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ABSTRACT

This thesis presents new designs of astable multivibrator and impedance inverter based
on CCClIIs. The astable multivibrator is built from replacing resistors with CCCII in traditional
astable multivibrator based on Schmitt trigger circuit. It gives rectangular and triangular output
signal, which can change frequency of the output waveform by adjusting CCCII bias current.
Furthermore, the output frequency does not depend on temperature because the variable related
to temperature is rejected. The other new design circuit is impedance inverter. The circuit
structure is composed of three CCCllIs and only one passive device, which we designed to invert
its impedance. The circuit inverts the grounded impedance to virtual floating impedance. The

simulations as well as the experiment results agree well with the theoretical analysis.
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Wedagdauns 2.17)Invee 1

N, = f% (2.18)

J o s w A a & g/ Ao 1w 4

MNAUMS (2.18) Mueanui SaugUnseinndaiide lufiemaeniisdeaiiimumduglnsal

A a A 2 £ @ oa Yt 1 ° a1 ' 9 o '

ideludniimmaniie dedefinnuminelddnd Swaugunsalfidesglursoudoaiiudmang
! Y o a1 Y o 1 o '

o llamitenlwds s luduiudedd s Sswidunnds udfoaligunsalfidedugly

b4
WsoU i1 J g mdudifisaneuds vimivannsadagdaums 2.16) ey lugtuuudn1dd

11 =] [Pa (2.19)

aums .19)uanamdanmsnsmdaiios lugUuupaums Tasuaasanuduiutsznnananmuos

=

=Y ) [ a ) [~ = as '
ﬂizllﬁiu‘nﬂﬂ'lllli‘lﬂuTWﬂ'IﬂUNﬁﬂmﬂlﬂﬂﬂﬁgllﬁ‘luﬂﬁﬂ?ﬂﬁ]ﬂﬂ’]ﬂ'ﬂ'\ ﬂ\ﬁlﬂﬂb].ﬁ"ﬂﬂﬁ'llﬂ\iQfUHQN
1 o a oy 4 v 0 q Yt 1 = 0 4 9 & gy
I,l.'ﬂzﬂ'l‘llﬂﬂﬁiyfy']‘mﬂu?jﬁ‘]m1ﬂﬂ51ﬂ§]ﬂ1lﬂﬂ?‘ll9~1 'VI111’7”‘11")%]'J'Ilfﬂiuﬂ'liﬂ‘]ﬂ’m'i’lﬂ'l'lxﬂ.luvlﬂ
] a 0w da A o ¥ a ¢ o 7 PR
maﬂ’nnﬁzmnmzmﬂanmimma’aLuumfl‘ﬂuﬂ'l‘:":uﬂswmtazﬁ«ﬂ'.i‘l:m&m iNhlﬂ

= ] Y 1 1 Ay = Ls 1
Wouunuanudunszualuaums (2.19) Meglugdmnszuareiungilnsalsovaouuy

= A o 1
fuduaai 1 1d
N/2 I N/f2 I
H 2n :H 2n-1 (220)
n=1 AZIJ n=1 AZn—l
nsoammuali A ety
Nf2 A
A= 2 (2.21)
n=l| A2n—l
annsodagdaums 2.20) 14l
Nj2 Nj2

1172 =2 [ 120 (2.22)

v
1A

1 £ a 1 ' é’ = LS J A o 1 ] J
Tavd1 A Fududasidusznhaiuiivesginsaisosdeunuiidy  miive lifiviasuazasiueg

QG

ar o a o o a ¢ o o a =
AuduasumskangUnsal vz luin/aoullmugungiinasflsddumsiau uaznnmseFuied

g

1 s a @ - LY da - o
NAIWINAT NS (2.22) Hfeanudunutiduaunsvan Alfdundnmansudadisfiiues



13

“ | 9 da a4 o 4?’ o s o
nninannmuseagdiddinasnaudaiissdszneuinnnmsiglnsaingud-

aa o ' 9 1 s a v 9 =) v w
aiesrediuaesevila Uszneudiogounsaidfirmanszuansedud wazdanuduiug

v \ ' o o PR -

sgrdnanszuauazawssuunuuend Tnuudoa  waguaszuaveninsalfiyonseruly
= £ a1 a a & o s 1 P 4
neansrtwaznagunsziavesglnssinae ludnfiamenisezulsiumuiuednsh Feaash

