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{INARY PATTERN GENERATION

it uslable operation, as shown in Figure 21, the output of the
R-2240 appears as 4 complex pulse pattern. The waveform
A the outpul pulse train can be determined directly from the
aming diagram of Figure 5 which shows the phase relations
clween the counter outputs, Figure 22 shows some of these
omplex pulse patterns. The pulse patiern repeats itself at a
ite equal to the period of the highest counter bit connected
o the common output bus. The mmimum pulse width con-
ained in the pulse train is determined by the lowest counter
it connected to the outpul.

A ZPINPATTLANS

JLJLJI_H_H_JUUUl___JUUUI
o

Fuos L& 2ot 1= HC Fuy "l&qmu:!

B 3 FINPATITERN

i ﬂﬂ U1

FJI-{- 1] -' 29T

Pung 13 & b shosted

[

.;”"W - 77——7+1:-+- 51 +‘“'+’"' —-HBY -

V.35 e/ shonted

C 4PINPATTERN

Ju i

)-—xr+—ﬁr--——+-31+

Figure 22, Binary Pulse Patterns Obtained by Shorting Various
Counter Qutputs
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iagure 23, Operation with External Clock
UPERATION WITH EXTERNAL CLOCK

Phe XR-2240 can be operated with an external clock or time-
hase, by disabling the Internal time-base oscillator and applying
the external clock input to pin 14, The recommended circuit
onnection for this application is shown in Figure 23. The
mternal time-base can be de-activated by connecting a | K§2
cesistor from pin 13 to ground. The counters are triggered

m the negative-going edges of the external clock pulse. For
proper operation, a minimum clock pulse amplitude of 3

colts s required. Minimum external clock pulse width

iust be > 1 @S,

i‘or operation with supply voltages of 6V or less, the internal
tune-base section can be powered down by open-circuiting

o 16 and connecting pin 15 to VY. In this configuration, the
nternal time-base does not draw any current, and the over-all
urrent drain is reduced by =3 mA.

FREQUENCY SYNTHESIZER

{'he programmable counter section of XR-2240 can be used to
senerate 255 discrete frequencies from a given time base setting
using the circuit connection of Figure 24, The output of the
ircuit is @ pasitive pulse train with a pulse width equal to T,
wid a period equal to (N+1) T where N is the programmed
ount in the counter,

The modulus N is the total counr corresponding to the coun-
ter outputs connected to the output bus. Thus, for example,
if pins 1, 3 and 4 are connected together to the output bus,
the total count is: N=[+4+8=13; and the period of the out-
put waveform is equal to (N+1) T or 14T. In this manner, 256
different frequencies can be synthesized from a given time-
base setting.

500 pF

C-_ 0.1t

BINARY COUNTER 51K

'w]yuuuuuuua - ouTPuT
TN W 1T

TN+

Iigure 24 l ru[u\.m.y Synthesis from Internal Time- Bust

SYNTHESIS WITH HARMONIC LOCKING: The harmonic
synchronization property of the XR-2240 time-base ¢an be
used o generate a wide number of discrete frequencies from
a piven input reference frequency. The circuit connection for
this application is shown in Figure 25. (See Figures 16 and 17

for external sync waveform and harmonic caplure range.) If the

the time base is synchronized to (m)th harmonic of input fre-
quency where 1< m < 10, as described in the section on
“flarmonic Synchronization™, the frequency f, of the oulput
wavelorm in Figure 25 is related to the input reference
frequency g as:

where mois the harmonic number, and N is the programmed
counter modulus. Fora range of 1 <N <255, the circuit of
Figure 25 can produce 1500 separate frequencies from a
single fixed reference.

One particular application of the circuit of Figure 25 is genera-
ting frequencies which are not harmonically related to a ref-
erence input. For example, by choosing the external R-C to
selm = 10 and setting N = 5, one can obtain a 100 Hz output
frequency synchronized to 60 Hz power line frequency.

