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New approach of designing folded cascode operational amplifier (op-amp) with big input voltage range 
is presented. In comparison with p-type folded cascode op-amp, new designed wide-swing folded cascode op-
amp has wider input voltage range by 21% and more stable output gain than other wide-swing op-amps. The 
surface of new op-amp is larger than area of p-type op-amp by 80%. At low input voltages new op-amp works as 
p-type op-amp, at high values it works only with n-type op-amp. New op-amp also has got a reference input by 
which the working processes of op-amp (p-type or n-type) can be decided. Two comparators are used in the 
circuit for the reference input (one in p-type block, one in n-type block). The voltage of reference input signals 
can be chosen so that op-amp will have only p-type or only n-type working regions in all range of input voltage. 
Most desirable working principle of its working, in which it will have most stable output gain, is to have p-type 
working process at low input voltage and n-type working process at high input voltage. The circuit of new wide-
swing op-amp is designed in 32 nanometer technology. 
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Introduction 
Generally a method of making symmetrical diff pairs of p and n -transistors for all wide swing 

op-amps is used. An example of wide swing op-amp is described in [2] method. Primary circuit of n-
type folded cascode op-amp is shown in Fig.1. 

 
Fig. 1 N-type folded cascode opamp 

  
The circuit of p-type folded cascode op-amp is reverted circuit of n-type. Q9 and Q10 transistors 

are working as current-sources with same current. Q11 also works as a current-source and its current 
divides through Q1 and Q2 transistors. If Vinp > Vinn then higher current will flow through Q1  and 
then through Q2, but currents of Q9 and Q10 are equal, so through Q3 current will be lesser than 
through Q4 and will show multiplied difference of input voltages by the cascode current mirror in the 
output.  

In [2] method a wide-swing op-amp is designed by connecting p-type and n-type op-amps with 
parts of differential amplifier and pairs on Vb1 voltage (Fig.2). 



INFORMATION AND COMMUNICATION TECHNOLOGIES 

28 

 
Fig. 2 Wide-swing folded-cascode op-amp 

 
Here output gain is formed by conduction of p-type and n-type differential pairs. In this or many 

other examples, wide-swing op-amp works with three domains. In first domain when input voltages 
are low n-type pair is off and op-amp works with p-type differential pair. In second domain, when 
input voltages have middle value, op-amp works with n and p type pairs together. In third domain 
when input voltages are high op-amp works only with n-type pair. Working with different domains 
output gain is significantly different in different input voltages. It is because a scheme of wide-swing 
op-amp uses modified circuits of usual op-amp. For having more stable gain with little range of gain 
difference at different input voltages, it’s useful to have a wide-swing op-amp in which a working 
methodology of usual op-amp is used without modification. For example, in wide-swing differential 
amplifier described in [1], a circuit of usual differential amplifier is used with little modifications.  

 
Fig. 3 Wide-swing differential amplifier 

 
Instead of current mirror, diode-connected transistors are used, but for only transfering a current 

to another current mirror and at low or high input voltages they work as usual differential amplifier 
(Fig.3). 

In difference with other wide-swing op-amps where usual op-amp isn’t used in the circuit, in the 

new folded cascode wide-swing op-amp is one of its blocks.  
 
Primary design of wide-swing op-amp with comparator 
New designed wide-swing op-amp has two main blocks, n-type and p-type folded cascode op-

amps. Two op-amps are designed with nearly the same output gains. The work of all scheme of new 
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op-amp has two domains. At low input voltages it works as p-type op-amp and at high input voltages 
it works as n-type op-amp. As the values of gains of p-type and n-type op-amps are near, so the range 
of output gain difference of wide-swing op-amp is little at different input voltages. The outputs of op-
amps are severed, low current from negative input and big current from positive input are going to 
current mirror circuits. When one of op-amps is off, output currents from negative and positive inputs 
are equal and their equality can disturb an output gain, so when one of op-amps is working, other op-
amp mustn’t disturb a working process. To fix it, comparators are used in the circuit which are 

controlling p-type or n-type working processes at low or high input voltages (Fig.4). 

 
Fig. 4 Circuit of simple comparator 

 
When Vinp=Vinn, outputs of comparator may have some middle value. To keep 0 or vdd values 

Voutn is connected with source of Q1 transistor. 
P-type op-amp with severed output and comparator is shown in Fig.5. When positive input 

voltage is high p-type op-amp should be off, and for closing way of its output current to current 
mirror, transistors are used in circuit which are controlled by comparator (one transistor for the current 
going from vdd to output and one for current going from output to vss). To the positive input of 
comparator is given a middle value between vss and vdd (Vt1=vdd/2). Negative input of comparator 
connects with positive input of op-amp. When op-amps positive input is higher than vdd/2, positive 
output of comparator is 0 and negative is vdd, which are closing output ways to current mirrors. When 
positive input is lesser than vdd/2, key transistors are opened and output voltage forms on the 
connected outputs of current mirrors.  

