
1.5 Applications 9

Power
management

12/48 V/HV

24/36 V
12–48 V

5G

5–20 V

+ –

mV–30 V
1–3 V

Trend toward higher
voltages → >50 V

Lower supply voltages <1 V,
wide load range

2.5–4.4 V

3–15 V

12/24/48 V
ECUs

RAM, HD, SSD

ICs

Sensors
µC, CPU, GPU

Figure 1.8 The system voltages in various applications define the input voltage for the power
management circuits. On the load side, the supply voltages follow the trend of decreasing supply voltages
toward 1 V and below with a wide load current range. Source: dezign56/Adobe Stock; ifeelstock/Adobe
Stock; Pawinee/Adobe Stock; Scanrail/Adobe Stock, kornkun/Adobe Stock.

node (about 20% [1]). With the decreasing cost of the IC, the battery cost is expected to contribute
a growing percentage of the total node cost over time.

Energy harvesting converts mechanical energy (kinetic energy and vibration), light (via solar
cells), thermal energy, and the energy of radio frequencies (RFs) into usable voltages. RF energy
harvesting is the lowest cost option, but the available power levels are the lowest. Hence, a promis-
ing approach is multisource energy harvesting. Nevertheless, the typical output power is in the
order of 1 mW and below.

Power management circuits in energy harvesting applications operate from very low voltages
in the millivolt range and even below. Charge pumps or similar techniques bring these low input
levels to an intermediate voltage of ∼0.5–1 V, just above the transistor threshold voltage. At this
point, another step-up DC–DC converter (inductive or capacitive) kicks in. It boosts this voltage
to 1.8 V, for instance, suitable for supplying functional electronic blocks. Once the voltage reaches
the power-on reset level, the IoT node transmits a data packet and shuts o! until enough power is
available again.

1.5.2 Portable Devices, Smartphones, and Wearables

Many designs run from low-voltage batteries (button cells) in the range of 1–3 V. Li-ion batteries
with a cell voltage of 2.5–4.4 V have become the primary battery technology for portable devices like
laptops, mobile phones, and wearables. Laptops use two or three battery cells in series to supply
input voltages of 7.4 or 11 V. Smartphones are covered as the introductory example in Section 1.2.
The growing "eld of wearables includes applications like smartwatches, "tness trackers, smart
headphones, glasses, medical monitoring devices, and implants. The power consumption of wear-
ables is typically a few hundred milliwatts, an order of magnitude lower than a smartphone. It
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