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LM25183/4-Q1 PSR Flyback Converter Design Tool
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Step 1: Operating Specifications

LI25153 -

Input Yoltage — Min, Vi
Input Yoltage — Mom, ¥V yeean
Input Yoltage - Max, ¥V iym.n

Single Output or Dual Dutputs

Output Yoltage, YOUT1
Rated Output Current, 10UT1
Output Yoltage, ¥YOUTZ2
Rated Output Current, 1OUT 2

15V
24 ﬁ A
42 h

24 v
01 A
24 v
01A

===VIN-min = VIN-nom =—VIN-max

TERE

400
350
= 300
E -
=
z 0
g2
g /
=
g me /
=
=
g 150
Z
100
50 /
o i i i i i i i
[] vl 40 60 100

% Total Rated Output Power

WFI1L—4H
EE-EROERLEAS

FS2ADEERAT

Step 2: Flyback Transformer

i mi marn bagretizing lnductance
Magnetizing Inductance,. L qas

Primary Winding DCR
Secondary Winding #1 DCRH
Secondary Winding #2 DCH
Pri-Sec Leakage Inductance

122 pH
22 nH
40 o
]
40 mn
100 mao
5 nH

Turns Ratio. PRI : SEC1

Turn= Ratio, SECT: SEC2 1
Feax Output Power at Wk min) 10,44
Dty Cocle at iy i 519 =
n I
1:Viu = Vingrom) ~ o e
100 350
_90,5%
35 e
J - a0
20 ==
£ =
Z 80 E'
Zg 75 E
£ §
70 £
60

esssxsnes sarans 4 1 ! !

0 40 1] 80
% Total Rated Cutput Power

24V [

IVEFaL—4

15V...42V

Cpn |

Ruv1
165k
== VIN
10pF

EN/UVLO SW

Ruv2

71.5k LM25183
GND FB

TC

DS

T

Drvyvs

SS/BIAS
Css

24V
0.1A
4TUF
1:1:
Druyvz
24V
* 0.1A
—L_ Coure
T  22uF
Ric Rser v
248 121k

Ref Des Value Description Part Number MFR  Footprint (mm) Area (mm’)
Cin 10uF___|Capacitor, Ceramic, 104F, 100V, X7R, 10% 20 v | st std 32x25 5.0
& 47uF  |Capacitor, Ceramic, 47pF, 50V, X7R, 10% |20 ~[ st std 3.2x25 8.0
Courz 22uF |Capacitor, Ceramic, 22pF, 50V, X7R, 10% [ 120 ~| s std 32x25 8.0
Css| 470F  |Capacitor, Ceramic, 47nF, 16V, X7R, 10% [ v [sta std 1.0%05 05
Druy Diode |Rectifying Diode. Schottky e v| st st 50x25 125
Drivz Diode |Rectitying Diode. Schottky soo v [std st 36x18 65
Dr Diode _|Clamp Circuit Diode, Fast Recovery soos v | [std st 36x18 65
Dewwe 2av Clamp Gircuit Diode, Zener, 24V sooe v [std st 36x18 65
Dour 264V |Output Clamp Diode, Zener, 27V sooszs (v | [std std 16%08 13
Reer 121k |Resistor, Chip, 121k, 1H6W, 1% 0402 v | [sta st 1.0%05 05
Res 124k |Resistor, Chip, 124kQ, 116W, 1% 402 v st std 1.0%05 05
Ruy 165k |Resistor, Chip, 165k0, 1/16W, 1% 0402 ~[ s sid 10205 05
R 715k |Resistor, Chip, 71.5k0, 1/16W, 1% [ v st std 1.0x05 05
Ric 240k |Resistor, Chip, 249kQ, 1/16W, 1% [ v | [sta std 1.0%05 05
T 22pH  [Transformer. 22uH, 111, 40mQ Pri DCR. 3A Isat e x O w | |Various. [various 10x10 100
u LM25183 _[IC, LM25183, PSR Flyback Converter, 4.5V-42V Input _|WSON-8 LM25183NGUR [T 40x40 16.0

