‘Aantral IC for Qwitehad_Made Dawar Qiuinnliae THA AGNOE.9D
NWNWVITIW VI IW IV WEIVILWVIITVM IVIVVMY 1| WiTwel Wud 'JII\'O 1 WA TV
using MOS-Transistors

Rinmalas IO
IJIFVIGII I
Eankiivan
recawdicvo
o CAlA lhaaAl Alharastarietine nravidan Avarvlaad mratantiam fAr
W | VIuTAaCUn ulialadvlolliolivo |JIUVIUCD vveolivau |JIUI.C\:I.IU 11Ul
external components
@ Burst operation under secondary short-circuit condition
/,f)
impiemented A
@ Protection against open or a short of the control loop \" ” uw]} IIHIAIJ(
@ Switch-off if line voltage is too iow (undervoitage switch-off) : juv’®
® Line voltage depending compensation of fold-back point
-_ bk £ .-....Al- mbm ok rem varidla s b e e N NNIND o 4
L J OUII. Start 1or yuiel sidit- up VVII.I |uu|. IIUIbC yciici d.I.CU Uy I.IIC F=wir-o-i
transformer
@ Chip-over temperature protection implemented (thermal
shutdown)
a ﬁn-r\hln rinaina SlLinnraggsin circLit anainst narasitic
@ On-chip ringing suppression circuit against parasitic
osciilations of the transformer
Type Ordering Code Package
TMA AN N NNDTTNANN AN M MmImn D 4
I A 40U0-£ WD/ UUU-ADUZU F-UIrF-0o-1

The IC TDA 4605-2 controls the MOS-power transistor and performs all necessary regulation and

in frana riimnina flulhoale Aanuvartare Ranaiica Af tha fant that o i
I IYyMAURN CUITIVTIITI O, DTULauoT Ul UIT 1aul uial a wi

voltage. Durina the Q\I\II+ h-nn neriod nf aner ig stored in the transformer Durinag
ge. vuring tne switcn-on perioa of in an , en ! ored in the transformer Jurng ine
switch-off se -on time

period the energy is fed to the load via the
of the power transistor, the IC controls each i
i .

such that the output voitage remains nearly independent of ioao variauons. her

information is taken from the input voltage during the switch-on period and from a regulation winding
.......... A mmrar musala wadill adavk f dHlam dvarmafavimaar lhans bvamafaveas] dHlam abAavaA

Uullllg I.IIU bVVII.LaII UII IJUIIUU A TITW CYyUIT wWill Slall 1T U1 UalisiVInnier ras uarisicircu uic siuicu

energy completely into the load.
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follow:

s as

a little bit higher or lower than the nominal value depending of the design of the transformer and the

Nominal operation

factor primarily depends on the AC-voltage.

The output voltage is only dependent on the load.

Overload

Maximal output power is available at this point of the output characteristic.

deciines by secondary overioading.

[To]
[To]
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Pin Definitions and Fun

Pin No.

Function

.i

information input Concerning Secondary Voitage. By comparing the
reqt lla’rlnn voltage - obtained from the reat lln’r!nn \Allndlnn of the transformer - with

bo Aati= 11l VLG Yy Lan TGl

the internai reference voitage, the output impuise width on pin 5 is adjusted to the
load of the secondary side (normal load, overload, short-circuit, no load).

Information Input Regarding the Primary Current. The prlmary current rise in

unn’l -

s 'V} HE W il ~ N ~
I.IIU |J|||||a|y wil il IU 1o ol IIUIG.I.GU a.l. |JIII = aa a
RC-circuit. If a voltage le

at nin 1 the aritniit imn
Hlll |, Ui UULHUL ||||Hu
of t

the maximum power o

<
@
73
=
0]
o)
(9]
J
[0)]
o
=
=)
(9]
3 I
n <
o
()]
=
<
[0)]
o
—
=
(o]
3
~—
I
(0]
Q
(o]
35
=
=
o
<
o
O-P

w

input for Primary Voitage ivionitoring: in the normal operation V3 is moving
between the thresholds Vay and Vg (Vay > Vg > Vy)).

ar oL\ ar 9 IL/
V3 < V3 : SMPS is switched OFF (line voltage too low).

