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Abstract

An apparatus for measuring magnetoresistive characteristic of a MR-Head has been
developed. The head is used in a new mass storage technology. By using this new reading
head in a hard disk , the memory capacity may increase up to 10GBits/Sq.in.  Since the
resistance of the MR-head depends on the applied magnetic field, we then used this principle
10 build the instrumeni. The main circuit consists of 1) Sensing current generator ,
2) Electromagnet ~ 3) Sweep generator and 4) Differential Hall sensor. To measure the
resistance of the specimen , we applied constant DC current to the MR-head and place in the
gap of electromagnet. The sweep generator provides linearly triangular signal to control the
current source applied to the electromagnet which in turn generates magnetic field ranging
from -200 Oersted to +200 Oersted. The voltage developed on the sample is then proportional
to the resistance and is put to Y-axis on the X-Y recorder. The applied magnetic filed is
measured by a differential Hall seﬁsor, put to X-axis. From the trace recorded on the recorder,

we then can determine the head characteristics such as linearity and symmetry, etc.
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J+1 0,
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g J+]I )«
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dulfsanmwanuihuimdnoingaisudulliiga B uaznnmsnfounlasanmarudu
» [ 13
wimdnil  Aenmdu i ldausedunald Somgiinesanluveuwalndyasudum

: o : o o Y o
vu anfurnsuusadauensodszanantiuiduass

o (./+1

— = (2.23)
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TS ~E CIRCUITS . & % ; g LINEAR HALL-EFFECT SENSORS < S
P ' - - - L ‘I
: . d = D252% MARCH 1979 - REVISED NOVEMBER 198) .
e ety Y
- )
® Output Voltage Linear with Applied Magnetic TOP VIEWS H
7 v Field L
LPPACY.AGE
oV ® Sensitivity Constant Over Wide Operating i
20 ma Temperature Range
0°C 10 70°C . Vee
£°C 10 150°C -4 ® Solid-State Technology ;
o * . : GROUND
260°C ® Threa-Terminal Device -
unlimited e ds ouTPUT
: ® Senses Static or Dynamic Magnetic Fields
; - . '__” 1,02 mm (0.040in) L_
1 ioti : 0.76 mm (0.030 in}
g7 o descnpr_:on = > CHIP FACE
, iz The TL1731and TL173C are low-costmagnetic-tield
VAX UNIT | 4 - sensars designed 1o provice a linear output vo'tage LU PACKAGE - L
R - g proportional to the magnenc field they sense. These -
L7 s ‘1 £ . monolothic circuits incorporate.a Hatl elemant as the.
" 1 primary sensor along with & voitage refe(ence anc a %
w4 3 . precision amplifier. Temperature stabilization and e .
mT4 . internal trimming circuitry yield a device that features GROUND 1)
100 wd |- B i high overall sensitivity accuracy with less than 5% OUTPUT c
0.4 v | 1 erfor over its operatng temperature ronge. he)
e i1 S8 3 -
.| e The TL173l 1s charactenred for cperauon from g g
- 20°C to 85°C. The TL173C is charactenzes ‘or e L =N ek ]
‘ aperation from 0°C to 70°C. g e Y - R .
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“TYPES TL1731, TL173C
- LINEAR HALLEFFECT SENSORS

kil |

recommended operating conditions

TL1731 TL173C
UNIT
MIN NOM MAX Mih NOM  MAX

Supply voltage. Vee 108 12 132 we 12 32| v |
Magnenc flux density, B | =50 =50 mT |

| Sk | 0.5 0.5 |
Cutput current, Ig my

| Source [ 2 -2 |
Operating lree-ar temperature, Ty [ -20 es 6] 70 | *C

electrical characteristics over full range of recommended operating conditions (unless otherwise noted)

PARAMETER TEST CONDITIONS' J_ MIN TYP: MAX uNIT

Vg Qutput voltage g = =2 mA 10 0.5 mA | 58 6 6.2 v

kSys Supply voltage sensitivity [AVig/AV ) B=0mT% Ta =254 18 mviv

s Magreuc sensiteaty (AVrag: B = —501t0 S0OmTY. Tz =29 'C‘ 135 15 18 vITS |

as Magnetic sensitrvity change with temperature ATp = 25%C 1o MIN or MAX F . 5 % |

Icc Supply cutrent E | B=0mTi, g =0 | 8- 12 mA_|
Tmax Maximum operanng frequency | | 100 kHz |
Thor condruone shown an MIN or MAX, ute D 800 o valug frad under rec

. ITypscal vekoms w3t Voo = 12V oand Ty = 25%C 3
1The st of magnanc Aus denpty i the bemanonsl Syatem of Unds 50 s e tasls (T) The tesil a sousl 10 ooe waber per Sguare maeter. Values sapressed

