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« Technology trends:
— 200-300M chips by 2010 (0.07 micron CMOS)

« Challenges:
— Low-power DSP algorithms and architectures
— Low-power dedicated / programmable systems
— Multimedia & wireless system-driven architectures
— Convergence of Voice, Video and Data
— LAN, MAN, WAN, PAN
— Telephone Lines, Cables, Fiber, Wireless
— Standards and Interoperability
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Power Dissipation

Two measures are important
* Peak power (Sets dimensions)

Ppeak =~ VpD ><IDDmax

* Average power (Battery and cooling)

T
— VDD

P, = - ipp (t) dt

av
0

%

CMOS Power Consumption

P den

=a f CLV[z)D + VDD Igg + IleakageVDD

+P_+P =

tot eakage

o = probability for switching
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Discharge

Dvynamic Power Consumption

VDD

Energy charged in a capacitor
Charge  E_=cvz2=c Vv, 22

[

l: i.e.
Eiot= C Vpp?

Energy E. is also discharged,

Power consumption

Chapter 17 - - P = CL VDDZf 7

Off-Chip Connections have High Capacitive
Load

Reduced off Chip Data Transfers by
System Integration

Ideally a Single Chip Solution

|

Reduced Power Consumption .

Chapter 17
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Switching Activity (Q{):

Example

P, = =0.4375
16

Due to correlation

Increased Switching Activity due to

Glitchin
b=0 z
C
a /Delay in gate
e / Extra transition

due to race

X él
] /Dissipates energy
M
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Clock Gating and Power Down

cL
K Control
i[} Module circuitry is
A
Enable needed for
W et clock gating
B and power
Enable down
4B—er> Module
c and

Enable
Needs wake-up

c
Only active modules should be clocked!
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Transitions due to carry propagation
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Delay as function of Threshold

\ constant
delay line

Fig. 17.4 Circuit delay as a function of supply voltage for varying threshold voltages.
Chapter 17
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(cos z,sin 2)

X ? )
o !
start at (1, 0) start at (1, y)
rotate by z rotate untily = 0
getcos z, sin z rotation amountis tan‘ly

Key ideas in CORDIC

COordinate Rotation
Dlgital Computer used
this method in 1950s;
modern electronic
calculators also use it

If we have a computationally efficient way of rotating a vector,

we can evaluate cos, sin, and tan-! functions

Rotation by an arbitrary angle is difficult, so we:

Perform psuedorotations that require simpler operations
Use special angles to synthesize the desired angle z

z=a®W+a@+_ +gm
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x(i*+1) = x() — d, y() 2-i CORDIC iteration: In step i, we ps_eudorotate
YD) =y + d. x0 2 by an angle whose tangent is d; 2~ (the angle
S01) = 700 _ dAI tan-1 - el s fixed, only direction d; is to be picked)

I

=z0) — di el

i el in degrees el inradians Table 22.1  Value of

(approxmate) (precise) the function e® = tan-1 2-,
0 45.0 0.785 398 163 in degrees and radians,
1 26.6 0.463 647 609 forOEIi£9
2 14.0 0.244 978 663
3 7.1 0.124 354 994 . a0
4 36 0.062 418810  CXample: 30 angle
5 1.8 0.031 239 833 30.0 @45.0-26.6 + 14.0
6 0.9 0.015 623 728 -7.1+ 36 + 1.8
7 0.4 0.007 812 341 -09 +04 - 0.2
8 0.2 0.003 906 230 +0.1
9 0.1 0.001 953 123 = 301

9
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X(#1) = x0) — d, y0) 2- XM = K(X cos z - ysinz)
y*D = y0 + d, x0 27 Make 7 ym = K(ycesz + X sin 2)
Z(i+1) = Z(i) —d,tan-t2- | convergeto0  zM =0

=70 _d el by choosmg
i i = sign(z) where K = 1.646 760 258 121 . . .
For K bits of L. it Start with
or k bits of precision in results, _ 1/K = 0.607 252 935 . . _
k CORDIC iterations are needed, )a(md y=0

because tan-12- @2 for large i
@2 9 to find cos z and sin z

Convergence of z to 0 is possible because each of the angles
in our list is more than half the previous one or, equivalently,
each is less than the sum of all the angles that follow it

Domain of convergence is —99.7 z 99.7 , where 99.7 is the sum
of all the angles in our list; the domain contains [-p/2, p/2] radians

9
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XD = x0 — d, y0 2-

z(+1) = Z() _ di tan-12-
=20 - d, e

For k bits of precision in results,
k CORDIC iterations are needed,
because tan-1 2= @2-' for large i

Make y converge

(i+1) = y() + d, x() 2-i to 0 by choosin (m)
y y } d, = —sign(x( ')y(%;) y

x(m)

z(m) =

where

K(X2 + y2)l/2

0

z +tan —1(y/)()
K =1.646 760 258 121 . ..

Start with
x=landz=0
to find tan-ly

Even though the computation above always converges,
tan-(1lly) = p/2 —tan-ly
to limit the range of fixed-point numbers encountered

one can use the relationship

Other trig functions: tan z obtained from sin z and cos z via division;
inverse sine and cosine (sin-1z and cos~!z) discussed later

Lookup|
Table

(|+l = X(l) d y 2—|
y(|+l = y(l) + d X 2—|
) —d, tan-1 27
z(0 —

d, el

Z(I+1) - ZI

If very high speed is
not needed (as in a
calculator), a single
adder and one shifter
would suffice

k table entries for
k bits of precision

Fig. 22.3 Hardware elements needed for the CORDIC method.
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