V3 > V35 : Compensation of the overload point regulation (controlled by pin 2)
+ 1T/ - 17 =417
L

V3H V3L_ 1.7.

(&2 BN

o)

nNT =

~

(o4}

the voitage through zero
in 5. The trigger threshold is at + 50 mV ty

started, every transitio
triggers an output pulse
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6 2 5
A
| V. .
Reference Supply 28 | Primary Output-
Voltage |e Voltage Current | Stage and
typ. 3V Monitor L. | Vvoltage [ Current
1 Converter Control
| A 4 4 & Pt
‘J\ J’ A J\ v vitGull
~ ~ ~ g ~ 14
Veer Vomin Yaa Ve 6 sl Start 4
min max
4 Pulse |
I »| Generator >
v V B
- . R » Ve
current o—»| Control& o Logic
Source Overload Stop >
. v Amplifier |49® ~ L = ry
i * > ' Comparator
[ > »
| %
W -
Fold—back o—»| Primary > Zero
DA%l Valbama Cracainm
rFOoint yuiiuyce VIUSSINY
Correction |+ »| Supervision Detector
A
3 7 8
UEBO3855
Block Diagram
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Armmlimatkiam Civarid
HPPIIUGIIUII Wil wuliltL
Tha annlinatinn Airanit ehAwe a flulhasle Aanvartar fAar vidan ranardare withh an Ardnr it nAwwrar ratina ~Af
111< G.lJlJIILlG.I.IUII CIIVUIL D1IVUVWO AQ TTYNAUN UUILIVTOI LTI TVl VIUCU ITUUIUTIO VWILLTL Al UUI.'JUI. PUVVGI rati IU I
70 W. The circuit is designed as a wide-range power supply for AC-line voltages of 180 to 264 V.
The AC-input voltage is rectified by the bridge rectifier GR1 and smoothed by C4 . The NTC limits

the rush-in current.

The IC includes an internal circuit to avoid the turn-on of the power transistor T1 because of static
nhames annllpd to the transistors gate, durlnn the turn-off state of the IC. The resistor R 13 hplnq to

L= (e O AR A =101 ko] = 21T s

¢

limit the spectrum of the radiated noise.
e T1 the curre

During the conductive phase of the power transistor the current rise in the primary winding
depends on the winding mductanc and the mains voltage.

The network consisting of R 4-Cs is used to create a model of the sawtooth shaped rise of the

collector current. The resulting control voltage is fed into pin 2 of the IC. The RC-time constant given
by R 4-Cs must be designed that way that driving the transistor core into saturation is avoided.

The ratio of the voltage d|V|der R 10/R1 is fixing a voltage level threshold. Below this threshold the
aowrit~alhinAs nAawar arnimnly ehall "~ nna.-aﬁnn Ihanaiiea Af tha lAwr mnlne\ vunltarna Tha Aanntral vaAalta~na
QVVILCL T IU PUVVGI DU'J'JI 21 1atll |J |JGI allvil VoLuauocT Ui I.I 1S 1YY 11Hiall 1o VUILGuG. 11T UL L VI VUILGHU
present at pin 3 also determines the correction current for the foldback point.

This current added to the current flowing through R 4 and represents an additional charge to Cy in
order to reduce the turn-on nhase of T1. This is done to stahilize the fold-back noint even under

order 1o redauce the turn-on MHIQST FTHHD 1D - Ze the 10l MU VI I

higher mains voitages.

The controi of the switched-mode power suppiy is done by means of a coniroi voitage appiied to
pin 1. The control \/n!’rsmp of wmdlnn nq durlnn the off- npr!nd of T1 is rectified hv D3 smoothed hv (’,,

- ~ [IR—— ok ~

and stepped down at an adjustabie ratio by R5, Rg and R ;. The primary peak current, is adju ‘Stéc
by the IC so that the voltage applied across the control winding, and hence the output voltages, are
at the desired level.

