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The circuil's ransient response, when the input shified from
1260Hz to 1540Hz and when an R, C passive loop filter was
used, is shown in Figuve 4. The cutol frequency of the R, C
passive; Figure 38, was set at 53Hz. The VCO output jitter;

at the VCO input as the center of the tracking range. The
minimum and maximum locking range settings of tha VCO
input should then be 2.25V and 325V, respectively.

Figure 4B, was Al = 90ns and was measured GV SRMI00S.  Clock Sweepable Pseud o Bandpass/oich Filters

This yields a AUST x 100% =0.32% total phase Jitter of the
output frequency, tour = 1400 x 128 = 179.2kHz.

Figures 4C and 40 show the loop’s performance when an
LTC1062 replaces the R, C passive filter. The LTC1062 was
set for a cutoll lrequency of { = 250Hz of 1/5 of the lnpiny
The internai oscillator of the LTC1062 was set at 43kHz or
172 times its cutolf frequency. The VCO cutput jitter was
M=30ns {or 0.09%) and was measured ovgr & periods.
Note the excellent transient response of the circuil,
Figure 4C, when compared to the undesdamped response,
Figure 4A.

These Iwe PLL cases demonstrale the advantages of
using Lhe LTC1062 as a loop filter in conjunction with the
CD40468 phase locked toop. For avariety of low frequency
inputs and high = N numbers, the LTC1062 allows the loap
16 simuftaneously achieve good transient response and
minimum output jittes. For best resutls, use the LTC1062
for PLL input lrequencies beloa 5hHz and when the
CO4Q46B oerates with 4 sungle SV subply, et 275V mas

f the feedback capacitor from pins 110 7 is replaced with
a resistor, Figure 5, the circuit foses its lowpass charac-
leristics and 1he response of the filter becomes selective
like 2 bandpass. Also, since the two externzl components
(R2, R1) are frequency independent, the LTC1062 can be
fully swept with an external clock.

Figure 6 shows the frequency response of Figure 5, for a
clock frequency of 100kHz Figure 7 shows the variation of
the peak gain, Hop, and the peak frequency, fy, of Figure 6
versus differen! values of the (R1/R2) resistor ratio.

As can be seen lrom Figure 7, the resistor ratio (R1, R2} at-
ters mainly the peak gain of Ihe filter and has very littie ef
fect on the value of the peak frequency of Figures 5 or 6.
Because of this, two LTC1062s can now be slagger-tuned
with a common clock, 25 shown in Figures 8 and 9, to pro-
cuce a respectable bandpass response.

I Figure 6, Ihe - 180° phase shift occurs just betore the
frequency of the peak. Using this properly and summing

Figure !
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Figus 4

1he output of the bandpass fifter, Figure 10, with the input -

«wonage, 3 clock tunable nolch respense s fealized,
Fegute 11. The clock 10 notch frequency ratio is 79.3:1 and
it 15 pretictable and repeatable lrom part 1o pani. The
nolch frequency response of Figure 11 is oblained by set-
ting the 1atio {R1/R2) equal 1o 1.24 and by leiting all the
gain resistors be equal. Standard 1% valve resistors will
produce a 40dB deep notch. Additional notch depth can be
obiained by Luning resislor A1.

Unique applications for the LTC1062 low-pass filter

LICW62 &
=

Figure 10, Clock Tunable Notch Filter
¢ For simplicity use RI=Ré = RS = 10k;

Ll fewx 183
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- Accommodating High Input Voitages

High input voltages outside the input common-mode
range of the LTC1062 can be divided down thiough a sim-
ple resisior divider, Figure 12. The DC gain of the lowpass
fitter is R2HR1+ R2) and for maximum passband flatness,
the paralleled combination of R1, R2 should be chosen as:

1 _ leutorr.

SRR - tga 225k
Note, in Figure 12, there is no need for an external op amp
to buffer the divided down input voltage. The internat
buffer input, pin 7, performs this function.
An obvious and often encountered application is 16 use
this lechnique to interface the LTC1062 with op amps pow-
ered from + 15V supplies, Figure 13. Two inexpensive 7V
zeners limit the LTC1062 power Supply voltage to £ 8Y;
meanwhile, the output of the op amp A is divided by 2. The
DC accurate output of the LTC1062 is then amplified by 2.
For this application, an LT1013 precision dual ap amp is
recommended. The maximum DC output voltage will be
300V if the A grade of the LT10135 used

Programeming Various Cutofl Frequencies

To obtain several cutoff frequencies with a single
LTC1062, the clock lrequency and the external R x C prod-
uct should be simultanedusly varied such as:

For instance, 10 double the filter's cutoff frequency.
we should double the clock frequency and. at the same
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Figure 11. LTC1062 Notch Response

time, divide by two the RxC product of the externat
resistor-capacitor combinalion. With a dual four channel
mulliplexer, we can easily obtain four different cutoff ire-
quencies by selecting four input resistors and four clock
frequencies. In Figure 14, the clock lrequencies, all of
them being <50kHz, where derived through a simple R, C
oscillator.

Applying an External Clock Belore the Power Supplies
are ON

if the clock at pin & is externally applied before the power
supplies lurn ON, the device will atch, To avoid this, insert
2 500 resistor or in sefies with pin 5. This will prevent
latch up over temperature. If the power supplies exceed
+ 6V, the input protection resistor should be increased to

%l‘l"
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Figure 12. Using input Resistor Dividet fo Accommeodate High
DC sndior AC input Voltages. Pin 7 DC Butters the Inpul Volage.
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Figure T4, Using the LTC1062in Comjunction with Precision Op Amgs Operating from = 15V Powet Supply
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Thermocouple Measurement
Jim Witkams
Introduction

In 1822, Thomas Seebeck, an Estonan physician. ac-
cidentally joined semicircutar pieces of bismuth and cop-
per (Figure 1} while studying thermal eflects on gaivanic

gements. A neardy ¢ indated a magnetic
disturbance. Seebeck expermented repeatedly with Zitfer
ent metal combinations 2t various temperatures. noting
telative magnetic fieid strengihs®. Cunousiy, he de not de-
lieve that electric cument was flowing, an¢ preferreq 1¢ g
scribe the etiect as “thermo-magnetism.” He published his
results in a paper, “Magnetische Polarisation der Metalle
und Erze durch Temperatur-Ditferenz” (see references)

Subsequent investigalion has shown the "Seedeck
Etlect” 10 be fundamentally electrical in nature, repeat:
adie, and quite useful. Thermocouples. by far the most
common transducer, are Seebeck's gescendants.

Thwmocouples in Perspective
Tempetatute is easily the most commonly measured

physical patameler, A number of lransducers serve lem-
petatuie measuring needs and each has advaniages anc

considerations. Before grsCussing hermocoupte based:

measutement il is worthwhile putting these sensors in
perspective. Figure 2's chart shows some COMMON con-
tact temperaiwe sensors and lisls characteristics. Study
Teveals thermocoupie Sirengihs and weaknesses com-
pared to other sensors. in general, thermocouples are
inexpensive, wide range sensors. Their small size makes
them last and their low output impedance is 2 benelit The
inherent voltage output efiminates the need for excitation.
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Figure 1. The Arrangement foc Dr, Seebeck's Accidentsl
Discavery of “Thermo-M agnetism™

Signal Conditioning Issves

. Potent:al problems with thermocoules ing lude low leve!
oulputs. poor sensitiity and non-linearity {see Figures 3
and &), The tow level 0ulput tequires slable Signal condi-
Lioning companents and makes system accuracy ditficutt
10 achieve. Connections (see Appendix A} in thermocouple
sysiems must be made with greal care fc get good accu-
racy. Unintended thermocoupie effects (e.9., soider and
coppet create 8 pVIPC thermocouple) in system connec-
tions make “endto-end” system accyracies better than
0.5°C dithcult Lo achieve.

Unique aﬁa_ﬁlications for the LTC1062 low-pass filter
ermocouple measurement
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Figure 3. Temparature vs Ouiput for Some Thermocoupie Types

Thermocouple measurement
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torical practice of maintaining the reference junction at

- 0°Cinanice bath. lce bathg, while inherently accurate, are

impractical in most applications. Another approach Sefvo
controls 3 Peltier colet, usually at 0°C, 10 electronicatly
simutate the lce bath (Figure 5). This approach® efiminates
ice bath maintenance, but is too complex and bulky for
most applications.
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Figure . Thermocouple Nonfineasity lor Types J, K, Eand T Over
4°C-400*C. Error Increases Over Wider Temperature Ranges.

Cold Junction Compensation

The unintended, unwanted and unavoidable parasitic
themnOcoupies teGuire some form of temperatute refer
ence for absoiute accuracy. (See Appencix A for a discus:
sion on minimizing these effects). in a typical system, a
"cold junction” is used to provide a femperature relerence

AL ~ '!
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e ’ swon | cowmate
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LU i Tacy
e ST -
~hy
i oon Dagasua g MY

Figure 7. Typical Cold Junction Compensation Arangement.
Cold Junction and Compensation Circuitry must bi isothermat

Figure 7 conveniently deals with the Cold junction require-
ment. Here. the cold junclion compensator circuitry does
ol maintain 2 stable temperature byt tracks the colg
junction, This temperature iracking, sublractive term has
the same eflect as maintaining the cold junction at con-
stant temperature, but is smnpler 1o implement. it is de-
signed to produce 0V output at 0°C and have a slope equal
10 the thetmocouple output (Seebeck coeflicient) over the
expected range of cold junction temperatures. For proper
operation, the compensalor must be at the same lempera-
ture as the cold junction.

Figure 8 shows a monolithic cold junction compensator
IC, the LT1025. This device measutes ambient {e.g.. cold
junction) lemperature and puts out 8 vollage scaled for
use with the desired thermocoupie. The low supply curent
minimizes seltheating, ensuring isothermal operation
with the cold junction, It also permits battery of low power
operation. The 0.5°C accuracy is compatible with overall
achievable thermocouple System performance. Vatious

T - Vo = .
(L 5 . Vetagurtater ~
Ym0 stk

o °° N
emsncount | o @0 |0

Figure 5. ice Bath Based Cold Junction Compensator
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Figure & LT1025 Th pla Cold Junction Comp :

compensated outputs allow one part 1o be used with many
thermocoupie types. Figure 9 uses an LT1025 and an am-
phfier to provide a scaled, cokd junctlion compensated out-
put. The amplitier provides pain fos the diflerence between
e LTH2S output and the type J thermocouple. C1 and C2
provide filtering, and RS trims gain. A6 is a typical valve,
and may requite selection lo accommodate RS's lrim
range. Alternatety, RS may be re-scaled, and RS enlarged,
at some penalty in trim resolution, Figure 10 is similar, ex-
cept that the type K thermocouple sublracts krom the
LT1025 in series-0pposed fashion, with the residue led lo
the amplifier. The optional puli down resistor allows read-
ings below 0°C.

.
2
wa  gE

BEE .

L]

Figure 9. LT1025 Cold Junction Compensates 2 Type |
Themiocouphe. The Op Amp Provides the Aaplified Di
Between i Thermocoupls snd the LT 1025 Cold Junction Output,
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e TR
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Figure 10. LT1025 Compansates s Type K Thermocouple. The
Ampiifier Provides Gain for the L1025 Thermocoupie Differance
Amplifier Selection

The operation of these circuits is fairly straightforward, al-
though amplifier selection requires care.

Thermocouple amplifiers need very low offset voltage and
drifl, and fairty low bizs current if an input filler is used. The
best precision bipolar amplifiers should be ysed for type J,
K E, and T thermocoupies which have Seebeck coefhcients
of 40-50,VI°C. In particularty critical applications, of for R
and § thermocouples - 15¢VI°C), a chopper-stabilized am-
plifier is required. Linear Technology offers two amplifiers
specitically tailored for thermocouple applications. The
LTKAOx is a bipotar design with extremely low offset (30,V),
Tow drill {1:5aV/°C), very iow bias curent {1nA), and almost
negligible warm-up deifl {Supply current is 400,A).

For the most demanding applications, the LTC1052 CMOS
chopper-stabilized amplifies offers 5V offset and 0.05,V/°C
drift. Input bias current is J0pA, and gain is typically 30 mi-
lion. This amplifier shoukd be used for R and S thermocou-
ples, especially if no ofiset adjusiments can be folerated, or
where a large ambien! lemperature swing is expected. Al-
ternativety, the LTC1050, which has similar dritt and shghtly
higher noise can be used. i board space is at a premium,
the LTC1050 has the capacitors intemally.

Regardiess of amplifier type, for best possible pes
formance dual-inine {DIP) packages should be used lo
avoid thermocouple effects in the kovar leads of TOS
metal can packages. This is particularly true if amplitier
Supply curtent exceeds 500sA. These leads can generate
both DC and AC otfset terms in the presence of thermal
gradients in the package andior external air motion.

R S

envmnmenls, lnd some sariof mpul fitter is feqmred To

reject 60Hz pick-up with reasonable capacitor values, in-

Pl resisiors in the 10k-100k range are needed. Under .
these condilions, bias current for the amplifier-needstobe — ——
less than 1nA to avoid offset and drift effects.

To avoid gain error, high open loop gain is necessary for
single-stage thermacouple amplifiers with 10mVI°C or
higher outputs. A type K amplifier, for instance, wilh
100mV/°C output, needs a ¢losed loop gain of 2,500. An or-
dinary op 2mp with a minimum loop of 50,000 would have
an initial gain error of (2,500150,0000=5%! Although
closed loop gain is commonly trimmed, temperature drift
of open loop gain will have a deleterious effect an output
securacy. Minimum suggested loop gain for type E, J, K,
and T thermocouptes is 250,000, This gain is adequate for
type Rand § if output scaling is 10mV/*Cor less.

Additional Circuit Considerations

Othier circuit considerations invoive protection and
common-mode voltage and noise. Thermocouple lines are
often exposed 1o static and accidental high voltages,
necessitating circuit protection. Figure 11 shows two sug-
gested approaches. These examgies are designed to pre-
vent excessive overioads from damaging circuitry. The
added series resistance can serve as part of a filter. Ef-
fects of the added components on overall accuracy should
be evaluated. Dioge clamping to supply lines is effective.
but leakage should be noted, particularly when large cur-
rent fimiting resistors are used. Similarly, 1C bias currents
combined with high value protection resistors can gener-
ale apparent measuremen! errors. Usually, a favorable
compromise is possible, but sometimes the circuit con-
figuation will be dictated by protection or noise rejection
requirements.

