
Einführung 
Der bidirektionale Buck-Boost-DC-DC-Regler LTC®3110 lädt ei-
nen Superkondensator und hält dessen Ladung aufrecht, wenn 
eine Busspannung von beispielsweise 3,3 V anliegt. Sobald die 
Busspannung ausfällt, entlädt der Baustein den Superkondensa-
tor an den angeschlossenen Verbraucher. Der LTC3110 hält die 
Busspannung auf ihrem Nennwert (3,3 V im Beispiel von Bild 1), 
auch wenn die Superkondensator-Spannung über oder unter die-
ser Nennspannung liegt. Die Bereitstellung einer solchen Puffer-
spannung für den Verbraucher ermöglicht die Sicherung und den 
Erhalt der Daten während eines Ausfalls der Stromversorgung, 
was in den unterschiedlichsten Industrie- und Automotive-An-
wendungen wichtig ist. 
Flache Hilfsstromversorgung für die Datensicherung
In Industrie- und Automotive-Anwendungen fehlt es häufig an ei-
ner stabilen Spannungsquelle hoher Qualität. Im Automotive-Be-
reich kann die nominell 12 V betragende Bordnetzspannung in 
der Realität durch Kaltstarts und Lastabwürfe zwischen 4 V und 
mehr als 40 V schwanken. Auch auf der in Fabriken und Indust-
rieanlagen verbreiteten Versorgungsspannung von 24 V kann es 
durch das Ein- und Ausschalten von Elektromotoren und Elektro-
magneten zu Spannungsspitzen und -einbrüchen kommen. 

Eine Gemeinsamkeit industrieller Anwendungen mit der Consu-
mer-Elektronik ist der Trend zu immer mehr Portabilität und 
Mobilität. In modernen Industrieanlagen steht außerdem immer 
weniger Platz für die Elektronik zur Verfügung. Das Volumen, ins-
besondere aber die Höhe einer Datenspeichereinheit ist in indus-
triellen Baugruppen und Modulen besonders knapp. Angesichts 
dieser Rahmenbedingungen wurde mit der hier beschriebenen 
Lösung der Versuch gemacht, die Bauhöhe der verwendeten 
Bauteile zu minimieren. In Tabelle 1 sind zwei alternative Bestü-
ckungen, gegliedert nach ihrer Bauhöhe (1 mm und 2,5 mm) auf-
geführt. Die erforderlichen Halbleiterbauteile sind in der Tabelle 
nicht enthalten, weil die Bauhöhen der Controller und MOSFETs 
ebenso wie die der Widerstände nicht mehr als 1 mm betragen. 

Bild 2 zeigt eine flache Energiespeicher-Lösung für die Datensi-
cherung oder die drahtlose Datenübertragung in Situationen, in 
denen die Eingangsspannung über einen extrem weiten Bereich 
von 4 V bis 40 V variiert und auch die Möglichkeit besteht, dass 
die Eingangsspannung ganz ausfällt. 
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Figure 1. 15V to 55V Input, 25.2V/6.3A Buck-Boost Battery Charger

Introduction
Today, battery chargers are expected to easily support 
a variety of battery chemistries and accept a range of 
voltage inputs, including wide-ranging solar panels. It is 
increasingly common for input voltage ranges to span 
above and below the output battery voltage, requiring 
both step-down and step-up capability (buck-boost to-
pology). The LTC4020 buck-boost power manager and 
multi-chemistry battery-charging controller can take 
wide-ranging 4.5V to 55V inputs and produce output 
voltages up to 55V. Its buck-boost DC/DC controller 
supports battery and system voltages above, below, 
or equal to the input voltage.

The charger is easily optimized for a variety of battery 
chemistries. For instance, it can follow a constant-
current/constant-voltage (CC/CV) charge algorithm, 
with either C/10 or timed termination for lithium-based 
battery systems, a constant-current (CC) characteristic 
with timed termination, or an optimized 4-step, 3-stage 
lead-acid charge profile.

6.3A Charger for 25.2V Battery Float Voltage
Figure 1 shows a 15V to 55V input, 25.2V/6.3A buck-
boost battery charger, featuring a high efficiency 
4-switch (M2–M5) synchronous buck-boost DC/DC 
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trademarks and PowerPath is a trademark of Linear Technology Corporation. 
All other trademarks are the property of their respective owners.

