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Abstract 

 

 

Most of our electronic equipments have buffers, thus this make buffer as one of the important 

components in electronic gadget. This paper introduces Single Ended Input Differential Output 

(SEIDO) buffer to predict the bias at approximately 2.5V. For this purpose, the input range between -

1mV to 4V has been implemented. The software used to cascade SEIDO buffer is called LTspice IV; an 

open source software developed by Linear Technology Incorporation.  The components involve in this 

development were Operational Amplifier (OP AMP) AD826 from Analog Devices Incorporation, 

capacitor and resistor. Kirchhoff’s Current Law (KCL) and Kirchhoff’s Voltage Law (KVL) was 

applied to calculate voltage gain and biasing voltage. All designs have been verified by LTspice IV. 

The result produced from simulation was between -0.3V to 6.3V with bias roughly at 2.5V. These 

results prove that it is possible to drive Analog Digital Converter (ADC) that cans subsequently being 

applied to Multichannel Analyzer (MCA) development. 

 

Abstrak 

 

 

Penimbal boleh didapati di dalam pelbagai peralatan elektronik seharian kita. Lantaran, ini 

membuktikan kepentingan penimbal dalam peralatan elektronik. Kertas kerja ini memperkenalkan 

penimbal “Single Ended Input Differential Output (SEIDO)” untuk mengangarkan titik operasi di 

antara 2.5V. Bagi tujuan ini, masukan dari -1mV ke 4V telah digunakan. Perisian computer yang 

digunakan untuk menghubungkan penimbal “SEIDO” ialah LTspice IV. Ia adalah perisian komputer 

secara sumber terbuka iaitu dari syarikat Linear Technology Incorporation. Komponen yang 

digunapakai dalam pembangunan ini ialah “Operational Amplifier (OP AMP)” AD826 iaitu dari 

Analog Devices Incorporation, pemuat, dan perintang. Bagi mengira nilai gandaan voltan dan 

pincangan voltan, Hukum Arus Kirchhoff’s dan Hukum Voltan Kirchhoff’s digunapakai. Kesahihan 

pengiraan telah dibuktikan melalui perisian komputer LTspice IV. Keputusan yang terhasil melalui 

kaedah simulasi ialah di antara -0.3V ke 6.3V dengan pincangan voltan yang menghampiri 2.5V. 

Dengan ini terbukti bahawa ia boleh digunapakai untuk Analog Digital Converter (ADC) yang mana 

diaplikasikan dalam Multichannel Analyzer(MCA). 
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I. INTRODUCTION 

 

SEIDO Buffer has become more useful in our daily life. It can be found in most 

electronic equipments such as MCA, Home Theatre System, computer, and optical cable for 

data transfer. This paper describes the SEIDO buffer for ADC which is applied in the MCA 

development. Fig. 1 below shows SEIDO Buffer on an MCA block diagram.  

 

 

        
  

        

 

 

Fig. 1. SEIDO buffer on MCA system 

 

 

The input of SEIDO is from an amplifier output. Thus it is unnecessary to amplify 

the signal thru the SEIDO buffer. The objective of this project is to design and simulate a 

SEIDO using appropriate software. During designing stage, the output produced was 

calculated to yield on 2.5V. Moreover, the output was developed as an inverting and non-

inverting signal. Thus, inverting and non-inverting OP AMP configuration has been used.  

 

Therefore, in order to verify the calculated design, we utilized simulation software 

called LTSpice IV which is from a semiconductor company name Linear Technology Inc. 

This simulation is based on a spice concept. LTSpice IV showed the output as an inverting 

and non-inverting signal, as do it was biased around 2.5V as calculated. Hence, this proves 

that SEIDO buffer is suitable to drive an ADC circuit that is specifically designed for an MCA 

system. In addition, the output of SEIDO was swing around -0.3V up to 6.3V as one of the 

characteristics of the ADC. 

 

The basic designs are based on a simple OP AMP buffer. The basic circuit of SEIDO 

buffer is shown on fig. 2 below. The supply voltage was set at 5Vdc while the negative supply 

of OP AMP was connected to ground. Alongside, a filter has been applied to eliminate the 

noise produced either from internal or external circuit. 
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Fig. 2. Basic SEIDO Buffer Circuit 

 

 

 

II. METHODOLOGY 

 

a. SEIDO Designed 

 

There are four characteristics that we highly considered in the designed SEIDO. The 

first characteristic is produced output of the non-inverting and inverting circuits. Thus, the 

fundamental buffer arrangement was practiced. From fig. 2 above, Vo2 is the inverting 

circuit and Vo1 is the non-inverting circuit. The basic derivation of the whole SEIDOs are 

as below: 

 

Vo1 = V- = V+ = Vin + Vbias1  (Non-Inverting)     (1) 

        

 

Vin – Vbias2 = Vbias2 – Vo2       (2) 

   R8                R7 

 

 

Vo2 = -GVin + (1 + G)Vbias2 (Inverting)     (3) 

 

From equation (1), the output produced is the summation of Alternative Current (AC) 

and Direct Current (DC). The ac is notated as Vin which is incoming signal while dc is 

Vbias1 and Vbias2. Fig. 3 below shows the complete circuit of SEIDO. Vo1 is labelled as 

OUT1 and Vo2 as OUT2. Equation (2) is a KCL derivation for input and output of 

inverting SEIDO. The current flow at the input is equal to current flow at the output.  R7 

and R8 are the feedback and input resistances. G in equation (3) is the gain for inverting 

circuit. It was set to 1. 
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Fig. 3. Overall Schematic of SEIDO Buffer 

 

The third characteristic was output swing. It is determined by ±Vs of the OP 

AMP. As has been designed, the OP AMP was connected to 5V (+Vs) and –Vs was 

grounded. Therefore the minimum and maximum output swing of this circuit will be 

between 0V to 5V. Lastly, in order to biasing the SEIDO around 2.5V, the formula below 

was used. Voltage Divider Rule was applied to calculate the estimate value for resistor.  