¥
12 "o

ﬂjmmmﬂiﬁu{’:ﬁaﬁﬂs1d3uv§uﬁmmqﬂma§ﬁﬁ5audmmuﬁtﬁu Tnodasiiier iduediy
QUHNlazYNIAYDINTZIA qﬂnstﬁﬁaﬁnﬂifﬁmﬁ‘luuﬁqmmﬁ;ﬁmﬁu uazazdesiinnu
wuunTELE J annnhmanumuiunszuaduia Jon q Sufuaeiusiesiliees
vmuﬁﬁzﬁﬁﬁmmsnm"lﬂﬂszgﬂﬁi%"luﬂwha 1 Tadiuedd swdldidudmiszaeundn

é 1 ¥ s
Turgsmemunszuadsznanasluidoeda 1u

2.4 WNWITMYNIUD IS

v
= o w

vsmnmnszuauagesivhan iy Tnuanssuaiitda 185 unnuiionlumsih W19
NUAN 9 DEINUNINAY Lﬁaammﬂmwiﬁﬁﬁ’ﬂuquq ¥ luaveenuuuieesla Tae
sUuuuveses lidudou wazauserhliissgndadiatiuaeesdn q ldnawgiuy @
¥ hannuazl$ulaldifasssmomunszuaiuiuie o Fallguanifvesisesuandiain

¥
faapBueae 11Tl

2.4.1 WOTEWIMNTZUT U TN

MITENUNIUNTEUATUTINGLS (first generation current conveyor) H3pilouiSunfuuuuteh
95 CCI "lé’fgﬂﬁuﬁumfluﬂ'szmmiﬂu Smith 1182 Sedra 01 1968 [21] TavinvearsesiAniy
vinmsliuljnsesulasiussduiiunssue Famnsouaasissnoufurie 188 2.3

nﬁqawsgﬂ‘ﬁ 2.3 ﬁytﬂmaﬂ'jﬁumemwﬂsﬁwuwmnﬁmﬁiuﬁﬂﬁa (CCI) @m3n
daurfasldifiuaees car 18Taadhanesduuuusli 2.3 i‘fum%'ﬂﬂgﬂﬁﬁmamﬂﬁiuumm«?ﬁ-
weinadnsia P-N-P HunnuFmaessia N-P-N uazlushueudeafudousn
nsmFameivila N-P-N ifluwila p-N-P mnﬁ"umfhuLﬁmmzﬁauﬁgﬂﬁﬂuﬂmuuﬂi"ﬂudaﬁu &
uanal&fagil 2.4 v218gUnsalmumesnfitsznoudaonesn X wedn Y uazwedn z Tavaers

UG

" 4
N lAvzlinmauiadade 1l

4

oA a o 1 w A o .c&y a ~
- WIAUNNDIR Y %3ﬂ51ﬂ§]'ﬂﬂﬂiﬂ X Taomussaunnoesa X mztfluﬂmsmnﬂmmﬂ

L8 '
wosn X niaoulugdaumsian



14

Vss

v, =V, (2.23)
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{ Ps G a ¢ = ¢ Aa a
- nszuelnaiwesa X wgmiim (convey) ifiinesn z Fufluneiaitinuordnadufiuaud

qaun nio@eulugilaums1dh

I,=1, (2.25)
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*NR100N-1X NPN Transistor

.MODEL nx1 NPN RB=524.6 IRB=0 RBM=25 RC=50 RE=1
+IS=121E-18 EG=1.206 XTI=2 XTB=1.538 BF=137.5
+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 VJC=0.5 MJC=0.3 XCJC=0.034
+CJS=0.913E-12 VJS=0.64 MJS=0.4 FC=0.5

