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A RELIABLE PMOS-BASED CHARGE PUMP ARCHITECTURE

The design of the charge pump circuit with two different PMOS and NMOS
architectures has been done, so that the output will receive 1.5 times the voltage of the
power supply. The surfaces, speed and reliability of the two circuits were evaluated. In the
proposed PMOS structure, two key transistors have no reliability problem as opposed to the
NMOS structure, which is due to the difference of the transistors’ bulk-source terminal
voltages. The variation of the output signal of the proposed PMOS scheme is less than in
the NMOS scheme but the area is 1,26 times larger.

Keywords: Charge pump, Dickson’s charge pump, low power design, DC/DC
converter, aging.

Introduction. In modern integrated circuits technological processes continue to
shrink the channel length of transistor’ up to Snm. It gives an opportunity to
provide more functionality by increasing the device density in the unit area of die.

Due to low power consumption requirement the supply voltage values
also have decreased. Another problem which should be solved during the
design process of integrated circuits is the transistors’ protection from over-
voltages and possible stress situations, which could cause degradation of the
threshold voltage during operation.

There are devices which require operation voltages higher than the
nominal supply voltage (for example low power flash memories). So, circuits
which could offer voltage higher than supply voltage are needed. For this type
of operations charge pumps are widely used. A charge pump can provide
voltage higher than the supply voltage, acting as a DC/DC voltage converter.
The output voltage value of the charge pump could be a number of times higher
than the nominal supply veltage. The key devices in the charge pump’s
structure are capacitors which are used as energy collection storages.

Dickson’s charge pump (Fig.1) 1s one of the well-known charge pump
architectures, which is used in modern integrated circuits. The circuit works
with two differential clock signals, whose amplitude is equal to the nominal
supply voltage (Vsupply) [1]. The NMOS diode-connected transistors in
Dickson’s charge pump architecture are used as switches for every stage of the
circuit. The current flows through the NMOS transistors charging the output
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capacitors for each stage, which are connected parallelly. It gives an opportunity to
have a higher DC voltage after each stage.
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Fig.1. Dickson’s charge pump architecture

The circuit uses the Vsupply as an input voltage, and the output of each
stage differs from the previous one by constant Vd voltage, which, in the ideal
case, is equal to the Vsupply. By using equation (1), the number of the required
stages (N) could be calculated [1]:
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The main disadvantage of Dickson’s charge pump is the body effect of
NMOS transistors which causes gain degradation for higher N values.

The proposed Charge Pump. The schematic view of the proposed charge
pump is shown in Fig 2. The architecture is based on NFET transistor with a
single supply. The charge pump works with two differential clock signals to
control the settling time of the circuit. The M1 and M2 NFET transistors are in
positive feedback, which decreases the charging time of the capacitors.
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Fig.2. The proposed charge pump with a NFET architecture

The M3 and M4 transistors are used as pass devices to formulate the
output voltage. Charging the Cbulk capacitor with M5 and M6 transistors helps
to cancel the bulk effect for the M3 and M4 devices. The circuit provides 1.5
times higher voltage than the supply, when the load is enabled.

The charge pump circuit could be used in analogue architectures to supply
voltage regulators, voltage-controlled oscillators (VCO), etc. The main
disadvantage of such a structure is the gate-bulk voltage value of the M1 and M2
transistors. During operation, when the load is disabled, for ideal case the output
voltage is equal to 2VDD and the M1 and M2 transistors work under stress
conditions. This can affect the threshold voltage and the drain source current of
transistors, which will lead to the output voltage value degradation.

By using high voltage input transistors, it is possible to solve the gate-bulk
voltage issue, and transistors will operate without stress, as the allowed gate-
bulk voltage for high voltage transistors is higher than 2VDD. But the
disadvantage of this structure is that it is not reasonable to use high voltage input
transistors in VDD domain [2]. Simulation results show that the output in such a
structure will be degraded (Fig. 3).
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Output voltage(NFET structure with high voltage transistors)
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Fig.3. The output voltage for the NFET structure with hv transistors

The problem described above is solved by using the PMOS structure
which is shown in Fig 4. The bulks of the M1 and M2 PFET transistors are
connected to node V_Cbulk, hence excluding the stress possibility for them. The
Cbulk capacitance charges to 2VDD-Vth level during the operation of the
circuit. It gives an opportunity not to have a higher voltage than the power
supply between any two terminals of the transistors.
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Fig.4. The proposed charge pump with a PFET architecture

c1

Simulation Results. Both circuits have been designed by using the SAED
14 nm [3] technology and the Custom compiler design tool [4], and simulated by
the HSPICE simulation tool [5]. An input voltage has been set to 0.8V expecting
1.2V in the output of the circuit.
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Fig. 5 and Fig. 6 show the output voltage numbers during the process
variation. Typical (TT), slow (SS), fast (FF), slow-fast (SF) and fast-slow (FS)
models of transistors have been used. -40 °C and 125 °C have been used as bound
numbers for temperature.

For the NMOS structure the output voltage variation is 1.2V+/-7.25% and
for the PMOS- 1.2V+/-4.2%. The area of the PMOS charge pump is 26% larger
than that of the NMOS.

Output voltage (NFET structure)

(V) : t(s)
20, v(out)
(109.8n, 1.2428)
s
(109.8n, 1.1133)
0.0-
[ \ I | \
25n 50n 75n 100n 125n
t(s)
Fig.5. The output voltage for the NFET structure
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Fig.6. The output voltage for the PFET structure
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The table below shows the occupied area of the PFET and NFET
structures and the output voltage measurements during temperature and process
variations. The advantages of the PFET structure is the noise immunity and the
less output voltage spread, and the disadvantage is the area occupied.