8 H 1

Figure 25. Frequency Synthesis by Harmonic Locking to an
External Reference
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Jbsolute Maximum Ratings (Notes- 18&2)

Operating Conditions

Spply Voltage (Vo) —0.51t0 +7.0V Min Max Units
Hlnput Voltage (Vin) ~1.510 Voo +1.5V Supply Voltage (Vce) 2 6 \
4 Output Voltage (Vour) —0.510 Ve +0.5V DC Input or Output Voltage 0 Voo v
Jap Diode Current (k. loi) +£20 mA & (V'N'_"ro‘_’rﬂ N .
i . perating Temperature Range
f\,mtput Current, per pin (IOL.,T) +35 mA MM72HG oS +85 oG
‘TCVQCWGND Current, per pin (icc) +70 mA MME4HC —55 +125 oG
srage Temperature Range (Tgra) -85°C to +150°C Input Rise or Fali Times
‘owet Dissipation (Pp) 500 mwW (tnti)  Vog=2.0V 1000 ns
ised Temperature (Ty) (Saldering 10 seconds) 260°C Vee=4.5V 500 ns
' , Vee=6.0V 400 ns
0C Electrical Characteristics
74HC 54HC
Ta=25C o = o 5
bol Parameter Conditlons Vee T“ bk BT Swnpce Units
Typ Guaranteed Limits
o Minimum High Level 2.0V 15 1.5 1.5 v
input Voltage 4.5V 3.15 3.15 3.18 \%
6.0V 4.2 4.2 4.2 \
Maximum Low Level 2.0V 0.3 0.3 0.3 A
Input Voltage 4.5V 0.9 0.9 0.9 v
6.0V 1.2 1.2 1.2 \
H | Minimum High Level | Viy=Vqor V).
Ouiput Vollage llour] <20 pA 20V 20| 19 1.9 1.9 v
4.5V | 45 4.4 4.4 4.4 v
6.0V | 6.0 5.9 5.9 5.9 v
Vin= Vi or Vi
llout] £6.0 mA 4.5V | 4.2 | 398 3.84 3.7 %
llout)<7.8 mA 6.0V | 6.7 | 5.48 5.34 52 v
'] Maximum Low Level | Vi = Vi or V),
Output Voltage lHouTl =20 pA 20v| 0 0.1 0.1 0.1 v
45vV| 0 | 01 0.1 0.1 v
8.0V 0 0.1 0.1 0.1 v
Vin=Vin or Vi .
llout] £6.0 mA 45V | 0.2 | 0.28 0.33 0.4 v
lloyri<7.8 mA 8.0V | 0.2 | 0.26 0.33 0.4 %
Maximum tnput Vin = Ve or GND 6.0V +0.1 +1.0 +1.0 pA
Current
1 Maximum TRI- Vin=Vig or Vi, OC=V | 6.0V +0.5 +5 £10 nA
STATE Output Vour=VegorGND
Leakage Current
t Maximum Quiescent | V=V or GND 6.0V 8.0 80 160 wA
Supply Current louT=0 pA

wip i; Absolute Maximum Ratings are those valuss beyond which damage (o the device may occur.
wis & Unless otherwise specified all voltages are referenced Lo ground.
it & Power Digsipution temperalure derating ~— plastic “N" package: —12 mW/°C from 65°C to B65°C; ceramic “J" package: —12 mW/°C from
WGk 125°C. :
% & For & power supply of 6V 110% the worst case output voitages (Vop, and Vo) occur for HG at 4.5V. Thus the 4.5V values should be used when
asigning with this supply. Woret case Vi and Vi occur at Vg = 5.5V and 4.5V respectively. (The Vi value at 5.5V Is 3.85V.) The worst case leakage current (I,

¢ #d lgz) occur for CMOS at the higher voltage and o the 6.0V values should be used.

ELEOHPL/ELEDHPSNIN







MM54HC373/74HC373

National
Semiconductor

' microCMOS

MM54HC373/MM74HC373 TRI-STATE® Octal

D-Type Latch

General Description .

These high speed OCTAL D-TYPE LATCHES ulilize
microCMOS Technology, 3.5 micron siiicon gate P-well
CMOS. They possess the high noise immunity and low pow-
er consumption of standard CMOS integrated circuits, as
well as the ability to drive 15 LS-TTL loads. Due o the large
output drive capability and the TRI-STATE feature, these
devices are ideally suited for interfacing with bus lines in a
bus organized system.

