General Description

The LM359 consists of two current differencing (Norton) in-
put amplifiers. Design emphasis has been placed on obtain-
ing high frequency performance and providing user pro-
grammable amplifier operating characteristics. Each amplifi-
er is broadbanded to provide a high gain bandwidth product,
fast slew rate and stable operation for an inverting closed
loop gain of 10 or greater. Pins for additional external fre-
quency compensation are provided. The amplifiers are de-
signed to operate from a single supply and can accommo-
date input common-mode voltages greater than the supply.

Applications

m General purpose video amplifiers

m High frequency, high Q active filters

B Photo-diode amplifiers

m Wide frequency range waveform generation circuits

| All LM3900 AC applications work to much higher
frequencies

&National Semiconductor

LM359 Dual, High Speed, Programmable,
Current Mode (Norton) Amplifiers

February 1995

Features
W User programmable gain bandwidth product, slew rate,
input bias current, output stage biasing current and total
device power dissipation
m High gain bandwidth product (IseT = 0.5 mA)
400 MHz for Ay = 10 to 100
30 MHz for Ay = 1
m High slew rate (Iset = 0.5 mA)
60 V/us for Ay = 10 to 100
30 V/ps for Ay = 1
m Current differencing inputs allow high common-mode
input voltages
B Operates from a single 5V to 22V supply
B Large inverting amplifier output swing, 2 mV to
Voo — 2V
m Low spot noise, 6 nV/JHz, for f > 1 kHz
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Ay = 20 dB

—3 dB bandwidth = 2.5 Hz to 25 MHz
Differential phase error < 1° at 3.58 MHz
Differential gain error < 0.5% at 3.58 MHz

Connection Diagram

Dual-In-Line Package
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Top View

Order Number LM359J, LM359M or LM359N
See NS Package Number J14A, M14A or N14A
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Absolute Maximum Ratings

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for availability and specifications.

Supply Voltage 22Vpc
or £11 Vpc
Power Dissipation (Note 1)
J Package 1w
N Package 750 mW
Maximum T
J Package +150°C
N Package +125°C

Thermal Resistance
J Package
Ojp  147°C/W still air
110°C/W with 400 linear feet/min air flow
N Package
0ja  100°C/W siill air
75°C/W with 400 linear feet/min air flow

Input Currents, iy(+) or (=)

Set Currents, IseT(N) or IseT(OUT)
Operating Temperature Range

10 mApc
2mApc

LM359 0°Cto +70°C
Storage Temperature Range —65°Cto +150°C
Lead Temperature (Soldering, 10 sec.) 260°C

Soldering Information
Dual-In-Line Package

Soldering (10 sec.) 260°C
Small Outline Package

Vapor Phase (60 sec.) 215°C

Infrared (15 sec.) 220°C

See AN-450 “Surface Mounting Methods and Their Effect
on Product Reliability” for other methods of soldering sur-
face mount devices.

ESD rating to be determined.

Electrical Characteristics iscrn) = Isetour) = 0.5 MA, Veypply = 12V, Ta = 25°C unless otherwise noted

Parameter Conditions LM359 Units
Min Typ Max
Open Loop Voltage Vsupply = 12V, R = 1k, f = 100 Hz 62 72 dB
Gain Ta = 125°C 68 dB
Bandwidth Rin = 1kQ, Ccomp = 10 pF
Unity Gain 15 80 MHz
Gain Bandwidth Product Rin = 500 to 200
Gain of 10 0 100 200 400 MHz
Slew Rate
Unity Gain RiN = 1kQ, Ccomp = 10 pF 30 V/us
Gain of 10 to 100 Rin < 2000 60 V/us
Amplifier to Amplifier f =100 Hzto 100 kHz, R = 1k
" —80 dB
Coupling
Mirror Gain at2 mAIIN(+), IseT = 5 A, Tp = 25°C 0.9 1.0 1.1 wA/nA
(Note 2) at0.2 mA |N(+), IseT = 5 pA
Over Temp. 0.9 1.0 1.1 wA/nA
at 20 pA I|N(+), IseT = B A
Over Temp. 0.9 1.0 1.1 nA/nA
AMirror Gain at 20 uAto 0.2 mA I|N(+) 3 5 o
(Note 2) Over Temp, IseT = 5 pA °
Input Bias Current Inverting Input, To = 25°C 8 15 rA
Over Temp. 30 nA
Input Resistance (Bre) Inverting Input 2.5 kQ
Output Resistance lour = 15mAms, f = 1 MHz 3.5 Q
Output Voltage Swing R = 60002
Vourt High Iin(—) and Ijy(+) Grounded 9.5 10.3 \
Vout Low IINn(—) = 100 pA, IIn(+) = 0 2 50 mV
Output Currents
Source Iin(—) and Ijy(+) Grounded, R = 100Q 16 40 mA
Sink (Linear Region) Veomp—0.5V = Voyt = 1V, IINn(+) = 0 4.7 mA
Sink (Overdriven) IIN(—) = 100 pA, IIn(+) = 0, 15 3 mA
Vout Force = 1V i
Supply Current Non-Inverting Input
Grounded, R = o 18.5 22 mA
Power Supply Rejection f = 120 Hz, Ijy(+) Grounded 40 50 dB
(Note 3)

