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FEATURES

« Dual Version of VA703

« Low Offset Voltage; 0.5mV

¢ Linearizing Diodes

+» Wide Open-Loop Bandwidth: 75MHz

+ Larga Output Swing: 14V with 5V supplies
» Large Output Current: £5mA

« Adjustable/Gatable Current-Controlled Gain
« Available in Commerclal/Military Versions
APPLICATIONS )

* Multiplexers

« Sample/Hold Circuits

« Current-Controlled Filters

+ Muttiplier

DESCRIPTION
The VA2703 Is a dual high-speed operational

transconductance amplifier with the added features of
current-controlled gain and input linearizing diodes. The

- complementary bipolar process employed with this device
combines excellent DC and AC characteristics. Offset

_ voltages are typically 0.5mV while the wideband transistor
characteristics provide stable, well-behaved amplifier
configurations to 50MHz, The linearizing diodes are used to

" minimize distortion for high input level applications. The
VA2703 Is extramely versatile for use in applications such as
cufrent-controlled: amplifiers, muhlpllers. ‘sample/hold circults

and VCOs,

“ABSOLUTE MAXIMUM RATINGS

Supply VOIBOE v o ivrrivenriorsnentoronssrnatnns 8V
Differantial Input Voltage, s, . vvevvrerinsneennsvens 248V
Common Mode Input VORage. . ..o vvrivinrrearsreess 2V
AmpBIasCurrent................ ....... veveesss JOMA
Diode Blas Current. . ...... P [+ 11 7-8
Power Dissipation (Ta =70°C, Note 1) ............ e S50MW
Output Short Clrcult Current Duration, . ... .... ++ .. Indefinite .
Operating Temperature Range: VA2703J ,...... 0°to +70°C

L VA2703S8,... -55°to +125°C
- Storage Temporature Range......-..........-65°to+150°c
Lead Temperature (Soldering to 60 Sec.). .. .. ... . 300°C

“ Note 1; Power derating above TA= 70°C fo be based on a
maximum junction temperalure of 150°C and the thermal
reslstance factors of 6= 75°CW and O jp= 145°C/W.

PACKAGE TYPES AVAILABLE

+ 14-Pin Plastic DIP
+» 14-Pin CERDIP
¢ 20-PinLCG

VA2703

PRELIMINARY
CONNECTION DIAGRAMS

T-79-07-20
DUAL HIGH-SPEED OPERATIONAL
TRANSCONDUCTANCE AMPLIFIER
WITH LINEARIZING DIODES

Dual In-Line Package
-wr
AmpBlaME EAaniaaz
DiodeBlanE Emmuz
+rN1LT_ Enuz
"N'E E]-mz
ounE I T_o'lourz
V-E E]w
NOE 8 | NG
Top View
LCC Package - o~
2 5 o 2
o 2 2 =
4 3 B2 4
3 2 1 2 19
IN+1[Z] [t8] 2
IN-1[ 5] - [i7]n-2
NCl 6] fisl ne
ouT117] [is]our2
v-18] [14] v+
[5] [id [ fid figf
NC NC NC NC NC
Top View
SIMPLIFIED SCHEMATIC (Each OTA)
Y+
DIODE
BiAS O oot
N O0—1
AMP BIAS
INPUT
V-0
2-179

