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Agenda

* Introduction to low power AC/DC flyback converters

* 10 common design/performance issues
— Examine scenario and symptoms
— Group debug discussion
— Problem resolution
— Troubleshooting, tips and guidance
— References provided for deeper study

« Summary

“Experience is simply the name we give our mistakes.” — Oscar Wilde
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Introduction

AC to DC Flyback Converter
1. Bridge rectifier
2. EMl filter
3. Flyback power stage
4. PWM controller

5. Feedback
a) Primary-side regulation
b) Secondary-side regulation

6. AUX supply with startup
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1A) Why does the power supply not start?

Lic
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1B) Why does the power supply not start?

D1 ‘LEJ e ' Ch 2: Q1 Vps 100 V/div 20 ms/div
N 2
T
85 - 265 Vac 50/60 Hz 7% PGND -
smsvasmote T T X AT
1.6 MQ P + C2 +
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~ ) oND ......../\ \ /\
15V/3mA = far |
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020 R6 LR7 R8 Ch 2: Q1 Vps 100 V/div 10 ms/div
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e PGND L—j «¥ | 8-2022 HF
D6 separates o = TL431 Ch 3: Vpp 10 V/div
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GND
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. incr .
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Startup tips and tricks

Properly size Cpp

Types of startup circuits:
— Resistive
— Active

Controllers that minimize Cpp
— Wide UVLO hysteresis
— Low operating current

Watch out for:

— Properly set number of AUX turns

— Extra loading on Vpp

Long startup times

Rectified AUX Winding Voltage

\/
/

UVLO (ON) ——

G

v
o/ Gvio (oFF)

PWM Enable |

_ tstartup
Cpp = IblaSXUVLOON—UVLOOFF

Capacitance vs. DC bias of ceramic caps

» Charging excessive output capacitance

— 1
Controller

Supply
Control

t

PWM
Control
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2A) Why is your power supply shutting down?

1 .
— y . | Ch1: Ve 10 V/div | Ch2: Vew 100 Vidiv |
5 3 o is0r SVI5A i | i \
13 u | PR i i
(o ’I |/
- ‘ f f
Rl pcND { . | [\ \ ;f\;
100 kQ o b il e
‘ | R
D4 » PGND -.4 \/ V A

Ch 3: V¢s 500 mV/div

" v Vovemin= 2.85V,
[ [ Vv = = TV TV
\ A f A
~“ ") ““—‘ \ \—ml
Ch 4: Vg 2 V/div 2 us/div
Parameter [ MN | TYP | MAX | Unit
Bias Supply Input
I} VCCqoy  Controller enable threshold 12 12.8 | 13.5 Vv
U%mz WF VCCpopr Minimum operating voltage 7 75 8 \
TL431Al QR Detect
= ZRS?(Q Vovp Overvoltage comparator threshold 2.85 3 3.17 \
GND = Tovp Sample delay for OVP 870 | 1050 | 1270 | ns
GND Current Limit
Trigger ng OVP Vies Cycle-by-cycle sense voltage limit threshold | 450 | 500 | 550 | mV
Ties Leading edge blanking time 130 ns
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Adjusted and filtered AUX voltage sense

LM5023-2

Lect
47 uF

R1
100ka PENP

D4

D2

D3

> Vour

+

c2
T 1800uF SVI5A

c7 20kQ
L D
0.022 pF
u3
TL431AI
R14
=4 20kQ
GND =
GND

Ch 2: Vsw 100 V/div

Ch 4: Vqr 2 Vidiv

2 ps/div
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2B) Why is your power supply shutting down?

* 12V output was regulating and just shut down
* OVP trip point set at 24 V on AUX winding

o4

Zoom Factor: S0kX zoom Position: —65.2ms T = I ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, N
o i : Ch 1: Vour 2 V/div

Ch 1: Vour 2 V/div

VOCP(min) =135V

T —— o — — ——— —— ——— — — — ——— — -

| U Vow=24V m==---- i kbatatutadetadatatn
Ch 4: AUX Winding 10 Vidiv [ | [l [l [\ hopnn ' ;
M&w%wwvw@jé SEARAVARRVALAVAVAVAYI
IR
-
7 | 4 uS/diV Parameter

CS Input
Vest(maxy MAX CS threshold voltage
Tesies  Leading edge blanking time
Protection

Voce Over-current threshold

TJ(S,OP) Thermal shut-down temperature

OCP triggered by trailing-edge spike,

caused by dv/dt on switch node capacitor
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Peak current mode control, OCP and OVP review

Use an RC to filter spikes on the current sense pin

Know your controller — study the data sheet!

