
Cool Running, 144W, 4 × 40A µModule POL Regulator 

Introduction
The LTM®4636 is a 40A-capable µModule® regulator 
featuring 3D packaging technology, or component-on-
package (CoP) to keep it cool—see Figure 1. The body of 
the device is an overmolded 16mm × 16mm × 1.91mm 
BGA package with an inductor stacked on top to expose 
it to cooling airflow. The total package height is 7.16mm.

In addition to dissipating heat from the top through the 
exposed inductor, the LTM4636 efficiently disperses heat 
to the PCB via 144 BGA solder balls dedicated to GND, VIN 
and VOUT—where high current flows. 

A single LTM4636 is rated for 40A loads; two parallel 
converters can support 80A; four support 160A. Upscaling 
a power supply by paralleling LTM4636s is easy: simply 
copy and paste the single-regulator footprint, as shown 
in Figure 1. 

The current mode architecture of the LTM4636 enables 
precision current sharing among the 40A blocks. Precise 
current sharing, in turn, produces a power supply that 
spreads the heat evenly between devices. Figure 2 shows 
that all devices in the 4-µModule 160A regulator operate 
within 1°C of each other, ensuring that no individual device 
is overloaded or overheated. This greatly simplifies heat 
mitigation.   

Figure 3 shows the complete 160A design. Note that no 
clock device is required for the LTM4636s to operate out-
of-phase to each other—clocking and phase control is 
included. Multiphase operation reduces input and output 
ripple current, reducing the number of required input and 
output capacitors. Here, the four LTM4636s run 90° out-
of-phase.

Conclusion
Choosing a POL regulator for a densely populated system 
requires scrutiny beyond voltage and amperage ratings of 
the device. Evaluation of package thermal characteristics 
is essential, as it determines the cost of cooling, the cost 
of the PCB and final product size.  
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Figure 1. 3D Packaging of the LTM4636 Puts One of the Hottest 
Components, the Inductor, on Top, Where Significant Surface Area Is 
Exposed to Airflow. It Is Easy to Lay Out Parallel LTM4636s to Scale 
Power Capability—Simply Duplicate the Layout of One Channel and 
Multiply. The Clean Layout Here Shows Four Channels at 40A Each.
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Figure 2. Precision Current Sharing Among Four LTM4636s Running 
in Parallel, Resulting in Only 40°C Rise in Temperature for 160A 
Application.
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Hocheffizienter, monolithischer 20 A Silent Switcher®2 Regler für  
SoC- und Mikroprozessor-Anwendungen
Zhongming Ye
Einführung
Das Energiebudget für fortschrittliche SoC-Lösungen (System-on-
Chip) zum Einsatz in Industrie- und Automotive-Systemen wird stän-
dig größer. Von einer SoC-Generation zur nächsten kommen weitere, 
mehr Strom benötigende Funktionen hinzu, und die Geschwindigkeit 
der Datenverarbeitung wächst ebenfalls. Bauelemente dieser Art er-
fordern eine zuverlässige Stromversorgung mit beispielsweise 0,8 
V für die Cores, 1,2 V und 1,1 V für DDR3- und LPDDR4-Speicher 
sowie 5 V, 3,3 V und 1,8 V für Peripherie- und Hilfs-Bauelemen-
te. Abgesehen davon verlangen fortschrittliche SoCs nach einem 
Performance-Niveau, das von traditionellen PWM-Controllern und 
MOSFETs nicht geboten werden kann. Benötigt werden also Lö-
sungen, die kompakter sind, höhere Ströme unterstützen, einen 
höheren Wirkungsgrad bieten und – was noch wichtiger ist – mit 
herausragenden EMI-Eigenschaften aufwarten. Hier kommen unse-
re monolithischen Silent Switcher 2 Buck-Regler der Reihe Power by 
Design™ ins Spiel, die auf den Energiebedarf fortschrittlicher SoCs 
abgestimmt sind und gleichzeitig den größenmäßigen und thermi-
schen Restriktionen von SoCs Rechnung tragen. 
Erzeugung von 20 A Ausgangsstrom für ein SoC aus  
20 V Eingangsspannung 
Der LTC®7150S setzt einen neuen Standard für hohe Leistungs-
fähigkeit bei Stromversorgungen für den Industrie- und Automo-
tive-Bereich und bietet neben einem hohen Wirkungsgrad auch 
kleine Abmessungen und geringe elektromagnetische Störungen. 
Die integrierten, leistungsfähigen MOSFETs und die Wärmema-
nagement-Features ermöglichen die zuverlässige Bereitstellung von 
Dauer-Lastströmen bis zu 20 A und Eingangsspannungen bis 20 V, 
ohne dass Kühlkörper oder eine Zwangsbelüftung erforderlich wä-

