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1. 
(a)
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Result：
	；
	PMOS、NMOS的cdtot,cgtot,cdtot,cbtot皆<80fF
	PMOS、NMOS都在saturation region
Comment：
做法：一開始我先透過調整NMOS和PMOS的W、L並跑Vb從0~1.8V找出最大的gain>120和NMOS、PMOS的電容cgtot、cstot、cdtot、cbtot沒有超過80fF者，再細調Vb使得Vout的DC voltage落在1V附近。
[image: ]


Comment：
output noise在低頻主要是被flicker noise影響，在高頻則主要是被thermal noise影響。
corner frequency是flicker noise漸進線和thermal noise漸近線的交點，而thermal noise pole則是在高頻時曲線改變的點 ( -3dB )。

	(b)
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Result：
	；
	兩顆NMOS的cdtot,cgtot,cdtot,cbtot皆<80fF
	兩顆NMOS都在saturation region
Comment：
做法：一開始我先透過調整M0和M1的W、L，使得cgtot、cstot、cdtot、cbtot沒有超過80fF，再來調整Vb促使M0和M1都進入saturation region，在細調Vb使得Vout的DC voltage落在0.5V附近。
[image: ]



(c)
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Result：
此圖我們可以發現，CS(Common source)有比較大的output flicker noise，SF(Source follower)有比較大的thermal noise's pole。
Comment：
1. CS(Common source)有比較大的output flicker noise：
可以先從flicker noise的公式來看  ，當乘積越大，flicker noise越小，我們假設兩者的和頻率都相同，因此計算
CS的WL乘積
SF的WL乘積
🡪，然而，因此。
2. SF(Source follower)有比較大的thermal noise's pole：
可以從output pole看出thermal noise's pole的大小
CS的output pole表示為
🡪
SF的output pole表示為
🡪；
🡪



(d) total output noise power of CS and SF
[image: ] 


Result：
Common source的total output noise power = 603uW
Source follower的total output noise power = 152nW
🡪Common source的total output noise power較大
Comment：
做法：
對output noise spectrum從frequency=0積分到frequency大約等於100倍的thermal noise's pole frequency得到total output noise power，因為此時的noise趨於穩定且值很小。
分析：
Output noise power的公式:
CS的output noise可以寫成
SF的output noise可以寫成
由於，且
🡪；
🡪
🡪 CS的output noise spectrum會一直在SF的output noise spectrum上方
🡪 CS 的total noise power 較大。

(e) total input referred noise power of CS and SF 
Result：
input referred noise power的公式:
CS
SF
[bookmark: _heading=h.30j0zll]	🡪 source follower有較大的input referred noise power
Comment：
分析：
我們可以先從由除以求得探討:
由於，因此除以得到的會比來的大。
再來我們可以從input referred noise探討:
CS的input referred noise可以寫成
SF的input referred noise可以寫成
由於🡪

🡪

🡪 ource follower有較大的input referred noise power

(f) CS + SF
[image: ][image: ][image: ][image: ]
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Result：
	
	
	
Comment：
	做法：
我們先從output noise的圖找到thermal noise's pole frequency，並對output noise spectrum從frequency=0積分到frequency大約等於100倍的thermal noise's pole frequency得到total output noise power，再從求得的除以得到。

(g) CS + SF
[image: ][image: ][image: ]
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Result：
	
	
	
Comment：
	做法：
我們先從output noise的圖找到thermal noise's pole frequency，並對output noise spectrum從frequency=0積分到frequency大約等於100倍的thermal noise's pole frequency得到total output noise power，再從求得的除以得到。

(h) difference between (f)(SF+CS) and (g)(CS+SF)
Result：
SF + CS有比較大的input referred noise power 
Comment：
可以從input referred noise的公式來看
 	
由於，因此

2. 
(a)
[image: ]
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Result：

 
Comment：
先把全部的MOS的尺寸default成W=10um,L=1um，為了調高gain，我們增加MOS的長度達到L=12um，gain達到222.1521。
()

(b)
[image: ]
此 DP 包含兩條路徑: slow path:經過 M3,M4；fast path:經過 M2  

是指output pole；是指 mirrored pole(M3、M4交界點E)；
是指pseudo ground pole (pg pole)
由上述gain我們可以知到，
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(紅框🡪；藍框🡪；綠框🡪；黑框🡪) 
Comment：
[bookmark: _heading=h.1fob9te]算出來的結果與模擬的結果差不多

image39.png
[ hw4_1alis (~/analog_IC/Spice/HW4/Q1/hw4_1a) - gedit@ws40
Fle Edit View Search TJools Documents Help

b0 AQB| AaBl AaBbC aaBbced AaBbCeD. AaBbCeD. AaBbCeD. AaBbCED
EME  mm1 mE2 L] L]

P -

B m
BAEA eAsE  HERS  edER S N

BE.d & 9 ¢ OB 6B ¥
New Open Save  Print... Undo Bedo o Cun Copy Paste | Find Replace
[Ohwa_lasp x| [Jhwa_lalis x
cdatot 2.37787 1.0v2Z28T
cgtot 48.6526T 63.8668T
cstot 54.3516°T 65.9235f
cbtot 20.8013f  18.6462f
cgs 42.9754f 58.0608f
cgd 721.9569a 197.5977a
AR small-signal transfer characteristics
v(vout)/vin = -248.8710
input resistance at vin = 1.000e+20
output resistance at v(vout) = 125.9989x

ARk Rk
hw4_la

FrA*k*% noise analysis tnom= 25.000 temp= 25.

frequency = 10.0000 hz

**** mosfet squared noise voltages (sq v/hz)

element 0:mo
sd__1 E934 91

000 ***kkx

&

| ac dec 100 10 106
lend

Fo PMOS & W ~ L af55 Vb 4 0-1. 8V #k th &
% cgtot ~ cstot ~ cdtot ~ chtot 2 A 42
# DC voltage %4 1V R - «

n &E .

