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Abstract
Since today the weat her forecast is SO

important for Thai people. Data «can be wused to manage the
process and quantity of adricultural product. But the
data from remote area cannot be easily sent o the
center due to the lack of financial,man power,tools and
equipments.lt could be damaged if the data is +too late.

For +this reason this project can approve the
disadvantade with high speed data, low cost, and high
effifiency. And can be used urban country. We expect
project can exploit in the future and useful for

Thai people.
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Absolute Maximum Ratings

Supply Voitags

OC Current Outof Pin 4

DC Current Out of Pin 13

Package Dissipation (Note 1)

Pin 4 Externally Forced

Operating Temperature Range

Storage Temperature Ranga

Lead Temperature {Soldering, 10 seconds)

+16v

10 mA

25 mA

1.ow

&6V

—-25°Cto +85°C
-65°Cto +150°C
300°C

Electrical Characteristics Ta=25°C, Ve = +9V, see Test Circuit and Waveforms

Paramaeter - Conditions [ Min I Typ l Max I Unuty
Encodar Section, Closa S1, $2, $4 Open S3
V14 Supply Voltage 45 9 15 v
lia Supply Current Encoder Only 10 14 22 mA
V4 Reference Voltage 4.1 4.8 5.1 v
t Frame Time ty=8eCr+0.63RuocCr 8 95 | 105 ms
tm Mod Time tm =0.63Re0CT 0.4 0.5 0.8 ms
ten Channel Time ten =0.63R¢Cr 0.4 0.5 0.8 ms
ty Sync Time, T, Channels 1-6 Close St, Close S2 3.5 ms
ty Sync Time, T, Channels 1-5 Open S1, Close S2 45 ms
ty Sync Time, T, Channels 1-4 Close S1, Open S2 . 5.5 ms
ty Sync Time, T, Channels 1-3 Open S1, Open S2 6.5 ms
At, Supply Rejection, tq + tey AVec 6V to 12V 0.1 YatV
AV13 Encoder Qutput Swing 38 Voo
av12 Mod Filter Output Swing 3.8 Vo,
(PP Mod Filter Source/Sink Currant 0.5 +mA
Ringy Pulse Timer Input Resistance 27 MQ
Ithn Frame Timer Thrashold Current 0.1 #A
lLeaxpsy Mod Timer Leakage Currant Pin 15 to OV 0.01 1 A
Vsarus) "Mod Timer Saturation Voitage lis=2 mA, (V4-.v15) 120 240 mv
I gakcy Channel Timer Leakage Current Pins 1,2, 3, 16, 17, 18 to 4.6V 0.08 1 #A
Vsarcwy_Channel Timer Saturation Voitage len =2 mA 120 240 mv
RF Qscillator Section, Collector Pin 11, Basa Pin 10, Emitter Pin 9 Open S4 _
Vour RF Output Levei Usa RF Voltmeter Close S3 400 MVius
e Supply Current Open S3, S4 30 mA
fy Transistor . Veg= +5V,Ic=10 mA 520 MHt
Vsarany Transistor Saturation Voitage fo =49 MHz 800 mv
Hgze Transistor DC Beta le=10 mA 75 150 300
Weeo lc=10 uA 16 20 M

Note 1: For operation in ambiant temperatures above 25 *C, the davice must be derated based on a 150

9 of 120 °C/W junction to ambient.

*C maximum function tampaerature and a

,

/



Test Circuit and Switching Time Waveforms

n

VA o EhcavEn
o
mT’ J 1t

5000 of
—C1 L RF
our
Vee '
L1 B
6 ’
AL 1] 16 15 "
— 9 " " EE e e |
D Snm
o g l-u:::u- o
RF 0SC
OFF
0} 0 l.. J r % oN
tetasia -
nestt
Ll 1 L ooamy s
sy Catamiy e Lok’
ol oo LT pryel o
1 2 3 « s ' 7 1 ] < mios
J’ J) Sk
P
“hepih Tl 3 1
Y f 44
b > QI uF T
P 8w L1 .F
S m
.13 3 1800 pF 3
90¢
AAA 4 | N scare
AF OSC 11 REG SYNC
ow s .
on 1
o/ gun
Note: Test circult has been figured for evaluati by oscitl pe. Use 1% timing components. Ay, AcnH. Re. Cr

l::jhlj..; LA R

= to

L1: Toko E523LN-7210019 type MC117 7 112 turns with tap 2 1/4 turns from top
Y1:49.86 MHz crystal 3rd overtone
Encoder output (pin 13) close $1, 52, 54, 0.5 ma/div Sweup

Typical Performance Characteristics

Supply Current Encodar Qutput Swing
vs Supply Volitage vs Supply Voltage
n
o T = i
= 1
O] =t T ]
é 2 y N g P
w = 3
£ 11 -i-. 4
Son e T 2 u
£ n ,’ < 2 E 1] y
2 1114 S 2
[ 4 S
o a 14
Y
128 ¢ 1t 13 s 15 1 s n oo

VIE - SUPPLY VOLTAGE (V) Vi4 < SUPPLY VOLTAGE (V)



Schematic magram

e

Z1 34N

.:5: oow
oon y

[}
one
8 wvenrns
2] 380 .
1

in0
L]

WIAINO
aom

4

ACY \
[}

|
=
B

21 ot (317
" ATY D

o~ __wwm.. .._.... _.wlu :
u o _._.:m._lu...?u.ﬁs .




LM1872 RADIO CONTROL Rx . / DECODE

LM1872 nﬂNNWD@ﬂNWLW qﬁﬁﬂuﬂﬁuﬁﬂﬂUGﬂU Tﬂﬁﬂ?ﬂﬂuﬁﬁﬁaﬂ
ﬁuazﬂiunauﬁaa ﬂ?uﬁ?ﬂmﬂaﬂﬁﬂﬁu RF nwwuwniuammwm RF QWﬂLﬂ?@QﬂG

LﬁSﬁWﬂWiﬂQUQN MOTOR 1 iludiy wiaaﬂnimnﬂauguiﬂaﬂauanﬁ meiﬂn 1
3 9 k']

Circuit Block and Connection Diagram

Dual- |n-Llno Package *

Mix
Lo XTAL  GNO  Vaias IN vt CHA CHA CHB

1 2 1 4 Is h 1. Js 0 o

LOCAL | VOLT REG. I

OSCILLATOR

LoGIC

f—T":}_ DET |~{ SYNC )

18 17 16 15 'u P] 12 11 ‘m

MiX IFIN AGC IF GNO SYNC CHZ CHt (%, ]}
ouT our
BOTTOM VIEW
Order Numbar LM1872N
See NS Package N1BA

7Un 1 w@n9 CIRCUIT BLOCK AND CONNECTION
o

f7@ LOCAL OSCILLATOR ﬁwwﬂw%éeﬁmmwman DIGITAL 990
1ﬁﬂauﬂuaﬂﬂimanmwu OUTPUT Hagienafy 4 CHANNEL

01@ LOCAL OSCILLATOR, DETECTOR, AGC, SYNGC lmane 4
pAtaET AT a1 TReNTHE LaﬂﬁmmwmﬁLﬁuﬁauaquﬂw7ﬂ1uqu faluda
fMa  LOGIC Lwaﬂwnw1ﬂ1Uﬂuaﬂnimﬂﬂom1u OUTPUT @ 11

LM1872 aﬂuﬁian101u1mﬂuﬁdaﬂ11un 27 MHz - 92 MHz wan

Al

WANTITEONWUL LTI



TR 2 iuTazvasromalures  LMis7e %aqzﬁaéﬁaﬂﬁu 2
UM N uAD

1. #7u199 ANALOG

2. @7ut99 DIGITAL

éauﬁnﬁu ANALOG ﬁoaaﬂwoﬂnuﬁnuuwaaaoaﬁ Taasine

Juduin RF nxuuaauwLﬂﬁNﬁﬂﬂﬂawaawnwﬁmwaqmaIc dogn 0SCILLATOR
ﬂiﬂaﬂn X-TAL ﬂmaaaﬂWQuaanWTﬂquma ic Lu@ﬂntumﬂdﬁun1ﬂxﬂﬂ MIX

Tuaauuaqwunaaawnuiamuuauﬂiuuaanwawama ﬁoinﬁaﬂauau
MTR1eInEee (¢ 195 a8aTa uNangy douna RF 1 iy ¥aniinTg
nanszwatawLawwzammﬁmﬂaumu1ﬂ1ﬁeﬁuaiq qaﬂwuu 1ﬂaqﬂ1ﬂ DIGITAL

AR DIGITAL 9EdHAIUAIIVDI2997 ammwmnwwun17namiuaua1
azLmnwwaaﬂWﬂuLwau11ﬂn1n17Lﬂaautﬁuammwmn10 DIGITAL walavoon
N79AN%  OUTPUT nuaa 4 CH (CH,A 2 CH. UR¥ CH.B 2 CH.) uar
v HUYI DIGITAL uu1ﬂwwu TRANSISTOR Q.13 - a.16 15eldle

A OUTPUT nxﬁuaqum ANALOG 8n 2 CH (CH.1 Wag CH.2)

009088



...10_

TIMING DIAGRAM LM1872
zﬂﬁ 3 1fu timing diagram WAAINITHNIIUIDY  IC LuDY
LM1872 qug%uiﬂﬂ17uaﬂﬁau5qumgu T4m21Nn319289 PULSE fiuandn oy
WAL AR SYNC LﬁuﬁaﬁwuumqﬁnWTﬁﬂqnunaaﬁa%uﬁqumuazﬂ1ﬂﬁquméa

=1 v o (U
NAITNINWUENU

t

i

3 H ] SYNC

TX RF CARRIER (ASSUME PRIGR
FRAME CONTAINED 3PULSES 1 b4 3
REPRESENTING CH A ANO CH § OFF) '

axoemoouareoss L4 L] UL LLLILE L
R e r—. r

8 FLIPFLOP )| | I | | I,
crLPFLOP I E |
ANALOG CH T (PIN 1Y) 1 I
ANALOG CHZ (PN 12) ~ 4 1
(L s —_'_/'L/‘M/LA/—L
l——(’ync—!
SYNC SIGNAL 1 :

— o1l

REAQ COUNTER ONE-SHOT

._-'r{—“‘"

AESET COUNTER ONESHOT
BIGITALCHA NN D) L—.
OIGITALCH BIPIN S I______
FIGURE 2. RX Timing Waveiorms g
LMIST1  TX LM1e72  RX
PIN CONOITIONS TRANSMITTED WAVEFORM BINARY DIGITAL QUTP
PIN § {CH A)[PIN 8 (CH B) I—v tF ] PULSECOUNT | cHA | cHa

QPEN OPEN _-__}—D-D-ﬂ_ [t | ~ 4 "2l 100 t'DFF OFF

FIGURE 3. Digital Channel Encodlng and Deceding via Puise Count Modulation

|

101 ON OFF

110 CFF ON

JiUn 3 DIGITAL CHANNEL AND DECODEING VIA PULSE COUNT
U

MODULATION



Absolute Maximum Ratings

Supply Voitage

package Dissipation(Note2)
voltage @ Pin7.8,9,10,110r12
Operating Temperature Range
Storage Temperature Range

_.11_;

v
1000 mwW

v+

-25°Cto +85°C
-65°Cto +150°C
300°C

Lead Temperature{Soldering, 10 seconds)

DC Electrical Characteristics
v+ =6V, T,=25°C, Test Circult of Figure 1, f, ;= 49.890 MHz, {,. = 455 kHz unless otherwise specified.

Parameter Conditions Min Typ Max Units
Supply Volitage Functional for V,, =100 pV 25, 6 7 v
Supply Current CHA&BOtf 9 13 18 mA
CHA&BOn 27 L mA
Vs @ Pin4 1.85 2. 2.35 \
Sync Timer Threshold @ Pin 13, Going from Low to
High Volitage v+2-04 v+i2 V+2+03 v
Digital Channels A and B d ’
Saturation Voltage @ Pins 7 8 9, R, = 1000 0.4 0.7 v
Saturation Resistance @ Pins789 7 o]
Source Current @ Pins 8 & 10, Vp, 1 3 2 pin 1081V 100 mA
Collector Pull-Up Pin7&PinStovt 5 10 20 kQ
Resistance
Emitter Puli-Down Pin 8 & Pin 10 to GND 5 10 20 kQ
Resistance
Analog Channels 1 and 2 g
Saturation Vollage @ Pins 11 & 12, R =2 k0 045 . 0.7 v
Saturation Resistance @ Pins 11 & 12 160 Y]
Collector Pull-up Pin11 & Pin12toV* 5 10 20 kQ
Resistance
AC Electrical Characteristics
Parameter Conditions Min Typ’ Max Units
RF Sensitivity For “Solid™” Decoded Outputs. 22 39 uVv
(Note 1) ’
RF Sensitivity Circuit of Figure 5@49 MHz with 12 uv
Antenna Simulation
Network of Figure 6
Voltage Gain Pin 5 to Pin 15 58 [o1:]
PSRR of AF Sensitivity 3vev + <6V -1 Y% AV
BW 3dB Down @ Pin 15 32 kH2
Noise Referred to Input, Pin 5, V, =0 0.35 uVrms
Referred to IF, Pin 15, V|, =0 0.28 mvrms
AGC Threshold Onset of AGC Relative to RF
o tnput, V,,. @ Pin 5 88 uY
Relative to IF Output @ Pin 15 v+4+007 v+4+0.100 vV++0.13 \
Mixer Conversion From Pin 5 to Pin 18 @1 MHz 29 4.0 6.9 mmhos
Ttansconductance @27 MHz 3.7 mmhos
@49 MHz 35 mmhos
Mia 3t Input Impedance Pin § to Pin 4 @ 43 MH2 20 kQ \
(See Curves) +5pF

.



