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LH2011/LH2011B/LH2011C Dual Operational Amplifiers

General Description

The L.H2011 series of dual operational amplifiers contain a
pair of LM11 op amps in a single hermetic package, com-
bining the best features of existing bipolar and FET op
amps. The LH2011 is simitar to the LH2108A, except that
input currents have been reduced by more than a factor of
ten. Offset voltage and drift have also been improved.

Compared to FETs, the device provides inherently lower
offset voitage and offset voltage drift, along with at least
an order of magnitude better long-term stability. Low fre-
quency noise is also somewhat reduced. Bias current is
significantly lower even under laboratory conditions, and
the low drift makes compensation practical. Offset cur-
rent is almost unmeasurable. Aithough not as fast as
FETs, it does have a much lower power drain. This low
dissipation has the added advantage of eliminating warm
up time in critical applications.

Typical characteristics for 25°C (- 55°C to 125°C) are:
* Offset voltage: 100 xV (200 xV)

¢ Bias current: 25 pA (65 pA)

e Offset current: 0.5 pA (3 pA)

* Temperature drift: 1uV/°C

e Long-term stability: 10 xV/year

The LH2011 is internally compensated, but external com-
pensation may be added for improved frequendy stability,
particularly with capacitive loads. Offset voitage bal-
ancingis also provided, with the balance range determined
by a low-resistance potentiometer.

Otherwise, the device is the electrical equivalent of the
LLH2108, except that the negative common-mode limit is
0.6V less, performance is specified down to =*25V
and the guaranteed output drive has been increased to
+2mA. The input noise is somewhat higher, but amplifier
noise is obscured by resistor noise with higher source
resistances.

The LH2011 has applications as electrometer amplifiers,
charge integrators, analog memories, low frequency ac-
tive filters or for frequency shaping in siow servo ioops. It
can be substituted for existing circuits to provide im-
proved performance or eliminate trimming operations.
The greater precision can also be used to extend the
dynamic range of logarithmic amplifiers, light meters and
solid-state particie detectors. .

The LH2011 is manufactured with standard bipotar proc-
essing using super-gain transistors.

Connection Diagrams
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Order Number LH2011D, LH20118D,
or LH2011CD
See Package D16C

TOP VIEW

Order Number LH2011F
or LH2011BF

See Package F16B
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Absolute Maximum Ratings

Vg  Total Supply Voltage 40V
Yn  Input Current(Note 1) +10mA
Pp  PowerDissipation at25°C . 500 mw
Derate Linearly above 100°C at 100°C/W
lsc  Output Short-Circuit Duration (Note 2) Indefinite
T,  Junction Temperature 150°C
Tstg Storage Temperature Range —65°Cto +150°C
Ta  Operating Temperature Range
LH2011CD —25°Cto +85°C
LH2011D, LH2011F ~-55°Cto +125°C
LH20118D, LH2011BF —55°Cto +125°C
Lead Temperature (Soldering, 10 seconds) 300°C

Electrical Characteristics v = =+ 15v, Ty < T, < Tyax unless noted.

LH2011 LH2011B LH2011C
Parameter Conditions "
Min | Typ | Max | Min | Typ | Max | Min | Typ | Max Units
Vos Input Offset I T,=25°C 01 | 03 02 | 06 0.5 1 v
Voltage 06 T ] "
los Input Oftset [ T,=25°C 05 10 1 10 4, 25
Note 3
Current © 30 30 50 A
ig Input Bias I T,=25°C 25 50 40 100 70 180 A
Current 150 300 200 | P
Rin Input Resistance 10" 10" 101 Q
AVg/AT  Offset Voltage t 3 2 5 3 uVI°C
Drift :
Alg/aT  Bias Current Drift {Note 4 05 15 0.8 3 1.4 pA/°C
Algs/AT  Offset Current T 20 20 © 50 fAaIPC
Drift '
Ay Large Slgnelal Vg= =15V T,=25°C 100|300 100 300 50 300
Voltage Gain lo=22mA Vo= £12V
= 1.5V 50 50 15
x"- +:;3 T,=25C vimy
s=* .= 250 | 1200 250 | 1200 90 | 800
lo= £05mA Vo= +12V
Vo= =115V 100 100 30
CMRR  Common-Mode l T,=25°C 110 130 110 130 9 110 a8
Rejection Vem= —13V, +14V 100 100 90
PSRR Power Supply I T,=25°C 100 118 100 118 84 100 9B -
Rejection-Ratio  {Vg= *2.5V to =20V 96 96 80
s Supply Current ] T,=25°C 03 | 06 03 | 08 03 | 08 |
08 1 1
tse Output Short T = Tmax +15 +15 +15 mA
Circuit Current .

