Test Report: PMP30833
30-W Two-Switch Buck-Boost Reference Design With
24-V or 48-V Output

Wi} TEXAS INSTRUMENTS

Description Features

This two-switch buck boost controlled by the LM5118 » Supports 48-V start-up output voltage and 24-V

device is stepping up and stepping down an input continuous output voltage

voltage range of 30 V to 60 V to either 24-V or » The prototype itself supports continuous 48-V

48-V output voltage. Jumper #3 at the digital-to- output operations at full load, 600 mA for test

analog converter (DAC) is used to decide for 24 Vot purposes

or 48 Vgyt — with jumper 48 Vo, without 24 V. » Three control variants support various reactive
load types

For the final application, the 48-V output voltage
is just needed for short term use < 1 s. For test

purposes the power stage withstands this power
level continuously, so the power stage itself could be Applications
shrunk for the final application.

Modify the loop bandwidth from between 600 Hz,
1200 Hz, and 2400 Hz — the default is 1.2 kHz. The
final application adds a reactive load to the output and
needs to be adapted; this prototype supports three
different tested variants.

» Control scheme supports switched output voltage,
load transient, and line transient

» Appliances pumps and fans
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1 Test Prerequisites

1.1 Voltage and Current Requirements

Table 1-1. Voltage and Current Requirements

Parameter Specifications
Input Voltage Range 30 Vto 60V, 65 Vyax
Output Voltage 24\ or48V
Maximum Output Current 0.6 A at48 Vour
Switching Frequency 300 kHz

1.2 Considerations
Unless otherwise indicated, all measurements were done by 0.6 A adjusted by a variable resistor.
The circuit starts with switching at 28 V and stops with switching around 25.7 V.

The prototype worked at a measured switching frequency of 300 kHz and soft start set to 12 ms.

Note
By inserting the jumper J3, the output voltage can be switched from 24 V to 48 V.

1.3 Dimensions

The outline of the board PMP30520 Rev. A is 53 mm x 64 mm. This PCB is a two-layer board with 2-0z copper
thickness on each layer.
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2 Testing and Results
2.1 Efficiency Graphs
2.1.1 24-V Output Voltage
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Figure 2-1. Efficiency vs Output Current
2.1.2 48-V Output Voltage
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Figure 2-2. Efficiency vs Output Current
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2.2 Loss Graphs

2.2.1 24-V Output Voltage
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Figure 2-3. Loss vs Output Current

2.2.2 48-V Output Voltage
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Figure 2-4. Loss vs Output Current
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2.3 Load Regulation

2.3.1 24-V Output Voltage
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Figure 2-5. Output Voltage vs Output Current

2.3.2 48-V Output Voltage
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Figure 2-6. Output Voltage vs Output Current
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2.4 Line Regulation

2.4.1 24-V Output Voltage
Figure 2-7 shows the output voltage depending on the input voltage.
24.14V

24.138V

24 136V

N
o
—
w
B
<

24132V

24.13V
24.128V
24.126V

24.124V 0/

24 122V

Output Voltage

30V 40V S0V 60V
Input Voltage

Figure 2-7. Output Voltage vs Input Voltage

Efficiency and loss were also calculated.
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Figure 2-8. Loss and Efficiency vs Input Voltage
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2.4.2 48-V Output Voltage

The dependency of output voltage to the input voltage is shown in Figure 2-9.

48.2V
48.198V

, 48.196V
£ 48.194V \_'i
o

48.186V
48.184V

30V 40V S0V 60V
Input Voltage

Figure 2-9. Output Voltage vs Input Voltage

Figure 2-10 shows the efficiency and loss data.
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Figure 2-10. Loss and Efficiency vs Input Voltage
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2.5 Thermal Images

These images have been taken after 30 minutes of operation at full load and 600 mA each.

Note
For the final application, 48-V output voltage is just needed for less than one second.

