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FEATURES

n 20MHz Bandwidth

m 75V/us Slew Rate

m Drives =10V into 75Q
= 5mA Quiescent Current

= Drives Capacitive Loads > 14F

m Current and Thermal Limit

m Operates from Single Supply 4.5V
s Very Low Distortion Operation

APPLICATIONS

= Boost Op Amp Output

= Isolate Capacitive Loads
= Drive Long Cables

m Audio Amplifiers

= Videa Amplifiers

s Power Small Motors

m Operational Power Supply
m FET Driver

l ’ \D | LT1010

NOLOGY

ch‘r e ]SO[nA Power Buffer
DGSCBIPTlon

The LT1010 is a fast, unity-gain buffer that can increase-
the output capability of existing IC op amps by more than

an order of magnitude. This easy-to-use part makes fast

amplifiers less sensitive to capacitive loading, reduces

thermal feedback in precision dc amplifiers and is recom-

mended for a wide range of fast and slow applications.

Designed to be incorporated within the feedback loop, the
buffer can ‘isolate almost any reactive load. Internal
operating currents are essentially unaffected by supply or
output voltage, accounting for the 4.5V to 40V supply volt-
age range with unchanged specifications. Single-supply
operation is also practical. s e -

This monolithic |G is supplied in an 8-pin ‘miniDIP and three
standard poweér packages: the solid kovar base TO
(TO-39), the steel TO-3 and the plastic TO-220. The low ther-
mal resistance power packages are an aid in reducing
operating junction temperatures. With the TO-3, T0-220,
and miniDIP packages, an option is available to raise

qmescent current and improve speed. The miniDIP version
is supplied for those appllcatlons not requmng high power
dissipation or where board space is a premium, -

- In the TO-39 package, the LT1010 can sometimes replace
the hybrid LH0002. With the exception of speed it exceeds
key specifications and fault protection is vastly superior.
Further, the lower thermal resistance package and higher
maximum operating temperature of the new monolithic
circuit allow more usable output.

Very Low Distortion Buffered Pre-Amplifier
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LT1010

ABSOLUTE MAXIMUM RATINGS

Total Supply Voltage ...................... e 2V Input Current (NOtE2) .vvvvn e evineviiieeeen +40mA
Continuous Qutput Current .................... +150mA  Operating Junction Temperature
Continuous Power Dissipation (Note 1) LTI010M .. -55°Cto 150°C
LTI01OMK ..o 5.0W LT1010C. . ..v e 0°Cto 125°C
LT1010CK ..o, 40W  Storage Temperature.................... -65°Ct0 150°C
LTI010CT oo e 40W  Lead Temperature (Soldering, 10s€C.) .............. 300°C
LTI010MH ..., 31w
LT1010CH ... 2.5W
LTI010CNS ... 0.75W
PRECONDITIONING =
100% Thermal Limit Burn in
PACKAGE/ORDER INFORMATION
" BOTTOM VIEW ORDER PART ORDER PART
mPUT\q:‘,\/w NUMBER kN FRONT VIEW NUMBER
I R S PN I —— i
—~, (&) 3 ||—g=—V- (g
a8 LT1010CK =
CKAGE
0 TOI T o A e
i LT1010MH Top view LT1010CN8
LT1010CH e © fgwew
INPUT QUTPUT BIAS % 7] nie
w3 6] v-
¢, e n/c [ [5]n/e
H PACKAGE N PACKAGE
4-LEAD T0-39 METAL CAN 8-LEAD PLASTIC DIP
(KOVAR BASE)

2-86

LY SR



LT1010

ELGCTB'CHL CHﬂﬂﬂCTE BISTICS (See N;:te 3. Typical values in curves)

LT1010M LT1010C

SYMBOL PARAMETER CONDITIONS (NOTE 3) MIN MAX MIN MAX UNITS
Vos Output Offset Voltage Note 3 2 110 0 150 mV
) -10 220 -2 20 mV

V= +15V,Viy=0 40 90 20 100 mV

I Input Bias Current loyr=0 0 150 0 250 pA
lour<150mA 0 250 0 500 pA

o 0 300 0 800 pA

Ay Large Signat Voltage Gain ® 0995 1.00 0995 100 VN
Rout Output Resistance loyr= £ 1MA 6 9 5 10 ]
loyr= £ 150mA 6 9 5 10 2

d 12 12 it

Slew Rate Vg= 215V, Vjy= =10V

Vour= £ 8V, R = 1000 75 75 Vips

Vsost Positive Saturation Offset Note 4, loyr=0 10 10 v
® 1.1 1.1 v

Vsos~ Negative Saturation Offset Note 4, lgyr=0 0.2 0.2 v
® 0.3 0.3 v

Rear Saturation Resistance Note 4, lgyr = £ 150mA 18 2 Q
[ 24 28 ]

Vaias Bias Terminal Voltage Note 5, Rgjag =200 - 750 810 700 840 mV
® 560 925 560 880 mV

I Supply Current lour=0, lgas =0 8 - 9 » mA
L 9 10 mA

Note 1: For case temperatures above 25°C, dissipation must be derated
based on a thermal resistance of 25°C/W with the K and T packages,
40°C/W with the H package, and 130°C/W for N8 package for ambient
temperatures above 25°C. See applications information.

Note 2: In current limit or thermal limit, input current increases sharply

with input-output differentials greater than 8V; so input current must be
limited. Input current also rises rapidly for input voltages 8V above V* or

0.5Vbelow V™.

Note 3: Specifications apply for 4.5V <Vg<40V,V™ +0.5V<V)y<V* - 15V
and loyr =0, unless otherwise stated. Temperature range is
-55°C<T;<150°C, T < 125°C, for the LT1010M and 0°C <T;<125°C,

T <100°C, for the LT1010C. The ® denotes the specifications that apply
over the full temperature range.

Note 4: The output saturation characteristics are measured with 100mV
output clipping. See apptications information for determining available
output swing and input drive requirements for a given load.

Note 5: With the TO-3 and TO-220 packages, output stage quiescent cur-
rent can be increased by connecting a resistor between the bias pinand V*.
The increase is equal to the bias terminal voltage divided by this
resistance.

LT IR
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LT1010

TYPICAL PERFORMANCE CHARACTERISTICS
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LT1010

TYPICAL PERFORMANCE CHARACTERISTICS
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LT1010

TYPICAL PERFORMANCE CHARACTERISTICS
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APPLICATIONS INFORMATION

General

These notes briefly describe the LT1010 and how it is used;
a detailed explanation is given elsewhere/, Emphasis here
will be on practical suggestions that have resulted from
working extensively with the part over a wide range of
conditions. A number of applications are also outlined
that demonstrate the usefulness of the buffer beyond that
of driving a heavy load.

Design Concept

The schematic below describes the basic elements of the
buffer design. The op amp drives the output sink
transistor, Q3, such that the collector current of the output
follower, Q2, never drops below the quiescent value
(determined by |y and the area ratio of D1 and D2). As a re-
sult, the high frequency response is essentially that of a
simple follower even when Q3 is supplying the load cur-
rent. The internal feedback loop is isolated from the ef-
fects of capacitive loading by a small resistorin the output
lead. '

— v+

The scheme is not perfect in that the rate of rise of sink

current is noticeably less than for source current. This can
be mitigated by connecting a resistor between the bias
terminal and V*, raising quiescent current: A feature of
the final design is that the output resistance is largely
independent of the follower quiescent current or the out-
put load current. The output will also swing to the nega-
tive rail, which is particularly useful with single-supply
operation.

*R. J. Widlar, “Unique IC Buffer Enhances Op Amp Designs; Tames Fast
Amplifiers,” Linear Technology Corp. TP-1, April, 1984,

" Equivalent Circuit
 Below 1MHz, the LT1010 is quite accurately represented

by the equivalent circuit shown here for both small and
large signal operation. The internal element, A1, is an ide-
alized buffer with the unloaded gain specified for the
LT1010. Otherwise, it has zero offset voltage, bias current
and output resistance. Its output also saturates to the in-
ternal supply terminalst.

v+

" Loaded voltage gain can be determined from the unloaded

gain, Ay, the output resistance, Royr, and the load re-
_sistance, RL, using:

AyRL
Ayl=——7—
= Rour+RL
Maximum positive 6utpuf swing is given by:

+ V" -Vsos*)RL
Rsar+RL

Vour

The input swing required for this output is:

Vint =Vour* <1 +Rg—ET> - Vos +4Vos,

where AVg is the 100mV clipping specified for the satura-
tion measurements. Negative output swing and input drive
requirements are similarly determined.

t See electrical characteristics section for guaranteed limits.

LY
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LT1010

APPLICATIONS INFORMATION
Supply Bypass

The buffer is no more sensitive to supply bypassing than
slower op amps, as far as stability is concerned. The 0.14F
disc ceramic capacitors usually recommended for op
amps are certainly adequate for low frequency work. As al-
ways, keeping the capacitor leads short and using a
ground plane is prudent, especially when operating at
high frequencies.

The buffer slew rate can be reduced by inadequate supply
bypass. With output current changes much above 100mA/
ps, using 10xF solid tantalum capacitors on both supplies
is good practice, although bypassing from the posmve to
the negative supply may suffice.

When used in conjunction with an op amp and heavily
loaded (resistive or capacitive), the buffer can couple into
supply leads common to the op amp causing stability
problems with the overall loop and extended settling time.
Adequate bypassing can usually be provided by 10x4F solid
tantalum capacitors. Alternately, smaller capacitors could
be used with decoupling resistors. Sometimes the op amp
has much better high frequency rejection on one supply,
S0 bypass requirements are less on this supply.

" Power Dissipation

In many applications, the LT1010 will requnre heat sinking.
Thermal resistance, junction to still air is 150°C/W for the
TO-39 package, 100°C/W for the TO-220 package, 60°C/W
for the TO-3 package, and 130°C/W for the miniDIP pack-
age. Circulating air, a heat sink, or mounting the package
to a printed circuit board will reduce thermal resistance.

In dc'circuits,‘buffer dissipation-is easily computed. In ac
circuits, signal waveshape and the nature of the load
determine dissipation. Peak dissipation can be several

W

times average with reactive loads. It is particularly im-
portant to determine dissipation when driving large load
capacitance.

With ac loading, power is divided between the two output
transistors. This reduces the effective thermal resistance,
junction to case, to 30°CW for the T0-39 package and
15°C/W for the TO-3 and TO-220 packages, as long as the
peak rating of neither output transistor is exceeded. The
typical curves indicate the peak dissipation capabilities of
one output transistor.

Overload Protection

The LT1010 has both instantaneous current limit and ther-
mal overload protection. Foldback current limiting has not
been used, enabling the buffer to drive complex loads
without limiting. Because of this, it is capable of power
dissipation in excess of its continuous ratings.

Normally, thermal overload protection will limit dissipa-
tion and prevent damage. However, with more than 30V
across the conducting output transistor, thermal limiting
is not quick enough to-insure protection in current limit.
The thermal protection is effective with 40V across the
conducting output transistor as long as the load current is
otherwise limited to 150maA.

Drive Impedance

When driving capacitive I0ads, the LT1010 likes to be driven
from a low-source impedance at high frequencies. Certain
low power op amps (e.g., the LM10) are marginal in this re-
spect. Some care may be required to avoid oscillations,

especially at low temperatures.

\ Bypassing the buffer input with more than 200pF will solve
the problem. Raising the operating current also works, but
this cannot be done with the TO-39 package.

2-92
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APPLICATIONS INFORMATION

Parallel Operation

Parallel operation provides reduced output impedance,
more drive capability and increased frequency response
under load. Any number of buffers can be dlrectly paral-
leled as long as the increased dissipation in individual
units caused by mismatches of output resistance and off-
set voltage is taken into account.

When the inputs and outputs of two buffers are connected
tqgether, acurrent, Alour, flows between the outputs:
= Vos1-Vos2
Rout1 +Rout2

whére Vos and Royr are the offset voltage and output re- -

sistance of the respective buffers.

Normally, the negative supply current of one unit will in-
crease and the other decrease, with the positive supply
current staying the same. The worst case (Viy—V*)
increase in standby dissipation can be assumed to be
Aloyt V1, where Vr is the total supply voltage.

Offset voltage is specified worst case over a range of sup-
ply voltages, input voltage and temperature. It would be
unrealistic to use these worst case numbers above be-
cause paralleled units are operating under identical condi-

tions. The offset voltage specified for Vg= 15V, Viy=0-

and Ta =25°C will suffice for a worst case condition.

Output load current will be divided based on the output
resistance of the individual buffers. Therefore, the avail-
able output current will not quite be doubled unless output
resistances are matched. As for offset voltage, the 25°C
limits should be used for worst case calculations.

Parallel operation is not thermally unstable. Should one
unit get hotter than its mates, its share of the output and
its standby dissipation will decrease.

As a practical matter, parallel connection needs only some
increased attention to heat sinking. In some applications,
a few ohms equalization resistance in each output may be
wise. Only the most demanding applications should re-
quire matchmg, and then just of output resistance at

25°C,

Isolating Capacitive Loads

Rs . 20k

Vin

— Vour

;Ec

" The inverting 'amplifier above shows the recommended

method of isolating capacitve loads. Non -inverting amph
fiers are handled similarly. o

At lower frequencies, the buffer is within the feedback
loop so that its offset voltage and gain errors are negligi-
ble. At higher frequencies, feedback is through Cy, so that
phase shift from the load capacitance acting against the
buffer output resistance does not cause loop instability.

"'Stability depends upon the RiC; time constant, or the-

closed loop bandwidth. With an 80kHz bandwidth, ringing
is negligible for Ci=0.068,F and damps rapidly for
CL=0.334F. The pulse response is shown in the graph.

LTS
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APPLICATIONS INFORMATION

Pulse Response
| | |
Cy =0.068uF
5
0
)
‘:’;’J -5
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-5 F =N
\J
0 50 100 150 200
TIME (is)

Small signal bandwidth is reduced by G, but considerable
isolation can be obtained without reducing it below the
power bandwidth. Often, a bandwidth reduction is desir-
able to filter high frequency noise or unwanted signals.

The follower configuration is unique in that capacitive
load isolation is obtained without a reduction in small
signal bandwidth, although the-output impedance of the
buffer comes into play at high frequencies. The precision
unity-gain buffer above has a 10MHz bandwidth without
capacitive loading, yet it is stable for all load capacitance
- toover 0.34F, again determined by RiC.

This is a good example of how fast op amps can be -made
quite easy to use by employing an output buffer.

Integrator

A low pass amplifier can be formed just by using large Cs
in the inverter described earlier, as long as the increasing
closed loop output impedance above the cutoff frequency
is not a problem and the op amp is capable of supplying
the required current at the summing junction.

|
I
<R
;:zék
[
L7
= 500pF
- 11

* If the integrating capacitor must be driven from the buffer

output, the circuit above can be used to provide capacitive
load isolation. As before, the stability with large capaci-
tive loads is determined by R¢Cs.

Wideband Amplifiers

This simple circuit provides an adjustable gain video am-
plifier which will drive 1Vp-p into 750. The differential pair
provides gain, with the LT1010 serving as an output stage.
Feedback is arranged in the conventional manner, al-
though the 684F ~0.01 combination limits dc gain to unity
for all gain settings. For applications sensitive to NTSC re-
quirements, dropping the 250 output stage bias value will
aid performance.

TYPICAL SPECIFICATIONS

1Vp-p INTO 752
ATA=2
< e 12dB TO 10MHz
:> 8.2k 250 :: 3dB DOWN AT 16MHz
ATA=10
oS ] %dB TO 4MHz
+ < —3dB =8MHz
| :L = 20uF

OUTPUT (75Q)

PEAKING <

i
spF-25pF & 2008

INPUT —C o} Q2
2N3866

@

L W

‘ I
@
<

E‘&IN SET

0.01 uF 68pF

5.1k

L]

—15v
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APPLICATIONS INFORMATION
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This shows the buffer being used with a wideband ampli-
fier that is not unity-gain stable. In this case, C1 cannot be
used to isolate large capacitive loads. Instead, it has an
optimum valug for alimited range of load capacitances.

The buffer can cause stability problems in circuits like
this. With the TO-3 and TO-220 packages, behavior can be
improved by raising the quiescent current with a 200 resis-
tor from the bias terminal to V*. Alternately, devices in the
TO-39 package or miniDIP can be operated in paraliel.

1t is possible to improve capacitive load stability 'by '

operating the buffer class-A at high frequencies. This is

done by using quiescent current boost and bypassing the
 When driving long cables, including a resistor in series

~ biasterminal to V= with more than 0.02,F.

OuTPUT

Putting the buffer outside the feedback loop as shown
here will give capacitive load isolation, with large output

capacitors only reducing bandwidth. Buffer offset, re-
ferred to the op amp input, is divided by the gain. If the
load resistance is known, gain error is determined by the
output resistance tolerance. Distortion is low.

INPUT

The 500 video line splitter here puts feedback on one
buffer, with the others slaved. Offset and gain accuracy of
slaves depend on their matching with master.

with the output should be considered. Although it reduces
gain, it does isolate the feedback amplifier from the ef-
fects of unterminated lines which present a resonant load.

" When working with wideband amplifiers,special attention

should a/ways be paid to supply bypassing, stray capaci-
tance and keeping leads short. Direct grounding of test
probes, rather than the usual ground lead, is absolutely
necessary for reasonable results.

The LT1010 has slew limitations that are not obvious from
standard specifications. Negative slew is subject to
glitching, but this can be minimized with quiescent cur-
rent boost. The appearance is always worse with fast rise
signal generators than in practical applications.

LTI
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APPLICATIONS INFORMATION
Track and Hold

The 5MHz track and hold shown here has a 400kHz power 7

bandwidth driving = 10V. A buffered input follower drives
the hold capacitor, C4, through Q1, a low resistance FET
switch. The positive hold command is supplied by TTL
logic, with Q3 level shifting to the switch driver, Q2. The
output is buffered by A3.

When the gate is driven to V— for HOLD, it pulls charge
out of the hold capacitor. A compensating charge is put
into the hold capacitor through C3. The step into hold is
made independent of the input level with R7 and adjusted
to zero with R10.

INPUT

HOLD =t

2N2222

Since internal dissipation can be quite high when driving
fast signals into a capacitive load, using a buffer in a
power package is recommended. Raising buffer quiescent

current to 40mA with R3 improves frequency response.
“This circuit is equally useful as a fast acquisition sample

and hold. An LF156 might be used for A3 to reduce drift in
hold because its lower slew rate is not usually a problem
in this application.

s $ A1l
> 6.2k

*2N2369 EMITTER BASE JUNCTION
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APPLICATIONS INFORMATION

Current Sources

A standard op amp voltage to current converter with a

buffer to increase output current is shown here. As usual,
excellent matching of the feedback resistors is required to
get high output resistance. Output is bi-directional.

R1 R2 R2(Vo~V
100k 100Kk lour="2= V1)
0.01% 0.01%
1

R4
10

0.1%

Av‘v‘v |0UT

R3
100k
0.01%
V2 AN— AN~
R4
100k
0.01%

This circuit uses an instrumentation amplifier to eliminate
the matched resistors. The input is not high impedance
and must be driven from a low impedance source like an
op amp. Reversal of output sense can be obtained by
grounding pin 7 of the LM163 and driving pin 5.