Note 1: The inputs are shunted with back-to-back diodes for overvoltage protection. Therefore, excessive current will fiow if a differential input voitage in ex-
cess of 1V is applied between the inputs unless some limiting resistance is used. In addition, a 2 kil minimum resistance in each input is advised to avoid
possible latch-up initiated by supply reversats.

Note 2: Current limiting protects the output when it is shorted to ground or any voltage iess than the supplies. With continuous overloads, package dissipa-
tion must be taken intc account and heat sinking provided when necessary.

Note 3: These specifications apply fortestat Vg= + 15V and Vgm = - 12.5V (~ 13V at 25°C), 14V, Vg = = 20VandVem = OV:in addition, Vog is also tested at
Vg = 2.5V and Vom = 0V. :

Nate 4: Drift parameters are sample tested to 5% LTPD at the same conditions as Note 3 The values are average-calculated from measurements at 25°C and
125°C. :
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LH2011/LH2011B/LH2011C

Typical Characteristics (for single device)
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Typlcal Characteristics (Continued) (for single device)
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Application Hints

When working with circuitry capable of resolving pico-
ampere level signals, leakage currents in circuitry external
to the op amp can significantly degrade performance.
High quality insulation is a must (Kel-F and Teflon rate
high). Proper cleaning of all insulating surfaces to remove
fluxes and other residues is also required. This includes
the IC package as well as sockets and printed circuit
boards. When operating in high humidity environments or
near 0°C, some form of surface coating may be necessary
to provide a moisture barrier.

The effects of board leakage can be minimized by encir-
cling the input circuitry with a conductive guard ring
operated at a potential close to that of the inputs. For
critical applications, the floating metal lid is best con-
nected to the guard. This might be accomplished with a
dab of conductive paint connecting the metal lid to the
“no-connection” pin 14,

Electrostatic shielding of high impedance circuitry is
advisable.

Error voltages can also be generated in the external cir-
cuitry. Thermocouples formed between dissimilar metals
can cause hundreds of microvolts of error in the presence
of temperature gradients. The most troublesome thermo-

CAPACITIVE LOAD (F}

FREQUENCY (Hz)

couples are the junction of the IC package and the printed
circuit board (35 uVI°C for copper-kovar) and internal
resistor connections. Problems can be avoided by keeping
low level circuitry away from heat generating elements.
Mounting the IC directly to the PC board while keeping
package leads short and the input leads close together
can also heip. :

With the LH2011 there is a temptation to remove the bias-
current-compensation resistor normally used on the non-
inverting input of a summing amplifier. Direct connection
of the inputs to ground or a low-impedance voltage source
is not recommended with supply voltages greater than
about 3V. The potential problem involves the loss of one

supply which can cause excessive current in the second-

supply. Destruction of the IC couid resuit if the current to
the input of the device is not limited to less than 100 mA or
if there is much more than 1 uF bypass on the supply buss.

Aithough these difficulties can be largely avoided by in-
stalling cltamp diodes across the supply lines on every PC
board, a conservative design would include enough resist-
ance in the input lead t6 limit current to 10 mA if the input
lead is pulled to either supply by internai currents. This
precaution is by no means limited to the LH2011.
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LH2011/LH2011B/LH2011C

Input Guarding

Input guarding can drastically reduce surface leakage.
Layout for the LH2011 is shown here. Guarding both sides
of board is required. Bulk leakage reduction is less and
depends on guard ring width.

GUARD

QUTPUT COMP

18 15 9

1 2 [N i i '

Yt Seme— V= COMP OUTPUT
BALANCE

GUARD

Guard ring is connected to low impedance point at same
potential as sensitive input leads. Connections for various
op amp configurations are shown here.

At "2
INPUT =—AAAS A A
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16
1/2 LH2011 p—— DUTPUT
5
A\ B
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1: A3
<
e
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1/2 LH26M P Q UTPUT

o

INPUT +
R R2
A AA AAN
I vy vy
-
ol

1/Z LH2om 16 L— ouTPyUT

iNPUT +

Input Protection

Current is limited by R2 even when input is connected to
voltage source outside common-mode range. If one supply
reverses, current is limited by R1. These resistors do not
affect normal operation.

