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1 Introduction

The LM5045 based 720W reference board is designed to evaluate the performance of the current doubler
topology the secondary side. The reference board is designed in an industry standard half brick footprint.
This reference board design is for reference only and hardware is not provided.

The performance of the evaluation board is as follows:

e Input Operating Range: 36V to 75V

e Output Voltage: 12V

e Output Current: 60A

* Measured Efficiency at 48V: 95.6% @ 58A with a Peak Efficiency of 97.1% at 30A
» Frequency of Operation: 400 kHz

» Board Size: 2.28 x 2.4 inches

e Load Regulation: 0.2%

» Line Regulation: 0.1%

+ Line UVLO (34V/32V On/Off)

* Hiccup Mode Current Limit

The printed circuit board consists of 8 layers, 3 ounce copper on all layers on FR4 material with a total

thickness of 0.064 inches. The unit is designed for continuous operation at rated load at <40°C and a
minimum airflow of 500 LFM.

2 Theory of Operation

Power converters based on the full-bridge topology offer high-efficiency and good power handling
capability up to 1kW. Figure 1 illustrates the circuit arrangement for the full-bridge topology with full-wave
rectification. The switches, in the diagonal, Q1,Q3 and Q2,Q4 are turned alternatively with a pulse width
determined by the input and output voltages and the transformer turns ratio. Each diagonal (Q1 and Q3 or
Q2 and Q4), when turned ON, applies input voltage to the primary of the transformer. The resulting
secondary voltage is then full-wave rectified and filtered with an LC filter to provide a smoothened output
voltage. The current doubler topology on the secondary is a good alternative to the center-tapped and
classical full-wave rectification schemes. The current doubler topology results in current sharing between
the two output inductors L1 and L2. This makes it suitable for high load current applications such as this
application note where a single bulky inductor would be an unattractive solution. Further in a full-bridge
topology, the primary switches are turned on alternatively energizing the windings in such a way that the
flux swings back and forth in the first and the third quadrants of the B-H curve. The use of two quadrants
allows better utilization of the core resulting in a smaller core volume compared to the single-ended
topologies such as a forward converter.

All trademarks are the property of their respective owners.
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Figure 1. Simplified Full-Bridge Converter with a Current-Doubler Scheme on the Secondary

The current doubler topology on the secondary side is controlled by the LM5045. In addition to the basic
soft-start already described, the LM5045 contains a second soft-start function that gradually turns on the
synchronous rectifiers to their steady-state duty cycle. This function keeps the synchronous rectifiers off
during the basic soft-start allowing a linear start-up of the output voltage even into pre-biased loads. Then
the SR output duty cycle is gradually increased to prevent output voltage disturbances due to the
difference in the voltage drop between the body diode and the channel resistance of the synchronous
MOSFETSs. Once, the soft-start is finished, the synchronous rectifiers are engaged with a non-overlap time
programmed by the RD1 and RD?2 resistors. Feedback from the output is processed by an amplifier and
reference, generating an error voltage, which is coupled back to the primary side control through an opto-
coupler. The LM5045 evaluation board employs peak current mode control and a standard “type II”
network is used for the compensator.

Performance Characteristics

Once the circuit is powered up and running normally, the output voltage is regulated to 12V with the
accuracy determined by the feedback resistors and the voltage reference. The frequency of operation is
selected to be 400 kHz, which is a good comprise between board size and efficiency. Please refer to
Figure 2 for efficiency curves.
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Figure 2. Application Board Efficiency

When applying power to the LM5045 evaluation board a certain sequence of events occurs. Soft-start
capacitor values and other components allow for a minimal output voltage for a short time until the
feedback loop can stabilize without overshoot. Figure 3 shows the output voltage during a typical start-up
with a 48V input and a load of 25A. There is no overshoot during start-up.

