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Abstract
Present FM system is widely used in Thailand . This paper presents a stereo multiplex FM transmitter at

frequency of 88 MHz and frequency systhesizer system is used for construct carrier signal.
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National Semiconductor
CD4066BM/CD4066BC Quad Bilateral Switch
General Description
The CD40668M/CD4066BC is a quad bilateral switch in-  ® Extremely low “OFF" 0.1 nA (typ.)
tended for the transmission or multiplexing of analog or digi- switch leakage @ Vpp—Vss=10V, Tp=25°C
tal signals. It is pin-for-pin compatible with CD4016BM/ = Extremely high control input impedance 1012Q(typ.)
CD4016BC, but has a much lower “ON" resistance, and @ Low crosstalk —50 dB (typ.)
“ON" resistance is relatively constant over the input-signal between switches @ fs=0.9 MHz, R_=1kQ
fangs. ® Frequency response, switch “ON’ 40 MHz (typ.)
Features Applications
| Wide supply voltage range 3V to 15V ® Analog signal switching/multiplexing
® High noise immunity 0.45 Vpp (typ.) « Signal gating
m Wide range of digital and +7.5 Vpeak o Squelch control
analog switching o Chopper

m “ON" resistance for 15V operation 800 » Modulator/Demodulator
m Matched “ON" resistance ARoN=51 (typ.)

) " e Commutating switch
over 15V signal input

A 5 ® Digital signal switching/multiplexing
m “ON" resistance fiat over peak-to-peak signal range & CMOS logic implementation
Shmhoni e €508 (%) g Anglog-to-digital/digitak-to-anaiog conversion
output vollage fato = 0K Rlﬁ“o k@ Digital control of frequency, impedance, phase, and an-
® High degres linearity 0.1% distortion (typ.) alog-signal-gain
High degree linearity @ fig=1 kHz, Vig=5Vpp,
High degree linearity Vpo—Vss=10V, R =10 kQ

Schematic and Connection Diagrams

-‘i}— ouTAN

Order Number CD40668

Dusal-in-Line Package
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suUTAN _2—1 "‘l CONTROL A
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Ve — b mut
TUF/5665-1
Top View
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Absolute Maximum Ratings (Notes 182)

if Military/Aerospace specitied devices are required,
please contact the National Semiconductor Sales

Recommended Operating

Conditions (Note 2)

3V to 15V
Office/Distributors for availability and specifications. f""‘:’\ylvi‘:'age (Voo) th
Supply Voltage (Vpp) ~0.5Vto +18V O"p“ ﬁ° 39 Vi) s op
i perating Temperature Range
Input Voltage (Vin) 0.5V to Vpp+0.5V pblel Cme s
Storage Temperature Range (Ts) —65°C to + 150°C CD40668C —40°C to +85°C
Power Dissipation (Pg)
Dualdn-Line 700 mW
Small Outline 500 mW
Lead Temperature (T|)
(Soldering, 10 seconds) 300°C
DC Electrical Characteristics co4ossaM (Note 2)
—55° + +125°C
Symbol Parameter Conditions 351C 23.C Units
Min | Max | Min Typ Max | Min | Max
iop Quiescent Device Current | Vpp=5V 025 0.01 0.25 7.5 pA
Vpp=10V 0.5 0.01 05 15 LA
Vpp=15V 10 0.01 1.0 30 pA
SIGNAL INPUTS AND OQUTPUTS
Vpp—V:
Ron | “ON" Resistance R =10k to—20 35
Vc=Vpr Vis=VsstoVop
Vpo=5. 800 270 | 1050 1300 | Q
Vpp= 10V 310 120 | 400 55 | @
Vpp=15V 200 80 240 320 Q
Vpp— V
ARon | A“ON" Resistance RL= 10k to 22— 58
Between any 2 of Ve=Vpp. Vis=Vss 10 Vpp
4 Switches Vpp=10V 10 Q
Vpp= 158V 5 0
Iis Input or Output Leakage | Vc=0 +50 +0.1 +50 +500 | nA
Switch “OFF" Vig =15V and OV,
Vog=0V and 15V
CONTROL INPUTS
Vite Low Level Input Voitage Vis=Vss and Vpp
Vos=Vppand Vss
lg= +10 pA
Vpp=5V 1.5 225 15 15 Y
Vpo=10V 3.0 45 3.0 3.0 v
Vpp=15V 4.0 675 | 40 4.0 v
Viuc High Level Input Voltage Vpp=5V 3.5 35 275 3.5 \4
Vpp= 10V (see note 6) 7.0 7.0 55 7.0 v
Vpp=15V 11.0 10| 825 11.0 v
N Input Current Vpp—Vss=15V +0.1 =105 B +1.0 rA
Vpp2Vis2Vss
Vpp2Vc2Vss
DC Electrical CharacteristiCs cp40668C (Note 2)
Symbol Parameter Conditions 40 2510 H800 Units
Min Max Min Typ Max Min Max
oo Quiescent Device Current | Vpp=5V 10 0.01 1.0 75 s
Vpp=10V 20 0.01 2.0 15 nA
Vpp=15V 4.0 0.01 4.0 30 pA




DC Electrical CharacteristiCs (Continued) CD40668C (Note 2)

- + +85° :
Symbol Parameter Conditions 400 255 < Units
Min | Max | Min l Typ l Max | Min | Max
SIGNAL INPUTS AND OUTPUTS
Vpp—V.
Ron “ON" Resistance R =10k to—22——SS
Vc=Vop. Vss to Vpp
Vpp=5V 850 270 1050 1200 Q
Vpp=10V 330 120 | 400 520 Q
Vpp=15V 210 80 240 300 Q
Vpp—V:
ARON | A“ON” Resistance RL=10 kQ to—22_—SS
Between Any 2 of Vee= Voo, Vis=Vss to Vop
4 Switches Vpp=10V 10 Q
Vpp=15V 5 Q
s input or Output Leakage | Vc=0 +50 +0.1 +50 +200 nA
Switch “OFF"
CONTROL INPUTS
ViLe Low Level Input Voltage | Vis=Vss and Vpp
Vos=Vpp and Vsg
== 10pA
Vpp=5V 15 2.25 1.5 15 v
Vpp= 10V 3.0 45 3.0 3.0 v
Vpp=15V 4.0 6.75 40 40 %
ViHe High Level Input Voltage | Vpp=5V 35 35 | 275 35 v
Vpp= 10V (See note 6) 7.0 7.0 5% 7.0 \"
Vpp=15V 11.0 110 | 825 11.0 Y
N Input Current Vpp—Vss=15V +'Qi9 +10-5| 0.3 +10 | pA
Vpp2Vis2Vss
Vpo2Vc2Vss
AC Electrical Characteristics® 1,=25°C, t,=4=20 ns and Vss =0V unless otherwise noted
Symbo! Parameter Conditions Min Typ Max Units
tpHL. tPLH Propagation Detay Time Signal Vc=Vpo. Ci =50 pF, (Frgure 1)
input to Signal Output Ry =200k
Vpo=5V 25 55 ns
Vpo= 10V 15 35 ns
Vpp= 15V 10 25 ns
tozi. tPZL Propagation Delay Time R_=1.0 k1, G =50 pF, (Figures 2 and 3)
Control Input to Signal Vpo=5V 125 ns
Output High Impedance to Vpp= 10V 60 ns
Logical Level Vpp= 18V 50 ns
tenz. terz Propagation Delay Time R =1.0 kQ, C_ =50 pF, (Figures 2 and 3)
Control input to Signal Vpo=5VY 125 ns
Output Logical Level to Vpp= 10V 60 ns
High Impedance Vppo= 15V 50 ns
Sine Wave Distortion Vc=Vpp=5V.Vss= —5V 0.1 %
RL=10 k@, Vis=5Vpp f=1KHz,
(Figurs 4)
Frequency Response-Switch Ve=Vpp=5V, Vss= —5V, 40 MHz
“ON" (Frequency at —3 dB) R =1k, Vis=5Vpy,,
20 Log1o Vos/Vos (1 kHz)—dB,
(Figure 4)




