diinnomyanma wizeemndimmns s

d' r ar -ﬁ' w
lﬂﬁﬂﬂ?ﬂﬁ!ﬂﬂﬂ‘iuﬂ31ﬁﬂ!!.‘IJ‘IJII‘E$ﬂﬂﬂ

LOW COST SPECTRUM ANALYZER

Taw
Y 3/ o
TRV A3 0By
WA WUAM . HeIdnaa

1Y WU INAND

i LTI cerveesreassineree

.o 72121 pitrleded
AUV S LU et ﬁ.éj.z.s..sn
ot Lﬁau‘{l11_ ........ Lo

»

o =Y = L] £ ar = = ar =,
Ysyarinutinludunilwesmsdnmnaumdngas USwyaiminssumaas i dia
andnsnnsetnd
aouma TuTadwszsoundudigunuis manszafs

An1sdnu 2549



d' r QF ‘:‘. (=7
nsedlamdnasuanuauuuilsenda

LOW COST SPECTRUM ANALYZER

Ta
wie ugd¥a  afouriys 47015877
WA UUAM WeHdAnan 47015878
U WU NAND 47015880
P
o1msenilsnm

A3, A31AY Yayuea

WyapiimusdminlSyandmnisumaasiiuda
awimsnnietnd
Az inaInTumTas

aotiuma TuTatnizaoundndigunmisamnazily

Fadnyn 2549



Paaniinut  Imsdnmn 2549
I Senssuddnnioiind
anz dennisumdas amdiuma Tulatwszaoumndudigunmsaianiziie

309 wseaanlrasunnudnuulsevan

RONY
1. w1 unda afoeiis 47015877
2. wnem fuim wgsdnaa 47015878
3. W wWu ARG 47015880

oS (22
21915 67US

(@3, ATy Yyaues )



d‘. brd o c; 24
niaaminasuanuduuuiliznaga

e untia diemmys sHa 47015877
WA WUAN wqqﬁ'ﬂﬁt{m THA 47015878
WY WUY INFIHD THe 47015880
Az, f3ey yyuae osdnlinm

n13Any12549

o T
unnaes
- g d'.v el

= 3 4 o ar 3 d
‘lj'iﬂluiUTLlWUEﬂ“lJ‘lJulﬂUﬂﬁ’ﬂﬂﬂil'ﬂ“lJllﬂ$ﬂ1‘iﬁi’lﬂlﬂ§ﬂ~1’«]ﬂﬁlﬂﬂﬂ’ii.lﬂ'Jnlﬂﬁul.l’lcl%'»ﬂu

o

Ed )
= - A

= o A w o P A 1 A a o a 3
FaluilagiiwaTesinanlnasunnudriaidinadinngeey ssuanuianozivwne 4
¥ o A o c:y LY A4 W 1 3'3 1 = o
launylszudaduniovatiaunioianinduiudygud g ladad | - 20 wonzt@sad
Tasmiauez ldmisnneavessiutiadyaauiduaenas Iv0uful9esnivennud
4d N S w4 o dd e A o g
tefvzdhinsas nmeuduanundudin Woresnna liwudraudiiasifunioian

zuaaIHAUD IR LD HERNN TasuaaInauadyy IMneeada Taa Tail



]

LOW COST SPECTRUM ANALYZER

Mr. Naluchit Soipet 1D. 47015877
Miss.Nantika Phayoongsakda ID. 47015878
Mr. Panom Tespol ID. 47015880
Dr. Siridech Boonsang Advisor

Educational Year 2006

Abstract

The degree composes this is designing and building measuring instrument frequency
spectrum upward to are usable. Which , now measuring instrument spectrum frequency kind this
still tall valuable. Then think te do go up for can be usable like to economize. Which , this
measuring instrument can frequency source temple and a signal can differ since | - 20 MHz . By
the work will use taste axle crow of origin signal sawtooth circuit builds to are usable with the
circuit filter the frequency for check a signal that changes to come in, when axle circuit visits
with same frequency , will show of frequency that value comes out by show of a signal that

oscilloscope.
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FAIRCHILD

SEMICONDUCTOR ™

MMBFJ309
MMBFJ310

J309
J310

S

G -, TO-92 ?
S o S0T-23 D NOTE: Source & Drain
Mark: 8U /8T are interchangeable

N-Channel RF Amplifier

This device is designed for VHF/UHF amptifier, oscillator and mixer

applications. As a common gate amplifier, 16 dB at 100 MHz and

12 dB at 450 MHz can be realized. Sourced from Process 92.

Absolute Maximum Ratings* 7 -25:c uness oerwise noted
Symbol Parameter Value Units
Vos Drain-Source Voltage 25 \'
Vas Gate-Source Voltage -25 v
lar Forward Gate Current 10 mA
Ti . Tayg Operating and Storage Junction Temperature Range -55 to +150 °C

.Theﬁe ratings are imiting values above which the serviceability of any semiconducior davice may be impaired.

NDTES:

1) These raiings are based on a meaximum junction lemperature of 150 degrees C.

2) Thesa are steady staie limits. The factory shoukd be consulled an apgplications involving pulsed or low duty Cycle operations.

Thermal Characteristics  1a-2s:cuniess oterwise noted
Symbol Characteristic Max Units

J309-J310 *MMBFJ309-310
Pp Total Device Dissipation 625 350 mw
Derate above 25°C 5.0 2.8 mw/eC

Rauc Thermal Resistance, Junction to Case 125 °CIw
Raa Thermal Resistance, Junction to Ambient 357 556 °*CIW

* Device mountad on FR-4 PCB 1.67X 1.6°X0.06."

21897 Fairchild Semiconductor Corporation

OLEr48N / 60Erd8WN / OLEr / 60Er



N-Channel RF Ampilifier
(continued)
Electrical Characteristics 1 - 25 uniess otherwiss noted
Symbol Parameter Test Conditions Min | Typ | Max | Units
OFF CHARACTERISTICS
Vigrigss Galte-Source Breakdown Voltage | 1a =-1.0 pA, Vps =0 -925 Y]
lass Gate Reverse Current Vas=-15V, Vps =0 -1.0 nA
Vas=-15V, Vps=0,Ta= -1.0 WA
125°C
Vasiofy Gate-Source Cutoff Voltage Vos =10V, Ip=1.0pA 309 | -10 -4.0 v
310 | -2.0 -6.5 \
ON CHARACTERISTICS
Ipss Zero-Gate Voitage Drain Vos =10V, Vgs =0 309 12 30 mA
Current* 310 24 60 mA
Vasm Gate-Source Forward Voltage Vps =0, Iz = 1.0 mA 1.0 v

SMALL SIGNAL CHARACTERISTICS

Reyis) Common-Source Input Vos = 10, Ip = 10 mA, f = 100 MHz
Conductance 309 0.7 mmhos
310 0.5 mmhos
Re(yos) Common-Source Cutput Vps = 10, Ip = 10 mA, f = 100 MHz 0.25 mmhos
Conductance
Gpg Common-Gate Power Gain Vpg =10, In = 10 mA, f = 100 MHz 16 dB
Re(yr) Common-Source Forward Vps =10, lp =10 mA, f = 100 MHz 12 mmhos
Transconductance
Re(Yig) Common-Gate Input Conductance [Vos = 10, Ip = 10 mA, f = 100 MHz 12 mmhos
Gfs Common-Source Forward Vos =10, b =10 mA, f= 1.0 kHz
Transconductance 309 110,000 20,000 | ymhos
310 | 8000 18,000| umhos
Joss Common-Source Qutput Vps =10, Ip =10 mA, f= 1.0 kHz 150 | umhos
Conductance
g Common-Gate Forward Vps =10, Ip =10 mA, f=1.0kHz
Conductance 309 13,000 umhos
30 12,000 Ernhos
Joy Common-Gate Output Vos =10, I =10 mA, f= 1.0 kHz
Conductance 309 100 umhos
M0 150 pmhos
Cag Drain-Gate Capacitance Vps=0,Ves=-10V, f=1.0 MHz 2.0 2.5 pF
Csg Source-Gate Capacitance Vps=0,Ves=-10V,f=1.0MHz 4.1 5.0 pF
NF Noise Figure Vos =10V, Ip = 10 mA, 3.0 dB
f =450 MHz
en Equivalent Short-Circuit Input Vps =10V, Io = 10 mA, 6.0
Noise Voltage f=100 Hz nVAHz

*Pulae Test: Pulse Width < 30018, Duty Cyde < 2.0%

OLErddNN / 60Erd9WIN / OLEr / 60€Er



N-Channel RF Amplifier
(continued)
Typical Characteristics
Transfer Characteristics Transfer Characteristics
Vnsl= 1V I l l Vns"—‘ v I 1
ap Vasworr = =3V 50 ‘ ey —
= . _- Yasiorp = 18V
E Ty = -85C cé' \ T, = -55°C —
E Tp = 25°C = 40 R Py,
- o [ = i A
g e =V 1|25 c 5 : = - Ta= Ius'"'[:
— ]
s Vesiorr = —1.2V S “ Vasors) = —2.2V 7]
a e = LT, = -55°C
F 20 Ta = -565°C z A'AY = T‘ P
= T, = 25°C < 2 F/‘t\—L A e T
= Ta - 125°8 = N Ir, -125°C
| 7l |
o 1 2 1
] 0
[ -1 -2 -3 1] -1 -2 - 4 5 _§
Vs — GATE-SQUACE VOLTAGE {v) Vs ~ GATE-SOURCE VOLTAGE (V)
Transfer Characteristics Transfer Characteristics
Vos * 10V 2 Vg = 10V
= * = =
% 26 o8 Vasioes) - ~3.8¥7 E Vos =10V _| v&i‘mrrl =-3¥
faoe Ta=-58 C— E . Ta=-55C
£ | Ta-25C £ 2 \V% 2w
Faal ) I Ty =25°C
§ n N Vu/lrflzs‘c g <) %—Taﬂzs*’ﬁ
< - -4 15 _.;//"/T‘ )
E 15 5 | > N’Gstorn =-2¥
= 2 e, < A L T. = —55°C
2 = = \\I ‘: TA 25°c
o . 8 10 [ a" ]
LN NS A T e g ] \\'s/f\/'“ sus'c
F 5 = 5
1
2 — 4 B T N
] 0
] 1 2 -3 4 -5 g ] -1 -2 -3
Vgs - GATE-SCURCE VOLTAGE (V) Yas — BATESQUHACE VOLTAGE (V)
"0 Input Admittance Forward Transadmittance
— : = 10 r
£ - Vo =10V £ Evoa-tv
H C 1p =10 mA w [ 1n = 10ma
= - (C6 z ™
w {CG) < 5 {CG) I
= - -
e
E i g "y
3 b4 i
=1 10 = = 1 ==
<[ 1 g
b= —
g — ] o >
# 3 by 2
a2 | 1] [
3 T
1.0 £

f — FREQLENCY (MHz)

f— FREQUENCY (MHy)
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N-Channel RF Amplifier

