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POWER SNIFFER PERFORMANCE DEGRADATION AND WAYS TO
SUPPRESS THE DEVIATION OF THE WORKING PARAMETERS DUE
TO RANDOM TECHNOLOGICAL VARIATIONS

One of the most important challenges of modern ICs is power dissipation, particularly
the static power dissipation. To be able to reduce static power consumption of an IC, it is
separated into different power domains so that the supply power can be turned off for
certain domain when not in use. Separate power domains lead to several peculiarities, one
of them is the powering up and down the power supply. To represent the supply voltage
state by another domain supply, circuits like power sniffers are used. With the evolution of
the technologies, the role of random technological variations in the circuits becomes
substantial. The paper presents ways to reduce the performance degradation caused by
random variations in the 16nm technological process node. HSpice tool is used for circuit
simulations. Target sigma representing random variations is 5. For every PVT 300
iterations with random variations are run. The results are presented by QQ plots and
measurement table. By applying the proposed modifications performance degradation is
reduced by around 40% (average for all measured parameters). By implementing the
proposed circuit changes the area of the circuit is increasing by around 35%, no power
consumption increase is observed.

Keywords: power sniffer, static power, power domain, random technological variations.

Introduction. Power dissipation is one of the most crucial aspects of the
modern integrated circuits (ICs). Power dissipation affects the self-heating of the
circuits which is one of the most undesirable effects of reliability verification [1,2].
The evolution of the technological process and decrease in transistor channel
lengths result in the increase of the portion of static component of the power
dissipation in overall power consumption. And if for former technologies, the static
power was neglectable compared with dynamic power, in modern ICs, static power
consumption can reach up to the dynamic component. In the case when the
dynamic power consumption is directly affecting the IC performance and operation
frequencies, and in most cases its reduction can cause performance degradation, the
static power reduction does not affect the above mentioned aspects. Thus, to reduce
the power consumption of the modern ICs, lowering the static power consumption
can be a reasonable solution.
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Static power consumption is mainly produced from the leakage currents of
the transistors. One of the reasons for finFET technology creation is the ability to
improve controllability of the transistors (thus to have less leakage current in the
cut-off region). Although it was a good solution, in deep sub-micron technologies
the issue is again actual. So, the way to cut down the static power consumption is
to power down the certain parts of ICs which are not in use at certain time slots.
For that reason, there are different power domains in ICs to be able to turn off their
power supply. Therefore, there should be some kind of circuits which should
ensure safe power-up and power-down of different domains. It is natural that the
state of one supply should be represented by another supply. For that reason, the
circuit called power sniffer is used to notify to other circuits about the state of a
certain domain power. Also, power sniffers should ensure noise immunity as its
output should not switch in case of noise on the observed supply. In other words,
the switching thresholds for power-up and power-down should be different (the
circuit should have hysteresis).

Considering the effects of technological imperfections during the design
process is one of the critical aspects. The basic approach is to test the circuit for
different transistor types, voltages and temperature ranges. But more sensitive/
critical circuits should be checked for more pessimistic cases. For that reason,
simulations can be run taking into account random technological variations [3,4]. In
other words, when simulating the circuit for certain process, voltage and temperature
(PVT), the simulator can run multiple simulations each time varying the parameters
of the circuit elements in random order, in a given deviation range. So, when checking
the circuit with regular simulations, it may meet the specifications, but with
simulations with random variations it may fail the specifications, up to having
functional fails. That is the reason that simulations with random variations must be
run for sensitive circuits.

Section 1 discusses the power sniffer circuit and its operation. Section 2
represents the simulation results with the initial circuit. Section 3 proposes ways to
improve performance and shows the simulation results with implemented changes.
The summary of the paper is in Section 4.