dn531 F01

STAT2
STAT1
BST1
BST2

SENSVIN
SENSTOP

INTVCC

SHDN
VIN_REG

RNG/SS
ILIMIT

VFBMIN
VFBMAX
VFB

FBG

NTC
CSOUT
MODE

R13
100k

C5
0.22µF
0603

SW1
SW2

TG1

BG1

SENSBOT

SENSGND

BG2
TG2
CSP

CSN

BGATE

VBAT
VC

ITH
TIMER
RT

LTC4020

PVIN

SGND SGND PGND

R15
36k
0603

R16
47k
0603

M1
Si7145DP

R18
100Ω

R20
100Ω

R26
3k

R27
3k

R14
10k

C40
0.22µF

0603

C39
0.22µF

0603

C6
6.8nF
0603

C5
47pF
0603

C4
100pF
0603

C1, 0.1µF
100V, 0603

GND
MODE

BAT
25.2V FLOAT
6.3A MAX

GND

VOUT
21V TO 28V
8A MAX

VOUTVBAT

R19
20Ω

RCBAT1
0.008Ω

1W
2512

C11
4.7µF
6.3V
0603

R11
24.9k
1%

R10
24.9k
0.1%

R9
226k
0603
1%

R8
226k
0603
0.1%

C12
0.033µF

RCBRB1
0.002 Ω
1W
2512

RCBRT1
0.002Ω
1W
2512

M4
SiR664DP

M2
SiR664DP

L1
5.6µH

WÜRTH 7443556560
M3
SiR422DP

M5
SiR422DP

D6
B360A

C19
0.22µF
25V
0603

C20
0.22µF
25V
0603

C21
10µF
6.3V
0805

D1
SBR0560S1

D2
SBR0560S1 D4

GRN

D3
RED

C14
10µF
35V
1210

C18
10µF
35V

1210

C27
10µF
35V
1210

C28
10µF
35V

1210

C15
220µF
35V
35HVH220M

C17
220µF

35V
35HVH220M

+

+

R5
OPT

R2
510k

R1
100k

R4
51k

R38
5.1Ω
0805

C2
56µF
63V

63HVH56M

C3
56µF
63V
63HVH56M

+

+

GND

VIN
15V TO 55V

C23
C16
4.7µF
100V
1210

Bild 1: Anwendungsschaltung für den LTC3110 (VSYS = 3,3 V, VCAP = 5,0 V) 
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Introduction
The LTC®3110 bidirectional buck-boost DC/DC regula-
tor charges and balances a supercapacitor when a bus 
voltage is present (for example 3.3V) and discharges 
the supercapacitor into the load when the bus fails. 
The LTC3110 maintains the bus’s nominal level (3.3V in 
the example in Figure 1) even if the supercapacitor 
voltage is above or below the nominal bus voltage. 
Supporting the load this way allows data backup and 
retention during a power interruption—important in a 
wide variety of industrial and automotive applications.

Low Profile Data Backup Power Supply
Industrial and automotive applications are distin-
guished by their lack of stable, high quality voltage 
sources. In automotive environments, a 12V nominal 
voltage rail can change from 4V to above 40V during 
cold starts and load dumps. The 24V equipment bus 
used in factories and plants suffers voltage spikes 
and brownouts just from cycling electric motors and 
solenoids.

Industrial applications, however, share something 
in common with consumer electronics: the trend 
toward increased portability and mobility. Space is 
increasingly limited for electronics inside modern 
industrial equipment. The volume, in particular the 
thickness, of a data storage unit is at a premium in 
industrial assemblies and modules. With that in mind, 
the solution herein aims to minimize the profiles of 
the selected components. Table 1 shows two passive 
component group options, arranged by thickness: 
1mm and 2.5mm. The required semiconductor parts 
are not listed because the controllers, MOSFETs and 
resistors do not exceed 1mm thickness.

Figure 2 shows a low profile energy storage solu-
tion for data backup or wireless data transmission 
in situations where the input voltage changes in an 
extremely wide range from 4V to 40V, with possible 
input voltage interruption.

Figure 1. LTC3110 Application, VSYS = 3.3V, VCAP = 5.0V
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Die aus zwei Wandlern bestehende Lösung stellt eine komplette 
Applikation für Industrie- und Automotive-Anwendungen dar. Der 
Wandler auf Basis des Superkondensator-Laders LTC3110 lädt 
bei anliegender Eingangsspannung den Superkondensator und 
stellt bei einer Unterbrechung der Spannungsversorgung aus die-
sem Superkondensator eine geregelte Spannung für das System 
bereit. Unter normalen Bedingungen mit einer Eingangsspannung 
zwischen 4 V und 40 V werden sensible elektronische Verbrau-
cher und auch der LTC3110 durch einen Abwärtswandler auf Ba-
sis des LT8608 versorgt. 
Der LT8608 ist ein hochintegrierter und hocheffi zienter synchro-
ner Abwärtswandler mit geringer Ruhestromaufnahme und einem 
Eingangsspannungsbereich von 3 V bis 42 V. Durch das Setzen 
einer Obergrenze von 42 V wird das Volumen der notwendigen 
Schutzschaltungen minimiert, da auf traditionelle TVS-Dioden 
(Transient Voltage Suppressor) praktisch verzichtet werden kann. 
Der Abwärtswandler hält die Systemspannung innerhalb der 
Grenzen für eine Busspannung von 3,3 V.
Fällt die Eingangsspannung aus, übernimmt der Superkonden-
sator-Lader und stellt die 3,3-V-Versorgung her. Unter norma-
len Umständen speist der LT8608 den Systembus mit 3,5 V. Der 
LTC3110 liefert 3,2 V, wenn er einen Spannungsausfall registriert 
und den Verbraucher speist. Diese Spannungen liegen deutlich 
innerhalb der empfohlenen Grenzwerte für 3,3-V-Logik-Strom-