AC Electrical Characteristics (continueq)

Paramater Conditions Min Typ Max Units
Mixer Qutput Impedance Pin 18 to GND 250 kQ
IF Transconductance Pin 17 to Pin 15 (AGC Off)@ 455 kHz 2.8 4.1 5.6 mmhe;
IF Input Impedance Pin 17 to GND 5500 Y]
IF Output Impedance Pin 15 to GND (AGC Otf) 800 kQ
(AGC On) 2 M
IF Carrier Level @ Pln 15, V,,, =100 uV 70 mVrm
(AGC On)
Detector Thrashold Relative to RF Input, V,y, 20 uv
@ Pins
Relative to IF Output @ Pin 15 v+4+0.015 V+4+.3025 vV ++0040 v
Analog Pulse Width Ratlo of Received Pulse Width 0.95 1.0 1.05 msims
Accuracy @ Pins 11 & 12 to Transmitted
Pulse Width @ Pin § for V, =
100 uV

Hote 1: The criteria for the outputs to be consldered “scild” are as lotiows:

DIGITAL: In order to check the decoding section, four AF frames are
put combinations at pina 7 and 9. For esch frame
ANALOQ: Each analog pulse widih (measured at pins 11 &1

widths obtalned for Vm =100 4V,

Note 22 For operation In embient temparatures above 25 °C, the device must be derated based on 2 150

80" tvin - hvm
' L1ty

2 3 4 ) 1 ? ]
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! 3 1
WPt FREQUENCY (Mun

i

rasi of 120°C/W, | to
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a | A Y @CH 1w 11) 0R]
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Typical Performance Characteristics (continueq)

Equivalent Mixer Input Shunt

Resistance and Capacitance Receiver AM Rejection
IF Bandpass Response vs Frequeancy vs RF Input Leve!
130 u o, i3
a2 [T £ =
[] TEST :ml:un OF a 10 (2 1 9L 5
348 W 32 kMM £iGume 1t = e L wo ! ]
o G &%a 3 S
-10 Z e - hw WS a5
z i T ANR s S Fas o
r J ‘ s g el N g <9
r -2 2 N = z 522 o
H = TRy 1 = =Sx
R 5 o [CRCTECLC PR gus 1]
z 7 \ = g5 jri, 3 %53 «
= / [ M lewldlll, 2 3=z
N 7 N N AN § 532 *
£ n 1 3 285
. N H = e
-50 q T2 t g X
T A 3T " g gzT
[ i S b-2=1
40 ] Mg =2 ]
-68 40 -6 @ kg 4 (1] 1 il 108 10 100 AL}
FREQUENCY DEVIATION {xMz) - fin = INPUT FREQUENCY (MHY) RF INPUT SIGNAL @ PIN § {4 Vims)
Test Circuit
n K=
A""v O 3
‘ -L
+ . " < + P g
> 108 >
« 100 u# Pl
(34 . 1D ‘P
- L)) .
I.__- r.‘ . 0 —0
= ) vy U9.180 M) = =
! 7]
A A A
vy
1= "' 4 s 5§ ’ [ s
(] Vaias MIX N v CHA CHA cHes
- LM1872
A
MiX out < iFIN AGC IF oUY (1.1:] : SYNC (L ¥} CHY [1.X ]
1 14 009 13 12 n e
I L = | JU 1L
T d > >
_L :: 100k :; n a
) =
——a
BOTTOM ViEw
L1=Toko® 10k type (KEN-4028 DZ); 6T T2=Toko® 10 EZC type (AMC 402503 NO), Qu = 110

Pin 1-2, 98T; pin 2-3, 86T

T1=Toko* 10 EZC type (RMC 202313 NO), Qu = 110
Pin 1-3, 184T; pin 4-6, 8T

Pin 1-2, 131T; pin 2.3, 33T
Pin 1-3, 1647; pin 4-8, 5T

* Toko America, Inc.
5520 West Touhy Ave.
Skokie, IIl. 60077
(312)677-3840 Tix: 724372

FIGURE 1. Test Clrcuit
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Circuit Description (continveq)
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FIGURE 4. Simplified Schematic Diagram
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National

Industrial Blocks
Semiconductor '

LM1871 RC Encoder/Transmitter

General Description Features

The'tM18711s a complete six-channel digital proportional
encoder and RF transmitter intended for use as a low
powar, non-voice, uniicensed communication device at

B Low current SV battery operation

& On-chip RF oscillator/transmiter

carrier frequencies of 27 MHz or 43 MHz with a fleld
strength of 10,000 uVimeter at 3 meters. In addition to radio
controlied hobby; toy and industrial applications, the

® One timing capacitor for six proportional channeis

encoder section can providé a serial input of six words for & Programmable number of chvannels
hard wired, infra-red or tiber optic communication links. ® Regulated RF output power

Channel add logic is provided to control the number of

‘encoded channets from three 10 six, allowing increased g External modulator bandwidth control
design texibility. When used with the LM1872 RC

receiver/decoder, a low cost RF linked encoder and g On-chip 4.6V regulator

decoder system provides two analog and two ONIOFF

decoded channels. Up to 80 MHz carrier frequency operation

Block and Connection Diagram

Duakin-Line Package

M0D  MOD RF
CHa CHS CHS Rm vee 0UT FILTER OUT BIAS
12 l” 16 15 14 13 12 1 10
' s N l v l
CHANNEL REGULATOR
ADCLOGIC i g
=
O ] g
) ral 4
. Moyt
€NCODER
ctoex
neser
3 2 1 .
1 lz 3 3 [ 5 1 : ’
CHl CH2 CH1 45V A 8 GND
AEG
CHANNEL
ADD LOGIC
TOP VIEW

Order Number LM1871N
See NS Package N18A



Absolute Maximum Ratings

Supply Voitage

OC Current Qut of Pin 4

OC Current Qut of Pin 13

Package Dissipation (Note 1)

Pin 4 Extarnally Forcad

Operating Tamperature Range

Storage Temperatura Range

Lead Temperatura (Soldering, 10 seconds)

+ 18V
10 mA
25 mA
1.0wW
[\
-25°Cto +85°C .
-65°Cto +150°C
300°C

Electrical Characteristics Ta=25°C, Veo = +9V, see Test Circuit and Wavelorms

) Paramaeter [ Conditions l Min [ Tyo [ Max I Units

Encoder Section, Close S1, 52, S4 Opaen SJ . .

vis Supply Voltage = 4.5 9 15 v
lya Supply Current Encoder Oniy 10 14 22 mA
vd RAeteranca Voltage 4.1 48 5.1 v
ty Frame Time b= RFC,} +0.83Rm00Cr 8 9.5 10.5 ms
tm Mod Time tm =0.63RuoaCr 0.4 0.5 0.8 ms
ten Channet Time ten =0.83RcuCr 0.4 0.5 0.8 ms
ty Sync Time, T, Channels 16 Closa S1, Close S2 35 ms
ty Sync Time, T, Channals 1-5 Open St, Closa S2 4.5 ms
ty Sync Time, T, Channals 1-4 Close S1, Open S2 5.5 ms
ty Sync Time, T, Channaels 1-3 Open S1, Open S2 8.5 ms
At, Supply Rejaction, t, +toy AVce 6V to 12V 0.1 %V
avi13 Encoder Output Swing 3.8 Voo
avi2 Mod Filter Output Swing 38 Voo
by~ Mod Filter Source/Sink Currant 0.5 = mA
Ring Putsa Timar Input Resistance 27 MQ
Iteqn Frame Timer Thrashold Current 0.1 A
leaxy Mod Timer Laakage Current Pin 15 to OV 0.01 1 »A
Vsarns Mod Timer Saturation Voitage I3 =2 mMA, (V4-V15) 120 240 mv
Igaxicw Channel Timer Leakage Current Pins 1, 2, 3, 16, 17, 18 t0 4.6V 0.08 1 WA
Vsaricwy Channel Timer Saturation Voitage lcnu32 MA 120 240 mv
RF Oscillator Sectlon, Caoilector Pin t1, Base Pin 10, Emitter Pin 3 Open S4
“Vour RF Qutput Lavel Use RF Voitmeter Close S3 ‘ 400 mVaus
11a Supply Current Open S3, 54 30 mA
‘4 . Transistor Veg= +5V, Ig=10 mA 520 MHz
Vsaray Transistor Saturation Voltage . fo = 49 MHZ 800 my
Hee  Transistor OC Beta Ic= 10 mA 75 150 300

Wego lc=10 A 18 20 v

Nate 1: For aperation in amoient temperatures above 25 °C, (he device must De derated Dased on & 150°C Maximum junction temperature and a

g¢ thermal resi: of 120°C/W | to




Test Circuit and Switching Time Waveforms
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Typical Performance Characteristics

R Supply Current
vs Supply Voitage
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Vi) - ENCROER OUTPUT SWING (Vpg)

Encoder Qutput Swing
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Typlcal Perfarmance Characteristics (continueq)

RF Transistor
Input Admittance
vs Collector Current

RF Qutput Voltage Lavel
vs Supply Voitage

RF Transistor-
Qutput Admittance
vs Collector Cusrreat
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Applications Information

The LM1871 has been dasigned to ancode and transmit 27
MHzor 43 MHzcarriers forramataradio controi{RC)ot up to
six independent analog functlons. The encoder section
converts a variable potentiometsr setting to a variable
pulse width. The variable pulse widths, each preceded by 2
tixed modulation pulse, are added togethar saquentially
and then lollowed by a synchronization pulse. Figure 1
shows the digital proportional control format and how the
channel puise widths, sync time and frame time are
dafined. Y

L FRAME (p

SYNG () U'U‘U'U‘U’U'Unnc m
~ —tw ]
=i
) l(:.l 1
w__ [T rm

u

FIGURE 1. (A) Encoder Output {Pin 13)
{B) Tranamitted RF Carrter Envelope
(C) Typical Receiver Channel 1 Qutput
(D) Typicai Recaiver Channel 2 Qutput

Figure 1 (A) shows the encoder output wavaform The
modulation tima (t) is fixed while tha channel time (1) Is
tha variabie pulse width. In Figure 1(C, D) tha recovered
channel pulse{t,)is the sumat tmandt . atarepratesatby
thaframstime(t). Bacausethe frametimeistixed, the sync
time (ty) will vary Inversely to the variable channel times.

Altardatsction bythe RCracsivar, thechannel puisewidths
must now be convertad back to tha requirad analog func-
tions, which might be a mechanical arm movement, motor
speed control or simply an ON/QFF transistorswitch.inthe
case of the mechanical arm movement, commerclally
available closad loop servo modules can bae found In most
hobby shaps. Tha input requiramaents of thaose sarvos wiit
datermine the transmitted frame time and channal pulse

© e e = .

fe = COLLECTQR CYURRENT PR 11 (mA)

1g = COLLECTOR CURRENT MIN 11 (maA)

width range. Usually the pulse width for arm at centar will
ba 1.5ms; lortull faft, LOms; and tor full right, 20 ms, at arap
rate of 20 ms. A motor speed control opan1oop servocan be
designed for the samsa input puise widths: 1.0 ms for max-
Imum forward speed, 1.5 ms with somadead band formotor
OFF and 2.0 ms for maximum reversa speed. In both sarvo
systems the input pulse width baing continuously variable
aliows fuil controt of arm pesition, motor speed an.’ ‘Irsc-
tion. The ON/OFF function could also use the same input
puisawidth ranga {1l ms ON, 2ms OFF).

The 1.0 ms to 20 ms pulsa width range raquired by most
servo modules s a rasult of transmitted RF spectrum
limitations required by the FCC. If the modulation time (t .}
and the channael time were made very short (%10us each)
many sidebands 5 kHz apart would be generatad on each
side of the canter frequency. The amplitude and number of
sidebands are datermined by the depth and duration of the
“modulation’ pulsa. FCC raguiations require that all
sidebands greater than 10 XMz fram center fraquency ba
less than 500 uV/imater at three maters. In tha exampla cited
above, the 100% modulated carriar spectrum would not be
accaptablae it the flaid strength of the carrier was 10,000
pVimeter at three maters. If the modulation ang channel
times were made much longer (310 ms each) the trans-
mitted spectrum would be acceptable but now the frame
time would be longer than desirable for optimum servo
designs. Whan the received channel puiss widths are be-
tween 1.0ms and 20 maat aframecateof 20msthemodula-
tion time should be between 400 u3 and 600 us talinsure an
acceptabie transmitted AF spectrum.

Figure 2shows thablock dlagram and atypical application
of the LM1871 utllizing two tuily proportional (analag) chan-
neals and two uniquely encoded ON/OFF (digital) channais.
The LM1872 RacaiveriDecoder, a companian IC to the
LM1871, has been designed to receive and dacdde two
analog'channals and twe digital channais. The two digital
channal output states ars datermined by the numbar of
transmitted channelsrathar than By the width of achannei
pulse. Table | shows the digital output format as a function
of the number of transmitted channels.



Applications Information (continueq)
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.golizxtions Information (conttnueq)
1137 SICQOER TIMING

‘ura2eesthe twotimingcircuits and wavetormsusad

:ne _M3TT. The framaetimerosciliator consistsof ahigh
un cormarator and a saturating NPN transistor switch,
~an e NPN transistor is turned OFF the timing
2ac:rtg will chargeup to 23 of the Vpeg voitags. The
smvaacaseowii then tum ON tha NPN transistor, discharg-
T :ne =zacitor back to ground ending the timing cycla
2 ouisdaTiing clrcuit s similar in operation except that
3 tmirg aoacitor (Cq) Is charged and discharged be-
+an Whnad U3 of the Vaeg voltage. The saturating PNP
-nasw-Teitch pulls up tha modulation tim!ng rasistor

» wnrretarges Crto 23 Y"EG and six Independently
st=nec *IPM transistors ptovide the dischargs path
~Jugn trechannel timing resistors (Re.) The time con.
301 roroT circuits can be found as follows:

nan Vistoitage across timing resistor at end of
trmg cycle.
Vz=\foltage across timing rasistor at beginning of
g cycle

Inthe framatimer circuit the NPN transistorishaidonfora
pariod determined Dy the modutation pylsa (1, This was
donae to insure that the timing capacitor ‘was fully dis-
charged. The frama (t) modulation (t,,) and channel tima
(tey) can be caiculated as follows:

1.5%
ty= =tn T (AeChl +tn=l1ReCrsty
46V
1.53¢
tmOftens —In (RuorRenCr
.06y =0.6%Ryor RciCr

The abovae calgulated time constants will be moditied dy
transistor saturation rasistances and comparator switch-
ing voltagas that are slightly diftarent than the 1/3 and 213
Vgeg raferance. One tima constant should be used for the
frametime(t) and0.63time constant shouldbeusedforthe
moduiation {t,) and channel (t.,) times. Because the
switchingvoltages arsapercentageofthaVaeg voitagathe
timer accuracy will not be atfected by a low battery condi-
tlon (Vee<S8V). High and low temperature {-25°C to
+ 85 °C) operatiom also has littla effect on timer accuracy.