Note 1: See Maximum Power Dissipation graph.

Note 2: Mirror gain is the current gain of the current mirror which is used as the non-inverting input. (A|

different mirror currents at any given temperature.
Note 3: See Supply Rejection graphs.

_ In(=)

= ) AMirror Gain is the % change in A| for two
In(+)
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Typical Performance Characteristics
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Typical Performance Characteristics (continued)
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The LM359 consists of two wide bandwidth, decompensat-
ed current differencing (Norton) amplifiers. Although similar
in operation to the original LM3900, design emphasis for
these amplifiers has been placed on obtaining much higher

frequency performance as illustrated in Figure 1.

This significant improvement in frequency response is the
result of using a common-emitter/common-base (cascode)

Ayl (B)

gain stage which is typical in many discrete and integrated
video and RF circuit designs. Another versatile aspect of
these amplifiers is the ability to externally program many
internal amplifier parameters to suit the requirements of a
wide variety of applications in which this type of amplifier

can be used.
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Application Hints (continued)

DC BIASING

The LM359 is intended for single supply voltage operation
which requires DC biasing of the output. The current mirror
circuitry which provides the non-inverting input for the ampli-
fier also facilitates DC biasing the output. The basic opera-
tion of this current mirror is that the current (both DC and
AC) flowing into the non-inverting input will force an equal
amount of current to flow into the inverting input. The mirror
gain (A)) specification is the measure of how closely these
two currents match. For more details see National Applica-
tion Note AN-72.

DC biasing of the output is accomplished by establishing a
reference DC current into the (+) input, Iin(+), and requir-
ing the output to provide the (—) input current. This forces
the output DC level to be whatever value necessary (within
the output voltage swing of the amplifier) to provide this DC
reference current, Figure 2.

R¢
'FB

o

Vopo) = Vee(—) + Irg Rt TL/H/7788-7

Irg = IIn(+) Aj + Ip(—)

VT — Vge(+)
In(+) = R 3E
b
Ip(—) is the inverting input bias current

FIGURE 2

The DC input voltage at each input is a transistor Vgg
(= 0.6 Vpg) and must be considered for DC biasing. For
most applications, the supply voltage, V+, is suitable and
convenient for establishing Ijn(+). The inverting input bias
current, I,(—), is a direct function of the programmable input
stage current (see current programmability section) and to
obtain predictable output DC biasing set Ijy(+) = 10lp(—).

The following figures illustrate typical biasing schemes for
AC amplifiers using the LM359:

R¢
AvA'A
V+
Rs
o] [ akn—{>
G D LM359 Lovo
Rp
vt O— AP +
R =
Avac) = *H—' TL/H/7788-8
S
VT — Vge(+)
Vo(oc) = VBe(—) + Rt [R—bBE + Ip(—)

FIGURE 3. Biasing an Inverting AC Amplifier

wer]

R¢ TL/H/7788-9
Avinc) = +RS +re
Vvt — Vge(+)
Vopc) = VBe(—) + Ry H—: + Ip(—)

FIGURE 4. Biasing a Non-Inverting AC Amplifier
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VBE Ry
Rt
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Ry TL/H/7788-10
Vo(oo) = VBE(—) (1 + H_B) + Ip(—)R¢

FIGURE 5. nVgg Biasing
The nVgg biasing configuration is most useful for low noise
applications where a reduced input impedance can be ac-
commodated (see typical applications section).

OPERATING CURRENT PROGRAMMABILITY (IsgT)

The input bias current, slew rate, gain bandwidth product,
output drive capability and total device power consumption
of both amplifiers can be simultaneously controlled and opti-
mized via the two programming pins IseT(ouT) and ISET(IN)-

IseT(OUT)

The output set current (IseT(our)) is equal to the amount of
current sourced from pin 1 and establishes the class A bias-
ing current for the Darlington emitter follower output stage.
Using a single resistor from pin 1 to ground, as shown in
Figure 6, this current is equal to:

v+

vt —vge

1 =——BE
SETOUN ™~ Reerioum) + 5000

ISET(OUT)

TL/H/7788-11
FIGURE 6. Establishing the Output Set Current




Application Hints (continued)

The output set current can be adjusted to optimize the
amount of current the output of the amplifier can sink to
drive load capacitance and for loads connected to vt The
maximum output sinking current is approximately 10 times
Iseriour)- This set current is best used to reduce the total
device supply current if the amplifiers are not required to
drive small load impedances.