ren. Damit eignet sich der Baustein ideal für SoCs, FPGAs, DSPs, 
GPUs und Mikroprozessoren in Industrie-, Transport- und Automo-
tive-Anwendungen. 
Bild 1 zeigt eine Lösung mit 1,2 V Ausgangsspannung und 20 A 
Laststrom für die Stromversorgung von SoCs und CPUs. Der LT-
C7150S arbeitet hier mit 1 MHz Schaltfrequenz. Die Schaltung 
lässt sich problemlos für andere Ausgangskombinationen (z. B. 3,3 
V, 1,8 V, 1,1 V und 0,6 V) modifizieren, um vom weiten Eingangs-
spannungsbereich des LTC7150S zu profitieren. Von seinem Aus-
gangsstrom her kann der LTC7150S als erste Stufe dienen und eine 
Zwischenspannung von 5 V erzeugen, mit der dann verschiedene 
Schalt- oder LDO-Regler für unterschiedliche Ausgangsspannungen 
gespeist werden. 
Hervorragende EMI-Eigenschaften dank Silent Switcher 2
Wenn die EMI-Vorschriften auch bei hohen Stromstärken er-
füllt werden sollen, stellen sich beim Design und beim Test meist 
komplizierte Herausforderungen. Unter anderem gilt es zahlreiche 
Kompromisse zwischen Lösungsabmessungen, Wirkungsgrad, 
Zuverlässigkeit und Komplexität zu schließen. Traditionelle Vorge-
hensweisen zur EMI-Kontrolle bestehen meist darin, die Steilheit der 
MOSFET-Schaltflanken zu reduzieren und/oder die Schaltfrequenz 
abzusenken. Beide Strategien erfordern allerdings Abstriche, wie 
etwa einen geringeren Wirkungsgrad, längere Mindest-Einschalt- 
und Abschaltzeiten sowie größere Lösungsabmessungen. Alternati-
ve Lösungen zur EMI-Eindämmung, zu denen komplizierte und sper-
rige EMI-Filter oder Metall-Abschirmungen zählen, führen durch die 
größere Leiterplattenfläche, die zusätzlichen Bauelemente und den 
höheren Montageaufwand zu Mehrkosten, und nicht zuletzt wird das 
Wärmemanagement und das Testen komplizierter. 

Bild 1: Schaltbild und Wirkungsgradkurven des Buck-Wandlers von 12 V Eingangsspannung auf 1,2 V Ausgangsspannung bei 20 A  

Design Note

 All registered trademarks and trademarks are the property of their respective owners.

High Efficiency 20A Monolithic Silent Switcher®2 Regulator for SoC 
and µP Applications

Power budgets continually rise for advanced SoC (system on 
chip) solutions used in industrial and automotive systems. 
Each successive SoC generation adds power hungry 
devices and increases data processing speed. These 
devices require reliable power, including 0.8V for cores, 
1.2V and 1.1V for DDR3 and LPDDR4, and 5V, 3.3V and 
1.8V for peripheral and auxiliary components. Moreover, 
advanced SoCs require higher performance than traditional 
PWM controllers and MOSFETs can provide. As a result, 
the solutions necessary must be more compact, with higher 
current capability, higher efficiency, and more importantly, 
superior EMI performance. This is where our Power by 
Linear™ Monolithic Silent Switcher 2 buck regulators can 
satisfy advanced SoC power budgets while meeting SoC 
size and thermal constraints. 

20A Solution from 20V Input for an SoC 
The LTC®7150S raises the bar for high performance in 
industrial and automotive power supplies. It features high 
efficiency, small form factor and low EMI. Integrated high 
performance MOSFETs and thermal management features 
enable reliable and continuous delivery of currents up to 
20A from input voltages up to 20V without heat sinking or 
airflow, making it ideal for SoCs, FPGA, DSP, GPU and µPs in 
industrial, transportation and automotive applications.

