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)( NEH7100
o Inductorless energy harvesting PMIC with battery protection,

1. General description

The NEH7100 is a high-performance power
management IC (PMIC) for energy harvesting solutions
in low-power applications. It has a rich set of auxiliary
features, such as storage element protection, USB
charging and LDO / load switch.

The NEH7100 is optimized to harvest energy from light
sources (from a wide range of indoor and outdoor PV
cells). Other energy sources can also be used, such
as kinetic (movement, vibrations), thermal variation
and electromagnetic, but might need external auxiliary
components. The NEH7100 gathers energy from a
suitable harvester to charge a storage element, such
as a rechargeable battery or a supercapacitor.

Nexperia's advanced maximum power point tracking
(MPPT) uses an embedded hill-climbing algorithm

to deliver maximum power to the storage element.
The MPPT is compatible with any suitable harvester,
and optimizes efficiency as frequent as every 0.5
seconds for excellent performance in rapidly changing
harvesting conditions.

The NEH7100 is available in 28-lead, 4 mm x 4 mm
HVQFN28 package.

2. Features and benefits

* Harvesting power range: 15 yW to 50 mW
» Ultra-fast MPPT interval
+ Battery protection features:
« Over-voltage protection (OVP)
* Low-voltage detection (LVD)
« Over-current protection (OCP)
* USB charging up to 200 mA
» LDO with configurable output voltage
» Configurable via hard-coding or I’C
» Coldstart, supporting "battery-less" design
*  Small BOM with no inductor required
« Suitable for batteries, supercapacitors and hybrid
capacitors

3. Applications

« Smart remote controls: TV, gaming, AV control,
key-fob

*  Wireless PC devices: keyboard, mouse,
headphones

* Industrial sensors: electronic shelf labels, asset
trackers and beacons

« Tire pressure sensors
* Wearable devices: watch, body band and health
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Fig. 1. NEH7100 typical solar energy harvesting system
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4. Ordering information

Table 1. Ordering information

Type number Package
Temperature range |Name Description Version
NEH7100BU -40 °Cto 85 °C HVQFN28 |plastic, leadless thermal enhanced very thin SOT8080-1

quad flat package; 28 terminals;0.4 mm pitch;
4 mm x 4 mm x 0.85 mm body

5. Pinning information

5.1. Pinning configuration

NEH7100
SOT8080-1 (HVQFN28)
L
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Transparent top view
Fig. 2. SOT8080-1 (HVQFN28) 4 mm x 4 mm package
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5.2. Pinning description

Table 2. Pinning description

Pin Symbol Description

1 CFLY3B flying-capacitor terminal B, 3rd stage

2 CFLY3A flying-capacitor terminal A, 3rd stage

3 CDC boost converter filter capacitor

4 GND ground

5 CFLY4B flying-capacitor terminal B, 4th stage

6 CFLY4A flying-capacitor terminal A, 4th stage

7 CMPPT filter capacitor for MPPT

8 TESTMODE reserved; should be left floating

9 VBATOK indicates if battery voltage is above configured LVD level

10 DISABLE active high. Disable mode sets the device in low-power consumption. Connect to
GND to enable, connect to Vgat to disable.

1" USB USB 5V input for charging storage element connected to Vgar.

12 LDOEN LDO enable, active high. Connect to Vgar level to enable. Connect to GND to
disable

13 VLDO LDO output. LDO input is internally connected to VBAT. Connect to application load.

14 VBAT output of the energy harvester and power supply for PMIC. Connect storage element
to this pin.

15 SDA I2C serial data input / output

16 SCL I2C serial clock input

17 HC4 hard-code bit [4]. Connect to GND for a logic low, to CSTORE for a logic high

18 HC3 hard-code bit [3]. Connect to GND for a logic low, to CSTORE for a logic high

19 HC2 hard-code bit [2]. Connect to GND for a logic low, to CSTORE for a logic high

20 HCA1 hard-code bit [1]. Connect to GND for a logic low, to CSTORE for a logic high

21 HCO hard-code bit [0]. Connect to GND for a logic low, to CSTORE for a logic high

22 CSTORE internal supply pin

23 TESTMODE reserved; should be left either floating or connected to GND

24 VIN input for connecting a harvester

25 CFLY1B flying-capacitor terminal B, 1st stage

26 CFLY1A flying-capacitor terminal A, 1st stage

27 CFLY2B flying-capacitor terminal B, 2nd stage

28 CFLY2A flying-capacitor terminal A, 2nd stage

PAD GND ground pad, should be connected to ground plane with vias
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6. Specifications

6.1. Absolute maximum ratings

Table 3. Absolute maximum ratings
In accordance with the Absolute Maximum Rating System (IEC 60134). Voltages are referenced to GND (ground = 0 V).

Symbol |Parameter Conditions Min Max Unit

power converter pins:
CFLY1x, CFLY2x

Vec power converter pins:
CFLY3x, CFLY4x, CDC, -0.3 55 \Y
CMPPT, CSTORE

configuration pins:
Vconrig | DISABLE, LDOEN, SDA, -0.3 55 \Y,
SCL, HCx

-0.3 2.0 \Y

using bench power supply with low series 03 20 Vv

Vin input pin: VIN resistance

using PV-cell or current-limited source -0.3 55 Vv
Vpeower |power pins: VBAT, USB -0.3 55 \%
N input current (VIN pin) - 140 mA
T; junction temperature -50 +125 °C
Tstg storage temperature -65 +150 °C

6.2. ESD ratings

Table 4. ESD ratings

Symbol |Parameter Conditions Value Unit
VEsp electrostatic discharge HBM: ANSI/ESDA/JEDEC JS-001 + 2000 \
voltage CDM: ANSI/ESDA/JEDEC JS-002 + 500 v

6.3. Recommended operating conditions

Table 5. Recommended operating conditions

Symbol |Parameter Conditions Min Typ Max Unit
VeaT battery voltage 0 - 4.5 \%
Tamb ambient temperature -40 - +85 °C

6.4. Thermal information

Table 6. Thermal characteristics

Symbol |Parameter SOT8080-1 Unit
Ra(ja) junction-to-ambient thermal resistance 57.8 °C/W
Ra(jc) junction-to-case (top) thermal resistance 73.4 °C/W
Wity junction-to-case (top) thermal characterization parameter 25.1 °C/W
NEH7100 All information provided in this document is subject to legal disclaimers. © Nexperia B.V. 2024. All rights reserved
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6.5. Electrical characteristics

Table 7. Electrical characteristics

Vgar = 3.7 V. Typical values specified at T, = 25 °C, Min and Max values specified at Ty, =—40 °C to 85 °C. Voltages are
referenced to GND (ground = 0 V). V\pp represents the maximum power point voltage at VIN.

