Introduction to CMOS design 2. The MOS device

2 The MOSdevice

This chapter presents the CMOS transistor, its layout, static characteristics and dynamic characteristics.

The vertical aspect of the device and the three dimensional sketch of the fabrication are also described.

The MOS device

The MOS transistor is basically a switch. When used in logic cell design, it can be on or off. When on, a
current can flow between drain and source. When off, no current flow between drain and source. The
MOS isturned on or off depending on the gate voltage. In CMOS technology, both n-channel (or nMOS)
and p-channel MOS (or pMOS) devices exist. The nMOS and pMOS symbols are reported below. The n-
channel MOS is built using polysilicon as the gate material and N+ diffusion to build the source and
drain. The p-channel MOS is built using polysilicon as the gate material and P+ diffusion to build the
source and drain. The symbols for the ground voltage source (0 or VSS) and the supply (1 or VDD) are

drain sOurce
gate gate
nmos
[ |

also reported in figure 2-1.

prgos

source drain

n-channel MOS p-channel MOS
Ground {or W33) Supply (or WDD)

nm o;_{ JO— %
[ S

Fig. 2-1: the MOS symbol and switch
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Introduction to CMOS design 2. The MOS device

Asillustrated in figure 2-2, the n-channel MOS device requires alogic value 1 (or a supply VDD) to be
on. In contrary, the p-channel MOS device requires alogic value O to be on. When the MSO deviceison,
the link between the source and drain is equivalent to a resistance. The order of range of this ‘on’
resistance is 100W-5KW. The ‘off’ resistance is considered infinite at first order, as its value is several

MW.

Logic Simulation of the MOS

At logic level, the MOS is considered as a simple switch. Moreover, the logic switch is unidirectional,
meaning that the logic signal always flows from the source to the drain. This major restriction has no
physical background. In reality, the current may flow both ways. The reason why the logic MOS device
enables the signal to propagate only from source to drain is purely a software implementation problem. In
the logic simulator of DSCH2, an arrow indicates whether or not the current flows, and its direction
(Figure 2.2). When the device is OFF, the drain keeps its last logic value, thus acting as an elementary
memory.

Notice that you cannot pass any logic information from the drain to the source. Such a circuit would

fail.

|:|||=Gate cate The arrow indicates that
the channel is ON

nmos
& - «—J§
Data nk05_Out

source drain
: /
i
i
i
i
! -

SOUrcE |/-drain phOS_Out

pmos

When OFF, the node N Data goes to pMos_out

keepsits previous value

yate

Fig. 2-2: thelogic simulation of the MOS device (MosExplain.SCH)
MOS layout
We use MICROWINDZ to draw the MOS layout and simulate its behavior.

(1] Go to the directory in which the software has been copied (By default MICROWIND?2)

(2] Double-click on the MicrowWind2 icon

The MICROWIND?2 display window includes four main windows: the main menu, the layout display
window, the icon menu and the layer palette. The layout window features a grid, scaled in lambda ()
units. The lambda unit is fixed to half of the minimum available lithography of the technology. The
default technology isa CMOS 6-metal layers 0.25um technology, consequently lambdais 0.125 pm.
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Fig. 2-3 The MICROWIND2 window as it appears at the initialization stage..

The palette is located in the lower right corner of the screen. A red color indicates the current layer.

Initially the selected layer in the palette is polysilicon. By using the following procedure, you can create a

manual design of the n-channel MOS.

o

Fix the first corner of the box with the mouse. While keeping the mouse button pressed, move
the mouse to the opposite corner of the box. Release the button. This creates a box in
polysilicon layer as shown in Figure 2. The box width should not be inferior to 2 |, which is

the minimum width of the polysilicon box.

Change the current layer into N+ diffusion by a click on the palette of the Diffusion N+ button.
Make sure that the red layer is now the N+ Diffusion. Draw a n-diffusion box at the bottom of
the drawing as in Figure 2-4. N-diffusion boxes are represented in green. The intersection

between diffusion and polysilicon creates the channel of the nMOS device.
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Introduction to CMOS design 2. The MOS device

Fig. 2-4. Creating the N-channel MOStransistor

Vertical aspect of the MOS

o
L=

Click on thisicon to access process simulation (Command Simulate > Process section in 2D). The

cross-section is given by aclick of the mouse at the first point and the release of the mouse at the second

point.

