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ABSTRACT

This thesis presents a design of negative resistance based on a mixed translinear loop of
only four transistors. This technique can be implemented both types: grounded and floating
resistors without using any passive components. It is electronically tunable and suitable for
fabrication in IC implementation process. The circuit can be easily modified to be a positive
resistance.

In addition, the novel current source proportion to absolute temperature has been
proposed for compensating the temperature of the resistance. It can be operated without the start-
up current. The circuit offers an advantageous feature of temperature compensation and extension
of input voltage range. Experimental and simulation results are obtained to show validity of the

theoretical analysis.
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15

[l
[ ar

A v s SA P '
e mualv F.o<skoummi <<, i ldaznanniniiddannni 1 ves

iV ' a o 2 L e R S
aYNIU smh(V—yJ 18 iweanniianies dniuannsodszanw smh( -“Jz— l/: Aariy
' g T

£

' » ¥
llazlﬁﬂ'ﬂ%'ﬁﬂl'lﬂ’ﬂil?fllwu'ﬁﬂ"llﬂéﬂ'i&’llﬂ UAZISIAUNT X 92 191

Pr—
Ry :“.""“=“‘I“ (2.16)
’.r 21()

v = ) ¥ W
VNAUNITH 2.16 NI X Tasailium 1R naziisduegiy
¥
nrzualuned I, ¥933395 AvudmSYIees ccll JsieeIinszua luneduasisesiiaigs
§og, ' { & ’ & . Wl o v, W
e limanuduniunds X danios Faeeildisdunegs X uazyd ¥ dauminuaiy
" . ¥ ¥
Auautaves cCll Tuvmed 2993 cocn Aeamsihmnamdmnungs x4 hhlszgndly
- Ed " - 4 ar ' =
Iinadsz oy 1rulyqsesndesnisanumiumuianuisodsunildar035n15n1e
a d -l oo -1 ' 1 a a d ow =9
dlannIotnd 32U IANANUINNA19UB99T CCIL LULNT U LS NUIIT CCCII Aflo
y ¥ ¥ ¥
AMANUMUNIUAYY X T3 NOUAAIDINNULANAITE NI19995 CCCIT 11827935 CCII

o n’: ar s o =1 :.: ' o =
Aniudyanyalve2393 CCCIl azlivrvenszua luuenagdonanaaslugalin 2.7

510 2.7 dydnueiveansss ccc

Y .
2.4 J9v5aznounIzua (Current Mirror)
4 [ v - o o v =Y 1 &
iiesnndrunlsznoundnidiiiuedamnndndiuniivenesmonunszua
AodvsaznounszuanM vy lumsswnszua (sourcing) N30AINTLUA (sinking) 1142993

ar u’:‘ M = 3 ¥ A o ¥ ar
FNN‘LI'ilzﬂﬂT'Jﬂs!’lﬂ‘il'i?fﬁ?’lﬂllﬂﬁzuﬂ.l'lﬁ’l"lﬂ maﬂa:ntm"lumsmmmmhnma VITWHIU



16

d‘ 9 :: 9 o T = = 3
nszua lasisesaenounssuaiviziiogiionunatsgduuy ualuinoiinusioz 19903
k1 ] 1 A 9 o 4 s - = o«
azounszuantnedin Aslamiugmaes 2 a1 niouvylaloansuGmmes (diode transistor
. 4 ¥ o 9 ¥ - Y w
current mirror)  1iianInldgnsaiies  uazilusesazteunszuaiansoldmanms
-0, e 2 = Y ] d.yw {
nuaaiioseiueldlasiw venaniiduiluresaziounszuai A. Fabre 1819110993

ccen #w Tnouanslddaghn 2.8

Vece

16D
A

i
cl I
N c2
|
Q1 i—‘—‘f '—"—II Q2

_L......__'

51 2.8 29esazieunszuanylnleansusaines

1172995317 2.8 efinsanguaniana Iass seiudhmnuFaacs Q, fivenglu
dnvaizanilalen  Tasdevuua-vinsammeesidndioiu  dhildussdusgniswadiy

