%

0 %
12%3 -#
12%3 #

023 - "
&2 3
123 45

# 3" 8
2#8 3

12%3 - "

*% %
/

! " S 28&(() &((73 -
1"3 -# 2&(((3

! %

"2&










A LA LA LA LALA . L

N A A A A A Al 4

. ! R EEEL
4 O kit + - $' "
NS &0%# #01 #0% #0- #0,
(2 2k &0& &0# #03 #o+ #0%
< 45 (I ~*(678* $0& 0%  20- 810§  "303
2 (<
. 719 2 R4 &3# "&3 & "33
< 9 ) 3- 13 &'# &83 &3
79" $0" $0- $0#4 $0# $0#
. "HH&
< L%
/ll
;- % % )7C78
< " D1>8E/ %
*D& D0O>8 /" =
2#$ - F'G % " -HF(13
.
%




%

%

51 1/81

= (+# - ——  (## - — #- e - 75 - ‘

e e L L Ao PP OOl |
Ry ST T T T R T T T T
- T 3 :_ s I 1
+ + + + ) % % % E: ~
j‘ ‘ — (#- + ’

"3







k 2<:3
‘ .23 2 /"3
$ 2% % 3
‘ : 2 3%/ 2 /"3
"t 2$3
‘ ; "2 J&3*
: " J& 2 JO3*
‘ %
* ? % 2 J03
‘ % 2 2 J&3
& "$ K"Ll,- "6 2  J&3
‘ " K % - oL -Fc
G?2" "K " % %" " ! ‘LH e
H ™ K " L ™

! J&

a - 0.5
I 1o * Ko= e "=15bK2-n
' 1% 27 gLaVZ ’
3 3
Vag = 37_0:“.& + 37_0(}??%" :
n+2a—3 = K 2 J&3*
et -(a-(n+3) V) - 3—a)y—o
2 15
ot (Pe) -fefon
nVr Poc)o Flpo & 3ubr




Jh: ' 1% N % "
Py, B L
O *10p "= Voo = 3V +6nbr
SIMULATIONS RESULTS @ Vtﬁ + HVT ”’VT E_KV“‘;—‘;
4 L | Manuf. | Model | PT Voo Vi ng (Vm+3nVT)2 4
um 10~ | (V) )
Level3 4.38 0.6 0.15
2 Orbit | Level2 5.31 0.65 0.125
Bsim3 | 55 |0.75 0.075
219 | 0.75 0.2
Bsim3 | 1.31 | 055 0.225
12 | AMI 173 |07 0.175
1.08 0.6 0.15
Level3 0.94 0.55 0.15
1.15 0.65 0.175
0.60 | 0.65 0.175
0.8 HP Bsim3 0.65 0.7 0.15
0.66 | 0.65 0.125
0.37 0.6 0.225
0.5 HP | Bsim3 | 04 |0.65 0.175
0.20 055 0.125
1.04 | 0.65 0.1
TSmc 105 | 065 0.175
0.35 Bsim3 0.99 0.7 0.2
HP 0.37 | 0.65 0.4
1.02 |06 0.15
* < " K, N "PL #- & «
h ) '
N .
® ®
‘ o < 5
<N 55
o~
° ° _
< ; |
45>8& I L!-l 5> #0-
4 2 3w r>e 2 3 |m %
>
I >& I >&
‘ ?72 >&
@ >& 2 3 ) @ >
7?2 >&




n n ! %

A A LA LA A A A
Eaaaas a4

. % *" 1% *% %! %
#%" % %" % %"

A LA LA LALALALA
EAAasads

ida” =civa
1M 1M
Yod——-—-
SLEEP SLEEP
GH ida =riva
n * "
% I =
% un * $ %
n 1]
n
' v
* Al
1

|
P
?; s
q
|
q
AN
—
g
7
A
[

1
S

;e

~
X
N
.9
w

* % "K :PL-H




our

1
Powar Sugply, Wid [V]

*
% * 2% %! %3
nn "o % n
/$
W‘“()}*‘Dc TR =>Q o
L]
) %
W_ncL}- =>t TR =>c o ?7
%J L/ i
> >
< X

iy /

oD | Steer DD
seeP— SLEEP
Moo \-- ---------- T
CLK TR
e zreer |
GND GHD

=1 WD
g = VGND

geam
S 589m
260m

Ly N S
0.60 SB.An
time s}




i
Fawer Suppiy Vol 1]

. . %
;& /'$
. n t) voD
’ H
.
‘non
Eﬂ_.
siege
—
oo
N S P =
oLk b l _ 4
~steer—|
e “StEER] [G%D
b= | b b= cx| s
4 [ b |— = = || =
2]
yoo AT
i ?4i 2
. sizzr—| b= s
‘ G
Flip-flop Type fmos | CLKOUT Set-up Leakage Area: Total Type Complexity
[GHz] | Delay [ps] | Time [ps] | Power [0W] | Width [um]
Reference 13.90 35.26 36.74 1570 15 no gating reference
Duplicated Structure 11.11 47.00 43.00 6.90 1575 distributed very low
"balleon” 13.15 41.90 34.10 430 20.25 cencalised very high
Qutside Feedback 12.73 45.8 3275 802 14.25 distcibuted very low
CEMOS 12.82 54.00 24.00 2.52 21 centralised very low
Master 12.67 39.20 39.92 1.69 1575 centralised very low
Outside Feedback MVCMOS 12.20 47.90 34.07 8.8e-3 14.25 distributed very low
CZMOS MYCMOS 12.50 47.20 3315 8.4e-3 21 centralised very low
Dynamic 15.62 35.60 28.40 0.75 15 centralised low
M Freqe oy w Leskage curent
! T T DU feecbarh
—— Oufide Fedeack 4+ C2M05
- C2MOS 2 Febrence
18F | & Rebrence | Maskr
4 Maskr e oy -~ Dynamic
- Dynarmic 0 E
17
s
F6F i
3 8o E
gws— z
g
E‘“ Ew
4 213 H
2 M
i [ e AR E
. 1
4 1 . . . ot
05 05 I 2 08 09 K 12




