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Add margining capability
to a dc/dc converter

Brian Vasquez, Maxim Integrated Products, Dallas, TX

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 0 mA at power-up, the extra
circuitry is essentially transparent to
the system until you write a command
using the I2C 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 to add 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
Vg = Voutnom (Rzﬁ ] )
1

where V is the feedback voltage and
Vumoy 18 the nominal output volt-
age. Solving for R,

R =R,| Youmom 1|
ViB
For this example,
R =R,[EV 1 )oxr,. @
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:

Ir1 =1Ir2 +Ips4404- @

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

Ips4404 =Ir1~IR2-
Iy = Vourmax — Vs 1, = VB
Rl ) Rz )

is the maximum output

Ds4404 1

where V

OUTMAX
voltage.

Voutmax —Vrs )_(h]. =

I =
DS4404 ( R, R,

You can simplify Equation 7 by solv-
ing Equation 1 for R, and then substi-
tuting, which yields:

Vourmax —Vournom

®

I =
DS4404 Rl
In margin percentage, you can express
Equation 8 as:
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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
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:

Rl _ VOUTNOM x MARGIN — (10
Ips4404
18602 g
0.5x10
R, 720
=—=—=360Q.
2777 a

To calculate the full-scale resistance,
use the formula and the reference volt-
age in the DS4404’s data sheet:
SzvREFxﬂz L23_3X
Igs 4  0.5x10 12)
% =19,065Q =19 kQ.
Igs

NO. OF STEPS _
(13)

STEP SIZE=

0.5x107°
31
where R is the full-scale resistance,
Vi Is the reference voltage, and L is
the full-scale current.
Finally, for completeness, you deter-

=16.1 pA/STEP,

A better approach to designing

an RTD interface with a spreadsheet
Aubrey Kagan, Emphatec, Markham, ON, Canada

An earlier Design Idea described
N how to linearize the output of
an RTD (resistance-temperature-de-
tector) sensor and how to calculate
the resistor values using a spreadsheet
(Reference 1). That idea limited the
use of Microsoft (www.microsoft.com)
Excel to calculating the coefficients
you need for the polynomial expres-
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sion and stopped short of using Excel
to calculate the resistor values. You can
generalize this proposed approach such
that you can select any type of RTD
and any temperature range, but this
Design Idea limits the details to the
following example.

You can download the worksheet
(Figure 1) from the Web version of

mine the DS4404’s output current as a
function of register setting:

lour (REGISTER SETTING)=

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 x MARGIN _

IDs4404
1.8x0.2

2x1073

Ry

=180Q. 5

(16)

a7

%= 4766Q = 4.7 kQ.

Igs

NO. OF STEPS _
(18)

STEP SIZE=

2x1073

= 64.5 uA /STEP.

Comparing R and R, for the two cas-
es—with a full-scale current of 0.5 or
2 mA—O0.5 mA is the more attrac-
tive value because the resistances are

higher.

this Design Idea at www.edn.com/
080918dil. You plot the chart as an
XY diagram, and you create the trend
line on the chart using a second-order
polynomial, which will appear on the
chart. The original Design Idea includ-
ed this information. Unfortunately, you
cannot access the coefficients you gen-
erate in this way from the worksheet,
so you cannot directly calculate the re-
sistor values.

To access the polynomial coeffi-
cients, you can use Excel’s LINEST
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array formula. It prescribes a specific
way of entering data; without that pro-
tocol, Excel will not provide the de-
sired results. LINEST returns a num-
ber of regression statistics; to allow for
these statistics, you must first highlight
the range on the worksheet on which
you want the regression results. Only
the polynomial coefficients are impor-
tant in this example, so this Design
Idea limits the returned results by se-
lecting block B24:D24 for those three
values. You then enter the following
line into the formula bar at the top of
the worksheet:=LINEST(G5:G21,E5:
F21,,TRUE).

Simultaneously press the Control,
Shift, and Enter keys rather than just
Enter to terminate this command. The
coefficients will then drop into the se-
lected range. Excel will add the braces,
{}, to indicate the array formula. The
input range of the function in the for-
mula above includes the Vt? column,
allowing LINEST to create a second-
order polynomial equation.

