeeeeeee. 19
6.3 Feature Description..............ooeiiiininiii, 1 10 Mechanical and Packaging Information.................... 20

2 BRHCT BT — RNy (DR RB bt B

Copyright © 2024 Texas Instruments Incorporated

Product Folder Links: UCC33410

English Data Sheet: SLUSFK5


https://www.ti.com/product/jp/ucc33410?qgpn=ucc33410
https://www.ti.com/jp/lit/pdf/JAJSUW0
https://www.ti.com/jp
https://www.ti.com/feedbackform/techdocfeedback?litnum=JAJSUW0&partnum=UCC33410
https://www.ti.com/product/jp/ucc33410?qgpn=ucc33410
https://www.ti.com/lit/pdf/SLUSFK5

13 TEXAS

INSTRUMENTS

www.ti.com/ja-jp

UCC33410
JAJSUWO — JUNE 2024

4 Pin Configuration and Functions

EN/FLT :Iq 12 ] GNDS
VINP 12 11 GNDS
GNDP 3 10 GNDS
GNDP 4 9 GNDS
GNDP 5 8 ]VcCC
GNDP [ 16 7 ] SEL

Eq 4-1. VSON-FCRLF12-pin Package (Top View)

R 4-1. Pin Functions

PIN
TYPE () DESCRIPTION
NAME NO.
Multi-function Enable input pin and fault output pin. Connect to microcontroller through an 18kQ or
greater pull-up resistor.

EN/FLT 1 /0 Enable input pin: Forcing EN low disables the device. Pull high to enable normal device functionality.
Fault output pin: This pin is pulled low for 200us to alert that power converter is shutdown due to fault
condition

VINP 2 = Primary side input supply voltage pin. 2.2nF (C\y¢) and 22uF (Cjy2) ceramic bypass capacitors placed
close to device pins are required between VINP and GNDP pins

3
4
GNDP 5 G Power ground return connection for VINP.
6
VCC selection pin. VCC setpoint is 3.3V when SEL is connected to VCC, and 3.7V when SEL is

SEL 7
shorted to GNDS

vee 8 = Isolated supply output voltage pin. 2.2nF (Coyt4) and 22uF (Coyt2) ceramic bypass capacitors
placed close to device pins are required between VCC and GNDS pins

9
10

GNDS 1 G Power ground return connection for VCC.
12

(1) P =Power, G = Ground, | = Input, O = Output
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5 Specifications

5.1 Absolute Maximum Ratings
over operating free-air temperature range (unless otherwi

ise noted)(™

PIN MIN TYP MAX UNIT
VINP to GNDP®) -0.3 6 \Y
EN/FLT to GNDP -0.3 6 \Y
VCC to GNDS @) -0.3 6 \Y
SEL to GNDS () -0.3 6 \Y
Total VCC output power at To=25'C, Pout vee_max @ 1.1 w
Operating junction temperature range, T, -40 150 °C
Storage temperature, Tgg -65 150 °C

(1) Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings

only, which do not imply functional operation of the device

at these or any other conditions beyond those indicated under

Recommended Operating Conditions. Exposure to absolute-maximum-rated conditions for extended periods may affect device

reliability.

(2) See the VCC Load Recommended Operating Area section for maximum rated values across temperature and VINP conditions for

different VCC output voltage settings.

(3) Less than 1ms. Extended time at this voltage can affect lifetime reliability.

5.2 ESD Ratings

VALUE UNIT
Human-body model (HBM), per ANSI/
y Elotostatic disch ESDAJEDEC JS-001(1) +2000 v
ectrostatic discharge
(ESD) 9 Charged-device model (CDM), per JEDEC +500 Vv
specification JESD2222-C101(2) -

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

4 BEICET BTN (DERRBE Sb) EHE
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5.3 Recommended Operating Conditions
over operating free-air temperature range (unless otherwise noted)

PIN MIN TYP MAX UNIT
Vvinp Primary-side input voltage to GNDP 4.5 5.5 \Y
Venelr | EN/FLT pin voltage to GNDP 0 5.5 \Y
Vvee Secondary-side Isolated output voltage to GNDS 0 3.9 \%
VseL SEL pin input voltage to GNDS 0 3.9 \%
Pvcc | VCC output power at VINP=5.0V+10%, VCC = 3.3V, Tp=25°C - 85°C (1) 1 W
Pvce VCC output power at VINP=5.0V+10%, VCC = 3.3V, Tp=105°C (1) 0.7 w
Pvce VCC output power at VINP=5.0V+10%, VCC = 3.3V, Tp=125°C (1) 0.4 w
Static Static Common mode transient immunity rating (dV/dt rate across the
. . . 200 V/ins
CMTI isolation barrier)
Dynamic |Dynamic Common mode transient immunity rating (dV/dt rate across the
. . h 200 Vins
CMTI isolation barrier)
Ta Ambient temperature —40 125 °C
T, Junction temperature —40 150 °C

(1) See the VCC Load Recommended Operating Area section for maximum rated values across temperature and VINP conditions for
different VCC output voltage settings.

