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ABSTRACT

This thesis presents the Project of study and construction of VHF video and audio set that
is for studying the principles of VHF video and audio. The construction is comprised of 5 part as
follows: frequency modulation, Summing, Oscillator, Amplitudes Modulation and RF Amplifier.

The VHF video and audio project brings about the set that can be used in the laboratory

so that the experiment can be done effectively.
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Phase-locked loop

NE/SES564

e e ey

DESCRIPTION

The NE/SES64 is a versatile, high guaranteed frequency
phase-locked loop designed for operation up to 50MHz. As shown
in the Block Diagram, the NE/SE584 consists of a VCO, limiter,
phase camparator, and post detection processor.

FEATURES
® Operation with single 5V supply

® TTL-compatible inputs and outputs

® Guaranteed operation to S0MHz

® External loop gain control

® Reduced carrier feedthrough

® No elaborate filtering needed in FSK applications

® Can be used as a modulator

PIN CONFIGURATIONS

LOOP GAIN CONTROL E

INPUT TO PHASE COMP | 5
FROMVCO

LOGP FILTER IZ

=
ey

FM/RF INPUT E

BIAS FILTER E

GND E

LOCP FILTER

D, N Packages
—\
V& E EJ TTLOUTPUT

1__5] HYSTERESIS SET
E ANALOG OUT
1_—3] FREQ. SET CAP
E FRCQ. SET CAP

11| vCoouT 2

o

3 VCO OUT TTL

@ Variable loop gain {externally controlled) L TOP VIEW
SRO1AS
APPLICATIONS Figure 1. Pin Configuration
® High speed modems }
® Signal generators
® FSK receivers and transmitters 4
® Various satcom/TV systems
® Frequency Synthesizers E
® pin configuration
ORDERING INFORMATION
DESCRIPTION TEMPERATURE RANGE ORDER CODE DWG #
16-Pin Plastic Small Outline {SO) Package Oto +70°C NES84D SOT109-1
16-Pin Plastic Dual In-Line Packaga (DIP) 010 +70°C NES84N SOT384
16-Pin Plastic Dual In-Line Package (DIP}) -55 10 +125°C SES64N SOT38-4
BLOCK DIAGRAM
a2
_______ R —_—— — —
i- —Ta 5 1 14 —i
! PHASE | —qa I
Yo COMPARATOR |
| ¢L |
| 3 |
| ol
11
| f
| 90— |
| vco POST DETECTION |
| il PROCESSOR ' [
| |
e e sl 12 ER . =il Rl
_$_ -% ol
& SRu0

Figure 2. Block Diagram

1694 Aug 31
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Product spacifization

Phase-locked loop NE/SE564
ABSOLUTE MAXIMUM RATINGS
SYKMBEOL PARAMETER RATING UNITS
W SUpply volaga
Pin 1 14 v
Pin 10 [} v
lour Sink Max (PN 9) and sourddng (An 11} g mA
lgws Blas cument adust [ (sinkngj 1 mA
Py Poxer disspaion 00 i
Operating amblent tempeca ure
Ts NE dto +70 °c
SE -55 10 +125 °C
Tsta Slorage femperature range G510 +150 (o}
NOTE:
Sperslicn abowe BV will requine haalsinking of the c3sc.
DC AND AC ELECTRICAL CHARACTERISTICS
Voo =5 Ta = 0102570 1o = BMHz, Iz = 400u A urless ctherwtss spacified.
LIMITS LIMITS
SYMBCOL PARAKMZETER TEST CONDITIONS SEB4 NE 54 UNITS
WIN | TP [ WAX | KIN | TYP | WAX
Klsdmum VCO fraquency Cs = 0 stray) £ €5 45 B0 IiHz
Irput = 200Mvpey=
Ty = 25(‘: 40 70 40 7
Ty=125C 20 30 i
Lok range T3 2550 % 80 % alls
Ta=0%C 70
T s70C 40
Caplure rang Input > 0MVzs. Ry =270 X 30 pril 30 % of
(;=3MHz,
Ta=55C10+126C 0| 1530
- Ta=0to+70C
VEO TEqUEncy dr LR =010 +70°C 60D PPIASC
temperature a0 | eoo
2l
5 Ci=9 & 2 4
VCO frae-running requency Re= 1000 JHemar 415 |6 |as | & |85 |
WCO Trequency changs atih Vmm = d BV - o
supoly vollege Von =45V 10 6.5 3 8 N 8 | %alty
Koduation trequency: 1kHz
12 = EMHz. InpUt dentalicn:
ZET = 3‘:50 16 28 28 m\::RMS
;. 1%T=26C ] 14 Nans
Demoduated autput vwitaga 1%T=0C 16 :g M\as
1%T=-55C 6 10 B MYans
1%2T=70'C 15 Miapus
1%T = 125C 12 16 MYg4s
Distorion Dastation: 1% 1o B3 1 1 %
SN Sgnalto-noise ralc Sid. condtion, 1% 10 10% dav. 40 40 s3]
AW rejeclicn Sd. conditicn, 20% &bl 35 35 s 2
Kicduldion fresquanzy: 1KHx
Demoduated oulput at cpat- | 1~ = SMHZ nput daation: 1% MViaps
aling voltage Voo = 4.5¢ 7 12 T 12 MVgps
A 8 14 B 1
lze Supply currert 45 8] 45 73] mA
Cutput . L -
- ; Vi1 = 59, PIns 16, 2 1 20 1 20 ud
AL "%"nkgf arrenl o = 2mA, PIre 16,9 03 | os 0a |os | W
P = ML, PN 16, O o4 | o8 o4 | 08 W

1834 Aug 31
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Phase-locked loop NE/SE564

TYPICAL PERFORMANCE CHARACTERISTICS

Lock Range vs Signal Input

1000 I I I
8
L ||
6 . =
= A 2
i PIN 4"0"| VCO Capacitor vs Frequency
6
4 T I 10 3
" - o IPIN,, = 0uA [ 5 \
E ¥ r N 10 N
[ \
-l
z ‘s 104
g 8 \\
o z
< 100 £ 103 N
© 8 2 \
w L
e < 102
£ 8 N
8
/) / A
4 10
L > 1
5 Veesv | At 10 g2 403 10 105
fo =5MHz FREQUENCY kHz
10 l

0.7 0.8 0.9 1.0 11 w2y 18

NORMALIZED LOCK RANGE

Typical Noirmalized VCO Typical Noirmalized VCO Typical Noirmalized VCO
Frequency as a Function of Frequency as a Function of Frequency as a Function of
Pin 2 Bias Current Pin 2 Bias Current Temperature
o 5 110 ‘;5
& 2 VCO FREQUENCY: 50MHz &
w
3 5 N o
w (=] w
g W DS N & 110
o 101 RERENCYgoMHz w N o '°|” BIAS CURRENT: — 200,A
9 S o g FREQUENCY: SMHz
1.00 ~— S 100 o 105
E 0.99 7 ™ 2 e ] \*/’—V\
g / \\ 5 o é 1.00 " \ \
£oo 2 = SN
o \ o« o 095 FREQUENCY: 500MHz I~
Z 097 S < BIAS CURRENT: — 200uA
0.90 ] I Il Il 1 1
it ' B P R
|
-600jA 400  -200 0 +200 —600UA —400 200 0 4200 +400 -50 -25 25 0 25 50 75 100 125
BIAS CURENT (1A), PIN 2 BIAS CURENT (uA), PIN 2 TEMPERATURE (IN°C)