Interlayer
oxide n\b

Field oxide \

Drain

Gate
Lateral drain
diffusion

- 2 itk Thin gate
oxide

Fig. 2-5. The cross-section of the nMOS devices.

In the example of Figure 2-5, three nodes appear in the cross-section of the n-channel MOS device: the
gate (red), the left diffusion called source (green) and the right diffusion called drain (green), over a
substrate (gray). A thin oxide called the gate oxide isolates the gate. Various steps of oxidation have lead
to stacked oxides on the top of the gate.

The physical properties of the source and of the drain are exactly the same. Theoretically, the source is
the origin of channel impurities. In the case of this nMOS device, the channel impurities are the electrons.
Therefore, the source is the diffusion area with the lowest voltage. The polysilicon gate floats over the
channel, and splits the diffusion into 2 zones, the source and the drain. The gate controls the current flow
from the drain to the source, both ways. A high voltage on the gate attracts electrons below the gate,

creates an electron channel and enables current to flow. A low voltage disables the channel.
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Introduction to CMOS design 2. The MOS device

The lateral drain diffusion is a small region of lightly doped diffusion, at the interface between the
drain/source and the channel. A light doping reduces the local electrical field between the drain/source
and gate and prevents from oxide breakdown.

The permittivity of the field oxide is not always the same than the interlayer oxide. To reduce lateral
coupling effects between conductors, alow permittivity dielectric, also called ‘low K’, has recently being
introduced.

Static Mos Characteristics

]

Click onthe MOScharacteristics icon. The screen shown in Figure 2-6 appears. It represents the Id/\Vd
static characteristics of the nMOS device.
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Fig. 2-6. N-Channel MOScharacteristics.

The MOS size (width and length of the channel situated at the intersection of the polysilicon gate and
the diffusion) has a strong influence on the value of the current. In Figure 2-6, the MOS width is 3.25um
and the length is 0.25um. A high gate voltage (Vg =2.5V) corresponds to the highest 1d/Vd curve. For
Vg=0, no current flows. A maximum current around 1.5mA is obtained for Vg=2.5V, Vd=2.5V, with
Vs=0.0. The MOS parameters correspond to SPICE Level 3. A tutorial on MOS model parameters is
proposed later in this chapter.

Dynamic MOS behavior
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Introduction to CMOS design 2. The MOS device

This paragraph concerns the dynamic simulation of the MOS to exhibit its switching properties. The
most convenient way to operate the MOS is to apply a clock to the gate, another to the source and to

observe the drain. The summary of available properties that can be added to the layout is reported bel ow.

VDD property _/r J-L J'Iul' {

V'SS property i} Node visible
Clock property Sinusoidal wave
Pulse property

O Apply aclock to the gate. Click on the Clock icon and then, click on the polysilicon gate. The
clock menu appears again. Change the name into « Vgate» and click on OK to apply a clock

with 2.1ns period (1nsat 0, 50psrise, Insat 1, 50psfall).

Add a Clock

Label name ; [GEEIE

VDD |vas  Clock | pulse | Sinus | variable |
~Parameter:
Lowy lewel &7; |0.00 High Level &% |2 50

Tirme |ow Rize time Time high Fall tirne (ns)

f1.00 [0.05 f1.00 [0.05
T slower | Y Faster | = Invert UHl
W Assign | x Cancel | IV visible in simulation

Fig. 2-7. The clock menu.

© Apply aclock to the drain. Click on the Clock icon, click on the left diffusion. The Clock menu
appears. Change the name into « Vdrain » and click on OK. A default clock with 4.2ns period
is generated. The Clock property is sent to the node and appears at the right hand side of the

desired location with the name « Vdrain ».

® Watch the output: Click on the Visible icon and then, click on the right diffusion. Click OK.
The Visible property is then sent to the node. The associated text « s1 » isin italic, meaning

that the waveform of this node will appear at the next simulation.

A

© Always save BEFORE any simulation. The analog simulation algorithm may cause run-time

errors leading to a loss of layout information. Click on File -> Save as. A new window
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2. The MOS device

appears, into which you enter the design name. Type, for example, myMos. Then click on

‘Save’. The design is saved under that filename.

