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Figure 5. The DAC53608 adjusts the TPS62088’s output voltage

adjustment uses an analog signal to U1

control the output voltage. This analog > TPS62088 L1 v
signal, fed into the FB pin through a 0 A2 B2 out
resistor, is usually generated from a A1l VIN sw B1 240 nH R1 c4

voltage reference, either a discrete EN PG Da 174 kQ 120 pF

voltage reference like the TLV431 or c1 FB c2 * G2 c3
an analog output created from the 4.7 yF GND R2 10 pF T T 10 uF
voltage relerence inside an MCU, the 1 ?:9 ™ 100 kQ .

current or voltage output of a digital- i L

to-analog converter (DAC), or a PWM = = = o ACL:S%GOS

signal filtered with a simple resistor-

capacitor (RC) filter. With an analog

voltage, any output voltage is attain-
able, instead of just discrete settings as with the previ-
ously discussed methods. This is critical for analog LED
dimming, which requires a gradual change in light output
instead of larger step changes. A fully adjustable output
voltage also allows fine-tuning of analog-circuit biasing.

The filtered PWM-signal method requires just a single
GPIO pin of an MCU, two resistors and one capacitor.
Using a DAC instead of a PWM signal gives a cleaner
output voltage, with no possibility of a PWM frequency
appearing on the output rail. A DAC also eliminates issues
arising from variation in the PWM signal’s RC filter over
temperature or component tolerance.

Reference 2 and Equations 1 through 3 show details of
the necessary calculations for basic output-voltage adjust-
ment from an analog voltage. Using the same calculations
with the TPS62088 and DAC53608 generates an output
voltage between 0.3 V and 1.8 V from a DAC output

Figure 6. Comparison of measured output
voltage adjustment to calculated
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voltage between 0.3 V and 3 V. Figure 5 shows the tested
schematic. Figure 6 shows measured data (with a 3.3-V 0
input voltage and 1-A load) compared to the ideal curve, 03  0.75 12 1.65 2.1 2.55 3
with nearly perfect matching. Equation 1 gives the transfer DAC Voltage (V)
function of the analog voltage to the output voltage, while
Equations 2 and 3 select the proper resistor values.
R1
Vour =Vig| 1+ — |- —(Vpac = Vi (D
ouT FB[ R2 RS( DAC FB)
R2 = —Vpg X R1X VpacLow =~ Vpacn @)

(VourLow = Vourmr + Vbacrow = Voacu) X Vs = (Vbacrow * Vourrow )+ (Voac X Vourmr)

R3=R2xR1x

W -V
DACHI I'B 3)

(R2x V) + (R1x Vpp ) = (R2X VourLow )

Texas Instruments

ADJ 30 2019



Analog Design Journal

A further benefit of the DAC53608 is that its disabled
outputs have a defined ~10-kQ pulldown, as Figure 7
shows. This internal pulldown resistor eliminates the
disabled-to-enabled power-on glitch from the DAC’s
output, which can cause transients on the output voltage
during startup. Such glitches can potentially have a cata-
strophic impact on the load.

Figure 8 uses this same analog voltage-margining tech-
nique for a negative voltage, based on Reference 3. Using
the TPS82130 power module in the inverting buck-boost
configuration creates a variable negative-output voltage,
useful for optical circuit biasing. Figure 9 shows very good
matching until the lowest output voltages.

Equation 4 gives the transfer function from DAC voltage
to output voltage.
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Figures 6 and 9 also show a hidden
benefit of analog voltage margining;:

Figure 8. DAC5
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Figure 7. The DAC53608 has a ~10-kQ
resistance to ground at startup
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DAC53608

3608 adjusts the TPS82130’s negative output voltage

adding a voltage into the FB pin achieves U1
output voltages below the converter’s FB Vi TPS82130
pin voltage. The margining circuit shown o o 2 VIN VOUT e o
in Figure 5 achieves a 0.3-V output c1 J_ VOUT | 5 _L_
voltage even with the TPS62088’s 0.6-V 10 uF ] 7 R1 )
F'B pin voltage, while Figure 8 achieves I > EN PG — 787 kQ U2 L C2
voltages below —0.5 V even with the = Fg <8 DAC53608 | 4X22WF
TPS82130’s 0.8-V FB pin voltage. Such 8leatrR  oND L3 $—/\\—=vouTx |
circuits can also be used with a fixed PAD -2 R3
analog voltage instead of an adjustable c3 27.4 kQ
DAC. Reference 4 uses this method to = 3300 pF R2
increase LED driver efficiency. 10.0 kQ
If no available analog voltage exists, an il ° Vour
RC filter can create one by filtering a
PWM signal. The frequency is held constant, while the ] ] i
duty cycle varies to adjust the resulting analog voltage.
Reference 5 explains such a circuit for LED dimming IO T 0 LR AT () G e e
applications. For DC/DC converters, the PWM frequency 0
should be above the control-loop bandwidth, to allow ‘ ‘
easier filtering and to prevent the control loop from === Calculated y
gaining up the frequency of the PWM signal and appearing =05 11 . Measured /
on the output voltage.
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A 1-MIz PWM signal replaces the
DAC shown in Figure 5 to create
Figure 10, which shows that the
RC-filtered PWM signal creates an

Figure 10. RC-filtered PWM signal controls the output voltage
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TPS62088
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analog voltage to adjust the TPS62088’s
output voltage. Figure 11 shows the
margining performance. As the PWM
signal’s duty cycle increases, the
analog voltage created by the RC filter
increases and the output voltage
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decreases. To adapt Equation 1 to use
with a PWM signal, replace Vpac with
[D x Vpwyur — (1 = D) x Vpwyrow] and
R3 with (R3 + Reiter)-

Any of these three methods—DAC
output, analog voltage or filtered PWM

14.7 uF

Ciitter Ritter

4700pF T q54kQ

signal—generate an analog output that
adjusts the output voltage. Simple systems use a filtered
PWM signal or spare MCU analog output to adjust the
voltage on one rail. As the number of voltages needing
adjustment increases, a multichannel DAC becomes a
more cost- and space-effective solution, since it’s possible
to control more DAC outputs on the same interface bus
without an increase in MCU pins or additional circuitry.
With the filtered PWM-signal method, every extra rail
requires an additional MCU pin and RC filter.

Reference 6 is a calculator spreadsheet which aids in
the design and analysis of both the positive- and negative-
output voltage circuits shown in Figures 5 and 8.

Conclusion

Changing the output voltage can optimize power delivery,
reduce power consumption, or properly bias analog
circuits such as LED drivers and optics. Three basic tech-
niques—a digital communication interface, digital input
and analog input—adjust the output voltage differently to
match specific requirements. The examples shown in this
article demonstrated common adjustment techniques that
are transferable to your specific system and design
challenges.
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Figure 11. Output voltage margining
by a PWM signal
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