24 Voyr \ 48 Vour

—70.6

30 Vin

60 Viy

Table 2-1. Temperature Comparison
Name 30 V|N 24 VOUT 60 V|N 24 VOUT 30 V|N 48 VOUT 60 V|N 48 VOUT

D1 41.3°C 43.5°C 55.3°C 49.9°C
D2 38.6°C 43.0°C 47.5°C

L1 39.9°C 43.4°C 70.6°C 52.1°C
Q1 56.8°C

Q2 50.8°C

U1 (bottom) 41.4°C 46.8°C 55.1°C
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2.6 Bode Plots

2.6.1 60-V Input Voltage and 24-V Output Voltage

Figure 2-11. Bode Plot for 24 Vo1 and 60 V,y, Buck mode

Parameter Value
Bandwidth (kHz) 3.18
Phase margin 89°
Slope (20 dB / decade) -1
Gain margin (dB) -29.6
Slope (20 dB / decade) -2.6
Freq (kHz) 91
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2.6.2 30-V Input Voltage and 48-V Output Voltage
2 mkE
. ]
1_30vin 28V0u 0 BA0U-Gan _| ._:|+
S VoL BAaut s e 90 deg
S — L ]
— I}
£ ST ™~ NE:
(U = m
) | \\ _ | | i
= ]
== = v o },I :,:l%,
b
]|
el o
o |z T 0
(.? = = e \T
10 Frequency 100 k

Figure 2-12. Bode Plot for 48 Vot and 30 V|, Boost mode - RHPZ at 32 kHz

Parameter Value
Bandwidth (kHz) 1.23
Phase margin 85°
Slope (20 dB / decade) -0.98
Gain margin (dB) -22.6
Slope (20 dB / decade) -0.49
Freq (kHz) 35.8

2.6.3 Loop Variants
Rev. A (R12=10kQ, C15 =100 nF, C16 = 100 pF) reduces to 600-Hz loop bandwidth

Rev. B (R12 =20 kQ , C15 = 47 nF , C16 = 47 pF) 1200-Hz (default)

Rev. C (R12 =40.2kQ, C15 =22 nF, C16 = 22 pF) boosts to 2400 Hz; using loop C for Fco 2.4 kHz still

provides phase margin > 70 degrees and gain margin —15 dB

R12
comp [--2 C15” AV
AGND [—2- C16]]

PGND |
Ep |—21

Figure 2-13. Schematic Detail
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3 Waveforms
3.1 Switching
Note
With duty cycle greater than 75%, the controller steps into buck-boost mode.
3.1.1 24-V Output Voltage, 30-V Input Voltage (Duty Cycle 80%)
a8 1392 T Ch1 = Q2
(drain-source)
BOB8 1192 Ch2 = D2
20V / div
e 2 1 pS/diV

full bandwidth

08y 532y

Figure 3-1. Transistor Q2 Drain (TP3) to GND; Diode D2 (TP2) to GND
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3.1.1.1 Diode D1
a0 Wowsom& 10V /div
1 us / div

200

1us/Div

full bandwidth

B e e e

/‘\/\/‘\/\/\/’\J"-\/‘MW

10 V/div
100 ns full scale
full bandwidth

Figure 3-2. Diode D1 Referenced to Voyr

12 30-W Two-Switch Buck-Boost Reference Design With
24-V or 48-V Output

Copyright © 2022 Texas Instruments Incorporated

TIDT281 — JUNE 2022
Submit Document Feedback


https://www.ti.com
https://www.ti.com/lit/pdf/TIDT281
https://www.ti.com/feedbackform/techdocfeedback?litnum=TIDT281&partnum=PMP30833

13 TEXAS

INSTRUMENTS
www.ti.com Waveforms
3.1.1.2 Transistor Q2
3.1.1.2.1 Drain - GND
an0 ol 5 V / le
1 us / div
50 R full bandwidth

100V

1 us/Div

= 5V /div
/'\\,,r\‘,m/wm A=A

T AN

100 ns full scale
full bandwidth

o AN 'v‘//

P\

Figure 3-3. Transistor Q2 Drain - GND
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3.1.1.2.2 Gate - GND

Note

The final application uses FETs with much lower gate charge QG. A gate resistor (3.3 Q t0 4.7 Q)
might reduce the ringing on the gate.

