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lwanuvIneaLanae’ uazvivaiundiameinudiiy dniulsssauyavesuTward
a 7 o @ o 4 an ot

NIMUFARDITMIVAYUVUIALEN AU 5211010993995 80A191933 21 (Common Emitter)

annsadoulnylddsg Ui n.2
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n, —mﬂ3mﬂmuuuﬂsmwm¢nuﬂnmm‘vuﬂ“lmmmsmmmaumwm (em™)
Ap —mwwnenmmawmmmmmmm (cm?)

y
' £l o
QB = mmmuozmmmmsﬁm°1umﬁﬂanuwmﬂﬁumnmms
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V,, = Ausedu Ifhiiseodevuuaduvidiiames (v)
k = A1R97i909 Boltzmann’s Constant SRy 1.38x102 (J/K)
T = Agangiseudn (K)
I = MNSSIBNA (Saturation Current) (A)
J = ManunuuddusenIsud (A/cm?)

V, = s eau I uFegungdl (Thermal Voltage) (V)
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PSPICE Listing

*

*CA3096 NPN PSPICE MODEL

*

.model CA3096 NPN

+ (IS = 10.0E - 15 XTI = 3.000E + 00 EG = 1.110E + 00 VAF = 1.00E + 02

+ VAR = 1.000E + 02 BF = 466.5E + 00 ISE = 74.286E - 15 NE = 1.660E + 00
+ IKF = 14.000E - 03 XTB = 0.000E + 00 BR = .1000E + 00 ISC = 10.005E - 15
+ NC = 2.000E + 00 IKR = 10.00E - 03 RC = 10.000E + 00 CJC =786.51E - 15
+ MJC = 0.333E - 00 VJC = 0.7500E - 00 FC = 5.000E - 01 CJE = 1.28E - 12

+ MJE = .336E- 00 VJE = 0.750E - 00 TR = 10.000E - 09 TF = 490.01E - 12

+ ITF = .270E - 00 XTF = 5.38E + 00 VTF = 28.39E + 00 PTF = 0.000E + 00

+ RE = 0.0E + 00 RB = 0.00E + 00 NK = .468

*

*CA3096 PNP PSPICE MODEL

*

.model CA3096 PNP

+ (IS = 10.0E - 15 XTI = 3.000E + 00 EG = 1.110E + 00 VAF = 1.00E + 02

+ VAR = 1.000E + 02 BF =94.5E + 00 ISE = 976.47E - 15 NE = 1.990E + 00
+ IKF = 1.1100E - 03 XTB = 0.000E + 00 BR =.1000E + 00 ISC = 10.005E - 15
+ NC = 2.000E + 00 IKR = 10.00E - 03 RC = 10.000E + 00 CJC = 3.84E - 12
+ MJC = 0.333E - 00 VJC = 0.7500E - 00 FC = 5.000E - 01 CJE = 1.45E - 12
+ MIJE = .336E- 00 VJE = 0.750E - 00 TR = 10.000E - 09 TF =24.3E -9

+ ITF = 1.25E - 00 XTF = 10.05E + 00 VTF = 9.79E + 00 PTF = 0.000E + 00
+ RE =0.0E + 00 RB = 0.00E + 00 NK = .53
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Jntersil, CA3096, CA3096A,
CA3096C

January 2004 NPN/PNP Transistor Arrays
Applications Description
+ Fivedndependent Transistors The CA3096G, CA3096, and CA3096A ite general pui
- Three NPN and high voltage- silicgn transistor arrays. Edch.ayray oonsists of
- Two PNP five independent tranisistors (two PNP-and three NPN types)

on a common Substrate, which has a separate. conriection,
independent connections for each transistor permit maxi-

