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MEASUREMENT, CALCULATION AND ANALYSIS OF MTBF FOR
SINGLE-STAGE SYNCHRONIZERS USING AN AUTOMATED SYSTEM

Nowadays, in the systems with very large scale of integration (VLSI), multi-clock
domains are widely used to provide high correspondence of cooperation for different blocks
in the systems on chip (SoC). Synchronization of the data relationship of the mentioned
blocks is necessary while using multi-clock domains. To solve this synchronization
problem, special circuits, called synchronizers, are used. As the data arrival time cannot be
predictable between different clock domains, there is a probability of having metastable
states in synchronizers. Metastability can bring a failure of consequent circuits which can
bring to a failure of the whole system. Therefore, during the design and verification of an
integrated circuit (IC), it is very important to estimate the probability of failures ( the mean
time between the failures).

In the scope of this paper, measurement of the metastability parameters and
calculation systems of MTBF are researched. To reduce the design verification resources,
an automated system is proposed which measures and calculates the mentioned parameters
and gives a chance to analyze the circuit.

Keywords: mean time between the failures, multi-clock SoC, synchronizer, timing
parameters, measurement, automated system.

Introduction. The necessity of synchronizers arises in multi-clock domain
systems on chip (SoC). A simple example of a synchronizer is two series connected
D flip-flops [1]. Since separate blocks in SoC work independently of each other, it
is impossible to predict the arrival time of the data coming from another clock
domain block. Therefore, data can be changed parallel to the synchronization clock
in the synchronizer (placed in the data receiving block), which can bring a
metastability in synchronizers (Fig.1).
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Fig.1. Metastability in a D flip-flop
374



If the data and the clock rising edges are close enough, it may bring to a
metastability issue (Fig.1). During the metastable state output, signal Q stays
between the logical levels “0” and “1”.

The process of metastability is a probable phenomenon. The mean time
between failures (MTBF) is defined to highlight the synchronizer’s performance. It
is based on mathematical equations, using some technology and semitechnical
parameters, which are described in the next the sections.

Measurement of Setup and Hold timing parameters. To ensure the
normal operation of a flip-flop without failures it is necessary to meet the
setup/hold timing constraints. If that constraints are not met, the flip-flop can enter
the metastable state or transfer wrong data.

To write data into the D flip-flop, the circuit needs some time before the
active edge of the synchronization clock for settling (setup). This timing constraint
is called setup time [2] (Fig.2). To measure the setup time, the data signal should
be swept towards the clock signal up to the output distortion.

Another important question should be considered as well: how long does the
input data signal need to be held unchanged after the active edge of the clock signal
to ensure the data transmission without failures. That timing constraint is called
hold time [2] and is defined as a minimum time which must be held after the clock
active edge until the data input signal changes (Fig.2).
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Measurement of the timing the constant (tau) parameter. One of the
important parameters of metastability is the timing constant (tau, t) of the
metastability curve. T depends on the physical parameters of the device, which
describes how fast a device exits from the metastable state. T is determined by
equation (1) [3] (Fig.3):

= (tp-t;)/In (i—zj) : (1)
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Fig.3. Modeling of the t calculation

Calculation of the mean time between the failures. Several methods of
failure probability calculation for synchronizers are presented in literature [4-6].
The mentioned probability can be calculated as [6]:

_ Twe_Ts/T
PF_ T )
C

2

where Ty, is the time window constant, Ts is the settling time, Tc is the clock period
of the synchronizer. The settling time and timing window constant can be
calculated as (equations (3) and (4) respectively):

Ts=Terx-Tc2q-Tsu » (3)
TW=T5U+THO . (4)

If the input data of the synchronizer toggles by a Tp period, the probability
of the synchronizer failure can be calculated as

Twe—Ts/‘[
PF/SEC— W (5)
The MTBF can be calculated from (5):
T/t
MTBF= % : (6)

Equation (6) represents the mean time between the failures for a single latch.
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An automated system for MTBF calculation in single-stage synchronizers.
All the investigations presented in this work are implemented for a single latch [7]
(Fig.4), as a single-stage synchronizer. Modeling and simulations are done using
the HSPICE simulation tool for saed32/28 nm technology libraries.
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Fig.4. D-latch circuit

Considering that the measurement and calculation of parameters, mentioned
in the previous sections require additional resources, a new automated system is
proposed, which requires only some parameters as input data. These initial
parameters are used for future measurements and calculations. The operation of the
automated system is based on the block-diagram, shown in Fig.5.

In the first step, the designer sets the synchronizer, technology library,
simulation conditions and other options, for which the detailed description is given
in the next section. After collecting all the required and optional information, the
automated system starts to create an appropriate environment for simulations and
analyses regarding Fig.5. The created environment includes spice decks, which will
automatically measure the setup/hold and tau parameters.

When all the simulation conditions are set, the system starts to simulate the
synchronizer and measure the necessary parameters. When all the simulations are
complete, the system starts parsing the measurement results (such as .mt files), and
collects them to be used in future.

