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FEATURES

s Low Offset Voltage: 0.6mV

+ Controlled Impedance Push-Pull Buffer

+ Wide Open Loop Bandwidth: 75MHz OTA,
100MHz Buffer

« Large Output Swing: +3.8V with 5V Supplies

« Large Output Current: £5mA OTA, £20mA Buffer

« Adjustable/Gatable Current-Controlled Gain

» Avallable in Commercial and Military Versions

APPLICATIONS

* Multiplexers

« Sample/Hold Gircuits

« Current-Controlled Filters

DESCRIPTION

The VA713 is a high-speed operational transconductance
amplifier with the added features of current-controlled gain
and output buffering, The complementary bipolar process
- employed with this device combines excellent DC and AC

characteristics. Offset voltages are typically 0.6mV while the
. wideband transistor characteristics provide stable, -
well-behaved amplifier configurations to 50MHz. The buffer is
of the push-pull variety, able to supply $20mA of output
current with an input-to-output offset of less than 20mV. The
VA713 is extremely versatile for use in applications such as
current-controlied amplifiers, multipliers, sample/hold circuits
and VCOs, The device is available in 8-pin DIP, 8-pin surface
mount (SOIC) and 8-pin metal can (TO-99) packages.

- ABSOLUTE MAXIMUM RATINGS

Supply Voltages. .o oo vvraniraresssanseicrsansess 28V
Differential Input Voltage. ... vovvviviaeevicnnsns.. 1458V
Common Mode Input Voltage. . ... ... ivuniinivnnns 0N
AmpBiasCurrent. . .., .ivivii it ne, 10 mA
Power Dissipation (TA =70°C, Note 1).........ccutn. 450mwW
Output Short Circuit Current Duration: OTA........ Indefinite
Buffer.. ......SPpMAX
Operating Temperature Range: VA713J....,,.. 0°to+70°C
VA713S..... 55° to +125°C
Storage Temperature Range ... .. wss.r ... .65°10 4+ 150°C
Lead Temperature (Soldering to 60 Sec.)...... Cereees 300°C

Note 1: Power derating above Ty = 70°C to be based on a
maximum Junction temperature of 150°C and the following
- . thermal resistance factors:

PACKAGES 0 4 (*C/W) 04 ((C/W)
P 75 180

IS0IC 115 180

T0-99 115 250

. -PACKAGE TYPES AVAILABLE
"« 8-Pin Plastic DIP
« 8-Pin CERDIP
+ 8-Pin SOIC

+ 8-Pin Metal Can, TO-99

» «999 01385 D
HIGH-SPEED OPERATIONAL
TRANSCONDUCTANCE
AMPLIFIER WITH BUFFER
CONNECTION DIAGRAMS

Dual In-Line/SOIC Package
BUF BUF
N L1 ’ 8 lour
IN-E ) 7 |V+
IN+E A1 EOUT
AMP BIAS

V'lz 5_linpur

Top View

Metal Can Package BUF OUT

SIMPLIFIED SCHEMATIC
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VAT13 T=79-07/0
ELECTRICAL CHARACTERISTICS (Vg =15V, TA =25°C, lapc = 500p1A, unless otherwise specified) (Note 1)
VA713J VA
PARAMETER (OTA) ISYMBOL) CONDITION TYP | MAX] MIN MAX] UNITS
1ABGC =51A to SmA 1 5 4 mV
Input Offset Voltage Vos To=0° 10 70°C 8
Tp=55° 10 +125°C 8
Offset Voltage Change AVos | TABG =5¢A to S5mA 4 mv
2.5 5
input Bias Current ;] Tp=0° 10 70°C 8 pA
T = 55° to +125°C ' 10
Input Offset Gurrent 108 0.12] 0.6 0. pA
Differential Input Current 1DIFF | 1ABC =0, VpIFE =13V 10] 200 200 nA
Common Mode Range VoM ;?3 o 75 v
TABG=0: VIp=0V . 5| 100 5| 100] nA
Leakage Current WEAK || ARG=0, Vip= 10V (Figure 1) 2 100 2| 100 nA
Differential input Capacitance| CIND 4 oF
Differential Input Resistance | BND (Note 4) 26 10 KO
Common Mode Input c
Capacitance INC 3 oF
Common Mode Input
Resistance RinG | Vom =$275Y 1 MQ
Forward 990015000 7700 15000
Transconductance 9m pmho
(Large Signal) Ta=Full 4000
Common Mode CMRR| AVoy =#2.75V db
Rejection Ratio oM 110 80
. {-3DB 75 MHz
Open Loop Bandwidth BW | (Figure 2
pe 7 °p (Flo ) 2(45°) 35 MHz
Output Voltage Swing VouT | lagg=51Ato SmA, R == +4,25 43,5 v
" {RL=0 s00] 7s0] as0 750
Output Current lout [Tagc=5+A, RL=0 5| 7 - BA
-1 TA=Full 300
Output Capacitance Cout | (Note 4) 3 pF
Output Resistance Rout | Vo=13.5V (Note 4) 0.5 MQ
Slew Rate SR | Unity Gain (Figure 3, Note 2) 50 Vius
Total Input Noise Voltage ey | BW = 10Hz to 100KHz (Fig. 4) 3 uVrms
Positive Supply Current IS+ | (Note 3) 1.7} 3.0 3.0 mA
Power Supply -
Relection Ratio PSRR | AVpg = 208V 86 70 db
Amplifier Bias Voltage VABV | Measured Pin 5 wrt Pin 4 1.5 v

