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Abstract—This paper presents a novel reset scheme 
for mm-scale sensing systems with stringent volume 
and area constraints. In such systems, multi-layer 
structure is required to maximize the silicon area per 
volume and minimize the system size. The multi-layer 
structure requires wirebonding connections for power 
delivery and communication among layers, but the 
area overhead for wirebonding pads can be 
significant. The proposed reset scheme exploits 
already existing power wires and thus does not 
require additional wires for system-wide reset 
operation. To implement the proposed reset scheme, a 
power management unit is designed to impose reset 
condition, and a reset detector is designed to interpret 
the reset condition indicated by the power wires. The 
reset detector uses a coupling capacitor for the initial 
power-up and a feedback path to hold the developed 
supply voltage. The prototype reset detector is 
fabricated in a 180-μm CMOS process, and the 
measurement results with the prototype mm-scale 
system confirmed robust reset operation over a wide 
range of temperatures and voltages.    
 
Index Terms—Wireless sensor node, IoT, mm-scale 
sensor system, low power    

I. INTRODUCTION 

Continuous efforts [1]-[5] have led to the 
miniaturization of sensor systems, enabling 
unprecedented applications such as implanted diagnostic 
sensors and pervasive environmental monitoring sensors. 
Recently, as a result of the continued miniaturization 
trend, millimeter- (mm)-scale sensors [6][7] have been 
realized. Achieving volumes of only a few cubic 
millimeters has been critical for certain applications. For 
example, with implanted diagnostic sensors, mm-scale 
volume can minimize the invasiveness of implant surgery 
and reduce the impact on the surroundings once 
implanted in live organizations. 

Fig. 1 shows a prototype mm-scale system with a 
pressure sensor in 9.3 mm3 volume [8]. For a system 
capable of pressure sensing, data processing, radio data 
transmission and energy harvesting, the required silicon 
area can easily exceed 10 mm2. To accommodate such a 
large silicon area in a mm-scale system, stacked thinned 
integrated circuit (IC) layers must be used, as shown in 
Fig. 1. In such a configuration, an inter-layer wired 
connection is required for power delivery and 
communication. Through-Silicon Vias (TSVs) can be 
used to make such connections, but manufacturing multi-
layer systems with TSVs is very expensive and can be 
challenging if each IC layer is fabricated with a different 
technology. Therefore, bonding wires are used in [6]-[8] 
to make these connections. 

For a bonding wire connection, wirebonding pads 
should be prepared on each IC layer. With IC layers ~1 
mm in width, there is room for only a limited number of 
wirebonding pads, as shown in the wirebonding plan in 
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Fig. 2 for the prototype mm-scale sensor system [8]. 
Therefore, in mm-scale systems, it is critical to allocate 
the minimum number of wires for power delivery and 
data communication. 

Reset is one of the most critical functions in any 
system. By forcing the initial state of a system to a 
known state, the system can successfully boot up and run 
the predetermined operations in a predictable fashion. 
For this reason, each analog or digital circuit typically 
has a reset input for proper initialization. In multi-layer 
systems, a system-wide reset signal is required, which 
can be fed to reset the input of each analog or digital 
circuit so that all sub-modules in the system can be reset 
and/or released from reset simultaneously. Therefore, 
this reset should be propagated through inter-layer wire 
connection. However, due to size constraints, allocating 
additional wirebonding pads could be very expensive. 
For example, in the wirebonding plan shown in Fig. 2, 
the wirebonding area is already fully occupied with pads 
for power and data transmission, and the only way to 
allocate additional pads is to increase the width of each 
layer. Therefore, it is extremely helpful if reset can be 
performed without additional pads. 

In this paper, a new reset scheme with zero pad 
overhead achieved by manipulating power lines and 
utilizing ultra-low power reset detectors in each layer, 
initially proposed in [6], is discussed in detail. Two 
power lines develop their voltage with time delay, and 
the reset detectors use the delay to generate reset signals 

for the circuits. By using already existing wires, the 
proposed scheme helps avoid the need for additional 
wirebonding pads and increased silicon area.  

This paper is organized as follows. Section II describes 
the proposed reset propagation strategy in a mm-scale 
sensing system with multi-layer structure. Section III 
discusses the circuit design of the ultra-low power 
variation-tolerant reset detector. Section IV shows the 
measurement results, and the conclusion is given in 
Section V. 

