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Abstract

At present, television broadcast servicing in cable-television systems are very popular. The
importance of cable-television systems is scrambling or coding.

This project report present for scrambling and descrambling of video signal. It applied from many
method to scrambling consist of video inversion, synchronous shifting by sinusoidal wave and scrambling by
Telease-Masst system. We used this process protect do furtively from hacker before transmitting signal to

subscriber.
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2.2.8 m3aui/aendy (Line Shuffle)
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¢=—¢mf{7%J (2.4)
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MM NTeIR IR NI RgNT lAnnaums (2.3)

1. inmddmng, f<f,,

0
v_ = AF
vin
2.1 f=1,
Vo| AF
= = 0.707 AF
Vin| 2
3.ff>1,
—2 < AF
vin
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waziidoiae £, Invazana (31 8-2b) ﬁ'ufmﬁaﬂ’mﬁnﬁu%’iyuﬁmﬁﬂaammu%gnms 10 w3vINUan
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3 3 dB (= 2010g0.707) 910 0 Hz

10 o iad ¢
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[ t 4
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20k pot at
R, 15.8 k2

IM'
33k

0,0047 p*

317 2.20 2993nsBIMIBA ML MAD3 13T BoBIADS 2

Voltage gain

3 .

-40 dB_l'decade

Frequency

JUM 2.21 mInvuUBIAIND



P L TP TLE © W AP

o ——— T e oS 2 VERTRA CN Thw

TR NSRRI Tl R B WA W — v

25

=Sn.

unns3

MSNINIHUVDIINDT

3.1 ﬂ'liﬁ'lﬂ'lﬂﬁlﬂ@')ﬂﬂi!%]5%&&@@13&3‘”7‘
+ 9
'J\l'ilﬂ‘fl"ﬁﬁﬁﬁ"fgfy'lmﬂTWﬁ‘l‘%’ulﬂuﬂﬁﬂizQfWﬂ‘]’fl'Jﬁ114ﬂ'liL'ﬁ”ﬁﬁﬁﬁ?ﬂﬁllﬂ‘imuallﬂl’ﬂ%‘l‘] ﬁﬂ
v W 4 a o Y 4 o a o 4 a o
minaumgigmmw mﬂaeumnTﬂﬂhﬂaugﬂ'lcnuuazmimmimummumaﬁ-uuﬁw Tﬂﬂﬂﬂaﬂﬂ

4
lnozunsuusanisitnuaail

INVERTED
VIDEO
(112 AMPLITUDE)
VIDEO IN—»{  INVERTER
SINE-WAVE 94 kHz o SUMMING VIDEO OUTPUT
GENERATOR AMPLIFIER [ (SCRAMBLED)

s of @ o
U 3.1 vaenlaezunsuveisesidsiadayguniw

msinuvesnesitisdaes hilinnuginnumin Tasmstiuendayananinvideo Signal)Und
vhmsndunla 180 earmuazanuiauaaagadanuninaniavile mﬂt‘fuﬁqﬂﬂﬂﬁuﬁa‘;mmgﬂ
adulanififinag o4 kHz fisesvetedygauuunin =§aﬁnumunmgﬂﬂﬁu”lcnﬁffvzﬁmm?ﬁﬂu 6 IMUDY
ATAMITUnUTYaF AL Horizontal syncfiTIAINE 15,625 ki HAZIINIDINHNYDIINTVONY

o y o 4 a 7 ‘ 2 ° 1
dygnowvvvaniiee IRl udyananimiidhsiaEncode. Video Signalloenin Fsdminmildedae

o o

4 ' [ 4 a o o e A LYY o ]
insesdnazuaziudrnniedy Insiml nehikunsensasiadygranmies liawsosudyga

4 9 v
fignAesald

a W

3.1.1 Nﬂsf‘iuuﬂmy,npm‘lmﬁnﬂ (Sine-Wave Generator)

o w P Y A s aq sk Y o ¥ ¢
dmiuesduliadyapomaulsy 94 kHz AFlumsdrsdadyanaunm  w2ld 1c wes
P s

2 o & 4 ia { a & P 4
MaX038 Fuflu IC duiiagUnauanuigeilanuiisnsdumsningiaduauimioy, fudes, land,

d' a' o & a a‘ s Y s 1) -=; - 9
mvaguLasnay Tﬂﬂﬁ'liJ'liﬂﬂ?‘lJ?]iJﬂ'Iiwaﬂﬂ'.)'lllmf]'I“YW!'YIGIHBQGI'LIU'IHFI’J'lilﬂ 0.1Hz 94 20MHz ®280195
1 4

a o o

o w o g (]
GTQQQﬂULﬁQﬂUﬂTUiu bandgap 2.5V llazﬂ'W’ll'lu“ﬂ'luﬂUﬁ?LﬂUﬂixﬂQﬂ’lﬂ?ﬂ%iﬂ’]ﬂuﬂﬂ @I duty cycle

annsolsu 1R Taolddyapuniugy £23v  ilfazaindemsysy Pulse-Width Modulation Hagms

a o

. A w4
fiadyyngUnauiunes



. e T e N e SR WD ERVTS M

T p—————— W, T T T

e PTG, ROl W B

L e Sl i o

e i L

26
-5V 45V
1
FREQUENCY : ANRIE -
C1 C3
l > Jpk [ of ‘ A0
2 | Aaxam —
N DAD) MAX038
20k R2
_— 500
- 10 19 TN SINE-WAVE
|
il UT VAVAYA oUTRUT
fADJ
R e =
12 DGND}>
SYNC 4 N.C.
/7 poi |2
3 12 I _2x25V
- GND GND GND GND GND
Cr 6/ 2y 9 1} 18
\\ 7 C O\ S\ g 3 : il
5 1 cose LS S ( e " |
1 # 6 | onp b)) e ?:LE; Smw i
L& 4 ;
- ! . TRAMGL: Ty, i
H SRS !
[ : TADM EOLAIN > J_ E
7!, SURRIK CATWRAILR :
g @ VERA'CR - :
w - | MADAM
' MAXD33 !
‘kg § 84— PEHIS i
e e o
E Lo 11 im0 - LIS
1 Er ) T [ E
L 1 wiieads -
o L_' a ;1: :v > PHASE - d L
Y T—I I"‘,_’ %11 0§ GAO for R R ~ot o
= s N AN
RE] "1!’1]
— SENAL LD NOH NOT PR = a
s = JIPENS {:M"lﬁ'(l\’\ﬂ\, 'ﬂf (SR 31 llv‘lp}-l PCRMTIL IS W E e LA




o T T SRR TIUCTI R TCKRE D s 50

N TS w et

L .

e Te TISE v W

T oo -

S,

3
MININUVBIVARZY AT

sUn

Y

27

d o 4
3.2 ‘Uaﬂﬂvlﬂf)?v’lminuazj\]%iﬂ'liﬂ'lfluwuﬁ'lu

¥
msih MAX038 aunsarih llsouldvareglmnduegiumsihlidszgnd  Teeliswasioa

i ¥e i
1 REF 1911 1NB1389U5 99U bandgap 2.5V
2,69,11,18 GND 35170

3 A0 Sunnidong A TTL/ICMOS compatible

4 Al SuwnidongUafu;TTL/ICMOS compatible
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3.1.2 Nﬂwma&'agq;wamumn (Summing Amplifier)
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Inverter Integrator
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General Description

The MAXO038 is a high-frequency, precision function
generator producing accurate, high-frequency triangle,
sawtooth, sine, square, and puise waveforms with a
minimum of external components. The output frequency
can be controlled over a frequency range of 0.1Hz to
20MHz by an internal 2.5V bandgap voltage
reference and an external resistor and capacitor. The
duty cycie can be varied over a wide range by applying
a +2.3V control signal, facilitating pulse-width modula-
tion and the generation of sawtooth waveforms.
Frequency modulation and frequency sweeping are
achieved in the same way. The duty cycle and
frequency controls are independent.

Sine, square, or triangle waveforms can be selected at
the output by setting the appropriate code at two
TTL-compatible select pins. The output signal for all
waveforms is a 2Vp.p signal that is symmetrical around
ground. The low-impedance output can drive up
to +20mA.

The TTL-compatible SYNC output from the internal
oscillator maintains a 50% duty cycle—regardless of
the duty cycle of the other waveforms—to synchronize
other devices in the system. The internal oscillator can
be synchronized to an external TTL clock connected
to PDI.

Applications
Precision Function Generators
Voltage-Controlled Oscillators

Frequency Modulators

Pulse-Width Modutators

Phase-Locked Loops

Frequency Synthesizer

FSK Generator—Sine and Square Waves

MAXIMN

MAXIV

/""I-‘Iigh-Frequency Waveform Generator

Features
4 0.1Hz to 20MHz Operating Frequency Range

Waveforms

¢ Independent Frequency and Duty-Cycle

Adjustments

4 350 to 1 Frequency Sweep Range

¢ 15% to 85% Variable Duty Cycle

¢ Low-Impedance Output Buffer: 0.1Q
¢ Low-Distortion Sine Wave: 0.75%
¢ Low 200ppm/°C Temperature Drift

4 Triangle, Sawtooth, Sine, Square, and Pulse i
Q
()
®

Ordering Information

PART TEMP. RANGE PIN-PACKAGE
MAX038CPP 0°C to +70°C 20 Plastic DIP
MAX038CWP 0°C to +70°C 20 Wide SO
MAX038C/D 0°C to +70°C Dice®
MAX038EPP -40°Cto +85°C 20 Plastic DIP
MAXO38EWP -40°C to +85°C 20 Wide SO

* Contact factory for dice specifications.

Pin Configuration

TOP VIEW

P
REF E bo] v-
6ND [2] 16] OuT
2[5 anaxcian fig v
mla]  maxoss gl ve
cosc 5 6] OV
GND [5] 5] DGND
0ADJ 7] 4] SYNC
FAD) [g] 3] Poi
GNDE E] POO
T 1) oD
DIP/SO

Call toll free 1-800-998-8800 for free samples or literature.

