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LM614A/LM614 Quad Operational Amplifiers

and Adjustable Reference

General Description

The quad operational amplifiers are a versatile common-
mode-to-the-negative-supply (“single supply") type similar
to the LM124 series, but with improved slew rate, improved
power bandwidth, reduced cross-over distortion, and low
supply current even while driven beyond swing limits. Later-
al PNP input transistors enable low input currents for large
differential input voltages and swings above AR

The voltage reference is a three-terminal shunt-type band-

Features (Guaranteed over temperature & supply)
Op Amps
m Low operating current 250 pA (per op amp)
16 pA (reference)
m Large supply voltage range 4V to 36V
m Large output swing
{10k load) V- + Vo vt — 18V)

m Input common-mode includes V™ to (VP - 14V)

= Wide input differential vol +36V
gap similar to the adjustable LM185 series, but with anode gf:dl;zu uadeo a:n oit:.?:n
committed to the V™ terminal and improved voltage accura- q p amp p
oy to £0.4%. Two resistors program the reference from Re'e'_'e"“
1.24V to 6.3V. The reference features operation over a M Adjustable output voitage 1.2V to 6.3V
shunt current range of 16 pA to 20 mA, low dynamic imped- ® Tight initial tolerance available +0.4%
ance, broad capacitive load range, and cathode terminal  m Tolerant of load capagitance 0to o
voltage ranging from a diode-drop below V™ to above vt
As a member of National's new Super-Block™ family, the Applications
LM614 is a space-saving monolithic alternative to a multi-  m Power supplies
chip solution, offering a high level of integration without sac-  m Signal conditioning
rificing performance,
Connection Diagram Order Number
q T 1 Prime Military LM614MJ
- e Tested at —55°C, +25°C, +125°C
2 % & 15 Drift tested at —55°C, +25°C, +125°C
3 — 14 Prime Industrlal LMB14AIN
4 . p substrate]3 Tested at +25°C
e — 1‘2"" Drift tested at —40°C, +26°C, +85°C
[ 1 Industrial LM614IN
] — Tested at +25°C LM6141J
i : 10 LME14IWM
8 anode 9
FEEDBACK CATHODE Commerical LM614CN
Tested at +25°C LM614CWM
TL/H/9328-1
Top View .
Order Number LM6141J, LMG14MJ, LME14CWM, Packages _ ,
LMG14IWM, LMG14AIN, LM614CN or LM&14IN J Hermetic Dual-In-Line
See NS Package Number J16A, M168B or N16A Plastic Dual-in-Line
WM Plastic Surface Mount Wide (0.3")
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Absolute Maximum Ratings T-79-10 A
It Military/Aerospace specified devices are required, Soldering Information ;
please contact the National Semiconductor Sales Dual-In-Line Package ~
Office/Distributors for avallability and specifications, (Soldering, 10 seconds) 260°C E
Voltage on Any Pin except Cathode Pin Small Outiine Package o
(referred to V= pin) Vapor Phase (60 seconds) 215°C :
{Note 1) T —0.3V (Min) Infrared (15 seconds) 220°C
Military and Industrial 3sv See AN-450 “Surface Mounting Methods and Their Effect
Commercial 32v on Product Reliability” for other methods of soldering sur-
Current through Any input Pin face mount devices.
and Cathode Pin £20 mA Package Thermal Resistance (Note 3)
Ditferential Input Voltage Hermetic DIP J16 100°C/W
Military and Industrial +38V Molded DIPN16 95°C/W
Commercial +32V Molded SO M16 Wide 140°C/W
Short Ciruit Duration, Op Amp (Note 2) Continuous E312(;r°::ef1a";°:(§N°t° 4 .
—B5° pr, 1.
s'tor.age ijpel:atu:_e Ftanget 65°Cto + : :gg 200 pF. < 10 +250V
aXIml:lm unction Temperature Absolute maximum ratings indicate limits beyond which
Operating Junction Temperature Range , TMin 10 Tiax damage to the component may occur. Electrical specifica-
tmg}:{“ _5209(;‘:0"'_: ggeg tions do not apply when operating the device beyond its
: - rated operating conditions.
LM614C 0°Cto +70°C perating conal
Electrical Characteristics
These specifications apply for V= = GND = oV, V¥ = 8V, Voy = V*/2, Vour = V*/2, Iy = 100 pA, FEEDBACK pin
shorted to GND, any package, unless otherwise specified. Limits In standard typeface are for Ty = 25°C; limits in boldface type
apply for Tpin to Tyax.
Typ- LM614M LM614AlL LMB14! LMé614C
Para- Conditions fcal Tested | Design | Tested | Design | Tested Design Units
meter (Note 5)| Limit Limit Limit Limit Limit Limit
(Note 6) | (Note 7) | (Note 8) | (Note 7) | (Note 6) | (Note 7)
Total | V¥ Current, Ripap = ¢o, 450 800 940 1000 A max
Supply |4V < V* < 36V Over Ty Range 580 | 1000 1000 1070 | pA max
Current | (Commercial 32V) )
Supply | Mests Total Supply Current, and 22 28 28 28 V min
Voltage | See Vg Change withV* ChangeTest| 2.9 | - 8 3 3 V min
Range 46 36 36 32 V max
43 36 36 32 V max
OPERATIONAL AMPLIFIERS
Vos 4V <v*t <asv
+ +1.6 +3.5 +3.5 +5.0 mV max
Quar 1 (4V <V < 32V Commerclal) +2,0 | +8.0 +6.0 +7.0 | mVmex
Supply
g‘agr Vom = OV through Vo = £10 | +35 +£3.5 +5.0 mV max
Vor VT - 149, v = 30v £1.8 | £85.0 £6.0 +£7.0 | mVmax m
Averaga | LM614M & Al, Op Amp 3Only VI°G
Vos | (Note®) 15 25 30 K ox
Drift , -m
g‘i';:‘ lo+vandlg_iy -10 | 20 +265 +35 nA max
Current —-11 +28 +30 +40 | nAmax
'o"f‘;:; los =g~ I8N 0.2 | +4 +4 +4 nA max
Current 0.3 4 8 8 | nAmax
Average
los +4 pA/°C
Drift
3-545