versorgungen. Das Flagsignal CHRG eignet sich zur Alarmierung 
digitaler Systeme, damit unwichtige Verbraucher abgeschaltet 
werden können und die Datensicherung oder die drahtlose Über-
tragung eingeleitet werden kann. 
Bild 3 zeigt den Beginn des Umschaltvorgangs, wenn nach dem 
Ausfall der Eingangsspannung der Abwärtswandler abschaltet 
und der Superkondensator-Lader einspringt. 

Fazit
Der LTC3110 ist ein hochintegrierter, leistungsfähiger Lade- und 
Ausgleichsbaustein für Superkondensatoren. Er kann als fl ache 
Lösung für die Sicherung und den Erhalt von Daten in Industrie- 
und Automotive-Anwendungen eingesetzt werden.
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Figure 2. Efficiency vs Load Current IOUT (VOUT = 25.2V) 
of the Converter in Figure 1

converter requiring only one inductor (L1). The propri-
etary average current mode architecture uses two sense 
resistors (RCBRT1 and RCBRB1) to monitor the inductor 
current. In this buck-boost solution, when VIN is higher 
than VOUT, the converter operates in buck (step-down) 
mode; when VIN is lower than VOUT, the converter works 
at boost (step-up) mode. When VIN is close to VOUT, 
the converter operates in 4-switch buck-boost mode.

Figure 1) as a linear regulator, allowing the buck-boost 
converter output to rise above the battery voltage, 
while still providing charge current to the battery. 
This function is called PowerPath instant-on, when 
the PowerPath FET acts as a high impedance current 
source, providing charge current to the battery.

The LTC4020 automatically configures the PowerPath 
FET as an ideal diode when the battery charger is not in 
a charging cycle—namely, the buck-boost converter is 
operating exclusively for the system load. This allows 
the battery to remain disconnected from the converter 
output in normal operation. If, however, the system load 
current exceeds the buck-boost converter’s capacity, 
additional power can be efficiently drawn from the 
battery through this ideal diode.

Additional Features
The LTC4020 supports timer-based charging algo-
rithms—a capacitor from the TIMER pin to ground 
programs the end of the cycle time.

The LTC4020 features battery temperature monitor-
ing and control. By connecting an NTC (negative 
temperature coefficient) thermistor to the NTC pin, 
and by placing the thermistor close to the battery pack 
(or other desired monitoring location), if the NTC pin 
voltage is out of range (above 1.35V or below 0.3V), 
the LTC4020 triggers an NTC fault and halts battery 
charging.

The LTC4020’s VIN_REG pin allows input voltage regula-
tion. This pin can be used to program the peak power 
voltage for a solar panel, or help maintain a minimum 
voltage for other high impedance input supplies.

The LTC4020 has two open collector outputs, STAT1 
and STAT2, to report charger status and fault condi-
tions. These two pins are binary coded.

Conclusion
The LTC4020 is a versatile high voltage, high efficiency 
buck-boost power manager and multi-chemistry bat-
tery charger, supporting input voltages above, below 
or equal to the output battery or system voltages. 
Its low profile (0.75mm) thermally enhanced 38-pin 
5mm × 7mm QFN package is suitable for portable 
industrial and medical equipment, solar-powered 
systems, military communications equipment, and 
12V to 24V embedded automotive systems.

Data Sheet Download

www.linear.com/LTC4020
For applications help, 

call (408) 432-1900, Ext. 3258

The converter operates at a programmable constant 
switching frequency within the range of 50kHz to 
500kHz, set with a resistor (R13 = 100k, 250kHz). The 
solution shown in Figure 1 can supply up to 8A to the 
system load (VOUT = 25.2V). Figure 2 shows full load 
efficiency (IOUT = 8A, VIN = 24V) can reach above 98%.

The LTC4020 uses an external feedback resistor 
divider from the BAT pin to program battery volt-
ages via the VFB pin. The PowerPath™ FET (M1) is 
on during normal battery charging, forming a low 
impedance connection between the battery and the 
buck-boost converter output when possible. Battery 
charge current is monitored through a sense resistor 
(RCBAT1). Maximum average battery charge current is 
easily programmed by selecting the value of RCBAT1. 
Dynamic current limit adjustment is possible through 
the RNG/SS pin.