Symbol Parameter Conditions ‘ Min ‘ Typ ‘ Max ‘ Unit
Supplies and start-up
To start device with input power on 0 4.5 Vv
ViN
Minimum voltage to start device - 2.9 3.6 Vv
Vpar battery voltage without input power on V |y
Minimum voltage required to keep - 2 - \Y,
device running after start and
without power on V|y
IDISABLE disable mode current VDISABLE = VBAT - 13 150 nA
lq quiescent current (LDO disabled) |no input power, Vy is floating; - 15 5 MA
LDO disabled
loLpo) quiescent current (LDO enabled) |no input power, V y is floating; - 2.1 6.5 MA
LDO enabled
time from applying Vgar to rising
tstart start-up time edge of VBATOK; No input power - 720 - ms
on VIN
Power converter
VMPP =2V - 94 - %
. . VMMP =1V - 90 - %
n nominal efficiency
VMpp =05V - 85 - %
VMPP =025V - 75 - %
efficiency = 70%; Vypp =2 V - 65 - W
) efficiency = 60%; Vypp =1V - 55 - uw
PiNgow) input power range, low end —
efficiency = 50%; Vyypp = 0.5V - 45 - uw
efficiency = 40%; Vypp = 0.25V - 53 - W
efficiency = 70%; Vypp =2 V - 69 - mwW
) ) efficiency = 60%; Vypp =1V - 52 - mwW
PiNhigh) input power range, high end —
efficiency = 50%; Vypp = 0.5V - 23 - mwW
efficiency = 40%; Vypp = 0.25 V - 10 - mwW
ViIN(min) minimum input voltage Main converter active, cold - 0.23 - \Y,
start inactive; efficiency = 40%.
IIN =1 mA
fconviiow) frequency at low-end power - 30 - kHz
fconv(high) frequency at high-end power - 1.1 - MHz
tmPPT MPPT interval Set values (Table 8) 0.5 64 sec
tMPPT(acc) MPPT interval inaccuracy - 10 - %
Cold start
ViN(cs) minimum V) cold start voltage Pin> 12 pW - 270 - mV
PIN_cs(min) minimum cold start input power ViN =270 mV - 12 - uw
NEH7100 All information provided in this document is subject to legal disclaimers. © Nexperia B.V. 2024. All rights reserved
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Symbol ‘ Parameter ‘ Conditions ‘ Min ‘ Typ ‘ Max ‘ Unit
Battery protection
VBAT ovpP over-voltage protection (OVP) Set value (see Table 17) 2.7 - 45 \%
VBAT LvD low-voltage detection (LVD) Set value (see Table 18) 2.2 - 3.7 \%
VBAT(acc) over-voltage protection (OVP) - -1 - %
and low-voltage detection (LVD)
threshold inaccuracy
VLvD(hys) low-voltage detection (LVD) Voltage difference between LVD - 150 - mV
hysteresis falling and rising threshold
USB features
USB_OVP USB over-voltage Set value (see Table 17) 2.7 - 4.5 \%
USB_OCP USB over-current Set value (see Table 13) 0.5 - 200 mA
| storage element charging current - 0.8 x - mA
BAT via USB setting
Vv storage element over-voltage 5V on USB pin - -1 - o
BAT(acc) inaccuracy via USB °
| storage element charging current |5V on USB pin; relative to 0.8 x - -6 - o
BAT(acc) inaccuracy setting °
LDO features
Vipo LDO voltage Set value (see Table 14) 1.2 - 3.6 \%
Vibo(ace) LDO voltage inaccuracy ILpo =1 mA - -1 - %
maximum LDO output current V, =VLDO nom+0.5V;
ILoo(max) P VBAT Yy - 200 - mA
BAT(min) -
VLDO(drop) LDO dropout voltage ILpo = 200mA - 130 - mV
from LDO_EN rising edge until
oo on LDO turn-on time Vipo = 95%; lL.po = 200 mA; V. po - 0.5 - S
=3.6 V; VBAT =4V
AV poyline) LDO line regulation V_LDO inaccuracy over Vgat - 0.2 - %
range. lipo =1 mA; 2.5V <Vgar <
4.5V and Vgar >V po + 0.5V
Al po(ioad) LDO load regulation V_LDO inaccuracy over I po - -1.5 - %
range. ILDO <200 mA; VBAT =
VLpo(om) * 0.5 V; Vear(min) = 2.5 V
I12C parameters
I>)C_addr I>C address 3C hex
VDD(IZC) I2C bus voltage 1.2 - 4.5 \Y,
ViL SDA/SCL input logic low level - - 0.5 \%
ViH SDA/SCL input logic high level 1.0 - - V
VoL SDA output logic low level Ispa =3 mA - - 0.4 \Y,
fscL SCL clock frequency - - 100 kHz
tLow low period of SCL clock 4.7 - - us
tHiGH high period of SCL clock 4.0 - - us
tHD data hold time 300 - - ns
tsu data set-up time 250 - - ns
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Symbol ‘ Parameter Conditions ‘ Min ‘ Typ ‘ Max ‘ Unit
Logic levels
VoL_saTok(ow) | VBATOK output logic low level lsink = 1 MA - - 0.2 \%
VOH_BATOK(high) VBATOK OUtpUt |OgiC hlgh level |source =1mA VBAT - - \%
-04
VIL_LDOEN(lOW) LDO enable p|n (LDOEN) input - - 0.5 \%
logic low level
VIH_LDOEN(high) LDO enable pln (LDOEN) input 1 - - V
logic high level
VIL_Dis(low) DISABLE input logic low level - - 0.4 \%
VIH_DIS(high) DISABLE input |OgiC hlgh level VBAT - - \%
-04
NEH7100 All information provided in this document is subject to legal disclaimers. © Nexperia B.V. 2024. All rights reserved
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6.6. Typical characteristics

