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A Novel Low-Power CMOS Operational Amplifier with High Slew Rate
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Abstract: Problem statement: High speed operational amplifier is always an omgaesearch topic
since major high speed application are needggroach: A two-stage operational amplifier (op amp)
is designed, simulated and fabricated using a UMECON 2P2M CMOS technologfResults: This
chip includes a compensation technique to ensafglity and zero systematic input-offset-voltage.
The fabricated chip achieves a 84 dB open loop,gai#4 V uS' slew rate, a 84 dB CMRR
utilizing a capacitive load of 5 pF, a 30 MHz unigin frequency and consumes 2.8 mW froma 2.5 V
power supply.Conclusion: The proposed chip, which is the first available CM@perational
amplifier in Jordan as the authors are aware, Issuied to low-voltage applications since it does
require cascade output stages.
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INTRODUCTION source stage that has an active load. Capacitanise C
included to ensure stability when the CMOS op amp i
The two-stage circuit architecture has histoncall used with feedback. The third stage is a unity-gtége
been the most popular approach for both bipolar andtilized for driving resistive loads. The completecuit
CMOS op amps, where a complementary process thaliagram of this op amp is illustrated in Fig. 2.bAef
has reasonable n-type and p-type devices is alailabdescription of the utilized circuits follows.
(Roberge, 1975). Although this study includes a G310
version of a two-stage op amp, a bipolar version is 6
similar but slightly more complicated. The two-staap

amp is characterized by its excellent performanbenw N I\

resistive loads need to be driven (Steininger, 1990 Al 2 BN
In this study, a two-stage op amp with a high - [/

CMRR and a high unity gain frequency is proposedl an Differential ngut I i

analyzed. The proposed op amp includes three cadcad first stage second stage

stages-two gain stages and a unity-gain outputesta
necessary for driving resistive loads. The proposedd- 1: Block diagram of the two-stage op amp
circuit has an open-loop gain of 84 dB, a CMRR of

84 dB, a slew rate of 24 V [I'S a unity-gain
frequency of 30 MHz and consumes 2.8 mW. wn—[@ H— E—E
= ;l_"l_l;
MATERIALSAND METHODS ””E a k..
Architecture and circuit implementation: Figure 1 g ?'—1 >_|:T_|_{J:

shows the block diagram of the proposed CMOS op amp — F ::1
It consists of three cascaded stages-two gainstauta Differential irput st Buffer
unity-gain output stage necessary for driving tass e S A
loads. The first gain stage is a differential-ingirgle-

ended output stage. The second gain stage is a@emm Fig. 2: Circuit diagram of the designed op amp
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Differential-input first stage: The differentially input  Tablel: Operational amplifier circuit parameters=(IL.5um)

single ended output stage is formed by the p-cHanné&omponent Value

MOS transistors M1 and M2, loaded in a current onirr  Ms, Me, M7 Width =300 um

formed by the n-channel MOS transistors M3 and M4 Mo M Mio, Mis, Mis Width =25 um

Utilizing the p-channel MOS input transistors foist Mas Width = 100 um

: . N My, M, Width = 250 um

stage is always the best choice to maximize the sley, m, Width = 150 pm

rate since p-channel MOS transistors have low ritgbil M Width = 70 um

factors. We consider the slew rate an importartufea Ro 4 KQ

of op amp design. Our choice of p-channel transisto ¢ 5 pF

the first stage will also minimize the flicker neisThe

gain of this stage can be expressed as: Thus, the transconductance of M13 is determined
_ by geometric ratios only and it is independent @ivpr

Avi = Gm (Tas?/Tasd) @) supply and temperature variations. In this design:

Common-source second stage: The second stage is
simply a common-source gain stage with a p-channel WY (W) (W) (W) (W) _25
active load M6. This stage has an n-channel inpued ( } -( j -( ] —( ) -( ]
transistor M7. This arrangement maximizes the 10 n 12 13 1
transconductance of the drive transistor in thagestand

therefore increasing the unity-gain frequency & dp  and for the case:

amp. Such parameters are critical when high frecgen

operation is desired. The gain of this stage ismgivy: (WJ W
i
Avz = -Gy (fasd/Tds?) (2) 15 L s

Output buffer third stage: The stage is a common- via|ds Guiz = 1/Rs.
drain buffer stage. In this source follower, theirrse As a result, not only .gs is stabilized, but the

voltage follows the gate voltage of M8. As showte t .\« onductance of all the other transistors 4se a

body substrate of M8 is at the same voltage as thg,.. 0 since all transistor currents are detifrem
source of M8 to eliminate the gain degradations tue .
the same biasing network and therefore, the rafitise

the body effect. This connection also results in a i My d dent i
smaller dc voltage drop from the gate to the sowfce currents are mainly dependent on geometry.

M8, which is considered as a major limitation oe th . L
maximum positive output voltage. The gain of theCompen&a_tlon circuitry: This circuit is _comp(_)sed of
source-follower stage is given by: the capacitor € which controls the dominant first pole

and transistor vy which operates as a resistor in the
triode region. For this circuit it can be shown ttha
(Roberge, 1975) the compensation can be made
independent of process and temperature by simply
Biasing circuitry: It is well known that transistor choosing fsis= 2/Qu7.

transconductance is an important parameter in gpsam Table 1 shows the physical sizes of all the @iz
that must be stabilized. This stabilization can beMOS transistors, resistors and capacitors.

achieved by the bias circuitry shown in Fig. 2.tlhis

circuit, the transistor transconductances are nedt¢h RESULTS

the conductance of a resistor. As a result, thesiséor

conductances are independent of power supply wltag  The proposed op amp chip was designed, simulated
as well as the process and temperature variations. and fabricated using UMC 0.5 pm 2P2M CMOS