-





image5.png
[ hwd_1alis (~/analog_IC/Spice/HW4/Q1/hw4_12) - gedit@ws40 - u}

Fle Edit View Search TJools Documents Help

3.0 &8 >0 B B W@ AaB| AaBl ‘
New Open Save | Print... Indi Ut Copy Paste | Find Replace bCcD d AaB AQBbC AaBbCcD AaBbCcD AaBbCcD AaBbCcD AaBbCeD |

s =21 =5 2 =2 HizE EREEN  BRENE  sERE  msEm T
T rwaiazp x|an4_1a.lis ‘| mE  £E == == HEE  ESEd  BANE  sEmA asse S
A ~ 5
hwd_la | option post

MO Vout Vb Vdd vdd P_18 W=2u L=4u m=1

**k*%% operating point information tnom= 25.000 temp= 25.000 ****** M1 Vout Vin gnd gnd N_18 W=0.7u L=14u m=1

**k%%% operating point status is all simulation time is

0.
node =voltage node =voltage node =voltage
+0:vb = 1.2397 0:vdd = 1.8000 ©O:vin = 500.0000m
+0:vout = 1.0002
**** yoltage sources
subckt
element 0:vin 0:vb 0:vdd
volts 500.0000m 1.2397 1.8000
current 0. 0. -190.4938n
power 0. 0. 342.8889n
total voltage source power dissipation= 342.8889n watts

4+ mosfets

subckt

element 0:m0@ 0:ml

model  0:p_18.1 ©0:n_18.1
region Saturati Saturati
id -190.4922n 190.4918n
ibs 2.603e-23 -6.915e-23
ibd 105.0938a -122.1942a
vgs -560.2570m 500.0000m
vds -799.7521m 1.0002
ahe 0 o

dd Vdd gnd DC=1.8
Vb gnd DC=1.239743
in Vin GND DC=0.5 AC=1
op
*.dcvb 0 1.8 0.01
= |l noise V(Vout) Vin 10000

£ V(Vout) Vin

| acdec 100 10 106

[ end .
P+ small-signal transfer characteristics

v(vout)/vin = -248.8710
input resistance at vin = 1.000e+20
output resistance at v(vout) = 125.9989x

F2 PMOS &9 W~ L 338 Vb # 0~1. 8V # &
+ &% cgtot ~ cstot ~ cdtot ~ chtot & A #43

L= -
Bem
[y gt -
=5 ‘





image13.png




image49.png




image44.png




image34.png
n K-2015. In

File WaveView Panel Axes Tools Config Help

58 d®|NT)
Output View

((@B20)
db

“\ X:448 Y:1.58n (-176db) “\ X:253k Y:708p (-183db)

ivb)

i(vdd)

i(vin)

nd(m0)
nd(m1)

nf(m0)

nf(m1)

ni(m0)

ni(m1)
noise(innoise)
noise(outnoise)
ns(m0)
ns(ml)

nt(mo)

nt(m1)

vivb)
vivdd)
v(vin)
v(vout)

EeEEceeecRlee

L]
Filter Al = | waveview 1




image28.png




image45.png




image26.png
BEH EEO WAV XEO) BRO
@ NIEN

BB(O).. (= [ -

WEE@) THEM) EER) SharePoint BEW) HIHH)
= P > Ir e o =t n a =
# VirtuosoR Schematic Editing: hw4_1b hw4_1b scl vs40 - a X

]

matic@

Exclusive Mode BHE(P).

homey

Vout

gnd

W

267.
Options... - )} ¥:3853mm

mm
mm | K Y: 1086mm

S5
o)
L





image21.png
hw3_1b

protect

b cic018.'TT

Unprotect

temp 25

.option post

MO Ydd Vin Vout gnd N_18 W=5u L=1u m=1
M1 Yout Vb gnd gnd N_18 W=5u L=1um=1
Vidd Vdd gnd DC=1.8

VbVbgnd DC=042

VinVin gnd DC=1AC=1

0p

*dcVin01.80.001

.noise V[Vout) Vin 10000

acdec 10010106

end




image35.png
%) MobaTextEditor - [m] X

File Edit Search View Format Syntax  Special Tools

DOMPeXIEETAHxREQQEE2D &80T B D% -
lm bCcD AaB\ Aa Bt AaBbC AaBbCcD AaBbCcD: AaBbCcD. AaBbCcD: AaBbCcD ) i
hwi_tb.sp %] hwd_1b.lis (%] || St
e ~EEE EEa w2 #E BEE  EAEA BESE HERE BER T | oug.
43 subckt
44 element 0:vb 0:vdd 0:vin Lz nl£H -~
45 volts 420.0000m 1.8000 1.0000
46 current 0. -3.2488u 0.
47 power 0. 5.8478u 0.
& L
49, total voltage source power dissipation= 5.8478u watts
0

51
52
53
54 **%% mosfets
55

56 S F PMOS BI W ~ L - {15 cgtot ~ cstot ~
£7) subcke /W Vb {26 NMOS R PMOS ZBEA
58 element 0:m0 0:ml .
0 model 18.1  0:n 18.1 Vout 9 DC voltage SEFE 1V BfifE © «
60 region saturati Saturati
61 id 3.2488u  3.2488u
62 ibs -212.7605a -5.74%e-22 hw3_1b
63 ibd -765.7194a -212.7594a rotect
64 vgs 499.8590m  420.0000m } )
65 vds 1.2099  500.1410m b’ cicO18.I"TT
66 vbs -500.1410m 0. ~unprotect
67 vth 472.7113n  388.0421n temp25
68 vdsat 78.5413n  77.33%4m Loption post
‘;’: :"‘t’ 21-;‘;2‘;‘? 312:12{“‘? MO Vdd Vin Vout gnd N_18 W=
eta . .
71 gam eff 519.9037m 507.4460m M1 Vout Vb gnd gnd N_18 W=5u
72 am 63.6509u  62.3685u VvddVdd gnd DC=1.8
73 gds 792.2613n  699.5570n Vb Vb gnd DC=0.42
74 gub 9.8318u  12.8926u Vin Vin gnd DC=1 AC=1
75 cdtot 5.8360f  6.9729f op
76 cgtot 27.7923f  29.1474f e Vin 0180001
77 cstot 28.8383f  31.5855f
78 cbtot 15.4524f  19.0719f noise V{Vout) Vin 10000
79 cgs 22.4608f  23.4572f -ac dec 100 10106
80 cgd 1.7730f  1.8124f Lend .
81
82