At recommended operating conditions; Vgar = 3.7 V; typical values are at 25°C (unless otherwise noted). Vpp represents
the maximum power point voltage at VIN.
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Fig. 3. Quiescent current vs. Vgar over temperature, Fig. 4. Quiescent current vs. Vgar over temperature,
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Fig. 9. Efficiency vs. P,, over temperature, Vypp =1V |Fig. 10. Efficiency vs. P,, over temperature, Vypp = 0.5V
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7. Detailed description

7.1. Overview
NEH7100 is an energy harvesting PMIC with a wide variety of auxiliary features as shown in the block diagram in Fig. 19.

The converter boosts the input voltage at VIN of the NEH7100 to a level suitable to charge the storage element connected to
VBAT. The MPPT block searches for the best configuration of the power converter for the highest output power. The storage
element is protected against over charging by OVP circuitry. Similarly, the LVD circuit indicates when the storage element
voltage is too low. In case the storage element is empty, the NEH7100 can resume operation via coldstart. As an alternative
to energy harvesting, the storage element can also be charged via USB. The integrated LDO connected to VBAT provides a
stable, regulated output voltage for the application. The NEH7100 can be configured via hard-code pins and 1C.

7.2. Block diagram
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CcDC
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NEH7100

ving2 Converter |  w~mPPT 14
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Fig. 19. NEH7100 functional diagram
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7.3. Feature descriptions

7.3.1. Converter /| MPPT

The main converter of the NEH7100 boosts the input voltage, V|, to the storage element voltage, Vgat. In normal operation,
VsTtore is internally connected to Vgat. Boosting factor and switching frequency of the converter are dynamically chosen by
the MPPT hill-climbing algorithm for the best efficiency. Regularly, the MPPT engine checks whether a better configuration is
available. The MPPT procedure is performed once every MPPT interval. The default MPPT interval is 1 second. The MPPT
interval can be changed via register 0x05 defining the range from 0.5 to 64 s, see Table 8.

Table 8. MPPT interval, register 0x05 <2:0>

Bit <2> | Bit <1> | Bit <0> | MPPT interval (s)
0 0 0 0.5
0 0 1 1
0 1 0 2
0 1 1 4
1 0 0 8
1 0 1 16
1 1 0 32
1 1 1 64

The MPPT search range for selecting the optimal boosting factor and switching frequency can be reduced. Both the lower
and upper search boundaries can be set via I?C. Tightening the search boundaries can help in shortening MPPT search time
and therewith (slightly) reducing current consumption. By default the full range is used by the MPPT engine.

The boosting factor (BF) boundaries can be configured via register 0x04.

Table 9. BF in), register 0x04 <1.:0> Table 10. BF jmax), register 0x04 <5:4>
Bit <1> | Bit <0> Lower boundary Bit <5> | Bit <4> Upper boundary
boosting factor range boosting factor range
0 0 2x 0 0 2x
0 1 4x 0 1 4x
1 0 8x 1 0 8x
1 1 16x 1 1 16x
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Similar to limiting boosting factor range, frequency range can also be limited. This is done via register 0x03.

Table 11. Frequencymin), register 0x03 <2:0> Table 12. Frequencymay), register 0x03 <6:4>
Bit <2> | Bit <1> | Bit <0> | Lower boundary Bit <6> | Bit <5>| Bit <4> | Upper boundary
frequency range frequency range

0 0 0 32 kHz 0 0 0 32 kHz

0 0 1 64 kHz 0 0 1 64 kHz

0 1 0 128 kHz 0 1 0 128 kHz

0 1 1 256 kHz 0 1 1 256 kHz

1 0 0 512 kHz 1 0 0 512 kHz

1 0 1 1.024 MHz 1 0 1 1.024 MHz

1 1 0 32 kHz 1 1 0 1.024 MHz

1 1 1 32 kHz 1 1 1 1.024 MHz

7.3.2. Coldstart

Normally, the NEH7100 operates from the storage element, connected to VBAT. In case the storage element is depleted,
the NEH7100 can resume operation via its coldstart feature. The device will collect energy from the harvester to power itself
(via Cstore) and subsequently charge the storage element (via Vgat). The coldstart feature of the NEH7100 implements a
controlled process, see Fig. 20. It needs a minimum input voltage of 270 mV and a minimum available input power of 12 yW
to get the device running.

X . aaa-040764
Startup Main Converter Regular Operation | Storage
Low
Cstoreok| | | OVP
2.9V [ e N ‘
Vstore / ‘
CSTORE MIN
235\ b\ : ———————————————————————————————— J---emmemee e LVD (Vbat risi'ng)
! : 1 LVD (Vbat falling)
Vbat
=2V
‘ { [PWR_DWN
0Vto ty  ty, ty  ty tg tg t; tg

Fig. 20. Coldstart sequence

At the beginning of the coldstart operation, the coldstart power converter charges Csyore using energy available from

V|N. Once the voltage across Cstore reaches 2.9 V (Cstore ok) at ty, the device starts up. At this moment, the coldstart
power converter is disabled and the main power converter is enabled. The main power converter starts charging the storage
element at Va1, Cstore is not being charged anymore. Since the main power converter consumes current from Cstore,
VsToRE Starts to go down. At tp, when it reaches 2.35 V (Cstore_min) the main power converter switches to charging
Cstore- This behavior continues to be repeated until Vgat reaches the LVD(Rising) threshold at tg, on which Vgar and
Cstore are shorted together.

