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Abstract— In this paper various class AB two-stage op-amps 

with high and approximately symmetrical slew rate and very 

simple architecture are introduced in this brief. A current 

replicating branch with scaled-down transistors in 

combination with adaptive loads is used to implement a 

push–pull output stage with maximum output current several 

times higher than the bias current. Simulation results show a 

53.49% improvement in gain and 10 to 14 times 

improvement in GB besides achieving the symmetrical slew 

rate. 

Key words: Cas-code Op-Amp, Class AB Op-Amp, GB 

Product, Slew Rate 

I. INTRODUCTION 

Two stage or Miller Op-amps are general choice for low 

voltage applications for capacitive/resistive loads that 

require rail-to-rail output swing. Conventional two stage 

class-A Miller Op-amp is shown in figure 1.  It is defined by 

moderate gain, asymmetrical slew rate with high positive 

slew rate and low negative slew rate. It is given by SR-

=2IB/CL[1]-[4]. where IB is bias current. Cascode amplifier 

is used as second stage. Low negative slew rate is due to the 

output Q7 transistor acts as a constant current source with 

value twice of bias current. Slew rate can be increased by 

increasing the value of IB. It requires very small additional 

hardware circuitry. Class AB amplifier is used to improve 

the negative slew rate and in order to maintain low static 

power dissipation and with capability to generate output 

current that are essentially larger than the output stage 

quiescent current. This arrangement  improves the current 

efficiency, defined as the ratio of the maximum output 

current to total op-amp static current (including current 

replicating branch at second stage is added to achieve class 

AB operation), i.e., CE=Ioutmax/IQtotal. The output stage 

operates as a push-pull amplifier and provides dynamic 

class-AB operation with symmetrical slew rate and large 

positive and negative output currents. Adaptive loads and 

different types of cascode amplifiers are used at both input 

and output stages to improve the gain and gain bandwidth 

product by providing the high output impedance. In this 

brief, two stage class A/AB Op-amps with high gain and 

mostly symmetric slew rate are presented. 

 
Fig. 1: A Conventional Two Stage Miller Class a Op-Amp. 

II. TWO STAGE CLASS-AB OP-AMPS USING CURRENT 

REPLICATING BRANCH WITH ADAPTIVE LOADS AND CASCODE 

AMPLIFIERS 

Class AB amplifier operation is achieved by the current 

replicating branch(Q10 followed by Q11) at the output 

stage. Two different alternatives loads at input stages are 

represented in Fig. 6 and 7, which are named as adaptive 

load type I and II, respectively. Both the type I and II loads 

exhibits large variation of output resistance of transistors 

Q12-Q13 which are operated in between triode and 

saturation regions [1]. Bias voltage VbR sets these transistors 

at the boundary of the triode and saturation regions in 

quiescent conditions. These two cases lead to increase in 

currents, Ia or Ib, which causes transistors Q12 or Q13 to go 

into triode mode.  This leads to develop in large Drain-

Source voltages. 

 
Fig. 2: Two stage Class-AB cascode op-amp with current 

replication branch. 
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Fig. 3: Two stage Class-AB cascode op-amp with current 

replicating branch using adaptive load I 

Eventually these changes cause large variations at 

nodes a and b, which lead to large currents in the output 

transistors Q6 and Q7. The operation of outstage is similar 

to that of a push pull amplifier. For large positive currents 

Q6 is ON state and Q7 is OFF state respectively and for 

negative currents vise versa. Now the entire circuit acts like 

two stage class AB op amp that achieves a symmetrical slew 

rate. 

 
Fig. 4: Two stage Class-AB cascode op-amp with current 

replicating branch using adaptive load II 

 
Fig. 5: Two stage Class AB cascode op-amp with current 

replicating branch using adaptive load. 

 

To improve the negative slew rate, adaptive load is 

included in the current replicating branch at the output stage 

as shown in fig. 8. In this circuit, the bias voltage with value 

Vbtriode =VSS+VGS+VDSsat =VTH + 2VDSsat is required at the 

gate of Q12, where VDSsat=VGS −VTH is the minimum VDS 

voltage to operate in saturation [1]. This Vbtriode leaves a 

quiescent drain-source voltage for Q12 with value VDSsat, 

which causes Q11 to operate (under static conditions) at the 

boundary between the triode and saturation regions which 

leads to extremely large negative output currents thereby 

giving high negative slew rate, which is approximately equal 

to  the positive slew rate.  