Output resistances of several megohms can be obtained
with both circuits. This is impressive considering the

R SN

+150mA output capability. High frequency output char-
acteristics will depend on the bandwidth and slew rate of
the amplifiers. Both these circuits have an equivalent out-
put capacitance of about 30nF.

Voltage/Current Regulator

This circuit regulates the output voltage at Vy until the
load current reaches a value programmed by V). For heav-
ier loads, it is a precision current regulator.

OUTPUT

b RS
> 2k
® 0.1%

AAA

L R6

$ 9.8k

<
<
v 0.1%
/v iw 1
q: 99,8k V|
lm% 10mA/V

With output currents below the current limit, the current
regulator is disconnected from the loop by D1, with D2
keeping its output out of saturation. This output clamp en-
ables the current regulator to get control of the output cur-
rent from the buffer current limit within a microsecond for
an instantaneous short.

~ In the voltage regulation mode, A1 and A2 act as a fast

voltage follower using the capacitive load isolation tech-
nique described earlier. Load transient recovery as well as
capacitive load stability are determined by C1. Recovery

from short circuit is clean. ' -

Bi-directional current limit can be obtained by adding an-
other op amp connected as a complement to A3.

LY NEAR
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APPLICATIONS INFORMATION

Supply Splitter

Dual supply op amps and comparators can be operated
from a single supply by creating an artificial ground at half

the supply voltage. The supply splitter shown here can .

source or sink 150mA.

3 Ri
10k

.1.01 S R2
T1nF > 10k

AA

1 The output capacitor, C2, can be made as large as neces-
sary to absorb current transients. An input capacitor is

also used on the buffer to avoid high frequency instability
that can be caused by high source impedance.

High Current Booster

* The circuit below uses a discrete stage to get 3A output

capacity. The configuration shown provides a clean, quick
way to increase LT1010 output power. It is useful for high
current loads, such as linear actuator coils in disk drives.

"' The 330 resistors sense the LT1010’s supply current, with

the grounded 1000 resistor supplying a load for the
LT1010. The voltage drop across the 330 resistors biases
Q1 and Q2. Another 1000 value closes a local feedback
loop, stabilizing the output stage. Feedback to the LT1056
control amplifier is via the 10k value. Q3 and Q4, sensing
across the 0.180 units, furnish current limiting at about
3.3A. -

| B
10k
+15V h
; Lo
+ A A4
2F & a3 1k
I gmo 08 b
68pF -
AL o .
i ~ N MJE2955
10k
INPUT = AAA 4
‘1'%“3’
1000
- P a2
kg, MJE30S5
1«
S 04
$33% an3e04 q
—15V —AAA
= 0.180
pu—r? 4
I

HEAT SINK OUTPUT TRANSISTORS
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S

Wideband FET Input Stabilized Buffer

The figure below shows a highly stable unity gain buffer
with good speed and high input impedance. Q1 and Q2
constitute a simple, high speed FET input buffer. Q1 func-
tions as a source follower, with the Q2 current source load
setting the drain-source channel current. The LT1010
buffer provides output drive capability for cables or what-
ever load is required. Normally, this open loop configura-
tion would be quite drifty because there is no dc feedback.
The LTC1050 contributes this function to stabilize the cir-
cuit. It does this by comparing the filtered circuit output to
a similarly filtered version of the input signal. The ampli-
fied difference between these signals is used to set Q2's
bias, and hence Q1’s channel current. This forces Q1’s
Vgs to whatever voltage is required to match the circuit's
input and output potentials. The 2000pF capacitor at A1
provides stable loop compensation. The RC network in
A1's output prevents it from seeing high speed edges cou-
pled through Q2's collector-base junction. A2's output is
also f:d back to the shield around Q1’s gate lead, boot-
strapping the circuit’s effective input capacitance down to
less than 1pF.

Gain Trimmable Wideband FET Amplifier

A potential difficulty with the previous circuit is that the
gain is not quite unity. The figure labelled (A) on the next
page maintains high speed and low bias while achieving a
true unity gain transfer function.

- This circuit is somewhat similar, except that the Q2-Q3

stage takes gain. A2 dc stabilizes the input-output path,
and A1 provides drive capability. Feedback is to Q2’s emit-
ter from A1's output. The 1k adjustment allows the gainto
be precisely set to unity. With the LT1010 output stage
slew and full power bandwidth (1Vp-p) are 100V/us and
10MHz, respectively. — 3dB bandwidth exceeds 35SMHz. At
A=10(e.g., 1k adjustment set at 500) full power bandwidth
stays at 10MHz while the - 3dB point falls to 22MHz.

™\With the optional discrete stage, slew exceeds 1000Vius

and full power bandwidth (1Vp-p) is 18MHz. -3dB band-
width is 58MHz. At A=10, full power is available to 10MHz,
with the — 3dB point at 36MHz.

) l 5v
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LT1010 - |

Figures A and B show response with both. output stages.  faster. Either stage provides more than adequate perfor-
The LT1010 is used in Figure A (Trace A=input, Trace mance for driving video cable or data converters, and the
B =output). Figure B uses the discrete stage and is slightly \/ LT1012 maintains dc stability under all conditions.
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Gain Trimmable Wideband FET Amplifier

A=0.2v/DIV

A=0.2V/DIV
B=0.2v/DIV

B8=0.2v/DIV §

HORIZONTAL = 10ns/DIV HORIZONTAL = 10ns/DIV

| Figure A. Waveforms Using LT1010 Figure B. Waveforms Using Discrete Stage
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LT1010

DEFINITION OF TERMS |
Output Offset Voltage: The output voltage measured with ~ Saturation Resistance: The ratio of the change in outppt
reference to the input. saturation voltage to the change in current producing it,

Input Bias Current: The current out of the input terminal. going from no load to fullload.

Slew Rate: The average time rate of change of output volt-
age over the specified output range with an input step be-
tween the specified limits.

Large Signal Voltage Gain: The ratio of the output voltage
change to the input voltage change over the specified in-
put voltage range.

Bias Terminal Voltage: The voltage between the bias

Output Resistance: The ratio of the change in output VOIt- terminal and V *+

age to the change in load current producing it.* :
' Supply Current: The current at either supply terminal with

Output Saturation Voltage: The voltage between the out- no output loading.

put and the supply rail at the limit of the output swing to-
ward that rail. *Pulse measurements (~ 1ms) as required to minimize thermal effects. u

Saturation Offset Voltage: The output saturation voltage
with no load.

SCHEMHTIC DlﬂGﬂﬂm (excluding protection circuits)
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LT1010

PHCHHG€ DESCH'PT'O" Dimensions in inches (millimeters) unless otherwise noted.

H Package - KPackage
4-Lead TO-39 Metal Can 4.Lead TO-3 Metal Can
(Kovar Base) (Steel)
0.760-0.775
g-g:—ggg - 0.320—0.350 ™ (19.30 - 18.69)
@®. 9. ) {8.128—3.8%0)
0.305-0.335 1
01650185 —m™ 774778509 [T 0.050 l l
(4.191-4.70) DIA m
! MAX Y | 1 T
A
N N
{2.946)
0.500 U ” l. ? Y MAX
"ﬁiﬁ‘” . 0.016-0.019 0.420 —0.480 0.038—0.043_.H___
{0.406—0.483) {(1067-12.19)  {0.965—1.092)
DIA 3 LEADS
0.200
0.200 1.177-1.197
{5.080) - {29.90—30.40)
2 0.220-0.235
. {5.588 — 5.969)
A d 0.152-0.162
0.445-0.465 (3.860—4.114)
0.029—0.045 (11.30-11.81) ~ O RTYP
0737-1.18
0.028—0.034 —
0.028- 0.0 {2540 0.167-0.177
{0.711—0.864) (4.2414.495)
RTYP
45°
HM}IS 188 Kat88
Timax O
LT1010M | 150°C | 40°CW T %
010G | 125°C | 40°om LT1010M { 150°C | 25°CW
LT1010C | 125°C | 25°C/W
‘T Package
5-Lead TO-220 Piastic
0.390 -0.410
(9.906-10.41) 0.170--0.180
. 0.100-0.120 {8318-4572) “
0.570-0.610 0.147-0.151 (2.540-3.048) 0.045—-0.055
(14.48-15.49) @3- 3535/ "‘ {T1a3=1390)
C | H
]
0.460 — 0.500
(1.68—12.70) 0N oho
0.880-0.910 (1579 g0
I | 2235-2319)
08701050
0.355-0.370 i {24.64~26.67)
{9.017-9.398) .
ni {
0.062— oonJ 0.0%
1574—1.829 ™™ 3.286)
( ) 0.030-0.040 0.013-0.0%5 2 (2.286)
(0.762-1.016) {0.330—0.635)
0.170~0.185
{4.318—4.699)
0.327-0.335
(8.306 —8.509) 5188
Timax Oic
LT1010C | 125°C | 25°CW
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LT1010

| PﬂCHﬂGG DGSCB'PT'O" Dimensions in inches (millimeters) unless otherwise noted.

N Package
8-Lead Plastic DIP
0.400
(10.160)
MAX
8] [71 [61 [5]
) 0.250 +0.010
(6.350 +:0.254)
OF [20 L 14
0.300-0.320 0.130+0.005
0.045 ~0.065 pACCES AN
(7.620-8.128) 11431 651 (3.302:0.127)
oot | ,», I*

- 0.020
(0.508)
{ k% 7
A4

0.003-0.015 I

™ d.zz5-0.381) 0.125 1

175
0.325 *0.02 (aMIN )
e 0015 ) 0.045 0,015
o 255 + 0635 {(1.14320380)
-0.381 0.10020.010 | 001820003
(2.5400.254) {0.457 20,076
NE183
Timx O
150°C 130°CW
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FEATURES

= Single Supply Operation
Input Voltage Range Extends to Ground
Output Swings to Ground while Sinking Current
= Pin Compatible to 1458 and 324 with Precision Specs

® Guaranteed Offset Voltage 150V Max.

m Guaranteed Low Drift 2uV/ °C Max.

® Guaranteed Offset Current 0.8nA Max.
® Guaranteed High Gain

5mA Load Current 1.5 Million Min.

- 17mA Load Current 0.8 Million Min.

- mGuaranteed Low Supply Current 500uA Max.

® L ow Voltage Noise, 0.1Hz to 10Hz 0.55uVp-p

® Low Current Noise—Better than OP-07, 0.07 pA/vHz

APPLICATIONS

= Battery-Powered Precision instrumentation

Strain Gauge Signal Conditioners
- Thermocouple Amplifiers

Instrumentation Amplifiers

= 4mA-20mA Current Loop Transmitters

® Multiple Limit Threshold Detection

m Active Filters

= Multiple Gain Blocks

3 Channel Thermocouple Thermometer

3k 299
+5V =AM A—=AAA
LT1004 s

1.2v 168403

20603 1.8k
L

4k

mAAA
vV

USE TYPE K THERMOCOUPLES. ALL RESISTORS = 1% FiLM.
COLD JUNCTION COMPENSATION ACCURATE

T0 +1°C FROM 0°C—60°C.

USE 4TH AMPLIFIER FOR QUTPUT C.

Yo liv

-

| outPuT A
10mv/eC

OUTPUT B -300 -200 —100 0 100 200 300
10mv/°C

' L l ’\p LT1013/LT1014

'FEGHN@L@GY Quad Precision Op Amp (LT1014)

Dual Precision Op Amp (LT1013)

DESCRIPTION

The LT1014 is the first precision quad operational
amplifier which directly upgrades designs in the industry
standard 14-pin DIP LM324/1LM348/0P-11/4156 pin
configuration. 1t is no longer necessary to compromise
specifications, while saving board space and cost, as
compared to single operational amplifiers.

-The LT1014’s low offset voltage of 50V, drift of 0.3uV/°C,

offset current of 0.15nA, gain of 8 million, common-mode
rejection of 117dB, and power supply rejection of 120dB
qualify it as four truly precision operational amplifiers. Par-
ticularly important is the low offset voltage, since no offset
null terminals are provided in the quad configuration.
Although supply current is only 350A per amplifier, a new
output stage design sources and sinks in excess of 20mA of
load current, while retaining high voltage gain.

Similarly, the LT1013 is the first precision dual op amp in
the 8-pin industry standard configuration, upgrading the
performance of such popular devices as the MC1458/
1558, LM158 and OP-221. The LT1013’s specifications
are similar to (even somewhat better than) the LT1014's.

Both the LT1013 and LT1014 can be operated off a single
5V power supply: input common-mode range includes
ground; the output can also swing to within a few
millivolts of ground. Crossover distortion, so apparent on
previous single-supply designs, is eliminated. A full set
of specifications is provnded W|th :1:15V and single 5V
supplies. '

e -~~~ ]

LT1014 Distribution of Otfset Voltage

g

Vg= 15V
Ta=25°C

425 LT1014s
(1700 0P AMPS)
TESTED FROM
THREE RUNS

J PACKAGE

NUMBER OF UNITS

B 8 58 8 8

g

INPUT OFFSET VGLTAGE (uV)
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LT1013/LT1014

ABSOLUTE MAXIMUM RATINGS

SupplyVoltage .......cooeeiviiiiiiiiii s +22V  Lead Temperature (Soldering, 10sec.).............. 300°C
Differential Input Voltage ..............covveniiin. +30V  Operating Temperature Range
Input Voltage ........... Equal to Positive Supply Voltage LT1013AMI/LT1013M/
......... 5V Below Negative Supply Voltage LT1014AMILT1014M .................. =55°C10125°C
Output Short Circuit Duration.................. Indefinite LT1013AC/LT1013C/LT1013D
Storage Temperature Range LT1014AC/LT1014C/LT1014D............... 0°Cto70°C
AlIGrades .......ooevvvevnenenennnnn, -65°Cto 150°C LT1013ILT1014] .....ovvvinenenee, -40°Ct085°C
PACKAGE/ORDER INFORMATION
ORDER PART ORDER PART ORDER PART
NUMBER NUMBER —a NUMBER
ey oo | gy, | LTIOTGAMIS “""Egl%m (T0T4AMd
AR T01MH ] gm LTo13Mae | nEFT RS | LTiotam
) a LT1013ACH E :ZJ;',:: LT1013ACJ8 +ME Iﬂmm LT1014ACJ
2. e | LTIO13CU8 | e e | LT1014C
V- (£aSE LT1013CH &LE&‘DC(E:RAMIECNP BLEADFLAS?IEDIP
bLEAI;(T’:?D‘AAE?ELCAN LT1 01 3CN8 J PACKAGE N PACKAGE LT1 01 4CN
LT1013DN8 (HEADCHIMENR EEBRATE 1 LT1014DN
LT1013IN8 LT1014IN
ORDER PART ToP VW ORDER PART
R D NUMBER NUMBER
- g L >—m oo LT1013DS8 LT1014DS
- LT10131S8 LT1014IS
MERO PASTOSOG PART MARKING PART MARKING
THE STANDAD 570 DORLIV-NE CONFRATON 1013 — LT1014DS
10131 16-LEAD PLASTIC S0k LT1014IS

GLGCTHKHL CHHRRCTEH'S"CS Vs = 15V, Vem =0V, TA=25°C unless otherwise noted

LT1013AM/AC LT1013C/DIIM
SYMBOL | PARAMETER CONDITIONS LT1014AM/AC LT1014C/DM UNITS
MIN TYP MAX MIN TYP MAX
Vos Input Offset Voltage LT1013 - 40 150 - 60 300 w
LT1014 - 50 180 - 60 300 w
LT10130/1, LT1014D/1 - - - - 200 800 W
Long Term Input Offset Voltage - 0.4 - - 0.5 - wV/ Mo
Stability
los Input Offset Current - 0.15 0.8 - 0.2 1.5 nA
ls Input Bias Current - 12 20 - 15 30 nA
eq Input Noise Voltage 0.1Hz to 10Hz - 0.55 - - 0.55 - uvp-p
€q Input Noise Voltage Density fo=10Hz - 24 - - 24 - nv/VHz
fo=1000Hz - 22 — — 22 - nv/vhz
in Input Noise Current Density fo=10Hz - 007 — - 007 - pA/vHz
Input Resistance— Differential (Note 1) 100 400 - 70 300 - MQ
Common-Mode - 5 - - 4 - GQ

2_20)
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LT1013/LT1014

ELECTRICAL CHARACTERISTICS

Vg= 15V, Vem =0V, Tp=25°C unless otherwise noted

LT1013AMIAC LT1013C/DAIIM

SYMBOL | PARAMETER CONDITIONS LT1014AMIAC LT1014C/DI/M UNITS

v MIN TYP MAX MIN TYP MAX
AvoL Large Signal Voltage Gain Vo= =10V, Ry =2k 1.5 8.0 - 1.2 7.0 - v/
Vo= + 10V, R, =600Q 0.8 2.5 - 0.5 2.0 - ViV
Input Voltage Range +13.5 +13.8 - +13.5 +13.8 - v
‘ ~15.0 —153 - -150 —153 - \J
CMRR Common-Mode Rejection Ratio Vem= +13.5V, —15.0v 100 17 - 97 114 — dB
PSRR Power Supply Rejection Ratio Vg=+£2V1io +18V 103 120 - 100 117 - dB
Channel Separation Vo= =10V, Ry =2k 123 140 - 120 137 — dB
Vour Output Voltage Swing Ry =2k +13 +14 - +125 x14 - Vv
Slew Rate 0.2 0.4 - 0.2 0.4 - V/us
Is Supply Current Per Amplifier - 0.35 0.50 - 0.35 0.55 mA

Note 1: This parameter is guaranteed by design and is not tested.
Typical parameters are defined as the 60% yield of parameter distribu-
tions of individual amplifiers; i.e., out of 100 LT1014s {or 100
LT1013s) typically 240 op amps (or 120) will be better than the in-
dicated specification.

