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1. Buck Converter using #PC494: V=12V, V5,1=5V@0.5A
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B PARAMETERS:
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. V=12V
o =
Vour = 5V

*  loyr = 0.15~0.5A, Iy, below 0.15A DCM
» Efficiency = >74% with VIN = 12V, load 0.5A
»  Output voltage ripple < 1% VOUT

X Schottky barrier diode (SBD) D1 is simulated using a Professional model.
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1.1 Output voltage ra Bee

S RS SRS

Qvershgot voltage

1.0v-
-j Time to reach steady state

Y e—

Os lms 2ms 3ms 4ms Sms 6ms Tms 8ms 9ms 10ms
o V(OUT+,0UT-)

v

Time

+  The output voltage is regulated at 5V (RL=10Q) ,voltage overshoot at startup is 0.6V.
Steady state is reached within 4ms.
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1.2 Output current e Bhe.ge
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Time

«  The output current is 0.5A (RL=10Q2) ,current overshoot at startup is 60mA. Steady
state is reached within 4ms.
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1.3 Output ripple voltage ra Bee
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Time

«  The output ripple voltage is less than 1% of the output voltage ( < 50 mVp; ).
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1.4 Efficiency ral Bee
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Time

+  The efficiency of the converter at VIN=12V and load RL=10Q is 74% or more.
(Efficiency = > 74%)
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1.5 Step-load response i~ Bes

750mA

500mA 4 =5

250mA £500mA step-load

250mA 48 g = A

0A

o I(IL)

-250mV
SEL>>
4.5V T T T T T T T
Sms oms 8ms 10ms 12ms 14ms léms 18ms 20ms

o V(OUT+,0UT-)

«  Simulation results shows the transient responses, when load current steps up and
steps down.
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2. Basic Operation

1C@Q1) / L1

Vins Vee

e Bee

4 ﬂ‘ Technologies

e e | e T e ——

Vo
I(L1) /

®

=
=

QU — " 1~~~ 2, OUT+
N T
D1 C1 R1 Rloac
Vce AN o §
R2
d d OUT-
PWM Control
PWM output pulse Circuit
———V/ref
iz.sv
-0

The basic operation of how the output voltage is regulated at the desired voltage level.
+ V,is sensed by sampling resistors R1, R2 and compare to a reference voltage Vref in

the Error Amp.

* The error voltage is modulated with a sawtooth waveform.

*  Pulse-width-modulator (PWM) output pulse width Ty is proportional to the Error Amp

output DC voltage level.

*  Vgut sWhich is proportional to Ty ,is regulated at the desired voltage level.
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2.1 Output voltage equations i~ BeS

« R1 and R2 are calculated by follow equation. In practical design a variable resistor
,that is higher than the calculated value ,is chosen for R1.

Vour= R+ R2 x Vref (1)

R2?

*  If the circuit works in continuous conduction mode (CCM) , output voltage and T,
follow the equation below.

T
Vour= % x Vin (2)

All Rights Reserved Copyright (C) Bee Technologies Corporation 2009 10



2.2 Basic operation waveforms
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Simulation result shows the waveforms and magnitude of the current throughout the

circuit.
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3. Switching Transistor Q1 ==Bee
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c

4 PARAMETERS:
10u R1=0.1
R7
7.5k

« V=12V
* Vour=5V
« RL=10Q

Switching transistor Q1 is Toshiba 2SA1680 (I yax = 2A, Vcemax = 90V)
« RB=390 Q
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3.1 Voltage and current stresses #§ Technologies
I e e T Vel T
i
2.5V f
/
{
{
!
ov £
L2077 2.0A,-/rwﬁ.U\T%mTl;eakcurrent )
\\ ’. ; a;cstart-up J

10V 1.