The main power converter continues to charge Vgar until the OVP threshold is reached. If there is no available energy

at V|n, the storage element at Vgar and Cstore Will be discharged due to the current consumption of the chip and the
application. Once Vgt reaches the LVD(Falling) threshold while discharging, Vgar and Cstore are disconnected from each
other. The device is still turned on and checking if there is any available power on V|y. In case power is available at V|\ the
process as indicated between t4 and tg applies. In case no energy is available at V|y, Vstore keeps on lowering. Finally, if
Vstore falls below 2 V (PWR_DWN), the device is turned off. As soon as minimum power and voltage are present at V|,
the device will automatically start the sequence at tg.
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7.3.3. USB charging

In addition to obtaining energy via the harvester, the storage element can also be charged via the USB pin. The charger can
be configured for a certain current limit, see Table 13. USB charging is automatically enabled when a voltage higher than 4 V
is detected on the USB pin. The USB Charger uses CC charging until the OVP limit is reached where the charger changes
to CV charging. The nominal USB charging current is equal to 80% of the maximum charging current setting. This is done to
ensure that the maximum charging current, due to process and temperature variation, does not exceed the values shown in
Table 13.

Table 13. USB charging current, register 0x071 <2:0>

Bit <2> | Bit <1> | Bit <0> USB maximum
charging current (mA)

0 0 0 0.5
0 0 1 1

0 1 0 2

0 1 1 10
1 0 0 50
1 0 1 100
1 1 0 150
1 1 1 200

NEH7100 USB charging current is defaulted during start up to assume the HC pin configuration. The charging current level
is applied according to Table 19.

7.3.4. Application LDO

To provide the required voltage to the application, an LDO is integrated. The LDO can be enabled and disabled using the
LDOEN pin. The LDO output voltage can be set via register 0x01 over the range of 1.2 V to 3.6 V, see Table 14 as well as
Section 7.3.7.

The LDO is supplied from VBAT and can deliver 200 mA with a dropout voltage below 300 mV. Optimal closed-loop stability
requires the LDO capacitor value to be 47 yF. The capacitor should be placed as close a possible to the VLDO pin.

Table 14. LDO output, register 0x01 <5:3>

Bit <5> | Bit <4> | Bit <3> LDO output (V)
0 0 0 1.2
0 0 1 15
0 1 0 1.8
0 1 1 2.0
1 0 0 2.4
1 0 1 3.0
1 1 0 3.3
1 1 1 3.6

The LDO has a bypass mode to connect the VLDO pin to Vgar. In this case Vypo will follow Vgat instead of regulating
to the set voltage. There is also a control option on how the LDO is disabled. It can be either automatically disabled when
the internal BATOK flag drops to 0, which happens when Vgt drops below the LVD threshold, or disabled only when the
LDOEN pin voltage is set to 0 V. The bypass and LDO control can both be configured through register 0x01
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Table 15. LDO Bypass, register 0x01 <7>

Bit <7>

LDO Bypass

0

Normal mode: Operating as LDO

1

Bypass mode: LDO acts as a switch.
VvLpo Will follow Vgar when the LDO

is enabl

ed

NEH7100

Inductorless energy harvesting PMIC with battery protection, LDO, USB charging and I>’C

Table 16. LDO Control, register 0x01 <6>

Bit <6> |LDO CTRL
0 The LDO is enabled by the LDOEN
pin.

The LDO is disabled either by the
LDOEN pin or the internal VBATOK
flag.

LDO is enabled and disabled by the
LDOEN pin setting

7.3.5. Storage element over-voltage protection (OVP)

Vpar of NEH7100 is actively limited to a programmable voltage level to protect the storage element against over-charging.

The level should be chosen such that it is close to, but below the allowed maximum charge voltage as specified in the

storage element data sheet. This over-voltage protection applies for both charging via energy harvesting and charging via
USB port. The OVP level can be set via register 0x00, see Table 17 as well as Section 7.3.7.

Table 17. Over-voltage protection levels, register 0x00 <3:0>

Bit <3> | Bit <2> | Bit <1> | Bit <0> | Limit voltage (V)
0 0 0 0 2.7
0 0 0 1 2.9
0 0 1 0 3.1
0 0 1 1 3.3
0 1 0 0 3.4
0 1 0 1 3.5
0 1 1 0 3.6
0 1 1 1 3.7
1 0 0 0 3.8
1 0 0 1 3.9
1 0 1 0 4.0
1 0 1 1 4.1
1 1 0 0 4.2
1 1 0 1 4.3
1 1 1 0 4.4
1 1 1 1 45
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7.3.6. Low voltage detection (LVD)

NEH7100 measures the storage element voltage to detect a too low voltage. The LVD threshold voltage can be set via
register 0x00, see Table 18 as well as Section 7.3.7. If the storage element voltage is below the LVD threshold voltage,
VBATOK is low. The LVD rising threshold voltage is LVD falling threshold voltage plus 150 mV. When Vgt rises above the
LVD rising threshold, the VBATOK pin voltage rises to Vgar.