lleCroy|

4

Conditions: Input Voltage = 48V
Output Current = 60A

Trace 1: Output Voltage Volts/div = 2V
Horizontal Resolution = 5.0 ms/div

Figure 3. Soft-Start

Figure 4 shows minimal output voltage droop and overshoot during the sudden change in output current
represented by the current sense voltage in the lower trace.
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Conditions: Input Voltage = 48V
Upper Trace: Output Voltage Volts/div = 100mV
Lower Trace: Current Sense Voltage = 200mV
Horizontal Resolution = 200 ps/div
Figure 4. Transient Response
Figure 5 shows output ripple measured at 60A of load current.
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Conditions: Input Voltage = 48V
Output Current = 60A
Output Voltage Volts/div = 50mV AC Coupled
Horizontal Resolution = 1 ps/div
Figure 5. Output Ripple
Figure 6 shows the typical SW node voltage waveforms with a 30A load at 48V input.
L hoadonnd]
! ?
| J f I i
I ; | )
i |
. L b
Conditions: Input Voltage = 48V
Output Current = 30A
Trace 1: Q1 Drain Voltage Volts/div = 20V
Horizontal Resolution = 1 ps/div
Figure 6. Switch Node Waveforms
Figure 7 shows a typical startup of the reference into a 4V pre-biased load.
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lecroy

Conditions: Input Voltage = 48V

Trace 1: V7 with Pre-Bias of 4V Volts/div = 5V
Trace 2: SR Gate Waveforms, Volts/div = 5V
Horizontal Resolution = 5 ms/div

