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LONG-CHANNEL CMOS, Ly;=1UM

Table 9.1 Typical parameters for analog design using the long-channel CMOS process discussed
i this book. Note that the parameters may change with temperature or dramn-to-source

voltage (e.g., Fig. 9.24).

Long-channel MOSFET parameters for general analog design
FDD =5V and a scale factor of 1 um (scale = 1le—6)
Parameter NMOS PMOS Comments
Bias current, I, 20 pA 20 pA Approximate
WIL 10/2 30/2 Selected based on I, and 7,
Vg o and Ve 250 mV 250 mV For sizes listed
Vs and Vo, .05V 115V No body effect
Virpe and Vi 800 mV 900 mV Typical
SVrawp/éT -1 mv/C® —1.4mv/C® Change with temperature
KP, and KP, 120 pA/NV? 40 pAV? r,,=200A
Cox = Soxltox 1.75 fF/um’ 1.75 fF/um’ Cox = CL WL - (scale)?
C_ and Cop 35fF 105 fF PMOS i1s three times wider
Figures from CMOS Circuit Co, and C_, 233 fF 70 fF Ce=3Car
Design, Layout, and Simulation, C yand C 2fF 6fF Cea=CGDO - W-scale
Copyright Wiley-IEEE, Zmandg, 150 pA/V 150 pA/V AtI, =20 A
CMOSedu.com r,, and Vop 5 MO 4 MO Approximate at I, =20 nA
Zoml on A0 g0 0, 750 VIV 600 V/V Open circuit gain
J, and b, 0.01 V™ 0.0125 V™ AtL=1
©" Sz, and fr, 900 MHz 300 MHz ForL=2, frgoesupif L=1




SHORT-CHANNEL CMOS, Ly =50NM

Table 9.2 Typical parameters for analog design using the short-channel CMOS process discussed

Figures from CMQOS Circuit
Design, Layout, and Simulation,
Copyright Wiley-IEEE,
CMOSedu.com

i this book. These parameters are valid only for the device sizes and currents listed.

Short-channel MOSFET parameters for general analog design
VDD =1V and a scale factor of 50 nm (scale = 50e-9)

Parameter NMOS PMOS Comments
Bias current, I 10 nA 10 pA Approximate, see Fig. 9.31
WIL 50/2 100/2 Selected based on Iy and 7,
Actual WL | 2.5um/100nm | Sum/100nm L, is 50 nm
Vig oo a0 Vepy 50 mV 50 mV However, see Fig. 9.32 and
Vowand V.., 70 mV 70 mV the associated discussion
Viegand V. 350 mV 350 mV No body effect
Vigpeand Ve 280 mV 280 mV Typical
eVavp/eT - 0.6 mV/C*® - 0.6 mV/C* Change with temperature
V,,p and Viap 110 x 10° m/s 90 x 10° m/s From the BSIM4 model
t. 14 A 14 A Tunnel gate current, 5 A/em’
Cly = gax/tox 25 fF/um? 25 fF/um’ Cox = CL VL - (srfcn’e)2
C,, and Cop 6.25fF 12.5fF PMOS is two times wider
C,,and C,, 417 fF 834 fF Co=3Co
Com and Cop 1.56 fF 37fF Cgq = CGDO - W scale
Zmandg, 150 AV 150 pA/V AtI,=10 uA
Vo and 7, 167 kQ 333kQ Approximate at [ = 10 nA
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BMR CIRCUIT IN 1UM CMOS

VDD i VDD VDD ud — Iref2 — Irefl
MSU3, | M3.302] =0
! L M4, 30/2
MSU2. 10/100 1071 ; 51 Vbiast 200
: i ﬂ 15.0
| ; | M2, 40/2 oo i i i i i i
MSUL. 102 || | | bias | | | | | | |
ML 102
.. : Irer 6.5k :
Start-up circuit : Y U'g.n 1.0 2.0 2.0 1.0 5.0 £.0
swesp v VDD

(important)

Fi 20.15 Beta-multiplier ref: for biasing in the long-channel . o
ere Prf)geg; défcrfégg ﬁf‘}n;ﬁe‘g 1 .1asnlg il e fong-chatie Figure 20.16 The reference currents through M1 and M2 in the Beta-multiplier.

Figures from CMOS Circuit Design, Layout, and Simulation, Copyright Wiley-IEEE, CMOSedu.com
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S50NM BMR CIRCUIT /o0 o

VDD
M3, 100/2 ,‘H:|7M4, 100/

MSU2, 10/20 _JIP_ Viiasp
MSU3, L4
| 10/1 | ‘ M2, 200/2
MSUL, 50/2 biasn
’ ! MI1. 50/2 | |
Iner ll I“*ml 6.5k
See Table 9.2.
N
uk — Iref2? — Irefl

sweep W VDD
Figure 20.18 Beta-multiplier reference for short-channel design (see Table 9.2).