Notes: 1. Iagg = (Amplifier Bias Current) The current supplied to the amplifier bias terminal (pin 5) to establish its operating point

2. SIewFlate-f(IABc)perSRs

At "CL CL

AW _io IaABC

3. Negative Supply Current (l g.) = 1 g + Iage

4, Not tested, guaranteed by design.
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VA713
\‘a:?tjizngfé???f7{?;[,"
ELECTRICAL CHARACTERISTICS (Vg =5V, Tp =25°C, iapc = 500pA, unless otherwise specified) (Note 1)
" PARAMETER (Buffer) symsoL| »Ogﬁ.%{)%N MINVA;;: ‘ MAX MII: 1 7T1Y?°S MAX | UNITS
Output Offset Voltage Vos | VOV 5 5 mv
Input Bias- Current g \.1N-;0V 03| 2 10.3] +2 BA
: Input Resistance nIN \iN" 43V - 250 7 ) éso KQ
Input Capacitance CiN 3 3
Output Vohagersrwlng Vout V=14V +3.5| £3.7 13.5| 13.7 7 v
- | vottage Gain V “Ay | VYn=23.5V 0.95 0.95 Vv
| Output Reslstance " Ro \pur=+3V 3 3 Q
| small Signal Bandwidth BW | Figues Ry-2K. 120 120 MHz

DIE

Dle size = 0,052 x 0.033 Inch (1716 sq, miles)
: 1.32x 0.84 mm (1.11 sq. mm)

DICE POLICY

Electrical Characteristics

Each die is electrically tested to the commercial or military
grade DG parameters to guatd band limits at 25°C to guarantee
operation over the full temperature range.

Quality Assurance

All dice are 100% visually inspected to the requirement o
MIL-STD-883C, Method 2010.2, Condition 3.

All dice are glass passivated with only the bonding pads

“exposed to provide scratch protection,

All dice are provided with gald backing.

Shipping Packages/Order Information

All dice are packaged in die crates with individual
compariments which prevent damage to the die during
shipping.

Minimum order for dice is 100, supplied only in muttiples of
100.
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9388928 V T C INC 99D 01388

VA713 ———— .
T=79-07-/6
TEST CIRCUITS
Flgure 1: Leakage Current Flgure 3: Slew Rate
V=10V 10K
6 8o =+2.5V
L
i C,<10pF
TEST POINT [t
= (TP

SON

GLS10pF

Flgure 5: Buffer Bandwrldth

Av(db) ) 2(deg)
4 -‘\ kAV hac=S00uA
3 ‘/ Ry=2KQ
2 AN Av(db) @(deg)
1 1
ZAv
-45 0 \
) \ .90 1 5
_ A\ 2 A X
3 — 0
[~ \ -45
100K ™ 0M TooM f(Hz) \\ 90
N
. }1(00 iM 10M 100M f(Hz)
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TYPICAL PERFORMANCE CHARACTERISTICS (Vg=15V )

-3dB Bandwidth/45° Phase vs
Amplifier Bias Current (IaBC)

tnput Offset Voltage vs
Amplifler Bias Current (IABC)

2 4 8 2040 80 200 800 2 4 oy 248 2040 80 200 800 2 4 8
- -2m
3 mv [-55°C|
£ @ == 1
100MHz o
§ BW = -3dB] £ 0 o Vi WIS N
% 80MHz /(‘ ; imV , \\\\
3 p a \
|2 60MHz /’!g = 45° || 5 2mv I._Zr-° ]
B 4oMHz —1 & smv ,
3 20MHz L amv ' 1:'5;‘(:1
et smV |
1A 10pA 100pA  1mA 10mA 1A 10pA  100pA  1mA  10mA
R = 2000 CLs 10pt - Ampfifier Bias Current (| Ac) Amplifier Bias Current (IABC)

