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Compander Use For Noise Reduction

By
Mr. Nutthawut saé-khow
Mr. Seree boonla-ajd

Advisor

Mr. Phadit wacharaphibool

Abstract

This Project concerns how to solve the noise problem in voice band system by useing
the compander.Compander is included of compressor and expander. Compressor circuit use to
compress signal before send it into system that producing noise inside and the signal from
output of this system will be expanded by expander circuit. Principle of this sysleﬁl using of
voltage control amplifier (VCO) and noise gate circuit is applied in this circuit also. The noise
gate circuit that reduce noise by checking the level of input signallt compare between input
signal and threshold level. If input signal is higher than threshold level the signal can be
passed.If lower than thresliold level. It will be bypassed to ground.The pre-emphasis circuit will
be used to improve the signal to moise ratio when,If use this circuit together it will be solved

this preblem of noise.
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HAMINARDY
AMd (Hz) WD (V) B MiYN (dB)'
wsenm 50 1.65(Inetszinm) 4.35¢(Tavlszunm
60 1.65 435
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15K 1.5 3.25
2K 1.5 3.25
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8K 1.4 2.92
10 K 1.4 2.92
15K 14 2.92
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100 K 1.0 0
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< .4 , v
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150 150
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400 250
1000 500

Indifigaiy vee 3000

‘o o v 4
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5k 0.46 6.74
10k 0.46 6.74
20k 0.44 6.74
30k 0.44 674
50k 0.44 6.74
80k 0.2 698
100k 0.1 -10
1NN 100k NGITRTRN
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0.7 0.25
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3.0 38
35 4.6
4.0 5.6
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; mmﬁ(_ Hz) Vout(V) Gain(dB)
60 2 6.02
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HOMINADY
mmﬁ(nz) Vout(V) Gain(dB)
60 1.0 0
100 1.0 0
200 1.0 0
600 1.0 0
1k 1.0 0
2k 1.0 0
ok 1.0 0
10k 0.85 -1.40
20k 0.22 -13.14
60k 0.08 -21.92
100k 0.02 -33.96
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ﬂ']'ulﬁ(Hz) Vout( V) Gain(dB)
20 0.28 -11.05
60 0.18 -15.0
100 0.11 -19.17
150 0.08 22,0
200 ©0.05 26.0
350 0.03 -30.46
600 0.025 -52.04
8k 0.02 -54.0
16k 0.001 -60.0
50k 0.0005 -66.0
60k 0.0002 -73.97
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@ MOTOROLA

MC140668

QUAD ANALOG SWITCH/QUAD MULTIPLEXER

The MC14066B consists of lour independent switches capable of
controlling either digital or analog signals. This quad bilatersl switch
is useful in signal gating, chopper, modulator, demodulstor snd

CMOS logic implementation.

The MC14066B is designed to be pin for-pin compstible with the
MC14016B, but has much lower ON resistance. Input voltage swings
as large as the full supply voltage can be controlled vis each inde-

pendent control input.

o Tripte Diode Protection on All Conliol Inputs

® Supply Voltage Range = 30 Vdc to 18 Vdc

o Linearized Transfer Characlenstcs

o Low Noise — 12 nV.\ Tycle. | > 1.0 kHz typical

e Pin-for-Pin Replacement for CD4016, CD4016. MC14016B

® For Lower Rop. Use The HC4066 High-Speed CMOS Device

MAXIMUM RATINGS® (Voliages Reterencod to Vgg)

L SUFFIX
CERAMIC
CASE 632

P SUFFIX
PLASTIC

" HH II CASE 646
1

D SUFFiX
1 sOIC
CASE 751A

ORDERING INFORMATION

MC14XXXBCP Plastc
MC14XXXBCL Ceranuc
MC14XXXBD SOIC

Symbol Parameter Vstue Unit
1 55 to 125 C lor all pack,
Vop |DC Supply Vollage 0510 + 180 v A 5 25 C o pachkages
Vin. Vour | nput or Output Voltage {DC ot Tiansient) 0S5toVpp 05 \4 ®
i
hn tnput Cutrent {OC or Transtent}, pet Contiot Pin <10 mA Control ¥ O— 2
: Igw  [Switch Through Current +25 mA ' —0 Out t
Pp Power Dissipation, per Packaget 500 nw Int O— 8LOCK
-3
Tgig |Storage Temperature 6510 + 150 c Controt 2 O— ] DIAGRAM
T Lead Temperatute (8-Second Soldenng) 260 *C . Out 2
“Mammom Ratings are those values beyond whsch damage 1o the device may occut 00
$Temperatore Deratng Plastic "P and D OW Pachages 70 mwW *C From 65C 10 125C ¢ 19 6
Cotamic “L" Packages 12 mW “C From 100°C To 125°C Ppegts © »
. 0 Outd
! .
CIRCUIT SCHEMATIC in3 O—
{174 OF DEVICE SHOWN) 12 Vpp ¢ Pin 14
Control 4 O— ' Veg * Pin 7
L " -0 Ou1 ¢
to & O—f

op —

Voo

30011

LOGIC DIAGRAM AND TRUTH TABLE
{1/4 OF DEVICE SHOWN)

in/Out O———n— Out/in

Contratl :»-DJ

Contiol | Switch | Logic Disgram Mestractions
0-vgs | OFF Vss SVin €VpD
1-Vpp | ON Vss SVourt £VpD




MC14066B

ELECTRICAL CHARACTERISTICS
Characterlsti Symbol |V Test Conditl ~55C ¢ 125°C_{unn
aracterlstic mbo! est Conditions n
Y oo Min l Max | Min ] Typ# l Max | Min l Max
SUPPLY REQUIREMENTS (Voliages Referenced lo VéE)