AC Electrical Characteristics* (Continued) To=25"C, t,=ty=20 ns and Vgg =0V unless otherwise noted

Symbol Parameter Conditions Min Typ Max Units
Feedthrough — Switch “OFF”" Vpp=5.0V, Voc=Vgs= —5.0V, 1.25
(Frequency at —50 dB) R =1k, Vis=5.0Vp.p, 20 Log1o,
Vos/Vis= —50 dB, (Figure 4)
Crosstalk Between Any Two Vpp=Vca)=5.0V; Vss=Vc(g) = 5.0V, 0.8 MHz
Switches (Frequency at —50 dB) R 1 k2, Vigay=5.0 V. p, 20 LOg10,
Vosgy Visi) = — 590 dB (Figure 5)
Crosstalk; Centrol Input to Vpp=10V,R =10 k1, Rjny=1.0 kS, 150 mVpp
Signal Output Vee =10V Square Wave, C =50 pF
(Figure 6)
Maximum Control input R_=1.0 kQ, C_ =50 pF, (Figure 7)
Vosn= %2 Vos(1.0 kHz)
Vpp=5.0V 6.0 MHz
Vpp=10V 8.0 MHz
Vpp=15V 8.5 MHz
Cis Signal Input Capacitance 8.0 pF
Cos Signal Output Capacitance Vpp=10V 8.0 pF
Cios Feedthrough Capacitance Ve=0v 05 pF
Cin Control Input Capacitance 50 7.5 pF

*AC Parameters are guaranteed by DC corelated testing.

Note l:“Ahs.?h.leVaxirrumfhﬁn@"mmnkasbeyoodwﬁd:msa%ydmdeﬁoamnno(b&mmeed.Theyuemme&mlcirrvfymaimedeviem
should be operated at these Emits. The tables of “Recommended Operating Conditioas™* and “Electrical Charactedstics™ provide conditions for actuel device
operation.

Note 2 Vgg=0V uniess otherwise specified.

Note 3: These davices shoukd not be connected to dircuits with the power “ON'.

Note 4: In all cases, there is approximately 5 pF of probe and jig capacitancs in the output; however, this capacditance is included in C_ wherever K is spedified.
No!e&v.sislhevolaosaiﬂveinlw(pinandvosisthevoﬂagedmewl'n;imvcistrevohaoeatmeoowolimd.

Note &: Conditions for Vic: 8) Vis = Vpo. los =standard B sedes loy b} Vis=0V, lo, =standard B series loL.

AC Test Circuits and Switching Time Waveforms
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AC Test Circuits and Switching Time Waveforms (Continued)
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Typical Performance Characteristics

“ON" Resistance vs Signa!
Voltage for T4 =25°C

L] 7 Vpp - Vsg = 16V
N

=
ot

CHANNEL “ON" RESISTANCE (Rqy) (1)
"
B

| Vop - Ves = 18V
f st 6 B I

PRy S 1R SO (A |
SIGRAL VOLTAGE (Vyg) (V)

“ON" Resistance as a Function
of Temperature for
VDD—V§= 10V

= -

z 1w

S

- 3%

e}

< m

=

<

2 200

= Tp=-125°C A

> 1R t

s

:ﬂ 100 | Tas-=¢C :

= & AN
£

= Ta=-S5T

© BT T

A 42 1« W VNE
SIGNAL VOLTAGE (g} (Vi

Special Considerations

In applications where separats power sources are used to
drive Vpp and the signal input, the Vpp current capabiity
should exceed Vpp/ Ry (R = effective extenal load of the 4
CD4066BM/CD40658C bilateral switches). This provision
avoids any permanent current fiow or clamp action of the
Vpp supply when power is applied or removed from
CD4066BM/CD40668C.

In certain applications, the external load-resistor current
may include both Vpp and signakine components. To avoid

“ON" Resistance a5 a Function
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drawing Vpp current when switch current flows into termi-
nals 1, 4, 8 or 11, the voltage drop across the bidirectional
switch must not exceed 0.6V at TAS25°C, or 0.4V at
Ta>25°C (celculated from Ron values shown).

No Vpp current will fiow through R if the switch current
fiows into terminals 2, 3, 8 or 10.




Physical Dimensions inches (milimeters)
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CD4066BM/CD4066BC Quad Bilateral Switch

Physical Dimensions inches (milimeters) (Continued)
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Dual-In-Line Package (N)
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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:

1. Life support devices or systems are devices oOr
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 & 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.

Hational Sermiconductor Mational Semiconductor

ci 1111 West Bardin Road
Acington, TX 78017
Tet 1(800) 272-9959
Fax 1(800) 737-7018

Fexc (+48) 0-180-530 85 86

it criwge@ \evim.nsc.com

Dengsch Tet (+48) 0-180-5%0 85 8
Engish Te: (+49) 0-180-532 78 32
Francais Tol: (+49) 0-180-632 83 S8
halisno Tet (+48) 0-180-534 16 80

National Sermiconductor National Semiconductor
Hong Kong Lid. Japen Ltd

13th Roor, Straight Block, Tel: 81-043-280-2300
Ocean Centre, 5 Canton Rd. Fax 81-043-299-2408
Tei 3

Hong Kong
Tel: {852) 2737-1600
Fex (852) 2736-9960
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General Description

The CD40138 dual D flip-flop is a monolithic complementa-
ry MOS (CMOS) integrated circuit constructed with N- and
P-channel enhancement mode transistors. Each flip-flop
_ has independent data, set, reset, and clock inputs and “Q"
and “Q" outputs. These devices can bs used for shift regis-
ter applications, and by connecting “Q" output to the data
input, for counter and toggle applications. The logic level
present at the *'D" input is transferred to the Q output during
the positive-going transition of the clock pulse. Setting or
resetting is independent of the clock and is accomplished

NNational Semiconductor

CD4013BM/CD4013BC Dual D Flip-Flop

Features

m Wide suppty voltage range

= High noise immunity

= Low power TTL
compatibility

Applications

® Automotive
@& Data terminats
® Instrumentation

February 1988

3.0V to 15V

0.45 Vpp (typ.)

fan out of 2 driving 74L
or 1driving 74LS

® Alarm system
= Industrial electronics
® Remote metering

by & high level on the set or reset line respectivety. ® Medical electronics ® Computers
Connection Diagram
Dual-In-Line Package
Vpo (173 [+¥] CLOCK2 RESET2 OATA2  $ET2
14 13 12 1 10 1
Order Number CD4013B
11

e

x = Don' care case

1 2 3 [ 3 l 1
at il CLOCK1 RESET1  DATA1  SET1 Vss
T/ F/5646-1
Top View
Truth Table
cLt D R S Q Q
R 0 0 0 0 1
b 1 () ] 1 0
s X 0 0 Q Q
x X 1 0 0 1
X X 0 1 1 0
x x 1 1 1 1
No change
+ = Level change

£ 1905 Nationel Semiconductor Corporstion - TL/F/58468

RRO-B30M105/Primted inU. 8. A
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Absolute Maximum Ratings (Notes 182)
It Military/Aerospace specified devices are required,