Analog Simulation

Click on Simulate > Start Simulation. The timing diagrams of the nMOS device appear, as shown in

Figure 2-8.
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Fig.2- 8. Analog simulation of the MOS device.

When the gate is at zero, no channel exists so the node sl is disconnected from the drain. When the gate
is on, the source copies the drain. It can be observed that the nMOS device drives well at zero but poorly

at the high voltage. The highest value of sl isaround 2.0V, that is VDD minus the threshold voltage. This

means that the n-channel MOS device do not drives well logic signal 1, as summarized in figure 2-9.

Click on Morein order to perform more simulations. Click on Closeto return to the editor.

nMO.j _/O_ _/\/1\/\_
1 / \ 1

0 —/\/\/\—Goodo 1 _/\/\/\_ Poor 1
(VDD-VY)

Fig.2- 9. The nMOS device behavior summary
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Introduction to CMOS design 2. The MOS device

Layout considerations

The safest way to create aMOS deviceisto use the MOS generator. In the palette, click the MOS
generator icon. A window appears as reported below. The programmable parameters are the MOS width,
length, the number of gatesin parallel and the type of device (n-channel or p-channel). By default metal
interconnects and contacts are added to the drain and source of the MOS. Y ou may add a supplementary

metal 2 interconnect on the top of metal 1 for drain and source.
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Fig.2-10. Analog simulation of the MOS device.
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Fig.2-11. Various layout aspects of the MOS device.

The MOS Model 1
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2. The MOS device

W= L=0.25r

For the evaluation of the current Ids between the drain and the source as afunction of Vd,Vg and Vs, you

may use the old but nevertheless simple MODEL 1 described below.

MODE CONDITION EXPRESSION FOR THE CURRENT IDS
CUT-OFF Vgs<0 lds=0
W Vds
LINEAR Vds<Vgs-Vt lds= KPT((Vgert)Vdsr TZ))
w
SATURATED Vds>VgsVt lds= KP/2 T (Vgert)2
With:

vt =VTO+ GAMMA+ ,/(PHI - vb) - +/PHI

MOS MODEL 1 PARAMETERS

PARAMETER DEFINITION

TYPICAL VALUE 0.25um
NMOS pMOS
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Introduction to CMOS design 2. The MOS device

VTO Theshold voltage 0.4V -0.4V

KP Transconductance coefficient 300pA/N 120pA/N
PHI Surface potential at strong inversion | 0.3V 0.3V
GAMMA Bulk threshold parameter 0.4 \P5 0.4 \P5
W MOS channel width 0.5-20um 0.5-40um
L MQOS channel length 0.25um 0.25um

Let us compare the simulation and the measurement, for a 10x10um device.

O Click Simulate > Mos characteristics (Or theicon E )

® Click Add Measure.

© Select the data file “Nb10x0,25.MES’. The “N” means an n-channel MOS device. The “b”
corresponds to a chip caled “BETA” fabricated in 0.25um technology by ST-
Microelectronics. The values 10x0,25 means W=10um, L=0.25um.

® Select “Level 1" in the parameter list to compare LEVEL1 simulated characteristics with the

measurements.

d2(mA) 1=10.000pm, L=0.250prm simul.
25 i

i 10x0.25 pim Beta \

20 ¢

Model 1 predicts
25mA maximum

15 2.00
10t
i v 150
. ;
: I ————
: el e« N Themeasured
H T —— 1 . .
: -] maximum current is
0
0.00 1.00 200 6mA
vids

Fig.2- 12: Themodel 1 predict a current 4 times higher than the measurement
When dealing with sub-micron technology, the model 1 is more than 4 times too optimistic regarding

current prediction, compared to real-case measurements, as shown above for a 10x0,25um n-channel
MOS.