Power Supply Voltage vob - 36| 18 |30 - 18|30 w8 |V
Range

Quiescent Current Per oo 50 | Contiol inputs: — {o0a5] — 0005 1025) — 75 pA
Package 10 Vin VssorVpp. | — {05 ) — 0010 | 05 | — 15

15 [Switch10-Vgg+ V)| — | 10| — 0.015 10 — 30
+ Vpp. and
AVgwitch * 500 mV*

Total Supply Current D(AV) 50 ] TA - 25°C only The nA
(Dynarmic Plus Quiescent, 10 channel component, . (007 yA¥H2) 1 1pD '
Per Package 15 VMin  Vou Ron. Is Typical (020 uAkHZ)! 1 IpD

nol includod.) {036 uAkH2) 1 Ipp
CONTROL INPUTS (Vottages Reterenced 10 Vss) )
Low-Level Input Voltage viL 50 |Ron  Per spec. - 15| — 225 15 | — 15 v
10 ot pet spec - 30| - 450 30 — 30
15 -] a0]| — 675 | 40 | — 40
High-Level Input Voltage Vin 50 |Ron  por spoc. 35 — |35 2715 - 35 - v
10 llott  per spec 70 | — 7.0 550 = 7.0 —
15 1" - 1 825 —_ 11 -
Inpul Leakage Curtont tn 15 |\ OorVpp — [-01] — |-000001| +0.V} — < 1.0 § uA
input Capacitance Cin — — - — 50 75 - — pF
SWITCHES IN AND OUT (Voltages Referenced lo Vgg)

Recommended Peak-to- Vio — | Channet On or ON 0o |vpp| © - Vop| © Voo [Vpp
Peak Voltage Into of Out
of the Switch

Rocommended Stalic or MVgwirch | — [ Channel On 0 |60 O - 600 ] O 300 |mVv
Dynamic Voltage Across

_ the Switch™ (Figure 1)

Output Offset Voltago voo | — |Vin+ 0V.NoLoad - -1 = 10 - | = n

ON Resistance Ron 50 | Vgwitch © S00mv™, | — | 800 ) — 250 1050} — 1200 | 2

10 Vin  ViLor Vi — | 400 | — 120 500 | — 520
15 (Control), and Vin — |20 ] — 80 280 | — 300
0 to Vpp {Swilch)

AON Resislance Betwoen 3Royn 50 - 70| — 25 0| - 135 | 1
Any Two Channsls 10 - | 5 { — 10 5 | — 95
in the Same Package 15 — 45 | — 10 45 | — 65

OH-Channe! Leakage lott 15 [Vin  ViLOt ViH — j-t00] — 2005 |-100] — [ 21000 nA
Cunrent (Figure 6) {Control) Channel to

Channel o1 Any One
Channgl

Capacitance, Switch 10 Cio — | Switch Oft — —_ - 10 15 - - pF

Capacitance, Feodthtough Cio — —_ —_ - 0.47 — - - pF
{Switch ONf) -

#Data laboled “Typ" is not to be used for design p
**For voltage drops actoss the swilch (3Vsuitch

the currenl out of the switch may contain both
unless the Maximum Ratings are exceeded. (See lust page of thus data sheot )

urposos, but is intendod as an indication of the IC’'s potential performance.
<600 mV { ~300 mV at ngh lempetature), excessive Vpp curtent may be drawn; i.e.
Vpp and switch input compononts. The reliability of the device will be unafiected



MC14066B

ELECTRICAL CHARACTERISTICS® (C - 50 pF. Ta =~ 25°C unless othsrwise noted )

Voo
Charecterisilc Symbol Vde Min Typ ® Max Unit
Propagation Delsy Times vgg = 0 Vde
tnput 1o Output (Ry = 10 ki) 'PLH: PHL ne
PLM, tpy = (0.17 na’pF) Cy + 15.6 ns $.0 -— 20 40
'PLH, tpyy = (0.08 ns'pF) C + 6 O ns 10 - 10 20
1PLH, tppy = (0 06 narpF) C + 4 0 ne 15 - 1.0 18
Controt 1o Output (R = 1 ki) (Figure 2}
Output “1™ to High Impedance P2 5.0 - 40 80 ne!
10 _— 35 70
. 15 - 30 a0
Output 0" to High Impedance pLz 5.0 - 40 80 ns
10 - a5 70
16 bad 30 60
Hiph Impedance to Ovtput V" Pz 5.0 — 80 120 ne
10 — 20 40
5 - i85 30
High Impedance to Output “0" fpzL 5.0 -— 60 120 ne
10 —_ 20 40
15 - 15 30
Second Harmonic Distortion vgg~ 5 Vdc = 50 = 01 —_ *
(Vin= 1.77 vdac, RMS Centered «« 0 0 Vdc,
Ay~ 10 k{2, 1= 1 0 kHz) "
Bandwidih (Swich ON) {Figure J) vgg= - 5 Vdc - 5.0 - 65 — MHZ
Vout
(Ry = 110,20 Lo " 30B.Cy - 50 pF. Vin* 5 Vp.p)
in
Feedihrough Attenuation (Switch OFF) Vgg - - 5 Vde - 50 - - %0 - a8
(Vin = SVpp By = 1ML fjp = 10 MHr) (Figure 3}
Channal Separastion (Figure 4) Vgg+ - 5 Vdc — 50 - - 50 - dB
(Vin= 8 Vp.p. R = 1 ki1 tin < 80 MH1)
(Switch A ON, Swiitch B OFF)
Crosstatk, Controt Input 10 Signal Output {Figure §)
vgg- -SVvde| — 50 - 300 - mpp
(Ry = 112, Ag « 10 A1, Conteol tryy = tyme = 20 n8) R
*The formulas given are for the typical characterstics onty at 25°C
#Dale ludelted " Typ” is not to De used for design purposes but s
as an of the 1C’s p 1 per
PIN ASSIGNMENT
This device contains protection clrcullry to \ U
guard against damage due to high static ‘' n1 14
voliages or slectric fields. However, precau- = Voo [
tions must be laken to avold spplications of 2 CJ0uvt 1 Contol 1t D13
any voltage higher than maximum rated
voltages to this high-impedance cireult. For 3 ={0ut 2 Conrort4 12
proper operation, Vi, 8nd Vgyt should bde aCin2 (L y==R1]
constrained o the renge Vgg = (Vin of
8 1
Vout) « VDD- CConrrel 2 OVt 410
Unused inputs must slways be lied 1o an ap- 6 t—]conwol3 Out3 [P
propriate logic voltage leve! {e.g., either Vss ? ﬁ vss Py =] ]

or Vpp). Unused outputs must be left open.
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TEST CIRCUITS