Figure 1 shows a 1.2V output  at 20A solution for SoC and 
CPU power using the LTC7150S switching at 1MHz. This 
circuit can be easily modified to accommodate other output 
combinations, including 3.3V, 1.8V, 1.1V and 0.6V to take 
advantage of the wide input range of the LTC7150S. The 
LTC7150S has the output current capability to act as a 
first stage 5V supply, which can be followed by a number 
of downstream second-stage switching or LDO regulators 
at various outputs. 

Silent Switcher 2 with Excellent EMI 
Performance
Passing EMI regulations at high currents typically involves a 
complicated design and test challenge, including numerous 
trade-offs in solution size, efficiency, reliability and 
complexity. Traditional approaches control EMI by slowing 
down the MOSFET switching edge rates and/or lowering 
switching frequency. Both of these strategies come with 
trade-offs, such as reduced efficiency, increased minimum 
on- and off-times and larger solution size. Alternative 
mitigation techniques, such as a complicated bulky EMI 
filter or metal shielding, add significant costs in board 
space, components and assembly, while complicating 
thermal management and testing.  

Figure 1. Schematic and Efficiency of the Buck Converter: 12VIN to 1.2VOUT at 20A

Efficiency and Power Loss of Figure 1
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High Efficiency 20A Monolithic Silent Switcher®2 Regulator for SoC 
and µP Applications

Power budgets continually rise for advanced SoC (system on 
chip) solutions used in industrial and automotive systems. 
Each successive SoC generation adds power hungry 
devices and increases data processing speed. These 
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Data Sheet Download
www.linear.com/LTM4636 For applications help, call (408) 432-1900

Figure 3. 140W Regulator Features Four LTM4636s Running in Parallel with Precision Current Sharing and High 
Efficiency 12V Input to 0.9V Output at 160A

Bei der proprietären Silent Switcher 2 Architektur von Analog De-
vices heben sich elektromagnetische Interferenzen durch die inte-
grierten Hot-Loop-Kondensatoren, die die Größe der als Antennen 
wirkenden Strukturen minimieren, von selbst auf. Im Verbund mit 
den integrierten MOSFETs reduziert dies auch bei sehr steilen 
Schaltflanken ganz erheblich das Schwingen am Schaltknoten und 
die in den „Hot Loops“ gespeicherte Energiemenge. Das Resultat 
ist eine herausragende EMI-Performance bei gleichzeitiger Minimie-
rung der AC-Schaltverluste. Auch der LTC7150S basiert auf der Si-
lent Switcher 2 Architektur, was das EMI-Aufkommen verringert und 
das Design und das Layout von EMI-Filtern deutlich vereinfacht. Dies 
ergibt ideale Voraussetzungen für störempfindliche Umgebungen. 
Der LTC7150S erfüllt die Grenzwerte von CISPR 22/23 hinsichtlich 
der maximalen leitungsgeführten und abgestrahlten elektromagneti-
schen Störgrößen mit nur einem einfachen vorgelagerten EMI-Filter. 
Das Ergebnis des Tests auf abgestrahlte EMI gemäß CISPR 22 ist in 
Bild 2b zu sehen.
Hohe Schaltfrequenz und hoher Wirkungsgrad bei  
beengten Platzverhältnissen
Integrierte MOSFETs, integrierte Hot-Loop-Entkopplungskonden-
satoren und eine eingebaute Kompensationsschaltung – all dies 
macht das Systemdesign weniger komplex und minimiert die Ab-
messungen der Gesamtlösung dank der einfachen Schaltung und 
der Silent Switcher Architektur. Infolge der effizienten Leistungs-

