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SUMMARY This paper describes an in-depth analysis of crosstalk in a 

high-bandwidth 3D-stacked memory using a multi-hop inductive coupling 

interface and proposes two countermeasures. This work analyzes the 

crosstalk among seven stacked chips using a 3D electromagnetic (EM) 

simulator. The detailed analysis reveals two main crosstalk sources: 

concentric coils and adjacent coils. To suppress these crosstalks, this paper 

proposes two corresponding countermeasures: shorted coils and 8-shaped 

coils. The combination of these coils improves area efficiency by a factor 

of 4 in simulation. The proposed methods enable an area-efficient inductive 

coupling interface for high-bandwidth stacked memory. 
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1. Introduction 

The growth of deep neural networks (DNNs) has been 

increasing the demand for large-capacity and high-

bandwidth memory. To meet this demand, high-bandwidth 

memory (HBM), which is a 3D-stacked DRAM module 

(3D-DRAM), has attracted much interest [1–3]. 

Communication among 3D-DRAMs and a base die are 

achieved using through-silicon vias (TSVs), which are 

mechanical die-to-die electrodes through chips. The HBM 

has achieved large capacity and high bandwidth thanks to 

multiple-die stacks and thousands of TSVs, respectively. In 

addition, a 3D-stacked SRAM module (3D-SRAM) using 

TSVs and μ-bumps, which is fabricated in a state-of-the-art 

7-nm FinFET process and stacked on a system-on-chip 

(SoC), has been proposed as well [4, 5]. However, a TSV 

has a high cost, low yield, and low reliability due to the 

necessity of additional complicated manufacturing 

processes and the exposure of the electrodes. 

To address these TSV issues, a wireless inter-chip 

communication technology using inductive coupling, 

namely the ThruChip Interface (TCI), has  emerged [6–8]. 

TCI achieves low-power high-speed wireless 

communication using on-chip coils. Though TSVs need 

additional manufacturing steps, TCI is compatible with a 

standard complementary metal-oxide semiconductor 

(CMOS) process, leading to low costs. TCI enables high 

reliability and low-power high-speed communication thanks 

to the elimination of physical contacts and electrostatic 

discharge (ESD) protection circuits, respectively. Therefore, 

TCI is a promising low-cost high-performance inter-chip 

communication technology to replace TSVs. 

A 3D-SRAM stacked on a DNN accelerator using inductive 

coupling has been proposed [6, 7]. The wireless connection 

is conducted by using a multi-drop inductive coupling 

interface (multi-drop TCI). Though the multi-drop TCI is 

suitable for low-power applications, it has issues with area 

efficiency [Tb/s/mm2] because it requires large coils. The 

multi-drop TCI requires 200-μm-square coils to cover the 

64-μm communication distance (eight 8-μm-thick chips), 

while the minimum pitch of μ-bumps connecting TSVs is 

40–60 μm. In [8], an area-efficient multi-hop inductive 

coupling interface (multi-hop TCI) was proposed. In the 

multi-hop TCI, the relay transmission is conducted by using 

about 20-μm-square coils until the data arrive at a target 

memory chip. 

However, while both horizontal crosstalk discussed in [9] 

and the newly-introduced vertical crosstalk from coils on 

multiple stacked-dies need to be evaluated, [8] reported 

local crosstalk only from coils on the same die. Therefore, 

this work conducts a detailed analysis of crosstalk and 

proposes two countermeasures [10]. 

This paper is organized as follows. Section II explains a 3D-
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Fig. 1  3D memory using multi-hop inductive coupling interface along 

with arrangement of coils [8]. 
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stacked memory module using TCI, evaluates a baseline 

crosstalk model, and raises two problems, followed by the 

proposal of two countermeasures; shorted coils and 8-

shaped coils. Section III shows simulated results of the 

proposed methods and performance comparisons with the 

baseline. The simulation results show the proposed methods 

improve the area efficiency by a factor of 4. Section IV 

concludes this paper. 

