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INTRODUCTION
magnetic-bubble memory description

Magnetic-bubble-memory technology has advanced considerably since the concept was introduced by Bell Telephone
Laboratories in 1967. Ressarch indicated that small cylindrical magnetic domains, which are called magnetic bubbles,
can be formed in singlecrystal thin films of synthetic ferrites or garnets when an external magnetic field is applied
perpendicularly to the surface of the film. These bubbles can be moved laterally through the film by using a varying
magnetic field. These characteristics of magnetic bubbles make them ideally suited for serial storage of data bits; the
presence or absence of a bubble in a bit pisition is used to define the logic state. Since the diameter of a bubble is so
small (as little 2s a tenth of a micrometer), many thousands of data bits can be stored in a single bubble-memory chip,
In the spring of 1977 Texas Instruments was the first to market a 82 304-bit bubble memory. This bubble memory is
much like magnetic tape or magnetic disc memory storage in that it is ponvolatile meaning that the data is retained
even when power is no longer applied to the chip. Since bubble memories are a product of solid-state technology
{there are no moving parts), they have higher reliability than tape or disc storage and do not require any preventive
maintenance. In addition, the bubble memory is small and lightweight and is, therefore, an excellent choice for
compact designs and portable applications.

functional operation of bubble memories

The basic bubble-memory package contains the bubble-memory chip, magnetic field coils, and permanent magnets as
shown in Figure 1, A rotating magnetic field created by two mutually perpendicular coils causes the data in the form of
magnetic bubbles to move serially through the magnetic film in a manner similar to data in a semiconductor shift
register, Two permanent magnets provide nonvolatility and allow for the stable existence of magnetic-bubble domains.
Interfacing circuits that are compatible with standard TTL devices complete the memory module to allow a convenient
building-block concept for the nonvolatile memory system.

The chip is composed of a nonmagnetic crystaline substrate upon which a thin erystalline magnetic epitaxial film is
grown, Only certain materials exhibit the properties necessary to form magnetic bubbles and these include orthoferrites,
hexagonal ferrites, synthetic garnets, and amorphous metal films. Among thess, the synthetic garnets have the best
combination of the desired properties, Synthetic garnets support the formation of small magnetic bubbles that allow
high-density data storage. The bubbles are highly mobile and are stable over a fairly wide range of temperatures.

The material chosen for the substrate depends on several factors. The crystalline structure should be compatible with
that of the magnetic film, it should have nearly the same coefficient of expansion, and it should be nonmagnetic. The
most-used garnet substrate with these properties is gadolinium gallium garnet (GGG). The magnetic film grown on this
substrate has a crystalline structure that will allow the formation of magnetic domains (bubbles) in a plane perpendicular
to the substrate,

Without the influence of an external magnetic field, these magnetic domains form random serpentine patterns of equal
area, minimizing the total magnetic energy of the magnetic film (see Figure 2). The magnetic fisld of the serpentine
domains tends to line up primarily along a single axis (the "sasy’" axis) that is perpendicular to the plane of the film,
If an external magnetic field is applied, its energy tends 1o expand domains polarized in the direction of the fisld and
to shrink those polarized opposite to the field until they become small eylinders embedded in a background of opposite
magnetization. Viewed on end, these cylinders have the appearance of small circles or bubbles with diameters from 2
to 30 micrometers. Increasing the field further causes the bubble to collapse or 1o be “annihilated”, The external field
provides a bias that makes the bubbles stable. This bias, being a static field, can be readily provided by permanent
magnets with no expenditure of power,




FIGURE 1-MAGNETIC-BUBBLE MEMORY (EXPLODED VIEW)

E xtornal magnetic tield shrinks et of i cally crvstal 1o cylindrical form.

Reprinted by permission trom Computer Design magazine,
Copyright Computer Design Publishing Corp March 1076,

FIGURE 2-MAGNETIC-BUBBLE DOMAINS

Before bubbles can be shifted through the magnetic film, they must be generated in accordance with input data. Bubbles
are generated by locally altering the bias field with a magnetic field produced by a pulse of current through a microscopic
one-turn metallized loop. This loop is located on a secondary layer immediately above the magnetic film on the surface
of the chip. Given a current of the correct amplitude and polarity through the one-turn loop, a localized vertical magnetic
field opposite to that of the permanent magnets is produced. This localized field establishes a domain wall inversion in
the magnetic film resulting in bubble creation,




Once a bubble has been created, a method is then required to move the bubble domain along a predetermined path,
This is accomplished by the deposition of chevron-shaped patterns of a soft magnetic material on the chip surface above
the magnetic epitaxial film. When magnetized sequentially by a magnetic field rotating in the same plane, these chevron
propagation patterns set up magnetic polarities that attract the bubble domain and establish motion. Figure 3 shows
the various polarities st different positions of the rotating magnetic field. In actual practice the rotating in-plane magnetic
field is implemented by applying a two-phase alternating current to the two coils shown in Figure 1.

One possible implementation for the magnetic bubble memory is a long shift register. As shown in Figure 4 the bubbles
would shift under the influence of the rotating magnetic field following the path determined by the placement of
chevron patterns. Even though this approach offers the simplest design and interface control, it suffers a major
disadvantage of having the slowest access time. The reason for this is that after a data bit is entered or written it must
circulate through the entire shift register before it can be retrieved or read. Another problem with this single loop design
{s that a single fault in the shift register structure produces a defective bubble memory chip, This results in a low
processing yield and a high cost to the consumer.

For these reasons T1 has chosen the major-minor loop architecture, which offers a dramatic improvement in access
time. As shown in Figure 5, during a write operation (data entry), data is generated one bit at a time in the major loop,
The data is then transferred in parallel to the minor loops where it circulates until the next time data is to be read out
of the memory.
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During a write operation data are introduced into the major loop by pulses of current through the hairpin loop of the
penerator, The major loop Is essentially a unidirectional circular shift register from which data can be transferred in
parallel to the minor loops, Thus a block of data is entered in the major loop and shifted until the first data bit is aligned
with the most remote minor loop. At that time, each parallel transfer element receives a current pulse that produces
a localized magnetic field causing the transfer of all the bubbles in the major loop to the top bit position of the
corresponding minor loop, Once data is written into the magnetic bubble memory, new data may be written only by
first removing the old data by doing & destructive read. In this aperation bubbles are transferred from the minor loops
and annihilated by running them into the Permalloy guard rail that usually surrounds bubble devices,

During a read operation the data block to be accessed in the minor loops is rotated until it is adjacent to the major
loop. At this time the data block is transferred in parallel to the major loop. The block of data is then serially shifted to
the replicator where the data stream is duplicated. The duplicated data takes the path to the magneto-resistive detector
element. The presence of a bubble in the detector lowers the resistance resulting in a corresponding increase in detector
current, which can be detected via a sense amplifier. The original data stream remaining in the major loop Is rotated and
transferred back into the minor loops thus saving the data for further operations.

The magnetic-bubble-memory devices are fabricated using fine geomaetries that make the manufacture of perfect
devices a difficult task. In order to increase production yields and achieve correspondingly lower costs, redundant minor
loops on the bubble-memory chip allow some loops to be defective. Defective loops are determined at final test and a
map of thess loops is supplied to the end user so that the defective loops can be avoided in the final memory system.
This redundancy of minor loops can be handled in several ways. The map could be written into a software program that
would direct data to be stored only to the perfect minor loops, but this would require a unique software package for
each memory system. Alternatively, the map could be stored in the MBM (magnetic-bubble memory) itself with some
risk of being written over with new data, The recommended approach is to store the map in a programmable read-only
memory (PROM). Each bit in a page of data would then be written 1o the MBM or read from it in accordance with the
contents of the PROM, thus preventing data bits from the defective minor loops from mingling with valid data. Of
course all this requires control eircuitry in addition to that necessary for the timing and control of the alternating
current in the field coils, the transfer of data to and from the minor loops, and the replication and detection of the
magnetic bubbles.

interfacing with bubble memories

Since the magnetic-bubble memory requires accurate currant pulses for the generate, replicate, and transfer operations,
an interface circuit called a function driver is needed to convert the digital input control signals to the required current
pulses, Also, the two field coils each require a triangular current drive 90 degrees out of phase with each other. This
requirement is satisfied with another set of interface circuits (coil drivers and diode array) that is driven with digital
Input signals, The output signal amplitude of the MBM is relatively small, about 3 millivoits. For this to be useful in a
system, the output is converted to standard TTL levels with the use of a set of interface circuits (RC networks and
sense amplifiers). The block diagram in Figure 6 shows the connection of all these interface circuits as a memory
module, This modular building block promotes efficient construction of mass memories.

The control and timing signals for the memory module are derived from the function-timing generator. This integrated
circuit provides input timing control to the function driver, coil drivers, and sense amplifier on a per-cycle basis, The
function timing generator provides control signals to the memory module as shown in Figure 7. These signals provide
control for five basic operations: generate, replicate, annihilate, transfer-in, and transfer-out. The function-timing
generator also initiates the rotating magnetic field and precisely synchronizes the timing of other control signals with
this field,
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The time at which a particular data bit is detected in the MBM may not exactly match the time at which it is needed
in the system. The sense amplifier not only increases the voltage level of the datected data, but also provides temporary
storage of the data bits in a circuit called a D-type flip-flop. The sense amplifier receives a control input from the
function timing generator to transfer the detected data into the internal flip-flop. In addition, the function-timing
generator provides the control signals necessary to put the existing data in a known position during a power shut down.
Whan the system is turned on again, the stored data can then be accurately located and retrieved.,

In a typical system the major computing and data processing is done by a microprocessor, To provide a convenient
interface from the microprocessor to the MBM system, a custom controller is needed for the read, write, and
memory-addressing operations. The TMS5502/TMS2916 MBM controller responds to commands from the
microprocessor system and sends control signals to the function timing generator necessary 10 access a page (or pages)
of data, The controller maintains page-position information, handles serial-parallel data conversion batween the bubble
memory and the microprocessor, and generates the control signals to the function-timing generator to perform read
and write operations while handling the redundancy of the minor loops,

advantages of bubble memories

The future growth of distributed process systems will be greatly impacted by magnetic-bubble memories. These
microprocessor-based systems demand high-density mass storage at low cost. Magnetic-bubble memories satisfy all of
these requirements with definite advantages over the existing magnetic storage technologies. MBM's advantages over
moving-head disks or floppy disks are low access time (the time necessary to retrieve the desired data), small physical
size, low user entry cost, no maintenance, and higher relisbility.

