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Introduction

This is National Semiconductor’s first Field Effect
Transistor/Analog Switches Data Book. 1t is the
direct result of the designer’s desire to have a
complete, concise, up to date handbook for dis-
crete FETs and FET analog switches.

There are over 1000 Junction FETs and analog
switches available from at least 8 major suppliers
and many smaller ones. In order to ease the de-
signer’s task, National has selected approximately
350 types as representative of a product that
reflects the best available current technology.
Certain of these products have been designated
preferred parts. To qualify as a preferred part,

Product Profile

Field Effect Transistors. National offers 17 JFET
processes which cover the full range of possible
products. Devices with leakage currents as low as
0.1 pA are available along with devices suitable
for operation at VHF frequencies. Low noise FETs
for audio and subaudio applications are available
along with the industry’s broadest line of mono-
lithic dual FETs. National invented the monolithic
dual JFET and consistently wins praise for consis-
tent performance to the tightest offset and drift
specifications. National’s cascode dual JFETs
(Process 84, 94) offer superior CMRR and low
leakage currents even at extended voltages.

Analog Switches. National Semiconductor has for
many years supplied a full line of analog switches
which served the designer’s needs for high quality,
competitively priced products. Recognizing the
need for improved reliability and lower cost as

a product must offer the latest technology, the
best performance, excellent deliverability and
competitive prices. These preferred parts should be
considered first in all applications.

If you are a first-time user of FETs and FET analog
switches, you will find this catalog invaluable in
making your selection. Old hands will appreciate
the concise selector guides and accurate process
curves. Whatever your experience, you will find
National’s Sales Representatives, Field Applica-
tion Engineers and Factory Personnel willing and
able to help with any application problems or
questions.

industry usage increased, National developed the
BI-FETT™ technology and other monolithic FET
structures which have become the industry stan-
dard for analog switches. The preferred parts
shown in this data book utilize these processes.
Most are function, pin and specification compatible
with earlier products available in the market place.

High Reliability Product. National Semiconductor
is committed to supplying the military/aerospace
markets with the highest quality product available.
Presently, National is qualified to supply 85% of
all FETs on the MIL-S-19500 QPL—more than any
other supplier. Qur capability covers a wide range
of standard and special testing and processing 10
levels as specified in MIL-S-19500, MIL-STD-750,
MIL-STD-883, MIL-M-38510. Contact your local
representative or regional office for information
concerning your specific requirements.
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How to Use This Catalog

How to Use This Catalog

The Field Effect Transistor/Analog Switch Data
Book is divided into 7 sections. The following
information is contained in each.

Section 1 Alpha-numeric parts lists and cross

reference guides

Section 2 FET selector guides including a
complete guide by application to all
part types offered by National. This
is the complete guide to National
FET specifications and is indexed in
Section 1. Preferred parts are shown

with gray overprinting.

Section3 FET process characteristics giving
complete information on all proces-
ses, including all parts manufactured
from a particular process by package
type.

Section 4 FET preferred parts data sheets.

Section 5 Analog switch selector guides and

data sheets.

Section 6 Applications notes on FETs and

analog switches.

Section 7 Physical Dimensions

The following suggested procedure will help you
find the device you need.

Part Number Known: Go to section 1. If alter-
nate type found in cross reference guide, then
compare alternate specification in section 2 against
desired part type for compatibility.

Specification Known: Refer to ““FET Process
Comparison Chart”” in section 2 to find the most
compatible process. Then turn to the specific
process in section 3 for a fisting of specific device
type numbers available in that process. Take
special note of preferred part types. Full data
sheets are available in section 4.

Application Known: For FETs, turn to “Choose
the Proper FET"" and “FET Application Guide in
section 2. Refer also to “Important Parameters by
Application” as needed. Once a process is selected,
refer to section 3 and to the proper preferred part
type. For analog switches, refer to section 5 ““Ana-
log Switch Selector Guide''.

None of the Above: Contact local representative
or regional office tor assistance.




FET Parts List

, SELECTION PREFERRED PARTS
DEVICE PROCESS/PACKAGE GUIDE DATA SHEET PROCESS PAGE

e 2N2608 89/11 2-19 3-23
2N2609 88/11 2-19 321
2N3069 52/02 2-13 3-8
2N3070 52/02 2-13 3-8
2N3329 89/23 2-19 3-23
2N3330 89/23 2-19 3-23
2N3331 89/23 2-19 3-23
2N3332 89/23 219 3-23
2N3368 52/02 2-13 3-8
2N3369 52/02 2-13 3-8
2N3370 52/02 2-13 3-8
2N3382 88/23 2-19 3-21
2N3384 88/23 2-19 3-21
2N3386 88/23 2-19 3-21
2N3436 55/02 2-13 3-12
2N3437 55/02 213 3-12
2N3438 55/02 2-13 3-12
2N3458 52/02 2-13 3-8
2N3459 52/02 2-13 3-8
2N3460 52/02 2-13 3-8
2N3684 52/25 2-13 4-3 3-8
2N3685 52/25 213 4-3 3-8
2N3686 52/25 2-13 4-3 3-8
2N3687 52/25 2-13 4-3 3-8
2N3819 50/74 2-11 33
2N3821 55/25 2-13 3-12
2N3822 55/25 2-13 312

e 2N3823 50/25 2-1 33
2N3824 55/25 29 3-12
2N3921 83/12 2-15 3-16
2N3922 83/12 2-15 3-16
2N3954 83/12 2-15 4-4 3-16
2N3954A 83/12 2-15 4-4 3-16
2N3955 83/12 2-15 4-4 3-16
2N3955A 83/12 2-15 4-4 3-16
2N3956 83/12 2-15 4-5 3-16
2N3957 83/12 2-15 4-5 3-16
2N3958 83/12 2-15 4-5 3-16
2N3966 50/25 29 3-3
2N3967 52/25 2-13 3-8
2N3967A 52/25 2-13 3-8
2N 3968 52/25 213 3-8
2N3968A 52/25 213 3-8
2N3969 52/25 2-13 3-8
2N3969A 52/25 2-13 3-8
2N3970 £1/02 2-9 3-6
2N3971 51/02 2-9 3-6
2N3972 51/02 2.9 3-6

e Denotes JAN qualified type
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FET Parts List (continue

FET Parts List

SELECTION PREFERRED PARTS
DEVICE PROCESS/PACKAGE GUIDE DATA SHEET PROCESS PAGE
2N3993 88/23 2-19 3-21
2N3993A 88/23 2-19 3-21
2N3994 88/23 2-19 3-21
2N3994A 88/23 2:19 3-21
2N4084 83/12 215 3-16
2N4085 83/12 2-15 3-16
® 2N4091 51/02 2:9 4-6 3-6
® 2N4092 51/02 29 4-6 36
® 2N4093 51/02 29 4-6 3-6
2N4117 53/25 2-13 3-10
2N4117A 53/25 2-13 47 3-10
2N4118 53/25 213 3-10
2N4118A 53/25 213 4.7 3-10
2N4119 53/25 213 310
2N4119A 53/25 213 4.7 3-10
2N4220 55/25 214 3-12
2N4220A 55/25 2-14 3-12
2N4221 55/25 2-14 3-12
2N4221A 55/25 2-14 3-12
2N4222 55/25 2-14 312
2N4222A 55/25 214 3-12
2N4223 50/25 2-11 33
2N4224 50/25 2-11 33
2N4338 52/02 2-14 48 3-8
2N4339 52/02 2-14 4-8 38
2N4340 52/02 214 48 3-8
2N4341 52/02 214 4-8 38
2N4381 89/11 2-19 3-23
2N4382 88/11 2-19 3-21
2N4391 51/02 29 4.9 36
2N4392 51/02 29 4-9 36
2N4393 51/02 29 4.9 36
2N4416 50/25 2-11 4-10 33
® 2N4416A 50/25 211 4-10 33
® 2N4856 51/02 29 4-11 36
2N4856A 51/02 29 36
® 2N4857 51/02 29 4-11 36
2N4857A 51/02 29 36
® 2N4858 51/02 29 4-11 36
2N4858A 51/02 29 36
e 2N4859 51/02 2.9 3-6
2N4859A 51/02 29 36
® 2N4860 51/02 29 3-6
2N4860A 51/02 29 3-6
® 2N4861 51/02 29 36
2N4861A 51/02 29 36
2N5018 88/11 2-19 3-21
2N5019 88/11 2:19 3-21