Differentiaf ThermocSuple Amplifiers

Figure 12A shows a way lo combine filtering and full git-
ferential sensing. This circuit teatures 120d8 DC common-
mode rejection if all signals remain within the LTC1043
supply voltage range. The LTC1043, a switched capacitor
building block, transters charge between the input “Hlying”
capacitor and the output capacitor, The LTC1043's commu-
taling frequency, which is settable, controls rate of charge
transier, and hence overail bandwidth. The differential in-
puts reject noise and common-mode voliages inside the
LTC1043's suply rails. Excursions outside these fimits re-
quire protection networks, as previcusly discussed. As in
Figure 9, an optional sesistor pull-down pemmits negative
readings. The 1M resistor povides a bias path for the
LTC1043's floating inputs. Figure 12B, for use with
grounded lhenmcouple,s sublracts sensor oulput from
the LT1025,

isolated Thermocoupis Amplifiers

In many cases, protection networks and ditferential opera-
tion are inadequate. Some applications require continy-
ous operalion at high common-mode vollages with severe
noise problems. This is particularty true in industrial envi-
ronments, where ground potential ditferences of 100V are

204 Thermocouple measurement Thermocouple measurement 205
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Figuc 124, Full Difterentist npul Themmocouple Amplifrs

common. Under these condilions the thermocouple and
signat conditioning circuilry must be completely galvan.
icalty isclated from ground. This requires a fully isolated
powet source and an isolated signal transmission path to
ihe ground referred outpul. Thermocouple work allows
bandwidth 1o de traded for DC accuracy. With careful de-
sigr. 2 single path can transter figating power and iso-
lated signals. The outpul may be edher anaiog of digital,
gepenting on requifements,

Figure 13 shows an isolated thermocouple signal condr-
tioner which provides 0.25% accuracy at 175V common-
mode. A single transformer transmits isolated power and
data. T4C14 inverter 11 lomms a clock (trace A, Figure 14}
12, 13 and associated components deliver 3 streiched
pulse to the 2.2k resistor {race B). The amplitude of this
putse is stabilized because Al's fixed oulput supplies
T4C14 power. The resultant cument through the 2.2k resis-
for dnves L1's primary (trace E). A pulse appears at L1's
secondary {trace F. Q2's emitler). A2 compares this ampli-
tude with AS's signal conditionad thermoCouple voltage.
To <lose its loop, AZ's output (itace G) drives Q2's base to
force | 1's secondary ipins 3-6} to clamp at AS's output
value. 02 operates in inveried mode, permitting clamping
action even for very low AS outputs. When L1's secondary
{trace F) clamps, its primary {trace €) aiso clamps. After A2
setties, the clamp value is stable. This stable clamp value
represents AS's thermocouple related information. in-
verter 14 generates a clock defayed putse {trace C) which is
fed 10 A3, 2 sample-hold amplifier. A3 sampies L1's prima-
fy winding clamp value. M provides gain scaling and the
LT1004 and associated components adjust ofisel. When
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1 1
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S A ot oD

Figure 128,

1hve clock pulse {trace A} goes low, sampling ceases When
trace Bs stretched clock pulse goes low, the 15-16 inverler
chain output Qirace D) is lorced low by the 470k-750F
differentiator’s action. This tums on Q1, forcing substao-
tia! energy into L1's prmary ftrace E). L1's secondary
firace F) sees large magnetic Hux. A2's output (race G)

206 Thermocouple measurement

too greal, however, and A2 rails. The excess energy is
dumped into the pin 1-4 winding, placing 2 large Gurrent
puise {trace H) inlo the 225F capacitor. This current pulse

occurs with each clock putse, and the capacitor charges

to 2 OC vollage, fumishing the circuit's isolated supply
\When the 470k- 75pF ditterentiator times out, the 15-16 out.-
put goes high, shutting off Q1. At the next ciock puise the
entire cycle repeats.
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Figure 13, 8.25% Thermocouple Isolation Amplifier

Propef operation of this Circuit relies on several consigera-
tions. Achievable accuracy is primarity limited by trans-
former characteristics. Cumrent during the clamp interval
is kept extremely fow relative 1o transformer cove ca-
pacity. Additionally, the clamp penod must also be short
relative to core capacity. The clamping scheme relies on
avoiding core saturation, This is why the power refresh
pulse occurs immediately after data transter, and not de-
fore. The transtormer must completely reset before the
next data transfer. A low clock frequency (350Hz) ensures
adequate translormer reset lime. This low clock frequency
timits pandwidth, but the ihermocouple dala does nol re-
Quire any speed.

Gain shope is rimmed at AS, and will vy depending upon

compensated by 13's saturation fesistance Lempco. Over-
all tempco, including the LTI004, is about 100ppm/°C.
increased isolation voltages are possible with higher
transformer breakdown ratings.

Figure 15's thermocouple 1sotation amplifier is somewhat
more complex, but offers 0.01% accuracy and typical drift
of 10ppm°C. Trus tevel of perdormance is uselul in servo
systems or high resolution applications. As in Figure 13, a
single transiormer peovides isolated data and powes lrans-
fer. In this case the thermocoupte inlormation is mdth
dulated across the 1 and the: demadl
back 1o DC. 11 genetates 2 clock pulse tirace A, Figure 16)
This pulse sets the T4CT4 thip-Bop ftrace Bj ahter 3 small
aelay generated by 12, 83 and associated components, Si-
y. W, 1S and Q1 drive L1's primary {trace C).

the desired maximum lemperalure and th
type. The “50mV " trim should be adjusted with AS's outpul
at 50mV. The citcuit cannol read AS outputs below 20my
{0.5% of scate] due to Q2's saturation limitations.

Drift is primarily dye 1o the temperature dependence of
L1's primacy winding copper. This effect is swamped by
he 2.2k sefies value with the S0ppm/°C residue partially

This energy, received by L¥'s secondary {teace H), is stored
in the 47,F capacilor and serves as the Circuit's isolated
supply. L1's secondary puise also clocks a closed loop
puise width modulator composed of C1, C2, A3 and Ad.
Ads positive input receives AS's L THIZS based themmo-
couple signal. Ad servo-biases C2 to produce a pulse
width each lime C1 atlows the 0.003,F capacitor {trace E)

Thermocouple measurement 207
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Figure 15. 0.01% Thermocouple Isolation Amplifier

to receive charge via the 430kQ resistor. C2's output width
is inverted by 16 (trace F), integrated to DC by the 47k
0.68,F filter and fed back 10 Ad's negative inpul. The
0.68,F capacitor compensates Ad's feedback loop. A4 ser-
vo controls C2 to produce a pulse width that is a function
of AS's thermocouple related output 16's low loss MOS
swilching characteristics combined with AJ's supply sta:
bilization ensure precise control of pulse width by A<
Operating Irequency, set by the |1 oscillator on LT's pri-
mary side, is normally a stability concern, but ratios out
becauseil is 10 the demodulation scheme. as will
be shown,

16's output width's (trace F) negative-going edge S differ-
entiated and fed 1o 17, IT's output (race G) drives Q3. Q3
puts a last spike into L1's secondary (trace H). “Sing
around” behavior by C1 is gated out by the diode at C2's
positive input. Q3's spike is recerved at L1's prmary, pins
7and 3. Q2 serves as a clocked synchronous demodulator

" pulling its collector low (trace D) only when its base 1s high

and its emitter is low (e.g.. when L1 is transferting dala.
not power). 02's colleclor spike resets the 74C74 flip-liop
The MOS flip-fop is driven from a stable source (A1) and it
is also clocked at the same frequency as the pulse width
modulator, Because of this, the DC average of its Q output
depends on AS's output. Variations with supply. lempera-
ture and 11 oscillator Irequency have no effect. A2 and its
associated components exiract the DC average by simple
filtering. The 100k potentiometer permits desired gain

scaling, Because this scheme depends on edge liming al
the flip-flop. the delay in resetting the 0.003:F capacitor
causes a small offset error. This term is eliminated by
matching this delay in the T4C74 “set” line with the previ-
ously ioned [2-13 delay rk. This delay is set so
that the rising edge of the flip-fiop outpul (race B
corresponds 10 I6's nsing edge. No such compensation _is
required lor laliing edge data because circuil elements in
this path (17, 03, L1 and Q2) are wideband. With drift
matched LT1004s and the specified resistors, overall drift
is typically 10ppmi°C with 0.01% linearity.
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Figure 17. Digital Output Thermocouple Isolator

Digital Output Thermocouple Isolator

Figure 17 shows another isolated thermocouple sigral
conditioner. This circuil has 0.25% accuracy and features
a digital (pulse width) output. 11 produces a clock pulse
(trace A, Figure 18). 12-15 buffers this pulse and biases Q1
to drive L1. Concurrently, the 680pF-10k values provide a
differentiated spike (trace B), setting the 74C74 flip-flop
(trace C). L1's primary drive is received al the secondary.

transier. The demodulated output (trace H) contains a sin-
gle negative spike synchronous with C1% (e.g., 111s) out-
put transition. This spike resets the flip-tiop, providing the
circuit output. The 74C74's width output thus varies with
thermocouple temperature.

Linearization Techniques

It is often desirable o linearize a thermocouple based
signal. Thermocouples™ significant nonlinear response

requires design effort 1o get good accuracy. Four tech- . .

niques are useful. They include offset addition, break-

s Jvrbw

e points, analog computation, and digital correction. Offset

€ 20vtw aagdition schemes rely on biasing the nonlinear “bow™
e-oowow with a constant lerm. This results in the output being high

et at low scale and low at high scale with decreased eftors

SN/ between these extremes (Figure 19). This compromise re-

e 20O duces overall eror. Typically, this approach is limited to

Figure 18. Waveiomms for Digital-Output Thermocouple Isolator

The 10xF capacitor charges to DC, supplying isolated pow-
er. The pulse received at L1's secondary also resets the
0.05¢F capacitor (trace Dj via the inverters (16, 17, 18) and the
74C906 open dram buffer. When the received puise ends,
the 0.05,F capacitor charges om the Q2403 curment
source. When the resultant ramp crosses C1's threshold
[A1's thermacouple related output voltage) C1 switches
high, tripping the 1911 inverter chain. 111 (trace E) drives
L1's secondary via the 0.01,F capacilor (race F). The 33k-
100pF filter prevents regenerative “sing around”. The re-
sultant negativegoing spike at L1's primary biases Q4,
causing is collector (trace G) lo go low. 4 and Q5 form a
clocked synchronous demodulator which can pull the
T4CT4 reset pin low only when the clock is low. This condi-
tion occurs during data transier, but not during power

slightly nonlinear behavior over wide ranges or larger non-
linearity over narrow ranges.

Figure 20 shows a circuit utilizing offset linearization for a
type S thermocouple. The LT1025 provides cold junction
compensation and the LTC1052 chopper stabilized am-
plifier is used for low dnift, The type S thermocouple oul-
put siope vanes greatly with lemperature. At 25°C it is
6¢VI°C, with an 11,V/°C slope at 1000°C. This circuit gives
3°C accuracy over the indicated output range. The circuit,
similar to Figure 10, is not particularly unusual except for
the offset lerm derived from the LT1009 and applied
through R4. To calibrale, trim RS for Voyr=1669 at
Vin=0000mV, Then, trim R2 for Voyr=9.9%8v at
T=1000°C or for Vin ( + input) =9.585mV.

Figure 21, an adaption of a configuration shown by Shein-

gold (reference 3), uses breakpoints 1o change circuit gain
as input varies. This method relies on scaling of the input
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Figure 18. Of(get Curve Fitting Figure 20. Offset Based Linesrization
and feedback resistors associaled with A2-AG and AT's
reference culpyl. Current summation at Ag is finear with
the thermocouple's temperature. A3-A6 are the bteak-
points, with the diodes providing switching when the re-
spective summing point requires positiee bias, AS shown,
typical accuracy of 1°C is possibie over a 0°C-650°C R . -~
sensedrange 1
Figure 22, aiso gerived !rom Shengoig ireterence 31, yeics - Lyl
z;n:;l;r‘p::?m;::; :ﬂ;r :s:s CP;‘;'"“‘,’"_S (umr-onm;F?_log woe etrars of 0B C s 3T a7 ~at nedmingn WAt Cate T

utl 0 e akpoints, MNiMizing amphiers these ert, ¢an be kept delo 35°C. s
and resistors. The AD538 combines with 3 single break- oS atoelow -y L
point ang appropriate scaling to linearize response. The The 20k-10x divider on CH1 of tne LTC1091 provides low
causality of this Circuit is similar to Figure 22; the curve fit supply voitage detection (the LT1019A reference ';ﬁu'fes o0 1 11 1000wt
mechanism (breakpoint vs, cantinuaus function] is the & minimym supply 6! 6.5V 1o maimiain accyracy). Remele 1 S 1% NI P
primary difference. location is possible with Gata transferred from the MCU 10 : e s
- . . the LTC1031 via the 3 wire serial port. Banks

Digital techniques for thermocouple linearization have be- ‘
come Quite poputar. Figure 23, devetoped by Guy M. Hoover Figure 24 is a complete software listing” of the coge re- Figura 21. Braskpoint Based Lineart {see R )
and William C. Rempler. uses a microprocessor fed from a Gurred ‘or the 68HCDS processor. Preparing the ccuit in- N
digitized thermacouple output to achieve fingarization. The voives loading the soltware anc appiying power. No -
greal advantage of digital lechrugues is elimination of trmming is required. . P
trimming, In this scheme a large number of treakpoints are " p

i “nT.u80n ol g software basec " -, L witoul Itendant con- [ WA
implemented n aftware. ;c-r:: u..:mq 1:4" Bawh 01 :wmh;s;ﬂ Hooe!u."v':‘- ‘ﬂ:?:c w vars e
The 10-bit LTC1091A AD gives 0.5°C resolution over u 0°C Famntst Lt Bt T Tansgresarn fim o7y everyody, f fusi el T f\ —
10 500°C range. The LTC1052 ampiities and fiiters the e foc agl + Ariene Sl
thermocouple Signal, the LT1025A provides cold junction fe w
compensation and Ihe {T1019A provides an accurale fefer- ferences — +

T . - o
ence. Th.' I ype theﬂmcwple‘chlv!cleﬂshc s lingarized 1 Seebeck, Thomas Dr., “Magnetische Polarisation der €
digitally inside the pracessor. Linea inlempolation belween Metalle und Ere dureh TemperalurDiftaceny”. et »
known temperature points spaced J0°C apart introduces Abhaandlungen der Preyssischen Akademic der ™ .
fess than 0.1°C error. The 1024 steps provided Dy the - 7 wo | TR Yo 4 [
1 , 05°C Wissenschaften (1822-1823). pg 265-372. v e

LTC1091 4 more than the requred 100C) ensure 0. 2. Willams, 2., “Designer's Guide 1o Temperature L1 L, om
fesolufion even with the thermoc ouple curvature. o Sensors™ EON, May 5, 1977, ) : [
Oifset error is dominated by the LT1025 colg junction com- 3. Shemgoid, D.H., “Nonhinear Cucuits Handbook ™, —
pensalor which introduces 0.5°C mazimum. Gain efrof is Angiog Devices, inc._pg. 92-97.
0.73°C max because of the 0.1% ga:n resistors and, 16 a 4. “Omega Temperature Measurement Handbook ™, .
lesser extent, the oulpul voltage tolerance of the LT1019A Omega Engineering, Stamtord Connecticut. .
and the gain error of the LTC1091A. (t may be reduced by S, “Practical Temperature Measurements™, Hewlelt- K
trimming the LT1019A or gain resislors. The LTC1091A Packard Applications Note 4290, Hewlatt-Packard. "0 h T Fuk g‘ /
Keeps linearity better than 0.15°C. The LTC1052's 54V off- 6. Thermocouple Reference Tables. NBS Monograph 125, M D RS A8 TAACET v
sel contributes negligible esror (0.1°C of fess). Combined National Bureau of Standards.
errors are typically inside 0.5°C. These errors don't in- 7. Manual on the Use of Therrmnocoupies in Temperature ) o .
clude the thermocouple itself. In practice, connection and Measyrement, ASTM Special Pudlication ¢70A. Figue 22 C Function Linearization {see Reforance 3
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TYPE ) THERMOCOUPLE LINEARZATION PROGRAM
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WRITTEN BY SUY HOOVER LINEAR TECHNOLOGY CORPORATION

