d' ' d' yAaAAA
’JQi]ﬁﬂﬁf’)\‘iﬂ?1NﬂWTH‘Ye!ﬂ!!ﬂ'Uﬂ’ﬂ3Jﬂﬂl@ﬁiﬁﬂﬂﬂﬁ%l!ﬁiﬂﬂﬂl%mﬂ‘nm

a d A Aaa d d A
!!ﬁ%gﬂﬂﬂ‘iuﬂﬁ‘n’iﬂﬂﬂﬂ1i"ﬁ

CURRENT MODE OF ALL PASS FILTER USING CDTA

AND UNIFORM DISTRIBUTED RC

9NN VIUNWIIEY

a a {A o U = = LY
IneninusiuaIunilaveamsfinnmunangas
Baaimnssumansumiadia svdvisnssynih

a d
AMLIAINTINAIAAT
a e =S U =)
umIngnasmalulags1ruenatyys

Umsdnu 2557

a A Qd a U IS U ~
ﬁsll'GT‘VIﬁGlli’)QNH]?TIEI]@E]!TIﬂIuIﬁﬂﬁYMNﬂﬁﬁ U3

o



d' ' d' yAaAAA
’JQi]ﬁﬂﬁf’)\‘iﬂ?1NﬂNTH‘Ye!ﬂ!!ﬂ‘Uﬂ’ﬂNﬂﬂl@ﬁiﬁﬂﬂﬂﬁ%l!ﬁiﬂﬂﬂl%“ﬂﬂﬂ!@

a d A Aaa d d A
!!ﬁ%gﬂﬂﬂ‘iﬂﬂﬁ‘ﬂ’iﬂ?ﬂ@1i"ﬁ

9NN VIUNIIEY

a a A o J = = LY
Ineninusiiuaiuniaveamsfinnmunangas
Baaimnssumansumiadia svdsisnssynih

a d
AUIAINIINAAAS
v Ingnasmalulagsruenatyys

WUmsdnu 2557

a A Qd a U = U ~
ﬁslli;T‘VIﬁGlli’)QNﬁ]ﬂﬂﬂ]ﬁﬂ!ﬂﬂiuiﬁEﬁYHNQﬂﬁﬁ U3

o



%

e Inenfinus 29930509 NNARIUNNLAUAINDYeY Tnuanszud Tag 1y

a

anA a I a a J¢ I
Gmmauazguﬂmmﬁmummw

2-

¥o-uuana UNAIBAAG YIYNIY
a3 Arnssulilih
osdiiyInm A¥omans1nsd inesd Snmdoe, ae.a.
Ymsdinmn 2557
% )
UNANED

a a R { o A =
TN UTRTV U UAUBNTOBAVDINDINTDIANUDNIUNNUDUANND VO T HUA
nszud afansaieuazgiveiuaaniiine i d 2ashesnuuuansodunsizinans
apuauoIn1enwd 1dlugdunvuesisesnissiiunnuouaud aunsamauldlulnue
NI
A o Y v 9 o o X 5 ¢
s ibuerue ldunasniguseau Iihnszuaas sdmimdasnasdivuia 2 Trav
v v 1
waNMINHANMIABUALBINIIANNDYDIIIsNoBNUUD d1m50151 1ded19BdszdromsiSy
1 Aa o I o a d A aa o =) 9 am ad a 0
A imesAuNUlszuesdIgieIuAanI 10013 uazAleITNIINBIANNT B HATHIY
MIAIVANAIBATIVIEANUIV0IFATID NTUTUNANTABVAUDININANUDNIADITT 4]
AINaNIZNUAUAINADAALNNADS YDIIIDF

HANT91299MITUV0939938381151NT N PSpice 1oz 11511053 MATLAB WU

[
@

295NN NUDRIUNALAUANNDNBENMU DT RRAN TADUAUDINNVUIAGEAINANANDAST
a o vy =& A A Aaa Y o a o A 21 @
MIgydemnnIesaznile 1asiadesnmndtadeugaiuiamunasivedlundad angil
Aad Y991993A9NAADASIUAINDMST 1F 11 NE1UAD 100 DTaETac 4 10 WNLIBTAE LAY
~ \ 2 42 Y =\ P Y Vo Y o q ¥
estianw haeginsaldinmiianiae uenvntinasaunsoadelaae lugudou il

~ ° ¥ o v <
3Jﬂ’)13JL1’i3ﬂ$ﬁ3Jﬁ11’iﬁ‘]Ju']ulﬂﬁﬁNLﬂu’Ni]ﬁi'HJ

°o_o asa a Jd a aa I Ady 4 A
A1aIAtY: Tviuanszud ¥ane giWosuaanstine 15y nasaaunnnes 19950599AINDRIY

o U

NIUDUANIND

3)



Thesis Title Current Mode of All Pass Filter Using CDTA and Uniform
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Program Electrical Engineering
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Academic Year 2014
ABSTRACT

This thesis presents the design method of current modes of all pass filter circuit using
current differencing transconductance amplifier (CDTA) and uniform distributed RC (URC). The
circuit design can be synthesized of all pass frequency responses. In addition, the all pass filter
circuit can be operated in current mode.

The propose circuits require the supply voltage with only +2 VDC. In addition, the
frequency response can be adjusted by capacitance parameter of uniform distributed RC and
adjusting the transconductance gains of CDTA without affecting the quality factor.

The simulation results of circuit using PSpice and MATLAB indicated that good
magnitude response the loss less than 1%, good stability that closed-loop origin point at the Nyquist
stability criterion, constant group delay in pass band at frequency range 100 kHz-10 MHz, and low
sensitivities less than one unit. The advantage of the all pass filter is simply constructed. The

designed circuit is suitable for implementing in integrated form especially in VLSI design.

Keywords: current mode, CDTA, uniform distributed RC, quality factor, all pass filter
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Ll”t ’ \D 11228

TECHNOLOGY  100MHz Current Feedbuck
Amplifier with DC Guin Control

FEATURES DESCRIPTION

® Very Fast Transconductance Amplifier The LT®1228 makes it easy to electronically control the
Bandwidth: 75MHz gain of signals from DC to video frequencies. The LT1228
Om=10x IgeT implements gain control with a transconductance ampli-
Low THD: 0.2% at 30mVgg Input fier (voltage to current) whose gain is proportional to an
Wide I Range: 1pAto TmA externally controlled current. A resistor is typically used

m \ery Fast Current Feedback Amplifier to convert the output current to a voltage, which is then
Bandwidth: 100MHz amplified with a current feedback amplifier. The LT1228
Slew Rate: 1000V/ps combines both amplifiers into an 8-pin package, and oper-
Output Drive Current: 30mA ates on any supply voltage from 4V (+2V) to 30V (£15V).
Differential Gain: 0.04% A complete differential input, gain controlled amplifier can
Differential Phase: 0.1° be implemented with the LT1228 and just a few resistors.

High Input Impedance: 25MQ, 6pF
Wide Supply Range: +2V to +15V
Inputs Common Mode to Within 1.5V of Supplies
Outputs Swing Within 0.8V of Supplies

The LT1228 transconductance amplifier hasahighimped-
ance differentialinputandacurrent source output with wide
output voltage compliance. The transconductance, gp,, iS
S C ) setbythecurrentthatflowsinto Pin5, Isgt. The small signal
A\L;gill)ellxélel;r:rgr-]lﬁezgnéDlP and SO Packages Omisequaltotentimesthevalue of Iggrandthis relationship

g holds over several decades of set current. The voltage at

APPLICATIONS Pin 5is two diode drops above the negative supply, Pin 4.

The LT1228 current feedback amplifier has very highinput
impedance and therefore itis an excellent buffer for the out-
putofthetransconductance amplifier. The currentfeedback
amplifier maintainsits wide bandwidth overawide range of
voltage gains making it easy to interface the transconduc-
tance amplifier output to other circuitry. The current feed-

Video DC Restore (Clamp) Circuits
Video Differential Input Amplifiers
Video Keyer/Fader Amplifiers

AGC Amplifiers

Tunable Filters

® (scillators 21/ . : :

LN TR e oo rrve e v back amplifier is designed to drive low impedance loads,
L7 LT, y , LInear lechnology an e Linear logo are registered trademarks Inear . . . . .
Technology Corporation. Al othert?gdemarks are the pgroperty ogf thgir res;ective ovv(r)lers. suchas Cab|eS, withexcellent ||near|ty at hlgh frequen(:les.

TVP'CHL ﬂPPLICﬂTIOﬂ Frequency Response
Diﬂerential Input Variable Gain Amp 6 Vg = £15V
3 R, = 100Q
7uF 0 | lser=1mA
R3A
10k -3
+ =W _
" e > ‘
= .
- v ¢ — VouT (25 12 IseT = 300pA \
\
5V 15
X -18 ~N
R3S R2 . IsgT = 100pA \
100Q & 100Q 7 R1 HIGH INPUT RESISTANCE =21 ‘ ‘ ‘ ‘ ‘ HH
J|_ 270 @102 EVEN WHEN POWER IS OFF 4
= = ~180B < GAIN < 2dB 100k M 10M 100M
-_ -_ Viy <3V
& RS LT1228+ TAO1 FREQUENCY (Hz) LT1228 + TAO2

1228fd

AT e ? 1




LT1228
ABSOLUTE MAXIMUM RATINGS  PIN CONFIGURATION

(Note 1)
SUPPIY VOIAGE ... +18V 0P VIEW
Input Current, Pins 1, 2, 3, 5, 8 (Note §) .............. +15mA

lour [1] 8] GAIN

\J
Output Short Circuit Duration (Note 2) ......... Continuous izl AN \/ [ v

Operating Temperature Range

LTA228C. . 0°C to 70°C - o
LT12281ccoooeveeeeee e ~40°C to 85°C o
LT1228M (OBSOLETE) ...................... -55°C t0 125°C BLEADPDI  B-LoRD PLASTIC SO
Storage Temperature Range .................. -65°C to 150°C Tywax = 150°C, 634 = 100°C/W (N)
Junction Temperature o= TE0°C. = 150°CA (1)
Plastic Package..........cccoceeviicviniinicic, 150°C P
Ceramic Package (OBSQLETE) ......................... 175°C o = DS
Lead Temperature (Soldering, 10 SEC).........o......... 300°C OBSOLETE PACKAGE
ORDER INFORMATION
LEAD FREE FINISH TAPE AND REEL PART MARKING PACKAGE DESCRIPTION TEMPERATURE RANGE
LT1228CN8#PBF LT1228CN8#TRPBF LT1228CN8 8-Lead Plastic DIP 0°C to 70°C
LT1228IN8#PBF LT1228IN8#TRPBF LT1228IN8 8-Lead Plastic DIP ~40°C to 85°C
LT1228CS8#PBF LT1228CS8#TRPBF 1228 8-Lead Plastic SO 0°C to 70°C
LT1228IS8#PBF LT12281S8#TRPBF 1228 8-Lead Plastic SO —~40°C to 85°C
OBSOLETE PACKAGE
LT1228MJ8 LT1228MJ8#TRPBF LT1228MJ8 8-Lead CERDIP —55°C to 125°C
LT1228CJ8 LT1228CJ8#TRPBF LT1228CJ8 8-Lead CERDIP 0°C to 70°C

Consult LTC Marketing for parts specified with wider operating temperature ranges.
Consult LTC Marketing for information on nonstandard lead based finish parts.

For more information on lead free part marking, go to: http://www.linear.com/leadfree/
For more information on tape and reel specifications, go to: http://www.linear.com/tapeandreel/

ELGCTBICHL CHHRHCTGGISTICS The @ denotes the specifications which apply over the full operating

temperature range, otherwise specifications are at Ty = 25°C. Current Feedback Amplifier, Pins 1, 6, 8. £5V < Vg < 15V, Iger = OpA,
Vewm = OV unless otherwise noted.

SYMBOL | PARAMETER CONDITIONS MIN TYP MAX UNITS
Vos Input Offset Voltage Ta=25°C +3 +10 mV
o +15 mV

Input Offset Voltage Drift ) 10 uv/eC

It Noninverting Input Current Ta=25°C +0.3 +3 HA
o +10 HA

N~ Inverting Input Current Ta=25°C +10 +65 HA
o +100 HA

en Input Noise Voltage Density f=1kHz, Rf = 1k, Rg = 10Q, Rg = 0Q 6 nVAHz
in Input Noise Current Density f=1kHz, Rr = 1k, Rg = 10Q, Rg = 10k 1.4 pVAHz

1228fd
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LT1228
GLGCT“'C“L CHHRHCTGBISTICS The e denotes the specifications which apply over the full operating

temperature range, otherwise specifications are at Ty = 25°C. Current Feedback Amplifier, Pins 1, 6, 8. 5V < Vg < £15V, Iger = OpA,
Vem = 0V unless otherwise noted.