SEL>>
ov-

Os 2ms 4ms 6ms 8ms 10ms

¢ V(Ql:e,Ql:c) o IE(Q1)

Time

«  Simulation result shows the collector peak current at start-up transient. This peak
current is limited by the resistor RB. The current should not exceed the maximum
current rating of transistor Q1 (25A1680 I¢ yax = 2A, Vcemax = 90V).
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3.2 Transistor characteristics #§N Technologies

S e e

Vcesay-lc characteristics Turn-off characteristics
100 * 200mA - 2.0A
Measurement 1 2
— — Simulation
10
-1C(t ~

S
= 20
)
Ll
g i 0A A 0A =
' 1

0.1 S

’)l
-
>>
0.01 | -100mA- -1.0A
20.6us 21.0us 21.4us 21.8us 22.2us
0.001 0.01 0.1 1
o -IB(Q1) ¢ —IC(Q1)
-1e(me)

* Losses in Q1 depend on the transistor characteristics. Conduction loss is depends on Vg ga — Ic
and switching loss is depends on Switching time characteristics ( turn-on and turn-off)
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3.3 Transistor Q1 losses
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«  Simulation results shows waveforms of |- and V¢ of transistor Q1. Switching power
loss and average power loss are also shown.
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3.3 Transistor Q1 losses (zoomed)
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losses in the switch transistor Q1.
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Simulation results shows the contribute of D1(SBD) recovery time t,, ,that elevate
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. Freewheeling Diode D1 (SBD)
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¥4 i\ Technologies
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R2 R4 c3 R6YYY {R1) cs
5.1k 5.1k 100nF 2.4k 1000p F 15k
IC =
= = % Rvz1 0 "0
0 0 (2k-R1}
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V=12V
* Vour=35V
« RL=10Q

Vr=40V) from Torex Semiconductor.
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Freewheeling diode D1 is Schottky Barrier Diode (SBD), XBS104V14R (Izgy=20A,
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4.1 Voltage and current stresses #§N Technologies
5.0V “huuh’"“‘éi“‘ & = = = - - - e
/ Volt)
i
2.5V /
!
/
/
{
ov £
o V(OUT+,QUT-)
207 - 2. 0A4——o Peak current |
! 2 I e ! atistart-up J

10V 1.

SEL>>
_1v 4

Os 2ms 4ms 6ms 8ms 10ms

¢ V(Dl:2,D1:1) o I(D1)

Time

Simulation result shows the forward peak current at start-up transient. The peak
current should not exceed the maximum current rating of shottky barrier diode D1
(XBS104V14R : lz5,=20A , Vgy=40V).
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4.2 Schottky barrier diode (SBD) characteristics *chSe

i i S e R

Vi - Ig characteristics C; - Vg characteristics
10.000 500
—— Measurement —— Measurement
—x=—Simulation

—_ —x== Simulation
400

z 1.000 =

E 2

& _— § 300

g s

o 0.100 —— o

5 =

o 2 200

i £

o (]

> 0.010 -~
S

o 2 100
= |\

0.001 0
0 10 20 30 40 5 15 25 35
Reverse Voltage:VR (V) Reverse Voltage:VR(V)

* Losses in D1 depend on the SBD characteristics. Reverse leakage loss is depends on Vi — I
characteristics and reverse recovery loss is depends on junction capacitance characteristics.

»  Graphs show agreement between the simulations and measurements of SBD Professional model.
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4.3 Freewheeling diode D1 (SBD) losses

e Bee

4 ﬁ\ Technologies

S = e
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200mwW ( \
D1 (SBD) Power Loss N} Reverse =
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N T
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SEL>>
1 1 1 1 1 1
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(1)
Reverse recovery
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Vax() ,
0vH 0A 5 } & =
~| 7
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-14v- -0.6A } } f f f f
9.955ms 9.960ms 9.965ms 9.970ms 9.975ms 9.980ms

¢ V(D1:A,D1:C)

o I(Dl:R)

Time

+  Simulation results shows waveforms of |- and V, of freewheel diode D1 ,which is a
Schottky type. Switching power loss and average power loss are also shown.
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L e Bee
4.3 Freewheeling diode D1 (SBD) losses (Zoomed) #§ Technologies

