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Self-timed circuits

» MakcumalbHas IIPOU3BOAUTEILHOCTD IIPU JIFOOBIX
YCJIOBUAX DKCILIyaTaluu,

» PaciimipeHHbIi 1rana3oH paboToCImOCOOHOCTH,
» O0HapyXeHNE KOHCTAHTHBIX HEUCITPABHOCTEH,

» MuHHMMAaIbLHOE YHEProNnOTPEOICHUE B IIEPUO/
OXKHJIaHUS,

» MuHNMaNbHBIN YPOBESHb IIOMEX

» Simplified circuits testing: functional test are
simultaneously tests on malfunctions,

» High efficiency in creation of reliable products



ey
wn
-
“
=
-
Gk
€7
—
-

G

Institute of [nformatics Problems of the Russian Academy o

T K ‘ 2009
P RAN 2009

CTpyKTypHas CXeMa BbIYUCIUTEIISA

» OYHKIIUN ACICHUS U U3BJICUCHUS KBAAPATHOTO
kopHs (1o ctaggapty |IEEE 754),

» KonBeliepHas CTpYKTypa,
» MHorocraguiiHas peaim3aius,

» CaMOCHHXPOHHOE 3aIIPOC-OTBETHOE
B3aMMOJICHCTBHUE MEXKY CTYIICHSIMU KOHBEMEPa,

» OIITUMAJIBHOE KOJIHUYECTBO CTAIUN BBIUMCIUTEIA

>CHpr0HHoe 3alpOC-O0TBETHOE B3aMMOAECHUCTBUE C
OCHOBHBIM Brruuciaureiaem

» CUHXPOHHO-CAaMOCHUHXPOHHBIN BXOIHOM! U
CaMOCHHXPOHHO-CHHXPOHHBIM BBIXOAHOM OJOKH
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[Tpramnel nATEepeca 3aka3zunka Kk ST-divider

» merommiics y 3akazunka CHHXpOHHbIN [lenuTens |
(SRT-anroput™m, Radix-4) He oTBeuasn TpeOOBAHUIO
OBICTPOACHCTBUS

» MMmeronuiicsa y 3aka3unka CHHXPOHHBIN JlenuTens 2
(SPARC, anroputm HproToHa) HE OTBEUA
TPEOOBAHUIO YHEPTONOTPEOICHUS

» 3aKa3uMK XOTe]a Obl 00€CIECYUTh IIPAaBUIbHYIO
paboty Jlenurtenasa Ha HEOOXOAUMOE BpEMS IIPH
CHIDKCHHMH MUTAIONIUX OaTapeil HUKE HOPMBbI

» Pa3zpabareiBaemelii Jlenurens TOJDKEH cTaTh 0a30i
111 pa3pabOTKHA OTKa30yCTOMYMBOIO BapHaHTa
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BpeMeHHbIE TOTEPU B CHHXPOHHBIX CUCTEMAX

100 . +45 1+251+30:+10i+20

Real Computation Time| WA [SI | V[CSINBS
%
>

WA — Worst Average
SI - Signal Integrity
V — Variability
CS — Clock Skew
NBS - Non Balanced Stages

Price of the correct operation for synchronous devices —
230% CHM>XEHHE UX MOTCHIMAILHOTO OBICTPOJACHCTBUS
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AHFOpI/ITMBI JACJIICHHWS N U3BJICUCHUS KOPHA

Pi+l1=rPi-Dqi, 1=0,...n-1,
Pi+1, Pl — npoMeXyTOYHBIE OCTATKH OT JICIICHHS;
I — ocHoBaume anroputma (radix); D — nenurens;

Qi — YaCTUYHBIN PE3YIIBTAT, ITOIyYCHHBIN Ha I-OM
Imare; N — 4KcIIo I1aroB aaropuTMa

Q ={g0glg2...qn-1}
Pi+1 = 2-Pi1 — (2-Q1-1+qi-2-1)-qi

QI—1 — pe3ynbpTaT U3BICUCHUS KOPHS, HAKOILICHHBIN K
I-TOMY IIary ajaropuTMa
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Flow chart of the computing device
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BapuaHThl peaii3anuy KOHBEWEpPa
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Globally and Locally asynchronous system
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Request-acknowledge interaction between
stages of computing device
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Flow chart of one stage
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Pseudo-dynamic multiplexor 2:1
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Topologlcal |mplementat|on of dewder
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Ulation with Ultrasim
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Ne Conditions of Division, ns Square root, ns
simulating with Precision of calculation
Ultrasim, Udd, T°C : :

single double single | double
1 1,98V, - 60°C, best 20.6 34.7 22.0 36.9
2 1.8V, + 25°C, typical 28.7 46.7 30.4 49.1
3 1.62 'V, + 125°C, worst 38.9 63.9 40.0 70.3
4 0.9V, +125°C 139 219 125 199
5 0.8V, +125°C 185 300 172 276
6 0.7V, +125°C 290 480 265 422
7 0.6V, +125°C 536 858 491 775
8 0.5V, +125°C 1293 2100 1209 1893
9 0.4V, +125°C 4656 7682 4325 6940
10 0.35V, +125°C 12920 21705 9142 14440
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04-pa3psaHbIA COMPOLECCOP: ICICHUE U U3BIICUCHUE
kBagpaTHoro kopHs (IEEE 754)