83
P
85 hw3_1b
86
87| ***++x noise analvsis tnom= 25.000 temp= 25.000 ******

D\Users\User\Documents\MobaXterm\slash\Remc UNIX _Plain text 195lines Row#1___ Col #1

- 4 100





image40.png
%) MobaTextEditor - [m] X

File Edit Search View Format Syntax  Special Tools

mOBEeXEEsxxke|lacnss|rdeskagssn .
beeo AQBI AaBL AaBbC assbced aasbeed aaBbecD. AcsbeeD. AaBbeeD i
hwa_tb. %) hwa_tb.lis (%] ”T‘ < a abbLed Ad ' Aa | Aasbeed DI et
Pos| id 145.0420a ~FEE EEa EE2 = REE  EREA  EANE  HEES ESER C | ap.
105 total 145.0487a
106
107 hw3_1b
jLo8 .protect
109 i X
110 element 0:m1 +fibcic018."TT
11 rd 5.963e-25 -unprotect
112 rs 7.03le-21 .temp25
113 id 148.3336a Loption post
114 rx  13.3379% MO Vdd Vin Vout gnd N_18 W=5u L=1u m=1
::2 mtg 142:34053 M1 Vout Vb gnd gnd N_18 W=5u L=1u m=1
a Vdd Vdd gnd DC=1.8
118 Vb Vb gnd DC=0.42
119 VinVin gnd DC=1 AC=1
120 ) op
121 **+* total output noise voltage = 293.3893a sq v/hz e Vin 0180001
122 = 17.1286n v/rt hz
123 transfer function value: «noise V(Vout) Vin 10000
124 v (vout) /vin = 848.9671m -ac dec 100 10106
125 equivalent input noise at vin .end .
126 = 20.1758n /rt hz
127
128
120
130 **+% the results of the sqrt of integral (v+*2 / freq)
131 from fstart upto  10.0000 hz. using more freq points
132, results in more accurate total noise values.
133
134 **** total output noise voltage = 0. volts
135 **** total equivalent input noise = 0.
136
137
138
139
140 **+x4% job concluded
141 FrEEEs
142 hw3_lb
143
144 **+x%% job statistics summary tnom= 25.000 temp= 25.000 **kkxx
145
146
147 ****** Machine Information **xxxx e ’7
D:\Users\User\Documents\MobaXterm\slash\Remc UNIX _Plain text 195lines Row#1___ Col #1

- 4 100





image9.png
%) MobaTextEditor

File Edit Search View Format Syntax Special Tools
BOMPeX|EEN4XRE[QQ s|eaé[5][n
hw4_ta.sp hw4_la_1.sp hwa_1b.lis
»-i hw4_1b.sp -o hw4_lb.lis
10 1i
11 i FLEX1m: v11.2.1
12 USER: ul05060012 HOSTNAME: ws40
13/ HOSTID: "écae8b50b632" PID: 10612
14 Using FLEXIm license file:
15 26585@1snctu
16 Checkout 1 hspice
17 License/Maintenance for hspice will expire on 14-may-2019/2017.12
18 'IE(inJJSE)/QO(tOtal) FLOATING license(s) on SERVER 26585@1lsnctu
1
20
2
2
2
25 ***¥** option summary
P
27 runlvl =3 bypass = 2.0000
28 **info** dc convergence successful at Newton-Raphson method
29 1¥***** HSPICE -- L-2016.06-SP2 linux64 (Nov 23 2016) **xxxx
30| xexrx
31 hw3_1b
2
33 *****% operating point information tnom= 25.000 temp= 25.000 ****%%
34 *x*x%% gperating point status is all simulation time is 0.
35 node =voltage node =voltage node =voltage
3
37 +0:vb = 420.0000m O:vdd = 1.8000 O:vin = 1.0000
38 +0:vout = 500.1410m
3
a0
41 **%% yoltage sources
a2
43 subckt
44 element O0:vb 0:vdd 0:vin
45 volts 420.0000m 1.8000 1.0000
46 current 0. -3.2488u 0.
47 power 0. 5.8478u 0.
a8
49 total voltage source power dissipation= 5.8478u watts
s0
51
52
53
54 **** mosfets
D:\Users\User\Documents\MobaXterm\slash\Remc UNIX _Plain text 195 lines  Row #1 Col #1

AaBl AaBLt aaBbc aee

lib"cic018.1" T
.unprotect
.temp 25

W Games  Settings
1 & 0
Games  Sessions  View Split  MultiExec Tunneling Packages Settings  Help
@
Qi 2
alog_IC/Spice @]
~
012@Ws40
0120us40 hwd_lal$ cd .
012@Ws40 d hwa_1b
n license ement with Sync
or distribution of this softwa
v
B - 18 11:34:00 (PID
inal folder

All othe

IN - Please support MobaXterm by subscribing to the professional edtion here:  htps://mobaxterm.mobatek.net

ohibited.

use, r

X

X server

]





image31.png




image43.png




image17.png




image23.png
n K-2015. In

File WaveView Panel Axes Tools Config Help

58 d® T
Output View
= 2] DO:hwd_la.acO
] toplevel
= (& D1-hwd_lb.a

£ toplevel

“\ X:14.6k Y:0.4f (-308db)

“ X:229M Y:0.2f (-314db)
ivb)

i(vdd)

i(vin)

nd(m0)
nd(m1)

nf(m0)

nf(m1)

ni(m0)

ni(m1)
noise(innoise)

ns(m0)
ns(ml)
nt(mo)
nt(m1)

vivb)
vivdd)
v(vin)
v(vout)

