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Fig. 1. Basic switched mode power supply block diagram.



http://www.download-electro.com/

N
POWEREN.IR

powerEn.ir > & dslre g9, g S5 55 e b V] 55 008 o 518 oolitiul 550 (39,9 5y Zl 5 (g5lugnSy (sl e o]

D1 1
N Vi' C1S
D % /1

V1 i i i
Vac @ — C2 21+ 2, 1/cls + 1/ch

L
-0

sl g 315 ailed Kimedguw Slgol 05 0 00l gigw o (Inverter) 4is auw 635 0 Sob 4y oaii Al DC zge IS0
o el 1, (DC 55 00,5 00y s 0 ) Chopping Jes YU slo (5,5 50 (ONL,OFF) joi Jog 5 aks L MOSFET 4 BJT
IS L Duty Cycle L g 005 ol Ygons b gedgw 6,15 (oilS 3 olime - 058 oo Jloel Suilys adsl 4 o0l oy o0y 515 . oo
Tor b dsh oo Blo (2gy5 pld g g 00l 5y a5l e 50 el Cewy S5 Gledly - ad alss il (6 sl o WL
odgn 1) (29,5 4 Oly JEl (g adiby jgilejgausl i wdl (5 g il 5l (oS 5 L Gl S Wl (o0 eolital 890 Sidng 4 axgil
SIS YL Gl 3 & am gl e (6 i @l ;3 Ygame . w3l Sl Wb pate nl Sl YU o]y (2815 (sl g, cnl 5l 0l
S wte b lple 005 (o Sige (e oly JE Cu b i Gl S 5l ol b Ygane 5 055 05 Lo e Slils
9y e L el 0,95 5 (g0l Coedl 5l jeis 3l 5 0930 3l el ol das jolie Canjye QLG g cwablise polic 5 gnn yolic
S o Simdgw 6 4di5 wlie Logas (Control Circuitry) .5 oo &j50 Soad | S axly by ol 5 alsS, 515 sbx! sl
O gy oley eti b aS oS o 5 (Pulse Width Modulation [JL 5, sewVgae) (udb oy juts b g ol LuilS )5
5 Dless bk Sleess Sl ile ol el Jos (nl - 09d (o0 At S & S &9 (29,5 55 (Duration) gdses
gl o 4y U JUS e g 00l dslie ¢ 00iS aunlin SO Jawgd (6,10 0 diged Jlae (6 alwgr (29,5 5Lg . ol wales 295 )0 (5999
Ol e 53 300 b b e calbe oy p S (29,5 Sl (i 3l Gl Sl S5 s Al 0 12U S Sl (59,0
219597 2 Vb Sizmdgm S 5l il Soad (6 dil> olie o) cnl 5l Sl puales 1) (295 55 )k pae Jod ) (Wi & 550
55l L (opto Isolator) ,s¥splgnl « sl s Jud 5l s pobic 5l g oo 8955 5l (295 00,5 dgi! sl (Switching Speed).orsl,
S osmYspl slp b oy )lS 51 o)laws jo . 0,5 il oy iuli8l 58 Spas olic &hgo (pl jo 8,5 solaiul (opto Coupler) LS
(Scale of output _>4,5 5Ly 5 o3l pond g oo ygile,gandl 3 5l oolitwl sLlse 5l 5 aS o soliiwl &y08 [5ile,sauil 5 SO
OsYonl 5l 9,5 5l (69955 sile oz Gl &S Syse 0. 08 ol |, (Multiple Output) >4,5 > xils 5 Voltage)

L 5,8 aalyS o il Kioedgw 6 405 mlie >hb sle Som lobus 555 oslizul


http://www.download-electro.com/

N
POWEREN.IR

PowerEn.ir

gy o Ju

Slhlae cpl - assls J13 Buck-Boost g Boost « BUCK (g ool g9 s (6 0l p Sioxdow ¢ 085 mle slo > iy 0595l

LS‘)-' S0 g )5""‘“’)"‘)—’ ¢ Q)L‘> ¢ calw ‘-1’ J“"3 )‘ ‘505 )L*-‘-M-' ]"Lhc aS. i o 6)9—‘5)5) U"‘ 59 salau! 3,90 ul)]M )] 65" U"J" ool
o9 awly> 85 (Single Output) 5,5 G ils