II. MULTI-LAYER STRUCTURE & PROPOSED 

RESET PROPAGATION STRATEGY 

Fig 1 shows the conceptual diagram for a prototype 
mm-scale sensor system with a multi-layer structure. The 
prototype sensor system consists of 7 IC layers – Solar, 
Harvester, Sensor, Control, Radio, Decap and Battery – 
and 1 MEMS pressure sensor at the bottom. The Solar 
layer on top includes photovoltaics to enable solar energy 
harvesting. The Harvester layer includes a switched 
capacitor-based DC-DC converter to convert variable 
photovoltaic output voltage (0.2–0.6 V) to high voltage, 
which is suitable for charging Li thin-film battery (3.6-
4.2 V). The Sensor layer includes a temperature sensor 
and a capacitance-to-digital converter (CDC) for 
digitizing pressure values sensed by the MEMS pressure 

 

Fig. 1. An example of millimeter-sensing systems with multi-
layer structure and its simplified diagram [8]. 
 

 

Fig. 2. Wirebonding plan (top view) of the Prototype mm-scale 
sensor [8] shown in Fig. 1. 
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sensor. The MEMS pressure sensor’s capacitance 
changes with pressure; the CDC digitizes pressure values 
by converting this capacitance to a digital number. The 
Control layer includes an ARM Cortex-M0® processor, a 
3kB SRAM memory, a power management unit (PMU), 
an optical receiver [9] and a battery voltage supervisor 
(BVS) [10]. The PMU generates power supply voltages 
that are lower than the raw battery voltage (3.6-4.2 V) for 
energy efficient operation, 1.2 V for various analog 
circuits and 0.6 V for digital circuits. The Radio layer 
employs a 900 MHz near-field radio transmitter to send 
measured and processed data to the user. Finally, the 
Battery layer is a Li thin-film battery with 2 μAh 
capacity.  

Fig. 3 shows the simplified block diagram of the 
prototype mm-scale sensor system. Three different 
supply voltages are provided to each IC layer: VBAT is 
supplied by the battery, and 1.2 V and 0.6 V (indicated as 
V1P2 and V0P6, respectively, in Fig. 3) are generated 
from VBAT by the PMU in the Control Layer. In 
addition to these power connections, data and clock wire 
connections allow serial communication among the 
layers [11].  

The proposed reset scheme, implemented without 
assigning additional wires, is explained with Fig. 3 and 
Fig. 4. A BVS in the Control Layer initiates the reset 
process. The BVS continuously monitors the battery 

voltage and shuts down the system when the voltage is 
lower than the predetermined threshold (VOFF) to prevent 
any malfunction that can occur when function blocks are 
supplied with insufficiently high voltages. Under this 
condition, the BVS internally disables the PMU and the 
output voltages at V1P2, and the V0P6 power rail is kept 
as 0 V. When the energy harvester charges the battery or 
the battery is replaced, the battery voltage can reach the 
other threshold voltage (VON), which is the safe range for 
V1P2 and V0P6 generation. The BVS enables the PMU 
(① in Fig. 3 and 4) at this point, and the PMU starts 
providing currents to power rail V1P2 and V0P6 
sequentially with delay (②). When V1P2 is stabilized, 
and V0P6 is not yet enabled, a reset detector in each 
layer detects this condition and generates a reset signal 
for its respective layer (③). When the V0P6 supply 
reaches a safe range, the reset is released. 

Fig. 5 shows how the PMU generates V1P2 and V0P6 
in sequence. The PMU generates V1P2 and V0P6 by 
dividing the battery voltage by 6 using a fully-integrated 
switched-capacitor (SC) DC-DC converter. The PMU is 
controlled by a finite state machine (FSM), which is 
clocked by an ultra-low-power slow oscillator with <10 
Hz frequency. The PMU pulls down nodes N1 and N2 to 
ground with pull-down transistors M1 and M2 when the 
BVS disables the PMU. As the BVS enables the PMU, 
M1 is turned off, and M3 is turned on, connecting N2 to 
V1P2, and a 2.3-nF capacitor in the decoupling capacitor 
layer is charged by the PMU. At this point, M4 is still 

 

Fig. 3. System diagram of the multi-layer sensing system and 
proposed reset propagation flow. 
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Fig. 4. Signal waveforms for reset propagation. 
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turned off, and V0P6 remains at 0 V. After a clock period 
of the slow oscillator, N1 is connected to V0P6, and M2 
is turned off to raise V0P6 node voltage. The delay 
between V1P2 and V0P6 generation is determined by 
one clock cycle period of the slow oscillator, which is 
sufficient time for V1P2 to reach a stable voltage. The 
rise time of V1P2 is measured as 46 ms.   

III. CIRCUIT DESCRIPTION 

For reliable operation of the reset process described in 
Section II, careful reset detector design is required. A 
reset detector must be located in each layer and needs to 
precisely detect the reset condition – V1P2 being high 
and V0P6 being low – to generate a reset signal for the 
corresponding layer. Such operation can be achieved 
with a circuit based on a split-control level converter 
(SLC) [12] with proper modification. 