Table
Output voltage numbers during temperature and process variations
Process Temperature, (T °C) Output voltage Output voltage
(PFET) (NFET)
TT 25 1.21 1.21
SF -40 1.24 1.23
SF 125 1.2 1.23
FS -40 1.2 1.11
FS 125 1.15 1.18
SS -40 1.22 1.1
SS 125 1.19 1.16
FF -40 1.22 1.24
FF 125 1.17 1.23

Conclusion. The charge pump architecture has been developed by mixing
Dickson’s and cross-coupled structures. The proposed circuit successfully provides
1,5 times higher input voltage at the output with a 4.2% voltage variation.

REFERENCES

1. A gain-controlled, low-leakage Dickson charge pump for energy-harvesting applications/
A. Mahmoud, M. Alhawari, B. Mohammad, H. Saleh, & M. Ismail// IEEE Transactions
on Very Large-Scale Integration (VLSI) Systems.- 2019.- 27(5).- P. 1114-1123.

2. Razavi B. Design of analog CMOS integrated circuits.- McGraw-Hill Series in
Electrical and Computer Engineering.- Singapore, 2005. — 684p.

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

4. Galaxy Custom Designer Schematic Editor User Guide.- Synopsys Inc, 2014. -236p.

5. Hspice Reference Manual.- Synopsys Inc, 2017. -846p.

National Polytechnical University of Armenia. The material is received on 26.02.2020.

186



U.U. 2UrNkes8nNkLauy, ZUUNER S. uNUSUL3UL, U.S. arranravy,
2UrNkrE3SNRL S. UNUSULUL, @.U. NUUUL3UYL, U.4. ZU3LUMNES3UL

1 ShNb UGSUAN, - OLUNM UhUUZUNNNMER (UO0Y) YUNNR3YUOLNY, AU
ZNPUULPNPE3UUR LRSLE MNUNE UGUU

Juuwpyl] b tpint mwuppkp MUOY b LUOU Junnigwsputpny, 1hgph wynduyny
Jupdwt Yphuwyunyhsh vjpbdwibph twhwgsnid wyiiybu, np Ejpnwd vnwugdh vidwb jw-
pnidhg 1,5 wiqud UkS jupnid: Fuwhungby Eu bplynt ujubdwtbph dwybpbuttpp, wpuqu-
gnpénipiniup b hntuwhmpniip: Unwewpljynny MUOY junniguspny twjuiwgdsdus ujuk-
Uuynid kplnt wnwbgpuyhtt wpwbiqhunnplitp smkl hntuwhnppub jighp” h wwppbpn -
pntt LUOY Junnigwspny mpwuqhuwnnpubph, npp guydwbtwynpjws k wuipuqhunnp-
ubph hwppwl-wlniup ynnkughw)ubph mwppbpnipyudp: Unwewnplynn upubduygh Ejpuwyht
wqnuiowh Juphughwtt wykih phy k put LUOY Jupnigdwspny ujubduynid, nwljuyu
dwtptup 1,26 whquu ks b

Unwigpuyhl punkp. 1hgph wnuyy, Thpunuh thgph wndy, gusdp Lukpquuuyyundwdp
Junnigdwsp, hwunwnnit jupdw thnjuwltpughs, stpugnid:

C.C. APYTIOHSIH, AKOII T. KOCTAHSIH, M.T. TPUT'OPSIH,
APYTIOH T. KOCTAHSH, I'.A. BOCKAHSH, A.K. ANPAIIETSIH

CXEMA ITOMIIBI 3APS110B HA OCHOBE METAJUI-OKCHU/I-
MOJIYIIPOBOJHUKOB I1 TUTIA C BBICOKON HATEKHOCTBIO

CrpoeKTHpOBaHbl JBa Pa3HBIX YMHOXHTEIS HANpSDKEHHS C MOMIION 3apsioB Ha
OCHOBE METaJUI-OKCHI-TIONYyIpoBoaHUKOB 1 Tuna (IIMOII) u mMeTami-oKCHA-TOIyIIPOBOI-
HukoB H Tuna (HMOII) Tak, 9To6BI HalIpsHKEHHE HA BBIXOJIE TOTYYIIIOCh B 1,5 paza Gombime
nuTaHus. [laHa OIeHKa IO, OBICTPOASHCTBUS M HAICKHOCTH JABYX cXeM. B oTmmumne
ot HMOII ctpykrypsl, B npemnaraemoii IIMOII cTpykType ykazaHHBIE IBa TpaH3HCTOpa
HE MMEIOT MpoOJeMy CTapeHUs, YTO OOYCJIOBJIEHO HANpsHKEHUEM MEXAY MOAJI0XKKOH H
HCTOKOM TPaH3MCTOPOB. Bapuaums Ha BBIXOJE B Ipe/UIaraeMoil cxemMe MEHbIIe, YeM B
cxeme Ha ocHoBe HMOII ctpykTypsl, HO rutomans 6osisnie B 1,26 pasa.

Kniouesnle cnosa: momna 3apsiioB, moMna 3apsioB JMKCOHa, apXUTEKTypa ¢ HU3KOM
9HEPronoTPEeOHOCTHIO, PE0OPa30BaTEIb MIOCTOSHHOTO HAMIPSHKCHHUS, IeTpaIalusl.

187