1200

1000

400y

2V /div
1 ys / div
full bandwidth

m.ww_m\/vwﬂ/

A

2V /div
100 ns full scale
full bandwidth

Figure 3-4. Transistor Q2 Gate - GND
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3.1.1.3 Diode D2
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Figure 3-5. Diode D2
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3.1.1.4 Transistor Q1
3.1.1.4.1 Source - V|
Bl 10V / div
1 us / div

200

1us/Div

full bandwidth

B T

B AR SN A AT

A Y e N e V.V

10 V /div
100 ns full scale
full bandwidth

Figure 3-6. Transistor Q1 Source - Drain (Referenced to V|y)
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3.1.1.4.2 Gate - Source
. Wavelom & 2V /div
1 us / div
10 full bandwidth
"""""""" 2V /div
200 ns full scale
full bandwidth
— Wﬂw“\ﬁ‘

Figure 3-7. Transistor Q1 Gate - Source
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3.1.2 24-V Output Voltage; 60-V Input Voltage
808 1392 TR Ch1 = Q2
' (drain-source)
608 119.2 Ch2 = D2
20 V / div
ni B 1 ys / div

full bandwidth

92 192

The duty-cycle is 40%. The circuit works in pure buck mode.

Figure 3-8. Transistor Q2 Drain (TP3) to GND; Diode D2 (TP2) to GND
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3.1.2.1 Diode D2
1200 Hapioms 20 \ / le
1 us / div

1000

)

00y

1us/Div

full bandwidth

T s s e AN A

AV W N N e e e At

20V / div
100 ns full scale
full bandwidth

Figure 3-9. Diode D2
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3.1.2.2 Transistor Q1
3.1.2.2.1 Source - V|
S 10 V/ div
1 us / div

50

full bandwidth

A An R AR

A

10 V /div
100 ns full scale
full bandwidth

SN AAASASAAAAA A~

Figure 3-10. Transistor Q1 Source - Drain (Referenced to V)
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3.1.2.2.2 Gate-Source
Note
The final application uses FETs with much lower gate charge QG. A gate resistor (3.3 Q t0 4.7 Q)
might reduce the ringing on the gate.
1300 Wodem s 2V /div
1 ys / div
it full bandwidth

s00v

2V /div
200 ns full scale

full bandwidth
A ARt AN T e

Figure 3-11. Transistor Q1 Gate - Source
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3.1.3 48-V Output Voltage; 30-V Input Voltage (Maximum Stress)

TP3(02) Ch1 = Q2: drain
' to source
Ch2 = D2

800 1400

600 1200

20 V / div
1 us / div
full bandwidth

Figure 3-12. Transistor Q2 Drain (TP3) to GND; Diode D2 (TP2) to GND
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3.1.3.1 Diode D1
10 Wowsom& 10V /div
1 us / div

00y

1us/Div

W M full bandwidth

15 AN T NARAN N Ak

N WAYAAY

L A A A A, fw</

10 V/div
100 ns full scale
full bandwidth

N A A A A

Figure 3-13. Diode D1
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3.1.3.2 Transistor Q2
3.1.3.2.1 Drain-GND
Bling 10 V/ div
1 us / div

00y

full bandwidth

an

10 V /div
200 ns full scale
full bandwidth

Figure 3-14. Transistor Q2 Drain - GND
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3.1.3.2.2 Gate-GND
Note
The final application uses FETs with much lower gate charge QG. A gate resistor (3.3 Q t0 4.7 Q)
might reduce the ringing on the gate.
1200 Wodem s 2V /div
1 ys / div

1000 full bandwidth

400y

N U Y O O

2V /div
200 ns full scale
full bandwidth

AAAS VAABA b At PP
oy @ \NWM

Figure 3-15. Transistor Q2 Gate - GND
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3.1.3.3 Diode D2
500 Wardtom? 10V /div
1 us / div

00y

1 us/Div

full bandwidth

RN N

L s

B AN e AN ANA »L,\,\,\

\

\,.,.r AN A A

10 V/div
100 ns full scale
full bandwidth

Figure 3-16. Diode D2
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3.1.3.4 Transistor Q1

3.1.3.4.1 Source - V|

20 e 10 V /div
1 us / div
100 full bandwidth

""""""""""" 10V /div
200 ns full scale
o AN A v full bandwidth
e A
Figure 3-17. Transistor Q1 Source-Drain (referenced to V)y)
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3.1.3.4.2 Gate - Source

