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Tl training — summary

PSR Flyback DC/DC Converter Design:

There is a growing demand for isolated, low-power bias supplies with wide V range and accurate output
voltage regulation for use in several industrial and automotive applications. In this presentation we describe
the PSR flyback converter and identify a feature set that makes it suitable for these applications. We
highlight both electrical and magnetic design considerations and showcase three PSR flyback design
examples to illustrate efficiency and regulation performance attributes.

What you’ll learn: Course Details:

1. PSR flyback converter features and benefits and related end equipment * Type: PPT presentation

2. PSR flyback modes of operation and component selection guidelines * Duration: 1:30h / English

3. Magnetic design considerations and what to specify when dealing with a » Audience: FAEs, Apps, System Apps

magnetics component vendor
4. Design tips for single- and dual-output configurations )
5. How to choose between PSR flyback, Fly-Buck and push-pull topologies Tl Products and Solutions:
* LM5180, LM5180-Q1
+ LM5160/1
+ LM5017/8/9
* SN6501/5
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Agenda

Isolated
converters

PSR flyback
converter

PSR flyback
implementation

Positioning PSR
flyback converters

* Isolated topologies overview
* PSR flyback topology — features and benefits, end equipment serviced

» Operating modes — BCM, DCM, FFM

» Circuit design considerations — C,y, Coun Dp Vg Clamp, UVLO, SS, TC, FB
* Magnetic design considerations — turns ratio, Ly,ag, L gax, ladder model

« Cross regulation in dual-output designs — secondary current distribution

» Design examples & lab results — efficiency, regulation, key waveforms

» PCB layouts for single and dual outputs
« Common-mode EMI mitigation

» Choosing between PSR flyback, Fly-Buck and push-pull topologies
« Competitive analysis and spec comparison
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PSR flyback « Circuit design considerations — C,y, Coyp, D, Vs Clamp, UVLO, SS, TC, FB
converter » Magnetic design considerations — turns ratio, Lyag, L gax. ladder model

« Cross regulation in dual-output designs — secondary current distribution

 Design examples & lab results — efficiency, regulation, key waveforms

» PCB layouts for single and dual outputs
« Common-mode EMI mitigation

PSR flyback
implementation

Positioning PSR « Choosing between PSR flyback, Fly-Buck and push-pull topologies
flyback converters - Competitive analysis and spec comparison
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Different isolated power topologies

Coupled inductor (has an airgap) Transformer (no airgap)

Vout_pri Vout + V) - Np Vout + Vi) - Np
Duty D=— S — o
n 5 -
Cycle Vi, + Mout + V) - Vi, + Vout + V-
s s
N
P
Q1 FET N, Vin + Vout + Vil - g Va1 = Yin VQ1 =2 Vip+Vf Va1 =2 Vin
Voltage Va1 =Vin Va1 =Vin + Vout + Vi - Va1 = 2—5 iy
s
N N )
D1 Diode N, N, . S - S L
Voltage VD1 =Vout_sec + Vin-Yout_pri 'T VD1 =Vout + Vin - T VD1 =Vout + Vin - T VD1 = Velamp '_Np - Vi VD1 = Vin + Vp) - W Vi Vi1 =2 - Vin : vy
D2 Diode N, N,
Voltage VD2 =Vin: 57— ¥ VD2 =Vin - — - Vi
P P
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Flyback operation - __ﬁ e [ T
« Conventional transformer stores minimal energy T onj': 47

» Flyback transformer — essentially a coupled inductor stores energy from primary r
and releases to secondary

1) FET ON — only primary current flows el P

- Energy transferred from source to air gap 2)
- Load current from output capacitor only

2) FET OFF — only secondary current flows =

- Energy stored in air gap delivered to the load

3) FET OFF, diode OFF —»

- DCM circulating current
— Load current supplied by output capacitor _

« CCM = not all stored energy delivered to load, : : ' : -
primary current starts when secondary still non-zero 1

|
« DCM = all stored energy delivered to load each cycle :
|
|

|+

|
> ¢ o

(1 @ )
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Conventional flyback vs. PSR flyback

Resr Vour

¥

Control IC

BIAS /‘ <

RIEN ﬁ
%

Tertiary Feedback

~

Control IC

FB 1%

'||é || * o
y

\ Winding /

Conventional flyback:

« Extra winding or opto-coupler plus several
external components are required to achieve
regulation with a conventional flyback topology

» Designing compensation can be challenging

with an opto-coupler based solution

* Operates in CCM or DCM mode

s
&~
#Y <
i
7 g
TL431

Opto-Coupler =

Feedback

Vin Resr Vour
F Py o
i -
l ( ‘ \
Sw
Control IC % Res

FB
PSR
Feedback

RSET
% RSET

A\v4 —_

I

PSR flyback advantages:

Eliminates opto-coupler or tertiary winding

Extremely tight load regulation achieved as
errors from the transformer DCR, leakage
inductance and secondary diode are avoided

Smaller solution size than conventional flyback
Operates in DCM or Boundary Mode
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converters * PSR flyback topology — features and benefits, end equipment serviced

» Operating modes — BCM, DCM, FFM

PSR flyback « Circuit design considerations — C,y, Coum Dp Vs Clamp, UVLO, SS, FB
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PSR flyback converter operation
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Galvani — LM5180 / LM5180-Q1 Relense, 40118
100V, 1.45A primary side regulated (PSR) flyback converter

+ 100V, 1.45A internal power MOSFET » No opto-coupler or transformer auxiliary winding needed

* 4.5V-70V wide V  range (abs max 75V) » Accurate Vg1 regulation performance with sensing at zero current
o 3.5V minimum V,y after start-up * Low I, operation and external BIAS rail option enable high

* Vour accuracy 1% achievable efficiency at light loads

o V= 18V=70V, Vo ,r = 5V, 2% load to full load
o T,=-40°Cto 125°C
+ Boundary mode, quasi-resonant operation
* Internal loop compensation
* Adjustable input UVLO
+ External V. bias option for improved efficiency 2.2 uF ]
» Adjustable or fixed internal 6ms soft-start
+ Optional Vg1 temperature compensation LM5180-Q1
* 4 mm x 4 mm WSON-8 WF package, 0.8mm pitch GND FB
+ AEC-Q100 grade 1 = 125°C operating ambient range = RSET
, —|SS/BIAS TC |- < 121kQ
* Isolated DC-DC for factory automation 1/0 modules
» Gate drive bias in HEV/EV drives and battery chargers

V|N =45V..70V DFLY VOUT =5V

T Cour
hd L, 100 pF

"%

— VIN
EN/UVLO SW
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Vin Resr Vour

PSR flyback control method LL . {W—'ff

. . . i N T
Discontinuous Conduction Mode (DCM) or Boundary N % 1
. . ontro Res =
Conduction Mode (BCM) are employed depending on load N |
. Feedback
BCM from mid to max load: ROETH—
— Switch turns on when secondary current reaches zero (ZCS) | j e
— Switch turns off when peak current reaches level set by COMP —-——
output of the internal error amp e
— Fg decreases as peak current increases with increasing load
DCM for light loads: Vin
— Peak current set by COMP decreases to minimum level (20%) """
— Switch off-time increases (DCM operation) to decrease Fg, | e

and output current |
— Maximum off-time sets minimum Fg,, in DCM ~12kHz Curent /_/_

— Minimum peak current and Fg,, set minimum load requirement
Secondary |
to ~0.5% of full load il | RN

|47 Ton —blq— Tdmag —|

————— ToFF —————|
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PSR flyback operating modes — Fg,, VS. Iyt

