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e NMOS : Ip = ZpCoy = (Vos — Vr)2(1 + A Vps) , with pCoy =k, W/L=3

1. For Vpg = 4V, Vg = 3V > 1.4539m = 0.5 x k, X 3(3 — Vp)2(1 + 4 1)
2. For Vps = 3V,Vgs = 3V > 1.4437m = 0.5 x k, x 3(3 = Vp)2(1 + 3 1)
3. For Vps = 3V,Vgs = 4V > 3.3549m = 0.5 x k, x 3(4 — Vp)2(1 + 3 1)

I.  Calculate Vg :

. Calculate A :

1

14539  1+4 1
14437  1+32

Ill. Calculate k, =2 k, = 259.04u

2
) > Vp = 1.093V

2> A =0.00723

e PMOS : Ip = ZpCoy (Vg + Vr)2(1 + A Vsp) , with pCoy =k W/L=3

1. For VSD =4V, VSG =3V 2 1.6217m = 0.5 X kp X 3(3 - VT)Z(l +4 ).)
2. For VSD = 3V, VSG =3V = 1.5398m = 0.5 X kp X 3(3 - VT)Z(l +3 ).)
3. For VSD = 3V, VSG =4V - 3.1444m = 0.5 X kp X 3(4‘ - VT)Z(l +3 ).)

I. Calculate Vg :

II. Calculate A :

lll. Calculate k, = k, =188.89u

Hspice code

e /£ I nmos

r g

Ble Edt View Search Jools Documents Help

BE.d & 9

New Open  Save Print.. Unde Paste  Find Replace

{J1ab6_nmossp x
lab6 nmos

.param Vtn=1.093

kn=259.04u

lam=0.00723

toxn=108n

cbdO=2p

cgso=0.1p

.model N_MOS nmos level=l vto=vitn kp=kn
+ lambda=lam tox=toxn cgso=cgso

+ cgdo=cgso cbd=cbdd cbs=cbdd

........................................

R

M1 d1 gl gnd! gnd! N_MOS W=30u L=10u

Vdsl dl gnd! 3.3

vgsl gl gnd! 3.3

.DC Vds1 © 5 0.1 sweep Vgsl 2 5 1

.probe dc I(M1})
L L L T T e
M2 d2 g2 gnd! gnd! N_MOS W=30u L=10u

Vds2 d2 gnd! 3.3

Vgs2 g2 gnd! 3.3

.DC Vgs2 0 3.3 8.1

.probe dc I(M2)
B T P T T
M3 d3 g3 gnd! gnd! N_MOS W=30u L=10u

Vds3 d3 gnd! 3.3

Vgs3 g3 gnd! 2

.DC Vds3 0 5 0.5 sweep Vtn 0.8 1.6 0.2

.alter

.DC Vds3 @ 5 0.5 sweep kn 50u 250u 56u
.alter

.DC Vds3 © 5 0.5 sweep lam 0.02 0.06 0.01
.probe dc I(M3)

.....................................

.option post probe
end

$Vary the parameters

2
) > Vp = —0.669V

A = 0.0634

A5F * pmos

7 labé_pmos.sp (~/Microslectranics_Lab) - gedin@ws40 L=
fle Edit View Search Jools Documents Help

B E.E6 & 9

New Open Save Print. Undo Paste  Find Replace

[ 1ab6_pmos sp_ x

lab6 pmos

param Vin=-0.669
kn=188.89u
lam=0.0634
toxn=108n
cbdo=2p
cgso=0.1p

R

.model P_MOS pmos level=1 vto=vin kp=kn
+ lambda=lam tox=toxn cgso=cgso
+ cgdo=cgso chd=chd® cbs=cbd0

........................................ $Tablel
M1 d1 gl gnd' gnd! P_MOS W=30u L=18u

Vdsl gnd! dl 3.3

Vgsl gnd! gl 3.3

.DC Vdsl 6 5 0.1 sweep Vgsl 2 5 1
.probe dc I(M1)

............................................ §Table2
M2 d2 g2 gnd! gnd! P_MOS W=30u L=10u