Differential Amplifiers

* DCAmpliflers mum flexibility, in citcai design.
* SenseAmplifiers Types CA3096A; CA3005, and CA3096C are identical,
* Level Shifters extept tat the CA3096A specifigations intiode paramieter
* Timérs matching and Yredter stringghey i’ Jéeo. IcEor and
+ Lamp and Relay Drivers VCGE(SAT). The CA3096C s a relaxed version of the CA3098,
« Thyristor Firing Gircyits —
» Temperature Com pensated Amplifiers CA309.6{ CA’Q 096A’ QA30960
+ Operational Amplifiers Essential Differéences
. . CHA| ISTIC | cAsasgA | CA3038 | cA30ssc
Part Number Ihformation IARACTER 55 A3g% | CA
_ ] i Visr)cEO (V) (M)
‘PART NUMBER TEMP., PKG. WPy 15 35 2
{BRAND) | RANGE(°C)!  PACKAGE NO. o = m o
CA3098AE | 5510125 |16 LEPDIP E163 —— - '
CABASEAM 5510425 | 16 LES0IC wigis | |Vericeo (Vi My
(30564) NPN 45. s | 30
CA3096AM96 -55t0125 |16 Ld SOIC Tape |M16.15 PNP 40 46 | 4
GOQBA)CE B5to 125 :nd R:;np ] et ™ 1
Ca%0% 5510 ld Et6: NP 150500 | 154’500 | 160-670
CA3096E 5510125 |16 LdPDIP £16.3 " P Ry 00
CA3036M " .55t0125 |16 LdSOIC M15.15
(3096) heg 8t 100pA
CA3096MB6 5510125 |16Ld SOIC Tape |M16.15 PNP 40-250 | 40-250 30-300
(2056), ord Reel Ic80 (nA) (Vax)
. NPN 4 j
Pinout 0 100 160
. — PNP -40 400 | -100
CA3098, CA3096A, CAI0IEC
' (ng: s01C) iceo (nA) (Max)
TOP VIEW NPN 100 1066 1000
E Y E SUBSTRATE NP -100 -1000 -1000
VGE sAT (V) (Max)
E o El NPN Q5 07 0.7
3 as5H#] Mol (mV) (Max)
T E NPR 5 . -
] goz @ PNP 5 - -
Mol (A) (Mex)
[} SH
[ QETJ NPN 0:6 - -
] E NP .25 - -
EHe 7]
CAUTION: Thase devicés tra sensitive td slectrostatic.dischdrga; foRow proper IC-Handling Procedures. FN595.5
1-888-INTERSIL ur $21-724-7143 | wtersit (and design) is » mgistered ¥ademark of intersil Americas Inc. -
Copyright © Intersil Amaricés Inc. 2004 AS Rights Résérved 1

All oiher tradem arks mentioned are the propery of their respective owners.



68

CA3BDYS, CA3096A, CA3096C

Absalute Maximum Ratings
NPN PNP
Cailector-to-Emittef Voitage, Vego
‘GA3098, CA309BA. . . ........ [P 35v ~4ov
CAB096C ..oevvenrenernnneeeenennns 24V 24
-40v
-2av

Cdlector-lo-s.vbsgz;\e Voitage, ch)(Nde‘ 1)
‘CA3096, CA3D!
CA3096C~ ................... earenns 30V -
Eritter-to-Substrate Valtage: Vo
CA3096, CA3096A
CA309BC ... cvecivnranraeranananacnens
Emitter-to-Base Voltage, Vego
CA3096, CA3096A . .......covvenninnnans
CA3096C .
Collector Current, I (All Types).
Temperature Reapge . .. .. .oviiineeenaien..,

Operating Conditions

Thermal Information

Thermal Resltance (Typical, Note2) 9,5 CCM)
PDIPPackge...........oiiiiieiiiea. ., 110
SOICPACKAGE, ..o vereereereeeenennns 120

Maxi Powet Dissipation (Each Transi Notos)..,. 200mwW

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

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

Maximum Lead Temperature (Scidering 10s}............. 360°C

(SOIC - Lead Tips Only)

CAUTION; Stresses aboye those Ysted in “Absolute Maximuin Rntlnga" ay couu pomuhont damege o tho device. This is a siress only rating ehd operition

ol the device st these o any cther conditions above those intficqled k the op

of this sp

NOTES:

melsndlnplind.

