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Abstract:  
This paper discuss the design and implementation of Sigma-Delta Analog to Digital converter (ΣΔ A/D converter) within an FPGA for a moderate current 

sensing application. Although FPGA do not posses such analog interface but it is possible to implement an ADC inside an FPGA by taking advantage of 

the low voltage differential signaling (LVDS) receiver inside the FPGA With a minimum number of external analog components used, AID converter can 

be implemented in the FPGA devices by using the Sigma-Delta modulators topology to successfully interface analog signals with the FPGA. 
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I. Introduction  
Electrical current is the amount of electrical charge flow at a specific point in the circuit per unit time. 

This flow of electrical charge is carried by the moving electrons in the conductor. Measuring these 

current is important where the performance of the load can be evaluated and control. As the load is 

always changing and by monitoring the current in a close loop system, the power wastage can be 

reduced and improve the performance for the system itself. An appropriate sensing  
technique needed to be use so it can be measured and fed for processing without damaging the 
low voltage sensing circuitry at the same time. FPGAs are well known for their ability to easily 
 
implement and integrate any digital logic function or circuitry that the user wishes to perform. Analog 

interfaces on the other hand are not integrated in these devices thus all interfaces between FPGA 

and analog signals must be done by means of an external AID converter chip [1]. Although by using 

the external AID converter chip quickly solve the analog interface problem, but the outcome will result 

in an increase of the cost for the external components used and require more space on the board. 

The implementation of AID converter in an FPGA chip itself is somewhat more desirable due to the 

reduced cost, space and components since it does not rely on any external AID converter to integrate 

with the analog interfaces. Since most of the FPGAs are now equipped with an internal low voltage 

differential signaling (LVDS) technology standard, it is possible for AID converter to be implemented 

in the FPGA chip. LVDS is a differential signaling technology that allows data to be transmitted at two 

complementary voltages at a very high speed over a twisted pair of wires, refer Fig. 1. Figure I. 2-

wire, I-channel LVDS transmitter and receiver. 
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Abstract:  
Introduction Multiple-Input-Multiple-Output(MIMO) and Multi-User MIMO (MU-MIMO) systems have been expected to improve the channel capacity 

over a limited bandwidth of existing networks [1], [2]. The effects on channel capacity of Single-User MIMO (SU-MIMO) systems in urban scenarios 

have been previously studied [3]. It has been clarified that the larger number of antennas cannot contribute the improvement on the channel capacity in 

urban SU-MIMO scenarios due to very high spatial correlation. In this paper, we focus on the MU -MIMO transmission because it can discriminate 

multiple users by the difference of Angle of Arrival (AoA). We compare the Multi Access Channel (MAC) capacity i n uplink with the channel capacity in 

SU-MIMO by setting the total numbers of transmitting and receiving antennas of SU-MIMO and MU-MIMO to be the same. When the same numbers of 

antenna elements are used, the better performance is obtained with MU-MIMO in urban scenarios, unlike identical independent distributed (I.I.D.) 

channels which are generally assumed in MIMO transmission. W e also clarify an interesting relationship between the channel capacity improvement of 

MU-MIMO compared with SU-MIMO and a path visibility. 
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Introduction  
Multiple-Input-Multiple-Output(MIMO) and Multi - User MIMO (MU-MIMO) systems have been 

expected to improve the channel capacity over a limited bandwidth of existing networks [1], [2]. The 

effects on channel capacity of Single-User MIMO (SU-MIMO) systems in urban scenarios have been 

previously studied [3]. It has been clarified that the larger number of antennas cannot contribute the 

improvement on the channel capacity in urban SU-MIMO scenarios due to very high  
spatial correlation. In this paper, we focus on the MU-MIMO transmission because it can 
discriminate multiple users by the difference of Angle of Arrival (AoA). We compare the Multi 
 
Access Channel (MAC) capacity in uplink with the channel capacity in SU-MIMO by setting the total 

numbers of transmitting and receiving antennas of SU-MIMO and MU-MIMO to be the same. When 

the same numbers of antenna elements are used, the better performance is obtained with MU-MIMO 

in urban scenarios, unlike identical independent distributed (I.I.D.) channels which are generally 

assumed in MIMO transmission. W e also clarify an interesting relationship between the channel 

capacity improvement of MU-MIMO compared with SU-MIMO and a path visibility. 
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