® Denotes JAN qualified type
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FET Parts List (continueal ﬂ
SELECTION PREFERRED PARTS Q-)U
DEVICE PROCESS/PACKAGE GUIDE OATA SHEET PROCESS PAGE %
2N5020 89/11 220 323
2N5021 89/11 220 323 r
2N5045 83/12 216 3-16 28
2N5046 83/12 2-16 316
2N5047 83/12 216 316
2N5078 50/25 2-11 33
2N5103 50/25 214 33
2N5104 50/25 2.14 33
IN5105 50/25 214 33
® 2N5114 88/11 219 412 321
® 2N5115 88/11 219 412 321
e 2N5116 88/11 2-19 412 321
2N5196 83/12 216 413 316
2N5197 83/12 216 413 316
2N5198 83/12 216 413 316
2N5199 83/12 2.16 413 316
2N5245 90/77 211 414 3.25
2N5246 90/77 211 414 325
2N5247 90/77 211 414 3.25
2N5248 50/74 211 33
2N5358 55/25 214 415 312
2N5359 55/25 214 415 312
2N5360 55/25 214 415 312
2N5361 55/25 214 4-16 312
2N5362 55/25 214 416 312
2N5363 55/25 214 4-16 312
2N5364 55/25 214 4-16 3-12
2N5397 90/25 2-11 417 325
2N5398 90/25 2-11 3-25
2N5432 58/07 2.9 418 314
2N5433 58/07 29 418 314 m
2N5434 58/07 2.9 418 314
2N5452 83/12 216 316
2N5453 83/12 216 316
2N5454 83/12 216 3-16
2N5457 55/72 214 4.19 312
2N5458 55/72 214 419 312
2N5459 55/72 2-14 419 312
2N5460 89/71 220 4-20 323
2N5461 89/71 220 4-20 323
2N5462 89/71 220 4.20 323
2N5484 50/72 2-11 4-21 33
2N5485 50/72 211 421 33
2N5486 50/72 2-11 4:21 33
2N5515 95/12 217 3-33
2N5516 95/12 217 3-33
2N5517 95/12 217 3-33
2N5518 95/12 217 333
® Denotes JAN qualified type
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FET Parts List

FET PartS LiSt (Continued)

SELECTION PREFERRED PARTS
DEVICE PROCESS/PACKAGE GUIDE DATA SHEET PROCESS PAGE

2N5519 95/12 2-17 333
2N5520 95/12 2-17 4.22 3-33
2N5521 95/12 2-17 4-22 3-33
ING522 95/12 217 4.22 3-33
2N5523 95/12 2-17 4-22 3-33
2N5524 95/12 2-17 4-22 3-33
2Nb545 *83/12 216 4-23 3-16
2N5546 *83/12 2-16 4-23 3-16
2N5547 *83/12 2-16 4-23 3-16
2N5555 50/72 2-9 33
2Nb556 50/25 2-14 33
2N5557 50/25 214 3-3
2N5568 50/25 2-14 3-3
2N5561 198/12 2-16 3-37
2N5562 198/12 216 3-37
2N5563 198/12 2-16 3-37
2N5564 96/12 217 4-24 3-35
2N5565 96/12 2-17 4-24 3-35
2N5566 96/12 217 4-24 3-35
2Nb638 51/72 210 425 3-6
2N5639 51/72 2-10 4-25 3-6
2N5640 51/72 2-10 4-25 3-6
2N5653 51/72 2-10 3-6
2N5654 51/72 210 36
2N5668 50/72 2-11 3-3
2N5659 50/72 2-11 3-3
2N5670 50/72 2-11 3-3
2N5902 84/24 2-18 3-18
2N5903 84/24 2-18 3-18
2N5904 84/24 2-18 3-18
2N5905 84/24 2-18 3-18
2N5906 84/24 2-18 4-26 3-18
2N5907 84/24 2-18 4-26 3-18
2N5908 84/24 2-18 4-26 3-18
2N5909 84/24 2-18 4-26 3-18
2N5911 93/24 2-17 427 3-29
2N5912 93/24 2-17 4-27 3-29
2N5949 50/77 2-11 3-3
2N5950 50/77 2-11 3-3
2N5951 50/77 2-1 3-3
2N5952 50/77 211 3-3
2N5953 50/77 211 33
2N6483 95/12 217 4-29 3-33
2N6484 95/12 2-17 4.-29 3-33
2N6485 95/12 217 429 3-33
BC264A 50/77 2-20 3-3
BC2648B 50/77 2-20 3-3
BC264C 50/77 2-20 3-3
* JAN qualification pending. Consult factory.

1 Process in development




FET Pal'tS LiSt (Continued)}

SELECTION PREFERRED PARTS
DEVICE PROCESS/PACKAGE GUIDE DATA SHEET PROCESS PAGE
BC264D 50/77 2-20 33
BF244A 50/74 220 33
BF244B 50/74 2-20 33
BF244C 50/74 2-20 33
BF245A 50/77 220 33
BF2458 50/77 2:20 33
BF245C 50/77 2-20 3-3
BF246A 51/74 2-20 36
BF2468 51/74 220 36
BF246C 51/74 220 3-6
BF247A 51/77 2-20 36
BF247B 51/77 2:20 36
BF247C 51/77 2-20 3-6
BF256A 50/77 220 3-3
BF2568 50/77 2.20 33
BF256C 50/77 2-20 33
J108 58/72 210 4-30 3-14
J109 58/72 2-10 4-30 3-14
J110 58/72 2-10 4-30 3-14
J1 51/72 2-10 4-31 36
J112 51/72 210 4-31 3-6
J113 51/72 210 4-31 36
J114 90/72 210 3-25
J174 83/74 2-19 4-32 321
J175 83/74 2-19 4-32 321
J176 83/74 219 4-32 321
J177 83/74 219 4-32 3-21
J201 52/72 2-14 4-33 3-8
4202 52/72 214 4-33 3-8
J203 52/72 2-14 433 38
J210 90/72 214 4-34 3-25
J2n 90/72 214 4-34 325
J212 90/72 2-14 4-34 325
J270 88/74 2-20 4-356 3-21
J271 88/74 2-20 4-35 3-21
J300 90/72 2-11 4-36 3-25
J304 50/72 2-11 4-37 33
J305 50/72 211 4-37 33
J308 92/72 2-1 3-27
J309 §2/72 2-11 4-38 3-27
J310 92/72 21 438 3-27
J401 198/60 216 3-37
J4o02 198/60 2-16 3-37
J403 198/60 2-16 3-37
J404 T98/60 216 3-37
J405 198/60 2-16 3-37
J406 198/60 2-16 3-37
J410 83/60 2-16 316

TProcess in development
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FET Parts List

FET Pal’tS LiSt {Continued)