SYMBOL | PARAMETER CONDITIONS MIN TYP MAX UNITS
Rin Input Resistance Viy = £13V, Vg = £15V ) 2 25 MQ
VN = £3V, Vg = 5V ° 2 25 MQ

Cin Input Capacitance (Note 3) Vg =15V 6 pF
Input Voltage Range Vg = +15V, Tp = 25°C +13 +13.5 v

o +12 v

Vg =25V, Ty =25°C +3 +3.5 v

) +2 v

CMRR Common Mode Rejection Ratio Vg = 15V, Vgy = £13V, Tp = 25°C 55 69 dB
Vg =215V, Vg = 12V o 55 dB

Vg =25V, Vgy = £3V, T = 25°C 55 69 dB

Vg =25V, Vg = £2V ° 55 aB

Inverting Input Current Common Vg = +15V, Vg = £13V, T = 25°C 2.5 10 HAN

Mode Rejection Vg =215V, Vg = £12V ® 10 HAN

Vg =15V, Vg = £3V, T = 25°C 2.5 10 HANV

Vg = 5V, Vg = 2V ® 10 pANV

PSRR Power Supply Rejection Ratio Vg = £2V/ to £15V, Tp = 25°C 60 80 dB
Vg =+3V 1o +15V ° 60 dB

Noninverting Input Current Power Vg = +2V to +15V, Tp = 25°C 10 50 nAN

Supply Rejection Vg = +3V to +15V ) 50 nANV

Inverting Input Current Power Supply | Vg = +2V to +15V, Ty = 25°C 0.1 5 pAN

Rejection Vg =+3V to +15V ) 5 HAN

Ay Large-Signal Voltage Gain Vg = £15V, Vout = £10V, R pap = 1k ° 55 65 aB
Vs = 25V, Vout = £2V, Ry gap = 150Q o 55 65 dB

RoL Transresistance, AVoyt/Aly~ Vg =15V, Vour =10V, RLoap = 1k ® 100 200 kQ
Vg =25V, Vout = £2V, Ry gap = 150Q o 100 200 kQ

Vour Maximum Qutput Voltage Swing Vs =215V, Ry gap = 400Q, Tp = 25°C +12 +13.5 V
o +10 v

Vg = 5V, Ry gap = 1509, Ty = 25°C +3 +3.7 v

) 2.5 V

lout Maximum Output Current Rioap = 0Q, T =25°C 30 65 125 mA
° 25 125 mA

Is Supply Current Vout =0V, Iger = 0V ° 6 11 mA
SR Slew Rate (Notes 4 and 6) Ta=25°C 300 500 V/ys
SR Slew Rate Vs =215V, Rp = 7509, Rg = 7509, R| = 400Q 3500 V/ys
tr Rise Time (Notes 5 and 6) Ta=25°C 10 20 ns
BW Small-Signal Bandwidth Vg =215V, Rp = 750Q, Rg = 750Q, R = 100Q 100 MHz
t Small-Signal Rise Time Vs =215V, Rp = 750Q, Rg = 750Q, R = 100Q 35 ns
Propagation Delay Vg = £15V, Rp = 750Q, Rg = 750Q, R| = 100Q 3.5 ns

Small-Signal Overshoot Vg = £15V, Rp = 750Q, Rg = 750Q, R| = 100Q 15 %

ts Settling Time 0.1%, Vout = 10V, Rp =1k, Rg = 1k, R =1k 45 ns
Differential Gain (Note 7) Vg = +15V, Rp = 750Q, Rg = 750Q, R = 1k 0.01 %

Differential Phase (Note 7) Vs =15V, Rp = 750Q, Rg = 750Q, R = 1k 0.01 DEG

Differential Gain (Note 7) Vg =215V, Rp = 750Q, Rg = 750Q, R = 150Q 0.04 %

Differential Phase (Note 7) Vg = +15V, Rp = 7509, Rg = 7509, R| = 150Q 0.1 DEG

1228fd
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LT1228
GLGCT“'C“L CHHRHCTGBISTICS The e denotes the specifications which apply over the full operating

temperature range, otherwise specifications are at Ty = 25°C. Transconductance Amplifier, Pins 1, 2, 3, 5. 25V < Vg < 15V,
Iger = 100pA, Ve = OV unless otherwise noted.

SYMBOL | PARAMETER CONDITIONS MIN TYP MAX UNITS
Vos Input Offset Voltage Iser = TmA, Tp = 25°C +0.5 5 mV
o +10 mV
Input Offset Voltage Drift o 10 uv/°C
los Input Offset Current Ta=25°C 40 200 nA
o 500 nA
Ig Input Bias Current Ta=25°C 0.4 1 HA
) 5 pA
en Input Noise Voltage Density f=1kHz 20 nV/yHz
Rin Input Resistance-Differential Mode Viy = +30mV [ 30 200 kQ
Input Resistance-Common Mode Vg =+15V, Vg = £12V ° 50 1000 MQ
Vg = #5V, Vg = 22V [ 50 1000 MQ
Cin Input Capacitance 3 pF
Input Voltage Range Vg = 15V, Ty = 25°C 13 14 V
Vg =+15V o +12 v
Vg = £5V, Tp = 25°C +3 +4 v
Vg = £5V o +2 v
CMRR Common Mode Rejection Ratio Vg = +15V, Vg = 213V, T = 25°C 60 100 dB
Vg = +15V, Vgy = 212V ® 60 aB
Vg = #5V, Vg = 23V, Ta = 25°C 60 100 aB
Vg = #5V, Vg = 22V [ 60 dB
PSRR Power Supply Rejection Ratio Vg = £2V to £15V, Ty = 25°C 60 100 dB
Vg =+3V to +15V [ 60 aB
Om Transconductance IseT = 100pA, oyt = £30pA, Ta = 25°C 0.75 1.00 1.25 pA/mvV
Transconductance Drift o -0.33 %/°C
lout Maximum Output Current IseT = 100pA ° 70 100 130 pA
loL Output Leakage Current IseT = OpA (+l)y of CFA), Ta = 25°C 0.3 3 pA
[ 10 pA
Vour Maximum Output Voltage Swing Vg=215V,R1 =0 o +13 +14 v
Vg=45V,Rl = () +3 +4 V
Ro Output Resistance Vg = +15V, Vgyr = +13V o 2 8 MQ
Vg = 5V, Voyr = 3V ® 2 8 MQ
Output Capacitance (Note 3) Vg =15V 6 pF
Is Supply Current, Both Amps IseT = 1mA ) 9 15 mA
THD Total Harmonic Distortion Vin = 30mVgus at 1kHz, R1 =100k 0.2 %
BW Small-Signal Bandwidth R1 =500, IseT = 500pA 80 MHz
tr Small-Signal Rise Time R1 =509, IsgT = 500pA, 10% to 90% 5 ns
Propagation Delay R1 =509, IgeT = 500pA, 50% to 50% 5 ns
Note 1: Stresses beyond those listed under Absolute Maximum Ratings Note 5: Rise time is measured from 10% to 90% on a £500mV output signal
may cause permanent damage to the device. Exposure to any Absolute while operating on 15V supplies with Rg = 1k, Rg = 110Q and R =100Q.
Maximum Rating condition for extended periods may affect device This condition is not the fastest possible, however, it does guarantee the
reliability and lifetime. internal capacitances are correct and it makes automatic testing practical.
Note 2: A heat sink may be required depending on the power supply voltage. Note 6: AC parameters are 100% tested on the ceramic and plastic DIP
Note 3: This is the total capacitance at Pin 1. It includes the input capacitance ~ Packaged parts (J and N suffix) and are sample tested on every lot of the SO
of the current feedback amplifier and the output capacitance of the packaged parts (S suffix).
transconductance amplifier. Note 7: NTSC composite video with an output level of 2V.
Note 4: Slew rate is measured at +5V on a +10V output signal while operating Note 8: Back to back 6V Zener diodes are connected between Pins 2 and 3
on +15V supplies with Re= 1k, Rg = 110Q and R =400€Q. The slew rate is for ESD protection.
much higher when the input is overdriven, see the Applications Information
section.
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LT1228

T'I'PICHL PEBFOﬂmm'ICG CHHRHCTGGISTICS Transconductance Amplifier, Pins 1, 2, 3, 5

Small-Signal Bandwidth
vs Set Current

Small-Signal Transconductance
and Set Current vs Bias Voltage
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LT1228 + TPC08

Small-Signal Transconductance
vs DC Input Voltage
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Input Common Mode Limit

vs Temperature
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LT1228

TVP'CHL PEBFOﬂmﬂﬂCG CHHRHCTGHISTICS Transconductance Amplifier, Pins 1, 6, 8

Voltage Gain and Phase
vs Frequency, Gain = 6dB
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LT1228

TVP'CHL PEBFOﬂmﬂﬂCG CHHRHCTGHISTICS Transconductance Amplifier, Pins 1, 6, 8

Maximum Capacitive Load
vs Feedback Resistor
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Spot Noise Voltage and Current
vs Frequency
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Power Supply Rejection
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LT1228
TYPICAL PERFORMANCE CHARACTERISTICS current Feedvack Amplifier, Pins 1, 6, 8
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LT1228

APPLICATIONS INFORMATION

The LT1228 contains two amplifiers, a transconductance
amplifier (voltage-to-current) and acurrent feedback ampli-
fier (voltage-to-voltage). The gain of the transconductance
amplifier is proportional to the current that is externally
programmed into Pin 5. Both amplifiers are designed to
operate on almost any available supply voltage from 4V
(+2V) to 30V (£15V). The output of the transconductance
amplifier is connected to the noninverting input of the
current feedback amplifier so that both fit into an eight
pin package.

TRANSCONDUCTANCE AMPLIFIER

The LT1228 transconductance amplifier has a highimped-
ance differential input (Pins 2 and 3) and a current source
output (Pin 1) with wide output voltage compliance. The
voltage to current gain or transconductance (gp,) is set
by the current that flows into Pin 5, Isgt. The voltage at
Pin 5 is two forward biased diode drops above the nega-
tive supply, Pin 4. Therefore the voltage at Pin 5 (with
respect to VV7) is about 1.2V and changes with the log of
the set current (120mV/decade), see the characteristic
curves. Thetemperature coefficient of this voltage is about
-4mV/°C (-3300ppm/°C) and the temperature coefficient
ofthelogging characteristicis 3300ppm/°C. ltisimportant
that the current into Pin 5 be limited to less than 15mA.
THE LT1228 WILL BE DESTROYED IF PIN 5 IS SHORTED
TO GROUND OR TO THE POSITIVE SUPPLY. A limiting
resistor (2k or so) should be used to prevent more than
15mA from flowing into Pin 5.

The small-signal transconductance (gm) iS given as
Om = 10 * IgeT, With g in (A/V) and Igg7 in (A).This rela-
tionship holds over many decades of set current (see the
characteristic curves). The transconductance is inversely
proportionaltoabsolute temperature (-3300ppm/°C). The
input stage of the transconductance amplifier has been
designed to operate with much larger signals than is pos-
sible with an ordinary diff-amp. The transconductance of
the input stage varies much less than 1% for differential
input signals over a +30 mV range (see the characteristic
curve Small-Signal Transconductance vs DG Input Voltage).

Resistance Controlled Gain

If the set current is to be set or varied with a resistor or
potentiometeritis possible to use the negative temperature
coefficient at Pin 5 (with respect to Pin 4) to compensate
for the negative temperature coefficient of the transcon-
ductance. The easiest way isto use an LT1004-2.5,a2.5V
reference diode, as shown below:

Temperature Compensation of gy, with a 2.5V Reference

T LT1004-2.5

V- @
The current flowing into Pin 5 has a positive temperature
coefficient that cancels the negative coefficient of the
transconductance. The following derivation shows why a
2.5V reference resultsinzero gain change with temperature:

Sincegy =% x SSEL — {Qelger

kT 3.87

n
andV. =E —ﬂwhereazln i
<7/ o

~19.4 at 27°C(c=0.001,n=3,Ic=100pA)

Eq is about 1.25V so the 2.5V reference is 2E4. Solving
the loop for the set current gives:

akT
2, —2(Eg _q)

2akT
lsgr = R

or lSET:R—q

1228fd
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LT1228

APPLICATIONS INFORMATION

Substitutinginto the equation fortransconductance gives:
__a _10
=19~ R

The temperature variation in the term “a” can be ignored
since it is much less than that of the term “T” in the equa-
tion for Vy,e. Using a 2.5V source this way will maintain the
gain constant within 1% over the full temperature range of
-55°C to 125°C. If the 2.5V source is off by 10%, the gain
willvary only about +6% overthe same temperature range.

We canalsotemperature compensate the transconductance
without usinga2.5V reference ifthe negative power supply
is regulated. A Thevenin equivalent of 2.5V is generated
from two resistors to replace the reference. The two resis-
tors also determine the maximum set current, approxi-
mately 1.1V/Rty. By rearranging the Thevenin equations
to solve for R4 and R6 we get the following equations in
terms of Ryy and the negative supply, Veg.

R Rty
R4= ﬁ andR6=—"1"
Vee
Temperature Compensation of gy, with a Thevenin Voltage
1.03k R'
Tser
Y Voe

|:> — Vyy=25V

-15V

LT1228 « TAOS

Voltage Controlled Gain

Touseavoltageto control the gain ofthe transconductance
amplifier requires converting the voltage into a current
that flows into Pin 5. Because the voltage at Pin 5 is two

diode drops above the negative supply, a single resistor
from the control voltage source to Pin 5 will suffice in
many applications. The control voltage is referenced to
the negative supply and has an offset of about 900mV.
The conversion will be monotonic, but the linearity is
determined by the change in the voltage at Pin 5 (120mV
per decade of current). The characteristic is very repeat-
able since the voltage at Pin 5 will vary less than +5%
from part to part. The voltage at Pin 5 also has a negative
temperature coefficient as described in the previous sec-
tion. When the gain of several LT1228s are to be varied
together, the current can be split equally by using equal
value resistors to each Pin 5.

Formoreaccurate (and linear) control, a voltage-to-current
converter circuit using one op amp can be used. The fol-
lowing circuit has several advantages. The input no longer
has to be referenced to the negative supply and the input
can be either polarity (or differential). This circuit works
on both single and split supplies since the input voltage
and the Pin 5 voltage are independent of each other. The
temperature coefficient of the output current is set by R5.