FIGURE 1t — 3V ACROSS SWITCH
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FIGURE 4 — CHANNEL SEPARATION
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TYPICAL RESISTANCE CHARACTERISTICS

FIGURE 8 — Vpp = 78V, Vss = -718V
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APPLICATIONS INFORMATION

¥

Figure A illustrates use of the Analog Switch. The
0-to-5 volt digital control signal Is used to directly con-
trol a 5 volt peak-to-peak analog signal.

The digital control logic levels are determined by
Vpp and Vss. The Vpp voltage is the logic high volt-
age: the Vgg voltage Is logic low. For the example,
Vpp = +5V = loglic high at the control inputs; Vg
= GND = 0 V = logic tow.

The maximum analog signal level is determined by VDD and
Vgg. The analog voltage must not swing higher than Vpp or
fowet than Vss.

The example shows a 5 voll peak-to-peak signal
which allows no margin at either peak. If voltage
transients above Vpp and/or below Vgg are anticl-
pated on the analog channels, external diodes {Dy)
are recommended as shown In Figure B. These di-
odes should be small signal types able fo absorb the
maximum anticlpated current surges dusing clipping.

The absolute maximum potential difference be-
tween Vpp and Vgg is 18.0 volts. Mosl parameters
are specified up to 15 volts which is the recommended
maximum diflerence between Vpp and Vsg.

FIGURE A — APPLICATION EXAMPLE

+ RN
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—_— 50V
a5V 5 Vpp SWITCH
IN
Analog Signal
: SWITCH 5Vep
out Analog Signal

Extornst

CMOS 0-10-5 V digital MC140668

Dgits! Conirol Signais
Cucuitry
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FIGURE B — EXTERNAL GERMANIUM OR SCHOTTKY CLIPPING DIODES
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11C14049B o ;1C14050B

ELECTRICAL CHARACTERISTICS (Voltages referenced to vgs)
. Voo -55°C +25°C +125°C
Characteristic Symbol | Vde Min Max Min 'fyp1 Max Min Max Unit
Output Voltage “0"wevel | VoL 50 - 005 - 0 0.08 - 005 | vac
Vin = VDD 10 —_ 0.05 —_ 0 0.05 - 0.05
15 — 0.05 —_ 0 0.0 - 005
“1" Level VoH 50 495 - 4.95 50 -— 4.95 — Vde
Vin=0 10 9.95 _— 995 10 —_ 9.95 -
15 14.95 —_ 14.95 15 — 14.95 —
Input Vollage “0" Level viL Vde
(Vo = 4.5 Vdc) ! s0 | — 15 - 2.25 1.5 - 1.5
(Vo = 9.0 Vdc) 10 — 30 - 4 50 3.0 — 30
(Vo = 13.5 Vdc) 15 — 4.0 — 6.75 4.0 — 4.0
"1 Level ViH vde
(Vo = 0.5 Vdc) . 5.0 3s —_ 35 275 - 35 —_
(Vo = 1.0 Vdc) 10 10 L 70 550 — 70 -
(Vg = 1.5 Vdc) 15 11 — 1 825 — 1t -—
Output Drive Current IoH mAdc
(VoH = 2.5 Vdc) Source 50 16 — -1.25 25 —_ 10 —_
(Vou = 9.5 Vdc) 10 16 - 130 -26 —_ -10 -
(Vou = 135 Vvdc) 15 47 — 375 - 10 - -30 —
(Vor = 0.4 Vdc) Sink | oL 50 ars — 32 60 — 26 — | mAde
(VoL = 05 Vdc) 10 10 o 80 16 - 66 -
Vot = 1.5 vdc) * 15 30 —_ 24 . 40 19 -—
Input Current ol 15 — <01 — |-000001| :0.1 - 210 | nAde
Input Capacitance (Vin = 0} Cn — — — —_ 10 20 — — pf
Quiescent Current (Per Package) Iop 50 — 1.0 — 0002 10 — 30 nAdc
10 —_ 20 = 0004 20 -— 60
15 — 4.0 — 0.006 40 — 120
Tota! Supply Cunrent 2.3 [ 50 It = 18 AR ¢« IDD nAdc
(Dynamic plus Quiescent, 0 i1 - (35pARHZ)T ¢ DD
per pachage) 15 17 = {53 A kH2) 1+ op
{Cp = 50 pF on all oulputs, all
butiers switching

1 Data labeled “Typ” 15 1ot o be used for design purposes bul is miended as an

2 The formutas given are for the typical charactenshcs only at «+ 25C
3 Yo cacluate total supply current at loads other ihan 50 pF

HICL) = HISOPF) + (CL

50) Vik
Where' I is m uA (per Package). Cy In pF. V

. Vpp - Vss)n volis, tin WHz 15 put hequency and k - 0 002

mndcaton of the IC’s polential performance

This device contains circuitry fo protect the inputs against
damage due to high static voltages of electric fields refer-
enced to the Vgg pin only. Extra precautions must be taken
to avoid applications of any voltage higher than the méaximum
rated voltages 1o this high-impedance circuit. For proper oper-
ation, the ranges Vgg = Vin * 18V and Vgg > Vout &
Vpp are recommended.  ~