5.4 Thermal Information

THERMAL METRIC(") Vel R AT UNIT
12 PINS

Rgya Junction-to-ambient thermal resistance 59.7 °C/W
Rauc(top) Junction-to-case (top) thermal resistance 7.35 °C/W
Reus Junction-to-board thermal resistance 25.6 °C/W
Wia Junction-to-ambient characterization parameter 59.6 °C/W
YT Junction-to-top characterization parameter 9.3 °C/W
Y Junction-to-board characterization parameter 29.2 °C/W

(1)  The thermal resistances (R) are based on JEDEC board, and the characterization parameters (%) are based on the EVM described in
the Layout section. For more information about traditional and new thermal metrics, see the Semiconductor and IC Package Thermal
Metrics application report.
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5.5 Insulation Specifications

PARAMETER TEST CONDITIONS ‘ VALUE ‘ UNIT
CLR External clearance (1) Shortest terminal-to-terminal distance through air >4.1 mm
CPG External creepage (1) ﬁ;\;gegset tseurrr}ﬁairgzl-to-terminal distance across the > 41 mm
DTI Distance through the insulation Minimum internal gap (internal clearance) > 50 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 < 300VRrps I-IvV
Overvoltage category Rated mains voltage < 600Vgus I-IvV
Rated mains voltage < 1000Vrus 1-11
DIN EN IEC60747-17 (VDE 0884-17) (2)
VIorMm Maximum repetitive peak isolation voltage AC voltage (bipolar) 1159 Vpk
AC voltage (sine wave) Time dependent dielectric 820 Vews
Viowm Maximum working isolation voltage breakdown (TDDB) test
DC voltage 1159 Vpe
Vt1esT = VioTm, t = 60s (qualification) 4243 Vpk
Viotm Maximum transient isolation voltage
V1est = 1.2 X Viotm , t = 15 (100%) production 5091 Vpk
Vimp Impulse Voltage ©®) Tested in air, 1.2/50us waveform per IEC 62368-1 5000 Vpk
Viosm Maximum surge isolation voltage ) ;Ft-azs/tseg“ig v?/!ég?;"r\fqic;éirolrl]ztcez%368- 1 6500 Vpk
E/Iethod a Afﬁer I/Q safetyfest subgroup 2/3_, Vini <5 oC
= Viotm, tini = 60s; Vpgm) = 1.2 * Viorm, tm = 10s
Method a: After environmental tests subgroup 1,
Ao Apparent charge ©) \1/5r1s| = VioTm, tini = 60s; Vpgm) = 1.3 X Viorm: tm = <5 pC
Method b1: At routine test (100% production) and
preconditioning (type test), Vini = 1.2 x V|o1w, tini <5 pC
=18; Vpdm) = 1.5 ¥ Viorm, tm = 18
Cio Barrier capacitance, input to output ©) Vo = 0.4 sin (2mft), f = 1MHz <3 pF
Vio =500V, Tp = 25°C > 1012 Q
Rio Isolation resistance, input to output (6) V|o = 500V, 100°C < Tp < 125°C > 10™ Q
Vio =500V at Tg = 150°C > 109 Q
Pollution degree 2
Climatic category 40/125/21
UL 1577
Withstand isolation voltage
Viso Withstand isolation voltage VtesT = Viso , t = 60s (qualification) 3000 VRMs
V1est = 1.2 x Vg0 , t=1s (100% 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 and/or ribs on a printed-circuit board are used to help increase these
specifications.

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

(3) Testing is carried out in air to determine the surge immunity of the package.