FRAME TIMER q,

" <xternsl components

AN~

R oaes
Vaeg e

! . 3
SYNG TIME CaP LATCN =0 £NCOOER

>. CHARGE CXT QurT
R |
8.3 Vpeg
PULSE TIMER
R

~

2]
[

« eMtONFCE .
1Y magwar Sy -
| Zroxsecuoles trale w

L] cu tcn o L+ ] eu SYNG
A P e
i 31 |

UL

FIGURE L, Slmpilﬂnd Encoder Timing Circults and \"hvi'oﬂr;n



Applications Information (continusg)
The accuracy and temperature characteristics of the exter-
nal components will determing the total accuracy of the
system. Tha capacitors shoulid be NPO ceramics or other
low-drift types.
As an example the lfollowing procedure can be used to
determine the axternal timing components requirad for
Figure 2.,
-Glven: Frametime(t)=20ms
Modulation time (L) = 500 us
Recovered pulse width {t ) range = 1.0 ms to 20
ms withtrim capability
Non variable channel pulse width(t,) = 1.0ms

1. Frame Timer Components
Choose Ce=0.1uF £ 10%
=ty 20ms-0.50ms”

Rp=——= = 155 kQ2 (200 kA2)
Cr 0.1uF

2. Modulation Time Components
Choose C7=0.01 uF % 10%
tm 500 108

Ru= = =79.36 k11 (82 kQ)
0.63C; (0.63X1x 109

3. Non-Variable Channet (3 through 6§) Component
ten=th~tm=1.0ms - 050 ms = 500 s
ten - 500x1p-%

Agy & Tz = 79.36 kD (82k)
0.63C; (0.63X1x10~%

4. Variable Channel 1(t1) and Channel 2(t2) Components
When the Rp wiper arm varies across the full poten-
tiometer range, (AR = 0f) to Rp value) Rg is found for 0Q
and minimum t,, puise width.

th=lm 1ms -050ms

Rg= 279.36 k2 (82K)

=
0.63Cr (0631 x10~%
Rp{4R}is found for maximum {, pulse width.
th=1im 2ms-0.50ms

Rp= ~Rgm=
063C; °  (0.63X1x10°H

- 821 = 156 k0

The Rp value could have baen chosen first and a Cy
calculated Usuallythe 270 ° 10320 angle of potentiometer
rotation is inconvenient especially it it is desired to spring
return the control to centar, or H laver type knobs are re-
quired. A 500 kQ potentiometer that has 300° of end to end
wiper arm rotation could be used If mechanical stops limit
this range.

(300156 kQ) _
=83.6°

‘Required angle ot rotation =
500 k2

In most applications thae resisior and capacitor tolerances
prevent sutficient system accuracy without mechanical or
electrical trimming of the analog channel pulse widths. It 8
500k potentiometer is used, two trim methods can be uti-
lized. Rg can also be included as part of the potentiometsr
resistance.

1
Rotate Potentiometer Body  AdjustRg Potentiometer
tor Mechanical Trim tor Electrical Trim

MECHANICAL
ARw gTOPS

I MECHARICAL

t &Rm $TOPS |
AAAAAA AAAAAA e AA
VWA g AAAL A A ot 4 2 o

|M|n,| ) _lulm " n-l :

AR = 156 ki, Rg = 82 kf}
Ift,=1.5ms = 30% Is required:
AR

+RArau=03 ~—+Rg =48KkN
2

(300 *K48Kk)

Required Body Rotation = = £28.8°

500k

Channel Add Loglc

Tabla | shows the number of transmitted channels as a

function of pin§ and pin6 conditions.The threshold voltage
for both pins is 20.7V. When grounded, the pins are sourc:
Ing 300 wA trom the internal pull up resistors. Externat

voltages may be applied to these pins but shquid be below

the Vpeg voltage by at least one voit and not less than the
pin 9 ground.

TABLE L DIGITAL CHANNEL OUTPUT FORMAT AS A FUNCTION OF TRANSMITTED CHANNELS

LM1871 Channel Add Logic Number of Channats LM1872 Recaiver
Pin Conditions Tranemitiad Digital Outputs
PIn 5 (A) Pin 6 (B) A B
OPEN OPEN 3 OFF OFF
GND OPEN 4 ON OFF
OPEN GND 5 OFF ON
. GND GND 6 ON ON




Applications Information (continueq)

Modulstor and Crystat OsclilatorTransmitter
Circuit (Figure 4)

The modulator and osciliator consist of but two NPN tran-
sistors whosa oparation is quita straighttorward. The base
of the modutator transistor is driven by a bidirectional cur-
rent source with the voltage range lor the high condition
limited Dy a saturating PNP collactor to the pin & Vgeg
voltage and low condition limited by a saturating NPN col-
lector in serles with a dicde to ground. A current sourca of
* 500 LA was chosen to provide a maeans for external
modulator bandwidth contral. Whan a capacitor Is used at
thisnodathetransmitted RF carriarismadato slewONand
OFF at a tima datermined dy:

Modulation slaw time(t,,J

(AV124Ch)  (3.8VY0.01 uF)}
= = =76us

hz 500.A
when AV12 = peakto peak voltage swing of pin 12 = 3.3V

1y2= squrcelsink current from pin 12 = 500 kA -
C4 = capacitance at pin 12 = 0.01uF

Figure 5 shows the advantage gained by this capaciter
espacially if adjacent channels are 10 kM2 tg 15 k2 away
from tha desired channal.

Tha crystal oscillatar/transmitter transistor is configured
to oscillate in a class C mode with tha conduction angle
being approximately 140° to 160° Rasistor R10 provides
the base bias current from the pin 4 Vpeq voltage. This
rasistor vaiue has been optimized tor most RC applica-
tions. When the ermitter of the modulation transistoris high
(#3.8V) the coilector and tank coil aras puiled up into the
activerangeof the oscillator transistor. AF feadback to the
basae is via the series mode crystal which detarmines the

oscillator frequency. Becausa third ovartona crystals are
used for 27 MMz or 43 MH2 applications a tuned coliector
load mus! beused toguaranteeoperation atthecorract fre-
quency. Tuning the LC tank, while having little eftact on
oscillator frequancy, will cantrol the conduction angla and
oscillator stficiency. Tuning tha LC tank for minimum Vee
supply currant whila obsarving the carrier envelope on an
oscilloscope would be the best alignment mathod.

For most RC applications the carrier ON to QFF ratio must
baashigh as possibie to ensura pracise pulse width detec-
tion at the recaiver. If we were to look at the basa ot the
osciilator transistor we would see that the crystal is stilt
oscillating during the tima that the carrier is OFF {t,). This
is because of the high Q charactaristic {10k to 30k) of
crystals in this application. We can roughly calculate the
number of cycles required for a decay or rise in amplitude
for ana time constant {63% of final vaiua) by:

Q
Numberofcycles =

0.63x
-

At 43 MMz this will be 15k cycles or 300 us for a crystal Q of
30k. At27 MHzthistime willbe 560us forthe samecrystal Q.
It tong carriar OF F times ware required the oscillator start
uptimewouid as aresuitalsobequitatong. The shortarcar-
rier OFF times ovarcoma one problem but do suggest that
the crystal beisolated from the antenna circuit. Quring the
carrler OFF time tha basa of the modulator transistor is
held approximately 0.9V abow ground such that the smit-
ter st suppllas current to the now saturated collector of
thae oscillator transistor. Both ands of the LC tank circuit
now “sae” alow impedanca to ground. Further isalation is
provided by thae spiit tuning capacitor.”

Camponent 7 MMz 49 MMz Use TOKO form #51011802 and 230 wire
+ Tp 2 Turns 8 Turns or ¥51-0178 and 232 wire
Ts 3 Turns 1 Turn
Lt TOKQ XXN K4836 84F | TOXO XEN K4835 BUE
L MILLER #4811 MILLER #9230-10
s Ca $.4 pP 8.20F
. I [RL 3.780
¢c ¢t 1000 pF 220 oF
- 3 c2 680 pF a7 oF
oy ‘. n K‘ c3 20 pF 3pF
1 R10 24k 17%
cu .
[T 3 . =
1108 -lg $~uu :] 4
-18
27 Me QR oF Moy - | -1 'I \
IN0 GVEATONE SERIES € s / \
MOGE CAYSTAL - 3, e 0ut
49 '/}/ Iy
v N - gy . .
TWO £OOT £.572 OTAMETTA wiag -5 Co » L8106
CAUVALENT CIRCUIT
fo-1yne [ [ IT

'F|GURE 427 h!H: snd 49 MHz RF Osciilatod Transmitter

FIGURE S, Enveloge of Transmitted
Spectrum for Clrcyit in Figure 2
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Applications Information (continueq)

If the printed circult board shown in Figure 6 is to be
reproduced, It is recommended that the layout be fol-
lowed as closely as possible. The positions of pin 13
decoupling capacitors and coll components tend to be
critical in regard to undesired harmonic emissions. Short
lead ceramic disc capaclitors and short decoupled traces
are recommended. A number of boards with this con-
figuration have successfully met all raquirements of the
FCC as percelved only by Nationa!l Semiconductor. Final

‘approval of any unlicensed transmitter is granted only by

the FCC via certified test measurements.

Fleld Strength Measurements

As noted above the maximum radiated RF energy of an
unlicensed transmitter operating in the 27 MHz or 49 MHz
frequency tand must not begreaterthan 10 kuV per meter at
adistanceof 3 meters from the transmitting antenna. In ad-
dition to the carrier amplitude requirement, alf sidebands
greater than 10kMz from the cartierand all other emissions
{harmonic or spurious) must be less than 500 uV per mater
at a distance of 3 meters.

The term used for slectrical field intensity (Vimeter at 3
meters)refers totheopencircuitvoltageinduced attheout-
put of a resonant half-wave dipole antenna in a single
dimensional one maeter field, 3 meters distant {from the
transmitter. under test. When making field intensity
measurements, the antenna length must be adjusted for
rasonance at each frequency of interest and the induced
voltage made proportional to the one meler reference
length. The induced voltage value must not include losses
caused by the insertiop of a 1:1 balun transformer { — 6 dB)
or loading (- 6 dB) and mismatch (720 to 509, — 1.7 dB) of
'

the voltage measuring instrument. Wa can now relate the

induced voitage (V) to a measured voltage (V,ed) by:

V,,; L {(VmeaXLosses)
orViym
N L

Losses

where:Vyea & Voltagemeasured by s spectrumanalyzer
. . or calibratad receiver.
Vin = Fiald intensity (volts/meter).
L = Half-wave iangth of antenna in meters.
Losses = All mismatch, loading and Insertion
losses. (In this case = 13.7 d8 = 4.87)

The length of a half-wave dipole antenna Is found by:

“Ck
L =——meters
= 2f
where: C = Speed of light in a vacuum.

*
k = A constant related to antenna length to width
ratios, end effects and surtace etfects. Use
% =0.96 for practical antenna rods 516” in
diameter.
{ = Frequency of interest.

144

Simplified: L. = meters

{ MHz
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Applications Information (continueq)

Now that we have a way in interpreting tha hield strength
measurements we must deal with the technigue usad in
making these measurements, Usually alt measuremants
are done outside on a ftat area away trom traes, buildings,
buriad pipesorwhatever. Thetesttransmitterisplacedona
wooden stool or table approximately 3 feet high such that
the vertical antennais in a vartical position. The receiving

- dipole is adjusted tor the frequency of intarest and orien-

tated to the sama plane as the transmitter and placed 3
meters from the transmitter. Thedipotemay bamountedon
awooden pofe arladder suchthat the heightof the antenna
can easily be changad. The antennalength must always be
symmatrical about the center tapping balun transformar.
Tha operator and his t2st equipment must be "Dehind” the
dipole by some 3 or mare leet. It it is dasired ta have the
oparator at amuch more distant locationthatransmission
line must be characterized tor additional losses. A number
of maasurements should bemade ateach trequency fordil-
farent haights and arientations of both the transmitting
and recaiving antennas. The highast reading should be
considered tne cotrect reading. In additlon to fundamental,
sidebands and harmonic emissions, the frequency spec-
trum from 25 to 1000 MHz should aiso ba scanned for
spurious emissions greater than S0uV/mater at 3 meters.

Additional Apgplications

Figure 2 shows a typical application of the LM1872
Aeceiver/Oecoder. Tha LM1872 consists of a crystat con-
trolled local oscillator, IF ampliliar, AGC, detector, decoder
logic and dlgital channei outputdrivers. The supply voltige
range of 2.5V min to 7V max was chosen to allow dattery
operation by four “C™ or “0™ ceits.

Figura 7 shaws how tha LM187t encoder can ba used to
frequancy shift a 200 kHz carrier thatis transmilted aver
the 110V AC lins in a home or office. Figure 8 shows how
ON/QFF carrier modulation is also possible. An LM1872
could be used as a racgiver/decader for the Figure 8
transmitter circuit. Wnen using an LM1872the carrier fre-
quencies should be 50 kHz ar greater to insure proper
detector aperation.

Figure 9 shows the LM 1871 configured for six analog chan-
nelswitha TTLcompatible output. TheVaesvoltageatpind
has been shorted to Vee. This allows a Veguing 0f 3V and
VecmanOf 8V. The encoder output could beused for a tiber

optic transmittarrecaiver link, intra-red, tone kaying or .

transducer carrier modulation. if theencoderoutputishard
wired to tha Figure 10 serial input we can r2caver the six
analog channals. From Figure 11 we sesthat the datainput

FROM FIGURE 11

will appear during the sync tume which is always longer
than any cnannel time (t,). Inverter X1 will discharge C1
gach time the input goes high. During the longer sync time
C1 will charge up 10 the 1/2 Ve thrashold of X2 and via X3
provide the data input. The R and C componeants are
calculated by:

Laatadeiay = 0.565 R1Ct

it large values-of C1 (>0.01 uF) are required the diods D1
should be replaced by a PNP transistor with the baseon Xt
output, emitter to X2 input and collector to ground.

in applicatibns requiring ON/OFF decoding of a channel
pulse width the circuit shown delow could be used.

CHL NPT

* iy in output LQ
YMAX) In output HIGH

It the recavered channel puisa width is shart (tm,q) R2 and
C2 are selected such that the input lo inverter X4 does not
tise to the /2 V¢ thrashold. The output of X4 wiil be high
and thaoutput of XS will ba low. Alonger input pulse(tim,,)
will ailow the output of X4 to go low putling the input of X5
iow. R3and CJ are selected suchthat thainput to XSwill not
risg past the 112 Vg threshold during the remainder of the
frame time. The R and ¢ vaiug®are found by:

Given: tynig = 1.0ms, C220.014F
timan =20 M3, CI =0.14F
tirame = 20 MS

Yman) = Yemim

0.565R2C2 = tymimy + =15ms

1.5ms

A2= 2270k

0.585C2

tirame

R3 = —— =360kQ
0.565C3



T1 34noid

(373 7] e i
1)

son e
ot
TN &
o "we 1»
Nl
L) 3]
= A R R
e Hu-.:: H
.“... WA Ll
[
-..v_u.
3 u
:df " W m.
)/
aH -
100 CLRGT) "o
w [ u m
" @ " w
3 04 " ‘
" ATY P

Schematic Diagram

()
-
g
"y e
2 w
w x4 “r w
[y [ " ™
'
» -qﬂ— “y " [ ] (1) o (111 (1]
w x wed - et -
Had —1 - we i [ w I s} w0 L)
"o wl 1) ey [14] 539 L1 4] \ «
' BV ) ) 1w &) e - ¢ G I bl
oy, e nt ne N | "
“ e sofl— L o J 30 p-4—1 100 4— ] L) e
) . el
™ o L o T - - 0, [
» wiwig fw1 wi ws s wi wl g Wi Mig wg W e ud e
"y ny Jiswd Josu 1] tew 1t v T3 AT nvd v w | win
. RO [0 " T T O] °
; " w3 3 w3 W iniy
ey mvee

SOV VinwvNd



National
Semiconductor

LM1872 Radio Control Receiver/

General Description

The LM1872 is a complete RF receiver/dscoder for radio
control applications. The device is well sulted for use at

Industrial Blocks

Decoder

Features .