The advantages of MBM's over random-access memaries (RAM’s) are nonvolatility, potentially lower price per bit,
and more bits per chip, The RAM has the advantage of much better access time, higher transfer rate, and simpler
interfacing,

In summary, the main MBM advantages are the low entry price versus disks for the low-end user, nonvolatility versus
semiconductor memories, and high-density storage in a small physical space. Because magnetic-bubble memories are a
solid-state, nonvalatile technology, they are ideally suited for portable applications as well as providing memory for
traditional processing systems. Industrial applications include memory for numerical control machines and various
types of process control. Solid-state bubble memories are more reliable in harsh environments; they are affected much
less by shock, vibration, dirt, and dust than electromechanical magnetic memories. Innovative new products include
data terminals, calculators, word processing, voice storage, and measurement equipment.
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. 92,304-bit Nonvolatile Memﬂﬂ[ TOP VIEW

» Major/Minor Loop Architecture

¢ 100-kHz Field-Rate Operation “”’“"'E ". i 2 oer 16

e 50-kb/s Input/Output Data Rate GEN-[7 ] DET 24

o Average Access Time (First Bit) . .. 4 ms "‘::[é ik

* Consumes Less Than 0.7 W for cvifs 5] REP/ANNS
Continuous Operation cvz (3] [¥] XFER

cxz 7] 7] o1
e Weighs Approximately 25 grams L )
* Rugged Package with Self-Contained Magnetics

e Occupies Less Than 1.25 in2 (8 cm?2) of Board Area
description

The TIB0203 magnetic-bubble-mamory device Is a 14-pin dual-in-line module containing a 92,304-bit bubble-memory
chip, coils for providing a rotating magnetic field, a permanent-magnet structure for providing the required static
magnetic field, and a magnetic-shield assembly. The major/minor-loop architecture consists of 144 circular shift
registers (minor loops) of 641 bits each that can transfer data in and out of a control loop (major loop). The major loop
contains the generate, replicate, and annihilate control functions as well as the detector.

Control functions (i.e., generate, transfer-in, transfer-out, replicate and annihilate) are sccomplished by providing
current pulses through the appropriate control elements on the chip. A current pulse through a control element causes a
local alteration in the magnetic field. This field alteration, in conjunction with the local permalloy pattern, accomplishes
the control function. Pulses must be timed to colincide with the arrival of the bubble domain at the proper location on
the chip.

To detect the presence or absence of bubbles, two magneto-resistive elements are provided. These elements may be used
as part of a bridge circuit configuration that provides a high degree of noise cancellation when used with an external
differential amplifier,

operation
generation

Bubble domains may be created by applying the specified current pulse through the generate loop. These domains step
through the major loop in the predetermined direction. The presence or absence of a bubble in a bit position is used to
define the logic state,

transfer-in

When a data string equal in length to the number of minor loops (a page) has been generated and shifted such that the
first bit is positioned over the first minor loop, the transfer gate may be energized. This operation transfers the page
from the major loop into minor loops. The data now circulates in the minor loops. New data may be generated, shifted,
and transferred into each of 641 different minor loop page positions.

transfer-out

Data is retrieved by doing a transfer-out operation when the desired page rotates to the top of the minor loops. This
moves the page out of the minor-loop structure and puts it back into the major loop. The page now moves around the
major loop in bit-serial form until the first bit arrives at the replicate/annihilate element. One of two control operations
may now be performed: replicate or annihilate,

Copyright © 1978 by Texas Instruments Incorporsted
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operation (continued)

REPLICATE/
replicate GENERATE ANNIHILATE
L A

If a replicate pulse is issued when a bubble domain  MaAJOR LOOP
arrives at the replicate/annihilate gate, that domain is (640 bubble |
stretched and cut into two bubble domains of the  Positions)
same size as the original. One of these bubble >~ TRANSFER
domains is diverted into the detector area where it is IN/OUT
read and destroyed, and the other continues moving
around the major loop. Thus it is possible to read a
page, recirculate the information around the major
loop and put it back into the minor loops for
nonvolatile storage. This operation provides a non- .
destructive read capability.

\ | DETECTORS

— DETECTOR
TRACK

. 156 155 1 0

.

annihilate MINOR LOOPS

{Each minor loop containg 641
Annihilation is accomplished by applying to the bubble position. 144 of the
replicate/annihilate gate a current pulse that transfers 167 minor loops arw used)
the bubble out of the major loop, and into the
detector track where it propagates off the chip. FIGURE 1-8ASIC CHIP ARCHITECTURE
redundancy

To enhance production yields and thereby reduce device cost, redundancy has been designed in so that as many as 13
of the total 1587 minor loops an the chip may be defective, Defective minor loops result from manufacturing processes
related to the small geometry of the permatioy patterns, Defective minor loops are identified during factory testing and
in no way relate to a field-failure mode. A map of the defective minor-loop locations will be printed on the device at
the factory before shipment. This map consists of the hexadecimal address of each defective loop starting from address
00. See Drawing under Ordering Instructions and Mechanical Data.

Writing into defective loops is nor an option. Some of these loops will have defects that may reproduce bubbles from
normal coil-field drives, The reproduced bubbles may eventually contaminate the entire chip with unwanted bubbles.

coil drive

The bubble-memory chip is surrounded by two orthogonal colls that, when driven 80° out of phase, produce a rotating
magnetic field in the plane of the chip. It is this rotating field that causes bubble domains 1o move under the permalloy
patterns.

Triangular current waveforms are recommended for driving the two coils. This approach lends itself 1o precise digital
control of the drive field. See Figure 2. It is essential that the starting and stopping sequences shown in Figure 2 be
followed exactly to prevent loss of stored data. Starting begins with the buildup of positive current through CX2 and
the final event in stopping is the decay of positive current through CX2.

if the two coils are turned on and off in the prescribed manner, bubble-domain motion in the minor loops can be
started and stopped without error. Thus, if continuous duty is not required, a power savings can be realized by
operating in the start/stop mode. Data in the major loop must be transferred to the minor loops before the field is
stopped because data in the major loop is susceptible 10 loss when the field is stopped.

TEXAS INSTRUMENTS

INCORPORATED
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COIL DRIVE TECHNIQUE
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operation (continued)
control timing

A cycle is the time in which the magnetic field produced by the coil rotates 360°. A bit period is the space within
which a data bit (a bubble domain or the absence thereof) occurs, and is also the distance a bubble position moves
during one cycle.

The minor loops are spaced two periods apart, so that, when data is transferred from the minor loops to the major loop,
one void bit position exists between all data bits in the major loop. Therefore, all majorloop functions
(replicate/annihilate, detect, generate) are performed at half the frequency of the drive field. Since the drive-field rate is
nominally 100 kHz, the major-loop functions are performed at a nominal rate of 50 kHz,

The overall timing is in cycles (or bit periods). However, the exact timing consists not only of the cycle in which an
event takes place, but also of the specific time within the cycle at which the pulse actually begins,

Since all operations in the bubble memory begin with transfer out, cycles are countad from the beginning of the
transfer-out cycle. Even the storage of data in the memory begins with the transfar out of old data from the minor
loops and the subsequent annihilation of this old data, thereby clearing the page location.

Transfer out is performed when the desired page of data in the minor loops is in position next to the major loop so that
it can be transferred to the major loop and operated upon.

detector signal and noise

Noise is produced in the circuit due to circuit layout, control pulses, and the rotating magnetic field. The signal
! produced by a bubble domain passing the detector is relatively small. Therefore, two detectors, out of phase with each
other, are used, Both detectors pick up noise from the circuit, but only one is in position to sense the bubble domains
during a given cycle. The noise signals from the two detectors tend to cancel out each other since they are out of phase
with one another, thus leaving a more clearly defined bubble signal.

| In reality, a bubble domain passing the detector element produces four voltage transitions over a two-cycle period.
Since only every other bit position in the major loop is valid, there is no overlapping of signals. However, only the
second transition is specified, (see Figure 11) and data should be read only during the time specified for this transition,
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

PROR CON-CULTONE (900 NOMETY, 5 v:eiv-s siossrasinaimiorsnieivers sieisn o aherile Bivie e vrure: i G doy ered b h el 600 mA
Datactor lemant Gurment o it == LTS A m e S W d el e dTeTe a e e A e e 7 mA
Teanlet SNt GUTOM =~ s s oa v s b L L S8 Ny it e b e e SR S 50 mA
Replicate slement cument {see NOTR 2] <o wrv v e oralad o iaas s e da 5l a s ‘s s p s ad a'a gihia a'a s s wiaharsiss 180 mA
Generate olementcurrent {see NOTE 2] . oo v o vion rsauisioms oot s snes s adevesssnrssbesne 400 mA
Annihliste slementcurmrent{see NotR'2) . v vaivvsiivd i ae s v siitavien 155 essn diah e eseis 100 mA
External magnetic field intensity (see Not# 3) . ... ... i enneannnsnnnorsas 150 Oe (11.9 KA/m)
RN TR R AR TG EINI -t s oty oo Wy TR WA Y Yo a N Wi ¥, i € o w048 0°C 1o 50°C
B OTAON OTTIEOTIARIEN: FRFIND = 54137 ey 5o o shig - ST TN o e S Vo=l S Moo o Tola Taas e i 548w 1ok —40°C to 100°C
Lead temperature 1/16 inch (1,6 mm) from the case for 10secondSs ... v v v v v anninorrnonenssn 260°C
NOTES; 1. Thisvalue lles for & trisngul farm in sach coll st a frequency of 100 kM2,
2. Thess valuas of current apply only for pulse operation at recon sl ] ol pules o lon and at & frequancy of 100 ke

3. Exposurs to axternal magnatic flelds of an intensity betweesn 20 oersteds (1.6 kA/m) and 150 oersteds (11,9 KA/m) may require
manual clanting with a calibrated permanent magnet.

recommended operating conditions
MIN  NOM MAX UNIT

External de magnetic field intensity, any direction ... ... ..o in i 20 Oe
(1.6 kA/m)

