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ERRORS,
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Manufacturers’ Cross Reference

Exar

XR-2Z207CN .
XK-2207CP . . . .
XR-220M, ., . .
XR-2207N . . . .,
XB-2207F . .. ..
XR2211CN . . .,
AR-Z2211CP ..
XR-22118, . . .,
XRZMN . ..
XR2211P . ..
XRIBEICN .,
XR-2867CF . . ..
XR.26638. . . .

. XR-2207CN™]

Raythaon Diract

Replacamant Page

XR-2207CP
XR-2207M

XR-2207N

DR-2207P___
XR-2211CN™
XR-2211CP
XR-2211M
XR-2211N
XR-2211P __
XR-2567CN
XR-2567CP
XR-2667M___|

—7-11

——7-16

7-24

Fairchild

wATOOFM L
HATOOHM
wA&FOBHC ..

HATOG0OM

HATOQDC .
HATOSFM . L
HATIOMM
HATIOHC .
HATI0ODM .
pa&10DC L
HATZIM L
HBT23HC O L
uATII0ON
wAT2300C .,
HATZ5HM .

MAT25HC

LAF2BTC ...
HAT2HRM
MATIGRC .

L AT23ZHM

WATIIHGC

LATIION L.

HATIEZOC

uATIIPC. ..
uBTATFM
pATAHM L
WATATHC . L.
pATAIDM

RATAIDE
RATITC
uATAIRC

RATATHM

uATATHC

uATAIOM L
WATATDC .. L.
uATATRC. | .
uATATEM
uATABHN | L
WATASHC L.

uATABTC

wAA1360M .
#AAI3E0DC. .
MASIIBRC . L
uAABSEHM L.
pA4EREHC. | L
LA45E8TC, | L,
LAIEZ20M L
phASG220C. . .
pAQEI2EM L,

uAI38DC
uATIBRC
uAA151TC

Raythean Direct
Replacement

RM7O3CQ ™|
RM700T
RC709T
RM709DC
RC7O08DC____|
RM7I0CQ™ )
RMTI0T
RC710T
RM710DC
RC7F100C___|
RWM7 23T
RC723T
RM723DC
RC723DC
RM725T
RC725T
RC725NEB
RW7260E
RCT25DE_____|
RM733T — |
RC732T
RM7330:C
RC733DC
RC733DB____|
RMZ41CQ— ]
RMZ41T
RC741T
RM?41DC
RC7410C
AC741NE
RCT41DE____|
RM747T
RC7477
RM747DC
RC747DC
RC747DB
RM747CJ_____ |
AM748T
RC748T
RC748BNE____|

RM4136DC
R0413GDC]——— 1-79
RC4136DE.
RMASEST ]
RCASSBT
RCas5sNE |
RM9622DC ™ |
RC96220C
RMOG22C) |
RCA739D0B__J3—— 1108
LM33N__—_F— 5.4

RCAISINE__}—7-35

Page

132

5-8

3.4

—1-36

2.2

1-28

140

1.42

—1-100

6.6

Harris

HA1-4741-2 0 .
HA1-4741-5 ., |
HA1-4741-B. .,
HAZ-4741.6 ., |

Raythacn Direct

Raplacement Page
HA1-474%-2

. HA1-47415

© HA147418 vz
HA3-4741-5




Manufacturers’ Cross Reference

Motorala
MC14370
MC1437F
MC 14566
MCI1466CG . . .

WMC1458G . . . ..

MC1458P1,CP1 _ .

MC1488L
MC1483P

MC1488AL L L L
MC1489APF . . .

MC1489L
M1489R
MC1837L
MC1556G
MC1558G

MC3301F
MC3401F
MC3416L
M{Z1329P
MC1463L
MC1463G
MC1458R
MC1562G
MC156BR
MCI1BBEL

Raytheon Driract

Raplacement Page
RC14370C
Rcmsms} 144
RC1556T

RC1566T 148
RC1458T/

RCA4558T"

RC1458NB/ 1-48
RCA55BNB*

RC148BDC ! 6.2
.RC1483DE

RC1482ADC
RC1488ADE
RC1489DC
RC1489DB
AMIS370C— 144
RM1S66T )}~ 1.48
RM1558T/

RMASEST = I 146
RC3301DB
Rc3401uﬂ___|—1'65
ACA4444R __}—— 760
RC47390B_}—1-108
RC4105DC
RC4195T
RC4195TK
RMA195T

RM4195TK
RM43195DC

6-4

*Wideband, low-nnise version

Nationai

LFETSBAL. . . . _ .
LFiBEAH . . . ..
LF 1550
LF1S&H . ., ...
LFiEBAL . . ...

LF156H

LF356EM

LH21MAD | . ..
LHZ101 AF

LH2111D . .. ..
LHZ111F

LH2Z2014D | . _ .
LH2211D ... ..
LH2301aD . . ..
LHZ23110

LMI01AD
LMI101AF
LM101AH ., . | .
LM101AJE ..
LM10EH . . .. ..
LMI07H . L
LMigzle ...,
LMOZN ., .
LM11iH
LM11IF . L
LM119138 ... ..
LM11BH . . . . ..
LMI240 . . .. L.
LiM124F
LM224D
LM301 4 H
LM3014AN

Raytheon Direct
Replacemant

LF15SADE ™
LF155AH
LF 1550
LF165H
LF15GADE
LF156AH
LFI56DE
LF1S6H
LF157ADE
LF167AH
LFI57DE
LF157H
LF255H
LF256H
LF257H
LF355ADE
LF365aH
LF3S5DE
LF355H
LF355N
LF356ADE
LF366aH
LF356DE
LF356H
LF356N
LF357ADE
LF357AH
LF357DE
LF3IETH
LF357N____|

Page

——1-24

LHZ101AD .
LH210tA Fj—1 s
LH2111D

LH21 11F:'_5'10
LH2267AD——1-51
LH22110=3—5-10

LH230fAD___F——1-51
LH231 03 —-—5-10

Lv1g1AD
LM1D1ACG
LM191AH
LM1D1ADE |

1-2

LWI0sAH " F—— 32

LM107H
LM107DE
EAM107M

LM111H
LMI111F
LMINMDE___|

14

5-2

LM11BH—___—_}——1-8

LM124D
LM124F
LM224D

LM30TAH
LM301AN

—1-10

1-2

LMZ0MADE__ |

LM307H
LMZ07N

LM3DEHj___ -
LM305AH

14

LM307DE___|

Raytheon Divact

Mational Replacement Page

LM30BH . ... .. LM308H

LM308AH . . . .. LM308AH

LM30aM . ., L. LM30BN | 15

LM30BAN . . . . . LM30BAN

LM308J8 .. . .. LM308DE

LM3028AJ5 . . . . LM30SADE _ |

LM3tIH . .. . LM3MH

LM3TIN, ... LM311N 5-2

LM311d-8 ... .. LEM3112-8

LM3M8H . .. . .. LM315H

LM31BLE8 ., L. LM318DE 1-8

LM31EN . .. . .. LM318N _____|

LMazay .. LM324.4 —

LMI24AN" LM324aN —=1-10

LM3Z4N*"™ LM324N

LMSERH . . . . . AMBEET

LMBSECH . . . . . RCS55T 72

LMEEECN . . . RCEEENS_ |

LMBSGE) | . RMSSEDLC™

LMESECS . . ... RCSS6DC 76

LMERECHM . . . . ACHE6DB

Ld708H . . . ., RM708T 1.34

LM708CH . . . _ . RC708T.

LMZ10H . . . ... RM?10T3_5_8

LM71DCH . . . .. RC710T.

LM7230 . . .. RM723DC™ ]

LM?Z23CD . . .. . RC7230C

LMT723H . . . ... RM723T 2.4

LM723CH . . ... RC7Z3T

LM723CN . . 0 . RC?2aDB |

LM725H . . . .. RM725T ! 136

LM726CH . ., . RC726T.

LM733H ., ... RM733T " |

LM733CH . .. .. RC733T

LM7230 ... ... RM733DC 2.2

LM733CD . .. .. RC733DC

LM733F .. . .. RM733C0O____|

LMIIF . .., . RM741C0 |

LM?41H . . . L. RM7a1T

LMF4ICH . . . .. RC741T —-1-38

LM7HICN . . .. RC741NE

LM741D . . .. .. RM7aIDC___ |

LM?47D . ... RM7a7DC— |

Lma474C0 . . . L. RC747DC

LM747F . ... .. RM743CI | 146

LM747H . . .. .. RM747T

LM747CH . . . .. RM747IT

LMPATON . L L L RLC747DE

LM748H , . ... . RM748T

LM748CH . . . . . RC748T ——1-42

LM748CN . . . . . RC748NB____|

LM1458H . . . . . RC1458T) " F——1.46
RCAGEET** —}+———1-100

LM1458N L L. RC1458MB/_F——1-45
RCA5SBNB__1— 1 100

LMiBSZH . ., .. RAM1BLEET ___T——148

LM2900d. . . ... LM2900J 1853

LM2800M . . L L2900M

LM200tN |, ., .. LM29UIN"_"——5-4

* "Wideband, lovw noise version




Manufacturers’ Cross Reference

Mational

LM2802N

LM380ON . ..

LM3IZAZN
LM133F |
LM138AF
LM138d .
L1384
LM239F .
LM2I9AF
LM238J .
LM2384)
LM333 |
LM335AJ
LM339N
LM3Z9AN

L1480
L2430 .

LM1284AH
LM129BH

LMI129CH ., . ...

LK3208BH
LM329CH
LM3280H

LM1GGH . . . ...
LM288H . . .. .
LM398H . . ..

LM133AH

LM2S2AH ., . . ..
LM382AH . . _ .

Raytheon Direct
Replacament

LM2302N _— ——1-10

LM3IS0ON""—}—153
RC33020B ™
LM139F
LM139AF
LMI139J
L1394
LM239F
LM230AF
LM239)

Page

5-4

LM243D

114

LM348N
LM34gM |

LEMIZ22AHT |
LM129BH
LM122CH
LM3298H
LM322CH
LM329DH_ |

LM199H
LM293H
LM388H
LM123AH
LM299AH
LM3O0AH

4.7

RCA
CAJO78AS

CAJ078AT . ...

CAZ0785,

CA30ET

** *Plastic mini-dip

Raytheon Diract
Heplacamant

RM3078DE™ |
AM3078AT
RC30730DE
RC3078NB***
RC3A78T

Pags

1-56

Signetics
MNEB13T
NERITY
MESBELT _ . . .,
NESBESY . . . ...
NEGSET . ., . .,
MNESE6Y

MEBSSGT
MEBBSEY . . . | .

NSES3ET

NSELBY

SESIIT
SESBST |
SEBSET

*Duaal replacement

Raytheon Dirsct

Replacement Page

RC45MT

RCAG31 ND_ 1-98
RCS5bT
ncsasmE:_ 2
RCS5E6T
Acsseng___ 76
XR-2667CP*1—— 7-24
RC1656T
FIC1556NE:’— 148
RC14b8NBf_J—1-496
RC4558NE** ——1.100
RC1458NBf__}—— 1.46
RCas58NBY*_ 1—-1-100
RMAEIT __1—— 1938

RMBS5T — —1+———7-2
RMBSET =~ " }———76

**Wideband, low-noise version
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Manufacturers’ Cross Reference

Texas
Instruments

SNSZT0TAL. ...
SNS107L. . . ...
SN52108L . . .
SN52108AL. . . .
BNG2Z5EEL . . . ..
SNG2708J .. .
SNG2708L . . . ..
SNB270GL . . . .
SNB27095 L
SNBIFODAL L L.
SNBZTO9AL . . ..
SNB2708AL . . ..
SMB2709AS . ., |
SMNB2FI0 . . L
SNB2TI0L. . . .
SNBZTIOS . . . ..
SNB2T33L. . . ..
SNS27AIF
SN&Z27T4S . .
SNSZTMIL . .
INBZVMIP .,
SNBZMTL L L.
SNE4FAFL . L L
SNEZT4AR) L L
SN&Z748L . . . . .
SNFZI0TAL. . .
SN72301AP . L
SNTIIOFL. L.
BNTF2307P . L.
SN72308L. . ...
SNT2308L. . ...

SN72BREL . . . . .

SNF2EEEP . . .

SnR270Q0 . L
SN7ZFOQL. .
SM7270aP ., ..
SN72708A) . . .
SNF2T0AL .. ..
I | N
SNTF2ZTIOL. . ...
SNTZTIL . L L.
SMEZIIL. ..
SNT2733L. .. ..
SN72T4IL. ..
SNT2¥AIL. . L L.
SNTFZIAIP . L.
SNT2MANM. L
SNYZFATS . L
SN7ZFATL. ..
SNTZFATN ., L
SN72748L. . . .

Raytheon Direct
Replacement Page

LM10OtAH _—_J1—1-2
LMI1GPH 33— 1.7
LM108H

g 1%
RMA858T ___}— 1.100
RM700DC ]
RM709T
RMZ09T
ARZ0A0 ——1-24
RM7089ADC
RMZOSAT
RM709AT
RW709AC |
RMZ10DC™ |
RM710T
RM7100C
RMFIIT — 1T —— 2.2
RM7410
RM741DC
RM7A1T
RM?41NB. ]

RM747D
RM'M?T:J_ 1-40
RM748D

LM301AH o
LM3201AN ]__ :
LM307TH
LMSDTN} B
LM3208H

LM308H ’ 18
RC1458T/ " F—1-46
RCA558T.———1-100

RC1458NE/ " F— 1.4
RC4558NB——3——1-100

RC7T09DC™ )
RCY09T
RC709NEB
RC709AD
RC709AT
RCTI10DC™
RC710T
RC7100C
RCF10T____J
RC73IT_—___ }—12.2
RC7AICC
RC?A1T
RC741NB
RC741MB
RC747DC™ ]
RC743T 140
RC7470B_._|

ACTABT " }—142

5-3

[—1-38

1-34

(5]
o

—1-38




A

SYMBOL RM/RC747 RM1637/RC1437 RM1558/RC1458 LH2101A/2301A UNIT
Maximum Ratings 3 1o +3 to 13 to +3 to
Supply Voltage Range Voo 22/%18% 18 122/+18% 122/£18% 1
Differential input Voltags VD +30 5 30 +30 V
Input Voltage 115 +10 +15 +15 v
Power Dissipation Pp 500 500 500 500 m
Electrical Characteristics @ 25°C MK | TYP | MAX | MIN TYP MAX MIN | TYP | MAX MIN TYP MAX
Test Conditions Voo 15 18 15 b v
Input Offset Voliage Vin 10 | 50 1.0 50 10 |50 2.0 my

2.0% | 6.0% 75 2.0* | 6.0% 7.6*
Input Offset Current o 30 | 200 50 |200/500" 30 | 200 10/50" nA
Input Bias Current T 200 | 600 0.2/0.4 | 0.58/1 5" 200 | 500 75/250" nh
Input Common Mode Voltage VICR 12 | #13 3 £10 12 | +13 £15/+12* v
Rarge
Supply Current D 3.3 5.6 5 7.5 3.3 5.6 2.5 mA
Open Loop Voltage Gain AvoL 50 | 200 26/15" 45 70 50 | 200 26/15" Vimy
Output Yoltage Swing YR 12 | +14 +12 14 12 | 14 13 Vv
Common Mode Rejection Ratio | CMRR | 70 | 90 70/65% 90 70 | 90 s0/70" dB
Power Supply Rejection Ratio PSSR 30 150 150 30 150 | 80/70* 160 JIRTEAY)
200" dB
Unity Gain Bandwidth BW/ n.a 0.8 MHz
Slew Rate SR .5 4.6 W ius
Channe! Separation -98 -90 -98 dB
Naoise Voltage VN nV/{Hz)%
Operating Temperature Bange TA -55 RM 125 -55 RM 125 -55 RM 125 -65 2101A | +128 °C
o] RC 70 0 RC 70 a RC F0 -2b 2200 A +35
] 230A ] +70
Package: Hermetic TO-5 TF TE
Hermetic Dip D¢ DC CE pC
Plastic Dip DB DB MB

**Note: Specifications apply £5 < Voo < £20V and over temperature.

*Commercial temp range device.

Arewawng Jopdwy [euonessdo jeng



svmeot. | RM/RC4558 RM/RCA559 RCA739 UNIT
Maximurm Ratings ] 4 to +4 to 4 1o
| Supply Voltage Range Voo ! 18 18 15 v
r Differential Input Voltage Vo ! +30 =30 +30 W
Input Voltage 15 15 +15 v
Power Dissipation Pp 500 500 500 mw
Electrical Characteristics @ 25°C MIN TYP MaX MIN TYP MAX | MIN TYP | MAX
Test Conditions vee | 415 +15 +15 v
Input Offset Voltage VIiD 1.0 5.0 1.0 5.0 20 6.0 mv
20" 6.0% 2,07 8.0"
Input Offset Current [Te} 5.0 200 50 200___“-___— 50 200 nA
Input Bias Currant lig 40/200* 500 40/200% 500 a0 500 nA
Input Common Mode Voltage VICR —_ii2 14 12 *14 T =12 +14 v
Range
Supply Current o | 3.5 5.6 35 | 56 35 | 56 mA
|1 Open Loop Valtage Gain AvoL 50420 300 50/20% 300 20 300 Vimy
'_Output “oltage Swing YOR +12 14 12 =14 12 +14 \Y
L Commaon Mode Rejection Ratio CMRR 70 100 70 100 70 100 ] dB
| Power Supply Rejection Ratic | PSSR T 70 | im0 | 10 150 RN
Unity Gain Bandwidth ByY 2.5/20% 3.0 3 4 3.0 MHz
| “Slew Rate SR 0.5 15 2.0 1.0 Vius
[ Channel Separation -90 -90 BB aB
Moise Voltage Wy i0 2071 1.41 2.51 NV tHz) Y
| Operating Temparaturs Range | Ta | -55 RN 125 55 TRM | +125 | © 70 °C
3 RC 70 0 RC 70 J
Package: Hermetic TO-5 TE TE 1
Hermetic Dip OE DE
Flastic Dip NE NEB [B):]

*Commercial temp range device.

tBroad Band noise voltage -20 He to 20 kHz (uV RS-

Alewwng Jjayjdwy jeuoyesadg jeng
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RM35034/
SYMBOL RMA136/RC4136 LM12471M224/LM324 LM2902 RV34034/RC34034A LM2200/LM2900 RV3301/RC3A07 UNIT
Maximum Ratings +4 1o +3or+1510 +3or+1.6 1o +2.5ar 1,25 10 +40r +2 to +4 to
Supply Voltage Hange Voo 22/18% +32or £16 +320r 115 +36ar 118 +36 or £18 +28/+18* W
Cifferential Input

Vallags Vo 30 32 26 35 v
Input Yoltage 115 a2 26 36 A
Power Dissipation o 80q ann 570 650 570 625 my
Electrical Characteristics | @25°C [MIN | TYP | MAX | MIN TYP MAX | MEN TYF MAX | MIN [ TYP | MAX | MIN TYP | MAX [ MIN TYP |MAX
Test Condition V! + 18 +5 15 15 +15 118 W

4.
Input Difset Voltage Vig gg 6.00‘ ? ?5“ 2 ’ 2 54" i
T * 2 x +
Input Offset Cosrent hio 5 ZOSC?' tg _4.530‘1 5 50 30 50 A
. 40 400 150 45 500 150 200 30 200 &0 300
Input Bias Current he s00* 260+ i
input Commeon Mode . _

Voltage Range VICR 12| 14 a5 35 15 +13 W |
Supply Current 'D 7 11.3 08 2 0.8 2 3 4/6* §.2 10 %] "0 mA
Open Loop Voltage RO 300 50 100 100 B0 100 1.2 28 1 2

Galn AVOL | z0° 25+ 25+ Vimy
Cutput Voltage Swing VR 212 | 14 0 vi15] 0 virgl n13 | +14 135 [ 14.2 13.5 | 142 v
Carpmaon Mocle 70

Rejection Ratio CNMRR il 100 G5 85 50 70 30 S0 dB

0 180 16508 | 100 dB RO dB | 100 dB 20 45 jode hE dB
Power Supphy PSRR avav | Vv FEATEA IR LFLTS
Rejection Ratie 160

IV
Unity Gain Bandwidth BW 3 2.0 25 5.0 MHz
Slew Rate SR 115‘ 0.3 12 05 08 Wius
Qutput Sink Current Is nk 10 20 10 20 0 20 05 1.3 0s 1.0 ma
Output Sourse Current lenurce 20 40 20 a0 20 40 6 18 5.0 10 mi
Channel Separation -390 —120 —120 —120 —B5 dp

. —hR5 | BM ] +125 { =55 | LM124 | +125 40 +85% —-55 | RM +125 —40 2000 | +85 | —40 3301 | +8%

Operating Temperature a0 | Re | +70 | 25 |tm22q| 88 40| v | +e5 | o | zvo0| +70 | o | 2a0 | 478 | °c

Range o |mv | +85 | 0 jrm324| +70 o | RC | +70
Package: 14 pin Dip Hermztic [n]% DC o

Plastic DB [n]=) DB DB il oB

*Dangile commercial temperaturs range device




LM 149/249/349

S¥YMBOL FIMJ’FI\.\'J’FHIMJ.."»B(21 LM148/248/348 HA4741-2/5 RM/RV/RCA4157 UNIT
Maximum Ratings
Supply Voltage Range Voe 1410 £20 +4 10 +22 410 20 14 o £20
Differential Input . .
Voltage Vip 30 +44/+36 +30 +30
Input Voltage 15 £22/£18° 195 15
Fower Dissipation Fp 820 a0 800 330 vy
Efectrical Characteristics ®25°C MIN | TYF MaXx MIN TYP MAX [ MIN TYP MAX MIN TYP MAX
Test Condition Voe! 15 15 115 15 W
0.5 340 50 0.5 3.0 05 3.0
Input Otfser Voltage v 1.0 my
o 1o 10 | 50 6.0* 10 | 50° 10 |50
input Offset Current o 15 30 4 25 18 30 15 30 né
30 50 504 20 BO* 30 50
Input Bias Current hg 60 200 30 100 GO 200 &0 200 né
300 200" 300 300~
tnput Common Maode s
Voltage Rangs Vicr |12 | 14 +12 +12 112 W
Supply Current o 4.5/5 5{7* 24 3.8 45/5 5/7* 4.5/5 /7 ma
Open Loop Valtage 50 50 50 100 &0 ’
Gain AyoL 257 100 25 160 25+ 50 a5 100 Vimy
Cutput Voliage Swing VoR 12 114 412 <13 +12 W
Common Mode .
Rejection Ratio CMRR | 80 70 50 80 80 dB
Power Supply PSRK 20dB 7 a6 aort BG
Rejection Fatio dB e dft
Unity Gain Bandwidth BW |28 | 25 aoih 3.5 1501} MHz
0.5/
Slew Rate SR 13 16 201 18 6.5 g W/ us
Output Sinde Cuvrent lgink ! 3 t6 maA,
Output Source Current Viouree 5 15 i,
Channg| Separation -1G2 -120 —108 —108 B
. --55 R +125 --B5 145 +12% —55 R +125
Operating Temperature —40 1 AV | 8 | -25 | 248 | +35 _35 :g +;35 -26 | RV | +85 | “C
Range o | re | 70 0 348 | +70 0 RC | +70
Package: 14 pin Dip Hermetic DC DC pC oC
Prastic De DE [8]:] DB

*Denotes commercial temperature range device
**Applies over temperaturg
1149/349 IA\,m.m = &) parameter

1 Denotes industrial temperature range device
{1} Gain-bandwidth product lA\,m‘.n =5}

‘2JIn|:lut noise voltage = 2 uv RMS max {30 Hz to 20 kHz}
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SYMBOL|  Lm139A/1LM139 tﬂiﬁ‘;ﬁmﬁ LM2901 RV3302 UNIT
Maximum Ratings
Supply Voltage Range vee +4 to +36 +4 to +36 +4 to +36 +4 1o +28 or £14 v
Differential Input Voltage Vip +36 +36 +36 +28 WV
Input Voltage +36 +38 +36 +28 v
Power Dissipation Pp 800 800 570 625 mW
Electrical Characteristics MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX
Test Condition Ve 15 +5 +5 +5 \
Input Offset Valtage Vo 211 5/2" 2/4 5/2% 2 7 3 20 mv
input Offset Current ho . 3 25 5 50 50 3 100 nA
input Bias Current i 25 100 5 250° 25 250 25 500 nA
Input Common Made Vaoltage VICR 0 +35 0 +35 0 +3.5 0 +3.6 Y
Range
Supply Current log 0.8 2 0.8 2 08 2 0.7 1.5 mA
Open Loop Voltage Gain AvolL 200 200 200 2 30 VimV
Common Mode Rejection Ratio | CMER &80 dB
Slew Rate SR =200 Vs
+50
Respanse Time Ty 1.3 1.3 1.3 20 M
Output Sink Current lsink 8 16 <] 16 6 16 2 16 mA
Saturation Voltage Vsat 0.2 0.4 Q.2 0.4 0.2 0.4 0.25 0.5 v
Qutput Leak Current loL 0.1 G.1 D1 1.0 na
Operating Temperature Range -55 +125 -25 239A +35 _40 +35 —40 +85 oC
Ta 0 330A +70
Package: 14 Pin Dip Hermetic bBC DC C
Plastic DB DB DB DB

*A version

AJewwung si0jereduwion penp



Quality and Reliability

RAYACT-883 PROGRAM

The Raytheon Acceptance Testing Program called Rayact-883
involves in-process inspections which assure compliance with
MIL-STD-883 test methods and MIL-M-38510 Program Plan
Requirements,

Table 1 defines the Standard Process Flow for Raytheon
Semiconductor's Integrated Cirguits, After completion of the
in-process inspections and 100% production sereens, each lot
is subjected 10 a quality conformanee inspection as defined in
Table 2. The screening and acceptance testing outlined in
Tables 1 and 2 are provided at no extra cost.

In addition to the Standard Process Flow and acceptance test-
ing, Oualification Tests in accordance with MIL-STD-883,
Method bOOS are conducted every three months on gach prod-
uct line, Generic Summary Data of Groups A, B, Cand D is
available upon request.

The level of reliability you desire can be selected from Table 3.
These tests are conducted in accordance with Method 5004 of
MIL-STD-883.

APPLICABLE DOCUMENTS:

Military: MIL-STD-883
MIL-M-38510
MIL-0-9858

Raytheon Semiconductor:
Quality/Reliability Assurance Manual

PROCESS MONITORS

Quality control process monitors as shown on Table 1 are
designed to verify our compliance with our internal written
specifications.

Our monitor reports are used to identify problem areas and
process trends.

From the analysis of these reports we are able to continually
iMprove our processes.

DIE SALES

Raytheon devices are available in chip form as well as a variety
of packages.

Each die is electrically tested to the applicabie wafer probe
test specification. In addition the die are 100% visually in-
spected to meet the requirements of MIL-STD-883 Method
2010 condition B. Die are then checked to assure a 1% AQL
by quality control. Refer to Raytheon's dice catalog for comi-
plete product and processing information.

FAILURE ANALYSIS GROUP

The failure analysis group is capable of analyzing any material
used in the Semiconductor industry, Egquipment such as
5.E.M., Auger Spectroscopy and Dispersive x-ray are used on a
daily basis.

Fult metallographic capability is also available for studying
varigus structures,

Table 1—Standard Process Flow Summary for Iintegrated Circuits

COMMERCIAL MILITARY PROCESS COMMERCIAL MILITARY PROCESS
EPOXY | HERMETIC | HERMETIC FLOW EPOXY | HERMETIC | HERMETIC FLOW

X X X Purchase raw material X X X QC  lot acceptance.

X X X Quality cantrol receiv- Samples are selected
ing inspectian. Parts from each lot
are inspected to ap- X X X Wafer stores
plicable M&SS$ and/ X X X Scribe and break and
or drawing. plate. :

X X X Mask making X X X QC monitor

X X X QC mask ot accept- X 100% die wvisual MIL-
ance. Each lot is in- STD-833 iethod
spected far mask de- 2010 condition B
fects. X X 100% die visual com-

X X X Wafer fabrication mercial spec

X X X QC process monitors X X X QC lot acceptance
including  particte X X x Oie attafj‘h.
counts, DI water, X X X QC manitor
gasses, SEM and dif- X x Ultrasonic  aluminum
fusion bond.

X X % QC tot acceptance. X X QC monitor
Samples are selected X Thermal compression
from each iot. gold band,

X X X 100% electrical probe X QC monitor
tast  per  applicable X Preseal inspection
spec 100X MIL-STD-883

Method 2010 Con-
dition B

Xiii



Quality and Reliability

Table 1—Standard Process Flow Summary for integrated Circuits (Cont.)

Table 2—Quality Conformance Inspection (Each Lot)

"Except TK{TOGE! packages.

COMMERCIAL MILITARY PROCESS COMMERCIAL MILITARY PROCESS
EPOXY | HERMETIC | HERMETIC FLOW EPOXY | HERMETIC | HERMETIC FLOW
X Preseal inspection 30X X X QC monitor
MIL-5TD-E83 Meth- X X Tin plate MIL-STD-
od 2010 Condition B8B83 Method 2003
B X X QC monitor
X X Preseal inspection 30X X Solder dip MIL-STD-
commercial  specifi- 883 Method 2003
cation X QC monitor
X X X QC lot acceptance X Hermeticity MIL-
X X X Seal/mold and cure. | STD-883  Method
X X X QC monitor 1014 Condition A or
X X Stabilization hake B and C
MIL-STD-883 Meth- X QC maonitor
od 1008 Condition X X )4 Visual machanical
€ 150°C for 24 hours MIL-STD-883 Meth-
X X Temperature cycle od 2009
MIL-STD-B83 Meth- X X X QC monitar
od 1010 Condition x x b4 DC and functional per
C -65 to +150°C, applicable electrical
10 cycles test specification
X X QC monitor X X X QA lot acceptance
X X Centrifuge” MIL-STD- X X X Unbranded inventory
883 tlethod 2001
Condition C, Y1 only

INSPECTION LTPD/MAX. ACC. NO, COMMENTS
External 7i2 MIL-STD-883, Method 2009
Hermeticity 7i2 Military Products
Fine Leak MIL-STD-883, Method 1014, Condition Aor B
Gross Leak MIL-5TD-883, Method 1014, Condition C
Electricat
+250C 5N
Static Parameters  [+1250C n
-589C n Per Applicable Electrical Test Specification
+250C 51
Dynamic Parameters| +1250C 741
—5R0C 71

Package and Ship

Quality Assurance Monitor

NOTE:

Generie Qualification Data in accordance with MIL-8TD-883, Mathod 5005, can be supplied if negotiated prior to procurement,

Hiy




Quality and Reliability

Table 3—Optional Screening Reference MIL-STD-883 Method 5004*

parameters {see 3.6.1)

SCREEN cLASS s (a)114) CLASS B CLASS C
METHOD REQMT METHOD REQOMT METHOD REQMT
3.1.1 Internal visual {1} | 2010, test condition A 100% | 2010, test condition B 100% | 2010, test condition B 100%
3.1.2 Siabilization bake | 1008 100% [ 1008 100% 1008 100%
see 3.4.1, 342 no 24 hrs, min, test condi- 24 hrs, min, test candi- 24 hrs, min, test condi-
end point measure- tion € min tion C min tion € min
ments required
3.1.3 Temperaturs 1010, test condition C 100% [ 1010, test candition € 100% [ 1010, test condition C 160%
cycling(2)
3.1.4 Constant accel- 2001, test condition E 100% | 2001, test condition E 100% | 2001, test condition E 100%
gration {see 3.2 and {min} Y1 orientation {min} ¥ orientation {min} Y1 orientation
3.4.2]“6] only only only
3.1.5 Visual inspec- 100% 100% 100%
ton(3)
3.1.6 Sealld) 1014 100% | 1614 00% 1014 100%
(a) Fine 1B}
(b} Gross
3.1.7 Particle impact 2020, test condition A 100%% - -
roise detection or B {6)
{PIND]
3.1.8 Serialization {7 - —
3.1.9 Interim {pre- Per applicable device 100% | Per applicable device {9} -
burn-in} electrical specification 8 specification
parameters (see
3.5.1)16)
3.1.10 Burn-in test 1015(10 100% |101511®) 100% | -
tsee 3.4.2116) 240 hrs at 125°C min 160 hrs at 125°C min
3191 interim {post- Per applicable device 100% - -
burn-in} electrica specification (8} !
parameters [see 3.5.1)
3.1.12 Reverse bias 1015; test condition A 100% - -
burn-in{11} (see or C, 72 hrs at 150°C
342418 mini{10}
3.1.13 Interim {post- Per applicable device 100% | Per applicable device 100% -
burn-in} electricall 16} specification 8} specification

*See footnates at end of table.

®y
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Table 3—Optional Screening Reference MIL-STD-883 Method 5004 (Cont.)

12
SCREEN cLass s (a) 1% CLASS B CLASSC
METHOD REQMT METHOD REQMT METHOD REOMT
3.1.14 Seal 1014 100% - -
{a} Fine
th} Gross
3.1.15 Final glectrical Per applicable device Per applicable device Per applicable device
test (see 3.5.2}{16} specification specification specification
(a} Static tests 100% 100% 100%
{1} 25°C {sub-
group 1, table |,
5005}
{2} Maximum 100% 100% —
and minimum
rated operating
temp {subgroups
2,3, 1able |,
5005)
ib} Dynamic tests 100% 100% -
and switching
tests 25°C {sub-
groups 4 and 9,
table 1, BOOS)
{c} Functional test 100% 100% 100%
25°C {subgroup
7, table {, 5006}
3.1.18 Radiographic 2012 two views 100% — —
112}
3.1.17 Qualification or 113} 113} {13)
guality conformance
inspection test sample
selection
3.1.18 External visual | 2009 100% (2009 100% |2009 100%
NOTES:
{1}  Unless gtherwisa specified, at the manufacturer’s option, test samples for group B, bond strength (method 5005) may be selected randomiy

(2}
{3}

{4}

3]
8Y
(7
(2
[£:1]
1
AR H

az
113}
{144

[15)
{16}

xvi

immediately following internal visual {method 6004} prior to sealing.

For tlass B and C deviges, this test may be replaced with thermal shock methed 1071, test condition A, minimum.

At tha manufacturer's oplien, visual Inspection for catastrophie failures may be conducted after each of tha tharmal/machanical sereans, afrer
the saquence or after seal test, Catastrophic failures are defined as missing leads, braoken patkages or |lde off,

For classes B and C devices, the soal test may ba porforrmad in any sequence between 3.1.6 and 3.1.18, but it shall be perfgrmed after all shear-
ing ang forming gperstions on the terminals.

Cptional when 3.1.14 is performed,

See MIL-M-38510 paragraph 4.6.3. Tha PIND test may be parfarmed in any sequence after 3,1.4 and prior to 3.1.13,

Class S devicas shall be seriglized prior 1o interim electrical parameter MeasuUraments.

Electrical parametars shall be read and recorded,

When specified in the applicable device speclfication, 10D percent of the devices shall be testad for thosa pararmaters regulring delta calculations.
For class 5 devicas, test candition F of method 1015 and 3.4.2 herein shall not apply.

The reverse Blas burn-in (see 3.1.12} is a raquirement anly when specified in the applicable device specification and is recommendad oarly for
certain MOS, linear or other microcircuits whare surface sensitivity may be of concern. When reverse bias burn-in is nat requirgd. interim elec.
trical parameter meatnrements of 21,11 gre siiited. The order of pertarming the hurn-in (sea 3.1,10) and the revarse bias burn-in may be
inverted.

The radiographic (see 3.1.18) screen may ba performed In any saguance after 3.1.8,

Samples shall be selected for testing in accordance with the specific device class and lot reguirements of methad B005,

Class A devices have bean deleted from MILSTD-583 and MIL-M-38510, Pending a decision pn additional Class S requirememnts, class (A} has been
fncluded in this data book.

May use 80 hours at 1507 C.

Fefar MIL-5TD-B23, Method 5004 for complete details,

‘ RAYTHEON I
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Table 4—Group Electrical Tests.(1) Reference MIL-STD-883

CLASSES 8 ({A) ANDB CLASS C
2
SUBGROUPI2) LTPDI3 LTPD

Subgroup 1

Static tests at 25" C 5 5
Subgroup 2

Static tests at maximurm rated operating temparature 7 10
Subgroup 3

Static tests at minimum rated operating temparature 7 10
Subgroup 4

Dynamic tests at 26°C 5 5
Subgroup &

Bynamic tests at maximum rated operating temperature 7 10
Subgroup 6

Dynamic tests at minimum rated operating temperature 7 10
Subgroup 7

Functional tests at 26°C 5 5
Subgroup 8

Functional tests at maximum and minimum rated operating temperatures 10 15
Subgroup 9

Switching tests at 25°C 7 10
Subgroup 10

Switching tests at maximum rated operating temperature 10 15
Subgroup 11

Switching tests at minimum rated operating temperature 10 15

NOTES:

{1} The specific paramaters te be included for tests in each subgroup sha!l be as specified in the applicable procurameant document. Whara no para-
meatare have been identified in g particular suhgroup or test within a subgroup, no grous A testing is required for that subgroup or tast to satisfy
graup A reguiremants,

{21 A single semple may be used Tor all subgroup testing. Where tha ragulred size exceeds the |ot size, 100% inspection shall be allowed {ses 30.2.5
af Appendix B of MIL-M-33510}.

{3} Class A devices have been deletad from MIL-STD-882 and MIL-M-38510. Panding e decision on additional Class § reguivemants, class (A} has been
included in thils data booak,

i
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Table 5—-Group B Tests for Classes B and C.
(1) Reference MIL-STD-883 Method 5005

TEST MIL-5TD-883 CLASSES BAND C
METHOD CONDITION LTPD
Subgroup 1
a. Physical dimensions{2} 2018 2 devices
tho failures)
b, Internal water-vapor 1018 1,000 ppm maximum water content at 3 devices
content{3} 100°C {no failures)
Subgroup 2
a. Resistance to salvents 2015 3 devices
{no failures)
b, Internal visual and 2014 Failure ¢riteria from design and construction 1 devices
mechanical requirements of applicable procurement tno failures)
documant
c. Bond strengthid) 2011 15
{1} Thermocompression {1} Test condition Cor D
{2} Ultrasoric or wedge {2} Test candition Cor D
{3} Flip-chip {3} Test condition F
14} Beam lzad (4] Test condition H
Subgroup 3
B Solderability (5 2003 Soldering temperature of 260 £10°C. 15
NOTES:

{1} Electrical rejact devices from the same inspection ot may be used for all subgroups when end-point measurements are not reguirad,

(2] Mot reguired for gqualification or guality conformance inspactions whare group O inspactian is baing performed on samples trom the same in-
spection lot.

{3} This test is required only if the package cantains 3 desiceant,

{4} Test sarmplas for band strength may, at the manufacturer's optign, unless gtherwise specified, be randomly selecred immaediately foltowlng
intarnal visuwal {pracap) inspactlon specified in Methad 5004, prior 1o sealing. Unless otherwise specified, the LTPD sample size for condition &
or O is the number of bond pulls selected from a minimum number of 10 devices, and for conditions F or H is the number of dice {not bonds)
isee Method 2011,

{5} All devlees submitted for solderability test must have bewan through tha temperature/time exposure specified for burn-in, The LTFD for solder-

il

ahility test applies to the number of leads inspected except in no case shall less than 3 devices he wsed to provide the number of leads required.
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Table 5a—Group B Tests for Class S (A) Devices.
(1) Reference MIL-STD-883 Method 5005

cLass s al10}
MIL-5TD-883 QUANTITY/(ACCEPT NO.)
TEST LOT 2 AND
METHOD CONDITION LOT SUBSEQUENT
Subgroup 1
{a} Physical dimensions{2} 2016 210} 2(0)
b} Internal water-vapor 1018 1,000 ppm maximum water content at 100°C 20} 3l
l:(.n'\ten’c(3
Subgroup 2(8) 2015
{al Resistance to solvents 2013 30} 3{0)
{b} Internal visual and and Failure criteria from design and construction 2{0} 2{0}
machanical 2014 requirements of applicables procurement
document
fc} Bond strength 2011 2(04(8} 2(0)18!
{1} Thermocomprassion {1) Test condition C or D
{2} Ultrasonic 12} Test condition Cor D
{3} Flip-chip (3} Test condition F
4} Beam lead (4] Test condition H
[d} Die shear test 2019 Per table | of Method 2019 for the applicable 3{0] 310}
die size
Subgroup 3
Solderability (5} 2003 Soldering temperature of 260 +10°C LTPD =15 LTPD - 15
Subgroup 4
Lead integrity 2004 Test condition B9, lead fatigue 2im 2i0)
Seal 1014 As applicate
ta) Fine
{h) Gross
See footnotes at end of table.
sin
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Table 5a—Group B Tests for Class S (A) Devices.
(1) Reference MIL-STD-883 Method 5005 (Cont.)

} cLass s Al10)
TEST MIL-STD-883 QUANTITY/(ACCEPT NOQ.)
LOT 2 AND
METHOD CONDITION LOT 1 SUBSEQUENT
Subgroup 5{6H7)
{a] Gate 1
{1} Electrical parameters Group A, subgroup 1, 2, 3: Read and record
{2) Steady state |ife 1008 Group &, subgroups 4-11: Attributes
{accelerated! Condition F, 260°C, 120 continuous hours
minimuim
(3} Electrical parameters Group A, subgroups 1, 2, 3: Read and record 4018) 10{2)
{b} Gate 2
{1} Steady state life 1005 Condition F, 260°C, 240 hours minimum
{accelerated) including actual gate 1 {ife test duration
(2} Seal 1014 As applicable
a. Fina
b. Gross
{3} Electrical parameters Group A, subgroups 1, 2, 3; Read and record 40{16)19) 10{4)19)
Group A, subgroups 4-11: Artributes
Subgroup 6(4)
{a} Efectrical parameters Group A, subgroups 1, 2, 3: Read and record
{b} Temperature cycling 1010 Condition C 100 cycles/min 12{0) 5100
e} Constant acceleration 2007 Test condition E: Y orientation only
{d} Seal 1014 or or
{1] Fine
{2} Gross 20(1} 8i1)
(e} Electrical parameters Group A, subgroups 1, 2, 3: Read and record

NOTES:
Electrical reject devices from the samae inspection may be used for all subgroups when end-point mezsurernents are not regquired.
Mot reguired for qualification or guality conformance inspections where group D inspection is being perfgrmed on samplas from the came

(1]
(2)

2
{4}
{s)

8}
(7

&}
i}

[

inspettion lot,

This test is required anly if the package coniains a desiccant.
For class 5 lot guality conformance testing, all samples for subgroup B2 must have bean through the complete seguence of subgroup BS tests,

Atl devices must have been through the temperature/time exposure in burn-in, The LTPD applies to the number of teads inspected except in ng
case shall less than three devices be used to pravide the number of teads requirad,
The alternate removal-of-bias provisions of 3.3.1 and 3.2.1 of Methods 1005 and 1015 respectively shall not apply for test Temperatures above

125"¢,

At the manufacturer’s optian, an alternate life test may be performed in accordance with 3.8.2.
At bonds an beth devices shall be pulled or, for condition F or H, all dice shall be tested,
Sample quantity for acceptance purposes is the incarming sarmple for gate 1 and the accept number applies to the total failures from both gate |

and gete 2.

been included in this data book.

XX

Crass A devices have been delcted from MIL-STO-8832 and MIL-M-38510. Pending a dacision on additional Class 5 requiremants, class {A) has
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Table 6—Group C (Die-Related Tests) (for Classes B and C Only).
Reference MIL-STD-883 Method 5005

MIL-STD-883
TEST LTPD
METHOD CONDITION
Subgroup 1
Steady state life test (1} 10056 Test condition to be specified (1,000 hours at 125°C) 5
End-point electrical As specified in the applicable device specification
parameters
Subgreup 2
Temperature eycling 1010 Test condition £ 15
Constant acceleration 2001 Test condition E min {for large packages, see 3)
Y| orientation only
Seal 1014 As applicable
{al Fine
{b} Gross
Visual examination 12}
End-point electrical As specified in the applicable device specification
paramelers
NOTES:
{1] See d0.d of Appendix B of MIL-M-38510.
(2} Visual examination shall be in accardanes with Methed 1010 or 1011,
-
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Table 7—Group D (Package Related Tests) (for All classes).
Reference MIL-STD-883 Method 5005

MiL-STD-883
TEST LTPD
METHOD CONDITION
Subgroup 1
{a] Physical dimensions 2018 15
{b} Internal water-vapaor 1018 5,000 ppm maximum water content at 100°C 3 devices
content {no failures)
Subgroup 201}
Lead integrity 2004 Test condition B2 {lead fatigue} 15
Seal 1014 As applicable
{a) Fine
{b} Gross
Subgroup 3(2}
Tharmal shock 1011 Test condition B as a minimum, 15 cycles 15
rnirrum
Temperature eycling 1010 Test condition €, 100 cyeles minimum
Moisture resistance 1004
Seal 1014 As applicable
fa) Fine
{b} Gross
Wisual examination Per visual criteria of Method 1004
End-point electrical As specified in the applicable device specification
parameters (4
Subgroup 4(2)
Mechanical shock 2002 Test condition B 15
Vibration variable frequency 2007 Test condition A
Canstant acceleration 2001 Test condition E {see 3), Y1 orientation only
Seal 1014 As applicable
tat Fine
ik} Gross
Visual examination (3}
End-point electrical As specified in the applicable device specification
parameters
Subgroup 5(1}
Salt atmosphere 1009 Test condition A 15
Seal i014 As applicable
{a} Fine
{b) Gross
Wisual examination Per visual criteria of Method 1069
NOTES:

(3}  Electrical roject devices from that same inspection lot rmay be used for samples.

{2} Devices used in subgroup 3, “Thermat and Maistura Resistance’” may be used in subgroup 4, “"Machanical .

{3 Visual examination shall be in accordance with Method 1010 or 1011.

{4} At the manufacturer’s option, and-paint electrical parameters may be performed aftar moisture resistance and prior to seal test,
MOTICE

Table: 2, 4, %, & and 7 ara refaranced from MIL-3TD-B83. These are for raference only. Al required test, screening procedures, classes or sub-
group levels, whether in addition to or apart from any military standards must be specified on the purchese arder and agreed upan In writing by
Faytheon Co.

xxii




Raytheon A+ Program

Quality and Reliability

Introduction

Raytheon’s A+ program is designed to provide the Industrial and
Commercial marketplage with praduct reliability. ® Reliability
consistent with application requirements. ® Reliability that avoids
an overbuy situation where the user pays far screening heyond
the scope of his needs.

Raytheon offers three screening flows under the A+ program. Each
faving a sepavate reliability factor and cost saving. When deciding
which A+ flow hest suits your needs, you showld consider the cost
savings realized through eliménation of outside )zb services and the
need to tighten incoming inspection. Users who do not presently
have their integrated circuits screened shauld consider the cost of
campaonent replacement during system test and in the field. Sub-
stantial cost savings can now he realized by specifying Raytheon's
A+ prageam,

The designations A+1 and A+2 are used far epoxy 8 packaged
devices anly. A+3 is reserved for ceramic devices. The apprapriate
screening level may be specified by simply adding the proper A+
suffix to the Raytheon part number, i.e., - ~ RC4136D8 with A+2
streening would be designated RU4A136D82.

Customers who use the epoxy package may wish to obtain 2 copy
of the Epoxy Encapsulated Linear L.C. Quality Review, available
from your local Raytheon sales office.

Basic Reliability Measures

Raytheon has instituted an internal program to assure that products
bearing the Reythean logo are unsurpassed in reliability when used
in the industrial environment, Several tests, including some normally
reserved for military products, are applied to our ingdustrial products
an a continuing hasis in support of this effort, A Brief summary of
these tests is given below.

1, Monitored Burn-In (all packages)

24 hours at +125°C with zero failures allowed. This RVT (reliability
verification test], a Raythean exclusive, is performed on 20 samples
from each manufacturing lot.

2. Standard Burn-In {ail packages}

168 hours at +125°C, 1% PDA. This RVT is performed on 45
samples from each EIA data code.

3. Dpersting Life {all packages}

1000 hours at +125°C, LTPD = 5. This RVT is performed on 8l
new products and periodically on existing product types as an
indicator of long-term reliakility.

4. Steam Pressuve {epoxy packages oniy)

24 hours at +125°C in steam vapor. This RVT is performed on 25
samples from each EIA data code as to assure package and device
integrity,

&. 85/85 {epoxy packages only}

168 hours with bias st +85°C and B5% relative humidity. This RVT
is performed on 25 samples from each EIA data code also as an
indicator of package and device integrity.

6. Temperature Cycle {epoxy packages only}

100 cyeles per method 1010.1, 0°C to 100°C. This RVT is per-
furmed on 25 samples from each EIA date code to mechanically
stress the wire bond, die band and package material.

7. Military Flow lceramic packages and metal-cans)

Only dice lots which pass MIL-STD-883 condition B visval tests
are used in these packages and the 883 class B flow is used up
to gaint of electrical test. This provides military type product
reliability at commercial priges.

A+ Programs Increase Reliability

Raytheon’s A+ programs were designed to provide an even greater
reliability assurapce than standard process testing. Starting with
devices which are processed with the basic reliability measures,
varipus combinations of tempetature cycle, burn-in, Hat Rail testing
and tightenad AQL lot acceptance are available as shown in the flow
chart, The objectives of these 100% screens are:

1. Temperature Cycle {epoxy packages only)

0°C ta +100°C per method 1011, condition A. This is the first
sereening for the A+7 and A+2 flows. {A+3 ceramic and metal-can
devices received temperaturg cycles as part of standard product flow.}
The purpase of this screening is to stress wire bonds and die bonds
mechanically to prove the integrity of the devices.

2. Burn-In fall packages)
168 hours at +125”C or equivalent up to 200°C. This screening is
performed in A+2 and A+3 Hlows.
3. High Temgpervature Functional Test (Hat Rail}
- {epoxy packages only)

+100°C. This screening serves to further prove bond integrity.
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Quality and Reliability

A+ Program Flow Chart

STANDARD FLOW
SEE TABLE §

EPOXY B | A+t

EFOXNY B | A+2

TEMP CYCLE G000 C©

TEMP CYCLE 0-100°C

BLIRN-IN 168 hys @ +125°C

O TESTS @425 €

DCTESTS @425

HOT RalL
FUNCTIONAL &+100 C

HOT RAIL
FURCTIONAL € +100°C

LOT REJECTION POINT
1% PDA

LOT REJECTION POINT
1% PO

ERAND

BRAND

A LOT ACCEPTANCE

FUMCTIDNAL & +25 C, 0,15% AQL:
DC @ +25 C, 0.28% AQL;

DC @ +70°C, 1.0% AQL;

AL B +25°C, 1,0% AOL.

QA LOT ACCEPTANCE

FUNCTIONAL @ +100' C, 0.95% AGL;
DC @0 C, 1% AQL,

DC @ +25 C, 0 28% AQL;

OC @470 ¢, 1.0% AGL,

AL B 425 C, 1.0 ACL.

A+3 | CERAMIC

BURN-IN 168 hrs @ +126°C

GC & FUNCTIONAL TESTS
@ +25°C

BRAND

QA LOT ACCEFTANCE
FINE & GROSS LEAK, 0.4% AQL;
FUNCTIONAL @ +25°C, 0.15% AQL,
DC @ 0°C, 0.28% AQL;

OC @ +25°C, 0.28% AQL;
DC @ +70 €, 1.0% 40L;
AC 6 +26°C, 1.0% AQL.

MIL-3TD-BE3
Method 1015
Condiien C
168 hry

Minor Datects @ 1.0% AQL

PACK PALK PACK
QA PLANT CLEARANCE VISUAL & MECHANICAL COCUMENTATION, MIEXING INSPECTION
‘ * Major Defects & .25% AL
SHIP SHIP SHIP
A+l L+ A+3

RELIABILITY FACTOR = i5X
CUALITY GUARANTEE

ON FUNCTIONALITY = 0.15% ADL

* Must be axpressed a3 3 range since 3 hormally

XXy

RELIABILITY FACTOR = 8X — 10X*
UUALITY GUARANTEE
ON FUNCTIONALITY = 0,15% AQL

REUIARILITY FACTOR = 16X
QUALITY GUARANTEE
ON FUNCTIOMALITY = 0.15% AQL

power angd temperature] cannot be astured,



Glossary of Terms

OP AMPS

Average Input Offset Current t° Coefficient—~Change in input
offset current divided by change in ambient temperature pro-
ducing it.

Average Input Offset Voltage t° Coefficient—~Change in input
offset voltage divided by change in ambient temperature pro-
ducing it.

Common-Mode loput Resistance—Resistance looking into
both inputs tied tegether,

Common-Mode Rajection Ratic {CMRR)—-Ratio of change of
input offset voltage to input common-mode voltage change
producing it,

Full Power Bandwidth—Maximum frequency at which full
sinewave output might be obtained.

Input Bias Current—Average of the two input currents at zero
output voltage. In some cases, input current for either input
independently.

Input Capacitance—Capacitance looking into either input ter-
minal with other grounded,

Input Current—Current into an input terminal.

Input Noise Voltage—Square root of mean square narrow-band
noise voltage referred to input,

Input Offset Current—Difference in currents into two input
terminals with output at zero volts.

Input Offset Voltage—Voltage which must be applied between
input terminals tc obtain zero output voltage. Input offset
voltage may also ke defined for case where two equal resis-
tarces are inserted in series with input leads.

Input Resistance—Resistance looking inte either input termin-
al with other grounded,

Input Voltage Range—Range of voltages on input terminals
for which amplifier operates within specifications, In some
cases, input offset specifications apply over input voltage
range.

Large-Signal Voltage Gain—Ratic of maximum output voltage
swing to change in input voltage required to drive output to
this voltage.

Output Resistance—Resistance seen looking into output ter-
minal with output at null, This parameter is defined only
under small signal conditions at frequencies above a few
hundred cycles to eliminate influence of drift and thermal
feedback,

Setding Time—Time between initiation of input step function
and time when output voltage has settied to within specified
error band of final output voltage.

Output Short-Circuit Current—Maximum output current avail-
able from amplifier with output shorted to ground or to gither
supply.

Output Voltage Swing--Peak output swing, referred to zero,
that can be obtained.

Power Consumption—DC power required 1o operate amplifier
with output at zero and with no load current,

Power Supply Rejection Ratio—Ratio of change in input offset
voltage to change in supply voltages producing it.

Rise Time--Time required for an output voltage step 10 change
from 10% to 90% of its finat value.

Slew Rate—Maximum rate of change of output voltage under
targe signal candition.

Supply Current—Current required from power supply to oper-
ate amplifier with no load and output at zero.
Temperature Stability Of Voltage Gain—~Maximum variation of
voltage gain over specified temperature range.

Harmonic Distortion—Pergéfitage of harmonic distortion being
defined as 100 times ratio’of RMS sum of harmonics to funda-
mental,

% harmonic distortion =
Vo2 +vsd 4 vaZ 4. 1% (100%)
V)

where V) is RMS amplitude of fundamental and Vo, V3, Vg4,
. .. are RMS amplitudes of individual harmonics,

Transient Response—Closedloop step-function response of
amplifier under small-signa! conditions,

Unity Gain Bandwidth—Frequency range from DC to freguency
where amplifier open-loop gain rolls off to one.

Valtage Gain—Ratic of output voltage to input voltage under
stated conditions for source resistance {Rg} and load resis-
tance (R}

Bandwidth—Frequency at which voltage gain is reduced to
1/+/2 times the low frequency value,

Output Impedance—Ratio of output voltage to output current
under stated conditions for source resistance {Rg} and load
resistance {R_).

Input Impedance—Ratic of input voltage to input current
under stated conditions for source resistance (Rg) and load
resistance (R ].

REGULATORS

Dropout Voltage—|nput-output voltage differential at which
circuit ceases to regulate against further reductions in input
voltage.

Input-Output Voltage Differential—Range of voltage differ-
ence between supply voltage and regulated output voltage
over which regulator wil! operate,

Line Regulator—Percentage change in output voltage for a
specified change in input voltage,

Load Regulator—Percentage change in output voltage for
specified change in load current,

Maximurm Power Dissipation—Maximum total device dissipa-
tion for which regulator will operate within specifications.

Output Noise Voltage—RMS output noise voltage with con-
stant load and ro input ripple.
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Glossary of Terms

Output Voltage Range—Range of output voltage over which
regulator will operate.

Quiescent Current—Fart of input current to regulator that is
not delivered to load.

Reference Voltage—COutput of reference amplifier measured
with respect to negative supply.

Ripple Rejection—Ratio of peak-ta-peak input ripple voltage
to peak-to-peak cutput ripple voltage,

Sense Voltage—Voltage between curremt sense and current
limit terminals necessary to cawse current limiting.

Shoart-Circuit Current Limit—Cutput current of regulator with
output shorted 1o negative supply.

Standby Current Drain—Supply current drawn by regulator
with no output {oad and no reference voltage foad.

Temperature Stability—Percentage change in output voltage
for thermal variation from room temperature to either tem-
perature extreme,

Long Term Stability—Cutput vod tage stability under accelerated
life-test conditions at 125°C with maximurn rated voltages and
power dissipation far 1000 hours.

Output Voltage Scale Factor—Output voitage obtained for
unit value of resistance between adjustment terminal and
ground,

Input Voltage Range—Range of DC input voltages over which
regulator will operate within specifications.

Current-Limit Sense Voltage—Voltage across current limit
terminals required to cause regulator to current-limit with
short-cireuited output. This voltage is used to determine value
of external current-limit resistor when external booster trans-
istors are used.,

COMPARATORS/SENSE AMPLIFIERS

Common-Made Firing Voltage—CM input voltage that exceeds
dynamic range of inputs with strobe enabled resulting in out-
put switching states.

Common-Mode Recovery Time—Time from turn off of CM sig-
nal ta analog input threshald of earliest sense line pulse signal
that can be processed normally. Processed normally refers to
bi-polar signals greater than or less than input threshold with
correspanding proper cutput,

Equivalent input Common-Mode Noise Voltage—Change in
input offset voltage due to common-mode input noise,

Logic Input High Voltage—Minimum voltage allowed at bit
cantrol gate to hold bit off,

Logic Input Low Voltage—Maximum voltage atlowed at bit
controd gate 1o hold bit on.

Qutput Sink Current—Maximum negative current that can be
delivered by comparator,

Hxvi

Peak Qutput Current—Maximum current that may flow into
cutput load without causing damage 10 comparator.

Propagation Delay—~Interval between application of an input
voltage step and its arrival at either cutput, measured at 50%
of final value,

Response Thme—Interval between application of input step
function and time when cutput crosses logic threshold voltage.
Input step drives comparator from some initial, saturated in-
put valtage to input level just barely in excess of that required
to bring cutput from saturation 1o logic threshold voitage
overdrive.

Strobe Current—Maximum current drawn by strobe terminais
when it is at zero logic level.

Strobe Delay—Time delay measured from strobe to output
threshald with signal present exceeding input threshold.

Strobe Release Time—Time required for output to rise to
iogic threshald voltage after strobe terminal has been driven
from zero to one logic level, Appropriate input conditions are
assumed,

Strabed QOutput Level—DC output voltage, independent of
inpui voltage, with voltage on strobe terminal equal 1o or less
than minimum specified amount,

Switching Speed—Time required to turn on least significant
bit.

Threshold Uncertainty—With all sense amps sharing same input
threshiold less uncertainty as 0. This includes unit to unit,
power supply and temperature variations.

Thrashold Voltage—Typical referred to input valtage which
determines whether input is "1 or “0."” Signal whose magni-
tude is greater than threshold level is sensed as logic 1" and
signal whose magnitude is less as “0."”

Zero Scale Output Current—0utput current for all bits turned
off,

Supply Current—Current required from positive or negative
supply to operate comparator with no output load. Power will
vary with input voltage, but is specified as maximurm for entire
range of input voltage conditions,

Voltage Gain—Ratic of change in output voltage to change in
voltage between input terminals producing it.

Differential Input Offset Current—Absolute difference in two
input bias currents of one differential input.

Differential Input Overload Recovery Time—Time necessary
for device to recover from 2V differential pulse {t¢ = 1, = 20ns)
prior to strobe enable signal.

Offset Voltage—Difference between absolute values of thres-
hold voltage in positive- and negative-going directions,

Input Bias Current—Average of two input currents.

Input Offset Current—Absolute value of difference between
two input currents for which output will be driven higher or
lower than specified voltages.



Glossary of Terms

1nput Offset Voltage—Absolute value of voltage between input
terminals required 10 make output voltage greater or less than
specified voltages.

Input Voltage Range—Range of voltage on input terminals
{common-mode} over which offset specifications apply.

Positive Output Leval—High output voltage leve! with given
load and input drive equal to or greater than specified value,

Power Consumption—Power reguired 1o operate comparator
with no output load. Power will vary with signal level, but is
specified as maximum for entire range of input signal condi-
tions.

Qutput Leakage Current—Current into output terminal with
output voltage within given range and input drive equal 1o or
greater than given valtre.

Output Resistance—Resistance seen lpoking into output ter-
minal with DC autput level at lagic threshold voltage.

XXWil

Strobed Qutput Level —DC output voltage, independent of
input conditions, with voltage on strofe terminal equal to or
less than specified tow state,

Strobe ON Voltage—Maximum voltage on either strobe ter-
minal required to force output to specified high state inde-
pendent of input voltage.

Differential Input Threshold Voltage—DC input voltage which
forees logic cutput to ingic threshold voltage (~ 1.5V} level,

Input Bias Current—DC current which flows into each input
pin with differential input of OV

Negative Output Level—Negative DC output voltage with com-
parator saturated by differential input equal to or greater than
specified voltage.

Strobe OFF Voltage—Minimum voltage on strobe terminal
that will guarantee that it does not interfere with operation
of comparator,
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101A 201A 301A

GENERAL DESCRIPTION

The LMTO1A/LM201A and LM30TA are general purpose,
high performance operatianal amplifiers fabricated mono-
lithically on g silicon chip by the planar epitaxial process.
The units may be fully compensated with the addition of a
30pF capacitor stahilizing the circuit for all feedback eonfig-
urations including capacitive loads,

The device may be operated as a comparator with g differ-
eritial input as high as £30V. UUsed as a comparator the output
can be clamped at any desired level to make it compatible with
fogic circuits.

The LM101A operational amplifier will operate over the full
military temperature range from —55°C to +126°C, The com-
marcial version, the LM301A operates over a temperature
range from 0°C to +70°C..

The LM2014, is the same as the EM101A except s perform-
ance is guaranteed from ~25°C to +85°C.

SCHEMATIC DIAGRAM

Operational Ampiifiers

DESIGN FEATURES

® Offset Voltage 3mV Maximum Over Temperature

® Input Current 100nA Maximum Qver Temperature
® QOffset Current 20nA Maximum Over Temperature

® Offsets Guaranteed Over Entire Common-Mode Range and
Supply Voltage Range

# Frequency Compensation 30pF
® Supply Voltage £5V 10 120V

COMPBAL S
-
INEDTS
1
1
[
<
s
—o— - O
BALANCE
CONNECTION INFORMATION
TE DE and NB
?_?OFIG,!:"'; Metal Can Package Dual In-line Package
P View iTop View) (Top WView]
PIN FUNCTION

Ne [ ne —* R 1 COMP/BAL
tomemal [ camMp l:? 1= 2 =INPUT

-w v ﬂ>—]_5 3 +INPUT

—1 ouT C - a v
s e [} ] & BAL
-v [ BAL 2] QUTPUT
? wt
_ Order Part Nos,: Orcler Part Nos.; 8 COoMP
Order Fart No.: LM101AH, LM201AHR, LM101ADE, LM201ADE,
LMIO1AF
LM301 AH LM3DMADE, LM3D1AN
NOTE: THE LMI101AM3D1A 1S AVAILABLE QN SPECIAL ORDER IN THE COC (14-PIN}
CERAMIC DIF PACKAGE.
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Operational Amplifiers

ABSOLUTE MAXIMUM RATINGS

101A 201A 301A

Supply Voltage .. ...

Pawer Dissipation {Note 1}
Differential Input VYoltage

1014, 201A: £22V
301A: 218V
............... 500mi
................. +30V
Input Veltage (Note 2} .. ... . ... ... ...... 15V

Outout Short-Circwit Duration (Mote 31 .., Indefinite

COperating Temperature Range

LM1071A
LM201A
LM3G1A

Storage Temiperature Range
Lead Temperature {Saldering, 60s}

-559C to +1250C

~259C to +850C
Q9C to +700C
-659C to +1509C
3000C

ELECTRICAL CHARACTERISTICS

LM101A, LM201A: 16V < Vg < £20V; LM301A: t5 < Vg =< 215V (Note 4)

LM1014, LM2014 LM30TA
PARAMETER CONDITIONS I VP MAX TN P MEX UNITS
tnput Offset Voltage Ta =250C, Rg < 50 ki 0.7 20 20 7.5 mV
Input Offset Current Ta =250C 1.5 10 3 50 nA
fnput Bias Current Ta =260C k) 75 70 250 nh
Input Resistance Ta =250C 1.5 4 0.5 2 iL19]
Supply Current Ta =259C, Vg =20V 1.8 3.0 1.8 3.0 ma
Large Signal Voltage Ta = 2680C, Vg =+15V
Gain VOUT = 210V, R > 2 Q2 50 ) 160 25 | 160 Vimy
input Offset Voltage Rg = bl k{2 30 10 my
Average Temperature
Coefficient of lnput 3.0 15 6.0 30 uv/oC
Offset Voltage
Input Offset Current 20 70 na
Average Temperature 2E0C S Ta = 12500 0.01 0.1 nA/oC
Coefficient of Input or < 0
Offset Currant 260C < Ta = 700C 0.01 03 nA/oC
-550C = Ta <= 2500 0.02 0.2 nAjoC
0eC = Ta = 250C 0.02 0.6 nA/oC
Input Bias Currant 100 300 na
Supply Current Ta = +1250C, Vg = 220V 1.2 2.5 mA
Large Signal Voltage Vg =215V, Vot = 10V
Gain BL=2k2 5 15 vimy
Output Yoltage Swing Vg =115V, R_=10k3 13 +14 +12 +14 v
RL=2k2 10 +13 +10 +13 W
Input Voltage Range LMI101A: Vg = 220V
LM301A: Vg = £15V 18 12 v
Comman Mode
Rejection Ratio Rs< B0kl 86 96 70 80 dB
Supply Voitage
Rejection Ratio Rs= 50kf 80 96 70 o6 dB

NOTES:

1. For operating at elevated termperatures, the device must be derated basad on +1500C for LM101.4, +1009C for LM2014 and LM3Q1A, maximum
junction temperature and 3 thermal resistance of 150%C/W junction to ambisnt ar 45%C/W junctlon 1o case.