Total Solution Size (buffered by 25%) 220.4 mm’ =
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ATYT 1. SRR (FIHIHEE(E ) 2B RLE T

Ne. = N Dwax Vingmin) . _ > p—
PS ™ NS B 1_DMAX VOUT +VD DMAX — VIN(min) H%wTJ_T'f'ﬂ’fa}l' —> 60 v 70 /0 (LnEJE

VSW(max) = VIN(max) + NPS '(VDUT + VD) +VSW{Splike}

VIN(max)
Vbrrm = Vout + ———— + Vb(spike)

PS

ATYT 3. Vinmin) D Pout(max) & Fsw ZHEERLET . ( LM5180DIEA. Iy pr(max=1.5A(TYP) )

2
| L ) ISW-PK(BCM)
lout _ 11 _SW-PK(max) Pout(max) = MAS SW-PK ‘Fsweem) =
M0 72 Vour , 1 ? 2| L, 1
N .
Vin Nps Vi Nps '(VOUT +VD)

A7YT 4. (a) D<~75%. (b) Vaw(max <95V ZZRAFELT. Viymim BHICPourMBE(/ NSNS A,
NpZ IR Z ([CARSKUTHEDIRULE T
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FSYA - BREEN S XBDuty cycletPoyrmaxy/ N\DFE

Switching Frquency (kHz)

400

350

300

250

200

150

100

50

— —VIN-min — —VIN-nom — —VIN-max
: : : :7 06
—— — - ~ : : : : :
i N ! \! ! \\ ! ! ; ! | 05
/ P > < ~ - D=47%
I AN N ™
I E \ N ~
! A ~N ~

\\ 04

= i ' i A
L \ BN \ \ \ \ \ \ H
I | AN AN BN N
L P I - = :
' : : : : < | 03

e 5 ~< = 5 T——_ 02

s . . ' : : ]
1 ; ; ; ; TI==—— ; =
H 1 i H H H H [ — - H
r /// s a a o T==1 o1
I i i i i 1 i 1 1 1 4
f H H H H H 1o H T
H H H H H H ' H i
JW : : : | : o :

Load Current (mA) " |

VIN = 12V. 24V. 48V Vin(min) FOEFHIR

Vour = 5V. Igyr = 1A
Nps = 2 (2:1)\ Lyag = 40uH
X 60V Af1A—-K

X &OXREW Coyr

X &DINEL Poyrimax)

Duty Cycle

400

350

300

250

200

150

Switching Frquency (kHz)

A
o

Vpy = 12V, 24V, 48V
VOUT = 5V\ IOUT = 1A

NP§ - 3 (3:1X\ LMAG - 4OH,H

v 40V M4 A—-FR
v &DINEW Coyr
v J:D*E(I\ POUT(max)

— —VIN-min

D =57%

— —VIN-nom — —VIN-max

100 /

Load Current (mA)
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Switching Frquency (kHz)

RSV — Lyach' 5% 3BCM/DCM/FFMEI{EDIEFR

., FFM DCM o, FFM DCM BCM
350 350
N N \ N o N
AN N \ \
300 F \\\ \ \ \\ 300 \\\ \ \
I \\ ~ o / AN \\ \
250 “ag >~ I 250 i N \\
I \ = 5 / A h \
N > ~ ~
~ 8 \\ ~ 1
200 l e g 20 Ne = i I
\'E~~-____ <3 / \\\\ ~
N T = — : £ AU SN B Rk S
l LMAG - 7HH f_ﬁ / LMAG - 40”H T S

100 T 100 | —— ————C=CS==a =-==F

Vin = 12V, 24V, 36V ” Viy = 12V, 24V, 36V i i i i |
50 | | — — 50 |

Vour = SV Igyr = 1.5A . . . . Vour = SViIgyr = 1.5A . . .

