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Technology trends like Artificial Intelligence and autonomous driving leads to a
need for lots of analog components of integrated circuits to connect to the physical world.
The design and verification of these analog parts take a lot of effort on the overall process.
Modern integrated circuits are widely used in the systems where functional or reliability
issues may result in unrecoverable consequences. This forces IC designers to extend the
verification coverage to detect problems at the design and verification stage instead of
silicon, PCB or application testing phase. The realization of those extended verification
requires a correctly defined process, voltage and temperature conditions based on which
SPICE functional simulations, electromigration, IR drop, ageing, overvoltage and Monte
Carlo verifications should be performed.

The impact of technology deviation on analog comparators has been analyzed in this
paper and a solution has been proposed which solves the offset problem in comparators
used in high-speed transceivers: 250 mV offset caused by the technology deviations in + 3
sigma range reduced to 25 mV.

Keywords: analog, very large scale integration (VLSI), integrated circuits (IC),
reliability, comparator.

Introduction. Integrated circuits (IC) are widespread in modern vehicles,
aircraft, army or space [1]. The costs of such systems are very high, therefore there
are hard requirements for their reliabilities [2]. Those requirements stand more
critical in analog, highly sensitive parts where compared to the digital circuits,
analog values of processing signals play key roles. To connect those signals with
digital processors, analog-to-digital converters (ADC) are used. The main component
of ADC is the analog comparator [3], that is why the correct conversion without
loss of information mainly depends on the characteristics of this circuit: sensitivity,
offset, input signal swing, etc. It is known that the CMOS manufacturing process is
not ideal which results in deviations of the transistor parameters like channel length,
width, doping concentration, etc. [4,5]. Such uncertainties cause post manufacturing
deviations of transistors’ characteristics such as threshold voltage, transconductance,
channel length modulation, etc. That is why, the CMOS fabrication process has
become the main impact factor of the accurate operation of analog comparators.

Two main types of comparator structures are widely used in analog circuits:

clocked and operational amplifier OpAmp-based [6,7]. Operational amplifier-based
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comparators are essential in such ICs where the existence of clock signal may
cause a big noise and harm the functionality of those analog sensitive parts. The
structure of the OpAmp-based comparator is presented in Fig.1.
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Fig. 1. An OpAmp-based comparator circuit

This circuit consists of a differential amplifier with symmetrical branches,
the second stage consists of the common source amplifier and the output buffers
which are amplifying the output signal of the common source stage up to CMOS
levels. In such structures the two branches of differential pair should be identical to
minimize the offset and other problems related to the reliabilities like ageing.

Considering the accuracy requirements, the costs of the systems where such
circuits play key roles, and the CMOS fabrication problems described above, the
complete verification has been performed.

Problem description. This comparator circuit has been designed by
SAED14 nm FinFet technology [8], and HSPICE simulations have been
performed. Since the branches of differential pair are symmetric it is expected to
get low offset values between the output stages. As shown in Fig.2, the offset
between those branches is 20 uV while tying inputs together.
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Fig. 2. Comparator offset in typical conditions

To check the circuit robustness, the process deviation impact should be
considered. The implementation of such verification is done by Monte Carlo Spice
simulation. As shown in Fig.3 and in Table 1, the offset value achieves up to 250
mV in the 3 sigma deviation range.
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Fig. 3. MC variation for offset
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Table 1

Comparator offset in £ 3 sigma range

Offset (mV)
-3 sigma -249
+3 sigma 252

Such behavior results in unpredictable output switching and incorrect data
conversion. So, a new schematic solution has been proposed to improve the post-
manufacturing offset degradation.

The reason for such a big detected offset is the transistors’ dimensions’
variation after CMOS IC fabrication. As a result, applying the same voltage on the
input NMOS devices, different currents flow through the differential pair branches.

The proposed solution. The circuit modification was done to solve the
problem. As shown in Fig.4, the digitally controlled load has been added into the
differential pair branch. Control bits are equal to 6. Currents flowing through each
next branch increase twice corresponding to the digital code.

In addition, the diode-connected PMOS device should be bigger than the
mirroring PMOS device, which will cause a current mismatch between the two
branches of the differential pair. And ideally, the calibration block should
compensate the current difference by using the middle code.

The operation algorithm is as follows:

1. The common mode voltage should be applied to the inputs of comparator.

2. The output voltage of the comparator should be sampled and converted to
the digital code by the precision ADC which, in general, exist inside or outside the IC.