{continued)

Typical Characteristics (continued)

Common Drain-Source

0 T 7
| Ta-26°C |t
i ap | Yosiorm = -2V
-
]
= 30
3 v°s'°v
=
3 n 0.4V
I gy |32V -18V 20V
o 10 -l “"I' ¥
— s !
]
0 .

[ 1.0 20 1.0 4.0 60
Vpa — DRAIN-SOURCE VOLTAGE (V)

Output Admittance
1 ;
F Vpg = 10V
Cip = 10 mA p
Fiee)  —
bﬂ'

/

fog -—ﬂ

1

o (bog) — OUTPUT CONDUCTANCE {mmhas]
a

—

500 1000
f— FREQUENCY {MHz)

Noise Voltage vs. Frequency
100

Vog = 10V 1
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=0.20@f>1.0kH:z

7)

¥4

]

=1dmA

H

= Ny
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S0 100
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Cem. Cra - CAPACITANCE {pF}
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1000
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0

Output Conductance vs.

Drain Current
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C 1= 1.0kH2

5.0V

=il
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) = —5.8Y '/M\'
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TRADEMARKS

The following are registered and unregisterad trademarks Fairchiid Semiconductor owns ot is authorized to use and is

not intended {o be an exhaustive list of all such trademarks.

ACEx™ FASTr™ PowerTrench@ SyncFET™
Bottomless ™ GlobalOptoisolator ™ QFET™ TinyLogic™
CoolFET™ GTO™ Qs™ UHC™
CROSSVOLT™ HiSeC™ QT Optoelectronics ™ VCX™
DOME™ ISOPLANAR™ Quiet Series™

E2CMOS™ MICROWIRE™ SILENT SWITCHER®

EnSigna™ OPTOLOGIC™ SMART START ™

FACT™ OPTOPLANAR™ SuperSOT™-3

FACT Quiet Series™ PACMAN™ SuperSOT™-6

FAST & POP™ SuperSOT™-8

DISCLAIMER

FAIRCHILD SEMICONDUCTOR RESERVES THE RIGHT TO MAKE CHANGE S WITHOUT FURTHER
NOTICETOANY PRODUCTS HEREIN TO IMPROVE RELIABILITY, FUNCTION OR DESIGN. FAIRCHILD
DOES NOTASSUMEANY LIABILITY ARISING OUT OF THE APPLICATION OR USE OF ANY PRODUCT
OR CIRCUIT DESCRIBED HEREIN; NEITHER DOES IT CONVEY ANY LICENSE UNDER ITS PATENT

RIGHTS, NOR THE RIGHTS OF OCTHERS.

LIFE SUPPORT POLICY

FAIRCHILD'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF FAIRCHILD SEMICONDUCTOR CORPORATION.

As used herein:

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

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

PRODUCT STATUS DEFINITIONS

Definition of Terms

Datasheat Identification Product Status Definition
Advance Information Formative or This datasheet contains the design specifications for
In Design product development. Specifications may change in

any manner without notice.

Preliminary First Production This datasheet contains preliminary data, and
supplementary data will be published at a later date.
Fairchild Semiconductor reserves the right to make
changes at any time without notice in order to improve
design.

No Identification Needed Full Production This datasheet contains finat specifications. Fairchild

Semiconductor reserves the right to make changes at
any time without notice in order to improve design.

Obsolete Not In Production

This datasheet contains specifications on a product
that has been discontinued by Fairchild semiconductor.
The datasheet is printed for reference information only.

Rev. G




RF COMMUNICATIONS PRODUCTS

DATA SIREET

SA602A
Double-balanced mixer and oscillator

Product specification
Replaces datasheet of April 17, 1990 1997 Nov 07

IC17 Data Handbook

PHILIPS



Philips Semiconductors

Product specification

Double-balanced mixer and oscillator

SA602A

DESCRIPTION

The SAGB02A is a tow-power VHF mongtithic double-balanced mixer
with input amplifier, on-beard oscillator, and voltage regulator. Itis
intended for high performance, low power communication systems.
The guaranteed parameters cof the SAGOZA make this device
parliculatly well suited for ceflular radio applicaticns. The mixeris a
“Gilbert cell" muitiplier configuration which typicatly provides 18dB of
gain at 45MHz. The oscillator will operate to 200MHz. It can be
configured as a crystal oscillater. a tuned tank oscillator, or a buffer
for an external LO. For higher frequencies the LO input may be
externally driven. The noise figure al 45MHz is typically iess than

PIN CONFIGURATION
D and N Packages

INa 1 8 1 vee

INg 7 71 oscg
GND 3 6§ | oscg
outy 4 5| outg

5dB. The gain, intercept performance, low-power and noise SROGOGS
characteristics make the SABD2A a superior choice for Figure 1. Pin Configuration
high-performance battery operated equipment. It is available in an
8-lead dual in-line piastic package and an 8-lead SO (surface-mount APPLICATIONS
miniature package) ) ,
® (Celiular radio mixerfoscillater
FEATURES ® Porlabie radio
® | ow current consumption: 2.4mA typical
® VHY {ranscelvers
® Excellent noise figure: <4.7dB typical at 45MHz )
® RF data links
® High operating frequenc
arep 9 Y ® HE/VHF frequency conversion
® Excellent gain, intercept and sensitivity
® |nstrumentation frequency conversion
® | ow exiernal parts count; suitable for crystal/ceramic filters
® Broadband LANs
® SAG0ZA meets ceilular radio specifications
ORDERING INFORMATION
DESCRIPTION TEMPERATURE RANGE ORDER CODE DWG #
8-Pin Plastic Dual in-Line Plastic {DIP} -40to +85°C SAB02AN SOT97-1
8-Pin Ptastic Smali Qutline (SO) package {Surface-mount) -40 to +85°C SAG02AD 507561
ABSOLUTE MAXIMUM RATINGS
SYMBOL PARAMETER RATING UNITS
Vee Maximum operating voltage 9 i
Tsta Starage temperature range -65to +150 "C
Ta Operating ambient temperature range SAB02A -40 to +85 “C
[LATS Thermal impedance D package 90 “CW
N package 75 Crw

1997 Nov 07
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SAB02A

BLOCK DIAGRAM

8 L

6 5

Yoo

VYOLTAGE
REGULATOR

4 ¥
OSCILLATOR .

)
.Db

GROUND
1 2 3 4
SRODNEY
Figure 2. Biock Diagram
AC/DC ELECTRICAL CHARACTERISTICS
Ve = +8V, Ta = 25°C) unless otherwise stated
LIMITS
SYMBOL PARAMETER TEST CONDITIONS SAG02A UNITS
MIN TYP MAX
Ve Power supply voltage range 45 80 W
DC current drain 24 28 mA
firy Input signal frequency 500 Mtz
fose Oscillator frequency 200 MHz
Noise figure at 456MHz 50 55 dB
Third-order intercept point RFin = 745d5m:f;::4455,005hr\’1||:|i -13 -15 dsm
Conversion gain at 45MHz 14 17 dB
Rin RF input resistance 15 kel
Cin RF input caparitance 3 35 pF
Mixer output resistance (Pin 4 or 53 1.5 kel

DESCRIPTION OF OPERATION

The SABU2A is a Gilbert cell, an oscillator/buffer, and a temperature
compensated bias network as shown in the equivalent circuit. The
Gilbert cell is a differential amplifier (Pins 1 and 2) which drives a
balanced switching cell. The differential input stage provides gain
and determines the noise figure and signal handling perfermance of
the system.

The SAB02A is designed for optimum low power performance.
When used with the SAB04 as a 45MHz cellutar radio second IF and
demodulator, the SABUZA is capable of receiving -119dBm signals
with a 12dB S/N ratio.  Third-order intercept is typicaily -13dBm (that
is approximately +5dBm output intercept because of the RF gain).
The system designer must be cognizant of this large signal
limitation. When designing LANs or other closed systems where
transmission levels are high, and small-signal or signal-to-noise
issues are not critical, the input to the SAB02A should be
appropriately scaled.

1997 Nov 07

Besides excellent low power performance well into VHF, the
SAB02A is designed to be flexibie. The input. RF mixer output and
oscillator porls can support a variety of configurations provided the
designer understands certain constraints, which will be explained
here:

The RF inputs (Pins 1 and 2) are biased internally. They are
symmetrical. The equivalent AC input impedance is approximately
1.5k || 3pF through 50MHz. Pins 1 and 2 can be used
interchangeably, but they should not be DC hiased externally.
Figure 5 shows three typical input configurations

The mixer outputs {Pins 4 and 5} are also internatly biased. Each
output is connected to the internal positive supply by a 1.5k0
resistor. This permits direct cutput termination yet allows for
balanced output as well. Figure 6 shows three single ended output
configurations and a balanced output.
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The oscillator is capable of sustaining oscitlation heyond 200MHz in
crystal or tuned tank configurations. The upper limit of operation is
determined by tank "Q" and regyuired drive levels. The higher the
“(3" of the tank or the smaller the required drive, the higher the
permissible oscillation frequency. If the required LO 1s beyond
oscillation limits. or the system calls for an external L, the external
signal can be injected at Pin 6 through a DC blocking capacitor.
External LO should he at teast 200mVp p.

Figure 7 shows several proven oscitlator circuits. Figure 7a is
appropriate for cellular radio. As shown, an overlone made of
operation is utilized  Capacitor C3 and inductor L1 suppress
oscillation at the crystal fundamental frequency. In the fundamentat
mede, the suppression network is omitted.