Maxim Integrated Products
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High-Frequency Waveform Generator

ABSOLUTE MAXIMUM RATINGS

VA4 10 GND .cceticceericerccnrerese e svets e nanssneavaes -0.3Vto +6V Continuous Power Dissipation (TA = +70°C)
DV 4+ t0 DGND..cuveviicrireinricree e esesressssessesesesroses -0.3Vto +6V Plastic DIP (derate 11.11mW/°C above +70°C} .......... 889mwW
V-to GND +0.3V to -6V SO (derate 10.00mW/°C above +70°C)....... ...800mwW
Pin Voltages CERDIP (derate 11.11mW/°C above +70°C).............. 889mw
IIN, FADJ, DADJ, PDO ....cocccvrnecernnee (V--0.3V) to (V+ + 0.3V) Operating Temperature Ranges:
COSC it b et eaesenean +0.3Vto V- MAX038C_ _ 0°Cto +70°C
AQ, A1, PDI, SYNC, REF. 0.3Vto V+ MAXO3BE_ _ eooveiieiiiiicccniinensesneisee e eveesnenes -40°C to +85°C
GND 10 DGND ..o .20.3V Maximum Junction TEMPErature .......c.ooveeveeereeeeeesrennns +150°C
Maximum Current into Any Pin.......cvceeveenn. .+50mA Storage Temperature Range........... .-65°C to +150°C
OUT, REF Short-Circuit Duration to GND, V+, V- ......cuu... 30sec Lead Temperature (soldering, 10S€C) ......c.cccccvrvenrarernn . +300°C

Stresses beyond those listed under "Absolute Maximumn Ratings " may cause permanent damage to the device. These are stress ratings only, and functional
operation of the device at these or any other conditions beyond those indicated in the operational sections of the specifications is not implied. Exposure to
absolute maximum rating conditlons for extended periods may affect device reliability.

ELECTRICAL CHARACTERISTICS

(Circuit of Figure 1, GND = DGND = OV, V+ = DV+ = 5V, V- = -5V, VpaDJ = VFADJ = VPpI = Vppo = OV, CF = 100pF,
RIN = 25kQ, RL = 1kQ, Cy = 20pF, Ta = TMIN to TMAX. unless otherwise noted. Typical values are at Ta = +25°C.)

PARAMETER LSYMBOL [ CONDITIONS ] MIN TYP MAX | UNITS
FREQUENCY CHARACTERISTICS
Maximum Operating Frequency Fo 15pCF’ < 15pF, I|N = 500pA 20.0 40.0 MHz
Frequency Programming T VFaDJ = OV 2.50 750 uA
Current VFAD) = -3V 1.25 375
IIN Offset Voltage VIN +1.0 +2.0 mv
Frequency Temperature AFo/°C | VFaDy = OV 600 .
Coefficient Fo/°C | VFaDy = -3V 200 ppm/°C
Frequency Power-Supply (éz%fﬁl V- = -5V, V+ = 4,75V t0 5.25V +0.4 +2.00 o
Rejection @obal | v, - sv. v = 475V 10 -5.25v 02 £1.00
OUTPUT AMPLIFIER (applies to all waveforms)
Output Peak-to-Peak Symmetry | Vout +4 mv
Output Resistance Rout 0.1 0.2 Q
Output Short-Circuit Current lout Short circuit to GND 40 mA
SQUARE-WAVE OUTPUT (Ry = 100Q)
Amplitude Vour 1.9 2.0 2.1 Vp.p
Rise Time tR 10% to 90% 12 ns
Fall Time tF 90% to 10% 12 ns
Duty Cycle dc VpaDJ = OV, dc = ton/t x 100% 47 50 53 %
TRIANGLE-WAVE OUTPUT (RL = 100Q)
Amplitude Vour 1.9 2.0 2.1 Vp.p
Nonlinearity Fo = 100kHz, 5% to 95% 0.5 %
Duty Cycle dc VDADJ = OV (Note 1) 47 50 53 %
SINE-WAVE OUTPUT (Ry. = 100Q)
Amplitude Vour 1.9 2.0 2.1 Vp.p
Total Harmonic Distortion THD Duty cycle adJus.ted to 50% 0.78 %
Duty cycle unadjusted 1.50
2 MAXIMN
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High-Frequency Waveform Generaior

ELECTRICAL CHARACTERISTICS (continued)

(Circuit of Figure 1, GND = DGND = OV, V+ = DV+ = 5V, V- = -5V, VpADJ = VFADJ = VppI = Vppo = OV, CF = 100pF,
RIN = 25kQ, RL = 1kQ, CL = 20pF, TA = TMIN to TmAX, unless otherwise noted. Typical values are at Ta = +25°C.)
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PARAMETER [ SYMBOL | CONDITIONS | MIN TYP MAX [ UNITS

SYNC OUTPUT

Output Low Voltage VoL ISINK = 3.2mA 0.3 0.4 \Y%
Output High Voltage VOH ISOURCE = 400pA 2.8 3.5 \
Rise Time tr 10% t0 90%, RL = 3kQ, CL = 15pF 10 ns
Fall Time tF 90% to 10%, Ry = 3kQ, CL = 15pF 10 ns
Duty-Cycle dcsync 50 %
DUTY-CYCLE ADJUSTMENT (DADJ)

DADJ Input Current IDADJ 190 250 320 LA
DADJ Voltage Range VDADJ +2.3 Vv
Duty-Cycle Adjustment Range dc -2.3V S Vpapy £ 2.3V 15, 85 %
DADJ Nonlinearity dc/VeapY | -2V € VDaDY € 2V 2 4 %
Change In OupLL FIeQUency I'¢ voapy | -2v s Vors < 2V 25 18 | %
r;ﬂrzglrlnel;rgyDADJ Modulating Fol 2 MHz
FREQUENCY ADJUSTMENT (FADJ)

FADJ Input Current IFADY 190 250 320 VA
FADJ Voltage Range VFADJ +2.4 \%
Frequency Sweep Range Fo -2.4V S VEADS S 2.4V +70 %
FM Nonlinearity with FADJ Fo/VFADYS | -2V S VFAD) € 2V +0.2 %
Change in Duty Cycle with FADJ | dc/VEaD) | -2V < VFADS € 2V +2 %

- 3 v -

ngg:el:\?y ADJ Modulating Pe 2 MHz
VOLTAGE REFERENCE

Output Voltage VREF IRer = 0 2.48 2.50 2.52 \Y
Temperature Coefficient VREF/°C 20 ppm/°C
Load Regutation VREF/IREF g%g:;g::::&. /(\SC();;TS) : j mVimA
Line Regulation VREFV+ | 4.75V < V+ £5.25V (Note 2) 1 2 mvNv
LOGIC INPUTS (A0, A1, PDI)

Input Low Voltage ViL 0.8 \

Input High Voltage VIH 2.4 v

Input Current (AQ, A1) L liH | VA, VAT = VIL, Vin +5 LA

Input Current (PDI) WL i | VPDI = VIL VIH *25 VA
POWER SUPPLY

Positive Supply Voltage Ve 4.75 5.25 \

SYNC Supply Voltage DV+ 4.75 5.25 \

Negative Supply Voltage V- -4.75 -5.25 v

Positive Supply Current I+ 35 45 mA

SYNC Supply Current lovs 1 2 mA

Negative Supply Current I- 45 55 mA

Note 1: Guaranteed by duty-cycle test on square wave.
Note 2: VRer is independent of V-.

MAXIN
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High-Frequency Waveform Generator

otherwise noted.)

100M

g

OUTPUT FREQUENCY (Hz)
g

=
x>

100

0.1

o o = = =
8 & 8 & E

NORMALIZED QUTPUT FREQUENCY

[~
©
o

OUTPUT FREQUENCY
vs. lIN CURRENT
n §33pF
"
=== : 100pF
R 330pF
A gy P
s
L L
; Hl 330
a 4 = 100nF
o ; ; A
W A o
3.3pF
10uF
i T
47uF
100pF
It
[N
111
1 10 100 1000
1IN CURRENT (pA)
NORMALIZED OUTPUT FREQUENCY
vs. DADJ VOLTAGE
T T 1 5
N = 1011|A | g
AV 25uA
N I = SOpA
y_
e E§§
A4 N\
SERTRERN
el N
AN v
In = 50|011AI

DADJ (v}

Typical Operating Characteristics
(Circuit of Figure 1, V+ = DV+ = 5V, V- = -5V, Vpaps = VFADJ = VPDI = VPDO = OV, RL = 1kQ, CL = 20pF. Ta = +25°C, unless

DUTY CYCLE (%) Fouy NORMALIZED

DUTY-CYCLE LINEARITY ERROR (%)

2.0
1.8
1.6
14
1.2
1.0
0.8
06
0.4
0.2

90
80
70
60
S0
40
30
20

20
15
1.0
0.5

05
<10
1.5
-20
-25

NORMALIZED OUTPUT FREQUENCY
vs. FADJ VOLTAGE
N
fi = 100pA, COSC = 1000pF —
\\
\\

Vrapy (V)

DUTY CYCLE vs. DADJ VOLTAGE

v
MAXDIE168

\\\
N
lin = 200pA
i
32 a2 0 12 3
DADJ (V)
DUTY-CYCLE LINEARITY
vs. DADJ VOLTAGE
Iy = 50008 A 5
3
AN
A /’/ i = 250pA
VA
1 k‘ iy = 100pA
\ )
T~/
\\//I/ 5071/\)6\ N
IN =
Iy = Z_SuA) S\\-//
i = 1004 1]

-20 -1.0 0 1.0 15 2.5
DADJ (V)
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High-Frequency Waveform Generator

Typical Operating Characteristics (continued)
(Circuit of Figure 1, V+ = DV+ = 5V, V- = -5V, VpaDJ = VFADJ = VPDI = VPDO = OV, RL = 1kQ, CL = 20pF, Ta = +25°C, unless
otherwise noted.)

SINE-WAVE OUTPUT (50Hz) SINE-WAVE QUTPUT (20MH2)

TOP: OUTPUT 50Hz = Fy Iiy = 400pA
BOTTOM: SYNC Cr = 20pF
Iy = 50pA
Cr=1pf
TRIANGLE-WAVE OUTPUT (50Hz) TRIANGLE-WAVE QUTPUT (20MHz)

R
TOP: QUTPUT 50Mz = Fq iy = 400pA
BOTTOM: SYNC Cr = 20pF
Ity = S0uA
Cr=Tuf SQUARE-WAVE OUTPUT (50Hz)

Bl

TOP: OUTPUT 50Kz = Fq
BOTTOM. SYNC

iy = 50pA

Cr=1pf

MAXIMN 5
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High-Frequency Waveform Generator

Typical Operating Characteristics (continued)
(Circuit of Figure 1, V+ = DV+ = 5V, V- = -5V, VpADJ = VFaDJ = VPDI = VPDO = OV, RL = 1k, C| = 20pF, TA = +25°C, unless
otherwise noted.)