Recommended Operating
Conditions (Note 2)

please contact the National Semiconductor Sales
Office/Distributors for availability and specifications. g S"\'f‘:'y Voitage (Vop) i 30\6’0 tfo:15 :/IDC
DC Supply Voitage (Vop) —0.5Vpcto +18Vpe '(;zt ﬁ" “’g" Vi) Sy pc to Voo Voc
R rating Temperature Range
Input Voitage (Vin) 0.5 Vpc to Vpp +0.5Vpc CD4013BM _55°C to +125°C
Storage Temp. Range (Ts) —65°C to +150°C CD40138C —40°C to +85°C
Power Dissipation (Pp)
Dualdn-Line 700 mW
Small Outline 500 mW
Lead Temperature (T|)
(Soldering, 10 seconds) 260°C
DC Electrical Characteristics cp40138M (Nots 2)
Symbol |  Parameter Conditions =5%C £,25.C +125C | ynits
Min | Max | Min Typ Max Min Max
oo Quiescent Devics | Vpp = 5V, Vin = Vpp Of Vss 1.0 1.0 30 | pA
Curmrent Vpp = 10V, Vjy = Vpp orVss 20 20 60 pA
Vpp = 15V, Vin = Vpp Or Vss 4.0 4.0 120 pA
VoL Low Level liol < 1.0 A
Output Vottage | Vpp = 5V 0.05 0.05 005 | V
Vpp = 10V 0.05 0.05 005 | V
Vpp = 15V 0.05 0.05 0.05 \'4
Vou High Level lol < 1.0 pA
Output Voltage | Vpp = 5V 4.95 4.95 4.95 v
Vpp = 10V 9.95 9.95 9.95 v
Vpp = 15V 14.95 14.95 14.95 \'
ViL Low Level liol < 1.0 pA
Input Voltage Vpp = 8V, Vp = 0.5V ord.5V 1.5 5 1.5 v
Vpp = 10V, Vo = 1.0V or 8.0V 30 3.0 30 | v
Vpp = 15V, Vo = 1.5Vor 13.5V 4.0 40 40 | Vv
Vi High Level liol < 1.0 zA
tnput Voltage Vpp = 5V, Vo = 05V or 4.5V 35 35 35 v
Vpp = 10V, Vg = 1.0Vorg.0v | 7.0 7.0 7.0 v
Vpp = 15V,Vo = 15Voeor135v| 110 11.0 11.0 \%
oy Low Level Output | Vpp = 5V, Vo = 04V 0.64 0.51 0.88 0.36 mA
Current (Note 3) | Vpp = 10V, Vo = 0.5V 16 1.3 2.25 0.9 mA
Vpp = 15V, Vg = 1.5V 42 3.4 8.8 2.4 mA
o High Level Output | Vpp = 5V, Vo = 46V —0.64 —051| —088 —036 mA
Current (Note 3) Vpp = 10V, Vg = 9.5V —-1.6 T3 2125 -0.9 mA
Vpp = 15V, Vg = 13.5V 42 -34 | —88 —24 mA
N input Current Vpp = 15V, Viy = OV -0.1 -10-5| —-0.1 —10}| pA
Vpp = 15V, Vin = 15V 0.1 10-5 | 0.1 10 | pA
DC Electrical CharacteristiCs co«0138¢ (Note 2)
Symbol |  Parameter Conditions ZA0C 1279 +85°C | ynits
Min | Max | Min | Typ | Max | Min Max
oo Quiescent Devics | Vpp = 5V, Vin = Vpp Of Vss 40 4.0 30 pA
Current Vpp = 10V, Vin = Vppor Vss 8.0 8.0 60 | pA
Vpo = 15V, Vin = Vppor Vss 16.0 16.0 120 | pA
Vou Low Level llol < 1.0 pA
Output Voltage Vpp = 5V 0.05 0.05 005 V
Vpp = 10V 0.05 0.05 005 | V
Vpp = 15V 0.05 0.05 005 | V
VoH High Level liol < 1.0 pA
Output Voltage Vpp = 5V 4.95 4.95 4.95 v
Vpp = 10V 9.95 9.95 9.95 v
Vpp = 15V 14.95 14.95 14.95 v
Vi Low Level lio] < 1.0 A
Input Voltage Vpp = 5V. Vo = 0.5V or 45V 1.5 1.5 15 v
Vpp = 10V,Vpo = 1.0V or9.0V 3.0 3.0 3.0 \%
Vpp = 15V, Vo = 15V or 13.5V 4.0 4.0 4.0 v

2




DC Electrical Characteristics cp40138C (Note 2) (Continued)

2 o +85°
Symbol Parameter Conditions e b e Units
Win | Max Min Typ Max Min Max
Vi High Level liol < 1.0 pA
input Voltage Vpp = 5V, Vo = 0.5V ord.5v 35 35 35 \%
Vpp = 10V.Vp = 1.0V or9.0V 7.0 7.0 7.0 Vv
Vpp = 15V.Vp = 15Vor13.5v| 110 11.0 110 A"
oL Low Leve! Output | Vpp = 5V, Vo = 04V 0.52 0.44 0.88 0.36 mA
Current (Note 3) | Vpp = 10V, Vo = 0.5V 13 1.1 225 0.9 .| mA
Vpp = 15V, Vp = 1.5V 36 3.0 8.8 2.4 mA
101 High Level Output | Vpp = 5V,Vp = 46V —0.52 —044| —088 —0.36 mA
Current (Note3) | Vpp = 10V.Vpo = 9.5V -13 —-1.1 | —225 -0.9 mA
Vpp = 15V, Vg = 13.5V -36 —-3.0 —88 —-24 mA
N Input Current Vpp = 15V, Viy = OV -03 -10-5| —-03 —10]| pA
Vpp = 15V, Vjn = 15V 03 10-5 03 1.0 pA
Note 1: “"Absokte Maximum R@m"mmammmmwdmmcanndbeg.mammmeyserummtoinpymmthsdewioes

should be operated at

opergtion.
No(ezv55=0VMom'sespedﬁed.
m&m&ﬁloLmMWwaam.

mmmmhsd"mmwmrgmm'

+ and “Electrical Characlexistics” provide

conditions for aclual device

AC Electrical Characteristics® 14= 25'C.C, = 50 pF. R = 200k, uniless otherwise noted

Symbol ‘ Parameter l Conditions Min ] Typ Max Units
CLOCK OPERATION
terL, teLH Propagation Delay Time Vpp = 5V 200 350 ns
Vpp = 10V 80 160 ns
Vpp = 15V 65 120 ns
tTHL truH Transition Time Vpp = 5V 100 200 ns
Vpp = 10V 50 100 ns
Vpp = 15V 40 80 ns
twi. twH Minimum Clock Vpp = SV 100 200 ns
Putse Width Vpp = 10V 40 80 ns
Vpp = 15V 32 65 ns
tacL. trCL Maximum Clock Rise and Vpp = 5V 15 ps
Fall Time Vpp = 10V 10 us
Vpp = 15V ¢ pS
tsu Minimum Set-Up Time Vpp = 5V 20 40 ns
Vpp = 10V 15 30 ns
Vpp = 15V 12 25 ns
foL Maximum Clock Vpp = 5V 25 5 MHz
Frequency Vpo = 10V 62 125 MHz
Vpp = 15V 76 15.5 MHz
SET AND RESET OPERATION
torL®R) Propagation Delay Time Vpp = SV 150 300 ns
tpLH(S) Vpp = 10V 65 130 ns
Vpp = 15V 45 90 ns
twWHR): Minimum Set and Vpp = SV 90 180 ns
twHS) Resst Pulse Width Vpp = 10V 40 80 ns
Vpp = 15V 25 50 ns
Cin Average Input Capecitance Any Input 5 7.5 pF

'ACPa-amsmgmﬂtsedbyDCeo—mhbdisﬁng




Schematic Diagram
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Logic Diagram

SET O— =
L
MASTER SECTION SLAVE SECTION
oL
‘ 16
| cL
pATAO— TG » #
= oL
1 €L
L 16
L ‘
16
Tl
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oL
RESEVO BUFFERED OUTPUTS
& ot
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TL/F/5946-5
Switching Time Waveforms
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Vi
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CLOCK Vss e
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DATA Vpp
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Voo a0s
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CD4013BM/CD4013BC Dual D Flip-Flop

Physical Dimensions inches (millimeters)

2825

r MAx
[l [@ f5] 4 (=] (7] [e]

0765
(13.835)

LIFE SUPPORT POLICY
NATIONAL'S PRODUCTS ARE NOT AUTHORIZED FOR

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.
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Ceramic Dual-In-Line Package (J)
Order Number CD4013BMJ or CD4013BCJ
NS Package Number J14A
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Moided Dual-in-Line Package (N)
Order Number CD4013BMN or CD4013BCN
NS Package Number N14A

USE AS CRITICAL COMPONENTS IN UFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF NATIONAL

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.

