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Input-Source Impedance Affects
DC-DC Converter Performance

To maintain dc-dc converter
stability, power-system
designers typically operate
under the assumption that

input-source impedance
should be small compared to
the converter’s input imped-
ance. But, not all understand
exactly why this is the case.
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o ensure the stability of de-dc
converters, most power-system

designers adhere to the common
rule that input source impedance
should be small compared to
the converter’s input impedance.
Not all understand exactly why.
It is also a common practice for most power-sys- o DI

Fig. 1. A commercial dc-dc converter that
employs zero current switching.

tem designers to use a large electrolytic capacitor
across the input of the dc-dc converter, In this
article, we will analyze the input impedance of
a switch-mode dc-dc converter, and explain the reasoning behind the common rule and
common practice.

A switch-mode dc-dc converter, regardless of its topology, presents negative incre-
mental input impedance. This can be better understood through the following qualita-
tive reasoning. A dc-dc converter works to maintain a constant output voltage, Vo, at a
certain level of power, Po. To do this, it will absorb, from the input source a power, P,
given by:

P1=‘PQ=VIXI1 0]
n

Where:

n = converter efficiency

Assume the input voltage decreases by a quantity, —AV/|. For the converter to sustain
the output power, it will increase the input current by a quantity, Al;, so that the input
power stays constant at P;.  Assuming infinitesimal variation for V| and [, it is possible
to write:

Sor @

Where:

ry, = incremental input resistance

For a negative voltage variation corresponding to a positive current variation, the
incremental resistance will have a negative sign. The input resistance varies according
to input conditions because it depends on power from the input voltage at which the
converter is working, as well as the output power that it is delivering.

For a 24-V input converter with an input range of 18 to 36 V and working at a 200-W
load, the input current at 36 Vin is:

=tio Po 200 goan V30 sug 3)
Vi mxV, 0.83x36 I, 6.7

Under the same conditions, if the voltage reduces to 18 V, the current will increase
to 13.5 A and the resistance will be —1.33 ().
It is possible to come to same conclusion using a different approach.l'l Assuming
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that the converter is 100% efficient, input power and output
power have the same value, P, and it is possible to write:

4P Py @

L/ __P
Pay dyn 2

A switch-mode dc-dc converter can be seen as a dc trans-
former, having a transformation coefficient, n, defined as:
A/
nei_lo 5)

Vo i

The coefficient, n, is dynamically adjusted by the regula-
tion loop to keep the output voltage constant, regardless of the
variations in load and input voltage. With this in mind, Eq. 4
can be written as:

nv, V, 2
0. p? 0. -n"R.

T ©
n
Where:
R; = load resistance
For a basic forward converter, the value of n is:
1
== (7

Where D = duty cycle of a pulse-width modulator (PWM)
converter

In the case of a zero-current switching (ZCS) dc-d¢ con-
verter (Fig. 1), the control variable of the regulation loop is not
the duty cycle, but the repetition frequency instead; therefore,
as a first approximation:

- -k ®)
f

Fig. 1 is a de-dc converter employing ZCS. The impedance
of the source feeding the input of the ZCS module directly
affects both the stability and transient response of the module.
In general, the source impedance should be lower than the
input impedance of the module by a factor of ten, from dc to
50 kHz. To calculate the required source impedance, use the
following formula:

L 01(vV,)
PLL

)

Where:

7. = required input impedance
V. =low line input voltage

P, = input power of the module

INPUT-SOURCE IMPEDANCE AND STABILITY
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Fig. 2. A typical de-dc converter connects to a power source having its own
internal impedance, which is not zero.

added, for example with an input EMI filter. The complete
block diagram is in Fig. 2.

Here, the negative incremental input impedance is indi-
cated as: —Ir). Further, an additional internal capacitor, C,, has
also been added—as is typical for such designs—at the input
stage of a de-dc converter. Calling H(s) the transfer function
of the de-dc converter:

\%

HE) = o> (10)
1

The overall transfer function, including the input source
impedance is:

Oy LB (11)
Vg Zp+Zg

This can also be written as:

Vo oo |

V. —H) 12

Vs 1+ Zs (12)
Zp

As a general design rule, if Zg << Z, in Eq. 12, then the
transfer function, H(s), is not affected by the input-source
impedance. This observation derives the general practical rule
of keeping the source impedance at least 10 times smaller than
the internal dc-dc converter input impedance.

[t is possible, however, to study more accurately the source
impedance effects using a detailed model. In this case, we can
write:

Sicri _ ~n|
1 l—s{ri[Ci
C

i

(13)

and

When a dc-dc converter works in a real

application, it is connected to a power Vo 71_

;]filci I

mul

source having its own internal imped- =H(s)
ance, which is not zero. Also, additional
input impedance may be intentionally

Rg+sLg—-

== H(s) (15)
|r1| s LSCi|ri}+s(|ri‘CiRS ‘Ls)+|ri“Rs
L-sr|C;
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Fig. 3. A common practice is to put a large capacitor in parallel with the input
stage of a dc-d¢ converter.

Zg =Rg+slg (14)

Replacing the Zg value in Eq. 11 with the Zg value from
Eq. 14 results in:
(See Eq. 15, Pg. 25)

To verify the effect of the source impedance on converter
stability, it is possible to analyze the roots of the characteristic
Eq. 15 and, by the Nyquist criteria, ensure that these will fall
in the left half plane of complex domain.