BOWK

specifled.

. For supply voltages less than 15V, the absolute maximum input voltage is equal to the supply voltage.

Continuous short-circuit is allowed for case temperatures to +125°C and amhisnt temperatures to +75°C for LIA101A, case temperatures to
+709C and ambient temperaturas 1o +559C for LM3Q14A,
. Bpacifications apply for temperature ranges: LM1014: —559C 10 +1259C; LM2014A: —289¢C to +86500; LAM3OD1A: 09C to +707C unless atherwisa

1-3



107 207 307 Operational Amplifiers

GENERAL DESCRIPTION DESIGN FEATURES

The LM107, LM207, and LM207 high-gain, general purpose ® Offset Voltage 3mV Maximum Qver Temperature
operational amplifiers are monolithically constructed and
internatly compensated. The addition of 2 30pF MOS capacitor
guarantees unconditional stability eliminating the need for
external frequency compensation, knput currents are a factor Offsets Guaranteed Over Entire Common-Mode Range and
of ten lower than an industry standard device such as the 709, Supply Voltage Range

LM1i01, and 741.

This series offers all the best features of the LM101. [n addi-
tion, the devices provide better accuracy and lower noise in
high impedance circuitry,

input Current 100nA Maximum Over Temperature
Offset Current 20nA Maximum Over Temperature

Internal Frequency Compensation
* Supply Voltage 5V to 220V

The LM107 operates over a temperature range of —55°C to
+125°C. The LM307 operates from 0°C to +70°C.

The LM207 is the same as the LM 107 except its performance
is guaranteed from —25°C to +85°C.

SCHEMATIC DIAGRAM

—O v

INPUTS

b OUTPUT

A8 » OV

CONNECTION INFORMATION

TE DE and NB
Metal Can Package Dual kn-lina Package
{Top View) [Top View)
U FIN FUNCTION
! i [} I 1 NC
2 2 —INFUT
[ b 11 3 +INPUT
3 4 v
o 4 b ] 5 NC
6 CUTPUT
e 51 7w
— — 8 N
Qrder Part No.: Order Part No.:
LMI07H, LM207H, LM307H LM107DE, LM207DE,

LM307DE, LM3O7N
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Operational Amplifiers

107 207 307

ABSOLUTE MAXIMUM RATINGS

Supply Voltage ... .. ..
Power Dissipation (Note 1)
Oifferential Input Voltage
Input Voltage (Note 24,

Qutput Short-Circuit Duration (Note 3}

107 A, 207A: 22V
307A: 218V
500mWw

i =By

Operating Temperature Range

LMi07

LM307
Storage Temperature Range . . .
Lead Temperature [Saldering, 60s

ELECTRICAL CHARACTERISTICS

=-B50C to +12560C
=2B2C to +85°C

00C to +700C
. -650C to +1500C
3000C

LM107A, LM207A: 18V < Vg < 220V LM307A: £5 < Vg < +15V {Note 4}

PARAMETER CONDITIONS R AT o - x| UNITS
Input Offset Voltage Ta = 259C, Rg < 60 k2 0.7 20 20 7.5 mY
tnput Offset Current Ta =250C 1.5 10 3 50 nA
Input Bias Current Tp = 250C 30 75 70 250 nA
Input Resistance Ta =250C 1.5 & 0.5 2 ME2
Supply Current Ta = 250C, Vg = 220V 1.8 3.0 1.8 h 3.0 mA
(if,;',-ﬁe Signal Voltage 33;—??—0510\;8 E{itf\é kG 50 160 25 160 Vimy
Input Offser Volrage Rg =50 kD 30 10 my
Average Temperature
Coefficient of Input 30 15 6.0 30 pVieC
Ciiser Voltage
Input Offset Current 20 70 A
Avura_gt? Temperature 250C = Tp < 1250C 0.1 01 nASOC

-BROC = T a = 2600 0.02 0.2 nAoC

0oC =2 Tp < 250G 0.02 0.6 nA/oC
Input Bias Current 100 300 na
Supply Current Ta = r12500C Ve = 220V 1.2 25 md
(Igirlge Signal Voltage \rii ;B.t; E&\_.-'I VouT = riav 25 15 Vimy
Output Valtage Swing Vg = *15V, R = 10 k&) £12 12 1 v

R =2 ki £10 * 10 13 W
Input Yoltage Range w—_“ﬂ\.n’gw:— =2y M_-M—__Fr"_ﬂ 5 k12 v
g:”:ggf] '\;‘;ﬁi Rg < 10 kL2 80 96 70 90 dB
gi‘]’;i't‘:o“’;“g:g; Rg < 10 k82 80 96 70 | o8 dB

NOTES:

1.

junction termperature and a thermal resistance of 1502CA junction to ambient or 489C/AW junction to case.

- Far supply voltages less than 1156, the absglute maximum input voltage is agual to the supply voltage.

For operating at elevated tumperatures, the device must be derated based gn +150°PC for LMI1D7 or 1009C for LM207 and LM3I0?, maximuom

- Continuous short-cirguit is allowed for case termperarures 10 +1259C and ambient temperatures 1o +759C for LM107, case temperaturas 1o

+709C and ambient temnperatures (o +550C for LM307.
. Thess specificstions apply for -B50C < T4 <0 + 1259C LMI107, -269C to +852C LM207, and D08 < T4 -7 +700C LM3O7, unless otherwise

specified.

1-%



108/108A 208/208A
308/308A

Precision Operational Amplifiers

GENERAL DESCRIPTION

The LM108A/LM 108, LM208A/LM208 and LM30BA/L.M308
are Super Beta operational amplifiers fabricated on single silicon
chips using the planar epitaxial process.

The LM10BA/LMI10GE offer specifications an order of magni-
tude better than FET amplifiers over a temperatlure range
-55°C 1o +125°C.

The LM208A/LNM 208 are identical to the LM103A/L.M108 ex-
cept their performance is guaranteed from —25°C to +85°C.
The LM308A/LLM308 provide lower input offset voltage of
0.5mV maximum, and drift characteristics of 5.0uV/°C maxi-
mum. These devices can be compensated by the conventional
technique used with the LMi01/LM101A series,

SCHEMATIC DIAGRAM

DESIGN FEATURES

Offset Voltage Over Terperature Range 0.8mV Maximum
Input Current Gver Temperature Range 3.0nA Maximum
Offset Current Qver Temperature Range 400pA Maximum
Supply Current Only 400uA

Guaranteed Drift Characteristics 5.0uV/"C Maximum
Supply Voitage 12V to 120V

* & & & B »

COMPENEATION
[a]

fay

OUTPUT

'éi
.

" e

-IMPUT L
O | L™
HNPLT
o
y
. O
e iy
CONNECTION INFORMATION
TE DE and NB
Metat Can Package Dual In-line Packages
{Top View) {Top Yiewl
PIN FUNCTION
! 8 j 1 COMP
Z 2 —INPUT
- 1M 3 +NPUT
J 6 a v
I: :I L) NC
B QUTPUT
4 5] 7 v
B COMP

Order Part Nos_:
LMI0BAH, LM20BAH,
LM20BAH, LM108H,

LM208H, LM302H LM308N

AND CQ (10-PIN] FLATPAK PACKAGES,

Order Part MNos.:
LM108ADE, LM20BADE,
LM108DE, LM20SDE
LM3I0BDE, LM30BADE

NOTE: THE LM108A SER{ES 1S AVAILABLE ON SPECIAL ORDER IN THE DT [14-PIN} CERAMIC EHP
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Precision Operational Amplifiers

108/108A 208/208A
308/308A

L
ABSOLUTE MAXIMUM RATINGS

Supply Voltage

LM108A/_M108: +20V
LM208A/LIM208: £20V

Operating Temperature Range

LM308BA/LM308: 218V LMIOBA/LMIOE .. ............ —55°C to +125°C
Pawer Dissipation iNote 1) . . .. .. ..... ... .. 500mwW LM208A/LM208 .. ............. —25°C to +85°C
Differential Input Current (Note 3) ... ....... +10mA LM30BA/LMIOS . ... ............. 0°C to +70°C
Input Voltage (Note 2} . . ................. 16V Storage Temperature Range , ., ... .. -65°C to +150°C
Output Short-Circuit Duration ... ......... Indefinite Lead Temperature (Soldering, 60s) . . ..... ..., 300°C
ELECTRICAL CHARACTERISTICS (Notes 4 and 5}
LM108A/LM208A L3084,

PARAMETER CONDITIONS YT Ve | Max | WiN TYP | MAX UNITS
input Offset Voltage Ta=259C 0.3 0.5 ] 0.3 0.5 my
Large Signal Voltage Gain Ta=250C, Vg=t15V,

Vout=10V, RUZ10KS 20 300 80 300 Vimy
Input Offset Voltage 1.0 0.73 mv
Average Temperature Coefficient

1.0 5.0 1.0 &, vie
of input Offset Voltage 0 HYIOC
Large Signal Voltage Gain V=115V, Vou=t10V,
4

ALZ10kE 0 60 Vimy
Commaon Mode Rejection Ratio 96 110 96 110 dB
Supply Voltage Rejection Ratio 96 110 1] 110 di

LM108/LM208 LM308

PARAMETER CONDITIONS YT TYP | MAX | MIN TYP | MAX UNITS
Input Offset Valtage Ta=260C 0.7 20 2.0 7.5 mV
Input Offsat Current Ta=260C 0.05 0.2 [ 1.0 nA
Input Bias Current Ta=250C 0.8 20 1.5 7.0 nAi
Input Resistance Ta=250C 30 70 10 40 1)
Supply Current Ta=250C 0.3 0.6 1.3 0.8 mh
Large Signal Voltage Gain Ta=260C, Vg=%15V,

5

Vour=t10V, RLZ10kE 0 || s e Vimy
Input Offset Voltage 3.0 10 my
Average Temperature Coefficient

D
of Input Offset Voltage 30 15 6.0 30 uvioc
Input Offset Current 0.4 1.5 nA
Average Temperature Coeffiecient a
of Offset Current 05 25 29 10 PA/IC
Input Bias Current 3.0 10 nA
Supply Current Ta=t1250C 0.1% 0.4 ma
: ; =+ =+

Large Signal Voltage Gain Vg=t15V, Vgyur=+10V, 5 15 VimV

R =10k82 . I
Cutput Voltage Swing Vg=t15v, R =10k} 13 14 3 14 v
Input Voltage Range Vg=116Y 135 14 W
Common Mode Rejection Ratio 21 100 _,_LH.._E‘D 100 dB
Supply Voltage Rejection Ratio 8O a5 B0 o6 dB

NOTES:

1, For operating at elevated temperatures, the device must be derated based on +150°C for LMI0B, 41007 C for LM308 maximum junction tempera-
ture and a thermal resistance of 150° C/W junction to ambient or 45° C/W junction to case.

. For supply voltages less than 1 15V, 1he absolute maximum input voltage is equal 1o the supply voltage.

excess of 1V is applisd between the inputs unless some limiting rasistance is used, . .
. These specifications apphy for =BY < Vg < 20V and —85°C < Ta < +125"C, LMI10BA/LMIDS; +5Y < Vg < 220V and —26"C < Ta < +85°C,

LA208A/LM208,

2
3. The inputs are shunted with back-to-back diodes for avervoltage protection. Therefore, excessive current will flow if a differential input voltage in
a
&

. These specifications apply for BV < Vg < +15V and 0°C < T4 < +70°C, LM308A/LM308,



118 218 318

Precision High-Speed Operational Ampilifiers

GENERAL DESCRIPTION

The LM118, LM218, and LM318 are precision operational
amplifiers which offer fast slewing and wide bandwidth. They
feature internal frequengy compensation and ten times the
speed of general purpose amplifiers.

External feedforward compensation may be used for an addi-
tional increase in speed. For inverting applications this will
increase the shew rate to more than 1504 /us and almost double
the bandwidth. {Feedforward is not used for non-inverting or
differential applications.}

Their high speed and fast settling time make thern ideal devices
for A/D converters, oscillators, active filters, sample-and-hold
circuits, as well as general purpose amplifiers.

The LM 118 military version operates over a temperature range

—-B5°C to +125°C. The LM218 is the same as the LM118
except its performance is guaranteed from —26°C to +85°C.
The LM218 operates from 0°C to +70°C.

SCHEMATIC DIAGRAM

DESIGN FEATURES

15MHz Smal! Signal Bandwidth

Guaranteed 50V /us Slew Rate

Operates from =5V to +20% Supply

Irternal Frequency Compensation

input and Qutput Overload Protected

Pin Compatible With General Purpose Op Amps

BALJ‘CDMP 1

Vo

9

COMP 2

-

l i
L

J

BAL/COMPS o

-INPUT

&
A
2

'

rq ]' ©OUTPUT

—xl.r”‘*'
]

+INPUT <

3

L 4 - o W
CONNECTION INFORMATION
T {TO.5} DE and NB
Metal Can Package Gual In-line Packages
[Top Viewl iTop Yiew} PIN FUNCTION
1 BAL/COMP 1
[ 3 2 —~INPUT
2 3 +INPUT
(- ; 1] 3 oy
I 8 5 BAL/COMP 23
) QUTPUT
([ 51 7 vt
8 COMP 2

Order Part Nos.:
LM118H, LM218H, LM31BH

FLATPAK PACKAGES.

Qreler Part Nos,:
LM118DE, LM218DE,
LMIBDE, LM3I1BN

NOTE: THE LM113/218 1S AVAILABLE ON SPECIAL ORDER IN THE DC {14-PIN] CERAMIC DIP AND CQ (10-FiN}
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Precision High-Speed Operational Amplifiers

118 218 318

ABSOLUTE MAXIMUM RATINGS

Supply Voltage ... .. ................ ... 20V Operating Temperature Range
Power Dissipation (Note 1) ., ... . ......... S00mW LM118 .. -552C to +1250C
Oifferential Imput Current (Note 2) . .. ....... £10mA LM218 ... o ~250C ta +869C
Input Voltage (Nete 3} .. .. ... ... ... ... ..... 15 LM318 .. ... . . ... 00C to +3700C
Output Shart-Cireuit Duration ... ........ Indefinite Storage Temperature Range .. ... ... -650C to +1500C
Lead Temperature {Soldering, 108} ... ... ... +3000C
ELECTRICAL CHARACTERISTICS (Note4)
PARAMETER CONDITIONS LM1i8/LM218 LMm318 UNITS
Input Offset Voltage Ta =250C 4 0 my Max.
Input Offset Current Ta = 259C 50 200 nA, Max.
Input Bias Current Ta = 269C 260 500 nA Max.
Input Resistance Ta = 250C 1 0.5 M2 Min.
Supply Current Ta = 250C 8 10 A Max,
Large Signal Voltage Gain Ta = 250C, Vg = 115V, 50 25 VimV Min,
VouT = 10V, R = 2k
Input Offset Voltage G 156 my Max.
Smal! Signal Bandwidth Ta=250C, Vg =115V 15 15 MHz Tvyp.
Slew Rate Ta=260C, Vg=215Y, Ay =1, 80 50 Vs Min.
Rg = 10k$}
Input Offset Current 100 300 nA Max,
Input Bias Current 500 750 nA Max.
Supply Current Ta=TMAax 7 mA Il s,
Large Signal Voltage Gain Vg = 216V Vout = £10V, 25 20 Vimy Min,
Ry =2k
Output Voltage Swing Vg = 215V, RL = 2k&2 12 12 v Min,
Input Voltage Range Vg =15V 1.5 +11.5 v Min.
Commoen Mode Rejection Ratio 80 70 dB Min.
Supply Voltage Rejection Ratio 70 65 dB Min.

NOTES;

1. The maxirmum junction teémperatura of the LM118 |5 +1500C, LM21B is + T002C and +859C for the LM318, For operating ot elevated tempera-
tures, dovices in the TO-5 package must be derated bated an & thermal resistance of 1502C/AW, junction to ambient, or 459C/W, junctien to case.

. The inputs are shunted with shunt dicdas for overvoltage prataction. Therefore, excesslve current will flaw if a diffarential input voltage in excess

of 1V is appliad between the inputs unless same limiting resistance is usad,

2
3. For supply valtages less than *15Y, the absolute maximum input valtage is equal to the supply voltage.

. Thesa specifications spply for L6V < W,

% 220% and -BBOC = Tu

=

+12600 for the LM118; 15V = Vg € 120V and —209C £ T4 = +859C for

the LM218; 28V % Vg < 220V and 000 = T « +709C for the LM3ITE, Alse, power suppliss must be bypassed with 0.1 4F caramle disc capacitors.

TYPICAL APPLICATIONS

Olisel Prlancing

Fasl Voltage Followar

ioan for Mini

C Ly
Setting® Time

Feediorward Compenszalion
1or Graaler Inverting

Slew Rale*

10nF LK

— ]

Fasi Sampla and Held

af
L' s“
- “
. 10K
5 m i b QUIRLT T — A
s IHPUT 5
1

*Slew and setting time to 0.1%
for a 10V step change is 800ns. =~

hadnl
INFUT

ShUPLE

25K
SALANCE

+Slew rate typically 150V us
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124 224 324 2902

Quad Single-Supply
Operational Amplifiers

GENERAL DESCRIPTION DESIGN FEATURES
Each of the devices in this series consists of four independent, & Large DC Voltage Gain 100 4B
high-gain, operational amplifiers that are designed for single- ® Compatible with All Forms of Logic
supply operation. Operation from split power supphes is also ® Temperature Compensated
possible and the low power supply drain is independent of the ® Wide Bandwidth at Unity Gain Frequency 1 MHz
magnitude of the power supply voltage. ® large Qutput Voltage Swing: 0 Vpc to VT ~1.5 Ve
Used with a dual supply, the circuit will operate over a wide ® (nput Common Made Voltage Range Includes Ground
range of supply voltages, However, a large amount of crossover
distortion may occur with toads to ground. An external cur-
rent-sinking resistor to Ve will reduce crossover distortion.
There is no crossover distortion problem in single supply oper-
ation if the load is direct-coupled to ground.
SCHEMATIC DIAGRAM (1/4 Shown)
+ T L * B
‘ l l Yoo
- oUTPUT
INPUTS
O + [ Vg
‘—R GNOD
-+ —& + + -~ + -0
CONNECTION INFORMATION
DE and D
CJ Flatpak Dual !n-l.ina.Packages
{Top View) {Tup View) PIN  FUNCTION
1 QUTRUT 1
1. U i 2 —INPUT 1
g 3 +INPUT 1
—{: 1 1 e :lz S 4 vt
_—F pEE——= |- 71 | 5  +INPUT 2
e [ S————] 8 — INPLY 2
- ] 7 OUTPUT 2
q 1
— e 8 OUTPUT3
———3& r} E ] — ] :5 ‘0: aQ — INPUT 3
= I & ) — l [ 10 +INPUT 3
I_iy w_i n GROUND
12 + INPUT 4
Oretor Part M [Ny B 13 — INPUT 4
FOIEr Fai {u
LMI24F, LM124AF CQrder Part Mos.; 1 QUTPUT 4
LA124), LM224J, LM224), LM2802J,
LM224MN, LI324N, LM2902MN,
LM1244), LM2244J, LM324 A,
LM224 AN, LM324AN
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ABSOLUTE MAXIMUM RATINGS

LAY 24/LMZ24/L M5 24 LM124/LM224/ L3234
LI1204 /L M2245/ M35 LM2902 L1245/ M224A/LM3 245 Lmze02
Supply Voltage, W+ I2Vpo o 18Voo M wvpoar 13 Vo Inpus Current Mgy -0 -0 3 v TNote 31 8O ma
Cufferential Input Weltage 2 Vpe 26 Voo Cperating Temea ature Aangs -40°C to +B5°C
Inpt Woliage -3 Wpe 1o +32 Vg -0 3Vpo w432 vpg LEd324/ LA324a G'C e +70°C
Fower Dussipation [Meis 13 LI224! Lad2 29 -25°C 10 +8E°C
tdalded £1P 570 iy 57U mW LA Z4iLM1 244 SBE 101125 C
Cavity DIP 800 MLy Sraraye Temperabrs Rznge -GS C 0 415070 65" 1w 1 1B0°C
Flat fack 200 miy Lead Tempuerawe [Sokiming, 10 seeancds| 00°C andte
Cutrizl Sheet Circunt to GNE 10ne Amphder) (Maote 2 Continunds Centinuoas
W lavpoand Ta = 25°C
1
ELECTRICAL CHARACTERISTICS (v’ =+5.0 vy, Notwe 4}
L1244 LM2244, LM3244 LMTI24/L 224 L3324 L2902
| FPARAMETER CONDITIONS MHA | TYR | max mrN] TYE ! MAX | MIN| TYP | mMax | aun] Tve ] max | Min| TYP | Max | mme| TYF | max | UNITS
— ! { | L LR L ) LGN Ll
Intaat Ofset Yoltage Ta = 25°¢. \Mate 5 ' 7 it los 2 3 .z | -5 -] -7 -2 .7 myng
Inmut Bias Cunant Mo ar s Ta - 25 C 20 | so Dao 1w a8 | so0 a5 i 150 a5 | 250 as 250 A e
Itoe Bt ] | | 1
L ! —————— e ! J— —_—— ;
Input Giffser Gur-enr ‘ Hni=1 iy . T - 287 z L m i I‘ 2 [I 15 5 30 2301 30 -5 b GO -6 -50 ni oo
T inpuc CommonMode | vT = 30 Ve, Ta - 265G ) Tvtras] o |' Twas! o whis! oo w13 g [vtas( 0 W15 | wpe
i Weoltage Fange [Moa 7) ; '! ! i ; | ] |
— R S U T I —
. Sumply Current ! B = =, Wee = 30V, ILMZBOZ Ve = 26%! .' 15 3 f [ 15 7— 3 r ts i 15 3 15 2 15 K] mAns
i ft =+ On Al Op Amps : 0.7 1z ozt o2 o7 12 a7 0.2 0.7 1.2 0.7 1.2 mAne
. ! i 1 H H
|' ! Ower Fuli Teenperature Range |! |! | | |
j Ta=28¢ ! IS
L ) ! A =25 : I 1' I R 1 3 mALD
| Large Signal el tage VT - 1BV e IFer Lorge Wi Swang) ! &0 | 100 P50l 100 a5 | 100 GF | 100 25 7 v 100 W
| Gan Ry kG Ta-26°C | . |
! i
N T
Dutput Voltags Svang | AL = ZKit Ta - 25°C ILM2S02 AL - 1 kbl [ ! ‘l 0 AN ) YWT-1ET 0 w15 vog
t H i
Common-Mars [ og. 1h=75c 2a | es I | e | 65 | 85 | as |I 65 | 70 | B0 | 70 a8
Reeclion Aatia : | . i | i
. .
Pener Supply I oe, Ta =35 C s | 100 ;85 | woe | 65 | 106 ga | 100 1 g5 oo ! En | e u@
Rzwction Ratin | H : i H
| | i _f__ l S
Amplifier-a-Amplifer | =1 kHz 1 20 kiz, Ta = 95 I RE™ i B {120 RET !' 720 -120 dB
Crupling {faata B Hnpn: Referizd) i I i
Cutput Cureent P | [
Sanrce Wit - 1 vpe. V-t 0YRe zn | a0 "o | an 20 i a0 20 | a0 20 | 40 20 | a0 mApg
V- iBVoe. Ta - 2570 ) | ;
A o L b | |
Quiput Current W= 1Yo, Yint =0 Ve, moan | w20 m | 20 L - L ] 020 l; i g
sink W= 1BV, Ta = 25°C H | i
—_— R S AN E— +
Ve 1 v 5e vt -0 Ve, [ 12] =0 1z | =0 17 | = 17 | w0 RE ]' “apg
Tg = 25°0C. ¥ - 200 eV : I ]
. - : [ I R OV SN N S
Shart Cirewt 10 Grownd | Ta = 25' G, (Note 21 i 40 80 40 601 a0 &0 40 ] 40 ] &0 i an &0 J m g

s1ayidwy |euonesadQ
Aiddng-3|buig penp

¢06¢C v<iE vee vil
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ELECTRICAL CHARACTERISTICS (CONT)

i Lid124a LMZ244 LM3244 LMi24/LM224 LM324 LmM2902
PARAMETER |‘ CONDITIONS MINE TYP | MAX | MIN| TYP [ MAX | MIN| TYP | MAX [ MIN| TYP | MAX | MIN| TYP | MAX | MIN| TYP Max | UNITS
d
Input Offser Valtage | {Nate 5E 1 1 5 17 -9 in mvpe
H
Enput Offset Yoltage [ Rg-0n 17 pelu] ¥ Pl 7 an 7 ? 7 wVirte
Qi i
inpu1 Offset Carrent iy ger - DN 30 30 % 2100 1150 45 +200 nAne
Ingut Offset Current i 0 200 0 200 0 300 10 1% n pADC”C
oritt |
e . J.- ]
Input Biag Curram lipgg+1 00 Ling-t wo 40 200 a0 360 40 500 'l 40 50O nADg |:
Inprat Comman-hady WY - 30V o UAS-JRTE] vz D W2 0 vzl oo vtz Yog i
Vodlage Range (Nowe 1 :
Large Swqnal Yaltage Wt - 415 Ve IFar Large Vi Swingl i | 25 | 15 el 1% 1% Wimw
Gain Fp 2kl ! : |
J: Curput Vaoltage Swing ‘ : i ]
C v W 30D R -2 kI 3 : 2 1 26 % 1 22 Voo
Ry .- 10k 27 | 78 E- -] 27| B 27 | 23 27 ] 28 23 4 24 Voo
VoL Wt BVps AL« Rk ‘ 5 20 5 20 5 20 5 20 5 20 5 100 mVoe
— — 1 -4 - 1=
i Qurptet Current .
‘ Sauree { Vi 11 VRC. VIN- m 0o V- 18 vpe | 10| Z0 1o | 0 0| o | oA LLCR V) AL ) m
I sk Wig- -+ vpo, Vg O vpe. v =18V | 10| 15 5 8 5 8 5 a 5 4 § 8 md
l Cutlerential [npul W W wt I W wt | wt Ve
| Woltsge {Mota 71 | | |
NOTES:

1. Far cparating ol igh temperatuce:, 1he LM324: L3244 LMIB0I must oe desared based an a +125°C maximum junct-on ‘empszrature ond a theemal renstanee ol 176°CA0 which apphes 1or the device soldered i a printed orouir
board, aperating in a still air gmbioent, The LAA224 L M2345 and LMA1Z4/L M1 2404 can e decatend based anoa -1500 C maarmum junction 1empsratare. The dissipanon s the tatsl of alt Four amplifiers — use externsl rasisiors, whare

posuble, o allow the amplifier ta sstorate or 1o reduce 1he power wihich § dissipated - the snegratad corcuns

2. Shon cireuits rom the owrput e S can cavse gwcgstwa heating and eventuat dasiroce
cantingees shorr-rrcuns can excesd the powes dissipatan ratings and causs fuenty
wall rmly (=13t wwhern rhe voltage 50 any of rhe nput eads s doven negarnivs

2. Thiznpid curren:

adan.an 10 this diode actan, there s ol Lt

désirucoan

. les dus to the colls

e e a1aan 1hat an sapisT 5 o owen aegqatiee, This g oot destrugtie aned warenal outa stales will reesseatied whaa the nput valtage, wihick was neaative . sgain retusns 10 a value greater than -0.3 Ve

7 THR MAMRm GUTPUT CUTT2rt & approximataly 40 mA wdependent of the magrotude ¢ W Bt walues of supply weltage v excess o1 415 v oo,
L Destrugtive disspatigm gan resull fosem simuhansous shorrs e all amplifiers.
or Base punshion o thenput PRP pansisiars Becmming faneard bigsed and Therehy acting as input drode clamps. In
Al RPN paiasili 1rAnine achion on the 10 ¢hip, This vansstan acoan can cause the outpod voltanes U1 the o amps ta gu ta the V¥ valtuge lewel for to ground for o large gverdreeel far

4. These specificutions appy for Wo: 45 Vpeand -BE T Ta o +125°0, unless orherwise stated. With the LMZ234! LMZI2405, wl lempature specificarions sre inwtedd ra 267G - Ta o7 48570, the LMIZ24/ L3244 wempeiature specifi-
GALGng gt inTes 1 0 C s Ta o - 70 C, and the LMIS0Z specifieanans ;e hmied g -a0 £ Ta - 185°C

5wy TAV[e B - 05 wieh WY am G Ve 1o 500V g, and over the tull commenemade cange 10 Vg e VT LBV

& Thay oucagtaan of e nput currens oaut af b 1E due 0o the PP npoe sae2, This tureen? s 25030:ally conssant, pndegandent 21 1ha siate 2F the output sooaa Isadimyg change geosts an the gl ires,

7 Tha inpul cormmen mods STage o har -aput sigral wel e shauli! nar beoallowed mooyo negatbive by mioce 1han @ 233, The uoper and cof 1ha tommon-mede vonane range s W15V, but either or both wputs can go to +37 Vo
wilhipur damage 426 Voo for LRTA0Y:

. Lwe to proxoredy of eatecnsl campanents. esaee Thal cuapling 15 Aatan@imanng via 5T0Ey capaiiiance berszen these extsiral pans. Thes iypical v con be detecivd as ks bepe of copaut-ve increases at higher frequencies.
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Quad Single-Supply
Operational Amplifiers

124 224 324 2902

TYPICAL PERFORMANCE CHARACTERISTICS

Vo - QUTRUT
VOLTAGE 1V|

Vi - INPLET
VOLTAGE |1

- DUTPUF VOLTAGE

REFERENCED TO ¥ (Vo

L

Vi - INFUT VOLTREE |-Vpc)
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1] 5 n 15
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148/149 248/249 348/349

Low Power Quad 741
Operational Amplifiers

DESCRIPTION

The LM148 series is a true guad 741. It consists of four
independent, high gain, internally compensated, low power
operational amplifiers which have been designed to provide
functional characteristics identical to those of the familiar
741 operational amplifier. |In addition, the total supply
current for all four amplifiers is comparable to the suppiy
current of a single 741 type op amp. Other features include
input offset currents and input bias current which are much
less than those of a standard 741, Also, excellent isolation
between amplifiers has been achieved by independently
biasing each amplifier and using layout technigues which
minimize thermal coupling. The LM149 series has the same
features as the LM148 plus a gain bandwidth product of
4 MHz at a gain of 5 or greater,

The LM148 can be used anywhere multipie 741 or 1558

SCHEMATIC DIAGRAM  (1/4 Shown)

type amplifiers are being used and in applications where
amplifier matching or high packing density is required,

FEATURES

741 op amp operating characteristics

Low supply current drain (0.6 mA/Amplifier)

Class AB output stage - no crossover distartion

Pin compatible with the LM124

Low input offset voltage {1 my)

Low input affset current {4 nA)

Low input bias current {30 nA}

Gain bandwidth product: LM148 {unity gain} (1.0 MHz}
L1149 (Ay = 5) {4 MHz)

High degree of tsolation betwsen amplifiers {120 dB}

Overload protection for inputs and outputs

“1oF ou e LAY

CONNECTION INFORMATION

CJ Flatpak DC and DB Duat In-Line
{Top View! Packages
[Top View!
AT e
' = 0
i T T
: H I:ﬁ E )
b 1 E
Qrder Part Nos,: g ]
LM148F, LMT49F, S
LM148J, LM245.1, 1 M348, ]

LM24BN, LM343N,
LMI140J, LM245), LM245),
LM142NM, LM342N

-
(=N R R H S =

HIGH RELIABILITY CPTIONS

FUNCTION

OUTPUT A Part Numbar Sereening

-V A P

+V|N A LIAT4BIO2 WIL-ST-883 Class B

r; B LMZ4BJ03" } Raytheon A+3 sereening including

TSNS mi348J03 F | Burn-inand tightaned 4031

OQUTPUT B LM24BNG2" Raythepn A+2 screening including

DUTRUT C LIM34BND2 temp cyoles, Burn-in, "Hot Ral"

VING testing and tyhtensd AQL

;\fIN c LM2agM01° || Raytheon A+l sereening including

Vi D LR34 f lemp cycles, "Hot Ral™' westing and
tightened ACQL

My © .
OQUTPUT D *Complete details are shown in the guality
section of this catalog,




Low Power Quad 741

Operational Amplifiers 148/149 248/249 348/349

|
ABSOLUTE MAXIMUM RATINGS

LM148/LM149 LM248/LM249 LM348/LM349
Supply Voltage 29V £18V =18V
Differential Input Voltage 44V 36V +36V
Input Voltage 122V 18V 18V
Qutput Short Circuit Duration (Mote 1) Cantinugus Continuous Continuous
Power Dissipation {Py at 26°C} and
Thermal Resistance {¢ja) {Note 2)
Molded DIP (N} Pd - - 500 mwy
i - - 160°Cw
Cavity DIP (D) () Py 900 mwy SO0 mW 900 mw
fia 100°C /W 100°CAV 100°C/W
Flat Pack {CJ) Pa 875 mw - -
fia 185°C/W — -
Maximum Junction Temperature (Timax) 150°¢C 110°C 100°C

Operating Temperature Range
Storage Temperature Range

-BB7C E Ta = +128°C
-65°C ta +150°C

-2B°C = Tp % +85°C
-65°C to +160°C

0°C = Ta = +70°C
-657C 10 +160°C

tead Temperatare {Soldering 60 seconds) 300°C 306°C 300°
ELECTRICAL CHARACTERISTICS (See Note 3
LM148/149 LMZ248/249 LM3A8/349
PARAMETER CONDITIONS MIN | TYP{MAX MIN| TYP|MAX| MIN| TYP|MAX! UNITS
toput Offser Vaoltage Tp = 253[1, R =210 k2 1.0 5.0 10) 64 1.0 60 | mv
Input Offset Current Ta = 25C 4 | 25 4 | &0 4 |50 | nA
Input Bias Current Ta =250 30 | 100 30 1 200 30 | 200 | oA
Input Retistance Ts = 250 0e} 25 ng | 25 08| 25 MG
Supply Current All Amplifiers Ts = 25°C.Vg = +15V 24 18 24 4% 24| 45 | mA
Large Signal Voltage Gain Te = EECC, Vg = 16V 5 160 25 160 % 160 Yimy
Vo = 210V, R 22 ki
Amplifier to Amplifier Coupling Ta=26C.f=1Hzto20kHz -120 -120 -120 de
) . nel EM148 1.0 1.0 1.0
Small Signal Bandwidih Ty =260 L1349 10 m a0 Hz?
: cn| LMI48A =1} 60 B0 1]
Phase M - 25
hase Margin Ta-257C CM1337A,, 5] 50 0 o deyrees
LM148{A,= 1} 05 0.5 0.5
Slew Rate Ta-25°C v Vi
B e A~ 3 L asia, =51 20 20 70 ”‘5
Output Short Circurt Current Ta=287C 25 25 25 mA
Input Offset Voltage Rg =10 k&2 6.0 15 15 my
laput Offset Crvrent 75 125 100 | nA
Input Bias Current 325 500 400 | nA
Large Signal Voltage Gan Vg =210V, Vour =210V, | 25 15 19 vimy
R =2k8
Qutput Voltage Swing Vg= 118V R = 10ki? H2 | 43 ot e i 2| *3 v
RL=2k82 D | $12 0o | u2 o | £12 v
Input Voltage Range Vg = 115V +2 12 12 v
Common Mode Rejection Ratie Rg =10 kL 0] 50 70| 90 0| 9% dB
Supply Voltage Rejection Rg =10 kS 7§ 96 7| 96 w9 dB

fNete 1@ Any of the amphifier outputs can be shorted to ground indefinitely; however, more than one should not be simultanesasly sharted oy
the maximum junction temperature will be exceeded.

Note 2;

The maximum power dissipation for these devices must be derated at elevated temperatures and is dictated by Tipaax. UjA. and the

ambient temperature, T a. The maximum available power dissipation at any temperature is Pg = (TyMAX - TA].-'fi'j,Q or the 25°C Paiax.

whichever ig lass,
Note 3:

otherwise noted.

These specifications apply for Vg = £ 18 and over the absolute maximum operating temperature range (T = T a = T unless



148/149 248/249 348/349

Low Power Quad 741
Operational Amplifiers

APPLICATION GUIDES

The 148 series are low power gquad operational amplifiers
that exhibit performance comparable to the popular 741.
Substitution can therefore be made with no change in eircuit
behavior,

The 149 series is similar to the 148 except itis decompen-
sated 1o vield a wider gain-bandwidth product. Conse-
guently, it must be operated at a minimum closed loop
gain of 5.

The input characteristics of these devices allow differen-
tial voltages which exceed the supplies. Output phase will
be correct as long as one of the inputs are within the operat-
ing common mode range. If both exceed the negative limit,
the output will latch positive. Current limiting resistors
should be used on the inputs in case voltages become
excessive.

TYPICAL APPLICATIONS

One Decada Low Distartion Sinewava Generator
a

AR

£

#l
113 Itg

F1
Vi

', K- R4RS

f= »
2rR1CT A3

faax = & kHz, THD = 0.03%

1 _Ygs
Ve

When capacitive |oading becomes much greater than 100 pf,
a resistor should be placed between the output and feed-
back connection in order to reduce phase shift.

The 1487149 series is short circuit protected to either
ground or the supplies continuously when only one of the
four amphfiers are shorted. If muitiple shorts occur simul-
taneously, the unit can be destroyed due to excessive power
dissipation,

To assure stabibity, feedback resistors should be placed
close to the input to maximize the feedback pole frequency
Ifunction of input to ground capacitance) and to minimize
pickup. A good rule of thumb is that the feedback pole
frequency should he 8 times the operating 3 dB frequency.
If less, a lead capacitor should be placed hetween the out-
put and input.

Low Cost Instrumantation Amplifier

vl
VouT = 2 (E + 1) Vg —3V < V) oM € VE -3V,

Vg =+18Y
R = R2, trim R2 to boost CMRA

R1 =100k pot,, C1 =0.004%uF, C2=001uF, C3 =0.1uF, R2 =Re = R7 = 1M,
A3 =51k, A4 = 1252, R5 = 2400, O = NSE102, O1 = 1N914, D2 = 3.6V avalanche

dinde fex. LM103Y, Vg = L1BY

A simpler version with some distortion degradation at high freguencies can be
made by using A1l as a simple investing amplifier, and by putting back t¢ back

zeners in the teedback loop of A3



Low Power Quad 741
Operational Amplifiers

148/149 248/249 348/349

TYPICAL PERFORMANCE DATA

ok

SUPPLY CUARENT {ma}

£

[} " %
SUPFLY WOLTAGE 12y

Supply Current vs
Supply Voltage

’ ¥

-55°C

i~

POSITIVE QUTPUT WOLTAGE SWING 1¥)

|
+126°C
[ +25"l7\

Vs =‘115U

] ) L'} 15 I i5
OUTPUT S0UACE CURRENT tmal

Suppiy Voltage

Positive Current Limit vs

Lk} l
" ~\\=\\ LJ]H
" \\_l\
£ ow AR %
: N
\\
2 [y = I5Y
X T st i\\,\

" 1M Tk 10k 1 I
FREQUENLY {H)

Ratio vs Frequency

Commaon-Mode Rejection

By = 1
100 - . v -
y. Vo Vg - 18¥
Ty = 25°C
o ’
z
E .1 \'k
: =
z ¥
F lop L
q
-1
1 1 H 3 4
TIME disl

Smail Signal Pulse Response

GAIN-48 NEGATIVE OUTPUT VOLTAGE SWING Iv]

WOLTS IV

o
s

=
=]

g =

120 g 115 Y +—

a

=

INFUT BIAS CURRENT inkt
=

=

b | e
=
-"'“\._

Lo ¥g

C T

a
56 .35 35 B 25 e 65 B 104 M5
TEMPERATURE (“Ch

=

input Bias Current vs

Termperaturs
] I
I
-1 "t
\ -55°C
“ 2T
F125 ¢
Vg = 215
q 1

1] k] 1 14 Kl bl o
QFUTPUT 5INK CURAREMT ImA|

Negative Current Limit vs
Supply Voltage

e € | | |

NG
Wiy ]

m \\ -, .

o LH1E N Y

NN

] \\

0| ¥g = 215V ] -

N AN

(1] loa L[} ok 1Mk 1M
FAEQUENCY IMH21

Open Loop Frequency

Response
¥ T
0 g |
13
.4 - B - .
o b By o )N
¥y - v Y
[ K= 2
RN o il s B P
el ‘} -
v
1 L
-10
I an 30 120 160 i)
TIME lpa)
L9

Large Signaf Pulse Response

GArd 148]

CQUTPUT IMPEQANCE 15

&0 T
- - f
=
oLl :
; i
. _
Em / T
s [ P4 i
% 4
£ |[ V. 1 I._H_
u / "
i [T4-550
i [ [T1
B 5 0o E %

SUPPLY WOLTAGE (+y1

Vigitage Swing vs
Supply Voltage

1k

FRECUENCY Hal

Ourput impedance vs

Freguency
T L )™
T v e ]
PHASE ;
T oo
; @
- o -t [T
N ; o=
| | : =
B LU
o . \ Hd w2
=("J\W - A, a
| Lo 2 \Bnlm 0
.il- — lr H _1 N n
Il L1 LLLl . ‘ -1
ar 1 ]
FHEMUENCY [Wlhz1
LA 148
Fhrase Margin vs Frequency
= 12
g T
R II{I_.._._
& I 1
w AL ]
) My i
5 T ;
2 | |
S i R
= Ve = 4'
ER Rs
[=] =
o 1l N AN
< 5 I N
o sy - M,
H
z < 15 DIST. i \

1o 1} ik 100k
FRECGUENLY 1H:|
Undistorted Output Voltage

Swing vs Frequency
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Low Power Quad 741
Operational Amplifiers

TYPICAL PERFORMANCE DATA (CONT)

T | lJr T T l_ T
10 e 44 + -
B LM ' =4
S P e E
Eaol _ 1t . §§ .
z - 3 z3
El a £z
£ = =
S JE N e 2o b b { e ivaa—] - p—— iy
E ® | S5
z & r _— 25
= ! z
Y [ A “ i 2
: | ¥
[ | Thite |
o 1 L . L
.55 .35 L1557 AR Gh ES 105 175 s -15 15 5 75 4% G5 6 105 03§ -5 o -1 -2
TENPERLTURE {0 TEMPERATUAE (1 HEGATIVE SUPPLY WOLTS W)
Gain Bandwidth vs Slew Rate vs Megative Common-Mode
Termperature Temperature Input Voltage Limit
Pt 15 1§ m
T T T l; ! <] T
Ve = -thY i
- LY ] Lt L I '
vy Ay = 2 e ik frT e e s =
|+ | J = I e z |
Ay = -1 T2 | p H B AR IR = I
0 N Ta- 36 ] i ! i 2 wE gL :
AR 100 i w g =
3 \ 5 i g I3
10 X - e ] e = g
2 2 ME& w a =3
g “= e 3, . EAN NOISE VDLTAGE]| & ki !
0 ot [ - 8 SEa | N
‘7= 2 a0 [l e as marse curment ll oo 2 z= ' |‘ ?
. H H = = I
’ i K ERN Pt oy ® g
R | g e me| ] . BSL Ty +lISC
1 hn i 0 5 | 1 1 1
020 a0 B0 SN W0 120 140 160 180 200 " L] " T 5 I 1 0
TIME ‘sl FREOLFENLCY {Hi) IFOSITIVE SUPPLY YOLTY I¥]
Inverring Large Signal Pulse Inpot Moise Voltage and Positive Commaon-Made
Respanse (LM 148) Moise Current fnpur VYoltage Limir
I, o —| .I;l.u.--._. ".-0 '\I"g L | | '-'Iu T ‘Iu
It | R - B e ¥l ; \ ve
s o {l [ I
‘l T:‘ AN I! ' |‘|. :
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Z + . E ] ! 4 .
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TYPICAL APPLICATIONS~-LM148

Low Drift Paak Datector with Bias Current Compsnsatien

T

Uk,
1
om r A
LTIER 4
0z
LN
14 LAIT48 ' ot
| =t
b It ] P

M908

Adyust A for mimmuom drilt
B3 low leakage diods

01 added ta improve spead
Vg = 115V

Univecsal State-Space Filter

fi
M

e

1+ R5IAG

Hogps —M
1+ RAIRD + R3IA4G

Ra
1004
AR Lt
iy 24
1Mk /1 iz
B P
K1
174 LM VA I\
v A2
Vi 1 LMIE e AR
+ 1 LM% ¥ip
- Hl.
R4 A
AAA—
Hy Ry
104 LM13% —CYpg
Tune O through RD,
For predictable results: 1, Q < 4 x 104 =
Use Band Past gutput 1o lune for Q
Yish Nis)
= — . D=5+ *wg?
ViNggg  Dis) a
2 -SwoHopp
NHPis) = §7Home. NBpfs) = —————  NLp=wo? HoLp
1+ R4IR3 + R4IARY R& 19 142
fo e — ——— =R, Q= — -
F|5 ez 1+ RBIHS RStz
1/2
1 Ry 1+ REIRE 1+ R41R3 + RAIRO
NOTCH = — . Hgpp = ———————  Hggp= ——————————
o ALty 1+ R3AQ+ AZIR4 1+ A3AC + R3IR4




Low Power Quad 741
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TYPICAL APPLICATIONS LM148 (CONT)

A 1kHz 4 Pole Butterworth

Wiy

inpx

\ 000 1F |1
164 LM1ag A - 11
50K I\ n9IF
+ 114 LM148 a el -
50.3

ity
N 144 L1482 a¥oum
_— +
Tk 100k B
Avv‘v
A P—
AAA 00k
it I
0agtuF
AN
L 50.3k
i ¥
JEET :: 174 LM1ag —C Your:
l .
Lse general equations, and ane each tection separarely
Qi SECTION = 0.591, QangseCTION = 1.306
The response shou'd have [} dE peaking
A 3 Amplifier Bi-Quad Notch Filter
‘v‘v‘v
R7
N
It A
y 1l
cl 11
P ARA ) 110
16 L1495 v I\ 1
w2 178 L 1se AP -
RE OuTIs! L R3
= HE + . L LM
(%]
= E: +
Yinig) O =
A8 R1CT 1 23] 1 1 1213
Ay S g7 T —x ————— . INOTCH ™ ——
A7 W RICZAZCT am A7 WRZRACICE In R3IRERTIC1CZ
i A
Nocessary condition lor ngigh: — = -
AE  R4RY

Ex: tyoTCH = 3 KHI, Q=5 R1 = 270k, A2 = R = 20k, R4 = 27k RE = 20k, RE = RB = 10x, R7 » 100k, €1 = C2 = 0.001uf

Baiter noise parkormance than the state-space approach

1-20
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TYPICAL APPLICATIONS LM148 (CONT)

A dih Order 1 kHz ENiptic Filter (4 Poles, 4 Zeros)

AAA

A AL Lowpass Response
Wy 100w
" __U{ —
ct I
174 LM143 Ay - L _
2 g
¥ AR H
N 144 LWM4& VWA z
k3 $ 8F i H
R <My + 10 LA TR
L
= 1
- _‘-"‘v -
Ry R
AN CREQUENCY iHrl
i3
AN e \| Bicr=Race=
B 11 H R t=R'20 2=t
11 iy
[ .
11 o
160 LM 143 3 1Bk
R ve AAAL
14 LMIaE —h
af i3
A g P LI e I\
b
L
= 14 LWag aVy

i =1 kHz, lS—ZkHz lp=0543 fz =214, 0= 0847, f'p = 0887 {2 - 492, Q"= 4403, nnrmal-zedtunppleBW

1 ARG 1 1 A 1 1+R4IA3 + H4IRO 1+ R4RD
fp= — — x — tz= — — -, 49 ——
2u A5 t 2 AL ' 1+ RBIRG HS HE I+FI6|F[5+F!6HF

AHAL
fip =

Ry + PRy

Use the BF outpus to tune (2, O°, tune the 2 sechons separarely
R1=R2=926k R3=FR4=A%5= 100k A6 =10k, RO =1078, R_- 100k, Ry = 155.1k,
R'l=f"2=509k R'4=R6=100k R'6 =10k R'0 =578k R'| = 100k, R’y = 24332k, A'f = 100k. All capacitors are 0.001uF.

TYPICAL APPLICATIONS—LM149

Minimum Gpin to Insure LM 149 Siability The LM142 as a Unity Gain bnverisr
“v"‘ Y
ar a#
R
Vi ———i Y|y = —e
L .
14 L8148 —0 VguT X b— V7
4
+ E
VouT -4 VauT 1
AcList = = — = A ACLEs) - f I
VIN 5 Vin 6
1+ 1+
AQLish Agtis)
Vo Yo
=5 Vos = '5Vps
\le =0 Vg =0
Pawer BW = 40 kHz Small signal BW = GBEW/S

Small Signal BW = G BW/S

1-21
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TYPICAL APPLICATIONS—LM149 (CONT)

Mon-imvarting-iniegrator Bandpas Filter
3

RE

nD
g
<
A
. JJ ;.
(L) I

A7 = RE¢, 10RE = RE, Cp = 100
[ Hg

Fur stabulily purposes

1 AL 1

ige -
2

g
LIS ]

Hoipaaxs. Qe < 20 kb2, 10

Beerer O senseiraty with respect 1o SREN LOOP Qain v3ra0ians 1han the
siale vaniable fier,

AY. L added 1or compensalion

Active Tone Control with Fulk Cutput Swing (Mo Slew Lamiting a1 20 kHz)

T
Vo= 1BV VouTimax) < 31 Vans.
gy = 70 kHz THD = 1%

alk,
Cuphcare the aoove circine far sieen

HID
0a0sT
—
I_% A1 annk Rl
wes 1k BASE
3 A=
24 T
Ak £l —I—
J 0.0EuT -E_J arar

—.L cl o

1 t

B AT

Rl 1 1
" Iy — -« . fygs —————
2eASL3 Z=iR1 + AT T3

fas Bags Gan = IRI + AZ1AT

048
1] gB —— _— ;‘;
ap—— L L__

M 1

4 4 B = Vioun
" " L Max Treble Gam = IR1 + 2ATAS
| r| L asshown B - J2Hr A g - 320 Hz
an LB HE: = Fy = 11 RHZ tyg 1.1 Hr
R ]
5. EL S
TREDLE
Tri . Sa G or
Cl
0.001uf
]
1
k2
10k
114 LM143 b
e01f TAVAVAN
WA | fiz
k Mk
1§ o 20k
1% 4
™ m 2 v Oy ["E] 04 v
- VI
2069 20k 2k 20K
o ek = ] ]
£ x VN vy .
"o K s HZIRT2, —— £ 2B VT e W7, WG e r15BY
svtcIm K

Use £ M125 for + 15V supply
The circuit can be used as a low frequancy V/F for process contral.

1, 02 KE4393, Q2, Q4: PI0G7E, D104 = 1N914

1-22
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A

TYPICAL SIMULATION

LM148, LM149, LM741 Macromodel for Computer Simulation v
ce ce

< Rl 1

5 RL2
*» 53k h4d6pF 5.3k .
) c1p- Y 6 R o3
"_—{ 3 v 30 oF al
b 11 3z

+ o 11 i o
o1 02 D4
Y, vy L ™ ,
A2 S Rp2
Gem Gy ‘: ) Gp b4
d 550 1908pes g 100 247 5misy HE7

Rel Re? < RC c
3 GpVg
2712 2712k :|- 1.3u82 469675 —_ 2.803V
== I
v
EE
G geymti2 15810718
20.26uA
Boz = 144 "C2 =6 pF for LM149

—For more details, see |EEE Journal of Soiid-State
Cirguits, Vol. SC-9, No. 6, December 1974
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155 156 157

Monolithic JFET Input
Operational Amplifiers

GENERAL DESCRIPTION

The LF155A, 166A and 167 A family is composed of JFET
input operational amplifiers which by using advanced pro-
cessing technigues, contain both bipotar transistors and
closely matched JFET's on the same chip. The resulting amp-
lifiers feature low input offset voltage and offset voltage
drift, low input bias and offset current, and low noise. These
devices also feature wide bandwidth, high slew rate and fast
settling time making them extremely versatile in such appli-
cations as A/D and D/A conversion, sample and hold cir-
cuits; analog function circuits, active filters and instru-
mentation circuits,

SCHEMATIC DIAGRAM

DES IGN FEATURES

Low input offset voltage - 1 mVY

* Low input offset current — 3 pA
# Low input bias current — 30 pA
& Low input noise volitage — 12 nWA,/Hz 158A157A

20 nV4/ Hz 155A

Low input noise current — Q.01 pAA/ Hz
High DC voltage gain — 200,000 V/¥

1-24

0 e
m
-
]
AL aACE
41 1M
A
i
[
[
-]
L]
b aut
[L1]
141 H 11
Fl] H
L1 1=
PJﬂl
LA
L1
L
i U] Tt -y
L}
L] - Ay
hL] ¥ B
0 -¥ic
*f = 2 pF o LFIST ol
CQ Flat Package T ITO-28) DE and NB
[Top View) Metal Can Package Dual In-lina Packages
[Top View) {Top View}
PIN FUNCTION
Ko wfne 1 COMP/BAL
BaL [ h sInt Ll (1) 2 —INPUT
e el — 13 i +iNPUT
J : = am] R
+HIN [T ] AUTRUT 5 BAL
[l 6_IBAlL e 57 & OUTPUT
Nota &: Pin 4 connested 10 case. 7 vt
B COMP
Crdler Pary Mos,: Crridar Purt Nows . Drcler Part Mos..
LF1G5&F, LF 155F, LF1554H, LFIBEAH, LF 156AH, LFISSADE, LFI55ADE, LF156ADE,
LF1GEAF, LF155F, LFaRB&H, LF1B?AH LF3IS7AH, LFI6EADE, LF1STADE, LF357ADE,
LF16TAF, LY 1GTF LF15EH, LF256H, LFISSH, LF 186H, LF1GE0E, LF2EED0E, LHESDE LFTS6DE,
LF25EM. LEIGAM. LE167H LFPE7H  LF2GEDE, LF3SADE, LF1S70F, LF257DE,
LFiGTH LF3570E, LE3SEAN, LFISEAN, LEIETAN,
LF 385N, LFIEEM, LFI5TY



Monolithic JFET Input

Operational Amplifiers 155 156 157
ABSOLUTE MAXIMUM RATINGS
LFIS5A/6A/TA | LF3S5A/6A/7A LF155/6/7 LF265/6/7 LF355/6/7
Supply Voltage 122V 22V £22Y 122V =18V
Pawar Dissipation (Note 1} £70 mwW 500 mw 670 mW 570 mw 500 mw
T(-99 {H package)
Operating Temperature Range -85 tg +1257C 0o +70°C -55 to +125°C -75 to +85°C D 1o +70°¢
TilMax) 150°C 100°C 150°¢ 16°C 100°¢
Differential tnput Voltage AQY 40V 40V 40V +30V
Input Voltage Range (Note 2) =20V 20V +20¥ 20V 16V
Qutput Short Circuit Duration Continuous Continuous Continuous Continugus Continuous
Storage Temperature Range $510+150°C | 65to +150°C | 6510 +150°C | -65ta+150°C | -B5 o +150°C
Lead Temperature {Saidering, 300°C 300°¢ 300°c 300°C 300°C
10 secands}

Note: LF15748, 357A, 157, 257, 357 are decompensated for use in circuits with Ay = 5 anly.
DC ELECTRICAL CHARACTERISTICS Vce 18V Ta +25°C unless otherwise specified

LF155A/156A/157A LF355A/356A/367A
PARAMETER CONDITIONS MIN TYP MAX MIN TYFP MAX UNITS
Input Offset Yoltage Rg = 10 K2 i.0 2.0 1.0 2.0 my
Input Offset Current 3 ] 3 ] pA
Input Bias Current 30 50 30 50 pa
Input Resittance 10° 10% M
Large Signal Voltage Gain RL =2 KQVoyuT+10v | 50k | 200K 50K | 200K Vv
The following specifications apply for -55°C = Ta = +125°C for LF155A/156A/157A; IFC = T = +70°C for LF355A/356A7357A.
Input Offset Voltage Rg = 10 K$2 2.5 2.3 my
Input Offset Current 10 1.0 né
Toput Bias Current 25 5 nA
Large Signal Voltage Gain Rl = 2 KO ¥VoyT 410V 25K 25K viv
Dutput Voltage Swing RL = 10K +12 +13 12 +13 vV
Average Offset Voltage Orift 3 5 3 5 u e
Common Mode Rejection Ratio fig = 10 KIT AW +5Y 85 100 85 0 dB
Power Supply Rejection Ratia fig = 10 KL AW +0Y 13 100 85 100 d8
Input Yoltage Range =11 +15.1 =11 +15.1 v
~32 -12
AC ELECTRICAL CHARACTERISTICS Vcc #15V Ta +25°C unless otherwise specified
LF155A/355A LF156A/356A LF1578/357A
PARAMETER CONDITIONS MIN | TYP | MAX | MIN | TYP | MAX | MIN | TYP | MAX 1INITS
Gain Bandwidth Produet 2.5 40 j 45 15 | 20 MHz
Settling Time To0.D01% 4 1.5 1.5 S
Slew Hate LF1B5A/TB6A: Ay =1
LF157A: Ay =5 3 5 0} 12 40 | 50 Vius
toput Capacitance 3 3 3 pF
Input Noise Current F =100 Hz a.af 0.01 o.01 pAf\/ﬁ
F=1kHz 2.0 0.01 0.04 pA/\/HZ
input Noise Voltage F =100 Hz 25 15 15 nW\/ﬁ
{Rg =100 £ =1kHz 20 1 12 NINET
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DC ELECTRICAL CHARACTERISTICS Vg=+15V, Ty =25°C

LF156A/355A LF1564/356A LFta7A/357A
PARAMETER LF155/265 LF355 LF156/256 LF356 LF157/257 LF357 UNITS
TYP | MAX TYP | MAX TYP MAX TYP | MAX TYP MAX TYP | MAX

Supply Current 2 4 2 4 5 7 5 10 5 7 5 10 mh

DC ELECTRICAL CHARACTERISTICS VCC 15V Ta +25°C unless otherwise specified
LF155/156/157 LF265/256/257 LF355/356/357
PARAMETER -CONDITIONS MEM, TYP | MAX | MIN | TYP | MAX | MIN | TYP :MAX UNITS

Input Offset Voltage Rg = 10 K§2 3 b 3 5 3 10 mv

Input Qffset Current 3 20 3 20 3 50 pA

Input Bias Current 30 100 30 | 100 30 4 200 pA

Input Resistance 108 10¢ 10¢ e

Large Signa! Voltage Gain RL =2 KQVgut 10V S0K | 200K 50K | 200K 25K | 200K VIV

The following specifications apply for -55°C < T = +125°C for LF155/156/157; -25°C = Tp < +85°C for LF265/256/267; 0°C = Ta

= +70°C for LF355/356/357.

Input Offset Voltage Ag = 10 K2 7 8.5 i3 my

Input Qffset Current 20 1 2 n
Enut Bias Current 50 5 8 nA

! arge Signal Voitage Gain RL=2KQVoyTt 0¥ 25K 25K 15K ViV
_OutputVoItageSwing Ry =10 KE2 312 | £13 12 1213 +12| 13 v

Average Qffset Voltage

Drift ] 5 5 MVEC

Cammon Mode

Rejection Ratig Ag = 10 KEL AV £5Y 85 | 100 85 100 8¢ 100 df

Power Supply Rejection

Ratio Rg < 10 K AV 15 85 {100 1] 100 B0 100 dB

Input Voltage Range 11 |+19.1 +11 | +15.1 +11 +15.1 v

- 12 -12 -12

AC ELECTRICAL CHARACTERISTICS Vcc *15V Ta +25°C unless otherwise specified

LF155/255/355 | LF156/256 | LF156/266/356 | LF157/257 | LF152/257/357 | UNITS
PARAMETER CONDITIONS TYP MIN TYP MIN TYP
Gain Bandwidth Product 2.5 &0 20 MHz
Settling Time Ta 0.01% 4 1.5 15 13
Slew Rate LF155/156: Ay=1 5 7.5 12 30 a0 Vi
LF157: Ay=b
(nput Capacitance ki 3 3 pF
Ingut Naise Current F = 100 Hz 0.0% 2.0 am pAI\/E
F=1kHz 0.0 a.m o.m
Input Noise Voltage F =100 Hz 25 15 15 nVA/Hz
{Rg = 10082 F=1kHz 20 i2 12
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Mote 1: The TOD-99 packepe must be derpted based on a tharmal resistance of ta0°Cow munetion 1o ambient ar 48° AW junction to case,
MNota 27 Unless ptherwise specified the absglute maximum negative ingut voltage is equal to the negative powsr supply valtage,

Note 3: Thase specifications apply for 218V € Vg % 220V, -55°C = T, % +125°C and Ty gp = -1257C unless otherwise stated for the
LF158A/GA/TA and the LF155/8/7. For LF255/6/7, these specilications apply for 316V = Ve = 220V, -ZB'C = Ta +85°C and THIGH

= +88"C unless otherwise stated. For LFIB5A/6A/TA, these spacifications apply ter 18V & vg = 220V, 0°C % Ta % +70°C and THIGH
= +70°C, and for the LF365/6/7 thesa specifications apply for Vg = £16V ang 0°C % Ta = +70°C, vO35. IB and 1Q8 are measured at Ve = 0,
Note 4: The Temperature Coefficient of the adjusted input offset voltage chenges anly a smell amaount [u.s_uw"‘:: typically} for aach mVy of
adyustment from its ariginal unadjusted valve. Common mode raaction and open loog voltage gain are also unaffecied by offset adjustment,

Mote §: Theinput biascurrents ara jurction leskage currents which approximately dowble for guery 10°C increase in the junction temperature, T,
Due te limited production test time, the input bias currents measured are corrafated to junclion temperature, In normal operation the junction
temperatare riges above the ambient temperature as a result of internal power dissipation, Pg. Tj = Ta + OA Fg where GjA is the tharmal
resistance from unction 1w ambent. Use of a hear sink is recommended if input biss current is 1o ke kept ta & minimum,

Note 6: Supply Waoltage Rejectian is measured for bath suoply magnitudes increasing or decreasing simultaneously, in accordance with commen
prectice,

Mote 7: Setting time is defined here, for a unity gain inverter connaction using 2 ki resistors for the LF115/6, It is the time required for the error
woltage (the voltage Bt The inverting input gin on the amplifiert to settle to within 0.07% af its final valua from the time a 10V step input

is applied to the inverter, For the LF1S7, Ay - -5, the feedback registor from autput to input is 2 k§k and the output step is 10V {see Satting

Time Test Cirguith.

TYPICAL AC PERFORMANCE CHARACTERISTICS
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TYPICAL AC PERFORMANCE CHARACTERISTICS (CONT)
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TYPICAL DC PERFORMANCE CHARACTERISTICS
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INPUT PROTECTION

This family of op amps has an ion-implanted, P-Channel-
JFET input stage. The reverse breakdown valtages are large;
therefore there is no need for protective diode-clamps
across the inputs. Also, large differential-input voltages can

be accommodated without causing large increases in input-

bias current. The maximum differential-input-voltage is
indepandent of the supply voitages. These amplifiers have
JFET inputs rather than MOSFET inputs, so special hand-

ling is not needed. The only word of caution: Do not let
either input voltage exceed the negative supply voltage.
If either input becames more negative than the negative
supply vaoltage, then excessive currents may flow throwgh
the input stage and destroy the unit.

INPUT COMMON-MODE RANGE

An unusual feature of these amplifiers is that the common-
mode-input-voltage range for lingar operation extends to
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the positive supply voltage. The common-mode input
voliage can even exceed the positive supply voltage by
approximately 100 mYy. This abitity 1o operate with
common-mode voltages of up to, and slightly over, the
positive supply voltage holds over the full power—supply
range and rated operating temperature range. This capa~-
Gility is very useful in comparator applications where the
pasitive supply voltage can ke used as a reference voltage
on one of the inputs.

On the negative side, the specified range must be adhered to
for proper operation. Exceeding the negative common-mode
limit on gither input will cause a reversal of phase at the
output and will force the amplifier output to the correspond-
ing high or low state (positive or negative saturation). Ex-
ceading the negative common-mode voltage limit on both
inputs forces the amplifier output into positive saturation.
The amplifier will not “latch’ or become damaged by ex-
ceeding the negative common-mode limits as long as the
peak input current is limited to 30 mA, But there is reversal
of phase and this should be carefully considered in design-
ing oscillator circuits, comparators, etc, where common-
mode limits might be exceaded.

BROADBANDING

The LF157 family is decompensated to obtain very high
slew-rate and gain-handwidth product. This sacrifices phase-
margin and thereby limits the usage to selected applications,
hut the performance improvement in those particular appli-
cations is often substantial. External compensation can be
used to optimize overall performance.

The LF157 series is a LF156 circuit decompensated by a
factor of §, and is therefore & times faster than the LF156.
But 1o obtain the same degree of stability, the LF157 op
amp must be operated at a minimum closed-loog gain of 6
{maximum feedback factor of 0.2). Stability is determined
by the phase shift and magnitude of the loop gain. Instability
accurs if the loon gain is greater than unity at a frequency
where phase shift of 180°C can occur.

Wideband decompensatad amplifiers can be used as low
gains it frequency compensation is used. An example of
a unity-gain circuit is shown in Figure 1.

At high frequencies, the C impedance becomes low and
resistor B serves to reduce the feedback factor. This
circuit has improved AC response with no sacrifice of DC
parametars.

INPUT OFFSET VOLTAGE

Conventional FET-input op amps often have an undesirable
interaction between adjustment of input offset voltage and
drift. With some designs, CMR is aiso degraded by adjusting
input offset voltage. This family of monolithic FET-input
opamps has very little interaction of offset adjustment with
other parameters. Each mV of offset adjustment typicaily

"
Fraghack Factor [F) = 06
g + &AL Coba b

LTI

Figure §. LF 157 Unity Gain Operation

causes less than ro,spvf’c change in drift. The low initial
offset, low drift, and jow degree of interaction between
offset and drift, all combine to make this amplifier family
an ideal choice for any high-gain circuit. For example, the
LF356A has a maximum input offset voltage at 25°C of
2 mV and a maximum average temparature of SuV/"C.
Adjusting input offset on the LF356A will typically cause
less than *1uV/°C of additional drift.

