Design Guide: TIDA-010089

Two-Quadrant, 15V, 8A, Programmable Linear DC Power

Supply Reference Design

Description

This reference design demonstrates a low-noise,
efficient, bidirectional power supply that achieves
less than +0.02% full-scale (FS) current and voltage
control accuracy. The design utilizes an analog
feedback loop for precise current control, and
implements a voltage tracking circuit to minimize the
power dissipation in linear stage for the source mode.
This implementation enables 120W output power, and
can sink up to 25W with external cooling.

Resources

TIDA-010089

LM393BIDR, TMP708AIDBVR, TPSI305
TVS1801, LMR38010, CSD17575Q3
TLV709, LM2665, REF5025
DAC70502DRXR, OPA192IDBVT, INA818
LM358BIDGKR, TMUX4053, LM5146

Design Folder
Product Folder
Product Folder
Product Folder
Product Folder
Product Folder

Ask our TI E2E™ support experts

)

Linear Sense Output Sense

(2:‘3// Fgg\/) i ‘ i

DAC_V._I_Control Reverse Polarity
GND Protection GND

Battery Port
@—» DC-DC (0V-15v)
Tracking DCDC ﬂb Output Stage [—> Output Relay [—

i3 TEXAS INSTRUMENTS

Features

* Low-noise linear output stage, 3mVpp output noise
in 20MHz bandwidth

» Precise current and voltage control with accuracy
better than £0.02% full scale

» Maximum power during source operation: 120W

» Maximum power sink operation: 25W

» Tracking DC/DC to minimize power dissipation in
source mode

Applications

» Battery cell formation and test equipment
* Programmable DC power supply
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1 System Description

The battery tester equipment includes a wide variety of equipment used to test single cells, battery modules, and
high-voltage battery packs. The test equipment contains precision power supplies and data acquisition systems,
and is used for charging and discharging of batteries, and measures various parameters of the cells.

Figure 1-1 shows a simplified lithium-ion (Li-ion) battery manufacturing process. The Final stage, End-of-Line
Conditioning, includes cell formation and testing. Formation is a critical step when manufacturing Li-ion cells.
During formation, the cells go through a process of initial charge and discharge, which results in the formation of
the solid electrolyte interface (SEIl) layer. The quality of the SEI layer impacts the capacity and reliability of the
battery cell. To control the formation process, precise programmable power supplies are used for charging and
discharging of cells. These power supplies are called battery formation systems or battery testers. The accuracy
required in battery testers for voltage and current is typically between £0.02% and +0.05% of full-scale.

Electrode Cell End-of-Line
Production Assembly Conditioning
. Stacking/ )
Slurry Mixing Winding Labelling
\ 4 \ 4 v
) Connect :
Coating Electrodes Formation

A 4 A 4 Y
Insert Electrode

Compressing Stack Storage Ageing
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- Electrical
Drying Sub-assembly Testing
A 4 A 4 Y
Slitting Heat-seal/Weld Packing/
Shipping

Figure 1-1. Simplified Li-lon Battery Manufacturing Process

1.1 Key System Specifications

PARAMETER SPECIFICATION
Input Voltage 24V to 48V
Output Voltage 0V to 15V
Maximum Output Current +8A
Topology DC/DC + LDO with voltage tracking
Power (Source) 120W
Power (Sink) 8W (without fan), 25W(with fan)
Current and Voltage Set Resolution 14b
Current Regulation Error < +3mA (0.02% FS)
Voltage Regulation Error < +3mV (0.02% FS)
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2 System Overview

2.1 Block Diagram

Figure 2-1 shows a block diagram of the reference design. LM5146 is a buck converter used in voltage tracking
configuration to minimize the headroom of the discrete two-quadrant linear power stage. Precise current sense
is implemented using INA818, and LM358 is used to measure the output voltage. The current and voltage sense
signal are fed into the analog feedback loop which controls gate voltage of the power metal-oxide semiconductor
field-effect transistor (MOSFET). A DAC70502 14-bit , 2-channel digital-to-analog converter (DAC), is used to set
the output current and voltage. The DAC is programmed using a USB2ANY adapter.
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Figure 2-1. Linear Battery Tester

2.2 Design Considerations

This reference design features low-noise, two-quadrant linear power supply with flexibility of output voltage
adjustment. To improve efficiency, a tracking pre-regulator is implemented using the LM5146 buck converter for
voltage tracking configuration to minimize the headroom of the discrete two-quadrant linear power stage.

