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A Novel NeuMOS Source Follower Cell with High Precision’
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Abstract: A novel neuM OS source follower circuit is presented. T he cell can complete the source follower function
even if the input voltage is lower than the threshold of the source follower, thus high-precision operation of the cir—

cuit is achieved. The simulation and the measurement results show that its precision is higher than that of other

neuM OS source follower circuits.
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1 Introduction

Since the neuron MOS ( abbreviated as neu—
MOS) structure was presented by Shibata and Oh-
mi in Japan'" in 1991, in many neuM OS application
circuits such as neural network circuit'”, matched
filter'” and so on, the neuM OS source follower has
been widely used. However, the biggest shortcom-
ing of the source follower is that there is a thresh-
old loss between the output and the input signal.
Thus, some circuits to eliminate the threshold are
developed'”. But in these circuits, when the input
voltage is less than the threshold of the source fol-
lower, the output keeps a constant value, which
still leads to voltage errors. In this paper, a novel
neuM OS source follower circuit is presented and
the circuit performance is analyzed in details. The
simulation result shows that the output voltage can

well follow the input voltage even if the input volt-
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age is lower than the threshold of the source fol-
lower. Finally the experiment result proves that the

circuit can operate properly.

2 Circuit structure and operation
principle

The circuit consists of two MOS transistors
M1 and M2 and some assistant switches as shown
in Fig. .M 1 and M2 have the same threshold val-
ue Vi except that M1 is N channel neuM OS and
M2 is N channel normal M OS. T he floating gate of
neuM OS M1 is connected to Voo through SW3 and
the drain of M2 through SW4. The input signal Vi
is applied to the input gate of neuM OS M 1 through
SW 1. The source voltage of M1 is the output Vou.
In order to reduce the substrate bias effect, the
substrates of two M OS transistors M1 and M2 are
both connected to their sources. In addition, in or—

der to get good switch characteristics of the
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switches, CM OS transmission gate is used as SW 1
because its transmission signal is analog input sig—
nal. SW2 and SW3 are PMOS transmission gates
for power voltage Voo is connected to them, and
/SW2 and SW4 are NMOS transmission gates for

lower voltage terminals are connected to them.
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Fig. 1 Source follower circuit structure

Figure 2 explains how the circuit works to fin—
ish the voltage follow function. The circuit opera—
tion consists of three phases: (1) reset phase (2)
floating—gate pre-charge phase (3) source follow

phase. During the reset phase, the floating gate of

()

Fig. 2 Three phases of threshold circuit

That is to say, at the source follow phase, the
output of source following circuit can follow the in—
put very well even if the input is lower than the

threshold of the transistor.

3 Circuit performance analysis

In order to evaluate the basic performance of
the cell, the circuit is simulated with HSPICE. In

this cell, the value of input capacitor of M1 Ci as

the neuMOS M1 is connected to Voo with SW3
turned on. At the same time, the input gate and the
source node of M1 are connected to ground with
SW2 off and /SW2 on. The floating gate potential
is set to Voo as shown in Fig. 2(a). Then, during
the floating-gate pre-charge phase, the switch SW3
is turned off and SW4 is turned on. First, the tran-
sistor M 2 operates in saturation region. The float—
ing gate discharge through M2 until the floating
gate voltage is equal to the threshold value of the
transistor M2 when the transistor M2 is being
turned off. So under the stable state of this phase,
the floating gate potential of M2 % will be set at
the threshold value of M2 Vu. Finally, during
source follow phase, the switche SW2 is turned
on,/SW2 is off and SW1 is turned to the input sig—
nal Vi.. The source follower is activated. If the ca-
pacitor of the parasitical capacitor between the
floating gate and the substrate of neuMOS is ig—
nored, the floating gate voltage of M2 ® will be Vi

+ Vi, as a result, the output voltage Vou will be

VUI][: d?_ ]/,Ih%Vin‘l' Vth_ Vthz Vin (l}

(c)

(a) Reset phase: (b)Floating gate precharge phase: (¢)Source follow phase

shown in Fig. 3 is important to the performance of
this circuit. On one hand, in order to speed up the
discharge of the floating gate during the pre—charge
phase, the value of Ci should be set smaller. On the
other hand, if the value of Ci is too small, the para-
sitical capacitor of MOS transistor Co as shown in
Fig. 3 will affect the coupled voltage of the floating
gate during the source follow phase. It is assumed
that during the source follow phase, no charge in-

jection occurs. So the charge of floating gate in the
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Fig.3 Parasitical capacitor model of neuM 0§
pre—charge phase should be equal to that during the
source follow phase. In the pre—charge phase, the

charge of the floating gate is calculated as

O = CiVu+ CoVu (2)
In the source follow phase, the charge is
Qr2= Cu(R - Vi) + Co® (3)