B Four independent information channels; two analog

and two digital -

sither 27 MHz, 49 MHz or 72 MHz incontrolling varloustoys n Completely self-contained

or hobby craft :ucl}r:s cars, t?oats. tTni;s. truc:s, r:bc:ls, B Minimum of external pans‘

planes, and trains. The crystal controlied superhet design . .

otfers both good sansitivity and selectivity. When operated . OPQranon from 50 kilohertz to 72 MHz

in conjuction with the companion transmitter, LM1871, it B Highly selective and sensitive superhet design
provides four Independent information channels, Two of B Operates from four 1.5V cells

these channels are analog pulse width modulated (PWM)} & Excslient supply noise rejection

types, while the other two are simple ON/OFF digitalchan-  m 100 mA digital output drivers

nels with 100 mA drive capability. Either channel type can

be converted to the other form through simple external cir- : Crysr:al cont‘rolle;d !
cultry such that up to 4 analog or up 1o 4 digital channels interfaces directly with standard hobby servo
could be created. Few extlernal parts are required to com- p )

plement the seli-contained device which Includes local Apphcatlons

asclllator, mixer, IF detector, AGC, sync output drivars, and
all decoder loglc on-chlp.

B Toys and hobby craft

B Energy saving, remotely switched lighting systems
8 Burglar alarms

® Industrial and consumer remole data links

% }R datalinks

B Remote slide projector control

Circuit Block and Connection Diagram

Dual-in-Line Package

MiX
L0 XTAL GND  Valas N v TCHA CHA CHB
! 2 23 q 5 Is' ? L] [
vQ
LOCAL I VOLT REG. l
OSCILLATOR 106
LoGic
1
7 ! 1 p—1—f 0eT | s¥nc
AGC
18 11 16 15 14 [E)
MIX  IFIN  AGC  IF GND SYNC CH2 CHt CHS
out ourt
BOTTOM VIEW ,
Order Number LM1872N

Ses NS Package N1BA



Absolute Maximum Ratings

Supply Voltage

Packags Dissipation(Note2)
Voitage @ Pin?,8,9,10,110r12
- Operating Temparature Aange
Storage TemperatureRange
Lead Temperature{Soldering, 10 seconds)

v
1000 mwW

v+

-25°Cto +85°C
-65°Cto +150°C
300°C

DC Electrical Characteristics
V* =6V, T,=25°C, Test Circuit of Figure 1, t, o= 45.890 MHz, f,e = 455 kHz unless otherwise specitied.

Max '

Parameter Conditions Min ‘Typ Units
Supply Voltage Functional for \/,N =100 uV 2.5 6 7 v
Supply Current CHA&BOI 9 13 18 mA
CHA&BOn 2?7 mA
Vaus @ Pin s 1.85 2. 235 v
Sync Timer Threshold @ Pin 13, Going from Low to
High Voltage V*2-04 v+ V*2 +0.3 v
Digital Channels A and B
Saturation Voltage @ Pins 7 &9, R =1000 0.4 0.7 v
Saturation Resistance @ Pins78&9 7 Q
Source Current @ Pins 8& 10,V g4 pin 101V 100 mA
Collector Pull-Up Pin7& Pin9to V™ 5 10 20 kQ
Resistance
Emitter Pull-Down Pin 8 & Pin 10 to GND 5 10 20 kQ
Resistance
Analog Channels 1 and 2 \ :
Saturation Voltage @ Pins 11 812, R =2k 045 0.7 "
Saturation Resistance . @ Plns 11 & 12 160 Q
Collector Pull-up Pin 11 8 Pin 1210V * 5 10 20 K2
Resistance
AC Electrical Characteristics
Parameter Conditions Min Typ Max Units
RF Sensitivity For "Solid"” Decoded Outputs 22 39 wVv
(Note 1)
RF Sensitivity Circuit of Figure 5@ 49 MHz with 12 w
Antenna Simulation
Network of Figure 6
Voltage Gain Pin 5 to Pin 15 58 dJB
PSRR of RF Sensitivity V<V <6V -1 % &V
BW 3dB Down @ Pin 15 32 kHz
Noise Referred to Input, Pin 5, V=0 0.35 uVrms
Refetred to IF, Pin 15, V,, =0 0.28 mVrms
AGC Threshold Onset of AGC Relative to RF
input, V,,,. @ Pin 5 88 uv
Relative to IF Qutput @ Pin 15 v+*+007 V*++0.100 v+4+013 v
Mixer Conversion From Pin 510 Pin 18 @ 1 MH2 29 40 6.9 mmhos
Transconductance @27 MH2 7 mmhos
@49 MHz 35 mmhos
Mixer Input Impedance PinSto Pind4 @ 49 MH2z 20 k2
. {See Curves) +5pF




AC Electrical Characteristics (continueq)

Parameter Conditions Min Typ Max Units
Mixer Output Impedance Pin 18 to GND 250 k2
IF Transconductance Pin 17 to Pin 15 (AGC Ot} @ 455 kHz 2.6 4.1 56 mmhos
IF Input Impedance Pin 17 to GND 5500 Q-
IF Qutput impedance Pin 15 to GND (AGC Off) 800 k0
(AGC On) 2 MQ
IF Carrier Level @ Pin 15V, = 100 WV 70 mvrms
(AGC On) B .
Detector Threshold Retative to RF Input, V,,,. ‘20 w
@ Pins
Relative to IF Output @ Pin 15 - V++0.015 v++0025 V+4+0040 V
Analog Pulse Width Ratior ot Received Pulse Width 0.95 1.0 1.05 ms/ms
Accuracy @ Pins 1% & 12 to Transmitted
Pulse Width @ Pin § for. V, =
. 100wV

Nots 1: The criteria for the outputs 1o De considered “solid™ are as follows:
DIGITAL: In order to check the decoding :.uctlon‘, tour AF framaes are inputted in sequence with the proper codes 10 exercise all four possible logical out.
put combinations at pins 7 snd 8. For each irame the proper cutpul logic siate must exlist.
ANALOG: Esch anslog pulse width {measured at ping 11 & 12) in any of the above four successive frames must At vary more than :.5% from the pulse

widths obtsined tor Vipe = 100 4V,

Note 2 For opsration in amdlent tamperatures above 25 °C, the device must be dersted based on a 150°C maximum Junction tempersture and 8 package
thermat raalstance of 120°C/W, Junction to ambient.

Typical Performance Characteristics

Suppiy Current vs
Supply Voltage

Analog Channel Output
Voitage vs Load Current
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Typical Performance Characteristics (continveq

IF-Bandpass Response

' TEST CIRCUIT OF
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Test Circuit

Equivalent Mixsr Input Shunt
Resistance and Capacitance

vs Frequency
n
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Clrcult Description

The lollowing discussion Is best understood by refarring
to Figures 2, 3, 4, and 5.

SYSTEM ENCODING ANO DECODING SCHEME

For the transter of analog Information, the LM1871/
LM1872 system uses conventional pulse width modula-
tlon (PWM). in applying this technique, the RF carrier Is
Interrupted for short lixed intervals (t,, in Figure 2) with
each interval followed by vartable width pulses (1.,) so as
to define multiple varlable time spans (t,; + t.,) occurring
in serial fashlon. Synchronization ls accomplished by
allowing one of the transmitted variable puise widths
(tsync) 10 exceed the duration (I'gyye) Of 8 receiver-based
timer, thus allowing the receiver to recognize this pulse
tor synchronization purposes. Taken in sequence, this
coliection of puises constltutes a single frame period (tg).

The LM1871 transmitter Is equipped to transmit up to s/x
channels which the companion LM16872 recsiver uses to
derlve 2 analog and 2 digital channels. The recelver

' decodes the demodulated RF waveform from the

transmitter by negative edge triggering a cascade of
three binary dividers called the A, B, and C toggle filp-
tlaps (Figure 4). By “examining™ all three flip-flop outputs
simultaneously, up to 8 unique channel time intervals
could be ldentified and recovered. Only the first two
channels are actually decoded however and outputted by
the receiver, the rest being used for identlfication of two
digital (ON/OFF) chamnals. In passing digital information,
a pulse count modulation scheme is used whersby dif-
ferent quantitiss of charinel puises are transmitted by
varylng the number of tixed width channels followlng the
two variable width analog channels 1 and 2 (see Figure 3).

TX AF CARRIER {ASSUME PRIOR
FRAME CONTAINED 3 PULSES
ALPRESENTING CH A ANO CH 8 0FF)

i
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——— r— 10

—— = 1D pt

AESET COUNTER ONE.SHOT I
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FIGURE 3. Digital Channal Encoding and Decoding vis Puise Count Moduistion
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Circuit Description continueq)

Thus either 3, 4, 5, or 6 channels are transmitted to repre-
. sent the four possible codes that two digital channels
represent. The receiver Intrinsicaily counts channels with
its decoder fiip-tlops by responding 1o the negative odges'_
of the demodulated RF waveform of which there is
always one more than the number of channeis. The two
LSBs of the binary count are read, latched, and fed to the
output drivers which comprise digital channels A and B.

RECEIVER SECTION

The recsiver circuit is a simple, single conversion design
with AGC which mixes down to 455 kHz and provides

Rt : 7
TTar Wi

0

58 dB of gain using the suggested transformers in Figure
5. The active digital detector provides an additionat 30 dB
gain over a silicon diode resulting_in an overall system
Qain of 88 dB. More or less gain can be abtained by using
ditferent transtormers. The irequency range ol operation
‘extends from 50 kHz to 72 MHz encompassing a wide
range ot allocated {requency bands.

The short (1° to 2) vertical whip antenna that is typically
used has a very low radiation resistance (0.50 10 40) and
approximately 3 pF to 5 pF of capacitance. This antennais
coupladtothe mixer through a high Qtank consistingolC3
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R1 - Motor decoupling , C11-LO pypass
A2 - Sync timer; R2x _SYNC pacaron L1 LOcoil
07Cs Aho® 10k type (KXNA-4434 DZ) 9T; 0.8 uH @ 27 MH2
R - Mixer decoupiing ho* 10% type (KEN-4028 D2) 6T; 0.4 LN @ 49 MHZ
C1 - LO bypass: optional i couid De made a tixed coil, it desired.
C2 - LOtank, C2=43pF @ 27 MH2 T1 -255 xMz mixer transformer
= 24 oF @ 49 MHZ 1und® 10 EZC type (AMC-202313 NO}, Qu = 110

C3 - Ant.lhputiank, CI = 39pF @ 27 MKz
=26 0F @ 49 MM2

Fu1 1-2, 1T pin 2-3, 33T
Pin 1-3, 164T; pin 4-6, ST

T2 -45%5 WHz IF transtormer
4 -V
[ BIAS bypnl- Tohoe® 10 E2C type (AMC-402503 NO). Qu= 110
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C7 - Mer decouple: 0 01 JFECT<0 I.F Toko* 10k type (KXNA-4434 D2}, 3T sec. & 97 pri 01 0.8 uH @ 27 MMz
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C$ - IF bypass; optionasi X1 <3rd overtone paratiei-moade crystal

* Toko Ameriza, Inc.

C1C - V* bypass 0.01 JFEC10<0.1,F 01 -Electrosianc gischarge (ESD) protection 5520 West Touhy Ave

FIGURE 5. Typieal Appilcation Clrcult for 27 MMz or 49 MHz
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Circuit Description continueq

and T3. This tank effectively keeps strong out-of-band
signals such as FM and TV broadcast from cross-
moduldting with the desired signal. When operating at
43 MHzor72MHz,CBinterferenceis also effectively mini-
mized. Image rejection is relatively low, however, being
oniy7 dB @ 49 MHz, but this does not present a problem
due to the usual absence of strong interfering signais
910 kHz below the desired signal.

The antenna signal Is stepped down and DC coupledtothe
mixer which consists of the smitter-coupled pair Q1 and
Q2. Emitter-foliower, Q1, teeds the comman-base device,
Q2, while effectively buftering the antenna from the LO
energy delivered by Q4. Mixer transconductance is 4
mmhos at low frequency (1 MHz) falling to 3.3mmhos at the
upper end (72 MH2).

The local osclilator utillzes an emitter coupled pair, Q3
and Q4, for accurate control of mixer drive, |,. Quiescent-
ly, Q3 and Q4 share |, sat by 0.89V/RS, but healthy voltage
swings at pin 2 due to oscillation of Q3 Implement
thorough switching of the ditterential pair. As a result,
the full 1.8 mA of drive “taligates” (switches) the mixer
emitter coupled pair, Q1 and Q2. This current Is wel!
regulated from supply voltage changes by the Vg, g clf-
cultry. The TC of Vg ¢ I8 positive by design In order to Im-
press a positive TC on |, so as to compensats for the
temperature dependence of blpolar transconductance in
the mixer. Inasmuch as O4 operates as an emitter-gated,
common-baseconnected device, axcellent Isolation bet-
ween local oaclliator and mixer is obtained. As fong as
pln 4 }s properly bypassed, Q5 presents s iow impedance
1o the base of Q4, rasulting in low oscillator noise. The
osciliator easily operates up to 72 MHz with overtone
crystals operating parailel mode.

The mixer signal Is stepped down from the high Q mixer
tank, T1, and DC coupled to the IF via a secondary winding.
The IF stage consists of Q7, Q8 and Q10 and delivers a
transconductance of 4 mmhos @ 455 kHz. The quiescent
current, 1y, is set at 120 pA by Vg . and a 6.2k resistor.
Again, the positive TC of Vg .5 Is used to compensate for
thetemperaturedependence oftransconductance. The Im-
pedance at the IF output, pin 15, is very high (> 800k) permit-
ting the IF transformer, T2, to operate at near unloaded Q
(110). The overall 3 4B bandwidth of the recaiver section is
J3.2kHz(seecharacteristic curves); thisis narrow enoughto
permit adjacent channel operation without Interference
yet wide enough to pass the 500 .8 modutation puises(tyin
Figure 2).