3. The voltage on the diode-connected transistor gate should be sampled and
converted to the digital code.

4. If the difference is higher than 3, the load tied to the output should be
enabled.

5. The code should be increased by the SAR algorithm to find the case when
the difference between the ADC outputs is less than 3.
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Fig 4. A comparator circuit with calibration block

Results. In the first step of the method verification, HSPICE simulation was
carried out without considering the transistors’ dimensions’ variation. The calibration
process and results are presented in Fig.5 and Table 2.
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Fig. 5. Calibration

Table 2

The calibration code and the offset value by using a digitally
controlled calibration block

Offset (mV) 1
Calibration Code 28

The achieved results have shown that the offset is negligible when using a
calibration block, and the calibration code is well-centralized.

To evaluate the method impact on the offset minimization, SPICE MC
simulation was performed.

According to the results presented in Fig.6 and Fig.7, and in Table 3, the
offset variation has been reduced about 10 times in 3 sigma interval which proved
the method efficiency. Also, the calibration code did not saturate which means that
calibration did not fail, and the bit resolution is acceptable.
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Fig. 6. MC simulation results for the offset
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Fig. 7. MC simulation results for the calibration code

430




Table 3

MC results with proposes method

Offset (mV)
-3 sigma -20
+3 sigma 30

Conclusion. An OpAmp-based comparator circuit has been designed with
the SAED14 nm FinFet technology. A huge offset variation with MC simulation
was observed.

An architecture update has been proposed to reduce the offset variation.
According to the results, the offset variation was reduced about 10 times.

The SAED14 nm FinFet technology libraries have been used during the
HSPICE simulations, outputs have been exported by Galaxy Custom Designer tool.

REFERENCES

1. Deutschmann, B., Magrini, F., & Klotz, F. Internal IC protection structures in relation
to new automotive transient requirements // In 2011 8th Workshop on Electromagnetic
Compatibility of Integrated Circuits. — November, 2011. — P. 47-52.

2. Sridhar Srinivasan, Matthew Hogan. Physics to Tapeout: The Challenge of Scaling
Reliability Verification// IEEE International Reliability Physics Symposium (IRPS). -
2019. - P. 169-174.

3. A Self-Biased Current-Mode Amplifier With an Application to 10-bit Pipeline ADC /
Seungnam Choi, Yunjae Suh, Joohyun Lee, et al // IEEE Transactions on Circuits
and Systems I: Regular Papers. — 2017. - Vol. 64, No. 7. - P. 1706-1717.

4. Statistical variability and reliability in nanoscale FinFETs / X. Wang, et al / IEDM
Tech. Dig. - 2011.- P. 103-106.

5. Variation-Aware Design of Custom Integrated Circuits/ T. McConaghy, et al.- A
Hands-on Field Guide, Springer, 2013.

6. Razavi B. Design of Analog CMOS Integrated Circuits. 2nd edition. - Mc Graw Hill,
India, 2017. — 384p.

7. Baker R.J. CMOS Circuit Design, Layout and Simulation. 3rd edition. - John Wiley &
Sons, 2010.

8. Melikyan V., Martirosyan M., Piliposyan G. 14 nm Educational Design Kit:
Capabilities, Deployment and Future// Small Systems Simulation Symposium. — 2018. —
P.37-41.

Yerevan State University. The material is received on 10.12.2020.

431



Q.U. 16SrNU3UL

2UUBUUSPLE P ZNhUULPNRESUL AUL2LUSUUL UBENC
dUUTLUYUYPS ULULNSUSEL @6LUE0 PLSER UL UBUULECORU

Skjuunnghwjw qupquguiwi nignnipnibtpp, husyhuhp o wphbunwljwb putw-
Juunipiniup b huptwdup Epplblnidp, withpudbtnnipmnit B wnwewgunud® pungpltint
hntgpuy uppbdwibph (PU) dks pyny wbhwinquyhtt Yndwnubunttp $hqhjului wopuwp-
hnud: Utwynquyhtt dwup hwpiwgsnidp b uinnignudp wpwbwluwh ntn k qpuntgunud pln-
hwinip upubdwh bwhwgsdwi gnpspipugnid: dudwtwlwlhg htnbtgpu) ujukdwbpp
(wjunpkt Yhpunynud tu hwdwlupgbpnid, nputn $niuljghntiw) jud hntuwhnipjut hkn
Juuyws puunhpubpp Jupnn b hwigkgub] wianinnbih hbnbwipttnh: Uw uinhynd £ U
twuwgsnnbpht phnwybik; wnngmudibph whpnypp' ghpitpp hwpnupbpbne ns ph wp-
nunpus upubdwnud, nyuuwnid jud PU-u jhpwuntkjhu, wy) twpwgdsdwt bt unnignid-
ubkph thnynud: Unuhuh plnpuyiws uinnigniudubph hpwljuitiugnidp ypuhwenid  ghown uuih-
dwbjws nkuninghwuljut gnpéptpwug, jupnid b okpdwunhgwi, npniig hhuwb pu & Yh-
pujuiiugytu SPICE $niuyghntw wdwbwpynud, HEjunpudhgpughuyh, vtdwt nnntph Jpu
Jwpdwi wiljdwh, skpugdw, ghpjupdui b UntntYwen unnignidubpp:

