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CMOS voltage and current feedback opamps: a comparison 

between two similar topologies 

 

Abstract— The voltage feedback operational amplifier (VFOA) and the 

current feedback operational amplifier (CFOA) are the main  opamps with 

voltage output currently used in electronic. The VFOA is a combination of 

an operational transconductance amplifier (OTA) as input stage and an 

output voltage buffer (VB). In this paper, the CFOA is described as a 

combination of an operational transconductance conveyor (OTC) as input 

stage and an output voltage buffer. Two similar CMOS architectures are 

then defined, analyzed and simulated in order to provide some elements of 

comparison. Results, for a typical CMOS 0.35m technology, show the 

role of compensation capacitances to boost the frequency performances of 

the non-inverting amplifier.  
 

 

Keywords: voltage feedback amplifier, current feedback amplifier, Operational 

transconductance amplifier, operational transconductance conveyor. 

 

 

 

 



1.  Introduction 

 

Because they offer the possibility to realize a quasi-linear amplification, operational 

feedback amplifiers [1] play an essential role in a huge number of electronic 

applications. Most of these applications concern analog signal processing based on 

amplifiers, filters and oscillators. An Operational Transconductance Amplifier (OTA) as 

input stage in series with a Voltage Buffer (VB) as output stage permit to describe the 

Voltage Feedback Operational Amplifier (VFOA); note that connection node between 

the OTA output and the VB input is a high impedance node (called here Z) which allows 

the opamp high open-loop gain to be created. In a similar way, the Operational 

Transconductance Conveyor (OTC) as input stage in series with a VB as output stage 

permits to describe the CFOA; the high impedance node Z is now the node between the 

OTC output and VB input. The OTC description [2] is also useful because it allows the 

description of each type of Current Feedback Operational Amplifier (CFOA) input 

stages [2]. 

 

 
 

Figure 1. Design synthesis of the OTA, VFOA and  

CFOA using OTC-VB combinations. 

 

The diagram in Fig.1 shows how the OTA, the VFOA and the CFOA are constructed 

using an OTC [2]. OTA, OTC, VFOA and CFOA are the four usual opamp topologies 

having current or voltage outputs: i) current output: OTC and OTA ii) voltage output: 

CFOA and VFOA. 
 



Several names and acronyms are used to describe opamp topologies. For example, the 

VFOA is also called voltage feedback amplifier (VFA) or voltage opamp. The CFOA is 

also called current feedback amplifier (CFA) or operational transimpedance amplifier; 

note that operational transimpedance amplifier leads to the same acronym than one used 

for the operational transconductance amplifier (OTA), consequently the acronym OTA 

is not used to describe the CFOA. The ideal OTA is also equivalent to a voltage 

controlled current source [10] (VCCS). Fig.1 summarizes the topologies discussed 

above. The square boxes in Fig.1 show examples of implementations. 

 

It is not always very easy to know which type of opamp topology is the most 

appropriated. The main objective of this paper consists in the using and the 

simulation of two quasi-similar designs, in order to study the performances of these 

amplifiers for similar conditions, i.e. voltage supply, power, area. In this paper, we 

also provide some comparisons between a CMOS VFOA and a CMOS CFOA 

considering theoretical and simulated results. Performances analysis was made for 

similar power consumption and level of design implementation. The CFOA and the 

VFOA, discussed in this paper, are also implemented with the same CMOS output 

Voltage Buffer (VB) topology. Moreover, the architecture of the high impedance node is 

identical for the two opamps.  
 

These implementations are discussed in section 2. In section 2.1, an overview of the 

ideal operational transconductance conveyor (OTC) [2] and of the ideal operational 

transconductance amplifier (OTA) [3,4] are given.  In section 2.2, the OTA and the OTC 

are used to describe the voltage feedback operational amplifier (VFOA) and the current 

feedback operational amplifier (CFOA) respectively [5,6]. In section 3, the two CMOS 

architectures with similar sizes are analyzed theoretically and simulated from LTSPICE 

[10,11] using the typical CMOS 0.35m BSIM3V3 transistor models from AMS [12].  

