General Description

The LM363 is a monolithic true instrumentation amplifier. It
requires no external parts for fixed gains of 10, 100 and
1000. High precision is attained by on-chip trimming of off-
set voltage and gain. A super-beta bipolar input stage gives
very low input bias cumrent and voitage noise, extremely low
offset voltage drift, and high common-mode rejection ratio.
A two-stage amplifier design yields an open loop gain of
10,000,000 and a gain bandwidth product of 30 MHz, yet
remains stable for all closed loop gains. The LM363 oper-
ates with supply voltages from +5V to +18V with only
1.5 mA curment drain.

The LM363's low voltage noise, low offset voltage and off-
set voltage drift make it ideal for amplifying low-level, low-
impedance transducers. At the same time, its low bias cur-
rent and high input impedance (both common-mode and
differential) provide excellent performance at high imped-
ance levels. These features, along with its ultra-high com-
mon-mode rejection, allow the LM363 to be used in the
most demanding instrumentation amplifier applications, re-
placing expensive hybrid, module or multi-chip designs. Be-
cause the LM363 is internally trimmed, precision external
resistors and their associated errors are eliminated.

The 16-pin dualin-line package provides pin-strappable
gains of 10, 100 or 1000. Its twin differential shield drivers
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dliminate bandwidth loss due to cable capacitance. Com-
pensation pins allow overcompensation to reduce band-
width and output noise, or to provide greater stability with
capacitive loads. Separate output force, sense and refer-
ence pins permit gains between 10 and 10,000 to be pro-
grammed using external resistors.

On the 8-pin metal can package, gain is intemally set at 10,
100 or 500 but may be increased with external resistors.
The shield driver and offset adjust pins are omitted on the
B-pin versions.

The LM363 is rated for 0°C to 70°C.

Features

m Offset and gain pretrimmed

= 12 nv/yRAZ input noise (G =500/1000)

m 130 dB CMRR typical (G =500/1000)

B 2 nA bias current typical

® No extenal parts required

® Dual shield drivers

= Can be used as a high performance op amp
B Low supply current (1.5 mA typ)

Typical Connections
8-Pin Package

TL/H/5608-1

Connection Diagrams

Metal Can Package

Yot VIEW

Order Number LM363H-10,
LM363H-100 or LM363H-500
See NS Package Number HO8C

16-Pin Package

G=10 2,3,4,apen
G =100 3-4 shorted
G = 1000 2-4 shorted
Vour

TL/H/5608-33

16-Pin Dual-In-Line Package
COMPI COMP2 SENSE QUTPUT REF ¥~ +INPUT  +BHIELD

18 15 13 12 12 lu 10 L]

1 [} 3 ‘ ls ] 7 ]
Ve 6eN00 G100 g  Vgg  Vgg —INUT —SHIELD
TOP VIEW
Order Number 363D

See NS Package Number D16C

TL/H/5608-2

©1595 National Semiconductor Corporation  TL/H/5609 i

RAD-B30M115/Printedin U, 5. A.

Jaiidwy uoneIUBWINIISU| UOISIDAId E9EINT

B 5501124 0l018LL 808 WM

. _____________________________________________________________________________________________________________________________
Power ed by | Cniner.com El ectronic-Library Service CopyRi ght 2003



Absolute Maximum Ratings qote 5)

It Military/Aerospace specified devices are required, Input Voltage Equal to Supply Voltage
please contact the National Semiconductor Sales Reference and Sense Voltage 125V
Office/Distributors for availability and specifications. Lead Temp. (Soldering, 10 sec.) 300°C
Supply Voltage r18v ESD rating to be determined.

Differential Input Voltage +10V

Input Current +20 mA

LM363 Electrical Characteristics (notes 1and 2)

LM363
Tested Design
Parameter Conditions Typ Limit Limit Units
(Note 3) {Note 4)
FIXED GAIN (8-PIN)
Input Offset Voltage G=500 30 150 400 nYy
G=100 50 250 700 nv
G=10 0.5 2.5 6 mvV
Input Offset Voltage Drift G=500 1 L) uv/oG
G=100 2 8 pv/eC
G=10 20 75 mV/°C
Gain Error G=500 0.1 0.8 0.9 %
( 10V Swing, 2 kf} Load) G=100 0.07 0.7 0.8 %
G=10 0.05 0.6 0.7 %
PROGRAMMABLE G AIN (16-PIN)
Input Offset Voltage G=1000 50 250 500 nv
G=100 100 450 900 nv
G=10 1 3.5 ] mV
Input Offset Voltage Drift G =1000 1 ] nVv/eC
G=100 2 10 pV/°G
G=10 10 100 nv/eGc
Gain Error G=1000 2.0 3.0 3.8 %
(+ 10V Swing, 2 k) Load) G=100 0.1 0.7 0.8 Yo
G=10 06 2.0 2.3 %
FIXED GAIN AND PROGRAMMABLE
Gain Temperature Coefficient G=1000 40 ppm/°C
G =500 20 ppm/°C
G=100, 10 10 ppm/°C
Gain Non-Linearity G=10, 100 0.01 0.03 0.04 %
(+ 10V Swing, 2 k2 Load) G =500, 1000 0.01 0.05 0.06 %
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LM363 Electrical Characteristics (continued) (Notes 1 and 2)

