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ABSTRACT 
3D-IC is a promising solution to the "Memory Wall". 

The transmission issue of data between processor and 

memory will be migrated in this way, and the high 

bandwidth can achieve further performance improvement. 

However, high operation temperature and long-term stress 

condition induce more severe Bias Temperature Instability 

(BTI) effect in 3D-IC. This paper explores the activation 

failure of DRAM caused by BTI effect in 3D stacked 

system which degrades circuit functionality over time. 

Meanwhile, additional compensation logic is proposed to 

compensate the sensing failure. The charge saving in 

memory storage cell when being activated can obtain 

about 15% improvement in the scenario of heavy 

unbalanced workload. 

 

INTRODUCTION 

Due to the large scale integration, Dynamic Random 

Access Memory (DRAM) is commonly used as the main 

memory in von Neumann architecture, which is separated 

from the on-chip system. Generally, DRAM suffers from 

poor stability under technology scaling, such as coupling 

noise, charge leakage and aging effects. BTI effect which 

is a strong function of stress voltage and temperature, has 

become one of the dominant aging issues in VLSI [1]. It 

can interfere with the functionality of the specific circuit 

and even raise the circuit error. On the other hand, BTI in 

DRAM chips fail to attract the public attention since 

DRAMs are organized separately from CPU which is the 

primary heat source in the whole system.  

Nowadays, emerging applications such as deep 

learning, cloud service and data mining require huge 

bandwidth resource, thus making the bottleneck of 

communication between CPU and main memory become 

a dominant problem which severely restricts the 

performance of terminals and servers. 3D stacked system 

of DRAM is a promising solution to "Memory Wall". 

However, accompanying with the benefits of delay and 

bandwidth of communication improvement by exploiting 

the advantage of vertical space, DRAM in 3D stacked IC 

will be seriously affected by BTI for its obvious thermal 

issue [2].  

In this work, the activation failure of DRAM caused 

by BTI effect in 3D stacked system is explored, and the 

compensation logic is proposed to compensate the sensing 

failure resulted from functional degradation. 

 

MOTIVATION  
Fig.1 shows one 3D stacked system which contains 

two tiers in a fashion of face-to-back bonding. The 

processor is placed on top of the memory for thermal 

consideration. The top layer consisting of eight SPARC-

like cores with private L2 cache are deployed from 

McPAT [3], while the bottom layer is the DRAM chip 

which has been adapted to processor area. TSV is 

integrated as connection between core layer and DRAM 

layer. And heat sink is directly attached to the top layer. 

The total power is estimated from McPAT and Micron 

DDR3 DRAM power datasheet. 

 
Figure 1: 3D-IC processor on memory stack. 

 

According to the 3D stacked structure mentioned 

above, two tiles’ thermal distribution could be obtained by 

simulating from HotSpot [4], shown in Fig.2. It 

demonstrates that the operating temperature of Processor 

and DRAM in 3D stacked structure could reach 

120°C/110°C, while it is just 55°C in 2D DRAM structure. 

Especially, BTI is closely related to the thermal issue. 

 
Figure 2: 3D stacked IC thermal distribution. 

 
v  

Thermal influence on threshold voltage drifting is 

evaluated in MATLAB based on the model of static BTI 

equations [5]. As shown in Fig.3, the results indicate that 

temperature has the significant impact on Vth of transistors 

in the scenario of 1.2 volt.  

 

  



 
Figure 3: Thermal impact on Vth drifting. 

 

METHODOLOGY 
The structure of sense amplifier from [6] is shown in 

Fig.4, whose BL/BLB connects different storage of 

columns that will not be activated at the same time. Signal 

Eq manages the process of precharge stage, and 

SA_N/SA_P control the energy source of activation. 

Transistors MN1/MP1 and MN2/MP2 consist cross-

coupled inverters which help to identify the voltage 

difference between BL and BLB, and lead to the expected 

activating operation. Each activating operation of sense 

amplifier can be separated into three stages [7] such as 

precharge, activation and read/write. Initially, BL/BLB 

will be charged to VDD/2 in precharge stage. When 

activation begins, storage charge will be shared from basic 

cell to BL, raising BL’s electric potential beyond 

VDD/2+ΔVcell. After that, MN1 turns on to pull down VBLB, 

and MP2 will be activated. On the other hand, MN2/MP1 

will be shut down in the opposite way. Eventually, the 

whole system will return to precharge stage after data 

being successfully transferred to data bus. 

 
Figure 4: Compensation logic in sense amplifier. 

 

During transistors being switched, there are two 

stages of BTI (i.e. stress and recovery), depending on its 

gate bias condition [5]. For recovery stage, the number of 

interface traps is reduced by removing the stress bias from 

transistor’s gate, which will have considerable impact on 

evaluation of BTI effect. Since precharge stage is the only 

one whose stress is negligible, there should be two-thirds 

time which is in BTI stress mode, while the rest can be 

regarded as slight stress on transistors [7].  

