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Hundreds of Watts, 60V In or Out: Synchronous 4-Switch Buck-Boost Converter Is

Easy to Parallel to Minimize Temperature Rise
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he LT3790 is a 4-switch synchronous buck-boost
TDC/ DC converter that regulates both constant voltage
}, and constant current at up to 98.5% efficiency using only a
single inductor. It can deliver hundreds of watts and

features a 60V input and output rating, making it an ideal
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DC/DC voltage regulator and battery charger when both
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step-up and step-down conversion are needed.
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o LT3790 AHE = 5714 A% EZ2X|5 A A single LT3790 converter can deliver high power due
gl =2 £23 AlEs ¢ QAR BHof =& 204 1o its synchronous switching topology, but eventually the
= A W/EE Ax $Alo] yfrEdl HE g2 dd switching and/or conduction losses at higher power can
A g o) Azlet AE Z e 4= 9ok WY A=  overwhelm a single converter with excessive board
Qg FIIIAY, 71491 oF Alo]E Eeto|v] T heating. Although heat can be mitigated with bulked up
= A 37|15 ol &af 4ske 4~ 9loy, Huh HFAlSE  heat sinks, additional external gate drivers, and/or forced
L 97) o]Ae] AWES 7Heks| WE R AZs)] Bl aiflow, it may be better to simply tie together two or more
£ A= Alolth, of2-2 LT3790 H-FAE g2y converters in parallel to spread the load. This is easy to do

with the LT3790 buck-boost regulator.

120w, 24V, 5A OUTPUT BUCK-BOOST VOLTAGE
REGULATOR

The buck-boost converter shown in Figure 1 regulates 24V
with 0A?SA load at up to 98.5% efficiency. It operates from an
input voltage range of 8V to 56V. Adjustable undervoltage and
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Figure 1. 120W, 24V, 5A output buck-boost voltage regulator with 8V-56V input has up to 98.5% efficiency and is easy to parallel.
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H3S
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J2! 29004 H5Eo] 12V gEojlA o] 120W HE9]  protection and the /SHORT output flag indicates when there is
L A 7P Hhgo] A FE(AYA MOSFET)O  ashott circuit on the output. It features DCM operation at light
A T 20Tef Esltt E3H12V YEoA] o]Ett T &= load for lowest power consumption and reverse current
2 3 Aot g W2 VoA Ut 120Wel tis]l protection. The sense resistor ROUT sets the output current
Tt B2 2 AR glo] of A5 npzlo] &)gtct, 31 limit during both a short-circuit and overload situations,
A9k 2 &Y A o et F7bE &8 A5 Al making this a robust application.
ShS W Q2 Strh= Aol F2J3tt) 120W ol 2|4 The temperature rise of this 120W board at 12V input is
% EF 4-Folo] LT3790  only 20°C on the hottest component (a switching MOSFET)
PCBO] HZE2 737 7]} Wbt glo] Al.2o]4 97 as shown in Figure 2a. There is still margin for either higher
C 19 §A3} Ut AgkE % AFeak 9lgl A output power at 12V input, or the same 120W from a lower

. O
QF HAoA] w9 =2 HAHES AlgstHH 27 o] V,y without excessive component temperature rise-note that
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2015.4 Semiconductor Network 75



Technology Trend

HE ZHE, YXY OfAE, YT S0 output current limit. When operated down to 8V input with
120W output, the components on this standard 4-layer
Aoz =Y AAE AR AWEE AR &9 L3790 PCB remain below 97°C (at room temp) without
Holol| AA 551 Hols w-agtth LT3790& A4 forced airflow or heat sinking. To deliver significantly higher
o B AT TR0 R AgPs 4= 9lor g shuto] mpA  power with the same, limited temperature rise and input
El 7‘]‘:'11517 I &9 A 111015]'?1*1 ZAlo] trjo]A9]  voltage range, two or more LT3790 converters can easily be
% o] Slo)E AH connected in parallel.
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) Ideally, paralleled switching converters share the load
Figure 3. Two LT3790 24V voltage regulators are easy to parallel for double the

output with limited discrete component temperature rise. equally throughout the entire output range. The LT3790" s
- - ability to run in either constant voltage or constant current
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0.1pF ::l T snse 047y T . . .
E3 ) - H - maximum temperature rise on any one discrete component
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Figure 4. Parallel converter inductor and output current matching
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providing, and by connecting ISMON directly to the CTRL
input of the slave, the slave is forced to follow the master. The
LT3790 ISMON output level and CTRL input level are
identically mapped so that a direct connection from one to the
other is possible, and doing so forces the total output current
to be shared equally between the parallel converters, as
shown in Figure 4. Note that the output voltage of the slave is
set slightly higher (28V) so that the voltage feedback loop of

the slave is not in regulation, allowing it to follow the master.

LOOP ANALYSIS FOR STABILITY
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Figure 6. Loop response measurement of parallel converters Figure 7. Bode plot shows measured results for parallel system.
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can be used to measure stability. A transient response of

Figure 5. Parallel converter transient response evenly shares current 50% to 100% current, shown in Figure 5, demonstrates a

properly compensated converter and equally shared load

current. Further analysis with the network analyzer gives us
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VDIV Wiy ) S
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point and measurement to generate control loop bode
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loop can be measured by injecting the perturbation signal

vm =24V 500ps/DIV
= 24V .
o - ATO 1 and measuring the loop response, as shown in Figure 6.

The constant current slave must have its loop broken and

AAR LEo|Be, HE 52 A AR E= T5d 2 signal injected in the current loop feedback path instead of
IZ7} AE 22 mtulo)7) %01], AEA el A 7= the traditional voltage feedback path since that is the feedback
W AR Al AR I ajew ARZoA AAZe £ Joop in use during parallel operation. The master bode plot in

TRt Als UL 7hAof sieh, a8l 79 upAE B Figure 7 demonstrates the stability of the system.
= e}
CONCLUSION
The LT3790 synchronous buck-boost controller delivers

LT3790 57]4] ¥-HAE AHEE= tfofst Kslo  over 100W at up to 98.5% efficiency to a variety of loads,
] 98.5% a&= 100W oA 538 4= 9len ©  and it is easy to parallel multiple converters for even higher

=2 AY =92 Y &4 o8 M9 AHEE HE  power outputs. The ability to control either output voltage
AAE 4= 9tk LT3790L &8 A = AFE Aojdk  or current, combined with the level-matching of the ISMON
4 212, ISMON &8 5Z7|9} CTRL 48 $Z7|9 4 output amplifier and the CTRL input amplifier, simplifies
W st Agls] slute] mhAE A Eﬂﬁﬂﬂollﬂg} 3} the connection of a master voltage regulator and one or

Agh 4= more slave current regulators. The result is high power 60V
a1 buck-boost regulation that can deliver hundreds of watts at

60\/“4 BAE Eﬂ%ﬂﬂOl 4 7@Y 5 ek @] high efficiency. [
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