S133HS

-
«
£
-n
b=
=
=
-
4
=
>




—
INC

SHEETS

<
find
b=
o
-
=
=
<L
u-
o.
w
o |

VT C INC 99D D Iqaaaqeq 000139k 9 ._

9388829 ¥V T C

B . ) o 99~DD1396 D
VA2703 :
7T-79-27-30
ELECTRICAL CHARACTERISTICS (Vg =15V, Tp =25°C, lapc = 500A, unless otherwise specitied) (Note 1)
VA2703J VA2703S
PARAMETER ISYMBOL CONDITION MIN | TYP | MAX| MIN} TYP| MAX| UNITS
Vos | 1ABc =5uA to 5SmA 1 5 0.5 4 mV
Input Offset Voltage “TA=0° to 70°C 8
: . [Ta=-85° to +125°C 8
Offset Voltage Change AVos | 1aBc =51A to 5mA 4 mv
2.5 2.5
Input Blas Current ' Tp=0° to 70°C 8| HA
Ta = 65° 10 +125°C 10
Input Offset Current los 0.12] 0.6 0.12] 0.6] uA
Difterential Input Current IDIFE | |ABC =0, VpIpg =£3V 10| 200 10{ 200 nA
+4 +4]
Common Mode Range em +2.75] -3.3 2,75 | -3.3 v
[ =0, =0V ) A
Leakage Current LEAK (;gg_ 0, m_ joy (Flgure 1) g }gg g 188 nA
Differential Input Capacitance| Cinp 4 4 pF
Differential Input Resistance | Ryp | (Note 5) 10| 26 10 26 KQ
Common Mode Input c
Capacitance INC 3 3 pF
Common Mode Input
Resistance AINC | Yo =275V 1 1 M2
Forward 7700|92001150004 7700| 990015000
Transconductance Om | lo=t120pA pmho
(Large Signal) Ta=Ful 4000 4000
Common Mode CMRR| AV =2.75V dB
Rejection Ratlo- . ™ 80| 110 80| 110
f-3dB 75 75 MHz
n Loop Bandwidth BW | (Figure 2 a,b)j———
Open oop V| (Fig s 3 T i
Output Voliage Swing Vour | Iapc=51Ato SmA, Ry = +3.5/44.25 3.5 ] +4.25 \
. . . | B=0 aso} sco| 750} 3so| so00] 750
Output Current lout lapc=51A R =0 3l 51 71 3 5 4 ™
TA = Full 300 300
Oulput Capacitance CouT 3 3 pF
|Output Resistance Royt | Vo=+3.5V 0.5 0.5 MQ
~ {Slew Rate SR | Unity Gain (Figure 3) (Note 2) 50 50 Vius
Total Input Noise Voltage °N_ | Figure 4 BW = 10Hz to 100kHz 3 3 uVrms
Positive Supply Current IS+ | Both OTAs (Note 3) 18] 2 3] 16] 2 3] mA
Power Supply = +0.5V
election Ratlo PSRR | AVpg = 0. . 70| 86 70| 86 dB
Amplifier Blas Voltage VaBv | Measured mgtl(l‘)‘) wnPin6 1.5 1.5 v
Pin 2 wit Pin 3, 4 (Com), | 2= 2mA
Dlode Voitage % [Pin 13w Pin 11,12 (Comliyge2ma| | 75 075 v
(Note 4)

Notes: 1. |agc = (Amplifier Blas Current) The current supplied to the amplitier bias terminal to establish its operating point.
2, Slew Rate = f(lsgc ) per SR -%‘K? --é}- u,’g_BQ where G _=Total Load Capacitance
L .

3. Negative Supply Current (k. ) = s+ 24/ABC
4. Dual In-fine pins used for reference
5. Not tested, guaranteed by design.
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TEST CIRCUITS
Flgure 1: Leakage Current

Filgure 3: Slew Rate

;... 88D D1397
"TVAZ703

T-77-07-20

Vim10V

4,11

2,1
TESTPOINT  |3.19
(TP)

10K

8 =12.5V

Cy<10pF

. Flgure 2: Opsn Loop Bandwidth

Figure 4: Input Nolse Voitage
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T-79-07-320
TYPICAL PERFORMANCE CHARACTERISTICS (Vg= 25V, Ta= 25°C unless otherwise stated)
-3dB Bandwidth/45° Phase vs Peak Output Voltage vs
Amplifier Blas Current Amplifler Blas Current (I o)
2 4 8 204080 200 800 2 4 8 2 4 8 204080 200 800 2 4 8
= e L fi25°c]-
. 45 357G -
$100MHz {BW = -3dB} & 40 -55°C
Q.
& 80MHz p i § 3.g
§ 60MHz +Ha = 450 g. -35
E 40MHz y e Y % 4.0 {-65°C]
I3 2oMHz o & .45 [T
?ll 125°
1HA 10uA  100uA imA  10mA 1pA 10pA 1004A  1mA 10mA
Ry = 2000 ¢ < 10?;;‘9"““ Blas Current R = oo Amplifier Bias Current (| ARQ)
Amplifier Bias Volitags (VaBy) vs Input Offset Voltage vs
Amplifier Blas Current (Iapc) Amplifier Bias Current (1 45 )
2.4 8 2040 80200 800 2 4 8 omv—2_4 820 4080 200 800 2 4
2.0V v
P -im
_ 1.8V {-56°CH+—— ——
> 1< ” 2 0 —={550c] ]
< 1.8V - g el e, NS
= 125° S 1mv S SREANAY
§, 1.4V = > [
— H 2 2mV
S 1.2v Ji25°0I = — g '|250a
g 1.0V - 5 3mv
N £ 4mv 1259
0.8V ‘
T Sm— 1 ' Smy LI
HA OpA | OOuA 1mA 10mA 1A 104A 100uA 1mA 10mA
Amplilier Blas Current (laBe) - Amplifler Blas Current (lag )
Dlode Voltage (Vp) vs Diode Bias (Ip) K x"’"ﬁ:‘lmdall"‘“g“ V: |
- - mplifier
' " 200 400 800 2 4 8 P 22 =urrent (asc)
- I 2 4 8 204080200 8002 4 8
1.0V 100mmho 80
-55°C P %
0.0V E:- 140
- — 8 1ommho . 7.1l 20
£ o.av— [25°¢] L g - = 8
0.7V}~ . B v 2
(<] c
= - . 125°C § immho Z 800
2 0.8V = a -55°C L A7
i —= : Zasia o
0.5V e Lo’ o
‘ _ 1ooumho 237 CIofees 80
0.4V§ 40
1004A T imA 10mA toumpol LTI I 1 20
MR 00 1mA 10mA
- Diode Bias (Ip) Am%l?ﬂer Blas Cur’;leAr\t (IABG)
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TYPICAL PERFORMANCE CHARACTERISTICS

