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Abstract

This paper presents a fully differential operational transconductance amplifier (OTA) based on the
dynamic threshold-voltage MOSFET and floating gate MOSFET (DT/FGMOS) inverter with a supply
voltage of 0.5 V. The proposed inverter in the structure of this OTA is a combination of the dynamic
threshold-voltage MOSFET (DTMOS) technique (for all PMOS transistors) and the floating gate
MOSFET (FGMOS) (for all NMOS transistors) in n-well process. In this circuit, feedforward and
feedback paths have been used to limit the common-mode gain. The first stage has feedforward paths
to eliminate the common-mode and the second stage has the common-mode feedback to stabilize the
common-mode output voltage on Vg/2. Based on the post-layout simulation results, the proposed
OTA showed a gain of 61 dB with a unity gain frequency (UGF) of 1.1 MHz under 13 pF load
capacitors. With the studies performed by Monte Carlo analysis, it was found that the OTA based on
the proposed inverter can perform well under process variations and device mismatches. The proposed
circuit in 180 nm CMOS technology occupies an area of 0.182 mm? from the chip. Its power
consumption is 17 yW and it can be used in low voltage and low power applications including
portable equipment. According to studies, the use of DTMOS and FGMOS techniques can lead to the
effective reduction of the threshold voltage of transistors and the good performance of the proposed
OTA at low voltage.
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Figure (1): DTMOS technique, a) Symbol, b) Equivalent circuit
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Differential output swing of proposed OTA
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M Gaim (dB)

1yl Veer 6l o goleaion Fldos obLw,yly sussS' o gl Lolai cdls o e :(VY) S
Figure (12): Differential-mode gain of proposed OTA for 1000 runs

Samples

QAY;



T FIRVES SV S PRV F IR | W S H W [ PR EL IS

_JIIIL_

Comman-Mode Cain (dB)

32l Veee Gl o oleaion Fldoe o blw )l suidS'Co gl S pio Cdls> 0 0 : (VW) S0
Figure (13): Common-mode gain of proposed OTA for 1000 runs

e 0 M
lod g (V)

Common-Mode Volia

ol Vove sl 53lninny (SFlobos (o1l S a5 Syl (o295 g :0F) JSid
Figure (14): Output common-mode voltage of proposed OTA for 1000 runs

Samples

Samples

Fom, = SROV/9)xC, (pF) e
Power (mW)

FoM, = UGF(MHz)xC, (pF) 0%
Power (mW)

abal; 5o byell ple el 9hBsSey s )b 3 CL g 4l Soe p Sy v 2 (2352 €5 SR OVA) aba) o
slez,b plo a4 cad golpin 7 b a5 9gd o sotliv wdel Cawsds FOM jlade (ululy 350 sols zudgs (V)
obon Jleas 4035 Gl Ol 5 Gl 3B sleo )5 sl Wlgs e 5 Cwlilo 1) FOM (5 20 «(V) Jgor 5o oad (3158
e il ksle jo g atee Sg)ly e (Ked [V VAT Glags o 40 oais il slo )b .asl
L L golorig b ol ond oolitul (Kool ailil 5Llg b (oge 5 ,5Ld oS uge ool g 512,55
25l o2 )b ez o & Sl Wl o 355 JLSle 3 13ld CoS uge g (Senls Al S5 L uge Sig)ly il
3,5 o)l plgise o (o9 e BB & soleidany zyb ,Se0 Sblie 5l adl anils (g5 9 Shes (s slaslds o LS
alss 13 sy g Som 0550 ST G 50 gadse al bl gy LB Wl oo jolid S uge p90 S L oS

O
335 55 b 1y (L3 jlsle g0 cnl DIY] 5 [8] Glogz jo yo ous ity slag b b ot )b S bl sl
dw 5 (Srae Olg albaie alie Gln mogel Gluad BB Gled jo ugeow yegil VA (5 )sk8 L g Sy 410

QAD)



VAANTY Gl /cwad o,leds ool Jlo /G p oo 10 Jiadignd sl g, 4 il

S50 ax 0 OF Jlsle aw yo 0 1) 5B o> ke cuioren (aelg,Sae V) 03,5 a5 0 plp |y Gou 0,90 LSl
Jooz 59 amslie (nl @bt 09d Jol> il ly 5l 9590 Suglie 5 5l Jlade Ll 5l 93 anslio b 028 5
C).Ia 9o A Cnas L 60[.@4..»...' C).lo as WJBMLSA 4> gi0 0L c\.....ul.?bo gsi..w_vl.w LSLQ)L‘M wLw‘)) L] 00l A (Y)
asls oSy Ll s 0 e 0,Sles 5 S S g /0 o p9 4 Wlg e DY g [A] slags 1o p0 onds @il iy
OF 5B o) Lo eolpiinn 7ok o> o ilS 3 (g lal sl ;9500 utin b 90 (LSS Ll 18 G o eizren ol
)1 5l S5 0k O3l g Ceglie 4 (a0

4, TSMC 0.18 um CMOS (s ,5Lé 4 Cadence IC Design jl38le 5 b golpaion Sllas SUlu )l oS coeas i
PY1Fe 50 g, S YAYIVY ojlail (glls aS oals ools jlid ouls 2l ally o (V0) JSO 50 o, plxdl
5,5 salgs sl 1) g yte e +/VAY Colas solprinn Slles oblul 00iiS Cagit «olul cpl 5 oConl yiog ,So
Ap0) g2 X cosu Y g DYy e] slogs o slog b b avlio jo Lo goliin 7ok 50 sl oad Jlidl mlan
X0 e ga [YV] g IV Vo] lags po 4 s Lo golpiin gyl FOM1 (Sigls Lone Llod 5 Lol congy yis
Y] o VYT Vo] logs 1o s s Lo solgiig 5k 55 FOM3 (Sl Lo Bl 5l el e plp VAE 5 VYV
ol sl VIYY g VYY YIAR Cos

& 25 azeis - F

6l g 315 5l o8l U 5 o g5lsdsnts TSMC 0.18 pm CMOS (5,5l L solyiins zyb b 4yl 5l oS
9 )‘.\A d.n.\.u )U5 6‘5"@"’““" ‘_;;LA.Lo.C @LaLw)‘)J o\.\.».»Sg.A.i}.O.) )L..>Lw o )3L.~u g.,.»f o¥e 9 é.;.cl.uo diJlMAJ" )LJ5 l) v
oJ.MSwg_Q) L)"‘ d.?-‘j 0 v J.:l.: 6% 9 ‘él.ol.m e 0 yb uﬁl.: JAJLQ-J u‘ggj.ia.c ‘'Y 9 u.]s N LY w):d..: Uj 69)AA U‘ﬁ"
ol glas 0g5 51 ol BeSu WY L 5l Ly az 0 OF 5B a5 00gs 55,086 VY g b oo PV o gy Sldee UL LIS
565l ) i & 3l ol Senls Wl SLls b uge /sl oS mge Sis)ly o2 AB (IS & azgi L
NAY ol golpring Hlan g Cand Slles ollo)l 5 caiiScusts 29,5 anb ;0 I 5 sladwsglio o Saslal
ol 05 31 45 (g3tien glacells b solpiiny Sller oblu) s cdisS sl 018 o Jlidl asly 5l 1) mye sto oo
oy osliial gt o oo W5 Sl 5 alar 31 Gl 0155 5 Gl 33 510,15 5 i s

Thltas Gl (Gl

O Ty JETT, T ey T [T T

GOy (Fllos (2 blwyly euldSCu sl idar :(18) g
Figure (15): Layout of the proposed OTA
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