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Power efficiency and signal integrity are one of the key performance metrics in modern communication
interface design. We suggest a modern approach of improving power efficiency and signal integrity via
implementing data driven supply monitoring and switching scheme. Instead of the traditional approach of
having multiple slave devices in idle state waiting for the signal from the master device, the suggested solution
offers a more power efficient approach of switching these devices only in case when they are in communication.
The suggested architecture takes advantage of differential data line communication protocols to generate an
artificial low capacity supply voltage to power small logic blocks which perform switching of supply voltages.
The system also employs a non-conventional power-on-reset block to monitor the supply level. The artificial
supply generating block can also be used to improve the signal integrity in open-drain/open-collector
communication protocols such as I'C, SCSI-1, etc. via verifying the authenticity of ESD events in power off
devices thus preventing unnecessary current drainage. The circuit was designed and simulated using 14nm
finFET technological process developed by Synopsys Armenia Educational Department. Synopsys’s Custom
Compiler and HSPICE were used for graphical design of circuit and simulation respectively. The circuit was
tested in three extreme corners to ensure stable operation in various conditions. The results are displayed
through Custom WaveView.
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electrostatic discharge.

Introduction

During the last thirty years, the sizes of the transistors used in integrated circuit (IC) design have
shrunk enormously: from several hundred micrometers to as small as 5 nanometers [1]. This trend of
decreasing the device sizes almost every year was needed because of ever increasing demands of faster
and less energy consuming architectures. As the power consumption of a digital circuit is proportional
to the cube of the supply voltage, reduction of the supply voltage even by a small amount has a
noticeable impact on the consumed power. The less energy the circuit demands the longer the
supplying battery can last. This concern is especially crucial for smaller devices with little PCB real
estate to spare. Decreasing power dissipation also positively affects the longevity of the system, as
devices will operate under smaller stress conditions because of lowered voltages, smaller currents and
less heat. Improving power efficiency and longevity of integrated circuits can prove high profit for
systems developed for commercial usage and can be a crucial improvement for systems used for
biomedical applications. Another important performance metric is signal integrity which is a set of
measures of the quality of the electrical signal. As digital signals are fundamentally analog in nature,
they are subject to effects such as noise, distortion and loss. In some protocols, particularly ones using
open-drain architecture, turning idle devices off is not a viable option as it leaves room for potential
negative effects on signal integrity. One of such effects is a data signal triggering a false electrostatic
discharge event which opens the clamp transistor draining a large amount of current from data line,
thus dissipating more power and increasing the rise time and ring-back voltage of the signal. In some
cases, the steady state value might not even reach the intended level.

Conflict setting
Digital circuits are primarily used for information processing and transmission. There are
several connected devices and each one implements some functionality in a system. It may be the case
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that some of the devices are not needed for some time. If the power supply can be “detached” from
them then the power consumption of the whole system can be optimized. This method can be
especially beneficial for slower systems where settling related delays won’t be a significant sacrifice in
achieving better efficiency.
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Fig. 1 PF1510 PMIC with a stand-by input pin

Most ICs have a separate stand-by input pin for controlling the power mode of the IC. Figure 1
shows such case from [7]. Some architectures like the one shown in Fig. 2 and do not require a stand-
by pin, but instead use timing for detecting the stand-by input which requires a finite state machine
(FSM) structure for monitoring which increases power consumption and surface area. This solution
also constantly dissipates power [8].
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Fig. 2 Stand-by control through timing monitoring

The suggested method uses data lines to turn on or off the circuit. It takes advantage of
differential data lines and requires neither constant power supply nor an external control signal.
Instead it uses the signals on differential data lines as both inputs and supply. This alleviates the need
of an external stand-by control and offers a monitoring system which doesn’t constantly dissipate
power. The block diagram of the suggested architecture is presented below (Figure 3).
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Fig. 3 Block diagram of the proposed architecture

Of course, attaching and detaching the power supply from these unnecessary devices can only
be achieved through another system that decides and performs the switching. This means that there
must be some other and presumably smaller system constantly monitoring which devices do not need
power for the given time. This solution can be easily implemented but it requires a precise definition
for what it means “a subsystem does not need to be connected to the supply now”. A much easier way
to solve the issue is to embed this monitoring into the system itself. A sub-circuit can be “activated”
only when it has inputs to process. This means that the data itself can be the trigger to activate or
deactivate the power source.

ART18 data divider is a block with two inputs and one output. The inputs are the lines of
differential data and the output is a voltage equal to VDD. The VDD block is the main supply itself.
The VDD wake up block is a logic circuit that detects the presence of data and turns the VDD supply
on or off. It is supplied by either the 3v3 data divider block or from VDD and the latter case is when
the VDD is turned on. The structure of each individual block will be presented next.