EIRTREtOr SRR 2 oy iare e il cr B B S o L T R TS 48 5.2 57 mA
s ey 1T R | L. R S e e, 08 100 102 kHz
GO IR, o T e b a o B Nk S i s gl a Sl oy e LS 61 kHz
On-state generate current (see Notes 4, 5, and 6)

i1t 7] R N P R e e e e e e A 1) -10% 2090-T 10% mA

et A R R e AN 1 o vt v RD R0 P00 1 B D vt -10% 360-T 10% mA

J e M e P Y S S e F S i - R A g m T e -10% 236-T 10% mA
CMVEIRA TR OITRIL T oo ot s o n ale e thle s s sos WA Al e T e el s a e ae ere 0t 72 80 88 mA
O ST OPENUIIRCIITIINE. ' . s s o v ivcion oheiaioinn s oo o e.s it s neeosesets 54 60 66 mA
CAtaNe Sranefor-Out OUITBDRL o . o o Te s s atila s Ea e A R el a8 0 a2 e 34 38 42 mA
R e L 34 38 42 mA
OIS0 DO N OUNIE 40 5 7 R -5 e v o e s e ) b Sl aie b it 0 50 pA
Off-state replicate/annihilate CUMTENT . . . o . v v n vt v oue v nsas ssnnssnnss 0 160 pA
2kt Mg DA e e el by, [ i el ot A 0 50 uA
Coil-drive pulse amplitude, V1, 10 =5 mA, see Figured ... ............... 11.3 11.9 126 V
Coil-drive pulse amplitude, V2, 0 =450 mA, see Figured ... ... ........... 10 1na "7 v
WIeol COmemt-IMENDES 7] | i al e e i e e A e A e e e 0 3 mA
T R (T YT A i e e 0 £10 mA
Current overshoot in coil X on stopping (see Figure 8) . ... . ... .00 0uuins -15 mA
Data-retention stOrage tempPerature . .. ... ov o s oo ne ot o anesssnssans -40 B °C

NOTES: 4 Care should be taken to #niure that no undarshoot is present on the generate pulss as this can adversely affect the performance of
the mamory
B, Generate pulse amplitude must be or from the specified nominal vaiue st the rate of ~1 mA/ C over the I
oparating temperature rangs. The gquantities shown under NOM give the I values at ] T and the percentages

shown lor MIN and MAX are tolerances that spply 10 these nominal values,

6. T1 resarves the right to ship sny combination of the three dath numbers for this part, All devices packed within the same bos
ehall be of the same dash number. Each dash number requires s differant resistor value in the resistor/thermistor network at the
Fiamp Input of the bubble-memory function driver, SN75380.

7. De coil current i the current through the coils in the off condition {coils nat driven).

TEXAS INSTRUMENTS 17
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TYPE TIB0203
MAGNETIC-BUBBLE MEMORY

timing requirements (see figures 7 and 8)

PARAMETER MIN _NOM MAX | UNIT |
[ td(gan) Genarate-pulse delay time' 5.1 5.2 5.3 s
td(rop) Replicate-puise dolay time? 5.1 5.2 53 s
tdfann}  Annihilate-puise delay time! 34 35 38| =
[tg(xQ) __ Transleroutpulse delay time' 34 35 36| m
LX) Transter-4n-pulse delay time' 0.7 0.8 09 | m
tgicy2)  CYZ-pulse delay time® 247 250 253 | m
TdlCX1)  CX1-pulse deiay time! 497 500 503 | m
t4icy1)  CY1-pulse delay tima' 747 750 7.53 | m
twigen)  Width of gmnerate pulse 04 05 06 | s
Twlrep)  Wigth of replicate pulse 265 275 285 | m
Twlann] __ Width of annihilate pulse 465 4,75 485 | m
twixO)  Width of transfer-out pulse 69 6.0 6.1 w1
Tl X1) Width of transior-n pulse 59 6.0 61 | m
twiCX1)  Width of coil-drive pulse through CX1 285 30 305 ]
twiCX2) Width of coildrive pulse through CX2 2.95 30 305 #e
[ twlCY1)  Width of coil-grive pulss through CY 1 295 30 305 | s
iwlCY2) Width of coil-drive pulse through CY2 295 3.0 3.05 [l
Y {gen ) Generate-pulse rise time 0.1 02 s
t{gen) Generate-pulse fall time (we Note 4) ['A} 02 uy
e (rup) Replicate pulse rise time 0.1 02 Y
Wirep) Replicawe-pulwm fall time 0.1 0.2 I
¢ (ann) Annihilats pulse rige time 0 0.2 -
T[..ng Annihilate-pulse tall time 0.1 0.2 ™
X0} Transfer-outpulse rise time 0.1 02 | =
HIX0) Transter-ourpuim fall time 0.1 02 ™
(X1 Transter-in-pulse rise time 01 0.2 u
WX Transter-in-pulse rise time 01 0.2 ™

NOTE 4 Care should be taken 10 enfure that no undershoo! is present on the generate pulse as this can sdversely affect the performance of
tha memory.

T Al delay times are

o fram the

o @ of the cycle {leasding eage of the CX2 pulw| in which they occur.

electrical characteristics over operating free-air temperature range (unless otherwise noted)

PARAMETER MIN TYPI MAX | UNIT
'G A of g 4 7 o
" Reu of 8 12| a
T Aew of transh 300 350 n
D R of d 1 1 B850 1100 1450 | @
g Resistance of detecior elemant 2 B850 1100 1450 a
w1 =1 Difhs inl resi betwesn dotector elements £20 n
Ly Inductance of coil X (f = 100 kHz) 62 64 66 | wH
Ly Inductance of coil ¥ {f = 100 kHz) 57 53 81 | wH
Ty (real] Real part of i of coll X (1 = 100 kHz) 48 n
Ty(resl) Aeal part of impedance of coil Y {f = 100 kHz} 43 n

1AM typical values are st T4 = 26°C.

18
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TYPE TIB0203
MAGNETIC-BUBBLE MEMORY

operating characteristics over operating free-air temperature range (unless otherwise noted)

TEST CONDITIONS MIN TYPT  MAX | UNIT
VB(pp) Pesk-to-peak bubble voltage ST wow md T = . mv
See Figures 10 and 11 22
VN(pp) Peak-to-pesk noise voltage SS: ::: ?0.::; :1 D: mv
ty Tima to valley before second transition ' See Figures @ ond 11 5.9 8.1 8.3 us
ok Time to peak of second transition ! See Figures 9 and 11 6.7 7.0 7.3 s

T All delay times are messured from the beginning of the cycle (leading edge of the CX2 pulse) in which they occur.
FAIl typical values are at T = 258°C
¥ This nolse voltage is largely a function of circuit layout. The value specified s typical for a well designed circuit.

PARAMETER MEASUREMENT INFORMATION

Ic

coiL +

DRIVER Ve
+] A ————— r -
%'cm¢;1
coiL |
CURRENT [ - ——— _{ 'clpp)
lc ----- =
Ic(offset)
FIGURE 4 FIGURE S

CcoIL -i
CURRENT
Icx _-__-_—T
- OVERSHOOT
FIGURE &
TEXAS INSTRUMENTS 19
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TYPE TIB0203
MAGNETIC-BU

BBLE MEMORY

pulse timing diagram

CX2I VOLTAGE

CY2VOLTACE

CX1 VOLTAGE

€Y1 VOLTAGE

GENERATE
CURRENT

REPLICATE
CURRENT

ANMNIMILATE
CURRENT

TRAMSFER OUT
CURAENT

TRANSFER. IN
CURRENT

PARAMETER MEASUREMENT INFORMATION

1CYCLE >l
10 1

1
e ‘w'.cu.-—l-il

——gV
_.;l ;-uv
R I

i
-— YT —en i
| ! -— v e

I
|
i
i

1
|
— N ——-

LT R 1 -

e T E——— -

:-— ‘.h.p'.-—l-i

; wc s T O e na

—————————— ~12V
! )
4icY 1} - i
j—lyiCY ) ——
ov
{ - = =11V
X Y gmesl .-' 1
| — - Cigen)
R S N Y ek ra T B Ak e — lgn
: lon
i
i
i

— g | ———

— s ann) J
' 1 L]
\ I l ————————— tan
; 3 lany
L
——— g xO =
i . w0l '
: : B e
: | RS
1 1 '“"
— @i |
i k__ ‘-'KI! o

I L R A | e =
———J I latt

This diagram shows the timing of pulses within a cycle. The control pulse under consideration occurs only within the
cycle in which it is enabled (see Figure 3). When it does occur the pulse must begin at the specified time with respect to
the beginning of the cycle in which it occurs,

FIGURE 7

measurement points for pulse timing

I‘.—v——l-.";l;_-—-:

1 1\ oy
CX2 VOLTAGE 50 L
H — e o e = 2 TAN
—— gy ———al
———tyy————a)
' — e e
r on
CURRENT PULSE song o so%
UNDER TEST wsy! i L 10%
' T
1y~ — BN
- -
FIGURE B
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TYPE TIB0203
MAGNETIC-BUBBLE MEMORY

PARAMETER MEASUREMENT INFORMATION

r P g s24 vV
34 ll.l::: j: a4kl
+ | Ll o _ _$9
e
MY = /1 N 1 H
Zhse _L < 2kn : *
= |01 uF m‘?ﬂ pF P 1 Dz 12 |
Y 1
s __Jne /1 | 1 E S I
r | 7180203 | = 10 k2 2 10k n2) 11 [DIFFERENTIAL
I 302 013 | _1_ DIFFERENTIAL PROBE
i 7 < ] - — PROBE (Sea Now B)
!lﬁi..___}..l o q {See Note B) 1
(L0} e
| OSCILLOSCOPE
30-MH: -
OSCILLOSCOPE =
FIGURE 9-LOADED TEST CIRCUIT FIGURE 10-UNLOADED TEST CIRCUIT

NOTES: A, Care must be exsrcised in cirguit layoul to ansure that demwctor Weads 40 not plck up NoIe Trom coll-0f v lsadl, POWST-SUDDIY
inads, and Tunclion current pulses,
8, Proba impedance must be greater than Two megohms and probe capacitance less then five picofarsds 1o svoid srtenusting the
observed signal. The bandwidth af the in ope and probe should be 20 megahert: or greater. Common-mode rejection ratio
should be 60 decibely minimum,

:‘—2 CYCLES —————»f
]
cxzvoLtace | beloe] L

DETECTOR VOLTAGE
AT MEASUREMENT

POINT
TRANSITION NUMBERS 1 2 3 4
NOTES: A, The solld line indkcates & signal with = t e o in o : the hed line indicates a signal with no bubble domain present
The shape, amplitucde, snd phase of the sctusl noise waveform will vary with circult layout
B. A magneti o i ing tha detector elements will cause four transitions over s two-cycle period. Only the second

transition is specified. and both the pesk.to-peak bubible voltsge, Vaip-p). sna the pesk-1o-pesk noise voltage, Vinip-o) should be
massred only during the time specified for this transition, Le., minimum ty to maximum tg,.

