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1 System Description

The PMP15040 is optimized for size-sensitive sensor applications, specifically Field Transmitters and AC
Drive Feedback systems. The standard power stage uses a Wide Vin DC/DC converter that enables peak
efficiency > 90% as shown in & 18.

A displacement transmitter uses an analog front-end to convert a signal of a sensor to an electrical
representation and digital processor to convert this signal to a digital representation. A standard
displacement transmitter uses a non-isolated Wide Vin DC/DC converter as the primary power stage. & 1
highlights the PMP15040 standard placement within the field transmitter system.

| PMP15040 :
|

I |
| Typical: 24 v I
| 6Vto60V '

K 1. PMP15040 Field Transmitter Block Diagram
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An AC Drive Feedback system converts SIN/COS differential inputs from the resolver or encoder to digital
outputs, which enables accurate rotor position feedback of AC drives. AC Drive Position Feedback uses a
non-isolated Wide Vin DC/DC converter as the primary power stage paired with a Point-of-Load DC/DC
converter. These two power rails are necessary to power the Digital Processing component of the system.
2 highlights PMP15040 standard placement within the AC Drive Position Feedback system.

PMP15040

Typical: 24 V
6V-60V

5V /600 mA
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Wired
Communication

K 2. PMP15040 Rotary Encoder Block Diagram

1.1 Key System Specifications

% 1. Key System Specifications

PARAMETER SPECIFICATIONS
V\y minimum 6-V
V\y maximum 60-V
V,y nominal 24-V
Vour 5-V
lout 600-mA
Fow 1-MHz
X - Dimension 8.3-mm
Y - Dimension 10-mm
ZHCUS506A—June 2018—Revised October 2018 T T2 ] R FR A T AZ RS 1 S F N W LR 2 ) 3

TIDUDQ2 — http://www-s.ti.com/sc/techlit/ TIDUDQ2
Jixkl © 2018, Texas Instruments Incorporated


http://www.ti.com.cn
http://www-s.ti.com/sc/techlit/TIDUDQ2.pdf

13 TEXAS
INSTRUMENTS

System Overview www.ti.com.cn

2 System Overview

2.1 Block Diagrams
3 shows the PMP15040 block diagram.

- == == === == -

-
:PMP15040

Typical: 24 V
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K 3. PMP15040 General Block Diagram

2.2 Highlighted Products

221 LMR36006

Features:

» Synchronous buck converter

* Wide operation input voltage: 4.2 V to 60 V (with transient protection up to 66 V)
» 1-MHz switching frequency

» Low quiescent current: 25 pA

e —40°C to +150°C junction temperature range

* Adjustable 1-V to 28-V output

* Maximum current load: 600 mA for LMR36006 and 1.5 A for LMR36015

*  QFN package: 3 mm x 2 mm

2.3 System Design Theory

The PMP15040 highlights the 8.3 mm x 10 mm optimized solution size of the LMR36006. The
synchronous buck converter, LMR36006, is a wide-input voltage range, low-quiescent current, high
performance regulator with internal compensation. The LMR36006 is optimal for size-constraint
applications because the LMR36006 has a 3-mm x 2-mm QFN package size, 1-MHz switching frequency,
and a tight current limit. & 6 shows the schematic of the front-end DC/DC converter. & 4 and & 5 show
the images of the front and back side of PMP15040 board.
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& 4. Front of the PMP15040 Board & 5. Back of the PMP15040 Board

The operating frequency for the LMR36006 regulator is 1 MHz, and the device implements a precise
current limit. Consequently, the output filter size and component values are minimized. The LMR36006
offers three operating switching frequency variants: 400 kHz, 1 MHz, and 2.1 MHz. The 1-MHz switching
frequency provides peak efficiency greater than 90% at 12 V,,, and peak efficiency greater than 80% at 24
V\n- When the user selects the 1-MHz variant, the inductance range can be decreased from 40 uH — 50
pH to 10 pH — 25 pH. When the user selects an inductor with an inductance of 18 uH, the inductor should
be capable of handling a maximum current of 1.2 A. Ultimately, inductor manufacturers have a wide
selection of 18-pH inductors in a 4-mm x 4-mm package size. The PMP15040 uses a 18-uH inductor with
a Cqyr Of 22 pF.

For the PMP15040, the LMR36006 output voltage is set to 5 V with a resistor divider from FB to V. The
top feedback resistor (Rqg;) is set to 100 kQ, and the bottom resistor (Rggg) is calculated using A= 1. Vggr
is nominally 1 V.