400
DCM
350 + ~ N
\\\ N ~ \
< 300 1 ST ~ »
é \\\\ \\ BCM \.
> 250 Sas >~
8 Sso ~
) T eo ~
S 200 ni P ®
s -
2 1s0 -
<
S
= | —V, —
UE’ 100 VIN_MAX
=77 VIN_NOM
7 R S S S S S Viun = —(1_D)'ISEC'PK
Minimum Frequency = 12kHz—" | | ‘ ‘ ‘ ‘ ‘ N S R ouT 2
Requires minimum load ~ImA  © 72 144 216 288 360
Load Current (mA)
BCM - Boundary
4 2+ 4 Conduction Mode
FFM — Frequency DCM - Discontinuous loeak
— Foldback Mode — Conduction Mode —
su $ $ 1 1
— - - | |
- - - ! | |
N N
1
L 1 -

—> g
Ty = 2.9us T[s]
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D, = switch conduction duty cycle

PS R ﬂy b acC k (@) p el’atl N g Mo d es D, = diode conduction (flux-removing) duty cycle

D,+D,<1

FFM (variable frequency DCM) DCM BCM

[Tek  Aun

Advantages of DCM /BCM vs. CCM Disadvantages of DCM /BCM vs. CCM
— Lower switching losses — Higher conduction loss

* No diode reverse recovery loss — Higher switch turn-off loss
* MOSFET turn-on at zero current )
— Higher core loss

— Lower L,,5g value (higher ripple) _ _ _
« Fewer turns, lower DCR — Variable Fg,, (operating point dependent)

— First-order system — Larger EMI filter, possibly
* No slope comp or RHPZ
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PSR flyback equations

Mode | BCM DCM FFM
_ (VOUT + VD)'NPS 2-1 Vot +Vp ) Few L _ Lvac 'ISW—PK(FFM) 'FSW(FFM)
D, D, = D. - out | VouT * Vb ) ' Fsw ““mac | =
Vin +(Vour + Vo ) -Nes ! Vin Vin
| _2-Vour “lour | _ 2-loyr ‘(VOUT +VD) | _ ISW-PK(max) _029A
lswpi | lsw-pkom) = — 15 SW-PKDCM) =4/ F Sw-PkFFM) = = 0-
- Vin-P1 MAG “Fsw-Dcm
F L |
SW(BCM) — _ OUT(FFM)
Fsw Lvac Lvac Fswocm) = FoLavp = 350kHz Fsw(rrm) = = N >
lsw-pk - + ofFr(FFM) “ Nps *lsw-Pk(FFM) /
Vin'© Nps ‘(VOUT + VD)
T T _ Lmac “lsw-pk@cm) T B Lmac - lsw-pkocm) T B Lmac *lsw-pk(Erm)
OFF OFF(BCM) — OFF(DCM) — OFF(FFM) —
(e Nps ‘(VOUT + VD) Npg ‘(VOUT + VD) (FFEN) Nps '(VOUT + VD)
| P —n-V.-D ISW-F’K(max) Torr 'ISW-PK(DCM) “Nps 'FSW(DCM) Torr “lsw-pk *Nps 'FSW(FFM)
ouT outBCM)max ~ 7" VYiN'P1——F lout(pcMymax = loutEEMmax =
2 2
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Application options
Adjustable line UVLO

Drry

Vin D >
RUVl
CIN J— VIN
EN/JUVLO  SW
Ruve LM5180
+—|GND FB
- RSET SS/BIAS
RSET

TC

COUT

supply

Open
Capacitor

Bias winding

Fixed éms
Adj > 6ms

Fixed 6ms

VIN

Vour

Adjustable soft-start

Vin [ *
RUVl
Cn —— VIN
EN/JUVLO  SW
Ruvz LM5180
e—{GND FB
B RSET SS/BlAsj
RSET CSS
1c 1
T Drry
Vin

RSET
Rser
— TC

VIN
EN/UVLO Sw

LM5180
GND FB

SS/BIAS

VOUT

COUT

Np : Ns

External bias supply

Dg

Np : Naux
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Inverter and motor control — reference diagram

12V

Reverse
Polarity DC-DC
Protection 2 aamulll (Buck-
Boost)
Input Power
Protection DC-DC (Buck)
Non-lsolated DC/DC Power Supply

System Basus Chip (SBC)

SAFETY
LOGIC

Digital Processing

5V RESOLVER
INTERFACE

Resolver Interface

FLEX

g

Wired

nterf;

1)

ce

e

|
Isolate4 DC/DC Power Supply
|

45V
BATT |

T

BIAS SUPPLY
GATE DRIVER

IGBT { SiC

At least four galvanically-

isolated bipolar power supplies

omMmHA>»rrow-—
Am=-—-320
s

v v

Power Stage

45V
CURRENT &
VOLTAGE
SENSE

Current and Voltage Sense

3x IGBT TEMP
48V VOLTAGE
SENSE

lation Self-DiagnosticsMlonitoring

I

Signal Is

g are needed for a three-phase
inverter with typical IGBT gate
drive amplitudes of +15V, -8V
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On-board charger (OBC) DC/DC - reference diagram

'

H

: () AC Power

12v — from Grid
Suppl Isolated DC-
SUpply DC Supply
Input Protection PFS(?JpPpDI";P'r l
—

H hmplrﬁer

1]

g : Analog PFC Votage

ense
Dlgrtal Isolator o =
SBC
PFC
¢ T * Communication PFC Controller %— Sensors
b ¢
— DC/OC
Digt ] —-
Micr oller Analog/digital
. Isolated DC- = Temp
On-board charger designs vary p— ocswoy S °°"" ina s [
ontoller - o PFC Temp
PFC Bias Supplies —#= PFC Gate Driver e

depending on OEM I ' )
=

- Analog
CM owatsy L
PLC DC Supply Conroller
EVSE Communication m

* Isolated amplifier bias supply,
SiC MOSFET driver bias supply
are some examples within OBC "y | oome comor

LICTITN .
SI05UD G — ]

JTTIT e ——

Connector Control & DC Supply — : gyl

Diagnosis Primary Bias

Supplies Isolated Gate e LHJ
L

-
: Isolated
Connector - Amplifier
Handshake My rmany -
] Temp Primary Frimary Current
Motor | Temp ] Sense Voltage Sense Sense
Driver [l Sensor Isolated DC-

[ L

Charger Interface

Driver

High Side Switches i
Rl LOW Side Switches

DC/DC Primary Gate —»
Driver —

Contactor Control Communication

IDiagnostics Digital Isolator
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Analog I/O modules —reference diagram

E-Fuse & Isolated E-Fuse & o VPRY
24V Field Protection pe/be Erotaction Backplane|
Power B a—

24V Input Power . . Input Power
Protection Signal Chain Power Isolated DCDC power supply Protection

DC/DC

Point of Load Regulators

Zupervisor
Sey.encer

Er backplane

T BUS
= Mcu/ Ethernet /
RGN P ZAWSEN Drotection Reference MPU ASIC/ LVDS .
& Data i Up to 8 channels may be needed in
Isolation .. -
PT 1 | B i e these modules...requiring 8 isolated
e RS-485/ : :
o Loat || cAN bipolar power supplies
FT ) o
RPN Zgty Protection HART e 10 Module Digital Backplane
p Signal Isolation Processing Communication
/ \ ‘ 250
/ Signal Input-
LT | Output Ohms
g Protection Analog Input Front-End
Configuration and
Small Ul Commissioning
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PSR flyback circuit design considerations
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Component selection
Primary-side components
1. Transformer design
— Turns ratio