ELECTRICAL CHARACTERISTICS

V&= +5V, Vg=0V, Voyr=1.4V, Vgi =0V, To=25°C unless otherwise noted

LT1013AMIAC LT1013C/DIIM

SYMBOL PARAMETER CONDITIONS LT1014AM/AC LT1014C/DAIM UNITS

MIN TYP MAX MIN TYP MAX
Vos Input Offset Voltage LT1013 - 60 250 - 90 450 w
LT1014 - 70 280 - 90 - 450 w
LT1013D/1, LT1014D/1 - - - - 250 950 w
los input Offset Current - 0.2 1.3 - 0.3 2.0 nA
Ig Input Bias Current - 15 35 - 18 50 nA
AvaL Large Signal Voltage Gain Vo=5mV to 4V, R, =500Q — 1.0 — - 1.0 - Vi
Input Voitage Range +35 +3.8 - +35 +38 - v
0 -0.3 — 0 -0.3 — \
Vout Output Voltage Swing COutput Low, No Load - 15 25 - 15 25 mv
Output Low, 600% to Ground - 5 10 - 5 10 mv
OUtpUt Low, |S|NK= 1mA —_ 220 350 b 220 350 mv
Output High, No Load 4.0 44 - 40 4.4 - v
Output High, 600% to Ground 3.4 4.0 - 34 40 - v
Is Supply Current Per Amplifier - 0.31 0.45 - 0.32 0.50 mA
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LT1013/LT1014

€LECTRICAL CHARACTERISTICS Vs= +15V, Vem =0V, —55°C <Ta=<125°C unless otherwise noted

SYMBOL ER CONDITIONS LT1013AM LT1014AM LT1013M/LT1014M UNITS
OL | PARAMET MIN TYP MAX| MIN TYP MAX| MIN TYP MAX
Vos input Offset Voltage o — 80 300 | — 90 30| — 110 550 w
Vs=+5V, 0V; Vo= +1.4V
—55°C <Tp=<100°C o -— 80 450 | — 90 480 | — 100 750 w
Vem=0.1V, Tp=125°C - 120 450 | — 150 480 | - 200 750 v
Vem=0V, Ty=125°C — 250 900 | — 300 960 — 400 1500 uw
Input Offset Voitage Drift | (Note 2) e — 04 20 — 04 207 - 05 25 |@/°C
los Input Offset Current e — 03 25| — 03 28| — 04 50 nA
. Vs=+5V, 0V, Vg=+1.4V |@| — 06 60| — 07 70| — 09 100 nA
Ig Input Bias Current ) - 15 30 - 15 30 - 18 45 nA
Ve=+5V, 0V, Vg=+1.4V |@| =— 20 80 - 25 90 - 28 120 nA
AyoL Large Signal Voltage Vo= 10V, R =2k ® 0.5 2.0 - 0.4 2.0 - 0.25 20 - ViuV
Gain
CMRR | Common-Mode Rejection | Vey= +13.0v, —14.9V e| 97 14 — 96 114 — 94 13 - dB
PSRR Power Supply Rejection | Vg= +2V to +18V e| 100 17 — 100 117 — 97 16 — dB
Ratio
Vour Output Voltage Swing R =2k o £12 +138 — |12 +£138 — ([+115 138 -— v
Vg=+5V, 0V;
Ry =6004 to Ground
Output Low o -— 6 15 — 6 15 - 6 18 mv
Output High e 32 38 -— 32 38 - 31 38 - v
I Supply Current e — 038 060 — 038 060 — 038 07 mA
Per Amplifier V=45V, 0V, Vg=+1.4V |@ - 0.34 0.55| — 0.34 055 — 0.34 065 mA

E€LECTRICAL CHARACTERISTICS

Vs= 215V, Vom =0V, - 40°C <Tx <85°C for LT1013l, LT1014l,0°C < T <70°C for LT1013C, LT1013D, LT1014C, LT1014D unless otherwise noted

LT1013C/DA
13AC 1014AC
SYMBOL | PARAMETER CONDITIONS LT10 , LT10 LT1014C/Dit UNITS
MIN TYP MAX| MIN TYP MAX| MIN TYP MAX
Vos Input Offset Voltage e - 55 240 | — 65 270 | — 80 400 v
LT1013D1, LT1014D4 e - - - - - - - 230 1000 uV
Vg= +5V,0V;Vo=14V ° - 75 350 | — 85 380 | — 110 570 v
LT10130D#, LT10140/
V= +5V,0V; Vo=1.4V e — - — — — — — 280 1200 Y
Average Input Offset (Note 2) ® — 03 20| — 03 20| — 04 25 |uv/°C
Voitage Drift LT1013D/1, LT1014D/1 ° - - - - - - - 0.7 50 |uwv/eC
los Input Offset Current ° - 0.2 15 [ — 02 17| — 03 28 nA
Vo= +5V, OV; Vg=1.4V ° — 04 35| — 04 40 | — 05 6.0 nA
Ig Input Bias Current e - 13 25 - 13 25 - 16 38 nA
Vg=+5V, 0V; Vg=1.4V ° - 18 55 - 20 60 - 24 90 nA
Avor Large Signal Voltage Gain | Vo= + 10V, R =2k e 10 50 -— 10 50 - 0.7 40 -— ViV
CMRR | Common-Mode Rejection | Vey = +13.0V, —15.0V e| 98 116 — 98 116 — 94 113 - dB
Ratio -
PSRR Power Supply Rejection | Vg= +2V to + 18V ® 101 119 — 101 119 — 97 116 — a8
Ratio
Vour Output Voltage Swing R =2k e £125 138 — 1£125 139 — [+120 £139 — v
Vs = +5V, 0V; R =600Q
Output Low o — 6 13 - 6 13 - 6 13 mv
Output High e 33 39 — 33 39 -— 32 39 — v
Is Supply Current per ™ - 036 0.55( — 036 055 — 0.37 0.60 mA
Amplifier Vo= +5V, 0V: Vp=14V |@| — 032 050 — 032 050 — 0.34 055 mA
Note 2. This parameter is not 100% tested. * The @ denotes the specifications which apply over the full operating temperature range. ,
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' LT1013/LT1014

”

TYPICAL PERFORMANCE CHARACTERISTICS

Offset Voltage Drift with
Temperature of Representative Offset Voltage vs Balanced
Units Source Resistance Warm-Up Drift
T 10 =1 | 5
Vg=+ 15V ] Vg= %15V
1 u T = 25°
200 Vs=5V, OV, —55°C T0 125°C . [Ta=BT
- = [ 4
3 - E Vs=2 15V, —seecT0 125~ AL/ @
3 100 . . g 10 HERLE §
5 3 A = 3
2 e 7 77 L LT1013 METAL CAN {H) PACKAGE
W
@ N B £ |vg=5V, 0V, 25°C 4 5 A
® N 2
S S [ g =
S — S 0.1 bt = LT1014
5 —-100 2 o
£ T~ S s z
= N [Vs= 15V, 25°C 1~ 5 1 L11013 CERDIP (J) PACKAGE |
—zm Rs - m
0.01 0
-50 -25 0 25 50 75 100 125 1k 3k 10k 30k 100k 300k ™M 3M 10M 0 1 2 3 4 5
TEMPERATURE (°C) BALANCED SOURCE RESISTANCE (2) TIME AFTER POWER ON (MINUTES)
Common-Mode Rejection Ratio Power Supply Rejection Ratio
vs Frequency vs Frequency 0.1Hz to 10Hz Noise
120 120 —
| Ta=25°C
_ Ta=25°C ~ \ \\ Vg= £ 2V T0 +18V
[--) a
= 100 =100
o e S\ =
= \ = NEGATIVE \_PosiTive 8
= 80 Vg=5V, OV Ys=+1V— = 80 SUPPLY SUPPLY T E
B o e L g
60 s
£ NN AU
=} e} 3
g % SNEEE A o
= 7] 0
s & Vg= 15V + 1Vp-p SINE WAVE \ 2
| Vs=
g 2 2 —r,25¢
) N I
10 100 1k 10k 100k IM 04 1 10 100 1k 10k 100k 1M 0 2 4 6 8 10
FREQUENCY (Hz) FREQUENCY (Hz) TIME (SECONDS)
10Hz Voltage Noise
Noise Spectrum Distribution . Supply Current vs Temperature
1000
TA=25°C 20 Vo= 215V 460
_ pus=xvT0 218V 180 TA=25°C —
S 60 2BUNTSTESTED | 3
22 f" FROM THREERUNS] & 420
z2g ¥ 140 . =
VE g =
%a N 5120 2 280
z=2 N o [ Vg= =15V
8 100 2 100 - a
i R CURRENT NOISE & =
=3 W g M0 ——
whk 2 50 = P V=5, OVI/
2o OLTAGE NOISE -~ =
SE % g
23 . 40 & 300
S 1171 CORNER 2Hz ] 2 @ A
l 7
o L X ( o
1 10 100 3 10 20 30 4 50 60 -0 ~25 0 25 5 75 100 125
FREQUENCY (H2) . VOLTAGE NOISE DENSITY {nv/Hz) TEMPERATURE (°C)
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TYPICAL PERFORMANCE CHARARCTERISTICS

5

+5V, 0V (V)

COMMON-MODE INPUT VOLTAGE, Vg

1
-

0.1

SATURATION VOLTAGE {V)

0.01

Input Bias Current vs

Input Offset Current vs

Common-Mode Voitage Temperature
5z 10 .
Tp=25°C z Vom=0V
‘ z
10 4
= 08
‘ &
> =
5 W oZ ]
2 %06
= 2
2 3 /]
——Vg= £ 15V 4 vg=5v, OV 0 = 2
=
z @ /
£ gOA ,lc_.,\\‘
-5 = ~%°
8 s v<_5v,ov;¢%/ 2
s 2 \‘_// /
_pZ 02 == -
\\ — Z Vg= + 15V
Q
-15° 0
0 -5 -10 -15 -20 -25 -30 -50 -25 0 25 50 75 100 125

INPUT BIAS CURRENT (nA)

Output Saturation vs Sink
Current vs Temperature

V+=5VT0 30V
V- =0V

1INk = 10MA
—

T | =5MA
| |

20mv/DIV

Isink=1mA
| |

Isink=100uA

Isink = 10pA

Isk=0
|

T-50 —-25 0 25 50 75 100 125

TEMPERATURE (°C)

Small Signal Transient
Response, Vg =5V, OV

Ay=+1 20us/DIV Ay=+1

R =6009 TO GROUND R =4.7k to 5V
INPUT =0V TO 4V PULSE

INPUT =0V TO 100mV PULSE

TEMPERATURE {°C)

Small Signal Transient
Response, Vg = + 15V

Large Signal Transient
Response, Vg =5V, OV

10us/DIV
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INPUT BIAS CURRENT (nA)

Input Bias Current vs

Temperature
~30 .
Veu=0V
-25
-20
Vs=5V, 0V L7 oy
V=t2-
_15 ,I/ S —
" et
__/——-’ﬁm:
o =TT Ve=#1
-5
0
-5 ~25 0 25 50 75 100 125

TEMPERATURE (°C)

Large Signal Transient
Response, Vg = + 15V

50us/DIV

Large Signal Transient
Response, Vg=5V, 0

Ay=+1

NO LOAD

10us/ DIV

INPUT =0V T0 4V PULSE
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LT1013/LT1014

TYPICAL PERFORMANCE CHARACTERISTICS

Output Short Circuit Current Voltage Gain vs Load
vs Time Resistance Voltage Gain vs Frequency
© _ “saeg | V= 215V oM e AICAUTELE " = Ta=3%
- ———TT =1
) 2550 Ta= 5 c.v}s_-= {‘131] 120 ) =100p
g 2 1l T.:m' . Vs= + 15V
2 2 125°C 100
- — '
(=1 > = —55° =5V. OV 4 =
g% w s fenm S g
¢=!". = TA=25'(.2.V =5V. 0V 5
4 = = =
‘; 0 g ™ y o s = J’; i:_'[ S 60 Vg=5V, OV Vg=+15V
3 w0 . & Ta=125°C. Vg =5V. OV g
€ - = VA a 4
E 2 ;’ A >
s2-2 25°C 20
S= —p rl Vo= & 10V WITH Vs = =15V
Z_2 " —-55°C 1 0
—40 100k L —20
0 1 2 3 100 1k 10k 001 01 1 10 100 1k 10k 100k M 10M
TIME EROM QUTPUT SHORT TO GROUND (MINUTES) LOAD RESISTANCE TO GROUND () FREQUENCY (Hz)
Channel Separation vs
Gain, Phase vs Frequency Frequency
80 1m T
ey =
CM= A= °
2 :QN €, =100pF | 100 0 N\ Vi=20Vp-p TO 5khHz |
NN PHASE 120 2 -y N\ Ru=2k
— \\ ™N "F > =2
& NN & = LIMITED BY
=" A\ 15V & W o 2420 + THERMAL NN
Z GAIN\\t N\ WX = = INTERACTION Rg=1002
3 N 160 2 g Rg=1kQ
g | = g -
5 0 5V ovN 5V, OV 180 & % 100 . N
=] "™ . 2 o LIMITED BY
N a E PIN TO PIN —
\ 200 5 CAPACITANCE N
-10
N \
60
0.1 0.3 1 3 10 10 100 1K 10k 100k M
FREQUENCY (MHz) FREQUENCY (Hz)
Single Supply Operation

The LT1013/1014 are fully specified for single supply  a few hundred millivolts below ground, two distinct prob-
operation, i.e., when the negative supply is OV. Input  lems can occur on previous single supply designs, such
common-mode range includes ground; the output swings  as the LM124, LM158, OP-20, OP-21, OP-220, OP-221,
within a few millivolts of ground. Single supply operation,  QP-420: :
however, can create special difficulties, both at the input

and at the output. The LT1013/LT1014 have specificcir- ~ 3) When the input is more than a diode drop below
cuitry which addresses these problems. ground, unlimited current will flow from the substrate

(V~ terminal) to the input. This can destroy the unit. On

the LT1013/1014, the 400Q resistors, in series with the
At the input, the driving signal can fall below 0V—inad-  input (see schematic diagram), protect the devices even
vertently or on a transient basis. If the inputis more than  when the input is 5V below ground.

LY UNEAR 2.25




LT1013/LT1014
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APPLICATIONS INFORMATION

(b) When the input is more than 400mV below ground
(at 25°C), the input stage saturates (transistors Q3 and
Q4) and phase reversal occurs at the output. This can
cause lock-up in servo systems. Due to a unique phase
reversal protection circuitry (Q21, Q22, Q27, 28), the
LT1013/1014’s outputs do not reverse, as illustrated
below, even when the inputs are at —1.5V.

There is one circumstance, however, under which the |

phase reversal protection circuitry does not function:
when the other op amp on the LT1013, or one specific
amplifier of the other three on the LT1014, is driven hard
into negative saturation at the output.

Phase reversal protection does not work on amplifier:

A when D’s output is in negative saturation. B’'s and C's
outputs have no effect.

B when C’s output is in negative saturation. A’s and D's
outputs have no effect.

C when B’s output is in negative saturation. A’s and D’s
outputs have no effect.

D when A’s output is in negative saturation. B's and C’s
outputs have no effect.

At the output, the aforementioned single supply designs
gither cannot swing to within 600mV of ground (OP-20)
or cannot sink more than a few microamperes while
swinging to ground (LM124, LM158). The LT1013/
1014’s all-NPN output stage maintains its low output
resistance and high gain characteristics until the output
is saturated.

In dual supply operations, the output stage is crossover
distortion-free.

Comparator Applications

The single supply operation of the LT1013/1014 lends
itself to its use as a precision comparator with TTL com-
patible output:

In systems using both op amps and comparators, the
LT1013/1014 can perform multiple duties; for example,
on the LT1014, two of devices can be used as op amps
and the other two as comparators.

Voltage Follower with Input Exceeding the Negative Common-Mude Range

6Vp-p INPUT, —1.5VTQ 4.5V

LM324, LM358, 0P-20
EXHIBIT OUTPUT PHASE

LT1013/LT1014
NO PHASE REVERSAL

REVERSAL

Comparator Rise Response Time
10mV, 5SmV, 2mV Overdrives

OUTPUT (V)

INPUT (mV)

Comparator Fall Response Time
to 10mV, 5mV, 2mV Overdrives

.
4 i

QUTPUT (V)

INPUT (V)

50us/DIV

2-26

LY e



LT1013/LT1014

——

APPLICATIONS INFORMATION

Low Supply Operation Test Circuit for Offset Voitage and

The minimum supply voltage for proper operation of the Offset Drift with Temperature

LT1013/1014 is 3.4V (three Ni-Cad batteries). Typical s
supply current at this voltage is 290yA, therefore power o
dissipation is only one milliwatt per amplifier. 4
. 1000° & L—Vo
Noise Testing ' t o8 LTi014
50K* —15v
For application information on noise testing and calcula- 1 *RESISTORS MUST HAVE LOW
tions, please see the LT1007 or LT1008 data sheet. L < THE BURNAN
CONFIGURATION, WITH SUPPLY VOLTAGES
INCREASED TQ - 20V.
2 |
TVPICAL APPLICATIONS
50MHz Thermal rms to DC Converter 5V Single Supply Dual Instrumentation Amplifier
100K
e I Tzcios 1 +5
+5V +INPUT '
b )3
Skt Sk’
Y ok 9

~INPUT

0.01
l I +INPUT
INPUT
300mV —
10vms
BAN __|RED V-4V
i 3 : UTPUT
p >
<4 1 <
TIA__JT18 T2 |T2A
AN
6 _=L GAN —INPUT q o_dlg.l
2% ACCURAGY, DC—SOMHz.
100:1 CREST FACTOR CAPABILITY. (W - B OFFSET:Z‘SO“V
*0.1% RESISTOR. GAIN=FF+1.
T1-T2= YELLOW SPRINGS INST. CO. THERMISTOR COMPOSITE #44018. 0.01 CMRR = 120 ¢B.
ENCLOSE T1 AND T2 IN STYROFOAM. I COMMON-MODE RANGE IS OV TO SV.
7.5mW DISSIPATION. = ~

LY R .07



LT1013/LT1014

TYPICAL APPLICATIONS

500pF

=

+15v

~
2
A

Vv~

REMOVE LAMP'S GLASS ENVELOPE FROM 328 LAMP.
A1 SERVOS # 328 LAMP TO CONSTANT TEMPERATURE.
A2-A3 FURNISH LINEAR OUTPUT vs FLOW RATE.

*1% RESISTOR.

+15v

150
DALE
HL-25

LT1004
-1.2

Hot Wire Anemometer
02-Q5
CA3046
PIN3TO —15V
a3 Osﬂ
04 -
1
o |“F
= H, 1M § Ov-10V=
Sk </ RESPONSE 0-1000 FEET/MINUTE
b3 2 TME
ADJUST
‘D
oM 1:1001(
-15V LE
sk FLOW
VA——AN
4 y_—_-l ‘——_—4 3
1uF

Liquid Flowmeter

L

L

3.
WA~ (1Y
. VWA~
3% e 10M
AAA— RESPONSE
"
e,
| w o 2
525k e
6.25k"
VA"
s < < e . =
$ 3 s $ ™
m T2
+15V
= = L =
= = = ) =
>
100k 1N4148 $hn
2N4391
300pF
- N ouTPUT
)—-—-' }—J. ' [ (]Hz-.amﬂz:
0 0—300ML/MIN
+15V
100k JyofE™w, |4
gl
100k 43 . o /
: 1
~15V
T 1502 HEATER RESISTOR 12 *1% FILM RESISTOR.
| ! **SUPPLIED WITH YS! THERMISTOR NETWORK.

T1, T2 YS| THERMISTOR NETWORK = #44201.
FLOW IN PIPE IS INVERSELY PROPORTIONAL TO
RESISTANCE OF T1-T2 TEMPERATURE DIFFERENCE.
A1-A2 PROVIDE GAIN. A3~A4 PROVIDE LINEARIZED
FREQUENCY OUTPUT.

2-28
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TYPICAL APPLICATIONS

5V Powered Precision Instrumentation Amplifier

T0
INPUT =4
CABLE SHIELDS
+5V .
2 D,
e ] Q¢
20k b
— INPUT==AAA,
e ‘L
< i
t :: RG (TYP 2k)
200k* —J p—QUTPUT
— —AAR
1#‘:.’_ A A A4 ) &
<
>

20k
+ INPUT =—AAAr=4

*1% FiLM RESISTOR. MATCH 10k's 0.05%
. p — 400,000
GAIN EQUATION: A=—"pm==+1.

TFOR HIGH SOURCE IMPEDANGES,
USE 22222 AS DIODES.

+5V

9V Battery Powered Strain Gage Signal Conditioner

+9V

1N4148 & 22M »—l I—l
aTuF =
2N2219
T0 A/D RATIO
f "~ REFERENCE
ook
100k
3500 ‘f
STRAIN GAGE 2
BRIDGE 499 |4
. 1 Y4 roas
+9V 'A'A 15 13 499 12
0.068
_.l l__"‘_
‘ 100k
:ik‘ 7 74C221
0.068 -
_.{ }_5. ]
. §
TOA/D
CONVERT COMMAND .  SAMPLED OPERATION GIVES LOW AVERAGE OPERATING CURRENT ~650,A.