For the example shown below:

— Peak current is controlled by FB voltage (0.75 Vpeak)
— OVP sensed on AUX winding, after Tok_reser during tamag

— OCP sensed on CS pin, > 1.5V, all the time

Common protection mechanisms:
— Cycle-by-cycle OCP

— Shutdown OCP

- OTP

- VDD

- UVLO

— Line UV

- OPP

Veyk =70V to 375V
g

L

IRT

Partial Schematic and Block Diagram

M
Pt

Rs1

.
al
i

N7
7

Feedback
Network

fo = 10%fy, = ———
w ZﬂRfo

TLK_RESET/Blanking

[
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3) Why are some units losing regulation?

T

D3

—>Vour

La

PGND

LM5023-2

Vour

R11 R12 R13

r U3
TL431Al

c7 20kQ

0.022 pF

R14
20kQ

+

Isoo s 5VI5A

Output Voltage (V)
w
o

o o;
BN W

«

OVP issue resolved on QR pin
Now 2% return rate from field

Returned units shut down under
heavy load for extended time

/
P Good Unit |_|
e P .

/,» Bad Unit 1

~=Bad Unit 2
P> ——Bad Unit 3 [ |

—
T T T T T
20 30 40 50 60 70 80 90 100

Ambient Temperature (C)
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Properly biasing optocoupler feedback

100 puA
CTRmi‘n, =
300 uA
__ 100 pA
T 750 pA
5V
Vo,
R13
20kQ 7 R12

0022 pF

= U3

20 kQ

N

@
o

> 1143141

GND

;

2.5V minimum

A
B
Cc
D
None

80%

130%
200%
300%

80%

160%
260%
400%
600%
600%

= 0.33 forR11=5k1

= 0.13 for R11=2 k2

R11 \J/300 MA max
5k0

.

PGND

Nerr - Normalized CTR (NS)

COMP [y

0.6

0.4

0.2

0o

| T,

a

Tamp = -55 °C
AP T

TTTT T—T"TT
Tomp =0 °C
it

b =25°C
LT S‘\

4 N

Tome = 75 °C
[ I Lo

AW
N\

=

L T, = 100 °C 11

v Rk " ]
g ‘:'/ Normalized to:
le=5mA, Vge =5V,
L2

=25°C

amb

0.1

1 10
I - Forward Current (mA)

100

Design Procedure

Find max collector current needed

Find max forward current available

Calculate min CTR needed

Tips and Tricks

Reduce R11 or choose higher
CTR to improve situation

Consider CTR initial tolerance +
forward current + temperature +

life

Study the internal block diagram
from data sheet!

Watch out for loop gain increase
TLV431 provides extra 1.25 V

across R11
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4) Why is the SR getting hot?

. 85.2°C o(
Lot - >Vour le ;
47 4F P g Tieoowr SVISA <

CSD18532NQ58

~10 ARMS in Q1

Q1 not fully

it
Dz enhanced at 5V
TL431Al
R14
- 20 kQ
10 e
ofo=2A | ) e b SN K |
s Vos =30V T A A A
% 7 Typical Value
; 6 Vps Drain-to-source voltage 60 Y V o
g - —nn—) ompuana .\
§ 5 Qq Gate charge total (10 V) 49 nC v v
:—Z 4 Qg Gate charge gate-to-drain 79 nC B f-——' r—-——
6 3 ) ) Ves=6V | 35 f ‘ [
[ | | | | | | | | | Rps(n)  Drain-to-source on-resistance v T | o mQ 2
< Gs= . E 5
Vgsiny  Threshold voltage 238 \Y Ch 2: Q1 Gate 5 V/div .
° 2 ps/div
0 5 10 15 20 25 30 35 40 45 50

Q, - Gate Charge (nC)
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A more appropriate synchronous rectifier