4 T o o 3 ar aa 1
neaannes (V) lauilugud uazissdussnnanaeamnnes nuvidiames (v, fia

- 4 »
A v =

1 e ar v o aa o & as o
AN USRI AnIBliames (7, Saseau V., tlimganeneili
= o o 1 1 2 _ 3} P 1
nIugmaes Q, nusgludmuueann (active region) 19 1AZ9MAMTTITIROVUVAVI Q,

e o as = d‘g " ¥ o
uaz Q, iAo Ivus i 7, uomsudames neeroalimimiuiune

v,

he

V; lr{IAJ =V, In( Ter J (2.17)
].‘)'I ISZ

a o - a o a e o o
11—3ﬂ']?'nﬂi—lg"')Qﬂ'jﬂ:ﬂunﬂtlﬁﬂs‘]u“ﬁﬁiﬂﬂs Q, Uag Q, UAUANUATUWIEAUND

R

be2

' > ¥ .
Uszas uazinuiguugiiferdu Aniunnaunsh (2.17) azlan



U IMULIVMNANENIMNIYN Mebyenifft TN MR Wy

i
1,=1, (2.18)

dennsanlua A uazldng KCL szwuh
e (2.19)

P a [ - o
Tagn 1, HAWNNUNATINVDINTSUTUAVDINIWFMADS Q, 0z Q, (I, =1,,+I,)

- " W = o
uaz B, Aemoasivew vassvemsmsmaes @1,

v
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*NR10ON-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=11713
+BR=0.7258 IKR=2.198E-3 NR=1 VAR=10.73-1SC=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 V]JC=0.5 MJC=0.3 XCJC=0.034 CIJS=0.913E-12
+VJS=0.64 MJS=0.4 FC=0.5)

*NR200N-2X NPN Transisto

*PR100N-1X PNP Transistor

*$

*PR200N-1X PNP Transistor

*NR100N-1X NPN Transistor

.Model PX1 PNP (RB=327 IRB=0 RBM=24.55 RC=50 RE=3
+1S=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 VIJC=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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CA3096, CA3096A,

CA3096C

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)
. Diff Sl kmaiillers on a common substrate, which has a separate connection.
o o i P Independent connections for each transistor permit maxi-
* DC Amplifiers mum flexibility in cireuit design.
T AmDe D Typés CA3096A, CA3096, and CA3096C are identical, except
* Level Shifters that the CA3096A specifications include parameter matching
* Timers and grealer stringency in Icgo. Iceo. and Vcg(SAT). The
« Lamp and Relay Drivers CA3096C is a relaxed version of the CA3096.
* Thyristor Firing Circuits
* Temperature Compensated Amplifiers CA3096: CA_3096A1 CA3096C
+ Operational Amplifiers Essential Differences
. 2 CHARACTERISTIC CA3096A CA3096 CA3096C
Ordering Information :
; Visriceo (V) (Min)
PART NUMBER [ TEMP. PKG. NPN 35 35 24
(BRAND) RANGE (°C) PACKAGE NO.
PNP -40 -40 -24
CA3096AE -55t0 125 | 16 Ld PDIP E16.3
\
CA3096AM B5t0125 |16 Ld SOIC M16.15 | | ER)cso (V3 (Min)
(3096A) NPN 45 ‘ 45 30
CA3096AM96 -5510 125 |16 Ld SOIC Tape {M16.15 PNP -40 -40 -24
(3096A) and Reel _ heg BtimA
CA3096CE -55t0 125 |16 Ld PDIP E16.3
- NPN 150-500 150-500 100-670
CA3096E -55t0125 | 16 Ld PDIP E16.3 L e - fo 150
CA3096M -55t0 125 |16 Ld'SOIC M16.15 2 g i
(3096) hrg at 100pA
CA3096M96 -551t0 125 |16 Ld SOIC Tape |M16.15 PNP 40-250 40-250 30-300
(3096) and Reel Toag (A (Wax)
& NPN 40 100 100
Pinout
PNP -40 -100 -100
CA3096, CA3096A, CA3096C
(PDIP, SOIC) Iceo (nA) (Max)
TOP VIEW NPN 100 1000 1000
PNP -100 -1000 -1000
[7] 16 ] sussTraTE
Vce sar (V) (Max)
E El NPN 0.5 0.7 0.7
E EI Viol (mV) (Max)
[+] 13] NPN 5 . 2
E Qs E Ihol (wA) (Max)
NPN 0.6 - &
- o] PNP 0.25 . ¢
e 7]
CAUTION: These devices are sensilive to electrostatic discharge; follow proper IC Handling Procedures. File Number 595.4

1-888-INTERSIL or 321-724-7143 | Copyright @ Intersil Corporation 1999

1
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CA3096, CA3096A, CA3096C

Absolute Maximum Ratings Operating Conditions
NPN PNP Temperature Range ............c.c.c.ou.. L=857C 1912570