L]
Filter Al = | waveview 1




image19.png




image47.png




image18.png
om Wave! n K-2015. In

File WaveView Panel Axes Tools Config Help

58P NT XE nrE|IvE@BRIIEY T I %% E w2 xo
Output View

=@ DO-hwd_la.acO =
= toplevel X

= (3 DLhwd_1b.acO (dB20)

toplevel b

ZO(I)db

16?db 1Bqdb 22qdb

lo?db lz?db 14qdb

noise(outnoise)|

ivb)

i(vdd)

i(vin)

nd(m0)
nd(m1)

nf(m0)

nf(m1)

ni(m0)

ni(m1)
noise(innoise)
noise(outnoise)
ns(m0)
ns(ml)

nt(mo)

nt(m1)

vivb)
vivdd)
v(vin)
v(vout)

EeEEceeecRlee

200db 220db 240db

HERTZ(Hz) (4B20) 20db 400 60db 80db 100db 120db 140db 160db 180db

~]| waveview 1




image46.png




image12.png




image42.png
B Custom WaveView Version K-2015.06 Synopsys, Inc.  @ws40 - o X
File WaveView Panel Axes Tools Config Help
|+ S|d® | ETXSQAx,rE

IvE@®BIES = Il (L BRI w20

Output View 8 x| 4 23
= & DOhwd_laacO
[ toplevel
J&) Equations Specification
=3 D1:hwd_1b.acO File Equation - T Pass/Fail
T — T
DO:hwd_la.ac0 integ(Olnoise(outnoise)’,0,253M) 603u
D1:hwd_1b.acO integ(linoise(outnoise).,0,22900M) 152n
Signal 4
File Signal Hierarchy Value | Unit
D1:hwd_1b.ac0 noise(outnoise) (] Noise...
@ integ('1|no
Equation
Specification Result
File Equation T Pass/Fail
Min Max Value Mean
DL:hw4_1b.acO integ(llnoise(outnoise),0.229 152n

Filter Al ~|| _waveview 1 tableview 2
_— o

| /home/ul05/ul05060012/analog 1C/Spice/HW4/Q1/hwd 1b/hwd 1b.acO





image16.png




image29.png




image36.png
¥ VirtuosoR Schematic Editing: h

Cmd: Sel: 1

Tools Design Window Edit Add Check Sheet Options Migrate

M: schHiMou:

ctProperty()





image37.png
o ave! n K-2015. o In
File WaveView Panel Axes Tools Config Help
58 d® T

Output View

#- (5 D1:hwd_1g.acO

“\“ X:73k Y:501p (-186db)

ivbl)

ivb2)

i(vdd)

i(vin)

nd(m0)
nd(m1)
nd(m2)
nd(m3)

nf(m0)

nf(m1)

nf(m2)

nf(m3)

ni(m0)

ni(m1)

ni(m2)

ni(m3)
noise(innoise)
noise(outnoise)
ns(m0)
ns(ml)

ns(m2)
ns(m3)
ntmo)
nt(m1)
nt(m2)
nt(m3)

vinetl4)
vivb1)
v(vb2)
vivdd)
vivin)
v(vout)

CCRICCRRRRRRRRRRREEEE
EEEEEEEeRRRRR

L]
Filter Al = | waveview 1





image22.png
0 (5 hwa_1tlis (~/analog_IC/Spice/HW4/Q1/hw4_1) - gedit@ws40

File Edit View Search Tools Documents Help

B 2.4 & 0D B ™
{ New Open Save | Print Paste = Find Replace
4O hwa ifsp x| [Jhwd_1flis x
c(jd 1.8124fF 1.7730f 197.5977a 721.9569%a
kK small-signal transfer characteristics
v(vout)/vin -211.2860

1.000e+20
13.3379k

input resistance at vin =
output resistance at v(vout) =

AR A

hwd_1f

A A

noise analysis tnom= 25.000 temp= 25.000 ****¥*

frequency = 10.0000 hz

**** mosfet squared noise voltages (sq v/hz)

element 0:m3
rd 5.963e-25
rs 7.03le-21
id 148.3301a
rx 13.3375k

5 fn o
i Ln1, Coll

INS

2

&1 * ) %

[ Follow terminal folder

UNREGISTERED VERSION - Please

(o] E3 Y =] ) =
| Session Servers  Tools  Games Sessions  View Split  MultiExec Tunneling Packages Settings Help
S5 bigbird.ce.nthu.edu.tw
t ' |
/home/u105/u105060012/ - --Resource Monitoring Bulletin Board--
29 wame Pl The following users please go check and kill your dead
g a. process as soon as possible. The administrator will clear the
[ — processes/jobs running exceeding 4 days. If you must run for
“conte a long period, please notify the administrator for keeping your
= % o hosport process alive thru email (opr@ee.nthu.edu.tw or ylchen@ee.nthu.edu
g dous [Thanks..
eggups
2 g Note:
L e 1. Commands 'ps -aux' or 'top' could help look up the process ID (
2 ome of a running process.
7| 1 gnome 2. Command 'kill -9 PID' can kill the process with PID.
B grormer,_priate 3. Command 'grep' helps extract wanted information.
g eemman 010 For example, 'ps aux | grep ul234567' extracts all process of t
ety 1234567
.mozilla
“nautus PID  CPU(%) Time(min) Host  Prog. name
redhat 4530 32, 5583 (3.8 days) ws38  [csh]
- 14080  29. 5247 (3.6 days) ws38  [csh]
o 1905 26. 4457 (3.0 days) ws38  [csh]
Trash 12154 27. 4473 (3.1 days) ws38  [csh]
s 26883 26. 4476 (3.1 days) ws38  [csh]
analog_IC 21981  89. 5651 (3.9 days) ws39  [atlas]
Deskiop 28655  88. 5575 (3.8 days) ws39  [atlas]
simulation 18903  43. 5679 (3.5 days) ws39  [csh]
cdsen 28435 29, 5064 (3.5 days) ws40  [csh]
o 11825 41. 4378 (3.0 days) ws4l  [csh]
“gtlrc-1.2-grome2 872 78. 5759 (3.9 days) ws4l  [atlas]
story 13538 41. 4378 (3.0 days) wsd2  [csh]
HsPIcE htnl [U105660012@4s40 ~1$ cd analog_IC/Spice/HWA/Q1/hwd_1f
Icemthorty [U105660012@4s40 hwd_1f]$ gedit hwa_1f.sp &
_libmgr [1] 3717
osel [U105060012@ws40 hwd_1f]$ hspice -i hw4_1f.sp -o hwd_1f.lis
recenty-ssedsbel Using: /usr/cad/synopsys/hspice/2016.06-sp2/hspice/1inux64/hspice
it " -0 hwd_1f.lis
.viminfo
o ate >inf #x4x+ hspice job concluded
authorty [U105660012@ws40 hwd_1f]$ hspice -i hw4_1f.sp -o hwd_1f.lis
P Using: /usr/cad/synopsys/hspice/2016.06-sp2/hspice/1inux64/hspice
Py e Bl -0 hua 1. Lis