LM363
. Tested Design
Parameter Conditions Typ Limit Limit Units
(Note 3) (Note 4)
Gommon-Mode Rejection G =1000, 500 130 114 104 dB
Ratio (—10V<Vou< 10V) G=100 120 84 a4 dB
G=10 105 90 ao dB
Positive Supply Rejection G= 1000, 500 130 110 100 dB
Ratio (5V to 15V) G=100 120 100 935 dB
G=10 100 85 78 dB
Negative Supply Rejection G = 1000, 500 120 100 Q0 dB
Ratio (—5V to — 15V} G=100 106 85 78 dB
G=10 86 70 60 dB
Input Bias Current 2 10 20 nA
Input Offset Current 1 3 L] nA
Common-Mode Input 100 8 G
Resistance
Differential Mode Input G = 1000, 500 0.2 GO
Resistance G =100 2 Ga
G=10 20 G
Input Offset Current Change —11V<Vou= 13V 20 100 300 pa/V
Reference and Sense 50 kN
Resistance Min 30 27 k2
Max 80 83 14
Open Loop Gain Gg = 1000, 500 10 1 V/ipV
Supply Current Positive 1.2 2.4 3.0 mA
Negative 1.6 28 3.4 mA
Note 1: Thesae conditicns apply uniess otherwisae noted; V+ =15V, V- = — 15V, Ve =0V, R_= 2 k{2, reference pin grounded, sense pin connected to output and
Tj=25°C.
HNote 2: limits are 9 over tult P e range. Operating ambiert temperature range is 0°C to 70°C for the LM363.

Note 3: Guaramesd and 100% production tested.
Note 4: Guaranteed but not 100% tested. These imits are not used in determining outgoing qualty levels.

Note 5: i ratad junction temp: i8 100°C for the LM363. Thermal resistance, junction to ambient, is 150°C/W for the TO-9%(H) package and 100°C/W
for the ceramic DIP (D).
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Typical Performance Characteristics 1,-25c
Par ter Fixed Gain and Programmable Units
1000/500 100 10
Input Voltage Noise, rms, 1 kHz 12 18 20 nVA Hz
Input Voltage Noise (Note 6) 0.4 15 10 uVp-p
Input Current Noise, rms, 1 kHz 0.2 0.2 0.2 pAN Hz
Input Current Noise (Note 6) 40 40 40 pAp-p
Bandwidth 3o 100 200 kHz
Slew Rate 1 0.36 0.24 V/ps
Settling Time, 0.1% of 10V 70 25 20 ps
Offset Voltage Warm-Up Drift (Note 7) 5 15 50 nY
Offset Voltage Stability (Note 8) 5 10 100 pv
Gain Stability (Note 8) 0.01 0.005 0.05 %
Note 6: Measured for 100 seconds in & 0.01 Hz to 10 Hz bandwidth.
Note 7: Maasurad for 5 minutas in still air, V+ =15V, V- = — 15V, Warm-up drift is proportionally reduced at lower supply voitages.
Common-Mode Input Supply Current vs Supply Input Blias Current vs
Voltage Limit Voltage Temperature
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Typical Performance Characteristics (continued)
Output Current Limit Input Noise Voltage Input Current Noise
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Typical Performance Characteristics ontinuea)
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Simplified Schematic (pin numbers in parentheses are for 8-pin package)
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TL/H/5608-7
Theory of Operation
Referring to the Simplified Schematic, it can be seen that This voitage divided by the attenuation factor
the input voltage is applied across the bases of Q1 and Q2 R4 _ R2
and appears between their emitters. If Rgy_p is the resist- R3+R4 R1+R2

ance across these emitters, a differential current equal to
Vin/Rey_2 flows from Q1's emitter to G2’'s. The second
stage amplifier shown maintains Q1 and Q2 at equal collec-
tor currents by negative feedback to Q4. The emitter cur- G
rents of Q3 and Q4 must therefore be unbalanced by an

amount egual to the current flow across Rgq.p. Defining
Res.4=R5 +R6, the differential voltage across the emitters

of Q4 to Q3 is equal to

is equal to the output-to-reference voltage. Hence, the over-
all gain is given by
_Voyr_ R3+R4 x RE3-4

ViN R4 "Re1a’

B 5501124 0101823 Tus mm

Power ed by | Cniner.com El ectronic-Library Service CopyRi ght 2003



Application Hints

The LM363 was designed to be as simple to use as possi-
ble, but several general precautions must be taken. The dif-
ferential inputs are directly coupled and need a retum path
to power supply common. Worst-case bias currents are only
10 nA for the LM363, so the return impedance can be as
high as 100 M. Ground drops between signal return and 1C
supply common should not be ignored. While the LM363
has excellent common-mode rejection, signals must remain
within the proper common-mode range for this specification
to apply. Operating common-mode range is guaranteed
from — 10V to + 10V with +15V supplies.