SELECTION PREFERRED PARTS
DEVICE PROCESS/PACKAGE GUIDE DATA SHEET PROCESS PAGE

Jan 83/60 2-16 3-16
J412 83/60 2-16 3-16
MPF102 50/72 2-12 3-3
MPF 103 55/72 2-14 3-12
MPF104 55/72 2-14 3-12
MPF 105 55/72 2-14 3-12
MPF 106 50/72 2-12 3-3
MPF 107 50/72 2-12 3-3
MPF 108 55/72 2-12 3-12
MPF 109 55/72 2-14 3-12
MPF111 50/72 2-15 3-3
MPF112 55/72 2-15 3-12
NDF9401 94/24 2-18 3-31
NDF9402 94/24 2-18 3-31
NDF9403 94/24 2-18 3-31
NDF9404 94/24 2-18 3-31
NDF9405 94/24 2-18 3-31
NDF9406 94/12 2-18 4-39 3-31
NDF9407 94/12 2-18 4-39 3-31
NDF9408 94/12 2-18 4-39 3-31
NDF9409 94/12 2-18 4-39 3-31
NDF9410 94/12 2-18 4-39 3-31
NF5101 51/25 2-12 4-40 36
NF5102 51/25 2-12 4-40 3-6
NF5103 51/25 2-12 4-40 3-6
NPD5564 96/67 2-17 4-24 3-35
NPD5565 96/67 2-17 4-24 3-35
NPD5566 96/67 217 4-24 3-35
NPD8301 83/67 2-16 4-41 3-16
NPD8302 83/67 2-16 4-41 3-16
NPD8303 83/67 2-16 4-41 3-16
NPD9801 198/67 2-16

NPD9802 198/67 2-16

NPD9803 198/67 2-16

P1086E 88/71 2-19 321
P1087E 88/71 219 321
PF5101 51/72 2-12 4-40 36
PF5102 51/72 2-12 4-40 3-6
PF5103 51/72 2-12 4-40 3-6
PN3684 52/72 2-15 4-3 3-8
PN3685 52/72 2-15 4-3 3-8
PN3686 52/72 2-15 4-3 3-8
PN3687 52/72 2-15 4-3 38
PN4091 51/72 2-10 4-6 3-6
PN4092 51/72 2-10 4-6 36
PN4093 51/72 2-10 4-6 36
PN4220 55/72 2-15 312
PN4221 55/72 2-15 3-12

tProcess in development




FET PartS LiSt {Continued)

. SELECTION PREFERRED PARTS
DEVICE PROCESS/PACKAGE GUIDE DATA SHEET PROCESS PAGE
PN4222 55/72 215 312
PN4223 50/72 212 33
PN4224 50/72 212 33
PN4302 52/72 215 38
PN4303 52/72 215 38
PN4304 52/72 215 38
PN4342 89/71 220 323
PN4343 88/71 220 321
PN4360 89/71 220 323
PN4391 51/72 2-10 4.9 36
PN4392 51/72 210 4.9 36
PN4393 51/72 210 49 36
PN4416 50/72 212 33
PN4856 51/72 210 411 36
PN4857 51/72 210 411 36
PN4858 51/72 210 4-11 36
PN4859 51/72 210 36
PN4860 51/72 210 36
PN4861 51/72 210 36
PN5033 89/71 220 3-23
PN5163 50/72 215 33
TIS58 50/74 215 33
T1S59 50/74 215 33
TIS73 51/77 210 36
TIS74 51/77 210 36
TIS75 51/77 210 36
U1897E 51/72 210 36
U1898E 51/72 210 36
U1899E 51/72 210 36
U231 83/12 216 316
U232 83/12 216 316
U233 83/12 216 316
U234 83/12 216 316
U235 83/12 216 3-16
U257 93/24 217 329
U300 88/11 220 321
U301 88/11 220 321
U304 88/11 219 321
U305 88/11 219 321
U306 88/11 219 321
U308 92/07 212 327
U309 92/07 212 442 327
U310 92/07 212 442 327
U312 90/07 212 3-25
U320 58/09 212 314
U321 58/09 212 314
U322 58/09 212 314
U401 198/12 216 337

TProcess in development
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FET Pal'tS LiSt (Continued)

FET Parts List

SELECTION PREFERRED PARTS
DEVICE PROCESS/PACKAGE GUIDE DATA SHEET PROCESS PAGE
U402 198/12 216 3-37
u403 198/12 2-16 3-37
U404 198/12 2-16 3-37
U405 198/12 2-16 3-37
U406 198/12 2-16 3-37
uaz1 186/24 2-18 3-20
U422 186/24 2-18 3-20
U423 186/24 2-18 3-20
U424 186/24 2-18 3-20
U425 186/24 2-18 3-20
U426 186/24 218 3-20
U430 92/24 2-17 3-27
U431 92/24 2-17 3-27

TProcess in development
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JFET Cross Reference Guide

This guide contains cross reference information to
more than 850 Junction FETs, including many
obsolete or otherwise unavailable types. Every
effort has been made to recommend a replacement
FET which will plug into an existing socket and
work as well as the part it replaces. Let the replace-
ment code be your guide. |f you do not find a
particular part in this guide and you know its
specification, you should refer to “How To Use
This Catalog” in this section.

REPLACEMENT CODE

* Identical specification and pin configuration

® [Equal or better specification, identical pin
configuration

®  Similar specification acceptable for all but the
most critical applications, similar pin configura-
tion

CF Consult Factory or Local Sales Representative,
available on special order

N No equivalent process

INDUSTRY TYPE REPLACEMENT NA;Ag?AL
NUMBER CODE NUMBER
2N2386 - 2N2608
2N2386A L] 2N4381
2N2497 = 2N5021
2N2498 L] 2N5021
2N2499 L] 2N4381
2N2500 L} 2N4381
2N2606 N
2N2607 N
2N2608 * 2N2608
2N2609 v 2N2609
2N2841 N
2N2842 N
2N2843 L] 2Nb020
2N2844 = 2N5020
2N3066 [ 2N4340
2N3067 L] 2N4338
2N3068 » 2N4338
2N3069 ) 2N3069
2N3070 ) 2N3070
2N3071 N 2N3071
2N3084 - 2N4340
2N3085 L] 2N4340
2N3086 L] 2N4340
2N3087 L 2N4340
2N3088 = 2N4339
2N3088A L] 2N4339
2N3089 [ 2N4339
2N3089A . 2N4339
2N3277 N
2N3278 N
2N3328 . 2N3330

INDUSTRY TYPE
NUMBER

2N3329
2N3330
2N3331
2N3332
2N3365
2N3366
2N3367
2N3368
2N3369
2N3370
2N3376
2N3378
2N3380
2N3382
2N3384
2N3386
2N3436
2N3437
2N3438
2N3452
2N3453
2N3454
2N3455
2N3456
2N3457
2N3458
2N3459
2N3460
2N3574
2N3575
2N3578
2N3684
2N3684A
2N3685
2N3685A
2N3686
2N3686A
2N3687
2N3687A
2N3819
2N3820
2N3821
2N3822
2N3823
2N3824
2N 3909
2N3909A
2N3921
2N3922
2N3954
2N3954A
2N39565
2N3955A
2N3956
2N3957
2N3958
2N3966

REPLACEMENT
CODE

+ @

NATIONAL
PART
NUMBER

2N3329
2N3330
2N3331
2N3332
2N4340
2N4338
2N4338
2N3368
2N3369
2N3370
2N 3329
2N3330
2N3331
2N3382
2N3384
2N3386
2N3436
2N3437
2N3438
2N3685
2N4118
2N4119
2N3685
2N4118
2N4119
2N3458
2N3459
2N3460
2N3329
2N3329
2N2608
2N3684
2N3684
2N3685
2N 3685
2N3686
2N3686
2N3687
2N3687
2N3819
2N3820
2N3821
2N3822
2N3823
2N3824
2N3331
2N3331
2N3921
2N3922
2N3954
2N3954A
2N3955
2N3956A
2N3956
2N3957
2N3958
2N3966

apiny 3adJuUaI3yayY ssoLD 134r




JFET Cross Reference Guide

JFET Cross Reference Guide coninuey

INDUSTRY TYPE
NUMBER

2N3967
2N3967A
2N3968
2N3968A
2N3969
2N3969A
2N3970
2N3971
2N3972
2N3993
2N3993A
2N3994
2N3994A
2N4082
2N4083
2N4084
2N4085
2N4091
2N4092
2N4093
2N4117
2N4T17A
2N4118
2N4T18A
2N4119
2N4119A
2N4139
2N4220
2N4220A
2N4221
2N4221A
2N4222
2N4222A
2N4223
2N4224
2N4302
2N4303
2N4304
2N4338
2N4339
2N4340
2N4341
2N4342
2N4343
2N4360
2N4381
2N4382
2N4391
2N4392
2N4393
2N4416
2N4416A
2N4417
2N4445
2N4446
2N4447
2N4448

