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Summary 

 

Memory-based Programmable Logic Device (MPLD) is a new-type reconfigurable device 

that is under development for the edge computing device of IoT and AI applications [1]. MRLD 

is constructed by an array of MLUTs (multiple lookup tables), as shown in figure 1. The MLUTs 

consist of general SRAMs (asynchronous, synchronous), and are connected with neighbors by 

their address-inputs/data-outputs called the AD interconnects. In the MLUT block, the address 

inputs of the SRAMs are wrapped by an address transition detector (ATD) circuit to detect the 

address changes coming from the data outputs of its adjacent MLUTs at high speed. 

The long-term reliability of MPLD is threatened by 1) the various production defects on the 

MLUTs array, and 2) the aging-caused delay degradation of time-critical circuit ATD embedded 

in the MLUT. 

In the production of MPLD, the manufacturing defects existing at AD interconnect between 

MLUTs including short, bridge, or open would cause significant yield loss and reliability 

degradation. Since the address inputs of an MLUT come from the data outputs of its adjacent 

MLUTs, a defect at the AD interconnect would change the value of the address inputs of MLUTs 

and cause access error thus resulting in logic faults in the configuration operation mode. 

When MPLD works in the field for a long term or under a severe environment, various aging 

phenomena such as the HCI (hot carrier injection) and BTI (bias temperature instability) [2][3] 

would threaten the long-term reliability [4] of MPLD. In each MLUT, the asynchronous SRAMs 

use the ATD circuit to detect the input address change to execute asynchronous operations. Since 

the ATD is extremely sensitive to the delay variation, aging phenomena would cause extra delay 

and increase the threshold voltage of the transistors in ATD then slow down the switching speed 

[5], which might cause false detection of the address change. 

To guarantee the long-term reliability of the MPLD, this study proposed 1) the test approach 

to detect and identify the AD interconnect defects in the MLUTs array under the production phase, 

and 2) a reconfigurable delay monitor technique to detect the aging-induced delay of MLUTs in 

the field.  

In our previous research [6][7], we proposed the test method to detect stuck-at and bridge 

interconnect faults in the MLUT array in fewer test configurations with high fault coverage. 

Identifying the fault location also plays an essential role in improving the manufacturing process 

and helps the user to void the use of a faulty MLUT block when the MPLD is put into practical 

use. Therefore, this study extends the previous test methods in [6][7] to address not only fault 

detection but also the fault diagnosis of MPLD [8]. As shown in figure 2, the proposed test method 

creates route maps in MPLD for the propagation of the interconnect fault by configuring the pre-

designed test cubes into the MPLD, and excites fault by applying pre-generated external walking-

zero/one vector to the external input ports of MPLD. Any interconnect faults can be identified by 

propagating the fault effect to the external output ports of MPLD. 

The proposed delay monitor method configures a novel designed ring oscillator (RO) logic 

into MPLD, as shown in figure 3, to measure the aging-induced delay variations when the device 

is under practical use [9]. 



 

Top IO port

L
ef

t 
IO

 p
o
rt

R
ig

h
t 

IO
 p

o
rt

Bottom IO port

MLUT SRAM

AD

interconnect

(a)

 
 
(b)

SRAM1
16word×8bit

(Asynchronous)

SRAM2
16word×8bit

(Asynchronous)

SRAM3
16word×8bit

(Synchronous)

SRAM4
16word×8bit

(Synchronous)

C0 C7

d0 ~ d7 d0 ~ d7

d1 ~ d7 d0 ~ d7

~

output control register

Address Transition Detector

A0
A1
A2
A3

A4
A5
A6
A7

D0

D1

D2

D3

D7

D6

D5

D4

a0

a1

a2

a3

a0

a1

a2

a3

a0 a1 a2 a3 a0 a1 a2 a3

 
Figure 1  MPLD Architecture: (a) MPLD, (b) MLUT 
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Figure 2  Test method 
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Figure 3   Delay measure method; (a) RO in MLUTs, 

(b) counter for RO. 

 

 

References 
[1]  X. Zhou, S. Wang, Y. Higami, H. Takahashi, M. Katsu, S.. 

Sekiguchi, “MNN: A Solution to Implement Neural 

Networks into a Memory-based Reconfigurable Logic 

Device (MRLD),” in 36th Int. Tech. Conf. Circuits/Syst., 

Comput. Commun.(ITC-CSCC), Jun. 2021. 

[2]  H. Puchner, L. Hinh, “NBTI reliability analysis for a 90nm 

CMOS technology,” in 30th Eur. Solid-State Circuits Conf., 

Sept. 2004, pp.257-260. 

[3]  F. Chen, M. Shinosky, “Addressing Cu/Low-k Dielectric 

TDDB-Reliability Challenges for Advanced CMOS 

Technologies,” IEEE Trans. on Electron Devices, vol.56, 

no.1, pp.2-12, Jan. 2009. 

[4]  D. Rossi, “The Effects of Ageing on the Reliability and 

Performance of Integrated Circuits,” in Ageing of Integrated 

Circuits: Causes, Effects and Mitigation Techniques, B. 

Halak, Ed., Springer International Publishing, 2020, pp. 35-

64. 

[5]  S. Sapatnekar, “What happens when circuits grow old: Aging 

issues in CMOS design,” in 2013 Int. Symp. on VLSI Technol., 

Syst. and Appl. (VLSI-TSA), 2013, pp. 1-2. 

[6]  S. Wang, Y. Higami, H. Takahashi, M. Sato, M. Katsu, and S. 

Sekiguchi, “Testing of Interconnect Defects in Memory 

Based Reconfigurable Logic Device (MRLD),” in 2017 

IEEE 26th Asian Test Symp., pp. 17–22, 2017. 

[7]  S. Wang et al., “Test Method for the Bridge Interconnect 

Faults in Memory Based Reconfigurable-Logic-Device 

(MRLD) Considering the Place-and-Route,” in 33th Int. Tech. 

Conf. Circuits/Syst., Comput. Commun. (ITC-CSCC), 2018. 

[8]  X. Zhou, S. Wang, Y. Higami, H. Takahashi, “Diagnosis for 

Interconnect Faults in Memory-based Reconfigurable Logic 

Device,” in 22nd IEEE Workshop on RTL and High Level 

Testing (WRTLT), Nov. 2021. 

[9]  X. Zhou, S. Wang, Y. Higami, H. Takahashi, “Ring-Oscillator 

Implementation for Monitoring the Aging State of Memory-

based Reconfigurable Logic Device (MRLD),” in 35th Int. 

Tech. Conf. Circuits/Syst., Comput. Commun. (ITC-CSCC), 

Jul. 2020. 