Vds2 gnd! d2 3.3

Vgs2 gnd! g2 3.3

.DC Vgs2 @ 3.3 0.1
.probe dc I(M2)

vvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvv

4 .option post probe
.end

Ln 31, Col 1 NS
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Measurement of |-V characteristic
° NMOS

unit:mA

Vgs =2V
Vgs = 3V
Vgs =4V
Vgs = 5V

Ips — Vbs
€ Measurement chart

NMOS

7.00E+00
6.00E+00
5.00E+00

4.00E+00
Vgs = 2V

Vgs = 3V
3.00E+00

Ids unit:mA

vgs = 4V

Jos = /
2.00E+00 Ve =5V

1.00E+00

0.00E+00
0 05 1 15 2 25 3 35 4 45 5

Vds unit:V

€ Hspice chart

o3 | s 1 ] v s |

€ Comparison

Vds = 1.5V Vds = 3V Vds = 4.5V
measure hspice error (%) measure hspice error (%) measure hspice error (%)
0.2389 0.323 35.20301  0.2415 0.327 35.40373  0.2438 0.33 35.35685
1.4074 1.36 -3.36791 1.4437 1.44 -0.25629 1.4583 1.46 0.116574
2.8747 2.54 -11.643 3.3549 3.35 -0.14606 3.4012 3.39 -0.3293
3.8573 3.72 -3.55948 5.813 5.73 -1.42783 5.909 6.12 3.570824

® Comment :

Vs = 1.5V ~ 3V ~ 4.5VAHIE(HEL hspice HEHEEHE
ELER - SFERAE VU NIFERAZOR - PR R E/ N BRGNS HE AR
wEhn - RIELAG AV E & SR NS -

SV R ERAR - HE Vg RE—ERETE
MOS & A Saturation HYJJREE o



B T-ERFR TR Lab6 105060012 SREFA

|| IDS —_ VGS Wlth VDS = 33V
€ Measurement chart

NMOS
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Fie WaveView Panel Awes Tools Cor

Vds = 3.3
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Vgs unit:v

€ Hspice chart

o o o|w

€ Comparison

unit:mA Vgs = 1.5V Vgs =2V Vgs = 2.5V Vgs =3V
measure hspice error (%) measure hspice error (%) measure hspice error (%) measure hspice error (%)
Vgs = 3.3V 0.01906 0.0659 245.7503 0.242 0.327 35.12397 0.731 0.788 7.797538 1.447 1.45 0.207326

® Comment :

A Vgs = 1.5V ~ 2V ~ 2.5V ~ 3VAYHIIE (HEL hspice HELfEEAY
{EEEEL > SFPRAT Vsl NIFERAZROR - JRINEL Faitlps — VpsfF I
A - PRI/ NE RN TERZRNEIN - RIS EREEHS
HHEE T FEAVHEES -

#5F drain current Ipg &[5 Vs EFHTIAZTELT exponential
TS,
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PMOS
B Isp—Vsp
€ Measurement chart

PMQS
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Vsd unit:V

€ Hspice chart

BB Custom Waweiiew Versian K-2015.06 Synopsys, inc. G0 a
Fie WaeView Panel Awes Tools Condg Help
E¢ad® BTXT AR EEDEHIE

5L — Wgﬁiﬂ'ﬂlﬁﬁ!m

[]

Al =] | waveview 1 |_waveview 2 wavwow 3

(EUAEEHER)

BB Custom Waweiiew Versian K-2015.06 Synopsys, inc. G0 a
Fie WaeView Panel Awes Tools Condg Help
S+ S S BTXT A @GRS b | L E Jw 4]0

ErEEEe G 2R EEEE FE

Finer Al =] |_wavevsew 1 [ waraview 2 |_waveview 3




unit:mA

Vsg =2V
Vsg =3V
Vsg =4V
Vsg =5V

B T-ERFR TR Lab6 105060012 SREFA

€ Comparison

Vsd = 1.5V Vsd =3V Vsd = 4.5V
measure |hspice| error (%) measure |hspice| error(%) measure |hspice| error (%)
0.3093 0.55 77.82089 0.3488 0.597 71.15826 0.3795 0.645 69.96047
1.3072 1.47 12.4541 1.5398 1.83 18.8466 1.6583 1.98 19.39938
2.1756 2.4 10.3144 3.1444 3.7 17.66951 3.4314 4.04 17.7362
2.8036 3.33 18.77586 5.02 5.73 14.14343 5.645 6.83 20.99203