SQUARE-WAVE OUTPUT (20MHz) FREQUENCY MODULATION USING FADJ
0w HI

L] \ |', remuressanrpp gy 4o

IIN = 400pA TOP: OUTPUT

Cr = 20pF BOTTOM: FADJ
FREQUENCY MODULATION USING by FREQUENCY MODULATION USING Iy

TOP: QUTPUT TOP; QUTPUT
BOTTOM: Iy BOTTOM: iy

PULSE-WIDTH MODULATION USING DAD)
100s :

- e ER ey e > e ¢ s = +1V

TOP: SQUARE-WAVE OUT, 2Vp.p
BOTTOM; Vpap; -2V 10 +2.3V

6 MAXIMN
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High-Frequency Waveform Generator

Typical Operating Characteristics (continued)

(Circuit of Figure 1, V+ = DV+ = 5V, V- = -5V, VpaDJ = VFADJS = VpDI = VPPO = OV, RL = 1kQ, CL = 20pF, Ta = +25°C, unless

otherwise noted.)

OUTPUT SPECTRUM, SINE WAVE OUTPUT SPECTRUM, SINE WAVE
(Fo = 11.5MH2) (Fo = 5.9KkHz)
1: [ Ry = 15K (Viy = 2.5V), C = 20pF, ; . | Rin = 51kQ (Viy = 2.5V), C = 0.014F, '{
8 Vpapy = 40mV, Veapg = -3V ; 10 17 Vpap) = 50mV, Vap; = OV H
-20 -20
g -30 g -30
g -0 B -0
g -50 £ 50
& 60 £ 60
& ‘ % 10
-80  MNEEYR LA AR P -80 l 'l
-90 -90 /
-100 -100 ! L
0 10 20 30 40 50 60 70 80 90 1 0 5 101520 25 30 35 40 45 50
FREQUENCY (MHz) FREQUENCY (kHz)
Pin Description
PIN NAME FUNCTION
1 REF 2.50V bandgap voltage reference output
2 GND Ground*
3 A0 Waveform selection input; TTL/CMOS compatible
4 Al Waveform selection input; TTL/CMOS compatible
5 coscC External capacitor connection
6 GND Ground®
7 DADJ Duty-cycle adjust input
8 FADJ Frequency adjust input
9 GND Ground*
10 IIN Current input for frequency control
n GND Ground*
12 PDO Phase detector output. Connect to GND if phase detector is not used
13 PDI Phase detector reference clock input. Connect to GND if phase detector is not used
14 SYNC TTL-/CMQS-compatible output, .referenced betwegn DGND and DV+. Permits the internal oscillator to be
synchronized with an external signal. Leave open if unused
15 DGND Digital ground
16 DV+ Digital +5V supply input. Can be left open if SYNC is not used
17 V+ +5V supply input
18 GND Ground®
19 ouTt Sine, square, or triangle output
20 V- -5V supply input

* The five GND pins are not internally connected. Connect all five GND pins to a quiet ground close to the device. A ground plane is
recommended (see Layout Considerations).

MAXIMN
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High-Frequency Waveform Generator

3 4
T ol T S :
5 ' COSC TRIANGLE :
i '
' OSCILLATOR | OSCA s:"":fm SINE ;
Cr I 6 ) GND 0SCB '
+
— i [ H
! _ TRIANGLE N !
f SQUARE ;
8 1 FAD) OSCILLATOR > !
7} DAD) CURRENT COMPARATOR '
; GENERATOR > :
[} L}
LRLLY | MAXIN E
; MAX038 ;
Re 2 Ry Ry . 8<— -250A H
: - sYNG
J g COMPARATOR > ¢ ;”
1) REF 25V VAN
S VOLTAGE '
L : REFERENCE :
1 ) :
Ll Ll
. J:i H 17 1 v Al = PDO | 12
@ 20 V- PHASE - T
-V —¢ 3 o | DETECTOR o PDL_* 13
LI 2,9,11,18 1 GND e < :
[ J !
<\ E
B N D, & N .| DYV DGND DVs ] |
15 16
1
*
— = SIGNAL DIRECTION, NOT POLARITY = v
» = BYPASS CAPACITORS ARE TuF CERAMIC OR 1 ELECTROLYTIC IN PARALLEL WITH 1nF CERAMIC.

Figure 1. Block Diagram and Basic Operating Circuit

Detailed Description

The MAXO038 is a high-frequency function generator
that produces low-distortion sine, triangle, sawtooth, or
square (pulse) waveforms at frequencies from less than
THz to 20MHz or more, using a minimum of external
components. Frequency and duty cycle can be inde-
pendently controlled by programming the current, volt-
age, or resistance. The desired output waveform is
selected under logic control by setting the appropriate
code at the A0 and A1 inputs. A SYNC output and
phase detector are included to simplify designs requir-
ing tracking to an external signal source.

The MAX038 operates with £5V 5% power supplies.
The basic oscillator is a relaxation type that operates by
alternately charging and discharging a capacitor, CF,

with constant currents, simultaneously producing a tri-
angle wave and a square wave (Figure 1). The charg-
ing and discharging currents are controlied by the cur-
rent flowing into 1IN, and are modulated by the voltages
applied to FADJ and DADJ. The current into lIN can be
varied from 2pA to 750pA, producing more than two
decades of frequency for any vaiue of Cr. Applying
+2.4V to FADJ changes the nominal frequency (with
VFADJ = OV) by £70%; this procedure can be used for
fine control.

Duty cycle (the percentage of time that the output wave-
form is positive) can be controlled from 10% to 90% by
applying 2.3V to DADJ. This voltage changes the Cr
charging and discharging current ratio while maintaining
nearly constant frequency.

NAXIM
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High-Frequency Waveform Generator

A stable 2.5V reference voltage, REF, allows simple
determination of IIN, FADJ, or DADJ with fixed resistors,
and permits adjustable operation when potentiometers
are connected from each of these inputs to REF. FADJ
and/or DADJ can be grounded, producing the nominal
frequency with a 50% duty cycle.

The output frequency is inversely proportional to
capacitor Cr. Cr values can be selected to produce
frequencies above 20MHz.

A sine-shaping circuit converts the oscillator triangle
wave into a low-distortion sine wave with constant
amplitude. The triangle, square, and sine waves are
input to a multiplexer. Two address lines, A0 and AT,
control which of the three waveforms is selected. The
output amplifier produces a constant 2Vp.p amplitude
(z1V), regardless of wave shape or frequency.

The triangle wave is also sent to a comparator that pro-
duces a high-speed square-wave SYNC waveform that
can be used to synchronize other oscillators. The SYNC
circuit has separate power-supply leads and can be
disabled.

Two other phase-quadrature square waves are gener-
ated in the basic oscillator and sent to one side of an
“exclusive-OR" phase detector. The other side of the
phase-detector input (PDI) can be connected to an
external oscillator. The phase-detector output (PDO) is
a current source that can be connected directly to
FADJ to synchronize the MAX038 with the external
oscillator.

Waveform Selection
The MAXO038 can produce either sine, square, or trian-
gle waveforms. The TTL-/CMOS-logic address pins (A0
and A1) set the waveform, as shown below:

A0 T A1 WAVEFORM
X ] 1 Sine wave ™ A
0 ; 0 Square wave o
1 ] 0 Triangle wave

X = Don't care

Waveform switching can be done at any time, without
regard to the phase of the output. Switching occurs
within 0.3ps, but there may be a small transient in the
output waveform that lasts 0.5ps.

Waveform Timing

Output Frequency
The output frequency is determined by the current
injected into the IN pin, the COSC capacitance (to
ground), and the voltage on the FADJ pin. When

MAXIMN

VFADJ = OV, the fundamental output frequency (Fo) is
given by the formula:

Fo (MHz) = i (pA) + CF (pF) 1
The period (to) is:

to {ps) = Cr (pF) = Iin (LA) (2]

where:
lIN = current injected into IIN (between 2pA and
750uA),

CF = capacitance connected to COSC and GND

(20pF to >100pF).
For example:

0.5MHz = 100pA + 200pF
and

2ps = 200pF + 100pA
Optimum performance is achieved with Iy between
10pA and 400pA, although linearity is good with Iin
between 2pA and 750pA. Current levels outside of this
range are not recommended. For fixed-frequency oper-
ation, set Iiy to approximately 100pA and select a suit-
able capacitor value. This current produces the lowest
temperature coefficient, and produces the lowest fre-
quency shift when varying the duty cycle.

The capacitance can range from 20pF to more than
100pF, but stray circuit capacitance must be minimized
by using short traces. Surround the COSC pin and the
trace leading to it with a ground plane to minimize cou-
pling of extraneous signals to this node. Oscillation
above 20MHz is possible, but waveform distortion
increases under these conditions. The low frequency
limit is set by the leakage of the COSC capacitor and
by the required accuracy of the output frequency.
Lowest frequency operation with good accuracy is usu-
ally achieved with 10pF or greater non-polarized
capacitors.

An internal closed-toop amplifier forces 1IN to virtual
ground, with an input offset voltage less than £2mV. IIN
may be driven with either a current source (lin), or a
voltage (Vin) in series with a resistor (RIN). (A resistor
between REF and IIN provides a convenient method of
generating lin: IN = VREF/RiIN.) When using a voltage
in series with a resistor, the formula for the oscillator fre-
quency is:
Fo (MH2) = VIN = [Rin x CF (pF)] (3]

and:

to (ps) = Cr (pF) x RIN = VIN (4]

gEOXVYIN
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High-Frequency Waveform Generator

When the MAX038's frequency is controlled by a volt-
age source (VIN) in series with a fixed resistor (Rin), the
output frequency is a direct function of ViN as shown in
the above equations. Varying ViN modulates the oscilla-
tor frequency. For example, using a 10kQ resistor for
Rin and sweeping ViN from 20mV to 7.5V produces
large frequency deviations (up to 375:1). Select RN so
that IIN stays within the 2pA to 750pA range. The band-
width of the 1IN control amplifier, which limits the modu-
lating signal's highest frequency, is typically 2MHz.

IIN can be used as a summing point to add or subtract
currents from several sources. This allows the output
frequency to be a function of the sum of several vari-
ables. As Vin approaches 0V, the Iin error increases
due to the offset voltage of HIN.

Output frequency will be offset 1% from its final value
for 10 seconds after power-up.