The high-gain (500 or 1000) versions have large gain-band-
width products (15 MHz or 30 MHz) so board layout is fairly
critical. The differential input leads should be kept away
from output force and sense leads, especially at high imped-
ances. Only 1 pF from output to positive input at 100 k(2
source impedance can cause oscillations. The gain adjust
leads on the 16-pin package should be treated as inputs
and kept away from the output wiring.

POWER SUPPLY

The LM363 may be powered from split supplies from +5V
to +18V (or single-ended supplies from 10V to 36V). Posi-
tive supply current is typically 1.2 mA independent of supply
voltage. The negative supply current is higher than the posi-
tive by the current drawn through the voltage dividers for the
reference and sense inputs (typ 600 nA total). The LM363's
excellent PSAR often makes regulated supplies unneces-
sary. Actually, supply voltage can be as low as 7V total but
PSRR is severely degraded, so that well-regulated supplies
are recommended below 10V total. Spiit supplies need not
be balanced; output swing and input common-mode range
will simply not be symmetrical with unbalanced supplies. For
exampile, at +12V and -~ 5V supplies, input common-mode
range is typically +10.5V to —2V and output swing is + 11V
to —4V.

When using ultra-low offset versions, best results are ob-
tained at + 15V supplies. For example, the LM363-500's off-
set voltage is guaranteed within 150 uV at + 15V at 25°C.
Running at £ 5V results in a worst-case negative PSRR er-
ror of 10V {— 15V to —5V) multiplied by 3.2X10—6 (110 dB)
or 32 pV, increasing the worst-case offset Positive PSRR
rasults in another 10 uV worst-case change.

INPUTS

The LM363 input circuitry is depicted in the Simplified Sche-
matic. The input stage is run relatively rich (50 pA) for low
voltage noise and wide bandwidth; super-beta transistors
and bias-current cancellation (not shown) keep bias cur-
rents low. Due to the bias-current cancellation circuitry, bias
current may be either polarity at either input. While input
current noise is high relative to bias current, it is not signifi-
cant until source resistance approaches 100 k.

Input common-mode range is typically from 3V above V- to
1.5V below V+, so that a large potential drop between the
input signal and output reference can be accommodated.
However, a return path for the input bias current must be
provided; the differential input stage is not isolated from the
supplies. Differential input swing in the linear region is equal
to output swing divided by gain, and typically ranges from
1.9V at G=10 to 13 mV at G=1000.

Clamp diodes are provided to prevent zener breakdown and
resulting degradation of the input transistors. At large input

overdrives these diodes conduct, greatly increasing input
currents. This behavior is illustrated in the hiy vs V)N plotin
the Typical Performance Characteristics. (The graph is not
symmetrical hecause at large input currents a portion of the
current into the device flows out the V— terminal.)

The input protection resistors allow a full 10V differential
input voltage without degradation even at G =1000. Atinput
voltages more than one diode drop below V— or two diode
drops above V* input, current increages rapidly. Diode
clamps to the supplies, or external resistors to limit curent
to 20 mA, will prevent damage to the device.

REFERENCE AND SENSE INPUTS

The equivalent circuit is shown in the schematic diagram.
Limitations for cormect operation are as follows. Maximum
differential swing between reference and sense pins is typi-
cally £15V (1 10V guaranteed). If this limit is exceeded, the
sense pin no longer controls the output, which then pegs
high or low. The negative common-mode limit is 1.5V below
V=. (This is permissible because R2 and R4 are returned to
anode biased higher than V—.) If large positive voltages are
applied to the reference and sense pins, the common-mode
range of the signal inputs begins to suffer as the drop
across R13 and R16 increases. For example, at + 15V sup-
plies, Vrer=Vsense =0V, signal input range is typically
—12V o + 13.5V. At VRer=Vsense =15V, signal input
range drops to — 11V to+ 13.5V. The reference and sense
pins can be as much as 10V above V* as long as a restrict-
ed signal common-mode range {(— 10V min) can be tolerat-
ed.

For maximum bipolar output swing at 1 15V supplies, the
reference pin should be retumed to a voltage close to
ground. At lower supply voltages, the reference pin need
not be halfway between the supplies for maximum output
swing. For example, at V¥ = + 12V and V- = -5V,
grounding the reference pin still allows a +11V to —4V
swing. For single-supply systems, the reference pin can be
tied to either supply if a single output polarity is all that is
required. For a bipolar input and output, create a fow imped-
ance reference with an op amp and voltage divider or a
regulator (e.g., LM336, LM385, LM317L). This forms the ref-
erence for all succeeding signal-processing stages. (Don't
connect the reference terminal directly to a voltage divider;
this degrades gain error.) See Figure 1.

w

IREF
—15% =

a. Usual configuration maximizes bipolar output swing.

- TL/H/5609-8
b. Unequai supplies, output ground referred. Full output swing pre-
served referred to supplles.