0 ‘ i ‘ i ‘ i ‘ i ‘ i ‘ i ‘ i ‘ i ‘ i ‘ i 0 ‘ i ‘ i ‘ i ‘ i ‘ i i ‘ i ‘ i ‘ i ‘ i
0 300 600 900 1200 1500 0 300 600 900 1200 1500
Load Current (mA) Load Current (mA)

LuacPEN/NEL > DCMOEMESEBHLEK. iIwNA > 505> XS
(VYT IVEFRDIFX)

Luac®ERAE - BCM/FEMOBIESEEHEX. BN > 905> A1 - HRIE T OaEE
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V-o—-3 - IR+ -DEE

YW1F+—-9527 /| RCAFNN
— Vinmax DEVEE. v:# /Jaw mﬁﬁbﬂ

—  Vin(min) B4 —>- 'J/#/’JH‘MH%F'E?D s/NT7%>
7 H#Fa'id)ﬁzﬁfa‘?)é%’]BOOnS’a':JZIEID'CL\ZDiaz 5. RCAFIN
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2
I—LEAK ISW-PK

I:)CLAMP = I:)LEAK - ’ I:SW

CCT
L = 1 REAIZEZELUSRNA>A D52
(2RI FHEL TRIE)

Loym = EABRIEOURAI —ER

Ij Zl\ b— Z ISW pKEE;/)ILb EE;I)ILIL:EIJBE((_LL\{

Clamp diode - Leakagelinductance
forward recovery  demagnetization

\ Leakage inductance
resonant ring
Vin + VeLave \ /

VN + (VOUT +Vp ) ‘Nps

Vew 10V/div Vi = 15V
[ 3+ Vout =5V

loutr = 1A

M E0.0ns 5.0G55 T 4.00sm0t

Veramp < Vswirated) ~ Vingmax)

Aty AV Veravp 1.9 -Npg '(VOUT + VD)

LAk
Coss +Crr

VSW-LK—SPIKE ~ ISW-PK\/
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%fa_ﬂﬁb@%ﬁ') JPVIR-THL1Y

Isolated IGBT gate driver power supply using integrated switch PSR flyback controller 4.5V to 70V input bias supply with power stage reference design for Automotive

Fly back topology using controller with built-in switch = Primary side regulation converter eliminates need for DeSIQn Features DeSIQH Benefits

. Suppprts 6 IGBT gate d.nvers for 3-phase inverter feedback circuitry, simplifies design + Directly driven by 12V car battery which eliminates risk from - Easy-to-use, highly integrated, PSR flyback solution as Bias Power
= Four isolated voltage rails: +15v /-9v (or) +15v/-5v = Peak efficiency of ~90% at balanced full load intermediate power rail failure + No opto-coupler or transformer auxiliary winding needed
= Operates with unregulated 24V (+20%) input = High switching frequency reduces transformer size + VOUT accuracy £1% achievable ) + Low IQ operation at no-load current
= Output power: 1Watt per IGBT = Power supply shutdown feature supports STO feature ¢ VIN = 4.5\570V, VOUT = +15V & -0V, ~180mA, 5% regulation to full * High efficiency at light loads
= Functional isolation of 1.5kV DC between primary and . !I(_ﬁ:d_ —40°C to 125°C +  Accurate Vg y regulation performance with sensing at zero current
. z?(c\;mdtiryt's Zs w|e(" as fsec:mdaryt's - Boundary mode, quasi-resonant operation » Low I operation and external BIAS rail option enable high efficiency
wiristand:vorage jor 1 mnute + Internal loop compensation at light loads
+ no need to extra clamping circuit, fits both 12V battery & 48V battery e 45Y-TOV
: . inputs
Target Applications Kl « Tested for ISO 7637-2:2004 conducted transient immunity compliance, ] . A Jr——
+ AC Inverters and Servo drives 3180 including Load Dump : s |
i Tools & Resources i R S S b
y « Expected complexity of the TI Design S il E
Tools & Resources = #ofIC’s: 2 (LM5180-Q1+LM74700-Q1) o s s ok || [ L
+ #of passives: ~35 [ S s " I
. + Device Datasheets: - L
y ;‘;?;133?::"‘”“ ToolsFolaw -EZM§180 + PCB dimensions: ~40mm*40mm wetsnan | =" I S o
« Design Files: Schematics, BOM, * #0f PCB layers: 2 ReET tapm
Gerbers, Software, etc + Firmware needs: NiA sspus e i
. ¥ AV 200 mA i - - :
5V, 150mA Tl Information — Salective Disclasure I

