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Abstract. This paper presents a negative type second-
generation current conveyor (CCII-). It is based on an
inverter-based low-voltage error amplifier, and a negative
current mirror. The CCII- could be operated in a very low
supply voltage such as +0.5 V. The proposed CCII- has
wide input voltage range (+£0.24 V), wide output voltage
(x0.24 V) and wide output current range (+24 mA). The
proposed CCII- has no on-chip capacitors, so it can be
designed with standard CMOS digital processes. More-
over, the architecture of the proposed circuit without cas-
coded MOSFET transistors is easily designed and suitable
for low-voltage operation. The proposed CCII- has been
fabricated in TSMC 0.18um CMOS processes and it occu-
pies 1189.91 X1178.43um’ (include PADs). It can also be
validated by low voltage CCII filters.
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1. Introduction

In a hand held system and biomedical implant system,
the main power supply is a battery, so the mobile control
analog integrated circuit needs to match small volume,
low-voltage, low-power, and high output voltage and cur-
rent characteristics to improve the battery life [1], [2]. In
analog circuit design, current-mode circuits have many
well-known advantages. For example, they provide high-
performance in speed, bandwidth and precision, yet con-
sume less power [3], [4]; thus, they have found wide appli-
cations in high-performance active circuits. Current-mode
circuits do not need high voltage gain nor high precision
passive components. They can be applied in all transistor
designs, which make them compatible with typical digital
processes [5].

Since Smith and Sedra released the second generation
current conveyor in 1970, it has served as the basic cur-
rent-mode circuits [6]. Since then, the CCII has been used
in many application circuits. The portability and the low-
power consumption has enabled them to be widely used in

battery-powered products, such as hearing aids [7-9], im-
plantable cardiac pacemakers [10], mobile phone [11] and
hand held multimedia terminals [12].

The second-generation current conveyor, CCII, is
a popular current-mode circuit [13-17]. Most of the two
supply voltage current conveyors require £0.75 V supply
voltage or higher, but their output currents are less than
1 mA [18], [19]. These current conveyors are designed
with a class AB cascoded current mirror. The cascoded
current mirror is not a very low-voltage structure. Recently,
there are some papers that proposed a low supply-voltage
(less than or equal to +0.5 V) CCII, and their theory was
simulated in HSPICE but was not fabricated and validated
into an integrated circuit [20], [21]. These current convey-
ors are based on quasi-floating gate transistors, which are
based on float-gate transistors. Therefore, they are not
suitable for low-frequency filter and oscillator applications,
and cannot be fabricated with standard CMOS digital proc-
esses. Moreover, the linear capacitors will cause a larger
chip area. They will increase the cost of chip fabrication.

This paper proposes current-mode active components
based on a inverter-based low-voltage error amplifier [22],
[23] and a negative current mirror [24] — the negative sec-
ond-generation current conveyor (CCII-). This new com-
ponent uses an inverter-based low-voltage error amplifier
instead of class AB amplifier or other amplifier in the con-
ventional CCIL. To compare with conventional CCII, this
inverter-based low-voltage error amplifier based CCII- has
low supply voltages, wide input voltages, and wide output
voltages and currents. They can be operated at very low
supply voltage (£0.5 V). Their input voltage ranges from
+5 uV,,, to £240 mV,,,, which will output the same volt-
age and generate £0.5 uA,, to £24 mA,, current with
10 Q output load. Thus, they are highly compatible with
various types of analog circuits.

Analog engineers have used current conveyor exten-
sively to design circuits such as filters [25], oscillators [26],
rectifiers [27], and low-noise amplifiers [28]. In recent
years, active filters are more important in power electronics
and analog signal processing. Because of the development
of current mode circuits, the performance of analog circuits
has improved considerably. The active filters of a current
conveyor have since received more attention in biquad
filter design [29], [30].
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This research focuses on CMOS processes. It uses
a CMOS characteristic and an inverter-based low-voltage
error amplifier as well as a negative current mirror to con-
struct a new CCII-. We designed a chip of negative second
generation current conveyor (CCII-) for fabrication.