R3
1M

2"AA%
R1
1M
Vi —AMW + RS
1k lout
ﬂ\% LT1006 —AAMN——TO PIN 5
OF LT1228
V2 — MW >
R4
1M
o— N\N—
50pF
R1=R2 |
R3 = R4 I
(V1-V2) R3
lpge= o 22 mAN
our R5 R1 mA/ LT1228 TA19

Digital control of the transconductance amplifier gain is
done by converting the output of a DAC to a current flow-
ing into Pin 5. Unfortunately most current output DACs
sink rather than source current and do not have output

1228fd
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APPLICATIONS INFORMATION

compliance compatible with Pin 5 of the LT1228. There-
fore, the easiest way to digitally control the set current
is to use a voltage output DAC and a voltage-to-current
circuit. The previous voltage-to-current converter will take
the output of any voltage output DAC and drive Pin 5 with
aproportional current. The R, 2R CMOS multiplying DACs
operating in the voltage switching mode work well on both
single and split supplies with the above circuit.

Logarithmic control is often easier to use than linear
control. A simple circuit that doubles the set current
for each additional volt of input is shown in the voltage
controlled state variable filter application near the end of
this data sheet.

Transconductance Amplifier Frequency Response

The bandwidth of the transconductance amplifier is a
function of the set current as shown in the characteristic
curves. At set currents below 100pA, the bandwidth is
approximately:

-3dB bandwidth = 3 « 10" Iggy

The peak bandwidth is about 80MHz at 500pA. When a
resistor is used to convert the output current to a volt-
age, the capacitance at the output forms a pole with the
resistor. The best case output capacitance is about 5pF
with £15V supplies and 6pF with £5V supplies. You must
add any PC board or socket capacitance to these values to
get the total output capacitance. When using a 1k resistor
at the output of the transconductance amp, the output
capacitance limits the bandwidth to about 25MHz.

The output slew rate of the transconductance amplifier is
the set current divided by the output capacitance, which
is 6pF plus board and socket capacitance. For example
with the set current at 1mA, the slew rate would be over
100V/ps.

Transconductance Amp Small-Signal Response
IseT = 500pA, R1 = 50Q

i
ey
]
]
i
R
]
]
]
—1
]
¥

CURRENT FEEDBACK AMPLIFIER

The LT1228 current feedback amplifier has very high
noninverting inputimpedance and istherefore an excellent
buffer for the output of the transconductance amplifier.
The noninverting input is at Pin 1, the inverting input at
Pin 8 and the output at Pin 6. The current feedback ampli-
fier maintains its wide bandwidth for almost all voltage
gains making it easy to interface the output levels of the
transconductance amplifier to other circuitry. The cur-
rent feedback amplifier is designed to drive low imped-
ance loads such as cables with excellent linearity at high
frequencies.

Feedback Resistor Selection

The small-signal bandwidth ofthe LT1228 current feedback
amplifier is set by the external feedback resistors and the
internal junction capacitors. As a result, the bandwidth is
a function of the supply voltage, the value of the feedback
resistor, the closed-loop gain and load resistor. The char-
acteristic curves of bandwidth versus supply voltage are
done with a heavy load (100€2) and a light load (1k) to

1228fd
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APPLICATIONS INFORMATION

show the effect of loading. These graphs also show the
family of curves that result from various values of the
feedback resistor. These curves use a solid line when the
response has less than 0.5dB of peaking and a dashed line
forthe response with 0.5dB to 5dB of peaking. The curves
stop where the response has more than 5dB of peaking.

Current Feedback Amp Small-Signal Response
Vg =15V, Rg = Rg = 750Q, R = 100Q

At a gain of two, on +15V supplies with a 750Q2 feedback
resistor, the bandwidth into a light load is over 160MHz
without peaking, but into a heavy load the bandwidth re-
ducesto 100MHz. The loading has so much effect because
thereisamild resonance inthe output stage that enhances
the bandwidth at light loads but has its Q reduced by the
heavy load. This enhancement is only useful at low gain
settings, at a gain of ten it does not boost the bandwidth.
At unity gain, the enhancement is so effective the value of
the feedback resistor has very little effect on the bandwidth.
At very high closed-loop gains, the bandwidth is limited
by the gain-bandwidth product of about 1GHz. The curves
show that the bandwidth at a closed-loop gain of 100 is
10MHz, only one tenth what it is at a gain of two.

Capacitance on the Inverting Input

Current feedback amplifiers want resistive feedback from
the output to the inverting input for stable operation. Take
care to minimize the stray capacitance between the output
and the inverting input. Capacitance on the inverting input
to ground will cause peaking in the frequency response
(and overshoot in the transient response), but it does
not degrade the stability of the amplifier. The amount of
capacitance that is necessary to cause peaking is a func-
tion of the closed-loop gain taken. The higher the gain,
the more capacitance is required to cause peaking. For
example, in a gain of 100 application, the bandwidth can
be increased from 10MHz to 17MHz by adding a 2200pF
capacitor, as shown below. Cg must have very low series
resistance, such as silver mica.

1

Vin

CFA — Vout

8

510Q
M

>
<
<

L, i
AR

LT1228 + TAO8

Boosting Bandwidth of High Gain Amplifier
with Capacitance On Inverting Input

\Cc = 4700pF

il \Ca
\
=0\

LT
T = 2200pF

GAIN (dB)

N
100

1 10
FREQUENCY (MHz)

LT1228 » TAO9
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APPLICATIONS INFORMATION

Capacitive Loads

The LT1228 currentfeedback amplifier can drive capacitive
loads directly whenthe propervalue of feedback resistor s
used. The graph of Maximum Capacitive Load vs Feedback
Resistor should be used to select the appropriate value.
The value shown is for 5dB peaking when driving a 1k
load, at a gain of 2. This is a worst case condition, the
amplifieris more stable at higher gains, and driving heavier
loads. Alternatively, a small resistor (10€2 to 20€2) can be
put in series with the output to isolate the capacitive load
from the amplifier output. This has the advantage that the
amplifier bandwidth is only reduced when the capacitive
load is present and the disadvantage that the gain is a
function of the load resistance.

Slew Rate

The slew rate of the current feedback amplifier is not inde-
pendent of the amplifier gain configuration the way itis in
a traditional op amp. This is because the input stage and
the output stage both have slew rate limitations. The input
stage of the LT1228 current feedback amplifier slews at
about 100V/ps before it becomes nonlinear. Faster input
signals willturnonthe normally reverse biased emitters on
theinputtransistors and enhance the slew rate significantly.
This enhanced slew rate can be as much as 3500V/ps!

Current Feedback Amp Large-Signal Response
Vs = +15V, Rg = Rg = 750Q Slew Rate Enhanced

The output slew rate is set by the value of the feedback
resistors and the internal capacitance. Ata gain of ten with
a 1k feedback resistor and £15V supplies, the output slew
rate is typically 500V/ps and —=850V/ps. There is no input
stage enhancement because of the high gain. Larger feed-
back resistors will reduce the slew rate as will lower supply
voltages, similar to the way the bandwidth is reduced.

Current Feedback Amp Large-Signal Response
Vg =15V, Rg = 1k, Rg = 110Q, R = 400Q

Settling Time

The characteristic curves show that the LT1228 current
feedback amplifier settles to within 10mV of final value
in 40ns to 55ns for any output step less than 10V. The
curve of settling to 1mV of final value shows that there
is a slower thermal contribution up to 20ps. The thermal
settling component comes from the output and the input
stage. The output contributes just under TmV/V of output
changeandtheinput contributes 300pV/V of input change.
Fortunately the input thermal tends to cancel the output
thermal. For this reason the noninverting gain of two
configuration settles faster than the inverting gain of one.

1228fd
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APPLICATIONS INFORMATION

Power Supplies

The LT1228 amplifiers will operate from single or split
supplies from +2V (4V total) to +18V (36V total). It is
not necessary to use equal value split supplies, however
the offset voltage and inverting input bias current of the
current feedback amplifier will degrade. The offset voltage
changes about 350pV/V of supply mismatch, the inverting
bias current changes about 2.5pA/V of supply mismatch.

Power Dissipation

The worst case amplifier power dissipation is the total of
the quiescent current times the total power supply voltage
plus the power in the IC due to the load. The quiescent
supply currentofthe LT1228 transconductance amplifieris
equal to 3.5 times the set current at all temperatures. The
quiescent supply current of the LT1228 current feedback
amplifier has a strong negative temperature coefficient
and at 150°C is less than 7mA, typically only 4.5mA. The
power in the IC due to the load is a function of the output
voltage, the supply voltage and load resistance. The worst
case occurs when the output voltage is at half supply, if
it can go that far, or its maximum value if it cannot reach
half supply.

For example, let’s calculate the worst case power dis-
sipation in a variable gain video cable driver operating on
+12V supplies that delivers a maximum of 2V into 150Q.
The maximum set current is TmA.

Vomax
RL

Pp = 2Vs (Ismax +3-Slser )+ (Vs = Vomax )

Py=2+12V[7mA+(3.5¢1mA) |+ (1 ZV_ZV)%

=0.252+0.133=0.385W

The total power dissipation times the thermal resistance
of the package gives the temperature rise of the die above
ambient. The above example in SO-8 surface mount pack-
age (thermal resistance is 150°C/W) gives:

Temperature Rise = PpOyp = 0.385W « 150°C/W
=57.75°C

Therefore the maximum junction temperature is 70°C
+57.75°C or 127.75°C, well under the absolute maximum
junction temperature for plastic packages of 150°C.

TYPICAL APPLICATIONS

Basic Gain Control

The basic gain controlled amplifier is shown on the front
page of the data sheet. The gain is directly proportional
to the set current. The signal passes through three stages
from the input to the output.

First the input signal is attenuated to match the dynamic
range of the transconductance amplifier. The attenuator
should reduce the signal down to less than 100mV peak.
The characteristic curves can be used to estimate how
much distortion there will be at maximum input signal.
For single ended inputs eliminate R2A or R3A.

The signal is then amplified by the transconductance
amplifier (gm) and referred to ground. The voltage gain
of the transconductance amplifier is:

Om* R1 =10 ¢ Isgr R

Lastly the signal is buffered and amplified by the current
feedback amplifier (CFA). The voltage gain of the current
feedback amplifier is:

The overall gain of the gain controlled amplifier is the
product of all three stages:

R3 R
Ay = *10elepr oR1e| 14+ -1
v (R3+R3Aj SET [+RGJ

More than one output can be summed into R1 because
the output of the transconductance amplifier is a current.
This is the simplest way to make a video mixer.

1228fd
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TYPICAL APPLICATIONS
Video Fader

1k
Vint —AAAN—4

—Vour

Vg = 5V

Ving

LT1228 « TA12

The video fader uses the transconductance amplifiers
from two LT1228s in the feedback loop of another cur-
rent feedback amplifier, the LT1223. The amount of signal
from each input at the output is set by the ratio of the
set currents of the two LT1228s, not by their absolute
value. The bandwidth of the current feedback amplifier
is inversely proportional to the set current in this
configuration. Therefore, the set currents remain high
over most of the pot’s range, keeping the bandwidth over
15MHz even when the signal is attenuated 20dB. The pot
is set up to completely turn off one LT1228 at each end
of the rotation.

Video DC Restore (Clamp) Circuit

NOT NECESSARY IF THE SOURCE RESISTANCE IS LESS THAN 50Q

LOGIC
INPUT

RESTORE

oN3e06 S 3K

LT1228 « TA13

The video restore (clamp) circuit restores the black level
of the composite video to zero volts at the beginning of
every line. This is necessary because AC coupled video
changes DC level as a function of the average brightness
of the picture. DC restoration also rejects low frequency
noise such as hum.

The circuit has two inputs: composite video and a logic
signal. The logic signal is high except during the back
porch time right after the horizontal sync pulse. While
the logic is high, the PNP is off and Igg is zero. With Iggt
equal to zero the feedback to Pin 2 has no affect. The
video input drives the noninverting input of the current
feedback amplifier whose gain is set by Rg and Rg. When
the logic signal is low, the PNP turns on and IggT goes to
about TmA. Then the transconductance amplifier charges
the capacitor to force the output to match the voltage at
Pin 3, in this case zero volts.

This circuit can be modified so that the video is DC coupled
by operating the amplifier in an inverting configuration.
Just ground the video input shown and connect Rg to the
video input instead of to ground.

1228fd
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TYPICAL APPLICATIONS
Single Supply Wien Bridge Oscillator

100Q
AVVV

2N3906

v+ 6V TO 30V

10k

10kQ 0.1pF

51Q

v
160Q

50Q

sl I
10pF
T

1000pF =
[ 1
1 | =

f=1MHz
Vg = 6dBm (450mVpys)

2nd HARMONIC = -38dBc

3rd HARMONIC = -54dBc

FOR 5V OPERATION SHORT OUT 1000 RESISTOR

LT1228 + TA14

In this application the LT1228 is biased for operation from
a single supply. An artificial signal ground at half supply
voltage is generated with two 10k resistors and bypassed
with a capacitor. A capacitor is used in series with Rg to
set the DC gain of the current feedback amplifier to unity.

The transconductance amplifier is used as a variable
resistor to control gain. A variable resistor is formed by
driving the inverting input and connecting the output back
to it. The equivalent resistor value is the inverse of the
gm. This works with the 1.8k resistor to make a variable
attenuator. The 1MHz oscillation frequency is set by the
Wien bridge network made up of two 1000pF capacitors
and two 160Q resistors.

