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BUILT-IN SELF-TEST AND SELF-CORRECTION METHOD FOR MIXED-
SIGNAL INTEGRATED CIRCUITS

In modern integrated circuits the number of devices have strongly increased. As
a result, identifying the issues which have an impact on their performance stands out as
a very complicated and challenging problem. In digital integrated circuits there are
methods which are known, as well as some others which are in the active development
stages targeted to enable the built-in self-tests, identify, and report those issues. At that,
for mixed signal circuits, where the calculations or functions are performed based on
the voltage levels, it is much complicated to develop self-testing mechanisms. A novel
method of identifying the lack of clock signal and its duty cycle variation is proposed
in this paper. The developed architectures and solutions are capable of detecting the
lack of the clock signals, as well as informing the digital parts of the systems about the
requirement for the coarse or fine tunings of the clock generation systems outside their
autocalibration and loops.

Keywords: built-in self-test, integrated circuits, duty cycle distortion.

Introduction. All modern synchronous integrated circuits’ (IC) signal
propagation, transfer and receive through the high-speed links is being organized
by the CMOS or CML level synchro-signals. Therefore, the quality of the transceiver
signals, serialization and deserialization, the data-to-clock alignment, the clock-to-
data recovery and other high-speed operations require high-quality clock signals
[1,2]. The main contributor of potential failures is the duty cycle distortion of those
signals, that is why a lot of studies are being carried out to detect and fix the duty
cycle distortions. But those solutions are mainly oriented to improve the duty cycle
and get close to 50% value. These improve the system noise immunity, the jitter
and skew of the data signals [3]. But these are not covering the scenarios of the
autocalibration algorithms getting stuck and the system stops to calibrate the duty
cycle value. In such cases, the parallel calibration mechanism should be enabled
and it should force the clock generation circuit to correct the duty cycle value so as
to get closer to the 50% target. This is assumed to be a self-test and self-correction
mechanism inside the mixed signal ICs.
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The problem description and the proposed solution. The main problem in
solving to which this research is targeted is the automatic duty cycle calculation
and correction. An example of good quality data eye diagram vs the one generated
with 10% duty cycle distorted clock are presented below (Fig.1).

Fig. 1. The impact of the clock duty cycle distortion on the eye opening

As it is seen from the results obtained above, the 10% duty cycle distortion
results in around 3 times eye vertical opening reduction and 15% horizontal
opening distortion. Such the majority of the defined problem stands justified.

To solve the problem the new method of clock signal duty distortion
correction has been developed which is based on the 2 main parts: the first part is
responsible to detect the existence of the clock at all since there may be scenarios
that the clock generation circuits may got stuck and as a result no clock will exist.
The second part is responsible for the duty cycle calculation and correction.

The first section of the proposed method is based on the high-speed slicer
which is toggling with a rise of clock signal. The schematic implementation of the
idea is presented below (Fig.2) where the output of the slicer remains constant 1 if
there is no clock signal such that detects the failures inside the high-speed clock
generation circuits such as phase-locked-loops (PLL), delay-locked-loops (DLL),
injected loop oscillators (ILO) etc [4]. Its output starts to toggle when the clock
generation circuit is functionally starting up. To avoid scenarios when the clock
generator is locked at the low frequency values or toggling at unexpected
frequencies, the high-pass filter is put at the input to reject those components. The
R1 and R2 resistor values, as well as the C capacitor value is being calculated
based on the high-pass frequency minimum value, i.e. if the expected frequency is
10 GHz, the -3 dB point of the C-R network should be at around to 8 GHz point.
The next stage of the clock detector is CML2CMOS block whose role is to convert
the CML domain signal to CMOS levels. The static offset between the inputs of the
block is applied by the R1/R2 ratio so as to create hysteresis and toggle the outputs
only if the voltage level will be higher than that value. This keeps the positive
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output of the block in a static 1 state and the negative output to static 0 state when
there is no clock. For further clock recovery or spike rejection, the slicer is put
afterwards whose both outputs will be in static 1 state, the clock signal will not
present. The final stage of the system is the XOR cell whose output will be in logic
1 state if the clock will present or 0 if it will not. So the clock detector will flag the
presence of that signal.
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Fig.2. Clock detection implementation

The next part of the paper developed to be responsible for the clock duty
cycle distortion is presented below (Fig. 3). It consists of the input multiplexor
which selects the clock signal which will propagate to the duty cycle calculation
block, the integrator circuit based on the R1-Cl1 rectifier, the digital-to-analog
(DAC) block which converts the digital N-bit binary code to an analog voltage, the
C2-R2-C3 low-pass filter which rejects the DAC output noise, as well as the noise
coming from the comparator internal switching nodes, the comparator which
compares the filtered clk_filt voltage to the Vdac DAC output voltage value.

During the logic 1 state of the s clk select clock signal the clk p is applied
to the R1-Cl integrator input and the voltage of the clk_filt node gets V yy_riy =

= Vdd/Duty_cycle value. DAC starts to increase the input binary code until the
comparator switches from logic 0 to 1. Such transition means that the system finds
the code of the DAC input corresponding to the duty cycle of the clock. During the
logic 0 state of s_clk select clock signal the operation is being repeated for the
clk_m inverse signal of the clk p.
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Fig.3. Duty-cycle distortion detection circuit

Results. DAC last significant bit (LSB) value is equal to LSB = VDD /2N,
where VDD is the supply voltage value, and N is the resolution of the DAC. 1% of
duty cycle distortion is equal to VDD/100. Considering the abovementioned, for
10-bit DAC and 1V VDD value 1 LSB will be equal to around 1 m} and 1% duty
cycle distortion will be equal to 10 mV. So, the accuracy of the system designed
with 10-bit resolution DAC will be 0.1% duty cycle distortion and it is capable of
generating a very accurate report about the actual clock quality. For high-speed
systems up to £2.5% duty cycle distortion value may still be acceptable, so the 8-bit
minimum resolution of the DAC may be acceptable (Table).