FADJ Input
The output frequency can be modulated by FADJ,
which is intended principally for fine frequency control,
usually inside phase-locked loops. Once the funda-
mental, or center frequency (Fo) is set by N, it may be
changed further by setting FADJ to a voltage other than
0V. This voltage can vary from -2.4V to +2.4V, causing
the output frequency to vary from 1.7 to 0.30 times the
value when FADJ is OV (Fo £70%). Voltages beyond
+2.4V can cause instability or cause the freguency
change to reverse slope.
The voltage on FADJ required to cause the output to
deviate from Fo by Dx (expressed in %) is given by the
formula:

VFADJ = -0.0343 x Dx (5]

where VFADJ, the voltage on FADJ, is between
-2.4V and +2.4V.

Note: While IIn is directly proportional to the fundamen-
tal, or center frequency (Fg), VFADJ is linearly related to
% deviation from Fo. VFADJ goes to either side of 0V,
corresponding to plus and minus deviation.

The voltage on FADJ for any frequency is given by the
formula:

VFADJ = (Fo - Fx) + (0.2915 x Fo)  [6]
where:

Fx = output frequency

Fo = frequency when VFaDy = OV.
Likewise, for period calculations:

VFADS = 3.43 X {tx - to) + tx [7]
where:

tx = output period

10

to = period when VEap) = 0V.
Conversely, if VFADJ is known, the frequency is given
by:

Fx=Fox(1-[0.2915x VFapJl)  [8]
and the period (x) is:

tx = to + (1-[0.2915 x VFADJ]) [9]

Programming FADJ
FADJ has a 250pA constant current sink to V- that must
be furnished by the voltage source. The source is usu-
ally an op-amp output, and the temperature coefficient
of the current sink becomes unimportant. For manual
adjustment of the deviation, a variable resistor can be
used to set VFADJ, but then the 250pA current sink’s
temperature coefficient becomes significant. Since
external resistors cannot match the internal tempera-
ture-coefficient curve, using external resistors to pro-
gram VFADJ is intended only for manual operation,
when the operator can correct for any errors. This
restriction does not apply when VEAD) is a true voltage
source.

A variable resistor, RF, connected between REF (+2.5V)
and FADJ provides a convenient means of manually
setting the frequency deviation. The resistance value
(RF) is:
RF = (VREF - VFADJ) + 250pA [10]

VREF and VFADy are signed numbers, so use correct
algebraic convention. For example, if VFapy is -2.0V
(+58.3% deviation), the formula becomes:

RF = (+2.5V - (-2.0V)) + 250pA
= (4.5V) + 250pA
= 18kQ

Disabling FADJ
The FADJ circuit adds a small temperature coefficient
to the output frequency. For critical open-loop applica-
tions, it can be turned off by connecting FADJ to GND
(not REF) through a 12k resistor (R1 in Figure 2). The
-250pA current sink at FADJ causes -3V to be devel-
oped across this resistor, producing two results. First,
the FADJ circuit remains in its finear region, but discon-
nects itself from the main oscillator, improving tempera-
ture stability. Second, the oscillator frequency doubles.
If FADJ is turned off in this manner, be sure to correct
equations 1-4 and 6-9 above, and 12 and 14 below by
doubling Fo or halving to. Although this method doubles
the normal output frequency, it does not double the
upper frequency limit. Do not operate FADJ open cir-
cuit or with voltages more negative than -3.5V. Doing
SO may cause transistor saturation inside the IC, lead-
ing to unwanted changes in frequency and duty cycle.

MAXIMN
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High-Frequency Waveform Generator

-5V 45V E PRECISION DUTY-CYCLE ADJUSTMENT CIRCUIT E E
Ll '
0l 4 | sy R R 5y ; *
FREQUENCY o VoV A a ' by by ' Q
REF B W ' REF ' [
A0 ' :
maxim o , I ®
DAD)  MAX038 ' maxim | !
R2 ‘ MAXO38 |
3o SINE-WAVE ! ;
N out o[urr;ur i R7 = ® ‘
FADS ' 100k 100k :
R1 oS e = 5 E
1% e L : R !
SYNG :'; NC : - :
- 5 A TS| w2 % :
€OSC PDO Fo* RmrCr ! DADJ '
|_oND GND GND GND GND ; -
Cr—lr 6] zi 9l n 131 ' '
— ) ADJUST R6 FOR MINIMUM SINE-WAVE DISTORTION !
LY WA AN FAFNFAFSEWIY B . e I 1

Figure 2. Operating Circuit with Sine-Wave Output and 50% Duty Cycle; SYNC and FAD. Disabled

With FADJ disabled, the output frequency can still be
changed by modutating IiN.

Swept Frequency Operation
The output frequency can be swept by applying a vary-
ing signal to IIN or FADJ. 1IN has a wider range, slightly
slower response, lower temperature coefficient, and
requires a single polarity current source. FADJ may be
used when the swept range is less than £70% of the
center frequency, and it is suitable for phase-locked
loops and other low-deviation, high-accuracy closed-
loop controls. It uses a sweeping voltage symmetrical
about ground.

Connecting a resistive network between REF, the volt-
age source, and FADJ or [IN is a convenient means of
offsetting the sweep voltage.

Duty Cycle
The voltage on DADJ controls the waveform duty cycle
{defined as the percentage of time that the output
waveform is positive). Normally, VpADy = 0V, and the
duty cycle is 50% (Figure 2). Varying this voltage from
+2.3V 1o -2.3V causes the output duty cycle to vary
from 15% to 85%, about -15% per volt. Voltages
beyond +2.3V can shift the output frequency and/or
cause instability.

MAXIM

DADJ can be used to reduce the sine-wave distortion.
The unadjusted duty cycle (VpaDS = OV) is 50% +2%;
any deviation from exactly 50% causes even order har-
monics to. be generated. By applying a small
adjustable voltage (typically less than +100mV) to
VDADJ, exact symmetry can be attained and the distor-
tion can be minimized (see Figure 2).

The voltage on DADJ needed to produce a specific
duty cycle is given by the formula:

VDADJ = (50% - dc) x 0.0575
or:

VDADJ = (0.5 - [toN + to]) X 5.75
where:

VpADJ = DADJ voltage (observe the polarity)

dc = duty cycle (in %)

ton = ON (positive) time

to = waveform period.

Conversely, if Vpapy is known, the duty cycie and ON
time are given by:

dc = 50% - (VDADJ x 17.4)
tON = to X (0.5 - [VpADJ x 0.174])

1]

2]

f13]
[14]
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High-Frequency Waveform Generator

Programming DADJ
DADJ is similar to FADJ; it has a 250pA constant cur-
rent sink to V- that must be furnished by the voltage
source. The source is usually an op-amp output, and
the temperature coefficient of the current sink becomes
unimportant. For manual adjustment of the duty cycle, a
variable resistor can be used to set VDADJ, but then the
250pA current sink’s temperature coefficient becomes
significant. Since external resistors ¢annot match the
internal temperature-coefficient curve, using external
resistors to program VpADJ is intended only for manual
operation, when the operator can correct for any errors.
This restriction does not apply when Vpapy is a true
voltage source.

A variable resistor, Rp, connected between REF
(+2.5V) and DADJ provides a convenient means of
manually setting the duty cycle. The resistance value
(Rp) is:

RD = (VREF - VDADY) + 250pA {15]
Note that both VRer and VpADJ are signed values, so
observe correct algebraic convention. For example, if
VDADJ is -1.5V (23% duty cycle), the formula becomes:

RD = (+2.5V - (-1.5V)) + 250pA

= (4.0V) + 250pA = 16kQ

Varying the duty cycle in the range 15% to 85% has
minimal effect on the output frequency—typically less
than 2% when 25pA < IIN < 250pA. The DADJ circuit is
wideband, and can be modulated at up to 2MHz (see
photos, Typical Operating Characteristics).

Output
The output amplitude is fixed at 2Vp.p, symmetrical
around ground, for all output waveforms. OUT has an
output resistance of under 0.1Q, and can drive +20mA
with up to a 50pF load. Isolate higher output capaci-
tance from OUT with a resistor (typically 50) or buffer
amplifier.

Reference Voltage
REF is a stable 2.50V bandgap voltage reference capa-
ble of sourcing 4mA or sinking T00pA. It is principally
used to furnish a stable current to !IN or to bias DADJ
and FADJ. It can also be used for other applications
external to the MAX038. Bypass REF with 100nF to min-
imize noise.

Selecting Resistors and Capacitors
The MAX038 produces a stable output frequency over
time and temperature, but the capacitor and resistors
that determine frequency can degrade performance if
they are not carefully chosen. Resistors should be
metal film, 1% or better. Capacitors should be chosen

12

for low temperature coefficient over the whole tempera-
ture range. NPO ceramics are usually satisfactory.

The voltage on COSC is a triangle wave that varies
between OV and -1V. Polarized capacitors are generally
not recommended (because of their outrageous tem-
perature dependence and leakage currents), but if they
are used, the negative terminal should be connected to
COSC and the positive terminal to GND. Large-value
capacitors, necessary for very low frequencies, should
be chosen with care, since potentially large leakage
currents and high dielectric absorption can interfere
with the orderly charge and discharge of Cr. If possi-
ble, for a given frequency, use lower IIN currents to
reduce the size of the capacitor.

SYNC Output
SYNC is a TTL-/CMOS-compatible output that can be
used to synchronize external circuits. The SYNC output
is a square wave whose rising edge coincides with the
output rising sine or triangle wave as it crosses through
0V. When the square wave is selected, the rising edge
of SYNC occurs in the middle of the positive half of the
output square wave, effectively 90° ahead of the output.
The SYNC duty cycle is fixed at 50% and is indepen-
dent of the DADJ control.

Because SYNC is a very high-speed TTL output, the
high-speed transient currents in DGND and DV+ can
radiate energy into the output circuit, causing a narrow
spike in the output waveform. (This spike is difficult to
see with oscilloscopes having less than 100MHz band-
width). The inductance and capacitance of IC sockets
tend to amplify this effect, so sockets are not recom-
mended when SYNC is on. SYNC is powered from sep-
arate ground and supply pins (DGND and DV+), and it
can be turned off by making DV+ open circuit. If syn-
chronization of external circuits is not used, turning off
SYNC by DV+ opening eliminates the spike.