Precise current sense is implemented using INA818, and LM358 is used to measure the output voltage. The
current and voltage sense signals are fed into the analog feedback loop which controls the gate voltage of the
power MOSFET. A DAC70502 14-bit , 2-channel DAC, is used to set the output current and voltage. The DAC is
programmed using a USB2ANY adapter.

2.3 Highlighted Products
This reference design features the following devices:

« DAC70502: Dual-channel, 1-LSB INL, 14-bit, serial peripheral interface (SPI) voltage-output digital-to-analog
converter (DAC)

» INA818: Low-power (350pA), precision instrumentation amplifier with +60V over-voltage protection (gain pins
1, 8)

»  OPA192: High-voltage, rail-to-rail input/output, 5pV, 0.2uV/°C, precision operational amplifier

* LM5146: 100V synchronous buck DC/DC controller with wide duty-cycle range
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2.3.1 DAC70502: Dual-Channel, 1-LSB INL, 14-Bit, SPI Voltage-Output Digital-to-Analog Converter (DAC)

The DAC70502 device offers linearity of < 1LSB. The high accuracy combined with a tiny package make

the DAC70502 an excellent choice for applications such as gain and offset calibration, current or voltage set
point generation, and power-supply control. These devices include a 2.5V, 5ppm/°C internal reference, giving
full-scale output voltage ranges of 1.25V, 2.5V, or 5V.

The digital interface of the DAC70502 can be configured to a SPI or 1I2C mode using the SPI2C pin. In SPI
mode, the DACO0502 uses a versatile 3-wire serial interface that operates at clock rates up to 50MHz. In 12C
mode, the DAC70502 operates in standard (100kbps), fast (400kbps), and fast+ (1.0Mbps) modes.

Important features include:

* 16-bit performance: 1-LSB INL and DNL (maximum)
* Pin-selectable serial interface

— 3-wire, SPI compatible up to 50MHz

— 2-wire, 12C compatible
* Low power: 1TmA per channel at 5.5V

2.3.2 INA818: 35uV Offset, 8nV/Hz Noise, Low-Power, Precision Instrumentation Amplifier

The INA818 is a high-precision instrumentation amplifier that offers low power consumption and operates over
a very wide single-supply or dual-supply range. A single external resistor sets any gain from 1 to 10000. This
device measures and amplifies a differential voltage that represents output current which acts as feedback to
regulate current. With a built-in super-beta input transistor, this device provides low-input offset voltage, offset
voltage drift, input bias current, input voltage, and current noise.

Important features include:

* Gain drift: 5ppm/°C (G = 1), 35ppm/°C (G > 1) (maximum)
* Bandwidth: 2MHz (G = 1), 270kHz (G = 100)

* Inputs protected up to 60V

« Common-mode rejection: 110dB, G = 10 (minimum)

2.3.3 OPA192: High-Voltage, Rail-to-Rail Input/Output, 5uV, 0.2uV/°C, Precision Operational Amplifier

OPA192IDBVT offers outstanding DC precision and AC performance, including rail-to-rail input/output, low offset
(£5uV, typ), low offset drift (£0.2uV/°C, typ), and 10MHz bandwidth. Such amplifier offers high-precision constant
current (CC) loop control voltage to calibrate the target signal. Unique features such as differential input-voltage
range to the supply rail, high-output current (xt6mA) high capacitive load drive of up to 1nF, and high slew

rate (20V/us) make the OPA192 a robust, high-performance operational amplifier for high-voltage industrial
applications.

Important features include:

*  Wide supply: £2.25V to +18V, 4.5V to 36V

* Low offset voltage drift: £0.2pV/°C

*  Wide bandwidth: 10MHz gain-bandwidth (GBW)
* Low quiescent current: 1mA per amplifier

2.3.4 LM5146: 100V Synchronous Buck DC/DC Controller With Wide Duty Cycle Range

The LM5146 100V synchronous buck controller regulates from a high input voltage source or from an input rail
subject to high-voltage transients, minimizing the need for external surge suppression components. The LM5146
continues to operate during input voltage dips as low as 5.5V, at nearly 100% duty cycle, if needed, making

the device an excellent choice for high-performance industrial controls, robotics, data communication, and RF
applications. Feedback pins provide a reference voltage for tracking the linear stage feedback.

