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Nice try, but OVR(1.9~2.3V) out of spec(1V)

2 - Stage Op Amp Design
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Parameters : Vdd=3.3V Cl=10pF L=0.35um
L(um) Vth(v) | KP[uA/V"2] | Lamda(l/v)
NMOS 0.70 0.59 132 0.04
PMOS 0.70 0.75 52 0.03
Targets
DC Voltage Gain OVR GBW (Wt) Phase Margin
Over 1V Over 100 MHz | Over 60'

Over 1000

Target




1. Hand analysis

zn A8 (Power) ¢ A 1d3 , 1d7 AA3}7].
HA v dE8e 2mWE Askal, A 1d39F 1d77F Zus =2 sholl, &n] d83 A+
o] BANE olgste] WFE AAte3irt.
Power = Vdd * (1d3 + 1d7) = Vdd # (2 *Id3 ) = Vdd * (2 * 1d7 ) = 2 mW
2%1d3=2% 1d7=2m/3.3
Id3 = 1d7 = 303uA

Channel length 2 (W/L)1 ¢ (W/L)6 ZAA3}7].
M4 Channel lengthE 0.35um® A3t 18 i, Ago|5e AAAc=ZHE (W/L)1
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(W/L)3, (W/L)4, (W/L)5, (W/L)7 AA3}7].

Vss +VThn4 +VDSAT4_ |VTHp1 |< ICMR <VDD- |VDSAT3 | - |VDSAT1 | - |VTHp1 |

ICMR 9]¢} Zof, x3lo] Fojx] gokomz 94 Z42; FETS] Vdsats of#feh 2
o] ¢lelz AR ¢ A9 Z7Zt VdsatE: v o] Aol vEhW (W/L)F
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2% 2*|
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(Step2)oll A 13+ A 2XRE T8 5 k. o 7)o A (W/L)4, (W/L)5& o]3F o] Phase
Marging THEA]71A] 821S bt

Vosar: = 0.202V > W /L), =154.7
Visar, =0.202V -—> W/L), =154.7
Vpsars =0.5V -—> W/L), =505
Visara = 0.3V -—> W/L),=358
Vpsars = 0.3V -—> W/L), =358

wpebA] AlskE ICMRE atd thao) 2ok
V88 + Vs +Vosara = | Ve < ICMR <VDD— | Vipgars | = [Visars | = Vi |

0+05+0.3-0.72<ICMR <3.3-0.5-0.202-0.72
. 0.08 < ICMR <1.878

[Step 4] (W/L)7 24 2 OVR =74 &3l8}7].
lps = 15,8 20& o] &8te], W/L),=(W/L), =5050=2 243}
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0.202<0VR < 2.8
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z , Ccx= ©23 Zo
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C. =2.387pF R, =1.748Kohm
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Rz ¢} (W/L)8 ZAA3s}7]. (vfe]ojx 3|2 9 start up circuit 24 3}17])
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4714 Vdsats AAsNoF afeel, BTt o] Qlelw Ay,
|VDSAT11 |:|VDSAT10 = Vosatis |:|VDSAT4 = (1/2)*|VDSAT14 |=0.3V

(W/L)= obefish 22 =318 ZHA €t

(VV/L)lo = (VV/L)ll = (\N/L)13 = (1/5)*(\/\/“—)4 =17.16

(W /L), = (4/5)*(W /L), = 28.64
Mg R, 2 TAE bias 2t AF I,,9 doz vepd 5 o,
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Hand analysis® 74kt parameter %2} Tweaking -9 ¢ #t2} v]aL.