Optional Optional T: Driy

Vin [ . . > Vor  — Mag inductance

— Leakage energy

—— Cour Ds;
2. Leakage energy management
Cn — VIN .
ENUVLO  SW N2 — Primary Zener clamp |
| M5180 — RC snubber (only needed for high L gax)
GND FB 3. Input capacitor(s)
= RSET [——4¢- 4. Feedback, TC and UVLO setting resistors
o?t'ff' SS/BIAS | Rrc < Rser
Cos | == ] Secondary-side components

= 5. Flyback diode
— RC snubber (only needed for high L, gax)

6. Output capacitor(s)
7. Output Zener clamp
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Transformer —turns ratio sets duty cycle range and Pgrmax

Step 1. Select turns ratio (initial estimate), choose Dy,,x = 50%-60%

Neo = Vo _ Dwax Vin(min) > :
PSTNg  1-Dyax | Vour + Vo Duax|= duty cycle at V ymin) —>|set to 50-60%
Step 2. Check Vgymax) and Vp grru Vawmax) = Vinmax) T Nes - Vour + Vsw(spike)

VIN(max)
Vorrm = Vout + ——— * Vispike)

PS

Step 3. Check Poyrmaxy @nd Fgy at Viyminy, Where lgy. p = 1.45A typ.

2
PouT( )~ M'FSW(BCM) = ISW_PK(BCM) F 1
max =
2 SW(BCM)
2 : 1 + 1 | W-PK -L . i + 1
Vin  Nes(Vour + Vo) sw-pKEem “bwae | I Ty )

Step 4. Iterate by increasing Npg if Poyr is too low at Vymin
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Transformer — higher turns ratio increases Pgyrmax)

400

350

300

250

200

150

Switching Frquency (kHz)

100

50

0

0.6

1 05

Load Current (mA)

Current limit

V\y =12V, 24V, 48V at Viygminy
Vout = 9V, loyr = 1A

Npg=2: 1,

Lvag = 40uH

X 60V diode
X Higher Cqt
X Lower POUT(maX)

1 04

0.3

1 02

T 01

— —VIN-min — —VIN-nom — —VIN-max
AY
/ \ \ AN
/ Y > -
\ N N
! \ N N
1 N ~ SN
T \ ~
/ / AN \\\ S - \~
1 N —
/ ~ N ~ i ~~_
/ \\ \\\\
/ >~ \-‘\\
L I ~. — =~
! ,’ = Td==
I /// — ] T ——
/ / 1
1
Y 1
200 400 600 1 800 1000
1

D=47%
)
©
>
O
oy
=)
[a]
_
N
T
=
>
[S)
o
@
S
=)
i
=)
c
£
£
=
(7]

400

350

300

250

200

150

100

50

Viy =12V, 24V, 48V
Vour =9V, loyr = 1A

Npg =3 : 1,

Lyac = 40uH

v' 40V diode
v Lower Cqyr

v’ Higher Poyrmax

— —VIN-min — —VIN-nom — —VIN-max
’é- 0.6

Load Current (mA)
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1l \ > N
N
AN ~ o
/ N e - 0.4
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— ~— 102
/ — —
/ — —/ b3 — ¢
— l_'_f
01
0
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Switching Frquency (kHz)

Transformer — L,g Sets BCM / DCM / FFM mode boundaries

FFM DCM BCM

400

A\ 4

—
/| A
/

350

300

200

250 I < X

s .

S Lwae =27wH| T |
I vy = 12V, 24V, 36V
1 Vour =5V, lgyr = 1.5A

0 300 600 900 1200 1500
Load Current (mA)

1. Check SW voltage margin

VSW(max) - VIN(max) - VLK-SPIKE

No <
ps =
Voutr + Vb
\V/ ~ | LLE¢ L ~ 1%L
LK-SPIKE ™ ISW-PK 4 '~ C._ ' CLEAK ¥ oLpmac
oss T L1r

FFM DCM BCM
400
350 - -
\ N N
300 / kN \\ \\
g 250 / x \ A ~ ~ \‘\
> \\\ ~
g 200 / AN - S . - ~— 1
g / \\\ T~ We—
o 150 _ ~_
£ / Lyac = 40pH o S
S 100 === -
¢ Vv = 12V, 24V, 36V
1 Vour =5V, loyr = 1.5A
0 ; ; ; ;

0

300 600 900 1200 1500
Load Current (mA)

2. Check min off-time constraint at V,ymin)

(VOUT +Vp ) “Npg
Lyac 2 I - Torr(min)
SW-PK(min)
TorFminy = Minimum switch off-time, 400ns

Higher L,,,c — Larger range of BCM and FFM, higher leakage inductance, possibly lower efficiency
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Leakage energy management Clamp d

iode - Leakagelinductance

forward recovery  demaghetization

DZ clamp / RC snubber

— Use Zener clamp if V ymay) IS high Vin + Veram

\ / Leakage inductance

resonant ring
[=]

= keep Vowmax < Vswiateqy =100V o e /
— Use RC snubber if leakage ringing duration at W i e S B LS
Vinmin) €XCEEdS blanking time of 400ns
I { Vi +(VOUT + VD)‘NPS
DA &
o op bkl 7 ' Vew 10Vidiv Vi =15V
= . ! VIN i [ - =
CLAMP LEAK 2 1r ENUVLO  SW 1! |VOUT— 1iV
< | OouT —
R 2 LM5180
3= enp FB ME00ns S.0GSE 1T 4.Onsht
where: v v v
L, eax = primary-referred leakage inductance CLAMP < Vsw(rated) ~ VIN(max)

(measured with shorted secondary)

lsw.pk = Peak primary (switch) peak current at full load Target:

Veravp ®1.5-Npg '(VOUT +VD)

Worst case = high lg,.px current near current limit

VSW-LK-SPIKE ~ ISW-PK

L Ak
Coss +Crr
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Input and output caps

D2 _ 2 'IOUT

Output caiaCitO/  lsecok
ISEC-PK

—I
D, - . out
2 “lcour _ 2-lour 2

Cour 2 Feuy - AV, | SAY;
SW ouT SEC-PK S ouT

2-lour .(ISW-PK _ IOUTJ
2 Nps

Cour 2 | Fey, - AV
SW-PK SW ouT

where:

Cout = output capacitance (ceramic, negligible ESR)
AVt = pk-pk ripple voltage spec (typ = 1% Vout)
lsw-pk = Peak primary (switch) current at full load

D, = diode conduction duty cycle at full load

ISW-PK

N

Input capacitor

N

I
Cp > —L CN__

I:SW ) AVIN ISW-PK 'FSW ) AVIN

where:

C,y = input capacitance

AV,y = input ripple voltage spec (typ: 5% Vin)
I,y = input current at full load

D, = switch conduction duty cycle at full load
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Flyback diode and Zener clamp

Flyback diode Output Zener clamp
VIN-MAX L N _ 2
Vb-RrRM 2 m + Vout + Vo-LK-SPIKE Pout@mn = MAG ;Rl(mln) Fowmn
where: | o Pourinn
Vp.rry = diode reverse voltage rating OUT(min) ~ —VOUT
V| «.spike = diode voltage spike from leakage inductance where:

ringing with parasitic capacitance Iorumny = MiN. peak primary current (= lpgymag/5)