The MOS Model 3

For the evaluation of the current Ids as a function of Vd,Vg and Vs between Drain and Source, we
commonly use the following equations, close from the SPICE model 3 formulations. The formulations are

derived from the model 1 and take into account a set of physical limitations in a semi-empirical way.
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1

CUT-OFF MODE. Vgs<0
lds=0
NORMAL MODE. Vgs>Von

Vde
Ids = Keff = (1+KAPPA vds) Vde ((Vgs-vth)- T))

with
von = 1.2 vth

vth = VTO + GAMMA(«/PHI - vb - +/PHI )
vde = min ( vds, vdsat)

vdsat = vc + vsat - 4/Vc? + vsat 2

vsat = vgs-vth
LEFF

0.06
LEFF=L-2LD

vc=VMAX

i e KP
~ (1+THETA (vgs - vth))

SUB-THRESHOLD MODE. Vgs<Von. Vdsis replaced by von in the above equations.

g(vgs - von)

Ids = Ids(von,vds) e
5 ) nkT

TEMPERATURE EFFECTS
N = png (T-300) e*°

Hp = ppo (T-300) e*°
vt = Vto-0.002(T-300)

MOS MODEL 3 PARAMETERS
PARAMETER DEFINITION TYPICAL VALUE 0.25um
NMOS pMOS
VTO Theshold voltage 0.4V -0.4V
KP Transconductance coefficient 300pA/N 120pA/N
PHI Surface potential at strong inversion | 0.3V 0.3V
LD Lateral diffusioninto channel 0.01um 0.01um
GAMMA Bulk threshold parameter 0.4\P° 0.4 \P®
KAPPA Saturation field factor 0.01 V' 0.01 V!
VMAX Maximum drift velocity 150Km/s 100Km/s
THETA Mobility degradation factor 0.3V? 03V?
NSS Substhreshold factor 0.07 V! 0.07 V!
W MOS channel width 0.5-20um 0.5-40um
L MQOS channel length 0.25um 0.25um

2. The MOS device
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Fig.2- 13: The model 3 predicts well the maximum current but overestimates the current at small Vds

Select “Level 3" in the parameter list to compare LEVEL 3 simulated characteristics with the

measurements. The screen of figure 2-13 displays the Id/VVd simulation of the 10x0,25um nMOS device.

A good fit is observed for highVds, but for low Vdsthe error is about 30%.

FITTING THE MOSMODEL 3

o

L oad measurements concerning 10x10um or 20x20um devices first. Y ou should always start

with measurements for a device with avery large width and length. The second order effects

are reduced in such devices. In 0.25um, a 10x10um device is agood candidate to start fitting

the model.

Select the curve ld/Vg by aclick on Id vs. Vg. The curve shown in Figure 2-14 is used to fit

VTO, KPand GAMMA. Act on VTO cursorsin order to shift the curvesright or left, KP to

adjust the slope, and GAMMA to fit the spacing between curves.

0 daor-u-a

0.0o0

; - K

0.a0 1.00 1.80

Fig. 2-14. The ld/Vg curves used to fit KP, VTO and GAMMA (Nb10x10.MES)

12

21/03/01



Introduction to CMOS design

(3] Click on 1d vs. Vd. Increase THETA to bend the curve in order to find a compromise.

2. The MOS device

10StIA ™ W=10.000pm, L=10.0000m simul. ;
: THETA L 2.50;
350——1 M1 0 pim Beta——————————— ]
. /# +
250 / oo
200
150 :
! /{Z// 150
100 W .
50 A%—’{ .00
i : =] :.n.:.
0.00 1.00 2.00

wrle

Fig. 2-15. Theld/Vvd curves used to fit THETA (Nb10x10.MES)

(4] Now load a short channel MOS device measurement (smallest length), for example W=10um,
L=0.25um (Nb10x0,25.MES). Click onld vs. Vg In figure 2-16, it can be seen that VTO or

this device is higher than for the 10x10um device. Increase LD in order to fit the slopein the

Id/Vg curve, and adjust THETA to bend the current curves at high VG.

550

' 10x%0.25 pm Beta

500

450
400

350

300
250

200

150
100

50}

0 dowewn-a

0.oo

Fig. 2-16. The Id/Vg curves on a small channel MOSused to fit LD and adjust THETA (Nb10x0,25.MES)

(5] Click on Id vs. Vd (Figure 2-17). Adjust VMAX to fit the transition point between the linear

and the saturated region according to the measurement. Next, adjust KAPPA to adapt the

positive slope in the saturated region.

13
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Fig. 2-17 . The Id/Vd curves on a small channel MOSused to fit VMAX and KAPPA (Nb10x0,25.MES)

(3] Click on I1d(log)/ Vg (Figure 2-18). Adjust the slope in sub-threshold mode using NSS.