2. Circuit Description

CClI-

on—lx— X

Z-—=—0
Vyo——Y

Fig. 1. Negative current conveyor (CCII-).

CCII- is a three-terminal element as shown in Fig. 1.
The ideal CCII characteristic equation can be described in
(1). Y terminal having a high input impedance, can be used
as a voltage mode input terminal used to input voltage

signal. The Y terminal has no current flows (/, = 0), but it
transmits the same voltage signal to the X terminal
(Vy=V,). X terminal has low input impedance, so it can
output voltage and current. When the X terminal is con-
nected to a load, a current flows into the X-side, and the
current is reversed and transmitted to the Z- terminal
(I, =-I,). Z- terminal has high output impedance, suitable
for working in the current mode.

iOOOvy

y
\% = 1 O 0 1 (1)

X X

il o =1 0fv,

Fig. 2 is a complete circuit diagram of the proposed

inverter-based low-voltage current conveyor. This inverter-

based low voltage error amplifier [22], [23], shown in the

leftmost portion of Fig. 2, is a 2-input and 2-output low-

voltage error amplifier. The output of the inverter-based

low-voltage error amplifier via the differential to single

amplifier, shown in the middle portion of Fig. 2, turn into
a single-ended output. These two parts use closed-loop

Vpp
VoG
M,
ol Voo Voo | Voo Voo
X O0—¢
Mn1
M, M5
VSS v08
Vbp

V. . .
$S Inverter-based Low-voltage Differential Negative
Error Amplifier to Single Current Mirror

Fig. 2. The inverter-based low-voltage CCII- circuit.

negative feedback mechanism to stabilize the voltage. In
the rightmost portion of Fig. 2, the negative current mirror
copies and reverses X terminal current to Z terminal. The
above three parts are connected together to form a negative
current conveyor.

The proposed inverter-based low-voltage CCII- cir-
cuit will be analyzed step by step as follow. First, we dis-
cuss the single inverter as shown in Fig. 3(a), which is the
same as Invy, Inv,, Invy and Invg in Fig. 2. Its output and
input voltage relationships can be given as (2). Subse-
quently seen from Fig. 3(a), flowing through the NMOS
current /4, and the PMOS current /,, are represented by (3)
and (4). Thus, a single inverter output current /,, is repre-
sented by (5).

Fig.3. (a) The single inverter (b). The single inverter with

input voltage equal to output voltage.

gmnl,Z _gmpl,Z
1 1’
gmpl,Z + +
ropl,Z ranl,2
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When the inverter input and output terminals are
connected together as shown in Fig. 3(b), which is the
same as Inv, and Invs in Fig. 2. Therefore, the function of
Invy and Invs in the circuit is equivalent to a resistor.
Because V;,= V., then I,,,= 0. When we substitute (3) and

(4) into (5), V. can then be expressed as (6). If Vi=-Vu
and V,,= -V,,, then V, can be simplified as (7).
(VDD +I/tp)_,‘”§n(VSS +th)
V.= = , (6)
A
B,
1+ |2\, +7,)
ﬂ[)
V.= (7N

VDD VDD
Mpq
X X Vos
Vor Ms
Inv, Inv,
VSS VSS
VDD VDD
Inv; Inv,
Mp; 6
Y Y Vos
Vo2 M
N2
Inv, Inv,
Vss VSS

Fig. 4.

Fig. 4(a) shows the inverter /nv, and Inv,. Fig. 4(b)
shows the inverter-based low-voltage error amplifier
circuit. From Fig. 4(a), X and Y terminal are the inputs of
Inv| and Inv,, respectively. The output voltage of /nv, and
Inv, can be given as (8) and (9), respectively.