A circuit for adjusting input offset voltage is shown in
Figure 2. The range of adjustment will be sufficient to
zero any of these amplifiers. For applications requiring
very low drift, we recommend using the A’ versions
{12 mV Vg Max).

& ¥ is adjusted with & 2K poigndismetar,

= The potenciormeer guigur is comnecoed (o he v '

® For potansiamenrs enth 1mpersura coet ziens of
100 pm/™ 4 o dass she and dspnal dud veish adjust
is = 5w GImY ol adjutmant,

® Fypeal patrall dindt S50 4GS L
ol adji.

Figure 2. Offset Voltage Adiust

INPUT BIAS CURRENT

Low input bias current is the primary advantage of using
FET-input op amps. The reduction in bias current is
approximatety 1000:1 when compared to standard 741-
type op amps. This significantly reduces offset and noise
when using high-impedance summing networks or when
driving the noninverting input with a bigh-impedance

signal source.
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Because the input bias currents are junction leakage
currents, there will be .a doubling of bias current for each
10°C increase in junction temperature. In normal opera-
tion, the junction temperature will rise above the ambient
temperature by approximately 10°C to 20°C due to the
internal power dissipation. In addition, input bias current
varies somewhat with common-mode voitage and power
supply voltages. The performance curves illustrate typical
changes in bias current due to these effects. For applications
where input bias currents must be minimized, these second-
ary effects should be considered.

APPLICATIONS
General-Purpose Instrumentation Amplifier

The three-op-amp instrumentation amplifier circuit shown
in Figure 3 provides excellent performance when impla~
mented with op amps from the LF156 family, The circuit
witl amplify millivolt-level ditferential signals with very
good rejection of common-mode inputs. The FET-input
stages of Al and A2 provide high-input impedance and
very low input-bias-currents. CMR vs frequency is usually
good dus to the excellent AC response. The interaction
between input offset adjustment and drift is unusually low,

Circuit operation is straight-forward: The input amplifiers
Al and A2 buffer and amplify the differential-input-vottage
Vg, and the comman-mode voltage Vem is rejected by the
output amplifier A3. To adjust offsets, ground hoth inputs
(Vg =0l and set the gain Ag to some high value {Ag > 1001,
Adjust the offset of amplifier AT {or zero at amplifier A3
output (Vg > Q). Then open up the gain-setting path [Rg + e}
and adjust amplifier A3 offset pot for zero at amplifier A3
output {Vo * 0} Now the gain can be varied over a wide
range (1 to 1000 is reasonable without changing the offset.

To adjust common-mode rejection, connect the two ampli-
fier inputs together (Vg = 0) and drive them with an AC
input. A low-frequency sine wave with an amplitude of
about 10V will give the best results. Drive the horizontal
input of a scope with the AC signal and observe the output
Vg on the vertical channel, Vary the CMR adjust pot for
minimum peak-to-peak error voltage at Vg, Differential
phase shift between amplifiers A1 and A2 and amplifier
nonlinearities will limit the CMR obtainable, but 100 dB
to 120 dB at 60 Hz is practical. One advantage of using
the 186 family is that the R2 impedance can be larger
than usual due to the low input biss currents, Therefore,
the CMR adjust pot value can be chosen ta provide im-
proved resolution. A value of 100 k&2 is a good choice

which is very important when using this circuit at high gain. for R2.
20
18V O—9 IRPUT
OFFSET
ARIUST
1
- g Viﬁ’-'?’ Ay W
5K,
BN Oy DUTFUT
OFFSET
AOIUET
A GAIN
ADWET Ay
R
1Ky JuvPuT
| 4 — O
INPUT = W Ad fig i "
!

1
Wyt
7 Yot Vom

-5

1
Hem = Ag N

?
CMR AQJUET

Figure 3. instrumentation Amplifier
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Gain can be varied by changing Rg, and the gain formula is:

2R

Vg =1+ Vg

Rg

Minimurn gain is unity and the maximum gain is limited
by the op-amp open-loop gain. A gain range of 1 to 1000
is readily achieved with excellent performance.

High Q, Bandpass Filter

The LF157 version is recammended for use in active filter
circuits. The extra margin of AC response provides much
higher performance than can be achieved using standard
741-type op amps.

A handpass filter using LF157 op amps is shown in Figure 4.
This circuit vses positive feedback to achieve high Q. A Q-
range of 10 to 50 is practical for this circuit. The transfer
function for this eireuit is:

1
— Ks

Vgls) B1Cq

Vinlsh 1 R 1 R1 R
T e — 2-KThs e (1ot o
Ry Ro R1Cq Rz + Rz

Center freguency fg is determined primarily by the time
constant R4C4 and the ratio of R4 to B3, Values are chosen
such that R1 2 R3. A range of 5 to 10 is practical for the
gain K.

Center frequency and Q are given by:

Center frequency can be most easily set by adjusting R3.
The Q can then be independently set by adjusting gain K.
Both op amps are operated at loop gains above 5 in this
circuit, so the LF157 can be used without encountering
stability problems. As with any high-Q bandpass filter,
reasonable care must be taken to lead dress, grounding,
and power-supply bypassing, to avoid undesired oscillation
arwd noise pick-up.
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.
P

F

o O AR




Monolithic JFET Input
Operational Amplifiers

155/155A 156/156A 157/157A

SELECTION GUIDE
Vog {max}
Model Temp, o8 Avg. lag b lee
No. Range at 25°C Over T T¢ {max]) {max} {max) Slew Rate {max)
LOW SUPPLY CURRENT
LF155 -55/12% 5my F.Omy 20 pA 100 pA 5V /usec 4 mAa
LF155A -56/1286 Zmy 25mv BuV/C 10 p& 50 pA 3V/usec (min) 4 mA
LF255 -26/85% 5 mV 8.5 mV 20 pA 100 pA 5V /usec 4 mA
LF358 /70 10 myv 130 mV 50 pA 200 pA 5V usec 4 mA,
LF355A 0/70 2 mv 23mv BuV/°C 10 pA 50 pA 3V/usec (min) 4 mA
WIDE BAND
LF156 -65/126 5my 7.0mV 20 pA 100 pA 7.5V usec {min) 7 mA
LF 15664 -65/125 2mv 2.5 mV BuV/ C 10 pA 50 pA 10V /usec (min) 7 mA
LF256 -25/85 5my 6.5 mV 20 pA 100 pA 7.6V /usec {min} 7 mA
LF356 0/70 10 mv 13.0 mV 50 pA 200 pA 12Viusec 10 mA
LF366A 0/70 2mv 2.3my Buv/oC 10 pA 50 pA 10V usec (min) 7 mA
WIDE BAND DECOMPENSATED {AVmin = 5}
LF1567 -55/125 5mvV 70mvV 20 pA 100 pA 30V /usec {min) 7 mA
LF1567A -55/125 2my 25 mV SuV/C {0 pA 50 pA 40V usec {min) 7 mA
LF257 -25/85 5my 6.5 my 20 pA 100 pA 30V /usec (min) 7 mA
LF357 0/70 10 my 13.0mV 50 pA 200 pA 50V usec 10 mA
LF357A 070 2mV 2.3 mV SuV/°C 10 pA 50 pA 40V fusec (min} 7 mA
HIGH RELIABILITY OPTIONS
Part Type Added Screening Ta Order:
All LF15X With MIL-5TD-883 Agdd suffix 3
types Class B processing example:
LF156DE3
ANl LF355 DE | With A+3 processing | Add suffix 3
types including burn-in exampla:
cEramic and tightened AQL* | LF356DE3
All LF35S N With A4+2 processing | Add suffix 02
types including *"Hot Rail” | example:
plastic testing, burn-in, LF356N02
temp cycle and
tightened AQL ™
With A+ processing | Add suffix 01
including "Hot Rail” | example:
testing, temp cycle LF3SENM
and tightened AQL"

*Full description contained in the quality section

of this catalog.
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709

High-Gain Operational Amplifiers

GENERAL DESCRIPTION

The RM708 and RC709 are monelithic, high gain DC opera-
tional amplifiers fabricated on a singte silicon chip by the
planar process,

These devices are designed for use in operational amplifier
signal processing, low level instrumentation, control systems
and for the generation of special linear and non-linear transfer
furctions,

The RM709 operates over the full military temperature range
from —88°C 1o +126°C. The RC709 is the commercial de-
vice intended to operate over a temperature range of 0°C
to +70°C.

SCHEMATIC DIAGRAM

DESIGN FEATURES

® Low Input Offset Voltage +1.0mV Maximum

® - Low Temperature Drift of Input Offsat Voltage +6uV/°C
Maxirmum

¢ Low Temperature Drift of Input Offset Current
{+25°C to +125°C) 0,3nA/°C Maximum
{(-B5°C to +25°C} 1.0nA/°C Maximum
Low Power Consumption 90mW Maximum

® High Performance Open Loop Gain Characteristics 45k
Typical

INPUT
COMPENSATION
A 98B 5 vt
- T

;?L——ﬁ

CUTPUT

euTs
INPUTS ﬁ
e ————

A

OUTPUT
COMPENSATION

CONNECTION INFORMATION

NOTE: Fin 4 gonnected to casa.

COrder Part Mas.:
RM70IT, RCT09T

TE (TO-94) ca De
Metal Can Packagae Flat Package Dual In-line Package
[Top View} {Top View] {Top View]
INPUT COMP B
e i ® W ne
IMPUT .
COMF & we [ 1T TS ne 2 13 Jne
INPUT INPUT INPUT NPT
come » L7 L cowe o o A} (1] I ey Y
-INFUT | () } (&) | outeur  -imeur 3 vt -nput [ 1w
HNPUT [ CJ0UTRUT  <inpUT 55 0 1nuTeuT
' . OUTRUT . DUTPUT
INPUT ) Jurput v s 8 Jdome v e ] ome
% ne [0 i _Ine

Ordar Part Mps.:
RM708CO

HOTE: Pin 7 connected ta
botlom of package.

Ordar Part Nos.:
AM709DC, RC708DC
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ABSOLUTE MAXIMUM RATINGS

709

Supply Voltage .. ... ................... +18Y Output Short-Circuit Duration {T g = 25°C) ... .. 5 sec
Ditferential Input Voltage . .. . .. ............ +BY Storage Temperature Range . ... . .. ~65°C to +150°C
Input Voltage . . ... ... ... ... ... +10V Operating Temperature Range
Power Dissipation (Note) RM708/700A .. ... ... . ... .. —55”(3 to +1 252(:
Dual M-line Package ... .. . ... ... ... ..., 300mw RC709 ... ... . ... ... .. ... .. .. 0 Cto+70°C
TQ-5 Package 300mWw Lead Temperature {Soldering, 80s) ... ... .. .. 300°C
Flat Package . ..... ... e 250mwW
ELECTRICAL CHARACTERISTICS (¥9<Vgs*1BY, Ta= 25°C unless otherwise specified}
RM709 RCT709
PARAMETER CONDITIONS MIN TYP MAX|MIN TYP MAX UNITS
Input Offset Voltage Rg = 10k§) 1.0 3.0 20 75| mv
Input Offset Current 25 10Q 100 500 nA
Input Bias Current 180 300 300 1500 nA
Input Resistance 220 4006 5O 25D k(2
Output Resistance 150 150 0
Supply Currant Vg = +15Y 28 4.0 6.6 mA
Power Consumption Vg =116V 80 120 80 200 mw
Transient Response R = 2k, Vg = 215V, VN = 20mV
Rise Time g; : gg;';ffﬁztsgkég 03 10 03 10| ps
QOvershoot C = 100pF 10 30 10 30 %
Slew Rate Vg =215V, R = 10ki2, Ay =1 015 0.4 0.4 Vs
Large Signal Votrage Gain Vg=215V, R =2k, VoUT=110V 15 45 kW /V
The follewing specificatians apply for -65°C < Ta < +125°C for RM: 0°C < TA < 70°C for RC.
Large Signal Voltage Gain Vg=x18V, R 2 2k, VouT=£10Vv 25 45 70 | 12 kV/V
Input Offset Voltage Rg < 10k} 4.0 10 | my
Input Offset Current Ta = max 10 100 nA
Ta =min 50 300 750
Input Bias Current Ta =min 400 1000 2000; nA
Average Ternperature of Coef- | AR5 =508, Ta = 25C 1o T =max 1.8 10
ficient of Input Offset Voltage] Rg = 5082, T4 = 25°C to TA = min 1.8 10 o
Rg= 10k, Ta =26 C1o Tg = max 20 15 wviee
Rg =10k, TA=25Cto Ta=min 6.0 15
Auerage Termperature Coef- | Ta = +25 C to max .
ficient of Input Offset Current) Ta = +25 C o min nAlC
Input Voltage Range Vg = £15V 8.0 10 8.0 *10 W
Output Voltage Swing Vg=2*16v, R = 10k& BB £12 %14 v
Vg =415V, R|_=2kD 10 £13 10 *13
Input Resistance Ta = min 50 126 365 1256 kS
Common Mode Rejection Ratio Rg < 10k(2 090 65 490 dB8
Supply Voltage Rejection Ratio] Rg < 10k£! 25 150 26 200 | pwviv
Supply Current W5 =118V, Ta = max
Vg =216V, TA = min mA
Power Consumpstion Vg =215V, Ta = max
V5= *16V, Ta = min mW

NOTE:

Derate Iineéarlv the maximum power dissipation of the dual in-line package at 8.6mW/° C for ambient temaerature above +1 18°C, of
at 5.8mW/"C for ambient temperature above +35°C and of the flat package at §.4mW/" C far ambient temperatura above +103°C.

applies far case temparatures to +7G"C.

the TQ-5 package
For RCT09, rating



725

Instrumentation Operational Amplifiers

GENERAL DESCRIPTION

The RM725 and RC725 are high performance, high gain oper-
ational amplifiers on 2 silicon planar epitaxial processed chip,

The RM725 military version gperates over full temperature
range from —56°C to +125” C, The commercial RC725 operates
from 0°C to +70°C.

The RM725 and RC725 offer offset null capability, very high
voltage gain and low power consumption over a wide power
supply voltage range. They are used for all instrumentation
applications requiring precise, low level signal amplification,
low noise, low drift and accurate closed loop gain.

SCHEMATIC DIAGRAM

A

DESIGN FEATURES

Low Input Noise Current 0.15pAM/Hz
High Open Locp Gain 3,000,000

Low Input Offset Current 2nA,

Low Input Voltage Drift 0.6uV/°C
High Common-Made Rejection 120dB
High input Voltage Range 14V

Wide Power Supply Range *3V to 222V
OFfset Null Capability

T é 1+ Oyt
o._NlV\..o
100k -1 T~ |
BALANCE |
K o
TPUT
* O——ﬁ_ |)‘ TCG MR, —0 QUTPY
!N_I'-'(!:.ITS E | | | .
R,
| |l e e [ 3
= r}
- f Oy
CONNECTION INFORMATION
TE {TO-99}
Metal Can Package DE and NB Dual
{Top View) Indine Pa.ckage
{Top View}
PEN FUNCTION
» 1 eaL
CF s 2 aNpPUT
a +INPUT
E:i 7 :l 3 v-
O & s cow
) OUTPUT
[ py B 7 v
i B BAL
Mote: Fin 4 connecled to case Order Part Nos.:
RNM7Z50E, ACYZ50E
Order Part Bos.: P /EGUE, 1 .
RM725T, RCTZ5T C755NE
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Instrumentation Operational Amplifiers

ABSOLUTE MAXIMUM RATINGS

725

Supply Volage ... .......c.c.c.0vrioenennn 122V Storage Temperature Range ... ... .. —65"C to +150°C
Internal Power Dissipation {Note 1} .. ... .. ... B00mW Operating Temperature Rangs
Differential Input Voltage. . .. ... ........... +5Y RM725 . ... i -56°C 10 +125°C
Input Voltage (Note 2) .. ... ... ... ... ... 22 RC725 ... . .. . e 0 Cta+70C
Voltage Between Offset Nulland VY ..., ... +0.5V Lead Temperature (Soldering, 60s) . .. .. ...... 300°C
ELECTRICAL CHARACTERISTICS (Vg =18V, Ta = 25°C unless otherwise specified)
RM725 RC725
PARAMETER CONDITIONS MIN TYF AKX YT TvP MAX UNITS
{nput Offsgt VYoitage {without R < 10kS2 05 10 05 25 my
external trim)
Input Offset Current 20 20 2.0 i5 nA
tnput Bias Current 42 100 42 125 nA
Ynput Moise Veltage fy = 10Hz 15 1)
fo = 100Hz 9.0 9.0 nvA/Hz
fa = 1kHz 80 8.0
Input Noise Current fo = 10HzZ 1.0 1.0 !
fo = 100H:z 0.3 03 | pAHz
fo = 1kHz 0.15 0.15 |
Input Resistance 1.5 1.5 ML
Input Voltage Range T [ 135 £14 £13.5 £14 v
Large Signal Voltage Gain RL = 2ki2 1,000,000 |3.000,000 250,000 | 3,000,000
Vout=t10V |
Common Mode Rejection Ratio Rg = 10k{} 110 126 94 I 120 dB
Power Supply Rejection Ratio Rg = 10k} 2.0 10 2.0 35 oV
Qutput Voltage Swing Ry = 10k$2 12 135 12 +13.5 v
R = 2k82 10 1356 +10 +13.6
Dutput Resistance 160 150 2
Power Consumption 80 105 80 160 mii
The following specifications apply for -550C < Ta < +1259C for RM725; 00C < Ta, < +70°C for RC7265.
Input Offs‘et Voltage {without Rs < 10k 15 35 iy
external trim}
Average Input Offset Voltage Drift
[withogut e:temal trimy) : Rg =802 20 58 20 #V/oC
Average Input Offset Voltage Drift
i p iy ¢ Rg = 502 08 0.6 pv/ocC
Input Qffset Current Ta=1250C;700C 1.2 20 1.2 3.5 nA
Ta=-550C,00C 75 40 4.0 50
Awverage Input Offset Current Drift 35 | 150 10 pA/OC
Input Bias Current Ta=1250;700C 20 108 125 WA
Ta=-559¢;00C 80 200 250
Large Signal Voltage Gain Ta=1250C;309C )| 1,000,000 125,000
Ta=-550C,;0°9C | 250,G00 125,000
Common Mode Rejection Ratio Rg = 10k{2 100 i15 dB
Power Supply Rejection Ratio Rg = 10kQ2 20 20 MV
Output Voltage Swing R 2 2k +10 ES 1) W
NOTES:
1. Rating applies for case tamperature to +1 25°¢; darate linaarly at 5.5 W/ C for ambient tampaerature above +757C.
2. For supply voltages less than 22V, the absaluts maximum input voltage is equel to the supply voltage,
17



741

Operational Amplifiers

GENERAL DESCRIPTION

The RM741 and RC741 integrated circuits are high perform-
anece, high gain internally compensated mornolithic operational
amplifiers fabricated on a single silicon chip using the planar
epitaxial process.

High cammon-mode voltage range and absence of latch-up
tendencies make the RM741 and RC741 ideal for use as a
voltage follower. High gain and wide ranges of operating volt-
ages provide superior performance in integrator, summary
amplifier and general feedback applications.

Both RM741 and RC741 are pin compatible with the RM709,
LM101TA and the LM107. The military version, BM741 operates
over a temperature range from —565°C to +125°C. The com-
mercial version RC741 operates from 0°C to +70°C.

SCHEMATIC DIAGRAM

DESIGN FEATURES

Supply Voltage 22V RM741, £18V RC741

Offset Voltage Null Capability

Short-Circuit Protection

Mo Frequency Compensation Required

No Latch-up

Large Comman-Made and Cifferential Yoltage Ranges

.« & & & =+ 2 »

Low Power Consumption

ST

[ OUTPUT

o p
INPUTS 3
+
AR

P
A

K

O
BALANCE

JF'T
A

CONNECTION INFORMATION

TE (TO-99} cQ
Matal Can Package Flat Package
{Top Wiew} {Top Viewl

ChTPLT

BaL

Order Part Mos,: Order Part No.:
RMTAT, RCFAT RMT41C0

DC DE and NB
Dual In-line Package Dual In-line Package
(Top View} {Top View)
e e 1T e
[ . 13[JNE
Bl [:J NC
:EN ] 12[Jue
Ity L__:D-‘ij ! -|NE:3 Wt
o ) aurrur e ouTPUT
v e Hm [ v BAL
ne ! §dme Order Part No.-
RC741NE, RCMI1DE,
Crder Part Mos.: RW74INB, RV741DE,
RM741DC, RC741DC AM7410E
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Operational Amplifiers 741

A ]
ABSOLUTE MAXIMUM RATINGS
Supply Voltage ... .. ... ......... RM741: £22V Qperating Temperature Range
RC?741: +18Y RM741 . ... . -55CC to +31260C
Intermat Power Dissipation (Note 1) ... ... ... 500mwW RC74% . . .. .. . DOC to +700C
Differential tnput Voltage .. ... ... ..... .. 30V Lead Temperature {Soldering, 60s) .. ........ 3000C
Input Voltage {Nete 2} ... .. ... .. ... ...... +15Y Qutput Shori-Cireuit Duration (Note 3Y , .. .. Indefinite
Storage Temperature Range . . .. . .. =652C 1o +1500C
ELECTRICAL CHARACTERISTICS (Vg =15V, TA = 2569C unless otherwise specified)
RM741 RC741
PARAMETER CONDITIONS MIN TVF MAX I TYP MBX UMITS
Input Offset Voltage {Note 4) Rg= 10kf2 1.0 5.0 20 6.0 my
Input Offset Current 20 200 20 200 na
Input Bias Current B0 500 80 500 nA
Input Resistance 0.3 2.0 0.3 20 MO
Large-Signal Voltage Gain RL = 2kE2, Yoy = 210V | 50,000 | 200,000 20,000 (200,000
Cutput Voltage Swing AL = 10k 12 +14 2 +14 W
AL = 2ki2 +10 +13 +10 +13 W
Input Voltage Range +12 +13 +12 +13 )
Commaon Made Rejection Ratio Rg = 10ks2 70 j=1n) 70 a0 4B
Supply Voltage Rejection Ratio Rg = 10k 30 150 il 160 MV IV
Power Consumption B0 85 50 a5 miy
Transient Response {unity qain} Vin = 20mV, R = 2kQ,
CL < 100pF
Rizetims 0.3 0.3 13
Overshoot 5.0 5.0 %
Slew Rate {unity gain) AL = 2k82 0.5 0.5 s
The following specifications apply for -650C = T = +1259C for RM741; 00C < T < +700C for RC741.
Input QOffset Voltage Ag= 10ki2 6.0 7.5 my
+125°C,+70°C
Input Offset Current —-88°C, 0°C 200 300 nA
lnput Bias Current +12§°C,+D?0°C 500 BOO nA
-55°C,0°C
Large-Signal Yoltage Gain RL=2kE, Vout = $10V | 25,000 15,000
AL = 10K 12
Cutput Yoltage Swing R 2 2k2 +10 10 v
Cemrmoan Mode Rejection Ratio Rg = 10k2 70 dR
Supply Voltage Rejection Ratio Rg = 10k 150 MV
Supply Current +126°C 2.5 mA
—55°C 3.3 mA
Power Consumption +125°C 75 myl
-B5°C 100 M

MNOTES:

1. Rating applies for case temperatures 1o +125°C; derate linearly at 6.6 mW/C far ambient temperatures above +75°C for RM741,

2. For supply voliages bess than + 16%, the absolute maximuem input voltags is equal to the supply voltage,

3. Shert<ircuit may be 1o ground or either supply. Rating applies to +3125°C case ternperature or +76°C ambient temperature for RM741.
4. Offset voltage may be nulled by connecting a 10kt potentiometer accross the batance pins and connecting the wiper pin to V7.
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747 Dual Generai Purpose Operational Amplifier

GENERAL DESCRIPTION

The RM747 and RC747 integrated circuits are high gain opera-
tional amplifiers internalty compensated and constructed on a
single silicon chip using the planar epitaxial process.

The miltitary varsion, RM747, operates over a temperature range
from -b8CC to +1250C, The commercial versian, RC747 aper-
ates from 02C to +700C.

Combining the features of the 741 with the close pararmeter
matching and tracking of a dual device on a monelithic chip
results in unigue performance characteristics. Excelient chan-
nel separation allows the use of the dual device in all single
741 aperational amplitier applications providing high pack-
aging density. It is especially well suited for applications in
differential-in, differential-out as well as in potentiometric
amplifiers and where gain and phase matched channels are
mandatory,

SCHEMATIC DIAGRAM (1/2 shown)

DESIGN FEATURES
Short-Circuit Protection

No Frequency Compensation Sequired
No Latch-Up

Low Power Consumption
Parameter Tracking Over Temperature Range
Gain and Phase Match Between Amplifiers

Large Commen-Mode and Differential Voltage Ranges

Order Part Nos.:
RMZ47T, RCT47T

K: V
o K
INPUTS 1 ouTPUT
R
= !
T~ 1 |_"
b
o -
BALANCE K: | kl .
{ —1 r é + f j —y"
CONNECTION INFORMATION
TF DB and DC
Maetal Can Package Dual la-ling Packagas
{Top View} {Top View)
-mpuT A 1f—ysaL A
+NPYT A 2 By vea
aaLa]? 2T oureyT A
v- Higne
gaL 8T i~ Jouteut e
ey e il
-INPUTBEF HYsaLe

Qrder Part Nos.;
RM7470DC, RC7470DC
RC74708
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Dual General Purpose Operational Amplifier 747
ABSOLUTE MAXIMUM RATINGS

Supply Woltage ... ... ... RM747: :22 Storage Temperaturne Fange 000 =GHOC 10+ 1H00C

RC747 18 W Operating Ternperature Rangs . RM 74/ -55Y0C ta +1250C
Internal Power Dissipation (Mowe 311 .0 ., 500 my RC747: 09C 1o 1 FOUC
Differential Input Yeltage .. - .. ... ... L300V Lead Temporature (Soldenng, 5050 0.0 a00ec
Input Voltage iNote 20 . . . P =15 Curput Short-Cucult Duration {Nate 37 . .. .. dndefinite

ELECTRICAL CHARACTERISTICS ivrg - t15V, Ta - 2590 unless atherwise nofed)

T RM747 RC747
PARAMETER CONDITIONS min_ | Tve | max N TYF | MAX UNITS
Input Offser Voltage e 10 ki 1.0 5.0 2.0 6.0 my
input Offset Current i 20 200 20 200 A
Input Bias Current [ 80 5_00_ L _8'_.‘._!____”__5(?0__ _ na
Input Resistance 03 ! 20 0.3 20 MLY
Large-Signal Voltage Gain R Y e
50,000 EZUD,DDU 50,000 200,000 ALY
Output Yaoltage Swing 1z | 114 | 12 +14 W
Y0 | =13 | 10 113 v
Input Voltage Range I ALY S At _tiz2 13 Ay
Common Mode Rejection Ratic Rg ‘f l_{j I:Sl T _?0_ i _96 ) 70 a0 dB
Supply Voltage Rejection Ratio Ro= 10 kL 30 1h0 30 150 FAFAY
Power Consumptiogm'___ B i N __i 1L __‘I'{}O___ a _1_?_’0_ 1 100 170 m
Transient Response II Vig = 20 mVv |
{unity gain) ! Ry =2k i |
[ CLs100pF ! i
Risetime ! ': ': 0.3 Q.3 Hs :
vershoot ! |l| IlI 5.0 5.0 £ ]
Slew Rate [unity qain) !l Ry # 2 k2 E :l 0.5__‘_ R 05 s I
Channel Separastion 1 KM ] | i
! i 98 S N L d8
| i |
. | | i
[ The fatlowing specifications apply for —550C = T % +1250C for RM747: 00C < T a < +700C for RC747.
[ Input Offset Voltage RS <10k |' 60 | | 75 mv
Input Offset Current +1259C, +700C 5 ' 200 300 A
-550C, 00C I 560 300
Input Bias Current +1280C, +700C |7~ ] T Ts00 | 80D nA
-550C, 00C 1500 ! 800
Large-Signal Voltage Gain R &2kl Jl
Vout = £10vV | 25,000 | 25,000 VAV
- g + *
Qutput Voltag.e S_'vxjng g:: Z ;(-"(322 t:]ltz} I 10 | W
Common Mode Rejection Ratio Rg = 10k{2 70 0 | dB
Supply Voltage Rejection Ratio Rs < 10k{2 | 180 E. 140 I
Power Consumption Vg = 2156V
Ta =+1250C o | 180 . 150 "y
| Ta=-B80C | 200 —._]. 200
Input Voeltage Range +132 | 112 W
NGTES:

1. Rating appliss for case temperatures (o H12500; derate Wingaely at 6.5 miW/OC for ament temperatuies above + 7540 for RM747.
2. For supply voltages less than =15 the absglure maxirnom input voliaoe s equal (o tha supply volrage.
3. Shorvcircui! may be to qround ar ethar supply. Rating apptes to +125°0 case (emperature or 17520 ambwent temperaturs for RC747

"



748

Operational Amplifier

GENERAL DESCRIPTION

The RM748 and RC74B integrated circuits are high perform-
anca, high gain monolithic operational amplifiers fabricated on
a single silicon chip using the planar epitaxial process. Fre-
quency compensation can he tailored externally to cover a
broad range of analog applications.

High common-mode voltage range and absence of latch-up
tendencies make the RM748 and RC748 ideal for use as a volt-
age follower. High gain and wide ranges of operating voltages
provide suparior performance in integrators, summing amphi-
fiers and general feedback applications. Unity gain compen-
sation is achieved by means of a single 30pF capacitor,

Both RM748 and RC748 are pin compatible with the RM709,
LM131 and BMA4101. The military version, RM748 operates
over a temperature range from —65°C to +115°C while the
commercial version RC748 operates from 0°C to +70°C,

SCHEMATIC DIAGRAM

DESIGN FEATURES

» {ffset Voltage Null Capabiiity
® Short-Cireuit Protection
® No Latch-up
® Large Common-Made and Differential Yoltage Ranges

Low Power Consumption

¢y COMPENSATION
? L; pI ov?
+ —
M
<
INPUTS guTeLT
"
|
COMP/BAL O
BALANCE O—
-
"“r‘f]
. »
{ -+ - r - % j +—
CONNECTION INFORMATION
TE {TO-99 DE and NB
Metal Can Package Cua! In-lina Packages
{Top View) {Top Viewl
PIN FUNCTION
1 COMP/BAL
e o 2z -NPUT
O - 3 +INPUT
E:‘;I3 > 4 -
5 BAL
4 5
b ) ] OUTPLUT
7 it
. 8 COMP
Mate: Fin 4 copnecled 1o case
Order Part Mas.: QOrder Part Mos.:
AM745T, RCT48T RC748NB, RC7480DE,
RMY42DE
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Operational Amplifier

748

— ——
ABSCLUTE MAXIMUM RATINGS
Supply Voltage .. ................ RM748. +22v Operating Temperature Range
RC748: +18v RM7482 L ~B8OC to +1250C
internal Power Dissipation [Note 1} . .. ... ... S00mW RC?48 .. ... . ... 00C 1o +700C
Differential Input Voltage ... ... ........... 130V Lead Temperature {Soldering, 60s} . ... .. ... . 3000C
Input Voltage {Note 2) . . ... ... ... ... ... 15V Output Short-Circuit Duration {Mote 31 . . . Indefinite
Storage Temperature Range .. . ... .. =-859C 10 +1500C
ELECTRICAL CHARACTERISTICS {Vg = 216V, T A = 260C unless otherwise specified}
RM748 RC748
PARAMETER CONDITIONS MIN TYP TMAX T WIN TV T AX UNITS
Input Offset Yoltage Rg = 102 1.0 5.0 2.0 6.0 my
Input Offset Current 20 200 20 200 nA
lnput Bias Current 80 500 BO 500 nA
trput Resistance 0.3 20 a.3 20 L2
Large-Signal Voltage Gain R & 2kEL, Vaut = #10V | 50,0001200,000 20,000 [200,000
Output Voltage Swing R = 10k82 *12 14 12 14 A%
Rp = 2k82 10 £13 10 +13 v
Input VYoltage Range 12 13 12 £13 \%
Commeoen Mode Rejection Ratio Rg = 10k w0 90 70 90 dB
Supply Valtage Rejection Ratio Rg = 10k{1 30 150 30 150 FIAVIAY
Power Consumption B 85 50 85 i
Transient Response {unity gain) Vip = 20mV, R = 20,
C = 100pF
Risetime 4.3 0.3 353
Overshoot {MNote 4} 5.0 5.0 g3
Slew Rate (unity gain} RL = 2k$ {Note 4} 0.5 0.5 WVius
The following specifications apply for =550C < T < +1250C for RM748 ; 000 < Tp < +700C for RC748 .
Input Offset Voltage Rg < 10kL2 6.0 75 my
+125°C,+70°C 200 300
Input Offset Current —56°C,+70°C 500 800 nA
+125°C,+70°C 800
Input Bias Current ~BE°C,+70°C 800 nA
Large-Signal Vottage Gain R 2= 2k, Vout =210V | 25,000 15,000
- R = 10k +12
Output Yoltage Swing RL& 2k £10 10 A
Common Mode Rejection Ratio Ag < 10kQ2 70 dB
Supply Voltage Rejection Ratio Rg < 10k 150 VA
NOTES:
1. Rating applies for case termperatures to +125° C; derate linearly at 6.6 mW,° C for ambient temperatures above +76°C far AM748.
2. For supply valtages less than +15V, the ahsolute maximum input voltage is equal to the supply voltage.
3. Shortcircuit may be to ground or either supply. Rating applies to +125" C case temperature or +75°C ambient temperature for AM743,
4. Compensatian capacitor: 30pF.
143



1437
1537

GENERAL DESCRIPTION

The RC1437 and RM 15637, previously referred 1o as the 4709,
integrated circuits are monclithic dual high gain operational
amplifiers. The device is compased of two 709 oparational am-
plifiers fabricated on a single silicon chip. It has all the out-
standing features of the 709,

Oue to the inherent matching and tracking of parameters, the
1537/1437 has several unique applications: differential infout
amplifiers, non-inverting amplifiers, gain and phase matched
channels.

The RM1537 operates over a temperatire range of -559C to
+1260C, RC 1437 is the commercial temperature range device
for operation from Q090 1o +759C,

SCHEMATIC DIAGRAM (1/2 shown)

DESIGN FEATURES

® Gain and Phase Matching Between Amplifiers

® Low Temperature Drift £3 pv/eC

* Large Qutput Voitage Swing 114 V Typical

Dual High-Gain Operational Amplifiers

INPUT FREQUENEY
COMPENSATION
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IRPUTS
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AL AR
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r—————=0 QUTFUT

QUTPUT

O FREQUENLY
COMPENSATICN

RM15370C, RC14370DC,
AC1437DB

—ovy
CONNECTION INFORMATION
DC and DB
Dual tnlina Packages PIN FUNCTION
{Top View}
1 QUTPUT LAG 2
] 1] 2 OUTPUT 2
- . ”:1 3 INPUT LAG 2
(- 1 4 INPUT LAG 2
3 17 5  -INPUT Z
- ”:' 6  +INPUT 2
—* ] 7V
5 1t 8  «INPUT 1
= I:I 8 aneuT
l:_s.__J l_9_:| 10 INPUT LAG 1
7 8 11 INPUT LAG 1
(. [ j 12 OUTPUT 1
13 OUTPUT LAG 1
Crder Part Nos.: 12 s
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1437

Dual High-Gain Operational Amplifiers 1537
ABSOLUTE MAXIMUM RATINGS
Supply Voltage .. ... .. ... oL oL 8 v Operating Temperature Range . RM1537:-5520 1o +12500
Dniferential Mode Input Voltage .. .. .. ... ... . HY RC1437: 00 to +750C
Common Mode Input Woltage ... ... . .. ... .. tyty Storage Temperature Range . .. . .. . . —6E58 to 16000
Power Dissipation . .. . ... ... ... ....... 500 mw Lead Temperature (Soldering, 60s) .. ... ... .. 3000C
............... 5.0 m/oc Qutput Short Cireuit Duration (259C). .. ..........5s

Derate above 750C |

ELECTRICAL CHARACTERISTICS (RM1537: -550C t0 +1259C; RC1437: 00C to +750C, unless otherwise noted)

RM1537 RCT1437
PARAMETER CONDITIONS MIN | TYP |MAX [MIN | TYP |MAX UNITS
Input Offset Voltage 5081 < Rg < 10k Ta = 2B0C 1.0 | 50 10 |75 v
19V <V < 2IBY 6.0 o | ™
Input Offset Current GV <yt < 215V RM1537: +250C 10 +1250C 50 200 50 500
RC1437: +25°C 10 +750C A
RM15637: -55°C 500 750 | "
RC1437.; Q0C
Input Bias Current 9V < ¥+ < 216V |RM1637: +250C to +1250C 0.2 05 0.4 1.5
RC1437; +250C 1o +752C A
RM1537: -850C 15 20 | ™
AC1437: 0oC
Input Resistance 9V < W <15V 150 | 400 50 160 kS
Output Resistance OV < VP18V 150 150 02
Power Consumption Wt =15y, Ry = 160 | 225 160 1226 | mw
f.arge Signal Voltage Gain|V* = 15V, v = 10V, R > 2 k{2 25 45 0 15 45 KV/v
Qutput Yoltage Swing Wt = t16Y RL = 10 k2 12 | £14 12 | £14 v
RL > Z k2 £16 | 213 10 | #13
Input Common Made VT = 16y 8 | 10 "B 210 v
Woltage
Common Mode Rejection |Rg < 10 k2, 19V < v+ < 218y 70 80 85 a0 dB
Ratic
Supply Voltage Rejection |Rg < 10 kG, 29V < v < +16V 150 200 | pViv
Ratio
Transient Response vt = 218V, Vi, = 20 mV, R =2 k%2, €7 =5nF,
R1 =15k, Cp=200pF, Rz =60 12
Hise Time 0.3 1.0 0.3 1.0 JILS
Qvershoot 30 30 %
Average Temperature £V < V< £18Y Rg=50 81 15 1.5 v/ioc
Coetficient of Input Rg =10k 30 3.0 #
Offset Voltage
Average Temperature LR 3 1Y) 0.7 a7 nA/oC
Coefficient of Input
Offset Current )
Channel Separation, 2OV < W 1BV a0 a0 dB
| =10 kHz
MATCHING CHARACTERISTICS (T4 = 250C, 9V < V*< 15V unless otherwise noted)
RM1537 | RC1437
UNITS
PARAMETER MIN | TyP [ MAX | MIN | Ty [ MaX
Woltage Gain ! 5.0 j_ *1.0 dB
Input Bias Current ! 1100 i 150 1 nA
Input Offset Current +15 120 nA
Input Offset Voltage 0.5 1.0 my
Average Temperature Coefficient of Input Offset Voltage *0.5 0.5 pvioc
Average Temperature Coefficient of Input Offset Current 0.2 0.2 nAOC




1458
1558

GENERAL DESCRIPTION

The RM1558 and RCT458 integrated circuits are high gain
operational amplifiers internally compensated and constructed
on a single silicon chip using the planar epitaxial process.

The military version, RM1558, operates over a temperature
range from 5800 to +1250C. The commercial version, RC 1458,
operates from 0OC to +700C,

Combining all of the features of the 741 with the close param-
eter matching and tracking of a dual device on a monolithic
chip results In unique performance characteristics. It is espe-
cially well suited for applications where gain and phase matched
channels are mandatory,

Dual 741 General Purpose Operational Amplifiers

DESIGN FEATURES

Short-Cireuit Protection

Ne Freguency Compensation Required

Mo Latch-Up

Large Common-Mode and Differential Voltage Ranges
Low Power Consumption

Parameter Tracking Over Temperaturs Range

Gain and Phase Match Between Amplifiers

T EEERE R

SCHEMATIC DIAGRAM  (1/2 Shown)
I _2' 0
o v $
'NF:UTS ] ] QUTRUT
A 7 aln
]: b
—% Inuuie
i Csg {31 |,
CONNECTION INFORMATION
TE {T0-99 DE and NB Dual
Metal Can Package In-line Package
{Top View) [Top View)
PIN FUNCTION
3 ‘. . | 1 OUTPUT LA}
2 =INPUT LA}
(. E:l 3 HNPUT (A)
4q v
E._.. 3 ..ﬂj s HNPUT (B}
E l : B —-INPLIT 1B}
4 ] ? QUTPUT (B}
8 vt
Crder Fart Nos.: Order Part No_:
RM1558T, RC1458T RC1458NE, RC1468BDE
RM1853DE




1458
Dual 741 General Purpose Operational Amplifier 1558

L ———
ABSOLUTE MAXIMUM RATINGS
Supply Voltage . ... ... .. ... ... RM1568: 222 V Storage Temperature Range . ... .. .. ~-850C ta +1500C
RC1458: 118 v Operating Temperature Range . RMIS6E. 6500 10 +12600C
Internal Power Dissipation (Nete 1) ... .. .. 500 mW RC1458: OnC o +700C
Differential Input Veltage .. . ... . ... ... ... 230 W Lead Temperature [Soldering, 80 .. .. . ... . 3000C
Input Voltage (Note 2) .. ... . ... .. ... .. 15 W Cutput Shart-Circuit Duration (Note 31 .. .. . Indelinite

ELECTRICAL CHARACTERISTICS ivce = 15V, Ta - 260C unless otherwise noted)

RM1558 RC1458
PARAMETER CONDITIONS MIN %gphw‘ﬁxrr”‘mﬁ"“— Tve MAX UNITS
Input Offset Voltage Ag = 10 &80 1.0 5_0_ b 2.0 66 | mv
Input Offset Current 30 200 0 200 'l| nd
Input Bias Current 200 500 200 500 | nA
Input Resistance a3 1.0 0.3 1.0 Ll
Large-Signal Yoltage Gain Ry =2k
50.000 § 200,000 50,000 | 200,000 Wi
Output Voltage Swing | T2 w7 [ TEr T T v
R 2x 2 kG2 10 t13 10 +13 W
Input VYoltage Range - TV Tz Y o 12 13 \Y
Common Maode Rejection Ratio Rg = 10 k{2 10 a0 10 a0 dB
Supply Voltage Rejection Ratio Rs < 10 kil T 1730 [ is0 30 150 | uviv
Power Consumption I T T N N AL 170 mw
Transient Response Vip = 20mv
funity gaint Ry =200
Cp = 100pF
Risetime 0.3 0.3 L5
Overshoot 5.0 5.0 %
Slew Rate {unity gan) R =2k 0.5 L BEEE Bl Mipts
Channel Separation f=1kHz
o8 8 | | «s
The following specifications apply for -880C < T g <X +1260C for RM1558; 00C< Ta = 47000 for RC1458.
Input Offset Voltage T Ri= ek | I Y 75 my
+125°C +70°C 200 300
Input Offset Current -55°C, 0°C o] 500 300 A
+125°C,+70°C 500 800
Input Bias Current —BE°C. +70°C 1500 L 800 nA
Large-Signat Voltage Gan Rp &2 k&2 )
| vewswov asao| | 25000 -
Output Yoltage Swing BL# 2k ﬂg £10 1 W
-_lg‘o;wr Consumption Ve TV o
Ta = +1250C 150 1 150 mi
T - -659C 200 o 200
Input Voltage Range 12 +12 A9
NOTES:

1. Rating applies for case termperatuers ta +1259C; derare hingarly at 6.5 mW/9C for ambient temperatures above +759C lor RM 1653,
2. Farsupply valtages tess than + 15V, the absolute maximum input voltage is equal to the supply voltage.
3. Short-circuit may be 1o geoaund or either supply. Rating applies to + 12520 case temperature ar +75°C amtuent temperaiure for RC 1458,
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1556 High-Performance Operational Amplifier

GENERAL DESCRIPTION DESIGN FEATURES

The RM1556/RC1556 are high perfarmance, high gain opera-
tional amplifiers, Each amplifier is interpally compensated
and fabricated on a single silicon chip by the planar epitaxial
process.

Input Bias Current 18nA Maximum
Input Offset Current 2nA Maximum
Input Offset Voltage 4mV Maximum
At £15V Current Drain 1.0mA

Offset Voltage Mulling {10k pot}

Slew Rate 2.0V/us

Unity Gain Bandwidth 4MHz

Gatn Variation 3dB from 3V 10 120V
Open Loop Veltage Gain 10648

These amplifiers feature high commaon-mode and differential
voltage range, very low input bias current, optimum perform-
ance over a wide range of supply voltage, and freedom from
“latch-up.” They are ideal for use as voltage followers, com-
parators, integrators, summing and general purpose amplifiers.

The RM types operate over a temperature range of ~55°C to
+125°C. The RC types operate from 0°C to +70°C.

SCHEMATIC DIAGRAM
§ E LN ot ver
INFUTS(‘: *“
;
OuTPUT
b J ¥o

Nl
r N ~ ™~
(3 il
+ * +* T S— y WD WP N—1
BALANCE Lj: Ve
CONNECTION INFORMATION
TE (TO.99) ™EB Dual In-line
Metal Can Package Plastic Package
Top Vi Top Wi
(Top View] Top View) PIN  FUNCTION
1 BAL
2 =INPUT
3 +INPLIT
4 Vo
5] BAL
4] OUTPUT
7 vi
8 NC
Order Part Mos.: Order Part Mo
RMIB5GT, RC1656T RC1556MNE




High-Performance Operational Amplifier

1556

ABSOLUTE MAXIMUM RATINGS

Supply Voltage. . .. .. ............. RM1566: +22v Operating Temperature Range
RC1556: =18Y RMIBS8 .. .. ..vvinen e -55°C to +125°C

Internal Power Dissipation (Note 1) . .. ... .. .. 5O0mW 2 Tod 1Y T 0°C to +70°C

Crifferential Input Voltage . ................ 30V Lead Temperature {Saldering, 605} . ... .. ..... 300°C

Input Voltage {Note 2} . .................. +15Y Qutput Short-Circuit Duration {Note 3] ., . ... Indefinite

Storage Temperature Range . . ... ... —65°C t0 +150°C

RM1556 AND RC1556 ELECTRICAL CHARACTERISTICS
{RM1556: ~B5°C <l T4 = 125°C; RC1556: 0°C < T4 = 70°C; Vg = 15V unless otherwise specified)
RM1556 RC1556
PARAMETER CONDITIONS UNITS
MIN TYP MAX MIN TYP MaX
Input Offset Voltage Ta =25°C, Rg < 50k} 2.0 4.0 5.0 10 my
Input Offset Current Ta=25"C 1.0 20 5.0 19 nA
Input Bias Current Ta =26°C 80 15 15 30 nA,
Input Resistance Ta=25"C 5.0 3.0 M2
Supply Current Ta =25°C 1.0 1.5 1.3 3.0 mA
Large Signat Voltage Ta =26°C
o Vo Ur = S10V, Ry > K02 100 | 200 70 100 V/mV
Input Offset Voltage Rg = S0k} 6.0 14 my
Input Offset Current +26°Cto Ty 3.0 14 A
= n
T, to+25°C 5.0 14
Input Bias Current 30 40 n&
Supply Current 1.9 3.b mA
Slew Rate (Unity Gainl Ta =25°C, R = 2k 2.0 20 Vs
Bandwidth {Unity Gain) Ta = 25°C, R = 2k82 4 4 MHz
Large Signal Voitage Gain Ry = 2k, VouT = £10V 40 40 ¥imy
Qutiput Yoltage Swing Ta =28°C, R 22k0, 412 +13 +11 +12 v
Input Voltage Flangé *12 £13 11 12 A"
Input Moise Voltage Rz = 10k, T = 1.0kHz,
AV =100, BW = 1.0Hz 25 5 nvi/Hz

Common-Mode
Rejection Ratio Rg < B0k 20 110 70 110 dB
Supply Valtage Rejection | g, < 5ok 8o | 86 74 | 83 dB

MNOTES:

1. For operating at elavated temperatures, the device must be derated based on 150°¢C for AWM 15566 1UO°C for RC1556 maximnum junction tempera-
ture and a thermal resistance of 150°CAY junction to ambient or 45°C /W junction to case,

2. For supply voltages less than L15Y, the absslute maxirmurm input valtage is equal to the supply voltage.
3. Short-circuit to ground rating applies 1o +125°C case temperature or +75°C ambient tempaeratura for RM1556,
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1556

High-Performance Operational Amplifier
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Dual High Performance
Operational Amplifiers

2101A 2201A 2301A

GENERAL DESCRIPTION

The LH2101A series of duat operationa! amplifiers
are two LM101A type op amps in a singte hermetic
package. Featuring all the same performance char-
acteristics of the single, these duals offer in addition
closer thermal tracking, lower weight, reduced
insertion cost, and smaller size than two singles.

The LH2101A is specified for operation over the
-55°C to +125°C military temperature range. The
LH2201A is specified for operation over the

CONNECTION DIAGRAM

-25°C 10 +85°C temperature range. The LH2301A
is specified for operation over the 0°C to +70°C
temperature range.

DESIGN FEATURES

8 | pw offset voltage

® Low offset current

B (Guaranteed drift characteristics

= Offsets guaranteed over entire common mode
and supply voitage ranges

® Slew rate of 10V/us as a summing amplifier

quuoyog

QOO O]

FIN FUNCTION
1 v
2 QUTPUT CAOMP
2 BAL/COMP
4q INV. INPUT
) NON-INV. INPUT
4] A"
7 BALANCE
8 OETPUT
9 v
10 OQUTPUT/COMP
1 8AL/COMP
12 INV. INPUT
13 NONINY INPFUT
Part Order Nos.: 14 BALANCE
LHZ10 AL, LHZ2201AD 15 GROUND
or LH2301AD 16 OUTPUT

AUXILIARY CIRCUITS

Inverting Amplifiar with Balancing Cireuit Alarnate

Al
AT

]
Mgk
theay b varp ar equal oo parel el Combima
af B1 4ad f focisisimam aiFget

Twa Pale Compensation

1 Cs Cl

B mws
Ly - 30 pF
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Balancing Circuit

Single Pala Compansation
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2101A 2201A 2301A

Dual High Performance
Operational Amplifiers

ABSOLUTE MAXIMUM RATINGS

Supply Voltage . . . .. ..o iv i *22V Operating Temperature Range LH2101A . -55°C1to 115°C
Power Dissipation (Note 1) . .. ............. 500 mwW LH2201A . .-26°Cto B5°C
Differential input Voltage. . . ... ............. 30V LH2301A ... 0°Cto 70°C
tnput Voltage (Note 2. . . .. oo v e 15y Storage Temperature Range. . . ... .. ... -65°C to 150°C
Output Short-Circuit Duration. . ..., . ... .. Comtinuous Lead Temperature {Soldering, 10sec) . . ... ... .. 300°C
'ELECTRICAL CHARACTERISTICS esch side {Note 3}
LIMITS
PARAMETER CONDITIONS UNITS
LH21014 LHZ201A LHZ2301A
Input Qffset Volizge Ta = 26°C, Rg =50k%2 20 2.0 7.6 Y Max
Input Offset Current Ta=28°C 10 10 50 nA Max
Input Bias Current Ta=28"C 75 5 250 nA Max
Input Resistance Ta = 25°C 15 1.5 0.5 M Min
Supply Current Ta=25"C, Vg = 20V 3.0 33 3.0 mA Max
t arge Signal Voltage Gain Ta=25"C, Vg =15V 50 80 25 V/my Min
VOUT = £10V, B = 2k
Input Offset Voltage Rg < BO kil 3.0 3.0 10 my Max
Average Temperature 15 15 30 LV/C Max
Coefficient of Input
Cffset Valtage
Input Offset Current 20 20 70 nd Max
2;2;:?:;:??‘::;::‘9 25°C < T < 125°C 0.1 0.1 0.3 nA/°C Max
-55° ° . . .8 ASC M
Offset Current B C=Ta=25°C 0.2 0.2 0 nAf ax
Input Bias Current 100 100 300 né Max
Supply Current Ta=+125"C, Vg =20V 25 2.5 mA Max
Large Signal Voltage Gain Vg =+168Y, VouT = t10V 25 25 15 Wimy Min
AL 2k
Qutput VYoltage Swing Vg =+18Y, R = 10 k&2 12 t12 +12 Y Min
AL =2k82 +10 10 10 Y Min
Input Voltage Range Vg = 20V 15 15 12 V Min
Commeon Mode Rg <= 50 k2 80 80 70 dB Min
Rejection Ratio
Supply Voltage Rg < b0 k&2 80 20 70 dB Min
Rejection Ratio

NOTES:
The maximurn junction temperaturg of the LH2101A is 1850°C, while that of the LHZ201A is 100°C, Far aperating temperatures, devices in the
flat package, the derating is based on a thermal resistance of 185°C/W when mounted on a 1/18-inch-thick epoxy glass board with 0.03-inch-
wide, 2-bunce copper conductars. The thermal resistance of the dual-in-line package is 1007 C/W, junctidn to ambient.
For supply voltages less than 15V, tha abselute maximum input voltage is equal o the supply voitage.
These specifications apply for 15V = Vg = +20V and -55°C < Ta = 125°C, unless otherwise specified, With the LH2201A, however, #li temper-
ature specifications are timited to -28°C = Ty = 85°C. For the LH2Z301A these specifications apply for 0°C « T4 = 70°C, 6V and = Vg <
+15V. Supply current and input voltage range are specifisd as Vg = 18V for the LH2301A, €4 = 30 pF unless otherwise specified.

M)

2l
3)
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2900

Quad Current Mode Single-Supply Operationat Amplifiers 3900

GENERAL DESCRIPTION

The LMZ900 and LM3B00 consist of four independent, dual
input, internally compensated amplifiers which were designed
specifically to operate off a single power supply voltage and 1o
provide a farge output voltage swing. These amplifiers make

use of a current micror to achieve the nen-inverting input fune-
tion. Application areas include: AC amplifiers, RC active fil-

ters, low frequency triangle, squarewave and pulse waveform
genaration circurks, tachometers and low speed, high voltage
digital logic gates.

SCHEMATIC DJAGRAM (1/4 shown)

DESIGN FEATURES

® Wide Singie Supply Voltage Range 4V 1o 36V

& Supply Current Drain Independent of Supply Voltage

® Low Input Biasing Current 30 nA

& High Open-doop Gain 70 dB

& Wide Bandwidth  2.5MHz (Unity Gain)

® Larger Gain-Bandwidth Product in Mon-lnverting Mode
[Ay =100@t -1 MHz)

® Large Output Yoltage Swing, V-1V g

® |nternally Frequency Compensated for Unity Gam

& Output Short-Circuit Protection

INPLT

ST

CURHENT =
WMIARGA

CONNECTION INFORMATION

DB
Dual In-line Package
{Top View}

U

| —

=
s

AL

Order Part Mas.:
LMZ900R, LM3BO0MN

M LA BB
T ETEEEEE

PIN FUNCTION

+INPUT 1

+INPUT 2

SINPUT 2

OUTPUT 2
OUTPUT 9
-INPUT 1

GROUND

~INPUT 3

9  OUTPUT3
10 OQUTPUT 4
11 -INPUT 4

12 +INPUT 4

13 +INPUT 3

1w vt

LRI B S PN S

163



2900
3900 Quad Current Mode Single-Supply Operational Amplifiers

ABSOLUTE MAXIMUM RATINGS

Supply Voltage (LM 2800} ... ............. +36Y QOutput Short Circuit Duration — ... .. .. Continuous
(LM3900) ... ... ... ... +32V QOne Amplifier, Ta = 259C

Supply Voltage . ........... ..... P - 17 Operating Termperature Range (LM 2000) . -400C 1o +859C

Power Dissipation {Ta = 259CHNote 1} . ... ... B70mW Operating Temperature Range (LM 3800} .. 00C to +700C

Input Currents, Tij+or iN- o oo oo 20mA Storage Temperature Range ... ... .. -85CC 10 +1500C

Lead Temperature (Saldering, 10sech .. ... ... Joaoc

ELECTRICAL CHABRACTERISTICS {(Voe = +16V, Ta = +250C unless otherwise roted.)

LM 2900/LM 3900
PARAMETER CONDITIONS N Tve MAX UNITS
Open Loop
Woltage Gain f =100 Hz 1200 2800 ViV
| input Resistance | Inwerting lnput 1 mMQ
Cutput Resistance Hnmmmm& k2
“UHT;;Eain Bandwidth Inverting Input {NmeaQ! 7 2.5 MHz
Input Bias Current Irwerting Input 30 200 nA
Slew Rate Positive Quiput Swing 0.5 Wius
Negative Qutput Swing 20 Vs
Supply Current R = 5= On All Amplifiers 6.2 o | mA |
Output Voltage Swing R = 5.1k
VouT High lN-=0, y+=0 13.5 14.2 v
VouT Low liN-= 10 A, hiy+=0 0.08% 0.2 v
Qutput Current Capability
Sou_rci_ 6 18 mA
Sink {Note 3 0.5 1.2 mA
Power Supply Rejection f=100 Hz 70 dB
Mirror Gain liN+ = 200 pA [Note 4) .90 1 1.1 A A
Mirrar Current {Note 5} 10 500 HA
Negative Input Current {(Note 6} 1.0 mA

NOTES:

1.
2.

L

1-54

For operating at high temperatures, the device must be derated based on a 1258C maximum junction tempecature and 3 thermal resistance of
1750C/W which applies for the device soldered in a printed cireuit board, operating in a stitl air ambient.

When used as a ‘'non-inverting amplifier”, the gain-bandwidth product is not limited 10 2.5 MHz. The isotation provided by the “current mirror’
allows = constant unity voltage gain feedback for the main inverting amplifier. This means that large values of pain can be achieved at high fre-
quercies and the dominant |imit is due to the slew rate of the amplifier. For example: a voltage gain of 100 is easily obtained at 1 MHz and an gut-
put voltage swing of 160 mVp-p can He achigved prior to slew rate limiting. This operational mode is useful for signal frequencies in the 50 kHz 1o
1 MHz range as would be encountered in |F or carrier frequency applications.

. The gutput current sink capability can be increaged for large signal conditions by overdriving the inverting input.
. This spec indicates the current gain of the current mirror which is used as the non-inverting input

Input ¥gg match between the non-inverting and the inverting inputs occurs for a mirrar-current {nan-inverting input current) of approximately
10 uA, This is therefore a typical design center for many of the application circuits.

. Clamgp transistors are inctuded on the 12 to prevent the input voltages from swinging below ground more than approximately =0.3 Vc. The nega-

tive input currents which may result From large signal averdrive with capatitance input coupling need to be externally limitad to values of appraxi-
mately 1 mA. Negative input currents in excess of 4 mA will cause the cutput voltage to drop to a low voltage. This maximurm current applies to
any one of the inputterminals. [ more than ane of the input terminals are simultaneousiy driven, nggative smiatler masx i Cundeniy gre aiiowed. Com-
mon-mode current biasing can be used to prevent negative iaput voltagss: for example, see the ""Differentiator Circuit™ in the applications section,




Quad Current Mode Single-Supply Operational Amplifiers

2900
3900

3900 TYPICAL APPLACATIONS (vt =15V} -

Voltage-Controlled Current Source
{Transconductance Amplifier}

Free-Running Staircase
Generator/Pulse Counter
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3078
3078A Micropower Operational Amplifier

GENERAL DESCRIPTION DESIGN FEATURES

The 3078 and 3078A are high-gain monalithic operational & Low Standby Power: As Low as 700 niy
amplifiers which can deliver milliamperes of current yet oniy Wide Supply Voltage Range: +0.75 to £18V
consume microwatts of standby power. Their operating points High Peak Output Current: 6.5 mA min.
are externally adjustable and frequency compensatinn may be Adjustable Quiescent Current

accomplished with one external capacitor. The 3078 and Dutput Short-circuit Protection

3078A provide the designer with the opportunity to tailor the

frequency response and improve the slew rate without sacri- APPLICAT'ONS

ficing power, Operation with a singfe 1.5-volt battery is a

practical reality with these devices. & Portable Electronics
The 3078A is a premium device having a supply voltage range ¢ Medical E‘e‘:tlmmcs
of v =075V to V¥ = 16V and an aperating temperature ® Instrumentation
range of -35°C to +126°C. The 3078 has the same lower supply ® Telemetry

voltage limit but the upper limit is V¥ = +6V and V™ = -6V.
The operating temperature range is from 0°C to +70°C.

SCHEMATIC DIAGRAM
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Figure 1. Schematic Diagram.

CONNECTION INFORMATION

NEB, DE TE
Dual In-Line Package Metat Can Package
{Tap View) {Top Viewl BIN  FUNCTWON
1 COMP
—p* s[] 2 INV, (NPUT
F 3 NON-INV. INPUT
3 ] . v
= - 5 BIAS
L ST 6§  OUTPUT
7 vt
Order Part Mos_; 8 camp
RC307BNE, RC3I0VEDE, Order Part Nos.:
RM3078A OE RC3074T, RMEOTEA T




Micropower Operational Amplifier

3078
3078A

ABSOLUTE MAX'MUM RAT'NGS (Absolute Maximum Values at Ta = 25°C)

DC Input Voltage
Input Signal Current

Device Dissipation
Temperature Ranga:
Operating
Storage

Lead Temperature {During Soldering}:
Atdistance 1/16 £ 1/32 in. {1.58 £ .79 mm}

DC Supply Voltage (hetween v+ and V™ {terminal
Differential Input Voltage

Output Short-Circuit Duration™

3078 3078
36V 14V
+6Y Y
Vito v- vt o v
0.1 mA 0.1 mA

Mo Limitation

260 MWW {up to (125°C

-65 to +125°C
-65 1o +150°C

Mo Limitation
j 500 mW {up to 70°C)

01e +70°C
-85 10 +150°C

from case for M0smax. .. ... ... ...l +300°C +300°C
*Short circuit may be applied 1o ground or to either supply.
ELECTRICAL CHARACTERISTICS (ror Equipment Design}
TEST 30784 3078
CHARACTERISTICS SYMBOLS | CONDITIONS | Rgpr =6.0 ML, Q= 20 uA RSET = 13Mi2, 1Q = 100 wA
v Ta =-56ta Ta-0w
& | Rg |RL Ta=25"C 125°C Ta = 25°C 70°C
Voo KED [ KS2 | MN | TYP [MAX | MIN [ MAX |[MIN | TYP | MAX | MIN M.ATl, UNITS
input Dffsat Votiage Vio 4 =10 | - - 070 | 3.5 - 4.5 - 1.2 | 45 | - 5 m
Input Qffset Current 1] - - - | DBO| 25 - 5.0 - g 3z - | a0 o
Input Bias Current e B ST T 2 | ed ] - eo [ 170 | - |200 | nA
Open-Loop Ditf. Woltage Gain An 1[ - =100 92 100 | — a0 - a8 az - 36 - 4B
Taotal Quisscent Current o | A 0 | 25 - 45 - 100 120 | — [ 153 | uA
Device Dissipation T o - 1za0 {300 | < [ s40 | = [1200 |1s80 | — (1800 | uwW
Maximum Outpat Voltage vom 6 | - |=10|*b1 63| — | % | _ |#51|453| — 1*50[ - v
[-65 5| | |55 5
Common-bMade Input Valtage VICR =10 | — - 1t o - 0 - t0 - W
Range +5.8 +5 LR +h
Common-Mode Rejection Ratio CMRR =10 - | 160_12_5_ 1 =_1.= = 80 110 — — — dB
Magximum Cutput Current ot or o™ - - - oz - 6.5 | 30 - 12 - |65 | 30 mA,
Input Offset Yoltage Sensitivity: T
Pasitive AViiavt . - | 7 105 | - - - 76 83 - - — | uviv
Negative avigav- | 1|1 % 08| - | - | - |® | = | - |-]-
RGET =13MI, 1g=20uA
Input Offset Voltage Vio =10 | - - 114 138 | - 45 [ — _ _ _ _ my
Open-Laop Diff. Voltage Gain AQL T — =10 92 "1o0 . — I a3 R _ _ _ - |- a8
Total Quiescert Current o 15 | — _ —_ |20 |30 ] _ [ N _ _ _ A
Device Dissipation Py - - - l'eoo | 750 I 1360 | - _ - I- _ W
Maximum Qutput Voltage Vom - =10 13711401 — 1356 - - — - 4 = — W
'_(gmmon-l\l'lode Rejection Ratio CMRR =10 | — 20 106 - — - - — - — dp
Input Bias Current lie - - - 17 14 55 — — - . nA,
Imput Oftset Current ho . - - - j oE0| 2.7 _ 5.5 _ _ A S ey
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3078

3078A Micropower Operational Amplifier
ELECTRICAL CHARACTERISTICS (at T4 -25°C)
TYPICAL VALUES
3078A 3078
v+ = 41,3V, vVt = +0,75V, VF =413V, vt =075V, CURVES
V- =13V V- = .0.75V V== L3V V== 075V UNITS FIG. NO. CHARACTERISTICS
RSET =2MS2 | RgeT=10MS2 | RgeT =2M | RgET = 10M82
lg =10 pA lg=1pA I =10 pA lo =10 pA

0.7 0.9 13 15 mv 3,13 vio
0.3 0.064 1.7 0.5 nA 4,14 [[Te)
3.7 0.45 2 1.3 nA 5,15 l1g

24 65 80 60 dB 6,11,12, 16 AL
10 1 10 1 LA 17 [Fa

26 15 26 5 W - Po

14 03 14 0.3 v 9,10 Vorp
-0.8 -2 -0.3 -0.2

to to to o WV 10 VICR
+1.1 +0.5 +1.1 +0.5

100 a0 100 a0 dB — CMER
12 0.5 12 0.5 mA 8 IomE
20 50 20 50 (Vv - AV |0/AvE

(Typical Values Intended Only for Design Guidance at Ta = 25°C and ¥+ = +6V, v = -6V}

TEST 3078A 3078
CHARACTERISTICS SYMBOLS |CONDITIONS [ RgeT =5.9M12 | RggT = IMS2 | RgeT = 1MS2 | UNITS
Ig = 20 kA lo=100gA | g =100 uA
Input Offset Voltage Drift | AV|0/4Ta | Rg <10 K$? 5 6 & pvicc
Input Offset Current Drift | AVio/ATa | Rg=10K$ 6.3 70 70 pASC
Open-Loop Bandwidth BWo L 3dB p1. 0.3 2 2 kHz
Slew Rate:
Unity Gain See Figures 0.027 0.04 .04
SR Wius
Comparator 20,21 0.5 1.5 1.b
10% to 90%
Transient Response - Rise Time 3 25 25 us
Input Resistance Rj 7.4 1.7 0.87 ML
Qutput Resistance Ro 1 08 0.8 KE2
Equiv. Input Noise Voltage | ep {10 Hz) Rg=0 36 — 18 ny A/ Hz
Equiv. Input Noise Current | ipy {10 Hz) Rg=1MQ 0.4 - 1 pARHzZ
COoMP COMP
INV. INPUT W+
NON-INV. INPUT QUTPUT
A 5 RseT
v-10 O F—rn——0 W+
8lAS

Figure 2. Functional Block Diagram of the 3078 and 3078A.
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3078
Micropower Operational Amplifier 3078A

TYPICAL CHARACTERISTICS

SUPALY VOLTS v+et6. v—+ —& [ [ SUPPLY VOLTS vF: 46, v 18 nZ I ]
AWMBIEWRT TEMPERATURE [Tﬂ]=25°(' ': P - AMBIENT TEMFERATURE [Tﬂ‘=25.c el B
SOURCE AESISTANCE IRg) £40 KA | a

: i . - n T PR - —

T | . b =

; P AL TRl 1

- -L{. p H—F g A AT H—
o7 A
1. . ¢ /
! i . A1 LY

INFUT OFFSET MILLIVOLTS tvypt
INPUT-DFFSET NANDAMPERES (Iro)
o
|

] : . & .
| | | |
1 . £ ] " A
1 I I L~ l
A
o R | N4 |
k- | ; ; or 4] I
. 3 ] H T
30787 ) sp ! } ! !
b T : : A -
ns P——— 1 [ | 3c7aar ; : ! |
16— AR L4
o H i 0.0l | [ H | N
z 4 6 8 2 4 & 8 2 4 6§ B 2 4 68 2 4 &8 2 4+ &8 F 4 58 2
! " 100 1006 ' W o0 oo I
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Figure 3. Input Offset Voitage versus Total Figure 4. Input Offset Current versus Total
Quiescent Current Ouiescent Current
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[ iﬂg ra 7 - b [ / } . -
g 2 4 A | ] g —
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Z . |1 i - i |
H g (R Fa e — 1
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3078
3078A Micropower Operational Amplifier

TYPICAL CHARACTERISTICS

I I I I
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3078
Micropower Operational Amplifier 3078A

TYPICAL CHARACTERISTICS
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3078
3078A Micropower Operational Amplifier

TYPICAL CHARACTERISTICS
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Micropower Operational Ampilifier

3078
3078A

Table 1, Unity-gain Slew Rate versus Compensation—3078 and 3078A

SUPPLY VOLTS: vt =6,V—=-6 TRANSIENT RESPONSE: 10% OVERSHOOT FOR AN OUTPUT
VOLTAGE OF 100 mY
QUTPUT VOLTAGE (V) = 15V AMBIENT TEMPERATURE (Tal = 25°C
LOAD RESISTANCE {Ri) =10 K&
UNITY GAIN {NONANVERTING}
UNITY GAIN {INVERTING) Fig. 22 Fig. 23
COMPENSATION SLEW SLEW
TECHNIQUE R1 ¢l R2 ¢z RATE R1 ¢l R2 c2 RATE
3078T -1 = 100 pA Kz pF KO uF Wius KE2 pF [eY uF Vius
Single Capacitor 0 750 oo 0 0.0085 0 1500 oo 0 0.0095
Resistor and Capacitor 35 | 360 oo 0 0.04 6.3 500 = 0 0.024
Input oa a] 0.25 0,306 0.67 = 0 0311 | 0.48 0.67
3078AT—1n = 20 uA
Single Capacitor a0 aog e ] 0.0095 0 800 = 0 0003
Resistor and Capacitor 14 100 oo 0 0.027 34 125 b a ooz
Input o 0 0.644 | 0.156 0.29 oo 0 0.77 ¢4 0.4

OPERATING CONSIDERATIONS

Compensation Techniques

The 3078AT and 3078T can be phase-compensated with one
or two external components depending upon the closed-loop
gain, pawer consumption, and speed desired. The recommendead
compensation is a resistor in series with a capacitor connected
from tarrninal 1 to terminal 8 Values of the resistor and
capacitor required for compensation as 2 function of closed
loop gain are shown in Figures 24 and 25, These curves rap-
resent the compensation necessary at guiescent currents of
20 pAoand 100 pd, respectively, for a transient with 10%
overshoot, Figures 21 and 22 show the slew rates that can be
obtained with the tweo different compensation technigues.,
Higher speeds can e achieved with inputl compensation, but

this increases noise output. Compensation can also be accomp-
lished with a single capacitor connected from terminal 1 to
terrminal 8, with speed being sacrificed for simplicity. Table 1
gives an indication of slew rates that can be obtained with
various compensation technigues at guigscent currents of
20 A and 100 pA,

Single Supply Operation

The 3078AT and 3078T can operate from a single supply with
a minimum total supply voltage of 1.5 volts, Figures 27 and
28 show the 3078AT or 3078T in inverting and non-inverting
20:dB amplifier configurations utilizing a 1.5-volt type "AA™
ceil for a supply. The total power consurmption for either cir-
cuit s approximately 670 nanowalts. The output voltage swing
in this contiguration is 300 mY p-p with & 20 K2 fead.