Unused inpuls must always be fied to an appropriate logic
voftage level (e.g.. either Vg of VpD). Unused outputs must
be left open.
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MC14043UB

HEX BUFFERS

The MC14049UB hex inverter butet is constructed wilh MOS P-channel

This complomentary MOS device finds pumary use where low power dissi-
pation and or high noise immunily is desited. This device provides logic-
tevel conversion using only one supply voftage. vpp The input-signal high
level (Vj}4) can excoed the VpD supply voltage for logic-level conversions.
Two TTL'DTL Loads can be driven when the device s used as CMOS-fo-
TTLDTL convertefs (Vpp - 50V.Vor = 04 V. oL * 32 mA). Note
that pins 13 and 16 are not connected mtornally on this device; conse-
quently connechions 1o these terminals will not atfect cucunt operation.

e High Source and Sink Curients

s High-to-Low Level Converler

© Supply Voltage Range 30V 1018 v
® Meets JEDEC UB Speciicalions

® VN can exceed Vpp

o Imptoved ESD Prolection on All Inputs

and N-channel enhancement mode devices in a single monofithic structure.

MAXIMUM RATINGS® (Valtages relerenced 1o VSS)

L SUFFIX
CLRAMIC
CASL 620

P SUFFIX
PLASTIC
CASE 648

D SUFFIX
o sOIC
CASC 7hih

Rating Symbol Value Unlt 4
DC Supply Voltage VoD 0%to 118 v
Input Voltage (DC ot Transient) Vin 0510 118
Output Voltage (DC or Transient) Voul 0510 Vpp 05 ORDERING INFORMATION
tnput Current (DC ot Transient), pes Pin hn <10 mA MCHIXXXBCR . € asiw
- MCIIXXXDCL (e e

Output Current (DC or Transient)., poer Pin lout ' 45 . mA MC1IXXXBD - S0
Powor Dissipation, per Pachaged Pp mwW A O 006 C 00 A packages

Plastic Cerarmc 825

SOIC 740
Storage Temporature Tsiq 6510 + 150 C
Lead Temporature (8-Socond Soldermg) I 260 “C

*Manmum Ratngs are those values beyord whsch damage to the device may occul

1 Jemperatre Detatng Al Packages See Fgure 4

CIRCUIT SCHEMATIC
He O Creunnt SHOWNL

ﬁn

V, v
N
o— - J-—o
7 S e
"L’ Vss

MC 1404500

LOGIC DIAGRAM

MC 1404908

NC : Pn13 16
Vgg * Pn 8
VDO-Pnl




MC14049UB

ELECTRICAL CHARACTERISTICS (Voltages Referenced to Vgs)

VoD - 55°C 25°C 125°C
Characteristic Symbol | yge Unit
Min Max Min Typ Max Min Max
Outpatt Voltage "0" Level 50 - 0.05 - [} 0.05 - 005
Ve VDDO'O . vou 10 - 005 - 0 005 | — | 005 | vac
15 —_ 0.05 - 0 0.05 - 005
"1" Leve! 50 495 — 495 ° 5.0 -— 495 —_
Va 0o Vpp VOH 10 | 9.95 - 9.95 10 — {995 | — | vae
15 14.95 - 1495 15 — 14 95 —_
Ingul Voltage “0" Level

(vo 45Vdc) vy 50 — 10 - 2.25 1.0 - 10 vde

{(vo 9.0 Vde) L 10 — 20 - 4.50 20 —_ 20

Vo 135 Vde) 15 — 25 — 6.756 25 —_ 25

“1” Level

(Vo 05 vdc) 50 40 o 40 275 - 40 -

Vo 10 Vde) ViH w0 | 8o | — 80 550 Z Jeo| = |V

(Vo 1.5 Vvdc) 15 125 == 125 8.25 —_ 125 —_

Outpt Drive Cutrent IoH

Vou 25 Vdc) Source 50 16 - 125 25 - 1.0 -

Vou 9.5 Vdc) 10 16 - 13 26 —_ -1.0 — mAdc

(Vou 135 Vvdc) 15 47 -— 375 10 - - 30 —_

tvou 04 Vvdc) Sink oL 50 | 375 - 32 60 — 26 -

VoL 05 Vde) 10 10 - 80 16 B 6.6 —

{vor 1.5 Vvdc) 15 30 — o4 40 - 19 - mAdc
tnput Curtent hn 15 - $ 0.1 — -00000t] ‘01 - +10 | uAde
input Capacitance Cin b - - - 10 20 - - pF

Va0
Qurescent Currant Ipp 50 - 10 - 0002 10 - 30 nAdc

{Per Package) 10 - 20 - 0004 20 - 60

15 — 4.0 -— 0 006 40 - 120
Total Suppty Curtent™*$ i g 50 It {18 pAKHZ} v IDD nAdc

{Dynamic plus Quiescent, 10 i1 135pAKHD T 1 Ipp

Pet Pachage) 15 Iy - 153 pAKHZ) ! ¢ ipD

{Ct 50 pF on all cutputs. all

bufters swilching)

#Data labelled “Typ” 1s not 1o be used for design putposas but 1s
intended as an incication ol the IC’s potential porformance

**The formutas given ate lot the typicat charactenstics only at 25°C
1To calculate lotal supply current at loads other than 50 pF
G SO pF) ¢ (CL  50) Vik

whote Iy 15 n pA (per package). CL mpf. V. (VDD Vgg) i volts,
1 w1 hHz 15 mput hequency, and k0 002




MC14048UB

SWITCHING CHARACTERISTICS® (C( - 60pF,Ta " 26°C)