For the bias circuitry shown in Fig. 2, it is as®d  technology. The area of the chip is about>222D pm.
that (W/L).LO = (W/L)ll This results n, both sides of the Figure 3 shows the photo the Ch|p

L

L

L

L

L

15

A= O (3)

C-:'L + ng + gd38+ gdsg

circuit, have the same current due to the curréntem The measured variation of both the differentiihg
pair Mio, Mi;. As a result, dis and bys are equal. Since  ang the common-mode gain with frequency at 25°C is
Ves13=Vesistlois Re, then it can be shown that: shown in Fig. 4. From the graph it can be seenttiw
open-loop gain is 84.3 dB, while the unity gain
2(1_\/(\,\,/ D/ (W/ L)ls) frequency is 30.5 MHz and the Common-Mode
Oz = (4)  Rejection Ratio (CMRR) is 84.6 dB. This measurement
Rg shows that this chip has a high immunity for inpoise.
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Fig. 3: Photo of the chip. (a) die micrograph af thip "

(b) layout of the chip Fig. 6: Measurement of the maximum output voltage
% swing
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Fig. 7: Bode plot for the fabricated chip

PSRE™ Table 2: Measures op amp performance at diffeemperatures

Measurement Measurement
3. pepnt Parameter @ 25°C result at 45°C
& < Open-loop gain 84.3dB 84 dB
% '\ Unity gain frequency 30.5 28.9
2 % (MHz)
L Slew rate (VuS™) 24.0 245
i SN CMRR 84.6 dB 84.5dB
5 e Phase margin 60° 57°
Power dissipation 2.8 mw 2.8 mw
Offset voltage 7mv 7mv
M, - Output voltage swing (0.08 and 4.89 V) Minimum .87 V
e (Max, Min) Maximum = 4.85 V
- - 0K . - i 0 PSRR 100 Hz PSRR 97.9 dB PSRR=97.7 dB
Frequency (Hz) PSRR 10 MHz PSRR=96.5 dB PSRR=96.2 dB
Settling time 0.16 uS 0.18 us

Fig. 5: Measurements of the power supply rejeatiio
o The variation of the output voltage swing is shown
The measured variation of the power supplyin Fig. 6. The curve shows that the minimum output

rejection ratio (PSRR) at two different frequencies voltage is 0.08 V and the maximum is 4.89 V whish i
namely 100 Hz and 10 MHz is shown in Fig. 5. Theyery close to the supply voltages.

Figure 5 shows that the PSRiRcreases from 97.9 dB The measured Bode plot for this chip is shown in
at 100 Hz to 107 dBt 10 MHz, while PSRRlecreases Fig. 7. From the graph it is clear that the phasegn
from96.5 dB at 100 Hz to 85.5 di8 10 MHz. is 60° while the gain margin is about 15 dB.
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In Table 2, the measurement results for the REFERENCES
fabricated chip are summarized and compared at both
25 and 45°C temperatures. Gray, P.R. and R.G. Meyer, 1993. Analysis and Desig
of Analog Integrated Circuits. 3rd Edn., John
DISCUSSION Wiley and Sons, New York, ISBN: 978-

0471321682, pp: 1-25.

Utilizing P-channel MOS transistors at the inpfit o0 Roberge, J.K., 1975. Operational Amplifiers: Theory
the differential input stage increases the slew (aty and Practice. 1st Edn., John Wiley and Sons, New
decreasing g and provides good immunity against 1/f York, ISBN: 9780471725855, pp: 234-240.
flicker noise. The utilization of the lead competima  Sedra, A.S. and K.C Smith, 1991. Microelectronic

circuit configuration (@ and transistor M) is Circuits. 3rd Edn., Holt, Rinehart and Winson,
necessary to make compensation independent of the New York, ISBN: 9780195116632, pp: 145-160.
temperature and process variations. Steininger, J.M., 1990. Understanding wide-band MOS

The dc offset voltage is reduced by simply transistors. |EEE Circ. Devic.,, 6: 26-31.
changing the width of transistor M6 (Wu and Nabhan,  http://ieeexplore.ieee.org/xpls/abs_all.jsp?arnumbe

2004), taking into consideration that this can ab&o r=55332
done by changing the widths of transistors M7, Ml a Wu, C.Y. and |. Nabhan, 2004. A low-power high
M4. dynamic range AGC for 5GHz direct-conversion
Since the utilized biasing circuitry is constapi ¢ receivers. Proceeding of the Workshop on Wireless
then a starting circuitry is necessary. Such dircan be Circuits and Systems (WOWCAS) Conference,
simply built from an externally connected caparcib May 2004, IEEE Xplore Press, USA., pp: 59-60.
5 uF between VDD and ground (Gray and Meyer, http://ieeexplore.ieee.org/iel5/8985/28525/0127738
1993; Sedra and Smith, 1991). 5.pdf?arnumber=1277385

An additional test for the circuit was carried ati
two different values of R (when R = +20% of the
nominal value which is 4 ). The test results reveal
the goodness of the design since only the slewwate
decreased to about 20 V iSvhen R was increased to
4.8 KQ.

CONCLUSION

A 25 V CMOS op amp has been designed,
simulated and fabricated using UMC 0.5 um 2P2M
CMOS technology. The measurement results indicate
that that the proposed chip has a 84 dB open lagp g
a 24 V uS' slew rate, a 84 dB CMRR utilizing a
capacitive load of 5 pF, a 30 MHz unity gain frenoe
and consumes 2.8 mW from a 2.5 V power supply.
Also, it is characterized by its high immunity tacker
noise due to the utilization of p-channel MOS
transistors at the input differential stage. Mowsothe
utilized compensation is independent of temperature
and process variations. As far as the authors\aaeea
this chip is the first available one in Jordan.
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