INVERTING R

INPUT Ri

Value of Rg required to have a

rull adjustment range of 7.5 mYy
R W+

RE™ 75103

assuming Rp == R

NON-INVERTING
R

oAl
INPUT

OUTPUT

Value of Rg required to have a
null adjustment range af £7.5 my

R Ry RE W+
B~ TR+ Rp) 75 x 103

A Rg
Ry +R¢

*

assuming Rg > 2=

Figure 26. Offset Voitage Nulf Circuit
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3078
3078A Micropower Operational Ampilifier

SCHEMATIC DIAGRAM

5.1 M2
AN

RGET =
oMo

Vp-p 165V

510k §2 AT =F
1 uF L-[ ELL
+ 5 uF
RL
Figure 27. Inverting 20 d8 Amplifier Circuit Figure 28. Non-inverting 20 d8 Amplifier

Circuit
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Quad Operational Amplifiers

3301
3401

GENERAL DESCRIPTION

The RW3301 and RC3401 consist of four independent ampli-
fiers, with internal frequency compensation, designed to operate
from a single pawer supply,

These amplifiers employ a current mirrer 10 achieve the non-
inverting inputs.

The current-differencing inputs allow a vanety of applications
in automotive instrumentation, industnal and consumer cir-
cuits for performing active filtering and polse and waueform
generation ancd processing.

SCHEMATIC DIAGRAM

DESIGN FEATURES

& Wide Supply Voltage Range 4o 28 W

* Wide Operating Temparature Range —3400C 10 +850C
* Wide Bandwidth Unity Gain 4 MHz

& |ow Input Bias Current 50 nd,

OuUTPUT

ll,S mA

GND

CONNECTION INFORMATION

Dg
Dual In-Line Package
1Top View)
1 LJ 14
2 1y

NO0000
TUOULOD

12,
11
3 10|
3 f 9
]

Owder Part Mos. .
RV3I30108, RC2401DB

PiN FUNCTION

+INPUT 2
+INPUT 1
=INPLUIT 1
OUTPUT 1
QUTPUT 2
~INPUT 2
GROUND
~INPUT 3
OUTPUT 3
QUTPUT 4
-INPUT &
+INPUT 4
+INPUT 3

vee

il R R S
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3301
3401

Quad Operational Amplifiers

- SEE—
ABSOLUTE MAXIMUM RATINGS
Power Supply Voltage FPower Dhssipation (Package Linvitation) 625 mW
I300 .. t2BY Derate ahove Tp < 1259C 0 ... Bomiius
3401 L e e +18Y Operating Temperature Bange 3300 -400C 10 1 85°C
Mon Inverting loput Current .00 L0000 L bmA 3401 09C ta 4 7E0C
Sink Corrent . .o L oL L 50 mA Storage Temperature Rangs -B5UC 1o 11500C
Source Current . ... ... ..o 50 mA Leatt Temperature (Soldering, i0s) .. ... .. .. 3000C
ELECTRICAL CHARACTERISTICS {ver = +15v, R = B.OKE2, Ta = +250C unless otherwise noted.)
330 340
Characteristic Conditions NOTE __h:fiIN Tvp MAX MIN Tvp AKX UNIT
Open-Loop Voltage Gain 1 Wi
Ta = +250C 1000 | 2000 | 1000 | 2000
~400C = T g < 860C 1600
00C < T s 752C 200 ]
Chaiescent Power Supply Current {Total for 4 amplifiers) 2 T ma
Noninverting inputs open 6.9 0 69 1
Noninverting inputs grounded 7.8 14 18 14
tnput Bias Current R~ 3 | | nA
Ta - +250C 50 f 300 50 300 !
4000 = T g % +8500 100 :
00C < Tp € +750C 500 |
Current Mirror Gain Iy = 200uA 4 (.80 .98 1.16 ) AL
Current Mirror Gain Drift | %
—400C = T < +850C 2.5 !
Cutput Current 5 mA
Source Capatality Vo = 0.4v) 3.0 10 5.0 10
IVOH = 9.0V} 7.0 |
Sink Capability (VoL = 0.4v) 05 | 087 0.5 1.0
Cutput Voltage 5] | W
High Woltage 135 14.2 13.5 4.2
Low Voltage {Invarting Input Driven) 0.03 0.1 0.03 Qi
{MNoninverting fnput Driven) 0.6
Undistorted Qutput Swing | (00C < T <J +750C) 7 10 135 Vip-pl
Input Resistance {Inverting input only} Q. 1.0 a1 | 10 T mLe
Slew Rate (C = 100 pF, R = 5.0 k) 0.6 0.6 Vips
Unity Gain Bandwidth 4.0 5.0 MHz
Phase Margin 3 ?O‘_ P De;;rees
Power Supply Rejection | {t = 100 Hz) 9 55 55 dB
Channel Separation {f = 1.0 kHzy 65 65 dB

NOTES: 1.

SrezEs approxmmoisly

Opan loop voltage gain is delined as the voltage gain from the |nvernng mput to the Oulpul

The quiescent cirrent will inoreass appraoximately 0

open causes the apparent input bias current toancrease shightly (130 n Al at high wemperatares.

3 A {00 cach nonGwETTing nput w3 grounded. Leaving the noninver tng inpui
g = g

CENe s W

166

Input bias current can be defingd only for the inverting input. The nomnverting inpur is not a tiue “differential input’ --as with @ con-
ventionatl |C operatianal amplifier. As such this input does not have a requirement for input bias current.

Current mirror gain is defined 5 the current demanded at the tnverting input divided by the current into the noninver ing inpuy.

Sk current is specified oy linear operatian. When the device 15 used a5 a gawe of 4 comparator (non-hnear opecation], the sink capabiity
af the device is approximately 5.0 milliamperes,

When used as a noninverting amplhifier, the minimum outpur voltage 1s the Vg ol the wverting input transistor.

Peak-to-peak restrictions are due 1o the vanatians ol the guiescent de outpu! voltage in the standard configuration.

Bandwidih and phase rargin are defined with respect to the vohage gain hiom the mverting inpuit to the outpur.

Pawer supply rejection is speaified ar closed loog unity gain, and therefore indicales the supply rejection of both the biasing circuitry
and the feedback amplifier.



Total Quad Operational Amplifiers

3403A

3503A

GENERAL DESCRIPTION

The 3403A high pecformance quad op-amp features improved @ Class AB Output State; No Crossover Distortion

DESIGN FEATURES

large signal bandwidth and worst case DC specs equal to or & Qutput Voltage Swings to Ground in Single Supply

better than the standard 741 type yeneral purpose op-amp.
The device uses a newly developed type of ground-sensing dif-
ferential input stage which provides increased slew rate.

SCHEMATIC DIAGRAM {1/4 Shown)

Operations

High Slew Rate 1.2 Vius
Single or Split Supply Operation

® Wide Supply Operation

25V 1o 136 Vor
2125V to 18 W

& Py Compaltible with LM324 and 3403

® |Low Power Consumption 0.8 mAfamplifier

. .-
WEp o A

CONNECTION INFORMATION

Order Part MNos.:

Rv3403A0C, RMIBOZADC

RC3403A0E, RUJ4ANZADC, RV 3403ADB,

DE and DC
Dual In-line Packages
iTop View)

5
o

Eal

uduuud

OO0

=
z

AW DN WA =

FUNCTION

OUTPUT 1
-INPUT 1
+INPUT 1
V"‘
+INFUT 2
-INFUT 2
OUTPUT 2
OQUTPUT 3
=-INPUT 3
+HNPUT 3
GROUND
+INPUT 4
-INPUT 3
OUTPUT 4




3403A

3503A Total Quad Operational Amplifiers
ABSOLUTE MAXIMUM RATINGS
Supply Voltage, V' ... . ... 36V orl18YV Operating Termperature Range
Ditferenval fnput Vattage ... ... ... ... 36 V RM3503A . ... ... ... ... —550C to +1250C
Input Voltage .. ... ... ... ... .. ~03Vio+36 VW RC3403A . .. oL L 009G to +7000
Porwer Dhssipation FY3403A ... ... o . -409¢ 1o +850C
DB package . ... 500 MW (molded DIP epoxy “B™) Storage Temperature Range . .. ., . .. -650C 1o +1500C
“DC" package ... ... B850 mW {hermatic DIP) Lead Temperature {Soldering, 80s) ... .. ... .. 3000C

ELECTRICAL CHARACTERISTICS (Ta =25%C, Voo = H15V unless otherwise noted|

RM3I503A RC/RV3403A
PARAMETER CONDITHONS MIN TvP MAX MiN TvP MAX UNITS
Input Offset Voltage Rg =0 2 4 2 5 my
Input Offset Current Vin- o lin+ t30 50 +30 50 rA
Input Bias Current lin— ar lig+ =100 =200 -100 -200 nA
Input Comman Mode 0 yt_ 2 0 yr-2 v
Voltaye Range
Supply Current R == 3 4 3 5 mA
on all op-amps
Large Signal Voltage Gain Ry = 2K52 a0 100 25° 100 Wimy
Output Yoltage Swing T T TTTRO=ZRG 13 14 13 +14 v
Cormmon Mo RB]‘ECHL‘I)-I:\WRQED T [§]9] 80 an 80 221 de
Channel Separation | *1kHz 1o 20 kHz (in ref) -12Q -120 dB
Output Source Current Vip+ = 1V 20 40 20 40 mA
ViN-=0V

Output sink current 10 20 10 20 mA
Small signal bandwidth 2 2 MHz
Slew Rate Ay =1, 10V <410 1.2 1.2 Vs
Distortion {Crossover) f=20kHz, VO = 10V 5, 1 1 %
Power Bandwidth VO = 10Vpp 40 40 kM2
Power Supply Rejection Ratio 20 45 20 100 MY

ELECTRICAL CHARACTERISTICS GUARANTEED OVER TEMPERATURE
Range: RM3503A: -550C to +1250C

RC3403A:  09C 1o +70°C

RV3403A: -400C to +B50C

RM3503A RC3403A RWV34034A
PARAMETER MIN MAX MIN Max MIN MAX UNITS
Input Offset Voltage - 6.0 - 10.0 - 10.0 my
Input Offset Current - 200 - 200 — 200 nA
Input Bias Current T o — -1500 — -800 - -1500 _ n{\ ]
Large Signal Voltage Gain 25 _ ! _15. - 16 - VimV
Etpur WVoltage Swing 10 - 10 - 10 - \'
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3403A
Total Quad Operational Amplifiers 3503A

LOW VOLTAGE ELECTRICAL CHARACTERISTICS (vce =15V, VEE = GND, Tg = +25°C

unless otherwise noted.)

RM35034A RC/RV3403A
PARAMETER CONDITIONS MIN TYP | MAX | MIN TYP | MAX UNITS
Input Offset Voltage Rg =052 2.0 5.0 2.0 10 my
Input Offset Current lin- — lin+ 30 50 30 50 nA
input Bias Current lin= t lin+/2 100 | -200 -t00 | -200 nA
Large Signal Voltage Gain R = 242 20 200 20 200 Vimw
Power Supply Rejection Ratio 50 *l* 150 [7AVFAYS
Qutput Voltage Range! R{ = 10KQ 3.5 3.5 Vo
Pewer Supply Current R === all amplifiers 25 4.0 248 5.0 ma
Channe! Separation 1KHz=f < 2MHz -120 -120 dB
{input referred)
1 Qutput will swing to ground.
3403A TYPICAL APPLICATIONS
11
+ 1Maos, F BRI
——i
O
Tk 12K11
10ks W '
Vi 10k
CURRENT OR
RC 38074 LM113

VOLTAGE INPUT

15v +15Yy

Ram: 1 2 7
OPTO ISOLATOR
Ry AM4151
12k VFD
——— 2 : o
I }4
OUTPUT SkL! SCALE
- FACTOR =
= 5. Tkit
-15w

"POLARITY DETEAMINED BY DESIAED LED RESPONSE;
LLE., LED ON FOR DATA HIGH, OR LED HEGH FOR DATA LDW,

PRECISION POSITIVE-INPUT, ISOLATED OUTPUT
VOLTAGE FREQUENCY CONVERTER
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3403A
3503A

Total Quad Operational Amplifiers

TYPICAL ELECTRICAL DATA
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High-Gain Operational Amplifier

4131

GENERAL DESCRIPTION

The RC4131/RM4131 are high performance, high gain, inter-
nally compensated operational amplifiers fabricated on a single
silicon chip using the planar epitaxial process.

Designed as a pin for pin replacement for the RM709, they are
alse direct replacements for the 741 and LM107, Relative to
these latter units, the RCA131/RM4131 features four times the
slew rate, and Y% the power dissipation at 230V,

High common-moade and differential voitage range, very low
input bias current, optimum performance over a very wide
range of supply voltage, freedom from “tatch-up,” and opera-
tion over the full military temperature range from -£5°C to
+125”C make the RM4131 ideal for use as a voltage Tollower,
comparator, integrator, and summing or general purpose feed-
back amplifier, The RC4131 operates over a temperature range
of 0°C 10 +70°C.

SCHEMATIC DIAGRAM

DESIGN FEATURES

& 50nA Maximum input Bias Current

o 10nA Maximum Input Offset Current

® 2mV Maximum Input Offset Voltage

& 1.1mA Current Drain at +20V

& Qffset Voltage Mulling {10ki2 pot.)

® 2.0V/us Slew Rate

* AMHz Unity Gain Bandwidth

® 3d8 Gain. Variation From £3V to 120V

® 38dB Minimum Gain £3V to 20V, ~85°C to +125°C

1+

(=0
INPUTS
+

auTrPuT
Yo

7

i

- 4
[ i

1 .

BALANCE

4

CONNECTION INFORMATION

TE {TO-92)
Metal Can Package
{Tap Viewh

i
i

onnn

4

Order Part Nos.:
RMAINT, RCAI1AT

NEB

Qual In-line Package
{Top View)

Order Part Nos.:
RC4131NB

PIN FUNCTION

BAL
~INPOT
+INPUT
=

BAL
ouTeUT
vt

MG

o MRl -




4131

ABSOLUTE MAXIMUM RATINGS

High-Gain Operational Amplifier

Supply Voltage .. ................ RM4131: £22v

RC4131: +18v
internal Power Dhissipation (Note 10 .. .. ... ... BO0mW
Differential lInput Voltage . . ... ... .. ... .... 30V
Input Voltage [Nate 2} ., ... . . ... ......... 5V
Storage Ternperature Range .. ..., .. —65"C 1o +150°C

Operating Temperature Range

RM4A13T . ... . -B5°C to +125°C
RCAI3T ..o 0°C 10 +70°C
Lead Temperature {Soldering, 60s) . ... ... .... 300°C
Cutput Short-Circuit Duration {MNote 3) ., . ... Indefinite

ELECTRICAL CHARACTERISTICS

RM4131: 23V < Vg < +20V, -B5°C < T4 < +125°C, unless otherwise specified,
RC4131: £3V < Vg < £1BY, 07C < T4, < +70°C, unless otherwise specified.

RM4131 RC4131
PARAMETER CONDITIONS UNITS
MIN | TYP [ MAX | MIN | TYP | MAX
Input Offset Voltage Rg < 10k, T = +25°C 0.7 2.0 1.5 5.0 v
m
Rg < 10kf2 3.0 6.0
Input Offset Current Ta = +26°C 1.5 10 3.0 2Q A
n
20 30
Input Bias Current T =126"C 30 50 70 150 A
n
100 200
Input Resistance 2.2 35 0.7 3.0. nLL
Large-Signal Voitage Gain Ry > 2ki2{Ta =125°C 50 160 35 160 VimV
m
{Note 4} 285 25
Output Voltage Swing Ry = 10k +16 12 v
RM4131; Vg = 20V
RC4T31ZVs=i‘]5V RL;QK\Q 15 +0 v
Input Yoltage Range Ri4131: Vg = 120V
RC4131: Vg = +15V 15 1 v
g"“_‘m““'m‘“"‘“' Rejection Rg < 10KS2 g0 | 100 70 | 100 dB
atio
E{“F’P"f Voltage Rejection Rg = 10kS2 80 | 100 70 | 100 dB
atio
Supply C t Ta =+25°C 1.1 1.6 1.3 1.9
upply Curren Ry = A mA
14
Average Temperature Coeffi-
cient of Input Offset Voltage 30 15 5.0 20 RV/°C
Average Temperature 25°C =Ty < 125°C 0.01 o1
Coefficient of Input _§EC = < 9E°
Offset Current BLeTas 205 ¢ 002 | 02 nA/C
BCE T, <70°C 0.01 0.1
0°C < Ta =26°C 0,02 0.2
Slew Rate {Unity Gain) Ry = 2kQ 2.0 20 Wius
Bandwidth {Unity Gain} 4.0 4.0 MHz

1. A

ting appliss for case temperatures to +125°C; derate linearly at 85 mW/ " C for ambient temperatures above +75°C.

2. Forsupply voltages less than =15V, the absolute maximum input voltage is equal to the supply voltage.
3. Short circuit may be to ground or either supply, Rating applies to +125° C case temperature of +75°C ambient temperatura,
4. BMAI30: Vg =230V Vg = 2 1.3V Vg = 120V, Vi, = 216V RCA131: Vg = 3V Wy = £1.3V Vg = 18V, V= 210V,

1-72




High-Gain Operational Amplifier

A

TYPICAL ELECTRICAL DATA

4131
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4131

TYPICAL APPLICATIONS

High-Gain Operational Ampilifiers

Low Drift Sample and Hold

SWITCH
Pi[l 0—-—(‘i —
0uF
SAMPLE Polyearhonate
COmMMARD

High Impedance Bridge Amplifier

Logarithmic Amplifier

—w—1

|
L 1.0uF

-15¥ ¢
00k | 2
Vin=0

ZNZ218
oI eQuiv,
A

—C it

3
SSk% 4

Vour = K1 In {K32 Vip)

OFFSET
ADJUST

*
-15 W

Vollage Oftsel Null Circuit




Micropower Operational Amplifier

4132

DESIGN FEATURES

2 nA Maximum Input QHfset Current

L]
.
® 3 mV Maximum Input Offset Voltage
.

36 pA Maximum Current Drain at 120V

GENERAL DESCRIPTION

The RM4132/RC4132 are high performance, high gain, micro-
power, internally compensated operational amplifiers fabri-
cated on a single silicon chip using the planar epitaxial process.

Designed for applications where power supply current is at a
premium (such as in battery operated eguipments}, 4132
characteristics are very similar 1o those of the Raytheon 4137
general purpose operational amplifier,

SCHEMATIC DIAGRAM

10 nA Maximum input Bias Current ® 70 MLL Input Impedance

£10V Min Into a & KO Load

3 dB Gain Wariation from £3% to 120V

94 dB Minimum Gain +3V ta +20V, -55°C 10 +125°C

The RKE132 is pin compatible with the 709, 741, and 4131,
and features high common mode ang differential voltage rangs,
20 MEL input impedance, optimum performance aover a wide
range of supply voltages, freedom from [atch-up, and opera-
tion over the full military temperature range, The RC4132
operates over the commercial rangs of 0°C 10 +70°C.

NPUTS

CONNECTION INFORMATION

TE ITO-99}
Metal Can Package
[Top View)

Order Part Nos.:
RMa132T, RCA13ET

Dual In-line Package
(Top Viewh

Order Part Nos.:
RC4132NB, RM2132DE,
RC4132DE

=
=

FUNCTION

BAL
-iNPUT
+INPUT
v

BAL
QUTPUT
V+

NC

mumwhmm_.l
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4132 Micropower Operational Amplifier

———
ABSOLUTE MAXIMUM RATINGS
SUpply MOla0E . . . L e e e e e e e e Ri4132: +22V
RC4132: £18v
Internal Power Dissipation (Note 1) . .. o ... . i it et et e e e et e e, 500 mwW
Differential Input Woltage. . . . . .. . . e e e +30V
Input Voltage (NGt 2h. .. .. . . . i i e e e e et e EIBY
Storage Temperature Fange. . . . . . oo ottt i e e e -B65°C to +150°C
Operating Temperature Range
RMA T2 L e e e -55°C 1o +i125°C
RCA13Z, L L e e e e 0°C 10 +70°C
Lead Temperature (Soldering, BOs] . . . . . . .. . .. e 300°C
Output Short-Circuit Duration (Note 3. © .. . L0 L . e Indefinite
ELECTRICAL CHARACTERISTICS (3v <vg<+20v, RM4132: -55°C €T, < +125°C; RC4132: 0°C
=T 4 < +70°C Unlass otherwise specified)
BRM4132 RCd4132
PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS
Input Offset Voltage Rg =10k 25°C 0.7 3.0 1.5 5.0 v
4.0 6.0
Input Offset Current 25°C 0.3 2.0 1.0 5.0 nA
4.0 7.5
Input Bias Current 25°C 4.0 10 10 25 nA
2Q 35
Input Resistance 25°C 20 10 M2
Large-Signal Voltage Gain Rl =5 kil, Note 4 50 160 50 160 Vimy
Cutput Voltage Swing Ry =10K *12 +14 12 +14 \Y
Vg = 15V
RL=5K 0 13 10 +13 v
Input Voltage Range Vg =120V +15 %15 Y
Common Mode Rejection Ratio | Rg< 10 k&2 20 94 70 a0 dB
Supply Voltage Rejection Ratie Rg < 10k{ 80 94 70 o0 dB
Supply Current Ta = 25°C 45 50 FIry
Average Temperature
Coefficient of Input .
Offset Voliage 3.0 15 30 20 uv/ c
Average Temperature 25°C < Ta< 125°C Z 20 pA/C
Coefficient of Input ° ° o
Offset Current =550 = TA = 25°C 4 49 DAr’ C
25°C < Ta < 70°C 4 40 pAC
0°C<Ta<25°C 10 100 | pASC
Slew Rate {unity gain} 25°C,RL=5K 0.13 0.13 Vius
Bandwidth (unity gain} 26°C, R =5 K 150 150 kHz
NOTES:

resrty 2t .5 mw/"C tor ambisnt temparatuies abuve +757 8.

2. For supply valtages tess than t15% the absofute maximum input valtage is equal 1o the supply voltage,

Z. Short-circuit rmay be te greund or either supply, Rating applies to +1257C case temperature or +76°C ambient temperature.
a

. VouTr = guaranteed minimum output swing,

1. Rating applies for case temparatures 1o 175°C; derpta




Micropower Operational Amplifier

4132

TYPICAL ELECTRICAL DATA
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4132

Micropower Operational Amplifier

TYPICAL APPLICATIONS

inverting Amplifier

Inverting Summing Amplifier

V) ""M—[———WV_
R1 R4

Vg g
Rz

Vg — VA

R3

R&
RS A1:AZ- AL A

FOR MIMIRUM GfF FSET ERROA
CHE TO INFUT Blas CURRENT

Amplifier for Piezoelectric Transducers

—0OUTPUT

TRANSDUCER

Ul

Temperalure Probe

Difference Amplifier
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Quad 741 General Purpose Operational Amplifier

4136

GENERAL DESCRIPTION

The BRM4136 and RC4136 include four independent high gain
operational ampiifiers internally compensatad ard constructed
on a single silicon chip using the planar epitaxial praocesses,

These amplifiers meet or exceed all specifications for 741
type amplifiers. Excellent channel separation allows the use of
the 4138 quad amplifier in all 741 operational amplifier ap-
plications providing the highest possible packaging density.
The specially designed low noise input transistors allow the
4136 to be used in low noise signal processing applications
such as audio preamplifiers and signal conditionars.

SCHEMATIC DIAGRAM (1/4 Shown)

DESIGN FEATURES

Unity Gain Bandwidth, 3MHz

Short-Circuit Protection

Mo Frequency Compensation Reguired

No Latch-up

Large Commaon Mode and Oifferential Voltage Ranges
Low Power Consumption

Parameter Tracking Over Temperature Range

Gain and Phase Match Between Amplifiers
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i J e
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4} 1
) K ~C QUTPUT
Voo T % o i w{
CONNECTION INFORMATION
cl DC and DB
Flatpak Dual tn-hine Packages
iTop View) PIN  FUNCTION
1 ~INPUT | A}
1 i) 2 +INPUT {A}
{ =27 - - - 2 QUTPUT (A}
1 1 LEIR Y mervicormrrsmr 4 QUTPUT IB)
I—— K F =] . h ! 5 +NPUT (B)
! - ] &  -INPUT(B)
[~ — ¥ | Nge——m k| 12 7 Ve
=—==—s npEe——— ks nl[] 8  -INMPUTC
i 7 g S 9 +INPUT iC)
c L . AN | 10 OUTPUT {C)
::] n +Yoe
4 B g 12 OUTPUT (DY
13 +INPUT D}
- - 14 NPUT (DM

Order Part No :
Rma136C)

Qrder Part Nas,:

RM4136DC, RVA4136DE, RVA1360C,
RC41360E, RC41360C




4136

Quad 741 General Purpose Operational Amplifier

ABSOLUTE MAXIMUM RATINGS

Supply Voltage . ....... ... ...... . RM4136: *22V  Storage Temperature Range . .. . ... ... -650C 1o +1500C
RV4136, RC4136: 118V Operating Temperature Range .. RM4136. -559C to +125°9C
Internal Power Dissipation (Note 1} . ... ... .. .. BOOMW RC4136: 0oC 1o +70°C
Differential input Voltage ... ... ..... ... .... 30V RWv4136: -400C to +850C
Input Voltage INote 21 .. ... .. ... ... ... . ... +{6Y  Lead Temperature {Soldering, 60s) . .. ... ... ... 300ec
Output Short-Circuit Duration (MNete 3} ., ... .. Indefinite
ELECTRICAL CHARACTER'ST'CS (Voo = 215V, Ta = +250C unless otherwise noted.)
RM4136 Rv4136, RC4136
PARAMETER CONDITIONS MIN TvP MAX PYITN Tvp AKX UNITS
[ Input Offset Voltage Rg < 10 k{2 0% t 40 0.5 = 6.0 my
lnput Offset Current | T e ! S0 | T 50 [ e200 s
Input Bias Current 40 | 400 | 40 | » 500 A
Input Resistance 0.3 50 | 0.3 5.0 et
Large-Signal Voltage Gam B = 2kE . | -
YVout = L10V 50,000 | 300,000 20,000 | 300,000 Vi
Qutput Voltage_SuWn? _:R_L_%-JO (39 12 214 | | xr12 | =4 \
Rp 22 kil 110 3z | e 0 13 v
Input Voltage Range T +12 +14 ® K12 214 \i
Comman Mode Rejection Ratio Rg = 10 k2 70 100 = 70 100 4B
Supply Voltage Rejection Ratio Rg = 10 k&2 10 150 10 + 150 7YY
Power Consumption RL==, Al Dutputs 210 340 210 * 340 mW |
Transient Response Vin = 20my !
{unity gain} RL =2k i
Cy < 100 pF ]
Risetime 013 | 0.13 M
Overshoot 5.0 ] 5.0 %
Unity Gain Bandwicith 3.0 30 | MHz
Slew Rate {unity gain} R & 2ki2 1.6 1.0 Vs
Channel Separation ST f=10kH:
{Gain = 100 Rg =1 k2 a0 9 | B
The following specifications apply for ~-650C < T a < +1250C for RM4136; 00C <0 T a < +709C for RCA136.
Input Dffser Voltage | _Rg =10k et B0 1 |*B mv
Input Offset Current + 500 300 n
Input Bias Current T | | *1500 8OO nA
Large-Signal Voltage Gain R = 2 ki R
Vout = L10V 75,000 16,000 Vi
Output Yoltage Swing R =2k0 *10 « 230 vV
Power Consumption Ta = High 180 300 180 + 300 miy
Ta = Low 240 400 240 + 400 myy
* = RV limits
NOTES:

1. Rating apphies far case temperature 1o +269C; derate inearly at 6.4 mW/2C Tor ambient rermperatures above +2500,
2. For supply voltages less than < 15 the abselute maximum inpat voltage is equal to the supply valtage.
3. Short-circuit may be to ground or ong amplifier only. log = 4bmaA {typical ).
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4136

TYPICAL ELECTRICAL DATA
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4136
TYPICAL ELECTRICAL DATA

Quad 741 General Purpose Operational Ampilifier

Inpul Noise Voltage
as & Funelion of Frequency
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ELECTRICAL CHARACTERISTICS COMPARISON {vce = 185V, Ta = +250C)
PARAMETER RC4136 {typ) RC741 ityp} LM324 {typ) UNIT
Input Offset Voltage 0.5 20 2 my
Input Offset Current 5 10 5 nA
Input Bias Current 40 80 55 nA
| _Inpui Resistance 5 2 M52
Larg-;e-SignaI Voltage Gain 300,000 200,000 100,000 Vi
{RL = 2 kS
Cutput Voltage Swing +13V +13V Voo - 1.2v) v
{RL=2k0Y to -V
Input Voltage Range +14V 13V Ve - 1.5V v
to Voo
Common-Mode Rejection Ratio 100 20 85 dB
Supply Voltage Rejection Ratio 10 30 10 Hviv
Transient Response
lgain = 1) Risetime 0.13 0.3 us
Overshoot 5 5 %
Unity-Gain Bandwidth 3 08 0.8 MUz
Unity-Gain Slew Rate 1.0 0.6 0.5 Vs
Input Noise Voltage 10 225 nVi/Hz
{fg = 1 kH»)
Output Short-Cireuit Current +45 +25 ma,
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Quad 741 General Purpose Operational Amplifier 4136

— ]
4136 vs. 741

Although the 324 is an excellent device for single-supply ap- The simplified input circuit of the 4136 exhibits much lower
plications where ground-sensing is important, it is a poor sub- noise than that of the 324 and exhibits no crossover distortion
stitute for four 74175 in split-supply eircuits, as compared with the 324 isee illustration). The 324 shows

serious crossover distortion and pulse delay in attempting tq
handle a large-signal input pulse.

4136 324
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4136 Quad 741 General Purpose Operational Amplifier
4136 TYPICAL APPLICATIONS

Hierea Tone Control
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Quad 741 General Purpose Operational Amplifier 4136

4136 TYPICAL APPLICATIONS

Voltage Follower Lamp Driver Sguarewawve Oscillator
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4136 Quad 741 General Purpose Operational Amplifier

R
4136 TYPICAL APPLICATIONS
Notch Filter Using the 3136 as a Gyrator HNotch Frequency as a
Function of C,
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4136

4136 TYPICAL APPLICATIONS
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4156

Quad High Performance Operational Amplifier

DESCRIPTION FEATURES
The RM4156/RC4156 is a menolithic integrated circuit, Typical Guaranteed
T S T PSS T o Uiy G i 350 2. W
o p a P : ® High Siew Rate 16V/uS  1.3V/uS
Noise Volt 1.4 2.0uv
These arnplifiers feature guaranteed A.C, performance which ® Low Noise Voltage o MYRMS
f 1 lifiers. Also f L o .
ar exceeds tl:lat of the 74 ‘ty.pe amplifiers. Also eatur'ed & Indefinite Short Circuit Protection
are excellent input characteristics and guaranteed low noise . .
. . : A ) . . & No Crossover Distortion
making this device the optimum choice for audio, active ,
. ) ) L & Low Input Offset and Bias Parameters
filter and instrumentation applications. .
& Internzl Compensation
SCHEMATIC DIAGRAM (1/4 Shown)
¥
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ik O
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RS s Fl
b 20 WEXT :I(._‘
1_: ?;. Al
A
o ai 6
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:‘:. B B
—0 Ve
CONNECTION INFORMATION
DB and DC
Duad nting Pagkages PIN  FUNCTION
L J 1 OUTPUT &
1] iy > ma
71 A O 2wy
1]
El 2] 5w
12 ) VN B
+ + 8  -ViNB
IN
K3 11] 7 ouTeurs
+ + ] ouUTPUT C
Order Part Nos. (%] 10 19 ;‘\‘:‘Nc
RM4156DC, RV415608, E :g 1'1] v InC
RVA41560C, RC4156DC, - - 12 D
RCA156D8 7 13 vD
14 CUTPUT D
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Quad High Performance Operational Amplifier 4156
ABSOLUTE MAXIMUM RATINGS

Supply Voltage . . . . . . . . . . . . 20V Storage Temperature Range . . . . . -GBbto +150°C
Internal Power Dissipation {Note 1} . . . . 880 mW Operating Temperature Range  RM4156  -5S to +1 25°¢C
Differential Input Veltage . . . . . . . . 30V Rv4156 -40t0 +B5°C
Input Voltage (Mote 2} . . . . . . . . . *15% RC4156 Oto +70°C
Output Short Circuit Duration [Note 3) . . . Indefinite Lead Soidering Temperature {60 sech . . . . . 300°C

ELECTRICAL CHARACTERISTICS Veeo 18V Ta +25"C unless otherwise specified

RM4 156 RV4156/RC4156
PARAMETER CONDITIONS MIN TYP MAX | MIN TYP MAX | UNITS
Input Offset Voltage Rg = 10K 05 3.0 1.0 50 | mv
{nput Offset Current 15 30 30 50 nA
{input Bias Current 60 200 60 300 | nA
Input Resistance 05 G.5 Mo
Large Signal Voltage Gain R =2 K&V p £10v | 50,000 100,000 25,000 | 100,000 ViV
Qutput Yoltage Swing RL Z 1K 12 *14 *12 14 v
R =2KQ 10 £13 14 13

tnput Voltage Range 112 114 £12 +14 v
Quiput Resistance 230 230 o
Qutput Short Circuit Current 25 25 mh,
Common Mode Rejection Ratio HS = 10 K§) a0 20 dB
Power Supply Rejection Ratio RS = 10 K2 80 g0 d8
Supply Current {all amplitiers} R == 4.5 9.0 5.0 i ma
Transient Response

Rise Time a0 79 ns

Qvershoot 5% 2% %

Slew Rate 1.3 1.6 1.3 16 Vius
Unity Gain Bandwidth 2.8 35 2.8 35 MHz
Phaze Margin RL = 2K§2 Rp= 50 pF 50 50 degrees
Full Power Bandwidth ¥p = 20V p-p 20 25 1] 25 kHz
Input Noise Ypitage f = 20 Hz to 20 kHz 14 2.0 14 2.0 uy RMS
Input Noise Curremt f = 20Hzto 20 kHz 15 18 p& RMS
Channel Separation -108 -108 g
The following specifications apply for -65°C < T, < +125"C for RM4156, -40°C < T , < +85°C for RVA158,

0°C < T, <+70°C for RCA1S6.

input Offset Voltage R <10 K32 5.0 6.5 my
input Offset Current 78 00 | nA
{nput Bias Current 125 A0 | na
Large Signal Voltage Gain RL22 KQ Vg $10Y| 25,000 15,000 ViV
Qutput Yoltage Swing R Z2 KL 10 +10 v
Supply Current 10 10 mA
Average Offsgr Valtage Drift 5 § IR

o ) _ o =)
MNaotes: 1. Rating applies for case temperature of +25 C maximum; derats linearity at 8.4 mW/ C for temperatures abowe +25 C.
2. For supply voltages less than £15%, the sbsolute maximum nput veltage is egual 1o the supply voltage.
3. Short circuit 10 ground on one amplifier only.
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Quad High Performance Operational Amplifier

TYPICAL PERFORMANCE DATA
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4156
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4156 Quad High Performance Operational Amplifier
AVAILABLE TYPES HIGH RELIABILITY QPTIONS
Part Number Package Operating Temperature Part Type Added Screening Order Part No,
RM4156DC Ceramic -56 to +126°C RM4156DC | With MIL-STD-883 R]RM4156DC3
RV4156DB Plastic -40 to +85°C Class B processing
- Q
RV4156DC | Ceramic 4010 +85°C RVA4156DC | With A+3 processing” | RV41560C3
RC4156DC Ceramic 0 te +70°C RC4156DC | including burn-in and RCA156DC3
RC4156DB Piastic 0 to +70C tightened AGL

1-92

RV4156DE | With A+2 processing” RV41560D82
RC41960E | including "Hot Rail™ RC4156DB2
testing, burn-in, temp
cycle and tightened
AQL

With A+1 processing” RV41560DB1
including “Hot Rail*” RC4156DB1
testing, temp cycle
and tightened AQL

* Fult description cantained in the A+ bulletin available
at your local Raytheon Sales Qffice.



Quad High Performance Operational Amplifier

4156

APPLICATIONS

The 4156 Quad Operational Amplifier can be used in almost
any 741 application and will provide superior performance.
The higher unity-gain bandwidth and slew rate make it ideal
for applications requiring good frequency response, such
as active filter circuits, ocscillators and audio amplifiers.

The following applications have been selected to illustrate
the advantages of using the Raytheon 4156 Ouad Operational
Amplifier.

VERSATILE TRIANGLE-AND-SQUARE WAVE
GENERATOR

This circuit generates a precise triangle-wave with inde-
pendently adjustable frequency, offset, and amplitude. A
sqQuarg-wave is also available from a separate output. The
circuit exhibits excellent stability in both amplitude and
frequency when using the 4156 quad op amp. See Figure 1.
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Figure 1. Triangle-and-Sguare Wave Generator

Amplifier A7 acts as a comparator and will swing between
the positive and negative limits, typicaily +14V and -13.5V.
The sguare-wave from amplifier Al is converted to &
triangle-wave by amplifier A2. Amplitude of V2 is adjusted
by varying Rj. For best operation, it is recommended that
R1 and VR be set to obtain a triangle-wave at V2 with
112V amplitude. This will then allow A3 and A4 to be
used for independent adjustment of output-offset and
amplitude owver a wide range.

The output frequency can be easily calculated. The switching
transitions occur at:

Ry Ay
Ri+Ry Y2 * Ry+m, Yin 7 VR
and
Ry Ry
Ri+Ry, Y2 * R+R, YiL = VR

where V1Y is the positive saturation level and V| is
the negative saturation level. For a 12V triangle-wave
at autput of A2, VR will heed to be approximately 0.12V
and Ra/Rqy = 1.87,

Amplifiers A3 and Ad are used to independently adjust
output offset and amplitude, The gutput V4 will be:

Ra
V4=-~—~ \.|'2+\.r‘3
Rz

An asymmetric triangle-wave is needed in some applications.
Adding diodes as shown by the dashed lines is 4 way to vary
the positive and negative slopes independently.

Frequency range can be very wide and the circuit will
function wvery well vp to about 10 kHz. Transition tirme
for the square-wawve at Vi is less than 21 psec when
using the 41568,

ACTIVE FILTERS

The introduction of low-cost gquad op amps has had a
strong impact on active filter design. The complex multiple-
feedback, single-op-amp filter circuits have been rendered
obsolete for most applications. State-varigble active~filter
circuits using three to four op amps per section offer many
advantages over the single-op-armp circuits. They are rela-
tively insensitive to the passive-component tolerances and
variations. The O, gain, and natura! frequency can be
independently adjusted. Hybrid construction is very prac-
tical because resistor and capacitor values are relatively
low and the filter parameters are determined by resistance
ratios rather than by single resistors. A generalized circuit
diagram of the Z?-pole state-variable active filter is shown in
Figure 2, The particular input connections and component-
values can be calculated for specific applications.  An
important feature of the state-varfable filter is that it can
be inverting or noninverting and can simultanecusly provide
three outputs: lowpass, bandpass, and highpass, A notch
fiher can be realized by adding one summing op amp.

Fg
e

N R,

Ll T2

+#
1600 oF
L RCals]

1900 pF
114 R4 156 Ryt

iy

Qugp [+ 30
BANDFASE LOWFASE
DUTPUT QuTPLT

*INPUT EONMELTIONS ANE CHOSEN FOR INVERTING OR HON-1hy ERTING [ ESMINSE
VALUES OF @y 2, Ry DETERMINE SAIN AND 0
** VALUES OF My AND Ny DETEMNINE HATURAL T REQUEK DY

Figure 2. Generalized State-Variable Configuration
for Active Fitter
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4156

Quad High Performance Operational Amplifier

The Raytheon 4156 was designed and characterized for
use in active tilter circuits. Frequency response is Tully
specified with minimum values for unity-gain bandwidth,
slew-rate, and full-power response, Maximum noise is
specitied, Qutput swing is excellent with na distortion
or clipping.” The Raytheon 4156 provides full, undistorted
response up to 20 kHz and is ideal for use in high-
performance audio and telecomrnunication equipment.

in the state-variable filier circuit, one amplifier performs a
summing function and the other two act as integrators, The
choice of passive component valugs is arbitrary, but must
be consistent with the amplifier operating range and input
signal characteristics, The valugs shown for Ci, C2, R4, RE
and RBG are arbitrary. Pre—selecting their values will simplify
the filter tuning procedures, but other values can be used if
TECESsary.

The generalized transfer function for the state-variable
active filter is:

s +as+a

B 1 o

Tis) =
2
5° + bls + bo

Filter response is conventionally described in terms of a
narural frequency wy in radions/sec, and Q, the quality
of the complex pole pair. The filter parameters w, and Q
relate to the coefficients in T{s} as:

Wy
W, =‘fb0 and O =b_
1

The input configuration determines the polarity (inverting
or noninverting), and the output selection determines the
type of filter response {lowpass, bandpass, or highpass).

SET LENTER FREUENCT

S

N pF

114 RCATNG

Figure 3. Bandpass Active Filter

Moteh and all-pass configurations can be implemented by
adding another summing amplifier,

Bandpass filters are of particular importance in audic and
telecommunication equipment. A design approach to band-
pass filters will be shown as an example of the state-variable
configuration.

DESIGN EXAMPLE — BANDPASS FILTER

In this example, the input signal is applied through R 3 to
the inverting input of the summing amplifier and the cutput
is taken from the first integrator (Vgpl. The summing
amplifier will maintain equal voltage at the inwverting and
noninverting inputs, {see equation belowl.

Raﬁs R3R4 R Ry
- 44 42 a
Ry + Rg Ry + R R, +Rg ?
Viyplsl + Vi pls) + - Vsl = e Vgpls!
R,R R.R +
Ra + 15 R_ + ._.3_3__ Ra + _4_5_._ & ?
Rz*Rs R+ Ry, R, +Rg
These eguations can be combined to obtain the transfer
function:
1 i
Vaplsh = - ———— Viplst and V ots) = - Vigpls)
7,0, R,C,S
H4 1
—_ 5
Veels) Ry R,C,
Vigls! , R, R, Fl4 ) ( 1 Ry 1
s° + 1 +—+— s +
Ryt R, 5 R R.C, Re R1C1R202
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Quad High Performance Operational Amplifier

4156

Defining 1/R4Cy as wy, 1/R2Cg as “a, and substituting
in the assigned values for Ry, Rg, and Rg, then the transfer
function simplifies to:

104

Vgpls!

Vin‘S} ) 104

0.1

_ w]w2

This is now in a convenient form to look at the center-
frequency wy and filter Q.

10°
wy = \)0,1 © day 1+ R
and O = —-;-— {0
S 10?
- 10y 0.1 R, R, 11 +—
Ry

The freguency response for various values of & are shown
in Figure 4,
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Figure 4. Bandpass Transfer Characteristics Normaltized
for Unity Gain and Freguency

These equations suggest a tuning sequence where wpg is first
trimmed via Ry or Ro, then Q is trimmed by varying Ry
and/or Rz. An important advantage of the state-variable
bandpass filter is that Q can be varied without affecting
center frequency twg.

This analysis has assumed ideal op amps operating within
their linear range, which is a valid design approach for a
reasonable range of wq and Q. At extremes of wyp and at
high values of Q, the op amp parametars become significant.
A rigorous analysis is very complex, but some factors are
particularly important in designing active filters:

1. The passive component values should be chosen such
that ali ap amps are operating within their linear region
for the anticipated range of input signals. Slew rate,
output current rating, and common-mode input range
must be considered. For the integrators, the current
through the feedback capacitor {I = C dV/dt) should
be included in the output current computations.

2. From the equation for Q, it would seem that infinite Q
could be obtained by making Ry zero, But as Ry is made
small, the Q becomes limited by the ap amp gain at the
frequency of interest. The effective closed-loop gain is
being increased directly as Ry is made smaller, and the
ratio of open-loop gain to closed-inop gain is becoming
less. The gain and phase error of the filter at high G is
very dependent on the op-amp open-loop gain at wq.

3. The attenuation at extremes of frequency is limited by
the op amp gain and unity-gain bandwidth. For inte-
grators, the finite open-loop op-amp gain limits the
accuracy at the low-end. The open-loop roll-off of gain
limits the filter attenuation at high frequency.

The Raytheon 4156 Quad Operational Amplifier has much
better fregquency response than a conventional 741 circuit
and is ideal for active filter use, Natural frequencies of up
to {0 kHz are readily achieved and up to 20 kHz is practical
for some configurations. Q can range up to 50 with very
goond accuracy and up to 500 with reasonable response.
The extra gain of the 4156 at high frequencies gives the
Raytheon dquad op amp an extra margin of performance
in active-Tilter circuits.



Quad High Speed Decompensated

4157

Operational Amplifier

DESCRIPTION FEATURES
The RM4157/RCA157 is a monelithic integrated circuit, Typical Guaranieed
cansisting of four independent high performance operational * Gain Bandwidth Product (ﬁv} 5) 19 MHz 15 MHz
amplifiers constructed with the planar epitaxial process. e High Stew Rate (A,=5) R 8 6.6V /s
v .
i ® Low Noise Voltage Ay 2.0uv
These amplifiers feature guaranteed A.C. performance which g 1.4 HVRMS
far exceeds that of the LM 149 type amplifiers. Also featured & |ndefinite Short Circdi
are excelient input characteristics and guaranteed low noise ® No Crossover Distogtion
making this device the optimum choice for audio, active N Parameters
filter and instrumentation applications,
SCHEMATIC DIAGRAM {(1/4 Shown}
— Ovvgp
im
4900
w2
A
il C——
¥ D——F [ — T
o1z s
1
NEXT
Q-¥er
OB and DC Minimum Gain Configurations
Dual In line Packages
Tap View)
E, ; 5R R
. i}
E«» Vi y Vo iR
izl 0 " Vo

rhy

HFH?J@I:IFIFI

E
i
i

QUTPUT D

RC4157DE

Minimum Gain
for Stable Operation

Oriler Part Mos
RMaA1570C, Rv41670E,
RV415TDC,

= [

Unity Gain Invarter

The 4157 is an uncompensated
version of the 4156, The charac-
teristics are the same except the
4157 has wider bandwidths, Az a
result the part requires a minimum
gain of 5.

RCA1570C,




Quad High Speed Decompensated

Operational Amplifier 4157
ABSOLUTE MAXIMUM RATINGS  Quad Wide Band Decompensated {Ay_.. = 5) Operational Amplifier
Supply Voltage . . . . L. L. Xaov Storage Temperature Range . . . . . -85to+150°C
Internal Power Dissipation {Note 11 .. . . BBOmMmW Onperating Temperature Range RM4157  -5510 +125°C
Differential Input Voltage . . . . . . . . 30V ;. RV4187  -4Dto +85°C
foput Voltage (Note2) . . . . . . . . . *18V .. RC4187 Do +70°C
Qutput Short Circuit Duration (Note 3! . . . Indefinite Lead Soldering Temperature (60 s_sp} S 1) o S
ELECTRICAL CHARACTERISTICS Veo T15V Ty +25°C uniess otherwise;sp_ei:_lﬁ_ad- -

RM4157 | . mvaisz/rearsy
PARAMETER CONDITIONS min | Tve | mMax| miv [ Tye | max| uniTs

Input Offset Voltage R < 10K o5 | 300 10 50 | mv
Input Offset Curvent 15 30 | 30 50 | nA
Input Bias Cusrent B0::f.200 | 60 300 | aA
Input Resistance 08 el 0.5 M2
Large Signal Voitage Gain Ry > 2KV ¢ £10V | 50,000 [ 100,000] 160,000 ViV
Gutput Valtage Swing Ry = 10 K2 12 M. 14

Ry > 2KSQ £10 [ #13 13
Input Valtage Range et +14 v
Qutput Resistance 230
Qutput Short Circuit Current 25 mA
Common Mode Rejection Ratia ﬁsé 10 KE2 80 48
Power Supply Rejection Ratio RS SI0KD 80 dB
Supply Current {all amplifiers) i = 5.0 5.0 70 ma
Transient Response

Rise Time Ay=5 50 50 ns

Quershaot Ay = 25% 25% k)

Slew Rate Ay~ : 8 6.5 8 Wis
Gain Bandwidth Product W L] 18 i9 15 13 MHz
Phase Margin (A, = 6} R = 2 RSE 50 50 deqraes
Fuli Power Bandwidth Véi;é i 100 125 00 125 kHz
Input Noise Yoltage __ff = 20 Bz to 20 &Hz 14 2.0 i4 2.0 HV BMS
Input Noise Currant "'f\s; WHzte Z{EkHz 15 15 pA RMS
Channel Separation . -108 -108 dB
The following specifications apply fw—asxc T, < +125°C for RM4157, -40°C << T4 < +85°C for RV4157,

it s 0PES T, <470°C for RCA1ST.
Input Offset Voltage *‘_ﬁsﬁiﬂ K2 5.0 8.5 my
Input Otfset Current; T 75 100 | nA
Input Bias Current - 325 400 | nA
Large Signal Valtage Gain R 22K Vg p $10V| 25,000 15,000 ViV
Output Valtage Swing Ry 21K 16 10 v
Supply Currgnt 10 10 mA
Average Dffset Voitage Drift 5 5 wvioe

. . o N i N a ]
Notes: 1. Rating applies for case temperature of +25 C maximum; derate linearity at 6.4 mW/ C for ternperatures above +25°C,
2. For supply voltages less than £ 15V, the absciute maximurm input voltage is equal to the supply voltage.
3. Short circuit to ground on ane amplifier only,
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4531 High Slew Rate Operational Amplifier

GENERAL DESCRIPTION

The RM4531 and RC4531 are high slew rate aperational amp-
lifiers intended for applications requiring slew rates up to 30V/
s while keeping the DC performance of the 743.

The RMA531 military version operates over a temperature
range from —55° C to +125°C. The RC4531 aperates from 0°C
to +70°C,

High slew rates are achieved through use of an improved input
stage which tends to retain small signal characteristics when
subjected to large differential input signals. Advanced integrated
circuit layout technigues are used to eliminate thermal feed-
back. The RM4531 and RC4531 feature offset null capahility,
high gain, and each can be compensated with 2n external 100pF
c¢apacitor connected between the output and compensation
terminals,

SCHEMATIC DIAGRAM

DESIGN FEATURES

Slew Rate 36V/us

Small Signal Bandwidth 1MHz

Large Signal Bandwidth 500kHz

Supply Voltage 26V to 218V

Pin-for-Pin Replacement for 709, LM101A, 741
Low Drift Offset-Null Circuitry

Compensated with Single Capacitor
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o 1 Q COMPENSATION
Gy 2
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CONNECTION INFORMATION
TE iTO-99) DC MNEB Dual In-ling
Metal Can Packaga Dual In-line Package Plastic Package
[Top View) | Tap Wiew) [Tap View}
COMP
N[ N
nc[? 13 Jnc
5 - el T ® 8 Come,
gal[ 3 1:[Jcame
-INPUT ]2 i
-INPUT 4 nwt
g +INPU ]2 B JOUTPUT
Pt ] autruT
— . g [ s Jear
VLR ). BAL
[T g Jn;
Order Part Nos.: Order Part Mos_: Order Part No.:
RM4531T, RC4B3IT RMASI1DC, RC45310C RCABITNE
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High Slew Rate Operational Amplifier

4531

ABSOLUTE MAXIMUM RATINGS

Supply Voltage . ... ......... .... RM4631: 22V Qperating Temperature Range
RCA4537: x18Y RMAB3T ... -550C 1o +1250C
Internal Power Dlissipation (Note 1} . ... ... .. 500mvy RCAS3T ... ... e 00C to +700C
Differential Input Voltage ... .. ... ... ... ... 15y Lead Temperature {Soldering, 80s} . . ... ... .. 3000C
Input Voltage iNote 2) . ... ... ... ... —12.5V, +15V Qutput Short-Circuit Ouration (Note 31 .. . .. Indefinite
Storage Temperature Range . .. .. ... -652C to +1500C
ELECTRICAL CHARACTERISTICS (vg=216V, Ta = 259C unless otherwise specified)
RM4531 RC4531
PARAMETER CONDITIONS N T TYyr TMAX T N T TYp TMAX ] UNITS
Input Offset Voltage Rg < 10k82 2.0 5.0 20 6.0 my
Input Offset Current a0 200 50 200 nA
input Bias Current 300 500 400 1500 nA
Input Resistance 0.3 20 0.3 20 ML
Large-Signal Voltage Gain Rg = 2kE2, Vauy = £10V 50,000 [100,000 20,000 | 60,000 VIV
Input Yotlage Range (Note 2} +10 +10 v
Common Mode Rejection Ratio | Rg < 10k{2 70 100 70 100 dB
Supply Voltage Rejection Ratio | Bg = 10k 10 150 10 150 [I3AY
Quiput Resistance 75 75 Q
Supply Current =3 7.0 5.5 10 mad
Power Consumption 165 210 165 300 mw
Setting Time, 1% Ay =+, Vi = 210V 15 15 s
Setting Time, .01% Ay = 1,V - 210V 25 2.5 2t
Large Signal Overshoot Ay = +1, Wy = 210V 2.0 2.0 %
Small Signal Risetime Ay = 1, Wy = 400mY 300 300 ng
Small Signal Overshoot Ay =1,V = 400mV 5.0 5.0 %
Slew Rate Ay~ 100 - 35 35 Vs
Ay =10 35 35 Wius
Ay = 1 {non-iny.) 30 30 Wius
Ay =1 (inv.) 35 35 Vius
The following specifications apply for -550C = T4 = +1250C for RM4531; 00C < T g < +709C for RC4531.
Input Offset Voltage Rg = 10k 6.0 7.5 my
Input Offset Current Ta=Tmin 500 300 na
TA = Tmax 200 200 nA
Input Bias Currant Ta=Tmin 1.b 2.0 HA
TA = Tmax 0.5 1.5 s
l.arge-Signal Yoltage Gain R = 2kE, Vgyut = £10V 25,000 15,000
Qutput Voltage Swing R = 2ki2 10 13 10 | 13 v
Common Mode Rejection Ratio | Rg = 10k82 70 el 3 dB
Supply Voltage Rejection Ratio | Rg < 10k§2 10 1560 ITAY
Supply Current Ta = Tmax 4.5 5.5 4.5 5.5 mé

NOTES:

1. Rating applies for case temperatures Lo +1259C; derate linearly at 6.5 mW/OC for ambigat temperatures ahove +750C for RM4531.
2. For supply voltages less than 115V, the absolule maximum positive input voltage is equal to the supply votlage, The absolute maximum negative

input voltage decreased by 1 voit for every T volt decrease in the negative supply voltage.
3. Shortcircuit may be 1o ground ar to erther supply Rating applies to +1287C case temiperature or +75°C ambient temperature for RM4537.




4558

Dual High-Gain Operational Amplifier

GENERAL DESCRIPTION DESIGN FEATURES
The 4558 integrated circuit is a dual high gain operational & 2.6 MHz Unity Gain Bandwidth Guaranteed
amplifier internally compensated and constructed on a single & Supply Voltage £22V for AM4558 and 15V for RCA568
silicon chip using the planar epitaxial process. ® Short-Circuit Protection
Combining the features of the 741 with the close parameter * No Frequency Compensation Required
matching and tracking of a dual device on a monolithic chip * No Latch-Up . )
results in unioue performance characteristics, Excellent chan- ® targe Common-Mode and Differential Voltage Ranges
nel separation ailows the use of the dual device in single 741 * Low Power Consumption
operational amplifier applications providing the highest pos- * Parameter Tracking Over Temperature Range
sible packaging density. it is especially well suited for appli- # Gain and Phase Match Between Amplifiers
cations in differential-in, differential-out as well as in potentio-
metric amplifiers and where gain and phase matched channels
are mandatory.
SCHEMATIC DIAGRAM (1,2 Shown)
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Dual High-Gain Operational Amplifier

ABSOLUTE MAXIMUM RATINGS

Supply Voltage RMAGLE: ~22V

RC4558: 118Y
Internal Power Dissipation {Naore 1) . 500mW
Differential Input Veltage .. 000000 oL 30V
Input Voltage {Mote 2} T =15y
Storage Temperature Range . .. .. ... .. —BROC o +1502C

Operating Temperature Range .

