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5 Indication circuitry
s Indication circuit optimization
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implementations
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CIRCUITS CLASSIFICATION

Asynchronous

(no clocks!)

Synchronous
(clock!)

IPI FRC CSC RAS EWDTS-2019 3 of 24




ADVANTAGES OF DI CIRCUITS

sl Their workability does not depend on

delay of their cells and wires

=1 Free of hazards

1 Extremely wide workability range on

supply voltage and ambient
temperature,

1 Constant failure detection
terminating any work
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DELAY-INSENSITIVE PRINCIPLES

1 Two operation phase:

<+ work phase (data processing)

<+ spacer (pause)

51 Self-timed signal coding

=1 Full indication of all cells in the circuit

in each phase of work

IPI FRC CSC RAS EWDTS-2019 5o0f 24




SELF-TIMED CODING

Dual-rail coding: each sighal X is
presented by a pair {X, XB}
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CIRCUIT INDICATION (1)

Combinational circuits:
indicator reflects a dual-rail signal’s state
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CIRCUIT INDICATION (2)

Triggers:
indicator reflects the correspondence between
inputs, intermediate sighals, and outputs
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INDICATION CIRCUITRY (1)

Semi-static Maller’s element

Advantages:

s Low complexity:
2(N+2) transistors,
N<3

s Unit input capacitance

Disadvantages:

** Short-circuit current at
each switch

s Low noise immunity
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INDICATION CIRCUITRY (2)

Hysteretic trigger

AdvantageS: 1 if.'f;".’..,;d. :ﬁ ;__'-(;;{‘!.:___‘l.:_-;““'
“* No short-circuit current sen [ 1L veen

s High noise immunity

Disdvantages: R
“* High complexity: b [ P

. =) 1:6dn
. M12 o f:’.':’l‘,r — ]
4(N+1) transistors, el B =

“* Double input i o s

capacitance

Compression ratio <3
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INDICATION CIRCUITRY (3)

Multi-input Hysteretlc trlgger
Advantages: % =

< Low complexity: .W
2(N+2) transistors,
any N

» Unit input capacitance » .®» . B
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s High compression ratio
Disadvantages: % % [ e

** Short-circuit current T |

only in worst case . \ﬁ
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»* Low hoise immunity Weak inverter

Compression ratio > 9
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INDICATION COMPLEXITY (1)

Complexity of an indication circuit implemented
on various bases in CMOS transistors

Implementation Number of compressed
base indication signals
C-element 48 504 4998
H-trigger 76 804 7996
Multi-input 24 264 2196
H-trigger

IPI FRC CSC RAS EWDTS-2019 12 of 24




INDICATION COMPLEXITY (2)

Complexity in CMOS transistors vs compressed
signal number on various bases

CMOS transistors
8000 f
7000

6000 yd
5000
4000
3000 -
2000
H-trigger
1000
0 Compressed
10 510 1010  Signal number
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MULTI-INPUT H-TRIGGER (1)

TL Egm . . ;
T M25 o M23 M17
< 736 f.{ 750n < 736n
Workablllty conditions o e B L
b 1 —/ 1 1
8
M16 7

Lp,Weak > K [ Ln,in L Ln,FB
Wp,weak p,HM Wn,in Wn,FB T G T

Ln,weak Lp,in

L M24 j %»% M1 '
2 K 5 + p.FB -—1‘ o I% o LI 3
n,HM W > 1 L) 9 1 :
p,in p.FB

\W n,weak

For standard 65-nm CMOS process

Kn,HM =06.4; Kp,HM =0.9
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MULTI-INPUT H-TRIGGER (2)

Short-circuit current in worst case for 16-input H-trigger
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INDICATION CIRCUIT DELAYS (1)

Simulation basis:

s*Spectre (Cadence)
**Ring oscillator
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INDICATION CIRCUIT DELAYS (2)
Oscillation periods for M = 16, V5 = 0.8V
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INDICATION CIRCUIT DELAYS (3)
Oscillation periods for M = 16, V5 = 1.0V
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Legend.:

“C” = C-element

“H” = H-trigger

“HM” = Multi-input
H-trigger
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INDICATION CIRCUIT DELAYS (4)

Oscillation periods for M = 16, Vy, = 1.2V
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INDICATION CIRCUIT DELAYS (5)
Oscillation periods for M =9, V5 = 1.0V
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Legend.:

“C” = C-element

“H” = H-trigger

“HM” = Multi-input
H-trigger
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INDICATION CIRCUIT DELAYS (6)
Oscillation periods for M = 27, Vyp, = 1.0V
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SUMMARY

Multi-input H-triggers allow both for reducing hardware costs
of the indication subcircuit implementation by several times,
and for decreasing its delay by one and a half times
compared to conventional H-triggers.

C-element demonstrates the worst performance in
comparison with both conventional H-trigger and multi-input

H-trigger.

Varying the size of transistors in the multi-input H-trigger
circuit allows for shifting balance between its short-circuit
current and performance in any direction. One can accelerate
H-trigger at the expense of increasing allowable short-circuit
current or reduce possible short-circuit current, due to
deterioration in its performance.
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Thank You!
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