In most applications, opamps operate at frequencies below 1GHz and a 0.35m provides 

also a high performance/power ratio to operate at these frequencies [13]. However, for 

higher frequency, it could be more advantageous to use 0.18m or below, especially if 

the analog circuit should be in the same chip than a high density digital part [13]. For 

these conditions, due to the channel modulation effect, it is often necessary to size the 

transistors lengths higher than its minimal value because this permits to provide high 



transistor output resistances, even if a cascode technique is used. Finally, a conclusion is 

given in section 4. 

 

 

 

2. Opamp topologies  

2.1. OTA and OTC 

Using the VB description, Fig.2 and Fig.3 show electrical description and symbol of the 

OTC and the OTA respectively. This OTC [2] allows to describe all type II current 

conveyors (CCII) or current controlled conveyors (CCCII) [7,8], or the diamond 

transistor [5,9]. The OTA (Fig.3) allows all the differential transconductance amplifiers 

topologies having high input impedances to be described.   

 

 
Figure 2. Single ended operational transconductance conveyor (OTC) [1]. 

 

It is important to notice that the ideal OTC (Fig.2) must not be called OTA [5,9] because 

its behavior differs from an ideal OTA (Fig.3). Effectively, the ideal OTA provides an 

ideal infinite impedance at their two input differentials nodes in+ and in-, that is not the 

case of the node in- of the ideal OTC, for which a non-zero current IX (or Iin−= -IX) is 

flowing through the node in-. This is also the reason that the current gain  must be 

included in the OTC symbol. Note that the OTC simulates a traditional CCII when RX=0 

and ||=1 and it simulates a CCCII (or a diamond transistor [5,9]) for RX>0 and ||=1. 

For both the ideal OTA and OTC, the amplifier and conveyor transconductance gm is 

defined by:   

mXXm gR/g ==     (1) 

with 



)VV(gI ininmZ −+ −=        (2a) 

 

where )VV( inin −+ − is the differential input voltage and IZ the output current. In non-

ideal case, if necessary, the common mode gain can be considered. In this case, the Iz 

current can be expressed as follows: 
 

  )VV(
2

g
)VV(gI inin

mc
ininmdZ −+−+ −+−=    (2b) 

 

where gmd (= gm) is the differential transconductance gain and gmc the common mode 

transconductance gain. 

 
Figure 3. Single ended operational transconductance amplifier (OTA).  

 

From Fig.2 and Fig.3, it is possible to see that the OTA is a construction using an OTC 

and an additional VB. This construction is showed in Fig.4.  

 
 

Figure 4. OTC and VB based single ended OTA. 

 

In the next sub-section, the OTC and OTA will be used to introduce the CFOA and the 

VFOA.  
 

2.2. Opamps classification 



The 4 resulting opamp topologies discussed above are summarized in Table 1. Note that 

in case of two stages OTA or OTC, the transconductances are generally written GM 

instead of gm (and/or GMX instead of gmx).   

 

 

Table 1. Electrical descriptions and symbols of the 4 main opamp topologies  

OTC, OTA, CFOA, VFOA. 

 Electrical descriptions Symbols 

 

 

OTC 

 

 

 

 

 

 

OTA 

 

 

 

 

 

 

 

 

CFOA 

 

 

 

 

 

 

VFOA 

 

 

 

 

 

From Table 1, the DC open loop gain for the CFOA and the VFOA is:  

 

ZmRgA =       (3) 

 



When Vin+=0, the input impedance at node in- is infinite for the VFOA configuration and 

is equal to RX for the CFOA configuration, with RX=
1

mXg−
.  

 

 

3. CMOS CFOA and VFOA topologies 
 

3.1 CMOS Topologies and analysis 
 

Fig.5 and Fig.6 represent the equivalent CMOS topologies of the similar CFOA and 

VFOA used to operate the comparison.  

 
 

Figure 5. One stage current feedback opamp (CFOA or CFA). 

 
 



 
 

Figure 6. One stages voltage feedback opamp (VFOA or VFA). 