1. The‘cdllector of vach transistor of the CA3096 {3 361atEd from the substrate by an integral.dicde: The substrate (Terminal 16) must be
connected to the most negative peint.in the externalcircull to malritain isolation between transistors and io provide-for normat transistor

action.

2. Oyp is measured with the component mounted on.an evaluation PC board in free sir.
3. Care must be taken to avaid exceedng the maXImum Junction temperature. Use the total power dissipation (all transistors) and thermal

resisti to the'j

» e.

Electrical Specifications  For Equipment Design, Al Tp = 25°C

TEST CA3056 CRI096A CA3096C
PARAMETER | conpimons | min [ vr Twax T wm [ rve Jwax | mn | e [ max | umiys

DG CHARACTERISTICS FOR EACH NPN TRANSISTOR

IcBo Vep = 10V, - 0:001 | 100 - 0001 | 40 - o0of | 100 nA
tg=0

lego Veg= 10V, - 0.006 | 1600 - 0dos | 100 - 0.006 | 1000 nA

i Ig-="0

V(BR)CEO Ic=1mA lg= 35 60 - 35 50 - 24 35 - v
0

V(srycBO Ic = 10pA 45 100 - 45 100 - 30 80 - v
ig=0 )

V(BR)CIO Iy =10pA, 45 100 - 45 100 - 30 -1 - v
H=lg=0

V(BR)EBO Ig = 10pA; 6 8 - ] 8 - 6 8 - v
Ic=0

vz 17=10uA [ 79 | o8 6 78 9.8 6 79 9.6 v

VCE SAT Ic = 10mA, - 02t | oy - 034 0.5 - 0.24 07 v
fg= 1M

VgE (Note 4) Ic=1mA, 06 | 069 | 078 | o6 | 069 | 078 | 06 | 069 | 678 v

hFE (Note 4) Veg =5V 150 | 390 | sdo | 150 | aso | soo | 100 | 3s0 | er0

JAVGE/AT| (Note 4) | Ic = 1mA, - 19 - - 1.9 - - 1.9 - mvAC
Vg =5V

DC CHARACTERISTICS FOR EACH PNP TRANSISTOR

Iceo Vg =-10V, - -0.06 { -100 - -0.006 | -40 - 006 | -100 nA
lg=0
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Electrical Specifications For Equipment Design, At T = 25°C (Continusd)