You can enter user-selected values
as set numbers, providing easy and
quick modification and an immediate
update of the calculated values. These
values include the current source
through the RTD, the reference volt-
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Figure 1 The linearizing values of an RTD circuit accompany a graph of the

output voltage.

age, and the value of R, and R, all of
which are “named” cells that the for-
mulas refer to. The idea rewrites the
original formulas to isolate the desired
variable. You will find each in the as-
sociated cells for R, R, and R on
the worksheet. You could also com-
plete the model by creating an auto-
matic look-up of standard resistor val-
ues (Reference 2).Epn

Shunt regulator monitors

battery voltage

Vladimir Rentyuk, Modul-98 Ltd, Zaporozhye, Ukraine

A TLA431 shunt reg-

. 10
ulator is a perfect

choice for many applica- TO BATTERY
tions. You can use it as a
comparator with hyster- 20—

esis by taking advantage of
its inner voltage reference
along with few additional
components. You can use
this comparator with hys-
teresis, like a Schmitt trig-
ger, as a simple battery mon-
itor (Figure 1). You calcu-
late the threshold voltage,
V.., of this comparator as
Vo =VieeX (1 +R1/R3)’

where V., the internal
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TL431
SHUNT
REGULATOR
R

Figure 1 A shunt regulator and associated circuitry func-
tion as a Schmitt trigger, lighting LED, when the battery
is fully charged.
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reference voltage of shunt-regulator
TLA431, is 2.5V.

When the battery voltage is higher

than the threshold voltage, the cath-

ode voltage of the TL431 is at
D its low level of approximately
2V, and transistor QQ, turns on,
lighting LED, . You calculate the
release voltage, V.. _, of the trig-
geras V. =V X(1+R XR,/
(R,+R)) X1/R)).

When the battery voltage
is less than the release volt-
age, the cathode voltage of the
TL431 goes to its high level—
to the battery voltage. Transis-
tor Q, turns off, and LED, does
not shine. LED, turns on again
when the battery voltage, after
recharging, exceeds the thresh-
old voltage.Epn
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Power supply meets
automotive-transient-voltage specs

Francesc Casanellas, Aiguafreda, Spain

Figure 1 shows a power sup-
N ply that delivers 5V from a 12V
battery. With only a few components,
the supply copes with all the automo-
tive transients that ISO (Internation-
al Organization for Standardization)
7637-1 lists without the need for a
bulky transient-voltage suppressor. In
normal operation, R, connects to the
common through a microcontroller
port. In standby mode, R, stays open,

VBAT[ERY O

5V
OPTIONAL

D2
BZX84C18

and the quiescent current of the supply
decreases from approximately 2.8 mA
to approximately 160 wA, and the out-
put voltage then drops to approximate-
ly 3.5V. If your application doesn’t re-
quire a standby mode, suppress R, and
set R, to 2200). With most common
zener diodes, you would then set R, to
120Q and D, to 4.3V. You can use the
circuit in 24V systems if D, is 36V.

If the voltage increases, the current

Q, 5V
IRFR9220

D1
BZX84B4V7

6.3V

MICROCONTROLLER

Figure 1 This automotive regulator withstands overvoltages that ISO 7637-1

specifies.

Locked-sync sine generator covers
three decades with low distortion

Alfredo H Saab and Tina Alikahi, Maxim Integrated Products, Sunnyvale, CA

Analog applications, such as
N testing, calibration, and gen-
eral system operation, often require a
sine waveform of accurate amplitude
and frequency, with low THD (total
harmonic distortion). Some applica-
tions demand that the generator of
such waveforms have the ability to ac-
curately synchronize the output with
an external timing signal. Simple sine-
wave generators can offer various de-
grees of this performance, but main-
taining low THD with constant am-
plitude is a problem, particularly if the
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output and the synchronization signal
must remain locked through an ex-
tended range of frequencies.

The circuit in Figure 1 can syn-
chronize a sine-wave output through
three decades of frequency—20 Hz to
20 kHz—and maintain low THD and
constant amplitude (Table 1). The syn-
chronizer IC, an NXP Semiconductors
(www.nxp.com) 74HC4046, is a PLL
(phase-locked loop) with a VCO (volt-
age-controlled oscillator) and a phase/
frequency detector. It has three inter-
nal phase detectors, but this design uses

through D, and the base of Q, increas-
es, so Q, increases the current of Q,,
which lowers the gate-to-source volt-
age of Q. If the input voltage surpasses
19V, D, starts to conduct and makes
Q, switch off Q,, so permanent over-
voltages as high as 200V cannot dam-
age the circuit. The Miller capacitance
of Q, makes it act as a fast integrator,
which keeps the system stable. If you
remove D,, you must replace Q, with
a high-voltage transistor, such as an
MMBTA42.