Instant-On and Ideal Diode Functions with 
PowerPath FET
For a heavily discharged battery, the LTC4020 can 
automatically configure the PowerPath FET (M1 in 
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Bild 2: Hochvolt-Applikation für den LTC3110 (VIN = 4 V bis 40 V, VSYS = 3,3 V, VCAP = 5,0 V) 

Bild 3: Darstellung des Umschaltvorgangs mit Lastspannung 
VSYS, Eingangsspannung VIN und Statusfl ag CHRG 
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This solution uses two converters to produce a com-
plete industrial/automotive application. The converter, 
based on the LTC3110 supercapacitor charger (SCCH), 
charges the storage capacitor when the input voltage is 
present and provides a regulated system output during 
power interruption. Under normal operating conditions, 
when a 4V to 40V input supply is present, sensitive 
electronic loads and the LTC3110 are supported by 
a step-down converter (SDC) based on the LT8608.

The LT8608 is a low quiescent current, high efficiency, 
highly integrated synchronous buck converter featuring 
a wide input voltage range extending from 3V to 42V. 
Its 42V upper limit minimizes the volume required for 
system protection circuitry, practically eliminating 
the need for traditional transient voltage suppressor 
diodes (TVS). The SDC maintains the system voltage 
within 3.3V bus rail limits. 

If the input voltage is disconnected, the SCCH takes 
over, powering the regulated 3.3V rail. The LT8608 
supplies 3.5V to the system bus under normal circum-
stances; the LTC3110 supplies 3.2V when it registers 
a power failure and supports the load. These supply 

voltages are well within the recommended limits for 
3.3V logic power supplies. The CHRG flag can be used 
to alert digital systems to disconnect non-essential 
loads and begin data backup or wireless transmission.

Figure 3 shows the beginning of the switchover process; 
with the input voltage disconnected, the SDC turns off 
while the SCCH is turning on. 

Data Sheet Download

www.linear.com/LTC3110
For applications help, 

call (408) 432-1900, Ext. 3161

Figure 2. LTC3110, High Voltage Application, VIN = 4V to 40V, VSYS = 3.3V, VCAP = 5.0V

Figure 3. Switchover [VSYS Load Voltage, 
VIN Input Voltage, CHRG Flag Status]
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Table 1. Converter Components for 1mm and 2.5mm Thickness Solutions
Height L1 L2 CS1 CIN1

Vendor Wurth Elektronik Wurth Elektronik CAP-XX TDK

1mm 74437321022 74437321056 2 x HS103F 2 x C3216JB1H475K085AB

2.5mm 74437334022 74437334056 HS206F C3225X7R2A225K230AB

Conclusion
LTC3110 is a highly integrated, high performance 
supercapacitor charger and balancer, which can be 
implemented in low profile solutions for data retention 
and backup in automotive and industrial applications.
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Its 42V upper limit minimizes the volume required for 
system protection circuitry, practically eliminating 
the need for traditional transient voltage suppressor 
diodes (TVS). The SDC maintains the system voltage 
within 3.3V bus rail limits. 

If the input voltage is disconnected, the SCCH takes 
over, powering the regulated 3.3V rail. The LT8608 
supplies 3.5V to the system bus under normal circum-
stances; the LTC3110 supplies 3.2V when it registers 
a power failure and supports the load. These supply 

voltages are well within the recommended limits for 
3.3V logic power supplies. The CHRG flag can be used 
to alert digital systems to disconnect non-essential 
loads and begin data backup or wireless transmission.

Figure 3 shows the beginning of the switchover process; 
with the input voltage disconnected, the SDC turns off 
while the SCCH is turning on. 
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Figure 2. LTC3110, High Voltage Application, VIN = 4V to 40V, VSYS = 3.3V, VCAP = 5.0V

Figure 3. Switchover [VSYS Load Voltage, 
VIN Input Voltage, CHRG Flag Status]
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Table 1. Converter Components for 1mm and 2.5mm Thickness Solutions
Height L1 L2 CS1 CIN1

