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ABSTRACT
A voltage clamping circuit composed of MOS transis-
tors with different threshold voltages is presented in
this work to resolve the output stabilization of charge
pumps. The charge pumps used in low voltage mem-
ories are intended to provide high voltages in case of
programming, erasing, or R/W operations. The pro-
posed design is carried out by solely MOS transistors
without any passive elements to replace common regu-
lators at the output. Hence, neither voltage compara-
tor nor voltage divider is needed in the proposed de-
sign. The clamped output voltage which the proposed
design can provide is contained in 2.8 V to 3.6 V given
VDD = 0.8 V to 1.3 V. The proposed circuit is im-
plemented by TSMC 0.25 ym 1P5M CMOS technol-
ogy. The mazimum power dissipation is estimated to
be 285.8 uW given 10 MHz clocks.

Indexing terms : charge pump, regulator, dual thresh-
old voltage, feedback, gate drive

1. INTRODUCTION

Charge pumps play an important role in high

voltage generators for non-volatile memories, e.g., FLASH

and EEPROM [5], [8]. In addition, ultra low-voltage
volatile memories, e.g., DRAM and SRAM, also de-
mand boosted voltage generators to compensate the
threshold voltage of the MOS or boosting bit line volt-
age to raise the speed of readout operations [2], [4].
However, since the boosting ratio of the charge pumps
are mostly linear. Any overshoot or undershoot at the
inputs of the charge pumps will introduce unwanted
voltage spikes delivered to the core of the memories.
Severe damages such as permanent defects might be
resulted. Most of the prior charge pumps adopt reg-
ulators at the output to stabilize the output voltage,
[1], [6], [8]- Unavoidably, voltage comparator, volt-
age divider or distributer, resistors and capacitors are
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often required. The area cost, thus, becomes unac-
ceptable when large resisters and capacitors are used
in the regulators or voltage reference generation cir-
cuitry. In this paper, we present an clamping circuit
to contain the output voltage by taking advantage of
MOS transistors with different V.

2. CHARGE PUMP WITH A CLAMPING
CIRCUIT

A multi-stage charge pump, e.g., a Dickson’s
booster [7], can be used with an effective boost ratio.
However, the ratio itself from time to time is linear.
Hence, for an input voltage higher than a certain value
which may be introduced by noise or power supply
spikes, the effective boost ratio results in an output
voltage larger than required. Even though the dam-
age might not be immediate to the chip, high output
voltage which is used to boost bitlines or wordlines
will cause shorter life time of the battery or core cells.

2.1. Basic theory

Referring to Fig. 1, the proposed clamping
circuit (clamper) is coupled to a charge pump via a
sample-and-hold (SH) circuit. The control signals fed
into the clamper are ATD (address transition detec-
tion) [9] and ATD to generate a “clamped” input named
V. to the SH block. The control signals to determine
the switches in the SH circuit are ATD (address tran-
sition detection) and ATD as well. The charge pump
could be either a two-phase clock driven [7] or 4-phase
clock driven design [3].

A simple thought to contain the output voltages
is to chop the swing of the driving clocks to the charge
pumps. Hence, the source of the NMOS transistors of
the clock buffers in the charge pump will be coupled
to the sampled output of the SH circuit, which is also
the clamped voltage generated by the clamper.

2.2. Clamping circuit

The schematic of the proposed clamper is re-
vealed in Fig. 2. Note that the swing of ATD and



ATD are VDD which is generated by the charge pump.
Hence, it is assumed to be a variable.

Case 1 : ATD = low, ATD = high

Vins is the threshold voltage of M5. M1 is on, while
M2 is off. The gate drive to M7 and M8 are high,
which in turn pulls down output, V.. In the mean
time, M4 is off, which cuts off the current source into
M5. M6 turns into a forward self-biased diode with
a small voltage drop = 100 mV. Thus, M3 is turned
on to keep the gate drive of M7 and M8 high. V, is
maintained by the closed feedback loop.

Case 2 : ATD = high, ATD = low, and VDD >| Vs |
Ag soon as the ATD turns high, M1 is off and M2 is
on. Since the gate drive of M3 is kept at 100 mV
at the beginning, the gate drive of M7 and M8 can be
kept high as long as the resistance of M2 is larger than
that of M3. In other words, we need a “long” M2 and
a “wide” M3 to keep this initial condition hold long
enough. V., hence, is still low initially to turn on Mb5.
On top of that, low ATD turns on M4. The gate drive
of M6 is pulled high to shut off M3. The gate drive of
M7 and M8 is then weakened to pull up V. to turn off
Mb5. Then, the oscillation cycle repeats. The steady
state, V, = VDD - | Vsgs |, will be reached.

Case 3 : ATD = high, ATD = low, and VDD <| V;p5 |
The initial state is identical to that in Case 2 : When
the ATD turns high, M1 is off and M2 is on. Since
the gate drive of M3 is sill low at the beginning, the
gate drive of M7 and M8 can be kept high as long as
the resistance of M2 is larger than that of M3. V.,
hence, is still low initially to turn on M5. However,
Vsas =~| VDD — V. |<| Vins | to make M5 stay shut
off. M6 is still nothing but a forward self-biased diode
with a small voltage drop =~ 100 mV. Thus, M3 is
turned on to keep the gate drive of M7 and M8 high.
V. is kept low.