Collector-to-Emitter Voltage, Vceo
CASggg.CCA:;oQBA ..................... 3::: -;gg Thermal lnformation
CRAIOE L - i s v e s - ; ‘

Collector-to-Base Voltage, Vego Thermal Resistance (Typical, Note 2) 8,4 (°CW)
CANIOB CARIPBA . (i oo bovnsiiens 45V -40V PDIPPackage.................ococue =t 90
CRMEE . i o e 30V -24V SOICPACKAgE. . .. ..o cveninncesniensiain, 125

Collector-to-Substrate Voltage, Vo (Note 1) Maximum Power Dissipation (Each Transistor, Note 3) . . . . . 200mwW
ER DG CRAOBA .. .o aesin r st 45V . Maximum Junction Temperature (Plastic Package) ...... . 150°C
o L e RSN SR 30V & Maximum Storage Temperature Range .......... -65°C to 150°C

Emitter-to-Substrate Voltage, Veio Maximum Lead Temperature (Soldering 10s).............300°C
AN CRADNBAL o, oo ity - -40V (SOIC - Lead Tips Only)

GBI . i araiineeais e e - -24V

Emitter-to-Base Voltage, Vego
CAIDR6, CAIOIBA . . i%cvvvvrvrsssadl o 6V -40V
EIRMEBES i cvas e sl o o &6V -24V

Collector Current, Ic (All Types). .....c..... 50mA -10mA

CAUTION: Stresses above those listed in “Absolute Maximum Ralings™ may cause permanent damage to the device. This is a stress only raling 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. 8, 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 Tp = 25°C

FAl CA3096 CA3096A CA3096C
PARAMETER conomons | mn | Tve | max | miN [ vvp | max | min | Tvp | max | units

DC CHARACTERISTICS FOR EACH NPN TRANSISTOR

lcso Veg = 10V, g 0.001 | 100 - v 0.001 %Y - 0.001 100 nA

Iceo Vge = 10V, ” 0.006 | 1000 - 0.006 | 100 - 0.006 | 1000 nA
Ig=0

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

V(BR}CBO Ic = 10uA, 45 100 - 45 100 - 30 80 - v
lg=0

V(BR)ClO Igp = 10pA, 45 100 - 45 100 - 30 80 - v
Ig=lg=0

V(BR)EBO Ig = 10pA, 6 8 - 6 8 - 6 8 - v
Ilc=0

Vz Iz = 10pA 6 7.9 9.8 6 7.9 9.8 6 7.9 9.8 \

VGE SaT Ic = 10mA, . 0.24 0.7 5 0.24 0.5 - 0.24 0.7 v
Ig= 1mA

Vgg (Note 4) Ic=1mA, 0.6 069 | 078 | 06 069 | 078 | 08 069 | 078 v

heg (Note 4) Nog = 150 | 390 | s00 | 150 | 390 | s00 | 100 | 390 | se70

|AVgE/AT] (Note 4) | Ic=1mA, : 19 - S 1.9 : 2 19 4 mVveC
Vce =5V

DC CHARACTERISTICS FOR EACH PNP TRANSISTOR

Icso Vea =-10V, - 006 | -100 - -0.006 | -40 - 006 | -100 nA
lg= 0
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Electrical Specifications

For Equipment Design, At Ty = 25°C (Continued)