The ART18 block is a voltage divider with diode connected transistors in series. The scheme is
presented in Figure 4.
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Fig. 4 ART18 data divider structure

PADP and PADN are the differential data inputs and art18 is the output of the circuit. When
there is no data being transferred through data lines both PADP and PADN are 0. However, when data
is transferred either PADN or PADP will be 3.3V. The ART18 output will be generated by dropping
3.3V down to about 1.8V through diode connected transistors. The circuit is enabled or disabled by
means of two transistors, M1 and M3 which receive a digital signal on their gates that indicates
whether the supply voltage has reached some predefined level or not. After the VDD supply passes the
Power-on-Reset (POR) threshold value, the circuit is disabled and the VDD Wake-up logic, powered
by VDD directly, continues to monitor PADP and PADN. When they both become 0 VDD Wake-up
turns VDD off and switches its supply to ART18.

The previous discussion implied the existence of a VDD detection circuit. Figure 5 shows this
supply detecting POR circuit [2].

59



INFORMATION AND COMMUNICATION TECHNOLOGIES

VDD

)
GG
= o
6y 8Ly
T |

v
=

~POR_out
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The two pass gates are used to define two different threshold voltages for the circuit. When
VDD is zero, the circuit outputs zero, as the input of the first inverter is low (by means of resistive
pulldown [3]) and it also outputs VDD which is low. This is true for all the inverters in the chain.
When the VDD rises from zero, it must pass through the higher threshold defined by the pass gate
which receives its input on the gate of PMOS from the POR out int net. When VDD passes this
threshold value, the output of the circuit starts following VDD and the pass gate which was on, turns
off and the other one turns on and the threshold value changes. When VDD falls from its nominal
value towards zero, the reverse of the actions described in the previous case take place, differing only
in the threshold value. The simulation results for this circuit will be presented in the next section.

The purpose of VDD Wake-Up block is to turn VDD on when differential data is present on the
inputs and turn it off in opposite case. The exact procedure won’t be described in this paper as it is a
defined implementation and can be synthesized depending on the given structure.

Figure 6 shows cases of another application for artificial supply voltage block that solves
previously mentioned false ESD event detection issue in open-drain communication standard [4], [5].
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Fig. 6 False ESD detection prevention architecture
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When VDD is off, the switch toggles on and ART SV block is connected to ESD protection
circuit. After a small amount of time the artificial SV stabilizes and provides the ESD diode a strong
reverse bias. Now a much higher voltage is required at the anode of the diode to turn it on. Note that
this implementation assumes that when the device is off, its elements are properly pulled up and
pulled down to prevent any static current flow through the circuit. If this is not the case, then a more
complex switching system will be required.

As any IC has ESD protection on its pins, when it gets powered off, the issue of static current
drainage through the ESD diodes cannot be overlooked and it is solved by having a constant bias on
the powered off supply rail. Any solution that suggests turning off idle devices on open-drain
communication but ignores the possible ESD event detection is incomplete. While some power might
be saved by turning the devices off, the false ESD events will not only add to power consumption but
also jeopardize the integrity of communication.

Research results
The circuits were simulated using SAED 14nm [6] technology with HSPICE circuit simulation
program. The simulations were done for three PVT (process, voltage, temperature) corner variations

shown in
Table 1
Three PVT corners where simulations were performed
Corner Temp Process VDD
Typical 25 TT 1.8
Slow -40 SS 1.62
Fast 125 FF 1.98

Figures 7 and 8 show the transient responses of VDD detecting POR block and the proposed
switching system.
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Fig. 7 Voltage detection circuit output and supply voltages

As Figure 7 shows POR block has different low-to-high and high-to-low thresholds in order to
avoid false switches which would otherwise be caused by supply rail noises [3].
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Figure 8 shows cases when the entirety of suggested solution is in action. In the absence of data
both PADN and PADP are pulled down, VDD is off and so is ART18. When one of the data lines goes
high, a voltage close to VDD is formed at the ART18 output which triggers the VDD Wake-Up block
to connect other sub-circuits to power supply. When voltage at VDD node reaches around 0,8V
(Typical corner) the POR output toggles on and starts shifting the supply of Wake-up logic from
ART18 to VDD. When VDD reaches around 80% (1.4V for Typical corner) of its final value POR out
is high enough to completely switch Wake-Up supply to VDD. The Wake-Up block, now powered by
VDD, continues to monitor data lines and when they both are pulled down VDD is once again
disconnected from power rail. A small delay mechanism is also added to prevent false toggle offs in
case of slight data non-overlap.
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Fig. 8 Proposed supply switching architecture in action

Figure 9 shows the signal on SDL line with and without the implemented solution. In the Before
signal the rising edge starts to break at around 1,.5V and the dissipating power doesn’t allow the signal
to reach its intended 3,3V value. After implementing the proposed solution, the signal has full 3,3V
swing and the rising edge breaks at around 3V.
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Fig. 9 Signal integrity with and without the proposed solution
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Conclusion 1

A method for improving the power-efficiency of an electrical system is proposed by using data
driven power supply monitoring and switching. As the power is not wasted in the absence of data, the
lifetime of the system using an autonomous power source is increased. This can be very useful in
systems where longevity concerns supersede startup speed requirements. Compared to other solutions
the proposed architecture alleviates the need of an external stand-by control and offers a monitoring
system which doesn’t require a constant supply. The proposed architecture was implemented and
simulated using SAED 14nm finFET technological process and HSPICE simulator. Simulation results
show that the proposed architecture can provide very close to supply voltage with enough driving
capacity to empower the wake-up logic circuit.