The IF signal Is DC coupled to the digital detector which
consists of a high galn precision comparator, a 30 us in-
tegrator, and a supply-referred 25 mV voitage referenca.
Whanever the peak IF signal exceeds 25 mV, the com-
parator drives Q11 to reset the digital snvelope detector
capacitor, C12. Since It takes 30 us for the 1 pA current
source to rarap C12 to the 3V {V +/2) necessary 10 fire the
Schmitt trigger, the presence of 455 kHz carrier
(perlod = 2.2 us) greater than 25 mVp will prevent C12 from

" ever reaching this threshold, When the carrier drops out,

the Schmitt trigger wiil respond 30 us 1ater. This delay (llke
that assoclated with the burst response of the 455 kHz IF
tanks)is constant over the time interval of Interest. Thus, it
Is of no consequence to timing accuracy because the
LM1372responds only to negative edges in the decoder.

AGC Is provided only to the IF; the mixer having sutficlent
overload recovery for the magnitude of signals available
trom a properly operating (l.e. good carrier ON/OFF ratlo)
10,000 uVim transmitter. The AGC differential amplitier
reqgulates the pesk carrierigvel to 100mV by comparing it1o
an Internal 100 mV suppiy-referred voitage reference. The
resultant error signal is ampiifled and drives Q9viarectifier
diode, D1, to shunt current away from Q10. C8 provides
compensationforths AGCloopwhichspansa70d8rangs.
The 100 mV.AGC reference Is accurately ratioed to the 25
mV detector reference to permit a controlied amount of
brief carrierloss befora dropping belowdetactorthreshold.
Once Into AGC, typically 60% amplitude modulation of the
PWM carrier Is possible before the detector will racognize
the Interference (ses characteristic curves). This kind of
nolse immunitylsinvaluable when the troublesome etfects
of other physicaily closetoysor watkle-talkiesonthe same
or adjacant frequencies are encountered.

DECODER SECTION

The purpose of the decoder Is to extract the time informa-
tion tfrom the carrler for the analog channels and the pulse
count information for the digital channels. The core of the
decoder is a three-stage binary counter chain comprising
flip-fiops A, B, and C. The demodulated output ffom the
detector Schmitt-trigger drives both the counter chain and
the sync timer (Q12, R2, C6, and another Schmitt trigger).
When the RF carrler drops out for the first modulation
pulse, t,, thefalling edge advances thecounter(see Figure
2.)Duringthet, intervalthe synctimercapacitorisheidlow
by Q12. When the carrier comnaes up again for the variable
channel interval, t.,, C6 begins toramp towards threshoid
(v +72) but Is unable to reach It in the short time that is
avaliable. At the end of the tc,, period the carrier drops out
agaln, the counter advances one more, and the sequenceis
tepeated for the second analogchannél. Todecode the two
analog channels, 3-Input NAND gates G1 and G2 examine
the counter chain binary output so as to [dentity the times
siots that represent those channels. Decoded in this man-
ner, the output pulse width equals the sum ot t,,, a tixed
puise, and t.,, a varlable wldth pulse. A Dadington output
driver interfaces this repetitive pulse to standard hobby
servos.

Following the transmisslon of the second analog channel,
a variable quantity from one to four, of fixed width pulses
(500 ps) are transmitted that contain the digital channel in-
formation. Up untli the end of the pulse group frame period,
te, the decoder responds as if these fixed pulses were
analog channaels but delivers no outputs. Attheconclusion
of the frame the sync pulse, tgyye, IS sent. Since tgyye is
always made iongarthanthe synctimerperiod(t’ gyne = 3.5
ms), the sync timer will output a sync signai to the first of
two cascaded 10 us one-shots, The first one-shot enables
AND gates G3~G6 10 read the A and B tlip-flops of the
counterinto 8 pair of RS latches. The state of flip-tiop A, for
example, Is then stored and butferedtodrive 100mA sink or
source atthe channe! A digita!l output. An identical parallet
path allows the state of fiip-flop B to appear at the channe!
B power output. Upon conclusion of the 10 s read puise,
another 10 us one-shot is triggered that rasets the counter
to be ready for the next frame.



Application Hints

A typlcal application circuit for aither 27 MHz or 49 MHz
Is shown In Figure 5. Using the recommended antenna in-
pul networks and driving the circuit through the antenna
almumlon network of Figure 6, 8 solid decoded output
occurs for 10 WV and 12 4V input signals at 27 MHz and
49 MHz respectively.
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FIGURE 6. Antennz Simulation Network

This sensitivity has been determined emplrically to be
optimum for toy vehicle applications. Less gain will
reduce range unacceptably and more gain will increase
susceptibility to noise. However, should the application
require greater range (> 50m for a land vehicle, for exam-
ple}, either the antenna could be iengthened beyond 2°
andlor receiver sensitivity could be improved. There are a
number of ways to aiter the sensitivity of the receiver.
Decreasing the turns ratio of Input transformer, T3, for
‘example, will couple more signal into the mixer at the ex-
pense of lower tank Q due to mixer loading. Moving the
primary tap on mixer transformer, T1, further from the
supply, side and/or decreasing the primary to secondary
turns ratio wili also increase galn. For example, just
changing T1 from a 32:1 primary to secondary ratio to a
5:1 turns ratio (Toko ¥AMC202202) will-double 49 MHz
sensitivity (8 xV vs 12 zV). Mixer tank Q will be atfected
but overall 3 d8 BW will remain largely unchanged. The
primary tap on the IF transformer, T2, can also be ad-
Justed {further from the supply side) for higher gain, but it

’
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Application Hints (continueq)

The digital channel output devices have significant drive
capabiliity; they can typicalty sink 100 mA and posses a
70 saturation resistance. Through their emitters they can
source 100 mA up to 1V above ground tor driving ground-
ed-NPNs and SCRs. Unfortunately, this kind of drive
capability can cause thermally induced chip destruction
unless total power dissipation Is limited to iess than
1000 mW. !t is good practice and highly recommended to
sllow the dightal output devices to fully saturate at sll
times (sinking or sourcing} sand to limit the current at
saturation to no more than 100 mA. For extra drive the
two digltal outputs can always be summed by connect-
ing pin 7 to pin 8.

The IF trequency Is not constriined to be 455 kHz. Opera-
tion Is limited on the high end to about 1 MHz due to the
frequency response limitations of the active detector.
The iow end Is limited to about 50 kHz due to the
envelope detector Integration time (Figure 4).

Recelver Alignment

The recelver alignment procedura is relatively straightfor-
ward because of an absence of interaction between the
(adjustments. First, the oscliistor |s tuned by adjusting L1
while monitoring the LO signal at pin 2 with a low capaci-
ty (%10 pF) probe. During tuning the amplitude wlil rise,
peak, and then abruptly quit. Adjust the coil away from
the quitting point and just below the amplitude peak,

in order 10 properly tune T1, T2, and T3, the RF signal
must be provided through the receiver antenna by the
speciiic transmitter which is to be used with that speclfic
receiver. This Is becsuse the crystals which are common-
ly used with these systems may have tolerances as loose
as £ 0.01%. At 49 MHz the resultant =5 kHz deviation
could easily put the Incoming signal out of the 3.2 kHz
recelver IF bandpass. The signal should be coupled
through the recelving antenna to ensure proper loading
of the T3 Input tank.

Alignment is easler with a defeated AGC, which is ac-
complished by merely grounding pin 16. The amplitude of
the 455kHz signal at pin 15isused to guidealipnment.Care
shouid be exercised that the signal swing not exceed
roughty 400 mVp or diode, D2, in Figure 4 willthreshold and
clamp the waveform, Aiso note that a standard 10 pF probe
at pin 15 will shift the IF tank frequency an undesirable’
2 kHz. Unless a lower capacity probe is available, it Is
recommended that the signal be monitored at the unused
secondary of T2. Aithough the signal ampiltude would be
down by a factor of B.25relative to pin 15, up to 50 pF probe
capacitance could be tolerated with negligible frequency
shift.

The Incoming signa! is obtained by removing tha antenna
from the transmitter and then locating the transmitter at
a sutficient distancs from the recelver to give a conven-
lent signal levei (<400 mVp) at pln 15. T3, T1, and T2 are
then tuned for maximum signal.

Applications

Opercation at 72 MHz

The licensed 72 MMz band is poputsr among hobdy en-
thusiasts for controlling alrcraft. The higher transmitted
power levels that the FCC allows yield much greatsr
opergting range and the frequency band Is uncluttered
relative to 27 MHz. Elavatad frequenciaes such as 72 MHz
are no problem with the LM1872. The part is stable and
will provide good sensitivity and selectivity at that fre-
quency. The spplication clrcult In Figure 8 wiil provide a
sat of solld decoded outputs for <2 uV of signail at the
antenna Input, which is designed to match the 1000
resistive impedance of tha 1/4 wavelength antenna. IF
bandwidth |s a respectable 3.2 kHz. For good Immunity to
overioad from a very closely (antennas touching)
operating high power transmitter, the transmitter design
should emphasize a high carrier ON/OFF ratio. Using the
LM1871 as a low power exciter to drive one or more exter-
nal class C power amplifier stages will result in a simple,
acceptable, low cost transmitter at 72 MHz.

Inasmuch as many hobby lppn'clllons requira more
analog channels than the LM1872 normally provides, par-
ticular attention should be pald to Figures 10 and 12
which describe how to expand analog channel capacity
up to 4 and 6 channels, respectively.

Operation with an IR Carrier

An Infra-red {or visible) light data link is a usetul alterna-
tive to its RF counterpart. Should the application demand
that the radiation not leave the room, or that it be direc-
tional, or not involve FCC certification then a light tarrier
should be given consideration. The principal drawbacks
to this approach includa short range (€20 ft.) and high
transmitter power consumption. There is liftle that can
be done to dramatically improve range, but short burst-
type operation of the transmitter will still permit battery
operation.

The information link (Figure 9a) consists of a light carrier
amplitude modulated by a 455 kHz subcarrier. The sub-
carrier In turn Is modulated by the normal Pulse Width/
Pulse Count Scheme producad be the LM1871 encoder. A
husky, focused LEC Is used as the transmitter running
Class A 100% modulated with an average current drain
of 50 mA to 500 mA depending upon raﬁge requirements.
The detector consists of a large area silicon PN or PIN
photodiode for good sensitivity. The LM1872 will directly
interface 1o such a diode and give very good perior-
mance. Only a few nanocamps of photo current from D1
are required to threshold the detector. Amblent light re-
jection is excellent due to the very narrow bandwidth (¥3
kHz) that results from the use of three high Q 455 kHz
transformers, T1, T2, and T3. Note that the LO has been
defeated and the mixer runs as a conventional 455 kHz
amplitier. Otherwise, circuit operation is the same as it
an RF carrier ware being received.



Applications (continuea)

Expansion to Four Analog Channels

For those applications that require more than the two
analog channels that are normally provided, the LM1872

can easily be expanded to 4 channeis with appropriste,

external clrcuitry. This is accomplished by creating a
pseudo-sync pulse (t,,) among a six channel transmitted
frame from the LM1871 (Figure 10). The pseudo-sync
pulse deceives the decoder in the LM1872 causing
premature recognition of end-of-frame, sffectively split-
ting a single frame Into two. The idea is to transmit
analog channels 1 and 2 In the first half of the normal
trame period and analog channels 3 and 4 in the second
half, External logic wiil then steer the four channals from
the LM1872's only two analog output pins Into four new
analog outputs. Steering Is accomplished with the help
of one of the digital channels. Inasmuch as the digital
channels respond only to the number of puises received

betwean any two sync (or pseudo-sync!) pulsas, the chan-
nels are capable of toggling In step with the altemating
transmission of two and three channel pulse minl-groups
occurring within each halt frame. Figure 10a reveals that
both gigitat channels A and B are high during the dual
pulse half trame and low during its triple puise counter-
pant. Figure 10b shows Just how simple the external cir-
cuitry can be. Digital channel B drives the channel select
‘pin of a quad 2-lnput MUX that routes the LM1872 chan-
nels 1 and 2 outputs to the folr new outputs labeled
analog 1 through 4.~

t

Although not the model of simplicity of Figure 100,
Figure 10c Is a lower cost altemative that works just as
well. The diodes with the asterisk prevent & ground step
from occurring that could faisa trip an axcessively sdge
sensitive servo and can be sliminated in many casas.
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FIQURE 10. Derlving Four Analog Channeis Through the Use of
an Auxiiiary Decoder

Four Single Channel Receivers Driven from a Singie single transmitter (Figure 11). Togghing digital channel A,

Transmitier

When it Is desired to control more than two vehicles or
remote statlons with the analog Information from a
single transmitter, the LM1872 can be put to the task. By
utilizing the frame spiitting techniqus previously de-
scribed In Figure 10, up to four independent single

analog channal receivers can be made to operate froma’

eithar directly or through an Inversion, is used to sup-
press a given receiver's analog oulput when the
undesired analog channels are transmitied. In this man-
ner, only the desired anaiog channel s outputted at eath
receiver. The amount of external circultry required to do
this Is minimal; two recelvers raquire a single transistor
aplece while the other two.receivers need no extra parts
at all, ’



Applications (continvea)
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b) Simple Channel Separation with Two Extemal Transistors

FIGURE 11. Obtaining Four Independent Singie Analog Channel Recelvers
trom a Singls Common Tranamitter



Applications (continueq)

Expansion to Six Anslog Channels

Still greater analog capacity can be obtained with an out-
board auxiliery decoder. The LM1872, a simple com-
parator, and an 8-bit parallei-out serial shift register com-
prise a six anaiog channel recsiver/decoder (Figure 12).
The one transistor comparator reconstructs the detector
output of the LM1872 trom the sync timer waveform and
feads It to the clock Input of the shift register. The chan-
nel 1 output then loads a "'one™ into the register and the
clock shitts the “one” down the line of analog channe!
outputs In accordance with the time information trom the
detector output. Note that the reconsiructed detector
wavsform lags the channel 1 output very siightly (310 ps)
dus to the finite slope of the sync capacitor discharge
edga. This delay |s very Important as It Insures that chan-
nel 1 is high when the clock strikes Initially (thus ioading
2 “1") and low for each subsequent positive clock edge
{thus preventing the loading ot axtruneou; “1'8").

