Clock Freguency of Selected Historic Computers and

Supercomputers

Nominal Nominal

System gl;:: Technology Class PCel :i((:)l:i Frec(;zzl;cy
(nS) (MHz)

Cray-X-MP 1982 | MSI ECL Vector Processor | 9.5 105.3
Cray-1S,-1M 1980 | MSI ECL Vector Processor | 12.5 80.0
CDC Cyber 180/990 | 1985 | ECL Mainframe 16.0 62.5
IBM 3090 1986 | ECL Mainframe 18.5 54.1
Amdahl 58 1982 | LSI ECL Mainframe 23.0 43.5
IBM 308X 1981 |LSITTL Mainframe 24.5,26.0 | 40.8,38.5
Univac 1100/90 1984 | LSI ECL Mainframe 30.0 33.3
MIPS-X 1987 | VLSICMOS | Microprocessor 50.0 20.0
HP-900 1982 | VLSI CMOS | Micro-mainframe | 55.6 18.0
Motorola 68020 1985 | VLSICMOS | Microprocessor 60.0 16.7
Bellmac-32A 1982 | VLSI CMOS | Microprocessor 125.0 8.0
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Another Representation of FSM
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State Changes in the Finite-State
Machine

Combinational
Logic Logic

| u Sk
' | L1,
S URRRRRRRRRY. - RHERRRIRRC

»  Time

D,

Nov. 14, 2003 Digital System Clocking: Oklobdzija, Stojanovic, Markovic, Nedovic 7



Diagram of a Pipelined System
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Machine Execution Phases with Respect to the

Machine cyete: CJOCK Cycles
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Increase in the Clock Freguency and Decrease in
the Number of Logic Levels
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Clock distribution methods:

(a) an RC matched tree, and (b) a grid

/ Aleiﬁl 4 AMJ
(paiiey ana

Copyright ©

. A o A
] |
| » <« —»
| s
! HTH Ly U
i a<} i 1
I § ' A -
a P
A
- ' i e Y Pi.L ‘I-
Nov. 14, 2003

Digital System Clocking: Oklobdzija, Stojanovic, Markovic, Nedovic

198

Q TLOCOT

o, 1

GCLK grid

27



Clock distribution grid used in a DEC Alpha 600-MHz
processor
(Bailey and Benschneider 1998), Copyright © 1988, TEEE
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Evolution of a Latch :

R S RAr TN
I L I

pPof>er0 ~ e D j_5>

— ¢

Sum-Of-Products
(a) (b) (c)

(a) keeper. information is latched
(b) S-R latch, information can be modified

(¢c) S-0-P latch’ S-R latch that can implement a
function - IMPORTANT /
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Adding Clock Control to a Latch

——

1 p— o D L ul

_}—D”L o]l

N

Clk
(2) (b)

Latching can be done only when clock is active, otherwise

no change is allowed:

(a) Clocked D-latch, (b) timing diagram of clocked D-latch
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Importance of Latch S-o-P Configuration
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(a) (b)
(a) Basic Earls Latch,; (b) Implementing the Carry function
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Master-Slave Latch
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(a) non-overlapping clocks; (b ) single external c/ock (c) timing diagram,
(d) PowerPC 603 M5 Latch (Gerosa, 7S5¢ 12/94), Copyright © 1994 IEEE
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’ Flip-flop
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(a) Early version of a flip-flop; (b) PDP-8 direct set-reset
sequential element
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Difference between Flip-flop and M-S Latch

Data Data Data Data
L [ e —
Clock Pulse Clock: @ Master
" — (L)
Generator . t1h
atch =
Q, Q,
R M
E Clock: @, S{av‘e
. B (L))
}\v Qg Latch Q2
No Clock ) Pulse ' '
Capturing —
Latch Q Q
M-S Latch
(b)

(a) General flip-flop structure; (b) general M-S latch structure
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Black-box view of the Flip-flop and M-S latch

Data
Data
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Experiment causing the Flip-flop to
fail while the M-S latch is still
operational

Nov. 15, 2003 Digital System Clocking, Oklobdzija, Stojanovic, Markovic, Nedovic 13



Setup time, hold time, sampling window and clock
width in a flip-flop
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Latch: setup and hold time

D— —0
L
\ |
} Clk
U | H
Unlike Flip-Flop, Latch Clk - t .
has two situations: cw —
(a)Data is ready - waiting D,
for the clock 0 e
(b)Latch is open - data 1
arrives during the (a)
active clock signal D,
0, e
(b)

(a) early data DI arrival; (b) late data D2 arrival
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I/lustration of a data path
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Timing in a digital system using a single
clock and flip-flops
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critical race

late clock arrival early clock arrival
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