A Y,V 1 PSR | P N N Y DR IEHTRE | PSS TGN I [ TP Nt Pyl IEHY R 1 PO PR B | POy TN | P I N
VVIICll UIe ericiygy swicu i uie I.Id.l IbIUIIIIGI Ib L ISITITeU IV UI1e 10ad Uie CUNLVI voIlaye padssSes
through zero. The IC detects the zero crossing via the series Rg connected to pin 8. But zero

cinme ~f tha ~AAntral Itarna A alen ha ~Ardirad lhhww rinaina Af tha tranefAarmar aftar Hﬂc frirm_nff
UI UDDII IUD Vi UIC vul il vl GU UGII GIDU UU HIUUUUUU [ ¥} (B ] IUIII Vi UIc GI IDIUIIIIUI QILT UIT W imvii

or T1 or when a short-circuit is applied to the output of the SMPS.

The capacitor Cg is connected to pin 7. During the start-up phase this capacitor assures pulses with
a shorter duty cycle in order to keep the operating frequency outside the audible frequency range.

(6]
(0]
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i

In tha Aaantral anAd AvarlaaAd amnlifiar tha AaAantral vAaltasna annliad A thie nin ie Aaamnarad withh a ctahla

i1 Ui CUIlILl VI aliu uvolivau G.III'JIIIIGI LI vuliu vl VUILGuG GlJlJIIGU Lo |JIII 19 J II|JG.I CTuU Willl A oL aviIc

internal reference V. Tl | of stage is fed to the "stop" comparator. If the
=~

=EETE. 0T VLl i = A |

control voltage is rather small at pin1 an ad nal current is added by means of current source
which is controiled according the ievel at pin 7. This additionai current is virtuaily reducing the
control voltage present at pin 1.

Pin2

A vnltana nrannrtinnal tn tha AdArain flirrant of the ewitrhina trancicetar ie nenerated hvy meaane nf an
'Y VUIL(.AUU HIUPUILIUII“I W LW Wl Al vl vl il Vi LI \JVVILUIIIIIU LI QA IIIIWVl I UUIIUI Al Lly il ia v QGll
external RC-combination in conjunction with the internai functionai biock p imary current / voitage
converter. The outnut of this converter is controlled bv the internal functional block "Inmr\ and is

also connected to the internal reference voltage Vog . If the voltage V5 exceeds the output voitage
of the "control and overload amplifier" the stop comparator will reset the control logic. Consequently

H Iy Ry PRI gy - Ty dm £

ne logic stage are the outputs o

the output of pin 5 is switched to low potential. Further inputs f 0
a the supply voltage monitoring

or
the start impulse generator with the stable reference potential Vgr, t

niraniit ac wall ae tha nrimans vaAalfama arimansicinn Airanit
VilVUIL Ao VWTI Ao U IT |JI mniial VUILGUG DU'JGI VIOIVII il VUL,
| »
rFimso
The primary voitage appiied here via a voitage divider is used to stabilize the foid-back point. in
addition the logic is disable if - in comparison with the internal reference voltage Vy, - a mains
timAAarmiAlla~na AanAidiAn o Aata~baA]
e VUILGUU CUIIUILIVIT 1O UTLTULITU.,
Pin 4
Ground
Pin5

in the output stage the output signais from the "logic" biock are converted into driving signals
suitable for nower MQOS-transistors.