SROiC27

Figure 3. Typical Performance Characteristics

1994 Aug 31 3



157

Philips Semiconductors Product specification

Phase-locked loop NE/SE564

TYPICAL PERFORMANCE CHARACTERISTICS (Continued)

Vp - PHASE COMPARATOR'S
OUTPUT VOLTAGE IN mV
800
VCO FREQUENCY
IBIAS = 2004A IN MHz
600 IBIAS = 4004A
~ IBIAS = 0:A 1.6 IBIAS = 800:A
: IBIAS = 800kA v
IBIAS = 00uA
400
1.4
fo = 1.0MHz
200 12
J
— 0 =
40 60 100 120 140 160 -400 -200 200 400 600 0 .
VpiNm
0- PHASE
-200 ERROR IN 8
DEGREES
6
—400
~600
-800
Variation of the Comparator’s Output Voltage VCO Output Frequency as a Function of
vs Phase Error and Bias Current (Kp) Input Voltage and Bias Current (Kg)
SR01028
Figure 4. Typical Performance Characteristics (cont.)
TEST CIRCUIT
5V O
R3 1K
RT
9 veo
15 OUYPUT
- 5 150 OUYP
INPUT 33 D =l - g I
| . 3 — = DE:WODULATED
0.1uF 1K
_‘_—l 7 14| ——————0 oureur
= 0.1yF:
c2 R2 s o L
I_—‘VV\I* 4 e
430pF 2l 1
R2
£ —wA— s f— T
—  430pF 8
SROI029

Figure 5. Test Circuit

1994 Aug 31 4
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NE/SE564

FUNCTIONAL DESCRIPTION

(Figure 6)

The NE564 is a monolithic phase-locked loop with a post detection
processor. The use of Schottky clamped transistors and optimized
device geometries extends the frequency of operation to greater
than 50MHz.

In addition to the classical PLL applications, the NE564 can be used
as a modulator with a controllable frequency deviation.

The output of the PLL can be written as shown in the following
equation:

{fine - fo)

Kyco

Vo

Kyco = conversion gain of the VCO
fin = frequency of the input signal
fo = free-running frequency of the VCO

The process of recovering FSK signals involves the conversion of
the PLL output into logic compatille signals. For high data rates, a
considerable amount of carrier will be present at the output of the
PLL due to the wideband nature of the loop filter. To avoid the use
of compiicated filters. a comparator with hysteresis or Schitt trigger
is required. With the conversion gain of the VCO fixed, the output
voltage as given by Equation 1 varies according to the frequency
deviation of fi from f. Since this differs from system to system, it
is necessary that the hysteresis of the Schmitt trigger be capable of
being changed, so that it can be optimized for a particular system.
This is accomplished in the 564 by varying the voltage at Pin 15
which results in a change of the hysteresis of the Schmitt trigger.

For FSK signals. an important factar to be considered is the drift in
the free-running frequency of the VCO itself. If this changes due to
temperature, according to Equation 1 it will lead to a change in the
DC levels of the PLL output. and consequently to errors in the digital
output signal. This is especially true for narrowband signals where
the deviation in fyy itself may be less than the change in fo due to
temperature. This effect can be eliminated if the DC or average
value of the signal is retrieved and used as the reference to the
comparator. In this manner, variations in the DC levels of the PLL
output do not affect the FSK output.

VCO Section

Due to its inherent high-frequency performance, an emitter-coupled
oscillator is used in the VCO. In the circuit, shown in the equivalent
sciiematic. transistors Q21 and Q23 with current sources Q25 - Q26
form the basic oscillator. The approximate free-running frequency of
the oscillator is shown in the following equation:

1
o= BRcevr ey

R = Rig = Ry = 10002 (INTERNAL)

C; = external frequency setting capacitor

@

Csg = stray capacitance

Variation of Vp (phase detector output voltage) changes the
frequency of the oscillator. As indicated by Equation 2. the
frequency of the oscillator has a negative temperature coefficient
due to the monolithic resistor. To compensate for this. a current Iz
with negative temperature coefficient is introduced to achieve a low
frequency drift with temperature.

1994 Aug 31
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Phase Comparator Section

The phase detection processor consists of a doubled-balanced
modulator with a limiter amplifier to improve AM rejection.
Schottky-clamped vertical PNPs are used to obtain TTL level inputs.
The loop gain can be varied by changing the current in Q4 and Q45
which effectively changes the gain of the differential amplifiers. This
can be accomplished by introducing a current at Pin 2.

Post Detection Processor Section

The post detection processor consists of a unity gain
transconductance amplifier and comparator. The amplifier can be
used as a DC retriever fur deniodulatior: of FCK signals, and as a
post detection filter for inear FM demodulation. The comparator has
adjustable hysteresis so that phese jitter in the output signal can be
eliminated.

As shown in the equivalent schematic, the DC retriever is formed by
the transconductance amplifier Q4 - Q43 together with an external
capacitor which is connected at the amplifier output (Pin 14). This
forms an integrator whose output voltage is shown in the following
equation:
- 9m

e ®)

Vo Vindt

g1 = transconductance of the amplirier
C, = capacitor at the output (Pin 14)
Vi = signal voltage at amplifier input

With proper selection of C,, the integrator time constant can be
varied so that the output voltage is the DC or average value of the
input signal for use in FSK, or as a post detection filter in linear
demodulation.

The comparator with hysteresis is made up of Qg - Qsg with
positive feedback being provided by Q47 - Q4g. The hysteresis is
varied by changing the current in Qs, with a resulting variation in the
loop gain of the comparater. This method of hysteresis control,
which is a DC control, provides symmetric variation around the
nominal value.

Design Formula
The free-running frequency of the VCO is shown by the following
equation:

1
0% HRCG7C) @)
Rc =100¢2
C,

Cg = stray capacitance

= external cap in farads

The loop filter diagram shown is explained by the following equation:

i (5)

1 i
TRCB (First Order)

R =R;; =R;3= 1.3k (Internaly”

By adding capacitors to Pins 4 and 5, a pole is added to the loop
transfer at

1 NOTE:
RC3 ‘Refer to Figure 6.

o=
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EQUIVALENT SCHEMATIC
" scawmrTRGGER _,5__7!
» E |
28 &8 s |
3 H
a7 |
[ |
1 | !
| |
| D10 D1 |
| B o]
= 3 "= 3 | o Qso
peeh ; 049
gt JEL L fazdpd Lo |l & |
N o1 T Y 2 10k
o) || foss 1 T o] e [8 bu |
e | | L\ Nl At S |
Q : I II h] s f:u f‘ ass ]I
tre] || 138 o et XX HRRIVNT - W 8
e es ) Lt
100 ooy | Kow G |
LA a6 I
) TS am |
'\l 2 ! A !!nsl !
= | L JTRiPLaEER,
13 g
—————————————————— SR01030
Figure 6. Equivalent Schematic
LOCK RANGE ADJUSTMENT
P
0.01F
T T = LOOP FILTER
0.014F
0.47uF oy 2 1M 4
FM INPUT ! 4 . '1‘
10 = 5MHz 1K
1 = TkHz t{ 7 15}——0 ANALOG OUT
-.:E_jmg 564 1kHz
BIAS FILTER 3 14 |1 POST DETECTION FILTER
0MF =
1
13
8 10 9 12
80pF
¢ o ¢
1o = SMHz
FREQUENCY SET CAP
= i
v 24 SRU1031

Figure 7. FM Demodulator at 5V

1994 Aug 31 6
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NE/SE564

APPLICATIONS

FM Demodulator

The NE564 can be used as an FM demodulator. The connections
for operation at 5V and 12V are shown in Figures 7 and 8,
respectively. The input signal is AC coupled with the output signal
being extracted at Pin 14. Loop filtering is provided by the
capacitors at Pins 4 and 5 with additional filtering being provided by
the capacitor at Pin 14. Since the conversion gain of the VCO is not
very high, to obtain sufficient demodulated output signal the
frequency deviation in the input signal should be 1% or higher.

