O Z

A
T 7o
S.°% NPTEL ONLINE
T ROORKEE “ £ CERTIFICATION COURSE

Microelectronics: Devices to Circuits
Multistage Amplifier with SPICE Simulation

SUDEB DASGUPTA
DEPARTMENT OF ELECTRONICS AND COMMUNICATION ENGINEERING




Outline
(1 CMOS Operational Amplifiers

] Spice Code of CMOS Op-amp

] Spice code for open loop gain

] Spice code for unity gain configuration
J Recapitulation




CMOS Operational Amplifiers
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Source: CMOS Analog Circuit Design,Phillin E. Allen, Holberg, Second edition
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B
Spice Code of CMOS Op-amp

.SUBCET OPAMP 1 2 & 8§ 9

Ml 4 23 3NMOSI W = 3UL = 1U AD = 18P AS = 18P PD = 18U P35 =

+ 180

M2 513 3NMOSI W = 3UL = 1U AD = 18P AS = 18P PD = 180 P§ = 2.5 P ———————— .

+ 180 -

M3 448 8PMOSI W =150L = 1U AD = 90P AS = 90P PD = 42U PS = 42U Ef | ;
M4 54 8 8 PMOS1 W = 15U L = 1U AD = 90P AS = 90P PD = 42U BPS = 420 [

M5 37 9 9 NMOS1 W= 4.50L = 1U AD = 27P AS = 27P PD = 21U PS = 21U e ]
M6 65 8 B PMOS1 W = 94U L = 1U AD = 564P AS = 564P PD = 200U BPS = 2000 ;

M7 67 9 9 NMOS1 W = 14U L = 1U AD = 84P AS = 84P PD = 40U PS5 = 40U = U

M8 77 9 9 NMOS1 W= 4.5U L = 1U AD = 27P AS = 27P PD = 21U PS = 21U N S

CC 5 6 3.0P -1 F

.MODEL NMOS1 NMOS VIO = 0.70 KP = 110U GAMMA = 0.4 LAMBDA = (.04 PHI = r

+0.7M7 = 0.5 MJSW = 0.38 CGBO = 700P CGS0 = 220P CGDO = 220P CJ N | h
+ = 770U CJSW = 3180P LD = 0.016U TOX = 14N Y 3 TUUUR S NS ool PV DT PUO O
.MODEL PMOS1 PMOS VTO = —0.7 EP = 50U GAMMA = 0.57 LAMEDA = 0.05 PHI 2 15 -10 05 0 05 1 15 2
+= 0.8 MT = 0.5 MJSW = .35 CGBO = TO0P CGS0 = 220P CGDO = 220P CJ Vi (mV)

+= K00 CJEW = 350P LD = 0.0140 TOX = 14N
IBIAS B 7 20U
.ENDS
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Source: CMOS Analog Circuit Design,Phillin E. Allen, Holberg, Second edition
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Spice code for open loop gain

.OPTION LIMPTSE = 1004
VIN+ 1 0 DC 0 AC 1.0
vDoD 4 O DC 2.5

VS 0 5 DC 2.5
ul |

VIN — 2 0 DC 0 m. Skl B B B B B s |

CL 3 0 10P i ] 150 E b

¥1 1 2 3 4 5 OPAMP LUl 3 \

N [ 1 ‘i 10} 3 1 " T

E ‘H] = 8 i k e E q”:- | % b 1 =

: P 2 O f 3

{Subecircuit of Table 6.6-1) é [ \\\ E’ 3 ]
in = 0f

E" i £ ; 1

L L | ]

.OP [ £ 3 —————— |

B/ - ! : i ]

.TF Wi({3}) VIN+ I | 150 E Phase Marsin= | : -

.DC VIN4 -0.005 0.008% 1000 - el 4 . b - il ]
_PRINT DC V(3] HJLHMAuuAMHAmuAudJLiAw- 0

.AC DEC 10 1 10MEG w0 oo owtoowtowt o o0 o oot w1

.PRINT AC VDE(3) VEB({3)
.PROBE (This entry is unigue to PSPICE)
.END

Frequency (He) Frequency (Hz)

Source: CMOS Analog Circuit Design,Phillin E. Allen, Holberg, Second edition
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Spice code for unity gain configuration

.OPTION LIMPTS = 501
VIN+ 1 0 PWL(0 -2 10N -2 20N 2 20U 2 2.01U0 -2 4U -2
+4.01U0 -.1 6U -.1 6.01U .1 8U .1 8.01U -.1 10U -.1)
VDD 4 0 DC 2.5 AC 1.0
4 T 40
VSS 0 5 DC 2.5 : 1DIMS)
CL 3 0 20P 3 S =
¥1 1 3 3 4 5 OPAMP _ =
~2F m 2
= f v CMR =
] e 1 f = 1o -
{Subcircuit of Table 6.6-1) ﬁ

=

.DC VIN4 -2.5 2.5 0.1

.PRINT DC WV(3) F

.TRAN 0.05U 10U 0 10N 3 Lk i

.PRINT TRAN V{3) W(1) 3 2 1 ] 1 z 3
.AC DEC 10 1 10MEG vpy (V)

.PRINT AC VDE{3) VP(3)
.PROBE (This entry i1is unigue to PSPICE)
.END

Source: CMOS Analog Circuit Design,Phillin E. Allen, Holberg, Second edition
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Source: CMOS Analog Circuit Design,Phillin E. Allen, Holberg, Second edition
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Source: CMOS Analog Circuit Design,Phillin E. Allen, Holberg, Second edition
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Source: CMOS Analog Circuit Design,Phillin E. Allen, Holberg, Second edition




Recapitulation
Specification Design Simulation
[Power supply = £2.5V) |Example .3-1) [Example 4.6-1)
Open-loop gain =5000) 10,000
(:B (MHz) 3 MHz 5 MHz
ICMR (valts) -ll¥ +24V, -1.2V
Slew rate (V/js) =10 (Vijs) +10,-7 (Vijs)
Py, (mW) <2 mW 0625 mW
V., range (V) +1V +23V,-22V
PSRR " (0) (dB) - &7
PSRR (0 (dB) — 1046
Phase margin {degrees) 6l 65"
Chutput resistance {k{1) - 1225k

Source: CMOS Analog Circuit Design,Phillin E. Allen, Holberg, Second edition
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