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One transistor and complementary diode (or transistor) => two
states if transistor and diode states are always inverted (continuous
conduction mode), can have three states for discontinuous

conduction mode
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1(a)

One transistor and complementary diode (or transistor) => two
states if transistor and diode states are always inverted (continuous
conduction mode), can have three states for discontinuous
conduction mode

DutycycleD=T,/T=T,,f

steady-state assumption (energy in the coil at the end of a cycle
reaches the level at the beginning):

T Ton T
Jszj det'I'J det=0
0 0

TOTL

VinTon + (Vin — Vout) Togr = 0

Viuwe T 1
M(D) = === =
Vin Tog 1-D

1(b)

Boundary between continuous and discontinuous conduction mode:
The peak-value (half of the peak-to-peak value) of the ripple current at
the inductor L is Aij:

1.t
Aip= 7 Aipp= -7 (Vin = Vour) =
DT. D(1 — D)T,V;
— ZLS ([/1 _ Vout) — 2L Ss’1n
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1(b)
CCM-DCM boundary Discontinuous conduction mode
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1(b)

Input current
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1(c)

Charge provided by the inductor in a cycle is distributed between the
capacitor and the load (R). In steady state, the net capacitor charge over
a cycle is 0 so that only the load matters:

jTS' t)dt—jTS' dt+fTSV°dt—jTSV°dt—TV"
0 lL( - 0 lC 0 R - 0 R - SR

For the discontinuous conduction mode, there is the interval during
which the transistor is on (D), the one during which the diode conducts
(D,) and the remainder during which no current flows:

Vo 1 /Vig— Voue
Tsﬁ":E( ‘ - Ou)DTS(D+D2)TS
V, 1 (Vig —Vout
TS§°=§< : - Ou)DTS(D+D2)TS
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1(d)

. _ Vaton . _(Vin _ Vout)toff
Alep = I = I

Bippl | Aippl _  AippLVou
Vd Vout - Vl Vd (Vout _ Vln)

Ts = ton + togr =

. VinD
fsw = . D=———D= 362.5 kHz D

Boundary conduction mode => average output current is half
theripple, i.e., 1 A

2 mH
fow = 362.5kHz (1 - 220 )

Inductor loss for triangular current:

P (t) =

f (2 Aﬁ)2 fort < DT

(ZA t — DT
\* (1 - D7)

1 R,
ERL [in2(t) = 7< 5
) for DT <t<T
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1(d)

Transistor loss only for the rising period:

Peer(t) =

t 2
1 Rgs, <2A—) fort < DT
= > Rason leer? () === \*2ppy)
0 for DT <t<T

Diode loss on the falling part of the current:
Pp(t) =
0 fort < DT

Veg Ip () = t— DT
Vei2 Ae——— forDT <t <T
e A _—pry T
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2(a)
Constant-power load:

Pcpr, = Vepr IcpL

PCPL % VZ
VepL(IcpL) = Ton Repy (Vepy ) = ~SPL = ZCPL

Icp,  PepL

2(b)

Implementation with a fast-switching DC-DC converter, e.g.,
boost or buck converter, with a resistor R as a load. In
principle, any converter possible. Boost converter has the
advantage of a smoother current towards the terminals of
the constant-power load for the same switching rate and
capacitor size.

The constant power load has to measure its input voltage and
control the duty cycle to the following equation in
dependence of the measured input voltage, the circuit
parameter RCPL and the desired power Pcp,:

Ic

IOUt

A

Vert J: S C== RLH Vout

\v4
]

2 2
Vout Vin

R, (1-D)?Ry

2

>DVep)=1— |[———
CPL RepLPL
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2(c)

Voltage at the input side:
Vac(t) = V sin(2nft) f =50Hz

Voltage at the output side:
VepL(t) = abs(Vac) = |V sin(2rft)|

Current at the output side:

Pepr,
|V sin(2nft)|

IcpL(t) =

Current at the input side:

Pcpy,
V sin(2nft)

Inc(t) =
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2(c)

@ for nonzero résidual resistance

Time

Input current Output current Output voltage Input voltage
O>

Time

Pcpr,

The current is very non-sinusoidal. The largest current flows
during low-voltage periods. With a non-zero residual
resistance, the current at least does not spike to infinity. That
is still worse than even just constant current on the DC side
(and rectangular current on the AC side).
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2(d)

A second-order filter needs a capacitor parallel and a series
inductor. There are two options, specifically inductor first or
capacitor first. To avoid the problems of a capacitor
connected right to the output of the rectifier (spikes around
the voltage maximum), inductor first appears more
appropriate.

preferred
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2(e)
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For very large components, both output voltage and current
are practically flat. If they are smaller, both will include a
residual near-sinusoidal component at the mains frequency.
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