Vol —_ gmnl _lgmpl 1 Vx , (8)
+—t—
gmpl rnpl rnnl
gng - gm 2
V= =y ©)
gmpZ t—
op2 r(mZ

From Fig. 4(b), the input and output of /nv, and Invs
are connected together, which are equivalent to resistors.
Inv; and Invg are differential pairs, whose common mode
voltage V, shows as (7). The common-mode level of the
output voltages Vys and Vy; is controlled by the four
inverters (Invs, Invy, Invs and Inve) of Fig. 4(b). The values
of these resistances are 1/gms, 1/gmy, 1/gms and 1/gmg. Inv;

(b)

(a) Two balanced inverters. (b) The inverter-based low-voltage error amplifier.

and Invg generate currents gms(V-Vy) and gme(V-Vio),
respectively. Thus, Vy; and Vs can be given as (10) and
(11), respectively. The input voltage difference (V;,) of Inv,
and Inv, can be obtained as (12). If gup1= Gup2= Q12>
8Emnl = mn2 = &mn1,2> Fopl = Vop2 = Vonl,2 their
differential output voltage V,, is equal to Vys-Vo;, and can
be obtained by (13). Finally, the voltage gain of inverter-
based low-voltage error amplifier 4y, can be obtained as

(14).

Vop1,25 Yonl = Von2 =

1

Va3:i:(V¢_V01)’ (10)
gmp3
1
Vig=—2==(V, ~Vy,)- (an
gmp6
Vi=V,~V.,, (12)
Vi =Voe =Vis =V =Voa
gnml,Z _gm 1,2
: x )09
Em s + +
o2 opl,2 ranl,Z
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AVd _ Vad — gmnl,Z _gmpl‘z . (14) R,*g =00, (17)
Vi T
gmpl,2+ + r(m9 //I"a 9
ro}JI,Z ronl,Z 9 = on o 18
1 + Athal ’ ( )
Fig. 5 is a differential to single amplifier. It is also the
intermediate portion of Fig. 2. The two output of inverter- V.= (gmp9R09)>< Vs » (19)
based low-voltage error amplifier coupled to the two inputs
of a differential to single amplifier. The differential to Ay, = ;_Y = ZuoRos (20)
08

single amplifier turns into a single-ended output. Its output
voltage and voltage gain can be given as (15) and (16).

Vop Vbp

m P7 M, P8
V08

I——o Voe

Vos °—‘I M7 My,

Vss Vss

Fig. 5. The differential to single amplifier.

Vs :gmp7(r0p8 //FOnS)(VOG - V()}): (15)
A — VOS

s =T (16)
: VOG_VO3

= gmp7 (ropg /" r(mS)'

Last but not least, Fig. 6 shows the negative current
mirror circuit, which is shown as the rightmost part of
Fig. 2. The input of M,y and M,,, is the output of differen-
tial to single amplifier, while the CSy output feedback to
the CCII- X terminal to let V, = V). The CSy and CS, are
the positive current mirror and if another current mirror
CS, and CS), is added, but the output of CS), is broken
and cross connected to the inputs of CSj; to invert the
current polarity and form a negative current mirror. For
example, the drain of M, is connected to the drain of M,,;
and the drain of M, is connected to the drain of M,,,, so
]z: '1x~

From Fig. 6, the input resistor R, can be given as (17)
and the output resistor R,y can be given as (18). Thus, the
output voltage ¥, can be represented as (19) and the volt-

age gain of common source stage (4y,) can be obtained as
(20).

Fig. 6. Negative current mirror.

Finally, we composed the above three parts, low-volt-
age error amplifier, differential to single amplifier and
negative current mirror, to form a low-voltage CCII-. The
total voltage gain of this composed CCII- can be obtained
as (21). The voltage gain of each part depends on the tran-
sistor’s g,, and r,. Hence, adjusting the W/L of transistors,
will make A4, x Ay, x Ay, >>1, Apo= 1 and V= V.