Figure 7. Soft-Start into 5V Pre-Biased Load
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Figure 8. Application Circuit: Input 36V to 75V, Output 12V at 60A (Page 1)
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Figure 9. Application Circuit: Input 36V to 75V, Output 12V at 60A (Page 2)
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4 Bill of Materials
Item Designator Description Manufacturer Part Number Qty
1 C1, C2, C3, C4, | CAP CER 3.3UF 100V TDK C3225X7S2A335K 8
C5, C6, C7,C8 | X7S 1210
2 Cc9 CAP, CERM, 2200pF, TDK C4532X7R3D222K 1
2000V, +/-10%, X7R,
1812
3 C10, C11, C15, | CAP, CERM, 0.1uF, 16V, | MuRata GRM155R71C104KA88D 8
C16, C17, C18, |+/-10%, X7R, 0402
C22, C48
4 Ci12 CAP, CERM, 1000pF, TDK C1005C0G1E102J 1
25V, +/-5%, COG/NPO,
0402
5 C13 CAP, CERM, 0.1uF, MuRata GRM188R72A104KA35D 1
100V, +/-10%, X7R, 0603
6 C14, C20, C21 | CAP, CERM, 1uF, 16V, Taiyo Yuden EMK107B7105KA-T 3
+/-10%, X7R, 0603
7 C19 CAP, CERM, 100pF, 50V, | MuRata GRM1555C1H101JA01D 1
+/-5%, COG/NPO, 0402
8 Cc23 CAP, CERM, 0.022uF, TDK C1005X7R1C223K 1
16V, +/-10%, X7R, 0402
9 C24 CAP, CERM, 0.047uF, TDK C1005X7R1C473K 1
16V, +/-10%, X7R, 0402
10 C25, C46, C47, | CAP, CERM, 0.01uF, TDK C1005X7R1C103K 4
C49 16V, +/-10%, X7R, 0402
11 C26, C52 CAP, CERM, 2.2uF, 16V, | MuRata GRM21BR71C225KA12L 2
+/-10%, X7R, 0805
12 C27, C50 CAP, CERM, 1uF, 25V, MuRata GRM21BR71E105KA99L 2
+/-10%, X7R, 0805
13 C28, C41 CAP, CERM, 220pF, Kemet C0805C221J1GACTU 2
100V, +/-5%, COG/NPO,
0805
14 C29, C30, C31, |CAP, TANT, 150uF, 16V, |Kemet T495D157M0O16ATEO85 4
C32 +/-20%, 0.085 ohm, 7343-
31 SMD
15 C33, C34, C35, | CAP, CERM, 47uF, 16V, |MuRata GRM32ER61C476ME15L 7
C36, C37, C38, |+/-20%, X5R, 1210
C39
16 C40, C43, C44 | CAP, CERM, 1uF, 16V, TDK C1608X7R1C105K 3
+/-10%, X7R, 0603
17 C45 CAP, CERM, 47pF, 50V, | MuRata GRM1555C1H470JA01D 1
+/-5%, COG/NPO, 0402
18 C51 CAP, CERM, 0.47uF, MuRata GRM188R61C474KA93D 1
16V, +/-10%, X5R, 0603
19 C53 CAP, CERM, 1000pF, MuRata GRM1885C1H102JA01D 1
50V, +/-5%, COG/NPO,
0603
20 D1 Diode, Ultrafast, 100V, NXP Semiconductor BAS316,115 1
0.25A, SOD-323
21 D2, D3 Diode, Schottky, 100V, Diodes Inc. DFLS1100-7 2
1A, PowerDI123
22 D4, D10 Diode, Schottky, 40V, Central Semiconductor | CMPSH-3AE 2
0.2A, SOT-23
23 D5, D9 Diode, Schottky, 40V, Central Semiconductor | CMPSH-3CE 2
0.2A, SOT-23
24 D6 Diode, Zener, 11V, Diodes Inc. MMSZ5241BS-7-F 1
200mw, SOD-323
25 D7 Diode, Zener, 4.7V, Diodes Inc. MMSZ5230BS-7-F 1
200mwW, SOD-323
8  AN-2222 LM5045 Based 720W Power Converter Utilizing Current-Doubler SNVA627B-January 2012—Revised January 2014
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Item Designator Description Manufacturer Part Number Qty
26 D8 Diode, Schottky, 30V, Diodes Inc. BAT54WS-7-F 1
0.2A, SOD-323
27 D11 Diode, Zener, 8.2V, Diodes Inc. MMSZ5237BS-7-F 1
200mWw, SOD-323
28 D12 Diode, Zener, 5.1V, Diodes Inc. MMSZ5231BS-7-F 1
200mW, SOD-323
29 L2, L3 Inductor, Shielded E Core, | Coilcraft SER2014-402MLB 2
Ferrite, 4uH, 25A,
0.00194 ohm, SMD
30 Q1, Q2, Q3, Q4, | MOSFET, N-CH, 100V, International Rectifier IRFH5053TRPBF 8
Q5, Q6, Q7, Q8 | 9.3A, PQFN 8L 5x6 A
31 Q9, Q16 Transistor, NPN, 45V, 1A, | Diodes Inc. FCX690BTA 2
SOT-89
32 Q10, Q11, Q12, | MOSFET N-CH 60V 100A | NXP PSMN5R5-60YS,115 6
Q13, Q14, Q15 |LFPAK
33 Q17 Transistor, PNP, 40V, Central Semiconductor CMPT3906 LEAD FREE 1
0.2A, SOT-23
34 R2, R29 RES, 10.0k ohm, 1%, Vishay-Dale CRCWO060310K0OFKEA 2
0.1w, 0603
35 R3 RES, 100k ohm, 1%, Vishay-Dale CRCWO0805100KFKEA 1
0.125W, 0805
36 R4 RES, 20 ohm, 5%, Vishay-Dale CRCWO080520R0JNEA 1
0.125W, 0805
37 R5 RES, 2.49k ohm, 1%, Vishay-Dale CRCWO04022K49FKED 1
0.063W, 0402
38 R6 RES, 0 ohm, 5%, 0.063W, | Vishay-Dale CRCWO04020000Z0ED 1
0402
39 R7 RES, 3.00 ohm, 1%, Yageo America RC1206FR-073RL 1
0.25W, 1206
40 R8, R12 RES, 499 ohm, 1%, Vishay-Dale CRCWO0402499RFKED 2
0.063W, 0402
41 R9 RES, 1.69k ohm, 1%, Vishay-Dale CRCWO04021K69FKED 1
0.063W, 0402
42 R10 RES, 1.00k ohm, 1%, Vishay-Dale CRCWO04021K00FKED 1
0.063W, 0402
43 R11 RES, 100 ohm, 1%, 0.1W, | Vishay-Dale CRCWO0603100RFKEA 1
0603
44 R13 RES, 24k ohm, 5%, Vishay-Dale CRCWO040224K0JNED 1
0.063W, 0402
45 R14, R15, R26, |RES, 10.0k ohm, 1%, Vishay-Dale CRCWO040210K0OFKED 4
R27 0.063W, 0402
46 R16, R28 RES, 5.1k ohm, 5%, Panasonic ERJ-6GEYJ512V 2
0.125W, 0805
47 R17, R18 RES, 10.0 ohm, 1%, 1W, | Vishay-Dale CRCW121810R0OFKEK 2
1218
48 R19, R31 RES, 10 ohm, 5%, Vishay-Dale CRCWO040210R0JNED 2
0.063W, 0402
49 R20 RES, 30.1k ohm, 1%, Vishay-Dale CRCWO040230K1FKED 1
0.063W, 0402
50 R22 RES, 100 ohm, 1%, Vishay-Dale CRCWO0402100RFKED 1
0.063W, 0402
51 R23 RES, 4.99k ohm, 1%, Vishay-Dale CRCWO04024K99FKED 1
0.063W, 0402
52 R24 RES, 1.82k ohm, 1%, Vishay-Dale CRCWO04021K82FKED 1
0.063W, 0402
53 R25 RES, 7.87k ohm, 1%, Vishay-Dale CRCWO04027K87FKED 1
0.063W, 0402
54 R30 RES, 1.0k ohm, 5%, Vishay-Dale CRCWO04021K00JNED 1
0.063W, 0402
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Item Designator Description Manufacturer Part Number Qty
55 T1 SMT Current Sense Pulse Engineering P8209NL 1
Transformer
56 T2 CoilCraft MA5519-AL
57 TP1, TP2, TP3, |PCB Pin, TH Mill-Max 3125-2-00-34-00-00-08-0
TP7, TP8
58 TP4, TP5 PCB Pin, Swage Mount, Mill-Max 3231-2-00-34-00-00-08-0 2
TH
59 U1, U2, U3, U4, |Tiny 7A MOSFET Gate Texas Instruments LM5112 6
U7, U8 Driver, 6-pin LLP, Pb-Free
60 U5 100V Full-Bridge PWM Texas Instruments LM5045 1
Controller with Integrated
MOSFET Drivers
61 u6 ISOPro Low-Power Dual- | Texas Instruments 1ISO7420 1
Channel Digital Isolator
62 U9 Low Input Current, High California Eastern PS2811-1-M-A 1
CTR Photocoupler Laboratories
63 u10 Single RRIO, High output | Texas Instruments LM8261 1
Current and High
Capacitive Load Op Amp
64 Ul1l Precision Micropower Texas Instruments LM4040 1
Shunt Voltage Reference,
3-pin SOT-23, Pb-Free
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Figure 12. Top Layer 1 Figure 13. Layer 2
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, enhancements, improvements and other
changes to its semiconductor products and services per JESD46, latest issue, and to discontinue any product or service per JESDA48, latest
issue. Buyers should obtain the latest relevant information before placing orders and should verify that such information is current and
complete. All semiconductor products (also referred to herein as “components”) are sold subject to TI's terms and conditions of sale
supplied at the time of order acknowledgment.