For clean sine wave oscillation, the circuit needs a net gain
of onearound the loop. The current feedback amplifier has
a gain of 34 to keep the voltage at the transconductance
amplifier input low. The Wien bridge has an attenuation of

3 at resonance; therefore the attenuation of the 1.8k resis-
tor and the transconductance amplifier must be about 11,
resulting in a set current of about 600pA at oscillation. At
start-up thereisnosetcurrentand therefore noattenuation
for a net gain of about 11 around the loop. As the output
oscillation builds up it turns on the PNP transistor which
generates the set current to regulate the output voltage.

12MHz Negative Resistance LC Oscillator

[
% 1
1k
6 510 Vo
/ 8
)
47H 30pF %
- —-|__ g 3300

2N3904\| <

‘ %WK —L:koF

V-

Vg =10dB

AT Vg = +5V ALL HARMONICS 40dB DOWN
AT Vg = +12V ALL HARMONICS 50dB DOWN

LT1228 + TA15

This oscillator uses the transconductance amplifier as a
negative resistor to cause oscillation. A negative resistor
results when the positive input of the transconductance
amplifier is driven and the output is returned to it. In
this example a voltage divider is used to lower the signal
level at the positive input for less distortion. The negative
resistor will not DC bias correctly unless the output of the
transconductance amplifier drives a very low resistance.
Here it sees an inductor to ground so the gain at DC is
zero. The oscillator needs negative resistance to start
and that is provided by the 4.3k resistor to Pin 5. As the
output level rises it turns on the PNP transistor and inturn
the NPN which steals current from the transconductance
amplifier bias input.
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Filters

Single Pole Low/High/Allpass Filter

Viy
LOWPASS
INPUT

V

IN
HIGHPASS
INPUT

S R2 1

120Q 2

0

fC: P

T

fo = 109 Iggy FOR THE VALUES SHOWN

R2

RF+1
X R2+ RA

R

Iser

C

LT1228 « TA16

Allpass Filter Phase Response

B

o

1

mA SET C

URRE

N

|
~
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N

|
©
o

4,
w
o

N\

PHASE SHIFT (DEGREES)

100 RREN

7

-

=180

N

NN

10k 100k

m 10M

FREQUENCY (Hz)

Using the variable transconductance of the LT1228 to
make variable filters is easy and predictable. The most
straight forward way is to make an integrator by putting a
capacitor at the output of the transconductance amp and
buffering it with the current feedback amplifier. Because
the input bias current of the current feedback amplifier
must be supplied by the transconductance amplifier, the
set currentshould not be operated below 10pA. This limits
the filters to about a 100:1 tuning range.

The Single Pole circuit realizes a single pole filter with a
corner frequency (fg) proportional to the set current. The

LT1228 « TA17

values shown give a 100kHz corner frequency for 100pA
set current. The circuit has two inputs, a lowpass filter
input and a highpass filter input. To make a lowpass filter,
ground the highpass input and drive the lowpass input.
Conversely for a highpass filter, ground the lowpass input
and drive the highpass input. If both inputs are driven, the
result is an allpass filter or phase shifter. The allpass has
flat amplitude response and 0° phase shift at low frequen-
cies, going to—180° at high frequencies. The allpass filter
has —90° phase shift at the corner frequency.
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TYPICAL APPLICATIONS
Voltage Controlled State Variable Filter

Ve 2N3906

BANDPASS
OUTPUT

LOWPASS
OUTPUT

fo = 100kHz AT Vg = OV
fo = 200kHz AT Vg = 1V
fg = 400kHz AT Vg = 2V
fo = 800KHz AT Vg = 3V
f = 1.6MHz AT Vg = 4V

The state variable filter has both lowpass and bandpass
outputs.Each LT1228 is configured asavariable integrator
whose frequency is set by the attenuators, the capacitors
and the set current. Because the integrators have both
positive and negative inputs, the additional op amp nor-
mally required is not needed. The input attenuators set
the circuit up to handle 3Vp_p signals.

The set current is generated with a simple circuit that
gives logarithmic voltage to current control. The two PNP
transistors should be a matched pair in the same package

LT1228 « TA18

for best accuracy. If discrete transistors are used, the
51k resistor should be trimmed to give proper frequency
response with V¢ equal zero. The circuit generates 100pA
for Vg equal zero volts and doubles the current for every
additional volt. The two 3k resistors divide the current
between the two LT1228s. Therefore the set current of
each amplifier goes from 50pA to 800pA for a control
voltage of OV to 4V. The resulting filter is at 100kHz for Vg
equal zero, and changes it one octave/V of control input.

1228fd
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PACKAGE DESCRIPTION

Please refer to http://www.linear.com/designtools/packaging/ for the most recent package drawings.

J8 Package

3-Lead CERDIP (Narrow .300 Inch, Hermetic)
(Reference LTC DWG # 05-08-1110)

CORNER LEADS OPTION
(4 PLCS)

023 - .045
(o 584 —1.143)

HALF LEAD
OPTION
e

045068
(1.143-1650)
FULL LEAD
OPTION
‘ 300 BSC
(7.62 BSC)

/(. .008-.018

(0.203 - 0.457) 0°~15

-«

—

NOTE: LEAD DIMENSIONS APPLY TO SOLDER DIP/PLATE
OR TIN PLATE LEADS

405
(10.287)
.005 ol = MAX
(0.127) \
| 8] [7] [6] [5]
4 N
.025 ) 220 - 310
(0.635) (5.588 — 7.874)
RAD TYP
\ V
O 2 3] [ 200
(5.080)
MAX
— _.015-.060_
(0.381-1.524)
.045 - .065 I |
(1.143 -1.651) %
014-006 < 100 i
(0.360 - 0.660) (%-853)
J8 0801

OBSOLETE PACKAGE
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PACKAGE DESCRIPTION

Please refer to http://www.linear.com/designtools/packaging/ for the most recent package drawings.

N Package

8-Lead PDIP (Narrow .300 Inch)
(Reference LTC DWG # 05-08-1510 Rev I)

400
(10.160)
300 -.325 .045 - .065 .130+.005 MAX
7.620 - 8.255 (1.143-1.651) (3.302£0.127)
S ! ‘ Bl [7] [5] [
(%) 4 ] Y 255+.015" )
008-.015 N TYP (6.477 £0.381)
(0.203 - 0.381) 120
035 (3.048) 020
* MIN - (0.508) 11 |2 3| |4
325
L— U0 H‘ 100 018£003  MIN INE eI
8.255 +0.889 (2.54) (0.457 +0.076) N8 REV 1 0711
-0.381
BSC
NOTE;
INCHES
1. DIMENSIONS ARE {71 M iETERS
*THESE DIMENSIONS DO NOT INCLUDE MOLD FLASH OR PROTRUSIONS.
MOLD FLASH OR PROTRUSIONS SHALL NOT EXCEED .010 INCH (0.254mm)
S8 Package
8-Lead Plastic Small Outline (Narrow .150 Inch)
(Reference LTC DWG # 05-08-1610 Rev G)
189 - .197
045 +.005 (4.801-5.004)
050 BSC —> < + NOTE 3
,\ﬁ‘,‘,f,’ 160 +.005 150? 157
228 - 244 L L L
¢ (5791 -6.167) (3.810 - 3.988)
|:| |:| |:| |:| . . T
030+005—> <
o vy H HHH
1 2 3 4
RECOMMENDED SOLDER PAD LAYOUT
(0'215(4)%) x45° —>| |l<— .053 - .069
' : (1.346 - 1.752) 04— 010
008-010 002 -
(0.203 - 0.254) 0°-8°TYP (0.101-0.254)
v ‘ Lj y EF T —
ﬁ# .016-.050 ‘ ‘ ‘
s 014-.019 050
. (0.406 -1.270) (0355-0483) 1 [~ (1270)
NOTE. INCHES TYP BSC

1. DIMENSIONS IN (MILLIMETERS)

2. DRAWING NOT TO SCALE

3. THESE DIMENSIONS DO NOT INCLUDE MOLD FLASH OR PROTRUSIONS.
MOLD FLASH OR PROTRUSIONS SHALL NOT EXCEED .006" (0.15mm)

4. PIN 1 CAN BE BEVEL EDGE OR A DIMPLE
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Clarified units used in gy, = 10 * Iggt relationship 9
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LT1228
TYPICAL APPLICATIONS

RF AGC Amplifier (Leveling Loop)

RF INPUT
O'GVRMS to1 '3VR|\/|S
25MHz

10k 3

OUTPUT
2Vp_p

0.01pF

15V :
10k 100k '
—AMA—AN > VA— 15V
AMPLITUDE 1IT\| 4-1;18-5 l
ADIUST G OUPLE THERMALLY I %T;\?O“
,1 5\/ _— LT1228 « TA20
Inverting Amplifier with DC Output Less Than 5mV Amplitude Modulator
W4
1, L—3
—L CFA B Wy =
1004F g Z — o0uT (230mV) AT
m m
I - CA?NRP'E? @ MODULATION = OV
R
L 1 1k 3omy T
Vg = 5V, R5 = 3.6k 474F
v§=¢15v, R5 = 13.6k fﬁ "3
Vout MUST BE LESS THAN =
200mVp_p FOR LOW OUTPUT OFFSET MODULATION
BW = 30Hz TO 20MHz |NCLU|.1)’\ES neC LT1228+TA21 INPUT < 8Vp_p - LT1228+ TA22
PART NUMBER DESCRIPTION COMMENTS
LT1227 140MHz Current Feedback Amplifier 1100V/ps Slew Rate, 0.01% Differential Gain, 0.03% Differential Phase
LT1251/LT1256 40MHz Video Fader Accurate Linear Gain Control: +1% Typ, £3% Max
LT1399 400MHz Current Feedback Amplifier 800V/us Slew Rate, 80mA Output Current
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Abstract

This paper present voltage-mode all-pass filter circuit include operational transconductance amplifier (OTA)

and umform distibuted RC (URC). The advantage features of the proposed cirewt are that: the cireuit topologies are very
simple consisting of 2 OTA and | URC, high frequency supported, good stabillity and low sensitivities. In addition, the
higher filtering frequency response (@ can be obtained through adjusting bias current of OTA and change capacitance
parameter of URC without affecting its quality factor (Op) stability. For simply application, this is good in cascadability of
voltage-mode cireuit and sutable for integrated cireuit implementation.the characteristics of the proposed network are
simulated using PSpice and its results are in agreement with the theory.

Keywor ds—all-pass filter, voltage-mode, operational transconductance amplifier, uniform distributed RC

1 Introduction

Many all-pass filter circuits employing OTA has been reported
in the literature [1]-[3] and URC filter reported in literature [4]-
[7]. The proposed ecircuit using OTA has exhibited some
advantages in the circuit design, such as a wide tunable range
and powerful ability to generate various circuits. In addition, the
proposed circuit using the passive device is uniform distribited
RC (URC). The URC devices have several advantages over
lumped RC element network, The structure of distributed RC
elements in thin-film technology is built using smaller high
frequency. Distributed RC elements may have many form
structure. For instance, one capacitive layer, double capacitive
layers and multi layers thin-film structure. The structure of the
general UURC consists of layers of conductor layers, resistive
layers and dielectric layers were combinations are sandwich in
many permutations. The resistive layers or conductive layers
may be contacted at various points around their edges [8]. Other
advantages of [URC devices are applied to active filters. The
feature of circuit has advantage over the circunit [1]-[3], its all-
pass filter circuit using low-voltage (+2V) and high frequency
supported.

2 Circuit Description

21 Uniform Distributed RC

It is know that the uniformly distributed RC element (JRC)
have several advantage over lumped RC network. The structure
of distributed RC element in thin-film or LSI technology 1s built
using smaller substrate area, less isolation and parasitic problem
at high frequency, Distributed RC elements may have many
form structure [8]. The structure and cirenit symbol of uniformly
distributed RC elements (URC) 1s illustrated in Fig. 1(a).

[esistive Layer 1

P Conductive
Dielective 3 {metal) Layer

Layer

(@)
Fig. 1. (a} A uniformly distributed RC section,
(b) Symbolic and its equivalent lumped T network.

Fig.1(b) shows the symbolic and equivalent lunped x type
network circuit of URC. The admittance parameter [Y1ij] of the
two port network URC in Fig. 1(b) is given as follows:

21 ¥ -1 T -1 ¥
IL|=X| -l ¥ ¥ -0V (1)
I -T-1 =(r-1) 2-1|r

when X:Rsipm, ¥ =coshP and P =+/sRC

where R and C parameters are the value of the total resistance
and capacitance of the capacitive URC, respectively and s is the
complex frequency variable.

2.2 Approximated URC

The uniform distributed RC (URC) are approximated by the
ladder lumnped RC elements of @ type or T type 10 sections [4].
The approximated URC & type or T type are shown in Fig.2 and
Fig 3, respectively.

Fig. 3. T-type approximated uniform distributed RC (IZRC)

2.3 Operational Transconductance Amplifier (OTA)

OTA is a transconductance tvpe device, which means that the
input voltage controls an output current by means of the device
transconductance, labelled gm. This makes the OTA voltage-
controlled current source {(VCCS), which i1s in contrast to the
conventional op-amp, which is a voltage-confrolled voltage
source (VOVE). What 1s important and useful about the OTA’s
transconductance parameter is that it is controlled by an external
current, the amplifier DC bias current, Iz, so that one obtains
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em=10Iy,when used LTI228. From this externally controlled
transconductance, the output current as a function of the applied
voltage difference between the two input pins, labelled V; and
Vs, is given by

I:MZSM{K-V:) 2)

Clearly, an output voltage can be derived from this current by
simply driving a resistive load. The port relation of OTA as
shown in Fig. 4(a) and equivalent circuit of the ideal OTA is
shown in Fig. 4(b).