2. Proposed Shorted and 8-Shaped Coils 

2.1 Baseline Analysis 

Fig. 1 illustrates a 3D-stacked memory module along with 

the arrangement of coils. All memory dies have the same 

coil patterns and only necessary coils are enabled, which 

helps stacked-dies to be made from common mask sets. As 

shown in Fig. 1 (a), relay transmission is done until the data 

reach a target memory die (memory #4 in the figure) in the 

downlinks. Then, for a read operation, read data are relayed 

back to the base die in the same manner in the uplinks. The 

transmitters are enabled right before they are about to be 

used. In this work, the chip thickness and coil diameter are 

set to 8 μm and 20 μm, respectively, where the diameter of 

TCI coils is recommended to be set to 2.5 times as large as 

the communication distance [11–13]. To evaluate crosstalk, 

the pitch of the coils is regarded as a parametric parameter 

P, which affects both crosstalk and area efficiency. 

Fig. 2 shows simulated results of crosstalk in the 

aforementioned baseline. Fig. 2 (a) illustrates simulation 

conditions with the coil arrangement. The coil receiving 

maximum crosstalk is on the center chip (memory #4). 

Therefore, a victim coil is designated to a coil in memory #4, 

and aggressor coils are on the same chip (memory #4), three 

upper chips (memory #5–7), and three lower chips (memory 

#1–3). The size of the simulated plane is set to 5×5. In short, 

the crosstalk from 5×5×7 cubic dimensions is considered in 

simulation. To make it easier to see the contributions of each 

aggressor, the coils, which are relatively located in the same 

position seen from the victim, are grouped as you can see in 

the figure. 

Fig. 2 (b) illustrates the simulated crosstalk results of the 

baseline. The crosstalk is evaluated in the interference-to-

signal ratio (ISR), defined as the crosstalk voltage amplitude 

level normalized by the signal voltage amplitude level, 

based on the 3D electromagnetic (EM) simulation and 

SPICE simulation. The larger the pitch, the smaller the 

crosstalk and the worse the area efficiency. Hence, there is a 

trade-off between the ISR and area efficiency. At a pitch of 

40 μm, the three largest crosstalks come from Grp7, Grp0, 

and Grp5 in order. Grp7 is concentrically arranged with the 

victim. Grp0 and Grp5 are arranged right beside the victim 

in the same chip and two chips away, respectively. Therefore, 

the crosstalk from a concentric coil and adjacent coils has to 

be reduced for a high-density coil’s arrangement. 

2.2 Shorted Coil 

First, we propose shorted coils to reduce the crosstalk from 

a concentric coil (Grp7). When a magnetic field penetrates 

the looped conductive region, the current, namely the eddy 

current, flows through that loop and the magnetic field 

attenuates. The looped conductors between the transmitter 

(Tx) and receiver (Rx) coils lead to a small received signal 

and low energy-efficiency. In this work, we intentionally 

make looped conductors between the victim and aggressor 

to reduce the crosstalk without any change of the floorplan 

and packaging method. 

As seen in Fig. 1 (a), there are many unused coils in the 

memory chips. If those unused coils are at an open state as 

shown in Fig. 3 (a), the magnetic field easily penetrates them. 

However, if those unused coils are shorted with the 

resistance as shown in Fig. 3 (b), the magnetic field 

attenuates because the eddy current flows through the 

shorted coils. This is how the crosstalk from a concentric 

Fig. 3  Proposed shorted coils. 

 

Fig. 2  Baseline crosstalk simulation results. 
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coil is reduced. 

Though a similar method to reduce the crosstalk by 

intentionally exploiting the eddy current is discussed in [14], 

the method requires additional metal plate layers and its 

additional packaging steps, which results in a larger coil 

diameter and higher cost, respectively. In this paper, since 

we use unused coils to reduce the crosstalk, we can keep the 

size of the coils and require no additional manufacturing 

steps, leading to high-density I/O and low costs. 