Voo
Charactoristic Symbel Vée Min Typ # Mex Unit
Output Rise Time TLH "
STLH ~ (08 n/pF) C ¢+ 60 ne 80 - 100 160
LM = 03n/pFICL ¢35 m 10 - 80 100
ITLH = (0.27 nw/pF} C_ ¢ 26.5 s 15 - 40 60
Output Fall Time TTHL ~
L~ 0.3 n/pF) C ¢+ 25 $0 - 40 80
iy = 1092 npFIC L+ 14m 10 - 0 40
ML = 101 nalpF) Cy +'10ns A1 - 18 30
Propegation Deley Time tPLH ~
i - (0.38 a/pF)CL 4 61 m 80 - 80 120
tpLw = 10.20 na/pF} Cy ¢ 0 ms 10 - .40 65
tpLn (0.1 m/pF) €y ¢ 245 ne 18 - 30 80
Propegetion Deley Time 1PHL ~
tpap = 10.38 nUFICy 4 11 m 80 - 0 0
tpy ~ 1092 m/pFICL 49 ne 10 - 15 30
tpyyy = (O.1Y m/pFICy 448 ns 15 - 10 20
“The formulas piven are for ihe typical charactenstics only at 25°C.
#Data lsbelled " Typ" 18 not to be used lor design purposes bul is
intended 8 an indication of the IC's potential pertormance "
MPERATURE

FIGURE 1 — TYPICAL VOLTAGE TRANSFER CHARACTERISTICS vermn TE
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FIGURE 2 — TYPICAL OUTPUT SOURCE CHARACTERISTICS
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This device contains circuilry to pro-
tect the inputs against damage due lo
high static voltages or electric lields
referenced to the Vss pin, only. Extra
precautions must be taken to avoid ap-
plications of any voitage higher than the
maximum rated voltages to this high-im-
pedance circuil. For proper operalion,
the ranges VgS « Vijp < 18 V and Vgsg
< Voul © VpD are recommended.

Unused inputs must always be tied to
an appropriale logic voltage level (e g..
either Vg5 or Vpp). Unused outpuls
must be left open.
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FIGURE 3 - TYPICAL OUTiUY SINK CHARACTERISTICS
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PIN ASSIGNMENT
L Voo NC 16
2 cout, Outy f2 V8
3 in, Ing O 14
4 coury (W == R L]
s 3 Ing O‘ul: 12
8 oute g M
T Sine Outp 10
| ] Vss ing o § ]
NC = No Connection




MOTOROLA '
SEMICONDUCTOR e

TECHNICAL DATA

Low Noise, JFET Input

Operational Ampli

These low noise JFET input operation

fnear lechnologies on a single mono
compensated operational amplifier has we

gdevices for low input offset voltage.
pandwidths and fast slew rates with low
and supply currents. Moreover, §
dstortion making them ideal for use in

These devices are available in single, du
which are pin-compatible with the induslry standard MC174

fiers

al amplifiers combine two state-of-the-ant
lithic integrated circuit. Each internally
Il matched high vollage JFET input
The BIFET technology provides wide
inpul bias currents, input offsel currents,

he devices exhibit low noise and low harmonic
high fidelity audio amplifier applications.

al and quad operational amplifiers
1, MC1458, and the

TLO71
TLO72
TLO74

LOW NOISE, JFET INPUT
OPERATIONAL AMPLIFIERS

SILICON MONOLITH
INTEGRATED CIRCUIT

L]
1

MC3403/LM324 bipotar products.’

o Low Input Noise Vollage: 18 nVA'Hz Typ
o Low Harmonic Distortion: 0.01% Typ

o Low Input Bias and Otiset Currénts

» High Input Impedance: 101222 Typ

¢ High Stew Rate: 13 V/us Typ

¢+ Wide Gain Bandwidth: 4.0 MHz Typ

¢ Low Supply Current: 1.4 mA per Amp

P SUFFIX JG SUFFIX
PLASTIC PACKAGE CERAMIC PACKAGE
CASE 626 CASE 693

D SUFFIX
PLASTIC PACKAGE
] CASE 751
. (SO-8)

PIN CONNECTIONS

Oftset Nu¥ [}

Inv + Input ﬂ.»
Noninvt Input (3}

vee [4

3] NC

i vee

) Output

5] Ottset Nud

TLO?1 (Top View)

TLOT2 (Top View)

)

N SUFFIX J SUFFIX
PLASTIC PACKAGE ~ CERAMIC PACKAGE
CASE 646 CASE 632
ORDERING INFORMATION (TLO74 Only) (TLO74 Ouly)
Op Amp Temperature PIN CONNECTIONS
Function Device Range Pachkage
s —\J ]
TLO71ACD, CD sO-8 Ovtput 1 [ 4] Qutput 4
Single TLO71ACJG, CJG 0°10470°C Ceramic DIP & E]
Inputs 1 l } tnputs 4
TLO71ACP. CP Plastic DIP £ I
TLO72ACD, CD $0-8 vee (4] ) vee
| - - 5 10|
Dua TLO072ACJG. CJG 0" 10 +70°C Coramic DIP mz‘lé . é‘l l pots 3
1 TLO72ACP, CP Plastic DIP
| Ouad TLO74ACY, CJ Ceramic DIP Oupt 2 7] 8] Ovtput 3
0"10+70°C -
| TLOT4ACN. CN Plastic DIP TL074 (Top View)
S

MOTOROLA LINEAR/INTERFACE ICs DEVICE DATA




TLO71, TLO72, TLO74

i

MAXIMUM RATINGS
TLOT_C
Raling Symbol TLO7 AC Unit
Supply Voltage vece +18 v
VEE -18
Ditferential Input Voltage vVio 130 v
tnput Voltage Range (Note 1) VIDR 115 v
Output Short Circuit Duration {Note 2) tsc Continuous
Power Dissipation
Plastic Package (N. P) Pp 680 mwW
Derate above Tp = +447°C 10)A 10 mwWrC
Ceramic Package (J, JG) Pp 680 mw
Derate above Tp = +82°C 17037 10 mwWrC
Operating Ambient Temparature Range Ta 010470 °C
Storage Temperalure Range Tstg 6510+ 150 *C

The magnitude of the input voltage must not exceed the magnitude of the supply

NOTES: 1.
voltage or 15 V. whichever is less.
2. The outpul may be shoried to ground or either supply. Temperature and/or supply
voltages mustbe limited 1o ensure that power dissipation ratings are not exceeded.