Amplifier Blas Voltage (VABY) V8
Amplifier Blas Current (Iag¢) -

Transconductance vs
Amplifler Blas Current (IaBC)

2 4 B 204080200 8002 4 8

2.0V 100mmho AT s0
. : 40
= ZAuIpy
> 1.8V " I_550c | 'Y i
. 3 10mmho 8
E AT 1 L1 g oV
1.6V — " ma— ——— [} o 4
= R5°CE= . g 4 2
g; . -1 T & 1mmho = v i
S 12y i R e
g - —{125°CH § 7
@ 1.0V L = 100umho
= 23 CH125°¢C 8
0.8V[ ! 20
L 10umho! |
1pA ToA  100pA  1mA 10mA 1A fouA  100pA  1mA 10mA
Amplifier Bias Current (| ABC) Amplifier Bias Currant (Iagc)

2 4 8 204080200 8002 4 8

Peak Ouiput Voltage vs
Amplifier Blas Current (1ABC)

nput Blas Current vs
Amplifler Blas Current ({ABC)

2 4 8 204080200 8002 4 8

2 4-8 2040 80 200 8002 4 8 100pA
T = 80
45 1 U 25°C / 40
. . ° 20
§ 22 e : - 10pA A,
§ 40 {55°Cl £ A7 1118
Qo 3.5 g r/ gt 2
. - 0 2 (5] 1PA A7
§ . a.5f 8 yLi s 800
.o = o A rd 400
% 4.0 1-55°C 1 E — 200
- svams = & 100nA[55° 80
le  .asHasec ! ==F SELH Y p
T I 7 | ry
1 (125°GH] 25clofl125°C] 20
1A 10pA  100pA _1mA _ 10mA ‘°F-;‘M owA  100WA  imA TomA
¢« |Rmeo Amplifier Bias Current (Iagc) - Amplifier Blas Current (IABC)
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VA713

TYPICAL PERFORMI{NCE CHARACTERISTICS (Vg =15V )

Input Offset Current vs
Amplifler Blas Current (lape)

99D 01390 D

T=729-07/¢

Output Resistance vs
Amplifier Blas Current (Iag¢)

. 2 4 8 204080 200 8002 4 8 100MQ 2 4 8 2(_)4080 200 800 2 4 8
) 1OP.A 8 § o 25° 11: 500 80
S 1 4 S T ISHS 40
5 4—112 B -55° CHRNIx 20
[$] 1p.A s // 800 3 10MQ 8
k- A o SNY 4
@ . 74 400 5 NN
8. nnn 200 2 N 2
10004 - 2 80 5 1MQ [ 800
a2 -55°C| . Q SRS 400
1 1259 Lz gg R 200
1onA ESmel 7 L7 8 100KQ ‘§ 20
' k40
T Thizsoc i B 20
1inA T 1 10KQ
1pA 100A — T00pA~  1mA 10mA A 10uA 1000A 1mA 10mA
Amplifier Blag Current (1 Apc) Amplifier Bias Current (1 ABG)
Peak Output Current vs Power Supply Current vs ’
Amplifler Bias Current (Iapc) Amplifier Bias Current (IABC)
2 4 8 204080200 B0O 2 4 8 9
10mA S i 8 100mA, 2_4 8 20 40 80 200 8?? 21 ,A % 80
P 4 - 25°d | i
E 55°C 5 ! g-49—|
E ok E 1oma [ZEe-C
1mA +25°C]800 = 8
3 s5rH400] |©
+125°C > 1- 4
=T 1200 |[& AU 585CH 2
o 2
100pA 80 a mA = 800
40 - [
ﬁ : ° 20 [ 400
£ 1oua PRI 8 8 toouA I 200
] 40
°C |
1A 125°C1 2 104 20
: HA . 10pA - 100pA T TmA 10mA 1A 104A  100pA  1mA 10mA
Ri=0 Ampiifier Blas Cument (1ABc) Ampiifier Bias Cumrent (I Ac)
Differentlal Input Reslstance vs
‘Amplifler Blas Current (IaBc)
. 24 8204080200 8002 4 8
- 1OMQIT n 8
§ 4
& ~ {25°C 3 2
Z - IMa = 800
£ R 400
. r N 200
E. 100KQ 5 X 80
. 40
2 SN 20
g foKal—}= S 8
b NIND 2
Ka AN
1A 10pA 100puA 1imA 10mA
. Amplifier Bias Current (1 ABc)
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TYPICAL PERFORMANCE CHARACTERISTICS (Vg=15V )