Important features includes:

* Wide input voltage range of 5.5V to 100V
* 0.8V reference with £1% feedback accuracy
» Adjustable output voltage from 0.8V to 60V
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3 System Design Theory

3.1 Constant Current Control Design

The constant current control design requires a high-precision current sensor, and the selection of the right
operational amplifier (op amp) for measuring battery charge or battery discharge current through a shunt

resistor is pivotal for accurate and reliable current measurement. The Y14770R00300F9R shunt resistor, with

a resistance of 3mQ made up of a power metal strip, is an excellent choice for current sensing. With a 1%
tolerance and a maximum temperature coefficient of +40ppm/°C, this shunt resistor provides accurate and stable
performance.

For amplifying the current signal across the shunt, the INA818, a high-precision instrumentation amplifier, is
used. The choice of an instrumentation amplifier with the right common-mode voltage is crucial, because
the amplifier directly impacts the input and output voltage limitations. The instrumentation amplifier provides
compatibility with the common-mode voltage of the application and is essential for achieving accurate and
reliable current measurements in CC control.

Using TI's analog engineer's calculator to determine the input common-mode and limitations of the INA818,
Figure 3-1 shows the calculation results. The maximum common-mode voltage is consistent with the maximum
voltage on the battery side, which is 15V in this case. The INA818 is powered by 20V and -5V, and the
reference voltage generated from the DAC is 2.5V. When the gain is set to 66, the calculation shows the input
range from —111.4mV to 112.1mV, fitting within the current signal range (+8A x 3mQ = 24mV).

The CC control loop also needs a high-precision op amp. The precision drift op amp, OPA192, with maximum
input offset drift of £0.1uV/°C, is used for this function.
Calculator

Vem vs. Vout for Instrumentation Amp Vem Vins (Max)
in+ (Max;

52 15.036

16- _f_
Vin (dif Max)
12- 112.121m

10- *
z 14,044
Vin - (Max)

Vout Max
9.9

Vin+ (Min)
14,844

Vout Min
Vin (dif Min) -4.85

-111.364m

315

Select INA Enter Design Information and Create Graph 15.056

Gain Vin - (Min)

Vs+
:) 20 :J 66 Create Graph

oK INABTE -

oK Help

Vs- Vref
Figure 3-1. Vcm vs Vout Calculator for INA818

Figure 3-2 illustrates the CC control loop schematic. The output voltage, linked to a voltage-controlled voltage
source, functions as the tracking input for the DC-DC converter, supplying Vpcpc to the MOSFET drain. An
intentional 1V rise is incorporated into the configuration to maintain Vpg at 1V, regardless of load conditions.
The reference voltage, IsgT, is generated from a digital-to-analog converter (DAC) to control the output current
or voltage depending on the operation mode. Another input, Isense is the current feedback signal acquired
through the differential voltage across the current sense resistor. These signals undergo differentiation in the
error amplifier, OPA192, to facilitate current loop control. For small signal simulation, a 1TF capacitor and 1TH
inductor are connected to the Isgnsge. This purpose is to break the feedback loop as the capacitor is open at DC
while the inductor is a short. At high frequencies, the inductor is open and the capacitor is shorted.

TIDUF39 — MARCH 2025 Two-Quadrant, 15V, 8A, Programmable Linear DC Power Supply Reference 5
Submit Document Feedback Design

Copyright © 2025 Texas Instruments Incorporated


https://www.ti.com
https://www.ti.com/lit/pdf/TIDUF39
https://www.ti.com/feedbackform/techdocfeedback?litnum=TIDUF39&partnum=TIDA-010089

13 TEXAS
INSTRUMENTS

System Design Theory www.ti.com

Riso 100

{1

[i3 71 Fapizeos

Figure 3-2. Schematic for Constant Current Loop Simulation

Figure 3-3 shows the small signal of the CC simulation. The phase margin for constant current output of 8A is
73.39°, with the crossover frequency of 189.59kHz. This simulation affirms the stability of the control circuit and

bandwidth sufficiency.