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

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

(6) All pins on each side of the barrier tied together creating a two-terminal device
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5.6 Safety-Related Certifications

VDE UL

UL

UL

caQc

0884-17)

Plan to certify according to
DIN EN IEC 60747-17 (VDE

Plan to certify under UL
1577 Component
Recognition program

Plan to certify according to
IEC 62368-1

Plan to certify according to IEC
60601-1

Plan to certify according to
GB4943.1-2022

6500Vpk

Basic insulation

Maximum transient isolation
voltage, 4242Vpy; Maximum
repetitive peak isolation
voltage, 1159Vpg; Maximum
surge isolation voltage,

Single protection,
3000VrMms

Basic insulation per UL
62368-1- 14 and IEC
62368-1 2nd Ed., 820Vrus
maximum working voltage
(pollution degree 2, material
group 1)

Basic insulation per UL 60601-
1:14 and IEC 60601-1
d.3+A1,AAMI ES 60601-
1:2005/(R)2012 and A1:2012,
C1:2009/(R)2012 and
A2:2010/(R)2012 CSA C22.2
No. 60601-1:2014 IEC
60601-1:2012, 250VRrus
maximum working voltage, 1
MOPP (Means of patient
protection)

Tropical Climate, 574Vgus
maximum working voltage

Basic insulation , Altitude < 5000m,

(planned)

Certificate number:

Certificate number:
(planned)

File number: (planned)

Certificate number: (planned)

Certificate number: (planned)

5.7 Electrical Characteristics
Over operating temperature range (T; = —40°C to 150°C), VINP = 5.0V, Cin1 = Coutt = 2.2nF, Cn2 = 10pF, Coyta = 22F,
SEL connected to VCC, EN/FLT = 5.0V unless otherwise noted. All typical values at VINP=5.0V, T = 25°C.

PARAMETER ‘ TEST CONDITIONS MIN TYP MAX| UNIT
INPUT SUPPLY (Primary-side. All voltages with respect to GNDP)
lvine_a | VIN quiescent current,disabled EN/FLT=Low, VINP=5.0V, no load 180 MA
) EN/FLT=High; VINP=4.5V-5.5V; VCC=3.3V no load 15| mA
lyine NL | VIN operating current, no load
- EN/FLT=High; VINP=4.5V-5.5V; VCC=3.7V no load 15| mA
lyine £L | VIN operating current, full load EN_/FL'!'=H|gh; VINP=5.0V; VCC=3.3V, lou=300mA, 400 mA
_ Ta=25°C
UVLOP COMPARATOR (Primary-side. All voltages with respect to GNDP)
Vvine_u | VINP under-voltage lockout rising 28 29 Vv
VLO_R threshold ' ’
Vvine_u | VINP under-voltage lockout falling 26 27 v
VLO_F threshold ' ’
VINP under-voltage lockout
Vuvio_n hysteresis 0.1 v
OVLO COMPARATOR (Primary-side. All voltages with respect to GNDP)
Vvine_o | VINP over-voltage lockout rising 577 59 v
VLO_R threshold ' '
Vvine_o | VINP over-voltage lockout falling 555 5.79 v
VLO_F threshold ’ '
Vvine_H | VINP over-voltage lockout hysteresis 0.05 \%
Switching Charactarestics
fow Er)eC-DC Converter switching 76 MHz
quency
PRIMARY SIDE THERMAL SHUTDOWN
Primary-side over-temperature o
TSDe R | shutdown rising threshold 150 165 C
Primary-side over-temperature o
TSDe ¥ | shutdown falling threshold 130 C
Primary-side over-temperature o
TSDe_H | shutdown hysteresis 20 ¢
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Over operating temperature range (T, = —40°C to 150°C), VINP = 5.0V, Cin1 = Coutt = 2.2nF, Cing = 10uF, Coytae = 22pF,
SEL connected to VCC, EN/FLT = 5.0V unless otherwise noted. All typical values at VINP=5.0V, T, = 25°C.