Vendor Wurth Elektronik Wurth Elektronik CAP-XX TDK

1mm 74437321022 74437321056 2 x HS103F 2 x C3216JB1H475K085AB

2.5mm 74437334022 74437334056 HS206F C3225X7R2A225K230AB

Conclusion
LTC3110 is a highly integrated, high performance 
supercapacitor charger and balancer, which can be 
implemented in low profile solutions for data retention 
and backup in automotive and industrial applications.
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Der MCB ist ein optionaler externer Crowbar-Baustein, der an den 
Ausgang angeschlossen wird. Sobald die Ausgangsspannung ei-
nen einstellbaren Grenzwert überschreitet (voreingestellt ist eine 
Ansprechschwelle von 11 % über der Nennspannung), legt der 
LTM4641 seinen CROWBAR-Ausgang umgehend (d. h. mit einer 
Reaktionszeit von maximal 500 ns) auf logisch High und schaltet 
seine Ausgangsspannung dauerhaft ab. Die Leistungsstufe wird 
hochohmig, und der obere interne MOSFET wird ebenso wie der 
untere abgeschaltet. Der CROWBAR-Ausgang schaltet MCB ein, 
wodurch die Ausgangskondensatoren entladen werden und ein 
weiteres Ansteigen der Ausgangsspannung unterbunden wird. 
Der Baustein MSP ist zwischen die eingangsseitige Spannungs-
quelle (VIN) und den Eingangs-Pin (VINH) der Leistungsstufe des 
LTM4641 geschaltet. Der Baustein dient als rückstellbarer elekt-
ronischer Stromkreisunterbrecher. Sobald die internen Schaltun-
gen des LTM4641 einen Fehler wie etwa eine Überspannung am 
Ausgang (Output Overvoltage – OOV) registrieren, wird das Gate 
des MSP in einer Zeitspanne von maximal 2,6 µs entladen, wo-
durch der MSP abschaltet. Damit wird die Stromversorgung vom 
VINH-Anschluss, dem Eingang der Leistungsstufe des LTM4641, 
getrennt. Die gefährliche Eingangsspannung kann auf diese 
Weise nicht mehr an den wertvollen Verbraucher gelangen. Zur 
Erzeugung des OOV-Grenzwerts nutzt der LTM4641 ferner eine 
unabhängige Referenzspannung, die nicht mit der Bandlücken 
(bandgap) -Spannung des Regelungs-IC zusammenhängt. 

Bild 1 zeigt den Verlauf der CROWBAR-Spannung und von VOUT, 
wenn der obere MOSFET (MTOP) ausfällt und es zu einem Kurz-
schluss zwischen VIN und dem Knoten SW kommt. Das CROW-
BAR-Signal wechselt binnen 500 ns in den High-Status und 
schaltet damit den MCB ein, der den Ausgang mit der Masse 
verbindet. VOUT steigt zu keinem Zeitpunkt auf mehr als 110 % der 
Nenn-Ausgangsspannung an. 
Über- und Unterspannungsschutz für den Eingang
Der Eingang des LTM4641 ist mit einem Über- und Unterspan-
nungsschutz versehen, dessen Ansprechschwellen vom Benutzer 
gewählt werden können (Bild 2). 
Der UVLO-Pin (UVLO = Undervoltage-Lockout) ist direkt mit dem 
invertierenden Eingang eines Komparators verbunden, dessen 
Ansprechschwelle 0,5 V beträgt. Wenn die Spannung am UVLO-
Pin auf unter 0,5 V fällt, wird das Schalten des Wandlers unter-
bunden. Sobald die Spannung an UVLO wieder über 0,5 V ansteigt, 
kann das Schalten wieder beginnen. Die Pins IOVRETRY und OVLO 
sind direkt an die nicht invertierenden Eingänge von Komparato-
ren geführt, deren Ansprechschwellen ebenfalls 0,5 V betragen. 
Steigt die Spannung am Pin IOVRETRY auf über 0,5 V an, so wird 
das Schalten des Wandlers ebenfalls unterbrochen. Erst wenn die 
Spannung an IOVRETRY wieder mehr als 0,5 V beträgt, wird das 
Schalten wieder freigegeben. Das Schalten des Wandlers wird 
auch dann unterbunden, wenn die Spannung an OVLO die Marke 

von 0,5 V übersteigt. Fällt die Spannung anschließend wieder un-
ter 0,5 V, wird das Schalten jedoch erst dann wieder ermöglicht, 
wenn das Latch zurückgesetzt wurde. Diese drei Pins bieten zu-
sätzliche Flexibilität, um das Verhalten des LTM4641 individuell 
einzustellen. 
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Figure 3. Efficiency Curves of LTM4641
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MCB is an external optional crowbar device residing 
on VOUT. If the output voltage exceeds an adjustable 
threshold —default value is 11% above nominal— 
the LTM4641 pulls its CROWBAR output logic high 
immediately (500ns response time, maximum) and 
latches off its output voltage: the power stage becomes 
high impedance, with both internal top and bottom 
MOSFETs latched off. The CROWBAR output turns on 
MCB, discharging the output capacitors and preventing 
any further positive excursion of the output voltage. 

MSP is placed between the input power source (VIN) 
and the LTM4641's power stage input pins (VINH), and is 
used as a resettable electronic power-interrupt switch. 
When a fault condition, such as an output overvoltage 
(OOV) condition, is detected by the LTM4641’s internal 
circuitry, the gate of MSP is discharged within 2.6μs 
(maximum) and MSP turns off. The input source sup-
ply is thus disconnected from the LTM4641’s power 
stage input (VINH), preventing the hazardous (input) 
voltage from reaching the precious load. LTM4641 
also uses an independent reference voltage to gener-
ate an OOV threshold, separate from the control IC’s 
bandgap voltage.

