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Current —-mode Kerwin, Huelsman and Newcomb (KHN)
By using CDTA

Mahmoud Ahmed Shaktour
Elmergib University, Faculty of Science, Department of Physics.
mashakture@elemergib.edu.ly

Abstract: The first goal of the paper is to understand the properties of
active filters. | studied the basic theory of operational amplifiers (Op
Amps) and will show how they can be used together with capacitors and
resistors to create any kind of filter in the audio frequency range. This
work is focused on Kerwin, Huelsman, and Newcomb (KHN) filter which
| have designed by Current Differencing Transconductance Amplifier
(CDTA).

Keywords: CDTA, KHN filters and Active filters.

1. INTRODUCTION

Active filters use amplifying elements, especially Op Amps, with
resistors and capacitors in their feedback loops, to synthesize the desired
filter characteristics [1]. Active filters can have high input impedance,
low output impedance, and virtually any arbitrary gain. They are also
usually easier to design than passive filters. Performance at high
frequencies is limited by the gain-bandwidth product of the amplifying
elements.

The Kerwin—Huelsman—-Newcomb (KHN) biquad filter [2, 3] belongs to
popular filter structures of the type of “two lossless integrators in the
feedback loop”. An important feature of this structure is the generation of
all three basic filter transfer functions, i.e., low-pass (LP), band-pass
(BP), and high-pass (BP) simultaneously. In addition, filter tuning can be
done without modifying the quality factor of the circuit.

In this paper, we report a CM KHN structure employing current
differencing transconductance amplifiers (CDTAS) as active elements [4],
whose input and output signals are currents. It should also be noted here
that, the CDTA offers wider frequency bandwidth advantages as
compared to its close relative, the current differencing buffered amplifier
(CDBA) [5]. The proposed filter consists of only CDTAs and two
capacitors, and thus it can be classified as CDTA-C filter, an analogy
with the well-known gm —C filters.
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2. CIRCUIT DESCRIPTION

The CDTA element [4] with its schematic symbol in Fig. 1 (a) has a pair
of low-impedance current inputs p and n, and an auxiliary terminal z,
whose outgoing current is the difference of input currents. Also in Fig. 1
(b) is given a possible implementation of CDTA using the OTA
components. Here, output terminal currents are equal in magnitude, but
flow in opposite directions, and the product of transconductance gm and
the voltage at the z terminal gives their magnitudes. Therefore, this active
element can be characterized with the following equations:

Vp =1, =0, I; =1p — I (1)
Ly = 8mxVz Lo = —8mxVz (2)

Where V,= |,.Z, and Z, is the external impedance connected to Z terminal
of the CDTA. CDTA can be thought as a combination of a current
differencing wunit [6] followed by a dual-output operational
transconductance amplifier, DO-OTA. Ideally, the OTA is assumed as an
ideal voltage-controlled current source and can be described by I,=
gm(V+ — V=), where I, is output current, V.. and V_ denote non-inverting
and inverting input voltage of the OTA, respectively.

CDTA applications do not require the use of external resistors, which are
substituted by internal transconductors. Analogously to the well-known
“gmC” applications, the “CDTA-C” circuits are formed by CDTA
elements and grounded capacitors. Such structures are well-suited for on-
chip implementation

Marking the voltages of p, n, x, and z terminals in Fig. 1 (a) with symbols
Vy, Vi, Vs, and V,, then for the CDTA+- element the following equations
are true:

I, 0 0 0o 1 -1 V,
Ly gn 0 0 0 0 |[Vas 3)
Ix— = —9m 0 0 0 0 Vx—
V 0 0 0 0 0 L,
v, 0 0 0 0 © I,
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Fig. 1: (a) Symbol of the CDTA, (b) its implementation by bulk-driven

OTAs.
3. OPERATIONS USING THE IDEAL CDTA

e Integrator using CDTA
The operation of integration can be achieved very conveniently using

the CDTA as shown in Fig. 2. Clearly [7],

Ly  9m
K =2=2"
‘I, sC (4)
e —
CDTA

Fig. 2: Integrator using CDTA.

e Current Summation using CDTA
Current summation can be obtained using CDTA as shown in Fig. 3.

—lin— o) X
CDTA

n X-p——-—
Z ™
I+ It I YI.=0
.

Fig. 3: Current summation using CDTA.
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4. DESIGN OF KHN FILTER USING CDTA
We now design the KHN biquad by three CDTA shown in Fig. 4 to
realize the three standard LP, BP, and HP specifications [8].

—>— X+ — P X+ — X+

> n X- n X-¢——P—9n X- g—— I
+ * A

li [ |Hpj_c IBP_{_C
i 1

Fig. 4: The Kerwin, Huelsman, and Newcomb (KHN) filter by using
CDTA.

Routine calculations for the proposed circuit in Fig. 4 yield the following
current transfer functions:

lp _—s° _[gmz} [ 9m2 s
Iin D(S), IBP _ C1 ILP _ C1C2 (4)
I, D(s) ., D)
Where
_ o2 gmz gngmS
D= *[ c, J“[ cC, J )

| Y9m29ms _ ImsCy
“=\cc, = Van.C, (6)

5. SIMULATION RESULT
Consider KHN filter in Fig. 4. Parameters foand Q are:
fo=1MHz and Q = 0.7 and C, = 50pF, C, =100pF.
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Fig. 5: Frequency response of KHN.
Simulation in Fig. 5 would show that the BP peak value is -0.187 dB

(0.98 V).
To measure Q from Fig. 5 and Fig. 6 we observe that:
fo =1.033 MHz, B = 1.398 MHz

f, 1.033MHz

= =0.738
B 1.398MHz

ACOTACIR

Q=

60.000

30,000

n.0o0

[056am-2.081].

_a0000k------ R M L RRGRi RECEERE EE
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100K

1h

10m
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Fig. 6: Measuring Q factor.
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6. CONCLUSION

| designed KHN filter by CDTA which provides all the LP, HP, and BP
transfer functions, with the current low-impedance input and high-
impedance outputs. The classical forms of the wy and Q formulae indicate
the possibility of independent control of these parameters and their low
relative sensitivities, namely £0.5, to variations in transconductances and
working capacitances.
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