PARAMETER ‘ TEST CONDITIONS MIN TYP MAX| UNIT
EN/FLT PIN
Ven R |Enable voltage rising threshold EN/FLT =0V to 5.0V 2.1 \%
Ven F |Enable voltage falling threshold EN/FLT = 5.0V to OV 0.8 \%
len Enable pin input Current EN/FLT = 5.0V 10 pA
- — o :
Veir  |ENJFLT pin voltage when faults occur Z\g;?\:cggl{guEWFngTom (10% tolerance) resistor 05| Vv
teaqt | CNVFLT pull down interval when EN/FLT > 0.5V , Fault occur 200 us
faults occur
VCC OUTPUT VOLTAGE (Secondary-side. All voltages with respect to GNDS)
Isolated supply regulated output VINP =5.0V; VCC = 3.3V, Iyt = 0 - 300mA 3.2 3.3 34 \Y
v voltage VINP =5.0V; VCC = 3.7V, Iyt = 0 - 270mA 3.59 3.7 3.81 \Y
cc
Isolated supply regulated output VINP = 4.5V - 5.5V; VCC = 3.3V / 3.7V 4 4 %
voltage accuracy ' v ’ '
) ) VINP = 4.5V - 5.5V; VCC = 3.3V, loy = 150mA 2 mV/V
Vec Line | Vee DC line regulation
VINP = 4.5V - 5.5V; VCC = 3.7V, loy = 150mA 2 mV/V
Vee, Loa Ve, DC load regulation VINP =5.0V; VCC = 3.3V, lgy = 0 - 303mA 0.5%
d VINP =5.0V; VCC = 3.7V, Iy = 0 - 270mA 0.5%
Ve Ripp | Voltage ripple on isolated supply 20-MHz bandwidth, VINP = 5.0V, VCC = 3.3V, Iyt 50 75| mv
e output = 300mA, Tp=25°C
EFF Efficiency PVCC to PVINP VINP = 50V, VCC = 33V, Iout = 300mA, TA =25°C 50 %
o VINP = 5.0V, VCC = 3.3V, lg=70mA 500 us
Ve Rise | VCC rise time from 10% - 90%
VINP = 5.0V, VCC = 3.7V, I, =70mA 500 us
VCC UVP UNDER -VOLTAGE PROTECTION (Secondary-side. All voltages with respect to GNDS)
Kvee uv | VCC under-voltage protection _ * 0No o
p threshold ratio Vuvp = VCC * 90% 90 g
Vove L/CC und'er-voltage protection VCC =3.3V 52 66 80l mv
ysteresis
Vove_ :]/CC under—voltage protection VCC =3.7V 73 93 12| mv
ysteresis
VCC OVP OVER -VOLTAGE PROTECTION (Secondary-side. All voltages with respect to GNDS)
Vvce_ov | VCC over-voltage protection rising VCC = 3.3V 3.75 38 v
P R threshold ' ' '
Vvce_ov | VCC over-voltage protection VCC = 3.3V 01 v
P H hysterisis ' '
Vvce ov | VCC over-voltage protection rising VCC = 3.7V 4.2 4.95 v
P R threshold ' ' ’
Vyce ov | VCC over-voltage protection VCC = 3.7V 01 Vv
P H hysterisis ' ’
SECONDARY SIDE THERMAL SHUTDOWN
Secondary-side over-temperature o
TSDs R | shutdown rising threshold 150 165 c
Secondary-side over-temperature o
TSDs F | shutdown falling threshold 130 C
Secondary-side over-temperature o
TSDs H | shutdown hysteresis 20 c
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5.8 External BOM Components

Over recommended conditions

COMPONENT NOTES MIN TYP MAX| UNIT
CiNnt VINP first decoupling capacitor 2.2 nF
Cin2 VINP second decouling capacitor 10 22 uF
CouTi VCC first decoupling capacitor 2.2 nF
CouT2 VCC second decoupling capacitor 10 22 uF
Copyright © 2024 Texas Instruments Incorporated BHHIB T 57— P2 (DB RH MO ) 255 9
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6 Detailed Description
6.1 Overview

The UCC33410 device integrates a high-efficiency, low-emissions isolated DC/DC converter. Requiring minimum
passive componenets to form a completely functional DC/DC power module, the device can deliver a maxiumum
power of 1.0W across a 3kVgrys 24 isolation barrier over a wide range of operating temperatures in a low
profile , high power density VSON - 12-pin package.

The easy-to-use feature, low profile and high power density promotes this device for size limited, cost sensitive
systems with a minimum design effort replacing bulky and expensive transformer based designs.

The integrated DC/DC converter uses switched mode operation and proprietary circuit techniques to reduce
power losses and boost efficiency across all loading conditions. Specialized control mechanisms, clocking
schemes, and the use of an on-chip transformer provide high efficiency and low radiated emissions.

The VINP supply is provided to the primary power controller that switches the power stage connected to the
integrated transformer. Power is transferred to the secondary side, rectified, and regulated using a fast hysteritic
burst mode control scheme that monitors VCC and ensures it is kept within the hysterisis band under normal and
transient loading events while maintaining efficient operation across all loading conditions. The VCC is regulated
to 3.3V or 3.7V by SEL pin connection to have enough headrome for a post regulator LDO for tighter regulation
or lower output ripple requirement applications .