When all the measurements are collected, the proposed system starts to
calculate all the necessary parameters for the MTBF calculation, using (3) and (4).
After that, MTBEF is calculated, regarding (6).
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Fig.5. The block-diagram of the proposed automation system

As the minimum MTBF value is often mentioned in the design specification,
which must be met during the IC design. The proposed system calculates the
minimum count of latches, which are required to meet the design specification.
MTRBEF for cascaded latches can be calculated as [6]:

_ ‘[-eZ{l=1TiS/Ti e2?=1Tis/Ti
MTBF = TCTD < ]p=11 ] ™ ™ > (7)
j n

where N is the number of latches.
N, calculated from equation (7), is the desirable count of latches. As the
system suggests the number of latches based on a single latch character, all the
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latches in the proposed circuit will have the same parameters (t, Ts, Ty). Therefore
(7) can be modified as follows:

eNTs/t N-1 oNTs/T
MTBF ~ TcTp

T Ty
N [T/t N=-1 Nrg/c TcTp  (eVS/T N TeTp (1eNTs/x N
=TcTpt = T = —=—|—] , ®)
Tw Tw T Tw T Tw
(reNTs/T)N __ MTBF1 )
Tw TcTp
To determine N, equation (9) needs a series of modifications:
NTs/T .
N_ln(‘re ):l MTBFT'
w TcTp
. Ts/t (L) _ MTBF-t
N <N ln(e ) + In . In TeTy
Ts 2 (L) _1.. MTBF-t _
" N“ +1n Tw N ln—TCTD 0. (10)

It can be seen, that to determinate the number N, equation (9) was modified
to quadratic equation (10), where N is an unknown variable. (11) presents the roots
of the quadratic equation (10).

~In(7)+ [In? () +4 St

N =

(In

ZTs/T

It can be easily shown that one of the roots always has a negative value (by
putting approximate powers of parameters into (11)). The final equation for the
proposed latches will be:

—ln(ﬁ) +\/ln2 (ﬁ) +4$lnh/;z]?rﬁt

N =

2Ts/T (12)

A graphical environment for the proposed automated system. A graphical
environment is developed for the proposed automated system (Fig.6).

This environment helps to measure, calculate and analyze the synchronizer’s
parameters more easily.

379



Technology library

Calculation and analyzes of Synchronizer MTBF

|| Browse

Synchronizer netlist

(i

| Browse

[ BestCase

Voltage Nom.

Clock freq.

Data freq.

Simulation parameters

[J TypCase

\
l

[ WorstCase

%
| (H2)

| (H2)

Environment Name
Minimum yeras for MTBF

\ | (vears)

Analysis
[J Voltage dependent analisis

Min Max

[J Temperature dependent analisis

Min Max

[[J Frequency dependent analisis

Min Max

Run Close

Step

Step

Step

Fig.6. The main window of the graphical environment

In “Simulation parameters” the field designer sets up the simulation nominal
voltage, data and clock frequencies, process/voltage/temperature (PVT) corners:
“BestCase” (ff/+10%V/125°C), “TypCase” (tt/nom.voltage/25°C), “WorstCase”

(ss/-10%V/-4

0°C).

The number of latches is proposed by the system, corresponding to the value
of MTBF defined in the field “Minimum years for MTBF”.

Some parameters can be chosen and analyzed, using the “Analysis” field.

When the analysis is complete and all the measurements are carried out, the
automated system displays the results in a new window (Fig.7). All the results are
saved in an Excel spreadsheet, which may have different sheets based on the setup.
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Fig.7. The output window of the graphical environment

In “BestCase”, “TypCase” and “WorstCase” sheets’ measurement and
calculation, the results are presented in Fig.8.



The results of the selected analysis are reported in the “Analysis_Charts” and
“Analysis_Results” sheets. Based on the values of the “Analysis_Results” (Fig.9),
some diagrams are generated (Fig.10) which are saved in the “Analysis_Charts”

sheet.
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Fig.10. The view of the “Analysis_Charts” sheet

The overall working time of the proposed automated system for all selected
options is 1 min. 12 sec.

The results of the proposed method are compared with the manual
measurements for the typical corner (Table).