R3

INPUT AAA
QA2
>
S 10k
[
16
1/2 LH201 b OUTPUT
5
+
A1
10k

Input resistor limits current when input exceeds supply
voltages, when power for op amp is turned off or when out-
put is shorted.

L -
16 L_
Rt 1/2 LH2011 ouTPUT
10k 5
INPUT eeAAA ] +

Balancing and Over-Compensation

Over-compensation will improve stability with capacitive
loading (see curves). Offset voitage adjustment range is
determined by balance potentiometer resistance as indi-
cated in the table.

Min Adj R |

Range ]

+5mvV 100 kQ

*2 10k

1 3k

=08 3k tSee stabitity with

+04 1k over-compensation curve




Resistance Multiplication

Equivalent feedback resistance is 10 G, but only stand-
ard resistors are used. Even though the offset volitage is
multiplied by 100, output offset is actually reduced
because error is dependent on offset current rather than
bias current. Voltage on summing junction is less than
5mV.

s\ S
Ri=R2 (1+ =) $
e (1+3)3

R2>>R3 /R4
* gain trim

Follower input resistance is 1 G2. With the input open, off-
set voltage is muitiplied by 100, but the added error is not
significant because the op amp offset is low.

AAA
\AAs
o
@

ViN

AA
A\ A AL
»

This circuit multiplies RC time constant to 1000 seconds
and provides low output impedance.

p—QUTPUT

T= E—c;(FlZ +R3)
R3

R1+R3
avout=

(igR2+Vps)

A high-input-impedance ac amplifier for a piezoelectric
transducer. Input resistance of 880 MQ and gain of 10 is
obtained.

p— OUTPUT

S R
b 3: N
c1 < A5
TN#F Sum
AAA AAA

VWA—& VWA
R3 B R4
RRQ 510 182k
135k & %
1%
P—— i AV=R2+R3+R4
R3 R2+R3
Cable Bootstrapping

Bootstrapping input shield for a follower reduces. cable
capacitance, leakage, and spurious voltages from cable
flexing. instability can be avoided with smali capacitor on
input.

With summing ampiifier, summing node is at virtual
ground so input shield is best grounded. Small feedback
capacitor insures stability.

z
-
[
=
-
&

b OUTPUT
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LH2011/LH2011B/LH2011C

Differential Amplifiers

This differential amplifier handles high input voltages.
Resistor mismatches and stray capacitors should be

balanced out for best common-mode rejection.

c1

R1
VCM(MAX)= — VYOUT(MAX) 5 pF
R3 1L
R3 H
Av= A1 R3
499
1%
R1 ""‘v
100M
1% 4
C—AAA -
VWA .
INPUTS | 18
<2100 Ay 172 LH2011 b QUTPUT
L;A'A'A 5 +
v
R2
100M
% :: 4.75M
c2} — t— M
105F '{‘ Rst
2 s
Vg= =15V

1 trim for dc CMRR
t trim tor ac CMRR

Two op-amp instrumentation amplifier has poor ac
common-mode rejection. This can be improved at the ex-
pense of differential bandwidth with C2.

R3 R4
0k m
1% 1%

[\

ouTPUT

t trim for dc CMRR

High gain differential instrumentation amplifier includes input guarding, cable bootstrapping and bias current compensa-

tion. Differential bandwidth is reduced by C1 which

amplifiers.

INPUTS

Q1
2N2484

[y o < Ratt
< m o3

()

also makes common-mode rejection less dependent on matching of input

— 0.0 .F

v

172 LHZO1T
OR LMt

L— ouTPUT

1t current zero

*

mrt
106
t voltage balance

gain

t dc CMRR

** ac CMRR

For moderate-gain instrumentation amplifiers, input amplifiers can be connected as followers. This simplifies circuitry, but

A2 must also have low drift.

INPYUT

172 LH2011

-

R1= R3; R2 = A4
_R2

A
VFH

ttrim for dc CMRR
set for ac CMRR




Bias Current Compensation

Precise bias current compensation for use with unreg-
ulated supplies. Reference voltage is available for other

This circuit shows how bias current compensation can be
used on a voltage follower.

circuitry.
v
m
10k g2 R3
68k 30k
AN AA .
VWA VWA
o , INPUT c1
o1 284 b3l 11
» 1.3M
LM385 11
12v RE
RS 4_4‘202‘ L1
kg« VY
18
172 LH2011
h e o
7
H

Voltmeter

P OUTPUT

v&
n LM334
280 uA
RS
R4 240
1.8k
o AAA
VWA
<R3
< iam
< a1
L 2088
& R2
>
< 100k
b3
16
1/2 LH2011 e QUTPUT

High-input-impedance millivoltmeter. Input current is proportional to input voltage, about 10 pA at full-scale. Reference could
be used to make direct reading linear ohmmeter.