ELECTRICAL CHARACTERISTICS (VG = +15 V. VEE = =15 V. TA - Thigh 10 Tiow {Note 3)

TLO72C, TLO72AC
TLO74C, TLO74AC

4. Input Bias currents of JFET input op amps ap|
To maintain Junction Temperature as close to

Figure 1. Unity Galn Voltage Follower

Vo

Ap =20k

Cy = 100pF

proximately double fot every 10
Ambient Tomperature as possi

TEST CIRCUITS

TLO74C, TLO74AC

*C rise in Junction Termperature as s
ble, pulse techniques mus! be used during testing.

TLO7_C
TLOT_AC
Characteristics Symbol Min Typ Max Unit
Input Ofiset Voltage {Rg < 10 k. VoM = 0) vVio mv
TLO71, TLO72 — — 13
TLO74 — — 13
TLO7_A . — — 75
Input Ofiset Current (VM = 0) (Note 4) o nA
TLO7_ — - 20
TLO7_A - — 20
Input Bias Current (VoM = 0) (Note 4) B nA
TLO7_ — - 7.0
TLO7_A — — 7.0
Large-Signal Voltage Gain (Vo = 10 V. R 22.0K) AvoL vimv
TLO7_ 15 — —
TLO7_A 25 - -
Output Voltage Swing (Peak-to-Peak) Vo v
(R 210 k) 24 . _
{RL =2.0k) 20 - —
NOTES: (continued)
3. Tigw = O°Clor TLO71C, TLO71AC Thigh = 470 ‘Ctor TLO71C, TLO71AC
TL072C. TLO72AC

hown in Figure 3.

Figure 2. Inverting Galn of 10 Amplitier

e A A
10k

Vin

RS

—AAA
Vv

il

Cy = 100pF

MOTOROLA LINEAR/INTERFACE ICs DEVICE DATA



TLO71, TLO72, TLO74

25°C, unless otherwise noted.)

ELECTRICAL CHARACTERISTICS (Vec =415V, Veg=-15V.TA=
Twor ¢
TLO7_AC
Characteristics Symbol Min Typ Max Unit
Input Offset Voltage (Rg < 10 VoM =0) vio mv
TL071, TLO72 - 3.0 10
TLO74" — 3.0 10
TLO7_A —_ 3.0 6.0
Average Temperature Coetticient of Input Ofisel Voltage AVio/aT — 10 — pvrec
Rg =502 Tp = Tiow o Thigh (Note 3)
Input Offset Current (VeMm < 0) {Note 4) o pA
TLO7_ — 5.0 50
TLO7_A — 5.0 50
Input Bias Current (VCM = 0) (Note 4} lig pA
TLO7_ - 30 200
TLO7_A — 30 200
Input Resistanco 1 Y 1012 - 0
Common Mode Input Voltage Range VICR v
TLO7_ 110 +15, —_
TLO7_A N -12 —
415,
-12
Large-Signal Vollage Gain AvoL vimv
(Vo=210V.R 2 20 k) TLO7_ 25 150 -
TLO7_A 50 150 -
Output Voltage Swing (Peak-to-Peak) vo 24 28 — v
{RL = 10k}
Common Mode Rejection Ratio {(Rg s 10 k) CMRR dB
TLO7_ 70 100 —_
TLO7_A 80 100 —
Supply Voltage Rejection Ratio (Rg £ 10 k) PSRR dB
TL07_ 70 100 -
TLO7_A 80 100 —_
S
Supply Current (Each Amplifier) Ip — 1.4 25 mA
Unity Gan Bandwidth BW - 4.0 — MHz
Slew Rate {See Figure 1) SR — 13 vijs
Vin= 10V, R = 2.0k, CL = 100pF
Rise Time (See Figure 1) t - 0.1 - ns
Overshoot Faclor — - 10 — Y%
Vin» 20 mV, R = 2.0K, Cy = 100 pF
Equivalent Input Noise Voltage en — 18 —  nVAHz
Rg = 10042 1= 1000 Hz
Equivatent Input Noise Current In — 0.01 —  |pavHz
Rg = 100421 = 1000 Hz
Total Harmonic Distortion THD' — }. 001 — %
Vo (RMS) = 10 V. Rg < 1.0k
R 22.0k, 1= 1000 Hz
—_ — 120 — dB8

Channel Separation
LA\, - 100




11g . INPUT BIAS CURRENT {nA)

V0.OUTPUT VOLTAGE SWING (V. p)

V0.QUTPUT VOUTAGE SWING (Vp.g)

TLO71, TLO72, TLO74

Figure 3. Input Blas Current
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Vyvor . OPEN-LOOP GAIN

NORMAUZED SLEW RATE

TLO71, TLO72, TLO74.

Figure 9. Large-Signal Voltage Galin and
Phase Shift versus Frequency
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TLO71, TLO72, TLO74

Representalive Circult Schematlc
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MOTOROLA A
SEMICONDUCTOR_——-

TECHNICAL DATA

JFET Input Operational Amplifiers

These low-cost JFET input operatio
monolithic integrated circuit. Each internally

ier has well malched high voltage JFET inpul
#tage. The BIFET technology provides wide

knear technologies on a single
compensated operational amplit
devices for low input offset vo

nal amplifiers combine two state-ol- the-art

pandwidths and fast slew rates with low Input bias currents. input oftset currents,

and supply currents.