Modulation Techniques

The NE564 phase-locked lonp can be modulated at either the ioop
filter ports (Pins 4 and 5) or the input port (Pin 6) as shown in Figure
9. The approximate modulation frequency can be determined from
the frequency conversion gain curve shown in Figure 10. This curve
will be appropriate for signals injected into Pins 4 and 5 as shown in
Figure 9.

l I LOCK RANGE ADJUSTMENT
0.01pF

T T = LOOPFILTER
0.01,F
FMINPUT  O-47uF I A I
10= 5MHz 06— 6 5 =
= 1kHz 1K ANALOG OUT|
Sl 7 15s}—o 1kHz
BIAS = 01uF i
£ POST
FILTER 3 14 fj DETECTION
] X 0.1 F=FILTER
13
= 10l o2
80pF
o o d
i fo =SMHz
m“FI Y FREQUENCY SET CAP
= J 200 1k
12v

SR01632

Figure 8. FM Demodulator at 12V

FSK Demodulation

The 564 PLL is par.icularly attractive for FSK demodulation sir.ce it
contains an internal voltage comparator and VCO which have TTL
compatible inputs and outputs, and it can operate from a single 5V
power supply. Demodulated DC voltages associated with the mark
and space frequencies are recovered with a single external
capacitor in a DC retriever without utilizing extersive filtering
networks. An internal comparator, acting as a Schmitt trigger with
an adjustable hysteresis, shapes the demodulated voltages into
compatible TTL output levels. The high-frequency design of the 564
enables it to demodulate FSK at high data rates in excess of 1.0M
baud.

Figure 10 shows a high-frequency FSK decoder designed for input
frequency deviations of +1.0MHz centered around a free-running
frequency of 10.8MHz. the value of the timing capacitance required
was estimated from Figure 8 to be approximately 40pF. A trimmer
capacitor was added to fine tune fo' 10.8MHz.

1994 Aug 31

sy
L FINE FREQUENCY
ADJUSTMENT
2%
MODULATING L
INPUT =
1kHz Gy
0.47uF 16 2 11 4
1kHzO—] 6 5 A¢>
1k
7 15—o0
564
= .01uF
e [ 14}—o
= 1
13
0 9 12
| 80pF
¢ :
== 10 = SMHz
= FREQUENCY SET CAP
o
5V S
MODUL ATED OUTPUT
(mIL) SRG1633

Figure 9. Modulator

The lock range graph indicates that the +1.0MHz frequency
deviations will be within the lock range for input signal levels greater
than approximately 50mV with zero Pin 2 bias current. (While
strictly this figure is appropriate only for 50MHz, it can be used as a
guide for lock range estimates at other fo' frequencies).

The hysteresis was adjusted experimentally via the 10k
potentiometer and 2k bias arrangement to give the waveshape
shown in Figure 12 for 20k, 500k, 2M baud rates with square wave
FSK modulation. Note the magnitude and phase relationships of the
phase comparators’ output voltages with respect to each other and
to the FSK output. The high-frequency sum components of the input
and VCO frequency also are viable as noise on the phase
comparator’s outputs.

OUTLINE OF SETUP PROCEDURE

1. Determine operating frequency of the VCO: IF+ N in feedback
loop. then
fo=Nx fin.
2. Calculaie value of the VCO frequency set capacitor:
d
2200 fg

3. Set I, (current sinking into Pin 2) for = 100piA. After operation is
obtained, this value may be adjusted for best dynamic behavior.
Vee 1.3V

|s7

Coi

and replace with fixed resistor value of R, =

4. Check VCO output frequency with digital counter at Pin 9 of
device (loop open. VCO to ¢ det.). Adjust Cq trim or frequency
adj. Pins 4 - 5 for exact center frequency, if needed.

5. Close loop and inject input signal to Pin 6. Monitor Pins 3 and 6
with two-channel scope. Lock should occur with Aos . g equal to
90° (phase error).
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6. If pulsed burst or ramp frequency is used for input signal, special

loop filter design may be required in place of simple single
capacitor filler on Pins 4 and 5. (See PLL application section)
7. The input signal to Pin 6 and the VCO feedback signal to Pin 3

must have a duty cycle of 50% for proper operation of the phase
detector. Due to the nature of a balanced mixer if signals are not

50% in duty cycle, DC offsets will occur in the loop which tend to
create an artificial or biased VCO.

8. For multiplier circuits where phase jitter is a problem, loop filter
capacitors may be increased to a value of 10 - 50uF on Pins 4,

5. Also, careful supply decoupling may be necessary. This
includes the counter chain V¢ lines.

BIAS 0.22yF 0.22uF
ADJ
+5V 5 & 9~
——wW—= 310k i
2K l l 10K 24,2k
2 HYSTERESIS FSK
ADJUST — ouTRuT
<k
1 10 25 ¢
FSK 0.1uF z
W
nput o 6
0.1uF 31k
14—
L % Imvaav
g NES64 =
son [ ]2
NOTE: = L ¥ & 0-20pF
Use Rg.11 only if rise time 1s critical. E
5100 33pF
— 11 13
300pF
el 8
300pF

1994 Aug o1

Figure 10. 10.8MHz FSK Decoder Using the 564

SRG1034
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SO0us ] I T
200m 200mV o0y oav 2us
Pereeerd ']
booeme | | e e
i | l——
R =y SRR iy
2v ‘ 2v

a. Data Rate = 20k Baud b. Data Rate = 500k Baud

I | I ’
100mV 100mvV 500ns
2 # o
| Y ‘. \ -
NOTES:

1. Top trace = Pin 4
2. Center trace =Pin 5
3. Bottom trace = Pin 16

2v

J

¢. Data Rate = 2.0m Baud
SRG1635

Figure 11. Phase Comparator (Pins 4 and 5) and FSK (Pin 16) Outputs

+5V
BIASADJUST i
ol L {|—cEr
.47uF CER. 'Zl 2
_33uF
INPUT SISNAL N1 ol © }_j LooP 2 5100
oy sf—| FILTER
3 M a3F —
T ke NES64 % il
DET, “5100

ATuF vco
£ Al S > oUTpuT
3 s 112 13 il
l _L L*{ }_‘J Nxty

“NOTE:
Use Rg.11 only it rise time 1s cntical

Figure 12. NES564 Phase-Locked Frequency Muittiplier
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FAIRCHILD

SEMICONDUCTOR ™

MPSH10 MMBTH10

SOT-23 B
Maik: 3E

NPN RF Transistor

This device is designed for use in low noise UHF/VHF amplifiers,
with collector currents in the 100 pA to 20 mA range in common
emitter or common base mode of operations, and in low frequency
dnft, high output UHF oscillators. Sourced from Process 42.