~J

[#]

Tha north pole of 8 magne? a Me pola et
antracied Dy (e QROGIEIDMSCH NN Doie. The
north pole ©f 8 mMagne! repets [ha otk
seghrg Do
Magne i COnvenion

ol ¢ compans By accepted
whes ¢f flys smanate
from the AOMR pole 0 & Mag et and entar (he

south pole

FIGURE 1 -DEFINITION OF
MAGNETIC FLUX FOLARITY

| meintaslan may Be convened 1o gauss by multiplying by g e Q.. 30 miltesla = 500 gauss

QUTPUT VOLTAGE

"

MAGNETIC FLUX CESNSITY

r

SNpg eV,
EEFTL=28'C ——

5.6 [t
UPPER FOUNGARY —

v

V@ = Output Voltage

0 10X 30 S0 59

“fagratee Flus Cenury = mT

FIGURE 2
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The circuit in Figure 3 may b
the sensitivity to exactly - 1:

12V

e

10kQ3 .

39k} |
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R1 :'
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TYPES TL1731, TL173C
LINEAR HALL-EFFECT SENSORS

The circuit in Figure 3 may be used ta set the output voltage at zero teld strength to exactly 6 V (using R1), and to set
the sensitivity to exactly — 15 V/T (using R2), as depicted in Figure &

T‘IZV

TYPICAL APPLICATION DATA

COMPENSATED QUTPUT VOLTAGE
b
MAGNETIC FLUX DENSITY

[

TL173C

10 k1

3.9k

T O . P |
| | vec=108vicrizv |
Ta=25°C

™~ | I
Bl ! I 8 -_l.. + - -l—
| 4 | S |
SR

S EBNN,

TLm>—<>_—‘_o OUTPUT |
+

Compenated Qutgul Vollsge — V

HENEEENNN

7 iGN mEER N

W /I e

5.2 II | |
| —_—y

5
=040 -30-22-10". 2 10 20 30 40 S5C

B - Mugnatic Flun Denuty = mT
FIGURE 4
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AOTOROLA
TECHNICAL DATA

= SEMICONDUCTOR mm

LMi24, LM224, &
LM324, LM324A §

LM2902 5

|

QUAD DIFFERENTIAL
INPUT
OPERATIONAL AMPLIFIERS

AMPLIFIERS
QUAD LOW POWER OPERATIONAL SILICON MONOLITHIC

The LM124 Series are low-cost, quad operational amplifiers INTEGRATED CIRCUIT

with true differential inputs. These have several distinct advan-
tages over standard operational amplifier types in single supply
applications. The quad amplifier can operate at supply voltages
as low as 3.0 Volts or as high as 32 Volts with quiescent currents
about one fifth of those associated with the MC1741 (on a per
amplifier basis). The common mode input range includes the neg-
ative supply, thereby eliminating the necessity for external biasing

components in many applications. The output voltage range also J SUFFIX N SUFFIX
includes the negative power supply voltage. CERAMIC PACKAGE PLASTIC PACKAGE
e Short Circuited Protected Outputs CASE 632 CASE 646
T Diff ial | S ILM224, LM324,
® True Differential Input Stage LM2302 Only)
e Single Supply Operation: 3.0 to 32 Volts
Bias C 100 nA Max (LM324A) ‘ %, s
® Low Input Bias Currents: n ax{ . PLASTIC PACKAGE
® Four Amplifiers Per Package . CASE 751A
e Internally Compensated £
s Commen Mode Range Exlends to Negative Supply ;
® Industry Standard Pinouts PIN CONNECTICNS i }
Out o+ ! Out i
MAXIMUM RATINGS (Ta = -25C unless otherwise noted) 1 | | ' 4 £y o held
: LM124 Inputs { E’“>_, _,/"‘r':Jr } Inputs o 4
! LM224 1 E,r*‘ \'1_3 4 AT
Rating Symbol LM324A LM2902 Unit | Veo G — VEE. i 3 > iy
Po ver Supply Voltages | !'Nac ! 3 : ane
Single Supply Vec |~ 32 26 | Inputs L2 A8 | Inputs
Split Supplies Vee. Vee - 16 =13 ! ,T-___-—L/\l -r-\"_-—-_'-—i] 3
&y |
Input Diferertial Voltage Range (1) ViDR ! 32 =26 Vdc Out — | 7] Owt
input Common Mode Voltage Range | VicR -0.31032 -031026 | Vac = i
Input Forward Current (2) f WE 50 - mA (Top View)
Vi< -03V) |
Qutput Shart Circuit Duration A | g | Cum.nuou§ ORDERING INFORMATION
Junction Temperature l T &y c Device | Temperature Range Package
Plastic Packages | I 150 s sikiivel P AL i N W, T £
H LM29020 S0-14
Storage Temperature Range Tsig | (& ——————— 40 to - 105 |
Ceramic Package | - 65 1o =150 PP Plastc OIP_|
Plastic Packages | 55 to =125 4010 - 85 C Ceramic DIP
Operating Ambient Temperature | Ta C SO-14
R;‘nge 510 -85C | Ceramic DIP "'";1
LM124 | -5510 - 125| - : P il
LM224 -2510 - 85 - | L _ Y e N '
LM324 Oto -70 | - | | LM3234D | | s0-14 |
LM324A | O0to -7C i - |  LM324AN | Plastic DIP
Les L - | -3t “1051 LM3240 Oto - 70 C soe |
NOTES. Tk T Caraiic O
(1) Split Power Supplies G - | corsmic
(2) This input current will only exist when the voltage i1s negative at any of the input leads | LM32aN Plasuc DIP o
Normal output states will reestablish when the nput voltage returns to a vollage greatsr - B 1 T ks
than -0 3V y - ¥i
MOTOROLA LINEAR/INTERFACE DEVICES K ..