69.2 °C oC

(

CSD18532NQ5B

Typical Value

Typical Value
Vps Drain-to-source voltage 60 Y Vps Drain-to-source voltage 30 \
Qq Gate charge total (10 V) 49 nC Qq Gate charge total (4.5 V) 39 nC
Qg Gate charge gate-to-drain 729 nC Qqqy Gate charge gate-to-drain 9.3 nC
_ , Ves=6V | 35 ) ; Ves=45V | 1.15
Rps(on)  Drain-to-source on-resistance mQ Rpson)  Drain-to-source on-resistance mQ
Ves=10V | 27 Ves=10V | 095
Vgsihy  Threshold voltage 2.8 Vv Vgsihy  Threshold voltage 14 \

i3 TEXAS INSTRUMENTS



Gate drive tips

* Pay attention to turn-on threshold of FET
* Size V¢ capacitor to hold 10 * Q,

» Use a gate driver resistor to:

Limit drive current, older PWMs not | limited
Damp gate ringing
Soften dv/dt slew rate for EMI
Reduce turn-on current spike
+ Discharging Csw
* Reverse recovery of output diode
« Shoot-through of synchronous rectifiers

* Fast turn-off with slow turn-on
* Minimize turn-off switching loss
* Less susceptible to bounce back from D-G charge

Driver

vl

Driver

Driver —'\N\/—l
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5) Why is the clamp getting so hot?

* * Pri:Sec = 4:1
Leakage =4 pH
85-265V I
" 7 F v Efficiency = 88.8%
R3
200 kQ T1 -
EGHD ot : 24V@1.5A
R4 DIIQ L T
200 kQ GND
= :]
5 D NCf—
PGND _3 Nl —
* ¢ NC|—
S SFLIR 115Vac/60 Hz; 1.5ALoad  21.5
R10
}Q1 3000 R11
% R12 16.5 kQ
_J {—L< 1.0kQ C14 \
<Euz ! —
R9 i \ {
0.25Q |PGND 1 \/ V,
! R13 | o s S v
L 16210 Ch 3: | Primary 1 A/div
‘» " oo 1 ps/div

Clamping voltage too low
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Reset leakage faster to reduce clamp loss
Clamping Tips

Minimize leakage reset time*
+ Some magnetizing energy is lost in clamp

TVS = SMCJ150A + Clamp voltage as high as possible
Efficiency = 89.7% * Minimize leakage inductance

TVS clamp

* Predictable and repeatable
+ Good efficiency at very light loads

$FLIR 115 Vac /60 Hz; 1.5 A Load

Resistor-capacitor clamp

« Cheap
* Resistor package sized for power loss
+ Burns more power at very light loads

Active clamp

+ Best efficiency — recycles leakage energy
Ch 3: | Primary 1 A/div .
. * Lower noise
' 1 psfdiv | « Requires specialized controller

* See reference [3]
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6) How can we reduce standby power loss?

LINE O

c10
2200 pF

< ™
85 to 265 V¢ Input >3 435 pH

NTRLO

2 R9
T 2490
ZR10
1.00KQ Vegp ¥ <1.00 kQ
AAA //
R14
Ao0kD LTV-817S

u2
TL431AIDBZ

e AAA

13.5:1:3(Pri: Sec: Bias) L2 5V Outputat2 A
Y'Y\ e

o 1pH J_

D4 ==c6 ==C4 =cs c7
1pF | 220pF 220 pF 1pF
N = =
SBR10U45SP5
C13 < R6
0.022 yF < 1.00 kQ

Power Loss (mW)

800
700
600
500
400
300
200
100

0

EU Code of Conduct Tier 2

75 mW maximum

P o

-l e - dm e owe e = - o

80

100

120 140 160 180 200 220 240 280
Input Voltage (Vrms)

—=— Measured = =CoCTier2 |
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A better answer for low standby power

85 - 265 Vac Input

Cc3
1 uF

:)R15
133 kﬂg

BAS316 49.9Q

U1

<]

Cc10

2200 pF
T

435 uH
13.5:1:3 (Pri:Sec:Bias)

