AlC FINAL
PROJECT

OP Amplifier

No pain, No gain.



A. Schematic:

I.  Core Amplifier Circuit

Device size :

Mos name W L M
M11 1 1 160
M12 1 0.5 102
M13 1 0.5 102

M14p/ M14n 1 1 100
M15p/ M15n 1 1 100
M16p/ M16n 1 1 100
Mclp/Mcln 1 1 10
Mc2p/Mc2n 1 1 12
Mc3p/Mc3n 1 1 1

M21p/M21n 1 1 6

M22p/M22n 1 1 21
M31p/M31n 1 1 20
M32p/M32n 1 1 18
M33p/M33n 1 0.4 21
M34p/M34n 1 1 28
Cmilp/Cmin 10p

Cm2p/Cm2n 2p




. Common-Mode Feedback :

Device size :

Mos name W L M
M1 1 1 10
M2 1 1 80
M3 1 1 30
M4 1 1 10
M5 1 1 80
M6 1 1 30
M7 1 1 10
M8 1 1 15
M9 1 1 5

RO/R1 37K ohm
R2 10K ohm




. Biasing Circuit :

Device size :
Mos name W L M
MO 1 1 6
M10 1 1 40
M14 1 1 40
M15 1 1 10
M16 1 1 3

Here the Iref=77.0618u, and we want this circuit to generate Vb1= 0.3y,
Vb2=0.5v, Vbn=0.6v



Simulation results:

. Power:
¢ 11_ac.lis FE##H 2 71 {[E corner Y voltage source ~ current source
1 resistor {[E FIJEFERY power » ZR1& IAEFESKE] £y Total Power

consumption

1. TT corner:

****  ypltage sources

subckt
element 0:vdd 0:vgnd 0:vocm 0:vinp O:vinn
volts 1.4000 0. 700.0000m 700.0000m 700.0000m
current -1.3374m 1.2290m  23.1214u 0. 0.
power 1.8724m 0. -16.1850u 0. 0.
Itotal voltage source power dissipation= 1.8562m watts I

**k*%% current sources

subckt

element O:iref
volts 901.5083m
current 77.0618u
power -69.4719u

|t0ta1 current source power dissipation= -69.4719u watts |

***k* resistors
subckt xop xop xop
element ©0:rloadl 0:rload2 L:rop l:ron l:rocm

r value 20.0000k 20.0000k 37.0000k 37.0000k 10.0000k
v drop 853.2562m 853.2565m -122.7515m -122.7517m 231.2141m

power 36.4023u  36.4023u  407.2411ln 407.2425n 5.3460u

Total power = 2.0046mV
2. FFcorner:

**** yoltage sources

subckt
element 0O:vdd 0:vgnd 0:vocm O:vinp 0:vinn
volts 1.4000 0. 700.0000m 700.0000m 700.0000m
current -1.3543m 1.2456m 23.6967u 0. 0.
power 1.8961m 0. -16.5877u 0. 0.
I total voltage source power dissipation= 1.8795m watts I

****% current sources

subckt

element O:iref
volts 946.1763m
current 77.0618u
power -72.9140u

| total current source power dissipation= -72.9140u watts |

**%* resistors

subckt Xop Xop Xop
element O0:rloadl 0:rload2 l:rop L:ron Ll:rocm
r value 20.0000K 20.0000k 37.0000k 37 .0000K 10.0000k
v drop 850.1517m 850.1518m -137.6550m -137.65506m 236.9665m
current 42 .5076u 42 .5076u -3.7204u -3.7204u 23 .6967u
| power 36.1379u 36.1379u 512.1320n 512.1327n 5.6153u |

Total power =2.0313mV




3. SScorner:

**#%  ypoltage sources

subckt
element 0:vdd 0:vgnd 0:vocm 0:vinp Q:vinn
volts 1.4000 0. 700.0000m 700.0000m 700.0000m
current -1.3230m 1.2149m 21.9874u 0. 0.
power 1.8522m 0. -15.3912u 0. 0.
total voltage source power dissipation= 1.8368m watts