NATL SEMICOND (LINEAR)

LM614A/LM614

¢cE D EM bL5011i24 00LA43Z T WA

Electrical Characteristics (continued
These specifications apply for V™ = GND = 0V, V

T-79-10

1 5V, Vom = V72, voyr = Vt/2, Iy = 100 pA, FEEDBACK pin

shorted to GND, any packags, uniless otherwise specified. Limits in standard typeface are for Ty = 25°C; limits in boldface type

apply for Tyin to Tyax.
Typ- LMB14M LM6E14A1, LM614] LMe14C
Para- leal Tested |Design| Tested | Design | Tested | Design
meter Conditians (Notes) | Limit | Limit | Lmit | Uit | Gmit | umit |98
(Note 6) |(Note7)| (Note6) | (Note7) | (Note8) | (Note?)
'F"‘:;:t_ Differentlal: 1800 MO
Common-Mode: 3800 MO

ance
Input C-to-GND, Non-Inverting input 57 F
Cap. of Follower ) P
Voltage |100 Hz, input Referred
Nolse 74 nv/{Hz
Current |100 Hz Bias Current Noise
Noise 58 tAHEZ
Common{vt = 30V,
-Mode [OV < Vo < (VY — 1.4v), 95 85 80 75 dB min
Reject |CMRR = 20 log (AVou/AVops! 90 80 75 70 |dBmin
Ratio
Power |4V <VT <30v,Voy = Vt/e,
Supply |PSRR = 201log (AV™ /AV(s) 110 85 80 75 dB min
Reject 100 80 75 70 dB min
Ratio
Voltage |RL = 10k to GND, V¥ = a0V,
Gain, {5V < Voyt < 25V, Open-Loop 500 100 100 94 v/mV
Open  |Ay = |AVout/AVinpiFe] 50 40 40 40 min
Loop
Slew |VT = 30V (Note 9) £0.70 £0.55 +0.58 +0.50 V/ps
Rate +0.65 +0.45 +0.48 +0.48 mint
Gain-  |Closed Loop Gain = —1000, 0.79
Band- |—3dB Frequency X Gain, 0'52 MHz
width  |CL = 50pF *
Output |RL = 10k to GND
Voltage [V* = 36V (32V Commerclal) |V* — 14|Vt — 16 vt -7 vt —18 V min
Swing v - 1.6V~ 1.8 vt - 1.9 vt - 1.9 Vmin
High
Output |RL = 10kQtov*
Voltage v* = 38V (32V Commercial) VT +08{V™ +0.80 V™ +0.80 vV~ + 0.95 V max
Swing V™ + 09|V + 1.0 vV~ + 1.0 V™ + 1.0} Vmax
Low
lour [Vour=V" —-28V,Ven=0V,| -25 —20 —20 -16 mA max
Source [V.y = —0.3V —-18 -13 -13 —-13 |[mAmax
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Electrical Characteristics (continued . T-79-10
These specifications apply for V™ = GND = OV, V¥ = BY, Vo = V*1/2, Vour = V¥ /2, In = 100 pA, FEEDBACK pin
shorted to GND, any packags, unless otherwise specified. Limits in standard typeface are for T; = 25°C; limits in boldface type
apply for Tyin to Tumax-
Typ- LM614M LM614Al, LM6141 LM614C