Lead Temperature {Soldering, 6051

Output Short-Circuait Ouration (Mote 31 . 0 . indefinite

4558

Rv45L8:
RCA558:

ELECTRICAL CHARACTERISTICS (voo= t15V, Ta - 255C unless otherwise specified}

Rhi4608: -550C 10 +1260C

-4009C 1o 1855C
0OC to +700C

3000C

J RM4558 RV/RCA558 !
! PARAMETER | CONDITIONS MIN | TYP | MAX MIN i TYP | MAX UNITS |
] Input Offset Yol lag RS % 10k 1.0 5.0 20 1 80 my
Input Offser Cur Tent i 50 200 30 200 na
Input Bias Current ! 40 500 200 SEQ_ nA,
_Input Resistance 0.3 1.0 6.3 w0 W
L arye- ‘uuf;ndl Wl bage Galn §0,000 | 300,000 20,000 | 300,000 I
B @_Juﬁ_uri,!ohage S\.-r]ng._ T -12 P 55 e P B v
L L LS 1 U 0
Inputl Yolrage Bange =2 =13 -1z =13 W
| Common Mods Rejection Ratio } Fro= 10k} 70 100 i 100 []=1
| SBupnly \."ollagr-' Rejection Ratio i Rg = 10kL: | 10 160 10 150 BT
Power Consumption (All Amplifiers] | R~ = 100 170 100 170 v
Transent Response (urmry ganl Vip o= 20my
Ry - 2k&: !
Gy =% 100pF ’
Risatime 0.3 0.3 i L5
Oivershaot 1 ] _ 150 ) 150 o %
Slewe Rate {LmIL\.r qa|r|.:l - | _Zki.;__ , O 5 0.5 | Wins
Channel Separation (Gain = 100] = 10kHs |
Rg-tke | | % o | L.ue
Unity Gain Bandwidth (Gain = 1}_ _’25‘ _ 30 o 20 3,9“_ I'\-'TI_—!?__
The fuliov\ing specifications apply for —BEOC 5 Ta = + 12590 for RM4558; 000 % T 4 = - 700C for RC4558,
—402(C = # *'BSUC for RY45L8 _ _
Input Oftser ‘_{o!_&ﬂe _Rg = 10k{Y e 6.0 ! _ 7.5 my
Input Gitset Currant o - 500 .T _ | 300/500 nA
Input Bias Current | o 1500 | _ SE(H_T 5_0_0_____r‘|_#'3\_|
Large-Si.gr'.nal Valtage Gan H|_ 2k} = | e
Vour - 210V 25,000 B 5 15,600 e
Quiput Voltage Swuu} R = 2k -1o _ =10 [ v
Powtr Consumplion Vg = 115V
Tpa - +1260C 90 150 a0 150 Y
CTA- —5'3”(. 120 200 120 200
o = - *13 4568
MATCHING CHARACTERISTICS {(Vee - 215V, TA 250C uniess atherwise sp.omfrs-d)
T i RMA558 RCA558
PARAMETER I CONDITICNS _Typ ____TYP UNITS
Waoltage Gain ; R o2 2kE2 + 5 1.0 B
f input Bias Current | 15 ! 115 nA
| Input Qffset Current | +7.5 | 175 nA
Input Offset Voltage i RS 1DI<£! t.1 ! 1.2 my
NC‘ET_.H;.HN 1p;(”s Far L,q»,_p:r;p{:r;un_g 1 1259C: derate hngarly a1 6.5mW2C 1or arndignt temperanaes above +75°C {or RMA558.
NOTE 2: For supply valiages 1255 than - ThY, The absolute snasarmumoanput voltane is eogual 10 the supply voltags.
MOTE 3: Short circuit may e 12 graund on one amp only, Bating spplies 1o +1280C case temperature or +759C ambient temperature far
FIC4558 ancJ to +35°C amblent ttemperatur? far R\MSSB B
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4558 Dual High-Gain Operational Amplifier
TYPICAL ELECTRICAL DATA

Input Bias Current 3s a Inpuj Ofisel Currenl as 2 Common Mode Range as a
Function of Ambienl Temperajure F ion al Ambient Temp. B Funclior of Supply Vollage
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Dual High-Gain Operational Ampififier

4558

TYPICAL ELECTRICAL DATA
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4559 Dual High Performance Operational Amplifier

GENERAL DESCRIPTION FEATURES

The 4559 integrated circuit is a dual high performance opera- Typical Guaranteed
tional ampfifier internally compensated and constructed on a

; o i _ Y #® Unity Gain Bandwidth 4.0 MHz 3.0 MHz
single silicon chip using the planar epitaxial process.
. ® Slew Rate 2.0 Viusec 1.5 V fusec
Thase amplitiers feature guaranteed AC performance which o Low Nolse V
far exceeds that of the 741-type amplifiers. The specially de- ow Naise Voltage 14uVRMS 2.0 uWRMS
signed low-noise input transistors allow the 4559 to be used * Supply Voltage £22V for RM4A559 and $18Y for RC4550
in low-noise signal processing applications such as audio pre ® No Frequency Compensation Required
amplifiers and signal conditioners. e No Latch U
o Late 1]
The 4559 also has more output drive than 741-type ampli- . )
.
fiers and can be used to drive 3 600 ohm load, Large Common Mode and Differential Voltage Ranges
® Low Power Consumption
# Parametric Tracking Over Temperature Rarge
#® Gain and Phase Match Betwaen Amplifiers
SCHEMATIC DIAGRAM (1,2 Shown)
O
[ >
L l Lo
-——K Wiy — T
INPLTS L
o g :I.i
M 3
l :l_
s =
[ ‘o ) D S
CONNECTION INFORMATION
i TE {T0-99) OE and NB
Metal Can Package Dual In-line Packages
- {Top View 1Tap View)
: : PIN FUNCTION
4 A OUTPUT
E : 2z A -INPLIT
3 A +INPUT
1 — 4 W
L._|_3 Bp— 5  B+INPUT
B B -INPUT
E: '_5D 7 BOUTPUT
8 \'s
Chrder Part Mos.:
Order Part Nos.: RC4BEANE, RV4559NE
RCAB5AT, RMIEEST RC45500E, RV4559DE
RM45580DE
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Dual High Performance Operational Amplifier

4559

ABSOLUTE MAXIMUM RATINGS

Supply Veltage . . .. . ... . _..... ... RM4553: 22V Operating Temperature Range
RC455%: £18Y RM4ESD . ... L —55%C to +1250C
Internal Power Dissipation (Mote 1} . ... ... ... 500mw RV4B59 .. .. .. . —409C 10 +852C
Differential Input Voltage. . . . ..... . ......... 130V RC4B59 . . .. ... ... ... .. .. ... 00C 10 +700C
Input Voltage (Note 2). . .. ... ... ......... 15V Lead Temperature {Soldering, B0sec) . .. . ... ... 3000C
Storage Temperature Range. ... ... .. —65°C 1o +1509C Output Short-Circuit Duration (Mote 3} . .., .. Indefinite
ELECTRICAL CHARACTERISTICS (T, = 25°C, v, = £15 V unless otherwise specified.)
RM4559 RYv/RCA559
PARAMETER CONDITIONS MIN TYFP MAX | MIN TYFP MAX UMITS
Input Offset Voliage RAg = 10k 1.0 50 20 6.0 my
Input Offset Current g 100 5 100 nA
tnput Bias Current 40 260 40 280 nA
Input Resistance 0.3 1.0 0.3 1.0 L2
Large Signal Voltage Gain R = 2kiL, Vi, = £10V | 50,000 | 300,000 20,000 | 300,000 Vi
Cutput Yoltage Swing R = 3k&2 12 13 12 13 W
Ry = BOOS: 95 Ea 1)) 9.5 %10 W
Input Yoltage Range 12 13 12 £13 v
Common Mode Rejection Ratio | Rg < 10k&2 80 100 B0 100 dB
Supply Voltage Rejection Ratio | Rg < 10k2 10 75 10 75 LV Y
Supply Current R == [All Amplifiers) 3.3 5.6 33 5.6 mA
Transient Response {unity gain) | V |y = 20mV, R = 2k§2,
C = 100pf
Rise Tirne 80 80 nsec
Overshoot 18 18 %
Slew Rate {unity gain} 1.5 20 1.5 2.0 W ips
Unity Gair Bandwidth 3.0 4.0 3.0 4.0 MHz
Full Power Bandwidth Vo =20 Vpp 24 az 24 32 kHz
Input Naise Woltage f=20Hzto 20 kHz 14 20 1.4 20 MY RAMS
Input Moise Current f=20Hzto 20 kHz 25 25 pa RIS
Channel Separation Gain = 100 20 90 dB
f=10kHz, Rg = 1k{2
The following specifications apply for -B5°C < T p, < +125°C for RM4559; 0°C < Tp, = +70°C for RC4559
Input Offset Voltage Rg = 10kE2 6.0 75 my
Input Offset Current 300 200 nA
Input Bias Current 500 500 nA
Large-Signal Voltage Gain R &= 2k&2, Wout = 10V | 25,000 15,000
Output Yoltage Swing RL=2k02 10 10 v
Supply Current Vg=£16Y R =m0
{All Amplifiers} Ta=+126"C 3 5 3 5 mA
Ta=-55°C 4 6.6 4 6.6
MATCHING CHARACTERISTICS  {vgc = 215V, Ta = 25°C unless otherwise specified)
RMA4559 RC4559
PARAMETER CONDITIONS TYP TYP UNITS
Voltage Gain AL =2k 0.5 1.0 di
Input Bias Current *15 +15 a nA
input Offset Current 175 7.5 na
Input Qffset Voltage Ag = 10kl 0.1 .2 i

MOTES:

1, Rating applies for case temparatures 1o 126°C; derate finearly at &.5mW, " for ambisnt temperatures above +75° 0 for FM4559,
2. For suppby voltages less than -15V, the sbsolute maximum input voltage is egqual to the supply voltage.
2. Short circuit may be to ground on one amp only, Rating applies to +125°C case remperature or +75°C amhient temperature for RC4558

and to +85°C arnbient ternperature for RVASE.
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4559 Dual High Performance Operational Amplifier

TYPICAL ELECTRICAL DATA
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Dual High Performance Operational Amplifier

4559

TYPICAL ELECTRICAL DATA
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4739 Dual Low-Noise Operational Amplifier

—

GENERAL DESCRIPTION DESIGN FEATURES

The RC473% dual low-noise operational amplifier is fabricated * [nternally Compernsaled Replacement for uA739 and
an a single silicon chip using the planar epitaxial process. it MC1303

was designed primarily for preamgplifiers in consumer and in-
dustrial signal processing equipment. The device is pin compat-
ible with the HA739 and MC1303, however, compensation is
internal. This permits a lawered external parts count and sim-
plfied application,

Signal-to-Moise Ratio 76 dB {R1AA 10mY ref.]
Channet Separation 125 dB

Unity Gamn Bandwidth 3MHz

Qutput Short-Circuit Protecter]

0.1% Distortion at 8.5 V BMS Qutput into 2 ki2 Load

The RCA739 is available in molded dual in-line 14-pin package
and operated owver the commercial temperature range from
00C to +700C.

SCHEMATIC DIAGRAM (1/2 Shown)

Yt "
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7L |
N
V1

S B !

CONNECTION INFORMATION

DB
Dual In-ling Package
{Top View!

PIN FUNCTION

5 e "I 1 AOUTPUT
. z NG
' ] & 2 N
} 2 4 NG

] ] 5 +AINPUT

y 6 -AINPUT
] | 7 v

/B o 8 BINPUT

F ] 89 +BINPUT
. 10 NC
[ ] 1 NC
1z [T

o . 1B BouTPUT
1wt

Order Pare No .
RCA7380R
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Dual Low-Noise Operational Amplifier

4739

ABSOLUTE MAXIMUM RATINGS

Supply Voltage . ... . o L 13 v Starage Temperature Range ... ... . —BEU o + 15000
fnternal Pover Dussipation (Mote 13 000000 . SO0 mw COperating Termperature Range ... .. e o 7090
Differential Input Voltage .. ... . o oL 230 Lead Termperature (Soldering, 80s) .. . .0 300°C
Input Valtage (Mote 21 0000 oo LG W Outpat Shart-Crucuit Duration (Nate 3) . . . .. Indetinite
ELECTRICAL CHARACTERISTICS (voe = t15V, Ta = +259C unless otherwise noted.}
PARAMETER CONDITIONS MIN || TYP MAX UNITS
Input Offset Voltage R_Si@,ﬁs_l. I || 2.0 5.0 | my
Input Offset Current ! 5.0 200 nA
Input Bias Current 40 500 nA
Input Resistance N T 03 | 5O MO
Large-Signal Voltage Gain T AL = k82
) Yaut = £10V 20,000 | 300,000 Vi
Output Voltage Swing | RL=10kQ 22 | om4 | Y
R = 2 k82 =10 13 v
Input Yoltage Range ________ T +12 =14 Vv
Commaon Mode Rejection Ratio Rg = 10 ki 70 100 dB
Supply Voltage Rejection Ratio Rg = 10 k& 10 150 T,
Power Consumption _F 106 170 mwW
Transient Response {unity gain) T V,n_=20 mYy
Risetime R = 2kL2
Cy < 100pF 0.15 s
Transient Response {unity gf;inl Vin =20 mVy I I
Overshoot R - 2ki2
1% = 100 pF ] ] 10 %
Slew Rate lunity gain) R =2 kQ__H___. 1.0 Vius
Broadband Noise Voltage Byy = 10-30 KHz
Rg - 1 k&2 2.5 HYRMS
Channel Separation T = 1.0 kHz i
Ay =404dB ;
. N Rg = 1kQ2 i 125 dB
The f.ollowing ;pecification apply for 0°C < T 5 = 700C unless otherwise specified. i
Input Offset Voltage Rg < 10 k&2 3.0 7.5 mv
v?;&;é;f?;;burrem 7.0 300 na,
| Input Bias Current 50 800 nA
Large-Signal Yoltage Gamn R & 2 ki
Vout = 210V 15,000 200,000
Quiput Voltage Swing —--....__~-—4—‘ﬁf5 2 k82 1 e +13 v
Power Consumption \.-’5;1 -5’\-:’_ T o
Ta =700C 100 150 mi
Ta =00C 110 220 mw
NOTES:
1. Rating apphies for ambient temperatures balow +70°C.
2. Fur supply voltages less than - 15V, the absolute maximum input voltage 15 equal 1o the supply voltage.
3. Short-circuit may be 1o ground, rypically 45 ma. Ratng applies to +1259C case temperature or +759C ambient temperature,
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4739

TYPICAL ELECTRICAL DATA

Dual Low-Noise Operational Amplifier
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Dual Low-Noise Operational Amplifier 4739

TYPICAL ELECTRICAL DATA

Inpul Moise Voltage as a Funclion of Frequency Inpul Moise Currenl as a Funclion ol Frequency
1000 ey =2 5 100
Iz S = T AT e
s ¥ - ) H
5 FH 2 T vs ey
%00 i = =Ta=25C
ul N == = = ™ Rg 100K 3
R = Ht = = B o o -1
a T‘uh = '!'.-;J IR ERN Ay = B0 B
g 16 TTT:] i % : N
2 3 %] = —
L I JL H o % : F r i
2 N M 1 e z I b R ik o
I o i =S o i 0 I A A
10 100 1K 10K, 100K 1 i 100 1K 10K 100K,
FREQUJEMCY {Hz! FREQUEMNCY [H
Channal Separation Tolal Harmonic Dislortion vs Qulpul Yollage
140 F 1 = T T
2 120 i : e Vs < 118V
I X | Co 5 RL 2K
5 100 i i, Ay = 40 9B [
- H NiNE [ I 4 | 1kH: T
= 80 : T 2- Rg=1KIL . i ’
< . 3 . 4
(Wi T T
ST - L)
wn Lz
o I T 2 | - —
w40 T4 t T x
S Vg = 215V 3
L g YSTETY hl :
= Ta=25C o t
@RI oo ——
o LU 1?7 3 a4 & & 7 &8 % 10
0 00 1K 10K 100K
FREQUENCY (H.t Vi QUTPUT ¥OLTAGE IVRMS:
Distorlion vs Fraguency Yo = 1vrms
& I TTTIT T
S |
=z " L
= ; ; mn l| i
e : Vg 430 B
2 & _r‘." M~ Blas COMPENSAT 0N
W ! . N
! | ; .
o 4 bl b - '
g i ' |
g = I ! ] 1
= HUIE ][
[= H . A
T 24 — T
T 5\\ . y !
) . .
SRl B Rt o S A et '
o U
100 10K 100K
FREQUENCY {H:)
2 -
Starec Tone Control ing  Fing
=22uF BK BOK 5K
0.068 uF IT TI‘-D.EIES L I
0.0G8 uF
Gk
Yoa |, 068 i == 0.068 uF b 13| Vol
4739 |5 | \ 4739
| S1.67K 1RTK S +
< > g
= 10K 1 10K =
50K 5K =

1111



4741

Quad Operational Amplifier

DESCRIPTION

The HA-4741 is a monolithic integrated circuit, consisting
of four independent operational amplifiers constructed with
the planar epitaxial process,

These amplifiers feature AC and DC performance which
exceed that of the 741 type amplifiers. Its superior
bandwidth, slew rate and noise characteristics make it
an excellent choice for active filter or audio amplifier
applications.

SCHEMATIC DIAGRAM (1/4 Shown)

FEATURES

Unity Gain Bandwidth 3.5 MHz {typical}
High Slew Rate 1.6V/uS {typical}

Low Noise Voltage 9nV/VHz (typical)
lnput Offset Voltage 0.5mV itypical)
-Input Bias Current 60nA {typical}
Indefinite Short Circuit Protection

No Crossover Distortion

Internal Cempensation

Wide Power Supply Range £2V to £ 20V
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CONNECTION INFORMATION

D8 and DC
Dual 1n-line Packages Ei m
1Top View! 1 OUTPUT A
Y 2 -ViN A
1 14' 3 +VIN A
Zh rj1a] s v
] +Vy B
& -Vin B
E + +-E 7 auTouT R
8 QUTPUT C
E E ] Vg ©
Urder Part Mos,: + + 10 Wy C
HA1-4741.2 E E M -
HA1-4741.8 E :9_-1 12 +WND
HA1-4741.6 - - 13 -viyD
HA3-4741.5 7] §| 14 OUTPUTD
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Quad Operational Amplifier

4741

ABSOLUTE MAXIMUM RATINGS

Supply Woltage . . . . ., . _ . . ., . tI20Ov Storage Temperature Range -85 10 +180°C
Internal Power Dissipation {Note 1} . . . . BBOmW Operating Temperature Range
Differential Input Yoltzge - ¢ {) 3 HA-4741-2 _Eb 10 +126°C
Input Voltage (Note2) . . . . . . . . . . %15V HA-4741-5 Ot +70°C
Qutput Short Circuit Duration (Note 3} . . . Indefinite Lead Soldering Temperature {60 sec) 300°C
ELECTRICAL CHARACTERISTICS Vg T15V T, +26°C unless otherwise specified
HA-4741-2 HA-4741-5
PARAMETER CONDITIONS MIN TYP M AX MM TYP MAX UNITS
Input Offset Voltage Rg =10 KQ 0.5 30 1.0 5.0 my
Input Offset Current 15 30 30 50 né
Input Bias Current 80 200 60 300 né
Input Resistance 0.5 0.5 MQ
Large Signal Voltage Gain R, 22 KLV, 210V 50,000 | 100,000 25,000 | 50,000 Viv
Input Woltage Range *12 *12 v
Output Resistance 300 300 194
Output Current VOUI_*JWV 5 115 x5 x15 mA
Common Mode Rejection Ratio Rg 10 K AY = X 5Y B0 80 d8
Supply Current fall amplifiers) R == 1.5 540 5.0 1.0 mA
Transient Response

Rise Time 75 75 ng

Overshogt 254% 25% %

Slew Rate 1.6 16 Vs
Unity Gain Bandwidth 35 35 MHz
Full Power Bandwidth VIJ = 20V pp HL = ZK 25 25 kHz
Input Noise Voltage f=1kHz 9 9 avLfHz
Channel Separation 0g 08 dB
The tollowing specifications apply for -56°C < T, <X +125°C for HA-4741-2, 0°C < Ty, <X +70°C for HA-4741-5.

Input Offset Valtage Rg <10 KO 4.0 5.0 5.0 6.5 my
Input Qffset Current 75 160 n
Input Bias Current 325 400 nA
Large Signa! Voltage Gain S =22 K2 Yoyt F10V 25,000 15,000 ViV
Qutput Voltage Swing R =10 K£) 12 *137 112 113.7 v

R =2K +10 124 +10 2.6 v
Supply Current {all Amplifiers} 10 1] md
Average Offset Valtage Drift 5 5 wi°c
Common Mode Rejection Ratio Rg SIDKQAY 25V 74 74 dB
Pawer Supply Rejection Ratio Rg <10 K2 AV 1EY 80 80 dB

. . a . . . o )
Maotes: 1. Rating applies for case temperature of +25 C maximum; derate linearity at 8.4 mW/ C for temperatures above +25°C.

2. For supply voltage Iesé than +15Y, the absolute maxirmum input voltage i egual to the supply voltage,
3. Short sircuit to ground on one amplifier only.
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4741 Quad Operational Amplifier
TYPICAL PERFORMANCE DATA
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733

Differential Video Amplifiers

GENERAL DESCRIPTION

The RM733/RC733 integrated circuit is a monolithic video
amplifier with differential inputs and differential outputs. 1t
offers three selectable voltage gains of 10, 10Q, or 400 and
adjustable gain of 10 to 400 using a single resistor. No external
frequency compensation is necessary for any gain option. The
¢ircuit and progess designs are optimized to give a stable gain
{£10%), wide bandwidth {DC to 120MHz), high input resis-
tance {250k}, and low phase shift that is linear up to 10MHz
12° per MHz}.

The RM733/RC733 is designed for use as a read head amplifier
far magnetic tape, drum, or disc memories using phase of NRZ
encoding. It will aiso function as a preamplifier for high speed
film or plated wire memory systems; a5 a video or pulse amplhi-
fier, pulse height detector, peak detector,

Applications for the RM733/RC733 include bulk computer
SCHEMATIC DIAGRAM

memory systems, very high speed random access memory
systems, communications systems, nuclear event instrumenta-
fion, frequency counters, and other systems where the specific
design features of the RM733/RC733 are required.

The RM733 video amplifier will operate over the complete
military temperature range from —B5°C to +1256°C while the
commercial versian, the RC733, operates from 0°C to +70°C.

DESIGN FEATURES

Wide Bandwidth DC to 120MHz

Low Linear Phase Shift 2r/MHz to 10MHz
Selectable Voltage Gains 10, 100, or 400
Excellent Pulse Characteristics

High Input Resistance 250k

a & ® @
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EFLT | IRPUT 2 L ouirrulr 1
g o LA, o
14 OUTRUT 7
[
v
DB and BC Duat In Line TF Metal Can €0 Flat Pack
Packages Package Package
{Top View} {Top View)
Al T
NI::I. H[dwe Bza GAINSELEC Ban
5 i .
CURRENT LitnT [z [ Jromr MHRUT 1 bAN SELECT INRUT 3 . GAIN SELELT
. @ INBUT 2 1. 1 > g
DURKENT SEnSE [ 13 12w INPUT 2 ®\" e == === GAINSELELT
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|——-— NOTE: Pln 5 connected to case.
Order Part Nos.: .
Order Part Mos.: :
RM7330C, RC7330C, RM733T RS
RG7330E RC733T
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Differential Video Amplifiers

733

e L
ABSOLUTE MAXIMUM RATINGS
Supply Voltage . . . ... ... . oo L oo 8.0V Operating Temperature Range . .
Differential Input Voltage. . . .. .. .. .. ....... +6.0V RM733. . ... -5 Cto+126°C
Common Mode Input Voltage . .. ... ......... 5.0V RC733 . ... 0°C to +70°C
Input Current .. . .. e e 10mA Storage Temperature Range. . . ... . ... -85°C to +1 5OZC
Internal Power Dissipation Metal Can {Note 1) . .. 500mW Lead Termperature [Soldering, 60s). . ... .. ... .. 300°C
FlatPack . . . ... .. i e, 570mW
ELECTRICAL CHARACTERISTICS (Note 2}
PARAMETER {Note 3} CONDITIONS F TR nw&s WMAX | MIN 319\};23 MAX | UNITS
Differential Voltage Gain Gain 1 300 | 400 | 500 | 250 | 400 | 600
Gain 2 90 100 | 110 | 80 100 1 120
Gain 3 9.0 10 1 a.c 10 12
Bandwidth Gain 1 40 40
Gain 2 | Rg = 508 90 a0 MHz
Gain 3 120 120
Risetime Gain 1 10.5 105
Gain 2 | Rg =508, VYouT = 1Vpp 4.5 10 4.5 12 ns
Gain 3 2.5 2.5
Propagation Delay Gain 1 7.5 7.5
Gain 2 | Rg =509, VouT = 1VPP 8.0 10 6.0 10 ns
Gain 3 36 3.8
Input Resistance Gain 1 4.0 4.0
Gain 2 20 30 10 30 ki2
Gain 3 250 250
Input Capacitance Gain 2 2.0 2.0 pF
Input Offset Current 0.4 3.0 0.4 5.0 A
Input Bias Current a.0 20 2.0 30 uA
Input Moise Voltage R5 =508, BW=1kHz to 10MH:z 12 12 Hvrms
lnput Yoltage Range 1.0 +1.0 v
Cornmaon Mode Rejection Ratio Gain 2 Vem = 21V, R < 100kHz 60 86 60 86 dB
Vem = 21V, f= oMH: 60 &0
Supply Voltage Rejection Ratio Gain 2 | AVg = 20.5V 50 70 50 70 dB
Output Offset Voltage Gain 1 0.6 1.5 0.6 1.6
Gain 2 035 10 035] 1.5 v
Gain 3
Output Common Mode Voltage 2.4 2.9 34 2.4 24 34 W
Output Yoltage Swing 3.0 4.0 3.0 4.0 VPR
Output Sink Current 25| 36 2.5 36 mA
Output Resistance 20 20 12
Power Supply Current 18 24 18 24 mA

NOTES:

1. For RM?23 the rating applies for case temperature ta +125°C; derate BM733T lingarly at §.5 mW/°C Jor ambient temperature above 75°C. For
BCTI3T, the rating appiies for ambient temperatuces 1o 707C. For RMZ33CQ, derate linearly at 7.2 mW/ C for ambient temperature shove 75°C.

2. Vg =18.0V; T = 26°C unless otherwise noted,

3. Gain 1:G1A and G1B connected together; Gain 2; G2A and G28 cannactad tagethar; Gain 3: Gain select ping apen.
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733

Differential Video Amplifiers

ELECTRICAL CHARACTERISTICS

{The following specifications apply for —58°C <X T4 << 125°C for the RM733 and 0°C < T < 70°C for the RC733, Vg = £6.0V)

LM733 LM733C
PARAMETER CONDITIONS UNITS
MIN TYP MAX MIN TYP MAX

Differential Voltage Gain

Gain 1 200 400 250 GO0

Gain 2 g0 120 8a 120

Gain 3 8.0 i2.0 8.0 i2.0
Input Resistance Gain 2 8 8 k<2
Input Offset Current b & HA
Input Bias Current 40 440 LA
Input Voltage Range +1 +1 \'d
Cornmon-l\.l'lode Rejection Ratio 50 50 4B
Gain 2
Supply WVoltage Rejection Ratio 50 50 db
Gain 2
Output Offset Voltage

Gain 1 1.5 1.5 V

Gain 2 and 3 1.2 15 v
Qutput Voltage Swing 2.5 28 Vpp
Qutput Sink Current 2.2 25 mA
Power Supply Current 27 27 A
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105 205
305/305A

Positive Voltage Regulators

GENERAL DESCRIPTION

The LM105 series are positive voltage regulators, each con-
structed on a silicon chip by the planar epitaxial process,

They are similar to the LM1QQ, except for an extra gain stage
to improve regulation. In both linear and switching regulator
circuits with outputs greater than 4.5V, these devices are
direct plug-in replacements for the LM 100,

The LM 105 military version aperates from -55°C to +125°C.
The LM305/LM305A are commercial versions which operate
from 0°C to +70°C.

These regulators feature fast response to load and line tran-
sients, freedom from oscillations with varying resistive and
reactive Inads, and reliable starts on any load within ratings.
The LM2G5 is the same as the LM105 except its performance
is guaranteed from —25°C to +86°C.

SCHEMATIC DIAGRAM

DESIGN FEATURES
® Output Voltage Adjustable from 4.5V to 40V

® Qutput Currents in Excess of 10A by Adding External
Transistors

® Load Regulation Better Than 0.1%, Full Load With Current
Limiting

* DC Line Regulation Guarantzed at 0.03%/V

® Ripple Rejection of 0.01%/V

® A5maA Cutput Current Without External Pass Transistor

TYPICAL APPLICATIONS
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Positive Voltage Regulators

105 205
305/305A

ABSOLUTE MAXIMUM RATINGS

Input Voltage .. ..... LM 105, LM205, LM3056A; 60V Operating Temperature Range R
LM305: 40V LMIDS ... .. —55°C 1o +160°C
input-Output Voltage Differential . ... ... ... ... 40y LM205 .. ... . . ... —25°C 10 +85°C
Power Dissipation (Note 1) LM305/305A . ... .. ...... 0. a. 0°C to +70°C
LMI105, LM205, LM3054A .. ... ... ..., .. 800mW Starage Temperature Range ... ... .. -65°C 1o +180°C
CM30S 500mYY Lead Temperature {Soldering, 10s} .. .. ... ... 300°C
ELECTRICAL CHARACTERISTICS (Note 2}
PARAMETER CONDITIONS MIN | TYP | MAX | UNITS
Input Voltage Range LM105/205/3054 8.5 50 v
LM305 35 40
Output Voltage Range LM106/2056/305A 4.5 40
CFA308 4.5 30 M
Qutput-Input Voltage Differential 3.0 30 W
Load Regulation {Note 31| LM106 0=1g< 12mA
Rge = 1082, Ta = 25°C 0.02 | 0.05
Rgc =106, Ta = 125°C 0.03 0.1 %
Rge =108, Ta=-650C 0.03 0.1
LM205 0<lg<12mA
Rso =108, Ta=26°C 002 | 0.05
Rgp =108, Ta =85"C 0.03 0.1 %
Rsc =100, Ta=-25"C 0.03 0.1
LM305A 0 < IQ < 45mA
Rge = D0, Ta = 25°C 0.02 0.2
Rsc =062, Ta = 70°C 0.03 0.4 %
Rgo =080, Ta=0"C 0.03 04
LM305 0= Ip= 12mA
Rgo =100, Ta=25"C 0.02 | 0.05
Rsc =153, Ta = 20°C 0.03 0.1 %
Rgr = 1082, Ta = 0°C 0.03 0.1
Line Regulation ViN - VouT =58V 0.025 | 0.06 ,
YN
VIN - VQUT == 5V 0.015 | 0.03
Ripple Rejection CREF = V0uF, F = 120H:z 0003 | o.M SN
Temperature Stability LM105 -BB°C = Ta<125°C 0.2 1.0
LMZ205 -26°C<Tpa<85°C 0.3 1.0 %
LM30B/LM305A | 0°C < Ta < 70°C 0.3 1.6
Current Limit Sense Voltage {Note 4) Rge = 1082, Ta = 26°C, VouT = OV 225 300 375 my
Feedback Sense Voltage | LM105/205/305 1,63 1.7 1.81
LM305A 1,55 1.7 1.88 v
Ouiput Noise Voltage 10Hz = f < 10kHz
CrEF=0 0.005 %
CREF = 0. 1uF 0.002
Standby Current Drain | LM305 Vi = 40V 0.8 2.0
L1106/205/306A | Vin = 50V 08 | 20 mA
Long Term Stability 0.1 1.0 %

NOTES:

1. The maximum junction temperature of the LM105 is 1507C and §52C for the LM3D5. For operating at elevated temperatures, devices in the TO-5
package must’ be derated based on a thermal resistance of 1509C/W junction 1o ambient, or 45%C/W junction to case. For the flat package, the
derating is based on a thermal resistance of 1852C/W whean maunted on a 1/18-inch thick epaxy glass haard with ten, G.03-inch-wide, 2-ounce
copper conductgrs. Peak dissipatiens to 1W are allowable providing the dissipation rating is not exceeded with the ppwer averagad over a five
second interval, for the LM105, and averaged over a two second inverval for the LM305.

2. These speclfications apply fer input and output voltages within the ranges given, and for a divider impedance sean by the feedback terminal of
2k{l, unless otherwise spacitied. The load and line regulation specifications are for constant junction temperatura, Temparature drift effects must
be taken into arcount separately when the unit is operating under eanditions of high dissipatian,

L

be roughly aqual 1o the composite current gain of the added transistors.

»

Mo external pass transigtor,

Tha autput currents given, 35 well as the |oad regulatlion, can be increased by the additlon of external transistors, The improyvement factor will

3-3



723

Precision Voltage Regulators

GENERAL DESCRIPTION

The RM723/RC723 integrated circuits are monolithic voltage
regulators constructed on a single silicon chip, They consist of
a temperature compensated reference amplifier, error amplifier,
a power series pass transisior capable of 150mA, and current
limiting circuitry.

They feature low standby current drain, low temperature drift
and high ripple rejection.

These devices are designed for use as a logic card regulator,
small instrument power supply, or, by use of an external pass
transistor, as a negative or floating regulator, They may also
be used where local voltage supply regulation is required for
linear and digital circuits. Provision is made for adjustable cur-
rent {imiting and remote shutdown.

The RM723 operates over the full military temperature range
from —55°C to +126°C. The RC723 operates from 0°C to
+70°C.

SCHEMATIC DIAGRAM

DESIGN FEATURES

® Positive or Megative Supply Operation

® Series, Shunt, Switching or Floating Gperation

® 0.01% Line and Load Hegulation

¢ Output Voltage Adjustable from 2V te 37V

® Output Current to 150mA Without External Pass Transistor

Order Part Nos.:
RM723T, RC723T
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CURRENT
LIMIT
- + - -0 Y CURRENT
+0 - SENSE
Veei INFUTS
CONNECTION INFORMATION
TF Metal Can Package DC and DB
{Top View) Dual In<ina Package
{Top View)
g
| I
CURRENT 5
SENSE LowP EUHRENT LT [
CURRENT SENSE [
NF +
et @ v -iuruT [
INEUT Ve FinPaT 55
vrer 6 vz
VREF e Yoyt v g e

Order Part Nos.:
RM?230C, RC7230C,
RC723DB
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Precision Voltage Reguiators

723

ABSOLUTE MAXIMUM RATINGS

Pulze Voltage from viie v {50ms) .. ... RM723: 6OV Internal Power Drissipation—0DIPF (Note 1} . . .. .. 900mw
Continuous Valtage from Vita V= .., . ........ 4av Operating Temperature Range
Input-Qutput Voltage Differential . ............ a0v RCT23 ..t e 0°C o +70°C
Maximum Qutput Current . .. ... ......... 150mA BM723 ... . —55°C to +125°C
CurrentfromVz ... . ... ... . .. 25mA, Storage Temperature Range ... ... .. —65°C to +150°C
Curremtfrom VREF ... ... . .. i, 156mA Lead Temperature {Soldering, 80s} ... ... ..... 300°C
Internal Power Dissipation-Metal Can iNote 1) . . . 900mW
ELECTRICAL CHARACTERISTICS (Note 2)
RM723 RC723
PARAMETER CONDITIONS UNITS
MIN TYP MAX MIN TYP MAX
Line Regulation Vin =12V te Vi = 15V 0.01 0.1 0.01 0.1
Vin = 12V to Vi = 40V 0.02 0.2 0.1 0.5
PNO CVIN - %, VOUT
—65°C K Ta = +125°C, 0.3 0.3
Vin =12V to Vi = 15V ) )
Load Reguiation iL = 1mA to I = 50mA 0.03 6.15 0.03 0.2
—65°C < T, < +125°C, % VouT
I, = 1mA o 1 = 5OmA 0.6 0.6
Ripple Rejection f=50Hz to 10kHz, Cagg =0 74 74 B
f = 60Hz to 10kHz, CrEf = BuF 86 86
Average Temperature -B5°C < T5 = +126°C (RM}
Coeffigient of Qutput 0°C €T, < 70°C (RC) 0.002 (0,015 0.003 [ 0.015 | %/°C
Voitage
Short Circuit Current Rgc =102, Vop1 =0 65 65 mA
Limit
Reference Voltage 6.95 7.15 7.35 6.80 715 7.50 W
Output Noise Veoltage BW = 10CHz to 10kHz, Crep = 0 20 20 v
BW = 100Hz to 10kHz, Crep = BuF 25 25 HYrms
Long Term Stability 0.1 0.1 %/1000 hr
SDtar}dbv Current IL=0,Vy =30V, Vg =VReF 23 35 23 4.0 mA
rain
input Voltage Range 9.5 40 0.5 40 v
Qutput Voltage Range 20 37 2.0 37 A%
Input-Quiput Voitage
Differential 3.0 B | 30 38 v
NOTES:

1. Derate metal can package at 6.8mW/"C and dual in-line package at 7.8mW/°C for operation at ambient temperatures above +25°C.
2. Unless otherwise spacified, Ta = 26°C, ¥y = V¥ = Vo = 12V, V™ = 0, VouT = 5V, I = 'mA, Rgc = 0, G = 100pF, CreFR = 0, divider imps-
dance as saen by error amphifier <10ks2.

3. For metal can applications where Yz is required, an external 6,2 zener should be connected in series with VouT.
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4194

GENERAL DESCRIPTION

The RM4194 and RC4194 are dual polarity tracking reguia-
tars designed to provide balanced or unbalanced positive and
negative output voltages at currents 1o 200mA. A single ex-
ternal resistor adjustment can be used to change both outputs
between the limits of 250mV and 142V,

These devices are designed for local “on-card” regulation,
etiminating distribution problems associated with single-point
regulation. To simplify application the regulators reguire a
minimum number of external parts,

The device is available in two package types {0 accommodate
various power requirements, The TK (TO-668) power package
can dissipate up to 3W at T, = 256°C. The DC 1d-pin dual in-
line will dissipate up to TW.

SCHEMATIC DIAGRAM

Dual Tracking Voltage Regualtors

DESIGN FEATURES

* Simultaneously Adjustable Outputs With One Resistor 10
42y

Load Current 2200mA with 0.2% Load Regulation
Internal Thermal Shutdown at T; = 175°C

External Balance for £Vg Unbalancing

3W Power Dissipation

I
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CONNECTION INFORMATION

TK {T0-66) Package
{Bottom View)

VIN {Casel

Ty

Order Part Mos.:
RCA1VATE, AM4184TK

DE and DC Dual In-ine Package

{Top View)
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came - []s [ L
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v [t B 1vp’

Order Part Noas.:
RCA194D8B, RC41940C, RMA1ADC
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Duai Tracking Voltage Regulators

4194

ABSOLUTE MAXIMUM RATINGS

Input Voltage £V to Ground . .. . .. . ... RMA194: t45Y Load Current
RC4194: £35V DCPackage . .. .« oot i e 150mA
Input-Output Yoltage Differential , .. . .. RM4194: +45Y TKPackage . . ... ... i e 250mA
RC4184. £3BV DEPackage . . .. .. ... . ... ... 160mA
Pawer Dissipation at Ta = 25°C Operation Junction Temperature Range
DCPackage . . ..o o v v i cm s e 1w RMA194 . . .. -B5°C ta +160°C
TKPackage . .« ..o i o, 3.0W RCA194 . ... 0°Cto +125°C
DBPackage . . .. .. ...vu.uue v uua.. B25mi Storage Temperature Range. . . .. ... .. -85°C to +180°C
Lead Temperature (Saldering, 10s). ... . ... ... +300°C
ELECTRICAL CHARACTERISTICS  (t5<voyTsVmax: RM3194: -55°C<Tjsi+125°C; RC4194: 0°C=Tj=+707C)
{Note 2}
RM4184 RC4194
PARAMETER CONDITIONS UNITS
MIN TYFP MaxX | MIN TYP MAX
Line Regulation AVIN =01V N 0.04 4.1 .04 0.t %VOouUT
Load Regulation S194TK: 1= 1 1o 200mA
41940DC: 1. = 1 to 100mA, 0.001 [0.002 0002 [0.604 [%V /mA
Tj=+25°C
RMA4194 = t; = -58°C — +125°C =
1 002 00 0.002 X \' A
RC4194=ti=0°C-—+?0°C 0.00: .00 0 0.004 %Y /m
TC of Output Voltage 0.002 |0.015 0.002 |0.015 %/°C
TC of Quiput Volitage 0.002 | 0.015 0.003 | 0.018 %/e0
Stand-By Current Drain VIN = VMAX, Vo = BV +0.3 +1.0 +0.3 +1.5
{Note 1} Virg = — — — — — mA
IN = VMAX, Yo =0V 1.2 2.0 1.2 3.0
Input Voltage Range 195 45 9.5 +36 v
Qutput Voltage Scale Factor Rsat = 716K, Tj= 25°¢ 242 2.5 2.68 2.38 25 2.62 K2V
Qutput Voltage Range Rset = 71.6K 0.05 432 0.05 32 v
Gutput Voltage Tracking 1.0 2.0 %
Rippte Rejection f=120Hz, Tj=25°C 70 70 dB
Input-Outgut Voltage I = 50mA 3.0 3.0 W
Differential Ta =+25°C
Qutput Short Circuit Current | Vi = 230V Max. 300 300 A
Qutput Noise Voltage CL=4.7uF, Vo= 218V 250 250 Y RMS
f=10Hz to 100KHz
Internal Therma! Shutdown 175 176 oC
THERMAL CHARACTERISTICS
PACKAGE
PARAMETER CONDITIONS
DB DC TK [TO-66}
Power Dissipation Ta = 250C 525mW W 3w
Tc = 2500 1.25W 22w 17.5W
Thermal Resistance Junction to Ambient, 8 J_a 150°C/wW 128°C/w 41.6°CW
Junction to Case, # )¢ 80°C/w 655°C/W 7.18°CAN
NOTE:
1. tlgyiescent will increase by S0uAMNVQUT on positive side and 100wANN o T on negative side,
2. The specifications above apply for the given junction temperatures since pulse test conditions ate used.
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4194

Dual Tracking Voltage Regulators

TYPICAL ELECTRICAL TEST DATA

Rigpis Agjuction Quiput Tracking Ovar Temperature Load Hegulation
w
157H T 3 | [ 24 |
- g
2 30 5 Y ! y B wg 55°C
= SRR —t -
Z 1o i 3% . v 25°C ’/*
= + B0 - &
= e - " / r4l
90 4
2 B t f— 235, e
3 Ll vo sy 2 — = s !
r S Ex
w A o= Voo t18W
w o [
g I T 53
= 2 -slc - . !
T o+ 8 wp 5587128 C Lo
D Ll 50 25 U +25 <50 ¢ -
i 100 I3 o 100K Y 5 -2 75 50 s:m T S & 120 w0 200 a0
FREQUENCY {Hz} TEMPERATURE () LOAD CURRENT (mA}
A = % Tracking of outputs va, temperature
B = T.C. for positive ragulatar
C = T.C. for negative regulator
TYPICAL APPLICATIONS
Balanced Qulput YVoliage — Op Amp Application
_r_—| s
0ipF wo T Additional Dp Ampe
= |
Y O ¥in L vo'
RMATH [Tygically 180 T41'5]
.- ¥ 0
Vin O e - GND Ry Vo
75K st o F . o &
o To Addivanal .
—n—] $1p I ’ v Ames

g N1 Vg 18

oty
Tk = FRpikii=25vour

Unbalanced Qutput Voltage — Comparator AppHcalion

+yg = 1TV
M0F I oy - To Comp

vt = T+ wp| Baz Adjust R for -Vg = -8V [15Kn)
RMA194 BaL (Typically 38 RMZ10' REq = REz = 20K0 (ses schematic)
Vin'o \f;l; c- Géd Ry ol Re WYQUTI = 1-VQUTI RE11Ra
L e 5 I o To Aditionsl £ . RF2 1 Re
2o '[i-ﬂ-.?;af -vg -6V Ra = = when #VouTi > =VquTI
I} ; Rg == when |-VpyTI > #VQUTE

’Ru lka) =25 (-vgyT!}

For +Vg = 12 when -Vg = 8V
Rg ==
High Oulput Current Application AR =20Kn
ZNA905 or equiv
Vlﬂ +UD
& i —t V' vo* T
470 D SR
418 I b
Yin - -¥o
o= v \ Vik _ Rs C- Rp Vo +—=
gour
LRM I
ZN2297 or equiv. T 15K Ro =
LDAD REGLLATION
— 1Y @ 254
R8¢ - ROKsH=25 ¥
“Ryg =k A= g — 0Kt - 28 Vo
Is¢ 2N4814 or equiv.

Note: Compensatian and bypass capacitor connections should be as clase as possile to the 4194,

**Dptional usage — nat as critical as -V Bypass capaciters.




Fixed =15V Dual-Tracking Voltage Regulsiors

GENERAL DESCRIPTION

The RM4195 and RC4195 are dual palarity tracking reguiators
designed to provide batanced positive and negative 15V out-
put veltages at currents to 100mA. These devices ave designed
for local “on-card’’ regulation gliminating distribution problems
associated with single point regulation, The regulator is in-
tended for ease of application, Only two external components
are required for operation (two 10uF bypass capacitors),

The device is avaitahle in three package types to accommodate
various applications requiring economy, high power dissipa-
tion, and reduced component density,

SCHEMATIC DIAGRAM

4195

DESIGM FEATURES

e +15Y Operational Amplifier Power at Reduced Cost and
Component Density

® Thermal Shutdown at Tj= +175°C in Addition to Shart-
Circuit Protection

® Qutput Currents 1o 100mA

® May be Used as Single OQutput Regulator with up tc +50V
Cutput

® Ayailable in TO-68, TO-99, and 8-Pin Plastic Mini-DIP

A

o

+in

COMpP*

al

o
3

GROUND

coMP-

o o 3 8000
s 15Ka
r‘ QBALANCE

i

.17(

At
X,

O

+HEY

158K

L_Hj__o -15V

-

Order Part Nos._:
RC4195TK, RM4105TK

> - B -Vin
TK {TO-66) Power Package TE Meral Can Packaga NB Byal Indina
{Bottom View} ITop View) {Top View)
/-Vm 1Case) i
COMF - 15 ¥yt
GND BAL comr+ 1 ® Pl O
evo ]2 ]+ 1%vaut
COMP + 18 VnuT come -3 s BaL
HC L Rl e 511 -18 vouT
N

Qrder Part Nos.:
AC4195T, RM4186T

Note: The RM/RC4195 is available on special prder in the DC {14-pin} ceramic package.

Order Part No.:
RC4196MNB
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4195

Fixed =15V Dual-Tracking Voltage Regulators

ABSOLUTE MAXIMUM RATINGS

Input Voltage tV to Ground . . ... ... ... ... 130V
Power Dissipation ® Ta =+25°C
TKPackage . .. e r it e it i e 2.4
TPackage ... .. v e BODmW
MBPackage .. ... ...... ... 0.0 vun... &00mW
Load Curvent
TR Package . ... ... .ot e e 160mA
T,andNBPackage . ................... 100mA

Operating Junction Ternperature Range
RM4195 .. .. ... —66°C ta +160°C
RC4195 ... i D°C to +125°C
Storage Temperature Range
RMAIG5 . .. ... ... -65°C 10 +150°C
RCAOB ... ................. -656°C to +160°C
Lead Temperature (Soidering, 10s) ... . ... ... +300°C

ELECTRICAL CHARACTERISTICS {l_= 1mA, Vce = 220V, C_ = 10uF unless otherwise specified) (Note 1)

RM4195 RC4135
PARAMETER COMDITIONS UNITS
MIN TYP MiAX MIN TYP MAX
Line Regulation Vi = £18 10 £30V 2 20 2 20 mY
Load Regulation I_ =1 to 100mA 5 30 5 30 my
Gutput Voltage Temperature
Stability 0.005 | 0.01& 0006 | 0.015 %C
Standby Current Drain Vi = 230V, I = OmA +1.6 +2.5 £1.5 3.0 md,
input Voltage Range 18 30 18 30 v
Qutput Voltage Tj= +25°C 14.8 15 15.2 145 15 15.6 v
Output Voltage Tracking 50 +150 150 300 my
Ripple Rejection t=120Hz, T; = +28°C 75 75 dB
input-Cutput Voltage
Ditferential I = 50mA 3 3 V
Short-Circuit Current T;=+25°C 220 220 mA
Quiput Noise Voltage Tj=+25°C
f="100Hz to 10kHz 5] G0 uV RMS
intermal Thermal Shutdown 175 17% °c
THERMAL CHARACTERISTICS
PACKAGE
PARAMETER CONDITIONS UNITS
NB T (TO-99) TK {TO-66}
Power Qissipation Ta =26°C 0.6 08 2.4 W
Tg=25°C 2.1 9
Thermal Resistance g1 70 17 R
Ciw
B.n 210 185 62

NOTE:

1. The specifications abowve apply for the given junction temperatures since pulse test conditions are used.
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Fixed =15V Dual-Tracking Voltage Regulators 4195

TYPICAL ELECTRICAL TEST DATA

Dhrdput Load Regulation " Regulaior Oropoul Yallage Mpzimum Current Capability
z - v} ; . r - -
E ] ACHIEE D Cro+126°0 £ NG T ST 5 e i K
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INPUT ¥DLTAGE [V} AMBIENT TEMPERATURE *CI FREQUENCY IH,}
Balanced Qutput (vo = =15y} Pogitive Single Supply (+15v < v o +50v)
+18Y to +10V +15V at 100 mA +53V to -0V g = 50V at 100 mA
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I "
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- VD=415\HI+EII
} RZ
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N/ VWA
0 eF
]l
L ]_'r T 2297 or eaquiv,
Wy 470 - +p = +15Y
e lr— +V)y GND L+ +vg + .
= B0 uF
4195 -I
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e b 1 -VIn c- Vo -
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4194/4195

Application Notes

COMPENSATION

For most applications, the compensation technique shown in
the daia sheet is sufficient. The positive regulator section of
the 4194 is compensated by a 0.0D1uf ceramic dise capacitor
from the C+ terminai to ground. The negative regulator re-
qguires compensation at two points. The first is the C- pin,
which should have 0.00%uf to the -Vin pin, or case. A ceramic
disc is best here atso. The second compensation poeint for the
negative side is the -Vout terminal, which ideally should be a
4 Fuf solid tantalum capacitor with enough reserve voltage
capacity to avoid the momentary shorting and reforming
which can occur with tantalum caps. For systems where the
cost of a solid tentalum ecapacitor cannot be justified, it is
usually sufficient to use an aluminum capacitor with a 0.03uf
ceramic disc in parallel to bypass high frequencies. In addition,
if the rectifier filter capacitors have poor high frequency char-
acteristics {fike aluminum electrelytics) or if any impedance is
in series with the +VWin and -Vin terminals, it is necessary to
bypass these two points with 0.01uf ceramic disc capacitors.
Just as with monolithic op-amps, some applications may not
require these bypass caps, but if in doubt, be sure to include
them,

All compensation and bypass caps should have short leads,
solid grounds, and be located as close to the RM/RC4194 as
possitle. Refer to Figurg 1 for recommended compensation
circuitry.

=

Toot.
R G+
W'O_MTFHH +Vo p-———0+Yo
J; RM/RC4194

Vo

-Vio MR oo Vo
Ro Bs L001.f Jatur
ot

NOTE:
ALL CAP'S DISC CERAMIC
EXCEFT * = SOLID TANTALUM

L0uf

||H

Figure 1. 4194 Recommended Compensation

PROTECTION

{n systems using monolithic voltage regulators, a number of
conditions can exist which, left uncorrected, will destroy
the regulator, Fortunately, regulators can easily be protected
against these potentially destructive cenditions. Monolithic
regulators can be destroyed by any reversal of input or output
valtage polarity, or if the input valtage drops below the out-
put voltage in magnitude. These conditions can be caused by

312

inductive {oads at the inputs or outputs of the regulater. Other
problems are caused by heavy loads at the unregulated inputs
to the regulator, which might cause the input vo\tage to drop
helow the output voltage at turn-off. If any of the preceding
problem conditions are present in your system, it is recom-
mended that you protect the regulator using diodes. These
diedes should be high speed types capable of handling large
current surges. Figure 2 shows all six of the possible protes-
tion diodes. The dicdes at the inputs and outputs prevent volt-
ages at those points from becoming reversed. Diodes from
outputs to inputs prevent the output voltage from exceeding
the input veltage. Chances are that the system under consider-
ation will not require all six diedes, but if in doubt, be sure to
include them.

Too1.t
, . C+
Vit = e Ve
= RM/RC4104 =
v -¥i Vo
Vie fo Rs - | -¥o

Ro 48 J_ 4.7uf s
70 -vo-fH i i Tﬂ”‘#f B

) P

I NOTE:

- ALL CAP'S DISC CERAMIC
EXCEPT * = SOLID TANTALUM

Figure 2. 4194 Regulator Showing all Protective Diodes

BROWNOUT PROTECTION

The RM/RC4195 is ane of the most easily applied and trouble-
free monelithic 1C%s available. When used within the data
sheet ratings [package power dissipation, maximum output
current, minimum and maximum input voltages) it provides
the most cost-effective source of regulated £15 volts for power-
ing lingar 1Cs,

Scmetimes occasions arise in which the RM/RC4185 ratings
must be exceeded. One example s the “brownout.” During
a brownaut, line veltages may be reduced to as tow as 7TBVRMS,
causing the input voltage to the RM/RC4195 to drop below
the *18 % OC minimum. When this happens, the negative out-
put voltage can go positive. Refer to the schematic diagram on
4. to see how this happens.

When the positive input voltage drops below +18Y, the PNP
CUITETE S0uICe can saturate, causing current, 1, to drop to zero.
This removes all drive from the negative pass transistor, Q.
The negative output is then free to be pulled positive by re-
sistors 1, R2, and R3. The tota! value of R + Ro + R is
30K cohms, 50 the maximum amount of current available is
approximately BmA,

In general, this is not enough current to damage most IC'
which the 4195 might be supplying, but it is a potentially



Application Notes

4194/ 4195

destructive condition. Fortunately, it is easy to protect against.
As shown in the typical application circuit below, a diode, D,
tan be connected to the negative output.

If a small signal siticon diede 15 used, it will clamp the negative
output voltage at about +0.55V. A Schottky barrier or ger-
manium device would clamp the voltage at about +0.3V. An-
other cure which will keep the negative output negative at all
times is the TMohm resistor connected between the +15V
output and the C- terminal. This resistor will then supply
drive to the negative output transistor, Q4. causing it to
saturate to -V 1 during the brownout.

Balanced Qutput (Vo = 115V} T

+18Y to 30V +15Y at 100mA

== 10uf

+Viy C- Rl

-18Y to 20V ~-16¥ at 160mA

-ViN GROD -Vo

= +3::

10,4

HEATSINKING FOR 4194 AND 4195

Yoltage Regulators are power devices which are used in g wide
range of applications,

When aperating these devices near their extremes of load cur-
rernt, ambient temparature and input-output differential, con-
sideration of package dissipationr becomes important to avoid
thermal shutdown at 175°C. Both the 4194 and 4195 have
this feature to prevent damage to the device, It typically starts
affecting load regulation approximately 2°C befow 175°C.
*To avoid shutdown, some form of heatsinking should be used
or one of the abave operating conditions would need to be
derated.

The following is the hasic equation for junction temperature:

T =Ta+Ppoja {1)
where T,' = junction temperature {i°c)
Ta = ambient air temperature {"C}
PO = power dissipated by device (W)

9i~A = thermal resistance from junction to ambient
air {CAN)
The power dissipated by the voltage regulator can be detailed
as follows:

Pp={ViN-VouTIxlo+ VN % IO 2}
where Wy = input voltage
YOuT = regulated output voltags
T'e) = load current
I = guiescent cuUrrent drain

"In allowing for process deviations, the user should work with
a maximum allowable function temperature of 150°C.

Let’s lock at an application where a user is trying to determing
whether the RM4194 in a high temperature environment will
need a heatsink.

Given: Tjat thermal shutdown | Vjy =40V
= 150°C -
YouT = 304
— o
Ta 7125°C la = 1mA + 75uA/
fj-A =41.6"CAW, TK VouT x 30V
{TO-66} pka. =3.26maA (1)
{see data sheet)
Ti -Ta
Bj-n = Pb
T -Ta
PD= g T (ViN - YouTi x g+ Vinx la
I
Solve for 1,
Ti-Ta ViNx g
Q- -
fi-a VIN -VOUT!  (viy - VouT)

_ 50°C-125°C  40x3.26x 1073
O di67cw x 10v 10

= BOmA ~13mA = 47mA

If this supply current does not provide at least a 10% margin
under worst case load conditions, heatsinking should be em-
ployed. If reliability is of prime importance, the multiple
requlator approach should be considered,

In equation 1, 81_;_\ can be broken into the following com-
ponents:

Pj-a=0jc+fcgtfsp
where 9j~c = junction-ta-case thermal resistance
fe-s = case-to-heatsink thermal resistance

f5_p = heatsink-to-ambient thermal resistance

In the ahowve example, let’s say that the user's load current is
200mA and he wents to calculate the combined #c_g and
15_a he needs:

Given: g = 200mA,

Ti-Ta

Bi-n =
ViN-VouTlx lg+Vinx g

BOC - 125°C
10V x 200mA + 40 x 3.26 x 10-3

11.75°C/w

1

{1} Seea note 1 of 4194 data sheet.
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Application Notes

Given: fj¢ =7.1 5°CAW for the 4194 in the TK package, ing B5_A of approximately 4°C/W is a large enough thermal
Beg +Bgp = 11.75°CAW - 7.16°CAV = 4 6°C/W resistance to be easily provided by a number of heatsinks cur-

When using heatsink compound with a metal-to-metal inter-

rently available, Table 1 is a brief selection guide to heatsink
manufacturers.

face, a typical fg_g = 0.5°C/W for the TK package. The remain-

TABLE 1
Commercial Heatsink Selection Guide

No attempt has been made to provide a complete list of all heatsink manufacturers. This list is only representative.

TO-3 ANP TO-66

fgari"Cwl

Manufacturer/Serias or Part Number

0.31.0

Thermalloy — 6441, 6443, 8450, 6470, 6560, 6590, 6660, 6690

1.0-3.0

Wakefield — 641
Thermalloy — 6123, 6135, 6169, 6306, 6401, 6403, 6421, 6423, 6427, 6442, 5463, 6500

3.05.0

Wakefield — 621, 623

Thermalloy — 6608, 6129, 6141, 6303
IERC — HP

Staver — ¥3-3-2

5070

Wakefield — 690

Thermalloy — 6002, 6003, 6004, 6005, 6052, 6053, 6054, 6176, 6301
IERC — LB

Staver — ¥3-5.2

70100

Wakefield — 672

Thermalloy — 6001, 6016, 6051, 105, 6601
IERC — LA, uP

Staver — V1-3, V15, v3-3, v3-5, v3-7

10.0-25.0

Thermalloy — 6013, 6014, 6015, 6103, 6104, 6105, 6117

TO-99

12.0-20.0

Wakefield — 260
Thermalloy — 1101, 1103
Staver — V3A-5

20.0-30.0

Wakefield — 200

Thermalloy — 1116, 1121, 1123, 1130, 1131, 1132, 2227, 3005
IERC — LP

Staver — F5-6

30.0-50.0

Wakefield — 207
Thermalloy — 2212, 2215, 226, 2228, 2259, 2263, 2264
Staver — F5-5, F6-5

Wakefisld — 204, 205, 208
Thermalloy — 1115, 1128, 2205, 2207, 2209, 2210, 2211, 2226, 2230, 2257, 2260, 2262
Staver — F1-5, F&-5

CASE 199, CASE 313

10.0-15.0

Thermalloy — AO3N, 6032, 6034
Staver — V4-3-192, V-6

16.0-20.0

Thermalloy — 8106
Staver — V4-3-128, V6

20.0-30.0

Wakefield — 295
Thermalloy — 6025, 6107
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TABLE 1 Commercial Heatsink Selection Guide (Cont.)

DUAL-INLINE-PIN ICS
Bgar"C} Manufacturer/Series or Part Number

20 Thermalloy — 6007

30 Thermalloy - 8010

32 Thermalloy — 6011

34 Thermalloy — 6012

45 1ERC — LIC

60 Wakefield — 850, 651

*All values are typical as given by mfgr. or as determined fram characteristic curves supplied by manufacturer.

Staver Co., Inc.: 41-51 M. Saxon Ave., Bay Shore, NY 11708
IERC: 135 W. Magnalia Blvd., Burbank, CA 91502

Thermaltoy: P.O. Box 34828, 2021 W. Valley View Ln., Dallas, TX
Wakefield Engin Ind: Wakefield, MA 01880
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129 329

Precision Reference

GENERAL DESCRIPTION

The LM129 and [M329 family are precision multicurrent
temperature compensated 6.9V zener references with dynamic
impedances a factor of 10 to 100 less than discrete diodes.
Constructed in a single silicon chip, the LM129 uses active
circuitry to buffer the internal zener allowing the device to
operate over a 0.BmA to 15mA range with virtually no change
in performance. The LM129 and LM329 are available with
selected temperature coefficients of 0.001, 0.002, 0.005 and
0.01%/°C. These new references also have excellent lang term
stahility and low noise,

A new subsurface breakdown zener used in the LM129 gives
lower noise and better long term stability than conventional
IC zeners. Further the zener and temperature compensating
transistor are made by a planar process 50 they are immune to
problems that plague ordinary zeners. For example, there is
virtuatly no voltage shifts in zener voltage due to temperaturs
cycling and the device is insensitive to stress on the leads. The
LM1T22 can be used in place of conventional zeners with im-

SCHEMATIC DIAGRAMS

proved performance. The low dynamic impedance simplifies
biasing and the wide operatin%’gurrent allows the replacement
of many zener types. ";
The LM129 is packaged wn a 241 TO-46 package and is rated
for operation aver a —55‘},(.}'&;@@% £ temperature range. The
L3208 for operatian aver %0 C%@available in both a
hermetic TO-46 package d a TO-92 epoxy package.

DESIGN FEATUR

* 0.6mA to 15mAcherating rient

* 085 dynamic?r?ﬁép%%%% at any current
* Avaltable with temporatdtdgoefficients of D.001%/°C
L Ny wida%‘i?i;@%@ o
® 5% initial tg@g;ncﬁ;&%
* 0.002% long i stability
- Lo&%% " '%ﬁ§

#

& o &i@ 3 Metal Can Pal.:kage
@% i %,@x [Bottom View)
2% RE 4
%.i’*%%@g
R g .
AR e o Yg—
FT gk &
wi; '
&ég B 1&’&
“ & TR (TO-48)

Order Part Nos.:
LM129AH, LM1288H,
LiM129CH, LM329BH,
LM3Z29CH or LM3220DH
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Precision Reference

ABSOLUTE MAXIMUM RATINGS

129 329

Qperating Temperature Range

L

Storage Temperature Range. . .. . .. . e e e T

Reverse Breakdown CUITENT . L L L e e e 30mA
Forward CUrrent . . o . o e e e :

-65°C to +125°C
0°C 1o +70°C
. -55"C to +160°C

Lead Temperature {Soldering, 10 seconds} 300°C
ELECTRICAL CHARACTERISTICS (Note 1}
LM129A, B¢, . |.  LM3298,C.D
PARAMETER COMNDITIONS e - = UNITS
MIN | TYP | RAXS] MIN | TYP | MAX
Reverse Breakdown Voltage Ta = 25°C,
0.6mA = Igp = 15mA 6.9 7.25 W
Reverse Breakdown Change Ta=25°C,
with Current 0.6mA < IR = 16mA 9 20 my
Reverse Dynamic Impedance Ty = 25°C, IR = 1mA ’ig » @@6&» y i 0.8 2 4
RMS Noise Ta=25°C, 4 .
WHzKF<10kHz W% . | 757 20 7 100 Iny
Long Term Stahility Ta =45"C*D.1°C, o, 8 ? g
IR = IMA$0.3% ,w o | 20 20 epm
Temperature Coefficient Ig = 1mA & ,@,W&“ LA
] e o
LM129A f&:@% . T s 5] 10 ppm;
R :
LM1298, LM3296 et L 15 | 20 15 20
LM129C, LM329C e 30 50 30 50
LM329D w8, i 50 100
Change In Reverse Breakdown TmAs IR @%‘[&mﬁg&_ ¥ 1 1 ppm/ C
Temperature Coefficient L ‘ - ‘5;. ¥
Reverse Breakdown Change ek < %% 15mA 12 12 my
with Current Wt Ty 5%
. - m L e "
Reverse Dynamic Impedance &]n;u’-\ SN R %gmA 0.8 1 2
) @ # %:A@ »ﬁ -
. §? B T
NOTE: RELEOL Y
s@? .
1. These spacifications appé\&f&;;SSb&gﬁéﬂg +125°C for the LM129 and 0°C = Ta = +70"C for the LM329 unless otherwise specified,
E #
a® 2
s '&$ %&’si
L
s R
LI
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129 329

Precision Reference

TYPICAL PERFORMANCE CHARACTERISTICS

FORWARD VOLTAGE Iv| REVERSE CURRENT (&)

REVERSE VOLTAGE EHANGE {mv|

§45 ESS GBS 675 645 €9% V.05

1.2

10

[LE:]

0.6

04

.z

P

[Er*)

L
4001 hm o 1 W

Revarse Characteristics

T 285°C

e 1
f 4 £

REVERSE WOLTAGE {v)

Farward Charactaristics

Tj= 6570 e A

FORWARD CURRENT (mA)

Reversa Voltags Change

i

NOASE (pv/DIv)

VOLTAGE SWING v)

NOISE invrv/izh
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Precision Reference

129

329

TYPICAL APPLICATIONS
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129 329 Precision Reference

TYPICAL APPLICATIONS (Cont.)

Buffered Reference with Singla Supply
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Temperature-Stabilized Precision Reference

199 299 399

GENERAL DESCRIPTION

The LM199/LM399 are precision, temperature-stabilized
monelithic zeners offering temperature coefficients a factor
of ten better than high guality reference zeners. Constructed
on a single monolithic chip is a temperature stabilizer circuit
and an active reference zener, The active circuitry reduces the
dynamic impedance of the zener to about 0.582 and allows the
zener to operate over 0.5mA to 10mA current range with
essentially no change in voltage or temperature coefficient.
Further, a new subsurface zener structure gives low noise and
axceflent long term stability compared to ordinary monolithic
zeners. The package is supplied with a thermal shield to mini-
mize heater power and improve temperature regulation.

The LM129 series references are exceptionally easy to use and
free of the probiems that are often experienced with ordinary
zeners. There is virtually no hysteresis in relerence voltage
with temperature cycling, Also, the LMT29 5 free of voltage
shifts due to stress on the leads. Finally, since the unit is
ternperature stabilized, warm up time is fast.

The LM189 can be used in almost any application in place of
ordinary zeners with improved performance, Some ideal
applications are analog to digital converters, calibration stand-
ards, precision voliage or current sources or precision power

supplies. Further in many cases the LM199 can replace ref-
eregnces in existing equmen"t with a minimum of wiring
changes.

The LM199 series devices are paslgaged in a standard hermetic
TQ-46 package inside a gherrmaleshigld. The LM199 s rated
for aperation from -85°C to 4126°CGwhite the LM299 is rated
for operanon from -2§" C to +86°C and the LWM390 is rated
from 0°C to +70° C., e f

DESIGN FEA;T’EJHESf

& Guoaranteed 0, 00U1%?§C temperature coetficient
Low dynagnic 1mpedance —5”0 &0
Initial tmgféﬁﬁcé #n'bigakdown voltage — 2%

® Sharp break@gg_wl}ai 400u A

3 Wige;gp&gratinéjczir;ent — 500pA to 10mA

L] Wide*supwj_w_.range For temperature stabilizer

., @L@@n%eédjoi;' noise

® % galy powar for stabilization — 300mW at 25°C

Ty Long)%gl@ gabmw — 20 ppm

LA
SCHEMATIC DIAGRAMS e
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199 299 399 Temperature-Stabilized Precision Reference

ABSOLUTE MAXIMUM RATINGS

Tempearature Stabilizer Voltage . . . . . ... e e e e e e e e 40V
Reverse Breakdown Current . ... .. ... oL B 20mA
Forward Current. . . . ., . . e e HELL e TmA
Reference to Substrate Voltage Vipgy (Note 1) .. ... o oL oo @;’% ............. +40V
. s o 0.1V
Operating Temperature Range gL RN I
0 % # -55°C to +125°C
LM299 . . e L LEEEEEERERS -25"C 1o +85°C
L300 L L e e e e Ll L 0°C 10 +70°C
Storage Temperature Range. . . .. . .. ... . ...ttt e g%« .. %%*ﬁé w .-B5°C 1o +160°C
Lead Temperature {Soldering, 10 seconds} S 300°C
it
ELECTRICAL CHARACTERISTICS (Note 2) o %
LM199, 41299 ;¥ LM399
FARAMETER CONDITIONS - UNITS
MIN j&TYP VIAX MIN TYP MAX
Reverse Breakdown Voltage | 0.5mA < g < 10mA 6.8 %; 6.6 6.95 7.3 v
Reverse Brefakdown Voltage | 0.5mA =1 < 10mA re %g%$,% %%g 6 12 my
Change With Current WHE o
Reverse Dynamic Impedance | Ig = 1mA W 0.5 1.5 2
Reverse Breakdown -65°C =< Ta < 85°C e %/°C
Temperature Coefficient 85°C < Ta<125°C ey
-26°C < Ta < B6°C | LM29Ge
0°C<Ta<70°C _ 0.00003 | 0.0002
RMS Noise 0HZ<FLI0kHZ e ™ @‘i’ﬁ@ 7 20 7 50 uv
Long Term Stability Stabilized, 22°C < T % < 28°C* 2% 20 20 pRM
1000 Hours, |g = Tm& 4%
Temparature Stabilizer Ta = 25°C, Still Air, Vg = %ﬁ@@ 8.5 14 85 15 mA
Supply Current Ta= —55°C§_§> & 22 28
Temperature Stabilizer % w » ,§_.-¥ ] 40 g9 40 v
Supply Voltage {Note 3} & - wa®
Warm-Up Time to 0.05% Vg = 3%\? T%%%oc 3 3 Seconds
tnitial Turn-on Current 9= \%@g%f{\ =§Z$C 140 200 140 200 ma
- §'Q§-§‘ Ep
Pt i @ % *
NOTES: S

k )
he, #pdhtive terminal of the temperature stabilizer. The voltage that can be applied to either terminal of

e
1. The substrate is ebecerically conégcted
Oreh%ativa 1than the substrate,

the reference is 40V mare posfiye g 0.
2. These specifications apply for 3 hied to the temperaure stabilizer and -88"C = Tpa = +125°C far the LM199; -26°C = Tp < +85°C for
the LM29% and 0°C = TAW'%‘? o&%’%n@gg.
3. CAUTION. If the devi%@%@é@ed for %}9 than &0 seconds with heater supply voltage between 2V and 9V the hearer temperature contrnl
circuitry is nat pmperlg@i‘ased a_g@he device can rise 10 approximately +150°C,

.