Table 18. Low-voltage detection levels, (falling storage element voltage) register 0x00 <7:4>

Bit <7> | Bit <6> | Bit <5> | Bit <4> LVD (V)
0 0 0 0 2.2
0 0 0 1 2.3
0 0 1 0 2.4
0 0 1 1 25
0 1 0 0 2.6
0 1 0 1 2.7
0 1 1 0 2.8
0 1 1 1 2.9
1 0 0 0 3.0
1 0 0 1 3.1
1 0 1 0 3.2
1 0 1 1 3.3
1 1 0 0 3.4
1 1 0 1 3.5
1 1 1 0 3.6
1 1 1 1 3.7
NEHT7100 Allinformation provided in this document s subject to legal disclaimers. © Nexperia B.V. 2024, Al rights reserved
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7.3.7. Hard-code settings and I°C

The NEH7100 can be configured in two ways: by hard-code settings pins HCO to HC4 or via I?C programming. The hard-
code settings enable easy configuration of the few most important parameters, while the I1>°C provide a wide range of

configurable parameters. The hard-code settings are interpreted at the moment of power-up,Vstore reaching Cstore ok
level of the device, and are not read again until the next power cycle. The HC input should be either connected to a logic
"0" (GND) or "1" (Vstore)- It is required to use Vgrore, rather than VBAT, as a logic "1" or "HIGH" reference to guarantee
correct HC settings during coldstart operation. The hard-code configuration options can be found in Table 19. An I2C

controller can communicate to NEH7100 using SDA and SCL pins on address 0x3C. Communication to the NEH7100 via
I2C is based upon a register map table, see Table 24.

Table 19. Hard-code settings

HC4 HC3 HC2 HC1 HCO OVP (V) LVD (V) LDO (V) | OCP (mA)
0 0 0 0 0 3.5 3.3
0 0 0 0 1 3.2 3.0
0 0 0 1 0 2.6 24
0 0 0 1 1 2.0
4.2 200
0 0 1 0 0 1.8
0 0 1 0 1 2.2 1.5
0 0 1 1 0 1.2
0 0 1 1 1 By-pass
0 1 0 0 0 100
3.5 3.3
0 1 0 0 1 50
0 1 0 1 0 3.0
0 1 0 1 1 2.4
100
0 1 1 0 0 2.0
0 1 1 0 1 4.0
1.8
0 1 1 1 0 3.3 50
0 1 1 1 1 1.5
100
1 0 0 0 0
1.2
1 0 0 0 1 10
1 0 0 1 0 By-pass 100
1 0 0 1 1 2.6 2.4
150
1 0 1 0 0 2.0
1 0 1 0 1 200
1.8
1 0 1 1 0 150
35
1 0 1 1 1 25 200
1.5
1 1 0 0 0
1 1 0 0 1 1.2 150
1 1 0 1 0 By-pass
1 1 0 1 1 2.0
1 1 1 0 0 1.8
1 1 1 0 1 3.1 2.2 1.5 2
1 1 1 1 0 1.2
1 1 1 1 1 By-pass
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8. Application and implementation

8.1. Typical application
A typical PV-cell application is shown in Fig. 21. Table 20 lists the Bill of Materials.

C3 C4 C5 Cé6 c7 C8
1uF 1uF 470 nF 100 nF 100 nF 100 nF

]

26| 25| 28| 27| 2| 1| 6| 5 3 7
<€ o < o < [an] < [aa] 5 I:
- - 4 N 6 o F % a o
PV-Cell > E b E b E > E @) < Rechargable
= [T [T [T [T
Voc =24V uly 6665868586656 S parht4 3.7 V Battery
22 |
X
DV o CSTORE VLDO ] o c1o
100nF T 474 T NEH7100 LDOEN 0 Tor To T
Mluse Qo VBATOK u
o o W
s = @
5V USB 5 5 <
(optional) E Lll_J a
(] (] (]

aaa-040741

Fig. 21. Typical PV-Cell application

Table 20. Bill of Materials

Quantity Reference Value Description Manufacturer Part Number
designator
u1 NEH7100 Energy Harvesting PMIC NEH7100
4 C1,Ce,C7,C8 0.1 yF £10% 10V ceramic capacitor X5R GRM155R61A104KA01J
0402 (1005 Metric)
3 C2,C9, C10 47 uF +20% 6.3 V ceramic Capacitor X5R GRM188R60J476ME15D
0603 (1608 Metric)
2 C3,C4 1 uF £20% 10V ceramic capacitor X5R GRM153R61A105ME95D
0402 (1005 Metric)
1 C5 0.47 uF £10% 10V ceramic capacitor X5R GRM155R61A474KE15D
0402 (1005 Metric)
1 PV-Cell - PV-cell with Voc = 2.4V -
1 rechargeable - 3.7 V battery -
battery
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8.2. Optimizing application, reducing number of capacitors

The NEH7100 is capable of boosting the input voltage by 2, 4, 8 or 16 times to Vgar. Depending on the used harvester and
storage element, not all boosting factors might be needed. In this case one or more boosting factors can be bypassed. The
associated capacitor(s) can be removed resulting in a reduced bill-of-material (BOM) and thus cost saving.

For best overall performance, the harvester's maximum-power-point voltage, Vypp, should fit within the configured input
voltage range. Fig. 22 depicts the overall efficiency versus the harvester's Vypp given Vgar = 3.7 V. In case a harvester is
not likely to operate in a part of the input voltage range, the input range might be reduced by excluding boosting factors. The
maximum-power-point voltage is a characteristic of a harvester and varies based on environmental conditions such as light
intensity and temperature. The Vypp of a harvester is not always explicitly mentioned in its datasheet. For PV-cells, a good
indicator for Vypp is the open-circuit voltage (Vo) parameter. The relation between Voc and Vypp:

The typical MPP ratio (Vypp/Voc) of a PV-cell is 0.8.

aaa-040765
100

NN I e —
)
/
A
l

BF 2x 4x / BF 2x

/ / VBATl: 3.7V

BII'=2x4x8x / IIN = 1 mA

40

20
BF 2;( 4x 8x 16x

Ll [

0.0 0.5 1.0 15 2.0 2.5 3.0
Vimep (V)

Fig. 22. Reduced Boosting factors

Table 21 provides the overview of V\pp range for each boosting factor combination. The overall efficiency is not affected
by reducing boosting factors if the harvester's Vypp fits within the configured voltage range. The recommended V¢ range
assumes a MPP ratio of 0.8

Table 21. Vypp range for boosting factor combinations, Vgar =3.7V

Available Vuep (V) Voc (V)
Boosting Factors
2,4,8,16 0.15t0 3 0.191t0 3.75
2,4,8 0.3t03 0.38t0 3.75
2,4 0.63t03 0.78 to 3.75
2 1.25t03 1.56 to 3.75

Fig. 23 to Fig. 26 show the four related configurations with different number of boosting factors enabled.
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Fig. 23. Boosting factors: 2, 4, 8, 16 Fig. 24. Boosting factors: 2,4, 8
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Fig. 25. Boosting factors: 2, 4 Fig. 26. Boosting factor: 2

Table 22 summarizes which capacitors can be omitted. For the reduced boosting factor configurations, a connection should
be made between the input (VIN) and a particular flying-capacitor input pin.