; Hational Sermconductor Mational Semiconductor
Corporation
1111 West Barcin Road Fex (+48) 0-180-630 85 86

TX 76017 Emait ceged
Tet HBO0) 272959
Fex 1(800) 737-7018 English  Td: (+49) 0-180-532 78 32
Frangais Tel: (+49) 0-180-632 63 58
katano Tet (+48) 0-180-634 16 €0

VT2 neC.com
Deutsch Tet (+49) 0-180-530 85 85

Mational Sermiconductor
Hong Kong Lid Japan

12h Roor, Sraght Blodk, Tel: 81-043-289-2309
Fax 81-043-200-2408
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LM555
Timer

General Description

The LM555 is a highly stable device for generating accurate
time delays or oscillation. Additional terminals are provided
for triggering or resetting if desired. In the time delay mode of
operation, the time is precisely controlled by one extenal re-
sistor and capacitor. For astable operation as an oscillator,
the free running frequency and duty cycle are accurately
controlled with two external resistors and one capacitor. The
circuit may be triggered and reset on falling waveforms, and
the output circuit can source or sink up to 200mA or drive
TTL circuits.

February 2000

National Semiconductor

Features

Direct replacement for SES555/NES55

Timing from microseconds through hours
Operates in both asta! e and monostable modes
Adjustable duty cycle

Output can source or sink 200 mA

Output and supply TTL compatible

Temperature stability better than 0.005% per 'C
Normally on and normally off output

Available in 8-pin MSOP package

Applications

® Precision timing

Pulse generation
Sequential timing

Time delay generation
Pulse width modulation
Pulse position modulation
Linear ramp generator

Schematic Diagram

Ve O = . .
R2
®
RIHt
022 s
as 0 = 6243
R3 P———d
$> st < az1
3 S az
1.5
i k‘ R12
3%
THRESHOLD at ]
2 o L o
L)
conTROL §_ (23 Vec! o 53y
VOLTAGE <
1 3Rt a1 R7 3
GND O ;» 1% Qis Qa1s 4k p—O OUTPUT
—AAA—4
3 e a a9 o o
TRIGCER O————— a7 018 (v 020 =
y s an e
a1 0z
RS
‘ an 013 S s i
RESET 0z L a3
DISCHARGE 0—7 s : i ; e
: a4 i

0S007851-1
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LM555

Connection Diagram

1
6HD —

TRIGGER —i

Dual-In-Line, Small Outline
and Molded Mini Small Outline Packages

b +Vec

7
pme—— DISCHARGE

6
|—— THRESHGLD

OUTPUT ot
5 CONTROL
RESES VOLTAGE
DS007851-3
Top View
Ordering Information
Package Part Number Package Marking Media Transport NSC Drawing
8-Pin SOIC LM555CM LM555CM Rails MOBA
LM555CMX LM555CM 2.5k Units Tape and Reel
8-Pin MSOP LM555CMM Z55 1k Units Tape and Reel MUADBA
LM555CMMX Z55 3.5k Units Tape and Reel
8-Pin MDIP LM555CN LM555CN Rails NOSE

www.national.com




Absolute Maximum Ratings (Note 2)

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

Supply Voltage

Power Dissipation (Note 3)
LM555CM, LM555CN
LM555CMM

Operating Temperature Ranges
LM555C

Storage Temperature Range .

+18V

1180 mW
613 mW

0°Cto +70°C
—65°C to +150°C

Electrical Characteristics (Notes 1, 2)
(TAa=25C, Ve = +5V 10 +15V, unless othewise specified)

Soldering Information
Dual-In-Line Package

Soldering (10 Seconds) 260°C
Small Outline Packages
(SOIC and MSOP)
Vapor Phase (60 Seconds) 215°C
220°C

Infrared (15 Seconds)
See AN-450 “Surface Mounting Methods and Their Effect
on Product Reliability” for other methods of soldering
surface mount devices.

Parameter Conditions Limits Units
LM555C
Min Typ Max
Supply Voltage 4.5 16 \Y
Supply Current Vee =5V, R =0 3 6
Vee = 15V, Re=0 10 15 mA
(Low State) (Note 4)
Timing Error, Monostable
Initial Accuracy 1 %
Drift with Temperature R, = 1k to 1003, 50 ppm/'C
C = 0.1pF, (Note 5)
Accuracy over Temperature 09 %
Drift with Supply 0.1 %N
Timing Eror, Astable
Initial Accuracy 225 %
Drift with Temperature Ra, Rg = 1k to 1003, 150 ppm/'C
C = 0.1pF, (Note 5)
Accuracy over Temperature 3.0 %
Drift with Supply 0.30 %IV
Threshold Voltage 0.667 x Vee
Trigger Voltage Vee = 15V 5 \Y
Vee = 1.67 \%

" Trigger Current 0.5 09 HA
Reset Voltage 0.4 0.5 1 \Y
Reset Current 0.1 04 mA
Threshold Current (Note 6) 0.1 0.25 HA

Control Voltage Level Vee = 18V 9 10 11 v
Vee = 5V 26 3.33 4
Pin 7 Leakage Output High 1 100
Pin 7 Sat (Note 7)
Output Low Vee = 15V, |7 = 15mA 180 mV
Output Low Vee = 4.5V, I; = 4.5mA 80 200 mV

o
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LM555

Electrical CharacteristiCs (Notes 1, 2) (Continued)
(Ta = 25'C, Ve = +5V to +15V, unless othewise specified)

Parameter Conditions Limits Units
LM555C
Min Typ Max
Output Voltage Drop (Low) Ve = 15V
lgink = 10mMA 0.1 0.25 \Y%
lsnk = S0MA 0.4 0.75 v
lsnk = 100mA 2 25 \Y%
lsnk = 200mA 25 Vv
Vee =5V
Isink = 8mA : v
lgnk = SMA 0.25 0.35 \Y
Output Voltage Drop (High) lsource = 200mA, Ve = 15V 12.5 \Y
lsource = 100mA, Ve = 15V 12.75 13.3 Vv
Vee =5V 275 33 \
Rise Time of Output 100 ns
Fall Time of Output 100 ns

Note 1: All voltages are measured with respect to the ground pin, uniess otherwise specified.

Note 2: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is func-
tional, but do nat guarantee specific performance limits. Electrical Characteristics state DC and AC electrical specifications under particular test conditions which guar-
antee spedific performance fimits. This assumes that the device is within the Operating Ratings. Specifications are not guaranteed for parameters where no limit ts
given, however, the typical value is a good indication of device performance.

Note 3: For operating at elevated temperatures the device must be derated above 25'C basedona +150°C maximum junction temperature and a thermal resistance
of 106°C/W (DIP), 170°C/W (S0-8), and 204°'C/W (MSOP) junction to ambient.

Note 4: Supply current when output high typically 1 mA less at Vo = 5V.

Note 5: Tested at Ve = 5V and Ve = 15V

Note 6: This will determine the maximum value of Rp + Rg for 15V operation. The maximum total (Ra + Rg) is 20MJ .

Note 7: No protection against excessive pin 7 current is necessary provi&ngthepackagedissipsﬁonratbgwillnotbeexoeeded.

Note 8: Refer to RETSS555X drewing of military LMSS5SH and LM555J versions for specifications.

www.national.com 4



Typical Performance Characteristics

Minimuim Pulse Width

Required for Triggering
12 AR
11 HVec =18V l, i
g 10 : 4
x 08 T=+125°C
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Eoq e 44
g RERRE
=2 06 i T = 425°C o
e 0s
E P | / !
x o l RE
z 03 T s
= 82 = —5§5°C
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: 2l EEE
[} 8.1 02 03 04
LOWEST VOLTAGE LEVEL OF TRIGGER PULSE (X Vec)
0S0078514
High Output Voltage vs.
Output Source Current
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0OS007851-20
Low Output Voltage vs.
Output Sink Current
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Supply Current vs.