Figure 1 shows the CROWBAR and VOUT waveforms 
when the top MOSFET MTOP fails, causing a short-
circuit between the VIN and SW nodes. CROWBAR 
goes high within 500ns and turns on MCB to short 
the output to ground. VOUT never exceeds 110% of the 
specified output voltage.

Input Overvoltage and Undervoltage Protections
The LTM4641 has input undervoltage and overvoltage 
protections, whose trip thresholds can be set by the 
user. Please refer to Figure 2.

The UVLO pin feeds directly into the inverting input 
of a comparator whose trip threshold is 0.5V. When 
the UVLO pin falls below 0.5V, switching action is 
inhibited; when the UVLO pin exceeds 0.5V, switching 
action can resume. The IOVRETRY and OVLO pins each 
feed directly into noninverting inputs of comparators 
whose trip thresholds are 0.5V. When the IOVRETRY 
pin exceeds 0.5V, switching action is inhibited; when 
IOVRETRY falls below 0.5V, switching action can 
resume. When the OVLO pin exceeds 0.5V, switching 
action is inhibited; when OVLO subsequently falls below 
0.5V, switching action cannot occur until the latch has 

been reset. These three pins give added flexibility to 
tailor the behavior of the LTM4641. 

Figure 2. Circuit to Set the Input UVLO, IOVRETRY 
and OVLO Thresholds
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Efficiency
Figure 3 below shows the efficiency curves for the 
LTM4641 for a typical 12V input voltage for the circuit 
in Figure 1. With all the protection circuits, LTM4641 
can still achieve high efficiency.

Conclusion
The LTM4641 μModule regulator monitors input 
voltage, output voltage and temperature conditions. 
It can provide comprehensive electrical and thermal 
protection from excessive voltage stress for loads such 
as processors, ASICs and high end FPGAs.

OUTPUT CURRENT (A)
0

EF
FI

CI
EN

CY
 (%

)

95

85

70

90

80

75

65

60
4 82 6

DN527 F03

1093 71 5

6.0VOUT
5.0VOUT
3.3VOUT
2.5VOUT
1.8VOUT
1.5VOUT
1.2VOUT
1.0VOUT
0.9VOUT

Bild 2. Beschaltung zum Festlegen der Ansprechschwellen 
für UVLO, IOVRETRY und OVLO

Effizienz
Bild 3 zeigt die typischen Wirkungsgradkurven des LTM4641 bei 
einer typischen Eingangsspannung von 12 V für die Schaltung aus 
Bild 1. Auch mit allen Schutzschaltungen kommt der LTM4641 auf 
eine hohe Effizienz. 
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MCB is an external optional crowbar device residing 
on VOUT. If the output voltage exceeds an adjustable 
threshold —default value is 11% above nominal— 
the LTM4641 pulls its CROWBAR output logic high 
immediately (500ns response time, maximum) and 
latches off its output voltage: the power stage becomes 
high impedance, with both internal top and bottom 
MOSFETs latched off. The CROWBAR output turns on 
MCB, discharging the output capacitors and preventing 
any further positive excursion of the output voltage. 

MSP is placed between the input power source (VIN) 
and the LTM4641's power stage input pins (VINH), and is 
used as a resettable electronic power-interrupt switch. 
When a fault condition, such as an output overvoltage 
(OOV) condition, is detected by the LTM4641’s internal 
circuitry, the gate of MSP is discharged within 2.6μs 
(maximum) and MSP turns off. The input source sup-
ply is thus disconnected from the LTM4641’s power 
stage input (VINH), preventing the hazardous (input) 
voltage from reaching the precious load. LTM4641 
also uses an independent reference voltage to gener-
ate an OOV threshold, separate from the control IC’s 
bandgap voltage.

Figure 1 shows the CROWBAR and VOUT waveforms 
when the top MOSFET MTOP fails, causing a short-
circuit between the VIN and SW nodes. CROWBAR 
goes high within 500ns and turns on MCB to short 
the output to ground. VOUT never exceeds 110% of the 
specified output voltage.

Input Overvoltage and Undervoltage Protections
The LTM4641 has input undervoltage and overvoltage 
protections, whose trip thresholds can be set by the 
user. Please refer to Figure 2.

The UVLO pin feeds directly into the inverting input 
of a comparator whose trip threshold is 0.5V. When 
the UVLO pin falls below 0.5V, switching action is 
inhibited; when the UVLO pin exceeds 0.5V, switching 
action can resume. The IOVRETRY and OVLO pins each 
feed directly into noninverting inputs of comparators 
whose trip thresholds are 0.5V. When the IOVRETRY 
pin exceeds 0.5V, switching action is inhibited; when 
IOVRETRY falls below 0.5V, switching action can 
resume. When the OVLO pin exceeds 0.5V, switching 
action is inhibited; when OVLO subsequently falls below 
0.5V, switching action cannot occur until the latch has 

been reset. These three pins give added flexibility to 
tailor the behavior of the LTM4641. 