V, Ayy x Ay X Ay,
AVtatal == ’ .
V. 1+(d4,, x4, xA4,)

y

ey

For CCII-, the output current of terminal X and
terminal Z can be given as (22) and (23) respectively. From
Fig. 6, we know that I 0= I41, and I,0 = Ig12. Thus, we
obtain I,= -1, or I,.= I, and obtain A4; or 4;. as (24) or (25).

I, :]dp9_ldn9’ (22)
I :IanZ_[dp129 (23)
I 1 -1,

A === 2 g (24)
Ix ]dpQ_Idn9
I Ly —1,

A =t a2 " Tdp12 _ (25)
]x Idp9_ldn9

3. Applications

To prove the functionality of this proposed CCII-, we
implement a CCII- filter. Fig. 7 shows single CCII- based
biquad filter [29]. The filter of Fig. 7 could be a low pass
filter (¥7) and band pass filter (V).

vdd

T

Vdd

Vip &=—Y

ccu- z

Vi
— C, [o7%

Fig. 7. The single CCII- biquad low-pass filters.
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The characteristic equation of Fig. 7 is shown as (26).
w9, O and gain are given as (27), (28) and (29),
respectively.

1
ﬂ — Rlez 1 1 , (26)
Vs 52C1C1z +S(C1 +CIZ)R7+R R
z x4tz
PO S — @7)
CIClszIRz
1 R
= |——| —=CC,_ |, 28
Q Cl + Clz (Rxl 1 IZJ ( )
and gain = -1. (29)

4. Experimental Results

Fig. 8 shows the micro photograph of the proposed
CCII-. The chip area of CCII- is 1189.91X1178.43 um?,
which is fabricated with TSMC 0.18 um CMOS processes.
The aspect ratios of MOS transistors are shown in Tab. 1.

1178.43

! 1189.91 p |

Fig. 8. Chip photographs of the proposed CCII-.

Transistor W/L(um) Transistor W/L(um)
My, My, 1/1 M1, M, 1/1
M3, Mys 4/1 M3, Mus 1/1
M5, Mys 4/1 M,s, M6 1/1
Mp7, Mpg 3/1 M,,7, Mng 1/1
Mo, Mo 10/1 Mo, Mo 10/1
M1, Mpia 10/1 M1, Moo 10/1

Tab. 1. Aspect ratios of MOS transistors in proposed CCII-.

4.1 CCII Experimental Results

The proposed chips can be operated at £0.5 V supply
voltages. The performances of the proposed CCII- are
listed in Tab. 2. At 0.5 V supply voltages, Tab. 2 shows
the input, output voltages/currents and other parameters,
such as the voltage tracking error and 3dB voltage
bandwidth from Y to X, and the current tracking error and
3dB current bandwidth from X to Z and parasitic
parameters R,, C,, R,, L, R., C., and power consumption.

Parameter CCII-
Inputs Vop +0.50 V
VSS -0.50V
Vi +0.072 V
7, +0.24 Vp-p
Outputs Ve +0.24 Vp-p
I, +24 mAp-p
L F 24 mAp-p
function Voltage tracking error 0.01 %
Vy/Vx bandwidth 36.0 MHz
Voltage performance 99.99 %
Current tracking error 0.15 %
Iz/Ix bandwidth 30.2 MHz
other R, 1.4 GQ
C, 2.75% 10" F
R, 137 KQ
Ly 5.28X10"H
R 225 KQ
C: 6.2X10"°F
Power Consumption 120 mW

Tab. 2. The performances of the proposed CCII-

Tek Run
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@G 20.0mv_ |Chd| 20.0mv

WM2001s] A Ch1 F —200mV]

Fig. 9. The experimental waveforms of the proposed CCII- at
Vsupply =+0.5V, (a) Vy & Vx, (b) Ix & Iz.

