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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.

Key words: differential amplifier, current mirror, p-type differential pair, n-type differential
pair, gain, phase margin.

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.
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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 Vbl voltage (Fig.2).
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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.
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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).
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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 (Vtl=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.
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P-type folded cascode op-amp with severed output

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.

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

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

Wt

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.
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Fig. 9 Transient analysis when Vinp changes from 2.2v to 2.25v
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Fig. 10 Transient analysis when Vinp changes from 1.2v to 1.25v
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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).
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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.
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Fig. 13 AC analysis when Vinp=2.2v (Gain=42.5db, phase margin=-125°)
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Fig. 14 AC analysis when Vinp=1.2v (Gain=55db, phase margin=-120°)
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Fig. 15 AC analysis when Vinp=0.3v (Gain=43db, phase margin=-120°)
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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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I POKOIUATIO30HHBINA ONTEPAIIMOHHBIA YCUJIUTEJIb C
CJOXXEHHBIM KACKOJOM U KOMITAPATOPOM

B.III. Memnksin', A.A. Ba6agpkansn', A.I'. BackoBusin®
' Hayuonansnviii nonumexnuueckuii yHugepcumem Apmenuu
2E6poneﬁcmn7 YHUgepcumem

[IpencraBneH HOBBIN MOAXO/ MOJyYEHHUS MIMPOKOAUAIIO30HHOTO ONEPAMOHHOIO YCHIIUTENS C
CIIO)KEHHBIM KackozoM. [lo cpaBHEHMIO C OMEepaIiOHHBIM YCHIJIMTEIEM C CIOXEHHBIM KacKOJOM TI-
THTA, HOBBIH pa3pa0OTaHHBIA IIUPOKOAMANIO30HHBIA ONEPAUOHHBIA YCHIIMTENh C CIIOKEHHBIM
KacKOZIOM HMeeT Oonee IIMPOKUH JHana3oH BXOAHOro HampsbkeHus Ha 21% wu Gozee ctabmibHOE
BBIXO/JIHOE YCWJIIEHHE TI0 CpPaBHEHUIO C JPYTUMH [IHPOKOIHUATIO30HHBIMU  OIEPANHOHHBIMHU
ycwutensmMu.  [Inomiaaes HOBOro omeparuoHHoro ycwiutess Ha 80% Oosblie  IUIOMIAAH
OTIEPAIIOHHOTO yCcUIuTeNsl N-Tumna. [Ipy HU3KMX BXOIHBIX HANPSHKCHHUSX HOBBIM ONEpallmOHHBIN
YCHIIMTENb paboTaeT KaK ONepalioOHHBIN YCUIUTENb M-THIA, P BBICOKMX 3HAUEHHSX OH padoTaer
KaK OIEpallMOHHbIA YCUJIUTENh H-TUNA. HOBBI ONEpallMOHHBIA YCWIMTENb TaKKE HMEET
JIOTIOJTHUTENBHBIA BXOJ, KOTOPBIM MOTYT OBITH OIIpEJIeIeHbl padodyne IPOILECcChl ONEePaliOHHOTO
ycunutens (I-TUna Win H-Tumna). /s aToro Bxoja B cXeMe MCHOJB3YIOTCS Ba KoMmmapaTopa (OAuH
Juis OJIOKa T-THIIA, JpYroi s Oimoka H-Twra). HampsbkeHue JOMONHUTENHOTO BXOIHOTO CHTHAA
MOJKET OBITh BEIOPAHO TaK, YTO ONEPANMOHHBIA YCUIUTENb OyJIeT UMETh TOJIBKO pabouue 00IacTH Ii-
THUTIA WM TOJILKO H-THIAa BO BCEM JHWAaNa3OHE BXOJHOTO HampsokeHus. HamOonee kenmatenbHBIN
MIPUHIUIT paboThI, TPH KOTOPOM OH OyAEeT WMeTh HanOosee CTaObWIbHOE BBIXOJHOE YCHUJICHHE, ITO
pabouuii mporecc M-TUNA MPH HU3KOM BXOJHOM HANpPSDKEHUM W PadO4Mid MpoIlecc H-TUMA IpH
BBICOKOM BXOJIHOM HampspkeHnd. HoBas cxeMa HIMpOKOIMANO30HHOTO OMNEPaIMOHHOTO YCHIIUTENS
pa3paboTaHa Ha 32 HAHOMETPOBOM TEXHOJIOTUH.

KiroueBble cinoBa: auddepeHnnanbHplil yceauTenb, 3epKaio Toka, TuddepeHunanbHas mapa
n-tumna, nuddepeHnuansHas napa H-THIA, YyCUIeHNE, (pa30BbIi 3amac.
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