REV Y 10487

N IS NUMBER OF SEGMENTS THAT THERMOCOUPLE RESPONSE IS DWIDEDINTD

TEMPERATURE (*Cr=M-X « 8

WS 51 OPE OF THEAMOCOUPLE PESPONSE FOR A GHVEN SEGMENT

AISADOUTAUT = SEGMENT ENDPOINT
£15 SEGMENT START POINT i DEGRESS *C - I

5’.\ i"‘il'll&.i{i’ 28 $192.4260 53X 37
k3,

TARLEFOR X
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$140
SO 330 §78 854 $52 412C 1190 $256 S0 52 TAEE QR E
DFE
$13 N2
0100
1
02 10AD CORFIGURATION DATA INTD 502
5K CONFIURATION DaTa FOR PORT & DDA
3 LOAD CONFIGURATION DATA INTO PORT A
SSFF CONFIGURATION DATA FOR PORT £ DDA
f] LOAD CONFIGURATION DATA tTC PORT
" COMFIGURATION DATA FOR AORT { D08
% LOAD CONFIGURATION DATS miTQ PORT L
#HOUSENP INITIAUZE ASSORTED REGISTERS
CHETK
Lo ., WORD FOR [ T0108: Chi @ RESPECTTOGND WEEC.ASY
f50 STORE N D, BUEEED
FEADYT  READLTCI0Y
$°0T LOADSEGVENTCOUNTERINTDY
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000X LOADWSE OF SEGMENTN
$h STORE MSBIN 5
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ADDE
DECAEMENT X
DOAGAIN
$020x  LOAD M5B OF SLOPE
£54 STORE MSEs N §Sa
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10T LOAD LSBs OF SLOPE
348 STORE (SBs NS -
TEMUET  RETUANS RESULT N 67 ANT 352
$1040%  LOAD LSBs OF BASE TEw
L4 STORELSBs N §58
DECREWENT X
10X LOAD MSBs OF BASE TEW?
]
]
B D, WORDFORCHY
pel LOAD By, WORD INTO 350
READST  READ BATTERY YOUIAGE
"2 LOAD M5B OF WIN BATT VOLTAGE
354 PUT i M58 OF SUBTRACT BUFFER
nee LOAD LS8 OF MIN BATT vOUIAGE
358 PUT I 150 OF SUBTRACT BUFFER
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45 SUBTRCT COMPARE BATT VOLTAGE WITH MINGAUM
[N NOPROG IF BATT 0K GOTO NOPROS

ISR
LoA [
R S"T‘g — 856 - SETGAITERYAOWFLAG
NOPROB  JSA  ADDE .
%; $56  CLEARLOWBAITERY FLAG
READST DA #50  COWRIURATION DATA FOR SPCR
g: g: LOADCONFIGURATION DATA
R 2302 BTOPORTCOOES LOWKS GOES Low)
S BC  LOADD INTO SP1 DATA REG, START TRANSFER.
BACKS1  TST 08 TEST STATUS OF SPIF
BPL BACKS  LOOPTOPAEVIOUS INSTRUCTION i NOT DONE
DA 80 LOADCOWTENTS OF SPIDATA REG, INTOACC
STA  8C  STARTMEXTGYCLE
AND  gm u.mnusuorsmnw.
A 61 STORE MSBy iN 361
BACKE?  TST 808 TESTSTATUS OF $PW
BPL  BACKS? LOOPTOPREVIOUS INSTRUCTION IF NOT DONE
BSET 2802 SETBITOPORTCICE GOES HIGH)
DA $0C  LOADCONTENTSOF SPIOATA INTG ACC
STA 82 STORE LS8 N 362
RTS
SUBTACT LDA &2 LOABLSBs
S8 855 SUBTRACT L5és
STA 62 STORE REMAINDER
o4 61 L0AD
SBC s SUBTRACT WICARRY M55
:;; 81 STORE REMAINDER
ADDB DA g2 L0ADLSB:
DD gss ADDLSBs
s 2 STORE SUM
1A LOAD uSHs
ADC 154 ADD WCARRY WSEs
5Th $6t STORE SUM
I
TBULT R 568
A
LI 'Y
OR s
STX 1 STORE CONTENTS OF XN §34
st 62 MULTIPLY LSEBs BY 2
AL st WULTIRLY MSE3 BY 2
e se LOADLSBS OF LTC1081 INTO ACC
TSI LOAD L5B3 OF M INTO X
MUt WULTIPLY LSBs
STA 368 STORELSHs N 868
STX ShA STORE W 144
[TV LOADLSBS OF LTC1091 INTO ACC
[V S 7] LOAD MSBs OF MINTG X
.
ADD  $6a ADD NEXT BYTE
STA $6A  STORERYTE
P TRANSFEAX TO ACC
AC W ADD NEXT
L] STORE BYTE
[T LOAD MSas OF L TCH91 WIQ ACC
[T S LOADLSBS OF W INTO X
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A E FH T LR T

Eg zn:stsgsngs;zsn B8 U2ES B

ADD NEXT BYTE
STORE BYTE
TRANSFER X TO ACC

ADD NEXT BYTE

STORE SYTE

LOAD MSag OF LTCI091 iNTO aCC
LOAD MS6s OF W INTO X

ADO NEXT BYTE

LOADCONTENTS OF 364 INTO toc

tmommofummcc

ADD 1 TOACC

STORE I 549

LOAD CONTENTS OF 568 INTO ACC

FLOW THROUGH CARRY

STORE W 3sa
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SYOFEMSI.
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STORE W 352
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RETURY
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Figure 24. Code for Processor Based Linearization
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Error Sources in Thermacouple Systems

Obtaining good accuracy in thermocouple systems-man-
dales care. The small thermocouple Signal voltages fe-
Quire carelul consideration to avoid error terms when
signal processing. In general, thermocouple system accu-
racy betier than 0.5°C is difficult to achieve. Major eeror
soufces inchide connection wires. cold juncfion un-
certainties, amplifier error and sensor piacement.

Connecting wires between the thermocouple and condi-
lioning circuilry introduce undesired junctions. These
junctions form unintended thermocoupies. The number of
junctions and their effects should be minimized, and kept
isothermal, A vadiety of connecting wires and accessones
are available from manutacturers ang their lilerature
should be consulted freference 4).

Thermocouple voltages are generated whenever dis simikar
materials are joined. This inciudes the teacs of IC pack
ages. which may be kovar inTO-5 cans. afloy 42 of copper
i dualindine packages, and a variety of cther mat erials in
plating finishes and siders. The nel etiec! of ihesa tner
mocouples is zera” il ail are at exactly Ine same teMmperd:
ture, but temperature gradients exist within IC packaces
and across PC boards whenever Doagr & Tssipates For
115 reason, Exireme Care Must D€ uSe &
temperature gradients exist m IN€ ¢t
couple terminations, the cold WNCHOA COMRBNSALD! i€.G..
L71025) or the thermacouple amplifier, I a gradient can-
not be eliminated, leads should be positioned 1sother-
mally, especially the LT1025 R~ and appropriate omul
pins, the ampliier input pins, and the gain setling res! stor
leads. An effect 1o watch for is amphfier offset voilage
warm.up grift caused by mismatched thermocouple ma-
\evials in the wire-bandniead system of the IC package.
This effect can be as high as tens of miczovolts in 705
cans with kovar leads. 1t nas nothing 1o do with 1he actua!
offset drifl specification of the amplifier ang can octu 1”
ampiiliers with measured "zero” dnit. Wasmup cr't S
directly prgportiona! to amplifier powet dissipation 11gan
be minimized by avoiding TO-S cans, using low Supply cur-
rent amplifiers, and by using the lowest possible suoply
voliages. Finally, it can be accommolaled by calibrating
and Specifying the system afier a five minute warm-u2

period.

i the Mgrmi

A significant emor source is the cold gunction. The eror
takes two forms. The subtractive voltage proguced by the
cokd junction must be Correct. In a true CCIC juaction (&5
ice point relerence) this vollage will vary with inabilily 1o
. maintain the desired temperatute. introducing entor. in a
cold function compensator ike the LT1025. error octurs
with inability to Sense and frack ambwent lemperaiure.
Minimizing $ensing eror is the manulaciurer’s 1esponsH-
bitity (we do our best!), but tracking reQuires user care Ev.
ery effon should be made to keep The LT1025 isothermal
with the cold funclion. Thermal shrouds, high thermal

capacily blocks and olher methous are commonly em-

ployed to ensura {hat the cold junction 2nC the compensa-
1o are at the same temperature

Amgfifier olset uncerlainties and, loa lesser degree, bias

currents and.open loop gain should be considered. Am-
plifier selection criteria is discussed in the text under
amplifier Selection.”

A final source of érror is thermocouple placement. Re-
member that the thermocouple measures its own tempera-
ture. In flowing of fluid systems, remarkably large errors
can be generated due 1o elfects of 1aminar ligw ov‘_eddy
cutrents around the thermocouple. Even & “simple” sur-
face measurement can be wildly inaccurate due to thermal
conductivity problems. Siicone thermal grease can re-
duce Ihis, but attention to sensor mounting is vsually re-
quired. As much of the sensor surface as possible should
be mated to the measuied Surtace. Ideally, the seasor
should be tightly mounted in a drifled recess i the
surface. Keep in mind that the thermocouple leads act as
heat pipes. providing a direct thesmal path to the sensor.
With high thermal capacity surlaces Ihis may fot be 2
problem, but other siluations may require some thought.
Otten_ thermally mating the lead wire to the syrface of
coilng The wire in the envrcnment o' interest wat
msnemaze heat Dicang effects.

thenk gnd iry again.
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New Developments in RS232 Interfaces

- ‘Robert Dobkin L

New RS232 inferface chips have been developed that offer
significant advantages over older devices such as the 1488
and 1489, The new RS232 interfaca ICs improve speed,
power, voltage Supply requirements, and protection over
older devices. Further, the new chips are easier to use, requir-
ing fewer exteral components and may be turned off (o a
“zero”™ pawer supply current condition for use in batiery pow-
ered systems.

The new RS232 drivers are implemented in a monolithic bipo-
lar fechnology. A unique output stage was designed that pro-
vides large oulpul Swings, minimizing powers supply voltage
requirements, whife relaining oulstanding overioad protec:
tion featutes. The outputs can be driven beyond the power
suppiy voltage without drawing excessive current or forcing
cutrent back into the power supplies. Of course, current limit-
ing s included to protect against short circuil conditions.

Initiai consideration of technologies for implementing RS232
interfacing might include CMQS as 2 possible technology for
this type of application. Powe: supply requirements are fow,
output voitage Swing is Righ, and higher voitage CMOS tech-
nologies are available to allow opetation up to = 15V. Con-
s-geration of some of the problems associated with CMOS
gecreases its attracliveness for RS232 drivers.

Inherent in the CMOS siructure, are diodes between the drain
ang source of the CMOS devices and the powet supplies as is
shown in Figure 1. A requirement of RS232 interfaces is the
abitity to withstand voltage applied to the output pins. With a
CMOS output stage this is achieved with the inclusion of 2
3000 resistor in series with the output. (The resistor is similar
1o the resistors included in older drivers.) il protects the inter-
face chip, buf still allows damage to other devices powered
by the same supply.

A problem accurs when the output of 2 driver which is pow-
ered from the SV kogic supply is connected lo an external 12V
or 15V source as is allowed by the RS232 specification. Ex-
temal cument flows through the 3000 limiting resistor,
through the diodes, which are a part of the CMOS structure,
and info the powet supply. This forces the power supply to
12¥ or 15¥ damaging the SV logic that is connected to the
supplies. This problem can even cause Jatchup if the logic
supply 15 off when external RS232 signals feed voltage into
the supply. This problem did no{ usually exist in the past, be-
cause ihe RS232 inferfaces were powered by separate = 12V
Supolies

£SD gamage is probably the most {requent cause of failure of
inlerlace chups. Bipotar devices are relatively rugged byt stil
can be damaged by ESD. System requirements for ESD may
be as high as 20kV_ No IC can withstand that much voltage
wilhout extemal profection.

A tequirement of the RS232 specification is the ability to
withstand + 25V input signals. The CMOS LTC1045 which is
used as an RS232 receiver has been designed to operate with
extemnal resistors in series with the inpul. These resistors
allow very large voliage swings at the input pins and pravide

ESD protection to the IC. Using on-chip resistors precludes
the use of the optimum ESD protection structures, so CHOS
devices may be more sensitive 10 ESD destruction at them
inputs. )

ORIE

CRCUTRY PRQTCH N Py
R(SIST0R

Figure 1. CMOS Line Driver Showing Parasitic Diodes 1o the Power
Supplies

The output stage of the bipolar drivers is shown in Figure 2.
Opposed collector NPH and PNP iransistors give the widest
possible outou! swings. The PNP transistor will swing fo
within 200mV of the positrve Supply while the NPN transisior
with fis associaled Schollky diode will $wing withia about
9G0mVY of the negative supply. !f the output voltage is forced
above the positive Supply the emitter base junction of the
PNP transtslor reverse biases, and no cument fhows into the
supply. The device is unafiected by external voitage up lo the
breakdown voltage of the transistor. If the output is forced
below the negative supply, the Schottky diode reverse biases
and prevents external curient flow into the chip. CapacitorC1
is tsed o control Ihe output slew rale so that no frequency

compensat: ponents are required lo meet the RS232
spechtication of 4Vixs 1o V5.
v
0Tyt
L]
Bas
et

v-

Figure 2. Mew Bipoia: Drives Output Stage

Typically the slew rate of these drivers is about 8- 10V:s. This
aliows them to be used successfully up 1o about b4k baud.
The output slew rate of the bipoiar drivers is well controtied
by an infernal capacitor and relatively independent of load re-
sistance or capacitance. The bipolar receiver is rela
tivedy Straightforward utilizing a level detector with hystere-
sis lo set the trip point. Nominally the trip point is set at
about 1.5V with 200m¥ of hysteresis. The receivers gomloa
high output state with an open input. The receivers putputs
are both TTL and CMOS compatibie.
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For an application with 8 12-bit A/D converter with & 1OV full
scale to a 1/2LSB error maximum:

7-t2=n
2 (05x16°".

Track-ta-hold offset is caused by the transfer of charge to the
boiding capacitor via the gate capacitance of the switch when
switching inis bold. Since the gate capacitance coupies e
switch-conatrol voltage applicd 10 the gate on 1o the hold eapaciect,
the resulting track-to-hold offset it 3 functicn of the lopic level
spplicd (o the gate and the change in the gate capacitance over
temparure.

HOLD MODE

I the hold mode there arz rwo imporiant specifications that
must be considered; foedthrough and the droop rate. Feedthrough
errors appeat 33 ant Bucnuated version of the input st the output
while in the hold mode, Hold-Mode feedthrough vasies with
frequensy, increasing at highet froquencics. Fredthzough is an
imgortnt sprxification when a track acd hold follows an snatog
mutigleacr (hat switches among many different

chunnels.

= 77.7xHz

Fonse

Hold-mode drocp ratc is the change in cutput vohage per unit
of tme ahi'e int the hold made. Hold mode droop originates as
teakage from the hold capacitor, of which the major leakage
current contributors are switch leakage current and bizs current.
The rate of voltage change on the capacitor dV/dt is the ratio of
the total Jeakage current By to the hold capaciunce Cu-

dVour ILipAY
o 2IOLT Golis Sec) =
Dromp Rate & (VoltsSec )

Far the AD38S in particutar;

Droop Fate = %%% = 1V/5ec maiumum

Aduitionally the leakage current doubles for every 10°C increase
in tempezawre abuve 25°C; therefore, the hold-mode deoop rate
chataczenstic will also double in the same fashion.