L [um] (W/L) W [um] L [um] (W/L) W
[um]
M1 0.35 154.7 54.14 M10 0.35 7.16 2.50
M2 0.35 154.7 54.14 M11 0.35 7.16 2.50
M3 0.35 50.5 17.67 M12 0.35 5.05 1.76
M4 0.35 35.8 12.53 M13 0.35 7.16 2.50
Mb 0.35 35.8 12.53 M14 0.35 28.64 10.02
M6 0.35 154.7 54.14 M15 0.35 5.05 1.76
M7 0.35 50.5 17.67 M16 0.35 5.05 1.76
M8 0.35 20.28 7.09 M17 50 1/50 1
M9 0.35 5.05 1.76 M18 50 1/50 1
* Rb = 6Kohm Cc = 2.38pF
Tweaking $-9] Parameters.
L [um] (W/L) W [um] L [um] (W/L) W
[um]
M1 0.35 257 90 M10 0.35 8.5 3
M2 0.35 257 90 M11 0.35 8.5 3
M3 0.35 8.5 3 M12 0.35 1 0.35
M4 0.35 42.8 15 M13 0.35 8.5 3
Mb 0.35 42.8 15 M14 0.35 34.2 12
M6 0.35 142 50 M15 0.35 1 0.35
M7 0.35 11.4 4 M16 0.35 1 0.35
M8 0.35 21.1 7.4 M17 50 1/50 1
M9 0.35 1 0.35 M18 50 1/50 1
* Rb=6Kohm Cc=2.5pF
Tweaking
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After tweaking

1. Sum (Wi*Li) After tweaking

Bias Circuit : 0.35u * (0.35+ 3+ 3+ 0.35+ 3+ 12 )u= 7.595p [m"2]
Start—up Circuit : 0.35u * (0.35+ 0.35) u+ 50u=*(1+ 1)u=100.245p [m"2]
2-Stage OP Amp : 0.35u * (90+ 90+ 3+ 15+ 15+ 50+ 4+ 7.4)u = 96.04 p[m"2]

Total Sum : 203.88 p [m™2]

2. DC Smuall signal voltage gain : (Gain : 800, P.M.: 61")




3. Power consumption

Total Current : 288.3985u A
Power : Total current * Vdd (3.3V) =951.7u W

OP Amp : 866.2u W
Bias circuit : 85.5u W

4. SR rate: 0.7v/6ons = 11.7 V/us
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5. 0.1% settling time with unity gain frequency

57.ns

Settling time
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6. ICMR
Vi_min = -0.0116 V
Vi_max = 2.51 V

O0a2ii3)
B00A2w(d)
O0:2wlin)
D0:A2wiub1)

800m
Bllim . N

400m

Pl
0

-2l0m
-40m
-50m

7. Gain-Bandwidth product (.pz % & e{ A}-%)

GBW=1| 800 * (-647 K)[rad] | =517 M [rad]




8. Linear output voltage range
Vo_min=1.9V
Vo_max = 2.3 V

A |




9. Thermal noise voltage spectrum (From .lis file)

[Hz]
10K 100K 1M 10M 100M 1G
[ /root Hz
Low freq. input
Equivalent
195.1197n | 61.7818n | 19.8063n 7.5721n 4.2110n 7.2410n
Thermal

voltage noise

x ESF)EB(: 1'Eit)l(3 K xIxxIxIxkxkxIxkxkxIxhkxkhkkhkkk

ITEMS Specification
Sum (WixLi) 203.88 p [m"2]
DC small signal voltage gain Gain : 800 , P.M.: 61"
Power Consumption OP Amp : 866.2u W

Bias circuit - 85.5u W
Slew Rate 11.7 V/us
0.1 % Settling time with unit 57 ns
gain feedback (0.1v Step)
ICMR -0.0116V < I CMR < 2.51V
Gain Bandwidth Product 517M[Hz]

Linear Output Voltage

19V<OVR< 23V

Low Freq. Equ. thermal noise

voltage spectrum.

See the result of # 9.




