Electronics (3) Homework4

Use level-1 SPICE model for MOSFET in 0.5um CMOS process (sedra_lib.lib)

All process parameters are listed on p. B-9 of Appendix B in Sedra’s CD.

(a) Please calculate the output swing of unity-gain buffer(Fig.3) with the two-stage
class-A CMOS OPAMP shown in Fig.1, and then verify your results by PSpice
with 0.5um CMOS model in sedra_lib.lib (set L of all MOSFETs to 0.5um)

Mb1 | W=0.6um _

Mb2 W=2.45m Mo \|\//|V=260“m
Mb3 | W=1.25um _

Mb4 | W=1 .25:m M7 \'\//'V=278“m
Mb5 | W=2.6uym | C. | 0.2pF
Mb6 | W=2.6uym | Rq | 2.1kQ
M1 | W=9.0pm C, | 1pF

M2 | W=9.0um | C, | 1mF

M3 | W=2.0pm R, | 6kQ

M4 | W=2.0um Rg | 25kQ

M5 | W=5.2um
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Fig.1
Note : set initial voltage across C, to V/2
to prevent long settling time
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Electronics (3) Homework4 (Cont.)

(b) Please calculate the output swing of unity-gain buffer (Fig.3) with two-stage
class-AB CMOS OPAMP shown in Fig.2, and then verify your results by PSpice
with 0.5um CMOS model in sedra_lib.lib (set L of all MOSFETs to 0.5um)

Mb1 | W=0.6um M7 | W=10.4um
Mb2 | W=2.4um M8 | W=4.5um
Mb3 | W=1.25um | M9 | W=15um
Mb4 | W=1.25um | M10 | W=9um
Mb5 | W=2.6um M11 | W=30um
Mb6 | W=2.6um Cc | 0.2pF

M1 | W=9.0um Rc | 2.3kQ
M2 | W=9.0um C. | 1pF

M3 | W=2.0um Co | 1mF

M4 | W=2.0um R, | 6kQ

M5 | W=5.2um Rg | 25kQ

M6 | W=8.0um

LIB
Mb5

Mb3

Mb1l

iRk

Note :

Fig.2

set initial voltage across C, to Vpp/2

to prevent long settling time

Vour
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Electronics (3) Homework4 (Cont.)

(c) Please plot the conversion efficiency(n) vs. output power(P, ) figure of the unity-
gain buffer shown in Fig. 3 with (i) the class-A OPAMP in Fig. 1 and (ii) the class-
AB OPAMP in Fig. 2.

(As shown in Fig. 4, please use V,, = 1kHz sine wave, biased at a DC level of
Vpp/2, with its amplitude of 0.1V, 0.4V, 0.7V, 1.0V, 1.3V, 1.6V, 1.9V, 2.2V, 2.5V)

(d)With the results in (c), please compare the maximal output power and efficiency
of the class-A and the class-AB OPAMPs

signal power deliver to load

Conversion efficiency(n) = X 100%

" DC power supply to output circuit

Fig.3 Fig.4
Note : set initial voltage across Cto Vpp/2 to prevent long settling time
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PSpice Verification Example of (a) and (b)

® Pspice simulation of maximal output swing (Class-AB as example)

lIB .lIB ‘ lIMS ||v|7l
- Mb _l-»M7

M5
-
Mb5 > 6
] [ =
Vey=2.5VM38

| S
Mb4 VOUTl_> M1 I\/I2<'I—® —{ |9
Rc

Mb3"|_'_|
Cw -1 \V11 Vour
Mbl 1 Mb2 I

CLs RL?:
M3 > <« M4 —{[*v6
Re

1

1GND
¢ Set V, += 1kHz sine wave, biased at a DC level of V /2, with an amplitude
of 2.5V (full swing)
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PSpice Verification Example of (a) and (b) (Cont.)