TX RF

SYNC TIMER
{LM1272 N 12)

RECONSTRUCTED
DETECTOR OUTPUT
(MMTACIB4 PINT)

LM1872 CH § QUTPUT

Converting an Analog Channel to s Digital Channel

Eithér anslog channel can be converted 1o a digital chan-
nel with the aid of a low cost CMOS hex inventer (Figure
13). The internal 10k resistor and external capacltor, C1,
set a time constant (1 ms) that falls betwesn a short (0.5
ms) and & long {2 ms) transmitted puise option. For
puises longaer than 1 ms, the first inverter will pull low
momentarily once sach framse. Repetitive discharges of
C2 prevent It from ever reaching threshold (V */2)
becauss the R1 C2 time constant Is set longer (70 ms)
than the framse pericd. With the inverter Input bslow
threshold, Q1 wiil energize the ioad. For analog output
pulses shorter than 1 ms, the first inverter will back bilas
D1 allowing C2 to ramp past threshoid and Q1 to go off.
For extra output drive, the remaining inverters In the
package can be paralleied to drive Q1. Alternatively, for
light loads Q1 can be sliminated altogether,

-~ Lt
REGER T M\

ARALOG

'_'_'—ﬂ'!"—',....w S| ey |
ANALOGZ
ANALOG) I 75| o=
ANALOG 4 ==}
ANALOG S T 4
‘ ANALODG S N 1
8) Six Channel Timing Diagram
v*egy
<. &
mn 4:10(& PP IR
< T 2
H cuoex g
| L] § _ ANALOG _-1-
SYNC a1 —0, =
10 5 A
Amu.m: o o JIALDB
[R¥3 ANALDE . 1Y 4 ANALDG
Lm1s72 “ §O—1 WMnuCIM =0,
o 3
2 e 12 IANALQG
= 1 2
N
ent fU [ ¢ O~
—— 1 1
INPYT —-|

b} Six Channel Auxllisry Decoder
FIGURE 12. Deriving Six"Anatog Channels



Applications (Continued)

Where only one of the two avaltable snalog channels
needs conversion to a digital format, the LM555 ap-
proach ofters simplicity combined with up to 150 mA of
output drive (Figure 14). The trailing edge of CH 1's out-
put pulse Is used to reset the timsr in preparation tor
comparing CH 2's puise width to the time constant (1.1
ms) set by the internal 10k resistor and C1. For CH 2
puise widths greater than 1.1 ms C1 ramps to threshold,

!

110R 12
LM1a72

c1
0.15 uF
210%

us
10k MMI2CD4

setting an internal fatch in the LM555 and causing the
load to be snergized. Due to the timing of the reset pulse,
however, the LMSS5 output wiil go high again for 1.1 ms
during the next pulse comparison cycle thus producing
an ON state duty cycle of about 95%. For most common-
Iy encounterad loads such as motors, soiencids, lamps,
and homes, this is ot little conssquence. The OFF state
duty cycle is 100%. .

FIGURE 13. Conversion of an Analog Channel
to a Digital (On/Off) Channel

10k /I

A "AA—0 <,
f

0.10 uF
z 210% |
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10k
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viegv
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fl L0AD
10m 16
o1 MM74C04 .
NS4
o
€2 =
0.07 uf I-
vagv
[o]
‘_ﬁ
3
LOAD
THRESHOLD ouTPuT
LMSSS
CONTROL
TRIGGER D1scHARGE |-

=

FIGURE 14. Simple Conversion of an Analog to & Digital Channel



National

Industrial Blocks

Semiconductor

LM135/LM235/LM335, LM135A/LM235A/LM335A
Precision Temperature Sensors’

General Description

The LM135 series are precision, easily-calibrated, inte- to +125°C temperature range. The LM335 operates
grated circuit temperature sensors. Operating as 2 from —40°C to +100°C. The LM135/LM235/LM335
2-terminal zener, the LM135 has a breakdown voltage are available packaged in hermetic TO-46 transistor
directly proportional to absolute temperature at +10 mV/ packages while the LM335 is also available in plastic
°K. With tess than 102 dynamic impedance the device TO-92 packages. . -

operates over a current range of 400 uA to 5 mA with
virtually no change in performance. When calibrated
at 25°C the LM135 has typically less than 1°C error Features

over a 100°C temperature range. Unlike other sensors

Ditectly calibrated in “Kelvin

the LM135 has a linear output. .
T N
Applications for the LM13S inciude almost any type of ® 1 Cinitial accuracy available
, temperature sensing over a —55°C to +150°C temper- = Operates from 400 pA to SmA .
ature range. The fow impedance and linear output ® Less than 192 dynamic impedance
| make interfacing to readout or control circuitry‘ espe- ® Easily calibrated
| cially easy. ® Wide operating temperature range
The LM135 operatss over a —=55°C to +150°C temper- = 200°C overrange
[ ature range while the LM235 operates over a =40°C’ 8 Low cost
i
Schematic Diagram
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<
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$in Sin  Sua

Typical Applications
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Absolute Maximum Ratings

Reverse Cusrent
Forward Current
Storage Temperature
TO-46 Package
T0O-92 Package
Specified Operating Temperature Range
) Continuous
-55°C to +150°C
LM235, LM235A -40°C to +125°C
LM335, LM335A -40°C 1o +100°C
Lead Temperature (Soldering, 10 seconds)

LM13S, LM13SA

15 mA
10mA

~60°C to +180°C
-60°C o +150°C

Intermittant {Nots 2)
150°C to0 200°C
125°C t0 150°C
100°C 10 125°C
300°C

Temperature AcCcUracy LM13s/LM235, LM135A/LM235A {Note 1)

LMI35A/LM235A LM135/LM238
PARAMETER CONOITIONS UNITS
MIN TYP Max MIN TYP MAX
Operating Qutput Voltage Tc=25°C.Ig~ 1 mA 297 298| 299| 29s5| 298| 301 v
Uncalibrated Temperature Error | Te 225°C.Ig = 1 mA 0s 1 1 3 °c
Uncalibrated Temperature Error | Tamin < Te < Tmax. I = T mA 1.3 27 2 5 °c
Temperature Errar with 25°C TMIN < T < TMAX. IR * | mA 03 1 c.s 1.5 °c
Catlibracion
Calibrated Error at Extended Te = Tpmax (Intermittent) 2 2 °c
Temperatures
Non-Linearity 1g = 1 mA 03 0.5 0.3 1 °c
Temperature ACCUracy Lm3ss. LM3ISA (Note 1)
PARAMETER CONOITIONS EE 154 LM335 uNITS
MIN TYP MAX MiN TYP Max
Qperating Qutput Voltage Tc= 25°C.Ig = 1 mA 295 293 "3.01 2.92 2.98 3.04 \"
Uncatibrated Temperature Errar | Tg =25°C,1g = I mA 1 3 2 8 °c
Uncalibrated Temperature Error | Tpmin < Te < Tmax. I = 1 mA 2, 5 4 9 °c
Temperature Error with 25°C Tmin <Tc < Tmax. IR = 1 mA 0.5 1 1 2 “°c
Calibration
Calibrated Error at Extended T = TmMAx [intermittent) 2 2 °c
Temperatures
Non-Linearity ta=1mA 0.3 15 Q.3 15 °c
Electrical Characteristics (note 1)
LM135/LM23S LM33S
PARAMETER CONDITIONS LM13SA/LM235A LM335A unNITS
MIN TYP MaX MIN TYP MaXx
Qperating Qutput Voltage 400 A <Ig <S5mA 25 10 3 14 mv
Change with Current At Constant Temperature
Dynamic Impedance IR =1 mA 05 08 Q
Qutput Voltage Temperature +10 +10 mvtC
Drift ’
Time Constant Scill Air 80 a0 sec
100 ft/Min Air 10 10 sec
Stirred Oil 1 1 s8¢
Time Stability Tc=125°C 0.2 0.2 °Crrnr

Note 1: Accuracy measurements are mace in 3 well-stirred oil bath. For other conditions, seif heating must be cansideced.
Note 2: Continuous operation at these temperatures for 10,000 hours for H package and 5.000 haurs for Z package may decrease life expect-

ancy of the device,

.



Typical Performance Characteristics
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Application Hints
CALIBRATING THE tM135

Included on the LM13S chip is an easy method of
calibrating the device for higher accuracies. A pot
connected across the LM13S with the arm tied to the
adjustment terminal allows a 1-point calibration of the
sensor that corrects for inaccuracy over the full tam-
perature range.

This single point calibration works because the cutput
of the LM135 is proportional ta absolute temperature
with the extrapolated output of sensor going to OV
output at 0°K (=273.15"C). Errors in output voltage
versus ternperature are only slope (or scale factor)
$0 a slope calibration at one temperature corfrects at
all temperatures.

The outpur of the device [calibrated or uncalibrated)
can be »xpressed as:
\ Vi T
Tr* Tr x —
OUTT " VOuTr, * =

whare T is the unknown temperature and Ty is a ref-
erence temperature, bath expressed in degrees Kelvin.
By calibrating the output to read correctly at one

Typical Applications iconunuea

Minimum Temperature Sansing

Avsrage Temparacure Sansing

temperature the output at 3l temperaturas is correct.
Nominally the output is calibrated 3t 10 mV/°K,

To insure good sensing accuracy several precautions
must be taken. Like any temperature sensing device,
self heating can reduce ,accuracy. The LM135 should
be operated at the lowest current suitable for the ap-
plication. Sufficient current, of course, must be avail-
abla to drive both the tensor and the calibration pot
1t the maximuym operating tempaerature.

It tha sensor is used in an ambient where the thermal
resistance is constant, self hedting errors can be cal-
ibrated out. This is possible if the device is run with
a temperature stable current, Heating will then be pro-
partional to Zzener voltage and therefore temperature.
This makes the saif heating error proportional to ab-
solute temparature the sara as scale factor errors.

WATERPROOFING SENSORS

Meltable inner care heat ‘shrinkable tubing such as
manufactyred by Raychem.can be used to make low-
cost waterproof sensors. The LM335 is inserted into
the tubing about 1/2” from the end and the tubing
heated 3bove the melting point of the core. The un-
filled 1/2" end melts and provides a seal over the devica.

Remats Temparature Sensing
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tsolated Tempaerature Sensar
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AWG FEET FEET
14 4000 8000
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Typical Applications (continued)

Ground Referred Fah

Simple Temperature Controlier
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*® Adjust R2 for 2.554V scross L1336,
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Typical Applications Continued

THERMOCQUPLE COLD JUNCTION COMF;ENSATION

Campensation for Grounded Thermocouple

. l “Salstt R1 tor procer thermocoupie tvpe
Sen THEAMO. /3 SEEBECK
? couPLE COEFFICIENT
A ) e 52.3.V7C
a® T los3q 28uviC
o A2 S e AAA—AAA .3 mn 408uv/'C
el SEETY Dl T .8 4s8n 6.8uV/C
1 i~ = Adjusunents: Compaensates lor Doth tensor and reuistor (Oler-
f nces
= > 1. Shore LM3298
s p ] 2. Adjust RY for SeeDeck Coefficient times 3mbient temper:-
nea : ature {in degrees K} across R
AN 1 ueren ' 1. Short LM335 3nd adiust A2 for voltage across R3I corre-
) ding 10 tvpe
b 3 1432 mv K 1117 mV
1' 1 T 1L19mv s 1.768mV
iy
Single Powar Supply Cold Junction Compensation
15
pal}
0m - *Select A3 and R4 far thermocauple type
—AAA THERMO- adl R SEEBECK
o &> - o Thanwecaund COUPLE 4 COEFFICIENT
L © I L= . 1 1.05K 850 52.3uVC
T 8s6q 3150 428uv/°C
= K 8160 3oon 408sv/°C
s Sh 12802 46.30 84uv/C
- Adjugtments: .
1. Adjust R1 for the voltage across A3 equat to the Saebeck
Coefficient times ambient temperature in degrees Kalvin,
2. Adjust R2 tor voitage across R4 corresponding to thermo-
. couple
v avrrt 3 1432mv K 11imv
v e TR T 11.79 mV $ 1.768 mv
R .
[0, 1] 1o § Y

Vv

[}
A
L}

Cantigrade Calibrated Thermocouple Thermomaeter

4

S AANA,

~t4y

ALymtL

g

"

Tarminate thermocouple refarence junction in close proximity

to LM335.
Adjustments; -
1.
gain of 245.7,
2.

1M3294 to ground,
Adjust R1 10 that Voyt = 2942V O' 25°C.

248 mv @ 25°C,
Ramove short scross theemocbuple.

Apply signal in place of thermocouple and adjust R3 for 3

Short non-averting input of LMIOSA and output of

Remove short across LM3298 and adjust R2 5o that Vour =



Typlcal App“cations (Continuea) Fast Charger for Nickel-Cadmium Batteries
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Definition of Terms

Operating Output Voltage: The voltage 3ppedring across
the positive_and negative terminals of the davice at spec-
ified conditions of operating temperature and current.

Uncalibrated Temperature Ecror: The error between
the operating output voltage at 10 mV/AK and case

temperature at specified conditions of current and
case temperature,

Connection Diagrams

TO-92
Plastic Package

ATTO VIEW

Order Number LM335Z
or LMI3SAZ |
See NS Package Z03A

Calibrated Tempersture Error: The error between opar-
ating output voltage and case temperature at 10 mv/ K
over a temperature range at 3 specified operating current
with the 25°C eeror adjustad to zero.

TO-46
Matal Can Package®

3QTTCM VIEw

® Case is connected to negstive pin

- Order Number LM1135H,
LM235H, LM3I5H, LM135AH,
LM235AH or LM3ISAH
See NS Package HO3IM



National
Semiconductor

AtoD,Dto A

" LM131A/LM131, LM231A/LM231, LM331A/LM331

Precision Voltage-to-Frequency Converters

General Description

The LMI31/LM231/LM331  family of voltage-to-
frequency converters are ideally suited tor use in simple
low-cost circuits  for  analog-to-digital conversion,
precision frequency-10-voltage conversion, long-term
integration, linear frequency modulation or demodu-
tation, and many other functions. The output when used
as a voltage-to-frequency converter is 2 pulse train at a
frequency precisely proportional 10 the applied input
voltage, Thus, it provides all the inherent advantages of
the voltage-to-frequency conversion techniques, and is
easy fo apply in all standard voltage-to-frequency
converter applications. Further, the LM131A/LM231A/
LM331A attains a new high level of accuracy versus
temperature  which could only be attained with
expensive voltage-to-frequency modules. Additionally
the LM131 is ideally suited for use in digital systems at
low power supply voltages and can provide low-cost
analog-to-digital conversion in microprocessor-controlled
systems, And, the frequency from 3 battery powered
voltage-to-frequency converter can be easily channeled
through a simple photoisolator to provide isolation
against hi v common mode leveis.