: Buck Convertor

13Y55, el el e (V JS0) . il eals et Buck sole (s399955 sl » Bridge 3 Push-pull il Forward sla 55,

Jbd sl o2 5 g5l 0,033 Gl e odls Sl b > et 3l 09 (pds, b aS S oy (Forward Mode) . el puitinss &g

208 s )l B eolanil 0550 (29,5 0,5

toff
- T =ton + toff
L L1
" TR J:.:u/ ; — w
CONTROL z a0 — ©C0
CIRCUIT
1 Vo
O O
— Vin
Applied
voitage YA | | § i [[—
0 -t
' ] E ! t Vo E '
'm I 1— |_ ' '|0
] ] ] ] ]
] ] ] ] ]
0 } T : $ -t
i i i i i
Inductor Vv — \fin - Vo
Gl . :
0 —t
: tvo ! L 1/ ;
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Converter Topology Typical max output power
Flyback 200W
Forward 300W
Two transistor forward / 400W
flyback
Push-pull 500W
Half-Bridge 1000W
Full-Bridge >1000W
Table 1. Converter output power range.
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POWEREN.IR

PolerEn.ir Output power 50W 100w 200W
Line vokage, Vin 110V ac 220V ac 110V ac 220V ac 110V ac 220V ac
Transistor requirements
Max current 2.25A 1.2A 4A 25A 8A 447
Max voltage 400V 800V 400V 800V 400V 800V
Bipotar transistors.

T0-220 BUTT BUX85 BUT12 BUT11A - BUT12A
fsofated SOT-186 BUT11F BUX85F BUT12F BUT11AF - BUT12AF
SOT-93 i s - s BUW13 i
fsolated SOT-199 - - - - BUW13F o

Power MOSFET
T0-220 BUK454-4008 | BUK454-800A | BUK455-4008 | BUK456-800A - -
Isotated SOT-186 BUK444-400B | BUK444-800A | BUK445-4008 | BUK446-800A - e
SOT-93 g - - e BUK437-4008 | BUK438-800A
Output Rectifiers
OIP voltage
5V PBYR1635 PBYR2535CT
10v PBYR10100 PBYR20100CT PBYR30100PT
BYW29E-100/150/200 BYV79E-100/150/200 BYV42E-100/150/200
BYV72E-100/1501200
20V PBYR10100 PBYR10100 PBYR20100CT
BYW29E-100/150/200 BYW29E-100/150/200 BYV32E-100/1501200
50V BYV29-300 BYV29-300 BYV29-300
100V BYV29-500 BYV29-500 BYV29-500

Table 2. Recommended Power Semiconductors for single-ended fiyback.

Note! The above values are for discontinuous mode. In continuous mode the peak transistor currents are approximately
halved and the output power available is thus increased.

Flyback
Converter efficiency, n = 80%; Max duty cycle, D, = 0.45

Max transistor voltage, V. OF Vg, = 2Viumay + leakage spike

Pt
3 - =‘)————-——
Maxtransistorcurrent,I. ; I, N
dc voltage gain:- (@) continuous Yo S D (b) Discontinuous y, T
Vin "1-D W PN

Applications:- Lowest cost, multiple output supplies in the 20 to 200W range. E.g. mains input T.V. supplies, small
computer supplies, E.H.T. supplies.
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Powerf§n.ir  Output power 100W 200W 300w
Line voltage, Vin 110Vac 220V ac 110Vac 220V ac 10V ac 220V ac
Transistor requirements
Max current 2.25A 1.2A 4A 2.5A 6A 33A
Max voitage 400V 800V 400V 800V 400V 800V
Bipolar transistors,
TO-220 BUTNI BUX85 BUT12 BUT11A - BUT12A
Isolated SOT-186 BUT1TF BUXBSF BUT12F BUT11AF - BUT12AF
SOT-93 - - - - BUW13 -
Isolated SOT-199 - - — - BUWI13F -
Power MOSFET
TO-220 BUK454-400B | BUK454-800A | BUK455-400B | BUK456-800A - -
Isolated SOT-186 BUK444-400B | BUK444-800A | BUK445-400B | BUK446-800A - -
SOT-93 - - — — BUK437-400B | BUK438-800A
Output Rectifiers (dual)
O/P voitage
5V PBYR2535CT - -
v PBYR20100CT PBYR30100PT PBYR30100PT
BYV32E-100/150/200 BYV42E-100/150/200 BYV72E-100/150/200
BYV72E100/150/200
20V PBYR20100CT PBYR20100CT PBYR20100CT
BYQ28E-100/150200 BYV32E-100/150/200 BYV32E-100/150/200
50V BYT28-300 BYT28-300 BYT28-300

Table 3. Recommended Power Semiconductors for single-ended forward.