24 [TapameTp 2,3
MakcumanbHas i
19 IPOU3BOIUTEILHOCTD MPH JIFOOBIX
YCIOBUSAX DKCIUTyaTaIllH

‘ A

Vd

Yucsi0 onepauuii B CEKyHAY

Pacmmpennsii nuamna3on
paboTtocrnocooHocTu,U muTaHus

ot 0,32 no 1,98B

MIEPUOJ OKHUIAHUS

0,33 OOHapy>keHHe KOHCTAHTHBIX -
HEUCIIPABHOCTEN
0,4 MunnmansHoe _
SHEPIoONOTPEOICHHE, CPENHEE U B

‘ A

7

2
I[li1omans Ha KpUCTaAJLIE, MM

MuHHUMaIBHBIN YPOBEHB IIOMEX

1 NIIN PAH, camocHHXpOHHBIN

SRT-anroput™m, Radix2

asroput™M HeroToHa

2 SPARC, cuHXpOHHBIN

300
60

30Ha pad0TOCIIOCOOHOCTH,
0
S=At *AUgq

50%

100%

‘ A

7

MomnocTh norpedaenus, 100%

CTaHIAPTHBIN CHHXPOHHBIN
SRT-anropur™m, Radix4

(Bce B 3akazHou KMOII-Texnomoruu, 0,18Mk)
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Summary

~using the methodology of QDI-circuit design allows obtaining
viable and efficient solutions even for a mainly combinative device
such as a divider, though traditionally combinational circuits are the
least “convenient” for implementation with an QDI-baslis;

v’ the efficient solution of computing devices with QDI-circuits basis
IS possible only on the base of multistage — pipeline — organization of
a computational path; in our case — using four stages of the same
type, each of them calculates one bit of the result;

v' proposed implementation provides the same performance while

execution of both operations — division and square root extraction;
v’ complex comparative parameters: for performance and zone of
capacity for work and area occupied on the chip, the presented QDI-
variant of the computing device exceeds synchronous analogues.
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RESULTS IN SST-CICUITRY OBTAINED IN IPIRAN

DCA

1) Two systems for analysis of designed circuits whether they are SST have been
developed — BTRAN and ASPECT (covers also quasi-SS-circuits).

2) Two systems for synthesis of self-timed base elements

3) A set of base elements which allow to design SST-circuits have been chosen and
Investigated. A big library of SST solutions have been accumulated.

4) A number of library SST-elements are implemented in gate array silicon.

5) Test silicon implementing functions of calculation core of 8-bit microprocessor
(PIC18CXX of Microchip Inc.) was manufactured in two variants — S and SST. Preliminary
results confirm advantages of SST variant: performance of SST variant on the mixture of
Instructions is twice over those of S variant.

5) CAD system RONIS designed as a subsystem of standard VLSI CAD for SST-
circuits design was developed. Its main features:

e VHDL language

e orientation on CMOS technology

e support of both “up-down” and “down-up” design approaches
e no limitations on the size of designed circuit

e optimization on performance or complexity (in transistors)
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Structure of the SSS-Circuit CAD System RONIS

Source Descriptions

Event Functional prototypes| |Circuits for analysis
descriptions (VHDL) (VHDL)
SST analysis SST and quasi SS circuits
subsystem analysis subsystem
BTRAN ASPECT
[Prototype synthesis VvHDL| Functional-logic design VHDL
subsystem {———of SST circuits sub system simulation
SOL ON subsystem
MIRAGE
Project |
library _— SST circuits design on gate Electrical
Base and transistors levels =] simulation
elements subsystem subsystem
library VAV IL
L

To VLSI topology desi

gn systems

Designing as subsystem of standard VLS| CAD: interface to:

vany VHDL simulation systems
v'VLSI topology design systems

van electrical simulation system of PSPICE type.

DCA
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Test LSI “Microcore of microcontroller”:
Zones of maintenance for synchronous (S) 1 SS I -variants

u(v)

75, |FPTmax=20,1 MHz
(USTmax) 7,0 (-

1 ST

| FSThom=12,8 MHz
(USmax) 50 | | B———— ,

S
(USThom) 4,5 \/ FSconst=7,26 MHz
(USmin)  f-foemeee : ’
(USTmin) 1,0 | | FSTmin=1,38 MHz
l i . | 7
0 85 45  +20 +125 +145  T(q)

(TSTmin) (TSmin) (TSThom)(TSmax)(TSTmax)

U - voltage, v; T — temperature, °C; F — switching frequency, MHz

DCA
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