Since 2 track and hold is uscd typically in combinztion with an
A-D consurier, theat the toral droop in the cutput voltage has to
be less than 172158 during the period of a conversior. The

_iximem ajtow abl¢ signal change oa the input of an A’D converter
i

Fuil Scale Voltage

AY max = FEeT

Onee the maximum AV is determined then the conversion time
of the A D senserter (teony) 18 requited 1o calculate the madmum
allowable &%

dV may | 18y
dt
: dV max M . ustion is
The . “mem = — ¢ previous &Quation

the limsi not only 20 25°C but at “aximum expected operating
temperature cange. Therefore, o8 e operating temperature
range the following criteria must b- et (Toreramion — 2C)
=AT. . »
. LTC
4y 15°C .1 W
L1 du
HOLD-TO-TRACK TRANSITION
The Nyuist theorem sttt that @ band-by
sampled at 2 rate st Jeast twice the maxim
can b reconstructed without Joss of infriema.

‘gnal which is
wal frequency
This means

- amphifier, Tap is the maximum aperture time {small enough o

4V max -

that 2 sampled dats wystem must sample, conveRt and seguige T N
the next point at a rate at least twice the signat frequency. Thus
the maximum input frequency is equal o e e e

1.
{'W.Z(TACQ + Tcoxv + Tap ) _
Where Tacg is the acquisition time of the sample-to-hold
be ignored) and Teorey is the conversion time of the A/D
coaverter.

DATA ACQUISITION SYSTEMS .
The fast scquisition time of the AD365 when used with 2 high

speed A/D converter allows accurate digitization of high fr!q‘ufl':\cy N

ich

signals and high throughput rates in 1 da1a seq n

systems. The AD365 can be used with a aumber of different

A/D converters to achieve high throughput rates. Figures 23 R

and 24 show the use of an AD3ES with the ADST8 and
ADSTAA.

comasat
[rrarery

Figure 23. A O Conversion System, 117.6kHz Throughput
53.8kMHz Max Signal input

-t

e =
¢ 5 1

comeyor
staat

Figure 24. 12-8it A D Conversion System, 26.3kkz
Throughout Rate, 13 TkH: Max Signal Input

e
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Integrated Circuit

Precision Instrumentation Amplifier

AD521

FEATURES
Programmable Gains from 0.1 to 1000
Ditferantial lnputs

High CMRR: 110dB min
Low Drift: 2uV/ C max (L}
Complete Input Pr :

B 1 TS i

Power ON and Power OFF
F Y with the Addition ot Two Resistors
Invernally Compensated

Gain Bandwidih Product: 40MH:
Output Current Limited: 25mA
Vary Low Noisw: 0 5uV pp,0.1H2 10 10H2, RTI 6 G = 1000
Chips are Available

PRODUCT DESCRIPTION

The ADS21 is 2 second generation, low cost, menolithic IC
instrumentation amplifier developed by Analog Devices. As s
true instrurnentation amplifier, the AD321 is a gain biock with
differential inputs 2nd an accurately programmable input/
cutput gain relationship.

The AD$ 21 IC instrumentation amphifier should not be con-
fused with an operational amplificr, slthough several manu-
facrurers (including Analog Bevices) offer op amps which ean
be used & building blocks in variable gain inscrumentation
wmplifier circuits. Op amps are general-purpose components
which, when used with precision-matched external resiston,
tan perform the instrumentation amplifies funcdon,

Aninscrumentation amplifier i a precision differential volt-
1ge gain device optimized foc eperation in a real worid envic
fonment, and is intended to be used wherever acquisition of a
useful signal is difficult. It is characterized by high input im-
pedance, balanced differential inputs, low bias currents and
high CMR.

As 2 complete instramenaartion amplifier, the AD521 requires
only [wo tesistors to sct its gain to any valoe between 0.1 and
1000. The ratio marching of these resistors does not affect the
high CMHR {up to 12048) or the high input impedance (3 X
10° ) of the AD321. Furthermore, unlike most operational
amplificr-based instrumentation amplificn, the inputs are
Protected 3gainst overvoltages up to £13 volis beyond the
ipplies.

The AD521 IC instrumentation amphifier is avallable in four
different versions of accuracy and operating temperature range.
The economical *') " grade, the low drift K™ grade, and the
Yower drift, higher linearity “L* grade are specified from 0 o

ADS21 PIN CONFIGURATION
swor (3] ot

o [2 E?cuc
'INME 47| 3ENSE
M::f: o TH{REF

,v‘ E b :cnl &?

ot [e] ] cowr.
OUTMUT F 8| v

+70°C. The "'S™ grade guarantees performance to specification
over the extended temperature range: -$5°C to +125°C,

PRODUCT HICHLIGHTS

1.

The AD321t is a3 true instrumentation amplifier in integrated
circuit form, offering the user performance comparable o
many modulas instrumentation amplifiers at & fraction of
the cost.

. The AD§21 has low guarantezd input offset voltage drift

(2uV/ C for L grade) and low noise for precision, high gain
applicadons. :

. The AD521 is functionally complete with the addition of

cwao resistors. Gain can be preset from 0.1 ta more than
1000,

. The AD521 is fully protected for input levels up (o 15V

beyond the supply voltages and 30V differential at the
inputs.

Internally compensated for all gains, the ADS21 also offers
the user the provision for limiting bandwidth,

. Offset nulling can be achicved wich an optionsl trim pot.

The ADS21 offers superior dynamic performance with &
gain-bandwidth product of 40MMz, full peak response of
100kHz (independent of gain) and 2 serding time of Sus
to 0.1% of 2 10V step.
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Applying the AD521 -

NOTES: : . . -

1. Grinsbelow 1 and sbove 1000 are realised by simply ad-
justing the gain setring resistors. Foe best resulas, voltage st

aither input should be reswicted to £10V for gaing equal w0

orbessthan 1, .

2. Monlinearity is defined as the ratio of the deviation from
the “best seraight line™ through a fall scale owtput rnge of

9 voits. With s combinadon of high pain and £10 volt cutput
swing, distortion may increase to a3 much 21 0.3%.

3. Full Pesk Response is the frequency below which s typical
amplifier will produce full owsput swing.

4. Differential Overload Recovery is the time it takes the ampli-
fier to recover from ¢ pulsed IOV differencial input with 15V
ol common mode voltage, 12 within 10mV of final value. The
test input is & 30V, 10us pulse 3t 2 tkHr rare. (When & differ-
entisl signal of greater than 11V is applied between the inputs,
wansistor clamps are activated which drop the excess input
voltage across internal input resistors. Il 2 contimous overfoad
is maintajned, power dissipated in these resistors causes tempers
arure gradients and 2 corresponding change in offset voluge,

o well 23 added thermal time constant, but will not damage

the device )

5. Common Mod¢ Step Recovery s the time it takes the amp-
lifier to recover from a 30V common mode input with zero
volts of differential signal to within 1OmV of final value. The
test input is 30V, 10us pulsc 2t 3 1kHz rate. (When a com-

mon mode signal grester than Vs -0.5V is applicd o theé =+
inputs, cransistor clamps are sctivated which drop the excessive
input voleage across internsl input resistors. Power dissipated
in these res: Causes temp gradicno and & p
ding change in offset voltage, a5 well 23 3n sdded therma! time
constant, bat will not damage the device.) i

6. Output Offscr Voltage versus Power Supply Change is s
constant 0.008 times the wnnulled outpuc offset per pervent
change in cither power supply. If the output offset is nulicd,
mcd“::wroﬂm:hnmnmsn”lyehamhnbnmm
re: .

7. Differential Input Imped is the imped between the
rwo inpurs.

8. Commaon Mode Input Imped:
tither input to the power mpplies.

9. Maximam Input Voluge (differential or at cither input) is
30V when using 213V supplics. A more general specification is
that neither input may exceed cither supply (even when

Vs = 0) by more than 15V and thar the difference between the
TWO inputs must not exceed 30V, (Sce also Notes 4 and §5.)

10. O.1Hz to 10HZ Pexk-to-Peak Voltage Noise is defined o3
the maximum peak-to-peak voltage noise observed duri ¢

of 3 scperate 10 second periods with the test circuit of Fig-
ure 8.

is the i ped from

DESIGN PRINCIPLE

Figure | is a simplified schemadic of the AD521. A differendal
input voltage, Vpy. 3ppears across Rg causing an imbalance in
the currents through Q) and Qy, Af=Vy/Rg. That imbalance
is foreed to flow in Ry because the collector currents of Qy
and Q are constrained to be ¢qual by their biasing (current
mirror), These conditions can only be sarisficd if the differen-
tial voltage across Ry (and hence the output voltage of the
ABS21) is equal to Al X Rg. The feedback amplifier, App

performs that function. Therefore, Vour » V:; X Rg or
Vour _ Ry
Ve« " fig"

u

o} )

CUARINT RASA

I

-
Figure 1. Simplitied AD521 Schematic
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Z|Use the LM158/LM258/  NatoralSemconductor /18
<1 LM358 Dual, Single Supply  Jm Shewin 3 (
Op Amp s ' LY o

INTROOUCTION

Use the LM158/LM258/1M358 dual op amp with & single

suppiy in place of the LM1458/LM 1553 with $okt supply and

1e2p the peofits in terms of. ’

a Input and output voltage rangs down o the Negative
(ground) rai

t. Single supply opetaton

¢. Lower standty power dissipation

d. Highet output voltage swing

a. Lower input offset current

I. Generally similar performancs othiarwise

The man sdvaniage. of cowrsa, is thar you can shminate the

negative supply in many applications and stll retain aquiva-

lent op amp performance, Additionally, and in Someé cases

more imponantly, the input and outpu levels are permitied

to swing down 10 ground (negative rail) potental. Tabie |

showsy tha retatve parformance of the two in tarms of guar.

anised ana’lor typical specibcations.

In many sppications the LM158/LM258/1 M358 can also
be usad directly in place of LM1558 for 3piit supply opers-
o

SINGLE SUPPLY OPERATION

The LM1458/LM 1558 or similar op amps exhibit several im-
portant dmitations when oparated from & singla positive {of
negative) supply. Chief among these Is that input and outpeat
signal swing is severely limited lor g given supply as shawn
in Figure 1. For linear ion, the input voitage must not
10ach within 3 voits of ground oF 6f the supply, 8nd cutout
ange ks simianty kmited lo within 3-5 volts of ground or
suppiy. This meany that operation with & + 12V supply
could be kmitad as low as 2 Vp-p output swing. The LM358
however, sllows 8 10.5 Vp.p output swing for the same 12V
supply. Admittedly these are worst case spacilicalion hmits,
but they serve 1o Husizate the problem.

TABLE t. Compariscn of Duat Op Ampa LM1458 snd £ M358

TurTeze-t

ol
i
v.o—l llz‘v‘-‘f -
T p— Vo = 11TV
n Vg =ot0V 2 "~
v O + j-
| >
[: —
|: n = -
T ]
TLM/ T4246=3

AC GAIN

For AC signats the input can be capacitor coupled. The in-
ot common mode 8nd quiescent output voitages are fixed
ﬂmohwnnnmvmmebylrmﬁvod‘rmunm
Pon-inverting INpUt as shown in Figurs 2. This Quisscent oul-
Put could be sat 8t & lower vollage 10 minimize power dissi-
pation in the LMA58, it desired, 30 long as Vg 2 Vi pk. For
the LM1458 the quisscent output must be higher, Vg 2 v
+ Vi pk thua, for smah signals, power dissipation is much
oroater with the LM1458_ Exampls. Required Vo = Vo £ 1V
pkinto 2k, Vsyppy y = as fequired. Find quiescant dissipa-
tion in load ard amphifier for LM1458 and LM358.

LM3ss LMi458
Vo= 4V

Vsuppty > BV

Vo= +1v
VeuppLy = +3.5Vv

€2 1 42
-——— = =8 mW
Pro - osmW PLoan = 50

Ay
Po=vsig + (V3 —Voit,

v
=3.5vx0.7mA+ (3.5~ ‘)K

Pp=Pd +(Vs—Valh

W+ (8 ‘AV
=22 MW +{ )—’A

FIGURE 1. Worst Case Signal Levels with + 12V Supply

o1y
o] ot

Ty O o - 190 bY

[] Wo = otV

- . :{m

T/ Te28-a

FIGURE 2. Operating with AC Signais

The LM1458 requices over twice the supply voltsge and
nearty 10 times the Supply Dower of the LMJ538 in this apph-
canon,
INVERTING DC GAIN
Connections and biasing lor DC inverting gain are ssaential-
iy the sams as lor the AC coupled case. Note, ol cowrse,
Inat the cutpxt cannot Swing negaiive when operated Irom 8
single positive supply. Figurs 3 shows the connections and
signal kmitations.
NON-INVEATING DC GAIN
The non-inverting gain connaction does not require tha Va
biasing a3 belore; the inverting Input can be re!urned o
ground in the usual manner for gains grealer than unity, (sgo
Figws 4). A tremandous advantage of the LM358 in this
connection is that inpul signals and output may exiond Al
the way 10 ground; thareiors DG signals in tha low-miffivolt
rangs can be handled. The LM1458 still joquices that
Vin = 3-17V. Therelore maximum gain is kmited 10 Ay =
Vo~ 3113, o Ay max = 5.4 for a 20V supply.
Thera is no similar kmitation tor the LMJ58.

Characteristic LMt458 LMass
Vio 8 my Max 7 mV Max
cM VY 24Vpp* 0-28.5V*
ho 200 nA 50 nA
los 300 nA =500 nA
CMAR 80 d8 Min @ 100 Nz B5dB Typ @ DC
80 dB Typ
o, @ 1 HZ, Rgep 10 KN 45 nvr it Typ 40 v/ Hz Typ*
Zin 200 M(} Typ Typ 100 M0
Avor 20k Min 100k Typ
160k Typ
le 1.1 MHz Typ 1 MHz Typ**
Paw 14 kHz Typ 11 kHz Typ**
dv,ldt 0.8V/ps Typ 0.5V/us Typ**
Vo @ Ap = 10k/2x 24/20 Vpp* 28.5 Vp-p
Isc 20 mA Typ Source 20 mA Min {40 Typ)
Sink 10 mA Min (20 Typ)
PSAR & DC 37 d8 Min 100 d8 Typ
' 90d8 Typ
Ip (Ay = =) 8 mA Max 2 mA Max

1From labor slory medsurement
“Basad on Vg = J0OV On LMISH Oy, Or Vg + I 1IV
“*From gats shast Spical ooy

Po=245+125=2.7mW
PTOTAL =37+05=42mW
*From typicel chizsctensics

Pp=22+B=30 mW
ProTaL =30+ 8 =38 mW

*From fypical charactenstica
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[~ RN Y. INEUT SiaS CuRRENT
An intereating and wiusual Charscteristic ts that Iy has &
1010 tempecaturs costficent This means that maiched re-
sistance Is not recuired at the input, allowsng omission of

BALANCED SUPPLY OPERA-
The LMJ58 will operate satisfactorily in batanced supply op-
sration 30 long a3 a load is Mmaintained from output lo the

one resistor per op aMp rom the circuit In Most cases.

AAA

VWi~
g
o 3TV Vi -
L p—0 Vo v )-tP¥
Vg s 31TV <
am + b Sl

TWHPae-8

=0 vor 2w

Ve * 3- 11V O AA et

A¥ & WAy = =)
Ay £ 54t 20V Suoply

TunrTazs-1

L1 .

VIATUAL =
GROUNDS

Crossover [sHLONn} OCCurs 41 Yo, = Vg -

—_
R+ Rg

FIGURE . Spiit Supply Operation of LM358

FIGURE 3. Typicat DC Coupled Inverting Qain

FIGURE 4. Typlcal CT Coupled Non-Inverting Oaln

9 supply.