>info: #+x+ hspice job concluded
[u105060012@ws40 hwa 1f]$ Il
support MobaXterm by subscribing to the professional edition here: https://mobaxterm.mobatek.net





image10.png
I # hw4_1flis (~/analog_IC/Spice/HW4/Q1/hw4_1f) - gedit@ws40

File Edit View Search Tools Documents Help

F 1T 3 o) /85O
TRER

2, B4, @A, MEE, BE, 7 5mE,

#rkk%% operating point status is all

B E.d & D 8 ¥

{ New Open Save | Print Paste = Find Replace

{ [ hwa_1fsp x| [J hwa_1fiis x|
hwd_1T -
*kxx%% operating point information tnom= 25.000 temp= 25.000 ******

simulation time is

g, O s2w.

0.155)

ain & F 77 13 2] T @ & dh 4

Qzer. Ozn. & Lusta

BE O mBIR

0.
node =voltage node =voltage node =voltage
+0:netld = 1.0002 0:vbl = 1.2397 0:vb2 = 420.0000m
+0:vdd = 1.8000 0:vin = 500.0000m 0:vout = 500.3514m
**** yoltage sources
subckt
element 0:vin 0:vbl 0:vbh2 0:vdd
volts 500.0000m 1.2397 420.0000m 1.8000
current 0. 0. 0. -3.4394u
power 0. 0. 0. 6.1910u
total voltage source power dissipation= 6.1910u watts

*¥*** mosfets
subckt
element 0:m3 0:m2 0:ml 0:mo
model  0:n_18.1 0:n_18.1 0:n_18.1 0:p_18.1
region Saturati Saturati Saturati Saturati
id 3.2489u 3.2489u 190.4918n -190.4922n
ibs -5.750e-22 -212.8501a -6.915e-23 2.603e-23
ibd -212.8489a -765.7194a -122.1942a 105.0938a
vgs 420.0000m 499.8965m 500.0000m -560.2570m
vds 500.3514m 1.2996 1.0002 -799.7521m
vbs 0. -500.3514m 0. 0.

[l Ln 1, Coll INS





image15.png




image38.png
File WaveView Panel Axes Tools Config Help

IRV R ER Lt fau~@@g£‘w,-uLﬁsamgxm
Oumu!Vlew

DO:hw4_1f.acO

|| _waveview 1 __tableview 2
| done aadne anale | 0%





image3.png
BEF) HEE

BB(O).. (= [ -

Exclusive Mode

BRY) XHO) =HEBO)

8o IR

g BiEP)--

A) SharePoint REW) HIB(H)

B homework 4 2015~ RN

) Virtuo

<& &

2 2

)\ W

N

hematic Editing: hwd_1g SF

options... - &Y





image6.png
2 hw4_1glis (~/analog_IC/Spice/HW4/Q1/hw4_1g) - gedit@ws40 - o x P

Th R G G TR B G rminal  Sessions View Xserver Tools Games Settings Macros Help
Fi E Vi Se T Do H _ =
B o % &% kx & BH V¥ - &
B = .4 (=) 'j 49 fession Servers  Tools  Games Sessions View  Splt  MultiExec Tunneling Packages Setting
New Open Save | Print Paste = Find Replace lQuick connect.
hwa_1 hwa_1g.i - sing: /usr s
[ hwa_1gsp x| [J hwa_lglis 3 _ miTOm LIRS s 19.1is
vbs v. v. . -5UU. 141Um [ [ome/s105/41050600 2/analog_IC/Spice @] -
vth -472.0084m 332.6420m 388.0421m 472.7113m 3 e < N
vdsat -111.7565m 152.8104m 77.3394m  78.5413m B .
vod -88.2486m 167.4990m  31.9579m  27.1478m B 1g
beta 35.1905u 14.6486u 1.5516m 1.5669m o
gam eff 557.0847m 507.4459m 507.4460m 519.9037m g omap
gm 2.7166u 1.9754u 62.3685u 63.6509u W raw
gds 2.3069n 5.5772n 699.5570n 792.2613n Smiurle sl Bsing s
amb 836.2433n 385.8977n  12.8926u  9.8318u B Wl o hwa_1g.is
cdtot 2.3628f 1.0096F 6.9729f 5.8360f B cic018.1 9
cgtot 48.6507f 63.8688T 29.14741 27.7923fF ¥ hwa_1glis 2
cstot 54.3530f 65.9270F 31.5855f 28.8383fF 3 hw4_1g.5p 1
cbtot 20.7873fF 18.6513f 19.0719f 15.4524f b s "":’:g'sw ;
cgs 42.9735f 58.0668f  23.4572f  22.4608f e, |
cgd 721.3869a 198.3128a 1.8124f 1.7730f si.foregnd.log 2
silog 1
y: /usr/ce
hwa_1g.1lis
Hokx small-signal transfer characteristics -
v(vout)/vin = -212.6072 Using: /usr/cad/syno
input resistance at vin = 1.000e+20 ' -0 hw4_1g.lis
output resistance at v(vout) = 126.7744x .
Using S C
-0 hwd_1g.lis
oA A A
hwd_1g
*¥k**%* noise analysis tnom= 25.000 temp= 25.000 ****+*
< >
frequency = 10.0000 hz [ Follow terminal folder
TTenEs e INREGISTERED VERSION - Please support Mobaxterm by subscrbing to the professional edtion here:





image4.png
(% hwa_1glis (~/analog_IC/Spice/H\W4/Q1/hwé_1g) - gedit@ws40
Fle Edit View Search Tools Documents Help

Be.8 8 99 0B B ©

New Open Save | Print.. | Undo fed o/, Paste | Fnd Replace

bC AaBbCcD AaBbCcD: AaBbCcD: AaBbCcD: AaBbCeD .