Absolute Maximum Ratings* = m-25:c uness otervise noted

Symbol Parameter Value Units
Veeo Collector-Emitter Voltage 25 Vv
Veso Collector-Base Voltage 30 Y
Vezo Emitter-Base Voltage 3.0 \
le Collector Current - Continuous 50 mA
T T Operating and Storage Junction Temperature Range -551to0 +150 §yC

*These ratings are Ii;niling values above which the serviceability of any semiconductor device may be impaired.

NOTES:

1) These ratings are based ona maximum junction temperature of 150 degrees C.

2) These are steady state limits. The factory should be consulted on applications involving pulsed or low duty cycle operalions.

Th erm a' C h a racte ri Sti CSs TA = 25°C unless otherwisa noted
Symbol Characteristic Max Units

MPSH10 *MMBTH10
Py Total Device Dissipation 350 205 mw
Derate above 25°C 2.8 1.8 mW/:C

Rusc Thermal Resistance, Junction to Case 125 “C/IW
Rosa Thermal Resistance, Junction to Ambient 357 556 *CIW

*Df:vice mounted on FR4PCB 1.6"X 1.6" X ().6a."

1997 Fairchild Semizonductor Corporaton

OLHLAWIN / OLHSAIN
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NPN RF Transistor
¢conthusd)

Electrical Characteristics  m-23cwisonumsssncia
Symbol Parameter I Test Conditions Min Max | Units
OFF CHARACTERISTICS
Varowo Colector-Ermitter Sustaning Vdlaga® | o= 1.0 mA. Ip =0 o5 v
R — Codeclor-Base Braskdown Viilags L= 100 pA k=0 30 v
7 Emifar-Base Braakdown valage It = 10, 1; = 0 3.0 W
Loy Colectar CUtoll CUmet « Vein =22V, I =0 100 na
L EmMar Culat Cument V=20V, 1. =0 100 na
ON CHARACTERISTICS

T ] DCcuner can A0 MA Ty r 0V o0
[ — Colecirr-Emfler Salurdlon vedage | L= 4.0 MA, I, =04 mA 05 v
Virn: Base-EmEkr On vciage lc= 4.0 INA, Vpy = 10 V 095 W
SMALL SIGNAL CHARACTERISTICS
—
h Current Galn - Bandwidin Product lz= 40 MA, Vi = 10 V, 650 MHz
=100 MHz
[ Codectir-Base Capactanca Ve =10V, = 0, 1= 1T0MHz 07 pF
Co Comman-B3s2 Faetack CApaciacs | Vos = 10V, & =0, 1= 1.0 MHZ 0.36 (3 pF
Gy Coleclor Basa TIme Conslat 1:= 4.0 INA, Vip= 10 V, 50 PS
f=318 MHz
TR TLARTL

* Putea st e Wi $304s Dy Cpden 108

Spice Model

NPN (Is=€828E-18 XIk=3 Eg=1.11 Val=100 B=308.6 No=1.157 122=0828E-18 IKI=2.83m XIb=1.5 Er=1.11

No=2 Ise=0 Ikr=0 Re=d Clo=1042p Mjc= 2468 V=75 Fo=5 Cle=162p Mp2=3223 Vje=75 Tr=1.556n

TE=1358p =27 MiI=10 Xif=30 Rb=10)
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NPN RF Transistor

(continued)

Typical Characteristics

Typical Puised Current Gain
vs Collector Current
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NPN RF Transistor

(continued)
Common Base Y Parameters vs. Frequency
Input Admittance Output Admittance
— 120 212
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NPN RF Transistor

f- FREQUENCY (MHz)

Forward Transfer Admittance
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(continued)
Common Emitter Y Parameters vs. Frequency
Input Admittance Output Admittance
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NPN RF Transistor

(continued)

Test Circuits

20KQ 10 KQ

100 F

0.6-10pF

1000 pF

Input
50 Q

5.0-18pF L1-L3tums No. 16 wire. 172 inch L x 1/4 inchID
(1000pF tapped 11/2 tums from cold side

L2-L6tums No. 14 wire, Tinch L x 1:4 inch ID
tapped 11/2 tums from cold side
630Q T1-Pri.1turnNo. 16 wire
Sec. 1tum No. 18 wire

FIGURE 1: Neutralized 200 MHz PG and NF Circuit

50 pF

(NOTE 2)

175pF
1 500 mHz Output
I 0O ) into 5002
(NOTE 1) NOTE 1: 2 turns No. 18 AWG wire. 3/8 inch OD. 1 14 inch long
NOTE 2: 9 tums No. 22 AWG wire. 3/16 inch OD. 1/2 inch long
1000 pF
RFC
-V, Ve

FIGURE 2: 500 MHz Oscillator Circuit
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May 2000
National Semiconduclor
JFET Input Operational Amplifiers
General Description m Wideband. low noisc, low drift amplifiers
m Logarithmic lifiers
These are the first monolithic JFET input cperational ampli- . Phg?” r[:"m., ar?:?p s
fiers to incorporate well matchad, high voltage JFE T& on the opee amplld.rsl its
sama chip with standard bipalar transistors (BI-FET™ Tech- ™ Sample and Hold circui
nology). These amplifiers feature low input bias and offset  Common Features
aurrents/low offset voltage and offset voltaga drift, coupled  w | gy, input bias cumrent:  30pA
with offset _'adju_st _whir:h d0;§ not degrade _dn'ﬂ Of  w Low Input Offset Curent: 3pA
commor.-meide rc-'jQCﬁO[L lee devices are also desl_gnec_i for o Hiah input impedancs: 1020
high slew rate, wide bandwidth, extremaly fast settling tima. ® Low input noise curent: 0.01 pA /vf;';
lcw valtaga and current noise and alov 14 noise corner. y P ey N
m High common-moxde rejection ratio: 100 dB

Features m Largs de voltage gain: 105 dB
Advantages
® Replace expensive hybrid and module FET op amps Uncommon Features
L] R_ugged JFETs_aIIow blq.v-out free handling comparad LF155¢ LF156/ LF357 Units

\g'rth r]T!OtS:E'lF lnpm'devqoeT. J A oy P2 LF355 LF356. (A,=5)
m Excsllent for low noise applications using eithar high or e =

lows soun- impadance —very low 14 comar ~ fExttren};I!y b 05 i us
m Offset adjust does not degrads drift or common-mode fs stettlng

rejection as in most monalithic amplifiars |meuo
m New output stage allows use of large capacitive loads 0.01%

(5.000 pFj without stability problems B Fastslow 5 12 30 Vips
= Intemal compensation and larga differential input oltuge rate

capability B Wide gain 2.9 3 20 IHz

i ) bandwidth

Applications ® Low input 20 12 127 ez
m Precision high spaed integrators Dise
m Fast D/A and AD converters voltage

m Highimpadance buffers

Simplified Schematic

d> BALANCE

15 9L
‘L;:'- —5._‘;’
) 2 . ,5,, b 4 le— [
g = 2% | oot
T <%
® ¢ ® © O 3
)]
=0 =Veg

OSMIee.:

“3pF N LF357 senes.

