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A B S T R A C T

In this paper, a stacked 3D-technology is proposed to integrate the high voltage (HV) cLDMOS with the low
voltage (LV) CMOS using TSV. The impact of the (0.0/42.0 V) HV signal of the future automotive applications on
the performance of the LV CMOS inverter, implemented on the standard 0.35 μm BiCMOS technology, is inves-
tigated. This impact is performed utilizing a mixed mode simulation by using an equivalent SPICE models for the
CMOS devices and finite element method (FEM) for the bulk regions. The CMOS output current is taken as an
indicator for the substrate perturbations due to the switching of the applied signals. It is demonstrated that the
influence of the HV on the performance of the CMOS signal is dependent on the location of the TSV. This effect
can be minimized by adding a Pþ guard-ring between the pMOS device and the TSV using the same mask of the
nMOS P-WELL active area.

1. Introduction

Miniaturization of electronic devices has been an important drive in
microelectronics in recent years. The main focus of miniaturization has
been devoted to the integration of heterogeneous components on the
same chip (SoC). One of the most widely used methods to simplify het-
erogeneous integration is stacking integration. This stacking technique
improves the density and, effectively, reduces costs. One of the most
significant solutions to go to 3D device stacking is Through Silicon Vias
(TSV) [1–3]. There are many potential benefits for using the 3D inte-
gration. These include multi-functionality, flexible heterogeneous inte-
gration, small form factor, increased performance and reliability and
reduced power, packaging and overall cost [4,5].

In this work, smart power integration using stacked 3D-technology is
studied. In a previous work [6], we discussed the planar-integration of
the HV devices with the low voltage CMOS devices and explained the
static and dynamic coupling of this type of planar smart power integra-
tion briefly. In that planar technology, it is difficult to achieve the best
performance of all the HV and LV devices mounted on the same chip, due
to their conflicting requirements.

Our current work is based on TSV-CMOS mixed mode coupling. The
idea comes from the fact that when the MOS bulk-electrode is floating,
the bulk electrostatic potential becomes a strong function of the substrate

perturbations. Consequently, this behavior affects the value of the
threshold voltage which, in turn, varies the MOSFET drain current [7].
Also, the switching of the MOSFET drain current due to an applied square
signal is a function of the MOS and bulk capacitances [8]. So, the aim of
this work is to find the source of bulk variation: either the CMOS input
voltage or the TSV HV signal and hence evaluate the impact of the TSV on
the CMOS inverter. The CMOS devices used were implemented using the
standard layers of the 0.35 μm BiCMOS technology which is a STMi-
croelectronics technology like.

Basic simulations are performed by using FEM for the bulk regions
and the SPICE models for the CMOS devices. This mixed-mode simula-
tion is performed using sentaurus TCAD program packages [9]. The Spice
model parameters are extracted using the ICCAP extraction program
[10].

2. Approach

The proposed stacked 3D-technology is illustrated schematically in
Fig. 1(a). In this figure, the (0.0/42.0 V) HV signal is extracted from the
HV complementary Lateral Double-diffused MOSFET (cLDMOS) through
the TSV or multiple TSVs to the top electrodes. The diameter of the TSV is
taken as 5 μm, while its length is assumed to be 100 μm (Ø
5 μm� 100 μm). Further, the technological and physical parameters of
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the cLDMOS are found in Ref. [11]. So, this HV signal may affect the
behavior of the LV CMOS, which is implemented in higher layers.

The CMOS inverter bulk electrodes are connected to the active re-
gions contacts to study the substrate perturbations due to the effect of the
(0.0/42.0 V) TSV HV digital signal of the future automotive application.
In the simulations, a frequency of 200MHz is used for the applied square
signals and a load capacitor of 300 pF is plugged at the inverter output. A
supply voltage (Vþ) of 1.2 V and a CMOS input voltage (vin) of (0.0/1.2 V)
are chosen for the simulation to overcome conversion problems. The
signals' levels are shown in Fig. 1(b).