Voo * 3= 18 ¥ O=-AAA,-

an AN 11

LY TR
ey

TL/ 24288
n
.EW-
p—Q Vo rb-12 5Y
>
Yt 105V O—AAA | i'h
At = mlorAy = +t LMD

Ay POt bretet

TLrHsPa2a-$

2505

re

The output load 10 Negative supply the ampilfier to
SOCe some minkmum curreat at ail times, thus eAminating
crossover distortion. Crossover distorion without this load
wouki be more # than that exp d with the o
op amp. Since the single supply design took notice of this
mmmnm-msmmsm
was hot included. Whers ground refersnced feedbach renis-
lors are used a3 in Fipure 5, the required load 10 the negs-
tve supply depends upon the pesk negative output signal
lovel desired without exhibiting crossover distortion. Ry to
the negative sall should bé chosen small enough that the
voRage divider lormad by Ag and R will permit Vj to swing
negative 10 the Oesired point g lo the equat

R~ n,u_
vﬂ

Ry could also de returned to the positive supply with the
sdvaniage that V, max would never excesd (Ve* -- 1.5V).
Then with 115V supphes Ry uyn would be 0.12 Rg. The
dsacvantsge would be that the LMI58 can source twice aa
much curert &8 it Can gsink, therslors Ry 1o negative sunply
can bs one-halt he value of Ay 10 positive supply.

The need for single or spit supply i3 based on system re.
quirements which may be other than op amp oriented. How.
ovar if the only need for balanced supplies I8 to Simplity the
biasing ol op amps, thare are many systems which can find
8 cost sffective bensfit In openating LMA58's from single
supphies rather than standard op amps from balenced sup-
plias. Of ihe Usual op amp clrcuits, Table I shows those lew
which have Emited function with single supply operation.
Most are based on the premise that 1o operats from e single
supply, a reference Vo at about ons-half the supply be avail.
able for bias or (zer0) signat reference. The basic circuits
ara those listed in AN.20.

g )

TABLE 1. Conventional Op Amp Circutts
Sultabie for Singts Supply Operation

Dhert SR, ke R

Application Limitations
AG Coupled amps Vao*
inverting amp Va
Non-inverting amp oK*
Unity gain bufter oK
Summing amp Vo
Ditferance amp Vo
Oitfarentiator Yo
lntegrator Vo
LP Fiter Va
LV Connector Vo
PE Coll Amp OK 15
I Source lomn = m
1 sink OK
volt Ref oK
FW Rectifier Vg or modifled circult
Sine wave osc Vo
Triangle generalor Vo
Thwashold detector oK
Tracking, reguiator PS Not practical
Programmable PS oK
Peak Detector OKtoViy =0

$508 ANZD I Comventions o¥Cuty v
‘Yo Gencies need lor a feterence voltage, Usualy Bt aDCUT -z!
O maany N3 ietarence volage e od




CA3GIE
BCD-TO-SEVEN-SEGM ENT DECODER/DRIVER I

[A3162 .

____§{/D_CONVERTER FOR 3-DIGIT DISPLAY

® Pin companhbie with othet indusiry

Fastures:

& TTL-compandie wnput 0gic levels 2 @ .

& 25-mA [lyp | constant-Cuitent L € of g:r-« e ®o w0
Ty - 4
segment outpurs - sorrins 7 ILent {.—: oo .
8 Einminates need 10¢ Dutput current r 01 l 7 ¢
himiting resistors l | .
.
L]

standard decodors
8 LOw $1andDy DOWSr 0iS3:pation -
18 m# (ryp.} - =
PIN CONNECTION .
sy - Lh
= M ‘/; F
£ ]
: : DI.FV! » BESWE T
o { r o T IRENTIMCATION
eeurs | . oM DRvER haibiiad S
——e )

T i £unclronal Diock giagram of the CA3ISIE

The RCA-CAJIE1E 13 » monohthic inlergrated CitCus that
oertgrmy tne BLO-to-seven-1egment decoaing funcuon
~Ang fedtures CONLLEM-CLITENT 3OQMEN] 3% r8rs When used
wiin the CAJI62E A/D Converter” the CA3IT61E provices a
complete digital G y with a mi of
extarnal parts.

MAXIMUM RATINGS, Absoiute-Mazimum Veiues
OC SUPPLY YOLTAGE (between tecmungts 3 3nd 10)
INPUT VOLTAGE (lermunaty 1, 2.6, 7).,

QUTPUT YOLTAGE

Output "On” [See note 1}
DEVICE DISSIPATION

UpltoTy= +588¢C . .

Above T, = <53+C
AMBIENT TEMPERATURE RANGFE

... glerate linearly st 10 5 mw/*C

Opardtng . . . . e e ..0te-75"C

Storege e e -85 to ~150°C
LEAD TEMPERATURE (DURING SOLDERING)

Al dintance 118 £ 1732 wh (158 2 0 79 mm) lrom case fOr 10 30CONGS MBA. ... ... L ooiiee e ~285°C
NOTE T This i3 e manimum oulpul vollsge tor sny single output The output vOIRQE Must be ¢! waththé and
deraning curve 107 worsi-case Condmons Exampls Al sagments “on”, 100% ovty Cycle

ELECTRICAL CHARACTERISTICS st Ty = 5°c
CHARACTERISTIC ' LIMITS UNITS
Min. | Typ.| Max.
Supply Voltage Operating Pange, V* 45] s{ 55 v
Supply Current, I* {all inputs high) -|35] s mA
Qutput Current Low (Vg = 2V} 18] 25| 32 mA
Output Current High (Vg = 8.5 V) -1 —}2%0
fnput Voltage High tlogic 17 level} 2] - - v
input Voltage Low {logic "0 level) - - {08 v
nput Current High {logic “1") 2v —30) - - pA
input Current Low flogic 07} ov 40 - - uA
-l26| -
Propagat:on Deisy Teime tpHL F
tPLH R

144

e voltage reterence

aTInECapabie of reading 99 my bolow

batures: » Chorce of iow-speed [4-Hz) o ign-
Duai-siope ALD conversion speed 96-Hz| conversion rate
'Mﬂ;’ll"’:d 8C0 dv;pia j'r B THOW inhibits conversion dut

maintains delay

® Overrange indicatron - “EEE™ lor
reachng greater than + 993 my. "=~
lor reading more negative than
-99 mV when used wilh CAJISIE

8CD-to-Seven Segment Decoder!
Oviver

Ultra-stable internal Dand- gaD

iground with singla supply
DiHerantial input
dinternal timing - na axiernal ciock
aqurred

PIN CONRECTION

. 23 #co
wo ? B
0u|"ull} ° 1 hadiadd]
s ¥
[T ve
e
outeurs wip Gain ADJ
L30 INTECAAT g CAP
DO YRASS ikt FPYT
Gt Low meur
=2 a0y =0 aps

e ]
apts e

“he CA3IG2E is an FL monolithic A7D converter that prowvides a 3-digit multiplexed BCD output. It 1s used with the CA3161E
iICD-t10-Seven.Segment Decoder 'Driver® and a minimum of external parts to implement a comolete 3-digit display

mifeastne. f_"TL—\

! v

Funchional block duagram of the CAJIG2E

WAXIMUM RATINGS, Absolute-Maximum Values:

BC SUPPLY VOLTAGE (between terminals 7 and 141 v
NPUT VOLTAGE (terminal 10 or 11 to ground! o L 15V
‘DEVICE DISSIPATION:
UptoTa = #55°C . ... ... 750mwW
Above Tp = +56°¢ | o derate linearly at 7. ImWI°C
MBIENT YEMPERATURE RANGE.
Operating ................ , . Oto +75°C
SOOMEQE . .. ... . e e ~6510 + 150°C
.luo TEMPERATURE {DURING SOLDERING}: .
At distance 1/16 + 1/32 inch 11.59 £ 0.79 mm) trom case tor 10 seconds max + 265°C

| | .

ALC



CA3162

TDA 1023

PROPORTIONAL-CONTROL TRIAC TRIGGERING CIRCUIT

A/D CONVERTER FOR 3-DIGIT DISPLAY _, -
I R
T ERE
Ciptocg il
b ELtU U } i +
: —H
[ ! T
s 5 }
;_G\
=
3 Az ATE a});“
l “'?;“ "-'?-{‘:‘.
e ete 3 tummer 2 touma, gar §.“ )
—Be

Fig. 2— Payic digital readoul SY3Iem using ihe CAJIG2E and the CATISTE

Circuit Description

The funcionas bice» dvagram ot the CAJIG2E 1s shown o Fuy 1

The heart 0f T™he Svstemn is the V | converter and relerence

tureent generator The V.1 conwerier Conwerts the mput voitage
apphed between termunals 10 anc 11 1o 3 Cureént that Charges
ihe witegrating cagector on fermingt 12 for 3 predeterimned time
mierval At the end of the charging mnterval, the V.| converter s
disconnected from the integrating Capcitor, and a band- gag ref-
erer~2 tonslant current sowce of oppowt. Polary is connec

led The number of clack counts that elapse befare the charge
IS TeSiofed 10 15 Otgunal value 5 3 duwect measure of the sgnal
nduced cunrent The restoraton s sensed by the comparator,
which ) [t latches the counter The count 15 then muhplened
10 the BCD outputs

The nming for 1ne CAJIG2E s suppived by 3 786 Hz ning osce:
fator, and the mout at terminal € deterrmines the sampling rate

146

A 5V nput provides a tagh-speec sampling rate 196 Hzi, ans
gounding or Hoatng terminal § provdes 2 low-speed (4 HT
samphng rate When terminal 6 1s fised a1 « 1 2 V (by placing &
12 K te%istor berween lerminai § and the « S V supdlyl a “'hokt
feature 15 avadable Whie the CAIYE2E 13 i the hoid mode. 5am
pling CONtmues at 4 He but the drsplay daia are latched to the
Lsst reading prioe 1o the apohcaton of the 1 2 v Remaval of the
1.2 V restores continuous display changes Note, however, (ha'
the samphng rate remains a1 4 Hz

The "EEE™ o .- " displays inducate that the range of the systerm
has been ex d 0 1he positive or neg duection, respect’
wely Negatiwe voltages 1o - 99 m\ are displayed with the minus
sign i Ihe MSD. The BCD code 5 1010 for 2 negatie overrange
i} and 1011 for 3 positive overrange (EEE)

GENERAL DESCRIPTION

The TOA 1023 is a bipofar integrated circuit for controlling triacs in the time proportional or burst
firing mode. Lt permits very precise temperatur  control of heating equipment and is especially suited
for the contro¥ of panel heaters. The circuit generates positive-going trigger pulses and complies with
the regulations on radio interference and mains distortion.

Special features are:

- # adjustable proportional range width

® adjustable hysteresis Table 2. Timing capacitor Ct values.

@ adjustable trigger pulse widtn

® adjustable firing burst repetition time effective marked a.c.
& control range translation facility d.c. value specification
» la-lsafe operation 7 F uf v
® supplied from the mains b N N
) . .
#® provides supply for external temperature bridge 68 a7 75
47 33 40
33 v22 25
22 .15 , 40
15 | 10 25
10 l 6.8 40
QUICK REFERENCE DATA
Supply vottage [derived from mains voltagel Vee typ. 137 V
Stabilized supply voitage
for temperature bridge . Vze 1Yp. 8 Vv
Supply current {average vatue) l1glavy  typ. 10 mA
Trigger pulse width Ty typ. 200 us
Firing burst repetition time at Cy =68 uf T typ. 41 s
Ontput current -lgu’ max. 150 mA
Operating ambient temperature range Tamb -20t0 + 75 °C

* Negative current is defined as conventional current flow out of a device. A negative output current
is suited for positive triac triggering.

Table 1. Adjustment of proportional range and hysteresis.
Combinations of resistor values giving hysteresis > % proportional range.

proportional proportional minimum maximum
range range hysteresis hysteresis
resistor RS resistor R4
mV k2 mV (313
— ]
B8O open 20 open
160 3.3 40 9.1
240 A 60 43 I
320 0,43 80 2.7
400 0 100 1.8 ]




@ MOTOROLA SN54/74LS373
SN54/74LS374

DESCRIPTION - The SN54L5/74L8373 consists of aight latches
with 3-state outputs for bus organized system applications. The flip-
flops appear lransparent to the data (dare changes asynchronously}
when Latch Enable {LE} is HIGH. When LE is LOW, the data that meets

the setup times is latched. Data appears on the bus when the Output OCTAL TRANSPARENT LATCH
Enable (OF) is LOW. When QE is HIGH the bus output is in the high WITH 3-STATE CUTPUTS;
impedence state, -
The SN54LS/74L5374 is a high-speed, low-power Qctal D-type Flip- Ov%}ﬁﬁs%?s%&ibgrp

Flop teaturing separate D-type inputs for each flip-flop and 3-state

outputs for bus oriented applications. A buffered Clock {CP) and Qutput LOW POWER SCHOTTKY

Enabla (CE} is common 1o all fiip-flops, The SNS54L5/74L5374 is
manufactured using advanced Low Power Schottky technology and is

compatible with all Motorols TTL families. CONNECTION DIAGRAM
DIP (TOP VIEW)
® EIGHT LATCHES IN A SINGLE PACKAGE
4LS/74 7
® 3-STATE QUTPUTS FOR BUS INTERFACING SN54LS /7418373
® HYSTERESIS ON LATCH ENABLE &t [ Yee
® EDGE-TRIGGERED D-TYPE INPUTS 0, (] 0y
® BUFFERED POSITIVE EDGE-TRIGGERED CLOCK
® HYSTERESIS ON CLOCKINPUT TO IMPROVE NOISE MARGIN %o (] °r
® INPUT CLAMP DICDES LIMIT HIGH SPEED TERMINATION LIN B
EFFECTS o1 [ 0 '
o; [ -
PIN NAMES LOADING (Ncte a) 0 O o
HIGH LOW oy [ Dy
Do-07 Data Inputs gs5ULl 925Ut 0y 04
LE Lateh Enable (Active HIGH) Input 05U.L| 023UL O L
cpP Clock (Active HIGH going edge) Input 05Ul 0250L Gno
OE Quiput Enable (Active LOW) Input O5UL| Q25UL
Op—07  Outputs (Note by 65(251U L 5i7.5: UL O o vt AM
NOTES:
8. 1V TTL Unii Load [U.L) = 40 pA HIGH 71 6 mA LOW SNBALg/74L5374
b The Outout LOWY daive tactor is 7.5 UL for Mihtary end 25 UL for Commaercial (781 v
Temperature Ranges The Quiput RIGH drive tacioris 25 UL lor Mitary (54jand 65 L L. &t 0 cc
Jor Commercial (74) Temperature Ranges
Op 19 0,
Do i} Oy
. 04 17 O
TAUTH TABLE
1} 11} QO
L8373 L8374 03 IEMEN
Dn LE Ot | On On cP | B | on o, " Y
H H L H H | T L | H 0, i Fe.
L H L L L g L1 L
X X H 2 X H oz 01 0
4N 1 (4]
H=HIGH Vonhage Level
L= LOW Voiltage Level . i
X = immaterisl J Suffix — Case 732-03 (Caramic)
Z = High Impedance N Suffix — Case 738-03 (Plastic)
*Note: Contents of fip-flops unatfectes by the state of the Quiput Enabls input (OE] NOTE:

Tne Flaipak version hasthe same
pinouts [Connaclion Diagram) as
the Dual In-Line Package.