FIGURE 11-VOLTAGE WAVEFORMS
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INCORPORATED
FOST OFFICE BOX 229017 @ DALLAS TEXAS 75265

21




TYPE TIB0203
MAGNETIC-BUBBLE MEMORY

ORDERING INFORMATION AND MECHANICAL DATA

The TIB0203 is mounted on a 14-pin dual-indine lead frame and encapsulated in an electrically nonconductive plastic
compound. Included in the package are the two coils that provide the rotating magnetic field and a permanent magnet.
The package is surrounded by a magnet shield to protect it from external magnetic fields. The package is intended for
insertion in mounting hole rows on 1.200-inch (30.48-mm) centers. Tin-plated leads require no additional cleaning or
processing when used in soldered assembly. The package weighs approximately 25 grams.

_.1r.~2|ﬂ'~0”
i e e W e W -]
b e p
e ™ TIB || Type No.

3lm__ Date of Final Test
1z : oo L0 MSK=KX XXX~ oo o e
(0484013 @2 xxxxxxxxxx;/ acdremes of the
XXXXXXXXXX"| | el
xxx"“'* Unit

"m INUSA INDICATES

I ' PIN 1,
i oxesase | T
copsm ¥ 21/Z° NOM 0.175 (4.44] _l080i2743) )

e 1.060 (26.67)
0.008 (0,228 -

e 0.085 (1.40)

PLANE OF < I 0.045 (1,14)
CHIP —

0.390 (9.9) | |
& 1

0.450 (11,43) D:

MAX | |
::t.ummri.muil i ;
oosoizn X
0.020 (0.51} e.nalz.amm‘r L a-] Ew—'ﬂf;fﬁﬁﬂ
—0.100 {2.54) T.P.

(500 Note a)

NOTES: o Esch pin centariine ls located within 0.010 inch (0.26 mm) of it true longitudinal position,

b. Al linear dimensions are shown in inches end parentheticelly in miil . Inch di gavern,
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TTL TYPE SN74LS361
MSI BUBBLE-MEMORY FUNCTION TIMING GENERATOR

NOVEMBER 1978

N
o Provides Cycle Timing for TIB0203 92,304- DUAL-IN-LINE PACKAGE
Bit Magnetic-Bubble-Memory System (TOP VIEW)
® Single 5V Power Supply o
. ' crock 1 [] 22 Vee
= 400-Mil-Row-Center 22-Pin Package U
RESET zE 21 DETEN
description
R/ 3E 20 XOEN
This function timing generator is a monolithic CYCOWP
Integrated circuit with standard low-power Schottky - SO XN
TTL inputs and outputs. It provides the precise YA & I: 18 Xi
control timing necessary to operate the SN75380
function driver, the SN75382 coil driver, and the TXA @ l: 17 X0
SN75281 sense amplifier for the TIB0203 chevron- ove &ER
pattern magnetic-bubble-memory. The device consists 7 E 1o
of control flip-flops, a counter, a decoder matrix, CX8 8 I: 15 RESTORE
output latches, and gating. The control flip-flops
serve to synchronize the run/stop signal from the ANN @ E Il 14 sTroOBE cLOCK
TMS5502 controller to control the starting, shifting,
and stopping sequences of the bubble-field rotation. ANNEN 10 [ 13 REP
Each bubble-field rotation is divicllat.f into 40 intervals GND 11 E 12 REPEN
by the counter. The decoder matrix is accessed on the

rising edge of the clock pulse during each interval and

its outputs are latched. These outputs are then gated

with the control signals from the TMS5802 to provide timing pulses to the coil drivers, sense amplifiers, and function
drivers,

The SN74LS361 contains a8 Vg monitor network that provides data protection during five-volt power up/down
transient conditions. This network forces the coil-drive outputs of the function timing generator to the high logic level
when the Ve supply drops below approximately 3.5 volts,

The SN74LS361 is characterized for operation from 0°C to 70°C.

schematics of inputs and outputs

EQUIVALENT OF EACH INPUT TYPICAL OF ALL OUTPUTS
—— Vee
Vee -_—— 120 11 NOM
Req
INPUT -——
DUTPUT

DETEN: Rgym 10 kil NOM

Others: Figg= 20 kil NOM

‘T PRELIMINARY DATA SHEET Copyright © 1978 by Texass Instruments incorporated
TEXAS INSTRUMENTS
INCORPORATED

POST OFFICE BOX 226012 ® DALLAS, TEXAS 76208
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| TYPE SN74LS361

BUBBLE-MEMORY FUNCTION TIMING GENERATOR

| PIN

-

B w N

O © m~NOOMm

1

13
14
15

16
17

18

18

21
22

SIGNATURE

CLOCK

RESET
R/S

CYC CMP

83

Y

0
[++]

g
w

ANN
ANNEN
GND
REPEN
REP
STROBE CLOCK
RESTORE

g}
m
<

>
(o]

XIEN
XOEN
DETEN

FUNCTION

Receives 4-MHz clock signal, active on low-to-high transition.

Low level input clears flip-flop and initializes the circuit.

(Run/stop) High level initiates bubble shift, low level stops it.

After R/S goes low, CYC COMP goes low when the system is back to page 0 and the
drive field will stop 1/4 cycle later.

Cail Y, phase A

Coil X, phase A to coil driver inputs
Coil Y, phase B
Coil X, phase B

Provides a signal that, when low, causes the function driver to emit an annihilate pluse,
High level input enables the ANN output,

Ground (substrate),

High level input enables the REP output.

Provides a signal that, when low, causes the function driver to #mit a replicate pulse,
Provides a signal that clocks the sense amplifier on the low-to-high transistion,

Provides a signal that, when high, initializes the sense amplifier, and when low, allows

the signal to be sensed.

Provides a signal that, when low, causes the function driver to emit a generate current pulse,
Provides a signal that, when low, causes the function driver to emit @ transfer-out current
pulse

Provides a signal that, when low, causes the function driver to emit a transfer-in current
Pulse

High level input enables the Xi output.

High level input enables the XO output.

High level input enables the STROBE CLOCK and RESTORE outputs.

+5-V supply.

24
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TYPE SN74LS361
BUBBLE-MEMORY FUNCTION TIMING GENERATOR

typical timing diagram

INPUTS FOR START AND AUN CYCLES

FESET o T
CLOCK » -
(COUNT) I . [} Ll Ttk woir e han ] A ]

1) —

OUTPUTS FOR START CYCLE (FIRST 40 COUNTS), ALL ENABLE INPUTS LOW

Ly g o S -

X0

Xiw

GER
RESTORE ¥
STROBE CLOCK

Iz X

REF
ANN
CXE
Ve
XA L =
evA = i
Ve TEP
0
X
GEN

OUTPUTS FOR RUN CYCLES n X 40 COUNTS), ALL ENABLE INPUTS HIGH

- T

i

J

RESTORE
STROBE CLOCK
AEP

i
:
f

-3 35 B 3¢ 2 B AR B A 4

OUTPUTS FOR STOP CYCLE, ALL ENABLE INPUTS LOW

L' | p—

- TT XX T X 3
LI J

1178
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25




TYPE SN74LS361
BUBBLE-MEMORY FUNCTION TIMING GENERATOR

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

Supply voltage, Vo (see Note 1) . . . ) g b o e SR B 1 W . Lo V- RRE W
IR T & v G R R el L el oA g SR BT NE T s e fe
Operating free-air tempersture raNGR . . . .« . v « « « & o = = s s » s = v s = s v = + = 0°Cto 70°C
SHOTAQE WPOMAEOTINGR « = -a as = 5in (alsi & % 5 aimvas i el wha o s o5 g & =08 CrANNC

NOTE 1. Voltage veluss sre with respect 10 network ground terminast

recommended operating conditions

MIN NOM MAX | UNIT

Supply voltage, Voo 4.76 5 525 v
High-level output current, Igy -400 | pA
Low-level output current, Ig 8| mA
Clock frequency, lejock 0 12| MHz
Width of clock pulse, 1, 20 ng
Setup time, tey, 20 ns
Haold time, 1y, o ne
Operating free-air temperature, Ta (/] 70 ol

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYPT MAX | UNIT
Vg High-evel input voltage 2 v
ViL Low-dewsl input voltage 08 v
Vik  Input clamp voltage Veo=4.75V, |j=-1BmA -15 v
Voc =475V, Viu=2V, ViL=0B VvV,
A"} High Jevei vol 7 A |
oM igh-level output voltage 1w = —400 WA 2 3 v
Ve =475V, - v I =8 mA 035
VoL Lowlevel output voltage cc o Vin=aVv oL e v
ViL=08 YV IgL = 4 mA 025 04
Input tat DETEN
I sty Vee=525V. Vi=7V 921 A
maximum input voltage All others 043
High level DETEN 40
I veo = v, =2, A
tH INPUT current All others A Vit 20 i
Low-level DETEN -08
| - - v
i Input current All others VeCRAIOV, LV 04 -0.4 A
lgs  Shortcircuit output current Vec=526V, Vg=0 ~20 =100 | mA
=g . AN GND,
ioe Sioey-ciscrant Vec=525V inputs at 70 118 | wa
All outputs apen

YAl typical values sre at Ve "BV, T~ 25°C
3Nor more than one output should be shorted et a time_and duration of the short-cirouit should not excesd one second

117
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TYPE SN74LS361
BUBBLE-MEMORY FUNCTION TIMING GENERATOR

switching characteristics, Vgc =5V, Ta =25°C

FROM T0
P, 1
ARAMETER ek ) TEST CONDITIONS MIN TYP MAX UNIT
'max 12 16 MHz
L cveCw 2 ... 0o -
PHL CLOCK 41 60
'PLH All others - - o
TPHL 33 50
'PHL RESET gveom 26 40 e
tPLH All others 39 55
! 15
PLH ANNEN ANR Ry «2 k1, C = 16 pF, 2 ns
1PHL 13 20
Sen Figure 1
PLH 8 15
REPEN HEP ™
tPHL 13 20
t p— 10 15
FAH XOEN X0 ns
tpNL 13 20
PLH XIEN by 30 45 m
:PL" AESTORE :; ;2 -
:PHL DETEN = =
FLH STROBE CLOCK ns
PHL 14 20

'!m" = maximum clock frequency
tp 4 © propagation delay time, low-to-high level output
TP 7 Propagetion oslay tme, high 1o low level output

PARAMETER MEASUREMENT INFORMATION

TEST
POINT Vee
T e i e B B
AL =2k0 ’
INPUT
FROM OUTPUT
UNOER TEST { N i s e wlie : ov
o—rrLr—d P H L
(See Note B) |
I o P p— T¥
CL=18pF
(See Note Al OUTPUT 13v 13V

VoL

NOTES: A, C Includes probe and [ig capecitance,
B, All diodes ars TNG18 or 1N3064,
C. Input pulses sre supplied by a generator having the following characteristics: ¢, € 15 na, ty € 6 my, PRA € 1 MM, 25, * 50 1.