REPLACEMENT NAJA'\(I;':AL
CODE NUMBER
* 2N3967
* 2N3967A
- 2N3968
- 2N3968A
* 2N3969
* 2N3969A
* 2N3970
* 2N3971
* 2N3972
* 2N3993
* 2N3993A
* 2N3994
* 2N3994A
CF
CF
* 2N4084
* 2N4085
- 2N4091
* 2N4092
* 2N4093
* 2N4117
* 2N4T17A
* 2N4118
* 2N4118A
* 2N4119
* 2N4119A
CF
: 2N4220
- 2N4220A
* 2N4221
* 2N4221A
* 2IN4222
* 2N4222A
* 2N4223
* 2N4224
. PN4302
. PN4303
. PN4304
* 2N4338
* 2N4339
* 2N4340
! 2N4341
. PN4342
Y PN4343
. PN4360
- 2N4381
* 2N4382
* 2N4391
* 2N4392
* 2N4333
* 2N4416
* IN4416A
N
. 2N5432
. 2N5433
. 2N5432
. 2N5433

INDUSTRY TYPE
NUMBER

2N4856
2NA8LHBA
2N4857
2N4857A
2N4858
2N4858A
2N4859
2N4859A
2N4860
2N4860A
2N4861
2N4861A
2N4867
2N4867A
2N4868
2N4868A
2N4869
2N4BEOA
2N4881
2N4882
2N4883
2N4884
2N4885
2N4886
2N4977
2N4978
2N4979
2N5018
2N5019
2N5020
2N5021
2N5033
2N5045
205046
2N5047
2N5078
2N5103
2Nb104
2N5105
2N5114
2N5115
2N5116
2N5163
2N5196
2N5197
2N5198
2N5199
2N5245
2N5246
2N6247
2N5248
2N5265
2N5266
2Nb267
2N5268
2N5269
2NbB270

REPLACEMENT
CODE

*

CF
CF
CF

zZ2 =z 2z

L I -

®

NATIONAL
PART
NUMBER

2N4856
2N4856A
2N4857
2N4857A
2N4858
2N4858A
2N4859
2N4859A
2N4860
2N4860A
2N4861
2NAB6TA

2N5432
2N5433
2N5434
2N5018
2N5019
2N5020
2N5021
PN5033
2N5045
2N5046
2Nb047
2N5078
2N5103
2N5104
2N5105
2N5114
2NB115
2N5116
2N5163
2Nb196
2N5197
2N5198
2N5199
2N5245
2N5246
2N5247
2N5248
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JFET Cross Reference Guide iconinea m
NATIONAL NATIONAL ~
INDUSTRY TYPE ~ REPLACEMENT PART INDUSTRY TYPE REPLACEMENT ART 0O
NUMBER CODE NUMBER NUMBER CODE NUMBER 3
2N5277 N 2N5555 * 2NbB555 [7/]
2N5278 N 2N5E56 . 2N5556 w
2N5358 * 2N5358 2N5557 * 2N5557 o]
2N5359 - 2N5359 2N5558 * 2N5558 )
2N5360 * 2N5360 2NE561 * 2N5561 a'
2N5361 * 2N5361 2N5562 * 2N5562 -
2N5362 * 2N5362 2N5563 * 2N5563 o
2N65363 * 2N5363 2NB564 * 2N5564 3
2N5364 * 2N5364 2N5565 * 2N5565 8
2N5391 CF 2N5566 * 2N5566
2N5392 CF 2N5638 * 2N5638 o)
2N5393 CF 2N5639 * 2N5639 <
2N5394 CF 2N5640 * 2N5640 o
2N5395 CF 2N5647 n 2N3686 )
2N5396 CF 2N5648 u 2N3686
2NE5397 * 2N5397 2N5649 a 2N3685
2N5398 * 2N5398 2N5653 * 2N5653
2N5432 * 2N5432 2N5654 . 2N5654
2N5433 * 2N5433 2N5668 * 2N5668
2N5434 * 2N5434 2N5669 * 2N5669
2N5452 * 2N5462 2N5670 v 2N5670
2N5453 > 2N5453 2N5902 * 2N5902
2N5454 * 2N5454 2N5903 * 2N5903
2N5457 * 2N5457 2N5904 * 2N5904
2N5458 * 205458 2N5905 * 2N5905
2N5459 * 2N5459 2N5906 * 2N5906
2N5460 * 2N5460 2N5907 * 2N6907
2N5461 * 2N5461 2N5908 * 2N5908
2N5462 * 2N5462 2N5909 * 2N5909
2N5463 N 2N5911 * 2N5911
2N5464 N 2N5912 * 2N5912
2N5465 N 2N5949 * 2N5949
2N5471 . 2N5020 2N5950 x 2N5950
2N5472 ) 2N5020 2N5951 - 2N5951
205473 " 2N5020 2N5952 * 2N5952 _
2N5474 . 2N5020 2N5953 * 2N5953
2N5475 » 2N5020 2N6449 N
2N5476 n 2N5020 2NB450 N
2N5484 * 2Nb484 2N6451 CF
2N5485 * 2N5485 2N6452 CF
2N6486 > 2N5486 2N6453 CF
2NbB515 * 2N5515 2N6454 CF
2N5516 * 2N5516 2N6483 * 2N6483
2N5517 * 2NE517 2N6484 * 2N6484
2N5518 * 2N5518 2N6485 * 2NB485
2N5519 * 2N5519 A5T6449 N
2N5520 * 2N5520 A5T6450 N
2N5521 * 2N5521 AD3954 . 2N3954
2N5522 v 2NE522 AD3954A . 2N3954A
2N6523 * 2N5523 AD3955 . 2N3955
2N5524 * 2N5524 AD2955A . 2N3955A
2N5543 N AD3956 . 2N3956
2N5544 N AD3957 . 2N3957
2N5545 * 2N5545 AD3958 . 2N3958
2N5546 * 2N65546 AD5905 . 2N5905
2N5547 * 2N5547 AD5906 . 2N5906
2N5549 . 2N5397 AD5907 . 2N5907

1-15



JFET Cross Reference Guide

JFET Cross Reference Guide (continuea)

INDUSTRY TYPE
NUMBER

ADB908
AD5909
AD830
AD831
AD832
AD833
ADB833A
ADB835
AD836
ADB37
ADB838
AD839
ADB840
AD841
ADB842
AD845
ADB46
BF244A
BF244B
BF244C
BF245A
BF245B
BF245C
BF246A
BF246B
BF246C
BF247A
BF2478B
BF247C
BF256A
BF2568
BF256C
BF264A
BF264B
BF264C
BF264D
C413N
C681
C681A
C683
C683A
C685
CB68bA
CMB40
Cvi641
CM642
CM643
CM644
CM645
CMB46
cMm647
CP840
CP643
CP650
CP651
CP652
CP653

REPLACEMENT
CODE

% @ ® @ - §E §F @ § R @ R E @& H O O

*

*

NATIONAL

PART
NUMBER

2N5908
2N5809
2N5906
2N5907
2N5908
2N5909
2N5909
NDF9407
NDF9408
NDF9408
NDF9409
NDF9410
2N5520
2N5521
2N5523
2N5911
2N5912
BF244A
BF2448
BF244C
BF245A
BF2458B
BF245C
BF246A
BF246B
BF246C
BF247A
BF2478
BF247C
BF256A
BF256B
BF256C
BF264A
BF2648
BF264C
BF264D
2N4859
2N4338
2N4338
2N4339
2N4339
2N4220
2N4220
2N4391
2N4391
2N4392
2N4391
2N4393
2N4392
2N4392