Figure B shows a Colpitts varacior tuned tank oscillator suitable for
synthesizer-controlied applications. it is important to buffer the

output of this circuit to assure that switching spikes from the first
counter or prescaler do not end up in the oscitlator spectrum. The
dual-gate MOSFET provides optimum isolation with tow current.
The FET offers good isolation. simplicity, and low current, while the
bipotar transistors provide the simple solution for non-critical
applications, The resistive divider in the emitter-follower circuit
should e chosen to provide the minimum input signal which will
assure correct system operation.

When operated above 100MHz, the oscillator may not start if the Q
of the tank is too low. A 22ke2 resistor from Pin 7 to ground will
increase the DC bias current of the oscillator transistor. This
improves the AC operaling characteristic of the transistor and
shouid help the oscillator to start. A 22k<2 resistor wili net upset the
other DC biasing internal to the device, but smalier resistance
values should be avoided

0.5 1o 1.3uH
22pF
5.5H T 34.545MMz THIRD OVERTONE CRYSTAL
Voo tnF 10pF
. . - mm . . .
6.8uF ' 100nF
) 10nF 8 6 5
‘ -
- 150pF
OUTPUT
1.5t0 J4
602A 441;3«3 . .

330pF

. .
1200F

.
1 3 F]
.
47pF -
&
{NPUT  * ¢ L) j " 0.209 to 0.283,H
220pF N .

100nF
L]

SRINO70

Figure 3. Test Configuration
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Ve
- L L
10k
BUFFER . .
3| 'l‘ D 15k - 15K
. o [4] e (5}
- -
25k -

.
BIAS . | I | | -
a A IS - BIAS
L] L ]
.| K
- a
L ]
. BIAS
sk " 1.5k

GND

Figure 4. Equivalent Circuit

BO2A

) - )

1 2 1 P2
. :
- . .
INPUT j :
. . 3 g .
; .
. :
! -
a. Single-Ended Tuned Input b. Balanced Input (For Attenuation
of Second-Order Products)
Figure 5. Input Configuration
1997 Nov 07

SROMOT?

602A

<. Single-Ended Untuned tnput

SR00072
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- T q iDL T

a. Single-Ended Ceramic Filter b. Single-Ended Grystai Filter

b4 . .
5 -] i
. N
602A s '? E
A r i 602A =
Z 4.
. L]
¢. Single-Ended IFT d.. Balanced Qutput SRO0073
Figure 6. Output Configuration
| . *
G
L1-— C3 P2 ; . TTT . :
-— .
. © OXTAL 2 TYTY &
&
L L]
. .
G
8 i 6 5 8 L $ 5 8 7 5 5
) 602A > 6024 ) 6024

i F) 3 7 1 z. 3 4 1 2 3 3
a. Colpitts Crystai Oscillator h. Colpitts L/C Tank Oscillator ¢. Hartley LJC Tank Osacillator

{Overtone Mode) SR
Figure 7. Oscillator Circuits
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5.50H
. TTTT - ey
0.10pF 10uF 0.AiF
S
1 B
2 7 - M » 10
\ BUFFER
602A .
7pF 1 10pF
3 6 . .
1000pF
» i « - DC CONTROL VOLTAGE
4 5 ! FROM SYNTHESIZER
1000pF

0.06uH j‘ :
: N mvzios

OR EQUIVALENT

» [ ]
G.01F
00k 2 35K126 .
. 2N918
* N
* * 2N5484
2pF TO SYNTHESIZER :
L] - ;
. . . *
100k " 330° o bBWE TO SYNTHESIZER
100k 1.0nF .
SROGOTS
Figure 8. Colpitts Oscillator Suitable for Synthesizer Applications and Typical Buffers
-
0.510 1.3uH
22pF
o . . 34.545MHz THIRD OVERTONE CRYSTAL
nF 10pF
v pl
Jee . Sanal . . ‘ H
6.8uF . 100nF . ; )
I 7 6 5
" . 1
602A
1 2 3 P4 SFG455A%
OR EQUIVALENT
e
A7pF | -
i
INPUT - * = :% 0.209 to 0.283:H !
- 220pF - .
100nF
SROGG

Figure 9. Typical Application for Cellular Radio
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3.50
3.25 - b I

3.00 - i 8.5v

6.0V

275" 4.5V

2.50 -

225

SUPPLY CURRENT 9mA)

2.00
1.75 ¢ - ' !
1.50 ¢

40 -30 -20-10 €@ 10 20 30 40 50 60 70
TEMPERATURE ©C

80 %0

SRONKFT

Figure 10. I vs Supply
Voitage

200 - Lo

195 Co Cod
130 C
Zss :
18.0

- X - N I N . -
17.5 ..—.-———""’—ﬂ_-_-—’—‘ L

7.0 /?—

6.0V

165 -
16.0 - i ‘
155 S
150 :

1as - i

14.0 o
10

CONVERSION GAIN

o P
W 20 30 40 30 G0 70 80 90
TEMPERATURE 0¢C |

-30 -20-10 0

SROOZE

Figure 11. Conversion Gain vs Supply Voltage

-30.0 S |
~10.5°

—11.0!
—t15
120
125
-130;
135"
~14.0 -
145
-15.0 ;
55 |
160 ¢ - P
—16.5 b P
T
—40 -30 20 10 0 10 20 30 40 S0 &0 70
TEMPERATURE OC

INPUT INTERCEPT POINT (dBm)

80 90

SR

Figure 12. Third-Order intercept Point
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NCISE FIGURE (dB)

6.00

4.5
5.0V
B 5V
425
4.00- . i o L
40 -30-20 10 0 10 20 30 46 SO 60 70 B0 90
TEMPERATURE ©C
SRONNEE
Figure 13. Noise Figure
RFq = 45MHz, IF = 455kHz, RF ) = 45.06MHz
o . : .
: i 3rd ORDER PRODUCT
20 . L G
_ o
E
m
ha
&
-20
= ,
F |
o
[
4
=40
p=]
o
L
60"
-80 60 40 —20 [ 20
RF INPUT LEVEL (dBm)
SROOG!
Figure 14. Third-Order intercept and Compression
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B .
T 13
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Figure 15. Input Third-Order Intermod Point vs V¢c
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S08:

plastic small outline package; 8 leads; body width 3.9mm

S0T96-1
—— 7 —
8 I:I l I:I WE
[}
. T
1 - I | S A?
] l A,
pin 1 index ! ' i
/- ;
'
1 | H H a
-l [e] ,,..Ai . L{Q}Iw @ [ detait x
.
0 25 5 mm
L PRI DR ]
scale
DIMENSIONS (inch dimensicns are derived from the original mm dimensions)
- " ‘ s o E
: A : i | t
CUNIT | | A LA | Az | By c | DM ER| e He L L, | @ v w y | ZM] o i’
T . ..0.25.) 1.45 OBﬁ 0.258 8.0 ‘ 4.0 6.2 ) 1.0 o7 b i a.7 |
|1 WL RS ] g0 | 1es ) Y [ oes o | a8 | ae | P 58 | 0% ] g4 | og ¢ DR 025 O P03 | e
] H - - SR ,
o 0.0098| 0.057 0018 (B00%8| 020 | 016 - 0.24 0.039 | 0.028 - 1 0.028 0
!”‘”'95 0-98% 1 6oas| 0.049] 01 | 0014 |ocors| 019 | 015 | 00| oy | 99 | oots| 0.0pa OO | 00T 0004 [0012
Notes
1. Plastic or metal protrusions of 0,15 mm maximum per side are not included.
2 Plastic or metal protrusions of D25 mm maximum per side are nat included,
OUTLINE REFERENCES ] EUROPEAN ISSUE DATE
VERSION ‘e JEDEC Elad PROJECTION !
— I = e - o
. SOTa6-1 076035 MS 017AA =} @ I ey |
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DIP8: plastic dual in-line package; 8 leads (300 mil) SOT97-1
r—
a H
c
<
a
= _
£ T
E
@ "
—- b - B el
B | r | 5 [
[
pin 1 index
-] ____‘_.., I | T L
|
1 4
u} I} 10 mm
I U ORIV YNNG SO S S N S |
scale
DIMENSIONS {inch dimensions are derived fram the original mm dimensions)
vt et e . it . R
A A1 | A ! m tn ! z™
UNIT ! max. | min. | max. b By i b2 < P E i 1 - Me | Mu W
i | ! 1.73 _0 53 ’ 1.07 4] 5; 9.8 6.48 . 3.60 8.25 { . i
| Cns : . .04 36 . . - J— . .25 0.0 . : 1
fmm ! 42 | .51 3z ! 114 0.a8 l 0.89 0w L ogn .20 2.54 /.62 5,05 .80 8.3 0.254 1.1% l
Q.68 | 0.021 | 0.042 | 0.014 Q.38 0.26 0.1 0.32 0.39
inches X 010 K
0.17 0.070 ars 0.045 [ 0010 | 0.035 | 0.008 0.36 024 i ! 030 012 .31 0.33 a6 0.045
Note
1. Plaslic or metal protrusions of 0.25 mm moadémun pet side are not included.
i , e [ T
: ouruwe | REFERENCES j EUROREAN ISSUE DATE
{  VERSION | |EC IEDEC EiAJ i PROJECTION
Je- e R S . [ S e
! i : 92-19-1¢-
50197-1 050601 MO001AN | : =0 o o o
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DEFINITIONS
Data Sheet Identification Product Status Definition
Objective Specification } Formative o in Design VTH\;dala sheet contains the design target or goa\;};e(-‘.\f.\caimnsfnr praduct development. Specifications

may change in any manner withaut notice.
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Product Specification 1 Full Production . . . .
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Philips Semiconductors and Philips Electronics North America Corporation reserve the right to make changes, without notice, in the products,
including circuits, standard cells, and/or software, described or contained herein in order 1o improve design and/or performance.  Philips
Semiconductors assumes no responsibility or liability for the use of any of these products. conveys no license or titie under any patent, copyright,
or mask work right to these products, and makes no representations or warranties that these products are free from patent, copyright, or mask
work right infringement, unless otherwise specified. Applications that are described herein for any of these products are for illustrative purposes
only. Phiiips Semiconductors makes no representation or warranty that such applications will be suitable for the specified use without further testing
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Philips Semiconductors and Philips Electronics North America Corporation Products are not designed for use in life support appliances, devices,
or systems where malfunction of a Philips Semiconductors and Philips Electronics North America Corporation Product canreasonably be expected
to result in a personal injury Philips Semiconduciors and Philips Electronics North America Corporation customers using or selling Philips
Semiconductors and Philips Electronics North America Corporation Products for use in such applications do so at their own risk and agree to futly
indemnify Philips Semiconductors and Philips Electronics North America Corporation for any damages resuliing from such improper use or safe.
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LM387/LM387A Low Noise Dual Preamplifier

General Description

The LM387 is a dual preamplifier for the amplification of low
level signals in applications requiring optimum noise per-
formance. Each of the two amplifiers is compietely indepen-
dent, with an internal power supply decoupler-regulator, pro-
viding 110 dB supply rejection and 60 dB channel separa-
tion. Other cutstanding features include high gain (104 dB),
large output voitage swing (Voo — 2V)p-p, and wide power
bandwidth (75 kHz, 20 Vp-p). The LM387A is a selecied
version of the LM387 that has lower noise in a NAB tape
circudl, and can operate on a larger supply voltage. The
LM387 operates from a single supply across tha wide range
of 8V to 30V, the LM387A operates on a supply of 9V to
40V.