The LM131/LM231/LM331 utilizes a new temperature-
compensated band-gap reference circuit, to provide
excellent accuracy over the full opersting temperature
range, at power supplies as low as 4.0V. The precision
timer circuit has low bias currents without degrading

the quick response necessary for 100kHz voltage-to-
frequency conversion. And the output is capable of
driving 3 TTL loads, or a high voltage output up to
40V, vet is short-circuit-proof against Ve,

Features’

= Guaranteed linearity 0.01% max

s Improved performance in existing voltage-to-frequency
conversion applications

® Split or singte supply operation

= QOperates on single 5V supply

s Pulse cutput compatible with all logic forms

o Excellent temperature stability, =50 ppm/°C max
®  Low power dissipation, 15 mW typical at 5V

® Wide dynamic range, 100dB min at 10 kHz full scale
frequency

* Wide range of full scale frequency, 1Hz to 100 kHz

®* Low cost

Typical Applications
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coeflicients. See Typical Applications section,

*Use stable P with low temp

FIGURE 1. Simple Stand-Alone Voltage-to-Frequency Converter

with 20.03% Typical Linearity

(f = 10 Hz t0 11 kH2)



Absolute Maximum Ratings

! LM131A/LM131 LM231A/LM23T  LMIBTA/LM3IN
Supply Voltage 40V a0v 40V
Output Short Circuit to Ground Contipum]s ‘Continuous Contint ous
Output Short Circuit to VCC Continuous Continuous Continuous
input Voltage -0.2V to +Vg -0.2V to +V§ -0.2V 10 +V§
TMIN Tmax TN Tmax  TMIN .Tmax
Operating Ambient Temperature Range -65°Cto +125°C  -25°C 10 +85°C 0°C 10 +70°C
Power Dissipation (Pp at 25°C) )
and Therma! Resistance {8a) a
(H Package) Pp 670 mwW 570 mW 570 mW
eiA 150°CW 150°C/W 150°C/W
(N Package} Pp 500 mw 500 mW
0ja 155°CwW 158°C/W
Electrical Characteristics T4 = 25°C unless otherwise specified. (Note 1)
PARAMETER CONDITIONS MIN TYP MaX UNITS
VEC Non-Lineanity (Note 2} 4.5V < vg <20V 20.003 :0.00 % Full-
Scale
TMIN < TA € Tmax £0.006 20.02 % Full-
Scate
In Circuit of Figure 1 Vg = 15V, f = 10 Hz to 11 kM2 20.024 =014 % Full-
Scale
Conversion Accuracy Scale Factor VIN® =10V, Rg = 14 k02
{Gain)
LM131, LMI31A, LM231, LM231A 095 1.00 1.08 kH2/V
LM331, LMI3TA 0.90 1.00 1.10 kH2/V
Temperature Stability of Gain TMIN € TA € Tmax. 4.5V < Vg < 20V
LM131/LM231/LM3N & ) 230 £150 pom/'C
LM131A/LM231A/LM331A 220 £50 pom/°C
Change of Gain with Vg, 45V < Vs L0V 0.0t 0.1 %/V
1oV € vg < 40V 0.006 0.06 %V
Rated Full-Scale Frequency Vin* +10V 160 kH2z
Overrange {Beyond Full-Scale) Vin= =11V 10 %
Freauency !
INPUT COMPARATOR
Oftfset Voltage £3 10 mV
LM131/LM231/LM331 Tmin € Ta < Tuax 24 14 mv
LMITA/LMZITA/LM3JTA TMINS TA € Tmax 3 210 mv
§ias Current -80 -300 nA
Qtfset Current . *8 2100 nA
Common-Mode Range TMIN S Ta € Tmax -0.2 vee-2.0 v
TIMER
Tumer Threshold Voltage, Pin 5 063 0.667 0.70 * xvg
tnout Bias Current, Pin 5 Vg 15V
All Devices oV < VpiN§ <99V 210 =100~ nA
LM131/EM231/AMIN Veing® 10V 200 1000 nA
LMI131A/LM23TA/LMITIA VpIN § = 10V 200 500 nA
VSAT PIN & {Reset} 1= 5mA 0.22 0.5 v




Electrical Characteristics continuea)

TA = 25°C unless otherwise specified (Note 1)

PARAMETER CONDITIONS | win [ 1ve [ wmax | unns

CURRENT SOURCE {Pin 1) .
Outout Current Age 14k VPINT* 0

LMI31, LMIIVA, LM231, L3231A 126 138 144 uA

LM331, tM331A 186 136 16 uA
Change with Voltage ov<VpIN g S 10V 0.2 N 1.0 BA
Cutrent Source OFF Leskage

LMEI31, LMIJTA . 0.0t 1.0 nA

LM231, tM2314, LM3I31, LMIZ1A 0.02 10.0 nA

All Devices Ta = Tmax 20 50.0 nA
Operating Renge of Current [Typical) . 110 to 500) uA
REFERENCE VOLTAGE (Pin2) -

LM131, LMIJ1A, LM2IT, LM2T1A 1.76 1.89 202 voc

LM331, LM331A 170 1.89 2.08 voc
Stability vs Temperature =60 pom/’C
Stabitity vs Time, 1000 Hours 0 LY
LOGIC OUTPUT (Pin 3) -

VSAT 1o5mA 0.1% 0.50 v

f»32mA (2 TTL Loadsh. Thun S TA € TMaX 0.10 040 v

OFF Leakage 2005 1.0 HA
SUPPLY CURRENT 7

LM131, LMIJ1A, LM23Y, Vg =5V 0 3.0 4.0 mA

tM21A Vg =40V 2.5 40 6.0 mA

LM331, LM331A Vg =5V 1.5 30 8.0 mA

Vg = 40V 2.0 40 80 mA

Note 1: All specifications apply in the circuit of Figure 3, with 4.0V £ Vg & 40V, unless otherwise noted.

Note 2: Nonli ity is

#» the

10 Hz and at 10 kHz, over the {requency renge 1 Hz to 11 kHz. For the timing caoacitor, CT, use NPO ceramic, Tefion®, or polystyrene.

Functional Block Diagrams
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*Registered trademark of DuPont

of foyT from VN » {10kH2/=10 Vpe! when the circuit has besn trimmed for zero error at
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Typical Performance Characteristics

{All electrical characteristics apply for the circuit of Figure 3, uniess otherwise noted.)
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Typical Applications contnvea

PRINCIPLES OF OPERATION OF A SIMPLIFIED
VOLTAGE-TO-FREQUENCY CONVERTER

The LM131 is a monolithic circuit designed for accuracy
and versatule operation when applied as a voltage-to-
trequency {(V-to-F] converter or as a frequency-to-
voltage {F-10-V] converter. A simphtied block dragram
of the LM131 is shown in Figure 2 and consists of a
switched current source, input comparator, and l-shot
timer,

The operation of these blocks is best understood by
going through the operating cycle of the basic V-to-F
converter, Figure 2, which consists of the simplified

block diagram of the LM131 and the various resistors ,

and capacitors connected 1o it.

The wvoltage comparator ‘compares a positive input
voltage, V1, at pin 7 10 the voltage, V,, at pin 6. 1f V1 is
greater, the comparator will trigger the 1-shot timer. The
output of the tmer will turn ON both the #frequency
output transistor and the switched current source for a
period t = 1.1 RCq. During this period. the current i
will tlow out of the switched current source and provide
a fixed amount of charge, Q = 1 x t, into the capacitor,
CL. This will normally charge Vy up to a higher level
than V1, At the end of the nming period, the current
i will turn OF F_ and the umer will reset itself,

Now: there 1s no current flowing from pin 1, and the
capacitor Cp witl be gradually discharge& by R unul
Vy falis 10 the level of V1. Then the comparator will
trigger the ymer and start another cycle.

The cur ent flowing into C s exactly IAVE = i x
(1.0 x R{Cq} x f, and the current flowing out of Ci is
exactly Vy/Ry 2 VIN/R.If VN 18 doubled, the fre-
quency will double to maintain this balance. Even a
simple V.to-F converter can provide a frequency pre-
cisely proportional 10 its input voltage over a wide
range of frequencies.

L
v AA |
1
N SaITEuiD i o
Cunm{ny
souack
5
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i
o - = = = -
[}
' | saiquince
a ' ] cuteur
vy + i 3
t
. ey oo Jd
comusanaina Tt a
. 1
= [T
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voutact =
.

FIGURE 2. Simpiitied Block Diagram of Stand-Alone
Voltage-ta-Freq y Converter Showing LM131 and
Externsl Components P

DETAIL OF OPERATION, FUNCTIONAL BLOCK
DIAGRAM (FIGURE 1a)

The block diagram shows a3 band gap reference which
provides a stable 1.9 Vpc output. This 1.9 Vpg is well
regulated over a Vg range of 3.9V 10 40V, It aiso has a
flat, low temperature coetficient, and typicaily changes
less than 1/2% over a 100°C temperature change.

The current pump circuit forces the voltage at pin 2 to
be at 1.9V, and causes a current i = 1 30V/Ry to flow.
For Rg = 14k, i= 135uA The precision current reflector
provides a current equat to i 10 the current switch: The
current switch switches (h‘e current to pin 1 or to0
ground depending on the state of the Rg flip-flop.

The timing function consists of an Rg flip-flop, and a
timer comparator connected to the exterhal R(Cy
network, When the input comparator detects a voltage
at pin 7 higher than pin 6, it sets the Rg fhip-flop which
turns ON the current switch and the output driver
transistor. When the voltage at pin 5 rises to 2/3 Vcc.
the timer comparator causes the Rg tiip-flop to reset.
The reset transistor is then turned ON and the current
switch is turned OFF,

However, it the input comparator still detects pin 7
higher than pin 6 when pin 5 crosses 2/3 Voc. the
flip-flop will not be reset, and the current at pin 1 will
continue to flow, in its attempt to make the voltage at
pin 6 higher than pin 7. This conaition will usually
apply under start-up conditions or in the case of an
overload voltage at signal input. It should be noted that
during this sort of overload, the output frequency will
be 0:; as soon as the signal is restored 10 the working
range, the oulput frequency will be resumed

The output driver transistor acts 10 saturate pin 3 with
an ON resistance of about 5052, In case of overvoltage.
the output current is actively limited 10 less than 50 mA

The voltage at pin 2 is reguiated at 1.90 Vpc for ail
values of i between 10 4A to S00 ¢A. 1t can be used as 3
voitage reference for other components, but care must
be taken 10 ‘ensure that current is not taken trom it
which could reduce the accuracy of the convertet

PRINCIPLES OF OPERATION OF BASIC VOLTAGE-
TO-FAEQUENCY CONVERTER (FIGURE 1)

The simple stand-alone V-10-F converter shown in
Figure 1 includes 3il the basic circuitry of Figure 2
plus a few components for improved performance.

A resistor, RN = 100 k2 210%, has been added in the
path to pin 7, so that the bias current at pin 7 {-80 nA
typical) will cancel the effect of the bras cutrent at pin 6
and help provide minimum frequency offset.

The resistance Rg at pin 2 is made up of a 12 k£ fixed
resistor plus a 5 k2 (cermer, preferably) gain adjust
rheostat. The function of this adjustment is 1o 11m out
the gain tolerance of the LM131, and the tolerance of
R, Ry and Cy. For best results, ali the components



Typical Applications (Continveq)

should be stable low-temperature-coefficient compon-

ents, such as metal-film resistors. The capacitor should -

have low dislectric absorption; depending on the temper-
ature characteristics desired, NPO ceramic, polystyrene,
Teflon® or polypropyiene are best suited.

A capacitor is added from pin 7 to ground to act as a
filter for ViN. A value of 0.01 uF 10 0.1 uF will be
adequate in most cases; however, in cases where better
filtering is required, a 1 pF capacitor can be used. When
the RC time constants are matched at pin 6 and pin 7,
a voltage step at Vindwill cause 8 step change in fOyT.
If Cin is much less than Cy, a step at VN may cause
fOUT to stop momentarily.

A 47% resistor, in series with the 1 uF C{, is added to
give hysteresis effect which helps the input comparator
provide the excellent linearity (0.03% typical).

DETAIL OF OPERATION OF PRECISION V.TO-F
CONVERTER (FIGURE 3)

In this circuit, integration is performed by using a con-
ventional operational amplifier and feedback capacitor,
Cg. When the integrator’s output crosses the nominal
threshold level at pin 6 of the LM131, the timing cycle is

* Registered trademark of DuPont

W e 10%

initiated. The average current fed into the op amp’s
summing point (pin 2} is i x {1.1 R{Cq} x t which is
perfectly balanced with =VN/RiN. In this circuit, the
voltage offset of the LM131 input comparator does not
atfect the offset or accuracy of the V-to-F converter as
it does in the stand-alone V-t0-F converter, nor does the
LM131 bias current or offset current. Instead, the otfset
voltage and offset current of the oderational amplifier
are the only limits on how small the signal can be
accurately converted. Since 0p amps with voltage offset
well below 1 mV and otfset currents weil below 2 A
are available at fow cost] this circuit is recommended for
best accuracy for small signals. This circuit also responds
immediately to any change of input signal (which a
stand-alone circuit does not] so that the output fre-
quency will be an accurate representation of VN, as
quickly as 2 output pulses’ spacing can be measured.

In the precision mode, excellent linearity is obtained
because the current source {pin 1) is always at ground
potential and that voltage does not vary with VN or
fouT. (In the stand-slone V.to-F converter, a major
cause of non-inearity is the output impedance at pin 1
which causes i to change as a function of VN

The circuit of Figure 4 operates ‘in the same way as
Figure 3. but with the necessary changes for high speed
operation.

v =
106i¢
(C D) 3 i
= 1%--:
! FULL SCALE

.
RHEGSTAT
GaAIN
ADJUST

FULL SCALE

Vg
orTigNaL
OFFSET ACJUST

06 1014 —

"

Vin As
s + " o e —

CLLIE YT i
[}

s L 1mataz

*Use stable components with low temperature coetficients. Sge Typical Applications saction,
< This resistor can be 5 kil or 10k for Vg = BV 10 22V, but must be 10 k{1 for Vg = 4.5V 10 8v.
=+ *Use low offset voltage and tow otfsel current op amps for Al recommaended 1ypes LM108, LM30BA, LF3518

13 Circuit, Pr Voltage-to-Frequency Converter

FIGURE 3. Standard Test Circuit and Applicati



Typical Applicatiohs {Continued)

DETAILS OF OPERATION, FREQUENCY-TO- with 3 0.1 second time constant, and settling of 0.7 sec-
VOLTAGE CONVERTERS (FIGURES 5 AND §6) ond to 0.1% accuracy.

in the precision circuit, an operational amplifier provides a
buttered output and also acts as a 2-pole filter. The ripple
will be less than 5 mV peak for all frequencies above
1 kHz, and the response time will be much quicker than
in Figure 5. However, for input frequencies below 200 Mz,
this circuit will have worse ripple than Figure 5. The
engineering of the filter time-constants to get adequate
response and small enough ripple simply requires 3 study

In these applications, a pulse input at fip is ditferen-
tiated by a C-R network and the negative-going edge at
pin 6 causes the input comparator to trigger the timer
"circuit. Just as with a V-to-F converter, the average
current flowing out of pin 1 is JAVERAGE = i x
(1.1 ReCy) x f.