U322
2N4391
U322
U320
u322
U320

INDUSTRY TYPE
NUMBER

E100
E101
E102
E103
E105
E106
E107
E108
E109
E110
E111
E112
E113
E114
E174
E175
E176
EV77
E201
E202
E203
E210
E211
E212
E230
£231
E232
E270
E271
E300
E304
E305
E308
E309
E310
E311
E312
E400
E401
E402
E410
E411
E412
E420
E421
FEOGb4A
FEO6548
FE3819
FEG245
FEL246
FES247
FEB457
FEB4GS
FE5459
FEG484
FE5485
FE5486

REPLACEMENT
CODE

© © 0 © 6 6 0 00 H E N © 0 060606 0606 0 06 0 06 060 0 0 0 006000

000000 o
T M M T M T

NATIONAL
PART
NUMBER
J202
4201
J202
J203

J108
J109
J110
J111
J112
J113
J114
J174
J175
J176
J177
J201
J202
J203
J210
J211
J212
PN3685
PN3684
PN368
J270
J271
4300
J304
J305
J308
J309
4310
J309
J310

U257

U257

PN4416
PN4303
2N3819
2N5245
2N5246
2N6247
2N5457
2N54538
2N5459
2Nb5484
2N5485
2N5486
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NATIONAL NATIONAL —
INDUSTRY TYPE REPLACEMENT PART INDUSTRY TYPE REPLACEMENT PART o
NUMBER CODE NUMBER NUMBER CODE NUMBER 3
FM1100A " 2N5906 J114 * J114 )
FM1101A ] 2N5906 J174 * J174 /7]
FM1102A . 2N5907 J175 * J175 )
FM1103A ] 2N5908 J176 * J176 )
FM1104A " 2N5909 J177 * J177 3
FM105A ] NDF9401 J201 * J201 -
FM1106A . NDF9401 J202 - J202 1]
FM1107A ] NDF9402 J203 * J203 3
FM1108A . NDF9403 J270 ‘ J270 8
FM1109A ] NDF9405 J271 - J271
FM1110A = 2N3957 J300 ¢ J300 (®)
FM1T11A L] 2N3958 J304 * J304 |
FM3954 . 2N3954 J305 * J305 '5_
FM3954A . 2N3954A J401 * J401 )
FM3955 ° 2N3955 J402 ’ J402
FM3955A . 2N3955A J403 * J403
FM3956 . 2N3956 Jao4 - Ja04
FM3957 . 2N3957 J405 - 1405
FM3958 . 2N3958 J406 * J406
FT0654A . 2N3824 J410 - Ja10
FT0654B " IN3824 Jan . Ja11
FT0654C " IN4221 Ja12 * Ja12
FT3820 ° 2N3820 J1401 * J1401
IMF3954 . 2N3954 J1402 * J1402
IMF3954A . 2N3954A 31403 N J1403
IMF 3955 . 2N3955 J1404 * J1404
IMF3955A . 2N3955A J1405 . J1405
IMF3956 . 2N3956 J1406 * J1406
IMF3957 . 2N3957 KE3684 . PN3684
IMF3958 o 2N3958 KE3685 . PN3685
1IT100 . 2N5115 KE3686 . PN3686
IT101 ] 2N5116 KE3970 . PN4391
1T108 [ ] 2Nb486 KE3971 L4 PN4392
IT109 . 2N5397 KE3972 . PN4393
ITE3066 . 2N4340 KE4091 . PN4091 m
ITE3067 ] 2N4338 KE4092 . PN4092
ITE3068 » 2N4338 KE4093 U PN4093
ITE4117 ) IN4117 KE4220 L PN4220
ITE4118 . 2N4118 KE4221 . PN4221
ITE4119 . 2N4119 KE4222 . PN4222
ITE4338 . 2N4338 KE4223 . PN4223
ITE4339 [ 2N4339 KE4224 ° PN4224
ITE4340 . 2N4340 KE4391 L PN4391
ITE4341 . 2N4391 KE4392 o PN4392
ITE4391 * PN4391 KE4393 o PN4393
ITE4392 * PN4392 KE4416 . PN4416
ITE4393 . PN4393 KE4856 ° PN4856
ITE4416 . PN4416 KE4857 o PN4857
ITE4867 [ PN3686 KE4858 . PN4858
ITE4868 . PN3685 KE4859 . PN4859
ITE4869 L] PN3684 KE4860 . PN4860
J108 ) J108 KE4861 . PN48ST
J109 - J109 KE5103 . 2N5952
J110 - J110 KE5104 . 2N5953
J111 * Jin KE5105 . PN4416
J112 * J112 MFE2000 . 2N4416
J113 * J113 MFE2001 " 2N4416
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JFET Cross Reference Guide (continued)

INDUSTRY TYPE
NUMBER

MFE2004
MFE2005
MFE2006
MFE2007
MFE2008
MFE2009
MFE2010
MFE2011
MFE2012
MFE2093
MFE2094
MFE2095
MFE2133
MFE4007
MFE4008
MFE4009
MFE4010
MFE4011
MFE4012
MPF102
MPF103
MPE104
MPF105
MPF106
MPF107
MPF108
MPF109
MPF111
MPF112
MPF161
MPF256
MPF820
MPF970
MPF971
MPF4391
MPF4392
MPF4393
NDF9401
NDF9402
NDF9403
NDF9404
NDF9405
NDF9406
NDF9407
NDF9408
NDF9409
NDF9410
NF500
NF501
NF506
NF510
NF520
NF521
NF522
NF523
NF530
NF531

NATIONAL
PART
NUMBER

2N4393
2N4392
2N4391
2N4857
2N4391
2N4856
2N4856
2N5433
2N5433
2N3687
2N3686
2N3685
2N4392
2N2608
2N2608
2N3329
2N3330
2N3330
2N3331
MPF102
MPF103
" MPF104
* MPF 105
* MPF 106
* MPF107
* MPF108
* MPF109
’ MPF111
* MPF112
[ 2N5461
] J211

- J309
[}

L]

REPLACEMENT
CODE

* @ % @ ®E B " E R E 0 m N N 3 8§ W EEG®R

*

P1086E

P1087E

PN4321
" PN4392
¥ PN4393
* NDF9401
* NDF9402
* NDF9403
* NDFO404
* NDF9405
* NDF9406
* NDF9407
¥ NDF9408
¥ NDF9409
NDF9410
2N4224
2N4224
2N3823
2N4092
2N4224
2N4220
2N4224
2N4220
2N3822
2N3821

*

INDUSTRY TYPE
NUMBER

NF532
NF533
NF580
NF581
NF582
NF583
NF584
NF585
NF4302
NF4303
NF4304
NF4445
NF4446
NF4447
NF4448
NF5101
NF5102
NF5103
NF5163
NF5457
NF5458
NF5459
NF5485
NF5486
NF55565
NF5638
NF5639
NF5640
NF5653
NF5654
NPD5564
NPD5565
NPD5566
NPD8301
NPD8302
NPD8303
NPD9801
NPD9802
NPD9803
P1069E
P1086E
P1087E
P1117E
P1118E
P1119E
PF510
PFE511
PF5101
PF5102
PF5103
PN3684
PN3685
PN3686
PN3687
PN4091
PN4092
PN4093

REPLACEMENT
CODE

* 9 & & 6 & % & & 5 0 " O O 0

*

*

9 @ 0 &6 6 0 & &6 ¢ ¢ e 8

NATIONAL
PART
NUMBER

2N3822
2N3821
2N5432
2N5432
2N5434
2N5434
2N5432
2N5433
PN4302
PN4303
PN4304
2N5432
2N5433
2N5432
2Nb433
NF5101
NF5102
NF5103
2N5163
2N5457
2N5458
2N5459
2N5485
2N5486
2N5b55
2N5638
2N5639
2N5640
2N5653
2N5654
NPD5564
NPD5565
NPDb566
NPD8301
NPD8302
NPD8303
NPD9801
NPD9802
NPD9803