Table 22. Configuration for reduced boosting factors

Available Capacitor(s) Connection
Boosting Factors removed from VIN to
2,4,8,16 - -
2,4,8 C3 CFLY1A
2,4 C3,C4 CFLY2A
2 C3, C4,C5, C7 CcbC

NEH7100
Submit document feedback

Product data sheet

All information provided in this document is subject to legal disclaimers.

Rev. 1 — 17 December 2024

© Nexperia B.V. 2024. All rights reserved

20/32


https://www.nexperia.com/support/design-support/technical-support-form?subject=NEH7100

Nexperia NEH7100

Inductorless energy harvesting PMIC with battery protection, LDO, USB charging and I>’C

8.3. Harvesting efficiency

The overall efficiency (Eff) of the NEH7100 in combination with a harvester comprises two components (see Fig. 27):

1) Effeonverter  The efficiency of the power converter in the NEH7100
2) Effmatch The matching efficiency between the NEH7100 and the harvester

The total efficiency can be described as:

Eff = Effconverter * Effpacen

NEH7100 @ Storage
. Element

VIN

e

Ef'fmatch Ef'fconverter
aaa-041452

Fig. 27. Matching and converter efficiency

8.3.1. Power converter efficiency

In practice, a power converter has losses from input power (Pjy) to output power (Poyt). The ratio of the output power and
input power is typically referred to as the power-converter efficiency:

P,
Effconverter:% - 100 %

For common inductive and capacitive power converters this efficiency is in the range of 80 % to 95 %. Several
characteristics can have an impact on this efficiency, such as: ratio of the output voltage and input voltage, quality and size
of the converter capacitors. In its targeted power range the converter efficiency of the NEH7100 is about 94 %.

8.3.2. Matching efficiency

In general, power transfer between components is optimized by matching the receiving input impedance with the
transmitting output impedance. In a harvesting system it is also important to transfer power from harvester to the power
converter in the most efficient manner to minimize loss of harvested energy. How optimal the power transfer between
harvester and power converter is, can be expressed by matching efficiency.

The matching efficiency is defined as:

PIN
=5 . 0

EffmatCh Pavailable 100 %

Where P)y is the actual power at the input of the power converter and P,y ,iiapie iS the maximum power that can be achieved
at the input (which is at 100% matching).

From the graphs in Section 6.6, (Fig. 6 to Fig. 12), it can be seen that the matching efficiency as part of the overall efficiency
has a dependency on the ratio of Vyypp and Vgat. The Vpar relation can be understood from the perspective that the
capacitive power converter has a given boost factor between input and output:

Vo= VBAT
IN = boosting factor
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Where the boosting factor of the NEH7100 can be 2, 4, 8 or 16. The maximum power-point voltage (Vypp) is the voltage on
the power converter’s input where most power is delivered by the harvester.

Thus, for optimal matching efficiency a harvester should be chosen with a Vypp close to Vgat / boosting factor. Since the
efficiency of the PMIC is highest at the lowest boosting factor, this is the preferred boosting factor. In case the optimum PV
cell is not available, the impact on the overall efficiency is limited, i.e. up to about 10 %, see Fig. 12. This limited efficiency
impact is as a result of the MPPT algorithm that can change more configuration parameters of the power converter than only
the boosting factor.

8.4. Charge current measurement

For determining the best possible power converter configuration, the NEH7100 has an integrated current measurement. The
measurement engine can be used to estimate the charging current to the storage element.

The current is measured across a sense resistor. There are four possible sense resistors. Each sense resistor is dedicated
for a certain current range. Depending on the current, a sense resistor is dynamically chosen. Which current range is applied
for the measurement can be read from the |_RANGE register 0x09. After every MPPT optimization cycle, a new value is
written in |_MEASURE register 0xOA. The register value needs to be converted into a charge current.

Table 23. Calculating charge current

I_RANGE Igat (A)
0x09<1:0>
00 70.6 nA * |_MEASURE (0x0A)
01 478 nA * |_MEASURE (0x0A)
10 4.71 yA * |_MEASURE (0x0A)
11 67.5 pA * |_MEASURE (0x0A)
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Table 24. Register map

Address
(HEX)

Bits

Field name

Description
(Bold face values are reset values)

READ
WRITE

Power ON
value (HEX)

0x00

74

LvD

falling low-voltage detection level (V)

0000: 2.2

0001: 2.3

0010: 2.4

0011: 2.5
0100: 2.6

0101: 2.7

0110: 2.8

0111: 2.9

1000: 3.0

1001: 3.1

1010: 3.2

1011: 3.3

1100: 3.4

1101: 3.5

1110: 3.6

111: 3.7

3.0

OVP

over-voltage protection level (V)

0000: 2.7

0001: 2.9
0010: 3.1

0011:3.3

0100: 3.4

0101: 3.5

0110: 3.6

0111: 3.7

1000: 3.8

1001: 3.9

1010: 4.0

1011: 4.1

1100: 4.2

1101: 4.3

1110: 4.4

1111: 4.5

R/W

set by hard-
code pins
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Address
(HEX)

Bits

Field name

Description
(Bold face values are reset values)

READ
WRITE

Power ON
value (HEX)

LDO_BP

mode control of the LDO when LDOEN is
high.