Figure 2. Circuit to Set the Input UVLO, IOVRETRY 
and OVLO Thresholds
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Efficiency
Figure 3 below shows the efficiency curves for the 
LTM4641 for a typical 12V input voltage for the circuit 
in Figure 1. With all the protection circuits, LTM4641 
can still achieve high efficiency.

Conclusion
The LTM4641 μModule regulator monitors input 
voltage, output voltage and temperature conditions. 
It can provide comprehensive electrical and thermal 
protection from excessive voltage stress for loads such 
as processors, ASICs and high end FPGAs.

OUTPUT CURRENT (A)
0

EF
FI

CI
EN

CY
 (%

)

95

85

70

90

80

75

65

60
4 82 6

DN527 F03

1093 71 5

6.0VOUT
5.0VOUT
3.3VOUT
2.5VOUT
1.8VOUT
1.5VOUT
1.2VOUT
1.0VOUT
0.9VOUT

Bild 3. Wirkungsgrad-Kennlinien des LTM4641
Fazit
Das µModule LTM4641 überwacht die Eingangsspannung, die 
Ausgangsspannung und die Temperaturbedingungen. Der Bau-
stein bietet Verbrauchern wie etwa Prozessoren, ASICs und an-
spruchsvollen FPGAs einen umfassenden elektrischen und ther-
mischen Schutz vor überhöhten Spannungen.
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MCB is an external optional crowbar device residing 
on VOUT. If the output voltage exceeds an adjustable 
threshold —default value is 11% above nominal— 
the LTM4641 pulls its CROWBAR output logic high 
immediately (500ns response time, maximum) and 
latches off its output voltage: the power stage becomes 
high impedance, with both internal top and bottom 
MOSFETs latched off. The CROWBAR output turns on 
MCB, discharging the output capacitors and preventing 
any further positive excursion of the output voltage. 

MSP is placed between the input power source (VIN) 
and the LTM4641's power stage input pins (VINH), and is 
used as a resettable electronic power-interrupt switch. 
When a fault condition, such as an output overvoltage 
(OOV) condition, is detected by the LTM4641’s internal 
circuitry, the gate of MSP is discharged within 2.6μs 
(maximum) and MSP turns off. The input source sup-
ply is thus disconnected from the LTM4641’s power 
stage input (VINH), preventing the hazardous (input) 
voltage from reaching the precious load. LTM4641 
also uses an independent reference voltage to gener-
ate an OOV threshold, separate from the control IC’s 
bandgap voltage.

Figure 1 shows the CROWBAR and VOUT waveforms 
when the top MOSFET MTOP fails, causing a short-
circuit between the VIN and SW nodes. CROWBAR 
goes high within 500ns and turns on MCB to short 
the output to ground. VOUT never exceeds 110% of the 
specified output voltage.

Input Overvoltage and Undervoltage Protections
The LTM4641 has input undervoltage and overvoltage 
protections, whose trip thresholds can be set by the 
user. Please refer to Figure 2.

The UVLO pin feeds directly into the inverting input 
of a comparator whose trip threshold is 0.5V. When 
the UVLO pin falls below 0.5V, switching action is 
inhibited; when the UVLO pin exceeds 0.5V, switching 
action can resume. The IOVRETRY and OVLO pins each 
feed directly into noninverting inputs of comparators 
whose trip thresholds are 0.5V. When the IOVRETRY 
pin exceeds 0.5V, switching action is inhibited; when 
IOVRETRY falls below 0.5V, switching action can 
resume. When the OVLO pin exceeds 0.5V, switching 
action is inhibited; when OVLO subsequently falls below 
0.5V, switching action cannot occur until the latch has 

been reset. These three pins give added flexibility to 
tailor the behavior of the LTM4641. 

Figure 2. Circuit to Set the Input UVLO, IOVRETRY 
and OVLO Thresholds
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Efficiency
Figure 3 below shows the efficiency curves for the 
LTM4641 for a typical 12V input voltage for the circuit 
in Figure 1. With all the protection circuits, LTM4641 
can still achieve high efficiency.

Conclusion
The LTM4641 μModule regulator monitors input 
voltage, output voltage and temperature conditions. 
It can provide comprehensive electrical and thermal 
protection from excessive voltage stress for loads such 
as processors, ASICs and high end FPGAs.
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MCB is an external optional crowbar device residing 
on VOUT. If the output voltage exceeds an adjustable 
threshold —default value is 11% above nominal— 
the LTM4641 pulls its CROWBAR output logic high 
immediately (500ns response time, maximum) and 
latches off its output voltage: the power stage becomes 
high impedance, with both internal top and bottom 
MOSFETs latched off. The CROWBAR output turns on 
MCB, discharging the output capacitors and preventing 
any further positive excursion of the output voltage. 