P1086E
P1087E

PN4392
PN4392
PF5101
PF5102
PF5103
PN3684
PN3685
PN3686
PN3687
PN4091
PN4092
PN4093
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INDUSTRY TYPE
NUMBER

PN4220
PN4221
PN4222
PN4223
PN4224
PN4302
PN4303
PN4304
PN4342
PN4343
PN4360
PN4391
PN4392
PN4393
PN4416
PN4856
PN4857
PN4858
PN4859
PN4860
PN4861
PN5033
PN5163
SU2078
SU2079
5U2080
SU2081
SU2098
SU2098A
5020988
SU2099
SU2099A
SU2365
SU2365A
SU2366
SU2366A
SU2367
SU2367A
5U2368
SU2368A
502369
SU2369A
SU2410
suU2411
SU2412
TD5452
TD5453
TD5454
TD5902
TD5902A
TD5903
TD5903A
TD5904
TD5904A
TD5905
TDB5905A
TD5906

REPLACEMENT
CODE

NATIONAL
PART
NUMBER

PN4220
PN4221
PN4222
PN4223
PN4224
PN4302
PN4303
PN4304
PN4342
PN4343
PN4360
PN4391
PN4392
PN4393
PN4416
PN4856
PN4857
PN4858
PN4859
PN4860
PN4861
PN5033
PN5163
2N3955
2N3956

2N3954
2N3954
2N3954A
2N3955A
2N3955A
U401
U401
U402
U402
U403
U403
U404
U404
U405
U405
U424
U425
U426
2Nb452
2N5453
2N5454
2N5902
2N5902
2N5903
2N5903
2N5904
2N5904
2Nb905
2N5905
2Nb5906

INDUSTRY TYPE
NUMBER

TD5906A
TD5907
TD5907A
TD5908
TD5908A
TD5909
TD5909A
TD5911
TD5911A
TDb912
TD5912A
TiS25
TIS26
TIS27
TIS34
TIS41
TIS42
TIS58
TIS59
T1S68
TIS69
TiS70
TIS73
TIS74
TIS75
TIS78
TiS79
TIS88A
U110
Ut12
uit4
U133
U146
utaz
U148
U149
U168
U182
U183
U184
U197
U198
U199
U200
U201
U202
U231
U232
U233
U234
U235
U240
U241
U242
U243
U244
U248

REPLACEMENT
CODE

«+ W M e 2 Z2 a1 B B M B R EEDN

222 *

*

*® @& ® 6 6 & & & ¢ &6 & 0 O O E W O O~

® &k

*

*Z & & & e

NATIONAL
PART
NUMBER

2N5906
2Nb907
2N5907
2N5908
2N5908
2N5909
2N5909
2N5911
2N5911
2N5912
2N5G312

2N5486
2N4859
PN4392
TISh8
TIS59

TIS73
TiS74
TIS75

2N5486
2N5020
2N4381
2N5020
2N5020
2N5020
2N5020
2N2608
2N2609
2N2608
2N4857
2N3823
2N4416
2N4338
2N4340
2N4341
2N4393
2N4392
2N4391
U231
U232
U233
U234
U235
2N5432
2N5433
2N5432
2N5433

2N5902
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JFET Cross Reference Guide

JFET Cross Reference Guide (continuea

INDUSTRY TYPE REPLACEMENT NA:;gﬁAL
NUMBER CODE NUMBER
U248A * 2N5906
U249 * 2N5903
U249A * 2N5907
U250 * 2N5904
U250A * 2N5908
U251 * 2N5905
U251A * 2N5909
U252 * 2N5911
U253 * 2N5912
U254 * 2N4859
U255 * 2N4860
U256 * 2N4861
U257 . U257
U266 N
U280 . 2N3954
U281 . 2N3954
U282 . 2N3955
U283 (] 2N3955
U284 . 2N3956
U285 . 2N3957
11290 N
1291 N
U300 * U300
11301 * U301
1304 . 2N5114
1i305 . 2N5116
U306 . 2N5117
u308 * U308
U309 " U309
u31o * U310
U311 . Uzt
U312 * u3i2
U320 * U320
U321 * u321
U322 * U322
U328 N
U329 N
U330 N
U331 N
u3s0 * U350
U401 4 U401
U402 ¥ U402
U403 * U403
U404 * U404
U405 * U405
U406 * U406
U421 : U421
ua22 ” U422
U423 * U423
U424 * U424
U425 * U425
U426 * U426
U430 ¥ U430
U431 * U431
U1714 . 2N4340
uUi715 N
U1837E . 2N5486

INDUSTRY TYPE
NUMBER

U1897E
U1898E
U1899E
U1994E
u2047
uc155
UCc200
uc201
uc210
uCc220
uc24t
UC250
uC251
UC400
uc401t
uc4ato
uca20
ucess
uc703
UcC705
uc7o7
uc714
UC734
UC734E
UC765
uC756
uCcs805
ucso?
ucs14
ucest
ucegb4
UcCssb
UC2139
uc2147
uc2148
ucz149
VCR2N
VCR3P
VCR4N
VCRSP
VCR7N

REPLACEMENT
CODE

2 e Eaw 000000
L 7 e e o i B

NATIONAL
PART
NUMBER

U1897E
U1898E
U1899&
PN4416
PN4416
2N4416
2N4393
2N4416
2N3822
2N4220
2N3822
2N4391
2N4392
2N2609
2N5019
2N2609
2N3329
2N4416
2N3822
2N3824
2N4391
2N4416
2N4416
PN4416
2N4391
2N4224
2N3331
2N4861
2N3331
2N2608

2N4092
2N5115
2N4341
2N3331
2N4119
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Analog Switch Cross Reference Guide
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Choose The Proper FET

National Semiconductor utilizes 17 different FET geometries to cover, without compromise, the full spectrum
of applications. Specific part number characteristics are summarized into application areas further on within
this section. in addition, this section includes process comparison charts which graphically indicate the typical
values of a given parameter for all geometries under identical test conditions. Detailed data on each process,
along with a list of all part numbers manufactured from each process, is to be found in Section 3.

To further simplify the selection procedure, the FET Family Tree is included for quick identification. After

narrowing down the process types, it is suggested that the process sheets and specific part number characteris-
tics be consulted.

FET FAMILY TREE

N-CHANNEL SINGLES P-CHANNEL SINGLES N-CHANNEL DUALS

|

GENERAL PURPQSE AMP

P50 — g 37 mmhos GENERAL PURPOSE AMP GENERAL PURPOSE |
Ipss 1-20 mA P88 - g¢4-17 mmhos P83 -5 3pA @20V

P52 - gy 0.5-3 mmhos Ipss 5-90 mA 95 0.85 mmho @ 0.2 mA
toge 0.1-10 mA P89 - g 1-4 mmhos P94 — 5 1pA @35V

P55 — g, 0.8-5 mmhos Ipss 0.3-20 mA CMRR 125 dB

lpgs 0.5--17 mA

BF/VHF/UHF
Wi PPER LTRA-LOW INPUT CUR
P50 - G, 12dB @ 400 MHz SWITCH/CHO u
it 5.5 mmhos P88 - rpg 50-200 ohms P84 — 1pA @25V
P90 - G, 11dB @ 450 MHz looFr) 50 pA 955 175 ymha
g 8 mmhos P83 - 1ps 450 ohins P86 — Ig 0.1pA
PI2 — Gy, 12 dB @ 450 MHz loiorr) 20 pA 9fs 500 umho
s, 19 mmhaos
ULTRA-LOW LEAKAGE AMP WIDE BAND-LOW NOISE
P50 - g5 B pA @20V P93 — g5 6 mmhos @ 5 mA
U5 3—7 mmhos Cs4.2 pF
P53 - lgss 0.3 pA @ 20V P96 — g 9 mmhos @ 2 mA
g 0.08-0.3 mmhos Ci 10 pF
LOW FREQ-LOW NOISE AMP LOW FREQ-LOW NOISE
P50 — e, 8nV/\'Hz@ 10 Hz P95 — e,8nV/A/Hz @ 10 Hz
Cs 3pF g 1-4 mmhos
P51 — ¢, 6nV/\Hz@ 10 Hz P96 - e,7nV/\/Hz@ 10 Hz
gt 20 mmhos g 10-22 mmhos

|

SWITCH/CHOPPER

P50 - rpg 100500 ohms

Ipiorr) 5 pA
P51 — rpgs 20~100 ohms
Iooer 15 pA
P8 — rpg 3--20 ohms
toiorr) B0 pA

Alf values are typical

2-3
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FET Application Guide

FET Application Guide

National Semiconductor manufactures a broad line of silicon Junction Field Effect Transistors (JFETs).
National’s JFETs provide excellent performance in many areas such as RF amplifiers, analog switching, low
input current amplifiers, low noise high impedance amplifiers and outstanding matched duals for operational
amplifiers input applications.