Il
=
I}

[<J.u=§3“'1("lr -Va)
Al

(a) (b)
Fig. 4: (a) OTA Symbol (b) Equivalent circuit

3 Proposed Circuit

The realization of the proposed all-pass network filter circuit
ssaten YT A _TIDM to slamas: fea e & T it amesseanioas 3 MTA
using OTA-URC is show in Fig.5. it comprises 2 OTA

and 1 URC. From this point of view, the proposed structure is
simpler than the other existing all-pass realizations [2]-[4].

Fig. 5. All-pass filter proposed circuit,

The all-pass circuit transfer function is given as follows.

T(s) = L gm,gm, Psinh P + gm Pcosh P — gm P 3)
V., a(P- RsinhP)+ gmd - 2cgm,sinh P - P’

When

~ P?cosh P

og=coshP-1, & =———— and § = gm,Rsinh P+ Po
R sinh™ P =

From Eq.(3) the frequency response (@) and quality factor (Op)
of circuit are given by

gmgm, g,
W=, ==, y = f— 4
J AL )

The Q-factor (Qp) is determined by the transconductance ratio,
gm;/gm,. The most sensitive parameter, @, is a function of the
transconductance-capacitance ratio, g, /CR.

4 All-Pass Filter Simulation Result

The simulation by PSpice of the frequency response and phase
response is shown in Fig.6. The URC is approximated by the
ladder lumped RC elements of 10 sections shown in Fig.2, and
the OTA using LT1228. The OTA, and OTA; were set VCC
£2V, Iy=10mA and 13=20mA. It can be supported high
frequency by adjusting bias current of OTAs and change
capacitance parameter of URC. Fig.7 shows the simulated an all-

pass filter response when the DC bias current (I, and Iy;) where
simultaneously adjusted for Iy, value 10mA, 15mA and 20mA,
respectively, when lg,=2ly, and while keeping the total resistance
and capacitance of the single URC element R=1M£ and C=80nF,
respectively. That when adjustable the capacitance of URC
decreased the frequency response result of the filter circuit are
increases and the frequency increases when the bias current
higher. This result can confirm that the proposed circuit can be
controlled electronically the natural frequency by varying a bias
current of OTA. The electronic tuning of the bias current for
different capacitor values are shown in Fig. 8 and Fig. 9.

Phascideg) GainldB)
By an

|
R
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2004l p . . . .
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Fig. 6. Gain and phase respor I-pass filter circuit
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Fig. 7. Frequency and phase responses for different values of Iy and Iy,

All-pass fiter circuit
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8 Conclusion

We have proposed all-pass filter circuit using OTA-URC. Filters
using the simpler structure have the advantages of lower cost,
chip area, power dissipation and noise. The circuil enjovs the
advantage of high input impedance, low voltage and can be
support high frequency. The frequency response can be tuned
electronically via bias currents of OTAs. The simulation resulls
are in reasonably good agreement with the theoretical. The
proposed circuit in this paper can be sutable for fabncation the
VLSI cireuit, portable electronic circuit such as commumication
devices.
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Abstract. This article presents the square/triangular waveform generators circuit. Its scheme is principally
composed ol two operational transconductance amplifiers (OTAs) and single-layer uniform distributed RC
(URC). The features of the proposed circuit are that, its output waveform width and height can be
independently controlled by the OTAs bias currents, which is not dependent on power supply level and
schematic 1s simple. In addition, charactenstics of proposed square/triangular waveform generators circuit
and its application are simulated by the PSpice program and they are in agreement with the theory.
Keywords: square/triangular waveform generator, operational transconductance amplifier, uniform
distributed RC

1. Introduction

Square and triangular waveform generators with current-controllable frequency have a wide range of
applications in signal processing. communication system, instrumentation and measurement system. Such
generators can be easily realized by using an operational transconductance amplifier (OTA). Several
topologies for wave form generators have been reported in the literature [1]-[4]. The design uses OTAs as
switching element and controls the frequency by DC bias current. Typically, the pulse waveform generators
are employed to implement such function. It is composed of voltage comparator, timing resistor and timing
capacitors. The basic operation of this circuit is RC series network. With the provided voltage source, the
capacitor is charged and discharged where the voltage across capacitor rises and falls exponentially. When
the charged voltage reaches and upper threshold level. it results in changing of the waveform state. The
positive output waveform is then generated. The height of output waveform depends on the supply’s voltage
whereas the waveform width is directly proportional to the RC time constant. However, it is interesting to
mention about some disadvaniages of the conventional wavelorm generators circuit. Firstly, the input
waveform width has an effect on the operation of the circuit. Namely, most circuit requires the input
waveform width to be either wider or narrower than the output waveform width. Secondly, the output pulse
height of most circuit cannot be electronically adjusted which is important in some application.

In this paper, the square/triangular waveform generators circuit using operational transconductance
amplifiers (OTAs) and single layer uniform distributed RC (URC) 1s presented where its output waveform
width and height can be electronically tuned and frequency controls by any capacitance of URC circuit. The
proposed circuit scheme is composed of two OTAs and one single layer URC. An OTA provides a highly
linear electronic and a wide tunable range of the transconductance gain. The characteristics URC elements
have several advantages over lumped RC network. The structure of distributed RC elements in thin-film
technology is built using smaller high frequency. Distributed RC elements may have many form structure. [5]
For instance, single layer capacitive, double layers capacitive and multi layer thin-film structure. The

* Corresponding author. Tel.: +66 804411495; fax: +66 29828769,
E-mail address. atichaya(@hotmail .com and supachaik@gmail com
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structure of the general URC consists of layers of conductors, resistive layer and dielectrics can be
sandwiched together in many permutations. The resistive or conductive layers may be contacted at various
points around their edges. Other advantages are applied to active filters. For instance single capacitive layer
URC [6] and double capacitive layers in the conjunction with amplifier in literatures [7]. [8].

2. Circuit Description

2.1. Operational Transconductance Amplifier (OTA)

The operation transconductance amplifier ('T'A) is a transconductance type device, which means that
the input voltage controls an output current by means of the device transconductance, labelled g,,. This
makes the OTA voltage-controlled current source (VCCS), which is in contrast to the conventional op-amp,
which is a voltage-controlled voltage source (VCVS). What is important and useful about the OTA’s
transconductance parameter is that it is controlled by an external current, the amplifier bias current, IB, so
that one obtains gm=Ip/2Vr ,where Vr is the thermal voltage (26mv) [9]. From this externally controlled
transconductance, the output current as a function of the applied voltage difference between the two input
pins, labelled V,; and V,, is given by

I,=g,-V) (D

Clearly, an output voltage can be derived from this current by simply driving a resistive load. The port
relation of OTA as shown in Fig. 1(a) and equivalent circuit of the ideal OTA is shown in Fig. 1(b).

vV, o & Ib o
=V,0—0 {
l=gn(V-V2)

(b)

Fig. 1: (a) OTA Symbol (b) Equivalent circuit

2.2. Grounded Uniformly Distributed RC (URC)

A grounded URC is a symmetric two-port linear element characterized by resistance per-unit length R,
in {/m, its capacitance per-unit length Cy in F/m and its total length L. It is symbolically represented by the
T network of Fig.2. The total resistance and capacitance URC are R=RgL, and C=C,L, respectively. The time
constant 7 is defined as.

Rl Z(RC (2)

and 15 a measure of the propagation delay along the body of the URC. For frequencies much smaller than 1/t
the URC behaves like a lumped RC element. The URC accepts all two port descriptions; in particular, if Z0

is its driving impedance and 7, is its transimpedance, we have

}/1 _ ZO A‘J"" ll 2
v, |z z||1, 3

Resigtive Layer

Dielective Conduetive
Layer - imetal} Laver =

(a) (b)

IF =

Fig. 2: (a) A Uniformly Distributed RC section, (b) are symbolic and its equivalent lumped T network

208

124



‘‘‘‘‘ 0

——— A —}

) e ;
N GELEETINEL
RPN AAAAAL )
T—a0—F
{

125



The two linear equations (3), relating the four variables V), I, V, and I, of the two-port, are independent.
Two URCs are called commensurate [10] if they equal time constants. Pairs of commensurate URC have
been used widely in past works.

2.3. Waveforms Generator

The proposed circuit has been modified form astable multivibrator circuit [10]-[12] which is sown in
Fig.3 (a). The operation of this circuit 15 thus first given. It 1s assumed that the realization of the circuit based
on CMOS transistor. Basically, the OTA serves as an adjust table resister, which is controlled by bias current
(Ip), where the Op-Amp, the capacitor C and the resisters R, R, construct an inverting Schmitt trigger circuit.
Based on periodic charge/discharge operation of the capacitor, the triangular wave Ve(t) and the square wave
Vo(t) are then generated as illustrated in Fig.3(b) where the oscillated frequency is given by

F= En_ where k = R

(4)
4C R +R,

As show in Fig.3 (b), Vou and Vi represent positive and negative saturate voltages of Vo(t).
respectively, whereas Vi and Vi are respectively positive and negative threshold voltage of the Op-Amp
non-inverting node.

I

[
Vou]

" N\ T o
oY

Vall)
Ven. -

Vid1) o

(b)
Fig. 3: (a) Basic pulse generator circuit, (b} Circuit’s signal

3. Waveform Generators Proposed Circuit

Base on the circuit illustrated i Fig. 3(a). it 1s applied for proposed square/triangular waveform
generators. The circuit modified by replacing the Op-Amp with the OTA2, URC and modifiers the circuit
structure as shown in Fig.4 (a). When the OTA2 is in saturation mode, the peak to peak amplitude of output
signal 1s given by

R e (5)
Iv/C?E, (r)pp Z Z]BZZM (6)

Implying that the amplitude can be electronically adjusted by the bias current Ip, and Ig,. In addition, the
frequency can controllable by the parameters of passive element value URC. The input signal Vagra(t) and
Viorai(t) are fed into the output node of the OTA2 and capacitance node of the URC, respectively. At the
initial state, the inverting node of the OTA2 is connected to the ground. It causes the output voltage V(1) to
be +IpiZy. Let us consider the OTA2, Vao(t) is equal to +Ip,7,,. When the positive rising edge of the input
signal is present and maximum voltage level is greater than Vg (t), Voo(t) then changes to negative saturate
voltage -IpsZ,, causing Voi(t) converts to negative saturate voltage -IpiZo. With the negative voltage level of
Vou(t), resulting in discharging process of URC capacitance by IB1. The voltage across URC capacitance.
Vure(t) is thus linearly decreased. When Vyge(t) reaches to voltage level that is less than -IpZ;,, Vo(t) and
Vaut) are again converted to positive voltage +Ip;Z¢ and +Ip,Zn. respectively. The described circuit
operation is illustrated by timing diagram given in Fig.4 (b). The output pulse width of the proposed circuit is
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I

T=C,R, [} |2~ (7
Fl
where its height is de fined by
I/f.)l (r)pp =2"’J\’IZ"D (8)

Both (7) and (9) expresses that the waveform’s width and height of this circuit are electrically tunable
which are adjusted by the bias current Ipy and/or Ip,, respectively. As can be seen, the advantage of the
proposed scheme is focused on the ability of clectronically control.

=

Vim T Zo A Vor i

| ! Viad ) | N (P———
Vo) | Vo) | v
= 1oz A Vor®)

(a) ¥ o
=lpadsy

Vin

/

(b)

Fig. 4: (a) The square/triangular waveform generators proposed circuit
(b) The OTA-URC square waveform proposed circuit

4. Simulation Results

The proposed square/triangular waveform generators of Fig.4 (a) was simulated with PSpice using the
LM13700 OTA simplified model, and The URC is approximated by the ladder lumped RC clements of 10
sections, The proposed circuit using two OTA and one URC. A typical output triangular waveform obtained
from the simulation of the circuit (with the total capacitance C=400nl’ and the total resistance R=2MQ) are
shown in Fig.5 along with the square wave generated at the output of the astable multivibrator. The
frequency of the waveforms in this case found to be 0.8 kHz. This result is in good agreement with the
frequency 0.8 KIz calculate using the derived analytical formula given by (7)

15%

10y

"

-
=
=

Amplitade
=
Amplituale
-..-
<

“n
<

o

1Y

0 Differestial output sigral V(1 aad Vot ol pul signal

& Square wavelirm generalor vutpul signal Vi)

ms  4Ams  Gms  Rms 1ms  12ms ]-lms. L 1!rr|; 3ihns T s ms Ams fms Bms  10ms 12wz Mms J6ms  18mx 2ms
Time lime
(a) (b)

Fig. 5: (a) Output signal waveform generator Ve(t), (b) Square waveform generator output signal Vi, (t), Triangular
waveform generator differential output signal Ve, (t) and Via(t)

Next, the ability of electrically amplitude control and pulse width control is demonstrated in Iig.6. For
pulse width adjustment, IB1 and IB2 are varied as shown the x-axis.
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Fig. 6: Variation of time period at Vg, (1)) for variation in bias current

5. Conclusion

In this paper. a new square/ triangular waveform gencrators using operational transconductance

amplifiers (OTA) and uniform distributed RC (URC) with independent control of frequency and amplitude
has been presented. It is shown that the simulation results confirm well with the theoretical analysis that
matches very closely. This Circuit can be expected to find wider applications in many applied electronics
circuit, communications circuit, instrumentation, and signal processing applications.
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Abstract— This paper presents the design method for
current-mode all-pass filter circuit using Current Differencing
Transconductance Amplifier (CDTA) and Uniform Distributed
RC (URC). The frequency response parameters can be adjusted
through electronics controllability without affecting the circuit’s
quality factor. The performance of the proposed filter circuit was
simulated by PSpice. The circuit is advantage that there is good
magnitude response and low sensitivities of less than one unit.
The simulation results are in good agreement with the theoretical
calculations. The proposed circuit is very suitable to further
develop into a VLSI circuit for communication and signal
processing.