Note

The final application uses FETs with much lower gate charge QG. A gate resistor (3.3 Q t0 4.7 Q)
might reduce the ringing on the gate.

p— Waveform 4 2 V/ dIV
1 ys / div
1000 full bandwidth
"""""""""" 2V /div
200 ns full scale
full bandwidth
E W w\f‘}r%

Figure 3-18. Transistor Q1 Gate - Source
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3.1.4 48-V Output Voltage; 60-V Input Voltage

B0 1400 TR Ch1 = Q2
' (drain-source)
400 1200 Ch2 = D2
20 V/div
1 us / div
full bandwidth

200 1000

200V 600V ﬂ

vo M et M emd H e Uk

1000 200 =

Figure 3-19. Transistor Q2 Drain (TP3) to GND; Diode D2 (TP2) to GND
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3.1.4.1 Diode D1
100 Wowsom& 10V /div
1 us /div

00y

e

1us/Div

M W full bandwidth

15 SN A AN A A

W/\\/\/\/ AV WV VN

)

an INANAAAA NN ™

10 V/ div

—maesinetmey 100 ns full scale
full bandwidth

Figure 3-20. Diode D1
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3.1.4.2 Transistor Q2

3.1.4.2.1 Drain - GND

o werdome 10 V /div
1 us /div
600 full bandwidth

Eilig

0.0 x

568 us 1 us/Div

10V / div
100 ns full scale
/\, VSRS AR R AR RN full bandwidth
- 4
= /J
P
10— L \/‘\f‘\,J\N‘W IS
Figure 3-21. Transistor Q2 Drain - GND
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3.1.4.2.2 Gate - GND

Note

The final application uses FETs with much lower gate charge QG. A gate resistor (3.3 Q t0 4.7 Q)
might reduce the ringing on the gate.

1200 2V /div
1 ps /div
1000 full bandwidth

400y

2V /div
100 ns full scale

/\/\/W‘ MMM’JW\\ full bandwidth

Figure 3-22. Transistor Q2 Gate - GND
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3.1.4.3 Diode D2
1400 Hapioms 20 \ / le
1 us / div

1200

1000

0.0V

2us/Div

full bandwidth

/\/\/ As DS N S N e

B T e e s

a1 NP AN

20V / div
100 ns full scale
full bandwidth

M A A AR S A

Figure 3-23. Diode D2
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3.1.4.4 Transistor Q1
3.1.4.4.1 Source - V|y
Banrhd 10 V/ div
1 us / div

o
1 Lmt < S R

00y

full bandwidth

\V/-v\,f ~—a— % PR A AN NS A

VAV AV PPV

10 V /div
100 ns full scale
full bandwidth

Figure 3-24. Transistor Q1 Source - Drain (Referenced to V)
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3.1.4.4.2 Gate - Source
120 Hapioms 2V /div
1 us / div
10 full bandwidth
0o H H DB L‘ﬂ u
""""""""" 2V /div
200 ns full scale
full bandwidth
¥ Siane o T NG B e kL o

Figure 3-25. Transistor Q1 Gate - Source
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3.2 Output Voltage Ripple

3.2.1 24-V Output Voltage

Note

Each trace in Figure 3-26 and Figure 3-27 was measured separately.

100

150

200

260

300

200

250

2m

F

A00mY 100mY

1

50

ol

£72us

Wout @ 30Vin

2us/Div

Ch1 = Vour at
30 Vin
Ch2 = Vour at
60 Vin

AC-coupled

50 mV / div

2 ps / div

20-MHz bandwidth

3.2.2 48-V Output Voltage

Figure 3-26. Output Voltage Ripple for 24 Voyt

150

20

250

300

00wy 100 |

Vout @ 30Vin

Ch1 = Vour at
30 Vin
Ch2 = Vour at
60 Vin

AC-coupled

50 mV / div

2 us/div

20-MHz bandwidth

Figure 3-27. Output Voltage Ripple for 48 Vour
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3.3 Input Voltage Ripple

Note
Each trace in Figure 3-28 and Figure 3-29 was measured separately.