MSP is placed between the input power source (VIN) 
and the LTM4641's power stage input pins (VINH), and is 
used as a resettable electronic power-interrupt switch. 
When a fault condition, such as an output overvoltage 
(OOV) condition, is detected by the LTM4641’s internal 
circuitry, the gate of MSP is discharged within 2.6μs 
(maximum) and MSP turns off. The input source sup-
ply is thus disconnected from the LTM4641’s power 
stage input (VINH), preventing the hazardous (input) 
voltage from reaching the precious load. LTM4641 
also uses an independent reference voltage to gener-
ate an OOV threshold, separate from the control IC’s 
bandgap voltage.

Figure 1 shows the CROWBAR and VOUT waveforms 
when the top MOSFET MTOP fails, causing a short-
circuit between the VIN and SW nodes. CROWBAR 
goes high within 500ns and turns on MCB to short 
the output to ground. VOUT never exceeds 110% of the 
specified output voltage.

Input Overvoltage and Undervoltage Protections
The LTM4641 has input undervoltage and overvoltage 
protections, whose trip thresholds can be set by the 
user. Please refer to Figure 2.

The UVLO pin feeds directly into the inverting input 
of a comparator whose trip threshold is 0.5V. When 
the UVLO pin falls below 0.5V, switching action is 
inhibited; when the UVLO pin exceeds 0.5V, switching 
action can resume. The IOVRETRY and OVLO pins each 
feed directly into noninverting inputs of comparators 
whose trip thresholds are 0.5V. When the IOVRETRY 
pin exceeds 0.5V, switching action is inhibited; when 
IOVRETRY falls below 0.5V, switching action can 
resume. When the OVLO pin exceeds 0.5V, switching 
action is inhibited; when OVLO subsequently falls below 
0.5V, switching action cannot occur until the latch has 

been reset. These three pins give added flexibility to 
tailor the behavior of the LTM4641. 

Figure 2. Circuit to Set the Input UVLO, IOVRETRY 
and OVLO Thresholds
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Efficiency
Figure 3 below shows the efficiency curves for the 
LTM4641 for a typical 12V input voltage for the circuit 
in Figure 1. With all the protection circuits, LTM4641 
can still achieve high efficiency.

Conclusion
The LTM4641 μModule regulator monitors input 
voltage, output voltage and temperature conditions. 
It can provide comprehensive electrical and thermal 
protection from excessive voltage stress for loads such 
as processors, ASICs and high end FPGAs.
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Bei technischen Fragen,
Telefon +49 89 96 24 55 0
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This solution uses two converters to produce a com-
plete industrial/automotive application. The converter, 
based on the LTC3110 supercapacitor charger (SCCH), 
charges the storage capacitor when the input voltage is 
present and provides a regulated system output during 
power interruption. Under normal operating conditions, 
when a 4V to 40V input supply is present, sensitive 
electronic loads and the LTC3110 are supported by 
a step-down converter (SDC) based on the LT8608.

The LT8608 is a low quiescent current, high efficiency, 
highly integrated synchronous buck converter featuring 
a wide input voltage range extending from 3V to 42V. 
Its 42V upper limit minimizes the volume required for 
system protection circuitry, practically eliminating 
the need for traditional transient voltage suppressor 
diodes (TVS). The SDC maintains the system voltage 
within 3.3V bus rail limits. 

If the input voltage is disconnected, the SCCH takes 
over, powering the regulated 3.3V rail. The LT8608 
supplies 3.5V to the system bus under normal circum-
stances; the LTC3110 supplies 3.2V when it registers 
a power failure and supports the load. These supply 

voltages are well within the recommended limits for 
3.3V logic power supplies. The CHRG flag can be used 
to alert digital systems to disconnect non-essential 
loads and begin data backup or wireless transmission.

Figure 3 shows the beginning of the switchover process; 
with the input voltage disconnected, the SDC turns off 
while the SCCH is turning on. 
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Figure 2. LTC3110, High Voltage Application, VIN = 4V to 40V, VSYS = 3.3V, VCAP = 5.0V

Figure 3. Switchover [VSYS Load Voltage, 
VIN Input Voltage, CHRG Flag Status]

DN5VK2 F031ms/DIV
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Table 1. Converter Components for 1mm and 2.5mm Thickness Solutions
Height L1 L2 CS1 CIN1

Vendor Wurth Elektronik Wurth Elektronik CAP-XX TDK

1mm 74437321022 74437321056 2 x HS103F 2 x C3216JB1H475K085AB

2.5mm 74437334022 74437334056 HS206F C3225X7R2A225K230AB

Conclusion
LTC3110 is a highly integrated, high performance 
supercapacitor charger and balancer, which can be 
implemented in low profile solutions for data retention 
and backup in automotive and industrial applications.
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Tabelle 1: Wandler-Bauteile für Lösungen mit 1 mm und 2,5 mm Dicke 


