
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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36V/2A-LED-Treiber mit PWM-Dimmung im Verhältnis 5.000:1 hält dank 
Silent-Switcher-Architektur die EMI-Grenzwerte der Norm CISP Klasse 5 ein
Kyle Lawrence
Einführung
LED-Hintergrundbeleuchtungen für die Head-up-Displays, Info-
tainment-Systeme und Armaturentafeln in Automobilen müssen 
einerseits hell genug sein, um auch bei hellem Sonnenlicht am Tag 
einsetzbar zu sein. Andererseits müssen sie bei Nacht um mehrere 
Größenordnungen dimmbar sein, damit eine Blendung vermieden 
wird. Allgemeine LED-Treiber haben allerdings ihre Schwierigkei-
ten mit der Umsetzung derart großer Dimmungsverhältnisse. 
Der synchrone Abwärts-LED-Treiber LT3932 mit seinen integrier-
ten, für 36 V und 2 A ausgelegten Schaltern zeichnet sich durch 
ein hohes PWM-Dimmungsverhältnis aus. Der LT3932 enthält 
hocheffiziente integrierte Leistungsschalter in einem 4 mm x 5 
mm großen QFN-Gehäuse und lässt sich mit einer Schaltfrequenz 
von bis zu 2 MHz betreiben, um ein kompaktes und breitbandiges 
Design zu erhalten. Wird kein großes Dimmungsverhältnis benö-
tigt, sondern kommt es vorrangig auf Einfachheit an, lässt sich der 
eingebaute PWM-Generator zum Produzieren eines PWM-Dim-
mungsverhältnisses von 128:1 nutzen – gesteuert über eine 
einfache Gleichspannung. Neben dem eingebauten Fehlerschutz 
zum Umgang mit Stromkreisunterbrechungen und Kurzschlüssen 

in den LEDs besitzt der LT3932 eine Funktion für die Spread-Spec-
trum-Frequenzmodulation zur Eindämmung der elektromagne-
tischen Störaussendungen, sodass er den hohen Anforderungen 
von LED-Beleuchtungsanwendungen im Kfz- und Industriebereich 
gerecht wird (Bild 1a). 
Großes PWM-Dimmungsverhältnis
Wird der LT3932 mit einer Dimmungsfrequenz von 100 Hz 
und einer Schaltfrequenz von 2 MHz betrieben, kann ein Hoch-
strom-LED-Design ein PWM-Dimmungsverhältnis von 5.000:1 in 
Verbindung mit einer guten Regelung des LED-Stroms erzielen. 
Darüber hinaus lassen sich PWM- und Analogdimmung kom-
binieren, um ein Dimmungsverhältnis von 20.000:1 zu erzielen. 
Für Anwendungen, die nach einem Dimmungsverhältnis von über 
5.000:1 verlangen, empfiehlt sich der LT3932-1 als Variante des 
LT3932. Er bietet eine höhere Dimmungs-Performance, ohne dass 
bauteilbedingte Einschränkungen der minimalen PWM-Einschalt-
zeit bezogen auf die Schaltfrequenz zu beachten sind. 
Angesichts der Tatsache, dass die neuen Bord-Displays in Kraft-
fahrzeugen ein Dimmungsverhältnis von mindestens 10.000:1 

Bild 1a: Dieser mit 2 MHz schaltende LED-Treiber für Automotive-Anwendungen zeichnet sich durch ein niedriges EMI-Aufkommen, intern 
generierte PWM-Dimmung und einen maximalen Wirkungsgrad von 90 % über den Eingangsbereich aus (ca. 91 % Wirkungsgrad ohne 
EMI-Filter). 
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Figure 1. 2MHz Automotive LED Driver Features Low EMI and Internally Generated PWM Dimming with 90% Peak Efficiency 
Over the Input Range (~91% Efficient without EMI Filters)

Introduction
The LED backlights in automotive heads-up displays, 
infotainment systems, and dashboard lighting must be 
bright enough to compete with direct sunlight streaming 
into a car during the day, yet capable of reducing brightness 
by several orders of magnitude to avoid blinding a driver at 
night. Generic LED drivers struggle to achieve such high 
dimming ratios.