The device has an enable pin to turn the device on or off depending on the system requirement. Pulling enable
pin low will reduce the quiscent current significantly if the system wants to operate in a low power conumption
mode. The enable pin can also be used as a fault reporting pin, when connected to 18kQ, the pin will be pulled
low for 200us for any fault shutdown of the device. The device has a soft-start mechanism for a smooth and fast
VCC ramp up with minimum input inrush current to avoid oversizing front-end power supplies powering the
device's input.

6.2 Functional Block Diagram
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6.3 Feature Description
6.3.1 Enable and Disable

Forcing EN/FLT pin low disables the device, which greatly reduces the VINP power consumption. Pull the
EN/FLT pin high to enable normal device functionality. The EN/FLT pin has a weak internal pull-down resistor so
it is not recommended to leave this pin floating in noisy systems.

6.3.2 Output Voltage Soft-Start and Steady-State Regulation

The UCC33410 has soft-start mechanism that ensures a smooth and fast soft-start operation with minimum input
inrush current. The output voltage Soft-Start diagram is shown in [%] 6-1. After VINP > Vy\np uvLo r @nd EN/FLT
is pulled high, the soft-start sequence starts with a primary duty cycle open loop control. The power stage
operates with a fixed burst frequency with an incremental increasing duty cycle starting at 6.5% . The rate of
change of the duty cycle is pre-programmed in the part to reduce the input inrush current while building the
output voltage VCC. The primary side limits the maximum duty cycle during this phase till the secondary side
VCC voltage passes a certain threshold before releasing this duty cycle limit. This limit will ensure minimum
input current in case the device starts on a short circuit and the VCC is not building up. Once the VCC reaches
the regulation range, the duty cycle is no longer determined from the primary side controller but instead VCC
hysteritic control is active to tightly regulate the output voltage within the defined hysterisis bands to reduce the
output voltage ripple.

The soft-start time will vary depending on the output capacitors and loading conditions. During VCC regulation
state, the burst frequency will change according to the output capacitors and loading conditions. The burst
frequency will be highest at higher loading conditions and lowest at light loading conditions by which light load
efficiency improvments can be achieved.

VINP
- /- — - - VINP_UVLO

Incremental Duty Cycle Conﬁ'ol

VCC Regulation Control

ADVANCE INFORMATION

A

a : :

EN/FLT i i i

D=6.5% D=125% E D =87.5% E E

> | D E— |

Duty Cycle | I | I | I | : Ll Ll |

Duty Cycle i

Limit | H 1
6-1. Output Voltage Soft-Start Diagram
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6.3.3 Protection Features

The UCC33410 is equipped with full feature of protection functions including input under-voltage lockout, input
over-voltage lockout, output under-voltage protection and over-temperature protection. In addition, the device
has a fault reporting mechanism that can be utilized on the system level to report faulty conditions of the device
that caused a shutdown. Under certain faulty conditions the device will shutdown and attempt an auto-restart
after defined duration.

6.3.3.1 Input Under-voltage and Over-Voltage Lockout

The UCC33410 can operate at input voltage range from 4.5V to 5.5V. If the VINP < Vynp uvio F or VINP >
Vyvine ovio R conditions occured, the converter will stop switching and part will shutdown. Once the VINP gets
back in normal operation range , VINP > Vy;np uvio r OF VINP < Vyine ovio £ The part will resume switching
immediately without waiting for the auto-restart timer. -

6.3.3.2 Output Under-Voltage Protection

The UCC33410 has under voltage protection feature to protect the part when overload condition occurs . If an
overload or a short circuit occurs at VCC such that VCC < 0.9 xVCC condition occurs, the converter will go into
the duty cycle limit mode as in the soft-start operation then will shutdown after a certain deglitch time. The
deglitch time is added to accommodate for any instantaneous overloading or short circuit conditions that might
be removed quickly and normal operation can resume. Once the part shuts down, the part will attempt an auto-
restart after 160ms. If the fault condition remains, the part will shutdown again and attempt another auto-restart.