III. SMALL SIGNAL ANALYSIS 

Two stage class AB op amp with current mirror branch of 

small signal model is shown in figure 5. output of the first 

stage node is called as V1. Here R1 and C1 are the parasitic 

resistance and parasitic capacitance of this node, 

respectively. They are R1=rds1P||rds2P and C1 

=CgsoP+Cdb1P+Cdb2P. Output node named as Vout. Here 

R2and C2 are the resistance and capacitance related with this 

node, respectively. They are R2=rdsoP||rdsoN||RL and C2 

=CdboP+CdboN+CL. Note that they include the load 

capacitance and resistance if any, respectively. The current 

mirror branch is represented in terms of voltage-controlled 

current source gmfvin, where 

gmf = gm2 R/ gm2 * gmON/ gm2ON triode* gm1/2 ~  gm1 (1) 

The proposed techniques, besides providing power-

efficient class AB operation, implement a multipath Miller 

zero cancellation scheme. The transfer function contains 

three negative real poles (p1, p2, and p3) and two negative 

real zeros (z1andz2). Poles of conventional miller op amp are 

also sae with lead compensation resistance, capacitance Rc 

and CC respectively. They are  

P1=-1/R1R2gm2 Cc ,    (2) 

P2 = -gm2/C1+C2,     (3) 

P3 = -1/RcC1     (4) 

 
Fig. 6: Small-signal model of class AB op-amps with replica 

bias branch 

Pole p1 is the dominant pole of output of first stage 

node V1 and is inversely proportional to Miller Capacitance 

CMiller=CcAII, where AII =gm2R2 is the gain of the second 

stage, and inversely proportional to output resistance of 

first-stage R1. Pole p2 is a high-frequency pole, from which 

the design (properly choosing Cc) is usually set at 2 GB, 

approximately. Pole p3 is very high frequency pole and its 

effect is negligible. The additional path to the output in our 

proposal modifies the location of the LHP created by Rc-Cc, 

which become 

Z1 = -1/Cc(Rc- 1/ gm2 + ( gmf / gm1)* gm2   (5) 

The approximation is made assuming C1<<Cc and 

Rc<<R1. Note that if gmf =0, the conventional zero location 
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results, as expected. In our case, from (5),gmf=gm1, and (6) 

results in 

Z1 = -1/ RcCc     (6) 

becoming a high-frequency zero with negligible influence. 

Here, Rc is not required, as Rc=0, z1 goes to−∞. Usually, Rc 

is not used in multipath Miller zero cancellation methods as 

the extra path allows cancelling the RHP zero created by Cc. 

The additional path to the output also creates a new zero. 

-1+ c1/cc + Rc / R1 + gm1gm2/ gmf (Rc-1/ gm2)      (7) 

   Z2=                RcC1                                                  

here the approximation is made again with the 

same assumptions as in (7). Note that if gmf=0, the zero 

disappears as expected. In this case, with gmf=gm1, (8) 

becomes 

Z2=gm2 /C1      (8) 

Note that the LHP zero z2 is higher than pole p2 and 

allows increasing the unity-gain frequency without a phase-

margin reduction, in a similar way as the LHP zero created 

by conventional phase-lead compensation. 

 As mentioned earlier, the replica branch is scaled 

down by a factor of 5. This factor does not affect the poles 

and zeros as long as gmf=gm1 (i.e., gm2R/gm2=2gm2oNTriode/gmoN) 

and as long as the pole px at nodeVx [gate of MoNtriode in 

Figure 2] will remain at frequencies px>> GB. 

From (1) that gmf is chosen to be gm1 by design. 

Process and temperature variations have little effect, since 

from (1) gmf is gm1scaled by the ratios of two current 

mirrors. It is familiar that current mirror ratios are highly 

insensitive to temperature and process variations, enforcing 

that gmf=gm1. However, they could have some sensitivity to 

geometric and parametric mismatch in the current mirror 

transistors, provoking slight deviations of gmf from gm1. The 

effect in the circuit is described below. 

