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Add margining capability
to a dc/dc converter

Brian Vasquez, Maxim Integrated Products, Dallas, TX

N You can easily add margining

capability—that is, the ability
to digitally adjust the output voltage—
to a dc/dc converter by making a single
connection to the circuit {Figure 1).
The dashed line in the figure shows
the connection. The extra IC is a two-
or four-channel, I’C (inter-integrated-
circuit)-adjustable-current DS4402 or
DS4404 DAC. Because each DAC
output is O mA at power-up, the extra
circuitry is essentially transparent to
the system until you write a command
using the [°C bus.

For example, assume that the input
voltage is 3 to 5.5V; the output voltage
is 1.8V, which is the desired nominal
output voltage; and the feedback volt-
age is 0.6V. You can obtain the feed-
back voltage from the dc/dc converter's
data sheet; be sure to verify that it is
within the output-voltage range that
the current DAC’s data sheet speci-
fies as sinking or sourcing voltage de-
pending on whether you are sinking or
sourcing current. You should also ver-
ify the input impedance of the dc/dc

converter's feedback pin. The circuit in

Figure 1 assumes a high impedance.
Assume that you want toadd a =20%
margining capability to the dc/dc con-
verter’s output so that the maximum,
nominal, and minimum output voltages
would be 2.16, 1.8, and 1.44V, respec-
tively. First, determine the necessary
relationship between R, and R,, which
yields the nominal output when the cur-

rent of the DS4404 DAC is 0 mA:

R
Vig =V, Z_|
FB OUTNOM(R2 +R1 ]
where V_ is the feedback voltage and

Vumow is the nominal output volt-
age. Solving for R,

FB

R, =R{Y91§IM_1} .

For this example,
R, =R,[ &Y 1]- IxR,. @
0.6V

Summing the currents at the feedback

node derives the current to make the !

output voltage increase to the maxi-
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Figure 1 The circuitry to the right of the dashed line adds margining capability.
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mum output voltage:

IRy =Irz +Ips4s04:

where I is the current through R, I,
is the current through R, and [
the current into the DAC.

Ips4404 =Ir1—IR2-

Ds4404 1S

(4)

(5)

V, -V V,
Iy z( OUTM[?IX FB}IRZ Z(RLZB} ©

where V

OUTMAX

Vourmax—Ves | [ Ve |
R, R,
You can simplify Equation 7 by solv-

ing Equation 1 for R, and then substi-
tuting, which yields:

is the maximum output

~ voltage.

IDs4404 = (

Vourmax ~VouTnoM |
R;

In margin percentage, you can express

Equation 8 as:

Ipsas04 =

(7

®
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Voummiom X MARGIN
Ips4s04 = R, ;@

where the margin is 0.2 to implement

+20% margining in this case. Before |

you can use this relationship to calcu-
late R and R,, you must select the full-
scale current.

According to the DS4404’s data
sheet, the full-scale current must be
0.5 to 2 mA to guarantee the specifi-
cations for accuracy and linearity. Un-
fortunately, no formula is available for
calculating the ideal full-scale current.
The desired number of steps, the step
size, and the values for R, and R, in-
fluence that value. Another factor af-
fecting the full-scale current value is
whether there is a requirement that a

particular register setting corresponds

to a particular margin percentage.

In any case, your selection of a full-
scale current will likely require several
iterations, in which you select an arbi-

trary value within the range and then !
* age in the DS4404’s data sheet:

calculate R, R,, R, (full-scale resis-
tance), and step size. When you've de-
termined an acceptable full-scale-cur-
rent value, you may want to further
adjust it or some of the resistor values
to ensure that the resistor values you fi-
nally specify are commonly available.

To calculate R, for the original ex- -

ample, make the full-scale current
equal to the current of the DS4404.
This step gives you 31 equal incre-
ments, or steps, from the nominal out-
put voltage to the maximum output
voltage, as well as 31 steps from the
nominal output voltage to the mini-

mum output voltage. This resolution is

more than adequate for this example.
You could, for instance, begin by ar-
bitrarily choosing the full-scale current

in the center, or 1.25 mA, of the speci-
fied range and then performing all the

calculations. Instead, for illustrative
purposes, the calculations are shown
for the endpoints of the range: 0.5 and
2 mA. Analyzing the 0.5-mA case first,
you perform the following calculations
and then repeat for the 2-mA case.

Using Equation 9 and solving for R,
yields:

R, = (10)
[
DS4404
18x02 7200,
0.5x10
Ry 720
2—_—-—1':'—2—':3609. (11) ’

To calculate the full-scale resistance,
use the formula and the reference volt-

_ Vegr 31 _ 1.23_3 o |
I[gs 4 05x107° (2
341 =19,065Q =~ 19 kQ.
STEPSIZE=— B _
NO. OF STEPS
0.5%x1073 a3

3 =16.1 hA/STEP,
where R is the full-scale resistance,
Vg is the reference voltage, and [ is
the full-scale current.

Finally, for completeness, you deter-

mine the DS4404’s output current as a
function of register setting:
Iour(REGISTER SETTING)= a8

STEP SIZE x REGISTER SETTING.

Note that this register setting does
not include the sign bit, which selects
sink or source. The DS4404 sinks cur-
rent when the sign bit is zero, mak-
ing the output voltage increase to the
maximum output voltage. It sources
current when the sign bit is one, mak-
ing the output voltage decrease toward
the minimum output voltage.

Now, you can repeat the calculations

for the 2-mA case.

_ Voutnom XMARGIN
Ips4s04

1.8x0.2

2x1073

R,

=180Q. U®

(16)

Vier , 31_ 123
IFS 4 2)(10_3

%= 4766Q ~ 4.7 kQ.

Rps =
an

I
STEP SIZB=—8 -
NO. OF STEPS

(18)
2x1073

=64.5uA /STEP.

Comparing R and R, for the two cas-
es—with a full-scale current of 0.5 or
2 mA—0.5 mA is the more attrac-

. tive value because the resistances are
. higher.epn