When the LATCH ENABLE input is high, the Q outpuls will
follow the D inputs. When the LATCH ENABLE goes low,
data at the D inpuls will be retained at the outputs until
LATCH ENABLE reiurns high again. When a high logic level
is applied to the OUTPUT CONTROL input, all outputs go to
a high impedance state, regardless of what signals are pres-

|
ent at the other inputs and the state of the storage ele-
ments. ‘
The 54HC/74HC logic family is speed, function, and pinout
compatible with the standard 54LS/74LS logic family. All
inputs are protected from damage dus to static discharge by
internal diode clamps to Vpc and ground.

Features

@ Typical propagation delay: 18 ns

® Wide operaling voltage range: 2 to 6 volts ?

& Low input current: 1 wA maximum N
® Low quiescent current: 80 uA maximum (74 series) |
B Quiput drive capability: 15 LS-TTL loads

Connection Diagram

. Duai-In-Line Package ) /‘.
TOP VIEW af TLIF/5336-1
. \’Y MMS4HCI73/MMT4HC373
S4HC373 (J)  74HC373 {J,N)
Truth Table

Output Laich Data 313 H = high lovel, L = iow level

Control Enabie Ouiput Qg = level of oulput belore steady-state input condi-
L H H H lions were established.
L H L H £ = high impedance
L E X Qp
H X X z

Power
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Supply Volita
DC Input Vol
DC Output Vv
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(INCIPLE OF OPERATION

e tuning cycle for the XR-2240 is initiated by applying a
ssitive-going trigger pulse to pin 11, The trigger input actu-
‘s the time-base oscillator, enables the counter section, and
is all the counter outputs to “low’ state. The time-base
cillator generates timing pulses with its period, T, equal to
1®C. These clock pulses are counted by the binary counter
“tion. The timing cycle is completed when a positive-going
et pulse is applied to pin 10.

TRIGGER
INPUT
—_— (PIN 11}

[TOTITIOIOT IO s
CUOANANNANNNNr &

PINZ

PIN G

PIN 4

FiNS

cure 5. Timing Diagram of Output Waveforms

sure 5 gives the timing sequence of output waveforms at
rious circuit terminals, subsequent to a trigger input, When
¢ circuit 1s at reset state, both the time-base and the counter
~tions are disabled and all the counter outputs are at “high”
e,

most timing applications, one or more of the counter out-
s are connected back to the reset terminal, as shown in
sure 6, with 8 closed. In this manner, the circuit will start
ning when a trigger is applied and will automatically reset
elf to complete the timing cycle when a programmed count
completed. If none of the counter outputs are connected
ok to the reset terminal (switch §1 open), the circuit would
crate in its astable or free-running mode, subsequent Lo a
sger input.

+

v
1-RC
~ur\?~“|.
- — 1 -———I v
27
‘——-— 2 e ——f
4y
WA BE S
I ¢
87
b 4 fe—r] 13 '__l_
TIME
BINARY tha 1 uF =
167 COUNTER BASE 001w -
— 5 e )——' 12 }_,L_
327 i 1 o
= — 6 ""'—l .
i - TRIGGER
647 CONTROL
oo e 7 e FE i 10 pr——O
. RESET
1287
s we 8 k]
51K
e < V-
1

ouTPUT
§ T T, < 255T WHERE T = RC

I
ﬁ,_| T, !___

cure 6. Generalized Circuit Connection for Timing Applications
witch $1 Open for Astable Operations, Closed for Monostable
oerations)

PROGRAMMING CAPABILITY

The binary counter outputs (pins | through 8) are open-collec-
tor type stages and can be shorted together to a common pull-
up resistor Lo form a “‘wired-or” connection. The combined
output will be “low™ as long as any one of the outputs is low.
In this manner, the time delays associated with each counter
output can be summed by simply shorting them together to a
common output bus as shown in Figure 6. For example, if
only pin 6 is connected to the output and the rest left open,
the total duration of the timing cycle, Ty, would be 32T.
Similarly, if pins I, 5, and 6 were shorted to the output bus,
the total time delay would be Tg = (1+16+32) T = 49T. In
this manner, by proper choice of counter terminals connected
to the output bus, one can program the timing cycle to be:
1T To < 2557, where T = RC.