Nps = Np/Ng = primary-secondary turns ratio Fswminy = Min switching frequency (= 12kHz)

Note: Choose
Schottky leakage current at HOT can result in high loss

= use ultra-fast switching diode for Vp ggy > 100V

VOUT(cIamp) =105-110% VOUT(nom)
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AdeStable UVLO OptiOﬂS 3-resistor UVLO network

(to accommodate the automotive 100kQ limitation)
VIN

2-resistor UVLO network

VIN

IUVLO
g EN voltage hysteresis V.yyst = 50mV gRuwop g.'HYSTERESIS
Ruvropr luvio  HysTERESIS

EN current hysteresis Iy, o = SPA ey Ruvaos

H 1
Crier | VvV Lt * >4 RUN
— filter H EN/UVLO Ven 17
= - M a0 —RUN e
EN/UVLO - i

§ Ruveot
§ Ruveot i

— 1

Ve Voo, Vineoft) TOT Vingon) = 10V
IN(on) VU (

IN B ;
VLO1 o B VIN(on) ‘Ruvans 9 \ Ruvtop = 100kQ i

~_ Ruveor = 17.6kQ
V 8 —~—

UVLO1
Ruveor =Ruvrop - Vinety (V) \

Vinen) — Vuviol 7 S

TN

Vivior = EN voltage when device turns on 6 ~~

RUVTOP = I v
UVvVLO UVLO1

Viuvio2 = EN voltage when device turns off

0 20 40 60 80 100

Ruvaps (K€2)

luvio = EN current hysteresis
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PSR flyback magnetic design considerations
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Engaging with the magnetic component vendor

Key Specification Symbol
Turns ratio Npg
Switching frequency Fsw
Magnetizing inductance Lyac
Saturation current lsaT
Primary and secondary DCRs Rpriy Rsec
Winding arrangement — interleaving, # of layers

Leakage inductance L, eax
Interwinding capacitance Cp.s
Hi-pot test limits (dielectric withstand) Viso@RrI-sec)
Insulation rating — functional / basic / reinforced | IR

Operating temperature range

Tave * Trise

Mechanicals — pinout, footprint, height

LxWxH

3433333333833

Purpose

Optimize flyback duty cycle range

Control core loss

Set PSR flyback mode boundaries

Prevent magnetic saturation

Reduce copper loss

Minimize R, and L gax

Reduce power loss & voltage spikes

Mitigate common-mode EMI

Provide a robust design

Comply with safety requirements

Ensure reliability

Minimize size and cost
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Flyback transformer spec sheets

415 MAX.

- [10.54]) - [9.50] I
ey ] f
) = 385 Max noR
I 7
ol = [o.78] ) L
2, =B t

; . \ DOT LOCATES TERM. 41—
= TERM. NO.'s FOR REF. ONLY \ \
\ LOT CODE & DATE CODE -

CHAMFERS LOCATE TERM.'s #1 & 8

[8.13
AREA REPRESENTS i -p40(E)
TERMINAL PAD DIMENSIONS ™ [1.02]
- -
.030(8)
[.76] - — - -
' - - 046 REF.(8)
[1.17]
-

.088(6) T -

[2.48] 075 REF.(8)
75 R
REFERENCE LaND SIZE — — - 077, BT

CUSTOMER TO DETERMINE LAND LAYOUT

-
/ﬁ)
>_ SEC
(1 ? 15V - 100mA
L]
PRI 3
— (&
8-70vdc
350kHz =
7
* 7/
&—
SEC
8V - 100mA
D

Application of the transformer allows for the leadwires between
terminals 6&7 to solder bridge

Customer to tie terminals 6+7 on PC board.

Caxy, IL 00013

Coil Design Data

MECHANICAL SPECIFICATIONS |

W

WURTH ELEKTRONIK.

ELECTRICAL SPECIFICATIONS @ 25° C unless ot[lgrwise noted:

PHYSICAL PARAMETERS (MM)

DIMENSIONS MAX
At WIDT] 8.14
| B: LENGTH 10.00
Cr HEIGHT 10.54

D: COPLANARITY WITHIN 0.10

PARAMETER TEST CONDITIONS VALUE
D.C. RESISTANCE 14 @20°C 0.075 ohms +10%
D.C. RESISTANCE 56 @20°C 0570 ohms +10%
D.C. RESISTANCE 7 @20°C 0.290 ohms +10%
INDUCTANCE 14 10kHz, 100mV, Ls 22 0pH £10%
SATURATION CURRENT 4 20% rolloft from initial A
LEAKAGE INDUCTANGE 14| fie(5+6, 746) 100kHz, 100mV, Ls | pHtyp, _ pHmax
DIELECTRIC 14| tie(+7), 1500VAC, 1 second
DIELECTRIC 53 625VAC, 1 second
TURNS RATIO (5-6)(7-8) 21.£1%
TURNS RATIO (5-6).(14) 21, 1%

GENERAL SPECIFICATIONS:

OPERATING TEMPERATURE RANGE: -40°C to +125°C including temp rise.

- Functional insulation only

FLYBACK <DCM>
SCHEMATIC

Z’ 8
l 15v, 100mA
3

18-70Vin 7

4 . 6
7.5V, 100mA
5

fasfi—T
YA8782-DL|
TOP VIEW ;
Y
Ii’ HH g__
SIDE VIEV C
D_.-ar-an-r_‘_
Y
5 8
HAHEH
TTITI1]
BOTTOM VIEW .l
TTTT1] 1
FHEE
4 1
—| 9.14 MAX
]l
D:|:0.71(a)
f] (]
2.40(6) [ o
o o

LAND PATTERN

ELECTRICAL SPECIFICATIONS |

INDUCTANCE( uH) (€SO
300 KHZ, 0.1 VRMS, 0 ADC
PINS | MIN | MAX
4—1__| 198 | 242
INDUCTANCE( uH) <100%)]
300 KHZ, 0.1 VRMS, 2.0 ADC
PINS [ WIN
4—1 | 176 |
HI POT a007%
(VRMS, to be applied for 1 minute]
VOLTAGE: FROM PINS | TO PINS
1500 4 8,6
200 8 5
750 ALL PINS CORE

DC RESISTANCE (OHMS) <1007
PINS MAX
4-1 0.108
8-7 0.432
6-5 0.206

LEAKAGE INDUCTANCE (uH) €100%

300 kHZ, 0.1 Vrms,

4-1 5,6,7.8 0.192
TURNS RATIO €100%))
Apply .030 Vrms, 100KHZ to pins4—1
MEASURE PINS: MIN MAX

8-7 1.940 2.060

6-5 0.870 1.030




Flyback transformer losses

» Copper loss
oDC resistance — depends on the wire cross-section and length (N, MLT)

oAC resistance — depends on choice of wire diameter vs. Fg,, and construction
(layer stackup, proximity effects, gap effect)

» Core loss
oRelated to core material characteristics, By, Bacs Fsw

» External loss
2

i I P
oLeakage inductance energy p_, - “LEAK stv P Fyy
=] arge percentage of this power dissipated in external clamp circuit or RC snubber
»Magnetizing energy also dissipated — depends on clamp level and leakage inductance

Wi3 TEXAS INSTRUMENTS



Leakage energy management

MOSFET turn-off
o Leakage energy — clamp until L g« current — zero
o Reset time depends on (V¢ ave — VrerLecTen) & Ligak Value
o Some magnetizing energy — clamp
o Smaller difference (Ve amp — VrerLECTED)
= More magnetizing energy absorbed by clamp, longer reset time

Verame/(Vo™Nps) = 1.1

Vbs Q \

: lp Q ey D

LLEAK

1]

T+ VCLAMP

Vin == <

Lvac
— Vour

—O

L N
>
< — L Drive

Verawe/(Vo*™Nps) = 1.5

VpsQ

v D

h's
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Flyback transformer — impact of leakage inductance

L Isec
leak2 —»

Np : Ng

+
Vin =

|T

Clamp Vmag1
+

FET.
I

?