Adjust the slope below
VTOusing NSS

Fig. 2-18. Fitting the MOS model in the sub-threshold region (Nb10x0,25.MES)

The step-by-step procedure to build an accurate MOS model based on a set of measurements has been

described. The experimental data concerning a MOS device with large width and large length is used

first, to fix basic parameters. Then the MOS model is tuned for small channel device measurements.

Unfortunately, the resulting model may not fit well in all operating regions, for al device sizes. Thisis

why theindustrial approach for building model parametersis based on optimization algorithms.

The MOS Model 9

14

The MM9 model is a compact MOS-transistor model, intended for the simulation of circuit behavior with

emphasis on analog applications. This model gives a complete description of all transistor-action-related

quantities. The equations describing these quantities are based on the gradual -channel approximation with

anumber of first-order corrections for small-size effects. The consistency is maintained by using the same
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carrier-density and electrical-field expressions in the calculation of all model quantities. The continuity of
the derivatives of currents and charges has been a point of special emphasis. The basic current equation in
linear mode is reported in (2).
ad+do
Vors Mps: - 8715*/;51
1+q1 NGTl +q, X(U s~ U so)} >(1+Q3 NDSl)

lps =G {

Especially the description of the transition from weak to strong inversion and also of the transition from
linear to saturation have been thoroughly investigated. The model philosophy is to combine the default

parameter value with achannel length dependence and a channel width dependence, asillustrated below.

_~,® 106 ®l 10
R TR T TV

The MOS model 9 basic parameters are extracted from the static measurement of current versus voltage
NMOS and PMOS transistors of different sizes. From I-V and C-V characterizations of individual test
devices, using a Semiconductor Parameter Analyzer (such as, for example, HP 4155A, 4156A or 4140B),
the device model parameters are extracted. Consequently, circuit simulations based on the model and the
extracted parameters can performed for comparison purpose. In Figure xxx, the list of devices
implemented in a 0.35um technology is reported. The devices are drawn in a width/length diagram
showing that at |east three MOS devices have the same width, and three others have the same length. This

is mandatory to fit accurately the width and length depend parameters.

CODE W X L COMMENTS
A 80x0.25 typical buffer
B 10x10 MOS ref.
C 10x2.0 Low power logic
D 1.0x0.25 W dependency
E 10x0.25 L dependency
F 1.0x2.0 to cover thespace
o "] o et
100.0_ A‘
9
10.0_ (E) OC B
1 oNo length (um)
OI.O 2!5 5!0 7!5 1|0

Fig 2-20: MOS sizeschart in 0.25um CMOS Technology
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FITTINGTHE MOS MODEL 9

In the following paragraph the MOS model 9 extraction technique is detailed. The model relies on a
reference MOS device with a large length : we use a 10x10 um device in our case. The extraction

sequenceis split into four steps as shown in figure 2-21.

® Determination of VTOR, BETSQ and THET1R using the 1d/Vg characteristics of the 10x10um
reference device. VTOR is the threshold voltage of the reference device, BETASQ the gain factor
illustrated by the slope of Id with very small Vds (0.1V), and THET1R is the mobility reduction

factor which induces a current reduction compared to the ideal linear slope.

@ Determination of KOR, VSBX and THET2R. KOR and VSBX act on the spacing between the
characteristics for varying bulk voltage. The parameter THET2R modifies the shape of the curve at
high gate voltage and low bulk biasing.

® Determination of MOR and ZET1R. The slope factor MOR for sub-threshold region is fitted in the

ID characteristicswith Y axis inlogarithmic scale. ZET 1R acts on the correction due to bulk biasing.

@ Using now the Id/Vd curve, we determine the value of THE3R corresponding to the mobility
degradation in strong Vds and high gate voltage.