Let Qri be equal to Qr2, then the floating gate po—
tential of the neuM OS should be
Cinvin
= . \ +
(# Cin+ Co

Generally, the efficient factor ¥ should be higher

V= ¥V + Vu (4)

than 0.9. So it should be a trade-off between the
speed and the floating gate couple efficiency. In ad-
dition, in order to improve the speed of the perfor—
mance of the circuit, the W/L ratio of the transis—
tor M2 can be set larger than normal. Figure 4
shows the HSPICE simulation result of the circuit.

The operation frequency is set at 50MHz. The
model parameters of the transistors are shown in
Table 1. At first, the input and output signal as
well as the control signal of SW2 are shown in Fig.

4(a).From the figure we can see that after operat—

ing at the floating gate pre—charge stage, the circuit

enters the source follow phase the effective
state when the switch SW2 is on. During the effec—
tive state, the source follower is activated and the
output signal follows the input signal. Figure 4(b)
shows the simulation curve of the Vou—Vi relation—
ship in the source follow phase. At the same time,
we give the curve of the conventional source fol-

the neuMOS

threshold canceling circuit in Ref.[4]. From that,

lower and source follower with
we can see that in conventional source follower,
there is always a threshold loss between the output

and the input voltage, so when the input is lower

than the threshold of the source follower, the out-
put will keep zero. In Ref.[ 4], a threshold voltage
is compensated to the output, so the output voltage
will follow the input voltage when the input signal
is larger than the threshold of the source follower.
But if the input voltage is lower than the thresh-
old, the output keeps a constant voltage Vu, thus
voltage error still exists. In our circuit cell, the out-
put voltage can follow the input with no threshold
loss even if the input voltage is lower than the

threshold of the source follower.
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Fig.4 Simulation result by HSPICE

Table 1  Model parameters of the trnsistors

M1 Vi 1V
M2 _ V= 1V

Cin= 0.518pf W/L= L. 0pm/0. Spm
W/L= 10pm/0. 5um

Other switch
| |r"'|h| =1V W/L= 1.0pm/0. 5pm
lansistor

Tox( gate)= 10nm T ox( poly) = 30nm

Generally, the source follower is used in the
circuit system when analog signal calculation is
needed such as neural network, matched filter and

so on. The conventional source follower can be



9 ] Yang Yuan et al.:

A Novel NeuMOS Source Follower Cell with High Precision 1077

used if the precision requirement is not high. A tra-
ditional way to settle the calculation precision of
the analog signal is to apply amplifiers to the cir-
cuit, which will increase the circuit elements and
area. Reference [ 4] presents a method to cancel the
threshold error when the input signal is beyond the
threshold through increasing two switches, a N
channel MOS and a capacitor. But, when the input
signal is lower than the threshold, there would be
still voltage errors to be settled. While in our cell,
the voltage error can be eliminated in the full range
of the input voltage through by only increasing two
switches and a N channel MOS. So our cell can im-
plement higher operation precision with fewer ele—

ments than other neuM OS source follower can.

4 Experiment results

We fabricate the test circuit and get the test
results as shown in Fig. 5(a). From bottom to top,
the curves are the control signal of switch SW2, in-
put voltage Vi and the output voltage Vou. From
the test results, we can see that during the source
follow phase (when the control signal of SW2 is
high) the output voltage can follow the input volt-
age very well even if the input signal is lower than
the threshold of the source follower. In order to
compare the result of our cell to the conventional
neuM OS source follower, we also give the test re—
sults of the conventional neuM OS source follower.
Figure 5(b) is the test results of the conventional
circuit without the threshold circuit (we test that
with the switches SW3 and SW4 always off), com-
pared with the test results of Fig. 5(a), this circuit

have a threshold loss between the Vo and Vi

5 Conclusion

A novel source follower circuit with high pre-
cise is presented and the operation principle of the
circuit operation is analyzed in details. The compar-
ison between other source followers and this circuit

is carried out. T he simulation result shows that our
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Fig. 5 Measured result of the circuit
circuit

cell has higher precision and fewer elements than
other circuits. Finally, a test circuit is fabricated
and the test result proves that the output voltage
of this circuit can follow the input voltage very
well even if the input voltage is lower than the

threshold of the source follower.
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