Phase Detectors

Internal Phase Detector
The MAX038 contains a TTL/CMOS phase detector that
can be used in a phase-locked loop (PLL) to synchro-
nize its output to an external signa! (Figure 3). The
external source is connected to the phase-detector
input (PDI) and the phase detector output is taken from
PDO. PDO is the output of an exclusive-OR gate, and
produces a rectangular current waveform at the
MAX038 output frequency, even with PDI grounded.
PDO is normally connected to FADJ and a resistor,
RPD, and a capacitor Cpp, to GND. RpD sets the gain
of the phase detector, while the capacitor attenuates
high-frequency components and forms a pole in the
phase-locked loop filter.

MAXIMN
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High-Frequency Waveform Generator
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l 2|6 9|11 18] 15

EXTERNAL OSC INPUT @—

Figure 3. Phase-Locked Loop Using internal Phase Detector

PDO is a rectangular current-pulse train, alternating
between OpA and 500pA. It has a 50% duty cycle when
the MAX038 output and PDI are in phase-quadrature
(90° out of phase). The duty cycle approaches 100%
as the phase difference approaches 180° and con-
versely, approaches 0% as the phase difference
approaches 0°. The gain of the phase detector (Kp)
can be expressed as:

Kp = 0.318 x Rpp (volts/radian)  [16)
where Rpp = phase-detector gain-setting resistor.

When the loop is in lock, the input signals to the phase
detector are in approximate phase quadrature, the duty
cycle is 50%, and the average current at PDO is 250pA
(the current sink of FADJ). This current is divided
between FADJ and Rpp: 250pA always goes into FADJ
and any difference current is developed across Rpp.
creating VFADJ (both polarities). For example, as the
phase difference increases, PDO duty cycle increases,
the average current increases, and the voltage on Rpp
(and VFADJ) becomes more positive. This in turn
decreases the oscillator frequency, reducing the phase
difference, thus maintaining phase lock. The higher
RPD is, the greater VFADJ is for a given phase differ-
ence; in other words, the greater the loop gain, the less
the capture range. The current from PDO must also

MAXIMN

charge CpD, so the rate at which VFapy changes (the
loop bandwidth) is inversely proportional to Cpp.

The phase error (deviation from phase quadrature)
depends on the open-loop gain of the PLL and the ini-
tial frequency deviation of the oscillator from the exter-
nal signal source. The oscillator conversion gain (Ko) is:

Ko = Awp + AVFADY [17]
which, from equation [6] is:

Ko = 3.43 x ap (radians/sec) [18]
The loop gain of the PLL system (Ky) is:

Kv = Kp x Ko (19]
where:

KD = detector gain
Ko = oscillator gain.

With a loop filter having a response F(s), the open-loop
transfer function, T(s), is:

T(s) = KD x Ko x F(s) = s [20]

Using linear feedback analysis techniques, the closed-
loop transfer characteristic, H(s), can be related to the
open-loop transfer function as follows:

H(s) = T(s) = [1+ T(s)] [27]
The transient performance and the frequency response
of the PLL depends on the choice of the filter charac-
teristic, F(s).
When the MAX038 internal phase detector is not used,
PDI and PDO should be connected to GND.

External Phase Detectors
External phase detectors may be used instead of the
internal phase detector. The external phase detector
shown in Figure 4 duplicates the action of the MAX038's
internal phase detector, but the optiona!l +N circuit can
be placed between the SYNC output and the phase
detector in applications requiring synchronizing to an
exact multiple of the external oscillator. The resistor net-
work consisting of R4, R5, and R6 sets the sync range,
while capacitor C4 sets the capture range. Note that
this type of phase detector (with or without the +N cir-
cuit) locks onto harmonics of the external oscillator as
well as the fundamental. With no external oscillator
input, this circuit can be unpredictable, depending on
the state of the external input DC level.

Figure 4 shows a frequency phase detector that locks
onto .only the fundamental of the externat oscillator.
With no external oscillator input, the output of the fre-
quency phase detector is a positive DC voltage, and
the oscillations are at the lowest frequency as set by
R4, R5, and R6.

13
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Figure 4. Phase-Locked Loop Using External Phase Detector
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Figure 5. Phase-Locked Loop Using External Frequency Phase Detector
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Layout Considerations
Realizing the full performance of the MAX038 requires
careful attention to power-supply bypassing and board
layout. Use a low-impedance ground plane, and con-
nect all five GND pins directly to it. Bypass V+ and V-
directly to the ground plane with TuF ceramic capaci-
tors or 1pF tantalum capacitors in parallel with 1nF
ceramics. Keep capacitor leads short (especially with
the 1nF ceramics) to minimize series inductance.

if SYNC is used, DV+ must be connected to V+, DGND
must be connected to the ground plane, and a second
nF ceramic should be connected as close as possible
between DV+ and DGND (pins 16 and 15). it is not
necessary to use a separate supply or run separate
traces to DV+. If SYNC is disabled, leave DV+ open.
Do not open DGND.

Minimize the trace area around COSC (and the ground
plane area under COSC) to reduce parasitic capaci-
tance, and surround this trace with ground to prevent
coupling with other signals. Take similar precautions
with DADJ, FADJ, and IlIN. Place Cf so its connection
to the ground plane is close to pin 6 (GND).

Applications Information

Frequency Synthesizer
Figure 6 shows a frequency synthesizer that produces
accurate and stable sine, square, or triangle waves with
a frequency range of 8kHz to 16.383MHz in 1kHz incre-
ments. A Motorola MC145151 provides the crystal-con-
trolled oscillator, the +N circuit, and a high-speed phase
detector. The manual switches set the output frequency;
opening any switch increases the output frequency.
Each switch controls both the =N output and an
MX7541 12-bit DAC, whose output is converted to a cur-
rent by using both halves of the MAX412 op amp. This
current goes to the MAX038 IIN pin, setting its coarse
frequency over a very wide range.

Fine frequency control (and phase lock) is achieved
from the MC145151 phase detector through the differ-
ential amplifier and lowpass filter, U5. The phase detec-

16

tor compares the +N output with the MAX038 SYNC
output and sends differential phase information to U5.
US's single-ended output is summed with an offset into
the FADJ input. (Using the DAC and the IIN pin for
coarse frequency control allows the FADJ pin to have
very fine control with reasonably fast response to switch
changes.)

A 50MHz, 509 lowpass filter in the output allows pas-
sage of 16MHz square waves and triangle waves with
reasonable fidelity, while stopping high-frequency noise
generated by the +N circuit.

Chip Topography

a0 —¢ : : = oo [y

Al

€oscC

0.118"

FADJ GND 1IN GND PDO
0.106" -
(2.692mm}

TRANSISTOR COUNT: 855;
SUBSTRATE CONNECTED TO GND.

MAXIMN




I IR T -

R

S . 1 —— —=T W Gt W ey P e T TEmME T

o

D I R

P

General Description

The LM733/LM733C is a two-stage, differential input, differ-
ential output, wide-band video amplifier. The use of internal
series-shunt feedback gives wide bandwidth with low phase
distortion and high gain stability. Emitter-follower outputs
provide a high current drive, low impedance capability. its
120 MHz bandwidth and selectable gains of 10, 100 and
400, without need for frequency compensation, make it a
very useful circuit for memory element drivers, pulse amplifi-
ers, and wide band linear gain stages.

The LM733 is specified for operation over the —55°C to
+125°C military temperature range. The LM733C is speci-
fied for operation over the 0°C to +70°C temperature range.

&National Semiconductor

LM733/LM733C Differential Amplifier

August 1989

Features

B 120 MHz bandwidth

B 250 kO input resistance

B Selectable gains of 10, 100, 400

m No frequency compensation

® High common mode rejection ratio at high frequencies

Applications

B Magnetic tape systems

m Disk file memories

B Thin and thick film memories

B Woven and plated wire memories
® Wide band video amplifiers

Connection Diagrams

Dual-In-Line Package
GAN

WUt SELECT
NC Gap Gia v+ NC g
14 |:|| ” 3] IIJ II 8
|~
' 2 1 cI s I s ?
INPUT NC 62 61g v NC  ouTPuT
2 2
GAIN
SELECT
TL/H/7866~1
Top View
Order Number LM733CN

See NS Package Number N14A

Metal Can Package
GAIN
624 SELECT

TL/H/7866-2

Note: Pin 5 connected to case.
Top View
Order Number LM733H or LM733CH
See NS Package Number H10D

©1995 National Semiconductor Corporation  TL/H/7866
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Absolute Maximum Ratings

i IMlllmry/Aerospace specified devices are required,
pidase contact the National Semiconductor Sales
Office/Distributors for availability and specifications.

Power Dissipation {Note 1)
Junction Temperature
Storage Temperature Range

500 mW

+160°C

—65°Cto +150°C

Dltfential Input Voitage t5v Operating Temperature Range
Common Mode Input Voltage 6V LM733 —55°C to +125°C
Vée t8v LM733C 0°Cto +70°C
Output Current 10mA Lead Temperature (Soldering, 10 sec.) 260°C
i » - 3
Electrical Character iStiCS(TA = 25°C, unless otherwise specified, ses test circuits, Vg = £6.0V)
¢ Characteristics Test Test Conditions LM733 LM733C Units
Circuit Min | Typ | Max | Min | Typ | Max
Diftérential Voltage Gain
Gain 1 (Note 2) 300 400 | 500 250 400 | 600
Gain 2 (Note 3) 1 920 100 | 110 80 100 | 120
Gain 3 (Note 4) Ry = 2kQ Voyut = 3Vp-p 9.0 10 kA 8.0 10 12
Bandwidth
gfain 1 40 40 MHz
1ain 2 2 90 90 MHz
Gain 3 120 120 MHz
Rige Time
Gain 1 Vout = 1Vp-p 105 105 ns
in 2 2 4.5 10 4.5 12 ns
in 3 2.5 25 ns
Pr‘é)agation Delay Vout = 1 Vp-p
2ain 1 7.5 75 ns
Gain 2 2 60 | 10 60 | 10 ns
Gain 3 36 36 ns
Inpfxt Resistance
ain 1 4.0 4.0 kO
in 2 20 30 10 30 ka2
sain 3 250 250 k2
lnptst Capacitance Gain 2 20 20 pF
Inpyt Offset Current 04 | 30 04 | 50 | pA
Inpyt Bias Current 9.0 | 20 9.0 | 30 pA
lnptEt Noise Voltage BW = 1 kHz to 10 MHz 12 12 nVrms
Inptit Voltage Range 1 +1.0 +1.0 \
Common Mode Rejection Ratio
gain 2 1 Vom = £1V{ < 100 kHz 60 86 60 86 dB
gin 2 Vem = 1V = 5MHz 60 60 dB
Supl ly Voltage Rejection Ratio
ain 2 1 AVg = +0.5V 50 70 50 70 dB
Ou1bul Offset Voltage
Gain 1 1 A = 06 | 15 06 | 15 v
Ghin 2 and 3 035 | 1.0 035 | 15 | v
Output Common Mode Voltage 1 RL = @ 24 | 29 | 34 | 24 | 29 | 34 v
Output Voltage Swing 1 | AL =2 30 | 40 30 | 40
Output Sink Current 25 3.6 25 3.6 mA
Outbut Resistance 20 20 93
Power Supply Current 1 RL = o 18 24 18 24 mA
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Electrical Characteristics (continueq)
(The following specifications apply for —55°C < Tp < 125°C for the LM733 and 0°C < Ta < 70°C for the LM733C, Vg =