TI warrants performance of its components to the specifications applicable at the time of sale, in accordance with the warranty in TI's terms
and conditions of sale of semiconductor products. Testing and other quality control techniques are used to the extent Tl deems necessary
to support this warranty. Except where mandated by applicable law, testing of all parameters of each component is not necessarily
performed.

Tl assumes no liability for applications assistance or the design of Buyers’ products. Buyers are responsible for their products and
applications using TI components. To minimize the risks associated with Buyers’ products and applications, Buyers should provide
adequate design and operating safeguards.

TI does not warrant or represent that any license, either express or implied, is granted under any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI components or services are used. Information
published by TI regarding third-party products or services does not constitute a license to use such products or services or a warranty or
endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual property of the
third party, or a license from Tl under the patents or other intellectual property of TI.

Reproduction of significant portions of Tl information in Tl data books or data sheets is permissible only if reproduction is without alteration
and is accompanied by all associated warranties, conditions, limitations, and notices. Tl is not responsible or liable for such altered
documentation. Information of third parties may be subject to additional restrictions.

Resale of TI components or services with statements different from or beyond the parameters stated by TI for that component or service
voids all express and any implied warranties for the associated TI component or service and is an unfair and deceptive business practice.
Tl is not responsible or liable for any such statements.

Buyer acknowledges and agrees that it is solely responsible for compliance with all legal, regulatory and safety-related requirements
concerning its products, and any use of TI components in its applications, notwithstanding any applications-related information or support
that may be provided by TI. Buyer represents and agrees that it has all the necessary expertise to create and implement safeguards which
anticipate dangerous consequences of failures, monitor failures and their consequences, lessen the likelihood of failures that might cause
harm and take appropriate remedial actions. Buyer will fully indemnify Tl and its representatives against any damages arising out of the use
of any Tl components in safety-critical applications.

In some cases, TI components may be promoted specifically to facilitate safety-related applications. With such components, TI's goal is to
help enable customers to design and create their own end-product solutions that meet applicable functional safety standards and
requirements. Nonetheless, such components are subject to these terms.

No Tl components are authorized for use in FDA Class Ill (or similar life-critical medical equipment) unless authorized officers of the parties
have executed a special agreement specifically governing such use.
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