Fig. 6 shows the original SLC, which is designed to 
stably convert the voltage level of the input signal IN 
from VDDL to VDDH. To utilize it as reset detector, 
VDDH and VDDL can be supplied with V1P2 and V0P6, 
respectively, and the input can be connected to V0P6. 
Such a configuration makes the SLC’s output (OUT) as 
active low reset (=Resetn). When both V1P2 and V0P6 
are at their full level (1.2V and 0.6V, respectively), the 

SLC operates as a regular level converter: the low-
voltage differential inputs are generated by an inverter 
powered by VDDL, and the main pull-down NMOS 
stacks accept differential inputs to stably generate OUT 
signal at 1.2 V, which indicates non-reset conditions. 
However, when V0P6 is low, VDDL supply for the input 
inverter is removed, and 0 V is applied to both main pull-
down NMOS stacks, generating unknown output. 
Therefore, modification is required to make the reset 
detector functional in this condition. 

Fig. 7 shows a new SLC-based reset detector circuit. 
The problem in the previous circuit is solved by 
introducing a coupling capacitor (CCOUPLE) and a pull-up 
NMOS (MPG), generating a new power supply path for 
the input inverter (INV) even when V0P6 is at low level. 
Fig. 8 depicts the detailed operation of the reset detector. 
In the first phase 1( ,)f  the PMU increases the V1P2 
supply voltage, and the coupling capacitor CCOUPLE pulls 
up the supply voltage of the inverter (NX). Since V0P6 is 
still at 0 V, MN1 in INV and MN3 are kept turned off, 
whereas the gate of MN2 can be pulled up thanks to the 
coupled supply voltage VCP, generating differential input 
to the main latch structure. Therefore, NY is pulled up, 
and the reset signal (Resetn) is pulled down as desired.  

In the second phase 2( ,)f  where V1P2 stays high and  

 

Fig. 5. Circuit diagram of PMU for generating V1P2 and V0P6 
with delay. 
 

 

Fig. 6. Split-control level converter (SLC) [12] for generating 
reset signal from two different voltage domains and its problem 
when used as a reset detector. 
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V0P6 stays low, the voltage level of NX can be reduced 
by leakage current. To hold NX sufficiently high for an 
arbitrary length of time, MPG must be placed in parallel 
with CCOUPLE. MPG is turned on when NY − NX > Vthn, 
where Vthn is the threshold voltage of MPG. Thus, Nx is 
kept at approximately ‘NY − Vthn.’ Since MN2 is turned on 
(INB = V1P2), and MN3 is turned off (IN = 0V), NY 
approaches V1P2, as shown in Fig. 8(c). Therefore, NX is 
kept at approximately ‘V1P2 − Vthn,’ as shown in Fig. 
8(b). Fig. 9 shows how Nx is maintained in high leakage 
conditions (simulation with fast corner and high 
temperature). With the boosted leakage current, the 
voltage of NX drops faster but does not drop below 
~0.8 V in the second phase 2( ,)f  which is sufficient 
voltage to turn on MN2. 

In the last phase 3( ,)f  PMU increases the V0P6 
supply, and the input voltages of the differential pair are 
now changed: NY becomes high, and NZ become low, 
pulling up the output (OUT=Resetn) high. If INV is 
supplied with a voltage larger than the V0P6 voltage, 
short circuit current can flow through INV since the input 
voltage is not high enough to turn off PMOS in INV. To 
prevent this issue, MPG is turned off by NY, which makes 
NX float and become slowly discharged by leakage 
current. Meanwhile, V0P6 turns on MN1 and forces the 
pull-down of INB to 0V, ensuring robust operation of the 
main latch structure.  

In the first phase 1( ,)f  it is critical to ensure that 
sufficient charge is supplied to node NX to hold INB high 
in the beginning until MPG is turned on by the feedback 

 

Fig. 7. Circuit diagram of proposed reset detector. 
 
 

 

(a) 
 

 

(b) 
 

 

(c) 

Fig. 8. Node voltage waveforms from simulated reset detector. 
 

 

Fig. 9. Simulated behavior of node NX voltage with FF corner 
across temperatures. 
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through the main latch structure. Fig. 10 shows the 
simulated effect of coupling capacitance on NX. With 
small CCOUPLE, voltage at the node NX cannot be coupled 
high enough due to parasitic capacitances, and 
occasionally fails to initiate reset detection because 
process variation: voltage differences among the 
differential input signals are not large enough to create 
feedback. This results in the failure of reset generation 
with device mismatch. Our simulation showed that at 
least 10 fF of CCOUPLE capacitance is required for robust 
operation. In our test chip fabrication, CCOUPLE of 32 fF is 
chosen to make it tolerant to process, supply and 
temperature (PVT) variation.  