In the simple circuit of Figure §, this current is filtered of the compromises to be made. Inherently, V-to-F
in the network R = 100 k§2 and 1 uF, The ripple will converter response can be fast, but F-.to-V response
be less_ than 10 mV peak, but the response will be slow, can not.
vs
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*Use stable components with law temperature coetficients.
See Typical Applications section.
**This resistor can be 5kil or 1062 for Vg = BV to 22V,
but must be 1031 for Vg = 45V 10 8V,
***Use low offset voltage and low offses current op amps for A1
recommended types LF3518 or LF356.
FIGURE 4. Precision Voltage-to-Frequency Converter,
100 kHz Full-Scale, £0.03% Non-Linearity :
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*Use stable components with low temperature coefficients. *Use stable components with low temperature coefficients,
FIGURE 5. Simple Frequency-to-Voltage Converter, FIGURE 6. Precision Fregq y-to-Voltage C ter,
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Typical Applications conunuea)

Voltage-to-Frequency Converter with [sotators
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Connection Diagrams

Metal Can Package

Dual-In-Line Package
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cuRAEnY _ ¥ -/ LI
ouTsyT :
REFERENCT 7 1 __COMPARATOR

REFEALNCE
CUARENT
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*outryt

11,
10P VIEW

Order Number EM131AM, LMI31H, LM231AH,
LM231H, LM3I3TAH or LMI2TH
. See NS Package HOBC
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FACOUENCY )] S TuREsHOLD

sutPUT
4 $
cvo — At
108 vigw
Order Number LM23TAN, LM231N, LM331AN,
or LM331IN

See NS Package NOBS



Schematic Diagram
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SCL4026AB
SCLA033AB

CMOS DECADE COUNTERS/
7-SEGMENT DECODERS

FEATURES

& Decade Counter and 7-Segment Decoder in Ons
Package

& Easily Interfaced with 7.Sagment Display Types

& Diract Raset

4 Display Enable Function (SCL4026AB)

4 Ripple Blenking .and Lamp Test Functions
(SCL4033AB)

& Trigger from sither Edge of Clock Input

4 Carry Output for Cascading Stages

¢ Fu"ySuﬁcOpumﬁon-DCto5MHz@10Vdc

DESCRIPTION

These two devices sach consist of a 5-stage
Johnson Decade Counter and an Output Decoder
which converts the Johnson code to a 7-sagment
decoded output for driving each stage in 2 numer-
jcal display. A high Resat signal clears the decade
counter to its zero count. The counters have inter-
changeable Clock and Clock Enabla lines for incre-
menting on aither a positive-going or negative-going
transition, respectively. Antilock gating is provided
on the Johnson counter, thus essgring proper
counting sequence. The Carry-Out (CouT) signal
complates one cyéle every ten clock input cycles
"snd is used to directly clock the succeeding decade
in a multi-decade counting chain.

SCL4026AB N

When the Display Enable is low, the seven de-
coded outputs are forced off ragardless of the state
of the counter, Activation of the display only when
required results in significant powar savings. This
system eiso facilitates implementation of display-
eharacter multiplexing.

The Carry Out and ungated “C.segment” signals
ars not gated by the Display Enable and therafore
are aveilable continuously. This feature is a require-
ment in implementation of certain divider functions
such as divide-by-60 and divide-by-12. -

SCL4033AB

The SCL4033AB has provisions for a.utomatic
blanking of the non-significant’ zeros ina multi-
digit decimsl number which results in an esasily
teadabile display .consistent with normal writing
practice. For example, the number 0050.0700 in
an eight digit display would be displayed as 50.07.
Zero suppression’ on the intager side is obtained by
connecting the RBI terminal of the SCL4033A8B
associated with the most significant digit in the dis-
play to a “low-level” 'voltage and connecting the
RBO terminal of that stage to the RB! terminal of
the SCLA033AB in the nex!_-lowei’-significant posi-
tion in the display. This procedure is continued for
each succeeding SCL4033AB on the integer side of
the display. On the fraction side of the dispiay the

CONNECTION DIAGRAM
{all packages)

UNG ¢!
Voo AR LTz c b e [ d
} | ! | { |
16 15 14 13 12 11 10 39
SCL4A026AB SCL4433AB
1 2 3 4 s 6 7 8
cuL CIL \ Clout‘f L Vl
ek ss
DEint pEout!
Rrat? RBO?
1 SCLA4026AB
25CL4033AB
Add suffix for package:
C 16-pin Cerdip
D 16-pin Ceramic
E 16-pin Epoxy
F  16vpin Flat
H Chip

RECOMMENDED OPERATING CONDITIONS

For maximum reliability:

DC Supply Voltags VDD~ Vgg 315 V&
Operating Temperature TA
C. D, F, H Device : .55 to +125 o
€ Device 40 to +85 o€

~

RB! of.the SCL4033A8B agsociated with the les
significant digit is ‘connected 10 a “low-level” volt-
age and the RBO of the SCLA033AB is connected
the RBI terminal of the SCL4033AB in the net
more-significant-digit position. Again, this proc
dure is continued for each SCL4033AB on th
fraction side Of the display. o

. . Ina3 purély fractional number the z8ro immed
ately pfeceding the decimal point can be displaye
by connecting the RB! of that stage to a high'voit
age (instead of to the* RBO of the next-mo®
significant stage).” For Example: optional T
0.73486. : ) .

Likewise, the zero in 2 number such as 7638

can be displayed by connecting the R8I of ve

SCL4033AB associated with it to 3 *high-lew

voltage.

A “high” Lamp Test signal turns on all outpv®

|

!
i



SCL4026AB, SCL4033A8

ELZCTRICAL CHARACTERISTICS
STATIC CHARACTERISTICS !

T g 3
PARAMETER “\’,°° CONDITIONS |__Ttow B T | gy
de} Min. | Max. | Min. | Typ. | Max. | Min. | Max.
QUIESCENT DEVICE ool S |Vin*VesorVoo | - s| -l005)5 - 150 uAdc
CURRENT 10 |Al valid input - 10 - 0.1 |10 - 300
15 |combinations - 20 - 102 120 - 600
MINIMUM INPUT HIGH Vil Vo= ]
VOLTAGE 5 | 0.5Vord.Sv - 13715, = 2718] 3.75| - | 375{vae
10 1.0V or 9.0V - 175 - | 55 15 - 75
15 1.5Vor 135V | - [11.25 - | B25]11.25f - |11.25
[of 1A
‘MAXIMUM INPUT LOW Vi Vo©
VOLTAGE 5 | 0.5Vord.5V 1.25 - 125 225 -~ 1.78 - |vde
10 1.0V or 9.0V | 25 - 25 4.5 - 125 -
15 1.5Vor 1.5V 3.75_ - 1375} 6.75 - 1375 -
o] <tua
OUTPUT HIGH (SOURCE}
CURRENT
C. D, F, H device’ [y )
Decoded outputs 8 [Vou=4.6V 0179 - |-0.14]-0.28] - |-0.10 - | mAde
10 {Voi®9.5V -0314 - |-03 [-0.6 - [-0.21] -
15 [Vou=13.5V -1.25 - |10 |-25 - 107 -
Vin=Vas or Voo
Carry output 5 |Vou=4.6V -0.19 - 1-0.15}1-04 - 1-0.11 - | mAde
10 {Von=9.5V 043 - |-0.35|-1.0 - 1025 -
15 |Vou=13.5V -1.587 - {-125|-4.0 - |-0.88 -
Vin®Vss of Voo
Remaining Outputs - 5 {Vou=s.6V 010 - |-0.08{-02 ~ |-0.058] - |mAde
10 |{Vor=9.5V -0.25 - |-0.20}-05 |. ~ |-0.14 -
15 {Von=13.5V -0.75 - {-0801-15 - |-0.42 -
Vin*Vss of Voo
E device i low
Oecoded outputs 5 |Vou=4.6V 0164 - |-0.14}-028] - {-0.112] - {mAde
6 10 [Vowu=8.5V -0.36 - {03 |06 - |-0.24 -
15 |Von=13.5V -1.2 - 110 j-25 - |-0.8 -
) | . __|Min=Vss of Voo
Carry outpyt 5 |Von=46V . 1-0.18 - 1-0.151-0.4 - |-0.12 - |mAde
- 10 [Vou®9.5V 041 - }-035]-1.0 - |-0.29 -
15 {Vow=13.5V -1.50 - |-1.28}-40 {. -~ j-1.0 -
Vin=Vss of Voo .
Remaining outputs 5 {Vou=4.6V -0.084 - {-0.08[-0.2 - 1-0.064] =~ |mAdc
10 |Vou=9.5V 028 - - 4-0.201-0.5 -~ |-0.16 -
15 |Vou=13.5V 072| - |-080]-15 | - |-048) -
Vin=Vss of Voo -
QUTPUT LOW, (SINK)
CURRENT
C, D, F, H device b 3
All Qutputs Except Carry § {Vor=04V 0129 - | 041 0.3 - | 0.07 - |mAde
10 |V, 0.5V 0.31 - 1 025] 06 - | 0175 -
15 |Vo,=1.5V 144 - | 115} 25 - {081 -
R Vin*Vss or Voo .
Carey oltput 5 |Vo, =0.4V 019] - |01s5} 0s .- | 011] - |mAde
10 |Vg =0.5V 045 - | 035 10T - | 025 -
. ... RV 15. VoL =16V .o | 1.52F — 1.125{ 40 | - | 088] =~
. ' 1Vin=Vss of Voo
E-device by
All Qutputs Except Carry 5 |Vo=0.4V 012 - |01 {03 - | 0.08] =~ |mAdec
10 |Vor=0.5V 03| - {025/ 06| - |02 -
15 |Vg, =1.5V 1.37 - 1.15] 25 - 0.93 -
. Vin*Vss or Voo
Carry output 5 Vo =0.4V 018 - | 0.15] 04 - 1 012| - |mAde
. 10 [Vo_"0.5V o4 - 035 1.0, - 0.29 -
15 |Voo*1.5V 15 - 125 4.0 - 1.0 -
Vin=Vss of Voo

NOTES: ! Remaining Static Electrical Characteristics are listed under “SCL40008 Series Family Specifications™.
TLow = -85°C for C, D, F, H device. :
= —40°C for E device, .
Trigm ® +125°C for C, D, F, H davice.
= + 85°C for E device.
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LOGIC DIAGRAM
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* SCL4026AB, SCL4033A8B

ELECTRICAL CHARACTERISTICS (Continued)
DYNAMIC CHARACTERISTICS (C_ =50pF, T4 = 25°C)

VDD . ’ .
PARAMETER (Vdc) Min. Typ. Max, Units

CLOCKED OPERATION
|
PROPAGATION DELAY TIME

Clock to Decoded Outputs ’ trinm. tPHL 5 - 850 1700 ns
10 e 250 500
15 - 200 400
Clock to Carry Qut . tpLH. tPHL 5 - 500 | 1000 ns
10 - 125 250
. .15 - 100 200
OUTPUT TRANSITION TIME
Dacoded Outputs treH ety - B - 450 900 ns
10 - 200 -400
15 — 150 300
Carry Output ’ trim. trHd 5 - 250 500 ns
. 10 - 125 250
. . 15 - 100 200
MINIMUM CLOCK OR ENABLE PULSE PWee. 5 C - 200 400 ns
WIOTH ’ PWee 10 - 100 . 200
15 - 80 160
MAXIMUM CLOCK FREQUENCY fer 5 1.25 25 - MHz -
i 10 25 - 5.0 L-
15 3.0 6.0 -
MAXIMUM CLOCK OR ENABLE RISE AND teet. tiew 5 15 - - us
FALL TIME 10 15 - -
: 15 3 - -
MINIMUM CLOCK OR ENABLE SETUP S9N
TIME . g . 5 - 250 500 ns
. 10 - 100 200
15 - 80 160
RESET OPERATION
PROPAGATION DELAY TIME . | .
Reset to Decoded Qutputs toLH. tPHL 5 - 700 1400 ns
10 - 250 500
. 15 : 200 400
Reset to Carry Output toL M. PHL 5 - 500 1000 ns
10 - 125 250
15 - 100 200
MINIMUM RESET PULSE WIDTH PWaq 5 - | 200 400 ns
. 10 - 100 200
15 - 80 160
RESET REMOVAL TIME trem 5 - 375 750 ns
10 - 150 300

15 - 125 250
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. LOW-POWER INCADESCENT ]
INCANDESCENT READOUTS ‘READCUTS
ASSUMED ASSUMED
TRANSISTOR TRANSISTOR
CHARACTERISTICS CHARACTERISTICS

Bde (min)2 30
Ycglianys 0.50Y

8vp5 2 1.5V (min)
g 2 0.25 mA.{min.)
IT S 7.5 mA (min.)
SCL4043UB
8¥pp = 10V (mia.)
V0" S 0.6V
Iy=8mA {min.)
#¥pp =6V (min.)
¥, 0" S 10
Iy = SmA (min.)
VyElLSYTO3S Y

Bdc (min} .2 28

Yeg(sar) S 0.50v

évpp= 8V (min.)
g 1.0 mA (mia.)
Iy e 2UmA (min)

SCL4043UB
#¥pp * 10V (min.)
V, 0" S 2V
ir - 20 mA (.min.)
T ¥r=lsVTOEY

NEON READOUTS

Yoo

Leakage with transistar cutofT £0.052A
Y(BRICER *** > Ve
Baclmin) 2 B0

vpemivoc” '}’
«

Vob.

LOW-VOLTAGE VACUUM FLUORESCENT READOUTS

_'ﬂ'\! VoV WD -MNH
1% LOW AMBIENT LIGHT BACKGRCURD

- OISPALAY ! WILL RESULT, THE POINT OF Q'
OSPLAY EnasLe EXASLE CONTROL, NOTICEBLE SLOW!IS Vopp ® A5V
conTROL Ot
LK = <LOCK
C EwanLE
EmABLE - 135y .y
71zcatwts | - LOGIC
n voLTage SECUCNTS
agser - nESET
- B,
oo v
= Yis
masv
TRANSISTOR CHARACTERISTICS (K3

45aA &t L6V, AC or DC.

TUBE REQUIREMENTS: 100 to 300 A seg~
ment st tube voitages of 12V to 25 V depending
" on required brightness. Filament requirement
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