 

 
Figure 7.  Biasing circuit of the CFOA  

in Fig. 5 and the VFOA in Fig. 6.  

 

Fig.7 shows the biasing circuit of the CFOA and the VFOA. The both topologies in Fig.5 

and Fig.6 have been chosen, i.e. designed, due to their similarities. The VFOA is 

designed using a traditional complementary nmos (M1-M2 ) and pmos (M3-M4) 

differential input pairs of two transistors. The OTA input stage (Fig.6) is also called rail-

to-rail OTA [14]. However, for the CFOA and the VFOA, the maximum output voltage 

swing is limited by the two diode connected transistors M11 and M13. In Fig.5 and in 

Fig.6, the cascode transistors M9 and M10 allow a high impedance to be obtained at node 

Z (HI). Considering mos channel length Li of transistor Mi, L1 to L4 are equal and L5 to 

L14 are equal too (see Table 2). The bias currents I01 and the channel-width ratio WP/WN 

of transistors M1,M2,M3 and M4 have been fixed in order to obtained the same gate-



source transconductance value, i.e. gm1=gm2=gm3=gm4; we also assume that all nmos and 

pmos transistors operate in saturate mode [11]. Neglecting the channel length modulation 

effect, the equivalent OTC and OTA (Fig.5, Fig.6) transconductance gmx (see Table 1) 

can be approximated, i.e. SPICE level 1 [11], by : 
 

011m I22g =     (OTC)   (4a) 

011m Ig =     (OTA)   (4b) 

where 1 is the current gain of the transistor M1 in saturate mode [11], i.e. 

L/WCOX= with  the mobility and COX the oxide capacitance per meter square 

[11], W the nmos channel width, L the nmos channel length.  

 

A two stage VFOA is currently designed from two high impedance nodes. Here the two 

topologies (Fig.5 and Fig.6) are based on a medium impedance (nodes A and B) and a 

high impedance (node Z). Consequently, they belong to the class of one stage opamps. 

As usual, C1 and C2 (with C1=C2) are the Miller capacitances used for increasing the 

phase margin. The high impedance (HI) at node Z (RZ) is given by: 
 

VB0ZZ R//RR =      (5) 

 

where RZ0 is the VFOA or CFOA output resistance and RVB the voltage buffer input 

impedance at Z node. Assuming that the channel-width ratio W6/W8 and W9/W10 are set 

equal to n/p, where n and p are the mobility for nmos and pmos respectively, we 

have:  
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and the output voltage buffer impedance is, for the CFOA and the VFOA, about: 
 

02pn

VB
I

11
R

+
=   (CFOA, VFOA)  (7) 

 



where 10 is the current gain of the transistor M10 and n, p the channel-length 

modulation parameters of the nmos and pmos transistors respectively. Note that using the 

same n and p for all transistors is an approximation. From equations (6a) and (6b), and 

for the same bias current, the VFOA has a higher impedance, while the transconductance 

is lower; see equations (4a,b). At the same DC bias current, considering infinite VB 

input impedance, the open loop voltage gain A=gm.RZ should in the same order for both 

the CFOA and the VFOA, because, in this case RZ(VFOA)=2 2 RZ(CFOA) and gm(CFOA)=2

2 gm(VFOA). However, because RVB is finite, the CFOA open loop gain voltage should 

be higher than the VFOA one. In the next section, to operate at the same power 

consumption (2.4mW), the ratio between the current I01(VFOA) and I01(CFOA) is 3/2 (found 

by simulation); from equation (4a,b), we have found gm(CFOA)  2.31.gm(VFOA);  in the 

same way the CFOA open loop gain voltage should be higher than the VFOA one. 

