LH2011/LH2011B/LH2011C

National
Semiconductor

LH2011/LH2011B/LH2011C Dual Operational Amplifiers

General Description

The LH2011 series of dual operational amplifiers containa
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 similar 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 voltage and offset voltage drift, along with at least
an order of magnitude better long-term stability. Low fre-
quency noise is also spmewhat reduced. Bias current is
significantly lower even under laboratory conditions, and
the low drift makes compensation practical. Offset cur-
rent is almost unmeasurable. Although 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 pV {200 uV)
e Bias current: 25 pA (65 pA) -

* Offset current: 0.5 pA (3 pA)

o Temperature drift: 1pV/I°C

e Long-term stability: 10 xViyear

The LH2011 is internally compensated, but external com-
pensation may be added for improved frequency stability,
particularly with capacitive loads. .Offset voltage bal-
ancingisalso provided, with the balancerange determined
by a low-resistance potentiometer.

Otherwise, the device is the electrical equivalent of the
LH2108, except that the negative common-mode limit is
0.6V less, performance is specified down to +2.5V
and the guaranteed output drive has been increased to
+2 mA. 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 slow servo loops. 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 particle detectors.

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

Connection Diagrams

Dual-In-Line Package
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Absolute Maximum Ratings

Vs - Total Supply Voltage
i Input Current(Note 1)
Pp  PowerDissipationat25°C

Isc

Derate Linearly above 100°C at 100°C/W
Output Short-Circuit Duration (Note 2)

Ty Junction Temperature

Tstg

Storage Temperature Range

Ta  Operating Temperature Range

Lead Temperature (Soldering, 10 seconds)

LH2011CD

LH2011D, LH2011F
LH2011BD, LH2011BF

40V
+10mA
500 mW

Indefinite
150°C
-65°Cto +150°C

—25°Cto +85°C
-55°Cto +125°C
-55°Cto +125°C

300°C

Electrical Characteristics vs = + 15V, Ty =T, < Twax unless noted.

Parameter Conditions LH2011 LH2011B LH201C Units
Min | Typ | Max | Min | Typ | Max | Min | Typ | Max
Vos Input Offset [ T,=25°C 01 | 03 02 | 06 05 1 v
Voltage 0.6 11 1.3
los input Offset { =257 05 | 10 1 | 10 4 | 25
. A
Current Note 3 3 Q) 50 | P
Ig Input Bias l T,=25°C 25 50 40 100 70 180 A
Current 150 300 a0 | P
Rin Input Resistance 10" 10" 10" Q
AVps/AT | Offset Voltage 1 3 2 5 3 uvI°C
Drift
Alg/AT  Bias Current Drift |Note 4 0.5 15 0.8 3 14 pA/°C
Algs/AT  Offset Current 20 20 50 fA/°C
Drift
Ay Large Signal Vg= %15V T,=25°C
00 0 3
Voltage Gain lo=*2mA Vo= %12V 100 800 100 |3 S 0
Vo= %=11. 15
Voo : :;\?V T,=25°C > > vimy
== 4= 250 | 1200 250 | 1200 90 800
lo=+05mA Vo= =12V
Vo= £ 11.5V 100 100 30
CMRR  Common-Mode [ 1,=25c [ 110 | 130 Mo | 130 9% | 10 8
Rejection Vom= =13V, +14V 100 100 90
PSRR Power Supply [ T,=25°C 100 118 100 18 84 100 B
Rejection Ratio  [Vg= =25V to =20V 96 9% 80
Is Supply Current l T;=25°C 0.3 06 0.3 0.8 03 0.8
- mA
08 1 1
Isc Output Short T,y = Tyax +15 +15 *15 mA
Circuit Current

Note 1: The inputs are shunted with back-to-back diodes for overvoltage protection. Therefore, excessive current will flow if a differential input voltage in ex-
cess of 1V is applied between the inputs unless some limiting resistance is used. In addition, a 2 k2 minimum resistance in each input is advised to avoid
possible latch-up initiated by supply reversals.