FrEE*X current sources

subckt

element 0:iref
volts 841.5502m
current 77.0618u
power -64.8514u

Itotal current source power dissipation= -64.8514u watts I

***%* resistors

subckt xop xop xop
element O0:rloadl 0:rload2 l:rop l:ron 1l:rocm
r value 20.0000k 20.0000k 37.0000k 37.0000k 10.0000k
v drop 860.6956m 860.6955m -93.2349m -93.2348m 219.8745m
current 43,0348y 43,0348y -2.5199y -2.5199y 21,9874y
|power 37.0398u 37.0398u 234.9389n 234.9388n 4.8345u |

Total power =1.981mV
4. SF corner:

**%%  yoltage sources

subckt
element ©0:vdd 0:vgnd 0:vocm O:vinp Q:vinn
volts 1.4000 0. 700.0000m 700.0000m 700.0000m
current -1.3269m 1.2181m 23.4238u 0. 0.
power 1.8577m 0. -16.3967u 0. 0.
total voltage source power dissipation= 1.8413m watts

**E£%* current sources

subckt

element 0O:iref
volts 841.5502m
current 77.0618u
power -64.8514u

|t0ta1 current source power dissipation= -64.8514u watts'

**** resistors

subckt xop xop xop
element 0:rloadl 0:rload2 l:rop l:ron l:rocm
r value 20.0000k 20.0000K 37 .0000k 37.0000k 10.0000k
v drop 854.0759m 854.0760m -135.2038m -135.2039m 234.2379m
current 42 .7038u 42.7038u -3.6542u -3.6542u 23.4238u
power 36.4723u 36.4723u 494 .0557n 494.0567n 5.4867u

Total power = 1.9856mV



5. FScorner:
****  yoltage sources

subckt
element ©0:vdd 0:vgnd 0:vocm O:vinp O:vinn
volts 1.4000 0. 700.0000m 700.0000m 700.0000m
current -1.3344m 1.2258m 23.3614u 0. 0.
power 1.8681m 0. -16.3530u 0. 0.
Itotal voltage source power dissipation= 1.8517m wattsl

**¥**¥* current sources

subckt

element O:iref
volts 880.7279m
current 77.0618u
power -67.8705u

|t0tal current source power dissipation= -67.8705u watts|

**** resistors

subckt xop xop xop
element ©:rloadl 0:rload2 l:rop L:ron l:rocm
r value 20.0000k 20.0000k 37.0000k 37.0000k 10.0000k
v drop 851.5673m 851.5670m -131.8546m -131.8542m 233.6140m
current 42 .5784u 42 .5783u -3.5636u -3.5636u 23.3614u
|power 36.2583u 36.2583u 469.8821n 469.8793n 5.45?5u|

Total power = 1.9985mV
[I. DC Gain, Gain Bandwidth(GBW) and Phase Margin(P.M.):

DC gain ;25 {EAHHY flat band i1 & @ TEE T2 EUHZ fy 10Hz
H%[Y gain 7 5 DC gain ; Gain bandwidth ‘ZH{ unity gain bandwidth » {7
L gain ZEA 0dB HFAVELE /E GBW 5 Phase margin &R unity
gain bandwidth B%/Y phase ‘&44[5 » ZAEFFI0E 180 /& » B[ k&
P.M. -
1. TT corner:

DC gain = 96.826dB , GBW = 30.991MHz , PM = 73.47°



2. FF corner:

DC gain = 97.191dB , GBW = 31.45MHz , PM = 75.44°
3. SScorner:

v E:Z24.844M Y0

DC gain =95.971dB, GBW = 24.844MHz , PM = 71.61°
4. SF corner:

1 10

BRE - X :Z0.063M Y:0

__________________

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

161] 100 1k M

DC gain = 96.55dB , GBW = 20.063MHz , PM = 72.36°




5. FScorner:

,,,,,,,,,,,,,,,,,,,,,,,,,

_____________________

f10] 100 1k 10k 1 1M 1

DC gain = 96.776dB , GBW = 27.944MHz , PM = 75.36°

[ll. Common Mode Rejection Ratio (C.M.R.R.):