BUFETNOBRFET 0T oo Taosrwns o uatkrmk SaTRIONEhig SOmerion

£ 2001 Mational Semiconducter Corporation DS005e48 vresw.national.com
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Absolute Maximum Ratings inote 1)

If Military/Aerospace specified devices are required, contact the National Semiconductor Sales Office/Distributors for

availability and specifications.

Supply Voltage
Differential Input Valtage
Input Voltage Range {Note 2}
Cutput Short Circuit Duration
Tinax

H-Package

N-Pack~ge

M-Package

LF155/6
+22V
140V
+20V

Continuous

150°C

Power Dissipation at Ty = 25'C (Notes 1,

3)
H-Packages {Still Air)
H-Package {400 LFMin Air Flow)
N-Package
M-Package
Thermal Resistance (Typical) 6
H-Package {Still Air)
H-Package {400 LFMin Air Flow)
N-Package
M-Package
{Typical) €,¢
H-Package
Storage Temperature Range
Seldering Infermation {Lead Temp.)
Metal Can Package
Saldering {10 sec.)
Cual-In-Line Package
Soldering {10 sec.)
Small Qutline Package
Vapor Phase (80 sec.)
Infrared {15 sec)

See AN-450 “Surface Mounting Methods and Their Effect on Product Reliability” for other methods o

devices.
ESD tolerance

560 mwW

1200 myw

23 CW
-65°C to +15C°C

300°C

260°C

L

Col

F3568
£22V
+40V
+20V
ntinuous

15C

100°C

100°¢C

400 mw
1000 m¥v
€70 mW
380 mw

160 Cw

865" CAW
130°CAY
195G

23 cw
-65'Cto +150°C

300°C

260°C

215°C
20°C

LF355/6/7
+18V
+30V
+18Y

Continuous

15°C
100°C
100°C

400 mw
1000 mw
670 m\W
330 mw

160°CW
65°C/w
130°CwW
195 CAW
23°CW
=65Cto +150°C
300°C
260°C

215°C
220°C

f soldering surface mount

{100 pF discharged thraugh 1.5 ke2) 1000V 1000V 1000V
DC Electrical Characteristics
(Ncte 3)
Symbol Parameter Conditions - o=l - LF3Se% - Al Units
Min | Typ [Max |Min| Typ | Max [Min | Typ [ Max
Yog Input Offset Voltage Rg=50t2 Tp=25C 3 5 3 5 3 10 my
Over Temperature Y 6.5 13 mY
AVeeiaT Average TC of Input Rg=5012 o N
% C)ffsetg‘v"oltage g . g 2 8 e
ATC/ Vg | Change in Average TC | Rg=50¢) (Nats 4) g & pvic
with Vg Adjust ] e O& 0.5 per mY
loxg Input Offset Current T,=25'C. iNotss 3. 5) 3 20 3 20 3 50 PA
TesThicn 20 1 2 nA
Iy Input Bias Current T,=25°C. (Notes 3. 53 3¢ | 100 30 | 100 30| 200 PA
T Thien 50 5 & nA
Rin Input Resistance T,;=25°C 1612 102 1012 Q

vivaw.national .com
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DC Electrical Characteristics continued)

(Nate 3)
X
Symbol Parameter Conditions i L:,;f:lﬁmax wn U]:;iGB o (Wi LF_I;:&;/GHM“ Units
Avor Large Signal Voltage V=115V, To=25'C 50 | 200 50 | 200 25| 200 Vimy
Gain Vo=210V, R =2k
. Over Temperature 25 25 15 VimV
Vo Output Voltage Swing | Vg=215¥, R =10k 12| +13 12| $£13 £121 213 v
Vg=215Y. R =2k +10| *12 10| £12 10| +12 v
Ve Input Common-klode V=215V +15.1 115.1 #1511 v
Voltage Range a -12 11 512 =0 -12 v
SMaR | Eimmo ket 85 | 100 g5 | 100 80 | 100 B
Rejection Ratio
R SHpply volage Ny & | 100 g5 [“100 30 | 100 de
Rejection Ratio . ol
DC Electrical Characteristics
Tan=T,=25C, Vg = £15V
PIERL LF155 LF355 LF156/3568 LF356 LF357 Units
Typ Max Typ Max Typ Max Typ Max Typ Max
el 2 4 2 4 5 7 5 10 5 1 mA
Current I |
AC Electrical Characteristics
TAa=T,=25C Vg = +15V
LF165/355 | LF156/3568 | LF156/356/ LF357
Symbol Parameter Conditions LF356B Units
Typ Min Typ Typ
SR Slew Rate LF155/6: Ay=1. 5 75 12 Vips
LF357: Ay=5 £0 Vips
GBwW Gain Bandwidth 2t 5 2% MHz
Product
ts Settling Time to 0.01% {Note 7) 4 No A Hs
&n Equivalent Input Noise R5=100Q
Voltage =100 Hz 25 15 15 nv/JHz
f=1000 Hz 20 12 12 nv/ Az
in Equivalent Input f=100 Hz 0.01 0.01 0.01 pa/HT
Current Noise {=1000 Hz 0.01 0.01 0.01 parfTz
Cin Input Capacitance 3 3 3 pF

Notes for Elecwrical Characteristics

Nete 1: Tha maximum pover dissipation for thesa devices must be darated al elevatad temperatures and is dictated by Tyrpx. 914 and the ambient temperature.

T Ths maximum available powar dissipation at any temparature is Pa=(Tmax~TA) s of the 25°C Pyiax. whichaver is lass.
Note 2: Unless otherwise spacified the absoluts maximum negative input valtage is aqual to the negative power supply voltage
Note 3: Unless otharwise statad, these test conditions apply:

LF155/156

LF3568

LF355/6/7

Supply Yoltage, Vg
T/\
T

154

,_
-9

ALH125C

#1125 C

+15VuVgt 20V
0 CuTpas+70°C

+70°C

V=15V
VCaTAs+70°C

+70°C

and Ves. Iy and lps are measurad at Vigpy=0.

Noto 4: Tha Temperature Coefficient of tha adjusted input offsst voltage nanges only a small amount {0.3u¥/ C typically) for each mYy of adjustmant from its original

unadjusted value. Common-mode rejecticn and opan laop voltage gain are also unaffactad by offsat adjustmenrt.

i~

wvevi.national.com
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Notes for Electrical Characteristics continued)

Note §: The input bias currents are junction laakage currents which approximatsly double for every 10°C incraase in the junction temperaturs, Ty. Dua to limitad
production test tima, the input bias currents maasurad are correlated to junction temparature. In nomal oparation the junction temparature risas above the ambiant
temperature as a result of intemal power dissipalion, Pd. Ty=Tat Pd where U, is the thenmal resistance from junction o ambiant, Use of a haat sink is
recommendad if input bias cumant is to be kept to a minimum.

Note 6: Supply Voltage Rejaction is maasured for both supply magnitudas increasing or decreasing simuttanaously. in accordance with common practice.