FIGURE 1. Reference Connections
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Application Hints (continueq)

¢. Single Supply, Unipolar Output
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= TL/H/5608-9
d. Single Supply, Bipolar Qutput

FIGURE 1. Reference Connections (Continued)

OUTPUTS

The LM363's output can typically swing within 1V of the
supplies at light loads. While specified to drive a 2 k2 load
to + 10V, current imit is typically 15 mA at room tempera-
ture. The output can stably drive capacitive loads up to
400 pF. For higher load capacitance, the amplifier may be
overcompensated (see COMPENSATION section, follow-
ing). The output may be continuously shorted to ground
without damaging the device.

OFFSET VOLTAGE

The LM363's offset voltage is internally timmed to a very
low value. Note that data sheet values are given at
Tj=25°C, Vom=0V and V+ =V—=15V. For other condi-
tions, warm-up drift, temperature drift, common-mode rejec-
tion and power supply rejection must be taken inte account.
Warm-up drift, due to chip and package thermal gradients, is
an effect separate from temperature drift. Typical warm-up
drift is tabulated in the Electrical Characteristics; settling
time is approximately 5 minutes in still air. At load currents
up to 5 mA, thermal feedback effects are negligible
(AVps<2uV at G=1000).

Care must be taken in measuring the extremely low offset
voltages of the high gain amplifiers. Input leads must be
heid isothermal to eliminate thermocouple effects. Oscilla-
tions, due to either heavy capacitive loading or stray capaci-
tance from input to output, can cause erroneous readings.
In either case, overcompensation will help. High frequency
noise fed into the inputs may be rectified intemally, and pro-

duce an offset shift. A simple low-pass RC filter will usually
cure this problem (Figure 2). Use film type mesistors for their
low thermal EMF. In highly noisy environments, LG filters
can be substituted for increased RF attenuation.

L]

MmI
w0
LIS
100"
I ps
“"-I' * Eilm type
- t Ceramic disc

TL/H/5608-10
FIGURE 2. Low Paas Filter Prevents RF Rectification

Instrumentation amplifiers have both an input offset voltage
{Viog) and an output offset voltage (Vpogs). The total input-
referred offset voltage (VoggT)) is related to the instrumen-
tation amplifier gain (G) as follows: VosaTi = Vios + Voos/
G. The offset voltage given in the LM363 specifications is
the total input-referred offset. As long as only one gain is
used, offset voltage can be nulled at either input or output
as shown in Figures 3a and 3b. When the 16-pin device is
used at multiple gain settings, both V|os and Vpog should
be nulled to get minimum offset at all gains, as showrn in
Figure 3c. The comect procedure is to tim Vppgs for zero
output at G= 10, then trim Vigs at G=1000.

a. Input Ofiset Adj.
for 16-Pin Package

b. Output Offsst Adj.
for 8-Pin Package

¢. Input and Output Otiset
Adjustmsent for 16-Pin Package

TL/H/5609-11

FIGURE 3. Offset Voitage Trimming
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Application Hints continued)

Because the LM363’s offset voltage is s0 low to begin with,
offset nulling has a negligible effect on offset temperature
drift For example, zeroing a 100 uV offset, assuming external
resistor TC of 200 ppm/°C and worst-case internal resistor
TC, results in an additional drift component of 0.08 pV/°C.
For this reason, drift specifications are guaranteed, with or
without external offset nulling.

GAIN ADJUSTMENT

Gain may be increased by adding an extemal voltage divid-
er between output force and sense and reference; the pre-

worst-case output offset of 50 mV, creating an input-re-
ferred error of 5 mV at G=10 or 50 uV at G=1000.
Increasing gain this way increases output offset error. An
LM363H-100 may have an output offset of 5 mV, resulting in
input referred offset component of 50 uV. Raising the gain
0 200 yields a 10 mV error at the output and changes input
referred error by an additional 50 uV.

External resistors connected to the reference and sense
pins can only increase the gain. If ultra-low output imped-
ance is not critical, the technique in Figure 5 can be used to

trim the gain to nominal value. Alternativaly, the Vg adjust-
ment terminals on the 16-pin package may be used to trim
the gain (Figure 10b).

ferred connection is shown in Figure 4. Since both the
sense and reference pins look like 50 k2 (+ 20 k) to V—,
impedances presented to both pins must be equal to avoid
offset error. For example, a 100 imbalance can create a

R1 and R2 should be as low as possible © avoid errors due to 50 k2
input impedance of reference and sense pins. Total resistance
(R2+2R1) should be above 4 kil, however, to prevent excessive load
on the LM363 output. The axact formuia for calculating gain (G) is:

2Rt M
- e - e
G G°(1 R2 50k)
Gg=preset gain

The last term may ba ignored in applications whare gain accuracy is not
critical. The table below gives suggested values for R1 and R2 along
with the calculated error due to “closest value” standard 1% resistors.
Total gain eor tolerance inckides contributions from LM363 Gg error
and resistor tolorance {(+ 1%) and works out to approximately 2.5% in
avery case.

Pinout shown is for 16-pin package. This same technique can also be
used with 8-pin versions.