S = e

400mwW T T T T T T T T T
Reverse

I recovery loss

200mwW N ( Reverse ........................................
I leakage loss
e Average Loss = 72.75mW

ol \94\151 Reverse Leakage Loss = 907uW / _
SEL>>T
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0V A F
- ~
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\ /
N 7
- ~ -
>>
-12v- -200mA } } t t f f t t f
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¢ V(DLl:A,D1:K) o I(Dl:3)

Time

+  Simulation results shows the reverse recovery time - t, of D1.
* Average loss in diode is 72.75mW
* Reverse leakage loss is approximately 907uW.
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4.4 Schottky barrier diode Standard model

i

400mwW

200mwW
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4 ﬁ‘ Technologies

Bee
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o W(Dl) < AVG(W(D1))

Reverse recovery
characteristic

E I

9.9610ms 9.9612ms 9.9614ms 9.961l6ms 9.9618ms 9.9620ms 9.9622ms 9.9624ms 9.9626ms 9.9628ms
¢ V(DLl:A,D1:C) o I(Dl:3)

Time

* Vg — Iz characteristics is not included in the Standard model.
* Average loss in diode is 72.4mW ( the Professional model result is 72.75mW )
* Reverse leakage loss is approximately 187uW (the Professional model result is

907uW).
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5. Output Inductor Value =&Bee

¥4 i\ Technologies

e

PARAMETERS:
LoiagQu_ —_——

<
o
o

Q OouT+,
L
Vece _. R13
12Vdc AAA AAA,——a +
o= 500 -
R14 7.5k IC=0
4%%% > RL
W\I1R01 é:) RJJ-35V221MG5-T20 34
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c7
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1.45k
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d AAN40K ]
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R2 R4 C3 R6 {R1) c5 R8
5.1k 5.1k 100nF 2.4k 1000pF | 15k
IC=0

- C4 PARAMETERS:
T 10u R1=0.1

R7

7.5k

o V=12V

* Vour=35V

*+  RL=34Q (loyr = 0.15A)

*  Output inductor value Lo are 150uH and 300uH (Parametric sweep)
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5. Output Inductor Value
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Simulation results shows the inductor current compare to minimum load current. If
0.5*I, rippLE is less than |y ., the inductor will operate in the “continuous” operating
mode (CCM)

All Rights Reserved Copyright (C) Bee Technologies Corporation 2009

24



i
5. Output Inductor Value 7w B.,e.ge

e e | e T e ———

The output inductor value is selected to set the ripple current. The too small value leads to
larger ripple current that will lead to more output ripple voltage due to the output capacitor ESR.

The inductor value is calculate by.

(Vi —Vo)x Re
2fVi

(3)

Lcev >

Where
* Lo is output inductance that converter at load R, still working in CCM.
* R, isload resistance at the minimum output current, R, = V5 /I min
« f is switching frequency

Which the I, ,;, is 150mA and V,, is 5V, R, is approximately 34Q. At V=12V and f=38kHz ,this
equation calls for L > 261uH.
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5. Output Inductor Value
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« Simulation results shows that the inductor will operates in the “discontinuous”

operating mode (DCM), If reduce the inductance value to 150uH.
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6. Output Capacitor

e Bee

¥4 i\ Technologies

S S

RL
10

PARAMETERS:
Co =200u
Vee ESR = 200m
o _OUT+
1. 8RHB ~
Ve T R13 VR3 Q1 S
12vdc AAA AA s L Q2SA1680 Co \
= 500 sts1o4v 4R Co
0 AMR14 7.5k 2k 3 R11 RB l {Co} 1
500 390 1
R15 RESR »
MWiao o (ESR),
0.01uF ~
c2 Rsense
AM ouT-
= R1 oOuTOMNTOD \a
R1 0 < 1k < R16 ST esS = 0.25
3.9k >R3 > 100k
5.1k
c7 =

RE 0
J 40k
< RV2-2
R2 R4 c3 RE VYV (R1) cs R8
5.1k 5.1k 100nF 2.4k 1000pF | 15k
vy IC=0
= = Rv24 0 70 T
0 0 % {2k-R1
ca PARAMETERS:
10u R1=0.1
R7
7.5k

