
Bo
do

´s
 P

ow
er

 S
ys

te
m

s®
   

 · 
   

bo
do

sp
ow

er
.c

om
 

46	 December 2023

Linear Regulator Performance
Though simple in concept, these devices 
have garnered the attention of advanced 
chip designers in an ongoing effort to op-
timize performance regarding efficiency, 
dynamic response, size, and cost. This has 
grown especially relevant in the automo-
tive industry, where many circuits and 
subsystems are required to operate 24x7 
directly from the primary battery. As such, 
static power consumption, dynamic perfor-
mance, and physical implementation size 
have become primary LDO figures of merit.

Linear regulators are often first character-
ized by their output voltage (which may be 
fixed or adjustable), input voltage range, 
and output current capability. Another 
more nuanced characteristic is the dropout 
voltage, or the minimum achievable differ-
ence between the input voltage and the 
output voltage while still providing regula-
tion. Regulators with small dropout volt-
ages, termed low dropout (LDO), are impor-
tant in systems where energy efficiency is 
a factor. In these same energy constrained 
designs, the current drawn by the internal 
functions of the regulator must be carefully 
considered and minimized. This quiescent 
current (Iq) must be small — relative to the 
current drawn by the load — to achieve an 
efficient design.  

Since linear regulators rely on a feedback 
system, stability must be considered to 
prevent oscillation under certain load con-
ditions. Typically, some amount of output 

capacitance is required to guarantee stable 
regulation over the entire operating range. 
Output capacitance, however, can be ex-
pensive both in terms of circuit complex-
ity and physical size. Advanced regulator 
designs have been developed to minimize 
both the amount and quality of the output 
capacitance required, yielding excellent 
performance at the smallest possible size 
and lowest possible cost.

Finally, when discussing practical applica-
tions of linear regulators, environmental 
tolerance must be considered at the fore-
front of the design phase. This includes the 
package characteristics of the regulator, not 
only in terms of physical size, but also in the 
ability to remove heat and reliably operate 
under the harshest conditions of tempera-
ture, humidity, and vibration. As shown in 
the figure below, ROHM’s lineup of LDOs in-
cludes a variety of packages ranging in size 
and thermal performance.  

Automotive Electronics Council Q100 (AEC-
Q100), which sets forth the testing criteria 
for devices to be certified for automotive 
applications. This standard includes rigor-
ous testing for temperature, humidity, vi-
bration, electrostatic discharge, and a vari-
ety of other reliability-focused criteria.  

ROHM’s LDO Evolution
Depending on the application, LDOs can be 
optimized to achieve specific performance 
goals while trading off other parameters, 
most commonly physical size and cost. 
In an effort to build a portfolio of LDOs to 

meet the demands of every application, 
ROHM has developed several proprietary 
technologies that provide best-in-class per-
formance. LDOs featuring ROHM’s Nano 
Energy™ technology use advanced circuit 
techniques to minimize quiescent cur-
rent. For energy constrained applications, 
the active losses of these LDOs far exceed 
parasitic losses, resulting in the highest 
possible efficiency. As shown in Figure 2 
below, ROHM’s devices feature nearly 50% 
lower quiescent current compared to the 
next best competitor. While the difference 
between 1.9 uA and 850 nA may seem insig-
nificant, it can translate to massive lifetime 
gains for battery operated devices with ad-
vanced sleep modes and low duty cycles.

In volume-constrained applications, where 
the size of every component must be ac-
counted for and justified, ROHM’s Nano Cap 
technology all but eliminates the need for 
external LDO capacitance. Typically, LDOs 
require several output capacitors ranging 
in size from several hundred nF to 10 mF. 
These capacitors are not only expensive, 
but can occupy more printed circuit board 
(PCB) space than the LDO itself. As shown in 
the following figure, Nano Cap™ regulators 
offer equivalent overshoot and undershoot 
performance during load transitions using 
only the parasitic capacitance of the load 
circuit.  

Power Management

Low Quiescent Current  
Automotive Linear Regulators

Linear regulators are a ubiquitous electrical circuit element whose function is rather straightforward. 
Namely, maintain a fixed output voltage in the presence of variation, including changes in input 
voltage, load current, and environment. Linear regulators accomplish this task using a feedback 

system to dynamically adjust their series resistance, thus inducing the exact voltage drop necessary 
at a given load current to realize and maintain the desired output voltage.

By Nick Ikuta, Sr. Solution Marketing Manager, ROHM Semiconductor

Figure 1: ROHM’s Package Lineup for LDO Regulators

Figure 2: ROHM’s Nano Energy™ Technology 
Minimizes Quiescent Current
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Possessing similar goals of reducing complexity, cost, and physical 
size, ROHM offers a variety of LDOs with integrated auxiliary func-
tions. Since many LDOs operate adjacent to common circuit blocks 
found within digital and mixed signal systems, it makes sense to 
integrate these blocks into the LDO itself. As shown in the figure 
below, examples include voltage output trackers, watchdog timers 
(WDT) and reset controllers, along with common automotive com-
munication buses such as LIN and CAN.  