SUIGMIT VD Uy (R P2 R

i 'b' Y 6E the 'R
ici

al
(o]
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Pin7

By means of

Uy i

il T7

equai to the controi voitage Vy the coniroi ampiifier has a pr oportlonal integrating control
characteristics. The response of the ¢ i he

Q
D
©
0]
Q.
—
(@]
=
Q
Q
=)
-]
[0)]
4+ Q
=
0]
[oX
—
O
"B,
-}
= ~
-

V4 is equal to O V the control an
capacitor connected to pin 7.
Pin 8

The zero crossing detector controlling the logic block recognizes the complete discharge of the
Al 1

energy stored in the transformator core by detecting the zero crossing the positive to negative
voltage transition of the voltage at pin 8. This enables the logic for a new pulse. Parasitic oscillations
occurring at the end of a puise "a“r‘.ot lead to a new pulse because of an internal circuit which

The start-up behaviour of the application circuit (which is given on page 68) is explained in the
diagrams on page 70 for a line voltage barely above the lower acceptable lower limit of the mains
voltage. After applying the mains voltage at the time 7 the following built up of different voltages can
ha caan:
MT OCTCTIILL

— Vg corresponding to the half-wave charge current over R4
— Vo to Vo may (typically 6 6V)

The current drawn by the IC in this case is less than 0.8 mA.

if Vg reaches the threshoid (at the time 7y in the diagram), the IC internai reference voitage is
switched on. The supply current drawn by the IC rises to 12 mA max.. The primary current/voltage
converter reduces I, down to Vog and the start puise generator generates the start puises from time
point 75 to 75 in the diagram. The feedback to pin 8 starts the next pulse and so on. The width of all

i me Al

pulses including the start pulse are controlled by means of the control a*.d overload amplifier. After
turn on the IC is generating a signal at pin 7 which slowly ramping up. This signal is used to increase
tha Airiratinn Af tha Aritnn it ninilleace alawhy fenfi_ctart fiinAtinny Tha mav At nrnilea width ie limitad
UIc udiauwvii vi uiIc UUL'JUL HUIDUD 2IVVYI QuUILlToLlal L Tulivuwvi I} 11T 1HIAQA. UUL'JUL HUIDG VVIUILLL 1O 1HHTnvcu

Y
by means of the overload amplifier. If the feedback control voltage V; is increasing, the overload
amplifier allows the generation of output pulses with a wider pulse width. The max. pulse width is

r

reached at time 7, in the diagram (Vo = Vog max)- The IC is then operating at the fold-back point.
Therea_fter the peak values of Vn decrease rapidly, because of the IC control range. The control loop

if the voltage Vg falis below the switch-off threshoid Vg i, before the foldback point is reached, the

attempt to start the SMPS is aborted (pin 5 is switched to low). As the internal circuits of the IC

rarmsaim cwsitalhad Al T/ fiirilaar AaAranoana A T/ Tha I cwitalhao Aff: T/ Annm vica amain (s £ in

ICitialll swilviicu uvil, IJiuict ucuic Co w V6A 1T 1w owilLlITo VI, V6 vall 1o ayaill (uinie L4I I
begins at time 74

()]
(@]
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i‘uter‘uai pn‘rary‘ 'v‘oitag 11 cuit then ciamps the voitage V3 o v

IC switches off (Vg < Vgp). After this a new attempt to start the SMPS will begin at the time 74 in the
Aiarmrama

UIGUI alll

SR L

it is operating in the control range.

ed, he volitage ievel at pin 1 is typicaliy
he control circuit consist of two

i
arts: at first a fixed proportional part which is

P

b ] v AnmA Al imba At oAb sl Al Ama LA Ak Amme ~Af Ham AviAaviaal AnmAaAibAr A s 7
Inerriaily nAacu ard ail irieyratdriy part wriicli1 cail b 5Tl Dy 1icdadiis Ul UIT CALlCTTIdl Lapalllul atl pint 7

If the load is applied to the output of the SMPS, the control and overload amplifier allows wider
nitleae (I/- = "H"M Tha naalt vnltana valiia at nin innrancoc 11n tn If tha e nAarv lnad ie
HUI\DG\J \V b i } PR N~ HG(AI\ VUILGHG vaiue Al 'J lHvivaouvyo U'J wJ V Zb maX 1 uie \DUUUI IUOI.I _Y vau 1o

increased further the overload ampilifier begins to reduce the pulse width of the output pulse. This
point is referred to as the fold-back point of the power supply. Because of the fact that the IC supply
voitage is directiy proportionai to the secondary voitage, the supply voitage Vg wiii be reduced
according to the behaviour of the control circuit under the overload condltlon If Vg falls below the