Leakage inductance affects:

Conversion efficiency

Voltage spikes during commutation
clamp circuits and snubbers
Current slew rate & loss of volt-seconds
H-field radiated EMI

Cross regulation in multi-output designs

[Ref] “Under the hood of flyback SMPS designs,” TI PSDS 2010

Clamp diode
forward recovery

Vin + VeLave \

Leakage inductance

demagnetization .
Leakage inductance

resonates with parasitic
capacitance

Current circulates in

secondary winding(s) Vin + Verawe

VFET VFET
__ov. )
Vmagz I_
Vma 2= VD - Vout
v _mass Reduction in mag current due to
leak2 .
faster commutation
1 1
/I ™ b
IPRI : : |
| | |
| 1 |
| 1/ \i |
SEC
| | [
1 11
Dy Lost volt-seconds 11
| Dtr
- —l

Low clamp voltage

High clamp voltage
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Multi-output transformer — physical / ladder model

Iﬂ;
+ e —— — — —— — —
SR 2 A
C) —_— — — I
| | f ! iy
U X 1| B [l i et
lpri N3 V3 > * | w2 |! H ”'I
- . s g 8 llells : wi [t @ MWs'hmuil— L
A | Sl TV : ! 1ol [Hd
SSRLINGN | ® I ®|la|
T LB ® flefl=fii] |
FET — — L____\_“—_--;—'i-'-__J -

Current in all transformer windings during
primary-to-secondary commutation

lpRi Lieak12 Lieak23 Lieak3a
lpri I2

Clamp! Vmag1
— +

1+

N1 N2 !

FET

Q)
1l
J1 —
S ey

Secondary currents during commutation
based on physical/ladder model

[Ref] “Under the hood of flyback SMPS designs,” TI PSDS 2010 Q’ TEXAS INSTRUMENTS



Dual outputs — distribution of secondary currents

18 I~ VD (Y1)
16 - -+ I~ ISEC2
14 SEC1 | 'SECP T~ ISECH
T~ Idrain (Y2)
12 =
5 2 : ~_ ISEC1+ISEC2
'SEC1 \
: \ /
4 . T~ \ /
) Iseco o~ T~ {
0 \\ \
Y2 Y1

1= 7 NVANFANNA
o\ /N brl/ Vos \| / \[/ \// \
o %

0 . 1 P antna N —
42 42.002 42.004 42.006 42.008 42.01 42.012 42.014 42.016 42.018

0.6

Idrain / A

q
7
AN
S
e
N
d
q

time/mSecs 2uSecs/div

Notes:
 Normalized secondary currents add up to the expected triangular magnetizing current waveform

«  Secondary winding with the largest conduction time dictates regulation (I, in this example)
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Flyback transformer design — impact on efficiency & x-reg

1. Guidelines to optimize efficiency
—Choose the transformer turns ratio for best efficiency and duty cycle range
—Minimize leakage inductance from primary to main (high-current) secondary

* Interleave primary around secondary (or vice versa if Np < Ng)
* Reduces voltage spikes and power dissipation
* Locate highest power secondary closest to primary (multi-output designs)

—Minimize transformer high-frequency conduction loss

* Use bifilar or multifilar wires when necessary to reduce AC resistance
* Interleave primary and secondary windings
+ Select core shape for minimum number of layers (wide bobbin width)

2. Guidelines to optimize cross regulation
— Minimize leakage inductance between secondary windings as it impacts cross
regulation and secondary current wave shapes
* Wind two highest power secondaries bifilar for best coupling
» Consider DC or AC stacking for same polarity outputs that share common GND
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Agenda

» Operating modes — BCM, DCM, FFM

PSR flyback « Circuit design considerations — C,y, Coum Dr Vsw Clamp, UVLO, SS, TC, FB
converter » Magnetic design considerations — turns ratio, Lyag, L gax, ladder model

» Cross regulation in dual-output designs — secondary current distribution

* Isolated topologies overview
Isolated converters * PSR flyback topology — features and benefits, end equipment serviced

* Design examples and lab results — efficiency, regulation, waveforms
* PCB layout for single and dual outputs
« Common-mode EMI mitigation

PSR flyback
implementation

Positioning PSR « Choosing between PSR flyback, Fly-Buck and push-pull topologies
flyback converters « Competitive analysis and spec comparison

Wi3 TEXAS INSTRUMENTS



Design example 1: 5V @ 1A single output

T
Vour =5V

Vin=12 V...65V ’ L
IN D IOUT =1A

DCLAMP
Ruvi 24V °
127 kQ
Cin f— VIN 3:1
47 uF EN/UVLO  SW 40uH
RUV2
20 KO LM5180
® GND FB
= SS/BIAS RSET
c RTC RSET
ZZSrSIij o 121kQ > 12.1kQ
Design parameter Target spec
Input voltage range, Vymin—Vinmax) 12V-65V
Output voltage, Vot 5V
Maximum load current, loyrmax 1A
Input UVLO thresholds, V yony: Vi 11V, 10V
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LM5180 quickstart tool: 5V single output

AWIDEV.NDGIDC Power Solutions
Reliable Power for Demanding Systems

LM5180 PSR Flyback Converter Design Tool

- 5t Box

Terms Of Use

Step 1: Operating Specifications Step 2: Flyback Transformer
Input Voltage — Min, Viymin) 12v Recommended Magnetizing Inductancq 40 pH
Input Voltage - Nom, Vinnom) 24 V:’ Magnetizing Inductance, Luad 40 pH
Input Voltage — Max, Vigmas) 36V Primary Winding DCF 80 mQ 24V [}
Single Output or Dual Qutputs| Secondary Winding DCH 20 mQ 12V...36V
Output Voltage, VOUT 51V Pri-Sec Leakage Inductancd 500 nH
Rated Qutput Current, IOUT 1A Transformer Turns Ratio, Pri : Sed| 3
Diode Max Rev Voltage (Spike Not Included 17.00 V
Duty Cycle at Vinimi 572 % AT VIN
Max Output Power at Visymi 47T W . EN/UVLO  SW
Step 3: Input & Output Capacitors Ruv2
Minimum Input Capacitance 22 uF 100kQ LM5180
Input Capacitance, Ciy 47 yF GND FB
Input Capacitor ESR 10 mQ
Resulting Input Voltage Ripple 142 mVpucpic
Minimum Output Capacitance _ 36.9 pF SS/BIAS Ric Reer
OQutput Capacitance, Cour 100 yF Css 121kQ > 12.1kQ
Output Capacitor ESR 3Imo 29nF TC
Resulting Output Voltage Ripple 21 MVpucs I =
Step 4: Feedback, Soft-start, TC, UVLO
Recommended Feedback Resistor 1575 kQ _ ——Efficien = = «Flyback Dio de Loss
Selected Feedback Resistor, Rra 158 kO =7 VINAmin = VIN-nom  ——VIt-max M Vin = Vingnom) S Lussw --T:yansfovmer Loss
Soft-Start Configuration | agjustable |~ | 00 100 400
Soft-Start Time 5ms 88.8%
Soft-Start Capacitance, Css 22 nf 350 = < % 4| 3%0
VOUT Thermal Compensation| YE5 - [ N ~ % Szl
Diode Voltage Drop Thermal Coefficient A3 mvic ¥ 0 / = ~ o - —— - 0
Thermal C: Resistor, Rrc 121 kQ § . . ~ §85 —— - -
Input UVLO Configuration | Adjustable : H / \\ ~ - '—'80 _ T z
Input UVLO Turn-On Threshold 95V g 200 Y = g L - 200 8
Input UVLO Turn-Off Threshold 85V = / S ‘3 75 P = 3
Upper UVLO Resistor, Ruys 536 kQ £ w0 —— £ P P R o &
Lower UVLO Resistor. Riyz 100 kQ % / Rl S - 70 — e I
100 e o - :"‘ . 100
Step 5: Power Losses & Thermals / 7 P U
Flyback Diode Voltage Drop, Vomodoaa) 025V 50 60 £ Eid CELL 50
Flyback Diode Voltage Drop, Vpiuiliosd) 035V /
Estimated Thermal Impedance, 8., 60 °CIW 0 P pos p pows pos 000 0 pos P w00 ps pros
Ambient Temperature, Ty 85°C Load Current (m) Load Cumrent (ma)
LM5180 Power Dissipation at Full Load, Py 180 mW
LM5180 Junction Temperature at Full Load, T, 96 °C
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Fsw and efficiency