   

 

 

3.2 Simulations and Discussions  

 

In this sub-section, it is proposed to provide a comparison between the CFOA and the 

VFOA presented in Fig.5, Fig.6, and Fig.7 with the help of simulation results. Table 2 

summarizes the sizes of all transistors for the CFOA and the VFOA. Table 2 also 

includes our estimation (post-layout) of the drain and source area and perimeters of each 

transistor in order to take into account, during simulations, the reverse junction 

capacitance effects. All Simulations have been performed using LTSPICE [10,11] and 

the typical CMOS 0.35m BSIM3V3 transistor models from AMS [12] for VDD=3.3V 

and VSS=0V. The DC common mode voltage is then equal to VDD/2=1.65V. The DC bias 

current I01 is set to 50A for the CFOA and 75A for the VFOA while I02=I01/2. All 

simulations were performed with infinite loading impedance (node out) and the 

compensation capacitances C1 and C2 have been set from simulations. In this paper, the 

value of C1=C2=CC have been increased until there is no resonance.  
 



 
 

3.2.1. DC and low-frequency simulations 
 

Table 3 summarizes the main simulated performances of the two opamps at low 

frequencies and Fig.8 shows the simulated DC output current characteristic of the OTC 

and of the OTA; the slopes around VDD/2 are equal to gmx (see equation (1)). For 

I01(OTC)=50A and I01(OTA)=75A, Table 3 confirms an expected higher transconductance 

gmx for the OTC (see equation 4a,b). In Table 3, from equations and simulations, we 

have reported the calculation of the OTC and OTA transconductance gm, i.e. 

mXm gg =  as well as the theoretical estimation of RZ from equation (3) by:  

 

mx

X
Z

g

AAR
R


=


=       (8) 

 
Figure 8. Simulated DC transconductance characteristic versus the  

input differential voltage around the DC common mode voltage of 1.65V. 

 

              Table 2.  CFOA AND VFOA TRANSISTORS SIZES AND EQUIVALENT DRAIN AND 

SOURCE AREAS (AD, AS) AND THEIR PERIMETERS (PD, PS) [10]. 
 

 W 

(m) 

L 

(m) 

AD=AS 

(m2) 

PD=PS 

(m) 

M1,M2 50 0.5 44E-12 52E-6 

M3,M4 150 0.5 130E-12 152E-6 

M5,M7,M10 10 1 9E-12 12E-6 

M6,M8 100 1 88E-12 102E-6 

M9,,M11, M12 30 1 27E-12 32E-6 

M13, M14 90 1 81E-12 92E-6 

MA, MB, MC, MD, MF 10 2 9E-12 13E-6 

ME,MG 5 2 5E-12 7E-6 

 



 

Due to the symmetry of the traditional input differential pair of two transistors (M1-M2, 

M3, M4 in Fig.6), the VFOA offers a higher common mode rejection ration of CMRR=-

51dBc while the CMRR is equal to CMRR=-31dBc with the CFOA topology [15-21]. 

Simulated overview of the open loop gain voltage (DC characteristic) is shown in Fig. 9.   

 
 

 
Figure 9. Simulated DC open-loop voltage characteristic versus the input  

differential voltage and around the DC common mode voltage of 1.65V (VDD/2). 
 

 

Table. 3 MAIN SIMULATIONS RESULTS AT LOW FREQUENCIES 
 

 CFOA VFOA  
DC bias Current I01 50 75 [A] 

Total power consumption 2.4 2.4 [mW] 

Max output voltage swing  [0.6-2.75] [0.6-2.74] [V] 

Total current consumption (IDD) 725 725 [A] 

 RX 535 1416 [] 

gmX 1.87 0.71 [m−] 

 10.1 10 [I/I] 

gm 18.9 7.1 [m−1] 

  gmc 275 25 [−1] 
CMRR 37 49 dBc 

RZ0 54.6 66 

(93@I01=50A)  
[k] 

RVB 228 50 

(228@I01=50A) 
[k] 

RZ 44 28.5 

(66@I01=50A) 
[k] 

A=gmRZ
 832 202 

(468@I01=50A) 

[V/V] 

(1) For the OTA RX is created by the two input differential pairs 

 



3.2.2. Frequency analysis 

 

In this section, the frequency performances and the DC voltage gain precision of the two 

configurations (Fig.5 and Fig.6) are evaluated in the case of the non-inverting amplifier. 