TRIGGER AND RESET CONDITIONS

When power is applied to the XR-2240 with no trigger or

reset inputs, the circuit reverts to “‘reset” state. Once triggered,
the circuit is immune to additional trigger inputs, until the
timing cycle is completed or a reset input is applied. If both
the reset and the trigger controls are activated simultaneously,
trigger overrides resct,

DESCRIPTION OF CIRCUIT CONTROLS
COUNTER OUTPUTS (PINS | THROUGH 8)

The binary counter outputs are buffered “open-collector” type
stages, as shown in Figure 15, Each output is capable of sink-
ing =5 mA of load current. At reset condition, all the counter
oulputs are at high or non-conducting state. Subsequent to a
trigger input, the outputs change state in accordance with the
timing diagram of Figure 5.

The counter outputs can be used individually, or can be con-
nected together in a “wired-or” configuration, as described in
the Programming section.

RESET AND TRIGGER INPUTS (PINS 10 AND 11)

The circuit is reset or triggered with positive-going control
pulses applied to pins 10 and 1. The threshold level for

these controls is approximately two diode drops (=1.4V)
above ground.

Minimum pulse widths for reset and trigger inputs are shown
in Figure 10. Once triggered, the circuit is immune to addi-
tional trigger inputs until the end of the timing cycle.

MODULATION AND SYNC INPUT (PIN 12)

The period T of the time- base oscillator can be modulated by
applying a dc voltage to this terminal (see Figure 13). The
time-base oscillator can be synchronized to an external clock
by applying a sync pulse to pin 12, as shown in Figure 16.
Recommended sync pulse widths and amplitudes are also given
in the figure.

HARMONIC SYNCHRONIZATION

Time-base can be synchronized with integer multiples or har-
monics of input sync frequency, by setting the time-base
period, T, to be an integer multiple of the sync pulse period,
Ty, This can be done by choosing the timing components R
and C at pin 13 such that:

T=RC= (Tsjmj where
m is an integer, 1 <m < 10.
Figure |7 gives the typical pull-in range for harmonic syn-
chronization, for various values of harmonic modulus, m.

For m < 10, typical pull-in range is greater than 4% of time-
base {requency.
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Circuit Operation:
1

With reference to Figure 1, the uvperation of the synthesizer
circuit can be briefly explained as follows: The reference input
frequency, [y, is applied to the time-buse sync terminal (pin
12) through a 5.1 K& series resistance and a coupling capacitor.
The recommended waveform for the input frequency, f,,
is 4 3 Vpp pulse train with a pulse width in the range of 30%
to 80% of the time-base period, T. The multiplication fuctor
M is chosen by the potentiometer R which sets the time-base
period T (T = RC). If no external reference is used, then M is
automatically equal to 1.

The divider modulus, N, is chosen by shorting various counter
cutputs to a 3K common pull-up resistor. The cutput wave-
form is a pulse train with a lixed pulse width, T = RC, and 4
period T, = (N+ HRC,

The external R-C network between the output and the trigger
and reset terminals of the XR-2240 is a non-critical delay net-
work which resets and re-triggers the circuit to maintain a
periodic output waveform. For the component values shown

in Figure 1, the circuit can operate with the timing components
Rand C in the runge of:

-

= =

OOSpF<C Il KSR MO

The XR-2240 is a low-frequency circuit. Therefore, the maxi-
mum output frequency is limited to =200 kliz, by the fre-
quency capability of the internal time buase oscillator,

A particularly useful application of the simple synthesizer
circuit of Figure 1 is to generate stable clock frequencies
which are synchronized to an external reference, such as the
60 Hz line frequency. For example, one can generate a 100 Hz
reference synchronized to 60 Hz line frequency simply by set-
ting M = 5 and N = 2 such that:

S M 5
fo=f T%N =(00) 755 =100Hz

Cz A46n b

R.: 4¥Oh

Re = 4,?-

-4

—

Rc

Uien

beler -

RC =0,0l55

'

55

S 212 Hg.

2 - 64K
Ke

-3
lo

-*IOOICHS -

C. = 33nfF
R:H»?Bhfm’: .

A L w—-;s_
£ bra I~ .3,3,10—5
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Application Note AN-07

Single-Chip Frequency Synthesizer -
Employing the XR-2240

INTRODUCTION

Phe XR-2240 monolithic timer/counter contains an 8-bit programmable binary counter and a stuble time-base oscillator in a single
Lo-pin 10 puckage. Although the circuit was originally designed as a long-deluy timer capable of generating time delays from micro-
seconds 1o weeks, italso olfers a wide range of other applications beyond simple time-delay generation, One such unique apphcation
15 its use as a singlechip, frequency synthesizer, where it can generate over 2,500 discrete frequencies from a single reference

Irequency input.