TEST CA3096 CA3096A CA3096C
PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS
IcEO Ve =-10V, - 012 | -1000 | - 012 | -100 - 012 | -1000 | nA
I B~ 0
V(BR)CEO Ic= -100pA, -40 -75 - -40 -75 - -24 -30 - A"
Ilg=0
V(BR)CBO lc = -10|J.A, -40 -80 -40 -80 - -24 -60 Vv
IE =0
V(Br)EBO Ig = -10pA, -40 -100 - -40 -100 - -24 -80 K v
lc=0
V(BRIEIO Ig; = 10pA, 40 100 E 40 100 - 24 ' 80 - v
lg=ic=0
VGE saT Ig = -1mA, . 016 | -0.4 - -0.16 | -0.4 - 016 | -0.4 v
Ig = -100pA
Vg (Note 4) Ig = -100pA, 0.5 -0.6 0.7 -0.5 -0.6 0.7 -0.5 -0.6 -0.7 Vv
Vg =-5V :
heg (Note 4) Ig = -100pA, 40 85 250 40 as 250 30 85 300
Vcg =-5V
Ig=-1mA, 20 47 200 20 47 200 15 47 200
VCE = -5V
|AVgg/AT| (Note 4) | I =-100pA, - 22 - - 22 - . 22 - mvi°C
Vg =-5V
icBO Collector-Cutoff Current Vz Emitter-to-Base Zener Voltage
Iceo Coliector-Cutoff Current Vee sar  Collector-to-Emitter Saturation Voltage
Visriceo Collector-to-Emitter Breakdown Voltage Vge Base-to-Emitter Voltage
Viericeo Collector-to-Base Breakdown Voltage g DC Forward-Current Transfer Ratio
V(BRrR)CIO Collector-to-Substrate Breakdown Voltage |AVgg/AT| Magnitude of Temperature Coefficient:
. .
V(BRrIEBO Emitter-to-Base Breakdown Voltage {oreaciianymon
NOTE:
4. Actual forcing current is via the emitter for this test.
Electrical Specifications For Equipment Design At T = 25°C (CA3096A Only)
CA3096A
PARAMETER SYMBOL TEST CONDITIONS MIN TYP MAX UNITS
FOR TRANSISTORS Q4 AND Q3 (AS A DIFFERENTIAL AMPLIFIER)
Absolute Input Offset Voltage Viol Ve =5V, Ic=1mA 0.3 5 mV
Absolute Input Offset Current Ihol 0.07 0.6 pA
Absolute Input Offset Voltage [av, 1.1 - uvPe
Temperature Coefficient g
FOR TRANSISTORS Qg4 AND Qs (AS A DIFFERENTIAL AMPLIFIER)
Absolute Input Offset Voltage Mol Vg = -5V, Ig = -100pA 0.15 5 mv
Rg=0
Absolute Input Offset Current ol 2 250 nA
Absolute Input Offset Voltage |AV|0_| 0.54 - pvee
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 = 1kQ2 2.2 dB
Low-Frequency, Input Resistance Ry f=1.0kHz, Vcg =5V Iic =1 mA 10 k2
Low-Frequency Output Resistance Ro f=1.0kHz, Vcg =5V Ic = 1 mA 80 k§2
Admittance Characteristics
Forward Transfer Admittance grg | f=1MHz, Vcg =5V, Ig = TmA 75 mS
JEB bepg | f=1MHz, Ve =5V, 1g= 1mA -j13 mS
Input Admittance gig . | f= 1MHz, Vcg = 5V, Ig =1mA 22 mS
- big | f= 1MHz, Veg =5V, 1c = 1mA j3.1 mS
Qutput Admittance 90 1= 1TMHZ,Vcg =5V, Ic = 1mA 0.76 mS
sy bog | f=1MHz, Veg =5V, le = 1mA j2.4 mS
Gain-Bandwidth Product fr Ve =5V, Ig = 1.0mA 280 MHz
Ve =5V, Ig =5mA 335 MHz
Emitter-To-Base Capacitance Cen Vgg = 3V 0.75 pF
Collector-To-Base Capacitance Cca Ves = 3V 0.46 pF
Collector-To-Substrate Capacitance Cey Vg =3V 32 pF
DYNAMIC CHARACTERISTICS FOR EACH PNP TRANSISTOR
Noise Figure (Low Frequency) NF ‘f=r1klr-lz. I = 100pA, Rg = 1kQ 3 dB
Low-Frequency Input Resistance Ry 1= 1kHz, Vgg = 5V, Ic = 100pA 27 kQ
Low-Frequency Output Resistance Ro t= 1kHz, Vg = 5V, Ic = 100uA 680 kQ
Gain-Bandwidth Product fr Ve = 5V, Ig = 100pA 6.8 MHz
Emitter-To-Base Capacitance Cgg Vg =-3V 0.85 pF
Collector-To-Base Capacitance Cen Veg = -3V 2.25 pF
Base-To-Substrate Capacitance Cg) Vg =3V 3.05 pF
Typical Applications
{SUBSTRNEE) % [ CenTer FrREGUENCY: K0z e
16 8 -
. 2
B /
/
/
E 3
o Fa
1 A/
e ==
5 -20 -10 0 10 20
f2-f4>0 fy="1; f3-12>0