CMRR (Y E# ECMRR = 2% » 254 gain Z15% dB Pt » I

CM_DM

CMRR = 201log(Apy) — 20 log(ACM_DM) » 1F wave view IR By 10
kHz F5HY gain 2k Ml EZAVETE » BJRIKES: CMRR -

1. TT corner:

100

___________________________________________

____________________________________________________

____________________________________________________

————————————————————————————————————————————————————————————————




2. FF corner:

10

CMRR = 111.593dB

3. SScorner:

CMRR =98.962 dB
4. SF corner:




5. FScorner:

______________________________________________________

———————————————————————————————————————————————————————————————————————————

" CMRR = 105.894dB

IV. Power Supply Rejection Ratio + (P.S.R.R.+):

PSRR+{f i 25 /2 PSRR+= “MILLOMDUL |, oy oainy 2356 B i - Hl

Av,VDD,output

PSRR+= 20 log(Av_input_output) - 20 log(A,,’VDD_output) » 1£ wave view
TR By 10 kHz [R5y gain SR E=NAVETE - BIAIKAS PSRR+ -

1. TT corner:

,,,,,,,,,,,,,,,

——————————————————————————————————————————————————————

- O g S NN [

--------------------------------------------------------
T O . MUY . WU
7 A, S

10 Lk

PSRR+=114.312dB
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2. FF corner:

PSRR+ = 120.172dB
3. SScorner:

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

PSRR+ =108.779dB
4. SF corner:

10

T U S

10

PSRR+ =106.382dB
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5

FS corner:
10 fi

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

76

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

PSRR+ =128.631dB
V. Power Supply Rejection Ratio — (P.S.R.R. -):
PSRR—{3 i /EPSRR—= CWIPULOMPUL , oy i B350 dB Tt » I

Av,GND,output

PSRR—= 20 log(Av,input_output) —20 log(Av,GND_output) » 1F wave view
LA By 10 kHz BFHY gain 245 E=CUAYETER - BT OKAS: PSRR— -

TT corner:

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

_________________________________________

10 100 1k

PSRR—=128.311dB

_______________________________________________
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2. FF corner:

. S U NpUUp U SUUUNRRSPUPRY JUNS X NN Ut SRR

|

PSRR—=125.38d
3. SScorner:

PSRR—=101.052dB
4. SF corner:

PSRR—=101.875dB
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5. FScorner:

_____________

___________________________________________________________

e . Y

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

10 100 1k

PSRR—=115.364dB

VI. Slew Rate + (S.R.+) and Settling Time +:
f& 15_stepp_lis £ 0] DL E BEEHI 223 71 corner HY slew rate Al
settling time » pos_settling /& settling time > srp /& slew rate -

1. TT corner:

closed-loop step response+

k#k*%*  transient analysis tnom= 25.000 temp= 25.000 ****x
final= 4.9997E-01

hlimit= 5.0002E-01
llimit= 4.9992E-01

htime= 2.4906E-06

ltime= 6 ,3529E-07

pos settling= 2.4406E-06
Tinall= 1.1069E+00
hlimitl= 1.1070E+00
llimitl= 1.1068E+00
htimel= 9.9306E-07
ltimel= 7.5026E-07

pos _settlingl= 9.4306E-07
final2z= 6.0693E-01
hlimit2= 6.0699E-01
llimit2= 6.0687E-01
htime2= 1.3004E-06
ltime2= 2.4910E-06

pos settlingZ2= 2.4410E-06
srp time= 8.3190E-08 targ= 1.4535E-07 trig= 6.2161E-08
[srp= 9.6166E+06 |