Conclusion 2

Another application of the circuit is verifying ESD events in open-drain communication
interfaces thus improving the signal integrity. Simulation results show that both rising edge of the
signal as well as steady state voltage are significantly closer to the ideal values with the artificial
supply generator connected to the ESD protection circuit. In case of [2C protocol where rise times are
measured from 30% to 70% of the steady value the added circuit twice decreases the rise time while
dissipation no DC power.
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CUCTEMA MOHUTOPUHI'A U KOHTPOJIAA UHO®OPMALIUU U
NCTOYHUKA MATAHUA JJIA MOBLIIEHHOM
SHEPI'O3P®EKTUBHOCTHU U HEJJOCTHOCTHU CUT'HAJIA

I'.I'. Caaksn, P.M. Coromonsin, J1.X. I'adpudiisin, I'.A. Bockansin
Hayuonanvnwviii nonumexnuueckuul ynugepcumem Apmenuu

OHepro’@PeKTBHOCT, M LEJIOCTHOCTh CHTHaja SBISIOTCS TJIaBHBIMU IIOKa3aTesIMH B
MPOEKTHPOBAHNH COBPEMEHHBIX KOMMYHHKAIMOHHBIX MHTepdeiicoB. [IpemnoxkeH HOBBIA MeTOJ s
MOBBIILIEHUS SHEPro3)(HEKTUBHOCTH M LEIOCTHOCTH CHTHaja IyTEM OCYLIECTBICHUS MOHHTOpPMHIa
HWCTOYHMKA SHEPTHUU 10 BXOJHBIM JAHHBIM, HCIIOJIB3Yys INEPEKIIYATENbHYI0 ApXUTEKTYpy. Bmecro
TPAJULMOHHOIO MOAX0/A, KOT/1a MHOIOYMCIICHHBIE YCTPOMCTBA HAXOIATCSA B PEKUME OXKUIAHUS 1TOKA
He NpuAET CHUTHAJ OT BEYIIEro, MPEIOKEHHBIM MeToJ Mpeiaraet Oonee 3HeprodddexkTuBHbIN
IIOAXO0/, BKIIOYasl 3TH YCTPOMCTBA TOJIBKO KOI/Ia C HUMHM CBA3BIBAtOTCS. [IpeuioxkeHHas apXuTekTypa
BOCTIOJNIB3YETCSl HajmuuueM AudQepeHuranbHbIX WHPOPMALUOHHBIX JMHUN B KOMMYHHKAIMOHHBIX
MIPOTOKOJAaX JUIsi TEHEpalud HCKYCCTBEHHOI'O MAJIOMOILIHOIO HMCTOYHMKA JUISI IUTAaHUS MajbIX
JIOTMYECKNX OJIOKOB, KOTOpBIE pEaM3yloT TMepeKiIoueHne HanpspkeHnid nuranus. Cucrema
WCTIONB3YeT HEeCTaHIApTHBIM 00K cOpoca Mo BKIIOYEHMIO ISl KOHTPOJIS YPOBHsI HHUTaHHs. biox
reHepaIiy HCKYCCTBEHHOTO TTUTAHUS MOXKET ObITh Tak)Ke MCIIONB30BaH IS MOBBIIICHHS IEJT0CTHOCTH
CUTHaJla B KOMMYHHUKAIIHOHHBIX apXUTEKTYPax OTKPHITOrO HCTOKA/OTKPBHITOIO KOJUIEKTOPA, KAKOBBIMHU
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seistroTcst, HanpuMep [12C, SCSI-1 u 1.1., mpoBepsis moamuHHOCTE ICP B OTKITIOUEHHBIX YCTPOMCTBAX,
TEeM caMbIM IIpeoTBpamias HEHy)XHoe moTpebieHne Toka. Cxema ObIa CIPOEKTHPOBAaHA H
cumynupoBana, ucnonbdys 14am finFET texnomormueckuii mpouece, paspaboranueiii CHHOIICHC
Apmenns YuebupiM [lemapramentom. Synopsys Custom Compiler m HSPICE Opimn ncnons30BaHbI
JUTS TpaUuecKoro Inu3aiiHa cXxeMbl M CHMYJIMPOBaHHsI COOTBETCTBEHHO. CxeMa Oblila MPOTEeCTUPOBaHA
B TpEX KpalHMX cly4asx, YTOObl O0ecneuuTh CTaOWIIBbHYI0 paboTy B pa3HBIX OOCTOSITENbCTBAX.
CHHMKH pe3ynbTaToB OBUTH TTONy4YeHbI ¢ momotrsio Custom WaveView.

KamoueBble c0Ba: WHTEIPalbHBIC CXEMbI, DHEPrOdI(CKTUBHOCTh, JEIUTCIb JIAHHBIX,
yIpaBiIeHHe HCTOYHIUKOM SHEPTHH, COPOC MO BKITFOUSHHIO, AIEKTPOCTATHICCKUN pa3ps.
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