Frequency (kHz)

400 -
350 - s
] R TN
: N\ ..'.
300 - S -
\
] \
] / \ S
250 ] A \ ‘\\
LY
S
200 \ T
S
/ \\ \
150 - SN
\\ ———VIN = 6V
100 < —VIN =12V [
f S~ === VIN = 24V
50 1 oooooonN:48V.
f ——VIN = 70V
0 —
0 0.2 0.4 0.6 0.8 1

Output Current (A)

100 -

90

85 -

Efficiency (%)

70 -

60 -

95 -

80 -

75 -

65 -

Output Current (A)

)
ST
] -/

”' . ® /——/

N e \/IN = 12V
=== \IN =24V
eseses\/IN =48V | |
= \/IN = 60V
T ! I

0.2 0.4 0.6 0.8
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Load regulation vs. lgr, Vin & Tx

Vout (V)

5.5 Vin 12 Vin b_BoardVariant: ((All))
Color by
e_Temperature (C)

®-40°C

E—%_ +1% — —_— sl
] T i b D125°C

24 Vin 36 Vin
o y r n — = - - - - FT = - 3 _ - - - - i 1%
48 Vin 70 Vin

OA 01A 02A 03A 04A O05A 0B6A 07A 08A 09A 1A OA O01A 02A 03A 04A 05A 06A 07A 08A 09A 1A

lout(A)
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Converter waveforms, V,, = 24V, 1A load

L il Sa"‘“’e 293';‘“13., ”,w,,‘,”,“f’_‘?’,?igfil?,_ Tek  Stopped ﬁzmqs 18 Apr 18 11:15:26

20V/ div

S Zus/dlv

LSl TS ) | T | (I LS ol | T = lv_.l = I_If STIK 7
Ch1 J M 2. Dus 2 ‘tf"’\k IT 80.0psit Che 5.0v I cDus d 5G5S/ . IT 200pshot
& Ch1 r S6.0V & Chz » -500mY
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Layout example — single output

Locate C,, close to
VIN and GND pins

~ LMS5180FUM-S05
Q BSRO33A
o EN

Place REF, TC and

FB resistors near IC

I SS BIAS 1 |||I_‘l‘,f Tl

/ PI
VIN+ c5|l I‘I o £

o 'cal M- -l

RS | |! m-l

‘ Df'-. :- ‘Jr1
U1 = |L,, ==

UIN-
Keep SW trace short l .
(o] i hc

and DZ clamp close
to primary winding

_ GND
Q 13 TEXas
INSTRUMENTS

Keep diode and
output cap close to
secondary winding,
minimize area of
switching loops
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Design example 2: 15V & -7.5V dual outputs @ 150mA

Driv1

Tl VOUTl =15V
Vin=10V..70V [} * lout1 = 0.15 A
Dciave Dout1
26 ko 18V 16V
R VIN Dr C
AT ENJUVLO  SW *— ommon
Ruvz Doues ground
100 kQ LM5180 g2V
o—|GND FB Vourz ==7.5V
= SS/BIAS RSET DrLya lour2=-0.15 A
o= = ;)Tg kQ 1RZS:ELTkQ
33 nF 1 TC 1 :
Design parameter Target spec
Input voltage range, V ymin=Vinmax) 10V-70V Ns; _ Vouri*Vpr _ 15V+0.7V _
Output voltages, Vq71, Vour 15V, -7.5V N, Vourz+Voe 7.5V+0.35V
Maximum load currents, loyrymax) loutzmaxy | 150MA
Input UVLO thresholds, V\yon)s Vi 9.5V, 6.5V
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LM5180 quickstart tool: 15V & —7.5V dual outputs at 150mA

P LM5180 PSR Flyback Converter Design Tool

- = Input Box Terms Of Use

Automotive
[ Step 1: Operating Specifications Step 2: Flyback Transformer
5 Input Voltage — Min, Vinmin| 10lv Recommended Magnetizing Inductanfle 22 pH
7 Input Voltage — Nom, Viinom) 242 Magnetizing Inductance, Ligls 22 yH
8 Input Voltage — Max, Vinjmax) 60 Primary Winding D 24v [} 15V
9 Single Output or Dual Outputs| Secondary Winding #1 DG 10V..60V 0.15A
10 Output Voltage, VOUT1 15v Secondary Winding #2 D
1 Rated Output Current, IOUT1 0.15A Turns Ratio, PRI : SE(
Qutput Voltage, VOUT2 T5Vv Turns Ratio, SEC1 - SE@ 051
Rated Output Current, I0UT2 0.15 A Duty Cycle at Vinllhy 434% (T VIN
4 Max Output Power at Vinolly 30w -fH ENJUVLO  SW
{4 Step 3: Input & Output Capacitors ; Ruv2
16 Minimum Input Capacitance 22 F 100kQ LM5180
7 Input Capacitance, Cyy 4T pF GND EB -1.5V
18 Input Capacitor ESR 10 mQ —_
- put -ap: = Drvva -0.15A
19 Resulting Input Voltage Ripple 87 MV ik RSET
Minimum Output Capacitance, Output #1 11 pF | | Minimum Output Capacitance, Output #2 23 pF SS/BIAS Ree Reer
Output Capacitance, Cour 22 yF Output Capacitance, Courz a7 ypF Css 732kQ > 12.1kQ
Output Capacitor ESR 3ma Output Capacitor ESR 3mo 29nE TC
Resulting Qutput Voltage Ripple, Output #1 32 MV Resulting OQutput Voltage Ripple, Output #2 15 MV piepn —
Step 4: Feedback, Soft-start, TC, UVLO
Recommended Feedback Resistor 76.3 kO —— Eficiency ~Flyback Diode Loss
=== VIN — -VIN-nom =——VIN- =
Selected Feedback Resistor, Rrs 158 kQ i rom max M Vin = Vingnom) - =ICLoss Transformer Loss
Soft-Start Configuration adjustebie |+ 400 100 160
Soft-Start Time 5ms 90.9% .
Soft-Start C Css 22 nF 350 *
VOUT Thermal Compensation| Yes - [ 0
! . . = 300
Diode Voltage Drop Thermal Coefficient A3 mvrc )
Thermal C Resistor, Ric 732 kQ EY 8
Input UVLO Configuration | Adjustable : E = N~ =3 - %
Input UVLO Turn.On Threshold 95V - ~ ? 2
Input UVLO Turn-Off Threshold 65V < E 75 3
Upper UVLO Resistor, Ruy: 536 kQ £ 5 £ g
Lower UVLO Resistor, Ryyz 100 kQ § —— 70 &
) [ ’ a0
65
i) Step 5: Power Losses & Thermals //
41 Flyback Diode Voltage Drop, V(o cad) 025V 50 Lower POUT at VIN(min) 60 20
Flyback Diode Voltage Drop, VofulLiosd) 035V
Estimated Thermal Impedance, 8., 60 °CIW o p” - P - o “ p ® e
Ambient Temperature, T, 5 °C % Total Rated Output Power % Total Rated Output Power
LM5180 Poer Dissipation at Full Load, Py 148 mwv
LM5180 Junction Temperature at Full Load, T 94 °C
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Efficiency (%)