4.7k-0.01,F RC PROTECTS STRAIN BRIDGE FROM LONG TERM DRIFTS DUE T0
HIGH AV/AT STEPS.

LT R 2-29




LT1013/LT1014

TYPICAL APPLICATIONS

5V Powered Motor Speed Controlier
No Tachometer Required

A A el

.
+

Fag

30k 0~47j_.
<
4

RFi 3
VW 2N5023
2k ol
2N3504
- 1N4001
>
2 2
5.8M
0,063 1/4 CDA016

5V Powered EEPROM Pulse Generator

%‘ 1N4001

MOTOR = CANON — FN30 — R13N1B.
A1 DUTY CYCLE MODULATES MOTOR.
A2 SAMPLES MOTORS BACK EMF.

DALE
#TC.10.04 N4148 1N4148
—p
2N2222
20k
0.05 _ = 0.33
1N4148 I
2N2222 oN2222 = 3
4.7k ( < 1000
‘ >
>
820 1: =_A2AUA " 100K
" A A A
] = 8203 %
<
—i¢ 1N4148
1N4148 TTL INPUT !
) aN2222
0.005 21v

MEETS ALL Vpp PROGRAMMING SPECS WITH NO TRIMS AND I I ' QUTPUT f l

RUNS OFF 5V SUPPLY—NQ EXTERNAL HIGH VOLTAGE SUPPLY REQUIRED. = a0k

SUITABLE FOR BATTERY POWERED USE (6004A QUIESCENT CURRENT). < 100K* 6005 RC

*1% METAL FILM.
Ls LT1004
1.2V

iGJQK

2-30
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' LT1013/LT1014

TYPICAL APPLICATIONS

Methane Concentration Detector with Linearized Qutput

+5v
1

-

“1% METAL FILM RESISTOR.
SENSOR =CALECTRO-GC ELECTRONICS #J4-807 OR FIGARO #813.

- 14
LT1004 c»——-l l——.. by ————i¢-
1.2v 0.033 1N4148 (4)
90 | g C04016 +——p—4
o 8 o 74C04
10 b
2.7k n
1 = 74004
5 8 E——ﬂ_—l H
b L1044 f=g—rt5V 4T00F 10k 470pF
4] 104F J2 J3 it +5V
'-'—10“,: + - -
+ s 9
o4

. CA3046 v
01 1N4148
= Q2 03:|—-< = ouTPUT
500ppm-~-10,000ppm
b 50Hz — 1kHz
100K*
b 2k 150k* -
12k*

AAA
A\ A4

Low Power 9V to S5V Converter

+9V INPUT IN2905 L
10k _]_“
AN 1N4148 47

- I

= =

—- HP5082-2811

1_-'_ 11 004A

330k s
+9 L Q120K
v $1%

L=DALE TE-3/03/TA. [ LT1004 'K’
SHORT CIRCUIT CURRENT =30mA. $ A7k 1.V
~75% EFFICIENCY. 1
SWITCHING PREREGULATOR CONTROLS DROP ACROSS FET T0 200mV. -g- =

LY HIEAR 2-31
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TYPICAL APPLICATIONS

5V Powered 4mA-20mA Current Loop Transmitter

+5V
03
2N2905
8200
1N4002 (4)
< -
iEwk
04 SA10K" & R
2IN2222 - 20mA 1000
Jk % R 1
vy
1k S it
::10k' 9 4ma ‘ 5 q,BOk
<4
= +5V—=AAA—S il U9 » 4mA-20mA OUT
L\ T1004 - A = 10 LOAD
"i 1oV - —p 2.2k2 MAXIMUM
112-BIT ACCURACY. =
*1% FILM. INPUT
T1=PIC0-31080. 070 4V
Fully Floating Modification to 4mA-20mA Current Loopf
rL T
= 2010 1N4002 (4)
TO INVERTER 7
DRIVE
4mA-20mA OUT
_ FULLY FLOATING

—

18-BIT ACCURACY.

2.39 LY LINEAR
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TYPICAL APPLICATIONS

5V Powered, Linearized Platinum RTD Signal Conditioner

OUTPUT
V-4V =
0°C-400°C
+0.05°C

SENSOR

>
<
315

ROSEMOUNT
- 118MF

2.4k
5%

LT1008
2.5V

ALL RESISTORS ARE TRW-MAR-6 METAL FILM.
RATIO MATCH 2M-200K +0.01%.
TRIM SEQUENCE:
SET SENSOR T0O 0° VALUE.
ADJUST ZERO FOR OV OUT.
SET SENSOR TO 100°C VALUE.
ADJUST GAIN FOR 1.000V OUT.
SET SENSOR T0 400°C.
ADJUST LINEARITY FOR 4.000V QUT, REPEAT AS REQUIRED.

Strain Gage Bridge Signal Conditioner

+5V
220
1.2Vour REFERENCE
T0 A/D CONVERTER
LT1004 10k FOR RATIOMETRIC OPERATION
1.2v 2 Veer r,:E ZERQ 1mA MAXIMUM LOAD
gl v M
kLl L 30tk S
AWaANE N
\ A A4 / A A4 yYew
2 ® @ ® |
—[— © p— OUTPUT  OV-3.5V
Opsi-350psi
: L# PRESSURE  § 0.33
100,F LTC1044 < TRANSDUCER /;/ b
I 4 9 3500 1 r
Vo —Vgge L u.___l l.—q;
= )
2 ¢ © }f{k GAIN TRIM
T 1004F 1;
L 3 46k*
= <
*1% FILM RESISTOR.
PRESSURE TRANSDUCER—BLH / DHF —350. b 3
CIRCLED LETTER IS PIN NUMBER. $ 1000"

LT R 2.33
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TYPICAL APPLICATIONS

LVDT Signal Conditioner

FREQUENCY =

LVDT =SCHAEVITZ E-100.

! < $w
2R SRg 3
Jiom 1

+INPUT

INPUT BIAS CUPRRENT TYPICALLY < 1nA
INPUT RESISTANCE =3R = 15M FOR VALUES SHOWN
NEGATIVE COMMON-MODE LIMIT =V - +1g x 2R +30mV
=150mV for V—=0V
lg=120A

234 | AT
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TYPICAL APPLICATIONS

Voltage Controlled Current Source with

Low Dropout Regulator for 6V Battery Ground Referred Input and Output
+12 0UTPUT +5V
1914
1000 10
WA= UTcioas I8 ‘{
CIN I .E
) ]
10 N221
2N221s 5V OUTPUT { 1
3 —————
$* r % LTC1043 R
0003 | + 18—
- 31200
‘b
21000
1
,
%; 30k L 3 1 lour=0mA TO 15mA
0.008V DROPOUT AT SmA OUTPUT. | = Viy
&~ 50k lour=
?.1osv DROP(BJ;IJ AT 100mA OUTPUT. /ﬁh OUTPUT ADJUST on Blmwemton
Quiscent =850A. 4 RUN BOTH ICs FROM
- A BIPOLAR SUPPLY.

6V to =+ 15V Regulating Converter

14
+sv<>-'=|||||{ . Y

1 "
V01 ClK2

2N4391

100kHz INPUT CLKY1  74C74 @2
D1 01 D2 @
L 1
22K |
"L15pF 10k
I, 10k &
> LT1004
S
82k g 1.2V

L1=24-104 AIE VERNITRON
=1N4148

+5mA OUTPUT

75% EFFICIENCY

0.005

>
b3
2N5114 'l 15VouT

LT R 235




LT1013/LT1014 '

TYPICAL APPLICATIONS

Low Power, 5V Driven, Temperature Compensated Crystal Oscillator (TX(:lLl)f

+5V
3 8
OSCILLATOR SUPPLY
STABILIZATION
' )
gy 3.4k )
2.16k*
LT1009 S Rn S m 1
2.5v o3 L s =
- 4.20M*
= TEMPERATURE AN\~ 5V (
- COMPENSATION <
GENERATOR 20k 3.5MHz  $ 100K 1000
\00k XTAL
Rr2 ﬂ; * 2222
6.25k ™
WA A= OSCILLATOR "LsmpF
y
} MV-209 i! 560k 3.5MHz OUTPUT
> - o, or_70°]
vslaao1( 3 A 3 l 0.03ppm/°C, 0°C-70°C
] ] 6800
*1% FiLM
= = 3.5MHz XTAL=AT CUT—35°20" =
MOUNT Ry NEAR XTAL
3ma POWER DRAIN

 THERMISTOR-AMPLIFIER-VARAGTOR NETWORK GENERATES
A TEMPERATURE COEFFICIENT OPPOSITE THE CRYSTAL TO
MiNIMIZE OVERALL OSCILLATOR DRIFT

Step-Up Switching Regulator for 6V Battery

OUTPUT
INPUT +15V
+6vV 50mA
2N2222 i

2N5262

AA
AA A4
w
[=.]
=

L1=AIE—VERNITRON 24-104
78% EFFICIENCY

\

2-36
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LT1013/LT1014

SCHEMATIC DINGRAM 1, LT1013, % LT1014

v+
> 9k %i( jrsk iﬁk 1.6k 1000 1k 8000
hy a6 013 016 Q14
05 - 036
AT K N NN N
015 ] 032
030 Q35 [
L‘?a !
—4{:ié4 [\1J1.-J‘
025 _ "’033 037
3.9 21pF ‘J
a1 Q27 } Y _I | Q26 L
= 4000 2.50F 2.4 1803
; iH
021 outPuT &
[\‘ Q14K
<
028
a2 -
039
+ 4000 i I N
D 012 4pF
N 022 | W [ Vs 040 »
) N
ozé:]-<>-::I::-{::o1o L v {
11 019 034 < 2
100pF 4% Q 2
100F T b soas

a9 U Q8 Q17 | '/023 Q24

Q20
1.3k 2k 300

75pF Sk 5k %

Hiay
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Precision, High Speed,

JFET Input Operational Amplifiers

FEATURES DESCRIPTION
» Guaranteed Offset Voltage 150V Max  The LT1055/LT1056 JFET input operational amplifiers
-55°C to 125°C 500uV Max  combine precision specifications with high speed perfor-
» Guaranteed Drift 4uV/°C Max  mance.
. G“%i’ge‘*d Bias Gurrent 50op N POV firsttime, 16V/ys slew rate and 6 5MHz gain-ban-
195°C 9 SgA Mgi width product are simultaneously achieved with offset
' . voltage of typically 50V, 1.2uV/°C drift, bias currents of
» Guaranteed Slew Rate 12V/ps Min 40pA at 70°C and 500pA at 125°C
The 150V maximum offset voltage specification is the
best available on any JFET input operational amplifier.
APPLICATIONS yrer P ope i
o _ The LT1055 and LT1056 are differentiated by their operat-
= Precision, High Speed Instrumentation ing currents. The lower power dissipation LT1055 achieves
" Logarithmic Amplifiers lower bias and offset currents and offset voltage. The
= D/A Qutput Amplifiers additional power dissipation of the LT1056 permits higher
= Photodiode Amplifiers slew rate, bandwidth and faster settling time with a slight
= Voltage-to-Frequency Gonverters sacrifice in DC performance.
= Frequency-to-Voltage Converters .
Fast Precision Sample-and- The voltage-to-frequency converter shown below is one of
. : ple-and-Hold e A S
the many applications which utilize both the precision and
high speed of the LT1055/LT1056.
ForaJFET input op amp with 23V/us guaranteed slew rate,
refer to the LT1022 data sheet.
ALY and LTC are registered trademarks and LT is a trademark of Linear Technology Corporation.
TYPICAL APPLICATION
0OkHz to 10kHz Voltage-to-Frequency Converter Distribution of Input Offset Voltage
4.7k 3 (H Package)
_L_N_' ¢ W VvV 140 My Tatsy ‘ ‘ 50% TO +60uV
= T 0.001 (POLYSTYRENE) 190 | Ta=25°C _
| 634 UNITS TESTED
10kHZ X 11 FROM THREE RUNS -
ovmmv_lg&'_wv * ) 2 18V S%%Zézomz gwo
NPUT _L  A— LINEARITY = 8
_-L_O.HJF 22k 3 g 60 -
- = So0F \/\ 2 40
3.3MT LM329
2N3906 \—o }1% 20 J""
— P - 1n4148 0.1pF 0 ._-J_I Cn
1% FiLM 15V THE LOW OFFSET VOLTAGE OF LT1056 —400 200 0 200 400

— CONTRIBUTES ONLY 0.1Hz OF ERROR
WHILE ITS HIGH SLEW RATE PERMITS
10kHz OPERATION.

INPUT OFFSET VOLTAGE (pV)

LT1055/56 TA02
LT1055/56 TAO1

LY N



LTTO85/LT1056

ABSOLUTE MAXIMUM RATINGS

Supply VORAQE ... +20V
Differential Input Voltage .........ccccoeveveveeeevcieenenee +40V
INpUt VOIRAQGE ..., +20V
Output Short-Circuit Duration ...........cccceveee..e. Indefinite

Operating Temperature Range
LT1055AM/LT1055M/LT1056AM/

LT1056M ..o -55°C t0 125°C

LT1055AC/LT1055C/LT1056AC/

LT1056C........cceeierceceeeeeee e 0°C to 70°C
Storage Temperature Range

All DEVICES ... -65°C to 150°C
Lead Temperature (Soldering, 10 S€C).......ccc......... 300°C

PACKAGE/ORDER INFORMATION

ORDER PART
NUMBER

LT1055ACH LT1056ACH
LT1055CH  LT1056CH
LT1055AMH LT1056AMH
LT1055MH  LT1056MH

H PACKAGE
8-LEAD TO-5 METAL CAN

Tymax = 150°C, 6y = 150°C/ W, 8¢ = 45°C/W

TOP VIEW
7

BAL [1] (8] N/C

. LT1055CN8
-IN [2] [7]v
+IN [3] [6] out LT1 0560N8
v~ [4] 5] BAL

N8 PACKAGE
8-LEAD PLASTIC DIP

Tymax = 100°C, 6y = 130°C/W

Consult factory for Industrial grade parts.

ELECTRICAL CHARACTERISTICS v -:15v, T, = 25°C, Vgy = OV unless otherwise noted.

LT1055M/LT1056M
LT1055AM/LT1056AM LT1055CH/LT1056CH
LT1055AC/LT1056AC LT1055CN8/LT1056CN8
SYMBOL | PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS
Vos Input Offset Voltage (Note1) LT1055 H Package — 50 150 — 70 400 uv
LT1056 H Package — 50 180 — 70 450 uv
LT1055 N8 Package — — — — 120 700 uv
LT1056 N8 Package — — — — 140 800 )
los Input Offset Current Fully Warmed Up — 2 10 — 2 20 pA
I Input Bias Current Fully Warmed Up — +10 +50 — +10 150 pA
Vom =10V — 30 130 — 30 150 pA
Input Resistance: Differential — 1012 — — 1012 — Q
Common Mode | Vg =-11V to 8V — 10”7 — — 1012 — Q
Ve =8V to 11V — oM — — 10" — Q
Input Capacitance — 4 — — 4 — pF
en Input Noise Voltage 0.1Hzto 10Hz LT1055 — 1.8 — — 2.0 — Wp.p
LT1056 — 2.5 — 2.8 Wp.p
Input Noise Voltage Density fo = 10Hz (Note 2) — 28 50 — 30 60 ﬂV/\/EZ
fo = 1kHz (Note 3) — 14 20 — 15 22 nV/vHz
In Input Noise Current Density fo = 10Hz, 1kHz (Note 4) — 1.8 4 — 1.8 4 AV Hz
AvoL Large-Signal Voltage Gain Vg =210V R =2k 150 400 — 120 400 — V/imV
R =1k 130 300 — 100 300 — V/mV
Input Voltage Range +11 +12 — +11 12 — V
CMRR Common-Mode Rejection Ratio | Vgy=+11V 86 100 — 83 98 — aB
PSRR Power Supply Rejection Ratio Vg=+10V to £18V 90 106 — 88 104 — aB
Vour Output Voltage Swing R =2k 12 +13.2 — +12 +13.2 — v
SR Slew Rate LT1055 10 13 — 7.5 12 — V/us
LT1056 12 16 — 9.0 14 — V/us
GBW Gain-Bandwidth Product f=1MHz LT1055 — 5.0 — — 45 — MHz
LT1056 — 6.5 — — 5.5 — MHz
Is Supply Current LT1055 — 2.8 4.0 — 2.8 4.0 mA
LT1056 — 5.0 6.5 — 5.0 7.0 mA
Offset Voltage Adjustment Range | Rpgr = 100k — 15 — — 15 — mV

LY AR



LT1055/LT1056
ELECTRICAL CHARACTERISTICS v, - +15v, vy = 0V, 0°C < T4 < 70°C unless otherwise noted.

LT1055AC LT1055CH/LT1056CH
LT1056AC LT1055CN8/LT1056CN8
SYMBOL | PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS
Vos Input Offset Voltage (Note1) LT1055 H Package . — 100 330 — 140 750 uv
LT1056 H Package . — 100 360 — 140 800 W
LT1055 N8 Package o — — — — 250 1250 uv
LT1056 N8 Package . — — — — 280 1350 uv
Average Temperature H Package (Note 5) . — 1.2 4.0 — 1.6 8.0 uv/°C
Coefficient of Input Offset N8 Package (Note 5) . — — — — 3.0 12.0 pv/°C
Voltage
los Input Offset Current Warmed Up LT1055 . — 10 50 — 16 80 pA
Ta=70°C LT1056 . — 14 70 — 18 100 pA
I Input Bias Current Warmed Up LT1055 . — +30 +150 — +40 +200 pA
Ta=70°C LT1056 . — +40 +80 — +50 +240 pA
AvoL Large-Signal Voltage Gain Vo =10V, R = 2k . 80 250 — 60 250 — V/imV
CMRR Common-Mode Rejection Ratio | Vgm=+10.5V . 85 100 — 82 98 — aB
PSRR Power Supply Rejection Ratio Vg =10V to £+18V . 89 105 — 87 103 — aB
Vout Output Voltage Swing R =2k . 12 #1341 — +12 +13.1 — v
Vg = +15V, Vg = 0V, =55°C < Ty < 125°C unless otherwise noted.
LT1055AM LT1055M
LT1056AM LT1056M
SYMBOL| PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS
Vos Input Offset Voltage (Note1) LT1055 o — 180 500 — 250 1200 uv
LT1056 . — 180 950 — 250 1250 W
Average Temperature (Note 5) . — 1.3 4.0 — 1.8 8.0 uv/°C
Coefficient of Input Offset
Voltage
los Input Offset Current Warmed Up ~ LT1055 . — 0.20 1.2 — 0.25 1.8 nA
Ta=125°C LT1056 . — 0.25 15 — 0.30 2.4 nA
I Input Bias Current Warmed Up LT1055 . — +0.4 2.5 — 0.5 4.0 nA
Ta=125°C LT1056 . — 0.5 +3.0 — +0.6 5.0 nA
AvoL Large-Signal Voltage Gain Vo =10V, R =2k o 40 120 — 35 120 — V/mV
CMRR Common-Mode Rejection Ratio | Vgy =+10.5V . 85 100 — 82 98 — aB
PSRR Power Supply Rejection Ratio Vg =10V to 17V . 88 104 — 86 102 — aB
Vour Output Voltage Swing R =2k . 12 +12.9 — 12 +12.9 — V
The o denotes specifications which apply over the full operating Note 3: This parameter is tested on a sample basis only.
temperature range. Note 4: Current noise is calculated from the formula: i, = (2qlg) "2, where
For MIL-STD components, please refer to LTC883 data sheet for test q=1.6 x 1071 coulomb. The noise of source resistors up to 16Q
listing and parameters. swamps the contribution of current noise.
Note 1: Offset voltage is measured under two different conditions: Note 5: Offset voltage drift with temperature is practically unchanged when
(a) approximately 0.5 seconds after application of power; (b) at Tp = 25°C the offset voltage is trimmed to zero with a 100k potentiometer between
only, with the chip heated to approximately 38°C for the LT1055 and to the balance terminals and the wiper tied to V*. Devices tested to tighter

45°C for the LT1056, to account for chip temperature rise when the device drift specifications are available on request.
is fully warmed up.