Table

Comparison of the manual and proposed methods

Type of measurement Tsu(ps)| Tu(ps) | T(ps) | Ts(ps) | Tw (ps) MTBEF (years)
Manual 17.9 9.3 21.3 481 272 7.8%10°
Proposed automated system 18.6 8.4 21.8 481.5 27 4.4%10°¢

Conclusion. Metastability parameter measurements, and MTBF calculation
methods are researched. A new automated system is developed for measuring the
mentioned parameters and MTBF calculation. The system proposes the minimum
number of latches to meet the design specification. The proposed automated system
analyzes the synchronizer and generates appropriate reports and graphics.
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Q9.U. U4ESPrU3UL

UbPU4YUUYU} UbLLLOLUSLNN, UULSLEBMNPU MUOULNRULELh UPREY,
CLYUO0 dUUULUYUZUSIUOP 2QUONERU, 2UCIU Y BY,
JELLNPONRESARL UdSNUTUSUSYUO 20U UYL e UhMUNUUUR

Bmiptinh Ypuyh hwdwupgbpoud nuppkp uhtippnuqnuitywiught nhpnyputpnod
wpluwwnnn hwbignygubptt wthpwdbown b uhippnbiwgut): dpw hwdwp gnnipmit niiku
hunnnily ujubdwibp uhippniwging ukdwbbp: Lwbh np htwpunp sk jubjuunbuly by
wy] uhuppnwqruitpwtiughtt mhpnypenud ghtkpugdus wqnuipwith dwdwidwt wuihp, uhtp-
pnbwgunn uppkdwibpnid jupnn Bo wpwewbw) dknwluynit Jhdwlubp: Uknwluyniunt-
pintbp Jupnn t hwbghgul) hwenpn ujubdwibph puhwibdwip, npt hp hipehtt Yupnn &
hwigkgtt] wipnne hwdwlwupgh ny &hpn wpuwwnwpht: Zkmbwpwp, suwn juplnp k hu-
nbgpuy upubduygh twhwgsdwt b uinniguut thoynud quuwhwnt] puwhwinidutph hwuju-
tuluin pyniip (puwinidibph dhel pilus dudwbiwljwhundusp VUCH):

Munidtwuhpdty Bu dbnwluynit Jhdwlh wuwpudbnptph swhdwt b VUCS-h
hwoqupyh dbkpngubpp: Lupuwgsh unniquut pbumpuubpp pbwgtnt hudwp wowewny-
b1 E wdundwinugyus hwdwlwng, npp swthnid b hwpynud E Jbpnbigjuy wwpwdbtnpbpp,
Juwwpnd £ uptippnimging upubdwgh wupwdbnpkph tpnidnipeniu:

Unwhgpuyplr pwnkp. nuhwinidubph dhol pijws dudwiwlwhwndws, puqdw-
uhuppnuqnupwiiught poiptnh ypuyh hwdwlwpg, uptippntugung vpubdw, dudwbwlw-
1ht wuwpwdbtnptp, swhnud, wjunndunwugdus hwdwljupg:
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3.M. ABETUCSH

MN3MEPEHUE, PACUET U AHAJIN3 BEJIMUNHbI HAPABOTKH HA OTKA3 B
OJHOKACKAJIHBIX CHHXPOHHM3ATOPAX C UCIIOJIb3OBAHUEM
ABTOMATHU3UPOBAHHOM CUCTEMBI

B cucremax Ha kpucramie y3ibl, padOTalole B Pa3IMYHBIX CHHXPOCHUTHAIIBHBIX
00J1acTsIX, HYXKNAIOTCS B CHHXpOHM3aUMHU. J[JIsl 3TOro CyIIeCTBYIOT CIIELHAIbHBIE CXEMBI,
Ha3bIBaEMble CUHXPOHM3aTOpaMH. Tak Kak BpeMs MPHOBITHS CUTHANA JaThl, TEHEPUPOBAH-
HOTO B JIPYrOf CHHXPOCHTHAJIBHOW 00J1aCTH, HEBO3MOXKHO NPEABUIETh, B CHHXPOHNU3ATOPAX
MOTYT BO3HMKHYTh METACTaOMIIbHBIE COCTOSHUS. MeTacTaOMIBHOCTE MOMKET HNPUBECTH K
c00sIM B TOCIEIYIOMNX CXeMaX M, KaK CIIeACTBHE, K cOoro obmeil cuctemsl. CremoBa-
TENIBHO, Ha 3Tare MPOSKTUPOBAHKS U BEPU(PHUKAIINN HHTETPAIBHONW CXEMBI OYEHb BayKHO OIle-
HUTb BeposATHOCTH cOoeB (HapaboTok Ha oTkas - HHO).

B pamkax craTteu MccIeOBAaHBI METOJbI M3MEPEHHS ITapaMeTPOB METACTAOMIHLHOTO
cocrosinus u pacuera HHO. [lnst cOepexxenust pecypcoB Bepr(UKAIMU MPOEKTa MpeaIoKeHa
ABTOMATU3UPOBAHHAA CUCTEMA, KOTOpAasA USMCPACT U BBIYHUCIIACT BBIILICYIIOMAHYTBIC Iapa-
METpBbI, aHATU3UPYET IapaMeTpbl CHHXPOHHU3ATOpa.

Knrouegvle cnoga: napabOTKa Ha OTKa3, MHOTOCHHXPOCHUTHaJIbHAas CHCTEMa Ha
KpHCTa/ule, CHHXPOHU3aTOpP, BPEMEHHbIC MapaMeTphl, U3MEPEHHE, aBTOMAaTU3MPOBAHHAA
cucTeMa.
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