S.R.+ =9.6166 V/us, Settling time = 2.4406 us
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2. FF corner:

closed-loop step response+

FH*E**  transient analysis tnom= 25.000 temp= 25.000 ****x*

final= 4.9996E-01

hlimit= 5.0001E-01

1limit= 4.9991E-01

htime= 2.4144E-06

ltime= 7.2572E-07

pos settling= 2.3644E-06

Tinall= 1. 1U0Z9E+00

hlimitl= 1.1030E+Q0

1limitl= 1.1028E+00

htimel= 9.7611E-07

ltimel= 8.9573E-07

pos settlingl= 9.2611E-07

final2= 6.0296E-01

hlimit2= 6.0302E-01

1limit2= 6.0290E-01

htime2= 1.2630E-06

ltime2= 2.9942E-06

pos settling2= 2.9442E-06

srp _time= 7.3803E-08 targ= 1.3531E-07 trig=
[srp= 1.0840E+07

S.R.+ =10.84 V/us, Settling time = 2.3644 us
3. SScorner:

closed-loop step response+

#kE*k*  transient analysis tnom= 25.000 temp= 25.000 *****

final= 4.9998E-01

hlimit= 5.0003E-01
1llimit= 4.9993E-01

htime= 1.6651E-06

ltime= 1.7611F-06

[pos settling= 1.7111E-06|
Tinall= 1.1183E+00
hlimitl= 1.1184E+00
1llimitl= 1.1182E+00
htimel= 1.6463E-06
ltimel= 1.2724E-06
pos_settlingl= 1.5963E-06
final2= 6.1829E-01
hlimit2= 6.1835E-01
1llimit2= 6.1823E-01
htime2= 1.3600E-06
ltime2= 1.2583E-06

pos settling2= 1.3100E-06

srp time= 1.0741E-07 targ= 1.7294E-07 trig=

[srp= 7.4479E+06 |

S.R.+ =7.4479 V/us, Settling time = 1.7111 us

6.1502E-08

6.5526E-08
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4.

closed-loop step response+

SF corner:

**E*X*  transient analysis tnom= 25.000 temp=
final= 5.0000E-01
hlimit= 5.0005E-01
1limit= 4.9995E-01
htime= 1.8615E-06
ltime= 3 0205F-06
[pos settling= 3.8705E-06|
finall= 1.1105E+00
hlimitl= 1.1106E+00
Tlimitl= 1.1104E+00
htimel= 1.2138E-06
ltimel= 1.1359E-06
pos settlingl= 1.1638E-06
final2= 6.1050E-01
hlimit2= 6.1056E-01
1limit2= 6.1044E-01
htime2= 3.1967E-06
ltime2= 1.6115E-06
pos settlingZ2= 3.1467E-06
srp time= 8.2201E-08 targ= 1.4822E-07 trig
ﬁ= 9.7323E+06 |
S.R.+ =9.7323 V/us, Settling time = 3.8705 us
5. FScorner:
closed-loop step response+t
#k*k*k*  transient analysis tnom= 25.000 temp=
final= 5.0000E-01
hlimit= 5.0005E-01
Llimit= 4.9995E-01
htime= 1.0157E-06
ltime= 2 . 0758FE-06
[pos settling= 2.0258E-06
finall= 1.1057E+00
hlimitl= 1.1058E+00
llimitl= 1.1056E+00
htimel= 1.0866E-06
Lltimel= 1.1627E-06
pos settlingl= 1.1127E-06
final2= 6.0569E-01
hlimit2= 6.0575E-01
Llimit2= 6.0563E-01
htime2= 2.5300E-06
Ltime2= 1.4635E-06
pos settling2= 2.4800E-06
srp time= 8.2453E-08 +targ= 1.4523E-07 trig=
[srp= 9.7025E+06 |

S.R.+ =9.7025 V/us, Settling time = 2.0258 us

25.000 *FF*x*

6.6022E-08

25.000 *****

6.2772E-08
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VII. Slew Rate — (S.R.—) and Settling Time —:
#¢ 16_stepn_lis ¥20] DL EH B8 ZL % 71 corner 1Y slew rate 1

settling time > pos_settling /& settling time > srp =& slew rate °
1. TT corner:

closed-loop step response-

FrREEX*X transient analysis tnom= 25.000 temp= 25.000 *****
final= -4.9997E-01

hlimit= -5.0002E-01
Llimit= -4.9992E-01

htime= 2.4906E-06
Ltime=_6.3529E-07

|1pE,_settling= 2.4406E-06 |
1nall= b.UbY3E-UL
hlimitl= 6.0699E-01
Llimitl= 6.0687E-01
htimel= 1.3004E-06
Ltimel= 2.4910E-06