Note 7: Seltiing time is defined here, for a unity gain inverter connection using 2 ke rasistors for the LF155/6. ftis tha time required for the emorvoltage {the voltage
at the inverting input pin on the amplifieri to satfia to within 0.01% of its final value fom the time a 10V step input is appliod to the inverter. Far tha LF357, Ay=-5,
the feadback resistor from output to input is 2 k<2 and the output step is 10V (See Settling Time Tast Circuit).

Note 8: Max. Power Dissipalion is defined by the package charactaristics. Operating lhe part near the Max. Power Dissipation may cause he pan lo operate outside
guarantead limits.

Typical DC Performance Characteristics Cures are for LF155 and LF156 unless othersise
specified.

Input Bias Current Input Bias Current
100k 1008
f“ Wk f——— "‘: 10k }— PR Ry - .0
= e
E £ e p— Y
& 20 Vg by +15 Vg 7
g =5 5V T~ = e 0vs
& VSIS 2 Vet y
= 5 Vg = |
[ = n :
S =
= 2
E 4 =N\ T1
LF155 LF155
(R] : (K] !
-5 -25 % 35 8§ ¢ 125 75, =25 | 08 3% 8 86 125
CASE TEMPERATURE (*C) CASE TEMPERATURE ( C)
SOCEA4G 57 CSO0AE48 32
Input Bias Current Voltage Swing
4
9 Vg = 215V g i, |
% |-Ta=25%C s Rt
2 P X S A
1\ =] ’ :
& ¥ lu sc'r 5 /
154 a
3w« FRECE AIR gt (3L
A LE18%0) 3 7
2 Wi KEAT sink 7 /] i B
= 30 LF1% 4 : /
5 \ reran | | N & 4
g B - s Ps
T =t | =
|t LEIgE
o WITH ﬂl(l'ﬂil £
-10 ~§ [ 5 10 [} § 10 15 20
COMMON-MCDE VOLTAGE (V) SUPPLY VOLTAGE (:V)
DS00E45.9 OS54 42
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Typlcal DC Performance Characteristics curves are for LF155 and LF156 unless otherwise
spedcified. (Continued)

Supply Current Supply Current
4 7 l
—_ = ‘ 5 ]
g K // Tg=25°C
e . = A
= To= -55°C g s % T
o« e, =3 L1 d
« /, T = e i
3 o Te=25C ol L Tg = 125°C
= o - /
B2 — g s
§ ,/‘/ E] L~
2 LT Tp»125¢ 2 53 — T
e 1 LF156
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1 - 2
a 5 10 1507 2097 25 : [} 3 WS 2
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x b z -
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s ” 8s
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= A
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Typical DC Performance Characteristics cures ars for LF155 and LF156 unless othensise
specified. (_Conliljued)

Open Loop Voltage Gain Output Voltage Swing
108 20
R =2k — = Vg » 415V B
z Rg =50 =t 2 Ta = 25°C
& 1 'TA = -ISS"C 2 2 P e
£ H Y
< H /
S m 2 /
w =2
& >  — 2 = /
= 7 Tt Ta- 25 ERRL
2 7. 1 L | e v
I b4

o - < /
& 100k Ta=125°C AT 7
(=] o
- =4 /
z | /
a W
o a

10k 4

§ 10 15 20 0 1.0 10
SUPPLY VOLTAGE (-V) OUTPUT LOADI Ry (k&Y
D066 47 DSUEALE I8

Typical AC Performance Characteristics

Gain Bandwidth Gain Bandwidth
§
1 R — R
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= Z Y4
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= = \ |
SR Vg = 10V g A\ Ly
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£ 3 | _ L= Vg=:15¥ =) 6 Y
= L. Vg = =20V g \
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= Py 5 N £ ool it
N E als—— & -2by {iav ]
— <
| o [ISS
1
-85 -35 -15 § 25 45 65 85 105 125 ~55-35 -15 5 25 45 65 85 105 125
TEMPERATURE (*C} Lol 1 b ah
DS0EEICAS OrEgissg
Normalized Slew Rate Output Impedance
18 C N 1000 F . T 3
16 N Vg = 215V e g : v:=:1sv
9 = B i i
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12 RN & H
$ z
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Typical AC Performance Characteristics {Continued)

Output Impedance LF155 Small Signal Pulse Response, Ay = +1
s|
e
>
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= 2
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= : t 2
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2 0.1 = = i B o
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0.01 Lt i1l OREf i g iaisl
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LF156 Smail Signal Pulse Response, Ay = +1 LF155 Large Signal Pulse Response, Ay = +1
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Typical AC Performance Characteristics (Continued)

Inverter Settling Time

QUTPUT VOLTAGE SWING FROM 0V (V}

Bode Plot
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Typical AC Performance Characteristics Contnued)

Power Supply Rejection Ratio
= 100
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FREQUENCY (Hz)

Equivalent Input Noise Voltage

EQUIVALENT INPUT NDISE VOLTAGE (nVA/HR)

DXS005846 63

1

1

Pet=t—t—F

P

1% S e e .
=
-

bt

fiil

100
FREQUENCY (Hz)

1k 10k

NSTCGAHAEAS
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Detailed Schematic

Q e
i
a
»
BRANTE
3 @ or
A [ a
a
L. ]
2
[~} Bt y [
1y 4 r o
L
._{ [__ ! e
i
»———-—-4—, )
L2
id
o e
) 5 i
2 a
It El ¥ - v
e "
N o
o £ :
a2 L) LN
x n
- an (A 4
pum———e >
o B [T m L Ve "“‘
w“ g e <
wSa P3N Yoo Yos 2
=0 Wy
e
WAL 13

*C = 3 pFin LF357 series.

Connection Diagrams (Top Views)

Metal Can Package (H)

DS08E46-14

“Available per JI438510/11401 or J1438510/11402

DualIn-Line Package (M and N}

Order Number LF155H, LF156H, LF356BH, LF356H, or

LF357TH

See NS Package Number H08C

. L)
BALANCE —t u b NC
2 AR
AU et p V
&
P —-3-: [ L p—= QUTPUT
¢ 5
N I BALANCE
BS005645.29

Order Number LF356M, LF356MX, LF355N, or LF356N
See NS Package Number MOSA or NOSE

wvew.national.com
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Application Hints

These are op amps with JFET input devices. Thess JFETs
have large reverse breakdown voltages from gate ta source
and drain eliminating the need for clamps across ths inputs.
Therefore large differential input voltages can casily be ac-
commodated without a large increase in input current. The
maximum differential input voltage is independent of the
supply voltages. However, neither of the input voltages
should be allowed to exceed the negative supply as this will
cause large currents to flow which can result in a destroyed
unit.

Exceeding the negative common-made limit on either input
will force the output to a high state, potentially causing a
reversal of phase to the output. Exceeding the negative
common-mode limit on both inputs will force the amplifier
output to a high state. In neither case does a latch occur
since raising the input back within the common-mode range
again puts the input stage and thus the amplifier in a normal
operating mode.

Exceeding the positive common-madz limit on a single input
wil not change the phase of the output however, if both
inputs exceed the limit, the output of the amplifier will be
forced to a high state.

These amplifiers will operate with the common-mode input
voltage equal to the positive supply. In fact, the
common-mode valtage can exceed the positive supply by
approximately 100 mV independent of supply voltage and
over the full operaling temperature range. The positive sup-
ply can therefore be used as a reference on an input as, for
example, in a supply current monitor nd/or limiter.