R1
20k

AAA vt

0
LM385 ’x’
12v

YVy—

INPUT

* 1x scale calibrate
t 3x scale calibrate

Qa2
2N2907

01
1N457

R13
2.5k
b2
1N457 11

100 uA

mAAA

SCALE
tx
o
S Rigr Rst
» 15k 1.25k

¥ includes reversing switch

1mv 10 mV

100 mv

1w

3391
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LH2011/LH2011B/LH2011C

Ammeter

Current meter ranges from 100 pA to 3 mA full-scale. Voltage across input is 100 uV at lower ranges rising to 3mV at 3 mA. Buf-
fers on op amp are to remove ambiguity with high-current overload. Output can aiso drive DVM or DPM.

o1
LM385
12v

Current Source

1/2 LH2018

3
.
VaaL
v

Hi—
16

v .
T 1x scale calibrate
- * 3x scale calibrate
a2 N . N
IN2218 ¥ includes reversing switch
a8 A SCALE
% %
AAA A
VWA
(Y]
2N2905
v

Precision current source has 10 xA to 10 mA ranges with output comptiance of 30V to — 5V. Output current is fully adjustable
on each range with a calibrated, ten-turn potentiometer. Error light indicates saturation.

ON/OFF

—~"o

i
I

Bl

(.>5.4V)

[-==1s

4
1

REVERSE

>
< Ri
>

S 3%
> 3.
<

S

BATTERY
TEST

1
’fum
12v

AAA.

AA

R6
100M  2Na33g

QUTPUT

a2t

Jf
M2219
RANGE

AA=——O¢ 16mA

" WAr—0 1mA
[

* calibrate range
1008 1select for (cgo < 100 pA




Fast Amplifiers

These inverters have bias current and offset voltage of
LH2011 along with speed of the FET op amps. Open loop
gain is about 140 dB and settiing time to 1 mV about 8 us.
Overioad-recovery delay can be eliminated by direct cou-
pling the FET amplifier to summing node.

10k
AAA
V¥

A1

10
INPUT —AAA iy

L1 el p 5
TS0pF == Q2 S TN 04TF
2 \ \
> 6
:: " L35 ouTPUT
<
3 o1
di N457
=
RS
an v
R RS
10k 10k
INPUT ~=AAA- AA-
R2
24k 3
) -
1/2 LH2011 16
L1 e 5 + 15

500 pF T—
A6
1k

AAA
VW
Iy ]
¥E
Z0
=2
=
&
3

>
S R3 11

p—
> 1M QUTPUT

AA

-

c3
0 pF

This 100 x amplifier has small and large signal bandwidth
of 1 MHz. The LH2011 greatly reduces offset voltage, bias
current and gain error. Eliminating long recovery delay for
greater than 100% overiload requires direct coupling of A2
to input.

L—UUTPUY

Follower has 10 us settling to 1 mV, but signai repetition
frequency should not exceed 10 kHz if the FET amplifier is
ac coupled to input. The circuit does not behave well if
common-mode range is exceeded.

Heater Control

Proportional conirol crystal oven heater uses lead/lag
compensation for fast settling. Time constant is changed
with R4 and compensating resistor R5. 1f Q2 is inside oven,
a regulated supply is recommended for 0.1°C control.

€5

I 1uf
1
>
<
“;: 3 M C1*
< 182K 87 uf
1% Hia
VW % P-—{
I c6
s (X3
o
s1¥ Iﬁ’ AA b '—1'
LM335Z M
[
M s
“AAA-—¢ 2
L Na918
R2 ¢
1200 &
1% ¢
01 . s
s - 1.014F 0.001 4F
i 2k $ Hig
TEMPSET &
185°C)

' +

* solid tantatum
i mylar
1 close thermal coupling between sensor and oven shell is recommended.