pos settlingl= 2.4410E-06
final2= 1.1069E+00
hlimit2= 1.1070E+00
Llimit2= 1.1068E+00
htime2= 9.9306E-07
Lltime2= 7.5026E-07

pos settling2= 9.4306E-07

srn _time= 8.3190E-08 targ= 1.4535E-07 trig= 6.2161E-08

|srn= 9.6166F+06 |

S.R.—=9.6166 V/us, Settling time = 2.4406 us
2. FF corner:

closed-loop step response-

*kExkE  transient analysis tnom= 25.000 temp= 25.000 *****

final= -4.9996E-01

hlimit= -5.0001E-01
1limit= -4.9991E-01

htime= 2.4144E-06

ltime= 7.2572E-07
[pos_settling= 2.3644E-06
Tinall= b.02Y%0E-0U1
hlimitl= 6.0302E-01
1limitl= 6.0290E-01
htimel= 1.2630E-06
ltimel= 2.9942E-06

pos settlingl= 2.9442E-06
final2= 1.1029E+00
hlimit2= 1.1030E+00
1limit2= 1.1028E+00
htime2= 9.7611E-07
ltime2= 8.9573E-07

pos settling2= 9.2611E-07

srn_time= 7.3803E-08 targ= 1.3531E-07 trig= 6.1502E-08

Isrn=1.0840E+07 |

S.R.—=10.84 V/us, Settling time = 2.3644 us
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3. SScorner:

closed-loop step response-

***k*E**  transient analysis tnom= 25.000 temp= 25.000 *****

final= -4.9998E-01

hlimit= -5.0003E-01
1llimit= -4.9993E-01

htime= 1.6651E-06

ltime= 1.7611E-06

|$2§_sett11ng= 1.7111E-06
lnall= b.loZY9E-UL
hlimitl= 6.1835E-01
1limitl= 6.1823E-01
htimel= 1.3600E-06
ltimel= 1.2583E-06

pos settlingl= 1.3100E-06
final2= 1.1183E+00
hlimit2z= 1.1184E+060
1limit2= 1.1182E+00
htime2= 1.6463E-06
ltime2= 1.2724E-06

pos settling2= 1.5963E-06

srn_time=_ 1.0741E-07 targ= 1.7294E-07 trig=

[srn= 7.4479E+06

S.R.—=7.4479 V/us, Settling time = 1.7111 us
4. SF corner:

closed-loop step response-

*kE*k*E  transient analysis tnom= 25.000 temp= 25.000 *****

final= -5.0000E-01

hlimit= -5.0005E-01
llimit= -4.9995E-01

htime= 1.8615E-06

ltime=_ 3.9205E-06

pos settling= 3.8/05E-06
Tinall= ©b.1lUoWE-UL
hlimitl= 6.1056E-01
1llimitl= 6.1044E-01
htimel= 3.1967E-06
ltimel= 1.6115E-06

pos settlingl= 3.1467E-06
final2= 1.1105E+00
hlimit2= 1.1106E+00
1limit2= 1.1104E+00
htime2= 1.2138E-06
ltime2= 1.1359E-06

pos settling2= 1.1638E-06

srn time= 8.2201E-08 targ= 1.4822E-07 trig=

[srn= 9.7323E+06 |

S.R.—=9.7323 V/us, Settling time = 3.8705 us

6.5526E-08

6.6022E-08
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FS corner:

closed-loop step response-

kkxx%%  transient analysis tnom=
final= -5.0000E-01

hlimit= -5.0005E-01
1limit= -4.9995E-01

htime= 1.0157E-06

ltime= 2.0758E-06
Ipos_settling: 2.0258E-06|
Tinall= b.0D0Y9E-OL
hlimitl= 6.0575E-01
1limitl= 6.0563E-01
htimel= 2.5300E-06
ltimel= 1.4635E-06
pos_settlingl= 2.4800E-06
final2= 1.1057E+00
hlimit2= 1.1058E+00
1limit2= 1.1056E+00
htime2= 1.0866E-06
ltime2= 1.1627E-06
pos_settling2= 1.1127E-06