R 7ErE x|th4_1g.Ils "| = HEE  EUEA  BEsE mEEE BsEe o
FHHFFE operating point information tnom= 25.000 temp= 25.000 ****** Al &L ~
FrAkr% operating point status is all simulation time is 0.
node =voltage node =voltage node =voltage
+0:net03 = 500.1410m 0:vbl = 420.0000m 0:vb2 = 1.2397
+0:vdd = 1.8000 0:vin = 1.0000 0O:vout = 965.0567m
**%* yoltage sources
subckt
element 0:vin 0:vbl 0:vb2 0:vdd
volts 1.0000 420.0000m 1.2397 1.8000
current 0. 0. 0. -3.4394u
power 0. 0. 0. 6.1908u
total voltage source power dissipation= 6.1908u watts
**x* mosfets
subckt
element 0:m2 0:m3 0:ml 0:mo
model  0:p_18.1 ©:n_18.1 ©0:n_18.1 0:n_18.1
region Saturati Saturati Saturati Saturati
id -190.5744n 190.5742n 3.2488u 3.2488u
ibs 2.604e-23 -6.918e-23 -5.749e-22 -212.7605a
ibd 109.7182a -117.8951a -212.7594a -765.7194a
vgs -560.2570m 500.1410m 420.0000m 499.8590m ’7
vds -834.9433m 965.0567m 500.1410m 1.2999
vbs 0. 0. 0. -500.1410m
vth -472.0084m 332.6420m 388.0421m 472.7113m
vdsat -111.7565m 152.8104m  77.3394m  78.5413m
vod -88.2486m__167.4990m _ 31.9579m _ 27.1478m c

Ln 173, Col 54

INS

L=
Bem
[y gt -
=5 ‘





image2.png
n K-2015. In

File WaveView Panel Axes Tools Config Help

Evad®|ET
Output View
= & DOhwd_1f.ac0
{2 top
J&) Equations
= (3 D1hwd_lg.a

“\ X:217k Y:794p (-182db)

ivbl)

ivb2)

i(vdd)

i(vin)

nd(m0)
nd(m1)
nd(m2)
nd(m3)

nf(m0)

nf(m1)

nf(m2)

nf(m3)

ni(m0)

ni(m1)

ni(m2)

ni(m3)
noise(innoise)
noise(outnoise)
ns(m0)
ns(ml)

ns(m2)
ns(m3)
ntmo)
nt(m1)
nt(m2)
nt(m3)

vinet03
v(vbl)
v(vb2)
vivdd)
vivin)
v(vout)

CCRICCRRRRRRRRRRREEEE
EEEEEEEeRRRRR

J[J|HERTZ(Hz) (og)

L]
Filter Al = | waveview 1





image33.png




image1.png
File WaveView Panel Axes Tools Config Help

|

ﬂwWEzHHEHIIX?‘\R fEH'V@Gﬁg 14

iﬂl\

o |l o3 B fw 2o

Outoul View

Fiter [

Dl:hwd_1g.acO

waveview 1

tableview 3
| 0%





image11.png
{ File Edit arch Sy I T mEW)  HEHH)
S0 - et e = a . 5 =
Be e # 13 B virtuosoR Schematic Editing: hwa_2a hwd_2a schematic@ws40 - o x .4,
hw4_2a.sp hwa_2a.lis L
1hwe_2a

4| 2|.protect
3.1ib 'cic018.1' TT
[‘ 4 .unprotect
5 .temp 25
6 .option post
7
8M0 netl9 Vb gnd gnd N_18 W=10u L=12i
oMl netl6é Vin+ netl9 5
10 M2 Vout Vin- netl9 gnd N_18
11M3 netl6 netlé Vdd vdd P_18
12/M4 Vout netl6 vdd vdd P_18 W:
13/CL Vout gnd 3p
14
15/Vdd vdd gnd DC=1.8
16 Vin+ Vin+
17 Vin- Vin-
18/vb Vb gnd
19
20 .op
21 .ac dec 10 10 100x
22/*.dc Vin+ 0 1.8 0.01
23 .tf V(Vout) Vin+
24 .probe V(Vout) il
25 .pz V(Vout) Vin+
26 .pz V(Vout) Vin-
27 .plot ac gain=par ("v(vout)/v(vinl)-
28
29 .end
30
a1 Jn

| DA\Users\User\Documents\MobaXterm\slash\Remc UNIX _ Plain text 37Tines Row #23 Col R (A A=





image7.png
i 1) MobaTexteditor

1 File

86
87
8
89
%
o1
%2
o3
04
o5
%
o7
o8
%

100

101

102

103

104

105

106

107

108

100

110

111

112

113

114

115

116

117

118

119

120

121

122

123

124

125

126

127

128

129

130

131

| DAUsers\Usen\Documents\MobaXterm\slash\Remc UNIX _Plain text

[m}

Edit  Search  View

BEeXEE

Format  Syntax

x

Special Tools

hwé_2a.5p hwa_2a.lis hwé_2a.lis

Kxxk sma.

ignal transfer characteristics

v (vout) /vin+ =
input resistance at
output resistance at v(vout)

222.1521

KRR R KRR KRR AR KA KR A KR AR A AR AR EA R RAKHHA K

*xx%%%  pole/zero analysis

input = 0: output = v(vout)

poles (rad/sec)

imag

poles ( hertz)
real imag
-5.89465k c
-1.29223x
268x

real

-37.0372k
-8.11930x
-37.4646x

zeros (rad/sec)

imag

zeros ( hertz)
real imag
-2.62395x% 0

-5.68601x
438.674x 0.