The LT3932 synchronous step-down LED driver with 
integrated 36V, 2A switches features high ratio PWM 
dimming. The LT3932 houses its high efficiency integrated 
power switches inside a small 4mm × 5mm QFN package, 
and can be run at up to 2MHz switching frequency for a 
compact, high bandwidth design. When high dimming ratio 
capability is not needed, and simplicity is paramount, its 
internal PWM generator can be used to produce 128:1 PWM 

dimming controlled by a simple DC voltage. With built-in 
fault protection to handle open and short LEDs, and spread 
spectrum frequency modulation to aid in reducing EMI, the 
LT3932 meets the demanding requirements of automotive 
and industrial LED lighting applications (Figure 1). 

High PWM Dimming Ratio 
With the LT3932 operating at a dimming frequency of 
100Hz and a switching frequency of 2MHz, a high current 
LED design can achieve 5000:1 PWM dimming with well 
regulated LED current. Furthermore, PWM and analog 
dimming can be combined to push dimming ratios to 
20,000:1. For applications requiring PWM dimming ratios 
surpassing 5000:1, the LT3932-1, a variant of LT3932, 
enables higher dimming performance with no part-defined 
limitation of minimum PWM on-time vs switching frequency. 
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Figure 1. 2MHz Automotive LED Driver Features Low EMI and Internally Generated PWM Dimming with 90% Peak Efficiency 
Over the Input Range (~91% Efficient without EMI Filters)

Introduction
The LED backlights in automotive heads-up displays, 
infotainment systems, and dashboard lighting must be 
bright enough to compete with direct sunlight streaming 
into a car during the day, yet capable of reducing brightness 
by several orders of magnitude to avoid blinding a driver at 
night. Generic LED drivers struggle to achieve such high 
dimming ratios.

The LT3932 synchronous step-down LED driver with 
integrated 36V, 2A switches features high ratio PWM 
dimming. The LT3932 houses its high efficiency integrated 
power switches inside a small 4mm × 5mm QFN package, 
and can be run at up to 2MHz switching frequency for a 
compact, high bandwidth design. When high dimming ratio 
capability is not needed, and simplicity is paramount, its 
internal PWM generator can be used to produce 128:1 PWM 

dimming controlled by a simple DC voltage. With built-in 
fault protection to handle open and short LEDs, and spread 
spectrum frequency modulation to aid in reducing EMI, the 
LT3932 meets the demanding requirements of automotive 
and industrial LED lighting applications (Figure 1). 

High PWM Dimming Ratio 
With the LT3932 operating at a dimming frequency of 
100Hz and a switching frequency of 2MHz, a high current 
LED design can achieve 5000:1 PWM dimming with well 
regulated LED current. Furthermore, PWM and analog 
dimming can be combined to push dimming ratios to 
20,000:1. For applications requiring PWM dimming ratios 
surpassing 5000:1, the LT3932-1, a variant of LT3932, 
enables higher dimming performance with no part-defined 
limitation of minimum PWM on-time vs switching frequency. 
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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

erfordern, erleichtert der LT3932/-1 die Einhaltung der anspruchs-
vollen Dimmungs-Spezifikationen. 
Silent Switcher mit niedrigen EMI-Werten
Die extremen Dimmungsanforderungen, die in Kfz-Anwendungen 
an die LED-Beleuchtung gestellt werden, können dafür sorgen, 
dass sich die EMI-Normen der CISPR nur schwierig einhalten las-
sen, ohne teure Entstörbauteile und eine Zunahme der Komplexität 
in Kauf zu nehmen. Der LT3932 allerdings macht beides möglich: 
Dank einer Reihe eingebauter, EMI-mindernder Features erzielt 
er sowohl ein hohes Dimmungsverhältnis als auch ein niedriges 
EMI-Aufkommen: 

• � Die EMI-Minimierung ist das Resultat der Silent Switcher®- 
Architektur, die die EMI-relevanten Schleifen reduziert. 

• � Die eingebaute Spread Spectrum-Frequenzmodulation (SSFM) 
trägt zur Eindämmung der leitungsgeführten und abgestrahl-
ten Störgrößen bei. 

• � Die kontrollierte Anstiegsgeschwindigkeit des LT3932 opti-
miert den Wirkungsgrad unter Beibehaltung geringer Störaus-
sendungen. 
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With the latest in-car automotive displays requiring minimum 
dimming ratios of 10,000:1, the LT3932/-1 makes it easy 
to meet otherwise daunting dimming specs.