The operation of the XR-2240 as a frequency synthesizer is possible because of the ability of the circuit to-both nudtiply and
divide the input Trequency reference. Bt can, simultancously, multiply the input frequency by a lactor, “M,” and divide it by a
factor "N + 1.7 where both M and N are adjustable integer values. Therefore, the circuit cai produce an output frequency, f,, re-
lated to the input reference frequency £, as:

o s M
'U"R ] + N

Figure | shows the circuit connection for operating the XR-2240 timer/counter as a self-contained frequency synthesizer. The
integer values M oand N can be externally adjusted over a broad range:

[ SM<I0 1 <N<K255 &

The multiplication factor M is obtained by locking on the harmonics of the input frequency. The division factor N is determined
by the pre-programmed count in the binary counter section. The principle of operation ol the circuit can be best understood by
briefly examining its cupabilitics for frequency division and multiplication separately.

Frequency Division by (1 + N):

When there is no external reference input, f,, the time-base
oscillator section of the XR-2240 free-runs at its set frequency,
fy (fg = 1/RC), where R and C are the external components al
pin 13, The 8-bit binary counter can be programmed to divide

ihe time-base frequency by an integer count, N, and generale —
. -~ . 1K R 0.1 uF
an output pulse train whose frequency is: er ;—l\m-ﬂ-omﬂ-_m:wcr nPuT
‘ - — e .
C =] -
fo=f i L ¥ o
O 5 [+N = i 20K s
wil 1 [ I f is =
T . YL 3K =
trequency Multiplication by “M™: g H@f
o e =] T [ =
Crequency multiplication is achieved by synchronizing the m many
sune-base oscillator with the harmonics of the input sync or B e
lerence signal. Thus, if the time-base oscillator is made to |, (AU L .
55 i . P . o 5] : | N OSSN N | L i | 2
(ree-run at “M” times the input frequency, it can be made to FoL Kl WVI—M'\—‘PL—W
yichronize with the “*M”th harmonic of the input reference 08 1000 pF 2= 300 pF 2= 500 f 2 *
ignal., Typical capture range of the circuit is better than £3%, 1 l s L o
‘or values of 1 <M < 10; and since the time-base is accurate - £
o within £0.5% ol the external R-C setting, lock-up does not
present o problem for a given harmonic lock setting. Figure 1.




ELECTRICAL CHARACTERISTICS T, = 25°C, Ve = 15V, unless otherwise specified.

XR-082C/XR-083C

XR-082M/XR-083M XR-082/XR-083 XR-082D/XR-083D
CHARACTERISTICS | MIN. | TYP. | MAX. | MIN. | TYP. | MAX. | MIN. | TYP. | MAX. | UNITS | SYMBOL CONDITIONS
Input Offset Voltage 3 6 3 6 S 15 | mV Vog Rg =500, Ty = 25°C
: 9 9 20 f mV Vos Rg = 5002, Tp = Full Range
Offset Voltage 10 10 10 uVC 1 aVog/aT | Rg =500, Ty = Full Range
Temp. Coef.
Input Bias Current g Tp = 25°C, Note 3
30 ] 200 30 | 200 pA
XR-082C/XR-083C 30 | 400 | pA
XR-082D/XR-083D 100 800 | pA -
Input Bias Current 50 20 20 | nA Ip Ta = Full Range
Over Temp.
Input Offset Current Ios Ta = 25°C, Note 3
51 100 51 100 pA
XR-082C/XR-083C 5 200 | pA
XR-082D/XR-083D 20 | 400 | pA
Input Offset Current 20 10 5 | nA Ta = lFull Range
Over Temp.
Supply Current 14| 2.8 1.4 2.8 1.4 2.8 | mA lee No Load, No Input Signal
(per amplifier)
Input Common Mode £12 +12 £10 v Vicm
Range
Voltage Gain VimV Avor. Ry > 2K, Vp =110V
50 | 200 50 | 200 25 200 Tp =25°C
25 25 I:5 Ta = l'ull Range
Max Output Swing Ry 2 10K
(peak-to-peak) .
24 27 24 27 24 27 \ Vorr Tp =125°C
24 24 24 Tp = lF'ull Range
Input Resistance 10'? 10'? 10'? [9) Rin Ta = 25°C
Unity-Gain Bandwidth 3 3 3 MHz  {BW Ta =25°C
Common-Mode Rejection BO 86 80 86 70 76 dni CMRR Rg < 10 K
Supply-Voltage Rejection 80 86 BO 86 70 76 dB PSRR
Channel Separation 120 120 120 dB Ay = 100, Freq. = 1 kHz
Slew Rate 13 12 13 ViuS  [dVouesar | Av = 1LRy=2Kn
Cp =100 pl, V) =10V
Rise Time 0.1 0.1 0.1 psec ty Ay=1Ry  =2Kn
Overshoot 10 10 10 Yo to €L =100 pk, V; =20 mV¥Y
Equivalent Input 20 20 20 nV/Hzle, Rg = 10002
Noise Voltage f=1kHz

