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DC/DC Converter is Just a....

5Vin
10.8K
12v
1.24K 1,24V
Vref
Nativrmal
Semicondieg oy
Tine Pealil 3 Saana'iw v aaana
DC/DC 4.5V
2.5V NPN
LM317

Analog Technical Seminar, Asia
October 2004

D-2
© 2004 National Semiconductor Corporation




g . L Basic PWM DC/DC Converter
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¢ Step-Down Buck Regulator
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& . Buck Calculations for
1o 4 Inductance
el

* Need to know VIN, VourT, louT, Switch resistance,
operating frequency, and diode drop.

ton: Vour+ Vb
T Vin-Vsw+Vo

* Next calculate D D=

* We calculate DI where:
DI £ lout » 0.386827 » lout~366726 for lout < 2.0Amps

Dl £ lout 0.3 for lout > 2.0Amps

« And then inductance: | = Vin- Vsw- Vour D

X
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& . Buck Current Waveforms —
" L, D, Switch
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#a Buck Current Wave forms —

1 CIN’ COUT
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0 ESR Ceramic
* Output Capacitor DIJ7 /
This is where your //’\‘\‘ AN /\\ OAmp
output ripple Y : \I/ Does not change
comes from. [ | with load until
DI« ESR =DV ! DI=2loui.
. |
- Input Capacitor 4
Big AC currents /1 ; / :/ (2-D)lout
means big caps. ‘ | 0AMp
L | (D)lout =lin
. |
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___ Synchronous Buck Converters
¢ = . Offer Increased Efficiency for
¢ Battery-Powered Systems

Te
i

PVIN BOOT ,L
;P'\-/_rl: N BOOT .L - []
Cg
C, 10nF
10nF
sw
Traditional
Buck PGND
Synchronous
&jﬁ:ﬁ::u{::fgjﬁur B U C k
MOSFET
01 SW
FET Q2
Q2
Vin=12V  Vout=1.2V,D=10% 90%
1.2Vout 0.5v
1.7V 12/17 70%
MOSFET 0.1v 92%
FET
DH DL Q1 Q2
10ns~50 ns . ”
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& . Additional Schottky Diode
. . Further Improves Efficiency

V
Y Y\__OYT
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==c, | —leEji

= Cour

» Schottky diode switches faster

and has lower conduction ! t

voltage than body diode

* Schottky diode eliminates the i

reverse recovery current ,_\i
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FETS and Synchronous
Rectification —an Example
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i & A Note About “Soft Start””

' 15V

Output v
Voltage 5V

T2

ov

With Softstart

Error Flag {

Input 200 mA
Current 100 mA

0 mA

15V

10 msec/div

Output 1ov S
Voltage 5V

. -
!
i

ov /1 i
00 mA :

Without Softstart

Input 400 mA |

Current 200 mA |
Nativrmal
Semicondig oy 0 mA P
Tine Tpalid 3 Faana'wy T 1 mSeC/diV

LM2597
mA 160 mA

LM2597

700

MPP

dt=CxdV/l, dt=0.068u F x (2.81.8V)/1.6u A = 42.5ms
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f‘%" Deriving Step-up Boost

%ﬁ Regulator...

Vv, e M -l- o Vour
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ﬁ?@ﬂ . Boost Current Waveforms —
Y =& L, D, SW
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| . Boost Current Waveforms -
W Cout: Cin
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f%» Boost Inductor Size Trade-off
By

5Vin, 12Vout, 0.5Amp output at 100kHz
T 100

3 | T
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,5,:5* ® & Boost Converter Inductance
' ﬁﬁ“- d
,gl,";i'u
" D1
5V, L1/10uH MBR0520
v, Yl sw
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= = & White LED Camera Flash
i H.d
il
LI-ION L5uH
3.3-4.2V MBRO0520
® VIN sw ~
51K LM2731 "Y"
FLASH FB
ENABLE g SO -
o——r_ LED's
—_— 47uF
120 47uF ——
. .