0: Normal mode: Operating as LDO

1: Bypass mode: LDO acts as a switch. V| pgo
will follow Vgar

LDO_CTRL

Sets how LDO responds on VBATOK =0

0: LDO automatically disables on VBATOK = 0,
even if LDOEN is high

1: LDO acts based on LDOEN setting

0x01

5:3

VLDO

LDO output voltage (V)

000:1.2

001:1.5

010:1.8

011: 2.0

100: 2.4

101: 3.0

110: 3.3

111: 3.6

2:0

lusB_max

maximum storage element charging current
(mA) via USB

000: 0.5

001: 1

010: 2

011: 10

100: 50

101: 100

110: 150

111: 200

R/W

set by hard-
code pins

0x02

7:0

Reserved

reserved

R/W

NEH7100
Submit document feedback

Product data sheet

All information provided in this document is subject to legal disclaimers.

Rev. 1 — 17 December 2024

© Nexperia B.V. 2024. All rights reserved

2432


https://www.nexperia.com/support/design-support/technical-support-form?subject=NEH7100

Nexperia

NEH7100

Inductorless energy harvesting PMIC with battery protection, LDO, USB charging and I>’C

Address
(HEX)

Bits

Field name

Description
(Bold face values are reset values)

READ
WRITE

Power ON
value (HEX)

Reserved

reserved

6:4

f(max)

PC upper boundary frequency range

000: 32 kHz

001: 64 Hz

010: 128 kHz

011: 256 kHz

100: 512 kHz

101: 1.024 MHz

110 and 111: 1.024 MHz

0x03

Reserved

reserved

2:0

f(min)

PC lower boundary frequency range

000: 32 kHz

001: 64 kHz

010: 128 kHz

011: 256 kHz

100: 512 kHz

101: 1.024 MHz

110 and 111: 32 kHz

R/W

70

76

Reserved

reserved

0x04

5.4

BFmax

upper boundary boosting factor range

00: 2x

01: 4x

10: 8x

11: 16x

3:2

Reserved

reserved

1:0

BFmiN

lower boundary boosting factor range

00: 2x

01: 4x

10: 8x

11: 16x

R/W

30

73

Reserved

reserved

0x05

2:0

MPPT interval

MPPT interval

000:0.5s

001:1s

010:2s

011:4s

100: 8 s

101: 16 s

110: 32s

111:64 s

R/W

01

0x06

7:0

Reserved

reserved

R/W

0x07

7:0

Chip_ID

product ID and version

Chip_ID = ‘0x15’
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Address
(HEX)

Bits

Field name

Description
(Bold face values are reset values)

READ
WRITE

Power ON
value (HEX)

0x08

7:5

Reserved

reserved

OVP_OUT

OVP flag (active high)

0: Vgar is below OVP threshold

1: Vgar is above OVP threshold

LVD_OUT

LVD flag (active high)

0: Vgar is above LVD threshold

1: Vgar is below LVD threshold

SDF

shutdown flag (active high)

0: Harvesting mode, sufficient harvesting

1: Device will be in low-power consumption
mode, (too) low battery harvesting current
measured. When current increases, harvesting
will resume.

OCF

overcurrent flag (active high)

0: Igat is below OCP level as specified in Table
19

1: Igar is above OCP level as specified in Table
19

Chip_OK

Chip OK Flag — (active high)

0: cold start not done

1: cold start done, main converter on and
internal blocks started

0x09

7:2

Reserved

reserved

1:0

|_RANGE

MPPT engine latest selected current range

0x0A

7:0

I_MEASURED

MPPT engine latest current measurement.
The formula for Igat current depends on the
used |_RANGE (register 0x09<1:0>) for the
measurement.

lsar = |_MEASURED * 70.6 nA (I_RANGE 00)

lsaT = |_MEASURED * 478 nA (I_RANGE 01)

lsar = |_MEASURED * 4.71 pA (I_RANGE 10)

lsa = |_MEASURED * 67.5 pA (I_RANGE 11)
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10. Package outline

HVQFN28: plastic, leadless thermal enhanced very thin quad flat package; 28 terminals;
0.4 mm pitch; 4 mm x 4 mm x 0.85 mm body SOT8080-1
(24x) b (28x%
| e
v 8 | | |1 114 5
L(28%) | IRORURURDREORI ZWm[C[A]B
f7k4u U U 15
P !
D ‘ (a
) ‘ (-
1 — + — 140 B
D ([
110 |
h 21
NANNNN
T Az A
28 22 A
D2 31z@[c[A[8] —t
- ot
//[y1]C | N
‘ / \
‘ ! ! .
onomonQp -
1 N SEATING PLANE
(28x)
|
|
terminal 1 //’
index area ]
—
| B
alu|C i
I
D] (Al
? | | 3 mm
scale
Dimensions (mm are the original dimensions)
unith A Ay A3 b [D] Do [E] E2 [e] kK L u v w vz
max 0.90 0.05 0.25 2.7 2.7 0.5
mm nom 085 002 0% 020 9 26 0 26 94 %3 04 01 007 005 008 01 0.1
min 080 O 0.17 2.5 2.5 0.3
sot8080-1_po
Outline References European lssue date
version IEC ‘ JEDEC ‘ JEITA projection
SOT8080-1 MO-220 = @ 23-0912
Fig. 28. Package outline SOT8080-1 (HVQFN28)
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12. Legal information

Data sheet status

Document status | Product Definition

[11[2] status [3]

Objective [short] Development | This document contains data from

data sheet the objective specification for
product development.

Preliminary [short] | Qualification This document contains data from

data sheet the preliminary specification.

Product [short] Production This document contains the product

data sheet specification.

[1]1  Please consult the most recently issued document before initiating or
completing a design.

[2] The term 'short data sheet' is explained in section "Definitions".

