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Ejemplo “autoctono” (2)

170.000 transistores

Approx.
2 bloques
100 etapas por bloque
1 Contador de
12 bits por bloque
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El transistor MOS




Transistores MOS

m  Canal N (sobre sustrato P)
m  Canal P (sobre sustrato N)

D
!
+_ Dn N

%EJ ﬂEB ; #%Bw G % B
S ~Ip, 4 ~Ipy D

/ Dn

{a) n-channel MOSFET {(b) p-channel MOSFET
Drain o—J n' Source o—J pt
Bulk or Bulk or
P Gat n
Gate%] a Body ate { a Body
Source a—l n’ Drain D—J pt




NMOS: Caracteristicas de Drain

m Jo=0
m Vdb=Vds >0 para que las juntura
drain-bulk esté en inversa
m  Medicion:
1 Bulk a tierra (dispositivo de tres
terminales)
1 Se fija Vg
(1 Se varia Vds y se mide Id

%
l[) IpdVes Vps)
e O
Ves <
o
B (a)

600

500

400
f On

MA) S0o

200

100

Vog=3.5V

Vps=Vos—Vi=Ves—1V

(triode

region .
gion) Vgg=3V

constant current
(saturation) region
Vg = 2.5
Veg =0, 0:5, 1v
{cutoff region)
Vas =2V
Vee=15V
GS
1 / 1 ! l -
1 2 3 4 5 Vpg(V)




PMOS: Caracterisiticas de drain

m Jo=0
B Vdb=Vds <0 para que las juntura
drain-bulk esté en inversa
B Medicion:
Bulk a Vdd (dispositivo de tres

terminales)
Se fija Vg
Se varfa Vds y se mide 1d
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!

~IpVs6:Vsp)

, Van=Vent Vp =Ver—1V
(triode Lo 07 "6t '™ V56

region)

Vo =3V
200 SG
_}”’r} (saturation region)
; 28 AllC CZ10
MAY 50 b )
Vsg=25
100 . - .
JS(;:\I\I_ n_;_ R
(cutoft region) =~
50 sc=2V
Verr=15YV
S
| 1 / 1 1 | =_
| 2 3 4 5 | sD (V)



Regiones de trabajo

B Triodo: Id varfa con Vds y Vgs

Ip =, Cox(%/)( Vas—Vrn—Vps’2)Vps

Vs - Vps> Vi, and Vs> V.

m  Saturacion: Id permanece fija con
respecto a Vds

/4 2
Ip = ID(SGI) - “’nCox(i)(VGS_ Virn)

Vos> Vrwand Vps > Vpsgan = Vas = Vi

D
(nA)

1000

800

600

400

200

o

—_

=

=

=
T

4 Fpe W)
%ﬁ=4v
IDSAT Vs, VDSSJT
triode constant current
region (saturation) region
Eq. (4.17) Eq. (4.21)
Vos=3V




NMOS Transfer curve (Id vs. Vgs)

B Se supone al transistor trabajando en
saturacion

W 2
JB'D - JB'D(Jm!) - “!?CUI(Z_L)( VGS_ VTH)

m  Para el proceso AMI 0.5 (*)
K’n = (Uo*Cox/2)= 55.1 uA/V"2
= Vv
Vgsn=0.75V T Vs
S1 Wn=10um, Ln=2um, Vgs=5V
Id = (55e-6)*(10/2)*(5-0.75)"2 = 4.96mA

v

(*) http://www.mosis.org/cgi-bin/cgiwrap/umosis/swp/params/ami-c5/t62r-params.txt
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PMOS Transfer curve (Id vs. Vgs)

m Se supone al transistor trabajando en

saturacion Iy

4

2
ID - ID(H{H: T H”C”I(Z_L)( VGS_ VT!’I)

m  Para el proceso AMI 0.5 (*)
K’p = (Uo*Cox/2)= 18.5uA/V"2
=3 Vv
Vgsp 0.93V T -VGS
Si Wp=10um, Lp=2um, Vgs=-5V
Id = -18.5e-6*(10/2)*(-5+0.93)"2 = -1.50 mA

v

(*) http://www.mosis.org/cgi-bin/cgiwrap/umosis/swp/params/ami-c5/t62r-params.txt
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Caracteristicas de salida

m  Expresion corregida:

Vs

W 2
]D :1/2fluncox(VgS—I/t) (1+ZVDS) ]D A
m Laimpedanciadesalidla | 7 77T
ol
o a1,
avds .
01 Cuanto mas largo el canal mayor impedancia de
'= T [Ium/V] salida
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Modelo de pequena senal

I4=8m Vgg (1/ry)vys

gate drain
0 . o
+ S
Lq
Vas p St § To Vs
— source —
0 ' ! o)




El transistor como llave




Switches

NMOS Pass Transistor—Passing 0

Ves =5

H2E, WL =1
T T T




Switches
NMOS Pass Transistor—Passing 1
Ves =3 o
v, = Vout = Vps = Vs

D S Vout=0—7?




Threshold Drops




Switches
Input Output
a a a—o"To—p 0 a—oc—»o>—b Srong 0
s=0
N-SWITCH s—|N s—||:
8—o——Db 1 a—o—wo—b Weak 1
b b s=1
Input Qutput
a
| a—o—wo—b 0 a—o—mwo—b Weak 0
s=0
P-SWITCH s—dp s—cH:
a—o—Yo—b 1 a—o—%»o—>b Strong 1




El inversor




El inversor CMOS
Vop _
Vin Vout
oO— + T O
— CL




Rectas de carga de un PMOS
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CMOS Inverter Load Characteristics

IDn A

PMOS
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CMOS Inverter VTC

Vour A NMOS off

1
o\

1.5

0.5
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PMOS res

NMOS sat
PMOSres

/

NMéS sat
/P'MOS sat

NMOS res
PMOS sat

4

7/

NMOS res
PMOS off



The Switching Threshold

m  Switching threshold V,, is defined as the point where Vin = Vout

. 1 2 i
A [ " -
Cutput, V M2 on . . Slope = | (cutput ¥ = input V)
' M1 off - Both on
At point C, both M1 and M2
are in the saturation region.