Note 2: Current limiting protects the output when it is shorted to ground or any voltage less than the supplies. With continuous overloads, package dissipa-
tion must be taken into account and heat sinking provided when necessary.
Note 3: These specifications apply fortestat Vg = =15V and Vom = —12.5V (- 13V at 25°C), 14V; Vg = x 20V and Vgpm = 0V, in addition, Vog is also tested at
Vg= +25V and Vcm =0V. )
Note 4: Drift parameters are sample tested to 5% LTPD at the same conditions as Note 3. The values are average-calcul/ated from measurements at 25°C and

125°C.
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LH2011/LH2011B/LH2011C

Typical Characteristics (for singie device)
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Typical Characteristics (Continued) (for single device)

Open Loop Response
T 100

i

Follower Settling Time

Inverter Settling Time
100
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EXTERNAL COMPENSATION CAPACITOR {pF)

Application Hints

When working with circuitry capable of resolving pico-
ampere level signals, leakage currentsin 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 (Hz2)

couples are the junction of the IC package and the printed
circuit board (35 uV/°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 help.

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 could result 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 F bypass on the supply buss.

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

OLLOZHT/GLI0CHT/EEOCHT



LH2011/LH2011B/LH2011C

Input Guarding Input Protection
Input guarding can drastically reduce surface leakage. Current is limited by R2 even when input is connected to
Layout for the LH2011 is shown here. Guarding both sides voltage source outside common-mode range. If one supply
of board is required. Bulk leakage reduction is less and reverses, current is limited by R1. These resistors do not
depends on guard ring width. affect normal operation.
Gumﬁ . . . R3
. . : INPUT
. R2
OUTPUT COMP v+ 10k

l I 4
. ' ' 16
. 1/2 LH2011 p— OUTPUT

% 15 9
5
+
. ‘. . . R1
1. 2 3 § 7 8 10k
vt S—— V= COMP OUTPUT
BALANCE .

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

Guard ring is connected to low impedanbe point at same
potential as sensitive input leads. Connections for various

op amp configurations are shown here. s
R1 R2 | R1
|NFUT"W_1'—“——‘\M—— 10k 5
INPUT —AAA—
£ a -
16
1/2 LH2011 p—— ouTPUT
5 Balancing and Over-Compensation
+

Over-compensation will improve stability with capacitive
R3 : loading (see curves). Offset voltage adjustment range is
determined by balance potentiometer resistance as indi-
cated in the table.

vt

ot
) 16
1/2 LH2011 P QUTPUT
5
INPUT +
R ’ R2
A AAA
-err VA
= Min Adj
Range R
ol g
=5mv 100 k@
16 +2 10k
1/2 LH2011 L—— OUTPUT
=1 3k
INPUT e =038 3k tsee stability with
+04 1k over-compensation curve
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Resistance Multiplication

Equivalent feedback resistance is 10 GQ, but only stand-
ard resistors are used. Even though the offset voltage 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.

R2 R4 ¥
100M 9.9k
1% 1%

R{=R2 {1+ R—S
R4
R2>>R3 /R4
* gain trim

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

Vin

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

1/2 LH2011 P OUTPUT

T= "—’-9(92 +R3)
R3 .

R1+R3
AVour= = (BR2+ Vos)

A high-input-impedance ac amplifier for a piezoelectric
transducer. Input resistance of 880 M2 and gain of 10 is
obtained.

p— OUTPUT

‘ _[: ]
<
4] < RS
>
1 TM uF S 2m

AAA AAA
A A - A\A AL
R3 R4
R2 @ 510 | 182k
195k S 1%
%
Ry = A1 1+R—2 AV=R2+RS+R4
R3 R2 +R3
Cable Bootstrapping

Bootstfapping input shield for a follower reduces cable
capacitance, leakage, and spurious voltages from cable
flexing. Instability can be avoided with small capacitor on

*input.

16

1/2 LH2011 b— ouTPUT

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

12 LH2o =S

A1
2k

P QUTPUT
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LH2011/LH2011B/LH2011C

Dliferential Amplifiers

This differential amplifier handles high input voltages.
Resistor mismatches and stray capacitors should be
balanced out for best common-mode rejection.