srn time= 8.2453E-08 targ= 1.4523E-07

|srn= 9.?025E+06|

25.000 temp=

trig=

25.000 Fxk*x

S.R.—=9.7025 V/us, Settling time = 2.0258 us

6.2772E-08




VIII. Specification Table:

Specification
Design Items Specifications TT SS I SF FS FF
Technology CIC pseudo technology
<1.8V,
Supply voltage : 1. 4V 1.4V 1.4V 1.4V 1.4V
low as possible y
<SmW (10%)
power ; 2. 0046 1.981 1. 9856 1.9985 2.0313
Small as possible ’
Loading 100pF / 20K Q
2 >90dB (10%)
DC gain ! 96.826dB | 95.971dB | 96.55dB 96.776dB | 97.191dB
large as possible
>20MHz (10%)
GBW : 30. 991 24. 844 20. 063 27.944 31.45
large as possible
PM. >60°(10%) 73.499° | 71.619° 76.367° 75.538° | 75.441°
CMRR.@10KHz >100db (5%) 108. 289 98. 962 99. 04 105.894 | 111.593
P.S.R.R.+@10KHz >100db (7.5%) 114. 312 108. 779 106. 382 128. 631 130. 173
P.S.R.R.-@10KHz >100db (7.5%) 128. 311 101. 051 101. 875 115. 364 125. 381

Unity-gain configuration
S.R.A(10% ~ 90%) >5V/us (7.5%) 9. 6166

7. 4479 9.7323 9.7025 10.84
S.R.- (10% ~ 90%) >5V/us (7.5%) 9. 6166 7.4479 9. 7323 9.7025 10. 84
Settling+(1Vpp,0.01) <Sus (7.5%) 2.4406 us| 1.7111 us | 3.8705 us | 20258 us | 2. 3644 us
Settling-(1Vpp,0.01) <5Sus (7.5%) 2.4406 us| 1.7111 us | 3.8705 us | 2.0258 us | 2. 3644 us
Figure of Merit (FoM)
GBW(MHz)
Small signal Power(mW) 15. 4599 12. 5411 10. 1043 13. 9825 15. 4827
(5%)
SR(V/us)
Large signal Power(mW) 4.7973 3. 7597 4.9014 4, 8549 5. 3365
(5%)
|
by CCHsieh

(¢ Demo 5EHY spec table FF 2K HY ~hahaha)
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Design procedure and consideration:

B4 FRAFIEHAYE 06ASSCC (A 1.2V Fully Differential Amplifier with
Buffered Reverse Nested Miller and Feedforward Compensations)’Z /& paper {E
FyEK final project #Y OP 2245 » {EH-R[E])A paper Ay T 2 e aeatay
supply voltage ZHE(FAE 1.4V BV T » BEEFHAAHH OP amplifier Fh4 ([
BESHVEETELIE & -

I. Core Amplifier Circuit
(1) First stage

T

Mis Vb1

b1

t?:—l[m‘“ ol M M ]l

1"".'I:In

FE—4f &1 folded cascode differential amplifier » cascode
HEZEREEEAE fully differential amplifier 75 58 K Rout #5215 K1Y
gain > {HEELE swing &8\ » RILELH T folded FEILZLFEELIE
cascode differential amplifier 572/ gain 4175 & KHY swing °

FEZRHEY input swing K » ¥ input voltage SEEfHY 252 ML
= » FIAIE input voltage AR EHIRHIE N BERE S input MOS 1Y
Vov » [{E folded cascode HYZEFE T~ » input MOS (M12 ~ M13)iY Vov
TRA > L input swing BEK