2-60




LM124, LM224, LM324,A, LM2902
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LM124, LM224, LM324 A, LM2902

REPRESENTATIVE CIRCUIT SCHEMATIC
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LM124, LM224, LM324,A, LM2902

TYPICAL PERFORMANCE CURVES

FIGURE 1 — INPUT VOLTAGE RANGE
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LM124, LM224, LM324,A, LM2902

-~ APPLICATIONS INFORMATION

FIGURE 7 — VOLTAGE REFERENCE FIGURE 8 — WIEN BRIDGE OSCILLATOR ),
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LM124, LM224, LM324,A, LM2902

APPLICATIONS INFORMATION (continued)

FIGURE 13 - MULTIPLE FEEDBACK BANDPASSFILTER
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pA741 ;

- s FREQUENCY-COMPENSATED OPERATIONAL AMPLIFIER
4
¢ FAIRCHILD LINEAR INTEGRATED CIRCUIT
L4
i
+
i
[
f GENERAL DESCRIPTION — The wAT41 13 & hgh perlormances monolithee Operatonal Ampltur CONNECTION DIAGRAMS
u conitructed uting the Fairchild Planar® epitaxial process, It w wniended for 2 wide range of analog
11 applicationt. High commaon mode voltage rangs and ab of Iatch-up tencencies make 1he A T4 B-LEAD METAL CAN
i weal tor use 51 8 volisge lollower. The high gain 8nd wide range ol 0Deraling vOllage DrOwdel Tuper Ol ITOP VIEW)
J perlormance n 9 ., " % olilwer, and general leedback spplications Electracal charec PACKAGE OUTLINE 58
teratics of the wAT41A and E are identicsd 10 MIL-M-JB510/10101
~
= « NO FREQUENCY COMPENSATMON REQUIRED
* SHORT CIRCUIT PROTECTIONG
" * OFFSET VOLTAGE NULL CAPABILITY
* LAAGE COMMON MODE AND DIFFERENTIAL VOLTAGE RANGES ot
= « LOW POWER CONSUMPTION
= NO LATCH.UP
1 o
Uik
S | C
- ABSOLUTE MAXIMUM RATINGS 1 i
Supply Voltage i wate Pin 4 conracied 10 Cave |
- SATAIA LAY, LATAIE =22 Mt |
iy b i R FOAMATION |
ORDER IN '
- internal Power Dusmpation [Note 1] 1 g SART ND |
= Matal Can S - YATEIA  WATAIAHM I
Py ‘Molded and Hermetic DIP BID mw JAT41 LATATHM
Many Q1P PO mW 0 LATATE SATA1EHC |
- Flaipax SIC W wAT41C ~AT&INC :
- Sitterential Input, Valtage £30 v !
s ‘aput Voltage INote 21 15y
Stcrage Temperature Range :
£ *Meral Con, Harmaetic DIP ara 7 atpas -6% C oA C
= 1 Wi DIP. Moldeg OIP =55°C ta «*25°C ‘a4 LEAD 0P
Coerating Temperature Hange > |T"Jf _\-"‘lw-‘ -
- Military (wATAI A, LATEY) 196 clhig s 35°C PACKAGE OUTLINE BA, 94
Commercial lwAT41E_ LA T4CH 0'Cia=10C 3
Lead Temperature [Soicartingl
| “etal Can Hermaet.c DIPL_ana Sigipas 6D 11 300 C
Moiced CIPy (10 1) 60 C | . '-_-\_/—_]‘
Sutput Shart Crrgunt Dursnon (hote 31 inretin. g | - C : e
|
=2 1
BLEAD MINIDIP IOLEAD FLATPAR 1 | e : 1 1
ITOP VIEW] ITOP WIEW! . '. o3
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FAIRCHILD LINEAR INTEGRATED CIRCUITC » pA741