1. Power sniffer circuit and operation. The power sniffer circuit is presented
(Fig. 1). As discussed in the previous section, it should indicate the presence of one
power supply with another one. In the circuit presented in this paper, the active
power supply (the main supply of the circuit) has high voltage level, and the
observed signal has low voltage level (which is given to the input of the circuit). To
avoid overvoltage issues the circuit is constructed using thick oxide or high voltage
threshold (HVT) transistors. The main idea of the circuit is to change the switching
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threshold of the circuit depending on the direction of switching of the input. By
that the circuit eliminates the cases when the output will switch because of noises
on the input signal. In other words, to be able to accurately indicate the ramp-up
and ramp-down of the observed power supply. Shifting the switching threshold
voltage is done by changing the pull-up and pull-down driving forces of the first
stage of the circuit. It is implemented by MNFB and MPFB transistors which are
shorting the middle net of the pull-up/down parts to high voltage power/ground. As
the input of the circuit is low-voltage and cannot fully open the MNINI and
MNIN?2 transistors, to be able to calibrate the pull-up strength (compared with pull-
down), resistors are used for the pull-up part. In other words, sizes of MNIN1 and
MNIN?2 transistors are set in a way to be able to set the logic low level signal on
net outO (lower than switching point of the inverter MNO/MPO). The inverted logic
level of out0 is given to MNFB and MPFB transistors by a feedback inverter. The
circuit is also performing level shifting (the input is low and the output is high
voltage level). The circuit is calibrated with a 25fF output load.
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Fig. 1. Power sniffer circuit
Table 1
Simulation conditions
Parameter Value
Transistor types TT, FF, SS
NMOS capacitance type T,F, S
Resistor type T,F, S
Supply voltage (V) 1.1 +/-10%
Temperature (C) -40, 25, 125
Input voltage nominal value (V) 0.8
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Fig. 2. Q0 plots of the initial circuit

2. The simulation results of the initial circuit. The circuit is using 16 nm
technological process HVT transistors. All simulations are done using HSpice tool
[5]. Simulation conditions are presented in Table 1. Simulations performed for all
combinations of PVT. To test the circuit, a triangle signal to the input is applied
with a 1 millisecond rise and fall times (the typical time for power supply to turn
on/off) which represents low voltage input power supply ramp-up and ramp-down.
The following parameters will be observed for checking the functionality: the trip
point of the input signal for output rising, the trip point of the input signal for
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output falling, hysteresis of the circuit. The rising and falling trip points are
calculated in percents regarding vp | input supply voltage (as the supply voltage
differs between PVTs). The target sigma for variations is 5. As the circuit has less
than 100 devices, for every PVT 300 iterations with random violations are run (in
that case the majority of the parameter distribution values are obtained). Simulation
results with QQ plots are presented (Fig. 2).

3. The improved circuit, simulation results. The power sniffer circuit with
modifications is presented (Fig. 3). Capacitors with MNCFB and MPCFB transistors
are added to the feedback line, in the pull-down part the regular NMOS transistors
are replaced with stack transistors connected in parallel, in the pull-up part single
resistors are replaced with multiple smaller nominal resistors connected in series.
MNCEFB and MPCFB transistors are correspondingly in deep well and separate N-
well to be able to connect the bulks to source and drain terminals to create effective
device capacitances. As the power/ground should switch from its regular place to
the middle point of resistors/input NMOS transistors, there is a voltage settling
issue. The transition should be quick and stable to avoid false switchings due to
power noise.
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Fig. 3. A modified power sniffer circuit

337



Observe the pull-up part for example. When the input power is on (has
nominal voltage value), the circuit power is in its regular place. That means that the
gate of MPFB is logic 1 so the gate of MPCFB is logic 0 and pm net voltage is
around half of the power. When the output of the circuit switches (due to input
switching), prior to opening of MPFB transistor (due to MP2, MN2 inverter delay)
the MPCFB capacitance pulls the pm net higher as the gate of MPCFB is switching
from 0 to 1, which leads to a quicker settlement of power on pm net. By that we
prevent the circuit from bouncing around switching points.

The same process is happening in the pull-down part. On the other hand, by
stacking the NMOS transistors the effect of long channel length is achieved which
helps to reduce the negative effects from the process variation (particularly channel
length modulation). Also, when stacked, to achieve same current carrying capability,
parallel legs of transistors are added. By that, the variations are kind of spread
between a bigger number of transistors. In that case, the probability that the random
variations would be in the same direction for more transistors is less, which leads
to better simulation results. For the same reason, simulation results are better for
series connection of more resistors with smaller nominals.

Simulation results’ QQ plots for modified circuit and comparison table are
presented (Fig. 4, Table 2).

From the QQ plots, it can be observed that the data of the updated circuit is
closer to normal distribution compared with the initial circuit simulation results.
The worst-case results of all PVT corners’ simulations are presented in table 2. The
average value, minimum and maximum values of median +/- target sigma are
shown for rising and falling tripping points and hysteresis. Also, the deviation of
the results is presented for initial and updated circuits. The hysteresis is calculated
by subtraction of rising and falling tripping points, expressed by absolute values, so
the hysteresis unit is millivolt.