- Buffer Offset Voitage vs
" Ampllfier Blas Current

Buffer Outp

VA71 3‘
T27907-/0

ut Voitage Swing vs

Amplifler Blas Current {(ABc)

24 8 204080200 800 2 4 8

0 =
-5mV # -
2] ™
g -fomV e
|3 P -55°C H>
48- --15mV Y ‘\i\ : i
£ 20mv @' HHRNEs S A
o \bg! 1509 N
25mVE¥ - <
-30mV ll ll 125°C |
1A . T04A  T00HA - imA 0mA
. Amplifler Bias Current (anc)

2 4 8 2040 80200 800 2 4 8
——H{55°c] L]
o 3.855°C [= 3 =
£ 87 [125°C |
E 36
e 3.5
£ b4
S 0%
=}
-3.5 ol
g 3.6 {-55°C |
5 -37/25°CE=H=—
5 -3.8 1125°C |
@ 1|
1iA  10pA  100pA  1mA _ 10mA
Ry = 150Q Ejy = 4V Amplifier Blas Current (Iagc)

_ Buffer Input Blas Current (Ig) vs
Amplitler Blas Current (I5gc)

Buffer Bandwldth/45°

Phase vs

Amplifier Blas Current (Ixg¢)

2 4 8 204080200 800 2 4 8

2 4 8 204080200 800 2 4 8

] V.
1 2 /A
1= L] f.55°C 9- 200MH, A
2 FEERCR] iy W =345 ]
€ N i =
E . N hsol |2
O AVAN L ]
) X N o Al
"g . 25qc \ c;100hnr1‘. /‘, 1 >
§ :?:5 1 l—? = 45°
) =]
1A 10pA _1005!\ imA 10mA 1pA 10pA 100pA 1mA 10mA
Ampiifier Blas Current (Iapc) Ry = 2K Amplifier Bias Current (IABC)

'Bul_hr lnput Resistance vs
Amplifler Blas Current

Buffer Gain vs
Amplifier Blas Current (I5 gc)

2 4 8 204080200 800 2 4 8

2 4 8 2040 80 200 800 2 4 8

s 0.96 I-55°c] 25°C
€ 095 = e S
I — -
5 0.94 1
b5 = 25°C |
D 093

R 10uA 100p/ imA 10mA
Ry =150

Ejp = 3V Ampliier Bias Current (IABG)

380K 1] 11 LI_
1 — iy [125°C [l
a 340K : 25°C . .
& N
g 00K ' <
;N
-§, 260K ) X
N
2 220K <
-1
g 100K [55°C | LN}
140K
~ 10uA  1004A - 1mA 10mA
R, =15002 Ejy = 43V Amplifier Bias Current (lagg )
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VA713

APPLICATION INFORMATION

General Description

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

lo= 9efVins = Vin-) = 9mVp

In additlon, the OTA gain (gm) can be conveniently controlled
with an external blas current izgg to yleld:

V= Thermal Voltage = LqT = 26mV at 25°C

Thus, the OTA bacomes a very versatile building block. At a
constant | Ag all of the standard operational amplitier circuits
can be configured while modulation of | sgg provides for such
functions as current controlled active filters, sample/hold

- amplifiers and multipliers. - S

The unity galn buffer is of the push-pull varlety with an output

current capablility of £20mA. A small Input to output offset

. voltage of 20mV Insures a +3V linear output swing without
running out of headroom on the OTA. A bandwldth in excess of
100MHz makes it convanient to Include the buffer within the
feedback loop since phase accumulation is less than 45° even at
fraquencies to 50MHz, In addition, to maximize the operating
current range of the OTA the buffer bias current is varied in

proportion to IaAgo

OTA as Opotational Amplifier

Many of the OTA with buffer applications are based upon the
ublquitous operatlonal amplifier (voltage output device)
configuration as shown in Figure 6. -

Flghro 6: Oporational Arhpllﬂér Equivatent Circuit

. ol <
od & P2
v, &)
" ) —9;1
@
* & oo
=

: where V, , - Input offset voltage which can be
considered independent of lagc

Ig=input bias current = hsc

20

T79-07+0

B = current gain of input differentia! palr
= QOA/A typical at T = 25°C

IOS = input offset current ~ 0.05 s
4B Vr (mv)
lhac(ma)
1048
hec(ma)