R1 c1
VCM(MAX) = o VouT(MAX) 1
. PR3
Aye B
V=R
Rt
100M
1%
- amAAA
VWA~
INPUTS
2210V MAX
e AAA
VWA
R2
100M p
1% <
(713 —IL 1
Uy
A Vg= =15V
1 trim for dc CMRR
= § trim for 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.

R5*
22k
1%
AAA
VWA
mt A2
Com 10k
1% 1%
—AAA AA .
VWA~ VWA
- )
L ouTPuT
5
N - -
INPUTS
* gain'set
t trim for dc CMRR
to=10 Hz

High gain differential instrumentation amplifier includes input guarding, cable bootstrapping and bias current compensa-
tion. Differential bandwidth is reduced by C1 which also makes common-mode rejection less dependent on matching of input

amplifiers.

S R
200

< > >
L4 g Rs A7

R3tt q* »1: Ratt

INPUTS al m3 3L
2488
o ‘b “.“
>
p 3
> ® RY
< hs <
S < 200
< 1 %

< <
<1 < & 200k
pd Ak ‘blﬁ S

P
\J
R13 RIS
10k 100k
% 1%
AAA—@ AARA
VWA
L 1
RIC* ; )
: p—t 172 LHz01 -
< A
S M ——0.01 4F OR LMY ouTPUT
Ri8$
1
R12 Ate
100k 10k
1% P
AN AAA
VWV VWA - VAN
N A7t
1z tt 10k
- current zero
b
172 LH2011 voltage balance =

*

A 1 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.

R1 R2

10k ™

1% 1%
AAA AAA
Vv Vv

(_ m 5_\

INPUT

A2
/2 LH2011
OR LM11

R1=R3; R2=R4

ttrim for dc CMRR
~ ¥set forac CMRR
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Bias Current Compensation

Precise bias current compensation for use with unreg- This circuit shows how bias current compensation can be
ulated supplies. Reference voltage is available for other used on a voltage follower.
circuitry. v
i LM334
280 uA
RS

240

16
1/2 LH2011 p— OUTPUT

L o,

1/2 LH2011 16 L—OUTPUT

Voltmeter

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

A1
20k
A ” A V* v+ &8
< A2 RI6 & -I—
< Gk uk; =
T m
a2
{ 1 2M2907 [
T 3 A
Lmass 74 b3+ ON/OFF
12v < R20
%
[}
BATTERIES
/v 0K
- =
L] [
1777 2N2222 1w
- > [}
b3 > —
R6 S 100M 5>
4
+ &
INPUT
SCALE
1x
° - o
A13
25k
< 1
02 < R1e* R15
a5 A 1t b L) 1.25k
' 100 pA
* 1x scale calibrate
1t 3x scale calibrate : d ,
t includes reversing swilch 1mV 10mv 100 mV 1w
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LH2011/LH2011B/LH2011C

Ammeter

Current meter ranges from 100 pA to 3 mA full-scale. Voltage across input is '100)N atlower ranges rising to 3 mV at 3 mA. Buf-
-current overload. Output can aiso drive DVM or DPM.

m

fers on op amp are to remove ambiguity with high

v
4L R’ !
:: Il:k RANGE
ot .[
mass o
12v
>
< a1
>
S 30k
R4 RS
™16
o< VWA
WMD)
ﬂLI

+
INPUT &
N A cLo A

Current Source

v

a2

A4 s

AAA

LA A o

2N2219

AAA

1 1x scale calibrate
* 3x scale calibrate
¥ includes reversing switch

SCALE
ix N

100 A M1

(o]

02 ] k™ 03
1 1N45? 1N45?

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

1
{

(>5.4v)

Tart?

ONJOFF

—/ﬁ“

REVERSE

<
<
9

ERROR/
BATTERY

)
BATTERY
I'__rssr
? .

RS
S 15k

. a1
2N4250

RE

MN—O ¢ 1BmA

L AAA~O . 160A

ouTPUT

* calibrate range
tselect for Iggo < 100 pA
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Fast Amplitiers

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 settling time to 1 mV about 8 us.
Overload-recovery delay can be eliminated by direct cou-
pling the FET amplitier to summing node.