R

R — FBT

FBB — Ty,
|:VOUT _ 1}
VREF (l)

For this 5-V example, values are Rz = 100 kQ and Regg = 24.9 kQ. Depending on the power requirement
of the downstream digital component, the output voltage can be adjusted. For example, for a MCU which
require a typical power rail of 3.3 V, the output voltage can be adjusted.

To scale the output voltage for specific system requirements, the output feedback resistors can be
resized. For example, if a MCU requires a typical power rail of 3.3-V, the output voltage can be adapted
by recalculating Rggg. For this 3.3-V example values would be Rggr = 100 kQ and Regg = 43.5 kQ.
Furthermore, the PMP15040 output filter (L1 and Cg1) will support the output voltage adjustment.

When scaling the output voltage from 5 V to 3.3 V, the corresponding output power capability of the
LMR36006 will decrease from 3 W to 2 W. To increase the power capability of the PMP15040 to 7.5 W at
5 Vgoyr and 5 W at 3.3 Vg r, the pin-compatible LMR36015 offers a 1.5-A maximum output load current. To
adapt the design to the LMR36015, the output filter (L1 and C,,r) must be modified appropriately. TI
recommends to modify the L1 to 4.7 uH and modify the Cy; to 33 pF. Also, the saturation current of the
inductor must support the increased current capability and peak current limit of 3 A. Powered iron cores
exhibit a soft saturation current, allowing some relaxation in the current rating of the inductor.
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Vin=6V-60V 0.1pF Vour =5V
VIN BOOT [ " lour = 600 MA
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1x 4.7 pF EN Sw
LMR36006
PGND
FB
- vce PGOOD
CVCC J__
1pF AGND

K 6. LMR36006 Schematic

The LMR36006 and LMR36015 devices are designed with a flip-chip or HotRod technology, which greatly
reduces the parasitic inductance of the pins. Package lead inductance substantially increases the switch
node ringing and the corresponding EMI performance. A wire-bond package, ¥ 7, has significant lead
inductance compared to a flipped-chip, on-lead (FCOL) package, ¥ 8. HotRod technology eliminates wire
bonds by attaching the silicon die directly the lead frame. Consequently HotRod technology lowers Rps o,
parasitic lead inductance, and dramatically reduces switch node ringing. The switch node waveforms of a

wire bond package and a HotRod package can be seen in ¥ 9 and ¥ 10.

& 8. FCOL QFN Package

K 7. Standard QFN Package
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10. FCOL QFN Device Switch Node Signal

K 9. Wirebond Device Switch Node Signal
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The LMR36006 HotRod package enables the smallest die to package ration and ultimately enables an
optimized layout and total solution size of 8.3 mm x 10 mm shown in [¥/ 11. The optimized layout is
highlighted in 4 12 and 4| 13.

'\PMP 15040

—

& 11. PMP15040 Board Dimensions

GND
Terminal

VOouT
Terminal

Output
Cap

Inductor
VIN
Terminal
Input
Cap

K 12. PMP15040 PCB Layout: Top Layer K 13. PMP15040 PCB Layout: Bottom Layer

For design calculations and layout examples, see the relevant data sheet for the devices:
* LMR36006 4.2-V to 60-V, 0.6-A Synchronous Step-Down Converter in HotRod™ Package (SNVSBA48)
 LMR36015 4.2-V to 60-V, 1.5-A Synchronous Step-Down Converter in HotRod™ Package (SNVSB49)
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3 Hardware, Testing Requirements, and Test Results
3.1 Required Hardware

3.1.1 Hardware

These steps outline the hardware setup:
1. Connect a DC power supply to the board input as shown in & 14.

2. Connect an electronic or resistive load to the LMR36006 output (Vq7), as shown in & 14, to imitate
the typical load.

COUT

Vour
Cin
Vin —Pp
U;
Front Side Back Side
Kl 14. PMP15040 Board Setup
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3.2 Testing and Results

The following diagrams show the design performance.

3.21 Thermal Data

The infrared (IR) thermal image in /& 15 was taken at steady state with 24 V,, and the LMR36006 output
at a load of 10 mA (no airflow). The ambient temperature is approximately 22°C. The maximum IC
temperature is 28.4°C.

11/21/2017
K] 15. Thermal Image at 24 V,y, 5 Vour, 10 mA lgyr

The infrared (IR) thermal image in [¥| 16 was taken at the steady state with 24 V,, and the LMR36006
output at a load of 300 mA (no airflow). The ambient temperature is approximately 22°C. The maximum IC
temperature is 68°C.