Note 2: 10Hz noise voltage density is sample tested on every lot of A

grades. Devices 100% tested at 10Hz are available on request.
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055/LT1056

TYPICAL PERFORMANCE CHARACTERISTICS

Input Bias and Offset Currents Input Bias Current Over the

vs Temperature Common-Mode Range
1000 < 120 1200
. Vg = +15V e VS=1‘15V y
B Ve =0V e WARMED UP =
= . | WARMED UP / R 80 W 800 3
= 300 f I Tp =125°C / —
e BIAS OR OFFSET CURRENTS / = / Ta270°C @
« MAY BE POSITIVE OR NEGATI\? / S 40 A Ta= 0 B
£ 100 l l v / 8 AL— /T/A i 25%5 =
£ BIAS CURRENT L — L 0o =
a / / = 1 / =
2 7 z s =
; / E —40 -400 "y
=< / 3 TAJ% Ta=125°C 2
5 1 L/ OFFSET CURRENT = 50— ‘ 1 800 2
s o =¥ A=POSITIVE INPUT CURRENT =2
B / ‘ 2 B B=NEGATIVE INPUT CURRENT =
3 =-120 . . : . -1200
0 25 50 75 100 125 -5 10 -5 0 5 10 15
AMBIENT TEMPERATURE (°C) COMMON-MODE INPUT VOLTAGE (V)
LT1055/56 GO1 LT1055/56 G02
Distribution of Offset Voltage Drift
with Temperature (H Package)* Warm-Up Drift
— 100 ‘
WO Tasy | 50% TO Vg = £15V
120 | 634 UNITS TESTED [] +1.5uV/°C . Tp= 25
[ FROM THREE RUNS ™[ 2 g
w
= 100 2
& 2 60
<< ] >
g % i LT1056CN8
z @
Z 60 S 40 /
o
= u = |/~ LT1055CN8
= 40 — § /
= 2 C— [LT1056 H PACKAGE |
20 S ! x
LT1055 H PACKAGE
. 0 [
-10-8 6 -4 20 2 4 6 8 10 0 1 2 3 4 5
OFFSET VOLTAGE DRIFT WITH TEMPERATURE (j1V/°C) TIME AFTER POWER ON (MINUTES)
*DISTRIBUTION IN THE PLASTIC (N8) PACKAGE LTH055/56 605
IS SIGNIFICANTLY WIDER.
LT1055/56 G04
0.1Hz to 10Hz Noise Noise vs Chip Temperature
— 10 100
o
< -
= =
— = 7 70
Z LT1056 o =
S & PEAK-TO-PEAK— =
2 NIV RR ML ] S 5 NOISE ) 50 &
= W YWY v \J\ l N = m
Q ~ <
= \ = / - S
= )4 & // =
L = 3 30 2
(€] T f m
= < o= 10Ktz 3
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) 20 5
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= 2 S
£ I
S A 10
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LT1055/56 GO7 LT1055/56 G08

Distribution of Input Offset
Voltage (N8 Package)

Vg =15V L
Ta=25°C

550 UNITS
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TWO RUNS
(LT1056)

160 —
50% YIELD
T0 +140pV_]

140

120

100

80
60
40 "J

=
L

0
~800 —600-400 —200 0 200 400 600 800
INPUT OFFSET VOLTAGE (uV)

LT1055/56 G03

NUMBER OF INPUTS

20

Long Term Drift of
Representative Units
50
Vg = +15V
40 1 14=25°C
S 30
§ 20 /\ _
= ol —
o
s 0
2 10 —
3 -
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%
S -30
-40 —
-50
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LT1055/56 GO6

Voltage Noise vs Frequency

1000 ‘
Vg = +15V
| Tp=25°C

RMS NOISE VOLTAGE DENSITY (nV/vHz)

300

100
LT1056
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\ |
\
L1050 R
1/f CORNER——

- 20HZ il

1 310 30 100
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300 1000

LT1055/56 GO9
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LTT055/LT1056

TYPICAL PERFORMANCE CHARACTERISTICS

LT1056 Large-Signal Response Small-Signal Response LT1055 Large-Signal Response

5V/DIV
5V/DIV

20mV/DIV

Ay =1, G =100pF, 0.5ps/DIV Ay =1, C_=100pF, 0.5ps/DIV

LT1055/56 G10
LT1055/56 G12

Ay =1, C_ = 100pF, 0.2ps/DIV

LT1055/56 G11

Undistorted Output Swing vs Slew Rate, Gain-Bandwidth vs
Frequency Temperature Output Impedence vs Frequency
30 T 30 10 0 S i
Vg = +15V FVs = £15VER) 100 L o
= Th=25°C []] ® FTa=25°C HH g 2=
s \ LT1056 GBW 8 = 7oA
o ™~ z = LT1055 7 A
= I~ =] / 8
s \ _ L, LT1055 GBW s ¢ W A L1056 |,/ A
) \ ) 20 \ / 6 g s 10 7 T 7
= = = T v
E 18 \ E \\\ \\ S g sz 10 ,' P
3 = 4z K A A 11055 LA T0s6 17/ 47
e LT1055 \\| LT1056 = ~/ T~ T—— 33 = V4 )4 )4
= 12 = — 3 = e / /
& N o |_LT106 SLEW ™ ~, 2 2 4 / v /
S QI\ @ LT1055 SLEW —— S 5 F ZLT1056 A7 1 T1056 ]
E 6 \Q\ | % //r ,/ 7T Ay =1
e \\\ Vg = 15V - /// ///
. ~L_ . fo = 1MHz FOR GBW 01 (Z v/
0.1 1 10 -25 25 75 125 1 10 100 1000
FREQUENCY (MHz) TEMPERATURE (C) FREQUENCY (kHz)
LT1055/56 G13 LT1055/56 G14 LT1055/56 G15
Gain vs Frequency Gain, Phase Shift vs Frequency Voltage Gain vs Temperature
14 100 1000 ———
0 Mg-stsv \ Vg -215v ]
120 | TA=25°C 2 A\ - A vp=+10v7
BN \ PHASE L=
\ \ )
100 N NG N 120 £ = 300 T~
% \ \ LT1055 N \LT1056 s E R = 1k <
g N\ R AN NN 2z X
= \ = N | NN, 28
3 LT1055\lT1055 = AN "\ 10 B
I \ 171055 NQRLTT06 | N g =
\ 0 ™N N m o
20 N £ = 3
\\ AN
L 160
0 Vg = +15V
\\ Ta=25° R
-20 N -10 10
110 100 1k 10k 100k 1M 10M100M 1 2 4 6 8 10 75 -25 25 75 125
FREQUENCY (Hz) FREQUENCY (MHz) TEMPERATURE (°C)
LT1055/56 G16 LT1055/56 G17 LT1055/56 G18
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LTTO85/LT1056

TYPICAL PERFORMANCE CHARACTERISTICS

LT1055 Settling Time LT1056 Settling Time
10 T 10
s /[y s V/avi
= =
3 10mV, / //)5mv 3 10mV// 2mV /).va
= 5 = 5
o o
£ 1/ / £ /
<} 7717 S 7 7 7
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Common-Mode and Power Supply
Rejections vs Temperature

Common-Mode Rejection Ratio
vs Frequency
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LTT055/LT1056

APPLICATIONS INFORMATION

The LT1055/LT1056 may be inserted directly into LF155A/
LT355A, LF156A/LT356A, OP-15 and OP-16 sockets. Off-
set nulling will be compatible with these devices with the
wiper of the potentiometer tied to the positive supply.

Offset Nulling

V+

LT1055
LT1056

LT1055/56 A1

No appreciable change in offset voltage drift with tempera-
ture will occur when the device is nulled with a potentiom-
eter, Rp, ranging from 10k to 200k.

The LT1055/LT1056 can also be used in LF351, LF411,
AD547, AD611, OPA-111, and TLO81 sockets, provided
thatthe nulling cicuitry is removed. Because of the LT1055/
LT1056’s low offset voltage, nulling will not be necessary
in most applications.

Achieving Picoampere/Microvolt Performance

In order to realize the picoampere-microvolt level accu-
racy of the LT1055/LT1056 proper care must be exer-
cised. For example, leakage currents in circuitry external
tothe opamp can significantly degrade performance. High
quality insulation should be used (e.g. Teflon™, Kel-F);
cleaning of all insulating surfaces to remove fluxes and
other residues will probably be required. Surface coating
may be necessary to provide a moisture barrier in high
humidity environments.

Board leakage can be minimized by encircling the input
circuitry with a guard ring operated at a potential close to
that of the inputs: in inverting configurations the guard
ring should betiedto ground, in noninverting connnections
to the inverting input at pin 2. Guarding both sides of the
printed circuit board is required. Bulk leakage reduction
depends on the guard ring width.

Teflon is a trademark of Dupont.

N/C

OFFSET
A ! TRIM
\ ;

OUTPUT\ 7 1
6

OFFSET ’ °
, |
/!

TRIM

The LT1055/LT1056 has the lowest offset voltage of any
JFET input op amp available today. However, the offset
voltage and its drift with time and temperature are still not
as good as on the best bipolar amplifiers because the
transconductance of FETs is considerably lower than that
of bipolar transistors. Conversely, this lower transcon-
ductance is the main cause of the significantly faster
speed performance of FET input op amps.

GUARD

LT1055/56 Al2

Offset voltage also changes somewhat with temperature
cycling. The AM grades show a typical 20V hysteresis
(30uV on the M grades) when cycled over the =55°C to
125°C temperature range. Temperature cycling from 0°C
to 70°C has a negligible (less than 10uV) hysteresis
effect.

The offset voltage and drift performance are also affected
by packaging. In the plastic N8 package the molding
compound is in direct contact with the chip, exerting
pressure on the surface. While NPN input transistors are
largely unaffected by this pressure, JFET device matching
and drift are degraded. Consequently, for best DC perfor-
mance, as shown in the typical performance distribution
plots, the TO-5 H package is recommended.

Noise Performance

The current noise of the LT1055/LT1056 is practically
immeasurable at 1.8fA/VHz. At 25°C it is negligible up to
1G of source resistance, Rg (compound to the noise of
Rg). Even at 125°C it is negligible to 100M of Rs.

LY N
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LTTO85/LT1056

APPLICATIONS INFORMATION

The voltage noise spectrum is characterized by a low 1/f
corner in the 20Hz to 30Hz range, significantly lower than
on other competitive JFET input op amps. Of particular
interest is the fact that with any JFET IC amplifier, the
frequency location of the 1/f corner is proportional to the
square root of the internal gate leakage currents and,
therefore, noise doubles every 20°C. Furthermore, as
illustrated in the noise versus chip temperature curves,
the 0.1Hz to 10Hz peak-to-peak noise is a strong function
of temperature, while wideband noise (fy = 1kHz) is
practically unaffected by temperature.

Consequently, for optimum low frequency noise, chip
temperature should be minimized. For example, operating
an LT1056 at +5V supplies or with a 20°CG/W case-to-
ambient heat sink reduces 0.1Hz to 10Hz noise from
typically 2.5uVp-p (£15V, free-air) to 1.5uVp_p. Similiarly,
the noise of an LT1055 will be 1.8uVp.p typically because
of its lower power dissipation and chip temperature.

High Speed Operation
Settling time is measured in the test circuit shown. This

capacitance is isolated from the “false summing” node,
and (2) itdoes not require a “flat top” input pulse since the
input pulse is merely used to steer current through the
diode bridges. For more details, please see Application
Note 10.

As with most high speed amplifiers, care should be
taken with supply decoupling, lead dress and component
placement.

When the feedback around the op amp is resistive (Rg), a
pole will be created with Rf, the source resistance and
capacitance (Rg, Cs), and the amplifier input capacitance
(Ciy = 4pF). In low closed-loop gain configurations and
with Rg and R in the kilohm range, this pole can create
excess phase shift and even oscillation. A small capacitor
(Cg) in parallel with Rg eliminates this problem. With Rg
(Cs + Cjy) = ReCp, the effect of the feedback pole is
completely removed. ICFI

test configuration has two features which eliminate prob-  outeur
lems common to settling time measurments: (1) probe fis Cs
Settling Time Test Circuit
1iv A15k 10pF (IY|P|CAL)
I
J_0.01 DISC —E 1s?)“LFm 10k
_-L—_ = TANTALUM 1
e
LT1055
LT1056 b— AUT OUTPUT 15V

=15V
15k
10pF

0.01 DISC SOLID
1 |+ TANTALUM
PULSE GEN 15V 45k
INPUT ——N/
(5V MIN STEP) + 100F [
= J—Solf_”:) 0.01 DISC
TANTALUM | T
- - N
—15V \

08

| 15k I
10pF

0.01DISC 7 SOLID TANTALUM

T

AMPLIFIER

é—

—P|— - 1n4148

>
UNDER 10k
TEST

OUTPUT
TO SCOPE
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LTT055/LT1056

APPLICATIONS INFORMATION

Phase Reversal Protection Voltage Follower with Input Exceeding the Negative
_ . Common-Mode Range
Most industry standard JFET input op amps (e.g., LF155/
LF156, LF351, LF411, OP15/16) exhibit phase reversal at 15V
the output when the negitive common-mode limit at the 2 !
input is exceeded (i.e., from =12V to =15V with +15V 64— outPuT
supplies). This can cause lock-up in servo systems. As ey —3
shown below, the LT1055/LT1056 does not have this SINE WAVE 1 4V i
problem due to unique phase reversal protection circuitry o S
(Q1 on simplified schematic).
Output Output
Input (LF155/LF56, LF441, OP-15/0P-16) LT1055/LT1056

10V/DIV
10V/DIV
10V/DIV

0.5ms/DIV 0.5ms/DIV 0.5ms/DIV
LT1055/56 Al06 LT1055/56 Al07 LT1055/56 Al08
Exponential Voltage-to-Frequency Converter for Music Synthesizers
INPUT
0V TO 10V
EXPONENT . .
TRIM 11.3k 500pF 1 2N3906
25000Q* POLYSTYRENE ——
|__‘W' 15V
— 2N3904
500Q*
P LT1055 b
ZERO TRIM SAWTOOTH
OUTPUT

5620

15V —AAN——8
SCALE FACTOR

TFor ten additional applications utilizing the
LT1055 and LT1056, please see the LTC1043
data sheet and Application Note 3.

1V IN OCTAVE OUT
*1% METAL FILM RESISTOR
PIN NUMBERED TRANSISTORS = CA3096 ARRAY

LT1055/56 TA03
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LT1055/LT1056
TYPICAL APPLICATIONS

12-Bit Charge Balance A/D Converter Fast “No Trims” 12-Bit Multiplying CMQS DAC Amplifier
74000
\ RFEEDBACK
REFERENCE |
IN TYPICAL 12-BIT ouT
28k 14k T 0.003uF CMOS DAC
0.01
I CLK OUTPUT (B) OUTPUT
1
10k
1N4148 LK OU(TAP)UT
P p 7aca O[]
p oL Q - - LT1055/56 TAOS
10k
= —1v — T 2N3904
249K* 1N4148 1N4148 = 15V
0V TO 10V INPUT 1 -
: 10k . Fast, 16-Bit Current Comparator
COUPLE | P
THERMALLY | J<
| CIRCUIT OUTPUT HP5082-2810 DELAY = 250ns
four (A) * = 1% FILM RESISTOR
RATI o—}Ho
| 0 foLk (B) 15V
| 4 15y Ak 50k*
| 1N4148 100K*
LT1055/56 TA04
= INPUT ———— A~
LT1009 s OUTPUT
25V

LT1055/56 TA0B

Temperature-to-Frequency Converter

560Q 1k* 1k
15V
o222} b
10k
2N2907 TTL OUTPUT
0.014F OkHz TO 1kHz =
LM329 " POLYSTYRENE | 510pF 0°C T0 100°C

0—| |—o—| T 4.7k

1 P L1

137Q*

v

[
= *1% FILM RESISTOR

LT1055/56 TAO7
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LTT055/LT1056

TYPICAL APPLICATIONS

100kHz Voltage Controlled Oscillator

*1% FILM RESISTOR

Hp— % +V +15V
FREQUENCY LINEARITY = 0.1% X2 CC f—— SINE OUT
FREQUENCY STABILITY = 150ppm/°C U1 W e
SETTLING TIME = 1.7ps )|
DISTORTION = 0.25% AT 100kHz, U2 ADB33 Z1 OkHs TO 100kHs
0.07% AT 10zHz COM 72 ml
ol AN v ol
100kHz DISTORTION
10Hz TRIMS Ok Y2 Y [ ] -15
D'Sﬁmlo'\' DISTORTION L
TRIM =
09k 2k 5k
A v -15v. S22M POLE%YEENE " rreaUEncY
p 15pF
ey TRIM
0V T0 10V v
INPUT i I %Ok
22k ; 1
1k
HP5082-
2810
| _L 20pF 0.01yF
o 1T —15V
- 1
AN & >|
LM329
4.7k v 4.7k
—15V = 15V
LT1055/56 TA08
12-Bit Voltage Output D/A Converter +120V Output Precision Op Amp
125V
12-BIT CURRENT OUTPUT D/A » *
CONVERTER (e.g., 6012,565 L L
OR DAC-80) * 25mAOUTPUT Sy T
| HEAT SINK OUTPUT < =
TRANSISTORS «
’_'L‘i 1N965
10k 100pF 2N3440
- ok
OR4mA OUTPUT
4 ovTO 10V
Cr = 15pF TO 33pF
SETTLING TIMETO 2mV =
(0.8 LSB) = 1.5ps TO 2ps - LT1055/56 TAO9 “ p— OUTPUT
lﬁ
>

LT1055/56 TA10

LY N

Information furnished by Linear Technology Corporation is believed to be accurate and reliable.
However, no responsibility is assumed for its use. Linear Technology Corporation makes no represen-
tation that the interconnection of its circuits as described herein will notinfringe on existing patent rights.
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LT1055/LT1056
SIMPLIFIED SCHEMATIC

ko STk a7

NuLL[1]
—<-|st J6
-INpuT[2] 1 3000 1Y
’ WA |4+—Coe
+INPUTJ1 lej-»— Q15

| Q10 20Q
Q11
~

°
o
<

— <

Q16

S IO QR O ©

—o—o—1]Vv"

LT1055/56 SCHM

*CURRENTS AS SHOWN FOR LT1055. (X) = CURRENTS FOR LT1056.