FIGURE 1

1178
TEXAS INSTRUMENTS
INCORPORATED
POST OFFICE BOX 225017 ® DALLAS, TEXAS 75265
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! TYPE SN74LS361
' BUBBLE-MEMORY FUNCTION TIMING GENERATOR

\ ORDERING INSTRUCTIONS AND MECHANICAL DATA

general

I This circuit is available in the 22-pin plastic dual-indine package (outline N). Orders for this circuit should include the
package outline letter (N) at the end of the circuit type number, i.e., SN74LS361N,

{ N plastic dual-in-line package

This dual-inine package consists of a circuit mounted on a 22-lead frame and encapsulated within an electrically
Il nonconductive plastic compound. The compound will withstand soldering temperature with no deformation and circuit

performance characteristics remain stable when operated in high-humidity conditions. The package is intended for
‘ Insertion in mounting-hole rows on 0.400-inch (10,16-mm) centers. Once the leads are compressed and inserted,
sufficient tension is provided to secure the package in the board during soldering. Leads require no additional cleaning
or processing when used in soldered assembly.

1.100 (28 0}
== MAX
(72)- (2)

EITHER <,._}

NDEX

| | S SN N N N - -
(1) =11

|‘ 1Y %
| 0410 (10,4}

0,011 : 0,003 0.033 10, l'“ 0.160 (4.07)
! 5279 .. 0,077 MIN ~0.140 (3,550

D.u\lrﬂm 00””5:‘!

10,457 « 0.077] FIN SPACING 0.070 (1,78)
0.100 (2,54} MAX
NOM

ALL LINEAR DIMENSIONS ARE IN INCHES AND PARENTHETICALLY IN MILLIMETERS. INCH DIMENSIONS GOVERN
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INTERFACE TYPE SN75281
CIRCUITS BUBBLE-MEMORY SENSE AMPLIFIER

NOVEMBER 1978

. 2 : JOR N
e Precision Sensing Threshold Level DUAL-IN-LINE PACKAGE (TOP VIEW)

between 0.8 mV and 1.2 mV
e« TTL-Compatible Control Inputs

* Three-State TTL Output a+ 1 U [ 14 net

* Operates from +5-Volt Supplies A- 2 (: [ 13 RESTORE,R

5oy STROBE

description vee- 3 (] D 12 I0eK sc

Voo a4 11 NC

The SN75281 is a monolithic integrated clrcuit ol <: >

available in either a plastic or ceramic package. It NC B (: ) 10 333".{& el

senses the voltage change when a bubble passes the

magneto-resistive detector elements in a magnetic- NG s C D .0

bubble memory. The output of this detector is QUTPUT 7 c: > 8 GND

connected between the differential sense inputs, A+

and A—, through an RC network. The signal produced
by the presence of a bubble passing the detector
elements is converted 10 a TTL-compatible output by
the sense amplifier.

NC-No internal connection
TGrounding pin 14 improves lolstion
betweesn restore and A+ nput,

The SN76281 consists of an internally ac-coupled
amplifier, a threshold sense circuit, a D-type flip-flop,
and a three-state output.

Three TTL-compatible control inputs allow the precise timing necessary to detact the presence or absence of a bubble,
The restore input sets the dc reference voltage on the internal coupling capacitors so that data may be sampled a short
time later, The strobe clock determines the time at which the input signal is sampled by clocking the output of the
differential amplifier into the D-type flip-flop. The output control, when high, sets the outpul to the high-impedance
state.

The SN75281 is characterized for operation fram 0°C to 70°C.

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

Supply voltage Vec+ (seNota 1) & . L v v v o i o v ol Wi ae e o Sovpeni il o s T
SUpply Vol Ve 4.3 o S I el el SR e e S - Sl s : . M -7V
Voltage at either sense input ., . . Bl BT T T e R e e e PRy RE 1
Differential sense input voltage (see Note 21 N e T, Ak el | ey 2V
Voltage at any control input . . DA RN . SR e
Continuous total dissipation at (or below]l 25 C lree air temgera!ure (see Note 3] SR I ot . . BODmMW
Operating free-pir temperatUMETaNgE . . . : « « 4 « &+ 5 4 « + o 4 4 = 2 o & 5= h a4 2 @CwW70°C
Storage temperature range . . G Foil=pting! Sl . LR
Lead temperature 1/16 inch (1.6 mml hom case mr GDs-ecands .r uack--qa TS S e . . 300°C
Lead temperature 1/16 inch (1.6 mm) from case for 10 seconds: N package . . . . . - - S A

NOTES: 1, Voltage values, excapt differentinl voltages, are with respect 10 network ground terminal,
2. Ditferential Input voltages are a1 A+ with respect 10 A—.
3. Abowe 52" C free-alr temperaturs, derate the J packags st the rate of 8.2 mW/ C
Above 63" C free-air temperature, derate the N package at the rate of 8.2 mW/"C

PRELIMINARY DATA SHEET Copyright © 1978 by Texat Instruments Incorpomted
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TYPE SN75281
BUBBLE-MEMORY SENSE AMPLIFIER

recommended operating conditions

MIN NOM MAX UNIT
Supply voltage VEC+  « - oo = . . . RS ET - 4.75 6 5.26 v
Supply voltageVee—- & . . . . ; o e o -4.76 -5 -5256 \4
Operating free-air temperature, Ta SRR ey A 0 70 °C
! slectrical characteristics at 0°C to 70°C free-air temperature (unless otherwise noted)
I PARAMETER TEST CONDITIONS MIN  TYPT max | UNIT
Vr Difterential inpur threshold volmge Vogs =26V, Ta=25°C 08 1.0 1.2 mv
| Vin High-evel input voltage (control inputs) 2 v
| ViL Lowdevel input voltage (control inputs) _o8 v
| Vee: = 4,75V, gl = —400 kA,
Vv High- i 24 Vv
[ | OH TS CRAPH. VO e Output control at 0.8 V
| | Vogs =476V, IgL = 10 mA,
V Lowdevel output volt: 0.5 08 v
oL e Output control 3t 0.8 V
: 7™ High-level input current lcontrol inputs! Voo: 2625V, V=4V 20 WA
I i Y Lowdevel input current (control inputs) Vees =4828V, ViL=0 0.4 mA
] Input impedance f=2MHz 2 kil
.|I YA typicsl valum are at Vegs = £5 W, T = 25°C,
J timing requirements over recommended supply voltage range, TA =0°Cto 70°C
| PARAMETER MIN MAX UNIT
sense input high to strobe clock high 15
by Dats setup time (see Figure 2) ns
. sense input high to restore high 25
| h Data hold tima, restore high to sense input low (see Figure 2) 15 m
| tRLAH Delay time, restore low to sensa input high fsee Figure 2) 30 ni
'I t, Hise time, restore and strobe clock inputs (see Figure 2) 100 ns
i| 'l Fall time, restore and strobe clock inputs (see Figure 2) 190 ns
| switching characteristics at VOC: =+5V, Ta =26°C
|Il PARAMETER TEST CONDITIONS TYP UNIT
| PLH Propagation delay time, low-to-highdevel output 20 ns
i tPML Propagation delay time, high-to-low-level output AL=4kn 20 nt
‘. PZM Output enable time to high level Cy = 25 pF, 30 ns
Pp2ZL Output enable time to low level See Figures 1,3, 30 ns
| tPHZ Outpur disble time from high level and 4 10 ns
! PLZ Output dissble time from low level 10 ni
I
|
|
|
|
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TYPE SN75281
BUBBLE-MEMORY SENSE AMPLIFIER

PARAMETER MEASUREMENT INFORMATION

TEST
POINT v
4 RESTORE
Ry
$1
FROM QUTPUT
UNDER TEST [Sew Note B
- SENSE
o b J 5 INPUT
iSee Note A}
fs;
= STROBE
CLOCK
NOTES: A, Cp Includes probe and jig capacitance,
B, All diodes sre TNG16 or 1NIODEAS,
FIGURE 1—LOAD CIRCUIT FIGURE 2-VOLTAGE WAVEFORMS,
SETUP, HOLD, AND RESTORE TIMES
STROBE IV
CLOCK :
1.5V 1.5V
| ol o i LD V
| | . |
rd-*m.n-bl Iq- TP -|
I - !_ — e sV OH
$1 and 52 closed 15V
OuUTPUT Vol
FIGURE 3—~-VOLTAGE WAVEFORMS, PROPAGATION DELAY TIMES
v
OuTPUT
CONTROL 18V 15V
(¢ 7
[ )Y I P~ ov
:‘—"P.‘L’L—.': |
—— — — 4 B H.tpl_z_-{ 51 and
WAVEFORAM 1 [Si closed |

| 52 closed

{See Note) | 52 open 18V | =15V
| | = ]
— bt ogag [ 17 4
[ : | 1 '}
1PZH — prz—=l05V 05V
I-— | rl-— PHZ 5

( U
— ke — =,
| JJ 4
WAVEFORM 2 51 open e -15V
(See Note) an
§2 closed B e (e — s ol 52 closed

NOTE: Wavelorm | shows the output with intermnal conditions such that the output s low ssoept when dissbied by the outpu! control
Wavetorm 2 shows the output with inter nal conditiine such that the gutput v high excant when dimbled by the outpu! control

FIGURE 4-VOLTAGE WAVEFORMS, ENABLE AND DISABLE TIMES

Al input pulses are supplied by generstors having the following characteristion: 1, € 7.y, 1 € 7 nu, PRA < 1 MM2, 2,,,, ™ 50 L

nms
TEXAS INSTRUMENTS
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TYPE SN75281
BUBBLE-MEMORY SENSE AMPLIFIER

5 X QuUTPUT
functional block diagram Vees CONTROL

R I
I
|
|

RESTORE 1!_ o, VOLTAGE
L
S | + 1% weveL B
SHIFT Y ts
=% - AL
i I\

REGULATOR

OUTPUT

A— 1
‘b

L_______Jf’_____ ;AL

Vee-

| TYPICAL APPLICATION DATA

A bubble passing the magneto-resistive elements on the bubble-memory chip causes a resistance change Also present is
2 large common-mode signal produced by the in-plane rotating magnetic field, high-frequency noise, and an undesirable
offset voltage. This combined signal (noise and the voltage pulse generated by the bubble) passes through an RC network
resulting in a peak-to-peak signal of typicaily three millivolts. This signal is applied across the inputs of the sense
amplifier, which translates it into a TTLcompatible output signal. The input signal is first amplified and clamped to
I establish a reference voltage level, then applied to the D input of the flip-flop, which is clocked a short time after the
| signal has reached its peak amplitude. The pulse output from the flip-flop is applied to the input of a noninverting
| output-control gate. A low level at the output-control input enables the signal to be passed out of the sense amplifier
1o the MOS controller integrated circuit.