Figures from CMOS Circuit Design, Layout, and Simulation, Copyright Wiley-IEEE, CMOSedu.com
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SHORT-CHANNEL BMR CIRCUIT
ot g guien e —

iasp
C. Loop needs to be
Viasn ‘Compensated”
| ”J M2, 200/2

Ml, 502 | | Vbiasn

lfxsm IREFZL 5.5k 5
N

Vbiasp a.

Vreg
Ve ' ' ' ' ' '
TN Pbia > = + 10 sweep v VDD
- L Modeled in SPICE Voiasn  — ‘\
biasn
Gain

using a voltage-controlled

voltage source. Figure 20.20 TImprovement with the added amplifier.
Vbiasp =10- (Vr\eg - Vbiasn)

Figure 20.19 Increasing the output resistance of short-channel MOSFETs
using feedback. The result, for the Beta-multiplier circuit,
is better power supply sensitivity.

Figures from CMOS Circuit Design, Layout, and Simulation, Copyright Wiley-IEEE, CMOSedu.com
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CASCODE CURRENT SOURCES

C— izm
_—

2-Vas =2+ (VDgsar + VEN) M3 M4
«— 765 = VDssar + Vy

H,.k 2 Vpsgsat + Fran

M1 - M2
Vgs = Vpgsar + Vaw
(a) Regular cascode structure
— = 2- VDS,m.t
Vg =2Vpssar + View M4
- VDS sat
Figures from CMOS Circuit Design, Vos = Vpssae + Virw |7 3 1n

Layout, and Simulation, Copyright
Wiley-IEEE, CMOSedu.com

(b) Low-voltage (aka wide-swing) structure

Figure 20.31 DC voltages in (a) a cascode current mirror and in

(b) a low-voltage cascode.



WIDE-SWING CASCODE CURRENT SOURCES

7DD VDD
Viiasp N g J« Irer Cﬂ: Irer
MSa\-T
MS5b
MWS Ves = 2Vpssar + Vaw }[ M4
1w 1 W Vs = Vpssar + Vran
17 or 57 see text M1 amz

Figures from CMOS Circuit Design,
Layout, and Simulation, Copyright

Wiley-IEEE, CMOSedu.com Figure 20.32 Generating a bias voltage for M4.
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WIDE-SWING CASCODE CURRENT SOURCES

VDD

VDD VDD
T Vw1
.. biasp hl
Beta-multiplier s c| Io

from Fig. 20.15
(Table 9.1)
~ Vo
MWS
10/8 ! [ M4

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

Unlabeled NMOS are 10/2.
Unlabeled PMOS are 30/2.

Figures from CMOS Circuit Design,
Layout, and Simulation, Copyright

2.V
Wiley-IEEE, CMOSedu.com DSsat

Figure 20.33 Wide-swing cascode current source in the long-channel process.
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LONG-CHANNEL BIAS CIRCUITS

oD DD
oD DD oD DD EP_ Va1
> Fhigh
10/100 L'
Lo
101 30/10 P 9 3 Fpiar
¥ Vﬂ‘cﬂf
| 1 1 | | |
| é7_” | H% |
6.5k _V-f-u;_{
From below

Unlabeled NMOS are 102,
Unlabeled PMOS are 30/2

See Table 9.1
Figures from CMQOS Circuit > Vpcas
| | I > Vhias3

Design, Layout, and Simulation, e | i
Copyright Wiley-IEEE, l_J
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Figure 20.43 General biasing circuit for leng-channel CMOS design vsing
the data in Tab%e a1




SHORT-CHANNEL BIAS CIRCUITS

Unlabeled NMOS are 50/2.

See Table 9.2,

Unlabeled PMOS are 100/2 o
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Figures from CMOS Circuit VL]

Design, Layout, and Simulation,
Copyright Wiley-IEEE,
CMOSedu.com
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Figure 20.47 General biasing circuit for shori-channel] design using

T g o

the data in Table 9.2.

College of Engineering



USING BIAS REFERENCES

uAIC’P — Iop

5.0

V ias .0
biasd [ 50/2 /
8.0

Viiasa
1 502 : :
Figures from CMQOS Circuit a. 2.
Design, Layout, and Simulation,
Copyright Wiley-IEEE,
CMOSedu.com

Bias voltages come from Fig. 20.47 (short-channel parameters in Table 9.2).

Figure 20.48 Cascode current sources operating in a short-channel process.
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