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Abstract : A wideband voltage controlled operational 
transconductance amplifier(OTA) for a high-accuracy linear 
voltage controlled analog systems was designed. The OTA 
consists of a wideband voltage-to-current converter (VIC) 
and conventional OTA as shown in Fig. 1. The wideband 
VIC using an adaptive current feedback also was designed. 
For verification of the performance of the proposed OTA 
using wideband VIC, we simulated the circuits of the 
commercial OTA LM13600 and OTA using conventional 
VIC with the same simulation condition. The simulation 
result shows that the proposed OTA has a control voltage 
range with -5.0V to 4.0V (current range with 0 A to 10mA) 
at supply voltage 5.0V. The LM13600 and OTA using 
conventional VIC have the control voltage range with -3.6V 
to 5.0V and -5.0V to -2.4V, respectively.  

1. Introduction 
An operational transconductance amplifier( OTA) is an 

essential device for mixed-mode systems because it has 
current output, voltage input, and controllable conductance 

m B Tg I V . The TV  is thermal voltage and BI  is 
external controlled current [1]. Therefore, OTA is used in 
voltage controlled oscillators, amplifiers, filters, stereo 
volume control, etc. In order to control the current BI ,
control voltage VC must apply to an external resistor via IB
terminal because current can not control directly. Therefore, 
the converting low voltage to current can not be obtained. 
For high-accuracy controlled systems, voltage to current 
converter (VIC) converted from low voltage to high voltage 
is essential.   

In this paper, the new VIC operating at low voltage and 
its application to OTA was designed. We introduce a 
principle for the proposed VIC and the OTA, and then 
discuss the results of simulation in next sections.

2. Circuit descriptions 
2-1 Commercial OTA LM13600 [1] 

The circuit diagram of the commercial OTA LM13600 
was shown in Fig. 1. The circuit consists of differential 
amplifier stage composed with 1 2~Q Q , three Wilson 
current mirrors for differential to single-ended current 
output, and one Wilson current mirror in order to bias the 
differential amplifier stage.  

The output current for small-signal operation Oi  can be 
written as follow ; 
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It notices that output current of the OTA has offset voltage 
of 2 BEV (about 1.4V).  

Fig. 1 Circuit diagram of the commercial OTA 
LM13600 

2-2 Design of wideband voltage-to-current converter  

The circuit diagram of the conventional and proposed 
wideband voltage-to-current converter (WVIC) is shown in 
Fig. 2(a) and (b). The conventional voltage-to-current 
converter (CVIC) circuit consists of cascade amplifier 
composed with 1Q  and 2Q , a current mirror and voltage 
reference BV . Assuming that the current mirror was 
identical, the output current OUTi  for the CVIC can be 
written by  
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The WVIC shown in Fig. 2(b) has same collector current 

The 23rd International Technical Conference on Circuits/Systems,
Computers and Communications (ITC-CSCC 2008)

545



1 2 6( )C C A C OUTi i i i  because of the current mirror 
consisting of 3 4~Q Q [2]-[3]. This circuit configuration 
provide same voltage between 1BEv  and 2BEv , and then 

E Cv v . Assuming the current mirror was identical, the 
output current OUTi  for the WVIC can be written by  

S1
1

1 S2

1 Iln
IOUT C Ti V V

R
          (3) 

It notices that output current OUTi  of the WVIC is 
proportional to control voltage VC. The CVIC need a bias 
circuit but the WVIC has only controlled voltage without 
bias current. 

(a)                     (b) 
Fig. 2 Circuit diagram of CVIC(a) and WVIC(b) 

2-3 Design of a wideband voltage controlled OTA 

Two types of OTA using CVIC and WVIC were shown in 
Fig. 3 and 4, respectively. The complete CVIC consists of 

BI , 20 26~Q Q , and 1R . The bias circuit of voltage VB

composed with BI , 15 16~Q Q , and 23 26~Q Q . The 
WVIC consists of BI , 19 26~Q Q , and 1R . The voltage 
VB composed with 15 16~Q Q , and 22 26~Q Q . The core 
circuit of the two OTAs was that of the LM13600 shown in 
Fig. 1.  

2-4 Design of a high linearity, wide input dynamic, and  
wideband voltage controlled OTA 

Fig. 5 shows new high linearity, wide input dynamic, and  
wideband voltage controlled OTA using high linearity 
transconductor[3]. This curcuits consist of linear 
tranaconductor( XI , 1 8Q ~Q , ER ) current gain cell( 9 12Q ~Q ,

1CR ), and the LM13600( YI , 11 21Q ~Q )[4]. If the two bias 
current IX made of the proposed WVIC shown in Fig. 2(b), 
the output current OUTi  for the OTA can be written by 
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It notices that if scale current IS1=IS2, the output current of 
the OTA was independent with temperature VT1 and be 
proportioned to controlled voltage VC.

Fig. 3 Circuit diagram of the LM13600 using CVIC 
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Fig. 4 Circuit diagram of the LM13600 using WVIC

Fig. 5 Circuit diagram of high linearity, wide input dynamic, and wideband voltage controlled OTA[4] 

3. Simulation results and Discussion 
The operation of the proposed OTA shown in Fig. 4 was 

simulated by using PSPICE with commercial transistor 
mode parameters of Q2N3404(npn) and Q2N3406(pnp). 
For verification of the performance for the proposed OTA 
using WVIC, we simulated with the circuits of the 
LM13600 and the OTA using CVIC. The supply voltage 

CCV = 5V, EEV = -5V, BI =100 A . The resistor set 
by 1 10k , 1kR , and 100  for the checking of a 
dynamic range. 

Fig. 6 shows the transfer characteristics of input voltage 

versus output current for the OTA at the 1 10kR . It 
notices that the linear input range was 20mV. 

Fig. 7(a), (b), and (c) show the characteristics of the 
control voltage versus output current at IN 10mVv  for 
Fig. 1, 3, and 4, respectively. It notices that the Fig 7(a) has 
dynamic range with of -3.6V to 5.0V. Fig. 7(b) shows that 
the large output current can be limit by control voltage. Fig. 
7(c) shows the characteristic of wideband voltage control. 
The control voltage range was -5.0V ~ 4.0V at supply 
voltage 5.0V. The output current range was 0~10mA. 
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Fig. 6 Transfer characteristics of input voltage versus 
output current shown in Fig. 1, 3, and 4 
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Fig. 7 Characteristics of the control voltage versus      
output current ; LM13600(a),  CVIC(b),  and 
WVIC(c) 

4. Conclusions and future subject 
A wideband voltage controlled operational trans-

conductance amplifier (OTA) for a high-accuracy linear 
voltage controlled analog systems was presented. 
Simulation has demonstrated that the circuit has the 
characteristics of wideband voltage control. Therefore, the 
proposed OTA will be useful for building block of accuracy 
voltage control systems. Now, we simulate and optimize the 
OTA using the fabrication model parameters. In the future, 
we will fabricate chip by bipolar process. 

This work was supported by Common Technology 
Development Task of MICE by Region Industry Technology 
Development Project (70000815-2007-01) and IDEC Korea. 
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