TIDA-020014 TIDACBL-0039 Intrinsic Safe Analog Input Module
HEV/EV traction inverter power stage reference design with 3 types of IGBT/SiC bias
supply solutions

* 1 to 4 channel-channel isolated Intrinsic Safe Al + Short circuit protection on power output
Design Features Design Benefits . E‘:u;_:plyl,r for the Figlq Transmitters with output power . Mjs—wiring protections on the Analog !n;?ut
) ) limitation (short limited to 35mA (). * High-accuracy LM5180 allows to minimise heat
S LA L S A et = * A comprehensive design with multiple bias supply solutions for IGBT/SIC * Input protected against miswiring (wiring to 24V) dissipation from LDO (which can be low drop LDO)
‘I:)\i‘;:;:slg:ven by 12V car battery with increased safety level :;d'atid ga:e drivers :n,;-' EV;Z\; Flvback C Flvback C I * Transmitter supply: 26 +/-1V, lout <35mA peak
* . ultiple solutions including yback Converter, Flyback Controller, . . ™/ TPEI6ET
+ Wide-Vin during very low dips in input voltage of 4.5V and up to Buck + Push-pull Input: short to L+ and GND protected, 24b accuracy l [T
45vDC * Small size, compact, cost effective
+ No Opto coupler - Plug in connection to IGBT driver board for easy HV evaluation tms180
. ications
+ Low IQ operation at no-load current » Compatible Isolated Gate Driver board included for customer evaluation il
+ High efficiency at light loads * Robotics Analog Input Module for IS application - ;
. — — - * PLC Analog Input Module )
12V Batt Input Biax Supphy Sohuion 1 Biax Supply Solution 2 Bias Suppy Schstn 1

' Backplans
h ASIC

Tools & Resources — S— H £ 1 |
’: — @ j = Additional details - e
T T
]

+  Expected complexity of the Tl Design ;
-« #0of IC's: 5 (LM5180-Q1, TPS40210-Q1, LM76003- 5V -GV 120mA E E T cConnecior E E E T « Definer: Ingolf Franck -> Ben IS Al and how to protect inputs

Q1*2, SNB501-Q1/SN6505-Q1, LM74700-Q1*3) = = 2_" T f;w:llshonsrk“ e ! =
. ives: ~ i . + Field: Takeshi Sasal + Publicma info: L=
. # of passives: 1.4? nto 3tboards sesssa sessea + Key devices: LM5180, application fast growing in [ I -
PCB dimensions: ~40mm*40mm each board )
+ #of PCB layers: 2 e T3t b e S B TPS2662, ADS122U04 Factory Automation ]
+ Firmware neads: N/A - - * Why is this design considered.+ Technical status: Design phase o L e
: | | IGET Module: how to protect output power for ApsizUos
Tl Information - Selective Disclosure TI Information = Selective Disclosure ..
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L. M25184 Single-Output EVM User's Guide

LM5180 Single-Output EVM User's Guide

LM5180 Dual-Output EVM User's Guide

How an Auxless PSR Flyback Converter can Increase PLC Reliability and Density

Why Use PSR-Flyback Isolated Converters in Dual-Battery mHEV Systems

PSR Flyback DC/DC Converter Transformer Design for mHEV Applications

Flyback Transformer Design Considerations for Efficiency and EMI

Under the Hood of Flyback SMPS Designs
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http://www.ti.com/jp/lit/pdf/SNVU680
http://www.ti.com/jp/lit/pdf/SNVU592
http://www.ti.com/jp/lit/pdf/SNVU609
http://www.ti.com/jp/lit/pdf/SLYT779
http://www.ti.com/jp/lit/pdf/SLYT791
http://www.ti.com/jp/lit/pdf/SNVA805
http://www.ti.com/lit/pdf/SLUP338
http://www.ti.com/jp/lit/pdf/SLUP261
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- BIELTIYICETZIT I -1>FT U5«
- e LT — N A TR EBEET DT — - RSN

e PSRIFANYIYVU1I—-S3Y
- UTFOEDEBELLRVS T TEMERERIEFREEIR
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