 
Fig. 5 P-type folded cascode op-amp with comparator (1-comparator) 

 
In n-type folded cascode op-amp, positive input of comparator connects positive input of op-

amp and negative input connects with constant voltage (Vt2) and makes it work at high input voltages 
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and be off at low input voltages (Fig.6). Constant voltage of comparators of p-type and n-type op-
amps mustn’t be chosen with same value, because in case of having same value at op-amp input, 
working process of op-amp can be disturbed. For this circuits Vt1 must be higher then Vt2, so in little 
range of middle values of input voltage p-type and n-type op-amps will work together, but as at middle 
values their results are nearly the same, a working process of op-amp will be secured. 

 

 
 

Fig. 6 N-type folded cascode op-amp with comparator (1-comparator) 
 

All circuit of wide-swing op-amp is shown in Fig.7. 
 

 
 

Fig. 7 Wide-swing op-amp with comparator (1-n-type op-amp with comparator,  
2-p-type op-amp with comparator) 

 
When one of the op-amps is off, its output transistors are in cut off region as current doesn’t flow 

through them and output is formed by other op-amp output currents. 
 
Simulation results 
Here simulation results for 32nm technology are presented. Simulations are performed using 

HSPICE simulator. 
Supply voltage is 2.5v, gate voltage for transistor working as current source for comparator is 

vb=0.9v, input current for op-amps is Iref=20uA, input voltage for comparator of p-type op-amp is 
vtp=1.4v, for n-type op-amp vtn=1.3v, output capacitor has 4pF capactance. Transient analysis are 
done with feedback connection of negative input (Fig.8). 
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Fig. 8 Feedback connection on wide-swing op-amp for transient analysis 

 
Simulations are done in tt, ss, ff corners. Simulation results in tt corner are presented in pictures 
presented below.  
Results of transient analysis are shown in Fig. 9, Fig. 10 and Fig. 11. 
 

 
 

Fig. 9 Transient analysis when Vinp changes from 2.2v to 2.25v 
 

 
 

Fig. 10 Transient analysis when Vinp changes from 1.2v to 1.25v 
 

 
 

Fig. 11 Transient analysis when Vinp changes from 0.3v to 0.35v 
 
AC analysis are done using inductor with 100MegH inductance and capacitor with 1F capacitance in 
feedback connection (Fig.12). 



INFORMATION AND COMMUNICATION TECHNOLOGIES 

32 

 
Fig. 12 Feedback connection on wide-swing op-amp for AC analysis 

 
Results of AC analysis are shown in Fig.13, Fig.14 and Fig.15. 
 

 
 

Fig. 13 AC analysis when Vinp=2.2v (Gain=42.5db, phase margin=-125°) 
 

 
 

Fig. 14 AC analysis when Vinp=1.2v (Gain=55db, phase margin=-120°) 
 

 
 

Fig. 15 AC analysis when Vinp=0.3v (Gain=43db, phase margin=-120°) 



INFORMATION AND COMMUNICATION TECHNOLOGIES 

33 

In p-type folded cascode op-amp, when Vinp=1.2v, gain is 54db, phase margin is -118°. As Vinp < 

Vtn < Vtp, wide-swing op-amp will work as p-type op-amp and results are nearly the same. 
 

Conclusion 
New designed wide-swing folded cascode op-amp has bigger range of input signal than p-type 

folded cascode op-amp and more stable output gain than other wide-swing folded cascode op-amps. 
Input voltage can be changed from 0,1v to 2,4 v then in p-type op-amp it can be changed from 0,1v to 
2v, so it has wider input voltage range by 21%. At different input voltages output gain changes from 
42,5db to 55 db, so maximum range of changing is 12,5db, when in other wide-swing op-amps it can 
be 21db. Area of new designed op-amp has higher area than usual p-type op-amp by 80%. 
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Представлен новый подход получения широкодиапозонного операционного усилителя с 

сложенным каскодом. По сравнению с операционным усилителем с сложенным каскодом п-
типа, новый разработанный широкодиапозонный операционный усилитель с сложенным 

каскодом имеет более широкий диапазон входного напряжения на 21% и более стабильное 

выходное усиление по сравнению с другими широкодиапозонными операционными 

усилителями. Площадь нового операционного усилителя на 80% больше площади 

операционного усилителя п-типа. При низких входных напряжениях новый операционный 

усилитель работает как операционный усилитель п-типа, при высоких значениях он работает 

как операционный усилитель н-типа. Новый операционный усилитель также имеет 

дополнительный вход,  которым могут быть определены рабочие процессы операционного 

усилителя (п-типа или н-типа). Для этого входа в схеме используются два компаратора (один 

для блока п-типа, другой для блока н-типа). Напряжение дополнительного входного сигнала 

может быть выбрано так, что операционный усилитель будет иметь только рабочие области п-
типа или только н-типа во всем диапазоне входного напряжения. Наиболее желательный 

принцип работы, при котором он будет иметь наиболее стабильное выходное усиление, это 

рабочий процесс п-типа при низком входном напряжении и рабочий процесс н-типа при 

высоком входном напряжении. Новая схема широкодиапозонного операционного усилителя 

разработана на 32 нанометровом технологии. 
 

Ключевые слова: дифференциальный уселитель, зеркало тока, дифференциальная пара 

п-типа, дифференциальная пара н-типа, усиление, фазовый запас. 
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