wandlung liefert der LTC7150S einen hohen Laststrom, ohne dass 
zusätzliche Kühlkörper oder eine Zwangsbelüftung erforderlich wä-
ren. Im Unterschied zu den meisten anderen Lösungen können ein 
niedriges EMI-Niveau und ein hoher Wirkungsgrad auch bei hoher 
Schaltfrequenz erzielt werden, sodass kleine passive Bauelemente 
ausreichen. Bild 3 zeigt eine mit 2 MHz arbeitende Implementierung 
mit einer kleinen Induktivität von 72 nH und ausschließlich kerami-
schen Kondensatoren in einer sehr flachen Lösung für FPGA- und 
Mikroprozessor-Anwendungen. 
Fazit
Die Nachfrage nach mehr Intelligenz, Automatisierung und Sen-
sor-Funktionen im Industrie- und Automotive-Bereich resultiert in 
einer immer größeren Vielzahl elektronischer Systeme, die wiede-
rum nach immer leistungsfähigeren Stromversorgungen verlan-
gen. Wurde die EMI-Eindämmung früher meist erst nachträglich 
in Angriff genommen, ist dieses Thema jetzt zu einer wichtigen 
Grundanforderung an Stromversorgungen geworden – neben den 
Lösungsabmessungen, dem hohen Wirkungsgrad, der thermischen 
Effizienz, der Robustheit und der einfachen Anwendung. Dank der 
Silent Switcher 2 Technologie erfüllt der LTC7150S selbst strenge 
EMI-Anforderungen mit wenig Platzbedarf. Integrierte MOSFETs und 
Wärmemanagement-Features erlauben die robuste und zuverlässi-
ge Bereitstellung von Dauerströmen bis zu 20 A aus Eingangsspan-
nungen bis 20 V und mit Schaltfrequenzen bis zu 3 MHz. 

Bild 3: Beschaltung des LTC7150S und Wärmebild bei 5 V Eingangsspannung mit 0,85 V und 20 A am Ausgang sowie einer  
Schaltfrequenz von 2 MHz 

Bild 2b: Abgestrahlte elektromagnetische 
Störgrößen der Schaltung aus Bild 2a

Bild 2a: 14 V Eingangsspannung, 1 V Ausgangsspannung, 20 A Ausgangsstrom, 
400 kHz Schaltfrequenz

For applications help, call (408) 432-1900
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Figure 2 illustrates the functionality of the charging solution 
over time. When VIN and power source voltage VSRC are 
above 19V, the LT8710-based SEPIC charges the lithium-
ion battery to the programmed 2A, ICHRG. As VSRC drops 
below 20V, the value of VIN drops correspondingly. When 
VIN reaches the input voltage regulation level, the LT8710 
reduces the charging current, ICHRG, to maintain VIN, even 
as VSRC continues to decline. The horizontal axis represents 
normalized time, which can be hours for a solar panel, 
or minutes, or seconds for power supplies in complex 
industrial systems. 

Another way to control the load for converters based on the 
LT8710’s input current is to monitor voltage of the capacitor 
from the IMON pin. Select resistor RSC to provide a voltage 
close to 50mV at the maximum current. A corresponding 
voltage is reflected across the IMON capacitor. If there is 
no current flow and the voltage across the ISP and ISN pins 
is zero, then the IMON voltage is approximately 0.616V. If 
the ISP–ISN voltage is 50mV, it reflects the IMON voltage 
as 1.213V. This feature, as well as many others, can be 
evaluated using our demonstration circuit DC2067A2 and 
corresponding LTspice models3.

Conclusion
The LT8710 is a versatile and flexible controller that 
supports synchronous SEPIC, boost, and inverting 
converter topologies. Along with a wide range of input 
voltages and switching frequencies, it includes advanced 
features, such as the ability to regulate the input voltage 
and output current based on input current or voltage. These 
features make the LT8710 ideal for industrial, solar panel 
systems and other current limited applications. 
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Boost Controller with Output Current Control.  
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Figure 2. Graphs of Charging Current (ICHRG) 
as a Function of the Voltages Power Supply 

(VSRC) and Charger Input Terminals (VIN )
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Analog Devices’ proprietary Silent Switcher 2 architecture 
self-cancels EMI via integrated hot loop capacitors, 
minimizing noisy antenna size. This, combined with 
integrated MOSFETs, significantly reduces switching 
node ringing and associated energy stored in the hot 
loop, even with very fast switching edges. The result is 
exceptional EMI performance while minimizing the AC 
switching losses. Silent Switcher 2 is incorporated in the 
LTC7150S to minimize EMI and deliver high efficiency, 
greatly simplifing EMI filter design and layout, ideal for 
noise-sensitive environments. LTC7150S passes the 
CISPR22/32 conducted and radiated EMI peak limits 
with only a simple EMI filter in front. Figure 2b shows the 
radiated EMI CISPR22 test result.