L2 5V Output at2 A

© 1pH
D4 LC6 _+c4 1+ C5 Cc7
1uF T 220 pF 220 yF T 1pF
- = -
SBR10U45SP5 = =
1,000
! i
././." =
el
< ././I'
E 100
o D B R
0
o
a
]
3
°
o
ol o g
+——¢ e v
10
80 100 120 140 160 180 200 220 240 260
Input Voltage (Vrms)
i UCC2809 et UCC28730 = = CoC Tier2 |

Low Standby Checklist
Controller features

* Low startup power
- Low startup current
— Active startup circuit
(depletion mode FET)

+ Light load modes
- Low FSW
— Burst mode

« PSR

FET features

* Low Cpgs

* Low gate charge
Rectifier features

* Low junction capacitance
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7) What’s causing the negative spike on CS?

L1
cs
|
€prrent Sense ol TOP VIEW & 108 - 385 V¢ Input zzj)‘o F
Return Path ) = =
Linet £l 630V PGND GND
1pF
c2
0.01 pF D3 T o
NI
440 Vac A pri3||Fsec 4.2V 150 mA Output
Line2 PGND \
L %
D’L4 . ™
AuX =te3v L4
PGND a70pF | 1HF
R1 T
750k UL Fat oD i
R4
300
R3 UCC28730DR 7
L - PGND PGND
-~ LEB = 225 ns Ch 2: V¢s 500 mV/div

High inductance in current ‘ J\“/%—-———

sense return path [EEEES st EoR u— —_—

Absolute Min.
Vcs=-05V

Current Sense N -
Reflitn Path 500 ns/div

W3 TExAs INSTRUMENTS | 20



An improved layout

Layout Tips

Parasitic inductance

*  Minimize area of switching current loops

+  Use ground planes where possible

«  Place capacitors directly between V¢ pins and ground

Parasitic capacitance

*  Minimize cross-sectional area of switch node
+  Cross traces orthogonally

*  Ground heat sinks

— Parasitic resistance
L[LI ° _BOTTOM VEW *  Place power components near each other
| GEWN «  Know the high current paths

- + Estimate etch resistance — count the squares
+  Use wide, short etch for high current paths

Noise mitigation
* Avoid high currents through signal ground

*  Minimize traces between resistor dividers
+ Don't place ICs or traces under magnetics
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8) How can we increase the phase margin?

85 - 265 Vo

R3
200 kQ T

s lew
T " ? igl
od L
200 kQ GND
< |

D3

24V@1.5A

6.2 kHz bandwidth

4 c5

GND

200

= 40" 150
g 100 &
S 20 b
z B I so0 2
b e o £
3 50 &
= 20 g
o -100 8

= a0 | -150

. -200

100 & 10k

Frequency (Hz)
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TL431 integrating capacitor effects

85 -265V,¢ o D2
82 uF 150 V
R3
200 kQ T
PGND D4 22
N 9@ 3—_l_
4 =
o—e 200 kQ GND
|-
‘[7— 9|[ NC—
NC
PGND NC}—
NC|—
200 pH
R10
300 Q
«.
u2
PGND

R13
1.82kQ

D

Trace 1: Gain Magnitude (dB)

24V@1.6A

cs
220 yF

40

20

~
=3
1S3

@
S

=)
3

v
S

-40

o

&
3

-100

Trace 2: Gain Phase (°)

-150

100

-200
10k

®NI =56°
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Optocoupler pull-up resistor effects

85 - 266V ,¢

200 kQ

D3

2 SS

COMP 2
GND

24V@1.5A

iy NC 220 yF T 220 yF
NC
PGND NC
NC
200 pH
R10
A
1200 Q R11 0 N
(e
20
u2
PGND

-20

Trace 1: Gain Magnitude (dB)
o

-40

100

200

150

100

1 -50

-100

Trace 2: Gain Phase (°)

-150

R10=1200Q

1k

Frequency (Hz)
FCO =2.0kHz

-200
10k

®y\/| =72°
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Compensating isolated supplies with a TL431

v Inner Loop
cc
L g < Vour
+ Q
R6 Vi1 R1 §
= R2 pu
U1 % -
Feedback }1 @
y
C1 R4
u—{ (—/\/\/\,—0
- /K‘ N
| Functional : - R :
1 Block " 0
| Diagram | U2 |
1 (A| TL431,
[ —|==== R5
| —
| o
1
g I 1
)

« Scaling R6/R1 is the only way to attenuate gain!