® Comment :

M Vsq = 1.5V ~ 3V ~ 4.5VATHIE(EHEL hspice 1% HIAE
HHEB AR EERS - HYE PMOS » Tsp 87 J7 (A B ER FE A FH 5
W EREMNK - FHItDIEGEEHE R AT LES -

S Vs B NIFRRZZEON > R/ N RIS N B R 2 1
0 LRS- EE R (E & A BHE NS -

ERS S > PMOS 1R Z{HIAZAEE NMOS 2T K - R Fy
PMOS iy mobility /)N » ZZE[FMNF noise S22 » BT DAGRZ SR
K -

ISD - VSG with VSD = 3.3V

€ Measurement chart

PMOS
25
2
£ 15
s
g 1 Vsd=33
0.5
0
o O O O O P ® O P P o
\Q\x\x'\q’\h\(’)'\b\ &@“P’Q'» °> APPSO P S %Qq,\q:w%%
Vsg unit:V

0 Hsplce chart

n- Waieliew Panel As Tools Canfy uet
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(HUEEHE %)

€ Comparison

unit:mA Vsg =1.5V Vsg =2V Vsg=2.5V Vsg =3V
measure |hspice| error (%) measure |hspice| error(%) measure |hspice| error(%) measure |hspice| error (%)
Vgs = 3.3V 0.0547 0.237 333.2724 0.355 0.607 70.98592 0.883 1.15 30.23783 1.567 1.86 18.69815

® Comment :

HA I Vsg = 1.5V ~ 2V ~ 2.5V ~ VA {EEL hspice 15 fiEl%
U@ SHE S AV RS R - HY 2 PMOS » Isp 807 J7 [RIBLER S A
AN BB EAK - R DG EHE R HTE S ELEL -

EIAAE Vg B NIFRRAZRON > R A E/ N BRI MR B R 20
0 RS R E & A B N8 -

RS > PMOS HYERZ=EHAEAEE NMOS 2RAY K » Ry
PMOS Fy mobility #/]\ » 532 F4PFE noise HYS2EE - AT AGR AL
=L YN

Heth el FE 1 Flsp — VseMlllsp — Vsp WV EELHE HEEH » {HiZ
R E WA S - RIMIERE -
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Vary the parameters of the N-MOSFET

1. Vi:from 0.8 to 1.6V (0.2V/step)

B cus 5.06 Synopsy 8 o
File WaveView Panel Axes Tools Config Help
B ETXTAa/ @@y " RILDBEMLf
* WEEEEETnZ Tt EiE]
0

Filter [ [an =] | _waveview 1 | wavevew 2 waveview 3 | waveview 4 | _waveviews |

Comment :
AT E Vs > Vs — VioliF > drain current 4~ &l VS AT
W0 > FEO0_EIp saturation % (Vos — Veo)? > IEEVo #K > H5EE NMOS Y
Threshold voltage id_?j( ’ ID,Saturation!:\ELZ/J\ ’ @Lig%ﬁ °

2. ky: from 50u to 250u (50u/step)

B cus 06 Synopsy o
File WaveView Panel Axes Tools Config Help
EiSdeETXE Qe rdvOOBEY DR E e 4 fo

Filter [ [an =] | wavewew 1 | waveview 2 | waveview 3 waveviewd | waveviews |

Comment :
Egﬁﬁﬁjﬁ*ﬁlusmuration = ; Hn Cox % (VGS - VT)2 = %kp % (VGS - VTH)2 ’
BtFEZ kK, BT Ip saturation T ETIE N » 3 Hr 8 F S eaE SLAEIE]

7
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3. Lambda : from 0.02 to 0.06 (0.01/step)

BB Custom WaveView ver 506 Sy o

File WaveView Panel Axes Tools Config Help

oo £l xfo

waveview 3 | _wavevew 4 waveview s |

Comment :
. 1 w o
Efﬂ/él\\ftﬁ)lzﬁirﬁ‘lD,Saturation = 2 uncoxf (VGS - VT)Z(l + A VDS) ’ EEEVDS >

Vas — Voif * Ip saturation— G HEE A (EAVIE IO ELGAAIIGIN - 34 B S RLBeEE
FAHE -