High Frequency, High Efficiency Fits Tight Space
Integrated MOSFETs, integrated hot-loop decoupling 
capacitors, built-in compensation circuit—all take the 
design complexity out of the system and minimize total 
solution size with circuitry simplicity and Silent Switcher 
architecture. Thanks to high-performance power 
conversion, LTC7150S delivers high current without the 

need for additional heat sinks or airflow. Unlike most 
solutions, both low EMI and high efficiency can be achieved 
at high frequency operation, ensuring small passive 
component size. Figure 3 shows a 2MHz solution, which 
uses a small 72nH inductor and all ceramic capacitors in 
a very low profile solution for FPGA and µP applications.

Conclusion
The demand for more intelligence, automation, and sensing 
in industrial and automotive environments is resulting in a 
proliferation of electronic systems that require increasingly 
high performance power supplies. Low EMI has risen from 
an afterthought to a key power supply requirement—
in addition to solution size, high efficiency, thermal 
efficiency, robustness, and ease-of-use. The LTC7150S 
meets stringent EMI demands in a compact footprint by 
incorporating Silent Switcher 2 technology. Integrated 
MOSFETs and thermal management features enable robust 
and reliable delivery of currents up to 20A continuously 
from input ranges up to 20V, with switching frequency 
ranges as high as 3MHz.
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Figure 2(a) VIN = 14V, VOUT = 1V, 20A. fSW = 400kHz

Figure 3. LTC7150S Schematic and Thermal Image for 5V Input to 0.85V/20A Output with fSW = 2MHz
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Analog Devices’ proprietary Silent Switcher 2 architecture 
self-cancels EMI via integrated hot loop capacitors, 
minimizing noisy antenna size. This, combined with 
integrated MOSFETs, significantly reduces switching 
node ringing and associated energy stored in the hot 
loop, even with very fast switching edges. The result is 
exceptional EMI performance while minimizing the AC 
switching losses. Silent Switcher 2 is incorporated in the 
LTC7150S to minimize EMI and deliver high efficiency, 
greatly simplifing EMI filter design and layout, ideal for 
noise-sensitive environments. LTC7150S passes the 
CISPR22/32 conducted and radiated EMI peak limits 
with only a simple EMI filter in front. Figure 2b shows the 
radiated EMI CISPR22 test result.

High Frequency, High Efficiency Fits Tight Space
Integrated MOSFETs, integrated hot-loop decoupling 
capacitors, built-in compensation circuit—all take the 
design complexity out of the system and minimize total 
solution size with circuitry simplicity and Silent Switcher 
architecture. Thanks to high-performance power 
conversion, LTC7150S delivers high current without the 

need for additional heat sinks or airflow. Unlike most 
solutions, both low EMI and high efficiency can be achieved 
at high frequency operation, ensuring small passive 
component size. Figure 3 shows a 2MHz solution, which 
uses a small 72nH inductor and all ceramic capacitors in 
a very low profile solution for FPGA and µP applications.

Conclusion
The demand for more intelligence, automation, and sensing 
in industrial and automotive environments is resulting in a 
proliferation of electronic systems that require increasingly 
high performance power supplies. Low EMI has risen from 
an afterthought to a key power supply requirement—
in addition to solution size, high efficiency, thermal 
efficiency, robustness, and ease-of-use. The LTC7150S 
meets stringent EMI demands in a compact footprint by 
incorporating Silent Switcher 2 technology. Integrated 
MOSFETs and thermal management features enable robust 
and reliable delivery of currents up to 20A continuously 
from input ranges up to 20V, with switching frequency 
ranges as high as 3MHz.
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Figure 2(a) VIN = 14V, VOUT = 1V, 20A. fSW = 400kHz

Figure 3. LTC7150S Schematic and Thermal Image for 5V Input to 0.85V/20A Output with fSW = 2MHz
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Analog Devices’ proprietary Silent Switcher 2 architecture 
self-cancels EMI via integrated hot loop capacitors, 
minimizing noisy antenna size. This, combined with 
integrated MOSFETs, significantly reduces switching 
node ringing and associated energy stored in the hot 
loop, even with very fast switching edges. The result is 
exceptional EMI performance while minimizing the AC 
switching losses. Silent Switcher 2 is incorporated in the 
LTC7150S to minimize EMI and deliver high efficiency, 
greatly simplifing EMI filter design and layout, ideal for 
noise-sensitive environments. LTC7150S passes the 
CISPR22/32 conducted and radiated EMI peak limits 
with only a simple EMI filter in front. Figure 2b shows the 
radiated EMI CISPR22 test result.