16.0V)
Characteristics Test Test Conditions LM733 LM733C Units
Circuit Min | Typ | Max | Min | Typ | Max
Differential Voltage Gain
Gain 1 _ _ 200 600 | 250 600
Gain 2 1 RL =2k, Vour =3Vpp | gg 120 | 80 120
Gain 3 8.0 12.0 | 8.0 12.0
Input Resistance Gain 2 8 8 kQ
Input Offset Current 5 6 pA
Input Bias Current 40 40 pA
Input Voltage Range 1 +1 +1 \'J
Common Mode Rejection Ratio
Gain 2 1 Vom = 1V < 100 kHz 50 50 dB
Supply Voltage Rejection Ratio
Gain 2 1 AVg = 0.5V 50 50 dB
Output Offset Voltage )
Gain 1 1 RL = = 15 15 \
Gain 2 and 3 1.2 1.5 \
Output Voltage Swing 1 RL =2k 2.5 2.8 Vop
Qutput Sink Current 2.2 25 mA
Power Supply Current 1 R = oo 27 27 mA
Note 1: The { junction of the LM733 is 150°C, while that of the LM733C is 100°C. For operation at elevated temperatures devices in the TO-

100 package must be derated based on a thermal resistance of 150°C/W junction to ambient or 45°C/W junction to case. Thermal resistance of the dual-in-line

package is 90°C/W.

Note 2: Pins G1A and G18 connected together.
Note 3: Pins G2A and G2B connected together.

Note 4: Gain select pins open.

Note &: Refer to RETS733X drawing for spacifications of LM733H version.

Typical Performance Characteristics

Pulse Response vs
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Typical Performance Characteristics continued)

Galn vs Frequency Gain vs Frequency vs
Voltage Gain vs Frequency Temperature Supply Voltage
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Test Circuits
Test Clrcult 1 Test Clrcult 2
0.2 uf
0.2 uf
510 510 1K 1K @ @
TL/H/7866-3 TL/H/7866-4
Voltage Gain Adjust Circuit
TL/H/7866-5
Vg = 6V, Ty = 25°C
(Pin numbers apply to TO-5 package)
Schematic Diagram
"o
V7
>
S Ro S A
[ | L i: LK ;: LK
< i < n2 Sm
S :. 24K S [ as ]/
j\.us
1@ a
e INPUT Y as INPUT 2 2 -
) YN LLLLCLAT
>
GAIN $ A3 GAIN AAA
SELECT :: SELECT ol (T
1—d T ®
S
@ [ o on }/nn
AN A4
;‘:. 14K } 100 w 00
v n g show DIP
550
TL/H/7866-8
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Physical Dimensions inches (milimeters)

L o1
0.308-3300
0200-9.260 0.215-8.336
{5.896-8.008) (8.001-0.50%)
.03
(0.083)
MAX SEATING
PLANE
jr /
0500
12.70)

w0000

0415-0513 DA TYP—J L—

{0381-0.403)

7w
TYP
i/ ol \ L8
AR 4 y Na
Metal Can Package (H) \L/
Order Number LM733H or LM733CH P
NS Package Number H10D (5342)

La

200023 [
0,366 -0.583) v d

(IS

55

140 T

oArstems
.05 20.0%)

4.026-0.034
(0.561-0.963)

0.629-0.045
8.737-1.143)

nIOPEY b

oFToN 02
0.308-0.50
[ o
sy
Y\ vt
T

(1]
a1
L)

]
YTy
935 Joms
+ 1.0

(2N

Molded Dual-In-Line Package (N)
Order Number LM733CN
NS Package Number N14A
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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:

W e — -

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

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.

to the user.

Natlonal Semiconductor
Corporation

1111 West Bardin Road
Artington, TX 76017

Tel: 1{800) 272-9959
Fax 1(800) 737-7018

o

National Semiconductor
Europe
Fax: (+49) 0-180-530 85 86
Email: cnjwge @levm2.nsc.com
Deutsch Tel: (+49) 0-180-530 85 85
English  Tel: (+49) 0-180-532 78 32
Frangais Tek (+49) 0-180-532 93 58
Hfallano  Tel: (+49) 0-180-534 16 80

Natiohal Semiconductor
Hong Kong Ltd.

13th Floor, Straight Btock,
Ocean Centre, 5 Canton Rd.
Tsimshatsui, Kowloon

Hong Kong

Tel; (852) 2737-1600

Fax: (852) 2736-9960

Natlonal Semiconductor
Japan Ltd.

Tel: 81-043-299-2309
Fax: 81.043-299-2408

National does not assume any responsibility for use of any circultry described, no circuit patent ticenses are implied and National reserves the sight at any time without notice to change saki circuftry and specifications.
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General Description

The LM565 and LM565C are general purposs phase locked
loops containing a stable, highly linear voltage controlled
oscillator for low distortion FM demodulation, and a double
balanced phase detector with good carrier suppression. The
VCO frequency is set with an external resistor and capaci-
tor, and a tuning range of 10:1 can be obtained with the
same capacitor. The characteristics of the closed loop sys-
tem—bandwidth, response speed, capture and pull in
range—may be adjusted over a wide range with an external
resistor and capacitor. The loop may be broken between the
VCO and the phase detector for insertion of a digital fre-
quency divider to obtain frequency multiplication.

The LM565H is specified for operation over the —55°C to
+125°C military temperature range. The LM565CN is speci-
fied for operation over the 0°C to +70°C temperature range.

Features

R’ 200 ppm/°C frequency stability of the VCO

® Power supply range of +5 to *12 volts with
100 ppm/% typical

u 0.2% linearity of demodulated output

NNational Semiconductor

LM565/LM565C Phase Locked Loop

February 1995

B Linear triangle wave with in phase zero crossings
available

® TTL and DTL compatible phase detector input and
square wave output

2 Adjustable hold in range from £1% to > +60%

Applications

® Data and tape synchronization
| Modems

® FSK demodulation

m FM demodulation

u Frequency synthesizer

B Tone decoding

B Frequency multiplication and division
8 SCA demodulators

@ Telemetry receivers

B Signal regeneration

® Coherent demodulators

Connection Diagrams
Metal Can Package

TIMING
RESISTOR

VCO CONTROL
VOLTAGE

OuTPUY

PHASE COMPARATOR
VvCO INPUT

TL/H/7853-2
Order Number LM565H
See NS Package Number H10C

Dual-In-Line Package

1
Ve el
INPUT
3
INPUT =y —— NC
veo 4 _r 1
ouTPUT veg NC
PHASE COMPARATOR __ 5 LI
VCO INPUT ] L] &
REFERENCE 6 1 S TIMING
ouTPUT | m CAPACITOR
VCO cONYROL ___7 8 TIMING
VOLYAGE | RESISTOR

TL/H/7853-3
Order Number LM565CN
See NS Package Number N14A

©1895 National Semiconductor Corporation  TL/H/7853
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1
Absolute Maximum Ratings
It Military/Aerospace specified devices are required,

Operating Temperature Range

please contact the National Semiconductor Sales LMS65H —55°Cto +125°C
Oftice/Distributors for availability and specifications. LM565CN 0°Cto +70°C
Su‘pply Voltage 12V Storage Temperature Range —65°Cto +150°C
Pdﬂélver Dissipation (Note 1) 1400 mW Lead Temperature (Soldering, 10 sec.) 260°C
Differential Input Voltage +1V
Electrical Characteristics ac TestGircutt, T = 25°C, Voo = 6V
[ Parameter Conditions LMSES LMS8sC Units
N Min Typ Max Min Typ Max
PO\;er Supply Current 8.0 125 8.0 125 mA
Inplln Impedance (Pins 2, 3) —4V < Vp, Vg < OV 7 10 5 k2
:_fcregd'::’c";l"‘“"‘ Operating Co = 2.7pF 300 | 500 250 | 500 kHz
vcéb Free-Running Co =15nF
Frequency Ro = 20k -10 0 +10 | —30 0 +30 %
' fy = 10 kHz
etrrmescoeinen
g:,e;:;;t\zynggg with 0.1 1.0 0.2 1.5 %IV
Triangie Wave Output Voltage 2 2.4 3 2 24 3 Vp-p
Triangle Wave Output Linearity 0.2 0.5 %
Sqyare Wave Output Level 4.7 5.4 4.7 5.4 Vp-p
Output Impedance (Pin 4) 5 5 ke
Saqfiare Wave Duty Cycle 45 50 55 40 50 60 %
Sqyare Wave Rise Time 20 20 ns
Square Wave Fall Time 50 50 ns
Oulput Current Sink (Pin 4) 06 | 1 06 | 1 mA
VC[O Sensitivity fo = 10kHz 6600 €600 Hz/V
;:Jh;)dulated Output Voltage +10% Frequency Deviation 250 300 400 200 300 450 WVpp
Tot'al Harmonic Distortion +10% Frequency Deviation 0.2 0.75 0.2 15 %
Oulput Impedance (Pin 7) 35 35 K
DC'Leve! (Pin 7) 4.25 45 475 | 4.0 45 5.0 v
ﬁ/‘;p_“'vzrse‘ Voltage 30 | 100 50 | 200 mv
Temperature Drift of [V7 — Vgl 500 . 500 rV/°C
AM Rejection 30 40 40 dB
Phase Detector Sensitivity Kp 68 68 V/radian

Nagte 1: The

Junction

+85°C/W,

of the LM565 and LM565C is + 150°C. For D
darated based on a thermal resistance of +150°C/W junction to ambient or +45°C/W junction to case. Therinal re

at el

3o 1

p

, devicas in the TO-5 package must be
sistance of the dual-in-line package is
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Typical Performance Characteristics