ISET(IN)

The input set current IsgT(n) is equal to the current flowing
into pin 8. A resistor from pin 8 to V™ sets this current to be:

v+

vt —vge

| | —  BE
SETAN) RseT(n) + 5000

IseT(N) =

TL/H/7788-12
FIGURE 7. Establishing the Input Set Current

ISeT(IN) is most significant in controlling the AC characteris-
tics of the LM359 as it directly sets the total input stage
current of the amplifiers which determines the maximum
slew rate, the frequency of the open loop dominant pole, the
input resistance of the (—) input and the biasing current
Ip(—). All of these parameters are significant in wide band
amplifier design. The input stage current is approximately 3
times IsgT(n) and by using this relationship the following
first order approximations for these AC parameters are:

31 106
= max slew rate = ﬂu (V/us)
‘comp
frequency of 3 IseT(N)
dominant pole — o4 GCeomp AvoL (0.026V)

. . 150 (0.026V)
input resistance = Bre = ————
3ISET(N)

where Ceomp is the total capacitance from the compensa-
tion pin (pin 3 or pin 13) to ground, Ayo_ is the low frequen-
cy open loop voltage gain in V/V and an ambient tempera-

SrMAX)

(Hz)

ture of 25°C is assumed (KT/q = 26 mV and By = 150).
ISeT(IN) also controls the DC input bias current by the ex-
pression:

lo(—) = % = %forNPNB = 150
which is important for DC biasing considerations.
The total device supply current (for both amplifiers) is also a
direct function of the set currents and can be approximated
by:

Isupply = 27 X IseT(ouT) + 11 X ISET(N)
with each set current programmed by individual resistors.

PROGRAMMING WITH A SINGLE RESISTOR

Operating current programming may also be accomplished
using only one resistor by letting IseT(n) equal IseTouT)-
The programming current is now referred to as IsgT and it is
created by connecting a resistor from pin 1 to pin 8 (Figure
8).

vt —2v
lseT = —— P& where Vgg = 0.6V
Rsetr + 1kQ
v+

| l'ssr

>
<

>R

< SET

TL/H/7788-13

ISET(IN) = ISET(OUT) = ISET
FIGURE 8. Single Resistor Programming of Iggt
This configuration does not affect any of the internal set
current dependent parameters differently than previously
discussed except the total supply current which is now
equal to:

Isupply = 37 X IggT

Care must be taken when using resistors to program the set
current to prevent significantly increasing the supply voltage
above the value used to determine the set current. This
would cause an increase in total supply current due to the
resulting increase in set current and the maximum device
power dissipation could be exceeded. The set resistor val-
ue(s) should be adjusted for the new supply voltage.




Application Hints (continued)

One method to avoid this is to use an adjustable current
source which has voltage compliance to generate the set
current as shown in Figure 9.

V+

i'SET
LM359 >—0 I LM334

8
+ RSET

67.7mV TL/H/7788-14
@25°C
T

ISET

FIGURE 9. Current Source Programming of IggT
This circuit allows IggT to remain constant over the entire
supply voltage range of the LM359 which also improves
power supply ripple rejection as illustrated in the Typical
Performance Characteristics. It should be noted, however,
that the current through the LM334 as shown will change
linearly with temperature but this can be compensated for
(see LM334 data sheet).

Pin 1 must never be shorted to ground or pin 8 never short-
ed to VT without limiting the current to 2 mA or less to
prevent catastrophic device failure.

CONSIDERATIONS FOR HIGH FREQUENCY
OPERATION
The LM359 is intended for use in relatively high frequency
applications and many factors external to the amplifier itself
must be considered. Minimization of stray capacitances and
their effect on circuit operation are the primary require-
ments. The following list contains some general guidelines
to help accomplish this end:

. Keep the leads of all external components as short as

possible.

2. Place components conducting signal current from the
output of an amplifier away from that amplifier’s non-in-
verting input.

3. Use reasonably low value resistances for gain setting and
biasing.

4. Use of a ground plane is helpful in providing a shielding
effect between the inputs and from input to output. Avoid
using vector boards.

5. Use a single-point ground and single-point supply distri-
bution to minimize crosstalk. Always connect the two
grounds (one from each amplifier) together.