Once the extraction of the parameters is completed for the reference MOS device, the four steps are
repeated on a new device with the same width but a different length. Consequently, the length-dependent
parameters are extracted. For example, the characteristics of the 10x0.4 um device (Code E) are used to

fir thevalue of SLVTOR, SLTHET1R, SLTHET2R, SLKOR and SLTHET3R.

los(UA)
2u Ves=0

THEW
Ves =-1
15
/ Ves=-2
0 E;T/SB/'/

L

0.00 050 \;TOR 1.00 1.50 Ves(Volt)
Fig. 2-21 : Sep-by-step extraction for the reference device

1}
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Fig. 2-22: Sep-by-step extraction for the reference device

Then the parameters which depend on the channel width W (SWVTOR, SWTHET1R, SWTHET2R,
SWKOR and SWTHET3R) are determined using for example the MOS device with a 1x0.4 um size
(Code D). Details on the final aspect of the 1d/Vd characteristics for both sizes are reported in Figure 2-
23. The MOS Model 9 gives a very accurate prediction of the current in all domains, for al available
sizes of devices. The sequence is straightforward and do not require supplementary optimization steps to

achieve a satisfactory result.
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<to be added>

Fig. 2-23: Fitting L-dependent parameters (top) on a xxx0.25 and W-dependent one (bottom) on a
1x0.25.

The BSIM4 MOS Model

A MOS model developped by the University of Berkeley, called BSIM4, has been introduced in 2000

Thismodel will soon be supported by Microwind2.

<Infosto be added>
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Temperature effects on the MOS

The MOS device is sensitive to temperature. Two main parameters are concerned: the threshold voltage
VTO and the transconductance coefficient KP that decrease with temperature increase. The physical
background is the degradation of mobility of electrons and holes when the temperature increase, due to a
higher atomic volume of the crystal underneath the gate, and consequently less space for the current

carriers. The modeling of the temperature effect is as follows:

KP(T) = KP(To) (T- To) €*°
VTO(T) = VTO(T;)-0.002 (T- To)

With T =300°K generally
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Fig. 2-24. Fitting the MOS model in the sub-threshold region (Nb10x0,25.MES)

To obtain the curve of figure 2-xxx, proceed as follows:

E (1) Click theicon MOS characteristics
(2] Select one MOS in the design or click anywhere
(3) Select the curve Id/Vg
@ I (4] Enable the screen memory mode by aclick on thisicon.

Temp"C |1gg_gg = (5] Change the temperature. The changein the slope is shown.
Y ou may reduce the number of 1d curves by puttinga0.0in
the field ‘For Vb fromOto:’.

In the case of logic circuits, the main consequence of temperature increase is the decrease of mobility,

leading to slower transient performances. Thus, the propagation delay due to the gate isincreased, as
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illustrated in figure 2-25 on a 3-inverter ring oscillator. In the case of analog circuits, the threshold
variation may also induce parasitic effects. There is aremarkable point at Vgs=1.2V for which the current
Id isamost constant. Biasing the MOS device with Vgs=1.2V would lead to a temperature-independent

behavior. This property is used in some high performance applications.

T=27°C

0.106ns

T=100°C . ! )

o—--—
(o)
=
=

1 1 |
| 1 1
| ! |
0.000 0.050 0100 0.150

(ns)

Fig. 2-25. Propagation delay increase with temperature.
In Microwind2, you can get access to temperature using the command Simulate -> Simulation

Parameters. The screen below appears. The temperatureisgivenin °C.

Estmitnr Gpaon:  Mioeks Farmmees | BRERFIR CAmmmaind AR ar ol magind CR

L WS Mot :ﬁ- AT G K IFw i WS eeiiecd WaH, =
™ Bevis e HCE Lswii "10 Tectrsdoge 570150 - 5 Vel
= Herka kg BPECE Lossld VLD 0D 1

™ Liwt glne e
L ]
N

™ Phip MO We o BOAAT

Panmrisr meapanEe b n*§
Powsrugphin 91 D e
SO e— WA 0T e T L= i
Teangscraturs (5 1| WHZ0 R4 OTH W 1720 L0 380
WHEO IS 0T W 1250 L= 7500
i reukation bength I\s:up: j WFT 11 TR ke s L ] 3500
WFEE TS 41 TP W i =0 500 ol
T Comvautn oo e 1 50 05 Wi i | Ll_l
E x oo |

Fig. 2-26. Access to temperature within Microwind2.

20 21/03/01



Introduction to CMOS design 2. The MOS device

High frequency behavior of the MOS

<text> Baker p 174

21

The transit frequency f is a parameter well representative of the technology. It corresponds to the
frequency starting which the current id is lower than ig. Thus, f; is the frequency for which the current

gain og the MOS device is unity. Based on the equations of level 1, an analytical approximation of f; is
reported below [Baker p 174].