Keywords—current-mode; all-pass filter; CDTA; URC; quality
Sactor

L. INTRODUCTION

In the area of analogue filter circuits design method, much
research has been conducted on the voltage-mode and current-
mode circuits, as reported in the literature [1]-[4]. However,
some applications may intend to connect the voltage-mode
circuit with the current-mode circuit. Thus, circuits are worthy
of research and presented for the use of any filtering
requirement, which is compatible with microelectronic systems
applications. This includes controls system, voice circuit, and
data communications. The proposed circuit using CDTA has
exhibited some advantages in the circuit design, such as a wide
tunable range and powerful ability to generate various circuits.
The passive device using uniform distributed RC (URC).

The URC devices have several advantages over lumped RC
element network. The structure of distributed RC elements in
thin-film technology is built using smaller high frequency.
Distributed RC elements may have a variety of structures one
capacitive layer structure, double capacitive layer structure, and
multilayer thin-film structures. The URC structure consists of
conductor layer, resistive and dielectric layer, which were
combined in sandwich type. The resistive layers or conductive
layers may be put in contact at various points around their
edges. Other advantages of URC devices are applied to active
filters, as shown by For instance, single capacitive layer URC
circuits reported in the literature [5], [6] and double capacitive
layers (DURC) reported in the literature [7], [8].

This paper introduces an all-pass filter circuit capable of
working in current-mode and allowing adjustments of
frequency response via current-controllable of CDTA
transconductance gains. The proposed circuit simulated results
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using PSpice and implementation is achieved using 2 CDTAs
and 1 URC single layer types.
II.  CIRCUIT DESCRIPTION
A, Current Differencing Transconductance Amplifier
(CDTA)
The electrical symbol of the CDTA is shown in Fig.1 (a),
where p and n are input terminals, z and x are output terminals.

The terminal relations of the CDTA can be expressed by the
following equations [9]:

Vv
P

(n

=V, =0, ; ='i;r_i:r‘ ;\ =&uV:
when g, is the transconductance gain of the CDTA

Considering the deviation of the voltage and current gains from
their ideal values, the defining equation of the CDTA in Fig.
1(b), becomes

- i =gy, (2)

v, =V, =0, i =a,i,

when ¢, ., current gains (@, =1-¢, @, =1-¢,)

€5

&, current tracking errors

Differential input current flows over the z terminal.
Usually, external impedance is connected to this node and the
voltage over this impedance is converted to the output currents
by the output transconductors with transconductance g, for the
positive output and negative output.

According to above equation and circuit of Fig.1(b), the
current through the terminal z follows the difference of the
currents through the terminals p and n (i,-i,), and flows from
the terminal z into an impedance Z.. The voltage drop at the
terminal z is transferred to a current at the terminal x (i) by a
transconductance gain (g,,), which is electronically controllable
by an external bias current (/z). Thus, the CDTA can be
considered as familiar to the CDBA and the transconductance
amplifier.

Intermediate z terminal of the CDTA can be very handy if
a circuit is to be designed with all grounded passive elements
which is good in view of process-dependent realization issues.
Since input differential current flows over that z terminal it is
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possible to use one or more than one grounded passive
elements to convert this differential current to voltage which
seems a very promising method to obtain compact designs.

The possible implementation of the CDTA circuit used in this
work is shown in Fig.2 [9]. The circuit is consisted of two
CFAs and two OTAs (AD884 and LT1228). In this case, the
transconductance gain g, is directly proportional to the external
bias current /g, which can be written by:

- 3

when F;=26mV at 27 °C is the thermal voltage

L

ip [
"}JO—I-;— p X = Vy
i CDTA i
Vio—s— n z oV
(a)
i.f’ iy
Vpo—= —r O Vx
I.u | EmV: :
v"o: Q>

oAt
QF‘Z
(b)

Fig. 1. CDTA (a) circuit symbol (b) equivalent circuit

_LTI228
1S 15

1 i {tixc

Bmi ——0O +x

Fig.2. The implementation of CDTA

B.  Uniform Distributed RC

It is know that the uniformly Distributed RC element
(URC) have several advantage over lumped RC network. The
structure of distributed RC element in thin-film or LSI
technology is built using smaller substrate area, less isolation
and parasitic problem at high frequency, Distributed RC
elements may have many form structure [10]. The structure and
circuit symbol of uniformly distributed RC elements (URC) is
illustrated in Fig.3.(a).

Fig.3.(b) shows the symbolic and equivalent lumped 7
network circuit of URC. The admittance parameter [Y;] of the
two port network URC in Fig.2 is given as follows:
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I, Y -1 —~r-n¥
L|=X| -1 Y -(Y-niv 4)
1 —(Y-1) —~(¥-1 20¥-n ||
P
hen X =———, Y=coshP P=+sR
when PmhP cosh P and \sRC

where R and C are the values of the total resistance and
capacitance of the capacitive URC respectively and § is the
complex frequency variable.

Resistive Laver

|—>

Conductive

Dielective B
Layer (metal) Layer
(a)
Fig. 3. (a) A Uniformly Distributed RC section,

(b) Symbolic and its equivalent lumped 7 network

C.  Approximated URC

The uniform distributed RC (URC) is approximated by the
ladder lumped RC elements of m type or T type 10 sections
[11]. The approximated URC are show in Fig.4 (a) and Fig.4
(b), respectively.

&3
(b)

Fig. 4. Approximated URC (a) @t type and (b) T type
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The proposed current-mode all-pass filter employing two
CDTAs and one URC is shown in Fig 5. From routine
caleulations for the proposed filter, the current transfer
function can be given by:

PROPOSED CIRCUIT

() _&_ ((gm, +1)cosh P—1)gm,P ©)
"I, a(P-Rsinh P)+ gmd — 2o gm, sinh P— Po®
when o =coshP-1, a =w and
R”sinh” P

& =gm,Rsinh P+ Po
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From Eq.(5) the frequency response () and quality factor
(Qp) of circuit are given by

i, gm, 1
wz,g,g_.gng.
CR gy

The Q-factor (Qp) is determined by the transconductance
ratio, g,,/g,> The most sensitive parameter, @, is a function of

the transconductance-capacitance ratio, g,/CR.
l":‘-"Iﬂ

1

%

(6)

"‘irr—b—' n 4

Fig. 5. All-pass filter circuit.

IV.  SIMULATION RESULT

The simulation by PSpice of the frequency response and
phase response is shown in Fig.6. The URC is approximated by
the ladder lumped RC elements of 10 sections shown in Fig.4,
and the CDTA in Fig.2. The CFA, and CFA; were set VCC
+5V.The OTA, and OTA; were set VCC +2V, 13,=0.5mA and
Ig=ImA. It can be supported high frequency by adjusting bias
current of OTAs and change capacitance parameter of URC.

Fig.7 shows the simulated an all-pass filter response when
the DC bias current (lg; of OTA, and lg; of OTA,) where
simultaneously adjusted for lg; value 0.125mA, 0.25mA and
0.5mA, respectively, when 1,=21, and while keeping the total
resistance and capacitance of the single URC element R=1MQ
and C=80nF, respectively. That when adjustable the
capacitance of URC decreased the frequency response result of
the filter circuit are increases and the frequency increases when
the bias current higher. This result can confirm that the
proposed circuit can be controlled electronically the natural
frequency by varying a bias current of OTA. The electronic
tuning of the bias current for different capacitor values is
shown in Fig. 8.

Phisse deg) CininidE)
ady

-S04y 20 & Froquensy Kepoms

7 Phase Response
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200
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Fig. 6. Gain and phase responses All-pass filter circuit.
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Fig. 8. Frequencies various bias current and capacitances

V. CIRCUIT SENSITIVITIES
Based on the sensitivities expression §7 = (x/ y)x(év/ &),

via Eg. (6), the sensitivities of the proposed circuit can be
found as

"o » 1
S50 =5, :S:;.: :_E
1

v o ol _
sw". = sun-.- B “Sm - E

All active and passive sensitivities are small. Fig. 9 shows
the sensitivity of 87,8, 5% and Fig. 10 shows the sensitivity
of § .8 ,Sg,; ’

o amy

VI.  CIRCUIT STABILITIES

The stability of the circuit can be obtained from
denominator of Eq.(5). For stability consideration the Nyquist
theory contour is encircled at original as show in Fig.11 and
Fig. 12 shows the simulated all-pass filter stabilities when
various the DC bias current (I, and l,). The simulation results
of circuit indicate is contour is encircled at original point, That
means the all-pass filter circuit is stable.
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s == Ip=0125mA and In=0.25mA
1y =0.5mA and Iiz=1mA
1y =0.25mA and 1;5;=0.5mA

Fig. 12. Stabilities various bias current of the all-pass filter
Fig. 9. The sensitivity 57, S}, S5, T ———

The group delay of the proposed circuit using PSpice
simulation. The simulation results of circuit indicated that
constant group delay in pass band as show in Fig.13. Fig.14
shows the simulated an all-pass filter group delay cover
100Hz-10MHz when various the DC bias current (1, and IB2)
where simultaneously adjusted for Iy, value 0.125mA, 0.25mA
and 0.5mA, respectively, when Iy,;=2lg; and while keeping the
total resistance and capacitance of the single URC element
R=1MQ and C=80nF.

—— Sensitivities of Circuit

-I(_‘Bm_ II‘!_& [ 10K Hz I0KHz | OMHz IiMHz  JO0MHE

Fig. 13. Group delay of the all-pass filter

Sitng

£ 1B=0125mA and [B.41 25mA
0 IBy=.25mA and 1B.=0.5mA
1B 3mA s 1B lmA

Fig. 11. Stabilities of the all-pass filter

T T T R | A T P T
Froguency
Fig. 14. Group delay of the all-pass filter for different values of Iy, and ln
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VIII. CONCLUSION

We have proposed all-pass filter circuit using CDTA-URC.

Filters using the simpler structure have the advantages of lower
cost, chip area, power dissipation and noise. The circuit enjoys
the advantage of high input impedance, and can be support
high frequency. The frequency response can be tuned
electronically via bias currents of CDTAs. The simulation
results are in reasonably good agreement with the theoretical.
The proposed circuit in this paper can be suitable for
fabrication the VLSI circuit, portable electronic circuit such as
communication devices.
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Simulation All-Pass Filter using OTA-URC
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Abstract—This paper present voltage-mode all-pass filter circuit include operational transconductance amplifier (OTA)
and uniform distributed RC (URC).The advantage features of the proposed circuit are that: the circuit topologies are very
simple consisting of 2 OTA and 1 URC, high frequency supported, good stabillity and low sensitivities. In addition, the
higher filtering frequency response (@ can be obtained through adjusting bias current of OTA and change capacitance
parameter of URC without affecting its quality factor (Qp) stability. For simply application, this is good in cascadability of
voltage-mode eircuit and suitable for integrated cireuit implementation.the characteristics of the proposed network are
simulated using PSpice and its results are in agreement with the theory.

Keywords—all-pass filter, voltage-mode, operational transconductance amplifier, uniform distributed RC

1 Introduction

Many all-pass filter circuits employing OTA has been reported
in the literature [1]-[3] and URC filter reported in literature [4]-
[7]. The proposed circuit using OTA has exhibited some
advantages in the circuit design, such as a wide tunable range
and powerful ability to generate various circuits. In addition, the
proposed circuit using the passive device is uniform distributed
RC (URC). The URC devices have several advantages over
lumped RC element network. The structure of distributed RC
elements in thin-film technology is built using smaller high
frequency. Distributed RC elements may have many form
structure. For instance, one capacitive layer, double capacitive
layers and multi layers thin-film structure. The structure of the
general URC consists of layers of conductor layers, resistive
layers and dielectric layers were combinations are sandwich in
many permutations. The resistive layers or conductive layers
may be contacted at various points around their edges [8]. Other
advantages of UURC devices are applied to active filters. The
feature of circuit has advantage over the circuit [1]-[3], its all-
pass filter circuit using low-voltage (+2V) and high frequency
supported.

2 Circuit Description

21 Uniform Distributed RC

It is know that the uniformly distributed RC element (L/RC)
have several advantage over lumped RC network. The structure
of distributed RC element in thin-film or LSI technology 1s built
using smaller substrate area, less isolation and parasitic problem
at high frequency, Distributed RC elements may have many
form structure [8]. The structure and cireuit symbol of uniformly
distributed RC elements ({/RC) is illustrated in Fig.1(a).

Resistive Layer

Conduetive

Dielective 3 (metal) Layer

Layer

@ (b
Fig. 1. (a) A uniformly distributed RC section,
(b) Symbolic and its equivalent lumped & network.

Fig.1(b) shows the symbolic and equivalent lumped = type
network circuit of TRC. The admittance parameter [Yij] of the
two port network URC in Fig.1(b) 1s given as follows:

1 rooa @y
Li=X| -1 ) T -0 |V, e8]
Ll |-@-p —-p 20-D)|R,

when X :ﬁ, ¥ =coshP and P =+/sRC

where R and ¢ parameters are the value of the total resistance
and capacitance of the capacitive URC, respectively and s is the
complex frequency variable.