3.3.1 24-V Output Voltage

100 zm0 il Ch1 =30 VIN
Ch2 = 60 V|y

AC-coupled

50 mV / div

2 ps / div

20-MHz bandwidth

A00my Sy

150 0

200 0

260 100

300 150 -

£72us 2us/Div

Figure 3-28. Input Voltage Ripple for 24 Vo1
3.3.2 48-V Output Voltage

o i Ch1 =30V
Ch2 = 60 V|y
&0 Fal
AC-coupled
| - " 50 mV / div
W01 | | L i i vl A i | | WA 2|JS/diV

20-MHz bandwidth

Ty S

120 15

am 3%

220 85

27 1% &

Figure 3-29. Input Voltage Ripple for 48 Voyt
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3.4 Load Transients
The electronic load switches between 0.3 A and 0.6 A with a frequency of 75 Hz.
3.4.1 24-V Output Voltage
3.4.1.1 30-V Input Voltage
100 1600 i Ch1 > VOUT
0.5V /div
050 1400 Ch2 N IOUT
‘ 200 mA / div
2 ms/div

050 1000

20-MHz bandwidth

.00V B00mA —+

857 ms 2ms/Div

Figure 3-30. Transient at 30 V|y and 24 Vgt
3.4.1.2 60-V Input Voltage

100 1600 s Ch1 > VOUT
0.5V /div

050 1400

Ch2 > IOUT
200 mA / div

000 1200

2 ms/div
050 1000 20-MHz bandwidth

.00V 800w

200 400

250 200

a0 il 1 1 1 | L |

867 ms 2 me/Div

Figure 3-31. Transient at 60 V|\ and 24 Vgyr
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3.4.2 48-V Output Voltage
3.4.2.1 30-V Input Voltage
Note
This voltage combination is the worst case in boost mode due to Right Half-Plane Zero (RHPZ).
200 1600 Raslime Ch1=> VOUT
1V /div
100 1400 Ch2 N IOUT
200 mA / div
2 ms/div

100 1000

200 800mA

A5 ms

2msDiv

20-MHz bandwidth

3.4.2.2 60-V Input Voltage

Figure 3-32. Transient at 30 V|\ and 48 Voyr

100 1600

050 140

000 1200

050 1000

.00V BODmA

480 B0D

200 400

250 200

300 o

857 me

2me/Div

Ch1=> VOUT
0.5V /div

Ch2 = IOUT
200 mA / div

2 ms/div
20-MHz bandwidth

Loop compensation according to Rev. B (Fco 1.2 kHz) shows transient response differential voltage (dv) < 3% for load transient 50%

Figure 3-33. Transient at 60 V,y and 48 Vqoyrt
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3.5 Start-Up Sequence
3.5.1 24-V Output Voltage
3.5.1.1 30-V Input Voltage
RTM3004; 1335.8794K04; 100902 (01.501 2019-05-03) 02 = V|N
N 0 Q@ b & - A [ 2Hi% et 10V / div
Riickgangig  Luschen Zoom FFT Markieren - 15V 1.25 GSafs 0s Einzelwert Ta
v
T C1 => VOUT
5V /div
2 ms/div
%y 20-MHz bandwidth
mn
EoR
10 ms A‘ 2 me 4me & ms 8 ms 10 me

T IR

3.5.1.2 60-V Input Voltage

Figure 3-34. Start-up at 30 V|y and 24 Voyt

RTM3004; 1335.8794K04; 100902 (01.501 2019-05-03)

N R JB T Em e W
Ricganglg  Loschen | Zoom FFT | Markleren . 15V 1.25 GSa/s 0s Einzelwert iy
v
T

20 y
B0V
W
0
oy
ED
-4 Y
.
[
100 10 me -8 ms - me -4 ms =2 me e 2 me 4me & ms 8 ms 10 me
8,/ DC By DC I
s ol ov SR E