Temperature-Stabilized Precision Reference

199 299

399

TYPICAL PERFORMANCE CHARACTERISTICS
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199 299 399 Temperature-Stabilized Precision Reference

TYPICAL APPLICATIONS

Single Supply Operation Split Supply Operation
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Temperature-Stabilized Precision Reference

199 299 399

TYPICAL APPLICATIONS (Cont.)

+15Y
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199 299 399

Temperature-Stabilized Precision

Reference

TYPICAL APPLICATIONS (Cont.)

OV to 20V Power Reference
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Temperature-Stabilized Precision Reference 199A 299A 399A

I

GENERAL DESCRIPTION

The LM198A/LM292A/LM399A are precision, temperature-
stabilized monolithic zeners offering temperature coefficients
a factor of ten better than high quality reference zengrs, Con-
structed on a single monalithic chip is a temperature stabilizer
cireuit and an active reference zener, The active circuitry re-
duces the dynamic impedance of the zerner to about 0.5 and
allows the zener to operate aver 0.5mA 1o 10mA current range
with essentially no change in voltage or temperature coefficient.
Further, a new subsurface zener structure gives low noise and
exceltent long term stabibty compared to ordinary monolithic
zeners. The package is supplied with a thermal shield to mini-
mize heater power and improve termperature regulation,

The LM199A series refergnces are exceptionally easy to use
and free of the problems that are oftzn experienced with
ordinary zeners. There is wirtuatly no hysteresis in reference
voltage with temperature cyeling, Alsa, the LM1994 is free of
voltage shifts due to stress on the leads. Finally, since the unit
i5 temperature stabilized, warm up time is fast.

The LM199A can be used in almost any application in place of
ardinary zeners with improved performance. Some ideal appli-
cations are analog to digital converters, calibration standards,
precision woltage or Current sources of precision power supphies.

SCHEMATIC DIAGRAMS

Further in many cases the LM1994 can replace references in
existing equipment with a minimum of wiring changes.

The LMI19QA serics devices ar&p&ckaged in a standard hermetic
TO46 package inside a thermal shield. The LM189 is rated for
aperation from -55°C 10 +125°G #hile the LM299A is rated
for operatron from -25" G@tb %ﬁﬁqc%ad the LM399A is rated
frem 0°C to +70°C. gg_

<L

DESIGN FEAT@RE§

Guaranteed 0. @D@%ﬁ?@ﬁc temperature coefficient
Low dynamic |mpeda&e§&0 B8

Initial tolwa%r:g on breakciown voltage — 2%
Sharp brga@odﬁ\ %@&&A

Wide operatlf%gg§w%m — 500pA to 10mA
Wld%s%pplv ran’i?gor temperature stabilizer
Guar?ﬁt@g@!@ nofte

“&0&@&\@' @?s@b:l!zatlon — 300mW at 26°C

! t%rm stability ~ 20 ppm

Reference

FUNCTIONAL BLOCK DIAGRAM

£
TT (10.46) Metal Can Package &g ‘ ,@ %
{Top Viewt ¢ gm &

ML r&%gén Nos.:
%% LAMIZ9AH, LM2998H
@%} or LM2AG9AH

%
L B
A @_& )

413



199A 299A 399A Temperature-Stabilized Precision Reference

ABSOLUTE MAXIMUM RATINGS

Temperature Stabilizer Voltage . .. . ... ... e e e . 40
Reverse Breakdown Current . . ... .. .. . e £} AN 20mA
Formard CUPrE I . o o o ot e e et et e e e e e e e e e e e 1mh.
Reference to Substrate Voltage V(Rs) (Note 1} .. ... ... .. . . o o, PSS 7 40V
S e 0.1V
. %%& o
Operating Temperature Range oty
[T =T TR -55°C to +125°C
LM290A . . oottt e e e e e - - -25°C 10 +85°C
EMBOA . . - . oot 2 S 0°Cto +70°C
Storage Temperature Range. . .. . .. . .. i FE A .g@% @i . ... -b5°Cto +15El c
Lead Temperature {Soldering, 10secondst. . . ... ... .. ... .. ... ... ... ?&%%@@ .................. 360°C
-
ELECTRICAL CHARACTERISTICS
PARAMETER CONDITIONS UNITS
- TYP | MAX
Reverse Breakdown Voltage | 0.5mA % Ig < 10mA 5.95 7.3 A"
Reverse Breakdown Voltage | 0.BmA < ! < 10mA 6 12 my
Change With Current
Reverse Dynamic Impedance | g = TmA 0.5 1.6 i
Reverse Breakdown -BE'C < Ta S B5°C %/°C
Temperature Coefficient 85"C=Ta = 125°C 0.0010
-25°C < TA < B5°C LM299%§ 4% }0 00002[0.00005
0°C < Ta=70°C : 0.00003 | 0.0001
EMSE Moise 10 Hz < § < 10 kHz 7 20 7 50 13y
Long Term Stability Stabilized, 22°C %1}“ ; 20 20 ppm
1000 Hours, IR = tmA"
Temperature Stabilizer Ta = 25°C, Still Air, Vg = a5 14 8.5 15 A
m
Supply Current Ta = -55° Ci, . @ 22 28
Temperature Stabilizer ; . a 40 g 40 v
Supply Voltage (Mate 3}
Warm-Up Time to 0.06% 3 3 Seconds
Initial Turn-on Current 140 200 140 200 mA
NOTES:
1. The substrate is electricallyA&&ecr ative terminal of the temperature stabilizer. The voltage that can be applied 1o either terminal of

the reference is 40V more p.
2. Thease specifications appl
the LM2984 and 0°C
3. CAUTION. If the de

W maore negative than the substrate.

‘ ecl to the temnperature stabilizer and -55°C = T < +12B°C for the LMI39A; -25°C = T4 < +857C for
ST b LM3BGA,

T &%atad for mare than 60 seconds with heater sunnly wveltaoe batreen 2% ongd Y the heater iemiperaiwe vontrs

hlas&iﬁd the device can rise to approximately +150°C.

For typical applications, see 199 data sheet beginning on page 4-7.

ate



Temperature-Stabilized Precision Reference

199A 299A 399A

TYPICAL PERFORMANCE CHARACTERISTICS
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SECTION 5

Comparators
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111 211 311

Precision Voltage Comparators

GENERAL DESCRIPTION

The LM111, LM211, and LM311 are voltage comparators with
about one-thousandth the input current of the LM106 and
LM107, These comparatars are designed to operate from stan-
dard 216V operational amplifier supplies to a single +5V supply
used for MC logic. Their outputs are compatible with DTL,
RTL, TTL, and MOS devices. Offset balancing is provided,
and the outputs can be OR wired.

The LM111 operates over the full military temperature range
of —=65°C fo +125°C, The LM211 is the same as the LM111
except its parformance is guaranteed from —26°C 1o +85°C.

The LM311 is the commercial version which operates from
0°C o +70°C,

SCHEMATIC DIAGRAM

DESIGN FEATURES

® Input Current 150nA Maximum
® QOperates from +5Y Supply

® Offset Current 20nA Maximum
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Precision Voltage Comparators

111 211 311

ABSOLUTE MAXIMUM RATINGS

Total Supply Vottage iVgat .. ... .. ... .. ..., 36V Output Short-Circuit Duration ... . ... .. 0L, 108
Output to Negative Supply (V74 .. LM111/LM211: 50V Operating Temperature Range
LM311: 40V LMY -550C to +1250C
Ground to Negative Supply Voltage (V14) ... .. .. 30V LM2Z21 ... -250C 10 +850C
Differential Input Voltage ... ........ ... .. 30V LM311 ... 02C 1o +700C
Input Voltage (Note 11, . . ... ... . ... ... .. +16Y Storage Temperature Range . .. ... .. ~660C to +15000C
Fower Dissipation (Nowe 2} . .. .. .. ... BOOmW Lead Temperziure {Soldering, 10s} . .. ... .. .. 3000C
ELECTRICAL CHARACTERISTICS (Note 3)
EM111/211 LM311
PARAMETER CONDITIONS TYP MAX TYP MAX UMITS
Input Offset Vottage (Note 4) Ta = 250C, Rg= 50K 0.7 30 2.0 75 my
Input Offset Current {Mote 4} Ta = 250C 4.0 10 6.0 50 nA
Input Bias Current Ta = 2500 60 100 100 250 nA
Woltage Gain Ta = 250C 200 200 Wimy
Response Time {Mote 5) Ta=252C 200 200 ns
Saturation Voltage VN = -5mV, loyT = 50mA, Ta = 2500 0.756 1.5 0.75 1.5 W
Strobe On Current Ta = 250C 3.0 3.0 A,
Output Leakage Current VN = 8mV, VouT = 35V, Ta = 250C 0.2 10 0.2 50 nA
tnput Offset Voltage {Note 4) Rg = 50k 4.0 10 my
Input Offset Current {Note 4} 20 70 nA
Input Bias Current 150 300 nA
Input Voltage Bange 14 +14 v
Saturation Voltage VE=458Y V- =0, VN -BmY, 0.23 0.4 0.23 0.4 \
ISINK = BmA
Output Leakage Current VN = bmY, VouT = 36V 0.1 0.5 [IEY
Positive Supply Current Ta = 250C 5.1 6.0 5.1 7.5 ma
Negative Supply Current Ta = 259C 4.1 8.0 4.1 8.0 mA
NOTES:

1. This rating applies for ©15Y supplies, The positive input valtage limit is 30V above The negative supply. The negative input voltage limit is egqual o
the negative supply voltage of 30V below the positive supply, whichever is less.
2. The maximum junction temperature of tha LM111 is 160°C, while that of the LM311 is +85°C. For operating ar elevated temperatures, devices in
the TO-5 package roust be derated based on a thermal resistance of 150°C/W, junction to ambient, or 45°C/W, junction to case. For the flat pacik,
derate based on 3 thermal resistance of 185" C/W when mounted an a 1/18-tnch-thick epoxy glass board with ten, ¢.03anch-wide, 2 ounce copper

conductars. The thermal resistance of the dual-in-tine (DE} package is T00"C/MW, junction to ambient.

3. These specifications apply for Vg = 15V and -55"'C & Ta = +125°C, unless otherwise stated, With the LM311, however, all temperature specifi-
cations are limited to 0°C = Ty, % +70'C. The offser voltage, otfset current and bias corrent specifications apply for any supply voltage froma

single 5% supply wp 10 £15V suppligs,

4. Tihe offset voltages and offset currents given are the maximum values required to drive the output within a volt of gither supply with a 1TmA load.
Thus, rthese parameters defing an errar band and take into account the worst case effects of voltage gain and input impedance.
5. The response time specified {see definmions) is far a 100mY input step with SmY overdrive.
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139 239 339

139A 239A 339A 2901 3302

Quad Single-Supply Comparators

GENERAL DESCRIPTION

These devices offer higher frequency operation and faster
switching than can ke had from internally compensated quad
op amps. Intended for single-supply applications, the Darlington
PNP input stage allows them to compare voltages that include
ground. The two-stage common-gmitter output circuit pro-
vides gain and output sink capacity of 3.2mA at an cutput ievel
of 400mV. The cutpu® collector is left open, permitting the
designer to drive devices in the range of 2V to 36V,

They are intended for applications not needing response time
less than 1 us, bui demanding excelient op amp input param-
eters of offset voltage and current, and bias current, to insure
accurate comparison with reference voltage.

SCHEMATIC DIAGRAM (1/4 shown)

DESIGN FEATURES

* |rput Common Made Voltage Range includes Ground

* Wide Single Supply Voltage Range, 2 to 36V

® (utput Compatible with TTL, OTL, ECL, MOS and CMOS
Logic Systems

® Vary Low Supply Current Drain {(BmA} tndependent of
Supply Yoltage

» —0
Ve
TNPUTE
QuTPUT
o
. 7
GND
- * + -~— -0
CONNECTION INFORMATION
DC and DB
CJ Flatpak Dwual fn-line .Packages
{Top View) (Top View! PIN  FUNCTION
1 QUTPUT 2
2 QUTPUT 1
= | u alk==— 3 Vi
= i m———m 4 ~INPUT 1
! . & +INPUT 1
A Y — 6 ANPUT Z
— =1 [ 7 +INPUT 2
L ZA L 8 -INFUT 2
9 +INPUT 4
10 -INPUT &
Order Part Mos_: T HNPUT 4
LM139F, LI1394AF, 12 GROUND
LMZ39F, LM230AF Order Part MNos.: :3 gg;:gi ;
LM1389J, LM238), LM339N, LM338),
LW2a01M, RC32302D8B,
LM34940 LM239AS, LM23BAY,
| LM3IgAN
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139 239 339

Quad Single-Supply Comparators 139A 239A 339A 2901 3302

ABSOLUTE MAXIMUM RATINGS

Supply Voltage, V*
Differential Input Volage
input Voltage
Power Dissipation {Note 1}
Maolded DIP
Cavity DIP
Flat Pack
Cutput Short-Circuit to GND, (Note 2}
Input Current {Vy << -0.3 Vg, (Note 3
QOperating Temperature Range
LiA3304
LKZ23594
LKi1394
Storage Temperature Range
Lead Temperature (Soldering, 10 seconds)

LM139/LM239/LM339
LM139A/LM239A/LM339A
LM2001

3B Vpeor 218 Voo
36 Voo
-D.3Vpeta +36 Vpe

570 mw
900 mW
800 mW
Continugous
50 maA,

0°C to +70°C
-26"C to +85°C
-55°C 1o +126°C
-65°C to +150°C
200°C

LM3302

2BVpor x4 Vpg
BVDe
-0.3Voo te +28 Voo

570 my
Cantinuous

50 mA
-40°C to +85°C

-65"C to +150°C
300°C
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L]

ELECTRICAL CHARACTERISTICS v+ -5 vnc. Note'd)

—— —
L1304 LMZ3SA, LM3Z0A L1323 L2339, LM339 LMzant 1M3302
PARAMETER CONDITIONS T - UNITS
BN [ TYP | MAK §WUN | TYP O MAX | MIN [ TYP | MAK | Al [ TYP [ MAX | MIN [ TYP | MAX Ny LTYP TAX
Inpur Offswt Weohaoe | Ta - 2670 {Mate 93 £1q | r2n =10 | -39 i_:?.O +Lo 2.0 E B EER X =3 220 | mvpg
Tt Bras Corrent | ipgder v 1inggg vith vt in 75 | 100 5 | 250 ETRET 2 ' 260 76t 280 T 28 | 500 | nage |
!}_ Linear Range. Tg, = 2570, (Mo B i
— 4T AT R : . [
tur OFfser Cunent | ingie) - Uiy, Ta, - 25°C | 30 T [*5p ] 150 220 | :25 ENE 5 | 150 13 | 0 | nepe
Ingnat Comman Made | Ta, - 26°C. (Note 61 N viisl o yiai o0 veis| oo R viis| @ V15| vpe |
Woltage Hange | H i i i 1 )
h
Supply Cureent Re == 0 all Comparatary, Ta - 28°C | LB 2.0 P2t 0% o P FE
Ry - Wt = A0V Tg -25°C i 1 25 i mADe
Valtags Gan Wy = 15 KIL W = 16 VGG iTa RE I 175 T m T i
Suppeet Large W Swongi, Ta = 25°C ! ! ! I
—La(ge Sigral Respense | Vg = TTL Loge Seang, WREF = et ] B 300 rE
Tine 1A VoE, VRL = 5 VDe, RL = 5k,
Ta-25°C :
Resporse Tinne VRL -~ B VDo, RL -5 REL 1.3 1 _1_3_ B3 s |
Ta = 25°C, e 71 :
Output Sink Surrent v B ED | 18 R0 | 16 IBIECH mApe
i
Saturatian Yehage Wapgtad & 1 NOC Ve - ' 254 | 400 4 T 400 250 | 500 myvpr
lggmp £ 4mA, Ty = g C |
[N U T —
Output Leakage ¥iNg+ 1 VOC. \.l'||\|_§_;, = I o1 | 01 01 nApg
Cunrenl Wy =B Vo Ta - 2600 F I |
Finpur Difser wnitags | fMate a1 - T an an 2 | 15 W |mvoc
(gt Gtfaet Garrent | Wagies - ) _ oo ws0 |- P et zo0 | | nAp
Inpur Bias Cu rent Ity or Lin-3 wim‘Dquu[ i | T .3UU _ﬁl 200 | ElEr] 1M | nApe
Lirear Aange ! : )
Input Commen-Made ’ N EETIE wezal o | |vrzo| o |vtzol o TTwtzat o V20! voo |
valtage Rangr: | | | | | )
i i I
Saturatian Vattage | Vin|-1 3 1 VDE Ve = 0. ! 00 w00 | an oo 400 | 7a0 I 700 [mvpe
I S 4 A . : :
Dutput Leakage Wi & VDG ViNg-) = 0. T e B0 - ¥ rn T | 1.0 .0 H 1.[;__ W‘DE“
Current \'Q 30 Voo !
Dnfferenmial lrgu Keep all Viy's = 0o for V‘ w YT 365 | a6 4] Wt T Ve Voo
Voltage if used}, (Noe B) ‘ )
NOTES:

[y

mm

|

]

. These specheanans apply dor ¥+ = § fogand -657C = Ta

Fer sperating at high temperatures, the LM339/0M3394 LM23H, LMEZ02 must ve derated baxed an 4 12670 masimum junction temparatuce and a thermal cesstance af 1757CAN which apphes for the device

solgered by a prinfed circuit board, pporaing in a st air amblent. The CRI238 and LM139 must be derated vaved an g 150°C maximum junction tempaeraiing. The W bias disspation and the “OM OFF" character

istic of the orlpuss kees the chip disspation vary smail (P = 100 W, provided the aopat transisian e are allowad to saterate.
Short errgunts From the outout 1o W* an Canse exeessive heating ann eventual destruction. The mavimum outpol Gument s gap nximarely 20 mA adependent of the manmiiude of LA

. This mput currend will guly exest wher the woltage at ary of the Pl beads s driven negateer 1o is dus ta tha collactor-bese junction of the et PRP ransistors becoming forwarF biased and Thérepy animg 33
sl ghede clamps. [0 additon Lo thes dioite acrian, there s alse laceral NP perasitic transistor actiun an te dC gbug This transistan actian can cause the autput vollages ol Lhe comparatas to go to the W voftage

taval far to ground fin g [aroe averdrvel for Tie tma dunatior: Wat &0 @ is <hiven negatae This is not destructve and narmal outpat states will re-astanlish when the input voltsge, which wat negateve, again

1etuins To 3 value greaer than 003 v, }
12670, wnless pINE wite srated With the LMI4% LMZ394, all temparature specif catiens A1e hinsted 1o =250 % T % +557C, the EMIABLM3304

L aTure specsfications are imited 1o 075 % T % +707C, angt 1he LWM2I0T, LMII0Z tamperature range 13 -0 C % Ta 5 18670
The direction of tke inpul £unent is aut of the 1S dua to the PRP input stage. This curreut i essentially sanstant, inceperdenr of tha state of the output su ng foadry char

w78 o the eference or input linas.

The mput comenon-mote valtage or esther nput sgnal soltage shanld not be allowed taa negative by mare than 034, The upper end of 1 comman-maode waltage range is ¥*- 1.5V, hut either or buth mputs san

90t +30 Vo without dambge.
Tha respanse tme specified is far 2 100 sV npoc step aath & my overdnee, For larger vardroe aignals 300 n: can ne nhtained, sae pyepical ue!f.ornnants charactaestcs seclion]

Positrve axcuraans of input valtage may exceed the power supply level s long @5 the ommen epliage remaint within 1he comman-mode sange, the comparator will Qi ouide 3 fROREr ouipus sTate. The Irew inpeat
valtage state Must Nl be less than -0.3 Vpg for 0.3 VDL belaw the magaitude of 1he negative power supply, if used}.

At oulput switch poing, Vo = 1.4 VYoo, B5 B8 with V7 from 5 W pe. and ouer the full input comman-made range (0 Vo to V1.5 Vpet

Far input signals than exceed Vo, anly the overdoven comparator is affected Woah a By sunply, Wiy sheuld b limited to FEY max, and a lisnepeng resistar shold be used gn all inputs that mlghI wxeaad tha pos

Lree supyiy .

siojesedwo) Addng-alBuls pend  ZOEE LO6Z V6EE Y6EZ V6EL

6 6£C 6¢l



139 239 339
Quad Single-Supply Comparators 2901 3302

338 TYPICAL APPLICATIONS

Single Supply (V' = 15Vl
Driving TTL Driving CMOS Comparator with Hysteresis QRing the Dutputs
B vpe ;
'}

Y
O
0

One-Shot Multivibrator with Input Lock Oul

ol

Limit Comparator W2 vpg)

?5?(%

> TH

*VREF HI

Ry LAMP

*VIN 12 ESE

= 2Rg N22322

WREF LOW 0— A~

G2K =

Zero Crossing Detector Low Frequency Pulse Generator
(Singke Power Supply] j ! Op Amp o

Y18 Yo
16k

p1 Ol
1 THENa

g0 pf | 100k pug

1.0 —[ 06 .F _r{ | BuS_J_l_GU_:;S } W
4 A = 4_0 nty 2
=y =00 " vy
LR (T Sy
= TTL to MOS Logic Converter —-'\Nv—‘}
@15V 1 ™

“TOR LARGE RATIOS OF R1 2
Ot CAN BE DMITTED

VREF ©
1.4 Vol

{}
12¥pe

Split Supply (V' - +15Vpe & V™ = - 168Vl

Zero Crossing oyt Comparator Witha .
Detector Negative Aefarence 7




710

High-Speed Differential Voltage Comparators

A

GENERAL DESCRIPTION

The RM710 and RC710 integrated circuits are monotithic,
high speed, differential voltage comparators. Manufactured
by the planar process, component matching is inherent.
Characteristic of the devices is low offset voltage and low drift
parameters as well as high accuracy and fast response.

These voltage comparators are specially designed for a variety
of applications such as high speed A/D converter, memory
sense amplifier, zerp crossing detector, amplitude discriminator
arnd variable threshold Schmitt trigger.

The RM710 operates over the full military temperature
range fram —65°C to +126°C. The RC710, commercial equiva-
lent of the RM710, gperates ower a temperature from 0°C
to +70°C.

SCHEMATIC DIAGBAM

DESIGN FEATURES

& Low Offset Voltage and Drift Over Entire Temperature
Range

Fast Response Time

# Quiput Logic Compatible With ANl Existing Integrated
Laogic Forms

® Meets or Exceeds Al Ervironmental Reguirements of
MIL-S8-18500, MIL-STD-202, and MIL-STD-750

@ ®
INVERTING N
-m?uT\@/

v

Orcler Part Nos.:
RM710T, RCT10T

O
ro— | QuTrUT
oF
RO
v
CONNECTION INFORMATION
TE ca
Matal Can Package Flat Package
{Top View) iTor View)
Y [ ] B

[Jut
-InPUT vt

H 9
3 8

HE i Ham 'S

'S as E”:IDIJTPL;T

Order Part No.:
RM710Q

+IHPUT
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High-Speed Differential Voltage Comparators

710

ABSOLUTE MAXIMUM RATINGS

Positive Supply Voltage .. ...............- +14v Qperating Temperature Range v .
MNegative Supply Voltage . .. ............... -7.0v RMZI0 ... . i -85 Eto +125OC
Peak Output Current ... . oo oo 10.0m4a, RC710 . .. e e 0 Cwo+70°C
Differential Input Veoltage .. .. ... ... oo 5.0V Internal Power Dissipation {Note 1}
Input Woltage .. ... ...t i i?.gv L 300mwW
Storage Temperature Range ... ..... -65°C 1o +150)C FlatPackage ..... ...... ... uuuiueuns 200mWy
Lead Temperature {Soldering, 80s) . ... ...... 300°C
ELECTRICAL CHARACTERISTICS (vt=120v,v—= -6.0V, Ta = +250C unless otherwise specified}
RM710 RC710
PARAMETER CONDITIONS MIN T TYP MAX| VN [TYP| MA UNITS
{nput Offset Voltage {Note 3} Rg = 20082 06| 2.0 16| 6D | mV
Input Offset Current [Note 3} 0.76( 3.0 t.8] 50} pA
input Bias Current 13| 20 16 | 26| pmA
Yoltage Gain 1280|1700 1000|1500 VIV
Qutput Resistance 200 200 2
Cutput Sink Current AVin = BmV, Vgout =0 20125 16125 ma
Resporse Time {(Note 2) 40 | 80 a0 ns
. e - The following specifications
The following specifications appiy for -550C <. Ta < +1260C. apply for OF C<T 4 <+70°C.
Input Offset Voltage (Mate 3} Rg = 20082 3.0 45§ mv
Average Temperature Coefficient Rg =208, Ta = Low 1o 35| 10 sol 20
of Input Offset Voltage Tpa, = High, Rg = 2042 ' i uv/ec
TA=250C10 Ta = Low 27| 10
Input Offset Current (Note 3) Ta =+1250C 0.25 3.0 A
Ta = Low 18] 7.0 78] “
Average Temperature Coefficient Ta =259C to T%\ = High 5.0 25 151 50 AA/OC
of Input Offser Current Ta = 250C to Ta= Low 161 75 24 | 100
Input Bias Current Ta = Low 27| 45 25| 40 1Ly
Input Voltage Range ~= 70V +5.0 5.0 v
Common Mode Rejection Ratio Rg = 2008 80 | 100 70 | 98 dB
Differential Input Voltage Range 5.0 50 v
Valtage Gain 1000 800
Positive Output Level AVp=EmY, Bl =5.0mA | 26| 3.2| 40| 25| 3.2] 4.0 v
Megative Output Lewvel AV = 5mY -1.0|-05 @ [-1.0/-05 0 v
QOutput Sink Current Ta~= Eow_ AWy 2 Bmv, 05| 2.3 0.5
Vour =0
Ta = High, AV, = 6mV mA
VARRE i X3 N 0.5
Fositive Supply Current Vour <0 5.2| 9.0 52| 9.0 mA
Megative Supply Current 46 7.0 46| 7.0 mA
Power Consumption a0 150 a0 | 160 mW

NOTES:

1. The thermal characteristics are based on a maximum chip temperature of 160°C. Derate maximum power dissipation of TO-5 Can by 8.7mW/"C
for Ty = 114°C, and of Flay Pak by 5.3mW!°C for Ta = 103°C. The ratings apaly for -66°C = Ta = +125°C.
2. The response time specified (see definitions) is for & 100mY input step with Smy overdrive.
3. The input uffset woltage and input offset current are specified for a logic threshold voltage as Tollows: For AMP10 grade 1.8V at -BE°C, 1.4V at
+26°C and 1.0% at +12B"C. Far RC710 grade 1.5V at +25°C and 1.2V at +70°C.
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2111 2211 2311

Dual Precision Voltage Comparators

GENERAL DESCRIPTION

The LHZ2111 series of dual voltage comparators are two LM111
type cormparators in a single hermetic package. Featuring ail
the same performance characteristics of the single, these duals
offer in addition closer thermal tracking, lower weight, reduced

LH2311 is specified for operation over the 0°C te 70°C tem-
perature range.

DESIGN FEATURES

insertion cost and smaller size than two singles. For additional & Wide operating supply range 16V to a
information see the LM11] data sheet and National’'s Linear single +5%
Application Handbook. ® Low fnput currents BnA
o . o #* High sensitivity 10uV
The LH211% is specified for operation over the -55°C to o Wide diff ali £30V
+125°C military temperature range. The LH2211 is specified ide difterential Input range =
tor aperation over the -25°C to +85°C temperature range, The ® High output drive S0mA, S0V
CONNECTION INFORMATION
DD Duakin-Line CL Flat Package
Ceramic Package {Top View) PIN FUNCTION
{Top View!
1 Va+
c———Jie T—— 2 EMITTER V DUTPUT (A
Te 16 2 15 3 +HNPUT A
. 3 c— T 2 JNPUTA
2 15 3 5 -
- - A “wE—o e
.
Oy AT 140 —— [} e—] 7  BAL/STROBE B
] 3 ——s e 8 COLLECTOR V DUTPUT I8}
] vg*
& - c—% plff 1) Sm— 0 EMITTER ¥ QUTPUT (B)
- - 7 ) S— o NeoTE
3 -
O  — ] — 13 BALA
M 14 BAL/STROBE A
13 COLLECTOR YOUTPUT 14}
16 NG
Order Fart Mos.: Order Part Mos.:
LHZ1110 or LH2211D LH2111F or LH2211F
ar LH2211D or LH2311F
AUXILIARY CIRCUITS
Ty
it v FROM
3 136 LADOER
158 INPUTS" “ 16,8 NETWORK
KAl . Ny

“Incrgnzes Uy pical posnomga
muoda slewy irnm 7 UV s
to 1B /ps.

Increasing Input Stage Current®

o
1HADE

AUTRLT
ANALOG

tHEQT

Etrobing

Comparatar and Solencid Driver

Driving Ground-Referred Laad

FROM D4 NETWORE

SAMPLE

“Typicat wipUl Currenl s
LlpA with inpats strabed oft.

Strobing aff Both Input*
and Output Stages

ANALDG
IHPUT

Using Clamp Diodes to Improva Responses

a aal =By
IS 5IKE f,i
1 IWPUT" y
b, & ih b
are 4 TOTTL LOGIG
R <24 v
[ Rt - '
L fap T :
02K “Wabors s ane Tora O to 30V
STROBE ! Ingi swing and a 15 threshold

+

thiay be added in conteal spead
and reduc suseepiibitny o ncise
Spikes.

TTL Interface with High Level Logic
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Dual Precision Voltage Comparators 2111 2211 2311

ABSOLUTE MAXIMUM RATINGS

Total Supply Voltage (MY oV ™) L L e e Y
Qutput to Negative Supply Voltage (VO UT - VT . . L L e 50V
Ground to Negative Supnly Voltage {GND - Wl o e e e 30V
Ditferential Input Voltage . .« . e e T30V
Input Woltage (Mote 1} .. e 15y
Fower Dissipation (Mote 21 . . . e 500my
Qutput Short Circuit Duration. . . . . . . e e e 10 sec
Operating Temperature Range  LHZ11T. ... oL i e e -55°C to 125°C
LHZ215. L -25°C 1o 85°C
I 3 0°Cto 70°C
Storage Temperature RENGE. . . . . . L. . oot e -65"C 10 180°C
Lead Temperature {Soldering, 10 sac) . . .. . o L L e e e e 300°C
ELECTRICAL CHARACTERISTICS — each side {Note 3)
LIRITS
PARAMETER CONDITIONS UNITS
LH27111 LHZ2211 LH2311
input Offset Voltage {MNote 4} Ta = 25°C, Rg < 50k 30 3.0 7.5 my Max
Input Offset Current {Note 4] Ta = 25°C 10 10 80 nA Max
Input Bias Current Ta =25°C 100 100 280 nA hax
Voltage Gain Ta = 25°C 200 200 200 vimV Typ
Response Time {Note b) Ta = 25°C 200 200 200 ns Typ
Saturation Voltage VN = -6mV, IgyT = S50mA 1.5 1.5 1.5 V Max
Ta=25"C
Strobe On Current Ta =25"C 3.0 3.0 30 mA Typ
Qutput Leakage Current VN = BV, VoyT = 35V 10 10 50 nA Max
Ta=25"C
Input Offset Voltage {Nate 4} Rg = 50k 4.0 4.0 10 mYy Max
input Offset Current [Note 4} 20 20 70 nA Max
Input Bigs Current 160 160 300 nA Max
Input Voltage Range 14 14 14 vV Typ
Saturation Voltage Wtz=a48v vo=0 04 0.4 0.4 Y Max
VM = -5V, IgNE = BrnA
Positive Supply Current Ta =25"C 5.0 6.0 7.5 ma Max
Negative Supply Current Ta=25"C 5.0 5.0 5.0 mA Max

NOTES:

1.

2.

This rating applies for £158V supplies, The positive input voltage limit is 30Y above the negative supply. The negative input vodtage limit is equal 1o
the negative supply voltage or 30V below the positive supply, whichever is less.

The maximum junction temperature is 180°C. For operating at elevated temperatures, devices in the flat package, the derating is based on a thermal
resistance of 185°C/W when maunted on a 1/16-inch-thick epoxy glass board with 0.03«inch-wide, 2-ounce copper conductor. The thermal re-
sistance of the dual-in-line package 15 1007 C/W, junction to ambient,

- These specifications apply for Vg = t15V and -55°C = T4 5 125°C for the LH2111, -25°C < Ta < 85°C for the LH2219, and 0°C = Ta = 70°C

for the LH2311, unless otherwise stated. The offset valtage, offser current and bias current specifications apply for any supply valitage from a
single 3% supply up 1o £ 15Y supplies. For the LH2311, Wy = £10mv.

. The affset voltages and offset currents given are the maximum values required to drive the autput within a volt of either supply with a trad load.

Thus, these parameters defing an error band and take into account the worst case effects of voltage gain and input impedance,

. The responsa timea specified is for a 100mY input step with BmY overdrive.
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SECTION 6

Line Drivers and Receivers
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1488 Quad Line Drivers

DESCRIPTION
The RC1488 is a monclithic quad line driver designed to inter- DESIGN FEATURES
face data terminal equipment with data communications equip- # Current Limited Qutput 10mA Typical

ment in conformance with the specifications of EIA standard
number RS-232-C. This standard specifies not only the num-
ber and type of interface leads, but also the voltage levels to
be vsed.

The RC1488 and its companion circuit, the RC148%/RC14894
quad line receiver, provide a complete interface system between
DTL and TTL logic levels and the RS-232-C defined levels.

Power-off Source Impedance 30¢ Ohms Minimum
Simple Slew Rate Control With Externat Capacitor
Flexible Operating Supply Range

Compatible With All DTL and TTL Logic

LQG!C DIAGRAM

CONNECTION INFORMATION

DB and OC Dual In-lina

Package
{Top View}
v v

AmpuT 2 13 ] D INPUT

AouTPur )3 1230 NpuT
BINPUT 4 1] b ouTRUT

BINPUT % m_JompuT

BauTeuT 6 a ] cinpuT
gno )7 g _JCouTpuT

Order Part Nos.:
RC1488D08, RC1488DC
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Quad Line Drivers

1488

ABSOLUTE MAXIMUM RATINGS (Ta = +25°C unless atherwise noted)

RATING SYMBOL VALUE UMNIT
Power Supply Valtage yt +15 v
W ~15
Input Signal Voltage Vin 16 Vin = 7.0 v
Output Signal Voltage VO %15 ki
Power Derating {Package Limitation, Ceramic and Plastic Dual In-Line Packages) Po 1000 m
Derate above Tg = +25°C 118 A 6.7 mwWiC
Operating Temperature Range Ta 0to +75 "C
Storage Temperature Range Tst_g 65 to +176 °C
ELECTRICAL CHARACTERISTICS (vt =+2.021% Vdc, V== -9.0 £1% Vdc, To = 0°C to +75°C
unless otherwise noted)

PARAMETER SYMBOL CONDITIONS MIN TYP 1 MAX ! UNIT
Forward Input Current IE Vin = OV 1.0 i 1.6 ma,
Reverse Input Current IR Vin = 5.0V 10 A
Quiput Voitage High Vo Vin=0.8V, RL=3.0ki}, vT=48.0V, V=~= 9.0V +6.0 | +7.0 | v

Vin=0.8V, RL=3.0k{, VT=+13.2V, Vv-=_13.2v | +80 | +105 |
Output Voltage Low VoL Vin=1.9Vde, R =3.0k2, vT=+92.0V, V-=-0.0v | -6.0 7.0 v
Vin=1.0Vde, R =3.0k2, V¥ =+13.2v, 90 | -108
-=-13.2V
Positive Qutput Short-Circuit | 180+ +6.0 +10 +12 mA
Current
Negative Output Short-Circuit | IS0 ~6.0 -10 -12 mA
Current
Output Resistance Ro Wt =V-=0, Vol =220V 300 ¥
Pasitive Supply Current I+ Vin = 1.9%de, VT = +0.0V +15 +20
(R == Vin = 0.BVdc, V* = 9.0V +45 | +6.0
Vin = 1.9Vde, VT = +12V 19 | +25
Vip = 0.8Vdc, V=412V +5.5 +7.0 mA
Vin = 1.9Vde, VT = +15V T3
Vin = 0.8Vdc, V¥ = +16V +12
Megative Supply Current - Vin 1.9%dc, V- = 8.0V -13 =17
{RL =2} Vip = 0.BVde, V- = ~0.0V 0 o
Vi = 1.9Vde, v— = -12V -18 -23
A — mA
Vip = 0.8Vde, ¥~ = -12V 0 o]
Vin = 1.9Vde, ¥~ = —16V 34
Vin = 0.8Vde, W~ = -1bY -2.5
Pewer Dissipation PO vt =90Wde, V- = -0.0V 333
VE=12Vde, V- = =12V 576 mw
SWITCHING CHARACTERISTICS (v+=+9.0+1% Vde, V- = -9.0 £1% Ve, Ta = 25°Ch

PARAMETER SYMBOL COMNDITIONS MIN TYP MAX | UNIT
Porpagation Delay Time Tpd+ Zi_= 3.0k and 15pF 276 350 ns
Fall Time tf £ = 3.0k and 16pF 45 76 ns
Propagation Delay Time tod- Zi = 3.0k and 15pF 110 175 ns
Rise Time tr £y - 3.0k and 15pF 55 140 ns
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1489
1489A

Quad Line Receivers

GENERAL DESCRIPTION

The RC1489 and RC14B2A are monotithic quad line receivers
designed to interface data terminal equipment in conformance
with the specifications of E!A standard number RS-232.C.
This standard specifies not only the number and type of inter-
face leads, but also the voltage levels to be used.

The RC1488 quad driver and its companion circuit, the
RC1489/RC1489A quad receiver, provide a complete interface
systern between DTL or TTL logic levels and the RS-232-C
defined levels,

LOGIC DIAGRAM

DESIGN FEATURES

# Input Resistance 3k to 7k

® Input Signal Range £30V

® Built-in input Threshold Hysteresis

® Response Control; Logic Threshold Shifting and Input
Moise Filtering

P_@g

Y e 14

1 P—os 1
2 12
4 6

5

ot

Tﬁ?

CONNECTION INFORMATION

DB and DC
Duat In-line Package
[Top View)
A IMPUT . LE] i A
A GONTROL ]2 [ JowPuT
ADUTPUT 3 1 loconNTROL
LAETT o ] N[0 ouTRLT
BLONTROL [ 5 W] CpPuT
B OUTPUT L__.fa 4 JroeonTROL
GHo []? §[JcauTRUT

Order Part Mos.:
AC146900C, AC

14BIADT,
RC148208, RC1438AD8
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Quad Line Receivers 1489A
S —— R ——— ———
ABSOLUTE MAXIMUM RATINGS {Ta = +25"C unless otherwise noted)
RATING SYMBOL VALUE UNIT
Power Supply Voltage yt +10 y
Input Signal Range Yin +30 v
Cuiput Load Current L 20 i
Power Dissipation (Package Limitation, Ceramic and Plastic Dual In-Line Packages) Po 1000 mwit
Derate sbove Ta = +25°C 10 a 6.7 mw/ic
Operating Temperature Range Ta, Ota+75 "C
Storage Temperature Range Terg -65to +175 °c

ELECTRICAL CHARACTERISTICS

{Response control pin is open. V¥ =+5.0Vde £1%, Ta=0"C to +75°C unless atherwise noted}

PARAMETER SYMBOL CONDITIONS MIN| TYP | MAX ] UNIT
Positive Input Current I Vin = t26V 36 3.3 A
Vin = 3.0V 0.43
Negative Input Current I WVin = -25V -3.6 -8.3 A
Vi = ~3.0V ~0.43
tnput Turn-Gn Threshold VIH Ta=+25"C, VgL <045V RC1489 1.0 1.6 v
Voltage RC14894 175 1951 225
Input Turn-Off Threshold ViL Ta=+26"C, VpH = 25V, I = -05BmA
Yoltage RC1489 0.75 1.25
RC 14894 0.75 0.8 1.25 v
Cutput Voltage High YOH ¥in =075V, I = -0.5mA 2.6 4.0 5.0 v
Input Open Circuit, | = -0.5mA 2.6 4.0 5.0
Qutput Yoltage Low VoL Vin = 3.0V, I = 10ma 0.2 0.45 Y
Qutput Short-Cirvcuit Current| 15¢ 3.0 mA
Pawer Supply Current It Vin = +5.0V 20 26 mA
Pawer Dissipation Po Vin = +5.0V 100 130 skl
SWITCHING CHARACTERISTICS (v*=+5.0 Vdc 21%, Ta = +25"C)

PARAMETER SYMBOL CONDITIONS N TYP MAX | UNIT
Propagation Uelay Tirme tod+ RL =392 25 85 ns
Rise Time 1y AL =398 120 175 ns
Propagation Delay Time tpd- Ry = 39080 25 50 ns
Fall Time tf Ry = 3908 10 20 ns




9622

Dual Line Receivers

GENERAL DESCRIPTION

DESIGN FEATURES

The RM9622 and RC9622 are dual ling receivers designed to ® CCSL-Compatible Threshald Voltage
discriminate a worst-case logic swing of 2V from a 10V ® Input Terminating Resistors
common-mode noise signal or ground shift. To provide a CCSL- _ g )
compatible threshold voltage and maximum noiss immunity, ® Choice of Output State With Inputs Open
the differential amplifier has a built-in threshold of 1.5V, & CCSL-Compatible Qutput
The offset is obtained by use of current sources and matched * Hich G a-Mad
resistors, and varies only 5% {75mV] over the military and 'gh Lemman- e
commereial temperature ranges. & Wire-OR Capability
The RMBG22 military version operates over 3 temperature & Enable Inputs
range of —55°C to +125°C. The RCO622 is the commercial & Full Military Temperature Ranga
t hich tes from 0°C 1o +70°C.
ype whith oparates from fo ® Logic Compatible Supply Voltages
These dual line receivers offer a choice of output states with
the inputs open, without affecting circuit performance by use
of 53, At the input of each line receiver a 130-0hm terminat-
ing resistor is provided. The output is CCSL-compatible. And
the output high level can be increased to +12Y by connecting
to a positive supply through a resistor. The outputs can be
wired OR.
SCHEMATIC DIAGRAM
. e
{3 i
A QUTPUT
p——0 B OUTPUT
o ' INPUT
AT INPUT wa— K o > 2hd
Oj < 1305 3
A* 130 1 o——— GROUND
AT INPUT =
* B INPUT ;
QUTPUT 3
STATES

i

{

;

1Y h

CONNECTION INFORMATION

LOGIC DIAGRAM

CJ Flat Pack DC Dual In-hna Package PN FUNCTION
(Top View) {Top View) 1 OUTPUT STATES
7 2 A DUTPUT 3
= ? IF 2 [ ] 3 A INPUT 4 2
] I 1 [} e | |: 2 13 :I 4 A+
——: 1 ——— ra 12 5 A*1300 5
[=——="F i ———] — ) A B
== It fm— s | 7 yt
== uf——— [l5 1l | 8 V- 1z
. T 1% ; ] B~ 1 13
Cs e 10 B+1300
Doy Part Mo 1 LR 1" Bt % o—t
RM3G22C) e ——- 12 B INPUT q
Oraer Part Nos.: 13 B OUTPUT
RMOG220C, RC96220DC iL) GROUND
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Dual Line Receivers

9622

ABSOLUTE MAXIMUM RATINGS

High Outpet State

Ve, Pin Potential to Ground Pin, .. ... .. -0.5V to +7V
inputVoltage. .. . ... . ........... .......516Y RMI622
Voltage Applied to Outputs for . .. . ... -0.5W to +13.2V RCI622

Operating Temperature Range

Internal Power Dissipation (Note 1)

-55°C ta +125°C
0°Cto +70°C

VEE Pin Potential to Ground Pin ., . .. ... -0.5V t0-12V CeramicDip. . ... ... . . . i 670mw
Enable Pin Patential to Ground Pin, . . .. .| -0.5V 10 -15¥ Flatpak. . ... ... e 570mW
Storage Temperature Rangs. . . . . ... .. -B5°C 10 +150°C
ELECTRICAL CHARACTERISTICS (-550C 10 +1250C, Veg = 5.0V £10%, VEE = ~10V +10%)
LIMITS
SYMBOL CHARACTERISTICS CONDITHONS & COMMENTS ~650(C +2500 +12650C |UNITS
MINMAX | MIN] TYP [MAX (MIN [MAX
VoL Output Low Voltage |Veg = 4.5V VEE=-11V 0.40 0.250.40 cao| v
VDIFE = 20V gL = 12.4mA
YOH Qutput High Vaoltage |V = 4.5V VEE = -9.0V 2.8 3.0 33 29 \Y
*VpIFF = 1.0V [gH = -0.2mA
1CEX Qutput Leakage Voo = 4.5v VEE = -11¥ 50 160 200 uA
Current "VDIFF = 1.0V VoEx =12V
lge Output Shorted Ve = 56.0V VEE = -10V -1.3] -3.1]-1.4|-2.15 -3.1[-1.3]-3.1] mA
Current *VDIFF = 1.0V Vgo =0V
IR{ENABLE} |Enable Input Leakage (Ve =4.5V VEE = -11V 2.0 5.0 umA
Current S3= 4.5V VR =4.0V
IF{ENABLE) |Enable Input Voo 5.5V VEE = -9.0V -1.5 -0.96/-1.5 -1.5] mA
Forward Current Sz3=0v VE=0V
IF{+ INPUT} | * tnput Voo = 5.0V VEE = -10V -2.3 -1.67|~2.1 -2.0] mA
Foryeard Current —Input = Gnd VE =0V
JF{- INPUT} |~ input Voo, 853=50V  VEg=-10V -26 -1.87-24 -2.3] mA
Forward Current + tnput = Gnd Ve =0V
VIL{ENABLE} | Input Low Voltage | VCC = 5OV 210% VEE = -10V +10% 1.3 14| 1.0 0.7 v
Vit Differantial Input Voo = 5.0V £10% VEE=-10V £10% (10| 20 (18| 15|20 [10)20] v
Threshold Voltage
Viom Common Macle Vo = 5.0V VEE = - 10V =10 £12 | +10 v
Valtage "VDIFE = 1.0V or 2.0V
R1apf? Terminating Resistance | Voo = 5.5V VEE = -1tV 100 | 130 | 175 o
I 5V Supply Current S3. 4 Inputs = 55Y, ~lnputs = 0V 13.7 229 A
Igg -10% Supply Current | Voo = 5.5V VEE = -11Vv -G.5-11.1 mA
S3, + lnputs = 5.8V, — Inputs = OV
tpd+ Turn-off Time Vg =50V VEE = 10V 38 | 50 ns
WIND=3.0V, R = 3.9k{2, G| = 30pF
tod— Turn-on Time Vee =bOov VEE = <10V 35 | 50 ns
VIND->3.0V, RL = 0.39k{2, C|_ = 30pF

*VOUFF is a differential input voltage referred from A+ 1o A« and from B+ to B-,

NOTE:

1. Ratirg applies to ambient temperature up to 70°C. Above 70°C, derate linearly at B.3mW/°C for the ceramic RIP and 7.1mW/"C far 1he Flatpak.
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9622

Dual Line Receivers

ELECTRICAL CHARACTERISTICS {00C 10 +750C, Vg = 6.0V 5%, VEE = ~10V $5%)

LIMITS
SYMBOL CHARACTERISTICS CONDITIONS & COMMENTS ooc +250C +750C  [UNITS
mMIn|MAaX [N Tve IMax [MIN [max
VoL Qutput Low Voltage |V =4.75Y VEE = -10.5V 0.45 0.2510.45 045 v
"VDIFE =20V oL - 14.1mA
VOH Cutput High Voltage (Voo =4.75V VEE = -9.5V 29 30| 33 2.9 V'
*WpIFF = 1.0V igH = ~0.2mA
{CEX QOutput Leakage Ve = 4.75v VEE = —10.5V 80 100 200 wA
Current "VpIFE = 1.0V VeEX = 5.25V
Ise QOutput Shorted Voo =60V VEE = ~10V ~1.3} -3.1 1~1.4]-215 -3.1}-1.3|-3.1| mA
Current *WpIFF= 1.0V Vgo =0V
IR{ENABLE} |Ensble Input teakage Vo =4.75V VEE = -10.6V 5.0 0] uA
Current Su=4.75V VR =40V
'F{ENABLE) |Enable input Voo 525V VEE = -8.BV -1.5 -0.961-1.5 -1.5] mA
Forward Current Sz=0V VE=0V
{F{+ INPUT) [+ Input Voo =50V VEE = =10V -26 -1.67[-2.4 -2.3] mA
Forward Current —Input = Gnd VE=0V
IF{- INPUT} |- Input Vee.S3 =50V VEg=-10V -2.9 -1.87-2.7 ~2.6) mA
Forward Current + Input = Gnd Vi =0V
YIL{ENABLE]} | Input Low Voltage Voo = 5OV £5%  VEp = -10V £5% 1.2 1410 0.88 V
Vih Ditterential Input Vee = 5.0V 5% VEE = -10V 15% 10| ze 10| 15)z20 (10| z0| v
Threshold Voitage
vem Commaon Made Ve = 5.0V VEE = ~10V -7.6] £12 1+7.5 i
Volitage "VDIFF = 1.0V or 2.0V
R1z08t Terminating Resistance| Vg = 5.26V VEE = -10.5V 91 | 130 [ 185 Q
oo 5V Supply Current S3, + Inputs = 65.26 V, —Inputs = OV 13.7{22.%9 mA,
{EE -10V Supply Current |VQE = 5.25V VEE = -10.6V -6.56 11 mA
53, + Inputs = 5,25V, —inputs = 0V
tod+ Turn-off Time Voo =50V VEE = =10V 38 | 100 ns
V(NO+3.0V, R = 3.0ki2, Cf = 30pF
tpg- Turm-on Time Voo = 5.0V VEE = -10V 35 1100 ns
VIND=3.0V, R = 0.39kSQ, C = 30pF
"VpiFF i5 a differential input voitage referred frem A+ ta A- and from B+ to B,
TYPICAL APPLICATIONS
SWITCHING TIME TEST CIRCUIT WAVEFORMS
Iy Lea

il

L

Viean

=t
+

DHYER SYSTEM

STANDARD USAGE

LIWE

RECEIVER SYSTEM

LOGI

——  LE pRiER

FaBE22 or
AC36z2

—

LDGIE

|
|
o)
|

|
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Dual Line Receivers

TYPICAL ELECTRICAL DATA

9622
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555

Timer

-

GENERAL DESCRIPTION

The RCEE5 and RMEB55 monolithic timing circuits are highly
stable controflers capable of producing accurate time delays
or oscillation, in the time delay mode, delay time is precisely
controlled by only two external parts: a resistor and a capaci-
tor. For operation as an oscillator, both the free running
frequency and the duty cycle are accurately controlled by two
external resistors and a capacitor,

Terminals are provided for triggering and resetting. The gircuit
will trigger and reset on falling waveforms, The owutput can
source or sink up (o 200ma or drive TTL circuits.

SCHEMATIC DIAGRAM

DESIGN FEATURES

Timing From Migroseconds Through Hours
Operates in Both Astable and Monostable Modes
Adjustable Duty Cycle

Output Drives TTL

High Current Qutput Can Source or Sink 200mA
Temperature Stability of 0.005%/°C

Normally On and Normally Off Qutput

Ve
50— %
Jp k" }
>
$ _n/H
Fia
B 0 b
THRESHALD <
b —3
1 QUTPUT
Ll
} 1[ ™
-]
o
! )
TRIGGEA ™ =
4
HESET
'
MISCHARSE
1 O—-I AN
GHED l
=
CONNECTION INFORMATION
TE Metal Can Package DE and NB Dual In-line Packages
1Top Viewt {Top View] PIN FUNCTION
1 GROUND
e 8 Z  TRIGGER
O , 3 DUTPUT
4 RESET
s 3
5] CONTROL VOLTAGE
_h 5 & THRESHOLD
7 DISCHARGE
8 V
Order Part Nos.: €c
Dreler Part Mos RCELSSNE, NVLIONG
RCS56T, RMESST RC4S550E, RYSE5DE, RMESSDE
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Timer

ABSOLUTE MAXIMUM RATINGS

555

Supply Voltage ... ...... . ... ... .. +18V Operating Temperature Range
Power Dissipation . . ................... 800mwW RCE55 . ....... ... ... .. 00C 1o +700C
Storage Temperature Range . .. .. ... —GB52C to +15000 RWBBE . ..., . . -40°C ta +85°C
Lead Temperature {Sotdering, 805} ... . ..... +3000C RMESS .. ... ... ... -b650C to +1250C
ELECTRICAL CHARACTERISTICS (Vce = +5Y to #18V, T4 = 259C unless otherwise specified)
PARAMETER CONDITIONS RMS5S RY/RCSeS UNITS
MIN TYP | MAX MIN TYP | MmAX
Supply Yoltage 4.5 18 4.5 16 W
Supply Current Voo =BV, R = e 3 5 3 6 mA
Vg = 16V, R === 10 12 [} 15 mA
Low State, [Maote 1)
Timing Error Ra, Rg=1k{2 to 100kL2
C= 0 1uF (Note 24
Initial Accuracy a.5 2 1 %
Drift with Temperature 30 100 50.1 ppm/°C
Orift with Supply Yoltage 0.06 0.2 0.1 %V olt
Threshald Valtags 2/3 2/3 x Ve
Trigger Voltage Ve = 18V 4.8 & 52 5 vV
Ve = BY 146 1.67 1.9 1.67 Vi
Trigger Current 0.5 05 LA
Reset Voltage 0.4 0.7 i.0 0.4 0.7 1.0 A
Reset Current 0.1 0.1 mA
Threshold Current {Note 3) 0.1 0.26 0.1 0.25 A
Control Yoltage Level Voo = 19V 9.6 10 10.4 2.0 10 11 iy
Ve = 5Y 2.9 3.33 3.8 2.6 3.33 4 v
Output Voltage Drop low) Voo = 15V
I5)NK = 10mA 0.1 0.15 0.1 .26 \
IiNK = 50mA 04 0.5 0.4 0.75 vV
IgINK = 100mA 2 2.2 2 25 v
1| = 200mA 25 2.5
Voo =5V
15| MK = BmA o1 0.25 W
ISINK = SMA 0.25 0.35
Output Voltage Crop {high) ISQURCE = 200mA
Voo = 15V 125 12.5 v
ISQURCE = 100mA
Voo = 18Y 13 3.3 1276 13.3 v
Vo = BY 3 33 275 | 33 v
Rise Time of Qutput 100 100 ns
Fall Time of Ollr;ﬂr_________ L L _ 100 100 ns
NOTES:
1. Supply currant when gautput high typleally TmaA less,
2. Testad at Voo = 5V and Voo = 15V,
3. This will detarming the maximum value of Ra + Ag, Far 16Y operation, the max total R = 20 magohm.
3
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TYPICAL ELECTRICAL DATA

Timer

Minimum Pulza Widlh Supply Current High Dwiput Volta:
Required for Triggering vz Supply VeHage va Quiput Soutce Cusrent
150 — r T 04 a0 I
1 B
! | 18 1 1.ggec 4
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! < b E * ——t =
x | . E 2 13 | et
w0 . R ! 2 B :
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i i o
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1] K 0z 3 14 59 0.0 150 1028 50 W S0 100
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Low Cutpui Voliage Low Quiput Voltage Low Ouiput Yoliage
w6 Qutpul Sink Current va Quipul Stnk Curram ¥ Oulput Sink Currend
T T i) TT T 10 [ | | =TT
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Missing Pulse Detector %“L i
:
With the RCB56/RMGE66 connected as shown, the timing E
cycle will be continuously reset by the input pulse train. A I
. o L o 1 ' %
change in frequency, or a missing pulse, allows the timing ouTeUT .
cycle to go to completion and change the output level. For 8 I
proper operation the time delay shoutd be set slightily ionger H h
than the normal time between pulses, . :
o 11 .F
'!: = P oMPaT o
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Timer

555

TYPICAL APPLICATIONS (Cont.)

Monostable Operation

In this mode, the timer functions as a one-shot. The ex-
ternal capacitor is initially held discharged by 2 transistor
internal 1o the timer. Applying a negative trigger pulse 10
Firt 2 sets the flip-flop, driving the output high and releasing
the short-circuit across the external capacitor. The voltage
across the capacitor increazes with time constant ¢ = RaAC
to 273 Vi, where the comparator resets the flip-flop and
discharges the external capacitor. The outpur (s now in the
lawy state.

srp 15 Tr 194

RESET T—— —

a )
O i T

3
[ T]]

-1-

Free Running Qperation

With the circuit connected as shown, it will trigoer itself
and free run as a multivibrator. The external capacitor
charges thraugh Ra and Rp and discharges through Rg
only. Thus the duty cycle is set by the ratio of these two
resistors, and the capacitor charges and discharges between

RS UR LT
&
E b g
| 4 T
b3
B 4
]

ouTPNT

:

Circuit triggering takes place when the negative-going trig-
ger pulse reaches 1/3V e and the circuit stays in the out-
put high state untl the set time elapses. The time the
ouiput remains in the high state s 1.1RAC and can te
determined by the graph. A negative pulse appled 1o Pin
4 {reset) during the timing cycle will discharge the external
capacitor and start the cycle over again beginning an the
positive-going edge of the reset pulse. M reset function is
not used, Pin 4 should be connected to Vg to avoid false
resetting.

Time Delay
¥8 R, Ap and C

=
T
[=2 ]
o
a
E

L N L]
£ s WEONS O MEOR 5
TiME BELa

1/3V g and 2/3Vgg. Charge and discharge times, and
therefore freguency, are independent of supply wvoltage.
The free running frequency versus Ra, Rg, and C is shown
in the graph.

Free Runping Frequengy W
v& Ra, Re and ©

aF

LA3ALITANLE
=

o o
Hoowy T A L
FRE: FORNING FRE 2 0ENCY
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Dual Timer

GENERAL DESCRIPTION

The RCHE56 and RMS56 dual monalithic timing circuits are
highly stable controllers capable of producing accurate time
dalays or oscillation. In the time delay mode, delay time is
precisely controlled by onty two external parts: a resistor and
a capacitor. For operation as an oscillator, bath the free run.
ring frequency and the duty cycle are accurately controlled
by two external resistors and a capacitor.

Terminals are provided for triggering and resetting. The circuit
will trigger and reset on falling waveforms. The output can
source or sink up to 200mA, or drive TTL circuits.

SCHEMATIC DIAGRAM (1/2 shown)

DESIGN FEATURES

Timing From Microseconds Through Hours
Operates in Bath Astable and Monostabie Modes
Adjustable Duty Cycle

Qutput Drives TTL

High Current Qutput Can Source or Sink 200mA
Temperature Stability of 0.005%/°C

Nermally On and Normatly Off Qutput

@ * 8 & " 8 @

YIL o

Y

THRESHOLD o—%_(

CONTROL
2 GOLTAGE

CUTPYT

AAA
Wl

HESET o———{::
GISCHARGE o———k.

i

|

GO rﬂ

L

CONNECTION INFORMATION

DC and DB
Dual kn-line Packages
{Top View)

' i

H 13
i ¥4

ONNNOnon
EREERARgi

N
5 L]
[
I

Order Part Nos.:
RLHEE0E, ATCHIEDT,
RMSBE6DC, RVS56DB,
RWSEGDC

PIN  FUNCTION

1 DISCHARGE A
2 THRESHOLD A
3 CONTROLA

4  RESETA

5  OUTPUTA

6  TRIGGER A

7 GROUND

8  TRIGGERB

8 OouTPUTH

10 RESETE

11 CONYROL B
12 THRESHOLD B
13 DISCHARGE B
12

Ve
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Dua!l Timer

556

ABSOLUTE MAXIMUM RATINGS

Supply Voltage ... .. ... ... i +18v Operating Temperature Range . o
Power Dissipation ... ... ... .. ... GOOmW RCBBE . .. ... ..o El Cto +?OOC
Storage Temperature Range .. ... ... -85°C to +150°C RMBSE ... ... .. ... -65°C10+125C
Lead Temperature (Soldering, 80s) . ... ... ... +300°C BWBES . ... . . ... ... -A0"Cto +85°C
ELECTRICAL CHARACTERISTICS (ver =45V to +15V, Ta = 250C unfess otherwise specified}
RM556 RCERG, HVEEE
PARAMETER CONDITIONS TN T™F MAX YT TYP MAX UNITS
Supply Voltage 4.5 i3 45 18 Y
Supply Current {Each Side) Voo =5V, Rp=ce 3 5 3 6 mA
Voo = 16V, R = 10 3| 10 14 mA
Low State, [Note 1)
Timing Error {Free Running) Ra. Rp=2k{! to 100kE2
€= 0.14F (Note 2}
Initial Accuracy 156 2.25 %
Drift with Temperature 90 150 ppm/°C
Drift with Supply Voltage 0.15 0.3 % Valt
Timing Error {Mongstable} Ra. Rp=2kE to 100k
C=01uF (Note 2}
Initial Accuracy 0.5 15 0.76 %
Drift with Temperature 30 100 50 ppm/ C
Drift with Supply Voltage 0.0% a.2 0.1 %/Volt
Threshold Voltage 2/3 2/3 xVGe
Trigger Voltage Ve = 15V 4.3 5 52 5 \
Ve = BV 1.4% | 167 | 1.9 1.67 y
Trigger Current a5 0.5 A
Reset Voltage 0.4 a7 1.0 0.4 0.7 1.0 v
Reset Current 0.1 Q.1 ma,
Threshold Current {Note 3} 0.03 0.1 0.03 0.1 uAh
Control Voltage Level Yeor = 15V 9.6 10 10.4 9.0 10 11 W
Voo = bV 2.9 333 KR 2.6 3.33 4 iy
Qutput Yoltage Drop {low} Voo = 18Y
ISiNK = 10mA 01 | 015 01 | 028 v
Iging = BOmA 0.4 0.5 0.4 0.7% i
Igim = 100m A 2 2.25 2 275 V'
ISINK = 200mA 25 25
Vg = 5V
IS = 8mA 0.1 0.25 W
IS|NK = BmA 0.26 | 0.35
Qutput Voltage Drop {highi ISoURCE = 200mA
Vee = 15V 12,5 12,5 v
IsouRCE = 100mA
Yoo = 18V 13 13.3 12,75 133 W
Vee = 6v 3 3.3 275 | 33 v
Rise Time of Output 130 100 ns
Fall Tima of Output 100 100 rns
Matching Characteristics Between Each
Section
Initial Timing Accuracy 03 0.8 6.5 1 %
Timing Drift with Temperatura 10 10 pemi°C
Drift with Supply Valtage 0.1 0.2 0.2 0.5 %ot

MNotes an following page.
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556 Dual Timer

TYPICAL ELECTRICAL DATA

Minimum_ Pulsa Width Supply Current High Output Voltage
Required for Triggering ¥s Supply Voltage vs Duitput Source Gurrant
150 T T PR T 20
oo ! | ]
- -z o0 !
H CUT | R 'i'"l' o 15
5 z ] g
=] ) ! i =
= T rzo| 4 -emse f 1.2
=] 2 . 5
= o B = 0
=0 e - -
x Z &0 L 04 !
= i [ o X n
= E o , 5 aGf-- - . e R
= = ; i . ek ]
= ) E a0 o | T i l | i !
i S bl | oo nz . = IR TERTTERITE
el 1 . e ! i " el L
0 01 a7 0.3 04 &l 130 151 poyo 50 020 &G 100
LOWEST VOLTAGE LEVEL SUPPLY VOLTAGE  Valts OUHCE - A
DF TRIGEEA PULSE - 8 vyp
Low CQutput VYoltags Low Qutput Voliage Low Output Valtage
vs Qutput Sink Currant vs Qutput Sink Current vs Cutput Sink Current
1] L TTT in T T ™ ™ n T T T T
L B L. .._‘.;%"_ veg v | e wepotav
0 S - U N T A e o - v e b
] . + . . R B LR .
b T R I
T S ap- | L
-3 i
- - -
: E E
= s L R =
a4 nui
0 EE 10w HI (] moEn 0w 2 53 100
lgiygk  mA Igpy mA
Delay Time vs Dalay Time Propagation Dalay vs Voltage
Supply Voltage vs Temperature Level of Trigger Pulse
115 T T 1015 " — 300 T
oy o : :
I . : . .
w100 b [ | - T 11 9 PR Tr] SO W
= ! = .
= ' ! ' = - . ! i
I 1005 |- ‘ %0085 20 - e —
b - K - i
=3 w -4 $ 4
o noon |- = 1000 Rl - otrmemees e b
Lt - - B .
= = = ur <25 C i
2 nws 3 0935 = . :
= X = . bl I N
. . 1 @ ' i [=1 :
=] = . ' i :
= 0.9%0 - - : . 2 0.9%0 - + - o +——
o : L ! codob
319 . - - 0945 I 2 L N
d b 10 1% 2 -§0 25 0 =15 +50 +75 1100 +125 [ 0.1 0.2 03 04
SUPPLY WOLTAGE - valts TEMFERATURE £ LOWEST VOLTAGE LEVEL
OF TRIGGER PULSE X vep
NOTES

1. Supply current when output high typicatly 2m#A less,
2. Tested at Voo = 5V and Voo = 16V
3. This will determine the maximum value of R g + Rg. For 15% operation, the maximurn totat R = 20M82.
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Dual Timer 556

BASIC OPERATIONAL MODES

Monostable Operation

In this mode, the timer functions as a one-shot. The ex-
ternal capacitor is initially held discharged by a transistor
irternal to the timer. Applying a negative trigger pulse to
Pin 2 sets the flip-flop, driving the output high and raleasing
the short-circuit across the external capacitor. The voltage
across the capacitor increases with time constant r = RAC
to 2/3 Ve, where the comparator resets the flip-flop and
discharges the external capacitor. The output is now in the
low state.

PR L Y]
", LLE ] - n,
‘L
THIZGER QIELRLRGE
Do
RE RIRGE C
[ECIEE e o
(L i [T
|'.'U|r,-.'_:t.
FIa I
nEAED = =

Free Running Operation {Astable)

With the circuit connected as shown, it will trigger itself
and free run as a multivibrator. The external capacitor
charges through Rpa and Rp and discharges through Rp
only, Thus the duty cycle is set by the ratio of these two
resistors, and the capacitor charges and discharges between

ERTTREE L NP

. REi[- |_4 —

« A0 RRAGE

lr.