,,,,,,

Figure 3-3. Stability Simulation for Current Loop Analysis

The voltage to adjust output current can be set from 0V to 5V. Use Equation 1 to calculate the input reference
voltage for the desired current settings. In this reference design, to generate 8A output current, Isgt, the DAC
output voltage, is set to 4.08V.

ISET = ldesired X INA818 gain X RsgNsg + VREF (1)
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3.2 Constant Current and Voltage Simulation

Figure 3-4 shows the simulation of the battery charging circuit with the CC and CV loops. The CC and CV control
loops are interconnected through D1 and R19. The battery charging environment is simulated with an output
capacitance of 10mF.

Figure 3-4. Power Supply With Constant Current and Voltage Loops

Figure 3-5 shows the transient schematic capturing the transition from CC to CV control during the battery
charging process. Initially when the battery is depleted, the CC control loop is activated and the battery is
charged at a constant current of 8A. The charge current is determined by the DAC ISET. As the battery capacity
increases, the output voltage of the CV error amplifier decreases, leading to a gradual transition into CV control.
During this phase, the charging current gradually decreases while the charge voltage is maintained at a constant
level. Ultimately, when the battery reaches full charge, the charging current approaches zero, and the voltage is
stabilized at 4.2V, as set by the DAC VSET reference voltage.

VREF = LM358B gain X VOUT (2)
5.00 T T H T
CC_ERR/V ; ! i \
200 H | H i
5.00 - - - -
CV_ERR/V 1 \\
200 ‘ ‘ : ‘
5.00 H H H H
Control_Vol/V 3 ; \
200 | | H T
800 : : : :
Ibat/ A ; | i \\
0.00 | | i H
5.00
Vbat/V 1
000 ' | ' { | '
0.00 1.50 3.00 4.50 6.00 7.50 9.00
Time (s)
Figure 3-5. CC to CV Transition
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4 Hardware, Software, Testing Requirements, and Test Results

4.1 Hardware Requirements

Figure 4-1 shows the hardware snapshot for this reference design. Jumper J9, J10, J12, and J13 configure

the power rail connections to circuitry on the board. The J5 jumper provides reference voltage programmed by
the DAC to the control system for configuring operation mode. J7 can disable the solid-state relay to interrupt
output states. J8 controls functionality of the output switch relay based on the sensing signal from the feedback,
safeguarding the circuit from reverse polarity.

Figure 4-1. TIDA010089 Hardware

The MOSFETs in the output stage are responsible for either sourcing or sinking current from the battery side,
the excess heat must be carried away from both MOSFETS to provide normal operation. The heat sink and

fan is applied in this design to dissipate any excess amount of heat. Particularly, the P-channel metal-oxide-
semiconductor (PMOS) handles sinking the current and has higher thermal resistance. The selection of the heat
sink and fan is contingent upon the specific power dissipation requirements and case temperature criteria. In this
design, the target power dissipation is 8W without the fan, and the chosen heat sink is capable of dissipating
20W with an airflow of 30ft3/min. This makes sure that the thermal management of the system meets the design
specifications for reliable operation.

4.2 Software Requirements

In this reference design, the reference signal for current and voltage loops uses the DAC70502, 14-bit DAC,
which is programmed using the USB2ANY interface adapter.

Use the following steps for the initial setup of a new USB2ANY device:

Open the USB2ANY Explorer

Click and hold the button inside the small hole of the USB2ANY before plugging the device into the computer
The software prompts for an update after the device is plugged in

Confirm the software update

Release the button

agbrON -~

USB2ANY sets up the device properly.
Use the following steps to configure the DAC:

Open the USB2Any Explorer

Click the Select Interfaces button. The Select Interfaces window opens

Select SP/

Close the Select Interfaces window

In the USB2Any Explorer window, select SPI above activity logging. If the SP/ tab is not shown, click around
the space above activity logging because the tabs can be hidden.

Write data code into the terminal to generate the desired output parameter

agbrON -~

o
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Figure 4-2 shows the GUI parameters for the setup.