OLLOZHV/GLOZHT/LOZH
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LH2011/LH2011B/LH2011C

' Leakage Isolation

Switch leakage in this sample and hold does not reach storage capacitor.

vt Rt
10k
INPUT - AN
']
IN163 e, ET .
i
SAMPLE AAA,
o1’ Rzt 5
N4s? 1o

* Polystyrene or Tefton

t required if protected-
gate switch is used

A peak detector designed for extended hold. Leakage currents of peak-detecting diodes and reset switch are absorbed before

reaching storage capacitor.

Reset is provided for this integratorand s

|

20k
AAA
I VWA
Dt €z
1N914 50 pF

>
g
<&
03
1N457
D2 3%
1N457

witch leakage is

isolated from the summing junction. Greater precision
can be provided if bias-current compensation is included.

RS
INPUT —AAA—=
)
5
RIS
%Y at 01
N457
] 3n163
ha T
»
b 34
& 0%
-_L <$r
d S 10k

ouTPUT

T

* Polystyrene or Tetion
1 required it protected-
gate switch is used

== RESET

11

0.22 uF
K]
200

Standard-Cell Buffer

Trequired it Q1 has gate-
protection diode

* Polystyrene or Tefion

300 ;s min singte pulse
200 s min repetitive pulse
300 Hz max sine wave error <5 mv

Battery powered buffer amplifier for standard cell has
negligible loading and disconnects cell for tow supply
voltage or overload on output. Indicator diode extin-
guishes as disconnect circuitry is activated.

!
-

- +
<
2 a1
<
+
STANDARD oUTPUT
. CELL §
S R2
S 2.
e i
2011 -
s 1 .
— Lz/nv
: Bl A 01
| v Q18%
- 2N3608 a2
3 282807
<4
<
:. R3 R4
» 3.6k 2%

* cannot have gate-protection diode; VT > VouT

3-384




Logarithmic Amplifiers

Unusual frequency compensation gives this logarithmic converter a 100 us time constant from 1 mA down to
100 4A, increasing from 200 s to 200 ms from 10 nA to 10 pA. Optional bias current compensation can give 10 pA
resolution from — 55°C to 100°C. Scale factor is 1V/decade and temperature compensated.

€
470 pF
R‘ll:
1k €
s
P 3l
RIE  &51k
B - s Q1%
23 AAA—— =15V
W T

VW

R13
140k
1%

=
&
2

a. Set R11 for Vot =0 at Ij\ = 100 uA
b. Set R8 for Vot =3V at ||y = 100 4A
c. Set R3 for VoyT = ~ 4V at N = 10 pA

1 3300 ppmi°C. Type Q209 available
{rom Tel Labs, inc., Manchester, N.H.

Light meter has eight-decade range. Bias current compensation can give input current resolution of better than

+2 pA over 15°C to 55°C.

]

VWA
F3
8

AAA
w
2

v

e

10pA-1mA

Ve
:: Ré
‘P 1.2k
s
R? > 2x a3
180 w 2N4250
V™ AN
.[{m '
284250 -
0.001 uF R17 R16
$hy = “ 750 36k
S T
RS
Ri5*
LA_A‘P:' 5.6k 0-100uA
A=A
1 v
v -

¥ V1=0@ =100 nA
T Vi= 024V @ =10 pA
* M1=0@ IiN=10pA

T MI=fs@hn=1mA
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LH2011/LH2011B/LH2011C

Schematic Diagram or single device)

BALANCE
|

COMPENSATION/CLAMP
Json 5@

1{% Ve

75k

3
R4 RS & S A6
5 23 mS  Sesu on

2l
Ly
2

<41
1.4k

i o n
80k
INPUT a1

st A~

15 00
ouTPUT

>
S R12 R4
3 %

Definition of Terms

Input offset voltage: That voltage which must be applied
between the input terminals to bias the unloaded output in
the linear region.

Input offset current: The difference in the currents at the
input terminals when the output is unloaded in the linear

-region.

Input bias current: The absolute value of the average of
the two input currents.

Input resistance: The ratio of the change in input voltage
tothe changein input current on either input with the other
grounded.

Large signal voltage gain: The ratio of the specified out-
put voltage swing to the change in differential input
voltage required to produce it.

Common-mode rejection: The ratio of the input voltage
range to the change in offset voltage between the
extremes.’

Temperature drift: The change of a parameter measured
at 25°C and either temperature extreme divided by the
temperature change.

Supply-voltage rejection: The ratio of the specified
supply-voitage change (either or both supplies) to the
change in offset voitage between the extremes.

Supply current: The current required from the power
source to operate the amplifier with the output unloaded
and operating in the linear range.
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