The amplifiers are internally cornpensated for gaing greater
than 10. The LIN387, LM387A is availabie in an B-lead dual-
in-line package. The LM387, LM387A is biased like tha
LM381. Ses AN-64 and AN-104.

Features

B L ow noise

m High gain

W Single supply operation

B Wide supply range LM387
1 M387A

Power supply rejection

Large output voltage swing (Voo — 2V)p-p

Wide bandwidth 15 MHz unity gain

Power bandwidth 75 kHz, 20 vp-p

Intermally compensatad

Short circuit protecied

Performance similar to LM381

1.0 uV total input noise
104 dB open loop

9 to 30V
9 to 40V
110 4B

Schematic and Connection Diagrams

Dual-in-Line Package

[
———  et—— T ——— ol T e
|[ E"‘ ol F— o
f m WII—J :i— Voo
E Lol by
E I T ouTAuT (1) =4 1 obrrUTen
i TL/H/7B45-2
I ‘an r ¥ s Top View
| Y Order Number LM387N or LM327AN
| b | See NS Packages Number NOBE
I
L 1,
TL/H/TBA5-1
Typical Applications
A
4:11
THHITE45-3 TL/H/T845-4

FIGURE 1. Flat Galn Circult (Ay = 1000)

FIGURE 2. NAB Tape Clrcuit

1095 National Samiconrucior Corporton

TL/HITBAS

ARO-A30M1 15/ Priesad in U. 8. A,

Ja)}jjdweald [enq asioN Mo V28ENT/Z8ENT



Absolute Maximum Ratings

U Military/Asrospace spacified devices are required, Power Dissipation (Note 1) 1.5W
Pleass Dconlnc‘t the Natlonsl Semiconductor Sales Cperating Temperature Range *Ctlo + 7C°C
Soﬂlololvz:nbmon for avalisbiiity and specifications. Storage T raturs Range _BE°C 1o + 150°C
upply age i o
LM387 +30V Lead Temperature {Scidering, 10 sec.) 260°C
LM387A + 40V
Electrical Characteristics 1, = 25°C, Ve — 14V, unlass otherwise statad
Parameter Conditions Min Typ Max Units
Voltage Gain Open Loop, f = 100 Hz 160,000 VIV
Supply Current LM387, Voo BY-30V, R = o« 10 mA
LM387A, Voo 8V-40V, R = = 10 mA
Input Resislance
Positive Input 50 100 kd
Negative Input 200 kil
Input Current
Negative Input 05 31 pA
Output Resistanca Ogpon Loop 150 1]
Output Current Source 8 mA
Sink 2 mA
Output Voltage Swing Peak-to-Peak Voo —2 v
Unity Gain Bandwidth 15 MHz
Large Signal Frequency 20 Vp-p (Voo > 24V), 75 kH
Response THD < 1% z
Maximum Input Voltage Linear Operation 300 mvrms
Supply Rejection Ratio f=1kHz
input Refared 110 a8
Channel Separation f=1kHz 40 60 dB
Total Harmonic Distortion 60 dB Gain, f = t kHz 01 Q.5 %
Tolal Equivalent Input 10 Hz-10,000 Hz
foise (Flat Gain Cricult) LM387 Figure 1 19 12 pYms
Output Noise NAB Tape Unweighted
Playback Gircuit Gain of 37 dB LM387A Figure 2 400 700 pVms

Mete 1: For operation in ambient temperatures above 25°C, the device muat be derated based on a T507°C maximum function temperature and & thermal resistance

of BO°C/W junction to ambient.

Typical Applications contieq)
Two-Pole Fast Tum-ON NAB Tape Preampliifier

TL/H/?845-5

Frequency Response of NAB
Circuit of Flgure 2

NAR PLAYBACK

G B

ZERESEERTE

I WD ANk T B 10 PR
FREQUERCY {Mz)
TL/HITBAS— 6
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General Description

The MAXO3E is a high-frequency, precision tunction
generator producing accurate, high-frequency triangle,
sawlooth, sine, sguare, and pulse wavelorms with a
minimum of externat components. |he outpul frequency
can be controlled over a frequency range of 0.THs 1o
20MHz by an internal 2.5V bandgap voltage
roference and an external resistor and capacitur. Tho
duty cycle can be varied over a wide range by applying
a 2.3V contiol signal, facilitating pulse-width modula-
lion and the generalion of sawtooth wavoelorms
Freguency modulation and regquency sweepmng are
achieved o the same way The duly cycle and
requency controls are independent,

Sine, square, orf triangle waveforms can be selected o
the output by setting the appropriate code at fwo
TTL-compatible sefect pins, The output signal for all
wavelforms is a 2Vp.p signal that is symmetrical around
ground. The low-impedance output can drive up
The TTL-compatible SYNC output rrum the internal
oscillalor maintaing a 50% duly cycle-—1egardless of
the duty cycle of the other waveform Smm synchronize
other devices In Ihe system. The internal oscillator can
be synchronized to an external TTL clock connecied
lu PDI.

Applications

Precision Function Generators

voltage-Controlled Oscillators
Frequaency Modalators

Pulse-Widt
Phasc-Locked Loops

h Moduiators

Frequency Synthesizer
FSK Generator—Sine and Square Waves

AKXV

Y1 AXLAV

B i h-Frequency Waveform Generator

Features

-

0.1Hz to 20MHz Operating Frequency Range

Triangle, Sawtooth, Sine, Square, and Puise
Waveforms

Independent Frequency and Duty-Cycle
Adjustments

350 to 1 Freyuency Sweep Range

15% to 85% Variable Duty Cycle
Low-impedance Output Buffer: 0.102

Low 200ppm/°C Temperature Drift

Ordering Information

TEMP RANGE  PIN-PACKAGE

070 1 4 0RO

Pin Configuration

TOP vIfW
aii [1] oo v
oo [ 4 | [19] our

“ 5] anasana Jul oo
] maxess ) e
cose [5 [16] Dv-
oh [ 6] [15] powe
oa0 7] [14] svnc
1ns [g] [13] por
aho g | [12] Pou
i [y g 1] ono

DIP/SO

_ Maxim Integrated Products 1

For pricing, delivery, and ordering information, please contact Max.'m/DaIIas Direct! at
1-888-629-4642, or visit Maxim’s website at www.maxim-ic.com.
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High-Frequency Waveform Generator

ABSOLUTE MAXIMUM RATINGS

V+ 1o GND ..
DV+ to DGND‘ ,

V-1o GND

Pin Voltages
IIN, FADJ. DADJ, PDC
COSC
AQ. A1, PDI SYNC. REF
GND 16 DGND
Maximum Current into Any Fin .

QUT, REF Short-Circuit Durahor] m GND V+ V»

Stresses boyond those istod undec "Absolel: Maximum Batings™ may cause pormanent damage 1o the dovice

(V--0.3V)to (Ve + 0.3V)

0.3V to +6V
0.3V o 46V
““““ +0.3V to -6V

Continuaus Power Dissipalion (T4 = +70°C)

Plastic DIP {derate 11.1 1mW/°C above +70°C) ... A89mW
SO (derate 10 00mWEC above +70°C) . . U BO0OMW
CERDIP {derate 11.11mW{"C above 1 70°C) ... ..889mw

Cperating Temperature Ranges

Rt RCILE (VRTE MAXO3BC 0°C o +70°C

S0L3V e Vi Maximum Junction Tempgerature ... ... T +150°C

B S RciY) Storage Temperature Range .. e 65°C to +1560°C

AH0mA Lead Termperature (soldenng. IOs} ““““““““““““““ 4300°C
Lals

These are stress ratings only and funchonad

cperation of the device af these o any ofher conditions boyond those incicated in I ouuerabonal suciors of N spocificaiins 5 a0l implhiod. Fgostng o
LSO mAaXimum rating condiions for cxicnoed peros meay affec] dovice colialty.