6. Avoid use of long wires (> 2 ") but if necessary, use
shielded wire.

7. Bypass the supply close to the device with a low induc-
tance, low value capacitor (typically a 0.01 wF ceramic) to
create a good high frequency ground. If long supply leads
are unavoidable, a small resistor (~104) in series with
the bypass capacitor may be needed and using shielded
wire for the supply leads is also recommended.

-

COMPENSATION

The LMB359 is internally compensated for stability with
closed loop inverting gains of 10 or more. For an inverting
gain of less than 10 and all non-inverting amplifiers (the
amplifier always has 100% negative current feedback re-
gardless of the gain in the non-inverting configuration) some
external frequency compensation is required because the
stray capacitance to ground from the (—) input and the
feedback resistor add additional lagging phase within the
feedback loop. The value of the input capacitance will typi-
cally be in the range of 6 pF to 10 pF for a reasonably
constructed circuit board. When using a feedback resist-
ance of 30 kQ or less, the best method of compensation,
without sacrificing slew rate, is to add a lead capacitor in
parallel with the feedback resistor with a value on the order
of 1 pF to 5 pF as shown in Figure 10.

C¢

p—O couT

wo]

RsET
IggT =05 mA

C¢ = 1pF to 5 pF for stability

V+

TL/H/7788-15
FIGURE 10. Best Method of Compensation

Another method of compensation is to increase the effec-
tive value of the internal compensation capacitor by adding
capacitance from the COMP pin of an amplifier to ground.
An external 20 pF capacitor will generally compensate for
all gain settings but will also reduce the gain bandwidth
product and the slew rate. These same results can also be
obtained by reducing IsgT(n) if the full capabilities of the
amplifier are not required. This method is termed over-com-
pensation.

Another area of concern from a stability standpoint is that of
capacitive loading. The amplifier will generally drive capaci-
tive loads up to 100 pF without oscillation problems. Any
larger C loads can be isolated from the output as shown in
Figure 11. Over-compensation of the amplifier can also be
used if the corresponding reduction of the GBW product can
be afforded.

o fnn

TL/H/7788-16
FIGURE 11. Isolating Large Capacitive Loads




Application Hints (continued)

In most applications using the LM359, the input signal will
be AC coupled so as not to affect the DC biasing of the
amplifier. This gives rise to another subtlety of high frequen-
cy circuits which is the effective series inductance (ESL) of
the coupling capacitor which creates an increase in the im-
pedance of the capacitor at high frequencies and can cause
an unexpected gain reduction. Low ESL capacitors like solid
tantalum for large values of C and ceramic for smaller val-
ues are recommended. A parallel combination of the two
types is even better for gain accuracy over a wide frequency
range.

AMPLIFIER DESIGN EXAMPLES

The ability of the LM359 to provide gain at frequencies high-
er than most monolithic amplifiers can provide makes it
most useful as a basic broadband amplification stage. The
design of standard inverting and non-inverting amplifiers,
though different than standard op amp design due to the
current differencing inputs, also entail subtle design differ-
ences between the two types of amplifiers. These differenc-
es will be best illustrated by design examples. For these
examples a practical video amplifier with a passband of 8
Hz to 10 MHz and a gain of 20 dB will be used. It will be
assumed that the input will come from a 750 source and
proper signal termination will be considered. The supply
voltage is 12 Vpg and single resistor programming of the
operating current, IggT, will be used for simplicity.

AN INVERTING VIDEO AMPLIFIER
1. Basic circuit configuration:

—O eouT

TL/H/7788-17
2. Determine the required IseT from the characteristic
curves for gain bandwidth product.
GBWpmiN = 10 X 10 MHz = 100 MHz
For a flat response to 10 MHz a closed loop response to
two octaves above 10 MHz (40 MHz) will be sufficient.
Actual GBW = 10 X 40 MHz = 400 MHz
IsgT required = 0.5 mA
VT —2Vge 10.8V

ReeT=—————BE — 1kq = — 1kQ = 20.6 k2
SET lseT 0.5mA

w

»>

o

o

N

©

. Determine maximum value for R; to provide stable DC

biasing

3ISET _ 100 wA minimum DC
liminy = 10 g feedback current

Optimum output DC level for maximum symmetrical swing
without clipping is:

_ Yomax) = Vomin
VobC(opt) = — 2 2 + VoMin)
(vt —3vgp) —2mv
2
12 -1.8v  10.2V
VopCiopy) = —— =, = 51V

Rf(max) can now be found:
VoDG(opt) — VBe(—) _ 5.1V — 0.6V

lfMIN) 100 pA
This value should not be exceeded for predictable DC
biasing.
Select Rg to be large enough so as not to appreciably
load the input termination resistance:

Rs > 7500 Let Rg = 7500

Select Ry for appropriate gain:

= 45k

Rimax) =

R
Ay = — —ts0; R = 10Rg = 7.5k
RS

7.5 kQ is less than the calculated Rgpax) so DC predicta-
bility is insured.