C2> VIN
20V / div

Cl1> VOUT
5V /div

2 ms / div
20-MHz bandwidth

Figure 3-35. Start-up at 60 V|5 and 24 Voyt
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3.5.2 48-V Output Voltage
3.5.2.1 30-V Input Voltage
RTM3004; 1335.8794K04; 100902 {01.501 2019-05-03) 02 = V|N
« m Q L y - Vs Norm 2ms/ Fertig el 10V / div
Riickgangig  Luschen Zoom FFT Markieren - 15V 625 MSa/s 0s Einzelwert Ta
v
¥ C1 = VOUT
10 V / div
2 ms/ div
2 20-MHz bandwidth
0
—

—E0

10 e e 2w I 2ne t e 6 e B0

o [ITVRR . TR N

Figure 3-36. Start-up at 30 V|y and 48 Vour

3.5.2.2 60-V Input Voltage

RTM3004; 1335.8794K04; 100902 (01.501 2019-05-03)
N T Q lw & i Norm 2 ms/ Ferig ~ 2°%
]
Rickgangig  Lischen  Zoom FFT | Markleren . 15V 1.25 GSa/s 0s Einzelwert o
v
T
80
70 ¥
80V
150 ¥
40 ¥
130 ¥
20V
1o v
04
-0y 10w aw S 4w 2w e 2w ine bns Bne 10w
By DC By DC I
10w/ o 20vf -

C2> VIN
20V / div

Cl1> VOUT
10V /div

2 ms / div
20-MHz bandwidth

Soft-start capacitor C18, 100 nF results in soft-start time of 12 ms.

Figure 3-37. Start-up at 60 V|5 and 48 Voyt
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3.6 Shutdown Sequence
3.6.1 24-V Output Voltage
3.6.1.1 30-V Input Voltage
RTM3004; 1335.8794K04; 100902 (01.501 2019-05-03) 02 = V|N
« m Q L ? - kY Norm 1ms/ Fertig el 10V / div
Riickgangig  Luschen Zoom FFT Markieren - 15V 2.5 GSafs 0s Einzelwert Ta
v
T C1 => VOUT
40 ¥
5V /div
EELV
1 ms/div
20 v 20-MHz bandwidth
125 ¥
20V
15 ¥
1o v
5 4
[c
=5 ¥ =5 me. =4 ms =3 me -2 me _ -1 ms s ime Zme Ims 4 me 5 ns
RTINS - I -
Figure 3-38. Shutdown at 30 V|\ and 24 Voyr
3.6.1.2 60-V Input Voltage
RTM3004; 1335.8794K04; 100902 (01.501 2019-05-03) 02 = V|N
N I QR b & o | o Jig g T 150V div
Rickgangig  Lischen  Zoom FFT | Markleren . 15V 2.5 GSafs 0s Einzelwert o
b4
. T C1 => VOUT
U 5V /div
1 ms/div
Wy 20-MHz bandwidth
o
1w ey

=
-

s

T B - |

Figure 3-39. Shutdown at 60 V|y and 24 Voyt
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3.6.2 48-V Output Voltage
3.6.2.1 30-V Input Voltage
RTM3004; 1335.8794K04; 100902 (01.501 2019-05-03) C2 = V|N
« m Q L y - 1\ Norm 1ms/ Fertig e 10V / div
Riickgangig  Luschen Zoom FFT Markieren - 15V 2.5 GSafs 0s Einzelwert Ta
v
T C1 => VOUT
10 V / div
\ 1 ms / div
o \\ 20-MHz bandwidth
\
—
_—
-G v 5 me -4 ms -3 me -2 ms _ -1 me A‘ Zm
@B v Bl v YE E

3.6.2.2 60-V Input Voltage

Figure 3-40. Shutdown at 30 V|\ and 48 Voyr

RTM3004; 1335.8794K04; 100902 (01.501 2019-05-03)
N T Q lw & A Norm 1ms/ Ferig 0%
]
Rickgangig  Lischen  Zoom FFT | Markleren . 15V 2.5 GSafs 0s Einzelwert o
v
T
80
70 ¥
80V
150 ¥
40 ¥
130 ¥
20V
1o v
oy
1 4
-0y e 4w am 2w e e ims we 5ms
By DC By DC I
10w/ o 20vf -

C2> VIN
20V / div

Cl1> VOUT
10V /div

1 ms/ div
20-MHz bandwidth

Figure 3-41. Shutdown at 60 V|y and 48 Voyt
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