ELECTRICAL CHARACTERISTICS (Vg = 115V, Ty = 257 C unien otherwese o0 lad)

HAT41A

PARAMETERS l1ee oelinitiont)

CONDITIONS MIiN TYP MAX UMNITS
Input Offset Voltage Ag ~ S0N | o8 a0 mv
Average Input Olfver Voitsge Dty J_ 15 wVrC
Input Offwetr Current o 0 na
Average Input Oltser Current Brle 0os rAFC
tnput Bus Current 80 nA
Power Supply Repection Rano Vg = 10, =20, Vg = +20, =10V, Rg = 50N 15 S0 v
Output Shoet Corcunt Current _‘0 » » mA
Power Duavpation ] Vg = - 20V ] B0 150 e
Input Impecance Vg =+ 0V 10 60 MmN
Large S.gnal Voltage Gain Vg = -0V Ry = Il Voyur =+ 15V 0 Vimv
Tranuent Rewponse Rite Tome - ] 0325 [+ e
(Unity Ganl Owerihoot | 60 =
Bandwscth (Note 4] } 417 15 MH2
Siew Rate (Uniy Ganl | Vin = 110V { 0%y o Viuy
The loriowing 1pecificationy 3oply for =55 C < T4 < «125°C { | | |
Input Oifset Voltage | | a0 I my
Input Ottsct Carresnt | | | .20 | nA
input Beay Current | = | 210 | nA
Common Moos Reection Rato 1/ Vg - 20w vig s, 15V Ag « 0N g0 | 95 | VD
Adustment For Input Oifuer Voltage Vg = OV o i i | my
Qutcut Short Corcunt Current 0 40 mA
Power Canpaton | Vg = - 20V - "55,'c | 6% W
s195°C ] i 135 i
Input Imgecance Vg = 120V 05 : J y . mn
Cutput Voltage Swing : Vg = s 20V [ G v [ ! 4
i fa - 2n 18 | v
i et F Vg = 120V, Ay = Iull wage s 15V = :_i'.‘ : ! f Vimy
’ Vgt 8% Hy = Ial Voyur s -2V { o0 | [ Vimwv

NOTES
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description

OP-07C, OP-07D, OP-O7E
ULTRA-LOW-GFFSET-VOLTAGE OPERATIONAL AMPLIFIERS

D2757, OCTOBER 1983 - REVISED JUNE 1988

Uitra-Low Offset Voltage . . .30 uV Typ D. JG. OR P PACKAGE
(OP-O7E) (TOP VIEW)

Ultra-Low Offset Voltage Temperature offseT N1 [J+ U 8[] oFFSET N2
Coefficient . . . 0.3 xV/°C Typ (OP-07E) IN- ]2 1[]vee+

N+ 3 e[Jour

Ultra-Low Noise vee- s s[Inc

No External Components Required

NC — No internal connection

Replaces Chopper Amplifiers at a Lower

Cost symbol
Single-Chip Monolithic Fabrication OFFSET N1 2 -
Wide Input Voitage Range NONINVERTING ':_\

Oto £14 V Typ INPUT IN+ |

OUTPUT

Wide Supply Voltage Range INVERTING _

+3Vto +18V INPUT IN~ |~

OFFSET N2

Essentially Equivalent to Fairchild ©tA714
Operational Amplifiers

Direct Replacement for PMI OP-07C,
0P-07D, OP-07E

These devices represent a breakthrough in operational amplifier performance. Low offset and long-term
stability are achieved by means of a low-noise, chopperless, bipolar-input-transistor amplifier circuit. For
most applications, external components are required for offset nulling and frequency compensation. The
trua differential input, with a wide input voltage range and outstanding common-mode rejection, provides
maximum flexibility and performance in high-noise environments and in noninverting applications. Low -1
bias currents and extremely high input impedances are maintained over the entire temperature range. The i
OP-07 is unsurpassed for low-noise, high-accuracy amplification of very-low-level signals

Operational Amplifiers

These devices are characterized for operation from 0°C to 70°C.