PHCKHGG DGSCBIPTIO" Dimension in inches (millimeters) unless otherwise noted.

N8 Package
H Package Metal Can 8-Lead Plastic
0.335 - 0370 X
(8.509 - 9.398) 0.400
DIA (10.160)
0.305-0.335 MAX
oo (7.747 - 8.509) *‘ ] [7] [s] [5]
(1.016) 0.050
MAX (1.270) 0.165-0.185
i MAX (4.191-4.699) 0.250 £ 0.010* )
¢ % REFERENCE (6.350 = 0.254)
SEATING PLANE
PLANE 0500 - 0 750 i
0010 0.045 D DD (12.700 - 19.050) ————
(0.254-1.143) 1 2] [3] 4
0.016-0.021
(0.406 - 0.533)
- 0.300-0.320 0.045 - 0.065 0.130 £ 0.005
ol e
(7.620- 8.128) | (e ‘ ‘ (3302£0.127)
0.027 - 0.045 y
45°TYP (0.686 - 1.143) ||
0.027 -0, T
0065 4
(0.686 - 0.864) ® (1.651) 77¢
0.200- 0230 0009-0015 || TV -
(5.080 - 5.842) (0.229-0.381) [ 0125
BSC , @175 0020
0.325 ﬁg 832 ‘ 00450015 MIN- (0.508)
-~ —  (1.143:02381) MIN
0.110-0.160 8.255 +8 gg? 0.100 £ 0.010 0.018 £ 0.003
(2.794 - 4.064) -0, 0100 0.010 . .
INSULATING (2540 + 0.254) (0.457 £0.076)  nsass
STANDOFF
*THESE DIMENSIONS DO NOT INCLUDE MOLD FLASH OR PROTRUSIONS.
NOTE: LEAD DIAMETER IS UNCONTROLLED BETWEEN MOLD FLASH OR PROTURSIONS SHALL NOT EXCEED 0.010 INCH (0.254mm).
THE REFERENCE PLANE AND SEATING PLANE.
H8(5) 0592
: : LT/GP 0894 2K REV A » PRINTED IN USA
1 Linear Technology Corporation 7L||‘|Ef\|2
1630 McCarthy Blvd., Milpitas, CA 95035-7487 ‘ S S

(408) 432-1900 - FAX: (408) 434-0507 - TELEX: 499-3977 0 LINEAR TECHNOLOGY CORPORATION 1994



FEATURES

140MHz Bandwidth: Ay =2, R, =150Q
1100V/us Slew Rate

Low Cost

30mA Output Drive Current

0.01% Differential Gain

0.01° Differential Phase

High Input Impedance: 14MQ, 3pF
Wide Supply Range: +2V to 15V
Shutdown Mode: Ig < 250pA

Low Supply Current: Ig = 10mA

Inputs Common Mode to Within 1.5V of Supplies
Outputs Swing Within 0.8V of Supplies

APPLICATIONS

Video Amplifiers

Cable Drivers

RGB Amplifiers

Test Equipment Amplifiers
50Q Buffers for Driving Mixers

”l ]\D LT1227

TECHNOLOGY

140MHz Video Current
Feedback Amplifier

DESCRIPTION

The LT1227 is a current feedback amplifier with wide
bandwidth and excellent video characteristics. The low
differential gain and phase, wide bandwidth, and 30mA
output drive current make the LT1227 well suited to drive
cables in video systems.

A shutdown feature switches the device into a high imped-
ance, low current mode, allowing multiple devices to be
connected in parallel and selected. Input to output isola-
tioninshutdownis 70dB at 10MHz forinputamplitudes up
to 10Vp_p. The shutdown pin interfaces to open collector
oropendrainlogic and takes only 4ps to enable or disable.

The LT1227 comes in the industry standard pinout and
can upgrade the performance of many older products. For
a dual or quad version, see the LT1229/1230 data sheet.

The LT1227 is manufactured on Linear Technology’s
proprietary complementary bipolar process.
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LT1227

ABSOLUTE MAXIMUM RATINGS

Supply VORAQE .....ocveeeeeceee e +18V
Input CUITeNt ..o +15mA
Output Short Circuit Duration (Note 1) ........ Continuous
Operating Temperature Range

(1 O 0°C to 70°C

LTA227M ... -55°C to 125°C
Storage Temperature Range ................. -65°C to 150°C
Junction Temperature

Plastic Package .........cccccoeeveeeveccieeeeeeee, 150°C

Ceramic Package ..........ccoeeeevevevcicceceeeene. 175°C
Lead Temperature (Soldering, 10 SeC.).....cc........ 300°C

PACKAGE/ORDER INFORMATION

TOP VIEW ORDER PART
NULL [1] ~ 8] SHUTDOWN NUMBER
" v LT1227MJ8
e o our LT1227CN8
v [4] 5] NULL
J8 PACKAGE N8 PACKAGE
8-LEAD CERAMIC DIP  8-LEAD PLASTIC DIP
Tamax = 175°C, 64 =100°C/W (J)
Tymax =150°C, 64 = 100°C/W (N)
ALY LT1227CS8
NULL [T] 8] SHUTDOWN
- 2] [V S8 PART MARKING
+IN [3] 6] out
s [5]nuLt 1227
S8 PACKAGE
8-LEAD PLASTIC SO
Tymax = 150°C, 644 = 150°C/W

Consult factory for Industrial grade parts.

GLGCTBICHL CHHBHCTEI‘“S“CS Vem =0, £5V < Vg < +15V, pulse tested, unless otherwise noted.

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS
Vos Input Offset Voltage Ta=25°C +3 +10 mVY
o +15 mV

Input Offset Voltage Drift o 10 Wv/°C

I+ Noninverting Input Current Ta=25°C 0.3 13 PA
) +10 pA

Iin- Inverting Input Current Ta=25°C 10 +60 PA
) +100 pA

en Input Noise Voltage Density f=1kHz, Rr = 1k, Rg = 10Q, Rg = 0Q 3.2 nViVHz
+in Noninverting Input Noise Current Density f=1kHz 1.7 pAVHz
—in Inverting Input Noise Current Density f=1kHz 32 pAVHZ
Rin Input Resistance Vin =13V, Vg = £15V o 1.5 14 MQ
Vin =3V, Vg = 5V o 15 11 MQ

Cin Input Capacitance 3 pF
Input Voltage Range Vg =+15V, Tp = 25°C +13 +13.5 V

o +12 V

Vg =25V, Ta = 25°C +3 +3.5 v

° +2 v

CMRR Common-Mode Rejection Ratio Vg =15V, Vg = £13V, Ta = 25°C 55 62 aB
Vg =15V, Vg = +12V o 55 aB

Vg = £5V, Vg = 23V, Tp = 25°C 55 61 aB

Vg =15V, Vg = £2V o 55 dB

Inverting Input Current Vg = +15V, Vgom = 13V, Ta = 25°C 35 10 PA/V
Common-Mode Rejection Vg =15V, Vg = 12V . 10 pA/Y

Vg =15V, Vg = 23V, Tp = 25°C 45 10 PA/V

Vg =15V, Vg = £2V o 10 pA/V

LY 0%



LT1227

ELGCT“'C“L CHHBHCTGI“ST'CS Vem =0, £5V < Vg < +15V, pulse tested, unless otherwise noted.

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS
PSRR Power Supply Rejection Ratio Vg = £2V to £15V, Tp = 25°C 60 80 aB
Vg = 3V to +15V 60 dB

Noninverting Input Current Vg = £2V to £15V, Tp = 25°C 2 50 nA/vV

Power Supply Rejection Vg = +3V to 15V 50 nA/vV

Inverting Input Current Vs = £2V to £15V, Tp = 25°C 0.25 5 PA/V

Power Supply Rejection Vg = +3V to 15V 5 PA/V

Ay Large-Signal Voltage Gain Vg = £15V, Vour = £10V, R = 1k 55 72 aB
Vg = £5V, Vout = 22V, R = 150Q 55 72 dB

RoL Transresistance, AVqyt/Aln- Vg = 15V, Vour = £10V, R = 1k 100 270 kQ
Vg = £5V, Vout = 22V, R = 150Q 100 240 kQ

Vour Maximum Output Voltage Swing Vg = £15V, R =400Q, Tp=25°C +12 +13.5 V
+10 V

Vg =45V, R =150Q, Ty = 25°C +3 +3.7 vV

2.5 V

lour Maximum Qutput Current R =0Q, Tp=25°C 30 60 mA
Is Supply Current (Note 2) Vs = £15V, Vgyr = 0V, Ta = 25°C 10 15.0 mA
17.5 mA

Positive Supply Current, Shutdown Vg = 15V, Pin 8 Voltage = OV, Tp = 25°C 120 300 PA

500 WA

lg Shutdown Pin Current (Note 3) Vg = £15V 300 pA
Output Leakage Current, Shutdown Vg = 15V, Pin 8 Voltage = OV, Tp = 25°C 10 PA

SR Slew Rate (Notes 4 and 5) Ta=25°C 500 1100 V/ps
t, t Rise and Fall Time, Voyt = 1Vp.p Vs = 5V, Rp= 1k, Rg = 1k, R = 150Q 8.7 ns
BW Small-Signal Bandwidth Vg =15V, Rp = 1k, Rg = 1k, R = 150Q 140 MHz
i, 1 Small-Signal Rise and Fall Time Vg = 15V, Rp = 1k, Rg = 1k, R = 100Q 3.3 ns
Propagation Delay Vg =15V, Rp = 1k, Rg = 1k, R_ = 100Q 3.4 ns

Small-Signal Overshoot Vs = £15V, Rp = 1k, Rg = 1k, R =100Q 5 %

ts Settling Time 0.1%, Vout = 10V, Re= 1k, Rg = 1k, R_ = 1k 50 ns
Differential Gain (Note 6) Vg =15V, Rp = 1k, Rg = 1k, R, = 150Q 0.014 %

Vg =15V, Rp= 1k, Rg = 1k, R = 1k 0.010 %

Differential Phase (Note 6) Vg =15V, Rp = 1k, Rg = 1k, R, = 150Q 0.010 DEG

Vg =15V, Rp= 1k, Rg = 1k, R = 1k 0.013 DEG

The e denotes specifications which apply over the operating temperature

range.

Note 1: A heat sink may be required depending on the power supply

voltage.

Note 2: The supply current of the LT1227 has a negative temperature
coefficient. For more information, see Typical Performance Characteristics

curves.

Note 4: Slew rate is measured at +5V on a £10V output signal while

operating on 15V supplies with Rr = 2k, Rg = 220Q and R = 400Q.

Note 5: AC parameters are 100% tested on the ceramic and plastic DIP

package parts (J and N suffix) and are sample tested on every lot of the SO

Note 3: Ramp pin 8 voltage down from 15V while measuring Is. When Ig
drops to less than 0.5mA, measure pin 8 current.

packaged parts (S suffix).
Note 6: NTSC composite video with an output level of 2V.
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TYPICAL PERFORMANCE CHARACTERISTICS

Voltage Gain and Phase vs
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-3dB Bandwidth vs Supply
Voltage, Gain=2, R =100Q

T T I T I

— PEAKING < 0.5dB

[ == PEAK”‘\IG <5dB
1 -

RF = 500Q ,,”
I rd

750Q-4" | .47
7

NT

Re

\L”
’ -

’

yd

"4

Rr = 2k

0 2 4 6 8 10 12
SUPPLY VOLTAGE (V)

LT1227 - TPCO2

14 16 18

-3dB Bandwidth vs Supply
Voltage, Gain =10, R =100Q

T T T T 1
—— PEAKING < 0.5dB
|~ === PEAKING < 5dB

-

RF=250Q _L-
L d

7’ -
P -
Y

/ﬂ
/’/
//

0 2 4 6 8 10 12
SUPPLY VOLTAGE (V)

LT1227 - TPCO5

14 16 18

-3dB Bandwidth vs Supply
Voltage, Gain =100, R =100Q

—
R

-
n

Q

/ F

0 2 4 6 8 10 12
SUPPLY VOLTAGE (V)

LT1227 - TPCO8

14 16 18

-3dB BANDWIDTH (MHz

-3dB BANDWIDTH (MHz

-3dB BANDWIDTH (MHz)

180
160
140
120
100
80
60
40
20
0

180
160
140
120
100
80
60
40
20

16
14
12
10

L= 2

-3dB Bandwidth vs Supply
Voltage, Gain=2, R =1k

T T T T T
—— PEAKING < 0.5dB
- ===PEAKING < 5dB

| | 23
BNy Zd
2/ |
/

w

b

/

: /RF
'\I RFL1kI
/

~

n
n
=

4//

0 2 4 6 8 10 12 14

SUPPLY VOLTAGE (V)

LT1227 - TPCO3

16 18

-3dB Bandwidth vs Supply
Voltage, Gain=10, R =1k

I N R
—— PEAKING < 0.5dB
|~ === PEAKING < 5dB

Rr = 500Q
et B

- \

- Rf=7500Q |
LT
// Rp= Tk —|
A
,

—
ol ||

EEE——y

Rp = 2k—|
||

14 16

0 2 4 6 8 10 12
SUPPLY VOLTAGE (V)

LT1227 - TPCO6

18

-3dB Bandwidth vs Supply
Voltage, Gain =100, R =1k

_

RF =500Q
T A

T
Rr =1k

o~

" Re=2

V.

/

\ \:\

//
7
e

0 2 4 6 8 10 12 14

SUPPLY VOLTAGE (V)

LT1227 « TPCO9

16 18

LY 0%



LT1227

TYPICAL PERFORMANCE CHARACTERISTICS

Maximum Capacitive Load
vs Feedback Resistor
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TYPICAL PERFORMANCE CHARACTERISTICS

Settling Time to 10mV
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SIMPLIFIED SCHEMATIC
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APPLICATIONS INFORMATION

The LT1227 is a very fast current feedback amplifier.
Because it is a current feedback amplifier, the bandwidth
is maintained over a wide range of voltage gains. The
amplifieris designed to drive low impedance loads such as
cables with excellent linearity at high frequencies.

Feedback Resistor Selection

The small-signal bandwidth of the LT1227 is set by the
external feedback resistors and the internal junction ca-
pacitors. As a result, the bandwidth is a function of the
supply voltage, the value of the feedback resistor, the
closed-loop gain and load resistor. The characteristic
curves of Bandwidth vs Supply Voltage show the effect of
a heavy load (100Q) and a light load (1k). These curves
use a solid line when the response has less than 0.5dB of
peaking and a dashed line when the response has 0.5dB to

5dB of peaking. The curves stop where the response has
more than 5dB of peaking.

At a gain of two, on 15V supplies with a 1k feedback
resistor, the bandwidth into a light load is over 140MHz,
but into a heavy load the bandwidth reduces to 120MHz.
The loading has this effect because there is a mild reso-
nance in the output stage that enhances the bandwidth at
light loads but has its Q reduced by the heavy load. This
enhancement is only useful at low gain settlings; at a gain
of ten it does not boost the bandwidth. At unity gain, the
enhancement is so effective the value of the feedback
resistor has very little effect. At very high closed-loop
gains, the bandwidth is limited by the gain bandwidth
product of about 1GHz. The curves show that the band-
widthataclosed-loop gain of 100is 12MHz, only one tenth
what it is at a gain of two.

LY IR
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APPLICATIONS INFORMATION

Small-Signal Rise Time, Ay = +2

Vgyr | . .

Re = 1k, Rg= 1k, R = 100Q Ay

Capacitance on the Inverting Input

Current feedback amplifiers require resistive feedback
from the output to the inverting input for stable operation.
Take care to minimize the stray capacitance between the
output and the inverting input. Capacitance on the invert-
ing input to ground will cause peaking in the frequency
response (and overshoot in the transient response), but it
does not degrade the stability of the amplifier.

Capacitive Loads

The LT1227 can drive capacitive loads directly when the
proper value of feedback resistor is used. The graph of
Maximum Capacitive Load vs Feedback Resistor should
be used to select the appropriate value. The value shown
isfor5dB peaking whendrivinga 1kload ata gain of 2. This
is a worst case condition, the amplifier is more stable at
higher gains and driving heavier loads. Alternatively, a
small resistor (10Q to 20Q) can be put in series with the
output to isolate the capacitive load from the amplifier
output. This has the advantage that the amplifier band-
width is only reduced when the capacitive load is present
and the disadvantage that the gain is a function of the load
resistance.

Power Supplies

The LT1227 will operate from single or split supplies from
+2V (4V total) to +15V (30V total). It is not necessary to
use equal value split supplies, however the offset voltage

and inverting input bias current will change. The offset
voltage changes about 500V per volt of supply mis-
match. The inverting bias current can change as much as
5.0pA per volt of supply mismatch, though typically the
change is less than 0.5pA per volt.

Slew Rate

The slew rate of a current feedback amplifier is not
independent of the amplifier gain configuration the way
slew rateisinatraditional opamp. Thisis because both the
input stage and the output stage have slew rate limitations.
In the inverting mode, and for higher gains in the nonin-
verting mode, the signal amplitude between the input pins
issmall and the overall slew rate is that of the output stage.
For gains less than ten in the noninverting mode, the
overall slew rate is limited by the input stage.

The input stage slew rate of the LT1227 is approximately
125V/ps and is set by internal currents and capacitances.
The output slew rate is set by the value of the feedback
resistors and the internal capacitances. At a gain of ten
with a 1k feedback resistor and £15V supplies, the output
slew rate is typically 1100V/us. Larger feedback resistors
will reduce the slew rate as will lower supply voltages,
similar to the way the bandwidth is reduced.

The graph of Maximum Undistorted Output vs Frequency
relates the slew rate limitations to sinusoidal inputs for
various gain configurations.

Large-Signal Transient Response, Ay = +10

Vour | I S IR
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APPLICATIONS INFORMATION

Large-Signal Transient Response, Ay = +2

Vour

Rr = 1k, Rg= 1k, R = 400Q Al03

Large-Signal Transient Response, Ay = -2

Vour

Settling Time

The characteristic curves show that the LT1227 amplifier
settles to within 10mV of final value in 40ns to 55ns forany
output step upto 10V. The curve of settling to 1mV of final
value shows that there is a slower thermal contribution up
to 20us. The thermal settling component comes from the
output and the input stage. The output contributes just
under 1mV per volt of output change and the input
contributes 300uV per volt of input change. Fortunately
the input thermal tends to cancel the output thermal. For
this reason the noninverting gain of two configuration
settles faster than the inverting gain of one.

Shutdown

The LT1227 has a high impedance, low supply current
mode which is controlled by pin 8. In the shutdown mode,
the output looks like a 12pF capacitor and the supply
current drops to approximately the pin 8 current. The
shutdown pin is referenced to the positive supply through
an internal pullup circuit (see the simplified schematic).
Pulling a current of greater than 50pA from pin 8 will put
the device into the shutdown mode. An easy way to force
shutdown is to ground pin 8, using open drain (collector)
logic. Because the pinis referenced to the positive supply,
the logic used should have a breakdown voltage of greater
than the positive supply voltage. No other circuitry is
necessary as an internal JFET limits the pin 8 current to
about 100pA. When pin 8 is open, the LT1227 operates
normally.