Low EMI Silent Switcher 
The extreme LED dimming requirements in automobile 
applications can make it difficult to meet CISPR EMI 
standards  without adding costly noise-mitigating 
components and complexity. The LT3932 makes it possible 
to achieve both a high dimming ratio and low EMI by 
incorporating a number of built-in EMI-minimizing features:

• EMI is minimized by its Silent Switcher® architecture for 
low EMI hot loops.

• Built-in spread spectrum frequency modulation (SSFM) 
helps to reduce both conducted and radiated EMI. 

• The slew rate of the LT3932 is controlled to optimize 
efficiency while maintaining low noise performance.

pulse of light with a variable off-time defined by the speed 
of the assembly line, as well as the spacing of the parts. 

The LT3932 can reproduce a fixed on-time pulse of LED 
current with an indefinite off-time by maintaining its output 
charge while PWM is held low—no additional circuitry 
is required. Figure 4 shows two fixed-length on-time pulses 
of LED current produced by the LT3932, separated by one 
hour of off-time, demonstrating the LED driver’s ability 
to maintain its output charge during arbitrarily long PWM 
off-times. By preserving the state of the output, the LT3932 
produces consistently shaped current pulses, regardless of 
the PWM off-time. 

Figure 3. Figure 1 Efficiency Remains High While Driving 
1A LEDs at 2MHz fSW, Even with Low EMI Filters

Figure 2. The LT3932 Figure 1 Circuit Passes CISPR 25 
Class 5 Radiated Average EMI

Figure 4. The LT3932 Faithfully Reproduces Current 
Pulses Regardless of PWM Off-Time—Important for 
Machine Imaging Applications that Demand Lighting 
Fidelity Over Time

The efficacy of the LT3932’s low EMI technology is shown 
in Figure 2—a radiated EMI scan of the production demo 
circuit for the LT3932 (DC2286A). It passes CISPR 25 
Class 5 average limits, as well as peak limits.

Machine Vision Applications
Modern industrial assembly line production utilizes machine-
assisted automated optical inspection to ensure that 
the fast moving parts on an assembly line meet defined 
specifications. Defective parts that fail optical inspection are 
tagged and automatically removed from the assembly line, 
ensuring part-to-part consistency. The high speed cameras 
used on these types of assembly lines require a photoflash 
system capable of consistently reproducing a fixed on-time 
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Conclusion
The LT3932 enables compact, high current LED driver 
designs with excellent dimming performance. It includes a 
number of built-in features to simplify the design process 
of high performance automotive and industrial LED driver 
applications.

Bild 2: Die LT3932-Schaltung aus Bild 1 besteht die Anforderungen 
von CISPR 25 Klasse 5 hinsichtlich der abgestrahlten durchschnitt-
lichen elektromagnetischen Störgrößen.

Die Wirksamkeit der Low-EMI-Technologie des LT3932 wird in Bild 
2 deutlich. Zu sehen ist ein Scan der abgestrahlten elektromagne-
tischen Störgrößen der Produktions-Demonstrationsschaltung zum 
LT3932 (DC2286A). Die Schaltung erfüllt die Durchschnitts- und 
Spitzen-Grenzwerte gemäß CISPR 25 Klasse 5. 
Anwendungen im Machine-Vision-Bereich
Die moderne industrielle Fließbandfertigung nutzt die maschinen-
gestützte, automatische optische Inspektion um sicherzustellen, 
dass Bauteile, die sich schnell auf einem Fließband vorbeibewe-
gen, die vorgegebenen Spezifikationen erfüllen. Defekte Bauteile, 
die die optische Inspektion nicht bestehen, werden markiert und 
automatisch vom Fließband entfernt, um die Einheitlichkeit der 
Bauteile zu gewährleisten. Die an Fließbändern dieser Art ange-
brachten Hochgeschwindigkeits-Kameras benötigen ein Blitzlicht-
system, das einen Lichtblitz von stets gleichbleibender Dauer er-
zeugen kann, während die Dauer der Ausschaltphasen durch 
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With the latest in-car automotive displays requiring minimum 
dimming ratios of 10,000:1, the LT3932/-1 makes it easy 
to meet otherwise daunting dimming specs.

Low EMI Silent Switcher 
The extreme LED dimming requirements in automobile 
applications can make it difficult to meet CISPR EMI 
standards  without adding costly noise-mitigating 
components and complexity. The LT3932 makes it possible 
to achieve both a high dimming ratio and low EMI by 
incorporating a number of built-in EMI-minimizing features:

• EMI is minimized by its Silent Switcher® architecture for 
low EMI hot loops.