TL/H/5608-12
Gain Increase 15 2 25 3 4 5 6 7 8 9 10
R1 1.21k 1.21k 2k 2k 1.78k 2k 2.49k 2.94k 3.4Bk 3.92k 4.42k
R2 5k 2.49k 2.74k 2.05k 1.21k 1k 1k 1k 1k 1k 1k
Error (typ) +0.6% | —0.2% )] ~03% | —06% | +08% | +05% | —09% | +04% | —09% | —0.7%
FIGURE 4. increasing Gain
v
>48.90 &4—OUTPUT
< Tm
|
> 10k 0.08 .
b3 Pinout shown ig for 8-pin versions.
- This same technique can also be used
v with 16-pin version.
S =

15k, 1%
OPTIONAL
Yos ADJ

v+

TL/H/5608-13
FIGURE 5. Adjusting Gain, Alternate Technigue
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Application Hints (continued)
COMPENSATION AND OUTPUT CLAMPING Heavy Miller overcompensation on the 16-pin package can
The LM363 is intemally compensated for unity feedback degrade AC PSRR. A large capacitor between pins 15 and
from output to sense. Increasing gain with extemal dividers 16 couples transients on the positive supply to the output
will decrease the bandwidth and increase stability margin. buffer. Since the amplifier bandwidth is severely rolled off it
Without extermal compensation, the amplifier can stably cannot keep the output at the correct state at moderate
drive capacitive loads up to 400 pF. When used as an op frequencies. Hence, for good PSRR, either keep the Miller
amp (sense and reference pins grounded, feedback to in- capacitance under 1000 pF or use the pin 15-to-ground
verting input), the LM363 is stable for gains of 100 or more. compensation shown in Table L
For greater stability, the device may be over-compensated
as in Figure 6. Tables 1 and 1l depict suggestad compensa-
tion components along with the resulting changes in large
and small signal bandwidth for the B-pin and 16-pin pack-
ages, respectively.
Note that the RC network from pin 8 of the 8-pin device to
ground has a large effect on power bandwidth, especially at
low gains. The Miller capacitance utilized for overcompen-
sating the 16-pin device permits higher siew rate and larger -
load capacitance for the same bandwidth, and is preferred 8. 8-Pin Package b. 16.Pin Package
when bandwidth must be greatly reduced (e.g., to reduce i TL/H/5608-14
output noise). FIGURE &. Overcompensation
TABLE |. Overcompensation on 8-Pin Package
Small Signal Power Maximum
Compensation Network 3dB Bandwidth Capacitive
Gain {Pin 8 to Ground)t Bandwidth (£ 10V Swing) Load
(kH2) (Hz) (pF)
— 125 100k 400
100 pF, 15k 95 15k 600
500 1000 pF, 5k a5 1.8k 800
0.01 uF,5000 10 200 1000*
0.1 uF 1 20 1000*
— 240 100k 400
100 pF, 15k 170 15k 900
100 1000 pF, 5k 80 1.8k 1200
0.01 uF, 5000 20 200 1600*
0.1 uF 2 20 2000*
—_ 240 100k 400
100 pF, 15k 170 15k 900
10 1000 pF, 5k 90 1.8k 1200
0.01 pF, 5000 20 200 1600*
0.1 uF 2 20 2000
*Alsa stable for G > 0.05 uF
TPin 15 to grourd on 16-pin package
TABLE Ii. Overcompensation on 16-Pin Package
Small Signal Power Maximum
Gain “&';"m:"“ 3dB Bandwidth Capacitive
(Pin 15 to 16) Bandwidth (1 10V Swing) Load
(Hz) {Hz) {pF)
_ 45k 45k 1000*
10 pF 16k 16k 2000*
1000 100 pF 2.5k 2.5k 2500*
1000 pF 250 250 3000*
0.01 uF 25 25 3000*
— 140k 100k 900
10 pF 50k 50k 1600
100 100 pF 7.5k 7.5k 2000°*
1000 pF 750 750 2000*
0.01 uF 75 75 2000*
— 180k 90k 600
10 pF 60k 50k 1100
10 100 pF 9k 9k 1600
1000 pF 900 900 2000*
0.01 uF o0 90 2000*
*Also stable for G = 0.05 uF
12
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Application Hints (continued)

Because the LM363's output voltage is approximately one
diode drop below the voltage at pin 15 (pin 8 for the 8-pin
device), this point may be used o limit output swing as seen
in Figure 7a. Cumrent available from this pin is only 50 pA, so
that zeners must have a sharp breakdown to clamp accu-
rately. Alternatively, a diode tied to a voltage source could
be used as in Figure 7b.

5.

e — 7.5V < Vo1 % 6.5Y

r—lv = Yot = 2.3V

TL/H/5608-15

FIGURE 7. Output Clamp

SHIELD DRIVERS

When differential signals are sent through long cables, three
problems occeur. First, noise, both common-mode and differ-
ential, is picked up. Second, signal bandwidth is reduced by
the RC low-pass filter formed by the source impedance and
the cable capacitance. Finally, when these RC time con-
stants are not identical (unbalanced source impedance
and/or unbalanced capacitance), AC common-mode rejec-
tion is degraded, amplifying both induced noise and
“ground"” noise. Either filtering at the amplifier inputs or
slowing down the amplifier by overcompensating will indeed
reduce the noise, but the price is slower response. The
LM363D's dual shield drivers can actually increase band-
width while reducing noise.