Since Ry = 7.5k, for the output to be biased to 5.1 Vpg,
the reference current In(+) must be:

51V — Vge(—) 5.1V — 0.6V

IN(+) = = 600 pA
INCT) Ry 7.5kQ B
Now Ry, can be found by:
VY — Vge(+) 12-06
Rp = BE(*) _ = 19kQ

Iin(+) 600 nA
Select C; to provide the proper gain for the 8 Hz minimum
input frequency:
1 1
Ci > =
27 Rs (fiow) 27 (750Q) (8 Hz)
A larger value of C; will allow a flat frequency response

down to 8 Hz and a 0.01 wF ceramic capacitor in parallel
with G; will maintain high frequency gain accuracy.

Test for peaking of the frequency response and add a
feedback “lead” capacitor to compensate if necessary.

= 26 uF




Application Hints (continued)

Final Circuit Using Standard 5%
Tolerance Resistor Values:

0.5pF

—O eouT

TL/H/7788-18

Circuit Performance:

30
2 WITHOUT | ||
WITHCg=05pF /\ C
g , S\
z wi ii\
S s Ce=1pF\
] N
<<
Z 10
>
5
0
M 10M 100M
FREQUENCY (Hz)
TL/H/7788-19
Voo) = 5.1V

Differential phase error < 1° for 3.58 MHz fjy
Differential gain error < 0.5% for 3.58 MHz f\
f_ggglow = 25 Hz

A NON-INVERTING VIDEO AMPLIFIER

For this case several design considerations must be dealt

with.

® The output voltage (AC and DC) is strictly a function of
the size of the feedback resistor and the sum of AC and
DC “mirror current” flowing into the (+) input.

® The amplifier always has 100% current feedback so ex-
ternal compensation is required. Add a small (1 pF-5 pF)
feedback capacitance to leave the amplifier’s open loop
response and slew rate unaffected.

To prevent saturating the mirror stage the total AC and
DC current flowing into the amplifier’s (+) input should
be less than 2 mA.

The output’'s maximum negative swing is one diode
above ground due to the Vgg diode clamp at the (—)
input.

DESIGN EXAMPLE:

en = 50 mV (MAX), fiy = 10 MHz (MAX), desired circuit
BW = 20 MHz, Ay = 20 dB, driving source impedance =
750, VF = 12v.

1. Basic circuit configuration:

p—O eQUT

O
12v

TL/H/7788-20

2. Select IggT to provide adequate amplifier bandwidth so
that the closed loop bandwidth will be determined by R
and Cy;. To do this, the set current should program an
amplifier open loop gain of at least 20 dB at the desired
closed loop bandwidth of the circuit. For this example, an
IseT of 0.5 mA will provide 26 dB of open loop gain at
20 MHz which will be sufficient. Using single resistor pro-
gramming for IggT:

vt —2 Vge

IseT
3. Since the closed loop bandwidth will be determined by

R¢and C¢ <f73 dB =

Rser = — 1k = 20.6 kQ

2m Rf Cf>

10




Application Hints (continued)
to obtain a 20 MHz bandwidth, both R¢ and C; should be
kept small. It can be assumed that Cs can be in the range
of 1 pF to 5 pF for carefully constructed circuit boards to
insure stability and allow a flat frequency response. This
will limit the value of Ry to be within the range of:
1 1
<Rf<
27 5 pF 20 MHz 27 1 pF 20 MHz
or 1.6kl < Rs < 7.96 kQ
Also, for a closed loop gain of +10, Rt must be 10 times
Rs + re where rg is the mirror diode resistance.
4. So as not to appreciably load the 75 input termination
resistance the value of (Rg + rg) is set to 750Q2.
5. For Ay = 10; Ry is set to 7.5 kQ.

6. The optimum output DC level for symmetrical AC swing
is:

Vomax) — VoMIN)
2

VoDC(opt) = + Vo(MIN)

(12 -18V —0.6V

Y
7. The DC feedback current must be:
VoDClopt) — VBe(—) _ 5.4V — 0.6V

Rt 7.5k
= 640 pA = I|N(+)

DC biasing predictability will be insured because 640 A
is greater than the minimum of Igg7/5 or 100 nA.