Eorward
Converter efficiency, n = 80%; Max duty cycle, D, =045

Max transistor voltage, V., of Vs = 2Vpuman

A . Pou
Max transistorcurrent vlc s ID =m
dc voltage gain:- Jo
—=n D
Vin

Applications:- Low cost, low output ripple, multiple output supplies in the 50 to 400W range. E.g. small computer
supplies, DC/DC converters.

Pde e o
Vin
O T o L% Ve
e " o
1 [
* o —c
__N_
o [m v [[" O
O
Fig. 10 Push-pull converter.
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Fig. 11 Push Pull waveforms.
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Output power 100W 300W 500W
Line voltage, Vin 110Vac 220V ac 110Vac 220V ac 110V ac 220V ac
Transistor requirements
Max current 1.2A 0.6A 4.8A 3.0A 5.8A 31A
Max voltage 400V 800V 400V 800V 400V 800V
Bipolar transistors.
T0-220 BUT11 BUX85 BUT12 BUT11A - BUT12A
Isolated SOT-186 BUT1TF BUX8SF BUT12F BUTT1AF - BUT12AF
SOT-93 - - - - BUW13 -
Isolated SOT-199 - - - - BUW13F -
Power MOSFET
T0-220 BUK454-400B | BUK454-800A | BUK455-400B | BUK456-800A - -
Isolated SOT-186 BUK444-400B | BUK444-800A | BUK445-400B | BUK446-800A - -
SOT-93 - - - - BUK437-400B | BUK438-800A
Output Rectifiers (dual)
O/P voltage
5V PBYR2535CT - -
ov PBYR20100CT PBYR30100PT -
BYV32E-100/150/200 BYV72E-100/150/200 BYT230PI-200
20V PBYR20100CT PBYR20100CT PBYR30100PT
BYQ28E-100/150/200 BYV32E-100/150/200 BYV42E-100/150/200
BYV72E-100/150/200
50V BYT28-300 BYT28-300 BYV34-300
Table 4. Recommended Power Semiconductors for off-line Push-pull converter.
Output power 100W 200W 300W
Line voltage, Vin 96V dc 48V dc 96V dc 48Vdc 96V dc 48V dc
Power MOSFET
T0-220 BUK455-400B | BUK454-200A | BUK457-400B | BUK456-2008 - -
Isolated SOT-186 BUK445-400B | BUK444-200A | BUK437-400B | BUK436-200B - -
SOT-93 - - - - BUK437-400B -
Table 5. Recommended power MOSFETS for lower input voltage push-pull.
Push-Pull converter.
Converter efficiency, n = 80%,; Max duty cycle, D, = 0.9
Max transistor voltage, V.. or Vg, = 2Viymay + I€akage spike.
" L Pou
Max transistorcwrrent I, ; I, "8 D 7.
dc voltage gain:- V_o= »n D
Vin
Applications- Compact design, very low output ripple supplies in the 100 to 500W range. More suited to low input
applications. E.g. battery, 28, 40V inputs, high current outputs. Telecommunication supplies.
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Fig. 12 Half-Bridge converter.
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Fig. 13 Half-Bridge waveforms.
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Output power 300w S00W 750W
Line voRage, Vin 110Vac 220V ac 110V ac 220V ac 110V ac 220V ac
Transistor requirements
Max current 4.9A 2.66A 11.7A 6.25A 17.5A 9.4A
Max voltage 250V 450V 250V 450V 250V 450V
Bipolar transistors.
T0-220 BUT12 BUTM - - - -
Isolated SOT-186 BUT12F BUT11F - - - -
SOT-93 - - BUWI13 BUW13 - BUW13
Isolated SOT-199 - - BUW13F BUWI3F - BUW13F
Power MOSFET
SOT-93 - BUK437-5008 v - - -
Output Rectifiers (dual)
O voltage
5V . =
v PBYR30100PT - -
BYVT2E-100M150/200
20V PBYR20100CT PBYR30100PT -
BYV32E-100150/200 BYV42E-100/150/200
BYV72E-1001150/200
50V BYT28-300 BYV34-300 BYV34.300

Table 6. Recommended Power Semiconductors for off-line Half-Bridge converter.