ELECTRICAL CHARACTERISTICS

(Circuit of Figure 1, GND =

DGND = 0V, ¥+ = DV+ = BV, V-

-5V VDAD =

VFADJ - Vpp)

Rin = 25kL2, RL = 1k, CL=20pF Ta=TMmIN O TMAX un\ess olherwme noted . Typical values are at Ta

= Vppo = OV, Cf = 100pt,
= +25°C )}

PARAMETER [ SYMBOL | CONDITIONS [ MIN TYP  MAX | UNITS
FREQUENCY CHARAGTERISTICS ‘
Maxmwm Operating Fregquency /TCF = 155{ Im = HOOPA 20.0 40 0 7iﬁm/ :
Freguency Programming I - Viapy = OV ' 250 , 750 V pA
Current VFAD) = -3V 1.2% 374
IIN Offsel Voltage ViN 10 w20 | mv
Frequency Temperature AFo*C | Vrapy - OV 600 .
Coefficient Fol'C | VFaD) - -3V 200 ppmC
Fraquency Poser-Supply ‘ (%3’50) Vo 2BV, Vi = 475V 10575V 00 2200 |
Rejoction Whollo) |y, -, - L h B o

o\ =AY,V e A TRV Lo 5 bV 02 4100
OUTPUT AMPLIFIER (applies to all waveforms) )

! Qutput Peak-to-Peak Symmetry Vour T v T mv
Output Resistance Rout | 0.1 02 Q
Ouleul Short-Circuit Current louT i Short c_i_rcuit 0 GND T 1 - _ f]O_i_ﬂ_imA
SQUARE-WAVE OUTPUT (RL = 100¢2)

Amplitude ' Voul ' 1.9 _20 /T Ve-p
Rise Time e | 10% 10 90% T T 12 ns
Fall Time ! 90% 1o 10% T 12 s
Duty Cycie __ R L N A S
TRIANGLE-WAVE OUTPUT {RL = 100¢2)
Amplilude [ vour | [ 19 20 21 | Ve
Nonlinearity Fo = 100kHz, 5% o 957% ) l B 0.5 ) % ]
uty Cycle de VpaD) - OV (NOU‘ 1). R 50 53 % |
SINE-WAVE OUTPUT (R = 1002)

| o vour | T R 'ETW

| Total Harmonic Distortion THD | CF = 1000pf, I o - 100KkHz T Dy

2 W1 /1K1 V1




High-Frequency Waveform Generator

ELECTRICAL CHARACTERISTICS (continued)

(Circuit of Figure 1, GND = DGND = 0V, V+ = DV+ — BV, V. - -5V, Vpap) - VFADS = VPD1 - Vepo = OV, CF = 100pF,

RIN = 25k, Ry = Tk, CL = 20pF Ia = TM|N to Tamax, unless otherwise noted. Typical values arc at Ta = 125°C )

PARAMETER [symBoOL | ~ CONDITIONS 77 WMIN  TYP  MAX | UNITS |

'SYNC OUTPUT

! Output Low Vultage | v ‘ ISINK — 3.2mA 7 - 0.3 04 J vﬂﬁﬁl
Outpu High Volldge You | ISource = 4()()pA ] 28 j% - : - V" 7 :
[ Rise Time R | 10% 10 90%, RL - 3k&2 CL - 15pt ) 10 ne |
Fall Time ' i 90% 10 10%. RL = 3k(2, C| - 15pF TS ‘ ns
Duty Cycle ' deswne | ' T T no %
DUTY-CYCLE ADJUSTMENT (DADJ) o ' I o -

| DAD Input Current [ Ioaps | BTy 250 320 0 pA |
| DADJ Voltage Range ';V—Vf)AE)_{ HB T 77,_ L o : _;_:? 3 _7 77_\!
Duty- (‘ycle Adjust ment Range dc 23V = VDAD, <4 3\;’ W 3D %
DADJ Nonhnedrrty ”dC-’Vf-A[)J : )V V[)ADJ < 12V T T . T % |
&R:ggo]r; QUIpUW FIeqUENCY | ynany 1 -2V < Vpap) < 2V 25 48 1 %
Maximum DADJ Modulating Fbe B - 5 7 -M_Hz
Frequency
FREQUENCY ADJUSTMENT {(FADY) B B B T
FADJ Input Currenl T o i 190 250 320 1 pA
FADJ Voliage Range VFADS | : 74 B v
Frequency Sweep Range Fo 24V 2 V; ADJE 428V i =70 N % |
FM Nonlinearity with F ADJ FolViapy | -2V < VraD) € +2V o T T2 %
Change ir Duty Cycle with FADJ | dc/VFADS | -2V < VFap) € +2V . g _ %
Maxirmnum FADJ Modulatin ; 5
Frequency ! Fr | » \ Z o { MH':l
VOLTAGE REFERENCE i e
Output Voltage T VRer | IkeF -0 T zas 250 22 v
Temperature Coefficient VREF/C | - - 20 / ! pbh]f’“(? !
et R L
Line Regulation VgerVe | 475V < Vs % 595V (Nate 2) - Jlr 12 __r_g\ﬂfﬁ
| LOGIC INPUTS (AG, A1, PDI) - -
| Inpul Low Vollage Ve - } 08 | v J
Inpul High Vollage D Vi B T I Loy

| Inpul Current (A0, A1) W e | VAo VAl = Vil Vi B | <5 A
nput Curcent (PO i, by "I__}fpm = Vi, Vin i - \ o #25 pA

| POWER SUPPLY
Positive Suppiy Vollage Ve ) o T 475
SYNC Supply Voltage DV i ) - i
Nega[we Supply Vortage‘ V- - o -4.75
| Posilive Suppty Current ] [+ o - 35
SYNC Supply Current T Iy - o S 1
Negative Supply Currenl oy T ; ! 15

Note 1: Guarantced by duly-cycle test on sguare wave
Note 2: Vrer is independent of V-

VIAXEVE 3

8EOXVYIN
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High-Frequency Waveform Generator

Typical Operating Characteristics

{Circult of Figure 1. V+ = DV+ = 5V, V- = -5V, Vpap) - VFAD) = VPDI = VPDo = OV, RL = TkL), C| = 20pF. 1a = +25°C, unless

otherwise noted.}
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NORMALIZED CUTPUT FREQUENCY

OUTPUT FREQUENCY

vs. 1IN CURRENT

;H—i:_-'_H»H.;f[-I;%

i s
! A
A =
A LT
il P
Pl |

|
:\L

10 0
1IN CURRENT {uA}

NORMALIZED QUTPUT FREQUENCY

vs. DADJ VOLTAGE

lin =

|
|

p - TOLLA | i
|

i
Iy = 2504
i I

T

N
| ]

I
Iy = T00LA I
o

[

SR
SUU}LF\| H
i

|

DADJ (V)

T33JJF

10upk
330pk

3 3nf

33nF

100nF

Tk
3 3pF
10uf

47pf
TUUpF

NGRWMALIZED

“ouT

£ (%)

DUTY CVE

\
)

QUTY-CYCLE LINEARITY ERROR (%

20

Io
1.4
12
1.0
s
ug
b
u?

100
a0
S
0
&L

Sl

NCRMALIZED OUTPUT FREQUENCY
vs. FADJ VOLTAGE

1T T
ey T00RAL CUSE TodUpt
- <
N _
B U I N
-3 p 1 9] 1 ? 3
Ve (V)

BUTY CYCLE vs_ DADJ VOLTAGE

P
Tl - 20004 \ N
"

w

1 U 1
DAY ()

7

o

DUTY-CYCLE LINEARITY

vs. DADJS VOLTAGE

Ik - HUUM\A/ s

an

)4

N

Iy - 250uA

H

\

I T
ey TOORA

N
NN

L

~

/i
AN

Y
Iy - BULLA) N

Iy = 2huh
ling = TURLA

-2

74
0

U Y T4

DAD VG

MAKXIM



High-Frequency Waveform Generator

Typical Operating Characteristics (continued)
{Circuit of Figure 1, V+ = DV+ = 5V, V- = -5V, VpaDJ = VEADJ = VPDI = VPR = OV, RL = 1ki1, CL = 20pF, Ta = +25°C, unless
otherwise noted.)

SINE-WAVE OUTPUT (50Hz)

MAXORS bocl}t

g 4
E
2
1
0 I L]
00 ko 10k 100k 1M 1M S0P OUTT e
: 1=Fy
FREQUENCY {Hz) BOTIOM: SYNG
iy = SOpA
Cr- 1nf
SINE-WAVE OUTPUT (20MHz) TRIANGLE-WAVE OUTPUT (S0Hz)
m ¥ ,
i = 4000A TOP; OUTPUT 50Hz = F
Cr = 20pF BOTTOM: SYNC
Iy = S0pA
Cr = 1pF
TRIANGLE-WAVE OUTPUT (20MHz) SQUARE-WAVE OUTPUT (50Hz)

i1y = 4000A 0P QUTPUT 50H2 = Fy

Cr = 20pF BOTTOM: SYNC
lin = 504
Cr=1uF

MAXIMN 5
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High-Frequency Waveform Generator

Typical Operating Characteristics (continued)

(Circuit of Figure 1, V+ = DV+ = 5V, V- = -5V, Vpapy = VFaD) = VPoI = VPDO = OV, RL = 1K€, CL = 20pF, Ta = +25°C, unless

otherwise noted.)

SQUARE-WAVE OUTPUT (20MHz)

Iy = 400uA
Cy = 20pF

FREQUENCY MODULATION USING ioy

TOP: QUTPUT
BOTTOM: hy

FREQUENCY MODULATION USING FAD)
500w 100#5

v-lr;’ RN AR R AL ] Py

X o
e 'U
b el LUV el UV 810

TOP: OUTPUT
BOTTCM: FAD)

FREQUENCY MODULATION LISING Ity

TOP: QUTPUT
BOTTOM: 1y

PULSE-WIDTH MODULATION USING DAD)

TOP. SQUARE-WAVE OUT, 2¥p.p

BOTTOM: Vpapy, -2V to +2.3V

MAXIMN




High-Frequency Waveform Generator

Typical Operating Characteristics (continued)
{Circutt of Figure 1, Ve = DV = BY WV = OV VpaD: - Vian T - Ve - Veog - OV R - ke, CL - 20pF Ta o 25°C nnfess
othoranse noted

OUTPUT SPECTRUM, SHEE WAVE OUTPUT SPECTRIM, SINE WAVE
Fo = 11.5MHz) Fo = 5.9kHz)
0 1] ey f
R = 15K iy = 251, c; " 20pF. H R = 51K (Vi = 2.5V), Cr = 0.0TpF ]}
0T Vo) = 40mV, Vrap) = g -10 —1]VMDJ=50mV. Vrapy = OV :
-20 I -20
g -30 g -30
5@ g
= =
3 50 % 50
S %0 & 0
£ i =
< .10 < .30
80 oot 80 {
-90 -90 l I
-100 100
0 10 20 30 40 50 60 TO 80 90 00 0 5 1015 20 25 30 35 40 45 50
FREQUENCY (MHz) FREQUENCY (kHz)
Pin Description
PIN FUNCTION
o S0V bundagap vn\iﬁcﬁ_!r?_l(lrlu outaul - i} -
269 :
LU b GND wround”
IRTURT Gronnd
| SR S S . . S
fL 3 AQ W uumrm soluction mput, TT1 CMOS ¢ cor p.‘u Hes |
- —— Hmmm ——— ———————— 4
i 4 Al M(Jr’n selection mplr TT{ ()% comrpabble !
‘r G COLC Lyior i e p(u iLor conne |or1
: / DAL Duty-cye le> axchjuist ir ”Jul
' 3 AL ot recuency (1(11 hl it mu'
10 [ t Inpl W Tor ‘reqm—*n( y Con lml '
12 | Ppo
13 PO :
14 Sy i M()‘: COMmy; )(.l.'l\r‘ tm[pvt raferan EJ(i Dotwoen IJ(;N[ Hmi I \a’ I’ va e internss one H\ Horlo h
- synchromzed wh th amextemnad signal Leave open b unused,
15 DCND U\(;FMI (]If)l H(I o T - B

i Sine, a(“lr re, ot 11{‘K|\&’ ol
___* S —— S
\

-0 suDply WLt

L AR . S

* The five GND pins are not internally connected. Connect all five GND pins to a quiet ground close (o the device. A ground plane is
recommended (see [ .tyout Considenation:s).