Because the output current is proportional to the
power consumption and the proposed CCII- is designed for
high output current, hence the power consumption is high.
If the dimensions of Mp7~Mpl2 and Mn7~Mnl2 are
divided by 10 and the input voltage (}) is also divided by
10, then the output current (/,, ;) and power consumption
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are reduced to one tenth. Similarly, if the dimensions of
Mp7~Mp12 and Mn7~Mn12 are divided by 100 and the
input voltage (V)) is also divided by 100, then the output
current (/,, I,) and power consumption are reduced to one
percent.

Fig. 9 shows the experimental waveforms of the pro-
posed CCII- operating at +0.5 V supply voltages. Fig. 9(a)
shows the input voltage waveforms of terminal ¥ and out-
put voltage waveforms of terminal X. Fig. 9(b) shows the
output current waveform of terminal X and duplicate
reversed current waveform of terminal Z-.

From the experimental waveforms, the proposed
CCII- functionalities are good. The input voltage of termi-
nal Y of the proposed CCII- can be raised to £0.24 V with
+0.5 V supply voltages and it will generate the same output
voltage at terminal X, which is 48% of the supply voltage.
Terminal X and Z- of CCII- generate £24 mA and
T 24 mA currents, respectively. Those output voltages and
currents are almost 10 times the voltage and current of
other CCII [18-21] designs.

4.2 Filter Experimental Result

To validate the functionality of this proposed CCII-,
we implement a CCII- biquad filter using Fig. 7 circuit.
The frequency response of the proposed CCII- LPF (Fig. 7)
was validated with £0.5 V supply voltages, +0.08 V bias
voltage and the passive components R, =2kQ, C;=
100 pF, C,,= 100 pF, R,= 1.5 KQ. The experimental wave-
forms of the proposed CCII- LPF are shown in Fig. 10.

. [ 1]

958KHz

0 UK
5 N
-10

o

T .15

=

-20

-25

ZZZ N

-40
100 1K 10K 100K ™ 10M 100M

f(Hz)

Fig. 10. The magnitude and bandwidth of this proposed CCII-
LPF with 0.5 V supply voltage

Vo) | Vo) | Ra(KQ) | R(KQ) | C=C(F) | BW(Hz)
0.5V | +0.08 2.0 1.5 100n 960
£0.5V_ | +0.08 2.0 L5 10n 9.56K
0.5V | +0.08 2.0 L5 In 97.0K
0.5V | +0.08 2.0 1.5 100p 958K
0.5V | +0.08 2.0 1.5 10p 9.60M
0.5V | +0.08 2.0 1.5 Ip 33.0M
0.5V | +0.08 2.0 L5 0.1p 35.8M

Tab. 3. Experimental results of this proposed CCII- biquad
filter operating at +0.5 V supply voltage and +0.08 V
bias voltage.

By changing C, and Cj,, the bandwidths of the proposed
CCII- LPF are listed in Tab. 3.

Finally, we compare the proposed current conveyor
with previous works in [18], [20] and list the results in
Tab. 4.

Parameter This CCII- CCIl'in [18] CCII in [20]
CMOS
technology 0.18 pum 0.35 pm 0.35 um
Experimental Measured Simulation Simulation
results results results results
Fabricated Yes No No
Suitable for
standard CMOS Yes Yes No
digital processes
Supply voltage +0.5V +0.75V +0.5V
Number gf linear 0 0 4
capacitors
Low—.voltage Yes No Yes
architecture
Current driving +24 mA <4 mA +0.3 mA
capability

Tab. 4. Comparison of the proposed current conveyor and
previous works.