KxaAk

constant factor = 1.52584m

**%%% job concluded
xR

hwd_2a

*xxxx% job statistics summary tnom= AERRE

temp=  25.0

Tkkxax
st
model name
cpu MHz

Machine Information *¥*%%%

Int:
2001.

CPU E5-2620 0 @ 2.00GHz

(R) Xeon(R)

175 lines Row #1

X

REW) RHFH)

o) /sr. OnE

MR, BE, 7 @, ki

brminal sV server Tools Games gs Macros Help
X L g 2y =2 = * X O |
|
esson  Servers  Tools  Games Sessions View  Spit  MultiExec Tunnelng Packages Settings  Help Xserver  Ext |
Qu 4 EN2 bigbird.ee.nthu.edu.t @ 3. /home/mobaxterm [S]4. bigbird.ee.nthu.edu.t |
. PR R (v 050600120us40 ~1$

[u105060012@ws40
[u105060012@ws40

~]$ cd analog_IC/Spice/HW4/Q2/hw4_2a

/home/u105/u105060012/analog_IC/Spice| hw4_2al$ sx&

S O neme (1] 31993
] cds.lib [u105060012Qws4® hw4_2al$ Copyright (c) 1988-2015 Synopsys, Inc.
i cico18.1
clog CustomExplorer (R)
3 oxlog.1 .
; s_2a.2c0 Version K-2015.06 for RHEL64 - 05/23/15
p hwd_2a.ic0 R
hes_2a.ls Copyright (c) 1988 - 2015 by Synopsys, Inc
3 hwd_22.p20 This software and the associated documentation are proprietary to Synopsys, |4
: s _2a.5p Inc. This software may only be used in accordance with the terms and conditions
hwa_2a.st0 of a written license agreement with Synopsys, Inc. All other use, reproduction, |
L hues_2a.510 or distribution of this software is strictly prohibited.
1 netlist
sienv Launched at May 25 2018 08:32:56 (PID:32001)
si.foregnd.log
silog X X X
sxemdlog [u105060012Qws4® hw4_2a]$ hspice -i hw4 2a.sp -o hw4_2a.lis
scmdog. Using: /usr/cad/synopsys/hspice/2016.06-sp2/hspice/1inux64/hspice ‘hwa_2a.sp
Ml -0 hwa_2a.lis
< >

>info: #+x+ hspice job concluded
[u105060012@ws40 hwa_2al$

NREGISTERED VERSION - Please support MobaXterm by subscribing to the professional edtion here: https://mobaxterm.mobatek.net

[ Follow terminal folder





image14.png




image8.png
i ) MobaTextEditor - o

File Edit Search View Format Syntax  Special Tools

BOME mX|EE N KX R
hwd_2a.sp hwd_2a.lis

s
s
57
58 **** mosfets
s
o0
61 subckt
62 element 0:m0 0:ml 0:m2 0:m3 0:m4
63 model 0:n_18.1 0:n_18.1 0:n_18.1 0:p_18.1 0:p_18.1
64 region Saturati Saturati Saturati Saturati Saturati
65 id 3.7930u 1.8965u 1.8965u -1.8965u -1.8965u
66 ibs -6.138e-22 -304.8433a -304.8433a 1.89%-22 1.899%-22
67 ibd -304.8424a -829.2956a -829.2956a 353.4442a 353.4442a
68 Vgs 500.0000m 508.1710m 508.1710m -734.0669m -734.066%m
69 vds 391.8290m 674.1040m 674.1040m -734.0669m -734.066%m
70 vbs 0. -391.8290m -391.8290m 0. 0.
71 vth 316.2203m 391.2768m 391.2768m -461.1448m -461.1448m
72 vdsat 164.6968m 124.4757m 124.4757m -240.8060m -240.8060m
73 vod 183.7797m 116.8941m 116.8941m -272.9221m -272.9221m
74 Dbeta 249.1578u 250.9764u 250.9764u 57.7247u 57.7247u
75 gam eff 507.4459m 517.4270m 517.4270m 557.0847m 557.0847m
76 gm 36.5785u 24.987% 24.987% 12.5077u 12.5077u
77 gds 173.0278n 101.6442n 101.6442n 10.7816n 10.7816n
78 gmb 7.1970u 4.1550u 4.1550u 3.9420u 3.9420u
79 cdtot 18.7717f 12.9431f 12.9431f 12.4626f 12.4626f

80 cgtot 785.9233f 764.7052f 764.7052f 765.1800f 765.1800f
81 cstot 808.6181f 773.8813f 773.8813f B861.4278f 861.4278f
82 cbtot 229.4802f 196.1299f 196.1299f 274.5269f 274.5269f

8 cgs 715.4331f 697.9644f 697.9644f 703.1946f 703.1946f
84 cgd 4.7792f  2.3749f  2.3749f  4.0704f  4.0704f
85

86

&7

88

8o

%0

o1

o2 wEEx small-signal transfer characteristics

o3

o4 v(vout) /vin+ = 222.1521

o5 input resistance at vin+ 1.000e+20

% output resistance at v(vout) 8.9305x

o7

o8

%

100, FEKEEEFEAKFEAKEAKHEAKHEKHEEEEAKHEEEEEKHEEEEEEHEEEEE
D:\Users\User\Documents\MobaXterm\slash\Remc UNIX _ Plain text 175 lines Row#18  Col #64.