Typical Circuit Connections

Precautions should be taken to ensurs that the power supply
for the integrated circuit never becames reversed in polarity
or that the unitis not inadvertently installed backwards in a
socket as an unlimited current surge through the resulting
forward diode within the IC cauld cause fusing of the intemnal
canductors and result in a destroyad unit.

All of the bias currents in these amplifiers are set by FET
aurrent sources. The drain currents for the amplifiers are
therefors essentially indepsndent of supply voltagz.

As with mast amplifiers, care should be taken with lead
dress, component placement and supply decoupling in order
to ensure stability. For example. resistors from the output to
an input should be placed with the body close ta the input to
minimize “pickup” and maximize the frequency of the feed-
back pole by minimizing the capacitance from the input to
ground.

A feedbatk pale is created when the feedback arcund any
amplifier is resistive. The peallel resistance and capacitance
from the input of the device {usually the inverting input) to ac
ground set the frequency of the pole. In many instances the
frequency of this pole is much greater than the expected
3 dB frequency of the closed loop gain and consequently
there is negligible effect on stability margin. However, if the
fezdback pole is less than approximately six times the ex-
pectad 3 dB frequency a lead capacitor should be placed
from the outputto the input of the np amp. The value of the
added capaditor should be such that the RC time constant of
this capacitor and the resistance it sarallels is greater than or
equal to ths original feedback pole time constant.

Vos Adjustment

Vg is adjusted with a 25k potentiometer
+ The potentiometer wiper is connectad to ¥*

+ For patentioreters with temperaturs cosfficient of 100 ppm: C or less the additional drift with adjust is

Aadjustment

+ Typical overall drift: § pis C (0.5 pvs &V af adj.)

NS4 67

= 0.5 pViSimY of

vevew.national.com
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Typical Circuit Connections (Continued:

Driving Capacitive Loads

“u
AAA
VWA

* LF155%6 R = 5k
LF387 R=1.25k
Due to a unique output stage design, these amplifiers have the ability to drive large capacitive loads and still maintain stability.
Climany = 0.01 pF.
Owershoot = 20%
Settling time ty) = 5 ps

LF357. A Large Fower BW Amplifier

W

AAA
vy

W
TR

CS005E4ATS

For distortion = 1% and a 20 Vp-p Vigyy swing. power bandwidth is: 500 kHz.

Typical Applications

Settling Time Test Circuit

2 81%

%
RALLR ALY

0SCILLOSCOPE

DSSEAC. 16
- Sefttling time is tested with the LF155/6 connected as unity gain inverter and LF357 connected for Ay = -5
+ FET used to isolate the probe capacitance
« Qutput = 10V step

« Ay = -5 for LF357

weaw.national.com 12




181

Typical Applications (continued)

Large Signal Inverter Output, Voyr (from Settling Time Circuit)
LF355 LF356

sv/olv
sV/DY
SYIoly

M
.llllllll .IIIIII

2.a/V /Dty
US0050AE17 DS006646.13

Low Drift Adjus.able Voitage Reference
mag

-0 Vgyy = 1I¥

>
2]

DSOGSBIB 20

o A VauriaT=£0.002%:C
« All resistors and potentiometers should be wire-wound
+ P1: drift adjust
s P2:Vqyy adjust
¢ Use LF155 for

m Low |y

m Low drift

m Low supply current

2
b
*

1usf0IV

DIEIE 19

wevrvinational com
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Typical Applications (continued;

Fast Logarithmic Converter

B

=0 Vagsaav

-

u RITER U
n

DS0C5646-21

+ Dynamic range: 100 pA < |, < 1 mA (5 decades). [Vol=1V/decade
-+ Transient responss: 3 ps for 41 = 1 decade

+ C1,C2 R2 R3: added dyr.amic compensation

+ Vog adjust the LF156 to minimize quiescent error

* Ry Tel Labs type Q81 + 0.39

R2 ki =t H :
1+ R ] & inV [r——] = log v o R2 = 15,7k, Ry = 1k, 0.3%/°C {for temperature compensation)
T q REF Ri S, i 7
Precision Current Monitor

DSC0%546.31

« Vg=3 R1R2 (v/mA of Ig)

< R1.R2. R3:0.1% resistors

¢ Use LF155 for
| Common-made range to supply range
| Low Iy

wwvnational.com 14
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Typical Applications (continued;

8-Bit D/A Converter with Symmetrical Offset Binary Operation

15

L 58
15V € BT €1 B4 ES 34 57 B

1; 1gin s
8 4 3isi6r el fredy z‘
Vagz 7 18V Qe AAA~ g

-15v
CS00846.-32
+ R1 R2 should be matchad within £0.05%
* Fui-scale responze time: 3 ps
Eo [B1 B2 B B4 B5 R6 B7 BE Comments |
96201 1. 1 1T@1~@U=%F 1. 17= PesitvdFul-Scale
+00401 1A 0 Of0-W). B o1 ¢ (+) Zero-Scale
S0:046=10XL 1 W @GS/ 1 | \Y (-) Zero-Scale
-9.920 | Gad® OV 0 M 0p=0 0800 Negative Full-Scale
Wide BW Low Noise, Lovs Drift Amplifier
@
il
i
A7
fhaax = 191 LHe
W7 NS
—0
LSOCEida 75
ST
« Power BY: fiax T Som = @ 9 kHz
2avp

«. Parasitic input capacitance C1 = (3 pF for LF155, LF156 and LF357 plus any additional layout capacitance] interacts with
feedback elements and creates undesiratle high fraquency polz. To compensate add C2 such that: R2 C2 = R1 C1.

15 wwwnational.com
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Typical Applications (continued;

Boosting the LF156 with a Current Amplifier

R
S.0x

AAA
VWA~

v

Rt
Atx

lour

?ﬁ’:?“l
My j:_— ik

%H}

k)

B1oF

HH:

DS005E45.73
lour aaxy= 150 mA {will drive R = 10012
° AV
S¥eUr 0.15
= V/us (with shown
AT 1072 “ Q )

+ No additional jhase shift added by the current ainplifier

3 Decades VCO

‘ ¥ a8y

DS005E. 24

Ve (R8 + R7)

{:W 0= Ve = 30V, 10Hz < f S10kHz
(8 Vpy 1} C

R1, R4 matchad. Linearity 0.1% over 2 dacades

weee.national.com 16
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Typical Applications (continusd)

AV

Isolating Large Capacitive Loads

2
L1
+—ANA- O Vour

ol

[
Rl ln: o
x

P

Ri
ol
tis

-I' S f
v - =
[NSOCERAG. 22
Overshoot 6%
ts 10 ps
When driving large C,, the Vo slew rate detsrmined by € and Loyt quaxy:
0.02 i
e Y/ ps = 0.04V/ us (with G shown)
Low Drift Peak Detector
kv
2
?
‘::” J O ¥peax
.
~15¢
=19V =5
US005646.23

By adding D1 and Ry, ¥y1=0 during hold mods. Leakage of D2 provided by feedback path through R;.
Leakage of circuit is essentially I, {LF155. LF156) plus capacitor leakage of Cp.