FAST AND LS TTL DATA
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LOGIC DIAGRAMS

SN541S/74L8373
® @ ® @ @ @ @
2 0, 0; 0y Ba Py Eﬁ 0y
3 o 0 [ ° [ 0 [
o {68 g o s ° G2 g0 oY 8 g0
E
D]
ot
R T e P P M |
0q 0 03 Oy Q4 Qg Cy 9y
@ ® ® ®
SNE4LS /7415374 *
= Q4 0, 0y 0, D. Og by
On © @ O |® @ ®@ |0 ®
<
1 | X ! ) |
(L) T 28} S TF o T 0 CF o
Q Cf Q T o o Q lu o9 a0 o_a g @
PN P | l 1
@ @ ® LCEEN O i@ . ® i@ @
Veg = Pin 20
GND = Pin 10
(O =Pin Numbers
GUARANTEED OPERATING RANGES
SYMBOL PARAMETER MIN TYP MAX UNIT
vVee Supply Yohage 54 4.5 50 6.6 v
74 475 50 5.28
Ta Operating Ambient Ternperature Range 54 -55 25 126 °C
— 74 Q 25 70
IOH Oulput Current — High 54 ~-1.0 mA
74 -2.6
oL Qutput Current — Low 64 12 mA,
74 24

FAST AND LS TTL DATA
5-272



SN54/74L8373 @ SN54/741.5374

AJ

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)

SYMBOL PARAMETER N U,"\ilgs MAX UNITS TEST CONDITIONS
ViH input HIGH Vohage 2.0 v g‘;‘;’;“:&"’ Input HIGK Voltage for
v 54 0.7 Guaranteed input LOW Voltage for

L Input LOW Vohiage 7 08 v All Inputs
VIK Input Clamp Diode Voliage ~065 =15 v Vee = MIN. iy = -18 mA

54 2.4 34 v Vee ® MIN, foH = MAX, VN = V)4

VoH Output HIGH Voltage 74 24 31 v or ¥y pef Truth Table
v 54,74 025 | 04 v loL= 12 mA | Ve = Voo MIN,

oL Output LOW Voltage 74 0.35 o5 v ToL= 24 mA | VIN = Vi or Vi

per Truth Table
I0zH Qutput Off Current HIGH 20 uA Voo = MAX, Voyt = 2.7V
oz Output Off Current LOW ~20 wA Vee = MAX, Voyta 04V
20 pA Vee e MAX, ViN = 2.7V
i Input RIGH Current oA A VEC = MAX, ViN = 7.0V
. Input LOW Current -04 mA Ve = MAX, VN =04V
los Short Circuit Current -30 -130 mA Ve = MAX
lce Power Supply Current 40 mA Ve = MAX
,
AC CHARACTERISTICS: Tp = 25°C. Ve =50V .
LIMITS
SYMBOL PARAMETER 15373 15374 UNRMS TEST CONDITIONS
MIN | TYR | MAX | MIN | TYP | MAX
TMAX Maximum Clock Frequency 35 50 MHz
1PLH Propagation Delay. Data 12 18 {, s
1PHL to Qutput 12 18 i CL = 45 pF,
'PLH Clock or Enable 20 30 15 28 s AL=6670
1PHL 1o Qutput 18 30 19 8
T
:z;r Qutput Enable Time ;: gg g? gg ns
:EHLZZ Qutput Disable Time :g gg :g gg ns CL=600pF
AC SETUP REQUIREMENTS: Ta = 25°C. Ve = 50V
r LIMITS
SYMBOL PARAMETER 15373 1s374 UNITS
MIN MAX MIN MAX

w Clock Pulse Width 15 15 ns
is Setup Time 6.0 20 ns .
th Hold Time 20 T 0 ns .

DEFINITION OF TERMS:
SETUP TIME {tg) — is defined as the minimum time required for the corract logic leveito be present atthe legic input prios to LE

transition {rom HIGM-to-LOW in order 10 be recognized and transferred 1o the outputs

HOLD TIME (1) — is defined as the minimum lime toliowing the LE transition from HIGH-10-LOW that the logic leve! must be
maintegined at the input in order to ensure continued recognition.

FAST AND LS TTL DATA
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" §N54/74L5373

AC WAVEFORMS

PN e IPHL
.
oTPUT

Fig. 1
¢ 13w V3w GE BT 13V
P21 1.19] -— PZH 1 -
— -~— ‘ | —| [ ! { Van
vour Vav vour 13v FF‘.JV
de—n Voo
¢ osv
63V
Fig. 2 Flg. 3
AC LOAD CIRCUIT
vee
“L
son SWITCH POSITIONS
SYMBOL Swi1 Swe
1o LR win Open Closed
10 CLIRyT ’ f ' f ’
UNRER YEST
1218 Closed Qpen
500 oLz Closed Closed
~ [ 1] Closed Closed
= 5w?2

‘Inciudes Jip and Probe Capac tance

Flg. 4

. FAST AND LS TTL DATA
5-274




SN54/74L5374

AC WAVEFORMS

|...le-....—!..—-|ng[

cP V3V 1.3V tav

Output
Fig. E
AC LOAD CIARCUIT
vee
LIN
OF 13V Vv
tpzn ..t'vnz Swi
zVoh
Yout LR “13y
osv 10 OUTRYY
Fig. 7 UADER TEST
{ W
SO\
SWITCH POSITIONS
SYMBOI, Swi SwW2 ‘T ©
<’ w2

1PZH Open Crosed T

PZL Cloted Gpen

\pLZ Closed Closed

PMZ Closed Closed = "

*Ingiuger Jy and Probe Copscriance
Fig. B8
P

FAST AND LS TTL DATA
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@ MOTOROLA

DESCRIPTION —The TTL/MSISNS4ALS /741575 and SN64LS/74L577
are latches used as temporary storage lor binary informiation between
processing units and input/output or INdicator units Information present
at s data{D)inputistransterred to the Q output when the Enable is HIGH
and the Q output will follow the data input as.long as the Enable remains
HIGH. When the Enabie goes LOW, the information (that was present at
the data input at the time the transition occurred) is r81amned at the 0
output until the Enable is permitted 10 go HIGH.

The SN54L.$/741.575 features complemantary Q and a output from a
4-bitlatch andis available in the 16.pinpackages For higher component
density applications the SN54LS/74L877 4-but laich 15 avaiable in the
14-pin package with ( outputs omiited

-SN54/74LS75

SN54/74L577

4-BIT D LATCH

.

LOW POWER SCHOTTKY

LOADING [Note a)

F:lN NAMES * HIGH LOW
0,.D¢  Data inputs oSUL | 025UL
Eou1 Enabie input Laiches O, 1 20UL | 10UL.
Ez-: Enable input Latches 2, 3 20UL | 10UL
GJ- 4 Latch Outputs {Note b) 10 UL (2.5 UL
1-34  Compiimentary Laich Outputs (Note b} 10 UL 5(2.5) UL

Notes
¥ 1 UnitLoad (U L) = 40 pA KIGH

b The Outout LOW drrve 1acior 18 2.5 U L for Miltary (541 and S UL tor Commatcial (74)

Temperature Ranges.

TRUTH TABLE
(Each leich} NOTES
th | e th = bt Lima before enabie
D a negative-gong I snsivon
M H tn+1 = bithime atter enabia
REYELIVE -QOINg Iransition
L L
r ’ CONNECTION DIAGRAMS
DIP (TCP VIEW)
SN54L5/74L875 SNS4LS 741877

J Sutfix — Case 632.08

J Suﬂxx — Casa 620-09
{Ceramic) (Caramic)

N Suffix — Case 648-08 N Sutfix =~ Case 645-06
(Plastic) Piastic)

LOGIC SYMBOLS

SNG4LS/T41876
A
By By 97 9
1) med kg g

LER}
Ba G G161y 0; A7 Oy 8y

|
[CRRIRT S I I T ]

Vec=Pinb
GND = Pin 12

SNBALS/74L877

Vee=Pind
GND = Pin 11
NC=Pin7.10

’ FAST AND LS TTL DATA
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OC CHARACTERISTICS OVER QPERATING TEMPERATURE RANGE (unless otherwise specified)

UMITS
TEST CONDITION
SYMBOL PARAMETER N ™ AX UNITS ST CONDITIONS
ViH Input HIGH Vollage 20 v Guaranieed Input HIGH Voltage for
All Inputs .
54 @7 Guaranteed Input LOW Volipge for
ViL Input LOW Vnitage T4 0.8 v All Inputs
Vik Input Clamp Diode Voliage —0.65 | ~-1.5 v Veg = MIN, iy = -18 mA
54 25 35 v Vee = MIN, Igy = MAX, ViN = VI
VOH Output HIGH Voltage 7% 27 1 35 v or Vi per Truth Table
voL Output LOW Voltage 34,74 6325 | 04 v :OI. = ;-0 ::: :ﬁ‘c:v\:fgr%ll:
= 8.
74 .35 0.5 v oL Q per Truth Table
D input 20 A Voo = MR, iy = 2.7V
hH Input HIGH Current E tnput 80 - -
0 input 0.1 mA Veg=MAX VN = 7.0V
E lnput 0.4
L Input LOW Curremt D Inpyt ~0.4 ' ma Ve = MAX Vg =04d V
E lnput -1.6 .
l0s Shont Circuit Current ~20 -100 mA Voo = MAX
lce Power Supply Currem 12 mA Ve = MAX
AC CHARACTERISTICS: T4 = 25°C. Vo =50V
LIMITS
YM N
SYMBOL PARAMETER N ~F UNITS TEST CONDITIONS
tpLH ) 16 27
PHL Propagation Delay, Data 10 Q 40 7 ns
tPLH . 12 20
tPHL Propagation Delay, Datato § 70 s ns Vee =50V
Cy=15pF
Y
‘i:j Propagation Delay, Enable 160 Q :: ;; ns
PLH - 16 0
P .
L ropagation Delay, Enabie 10 Q 70 s ns

FAST AND LS TTL DATA
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SN54/74LS77

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (uniess otherwise specified)

LIMITS
1
SYMBOL PARAMETER IN ™F MAX UNITS TEST CONDITIONS
Vin Input HIGH Voltage 2.0 v Guaranteed Ingut HIGH Voltage lor
All inputs
: . 54 ) 0.7 Guaranteed, lnput LOW Vohage for
viL, Input LOW Vohtdge 7a 08 v Al inputs
ViK input Clamp Dicde Vohage -0865 [ =15 v Voo = MIN, iy = —18 mA
54 2.5 5 v Yeoe = MIN, lon = MAX, VN = V|
YoH Output HIGH Yohage - 3 s v ot Vi par Truth Table
voL Output LOW Vohage 54.74 025 | 04 v lg = 4.0 mA 3&‘-‘#5533’,:‘,
I .
74 035 05 v oL=80mA per Truth Table
. : O Input 20,1 WA Vee = MAX, ViN= 2.7 v
7" Input HIGH Currenmt E Input 80
0 Input 01 mA Vee = MAX, Vin = 7.0V
E lnput 0.4 ,
I lnput LOW Currant D Input 0.4 mA Yoo F MAX, Viy =04V
E Input -1.6
0§ Short Circuit Current -20 -100 mA Ve = MAX
lce Powvar Supply Curremt 13 mA Voo = MAX
AC CHARACTERISTICS: T5 = 25°C. v = 5.0V
. LIMITS
SYMBOL PARAMETER MIN ~F MAX UNITS TEST CONDITIONS
LK . 11 19
— Propagation Delay, Datato Q 9.0 1 ns Voo =50V
. CL = 16 pF
:::t . Propagation Delay, Enable to Q :g :: ng

FAST AND LS TTL DATA
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SN54/74L575 e SN54/74L577

LOGIC DIAGRAM

T ISNS4LS/74LE76 OMLY)

DATA
[}
€NABLE
TO OTHER LATCH —
GUARANTEED OPERATING RANGES
SYMBOL PARAMETER MIN TYP MAX UNIT
vee Supply Voltage : 54 4.5 5.0 5.5 .V
74 4.75 5.0 5.25
T4 Operating Ambient Temperalure Range 54 —55 25 128 °C
74 0 5 70
I0H Qutput Current — High 54,74 ' -Q.4 mA
oL Qutput Current ~— Low 54 4.0 mA
74 8.0
AC SETUP REQUIREMENTS: Ta = 25°C, Vo = 5.0V
) LIMITS .
Sy, P M R - T TE
MBOL ARAMETE Yre havey VTR UNITS EST CONDITIQNS
oy Enable Pulse Wicih High 20 ns
1s Setup Time 20 ns vee s S50V
h ] Hoid Time o] ns

- AC WAVE FORMS

--———] Py 3w J‘———lpL" 13v

—-»T- temg ~—-1 rin

DEFINITION OF TERMS:

SETUP TIME (14! — is defined as the minimum time required 1or the correct lagic level to be
present at the logic ynput prior 1o the ¢clock transition from HIGH-10-LOW in order to be
recognized and transferred 10 the outputs.

HOLD TIME [tp) - is defined as the minimum time following the clock transition from
HIGH-16-LOW that the icgic level must be maintained at the input in order 10 ensure
continuedrecognition. A negative HOLD TIME indicates that the correct logic level may be
released prior to the clock transition from HIGH -10-LOW and still be recognized.

FAST AND LS TTL DATA
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DESCRIPTION — The SN54LS/741.547 are Low Power Schottky BCD
o 7-Segment Decoder/ Drivers consisting of NAND gates, input butfers

SN54/74L547

and seven AND-CR-INVERT gates. They oHfer active LOW. high sink

currant outputs for driving indicators directly. Seven NAND gates and
one driver are connacted in pairs 1o make 8CD data and its compiement
availabie 1o the seven decoding AND-OR.INVERT gates. The remaining
NAND gate and three inpyt buffers provide lamp test blanking input/
rinple-blanking output and ripple-blanking input.

The circuits accept 4-bit binary-coded-decimal (BCD) and, depending on
the state of the auxiliary inputs, decodes this data to drive a 7-segment
display indicalor. The relative positive-iogic output levels, as well as

BCD TO 7-SEGMENT
DECODER/DRIVER
LOW POWER SCHOTTKY

conditipns required at the auxiliary inputs, are shown in the tryth tables.
Output configurations of the SNS4LS /741547 are designed to withstand
the re(atively high voltages required for 7-segment indicators.

These outpuls will withstand 15 V with 8 maximum reverse current of
250 uA. Indicator segments requiting up 1o 24 mA of currert may be
driven directly from the SN74L547 high performance output transistors.
Display patterns for BCD input counts above nine arg unique symbols to
8uthenticate input conditions.

The SN54L5/74L547 incorporates aulomatic leading and/or trailing-
edge zero-blanking control {RBl and RBO). Lamp test {LT) may be
performed at any lime which the BI/RBO node is a HIGH levsl. This
dewvice also containg an overriding blanking input (Bi) which can be used
10 control the lamp intensity or to inhibit the ocutputs.

* LAMP INTENSITY MODULATION CAPABILITY

* OPEN COLLECTOR QUTPUTS

¢ LAMPTEST PROVISION

* LEADING/TRAILING ZERO SUPPRESSION

* INPUT CLAMP DIODES LIMIT HIGH.-SPEED TERMINATION
EFFECTS

LOADING (Note &}

PIN NAMES
HIGH LOW

A B C.O BCO Inputs 0.5 U.L. 0.25 UL
RBl Pipple Blanking Input 05UL 0.25 U.L.
Lt Lamp Test Inpul oS5 UL 0:25 W.L.
BVRBO Blanking Input or 0.5 UL L 0TS UL

Rippie Blanking Qutput 12Ul 20Ul
dtog Outputs ’ Qpen-Collector 18(rshUL.
Notes: .