[ "I"Q
% /
<
"Q % * "l " 1%
! 213
I 2##3 " %
6" "

2 3




2# $"  C( :3*
; % %" /"
1% %" " $ "%

;] o>
X / n / n * - >_
CC( 1 1& 11(
. 1.30 1
y T >- R 1((( s Same Leakage
T 1254 :
;- >- Rl(((( LE . Compensated
g 120 N
E Same Threshold
g 1137
% =
-8 & 4404
0/ é =ame Hardwvare
0 T 105
1
$ 100 :
0 a0 100
Temperature (C)
*KG% %" " K % " PL - &(((

G " KOPL - &((1




A A LA LA A A A
Eaaaas a4

- >-6

>-

S# S % % ##

T T

Current mirror
¥ Algy
Vb‘ﬁ\/\/\_E\/\/—

(gain = A)
\
[t

bn

.
Current mirror
(gain = B)

lorr

IEIj Blorr

(@

G

A LA
r 4ir 4

A LA LA LA LA
& A A A 4

8

h\

* MWTY/T)YEL&IT! T10!

" %

S Temp fuy3-12
1348

AVERAGE P t<Tomp CRFHD AVERREE FUIT 1< Tomp CIFHE
D T
. . . . 5 1.38
0t 06000 a0 TTTTIT 1.28
S - 1.2
LoD NG ] T R R N
ST 12 200 oo oo oo oo oo
SO L
28 a0 &0 len 120




P
B R
T w
(o))
N
=
|_\
—~~

RINBOUT
L WITBUT
2 WITVCCOUT
1 s wrrvesour

A LA LA LALALALA
e aaasads

3N "

4 S U * K " L2% 3
.; c( 2&((' % %"3
4 : V / n
3=_ :
1@—701 p—ﬁT—i
. Unbigsed ’
~ 4 bit line hit line
.q 19 |
Cor 1
4 13 Blased word line '
+
. W—gH.‘HH‘\H.HHH\H.HHH\ — 6T
4 0.00 494 80.0 120
temp { C
4 p(C)




"21((1 ]

&M "™/

< % % ##

v WORD LINE =1 NBL

118 _AZ BL

3

|
160p

Wors! Case (N-1 leaking)

T3 Worst Case
Averaga Case (N2 leaking)

iy . T
4‘ time {5 )
4 n % " "
’ ldvd ) ) R Cth __
; "2 3 g
% y
"2#- 3
’ % ! @ ! oo

Power

Supply Current \




n n % n
% n n n
% K L

% G, 3

2<:3




Map of FET junction temperatures for a 115-W packaged POWER4
chip derived from the chip power analysis and thermal modeling
simulations described in the section on distribution.

POWER4 chip photograph showing the principal functional units
in the microprocessor core and in the memory subsystem.

Temperature C)

113

112]

m

110]

100|

108

Transient temperature
response of applu
Equivalent temperature of the same lifeitme

107

101 L L L

0 0.05 01
Time (second)

0z

(]
F Phuul
= | Ldsta | IntExec
FPAdd
Bpred
lzache Oicache

—




3-/

% n

) 2) )

/8

)/

2

Maximum
Power

Pentium 4
processor thermal
design point

T
= s o o
[}

saoel] #

%96
%88
%08
F T A
Y9
%95
Y 8¥
% 0¥
%EZE
YA
%9l

%8

Y%l




%

# $

. &

: 8
5

© 0
%
6




; II|l/ / .,
2 13
" % K®% L
N, "? % %
% %
N %
I %
% " " % % %
$
s "0 |
% 1] 1]
. *
: * 8 %W
; 8 !
N8IIII %
N
N
"
N %
>




"% " Z%
! 23
23
% " 2 %3
% " 2 %3
Z/
W *
"@ -S X I> YI>
@ 1S-> X YI> X
% " S >X Y > X
2S7Z% N Z /3
: %
" % %
$ 6 % @

"2 $ 3

KI "L% "

Heat Sink——»

for details

————
Silicon Bulkg ——

—>
CBGA Joint ——»-

-

-

<« CBGA Joint

R
Convection

«—— Ambient Air

(@) (b)




I|2 3

#'$ " 2% 3
G 2 3

Q

) /Heat Sink ‘

(a) (b)

% n 1]

" % K% L
N %/ % " % /




! #% N.
)
% n 1]

%

%

%




68
67

66
65

63
62

61

°0)

%

@)

(b)




%
40
35
30
106 104 102 1.0
% [} % 1] 1
; % n 11} 11}




nm %




% " O
% "/ %
" /
/ n
$ mn
/" $
2 ?
% % $ 3
# &((0
P < 2<: 3
2 3
2.




X *R 2.3
23
Y.
: <: S J& RJ& S J&>
"0 9 % "
1 & 1Y &

1S 1> &S & .S21Y&3>&
<i1> S 1J& <t&> S &J& <i> S21Y &3J&
&Y &I&[&1& " 1S &2

>&

, % 6
%
;] / Q%
2
% % 3
e 2 %3
; IIll/ /
.. *[1CT7 " H F(O
% *>> >0 "
0% *>>" >,




AW 5: =

- %

> %

9
$
/Il
% %
mn $
%
>
" *
%/ % %
* -