Diode O3 clamips Yoy (A1) to V=V to improve speed and to limit reverse bias of D2.

Iaximum input frequency should be €< %aRCp, where Cy is the shunt capacitance of D2.

vewnational.com
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Typical Applications (continued)

RAC I e —

(2} {5 MHz)

RIC = '

T {27} (5MHz)

Non-Inverting Unity Gain Operation for LF157

DOSEAG. T4

Inverting Unity Gain for LF157

RI

DSOGAE 25

wavnational.com
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Typical Applications (continued)

High Impedance, Low Drift Instrumentation Amplifier

5V
Q

SIE646 2

R3#I IPRZ =
*Voyr = ) [W + ] AV, VT + 2V < V| commen-mode = V©

+  System Vg adjusted via A2 Vos adjust

+ Trim R3 to boost up CMRR to 120 dB. Instrumentation amplifier resistar array recommended for best accuracy and lowest drift

wwvinational.com
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Typical Applications contirued:

Fast Sample and Hold

] T
! |
Mo !
10
| | R, Y
[ yo—"
i s
s
WA
g
leur [

~-15v

-18v

DSOS 3G
+ Both amplifiers (A1. A2) have feedback loaps individually closed with stable responses (overshoot negligibl=)
- Acquisition time Ty extimated by:

h [2RO,‘.. Vigs G, 1 1/2 provided that:
- [t ]

r

Yin < 2aS, p‘ONCh and T, > . RON is of SW1

V}N <>n
20 mA

+ LF156 develops full S, output capability for ¥nz1V

- Addition of SW2 improves accuracy by putting the voltage drop across SW1 inside the feedback loop
- Overall accuragy of system determined by the accuracy of both amplifiers, A1 and A2

If inequality not satisfied: Ty ¢

vevav.rational.oom 20
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Typical Applications (continued)

High Accuracy Sample and Hold

s

= By dlosing the loop through A2, the Vour accuracy will be determined uniquely by A1

No Vs adjust required for A2,

+ Ta can be estimated by same considerations as previously but, because of the added
propagation delay in the feedback loop {(A2) the overshoot is not negligible.
+ Overall system slower than fast sarnple and hold

+ R1. Ce: additional compensation
« Use LF156 for

m Fast settling time

| Low Vog

MW

$MTCHES
Fnan

High Q Band Pass Filter

DSO56.27

By adding pasitive feedback (R2)
= Jincreases to 40
- fgp=100 kHz

— = 1040

= Clean layout recommendsd

- Response to a 1 Vp-p tone hurst; 300 Ps

DSOG5B16.22

wwvinational.com
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Typical Applications (continued)

High Q Notch Filter

Yix

DS54 34

e 2R1=R=10MQ

2C =C1=300pF
+ Capacitors should be matched to obtain high Q
« fnoren = 120 Hz. notch = =55 dB. Q > 100
¢ Use LF155 for

m Low Iy

| Low supply current

www.nationl.oom 22
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Physica[ Dimensions inches {millimeters) unless ctherwise noted

0.350-0.370

MAX
0.025
. ¢ == UNCONTROLLED
a.:s;—a.x!g? : {(063) gap pis
ERIE TR A Ly
AEFERENCE PLANE ).~ A
; 1 e SEATING PLANE
i f  0.015-0.040
TR {0.387-1.015)
MIN ﬂ
; ol 0060018
: e {0.406 —0.983) "
______ 0.195-0.205 DiA
000 o < . | (4953-5.207) PC.
10.540) R
0.028-0045 O\
{0.737-1.143)
0.028 -0.034 :
S nB A 0.115-0.145
(0.711 —0.864) 5// (2.927-3.683)
//\ 0iA
;\ 8
45" EQUALLY
SPACED  ~—» FOBC {HEV 65

Metal Can Package (H)
Order Number LF155H, LF156H, LF356BH, LF356H or LF357H
NS Package Number HO8C

Q186137
Bo-s 00

5

.08 yax
X 3254

2
7
LEATND 1 !
WENT 3
4.150-.8,157
13,610 3,38
0.053 0,069
2200020 45 ! s
{3.254 - 0.5C6} B> MAX TYP - . Q.00 -C 010
ALLLEADS Y - (@307 754}
- HE 17 T seamg
[ Y ! i L ruse
: H I i H
\ T : nen i
008~ 0 018 ! 4 e | it 14 —G
(%Eﬁa_g‘?&“l ALLERD TS G816 -6.090 3561 ,%:—::-l S 5% ‘“«"%‘H&m
203 . e { - 0.508)
Ramsny e 12 0.008
L LE TYP ALL LEADS i e o

Small Qutline Package (M)
Order Number LF356M or LF356MX
NS Package Number MOBA

23

wwvenational.com
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LF155/LF156/LF355/LF356/LF357 JFET Input Operational Amplifiers

Physical Dimensions inches {millimeters) unless otherwise roted {Continuzdj

0.373-0.400
Baa-1016) |
0.099
e
0052 [_@! [l I 0.932:2.0.005
{2.337) FA 081320321
_\&/'\; 0.250+.0.005 RAD\«\
PNO T I0ENT G e {635z 0020 PINNG TIDERT ]
ofTIoN 1 |
b 2T T3] 14
0.280 040
1z o 8.03¢0 TYP—»Q ‘4—- OPTION 2
3 0.762) A 0.033 0.935-0.200
g 0.300--0.520 {0.762) — nmm Shold s
(1.62-8.128) ‘ (3.683-5.080)
1 4 oa0z0008
Y B2roazn
3175~ 3557
p 578 -35%) Ny
90° 44° {0508}
, TP MK
0.016:40.003
I G asT o)
i +1.016 0.100:49.010
(8255 4 39y, (7.540%.0.254)
0045 0,015 |
{1.14310,381)
0.060
e T
Peosiod o AP r—
(1.270) NOBE (REV K1

Molded Dual-In-Line Package (N)
Order Number LF356N
NS Package Number NOSE

LIFE SUPPORT POLICY

NATIONAL'S PRODUCTS ARE NGT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT AND GENERAL
COUNSEL OF NATIONAL SEMICONDUCTOR CORPORATION. As used herein:

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

systems which, {a} ai intended for surgical implant
into the body, or (b} support or sustain life. and
whose failure to perform when properly used in

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

accordance with instructions for use provided in the
labeling, can be reasonably expected te result in a
significant injury to the usar.

safety or effectiveness.

National S=micenductor Natiznal Semiconductor Natianal Semiconductor Nati.nal Semiconductor
Cotporation Eurspe Asia Pacific Customer Japan Ltd.

Amaricas Fax: +43 (D) 180-520 85 88 Response Sroup Tel: 81-2-5629-750)

Tel: 1-800-272-0¢52 Email: aurcps suppont@nse.com Tel: 65-25444565 Fax: 81-3-§636-7537

Fax: 1-800-737-7018
Email: support@nsc.com
wvav.national.com

Deutsch Tel: +48 () 63 0508 6208
English Tal: +44 (0j 870 24 0 2171
Francais Tal: +33 (03 141918790

Fax: 852504466
Email: ap.support@nsc.com

Natind daes Nt assume any respensitility for us= of any drcutry dascribed, no circuit paten. licenses ars implid and Haticnd resers the right at any time withoul ntice to change zaid circuitry and spedifications.
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