A3 USB2ANY Explorer v2.7.0.5 (APIv2.7.0.0) - X
Close Device
Clod SPI L, Clock Phase CS Polarity Bit Direction Length
@ Inactive Low @ Trailing Edge € Active High C LS8 First C 7 Bits .
€ Inactive High € Leading Edge @ Active Low ® MSB First @ 88Bits
Bit Rate Slave Device CS Type
100 | Kz 1 = Per Packet
MOSI Message / Data -
Write data: 1:3
004C 7C Write/Read -
[ 3 bytes
¥ Auto-set
Read data:
00 00 00 Load J
Save ‘
Clear Data
Log Comment
Adtivity Log:
Timestamp [ Mod... | R/W [ Addr | Len | Data/Message ~
2023-12-04 11:... INFO - - Firmware Version: 2.7.0.0
2023-12-04 11:... INFO - ---  Enabled EVM Detect interrupt handler
2023-12-04 11:... SPI Clock polarity set to Inactive Low
2023-12-04 11:...  SPI - Clock phase set to Falling Edge
2023-12-04 11:... SPI - Latch polarity set to Active High
2023-12-04 11:... SPI SPI bit rate set to 100.000 kHz.
2023-12-04 11 SPI ---  SPI bit rate set to 100.000 kHz.
2023-12-04 11:... SPI - Character length set to 8 bits
2023-12-04 11 INFO Target Power: 3.3v is OFF, 5.0v is OFF, Adj is OFF
2023-12-04 11:... SPI --=  SPI write/read count set to 3
2023-12-04 11:... SPI - SPI bit rate set to 100.000 kHz.
2023-12-04 11:... SPI  Write Ox... 3 Data: 094C7C
2023-12-04 11:... SPI Read Ox... 3 Data: 00 00 00 v

Figure 4-2. USB2ANY Configuration

4.3 Test Setup

4.3.1 Constant Current Test Setup

Figure 4-3 shows the hardware setup to test the constant current charging performance.

6 %2 Multimeter

Output
Input
L_AAA E-Load CV Mode
»
Power Supply TIDA-010089 Current Sense (OV - 15V)
(24V - 48V) %O%Mgz? Resistor

Figure 4-3. Constant Current Charging

Given the capability of the design to source up to 120W of power, the input power supply needs to provide
sufficient power to support the charge mode. The output electronic load (e-load) simulates the battery charging
process. Set the e-load to CV mode and make sure the voltage value is lower than the output voltage set by
DAC. At start-up, VgeT is at 2.5V which makes the output voltage 10V at open load. Without modifying the Vggr,
set the e-load to less than 10V.

Connect a multimeter across the current shunt resistor on the board by placing the positive probe on TP9 and
the negative probe on TP10 to measure the voltage across the sense resistor. This voltage can be utilized to
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calculate the output current. Using a 6.5-digits multimeter is recommended for precise measurements in the
microvolt range. Due to offset in the sense resistor and the gain resistor for INA818, the calculated current
across the shunt can exhibit a slight variation of 1mA to 2maA.

After completing the hardware setup, turn on the input power supply only, and observe the e-load voltage
reading. At this point the e-load is acting as a multimeter measuring the open load voltage. The reading can drop
to zero volts from some voltage, due to the current loop being active initially, driven by offsets in the cascading
op amps and feedback resistors. At this point, the Constant Current (CC) loop has a lower voltage level and
takes control of the system. Increase the Iggr by applying any code of Isgt which is greater than mid-voltage can
pull the voltage control signal across D3, enabling the Constant Voltage (CV) loop to take control of the system.

Figure 4-4 shows the hardware setup used to test the CC discharging performance.

6 2 Multimeter

Output
Input
AANA < Power Supply
TIDA-010089 N (0V - 5V)
Power Supply CO Mode Currentl Sense
(24V - 48V) (CBA- 0A) Resistor

Figure 4-4. Constant Current Discharging

Similar to the CC loop setup at positive current, the only difference lies in replacing the output e-load with a
power supply. When the fan is off, configure the power supply within the 8W limit. When the fan is active, the
output supply can be set within the 20W limit to align with the maximum heat dissipation of the design. Make
sure that at full negative current range, the voltage of the power supply does not exceed 2.5V to prevent power
dissipation of more than 20W.