If you omit D,, the circuit cannot
withstand permanent overvoltages
without Qs overheating. In this case,
however, the circuit can cope with all
the impulses, including the load-dump
pulse, of ISO 7637-1. You should re-
move D, only if C, cannot maintain
the voltage during long overvoltages,
such as the load-dump pulse, and keep-
ing the voltage is critical.

An added advantage of this cir-
cuit over most IC-voltage regulators
is that it can sink current through D,
and Q,. This feature allows the use of
diodes to fully protect the micropro-
cessor’s inputs. Soldering the D-Pack
package to a couple of 1-cm? copper
pads allows the circuit to source 300
mA at 10 to 16V or 150 mA at 20 to
32V. More dissipation area allows for
higher currents.

the one with a frequency-capture range
equal to that of the VCO-frequency
range (the maximum frequency minus
the minimum frequency).

The circuit’s general-purpose bina-
ry frequency divider, the 74HC4060,
connects between the VCO output
and the 74HC4046 feedback (phase/
frequency-comparator) input and has
a division ratio of 64. When the PLL
is locked, therefore, the Q6 output
of the 74HC4060 generates a square
wave equal to 1/64th of the VCO-
output frequency. The components



that determine the 74HC4046 center

frequency, C, and R, determine the 2% 1 1
VCO-frequency range from 20X64 to oD e o
20,000% 64 from the minimum to the SN G ar | e odart  asl—
maximum level of the VCO’s input- SYNCHRONOUS- PHC 2 OUT odarz  aslo ],
voltage range. PULSEINPUT JsiciN PHG 3 OUT Q . ofors  asto Sk

A switched-capacitor lowpass fil- L DEMOUT [FO Zpg0x O—{Q9 Q310 e
ter, the Maxim (www.maxim-ic.com) , e PHPULSE O g gj INMAXQOQZJT OUTPUT
MAX297, whose cut-off frequency by s20pf [ 74HC4046VCO N o= o
design equals 1/50th of the clock fre- L 15% e | rancaoeo [ 3 20k opouT
quency you apply to it, has for signal odra A e P
input the same square wave it uses for o Voo our s
the PLL feedback, and its clock input o ] SR
attaches to the VCO output. Because 100 e 35 MR B o Leno_v-
the clock and signal inputs always have T ' ic—
a frequency ratio of 64, the input signal COMMON T o
always falls within the filter bandpass. © ©
No input harmonics fall within this = -5v©
bandpass because the ratio of the clock Figure 1 This three-IC sine-wave generator covers three frequency decades,
frequency to frequency is less than 50 provides low distortion, and allows you to synchronize it with an external signal.
for all of them. (For the lowest second
harmonic, the ratio is 32.) The THD, up to the 32nd harr REFERENCE

monic, is lower than 0.1%.

The fact that the filter’s input signal is a square wave with
a 50% duty cycle helps in this application because a square
wave contains only odd harmonics of the fundamental, and
the lowest-frequency harmonic is the third, which is well
within the filter’s deep-attenuation range.

You can frequency-modulate the synchronization signal,
but that task entails a compromise between the synchro-
nization-tracking speed (or maximum modulation frequen-
cy and depth) and the frequency-locking range, which the
PLLs lowpass filter components, R , R;, and C,, set. Modula-
tion speed is limited for the values the figure shows because
those values are optimized for an extended-frequency lock-
ing range. You can download more information, including
a full data sheet for the MAX297, from www.maxim-ic.com
(Reference 1).

Frequency Amplitude

(Hz) (V rms)
20 1.470
50 1.472
100 1.472
200 1.473
500 1.473
1000 1.473
2000 1.472
5000 1.473
10,000 1.473
20,000 1.472

il “MAX293/MAX294/MAX297 8th-Order, Lowpass,
Elliptic, Switched-Capacitor Filters, Revision 2, June
2008, Maxim, http://datasheets.maxim-ic.com/en/ds/
MAX293-MAX297.pdf.
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