Fig.10a shows the principle of the negative feedback and Fig.10b the corresponding 

opamp based non-inverting amplifier. In Fig.10b, using a VFOA, the current ix is zero, 

because the negative input  node  in-  is voltage buffered. Using the CFOA, the current ix 

tends to 0 when A tends to infinity, then for an ideal CFOA we also have ix =0. The open 

loop gain  vin-/vdif, for both the CFOA and the VFOA is simplified to [22, 23, 24]: 
  

 
0dif

in

G

A
A

v

v
==−    with  

FG

G

0 RR

R

G

1

+
==   (9a,b) 

 

 

Figure 10. Negative Feedback configuration (positive gain amplifier): 

-a- principle -b- opamp implementation 
 

From (9a) it follows that:  

0
A

in

out G
1

v

v
=


=

→
     (10) 

 

where G0 is the ideal gain of the non-inverting amplifier. Equation (9a) shows the 

impact of the gain in stability [22, 23, 24]: if RF/RG increases, the open-loop gain of the 

system decreases. Because the phase remains the same, the gain margin increases and 

stability is improved. Therefore, a voltage follower configuration (G0=1) is the worst 

case for stability [22, 23, 24]; if the opamp is stabilized for G0=1, the opamp will 

remain stable in all cases. Based on the Miller compensation used in this paper (C1,C2), 

two ways of compensation can be used to set the value of CC. One way (comp. W1) 

consists to set definitively CC in the worst case for stability (G0=1). A second way 

(comp. W2), the compensations capacitances (CC) are set in function of G0 [22]. In this 

last case (comp. W2), for RG=1k, Fig.11 draws the values of CC versus G0. In Fig.11, 



for G0=1: CC(CFOA)=325pF and CC(VFOA)=430fF; these values become respectively 

CC(CFOA)=400fF and CC(VFOA)=1pF when RG tends to infinity.  

 

  

Figure 11. Values of the compensation capacitances CC versus G0 (comp. W2). 

 

Voltage buffer configuration (G0 =1): The unit gain voltage amplification, i.e. RF/RG=0, 

can be obtained in two particular ways: RG finite (RF=0) or RG infinite (RF  0). Each 

cases lead to different values of the compensation capacitances. Table 4 summarizes the 

simulation performances considering these two cases: RG finite and RG infinite. In Table 

4 “FPE” is the frequency when the phase of the voltage gain vout/vin shift up to 1 degree 

and the best -3dB bandwidth obtained by simulation were 129.6MHz for the CFOA and 

108MHz for the VFOA.  
 



 

In case of the VFOA, if we want to reach a bandwidth of 129.6MHz (obtained with the 

CFOA), the current consumption must be increased of about 90% and the DC bias 

current must be set to 150A instead of 75A initially (in this case CC(VFOA)=0.9pF). 

Table 3 shows that the CFOA offers the best frequency performance and the VFOA the 

best gain precision.  
 

Note that for the CFOA only (because of the negative node of the VFOA is buffered 

[23,24], when RG is infinite, the opamp gain A=RZ/RX because equal to 

A’=RZ/(RX+RF). Consequently, increasing RF will insure a better stability, but a lower 

gain precision [24]. This has been confirmed by simulation (see Table 4 for RF=10k) 

 

Non Inverting amplification: For G0=10, Fig.12 shows the voltage gain responses 

versus frequency in the cases of no compensation and of compensation (comp. W1 and 

 

Table. 4. SIMULATION RESULTS AT UNIT-GAIN AMPLIFICATION 
 

parameters CFOA VFOA unit 
DC bias Current I01 50 75 [A] 

Total power consumption 2.4 2.4 [mW] 
RF=0 

CC=C1=C2 →GR

 

400 1000 [fF] 

RG = 1k 325 430 

DC gain error 
 

→GR

 

1.55 0.141 [%] 
 

RG = 1k 1.68 0.57 

F@1° phase error 
(FPE) 

→GR

 

3.74 0.9 [MHz] 

RG = 1k 2.47 1.06 

Bandwidth (BW) →GR

 

129.6 88.6 [MHz] 