AVAILABLE OPTIONS

PACKAGE
Vio MAX 2
Ta 2 SMALL OUTLINE CERAMIC DIP PLASTIC DIP
o w44 _D) WGl )
0°C Y\ % oP-07CD 0P-07CJG OP-07CP
to B 0P-0700 OP-07DJG OP-070P
70°C 75 xV OP-07€D OP-07EJG OP-07EP

The D package is available taped and reeled. Add the suffix R to the device type v
when ordering. (e.g., OP-07CDR]

s . e T - - e ol W L ek T W

‘Moucmtmu ats contain lat & T : Convdgm 1983, Texas lnstruments Incorporated

N
i

Wr“wqdaﬂm

Eacreat a3 of peblication date. Preducts conform to ‘. : '""‘": PR ﬁ% .

"'“‘“nthumuﬂuulutrm . 5 A EXAS‘f
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0P-07C, OP-07D, OP-07E
ULTRA-LOW-OFFSET VOLTAGE OPERATIONAL AMPLIFIERS

schematic
m L J
OFFSET N1 I—o ? ‘I" 2 T L
OFFSET N2 2
T,
: T T

—aT @1 |

-

NONINVERTING (3) ‘E_J_E
-

INPUT m.‘ E_O"
]

™
bl
A

INVERTING (2

@) { ]
. U INPUT IN— |
@ g
.8 : 2
£:" = .
£ o ot L/ F
& o { P » )
iis o
g =
A
. 1
fi S
£ = absolute maximum ratings over operating frae-air temperature range (unless otherwise not
s =
F;; ' o supply yollage MocC a0 lsee=Nare/ 1) JYTN. - A\ /. oot A e B 8. o vve i
,’ % : A Supply voltagevpreed @2/ . A0 . \1./ 5 beerrpred CN. . 00 LR, ........3
% 4 Differential input voltage (see NOTE 2) . ... v it iiai vt i it nm e e aeanas
e - Input voltage (either input, see Note 3} ... .. v il i ii s ol £

e Duration of output short circuit {(see Note 4)
- Continuous total dissipation at {or below) 25°C free-air temperature (see Note 5)

Operating free-air temperature range 1058
Storafe tempBratdresatge ool . Lo, - Ve 7. . AN IT ... (G .F.8. .. ~65°C to 38
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: JG package i
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or P package .. ......

All voltage values, unless otherwise noted, are with respect to the midpoint between Vo 4+ 8nd Ve -
. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal.
The magnitude of the input voltage must never exceed the magnituds of the tupplv voltage or 15 volts, wh che

2

3

4. The output may be shorted to ground or either power supply. 2
5. For operation above 64°C free-air tempcratun derate the D pocklge to 464 mW at 70 °C at the rate of 5. B mW

LT L

NOTES: 1.

Al TEXAS {’ 5 s
INSTRUMENTS

POST OFFICE BOX 888012 * DALLAS, TEXAS 78268




|

oP-7C OoP-70 P-7€
PARAMETER TEST CONDITIONS ! . UNIT 1
MiN TYP MAX MIN TYP MAX MIN Tye MAX
V| I t offset volt Vv 0 R 50 N L o s a0 i 2 = \
nput offset voltage = 0, - .
0., N 3 0°C t0 70°C 85 250 85 250 s 130 | "
.Temperature coefficient of v o i &6 o 70%¢ - " 53 5% a$ .
. = 0, = to 5 > . : i b )% \/
avio input offset voltage 0 S 3 | avieC
Long-term drift of
‘ See Note 6 0.4 0.5 i
Input offset voltage 0y £V(mo
Offset adjustment range Rg = 20 k0, See Figure 1 26°C +4 t4 14 mV
. 25°C 0.8 6 0.8 8 0.5 3.8
ho Input offset current nA
0°C to 70°C 1.6 8 1.8 8 0.9 5.3
Temperature coefficient of Dec 34 9z 5o N 2 %0
ai to ; 1 °
"o . Input offset current 8 36 |pA/°C
% 25°C 1.8 x7 t2 +12 £1.2 14
[T:) Input biss current | . nA =
: 0°C 10 70°C £2.2 19 13 214 1.6 155 =
e ™ Temperature coefficient of =
% ajg ol 5 0°C to 70°C 18 50 18 50 13 35 | pA/°C >
. input biss current £
“ Common-mode input . 7 25°C £13 +14 £13 £14 $13 $14 " o
ICR  vottage range ‘ 0°Ct0 70°C | 213 213.5 £13 2136 $13 2136 =
RL 2 10 k0 $12 213 12 13 $125 213 2
v 3 Pook ot R 2 2k 25°C £11.5° 2128 211,56 2128 $12 1128 ¥ a
out: ta
oM, b AL 2 ) k0 £12 £12 £10.6 212 m
3 AL 2 2 K0 0°C o 70°C | 211 2126 $11 2126 1121126 2
. Vecs = 23V, Vo = t086V, o
; 25°C 100 400 400 150 400 =
& Large-signal differentisl - R = 600 k2 VimVv 4
VD | oitsge smplification | 26°C 120 400 120 400 200 500 >
Vo = 210V, R = 2Kk0 )
0°C tn 70°C 100 400 100 400 180 450 m
4 8y  Unity gain bandwidth 26°C 0.4 0.8 0.4 0.8 0.4 0.6 MH2 P=
f Input resistance 25°C 8 33 i N 16 50 MQ g o
Common-mode 2£°C -100 120 94 110 108 123 = v
CMRR Vic = £13V, Rg = 501 d8 >
et rejection ratio 0°C 10 70°C 97 120 84 108 103 123 - ~
i . Supply voltage sensitivity VeCs = 23V io 218V, 26°C 7 32 ? 32 5 20| oo
SVS lavioravee) Rg = 500 0°C to 70°C 10 51 10 51 ? a2 | VYV ; o
Vg = 0, No load 80 160 ~ 80 150 75 120 -0
Pp  Power dissipation Vecs = 3V, Vo =0, 25 G mw > s
4 8 4 8 4 6 :
No load £~ P
,\,'Al characteristics are measured under open-loop conditions with zera common-mode input oltage uniess otherwrse noted. :1 -
NOTE 8: Since long-term drift cannot be measured on the individual davices prior to shipment, this specification is not intended 1o be a guarantee or warranty. |t is an engineering estimate of r-'-‘ D
§ the averaged trend line of drift versus time over extended periods alter the lirst thirty days of operation. = 3
W ’ Lom