Supply Voltage
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2 =5
= Ve = 15V
1.0
= +125°C
E "
3 ) % 4Bl
> 2C S I st
0.1 ==,
T =0
10 10 100
‘m‘ (mA)
DS007851-23

www.national.com

GeSWT



LM555
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Typical Performance Characteristics (Continued)

Output Propagation Delay vs.
Voltage Level of Trigger Pulse
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LF147/LF347

General Description

The LF147 is a low cost, high speed quad JFET input opera-
tional amplifier with an intemally timmed input offset voltage
(BI-FET Ii™ technology). The device requires a low supply
current and yet maintains a large gain bandwidth product
and a fast slew rate. In addition, well matched high voltage
JFET input devices provide very low input bias and offset
currents. The LF147 is pin compatible with the standard
LM148. This feature allows designers to immediately up-
grade the overall performance of existing LF148 and LM124
designs.

The LF147 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.

NNational Semiconductor

August 2000

Wide Bandwidth Quad JFET Input Operational Amplifiers

Simplified Schematic

Y% Quad

~Vee O—

Features
u intemally trimmed offset voltage: 5 mV max
= Low input bias current: 50 pA
u Low input noise current: 0.01 pAfOHZ
= Wide gain bandwidth: 4 MHz
m High slew rate: 13 Vips
u Low supply current: 7.2 mA
m High input impedance: 10'
u Low total harmonic distortion: 00.02%
u Low 1/f noise comer: 50 Hz
m Fast setiling time to 0.01%: 2ps
Connection Diagram
Dual-In-Line Package
ouT4  IN4T wet v- M3t INIT  OUT3
lu ‘u 12 ‘11 10 l s l (]
<
A
‘1 Iz 3 Il s Ie | 7
ouT1 N1~ w1t vt IN2* Nz~ ouT2
DSO05647-1

Note 1: LF147 available as per JM38510/11906.

DSD06647-13
Top View
Order Number LF147J, LF147J-SMD, LF347M,
LF347BN, LF347N, LF147J/883,
or JL147 BCA (Note 1)
See NS Package Number J14A, M14A or N14A
BI-FET H‘lsatademaekofNMs«Meam(:otwﬂm.
© 2000 National Semiconductor Corporation DS005647 www.national.com
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LF147/LF347

Absolute Maximum Ratings (Note 2) LF147  LF347BILF347
tf Military/Aerospace specified devices are required, Surface Mount Wide (WM) 85°C/W
please contact the National Semiconductor Sales Office/ Operating Temperature (Note 6) (Note 6)
Distributors for availability and specifications. Range
LF147  LF3478/LF347  Storage Temperature
Supply Voltage +22V +18V Range —65°C<T,=150°C
Differential Input Voltage +38V 30V Lead Temperature
Input Voliage Range +19V +15V (Soldering, 10 sec.) 260°C 260°C
(Note 3) Soldering Information
Output Short Circuit Continuous  Continuous Dual-In-Line Package
Duration (Note 4) Soldering (10 seconds) 260'C
Power Dissipation 900 mW 1000 mW Small Outline Package
(Notes 5, 11) Vapor Phase (60 seconds) 215°C
T, max 150°C 150'C Infrared (15 seconds) 220'C
6ja See AN-450 “Surface Mounting Methods and Their Effect
Ceramic DIP (J) Package 70°C/W on Product Re!i;bi[ity" for other methods of soldering
Rlastc O () fecade IO ;;rl;a‘(;eoien:::; (::t(: ?;2) 900V
Surface Mount Narrow (M) 100°C/W
DC Electrical Characteristics (Note 7)
Symbol Parameter Conditions LF147 LF3478 LF347 Units
Min | Typ [Max |Min | Typ [Max |Min | Typ Max
Vos Input Offset Voitage Rg=10 kQ, To=25"C 1 5 3 5 5 10 | mv
Over Temperature 8 13 mv
AVos/AT | Average TC of Input Offset Rs=10 kQ 10 10 10 uvrc
Voltage
los Input Offset Current T,=25'C, (Notes 7, 8) 25 |100 25 {100 25 [100]| pA
Over Temperature 25 4 4 nA
lg Input Bias Current Tj=25°C, (Notes 7, 8) 50 {200 50 -}200 50 {200 pA
Over Temperature 50 8 8 nA
Rin Input Resistance Tj=25'C 10" 10'? 10" Q
Avol Large Signal Voltage Gain Vg=115V, TA=25'C 50 | 100 50 { 100 25 | 100 A7\
Vo=110V, R(=2 kQ
Over Temperature 25 25 15 VimV
Vo Output Voltage Swing Vs=115V, R =10 kQ 12 | 135 +12 { 135 +12 | £135 v
Veum Input Common-Mode Voltage Vg=115V 11 | +15 11| &5 11 | +15 \%
Range =12 =42 -12 \"
CMRR Common-Mode Rejection Ratio Rg<10 kQ 80 100 80 100 70 100 dB
PSRR Supply Vottage Rejection Ratio (Note 9) 80 | 100 80 | 100 70 | 100 dB
s Supply Current 720 72 | 11 72 [11] mA

www.national.com




AC Electrical Characteristics (Note 7)

Symbol Parameter Condltions LF147 LF3478B LF347 Units
Min | Typ [Max | Min | Typ |Max Min | Typ |Max
Amplifier to Amplifier Coupling Ta=25"C, -120 -120 -120 dB
f=1 Hz-20 kHz
(Input Referred)
SR Slew Rate V=115V, Ta=25'C 8 13 8 13 8 13 Vips
GBW Gain-Bandwidth Product Vg=115V, To=25'C 22 4 22 4 2.2 4 MHz
€ Equivalent Input Noise Voitage Ta=25"C, Rg=100Q, 20 20 20 nV/JH_z
f=1000 Hz
in Equivalent input Noise Current T,=25'C, f=1000 Hz 0.01 0.01 0.01 pA/ J'}-Tz'
THD Total Harmonic Distortion Ay=+10, R =10k, <0.02 <0.02 <0.02 %
V=20 Vp-p,
BW=20 Hz-20 kHz

Note 2: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is func-
tional, but do nat guarantee specific performance limits. z

Note 3: Unless otherwise specified the absolute maximum negative input voltage is equal to the negalive power supply voltage.

Note 4: Any of the amplifier outputs can be shorted to ground indefinitely, however, more than one should not be simultaneously shorted as the maximum junction
temperature will be exceeded.

Note 5: For operating at elevated temperature, these devices must be derated based on a thermal resistance of .

Note 6: The LF147 is available in the military temperature range -55'C<Ta<125°C, while the LF3478 and the LF347 are available in the commercial temperature
range 0"C<TA<70°C. Junction temperature can rise to Ty max = 150°C.

Note 7: Unless otherwise specified the specifications apply over the full temperature range and for Vg=+20V for the LF 147 and for Vg=%15V for the LF347B/LF347.
Vos. lg. and lgg are measured at Veu=0.

Note 8: The input bias currents are junction leakage cuments which appraximately double for every 10°C increase in the junction temperature, Tj. Due to limited pro-
duction test time, the input bias currents measured are comelated to junction temperature. In normal operation the junction temperature rises above the ambient tem-
perature as a result of internal power dissipation, Pp. T=Ta+8a Pp where 64 s the thermal resistance from junction to ambient. Use of a heat sink is recommended
if input bias curent is to be kept to a minimum.

Note 9: Supply voltage rejection ratio is measured for both supply magnitudes increasing or decreasing simultaneously in accordance with common practice from
Vg = * 5V to £15V for the LF347 and LF3478 and from Vg = 20V to +5V for the LF147.

Note 10: Refer to RETS147X for LF147D and LF147J miitary specifications.

Note 11: Max. Power Dissipation is defined by the package characteristics. Operating the part near the Max. Power Dissipation may cause the part to operate out-
side guaranteed limits.

Note 12: Human body model, 1.5 kQ in series with 100 pF.

3 www.national.com
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LF147/LF347

Input Bias Current
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Typical Performance Characteristics
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Typical Performance Characteristics (continued)
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LF147/LF347

Typical Performance Characteristics (Continued)

Open Loop Voltage Gain Output impedance Inverter Settling Time
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MOTOROLA
SEMICONDUCTOR TECHNICAL DATA

Parallel-input PLL Frequency

Synthesizer
Interfaces with Dual-Modulus Prescalers

The MC145152-2 is programmed by sixteen parallel inputs for the N and A
counters and three input lines for the R counter. The device features consist of
a reference oscillator, selectable—reference dividei, two—output phase detector,
10-bit programmable divide—by—N counter, and 6-bit programmable +A
counter.