Signal leads must be short. Leads should be placed away from power-supply lines or any noise-generating circuits. The

sense amplifier and the resistor/capacitor network should be mounted as close to the bubble memaory as possible. It
| should not, however, be placed near the unshielded (lead) ends of the bubble memory.

OUTPUT STROBE

e CONTROL CLOCK RESTORE
0.1 uF l
=3k - Al - At 10 12 13
—AAN i ' |
TIB0203 o |
MAGNETIC ==
g 12V 470 pF SN75281 7 OUTPUT
MEMORY
34 k0
' —AAA s == L 8 ;
s —— 0.1 wF
g O i 1o gle
. 5V 5V
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INTERFACE

TYPE SN75380

CIRCUITS BUBBLE-MEMORY FUNCTION DRIVER

NOVEMBER 1978

¢ TTL-Compatible Inputs

e Provides Current Sources for the
Control Elements in the TIB0203

* Provides Tracking for the Generate
Element with Minimal External
Components

o Power Supply Voltages ... +5V and —12V

{ =28 38 a

WEER-

2 : kN -
description

N

DUAL-IN-LINE PACKAGE

(TOP VIEW)

e

Jllu_
}um
>nmn
)um
:)unu

) 10 AEP AN

:)l Voo

- - -

ANNANNANAN

The SN76380 is a 16-pin dual-in-ine device with constant-current outputs for driving the transfer gate, generator
element, and replicate element of 3 magnetic-bubble memory. The function driver converts the digital control pulses
generated by & timing circuit into the current pulses required to operate the memary device,

The SN75380 consists of five input logic gates and five current generators, one of which s temperature compensated.

The SN75380 is characterized for operation from 0°C to 70°C.

functional block diagram

g I
R e CONSTANT o :
- (B CURRENT V 7 xrer-
K =—— (TRANSFER IN) '
"‘Oﬁ CONSTANT
— (4) CURRENT
R - (TRANSFER OUT)|
- CONSTANT
pata 22 CURRENT 8 Gen-
" 41[__0'_/ (GENERATE)
GEN
Lo'ﬂ @— CONSTANT ‘—\
s, 149) CURRENT @ {10} REP/ANN—
REPF <=—1q___/ (REPLICATE) L
L g " CONSTANT
et L UELL CURRENT
Ly e, (ANNIHILATE)
PRELIMINARY DATA SHEET Copyright © 1978 by Texas Instruments i ncorporated
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TYPE SN75380
BUBBLE-MEMORY FUNCTION DRIVER

PIN NO.
1

16

SIGNATURE
L0

Dis

GND

Rref

XFER-

GEN-

Vee—

REP/ANN-

>
|

DATA

ﬂlamp

VCCi

DESCRIPTION

Chip-select input: TTL active low.
Disable input: TTL active low; disables all current sink outputs,
Ground

Transfer-out enable input: TTL active low; enables bubbles in the minor loop to be
transferred into the major loop.

Transfer-in enable input: TTL active low; enables bubbles in the major loop to be
transferred into the minor loop.

Reference resistor; 1% resistor to-ground sets the XFER— and REP/ANN— output
currents,

Transfer output; provides a current pulse that generates a transfer (in or out) operation
in the bubble memaory.

Generate output: provides a current pulse that generates & magnetic domain inversion
in the bubble memory.

-12V
Replicate/annihilate output: provides two different types of current pulses that,
depending on amplitude or iming, cause the bubble at the replicator either to be

split into two bubbles, or to be transferred out of the major loop and eliminated.

Annthilate input; TTL active low; causes an annihilate pulse to be emitted from the
REP/ANN— output.

Replicate input: TTL active low; causes a replicate pulse to be emitted from the
REP/ANN-— output.

Data input: TTL compatible

Generate input: TTL active low; causes a current to be generated by the function
driver (provided DATA is high) to create a bubble in the bubble memory.

Temperature compensation; a resistor/thermistor network to ground that sets the
GEN output current.

BV

TEXAS INSTRUMENTS
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TYPE SN75380
BUBBLE-MEMORY FUNCTION DRIVER

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

Supply voltage Vs (see Note 1)
Supply voltage Voo—

Input voltage g dae g
High-level output voltage
Continuous total dissipation
Operating free-air temperature range

Storage temperature range |, . .

NOTE 1: Voltage velues are with resp to
recommended operating conditions
Supply voltage Voc+

Supply voltage Voo—
Operating free-air temperature

7V
-13V
65V
15V
. 600 mwW
: 0°Cto 70°C
. —85°Cto 180°C
Lead temperature 1/16 inch (1.6 mm) from case for 10 seconds . 260°C
& ground
MIN  NOM MAX  UNIT
4.75 5 5.25 v
114 =12 =128 v
0 0 C

Caution: Permanent damage may be done to the bubble memory if specified pulse widths for the function timing gensrator

are exceeded.
electrical characteristics over recommended ranges of Vcc_'_, Vcc_, and mil‘lﬂ free-air temperature
{unless otherwise noted)
PARAMETER TEST CONDITIONS MIN TYP! mMmaAX UNIT
ViH High-level input voltage a v
ViL Low-level input voltage 0.8 v
| 10(o11) Off-stote output current Vo=12V 1 mA
GEN = L, DATA = H, AR1= 41204 | 264 290 316
AL =360, R ~8260, A1+ 20000 | 328 360 392
Ta=0'C R1=27400 11| 214 235 256
GEN =L, DATA = H, R1= 41200 | 241 265 289
GEN (generain)
See More 2 RL=3.160, Riper = 100010, R1+ 20000 | 305 335 365 mA
On-state Ta = 25°C A1=2740010 | 19 210 29
I0lon)  ©utput GEN = L, DATA = H, Ri= 41200 | 200 220 240
current RL=3.980, Ryper=13660, Ri1= 20000 | 264 290 316
Ta=170°C A1=2740011 | 150 165 180
REP/ANN (raplicate) | REP = L, ANN = H, A =5110 72 80* 88 mA
REP/ANN (annihilate) | REP = H, N=L, AL =56110 54 60* 66 mA
XFER (transfer in) Xi=L, X0 = H, AL =316 02 34 a¢ 42 mA
XFER (transfor out) Ki=H, XO=L Ry =316 0 34 384 42 mA
Ut High-level input current Vin=24V 20 HA
i Low-level input current Vi =04V ~0.4 mA
TAI typlcal values are 3t Vegs =BV, Voo =-=12V,
3 Thase typical values sre at Ty = 25°C.
NOTE 2: The current to the genarate
slement will be reduced 47
1 mASC il the mempersture Pin 15 of 40
sming network shown ot SN75380
right s umed and Ay, s MAGNETICBUBBLE | RESISTOR
replaced by a TSP102F ther
mistor, Tha particulsr value A1 Riher MEMORY TVEE i
of resistor A1 depends on the TIB0203-1 4120 0
type of magnatic-bubbles mem-
ory used (see table at right), TiB0203-2 2,000 1
- TIB0203-3 27,400 1

Resistors must be 1% tolerance.

TEXAS INSTRUMENTS
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TYPE SN75380
BUBBLE-MEMORY FUNCTION DRIVER

switching characteristics at Vog+ =56V, Vge—=-12V, TAo=25°C

[ PARAMETER . F TEST CONDITIONS MIN TYP MAX uNIT
L"Qﬂ Turn-on time 'I'.'!)__ s
| Turm-off ti
| tofr Tumor Bme See Figure 1 1290 e
1 Rise time 50 ns
| Fall time 50 n
PARAMETER MEASUREMENT INFORMATION
e _/_ -
CINERATOR o—n
o—-—tll NP arpn il
1"
Y ki °'___'_“Jm %HL~J|I!-
h— L
T owo 2V
A B T_'| s e il
)
i — Veg M =aNo
TeeE T L m
@ = " %
BEe A N300 e TIBODE |
2000 (1 with TIROND T =
TY A0 [} et THRITOD 1
TEST CORCAnT
INPUT
VOLTAGE
DUTPUT
CURRENT
WAVEFORMS
NOTE: The input pulse s supplies by & generator having the following charscteristics t & T o, 1y & 7o,y & 400 m, duty cycia
2N, 250~ BO KL

FIGURE 1
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INTERFACE TYPE SN75382
CIRCUITS BUBBLE-MEMORY COIL DRIVER

NOVEMBER 1978

¢ Two High-Current Totem-Pole Outputs NE
. DUAL-IN-LINE PACKAGE
* TTL-Compatible Inputs Pty din
® NE Package with Power Dissipation
Capability of upto 2 W
* Two Power Supplies . .. +5 V B 1 (] U > u &
and —12V g 2 C _) 13 Vees
‘-\J '
description 3 (] - ’l
HEAT
. : _ ot R T W (2 11 G
The SN75382 is a monolithic integrated circuit with .‘ J
two totem-pole outputs capable of supplying the high 5 <: A
peak current required in bubble memory coils, e C ol c2
Inputs A and B are TTL compatible and are driven GND 7 ( )8 VNee

with pulses from a function timing generator. The
TTL input pulses pass through gates to drive
level-shift circuits that in turn control the current

" Internaily connected to Veo

source/sink outputs, FUNCTION TABLE
Enabling of the gates is controlied by the § input. INPUTS OUTPUTS

< Y e 3 c1 c2
The SN75382 is characterized for operation from 0°C X X M z 2
to 70°C. It Is supplied in the NE package with a copper L 8 L Z -
lead frame that allows it to operate with a power L M L = Vo =~ Gnd
dissipation of up to two watts. H L L = Gnd ~Vee

G 1 L 2 F4

H = high level, L = low level, X = irrelevant,

functional block diagram Z = high impedance (of)
GND
(7)
4
A (14)
(6)
LEVEL c1
SHIFT
B (1)
LEVEL
SHIFT
(9)
C2
5 (2) P D
_l/
(8)
Vee—
1178 PRELIMINARY DATA SHEET Copyright © 1978 by Texas Instruments Incorporeted
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TYPE SN75382
BUBBLE-MEMORY COIL DRIVER

absolute maximum ratings at 25°C free-air temperature (unless otherwise noted)

SUpPiVYIRBEVCEE TN NOI 1) « . /i i B A e s e e ek anral e o O
Supply voltage Voo — . -4V
Qutput voltage with mpecuo\fcc_ 5 i rasier SR A NG D i o el el R N 1 W, e W
Input voltage ; € e cai B5V
Con!mum;outputcurlanl[mNotezl i el e 4T e ity e i B oy sl 'l 'y e=ROU YT
Continuous power dissipation{seeNote3) . . . . . . . « c ¢ ¢ ¢ 4 4 e a0 4 5 4. e v o aliny o N
Operating free-air temperature raNG® . . . . & « « « « « & = + = « 5 + 5 v & & = + : D C 10 70°C
Storage temperature range . . . I Rl e o — O BTG
Lead temperature 1/16 inch (1. ﬁmml from case for 10 seconds s i e e R R RN R O o | [
recommended operating conditions

MIN NOM MAX UNIT

S —————

SUDPIVIOIGR VO < ol e = 4 s o 5 o 4 i outle o o & 4enk sy 420 5 5.25 v

Supply voitage Voo—- . . ) AR T X T e -12 -126 v

Peak output current, |OM lsee Nole 4] ofl e 6 4 e TR T SRR ReRlE, e +490 1550 mA
NOTES . Voltage values are with respect to network ground terminal unisss otherwise noted.

|
2. Derats linsarly to 150 mA at 70"C st the rate of 5,56 mA/"C.