Operational Amplifiers N




0P-07C, OP-07D, OP-07E
ULTRA-LOW-OFFSET VOLTAGE OPERATIONAL AMPLIFIERS

operating characteristics at specified free-air temperature, VCC + = % 15V (unless otherwise

Ny

oP-7 OP-TD 0P-TE
PARAMETER TEST CONDITIONS T <
MIN TYP MAX| MIN TYP MAX | MIN TYP MAX
. . f = 10 Hz 10.5 10.5 10.3
Equivalent input
Va 2 Ta = 25°C | f = 00 Hz 10.2 10.3 10.0
. noise voltage
i f=1kHz 9.8 9.8 9.6
3 Peak-to-pesk
ix ‘_ Omf f=0.1Hzto 10 H=,
§o Vnpp equivalent input 0.38 0.38 0.35
' : Ta = 25°C 4
%‘ noise voltage s
a . f =10 Hz 0.356 0.35 0.32 |
Equivalent input —q"
In : Ta = 25°C | f = 100 Hz 0.15 0.15 0.14 F
noise current
f = 1kHz 0.13 0.13 0.12 :
Peak-t k
, - Tp:'n B RN LT = 3 i
aquivalent i u ]
a.. o 1) e " Ta=25°c
g.g o) noise current
R ') SR Slew rate R = 2Kk,  Tpa = 25°C 0.3 0.3 0.3 -
His - .
-'!‘ Ei TAll characteristics are measured under open-loop conditions with zero common-mode input voltage unless otherwise specifi
. -~ TYPICAL APPLICATION DATA
e 2 .
i >
it =
g ©
3 35 - —y Vees
] @
. - i
ks PP :
IN+
QUTPUT 7
IN-
Vee— :“
FIGURE 1. INPUT OFFSET VOLTAGE NULL CIRCUIT e
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MOTOROLA ==
m SEMICONDUCTOR s —— MC1488 55
TECHNICAL DATA

QUAD MDTL LINE DRIVER
‘EIA-232D

QUAD LINE DRIVER
SILICON MONOLITHIC

The MC1488 is a monolithic quad line driver designed to inter- INTEGRATED CIRCUIT
face data terminal equipment with data communications equip-
ment in conformance with the specifications of EIA Standard No.
EIA-232D.

Features:

-
® Current Limited Quiput

P

+10 mA typ 14

® Power-Off Source Impedance L SUFFIX 1
i P

200, 0hms min CERAMIC PACKAGE pmsniu::::i Ad
® Simple Slew Rate Control with External Capacitor CASE 632 CASE 646 —=
® Fiexible Operating Supply Range
= : D SUFFIX

Compatible with All Motorola MDTL and MTTL Logic Families e BRic PACKAGE
CASE 751A 14 ‘
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MAXIMUM RATINGS (Ta = +25°C unless otherwise noted.)