3. 2D TSV-CMOS mixed mode coupling

In this section, the 2D structure of the active regions of the CMOS is
considered to study the effect of TSV location (near the nMOS or pMOS)
on the electrical performance of low voltage MOS devices. Fig. 2 shows
different methods of TSV locations. The figure indicates the cross-
sections that are taken through the nþ-polysilicon of the TSV. The nþ-
poly is considered as the HV electrode carrying the (0.0/42.0 V) HV
signal that is extracted from the cLDMOS, vTSV. In these structures, the
width of the N-WELL and P-WELL is equal to 6 μm and the thickness of
the N-Epi is 1 μm.

3.1. The TSV in the nMOS side

In this case, the TSV is placed near the nMOS device. In this structure,
the TSV coupling is studied in two cases; one when the bulk contact of the
nMOS is floating and the other case when the bulk contact of the pMOS is
floating.

3.1.1. The bulk contact of the nMOS is floating
The 2D structure is illustrated in Fig. 2(a), with the TSV is placed near

the nMOS device with TOX_TSV¼ 0.5 μm, and Vþ¼ 1.2 V. In this structure,
the pMOS bulk and source electrodes are shorted and only the impact on
the nMOS is considered as shown in the figure.

The potential distribution in the TSV-CMOS structure is shown in
Fig. 3(a). It can be depicted that the total voltage across the structure is
divided into two portions. The first portion across the TSV oxide is nearly
half of the TSV voltage. The other half is dropped across the depleted
region in the substrate. Additionally, there is a few electrostatic potential
contours in the active regions of the MOS devices. The waveforms of the
TSV and CMOS input voltages and the output current waveform (the load
capacitor current) are shown in Fig. 3(b). From the figure, the current is
switching w.r.t the CMOS input waveform and the digital HV signal

through the TSV has nearly no effect.
The effect of the TSV spacing, Ls, on the CMOS output current

waveform is reported in Fig. 4. It is observed that, the impact of the HV
signal on the output current decreases with increasing Ls.

3.1.2. The bulk contact of the pMOS is floating
The 2D structure of this case along with the potential distribution are

shown in Figs. 2(b) and 5(a), respectively. In this case, it is clearly
observed that a large amount of the TSV voltage is dropped across the
TSV oxide and a small part across the depleted region in the substrate.
The waveforms of the TSV and the CMOS input voltages and the output
current waveform are shown in Fig. 5(b). The current is switching w.r.t
the CMOS input waveform. Further, the HV signal of the TSV has no
effect as indicated in the figure.

3.2. The TSV in the pMOS side

Here, the TSV coupling is studied in two cases; one when the bulk
contact of the nMOS is floating and the other case when the bulk contact
of the pMOS is floating.

3.2.1. The bulk contact of the nMOS is floating
The 2D structure is shown in Fig. 2(c) for the case of floating nMOS

bulk contact. From the potential distribution in the TSV-CMOS structure
(see Fig. 6(a)), we can observe that approximately all the TSV voltage is
applied on the TSV-oxide and there are nearly no potential contours in
the substrate and the active regions of the devices. Thus, based on these
simulations, it is important to implement the TSV with an oxide thickness
sufficient to support the applied voltage.

The waveforms of the TSV and CMOS input voltages and the output
current are shown in Fig. 6(b). It is clear from the figure that the output
current is switching w.r.t the CMOS input waveform.

Moreover, the effect of the TSV spacing, Ls on the CMOS output
current waveform is shown in Fig. 7. There is no change in the output
current waveform with changing Ls, as the N-WELL and N-Epi act as a
guard region for the bulk of the nMOS.

3.2.2. The bulk contact of the pMOS is floating
The 2D structure of this case is shown in Fig. 2(d). In this case,

approximately all the TSV voltage is applied on the TSV-oxide as can be
depicted from the potential distribution shown in Fig. 8(a).

The waveforms of the TSV and CMOS input voltages and the output
current waveform are shown in Fig. 8(b). It is clearly observed that the
CMOS output current is a strong function of the vTSV signal (as illustrated

Fig. 1. (a) Proposed stacked 3D-technology, and (b) signals' levels used in simulations.
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