LED's ARE DRIVEN AS A CONSTANT CURRENT LOAD
SMALL "L" = DISCONTINUOUS MODE (REDUCES COUT)
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LED
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Buck-Boost Inverting Regulator...
VIN.

Deriving Step-up/Step-down

Y'Y\ v
ouT
—— —_
T T T~ Buck
T Inverting
4 Buck-Boost
| | | | Vour =-V,y D/ (1-D)
lﬁ¥[*| ~
TS
&ﬂr‘ah‘una!
Semiconindior
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i% . Deriving Step-up/Step-down

- & Flyback Regulator...
Bad?

——4 1{}
T T \ = Buck-Boost

V,, 9 Replace the inductor

with

Natiornal

a transformer

FLYBACK

—e

Vour = -NV, D/ (1-D)

N\
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-

AN-1095
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&% . Deriving Positive Output
;{aﬁ Flyback Regulator...
.til:%"--
Change the transformer polarity
Viy 1:N to create a positive output
Dz i
L 4
= . ==
| | | | = =
LD_T_l_*l \_| VintNP/NSV g 7
A\ Vin
Secondary Current _J
Falls to Zero
Same as Boost
Natiormal
Semicondieg oy SW(ON) T
Tine Pealil 3 Saana'iw v aaana
FET FET Vin
AC
AC
Vin Vout lout Vin
65% NS/NP
D=
1+ aeVour - V|N+VDO NS
gVOUT sz+VDg Np
Ns lout Ns lout O
DE2-— 2L £l DIE2-flgy-—- 7
Np (1- D) g Np @ D)g
| = ViN- Vsw xB
DIIND
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== . Typical Example of a Multiple
s . Output Flyback Regulator

Vin L
(10V-30V) — o -12V, 0.5A
330nF
SN~ “ouT
220nF
LM2585-12 +12V, 0.5A
i COUT
0.22uF == 220nF

2.7|<WE
. . GND =

Natiomal
Semicondig oy

Tine Pealil 3 Saana'iw v aaana

http://www._national .com/appinfo/power/files/T9.pdf
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¢ Flyback Current Waveforms
| ﬁ%ﬁﬁ‘r}'&h
- - u
* Primary and Switch _ Np D
Current | lave= IOUth' 1D
b
|
' |
» Secondary and : B
Diode Current < | . lout
N N (2-D)
i lave=lout
— T —+
| _ ___:_-__ I _11 ---------- <65V (simple switchers)
« Switch Voltage ' Vin +Vout%
S
Vin
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12R
) ) _ DI 2
Rp-1rmsP2+Rs-I1rmsS Irms= Iavé“+7E;

VD(atlout)-lave Np lout
Ns 1- D

2R
Vin+Vout N/Ng
VinNg/N,+Vout
65V NS 80V
LM5000
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?3 e Flyback Current Waveforms -
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Ns 1- D
« Output Capacitor \, \, \, OAmp
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e R .
?’* b i Schottky Diodes
_,:?s;sn‘s%
* Need to know reverse voltage rating
— Buck Vin
— Boost Vout
— Flyback Vout+Ns/NpeVin
* Need to know average current — diode rating big function of temperature
— Buck loute(1-D)
— Boost lout
— Flyback loute(1-D)

Reduced forward voltage reduces losses
— As low as 0.3V
¢ IR-—MBRS130LTR
Reduced reverse recovery current reduces EMI
— Use instantaneous reverse current or leakage current for comparison

Nativrmal
Semicondig oy
Tine Pealil 3 Saana'iw v aaana
IR On-Semi ROHM Shindeen NEC
Vishay
EMI
LM267x
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&+ . Transorbs / Zeners for Flyback

¥ Snubber
| D

e
.