These devices are available in single,
l which are pin-compatible with the industry s

dual and quad operational amplifiers
tandard MC1741, MC1458, and the
s with an "M" sutlix are specified over

TLOS8T
TLO82
TLO084

JEET INPUT
OPERATIONAL AMPLIFIERS

™

) MC3403LM324 bipolar products. Device:
the military operating temperalure range of
suttix are specified from 0" lo +70°C.

—55° 10 +125°C and those witha “c"

+ Input Oliset Voltage Options of 6.0 mV and 15 mV Max

s Low Input Bias Current: 30 pA

e Low Input Offset Current: 5.0 pA
¢+ Wide Gain Bandwidth: 4.0 MHz
High Slew Rate: 13 V/us

High Input Impedance: 10120

Low Supply Current: 1.4 mA per Amplifier

Representative Circuit Schematlc (Each Amplifier)
Output P

Vec

G

0}

MRS
A A

020

F{: ou it 3 Veeld
g U7 (on | 71082 (Top View)
onz} .o »{:ou E | )
osH—1 31 sl
g NS I N f’
_ .o—t o T : : , 14 ‘W 1
ol ST 15 V 1
Ttoé | n ¥, N SUFFIX J SUFFIX
o o s Cocvey CERAMIC PACKAGE PLASTIC PACKAGE
Crameot Ml CASE 632 CASE 646
ORDERING INFORMATION (TL084 Onty) (TL0B4 Only)
Op Amp Temperature
Function Device R':\go Package PIN CONNECTIONS
TLOB1ACD, CD ’ SO-8 \J
, TL081ACJG. CJG 0° 10 470°C Coramw DIP Outpt 1 7] 19 Ovtput 4
Single
TLOBIACP, CP Plastic DIP wouts l[i ) ] outs 4
TLOBTMIG 557 104125°C_ | Ceramic DIP A egie NUTY R
TLOB2ACD, CD 506
3 \"} 4 {0RY
Do TL0B2ACJG. CIG 0° 10 470°C Coramic OIP ce E :01 EE
\l
TLOBZACP, CP Plastic DIP " i
i puts 2 SHE Toputs 3
TLoB2MIG 55 10+125°C Coramic DIP G ]
TLOB4ACJ. CJ 0" 10 470°C Ceramic DIP Output 2 7] 8] Output 3
Quad TLOB4ACN, CN 0 Plastic DIP
TLOBAMJ -55"10 +125°C Cetami DIP TL084 (Top View}

P SUFFIX JG SUFFIX
PLASTIC PACKAGE CERAMIC PACKAGE
CASE 626 CASE 693

D SUFFIX
@ PLASTIC PACKAGE
’ CASE 751
1 (50-8)

PIN CONNECTIONS

Oftset Nult (1] 1] NC
Inv ¢ Input (7} [N vee

Noninv Input ﬂl» 1] Output
Ve 8 5] Oftsot Nul
TLO81 (Top View)

Output A} 1 Vee

N N e
g I




TLO81, TLO82, TLO84

MAXIMUM RATINGS i

. TLOS_C
Rating ‘Symbol TLOB_M TLO8_AC | \Unit
Supply Voltage vee +18 +18 . v
VEE -18 -18
Differential Input Voltage Vip 130 130 v
Input Voltage Range (Note 1) ViDR 115 115 Vo
Output Shont Circuit Duration {Note 2) isc ~ Continuous
Power Dissipation
Plastic Package (N, P) Pp — 680 mwW
Derate above Tp = +47°C 18 —_ 10 mW/°C
Ceramic Package (J, JG) Pp 680 680 - mw
Derate abbve T = +82°C 1A 10 10 , | mWrC
Operating Ambient Temperature Range Ta -5510 +125 010470 C
Storage Température Range ' Toag | 65104150 | 65104150 | °C

NODTES: 1. The magnitude of the input voltage must not exceed the magnitude of the supply voltage
N ot 15 V, whichever is less.
2. The oulput may be shorled 1o ground or either supply. Temperature and‘or supply voltages
must be limited to ensure that power.dissipation ratings are nol exceeded.

ELECTRICAL CHARACTERISTICS (Voo = +15 V. VEE = -15 v, Ta = Tiow 0 Thigh [Note 3})
. . ' ; L08_C
. ) TLOS_M : TLO8_AC
V' - Characlerlstics ’ Symbol Min Typ |. Max Min Typ |. Max Unit
Input Offset Voltage (Rg < 10k. Vem = 0) Vio " mV
TLO81, TLOB2 —_ - 9.0 - —_ 20
TLOB4 — T3 a5 —_ = 20
' TLOB_A - - iy - | 75
Input Otiset Current (VoM = 0) {Note 4)° o o, nA
' TL08_ - i 20 — - 5.0
 TLoaZA ‘ — — — - - 3.0
Input Bias Current (VoM = 0)  (Note 4) ([T nA
TLO8 ™ — — 50 - — 10
TLO§_A 3 - — - — — 7.0
Large-Signal Voltage Gain (Vo= + 10 VR 22.0K) AvoL (. vimv
. TLD8 15 - - 15 - —_
TLO8_A ) - - - .2 - .-

Output Voltage Swing (Peak-to-Peak) Vo Z .V
{RL 210 k) . - 24 — — 24 — —_
(RL22.0k) ! 20 T— — 1 2 —. —

NOTES: (conlinued) =~ ,° p
3. Tigw = -55'C for TLOBIM, TLOB2M, TLOBAM Thigh = +125°C for TLOBIM, TLOB2M, TLOB4AM
0C for TLOB1C. TLOB1AC Thigh = +70°Cflor TLOB1C, TLOBIAC
TLO82C, TLOB2AC TLOB2C, TLOB2AC
& TLOBAC, TLOB4AC TLDB4C. TLOB4AC

4. Input Bias currents of JFET input op amps appr

To maintain junction temperature as close 1o ambent temperature as possible, pulse techniques must be used during testing.