TEST CA3096 CA3096A cA3dgsc
PARAMETER CONDITIONS | MIN | TYP | MAX | MIN | TYP | MAX | mIN { TYP | mAX | uniTs
Iceo Veg=-T0v, | - =042 | 000 ) - <042 | -100 - .42 | -1000 | nA
tg=0
V(BRICEO lc=-100}A, -40 75 - -40 75 - -24 -30 - v
48790 . .
V(BRICBO -l =-10iA, -40 -80 - -40 -8¢ . -24 -60 - v
lg=0
V(BR)EBO IE=-10pA, -40 | -100 - -40 -100 - -24 -80 - v
b:O X
V(BREID g1 =104, 40 100 - 40 100 - b2 80 - v
g=lg=0
VCE SAT le=-1mA, - b6 | -04 - 016 | -64 - 016 | -04 v
Ig = ~100pA
Vg (Nete 4} lg=-t00pA, | 05 | 08 07 | 05 | «©06 | 07 ]| -05 0.6 0.7 v
Vog =-5V .
hrg (Nete ) [ le=-100pA. %0 85 | 250 40 BS 250 30 85 300
- Vog=-5V -
lg=-1mA, 20 47 200 20 47 200 15 47 200
" Meg = -5V )
|AVRE/AT| {(Note4) | Ig=-100pA, - 22 - - 22 - - 22 - mvAC
Vce= -5y
Iceo Collector-Cutoff Curfent Vz Emitter-lo-Base Zener Voltage
Iceo Coltector-Cyloff Current Veesar  Colt -to-Emitter Saturation Voktage
Visricgo Cotector-to-Emitter-Breakdown Voitage Vge Base-to-Eritier Voitage
Vierycso Collectar-to-Bdse Breaktown Voltage beg DC Foeward-Curenit Transfer Ratio
V(BR)ciO ‘Collector-to-Substrate Breakdown Voitage |A_\'IB‘EIAT[ Magnitde of Temperature Coeflicient:
{for eachitransistor)
V(BRrsEBO. Emitter-to-Base Breakdown Valtage
NOTE:
4. Actusl forcing current Is via the emitter forthis.test.
Electrical Specifications  For Equlpment Design At Tp = 25°C (CA3096A Only)
CA3085A
PARAMETER. SYMBOL TEST CONDITIONS MIN | TYp I MAX UNITS
FOR TRANSISTORS'Qq4 AND Q3 (ASA DIFFERENTIAL AMPLIFIER)
Absolute Input Offset Voltage Mol Ve =5V, Ig = 1mA - 0.3 5 mv
Absciute Input.Offset.Current fhol - 0.07 0.6 BA
Abselite Inpit Offset Voltage E\V_,q[ - 1.1 - WVAG
Temperature Coefficient AT
FOR TRANSISTORS Q4 AND Qs (AS A DIFFERENTIAL AMPLIFIER)
Absolute Input Offset Voltage Mol Vg = -5V, Ig =-1004A - 0.15 5 mv
Rg=0
Absolute Input Ofiset Cument thol - 2 250 nA
Absolute Input Offset Voiltage E v o] . 0.54 - pvlC
Tetmperature Coefficient AT
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Electrical Specifications  Typical Values Intended Ohly for Designi Guidarice At Tp & 25°C

TYRICAL
PABAMETER SYMBOL TEST GONDITIONS VALUES UNITS
DYNAMIC CHARACTERISTICS FOR EACH NPN TRANSISTOR v
Naise Figure (Low Frequency) NF 1= 1kHz, Vog = 8V, Ic ="1mA, Rg = kD 22 dB
Low-Frequency; Input Resistancé Rj 1= 1.0kHz, Vg = 5V Ig'= 1 A 10 kQ
Low-Frequency Oulput R Ro 1=1,0kHz, VoE =6V Ic.= 1 mA 80 el
Admittaiice Charatteristics
Forward Transfer Admittance. grg | f=1MH2, Veg =6V I = 1mA 75.
TP Tore | 1= 1z Vog =5V, 1o = TmA 313 s
inputAdmittance gE | 1=TMHz Vép=5V, 18 = ImA 22 mS.
M b |12 Wiz Vog = 5V, 1o = A B ms
Output Admiltance OOE |f=1MHz, Vee=5V.1c = 1mA 0.76 ms
VOB Thor | 1= 1Mz, VoE = 3V, Io = A 24 ms
Gain-Bandwidth Product fr Vg™ 5V. Ig = 1.0mA 280 MHz
Vg = 5V, Ig =5mA: 335 ] MHz
Emitter-To-Base Capacitahce ) Cep Vep=3V 075 pF
Collector:To-Base Capacifance Ces, Vg =3V 0:48 pF
Colléictor-To-Substrate Capacitance Cgy Vor=3v 32 pF
BYNAMIC CHARACTERISTICS FOR EACH.PNP TRANSISTOR
Nolse Figure (Low Frequency) NF 1=1kHz, Ic = 100pA, Rg =1kQ 3 a8
Low-Frequency Input Resistance Ry 1= 1kHz, V=5V, I = 100pA 27 kQ
Low-Frequency Outpuf Resist Ao 1= 1kHz, Vg =5V, Ic = 100pA 680 ke
Gain-Bandwidth Product ft VCE = 5V, Ic-= 100pA 6.8 MHz
Emitter-To-Base Copacitance Cep Vepe-3V 0.85 -pF
Collector-To-Base.Capacit Cca Vep =-3V 225 pF
Base-To-Subsfrate Capacitance Cg) Vg =3V 3.05 oF
Typical Applications
(SUBSTRATE) s CENTER FREGUENCY: kHz P

e S 7
X 4F . !]