Efficiency, cross regulation

100 -

Lower Poyrmax at low Vi

7.6

95 -

\

N
~

Vourz (V)
N
N

90 -

\.

\I---- - e

85 -

—

80 -

75 1

15.4

70 -

65 -

VIN =12V
=== VIN =24V

60 -

oooooonN :48V
= \/IN = 60V

15.2

Vour (V)
o

14.8

0.05

0.1

0.15

Output Current (A)

02 14.6

— 12Vin, -7.5V

eeeeee48Vin, -7.5V
= 60Vin, -7.5V

=== 24Vin, -7.5V [

0 0.05 0.1 0.15
Output Current, loyr;, (A)
——

=—12Vin, 15V
—24\/in, 15V

60Vin, 15V

=—=48Vin, 15V [ |

0 0.05

0.1

Output Current, loyr, (A)
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Converter waveforms, V,, = 48V

11 Apr 18 12:09:1 Tek  Stopped 0 11 Apr 18 12:19:28

7 e e NABLELELA L e e T T L L
g C v/ _ : 20mV/div
- VOUT1-ripple k

P T A
e
T

|
|
|

[ Y

L
T T
T T

|
I T |

$ 10V/di

Vv

TSR T R O Y T i A e N W
T 1 It

IR 2 T T T T T M Y

1 T 1 1

o -

%1lllIlIllll!llllllll:'llllllHS-/div

I - ‘ | S - l 1
Ch1 10.0v M 1.0ps 5.0GSks IT 40.0psiat Ch2 200mY % Bw M 1.0ps 2.5GSks IT 40.0psipt
4 Ch1 r B0.OY A Ch2 r -216mY

s

S . lus/dv, |

LB NL ELARLELIL. SN L

T
T
I Y T |

|
ool b b by
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Layout example — dual output

Place REF, TC and
FB resistors near IC

Keep SW trace short
and DZ clamp and/or
RC snubber close to
primary winding

Locate C,, close to
VIN and GND pins

LM5180EUM-DUFIL
BSR052A

o[

&£
R7 R4 o T
SS/BIAS LW S5

-

w151 -

R5u u .
g
{(0]

u‘i--"'

VOoUT1 +

Keep diodes and
output caps close to
secondary windings,
minimize area of
switching loops
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Design example 3: 25V/5V @ 0.1A/0.3A stacked dual outputs

T, Driv1

Vn=9V..70V [] .
RUVl
324 kQ
Cn 1 VIN
4.7 uF EN/UVLO  SW
RUVZ
100 kO LM5180
o—{GND FB

‘ . H—‘
- SS/BIAS RSET
c Rrc Rser
SS —
o NE 301 k0 > 12.1 kO
TC

1:2:05
22uH

Driv2

Res

Vour1 =25V
|OUT1 =0.1A

V
D Vour2=5V

DC or AC
stacking possible

100 kQ

— Cour2
47 uF

|OUT2 =03A
DOUTZ

56V

Design parameter Target spec

Input voltage range, Vymin—Vinmax) 9V-70V

Output voltages, Vour1, Vouts 25V (20V + 5V), 5V
Maximum load currents, loyrimax) loutzmaxyy | 90MA, 300mA
Input UVLO thresholds, Vyeny Vi 6.35V, 4.5V

A4

20V+0.7V _ .o

Nsi _ Vouri+ Vo _ _
5V+04V

Ns,  Vourz + Vb2
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LM5180 quickstart tool: 25V & 5V stacked dual outputs

U o LM5180 PSR Flyback Converter Design Tool

I - ot Box Terms Of Use

Automotive

Step 1: Operating Specifications Step 2: Flyback Transformer
Input Voltage — Min, Vingmin) Recommended Magnetizing Inductanc| 22 pH
Input Voltage — Nom, Vingnom) Magnetizing Inductance, Ly} 22 pH
Input Voltage - Max, Vinma Primary Winding DC 18V [} 20V
Single Output or Dual Outputs, Secondary Winding #1 DC 9V..60V 0.1A
Output Voltage, VOUT1 Secondary Winding #2 DC| Ruvt
Rated Output Current, [OUT1 Tums Ratio, PRI : SEC] 324k0
Output Voltage, VOUT2 Tumns Ratio, SEC1 : SE
Rated Output Current, 0UT2 Duty Cycle at Vi ot VIN
Max Output Power at Wiy mf : EN/UVLO SW
Step 3: Input & Output Capacitors Ruwv2 5V
Minimurm Input Capacitance 22 JF 100k LM5180 0.3A
Input Capacitance, Ciy 47 pF
Input Capacitor ESR 10 m0 | ] L GND F8
Resulting Input Voltage Ripple 66 MVpipi -
Minimum Output Capacitance, Output #1 10 F | | Minimum Output Capacitance, Output #2 79 pF SS/BIAS Ric Reser
Output Capacitance, Cour 22 pF Output Capacitance, Courz 47 pF Css 264k0 S 12.1kQ
Qutput Capacitor ESR 3 mQ | | Output Capacitor ESR ImQ 22nF TC
Resulting Output Valtage Ripple, Output #1 A7 MV Resulting Output Voltage Ripple, Output #2 24 MVpicok I =
Step 4: Feedback, Soft-start, TC, UVLO
Recommended Feedback Resistor 101.3 kQ . - e Efficien = = +Flyback Diode Loss
Selected Feedback Resistor, Reg 100 kQ =77 VIN-min = -VIK-nom ——VIN-max 1 Vin = Vinnom) - - Lussq :yanslovrrer Loss
Soft-Start Configuration| adystable [ 400 100 180
Soft-Start Time 5ms 89.7%
Soft-Stant C Css 22 nF 350 = “
VOUT Thermal Compensation| YEs [ S >N - 0
Diode Voltage Drop Thermal Coefficient A3 mvrc | & 0 . .
Thermal C Resistor. Rre 464 kO ES . * _ %
Input UVLO Configuration| adystatie | g’ =0 T = o %
Input UVLO Turn-On Threshold 635V 2 o _ g "
Input UVLO Turn-Off Threshold a5v < Tteel 5 75 3
Upper UVLO Resistor, Ryy; 324 kO £ “--.__D E g
Lower UVLO Resistor, Ruv 100 kQ 2 i <
e 100 65
Step 5: Power Losses & Thermals
Flyback Diode Voltage Drop, Voo asa) 025V 50 : &
Flyback Diode Voltage Drop, Vouiiosd) 035V
Estimated Thermal Impedance, 9., 60 °CIW o pos - P P o =9 » o p w0 00
Ambient Temperature, Ty 5 °C % Total Rated Output Power % Total Rated Output Power
L5180 Power Dissipation at Full Load, Pp 163 mw
L5180 Junction Temperature at Full Load. T, 94 °C
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Dual-output transformer construction #1 14 : 28 : 7