Para-« Conditions ical Tested | Design | Tested | Design | Tested | Design Units
meter (Note6) | Limit Limit Limit Limit Limit Limit
(Note 7) | (Note 8) | (Note7) | (Note 8) | (Note 7) | (Note 8)
lout Vour = 1.6V, V& = 0V, 17 15 14 13 mA min
Sink V_oin =03V 9 8 11 " mA min
Short- Voutr =0V, V4in = 3V, -30 -37 —40 —43 mA min
Cireuit | Von = 2V, Source: —40 —46 —-48 —50 | mAmin
Current [ v =5V, Vo = 2V, 30 40 60 70 mA max
V_iN = 8V, Sink: 32 60 80 90 | mAmax
VOLTAGE REFERENCE (Note 10)
Refer- 1.244 1.2390 1.2365 1.2191 V min
ence 1.2490 1.2515 1.2689 V max
Voltage (£0.4%) (£0.6%) (£2%)
Average { (Note 11) 10 20 80 150 PPM/C
Temp. LM614Al 20 max
Drift
Average | T = 40°C 400 PPM/
Time kHr
Drift Ty = 150°C 1000 PPM/
kHr
Hyster- | Hyst = {(Vro' — Vro)/AT,
esis | (Note 12) £3.2 rV/C
VR VRI[100 Al — VRI16 pA] 0.05 +1 +1 +1 mV max
Change 0.1 +1 +1.1 +1.1 | mVmax
gnth ¢ VR{10 mA] — VRI100 pA] 1.5 5 5 5 mV max
urrent | (Note 13) 3.0 5 5.5 5.5 | mvmax
Resis- | AVR[0 —» 0.1 mA]/9.9 MA: 0.2 0.51 0.56 0.86 | O max
tance AVH[100 ~» 16 1A)/84 pA: 0.6 12 13 13 Q max
VR VR(vro = vil — VRIvro = 6.3v]
Change | {5.06V between Anode and :g g 7 10 7 10 n"x gax
with | FEEDBACK} * ax
High
Vro
VR Vaw+ =sv) ~ VRv+ =aev | 01 £1.2 +1.2 £1.2 mV max
Change v =32y Commercial) 0.1 +1.2 +1.3 +1.3 | mVmax
with
vt Vaw+ =sv) ~ Vaw+ —av | 00t f1 £1 . £1 mV max
Change 0.01 +1 +1.8 1.5 | mVmax
FEED- | ire: VANODE S VFB < 5.06V -22 -35 -85 —50 nA min
BACK —-29 —40 —40 -55 nA min
Bias
Current
Vgr 10 Hz to 10,000 Hz, VRo = VR
Noise 80 KVRMs
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Electrical Characteristics Notes 7-79-10
Note 1: More accurately, it is excessive current flow, with resulting excess heating, that limits the voltage on all pins. When any pin Is putled a diode drop belowV—,
a parasitic NPN transistor turns ON. No latch-up will occur as tong as the current through that pin ing below the Maxi Rating. Operation is undefined and

unpredictable when any parasitic diede or transistor is conducting.

Note 2: Simultansous short-circuit of multiple op amps and reference while using high supply voltages may force junction temperature above maximum, and thug
should not be continuous.