BD4x / BD7x Series
ROHM’s BD4x automotive LDOs fall into the standard series of de-
vices, featuring an absolute maximum input voltage of 45 V with an 
output voltage accuracy of ±2%. As such these regulators are well 
suited for automotive applications requiring a direct connection to 
the battery. The BD7x series is similar, but offers reduced quiescent 
current (typically around 6.0 μA), making it an ideal candidate for 
powering subsystems that run continuously like the one shown in 
the figure below.  

For example, the BD7xxL05G-C features an input voltage of 3.0 V 
to 42 V, output currents of up to 50 mA, an operating temperature 
range of -40 °C to +150 °C, and AEC-Q100 qualification.  Available 
in an ultra-compact 2.9 mm x 2.8 mm x 1.25 mm SSOP5 package, 
these LDOs can be readily integrated into automotive infotainment 
and other similar subsystems to provide  supervisory, always-on 
operation.  

BD8x Series
When added functionality is required for battery powered auto-
motive subsystems, ROHM developed the BD8x series of LDOs. 
Much like the BD7x series, these regulators are built on a technol-
ogy platform that realizes extremely low quiescent current. The 
same Iq of 6.0 μA is achieved while also incorporating a watchdog 
timer, output voltage monitor, overcurrent protection, and thermal 
shutdown circuitry.  For example, the internal block diagram of the 
BD820F5UEFJ-C is shown in Figure 6 below.

The top most pins (VCC and Vo) perform LDO regulation, while the 
Reset Out (RO) pin is used to indicate a necessary reset to down-
stream circuitry — a microcontroller or FPGA, for example. The 
remaining pins (CT, CLK, and INH) control the onboard watchdog 
timer, set the watchdog RC time constant, monitor the downstream 
clock signal, and inhibit the reset mechanism, respectively. As 
shown in the figure below, this LDO and all supporting supervisory 
circuitry still consume less than 6.0 μA of current with an automo-
tive battery input voltage of 13.5 V.

Figure 3: ROHM’s Nano Cap™ Technology Reduces  
Output Capacitance Requirements

Figure 4: Multi-Function Integration Saves Space and Reduces Cost

Figure 5: ROHM’s BD4/BD7 Series LDOs for Automotive Subsystems

Figure 6: BD820F50EFJ-C Internal Block Diagram

Figure 7: BD8x Current Consumption vs the Competition
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This impressively low quiescent energy dissipation makes the BD8x 
series an ideal candidate for battery-connected automotive subsys-
tems (refer to Fig. 8 below). By eliminating the need for external 
watchdog timers and voltage monitors, overall system complexity 
is reduced while achieving maximum efficiency.

As an example of BD8x series capabilities, the BD820F50EFJ-C of-
fers an operating input voltage range from 3.0 V to 42 V, output cur-
rent up to 200 mA (at 5.0 V), and an operating temperature range of 
-40 °C to +150 °C.  Available in a 4.9 mm x 6.0 mm x 1.0 mm pack-
age, it is AEC-Q100 qualified and protected from over current and 
over temperature conditions.

BD9x Series
ROHM’s most advanced automotive LDO lineup is the BD9x series, 
featuring the proprietary QuiCur™ and Nano Cap™ technologies. 
QuiCur™ is a control method that maximizes the response perfor-
mance of power supply ICs to improve transient overshoot and 
undershoot during load changes. Similarly, Nano Cap™ improves 
stability and load response while reducing output capacitor re-
quirements. In keeping with the theme of low energy for automo-
tive applications, the BD9x series also offers extremely low quies-
cent current and AEC-Q100 qualification.  

As an example, the block diagram for BD9xxN1yy-C is shown in the 
figure below. From the outside, this regulator appears typical, with 
voltage input, voltage output, and enable pins. Internally, however, 
Nano Cap™ control circuitry provides extremely tight regulation us-
ing output capacitors as low as 100 nF.  

To illustrate this level of performance, the following figure depicts 
two scenarios, the first with an output capacitor of 2.2 uF and the 
second with 100 nF. In the larger capacitance comparison, ROHM’s 
BD9x shows a nearly 5x improvement in peak ripple during tran-
sient load changes. With the smaller capacitance, the competitor’s 
LDO fails to regulate and becomes unstable, while the BD9x shows 
a peak overshoot of only 64 mV.  

Achieving this level of dynamic performance with such a small out-
put capacitance — while only consuming a handful of microam-
peres of quiescent current — puts the BD9x series in a league of its 
own among automotive LDOs. These advantages enable new ap-
plications in low energy subsystems while minimizing cost, physical 
size, and design complexity.  

Conclusion
With the ever growing complexity and prevalence of electronics in 
automotive systems, LDOs have taken on an important role in the 
quest for energy optimized, low-cost components. This is especially 
true in automotive subsystems, where always-on and supervisory 
circuits must be carefully designed to run from the battery directly 
for long periods of time. ROHM’s portfolio of low quiescent current 
LDOs satisfies these needs, offering solutions for virtually all circuit 
types ranging from the more generic BD4x series to the specialized 
high performance BD9x series. With AEC-Q100 qualification and 
wide operating and environmental margins, designers can be sure 
to find a ROHM LDO that will fit any automotive application.  

www.rohm.com 

Power Management

Figure 8: BD820F5UEFJ-C Performing LDO and Supervisory Controller 
Duties

Figure 10: NanoCap™ Dynamic Performance in the BD9x Series

Figure 9: BD9xxN5yy-C Block Diagram
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