® Setup of capacitor initial value
¢ Double click on Cyand modify IC to Vp/2

SCHEMATICY : PAGE1
Color Default
CURRENT CIMA0K
Designator
DIST FLAT
| Grﬁhic C.Nurmgl
IC 25
D VDD/ 2
Implementation
Implementation Path
Implementation Type <none=
KMNEE CBHAX
Location X-Coordinate 800
Location Y-Coordinate 160
MAX_TEMP CTNAX
Name INS52685
| Part Reference co C
PCB Footprint RADICKDS O
Power Pins Visible r
Primitive DEFAULT
PSpiceTemplate CY@AREFDES %1 %62 7TOL
Reference co
SLOPE CENAX
Source Library CAORCADNORCAD 18| .
Source Package c
Source Part C.Normal
TCA 0
TC2 0
TOLERANCE
Value im
VCi 0
VvC2 0
VOLTAGE CIMAX
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PSpice Verification Example of (c)

® Pspice simulation setting:

% Simulation Settings - HW4_POT

General Analysis  Configuration Files Options Data Collection  Probe Window

Analysis type:

Time Domain (Transient] =

Fur to time: geconds [TSTOP)

Dptimfl'ran3|ent

[ ]Monte Carlo/Morst Case
[ |Parametric Sweep

[ ] Temperature (Sweep)

[ ]Save Bias Point

[ ]Load Bias Point

[ ]Save Check Points

[ |Restart Simulation

Start sawing data after; III zeconds Set to 20mS

Transzient options

M amirmum step size: |:| seconds

[ ] Skip the initial trangient bias point calculation [SKIPEP)

[L] Rurin resume made Output File Options...

WEE s ERA) s
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PSpice Verification Example of (c) (Cont.)

® Pspice simulation result:

Add Traces

Simulation Output Y ariables

| ®

WiICL)
Ww(CD]
WwM1]
Ww10]
WwiM11]
WwM2)
WwM3)
WwiM4)
WwME]
WwME]
WM7)
WwME)
M)
Wb
WwMbZ]
wMbd]
wbd]
MBS
Ww(MbE]
WwIFRE]
WAL

WVDD|
WVIN]

Full List

Functions ar Macros

Analog Operatorz and Functions

2 Analog ﬁ
Drigital :
[ ]*olages -
d
[] Currents .-'-‘-.@ES[] ChOOSG
ChOOSG pOWeI’ [+] Power ARCTAN[] aVeI’age
Moize [W2Hz]
[] &lias Mames g'[:']s[ ]
Subcircuit Modes EELLM[ B
EMWHRIMNL . ]
ExPl]
Gl
MG ]
LOG[ ]
26 warables lizted H:[I?-I i)
v M ]
| | 0. | Cancel

Trace Expression: |.-’-‘-.UG [ RLI

add traces : output average power = AVG(W(RL))

Help
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PSpice Verification Example of (c) (Cont.)
® Conversion efficiency for class-A CMOS OPAMP

signal power deliver to load

Conversion efficiency(n) = X 100%

" DC power supply to output circuit

Output circuit
. J V5V .................................
T e H
] [T
Mb3$'_|<'Mb4 Vourib M2¢V|im\=/i.r§v ._._C|° .
R C Vour :
Mblm—| Mb2 w—n_. L.
Rs M3l"M4 —§|<-M6
‘ 'I'GNDE' ..... ...

—> efficiency : add trace AVG(W(RL))/AVG(W(RL)+W(M6)+W(M7))
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PSpice Verification Example of (c) (Cont.)
® Simulation results of class-A CMOS OPAMP

N
U

SEL>>,

Output power ‘==

500m

250m /' Y\ W AASE AN A A ————

EﬁiCiency IﬂD AVG(W(RL))/AVG(W(RL)+W(M6)EW(M7))I léms e e
P Measure at 20ms
Trace Color Trace Name | ¥Y1-Y2 |

# Values

AVGIWRL)NVAVGOW(RL+WINME)+WIMT))
AVGIWIRL)) i

Efficiency = 23.5%

e ] e

Output power = 856uW
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PSpice Verification Example of (c) (Cont.)
® Conversion efficiency for class-AB CMOS OPAMP

signal power deliver to load

X 100%
Output circuit

| T :] .........................................
5 |te e {iws le :
- Mb6 —piv7
Evee | [T il

Vour|

Conversion efficienc =
Y(ﬂ) DC power supply to output circuit

; —

Mb5

1

)
<
(on
B

Mb3[™]

Mb1lp

-t
&
T (.E}. .
AE‘:
Y
=
5

—> efficiency
add trace: AVG(W(RL))/AVG(W(RL)+W(M7)+W(M8)+W(M9)+W(M10)+W(M11))
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PSpice Verification Example of (c) (Cont.)
® Simulation results of class-AB CMOS OPAMP