22 Approximated URC

The uniform distributed RC (URC) are approximated by the
ladder lumped RC elements of = type or T type 10 sections [4].
The approximated URC = type or T type are shown in Fig.2 and
Fig.3, respectively.

sl [ oirg | el | w0 | T F r | e | 20| T
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Fig. 2. n-type approximated uniform distributed RC (LRC)
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Fig. 3. T-type approximated uniform distributed RC (RC)
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2.3 Operational Transconductance Amplifier (OTA)

OTA is a transconductance type device, which means that the
input voltage controls an output current by means of the device
transconductance, labelled gm. This makes the OTA voltage-
controlled current source (VCCS), which is in contrast to the
conventional op-amp, which is a voltage-controlled voltage
source (VCVS). What is important and useful about the OTA’s
transconductance parameter is that it is controlled by an external
current, the amplifier DC bias current, Iz, so that one obtains
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gm=10Ig,when used LT1228. From this externally controlled
transconductance, the output current as a function of the appiied
voltage difference between the two input pins, labelled V; and
V., is given by

Lo, =gm(V,=V3) )

Clearly, an output voltage can be derived from this current by
simply driving a resistive load. The port relation of OTA as
shown in Fig. 4(a) and equivalent circuit of the ideal OTA is
shown in Fig. 4(b).

V] + lOul V]
OTA =V,0—0
Vo — lou=gm(V-V2)
O_|/+/IB 5 A
(a) (b)

Fig. 4: (a) OTA Symbol (b) Equivalent circuit

3 Proposed Circuit

The realization of the proposed all-pass network filter circuit
using OTA-URC is show in Fig.5. The circuit comprises 2 OTA
and 1 URC. From this point of view, the proposed structure is

simpier than the other existing ali-pass realizations [2]-{4].

Fig. 5. All-pass filter proposed circuit.

The all-pass circuit transfer function is given as follows.

T(s)*ﬁf gm,gm, Psinh P + gm Pcosh P — gm P 3)
V,,  a(P-Rsinh P)+gmd —20gm,sinh P - Po’
When
PZ
o=coshP-1, a= £ cofify and 6 = gm,Rsinh P+ Po

R*sinh* P

From Eq.(3) the frequency response () and quality factor (Qp)
of circuit are given by

gmgm, 8m
= [—, = |[— 4
" cr O Vem )

The Q-factor (Qp) is determined by the transconductance ratio,
gm,;/gm,. The most sensitive parameter, @, is a function of the
transconductance-capacitance ratio, g,/CR.

4 All-Pass Filter Simulation Result

The simulation by PSpice of the frequency response and phase
response is shown in Fig.6. The URC is approximated by the
ladder lumped RC elements of 10 sections shown in Fig.2, and
the OTA using LT1228. The OTA, and OTA, were set VCC
+2V, Ig;=10mA and Ip,=20mA. It can be supported high
frequency by adjusting bias current of OTAs and change
capacitance parameter of URC. Fig.7 shows the simulated an all-

pass filter response when the DC bias current (I; and Ig;) where
simultaneously adjusted for Ip; value 10mA, 15mA and 20mA,
respectively, when Ig;=2Ig; and while keeping the total resistance
and capacitance of the single URC element R=1MQ and C=80nF,
respectively. That when adjustable the capacitance of URC
decreased the frequency response result of the filter circuit are
increases and the frequency increases when the bias current
higher. This result can confirm that the proposed circuit can be
controlled electronically the natural frequency by varying a bias
current of OTA. The electronic tuning of the bias current for

different capacitor values are shown in Fig. 8 and Fig. 9.
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Fig. 6. Gain and phase responses All-pass filter circuit.
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5 Circuit Sensitivities

Based on the sensitivities expression S} = (x/ y)x(dy/ dx), via
Eq. (4), the sensitivities of the proposed circuit can be found as

Sy =8y =8% =-

gmy

S —8§° —S§% —

&my &y &m

2
3
2

All active and passive sensitivities are small. Fig. 10 shows the

vity of S°, S?. S% and Fig. 11 shows the sensitivity of
vity of S7, Y, Sor and Fig. 11 shows the sen ty of

so.,50,.8% .

gmy > gy

All-pass sensitivities filter circuit

10 10 10 10 10"
Frequency

Fig. 10. The sensitivity S, Sy, S%

R Dgm,

All-pass sensitivities filter circuit

Sensitivities

i
10
Frequency
Fig. 11. The sensitivity S;:n, s S;,’,m 5 Sf,;,

6 Circuit Stabilities

The stability of the circuit can be obtained from denominator of
Eq.(3). For stability consideration the Nyquist theory contour is
encircled at original as show in Fig.12 and Fig. 13 shows the
simulated all-pass filter stabilities when various the DC bias
current (Ip; and Ipy).The simulation results of circuit indicate is
contour is encircled at original point. That means the all-pass
filter circuit is stable.

7 Circuit Group Delay

The group delay of the proposed circuit using PSpice simulation.
The simulation results of circuit indicated that constant group
delay in pass band as show in Fig.14. Fig.15 shows the simulated
an all-pass filter group delay cover 10Hz-100MHz when various
the DC bias current (Ig; and Ip,) where simultaneously adjusted

for Ip; value 10mA, 15mA and 20mA, respectively, when
I3;=2Ip, and while keeping the total resistance and capacitance of
the single URC element R=IMQ and C=R0nF.

Stability of all-pass filter circuit using OTA-URC
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Fig. 12. Stabilities of the all-pass filter
1 Stability of all-pass filter circuit using OTA-URC
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Fig. 13. Stabilities various bias current of the all-pass filter
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Fig. 15. Group delay of the all-pass filter for different values of I, and Ig,
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8 Conclusion

‘We have proposed all-pass filter circuit using OTA-URC. Filters
using the simpler structure have the advantages of lower cost,
chip area, power dissipation and noise. The circuit enjoys the
advantage of high input impedance, low voltage and can be
support high frequency. The frequency response can be tuned
electronically via bias currents of OTAs. The simulation results
are in reasonably good agreement with the theoretical. The
proposed circuit in this paper can be suitable for fabrication the
VLSI cireuit, portable electronic cireuit such as communication
devices.
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Current-Controllable Square/Triangular Waveform Generators
using Operational Transconductance Amplifier and Uniform
Distributed RC
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Abstract. This article presents the square/triangular waveform generators circuit. Its scheme is principally
composed of two operational transconductance amplifiers (OTAs) and single-layer uniform distributed RC
(URC). The features of the proposed circuit are that, its output waveform width and height can be
independently controlled by the OTAs bias currents, which is not dependent on power supply level and
schematic is simple. In addition, characteristics of proposed square/triangular waveform generators circuit
and its application are simulated by the PSpice program and they are in agreement with the theory.

Keywords: square/triangular waveform generator, operational transconductance amplifier, uniform
distributed RC

1. Introduction

Square and triangular waveform generators with current-controllable frequency have a wide range of
applications in signal processing, communication system, instrumentation and measurement system. Such
generators can be easily realized by using an operational transconductance amplifier (OTA). Several
topologies for wave form generators have been reported in the literature [1]-[4]. The design uses OTAs ag
switching element and controls the frequency by DC bias current. Typically, the pulse waveform generators
arc employed to implement such function. It is composed of voltage comparator, timing resistor and timing
capacitors. The basic operation of this circuit is RC series network. With the provided voltage source, the
capacitor is charged and discharged where the voltage across capacitor rises and falls exponentially. When
the charged voltage reaches and upper threshold level, it results in changing of the waveform state. The
positive output waveform is then generated. The height of output waveform depends on the supply’s voltage
whereas the waveform width is directly proportional to the RC time constant. However, it is interesting to
mention about some disadvantages of the conventional waveform generators circuit. Firstly, the input
waveform width has an effect on the operation of the circuit. Namely, most circuit requires the input
waveform width to be either wider or narrower than the output waveform width. Secondly, the output pulse
height of most circuit cannot be electronically adjusted which is important in some application.

In this paper, the square/triangular waveform generators circuit using operational transconductance
amplifiers (OTAs) and single layer uniform distributed RC (URC) is presented where its output waveform
width and height can be clectronically tuned and frequency controls by any capacitance of URC circuit. The
proposed circuit scheme is composed of two OTAs and one single layer URC. An OTA provides a highly
linear electronic and a wide tunable range of the transconductance gain. The characteristics URC elements
have several advantages over lumped RC network. The structure of distributed RC elements in thin-film
technology is built using smaller high frequency. Distributed RC elements may have many form structure. [5]
For instance, single layer capacitive, double layers capacitive and multi layer thin-film structure. The

* Corresponding author. Tel.: +66 804411495, fax: +66 29828769,
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structure of the general URC consists of layers of conductors, resistive layer and dielectrics can be
sandwiched together in many permutations. The resistive or conductive layers may be contacted at various
points arcund their edges. Other advantages are applied to active filters. For instance single capacitive layer
URC [6] and double capacitive layers in the conjunction with amplifier in literatures [7], [8].

2. Circuit Description

2.1. Operational Transconductance Amplifier (OTA)

The operation transconductance amplifier (OTA) is a transconductance type device, which means that
the input voltage controls an output current by means of the device transconductance, labelled g,,. This
makes the OTA voltage-controlled current source (VCCS), which is in contrast to the conventional op-amp,
which is a voltage-controlled voltage source (VCVS). What is important and useful about the OTA’s
transconductance parameter is that it is controlled by an external current, the amplifier bias current, IB, so
that one obtains gm=Iz/2Vy ,where Vr is the thermal voltage (26mv) [9]. From this externally controlled
transconductance, the output current as a function of the applied voltage difference between the two input
pins, labelled V; and V,, is given by

1,=g,1-1) (1

Clearly, an output voltage can be derived from this current by simply driving a resistive load. The port
relation of OTA as shown in Fig. 1(a) and equivalent circuit of the ideal OTA is shown in Fig. 1(b).

L=gm(V1-V2)

Fig. 1: (a) OTA Symbol (b) Equivalent circuit

2.2. Grounded Uniformly Distributed RC (URC)

A grounded URC is a symmetric two-port linear element characterized by resistance per-unit length Ry
in Q/m, its capacitance per-unit length Cp in F/m and its total length L. It is symbolically represented by the
T network of Fig.2. The total resistance and capacitance URC are R=R¢[. and C=C,L, respectively. The time
constant 7 is defined as.

T=R,C,I* =RC @

and is a measure of the propagation delay along the body of the URC. For frequencies much smaller than 1/t
the URC behaves like a lumped RC element. The URC accepts all two port descriptions; in particular, if Z0
is its driving impedance and Z,, is its transimpedance, we have

Vl ZO Zm ]1
iz ]
]7; Zm ZO ]2

Resistive Layer

I L a2

T

L
Conduetive
(metal} Layer

Dielective
Layer

if <+o-

(a) )

Fig. 2: (a) A Uniformly Distributed RC section, (b) are symbolic and its equivalent lumped T network
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The two linear equations (3), relating the four variables Vi, I;, V; and I, of the two-port, are independent.
Two URCs are called commensurate [10] if they equal time constants. Pairs of commensurate URC have
been used widely in past works.

2.3. Waveforms Generator

The proposed circuit has been modified form astable multivibrator circuit [10]-[12] which is sown in
Fig.3 (a). The operation of this circuit is thus first given. It is assumed that the realization of the circuit based
on CMOS transistor. Basically, the OTA serves as an adjust table resister, which is controlled by bias current
(In), where the Op-Amp, the capacitor C and the resisters Ry, Ry construct an inverting Schmitt trigger circuit.
Based on periodic charge/discharge operation of the capacitor, the triangular wave V(t) and the square wave
Vo(t) are then generated as illustrated in Fig.3(b) where the oscillated frequency is given by

= En_ where k = i )
45C R +R,

As show in Fig3 (b), Vou and Vo represent positive and negative saturate voltages of Vo(t),
respectively, whereas Vig and Vi are respectively positive and negative threshold voltage of the Op-Amp
non-inverting node.

s

Vou
Viu it i,
VelD)
el o —\ Vol
Vo - —
(a) (b)

Fig. 3: (a) Basic pulse generator circuit, (b) Circuit’s signal

3. Waveform Generators Proposed Circuit

Base on the circuit illustrated in Fig. 3(a), it is applied for proposed square/triangular waveform
generators. The circuit modified by replacing the Op-Amp with the OTA2, URC and modifiers the circuit
structure as shown in Fig.4 (a). When the OTA?2 is in saturation mode, the peak to peak amplitude of output
signal is given by

VOI(I)PP =21,7, 3)
Vs (t)pp ST AT (6)

Implying that the amplitude can be electronically adjusted by the bias current Ig; and Ig;. In addition, the
frequency can controllable by the parameters of passive element value URC. The input signal Viorai(t) and
Viorai(t) are fed into the output node of the OTA2 and capacitance node of the URC, respectively. At the
initial state, the inverting node of the OTA2 is connected to the ground. It causes the output voltage Vo, (t) to
be +Ip1Zo. Let us consider the OTA2, Vpo(t) 1s equal to +Ig,Z,,. When the positive rising edge of the input
signal is present and maximum voltage level is greater than Voi(t), Voo(t) then changes to negative saturate
voltage -Ip,7,, causing Vo (t) converts to negative saturate voltage -Ip;Zo. With the negative voltage level of
Voi(t), resulting in discharging process of URC capacitance by IB1. The voltage across URC capacitance.
Vure(t) is thus linearly decreased. When Viyrc(t) reaches to voltage level that is less than -IgaZ., Voi(t) and
Voot) are again converted to positive voltage +IpZg and +lpoZ,,, respectively. The described circuit
operation is illustrated by timing diagram given in Fig.4 (b). The output pulse width of the proposed circuit is
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T =GR, H— (7)
Bl

Val(t)pp =247 (8)

where its height is de fined by

Both (7) and (9) expresses that the waveform’s width and height of this circuit are electrically tunable
which are adjusted by the bias current Ip; and/or Ip,, respectively. As can be seen, the advantage of the
proposed scheme is focused on the ability of electronically control.