Vsp

VSP AR | e

I ' . M2off
: i « Mlon

Vsp Input, ¥




Switching Threshold as a function of Transistor Ratio

m Switching threshold V,, is defined as the point where Vin = Vout

4
K, VLV (- :KPL—j(Vdd—VM v, f

B Yielding V,, as a function of transistor geometries, threshold
voltages and Vdd

'\/IBn //Bp VTn +(Vdd _VTp)
V, =

I+\B, 1B,
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Transistor Ratio Setting

m With V,, = Vdd/2 the right hand side equals, in general to 1, so that

K,S, _(vdd-v, -v, |
K,S, (VM _VT)2

m P transistor wider than N for equal margins



Switching Threshold

5“?-.— L A

/’B‘ g

< — increases
By

Bn

el | —

vV . . . - - -
: E.?V 3.0V 4.0V 5.0V

av 1.0V
o V(Beta3) - ¥Y(Betal) s V(beta il



Power Dissipation




Where Does Power Go in CMOS?

* Dynamic Power Consumption

Charging and Discharging Capacitors

e Short Circuit Currents

Short Circuit Path between Supply Rails during Switching

* [eakage

Leaking diodes and transistors
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Dynamic Power Dissipation

_vdd
jVin_ Vout
T
Vdd
out . 2
E,, = j i, ()Vdd dt =Vdd j C,—dr =C, [av,, =C,vdd
o0 . o0 dvout Vdd CL Vdd )
EC = _([lVdd (t)voutdt :_([ CL dt Voutdt :CL !Voutdvout — 9
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Dynamic Power Dissipation

Vdd

_°|

jVin_ Vout

Energy/transition = G * Vdd2

Power = Energy/transition * f=C; * V4 d2 *f

® Not a function of transistor sizes!
® Need to reduce C;, V44, and f to reduce power.

® Dependence with supply voltage is quadratic !!!

Escuela Argentina de Microelectronica, Tecnologia y Aplicaciones



Node Transition Activity and Power

e Consider switching a CMOS gate for N clock cycles

Ey = CpoVgq2en(N)

Ey :the energy consumed for NV clock cycles

n(N): the numberof 0->1 transition in NV clock cycles

E
. N . n(N)) 2
P = Jim —ef =( lim oC oV of
avg N _, o N ¢k N o oo L dd clk
e n(N)
01 ngl)loo N

Escuela Argentina de Microelectrénica, Tecnologia y Aplicaciones



Short Circuit Currents

Vvdd

Vin

Q@

lypp (MA)

Vout

I peak 1s a function of
transistor sizes.

It 1s also a strong
function of the input and
output slopes ...




Minimizing Short-Circuit Power

Vdd =3.3

norm

o Vdda =2.5 |

| |  Vdd=l5
0 1 2 3 4 5
t /t

sin’ sout

® Keep the input and output rise/fall times the same

(< 10% of Total Consumption)
from [Veendrick84]
(IEEE Journal of Solid-State Circuits, August 1984)

® If Vyg< Vi + | Vip| then short-circuit power can be eliminated!
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Leakage

vdd

Vout

Drain Junction
Leakage

: ¥
‘ \

—' Sub-Threshold
— Current

Sub-threshold current one of most compelling issues
in low-energy circuit design!
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Reverse-Biased Diode Leakage

AN

2 0 . O 4

Reverse Leakage Current

+

Vaa

Ip,=Jg*xA4

JS =10-100 pA/pm2 at 25 deg C for 0.25um CMOS
JS doubles for every 9 deg C!
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Subthreshold Leakage Component

Vps=1V
Vr=0.4V ' Ip

] ] [ ] ] . »
0 01 02 03 04 05 06 07 08 09 1.0
VGS: \)

e Leakage control is critical for low-voltage operation
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Static Power Consumption

I_O| Is tat

Vin=5V —| 'y G

Pstat = P(in=1)-Vdd - Istat
Wasted energy ...

Should be avoided in almost all cases,
but could help reducing energy in others (e.g. sense amps)
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Principles for Power Reduction

m Prime choice: Reduce voltagel!
Recent years have seen an acceleration in supply voltage reduction

Design at very low voltages still open question (0.6 ... 0.9 V by
20101

m Reduce switching activity

B Reduce physical capacitance
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Background Material

m Semiconductor Physics and carrier modelling: Chapter 2, 3,
Howe Sodini; Chapter 2, Robert Pierret.

B MOS modelling: Chapter 4, Howe Sodini; Chapter 16-18, Robert

Pierret.
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Apéndice




The capacitance

B Accumulation

C=0C,,
B Depletion
gate
. . €
2 vag (V) _ _ ox
- Cox o
Si/Si0, surface o
-
inversion b Xd
bulk
C =
c =7 Ox‘ ‘ C b
m [nversion
;) -1 B C - CGI
I I | I I 0 I I I Il I I é VGB(V)




Como accedemos localmente ?

B MOSIS (www.mosis.org)

B Precios de descuento para miembros de LACIS (bajo volumen):

2.2mm x 2.2mm (AMI 1.5pum) 980US$/4 =
246US$ 5 unidades

1.5mm x 1.5mm (AMI 0.5um) 5000US$/4 = 1250US$ 5
unidades

B Mayores volimenes implican menores costos
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