J I
. /.
b ».0UTPUT ) o /

OUTPUT VOLTAGE (V)

T
]
20 10 0 10 20
L. 0120 ty=1y ts-13>0
NOTE: Fq OR Fz < 10kH2 = FREQUENCY DEVIATION (kHz)
FIGURE 1. FREQUENCY COMPARATOR USING CA3096 FIGURE 2. FREQUENCY COMPARATOR CHARACTERISTIES

LN
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A New Adjustable Grounded/Floating Resistance
Circuit with Enhanced Dynamic Range Based on
Mixed-Translinear Loops

Sompong Wisetphanichkij, Atiporn Binthawihok and Kobchai Dejhan

Faculty of Engineering and Research Center for Communication and Information Technology
King Mongkut's Institute of Technology Ladkrabang, Bangkok 10520, THAILAND
Tel: 66-2-3264238, 66-2-3264242, Fax: 66-2-3264554
E-Mail: {sompong, kobchai}@telecom.kmitl.ac.th

Abstract— This paper proposes the implementation for a
grounded and floating centrolled resistance with extended
dynamwic range. It uses a translinear cascade loop of the
bipelar transistors. The equivalent resistance is controlled by
the de current which bias the circuit to work effectively in
class AB. The simulation is carried out by using PSICE
program simulator with the Intersil CA3096 (NPN) and
CA3083 (PNP) transistor array SPICE Model. The results
confirm the success of the proposed technique.

Keywords—Resistance Circuit, Trapslinear Loops

1. INTRODUCTION

The various analog programmable circuits, such as
amplifiers, oscillators and filters [1-4], require a high
performance electronically tunable floating and grounded
resistors. The grounded resistances rarely use, however, its
generally sufficient for the programmable amplifier
application. On the other hand, the tunable floating
resistances most required in many other circuits, for
example, controlled oscillator [2-4]). These electronically
tunable resistances in MOS technologies have recently
been proposed, but they are only able to operate at low
frequencies [5-7). Alternatively, the high frequency
version, the bipolar implementation has also been
described earlier [8-9], but their performance are quite
limit. The class A operate with floating resistance [8] and
the improved version, class AB [9], are all based on a
translinear loop which only limit a small voltage dynamic
range to the thermal voltage ( V, ~26mV at room
temperature) to meet the linear operation of resistance.
This paper proposed the enhanced dynamic range of such
circuit by cascading the translinear loops. The next section
mentions the analytic detail of tunable grounded and
floating resistance. Subsequently, the SPICE simulation
and results are shown.

0-7803-9538-7/05/$20.00©2005 IEEE 258

II. THEORY

Fig.1 shows the proposed circuit topology that gives a
extended dynamic range electronic tunable resistance
between nodes ¥, and ¥,. Each transistor loops consists of
4 transistors and dc current sources of value I, supply the
bias currents for diode connected transistor of translinear
loop circuit and therefore, bias all the other transistors in
forward active mode. All top and bottom transistors form
the cumrent mirrors to force the current within each loop,
R=hly=Iil,=.=I1,=.1,,, when * is a
stage number of n+/ cascade stage. This based on an
assuming the current gains £ of all transistors much
greater than unity. Then, the Kirchoff laws at node A gives

V,=V,_+V,1n-’-'—=V,+V,ln—Il 0]
Iy I

S

Fig.1 Schematic form of the dynamic range extended of
tunable resistance

The diode current-voltage relation of transistor Q1 is
AN @
1,

Consider the Qnl,..., Q21 and Q11 with same manner, the
results are as follows,



V=V,-V -t ®

The upper current mirror force 7, = 1,,..
therefore

V, =V, ~(n+1V, ln >
I,

= Iy =1y
O]

The alternate form of such equation is
(Voy~Vo)
I=1,e (1)

The lower part of such circuit can also be expressed as

&)

Ya-Vo)
L=1I, e ©®
Finally, the current at input terminal /,, equal I, - I;, 50
¥, -V,
=21, sinh| Ze = (7
Tu =2l (n+ 1)V,

