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Design and Evaluation of Fully Differentioal OTA Using Cascoded CMOS Inverters
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Abstract

A new low voltage operating fully differential CMOS OTA construction, which uses dual-input cascoded CMOS inverters, is
proposed. The OTA is a two-stage configuration with dual-input cascoded CMOS inverters at the input stage, and traditional CMOS
inverters in the output stage, with a common-mode feedback path form the output terminals to one of the input terminals of cas-
coded CMOS inverters. The OTA has been designed and fabricated in a 0.15 pum triple-well CMOS process, in order to effectively
reduce its threshould voltages by the bulk bias technique. The OTA successfully operated from 1 V power supply, with 59 dB of
differential voltage gain, 80.9 dB of CMRR and 25 MHz of unity gain frequency, at 60 4A of current consumption.
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Fig. 1. Fully Differentioal OTA Using CMOS Cascode Inverters
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(b), (d)Double input type cascoded CMOS inverter, (e)Circuit
symbol of (d).
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Table 1. Initial conditions for designing bias voltages of cascode
CMOS inverter'
Mm || Vibm Vobm Vimarginm Vasm Vbsm
M4 || 236 264 100 (£R3EfE) | 500 (EEE) | 364
M3 || 316 | 100 ({REEfE) - 416 -
M2 || 373 | 100 (£RELE(E) - 473 -
M1 | 311 189 100 (FRELAE) | 500 (BEfE) = 289
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Table 2. Designed bias voltages of cascode CMOS inverter!

Mm Y| Vim | Vobm Vmarg'mm ‘ Vasm l Vbsm
M4 || 236 | 264 100 500 364
M3 || 316 100 73.5 416 | 173.5
M2 || 373 100 73.5 473 | 173.5
Ml || 311 189 100 500 289
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Table 3. Designed MOS sizes of Table 4. Parameters of

cascode CMOS inverter cascode CMOS inverter, no load
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Table 5. Designed bias voltages of CMOS inverter for output’

Mm || Vin | VoDm Vmarginm VGSmW Vbsm
T

Mp || 316 | 221 279 537 | 500
Mn 311J 152 348 463 ’ 500
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N— % DFEF MOS ¥4 X Table 7. Parameters of CMOS

Table 6. Designed MOS sizes of ~ inverter for output, no load
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Table 8. Designed bias voltages of CMOS inverter for feedback

Mm || Viten | VoDm VmarginmJ Vosm | Vbsm
Mp || 316 | 284 | 316 | 500 | 500
Mn || 311 | 289 | 311 | 500 | 500
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N— & DEEF MOS 4 R Table 10.  Specification of CMOS
Table 9. Designed MOS sizes of inverter for feedback, no load
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Fig.8. Designed OTA with phase compensation
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Table 11. Spec. of designed OTA with phase compensation

PrAEmERET | fAEMER
50 kQI5 pF | 50 kQ|5 pF
BREE 1.0V 1.0V
ZEBEEAG 61.9 dB 61.9 dB
HHEENE -25.1dB -24.1dB
—3 dB Freq. 1.36 MHz 24.4 kHz
Unity Gain Freq. || 157.7MHz | 25.4 MHz
HEER 115.4 uA 115.4 pA
Prtstn 2.8 deg 68.5 deg
H S 881kQ | 881kQ

A
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Fig.9. Layout of designed OTA
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s Measured W
(Differential Mode)

80 - s

IS
o

Simulated » Y
20 (with Parasites)’

Voltage Gain [dB]

ol | Measured
j (Common Mode)
-20 .____‘i,«_.;_.
y ; Simulated
a0 Voo=1.0V| {without Parasites)
1k 10k 100k 1™ 10M  100M 1G

Frequency [Hz]

12 EFEEE 1.0V IS 3RS REBRHE O HIER R
Fig. 12. Frequency responses of designed OTA, Vpp =1.0 V
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Table 12. Measured results of designed OTA, Vpp =10V

Simulated | Measured
BFRELE 1.0V 1.0V
ZEEEAS || 63.7dB | 59.0dB
AMHBEEANS || —24.1dB | -21.9dB
R 87.8dB | 80.9dB
-3 dB Freq. 20.5kHz | 32.0kHz
Unity Gain Freq. || 30.4 MHz | 25.0 MHz
HEENR 108.5 A | 59.9 uA
R EES 79.0 deg -
HAEH 8.81 kQ -
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DHEBICLVBREZH I TICHEL 72720, BIfEEOES)
BKRKEDPOLZEEZEETIE, HELL TV 60dB D
BEMBEZIZITHMETERLLE A3, Vpp = 1.0V, TOFIMH
MBI EDRBFEE TS 0dB K TH b, FHETHEIRT S Z
ERCHERITA, L L, BFREE Vop =09V TD
HlETI/MRIBOMAERRSRE > TED, K13 IRL~
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Fig. 13. Frequency responses of designed OTA, Vpp =0.9 V
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Table 13. Measured results of designed OTA, Vpp =0.9 V

Simulated | Measured
BREE 09V 09V
ZEEFNS || 627dB | 59.3dB
FHEEERMS | -245dB | -21.8dB
FIEER 2 87.2dB | 81.1dB
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R 68.3 deg -
i ke | -
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