*PR100N-1X PNP Transistor

.MODEL px! PNP RB=327 IRB=0 RBM=24.55 RC=50 RE=3
+IS=73.5E-18 EG=1.206 XTI=1.7 XTB=1.866 BF=110
+IKF=2.359E-3 NF=1 VAF=51.8 ISE=25.1E-16 NE=1.650
+BR=0.4745 IKR=6.478E-3 NR=1 VAR=9.96 ISC=0 NC=2
+TF=0.610E-9 TR=0.610E-8 CJE=0.180E-12 VJE=0.5
+MJE=0.28 CJC=0.164E-12 VJC=0.8 MJC=0.4 XCJC=0.037
+CJS=1.03E-12 VJS=0.55 MJS=0.35 FC=0.5
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M HARRIS CA3096, CA3096A,
SEMICONDUCTOR CA3096C

August 1996 NPN/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 consists of
- Two PNP five independent transistors (two PNP and three NPN types)
« Differential Amplifiers on a common substre?te, which has a separate conpectlo:?.
. Independent connections for each transistor permit maxi-
* DC Amplifiers mum flexibility in circuit design.
il Types CA3096A, CA3096, and CA3096C are identical, except
* Level Shifters that the CA3096A specifications include parameter matching
¢ Timers and greater stringency in Iggo. Iceo, and Vcg(SAT). The
« Lamp and Relay Drivers E?dsotgi(t: i§ alretlgx;ad :{e}r(stigp of the 0230%63'0 ‘ty‘;t)ye _this
. . - . y text, simply triple click this paragraph and begin typing.
Thyristor Firing Circuits The paragraph tag for this area is called body.
* Temperature Compensated Amplifiers
= Operational Amplifiers
P P CA3096, CA3096A, CA3096C
PART NUMBER TEMP. PKG. CHARACTERISTIC CA3096A CA3096 CA3096C
(BRAND) RANGE (°C) PACKAGE NO. Vigriceo (V) (Min)
CA3096AE -55t0 125 |16 Ld PDIP E16.3 NPN 35 35 24
CA3096AM -55t0 125 |16 Ld SOIC M16.15 PNP -40 -40 -24
(3096A) = 0
in
CA3096AM96 5510125 |16 Ld SOIC Tape |M16.15 (erycs0 (V) (
(3096A) and Reel NPN 45 45 30
CA3096CE -55t0 125 |16 Ld PDIP E16.3 PNP -40 -40 -24
CA3096E -55t0 125 |16 Ld PDIP E16.3 hgg at TmA
CA3096M -55t0 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 hpg 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
| Iceo (nA) (Max)
[ SUBSTRATE NPN 100 1000 1000
E PNP -100 -1000 -1000
E Ve sar (V) (Max)
NPN 0.5 0.7 0.7
4
E [Viol (mV) (Max)
E NPN 5 - -
[ PNP 5 - -
E ol (rA) (Max)
E NPN 0.6 - -
PNP 0.25 - -
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 595.3

Copyright © Harris Corporation 1996 7-31
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CA3096, CA3096A, CA3096C

Absolute Maximum Ratings

NPN

Collector-to-Emitter Voltage, Vcgo

CA3096, CA3096A . ...........covvvenns 35V

CAJOYEE wovmvmsais Piseavs S Traws m 24V
Collector-to-Base Voltage, Vcpo

CA3096,CA3096A . ..........cvvvnnnn, 45V

CABDYEC. .o ovvnmninin e wzsmipssion sonuse s weess 30V
Collector-to-Substrate Voltage, Vo (Note 1)

CAIVIE, CABDDBA: o vvsmwan svasmatin v 45V

CAB096C wwvs vl Siusisn srdiain ivd 30V
Emitter-to-Substrate Voltage, Vg|o

CA3096,. CAIDIBA. . v.0vw mvivim win sismmsivisie sovimn -

CABNBE e cmimmmmmimig it wvemsmesam@ -
Emitter-to-Base Voltage, Vego

CA3096, CA3096A . ......covvvvnvinnnnnn 6V

CAB0GBE. 5 i i it impompmnss wimmmmimmamsn Y
Collector Current, I (All Types)............ 50mA

PNP

-40V
-24V

-40V
-24V

Operating Conditions

Temperature Range ..............c.oeeeennn. -55°C to 125°C

Thermal Information

Thermal Resistance (Typical, Note 2) 0,4 (°CW)
PDIP Package . . ... e 90
SOIC Package:. . ixuis ssie siisais av e s 170

Maximum Power Dissipation (Each Transistor, Note 3) .. ... 200mwW

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

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

CAUTION: Stresses above those listed in “Absolute Maximum Ratings”™ may cause permanent damage o the device. This is a stress only rating and operation
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied.