Differential Input Signal Swing

The differential input swing is limited to about +6V by an
ESD protection device connected between the inputs. In
normal operation, the differential voltage between the
input pins is small, so this clamp has no effect; however,
in the shutdown mode, the differential swing can be the
same as the input swing. The clamp voltage will then set
the maximum allowable input voltage. To allow for some
margin, it is recommended that the input signal be less
than 5V when the device is shutdown.

Offset Adjust

Pins 1and 5 are provided for offset nulling. Asmall current
to V* or ground will compensate for DC offsets in the
device. The pins are referenced to the positive supply (see
the simplified schematic) and should be left open if un-
used. The offset adjust pins act primarily on the inverting
input bias current. A10k pot connected to pins 1 and 5 with
the wiper connected to V* will null out the bias current, but
will not affect the offset voltage much. Since the output
offset is

Vo OAy *Vos + (Iin-) * Rr

athighergains (Ay > 5), the Vg term will dominate. To null
out the Vg term, use a 10k pot between pins 1 and 5 with
a 150k resistor from the wiper to ground for 15V split

LY IR
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TYPICAL APPLICATIONS
MUX Amplifier

The shutdown function can be effectively used to con-
struct a MUX amplifier. A two-channel version is shown,
but more inputs could be added with suitable logic. By
configuring each amplifier as a unity-gain follower, there
is no loading by the feedback network when the amplifier
is off. The open drains of the 74C906 buffers are used to
interface the 5V logic to the shutdown pin. Feedthrough
from the unselected input to the output is —70dB at
10MHz. The differential voltage between MUX inputs V)1
and V\yo appears across the inputs of the shutdown
device, this voltage should be less than +5V to avoid
turning on the clamp diodes discussed previously. If the
inputs are sinusoidal having a zero DC level, this implies
that the amplitude of each input should be less than
5Vp.p. The output impedance of the off amplifier remains
high until the output level exceeds approximately 6Vp.p at
10MHz, this sets the maximum usable output level. Switch-
ing time between inputs is about 4ps without an external
pullup. Adding a 10k pullup resistor from each shutdown
pin to V* will reduce the switching time to 2us but will
increase the positive supply currentin shutdown by 1.5mA.

MUX Output

INPUT
SELECT

Ving = 1Vp-p, Vig = 0V TS

MUX Amplifier

15V

Ving
LT1227 S/D — Vour
Vour _4
Vi
5V
lﬂ 74C906
15V
Ving

INPUT
SELECT 74HC04 740906

1227 TA04

MUX Input Crosstalk vs Frequency

-40
Y

50 A
[an]
=
X /
= 60 /
3 /
o
S 70 ,/
= A
5 pe
o 1
= //

-80 —=r-"]

-90

1 10 100

FREQUENCY (MHz)
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TYPICAL APPLICATIONS

Single Supply AC-Coupled Amplifier
Noninverting

5V

l 4.7pF
+(
I\

_Iﬁ :
L Ay =11

BW = 14Hz to 60MHz 1227 TAB

3.58MHz Oscillator

100k + 1N4148

100pF 75pF

L

[ 3.579545MHz

2N3904

CMOS Logic to Shutdown Interface

-15V

\
10k
2N3904
1227 TA11

5

Av=Roe510 -

GSDF 1k
- - 15V
51Q
—\\— Vout

-15V 1227 TA10

Single Supply AC-Coupled Amplifier
Inverting

510Q

=10

BW = 14Hz to 60MHz

1227 TA09

1227 TAO7

Optional Offset Nulling circuit

RnuLL

RnuLL = 47k FOR Vg = 5V
RnuLe = 150k FOR Vg = £15V

1227 TA12

Information furnished by Linear Technology Corporation is believed to be accurate and reliable.
‘ ' Llnw However, no responsibility is assumed for its use. Linear Technology Corporation makes no represen-
TECHNOLOGY tation that the interconnection of its circuits as described herein will notinfringe on existing patent rights.
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PACKAGE DESCRIPTION

0.405
(10.287)

0.005
0005 | o MAX
(0.127) \

| 6] 7] (6 [5],

J8 Package
8-Lead Ceramic DIP
0.200
0.290 - 0.320 5080
(7.366 - 8.128) A
[ | — 0.015 - 0.060
(0.381 - 1.524)
. &
D TR P o
(0203-0457) o
— | ‘L
0.385 + 0.025 0.045 - 0.068
770 1 rar (1143-1727) 0.125
(9.779 £ 0.635) 3175
00140026 < 0.100:0010 MIN
(0.360 - 0.660) (25402 0.259)
CORNER LEADS OPTION
(4 PLCS)
NOTE: LEAD DIMENSIONS APPLY TO SOLDER DIP OR TIN PLATE LEADS.
] 0.023 - 0.045 180293
(0.584 - 1.143)
HALF LEAD
OPTION
0.045-0068
(1.143-1.727)
st N8 Package
8-Lead Plastic DIP
. 0300-0320 | 0.045 — 0.065 0.130 £ 0.005
(7.620 - 8.128) | (1143 1.651) ‘ ‘ (3.302 £ 0.127)
0.065 4 |
(1.651) — v v
0.009 - 0.015 TYP —
hebhatii i
(0.229-0.381) ' 0125
o0 (3175) 0020
+0.025 —— MIN (0508
o 0325_0015 0.045+0.015 | (MIN)
e (1143 £ 0.381)
8.255__ 381 0.100 £ 0.010 0.018 + 0.003
0.100+0.010 ol 0018+0.003
(2.540  0.254) (0.457 £ 0.076)
S8 Package
8-Lead Plastic SOIC
0.010-0020 , 4\
0.254 - 0.508) 0.053 - 0.069
(1.346 - 1.752)
0008-0.010 [\ 0.004 - 0.010
(0.203-0.254) 0°-8° TYP (0101 - 0.254)
0.016 - 0.050 T ‘ ‘ ‘
s 0.014-0.019 0.050
406-1.27 0.014 -0.019 0.050
0.406 -1.270 (0355-0483) | I (1.270)

BSC
*THESE DIMENSIONS DO NOT INCLUDE MOLD FLASH OR PROTRUSIONS.
MOLD FLASH OR PROTRUSIONS SHALL NOT EXCEED 0.006 INCH (0.15mm).

0.228 — 0.244
(5.791-6.197)

Sip =y

H A A

0.025 ) 0.220 - 0.310
(0.635) (5.588 — 7.874)
RAD TYP
U 2] L8] [4]
0.400
(10.160)
MAX
8] [7] [6] [s]
) 0.250 + 0.010
(6.350 + 0.254)
0] [2] [3] 14
N8 0392
0.189 - 0.197*
(4.801 - 5.004)
8 7 6

(3.810-3.988)

S08 0294

Linear Technology Corporation

1630 McCarthy Blvd., Milpitas, CA 95035-7487
(408) 432-1900 - FAX: (408) 434-0507 - TELEX: 499-3977
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‘ , Lln ' LTCIO51LTCIOS3
TECH

Dual/Quad Precision Chopper

Stabilized Operational Amplifiers With

FEATURES

= Dyal/Quad Low Cost Precision Op Amp

» No External Components Required

® Maximum Offset Voltage 5,V

= Maximum Offset Voltage Drift 0.054V/°C

® Low Noise 1.54Vp.p(0.1Hz to 10Hz)

= Minimum Voltage Gain, 120dB

= Minimum PSRR, 120dB

= Minimum CMRR, 114dB

= Low Supply Current 1mA/Op Amp

= Single Supply Operation 4.75V to 16V

= |nput Common Mode Range Includes Ground

® Qutput Swings to Ground

® Typical Overload Recovery Time 3ms

= Pin Compatible with Industry Standard Dual and Quad
Op Amps

APPLICATIONS

= Thermocouple Amplifiers

® Electronic Scales

= Medical Instrumentation

m Strain Gauge Amplifiers

= High Resolution Data Acquisition
= DC Accurate R, C Active Filters

TYPICAL APPLICATION

High Performance Low Cost Instrumentation Amplifier

R1=4990, 0.1%

R2 =100k, 0.1%

GAIN =201

MEASURED CMRR ~ 120dB AT DC
MEASURED INPUT Vg 3V
MEASURED INPUT NOISE 2uVp-p (OC — 10Hz)

Internal Capacitors

DESCRIPTION

The LTC1051/LTC1053 is a high performance, low cost
duallquad chopper stabilized operational amplifier. The
unique achievement of the LTG1051/LTC1053 is that it inte-
grates on chip the sample-and-hold capacitors usually re-
quired externally by other chopper amplifiers. Further, the
LTC1051/LTC1053 offers better combined overall DC and
AC performance than is available from other chopper sta-
bilized amplifiers with or without internal sample/hold
capacitors

" The LTC1051/LTC1053 has an offset voltage of 0.54V, drift

of 0.014V/°C, DC to 10Hz, input noise voltage typically
1.54Vp.p and typical voltage gain of 140dB. The slew rate of
4V/ys and gain bandwidth product of 2.5MHz are achieved
with only 1mA of supply current per op amp.

- Overload recovery times from positive and negative

saturation conditions are 1.5ms and 3ms respectively,
about a 100 or more times improvement over chopper am-
plifiers using external capacitors.

The LTC1051 is available in standard plastic and ceramic
dual in line packages as well as a 16-pin SOL package. The
LTC1053 is available in a standard 14-pin plastic package
and an 18-pin SOIC. The LTC1051/LTC1053 is a plug in re-
placement for most standard dual/quad op amps with im-
proved performance.

LTC1051 Noise Spectrum
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LTC1051/LTC1083

ABSOLUTE MAXIMUM RATINGS

Total Supply Voltage(V+ toV-) ...t 165V Operating Temperature Range
Input Voltage ............... V+ + 0.3V)to (V- - 0.3V) LTC1051M, LTC1051AM ..............o. -55°Ct0 125°C
Output Short Circuit Duration.................. Indefinite LTC1051C/LTC1053C, LTC1051AC ......... -40°Ct085°C
Storage Temperature Range ............. -65°C to 150°C
Lead Temperature (Soldering, 10sec.) ............. 300°C
PRCKAGE/ORDER INFORMATION
ORDER Top view ORDER
TOP VIEW PART NUMBER outa 1] ~ [i9] outp PART NUMBER
i~ v LTC1051MJ8 N IR = o LTC1053CN
o 2l LTC1051CJ8 e §
v-E 5] +ns LTC1051CN8 j:::E 5j‘|:§
BLERD CEnt P a-Le:oP:chggEc o LTC1051AMJ8 outs 7] 8] outc
LTC 1 051 ACJ8 N PACKAGE
LTC1051ACN8 14.LEAD PLASTIC DIP
v LTC1051CS T T LTC1053CS
g =i LTC1051ACS s [ ) oo
: -na 3] 6] - WD
oura (3] £l v+ «Na [T 5] +IND
-wa[e]: 13} out 8 = -
+na 5] 2] - e +lNBE 1§,+mc
v- 5 i1 +ive -we [ 7] -NC
"CEL o e ours {8 [11) outc
o e s o
k4 16-LESAEAP$.AKAS(T;I€SOL N LEi [?Pcﬁli o

ELECTRICAL CHHHHCTG ﬂ'ST'CS Vs = + 5V, Ty = operating temperature range unless otherwise specified.

LTC1051/LTC1053 LTC1051A
PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS
Input Offset Voltage Ta=25°C 205 5 +05 5 Y
Average Input Oftset Drift ° +00 005 +00 +005. wVieC
Long Term Offset Drift 50 50 ! nVAMo
Input Bias Current Ta=25°C +15 65 +15  +50 pA
LTC1051C/LTC1053C ® +£135 +100 pA
LTC1051M ® +450 +300 pA
input Offset Current (All Grades) Ta=25°C £30 %125 +30 100 pA
o +175 %150 pA
input Noise Voitage (Note 1) Rg = 1000, DC to 10Hz 15 15 2 wVop
Rg = 1002, DC to 1Hz 0.4 04 #Vpp
input Noise Current f=10Hz 2.2 22 AW
Common Mode Rejection Ratio, CMRR Vow=V-to +2.7V, Ty =25°C 106 130 114 130 dB
o 100 110 dB
Differential CMRR Vem=V 710 +2.7V,T=25°C 112 112 dB
LTC1051, LTC1053 (Note 2)
Power Supply Rejection Ratio Vg= +£2.375Vt0 £8Y ) 116 140 120 140 dB
Large Signa! Voltage Gain R =10k, Vgur= £ 4V ® 116 160 120 160 dB
Maximum Output Voltage Swing R_ =10k ® | +45 +485 47 +485 v
' R, = 100kQ +45 +495 +4.95 v
Slew Rate R, =10kq, G, =50pF 4 4 Vius

L] TECHNOLOGY
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LTC1051/LTC1053
€ LGCTB'CHL CHHBHCTG RISTICS Vg = = 5V, Ty = operating temperature range unless otherwise specified.

LTC1051A/LTC1051/LTC1053

PARAMETER ! CONDITIONS MIN TYP MAX UNITS
Gain Bandwidth Product 25 MHz
Supply Current/Op Amp No Load, T, =25°C 1 2 mA

b 25 mA
Internal Sampling Frequency 3 kHz

Vs =5V, GND, T = operating temperature range unless otherwise specified.

LTC1051A/LTC1051/LTC1053

PARAMETER CONDITIONS MIN TYP MAX UNITS
Input Offset Voltage T,=25°C +05 +5 i
Input Offset Drift +0.01 +0.05 uvi°G
input Bias Current Tp=25°C +10 +50 pA
Input Offset Current Ty=25°C +20 +80 pA
Input Noise Voltage DC to 10Hz . 1.8 #Vpp
Supply Current/Op Amp No Load, T =25°C ) 1.5 mA
The ® denotes the specifications which apply over the full operating Note 2: Differential CMRR for the LTC1053 is measured between amplifiers
temperature range. A and D, and amplifiers Band C.

Note 1: For guaranteed noise specification contact LTC marketing.

TEST CIRCUITS

Electrical Characteristics Test Circuit DC-10Hz Noise Test Circuit
M AN
4V‘VAV 100k LA A 2
AN~ 0.1uF
11
W
158k 316k 475k
_L LT1012 p—=bp 70 X-Y
0.14F = 0.14F + RECORDER
T T I

FOR 1Hz NOISE BW INCREASE ALL THE CAPACITORS BY A FACTOR OF 10.

TYPICAL PERFORMANCE CHARACTERISTICS

Common Mode Input Range vs Sampling Frequency vs Supply Sampling Frequency vs
Supply Voltage Voltage Temperature
8 4 |
6 //A . Ta=25°C 5 VS = 25V —
s 4 = 35 S
= L~ K7 = 4 N
3, Pt 5 > NI
Z // g el %
g o & a0 3 3 —c]
g -2 2 7
§ ~ Vom=V~- g 28 % 2
Q -4 = 2
-6 1
-8 2
0 +1 2 +3 x4 x5 %6 x7 =8 4 6 8 10 12 14 16 -50 -25 0 25 50 75 100 125
SUPPLY VOLTAGE (V) TOTAL SUPPLY VOLTAGE, V + TOV— (V) AMBIENT TEMPERATURE, Ta (°C)
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' LTC10561/LTC1063

. D
Supply Current vs Supply Voltage Supply Current vs Temperature
Per Op Amp Per Op Amp Gain/Phase vs Frequency
1.5 2.0 1 T
T _[2500 o Vg=£5V
A= 18 Vg= 5V 100 0 L nglggpF 80
1.25 L>
L~ 16 T
— — . A=25°c 100
£ , / E 4 = | W :Ll g
f / f 1.2 2 . \ 120 g
= = = =
£ 75 2190 P~ § ") q 1w 3
o = [=]
= / > 08 = = 160 &
g 50 = =] m
5 S 06 > 2
wn D 0 180 —
0.4 N
.25
02 -20 200
0 0 -40 20
4 6 8 10 12 14 16 -50 -25 0 25 5 75 100 125 100 1K 10k 100k ™
TOTAL SUPPLY VOLTAGE, V+ TOV— (V) AMBIENT TEMPERATURE, Ta (°C) FREQUENCY (Hz)
Output Short Circuit Current vs
Supply Voltage CMRR vs Frequency Gain/Phase vs Frequency
8 160 120 T -60
g Vg= 225V
E | Vs=+5V,Ta=25°C S
5 4 Vour=V ~ et 140 AC COMMO'N MODE IN = 0.5Vp-p 10 0 A 251‘209’: -8
= P Isource 120 0N ! S; Ta=25°C { -100 3
é 2 7 100 \\ g 80 N -120 m
3 g 2 n £
= g [ T
2 ° S % w 40 ] -0 3
e 60 a2 -160 &
S-10 Wt = N m
& 40 0 -180 &
o —20 M Vour=vt / \
S 2 -20 - 200
& ISINK
-30 0 -0 -20
4 6 8 10 12 14 16 o 10 100 1k 10k 100k 100 1K 10k 100k ™ 10M
TOTAL SUPPLY VOLTAGE, V+ TO V- (V) : FREQUENCY (Hz) FREQUENCY (Hz)
Overload Recovery Small Signal Transient Response Large Signal Transient Response
‘ ‘ ' L A N
ouTPUT [ OUTPUT I
SOmVIDIV I . 2VIDIV
INPUT 100mV INPUT 6V e
Av= - 100, Vg = £5V Y
Av= +1,R =10k C = 100pF Ay=+1,R_ =10k, C_= 100pF
Vg= 8V, Ta=25°C Vs=+5V,Ty=25°C
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LTC1051/LTC1053

TYPICAL PERFORMANCE CHARACTERISTICS

LTC1051/LTC1053 DC to 10Hz Noise

Vo= 5V
Ta=25°C

f
7 W

-—1SEC—»

10SEC

APPLICATIONS INFORMATION
ACHIEVING PICOAMPERE/MICROVOLT PERFORMANCE

Picoamperes

In order to realize the picoampere level of accuracy of the
LTC1051/LTC1053, proper care must be exercised. Leakage
currents in circuitry external to the amplifier can signif-
icantly degrade performance. High quality insulation
should be used (e.g., Teflon, Kel-F); cleaning of all insulat-

ing surfaces to remove fluxes and other residues will .

probably be necessary — particularly for high temperature
performance. Surface coating may be necessary to pro-
vide a moisture barrier in high humidity environments.

Board leakage can be minimized by encircling the input
connections with a guard ring operated at a potential
close to that of the inputs: in inverting configurations the
guard ring should be tied to ground; in non-inverting con-
nections to the inverting input. Guarding both sides of the

printed circuit board is required. Bulk leakage reduction -

depends on the guard ring width.

Microvolts

Thermocouple effects must be considered if the LTC1051/
LTC1053’s ultra low drift op amps are to be fully utilized.

Any connection of dissimilar metals forms a thermoelec-
tric junction producing an electric potential which varies
with temperature (Seebeck effect). As temperature
sensors, thermocouples exploit this phenomenon to pro-
duce useful information. In low drift amplifier circuits the
effect is a primary source of error.

Connectors, switches, relay contacts, sockets, resistors,
solder, and even copper wire are all candidates for thermal
EMF generation. Junctions of copper wire from different
manufacturers can generate thermal EMFs of 200nV/°C —
4 times the maximum drift specification of the LTC1051/
LTC1053. The copper/kovar junction, formed when wire or
printed circuit traces contact a package lead, has a ther-
mal EMF of approximately 35,V/°C — 700 times the maxi-
mum drift specification of the LTC1051/LTC1053.