+ 0.6V = 5.4 Vpg

IFB =

©

©

For gain accuracy the total AC and DC mirror current
should be less than 2 mA. For this example the maximum
AC mirror current will be;

iein peak _ +50 mV = 466 ;LA

Rs + re 7500
therefore the total mirror current range will be 574 uA to
706 wA which will insure gain accuracy.
Rp can now be found:

VY —Vgg(+) 12-106

Rp = BE(H) _ = 17.8kQ
IIn(+) 640 uA

Since Rg + re will be 750Q and rg is fixed by the DC
mirror current to be:

KT 26 mV

e aliNG+) 640 pA
Rs must be 750Q2-400 or 7100 which can be a 680Q
resistor in series with a 3042 resistor which are standard
5% tolerance resistor values.

= 40Q at 25°C

10. As a final design step, C; must be selected to pass the

lower passband frequency corner of 8 Hz for this exam-
ple.
1 1
G = = = 26.5 uF
2w (Rs + re) flow 27 (7509) (8 Hz)

A larger value may be used and a 0.01 uF ceramic ca-
pacitor in parallel with G; will maintain high frequency
gain accuracy.

Final Circuit Using Standard 5% Tolerance Resistor Values
1pF

eIN

p—O eQUT

TL/H/7788-21

1




Application Hints (continued)

Circuit Performance

30
25
=
= 2
: \
<
g 15 \
=
- 10
=]
>
5
0
™ 1M
FREQUENCY (Hz)
Vo(po) = 5.4V
Differential phase error < 0.5°
Differential gain error < 2%
f_3 g low = 2.5 Hz
Typical Applications

s
‘% Vin{pc) O—MVv

Inverting

R

VY — Vge(+)  Vinpo) — Vee(-)

Vo(Do) =

Ry
Av(ac) = A
'S

Ro Rs

* Eliminates the need for an input coupling capacitor

100mM

TL/H/7788-22

GENERAL PRECAUTIONS

The LM359 is designed primarily for single supply operation
but split supplies may be used if the negative supply voltage
is well regulated as the amplifiers have no negative supply
rejection.

The total device power dissipation must always be kept in
mind when selecting an operating supply voltage, the pro-
gramming current, IsgT, and the load resistance, particularly
when DC coupling the output to a succeeding stage. To
prevent damaging the current mirror input diode, the mirror
current should always be limited to 10 mA, or less, which is
important if the input is susceptible to high voltage tran-
sients. The voltage at any of the inputs must not be forced
more negative than —0.7V without limiting the current to 10
mA.

The supply voltage must never be reversed to the device;
however, plugging the device into a socket backwards
would then connect the positive supply voltage to the pin
that has no internal connection (pin 5) which may prevent
inadvertent device failure.

DC Coupled Inputs

LO Vour

TL/H/7788-23

R + VBe(—)

Non-Inverting

TL/H/7788-24

_ _ (V| — Vge(+)) R

Vo(be) = Vae(—) + {NOC) - BE 1
S

Rt

Aviac) = +————
VO T TR re(+)

* Input DC level must be stable and can exceed the supply voltage of the LM359 provided that maximum input

currents are not exceeded.

12




Application Hints (continued)

Noise Reduction using nVgg Biasing

-0 12V

0.01 uF

1
By

A

2 HH

=

AA

VW
L Y

RSET(OUT)

TL/H/7788-25

Typical Input Referred Noise Performance
2 -

T T
28 Vg BIASING

2

Hz)

20 ISET(IN) = 2 mA

ISET(IN) = 0.5 mA—
ISET(IND =0.05 mA

|
8

e (nV

4

]
100k 1M

10 100 1k 10k
FREQUENCY (Hz)
TL/H/7788-27

nVgg Biasing with a Negative Supply

LOVOUT

>
>R1 =
> 3.9k

—15V
TL/H/7788-26
* R1 and C2 provide additional filtering of the negative biasing supply

Adding a JFET Input Stage

v+

V%
RSET(IN)
3 5.1k
12
8
2
‘D LM359 Vout
y 1 1
-1 +
RseT(OUT)
4 20k

TL/H/7788-28
® FET input voltage mode op amp
e For Ay = +1; BW = 40 MHz, S; = 60 V/us; Cc = 51 pF
e For Ay = +11; BW = 24 MHz, S; = 130 V/us; Cc = 5 pF
e For Ay = +100; BW = 4.5 MHz, S; = 150 V/us; Cc = 2 pF

® Vog is typically <25 mV; 100Q potentiometer allows a Vpg adjust range
of = +£200 mV