Power Supply Current as a Lock Range as a Function
Function of Supply Voltage of Input Voltage VCO Frequency
LI} 100k
_ To=5°C -
i a s Vg = 6V
E 18 & Ta*25°C 8
- / »® [
« 7 o S
g Rl = 24,4 S g
o -3 I
b Pz N =10
] - —— - i
H " 7 10k 2 M vee v eizvl] 2
g “ g et fE N
£ it HILNERINBI
/ “l w o [ I
1 12 14 16 18 20 22 24 26 1 10 10 1000 100 1k 0K 100k Rl
TOTAL SUPPLY VOLTAGE (V) PEAK TO PEAK INPUT VOLTAGE (mV) FREQUENCY (Hd)
Oscillator Qutput - VCO Frequency as a
Waveforms pr . Phase Shift vs Frequency g  Function of Temperature
el = 1
w Voo 18V z Tpe25°C & Veg =
& a0 Taeawg 5 w0 | l Il /fw E 20 Vec = 8V
s 5 Ves=t12v/ 4 4 3 s
5< e ge V 7ee | &
sz o 120 16V Ew
BE -0 2 20
3 2 e H
5 5 g . =N
w . =
Es f o A
-t > -
g3 . E oA/ P
e E - 4 S -3
2E = /] =
€ 22X Z.5s
° [} ]
2 2 32 2 52 3 [ X9 (1) 1.0 12 14 5 58 25 0 25 50 75 108 125
wel —o— £ NORMALIZED FREQUENCY 4 TEMPERATURE {°C)
Loop Gain vs Load Hold in Range as a
Resistance Function of Rg.7
304y (—rrrTm 7T
- Ta=26°C " Vec =16V _|
- - Veg ® 6V o 1 s Tar28°C
z i i d 3
= 281, ,.
= I =
© Vi a
2 7 S [Teads==
] g FTayg ol
=R XN o= P
[ =
i = N
£ s -1.0
100 % 10k 100k 02 6 19 14 1.8
RESISTANCE DETWEEN PINS 6 AND 7 i) RELATIVE FREE RURNING VCO FREQUENCY .

TL/H/7853-4
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AC Test Circuit

QUTPUT g

1NPUT
(FREQUENCY
MADULATED

SIGNAL) WE

4Dgk

e

Ilu'f L

v

Typical Applications

SAUARE WAVE
ouTPuT

Note: S; open for output offset voitage (V7 — Vg) measurement.

2400 Hz Synchronous AM Demodulator

I asv

AA _.[.

9 |l'lu‘
> 10k

; 5
4 =
>

OFFSET

P—O vorTace
V-V
DEMODULATED
ouTPUT

TL/H/7853-5

COMPOSITE
NPT s
9 = 0 N
LIuF foner’ W 3565
|[~ 2 M mase] fveol{ 8 3 |
L m— 05
e 3 AMP| ! |
B3 — an
> an (a 0 y
J 100
< 250,F L
Suf ik T > —un
< .. by
3 =
A
>
._L S¢———O0
Sm 88 &
b3 DEMODULATED
by S . 5 J ouTPUT
! ur—E L1 2
l o8 '
= q 51
M o s R
WnS
S
oo .
AANA
[ W
tuf I Sun s 11
>
I
LU
(X
TL/H/7853-6
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INPUT

12V

ypical Applications (continued)

FSK Demodulator (2025-2225 cps)

FSK Demodulator with DC Restoration
~24v

VV—@

OUTPUT TO
PRINTER
MAGNET
ORIVER

TL/H/7853-7

0.9 .F

200k

=AAA

vV

-
IN%63

ouUTPUT TO
PRINTER
MAGNET
ORIVER

TL/H/7853-8
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Typical Applications (continued)

100 nF
fwpur = 10kHz O

Frequency Multiplier (X 10)

+6V

HH

=100 nF

Ofourpyr = 100 kHz

4

14 13 12 11 10 9 8

MM74C90

5 6 7

1 2 3
_llf

IRIG Channel 13 Demodulator

_——°+6V

470 nf

i po00
T

470k

R4 ilu

250k

TL/H/7853-9

O +6¥

ouTPUT

O -6V

TL/H/7853-10
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Applications Information
In designing with phase locked loops such as the LM565,
the important parameters of interest are:
FREE RUNNING FREQUENCY

0.3
Ro Co
LOOP GAIN: relates the amount of phase change between
the input signal and the VCO signal for a shift in input signa!
frequency (assuming the loop remains in lock). In servo the-
ory, this is called the “velocity error coefficient.”

fo ==

. 1
Loop gain = KoKp (-s;)

radians/ sec)

= oscillator sensitivi (
Ko ty volt

volts )
radian

The loop gain of the LM565 is dependent on supply voltage,
and may be found from:

Kp = phase detector sensitivity (

[

fo = VCO frequency in Hz

Ve = total supply voltage to circuit
Loop gain may be reduced by connecting a resistor be-
tween pins 6 and 7; this reduces the load impedance on the
output amplifier and hence the loop gain.
HOLD IN RANGE: the range of frequencies that the loop will
remain in lock after initially being locked.

81,
fy = t—
H Ve
fo = free running frequency of VCO

Ve = total supply voltage to the circuit

THE LOOP FILTER

In almost all applications, it will be desirable to filter the
signal at the output of the phase detector (pin 7); this filter
may take one of two forms:

Simple Lag Filter

TL/H/7853~11

Lag-Lead Filter

1 s
10 ct
cz
R2
!
TULM/7853-12

A simple lag filter may be used for wide closed loop band-
width applications such as modulation following where the
frequency deviation of the carrier is fairly high (greater than
10%), or where wideband modulating signals must be fol-
lowed.

LMS65

The natural bandwidth of the closed loop response may be
found from:
1 [KoKp
fh = —q/——
27 NV R1Cy

Associated with this is a damping factor:

1 , 1
§=—yf———
2 VR1C1KoKp

For narrow band applications where a narrow noise band-
width is desired, such as applications involving tracking a
slowly varying carrier, a lead lag filter should be used. In
general, if 1/R4Cy < K, Kp, the damping factor for the loop
becomes quite small resulting in large overshoot and possi-
ble instability in the transient response of the loop. In this
case, the natural frequency of the loop may be found from

1 KoKp
fr=— [ —2
2m N1y + 1o
71+ 72 = (R{ +R2) G4
Ry is selected to produce a desired damping factor 8, usual-
ly between 0.5 and 1.0. The damping factor is found from
the approximation:

8 = 7 Tofy
These two equations are plotted for convenience.

Filter Time Constant vs Natural Frequency

w i
KoKp
108 /8
N D
10? HES ANk ==x:
= = 105 £
z )
£ NCH™
10*
107 E ; H =i=;
img
N )l b
m’?
1 \L | IN
LU SRRT S BT 1 10
79 % 73 [sec)
TL/H/7853-13
Damping Thkne Constant vs Natural Frequency
o = 2
DAMPING
RATIO 1
\‘ T
i1 =2 o
3 =,
= - 1 H
E 5 I
- | \ é 107
= J N
N
\
1a
104 167 102 1!

T2
TL/H/7853-14
Capacitor C, should be much smalter than Gy since its func-
tion is to provide filtering of carrier. In general Co < 0.1 Cy.
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PhYSical Dimensions inches (mitimeters)

$.350-0.37¢
(0.830 -5.380)
[}

0.1865-0.185 0.315-0.335
RIS -85 l‘"'m_—n;nlml

MAX
S0 uconrrotLep
l‘ 10635) 1 gap oua

REFENENCE PLANE

s ﬂ”] ” [ﬂ e
oo-oomw oo ||

{0406 -0.483)
//‘_ 8.028-0.04
Z {@711-0.860)

=

35
o e

o \t 0.029-0.048
2 / >\(’(n.m—1.m)

0.115-0.14%
{2.021~3.68))
[

0115
{2.921)

-ttt
PC. HIC (MEV E)

Metal Can Package (H)

Order Number LM565H

NS Package Number H10C
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Physical Dimensions inches (millimeters) (Continued)

Le-om
[ ]
090
[ 2w
[ (3] [12] [n] [ie] [s
‘ (| i
b {£3500.354)
PN MO, 1
mee— LI I GpATE
052, 003 Max
{2330 (0.762} DEPTH
ormon s
L135:20.008
Qamzain
8145 -0.200 ol | DT 1 e
Re—588 15w GPTIONAL

0. o*n
=

0.004 |
10.355 -

LIFE SUPPORT POLICY

ST

L

0.125-0.150 > o
8.075t0.13
- s L0.38)
(X (]
oz
w—-
58 $.100£0.010 w

2.540 £0.254}
0.05610.018

‘ 1.270--0.254}

INDEX
AREA

PN NO. 4
IDENT

0.008-3.018 "

0PTION 12
0.300-0.328
TeR-a.128 .08

1681
f \ 7
9518
le” 3 =l k“ (n.ZM-ﬂ.ul;T
0.200
TR

[

+0.40
3% o015

+im
1285 —o.u:)

Dual-In-Line Package (N)
Order Number LM565CN
NS Package Number N14A

WA Y )

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

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

intended for surgical implant

be reasonably expected to result in a significant injary-

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.

National Semiconductor
Corporation

1111 West Bardin Road
Arlington, TX 76017

Tel: 1(800) 272-9959
Fax: 1(800) 737-7018

o

National Semiconductor
Europe
Fax: (+49) 0-180-530 85 86
Emait: cnjwge @tevm2.nsc.com
Deutsch Tet: (+48) 0-180-530 85 85
English Tet: (449) 0-180-532 78 32
Frangals Tel (+48) 0-180-532 93 58
ltaliano  Tel: {+49) 0-180-534 16 B0

National Semiconductor
Hong Kong Ltd.

13th Floor, Straight Block,
Ocean Centre, 5 Canton Rd.
Tsimshatsul, Kowloon

Hong Kong

Tet: (852) 2737-1600

Fax: (852) 2736-9960

National Semiconductor
Japan Ltd.

Tel: 81-043-209-2309
Fax: 81-043-299-2408

National does not assume any respansibility for use of any circultry described, no circult patent licenses are implied and National reserves the righl al any time without notice to change said circuitry and specifications.
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NNational Semiconductor

LF351 Wide Bandwidth JFET Input Operational Amplifier

General Description

The LF351 is a low cost high speed JFET input operational
amplifier with an internally trimmed input offset voltage
(BI-FET 1I™ technology). The device requires a low supply
current and yet maintains a large gain bandwidth prpduct
and a fast slew rate. In addition, well matched high voltage
JFET input devices provide very low input bias and offset
currents. The LF351 is pin compatible with the standard
LM741 and uses the same offset voltage adjustment circuit-
1y. This feature allows designers to immediately upgrade the
overall performance of existing LM741 designs.