V=12V
* Vour=35V
«  RL=10Q

Output capacitor value Co are 100uF and 200uF (Parametric sweep)
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6. Output Capacitor e Bhe.ge

The minimum output capacitor is determined by the amount of inductor ripple current, and can
be calculated by the equation:

I riPPLE
CO, min = (4)
8% f xVo,rupLE

Where
* I ripp e is @n inductor ripple current.
. Vo rippLe IS @n output ripple voltage.
. f is switching frequency

In addition, the voltage component due to the capacitor ESR must be considered, as
shown in equation (5).

Vo rupLE
Resp< —— (5)

1L rRiPPLE

Resg value less than 200mQ.
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6. Output Capacitor #§N Technalogies
5.0V
Co=100uF C,=200uF
A b o \\ T
VorippLe (ZOoOMmed)
e N\
100uF with ESR=200mQ 4.92ms RJJ-35V221 MG5-T20 4.96ms 4.98ms 5.00ms
capacitor, overshoot voltage (220uF electrolytic capacitor
is too big ) with ESR=200mQ)
6.0V E—
. Gvershoot I o . . .
4.0V / //
3.0v x /
2.0v
4
//
SEL>>
ov
Os 1.0ms 2.0ms 3.0ms 4.0ms 5.0ms

o ¢ V(OUT+,0UT-)

Time

« Overshoot voltage transient is also considered for output capacitor selection,
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7. Voltage Control Feedback Loop

e

e Bee

¥4 i\ Technologies

Vce
j— LOUT+
Vce _. R13 VR3
12vdo
0= 500 YWYV
R14 7.5k 2k Ic=0
MWV i N
MWGs RJJ-35V221MG5-T20 o
0.01uF
c2 Rsense ouT
= R1 AN -
- coroaroo Wy
R1 70 1k R16 \
3.9k R3 100k
5.1k
cr u1 =
VR1 1oon___| UPC494| CNevwo~® 0
1.45k T
I =0
-~ W5~
! 406 N
( RV2-2
R2 R4 oA RV | Ry cs R8
51k 5.1k Q3 2.4k 1000pF | 15k
- —_— <ﬂNV‘:|_ IC =0
= = PARAMETERS: % Rv21 0 0 =0
c3=0.1u {2kR1}
c4 PARAMETERS:
10u R1=0.1
R7
7.5k

Vi =12V
Vour =9V
RL=10Q

Capacitor C3 value are 0.01uF and 0.1uF (Parametric sweep)
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7. Voltage Control Feedback Loop cBEE

i i S e R

2.0V

Feedback voltage:
V(IC pin3) C3=0.01uF

“W R\mwmﬂ/ My

SEL>>
ov

o < V(Ul:3)

5.5V

Output voltage:

V, _
5.0V MWAMM ;:;%m
Oscillation
ripple! )
4.5V ;

T
2.5ms 3.0ms 3.5ms 4.0ms 4.5ms 5.0ms
o < V(OUT+,0UT-)

Time

«  Simulation result shows the oscillation ripple that given from the feed back loop with
C3=0.01uF. This circuit calls for C3 more than 0.01uF to avoid oscillation, C3=0.1uF is
selected.
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Simulation Index #§ = Technologies
Simulations Folder name
1. Transient simulation (@ VIN=12V, RL=10Q).......ccorvrrrrrrrrrciciieeeennn. Transient
2. Efficiency (@ V\N=12V, RIZ10Q). .. Efficiency
3. Step-load response (@ V=12V, 15;1=250mA / 500mA ).......cccunneee Step-load
4. Power switch devices losses (Q1 and D1).......cooovvvviiiieiiiiiiiiiicns Losses
SR © 10 1001 T o [T o] R Lout
6. OUIPUL CAPACITON... oo s Cout
7. Voltage control feedback 100p...........euvuimeiiiiiiiiiiii e Feedback
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