The way this is done is by bootstrapping out shield capaci-
tance. The shield drivers follow the input signal. Since both
sides of the shield capacitance swing the same amount, it is
effectively out of the circuit at frequencies of interest.
Hence, the input signal is not rolled off and AC CMRR is not
degraded (Figure 8). The LM363D's shield drivers can han-
dle capacitances (shield to center conductor) as high as
1000 pF with source resistances up to 100 k.

For best results, identical shielded cables should be used
for both signal inputs, although small mismatches in shield
driver to ground capacitance (<500 pF) do not cause prob-
lems. At certain low values of cable capacitance (50 pF-
200 pF), high frequency oscillations can occur at high
source resistance (= 10 k). This is alleviated by adding

50 pF to ground at both shield driver outputs. Do not use
only one shield driver for a single-ended signal as oscilla-
tions can result; shield driver to input capacitance must be
roughly balanced (1 30%). To further reduce noise pickup,
the shielded signal lines may be enclosed together in a
grounded shield. If a large amount of RF noise is the prob-
lem, the only sure cure is a filter capacitor at both inputs;
otherwise the RFI may be internally rectified, producing an
offset.

DG lpading on the shield drivers should be minimized. The
drivers can only source approximately 40 pA; above this
value the input stage bias voltages change, degrading Vog
and CMRR. While the shield drivers can sink several mA,
Vos may degrade severely at loads above 100 pA (see
Shield Driver Loading Error curve in Typical Performance
Characteristics). Because the shield drivers are one diode
drop above the input levels, unbalanced leakage paths from
shield to input can produce an input offset at high source
impedances. Buffering with emitter-followers (Figure 8b) re-
duces this leakage current by reducing the voltage differen-
tial and eliminates any loading on the amplifier.

a. Standard Configuration

+15¢

+15v

b. NPN Followers to Reduce Offsels
TL/H/5608~-16
FIGURE 8. Driving Shielded Cables

MISCELLANEOUS TRIMMING

The Vpg adjust and shield driver pins available on the 16-
pin package may be used to trim the other parameters be-
sides offset voltage, as illustrated in Figure 10. The bias-cur-
rent trim relies on the fact that the voltage on the shield
driver and gain setting pins is one diode drop raspectively
above and below the input voltage. Input bias cument can
be held to within 100 pA over the entire common-mode
range, and input offset current always stays under 30 pA.
The CMRR trims use the shield driver pins to drive the Vog
adjust pins, thus maintaining the LM363's uitra-high input
impedance.
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Application Hints (continued)

If power supply rejection is critical, frequently only the nega-
tive PSRR need be adjusted, since the positive PSRR is
more tightly specified. Any or all of the rim schemes of
Figure 10 can be combined as desired. As long as the cen-
ter tap of the 100k trimpot is retumed to a voltage 200 mV
below V+, the trim schemes shown will not greatly affect

100 s/ DIV
TL/H/5600-17

a. Bias Current

Vos. Both the gain and DG CMRR trims can degrade posi-
tive PSRR; the positive PSRR can then be nulled out if de-
sired. The cormect order of timming from first to last is bias
current, gain, CMRR, negative PSRR, positive PSRR and
Vos-

Top Trace: Cable Shield Grounded

Gy =500 pF
100k

Bottom Trace: Cable Shield Bootstrapped

TL/H/5608-18

c. DCCMRR

1%y

100K
8.25m
5
d. AC CMRR 8. Negative PSRR f. Posltive PSRR
TL/H/6609-18

FIGURE 10. Other Trims for 16-Pin Package
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Typical Applications

4 mA-20 mA Two Wire Current Transmitter

L)
___—_Emﬂz_,

1)
HIGH MPEDANCE ::I’ 8.7 e
BRIDEE TRANSDUCER B ¥
(STRAIN GAGE, PRESSURE
TRANSDUCER, ETC.}

=

| 3 + v '\
' ' mmm‘l; N 8 0UT 2N3904
>
l_ J H A 4 VWA
PRI S 7 w“ e
v A 1.0 ,klumoo
VA~
(5} 1' L "M
100k 2000
M3 A2 4m
g 5000 1.9 < 1000
1 N
* ywis A ’* .
e W
TL/H/5608-20
The LM32¢ reference provides excellent ine regulation and gain stabikity. When bridge is balanced
{lour =4 mA), there's no drop across R3 and R4, 80 that gain and ofiset adjustments are non-in-
1aractive. The LM334 configured as a zera-TC current source supplies quiescent current ta circuit.
Rt11 provides current imiting.
Design Equations
los = (re +1R7) (1 +%) -4 mA
Alpyr _Ay_R2+R3+R4 10mA
AViy Ri R2+R4 mv
when Ay = LM363 vohage gain
0.68V 68 mV
Pick l334 = ) WHSB mA
Vz—2.4V
Imax =taae + -ZW =26 mA
lgRIDGE(MAX) = fas4dasalz = 1.5mA
Precision Current Source {(Low Output Current)
[}
0.0
h2
L]
AAA
*—NN—S
>
< R
SiM
R1 = R2
V,
A lour = =, [Vl < 10V
lout GR1
TL/H/56808- 21
Precision Voltage to Current Converter (Low Input Voltage)
[}]
” A e TR
vy v Reg = R1[50 ket
GVIN GVN
Ut = Reg T Tke
TL/H/5608~22
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Typical Applications (continved)

