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Rail-to-Rail single-ended folded cascade OP amp
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Vosar I, (MmA) WT J, (mS) r, (KQ) W L
M;, M, 0.1 0.7 1489.4 14.0 15.9 521.3 0.35
Mg, Mg, 0.1 0.7 2916.7 14.0 11.9 1020.8 | 0.35
M;, M, 0.65 0.8 78.89 2.5 10.4 27.61 0.35
Mg, Mg 0.5 0.8 48.48 3.2 31.3 33.94 0.7
M., M, 0.5 1.5 90.91 6.0 16.7 63.64 0.7
My, My, 0.65 1.5 136.55 4.6 22.2 95.58 0.7
M, 0.5 1.4 84.85 5.6 17.9 59.39 0.7
Mey, 0.65 1.4 127.45 4.3 23.8 89.21 0.7
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2. DC small signal voltage gain
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3. Slew rate
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5. Active input common mode voltage range(ICMR)
max :Vpp + Vi, —Ap >Vyp

min : Vg —’Vmp‘JrAN <V
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6. Power consumption
P =lg xVy, =3mAx3.3V =9.9mW

2t MOSFETSl WE 0|E0tH 2 MOSFET2| parameter== - ¢etCt.

AS(pm) AD(pm) PS (xm) PD(um)
M, M, 547.3 547.3 523.4 523.4
Mo, Mo, 1071.9 1071.9 1022.9 1022.9
M, M, 28.99 28.99 29.71 29.71
Mg, M, 35.64 35.64 36.04 36.04
M., Mg 66.82 66.82 65.74 65.74
Mg, My, 100.36 100.36 97.68 97.68
My, 62.36 62.36 61.49 61.49
Moy, 93.67 93.67 91.31 91.31

<X 2. MOSFET junction area parameters>




. Spice simulation

1. DC small signal voltage gain(A,(0)) & Gain-bandwidth product
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2. Power consumption
x***x yOltage sources
subckt
element 0:vvb?2 0:vvb1 0:vvb3 0:vvb4 O:vdd 0:vss
volts 1.2000 2.1000 1.2000 1.5000 3.3000 0.
current 0. 0. 0. 0. -3.6787m 20.1573a
power 0. 0. 0. 0. 12.1396m 0.
subckt
element 0:vin 0:vinb O:vincm
volts 0. 0. 1.6500
current 0. 0. 0.

power 0. 0. 0.



3. Slew rate SR & 0.1% settling time
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4. Active input common mode voltage range(ICMR)
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5. Linear output voltage range(OVR)
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III. Comparison table

ltems Hand analysis Spice

2 WixLy 1473.3(um)’ 1670.2(um)’

DC small signal voltage

. 2477 3004
gain(A,(0))
Power consumption OP amp :9.9mW OP amp:12.14mW
Vv V
Slew rate(SR) 300— 500—
US US

0.1% settling time(t,)
with unity gain 6ns
feedback(0.1v step)

Active input common
mode voltage Ves ~ Voo
range(ICMR)

PMOS : V ~ 2V
NMOS : 1.5V ~V,,

Gain—bandwidth

111.4MHz 504MHz
product(GBW )

Linear output voltage

0.879V ~ 2V
range(OVR)

<X 3. comparison of spec.>



. Self bias & start-up circuit
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V. Spice source code

**x HW2 rail-to—rail single—ended folded cascode OP ampx

MN7 NA X VSS VSS NMOS L=0.7U W=63.6364U as=66.8182p ad=66.8182p ps=65.7364u pd=65.7364u

MN8 NB X VSS VSS NMOS L=0.7U W=63.6364U as=66.8182p ad=66.8182p ps=65.7364u pd=65.7364u

MN5 X VB4 NA VSS NMOS L=0.7U W=33.9394U as=35.6364p ad=35.6364p ps=36.0394u pd=36.0394u

MN6 VOUT VB4 NB VSS NMOS L=0.7U W=33.9394U as=35.6364p ad=35.6364p ps=36.0394u pd=36.0394u
MP4 VOUT VB2 PB VDD PMOS L=0.35U W=27.6134U as=28.9941p ad=28.9941p ps=29.7134u pd=29.7134u
MP3 X VB2 PA VDD PMOS L=0.35U W=27.6134U as=28.9941p ad=28.9941p ps=29.7134u pd=29.7134u
MP11 PS vB1 VDD VDD PMOS L=0.7U W=178.4U as=187.32p ad=187.32p ps=180.5u pd=180.5u

MP10 PB VB1 VDD VDD PMOS L=0.7U W=191.17U as=200.7285p ad=200.7285p ps=193.27u pd=193.27u
MP9 PA VB1 VDD VDD PMOS L=0.7U W=191.17U as=200.7285p ad=200.7285p ps=193.27u pd=193.27u
MN2 PB INB NS VSS NMOS L=0.35U W=521.27662U as=547.3405p ad=547.3405p ps=523.3766u pd=523.3766u
MN1 PA IN NS VSS NMOS L=0.35U W=521.2766U as=547.3405p ad=547.3405p ps=523.3766u pd=523.3766u
MN11 NS VB3 VSS VSS NMOS L=0.7U W=59.3939U as=62.3636p ad=62.3636p ps=61.4939u pd=61.4939u
MP2 NB INB PS VDD PMOS L=0.35U W=1020.8U as=1071.84p ad=1071.84p ps=1022.9u pd=1022.9u

MP1 NA IN PS VDD PMOS L=0.35U W=1020.8U as=1071.84p ad=1071.84p ps=1022.9u pd=1022.9u

vvb2 vb2 vss dc 1.2
vvb1 vb1 vss dc 2.1
vvb3 vb3 vss dc 1.2
vvb4 vb4 vss dc 1.5
vdd vdd vss dc 3.3
vss vss 0 dc 0

xvdd2 vdd2 vss dc 3.3

*x ac with CL

CL vout 0 10pF

vin in incm ac 1

vinb inb incm ac -1

vincm incm vss dc 1.65

.ac dec 10 0.1K 100meg
*.probe vdb(vout) vp(vout)
*% 0P

** output range vs diff input

*einb inb incm in incm -1



*vindm in incm dc 0

*vincm incm vss dc 1.45

**.dc vindm —0.5 0.5 0.001

*.dc vindm -0.001 0.001 0.00001

*** input common mode range
*vshortin in inb dc 0

*vin in 0 dc 0

*.dc vin 0 3 0.01

*% 0P

* freq response

*vin in vss dc 1.45 ac 0.5

*vinb inb vss dc 1.45 ac -0.5

*.ac dec 10 1K 1000meg

*.0p

** unity gain feedback with CL

*CL vout 0 20pF

**CL vout 0 0.1pF

*xvin in 0 dc 1.45 pulse 1.451.46 000
*vinin 0 dc 1.2 pulse 1.22.2000
*vshortinout inb vout dc 0

*.tran 10p 20n

***xR0 VOUT VSS 0.1meg

*

.option post

*.probe v(vout) v(in) v(inb) v(ns)

*+ v(na) v(nb) v(vb1) v(vb2) v(x) v(pa) v(pb)
*+ vdb(vout)

*.probe i(MPP4) i(MNP1) i(MNP3) i(MNP10)
.inc "model0p35.txt"

.end