CLTRET

TADUNI T

Circult trigoering takes place when the negative-going trig-
ger pulse reaches 1/3V e and the circuit stays in the out-
put high state until the set tirme eiapses. The time the
output remains in the high state is 1,1RAC and can be
determined by the graph. A negative pulse applied to Pin
4 {reset] during the timing cycle will discharge the external
capacitor and start the cycle over again beginning on the
positive-gomng edge of the reset pulse. If reset function is
not used, Pin 4 should be connected to Wi to avoid false
resetting.

Time Delay
va Ry, Rgand C

7

AN

=
|

NN
N

TaPArIAY LT

\‘?.

T T R

TREDE A

MW3ver and 2/3Veoe. Charge and discharge times, and
therefare freguency, are independent of supply voltage.
The free running frequency versus Ba, BB, and € is shown
in the graph.

Free Running Fregquency
vas Ra, Rgand £

wF
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XR-2207

DESCRIPTION

The XR-2207 is a monolithic voltage-controlled oscillator
{WCOY integrated circuit featuring excellent frequency sta-
bility and & wide tuning range. The circuit provides simul-
tanecus triangle and squarewave ouiputs over a frequency
range of 0.01 Hz to 1 MHz. it is ideally suited for FM, FSK,
and sweep or tone generation, as well as for phase-locked
loop applications.

As shown in Figure 1, the circuit is comprised of four
functional blocks: a variable-frequency oscillator which
generates the basic periodic waveforms; four current switches
actuated by binary keying inputs; and buffer amplifiers for
bath the triangle and squarewave outputs. The internal
switches transfer the oscillator current to any of four
external timing resistors to produce four discrete frequencies
which are selected according to the binary logic tevels at the
keying terminals (pins 8 and 9).

The XR-2207 has a typical drift specification of 20 ppm/°C.
The asciliator frequancy can be linsarly swept over a 1000:1
range with an external control voltage; and the duty cycle
of both the triangle and the squarswave outputs can be
varied from 0.1% to 99.0% to generate stable pulse and
sawtooth waveforms.

SCHEMATIC DIAGRAM

Voltage-Controlled Oscillator

FEATURES

® Excellent Temperature Stability 120 ppm/°C
& Linear Frequency Sweep

& Adjustable Duty Cycle {0.1% 10 99.9%)

® Two or Four Level FSK Capability

* Wide Sweep Range {1000:1 Min}

® Logic Compatible thput and Qutput Levels
® Wide Supply Voltage Range (X4V to T13V)
* Low Supply Sensitivity {0.15%/V)

* Wide Frequency Range (.01 Hz 1o T MHz)
& Simuttarnecus Triangle and Squarewave Outputs
APPLICATIONS

# FSK Generation
& Yoltage and Current-to-Freguency Conversion
® Siable Phase-Locked Loop

® Waveform Generation
Triangle, Sawtooth, Fulse, Squarewave

® M and Sweep Generation

CONNECTION INFORMATION

DC and DB
Dual In-ling Packages
[Tap Viewt

S

a Iluujl‘nurjl Swant
I > e
1 ’_<: wa

j!
Oiz:uc‘ N
CHRENT ’
UL Binany
2]

Order Part Nos.:
XR-Z207M, XR-2207CN
XR-2207CP, XR-22070
XR-2207P

Lot

i,
CEFACITUA

M

125

=

FIRILG
RLSIRTORS

3

o

sicioioiciois

.

Figure 1. Functiona! Schematic Diagram
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Voltage-Controiled Oscillator XR-2207

ELECTRICAL CHARACTERISTICS

Test circuit of Figure 2, V' =V~ =8V, Ta = +256"C = 5000 pF,
R3=Rz2 = R3=R4 =20 Kil, R = 4.7 K{l, Binary inputs grounded,
§1 and 52 closed unless otherwise specified.

XR-2207 . XR-2307C
i T
PARAMETERS CONDITIONS MIN, L TYP, ‘ MAX.. MIN, ! TYP. | MAX. UNITS
GENERAL CHARACTERISTICS
Supply Volhage i
Single Supply See Typical Eiectrical Data B 12 26 g 12 26
Split Supplies 4 1) 13 4 A6 | =13 W
Supply Current
Single Supply Measured 3t o T, 51 gpen 5 7 =4 8 mA
See Figure 2
Split Supptics
Positive Measured at pin 1, S1 open 13 7 5 & ma
MNegative Measured at pin 12, 51, 52 open 4 4 4 7 mé
OSCILLATOR SECTION — FREQUENCY CHARACTERISTICS
Upper Freguency Limit C=500pF R3=2K1f 0.5 1.0 0.8 1.0 MH2
T
Lower Practical Freguency C=50pF, Rz-2MD oo 0.1 Hz
Freguency Accuracy 1 +2 21 t5 ol fy,
Frequeney hMatching 05 Q& % of iy
Fraguency Stability
Temperature 07 T o 757G 20 50 30 ppmiC
Power Supply 015 Q.15 v
Sweep Range Ra=1.5K§ far fyy 1000:1 [ 1000:1 1000:1 fHAL
Rz - 2 MEL far h
Sweep Linearity C = 5000 pF %
10:1 sweep fy = 10 kHz | = 1 kHz 1 2 148
10001 Sweap ty = 100 kHx f - 100 kHz 51 5
Fht Distortron 110% FM Deviation a1 01 %
Recommended Range of See Characteristie Curves
Timing Resistors 1.5 2000 15 2000 K11
Irmpectance a1t Timing Pins Measured at pins 4, 5, &, or 7 74 : kL] it
DL Lever at Taming Ternwnals 10 10 mh
BINARY KEYING INPUTS
Switching Threshold Measured at pins Band §. 1.4 2.2 28 1.4 22 8 W
Refer to pin 10
input Impedance 5 5 )
OUTPUY CHARACTERISTICS
Triangla Crugpert Measured at pin 13
Amplitude 4 =1 a B Vpp
Impedance w0 10 £
DC Level Referenced mw pin 10 ffom 10% +100 +100 my
Linsarity to B0% of swing 01 0.1 kS
Squarewave Output Measured at pin 13, S5 clased
Amplitude 11 12 1 12 Vpp
Saturation Voltage Referenced to pin 12 0.2 04 0.2 0.4 '
Rise Time C «10pF 200G 200 nsed
Fall Time CL = 10pF 20 20 nsec




XR-2207

Voltage-Controlled Oscillator

ABSOLUTE MAXIMUM RATINGS

Power Supply . . . . . . . .
Pawer Dissipation |package limitation)
Ceramic Packags .
Derate above +26°C
Plastic Package . . .
Derate above +25°C
Storage Temperature Range

26V

750 mW
6.0 mw/"C

626 mW

5 m/°C

-657C to +180°C

DESCRIPTION OF CIRCUIT CONTRCOLS
TIMING CAPACITOR {PINS 2 AND 3}

The oscillator frequency is inversely proportional to the
timing capacitor, C. The minimum capacitance value is
limited by stray capacitances and the maximum value by
physical size and leakage current considerations, Recom-
merded values range from 100 pF to 100 gF. The capacitor
should be non-polarized.

TIMING RESISTORS (PINS 4, 5, 6, AND 7)

The tin.ng resistors determine the total timing current, I,
available to charge the timing capacitor. Values for timing
resistors can range from 7.5 K£ to 2 ME2: however, for
optirmmum temperature and power supply stakility, recom-
mended values are 4 K£! to 200 KL To avoid parasitic
pick up, timing resistor leads should be kept as shortas
aossible, For noisy environments, unused or deactivated
timing terminals should be bypassed o ground through
0.1 uF capacitors. Otherwise, they may be left open.

SUPPLY VOLTAGE {PINS T AND 12)

The XR-2207 is designed 10 operate over a power supply
range O 24V to £13V for split supplies, or 8V to 26V for
single supplies, At high supply voltages, the frequency
sweep range is reduced. Perforrmance is optimum for £6V,
or 12V single supply operation.

BINARY KEYING INPUTS (PINS 8 AND 9}

The internal impedance at these pins is approximately 5 K2,

Keying levels are <21.4Y for “zero” and 2> 3V for “ong”

logic levels refergneced to the do voltage at pin 10,

BIAS FOR SINGLE SUPPLY {PIN 11)

For single supply operations, pin 11 should be externally
bissed to a potential betwsen V3 and V+/Z volts (see
Figure 2). The hias current at pin 11 is nominally 5% of
the total oscillation timing current IT.

712

GROUND {PIN 10]

For split supply operation, this pin serves as circeit ground.
For singie supply operation, pin 10 shou!d be ac grounded
through a 1 uF bypass capacitor, During split supply opera-
tion, a ground curcent of 2 17 flows out of this terminal,
where |7 is the tatal timing current.

SOQUAREWAVE QUTPUT (PIN 13]

The squarewave output at pin 13 is a “open-coliector”
stage capable of sinking up to 20 mA of load current.
R serves as a pull-up load resistor for this output. Recomn-
mended values for R range from 1 KQ to 100 K&

TRIANGLE QUTPUT (PIN 14}

The output at pin 14 is a triangle wave with a peak swing of
approximately one-half of the total supply voltage. Pin 14
has a very low output impedance of 10 £2 and is internally
protected against short circuits,

MNote:  Triangle waveform linearity is sensitive to parasitic
coupling between the square and the triangle-wave
outputs fpins 13and 14} In board layout or circuit
wiring care should be taken to minimize stray
wiring capacitance between these pins.

OPERATING INSTRUCTIONS
PRECAUTIONS

The following precautions should be observed when
operating the XR-2207 family of integrated circuits:

1. Pulling excessive cutrent from the timing terminals
will adversely effect the temperature stability of the
circuit. To minimize this disturbanee, it is recom-
rmandad that the totaf cuitent drawn from pins 4, B,
6, and 7 be limited to <& mA. In additicn, per-
manent damage to the device may occur if the total
timing current exceeds 10 mA,

2. Terminals 2, 3, 4, 5, 6, and 7 have very low internal
impedance and should, therefore, be protected from
accidentat shorting to ground or the supply voltages.

3. The keying logic pulse amplitude should not exceed

the supply voltage.



Voltage-Controlled Oscillator

XR-2207

Lo
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RO

Figure 2, Tast Circuit for Split Supply Operation

TYPICAL PERFORMANCE DATA

Figure 3. Test Circuit for Single Supply Operation
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XR-2207

Voltage-Controlled Oscillator

SPLIT SUPPLY OPERATION

Figure 2 is the recormmended circuit connection for split
supply operation. The frequency of aperation is determined
by the timing capacitor, C, and the activated timing resistors
{R1t through R4}. The timing resistors are activated by the
logic signals at the binary keying inputs {pins 8 and 9}, as
shown in the logic table below. ' a single timing resistor
isactivated, the frequency is 1/RC, Otherwise, the frequency
is either 1/[Ry || R2}Cor 14(R; || Rg)C.

The squarewave output is obtained at pin 13 and has a
peak-to-peak voltage swing equal to the supply voltages.
This output is an "open-collector™ type and requires an
external puli-up load resistor (nominally 5 KL to the
positive supply. The triangle waveform obtained at pin 14
is centered about ground and has a peak amplitude of V*+/2.

The circuit operates with supply voltages ranging from £4Y
to £13V. Minimum drift cccurs with 6 volt suppfies. For
operation with unegual supply voltages, see page 4,

Figure 4. Frequency Sweep Operation

Tahie 1. Logic Table for Binary Keying Controls

LOBGIC | cp ecTED

LEVEL ' yiminG FRE-

;] a PINS QUENCY DEFINITIONS

0| o 6 fq 4 = 1/R3C, rfq = 1/A4C

ol 1| Gaa7 11 + &k | 2 = 1/RaC, nifg = 1/R4C

1 o ] fz Logic Levels: 0 = Ground

1 i 4and 5 t2 + Aty 1==3v
Mote:  For single-supply operation, logic levels are refar-

enced to voltage at pin 10,
SINGLE SUPPLY OPERATION

The circuit should be interconnectad as shown in Figure 3
100 sinyle-suppiy operation. Fin 12 shouid be grounded,
and pin 11 biased from V¥ through a resistive divider to 2
valug of bias voltage between V*/3 and V1/2, Pin 10 is
bypassed to ground through a 0.1 gF capacitor,

For single-supply operation, the dc voltage at pin 10 and
the timing terminals {pins 4 through 7} are equal and
approximately 0.6V above Vg, the bias voltage at pin 11,
The logic levels at the binary keying terminals are referenced
to the voltage at pin 10,

7-14

N——
ON — OFF KEYING

The XR-2207 can be keyed on and off by simply activating
an open circuited timing pin. Under certain conditions, the
circuit may exhibit very low frequency (<1 Hz) residual
osciliation in the "off” state due to internal bias current, If
this effect is undesirabtle, it can be eliminated by connecting
a 10 ML resistor from pin 3 to V',

FREQUENCY CONTROL {SWEEP AND FM}

The frequency of operation is controlied by varying the
total timing current, I, drawn from the activated timing
pins 4, 5, 6, or 7. The timing current can be modulated
by applying a control voltage, V., to the activated timing
pin through a series resistor Re as shown in Figure 4.

For split supply operation, a negative control voltage, Vo,
applied to the circuits of Figure 4 causes the total timing
current, IT, and the frequency, to increase.

Az an example, in the circuit of Figure 4, the binary keying
inputs are grounded. Therefore, only timing pin & is activated.

The frequency of operation is determined by
IR VePa

Fr— -

Fi3CB

Hz

R CV_
PULSE AND SAWTOOTH OPERATION

The duty cycle of the cutput waveforms can be controlied
by frequency shift keying at the end of every half cycle of
oscillator output. This is accomplished by connecting one
or both of the binary keying inputs {pins 8 or 9) to the
squarewave gutput at pin 13, The cuiput waveforms can
then be converted 1o positive or negative pulses and sawtooth
waveforms,

Figure 5 is the recommended circuit connection for duty
cycle controi. Pin 8 is shorted to pin 13 so that the circuit
switches between the G, 0" and the "1, 07 logic states
given in Table 1. Timing pin 5 is activated when the cutput
is “high”, and pin & is activated when the squarewave
cutput goes to a low’ stata.

E 13 NL

SAWTONTH
DUTRUT

4.7k

PULRE
QUTPLT

Figure 5. Pufse and Sawtooth Generation



Voltage-Controlled Oscillator XR-2207

The duty cycle of the output waveforms is given as: AVAILABLE TYPES
R2 Part Number Package Operating Temperature
Duty Cycle =
Ry + Ry XR-2207M Ceramic -85°C to +125°C
XR-2207CN Ceramic 0°C to +75°C

and can be varisd from .1% to 99.9% by proper choice of

- Q o
timing resistors, The frequency of osciilation, f, is given as: XR-2207CP Plastic 0'Cte+76C
XR-2207N Ceramic _40°C to +85°C
2 1 XR-2207P Piastic -40°C to +85°C
Fa——
C Rz + HS

The frequency can be modulated or swept without changing !
the "duty cycle by connecting Rz and R3 to a commen

control voltage Vi instead of to V-. The sawtooth and

the pulse output waveforms are shown in the Typical Elec-

trical Data.
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XR-2211 FSK Demodulator/Tone Decoder
DESCRIPTION FEATURES

The XR-2211 is a monolithic phase-locked loop {(PLL} ® Wide Frequency Range {0.01 Hz to 300 kHz)
system especially designed for data communications. It is .
particularly well suited for FSK modem applications. It ® Wide Supply Voltage Range {4.5V to 20V}

operates over a wide supply voltage range of 4.5 10 20V

] & DTL/TTL/ECL Logic Compatibility
and a wide frequency range of 0.01 Hz to 300 kHz. It can

accommodate analog signals between 2 mV and 3V, and & FSK Demodulation with Carrier-Cetection
can interface with conventional DTL, TTL and ECL logic ) .
families. The circuit consists of a basic PLL for tracking an & \Wide Dynamic Range {2 mV to 3V rms)

input signal frequency within the passband, a quadrature
phase detector which provides carrier detection, and an FSK
voltage comparater which provides FSX demoduiation. # Excellent Temperature Stability (20 ppm/°C, typicall
External components are used 1o independently set carrier

frequency, bandwidth, and output delay.

voor APPLICATIONS

FILIER FIL1ER

& Adjustable Tracking Range {£1% to £80%)

DUF'SP'in .
RS i D: D ® FSK Demodulation
L T & Data Synchronization
"y o ¢ Tone Decoding
I
o e r ® FM Detection
# Carrier Detection
A ETEDT
LR 3: TR
Lrare OFTECT VRN
T L

SCHEMATIC DIAGRAM
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FSK Demodulator/Tone Decoder
ABSOLUTE MAXIMUM RATINGS

XR-2211

CONNECTION INFORMATION

®RIFN \J .
Voo E SGMAL E |
Power POF ame 1IMING
er Supply . 20V CAPALITOR
Input Signal Lovel . 3V rms et [2: E !
Power Dissipation e 3] [12] wion
Ceramic Package PR 750 mW Laor
. o o .
Derate above TA = +25°C . 6 mW/°C arouno [4 ] —_ 1] oer
Plastic Package . . . . . 625 mw I : crme TNTERNAL REE
Derate above Ta = +26°C . 5 mW/°C e @12 <4|_El—@‘l—9]¥3?“‘“
OUTPeTS .
ELECTRICAL CHARACTERISTICS | OE v E
Test Conditions (see Figure 2): T E.—< — Ef;‘;‘rj et
v =412y, T, - +28%C, Rg= 30 Kf2 Gy = 0.033 uF. cume
XR-2211/2211M XR-2211C
PARAMETER CONDITIONS MIN. ’ TYP. ) MaX. | MIN. ] TYP. ] MAX. [ UNITS
GENERAL
Supply Voltage 45 20 45 20 v
Supply Current Ry = 10 KLY See Fig. 4. 4 7 5 g | ma
OSCILLATOR
Freguency Accuracy Treviation from £y = 1/RpCp 1 +3 1 %
Freguency Stability Ry==
Tamperature Coefficient See Fig. 8. +20 150 20 ppm/C
Power Supply Rejection V¥t =12 X1V, See Fig. 7. (.05 05 0.05 %V
Y+ =§ +0.5¥. See Fig. 7. 1.2 0.2 Yl
Upper Frequency Limit Rg=8.2 K&, Cy =400 pF 100 300 300 kHz
Lowest Practical Qperating
Frequency Rp =2 ML, Cg=50pF 0.01 0.0 Hz
Timing Resistar, Ry See Fig. &
Operating Range 2000 § 2000 KL
Recommended Range See Fig. 7and 8, 15 100 15 100 K2
LOGP PHASE DETECTOR
Paak Qutput Current Measured at pin 17, 150 | £200 | X300 | 2100 | *200 | 300 | pA
Output Dffset Current 1 +2 LA
Qutput 'mpedance . 1 1 ML
Maximum Swing Referenced to pin 10. 4 5 4 *h v
QUADRATURE PHASE
DETECTOR
Peak Output Current Measured at pin 3. 100 150 150 u
Qutput Impedance 1 1 MQ
Maximum Swing 1 1 Vpp
INPUT PREAMP
Input Impedance Measured at pin 2. 20 20 K
Input Signal
Voltage Reguired 1o Cause Limiting] 2 10 2 mV rms
VOLTAGE COMPARATOR
Input Impedance Measured st pins 3 and 8. 2 2 Mz
Input Bias Current 100 100 nA
WVoltage Gain Rp=5.1KQ 55 mn L] 10 dB
Outpur Voltage Low Ig=23mA 300 300 mY
Qutpui Leakage Current Vo =12V il m LA
INTERNAL REFERENCE
Voltage Level Measured at pin 10. 49 5.3 5.7 4.7% 5.3 585 J V
Gutput Impedance 100 100 N

l RAYTHEON I




XR-2211 FSK Demodulator/Tone Decoder
TYPICAL PERFORMANCE DATA
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DESCRIPTION OF CIRCUIT CONTROLS
Lt (ata SIGNAL INPUT (FIN 2}
LRI Tl
sk
1 e E [ -] '[:l bﬁ;w Signal is ac coupled to this terminal, The internal impedance
: Ton at pin 2 is 20 K£2. Recommended input signal level is in the
X i range of 10 mV rms to 3V rms.
Wl --l—I
i_‘ QUADRATURE PHASE DETECTOR QUTPUT (PIN 3)
oot ] E AR This is the high-impedance output of quadrature phase
detector, and is internally connected to the input of tock-
PSR e detect vohtage-comparator. In tone-detection applications,
pin 3 is connected 1o ground through a paratiel combination
of Rp and Cp {see Figure 2} to eliminate the chatter at
Figure 1. Functional Biock Diagram of a Tone and FSK lock-detect outputs. If this tone-detect section is not used,
Decoding System Using XR-22711. pin 3 can be left open circuited.

e
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Figure 2. Generalized Cireuit Connection for FSK and
Tone Detection

LOCK-DETECT OUTPUT, Q (PIN B)

The output at pin 5 is at "high’ state when the PLL is out
of lock and goes to “low™ or conducting state when the
PLL is locked. It is an cpen—collector type autput and
requires a pull-up resistor, R, to V1 for proper operation.
At “"low'' state, it can sink up to 5 mA of foad current.

LOCK-DETECT COMPLEMENT, 6 {PIN G}

The output at pin 6 is the logic complement of the lock-
detect output at pin 8. This output is also an apen-collector
type stage which can sink & mA of load current at low or
“'on' state.

FSK DATA OQUTPUT (PIN 7}

This cutput is an open-collector logic stage which requires
a pull-up resistor, R, to V¥ for proper operation. {1t can
sink B mA of lead current. When decoding FSK signals,
F5SK data output is at “high™ or off state for low input
frequency ; and at “low’ or on state for high input frequency.
If no input signal is present, the logic state at pin 7 is
indeterminate.

FSK COMPARATOR INPUT {PIN 8)

This is the high-impedance input to the FSK wvoltage
comparatar. Normally, an F3K post-detection or data filter
is connected between this terminal and the PLL phase-
detector output {pin 11). This data filter is formed by RE
and Cg of Figure 2. The threshold voltage of the comparator
is set by the internal reference voltage, VR, available for
pin 10.

REFERENCE VOLTAGE, Vg (PIN 10]

This pin is internally biased at the reference voltage level,
VR: VR = V12 - 850 mV. The dc voitage level at this pin
forms an internal reference for the voltage levels at pins
3.8, 17 and 12, Pin 10 must be bypassed to ground with
a 0.1 pF capacitor, for proper operation of the cirocuit.

LOOP PHASE DETECTOR QUTPUT (PIN 11)

This terminal provides a8 high-impedance output for the
loop phase-detector. The FLL loop fiiter is formed by
Ry and C1 connected to pin 11 {see Figure 2}). With no
input signal, or with no phase-error within the PLL, the
dc level at pin 11 is very nearly egual to V. The peak
voltage swing available at the phase detector output is
equal to *VRH.

VCO CONTROL INPUT {PIN 12}
VCO free-running frequency is determined by external
timing resistor, Rp, connecied from this terminal to ground.

The ¥CO free-running frequency, fg, is:

1

fn = Hz
0 RgCo

where Cg is the timing capacitor across pins 13 and 1d. For
optimum temperature stability, Rg must be in the range of
10 KE2 to 100 K£2 (see Typical Electrical Data),

This terminal is a low-impedance point, and is internatly
hiased &t a dc level egual to VR, The maximum timing
current drawn from pin 12 must be limited to < 3mA for
proper operation of the circuit,

VCO TIMING CAPACITOR (PINS 13 AND 14)

VCO frequency is inversely proportional to the external
timing capacitor, Cp, connected across these terminals,
Cp must be non-polar, and in the range of 200 pF 1w
10 uF

VCO FREQUENCY ADJUSTMENT

WCO can be fine-tuned by connecting a potentiorneter,
R, in series with Rg at pin 12 (see Figure 3).

VGO FREE-RUNNING FREQUENCY, f,.

The XR-2211 does not have a separate VCO output
terminal. Instead, the VCO outputs are internally connected
to the phase-detector sections of the circuit., However, for
set-up or adjustment purposes, ¥CO free-running frequency
can be reasured at pin 3 lwith Cp disconnected), with no
input and with pin 2 shorted to pin 10.
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FSK Demodulator/Tone Decoder

PESIGN EQUATIONS

See Figure 2 for Definitions of Components.

1. VCQ Center Frequency, fg:
fo = 1/RpCo Hz

2. Internal Reference Voltage, VR {measured at pin 10}
VR = ¥+/2 - 650 mV

3. Loop Lowpass Filter Time Constant, T
7 = R1{q

4. Loop Damping, §:

Co
t=14)
C1
5, Loop Tracking Bandwidth, * Af/fq:

Afffg = Rp/Rt

TRACKING
h BANDWIDTH
Af Af
L : : Il
fLL 1 fo fa fLH

6. FSK Data Filter Time Constant, 7 E
TF = HFCF

7. Loop Phase Detector Corwversion Gain, K¢,'. (K¢ is the
differential dec voltage across pins 10 and 11, per unit
of phase error at phase-detector input):
K¢ = -2VR/m valts/radian

8.  VCO Conversion Gain, Kg: (Kp is the amount of
change in VYCO frequency, per unit of dc voltage
change at pin 11):
Kg = -1/VRGgR1 Hz/voit

9. Total Loop Gain, KT:
KT = 2uKgKg = 4/CgR1 rad/sec/volt

10.  Peak Phase-Detector Current, la:

ta = YR {volts) /25 mA

APPLICATIONS
FSK DECODING

Figure 3 shows the basic circuit connection for FSK
decoding. With reference to Figures 2 and 3, the functions
of external components are defined as follows: Rg and Cp
set the PLL center frequency, R 1 sets the systemn bandwidth,
and C1 sets the loop-filter-time-constant and the loop
damping factor. CE and RE form a one-pole post-detection
fitter for the FSK data output. The resistor RE (= 510 KO}
from pin 7 to pin 8 introduces positive feedback across FSK
comparator to facilitate rapid transition between gutput
logic states.

Recommended cormponent values for some of the most
commonly used FSK bands are given in Table 1.

b
Sainl
EneY

R 100 el
ouTPUT Ay
|

A -
i 810 ki

= T

¥R 1M

&

o

Figure 3. Circuit Connection for FSK Decoding

Design Instructions

The circuit ot Figure 3 can be tailored for any FSK decoding
application by the choice of five key circuit components;
Rp. R1, Co. C1 and Cg. For a given set of FSK mark and
space frequencies, f1 and 3, these parameters can be calou-
lated as follows:

1. Calculate PLL center frequency, f:

f1+fa
o5

2. Choose value of timing resistor Bpg 1o be in the range
of 10 K€ to 100 KEL. This choice is arbitrary, The
recommended value is Rp = 20 KL, The tinal value
of Rg is normally fine-tuned with the series poten-
tiometer, Rx.

3 Calculate value of Cp from Design Equation No. 1
or from Typical Performance Data:

Cp = 1/Rgfo



FSK Demodulator/Tone Decoder

XR-2211

4. Calculate Ry to give a Af egual to the mark-space
deviation:

Ry = Rp [fp/f1 - foll

5 Calcuiate C1 1o set loop damping. {See Design Equation
Na. 4.}

Normaltly, § = 1/2 is recommended.
Then: C1 = Cpfdford = 1/2
6. Calculate Data Filter Capacitance, Cf:

For Rp = 100 K82, R = 510 K82, the recommended
value of GF is:

CF = 3/Baud Rate} uF

Note: AN calcuwlated component values except Ry can be
rounded-off to the nearest standard value, and Ay
can be varied te fine-tune center frequency through

a serfes potentiometer, R y. (See Figure 3.)
Design Example:

75 Baud FSK demaodulator with mark/space frequencies of
1110/1170 Hz:

Step 1: Calculate fig: fg = {1110 + 11701 {1/2}) = 1140 Hz
Step 2: Choose R = 20 KI2 {18 K{2 fixed resistor in series
with § KE2 potentiometer)
Stap 3. Calculate Cg from VCO Freguency vs Timing
Capacitor: Cp = 0.044 uF
Step 4. Caleulate Rq: Ry = Rg {2240/60) = 380 Kf)
Step 6: Caleulate Ci: €1 = Cp/d = 0.011 uF
Note: Al values except Ry can be rounded-off to nearest
standard vafve.
Tatife 1. Recommended Component Values for Commonly
Used FSK Bands {See Circuit of Figure 3}
FSK BAND COMPONENT VALUES
300 Baud Co=0.039pF Cf = 0.005uF
f1 = 1070 Hz C1=001uF  Rp=18KL2
fa = 1270 Hz Rj =100 KQ
300 Saud Cg=0.022uF Cg=0.005pF
f1=2025 Hz Cq1=00047 uF Rp=18KS2
fg = 2226 Hz R1 =200 KQ

wed
FINE TUNE

FSK o !
IMFLIT

Hote: Cata outputis “Tow' when no carrier is present.

Figure 4. External Connectors for FSK Demoduiation
with Carrier-Uetect Capabitity
FSK DECODING WITH CARRIER-DETECT

The lock-detect section of the XR-2211 can be used as a
carrier-detest option for FSK decoding. The recommendad
circuit connection for this application is shown in Figure 4,
The open-collector lock-detect outpui, pin G, is shorted to
data gutput (pin 7}. Thus, data output will be disabled at
“low"” state until there is a carrier within the detection
band of the PLL. and the pin 6 output goes “high’’ to enabie
the data output.

The minimum value of the lock-detect filter capacitance Cpy
is inversely praportional to the capture range, Afe. Thisis
the range of incoming frequencies over which the loop can
acquire lock and is always less than the tracking range. It is
further limited by C1. For most applications, Afg = Af/2.
For Rp = 470 K£2, the approximate minimum value of Cp
can be determined by:

Cgo uF) 2 1B/capture range in Hz.

With values of Cp that are too smail, chatter can he observed
on the lock-detect output as an incoming signal frequency
approaches the capture bandwidth. Excessively-large values
of Cp will slow the response time of the lock-detect output.

TOME DETECTION

Figure 5 shows the generalized circuit connection for tone
detection. The logic outputs, G and Q at pins 5 and 6 are
normally at “high” and “low' logic states, respectively.
Wher a tone is present within the detection band of the PLL,
the logic state at these outputs become reversed for the
duration of the input tone. Each logic output can sink 5 mA
of load current,

Both logic outputs at pins 5 and 6 are open-collector type
stages, and require external pull-up resistors R 1 and Ry 2,
as shown in Figure 5,

721
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% Calculate value of fiter capacitor Cp. To avoid
e chatter at the logic output, with Rp = 470 K{,
Cp must he:

TONE INPUT —

Cp {uF} 2(16/capture range in Hz)

M zzi1
Inctreasing Coy slows the logic output response tirme.

Daesign Examples:

—L_r— LIHGIC -
R aureus L Tone detector with a detection band of 1 kHz * 20 Hz:

l”—c

Step 1: Choose Rg =20 K {18 KL in series with 5 K2
potentiometer].

Figure 5. Circuit Connection for Tone Detection Step 2: Choose Cg for fg = 1 kHaz:
Co = 0.05 pF.

With reference 1o Figures 2 and 5, the function of the Step 3: Calculate Ry: Ry = (Rgl {1000/20} = 1 ME.
external circuit components can he explained as follows:
Rg and Cg set VCO center frequency; R4 sets the detection Step 4: Caloulate Cy: for { = 1/2, Gt = 0.25 uF,

bandwidth; C1 sets the lowpass-loop filter time constant Cpo= 0013 uF.

and the loop damping factor, R 1 and R 2 are the respec-

tive pull-up resistors for the Q and Q logic outputs. Step 5: Calculate Cp: Cp = 16/38 = 0.42 uF.

Design Instructions Step 6: Fine-tune center frequency with 5 K& potenti-
ometer, Ry.

The circuit of Figure B can be optimized for any tone-

detection application by the choice of the b key circuit

components: Ap, Ry, Cp, Ct and Cp. For a given input

tone frequency, fg, these parameters are calculated as LINEAR FM DETECTION
follows:

1. Choose Rg 1o be in the range of 15 K2 1o 100 KE2.
This choice is arbitrary.

w
2. Caleulate Cp to set center frequency, fg equal to ,é ,% °“";

fg: Co = ¥/Rofs. FM ot

Equation No, 5):

3. Calculate R to set bandwidth * Af; (see Design .[__o_ xH-irt I]‘U‘"‘

R1 = Rolig/af)

Note:  The total detsction bendwidth eovers the frequency
ranpaof fg T AF

—L [HEMOD
DUTPUT

4. Calculate value of Cy for a given loop damping factor:

Cy = Cpghst2
Normally & = 1/% is optimum for most tone-detector
applications, giving C'l = 0,25 C'Cl Mote: See saction on Design Equations for Componant Values.
Increasing €1 improves the out-of-band signal rejection, Figure 6. Linsar FM Detector Using XR-2211 and an

but increases the PLL capture time. External Op Amp
722
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LINEAR FM DETECTION

The XR-2211 can be used as a linear FM detector for a
wide range of analog communpications and telemetry appli-
cations. The recommended circuit connection for the appli-
cation is shown in Figure 6. . The demodulated output is
taken from the loop phase detector output {pin 11}, through
a post detection filter made up of RE and CF, and an external
buffer amplifier. This buffer amplifier is necessary because
of the high impedance output at pin 11, Normally, a non-
inverting unity gain op amp can be used as a buffer amplifier,
as shown in Figure 6.

The FM detector gain, i.e., the output voltage change per
unit of FM deviation, can be given as:

Vout = R1 VR/100 Rp Volts/%deviation
where VR is the internai reference voltage. (VR = V/2 -

650 mV}. For the choice of external components Rq, Rp,
Cp. €1 and CF, see section on Design Eguations.

AVAILABLE TYPES

Part Number Package Operating Temperature
XR-2211M Ceramic -55°C to +125°C
XR2211N Ceramic -40°C 1o +85°C
XR-2211P Plastic -40°C to +85°C
XR-2211CN Ceramic 0°C 1o +75°C
XR-2211CP Plastic 0°Co +75°C

7.23



XR-2567

DESCRIPTION

The XR-2567 is 2 dual monolithic tone decoder of the
567-type that is ideally suited for tone or frequency
decoding in muliiple-tone communication systems. Each
decoder of the XR-2567 can be used independently or both
sections can be interconnected for dual operation. The
matching and temperature tracking characteristics between
deceders on this monolithic chip are superior to those
available from two separate tone-decoder packages.

The XR-2567 operates over a frequency range of 0.0 Hz
to 500 kHz. Supply voltages can vary from 4.5V to 12V,
with internal voitage regulation provided for supplies be-
tween 7V and 12V, A functional block diagram of the
complete monolithic system is shown below, Each decoder
consists of a phase-locked loop (PLL), a quadrature AM
detector, a voltage comparator, and 2 logic compatible
output that can sink more than 100 mé of load current.

The center frequency of each decoder is set by an external
resistor and capacitor which determine the free-running
frequency of each FLL. When an input tone is present within
the passhand of the circuit, the PLL “locks” on the input
signal. The logic cutput, which is normally “high’, then
switches to 2 “low” state during this “iock”™ condition,

SCHEMATIC DIAGRAM

Dual Monolithic Tone Decoder

FEATURES

Replaces two 567-1ype decoders

Excellent ternperature tracking between decoders

Bardwidth adjustable from 0 to 14%

Logic compatible outputs with 100 mA sink capability

Center frequency matching {1% typical)

Center frequency adjustable from 0.01 Hz to 500 kHz

Inherent immunity to false triggering

Frequency range adjustable over 20:7 range by external
resistor

» 8 & 8 B " » 8

APPLICATIONS

Touch-Tone® Decoding

Sequential Tone Decoding

Dual-Tone Deceding/Encoding
Communications Paging

Ultrasonic Remote-Control and Monitoring
Full-Cugplex Carrier-Tone Transgeiver
Wiretess Intercom

Dual Precision Oscillator

FSK Gengration and Detaction

DECODER &

L]

i .
~huooe

p [FLERf j_
T P B
TIMING [it N F
EAPALITOR |1 T i
B )
3 B
4
i
TIMING

aEsisToR MY

REE oUTPUT
| Bvpass 13— T i ren
A= outeur
TT firer - Looe
: Meirer
I
I
L i
-, IR
I L DECODER 2
I
1 .
T— TIMING o,
| caraciroatsfl
Tﬂ]nurpm . .
TIMING |- SRR
‘ RESISTGR
HH-Alene sHoEH - |{ﬁ] BUTPUT

7-24




Dual Monolithic Tone Decoder XR-2567

ELECTRICAL CHARACTERISTICS
Test Conditions: Voo = 45V, Ta = 267C, uniess otherwise specified.

Test circuit of Figure 1, 51 closed unless otherwise specified.

PARAMETER CONDITIONS MIN. | TYP. MAX. UNITS
GENERAL
Supply Voltage Range
Without Reguiator See Figure 1, 51 closed 4.7% 7 Vde
With Internal Regulator See Figure 1, 5{ open 6.5 12 Vde
Supply Current (both decoders} See Typical Performance Data
Quiescent XR-2567M RL=20KQ 12 16 mA
XR-2567C R =20K0D 14 20 mA
Activated XR-2567M Ry =20KQ 22 26 mA
XR-2567C Ry 20K 24 30 mA
Output Voltage 15 W
Megative Voltage at input -10 v
Pasitive Voitage at Input Veot0.5 v
CENTER FREQUENCY*
Highest Center Frequency 100 a4 kHz
Center Frequency Stability
Temperature Ta = 25°C See Typical Performance Data 35 ppm/ G
0 <<Tp <+76°C See Typical Performance Data B0 ppm/°C
-66° < T < +125°C See Typical Performance Data £140 ppm/°C
Supply Voltage
Without Regulatar  XR-2567M fo = 100 kHz 0.5 1.0 ETAY
XR-2667C fp = 100 kHz 0.7 20 ETAY
With Internal Regulator XR-2567M fp = 100 kHz, ¥+ =9V 0.05 EIAY
XR-2567C fo = 100 kHz, V+ =9V 0.1 %V
DETECTION BANDWIDTH*
Largest Detection Bandwidth XR-2667M | fg = 100 kHz 12 14 16 % of {5
XR-2667C | fo=100kHz 10 14 18 % of fo
1 argest Detection Bandwidth Skew
XR-2567M 1 2 % of fg
XR-2567C 1 3 % of iy
Largest Detection Bandwidth Variation
Temperature Yin = 300 mY rms 0.1 %/°C
Supply Voltage Vip = 300 mY rms + 2 Wi
INPUT*®
Input Resistance 20 kLl
Srnallest Detectable Input Voltage IL =100 mA, fj=f, 20 éb my rms
Largest No-Output Input Voltage IL =100 mA, fj=fo 10 15 my rms
Greatest Simultaneous CQutband Signal
to Inband Signal Ratio +6 dB
Minimum Input Signal to Wideband
Noise Ratio Noise Bw = 140 kHz -6 dB
OUTPUT*
Cutput Saturation Voltage lL=30mA, Vi =26 mV rms 0.2 0.4 v
[ =100 mA, Vg =26 mV rms 0.6 1.0 v
Cuiput Leakage Current oM 25 Iy
Fastest ON-OFF Cycling Rate f0/20
Output Rise Time Rt = 6002 180 ns
Output Fall Time R = 6022 30 ns
MATCHING CHARACTERISTICS
Canter Frequency Matching fo = 10 kHz 1 o,
Temperature Drift Matching 0L <Tp <75 C +20 ppm/ C
-65°C <ITa < 125°C +50 ppm/°C

* Each decoder section.
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Dual Monolithic Tone Decoder

ABSOLUTE MAXIMUM RATINGS

Power Supply
With Internal Regulator

Withaut Regulator [Pins 12 and 13 shorted]

Power Dissipation
Ceramic Package .
Derate above +26°C
Plastic Package . . . . .
Derate above +25°C .

Temperature
Operating: 26671
2567C
Storage

CONNECTION INFORMATION

DI and MB
14V Bual In-Line.Packages
10V {Top\f;ewl
H 7567
g K] el .
750 n"{le ouTeuT E GELOLER E LG
BmW/C FILTER a FILTER
625 mw/°C vuteut ] 3 14 | inpur
5 mw/"C E :l
E_I 4 AEGULATOR 13 ]
-85°C to +125°C - nes
5 12 "EC
UOC 10 +?50C ,'__FE % BYPASS
-65°C to +160°C outeur [ § U 1] wur
o [ [10]2 %
tr::'?:.:cr: o E"‘J— IE :ile“yl:&m

TYPICAL PERFORMANCE DATA

Crder Part Nos.:
XR-2567M, XR.Z587CN,
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TYPICAL PERFORMANCE DATA (Cont)
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DEFINITIONS OF THE XR-2567 PARAMETERS

The center frequency, fo, is the free-running frequency of
the current-controlled oscillator of the PLL with no input
signal. It is determined by resistor Ry and capacitor C1:
fg can be approximateed by

1
R1Cy

Hz

fo

where Rt is in ohms and Cq is in farads.

The detection bandwidth s the frequency range centered
about fg, within which an fnput signal larger than the
threshold voltage {typically 20 mV rms) will cause a “logic
zero” state at the ocutput. The detection bandwidth corre-
sponds to the capture range of the PLL and is determined by
the 1owpass bandwidth filter. The bandwidth of the filter, as
a percent of fO' can be determined by the approximation

Vi

foC2

8w = 1070

wherg Vi is the input signal in volts, rms, and C3 is the
capacitance in pF at pins 10 or 15.

The largest detection bandwidth is the largest frequency
range within which an input signal above the threshold
voltage will cause a logical zero state at the output. The
maximum detection bandwidth corresponds to the lock
range of the PLL.

The detection band skew is a measure of how accurately
the largest detection band is centered about the center
frequency fp. It is defined as {frmayx + fmin - 2f0i/f0, where
fax and fmin are the freguencies corresponding to the
edges of the detection band. |f necessary, the detection
band skew can be reduced 1o zero by an optional centering
adjustrment, (See Optional Controfs.}

DESCRIPTION OF CIRCUIT CONTROLS
INPUT (PINS 1T AND 14)

The input signal is applied to pins 14 and/or 11 through a
coupling capacitor, C. These terminals are internally biased
at a de level 2 volts above ground and they have an input
impedance levet of approximately 20 K.
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TIMING RESISTOR R7 AND CAPACITOR Cy
{PINS 1, 8, 9, and 16)

The center frequency, fp, of aach decoder section is set by
a resistor Rq and a capacitor Cq. Rqa, is connected between
pins 1 and 16 in decoder section A, and R1g between pins 8
and 9 of decoder section B. Cp4 is connected from pin 1
to ground, and Cyg from pin 8 to ground, as shown in
Figure 3. Rq and Cq should be selected for the desired
center frequency by the expression fg = ¥/Rq1Cq. For
optimum temperature stability, Rq should be selected such
that 2 K2 < R <0 20 K&, and the RCq product should
have sufficient stability over the projected operating tem-
perature range.

For decoder section A, the oscillator output can be obtained
at either pin 1 or 16. Pin 16 is the oscillator squarewave
output which has a magnitude of approximately Vgo-1.4V
ard an average de level of Yoo/2 A 1 K& load may be
driven from this point. The voltage at pin 1 is an expanential
triangle waveform with a pesk-to-peak amplitude of 1 volt
and an average dc leve! of Vg/2. Only high impedance
loads should be connected to pin 1 to avoid disturbing the
temperature stability or duty cycle of the oscillator. For
section B, pin 9 is the sguarewave output and pin 8 the
exponential triangle waveiorm output.

Figure 3. Circuit Connection Diagram
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XR-2567

LOOP FILTER, C2 {PINS 10 and 15}

Capacitors Cza and Cop connected from pins 15 and 10 to
ground are the single-pole, lowpass filters for the PLL por-
tion of decoder sections A and B. The filter time constant
is given by T2 = RaCp, where R2 (10 KL is the impedance
at pins 10 or 15, The selection of C3 is determined by the
detection bandwidth requirements and input signal ampdi-
tude as shown in the Curves. One approach is to select
an area of operation trom the graph and then adjust the
input level and value of Cz accordingiy. Or, if the input
amplitude variation 15 known, the required fC2 product
can be found to give the desired bandwidth. Constant
bandwidth operation requires V; 2> 200 mV rms. Then, as
noted in the Curves, bandwidth will be controlled solely by
the fpCz product. (For additional information, see Optional
Controis Section, “Speed of Response™ and "Bandwidth
Reduction™.}

Pins 100 and 15 correspond to the PLL phase detector
outputs of sections A and B, respectively. The voltage
level at these pins is a lingar function of frequency over
the range of 0.85% 10 1.0% fg, with a slope of approxi-
mately 20 mV/% frequency deviation,

OUTPUT FILTER, C3 (PINS 2 AND 7}

Capacitors Capa and C3g connected from pins 2 and 7 to
ground form lowpass post detection filters for sections A
and B respectively. The function of the post detection
filter is to eliminate spurious cutputs caused by out-of-band
signals. The time constant of the filter can be expressed as
T3 = RaC3, where R3{4.7 K] is the internal impedance at
pins 2 or 7.

The precise value of C3 is not critical for most applications.
To eliminate the possibility of false triggering by spurious
sighals, a minimum wvalue for C3 is 2C7, whete Co is the
|oap filter canacitance for the corresponding decoder section.
H Cz is smaller than 2C3, then frequencies adjacent to the
detection band may switch the output stage 'off"” and “on”
at the beat frequency, or the cutput may pulse “'off'” and
“an" during the turn-on transient.

if the value of Ca becomes too large, the turn-on or
turn-off time of the ouiput stage will be delayed until
the voltage change across C3 reaches the threshold voltage.
In certain applications, this delay may be desirable as a
means of suppressing spurious outputs. {For additional
information, see Optional Controls Section, “Speed of
Response’” and “Chatter”.)

LOGIC QUTPUT (PINS 3 AND 6}

Output terminals 3 and & provide a binary logic output
when an input signal tone is present within the detection-
band of each respective decoder section. The logic outputs
are uncommitted ‘bare-collector’”” power transistors capable
of switching high current loads. The current level at the
cutput is determined by an external load resistor, R,
connected from Voo to pins 3 and &,

When an in-hand signal is present, the output transistor at
pins 3 or 6 saturates with a collector voltage less than 1 voit
{typically 0.6V} at full rated current of 100 mA. If large
qutput voltage swings are needed, R can be connected to
a supply voltage, ¥t higher than the Vi supply. For safe
operation, ¥t < 15 voits,

REGULATOR BYPASS (PIN 12)

This pin corresponds to the output of the voltage regulator
section. For circuit operation with a supply voltage greater
than 7V, pin 12 should be ac grounded with a bypass
capacitor =1 uF, For circuit operation over a supply voliage
range of 4.5 to 7V, the voltage regulator section is not
required; pin 12 should be shorted to VoC.

GROUND TERMINALS (FINS 4 AND 5}

To eliminate parasitic interaction, each decoder section has
a separate ground terminal. The internal regulator shares a
common ground with deceder section & [pin 4],

Independent ground terminals also allow additional flexi-
bility for split supply operation. Pin 4 can be used as V-,
and pin 5 as ground, as shown in Figure 4. When the circuit
is operated with split supplies, the positive supply should
always be 2> 6Y, and the dc potential across pins 13 and 14
should not exceed 15 volts.
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Figure 4. Split-Supply Operation Using Independent
Ground Terminals of Units A and 8. Unit A
Operates Between V¥ and V-, Uinit 8 Operates
Retween V' and Ground
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Dual Monolithic Tone Decoder

OPTIONAL CONTROLS
SPEED OF RESPONSE

The minimum lock-up time is inversely related to the foop
frequency. As the natural loop frequency is lowered, the
turn-on transient becomes greater. Thus, maximum cperating
speed is obtained when the value of capacitor Czisminimum.
At the [nstant an input signal is applied, its phase may drive
the oscillator away from the incoming frequency rather than
towsard it. Under this condition, the lock-up transient is in
a worst case situation, and the minimum theoretical lock-up
time will not be achigvable,

The following expressions yield the values of €2 and Cj,
in microfarads, which allow the maximum operating speeds
for various center frequencies. The minimum rate that digital
information may be detected without losing information
due 1o turn-on transient or output chatter isabaut 10 cycles/
bit, which c¢orresponds to an information transfer rate of
fo/10 Bsud.

130 260
€2 =—, 3 =—
o 3 fo

In situations where minimum turn-off time is of less
importance than fast turn-on, the optional sensitivity
adjustrment circuit of Figure 5 can be used to bring the
quiescent C3 voltage closer to the threshold voltage. Sensi-
tivity to beat frequencies, noise, and extransous signals,
however, will be increased.

CHATTER

When the value of C3 is small, the lock transient and ac
components at the lock detector output may cause the
cuiput stage 10 move through its threshold mare than
once, resulting in output chatter,

Although some loads, such as lamps and refays will not
respond to chatter, “lagic™ may interpret chatter as a series
of output signals. Chatter can be eliminated by feeding a
portion of the output back to the input or hy increasing
the size of capacitor Ca. Genetally, the feedback method
is preferred since keeping C3 smal! will enable faster opera-
tion. Three alternate schemes for chatter prevention are
shown in Figure 8. Generally, it is only necessary to assure
that the feedback time constant does not get so large that
it prevents aperation at the highest anticipated speed.
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Figure 6. Methods of Reducing Chatter

SKEW ADJUSTMENT

The circuits shown in Figure 7 can be used to change the
position of the detection band {capture range} within the
largest detection tand {or loop rangel. By moving the
detection band to either edge of the lock range, input
signal variations will expand the detection band in one
direction only. Since Rz also bas a slight effect on the duty
cycle, this approach may be useful to obtain a precise duty
cycle when the circuit is used as an oscilfator.
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Figure 5, Optionaf Connections for Sensitivity Controf
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QUTPUT LATCHING

After a signal is received, the output of either decoder
section can be latched "on" by connecting a 20 K52 resistor
and diode from the "output’’ terminal to the "output filter”
terminal zs shown in Figure 8. The output stage can be
unlatched by raising the voltage level at the output filter
terminal.

Figure 8 Output Latching

POSITIONING OF DETECTION BANDS

Figure 9 defines the respective band-edge snd band-center
frequencies for sections A and B of the dual tone decoder.
Frequencies f) and fy with appropriate subscripts refer to
the low and the high band-edge frequencies for decoder
section A and B, and fg is the center freguency.

The two sections can be interconnected to form a single-tane
detector with an overall detection bandwidth equal to the
sum of the difference of the detection bands for the two
individual detector sections. For exarnple, if the individual
decodar sections are interconnected as shown in Figure 13,
then the totsl detection bandwidth woutd be approximately
equal to the sum of the respective bandwidths as shown in
Figure 9 {b). Similarly, if the decoders are interconnected
as shown in Figure 11, then the overall detection band would
b equal to the difference, or the overlap, between the
respective bandwidths as shown in Figure @ (¢},

BANDWIDTH REDUCTION

The bandwidth of sach decoder can be reduced by either
increasing the loop filter capacitor C2 or reducing the loop
gain. Incressing C7 may be an undesirable solution since
this will also reduce the damping of the loop and thus slow
the circuit response time.
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Narrow-Band Detection

Figure 8. Positioning of Detection Bands

Figure 10. Bandwidth Reduction

Figure 10 shows the proper method of reducing the loop
gain for reduced bandwidth. This technique will improve
damping and permit faster performance under narrow band
aperation.

Bandwidth reduction can also be obtained by subtracting
over-lapping bandwidths of the two decoder sections {see
Figures & ic) and 17

APPLICATIONS
DUAL-TONE DETECTION

In most dual-tone detection systems, the decoder output
is required to change state cnly when both input tones are
present simultaneously. This can be implemented by setting
the deteciion bandwidth of each of the XR-2567 decoder
sections 1o cover one of the input tones; and then connect-
ing the respective outputs through a NOR gate, as shown
in Figure 11. In this case, the output of the NOR gate
will be "high” only when both input tones are present
simultaneously.
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Dual Monolithic Tone Decoder

Figure 12 shaws additional circuit configurations which can
be used for decoding multiple-tone input signals. In Figure
12 (al, the output of Unit A is connected to the output
filter {pin 7) of Unit B through the diode Dt. If no input
tone is present within the detection-band of Unit A, then
its output (pin 3) iz “high”, which keeps diode Dy con-
ducting and “disables” Unit B by keeping its output {pin 6)
“high”. {f an input tone is present within the detection-
band of Unit A, pin 3 is low, dicde D1 is reverse biased,
and decoder B is no fonger disabled. If ‘under these con-
ditions an input signal is present within the detection-band
of Unit B, then its output at pin 6 would be “low™, Thus,
the ocutput at pin & is “low’" only when input tones within
the detection-band of A and B are present simultanecusly,

The dual-tene decoder circuit of Figure 12 (b} makes use of
the split-ground feature of the XR-2567. The output termi-
nal of Unit A is used as a “switch™ in series with the ground
terminal {pin 5) of Unit B, If the input tone A is not present,
pin 3is at its high-impedance state, and the ground terminal
of Unit B is open-circuited. When the input tone A is
present, pin 3 goes to a low-impedance state and Unit B
is activated. in this manner, the output of Unit B will be
“low’’ onfy when both tones A and B are present.

In the circuit connection of Figure 12 (b}, Unit B does net
draw any current until it is activated. Therefore, its power
dissipation in a stand-by condition is lower than other
dual-tone decoder configurations. However, due to finite
series resistance between pin 3 and ground when Unit 8 is
activated, the output current sink capability is limited to
=10 mA.
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Figure 11. Connections for Decoding Dusi-Tona
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Figure 12, Additional Dual-Tone Decoding Circuits

SEQUENTIAL TONE DECODING

Dual-tone detector circuits can also be used for sequential
tone decoding where one tone must be present before the
other for the circuit to operate. This can be achieved by
making the output filter capacitance, C3, of one of the
sections larger with respect to the other. For example, in
the circuits of Figure 12 {a} and 13 (bl, if C3a is chosen
to be much larger than C3p {C3a 2 C3p). then Unit A will
remain “on’ and activete B for a finite time duration after
tone A s iecminaied. Thus, Uhe circuit wiii be abie 1o detect
the two tones only if they are preseni sequentially, with
tone A preceding tong B,

The cireuit of Figure 12 (al can also be modified for
sequential tone decoding by addition of a diode, Dy,
between pins 3 and 6. Once activated by Unit A, Unit B
wil! stay “on” as long as tone B is present, even though
tone A may ferminate. Once tone B disappears, the cireuit
is reset to its original state and would require tone A to be

present for activation.



Dual Monolithic Tone Decoder

HIGH-SPEED NARROW-BAND TONE DECODER

The circuit of Figure 11 can be used as a narrow-band tone
decoder by overlapping the detection bands of Units A
and B (see Figure 9 (¢c)). The output of the NOR gate will
be high only when an input signal is present within the
overlapping peorticns of the detection band, To maintain
uniform response within the passhand, the input signal
amplitude should be 280 mV rms. For minimum response
time, Pi L filter capacitors Cpp and Cop should be:

130

Coa = Cop = ——yF
fy tHz)

Under this condition, the worst-case output delay is = 10
to 14 cycles of the input tone.

The practical matching and tracking tolerances of individual
units limit the minimuem bandwidth to = 4% of (.

WIDEBAND DECODER

Figure 13 is a circuit configuration for increasing the
detection bandwidth of the XR-2567 by combining the
respective bandwidths of individual decoder sections. If the
detection bands of each section are focated adjacent to each
other as shown in Figure 9 (b}, and if the two outputs
{pins 3 and 6] are shorted together, then the resuiting
bandwidth is the sum of individual bandwidths. In this
manner, the total detection bandwidth ¢an be increased io
24% of center frequency. To mainiain uniform response
throughout the passband, the input signal level should be
280 mV rms, and the respective passbands of each section
should have “=3% overlap at center frequency.
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Figure 13, Wide-Band Tone Detection

XR-2567

TONE TRANSCEIVER

The XR-2567 can be used as a full-duplex tone transceiver
by using one section of the unit as a tone detector and the
remaining section as a tone generator. Since both sections
operate independently, the circuit can transmit and receive
simultaneocusly. A recommended circuti connection for
transqeiver applications is shown in Figure 14, In this case,
Unit A is utitized as the receiver and Unit B is used as the
transmitter. The transmitter section can be keyed “on'’
and “off” by applying a pulse to pin 8 through a disconnect
diocde D1. The oscillator section of Unit B will be keyed
“off” when the keying logic level at pin § is at 8 “low" state.

The output of the transmitter section (Unit B} can also be
frequency moduisted over a +6% deviation range by apply-
ing a modulation signal to pin 10,

Figure 14. Tone Transceiver

HIGH CURRENT OSCILLATOR

The oscillator output of each section of XR-2567 can be
amplified using the high current logic driver sections of the
circuit. {n this manner, each section of the circuit can switch
100 mA loads, without sacrificing oscillator stability. A
recommended circuit connection for this application is
shown in Figure 15. The oscillator frequency can be modu-
lated over *6% of fg by applying a control voltage to
pins 15 or 14,
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AVAILABLE TYPES
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Part Number Package Operating Temperaturef
XR-2567M Ceramic -B5"C 1o +125°C
XR-2567CN Ceramic 0°c 10 +75°C
XR-2567CP Plastic 0°C to +76°C




Voltage-to-Frequency Converter

GENERAL DESCRIPTION

The RC4181 and RM4151 provide a simple low-cast method
of A/D conversion, They have afl the inherent advantages of
the voltage-to-frequency conversion technique, The output of
RC4151/RM2161 is a series of pulses of constant duration.
The frequency of the pulses is proportional to the applied
input voltage, These converters are designed for use in a wide
range of data conversion and remote sensing applications.

SCHEMATIC DIAGRAM

D

ESIGN FEATURES

Single Supply Qperation (+8V to +22V)
Puise Qutput Compatible With All Logic Farms
Programmable Scale Factor (K)

Linearity £0.05% typical —precision mode
Temperature stability +106% pgm/°C typical
High Moise Rejection

Inherent Monatonicity

Easily Transmittable Output

Simple Full Scale Trim

Single-Ended Input, Referenced to Ground

Alsa Provides Frequency-to-Voltage Conversion

4151

=
Yoo

o
NS

47'L
ol

Figure 1

CONNECTION INFORMATION

TE (TQ-98} Metai Can

DE and NB

NOTE: PIN & CONNECTED TQ CASE

BM4IS10E, RV4151DE, RC41510E

A PIN  FUNCTION
[Top View} Dual In-Line Packages -
Top Yiew) 1 CURRENT SOURCE
2  SCALE FACTOR
(e = 3 LOGIC DUTPUT
] i 4  GROUND
s R 5 ONESHOTH, C
h 51 5 THRESHOLD
T INPUT VOLTAGE
Orger Parr Mos.: RC4151T, AMA1S1T Dhaer Part Mos: ACA1SINE, RYA1ETNE [-] "'CC
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4151 Voitage-to-Frequency Converter

ABSOLUTE MAXIMUM RATINGS

Supply Voltages . . . ..... . ... ... ... ... ... +22V Storage Temperature Range

Output Sink Cutrent ... .. n i i 20mA RM4181 ..., .. ... .. -659¢ 10 +1502C
Internal Power Dissipation . . . ... . ... ... ... S00mYY Bwd1B1 . .. ... . ~5600 1o +12500
Input Woltage . ................. -0.2V to tVe RC41B1 ... ... ~B60C to +1250C
Output Short Cireuit to Ground .. . ... ... Continuous Operating Temperature Range

BMAa161 .. ... ... —580C to +1250C
RV418T ... ... oo —40°C to +860C
RCAIBT ... . ... goC to +700C

ELECTRICAL CHARACTERISTICS (Vo = +18Y, Ta = +250C, unless otherwise specified}

PARAMETER CONHTIONS MIK TYP MAX UMNITS
Supply Current 8V <IVgp < 18V 3.5 6.0 mA
15V < Vep < 22V 20 45 7.5 mA
Conversion Accuracy
Scale Factor Circuit Figure 3, V) =10V 0.890 1.00 1.10 kHz/V
Rs = 14.0k
Orift with Temperature Circuit Figure 3, V| = 10V - £100 - ppM/oC
Drift with Voo Circuit Figure 3, V| = 1.0V — 0.2 1.0 W
8V < Ve < 18V
laput Comparator
Offset Voltage - 5 10 my
Qffset Current - 150 +100 nA
input Bias Current - =100 =300 na
Common Mode Range (MNote 1} 0 Orevep -2 Voo -3.0 v
One-Shot
Threshold Voltage, Pin 6 0.63 867 0.70 x ¥CC
Input Bias Current, Pin - =100 _500 n&
Reset VAT Pin 5, 1 = 2.2mA - 0.15 0.50 v
Current Source
Cutput Current {Rg = 14.0kE} | Pin 1, Figure 2, V=10 - 138.7 - HA
Change with Voltage Pin1, ¥ =0V to V=10V - 1.0 25 MA
Off Leakage RFin 1,V =0V — 1 G0.0 na
Reference Voltage Pin 2, Figure 2 1.70 1.9 2.08 V'
Logic Output
VAT Fin 3, 1 = 3.0mA - aJ.156 0.50 W
VSAT Pin 3,1 = 2.0mA - 0.10 0.30 v
Qff Leakage - A 1.0 LA

Note 1: Input Common Mode Range includes around,
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Voltage-to-Frequency Converter

4151

PRINCIPLE OF OPERATION
Single Supply Mode Voltage-to-Frequency Conversion

In this application the RC43151/RM41517 functions as a stand-
alone voltage to frequency converter operating on a single
positive power supply. Refer to Figure 2, the simplified block
diagram. The RC/RM4151 contains a voltage comparator,
a aneshot, and a precision switched current source. The vol-
tage comparator compargs a positive input voltage applied at
Rpin 7 to the voltage at pin 6. If the input veltage is higher, the
comparatar will fire the one-shot. The output of the one-shot
is connected to both the logic output and the precision switched
current source. During the one-shot period, T, the logic output
will go low and the current source will furn on with current |,
At the end of the one-shot period the logic cutput will go high
and the current source will shut off. At this time the current
source has injected an amount of charge @ = 10T into the net-
work Rp-Cg. If this charge has not increased the voltage Vg
such that ¥g = V|, the comparator again fires the one-shot
and the current source injects another fump of charge, Q, into
the Rp-Cg network. This process continues until Vg > Vy,
When this condition is achieved the current source remains off
and the voltage Vg decays until Vg is again equal to V). This
completes one cyele, The VFC will now run in & steady state
mode, The current source dumps lumps of charge into the
capacitor Cg at a rate fast enough to keep Vg > V. Since the
discharge rate of capacitor Cg is proportional to Vg/Rg, the
frequency at which the systern runs will be proportional to the
input voltage,

The 4151 VFC is easy to use and apply if you understand the
operation of it through the block diagram, Figure 2. Many
users, though, have expressed the desire to understand the
warkings of the internal circuitry. Figure 1 shows the schematic
of the 4151, The circuit can be divided into five sections: the
internal biasing netwaork, input comparator, one-shot, voltage
reference, and the output current source.

The internal biasing network is composed of Q39-043. The N-
channel FET Q43 supplies the initial current for zener dicde
Q38. The NPM transistor Q38 senses the zener voltage to derive
the current reference for the rultiple collector current source
Q41. This special PNP transistor provides active pull-up for
all of the other sections of the 4151,

*Yeoo FREDUENCY
SITEHED BuTPLT
CURRENT
SOURCE ¢ . o | I |
o
. T
, -] |-1
— +V|_
It
om:
SHOI
¥
!NPUT
INPUT
st COMPAHATOR

Figure 2. Simplified Block Diagram, Single Supply Made

The input comparator section is composed of Q1-0Q7. Lateral
PNFP transistors Qf7-Q4 form the special ground-sensing input
which is necessary for VFC operation at low input voltages.
NPN transistors Q5 and QB convert the differential signal to
drive the second gain stage Q7. I the voltage on input pin 7 is
less than that on threshold pin 6, the comparator will be off
and the collector of Q7 will be in the high state. As suon as the
valtage on pin 7 excesds the voltage on pin 8, the collector of
Q7 will go low and trigger the one-shot.

The one-shot is made from a voltage compearator and an R-5
latch. Transistors Q12-Q16 and Q18-Q20 form the compara-
tor, while O8-011 and Q16-Q17 make up the K-S latch. Cne
latch output, open-collector reset transistor Q16, is connected
to a comparator input and to the terminal, pin 5. Tirming resis-
tor Ry is tied externally from pin 5 to +Vpg and timing
capacitor Cpy is tied from pin § to ground. The other com-
parator input is tied to & voltage divider Rg3-Bp which sets the
comparator threshold voltage at 0.667 Y. One-shot opera-
tiun is initiated when the collector of Q7 goes low and sets the
latch. This causes Q16 1o turn off, releasing the voltage at pin
5 to charge exponentially towards +V e through RQ. As soon
as this voltage reaches 0.667 Vg, comparator autput 020
will go high causing 10 to reset the latch. When the latch is
reset, 216 will discharge C) to ground. The one-shot has now
completed its function of creating a pulse of period T = 1.1
R@ £ at the tatch output, 821, This pulse is buffered through
Q23 to drive the open-collector logic circuit transistar Q32,
During the one-shot period the logic output will be in the low
state. The one-shot output is also used to switch the reference
voltage by Q22 and Q24. The low T.C. reference voltage is
derived from the combination of a 5.5V zener dicde with resis-
tor and diode level shift networks. A stable 1.89 volts is
developed at pin 2, the emitter of Q33.