NOTE: F4 OR F3 < 10kHz e
FIGURE 1. FREQUENCY COMPARATOR USING CA3096

FREQUENCY DEVIATION (kHz)
FIGURE 2. FREQUENCY COMPARATOR CHARACTERISTICS
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Electronically controlled negative resistance
based on translinear circuits

Wiwat Kiranon, Chariya Loescharataramdee, Naruemol Kiatwarin and Pramote Wardkein
Faculty of Engineering and Rescarch Center for Communications and Information Technology (ReCCIT)
King Mongkut’s Institute of Technology Ladkrabang, Bangkok 10520, Thailand
Phone: (662)3269968 Ext. 109, Fax: (662)7392398, Email: kichariy @kmitl.ac.th

Abstract

This paper presents a novel design of negative
resistance based on translinear circuits. The resistance is
electronically tunable. Hence applications of the proposed
negative resistor are practically convenient. In addition, the
circuit offers an advantageous feature of compensation for
temperature sensitivity. Simulation resuits are obtained to

show validity of the theoretical analysis. -

1. Introduction

Negative resistance is very useful in  various
applications in instrumentation, circuit designs and signal
processing. One familiar application is to use negative
resistance for impedance matching or improving the quality
factor of an inductor or a resonant circuit [1]. Negative
resistance can be used to help set up the oscillatory
conditions in an oscillator circuit. The use of negative
resistance along with an integrator helps boost linearity in
integration process [2].

There are many papers presenting the designs of
negative resistance based on vanety of techniques. Some
designs directly generate negative input impedance [3-5]).
Others rely on negative impedance converters and negative
impedance inverters [6]. However, to the best of the authors’
knowledge there has been po attempt made to design
electronically tunable negative resistance with a translinear
implementation. Hence it is the aim of this paper to present
a new development of designing electronically controlled
negative resistance based on translinear circuits. The design
also has the capability to compensate for changes in
temperature. Not only that the proposed circuit is suitable
for IC implementation but electronically tunable feature
makes it appealing for practical applications. Simulation
results obtained confirm the validity of the theoretical
analysis of the proposed design, that is, negative resistance
with changes in temperature compensated for has been
successfully generated and applied in a resonant circuit in
order to improve its quality factor.

2. Circuit description

The floating negative resistor proposed in the paper
relies on the basic translinear cell shown in Fig. 1. This is
the .same clement that Fabre and Member [7] used as a
voltage follower at the front end of a current conveyor.

Fig. 1 Basic translinear clement.

Assume all the standard translinear conditions with respect
to temperature and area junctions [11], the analysis of the
circuit in Fig. I can be described in the following. First, the
base-emitter voltage of Q; is found from

Voer =Voa +Va —Vp

Using the approximation of the collector current and base-
emitter voltage [8] gives the following collector current of

Q

Vo tVu—V,)

%
Icy =le 3

=le" )

where

I, is the reverse saturation of the junction
Vr is the thermal voltage

Vap=V4—Vp

645



In the same manner, the collector current of Qq is given by

Vs

Ic4 =10€ VT

5

(2)

Therefore,

Ig=Icy—Icq

=2/, sin Y& 3)
Vr

Meanwhile, it is not hard to see that
]A =O

The dashed-box contained in Fig. 2 consists of a
compound translinear cell resulted from connecting two
identical elements of Fig. 1. The current / generated in the
cell is

I =2],sin Yan )
2Vr
This current is mirrored to node A and B with
4 V
I, p = —21.Sinh) 48 5
AB o ZVT) (5)

Expanding the hyperbolic sine term in (5) with the Taylor’s
series. Then with the assumption that Vg << 2Vp, the
relation becomes

Iypg==1, Yan (6)
Vr

Thus, a small V,g results in the following equivalent
negative resistance between node A and B

V-
Rup=-— ; M

o

Therefore, the basic circuit in Fig. 2 generates linear
negative resistance if the input voltage Vg is less than 2V7
-which is approximately 50 mV at 27° C.

It is worth mentioning that electronically tunable
positive resistance can be generated by simple meodification
to the circuit in Fig. 2. This can be easily done as follows:
discarding transistors Q¢ ~ Q6 removing the connection
between the emitters of Q, and Qs (the same as those of Qq
and Q,); connecting node A with B; adopting the emitters of

646

Q, (or Q) and Qs (or Q) as the input terminals. This results
in the current to the circuit virtually flowing from high to
low potential. In turn, positive resistance is readily
generated.