The following FET guides enable the user to determine when to use FETs and where to tcok for the best choice.

TTT e ~ w o -
= = < ! ! | i I @
©y 88 € B a K 8 3 2 g
£§8 22 2 2.3 8 e 3 & -
POPULAR PRODUCT £ 8% 8 235 3 g o X & g 8 ° N
TveeS RE 2 T 9199 7977 § %97 2 g o4 e §
€ ¢2 8 EC 5B 0§ 83 g . &8¥ 8 5 1 ¢ 3§ £ % g
33 2¢ ¢ 5383 % -8 € & 85 & g g8 g ¢ 8 8 8
£2 22 2 2282 £ 28 2 3 %z & & S & 8§ & & &
PROCESS DESIGNATION 50 51 52 53 55 58 83 84 86 88 89 20 92 93 94 95 96 98
Low Current Amplifier S P P P P P P P
Low Freg Ampli-Z 100 Hz S S P S
High Freq Ampli 2> 100 MHz P P P P P
General Purpose Amplifier P P P P
Low Noise Amp (10 Hz epy) S S S S P P P P P
Low Noise Amp > 50 MHz p S P P [ p
High Frequency Mixer P P P
Dual Diff Pair P P P P P S i P
AGC Amplifier P P
Electrometer Preamp P P P P S
Microvolt Amplifier P P P P P
Low Leakage Diode P
Diff/Angle Ended Inp. Stag P P P P P P P
Active Filter P S P S
Oscillator P S P S P P
Voltage Variable Resistor P P S P P P P
Hybrid Chips P P P P P P P P P P
Analog/Digital Switch P P P S S
Multiplexing P P S S P
Choppers P P P P
Nixie Drivers
Reed Relay Replacement P
Sub pA Dual Diff Pair P P
Sample-Hold P P S S P P
Buffer Interface to CMOS P P
Matched Switch S S S P P
HF > 400 MHz Prime P P
Current Limiter P P
Current Source P S P S

P — Prime Choice S — Secondary (Atternate} Choice

2-4



FET Application Guide continues

ADVANTAGES OF USING FIELD-EFFECT TRANSISTORS

Low frequency
amplifiers

Operational
amplifiers

Medium and high
frequency
amplifiers

Mixers — 100 MHz
and up

Oscillators

Logic gates

Choppers

AD Converters
Multiplex switching
{arrays) and sample hold

Relay contact
replacement

Voltage variable
resistor

Current limiters
Sources

Small coupling capacitors
Low noise, distortion
High input impedance

Summing point essentially
zero. Low device noise.
Less loading of transducers

Low cross modulation
Low device noise
Simplified circuitry

Low mixing noise
Low cross modulation

Low drift

Virtually infinite fan in
Simplified circuitry
Zero storage time
Symmetrical

Zero offset

Low leakage currents
Simplified circuitry
Eliminates input transformers

Improved isolation of input
and output. Zero offset.
Symmetrical. Low resistance
Simplified circuitry

Solid state reliability

Zero offset, High isolation
Symmetrical

No inductive spring

No contact bounce

High repetition rate

Symmetrical

Sofid state reliability
Functions as variable resistor.
Low noise. High isolation
Improved resolution

Two lead simplicity
Wide selection range
Low voltage operation

APPLICATION ADVANTAGES FINAL ASSEMBLY WHERE USED
DC Amplifiers High Z;, Transducers, military guidance
Low drift duals systems, control systems, temp
Low noise indicators, multimeters

Sound detection, microphones,
inductive transducers, hearing aids,
high impedance transducers

Control systems, potted op amps,

test equipment, medical electronics

FM tuners, communication received
scope inputs, most instrumentation
eguipment, high impedance inputs

FM tuners, communication receivers

Tramsm»tters, recelvers, organ

Guidance controls, computer market
mini military teaching aids, traffic
control, telemetry

Op amp modules guidance controls
instrumentation equipment

Control system, DVM's and any read-

out equipment, medical electronics

Test equipment, airborne equipment
instrumentation market

Organ, tone controls, control ckts to
input operational amplifiers

Hybrid circuits, amplifiers, power supply

protection, timing ckts, voltage
regulators

2-5
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Important Parameters by Application

Important Parameters by Application

LISTED IN APPROXIMATE ORDER OF IMPORTANCE

L L L High Analog
ow ow
Source Electrometer O.W . 9 R Differential and
Frequency e Drift Noise Frequency | Oscillator e .
. Follower Amplifier e P . Ampilifier Digital
Amplifier Amplifier Amplifier Amplifier X
Switch
Vs Yfs G bz en Relyfs) Yfs IVGs1—-VGs2! Rps(on)
AVGS1-VGs2l
IDSS IG vis vis@lpz | Ig Relyis) | !pss - 'D(off)
VGs(off) | Crss Dz VGs@Ipz | in NF Crss llg1—-1G2l Ciss
Ciss Ciss en IG Yfs Crss Ciss IG Crgs
Crss IDSS Y0s BVass Dss Relvos) | VGS{off)y | ¥fs VGsloff)
en VGS(off) VGS(off) | IDSS BVGss YEs1/Ys2 BVGsS
BVGss BVGss V@GS(off) IVos1—vos2|
CMRR
VGS(off)
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FET Process Comparison Curves

lpss ~ DRAIN SATURATION CURRENT {mA)

¢ ~ TRANSCONDUCTANCE (mmho)

100
50

0.5

0.1

Vasiors) — GATE-SOURCE CUTOFF VOLTAGE (V)

100
50

0.1

Dual FET Drain Saturation Current vs

Cutoff Voltage

Single FET Drain Saturation Current vs
Cutoff Voltage

-1 -2 -3 —4 -5 -6 -7

Dual FET Transconductance vs Cutoff

<
T =I25°C } ! — £ 1 y4 P8iN) —— paz(N) |
T e T A Rdy 735"
)/ | x P51(N) 1/ P e
l
y = B oF P55(N)
/4 P95 a Yy, !/wl\
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FET Process Comparison Curves

FET Process Comparison Curves continued)
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Introduction

This section contains complete design curves
for all of National Semiconductor discrete FET
processes. In all cases, temperature and VGS(off)
distribution data is provided to facilitate worst-case
design. In addition, a complete list, by package, of
all device types supplied from this process is included
to aid in cross reference searches and the selection
of preferred device types.

The curves in this section should be considered
typical of the process supplied by National Semi-
conductor. Every effortis made to keep the process
in tolerance with the published graphs, but the
exact distribution of any specific lot of material
is not guaranteed.
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Process 50 N-Channel JFET

0.018
(@.381) 0.0032
-] e
0.0813)

DESCRIPTION

0S $S9920.d

Process 50 is designed primarily for RF amplifier
and mixer applications. It will operate up to
450 MHz with low noise figure and good power
gain. These devices offer outstanding performance
at VHF aircraft and communications frequencies.
Their major advantage is low crossmodulation and
intermodulation, low noise figure and good power
gain. The device is also a good choice for analog
switching where low capacitance is very important.