Note 3: Junction temperature may be d using Ty = T, -+ Ppfja- The given thermal resistances are worst-case for packages in sockets in still air. Nominal
0| are 85°C/W for LM614 in J package, 80°C/W for the N package, and 110°G/W for the WM package, for pach idered to copper-clad board with
dissipation from one op amp or reference output transistor.

Note 4: Human body model, 100 pF discharged through a 1.5 kel resistor.

Note 5: Typical values In standard typeface are for Ty = 26°C; values in boldface type apply to the military temperature range. These values represent the most
likely paramatric norm.

Note 8: Tested limits are guaranteed and 100% tested.
Note 7: Design limits are guaranteed via correlation, but are not 100% tested.

Note 8; Offsst voltage driftis d from the 1t of the offset voltage at 25°C and at the temperature extremss. The drift is AVpg/AT, where AVgs
is the lowest value subtracted from the highest, and AT is the temperature range.

Note 9: Slow rate Is measured with the op amp In a voltage follower configuration. For rising slew rate, the input voltage is driven from 5V to 25V, and the output
voltage transition Is sampled at 10V and 20V. For falling slew rate, the input voltage is driven from 25V to 5V, and the output voltage transition ls sampled at 20V
and 10V.

Hote 10: V,, is the Cathode-te-Anade voltage (l.e. the reference output voltage, 1.2V to 6.3V). V, Is the Cathode-to-FEEDBACK voltage {(nominally 1.2V).

Note 11: Average roft drift is lated from the mea: 1t of the ref voltage at 25°C and at the temperature extremes. The drift, in ppm/*C, is
1080AVR/VR(25'C]*AT,, where AVR is the lowest value sublracted from the highest, Vrpzs+c} is the value at 25°C, and ATy s the temperature rangs.

Note 12: Hysteresls Is AVro/AT,, where AVRg is the change in Vro caused by a change in Ty, after the has been “dehysterized". To dehysterize the
reference, its Junction temp should be cycled In the following pattern, spiraling in toward 26°C: 25°C, 125°C, —55°C, 85°C, —40°C, 70°C, 0°C, 25'C,

Note 13: Low contact resistance is required for accurate measurement.

Simplified Schematic Diagrams

Op Amp
Su S5p
Syg ésp 151 v+
15u] 424
6K 6K
H
- >
> [ >
P T ]our
12K 12 V-
) - - TL/H/9326~-2
Reference Blas
4 o 24
op AP T
168 K
6K 6K| 6k 64K

TU/H/8326-3
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REFERENCE VOLTAGE (V) REFERENCE VOLTAGE CHANGE (mV) REFERENCE VOLTAGE (V)

FEEDBACK CURRENT (nA}

Typical Performance Characteristics (Reference)

26°C, FEEDBACK pin shorted to V— = 0V, unless otherwise noted

Reference Voitage
vs Temperature

% on 5 Representative Units
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T-79-10
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2| Typical Performance Characteristics (Reference) (continued) T-79-10
s T, = 25°C, FEEDBACK pin shorted to V—~ = 0V, unless otherwise noted
,"_ Reference Voitage with Reference Voltage with
© Reference Power-Up Time FEEDBACK Voltage Step 100~ 12 pA Current Step
E s l FEEDOCK ~T0 ~AGDE VOLTAGE s M7
- g 506V £ 1, STEP, Y
° 288k acm::;::m CATHODE § T w % | {7294
g g I ~— ! |
g 10 § 5 | g 125°
’ ’ 4 1 / 3
E . \ 2 s ) |i=550¢] 13 250
o8 é 2 \ Vo g 1259
, Sl N
0 100 200 300 40 0 100 200 300 400 500 600 700 0 100 200 300 400 500 600 700
TINE (us) THE (us) TRE (pa)
Reference Step Response
for 100 pA ~ 10 mA Reference Volitage Change
s Current Step 20 with Supply Voltage Step
i 1l B
g | z |
E 0 .
g’ g i
- = ']
B : i
i | Dy A'r,:o:[.zsn 125% E i ==
o[ rooga 11O 05 3o
| i
0 100 200 300 400 500 600 700 0o 1 2 3 4 5 6
TNE (us) THE (re) TUH/9928-8