 Inputs must be DC biased for single supply operation

13




Typical Applications (continued)
Photo Diode Amplifier

WVO—@-
2pF
>
<
DY g
A P
11k 5V
AA
A A4 -
Vo
00 1/6 DM7414
g
2.3k
2—AAA—O
A A A4
I 3.3 pF |
GND O
TL/H/7788-29
D1 ~ RCA N-Type Silicon P-I-N Photodiode
® Frequency response of greater than 10 MHz
e If slow rise and fall times can be tolerated the gate on the output can be removed. In
this case the rise and the fall time of the LM359 is 40 ns.
e TppL = 45 ns, Tppy = 50 ns — T2L output
Balanced Line Driver
RSET(IN)
2 Vo2
1
C
> L
g R I
< -
f >
Vo SR
600
>
Sra
>
C1
eIN 0—|
Vgl
I

TL/H/7788-30
vi R v'-2¢ Re V'-2¢

ForVol = Vo2 = —, — = , =
oVo o 2’ R2 2(V' —4)’ R5 $

- (Ee )
V7 R1\R4

® 1 MHz—3 dB bandwidth with gain of 10 and 0 dbm into 600

® 0.3% distortion at full bandwidth; reduced to 0.05% with bandwidth of 10 kHz

 Will drive C. = 1500 pF with no additional compensation, +0.01 uF with Ceomp = 180 pF
© 70 dB signal to noise ratio at 0 dbm into 600(2, 10 kHz bandwidth

where ¢ = 0.6V

14




Typical Applications (continued)

Difference Amplifier

RE*
A
VY-

INPUTS

R4
Vo(po) = E(W — $) where ¢ = 0.6V

R4
Ay = — forR1 = R2
R1

*CMRR is adjusted for max at expected CM input signal
R5
R6 = ?, for R5 = 100 kQ

* Wide bandwidth
® 70 dB CMRR typ
* Wide CM input voltage range

TL/H/7788-31

Voltage Controlled Oscillator

C
209F
|1
v |
R2 10pF
12
m LN L
VWV -
Y
a1 (DHZLMQEE
10k 7
Vin M *

RseT

20pF _{-

5V

1/6 DM7414
\Y fo

2N5114

"1?

fo = Vin — ¢
4 CAVR1
where: R2 = 2R1
¢ = amplifier input voltage = 0.6V
AV = DM7414 hysteresis, typ 1V
® 5 MHz operation
® T2L output

Phase Locked Loop
-0 10v

5V O I

Vee

—0 [
1/2 DM7874
; Omeg—q CLK a
PS__ CLR

PS CLR
D] o
1/2 DM7474
CLK a

* Up to 5 MHz operation
® T2 compatible input

All diodes = 1N914
= v \»' > 100k
= Qi & GAIN
. QADIUST N\ anyust
12 7|8 AAA
W
1/6 DM7413
2 12
> 1M359 C'
7 5k
8 + ¢ MWy
20k
h
= H 20pF
] s |
100k -
AAA
VWA L
68 pF -
25 khz
LW PASS 4
FILTER 1 4F
13k
ARE AAA | |+
VWA VWA |

RECOVERED o
INFORMATION

TL/H/7788-32

TL/H/7788-33




Typical Applications (continued)

Squarewave Generator

2k
AAA
Vv

TL/H/7788-34
f=1MHz
Output is TTL compatible
Frequency is adjusted by R1 & C (R1 < R2)

Pulse Generator

Output is TTL compatible
Duty cycle is adjusted by R1
Frequency is adjusted by C

f=1MHz
Duty cycle = 20%

TL/H/7788-36

Crystal Controlled Sinewave Oscillator
5pF

| 1
L

Vo

27 pF

Vo = 500 mVp-p
f = 9.1 MHz

9.1 MHz
THD < 2.5% (FUNDAMENTAL)

TL/H/7788-37
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Typical Applications (continued)

High Performance 2 Amplifier Biquad Filter(s)

c
] 1
N
20k
R1 6
v O=AAA -
R
A'A'A'
Riq
c AVAvAv*
Ri2
AA
v
R
AVAVAV
TL/H/7788-35
© The high speed of the LM359 allows the center frequency Q,, product of the filter to be:
fo X Qo < 5 MHz
® The above filter(s) maintains performance over wide temperature range
© One half of LM359 acts as a true non-inverting integrator so only 2 amplifiers (instead
of 3 or 4) are needed for the biquad filter structure
DC Biasing Equations for Vo1(pc) = Voz(pc) = vt/2
T | 2V 1 1 2
ypel | ZZINDC) |~ L _ .5y =R
V'R R Ra Rp
1 1 2
Type Il —+—=—;R1=2R
R Ra Rp
1 1 2 1 \Y 1
Type lll I, =1 LN(DC) +—
R Rq Rp R V' (Rjiy) 2R
Analysis and Design Equations
Type Vo1 Vo2 | Ci | Ria | Rit fo Qo fz(notch) Howp) | HoepP) | Ho(HP) Ho(BR)
| BP LP o Ri2 o Vs mRC Raq/R — R/Ri2 Raq/Ri2 —_ —_
1l HP BP Gi L o Ve mRC Ra/R _ —_ RqCi/RC GCi/C —_
1] Notch/ —_ G © Ri1 Y mRC Raq/R Vm VRR{CC; _ _ _ Ho| — c/c
BR
f—> oo
Ho| = C/R;
f—>0