A2
10
ANA
" VWA
10k
INPUT —AAA
C) v & as
LT ol LTI N
<
TPUT
S ou
o1
18457
=
v-
R?
ok
INPUT —~AAA
¢
o —
500 pF
<
: b oureur

3
30pF

This 100x amplifier has small and large signal bandwidth

of 1 MHz. The LH2011 greatly reduces offset voltage, bias
" current and gainerror. Eliminating Iong recovery delay for
greater than 100% overload requ:res direct coupling of A2
to input.

p— OUTPUT

AAA
A4

1L

sz
: 18
AS 172 LH201
. 2w
VWA + 1 a
| s 4918
RS .
3
o we
138 'ﬁ'

Follower has 10 us settling to 1 mV, but signal 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.

Ct wdarn

0.02 uF =y

£
A
\A4

Heater Control

Proportional control 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.

33
AR

HéE

<
4',‘51: R! e 2
SR ST 42 uF 0.1 uF
1% B Hig
AAA

—
) M
sxtlx’ B BRI U \.1

A\ AAL 0| &

0.1 4F

¢

\A AL

Hig

c
28v R3 y [1]] ur 0.001 uF
Lo | l
TEMPSET B
as5°c)

* solidtantalum
t myiar
% close thermal coupling between sensor and oven shell is recommended

*
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LH2011/LH2011B/LH2011C

Leakage Isolation

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

* Polystyrene or Tefion

v R1
10k
INPUT @A\
0‘ nz A A A
3IN163 ey | .
1 l‘; -
1/2 L2011 OUTPUT
SAMPLE VA~ ;
oW .
1N457 cié

H]

1 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.

vy
D1 €2
N914 =T 50pF

|N457

30pF

:,’ A2 4
S
03 1/2 LH201
m457 ;
™+ 15
| (O
c3* INNG3
0.22 uF —] )
200 Rat 1000 pF
10K
AA
A A4
RS

Reset is provided for this integrator and switch leakage is
isolated from the summing junction. Greater precision
can be provided if bias-current compensation is included.

o1
R .
INPUT ~=AAA, -
17z izonr FOUTPUT
5
04
a1 o1

=

AA
VWA~
=1
2

* Polystyrene or Teflon
1 required if protected-
gate switch is used

w140
3IN163
j I

ON/O

T

Standard-Cell Buffer

15 QUTPUT

trequired if Q1 has gate-
protection diode
* Poiystyrene or Teflon

300 xs min single pulse
200 xs 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 low supply

voltage or overload on output.

Indicator diode extin-

guishes as disconnect circuitry is activated.

FF

e

81
WV

+

+

:1uF

y
s
‘: A1
<
STANDARD OUTPUT
CELL ,
S R2
S an
16
Q1A% =/
2N3609
LED
LR A
Qi*
2N3609 a
l 2N2907
S R3 -}
‘) 3.6k 2k

*cannot have gate-protection diode; VTH >VoyT

1-88




Logarithmic Amplifiers

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

[2]
470 pF
A2 <L
s.u::
P!
RI0 Q51K
018 sam Q1%
W1 % AAA TV
R13 "
140k
%
——
10pA-1 mA
<SR! . X
:: 1% a. Set R11 for Vout =0 at |y =100 xA
b. Set R8 for Voy1 =3V at I|Ny = 100 xA
c. Set R3 for Voyt = ~4V at ljy = 10 pA
A t 3300 ppmi*C. Type Q209 availabie
= . from Tel Labs, Inc., Manchester, N.H.

Light meter has eigm-decade range. Bias current compensation can give input current resolution of better than
+2 pA over 15°C to 55°C. )

c2
0.0022 uF

R1S
10k

vt

——
Tw
] W
<
ol
T
= v-
>
b3 one
> 12k > 1.2k
) 1
>
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LH2011/LH2011B/LH2011C

Schematic Diagram (for single device)
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Definition of Terms

Input offset voltage: That voltage which must be applied
between the input terminals to bias the unloaded outputin
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
tothechange ininput 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-voltage change (either or both supplies) to the
change in offset voltage 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.

1-90