6.3.3.3 Output Over-Voltage Protection

The UCC33410 has over voltage protection feature to protect the load against over-voltage conditions . If an
over-voltage , the converter will go into the duty cycle limit mode as in the soft-start operation then will shutdown
after a certain deglitch time. Once the part shuts down, the part will attempt an auto-restart after 160ms. If the
fault condition remains, the part will shutdown again and attempt another auto-restart.
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6.3.3.4 Over-Temperature Protection

The UCC33410 integrates the primary-side, secondary-side power stages, as well as the isolation transformer.
The power loss caused by the power conversion causes the module temperature higher than the ambient
temperature. To ensure the safe operation of the power module, the device is equipped with over-temperature
protection. Both the primary-side power stage, and the secondary-side power stage temperatures are sensed
and compared with the over-temperature protection threshold. If the primary-side power stage temperature
becomes higher TSDp R, or the secondary-side power stage temperature becomes higher than TSDg r , the
module enters over-temperature protection mode. The module stops switching after a defined deglitch time,
report the fault and attempt an auto-restart after 160ms.

6.3.3.5 Fault Reporting and Auto-Restart

The UCC33410 has a fault reporting mechanism that can alert a system level MCU or monitoring circuitry of
faulty onditions on the device that resulted in a shutdown. If an input over-voltage , over-temperature or output
under voltage protection faults occur. The primary-side controller and fault monitoring system will enable a
current source that will sink Ig5,t current for tgy,t duration. If a resistor >18kQ is connected between the MCU
and the EN/FLT pin, the Vg1 will be pulled low for the same tg,,; duration whenever one of the abovementioned
faults occur that resulted in a shutdown of the device as shown in [%] 6-2. If the fault reporting mechanism is not
required on the system, the EN/FLT pin can be connected directly to the enable source voltage without the 18kQ
resistor.

The device has a auto-restart feature that occur after the device is shutdown only due to when output under-
voltage or over-temperature faults occur. After the tg5,t time expires, a 160ms timer will start and the part will
attemp a new soft-start sequence as shown in [X] 6-3. If the fault has been removed, the VCC will soft-start to
regulation successfully. If the fault remains , the part will shutdown again and report the fault. The device can
continuously operate safely in hiccup mode as long as the fault occurs.

ENJFLT Enable/Disable Part
nable/Disable Pa
Mcu Out-Pin . .
Primary-side
> 18 Kohm | controller and
< fault monitoring
In-Pin
VELT Irauit
Vet trautt
B 6-2. Fault Reporting Mechanism
Fault i
, | 200uS i
EN/FLT J < > |
; 160mS i
Operation Status Normal Regulation Fault Report / Shut Down Auto-Restart
& 6-3. Auto-restart operation
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6.3.4 VCC Output Voltage Selection

The UCC33410 can program the VCC voltage accoring to the SEL pin connection. The SEL pin voltage is
monitored during soft-start sequence. The output voltage is then programmed to 3.3V with SEL = VCC or 3.7V
with SEL = GNDS. Note that after this initial monitoring, the SEL pin no longer affects the VCC output level. In
order to change the output mode selection, either the EN/FLT pin must be toggled or the VINP power supply
must be cycled off and back on.

6.3.5 VCC Load Recommended Operating Area

6-4 depicts the device VCC regulation behavior across the output load range, including when the output is
overloaded. For proper device operation, ensure that the device VCC output load does not exceed the maximum
output current loyt max- The value for loyt max over different temperature and V,yp conditions are shown from
"TBD". If the UCC33410 is loaded beyond the recommended operating area, the VCC will drop and once it goes
below the VCC_UVP threshold, the part enters a power limiting mode to avoid stressing the device till power
stage stop switching and shutdown.

VCC 4
Vee_ser
\
VCC_UVP
\‘_ _
\ .~ Power Limit
Recommended
Area

Operating \|
I
|

>

lout_max lout
6-4. VCC Load Recommended Operating Area Description

6.3.6 Electromagnetic Compatibility (EMC) Considerations

UCC33410 devices use spread spectrum modulation algorithm for the internal oscillator and advanced internal
layout scheme to minimize radiated emissions at the system level.

Many applications in harsh industrial environment are sensitive to disturbances such as electrostatic discharge
(ESD), electrical fast transient (EFT), surge and electromagnetic emissions. These electromagnetic disturbances
are regulated by international standards such as IEC 61000-4-x , CISPR 32 and CISPR-25. Although system-
level performance and reliability depends, to a large extent, on the application board design and layout, the
device incorporates many chip-level design improvements for overall system robustness.
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6.4 Device Functional Modes
#% 6-1 lists the supply functional modes for this device.