5. Conclusion

New inverter-based low-voltage CCII- is presented.
In the proposed CCII-, there are no linear capacitors and
they can be designed with standard CMOS digital proc-
esses that will reduce the cost of chip fabrication. The
architecture of the proposed CCII- without cascoded MOS-
FET transistors is easily designed and suitable for low-
voltage operation. This proposed CCII- can be operated in
wide dynamic input range such as £240 mV and low sup-
ply voltage such as £0.5 V. It can work in wide input volt-
age +0.24 V, and generate wide output voltage +0.24 V
and large output current +24 mA. Its output voltages and
currents are almost 10 times the voltage and current of
other CCII designs. This proposed CCII- has been fabri-
cated in TSMC 0.18um CMOS processes and it occupies
1189.91%1178.43 ym® (include PADs). It also can be
validated by low voltage CCII- filters.

References

[1] STORNELLI, V., G. FERRI, G. A 0.18um CMOS DDCCII for
portable LV-LP filters. Radioengineering, 2013, vol. 22, no. 2,
p. 434-439.

[2] SAHU, B., RINCON-MORA, G. A. A high-efficiency, dual-mode,
dynamic, buck-boost power supply IC for portable applications. In
18th Int. Conf. on VLSI Design, 2005, p. 858-861.

[3] JADAYV, S., KHANNA, G., KUMAR, A., SAINI, G. Low power
high throughput current mode signalling technique for global
VLSI interconnect. In Int. Conf. on Computer and Communication
Technology (ICCCT), 2010, p. 290-295.



1032 Y.S.HWANG, Y. T. KU, J. J. CHEN, C.C. YU, INVERTER-BASED LOW-VOLTAGE CCII- DESIGN AND ITS FILTER APPLICATION

[4] YUCE, E. Design of a simple current-mode multiplier topology

[10

[11

[12

[13

[14

[15

[16

[20

[

—

—

]

=

=

[}

[}

using a single CCCII+. [EEE Trans. on Instrumentation and
Measurement, 2008, vol. 57, p. 631-637.

HEDAYATI, H. A low-power low-voltage fully digital compatible
analog-to-digital converter. In Proc. of the 16th Int. Conf. on
Microelectronics, 2004, p. 227-230.

SEDRA, A., SMITH, K. A second-generation current conveyor
and its applications. /EEE Trans. on Circuit Theory, 1970, vol. 17,
p. 132-134.

DUTTA, D., UIJWAL, R., BANERIJEE, S. Design of low-voltage
low-power continuous-time filter for hearing aid application using
CMOS current conveyor based translinear loop. In /9th Int. Conf.
on VLSI Design, 2006.

DUTTA, D., KHAN, Q. A., BANERJEE, S. Design of continuous-
time filter for hearing aid application using current conveyors. In
9th Int. Conf. on Electronics, Circuits and Systems, 2002,
p. 169-172.

PAUL, S. K., SHAIK, M. E., SAMYUKTH, A. P., BERA, A. K.
Hearing aid: A current mode approach. In IET-UK Int. Conf. on
Information and Communication Technology in Electrical
Sciences, 2007, p. 553-557.

CIVICIOGLU, P., ALCI, M. CCII based analog circuit for the
edge detection of MRI images. In 2003 IEEE 46th Midwest Symp.
on Circuits and Systems, 2003, p. 341-344.

KOROTKOV, A. S., MOROZOV, D. V., TUTYSHKIN, A. A.,
HAUER, H. Channel filters for microelectronic receivers of
wireless systems. In [EEE 7th CAS Symp. on Emerging
Technologies: Circuits and Systems for 4G Mobile Wireless
Communications, 2005, p. 24-31.

BARTHELEMY, H., FERRI, G., GUERRINIL, N. A 1.5 V CCII-
based tunable oscillator for portable industrial applications. In
Proc. of the IEEE Int. Symp. on Industrial Electronics, 2002,
p. 1341-1345.

FANI, R., FARSHIDI, E. A new fully differential second
generation current controlled convey or using FG-MOS. In 20th
Iranian Conf. on Electrical Engineering, 2012, pp. 17-20.

KASODNIYA, S. K., NAGCHOUDHURI, D., DESAIL, N. M.
A new low voltage differential current conveyor. In Int. Conf. on
Informatics, Electronics & Vision (ICIEV), 2012, p. 837-841.