81U Losd (UL ) = 40 WA HIGH, 1 6 mA LOW

b) QuIput Current massured at Voyur = 0.5 V
Qutput LOW drive tactor s 7.5 U.L. lor Miitpry (54) and 15 L .L. tor Commarcint 174)
Temparaturs Ranges.

LOGIC SYNBOL —]

CONNECTION DIAGRAM
DIP (TOP VIEW)

Ve

<
i
i
'
Iy
3
s
°

J SuHix -~ Case 620-09 {Coramic)
N Suffix — Case 648-08 (Plastic)

FAST AND LS TTL DATA
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SN54/74L547

LOGIC DIAGRAM

Ic: O_ L PR R e = — ¢ M
o = q_ .
e - [ e ; . Foureur
S Py 5= Gt
. ) :
oot >y o,
ouTRT A L : M ru
- D.. 1
H - D'%Drbﬁ;

:l:;l-lumnno — . iJ
B e | C AR [
N O OO O 1 L 1 DO O

b‘

NUMERICAL DESIGNATIONS ~ RESULTANT DISPLAYS

YRUTH TABLE

7 INPUTS ~— / ouTPUTS —\ Vi
[D(cnun; . { i NP 1.7 ]
oa A joje o al frABD! s ) [ @]l T g ] moryg
FUNCTION : ! I
[__o NN NN NN
- \) - X 15 1S L o . W L] 3 L o - - L] L}
2 H X LiL ML L] LiL W]t JLIHIL
3 " X LiLln]w " Lie e fuimt it
4 L] x L L] Lh el “ L L H | = L L
] w ] mwlygpm n Liwjt JLim]LlY
Y n x [ EREIES [ mlw b L]
? M A L - L] L. L] b L 1 L} ~ L] L]
[] H x WlLyL]L ] [ AR L] ¢
¢ L] x L [ L] " L 1 [ SRS L
10 H X HL ML [ Mimwinwlt L]l
7] " X {H]jL]mwlinm [ Rlm L Lim ||y !
17 H x fmiwlLie " wlivhw[win]l Ol
1) Ld X LALERS L] Eal L LN RS Lol IS L
" H X MmN " LEE. NI NN L [ RS
1% L} x L) LR L} - L] L] L] L L L] 1.3 :‘
[ x| » | x)x|2|x T RN S e
[] [ L [ L [y HlMIH|M W] W ¢
[xd i X [ wf[x) x| " NN [ 4

M = HIGH Voltage Levsl
L = LOW Vonisge Levél
X = immatenial

NOTES:

(A} BTTHUD Is wite AND tqpie serving s bianking input (81] andsor ripoleblenxing outguy (ABD).
The bisnking out [B1) Mutt be 0pen O helg 4t & HIGH level when output tunctions 0 wwrough 18
are detired, and rippie-dlanking Input (RB1) must be 0pan or a1 » HIGH level If Blanking of s
Gecimal O i not gmired. X v (nput may be HIGH or LOW,

[B) When a LOW luvel is 800!ied 1o the blsnking lnput {1a7ced condition) s1) spmant outpyts § W
& LOW lovei regardiens 0f the state of #ny Sther Input congrtion,

(S} When rippleblanking Input {B1) end inputs A, 8. C. snd D sre st LOW tevel, with #he lsme
et Input 3t HIGH lovel, sll segment oututs go t0 s HIGH level #nd the ripple-Dianhing outout i
{RBO) gows 10 & LOW tevel {respanes conditfonl. i

{0} YWhen e blanking ingut/rippie-pisnking output (FTH'!U)  ogen Or Reid ot a HIGH level, st
8 LOW igval is sppiied 10 temp met Inpul, 31l segment Sutputy go to » LOW level.

FAST AND LS TTL DATA
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SN54/74L547

GUARANTEED OPERATING RANGES
SYMBOL PARAMETER MIN TYP MAX UNIT
Vee Supply Voltage 54 45 5.0 55 v
. 74 4.7% 50 525
Ta Operating Ambient Temperature Range 54 -55 26 125 °C
74 0 26 70
lOR Qutput Current — High B1/RBQ 654,74 -50 HA
lou Output Current — Low Bl-RBO 54 18 mAa
. - 8I/7RB0 74 32
VO (oH) OH-State Output Voltage 3 10 § 54,74 15 v
10 fon) On-State Qutput Current 310 § 54 12 mA
_ - atog 74 24
DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE {Uniess otharwise specified)
LIMITS
Y P, IT. T I
SYMBOL ARAMETER v ~F MAX UNITS EST CONDITIONS
Vir Input HIGH Voltage 20 v Guaranteed Input HIGH Threshold
Voltage for All Inputs
04 0.7 Guaranteed Input LOW Threshold
viL Input LOW Vohtage 74 0.8 v Voltage for All Inputs
VIK Input Clamp Diode Voltage -0.65 { —1.5 Vv Vee = MIN, )y =—18 ma
. —_— Voo = MIN Igpr = —50 uA,
VOH Output HIGH Voltage, BI/RBO 24 42 v ViN = VINor Vi per Truth Table
vor Output LOW Vohage | 54.74 025 04 v o * 1.8 mA | Voo = MIN, ViN = vy
BI7AB0 | 7a 035 | 05 v toL = 3.2 MA| or Vi per Truih Tabie
O#.S1ate Output Current Ve = MAX VN = Vi or
!
O loth Fthru g 2% [ WA Vi per Truth Table, Vg (o) = 15 V
Qn State Output VohageVSA.?a 025 04 v 10ton) = 12mA|Vee s MAX VN = Vid
\4 - -
_Oten) dihru g 4 035 ;.05 v Ioton) = 24 MA or V_per Truth Table
. 20 A Vee=M VinN=27V
lim ! input HIGH Currant u ce = MAX Vin
_ { ) o1 ma Voo = MAX, Viy = 70V
T
i Input LOW Current BI/RBO -1.2 \
| Ay nput except BIZRBD —4 | ™ | VecEMAXVIN=04V
Ips BT RBO | Output Short Circunt Current -03 -20 mA | Vee=MAX voyt =0V
e [ Power Supply Current I 7.0 13 mA Vee = MAX
AC CHARACTERISTICS: T4 = 25°C .
MITS
svmsoL | PARAMETER H T
| N s AR UNITS TEST CONDITIONS
1PHL, 1 Propagation Delay. Address 100 ns
IPLH Input 16 Segment Output 100 ns Vec =50V
1PHL Propagation Delay. ABI Input 100 ns €L = 18pF
PLH To Segment Quiput | 100 n$
ACWAVEFORMS
Vin - 13V -tV Ving -X-123v¥ - tiv
w;,,“ _1 .,,m ,{ lnq ‘rw

fug 2
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@ MOTOROLA

DESCRIPTION — The SN54LS/74L58% is a 4-Bit Magniude Compatr-
ator which compares two 4-bit words (A, B}, each word having four
Parallei Inputs {Ag-A3. Bo-B3) A3, B3 being the most signilicant inputs.
Operation is nol rastricted 10 binary codes, the device will work with any
monotonic code. Three Outputs are piovided: "A greater than 87 (0a >
gl "Aless than B {0 A < a). "Aequalto B” (Op = gl Three Expander
Inputs. |4 > 8, la < B, 1A = g, 8llow cascading without external gates. For
proper compara operation, the Expender Inputs 1o the least significant
pasition must be connected as follows: la<cg =la>g =~ Lla=gaH.
For seriai {rippie} expansion, th60aA > g, Ua < g &nd Oa = g Outputs ere
connectedrespectively lothelaA > B JA < 8. andia = B inputs of the next
most significant comparator, as shown in Figure 1. Refer to Applications
section of data sheet for high speed rmathod of comparing large words.

The Truth Tabie on the following page describes the operation of the
SNS4LS/74LS85 under a1l possible logic conditions, The upper 11 lines
describe the normg! operation undér all conditions that will oceur in @
single device or in a series expansion scheme. The lower five iines
describe the operation under abnormal conditions on the cascading

inputs. These conditions occur when the parallel expansion technique is

used,

SN54/741.585

4-BIT MAGNITUDE
COMPARATOR

LOW POWER SCHOTTKY

* EASILY EXPANDABLE
¢ BINARY OR BCO COMPARISON

LOADING (Note a)

L] OA >Br OA<3. AND OA =8 OUTPUTS AVAILABLE

PIN NAMES HIGH
Ag-Ay. Bg-By Parallel Inputs 1.5 U.L
la w8 A =B Expander Inputs 15Ul
lace & >8 A < B, A > B, Expander Inputs 05 UL
Oa »8 A Greater Than B Oulput (Note b) 10 U.L.
Ca<s 8 Greater Than A Qutput (Note b) 10U.L.
Oa =8 A Equal 10 B Quiput (Note b) 10 UL
otae-

& 3 TTL Undt Load (U.L) = 40 uh HIGH B A LOW

LOwW

075 UL

075 U.L.
0.25 UL
5§25 UL,
s(2s) UL
5(25) UL

B. The Outout LOW Oeive factor 1 2.5 U.L. for Militery (54) end 5 U L. for Commercist (74}

Tempersture Ranges,

LOGIC DIAGRAM

p—
ariisy 0—::1 ha
Lt (T g
|
j
113 )
A2 T -
“lu) i
A< 1
":.: i)
anl [ [
Al fTJ 4
0
Ty
PO T
05 LS

LOGIC SYMBOL

1P 1) 1% 81 e

ILrELLtl
Ll ik
Ahan L9 LAY el
then [P Gaca

ERas [P Qpeg ¢

Vccs Pin 16
GND = Pin 8

CONNECTION DIAGRAM
P ITQP VIEW)

J Suffix — Case 620-09 {Ceramic)
N Suftix — Case 648-08 (Plastic}

NOTE:

The Flatpak version has 1he same
pincuts (Cannection Diagram) ss
the Dual In-Ling Package
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SN54/74L585

TRUTH TABLE

COMPARING INPUTS CA;C;,C::O OL'TPUTS
A3By AzB; A18) AgBg [la>a 'A< 'a-8 | OA>m Oace Oasp
Ay>B3 X X X X X X " L L
Aj<y X X X X x X L ] .
AyeB5 Az>B; X x X x X M L
' AjeB3 A3<B3 x X x X x L H L
A3=83 Ap-B7 A28, x X X X H L L
A3t83 Az-83 Ay, x x X x L H L
A3eBy A3*By AyBy AgrBg | X X x M L L
AjeBy AjeBy A28y Ap<By x X x 8 H L
A3"By AgeBy A8, AgeBg [ H L L H L L
Aje83 Ay-By A;<B; AgeBg | L H L L M L
ay-B; Az-B; A;*B; Ag-Bg x b3 H L L H
A3-83 Azl Art8y AgeBg | M W L L L L - :éf::,:,"
Ay~By Az=8; A8, Agefg 3 L L H H L X + IMMATERIAL
GUARANTEED OPERATING RANGES
SYMBOL PARAMETER i MN TvP MAX UNIT
vee Supply Voitage i’ 54 45 50 5% v
: 74 47% 5.0 525
Ta Operating Ambient Temper ature Range - : 54 ~55 25 126 °C
. 74 ¢} 25 70
IoH Output Current — Hign |  54.74 -Q4 mA
oL Output Gurrent — Low 54 a0 mA
74 80

FAST AND LS TTL DATA
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DI 7 IO

v
Ao A By Ay 3o B By By PP PPN S
Ao hi Ay hyBg 8y 8y 8y 7. Mrispaysg il
=, DT EHR B A Spve
L= tacy SMSALS/I4LEBY Oucaf = = = = = =] lacy SWIALE/TALS8E Dac [T A<H
- ‘s PN R R R R S RS Oacg ™ 44
.
L= LOW Level
Hoe HIGH Level
Fig. 1. COMPARING TWO n-8IT WORDS
" APPLICATIONS
Figure 2 shows a high soeed Method of comparing two 24-bit words with only two levels of oevice deley. With the technique shown in Figure 1,
s1x levels of device delay result when comearing two 24.bit words. The perslist zechnigue con be exp _" d 10 any number of bite, 3ee Teble |.
i
‘ TABLE |
WORD LENGTH NUMBER OF PKGS. woTE
" The SHBALS/ TALSEE con 1w used »e & B-brl comparalor anly
14 Birs 1 whan IR SUTIIS 518 VSad 18 trive the Ag-Ay snd
5.24 Bitk 2.6 By By npuie of dnother SNGALS/TALESS as shown
Frpwre 3 inpoamons #1.2.3. and 4
25120 gin 8.3 Bt
ety
~
L8 . Rt
LRI LN TR N ‘e cprntntitntn
L RN
ag b1 by 8y g 8, 8, 8, ag 4y 45 &) 4g 8, 0 By
L] e Yen bl Tean IS4 Pare R
Y ek ) Cacy L e RPN v Toch
[ ™1 Cave ] [ ety Ouep "¢
vy
b afine ~
T R Ao N " LIV IR Y TP L T TP T RIS ITRIT LT LITY TP IR L 2T *
AL L Ll 1L
RIS RN R I N T T
L PO Cuze L "Rais PEVY Oa~p L1 Raa RFEM L™
Y aca Y] Ouvy =iy 13} (-9 -,,—J ey [¥] Oy g p——
[ P Oy = s Oy e ' hey Spua [~

L[]

IR R )
ae O
P T Qo } ouirult
RN Ou.yf
MSB v MO Sigrificent Bt
LS8 = Leest Sgnificpnt Bit . .