Typical Performance Characteristics (Op Amps)
y+ =5V, V— = GND = OV, Vg = V+/2, Voyr = V¥/2. T; = 26°C, unless otherwise noted

input Common-Mode Vos vs Junction
Voltage Range vs Temperature on 9 Input Bias Current vs
" Temperature Representative Units Common-Mode Voitage
4 20
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Slew Rate vs Temperature Large-Signal Output Voltage Swing
and Output Sink Current Step Response ¢ vs Temp. and Current
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Typical Performance Characteristics (Op Amps) (continued)

VT = 8Y,V™ = GND = OV, Vo = VT /2, Vour = V*/2, Ty = 25°C, unless otherwise noted

OUTPUT CURRENT (mA)}

MPEDANCE (2)

NOISE VOLTAGE (nVrms//F)

MAGNITUDE (dB)

Output Sink Current vs
» Output Voltage and Temp.
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Typical Performance Characteristics (Op Amps) (Continued)
v¥ = 5V, V™ = GND = 0V, Vgm = V72, Vout = V¥ /2, T; = 25°C, unless otherwise noted
Power Supply Current vs
Power Supply Voltage
1000 ”
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— 800 Lot
% Zgg 125°C n
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3 40 I
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s 200 100A
Y 100 L
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=1 0123 4 5102030405060
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NATL SEMICOND (LINEAR)

Typical Performance Distributions (continusd)

Voltage Reference Broad-Band
Noise Distribution

30 30

22E D WM L50L1l2Y4 0OL&44O0 9 WM

Op Amp Voitage
Noise Distribution

T-79-10

Op Amp Current
Noise Distribution

10 <£=510,000 Hz 100 Hz
Amps 1,2, 3, 4

20

100Hz
Amps 1, 2, 3, 4

UNTS
UNITS

10

UNITS

4 B 12162024283236404448

VOLTAGE NOISE (kVgys)
TL/H/9326-35

Application Information
VOLTAGE REFERENCE

Reference Blasing

The voitage reference Is of a shunt regulator topology that
models as a simple zener diode. With current I flowing in
the ‘forward’ direction there Is the familiar diode transfer
function. I, flowing in the reverse direction forces the refer-
ence voltage to be developed from cathode to anode. The
cathode may swing from a diode drop below V™ to the ref-
erence voltage or to the avalanche voltage of the parallel
protection diode, nominally 7V. A 6.3V reference with vt o=
3V is allowed.

Anode committed to V™

TL/H/9328-9
FIGURE 1. Voltages Assoclated with Reference
(Current Source |, Is External)

The reference equivalent circult reveals how Vy is held at
the constant 1.2V by feedback, and how the FEEDBACK pin
passes little current.

To generate the required reverse current, typically a resistor
Is connected from a supply voitage higher than the refer-
ence voltage. Varying that voltage, and so varying I, has
small effect with the equivalent series resistance of less
than an ohm at the higher currents. Alternatively, an active
current source, such as the LM134 series, may generate .

Capacitors in parallel with the reference are allowed. See
the Reference AC Stabllity Range typical curve for capaci-
tance values—from 20 pA to 3 mA any capacitor value is
stable, With the reference’s wide stability range with resis-
tive and capacitive loads, a wide range of RC filter values
will perform noise filtering.

VOLTAGE NOISE (nVeys //FZ)

0B 16 24 32 40 48 56 64 72 60 88 96

CURRENT NOISE (fAgys /FZ)

TL/H/9326-36 TL/H/9326-37

Anod! =V=
FIGURE 2, Reference Equivalent Circuit

TL/H/83268-10

5y
100 uAl 38K

Yro=Vr=1.2V.

TL/H/9328~11
FIGURE 3. 1.2V Reference

Adjustable Reference

The FEEDBACK pin allows the reference output voitage,
Vror to vary from 1.24V to 6.3V. The reference attempts to
hold V, at 1.24V. If V; is above 1.24V, the reference will
conduct current from Cathode to Anode; FEEDBACK cur-
rent always remalins low. If FEEDBACK is connected to An-
ode, than Vyo = V; = 1.24V. For higher voitages FEED-
BACK is held at a constant voitage above Anode-—-say
3.76V for Vo = 5V. Connecting a resistor across the cans-
taint V, generates a current {=R1/V, flowing from Cathode
into FEEDBACK node. A Thevenin equivalent 3.76V is gen-
erated from FEEDBACK to Anode with R2=3.76/1. Keep |
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Application Information (continued)

greater than one thousand times larger than FEEDBACK
bias current for <0.1% error—|232 pA for the military
grade over the military temperature range (I>5.5 pA for a
1% untrimmed error for a commercial part.)