&

» Transorbs are zener diodes which have well
characterized power ratings

* Need breakdown rating to protect switch
— Vgwmax-Vin-Np/NseVout = Zener rating

— If Zener rating <10V need to consider
changing turns ratio

» Power rating = %2eL | *lp2efsyy

Nativrmal
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¥ | MOSFETSs

fy2a) i
P

3t

* Low Rpgon) reduces conduction losses
—Rated at 2.7V, 4.5V, and 10V (Vgs)
* Low gate capacitance reduces gate drive

and switching losses DRAIN
* Vpgrating N-Channel MOSFET
—Buck Vin
—Boost Vout+Vdiode
GATE —
&ﬁ'atjaua!
Semiconie oy SOURCE

Tine Pealil 3 Saana'iw v aaana

MOSFET
Vishay IR

MOSFET

Ros o
FET 4.5

300-500 KHz 8V

7 00 KHz

2.7V, s  FET 3.3V

2.7V 3.3V

4.5V FET

LM2597
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'* Power Train Capacitors

N
J @ﬂ“$'
14

* Electrical Characteristics
— Capacitance at rated
voltage (cermics!)

— Voltage Rating

RMS current rating
— ESR

Temp Rating

— ESL

1000 \JRDD
25 4

wﬂ

1

ooooon. 1000p000
2 |

wi—20f-C

17.7mOhms\\

—— 100uUF 1812 Ceramic

—— 220uF 12mOhm Poscap

/7
il

§ 10mOhms N S60UF 5 Max AL-Paly
® a0 390UF BmMTyp AL-Paly
5.6mOhms \ | e
3.1mOhms ESQ X/v —— BR0UF 10mOhm Max AL-Paly
1.8mOhms \/
Nativrnal 55
&Sem:-’cw:dﬂc.fur Frequency
Tine Pealil 3 Saana'iw v aaana
NS 3A 5A LM267XSIMPLE
SWITCHER 0.1-0.33u F
ESL ESL 1 pF
100 KHz
RMS
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Power Train Capacitors

?Y?E& r@?

.rgﬂj\l

e Aluminum Electrolytic
— Low Cost
Wide voltage ratings
Wide capacitance ratings
Higher ESL
ESR increases in cold
e Tantalum
— Small size vs C
High capacitance
Low ESR (30-150mohm)
Use caution on input
Being replaced by niobium
« POSCAP™ (Sanyo)
— Similar to tantalum in size
— High Capacitance
— Lower risk of destructive failure
— Lower ESR (20-80mohm)

Nativrmal
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» Ceramic
X5R or X7R best dielectric
Lowest ESR (1-10mohm)
Can generate audible noise in some
applications
Technology has improved greatly
in last 5 years
Small size
Low cost
* Specialty Polymer Aluminum
— Very Low ESR (10-50mohm)
— High capacitance
— Small size
— Limited suppliers
¢ OSCON™ (Sanyo)
— Organic Aluminum Electrolytic
— Very low ESR (10-200mohm)
— High Capacitance
— SMD and through-hole

300-500KHz
ESL
5 SMT POSCAP
Vishay, AVX, kemet, Nippon Chemi-con
Sanyo POSCAP ( 6.3
20V )
Sanyo OSCON Nippon Chemi-con PXA Vishay
Sanyo ESR SMT
Poly-Al
Panasonic SP Cornell-Dubilier Kemet
ESR SEL 25V 16V
3-4
10pF 0805 Murata Taiyo Yuden TDK
Poly—Al ESL
HF
, 10uF 1206
X5R 1ov -5% @50C -10% @5V
X7R 6.3V -5% @50C -10% @5V
Y5V 1ov -30%@50C -85% @5V
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fﬁ ¥ © Inductor Specification
b b

.rglﬁ;}\'}‘
Specification Parameter Calculate Parameter
L (uH)
1
I (Amps) ——— lpk =lave + §><D| IND
DI (Amps P-P)
_ 2 Dl 2

lrws (Arms) ——— Irms = [ [lave“ + 3

Loss (watts)
Physical Size
Mounting (SMT or Through Hole)

Nativrmal
Semicondig oy

Tine Pealil 3 Saana'iw v aaana

FET

TDK, Panasonic, Sumida.
Coilcraft, Dale/Vishay, Pulse Engineering.

Dale LM2825
1.2 Anp 68 uH , 0.2
10 uH 30A ;
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