High Frequency, High Efficiency Fits Tight Space
Integrated MOSFETs, integrated hot-loop decoupling 
capacitors, built-in compensation circuit—all take the 
design complexity out of the system and minimize total 
solution size with circuitry simplicity and Silent Switcher 
architecture. Thanks to high-performance power 
conversion, LTC7150S delivers high current without the 

need for additional heat sinks or airflow. Unlike most 
solutions, both low EMI and high efficiency can be achieved 
at high frequency operation, ensuring small passive 
component size. Figure 3 shows a 2MHz solution, which 
uses a small 72nH inductor and all ceramic capacitors in 
a very low profile solution for FPGA and µP applications.

Conclusion
The demand for more intelligence, automation, and sensing 
in industrial and automotive environments is resulting in a 
proliferation of electronic systems that require increasingly 
high performance power supplies. Low EMI has risen from 
an afterthought to a key power supply requirement—
in addition to solution size, high efficiency, thermal 
efficiency, robustness, and ease-of-use. The LTC7150S 
meets stringent EMI demands in a compact footprint by 
incorporating Silent Switcher 2 technology. Integrated 
MOSFETs and thermal management features enable robust 
and reliable delivery of currents up to 20A continuously 
from input ranges up to 20V, with switching frequency 
ranges as high as 3MHz.
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Figure 2(a) VIN = 14V, VOUT = 1V, 20A. fSW = 400kHz

Figure 3. LTC7150S Schematic and Thermal Image for 5V Input to 0.85V/20A Output with fSW = 2MHz
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Analog Devices’ proprietary Silent Switcher 2 architecture 
self-cancels EMI via integrated hot loop capacitors, 
minimizing noisy antenna size. This, combined with 
integrated MOSFETs, significantly reduces switching 
node ringing and associated energy stored in the hot 
loop, even with very fast switching edges. The result is 
exceptional EMI performance while minimizing the AC 
switching losses. Silent Switcher 2 is incorporated in the 
LTC7150S to minimize EMI and deliver high efficiency, 
greatly simplifing EMI filter design and layout, ideal for 
noise-sensitive environments. LTC7150S passes the 
CISPR22/32 conducted and radiated EMI peak limits 
with only a simple EMI filter in front. Figure 2b shows the 
radiated EMI CISPR22 test result.

High Frequency, High Efficiency Fits Tight Space
Integrated MOSFETs, integrated hot-loop decoupling 
capacitors, built-in compensation circuit—all take the 
design complexity out of the system and minimize total 
solution size with circuitry simplicity and Silent Switcher 
architecture. Thanks to high-performance power 
conversion, LTC7150S delivers high current without the 

need for additional heat sinks or airflow. Unlike most 
solutions, both low EMI and high efficiency can be achieved 
at high frequency operation, ensuring small passive 
component size. Figure 3 shows a 2MHz solution, which 
uses a small 72nH inductor and all ceramic capacitors in 
a very low profile solution for FPGA and µP applications.

Conclusion
The demand for more intelligence, automation, and sensing 
in industrial and automotive environments is resulting in a 
proliferation of electronic systems that require increasingly 
high performance power supplies. Low EMI has risen from 
an afterthought to a key power supply requirement—
in addition to solution size, high efficiency, thermal 
efficiency, robustness, and ease-of-use. The LTC7150S 
meets stringent EMI demands in a compact footprint by 
incorporating Silent Switcher 2 technology. Integrated 
MOSFETs and thermal management features enable robust 
and reliable delivery of currents up to 20A continuously 
from input ranges up to 20V, with switching frequency 
ranges as high as 3MHz.
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Figure 2(a) VIN = 14V, VOUT = 1V, 20A. fSW = 400kHz

Figure 3. LTC7150S Schematic and Thermal Image for 5V Input to 0.85V/20A Output with fSW = 2MHz
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