Note 1: For Supply Voltage less than + 15V, the absolute maximum input voltage is cqual to the supply voltage.
Mote 2: The output may be shorted to ground or to either supply. Temperaturc and/or supply voltages must be limited to ensure that the
dissipation rating is not exceeded.

Note 3: XR-082C/XR-083C and XR-082D/XR-083D differ only in their Input Bias Current and Input Offset Current specifications.
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XR-082/083

Dual BIFET Operational Amplifiers

GENERAL DESCRIPTION — ADVANCE INFORMATION

The XR-082/XR-083 fumily of junction FET input dual operational amplifiers are designed to offer higher performance than con-
ventional bipolar op-amps. Each amplifier features high slew-rate, low input bias and offset currents, and low offset voltuge drift
with temperature. These operational amplifier circuits are fabricated using ion-implantation technology which combines well-
matched junction FETs and high-performance bipolar transistors on the same monolithie chip.

The XR-082 family of dual BIFET op-amps are packaged in 8-pin dual-in-line packages. The XR-083 family of op-amps offer

independent ofiset adjustment for each of the individual op-amps on the same chip, and are available in 14-pin dual-in-line packages.

FEATURES

Direct Replacement for TLOB2/TLOE3 (See Chart)

Low Power Consumption

Wide Common-Mode and Differential Voltage Ranges
Low Input Bias and Offset Currents

Output Short-Circuit Protection

High Input Impedance . . . FET Input Stage

Internal Frequency Compensation

Lateh-Up-Free Operation

High Slew-Rate .. . 13 V/us, Typicul

Exar Part Number

Texas Instruments Equivalent

XR-082M/XR-083M
XR-082/XR-083
XR-082C/XR-083C
XR-082D/DX-083D

TL-082M/TL-083M
TL-082A1/TL-083A1
TL-082C/TL-083C

EQUIVALENT SCHEMATIC

ABSOLUTE MAXIMUM RATINGS

Supply Voltage

Differential Input Voltage
tnput Voltage Range (Note 1)

Output Short-Circuit Duration (Note 2)

Package Power Dissipation:
Plastic Package
Derate Above Ty = +25°C
Ceramic Package
Derate Above Ty = +25°C
Storage Femperature Range

AVAILABLE TYPES

Part Number Package
XR-082M/XR-083M Ceramic
XR-082N/XR-083N Ceramic
XR-082P/XR-083P Plastic
XR-082CN/XR-083CN  Ceramic
XR-082CP/XR-083CP  Plastic
XR-082DN/XR-083DN  Ceramic
XR-082DP/XR-083DP Plastic

RV
+30V
15V
Indefinite

625 mwW

5.0 mW°C

750 mW

6.0 MW/ C
657C o +150°¢C

Operating Temperature
—55°C 10 +125°C
~25°C to +85°C
-25°C to +85°C

0°C 1o +75°C
0°C 1o +75°C
0°C to +75°C
0°Cto +75°C

FUNCTIONAL BLOCK DIAGRAM

"ViL o—— rwgw‘ e

® Available in XR-083 Only.
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