MAHMOUD, S. A., SOLIMAN, E. A., ORTMANNS, M., SOLI-
MAN, A. M. High speed fully differential second generation cur-
rent conveyor. In 53rd IEEE Int. Midwest Symp. on Circuits and
Systems (MWSCAS), 2010, p. 953-956.

MOUSTAKAS, K., SISKOS, S. Improved low-voltage low-power
class AB CMOS current conveyors based on the flipped voltage
follower. In IEEE Int. Conf. on Industrial Technology (ICIT), 2013,
p. 961-965.

NAIK, A. P., DEVASHRAYEE, N. M. A compact second genera-
tion current conveyor (CCII). In Int. Conf. on Advances in Recent
Technologies in Communication and Computing, 2010, p. 20-24.

ABOLILA, A. H. M., HAMED, H. F. A., HASANEEN, E. A. M.
New + 0.75 V low voltage low power CMOS current conveyor. In
Int. Conf. on Microelectronics (ICM), 2010, p. 220-223.

ABOLILA, A. H. M., HAMED, H. F. A., HASANEEN, E. A. M.
High performance wideband CMOS current conveyor for low
voltage low power applications. In /EEE Int. Symp. on Signal
Processing and Information Technology (ISSPIT), 2010,
p. 433-438.

MORADZADEH, H., AZHARI, S. J. Low-voltage low-power rail-
to-rail low-R, wideband second generation current conveyor and
a single resistance-controlled oscillator based on it. /ET Circuits,
Devices & Systems, 2011, vol. 5, p. 66-72.

[21] KHATEB, F., KHATIB, N., KUBANEK, D. Low-voltage ultra-
low-power current conveyor based on quasi-floating gate
transistors. Radioengineering, 2012, vol. 21, no. 2, p. 725-735.

[22] NAUTA, B. A CMOS transconductance-C filter technique for very
high frequencies. [EEE Journal of Solid-State Circuits, 1992,
vol. 27, p. 142-153.

[23] CHEN, J. J, LIN, M. S., LIN, H. C.,, HWANG, Y. S. Sub-1V

capacitor-free low-power-consumption LDO with digital con-
trolled loop. In IEEE Asia Pacific Conf. on Circuits and Systems,
2008, p. 526-529.

LIU, S. I, TSAO, H. W., WU, J. Electrically-programmable
MOSFET-C filter. Int. Journal of Electronics, 1990, vol. 68,
p- 793-802, 1990.

HWANG, Y. S., LIU, A., WANG, S. F,, YANG, S. C,, CHEN, J. J.
A tunable Butterworth low-pass filter with digitally controlled
DDCC. Radioengineering, 2013, vol. 22, no. 2, p. 511 - 517.

SOTNER, R., HRUBOS, Z., SLEZAK, J., DOSTAL, T. Simply
adjustable sinusoidal oscillator based on negative three-port cur-
rent conveyors. Radioengineering, 2010, vol. 19, no. 3, p. 446-454.

[27] KOTON, J., HERENCSAR, N., VRBA, K. Current and voltage

conveyors in current- and voltage-mode precision full-wave
rectifier. Radioengineering, 2011, vol. 20, no. 1, p. 19-24.

[28] GODARA, B., FABRE, A. A new application of current

conveyors: The design of wideband controllable low-noise
amplifiers. Radioengineering, 2008, vol. 17, no. 4, p. 91 - 100.

[29] LIU, S. 1., TSAO, H. W. The single CCII biquads with high-input

impedance. IEEE Trans. on Circuits and Systems, 1991, vol. 38,
p. 456-461.

[30] CHIU, W. Y., HORNG, J. W. Voltage-mode highpass, bandpass,

lowpass and notch biquadratic filters using single DDCC. Radio-
engineering, 2012, vol. 21, no. 1, p. 297-303.

About Authors ...