KpswW _ 2

t -ZpTCgS(Vgs - V) with Cyo » E(VV'—COX)
with

Kp = technological parameter (A.V?)

W = channel width (um)

L = channel length (um)

Cgs = gate to source capacitance (F)

V gs= gate to source voltage (V)
V= threshold voltage

Replacing the value of Cgs in the expression of ft, the transit frequency becomes independent of the
channel width. For an n-channel MOS device, with Kp=200pA/N?, L=0.25um, Vgs-Vt=0.1V,
Cox=4600aF/unt, the value of f; is around 30GHz.

A similar parameter, the cut-off frequency, is the frequency starting which a small voltage signal on the
gate of the MOS device is no more amplified at the output. Let us consider the basic circuit of figure xxx
below. The

<ETIENNE>
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S

EILE M

Fig. 2-27. llustrating the cut-off frequency of the MOSdevice

The PMOS Transistor

The p-channel transistor simulation features the same functions as the n-channel device, but with opposite
voltage control of the gate. For the nMOS, the channel is created with a logic 1 on the gate. For the
pMOS, the channel is created for alogic 0 on the gate. Load the file " pmos.msk” and click the icon "MOS
characteristics'. The p-channel MOS simulation appears, as shown in Figure 2-28. Note that the pMOS
gives approximately half of the maximum current given by the nMOS with the same device size. The

highest current is obtained with the lowest possible gate voltage, that is 0.

E

4 lambda

—_—
0.625um

sl —y-20, o, L=20. O simul
Lprot E 20420 L |

150 s it kP [eroo

f PHI 0.70

pon Y10 [0

LD 0.05

100 GAMA [0.40

/ F— kapPa [0.01
/ THETA [0.20
50 e
e
i 2

2.00 WMAX (100,00

nss o7

oo
5.00

an 200 4.00

Fig. 2-28. Static simulation of the p-channel MOS (pMOS.MSK)
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Fig. 2-29. Time domain simulation of the p-channel MOS (pMOS.MK)

o °
pMOS / \
0 0
0 —/\/\/\— Poor 0 1 _/\/\/\_ Good 1
(0+Vt)
Fig. 2-30. Summary of the performances of apMOS device

From the simulation of figure 2-29, we see that the pMOS deviceis able to pass well the logic level 1. But
thelogic level Oistransformed into a positive voltage, equal to the threshold voltage of the MOS device.

The summary of the p-channel MOS performancesis reported in figure 2-30.

The Transmission Gate

Both NMOS devices and PMOS devices exhibit poor performances when transmitting one particular
logic information. The nMOS degrades the logic level 1, the pMOS the logic level 0. Thus, a perfect pass
gate can be constructed from the combination of NMOS and pMOS devices, leading to improved

performances.

Enable

. Endle iy * J) signalln signalOut
pmos %

. “u
@Signalln VL :‘7U s Signalout

nmos
T WNE20u L=0.25u

Fig. 2-31. The transmission gate
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The transmission gate let asignal flow if Enable is asserted. To pass logic signals well, both a n-channel
device and a p-channel device are used, as shown in figure 2-31. The main drawback is the need for two

control signals Enable and /Enable, thus an inverter is usually required.
il

1

T —— W
Transmissi:]n / \

gate 0
o—/\/\/\—Goodo 1 —/\/\/\—Goodl

Fig. 2-32. The transmission gate used to passlogic signals

Transmission gate

g, B g g g By
g B g By g g
g B B B

- Enables logicfanalog si

- transmission without los NG o

faluf .

=8

Fig. 2-33. Layout of the transmission gate (TGATE.MSK)

The layout of the transmission gate is reported in figure 2-33. The n-channel MOS is situated on the
bottom the p-channel M OS on the top. Notice that the gate controls are not connected, as nEnable is the
opposite of Enable. The operation of the transmission gate is illustrated in figure 2-34. A sinusoidal
wave with afrequency of 2GHz is assigned to Dataln. With a zero on Enable (And a 1 on nEnable), the

switch is off, and no signal is transferred. When Enable is asserted, the sinusoidal wave appears nearly
identical to the output.
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Diataln

Fig. 2-34. Smulation of the transmission gate (TGATE.MSK)

EXERCISES

<To be added>
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