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ABSTRACT

This thesis details the design and operation improvement of charge pump circuits, that
can generate voltage higher than that of the power supply. The on-chip circuit, for instance, can
generate both positive (~+5V +15V) and negative (~-15V) voltage from a 3 volt supply. Such a
high-voltage generator is usually based on charge-transfer switch technique. The on-chip
generated high voltage is useful in the way that it is applicable for driving TFT-LCD panel and/or
writing non-volatile memory. Various circuit techniques such as Dickson’s, Dynamic bulk bias,
Improved Dickson, Cross-coupled, Cross-coupled with clock re-generator and 4-phase cross-
coupled charge pump, are investigated at various operating conditions while noting voltage gain,
threshold voltage, taken care minimization of output ripple voltage, and circuit’s power
consumption. In the development and implementation carried out in this thesis, those parameters
are taken as constrains. Moreover, the technique in clock signal level-up for increasing the output
amplitude has been proposed. A 4-phase clocking scheme for increasing the switching frequency
and to reduce output resistance is also elaborated. Simulations for the circuits’ performance
reported in this thesis are based on HSPICE with high voltage CMOS transistor model.

Cross-coupled with clock re-generator circuit has shown its good capability in
generating higher voltage at slightly high current compared with the original no clock generator
one. The 4-phase cross-coupled charge pump can also generate slightly higher voltage with

comparable current while using lower stage capacitance.
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S524A60X81 | 1.8-55V | Write +5.5V/ 3mA EEPROM SAMSUNG
Read +5.5V/ 200pA Semiconductor
Standby +5.5V/ 1pA [1]
ADMS8832 2.6-3.6V | LCD Controller | +5.1V/ 8mA TFT-LCD Analog
Gate Driver +15.3V,-10.2V/ | Driver Devices
+100pA [2]
ADMS8839 2.7-4.2V | LCD Controller | +5V/8mA TET-LCD Analog
Gate Driver +15V/ £150pA | Driver Devices
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n= Four _ Four x100%  (4.22)
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SPICE Parameter Model

High Voltage Parameter NMOS

.model NM NMOS level=2 vto=0.4 tox=0.040u nsub=1.0e16 uo=650 ucrit=1.0e4 uexp=0.10
+ tpg=11d=0.2e-6 xj=0.29¢-6 js=6e-3 pb=0.94 ¢j=500u cjsw=800p cgdo=40.85p cgso=40.85p

+ cgbo=51.24p xqc=0.4 rd=1 rs=1 phi=0.70 gamma=0.60 nfs=15.0el11 lambda=0.020 vmax=0

High Voltage Parameter PMOS

.model PM PMOS level=2 vto=-0.4 t0x=0.040u nsub=1.0e16 uo=200 ucrit=1.0e4 uexp=0.10
+ tpg=-11d=0.3e-6 xj=0.43e-6 js=6e-3 pb=0.88 ¢j=500u cjsw=800p cgdo=94p cgso=94.57p

+ ¢gbo=97.65p xqc=0.4 rd=1 rs=1 phi=0.70 gamma=0.80 nfs=15.0ell lambda=0.020 vmax=0
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Abstract

In this paper, we propose new charge pump
circuits utilizing CMOS with capacitors to generate
negative high-voltage. Circuit operation and
characteristic are simulated and discussed. With
cross-coupled CMOS topology, the new circuit can
generate negative output voltage without suffering
from threshold voltage drop of the MOS transistor.
Therefore, the circuit can offer better voltage
pumping gains and suitable for low voltage
operation and good property in voltage regulation.

I. Introduction

Charge pumps are the circuits that can pump
charge upward to produce voltage higher than the
power supply voltage. The circuit can be made
small and integratable because regenerative
cormponent such as inductor becomes not necessary.
This may be a reason why on-chip high-voltage
generators become more popular and increasingly
incorporated on many LSI and VLSI chips, Charge
pump circuits are generally required in the single-
supply nonvolatile memories, such as EEPROM
and Flash memory, require the high-voltage
generator ~ for  programming the floating-gate
switches. Most high-voltage generators are based
on Dickson charge pump [l] that can be
implemented in various ways. Strait forward using
of MOS, no matter N or P chain, one may suffer
from device threshold voltage drop. On one hand,
the amount of threshold voltage is dominant when
the supply voltage is around one or two volts, On
the other hand the more stage cascaded the more
Vryy drops. This is the limitation and the reason why
the pumping gain cannot be made very high.

Cross-coupled CMOS inverter can be used as
switches in charge pumping circuit. Devices
operate in non-saturation mode that Vps drop are
less than Vry drop. Such a circuit is investigated in
this paper. Rather than focusing only on the details
of a new negative high voltage generator, in
addition and comparison, we also have investigated
other 2 types of conventional negative voltage
generator. Several parameters of the circuits are
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taken out. These are, for instance, number of stages,
rang of supply voltage, clock frequency, steady
state times and output loading characteristic.

IL. Circuit Configuration

A conventional single chain negative voltage
generator with NMOS charge pumping circuit is
shown in Fig. 1. This is, in fact, a slight modified
version of the original Dickson’s pump. A double
chain topology is depicted in Fig. 2. Although two-
phase clocking is still employed, clock arranement
is altemnated. Because of its parallelism the second
circuit seem to have higher current drive (lower
output resistance). In fact the improved
conventional circuits in Fig. 2 can generate output
voltage slightly higher than the conventional. Due
10 the ripple voltage of improved circuits are half of
conventional circuits. Note that the substrate of
NMOS devices are tied to the most negative
voltage. This can ensure the less substrate bias
influence. MOS Devices ' are working in the
saturation mode and as diodes. The output voltage
of the circuit shown in Fig. | can be given by (1)

Voir = <n ¥ Wy +(n+1)V,, (1)

where ¥ is the threshold voltage of NMOS
modified by the body effect due to the source
voltage. Obviously, the output voltage suffers from
MOS threshold voltage which is also get multiplied
by the number of stages when the output voltage
Vour is taken of.

The above drawback can be compensated by
the proposed CMOS circuit shown in Fig. 3. The
schematic diagram of such a circuit is similar to the
CMOS positive charge pump proposed in [4], It
consists of two parallel paths having symmetrical
CMOS  structure and driven by two non-
overlapping clock signal. Cx are the kick
capacitors, C; and R, are load capacitor and load
resistor respectively. This circuit does not suffer the
body effect because the source and the substrate
terminals of each MOS are connected. It should be
noted that MOS transistors operate in non-
saturation region. The voltage at the end of 1* stage
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Fig.1 n-stage conventional negative voltage pumping
circuit (Conv. A).

Fig.2 n-stage improved conventional negative voltage
pumping circuit (Conv. B).
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Fig. 3 Proposed n-stage negative voltages pumping
circuit.
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Fig. 6 Steady State Time vs. Number of stages n
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