The LF351 may be used in applications such as high speed
integrators, fast D/A converters, sample-and-hold circuits
and many other circuits requiring low input offset voltage,
low input bias current, high input impedance, high slew rate
and wide bandwidth. The device has low noise and offset
voltage drift, but for applications where these requirements
are critical, the LF356 is recommended. If maximum supply

December 1995

current is important, however, the LF351 is the better
choice.

Features

u Internally timmed offset voltage 10 mv
u Low input bias current 50 pA
B Low input noise voltage 25 nV/{Hz
m Low input noise current 0.01 pA/YHz
| Wide gain bandwidth 4 MHz
B High slew rate 13 V/ps
# Low supply current 1.8 mA
® High input impedance 10120
= Low total harmonic distortion Ay=10, <0.02%

Ry =10k, Vo =20 Vp-p, BW=20 Hz-20 kHz

® Low 1/f noise comer 50 Hz
B Fast settling time to 0.01% 2 ps

Typical Connection

AAA
\AAZ

~Vee

TL/H/5648-11

Connection Diagrams

Dual-in-Line Package

Simplified Schematic

Ve ©

Yo

INTERNALLY
TRIMMED

=Vge O

INTERNALLY
TRIMMED

TL/H/5648-12

t / 8

BALANCE —| — NC

2

, INPUT =i — v*

3 6
INPUT — — outpPuT
_ 4 5
v — — BALANCE

Order Number LF351M or LF351N
See NS Package Number M0OSA or NOSE

TL/H/5648-13

©1995 National Semiconductor Corporation
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Absolute Maximum Ratings

If Military/Aerospace specified devices are required,
tease contact the Nationa! Semiconductor Sales

Office/Distributors for avallabllity and specifications.

SEJppIy Voltage

18V

Power Dissipation (Notes 1 and 6) 670 mW
Qperating Temperature Range 0°Cto +70°C
Tjimax) 115°C
Differential Input Voltage +30V
Input Voltage Range (Note 2) 15V
put Short Circuit Duration Continuous

Storage Temperature Range

Léad Temp. (Soldering, 10 sec.)
Metal Can

—865°C to +150°C

300°C

BiA
N Package 120°C/W
M Package TBD
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.

DIP

260°C

k
D_C Electrical Characteristics (vote 3)

1

$ymbol Parameter Conditions U Units

I Min Typ Max
V.os Input Offset Voltage Rg = 10k}, T = 25°C 5 10 mv

) Over Temperature 13 mv
AVos/AT Average TC of Input Offset Rs=10kQ e AVIC

Voltage

I3 Input Offset Current Tj = 25°C, (Notes 8, 4) 25 100 PA
T Tj< 70°C 4 nA
15{ Input Bias Current Tj = 25°C, (Notes 3, 4) 50 200 pA

L Tp< £70°C 8 nA
Ain input Resistance Tj=25'C 1012 o)
As,OL Large Signal Voltage Gain Vg=+15V, Ta=25°C 25 100 v/mv

! Vo= £10V,R =2k

£ Over Temperature 15 V/mv
vy Output Voltage Swing Vg= 115V, R =10kQ +12 135 v
vim Input Common-Mode Voltage +15 v

b Range Vg=£15V £11

; -12 A
CMRR Common-Mode Rejection Ratio Rg <10k 70 100 ds
PSRR Supply Voltage Rejection Ratio (Note 5) 70 100 dB
Ig Supply Current 1.8 3.4 mA

1

E

g

}

t

13

i

L3

i 2

i
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AC Electrical Characteristics (ote 3)

Symbol Parameter Conditions LF351 Units
Min Typ Max
SR Slew Rate Vg= 115V, Tp=25°C 13 V/ps
GBW Gain Bandwidth Product Vg=+15V, Tp=25°C 4 MHz
» . .
en Equivalent Input Noise Voltage ;I': 1=02050°2,st =100, 25 nV/ iz
in Equivalent Input Noise Current Tj=25°C, f=1000 Hz 0.01 pA/yHzZ

Note 1: For

P

ing at elevated t

ture, the device must be derated based on the therma! resistance, 6,54
Note 2: Unless otherwise specified the absolute maximum negative input voltage is equal to the negative power supply voltage.
Note 3: These specifications apply for Vg= £ 15V and 0°C<Tpo< +70°C. Vg, Ig and Iog are measured at Vou=0.

Note 4: The input bias currents are junction leakage cuments which approximately double for every 10°C increase in the junction temperature, T}. Due to the limited
production test time, the input blas currents measured are correlated to junction temperature. In normal operation the junction temperature rises above the amblent
temperature as a result of internal power dissipation, Pp. Tij=Ta+6js Pp where Bia is the thermal resistance from junction to ambient. Use of a heat sink is

recommended if input blas current is to be kept to a minimum.
Note 5: Supply voltage rejection ratio is measured for both supply magnitudes increasing or d

£15Vto 25V,

1eously in

dance with common practice. From

Note 6: Max. Power Dissipation is defined by the package characteristics. Operating the part near the Max. Power Dissipation may cause the part to operate
outside guaranteed limits.
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Typical Performance Characteristics continued)
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Pulse Response

Small Signal Inverting

OUTPUT VOLTAGE SWIKG (S0 mV/DIV)

TIME (0.2 sllV)

TL/H/5648-4

Large Signal Inverting

QUTPUT VOLTAGE SWING (SV/DIV)

TIME (0.2 us/DIV)
TL/H/5648-8

Small Signal Non-Inverting

OUTPUT VOLTAGE SWING (50 mV/DIV)

TIME (0.2 1is/DIV)
TL/H/5648-5

Large Signal Non-Inverting

OUTPUT VOLTAGE SWING (5V/DIV)

TIME (0.2 us/DIV)
TLIH/5648-7

Current Limit (R = 1000)

QUTPUT VOLTAGE SWING (1v/DiV)

A‘pplication Hints

The LF351 is an op amp with an internally trimmed input
offset voltage and JFET input devices (BI-FET 1I™). These
JFETs have large reverse breakdown voltages from gate to
source and drain efiminating the need for clamps across the
inputs. Therefore, large differential input voitages can easily
bé accommodated 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

“TIME (5 s/DIV)

TL/H/5648-8

cause large currents to flow which can result in a destroyed
unit.

Exceeding the negative common-mode 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
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Application Hints (continued)

common-mode range again puts the input stage and thus
the amplifier in a normal operating mode.

Exceeding the positive common-mode limit on a single input
will 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.

The amplifier will operate with a common-mode input volt-
age equal to the positive supply; however, the gain band-
width and slew rate may be decreased in this condition.
When the negative common-mode voltage swings to within
3V of the negative supply, an increase in input offset voltage
may occur.

The LF351 Is biased by a zener reference which allows nor-
mal circuit operation on +4V power supplies. Supply volt-
ages less than these may result in lower gain bandwidth and
slew rate.

The LF351 will drive a 2 k(} load resistance to +10V over
the full temperature range of 0°C to +70°C. If the amplifier
is forced to drive heavier load currents, however, an in-
crease in input offset voltage may occur on the negative
voltage swing and finally reach an active current limit on
both positive and negative swings.

Precautions should be taken to ensure that the power supply
for the integrated circuit never becomes reversed in polarity
or that the unit is not inadvertently installed back-

Detailed Schematic

Vee O <

wards in a socket as an unlimited current surge through the
resulting forward diode within the IC could cause fusing of
the internal conductors and result in a destroyed unit.

As with most amplifiers, care should be taken with lead
dress, component placement and supply decoupling in or-
der to ensure stability. For example, resistors from the out-
put to an input should be placed with the body close to the
input to minimize “pick-up” and maximize the frequency of
the feedback pole by minimizing the capacitance from the
input to ground.

A feedback pole is created when the feedback around any
amplifier is resistive. The parallel resistance and capaci-
tance from the input of the device (usually the inverting in-
put) 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 feedback pole is less than approximately 6
times the expected 3 dB frequency a lead capacitor should
be placed from the output to the input of the op amp. The
value of the added capacitor should be such that the RC
time constant of this capacitor and the resistance it parallels
is greater than or equal to the original feedback pole time
constant.
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Typical Applications

Supply Current Indicator/Limiter

R
A ASA o » JO SYSTEM SUPPLY
7 VOLTAGE CONNECTION

VsuprLy

g Your
TO CONTROL CIRCUITRY

v-
* Vourt switches high when RAglg > Vp

Ultra-Low (or High) Duty Cycle

Pulse Generator
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*low leakage capacitor

Hi-Z;y Inverting Amplifier
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Parasitic input capacitance Ct = (3 pF for LF351

plus any additional layout capacitance) interacts
with {eedback elements and creates undesirable

high freq y pole. To comp , add C2 such

that R2C2 = R1CH.

Long Time Integrator

*Low leakage capacitor
* 50k pot used for tess sensitive Vog adjust
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Physical Dimensionsinches (millimeters)
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Bandwidth JFET Input.
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LIFE SUPPORT POLICY

NATIONAL'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN UIFE 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.

o)

Corporation

Arlington, TX 76017
Tek 1{800) 272-9959
Fax 1(800) 737-7018

National Semiconductor

1111 West Bardin Road

National Semiconductor

Europe
Fax:
Emai.
Deutsch Tet:
English  Tet
Frangais Tel
Haliano  Tel.

: (+48) 0-180-530 85 86
: cnjwge @tevm2.nsc.com
: (+49) 0-180-530 85 85
: (+49) 0-180-532 78 32
: (+49) 0-180-532 93 58
: (+49) 0-180-534 16 8O

National Semiconductor
Hong Kong Ltd.
13th Floor, Straight Block,

Ocean Centra, 5 Canton Rd.

Tsimshatsui, Kowloon
Hong Kong

Tel: (852) 2737-1600
Fax: (852) 2736-9960

National Semiconductor
Japan Ltd.

Tel: 81-043-209-2309
Fax: 81-043-299-2408

Nalional does not assume any responsibility for use of any circultry dascribed, no circult patent licanses are implied and National raserves the right at any time without notice to change saks cireuitry and specifications.
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