Input Blas Current vs
, Amplifier Blas Current (IABC)

99D D1399 D
VA2703

T-79-07-R0

(Vg= 15V, TaA= 25°C unless otherwise stated)™

- WP

Differential input Resistance vs
Amplitier Blas Current (Iac)

_2 4 20 40 80 200 800 2 4 2 4 8 204080 200 800 2 4
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Amplifier Blas Current (lagc) Amplifier Blas Current (I Asc)
input Offset Current vs Output Resistance vs
Amplitler Bias Current (IApc) Amplifier Blas Current (Iagc)
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. - =55 20 C?) > 20
fF AR 25CF 8 g 10HA 8
- 125°C ¥ $ 3
1uA 112 o 1pA 2
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APPLICATION INFORMATION

Design Equations

~ The operational transconductance amplifier (OTA) produces
an output current proportional to the differential voltage (V)
applied at the Inplt according to:

to= 9mVine - Vin-) =9m¥D

In addition, the OTA gain (gm,) ¢an be ¢convenlently controlled
with an external blas current I spe to yleld:

lgw JABC_,
2Vp
1
where gm= _é\_B_G_

V= Thermal Voltage = _FE‘T ~ 26mV at 25°C

Thus, the OTA becomes a very versatile building block. At a
constant I, all of the standard operational amplifler circuits
can be configured while modulation of Iagg provides for such
functlons as current controlled active filters, sample/hold
amplifiers and multipliers,

The defining equation lo= g Vp becomes Increasingly
non-linear as the input diﬁerenﬂ‘al voltage (Vp ) becomes
greater than a few millivolts. In many applications the
linearizing diodas can be used to minimize this non-linearity
and resulting signal distortion. To understand the use of the
linearizing diodes, some basic equations need to be
developed, Figure 5 represents the basic functional parts
of the OTA. For conveniance, the diodes are shown blased
with ideal current saurces while in practice rasistor biasing
can be used with very good resuits.

Figure 5: OTA Functional Dlagram
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Without the linearizing diodes (fy=0), the Input voltage V, is
seen at VN, based upon voitage Rlvlder action betwseen the
source impedance Rg and the differential input resistance of
Qqand Q2.

where RIND~ B(fe1+ 1 g2)
2

laBC
since Vi » 26mV at 26°C
RIND= s

lABC(mA)
ox:atlppc = 1mA

B=100

RIND= 104K

andrg= *Vy., B=currentgain

The current distribution in Q yand Q2 is governed by:

2
Vp=Vinz Vin=Vrhn T |
For small differentlal input voltages Iy~ 1, , and |"'IL
be representsd In the Taylor series expansion as: '

n .'L._'Z_"_'J_._'.g_

can

T— TT-

ftisthe Iy = b, assumption that limits the accuracy of the 12~ '
equation to small values of input voltage (V D). Evenwithan YD
input voftage as small as Vp= V1= 26mV, the | 2/14 ratio = 2.7.
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With a bias (i) apptied to the linearizing diodes a fow
impedance shunt based upon the dynamic resistance of
the diodes Is placed across differential pair Q4 and Q5.
This shunting actlon Is what tinearizes the output current
as a function of input voltage (current ) Vg (is ). Looking at
the defining equations:

l and I3 can be expressed as:

lABG + 1o

- | =JABC-lo
2 1 2

and since the diodes and Q 4 Q5 are of the same geometry

> and see the same temperatures, the diode and transistor

currents can be equated according to

+1
ip/e+ 18 -VT InIABc+ lo
Ip2-1s laBc- o

solving for lo ylelds:
b.zg%mg
An Interesting resutt Is that no assumptions have been made
to affect linearity other than the diodes be blased (15} and
modulated (Ig) with current sources and the diodes be kept
in conduction |l p} < 18/2. The output current is also

. Independent of temperature.