S FEZRFERY gain ZBASE R - FeMHY HELZE AN 90dB »
ARSI IS B —4 2/ V%A 45dB DL ERY gain » 4 REZE
FIFMEEY - TEEE LR gain F] LLRRE Gmizm13 X Rout
MR out LI (To16 | gmisTorsTo14) » RIELFRATZALHYZAF input
MOS HY gm TR EER e G > (HUEEFI R BEEE —ERHY pole 7EK
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IR E > HEH5E compensation 1& pole 1R - {#15 gain X
FBHtA > EEE 10KHz B CMRR ~ PSRR+ ~ PSRR-ZE A E|ZE KT
100dB > PRI FAM B HIELEL 21 G » T Rowe HI] design (E3E & 1Y)
KN o By T 5% input MOS 199, 2K » FAMTHF M12 ~ M13 1Y size 3
K W5 M14 By 7R M12 ~ M13 - (HDE R 2 iE Lk
MOS #J m REAK » BHITFAEBEARKE S step response 1Rk
settle » F&15575 K% 45~60dB /=451 gain > pole Y BE AR
£ IMHz BLAE » BI5E Rk MR 5 —4K design -

(2) Second stage

sz

[

Con
1

i

ST

|

B A e fH B8 Y common source © FH—%H PMOS F1—5%8 NMOS
ZHREE > M22 355 NMOS ‘Z % input » M21 3255 PMOS &k active
load » b4k TR HAVE By T 252 =548 OP /Y gain » [(RI{ESE—4k
HY gain 2 HEETEE T KAY spec @ RIELFEZENI_EHLARAHTT gain >
E4RAY gain AMEA 40~50 52 47T LAGEEERH OP A 90dB 1Y gain
T FEERIEY gain AJLLIRIRA G maz X (Tozz I To21) » RIEEFRATTEESR T
M22 gy, » FTDAZEHE M22 (1Y size IR LUZEZIFR IRV K -
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(3) Third stage

=4 Ry T {ErS slew rate [MAATEERS - fEAT—4RY output
SR M32 1Y Input voltage > ZR1£4%4HE M32 %5 MOS & V 8 | S5
current > {5 M31 K1 M33 &% current mirror » [ FAMIH1E slew

NI N . . .

rate (VAFEIZFER ¢ NI E T3 output HECKHVEFTAGE S
slew rate » M5t M33 | size KA M31 3R spec © 554p »
M34 H B G212 —4) gain gy, » B —4kHY output EEFRE1E
input EEER » 2 feed forward HYER{E » FIAKEE S slew rate » T EEEf
M34 [ size SrEt—%8k o

(4) Compensation Circuit
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R T BELEESFHY PM > IR{MTH T 72 (E nested miller
compensation ;% PM H] DL4F—EL - i21EHY Cm1 R Cm2 FI—/E
buffer 23 » FL{GER resistor ZE—E% - FEHIFHEE CHIAR/NC
REEFEEURK 10p DAAN)ETLUFER RHP zero(H 52 zero jikAE 20M
Hz) » (E2AEEEERY [FEIRE i DASE B PM ER GBW &5 —{[él tradeoff »
PREFIEEAAEYE » EEAAH R HIEERS Bkt
PR T LLESAT PM > ZR1%3E GBW T DL K4UHEME 20M 2%—BLskiT
T o

Il. Common Mode Feedback

VDD

" IR M':”__I Mq _”:M? y
] L

N

A
WE:
5

ol
Vi, >

Peffa o iE 2 L2 OP amplifier B EAYZEAE - WITHOUT IT, WE
GONNA FAIL » FHEE T RIf AV EESEME - Vop Al Von & #5H] 2R EE[H sense
F M1 [y drain I » Vocm EFMFEZEE output common mode HYEEER (7,
FEE VDD/2) » #£HH R ZE[H sense F| M4 #Y drain I > HERI{EEE[H sense
HHAVEEER & A AHEEES - S BRI — R AR Veme - (T ZZE]
common mode feedback (Y HH ©
lll. Biasing Circuit

DC bias voltage generator

| Iref -——:————C’

Vout

BTG HUEEER SN R 2 HERIFRIF A A - bR 7R PIE
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2k mos PR MR 250 > s KRIYE AT E R R By T HEFE A E A —BE
corner ° fEI4% corner B » mos Y Vth S A YR S » FHESZ]H] DL
FEZ R EE b Rl & H S RS - (HF EAYZE mos 1Y size F5 52
PRARZE R ERAR(E mos B—RHY » A REME(RUBI BB - B4
P EENRERER » fefEH—{EIMIEY ref FEIREEHIZK -