in the burst mode. Because o

e rectification, only a small output power is transferred into
+hn laad Airirina tha caanAandans elhAart_Airaniit Af tha QAMDQ Tha Avarlaad o |"ar rardiinac tha A1 .h-u |+
UG ivau uui i IU UIC oCTVUI Iual 2 TV LTI UL VI I.I 1IC DIVII V. 111TC Uvolivau G.III'JI 1T I1TCUULVCO UIT U
pulse width down to the pulse width 7, . This pulse width must remain possible in order to permit the
IC to start up without problems from the virtual short-circuit, which every switching on with ¥y =0 is
representing.
if no ioad is applied to the secondary side, the output pulses (5 = H) become shorter.
if the pulse width is reduced be low a certain internai limit the IC wili suppress some of the output
pulqu If the load is reduced further because of the dpnrpaqlnn dll’rv nvnlp the measurement error

[T T L S R o & Y N S o T L 1 R | N R .

of the rectifier network (Rg, D3, Cg of the appiication circuit) is increasing and therefore the
secondary output voltage will increase, too

y I g If the IC is operating with small pulse width of the output

+la D Y I N N R S e I I A e I T L N e e P = 1 = T
PUISC 1T COTILOI alllpiiier applies dil aUulUiuVriadl CUITeTIL WV e COritaol arripitier i order w feauce ine
output voltage. The value of the additional current depends on the size of the resistors R5, Rg , R 7.
Thic nan ha 11ead A AnMmnancata tha inAraaca Af tha canandans vAaltanaoe
o vall vo UoTu W UUIII'JUI 10QALT UIT 1HIVITAOT VI UIT OTVUIl Iual VUILGUUD
| = N PRy ce B ALe oo AL T e R o Fermmm e PN d £ 01
penaviour I Iﬂe Ip |emperature CXCCCUS rrecuciineu LIimiws

An integrated protection circuit against over temperature disables the internal logic if the chip
temperature is too high. The internal logic automatically checks the chip temperature and restart the
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bsolute Maximum Ratings

Tp = — 20 to 85 °C; all voltages relatives to Vop
Parameter Symbol Limit Values | Unit | Remarks
min. | max.
Voitages pin 1 V3 -03 |3 \
pin 2 Vo -0.3 \
pin 3 Va -0.3 Vv
pin 5 Vs -03 |V \Y
pin 6 Ve -03 |20 \ Supply voltage
pin 7 Vs -0.3 \Y
Currents pin 1 I4 3 mA
pin 2 15 3 mA
pin 3 I3 3 mA
pin 4 Iy -1.5 A fp £ 50 ps; v £ 0.1%)
pin5 Ig -05 15 A tp£50 us; v<0.1
pin 6 Ig 0.5 A I, <50 us;v<0.1
nin 7 T_ e mA "
|JII 7 17 J M
pin 8 Ig -5 3 mA
Junction temperature T; 125 °C
Storage temperature Tsiq - 40 125 °C
Operating Range
Supply voltage Vs 7.5 15.5 \% IC "on"
Ambient temperature Ty -20 |85 ‘C
Heat resistance
hinatinn anvirnnmant > - 100N W NAS
VUl IVvUVI ClivinviIanniel i l\tn JI: RS AN I\ vy
Junction package Rin ua 70 K/IW | measured at pin 4
*) tp= pulse width
v= duty circle
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Tpo=25°C; Vg=10V
Parameter Symbol Limit Values Unit | Test Condition Test
: : Circuit

min. |typ. |max.