The characteristic equation can be written as:

The impedance of the source
feeding of the input of the ZCS
module directly affects both its
stability and transient response.

Source impedance should be
lower than the module’s input

impedance by a factor of ten,

from dc to 50 kHz

obvious condition is: R¢ < |ri[, as discussed in the general case.
However, according to Eq. 21, Rg cannot be arbitrarily small.
In fact, if Rq is made too small, such as to violate Eq. 21, the
system will show instability, because the RLC input network
will be under-damped.

Another practical approach when designing input stages
for a de-de converter is the common practice of adding a large
capacitor in parallel. In this case the block diagram will result
in Fig. 3.

Compared to the previous schematic, the resistance, Rq has

Rq been removed to simplify the analysis. This is, in general, an
S LSC + S[C Rg - ’ \ ) [ —m =0 (16)  advantage because a resistive element in series with the input
! lead causes power dissipation and penalizes the overall effi-
The roots of this quadratic equation are: ciency. The resistance, R, is the equivalent series resistance
5 (ESR) of the capacitor, C.
85 = ~bx Vb -dac (17) The internal capacitor, C, has also been removed. As
h 2a an approximation, it can be considered as being part of C,.
Where: Although this is not completely correct from the model
. standpoint, it could be enough to show the overall effect on
a =LgC, (18) . A . . .
stability. This simplification avoids generating a third-order
Lg equation that is more difficult to study.
b=| CiRg _m (19) As before, the overall transfer function of the Fig. 3 is:
1
= H(s) (23)
c=1-% (20) vS (s LP+7S
r.
l Where:
With a > 0, for 5| » to have negative real part, it is necessary L 1 J |(l +sRCp )
that b >0 and ¢ > 0, therefore: Z, = I 1 (24)
N sC Q |-R )—l
CRy-SS 50 Ry > 55 (21 Il Ry !
5] Cilx| sC
and Replacing the value of Z, in the transfer function results
RS in:
! _m >0=Rg <|n| (22) {See Eq. 25 below)
1
\ri‘(l +sRgCp )
ANALYZFNG THE RESULTS Vi SCy. (Jl F) | I '(1 +sRCp)
Analyzing the results of Eq. 21 V.- ! I R.C ) H(s)=—— H(s) (25)
and 22, there is an important S sl — L s LSCE(Jril_ )+S(C RE'l "'LS )+' |
remark to be made. In fact, one S(JEG |‘ E) 1
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Dividing by |rii, we can rewrite Eq. 25 as:

1&2-= L+SRE(3E
Vs, LgCe (5]-R
S S2 SCE (|]11|i E-)+S(CERE"'|LS)+1
5

H(s) (20)
1

The stability can be studied by solving the roots of the left
complex plane characteristic equation:

LsCg(jn]-R ‘
Sz%w”(cERE_IL—T%HO 27)
I i

This is a quadratic equation with solutions:

+ 2—
S[-87 _—b=vbT-da :: da (28)
Where:
LeCr (| -R
ae S qul( s) (29)
]
1

For the roots to be negative, both a and b must be positive,
therefore resulting in:

LsCp (i =R
SE("IIII L) 0=I5|-Rg >0 |5>Re] (31
T
and,
CERE-—S>0=> Ls <lri! (32)
i CeRe

Eq. 31 states that Ry should be smaller than ‘ri|. However,
from Eq. 32, it is clear that if Ry is made too small—using
high-quality input capacitors for Cy, for example—the system
could be under-damped and start to oscillate.

For this reason, ceramic and film input capacitors are not
recommended to restore the voltage source. The construc-
tion of these parts results in lower ESRs than devices with an
electrolytic construction.

From Eq. 32, it is also possible to see that a bigger input
inductance requires a larger input capacitance to compensate
its effects. Also, for low-voltage systems—such as a 12-V
de-de converter—vith lower input differential resistance, r,,
larger input capacitance is needed to ensure stable operation.
Once the value of the input inductor, Lg, and input incremen-
tal resistance, r,, are known, it is possible to replace the num-
bers in Eq. 31 and 32 to find the optimal combination for C
with the proper ESR. ®
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Depletion-Mode D2™
Power MOSFETs

Solutions for dynamic load &
zero power load switch design

FEATURES APPLICATIONS
= “Normally-On” Operation = Current Regulation
* Low Rds{on) = Solid-State Relays

= Linear Mode Tolerant = Level Shifting

= Fast Switching = Load Switch

Active Loads
Start-up loads
Power Active filters

Part Vdss ID RDS{on) VG5 Ciss Qg PD
{€2)

IXTPOSNSOD2 500 0.8 4.6 4.0 312 127 60

Package
Type
TO-220

- IXTY1R6N50D2 5C0 16 2.3 -4.0 645 237 100 TO-252
IXTP1IR6NS0D2 500 16 23 -40 645 237 100 TO-220
- IXTA3NS0D2 500 3.0 1.5 -40 1070 40.0 125 TO-263

IXTPO8N100D2 1000 0.8 21 -40 325 146 60 TO-220

IXTYIR6N100D2 1000 1.6 10 -45 645 27.0 100 TO-252
- IXTP3N100D2 1000 3.0 5.5 -45 1020 375 125 TO-220
- IXTA6N100D2 1000 6.0 2.2 -45 2650 95.0 300 TO-263

For additional parts, go to www.ixyspower.com
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