The MC145152-2 is an improved—performance drop—in replacement for the
MC145152—1. Power consumption has decreased and ESD and latch—up
performance have improved.

Operating Temperature Range: — 40 to 85°C

Low Power Consumption Through Use of CMOS Technology

3.0 t0 9.0 V Supply Range

On- or Ofi—Chip Reference Oscillator Operation

Lock Detect Signal

Dual Modulus/Parallel Programming

8 User—Selectable + R Values: 8, 64, 128, 256, 512, 1024, 1160, 2048
+ N Range = 3 to 1023, + ARange = 0to63

Chip Complexity: 8000 FETs or 2000 Equivalent Gates

See Application Note ANS80

¢ 6 o . 06 5 0 6 -0

REV 1
8185

MCi145152-2

P SUFFIX
PLASTIC DIP
CASE 710

DW SUFFIX
SOG PACKAGE
CASE 751F

ORDERING INFORMATION

MC145152P2 Plastic DIP
MC145152DW2 SOG Package

PIN ASSIGNMENT

il 1e 28 LD
Vss 2 27 [1 0SCip
vppl 3 26 [1 0SCout
rAol 4 25 [ A4
RA1[} 5 24 [1A3
ra2ll 6 23 [1 A0
orl7 2 1A
oyle 21 a1
mclle 20 I N9
A5l 10 19 [I N8
nofl 11 18 I N7
N1(] 12 17 N6
N2l 13 16 N5
N30 14 15 [J N4

© Motorola, Inc. 1995
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MC145152—-2 BLOCK DIAGRAM

RA2 —
RA1— 12 x 8 ROM REFERENCE DECODER
0SCout RAO—™
" 12
y
LOCK i
0sCin *> 12-BIT =+ RCOUNTER = DETECT
&
r MC
CONTROL pHASE [— DOv
__ o LoGIC DETECTOR OR
fin %
3
6-BIT = A COUNTER - 10-BIT = N COUNTER
e e o e T R
AS A3 A2 AD NO N2 N4&Ns N7 N9

NOTE: NO — NG, AQ — A5, and RAO — RA2 have pull-up resistors that are not shown.

PIN DESCRIPTIONS
INPUT PINS
fin
Frequency Input (Pin 1)
Input to the positive edge triggered + N and + A counters.
fin is typically derived from a dual-modulus prescaler and is

ac coupled into the device. For larger amplitude signals
(standard CMOS logic levels) dc coupling may be used.

RAOD, RA1, RA2
Reference Address Inputs (Pins 4, 5, 6)

These three inputs establish a code defining one of eight
possible divide values for the total reference divider. The
total reference divide values are as follows:

Reference Address Code Total
Divide
RA2 RA1 RAC Value
0 0 0 8
0 0 1 64
0 1 0 128
0 1 1 256
1 0 0 512
1 0 1 1024
1 5] 0 1160
1 1 1 2048
NO - N9

N Counter Programming Inputs (Pins 11-20)

The N inputs provide the data that is presetinto the + N
counter when it reaches the count of 0. N0 s the least signifi-
cant digit and N9 is the most significant. Pull—up resistors en-
sure that inputs left open remain at a logic 1 and require only
a SPST switch to alter data to the zero stats.

A0 -AS5
A Counter Programming Inputs
(Pins 23, 21, 22, 24, 25, 10)
The A inputs define the number of dock cydes of fin that
require a logic 0 on the MC output (see Dual-Modulus

Prescaling section). The A inputs all have intemal pull—up
resistors that ensure that inputs left open will remain at a
logic 1.

0SCin, OSCout
Reference Oscillator Input/Output (Pins 27, 26)

These pins form an on—chip reference oscillator when con-
nected to terminals of an external parallel resonant crystal.
Frequency setting capacitors of appropriate value must be
connected from OSCip to ground and OSCout to ground.
0SCijn may also serve as the input for an externally—gener-
ated reference signal. This signal is typically ac coupled to
OSCin, but for larger amplitude signals (standard CMOS
logic levels) dc coupling may also be used. In the external
reference mode, no connection is required to OSCout-

OUTPUT PINS

OR, OV
Phase Detector B Outputs (Pins 7, 8)

These phase detector outputs can be combined externally
for a loop—error signal.

Ifthe frequency fy is greater than fR or if the phase of fyy is
leading, then error information is provided by Oy pulsing low.
OR remains essentially high.

if the frequency fy is less than fR or if the phase of fy is
lagging, then error information is provided by OR pulsing low.
Oy remains essentially high.

If the frequency of fy = fR and both are in phase, then both
Oy and OR remain high except for a small minimum time
period when both pulse low in phase.

MC
Dual-Modulus Prescale Control Output (Pin 9)

Signal generated by the on—chip control logic circuitry for
controlling an external dual-modulus prescaler. The MC
level will be low at the beginning of a count cycle and will
remain low until the + A counter has counted down from its
programmed value. At this time-MC goes high and remains
high until the + N counter has counted the rest of the way
down from its programmed value (N — A additional counts
since both + N and + A are counting down during the first

MC145151-2 through MC145158-2
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portion of the cycle). MC is then set back low, the counters
preset to their respective programmed values, and the above
sequence repeated. This provides for a total programmable
divide value (NT) =N« P + Awhere P and P + 1 represent the
dual-modulus prescaler divide values respectively for high
and low MC levels, N the number programmed into the + N
counter, and A the number programmed into the + A counter.

LD
Lock Detector Output (Pin 28)

Essentially a high level when loop is locked (fR, fy of same
phase and frequency). Pulses low when loop is out of lock.

POWER SUPPLY
VbD .
Positive Power Supply (Pin 3)
The positive power supply potential. This pin may range
from + 3 to + 9 V with respect to Vss.
Vss
Negative Power Supply (Pin 2)

The most negative supply potential. This pin is usually
ground.

TYPICAL APPLICATIONS
NO CONNECTS
b g e :
"L = — LOCK DETECT SIGNAL 150 - 175 MHz
1 1024 Mz 9 5 kHz STEPS
s R C
NOTE 1 ?
Oscwt RA2 RA1 RAO LD R1 (
OR \
0sG;
o a R1 - vCo
Y Am
= MC145152-2 & '
+V Vpp MC
c
g R fin 3
= | Ng=———————— NOASe——— AD l Z

"G 1B aa LNALIN Y

CHANNEL PROGRAMMING

LKD)

NOTES:
1. Ofi—chip oscillator optional.

T 1 v
MC12017

+64/65 PRESCALER

2. The OR and Oy outputs are fed to an external combiner/ioop filter. See the Phase—Locked Loop — Low—Pass Filter
Design page for additional information. The OR and Oy outputs swing rail-to—rail. Therefore, the user should be careful
not to exceed the common mode input range of the op amp used in the combinerfloop filter.

Figure 1. Synthesizer for Land Mobile Radio VHF Bands

MOTOROLA

MC145151-2 through MC145158-2
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RECEIVER2ND L.O.

REF.OSC.
NO CONNECTS
15.360 MHz L e
(ON-CHIPOSC.{ | x» Lo ) RECEIVER FIRST L.O.
OPTIONAL) 1 1 1 —= | OCK DETECT SIGNAL 825.030 —s 844.980 MHz
| ‘ | R2 C}_ (30 kHz STEPS)
O5Cy | RAZ RAL “RAD D R1 |
O0r \
- osciq i X4
oy . / i NOTE 6
+V— Vpp MC145152-2 NOTE 7
NOTE 5 MC R2
el
= fin ® c TRANSMITTER X4
N NO AS = A0 l = . MODILATION NOWEo
IR ERITTE o L — g
+ 64/65 PRESCALER TRANSMITTER SIGNAL
CHANNEL FEOCIGYMING NOTE 6 825,030 —> 844.980 MHz
NOTES: (30 kHz STEPS)

1. Receiver 1st |.F. = 45 MHz, low side injection; Receiver 2nd LF. = 11.7 MHz, low side injection.

2. Duptex operation with 45 MHz receiver/transmit separation.

3.fg = 7.5 kHz; + R = 2048.