NOTES:

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

action.

2. 04 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 Design, At Ty = 25°C

— CA3096 CA3096A CA3096C
PARAMETER conpitioNs | miN | TP | Max | min | TvP | max | min | TvP | max | units

DC CHARACTERISTICS FOR EACH NPN TRANSISTOR

Iceo Veg = 10V, 0.001 | 100 5 0.001 40 . 0.001 100 nA
IE =0

Iceo VeE = 10V, g 0.006 | 1000 . 0.006 | 100 i 0.006 | 1000 nA
13 =0

V(BR)CEO lg=1mA,Ig=0 35 50 - 35 50 - 24 35 - Y

V(ﬁR)CBO 'C = 10pA, 45 100 = 45 100 = 30 80 - \'
'E =0

V(gRricio Iy = 10pA, 45 100 - 45 100 . 30 80 - v
IB =lg=0

V(Br)EBO Ig = 10pA, 6 8 - 6 8 - 6 8 - \'
lc=0

Vv Iz = 10pA 6 7.9 9.8 6 79 9.8 6 7.9 9.8 Vv

VCE sar Ic = 10mA, - 0.24 0.7 . 0.24 0.5 § 0.24 0.7
Ig = TmA

Vg (Note 4) Ic = 1mA, 0.6 060 | 078 | 06 | 069 | 078 | 0.6 069 | 078 Vv

hrg (Note 4) Vee =5V 150 | 390 | s00 | 150 | 390 | s00 | 100 | 390 670

[AVBE/AT| (Note 4) | Ic = 1mA, - 1.9 - g 1.9 E z 1.9 - mV/PC
VCE =5V

DC CHARACTERISTICS FOR EACH PNP TRANSISTOR

lceO Veg = -10V, 0.06 | -100 2 -0.006 | -40 - 006 | -100 nA
IE =0

7-32
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Electrical Specifications For Equipment Design, At T = 25°C (Continued)

TEST CA3096 CA3096A CA3096C
PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX | UNITS

lceO Vg =-10V, - -0.12 | -1000 - -0.12 -100 - -0.12 -1000 nA
Ig=0

V(BR)CEO |c =-1 OO[JA, -40 -75 2 -40 -75 G -24 -30 b \"
Ig=0

V(Br)CBO Ig =-10pA, -40 -80 - -40 -80 - -24 -60 - \")
lge=0

V(BR)EBO Ig = -10pA, -40 -100 - -40 -100 - -24 -80 - \
IC =0

V{BR)EIO Ig) = 10pA, 40 100 - 40 100 - 24 80 - \
IB = lC =0

VGE SAT g =-1mA, - -0.16 -0.4 - -0.16 -0.4 - -0.16 -0.4 A
Ig =-100pA

VgE (Note 4) Ic =-100pA, 05 0.6 07 | -05 -0.6 07 | -05 -0.6 -0.7 %
VCE =-5V

heg (Note 4) Ic = -100pA, 40 85 250 40 85 250 30 85 300
Vege = -5V
lc=-1mA, 20 47 200 20 47 200 15 47 200
Veg =-5V

|AVBg/AT| (Note 4) | I =-100pA, - 22 - - 22 - - 22 - mv/°C
VCE =.5V

lceo Collector-Cutoff Current Vz Emitter-to-Base Zener Voltage

lceEO Collector-Cutoff Current Vcesar Collector-to-Emitter Saturation Voltage

ViBriceo Collector-to-Emitter Breakdown Voltage VBE Base-to-Emitter Voltage

Visryceo Collector-to-Base Breakdown Voltage hee DC Forward-Current Transfer Ratio

Vigrycio Collector-to-Substrate Breakdown Voltage |AVBg/AT| Magnitude of Temperature Coefficient:

Vierieeo Emitter-to-Base Breakdown Voltage {for:ssch ransistor)

NOTE:
4. Actual forcing current is via the emitter for this test.
Electrical Specifications For Equipment Design At Ta = 25°C (CA3096A Only)
CA3096A
PARAMETER SYMBOL TEST CONDITIONS MIN TYP MAX UNITS