- Two layers of tape

14T primary —» @@@@@@@@@@

. D> G D A AA S5 A S5 D A D AA A A A 2
28T & 7T secondaries

wound bifilar in 2 layers I Q Q e ° e e 0 A AwrAs
147 primary —» M) ) ) @5 W H @5 ® @ o

Bobbin

- Two layers of tape

- Two layers of tape

CORE

Primary winding 50/50 parallel split

Parallel primary windings means that the high dv/dt (noisy) SW node also appears both on
the inner and outer layers
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Dual-output transformer construction #2 14 : 28 . 7

<+— Two layers of tape

1Y 14 ) 13 ) ; 111119988

14T primary —» (14 (14 ) 13) 13

<+— Two layers of tape
28T & 7T secondaries

D A 2D 2) FA A5 A 2B AB AB 2B 2B D 2D A 2
wound bifilar in 2 layers 0000000000000 HmEe

LY [00000000000000)

Bobbin

CORE

<+— Two layers of tape

Primary winding 50/50 series split
Wind first half of primary on inside layer nearest the bobbin and the other half on the outside

— Noisy node (SW) shielded on inside & quiet node (VIN) connects to outside layer
— Better EMI performance
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Efficiency (%)

Efficiency, cross regulation
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Converter waveforms, V,, = 24V
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Common-mode EMI abatement

» Switching waveform at primary SW node couples common-
mode current to the secondary side through interwinding
capacitance Cp g

— This current can return to the primary side through the chassis
GND connection (large loop area)

* In general, lower leakage transformer construction
= windings closer together
= higher interwinding capacitance, Cp._g
= worse EMI signature

« Connecting a cap from secondary to primary GNDs close
to the transformer routes these currents directly back to
their source (avoiding the LISN)

— Not viable in IGBT/MOSFET gate driver designs due to large
switch dv/dt = important tojminimize C._g

Common-mode
- A current path
— Input CM choke apd/or transformer shield are also helpful e ity

.........

[Ref] “Flyback transformer design considerations for efficiency and EMI,” TI PSDS 2016/7 [EXAS INSTRUMENTS



Agenda

Isolated - Isolated topologies overview
converters * PSR flyback topology — features and benefits, end equipment serviced

* Operating modes — BCM, DCM, FFM

PSR flyback « Circuit design considerations — C,y, Coum Dr, Vs Clamp, UVLO, SS, TC, FB
converter * Magnetic design considerations — turns ratio, Lyag, L gax, 1adder model

« Cross regulation in dual-output designs — secondary current distribution

» Design examples and lab results — efficiency, regulation, key waveforms
» PCB layouts for single and dual outputs
« Common-mode EMI mitigation

PSR flyback
implementation

Positioning PSR » Choosing between PSR flyback, Fly-Buck and push-pull topologies
flyback converters - Competitive analysis and spec comparison
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PSR flyback vs. Fly-Buck vs. push-pull

Vin=45V..70V

Ta

VIN
EN/UVLO

SwW

LM5180-Q1

GND

SS/BIAS

FB

RSET

TC

PSR flyback advantages:
« Extremely tight output regulation
* Operation at low Vin (> 4.5V)
* Fewer components & smaller solution size
+ High light-load efficiency

Dry

Vour =5V

Cour

SN6505

4
—

)
ENABLE —

GND D2

EN Vee

cLock = cik

D1

LM5017
VIN BST
SW
RON
VvCC
UVLO
RTN FB

D1 Vourz2
C
Ne ouT2
[ ]
L Cost T Vourt
o
Rk Np ol |:|
|—q- I Coutt
l c e
Icvcc AC Rrs1

Fly-Buck advantages:

Regulated primary and secondary outputs
Operation at high V,, up to 100V
Fast transient response & nearly constant Fgy,

Vin=3.3V
101JE”_“'
5| 1po MBRISL Vour e Push-pull advantages:
RIS ZEND or ” + Low cost, small size
R &h“ e R N e e No feedback stability concerns
MBRO20L + Constant, synchronizable Fg,
€
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Choosing between PSR flyback, Fly-Buck, push-pull

LM5017/8/9 and
LM5180 PSR Flyback LM5160/1 Fly-Buck SN6501/5 Push-Pull

Output Precise output voltage Primary and secondary outputs Secondary outputs with
Voltage regulation, 3% or better with better than 10% regulation better than 10% regulation

giozlgtlon Medium — low component count Large — high component count Small — smallest magnetic

Low efficiency since most
Efficiency High light-load efficiency Conduction losses impact efficiency  solutions require an
upstream buck converter

Variable Fgy, Nearly constant Fg, Constant Fg,
Wide input range with low Wide input range with high Available regulated 3.3V or
input Range  ERTIVNITNRVIIN (Vingminy < 9V) maximum VIN (Viymax > 70V) 5V input
L, gax Causes voltage spike Leakage energy clamped Leakage energy clamped

V\y = 4.5V=70V, Py, 1 < 7TW Vy = 9V-100V, Pg,r < 10W Vv =3.3VorsV, Pgyr <3W
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Customer collateral

The following information is available for you to send to customers

Content type Content title Link to content or more details

T1 Design(s) Compact 3-phase IGBT gate driver power  http://www.ti.com/tool/TIDA-010006
supply using integrated switch PSR
flyback converter

SIS GINCEIRIETRINREEEE Webinar — primary-side regulated flyback  https://training.ti.com
or webinar session converter design

Technical blog content Flyback transformer design https://www.ti.com/seclit/ml/slup338/slup338.pdf
or white paper considerations for efficiency and EMI

Under the hood of flyback SMPS designs https://www.ti.com/seclit/ml/slup261/slup261.pdf

Selection and design Excel quickstart calculator tool http://www.ti.com/lit/zip/snvc218
tools and models
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http://www.ti.com/tool/TIDA-010006
http://www.ti.com/tool/TIDA-010006
http://www.ti.com/tool/TIDA-010006
https://training.ti.com/webinar-inverting-buck-topology
https://www.ti.com/seclit/ml/slup338/slup338.pdf
https://www.ti.com/seclit/ml/slup261/slup261.pdf
http://www.ti.com/lit/zip/snvc218

Summary

PSR flyback applications appear in many industrial and automotive end-markets
o Sensing the flyback voltage enables tight load regulation and low component count

Circuit design is relatively straight-forward
o PSR flyback quickstart calculator expedites component selection

Understand transformer design, whether in-house or using a magnetic vendor
o Turns ratio selection may be an iterative process; mag inductance sets mode boundaries
o Bifilar secondary windings improve dual-output cross regulation

Circuit examples for single (5V/1A), dual (15V/-7.5V) and stacked dual (25V/5V)
o Small solution size and wide V,, range up to 70V

PCB layout design begins with identifying high dv/dt nodes and high di/dt loops
o Best performance is achieved with tight current loops and small switching node areas

Topologies such as Fly-Buck, push-pull and conventional flyback also have merit
o Best fitis chosen based on Py 1, n, target load reg, solution size and cost goals
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