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ABSTRACT

This thesis presents a novel current mode multiphase oscillator with electronically
tunable frequency feature. With closed-loop positive feedback configuration of the frequency
determining circuit and current amplifier which both based on second generation current
controlled conveyor (CCCII), this oscillator can implemented. The frequency determining circuit
realizes on first order allpass filters that each consists of only CCCII and one capacitor. The
advantages of the proposed circuit are simple structure and easily adjusting of oscillation
frequency by bias current-control of CCCII. The simulation as well as the experiment results

agree well with the theoretical analysis.
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+IKF=6.974E-3 NF=1 VAF=159.4 ISE=36E-16 NE=1.713
+BR=0.7258 IKR=2.198E-3 NR=1 VAR=10.73 ISC=0 NC=2
+TF=0.425E-9 TR=0.425E-8 CJE=0.214E-12 VJE=0.5
+MJE=0.28 CJC=0.983E-13 VIC=0.5 MIC=0.3 XCJC=0.034
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m HARRIS

SEMICONDUCTOR

August 1996

CA3096, CA3095A,
CA3096C

[.."N/PNP Transistor Arrays

Applications Description
= Five-Independent Transistors The CA3096C, CA3096, and CA3096A are general purpose
- Three NPN and high voltage silicon transistor arrays. Each array consisis of
- Two PNP five independent transistors (two PNP and three NPN types)
« Differential Amplifiers on a common substrgte, which has a seParate conqecboq.
) Independent connections for each transistor permit maxi-
» DC Amplifiers mum flexibility in circuit design.
« Sense Amplifiers . y
FIESSIDES Types CA3096A, CA3096, and CA3096C are identical, except
* Level Shifters that the CA3096A spedifications include parameter matching
* Timers and greater stringency in lego, Iceo. and Vop(SAT). The
- Lamp and Relay Drivers EOAdSO?G? is a[rtatla}xled I\fgistbgp of the CﬁSO%B}.)To _ty;t)e ‘thrs
y text, simply triple cli is paragraph and begin typing.
= Thyristor Firing Circuits The paragraph tag for this area is called body.
* Temperature Compensated Amplifiers
d NPRRROnpet CA3096, CA3096A, CA3096C
Ordering Information Essential Differences
AT HUMBER - T CHARACTERISTIC CA3096A | CA3096 | CA3096C
(BRAND) RANGE (°C) PACKAGE NO. V(BR)CEO (V) (Min)
CA309GAE -551t0 125 |16 Ld PDiF E15.3 NPN 35 85 24
CA3G36AM -5510125 |16 Ld SCIC M16.15 PNP 40 40 24
(3096A) ” o
n
CA3096AM96 -55t0 125 |16 Ld SOIC Tape |M16.15 DELal A
(3096A) and Reel NPN 45 45 30
CA3GS6CE -55t0 125 |16 Ld PDIP £16.3 PP -0 40 -24
CA3096E -55t0 125 |16 Ld PDIP E16.3 heg at ImA
CA3096M -5510 125 |16 Ld SOIC M16.15 NPN 150-500 150-500 100-670
3096
¢ ) PNP 20-200 20-200 15-200
CA3096M96 -55t0 125 |16 Ld SOIC Tape |M16.15
(3096) and Reel hgg at 100pA
PNP 40-250 40-250 30-300
Pinout Iceo (nA) (Max)
CA3096, CA3096A, CA3096C NPN 40 100 100
(PDIP, SOIC) PNP 40 -100 -100
TOP VIEW
I nA) (Max
-~ ceo (nA) (Max)
[1] 16 ] susstrate NPN 100 1000 1000
E E PNP -100 -1000 -1000
Qq Y M
5 ; as E ce sat (V) (Max)
NPN 0.5 0.7 0.7
4 13
) o Viol (mV) (Max)
E—quz 2] NPN 5 - -
] mgﬂ N I
[7] 10 ] lliol (1A) {Max)
Heil bl
NPN 0.6 " -
EE“L_I— :
PNF 0.25 . -
CAUTION: Tiase devices are sensitive Lo electrostatic discharge. Usars siwuid iollow progar IC Handling Procecures. File Number 595.3

Copyrigrt © Harmis Corporation 1996

7-31
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CA3096, CA3096A, CA3096C

Absolute Maximum Ratings

NPN

Collector-to-Emitter Voltage, Vogo

CA3096, CA3CS6A . ... ..., 35V

CA309BC ... ... i 24V
Collector-to-Base Voltage, Vcgo

CA3096, CABO9BA « wwvs v vns s s 45V

CABOGEC v oo s092 S0 nm e somimarmine 30V
Collector-to-Substrate Voltage, Vg (Note 1)

CA3096, CAI0OBA. ..cvoe v v virevns stiiie 45v

CAS096C e v Sruim e iis 5 e w 30v
Emitter-to-Substrate Voltage, Vg|o

CAINCE, CAIDAOA .oisvrssns immarssn svssissois s -

CAB0GBL s o wn s sy o e o 55 -
Emitter-to-Base Voltage, Vego

CA3096, CA309BA . ... ..ovvueeannnn .. 6V

CRIOOE 1 v sow ws sosvvwinn ssiciss emisnin e 6V
Collector Currant, I (All Types)............ 50mA