L " LOW Lave
H ¢ =GN Level
NC * No Connelion

Fig. 2. COMPARISON OF TWO 24-BIT WORDS
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‘ : SN54/74L.585 L :

DC CHARACTERISTICS OVER OPERATING !EMPERATURE RANGE (uniess otherwise specifiad)

LIMITS
YM T
SYMBOL PARAMETER e mAax| UM S TEST CONDITIONS
VIH Input HIGH Voltage 2.0 v Guaranteed Inpyt HIGH Voltage for
All Inputs
54 0.7 Guarantesd Input LOW Voltage for
ViL Input LOW Voltage 74 o8 v Al Inputs .
ViK Input Clamp Diode Voltage ) -0.6% | ~1.5 v Vee=MIN iy = = 1B mA
54 2.5 15 \'4 Ve = MIN, Igy = MAX, Viy = Vi
A" t HIGH Vol
OH Output HIGH Voltage = 73 3% v 0r Vy__per Teuth Tabie
[
vou Output LOW Voltage 54,74 0256 | 04 v oL =4 g mm: \\:lc;c:v‘ffgx‘l:-
i . . oL =8
74 €3 G5 v O per Truth Table
Input HIGH Current
ACH A>B 20 =
lift Other Inpuls 60 A Vee = MAX ViN = 27V
A<B A>EB 0.1
. Cther Inputs 0.3 mA Vee = MAX Vin = 7.0V
Input LOW Current
I B .
L A<B A>B 0.4 mA Vee = MAX Vg =04V
Other inputs -1.2
los Quiput Shert Cirgun Current ~20 -100 | mA Vee = MAX
Ice Powar Supply Current [ 20 mA Vee s MAX
AC CHARACTERISTICS: T4 = 25°C, Vee=50V
SYMBOL PARAMETER , LMITS UNITS TEST CONDITIONS
MIN ™Y MAX
WPLH Any A orBloA<B A>B 24 36 ns
tPHL 20 0 _
PLH Any AorBroA=8 27 45 ns
1PHL 23 45
Ve =50V
PLH ALBorA=BloA>8 14 | 22 ns i .
PHL V1 17 CL=15p
PLH A=BloA=8 13 2 e
PHL 13 26
PLH A>BorA=BwoA<SB . 14 22 ns
1PHL 1 7
AC WAVEFORMS
Vin 13v LM Vin 1 [+ 1]
| t
L"HL—{ y?’t’\-’,' - L__r.. [T L"‘-" '
1 | ~-
YouT 13v 1V Your t3v 13v
Fig. 3 Fig. 4
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@ MOTOROLA

DESCRIPTION — The SN54L5/74L590. SN54LS/741592 and
SN54LS/74L533 are high-speed 4.bit ripple type tounters partitioned

SN54/74L590
SN54/74L592
SN54/74L593

into two sections. Each counter has a divide-by-two section and either a

divida-by-five {LS90). divide-by-six {L§92) or divide-by-eight {LSS3} [
section which are triggerd by a8 HIGH - t0-LOW (ransition on the clock

DECADE COUNTER:

inputs. Each section can be used separately or lied tagether (O to TP to
DIVIDE-B8Y-TWELVE COUNTER:

form BCD, bi-euinary, modulo-12, ar modulo-16 counters. Al of the

countars havé 8 2-input gated Master Rezet [Ciear). and the LSS0 aiso 4-BIT BINARY COUNTER

has a 2-input gated Master Set [Preset 9)

J Sufix -~ Case 632.08 {Ceramic)

LOW POWER SCHOTTXY

N Sutfix — Case 646-06 {Plastic}

® LOW POWER CONSUMPTION . . . TYPICALLY 45 mw

® HIGH COUNT RATES ., . TYPICALLY 42 MHz

® CHOICE OF COUNTING MODES . . . BCD. BI-QUINARY,
DIVIDE-BY-TWELVE, BINARY

¢ INPUT CLAMP DIODES LIMIT HIGH SPEED TERMINATION

EFFECTS
PIN NAMES : LOADING (Note #)
HIGH Low

€Fy Clock (Active LOW going edge) lnput to 05U.L. 15U,
+2 Section

EF-’1 Clock {Active LOW going edge) Input 10 osuUL 0uL.
+5 Section {L.8901, +6 Section (L592)

Py Clock {Active LOW going edge) Input 1o 05UL. 1ouL
+8 Sectien (L893)

MR, MRy Master Reset (Clear) tnputs 05U L. 025U L.

MSI, MSo Master Set (Preser-9, LS50) Inputs 05U.L. 0a5uUL.

Qo Qutput from +2 Section (Notes b & ¢} 0UL. 5(2.51U L

Q. Q. Q3 Qutputs from +5 (1,590}, #6 (1.592), UL | si2stuie
+8 (1593} Sections (Note b}

Notes:

8.1 TTL Unit Load (U.L) = 40 A KIGH/ 1 6 mA LOAY
b. The Qutput LOW drive factor is 2.6 U L. for Minary, (54) and 5 UL for commercgl (74) Tempersturs Ranges

€. The Qg Qutputs are Quar anteed 1o drive the full Fan-out plus the TPy iput of the devws.
4. To insure ¢ oper operation the rise (te) and tait hrma (151 0f the chock must ba less tran 100 s,

— i et o

1.OGIC §YMBOL

LS9
‘ (9]

|
! w3

14 ——0hTPy

J
I
f
F

MR g 01 G703

el

E

VCC “«Pn s
GNC = Pn 1D
NC e Piraa 1)

3

LS9z

Gy 0; 97 Oy

ar 12119 &

Vieg m P s
GND = Pin 10
MC »fins 2,04, 1)

LS93

14— CPg
t cPy

ma G0y Gy 0y

B

- 1 123

Veg " Pn s
GND »Pin 10
NC=Pinsd 5 712

|
i
i
i

v e

|
|
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SN54/74L.590 » SN54/74{ 592 » SN54/74L53!J

LOGIC DIAGRAM

CONNECTION DIAGRAM
DIP (TOP VIEW)

QO « pin Numoers
Veg »Pin b
GND = Pin 10

1590
® ,
913
42D r 1 -
P E P 2
B B 5,
Jsoo——l —J l>(s~--< 4 Do»—-w ] t'0 3
TPy —Acr I-—-—c cr p—CHCP om—, F. .
- L]
I:CDG xcuﬁ “oa 3505 :
1 il 1 ] .
TF, <
MR, @ NC = No interns! Connection
m—{— lo o o ©
&) Qp o 9 o3 Gre:
Q =« Pin Numban NaTE:
n B Tre Fisipak version has the same
Vg Pind pinoyts {Conneclion Disgram) as
GND = Pin 10 the Oual In-Ling Packags.
LOGIC DIAGRAM CONNECTION DIAGRAM
1592 DIP (TOP VIEW!}
J (o] c L G ' Q -y J o] o
® T
TPy —gfcr ~—cicr 1 =4
K o & o 5 x % &§— x t ]
7, 2 J
®
MR,
”“I%DD— a @ o @ o ® @0 NG = No Internal Cennpction
o 1 1 3
NOTE
QO « pin Numbens The Fletpsk version hag the same
P piney’s {Conngction Diagram) o3
Yeg = fins the Dust In-Line Package
GND » Pin 10
LOGIC DIAGRAM CONNECTION DIAGRAM
LS93 DIP (TOP VIEW)
@ RN J ¢} s o i 0
TP ==l CP [ ane 4 gt 15
lCDES tcud KCDTS (Coﬁ .
cry (3) T T
MR, @
e > la & ® @
@ Co o, N o

NG = No'toternal Connwction

NOTE:

The Fiaipsh vorsion has the same
pinouls [Connection Diagram) s
the Dualin-Line Package
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SN54/74LS90 » SN54/74L.592 ¢ SN54/74L593

FUNCTIONAL DESCRIPTION — The LS90. LS92. and L593 are 4-bit ripple type Decade, Divide, By -Tweive. and Binary
Counters respectively. Each device consists of four master/slave flip-flops which are internally connected 1o provide a
divide-by-two section and a divide-by-hive {L§80), divide-by-six [L592), or dvide-by-aight {LS93) section. Each section has a
separate clock input which initiates state changes of the counter on the HIGH-to-LOW ¢lock iransition. State changes of the Q
outputs do not occur simultaneously because of internal ripple delays. Therefore. decoded output signals are subject to decoding
spikes and should not be used for clocks or strabes The Qp output of each device 1s designed and specified to drive the rated

fan-out plus the Py input of the device

A gated AND asynchronous Master Resel (MR 1 e MR 21is provided on ail counters which overrides and clocks and resets (clears}
alithe flip-flops. A gated AND asyncnronous Master Set(MS s MS 1 is provided an the LSI0 which overrides the clocks and the

MR inputs and sets the outputs to nine (HLLH).
Since the output lrom the divide-by-twg 3ection s net internatly connected 1o the succeeqging 5tages, the Jev.ces may be

operated in various counting moges,

LS90 R
A 8CO Decade (8421) Counter ~- The CPy input must be externally connected 1o the Ug output The CPg input receves the
incoming count and a BCD couri sequence 1s produced

Symmetncal Bi-quinary Divide-By-Ten Counter — The Q3 output must be externaliy connected to the Cpo iput. The input

B.
count is then applied ro the CPq input and a divide-by-ten square wave is oblaned at output Qo.

C Divide:By-Two and Divide-By-Five Counter — No externalinterconnections ara required. The first fiip-flop i3 used as a binary
element for the divide-by-two function tfﬁo as the nput and Qp as the output). The C'P] input 15 ysed 10 obta:n binary
divide-by-five operation at the Q3 output.

L5882

A. Modulo 12, Divide-By-Twelve Counter — The CPy inpur must be externally connected 1o the Qo output. The C'Fo nput
raceivas the incoming count and Q3 produces a symmetrical divide-by-twelve square wave output.

B Diwvige-By-Twoand Divide-By-Six Counter — No external interconnections are required. The lirst thp-Hogp is used as a binary
element for the divide-by-two function. The EP| input is used 10 obtain divide -by-three operation at the Q1 and Q3 outputs

and tvide-by-six operation a: the Q3 output.

L583
A 4.BitRippie Counter — The output Op Must be extarnally connectad (o mput ('3—91 The input count pulses ara applied to input
CPp. Simultaneous divisionsof 2, 4,8, and 16 are performed atthe Qp. Q1. Q2. and Q3 outputs as showr in the tryth table.

B. 3-BitRipple Counter — The input count pulses are applied to input C'F1 .Simultaneous frequancydivisionsof 2.4 ano 8 are
available at the Q1, Q3. and Qg oulputs Ingependent use of the first tlip-flop is available if the reset function concides with

reset of the 3-bit ripple-through counter.

FAST AND LS TTL DATA



SN54/741 590 ¢ SN54/741.592 ¢ SN54/74L593

LS92 AND L593

LS990
MOOE SELECTION " MODE SELECTION
RESET/SET INPUTS QUTPUTS RESET OUTPUTS
" " T X T T . T MR, | MRy Qo Q. 02 03
H H X L L L L L H H L L L L
X X H H H L L H L H Count
L X Lo|=~X Count H L Count
X L X L Count L L Count
L X X L Count H = HIGH Voltsge Level
X t L X Count L = LOW Voltege Level
H = HIGH Voliage Leve! X = Oon't Care i
L = LOW Voltege Level
X = Don'tCare b
LS$90 LS92 ' Ls93
BCD COUNT SEQUENCE TRUTH TABLE TRUTH TABLE -
OUTPUT ] ouUTPUT . OUTPUT
COUNT CQUNT COUNT
Q 0 9; Qg Q G 3; Q3 Q O Q9 Qg
0 L L L L 0 L L L L 0 L L L L
1 H L L L ] H L L L 1 H L L L
? L H L L 2 L H L L ? L H L L
3 H R L L 3 H H L L 3 H H L L
q L L H L 4 L L H L 4 L L H [
5 H L H L 5 H L H L 5 H L H L
6 L H H L ] L L L H § L H* H L
7 H H H L 7 H L L H ? H H H L
8 L L L H 8 L H L H 8 L L L H
9 H L L H 9 H H L H 9 H L L H
NOTE: Output Qg 4 connected 10 Enput 10 L 8 H H 10 L H L H
TPy tor BCO count. " H L H H 11 H H L H
" 12 L L H H
Note: Ouiput Qg connrcied to input &F,, 1 H . u h
14 L H H H
] 15 H H H H

Note: Qutput Qg connected 16 input TPy
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SN54/741.590 @ SN54/74L.592 @ SN54/74(.593

GUARANTEED OPERATING RANGES

SYMBOL . PARAMETER MiN TYP MAX UNTT
vee Supply Vcohage 64 45 5.0 5.5 v
74 475 50 6.25
Ta Operating Ambient Temperature Range 54 -85 25 125 °C
74 [+] 25 70
1o0H Qutput Current — High 54,74 -04 mA
oL Qutput Current — Low 54 4.0 mA
74 8.0
DC CHARACTERISTICS OYER OPERATING TEMPERATURE RANGE (unless otherwise specified)
LIMITS
YMB ARA R | Tt
S oL P METE TS P l X UNITS TEST CONDITIONS
ViH Input HIGH Vohtage 2.0 ] v Guaranteed lnput HIGH Vohage for
All Inputs
54 0.7 Guaranteed input LOW Voltage for
viL InFut LOW Voltage o 0B v Al Inputs
ViK input Clamp Diode Vohage ~085 | —15 v VeE = MIN. iy = - 18 mA
; 54 2.5 35 A Ve = MIN, IpH = MAX, Vi = Vi
VOoH Qutput HIGH Yoitage T 55 Py " or Vi per Truth Table
v o Low v 54,74 025 { 04 v IoL = 4.0 mA | Vee = Veg MIN
oL utput oltage = VIN = ViLorViy
7 035 08 v loL =80 mA per Truth Table
20 HA VEC#F MAX Vin=2.7 V
fiH Input HIGH Current £ i
a.t mA Vec=MAX VIy=70V
Input LOW Current
ME, MR -04
[T Lo ~2.4 mA Ve = MAX, VN =04V
CP1 (L590. L552) - 3.2 .
CPy (L$93) ~1.6
los Short Circuit Current ~20 -100 mA Ve = MAX
[} Powar Supply Current 16 mA Veg = MAX
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SN54/74LS90 e SN54/74LS92 ¢ SN54/74L593
./

T

77777 _ --7-“ B i LIMITS
SYMBOL PARAMETER LS90 L592 LS93 UNITS
MIN | TYP | MAX | MIN | TYP | MAX | MIN | TYP | MAX

Max (-:-50 input Ctock Fraquency 2 . k¥4 32 MHz
fMAX CPq lnput Clock Frequency 15 16 16 MHz
PLH Propagation Delay, 10 16 10 16 10 16 ns
PHL L8P0 Input 10 Qg Dutpyt 12 18 12 18 12 18

PR 32 48 2 48 a6 70

VPHL TPy input to Q3 Output 3a | s0 8 | s0 46 | 70 ns
PLH ! 10 | 16 10| 16 0 [ 18

PRL CFy Input 1o Qy Output 14 T 14 21 14 21 ns
PPLH 21 32 10 16 i 21 32

tPrL TP Input 1o Q2 Qutput 23 35 14 21 23 35 ns
PLH 21 32 21 32 34 51

PHL TPy Input 10 Q3 Qutput 23 35 23 35 34 51 ns
PLH MS input 10 Qg and Q3 Outputs 20 30 ns
1PHL MS Input 1o Qy and Q7 Outputs | 26 | 40 ns
PHL MR Input 1o Any Output ! 26 | a0 % | 40 28| 40 | ns

AC SETUP REQUIREMENTS: T = 25°C. Ve =50V

[ LIMITS
SYMBOL PARAMETER i L590 L592 L593 UNITS
CMIN | MAX [ MIN | MAX | MIN | MAX
W Crp Puise Width i 15 15 15 ns
w TPy Pulse Widih i 1 30 30 ns
W MS Pulse Width I s ns
LYY MR Pulse Widih H -1 15 15 ns
lrec Recovery Time MR 10 CP | 25 25 25 ns

RECOVERY TIME (t;ge) is defined as the minimum time required betwaen the end of the reset pulse and the clock
transition from HIGH-10-LOW in order to recognize ang transfer HIGH data to the Q outpute.

AC WAVE FORMS

,3——.\_— o sy

tiv

-— iy ——
B J ! v v‘w——r'?w
Py -—,!

Fig. 1 .

"The number of Clock Pulies required betwren the TpHy 309 [p| py Measurements can be dotermined Irom the spproprisie Truth Tebles.

MR & M§ 13V 13w M3 TIV 13v

My e

&P J Vv o] ¥ 13V
enL TPLH
Il <-->1 seo PLH ‘-—--i
0 Vv Soon Vv
Fig. 2 Fig. 3

FAST AND LS TTL DATA

5-66

PERPUSTARAAN
Universitas -.a.0iik Widya Mandaia
L RABAYA




BIODATA

Nama ‘Maria Vironika Trimuriana
NRP 15103096029
NIRM ©96.7.003.31073.44913

Tempat, Tanggal Lahir : Surabaya, 23 Maret 1978
Agama . Katolik
Alamat - JI. Ngeni Jaya No.1

Kepuhkiriman - Waru

Sidoarjo

Riwayat Pendidikan :

Tahun 1990 Lulus SD Kemala Bhayangkari | Surabaya

Tahun 1993 Lulus SMP Negeri [ Waru Sidoarjo

Tahun 1996 Lulus SMA Negeri 10 Surabaya

Tahun 2001 Lulus Sarjana Fakultas Teknik Jurusan Teknik Elektro

Universitas Katolik Widya Mandala Surabaya.