MAXIMN 7
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High-Frequency Waveform Generator

3 4
CoTTTTTTTT T sl AT ‘
5 . COsC TRIANGLE :
J_ ' 0sCILLATOR | 95CA SINE SINE '
o— 6 ' GND 0506 SHAPER ;
L : ‘
— +
: - TRIANGLE MUX '
i SQUARE ‘
:
8 | FADJ OSCILLATOR - :
7 :DAD J CURRENT COMPARATOR .
T * GENERATOR » - i
! I :
LRL S MAXIMN :
: MAXO38 .
Re 2 R Rin . - 250pA E
H / :
1
; 8 SYNC M4
! L] COMPARATOR -
11 REF 25V — :
' s ot VOLTAGE .
f— ! REFERENCE '
! ;
" ' :
. L}
- J__“_‘ 70y - > PO ;12
» 0 Ty > PHASE - :
5V —@ o DETECTOR . PDI ' 13
T_'| 2,6,11,18 | GND > - :
[ ! H
: E
g ! '
— 1 N
' DGND DV+ ;
N Y
e
*
—— - SIGNAL DIRECTION, NOT POLARITY = v

* = BYPASS CAPACITORS ARE 1pF CERAMIC OR 1uf ELECTROLYTIC IN PARALLEL WITH 1nF CERAMIC,

Figuee 1 Block Diacraen dined Basic Opociingg Circit

Detailed Description

The MAX038 is a high-frequency function generator
that produces low-distortion sine, triangle, sawtooth, or
square {pulse) waveforms at frequencies from less than
1Hz 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 outpul 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 MAX03B 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 controlled by the cur-
rent flowing into IIN, and are modulated by the voitages
applied to FADJ and DADJ. The current into IIN can be
varied from 2pA to 750pA, producing more than two
decades of frequency for any value of Cr. Applying
+£2.4V 10 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 voitage changes the CF
charging and discharging current ratio while maintaining
nearly constant frequency.

MAXIMN




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 ta
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. AO and AT,
control which of the three waveforms is selected. The
output amplifier produces a constant 2Vp-p amplitude
{x1V), 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-quadraturc 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 MAX038 can produce either sine, square, or trian-
gle waveforms. The TTL/CMOS-logic address pins {AQ
and A1} set the waveform, as shown below:

A0 A1 WAVEFORM
X 1 Sine wave

0 0 Square wave

O 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 0.5us.

Waveform Timing

Output Frequency
The output frequency is determined by the current
injected into the 1IN pin, the COSC capacitance {to
ground), and the voltage on the FADJ pin. When

MAXIMN

VraD) = OV, the fundamental output frequency {Fo) is
given by the formula:

Fo (MHZ) = liny (WA} = CF (pF) (1]
The period (o) is:

to {ps) = CF (pF) = N (pA) (2]

where:
liN = current injected into |IN (between 2pA and
750pA)

Cr = capacitance connected to COS5C and GND
(20pF to >100uF}).

For example:

0.5MHz = 100pA + 200pF
and

2us = 200pF ~ 100pA

Optimum performance is achieved with IN between
10pA and 400pA, although linearity is good with IIN
between 2uA and 750pA. Current levels outside of this
range are not recommended. For fixed-frequency oper-
ation, set liN 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
100uF, 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-loop amplifier forces HIN to virtual
ground, with an input cffset voltage less than +2mV. 1IN
may be driven with either a current source (LIN), or a
voltage (Vin) in series with a resistor (RIN). (A resistor
between REF and lIN provides a convenient method of
generating IIN: N = VREF/RIN.) When using a voltage
in series with a resistor, the formula for the oscillator fre-
quency is:
Fo (MHz) = Vin = [RIN X CF {pF)]  [3]

and:

to (ps) = CF (pF) x RiN = VIN (4]

8EOXVIN



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 Viy modulates the oscilla-
tor frequency. For example, using a 10k resistor for
Riy and sweeping VN from 20mV to 7.5V produces
large frequency deviations (up to 375:1}. Select RiN so
that IN stays within the 2pA to 750pA range. The band-
width of the IIN control amplifier, which limits the modu-
lating signal's highest frequency, is typicaily ZMHz.

liN 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 OV, the N error increases
due to the offset voltage of HN.

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

FADJ Input
The output frequency can be moduiated by FADJ,
which is intended principally for fine frequency contral,
usually inside phase-locked loops. Once the funda-
mental, or center frequency (Fo) 15 set by [N, it may be
changed further by setting FADJ to a voltage other than
OV. This voltage can vary from -2.4V to +2.4V, causing
the autput 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 frequency
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:

VEADJ = -0.0343 x Dx (5]

where VFaDJy. the voltage on FADJ, is between
-2.4Vand +2.4v.

Note: While: Ly is directly proportional 1o 1he fendamen-
tl, o contar froquency {Fo) Vi abg s lincarly related to
Wdeviation Trom e Viap) goos 1o cither sidde of 0V,
corresponding o plus and minus deviation,
The voltage an FAD lor any froguency is given Dy tho
formuli;

Vian) - (Fu-Fx) - (02916 xFo)  [6]
where:

Fx output reguency

o - froguency wihen VEAD T - OV,
Likowise, Tor poriocd calcutations,

Vial) 343 % (- o) oty i
wihiere:

by - OUIpLIL period

10

oy - poriod whon Va0V
Conversely, it Viapg is known, the froquency s given
Eyy:
Py = Tox (1-]029 0 xMramll 18
Aanc the poriad (L s
(1-40.2915 x VEaD ) 191

U = o -
Programming FADJ

FAD has a 250p/ constant current sink to V- that must
b furnishod by the voltage source. The source & s
ally an op-amp output, and the temporature: coofficion
of the current sink becomoes unimpaortant. For manuat
adjustment of the daoviaiion, a varnable resistor can ho
used to set VEan s but then the 250pA current sink’s
tempoeratere coelficiont hecomes significant. Sinee
external resistors connot match the internal temper-
lure-coctficiont curve, using external resistors 1o [ro-
gram ViEaDd 5 mtendoed only for manual operation,
whien the operator can correct for any errors, 1his
resiriction does not apply whoen VEAD) 15 8 truo voltage
souree,
A variable rosistor, Ry, connectod botweoen REF (+2.5V)
and FADD provides a conveniont means of manualy
sclting the frequency deviation. The resistance vaiue
Ry s

R (ViaLy - Vi Al - 2001A 110;
VRLE and VEAD are signed numbers, s0 Use carrect
algebrawe convention. For example, if VEAR ) is 2.0V
(1 68.3% doviation), the formula becomes:

Ri - {+2.0V - (-2.0V)) - 250pA

{A.5V) = 250pA
- 18kL2

Disabling FADJ
Tre FADD circuit adds a small temperature cactficient
o the oulpal roguency. For aritical open-ioop applica-
tions, it can be wrned off by cormoecting FADS o GND
(ot RLEF) through o 12kE resistor (RTin igure 20 The
2o0pA curment sink at FAR) causes -3V 1o he devel
opcd across this resistor. producing two results. Tirst,
the FAD T circuit remains i ils inear region, but discon-
nects isell rom the maw oscillator, improving lempera-
wire stability. Sccond. o oscillator freguency doubles.
If FADD s turmed off in this manner, Be sure to correct
cruations 1-4 and 6-9 above, and 12 and 14 bolow by
claubling o or hatving oo Athough this method doubles
the narmal output hequency, it does not double the
uppor frogquency limit. Do nol operate FADS open cir-
cuit ar wilth voltages more nogative than =30V Doing
S0 Ay Cause ransislar saturation nside the K oadl-
g to unwaniod chanqes in frequency and daty cycle,

MAXIMN
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! 1

-5y 4By E PRECISION DUTY-CYCLE AQJUSTMENT CIRCUIT E

! ; ;

1 g5y R4 RS a5y :

FRFQUENCY . 2 “A‘] l - ! 100k 100Ke2 :
+ j_ REF - 3 W A aVAVATA —/ VW REF '
A = ' '

DAD)  MAX038 . maxim |

R2 ! MAX038 '

9 ' !

SINE-WAVE ! :

5| ™ our oUTPUT R7 - R’ !

FAD) : 100k82 100KkE2 i

R g L NE = L SAMNWANNAN !
122 BONDJ> ‘ R6 :
| 1

swc - ne : S .

= POt 13 . + :

5 12 ~ 2x 25V : :

N PO o TN Cr : DAD) :

GND GND GND GND GND ' p |

1 = -

! :

'

3 1

! i

! ]

ADJUST RE FOR MINIMUM SINE-WAVE DISTORTION

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

With FAD.) disabled, the output frequency can still be
changed by modulating liN.

Swept Frequency Operation
The output frequency can be swept by applying a vary-
ing signal to IIN or FADJ. lIN has a wider range, slightty
slower response, lower temperature coefficient, and
requires a singie 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
toops and other tow-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 IIN 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}. Normalfly, Vpapy = OV, and the
duty cycle is 50% (Figure 2}. Varying this voltage from
+2.3V to -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.