4. Niotal = N +64 + A = 27501 to 28166; N = 429 t0 440; A =0 to 63.

5. MC145158-2 may be used where serial data entry is desired.

6. High frequency prescalers (e.g., MC12018 [520 MHz] and MC12022 [1 GHz]) may be used for higher frequency VCO and fref
imptementations.

7. The OR and Oy outputs are fed to an external combinerftoop fitter. See the Phase—Locked Loop — Low—Pass Filter Design page for
additional information. The OR and Oy outputs swing rail—-to—rail. Therefore, the usershould be careful not to exceed the common mode
input range of the op amp used in the combiner/ioop filter.

Figure 2. 666—Channel, Computer—Controlled, Mobile Radiotelephone Synthesizer
for 800 MHz Cellular Radio Systems
MC145151-2 through MC145158-2 s MOTOROLA
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MOTOROLA
SEMICONDUCTOR TECHNICAL DATA

Voltage Controlled Oscillator MC1648
Consider MC12148 for New Designs

The MC1648 requires an external parallel tank circuit consisting of the

inductor (L) and capaditor (C). For Maximum Performance Qi 2100 at VOLTAGE
Frequency of Operation. CONTROLLED
A varactor diode may be incorporated into the tank circuit to provide a OSCILLATOR

voltage variable input for the oscillator (VCO). The MC1648 was
designed for use in the Motorola Phase—Locked Loop shown in Figure 9.
This device may also be used in many other applications requiring a fixed :
or variable frequency clock source of high speciral purity. (See Figure 2)
The MC1648 may be operated from a +5.0Vdc supply or a -5.2vdc e e T T |
supply, depending upon system requirements.
NOTE: The MC1648 is NOT useable as a crystal oscillator.

Pinout: 14-Lead Package (Top View) L SUFFIX
14-LEAD CERAMIC PACKAGE
Voc NC TANK NC BIAS NC. VEp CASE 632-08

[1¢] (] [o] [or] [0} o} [s]

)

0 GJ o] [eJ Lo Led 1]

Vec NC OUT NC AGC NC Ve P SUFFIX
14— EAD PLASTIC PACKAGE
Pin assignment is for Duak-n—Line Package. CASE 646-06
For PLCC pin assignment, see the MC1648 Non—Standard Pin Conversion Table below.
D SUFFIX

MC 1648 NON—STANDARD PIN CONVERSION DATA 8_PIN PLASTIC SOIC PACKAGE
Package | TANK | Vcc | Vec | OUT | AGC | Vee | VEg | BIAS CASE 751-05
8D 1 2 3 4 5 6 7 8
{14aLp 12 14 1 3 5 7 8 10

20FN 18 20 2 4 8 10 12 14

*NOTE - All unused pins are not connected.

FN SUFFIX
20-LEAD PLCC PACKAGE
Supply Voitage GND Pins Supply Pins CASE 77502
+5.0Vdc 7.8 1,14
-5.2vdc 1,14 7.8
LOGIC DIAGRAM

e Input Capaciance = 6.0pF (TYP)
o Maximum Series Resistance for L (External Inductance) = 500 (TYP)

BIAS POINT 10
TANK 12 @ Power Dissipation = 150mW (TYP)Pkg (+5.0Vdc Supply)

® Maximum Output Frequency = 225MHz (TYP)
Vecy =Pint
Vegz =Pin 14
VEg=Pin7

= @ MOTOROLA

© Motorola, Inc. 1997 REV 2



MC1648

: voc2 veet
14 1
Q9 Q1
Q3 Q2
3
© J OUTPUT
< Q4
Qi1 Q10 Q7 Q6
D1
Q5
* D2 Q8
T 10 12 8 5
VEE{ BIAS TANK VEE AGC
POINT
Figure 1. Circuit Schematic
TEST VOLTAGE/CURRENT VALUES
@ Test (Voits) mAdc
Temperature
ViHmax ] ViLmin ] Vee L
MC1648
-30°C +2.0 +1.5 +5.0 -5.0
+25°C +1.85 +1.35 +5.0 -5.0
+85°C +1.7 +1.2 +50 -5.0
Note: SOIC “D” package guaranteed -30°C to +70°C onty
ELECTRICAL CHARACTERISTICS (Supply Voltage = +5.0V)
-30°C +25°C +85°C
Symbol Characteristic Min Max Min Max Min Max Unit Condition
g Power Supply Drain Current - - - 41 - — mAdc | Inputs and outputs open
VOH Logic “1” Output Voltage 3.955 | 4.185 4.04 4.25 4.1 4.36 Vdc | ViLmin to Pin 12, 1| @ Pin 3
VoL Logic “0” Output Voltage 3.16 34 32 343 3.22 3475 | Vdc | ViHmax to Pin 12,1 @ Pin 3
Vgias! | Bias Voltage 16 1.9 145 1.75 13 16 | Vdc | ViLmintoPin 12
Min | Typ | Max | Min | Typ Max | Min | Typ | Max | Unit Condition
Vp_p Peak-to—Peak Tank Voltage - - - - 400 - - - - mV | See Figure 3
Vdc Output Duty Cycle - e = - 5 | - = = = %
fmax2 | Oscillation Frequency _ l2s] - l200 j225 | - - 225 - |MHz

1. This measurement guarantees the dc potential at the bias point for purposes of incorporating a varactor tuning diode at this point.

2. Frequency variation over temperature isa

direct function of the 0CA Temperature and 0L/O Temperature.

MOTOROLA
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BW.=10kHz

Center Frequency = 100 MHz
Scan Width = 50 kHz/div
Vertical Scale = 10 dB/div

L: Micro Metal torroid #120-22, 8 tums #30 Enameled Copper wire.
C =3.0-35pF

0.10F

MC1648

L=40nH
C=10pF
+5.0Vdc

* The 1200 ohm resistor and the scope termination impedance constiute & 25:1
attenuator probe. Coax shall be CT-075-50 or equivalent.

Figure 2. Spectral Purity of Signal Output for 200MHz Testing

TEST VOLTAGE/CURRENT VALUES

@ Test (Voits) mAdc
Temperature
ViHmax l ViLmin l VEE L
MC1648
-30°C -3.2 3.7 -5.2 -5.0
+25°C -3.35 -3.85 5.2 -5.0
+85°C -3.5 —4.0 -5.2 -50

Note: SOIC “D" package guaranteed —30°C to +70°C onty

ELECTRICAL CHARAGTERISTICS (Supply Voltage = —5.2V)

=30°C +25°C +85°C
Symbol Characteristic Min Max Min Max Min Max | Unit Condition
Ig Power Supply Drain Current - - - 41 - - mAdc | Inputs and outputs open
VOH Logic “1” Output Voltage _1.045 | 0815 | -0.96 | 0.75 089 | —064 | Vdc | ViLminto Pin 12,1 @Pin3
Vou Logic “0” Output Voltage _189 | —165 | -1.85 | -1.62 _183 | -1.575| vdc | ViHmax o Pin 12,1 @Pin3
vgias! | Bias Voltage =36 33 | 375 | 345 | 8.9 36 | vdc | ViLminto Pin 12
Min | Typ | Max | Min Typ | Max | Min Typ | Max | Unit Condition
Vp_p Peak—to—Peak Tank Voltage - - - - 400 - - - - mV | See Figure 3
Vdc Output Duty Cycle - - - - 50 - - - - %
fmax2 | Oscillation Frequency Zlzs ] 22001225 | - - |25 - {MHz
1. This measurement guarantees the dc potential at the bias point for purposes of incorporating a varactor tuning diode at this point.
2. Frequency variation over temperature is a direct function of the 0C/0 Temperature and 0WD Temperature.
HIPERCOMM 3 MOTOROLA
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MC1648

Vce

* Use high impedance probe (>1.0 Megohm must be used).

« The 1200 ohm resistor and the scope termination impedance constitute
a 251 attenuator probe. Coax shall be CT-070-50 or equivalent.