& 6-1. Device Functional Modes

INPUTS .
ENELT SEL Isolated Supply Output Voltage (VCC) Setpoint
HIGH Shorted to VCC 3.3v
HIGH Shorted to GNDS 3.7V
Low X ov
OPEN() OPEN( UNSUPPORTED

(1) The SEL and EN/FLT pins has an internal weak pull-down resistance to ground, but leaving this pin open is not recommended.
6.5 Pre-Production Samples Operating Limits

UCC33410 pre-production samples have the following operating limits. Production devices will have these

limitations removed.

1. For ambient operating temperature < 0°C, the following sequence is required to allow the device reach
regulation point during start-up. EN/FLT pin required to be high (VeneLr > Ven r ) before applying input
voltage VINP to the device. This can be achieved by connecting EN/FLT pin after the 18kQ resistor directly
to the VINP pin and applying VINP with rise time > 6ms on the device.

2. For ambient operating temperature < 0°C, the following protection features; short-circuit, UVP and OVP
protections of VCC output are disabled. Fault reporting and auto-restart features due to these faults will be
disabled as well. If the part shuts down as a result of fault condition, the part will require to follow the same
condition in step 1 above to restart and reach regulation. This require to recycle VINP by falling below
Vvine_uvio F and then rising above Vyinp yvio r With the same > 6ms rise time.
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7 Application and Implementation

E
Information in the following applications sections is not part of the Tl component specification, and Tl
does not warrant its accuracy or completeness. TI’s customers are responsible for determining
suitability of components for their purposes, as well as validating and testing their design
implementation to confirm system functionality.

7.1 Application Information

The UCC33410 device is suitable for applications that have limited board space and desire more integration.
This device is also suitable for very high voltage applications, where power transformers meeting the required
isolation specifications are bulky and expensive.

7.2 Typical Application
Typical Application shows the schematic for the UCC33410 device supplying an isolated load.

18 KQ
FLT

]
b
b
b
22uF 2.2nF 5 :
TT [s]enoP ! &1 GNDs[10]—
il 5 [
= 16
| 5
.._[4:|GNDP |8: GNDS 9]—
|_I 2.2nF 22pF
+—{ s |oNDP : | vce[s] 1 [ 3.3V
|
b
u—[egGNDP : | SELI:?—
L

7-1. Typical Application

7.2.1 Design Requirements

To design using UCC33410, a few simple design considerations must be evaluated. & 7-1 shows some
recommended values for a typical application. See =722 7.3 and 722> 7.4 sections to review other key
design considerations for the UCC33410.

# 7-1. Design Parameters

PARAMETER RECOMMENDED VALUE

Input supply voltage, VINP 4.5V to 5.5V

First Decoupling capacitance between VINP and GNDP 2.2nF, 16V, £ 10%, X7R
Second Decoupling capacitance between VINP and GNDP 22uF, 16V, £ 10%, X7R
First Decoupling capacitance between VCC and GNDS 2.2nF, 16V, + 10%, X7R
Second Decoupling capacitance between VCC and GNDS 22uF, 16V, £ 10%, X7R
EN/FLT pin resistor for fault reporting 18kQ
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7.2.2 Detailed Design Procedure

The UCC33410 design procedure is very simple, the device requires two decoupling capacitors connected
between VINP and GNDP pins for the input supply, and two decoupling capacitors for the isolated output supply
placed between VCC and GNDS pins to form a completely functinoal DC/DC converter.

A low ESR, ESL ceramic capacitors are recommended to be connected close to the device pins. It should be
noted that the effective burst frequency would be impacted by the selected VCC output capacitor

7.3 Power Supply Recommendations

The recommended input supply voltage (VINP) for the UCC33410 is between 4.5V and 5.5V. To help ensure
reliable operation, adequate decoupling capacitors must be located as close to supply pins as possible. Place
local bypass capacitors between the VINP and GNDP pins at the input, and between VCC and GNDS at the
isolated output supply. The input supply must have an appropriate current rating to support output load required
by the end application.

7.4 Layout
7.4.1 Layout Guidelines

The UCC33410 integrated isolated power solution simplifies system design and reduces board area usage.
Proper PCB layout is important in order to achieve optimum performance. Here is a list of recommendations:

Place decoupling capacitors as close as possible to the device pins. For the input supply, place 0402 and
0805 ceramic capacitor between pin 2 (VINP) and pins 3, 4, 5 and 6 (GNDP). For the isolated output supply,
place 0402 and 0805 ceramaic capacitora between pin 8 (VCC) and pins 9, 10, 11 and 12 (GNDS). This
location is of particular importance to the input decoupling capacitor, because this capacitor supplies the
transient current associated with the fast switching waveforms of the power drive circuits.

