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ABSTRACT

A novel voltage tripter using 4 clocks with different phases
is present in this work. Both the positive and negative po-
larities of the voltage are generated to serve as the boosted
voltage and the back bias voltage. The proposed design
is carried out by pass transistors and switched capacitors.
The largest generated voltages which the proposed design
can provide is +11.09 V and -10.62 V given VDD =33 V
when the circuit is implemented by TSMC 0.35 u IPAM
CMOS technology.

1. INTRODUCTION

Charge pumps play an important role in memory designs,
For instance, non-volatile memories, e.g., FLASH and EEP-
ROM, requires high voltages for programming and erasing
(typically >| 12 [V ) [9}. They are also used for low-
voltage volatile memories, e.g., DRAM and SRAM for
boosting word line voltage to compensate the threshold
voltage of the MOS or boosting bit line voltage 10 raise
the speed of readout operations [1], {3]. Owing to the
presence of the threshold leakage and the body effect of
MOS transistors, the pumping gain of prior charge pump
designs has been a problem tc be resolved. It is partic-
ularly crucial when ultra low-voltage embedded memory
1Pis (intellectual property) are integrated with CMOS cir-
cuits in SOC (system-on-chip) designs. Most of the prior
works were focused on the generation of a positive high
voltage [2], [4), [5], [6), [7], [8]), [10]. By contrast, a neg-
ative high voltage is often needed in the erase mode of
the non-volatile memories or in the read operations of the
volatile memeories. Another important application of nega-
tive voltages is required for the back bias which is used to
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reduce the sub-threshold current and junction capacitance.
The negative voltages produced by a back bias generator
(BBG) cam be used to enhance the device isolation capa-
bility and the latch-up immunity [1]. In this paper, we
present a novel charge pump design, which utilizes only
pass transistors and capacitors, to generate both positive
and negative voltages.

2. HIGH VOLTAGE GENERATOR

We will introduce the design of a BVG (boosted voltage
generator) which is a positive voltage tripler. Then, a BBG
which is a negative voltage tripler is discussed. A Ynal
combination of the BVG and the BBG, i.e., the dual-polarity
charge pump, is revealed at last. :

2.1. Boosted voltage generator

The proposed voltage tripler is shown in Fig, 1. There
are a total of three pumping stages which are driven by
four different clocks, clk1, clk2, clk3, and ¢lk4. The clock-
ing scheme is summarized as follows.

1). The 1 — { transition of clk2 must occur before the
0 — 1 transition of ¢lk1. Besides, the next1 — 0
transition of clk1 must take place before the 0 — 1
transition of clk2. Otherwise, either violation of the
mentioned two requirements will cause leakages via
pass transistors. The required clocking waveforms
are shown in Fig. 2.

2). The amplitude of the clocks is equal to the voltage
of the given VDD.

3). The ¢lk3 and clk4 are lagged the cik1 and the clk2
by 90°, respectively, to ensure the correctness of the
circuit.

4). Capacitor, C;, is coupled with the gate of NMOS
pass transistor NM;, Vi = 1,...,6, to add one
VDD voltage to the output voltage.

5). Theoretically, a pumping stage is composed of 2
NMOS pass transistors and 2 switched capacitors,
c.g., NMl,NMz, Cl, Cg.
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6). The number of states constructed by the four clocks
is 6, These six states constitutes a cycle which will
repeat as long as the clocks sustain. The output volt-
age will then converge to a stable state.

It is obvious that the proposed design is basically using
a 2-clock scheme, which is much simpler than the prior
4-clock schemes [6], [7]. Meanwhile, the same design
methodology can be applied to a higher voltage genera-
tor by increasing the amplitude of clkl and clk3 [11] or
adding more pumping stages to the one in Fig. 1.

2.2. Back bias generator

By applying the same design methodology, the BVG in
previous section can be modiYed to be a back bias gener-
ator which provides a negative voltage source, There are
also a total of four pumping stages which are driven by
four different clocks, cIk1, clk2, cIk3, and clk4, which are
the inverse waveforms in Fig 2. The operation of the pro-
posed BBG, which is shown in Fig. 3, is summarized as
follows.