Assuming¥,, —V, << (n+1)Vy, it gives the following
approximate by expression for the I-V relation and the
equivalent resistance between two terminals Vi, and V,:

wap | Yo Yo (8
T 2’°(<n+1)vf) )
R, O ©)

Fig.2 Double-stage grounded resistance

when, Vr = 26 mV at 300K is the thermal voltage. This
indicates that the circuits equivalent to the resistance
whose value ¢an be tuned by the external bias current I,.
Compare with the previous proposed ground and floating
resistance circuit that the voltage dynamic range only limit
by ¥, -V, <<V, , the new circuit enhance (n+1) time

259

wider dynamic range with n+1 cascade translinear loops.
However, the resistance also larger than the single
translinear loops resistance circuit.

Fig.2 shows the grounded resistance by connecting the
V, to ground. This circuit composes with two cascade
translinear loops which result 2V dynamic range. The
floating resistance equivalent circuit can be easily obtained
by the back-to-back configuration of two grounded
resistance circuits as shown in Fig.3.

Similarly with the grounded resistance, the Kirchoff laws
at the two terminals give

Iy=Ig—Iyend I, =1,-1I 10
and the mixed translinear loops,
R=L1l,=LI =11,=1,], an

The current mirrors (Qir-Qis, Qi Qaor Qu-Qn and Qus-
Qu4), then force, R

I=I,0,=Iadl,=I,1I,=I, (12)
Finally,
(¥, -V,
I,=-I=1, smh(—"zTr') (13)

Assuming |V, —¥,| << 2V, therefore, the 2-stage back-

to-back floating resistance can be approximated as:
2V,

R, =L

14)

The geperic form of n-stage back-to-back equivalent
resistance is

n V, (l 5)
1,

when ly - V,l <<nV; , that means the voltage dynamic

range can be extended n-time of thermal voltage (Vr)

R, =

I1I. SIMULATION AND RESULTS

The PSPICE simulation of the single, double and
tripple-stage  of mixed-translinear loops (MTLs)
electrically tunable grounded resistance has been carried

out and the characteristies of these circuit is shown in fig.4.

The simulation performed under the +/- 5V supply voltage
and the biased constant current (,) = 20pA with the
INTERSIL Corp., CA3096(NPN) and CA3083(PNP) high
frequency transistors arrays SPICE model [10]. Refer the
resistance value of the ntl MTLs in equation 9, the
resistance value of simulated circuit can be easily found
and equal to 650, 1300 and 1950C2, respectively. The y-
axis scale change to compare the expanding of the voltage
dynamics range when the x-axis is hold. The enhanced
voltage dynamic range also increases from 26mV to 52mV
and 78mV for n = 2 and n=3, respectively.
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Fig.3 Enhanced dynamic range floating resistance circuit
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Fig.4 Characteristic of single, double and tripple MTLs
grounded resistance (n = 1, 2 and 3, respectively)
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Fig.5 Characteristic of single, double and tripple MTLs
back-to-back connected floating resistance forn=1,
2 and 3, respectively.
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Fig.5 shows the simulation result of the floating
resistance circuits (n = 1, 2 and 3). The resistance of these
circuits, based-on eq.15), are 1.3, 2.6 and 3.9 kQ,
respectively.

Fig.6 shows the electrical resistance tuning by varying
the biasing current (1) from 10pA to 40 pA with 10pA
step size. The 1-stage MLTs ground and floating resistance
are previous paper design [8-9] and when compared with
the new design, voltage dynamic range extended
grounded/floating resistance. The frequency respond also
compared with as shown in fig7 and reveal the
conservation of the high frequency operating capability as
state in previous literature [9].

IV. CONCLUSION

A new bipolar implementation for a extended voltage
range floating controlled resistance operating in class AB
has been described. Its value is adjustable varying an
external dc bias current. The circuit exhibits high values
for its -3 dB bandwidth and can therefore it can be used for

high-speed application.
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