Curvature Corrected Platinum RTD Thermometer

’ P 180 mV/°C
Ak
>
<
S She ™ >
< < ::‘ . b3
1 NON. > ]
LINEARITY
-
S 1.5%
y 1%
{_-“‘;"’l < 05
o | b3 1 e *70k and 2k shoukd track to 5 ppm/*C
b l " < : **Less than 5 ppm/°C it
{ M i 1 tLess than 100 ppm/°C drift
]
1801 1e0pF T1These resistors should track 10 20 ppm/~C
! u ! » T 950 reastors shoulc PP
H e | 19 = tEquivalent circuit, shawing lead resistance
| PP AAA
LA AA ] V¥
b & t p 1 L This thermameter is capable of 0.01°C accuracy over —50°C to
:. ‘;ﬁ b piatimom .: I :. " +150°C. A unique trim arangement eliminates cumbersome trim inter-
< ¥ sensorr <™ actions 8o that zero, gain, and nonknearity correction can be timmed in
L sk one oven trip. Extra op amps provide full Kelvin sensing on the sensor
without adding drift and offset terms found in other designs. A2 is con-
figured as a Howland current pump, biasing the sensor with a fixed
- curent.

TL/ HrE608-23 Resistors R2, R3, A4 and R5 from a tridge driveninto balance by A1. In
balancs, both inputs of A1 are at the same voltage. Since R6=R7, A1
draws equal currents from both legs of the bridge. Any loading of the
R4/R5 leg by the sensor would unbalance the bridge; therefore, bath
bridge taps are given to the senaor open circuit voltage and no current
is drawn.

Precision Temperature Controller

= SERVD RESPONSE

TEST FOINT
-
S |
A l
[P i) [ A] ‘
3 T |
STEP SENERATOR = |
! — Lm:nsl
>

t < [X} 1K 6 I
= J_ 4 |
= T 100k |

THERMAL FEEDBACK

I
|
|
t
!
|
|
!

\-———_‘___—

"Ultronix 105A wirawound TL/H/5609-24
Tharmistor = Yellow Springs # 44032
Setpoint stability = 2.6X10—4C/Hr
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Typical Applications (continued)
Low Frequency Rolloff (AC Coupling)

[ # —— e
3.34F Al 27 C1(50 k1)
2=100 f1 = 100Hz
Reduced DC voltage gain
6008 sttanuates offset error and
1/1 noise by & factor of 100.

1Hz

ne
— ' >
I 1 100 » A
Wz Mz kHz
ne - TL/H/5608-25
Precision Comparator with Balanced Inputs and Variable Offset Boosted Current Source with Limiting

W
i ]-l-
-0.W
¥ Ri=-R2
o G VN
0" R2
_Vee
Iax= "5
tpd =15 S at 1 mV overdrive =60 mA
AVpoyr=v2+0.6v
. AVouyr
SLOT5Is = e = 2 MV
~ 15V —AAA— 15¥ " GR1+RA2)
50k Offset= V. G
OFFSET AN SENSE
11.3V range TL/H/5608-26
Thermocouple Amplifier with Cold Junction Compensation
L »
10k
Bk oUTPUT [ ] ZEM — 13V
2w =10 m¥/°C 10k ADJUST
. AN A
= N33
1t on
b2 < 2.05
1% < 1%
ye M3 Lo
¥
> A2
g 2.16k Smooom
™ S gHus
L~ (LI 1
» 508
> GAIM
. THM
\V Input protaction circuitry allows
o ™ thermocaugle to short to 120 Vag without
| :: % damaging amplifier.
! — j L Calibration:
COLD JUNCTION 1“‘- 1) Apply 50 mV signal in place of thermocoupia.
LOCAVE NEAR LM334 ¥rim R3 for Vour=12.25V.
2) Reconnect thermocouple. Trim RS for correct
L
+TvPe outp
THENMOCOUPLE

TL/H/5609-27
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Typical Applications (Gontinuec)

Synchronous Demodulator
SOUARE WAVE CLOCK

d >
L - 1.
L
< i'

MR \ < l

3 $ —

1 < TYPICAL <

INPUT BIGNAL > INPUT———»-& DX ouTROT

SOURCES / W

7/

_='L )
OPTICAL —_— . b
Cﬂﬂ"ﬁ%_\ % INFmARED / _T_ 02 j SOUARE

*Use square wave drive produced by optical chopper to run LF13333 swilch inputs.