Fig. 2 Basic translinear implementation for negative
resistance

Note that the negative resistance given in (7)
insidiously varies with temperature. Nevertheless, the
problem can be plausibly handled by keeping the bias
current in direct proportion to the thermal voltage. The
following new development employs such a strategy.
Figure. 3 illustrates the proposed temperature compensation
scheme to be employed along with the negative resistance

_generating circuit the characteristic of which is expressed in

(7). The configuration of the circuit shows that Q, ~ Q, are
composing a translincar cell similarly to that in Fig.l.
Therefore,

T

V
I =2r sight - = R
r S! (V] (8)

The transistors Qg ~ Qi function as the Gilbert's translinear
cell and provide an output current [, of the form [10]

Ib :ﬁﬂl_D 9)

Fig. 3 Temperature compensation translinear circuit.



Since Qs, Qg, Q7 and Qg compose a current mirror circuit,
=1

The current expressed in (9) can then be written as

lb :_ﬁ.___ (10)
2l g sin Vs
VT
Agam if VS << VT-
Ib :M (11)
2U Vs

Using /I, in (11) in place of ‘the bias current [, in (7), the
negative resistance in (7) can be rewritten as

_ 2RV
Iclp

AB (12)

A complete negative resistance. generating circuit is shown
in Fig. 4. Using I = Ip = I in the circuit results in the
following simple relation

2V,
Ryp =~

13
A (13)

3. Simulation results

To verify the validity of the theory, the circuit in
Fig. 4 was simulated using the bipolar transistors NPN:
NRIOON and PNP: PRIOON the parameters of which are
detailed in [9], Iz = 50 pA, V5= 3 mV and +2.5V power
supply.

.

<

=15 =
R
(=)

=

S

Fig.4 Complete negative resistance generating circuit with
temperature compensation.

Simulation results with variation of temperature are
shown in Fig. 5. Fig. 5(a) shows the simulation results of
the negative resistance generator without temperature
compensation. This is the part illustrated in the dashed-box
of Fig. 4. While Fig. 5(b) shows the simulation results of
the complete version of the proposed negative resistance
with temperature compensation, that is, the whole Fig. 4.

10mA

N

BA7

10pA |
100 ¥ ShaV
Teopere aT1=27

Y

w NV 180V

eT=50 v T=100

Fig.5(a) Current-voltage characteristics of the negative
resistance without temperature compensation.

Mo

A

oA

1.0mA . 3 -
-100 mV S0mV w 0mV

Temperatwe 0 7=77 o7=50" wT=100

Fig.5(b) Current-voltage characteristics of the negative
resistance with temperature compensated for.

Comparing the two figures, it is clear that the
proposed circuit with temperature compensation lessens the
effect of temperature sensitivity as well as provides linear
resistance for a much larger voltage range of operation. The
voltage used to obtain linear negative resistance lies
comfortably in the range between =50 mV to 50 mV.

Next, the proposed negative resistance was applied
to improve the quality factor of a resonant circuit. Simple
RLC circuit as shown in Fig. 6 was simulated with the
ncgative resistor constructed from Fig. 4 as part of the
circuit. The values of R, L and C used in the circuit are 100



Q, 0.1 mH, and 1 nF respectively. Varying /g so as to get
various values of the negative resistance. The frequency
response of the loop-current is shown in Fig. 7. '

[e

—C

Fig. 6 Bandpass filter with negative resistance to improve
the quality factor,

v
mA}
20mA 4
10mA 4
BA -_k--‘ 13 ﬁ'F
100K Hz 1.0MHz 10MHz
BIR=25KA  Slp=50RA- v Ig=200KA

Fig. 7 Frequency response of the loop current.

It is clearly seen that the quality factor of the circuit can be
improved by adjusting the bias current J, such that the total
resistance in the circuit is decreasing.

4. Discussion remarks and Conclusions

This paper presents a new design of floating
negative resistance based on translinear circuits. The
negative resistance is successfully generated with linear
performance obtained for the voltage range of + 2V
Outside this range, the negative resistance becomes
nonlinear. The resistance is also electronically tunable and
temperature dependence compensated for.  Simulation
results show that the circuit operation is in agreement with

the theoretical analysis. The proposed negative resistance
has also been successfully applied to improve the quality
factor of a resonant circuit. In addition, electronically
controlled positive resistance can be easily constructed by
simple modification to the proposed circuit. Since the
design relies exclusively on the use of transistors, it is highly
suitable for IC implementation.
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