3. Above 20"C, derate linearly to 1328 mW st 70°C at the rate of 18.6 mW/ C.
4, Dutput current values are for ramp waveforms as shown in Figure 2.

i electrical characteristics at 0°C to 70°C free-air temperature

| PARAMETER TEST CONDITIONS MIN TYP! MAX umNIT
Vi High-level input voltage 2 v
| ViL Low-level input voltage 08 v
! Veo-=-=114Y, Ig = 450 mA,
v i | t vol - = P 10 +10.4
| oD Differential output voltage A for B and S at 0V, See Nots 5 t v
| Maximum current at maximum
h Vecs =525V, V=58V 0.1 mA
nput vol tage
LT High-tevel input current Vec+ =828V, V=24V 40 uh
I Low-leve! input current Vees =475V, Vi=04YV -0.5 0.8 mA
TTvpical values ssn ut Voos =3 V, Vee-=—-12V, Tp=25C
NOTE §: Output voltage must be messured uiing pulis wchnigues. 1, = 300 ns, duty cycle < 2%.
switching characteristics at Vec+=5V,Vge—-=-12V, Ta =25°C
PARAMETER TEST CONDITIONS MIN TYP MAX uNIT
tr Rise time 20 40 ns
Fal 1
Ty all time AL =1k, Sos Figore § 5 30 ns
| ton Tutn-on time 65 110 ns
tatt Turmn-olt time 80 100 ns
|
|
|
|
[
|
1178
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TYPE SN75382
BUBBLE-MEMORY COIL DRIVER

PARAMETER MEASUREMENT INFORMATION

A —daA c2
CL jr
S 1011“1 Voo
_E_ 15 pF T
B—qEB c1

NOTE: Cp Includes probe and jig capacitance,

TEST CIRCUIT

‘ 35V
A (or mﬂ'l\ﬁ\.’ /SV
: A e ov
I

90% 90% |
| |
| | |
, I\l
10%l 110%
\'} 0
o0 F10%! lo £
i\ A
Solid waveform: A driven | \ | | /
Dashed waveform: Bdriven | \| [ / |
[ 90% 90% 4 |
| R R T AT ot = T
<~ -l
NOTE The input pulse is supplied by 8 generator having the following charsctaristics e Tk ST e, 1y, = 300 ma, duty cycle 2%,

Zoge = 50 1L

VOLTAGE WAVEFORMS

FIGURE 1-SWITCHING CHARACTERISTICS

17y
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TYPE SN75382
BUBBLE-MEMORY COIL DRIVER

TYPICAL APPLICATION DATA

The coil-driver circuit is used to generate triangular current waveforms for the bubble-memory coils. The currents are
generated by switching the coil driver in such a way that a voltage pulse is applied to the coil. The coil inductance inte-
grates the voltage into a current ramp. When the pulsa is switched off, the current is commutated by two diodes and
allowed to ramp down to zero current. At that time the opposite-polarity pulse is applied 1o the coil, which causes the
current to ramp in the opposite direction, External Schottky diodes are utilized to minimize the voltage drop across the
coils when commutated by the diodes.

TIB0203
Bubble Memory
X- or Y-Axis
Field Coil

by (14) i K c2 (9) /

2) SN75382 o *
e 3 Vob
E——:-‘—"c 5 o |

=12V

*Sehotthy Commutating Diodes: Vg <05 Vot Ig =05 A

Ir--—- 3us "'_23".}-— 3us I""zﬂ""i Lo
A | 4 s

o L l 35V

—_—— ———— ov

| -
| Driver On | Driver Off Driver On | Driver Off I
! feurrent falling}

| (currentrising)  [current falling]  (current rising)

Voom

Vop—i— — — — — —

A e e Voom

|
|
I
|

FIGURE 2
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MECHANICAL DATA FOR TYPES SN75281, SN75380, AND SN75382

N and NE plastic dual-in-line packages

These dual-in-line packages consist of a circuit mounted on a 14- or 16-lead frame and encoepsulated within an
electrically nonconductive plastic compound. The compound will withstand soldering temperature with no deformation
and circuit performance characteristics remain stable when operated in high-humidity conditions. The packages are
intended for insertion in mounting-hole rows on 0.300-inch (7,62-mm) centers. Once the leads are compressed and
inserted, sufficient tension is provided to secure the package in the board during soldering. Leads require no additional
cleaning or processing when used in soldered eassembly.

T4.PIN N and NE PLASTIC

il
(R

RRARRRR

- P 0083 (3,38 W WOM —]
e L At £.410 (2.7 WOM
| s 0N gg
R 388
l.j r-——-l_tﬂﬂﬂ e - D070 (178 MAX W PLACKS
—§ eamwEn[ | |
) _‘nmmm.m,l:“. i T
— SLATING PLANE 1 {
s | : wrace
MPLACH e 00711 000 J i1 o b BT BO0Y
I 00 O.978 (117 Min BAET 8 00TH
WhAcE 007 0050 L 4 PLACES
1190 5 0,81
4 pacts P SPACING 0100 (284 T #
e tore 12
Falls within JEDEC TO-116 and MO-D01AA Dimensions
16-PIN N PLASTIC
o e 27 1 A
22009999
AT AT ATATATAY.
q 5
| .30 1 030 L
i 028 9160 14 081 oM — 2o
001 8000 R v A
e ojofofolofolalo!
=~ - 0000 (1,70 MAX 18 PLACER
umonm.”m:,m i |1
| ——SEATING PLANE 1
[ ] 2830 1.5 N
RLACTE
nm__;lg. a8 vy oom e e B0V 5 8 S3
wImaoEm S 0,17 M (D487 « B.OYE
i e 0w 41 nrAces
SO 0 Pile SPACING 6100 (2.841 17
arLaci - Nate
ALTERMATE 5504 ViEw
m—l-:l' —ad po-0ET0 (1,70 MAR 18 FLACES
—— T e
W b -1 I

1 tha gt of T 0.700 0,001 Max i h
_E:ﬂ] \l UL T e

"":]LL.I_, B

nun: s
L, J PIN BPACING 0. 190 L1841 T2,
4rLacts i P
NOTES: a All dimensions are in inches and per y In mill . Inch @i govern,

b. Each pin centeriine is located within 0,010 (0,26) of ita trus longltudinal position.

1.
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TYPE TSP102
POSITIVE-TEMPERATURE-COEFFICIENT SILICON THERMISTOR

BULLETIN NO, DL-S 12507, JUNE 1977 -REVISED JUNE 1978

PTC TEMPERATURE SENSOR
e Planar Technology Employing Spreading-Resistance Principle®
e Large Positive Temperature Coefficient of Resistance . . , Approx 0.7 %/ C
e 1000-22 Nominal Resistance Value at 25°C
e Available in +1%, 2%, +5%, and +10% Tolerances®
e Close Unit-to-Unit Tracking

Mechanical data

BEATING FLANE —

AR
- o0m (137 B a7
[ ) Q.10 O.4T) a0 12.67)
r L1 4 T
) - 3
0308 (8,211 pammanl - - e
e O i iy o 2
[ 2 g &
Q100 nmf
asacarn ¥ N
0116 3
m*L—"L*“"“”'"" amnsnnosd £ 3iense
Nirs oy 0017 + 0008, —0.00 WIDT
G018 + 0,001 THICK
MOTES 5 Lomd Sempreoms myl s vsiied = the sres BO-011 -02IyWDE
b ey 0 100 (7541 betwa e wting jlare_ tnke pnos on bl wadth sedeoss b 1 0 001 10 000 038 ¢ 803 THICK)
e e b wd L b W [Ty —

ALL JEDEC TO-226AC DIMENSIONS AND NOTES ARE APPLICABLE

absolute maximum ratings

Continuous Current at {or below) 25°C Free-Air Temperature (See Nota 1) . T - 10 mA
Operating Free-Alr TomperatUrd Ranml . . .« < v v s v % « o o sl 4 5 s o 2w o o +» =BB Cto 128°C
Storage Temperature Range s vy b . . : .. .=B65C1o150°C
NOTE 1: Derate linesrly 10 2 mA at 125 C, see Figure 3, In genaral, ing current should be i ot Or below 2 mA st sll temper stures
1o reduce self-hesting and nonlinestity of responee,
*Patent pending

TTolerance s 1% for TSP102F, 22% for TSP102G, +5% for TSP 102), and £10% for TSP102%, if no suflix i sdded, the 1 10% wisrance
is msumed, The tolerance applies to the resstance at :b'l: and not 1o the temperature coetiicient of resivtance. Zero-power resistance ratios
are Indepandent of tolarance,
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TYPE TSP102
POSITIVE-TEMPERATURE-COEFFICIENT SILICON THERMISTOR

electrical and thermal characteristics

MIN TYP MAX UNIT
Azs'c Aeistance st T4 = 25°C 1000 Nom' a
Ri2s'c/Rs’c Zero-Power Resistance Ratio 1.89 1.92 1.95
R.s5°c/Res'c Zaro-Power Resistance Ratio 0.496 0.501 0.506
L Thermal Time Comstant, Liquid-to-Liquid (See Notes 2 and 3) 4.3 L] i
TA Thermal Time Constant, Free-Air (See Notes 2 and 4) 30 k1 s