PNP

40V
-24V

40V
24V

40V
-24V

40V
-24V

-10mA

Operating Conditions

Temperature Range . .......... -55°C 10 125°C

Thermal Information

Thermal Resislance (Typical, Note 2) 8,4 (PCW)
PEIE PHCKEGE o v sonmassmemns s suiss 90
SOICPackage. .. ... oot iieiiiaann.. 170

Maximum Power Dissipation (Each Transistor. Note 3) . ... 200mW

Maximum Junction Temperature (Plastic Package) ........ 150°C

Maximum Storage Temperature Range .......... -65°C to 150°C

Maximum Lead Temperature (Soldering 10s)............. 300°C
(SOIC - Lead Tips Only)

CAUTION: Stresses above thosa listed in “Absolute Maximum Ratings™ may cause permanent damage lo the device. This is a stress only rating and operation
of the device al these or any other condilions above those indicated in the operational sections of this specification is nol implied.

NOTES:

1. The collcctor of each transistor of the CA3096 is isolated from the substrate by an integral diode. The substrate {Terminal 16) must be
connected to the rmost negative point in the external circuit to maintain isolation between transistors and to provide for normal transistor

action.

2. 0ya is measured with the component mounted on an evaluation PC board in free air.

3. Care must be taken to avoid exceeding the maximum junction temperature. Use the total power dissipation (all transistors) and thermal

resistances to calculate the junction temperature.

Electrical Specifications

For Equipment Desigr, At T = 25°C

-~ CA3096 CA3096A CA3096C
PARAMETER CONDITIONS | MIN J TYP | MAX | MIN I TYP ] MAX | MIN l TYP I MAX | UNITS

DC CHARACTERISTICS FOR EACH NPN TRANSISTOR

lcso Ve = 10V, - | ooci | 100 - | ooot1 | 4c 0001 | 106 | nA
lge=0

585 Vee = 10V, ; 0,006 | 1000 . 0.006 | 100 y 0006 | 1000 nA
lB =0

V(BR)CEO lc=1mA,lg=0 35 50 - 35 50 - 24 35 - A"

V(BR)CBO I = 10pA, 45 100 - 45 100 - 30 80
lge=0

V(BR)C#O |C[ = 10|J.A, 45 100 45 100 30 80 = \
ig=lg=0

V(BR)EBO lg = 10pA, 6 8 - 6 8 - 6 8 - Vv
Ic=0

Vz I7 = 10uA 6 79 9.8 & 7.9 9.8 6 79 9.8

VCE saT Ic = 10mA, ; 024 | 07 . n24 | 05 - 0.24 0.7
IB =1mA

Vge (Note 4) Ic = 1mA, 06 | 069 | 078 | o6 | 069 | 078 | 06 | o6 | o078 v
V =5V

hee (Note 4) ce=5 150 | 30 | s00 | 150 | 3%0 | soo | 100 | 39 670

|AVBE/AT| (Note 4) | Ic = 1maA, 5 19 R » 1.9 . . 1.9 - mVIeC
Vce =5V

DC CHARACTERISTICS FOR EACH PNP TRANSISTOR

gy Veg = -10V, . 006 | -100 . -0.006 | -40 8 006 | -100 | nA
IE =0 l
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Electrical Specifications For Equipment Design, At Ty = 25°C (Continued)

TEST CA3096 CA3096A CA3096C
JPARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX | UNITS
Iceoc Ve =-10V, - -0.12 | -1000 - 0.12 -100 - -0.12 -1000 nA
IB =0
V(BR)CEO IC = -100uA, -40 -75 - <40 -75 - -24 -30 - v
|a =0
V(BR)‘CBO Ic =-10pA, -40 -80 - -40 -80 - - -24 -60 - v
lg=0
V(BR)EBO Ig = -10pA, -40 =100 - -40 -100 - -24 -80 - "
|c =0
V(@R)EIO Igr = 10pA, 40 100 - 40 100 - 24 80 - v
Ig=lg=0
VeE sar ic =-1mA, - -0.16 04 . -0.16 0.4 - -0.16 04 Vv
Ig = -100pA
Vge (Note 4) Ic = -100pA, -0.5 -0.6 0.7 -0.5 -0.6 07 -0.5 -0.6 0.7 v
VeE = -5V
hez (Note 4) o = -100pA, 40 35 250 40 85 250 30 85 300
Vcg = -5V
Ig =-1mA, 20 47 200 20 47 200 15 47 200
Vcg =-5V
[AVBE/AT| (Note 4) | Ig = -100pA, - 2.2 - - 2.2 - - 22 - mvrec
Vee = -5V
lcgo Coltector-Cutoff Current Vz Emitter-to-Base Zener Voltage
lcea Coltector-Cutoif Current Voesar  Collector-to-Enmitter Saturation Voltage
ViBryceo Cotiector-to-Emitter Breakdown Voltage Vge Base-to-Emitter Voltage
V(BrycBo Cokector-to-Base Breakdown Voltage hee DC Forward-Current Transfer Ratio
Vierycio Colector-to-Substrate Breakdown Veltage |AVRefAT] Magnitude of Temperature Coefficient:
fi a transistor
V(er)eso Emiter-lo-Base Breakdown Voltage ivaas als gl
NOTE:
4. Actual forcing current is via the emitter for this test.
Electrical Specifications For Equipment Design At Ty = 25°C (CA3096A Only)
CA3096A
PARAMETER SYMBOL TEST CONDITIONS MIN TYP MAX UNITS
FOR TRANSISTORS Qq AND Qp (AS A DIFFERENTIAL ARPLIFIER)
Absolute Input Offset Voltage Vol VeE =5V, In = 1mA - 03 L] mV
Absolute Input Offset Gurrent ol 0.07 0.6 uA
Absolute Input Offset Voltage [AVi0 - 1 - Yale
Temperature Co=fficient AT
FOR TRANSISTORS Q4 AND Q5 (AS A DIFFERENTIAL AMPLIFIER)
Absolute Input Offset Voltage Vol VcE =-5V, Ig = -100pA 0.15 5 mV
Rg=0
Absolute Input Offset Current ol 2 250 nA
Absoclute Input Offset Voltage |AV IO! - 0.54 - pvecC
Temperature Coefficient AT