Duty cycle can be calculated as the occupation of 

stress and recovery stage each period. On the other hand, 

in DRAM, duty cycle of sense amplifier is closely related 

to its access frequency. Access frequency is the inverse of 

access interval which consists of several basic operation 

durations (i.e. activating and standby operations) of sense 

amplifier. However, the access frequency of DRAM 

subarray is probabilistic, meanwhile, fundamental stress 

and recovery models are unsuitable for practical 

estimation. As a result, we adopt the long-term BTI 

Models proposed in [8], which can be used to evaluate the 

device condition between two different stress bias 

correlating to its duty cycle. 

 
Figure 5: Access interval and Vth drifting. 

 

The relevant simulation of 3D multicore systems with 

stacked DRAM proposed in [9] is the heuristic solution for 

access frequency, which can help us to determine the 

number of standby operations in duty cycle. The 

simulation results turn out that access interval can even 

reach the basic operation duration (≈45ns) in the case of 

frequent access, which is calculated by memory accesses 

per 10ms for parallel memory access modeling. Finally, 

four times of basic operation duration is adopted as access 

interval for the average case. Fig.5 shows the relationship 

between equivalent access interval and Vth drifting, where 

access interval is equal to the basic operation duration 

times multiplier n. Especially, refresh operation in DRAM 

has not been considered in this case, which may aggravate 

the issue. 

The workload in Table I shows the runtime deviation 

of cross-coupled inverters based on the duty cycle. Since 

the activation result of sense amplifier strongly depends on 

data stored in basic cell, we assume that workloads 

represent the exact activation proportion in a sense 

amplifier, which covers from 98% to 75% deviation. 

Due to BTI effects, the threshold voltage of pull-up 

and pull-down transistors in cross-coupled inverters will 

be different. For example, when MN1 is the pull-down 

transistor and MP2 is the pull-up one, MN1/MP2 will 

 



undertake more aggressive aging in long-term activating 

deviation shown in Table I. More Vth drifting will occur in 

MN1/MP2 and make them harder to turn on than 

MN2/MP1. If the mismatch of ΔVth between MN1/MP2 

and MN2/MP1 is enough to offset ΔVcell between BL and 

BLB [10] in Fig.6, the activation may be lead to the 

opposite sensing operation as MN2/MP1 are more likely 

to turn on in this case. 

In order to mitigate the effect of threshold voltage 

deviation caused by BTI, we propose compensation logic 

in dash-dotted circles to help to activate correctly, shown 

in Fig.4. Comparing with the work in [11], our design 

requires fewer control signals, which indicates fewer 

peripheral circuits and looser timing constraints. In 

proposed design, signal CTR controls MN3, MN6, MN4 

and MN5, which is used to manage the behavior of 

compensation inverters INV1/INV2, and signal CTR
__________________

 

alleviates BTI influence on INV1/INV2. When control 

logic conducts the cooperative work, the compensation 

inverters will assist the activating operation at the very 

beginning, and afterwards, they will turn to the standby 

mode again to keep themselves from BTI effects. 

 
Figure 6: Simulation of sense amplifier operation. 

 

As Fig.6 shows, even with the adequate charge 

sharing on BL, the original sense amplifier fails to identify 

the bit of data correctly from basic cell of DRAM. On the 

contrary, the proposed compensation logic identifies the 

data swiftly and accelerates the activating operation, 

comparing with the original one. Table II demonstrates the 

compared results of the activation voltage and charge 

saving between original sense amplifier and proposed one 

in different profiles. The ratio of charge saving is 

calculated based on the ideal electric potential in basic cell.  

 

CONCLUSION 
As a result, our approach can effectively mitigate BTI 

effect on activating operation and performs well in 

condition of 15% charge saving in basic storage cell, 

comparing with the original design. The experimental 

results are simulated based on 5 years BTI aging profile, 

and the drifting threshold voltage in sense amplifier can be 

even worse in frequent operation. 
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TABLE II. COMPARISON OF ACTIVATION VOLTAGE 

& CHARGE SAVING 

Workload 
Original 

SA 

Proposed 

method 

Charge 

saving 

98% 0.78V ~0.6V 15.00% 

95% 0.75V ~0.6V 12.50% 

90% 0.71V ~0.6V 9.17% 

85% 0.69V ~0.6V 7.50% 

75% 0.65V ~0.6V 4.17% 

TABLE I. THRESHOLD VOLTAGE DRIFTING 

Workload 
Aggressive Aging 

(ΔVth) 

Complementary 

Aging (ΔVth) 

98% 35.3mV 12.0mV 

95% 34.8mV 15.1mV 

90% 34.3mV 18.1mV 

85% 33.7mV 20.0mV 

75% 32.6mV 22.8mV 