Rating Symbol Vailue Unit
Power Supply Voltage Vee +15 Vdc
- VEE -15
Input Voltage Range ViR -15< Vg < Vde
7.0
Output Signal Voltage Vo =15 Vdc
Power Derating (Package Limitation, Ceramic
and Plastic Dual-In-Line Package) Pp 1000 mw
Derate above Tp = +25°C 1Rg A 6.7 mwrC
Operating Ambient Temperature Range Ta Oto +75 *C
Storage Temperature Range T,_,g -651t0 +175 *c
ELECTRICAL CHARACTERISTICS (Vce = +9.0 = 1% Vdc, Vgg = -9.0 =1% Vdc, T4 = 0 to 75°C unless otherwise noted.)
Characteristic Figure | Symbol Min Typ Max Unit E
Input Current — Low Logic State (Vi = 0) 1 i — 1.0 16 mA
Input Current — High Logic State (V|4 = 5.0 V) 1 ™ - — 10 uA
Output Voltage — High Logic State 2 VOoH Vdc
(ViL = 0.8 Vdc, R = 3.0kfl, Vcc = +9.0 Vdc, VEg = -9.0 Vdc) +6.0 +7.0 —
(ViL = 0.8Vdc, R = 3.0k, Vo = +13.2 Vdc, Vg = - 13.2 Vdc) +30 | +105 —
Output Voltage — Low Logic State 2 VoL Vdc
(ViH = 1.8 Vdc, R = 3.0k}, Vo = +9.0 Vde, VEg = -9.0 Vdc) -6.0 -7.0 =
(ViH = 1.9Vdc, R = 3.0kfl, Ve = +13.2 Vde, Vgg = —13.2 Vdc} -9.0 -10.5 -
Positive Output Short-Circuit Current, Note 1 3 los « +6.0 +10 +12 mA
Negative Output Short-Circuit Current, Note 1 3 los - -6.0 -10 -12 mA
Qutput Resistance (Vcc = VEg = 0.{Vpi = =20V) 4 o 300 - — Ohms
Positive Supply Current (R} = x) 5 icc mA
(Vi4 = 1.9 Vdc, Ve = +9.0 Vdc) - +15 +20
(VjL = 0.8 Vdc, Vce = +9.0 Vdc) = +45 | +60
(Vi = 1.9 Vdc, Voo = +12 Vdc) - +19 »25
(Vi = 0.8 Vdc, Vg = +12 Vdcl - +55 -7.0
(Vi = 1.9 Vdc, Voo = +15 Vde) > - +34
(VL = 0.8 Vdc. Vge = + 15 Vde) : — — s12
Negative Supply Current (R = =) 5 133
(Vig = 1.9 Vdc, Vgg = —-9.9 Vac) = =13 -17| mA
(Vj_ = 0.8 Vdc. Vgg = - 9.0 Vdci - N P W
(ViH = 1.9 Vdc, Vgg = =12 Vdc) — -18 23 mA
(ViL = 0.8 Vdc, VEg = - 12 Vdc) A ~ -500 | wA
(Vik = 1.9 Vde, Vgg = - 15 Vdc) - - -34 mA
(Vi = 0.8 Vdc, Vg = - 15 Vdc) — - -25 " mA |
Power Consumption Pc mW
(Ve = 9.0 Vde, Vgg = -9.0 Vdc) — A 333
(Ve = 12 Vde, Vgg = -12 Vdc) - — 576 |
SWITCHING CHARACTERISTICS (Vcc = +9.0 =1% Vde, Vgg = —~90 =1% Vdc. T4 = +25°C))
Propagation Delay Time (z; = 3.0 k and 15 pF) 6 PPLH - 275 350 ns
Fall Time . (z; = 3.0 k and 15 pF) 6 ITHL = 45 75 ns
Propagation Delay Time (2 = 3.0 k and 15 pF) 6 tPHL — 110 175 ns
Rise Time {z) = 3.0 k and 15 pF] 6 TLH - 55 100 ns

Note 1. Maximum Package Power Dissipation may be exceeded il all outputs are shoned simulisneously.
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CHARACTERISTIC DEFINITIONS

FIGURE 1 — INPUT CURRENT
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MC1488

TYPICAL CHARACTERISTICS
(Ta = +25°C unless otherwise noted.)

FIGURE 7 — TRANSFER CHARACTERISTICS

FIGURE 8 — SHORT-CIRCUIT OUTPUT CURRENT

versus POWER-SUPPLY VOLTAGE versus TEMPERATURE
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MC1488

APPLICATIONS INFORMATION

The Etectronic Industries Association EIA-2320 specification
detail the requirements for the interface between data pro-
cessing equipment and data communications equipment. This
standard specifies not only the number and type of interface
leads, but also the voltage ievels to be used. The MC1488 quad
driver and its companion circuit, the MC1489 quad receiver,
provide 3 complete interface system between DTL or TTL logic
levels and the EIA-2320 defined levels. The EIA-2320 require:
ments as applied to drivers are discussed herein.