4.3.2 Constant Voltage Test Setup

Figure 4-5 shows the test setup for CV control loop.

Input Output

TIDA-010089
Power Supply CV Mode

(24V - 48V) (OA- 15V)

E-Load CC Mode
(0A - 8A)

A 4

6 %2 Multimeter

L.

Figure 4-5. Constant Voltage Test Setup

D

Make sure the setting current of the e-load is configured to a value less than the control current set by the DAC
to maintain a stable voltage loop.

Connect the positive probe of the 6.5-digits multimeter to the output of the board for an accurate reading of the
voltage in mV.
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4.4 Test Results

4.4.1 Current Control Accuracy

Accuracy (%FSR)

0.05
—— Source Current
0.04 —— Sink Current
0.03
0.02
0.01 /] 0.629, O
0
-0.01 N N ] \>\/I
-0.02 5.03, 0
-0.03
-0.04
-0.05
0 2 3 4 5 6 7 8

Battery Current (A)

Figure 4-6. CC Control Accuracy

The current loop can be affected by the variation of the output voltage level. To assess any impact on the control
loop, perform a load regulation test. Table 4-1 shows the CC load regulation for charging and Table 4-2 shows

the CC load regulation for discharging.

Table 4-1. Constant Current Load Regulation for Charging

FULL SCALE 8
RATING (FSR) (A)
IseT (A) 0.1 1 2 4 6 8
CV E-LOAD Isense (A)
1 0.09987 1.00033 2.00033 3.99933 6.00033 7.99933
2 0.09933 1.00033 2.00033 3.99933 6.00033 7.99933
4 0.09933 1.00033 2.00000 4.00033 6.00067 8.00133
8 0.09967 1.00067 2.00067 4.00067 6.00167 8.00500
10 0.09967 1.00003 2.00033 4.00067 6.00167 8.00567
14 0.09967 1.00067 2.00067 4.00033 6.00133 8.00667
ERROR (%FSR) 0.00833 -0.00833 -0.00833 -0.00833 -0.02083 -0.08333
Table 4-2. Constant Current Load Regulation for Discharging
FSR (A) -8
Iser (A) 0.1 1 2 3 4 5
CV POWER lsense (A)
SUPPLY (BATTERY)
1 -0.10133 -1.00133 -2.00167 -3.00167 -4.00167 NA
2 -0.10167 -1.00167 —2.00167 -3.00167 —4.00167 -5.00167
3 -0.10167 -1.00167 —2.00167 -3.00167 —4.00167 -5.00167
4 -0.10167 -1.00167 —2.00167 -3.00167 —4.00167 -5.00167
4.2 -0.10167 -1.00167 -2.00167 -3.00167 -4.00167 -5.00167
ERROR (%FSR) 0.02083 0.02083 0.02083 0.02083 0.02083 0.02083

TIDUF39 — MARCH 2025
Submit Document Feedback

Two-Quadrant, 15V, 8A, Programmable Linear DC Power Supply Reference

Copyright © 2025 Texas Instruments Incorporated

1
Design



https://www.ti.com
https://www.ti.com/lit/pdf/TIDUF39
https://www.ti.com/feedbackform/techdocfeedback?litnum=TIDUF39&partnum=TIDA-010089

Hardware, Software, Testing Requirements, and Test Results

13 TEXAS
INSTRUMENTS

www.ti.com

4.4.2 Voltage Control Accuracy
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Figure 4-7. Voltage Loop Linearity Test

Different current drawn from the load can also affect the CV control accuracy, a CV load regulation test is
required. Table 4-3 shows the variation of constant current settings with respect to load voltage regulation. The
data has minimal difference with the change in current.