Based upon the operation described in the above,
we learn that the W/L ratio of M2 to M3 is a factor.
Zys > Zpps is the key to success. Besides, the thresh-
old voltage of M6 must be small to provide a low gate
drive to turn on M3. Last but not least, V5 deter-
mines the function of VDD vs. V.. It should be high
enough to contain the range of the output voltage. In
short, the guidelines of the proposed design are as fol-
lows:

(1) Zme > Zps

(2). Use a native V; (low threshold voltage) transistor
to be M6.

(3). Use anominal V; (normal threshold voltage) tran-
sistor to be M5 of which the bulk voltage is increased
to generate a high Vis.

2.3. Sample and hold circuit

The SH circuit is shown in Fig. 3. Notably,
the V, is still low after a 0-to-1 transition of ATD. Two
analog switches are then required to sample and hold
the V.. The capacitance of Csg1 andCsge must be

large enough, e.g., > 10 pF to override the current roll-
back from charge pump. Meanwhile, Csp; is prefer-
ably larger than Cggo to avoid the charge-sharing ef-
fect. Thus, we conclude that VDD - | Vggs |= V, &
Vsa1 =~ Vsmo in Case 2.

2.4. Charge Pump

A modified Dickson-like charge pump is given
in Fig. 4. The output of the SH block is coupled to
the source of the pull-down NMOS of the clock buffers
driven by CLK1 and CLK2. The swing of the clock
buffers is limited to VDD - Vggo. We define it to be
Vclamp = VDD - Vsgo = Vsgs.

The MOSs consisting the clock buffers possess
medium V; (= 0.3 V). To ensure that every MOS in the
following pumping stages can be turned on, all of the
MOSs in the pumping chain are native V; (& 0.2 V).
The output voltage of the charge pump is summarized
as :

VOUT = VDD +4(VDD — Vsgs) —5-0.2

VDD + 4 - Vigmp — 1.0 (1)

By contrast, if the clamper is removed, the final
output becomes the following result.

VOUT = 5- VDD — 1.0 (2)

Therefore, the proposed circuit provides the clamping
function to the charge pump to prevent any unwanted
voltage spikes.

3. SIMULATION AND IMPLEMENTATION

The proposed design is carried out by using
TSMC 0.25 ym 1P5M CMOS process in CADENCE
EDA tools. Fig. 5 shows the simulation results of
V. given different VDDs. The oscillations occurring
at Case 2 are subsided gradually due to the implicit
feedback loop. It is also verified that the clamper will
not work when VDD is lower than 0.8 V, since M4 is
off in such a scenario. Fig. 6 shows the curve family
of VOUT when VDD is changed from 0.8 V to 1.3
V. Post-layout simulation results are shown in Fig. 7
(FF model and 8 (SS model) provided that the testing
conditions are 25°C, and VOUT € [0.8,1.3] V. The
VOUT is contained in the range between 2.8 and 3.6
V, ie., 3.2+0.4 V . The clamping, thus, is proven to
eliminate the linear pumping ratio effect. Meanwhile,
we can tell the difference between with clamping and
without clamping by the curves in Fig. 9. The features
of our circuit in Fig. 10 which is the layout of the
proposed design is summarized as Table 1.

The comparison between our design and two
prior charge pumps are shown in Table 2. Notably,
Miyawaki’s [5] employed two large resistors to reduce
power dissipation at the expense of chip area, while



CLK1, CLK2 10.0 MHz
ATD 5.0 MHz
avg. power | 0.2858 mW @ VDD=1.3V

die area 540x 563 pm?
core area 318x324 pm?
Table 1: The characteristics of the proposed chip

(25°C, TT models)

Calligaro’s [1] tried to use a voltage divider composed
of large capacitors to reduce the area cost. Both of
these prior designs depend on precise passive elements
which are very vulnerable to process variations.

[5] [1] ours
max. power | 0.4425 mW | 0.4360 mW | 0.2858 mW
core area (NA) (NA) 318x324 pm?

Table 2: The comparison with prior designs
(VDD=1.3V, VOUT=3.6V)

4. CONCLUSION

A clamping circuit utilizing an implicit feedback
loop as well as MOS transistors with different thresh-
old voltages is added to charge pumps to stabilize the
output voltage. The unwanted output voltage spikes
introduced by the linear pumping ratio are prevented.
Not only are possible damages to the memory cores
avoided, the power dissipation and chip are reduced
in contrast with prior regulator methods
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Figure 1: Proposed clamping circuit and the charge
pump
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Figure 2: Schematic of the proposed clamper
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Figure 3: Schematic of the SH circuit Figure 7: Post-layout simulation I (FF model)
VDD=13V ;4 N
VDD Yoo § 25 »
i, / 34V
CLK1 vout s 1.8 /
1
T
b VoD P P P 10 VDD=0.8V L
— T T T NV ;
-+ = 23V
cLK2 % 15 /
1
4

0 100 2000 300u  400u  S00u 600U 700u  BODU  900W
Time (lin) (TIME)

Figure 4: Charge pump
Figure 8: Post-layout simulation II (8S model)
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Figure 5: V. waveforms given different VDDs
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Figure 6: Curve familiy of V, vs. VOUT given different

VDDs
Figure 10: Layout of the proposed design