2.3 8-shaped Coil 

Second, we propose 8-shaped coils to reduce the crosstalk 

from adjacent coils (Grp0&5). Fig. 4 illustrates the basic 

concept of 8-shaped coils, which are composed of two 

inversely-turned rectangular coils. When the current IL and 

IR flows into the Tx coil, magnetic fields BL and BR are 

generated in opposite directions to each other. The transition 

in the magnetic field induces voltages VL and VR in the Rx 

coil. Therefore, the total received voltage is VRX=VL+VR.  

Since 8-shaped coils wirelessly communicate by using 

differential magnetic fields, a differential Rx coil can cancel 

the common-mode magnetic field. In this work, the adjacent 

coils are rotated 90 degrees as shown in Fig. 5. When the 

currents IL and IR flow into the adjacent Tx coil, the magnetic 

fields BL and BR are generated in the opposite direction. Note 

that BL and BR have the same absolute magnitude and are in 

opposite directions. Although the left-sided Rx coil receives 

BL,L and BR,L, no voltage is induced because BL,L and BR,L 

have the same absolute magnitude and are in opposite 

directions; hence, BL,L+BR,L=0. The right-sided Rx has no 

induced voltage for the same reason. This is how the 

crosstalk from adjacent coils is reduced thanks to the 8-

shaped coils. 

Although the 8-shaped coils are used to demonstrate 

wireless full-duplex communication in [15], this paper 

exploits it to reduce the adjacent crosstalk and achieve high-

density coil placement. 

3. Results and Comparisons 

3.1 Simulation Results 

The crosstalk analysis results with the proposed shorted 

coils and 8-shaped coils are shown in Fig. 6. Fig. 6 (a) 

illustrates the 8-shaped-coil arrangement with shorted coils. 

To make a fair comparison with the baseline, the 8-shaped 

coils have a 36-μm diameter, where 20-μm standard coils 

and 36-μm 8-shaped coils have the same mutual-inductance 

because small 8-shaped coils have a low coupling 

coefficient. 

Fig. 6 (b) shows the crosstalk simulation results. The short 

resistance is set to 150 Ω with the transistor’s on-resistance 

taken into account. The crosstalk from Grp7 and Grp0&5 is 

reduced thanks to the introduction of the shorted coils and 

Fig. 4  Proposed 8-shaped coils. 

 

Fig. 5  Crosstalk tolerance of proposed 8-shaped coils. 

 

Fig. 6  Crosstalk simulation results with proposed shorted coils and 8-

shaped coils. 
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8-shaped coils, respectively. The crosstalk from others is 

also reduced thanks to the differential nature. 

3.2 Performance Comparison 

Fig. 7 illustrates the crosstalk analysis summary of the 

baseline and the proposed models. Thanks to the shorted 

coils and 8-shaped coils, the pitch can be shrunk down from 

80 μm to 40 μm when the ISR is 0.22 (-13 dB). In short, the 

proposed methods improve the area efficiency by a factor of 

4 compared with the baseline. Therefore, the proposed 

crosstalk countermeasures are key enablers for a high-

density inductive coupling memory interface. 

Table I summarizes the performance comparison of the 

conventional and proposed models. In a 7-nm CMOS 

process, a 10-Tb/mm2 wireless interface is achievable 

thanks to the shorted coils and 8-shaped coils, 

overwhelming the area efficiency of TSVs. 

4. Conclusion 

This paper analyzes the crosstalk of high-bandwidth 3D-

stacked memory using a multi-hop inductive coupling 

interface, where two main crosstalk sources are exposed. 

This work proposes two corresponding countermeasures, 

shorted coils and 8-shaped coils, to reduce the crosstalk from 

a concentric coil and adjacent coils, respectively. The area 

efficiency of the multi-hop TCI is improved by a factor of 4 

thanks to the shorted coils and 8-shaped coils, which 

achieves high-bandwidth 3D-stacked memory. 
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Fig. 7  Crosstalk analysis summary. 

 

Table 1  Performance comparison. 

 