Half-Bridge converter,
Converter efficiency, n = 80%; Max duty cycle, Dye = 0.9
Max transistor voltage, V. or Vg = Vi + 108kage spike.
Pou

Maxtransistorcurvent Iy, | Ip=2————r—
. O Lem Vam

dc voltage gain:- Vo
—ﬁ; =

Applications:- High power, up to 1000W. High cumrent, very low output ripple outputs. Wall suited for high input
voltage applications. E.g. 110, 220, 440V mains. E.g. Large computer supplies, Lab equiprnent supplies.

n D
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Fig. 14 The Full-Bridge converter.
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Output power S00W 1000W 2000w
Line voltage, Vin 110V ac 2V 110V & 220V ac 10V ac 20V ac
Transistor requirements
Max curent 5.7A 3A 11.5A 6.25A 23.0A 125A
Max voltage 250V 450V 250V 450V 50V 450V
Bipolar transistors.
T0-220 BUT12 BUT18 - - - -
Isolated SOT-186 BUTI2F BUT18F - - - -
SOT-93 - - BUWI3 BUW13 - BUW13
Isolated SOT-199 - BUW13F BUWI3F —- BUWI3F
Power MOSFET
SOT93 - BUK438-5008 - - - s
Output Rectifiers (dual)
O/P voltage
sV - - -
1w - - -
2V PBYR30100PT - -
BYVA42E-100/150/200
BYV72E-100/150/200
SV BYV34-300 BYV44-300 -

Table 7. Recommended Power Semiconductors for the Full-Bridge converter.

Eull-Bridge converter.
Converter efficiency, 1 = 80%; Max duty cycle, D, =09
Max transistor voltage, V., of Vg = Vi + Ieakage spike.

Applications'- Very high power, normally above 1000W. Very high current, very low ripple outputs. Well suited for
high input voltage applications. E.g. 110, 220, 440V mains. E.g. Computer Mainframe supplies, Large lab equipment

szn'mismawmt.lc . ID=;ITPLV_

dc voltage gain:- ’l.; & B
Vin

supplies, Telecomm systems.
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Appendix A. Using the following equations, for a given device with a
known Ry x¢;, the maximum throughput power in each
MOSFET throughput power calculations. topology can be calculated.
Assumptions made:- Where:-
. 2 P, = Maximum throughput power.
The power loss (Watts) in the transistor due to on-state Sprn) <
: " hou {cukil D e = maximum duty cycle.
sdedachadcdonc ( ) ’ T = required transistor efficiency (0.0S £ 0.005)
Switching losses in the transistor are negligible. N.B. At RASy26¢; = Rygpaercy X ratio.
frequencies significantly higher than S0kHz the switching Veomay = Minimum de fink voitage.
losses may become important.

The device junction temperature, T, is taken to be 125°C.

The ratio Raysacy/Rassc; is dependent on the voltage of the
MOSFET device. Table A1 gives the ratio for the relevant  F orward converter.

voitage limiting values. o V2 %Dy
The value of V,,,, for each input value is given in Table Wm0 Ranzse
A2, Dy = 045
Flyback Converter.
3X XVt X D
Pnh-.l = 4XR
100 1.74 Pl
Dy =045
200 191
400 198 Push Pull Converter.
500 201 P L
800 2.11 = R
= Dpex =09
1000 215 )
Half Bridge Converter.
Table A1. On resistance ratio.
Maininput | Maximumdclink | Minimum dc o xR
voltage voltage link Dy =09
1 1  Full Bridge Converter
220/ 240V ac 385V 200V %
=<V ., xD,
110/ 120V ac 190V 110V Po et
I Mo 2% Rytraser

Table A2. Max and Min dc link voltages for mains inputs. Dy =09
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