[3] The product status of device(s) described in this document may have
changed since this document was published and may differ in case of
multiple devices. The latest product status information is available on

the internet at https://www.nexperia.com.

Definitions

Draft — The document is a draft version only. The content is still under
internal review and subject to formal approval, which may result in
modifications or additions. Nexperia does not give any representations or
warranties as to the accuracy or completeness of information included herein
and shall have no liability for the consequences of use of such information.

Short data sheet — A short data sheet is an extract from a full data sheet
with the same product type number(s) and title. A short data sheet is
intended for quick reference only and should not be relied upon to contain
detailed and full information. For detailed and full information see the relevant
full data sheet, which is available on request via the local Nexperia sales
office. In case of any inconsistency or conflict with the short data sheet, the
full data sheet shall prevail.

Product specification — The information and data provided in a Product
data sheet shall define the specification of the product as agreed between
Nexperia and its customer, unless Nexperia and customer have explicitly
agreed otherwise in writing. In no event however, shall an agreement be
valid in which the Nexperia product is deemed to offer functions and qualities
beyond those described in the Product data sheet.

Disclaimers

Limited warranty and liability — Information in this document is believed
to be accurate and reliable. However, Nexperia does not give any
representations or warranties, expressed or implied, as to the accuracy

or completeness of such information and shall have no liability for the
consequences of use of such information. Nexperia takes no responsibility
for the content in this document if provided by an information source outside
of Nexperia.

In no event shall Nexperia be liable for any indirect, incidental, punitive,
special or consequential damages (including - without limitation - lost
profits, lost savings, business interruption, costs related to the removal
or replacement of any products or rework charges) whether or not such
damages are based on tort (including negligence), warranty, breach of
contract or any other legal theory.

Notwithstanding any damages that customer might incur for any reason
whatsoever, Nexperia’s aggregate and cumulative liability towards customer
for the products described herein shall be limited in accordance with the
Terms and conditions of commercial sale of Nexperia.

Right to make changes — Nexperia reserves the right to make changes
to information published in this document, including without limitation
specifications and product descriptions, at any time and without notice. This
document supersedes and replaces all information supplied prior to the
publication hereof.

Suitability for use — Nexperia products are not designed, authorized or
warranted to be suitable for use in life support, life-critical or safety-critical
systems or equipment, nor in applications where failure or malfunction

of an Nexperia product can reasonably be expected to result in personal
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injury, death or severe property or environmental damage. Nexperia and its
suppliers accept no liability for inclusion and/or use of Nexperia products in
such equipment or applications and therefore such inclusion and/or use is at
the customer’s own risk.

Quick reference data — The Quick reference data is an extract of the
product data given in the Limiting values and Characteristics sections of this
document, and as such is not complete, exhaustive or legally binding.

Applications — Applications that are described herein for any of these
products are for illustrative purposes only. Nexperia makes no representation
or warranty that such applications will be suitable for the specified use
without further testing or modification.

Customers are responsible for the design and operation of their applications
and products using Nexperia products, and Nexperia accepts no liability for
any assistance with applications or customer product design. It is customer’s
sole responsibility to determine whether the Nexperia product is suitable

and fit for the customer’s applications and products planned, as well as

for the planned application and use of customer’s third party customer(s).
Customers should provide appropriate design and operating safeguards to
minimize the risks associated with their applications and products.

Nexperia does not accept any liability related to any default, damage, costs
or problem which is based on any weakness or default in the customer’s
applications or products, or the application or use by customer’s third party
customer(s). Customer is responsible for doing all necessary testing for the
customer’s applications and products using Nexperia products in order to
avoid a default of the applications and the products or of the application or
use by customer’s third party customer(s). Nexperia does not accept any
liability in this respect.

Limiting values — Stress above one or more limiting values (as defined in
the Absolute Maximum Ratings System of IEC 60134) will cause permanent
damage to the device. Limiting values are stress ratings only and (proper)
operation of the device at these or any other conditions above those

given in the Recommended operating conditions section (if present) or the
Characteristics sections of this document is not warranted. Constant or
repeated exposure to limiting values will permanently and irreversibly affect
the quality and reliability of the device.

Terms and conditions of commercial sale — Nexperia products are

sold subject to the general terms and conditions of commercial sale, as
published at http://www.nexperia.com/profile/terms, unless otherwise agreed
in a valid written individual agreement. In case an individual agreement is
concluded only the terms and conditions of the respective agreement shall
apply. Nexperia hereby expressly objects to applying the customer’s general
terms and conditions with regard to the purchase of Nexperia products by
customer.

No offer to sell or license — Nothing in this document may be interpreted
or construed as an offer to sell products that is open for acceptance or the
grant, conveyance or implication of any license under any copyrights, patents
or other industrial or intellectual property rights.

Export control — This document as well as the item(s) described herein
may be subject to export control regulations. Export might require a prior
authorization from competent authorities.

Non-automotive qualified products — Unless this data sheet expressly
states that this specific Nexperia product is automotive qualified, the
product is not suitable for automotive use. It is neither qualified nor tested in
accordance with automotive testing or application requirements. Nexperia
accepts no liability for inclusion and/or use of non-automotive qualified
products in automotive equipment or applications.

In the event that customer uses the product for design-in and use in
automotive applications to automotive specifications and standards,
customer (a) shall use the product without Nexperia’s warranty of the

product for such automotive applications, use and specifications, and (b)
whenever customer uses the product for automotive applications beyond
Nexperia’s specifications such use shall be solely at customer’s own risk,

and (c) customer fully indemnifies Nexperia for any liability, damages or failed
product claims resulting from customer design and use of the product for
automotive applications beyond Nexperia’s standard warranty and Nexperia’s
product specifications.

Translations — A non-English (translated) version of a document is for
reference only. The English version shall prevail in case of any discrepancy
between the translated and English versions.

Trademarks

Notice: All referenced brands, product names, service names and
trademarks are the property of their respective owners.
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