The rising and falling tripping points are expressed relative to power supply
in percents as the supply voltages for different simulation corners are different.
From the simulation results it can be seen that the parameter degradations of the
updated circuit are around 40% less compared with the initial design.
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Fig. 4. The QQ plots of the modified circuit

The drawback of the proposed modifications is that by adding the capacitances,
placing them in separate wells, increasing number of NMOS transistors and pull-up
resistors, the area of the circuit is increasing by around 35%. Power consumption
of the circuit is not a critical parameter as this circuit consumes power only when
the input supply voltage is turned on or off (whose frequency is not comparable
with clocking signal frequencies). But overall, after the changes, the circuit power
is practically the same as the current in serial connected pull-up and pull-down part
is kept the same and the energy of the added capacitance is kept within the circuit.
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Simulation results

Table 2

Parameter Initial design Modified design Deviation
Median+/- | Mean | Median+/- | Median+/- | Mean | Median+/-|  (initial/
target target target target modified)
sigma sigma sigma sigma
(min) (max) (min) (max)
Hysteresis TT |85.4 89.8 [94.9 85.8 89.1 [92.2 9.5/6.4
(mV) FF |107.6 112.9 |117.7 110.8 1143 (117.6 10.1/6.8
SS [75.8 79.5 |84.6 75.5 78.6 |81.5 8.8/6.0
Rise trip point |TT |53.7 54.7 |55.6 54.6 55.1 |55.6 1.9/1
relative to FF [40.3 413 |42.7 41.0 41.6 |423 2.4/1.3
supply voltage |SS [67.2 68.1 169.0 68.0 68.5 [69.0 1.8/1
(o)
Fall trip point | TT |41.9 42.8 1439 42.7 432 (438 2.0/1.1
relative to FF [25.2 262 |274 25.8 264 (27.0 2.2/1.2
supply voltage |SS |56.6 57.5 [58.3 57.6 58.0 |58.5 1.7/0.9
(%)

Conclusion. Circuit modifications are presented to reduce the performance

degradation in power sniffer circuit caused by random variations. In the paper
16nm technological process is used. For simulations HSpice tool is used. Target
sigma for variations is 5. For a single PVT 300 iterations of simulations are run. By
applying the proposed modifications the performance degradation is reduced by
around 40%, which is average for all the measured parameters. Also, the data of

the updated circuit is closer to normal distribution compared with the initial circuit.
The implementation of the suggested changes in the circuit increases the area of the
circuit by around 35%, no power consumption increase is observed.
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NUSUZUYUL SEvuNLNGPUYUL TEUNRULELP 2Z6SE1ULLNY ULU UL
9bhLUUk NCNTUUL TLEULELNRU UCUSULLUSEL NMULUUGSCEh
JUSEUrusNkUL &Y, ULS 84 UONRESUL LYUB3U UL UbQN3LET

Unnh htinkgpuy upubdwiibph twhiwgsdwi dwpinwhpwybpubphg b Eukpquunyunnidp,
Uwubun]npuybu’ unwinhy Fikpquuyuenidp: Ununhl Eukpquugupnudp ifugbgibyn
tywwnwlny hunkgpu) vjubdwt pudwidnud t uinigdwl mmwuppbp Ynquyjutph, npytugh
npuig ubtdwb jupnidubpp htwpwynp (hth whowwnk], kpp npuip skt oquuugnpéynid:
Unqujutph pudwinudp hwbighgunid £ dh owpp wnwdtwhwinlmpiniuutph, npnughg L
uldwb jupdwt dhwugnidt nt whgwwnnidp: Uh Ynquuljh vidwi jupdwt Jhdwlip kY wyp
Ynquh jupnidny wpunwhwjnbint hwdwp ogunugnpdynid ki utdwt Jhdwljh npnodwt
onpwikpn: Skjuuninghwlw gnpépipugh qupqugduip gnigpupwg nkuunnghwljub wuw-
wnwhwlub sbnnulutph nlipp Ukbwunud E: Znngusnid wjupugpdus tu 16ud nkpuininghw-
Yt gnpépupugnid yuwwnwhwlwb sknnmdubphg wnwewgws onpugh wohiwwnwpuyhtt ww-
pwubnpbph oknnudubpp thnppugubint ninhubp: Shpwibph twbhwpydwt hwdwp oguw-
gnpdyby £ HSpice spwgqpuyhtt dhongp: Mwunwhwlwt sbnnudubph phpwjuwghtt swthp 5
uhquu E: Udkt @LR-h hwdwp Juwnwpyl) k300 sknnidubpny tdwbwpynid: Upyyniupubpp
ubpuyugyus Eu QQ qpudhlutipny b mjuutph wnniuwlny: Unwewnlyny thnthnjunigpe-
mibutbpp uwnwpknig htnn wpptwnwipuyhtt ywpwdtnpkph yunpupugnidp tdugl) |
Unnuynpuytiu 40%-ny (Uhohttwgdws pninp hwpduplynny wuwpuwdtnptph hwdwp): Upg-
niupmd onpuyh dwlbpbup dbdwinid E Unnwynpuytu 35%-ny, tukquuuyundwt wg sh
nhuwupyynid:

Unwagpuypl punkp. uvudwut Jhduljh npnodwt onpw, uwinunhl] Fukpquuywunnd,
utinigdw Ynqul, ywwnwhwlwt nkjuuninghwljub oknnid:
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B.C.TEBOPI'SIH

YXYAWEHUE MTPOU3BOJUTEJIBHOCTHU AHAJIM3ATOPA IIMTAHUSA
W3-3A CIYYAHHBIX TEXHOJIOTHUYECKHAX OTKJIOHEHU 1
CIIOCOBbI IOJIABJIEHUS U3BMEHEHUM EI'O PABOUYMX
ITAPAMETPOB

OnHuM 13 Hanboliee BaXKHBIX BEI30BOB COBPEMEHHBIX HHTEIPAJILHBIX CXEM SIBIISICTCS
paccerBaHHE MOIIHOCTH, OCOOEHHO CTaTHYeCKoe paccerBaHue. 11 CHIDKEHHS! CTaTHYECKOTO
SHEPronoTpedIeHUs] MUKPOCXEMBI OHA pa3JielieHa Ha pa3Hble JJOMEHBI HalPsDKEHNUH, YTOOBI
MOHO OBIJIO OTKJIIOUUTH MUTAHHE VIS ONPENEeNICHHOTO JOMEHa, KOr/la OH HE HCIOJIb-
3yeTcCs. OTHGHLHI)IG JAOMCHBI NIMTaHUA UMEIOT HEKOTOPLIC OCOGGHHOCTH, OAdHa U3 KOTOPBIX
— BKJIFOYEHHE U BBIKIIOYEHHE UCTOYHHUKA MUTaHUs. UTOOBI IPEJCTaBUTh COCTOSIHUE HArpsi-
JKCHUsI UTAHUS C TIOMOIIIBI0 UCTOYHMKA TMTAHUS JPYTrOro JOMEHA, UCIIONb3YIOTCS TaKHe
CXeMbI, KaK aHain3aTopsl nutanusi. C pa3BUTHEM TEXHOJIOTUH POJIb CIy4ailHbIX TEXHOJIO-
FMYECKUX OTKJIOHEHHI B CXEMaX CTAHOBUTCS CYIIECTBEHHOW. B cTaThe MNpe/CTaBICHBI
CIOCOOBI CHHXKEHUSI OTKJIOHCHUH, BBI3BAHHBIX CIy4YalHBIMUA M3MEHCHUSIMHA B 16HM TEXHO-
norudeckoM Tnpouecce. Mucrpyment HSpice ucnosnb3yercst uiss MOAENHPOBAHUS CXEM.
IeneBas curma, npencrapisiomias CirydaiiHple Bapualiy, paBHa 5. [ kaxaoro mpouecca,
HalpsDKeHUsT U TeMneparypsl BoimoiHseTcs 300 urepanuii co CirydailHBIMH BapHallUsIMU.
PesynbraThl npejcrarieHsl B Buje rpadukoB QQ u tabmuibl. [Ipu mpuMeHEHUH TpEasio-
JKEHHBIX MOJU(UKAIMK Aerpajanus Npou3BOIUTEILHOCTH CHUXKaeTcss npuMepHo Ha 40%
(B cpemHeM 1o BceM M3MepsieMbIM napamerpam). [Ipu peansaiyy NpeyIoKeHHbIX CXEMHBIX
M3MEHEHUH TUIOMIA b CXEMBI YBEIMYHUBACTCS MPUMEPHO Ha 35%, pocTa sHepromnotpedaeHus
He HaOIIomaeTcs.

Knroueesvle cnosa: ananu3atop MuTaHusl, CTATHYECKOE YHEPronoTpedIeHUe, JOMEH
HAIPSDKEHUS, CITyYaiHbIe TEXHOJIOTMYECKUE OTKIOHCHHUSL.
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