Pulsed Bridge Driver/Amplifier

15¥
STANCOR
“FILAMENT" TYPE L
TRANSFORMER < 10K
Peaga t 1
SECONDARY PRINARY

—

y
S

2N2218

CLOCK
5VOLrS
100 us WIDE
S Hz

Y *TRW MAR-6 precision resistor
I L == IN4148
= - tProvides = 50V pulses for bridge
for graater r
without overdissipation

TL/H/2608-22

18

B 5501124 0101833 997 IR

Power ed by | Cniner.com El ectronic-Library Service CopyRi ght 2003



Typical Applications (continued)

. Precision Barometer

1Y

- ¥
— | w {1 ‘

**Paraliel trim for 28.00" Hg =0V
tParallel trim for 32.00" Hg=4V out
*B.L.H. Electronics #DHF-444114

Pressure Transducer,

350£ input impedance.

Output =1 mV/volt excitation/psi

b—» 0uTPUT

TL/H/5808-30
Removing Large DC Offsets
(4]
= — = = e
| @ AAA— I i
l — | ! <m
= S
I L
| {
| €2
[EREP
I }
Le—e——— 4 =
BRANSOUCEN
WITH
DC OFFSEV
~Optiona! bardiimiting to reduce noisa.
Pick R1C1=R2C2=R3C3/10
R TL/H/5608-31
27

#=0.1 Hz for values shown. Integrator nulls out offset error ta
LM363 bias currerts flowing into R1 and R2.

Removing Small DC Offsets

*Optional bandlimiting 1o reduce noise.
Low frequency break

1
frequency 1,-m-o.o1 Hz

Accommodates out referred offset of several volts. Limit is set by max = TL/H/5608-32
differential between reference and sense terminals.
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Physical Dimensions inches (milimeters)

0,360 —0.370
11890 —9.308)
0iA 0.315-0.335
| ™| w007 =850
MAX
0.028
0.165-0.185 f ’ 5% m‘t‘\muzu
TR i !
REFERENCE PLANE — il ? = SEATING PLANE
0.500 m f_ 0.015—0.040
270 mAX {0.381—1.075)
T 0.06-0.019
| e DOV80010 oae—oa DA™
1.195-0.285 DIA
9.100 {4953 _5.207) PL.
o "
F
0.020 ~0.045
0737134
0.028 -0.034
8711 —0.864) 0.115-0.145
(n.711—n.m)\% o
4 DI
45° EQUALLY
SPACED MCAL (REV E)

Metal Can Package (H)
Order Number LM363H-10, LM363H-100 or LM363H-500
NS Package Number H08C

BB bL50Llc4 0101835 76T mm
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Physical Dimensions inches (milimeters) (Continued)

-
2
=
Q. ) 0.810
£ u573)

WAX
< M [ @6 R R
c
o 0.270-0.306
'a' PIN NG. 1 (6.858--7.747)
8 IDENT 1
5 0T GI T T G G ] @

0.050 +0.005

€ 0.005 0485 nar oz ¢ L8

TR 41040, 4572)
P @120 (12.319) - ¢ 0.020-8.060

MIN MAX max  0.020-8.850

® { {0.508_1.529)
£ L1
c 0.008-0.015  0.085
o) N wz0s-0an w2 }
K] _ a0 | [ | 0.015-0,023
O 0.280-0320 {2.032) {0.381-0.584) 0.125-0.200  0.150
't {1356-8.128) MAX TYP 0.100 :0.010 (B.175-5800) @AI0)
o {2,540 10.258) MIN
P 0.00/(2.540) BSC

TYP REL TO LEADS
8 1 AND 16} D16 REV H}
= Hermetic Dual-In-Line Package (D)
-l Order Number LM363D

NS Package Number D16C

LIFE SUPPORT POLICY

NATIONAL'S PRODUGCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF NATIONAL
SEMICONDUCTOR CORPORATION. As used herein:

1. Life support devices or systems are devices or 2. A critical component is any component of a life

systems which, {a) are intended for surgical implant
into the body, or (b) support or sustain life, and whose
failure to perform, when properly used in accordance
with instructions for use provided in the labeling, can
be reasonably expected to result in a significant injury

support device or system whose failure to perform can
be reasonably expected to cause the failure of the life
support device or system, or to affect its safety or
effectiveness.

to the user.

& Corporstion
1111 West Bardin Road
Arlington, TX 76017
Tol: 1(B00) 272.0050
Fax 1(800) 737-7018

Europe
Fax {-+49) 0-180-530 85 86
Email: ¢njwge @tlevm2.nsc.com
Deutsch Tel: (+49) 0-180-530 85 85
English Tel: (+49) 0-180-532 78 32
Frangais Tel: (+49) 0-180-532 93 58
lhaliano  Tel: (+49) 0-180-534 16 80

National Semiconductor
Hong Kong Lid.

18th Ploor, Straight Block,
QOcean Cenire, 5 Canton Rd.
Teimshatsui, Kowloon

Hong Kong

Tal: (852) 2737-1600

Fax (852) 2736-9960

National Semiconductor
Japan Lid.

Tel: 81-045-209-2309
Fex B81-043-299-2408

National does nol assume any responsibility lor use of any dircuitry described, no circuit patent licenaes are implied and Naticnai reserves the right at anty time without notice to change said circuitry and specifications.
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