The required driver voltages are defined as between 5 and
15-volts in magnitude and are positive for 3 Logic “0” and
negative for a Logic “1.”" These voltages are so defined when
the drivers are terminated with a 3000 to 7000-ohm resistor
The MC1488 meets this voltage requirement by converting a
DTLTTL logic level into EIA-2320D levels with one stage of
inversion

The EIA-232D specification further requires that during tran-
sitions, the driver output slew rate must not exceed 30 volts

VEE

FIGURE 12 — SLEW RATE versus CAPACITANCE
FOR Igc = 10 mA

1000 e+ i == 2
» . 4 Ll . 3 i i il
= 11 =
T 1 -
ey B ‘W T
B 1 Finii
. ] T
B il Hh
100 | — } en'
F— 30 v us H1tt . - + g <
. A | 1 | e 1 i |~
T T 1Tl TR ]
L B S R atr
: i o | i i : igiE
W ] | il j_f_l Hi Ll [ Y
» - - I: VL“"I' o
s ] T NI
i ———— = 30
¢ ’ ' 1333 of b
T oWl 13330 2h
[HATIN Ty . i
1 it ~ i. 117 "._._ | .
10 [ | l iu | I 1
10 10 1% 1000 10 000

C CAPACITRCE oF)

per microsecond. The inherent slew rate of the MC 148815 much
too fas: for this requirement. The current limited output of the
device can be used to control this siew rate by connecting a
capacitor to each driver output. The required capacitor can be
easily determined by using the relationship € = Ing x AT AV
from which Figure 12 i1s derived. Accordingly. a 330 pF capac-
itor on each output will guarantee a worst case slew rate of
30 volts per microsecond.

The interface driver is also required to withstand an acci-
dental shortto any other conductorin aninterconnecting cable.
The worst possible signal on any conductor would be ancther
driver using & plus or minus 15 volt, 500 mA source. The
MC1488 is designed to indefinitely withstand such a short io
all four outputs in a package as long as the power-supply volt-
ages are greater than 9.0 volts (i.e,Voc #9.0V; VEg = -9.0 V).
In some power-supply designs, a loss of system power causes
8 low impedance on the power-supply outputs. When this
occurs, 8 low impedance to ground would exist at the power
inputs to the MC1488 effectively shorting the 300 ohm output
resistors to ground. If all four outputs were then shorted 1o
plus or minus 15 volts, the power dissipation in these resistors

_used for DTL tc MOS or even DTL to DTL transiation. F

FIGURE 13 - POWER-SUPPLY PROTECTION
TO MEET POWER-OFF FAULT CONDITIONS
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would be excessive. Therefore, if the system is desigr;‘.d { -
permit low i/mpedances to ground at the power- suppsieso{ he e -
drivers, a diode should be placed in each power- supply
to prevent overheating in this fault condition. 'I'hesg
diodes, as shown in Figure 13, could be used to decouple
the driver packages in a system. (These same diodes will allo
the MC1488 to withstand mamentary shorts to the =25 vo
limits specified in the earlier Standard EIA-232B.) The ad
of the diodes also permits the MC1488 to withstand faults
power-supplies of less than the 3.0 volts stated above.

The maximum short-circuit current allowable under_fault=si
conditions is more than guaranteed by the previously m z
tioned 10 mA output current limiting. 5 f. & i
Other Applications

The MC 1488 is an extremely versatile line driver with a
iad of possible applications. Several features of the dri
enhance this versatility:

1. Qutput Current Lirniting — this enables the circuit deﬂg
to define the oulput voltage levels independent of pows
supplies and can be accomplished by diode clamping of th

MOS translator where the high level voltage output is clamp
one diode above ground. The resistor divider shown is use
to reduce the output voltage below the 300 mV above grou g2
MOS input level limit .
2. Power Supply Range — as can be seen from the scharmt
drawing of the drivers, the positive and negative driving e
ments of the device are essentially independent and do
require matching power-supplies. In fact, the positive sug
can vary from a minimum seven volts (required for driving the &
negative pulldown section) to the maximum specified 15 _ =
The negative supply can vary from approximately — 2.5 VOItss
to the minimum specified - 15 volis. The MC1488 wil arive]
the output to within 2 volts of the positive or negative sup plieSs
as long as the current output limits are not exceeded slhe
combination of the current-limiting and supply- voltaqe L=
tures allow a wide combination of possible outputs within thel
same quad package. Thus if only a portion of the four drivegy

id'be

are used for driving EIA-2320 lines, the remainder could

15 shows one such combination.
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MC1488

FIGURE 14 - MOTL/MTTL-TO-MOS TRANSLATOR FIGURE 15 — LOGIC TRANSLATOR APPLICATIONS
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