Figure 2. Inverting Gain of 10 Amplitier

10k
—AAA-

Figure 1. Unlty Galn Voltage Follower

Vo Vin Vo

Vin
Ay = 2.0k Cy = 100pF

oximately double for every 10°C rise in Junction Temperalure as shown in Figure 3.

|



TL081, TL082, TL0OB4

ELECTRICAL CHARACTERISTICS (VoG = +15 V. VEE = =15 V. Ta = +25°C. unless otherwise noted.)

. TL08_C
TLOB M TLOG_AC
Characteristics Symbol Min Typ Max Min Typ Max Unit
Input Offset Voltage (Rg s 10k, Vem = 0) vio mv
TLOBY, TLOB2 - 3.0 6.0 — 5.0 15
TLO84 - 3.0 9.0 - 5.0 15
TLOS_A - — - 3.0 6.0
Avetage Temparature Coefficient of AVio/aT — 10 —_ — 10 — pvrec
Input Olfset Voitage :
Rg = 50 {1, Ta = Tiow to Thigh (Note 3)
Input Offset Current (VoM = 0) (Note 4) 10 pA
TL08_ — 5.0 100 —_ 5.0 200 .
TLOB_A — - _— — 5.0 100
Input Bias Current (VeMm = 0)  (Note 4) 8 pA
TLOB_ — 30 200 —_ 30 400 '
TLOB_A — - — - 30 200
Input Resistance 1 4 1012 — — 1012 — o}
Common A.ode Input Voltage Range ViCR v
TLO8_ 1 +15, — 110 415, —_
TLOB_A 4 -12 = i -12 -
- 415,
-12
Large-Signal Voltage Gain AvoL vimV
(Vo =210 V. R 22.0k)} TLO8_ 25 150 = 25 150 -
TLOB_A — — - 50 150 - )
Output Voltage Swing (Peak-to-Peak) Vo 24 28 wrd 24 8] — v
(R = 10k) W
Common Mode Rejection Ratio (Rg s 10 k) CMRR dB
TLOB_ 80 100 - 70 100 —
TLOS_A — —_ —_ 80 100 -
Supply Voltage Rejection Ratio {Rg < 10 k) PSRR : dB
TLOB_ 80 100 _ 70 100 —
TLOB_A — A — 80 100 —
Supply Current (Each Ampiifier) Ip — 1.4 28 — 1.4 2.8 mA
Unity Gain Bandwidth BW — 40 — —_ 4.0 — MH2
Slew Rate (See Figure 1) SR 8.0 13 — & 13 - Vius
Vin= 10V, R = 2.0k, C_ = 100 pF
Rise Time (See Figure 1) tr I 0.1 - — 0.1 — ps
Overshoot Faclor — —_ 10 — 8 10 —_ o,
Vin=20mV, Ry = 2.0k, C = 100 pF
Equivalent Input Noise Vollage : en e 25 — — 25 — QVNﬁi
Rg = 100 (1 1 = 1000 Hz
Channe! Separation — - 120 — — 120 — dB
Ay = 100




TLO81, TLO82, TL084

Figure 3. Input Blas Current
versus Temperature
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AvoL . OPEN-LOOP GAIN (VimV)

NORMALUZED SLEW RATE

TLO81, TL082, TL084

Figure . Large-Signal Voltage Galn and
Phase Shift versus Frequency
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MSB At 5 O—
A2 6 O
A3 70
A 8O- MC1508
Series
A5 9 O
A6 10 O—]
A7 11 O
LSB Ap 12 O]
16 3
{l
15pF
Veg:= 15V

TLO81, TL082, TLO84

flgure 14. Output Current to Voltage Transformation
for a D-to-A Converter

Figure 15. Positive Peak Detector

Settfing time lo within 12 LSB (+ 19.5 mV) is approximately 4.0 s
from the fime af bits are switchod.

*The value of C may be selected lo minimize overshoot and
ringing (C ~ 68 pF)

Theoretical Vo

Viet Al A2 A3 M A5 A5 AT A3
Vo= gy Rolp * 4“8t a2 ' e 128 256
Adjust Vygp, R14 0t Ry 50 that Vo with alt digtal inputs at high level
is equal 10 9.961 V.

Viel = 2.0 Vde
Ry= Ry = 1.0k
Rp = 5.0k

20V . 1t
Vo< ok ‘5'0"’|2’4 Y s '3 tes “ras td56

~ 255' X
"OVIZSG = 9961V

Figure 16. Voltage Conlrofled Current Source

l i Qg
Vo AAA -
MO et g e R2
Twosz,~ PAT#] - |
Vg O—— o~ NII& = qguF 1
L . =
. ; tt A1 through R4 > > RS then lgy = Vin
*Polycarbonaie or o RS
Reset - Polystyrene Capaciloi
o—0o ¢ ySty pa
Figure 17. Long Intérval RC Timer Figure 18. Isolating Large Capacitive Loads
g .Long g g Larg
L84 R R
a1 V1 R3
VR O—¢ —— WA= t AR \6_ Cc 20pF
SR N e = 151k o
1 - [ 0
N 3 A6 A (4RO E.__
- 120V . -
Clear c 0|~ R 5."15 _l. CL05uF
Rgn _ - 20V i 4
TN *Polycarbonate of * 0"""5“”' - 10%
3 Polystyrene Capacitor els:10ps

Time (1) = R4 Cen (VRVR V)), Ry = Re. Rs = 0.1 Rg

HAt: R2

Design Exam
VR 10V
R6: 20k

"t 0693 R4C

ple 100 Socond Timer

C:L0mF R3I«R&: t4M

R5:20k RI:R2

1.0k

© Whaon driving targe Cy, the Vo) slew rate is doterminod by Cy.
and lo(max):

AV
Alo s ’gl [ %‘;2 Vips ¢ 0.04 Vips (with Ct shown)
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