15V

TL/H/8326-12
FIGURE 4, Thevenin Equivalent
of Reference with 5V Output

Vo= 124V

Vo5V

TL/H/9326-13
R1 = Vr/l = 1.24/32yu = 39k
R2 = R1 {(Vro/Vr) — 1} = 39k {(5/1.24) — 1)} = 118k
FIGURE 6. Resistors R1 and R2 Program
Reference Output Voltage to be 5V

Understanding that V; is fixed and that voltage sources, re-
sistors, and capacitors may be tied to the FEEDBACK pin, a
range of V, temperature coefficients may be synthesized.

15V
10k

>
<
>

[ NEGATIVE
€

&/

TL/H/8326-14
FIGURE 6. Output Voltage has Negative Temperature
Coefficient (TC) if R2 has Negative TC

T-79-10

TL/H/9326-15
FIGURE 7. Output Voitage has Pasitive TC
if R1 has Negative TC

TL/H/9328~16
FIGURE 8. Diode in Serles with R1 Causes Voitage
across R1 and R2 to be Proportional to Absolute
Temperature (PTAT)

Gonnecting a resistor across Cathode-to-FEEDBACK cre-
ates a 0 TC current sourcs, but a range of TCs may be
synthesized.

ZIHS/JAl

zisml

TL/H/9326-17
I =Vr/R1 = 1.24/R1

FIGURE 9. Current Source is Programmed by R1

PESWT/VYIONT
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mon-mode range, another amp may be operated as a com-
parator, another with all tarminals floating with no eftect on
the others (tying inverting input to output and non-inverting
inputto V™ on unused amps is preferred). Choosing operat-
ing points that cause oscillation, such as driving too large a
capacitive load, is best avoided.

OP Amp Output Stage
These op amps, like their LM124 series, have flexible and
relatively wide-swing output stages. There are simple rules
to optimize output swing, reduce cross-over distortion, and
optimize capacitive drive capability:
TL/H/6326-18 1) Output Swing: Unloaded, the 42 pA pull-down will bring
FIGURE 10. Proportional-to-Absolute-Temperature the output within 300 mV of V™ over the military tempera-
Current Source ture range. If more than 42 pA is required, a resistor from
output to V™~ will help. Swing across any load may be
v improved slightly if the load can be tied to VT, atthe cost
of poorer sinking open-loop voltage gain
THERMISTOR 2) Gross-over Distortion: The LM614 has lower cross-over
distortion (@ 1 Vpg deadband versus 3 Vgg for the
LM124), and increased slew rate as shown in the charac-
teristic curves. A resistor pull-up or pull-down will force
class-A operation with only the PNP or NPN output tran-
0~5Y sistor conducting, eliminating cross-over distortion
3) Capacitive Drive: Limited by the output pole caused by
the output resistance driving capacitive loads, a pull-

Application Information (continued)

LM614A/LM614

TL/H/9926-19 down resistor conducting 1 mA or more reduces the out-
FIGURE 11. Negative-TC Current Source put stage NPN ro until the output resistance is that of the
Hysteresls gillllr;:g:w limit 2592, 200 pF may then be driven without os-
The reference voltage depends, slightly, on the thermal his- ’
tory of the die. Gompetitive micro-power products vary—al- OP Amp Input Stage
ways check the data sheet for any given device, Do not The lateral PNP input transistors, unlike most op amps,
assume that no specification means no hysteresis. have BVego equal to the absolute maximum supply voltage.
OPERATIONAL AMPLIFIERS Also, they have no diode clamps to the positive supply nor

across the inputs. These features make the inputs look like
high impedances to input sources producing large differen-
tial and common-mode voltages.

Typical Applications-
For typical applications, refer to the LM124 Op Amp and
LM185 Adjustable Reference datasheets.

Any amp or the reference may be biased in any way with no
effect on the other amps or reference, except when a sub-
strate diode conducts (see Guaranteed Electrical Charac-
teristics Note 1), One amp input may be outside the com-

3-556