Because the device does not have a thermal pad for heat-sinking, the device dissipates heat through the
respective GND pins. Ensure that enough copper (preferably a connection to the ground plane) is present on
all GNDP and GNDS pins for best heat-sinking. Placing vias close to the device pins and away from the high
frequency path between the ceramic capacitors and the device pins is essential for better thermal
performance.

If space and layer count allow, it is also recommended to connect the VINP, GNDP, VCC and GNDS pins to
internal ground or power planes through multiple vias of adequate size. Alternatively, make traces for these
nets as wide as possible to minimize losses.

Pay close attention to the spacing between primary ground plane (GNDP) and secondary ground plane
(GNDS) on the PCB outer layers. The effective creepage and or clearance of the system reduces if the two
ground planes have a lower spacing than that of the device package.

To ensure isolation performance between the primary and secondary side, avoid placing any PCB traces or
copper below the UCC33410 device on the outer copper layers.
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7-2. Layout Example
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8 Device and Documentation Support
8.1 Device Support

8.2 Documentation Support

8.2.1 Related Documentation

For related documentation see the following:
* Isolation Glossary
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10 Mechanical and Packaging 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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NOTES:

1. All linear 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.
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EXAMPLE BOARD LAYOUT
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NOTES: (continued)

3. This package is designed to be soldered to a thermal pad on the board. For more information, see Texas Instruments literature

number SLUA271 (www.ti.com/lit/slua271).

4. Vias are optional depending on application, refer to device data sheet. If any vias are implemented, refer to their locations shown
on this view. It is recommended that vias under paste be filled, plugged or tented.
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EXAMPLE STENCIL DESIGN
RAQ0012C VSON-FCRLF - 1.05 mm max height

PLASTIC SMALL OUTLINE - NO LEAD
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SOLDER PASTE EXAMPLE
BASED ON 0.125 MM THICK STENCIL
SCALE: 15X
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NOTES: (continued)

5. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate
design recommendations.
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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 ©)
@ ©)

PUCC33410RAQR Active  Preproduction VSON-FCRLF 3000 | LARGE T&R - Call TI Call Tl -40 to 125
(RAQ) | 12

PUCC33410RAQR.A Active  Preproduction VSON-FCRLF 3000 | LARGE T&R - Call Tl Call Tl -40 to 125
(RAQ) | 12

PUCC33410RAQR.B Active  Preproduction VSON-FCRLF 3000 | LARGE T&R - Call Tl Call Tl -40 to 125
(RAQ) | 12

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

@ Mmaterial 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 TI RoHS Statement for additional information and value definition.

@ | ead 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 TI'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
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 UCC33410 :

o Automotive : UCC33410-Q1

NOTE: Qualified Version Definitions:

o Automotive - Q100 devices qualified for high-reliability automotive applications targeting zero defects
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GENERIC PACKAGE VIEW
RAQ 12 VSON-FCRLF - 1.05 mm max height

5x 4, 0.65 mm pitch PLASTIC SMALL OUTLINE - NO LEAD

This image is a representation of the package family, actual package may vary.
Refer to the product data sheet for package details.

4229417/A
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0 PACKAGE OUTLINE
RAQO0012C VSON-FCRLF - 1.05 mm max height

PLASTIC SMALL OUTLINE - NO LEAD
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NOTES:

1. All linear 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.
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EXAMPLE BOARD LAYOUT
RAQO0012C VSON-FCRLF - 1.05 mm max height

PLASTIC SMALL OUTLINE - NO LEAD
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NOTES: (continued)

3. This package is designed to be soldered to a thermal pad on the board. For more information, see Texas Instruments literature
number SLUA271 (www.ti.com/lit/slua271).

4. Vias are optional depending on application, refer to device data sheet. If any vias are implemented, refer to their locations shown
on this view. It is recommended that vias under paste be filled, plugged or tented.
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EXAMPLE STENCIL DESIGN
RAQO0012C VSON-FCRLF - 1.05 mm max height

PLASTIC SMALL OUTLINE - NO LEAD
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SOLDER PASTE EXAMPLE
BASED ON 0.125 MM THICK STENCIL
SCALE: 15X

4230399/A 01/2024

NOTES: (continued)

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