Table

Summary of the results

Expected Results
Parameter Name
Min Max
DAC resolution (bif) 8 -
Duty cycle distortion detection (%5) -2.5 2.5
Clock frequency (GHz) 1 14
Power consumption (m W) - 3

Conclusion. A novel method and a schematic realization of built-in self-test
mechanism for mixed-signal ICs is proposed in this paper. The first proposed solution
is aimed at asynchronously detecting the proper generation of the clock signal
required for high-speed operations and data transmission. The second solution is
targeted to realize self-test and self-report of the clock duty cycle information. This
may make the complex designs to easily detect and force the autocalibration
mechanism to do coarse and fine tunings of the settings of the clock generation
systems such as PLLs, DLLs, ILOs.
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UL ULRTULGULUSEL PLSEAL UL UGUULES ZUUUL LB UO
PLRLUEBUSUYNTUTL BY FLELUTUMRULGLUTUL UB6eN)

dudwtwlulhg hinnbigpu) upnbdwbpnid tmwuppbph pubwljp tuwinpkh kswgh b
Niunh nputg yuppwigsh ypw puguuwpwp winpunupdnn juunghpttph hwynbwpbpnudp
nupdl) b pupy dwpunwhpuydbp: @Jughtt htnkgpuy ujubdwitpnid gnjnipinit niikt hyytu
huwyinith, wytybu b wnhy dowluw hoynud quignn (ndnidukp, nponip dhudws Eu hptw-
ptunnuynpdwt dhgngny hwyntwpkplint b gpuiglint wyn junhputpp: Uhspbn jpwuep wg-
nuipwbwght ujukdwbpnud, npintn nputiu hwpdupyutph hhdp swnwynud Eu wqnutipw-
ubph jupdwt wpdtpukpp, hiptwptunwynpdut dbpnnutph tkpppoudp hwiunhuwind E
wnwyl] punpn punhp: Uojuwnwitph opowbwljubpnid wnwewnldt) k uhippnuqnuiipwith
puguljuynipjut b jgdwt gnpsulgh nuwnwbdw hwyntwpkpdwt dbpnn: Upwuljdus gwp-
tnuwpuy bnnipniattpp b nusnidubpp nitbwly Eu hwyinbwptptjnt uhippnugqnutpwih pugw-
Juynipnibp b hwdwlupgbph pughtl hwignygubpht whnkjugibne wyn wepupwibtph'
hwdwljupgbph huptwjupqupkpdwt dkhiwuhqdutphg wiajwp Ynuyhun b £o2qphn jupqu-
pipdwt wihpwdbonnipjut dwuht:

Unwigpuyhl punkp. utpnpnjwus huptwpbunudnpnud, hinnbkqpu upabidw, (guwi gnp-
Swlgh wnuyunnud:
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BCTPOEHHBIA METOJ CAMOIIPOBEPKU U CAMOKOPPEKIIUH JIJIsI
HUHTEI'PAJIBHBIX CXEM CMEINAHHBIX CUT'HAJIOB

B coBpeMenHbIX HHTErpanbHbIX cxemax (M C) 4ucio 371eMEeHTOB CYIIECTBEHHO YBEIH-
YHUJIOCh, B PE3yJIbTaTe YEro pelieHHe MpoOJieM, BIUSIOIMX Ha WX 3P(PEKTUBHOCTH, Mpe.-
CTaBJIsIET OO0 CrokHYI0 3a1a4y. B udpoBeix MC nmeroTcst kKak M3BECTHBIE METO/IbI, TAK
U METO[bl, HaXOMSIINECS B aKTUBHOM CTaJuM pa3pabOTKH, KOTOPbIE MPEAHA3HAYCHBI [UIS
BKJIFOUCHHSI BCTPOCHHOT'O CAMOTECTUPOBAHMS, BBIABJICHHS M COOOLIEHUsT 00 3THUX Mpobie-
Mmax. [Ipn 3TOM B CMEIIaHHBIX CUTHAIBHBIX CXEMaXx, I'7IE B OCHOBE PACUETOB BHICTYIAIOT 3HA-
YEeHUS HaIlPSDKCHUS] CHTHAJIOB, BHEAPEHNE METOJIOB CAMOTECTHPOBAHUS HAMHOTO CIIOJKHEE.
B crarbe npennaraercs HOBBIM METOJ ONpPENENEHUS] OTCYTCTBUS TAKTOBOTO CUTHANIA U U3-
MeHEHHs ero ko3¢ ¢uunenTa 3anoinHeHns. PazpaboTaHHble apXUTEKTYpPhl M PEIICHHS CII0-
cOOHBI 00HApY)XUBATh OTCYTCTBHE TAKTOBBIX CHI'HAJIOB, a TaKXe MH(MOPMUPOBATH LUPPO-
BbI€ YaCTH CHCTEM O HEOOXOAMMOCTH TPy0Oil MM TOUYHON HACTPOMKH CHUCTEM I'eHEpaliu
TaKTOBBIX UMITYJIbCOB BHE HX KOHTYPOB aBTOKaJIHOPOBKH.

Kniouegvle cnoea: BCTpOCHHAsl CaMOIIPOBEPKA, WHTErpalibHAsi CXEMa, HUCKaXKCHHUE
KO3 PHUIMEHTA 3aITOJTHCHHS.
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