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Design Goals
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Design Description

A power-supply margining circuit is used for tuning the output of a power converter. This is done either to adjust
the offset and drift of the power-supply output or to program a desired value at the output. Adjustable power
supplies like LDOs and DC/DC converters provide a feedback or adjust input that is used to set the desired
output. A precision voltage output DAC is designed for controlling the power-supply output linearly. An example
power-supply margining circuit is shown in the following figure. Typical applications of power-supply margining
are in test and measurement, communications equipment, and general purpose power supply modules.
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Design Notes

1. Choose a DAC with required resolution, pulldown resistor value, and output range

2. Derive the relationship of the DAC output to Vout

3. Choose R4 based on typical current through the feedback circuit

4. Calculate the start-up or nominal value of Vpac, considering the power-down and power-up conditions of the
DAC

Select Ry, and Rj such that the desired start-up output voltage is met along with the DAC output voltage
range for the desired tuning range

6. Calculate the margin low and margin high DAC outputs

7. Choose a compensation capacitor to get the desired step response

o

Design Steps

1. Select the switching DC/DC converter TPS5450 for the calculations. The DAC53608 device is an ultra-low
cost, 10-bit, 8-channel unipolar output DAC designed for such applications

2. The output voltage of the power supply is given by
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Vour = Vrer + 1Ry = Vrer + (12 + 13 )Ry

where

* |4 is the current flowing through R4
* |, is the current flowing through R,
* |5 is the current flowing through Rj

DAC:s in this application typically include power-down mode, which includes an internal pulldown resistor at
the voltage output. Hence, replacing the values of the currents in the previous equation yields:

*  When DAC is in power-down mode:

VRer VRer
Vour = Vrer + [[ R + R R R
2 3 * RpuLL-DOWN

*  When DAC output is powered-up:

VRer Vrer — Vpac
Vour = VRrer +([ R J+[ R R
2 3

For DAC53608, RpyLLpown is 10kQ. For the LDO device TPS5450, the value of Vggr is 1.221V.
R4 can be calculated with the following method:

The current through the FB pin of the TPS5450 device is negligible. Select |1 to be 50uA. So, Ry is
calculated as follows:

\Y, -V
R,=—2UT_ "REF _756kQ

l4

The nominal value of |4 is given by:
*  When DAC is in power-down mode:

| _ VREF n VREF
Nom = TR, R, + 10 kQ
* When DAC output is powered-up:
| _ VREF i VREF - VDAC
1-N -
om R ) R 3

The values of |4 at margin high and margin low outputs are given by:

Vout-nigh -V

REF
I1—H|GH = R = 566|JA
1
VOUT—LOW - VREF
I1—LOW = R = 434
1
VOUT—LOW - VREF
I17LOW = R = 434
1

The nominal, or start-up value of Vpac is calculated by the following method:

To make sure the 10-kQ resistor does not impact when the DAC is transitioning from power-down to
power-up, the power-up value for the DAC voltage is calculated with:
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VREF :VREF_VDAC
R, +10 kQ R,

The previous equation is further simplified to:

10 kQ J

Vioae =V 0t
DAC REF[R3+1OKQ

5. The values of R, and Rj3 are calculated as follows:

If the power-up or nominal value of Vpac is kept at 1/3 of Vggr, that is, 407mV, then R3 is 2 x 10kQ = 20kQ.
And, R, can be calculated as:

VREF + VREF
R, R;+10kQ

= 50pA

Replacing the value of R3, calculate R, = 131.3kQ.
6. Subtracting the margin high and nominal values of Iy and the corresponding equations yields:

VREF - VDAC _ VREF
R, R, +10 kQ

= 6.6pA

The margin high value of Vpac is 275mV and similarly, the margin low value is calculated as 539mV using
the following equation:

VREF VREF - VDAC

- - =6.6uA
R, +10 kQ R.

7. The step response of this circuit without a compensation capacitor causes the inductor current to reach its
limit as shown in the following figure. This kind of surge can take the inductor into saturation. To minimize
the surge, a compensation capacitor C; is used as the circuit diagram shows. The value of this capacitance
is usually obtained through simulation. A comparative output shows the waveforms with a compensation
capacitor of 10nF.

6.00
Vout L—'-’/—
-1.00
4.00
I(ind)
-1.00-
20.00
sw O
-10.00
60000,
VDAC ”j
-1.00m
2.00
VFB 1
-1.003
500.00
vsaw™ oo
0.00
0.00 500m 10.00m 15.00m 20.00m
Time (s)
Output With DAC in Power Down Mode
SBAA342B — JANUARY 2019 — REVISED SEPTEMBER 2024 Power-Supply Margining Circuit for SMPS Using a Precision DAC

Submit Document Feedback
Copyright © 2024 Texas Instruments Incorporated


https://www.ti.com
https://www.ti.com/lit/pdf/SBAA342
https://www.ti.com/feedbackform/techdocfeedback?litnum=SBAA342B&partnum=

I} TEXAS
INSTRUMENTS
www.ti.com
Vout 7.00 j
-1.00
|[i|1l:|:: 5ooh __’N
-1.00
SW 20.00
-fo.f:lf:lj
VDAC 500.00m
o.ooj—l
2.00
VFB E!
0.003
vsaw>X0-00m
.
14.90m 15.00m 15.10m 15.20m 15.30m
Time (s)
Small-Signal Step Response Without Compensation
Vout 7.00 j
1.00
|(ind) 5.00 }:::::: S R
1.00
QW 20, ﬂﬂj
-10.00
VDAC 500.00m j
0.00
VEE 2.00 3
-1.00
VSAV JEDCI. 00m
0.00
14.98m 15.01m 15.03m 15.05m 15.07m
Time (s)

Small-Signal Step Response With C4 = 10nF

Power-Supply Margining Circuit for SMPS Using a Precision DAC

SBAA342B — JANUARY 2019 — REVISED SEPTEMBER 2024
Submit Document Feedback
Copyright © 2024 Texas Instruments Incorporated


https://www.ti.com
https://www.ti.com/lit/pdf/SBAA342
https://www.ti.com/feedbackform/techdocfeedback?litnum=SBAA342B&partnum=

13 TEXAS
INSTRUMENTS
www.ti.com Trademarks

Design Featured Devices and Alternative Parts

Device Key Features Link
DAC53608 8-channel 10-bit, 12C interface, buffered-voltage-output digital-to-analog converter 10-Bit, 8-channel, 12C, voltage output DAC in
(DAC) tiny QFN package

DAC60508 8-channel, true 12-bit, SPI, voltage-output DAC With precision internal reference True 12-Bit, 8-channel, SPI, Vout DAC in
tiny WCSP package with precision internal
reference

DAC60501 12-bit, 1-LSB INL, digital-to-analog converter (DAC) with precision internal reference True 12-bit, 1-ch, SPI/I2C, voltage-output DAC
in WSON package with precision internal
reference

DACB8831 16-bit, ultra-low power, voltage output digital to analog converter 16-Bit, Ultra-Low Power, Voltage Output Digital
to Analog Converter

TPS5450 5.5V to 36V input, 5A, 500-kHz step-down converter 5.5V to 36V Input, 5A, 500kHz Step Down
Converter

Link to Key Files

Texas Instruments, SBAM416 source files, support software

Trademarks
All trademarks are the property of their respective owners.
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