Minimizing thermal EMF-induced errors is possible if
judicious attention is given to circuit board layout and
component selection. It is good practice to minimize the
number of juctions in the amplifier's input signal path.
Avoid connectors, sockets, switches and relays where
possible. In instances where this is not possible, attempt

2-310
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APPLICATIONS INFORMATION

to balance the number and type of junctions so that dif-
ferential cancellation occurs. Doing this may invoive de-
liberately introducing junctions to offset unavoidable
junctions.

When connectors, switches, relays andlor sockets are
necessary they should be selected for low thermal EMF
activity. The same techniques of thermally balancing and
coupling the matching junctions are effective in reducing
the thermal EMF errors of these components.

Resistors are another source of thermal EMF errors. Table
1 shows the thermal EMF generated for different resistors.
The temperature gradient across the resistor is important,
not the ambient temperature. There are two junctions
formed at each end of the resistor and if these junctions
are at the same temperature, their thermal EMFs will can-
cel each other. The termal EMF numbers are approximate
and vary with resistor value. High values give higher ther-
mal EMF.

Table 1. Resistor Thermal EMF

Resistor Type Thermal EMF/°C Gradient
Tin Oxide ~mvi°C
Carbon Composition ~450uV/°C
Metal Film ~20uVI°C
Wire Wound
Evenohm ~2VI°C
Manganin ~2uVI°C

INPUT BIAS CURRENT, CLOCK FEEDTHROUGH

At ambient temperatures below 60°C, the input bias cur-
rent of the LTG1051/LTG1053 op amps is dominated by the
small amount of charge injection occurring during the

Rs=0, |
Ay= HVN

Rg = 100k,
AV = 11VN

Rs=0, N

Rs = 100k,
Ay = 101VIV

Av=101VIV

zoms|.

&) HORIZONTAL: 1004s/0IV
VERTICAL: 20mViDIV

ow| T e
®

sampling and holding of the op amps input offset voltage.
The average value of the resulting current pulses is 10pA
to 15pA with sign convention shown in Figure 1.

As the ambient temperature rises, the leakage current of
the input protection devices increases, while the charge
injection component of the bias current, for all practical
purposes, stays constant. At elevated temperatures (above
85°C) the leakage current dominates and the bias current
of both inputs assumes the same sign.

lg+

Q)]

Figure 1. LTC1051 Bias Current

The charge injection at the op amp input pins will cause
small output spikes. This phenomenon is often referred to
as “clock feedthrough” and it can be easily observed
when the closed loop gain exceeds 10V/V, Figure 2. The
magnitude of the clock feedthrough is temperature in-
dependent but it increases when the closed loop gain
goes up, when the source resistance increases, and when
the gain setting resistors increase, Figure 24, 2B. It is im-
portant to note that the output small spikes are centered
at 0V level and they do not add to the output offset error
budget. For instance, with Rs=1MQ, the typical output
offset voltage of Figure 2C is Vogoun=108xlg* +
101Vpg(in). A 10pA bias current will yield an output of
1mV £1004V. The output clock feedthrough can be at-
tenuated by lowering the value of the gain setting resis-
tors, i.e. R2 = 10k, R1=1000, instead of (100k, 1k; Figure 2).

R2 =100k

Figure2. Clock Feedthrough
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APPLICATIONS INFORMATION

Clock feedthrough can also be attenuated by adding a ca-
pacitor across the feedback resistor to limit the circuit
bandwidth below the internal sampling frequency,
Figure 3.

Rg =100k,
Ay=101vV

Rg = 1MQ,
Ay =101V

HORIZONTAL: 100,5/DIV
VERTICAL: 20mVIOIV = 10000F
11
11

R2= 100k

AAA
YVvV

Figure 3. Adding a Feedback Capacitor
to Eliminate Clock Feedthrough

INPUT CAPACITANCE

The input capacitance of the LTC1051/LTC1053 op amps is
approximately 12pF. When the LTC1051/LTC1053 op amps
are used with feedback factors approaching unity, the
feedback resistor value should not exceed 7kQ for indus-
trial temperature range and 5kQ for military temperature
range. If a higher feedback resistor value is required,
a feedback capacitor of 20pF should be placed across
the feedback resistor. Note that the most common cir-
cuits with feedback factors approaching unity are unity
gain followers and instrumentation amplifier front ends,
Figure 4.

LTC1051/LTC1053 AS AC AMPLIFIERS

Although initially chopper stabilized op amps were de-
signed to minimize DC offsets and offset drifts, the
LTC1051/LTC1053 family, on top of its outstanding DC
characteristics, presents efficient AC performance. For in-
stance, at single +5V supply, each op amp typically con-

sumes 0.5mA and still provides 1.8MHz gain bandwidth
product and 3V/ys slew rate. This, combined with almost
distortionless swing to the supply rails, Figure 8, makes
the LTC1051/LTC1053 op amps nearly general purpose. To
further expand this idea, the “aliasing” phenomenon,
which could occur under AC conditions, should be de-
scribed and properly evaluated.

ALIASING

The LTC1051/LTC1053 are equipped with internal circuitry
to minimize aliasing. Aliasing, no matter how small, oc-
curs when the input signal approaches and exceeds the
internal clock frequency. Aliasing is caused by the sam-
pled data nature of the chopper op amps. A generalized
study of this phenomenon is beyond the scope of a data-
sheet, however, a set of rules of thumb can answer many
questions.

1. Alias signals can be generally defined as output AC
signals at a frequency of nfcLk £ mfiy. The nfoLk term is
the internal sampling frequency of the chopper
stabilized op amps, and its harmonics, mfyy is the fre-
quency of the input signal and its harmonics, if any.

2. |f we arbitrarily accept that “aliasing” occurs when out-
put alias signals reach an amplitude of 0.01% or more
of the output signal, then: The approximate minimum
frequency of an AC input signal which will cause alias-
ing is equal to the internal clock frequency multiplied
by the square root of the op amp feedback factor. For
instance, with closed loop gain of - 10, the feedback
factor is 1/11, and if f k= 2.6kHz, alias signals can be
detected when the frequency of the input signal ex-
ceeds 750Hz to 800Hz, Figure 5A.

R2<7ka, IFR1>>R2

AAA

YV

Figure 4. Operating the LTC1051 with
Feedback Factors Approaching Unity
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APPLICATIONS INFORMATION

3. The number of alias signals increases when the input
signal frequency increases, Figure 5B.

4. When the frequency, fin, of the input signal is less than
foLock, the alias signal(s) amplitude(s) directly scale
with the amplitude of the incoming signal. The output
“signal to alias ratio” cannot be increased by just
boosting the input signal amplitude. However, when the
input AC signal frequency well exceeds the clock fre-

5.

LTC1051/LTC1053 op amps under light loads (R > 10k®)
swing closely to the supply rails without generating
harmonic distortion, Figure 8.

For unity gain inverting configuration, all the alias fre-
quencies are 80dB to 84dB down from the output
signal, Figures 6A, 6B. Combined with excellent THD
under wide swing, the LTC1051/LTC1053 op amps make
efficient unity gain inverters.

quency, the amplitude of the alias signals does not
directly scale with the input amplitude. The “signal to
alias ratio” increases when the output swings closely
to the rails, Figures 5B, 7. It is important to note that the

For gain higher than -1, the “signal to alias” ratio de-
creases at an approximate rate of ~6dB per decade of
closed loop gain Figure 8.

RANGE: 9 oRV

ETaTUE: PAUSER
RMS: 2%

BIMAG

-1e8 .

W: 472.742 Hz . STNP: S 128 Hz

STaRY: 18Q H B
Xt 1823 Nz ¥:i-708.72 dBV
fin = 750z feuc—f Ay, 2fcu< ™

Figure 5A. Output Voltage Spectrum of 1/2 LTC1051 Operating as an inverting Amplifier with Gain of 10,
and Amplifying a 750Hz, 800mV Input AC Signal.

RANGEL 11 doRY BTATUSE PAUSED
RMS:25

AL MAG
2 . y . . ; : ” y "
dBv : : : : ‘ : : : :
RSN s f .......... ! e e 4
r“‘~“; ......... ; ......... 5 ......... E ........ B SRR R RPN S P 1748
s Lo S e, S S S o e
dB : : : : : : o : : i
/DIY : : : : : : : : :
S RRELTIRTERTITS TR RCRRRRLP At RRREIR v 4
108 : : : : : : :
CENTER: 1@ 99 Hz BU: 9%.4A% Hz SPaN: 1@ PE@ Hz
Xi 5550 Mz Y:1-63.91 dBY

Figure 5B. Same as Figure 5A, but the AC Input Signal is 900mV, 10kHz
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APPLICATIONS INFORMATION

6. For closed loop gains of - 10 or higher, the “signal to
alias” ratio degrades when the value of the feedback
gain setting resistor increases beyond 50kQ. For in-
stance, the 68dB value of Figure 7, decreases to 56dB if
a (1kQ, 100kg) resistor set will be used to set the gain
of -100.

7. When the LTC1051/LTC1053 are used as non-inverting
amplifiers all the previous approximate rules of thumb

PANGE: 9 RV STATURL PAURED
RMS:t2

=182 .

: 19.897 Hz SPANT 2 QRQ Hz

CENTER: 2 R2%5 Hz B
Yi1-74.16 dBY

X3 2535 Hz

NOTE: THE f, - f,y =85Hz
ALIAS FREQUENCY IS 9508
DOWN FROM THE OUTPUT LEVEL

Ao fin = fox t— fy = 2.685kHz

apply with the following exceptions: When the closed
loop gain is +10(V/V) and below, the “signal to alias”
ratio is 1dB to 3dB less than the inverting case. When
the closed loop gain is 100(V/V) the degradation can be
up to 9dB, especially when the input signal is much
higher than the clock frequency (i.e. fiy = 10kHz).

8. The signalfalias ratio performance improves when the op
amp has bandlimited loop gain.

83.5dB

J 10k
ViN=10kHz
8vpp

Figure 6A. Output Voltage Spectrum of 1/2 LTC1051 Operating as a Unity Gain Inverting Amplifier.
Vg= =5V, R =10k, C =50pF, Vi =8Vp-p, 2.685kHz.

PANGE: 9 oBV

ALL ALIAS FREQUENCY
80dB TO 84dB DOWN FROM OUTPUT

STATUSL PaLgED
RMS: 3@

-1@e?

CENTER?
X 10800

Sfcu( - 'IN J

r|N - 2chK

18 Q8 Hz
z

Y

2xtex fn=fork

Y1 7,98 dBY

GfCLK = le

BUI 995.4R% Hz

SPAN: 1@ ARA Hz

—>] iz |

= 10KH2

Figure 6B. Output Voltage Spectrum of 1/2 LTC1051, Operating as a Unity Gain Inverting Amplifier.

Vg = £ 5V, R =10k, C| =50pF, Vj\ =8Vp-p, 10kHz.
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LTC1051/LTC1083

APPLICATIONS INFORMATION

RANGE! 11 dBY STATUSt PAUSED
SYSTEM BUSY, ONLY ABORT COMMANDS ALLOWED
20 . - - ; ; ,
dBY
A T T H .............................................. ] R = 10K
AAA
K Yy
.......................................... O OO SOP S SR 5V
e b, J 6848
S S O S RO U U SO UURULURRURUON 1f SUUUOUS ST SRR PR RRURSURSROURN
dB 1
/DIv

B O E

-100 -

CENTER: 1A ARA Hz B 95.48%5 Hz SPAN: 1@ 8RR Hz
X: 5475 Hz Y:-58.05 dBV
Blerk =t fin = 10kHz

Figure 7. Output Voltage Spectrum of 112 LTC1051 Operating as an Inverting Amplifier with a Gain of - 100 and Amplifying a 90mVp-p,
10kHz Input Signal. With a 9Vp-p Output Swing the Measured 2nd Harmonic (20kHz) was 75 Down from the 10kHz Input Signal.

+10 90
EEEE g T
+9 - S Vg=25V ||
. Vg= 28V, Tas86°C . 2 =] fiv10kHz [ ]]]
- gt [ ——
o i z !
+7 <+ =
= .6 t" (% 60
g - f Vg= £5V, T <85°C 2]
Z 15 o Ekdd 2 5
K et ] 2
5 =4 T i ° 4
y
i Vg= + 25V, Ta<85°C g
1 I8 L L
2 [T ] s
34 —
o1 || ———— NEGATIVE SWING 2 0
------- :POSITIVE SWING 5
0 | OO [ o 10
0 1k 2 3k 4k 5k 6k 7k Bk Ok 10k 1 10 100
Ry (LOAD RESISTANCE, ) INVERTING CLOSED LOOP GAIN

Figure 8. Output Voltage Swing vs Load Figure 9. Signal to Alias Ratio vs Closed Loop Gain
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LTC1051/LTC1053

APPLICATION CIRCUITS

Obtaining Ultra-Low Vg Drift and Low Noise

7
’
’
’

®
’
’

il e i L

\

The dual chopper op amp buffers the inputs of A, and cor-
rects its offset voltage and offset voltage drift. With the shown
R,C values, the power up warm up time is typically 20s. The
step response of the composite amplifier does not present
settling tails. The LT1007 should be used when extremely low
noise, Vos and Vos drift are sought when the input source
resistance is low. (For instance a 350 strain gauge bridge.)
The LT1012 or equivalent should be used when low bias cur-
rent (100pA) is also required in conjunction with DC to 10Hz
low noise, and low Vg and Vg drift. The measured typical
input offset voltages were less than 2uV.

Al R1 R2 R3 R4 R5 C1 C2 8oyt (DC - 1H2)** €our(DC- 10H2)**
LT1007 3k 2k 340k 10k 100k 0.01,F 0.001.F 0.1uVp-p 0.15:Vp-p
LT1012* 7500 570 250k 10k 100k 0.01F 0.001,F 0.3.Vp-p 0.4uVp-p

*Interchange connections@and .

**Noise measured in a 10 sec. window. Peak-to-peak noise was also measured for 10 continuous minutes: With the LT1007 op amp the recorded noise was

0.2zVp-p for both DC-1Hz and DC-10Hz.

LTC1051/LT1007 Peak-to-Peak Noise

Vg= £5V
e —
>
=]
3
(-1
DCTO 10H
Mol . A Wm\_'._v AA Pamwh—\ . NO'SEZ % »
1SECIOIV

2-316 L) LINEAR




LTC1051/LTC1053

APPLICATION CIRCUITS

Paralleling Choppers to improve Noise

R2
N B NOTE: THIS CIRCUIT CAN ALSO BE USED AS A
VWA i A DIFFERENCE AMPLIFIER FOR STRAIN GAUGES.
N1 LR CONNECT R2/3 AND R1/3 FROM NON-INVERTING
1761053 W INPUTS, SHORTED TOGETHER, TG GROUND AND
TO SOURCE RESPECTIVELY.
R
+5V
R1
V!N AN )
R1
37 T DG - 10HLNOISE < 08 . NOISE OF EACH PARALLELED 0P AMP
T =Jd%TT. - z = 0. -D =
= iy R1 LV p-p 73

Ditferential Voltage to Current Converter

* loyt

2qv2-v1) 0.14F
"R

< BW < 100Hz
* Iyt MAX. = 1mA

LY HIER 2.317



LTC10561/LTC1063
APPLICATION CIRCUITS

Multiplexed Differential Thermometer

10002 255k

v Al A

0.068uF

—_
=
&

O ABSOLUTE TEMPERATURE

=0 ABSOLUTE TEMPERATURE

10k

AAA
v

+5V
2
7 P QUTPUT
K
(DIFFERENTIAL
TEMPERATURE)
LT1025A
GND R

ALL FIXED RESISTORS ARE 1% METAL FILM
OUTPUT = Tagr - T1 OR Trer - T2 (10mV PER °C)
ACCURACY = (£0.1% FROM 25°C TO 150°C)

Six Decade Log Amplifier

_T_ Qi a1 I
0.0022uF == g 1V

+5V

v 10k, 0.1%
IN
- : 1 15.§k‘,(‘).1% L LT1009
1A < iy <ImA ; W /
> 2M  1N4148
e - 0.1uF
01% 3 A T -y

Q1: TEL LAB TYPE 081
ADJUST 2M POR. FOR NON-LINEARITIES

2-318 LT AR



' LTC1051/LTC1063

APPLICATION CIRCUITS

Dual Instrumentation Amplifier

= Gems Y

INPUT 1
GAIN =10V
|
|
INPUT2 ]
] |
| !
l l 1K 0.22,F
\—8}——0
16] —f_‘i] CMRR > 10048
Vos=3uV
+5V INPUT REFERRED NOISE = 2,.Vp-p
0.0047,F
Linearized Platinum Signal Conditioner
250K° {LINEARITY CORRECTION LOOP)
0 $ +5V
2.4k
AAA
2k %mms
50k 2.5V
ZERO
ADJUST
f 8.25k*
! 0.14F = =
g 2k -——— - - -
S e r= -
12LTC1043 » OV-4V =0°C-400°C
u 5 5 5H +0.05°C
| b
| 2 ‘l i o /::" 5k 34
| 1 ADUUST 7 _1'_
b ! 1uF { 1xF < —
b3 ) | $8.06k" =
{ l .
b
< 1k
G g i
& R 2 -
% 1000 .
| atoc —_——— Rp=ROSEMOUNT 118MFRTD

= 0.01 *1% FILM RESISTOR
TRIM SEQUENCE:
SET SENSOR T0 0°C VALLE. ADJUST ZERD
FOR OV DUT. SET SENSOR TO 100°C VALUE.
ADJUST GAIN FOR 1,000V OUT. SET SENSOR
T0 400°C VALUE. ADSUST LINEARITY FOR 4.000V OUT
REPEAT AS REQUIRED. FOR MORE INFORMATION REFER TO AN3.

LY HNER 2-319




LTC1051/LTC1053 '

APPLICATION CIRCUITS

DC Accurate, 3rd Order, 100Hz, Butterworth Antialiasing Filter Dynamic Range
Cc1
0147 04 6008
1L
IX
Rt R2 <0.010 _ 80dB
16.5k 118k < Vs = i5‘:
Vin &h ]
<
= s
¢ O+ ~\_——
0.14F I Z 0.001 Vs = +8vi=] 100dB
0.0001 12008
WIDEBAND NOISE 9,Vams 6.1 1 5

THD + NOISE =0.0012%, 1Vams < VIN< 2VRmMS, Vs = + 8V Vin (VamS), fin = 30Hz
Vos (OUT) <5V

DC Accurate, 18-Bit 4th Order Antialiasing Bessel (Linear Phase), 100Hz, Lowpass Filter

R2A
10k
e 01 A
0.022,F
. p
R1A R3A
10k 26.7k )
VIN ===AAA AN i R1B R3B
L 50k 412k
. 1 E Tc N 3 AVA'A' ‘V‘VA'
1 _ca :’2_“ _“,"5'
TN 022F * -~
0.022:F 7 T>

WIDEBAND RMS NOISE 4.5,Vaus .
THD + NOISE =0.0005% (= 106dB DYN. RANGE), 2Vas < Vin <3VRuS

Vos OUT < 10,V
Dynamic Range
0.1 60dB
= 0.010 g 80dB
w
2] ~—
[= NN
= N
S RS -2
Z 0.001 - 100dB
Vs = +8V
0.0001 120dB
0.1 1 5

VIN (VRMS), fin = 30Hz

2320 LT LINEAD
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