Table 4-3. Voltage Regulation Under Different Currents

FS (V) 15
Vser (V) 1 2 3 4.2 8 15

CC MODE Iget (A) LOAD VOLTAGE (V)
0.1 0.997423 1.99792 2.99827 4.19865 7.99858 14.9975
1 0.99751 1.998 2.99835 4.1987 7.9987 14.9977
2 0.99769 1.99819 2.99853 4.19888 7.99891 14.9978
4 0.99801 1.99853 2.99886 4.19923 7.99929 14.9981
6 0.998378 1.99887 2.99922 4.19957 7.9997 14.9984
7 0.99855 1.99904 2.99941 4.19965 7.99978 14.9985
ERROR (%FS) 0.011533 0.013867 0.01153 0.009 0.009467 0.01667
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4.4.3 CC, CV Transformation

The complete battery formation profile includes both CC and CV control. The CC and CV transformation ought to
be smooth to perform this task. Figure 4-8 and Figure 4-9 show the transition from CC mode to CV mode under
different current settings, in both charge and discharge mode.

10
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Figure 4-8. CC CV Charge Transformation Under Different Current Setting
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Figure 4-9. CC CV Discharge Transformation Under Different Current Setting
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4.4.4 Constant Current Transient Response

Figure 4-10 shows the current transition from 180mA to 1.82A, with the rise time being less than 1ms. The test
was done by using an e-load to draw current for the circuit in CV condition. The result demonstrates smooth
current transition, fast settling time, and stable current loop response.
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Figure 4-10. Transient Response at Current Transition
4.4.5 Constant Voltage Transient Response
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Figure 4-11. Transient Response at Voltage Transition

14 Two-Quadrant, 15V, 8A, Programmable Linear DC Power Supply Reference TIDUF39 — MARCH 2025

Design Submit Document Feedback
Copyright © 2025 Texas Instruments Incorporated


https://www.ti.com
https://www.ti.com/lit/pdf/TIDUF39
https://www.ti.com/feedbackform/techdocfeedback?litnum=TIDUF39&partnum=TIDA-010089

13 TEXAS
INSTRUMENTS

www.ti.com Hardware, Software, Testing Requirements, and Test Results

4.4.6 Voltage Ripple at Short Circuit

The voltage ripple is observed under short-circuit conditions. The test is performed under AC coupling with 10 x

probe connected to the output capacitor of the linear stage subsystem. The ripple is approximately 3mV peak to
peak.

Al

BTo [ : :
: : ; 3] 119us —-200uV
P N O 121ps _3.a0mv
: : : M1.57Hs A3.20mV
B{ouT
‘ ’ :. + | + —+ r! [
- - - " (2.00ps S00MS/S @ 7 |25 Dec 2023
@ 10.0mvas 10k points 0.00V }|19:35:49
coupling Imp()ega;nce Invert Bandwidth J @ Label N ]
e N 520 soll on 20MHz ouT More

Figure 4-12. Voltage Ripple Under Short-Circuit Conditions
4.4.7 Tracking DC-DC output

The voltage tracking circuit provides constant headroom in the linear power stage. Figure 4-13 shows when the
DC-DC power supply tracking the linear stage output, providing constant headroom.

I St b anm b . s Hopsh qlh b rme ]
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Figure 4-13. Tracking DC-DC Signal (SHIFT)
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5 Design and Documentation Support
5.1 Design Files

5.1.1 Schematics

To download the schematics, see the design files at TIDA-010089.

5.1.2 BOM

To download the bill of materials (BOM), see the design files at TIDA-010089.

5.2 Tools and Software
USB2ANY USB2ANY interface adapter

5.3 Documentation Support

1. Texas Instruments, DACx0502, Dual, 16-Bit, 14-Bit, and 12-Bit, 1-LSB INL, Voltage-Output DACs With
Precision Internal Reference Data Sheet

2. Texas Instruments, LM5146 100V Synchronous Buck DC/DC Controller With Wide Duty Cycle Range Data
Sheet

3. Texas Instruments, INA818 35uV Offset, 8nV/ANHz Noise, Low-Power, Precision Instrumentation Amplifier
Data Sheet

5.4 Support Resources

TI E2E™ support forums are an engineer's go-to source for fast, verified answers and design help — straight
from the experts. Search existing answers or ask your own question to get the quick design help you need.

Linked content is provided "AS IS" by the respective contributors. They do not constitute Tl specifications and do
not necessarily reflect Tl's views; see TlI's Terms of Use.

5.5 Trademarks
TI E2E™ is a trademark of Texas Instruments.
All trademarks are the property of their respective owners.
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