AN FEREEBh BN - Tt A E 5T diode connected 1
PMOS EJ71ENI—H PMOS » BIEGER iS5k & &2 (] biasing circuit 5Tl
JE 0 (BB R AN IRZEHY performance » FTLAE % i 2 4ERFFAM
JRARRYEERS o ((HERA IR g AE—E)

D. Discussion and conclusion:

75 KHY final project ERVEIFHHIANEGHE » —FGIRMLARIIRZE S 7%
T LGB EHTT > FTDATERE THF56K > EF T /S RAVEHE IR FIEEe 2R 1Y
EEROVAZERIGI T ARG A K > e TRk GEI T T -

B —Fasamte — 8 —4NEIIEERS » R RiERn— (BB S IRATRER
— R EZ R - A—P 2K > 2/ DR DU Ra Ry SRR o (HERR
RNHBFITEME RV BRARERGREEFER PR At
JESKRARARHY gain T - PYEIRMEEE T EBERAVERIR - 58] T —(E S gain (L2
ANFIEHAVELERTE - B EE R 1% SHRIEANERIE T » 572 mos #)
cutoff T » EFLEEEITIAREZRM - (2R A AE 100 57T LAARETE 77
HUARTEAEEY o 1R 2K FRMTRE T 4F 2618 — ARV 2 > (e fa i am s LEm
folded cascode » (AKFRATAVEY telescopic FYZRHE » (HIB ARG —aA3EH © /83
HEWRESE > BE2iEte -

PEERM& S —ES w2 %33R 2 final ERVRAREE > BOBIECEAE
TEFZ OIS & T IAEAMECR g 58350 final » 838 6w 2 12 7
FE B IREIRT— A AP — (A 1.8V ELEF ) » S54h—1
N 1.4V(ET AN L bonus #Y538%) - 37 HLIE & — B fE A 7 5 5 CEE
I EEERHY T MRS SEFR o (Rahei - Bt P SEHE 200% N E 1) » EAEEENRA
B FAFTE AR T &M —EEEE R E ~ A FEIAEIEL cutoff 1YEE
B DI T2 SN EFE =R T —(EEERESENT OP » BEIRALE
spec )G HEFEK - (HEEENRMBEEENE TS k TEOEST
= ME T Ak BE OB OEK - S (SRR DA KE] T

BAEOBEEARTE » A S5 T REERY SR A 2 i — 2 (i H feedback HYEE
pS o EEERLEE TP S B E S o IRFTERIE NS (E mos 7Y size F52
HIE(HEREAVILFIR - 2BFEEEE > BRITEEIGNES - BF
i NAVELIE A BESEAGE BRERNY T0F » IR A4 E el E— R T
R > DIR—(ERFRSEET T - (MRS E T » BRI ER AT EBRI0R
B IYEER o F SRR ST USRS LA TR - EfEE—-EMEE
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SRS IRAE G ER 12 A E A T4 LAY S

5% deadline EAREEAT » FRAFTIBEARERESR » FME1T EaRIF I E]
AR B —(E BB AR AVER & » cascode,feedback,current mirror 72 LB PG E &
REARR - HEERWHETE L% » M EE Y - J95E R0
FFEAE » —2K—1ER tradeoff A HEERHATAMT L) - AT RN A
R AR IS LR EREE o TUHUZ AL Settling time » {- R RIS 1725/ 0 AHYL

@ e04

BT E R A - 492 # UK 5.00E-04 - HAY/E E04 ' iR
5 IATE B I B B » SN TE R & B M E A settle (£ T >
BHHIEREIIEL ©

B OP KHF TR » HMEFEENZMIR T BEATI %2 H W {E CMRR
HEE] > T HAERE 99.XXX » (HEAM TS (E OP {LiE (Mg A S ST > FrbAsk
A B > POEFRMH S DEMO T &i% - BEE2HAE T L 1BES
WIEEHTFZL v LRSI TT - RN 2 —(E #2245 [ - A6
fi5eiE E oP Bty AERYRZ T ML EEE Rafia—a)ss - i A
K% T SR BI I » SRR R E B TR E B e R
FV{ESE 2 final project °

26