Connecting the external current-setting resistor Rg = 14.082
from pin 2 to ground gives 1354 from the collectors of Q33
and Q34. This current is reflected in the precision current
mirror Q35-037 and produces the output current 1¢) at pin 1.
When the R-3 latch is reset, Q22 and Q24 will hold the
reference voltage off, pin 2 will be at OV, and the current wil!
be off. During the one-shot period 7, the latch will be set, the
voltage of pin 2 will go 10 .89V, and the output current will
ke switched on.
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Voltage-to-Frequency Converter

TYPICAL APPLICATIONS
Single Supply Voltage-to-Frequency Converter

Figure 3 shows the simplest type of VFC that can be made
with the 4157, Input voltage range is from 0 to +10%, and out-
put frequency is from 0 to 10kHz. Full scale frequency can be
tuned by adjusting Rg, the output current set resistor, This cir-
cuit has the advantage of being simple and low in cost, but it
suffers from inaccuracy due to a number of error sources.
Linearity error is typically 1%. & frequency offser will also be
introduced by the input comparator offset voltage. Also, re-
sponse time for this circuit is limited by the passive integration
network Rp Cpg. For the component values shown in Figure 3,
response time for a step change input fram O ta + 10V will be
135msec. For applications which require fast response time
and high accuracy, use the circuits of Figure 4 and 5.
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= 3] OUTRUT
mgku. 5 4 L
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Figure 3. Single Supply Voltage-to-Frequency Converter

Precision VFC with Single Supply Voltage

For applications which requrie a8 VFC which will operate from
a single positive supply with positive input voltage, the circuit
of Figure 4 will give greatly improved linearity, frequency off-
set, and response time, Herg, an active integrator using one
section of the RC3403A quad ground-sensing op-amp has re-
placed the Rg-Cg network in Figure 3. Linearity error for this
cireuit is due only to the 4151 current source ouTput condue
tance. Frequency offset is due only to the op-amp input offset
and can be nulled to zero by adjusting Rg. This technique uses
the op-amp bias currert to develop the null voltage, 50 an op-
amp with stable bias current, tike the RC3403A, is required,
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Precision Voltage-to-Frequency Converter

In this application (Figure 5} the 4151 VFC is used with an
operational amplifier integrator 1o provide typical linearity
of 0.05% over the range of 0 to —10V, Offset is adjustable to
zero, Unlike many VFC designs which lose linearity befow
10mV, this circuit retains lingarity over the fult range of input
voltage, all the way to OV,

Trim the full scale adjust pot at V| = =10V for an cutput

frequency of 10kHz. The offset adjust pot should be set
for 10Hz with an input voltage of —{0mV.

Fig 100 k:

VI — A

FLLL 3CALE TRIM
VL Bk, 1ZEL

OUTFUT

ooy 10kH:

Figure 5, Precision Voltage-to-Frequency Converter



Voltage-to-Frequency Converter

4151

The 4131 gperational amplifier integrator improves linearity
of this circuit over that of Figure 3 by holding the output of
the source, Fin 1, at a constant OV. Therefore lingarity error
due to the current source output conductance is eliminated.
The diode connacted arcund the op-amp prevents the voltage
at 4151 pin 7 from going below 0. Use a low-leakage diode
here, since any leakage will degrade the accuracy. This circuit
can be operated from a single positive supply if an RC3403A
ground-sensing op-amp s used for the integrator. In this case,
the diode can be left out. Mote that even though the circuit
itself will operate from a single supply, the input valtage is
necessarily negative. For operation above 10%Hz, bypass 4151
pin B with Q.071uf.

Comparison of Voltage-to-Frequency
Applications Circuits

Table 1 compares the YFC applications circuits for typical
linearity, frequency offset, response time for a step input from
0 to 10 volts, sign of input voltage, and whether the circuit
will operate from a single positive supply or split supplies.

Table 1

Figure 3 Figure 4 Figure &
Linearity 1% 0.2% 0.05%
Frequency Offset +10Hz 0 0
Responsa Time 136msec 10usec 10psec
Input Voltage + + -
Single Supply yes ¥ES ¥es
Split Supply — - yes

Frequency-to-Voltage Conversion

The 4151 can be used as a freguency-to-voltage converter.
Figure & shows the single-supply FVC configuration. With no
signal applied, the resistor bias networks tied to pins 6 and 7
hold the input comparator in the off state. A negative going
pulse applied 1o pin 6 {or positive pulse to pin 71 will cause
the comparator to fire the one-shot. For proper operation,
pulse width must be less than the period of the oneshot, T=
1.1 Rg Cp. For a bBY pp square-wave input the differentiator
network formed by the input coupling capacitor and the resis-
lor bias network will provide pulses which correctly trigger the
one-shot. An external voltage comparator such as the 311 or
339 can be used to “square-up” sinusoidal input signals before
they are applied to the 41561, Alsa, the component values for
the input signal differentiator and bias network ean be altered
to accommodate square waves with different amplitudes and
frequencies. The passive integrator network Rp Cg filters the
current pulses from the pin 1 output, For less output ripple,
increase the value of Cg.
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WAVE |
0 ) 1
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A
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Figure 6. Single Supply Frequency-to-Voltage Converter

Far increased accuracy and linearity, use an operational amp-
lifier integrator as shawn in Figure 7, the precision FVC con-
figuration. Trim the offset to give -10mV out with 10Rz
in and trim the full scale adjust for - 10V out with 10kHz in.
tnput signal conditioning for this circuit is necessary just as
for the single supply mode, and scale factor can be programmed
by the choice of component values. A tradecff exists between
output ripple and response time, through the choice of inte-
gration capacitor C|. If C) = 0.1uf the ripple will be about
100mY. Response time constant TR = Rp C|. Fer Rg =
100kE2 and Cy = 0.1uf, TR = 10msec,

Figy B.BK:
0 15V B AAA

L
<
S0k
<

Yo
vOLTAGE
QuTRUT

Figure 7, Precision Frequency-to-Valtage Converter
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Voltage-to-Frequency Converter

PRECAUTIONS

1. The voltage applied to comparator input pins 6 and 7 should
not be allowed to go below ground by more than 0.3 volt.

2. Pins 3 and 5 are open-collector outputs. Shorts between
these pins and +V oo can cause overheating and eventual
destruction.

3. Reference voltage terminal pin 2 is connected to the emitter
of an NPN transistor and is held at approximately 1.9
volts. This terminal should be protected from accidental
shorts to ground or supply voltages. Permanent darmnage
may oceur if current in pin 2 exceeds BmA.

4. Avoid stray coupling between 4151 pins § and 7, which
could cause false triggering. For the eircuit of Figure 3,
bypass pin 7 to ground with at least 0.0Tuf. If false trig-
gering is experienced with the precision mode circuits, by-
pass pin 6 1o ground with at least 0.01uf. This is necessary
for operation above 10kHz.

PROGRAMMING THE 4151

The 4151 can be programmed to operate with a full scale fre-
quency anywhere from 1.0Hz to 100kHz. In the case of the
YWEC configuration, nearly any full scale input veltage from
1.0¥ and up can be tolerated if proper scaling is employed.
Here is how to determine component values for any desired
full scale frequency.

1. Set Rg = 14Kk{2 or use a 12k resistor and 5k pot as shown in

the figures. {The only exception to this is Figure 6.}

2.8t T=11RpCo = 0_}'5[{1]where fo is the desired ful!
o

scale frequency, For optimum performance make 8.8k§2
<" R << 680kL2 and 0.001uf << Co <C 1.0pf.

_ . 1
3. a) For the circuit of Figure 3 make Cp = 10'2[F6]Farads.
Smaller values of Cg will give faster yespanse time, but
will also increase frequency offset and nonlinearity.

b} For the active integrator eircuits make
- s | L
Cl =5X10 fo Farads.

The op-armp integrator must have a slew rate of at least
136 X 1078 [Cl] valts per second where the value of
|

Cj is again give in Farads.
4. a} For the circuits of Figure 3 and 4 keep the values of Rg

and Rp as shown and use an input attenuator to give the
desired full scale input voitage.

b) For the precisicn mode circuit of Figure §, set Rg =

ViD

100uA
Altarnately the op-amp inverting input (summing nodet
can be used as a current input with full scale input
current |y = - 100uA.

where Vi) 15 the full scale input veltape.
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5. For the FVCs, pick the value of Cp or Cj 1o give the opti-

rmum tradeoff between response time and output ripple for
the particular application.

DESIGN EXAMPLE

Design a precision VFC {from Figure 5} with fo =
100kHz and Vi = 10V,

1. Set Rg = 14.0k{2.
2. T=078 T(]]—S:I = 7.Gusec

Let Rp = 6.8k{2 and Cg = 0.00144.
3¢ =5%10% [ﬁ] = 500pf.

Cp-amp slew rate must be at least

1
SR =136 X 10% [ﬁo—pf*] = 0.27usec

__tov
4. Rg = Jopua = 100KL.

Design a precision YFC with fo = 1Hz and V| = -10V.
1. Let Rg = 14.0k2.

1
2.7=07% [1_'] = 0.75 sec.
Let R = 680k and Co = 1.0uf.

1
3.C =5 X107 [T] F = 50uf.

4. Rp = 700kL2.

Design a single supply FVC to operate with z supply
voltage of 9V and full scale input frequency fo =83.3Hz.
The output voltage must reach at least 0.63 of its final
value in 200msec. Determing the output ripple.

1. Set Fls = 140k,

1
2. T=0.78 I:_M_BGS] = 9msec
Let RO = B2kS} and CO = 01]’.!'['

3. Since this FYC must operate from 8.0V, we shall
make the full scale output voltage at pin 6 equal to
5.0v.

J L A
4. Rg = To0uA = SOk

5. Output response time constant is ™” < 2D0msec

TR 200X10°3 _
Theretare Cg = -F"-E-i ZW =
Worst case ripple voltage is:
Vg - IMSXIZEA _ o0
45



Voltage-to-Frequency Converter 4151

IV. Design an opto-isolated YFC with high finearity which YWFC configuration for maximum linearity. The RC34034
accepts a full scale input voltage of +10V. See Figure 8 quad op-amp provides the functions of inverter, inte-
for the final design. This circuit uses the precision mode grater, regulator, and LED driver.

-k
CI)_ MWk, II—- _|+-hﬂﬁ.|l_-. -!
) ; tlm-m
) — ] e
s . !
O i l b B | Tk
- ; i A — 12k
CURRERT o i 1 10k,
Wil TAGE -S—NAA
[TRAN . .
I b . :z'gi‘enmr.r
o300

RMA161
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CPTOARDLATOA

O : — FACTOR

GuTP

s RPOLARITY DETERMINED 8y DESIKEQ RELATIONEHIF HE TWEEN
PULHE QUTPUT I EWEL AR 1 LD QN7 STATE,

Figure 8. Opto-lsolated VFC
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Voltage-to-Frequency Converter

DESCRIPTION

The Raytheon 4152 consists of 8 comparator, a one-shot, a
precise gated current-source putput, an internal voltage refer-
ence, and an open-coliector output . . . all on a single mong-
lithic 1C chip, These elements can be combined via external
pin conngctions 1o perform a wide variety of circuit functions.

The versatility of this unique IC makes it easy 1o tailor the cir-
cuit operation to your needs. Puise width, scale factor, and
autput drive are set by external resistors as shown in Figure 1,
Combine the versatile 4152 with an op amp or two, some
digital circwits, and the range of cost-effective applications
becomes even greater.

The Raythean 4152 provides a versatile, |ow-cost means of
accurately converting an analog signal to a pulse train of pro-
portional frequency, and vice versa. It can be imaginatively
applied to a broad range of signal conditioning applications
once the various functional blocks within the 1C are understaod.,

The 4162 is directly interchangeable with the 4151, thereby
aliowing an upgrading of systern accuracy at minimal cost.

4152 W
B
SCAaLE REF T
FACTOR Rn
fs o |vg 5
_,_—V\N‘—CL— GATED REF § FULSE
L T ] o _F‘_WID'IH
= GATED — a
CURRENT T
SOURCE = .
CWARENT 1 1 L
SUTEUT e O o _fa outpur
PLLSES
& COMPARATOR
el UL
"‘“"”5! 3 ———-| ONEsmOT |-
o 4= =T
4
Figure 1. Functional Diagram of Raytheon 4152,

CONNECTION INFORMATION

FEATURES

Single supply operation {(+7 V 10 +18 V)
Pulse output compatible with all logic forms {DTL/TTL/
CMOS)

Prograrmmable scale factor (K}

High linearity £0.05% max

Temperature stability 2150 ppm/°C max
Direct replacement for RM/RC4151
High noise rejection

Inherent monotonicity

Easily transmittable outpat

Simple full scale trim

Single-ended input, referenced to ground
VIF or F/V conversion

Yoltage or current input

Wide dynamic range

APPLICATIONS

Precizion voltage-to-frequency-converters
Pulse-width modulators
Prograrmmabie pulse gererators
Frequency-to-voltage converters
Integrating analog-te-digital converter
Laong-term anatog integrator
Signal conversion —
Current-to-frequency
Temperature-to-frequency
Pressure-to-frequency
Capacitance-to-frequency
Frequancy-to-current
* Signal isolation
VFC — opto-isolation = FVC
ADC with opto-isotation
® Signal encoding
FSK modulation/demodutation
Pulse-width modulation
* Freqguency scaling
* DC moior speed controt

DE and NB Miniatura
T “;?c.ag;)gl\f?:‘:lfl can Dal In-ling PIN FUNCTION
Packages 1 CURRENT SOURCE
Top View! 1 ECALE FACTOR
i L 3 LOGIC OUTPUT
= B 4  GROUND
O ] 5 ONE-SHOTR.C
= fm] 6  THRESHOLD
7 INPUT VOLTAGE
Qrder Part Nos.: ACATE2T, RM4152T Chider Parr Mos.: RCA15ZME, RV4152NE g v
NOTE: PIN 4 CONNECTED TO CASE RM41620E, RV4I520E, REA1520E o
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Voltage -to-Frequency Converter

ABSOLUTE MAXIMUM RATINGS

4152

Supply Woltages . .. .. .............
CQutput Sink Current . . ... oL
Internal Power Dissipation . . .. .......
Input Voltage .. ...............

Cutput Short Cireuit to Ground ... . L ..

500mw
0.2V 1o +Vo
Continuous

Storage Temperature Range
RMATIBZ .. ... . —-660C to +1500C
BW4152 . .. . . e ~5H0C to +1250C
RCA1B2 ... oo ~-BROC to +1250C
Operating Temperature Range
RMAIBZ .. .. -550C 10 +1259C
AVAIRZ . . e -4{2C to +850C
BCA152 .. e 00C to +700C

ELECTRICAL SPEC'F'CAT‘ONS Typical performance at VCC =+15 % and TA =+25°C unless otherwise noted.

CIRCUIT CHARACTERISTICS MIN TYFP MAX UNITS
Input Comparator
tnput Offset Voltage @ 25°C £2 +10 my
vs, Temperature +20 Y Tate
input Offset Current 30 100 na&
Bias Current {Either Input} -60 -300 nA
Input Voltage Range {Either Input) O0to Ve -3.0 Volis A
Comparator Gain 10,000 —
One-Shot Pulse Cirgisit
Pulse Width {See Fig. 1) 1.1 Ry Coy £ 3% sec
Threshold Voltage {Pin &) 0.65 Vo 0.67Vee 0.69 Vpo V
Input Bias Current (Pin 5) -100 -500 nA
Weat at Pin B, 1 =22 mA Q.10 0.5 W
Pulse Width Stability {Tp = 75 us)
vs. Temperature 30 150 ppm/°C
vs, Supply 105G ppmivV
Gated Current Source
Qutput of Gated Current Source VR/Rg 1% -
vs. Temperaturel(1] 160 +100 pomi°C
v, Supply 0.10 %%/V
Compliange {Change with Valtage) 0.10 0.25 LA
Leakage in OFF State o 50 nA
Rise Time 100 nsec
Fall Time 100 nsec
Reference Voltage
Voltage VR (Pin 3§ 2.0 225 25 A4
Temperature Coefficient +50 100 rpm{°C
Logic Qutput (Pin 3)
Viat @1 =3 mA 0.1 0.5 Y
@1 =10 mA 0.8 W
Power Supply
Voltage, Operating Bange +7 +15 +18 v
Ouiescent Current Brain 25 o} mA

[”Temperature coefticient of autput currant mirror {pin 1 output) exclusive of reference voltage drift.
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input Comparator

The input comparator section consists of transistors {21 through
Q7 (see Figure 2). A PNP ground-sensing input stage provides
capability of operating down to low input voltages, thus the
input range on either input is from zero up to +VCC-3V{power
supply voltage less three volts). This is particularly important
for single-supply operation. Input comparator gain is approx-
imately 10,000, The output of the comparator, transistor Q7,
switches from OFF to ON when the input voltage applied to
pin 7 becomes more positive than the input voltage on pin 6.
The output transistor Q7 going into saturation is used to
trigger the one-shot.

One important precaution: The voltage applied to the input
comparator (pins 6 and 7} must not be more negative than
0.3 V relative to the ground terminal {pin 4) unless there is
protective current limiting. Megative input voltages will saturate
the input PNP transistors and cause excessive input base cur-
rent. This input-base current must not be allowed to exceed
25 mA over an extended period of time or the |C could he
damaged. If there is a possibility of continuous axcessive nega-
tive voltage on the input, then a resistar in serigs with the input
should be added te limit the input current,

Cne-Shot Circuit

Pulse-width of the oneshot is determined by the external
components R, C, that are connected to pin 5. The capacitor
Lo s normally discharged through the saturated transistor
Q16. When the one-shot timing cycle is initiated, capacitor Cq
is reteased by Q16 turning OFF and allowed to ¢charge towards
Ve through Rg. At 2/3 of *VCC- transistor Q16 is switched
ON and the capacitor C, is discharged. The pulse width will
therefare be determined by the following eguation:

_ e
R C
1-€ 070 -0567
Tp= 1.1 RyCy

Pulse width Tp is independent of supply voltage *Veoo For
best linearity and stability, Ry and G should be selected
within a range of b K£2 to 500 K2 and 0.001 uF 10 1.0 uF.

A latching action by the RSflip-flop comprised of Q9 and Q11
assures that the timing cycle will be completed regardless of
input voltage. The flip-flop is set by Q7 going into the ON
state. QO is normally OFF and Q11 normally ON; so Q7 going
fow will cause Q11 to switch OFF and Q8 to switch ON,
Since (8 and Q7 collectors are tied together, 0% will keep the
collectors low regardless of QF state. At the end of the timing
cycle, Q10 is switched OMN and this will make Q%9 go OFF, If
Q7 is OFF, then the flip-flop can reset to the normal state
where 0% is OFF and Q11 ON. The input state overides this
reset action. In FVC applications, it is very important to make
the input pulses narrower than the cutput pulse width Tp 0
assure proper resetting of the 09-011 flip-flop.

The output pulse of the one-shot performs three functions

during the timing interval:

1. The open-collector output transistor Q32 is switched into
saturation. The output pulse at pin 3 i5 in the low state
during the Tp timing interval.

2. A reference voltage Vg is swatched OM at pin 2.

3. The output current source is gated ON. A current pulse
of width T, and amplitude V g/Hg wiil come out ot pin 1.

Ve

Rig Drem— o

v
N

R 4

a8 G "—éo‘

QRy

Figure 2. Raytheon 4152 Schematic Diagram
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4152

Gatad Current Source

During the pulse timing interval Tp, a reference voltage Vg is
switched to the ON state at pin 2. External resistor Rg at
pin 2 sets up a current YR/Rg that is reflected in precision
current source 035037, This causes a current pulse of mag-
nitude VHIRS from (35 at pin 1. The output pulse |y at pin
1 has pulse width Tp and amplitude of VRIRS.

Refarence

The reference voltage VR is derived from a very stable, tow
tempco, buried-zener diode. The zener valtage is level shifted
to provide a stable 2.3 V at pin 2 during the timing interval
Tp. This internal reference provides excellent power-supply
rejection over a wide operating range. Low-cost unregulated
power supplies can often be used without degrading accuracy
{see characteristic curves).

VOLTAGE-TO-FREQUENCY CONVERSION

Single-Supply VFC Circuit

The simplest type of WFC that can be made with the Raytheon
4152 is shown in Figure 3. The circuit will operate from a
single power supply voltage that can vary from +7 V to +18 V.
The input voltage Wy is positive and can range from zero up
to within 3 V of positive supply.

The input voltage V) is applied to the input comparator
through a low-pass filter (100 K£2, 0.01 2F}. The one-shot will
fire repetitively and pump gut current pulses of amplitude
lg into the external low-pass filter comprised of Rg, Cg. This
sets up a feecback loop and the pulse repetition rate wall nise
urttil the averaye voltage at pin B eguals the DC input voltage
at pin 7. At null, the duty cycte Tpr must be sufficient to
keep integrating capacitor CE! charged up to Vp. Assuming
Cpg is relatively large, then in the steady-state condition:

SPECIFICATIONS AS SINGLE-SUPPLY VFC (Figure 31 —
Typical performance at 25°C when connected as shown in
Fig. 3. Ry = 6.8 K&2, Gp = 0.01 uF, Vog = +150 V, Rp =
100 KS2, Cg = 1.0 uF.

Input
Input Voltage Range 10 my 1o +10V
{nput Qverrange +10% min
fnput lmpedance 100 K12
Qutput
Freguency Range 10 Hz to 10 kHz
Frequency Owerrange +10% min
Scale Factor 1 kHz/N £ 10%
Response Time to Stepr loput 136 msec
Pulse Width 75 usec £ 10%
Rise and Fall Time 500 nsec
Quiput Yoltage +V
HIGH State 30mA@ VYV, . =015V
LOW State Mma@Y_ =08V
Accuracy

1% max
15 mV max

Monlinearity
Offset Voltage
Gain Accuracy

vs. Tamperature +300 ppm/”C max

vs. Supply +0.3%Volt
Offset Stahility
vs. Temperature K0y C

vs. Supply 20 uV/V of AVg

Power Requirement

Supply Voltage
Rated Performance
{Operating Range
Quiescent Current Drain

+H15 Y
+7 Vo +18V
+5.0 mA max

4152 tVep
ns B |
e — REF 0y *
R
2 |vn 5
GATED REF .
= SKi 18K GATED | c,
CURRENT I
1, L _SOURCE = ev
! ‘ 3 QUTPUT !
T O—AAN—
COMPARATOR \
INPUT | U u L
QONE SHOT
Viy > . Ty
L

Figure 3. Single-Supply Voltage-to-Frequency Convertar
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VIN i Tp
RB 0

Since g is VR;’RS and Tp is 1.1 Rc- CO, ther the output
frequency FO will be:’

The external passive companents set the scale factor. For best
linearity, Rg should be limited to a range of 15 K&2 to 20 KiZ.
Reference voltage VR is nominatly 2.3 V. Recommended values
for various operating ranges are given in the table below:

Operating
Range R0 Co RB CB

DCto 1 kHz 6.8 Kiz 0.1 uF 100 K& i0pF
DC to 10 kHz 6.8KSE 001TuF  100KE  1.0pF
DCto 100kHz 68K Q001 4F 100K&E 01 uF

This simple, single-supply VFC circuit 5 recommended for
applications where the input dynamic range is limited and does
not go to zero, and response time is not critical. When scaled
for 10 kHz full-scale ocutput, the noniinearity will be lzss than
1% over an input range of 10 mV to 10 V. Response time to a
step input will be approximately 135 msec,

Linearity, offset, and response time are all improved by adding
an external op amp as shown in Figure 4. The active integrator
is used to make g precisian VFC cirguit,

SPECIFICATIONS AS PRECISION, DUAL-SUPPLY VFC
{Figure 4} — Typical performance when connected as shown
in Fig. 4. Ry = 6.8 K§2, Cp = 0.01 uF, C| = 0.005 uF, Vo =
*165V, Rp= 100 K&

Input
Input Voltage Range Oto-10V
Input Overrange +10% min
Input Impedance 100 K&
Qutput
Frequency Range Dto 10 kRz
Frequency Overrange +10% min
Scale Factor 1 kHz/V + 10%
Response Time to Step Input(” 10 psec
Pulse Width 75 psec £ 10%
Rise and Fall Time 500 nsec
Qutput Yoltage
HIGH State +VCC
LOW State +H1.6 ¥ max at 3 mA
Accuracy
Nonlinearity +0,06% max
Offset Voltage +1 mV, Adj to Zero
Gain Accuracy
vs. Temperature £150 ppm/°C max
vs, Supply +0.02%/M
Offset Stability
vi. Temperature 20 uVv/°C
vi. Supply £20 uV/V

Power Bequirement

Supply Voltage 16 Y
Quiescent Current Drain {4152 anly) +6 mA

Mrwe pulses of new frequency plus 10 usec,

4152
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Figure 4. Precision Voltage-

7-46

to-Frequency Converter



Voltage-to-Frequency Converter

4152

L. ]

Precision VFC Circuit, Pual-Supply

In the precision Y FC circuit of Figure 4, a negative input volt-
age is summed with positive output current pulses Vg/Ryg into
an integrator circuit, The integrator output is applied to the
4152 input comparatgr. This forms a charge-balancing loop
and the pulse-repetition frequency will be such that the aver-
age value of cutput current pulses will equal the average value
of input current. In the steady-state condition,

Y

L

=
=N
-}

)
w

B

As before, pulse width Tp is 1.1 R,Cq. The reference voltage
¥ s nominally 2.3 ¥, therefore:

R

F0=U.395 Vin

Bﬁoco

For best linearity, Rg should be limited to a range of 15 K2
10 20 KLi. The current pulses wall have a magnitude of approxi-
mataly 134 pA with Vg of 2.3 V and Rg of 17.2 K&2 A
choice of 100 K& for Rg provides a high input impedance
to V. If we choose R, of 6.8 K2, then the table below
indicates the VFC scaling for various capacitor values using
the circuit of Fig. 4 and Rgof 17.2 KL

Scale Range
Co ¢ Factor Input Vi, Output Fao
0.1 uF  0.06uF 0.1 kHz/V Dto-10V Oto1kHz
0.01 uF 0Q.005uF  tTkHz/V Ow-10V Oto10kHz
1000 pF 500 pF 10kHz/VY 01o-10V Oto 100 kHz

Seale factor can be easily trimmed by varying Rg. The offset
adjustment shown in Fig. 4 compensates for offset in the op
amp. Best lincarity is obtained with op amps having qgreater
than 1 W /usec slew rate, but any op amp can be used,

FREQUENCY-TO-VOLTAGE CONVERSION
Single-Supply FVC Circuit

A basic, single-supply frequency-to-voltage converter can be
designed as shown in Figure 5 if the input frequency is in the
form of & pulse or square wave, If the input is in the form of a
sing wave, then a comparator should be used ahead of this
cireuit. The incoming pulses shaped by C|y trigger the 4162
input comparator and fire the one-shot. For proper operation,
the input pulse width must be less than the one-shot period
Tp, which is 1.1 R,C,. A differentiator and biasing network
on the input (C), 5.1 K2, and 10 K2} is used to shape the
trigger input. Pin 7 is biased at 1/2 Ve and Pin 6 is biased
at 2/3 Ve, therefore the input comparator is in the OFF
state between input pulses. A negative-going pulse applied to
Pin 6, or a positive-going pulse to Pin 7, will cause the input
comparator to fire the oneshot, The input pulse amplitude
must be large enough to trip the comparator, but not so

{arge as to exceed the input voltage ratings. For the component
values shown in Fig. 5, the input pulse amplitude should be
5V peak-to-peak when operating from 215V supplies.

Output current pulses of precise amplitude and width are
low-pass filtered by Rp, Cg to provide a DC output voltage.
Qutput ripple voltage can be minimized by inereasing Cg,
but at the expense of increased response time. The DC output
voltage will be directly proportional to the input freguency
F |- The average value of the guiput is given by:

v FIN Hz
o=
R
Hz
0.395 S —
HBHOCO Volt
i:iBF‘c:Co
V. =253 F o Yolts
O R I
4

Recormmended values for various operating ranges are given
below:

Inpui
Operating
Range Cn Ro <, Rg Cg Rippla
Oto T kHz 002uF  B8KI 01wF 100 K2 TOOMF  TmVv
Ot 10 kHz DO02pF GEBKD 001 uF  00KS 10uF  Tmy
0t 100 kHz 00pF  68KS  0.001pF 100 KD 1TuF Tmy

To estimate worst-case ripple voltage, assume that the current
pulse I of width T, causes a step change in output voltage
across Cg. From i = € dv/idt,

IOTp
AV =e—— where T_=11R _C
¢ ¢ p 00
B
4357 e
A cc
r—— HEF
F 2 W)
: W\j At o - Mlaaren mer
R PR ) ——
- GATED
LUMPEN]
e , | spuner |
iy —0—— —
weur B S | o |rameanaron
Fin — —-
v,
R e ———1—

LOW.FAS4 FILTER
—— DUTrUT
_——— —— - - — v

Figure 5. Single Supply Frequency-to-Voltage Converter
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For example; if the output pulse width 'i’p were 9 msec, the
pulse amplitude were 2.3 V/17 K = 135 pA, and Cg were
chosen to be 10 uF, then the output ripple would be ap-
proximately 121 my peak-to-peak.

Precision Frequency-to-Voltage Circuits

Linearity and offset can be improved by adding ane or more
op amps to form an active low-pass filter at the output. A
circdit using a single op amp Hlter is shown in Figure 6. The
output current pulses of amplitude Vg/Rg are injected into
the summing junction of an op amp ntegrator.

The positive output pulses are averaged by the low-pass filter
and the output voltage will be neaative. {n the steady-state
condition,

FJN Hz
v, =
Ava RS Hz
0.395 _
RgR,C, Vot
RR.C
B
v = -2.53 " F |y Volts

o Avg

The worst-case ripple can be estimated as in the single-supply
case. As before, there is a design trade-off between ripple
voltage and response time.

A two-pole Yow-pass filter is recommended for applications
requiring wide dynamic range andg fast response time. The
double pole filter shown in Figure 7 is an excellent chaice for
FVC operation. The filter response can be catculated from the
following equations:

and

\.-’1 - \-"0 dvy
—_—=Cy—
Fi2 dt

These comibrine into the single differential equation:

O A
I = ~CqRoCory v <0y s = e
S R T

On the input side; Iy is a pulse train of frequency Fpy, pulse-
width Tp, and amplitude VRIHS. As before, the input ampli-
twide should be 5 W peak-to-peak for the component values
shown, When Fp is constant, the output voltage will be:

vy, Avg = —'F,'!'E-; FIOCOVH FIN

Response to a step-change in input frequancy is determined by
the ratio of the two time constants, RyCq and RpCo. Step
response to input freguency change will be critically damped
for RyCy = 4RCy. A more optimum relationship is €y
equal to RypCqy which provides a darmping factor of 0.5. The
capaciors CT and Co, as well as R,C,,, should be chosen for
minimum ripple over the desired range of operation. Scaled
for 1 ¥ per kHz and TD of 6.8 msec, this filter has less than

VO dV1 0.1 V peaik-to-peak ripple over the range of 10 Hz to 10 kHz
ot =+Cy— {R{ = 100 K and Cq = 0.1 zF). The ripple is less than 0.02 V
R1 dt peak-ta-peak above 100 Hz,
QIEE ot 4157 * Vi
. [ e dbs s A L |
| F3 H“f *_| @ “a
B S S z AN c
DU AG':?L':F - VT “'——‘DTO_L Skii BN T o "*|-0-;-°
: SURRERT I . T ) CURRENE | ! T
“vep ! . sr’l‘r“ = vpn , |, Iouree | =
.y | ! 3 e 4
%r.m:: -_.-E i | ] Sk —!_:o r e
wour 17 |eomeanaiun — o |eomwanaton
A | B e S Fn— 114 - —G
L | I>— ONE SHUT I wvee 21 OmME ST b - ti .

i ; 2 W - Ll L]
£ ! T T
= .0K|” = Knl LOW PRSS FILFER -

—— -y — :
WKL -I:”_:B b r‘j| iy II':J‘KL' ! | ouTPuT
e B L i By A Lok vy
= L1> H v, - A Vy
[ —_ ICJ

Figure 6. Frequency-to-Voltage Converter with Single-Pole
Low-Pass Filter
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Figure 7. Frequency-to-Voltage Converter with Two-Pole

Low-Pass Filter
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4200

Precision Analog Multiplier

PRODUCT DESCRIPTION

The Raytheon RC4200 is the industry’s first integrated
circuit rmultiplier to have complete compensation for non-
linearity, the primary source of error and distortion. This is
also the first 1C multiplier to have three on-board operational
amplifiers designed specificatly for use in multiplier tagging
circuits. These specially-designed amplifiers are frequency
compensated for optimum AC response in a logging circuit;
the heart of a muitiplier, and can therefore provide superior
AC response in comparisen to other analog multipliers.

Versatility is unprecedented; this is the first IC multiplier
that can be used in a wide variety of applications without
sacrificing accuracy. Four-quadrant multiplication, one-
quadrant division or square-rooting, and RMS-to-0C con-
version cart all be easily implemented with prediciable
accuracy. The nonlinearity compensation is not just trimmed
at a single temperature, it is designed to provide com-
pensation over the full temperature range. This nonlinearity
compensation combined with the low gain and offset drift

FEATURES

® High accuracy
Non-tinearity — 0.1% maximum
Temperature coefficientis0.005%/ C maximum
& Multiple functions %
Multiply, divide, squg
conversion, AGC, and
& Wide handwidth - 4 mHz

root, RMS-to-DC

THERMAL
e

The scale factor%ﬁﬁ tiye to temperature gradients across
the chip in the lateral drr&%ﬁé in, Where possible, the package
should be gmiented such that sources generating temperature
aradients %r@ () ically on the line of thermal
symmetry, ” @ wgi@ imize scale-fagtor error due to
ther mal gradien&ﬁf&&

1N A

ON INFORMATION

inherent in a well-designed monalithic chip provides a very ,
low tempco on accuracy. y
£ [}
t '
The excellent linearity and versatility were achieved through oA
circuit design rather than speciat grading or tweaking, there-ﬁsﬁé@ 8 I Iy
fore unit cost is very low. Analog multipliers can now be %&g%"
used in applications where price was previously an inhibiting w\_ ;i 7 I V03-|
éw..
factar. S &&g&»\ h
I
i 5] GND
The Raytheon RC4200 is ideal for use in low-d; fan \"%@*&%
audio modulation circuits, voltage-controlled acti %?&» < OUTPUT I3 I 4 3 | lg
and precision oscillators. “%%ﬁg
h THERMAL '
5 %
- L SYMMETRY
. |
} &ﬁ%% A LINE
. o-:&?w &)
A iy, .
xS e
8 }ggs, FUNCTIONAL DESCRIPTION

4l
P -—
buTPUT

Figure 1. 4200 Muitiplier Funcitional Diagram

750

The RC4200 multiplier is designed to multiply two input
currents {i1 and 12) and to divide by a third input current
(I3}, The output is atso in the form of a current (I3}
A simplified circuit diagram is shown in Figure 1. The
nominal relationship between the three inputs and the
output is:

g

(

i3 i_
4
All four currents must be positive and restricted 1o a range
of 1p& to TmaA, The three input currenis go into the mutti-
plier chip at op-amp summing junctions which are nominally
at zero volts. Therefore, an input voltage can be easily
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ABSOLUTE MAXIMUM RATINGS (above which the useful life may be impaired}

Supply Woltage . . . . . L L L L L e e e e e e s e s e s e s 2
Internal Power Dissipation . . . . . . . . . . . . . . Lo .00 el L 500 mW
lnputCurrent....,.,....,...,...,.,,...."g';é,..,.,.—SmA
*
Storage Temperature Range "i%%& %i‘% .
- gt
RM4200/4200A . . . . . . . . . . . . .M B C e +180°C
RVA200/4200A . . . . . . . ... edE L BFCoHC
RCA200/4200A . L L g et B0 HI25°C
Operating Temperature Range %ﬁs@i&w w¥
R A
RMA200/4200A . . . . . . . . . . .. ... wRal .. -BE°Cto+125°C
RVA200/4200A . . . . . . .o RER L 40 Ce48sC
RCA200/4200A . . . . . . . . ... G@EREgL 0"C 10 +70°C
A s
..@m@ ‘é i
T A
wt

V%‘f*@' =15V unless otherwise noted)

#

RC4200
PARAMETER COMDITIONS M TYP MAX TNITS
AT =
Input range {1, 15 and () . k@ﬁé& L 100 | 1.0 00 | uA
L L gpe L

Totai error a5 multiplier TA = 25°C §§i @ L

Untrimmed Rl ® = 220 £330 | %

E A o
With external trim E R | +0.2 05 | %
: SLEEN T

Vs temperature l&-&‘%& N +0.008 +0.008 %iC

Vs supply (-9 to ~18V) C L& 20,1 20.1 B
Nonlinearity BuA < | < 250uA, Th 2280 <0.1 03 | %
Input affset voltage 4=y 7y +h +10 my

E

Input bias current Iy == ¥ 300 500 | nA
Average temperature coefficient @%W o
of input offset valtage ‘%ﬁq I %%!§,= 15[!,(4@- =50 100 | pw/C
Qutput current range {1, (Wows 4, ¥ 1.0 1000 | 1.0 1000

P ge (I3 Mo L o HA
Frequency response, -3 4B ™y, " R 4 4 MMz 4 MHz MHz
Supply voltage range W@\ __ﬁ?% W%w@ ) -3 -15 -18 -8 -15 -18 v
Quiescent current P Zﬁ? %& &@!‘2-: lg= 1500A, Ty = 26°C 4 4 mA

# E- 8 #

Note t: These specifigetions y with gutput {13} connected to an op amp summing junction. |f desired, the output {13} at pin (4} can be
used to drived tpsistive’load directly. The resistive load should be less than 700 ohms and must be pulled up o a positive supply
such that tha vol @%'@ pin {3) stays within a range of 0 to +5V.

[
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converted to an input current by g series resistor. Any
number of currents may be summed at the inputs. Depending
on the application, the cutput current can be converted to
a voltage by an external op amp or used direcily. This
capability of combining input currents and voltages in various
combinations provides great versatility in application,

Inside the multiplier chip, the three op amps make the
collector currents of transistors Q1,Q2,and Q4 equal to
their respective input currents {f{, 13, and l4). These op
amps are designed with current-source outputs and are
phase-compensated for optimum frequency response as a
multiplier, Power drain of the op amps was minimized to
prevent the introduction of undesired thermal gradients on
the chip. The three op amps operate on a single-supply
voltage [nominally -16Y) and total quiescent current drain
is less than 4 mA. These special op amps provide significantly
improved performance in comparison te 741-type op amps.

The actual multiplication is done within the log-antiicy
configuration of the Q1-Qd wansistor array. These four
transistors, with associated proprietary circuitry, were
speeizlly designed to precisely implement the relationship

|
kT CH
VBEN = q_ 1n — {2

sy

Previous multiplier designs have suffered from an additional
undesired linear term inm the above equation; the collector
current times the emitter resistance, This o rg term can
cause significant lingarity errar. In four-gquadrant multiplier
cireuits, this added I rg term introduces a parabolic non-
linearity even with matched transistors. Raytheon has
developed a unigue and proprietary means of inherently
compensating for this undesired Icrg term. Furthermaore,
this Raytheon-developed circuit technigue compensates
limearity error over temperature changes. The nonlingarity-
versus-temperature is significantly improved over earlier
designs.

From equation {2} and by assuming equal transistor junction
temperatures, summing base-to-emitter yvoltage drops arcund
the transistor array yields:

| 1 1 f
:—T'In-—1-+1n—i--1n—3-- n—|-p 3
lgy s 53 54

This equation reduces to.

iy lgplse
Inl,  leal )
3ls lsaly

The ratio of reverse saturation currents, 131 152 / 153 154,
depends on the transistor matching. In a monolithic multi-
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plier this matching is sasily achieved and the ratio is very
close to unity, typically 1.0 +1%. The final result is the
desired relationship:
Iyl
172
Ig = — {5}
iy
The inherent iinearity and gain stability combined with low

cost and versatility makes this mew circuit ideal for a wide
range of nonlingar functions.

APPLICATIONS

FOUR-QUADRANT, GENERAL-PURPOSE MULTIPLIER

INPUTS
Fy
¥R G—
3 " la g
Vg O y = L i
4]
ACAZ00
fiz ; fiy
o P
g -
= ]
Ry g '3
1 . y
vy n :
A
3 ']
' autrur
= C]Ja B0
g - ED—-——OVG
A, =
Ry
L N

Figure 2. Four-Quadrant General Purpose Multiplier
tising the RC4200

The general schematic for a four-quadrant multiplier using
the RC4200 IC is shown in Figure 2. A pesitive reference
voltage, VR, is used to offset the multiplier chip. To stay
within the most linear operating range, it is necessary that
VR/R2 plus Vx/R1 belimited to a range of 50uA to 250uA.
Within the operating range, input and output currents are
given by the following equations:

vy v Ve Yo Vg V
|,| =—x-+-—-n— 3:—.-)_(- +_j.+_R+_0
Ry Ry Ry Ry Ry Ry
| _VY+VR | W
T ’ B
Ry B Ry

Combining these relationships through the equation 13 =
17 12/14 vields:

v
0 2
Ry Vg
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The reference voltage V g must be pasitive, but Wy and Vy
can be AC voltages. The positive supply voltage can be usad
as the reference in many applications where a well-regulated
+15% is available, Some typicai values for a multiplier scaied
at Wy Wy 10 are caloulated below:

Given: Vy and Vy have range of 10V to +10Y.
Desired scaling is VD = V){ \«"Y A10
Reference voltage VR e +15Y

Galeulatian:

{1l Choose Ry = 100KE2
From reguirement of +50uA minimum

-1
SLINSLTPN

100K Ry

Thus, Ry would afso need to be 100K(2

Ry R
12} Calculate R{] fram 0—? LI T_‘
RI‘ VR 10
2
Ry” Vg
Rg = — —
HZ i0
Ry = (100K
10
Ry = 150K
Results: YNRY!
Vo = XY with Vg = +18Y
0 10 R

Ry Ry = T0DKE

Ry = 150K

These values cause a range on |1 and |2 of S0uA o 250uA
for Vx and Vy of -10V to +10V.

While the choice of values for R1, R2 and Rg are arbitrary,
best results are obtained by operating 11 and |z over a range
of approximately 50uA to 260uA.

Accuracy of the four-quadrant multiplier is dependent
upon both the RC4200 chip and the external components,
AC feedthrough, which is the undesired output when malti-
plying one AC input by zero on the other input, is dependent
on op amp offsets and on the matching of the R1 and Ry
resistar sets, Gain accurracy depends on the external reference
voltage VR, the resistor ratio Ry Ra/Rq 2, and the multiplier
chip. Lingarity depends almost entirely upan the multiplier
IC. The linear error terms can all be nulled externally by
trimming resistor ratios or offsets. A four-quadrant multi-
plier with provision for external trimming of linear error
components is shown in Figure 3. The aptimum mix of
component tolerances, trimming range, and cost is very
application dependsnt, With moderate-cost components
and no external trimming, the RC4200 is more accurate
than many of the complete 1T multipliers. With precision
componerts and external tritmming as shown i Figure 3,
the RC4200 is capable of performance comparable (o the
best hybrid or modular multipliers.

The error analysis is most easily done by separately con-
sidering resistor match, offsets, and gain; then siperimpasing
the results,

Resistor Matching
Assuming no op amp offsets and no error due to the multi-

phier chip, then the output would be the sum of the terms
given below:

R R Vol
Desired Dutput = 0"2d X_‘_r’_
Rla Rlc VH
R R R
V\( Feedthrough = _‘1 ( ad B 1c VY
Pia Rz  PRug

Faffa Py
V)( Feedthrough = — | — - —— \J’x

12 VR Ry

Ro { Rag  PRag \

Output Offset = — | — - — VR
Ry \R3y Ry

The AC feedthrough is directly propartional to the matching
of the Ry resistor set and the Ry resistor set. AC feedthrough
on the X or Y input is related to resistor tolerance as:

R

AC Feedthrough “"—0 x 2 ¥ Res. Tol, x VIN
R
1

7-53



4200

Precision Analog Multiplier

INPUTS
Rag
Vnc ‘v‘v‘v
1 i R
1a !
\Jx o AAA—. = 8 ‘5"— AP,
REA200
+V,
5 ,
Vosi IRy,
"z
§o—
_\,.ls 2 I4
i — I3
i - -t
Rie 2 _ 1 ¢
Yy O MM
¥ fig
———
W
s Yosz , ]
G ouTPUT
_Vs $3 & A0S
= Vg h ¥Ds3 -—0Vp
S
WA~ W
LT s
_\,l's

Figure 3. Four-Quadrant, General-Purpose Muftiplier with Offset Adjustments

For example, if Rp/R1 werg 1.5 as in the example given
previously and the resistors were matched to within 1%,
ther the maximum AC feedthrough dus to resistor mis-
match woutd be 3% of the Yy or Vv input voltage. This
AC feedthrough can be nulled directly by trimming the
resistor sets or indirectly by trimminy offsets.

Effect of Op Amp Offsets

In a multiplier, the offsets are cross multiglied and can
thus cause AC feedthrough. When ore input is zero and
the other is a large AC signal, then the output will be the
offset of the “zero’” input times the AC signal. To guantify
this effect, consider the circuit as shown in Figure 3. The
offsets of each amplifier are due to both input offset
voltage for the op amp and the input offset current times
the source resistance.

These offsets can be lumped together into a single Vg
term. For this analysis, assume that the external resistors are
perfectly matched (R1's and R2's all matched). The set of
equations below must be combined to see their interaction:

754

Vx Vest Yr-Yosi
+
Ry Ry

Vy-Ypgr N VR "Yos2
Ry Ry

Ry Ry Ry

YR -Yoss fila

= ———— |y = ——
Ry 30,

VyVoss YvyVosz YR-Voszs Vo~Voss
+ + + —E
0
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Far simplicity, Vos" terms and gain-error factors on error
terms can be dropped. The output voltage would then be
the sum of the terms given below:

Rp Ry WV, W
, "2 YR 'y
Desired Qutput = —
Ry Ve
Ry Ry
Vy Feedthrough = — ~— W50, ~ + 1 ‘J051 Yy
Ry ¥
1 R 1
V., Feedth h RU ! W HZ 11V v
sedthrough = — — - —
X . v.|Vosa Tl g os2| Vx
1 R 1
Quiput Offset =
ZRU R[] Rﬂ RD
— =+ 1)y —+ — Jvggy * Vos!
R, Ry 083 15 es1 * Vos?

To estimate magnitudes, consider the previous example
where Rp = 150k$2, R and Ry were 100kE?, and Vg = 15V,
Then,

¥y Feadthrough :11—0 Vo - Z¥pgy) Yy

_ ]
¥y Feedthrough = ;;- Woga - Vgga! Yy

Output Offset = 5.5 Veq - 3 WOSl + Vgeq!

To carry this example further, let each Vg term have a
maximum value of = 10mY, The worst-case combination
would then be a feedthrough of 0.003Vy and 0.003V¥.
Output offset could be as high as 115mV,  but would
generally be less.

The trimming procedure is straight-forward when dona
in the following recommended sequence:

i. Apply a full-scale AC voltage to Vy and make Vx zero.
Trim Vg4 for output null (Vg = 0.

2. Apply the same full scale AC voltage to Vx and make
Vy zero. Trim Vg2 for output null ¥ = 0).

3 Apply zero to both inputs {VWyx = 0 and Vy = 0}
Trim Vg3 for output null (Vo = 0L

4. Adjust scale factor with Rp. Always adjust the input
offsets before setting the scale factor,

In most applications, the offset adjustments are used to
compensate for the R and Ry resistor network mismatch
as weil as the op amp offsets. Thus, the range of offset
adjustment is usually chosen to encomipass both error terms.
For example, the Wy feedthrough is:

o

Pgffaa Fra} Ro g
Ry Vg

2
— 4

Vogs - Yosi|{ Yy

RiA\Ra  Bi

Varying Yng1 over sutficient range can compensate for
both offset and resistor mismatch,

ONE-QUADRANT DIVIDER

Oivision is wvery easily implemented with the RC4200
muitiplier when the inputs are all positive. The cirguit
for one-guadrant division is shown i Figure 4, The inputs
V., Wz, and YR must be positive and the input currents
17, 12 and {4 must be restricted in range, Within the rated
range, 11 |2 will equal 13 14 and therefore:

BAVALA W ALAY AL
Rr A\ R Ro /\ Py
H[]Rfl VX
0= __R_ VR A
FyRy ¥z

The reference input VA is generally fiked and the ratio of
Rp Ra/F1 Rp is usually cheosen to make Vi = 10V at the
maximum value of Vx/Vz. For example, if Vg = 8.2V
and Vy/Vz maximum is one, then choose Rg R4/R1R2
of 10/6.2 which i+ 1.613. The cutput woula then be:

v v
Vg = 1] X where .S =1

]

Yz Yz

As with the four-quadrant multiplier ¢ircult, op amp offsets
cross-multiply with the inputs. These offsets shouid be
nulled 1o ohtain best accuracy. The ouiput voltage with
offsets considered, but neglecting V052 terms, is given hy:
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ldeal Error Terms
/ —\ v * N\
Vo = Eﬂ—Hg-\r Yx , Mafa | YVx E5~v Ml v v
07 g R . Yosa” 087 ~ os1 |* Vosz
1Ry ¥z BBy ¥y Vz Vz

Because the offsets and signals are interactive, the recom-
mended procedure for adjustment is the following:

1. Monitar the offsets at pins (8} and {1} directly and adjust
Yost. Vpsz to null them. This rermoves the Vg and
V52 error terms,

2. Make Vx = Vz and sweep over their full dynamic range.
The output should be constant; vary the Y54 ADJ pot
for a constant output of Rg By VR/R Ry plus Vg3

3. Apply the minimurm value of Vx/Vz and adjust Vg3
to obtain the proper V).

4. Apply the maximurm value of ¥y /V 7 and adjust Rg for
proper V0.

The accuracy will be Limited only by the nonlinearity,
which for the RCA4200 is wvery smalb.

SQUARE-ROOTING

The circuit for implementing the square-rooting function
15 shown in Figure b, An input voltage Vy multiplied by
a reference voltage VR is made equal to the sguare of the
output voltage. The relationship 19 17 = |3 |4 becomes:

Vo Yo'
Rify  PRghy
The input voltage must be positive. Scaling is determined

by the external resistor network and reference voltage VR.
The gutput voltage is givan by

INPUTS
v, O
Ay h
vy O n—y——== B

+\,l’s

_VS

¥p O

+\||S

_\,l'S

Figure 4. One-Quadrant Divider
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In most applications, the resistors should be comparable in
value and VR should be in the range of 6Y to 16V, A scale
factar of 1045 very convenient and provides an qutput rangs
of 0.3¥ to 10V for an input range of 10mY to 10V,
In equation form:

Vo = [10Vy , 10mY < vy <10V

The offsets can be externally trimmed as needed. The
nonlinear nature of the square-rooting function makes
the error due to offsets very small for large inputs and very
large at low input levels. With offsets inciuded, the output
voltage is:

RoRy Vos2

v = vy 1 - o vy - 2 v v ¢ Vg s ¢ Vasst|
0 [ﬂle ( Ve Ryp, B8 Yo Moss * Vos

The term Vpgo/VR affects gain only and is constant,
therefore varying R can compensate for the Vg error
term. The effect of Y053 and Vsq is additive and only
ong of these offsets need be adjusted. The Vg1 term
should be trimmed to zero. The recommended trimming
sequence is as follows:

1. Adjust Vg to zero directly by rmonitoring pin {4.

2. Apply minimum value of Vyx and adjust Vpsgq far
correct V.

3. Apply maximum value of Vy and adjust Rg for correct
Vo

The square-rooting circuit can easily be designed for overall
accuracy of +0.2% when using the RC4200A IC multiplier.

P Te—
I :.'-0‘1. wg W
ayan, R
INOYTS , \
Ry t i H
LAY ] -— +
Vo .
2
REAZI0 is
L.
]
:e[: LY
—_—
1y
Iy i —— !
L
1 I3 autryT
| =
4
g Gy
L—‘—OA-.IS

T L

RoRy %

RM5-TO-DC CONVERTER

The root-mean-square value of a complex waveform can
be computed directly by squaring, integrating, and then
square rooting. The RC4200 is ideally suited to this com-
putation and the entire RM3-to-DC conversion can be
implemented with a single device.

Afunctional diagram is shown in Figure 6. An absolute-value
circuit, or precision rectifier, first converts the AC inputinto
a rectified positive voitage. Input currents Iy and 12 are
made equal and will be | Vyn [ /Ry, The remaining input
current, g, is made equal to V/Rgplus a derivative term,

CpndvVp/dl,  Combining these relationships according to
I112=1314,
2
inm Vo iV Vg
— s o — —
RI R1 dt F\‘1

This equation is equivalent to

R, C
. Bobg 4 3 2
Vol + Efv®) = v
0 5 m(”) i

The cutput voltage squared is the exponentially-weighted
average of the input-voltage squared. Sguarg-rooting both
sides of the equation, and considering the polarity constraints
trtherent in this implementation, gives the desired results:

Vo =\{m :

5
HLAZ00 fs
&
. b lg [N
gt
I — L.__J
L}
"1 I i._.
4
autPut
Oy
E &
T E i
¥ vig gt [V
- Y
Yo T Vems

Figure 5. Square-Rooting Circuit

Figure 8. RMS-to-DC Converter
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This is the true RMS value of VN within the frequency
range where the averaging time constant ﬁ1 Cy/2is of
sufficient magnitude for low-pass filtering. Capacitor Cq
must be large enough in value to adequately average the
signal at its minimum frequency.

Various practical considerations limit performance for very
small input signals, s0 this circuit is usually designed for a
specific input voltage range. As with the divide and square-
root modes of operation, the RC4200 may require a stabi-
lizing Rg Cg at the input summing junctions ipins 8, 1, and 5}.

The specific component values and external adjustments
nezded depends on the particular application.

DESIGN CONSIDERATIONS
FREQUENCY RESPONSE AND STABILITY

The op amps within the BC4200 multiplier are stabilized
for optimum performance in the four-quadrant mualtiplier
configuration, At extrernes of input current, the stability
becormes marginal and external phase compensation may be
required. The possibility of undesired oscillations should be
considered for input currents of less than S0uA or greater
tharn 500uA. Dividing and square-rooting oparations often
require a wide dynamic range on the input currents,

Two techniques are very helpful for assuring frequency
stahility and minimizing noise under a wide range of
conditions:

1. Connect a series Rg Cg from input summing junction 1o
ground as shown in Figure 7. This network has the effect
of attenuating the feedback at high freguencies and
therghy stabnlizing the op amp.  Loop gain at high
frequencies is sacrificed, but this is seidem of concern
individing or square-rooting applications. Recommended
vatues are 10k£2 for Rg and 0.005uf for Cs.

2. The resistor on the noninverting input can be bypassed
as shown in Figure 7. This heips to reduce noise.

The need for these freguency compensating technigues will

depend on the application, particularly the input current
rarge and input signal characteristics.

7-58

GAIN STABILITY

This type of multiplier is very sensitive to fermperature
gradignts across the transistor guad (Q1 to O34 and Q2 to
Q3). The ambient temperature tends to affect affsets, but
temperature gradients will cause a gain error. Several steps
can be taken to minimize this effect:

1. Keep the multiplier physically remote from power dis-
sipating compoenents.

2. When using printed-circuit boards, make pad sizes and
layout pattern as symmetrical as possible.

3. Heat sinking or epoxy potting can be used if necessary.
This will tend to prevent rapid changes in temperature
gradient,

Power drain within the multiplier chip itself 15 relatively
low, therefore the gain stability can be very good if the
IC is not exposed to temperature gradients.

OFFSET STABILITY

Input offset voltage of the ap amps can be easily trimmed if
desired. The effects of input bias eurrent drift can be mini-
mized by making the impedance approximately equal on
the inverting and noninverting inputs. The equivalent input
offset will 1hen depend anly on the difference in hias
currents rather than the absolute values.

LOGEIRG CIACUNT[Dre od Thrmel
i el e s e,

Frn -

Yin
Fs
Ly

BYPASE Cy
CAPACITUR:[

RCA200
WULTIFLIEH

Figure 7. Optional Frequency Stability Companents
Rg.Cg.and Cg.
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FEENTHAOUGH . mV p.p

40y [—

g

30my

FOUR-OUADAANT |

MULTIPLIER CONFISUAATION +
1
|

V¥,

! AVAILABLE TYPES

Part Type Paclage

Operating Temperature

V\':U

W, = 10 sin wt RMA200DE Ceramic

2y

N RW4200NM8 Plastic
Rw4200DE Caramic
RC4200DE Cerarmic
RC4200MB Plastic

RMAZ200ADE Caramic
Rv4200ANB | Plastic

ALE Y

RV4200ADE Ceramic
RC4200ADE Ceramic
RC4200ANMNEB Plastic

-55t0 +125"C

-40 10 +85°C

-4 to +B5°C
Gto+70"C
Qto+70 C

-85 o +125°C

-40 1o +85°C

-40 to +85°C
Dto+70"C
Dto+70°C

wo L1 1
FRECQUEMNCY -- Hz

K MK,

Figure 8. AC Feedthrough vs. Frequency

HIGH RELIABILITY OPTIONS

Part Type Added Screening QOrder Part MNao.
RIA2000E With MIL-5TD-883 Class B processing RMAZ00DED
RM4200ADE RMA200A0E3
Rw4200DE With A + 2 processing” including burn-in and Ryw42000E3
RC4200DE tightened AOL RC4200DE3
RV4200ADE Rw4200ADE3
RC4200ADE RC4200A0EZ
RWw4200MNB With A + 2 processing” including “Hot Rail’” testing, Bv4200MB2
RC4200MB burn-in, temp cycle and tightened AQL RCAZ200MB2
RV4200ANB RWAZ00ANBZ
RC4200ANB RC4200ANB2
Rv4200MNB With A + 1 processing” including “"Hot Rail” testing, Rv4200MB1
RC4200N8 ternp cycle and tightened AQL RC4200MB1
Rv4200ANB RY4200ANB1
RC4200ANMB RC4Z200ANB1

*Full descriptions contained in the quality section of this catalog.
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4 x 4 x 2 Balanced Switching Crosspoint Array

GENERAL DESCRIPTION

The RCA4444 is a monalithic dielectrically isolated crosspoint ar-
ray arranged into a 4 x4 x2 matrix. The primary applications are
for balanced switching of 600 ohm transmission lines. The ring
and tip are selected by selective hiasing of the P+ and P- gate.

Designed to replace reed-relays in telephone switchboards, it
does not require a constant gate drive to keep the SCR in the
“on” condition. It is several orders faster, with no bouncing,
and has a2 much longer operating life than its mechanical
counterpart.

The 16 SCR pairs with the gating system are packaged in a 24
pin dual-in-line package.

The RC4444 is a monolithic pin-far-pin replacement for the
MC3416 and MCBH7601,

SCHEMATIC DIAGRAM

DESIGN FEATURES
Low Bi-Directional Rgn
High Roff

Excelient Matching of Gates
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High Rate Firing

Predictable Holding Currant
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ABSOLUTE MAXIMUM RATINGS

Operating Voltage {Note 10 . .. .............. 25v Storage Temperature Range .. ... .., ‘5505: to +150°C
internal Power Dissipation (Note 2} .. ... . ... 800mW Operating Temperautre Range .. ....... 0°Cto+70 C
Operating Current per Crosspoint {Note 2) . . ... 100mA Lead Tarmperature {Soldering, 60s) .. .. ... ... 3o0c
ELECTRICAL CHARACTERISTICS (0°C = Ta < 70°C unless otherwise noted)
CHARACTERISTIC SYMBOL | MIN MAX | UNIT
Anode-Cathode Breakdown Voltage {lax = 25uA} BV ax 25 - Vdc
Cathode-Anode Breakdown Valtage (liga = 2buA) BVKA 25 - Vde
Base-Cathode Breakdown Vaoltage (Igg = 25uA) BVRK 25 - Wde
Cathode-Base Bregkdown Voltage {Igg = 25uA) BvVke 25 — Yde
Base-Emitter Breakdown Voltage {IBg = 25uA) BVRE 25 - Ve
Emitter-Cathode Breakdown Voltage {{g = 25pA) BVEK 25 — Vde
OFF State Resistance {V ax = 10V roff 100 - ME
Dynamic ON Resistance Yon 9]
{Center Current = 10mA} 40 12
{Center Current = 20mA} 2.0 10
Halding Current {See Figure 10} Iy 0.9 3.8 mA
Enable Current (VgE = 1.5V) 'En 4.0 — mA
Anode-Cathode ON Voltage VaK v
tlak = 10mAl - 1.0
{Tak = 20mA) - 1.1
Gate Sharing Current Ratio @ Cathodes Gsh 0.8 1.25 |mA/mA
[Under Select Conditions with Anodes Open}
Inhibit Valtage (Vg = 3.0V) Vinn - 0.3 y
Inhibit Current (Vg = 3.0V} linh — 0.1 mA,
OFF State Capacitance {V aK = OV) Coff — 2.0 oF
Turn-ON Time ton — i.0 s
Minimum Voltage Ramp {Which Could Fire the SCR Under Transient Conditions) dv/dt 800 - Y ius
MOTES:
1. Maximuoem voltage from anode to cathode.
2. Package thermal resistance fja typically 0S5"C/mW. Package
power dissipation limited to 900mWA.
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TYPICAL APPLIGATIONS

4 x 4 x 2 Balanced Switching Crosspoint Array
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4 x 4 x 2 Balanced Switching Crosspoint Array 4444

M I
TYPICAL APPLICATIONS
FEEDTHROUGH VERSUS SIGNAL FREQUENCY CROSSTALK VERSUS SIGNAL FREQUENCY
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Metal Ceramic Packaging Information
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Beam Lead Linear IC’s

Typical Beam Lead Cross Section
wilth Interconnections
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Ordering Information

Beam Lead Linear 1C's may be ordered either as military
or cormmercial grade devices:

RM = -55°C to +125°C operating  temperature range,
B-level visual.

RC = 07Cto +70°C, C-level visual.

Examples

RM10M1ABL
Military Beam Lead
Specifications Device

Product Type MNo.
RC104BL
r = = 1

Commercial Beam Lead
Specifications Davice

Product Type No.

101A GENERAL PURPOSE Order Part Mos.;
OPERATIONAL AMPLIFIER BMI101ABL,
Die Size: 58 x 60 mils. RC101ABL

Mechanical Cutline 16

| |
11310

ACTIVE SIDE AS BONDED
1.BAL 6. +Veg 11. COMP/BAL 16, +INPUT
2.NC 7.NC 12 NC 17.NC
3. 0UTPUT 8. NC 13 -INPUT 18, NC
4. NC g, cOMP 14, NC 19. Vee
5. NC 10, NC 5, NC 20, NC

Order Part Nos.:
RR106EL,
RC105BL

106 POSITIVE VOLTAGE
REGULATOR
Die Size: 53 x 63 mils,

Mechanieal Outline 22
El4 STANDARLD

ACTIVE SIDE AS BONDED
1.NC 5 GND 10.NC 15 NG
2.NG 6. BYPASE 11. FEEDBACK 16. NC
3. BOODSTER QUTPUT 7. NC 12, COMP 17, NC
4. UNREG INPUT 8. NC 13. REG OUTPUT 18. NC
9. NC 14 CURRENT LIMIT
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Beam Lead Linear IC’s

709 GENERAL PURPOSE Ovder Part Nos.:

7094 OPERATIONAL AMPLIFIER Em;gﬁ'@_
Drie Size: 48 x 48 ROTOORL '
fll T ?[ il' Mechanical Qutline 8
T t E-L l"/ml ]
3
-y -i] -
§—
%{%I -
| [
3 W on o7

ACTIVE SIGE

AS BONDED

1.NC 5 HMNPUT 9, DUTPUT COMP 12 INPUT COMP
2.NC 8. Voo 10. QUTPUT 13. NC

3. INPUOT COMP 7. NC 11 +Vee 14, NC

4, -INPUT B NC

710 GENERAL PURPOSE Order Part Nos.:

COMPARATOR RM710BL,
Die Size: 41 x 41 mils. RM710ABL,
RC710BL

Mechanicat Outline 5

10--malfl T 112 11
I’I' bz
o — I 10
8 -JEI.I.rJ_I s : TM710 |} ®
- 3
re—r——lay 1 k1
TTT Tow
ol 5 & 7
7 g 5]
ACTIVE SIDE AS BONDED
1. NC 4 4INPUT 7.NC 10. NC
2. NC 5. NC 8. -Vgo 1. 4Veg
3. NC §. —INPUT 9, OUTPUT 12, GND

711 DUAL COMPARATOR Order Part Nos,:

Die Size: 44 x 49 mils. AM711BL,
RC711BL
10 11 12 13
[ |
59— ll'Lrll_:g" Mechanical Outling 8
‘J 1IJ—|.I —14 131214110
8 l:ﬂ E _1s IR
—3 9
7— G
I:Ir J ‘-|_|l| -5 14 .8
& — 161
i 1 ‘6[ TMZ11 b7
 BEA] e
[T :
8 4 3 2 2385
ACTIVE SIDE AS QONDED
1. GND 5, —INPUT tAl 9 -INPUT IB) 12, STROBE 2
2. NG 6, +INPUT (A} 10, NC 14, QUTPUT
3.STROBE1 7. -Vpe 11.NC 15 +Vog
4. NC 8. +INPUT (Bl 12. NC 16, NC

1741 GENERAL PURPOSE
OPERATIONAL AMPLIFJER
Die S1ze: 56 x 65 mals,
A S B 1

10
i

Order Part Nos.:
RM1I41BL,
RC1741BL

Mechanical Qutlineg 15
ElA STANDARD

111
2o
8f P
gt TM741X (19
11 fne
; 117
| 11"\""r“’ﬁ*"
T 7T O
W15 M B 1213141516
ACTIVE SIDE AS BONDED
1. BALANCE 6. +Vee  11.BALANCE 16, +INPUT
2. NC 7.NC 12, NG 17.NC
3, DUTPUT 8. NC 13. ~INPUT 18.NC
4, NC 9. NC 14. NC 19. Vee
& NC 10. NG 15, NC 20. NC

4132 MICRO POWER Order Part Nos.:

OPERATIONAL AMPLIFIER RM4132BL,
Die Siza: 64 x 74 mils. RC413281.

Mechanical Outline 14

ol
o1 s

ACTIVE SIDE AS BONDED
1. NC 5. ~INPUT 9.NC 13. vt
2.NC &, HINPUT 10, NC 14.NC
3.NC 7. -Vep 11. BAL 15. NC
4, BAL 8. NC 12, QUTPUT 16. NC

748 OPERATIONAL AMPLIFIER  Crder Part Nos.:

ie Size: RM748BL,
Die Size: 65 x 65 RO7426L

KMachanical Outline 15
EIA STANDARD

LI
e —— iy
T F
)i TM748 |[P¢
15 }33
i mEl
(£ —_—
[EIRE IR T
AS BONDED
1.BAL 6. +vee 11. BAL 16, +INPUT
2.KC 7.HC 12.NC 17.NC
3. QUTPUT 8. NC 13, -INPUT 18. NC
4. COMP 3. COMP 14. NG 0. Ve
5 NC 10 NC 16, WNC 20. NC
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