«+ Bypass only that supply opposite ground.

PRF = 1.0MHz
Duty Cycle (Vdc) - :

Figure 3. Test Circuit and Waveforms

OPERATING CHARACTERISTICS

Figure 1 itlustrates the circuit schematic for the MC1648.
The oscillator incorporates positive feedback by coupling the
base of transistor Q6 to the collector of Q7. An automatic gain
control (AGC) s incorporated to limit the current through the
emitter—coupled pair of transistors (Q7 and Q6) and allow
optimum frequency response of the oscillator.

In order to maintain the high Q of the oscillator, and
provide high spectral purity at the output, transistor Q4 is
used to trans!ate the oscillator signal to the output differential
pair Q2 and Q3. Q2 and Q3, in conjunction with output
transistor Q1, provides a highly buffered output which
produces a square wave. Transistors Q9 and Q11 provide
the bias drive for the oscillator and output buffer. Figure 2
indicates the high spectral purity of the osdillator output
(pin 3).

When operating the oscillator in the voltage controlled
mode (Figure 4), it should be noted that the cathode of the
varactor diode (D) should be biased at least "2" Vgg above

VEEg (=1.4V for positive supply operation).

When the MC1648 is used with a constant dc voltage to
the varactor diode, the output frequency will vary slightly
because of intemal noise. This variation is plotted versus
operating frequency in Figure 5.

Figure 4. The MC1648 Operating in the
Voltage Controlled Mode

¥ 100 T
7 ——
aE: —Yoc =5 Ve ] Oscillator Tank Components
z (Circuit of Figure 4)
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é 4 f L
W 1 | MHz D OH
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u 10-60 Mv2115 2:3
& 60100 MV2106 0.15
4 i
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1 10 100
f, OPERATING FREQUENCY (MHz)
Signal Generator
20KkHz abave MC 1648 Frequency —__W 300mV HPB08 o Eabiy
1
MC1648 Foiol 10mv__ | Product 20kHz BW=1.0kHz Frequency Vottmeter RMS
Under Test MC1648 5 Detector Meter HP5210A or Equiv HP3400A or Equiv
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Figure 5. Nolse Deviation Test Circuit and Waveform
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MC1648

L: Micro Metal Toroidal Core #T44-10,
4 tums of No. 22 copper wire.

Veet =Vecz = +5.0vde
= VEE1 =VEE2= GND

« The 1200 ohm resistor and the scope termination impedance consti-
{ute a 25:1 attenuator probe. Coax shall be CT-070-50 or equivalent.
NOT used in normal operation.

= |nput resistor and cap &re for test only. They are NOT necessary for
rormal operation.

L: Micro Metal Toroidal Core #T44-10,
20 turns of No. 22 copper wire.

Vin Q =100

0.10F
Vect1=Vecz = +5.0Vde !
3 Vg1 = VEE2 = GND =

¢ The 1200 ohm msistorandmescopetennhaﬁonimpedancaoonsﬁ—
fite & 25:1 attenuator probe. Coax shall be CT-070-50 or equivalert
NOT ussd in normal operation.

* nput resistor and cap &re fortest only. They are NOT necessary for
normal opsration.

(- Micro Metal Toroidat Core #T30-12,
6 tums of No. 22 copper wire.

Q2100
L =0.0650H

Veg=Vege = +5.0vde
VEE1 = VEE2 = GND L

« The 1200 ohm resistor and the scope {ermination impedance const-
{ute a 25:1 attenuator probe. Coax shall be CT-070-50 or equivalent.
NOT used in normal operation.

“ {nput resistor and cap are for test only. They are NOT necessary for

q :
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#MC1648

Typical transfer characteristics for the oscillator in the
woltage controtied mode are shown in Figure 6, Figure 7 and
Figure 8. Figure 6 and Figure 8 show transfer characteristics
employing only the capacitance of the varactor diode (plus
e input capacitance of the osdillator, 6.0pF typical).
Fiqure 7 illustrates the oscillator operating in a voltage
controlled mode with the output frequency range fimited. This
& achieved by adding & capacitor in parallel with the tank
circuit as shown. The 1.0kD resistor in Figure 6 and Figure 7
i used to protect the varactor diode during testing. It is not
secessary as long as the dc input voltage does not cause the
diode to become forward biased. The larger—valued resistor
€51k0 ) in Figure 8 is required to provide isolation for the
tigh—impedance junctions of the two varactor diodes.

The tuning range of the oscillator in the voltage controlled
mode may be calculated as:

frnax J Cp(max) + Cg

fmin /[ Cp(min) + Cs

= 1

“ 2/ L(Cp(max) + Cg)

CS = shunt capacitance (input plus extemal capacitance)
CD = varactor capacitance as a function of bias voltage

where fmin

Good RF and low—frequency bypassing is necessary on
the power supply pins. (See Figure 2)

Capacitors (C1 and C2 of Figure 4) should be used to
bypass the AGC point and the VCO input (varactor diode),
guaranteeing only dc levels at these points.

For output frequency operation between 1.0MHz and
50MHz a 0.10F capaditor is sufficient for C1 and C2. At
higher frequencies, smaller values of capacitance should be
used: at lower frequencies, larger values of capacitance. At
high frequencies the value of bypass capacitors depends
directly upon the physical layout of the system. All bypassing
should be as close to the package pins as possible to
minimize unwanted lead inductance.

The peak—to—peak swing of the tank circuit is set intemnally
by the AGC circuitry. Since voltage swing of the tank circuit
provides the drive for the output buffer, the AGC potential
directly affects the output waveform. Ifit is desired to have a
sine wave at the output of the MC 1648, a series resistor is
tied from the AGC point to the most negative power potential
(ground if +5.0 volt supply is used, —5.2 volts if a negative
supply is used) as shown in Figure 10;

At frequencies above 100 MHz typ, it may be desirable to
increase the tank circuit peak—to—peak voltage in order to
shape the signal at the output of the MC1648. This is
accomplished by tying a series resistor (1.0k0 minimum)
from the AGC to the most positive power potential (+5.0 volis
if 2 +5.0 volt supply is used, ground if a -5.2 volt supply is
used). Figure 11 iliustrates this principle.

APPLICATIONS INFORMATION

The phase locked loop shown in Figure 9 illustrates the
use of the MC1648 as a voltage controlled oscillator. The
figure illustrates a frequency synthesizer useful in tuners for
FM broadcast, general aviation, maritime and landmobile
communications, amateur and CB receivers. The system
operates from a single +5.0Vdc supply, and requires no
intemal translations, since all components are compatible.

Frequency generation of this type offers the advantages of
single crystal operation, simpie channel selection, and
elimination of special circuitry to prevent harmonic lockup.
Additional features include dc digital switching (preferable
over RF switching with a muttiple crystal system), and a
broad range of tuning (up to 150MHz, the range being set by
the varactor diode). -

The output frequency of the synthesizer loop is
determined by the reference frequency and tie number
‘programmed at the programmable counter; fout = Nfref- The
channel spacing is equal to frequency (fref)-

For additional information on applications and ‘fesigns for
phase locked—loops and digital frequency synthe’sizers, see

Motorola Brochure BR504/D, Electronic Tuning Address
Systems, (ETAS).

Figure 10 shows the MC1648 in the variable frequency
mode operating from a +5.0Vdc supply. To obtain a sine wave
at the output, a resistor is added from the AGC circuit (pin 5)
to VEE-

Figure 11 shows the MC1648 in the variable frequency
mode operating from a +5.0Vdc supply. To extend the useful
range of the device (maintain a square wave output above
175Mhz), a resistor is added to the AGC circuit at pin5 (1.0
kohm minimum).

Figure 12 shows the MC1648 operating from +5.0Vdc and
+9.0Vdc power supplies. This permits a higher voltage swing
and higher output power than is possible from the MECL
output (pin 3). Plots of output power versus total collector
load resistance at pin 1 are given in Figure 13 and Figure 14
for 100MHz and 10MHz operation. The total collector load
includes R in parallel with Rp of L1 and C1 atresonance. The
optimum value for R at 100MHz is approximately 850 ohms.
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