TTolerance i £ 1% for TEP102F, £ 2% for TSP102G. 6% for TSP102), and £ 10% for TSPI10ZK. If no suffin is soded, the = 10% tolerance is
asumed,
NOTES: 2. The thermal tima constant of & thermistor, analogous 10 the A C time constant of & circuit ¢ ] ona
is defined ;m that tima interval in which the thermistor temperature undergoes & changs eaual 10 B3. 2% of an axternally soplied
step change in tempersture. The time constants cited hers were obtained by trangferring the thermistor, with negligible tima
delay, from s medium at temparsture Tg to & medium of the same compesition st temperature T4 The inttantanecus therm istor
temperature s given by the diffarential squation’

o Lliv,-n (T = Tgwh o
Pt Fg VT g when 3

whara Cg s the total heat capscity of the thermistor and Ry s the thermal resiztence between the sensing chip snd the externsl

maedium, The thermal response ii described by the solution of the sbove sguation, subject to the stated boundary condition:
T=iTg=T)ia"¥FsTq

The guaniity r = AgCqg in cefined as tha thermal time comstant of the thermistor, The tempetature T is shown in Figure 1,

Tharmal saullibrium with the medium W esantislly resched within & time interval of 57 A rssponse of 90% i achisved

within 2.3r,

3. Liguid-to-liguid time constant is measured by transferring the thermistor from one bath of DC-200 silicone oll at 25 C to another
at 100 C

4 To determina the fres-air time constant, the tharmistor is heated 10 100 C in & controlled empearatume chamber, than transferred
10 & rocm- temperature anviranmant at 25 C

All tima-constant massuremants are performed &t a convtant current of 1 mA through the tharmistor

THERMISTOR TEMPERATURE vs TIME

T1
-
]
-
£ oexar
-
-
To A 4 4 v
t=0 t=1r 1= 27 t= 3r t=4r t= 5r
Time
FIGURE 1
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TYPE TSP102
POSITIVE-TEMPERATURE-COEFFICIENT SILICON THERMISTOR

LINEARIZATION OF RESISTANCE VS TEMPERATURE CHARACTERISTICS

The change of resistance with temperature can be made very nearly linear by connecting a 2370-chm resistor in parallel
with the thermistor.

In the tables it is assumed that the shunt resistor is exactly 2370 ohms at all temperatures. Ry is the equivalent
parallel resistance calculated from Rp =2370 R/A(2370 + R} and T' is the temperature calculated from
T (°c) = (Rp — 612.6)/3.601. Table 1 shows the error in both Celsius and Fahrenheit degrees introduced by assuming
perfect linearity for a thermistor having nominal resistance at 25° C and a typical slope of resistance versus temperature.
Table 2 takes into account the minimum and maximum values of zero-power resistance ratio.

TABLE 1
T ) R R R AP 1 -7 T Tk
{"c) I"F) [{1}] il Is: o b r'el el I"F) 1"F)
(Note 1) (Note 5) (Note B)

-55 —-67 501 413.57 ~553 +0.3 —67.5 +0.5
5.63 363

-25 -13 670 522.34 ~28.1 +0.1 -13.1 +0.1
6.24 36

[} 32 826 612562 0.0 00 320 0
65.96 363

25 7 1000 703.26 25.2 -0.2 773 -0.3
1.76 3163

50 122 1194 793.99 50.4 -04 122.7 -0.7
BB0 3.59

75 187 1400 883.65 75.3 -0.3 167.5 -0.56
968 158

100 212 1651 973.11 100.1 -0.1 722 -0.2
10.76 3,50

126 257 1920 1060.70 124.4 +06 256.0 +1.0

NOTES: 5. The iemperaturs coafficients are the aversge siopes 1or the indicated temperature intervels snd are calculated from
IR®To -RB Ty
Gy m———
Re=%
6. A linsar regression on Ay, yields 612.6 12 st 0"C with a siope of 3.601 {1/°C. Therefore

T''C) = (A, - 612.6)/3.801

TABLE 2
THERMISTOR INDICATED INDICATED
TRUE TEMPERATURE RESISTANCE TEMPERATURE ERROR TEMPERATURE ERROR
{"cl {"F) 1) i"c) (4] I"F) U"F)
496 -56.0 +1.0 -68.8 +1.8
~58 ~867 501 ~55.0 -87.0
*506 -54.0 -1.0 -§5.2 -1.8
*1890 1222 +2.8 2520 +5.0
1256 257 1920 125.0 257.0
*1850 1217 -2.7 2619 4.9
“These lines of date represent & thermistor ™ Inal res 11000 £} st 25°C, but ditferent siopes of s versus t ture
=1 g to tha minl and maximum valuss of rero-power resivtance ratio, A systemn calibrated 1o read —55.0" C and 125.0°C when
the reslstance values are 501 ohms and 1920 ohms, respectively, will yield the *Indk d T ture”™ r g when the i
actually the value shown under “Thermistar Resistance,”
TEXAS INSTRUMENTS a5
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TYPE TSP102
POSITIVE-TEMPERATURE-COEFFICIENT SILICON THERMISTOR

TYPICAL CHARACTERISTICS

RESISTANCE
Vs
THERMISTOR TEMPERATURE

:

:
\\_

R (THERMISTOR ONLY)

/ =T

1600 ri
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g Lo i
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80O 4 1B i
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800 == o
——R,, (THERMISTOR WITH
// 2370-2 SHUNT
i | 1 1 1
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FIGURE 2

THERMAL INFORMATION

CURRENT DERATING CURVE
12 ]

Maximum Continuous Current—-mA
o

0 2% 50 76 100 125 150
TA—Free-Air Temperature—"C

FIGURE 3
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SCHOTTKY @

10v, 20v, 30v AND 40 v

Vinu

.65VOLT v, PER DIODE AT 750 mA

STANDARD .10" —2,54MM DIP LEAD SPACING
2 DIBS WILL FIT INTO STANDARD 14 PIN DIP SOCKET

MOISTURE RESISTANT EPOXY CASE

VS§B51, VSB52
VSB53, V5B54

750 mA DUAL IN-LINE BRIDGE

- MAXIMUM RATINGS
AT Ta = 25°G (unless otherwise specified) SYMBOL vsast vSBs52 vsBs3 VEBs4 UNITS
DC Blocking Vollage Vau |
Working Peak Reverse Voltage Viowss | 10 20 | 30 40 Volts
Peak Repetitive Roverse Vollage Viows | |
| AMS Reverse Vollage Vg | 7 14 | 21 | 28 Volts
2Lk .. - L |
| Peak Surge Current, 100 u Sec. Puise Width |
| {(non-rep) and T, = 40°C d frau g1 s fucia
| Peak Surge Current, % cycle at 60 Mz
and T, =40"C Ve 30 Amps
| DC Forward Current at T, = 40°C b 750 mA
| Junction Operating and Storage
Temperature Range T Tara -50 10 + 150 ‘C
| Max Soldering Temperature
and Time 5 sec. at 265°C
— U e — o —— = 5 _.|, .
ELECTRICAL CHARACTERISTICS
(At T, = 25"C uniess otherwise noted) SymsoL vsast vsas2 V6853 VSBS4 lm
Maximum Instantaneous Forward Voitage Drop Vi
Diode @ 750 mA
{per Diode @ ) iy = 0.1 Amp at
e = 0.5 Amp 56 Volts
Iy =075 Amp 85
i u;xihum Reverse Current (per diode) at
| Rated Vi and T, = 100°C Taw 3 mA
- [m | mcHes MILLIMETERS |
i | A | .370-3%0 9.40-9.91
T ST I 8 280-.320 711-8,13
- S 8 ¥ Cc 240-.260 6,10-8 60
1 D .010-.020 0.25-0.51
- l E .008-.015 0,20-0.38
i F 380 MAX 9,65 MAX
L 057-.067 1.45:1.70
H 140-.180 3,56-4,08
L L I 070-.080 1.78-2.03
I “\ J 055 MAX 1.40 MAX
K 120-130 3,05-3.30
L 040-060 | 102152
M 016-.020 | 0.41-05
o N 080-.100 2,03-2.54
| o 180-.210 483533 :
varo 47
VARO SEMICONDUCTOR, INC. PO BOX 676 1000 NORTH SHILOH GARLAND, TEXAS 75040 (214) 271-8511 TWX 910-860-5178

Reprinted with permission of Vaco Samiconductor, Inc.
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FIG. 1 2
TYPICAL REVERSE CURRENT TYPICAL FORWARD VOLTAGE
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CAPACITANCE VS. REVERSE VOLTAGE
™ TTTTIT 1

Test Freq. = 100 khz

DERATING CURVE FOR TYPICAL OPERATION

IR
y,

H

E Tp'ﬁ‘c E-

e gg <

i S w SN

= ~ =

g ggm

1% 30 200 e

5 ® B =™ hd \\.
g
a

%
o 8

.

3 & 5 86 TR0 15 20 W 0 0 0 10 20 30 40 K0 B0 7O B0 PO 100 110 120 130 140 150

V,. REVERSE VOLTAGE (VOLTS) T+ AMBIENT TEMPERATURE ('C)

I. The current flow in a Schottky barrier rectifier is due to majority carrier conduction and is not affected by reverse
recovery fransients due to stored charge and minority carrier injection as in conventional PN diodes.

The Schottky barrier rectifier may be considered for purposes of circuit analysis, as an ideal diode in parallel with a
variable capacitance equal in value to the junction capacitance. See Figure 3.

Il. THERMAL CONSIDERATIONS
' A. The derating curve of figure 4 may be used for initial design work.
B. Thermal runaway is entirely possible on marginal designs due to the inherently large reverse leakage of Schottky
barrier rectifiers and the fact that reverse power multiplies about 1.32 times for each 5° C of junction temperature
increase.
C. We recommend that all designs be verified at an ambient temperature at least 10° C above the maximum at which
the equipment will ever have o operate.
48 VARO SEMICONDUCTOR, INC, RESERVES THE RIGHT TD MAKE
CHANGES IN THESE SPECIFICATIONS AT ANY TIME AND WITHOUT
NOTICE. IN ORDER TO SUPPLY THE BEST POSSIBLE PRODUCT.

PRINTED IN USA €1978, VARDO SEMICONDUCTOR, INC,
Reprinted with permission of Varo Samicond . Inc.







\I‘i‘ TEXAS INSTRUMENTS
X SUPPLY COMPANY