image24.png
11 MobaTextEditor - [m]
File Edit Search View Format Syntax Special Tools
DOHMO e X[EE AN e Elanxdéskars B
hw4_2a.sp hwa_2a.lis
%
o1
92 KEEE small-signal transfer characteristics
03
94 v(vout) /vin+ = 222.1521
95, input resistance at vint 1.000e+20
96 output resistance at v(vout) 8.9305x
o7
o8
%
101 ®x*kx%%  pole/zero analysis
102
103
104 input = 0:vin- output = v(vout)
105
106 poles (rad/sec) poles ( hertz)
107 real imag real imag
108 -37.0372k 0. -5.89465k 0.
109 -8.11930x 0. -1.29223x 0.
110 -37.4646x 0. -5.96268x 0.
111
112 zeros (rad/sec) zeros ( hertz)
113 real imag real imag
114 -16.4867x 0. -2.62395x 0.
115 -35.7263x 0. -5.68601x 0.
116 2.75627g 0. 438.674x 0.
117
118 **x*% constant factor = 1.52584m
119
120 **x%*% job concluded
121 rerrrr
122 hwd_2a
123
124 ***x** job statistics summary tnom= 25.000 temp= 25.000 ****xx
125
126
127 ***x** Machine Information *¥***x
128 CPU:
129 model name : Intel(R) Xeon(R) CPU E5-2620 0 @ 2.00GHz
130 cpu MHz : 2001.000
131
132 0s:
133 Linux version 2.6.18-371.9.1.el5 (mockbuild@builderl7.centos.org) (gcc version 4.1

» .2 20080704 (Red Hat 4.1.2-54)
134

D:\Users\User\Documents\MobaXterm\slash\Remc UNIX _ Plain text

) #1 SMP Tue Jun 10 17:49:56 EDT 2014

175 lines Row #130 _ Col #20

X

T+ T B § o /#5088 Q2. 0zx, & Lus18. » O

g, O s2w.

1

u I 441.3142n 7566800
131
1.401f = 9.4246f

rad
744 —
s

595.88MHz

% zero R Arwp, XA MR, °

FFf LA zero :;H‘I}i?i Fgfowy,
B £ER % 0 & A 20dB/dec > &
BTUEL - BAH D HE
£ TRARATEGENE
RAKER > ARSI MEE
RIBE ©





image20.png




image32.png




image48.png




image30.png




image41.png
[E 0 pice/2016.06-sp2/hspice/linux64/hspice

job concluded
edit hwd_la.sp &

spice -i hwd_la 1.sp -o hw4_la 1.lis
pice/2016.06-sp2/hspice/linux64/hspice

~ job concluded
‘ ~. ! S gedit hwa_la.sp

- spice -i hw4_la 1.sp -o hw4_la_1.lis
| 4 ‘ =4 pice/2016.06-sp2/hspice/linux64/hspice

job concluded
spice -i hwd_la_1.sp -o hw4_la_1.lis
*o— pice/2016.06-sp2/hspice/linux64/hspice

job concluded
, o spice -i hwd_la 1.sp -o hw4_la 1.lis
‘ . pice/2016.06-sp2/hspice/linux64/hspice

job concluded
spice -i hwd_la 1.sp -o hw4_la 1.lis
® pice/2016.06-sp2/hspice/linux64/hspice

job concluded
spice -i hw4_la.sp -0 hw4_la.lis
pice/2016.06-sp2/hspice/1inux64/hspice

job concluded
spice -i hw4_la.sp -0 hw4_la.lis
pice/2016.06-sp2/hspice/1inux64/hspice

M: schHiMouseP:
© job concluded
[u105060012@w540 hwd_lal$ icfb&

[3] 31906
[u105060012@ws40 hwa_1al$ Il




image27.png
hwd la

protect

fib'cic018.'TT

Anprotect

temp 25

option post

MO Yout Vb Vdd Vdd P_18 W=2u L=4u m=1
M1 Yout Vingnd gnd N_18 W=0.7u l=14um=1
Vdd Vdd gnd DC=1.8

Vb Vb gnd DC=1.239743

VinVin GND DC=0.5 AC=1

0p
*dcvh0180.01

noise V{Vout) Vin 10000
1 V[Vout) Vin
acdec 10010106

end





image25.png
[ hw4_1alis (~/analog_IC/Spice/HW4/Q1/hw4_1a) - gedit@ws40
Fle Edit View Search TJools Documents Help

B .d & o 9 &0

New Open Save  Print... Undo R Cut C
[Jhwa_lasp x | [ hwa_lalis x |
mosrtels

subckt

element 0:m0 0:mlL
model 0:p_18.1 0:n_18.1
region Saturati Saturati
id -190.4922n 190.4918n
ibs 2.603e-23 -6.915e-23
ibd 105.0938a -122.1942a
vgs -560.2570m 500.0000m
vds -799.7521m 1.0002
vbs 0. 0.
vth -472.0084m 332.5823m
vdsat -111.7565m 152.7538m
vod -88.2486m 167.4177m
beta 35.1905u 14.6485u
gam eff 557.0847m 507.4459m
gm 2.7155u 1.9752u
gds 2.3660n 5.5667n
gmb 835.9004n 385.7082n
cdtot 2.3778fF 1.0028f
cgtot 48.6526f 63.8668f
cstot 54.3516f 65.9235f
cbtot 20.8013f 18.6462f
cgs 42.9754f 58.0608fT
cgd 721.9569a 197.5977a
ForAk small-signal transfer characteristics

v(vout)/vin

innut_racictanca at \in

= -248.8710

JeETE
beed AQBI AQBL AaBbC AaBbccD AaBbCcD. AaBbCeD. AcBbCcD. MaBbCD Bt
BEE  mE1 mEo #e . .
B - ‘

L

|+ total output noise voltage = 293.3893a sq v/hz
= 17.1286n v/rt bz
transfer function value:
T VAT L EPTA R
equivalent input noise at vin
= 20.1756n /xt hz
#4111+ operating point information tnoms 25.000 temp= 25.000 AAAEEX
#+++2+ operating point status is all simulation time is 0.
node  =voltage node  =voltage node  =voltage
s0:up = 420.0000m 0:vdd = 1.8000 O:vin = 1.0000
[Flvous = S00.1710]

|=848.9761m(>0. 8)~
cbtot %<80fF«
ne

M1 & WL 44 cgtot ~ cstot ~ cdtot ~
424 M0 4= M1 #F 2 A saturation
voltage %4 0.5V B = «