Muniudtwuhpyt) E nkinnghwuljub sknnmdubph wqptgnipniut whwnguyhtt hwdk-
dwwnpsubph ypu: Unwewplyly k dbpnrn, npp (nusmd E gipwpwuq hwnnpnhy uppkdwtpnid
Yhpwnynn hwdbdwnpsubtpnid b huyn Bynn obndwb jupdwt pughpp £+ 3 uhqluygh whpnyg-
poud. mbkjuninghwlwb oinmudubph wpmyniupnid wnwewgus 250 4 shnudwb jupnudp
uwjuqly £ dhtsl 25 o

Unwigpughl punkp. wiwinquyhl, gbpudls hnkqpu upjubidw (¥UPU), hinkqpuy
upubidw (PU), hwdbdwinhy, hntuwhnipnii:
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I''A. HIETPOCSH

METO/J ITIOBBIINEHUA HAJEXKHOCTHA KOMITAPATOPOB B
COBPEMEHHBIX AHAJIOT'OBBIX CBEPXBOJIBIIINX
HHTEI'PAJIBHBIX CXEMAX

TexHos0orMuecKue TeHACHINH, TAKNe KaK UCKYCCTBEHHBIH MHTEIUIEKT U OECIUIIOTHOE
BOJK/ICHHE, BBI3BIBAIOT HEOOXOAUMOCTh MOJIKITIOUEHHUS] OONIBIIOTO KOJMYECTBA aHAJIOTOBBIX
KoMnoHeHTOB uHTerpabHbIX cxeM (MC) x pusnaeckomy mupy. PazpaboTka u mpoBepka naH-
HBIX AQHAJIOTOBBIX KOMIIOHEHTOB 3aHMMAIOT 3HAUMTENBHYIO 4acTh Iporiecca pa3paboTKH Beel
cxembl. CoBpemenHbie IC mmpoko MCMONIb3YIOTCS B CHCTEMaX, TAe (yHKIMOHATBHEIE ITPO0-
JIeMBbl WJIM TIPOOJIEMBI ¢ HAAEKHOCTHIO MOTYT NPHBECTH K HEYCTPAHUMBIM MOCIIEACTBHAM.
Ot0 BeIHYX1aeT pazpadborunkoB MC pacmmputs 0XBaT MPOBEPKH [UIsl 0OHAPY KEHHUS POOIIeM
Ha 3Tare NPOEKTUPOBaHMS U IIPOBEPKH, & HE Ha ATale TECTUPOBAHMUS TOTOBOTO KPEMHHUEBOTO
W3JeNMsl, IeYaTHOM TuI1aThl Wik Ha 3tane npuMmenenus MC. Peanuzanus paciiupeHHON mpo-
BepKU TpeOyeT NpaBHIBHO YCTAHOBJICHHBIX YCJIOBHH INpoliecca, 3HAUCHUH HaNpsHKeHUs U
TEMIIEPaTypPbl, HA OCHOBE KOTOPBIX JOJDKHBI BBINOIHITHCS (DYHKIIMOHAIBHOE MOJIETPOBa-
mue SPICE, anekrpomurpanus, majeHue HAPsSHKSHHsI, CTapeHUe, TIEPEHAIPSHKEHUE U TIPO-
Bepku Monte-Kapiio.

ITpoananu3npoBaHO BIMSHUE TEXHOJIOIMYECKOTO OTKIOHEHHS HAa aHAJIOTOBBIE KOMIIa-
partopsl. IIpemnoxeHo penieHne, KOTOPOe Pa3penIniio MpodIeMy CMEIIeHHsI B KOMITapaTo-
pax, UCHOJB3YEMBIX B BBICOKOCKOPOCTHBIX Iepeaaryukax: cMmeuenue 250 uB, BbI3BaHHOE
TEXHOJIOTUYECKIMH OTKJIOHCHHSIMH B IMara3oHe + 3 curma, yMeHbIIeHo 110 25 uB.

Knroueevte cnoea: ananorossii, ceepx0omipmue uaTerpaibabie cxemsl (CBUC), nn-
terpasnpHas cxema (MC), komnaparop, HaAeKHOCTb.
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