800uwW

/.\/‘/\ANWNM

400uw

Output power ft=—

600m

A’\/\-—\/\-ﬂr\-—/\—/—aﬁ— ~5. gt = —C —
EﬁICIenCy Lo AVG(W(RL))/AVG(W(RL)+W(M7)iW(M8)+W(M9)+W(M10)+W(Mll) 1| 1éms e 2o
” Measure at 20ms
Trace Color Trace Name 74 | yi-v2 |
X Values L 20000m 10 EﬁICIGncy — 47 7%
ANVGIWIRLIWANGINIELWIN T - WINE WIS W10 WM L& 7 233mM o e | =1 1 i
ANGOVRLY) | 523.071u | §3.903n | 523.007u

Output power = 523uW
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® Class A

PSpice Verification Schematic

1 ” M5 M7
- L =0.5u
L=0.5u L =0.5u L=0.5u N V=2
M = _ M = 1 r I
M=1 _ 2 W = 78u
W=26u W=26u W=5.2u
Mb4 VOFF = 2.5
VDD | W=1.25u W=1.25u VAMPL = 2.5
.| L=05u L=0.5u FREQ = 1k
sVde =", _ M= 1 VIN | AC=0 %
. @ I
RC cc 1m
M2 AMY 1 Vo
W=0.6u W=2.4u 21K 02p i m
L=05u L =0.5u M T & ~
M= - 1 § nL
M= M=2 P 6k
RB W = 60u
25k L=0.5u
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PSpice Verification Schematic (Cont.)

® (Class-AB

! M5 L=05u
) Mbs b6 L =050 M7 L] m=
L=0.5u L=0.5u . o -
M= 1 M= M =1 " W =10.4u
W=26u l W = 2.6u W=52u ‘ W=9u
W =4.5u L=05u
L=05u F"—{ M =
Mb3 Mb4 VOFF =25 M =1 M8  M10 co
}\ZVL= 1.25u }_F W=1.25u M1 M2 }-&— VAMPL = 2.5 |
. _ 050 ’ | L=0.5u - FREQ = 1k
sVde=— _ M= + L=0su L=05u 4" N | Ac=0 L =0.5u M9 M1t im
T M= m‘_ : @ M= Vo)
W = 9u = : W=15u £
A . = 0.5u
~ Mb1 Mb2 RC o ey, =1 =— cCL RL
W =0.6u }—« W = 2.4u v M3 M4 : S =30u| 1p 6k
L=0.5u | L=0.5u |< ;i ;i M6
M= -
M=1 + w=2u M= 1 M=1
RB L=0.5u W =2u W =8u
25K M= L=0.5u L=0.5u
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Notes

® Your report should include
¢ Hand-calculation progress
¢ PSpice circuit schematics
¢ PSpice verification results with all specifications clearly marked

® Upload your report to MOODLE in Word format
¢ Deadline: 23:59:59 on 2023/12/25 (Mon.) ; (# #X &= ~# )
¢ Filename example: HW4_3r % f2E2408XXXX_v1.doc (4= #73%* v2, V3, ...)

® \When verifying your hand calculation by PSpice
& fREX X i P 543 Homework 1P Spice Tutorial
¢ Correct the value of LAMBDA for NMOSOP5 to 0.1
¢ Use 4-terminal MOSFET models (NMOSOP5 BODY and PMOSO0P5 BODY)
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Notes (Cont.)

® Others
¢ AR PREER T FTE S MR RIE
& M ITEEFEDRIE2 1%
& TEEFHEIAFI > VAT IFEI S F 95304 % &t iitih
> J z_office hours : # ¥ — 17:00~18:00 and * i¥ 7 16:00~17:00
> FTH PFE 0 2023/12/14(Thu.) and 2023/12/21(Thu.) 14:00~15:00
FAR T R EARL Il BRI e e )
Word format
> FE12pt - H e~ P =2 TR A B 5 B4 122 Times New Roman
FAE?P T B~ 2 3R25400 7@k mp FRER 0 LA E 01282 4)
AUl hE BREET B AR S RA %KY I # 2 captionds it
B4 ¢ hZz 47 310pt > £ H I R BB A VB GEEE
HEAEe F R D ERREFES R RG T ARe

}

¢ o

vV V V V
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