Yuh-Shyan HWANG was born in Taipei, Taiwan, in 1966.
He received the Ph.D. degree from the Department of Elec-
trical Engineering, National Taiwan University, Taipei, in
1996. During 1991-1996 and 1996-2003, he was a Lec-
turer with the Department of Electrical Engineering, Lee-
Ming Institute of Technology, and an Associate Professor
with the Department of Electrical Engineering, Hwa Hsia
Institute of Technology, Taiwan, respectively. In 2003, he
joined the Department of Electronic Engineering and the
Graduate Institute of Computer and Communication Engi-
neering, National Taipei University of Technology, Taipei,
where he is currently a Full Professor and serves as a De-
partment Chair. He serves on the Editorial Board of Active
and Passive Electronic Components since 2010, the Edito-
rial Board of Journal of Engineering since 2012, and the
Editorial Board of Analog Integrated Circuits and Signal
Processing and Far East Journal of Electronics and Com-
munications since 2013. He serves as an Associate Editor
of IEEE Transactions on Very Large Scale Integration
(VLSI) Systems since 2013. He is a Technical Program
Committee member for VLSI Design/CAD Symposium in
Taiwan during 2010-2013. His current research interests
include analog integrated circuits, mixed signal integrated
circuits, power electronic integrated circuits, and current-
mode analog signal processing.



RADIOENGINEERING, VOL. 22, NO. 4, DECEMBER 2013

1033

Yi-Tsen KU was born in Taiwan in 1958. He received the
BS degree in Electronics Engineering from Tam Kang
University, Taipei, Taiwan in 1986, and the MS degree in
Electrical Engineering from California State University,
Fullerton, USA in 2005. He is currently working toward
the Ph.D. degree with the National Taipei University of
Technology, Taipei, Taiwan. He is currently a Lecturer
with the Department of Electronics Engineering, Ming Chi
University of Technology. His research area includes ana-
log integrated circuits, current-mode integrated circuits,
and current-mode analog signal processing.

Jiann-Jong CHEN was born in Keelong, Taiwan, in 1966.
He received the M.S. and Ph.D. degrees in Electrical Engi-
neering from National Taiwan University, Taipei, Taiwan,
in 1992 and 1995, respectively. From 1994 to 2004, he was
on the faculty of Lunghwa University of Science and Tech-
nology, Taiwan. Since August 2004, he has been with the
Department of Electronic Engineering, National Taipei
University of Technology, where he is now a Professor.
His research interests are in the area of mixed signal inte-
grated circuits and systems for power management.

Cheng-Chieh YU was born in Taipei, Taiwan, in 1964.
After graduating from the 5-year Program of Electrical

Engineering, National Taipei Institute of Technology
(NTIT) in June 1984, he obtained the Certificate of
Advanced National Examination in Electrical Engineering
in Oct. 1985. He then continued to acquire M.S. and Ph.D.
degrees both in Electrical Engineering from National
Taiwan University (NTU), Taipei, Taiwan, in June 1988
and June 1991, respectively. From Aug. 1996 to Aug. 1997,
Dr. Yu conducted post-doctoral research at the EML Lab,
Department of Electrical Engineering, Texas A&M
University (TAMU), College Station, Texas, US. In
addition, he got promoted as a full professor in Nov. 1998
and elected to serve as the Department Head of Electronic
Engineering, National Taipei University of Technology
(NTUT), Taipei, Taiwan, from Aug. 1998 to July 2001.
From Aug. 2009 through July 2011, Dr. Yu was elected
and appointed as the Dean of the College of Electrical
Engineering and Computer Science, NTUT. From Feb. 1,
2011 on, Prof. Yu has been appointed as the Provost of
Academic Affairs, NTUT. Dr. Yu’s research interest
includes microcontrollers, firmware, electronic circuits,
communication electronics, communication protocols, RF
circuits, EMI, EMC, PCB layout, RF measurement
techniques, antennas, and wave propagation.