Figures 6 a, b and ¢ illustrate the effects of using the
linearizing diodes In an open loop amplifier configuration with a
large signal voltage gain of approximately 1V/V., The transfer
curve compares clrcuit operation with and without the diodes,
Corresponding total harmonic distortion (THD) for a 3Vp-p
1KHz output sine wave is 6% for the non-diode case and 0.6%
with linearizing diodas. For closed loop configurations, the
linearizing diodes generally are not used since the
degenerative feadback keeps the Input differsntial voltage at
small values,

. Flgure 6a: Open Loop Amplifler Without Dlodes

Null Ad)

VA2703

T-79-07-20

Figure 6b: Open Loop Amplifier With Diodes

Ning = Ry | 1 . 2R lanc
G/MN~ R+ Rp) * IR+ Zig+ Rg) D
= 25:VD | Ry=R
o maRE ¢ 20

Flgure 6c: Linearlty Protile With and Without
Diodes

2
lABC =2.2mA
15 (wlo dicgssT—
1¢
5+ R1-2K
* RQ. -1m | 4mA
L or RL-??ZK IABC-
p=1.1mA
51
-1
“15¢
2 ] 1 ] 1 1 1 1
2485 -4 -5 © 5 1 15 2
Vin

1t is instructive to look more closely at the defining I g
equation when the linearizing diodes are used to see how well
the current source assumption and attendant linearity are
being met in practice.
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Refarring to Figure 6b, the equivalent circuit can be
reduced to Figure 7 below.

Figure 7: Equivalent Circult (Flgure 6b) o

990 01402 0D

T-79-07-q0

Figure 8a: 60MHz Unity Galn Follower

Vi Ry
Vo= JIN 72 Ryy= Ry/R
™ R+ Ry TH= Fi/Rp
I4 = dynamic resistance = IVrl
of diodes Lgt S
-726—? at25°C, with Ig,
Lz)t S IpinmA
.
where ln = Fa+RaR and Rp= Ra
since 2 << RIND

lome—VTH __  VINR2 . 4
*“Rm+2d +R3 " B+Rp Pri+2d +Rg

10K

As the equations in Figure 7 indicate, to maximize linearity

and minimize temperature effects,Rpshould be kept small wit -

R+ Ry and Ismadulation cutrent small wit Ip /2,
In practice, Ipyvalues from 1mA to 5mA are the best choice
for most applications, :

60MH2- Unity Galn Follower - o

Flgure 8a Is a unity gain follower configuration which
emphasizes the basic spesd capability of the VA2703, As
Hlustrated in Figures 8b and 8¢, small signal rise time = fall time
= 5ri¢. (measured small signal bandwidth ~ 60MHz) and large
signal (£2.5V) slew rate plus small signal settling is fess than
200ns. R2'ls used for phase recbvery by introducing a zero at
approximately 40MHz while C1 ensures high frequency rolioff
at frequencles above 100MHz.
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Amplitude Modulator Layout Conslderations
Figure 9a shows the fransconductance amplifler operating As with any high-speed circuitry, certain layout
o as a 2 quadrant linearized multipiier to produce an amplitude considerations are necessary if stable operation Is to be
« . modulated output waveform with defining equations: ensured and performance is to be optimized, All connections to ;
) \b = Ky (\ 810 Wt Vinsin Wit + KV sin ve ) the OTA should be kept as short as possible including the '
B - F . power supplies which should be.bypassed with-0.1uF
where K, - i T capacitors, or better yet, a combination of 1F - 10uF
Ry+R2 R/ Rot2rd+R; Rs ip’ ~ elactrolytics/tantalums In parallel with a 0.01uF ceramic. It is
suggested that a ground plane be considered as the best
Irree25 _ and Ko= 5-VaRy =35, 1y ~22~ method of maximizing performance because it minimizes stray
D R4+ Ro2 Ka ABv a® 'D(mA) inductance and unwanted coupling In the ground signal paths.
To minimize capacitive effects, resistor values should be kept
) as small as possible consistent with t lication.
Figure 9b shows the input and output waveforms at a carrier po ith the application

fraquency of fe= 1MHz and medulation frequency iy = 10kHz.
Since the basic OTA has a bandwidth in excess of 50MHz the Figure 8b: Amplitude Modulator Waveforms
clrcuit bandwidth is determined by the load time constant = - - = - -

Ry (C+ Co). Forthe above example at B = 2K and C\+ Gy ~ 9pf,
the bandwidth = 4MHz. Attendant power bandwildth, (signal
swing before distortion), belng a function of G and 1 is ARG,
actually larger than the small signal bandwidth. Power
bandwldth = SMHz at Vo= 6Vp-p. :

-
(7]
ha |
m
Lx
m=

=
ac
(=)
=
=

Figure 9a: Amplitude Modulal_or;' :
J— 45 5

Ve sin wt z Vimsin wyt

0X: With Ry= Rg = 1K, Ry= Ry 200, Rg= Ry = 2K
Ki=0.8 Ky=35

< Vo= 0.8 Ve sinwst Vi sln wipt +2.8 Ve sinwst
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