A J

0
V., Vis Loz g Yo
0 -
1
Vi ezl LV
Viﬂ 1
_ lngmA Valt)

0 -
a t
@ leaZ

(b)

Fig 4: (a) The square/triangular waveform generators proposed circuit
{(b) The OTA-URC square waveform proposed circuit

4. Simulation Results

The proposed square/triangular waveform generators of Fig.4 (a) was simulated with PSpice using the
LM13700 OTA simplified model, and The URC is approximated by the ladder lumped RC elements of 10
sections, The proposed circuit using two OTA and one URC. A typical output triangular waveform obtained
from the simulation of the circuit (with the total capacitance C=400nF and the total resistance R=2MQ) are
shown in Fig.5 along with the square wave generated at the output of the astable multivibrator. The
frequency of the waveforms in this case found to be 0.8 kHz. This result is in good agreement with the
frequency 0.8 klz calculate using the derived analytical formula given by (7)

15V 15
107
0%+
L SV
E %
= <
Bl B8V
s <
3V >
0¥ U I :
10V o Y 4 s
O Differential ouipul signal ¥ei(f) and Yoa(L) outpul signal
& Square waveform generator oufpul sisnal V(1)
-[5V -3V
O 2ms  4ms  6ms  8ms 10ms 12ms  Tdms  l6ms  18ms  2Ahms Os 2ms dms - gms 8ms  10ms 12ms  1dms Téms  18ms 20ms
Time lime
(a) (b)

Fig. 5: (a) Output signal waveform generator Voo(t), (b) Square waveform generator output sighal Ve, (t), Triangular
waveform generator differential output sighal Ve (t) and Voa(t)

Next, the ability of electrically amplitude control and pulse width control is demonstrated in Fig.6. For
pulse width adjustment, IB1 and IB2 are varied as shown the x-axis.
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3 i i i
1G0O 200 300 400 500 600 7
Bias Current Ip; and I (nA)

Fig. 6: Variation of time period at V(1)) for variation in bias current

5. Conclusion

In this paper, a new square/ triangular waveform generators using operational transconductance
amplifiers (OTA) and uniform distributed RC (URC) with independent control of frequency and amplitude
has been presented. It is shown that the simulation results confirm well with the theoretical analysis that
matches very closely. This Circuit can be expected to find wider applications in many applied electronics
circuit, communications circuit, instrumentation, and signal processing applications.
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Abstract— This paper presents the design method for
current-mode all-pass filter circuit using Current Differencing
Transconductance Amplifier (CDTA) and Uniform Distributed
RC (URC). The freq y resp para s can be adjusted
through electronics controllability without affecting the circuit’s
quality factor. The performance of the proposed filter circuit was
simulated by PSpice. The circuit is advantage that there is good
magnitude response and low sensitivities of less than one unit.
The simulation results are in good agreement with the theoretical
calculations. The proposed circuit is very suitable to further
develop into a VLSI circuit for communication and signal
processing.

Keywords—current-mode; all-pass filter; CDTA; URC; quality
factor

L. INTRODUCTION

In the area of analogue filter circuits design method, much
research has been conducted on the voltage-mode and current-
mode circuits, as reported in the literature [1]-[4]. However,
some applications may intend to connect the voltage-mode
circuit with the current-mode circuit. Thus, circuits are worthy
of research and presented for the use of any filtering
requirement, which is compatible with microelectronic systems
applications. This includes controls system, voice circuit, and
data communications. The proposed circuit using CDTA has
exhibited some advantages in the circuit design, such as a wide
tunable range and powerful ability to generate various circuits.
The passive device using uniform distributed RC (URC).

The URC devices have several advantages over lumped RC
element network. The structure of distributed RC elements in
thin-film technology is built using smaller high frequency.
Distributed RC elements may have a variety of structures one
capacitive layer structure, double capacitive layer structure, and
multilayer thin-film structures. The URC structure consists of
conductor layer, resistive and dielectric layer, which were
combined in sandwich type. The resistive layers or conductive
layers may be put in contact at various points around their
edges. Other advantages of URC devices are applied to active
filters, as shown by For instance, single capacitive layer URC
circuits reported in the literature [5], [6] and double capacitive
layers (DURC) reported in the literature [7], [8].

This paper introduces an all-pass filter circuit capable of
working in current-mode and allowing adjustments of
frequency response via current-controllable of CDTA
transconductance gains. The proposed circuit simulated results
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using PSpice and implementation is achieved using 2 CDTAs
and 1 URC single layer types.

I1. CIRCUIT DESCRIPTION
A.  Current Differencing Transconductance Amplifier
(CDTA)

The electrical symbol of the CDTA is shown in Fig.1 (a),
where p and n are input terminals, z and x are output terminals.
The terminal relations of the CDTA can be expressed by the
following equations [9]:

v,=v,=0,i =i -i,i

> =V p 1)

=8nY:
when g, is the transconductance gain of the CDTA

Considering the deviation of the voltage and current gains from
their ideal values, the defining equation of the CDTA in Fig.
1(b), becomes

)

0, i =ai-ai,i=g,v.

when a, current gains (¢, =1-¢, a, =1-¢,)

a,,

&, &, current tracking errors

7

Differential input current flows over the z terminal.
Usually, external impedance is connected to this node and the
voltage over this impedance is converted to the output currents
by the output transconductors with transconductance g, for the
positive output and negative output.

According to above equation and circuit of Fig.1(b), the
current through the terminal z follows the difference of the
currents through the terminals p and n (i,-i,), and flows from
the terminal z into an impedance Z.. The voltage drop at the
terminal z is transferred to a current at the terminal x (i,) by a
transconductance gain (g,,), which is electronically controllable
by an external bias current (Iz). Thus, the CDTA can be
considered as familiar to the CDBA and the transconductance
amplifier.

Intermediate z terminal of the CDTA can be very handy if
a circuit is to be designed with all grounded passive elements
which is good in view of process-dependent realization issues.
Since input differential current flows over that z terminal it is
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possible to use one or more than one grounded passive
elements to convert this differential current to voltage which
seems a very promising method to obtain compact designs.

The possible implementation of the CDTA circuit used in this
work is shown in Fig.2 [9]. The circuit is consisted of two
CFAs and two OTAs (AD884 and LT1228). In this case, the
transconductance gain g, is directly proportional to the external
bias current /5, which can be written by:

gm=]*"

o 3

when V7=26mV at 27 °C is the thermal voltage

L

i} i
Voo p X >—oVx
; CDTA ;
Vao—t 1 n z >0V,
(a)

i i
Vpo—= — OV
, In vz Ly v,
n L
MJ
I I
(b)

Fig. 1. CDTA (a) circuit symbol (b) equivalent circuit

CDTA LT1228

S~

+ iy
e

-iy

—0 -X

T ADS44

Fig.2. The implementation of CDTA

B.  Uniform Distributed RC

It is know that the uniformly Distributed RC element
(URC) have several advantage over lumped RC network. The
structure of distributed RC element in thin-film or LSI
technology is built using smaller substrate area, less isolation
and parasitic problem at high frequency, Distributed RC
elements may have many form structure [10]. The structure and
circuit symbol of uniformly distributed RC elements (URC) is
illustrated in Fig.3.(a).

Fig.3.(b) shows the symbolic and equivalent lumped T
network circuit of URC. The admittance parameter [Yj;] of the
two port network URC in Fig.2 is given as follows:

131

I, Y -1 ~(r-n[%
Ll=x| -1 Y  —(r-n|v (C)]
8 -r-10 —(r-1 20r-nj%

P

when X = Y =coshP and P=+/sRC

Rsinh P’
where R and C are the values of the total resistance and
capacitance of the capacitive URC respectively and § is the
complex frequency variable.

Resistive Layer

. . Conductive
Dielective 3 T (metal) Layer
Layer
(a)
Fig. 3. (a) A Uniformly Distributed RC section,

(b) Symbolic and its equivalent lumped n network

C. Approximated URC

The uniform distributed RC (URC) is approximated by the
ladder lumped RC elements of © type or T type 10 sections
[11]. The approximated URC are show in Fig.4 (a) and Fig.4
(b), respectively.

Cro== Cu

bl ]

& C! Cs! (&7 s Cs & Cs Co
Ol cio] <] o] <] <m] o] o] ]
bs

(a)

Fig. 4. Approximated URC (a) n type and (b) T type

111

The proposed current-mode all-pass filter employing two
CDTAs and one URC is shown in Fig 5. From routine
calculations for the proposed filter, the current transfer
function can be given by:

PROPOSED CIRCUIT

T(s) = L )/ ((gm, +1)cosh P—1)gm P ®)
I, a(P-Rsinh P)+gmd —20gm, sinh P— Po’
2
when o =coshP-1, a :IiLShZP and
R”sinh” P

O =gm,Rsinh P+ Po

130
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From Eq.(5) the frequency response (®) and quality factor
(Qp) of circuit are given by

gm,gm,
0= |2 -
e Op

The Q-factor (Qp) is determined by the transconductance
ratio, g,,1/gn2- The most sensitive parameter, o, is a function of
the transconductance-capacitance ratio, g,/CR.

8&m,

8m,

(6)

Lour

+x

in

Lin —

%
Fig.5. All-pass filter circuit.

Iv.

The simulation by PSpice of the frequency response and
phase response is shown in Fig.6. The URC is approximated by
the ladder lumped RC elements of 10 sections shown in Fig.4,
and the CDTA in Fig.2. The CFA, and CFA, were set VCC
+5V.The OTA, and OTA, were set VCC £2V, I;=0.5mA and
Ig,=1mA. It can be supported high frequency by adjusting bias
current of OTAs and change capacitance parameter of URC.

SIMULATION RESULT

Fig.7 shows the simulated an all-pass filter response when
the DC bias current (Ig; of OTA; and Iz, of OTA,) where
simultaneously adjusted for Ip; value 0.125mA, 0.25mA and
0.5mA, respectively, when Iz;=2Ip, and while keeping the total
resistance and capacitance of the single URC element R=1MQ
and C=80nF, respectively. That when adjustable the
capacitance of URC decreased the frequency response result of
the filter circuit are increases and the frequency increases when
the bias current higher. This result can confirm that the
proposed circuit can be controlled electronically the natural
frequency by varying a bias current of OTA. The electronic
tuning of the bias current for different capacitor values is
shown in Fig. 8.

Phase(deg) Gain(dB)
-od

504 20

-100d. 0
150d] .20
-200d
"100KHz 300KHz 1.0MHz 3.0MHz 10MHz 30MHz 100MHz
Frequency
Fig. 6. Gain and phase responses All-pass filter circuit.
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Fig. 7. Frequency and phase responses for different values of Is; and Is,

All-pass filter circuit
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Fig. 8. Frequencies various bias current and capacitances

Vi

Based on the sensitivities expression S? =(x/y)x(dy/ox),
via Eq. (6), the sensitivities of the proposed circuit can be
found as

CIRCUIT SENSITIVITIES

Sg=8p=8% =—

am

o= =

=8§% =

om,

5©

am;

-5

gm,

All active and passive sensitivities are small. Fig. 9 shows
the sensitivity of S¢, Sy, S2 and Fig. 10 shows the sensitivity

0 qo QO
Of S Sen» S -
VI.  CIRCUIT STABILITIES

The stability of the circuit can be obtained from
denominator of Eq.(5). For stability consideration the Nyquist
theory contour is encircled at original as show in Fig.11 and
Fig. 12 shows the simulated all-pass filter stabilities when
various the DC bias current (I; and Ip,).The simulation results
of circuit indicate is contour is encircled at original point. That
means the all-pass filter circuit is stable.
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All-pass sensitivities filter circuit
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Fig. 9. The sensitivity S¢, Sy, Sg,

All-pass sensitivities filter circuit
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Fig. 12. Stabilities various bias current of the all-pass filter

VII. CirculT GROUP DELAY

The group delay of the proposed circuit using PSpice
simulation. The simulation results of circuit indicated that
constant group delay in pass band as show in Fig.13. Fig.14
shows the simulated an all-pass filter group delay cover
100Hz-10MHz when various the DC bias current (I; and IB2)
where simultaneously adjusted for Ig; value 0.125mA, 0.25mA
and 0.5mA, respectively, when I;=2Ip, and while keeping the
total resistance and capacitance of the single URC element
R=IMQ and C=80nF.

Ty
200ns|
0 1B;=0.25mA and [B,=0.
o ——
-100r
1.0Hz 10Hz 100Hz ~ 10KHz  10KHz  100KHz 1OMHz  1OMHz 100MHz
Frequency
Fig. 13. Group delay of the all-pass filter
Ty
800ns
600ns
1B;=0.125mA and 1B,=0.25mA
an
400ns ¥ 1B=0.5mA and B~ ImA
2005
i 10Hz 100, LOKHz  10KHz  100KHz  1OMHz  10MHz 100MHz

Frequency

Fig. 14. Group delay of the all-pass filter for different values of Is; and Is;
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VIIL
We have proposed all-pass filter circuit using CDTA-URC.

CONCLUSION

Filters using the simpler structure have the advantages of lower
cost, chip area, power dissipation and noise. The circuit enjoys
the advantage of high input impedance, and can be support
high frequency. The frequency response can be tuned
electronically via bias currents of CDTAs. The simulation
results are in reasonably good agreement with the theoretical.
The proposed circuit in this paper can be suitable for
fabrication the VLSI circuit, portable electronic circuit such as
communication devices.
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