• Built-in spread spectrum frequency modulation (SSFM) 
helps to reduce both conducted and radiated EMI. 

• The slew rate of the LT3932 is controlled to optimize 
efficiency while maintaining low noise performance.

pulse of light with a variable off-time defined by the speed 
of the assembly line, as well as the spacing of the parts. 

The LT3932 can reproduce a fixed on-time pulse of LED 
current with an indefinite off-time by maintaining its output 
charge while PWM is held low—no additional circuitry 
is required. Figure 4 shows two fixed-length on-time pulses 
of LED current produced by the LT3932, separated by one 
hour of off-time, demonstrating the LED driver’s ability 
to maintain its output charge during arbitrarily long PWM 
off-times. By preserving the state of the output, the LT3932 
produces consistently shaped current pulses, regardless of 
the PWM off-time. 

Figure 3. Figure 1 Efficiency Remains High While Driving 
1A LEDs at 2MHz fSW, Even with Low EMI Filters

Figure 2. The LT3932 Figure 1 Circuit Passes CISPR 25 
Class 5 Radiated Average EMI

Figure 4. The LT3932 Faithfully Reproduces Current 
Pulses Regardless of PWM Off-Time—Important for 
Machine Imaging Applications that Demand Lighting 
Fidelity Over Time

The efficacy of the LT3932’s low EMI technology is shown 
in Figure 2—a radiated EMI scan of the production demo 
circuit for the LT3932 (DC2286A). It passes CISPR 25 
Class 5 average limits, as well as peak limits.

Machine Vision Applications
Modern industrial assembly line production utilizes machine-
assisted automated optical inspection to ensure that 
the fast moving parts on an assembly line meet defined 
specifications. Defective parts that fail optical inspection are 
tagged and automatically removed from the assembly line, 
ensuring part-to-part consistency. The high speed cameras 
used on these types of assembly lines require a photoflash 
system capable of consistently reproducing a fixed on-time 
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Conclusion
The LT3932 enables compact, high current LED driver 
designs with excellent dimming performance. It includes a 
number of built-in features to simplify the design process 
of high performance automotive and industrial LED driver 
applications.

Bild 1b: Der Wirkungsgrad der Schaltung aus Bild 1a bleibt bei der 
Ansteuerung von 1-A-LEDs mit fSW = 2 MHz hoch, auch wenn Filter 
zur Verringerung des EMI-Aufkommens eingesetzt werden. 

die Geschwindigkeit des Fließbands und den Abstand der Bauteile 
darauf bestimmt wird. 
Der LT3932 leistet genau dies: Er kann einen LED-Strom von 
stets gleichbleibender Dauer mit dazwischenliegenden, beliebig 
langen Aus-Intervallen produzieren. Hierfür hält er seine Ladung 
am Ausgang aufrecht, solange das PWM-Signal Low-Status hat. 
Zusätzliche Schaltungen sind hierfür nicht notwendig. In Bild 3 sind 
zwei vom LT3932 erzeugte LED-Stromimpulse einheitlicher Länge 
dargestellt, getrennt durch eine Ausschaltzeit von einer Stunde. 
Dies verdeutlicht die Fähigkeit des LED-Treibers zum Aufrechter-
halten seiner Ausgangsladung über beliebig lange Aus-Intervalle 
de PWM-Signals hinweg. Dank der Beibehaltung seines Ausgangs-
zustands liefert der LT3932 Impulse von exakt übereinstimmender 
Form, gleich wie lang das Aus-Intervall des PWM-Signals auch ist. 
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With the latest in-car automotive displays requiring minimum 
dimming ratios of 10,000:1, the LT3932/-1 makes it easy 
to meet otherwise daunting dimming specs.

Low EMI Silent Switcher 
The extreme LED dimming requirements in automobile 
applications can make it difficult to meet CISPR EMI 
standards  without adding costly noise-mitigating 
components and complexity. The LT3932 makes it possible 
to achieve both a high dimming ratio and low EMI by 
incorporating a number of built-in EMI-minimizing features:

• EMI is minimized by its Silent Switcher® architecture for 
low EMI hot loops.

• Built-in spread spectrum frequency modulation (SSFM) 
helps to reduce both conducted and radiated EMI. 