CA3096, CA3096A, CA3096C

Electrical Specifications Typical Values Intended Only for Design Guidance Al Tp = 25°C

TYPICAL
PARAMETER SYMBOL TEST CONDITIONS VALUES UNITS
DYNAMIC CHARACTERISTICS FOR EACH NPN TRANSISTOR
Noise Figure (Low Frequency) NF f=1kHz, Vog = 5V, Ig = TmA, Rg = 1kQ2 22 dB
Low-Frequency, Input Resistance Ry f=1.0kHz, Vgg =5V ig =1 mA 10 kG2
Low-Frequency Output Resistance Rp =1.0kHz, Vg =SV Ic = 1mA 80 k2
Admittance Characterislics
Forward Transfer Admittance gre | f=1MHz, Vgg = 5V, Ig = TmA 75 mS
== beg | f=1MHz Vg =5V, Ic = TmA 4§13 mS
Input Admittance ge |f=1MHz, Vgg =5V, Ic = TmA 22 mS
e bie f=1MHz, Vcg = 5V, Ig = TmA j3.1 mS
Qutput Admittance gog | 7=1MHz, Vg =5V, Ic = TmA 0.76 . mS
YoE boe |f=1MHz Veg =5V, Ig = ImA j2.4 mS
Gain-Bandwidth Product fr Veg =5V, Ig = 1.0mA 280 MHz
Vcg =5V, Ig = 5mA 335 MHz
Emitter-To-Base Capacitance Cep Vgg =3V - 0.75 pF
Collector-To-Base Capacitance Cce Vg =3V 0.46 pF
Collector-To-Substrate Capacitance Cei Vg =3V 32 pF
DYNAMIC CHARACTERISTICS FOR EACH PNP TRANSISTOR
Noise Figure (Low Frequency) NF f=1kHz, Ig = 100pA, Rg = 1KQ 3 ds
Low-Frequency Input Resistance Ry f=1kHz, Vg = 5V, Ic = 100pA 27 kQ
Low-Frequency Cutput Resistance Ro f = 1kHz, Vgg = 5V, Ig = 100pA 680 kQ
Gain-Bandwidth Product ) Ve =5V, I = 100pA 6.8 MHz
Emitter-To-Base Capaciiance Cep Vgg = -3V 0.85 pF
Collector-To-Base Capacitance Cca Veg = -3V 225 pF
Base-To-Substrate Capacitance Cpgi Vg =3V 3.05 pF
Typical Applications
(SUBSTRATE] ® [ CENTER FREQUENCY: 1kHz e

et : 7z
.| {/

OUTPUT VOLTAGE (V)

2 /
b+ OUTPUT /
1 —_

0
-20 -10 0 10 20
L fa-f1>0 fy=fa fq-f3>0
NOTE: F{ OR F3 < 10kHz = FREQUENCY DEVIATION (kHz)
FIGURE 1. FREQUENCY COMPARATOR USING CA3096 FIGURE 2. FREQUENCY COMPARATOR CHARACTERISTICS
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Abstract

This paper presents current mode multiphase oscillators with electronically tunable frequency

feature.

The circuits offer the advantages of using a few passive elements and easily adjusting the

oscillation frequency with the bias current of the Second Generation Current Controlled Conveyor

(CCCII). The results from SPICE simulation agree well with the theoretical analysis.
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Abstract

This paper presents the design of a current mode biquadratic filter using two single output CCIIs
with a three outputs CCII'."Tbe proposed filter has three inputs and one output. It offers the realization of
lowpass, highpass, bandpass, notch and allpass signals using the same configuration without any changes
in the circuit topology and without requiring any component-matching conditions. The parameter O can be
independently controlled without disturbing @, and gain of the filters. Moreover, the proposed circuit uses
all grounded passive elememts, therefore, it is suitable for integrated circuit implementation. The

simulation results show good agreement with the theoretical analysis.
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