Fig. 11 shows the simulation result with PVT variation 
when the V1P2 rise time is 100 ms. For each voltage and 
temperature corner, 1k-sample Monte Carlo simulation is 
performed. The simulation results suggest that no 
function failure and high NX (> 0.6V) are observed for a 
wide range of PVT values. Fig. 11(a) shows that higher 

NX is observed with lower temperatures (0oC and 25oC) 
since coupled voltage NX is less disturbed by leakage 
current. At 80 oC, higher leakage makes NX discharge 
faster. However, MPG prevents NX from being discharged 
below 0.6 V.  

The rise time of V1P2 is related to the charge pumping 
strength of the SC DC-DC converter in the PMU. The 
strength can vary with oscillator frequency and the 
capacitance of the flying capacitors in the SC DC-DC 
converter. Fig. 12 shows the simulation results with 100× 
faster V1P2 rise time (1 ms) than that observed for the 
case shown in Fig. 11. Thus, the designed reset detector 
can be used in the systems allowing higher power 
consumption. 

 

(a) 
 

 

(b) 

Fig. 10. Voltage of node NX with different coupling 
capacitance from 1k-sample Monte Carlo simulations (a) 
Maximum voltage, (b) Final voltage. 
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                 (a)                     (b) 

Fig. 11. Voltage of NX with 100-ms V1P2 rise time across 
V1P2 voltages and temperatures from 1k-sample Monte Carlo 
simulations (a) Maximum value, (b) Final value. 

 

                

                 (a)                     (b) 

Fig. 12. Voltage of NX with 1-ms V1P2 rise time across V1P2 
voltages and temperatures from 1k-sample Monte Carlo 
simulations (a) Maximum value, (b) Final value. 
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IV. MEASUREMENT RESULTS 

Two test chips were fabricated in a 180-nm CMOS 
process to verify the proposed reset detection circuit. Fig. 
13(a) and (b) show the Control Layer of the prototype 
system in [8] and the standalone test chip for reset 
detector, respectively. The proposed reset detector was 
also fabricated on a few different processes, including 
65-nm and 130-nm CMOS, to confirm its system-level 
operation and functionality with other layers in [8]. 
However, only the test results with 180-nm process will 
be discussed in this section since the standalone test chip 
is the only prototype which allows full observation and 
analysis. 

V0P6 is changed from 0 V to 0.6 V. This delay 
ensures that each layer is properly reset with a long time 
period. When the PMU outputs V0P6, a short voltage 
drop of 200 mV is observed at V1P2 due to charge 
sharing between the internal nodes of the PMU and the 
non-charged 2.0-nF decoupling capacitor at the V0P6 
node. Fig. 14(b) shows that the rise time of V1P2 is 46 
ms, which is determined by the charge pumping strength 
of the PMU and the decoupling capacitance value. 

To verify the reset detector operation, V1P2 and V0P6 
generated by the Control Layer are connected to the 
standalone reset detector. Fig. 15 shows the voltage 

waveforms of VBAT, V1P2, V0P6 and reset detector 
output (OUT). OUT is the inverted reset signal (Resetn), 
and it becomes high when V1P2 and V0P6 are both high. 
This signal stays low before V1P2 is raised high since 
the power supply of the reset detector (V1P2) is 0 V. 
This is correct operation since a) Reset = 1 when V1P2 = 
high and V0P6 = low, and b) Reset = 0 when V1P2 = 
high and V0P6 = high.  

Fig. 16 shows the measured delay from V0P6 to 
output for five reset detector chips at varying V1P2 
voltages, temperatures and V1P2 rise times. V0P6 is set 

PMU

Reset 
Detector

(32μm ×10μm) 

2400μm

(a)
 

(b) 

Fig. 13. Die photo (a) Control layer, (b) Standalone version of 
Reset detector. 
 

 

Fig. 14. Measured V1P2 and V0P6 generation by PMU in 
control layer for reset operation (a) Full view, (b) Zoom-in for 
V1P2 generation. 
 

 

Fig. 15. Measured reset propagation from standalone reset 
detector connected to control layer.  
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to one half of V1P2. In all of the conditions, the reset is 
released within 3 ms after V0P6 is raised, which 
confirms the robust reset detector operation over PVT 
variations. The reset release delay is shorter at higher 
temperature and higher V1P2 due to faster latch speed. 
Even at low temperature and low V1P2, the delay 
(< 3 ms) is considerably shorter than the reset period 
with 3.2 seconds. 

V. CONCLUSION 

In this paper, a new reset scheme for a miniature 
sensing system with multi-layer structure is proposed. By 
utilizing already existing power wires, it does not require 
additional wire for a reset signal and thereby helps save 
area for a wirebonding pad that is not negligible in a 
volume-constrained miniature sensing system. A new 
reset condition detector circuit is also proposed that 
interprets the reset condition from the power wires and 
generates a reset signal in each layer. The prototype 
chips are fabricated in a 180-nm CMOS process, and the 
measurement results show robust operation across 
temperatures and voltages.  
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