* 2—stage OP amp
vdd vdd 0 3.3

vssvss 00

* start—up
m15 s1 s1 vdd vdd p w=.35u |=0.35u as=0.367p ad=0.367p pd=2.45u ps=2.45u

m16 vss s1 vbl vdd p w=.35u |1=0.35u as=0.367p ad=0.367p pd=2.45u ps=2.45u

m17 s2 s2 s1 vdd p w=1u [=50u as=1.05p ad=1.05p pd=3.1u ps=3.1u

m18 vss vss s2 vdd p w=1u |=50u as=1.05p ad=1.05p pd=3.1u ps=3.1u

* Bias—circuit

m9 vb2 vb1 vdd vdd p w=0.35u 1=0.35u as=0.367p ad=0.367p pd=2.45u ps=2.45u

m10 vb2 vb2 vb3 vss n w=3u [=0.35u as=3.15p ad=3.15p pd=5.1u ps=5.1u

m11 vb3 vb3 vss vss n w=3u |=0.35u as=3.15p ad=3.15p pd=5.1u ps=5.1u

m12 vbil vb1 vdd vdd p w=0.35u 1=0.35u as=0.367p ad=0.367p pd=2.45u ps=2.45u

m13 vbi1 vb2 vb23 vss n w=3u [=0.35u as=3.15p ad=3.15p pd=5.1u ps=5.1u

m14 vb23 vb3 vbr vss n w=12u 1=0.35u as=12.6p ad=12.6p pd=14.1u ps=14.1u

* 1st stage
m1 4 vinp 3 vdd p w=90u |=0.35u as=94.5p ad=94.5p pd=92.1u ps=92.1u

m2 5 vinn 3 vdd p w=90u 1=0.35u as=94.5p ad=94.5p pd=92.1u ps=92.1u

m3 3 vb1 vdd vdd p w=3u [=0.35u as=3.15p ad=3.15p pd=5.1u ps=5.1u

m4 4 4 vss vss n w=15u 1=0.35u as=15.75p ad=15.75p pd=17.1u ps=17.1u

m5 5 4 vss vss n w=15u [=0.35u as=15.75p ad=15.75p pd=17.1u ps=17.1u

* 2nd stage
m6 out 5 vss vss n w=50u 1=0.35u as=52.5p ad=52.5p pd=52.1u ps=52.1u

m7 out vb1 vdd vdd p w=4u 1=0.35u as=4.2p ad=4.2p pd=6.1u ps=6.1u

m8 frc vb2 5 vss n w=7.4u |1=0.35u as=7.77p ad=7.77p pd=9.5u ps=9.5u

* capacitance and bias resistance

cc out frc 2.5pF
cl out vss 10pF
cn 3 vss 0.2pF

cp 4 vss 0.2pF

R vss vbr 6Kohm

* #1 Sum of (Wi * Li)

* #2 Power comsumption




* #3 Slew rate

* vil vinnvss dc 1.0 pulse 1.1.5000

* vi2 vinp out 0
* .tran 1n 150n

* #4 Settling time 0.1%

* Slew rate 0.1% 0.1V Step

*vinl vinnvss pwl 0 1.5 1n 1.6

* vin2 vinp out 0
* .tran 1n 80n

* #5 ICMR ——> Change i1->in i2—>inb

* common mode DC transfer curve

* vsin vinp vinn dc 0

* vsincm incm vinp dc 0

* vincm incm vss dc 2

* .dc vincm —0.5 3.3 0.001

* #6 Gain — bandwidth product

* Differential mode frequency response pole zero

* vil vinp vss dc 0.9 ac 0.5 180

* vi2 vinn vss dc 0.9 ac 0.5

* .pz v(out) vit
* .ac dec 10 10K 1000meg

* #7 OVR ——> Change i1->in i2=>inb

* vsin in inb dc 0

* vsincm incm in dc 0

* vincm incm vss dc 2

* .dc vincm —0.5 3.3 0.001

* #8 Thermal noise voltage spectrum

xvoffset vinp vinpl dc 0

xvoffset? vinn vinn1 dc 0

*einb vinn1 incm vinp1 incm -1

*vindm vinp1 incm ac 0.5 0

*vincm incm vss dc 1

*.noise v(out) vindm 10

*.ac dec 10 10K 1000meg

* vil il vss dc 0.9 ac .5

* vi2 i2 vss dc 0.9 ac .5 180




* .ac dec 10 10k 1000000meg

.op
.inc "./model0p35.txt"

.end