 

Vbias1 =          R1Vs       (4) 

            R1 + (R2+R3) 

 

Vbias2 =      R5 Vs        (5) 

          R5 + R6 

 

 

b. Simulation 

 

There are five points that we checked in the simulation. The first step is by 

drawing the circuit on LTSpice IV software. The circuit as fig. 3 above has been 



sketched. Next step is to generated symbol as shown in fig. 4. Prior to analysis, the 

symbol has been connected to input and ground.  

 

 
     

Fig. 4. Symbol of SEIDO Buffer 

 

  

From the simulation graphs below (fig. 5) we can see that both Vbias1 and Vbias2 

have been biased about 2.5V as calculated. The simulation graphs presented are based on 

the summation of ac signal and dc signal. It is inverted with each other. The graph with a 

single line is the input of SEIDO while the graph with two lines is the output of SEIDO. 

Lastly for the swingable voltage, the maximum swingable is 2.7V and the minumun is 

only 2.4V. Thus indicate that our theory and simulations are proven.  

 

 

 
 

Fig. 5. Vbias1 and Vbias2 biased at 2.5V and Input Output of SEISO 



III. RESULT AND DISCUSSION 

 

Lastly the SEIDO operation has been tested at certain inputs ranges. Table 1 shows 

the input signals as well as the existence of graph and its biasing value. For the period of 

testing SEIDO, the existence of inverting, non-inverting, biased value, and swing-able voltage 

have been checked. Based on simulation, the percentage of existence graph are 95.8333% for 

Vo2 and 91.6667% for Vo1. However the failure rates were 4.1667% for Vo2 and 8.3333% for 

Vo1. Therefore, the average of SEIDO function effectively is about 93.75%. The percentage 

for both Vo2 and Vo1 to function perfectly is 91.6667% while 8.3333% is the failure 

percentage.  

 

 

Table 1: Input and output signal with biased voltage 

 

 

Input Signal (V) 

Output Signal 

Inverting Op Amp [V(op2)] Non-Inverting Op Amp [V(op1)] 

Existance of Graph Vbias (V) Existance of Graph Vbias (V) 

-1m to 1m 1 2.4996 1 2.4989 

-10m to 10m 1 2.4998 1 2.4988 

-100m to 100m 1 2.5020 1 2.4978 

-1 to 1 1 2.5228 1 2.4881 

-1m to 2m 1 2.4996 1 2.4989 

-10m to 20m 1 2.4998 1 2.4987 

-100m to 200m 1 2.5025 1 2.4975 

-1 to 2 1 2.5257 1 2.4848 

-1m to 4m 1 2.4996 1 2.4988 

-10m to 40m 1 2.5000 1 2.4987 

-100m to 400m 1 2.5038 1 2.4970 

-1 to 4 1 2.5326 0 2.4767 

0 to 2m 1 2.4996 1 2.4989 

0 to 20m 1 2.4998 1 2.4988 

0 to 200m 1 2.5019 1 2.4978 

0 to 2 1 2.5223 1 2.4883 

0 to 4m 1 2.4996 1 2.4988 

0 to 40m 1 2.5001 1 2.4942 

0 to 400m 1 2.5048 1 2.4966 

0 to 4 0 2.5396 0 2.4726 

1m to 2m 1 2.4995 1 2.4989 

10m to 20m 1 2.4997 1 2.4988 

100m to 200m 1 2.5008 1 2.4983 

1 to 2 1 2.5127 1 2.4931 

 

 



On biased voltage verification, it is found that Vo1 was biased at 2.4946V and Vo2 at 

2.5070V. Meanwhile, the average biasing point for SEIDO was 2.5008V. The maximum and 

minimum biased voltages of Vo1and Vo2 were 2.4989V, 2.4726V, 2.5396V, and 2.4995V. In 

addition, the swing-able voltage of Vo1 and Vo2 were 2.4993V to 1.2450V and 3.6812V to 

1.8343V respectively. 

 

 

 

IV. CONCLUSION 

 

As the conclusion, the comparison between expected, calculated, and simulation 

result of SEIDO was done. Table 2 shows the comparison between expected, calculated and 

the simulation result. Thus this has proved that the design and simulation of SEIDO buffer for 

ADC on MCA application have given the desired results. 

 

Table. 2. Comparison of expected, calculation and simulation 

 

 

Characteristics Expected Calculation/Theoritical Simulation 

Inverting 
Existance of Inverting 

Graph 
Vo2 = -GVin + (1 + G)Vbias2 

96% Existance of 

Inverting graph 

Non-Inverting 
Existance of Non-

Inverting Graph 
Vo1 = V- = V+ = Vin + Vbias1 

92% Existance of 

Non-Inverting graph 

Bias at 2.5V Vbias1=Vbias2=2.5V Vbias2≈Vbias1=2.5V Vbias2≈Vbias1≈2.5V 

Swing Voltage In range of -0.3V to 6.3V 0V to 5V 1.2V to 3.7V 
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