MAXIMN

DADJ can be used to reduce the sinc-wave distortion.
The unadjusted duty cycle (Vpans = 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 formuta:

VpaDJ = (50% - dc) x 0.0575 [11]
or:

Vpaps = (0.5 - [toN = ]} x 575 [12]
where:

Vpap) = DADJ vaoltage (observe the polarity)

dc = duty cycle {in %)

toN = ON (positive) time

to = waveform period.
Conversely, if VpaDJ is known. the duty cycle and ON
time are given by:

dc = 50% - (VpADJ x 17.4) (13]

toN = tox (0.5 - [VDADJ x 0.174])  [14]

11
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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 cannot match the
internal temperature-coefficient curve, using external
resistors to program Vpapy is intended only for manual
operation, when the operator can correct for any errors.
This restriction does not apply when Vpap.y 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
(RD) is:

RD = (VREF - VDADJ) + 250pA [15]
Note that both VREF and VpapJ are signed values, so

observe correct aigebraic convention. For example, if
VpanJ 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 B5% has
minimal effect on the output frequency—typically less
than 2% when 25uA < Iy < 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. QUT has an
output resistance of under 0.1Q2, and can drive +20mA
with up to a 50pF load. Isolate higher output capaci-
tance from QUT with a resistor {typically 504} or buffer
amplifier,

Reference Volitage
REF is a stable 2.50V bandgap voltage reference capa-
ble of sourcing 4mA or sinking 100pA. It is principally
used to furnish a stable current to HN 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 triangte wave that varies
between OV and -1V. Polarized capacitors are generally
not recommended (because of their outrageous tem-
perature dependence and teakage currents), but if they
are used, the negative terminal should be connected to
COS5C 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/CMQS-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
OV. 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 controf.

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 signal {Figure 3). The
external source is connected to the phase-detector
input (PDI) and the phase-detector output is taken from
PDQ. PDQO is the output of an exclusive-OR gate, and
produces a rectangular current waveform at the
MAX038 output frequency, even with PD! grounded.
PDO is nermally connected to FADJ and a resistor,
Rpp, 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.

MAXIAMM
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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:

Ko = 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 RpD,
creating VFADJ (both polarities). For example, as the
phase difference increases, PDO duty cycle increases,
the average current increases, and the voltage on RpPD
{and VFaDJ) becomes mare positive. This in turn
decreases the oscillator frequency, reducing the phase
difference. thus maintaining phase lock. The higher
RpD is, the greater VFaD) 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

charge Cpp, so0 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-ioop 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 = Awg - AVFADY [17]
which, from equation [6] is:

Ko = 3.43 x wg {radians/scc) (18]
The loop gain of the PLL system {Ky) is:

Ky = Kp x Ko [19]
where:

KD = detector gain
Ko = osciliator gain.

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

T(s)=KpxKoxF(s) =5 [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)] [211

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 PO 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 MAX(038's
internal phase detector, but the optional +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 tocks
onto only the fundamental of the external oscillator,
With no external oscillator input, the output of the fre-
guency phase detector is a positive DC voltage, and
the oscillations are at the lowest frequency as set by
R4, R5, and R6.
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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 o it. Bypass V+ and V-
directly to the ground plane with 1uF 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 1o the ground plane, and a second
1nF ceramic should be connected as close as possible
between DV+ and DGND (pins 16 and 35). It is not
necessary to usc a scparate supply or run scparate
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 IIN. Place CF so its connection
to the ground planc 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 TkHz incre-
ments. A Motorola MC145151 provides the crystal-con-
rolled oscillator, the =N circuit, and a high-speed phase
detector. The manual switches set the outpLt frequency;
opening any switch increases the output frequency.
Each switch contrels 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 o 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-

Package Information
Far the tatest package outling information. go o
wWww.maxim-ic.com/packages

tor compares the =N output with the MAX038 SYNC
output and scnds differential phase information to Ub.
U5's single-ended output is summed with an offset into
the FADJ input. (Using the DAC and the HN pin for
coarse frequency control allows the FADJ pin to have
very fine control with reasonably fast response 1o switch
changes.)

A 50MHz, 508 lowpass filter in the output allows pas-
sage of 16MHz square waves and triangtc waves with
reasonable fideiity, while stopping high-frequency noise
generated by the +N circuit.

Chip Topography

GND REF V- out
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FADJ GND 1IN GND PDO
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(2.692mm)

TRANSISTOR COUNT:
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Philips Semiconductors

Product data

Low power dual operational amplifiers

NE/SA/SES32/
LM258/358/A/2904

DESCRIPTION

The 532/3584 M2804 consists of two independent, high gain,
internally frequency-compensated operational amplifiers internally
frequency-compensated operational amplifiers designed specificaily
o operate from a single power supply over a wide range of voltages.
Qperation from dual power supplies is also possible, and the low
power supply current drain 15 independent of the magnitude of the
power supply voitage.

UNIQUE FEATURES

In the linear mode the inpul common-mode voitage range includes
ground and the oulput voltage can also swing 1o includes ground
and the output voitage can also swing to ground, even though
operated from only a single power supply voltage. The unity gain
cross frequency is temperature-compensated. The input bias current
is also temperature-compensated.

FEATURES

® |nternally frequency-compensated for unity gain

® | arge DC voltage gain: 100 dB

® Wide bandwidth {unity gain): 1 MHz {temperature-compensated)

® \Wide power supply range single supply: 3 Vpc to 30 Ve,
or dual supplies: +1.5 Vpe to 215 Vpe

® Very low supply current drain {400 uA)—essentially independent
of supply voltage (1 mW/op amp at +5 V)

® | ow input biasing current: 45 nApc temperature-compensated
® L ow input offset voltage: 2 mVy.. and offset current: 5nApe
® Diflerential input vollage range equal to the power supply voltage

® | arge output voltage: 0 Ve to V+ 1.5 Ve swing

PIN CONFIGURATION

D, DP, and N Packages

DUTRPUT A
IMVERTING INPLT A
NON CNVERTING INFLT & 3

P

R

JARTAN

a e
TOOuTPUY A
S INVERTING INFUT B

5 NONINVERTING INFUT B

Gi.oiaaz

Figure 1. Pin configuration.
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Figure 2. Equivalent circuit.
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Philips Sennconductors Product data
Low power dual operational amplifiers NE/SA/SES32/
LM258/358/A/2904
ORDERING INFORMATION
DESCRIPTION TEMPERATURE RANGE ORDER CODE DWG #
8-Pin Plastic Small Outline {SO) Package 0 Cto+70"C NES32D SOT96-1
8-Pin Plastic Dual in-Line Package (DIP) 0%Cto+70"C NES32N 807971
8-Pin Plastic Small Outiine {SO) Package -40 °C to +85°C SA532D SOTSG6-1
8-Pin Plastic Small Outiine {SO) Package 40 *Cto +125°C LM2904D SOT96-1
B-Pin Plastic Thin Shrink Small Qutline Package (TSSOP) -40 “Cto +125 °C LM2904DF SQT505-1
8-Pin Plastic Dual In-Line Package (DiP) —40-C to +125+C LMZ2904N SOT97-1
8-Pin Plastic Small Qutline {SO) Fackage -25°Cto+125°C LMZ258D S0OT96-1
§-Pin Plastic Dual In-Line Package (DIP) -25 'Clo+125'C LM258N S0TY7-1
8-Pin Plastic Smail Quiline (SQ) Package 0-Cto+70+C LM358D SOTHB-1
8-Pin Plastic Thin Shrink Smal! Cutiine Package (TSSOP} 0-Cto+70°C LM3580F SOTH05-1
8-Pin Plastic Dual In-Line Package (DIP) 0 Cto+70+C |.M358N 507971
8-Pin Plastic Smail Qutline (S0} Package 0*Cto+70%C LM353AD 5074961
§-Pin Plastic Dual in-Line Package {DIP} 0-°Cto+70+C LM358AN SQOTY7-1
8-Pin Plastic Dual In-Line Package (BIP} -55°C to +125 °C SESL3EN SOTH7-1
ABSOLUTE MAXIMUM RATINGS
SYMBOL PARAMETER RATING UNIT
Vg Supply voltage, V+ 32 or =16 Voo
Differential input voltage 32 Vg
ViN Input voltage -0.3 10 +32 Vne
Maximum pawer dissipation
Tamb = 25 °C {Still air)!
Po N package 1160 mvy
D package 780 mw
DP package 714 mW/
Qutput shor-circuit to GND?2
V+ <15 Vpe and Tayy = 254C Continugus
Operating amhient temperature range
NES32/LM358/LM358A Dto+70 °C
T LM258 -25to +85 “C
amb LM2904 -4Dt0 +125 ‘¢
SA532 -40 to +85 °C
SE532 ~55to +125 “C
Tsty Storage temperature range —-65 to +150 v
Tsig Lead soldering temperature (10 sec max) 230 “C
NOTE:

1. Derate above 25 C. at the following rates:
N package at 9 3 mW/°C
D package at 6.2 m\W/"C
DP package at 5.72 mWr°C

2. Shorl-circuits from the output to V+ can cause excessive heating and eventual destruction. The maximum gutput current is approximalely
40 mA independent of the magnitude of V+. At values of supply vcitage in excess of +15 V. continuous short-circuits can exceed the

power dissipation ratings and cause eventuat destruction.
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Fhilips Semiconductors Product data
Low power dual operational amplifiers L M258/358/A/2904
DC ELECTRICAL CHARACTERISTICS
Tamp = 25 *C; V+ = +5 V, unless otherwise spacified.
NE/SAS32/
SE532, LM258
SYMBOL PARAMETER TEST CONDITIONS LM358/LM2904 UNIT
Min Typ Max Min Typ Max
Rg=0¢: 2 +5 12 =7 my
Vs Offset voltage! -
Rg = 0 Q2 over temp. =7 =0 my
Vos Drift Rg = 0 L2, over temp. 7 7 pvre
hraees — linge :3 =30 +5 50 nA
Ing Offset current i )
Over temp. =100 =150 nA
los Drift Over temp. 10 10 pAfC
y "N(‘] ar IiNf—J 45 150 45 250 nA
IBias tnput current B
Iinggsy OF gy, Over temp. 40 300 40 500 nA
Ig Drift Over temp. 50 50 pASC
y Common-mode voltage Y+ =30V 0 V+-1.5 0 V+-1.5 v
M range? V+ = 30V Over temp. 0 Viz0 1 0 V20| W
CMRR | Gommon-moge rejection V=30V 70 85 65 70 48
ratio
. Ry = 2 k{2 V+ = 30 V. over temp. 26 26 \4
Vi Qutput voliage swing
R = 10 ki V+ = 30 V. over temp. 27 28 27 28 v
Vi Output voltage swing R = 10 ki); over temp 5 20 5 20 my
R =r W+ =30V 0.5 1.0 0.5 1.0 m#A
lce Supply current S : ifiers: M+ = :
cC pply Ry == on all amplifiers: V+ = 30V, 05 12 06 12 A
over temp
RL 2K VOUT 10V 50 100 25 100 Vimy
A Large-signal voltage gain = - :
WOL ge-sig geg V+=15V (for large Vi swing): 25 15 VimV
aver temp
PSRR rsa‘:%ply voltage rejection Rg =0 65 | 100 65 | 00 B
Ampll_ﬁer;lo-amphf;er f=1kHz 1o 20 kHz (input referred) - 120 -120 dB
coupling
Vine = +1 Voo Vie = 0Vpe!
V4 = 15 Ve 20 40 20 40 mA
Output current (Source) y PRI oV
M+ = DC VING = [3Ten ;
W+ = 15 Ve over temp. e 20 10 20 mA
Vi = +1 Vg Vine = 0 Ve -
louTt V4 =15 Vpe 10 20 10 20 mA
. Vin. = +1Vpo Vine = 0 Ve:
A
Output current (Sink} V+ = 15 Vo over temp. 5 8 5 8 m
Vine = 0V Vi = +1 Ve
Vo = 200 mV 12 50 12 50 nA
lsc Shart circuit current® 40 60 40 60 mA
Differential input vokage® v+ V+ W
GBwW Unity gain bandwidth Tamp = 25 °C 1 1 MHz
SR Slew rate Tamb = 25 °C 0.3 03 Vius
VNOISE Input naise voitage Tamh = 25 °C; f= 1kHz 40 40 nviHiHz

(MNotes on next page).
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Phitips Semiconductors

Product data

NE/SA/SES32/

Low power dual operational amplifiers LM258/358/A/2904

DC ELECTRICAL CHARACTERISTICS (continued)
Tams = 25 °C; W+ = +5 V; unless otherwise specified.

LM3IS8A
SYMBOL PARAMETER TEST CONDITIONS - UNIT
Min Typ Max
Rg=00 12 %3 my
Vos Offset voltage' 2
Rg =04y overtemp. 5 my
Vos Drift Rg =0 L2 over temp 7 20 e
| T 5 =30 nM
los Offset current N T N
Over temp. +75 nA
log Drift Qver temp. 10 300 pA/C
| or ling.. 45 100 nA
Igiag Input current? ) = NG
liNg+) OF fing-y. Gver temp. 40 200 nA
g Drift Over temp 50 pASC
. V=30V (] V+-1.5 v
Viom Common-mode voitage range?
V+ = 30V Overtemp. 0 V+-2.00 v
CMRR Commeoen-mode rejection ratio WVt = A0V 65 85 dB
. R 2 2 k&, v+ = 30 V. over temp. 26 V
VoK Cutpul voltage swing -
R =10 ki V+ = 30V, over temp. 27 28 V
Vor Output voltage swing R = 10 k&2, over ternp 5 20 my
Ry=m V+=30V 05 1.0 mA
lce Supply current -
R = = on all amplifiers: V+ = 30 V, over temp. 06 1.2 mA
. . Ry 2k Vot 10V 25 130 Vimv
Proon Large-signal voltage gain -
V+ =15 V {for large Vo swing), over temp 15 Vimy
PSRR Supply voltage rejection ratio Rg=012 65 100 a8
Amplifier-to-amplifier coupling? f=1kHz to 20kHz (input referred) -120 dB
Vine =1 Ve Vin- = 0 Vpe: V+ = 15 Ve 20 40 mA
Output current {Source) Vine = +1 Vi Vi, = D Ve V+ = 15 Vi
INe =T Ve Vi ne: oe: 10 50 mA
over temp
iOUT V|N =+1 VDC‘;VFN"' =0 Vi V+ =15 VDC 10 20 mA
AV} =+ .= - =15 -
Cutput current (Sink} N F HEVRC Vi, = 0Vpgive =15 Vg, 5 ] mA
over temp.
Vine = OV Vo = +1 Ve Vi = 200V 12 50 uA
lse Shart circuit current? 40 60 A
Differential input voltage Vi Y
GBW Unity gain bandwidth Tamp = 25 °C 1 MHz
SR Slew rate Tame = 25°C 03 Vius
Volse Input noise voltage Tamb = 25 °C; f=1kHz 40 NVHZ
NOTES:
1. Vpo=14V Rg=0with V+ from 5 V to 30 V; and cver the full input common-mode range (0 V1o V+ —1.5 V).
2. The direction of the input current is out of the IC due to the PNP input stage. This current is essentially constant. independent of the state af
the output so no loading change exists on the input lines.
3. The input common-mode voltage or either input signal voltage should not be aliowed to go negative by more than 0.3 V. The upper end of
the common-mode vollage range is V+ —1.5 V, buf either or both inputs can go to +32 V withcut damage.
4. Due to proximity of external components, insure that coupling is nof originating via stray capacitance between these exiernal parls This
typically can be datecled as this type of capacitance coupling increases at higher frequencies
5. Short-circuits from the culput to V+ can cause excessive heating and eventual destruction. The maximum output current is approximatety
40 mA independent of the magnitude of V+. At values of supply vollage in excess of +15 Ve, continuous short-circuits can exceed the
power dissipation ratings and cause eventual destruction
G. The input cormmon-mode voltage or either input signal voliage shouid not be allowed to go negative by more than 0.3 V. The upper end of

the commoen-mode voltage range is V+ —1.5 V. but either or both inputs can go to +32 VY without damage
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Philips Senucenductors

Product data

Low power dual operational amplifiers

NE/SA/SE532/
LM258/358/A/2904

TYPICAL PERFORMANCE CHARACTERISTICS

Supply Current
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0 1 ! 1
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Figure 3. Typical performance characteristics.
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TYPICAL PERFORMANCE CHARACTERISTICS (Continued)

Input Voltage Range Input Current o Common-Mode Rejection Ratio
a
15 1 S & 120
i E
" J 2 oo
3 Sl e g S
H] o 5 :
o 10 g & [ S B e i
Q NEGATIVE / bt e o ' i
&3 z %0 - siay wi MR
B [ VET 15V 9 gol— o Nk —
> FOSITIVE 40 2 10068 N
5 o e — ; ] »
2 s 5 30 8 a0l — . 5 -
2 / T z . 10604 £
IZ < w W B 2 V) WA L
7 / L [ o = ORE T5vre B
i z =
[} Lol s 0t L. H |
0 5 10 15 -55 =35 =15 5§ 25 45 &5 b5 105 125 O .o 1k 10k 100K ™
V* OR ¥V~ — POWER SUPPLY VOLTAGE {+ Ve Tant, — TEMPERATURE {"C} f - FREQUENCY {Hz)
8100285
Figure 4. Typical performance characteristics (continved).
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Low power dual operational amplifiers

S08: plastic small outline package; 8 leads; body width 3.9 mm 507961
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DiP8:
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TSSCOPB: plastic thin shrink small outline package; 8 leads; body width 3 mm SOT505-1
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Data sheet status

Product Definitions

{1
Data sheet status status i
Ohjective data Development | This data sheet contains data from the abjective specification for product development.

Philips Semiconductors reserves the right 1o change the specification in any manner without nofice.

Preliminary data Qualification This data sheet contains data from the preliminary specification. Supplementary data will be
published at a later date. Fhilips Semiconductors reserves the right to change the specification
without notice. in order to improve the design and supply the best possible product

Product data Production This data sheet contains data from the product specification. Philips Semiconductors reserves the
right lo make changes at any time in order to improve the design, manufacturing and supply.
Changes will be communicated according to the Customer Product/Process Change Notification
{CPCN) procedure SNW-5Q-650A

Ating or compdeting a design

{1] Please consui Ihe mesi recently issued data shaet belora nit

[2] The product status of the dewice(s) descrbed in this dala sheet may have changed since s daia shael was pubhshed. The lawest information s avanlatie on the iniemst al VR,
hitp ifwww semiconductors phiips com

Definitions
Short-form specification - The data m a short-form spacification is extracted from a full data sheat with the same type number and titte. For
detailed information see the relevant data sheet or data handbook

Limiting values definition — Limiting values given are in accordance with the Absclute Maximum Rating System (IEC 50134). Stress above one
ar more of the limiting values may cause permanent damage to the device. These are stress ratings only and operation of the device at these or
atany other conditions above those given in the Characieristics sectlions of the specification is notimplied. Exposure to fimiting values for extended
periods may affect device reliability.

Application information — Applications that are described herein for any of these products are for illustrative purposes only. Philips
Semiconductors make no representation or warranty that such applications will be suitable for the specified use without further testing or
madification.

Disciaimers

Life support — These products are not designed for use in life support appliances, devices or systems where malfunction of these products can
reasonably be expected to resultin personal injury. Philips Semiconductors customers using er selling these products for use in such applications
do so at their own risk and agree te fully indemnify Philips Semiconductors for any damages resulting from such application.

Rightto make changes— Philips Serniconductors reserves the right to make changes, without notice, in the products. including circuits. standard
celis. andfor software, described or contained herein in order fo improve design and/or performance. Philips Semiconductors assumes no
responsibility or liability for the use of any of these products, conveys no license or title under any patent. copyright, or mask work right fo these:
products, and makes no representations or warranties that these products are free from palent, copyright. or mask work right infringement, unless
otherwise specified.

Contact information 2 Koninklijke Philips Electronics N V. 2002

For additional information please visit All rights reserved. Printed in U.S A

http:/iwww.semiconductors.philips.com. Fax. +31 40 27 24825
Date: of reloase: U8-04
For sales offices addresses send e-mait {o:

i ili g £ HIY H] | 2 75 e -
sales.addresses@www.semiconductors.philips.com Documant orsien number: $397 7hU 10187
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