17




Typical Applications (continued)

Triangle Waveform Generator

5V

J2v-
o LT

V2 output is TTL compatible
R2 adjusts for symmetry of the triangle waveform
b Frequency is adjusted with R5 and C

TL/H/7788-38

18




Physical Dimensions inches (millimeters)

0.785
(19.939)
MAX
0.025 [a] [13] [iz] [y [io] [e] [®]
(0.635)
RAD 0.220-0.310
(5.588-7.874)
Lo [2f [ faf Is1 [s] L2]
0.290-0.320 0.005 0.200
(7.366-8.128) (0-&2';) ’.ELAss 0.060 +0.005 (5.080)
—— | |e—
i ) SEA*LA'“T {1,524 :0.127) MAX' g 020-0.060
0180 1 ] ! —— (0.508—1.524)
@512 Y
} 95° +5° 86°04° TYP T
10° MAX 0.008—0.012 H
[l 0310-0410 {0.203-0.305) 0.018 £0.003 " " 0250200
{7874-1041) 0098 | {0.457 £0.076) P ——
(2.489) (3.175-5.080)
MAX BOTH ENDS 0.100 +0.010 0.150
{2.540 +0.254) 3.80)
MIN J14A (REV G)
Ceramic Dual-In-Line Package (J)
Order Number LM359J
NS Package Number J14A
0.335-0.344
(8.509 —8.738) >
14 13 12 N 10 9 8
w A A A
0.228 —0.244 30°
(5791-6.198) | -~ TP
e P
e
LEAD NO. 1 — o
IDENT i g0 U SJL® U U"/
1 2 3 4 5 [ 7
0.010 yax
(0.254)
0.150-0.157
— Gaw—seg [
_ 0.053 —0.069
(3:2;2-3:253) X457 ) {1,386 —1.753)
8° MAX TYP 0.004 —0.010
ALL LEADS T —  (0.102-0.254)
+ L 1
—+—..,.f): SEATING e ¥ E 7 o U T 5
I PLANE T { %
0.008-0.010 T T % 0.050 ‘ ‘ 0.014-0.020 1yp
Yo ALL Lenns o 160050 ] - R T
0.004 (0.406 —1.270) TYP 0.008
0.102) TYP ALL LEADS 0.203 TYp
ALL LEAD TIPS

M14A (REV H)

S.0. Package (M)
Order Number LM359M
NS Package Number M14A
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LM359 Dual, High Speed, Programmable, Current Mode (Norton) Amplifiers

Physical Dimensions inches (millimeters) (Gontinued)

0.740 - 0.770

(18.80—19.56)

| 0%
(2.286)

0.25040.010
{6.350.10.254)

PIN NO. 1

|Dsurg/m [FAQEAREN] t%/
4 5 [ 7

0082 (0 0030 max
233 [0.762} DEPTH

OPTION 1

0.135.20.005
(3.429%0.127)

0.445-0.200

{3,683 I5.|mn)

0.060
—| | TYP Al 2o TYP
(1.522) AT opmiona

——

/
90° £4° TYP

(0.503) 0.125 ! 0.150 B f
MN 8125 ‘ 0.075:20.015
@175-3.810) } ™ = st z0.38
0.014-0.023
TYP — | - 0.100+0.010
0.356—0.584) —» ¥ 250 "
‘ 0.050£0.010 {2.540£0.254)
050
> “ Gz oma

PINND. 1

et 2 3

OPTION 02

0.300-0.320

{7.620-8.128) 0.065
T.651)
- 00080016
—» (0.203 —0.406)
0.280
[~&—(7.112)—|
MIN
+0.040
032 -0.015
1016
(“5‘5— o.381) R

Molded Dual-In-Line Package (N)
Order Number LM359N
NS Package Number N14A

LIFE SUPPORT POLICY

NATIONAL’S PRODUCTS 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
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
to the user.

2. A critical component is any component of a life
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.
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