1) Effect in dc gain: The influence of gmf in dc gain is 

negligible as this additional path goes directly from the 

input to the output of the two-stage amplifier, leading to 

a voltage gain much smaller than the gain of the two 

cascaded stages. The dc gain of the amplifier is 

Adc=gm1gm2R1R2+gmfR2, so changes in gmf have little 

effect. 

2) Effect in the location of poles and zeros: Note from (2) 

that poles are not influenced by gmf. However, from (3), 

and (5), a small deviation in gmf could slightly modify 

the location of the zeros. Zero z1would still be at high 

frequency (assuming small or zero Rc), but to control 

the influence of z2in the phase margin, proper layout 

techniques should be used to minimize such mismatch. 

IV. SIMULATION RESULTS 

Transient, DC and AC analysis simulations have been made 

with different Op-amps and results are shown table II. The 

comparisons are made between slew rate, output currents, 

gain, gain bandwidth product, phase and different 

parameters of the different Op-amps which are mentioned in 

this sections and simulation results are shown in the 

Table.II. The device dimensions are mentioned below 

Table.1. 

Transistors Aspect ratio 

Q1,Q2 50/1 

Q3 100/1 

Q4,Q5 140/1 

Q6 280/1 

Q7 100/1 

Q8,Q9 50/1 

Q10 28/1 

Q11,Q12 10/1 

Table 1: Device Dimensions 

Ib=100uA,CL=30pF,VDD=1.65V,VSS=-1.65V,R1=2Kohm 

and C1=10pF are used in the proposed circuits. 

Parameter Fig.1 Fig.5 Fig.6 Fig.7 Fig.8 

Power(m) 0.916 0.751 1.1466 1.57 2.38 

SR-(V/us) 3.492 7.66 7.875 
10.55

9 
18.00 

SR+(V/us) 13.9 9.268 9.67 
13.38

1 
22.744 

Offset(mv) 0.329 
-

1.2721 
-1.27 

-

1.277 

-

1.2866 

A0(dB) 56.34 60.837 60.66 60.67 60.074 

BW(KHz) 1.52 13.606 10 9.378 14.414 

GB(MHz) 1.0 14.9 10.796 
10.13

1 
14.53 

PM(0) 88.624 
101.79

8 
98.813 102.3 

104.32

5 

CMRR(dB

) 
70.02 

115.92

4 

116.10

5 

96.05

6 

95.481

7 

PSRR+(d

B) 
59.41 

111.36

7 
109.85 

109.8

6 
104.94 

PSRR-

(dB) 

54.898

6 
60.17 59.27 59.74 58.074 

CMIR 
-1.65 

to 1.59 

-1.62 

to 1.65 

-1.64 

to 1.65 

-1.65 

to 

1.65 

-1.65 

to 1.65 

Table 2: Feature Comparisons of the Proposed Architectures 

Table II summarizes the simulation results of the 

above circuits. It is observed that the negative slew rate of 

the proposed circuits, are about four to five times larger than 

the conventional op-amp. Consequently, almost symmetrical 

performance is achieved, especially with the topology with 

adaptive load with current replicating branches, which has 

about 22.74 V/μs positive slew rate and 18.0 V/μs negative 

slew rate. But due to the current replicating branch at the 

output stage of the Op amp, power consumption is 

increased. 

Finally it is observed that the gain of the two-stage 

op-amp improves by53.49% and gain bandwidth product 

increases by 10 to 14 times when compared to conventional 

two-stage-amp. As a result, common mode rejection ratio as 

well as power supply rejection ratio is improved. 

V. CONCLUSION 

Various schemes of power-efficient class AB two-stage op-

amps using a current replication branch, casccde amplifier 

and adaptive loads have been introduced and simulated. 

They achieve high gain, gain band width product followed 

by approximately symmetrical and high slew rate with very 

small additional static power dissipation and small 

additional circuitry. Measurement results show that the 

inclusion of adaptive loads in the current replicating branch 

instead of the input stage is advantageous in terms of offset. 

Instead of cascode amplifier at input and output stage of 

two-stage op-amps, folded cascode amplifiers are to be 

tested for improvement in the gain and slew rate. 
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