RG = 1k 98.8 90.17 

Gain bandwidth 
product (GBW) 

 

→GR

 

127.6 88.5 [MHz] 

RG = 1k 97.1 89.65 

RF=10k →GR  

CC=C1=C2 110 2850 [fF] 

DC gain error 3.82 0.141 [%] 

FPE 1.07 0.357 [MHz] 

BW 70 32 [MHz] 

GBW 67.3 32 [MHz] 

Best frequency responses 

 CC=C1=C2 400 670 [fF] 

 RF 0 0 - 



 

 



W2); Here, at G0=10, the ideal compensation capacitance values are 50fF and 60fF for 

the CFOA and the VFOA respectively (comp. W2). If the compensation capacitances 

remain the same as the one chosen to compensate the amplifier when G0=1, the 

bandwidth is drastically low (comp. W1) [24].  

 

 

Figure 12. CFOA and VFOA frequency response at G0=10, RG=1k, RF=9k : 

No compensation :  ◼ CFOA (CC=0),  VFOA (CC=0)  

Comp. W1 :   CFOA (CC
(1)=0.4pF), VFOA (CC

(1)=0.1pF) 

Comp. W2 :   CFOA (CC=50fF),  VFOA (CC=60fF)  
   (1) with R2=0 and →GR  

 

Fig.13 shows the slew-rates in case of the non-inverting amplifier applications when the 

close-loop gain is equal to G0=10 (at small-signal) and with an input pulse of 150mVcc. 

Fig.13 shows that the CFOA and VFOA exhibit a high slew-rate when CC is set versus 

the gain G0 (comp. W2). 

 



 

          (a)         (b) 
Figure 13. CFOA and VFOA output voltages when Vin is a pulse  :  

.PULSE (1.575 1.725 1n 1p 1p 5u 10u) @ G0=10 : 

-a- Comp. W1 : compensation capacitances set for G0=1, RF=0, →GR , 

CC(CFOA)=400fF and CC(CFOA)=1pF 

-b- Comp. W2 : compensation capacitances set for G0=10, RF=9k, RG=1k 

CC(CFOA)=50fF and CC(VFOA)=60fF 

 

For RG=1k, the frequency performances (phase shift-error) at G0=10 is shown in Fig.14 

(comp. W2). A phase error shift of 1 degree always occurs around 1MHz for the VFOA. 

When G0<3 the phase error occurs at higher frequencies for the CFOA, which means 

that, in our case, the CFOA provides betters frequency performance at low voltage gain.  

 

 

Figure 14. Frequency performances using CC values in Fig.11 (comp. W2). 

 



Fig. 15 shows the corresponding gain-bandwidth product (GBW).  The GBW when CC is 

set to G0=1 is also drawn in Fig.15 (comp.W1). 

 

 

Figure 15. Gain Bandwidth product GBW  

versus G0 using CC values in Fig.11 (comp. W2) and constant CC (comp. W1) 
 

Decreasing the compensation capacitances for G0=10 (until the limit of resonance) 

provide a relatively same bandwidth of 80MHz and 75MHz for the CFOA and the 

VFOA respectively.  Finally, the simulated voltage gain error is drawn in Fig. 16 for G0 

between 1 to 10.  

 

 
Figure 16. DC voltage gain error versus G0 (comp. W1 or W2). 



4. Conclusion 

 

In this paper a comparison between similar CFOA and VFOA topologies has been 

proposed. The comparison has been made using the same transistor sizes and a similar 

power consumption. As the OTA is often used to define the voltage opamp (VFOA) 

input stage, this paper also shows that the OTC is a useful active cell allowing the 

CFOA input stages to be described. Considering the topologies simulated in this paper, 

the CFOA provides better frequency performances when it is used as unit (or low) gain 

amplifier. The VFOA has provided a better gain precision until a voltage gain of G0=8. 

If the compensations capacitances are set in function of the voltage gain, the CFOA and 

the VFOA have provided relatively similar frequency performances when the voltage 

gain is high. We hope that this study will help the analog designers in future design of 

the CMOS OTA and OTC based opamps. 
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