• The slew rate of the LT3932 is controlled to optimize 
efficiency while maintaining low noise performance.

pulse of light with a variable off-time defined by the speed 
of the assembly line, as well as the spacing of the parts. 

The LT3932 can reproduce a fixed on-time pulse of LED 
current with an indefinite off-time by maintaining its output 
charge while PWM is held low—no additional circuitry 
is required. Figure 4 shows two fixed-length on-time pulses 
of LED current produced by the LT3932, separated by one 
hour of off-time, demonstrating the LED driver’s ability 
to maintain its output charge during arbitrarily long PWM 
off-times. By preserving the state of the output, the LT3932 
produces consistently shaped current pulses, regardless of 
the PWM off-time. 

Figure 3. Figure 1 Efficiency Remains High While Driving 
1A LEDs at 2MHz fSW, Even with Low EMI Filters

Figure 2. The LT3932 Figure 1 Circuit Passes CISPR 25 
Class 5 Radiated Average EMI

Figure 4. The LT3932 Faithfully Reproduces Current 
Pulses Regardless of PWM Off-Time—Important for 
Machine Imaging Applications that Demand Lighting 
Fidelity Over Time

The efficacy of the LT3932’s low EMI technology is shown 
in Figure 2—a radiated EMI scan of the production demo 
circuit for the LT3932 (DC2286A). It passes CISPR 25 
Class 5 average limits, as well as peak limits.

Machine Vision Applications
Modern industrial assembly line production utilizes machine-
assisted automated optical inspection to ensure that 
the fast moving parts on an assembly line meet defined 
specifications. Defective parts that fail optical inspection are 
tagged and automatically removed from the assembly line, 
ensuring part-to-part consistency. The high speed cameras 
used on these types of assembly lines require a photoflash 
system capable of consistently reproducing a fixed on-time 
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Conclusion
The LT3932 enables compact, high current LED driver 
designs with excellent dimming performance. It includes a 
number of built-in features to simplify the design process 
of high performance automotive and industrial LED driver 
applications.

Bild 3: Der LT3932 reproduziert die Stromimpulse unabhängig von 
der PWM-Ausschaltzeit. Wichtig ist dies für maschinelle Bildver-
arbeitungs-Systeme, die eine gleichbleibende Ausleuchtung über 
die Zeit voraussetzen.

Fazit
Mit dem LT3932 lassen sich kompakte, für hohe Ströme geeignete 
LED-Treiber-Designs mit hervorragenden Dimmungseigenschaften 
realisieren. Die verschiedenen eingebauten Funktionen des Bau-
steins vereinfachen das Design leistungsfähiger LED-Treiber-An-
wendungen im Automotive- und Industriebereich. 
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The extreme LED dimming requirements in automobile 
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components and complexity. The LT3932 makes it possible 
to achieve both a high dimming ratio and low EMI by 
incorporating a number of built-in EMI-minimizing features:

• EMI is minimized by its Silent Switcher® architecture for 
low EMI hot loops.

• Built-in spread spectrum frequency modulation (SSFM) 
helps to reduce both conducted and radiated EMI. 

• The slew rate of the LT3932 is controlled to optimize 
efficiency while maintaining low noise performance.
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to maintain its output charge during arbitrarily long PWM 
off-times. By preserving the state of the output, the LT3932 
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the PWM off-time. 
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1A LEDs at 2MHz fSW, Even with Low EMI Filters
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Class 5 Radiated Average EMI

Figure 4. The LT3932 Faithfully Reproduces Current 
Pulses Regardless of PWM Off-Time—Important for 
Machine Imaging Applications that Demand Lighting 
Fidelity Over Time

The efficacy of the LT3932’s low EMI technology is shown 
in Figure 2—a radiated EMI scan of the production demo 
circuit for the LT3932 (DC2286A). It passes CISPR 25 
Class 5 average limits, as well as peak limits.

Machine Vision Applications
Modern industrial assembly line production utilizes machine-
assisted automated optical inspection to ensure that 
the fast moving parts on an assembly line meet defined 
specifications. Defective parts that fail optical inspection are 
tagged and automatically removed from the assembly line, 
ensuring part-to-part consistency. The high speed cameras 
used on these types of assembly lines require a photoflash 
system capable of consistently reproducing a fixed on-time 
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Conclusion
The LT3932 enables compact, high current LED driver 
designs with excellent dimming performance. It includes a 
number of built-in features to simplify the design process 
of high performance automotive and industrial LED driver 
applications.
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