» Eliminating inner loop also an option

GAIN (dB)

R
20 - log (R—6 . CTR)

1

GAIN (dB)

Vi) _ Vp() o VRi(S) R4=0

Vour(s)  Vri(s) Vour(s)

Vip(s) _ Re - CTR 1+5-Cy- Ry
NVour(s) R .1+ S-CyR3

R S
27 fp(opto)

N

f (Hz)
—'R3 focopto)

R Ry +R
20‘10g(R—6-CTR- 3R ")
1 3

L=
Vsp(s) Re : CTR 145 Cy- (R3+R4)
Vour(s) ~ R,.(14—5 5+C1R3
1+( 2-7-fp(opto)
1 f (Hz)

fz

T 2.%-C - (Rs Ry

foopto
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9) Where is that buzzing sound coming from?

2k 3k 4k 5k 6k 7k 8k 9k 10k 20.0kHz
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9) Where is that buzzing sound coming from?

® PMP20533PCB Rev B
P

y ° j°i A
Vo COCDGCED =D o

Drum core inductor acts
like a speaker
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A quiet inductor

1k 2k 3k 4k 5k 6k 7k 8k 9k 10k 20.0kHz
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Avoiding audible noise transducers

+ Secure through-hole components with high energy

* Transformers
- Core halves glued
- Assembly varnished

Exaggerated Vibration

Normal State

* Inductors
— Avoid constructions with loose parts

+ Ceramic capacitors
- Place at edge of PCB
- Mount symmetrically on opposite sides of PCB
— Add slitin PCB under MLCC
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10) Why is there excessive low frequency ripple?

90 - 130 Vac Input VauLk

a1
|, Cspiese0ass
£ =
374KQ
D3
x = R5
GhD  $37.4kQ Lcs
™ 1pF | L Ré
3 1 -
g 3 = =
g GND  GND o
N7 ) = L2 GND
V Y ®
PGND % 12 H b4 95 Vac Input; 4 A Load
751 (Prisec) =27 - iC8 &2C9 | cn
dos Tcio o s oo Tioowr Tioue Ch 1: Vour (AC-Coupled 200
!
—37 ¥ \//div
) R9 GND 12V /4 A Output
1.00 kO R10
R11 : 0.25 0
301 kQ <

N
7
D PGND

) : Ch 2: Vauwk 50 V/div
Not enough bulk input capacitance oL

and limited max duty-cycle | 5 ms/div
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Bulk input capacitor considerations

90 Vac Input; 4 A Load — 2 x 68 uF Bulk Cap Needed to Maintain 80 V
Valley at 90 Vac/ 50 Hz
Ch 1: Voyr (AC-Coupled 200 mV/div) 100 1400 _
90 / 2
= ) - 1200 &
S O e g % - g
o 70 L1000
S o pd g
K] / - 800 E
3 50 ]
N‘MMN a 40 / 600 o
8 —cC =
Q 30 - — "ol a00 £
Ch 2: VBULK 50 V/div x 20 IRMs o
@ 1200 X
10
2 0 : : : o 8
5 ms/div 0 20 40 60 80

Input Power (W)

1.5 yF/W is a good rule of thumb for 90 V,c minimum input

«  Watch RMS current; consider both 100 Hz & 100 kHz content

* Bulk cap is usually the least reliable component in power supply — determines product life
* Arrhenius’ law: capacitor life doubles for every 10°C decrease in temperature

* ESRincreases significantly at low temperatures
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Summary: Low power AC/DC troubleshooting

» Startup issues — start by monitoring Vpp, Voyur and Vs

* Shutdown issues — understand all possible shutdown mechanisms of the controller
(read the data sheet!)

* Regulation issues — check operation of TL431 & optocoupler

» Efficiency/thermal issues — use thermal camera to identify problem spots; understand
core/copper loss in transformer

+ Standby power issues — use a controller with light load mode and active startup

+ Layout issues — understand how parasitic inductance and capacitance are manifested
and how to mitigate

+ Stability issues — understand the frequency response of TL431 circuit
* Audible noise issues — know what components act as transducers

» Bulk capacitor issues — check operation and life at min input, max load
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