Start-Up Hysteresis

Start-up current drain | Iggg 0.6 0.8 mA Ve = VeE 1

Switch-on voltage Vee 11 12 13 \Y 1

Switch-off voltage Vea 4.5 5 5.5 \Y 1

Switch-on current lgeq 11 mA Ve = Veg 1

Switch-off current Igaq 10 mA Ve = Vea i

Voltage Clamp (V5 = 10V, IC switched off)

At pin 2 (Vg < Vgg) Vo max 5.6 6.6 8 \Y% Io=1mA 1

At pin 3 (Vg < VgE) V3 max 5.6 6.6 8 V I3=1mA 1

Control Range

Control input voltage | V4R 390 400 410 mV 2

Voltage gain of the - VR 43 dB Vp=d 2

control circuit in the (Voo — VarY— dl.

control circuit in the (Vog — Vop)/—dVy

controi range f=1kHz

Primary Current Simulation Voltage

Basic value Vog 097 [1.00 [1.03 |V 2

Nuavianad Dancdaa and CQhark_Civanid Nnavakianm

WVl iIvau |1 lﬂllsc Al wIIVI VWil Ui VFCI “aLuivii

Paalk valiia in thea | /AN 20 2N Q1 \/ V=V —10 m\/ 2

1 WCAIN VOAIUIN DT LTI 'ZU s S N\ A | v '1 '1H I iy =

range of secondary

overload

Peak value in the Vog 2.2 2.4 2.6 \% Vi=0V 2

range of secondary

short-circuit operation

Fold-Back Pcint Correction

Fnld_-hark nnint — I 200 5NN [o1a70)] A /o = A7 \/ 1

I Vi AV rJ\JIIlL ld IS NI I 'Y 1 4 d S 1 v 1

correction current
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CSIEMENC TDA 4605-2

I IVIEIYD

Characteristics (cont’d)

Tpo=25°C; Vg=10V

Parameter Symboi Limit Values Unit | Test Condition Test

: : Circuit

min. |[typ. |max.

Generally Valid Data (Vg = 10 V)

Voltage of the Zero Transition Detector

Positive clamping Vap 0.75 \Y Ig=1mA 2

voltage

Neanative clamnina Van -02 \/ Jo=—1 mA 2

Negative clamping Van 0.2 Y Ig I mA 2

voitage

Threshoid vaiue Vas 40 50 mvV 2

Suppression of fuL 4 45 5.5 us 2

transformer ringing

Input current —1Ig 0 4 uA Vg=0

Diteh_Diull Nt Qlana

1 M1 il WL “u \Jlﬂs\-

Saturation voltages

Pin 5 sourcing Vsato 1.5 2.0 \Y Is=-01A 1

Pin 5 sinking Vsatv 1.0 1.2 \ Ig=+01A 1

Pin 5 sinking Vsatv 1.4 1.8 \ [5=+05A 1

Output Slew Rate

Rising edge + dVg/dr 20 V/us 2

Falling edge + dVg/dr 50 V/us 2

Reduction of Control Volitage

Current to reduce the | —I4 50 uA V=11V

control voltage
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Parameter

Limit Values

min. | typ.

max.

Unit

Test Condition

Test

Protection Circuit

Undervoltage
protection

for Vg : voltage at

V6 min

~l
o
~l
N
[$)]
~l
[$)]

Undervoitage
protection for Vg
voltage at
pin 5= Vg

o R
17 ~ 1/
1 V6 - V6 ma

=3

Ve
¥'6 max

x

o
)
—
»
—
)
)

N

|l lnAarvaltana
UITIUTI vuilayc

protection for V¢ :

voltaoge at
voirlage at

pin 5 = Vg min
if V3 < V3A

o

J>

(e}
[00)
N
—
(@)
(@)
(@]
—
o
—
N

mV

o
I
(@}
<

A
Over temperature at

L P N Py Laiom dLla
tie giver Criip uie
temperature IC will

awitrnlh T/ 4~
SWILLIT V5 WU

Mo

1/_ )
¥'5 min

150

Voltage at pin 3 if one
of the protection
functions was
triggered;

(V3 will be clampe

saemdil T/ - 17 AY 17
uriti vg = ¥ga) ¥ 3Sat

(@)
I
[
o0

PETr=Ta i Al i

m + A H ~
UITerIL uralrt uurirty
burst operation Ig

(oo}

mA
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