11/21/2017

Kl 16. Thermal Image at 24 V,, 5 Vour, 300 MA lgyr
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The infrared (IR) thermal image in & 17 was taken at the steady state with 24 V,, and the LMR36006
output at a load of 600 mA (no airflow). The ambient temperature is approximately 22°C. The maximum IC
temperature is 85°C.

11/21/2017

17. Thermal Image at 24 Vy, 5Vou7, 600 MA gyt

3.2.2 Efficiency Data
18 shows the PMP15040 efficiency data versus a load current.

100
90 r
80 /ﬁ
[
g 60 | ——>
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o
o ‘/_/\_
o 40
30
20 — 12 Vin
— 24 Vin
10 — 48 Vin
— 6 Vin
0
0 0.1 0.2 0.3 0.4 0.5 0.6
lout (A)
18. Efficiency vs. Output Current
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3.2.3 Start-Up Waveforms

19 shows the start-up waveform at 24-V input and no load. ¥ 20 shows the start-up waveform at 24-V
input and 600-mA load.

B

Vin: 10 V/div (turquoise)
" Vour: 1 V/div (blue)
/ SW: 10 V/div (pink)

"

552 ps/div |!!!I L | vouT

19. Start-Up Waveform: V,y =24V, lo;r =0 A

Vi 10 V/div (turquoise)
Vour: 1 V/div (blue)
SW: 10 V/div (pink)

=
552 ps/div vouT

K 20. Start-Up Waveform: V,y = 24 V, I, = 600 mA

3.2.4 Switch Node and Output Voltage Ripple

21 shows the steady-state switch-node voltage and output voltage ripple at 24 V,, and 0-A load. | 22
shows the steady-state, switch-node voltage and output voltage ripple at 24 V,, and 600-mA load. [¥| 23
shows the steady-state switch-node voltage and output voltage ripple at 60 V, and 0-A load. & 24 shows
the steady-state, switch-node voltage and output voltage ripple at 60 V,, and 600-mA load.

AVour = 40 mV

SW: 10 V/div (pink)
Vour: 100 mV/div (blue)

900 ps/div

VIN

K] 21. Steady-State Waveform: V=24V, lo,y =0 A
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AVour > 10 mV

L I R

SW: 10 V/div (pink)
Vour: 20 mV/div (blue)

1 ps/div

ViN

22. Steady-State Waveform: V=24V, lgyr = 600 mA

AVour = 40 mV

SW: 10 V/div (pink)
¥ » Vour: 100 mV/div (blue)

900 ps/div

K 23.Vyy =60V, loyr =0 A

AVour > 10 mV

SW: 20 V/div (pink)
Vour: 20 mV/div (blue)

] p A L ] [ A L L] [} [

1 ps/div T

K 24. V,, = 60 V, loyr = 600 mA
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3.25 Load Transient

The load transient waveforms monitor the output voltage and the load current. Channel 1 (blue) shows the
output current of the LMR36006 (lo,r). Channel 2 (purple) shows the output voltage of the LMR36006
(Vour)- Bl 25 and & 26 show the load transient results.

' PG: 5 V/div (Green) : ' PG: 5 Vidiv (Green)
Vour: 200 mV/div (Purple) ! Vour: 200 mV/div (Purple)
bosens —
VOUT"l\‘A"""“" " Nl e " N
T v e e e e e lvour
M\
"1 Load: 150 mA/div (Blue) : s, |08 150 MAVAIV (Blue) ol e e e s amics
K 25. Load Transient: Io,; = 0 A to 600 mA, V,, =24V, K 26. Load Transient: l,,; =600 mAto 0 A, V, =24V,
tz=1 Alus te=1 Alus
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4 Design Files

4.1 Schematics

To download the schematics, see the design files at PMP15040.

4.2 Bill of Materials
To download the bill of materials (BOM), see the design files at PMP15040.

4.3 PCB Layout Recommendations

4.3.1 Layout Prints

To download the layer plots, see the design files at PMP15040.

4.4  Altium Project
To download the Altium project files, see the design files at PMP15040.

45 Gerber Files
To download the Gerber files, see the design files at PMP15040.

4.6 Assembly Drawings

To download the assembly drawings, see the design files at PMP15040.

5 Related Documentation

1. LMR36006 4.2-V to 60-V, 0.6-A Synchronous Step-Down Converter in HotRod™ Package (SNVSB48)
2. LMR36015 4.2-V to 60-V, 1.5-A Synchronous Step-Down Converter in HotRod™ Package (SNVSB49)
3. Powering up the Performance of Sensitive Test and Measurement Systems, blog

51 ®Etr
All trademarks are the property of their respective owners.
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