The open loop voltage gain is determined by Ay = 9mPe
where Ro=RoTa/ RBUF

Ry = input resistance = 200 +

=200 + at T=25°C

Rota= OTA output impedance = fllagc)
ex: 25MQ 2 RoTp 260K at 0.1mA <1 pgg < 5m

RpuyF = Buffer input impedance = (i Apg, R)
ex: 200K2 Rge 2 40K at R = 1509 and

0.1mA<ipgc <SmA

Loop compensation is defined with external capacitor Cewith
the 20 db/decade pole set at f = 1

2nReCe
For example with R|= 15002 and IABG = 1mA the VA713 has

the following operational amplitier characteristics:

TYPICAL

PARAMETER SYMBOL VALUES UNITS
Offset Voltage Vos 1 mv
Blas Current "1 5.6 na
Offset Current los 300 na
Input Resistance RIN 9K 0

+4

Common Mode Range Vem 3.4 v
Voltage Gain Ay 1500 VIV
Output Swing Vo +3.7 v
Qutput Resistance Ro 3.5 Q
Common Mode
Rejection Ratio CMRR 105 db
+ Power Supply
Reiection Ratio +PSRR 82 db
- Power Supply
| Reiection Ratlo -PSRR 78 db
Supply Current Ips 5 mA
Input Noise Voltage oy 100 nVAHz

As shown in Figure 7, with a compensating capacitor of
CL = 90pf the open laop pole is set at f = 20KHz and the
idealized 20 db/decade rolloft characteristic extends to
beyond 50MHz.

The 0 db crossover point is f = 30MHz with a phase shift of
60°. This demonstrates that amplifier closed loop
configurations will be unity gain stable with a unity gain
bandwidth of approximately 30MHz. For applications where
unity gain stability is not required, the capacitor value can be
reduced with a corresponding extension In gain-bandwidth
product,
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- Flgure 7: Operational Amplitier Open Loop Response

Cy = 90pF laBc= 1mA
Ay (db) R = 150Q D(deg)
70 175
60 150
N
N N . 00
40 - :==|=..\ 1
t
30 P 75
20 50
10 N ES
. ™~ N
0 Sy Ho
-10 N
20—
 10KHz - 100KHz. . 10MHz . 100MHz

1MHz-

' Current Controlled Low Pass Fliter

Sinca the gain of the OTA Is proportional to b
modulation becomes a method of bandwidth oontrolqor closed
- loop contigurations. As the development in Figure 8 shows, the
.. 2 paramoters which determine closed loop bandwidth are
“ 9mlapg) and Go, Notice that although R sets the open loop
bandwidih, R, drops out of the closed Ioop bandwldth
equation,

Flgure 8: OTA Bandwldth Control

A(db) :
4 ' el w"—ﬁclﬁ—c
Opan Loop Galn _20db_ oo
Ape=9mPe “’ADC - (Gecade decade )

o TCIoeedLoopGaln \/“'2'_
Open Loop Galn « AOL(jw)-—%

forw>>wy

AW .M_ &
At Unity Gafn Crossover = 0ch
oLl=1= w IADcl
Wz'WﬂADcl
Ag 2™ Al =9mRe

slnoew1-

98D 01393 D

S VA713

Figure 9a shows an implementation of this bandwidth control
technique for a unity gain buffer. With ) spc variations from
1001LA to 5mA, corresponding bandwidth varlations are from
1.1MHz to 70MHz as shown in Figure 9b.

Figures 9a & b: Unlty Galn Buifer with Bandwldth
Control

7790710

a)

Cis 10pf

b)
oV} Bandwidth (MHz)

100
80

% A
2 /

o1 .2 4 81 2 4 810
laBc(mA)

W2-'§"
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Figures ¢ and 9d show the large and small signal step .
response for lags=6mA and |zgc = 1mA. In addition to
bandwidth varlations, as expected, slew rate also varies In
proportionto lagg . SR~ 30V/us’ at lagg = 5mA and SR ~ 7V/us
at IABC- 1mA. -

&

Layout COnslderatlono
~*. .As with any high-spaed circultry, certaln layout
> conslderatlons are necessary if stable operation Is.to be

- }ensured and performance s to be optirized.. All connections to
“_ the OTA should'be kept as short as possible, and the power.
. ‘supplies should be bypassed with 0.1uf capacitors, or better:

‘yot a combination of 1uf - 10uf electrolytics and 0,01uf
.~ ceramic. It ls suggested that a ground planea be considered as -
- the.best method of maximizing performanca because it
* “rinimizes stray inductance and Gnwanted coupling Inthe -
.- ground slgnal paths. To. minimize capacitive effects, reslstor

< yalues should be kept as small as poss'ble oonslstent with the
: 'appllcallon ;

89D 01394

7=79-07-/0

Figures 9c & d: Buffer Step Response = f(lagc )