1). By a dual design concept, all of the NMOS tran-
sistors are substituted with PMOS transistor, which
are labeled as PM,,..., PMj. It is noted that the
pumping stages are 4 in the proposed BBG due to
the intrinsically poor current switching capability of
PMOS transistors.

2). All of the clocks are exactly out of phase with re-
spect to those in the BVG design.

3), The input of the Yrst pumping stage is GND instead
of VDD which is the input of the Yrst pumping stage
in the BVG design.

4). Theoretically, a pumping stage is composed of 2
PMOS pass transistors and 2 switched capacitors,
c.8., PMI)PM21 GPI) CP2'

Similarly, the same design methodology can be ap-
plied to a higher voltage BVG by adding more pumping
stages to the one in Fig. 3.

2.3. Dual-polarity voltage generator

Since the BVG and the BBG described in the previous
two sections are completely dual designs, their combina-
tion is feasible by using inverters to generate two groups
of out-of-phase clocks. The entire dual-polarity voltage
generator is given in Fig. 4.

3. SIMULATION AND IMPLEMENTATION

The proposed design is implemented by TSMC (Taiwan
Semiconductor Manufacturing Company) 0.35 pm 1P4M
CMOS technology. Fig. 5 shows the post-layout simu-
lation results of our design by TimeMill. The die photo

is shown in Fig. 6. The pumping gains given a positive
voltage input and a negative one of our design with Dick-
sonis [12] and NCP-2 (charge pump using dynamic charge
transfer switches) [10] are respectively demonstrated in
Fig. 7 and Fig. 8. It is obvious that our design not only
provide a higher gain, but also a faster lock time. Notably,
the loading capacitor in the simulations of the above com-
parison is set to 20 pF, while the clock period is 80 ns.

The conclusively physical measurement of the proposed
charge pump is tabulated in Table 1. The overall compari-
son for the boosted voltage generator are shown in Fig, 9
which shows the scepario of a positive input voltage, and
Fig. 10 which is for the negative input.

Last but not the least, Fig. 11 shows the comparison of
pumping stages vs. the output voltage in different designs,
which proves that cur design outperforms the rest. The
reasons why the prior designs provide a sub-par perfor-
mance can be summarized as follows. The output of every
pumping stage of Dickson decreases one Vth. Therefore,
the Ynal output of this charge pump is reduced by (# of
the pumping stage)-(Vth) volt. On the otherhand, the par-
asitic capacitance of the NCP-2 design is 3 times of that
of Dicksonis design, which deteriorates the pumping ef-
‘f’ciency [101. Hence, our design outperforms these two
prior works, because of the special 4-clock scheme.

Table 1. Simulation summary of the proposed design (unit
= volt)

input VDD | Vouir | Voutn
1.3 32 -2.32
2.5 7.11 -6.10
33 11.09 | -10.62

4, CONCLUSION

In this paper, a novel dual-polarity charge pump design,
which utilizes only pass transistors and capacitors, is pre-
sented to generate both positive and negative high voltages
to serve as boosted voltage and back bias of memory de-
vices, The simulated results also show the performance of
our design is better than others.
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Figure 1. Proposed charge pump for the BVG design
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Figure 2. 4-phase clocking scheme for the BVG
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Figure 4. Proposed dual-polarity voltage generator
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Figure 5. Post-layout simulation (25°C, TT mode, in-
put=3.3V)



Pupoesd
A
NCP-2
D ideem
3.8
Z.B8
166
wee L L L : !
G 880 428w S840 LUICHE

Figure 7. Qutput voltage comparison given a 3.3V input

Figure 8. Qutput voltage comparison given a 1.5V input
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Figure 9. Positive input VDD vs. ouiput voltage
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Figure 10. Negative input ¥YDD vs. output voltage
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Figure 11. Pumping stages vs. output voltage
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