FOR TRANSISTORS Q4 AND Q5 (AS A DIFFERENTIAL AMPLIFIER)

Absolute Input Offset Voltage Viol Vee =5V, Ig=1mA - 03 5 my

Absolute Input Offset Current ol - 0.07 0.6 pA

Absolute Input Offset Voltage |AV I 0| - 1.1 - uvrec

Temperature Coefficient AT

FOR TRANSISTORS Q4 AND Q5 (AS A DIFFERENTIAL AMPLIFIER)

Absolute Input Offset Voltage Viol VcEg = -5V, Ig = -100pA - 0.15 5 mV

Rs =0

Absolute Input Offset Current ol - 2 250 nA

Absolute Input Offset Voltage [AV | 3 0.54 - Y/l

Temperature Coefficient AT
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Electrical Specifications Typical Values Intended Only for Design Guidance At Ty = 25°C

TYPICAL
PARAMETER SYMBOL TEST CONDITIONS VALUES UNITS
DYNAMIC CHARACTERISTICS FOR EACH NPN TRANSISTOR
Noise Figure (Low Frequency) NF f=1kHz, Vgg = 5V, Ig = 1mA, Rg = 1kQ 22 dB
Low-Frequency, Input Resistance R f=1.0kHz, Vcg =5V Ic=1mA 10 kQ
Low-Frequency Output Resistance Ro f=1.0kHz, Ve =5VIig=1mA 80 kQ
Admittance Characteristics
Forward Transfer Admittance gre | f=1MHz, Vgg =5V, Ic = 1mA 7.5 mS
e e |f= 1MHz, Vg =5V, Ic = ImA 13 ms
Input Admittance gie | f=1MHz, Vg =5V, Ic = 1mA 2.2 mS
M e 7= 1MHz Vg = 5V, Ig = 1mA 3.1 mS
Output Admittance goe |f=1MHz, V=5V, Ic=1mA 0.76 mS
VOB roE | 1= 1MHz Vgg =5V, Ic= 1mA 2.4 mS
Gain-Bandwidth Product fr Vee =5V, Ig = 1.0mA 280 MHz
VcE = 5V, Ig = 5mA 335 MHz
Emitter-To-Base Capacitance Ces Vg =3V 0.75 pF
Collector-To-Base Capacitance Cce Ve =3V 0.46 pF
Collector-To-Substrate Capacitance Cai Vg =3V 3.2 pF
DYNAMIC CHARACTERISTICS FOR EACH PNP TRANSISTOR
Noise Figure (Low Frequency) NF f=1kHz, Ig = 100pA, Rg = 1kQ 3 dB
Low-Frequency Input Resistance R f=1kHz, Vcg = 5V, Ig = 100pA 27 kQ
Low-Frequency Output Resistance Ro f=1kHz, Vgg = 5V, Ig = 100pA 680 kQ
Gain-Bandwidth Product fr Ve = 5V, Ig = 100pA 6.8 MHz
Emitter-To-Base Capacitance Cep Vgg =-3V 0.85 pF
Collector-To-Base Capacitance Ces Veg =-3V 225 pF
Base-To-Substrate Capacitance Cg Vg =3V 3.05 pF
Typical Applications
(SUBSTRATE) ® [ CENTER FREQUENCY: 1khz e

f; 5000

NOTE: Fq OR Fp < 10kHz

FIGURE 1. FREQUENCY COMPARATOR USING CA3096
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Abstract

This paper presents a new design of voltage controlled oscillator that generates both triangle and squarc

wave signal outputs. The advantage of this circuit is that the frequency output does not depend on temperature.
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signals. Simulation results by computer program agree with the presented principle.
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Abstract

An electronically tunable impedance inverter is proposed.
The circuit employs three translinear loops together with some current
mirrors and a grounded load impedance. The inverter inverts
the grounded impedance to be an appropriate virtual floating
impedance. The circuit can simply be changed from a positive inverter
to a negative one by exchanging the feedback terminals. Simulation

results are given to confirm the proposed principle.

Keywords : Analog Signal Processing, Translinear Circuit, Current

Mirror, Impedance Converters
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