GATE IS ALSO BACKSIDE CONTACT

CHARACTERISTIC PARAMETER TEST CONDITIONS MIN TYP MAX UNITS
Gate-Source Breakdown , N _ B _
Voltage BVgss Vps =0V, Ig =—1uA 25 40 \%
Zero Gate Voltage N _
Drain Current loss Vps = 15V, Vgg = 0V 1.0 10 20 mA
Forward Trans-
conductance Ofs Vpg =15V, Vgg =0 3.0 5.5 7.0 mmhos
Forward Trans-
conductance O¢s Vipg = 15V, Ip =200 uA 1.1 mmhos
Reverse Gate Leakage lass Vgs = 20V, Vpg =0 -5.0 —100 pA
“ON" Resistance ros Vps = 100mV, Vgg =0 100 175 500 Q
Pinch Off Voltage VGs(oFF) Vps = 15V, Ip = 1 nA —0.7 -3.5 -6.0 \9
Output Conductance Gos Vpg =15V, lg =1 mA, f=1kHz 10 umhos
Feedback Capacitance Crss Vpg = 15V, Vgs =0 0.7 0.9 pF
Input Capacitance Cies Vpg =15V, Vg =0 3.5 4.0 pF
Noise Voltage e, Vpg = 16V, I = 1 mA, f= 100 Hz 8.0 nV/A/Hz
Noise Figure NF Vpg = 15V, Ip =5 mA,

2.2 4, dB
Rg = 1 k&, f =400 MHz 0

Power Gain Gpg Vpg =15V, Ip =5 mA, f =400 MHz 12 dB

This process is available in the following device types. “Denotes preferred parts.

T0-72 (CASE 25) *2N5486 T0-92 (CASE 74) BC264C
N3823 2NB555 N3819 BC264D
ON3966 2N5668 NE248 BF245A
SNa923 2N5669 BEaan BF2458
SN4224 25670 BE2448 BF245C
2N4416 4304 BF244C BF256A
*IN4416A 4305 TISE8 Br2568
2N5078 PN4223 TISEY BF256C
SNB103 PN4224
oNE104 ﬁ?ﬁ?&g 7092 (CASE 77) QUALIFIED PER MIL-S-19500
2N5105 P aNsgds 2N3823JAN, JANTX, JANTXV
2N5556 Mor1oe 2N5950 2N44T6AJAN, JANTX, JANTXV
2N5557
MPF 107 2N5951
2N5558 R SNEGED
T0-92 (CASE 72) MPF111 2N5953
. BC264A
2N5485
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Process 50

Process 50
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Process 51

Process 51 N-Channel JFET

0.021

- DESCRIPTION
0.0038
{0.0965) | = Process 51 is designed primarily for electronic
5 g switching applications such as low ON resis-
‘ tance analog switching. It features excellent Cig
0.0038 Rps(on) time constant. The inherent zero offset
{0.09885) voltage and low leakage current make these devices
f 0.018 excellent for chopper stabilized amplifiers, sample
(0457 and hold circuits, and reset switches. Low feed-
7 through capacitance also allows them to handle
7 B%—fﬁ f] 7 video signals to 100 MHz.
7
~ NSBIC_~ 7
GATE IS ALSO BACKSIDE CONTACT
CHARACTERISTIC PARAMETER TEST CONDITIONS MIN TYP MAX UNITS
Gate-Source Breakdown B L _ N
Voltage BVgss Vpg =0V, Ig =—1uA 30 50 Y
Zero Gate Voltage Vps =20V, Vs =0
! .
Drain Current bss Pulse Test 50 65 170 mA
Reverse Gate Leakage lass Vgg = —20V, Vpg =0 -15 —-200 pA
“ON’" Resistance Iog Vps =100 mV, Vgg =0 20 35 100 Q
Forward Trans- _ _
conductance Ofs Vpg =19V, I =2mA 8.5 mmhos
Pinch Off Voltage Vasiorr) Vpg =20V, Ip =1 nA —0.5 —4.5 —9.0 A
Drain “OFF” Current I5(0FF) Vpg =20V, Vgg = 10V 15 200 pA
Feedback Capacitance Crss Vpg = 15V, 15 =5mA, f=1MHz 3.5 4.0 pF
Input Capacitance Ciss Vps = 18V, Ip =5 mA, =1 MHz 12 16 pF
Noise Volitage e, Vpe = 18V, Ip = 1T mA, f=100 Hz 6.0 nV/v/ Hz
Turn-On Time ton Vpp = 10V, I5 = 6.6 mA 12 20 ns
Turn-Off Time tott Vpp = 10V, Iy = 6.6 mA 40 80 ns
This process is available in the following device
types. “Denotes preferred parts.
TO-18 (CASE 02) 2N4861 *PN4092 TO-92 (CASE 77)
2N3970 2N48B1A *gmjgg? BF247A
2N3971 TO-72 (CASE 25) . BF247B
PN4392
2N3972 *NF5101 * BF247C
* PN4393
2N4091 *NF5102 * TIS73
* PN4856
2N4092 *NF5103 * TIS74
* PN4857
2N4093 . TIS75
*oN43O1 TO-92 (CASE 72) _PN4858
*2N4392 *2N5638 *PN4859 QUALIF{ED PER MIL-S-19500
*IN4393 *IN5639 PN4860
*oNd . *PN4861 2N4091 JAN, JANTX, JANTXV
2 856 2N5640 U1897E 2N4092 JAN, JANTX, JANTXV
* N4856A 2N5683 U1898E 2N4093 JAN, JANTX, JANTXV
2N4857 2N5654 U1899E 2N4856 JAN, JANTX, JANTXV
2N4857A S 2N4857 JAN, JANTX JANTXV
gsmssA 112 TO-92 {CASE 74) 2N4858 JAN, JANTX, JANTXV
ZNZSES *;1 13 BF246A 2N4859 JAN, JANTX, JANTXV
SNASEOA *Piglgé BF2468 2N4860 JAN, JANTX, JANTXV
BF246C 2N4861 JAN, JANTX, JANTXV
2N4860 *PF5103 . ,
2N4860A *PN4091
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Process 52

0.017

0.432)
0.0038

Process 52 N-Channel JFET

DESCRIPTION

Process 52 is designed primarily for low level audio and

{0.0065) r* general purpose applications. These devices provide
excellent performance as input stages for piezo electric
G & ‘ transducers or other high impedance signal sources.
0.0038 Their high output impedance and high voltage break-
{0.0965) down lend them to high gain audio and video amplifier
?7 applications. Source and drain are interchangeable.
0.017
{0.432)
s 1]
GATE IS ALSO BACKSIDE CONTACT

CHARACTERISTIC PARAMETER CONDITIONS MIN TYP MAX UNITS
Gate-Source Breakdown BVGss Vps =0V, Ig=—-1uA -40 -70 v

Voltage
Drain Saturation Current Ipss Vps = 20V, Vgs = 0V 0.2 1.5 12 mA
Forward Transconductance Gfs Vps =20V, Vgs = 0V 1.0 25 5.0 mmho
Forward Transconductance gfs Vps = 20V, Ip = 200 uA 700 umho
Reverse Gate Leakage Current IGSs Vags = —30V, Vpg = 0V -10 pA
Drain ON Resistance DS Vps =100 mV, VGgg = 0V 250 400 2000 Q
Gate Cutoff Voltage VGS{OFF).VP Vpg =15V, Ip=1nA 0.3 1.0 -8.0 Vv
Output Conductance 9os Vpg = 15V, Ip = 200 uA 2.0 umha
Feedback Capacitance Crss Vpg = 16V, Vgs =0V, f=1MHz 1.3 1.8 pF
Input Capacitance Ciss Vpg =15V, Vgs =0V, f=1MHz 5 6 pF
Noise Voltage en VpG = 158V, ip = 200 uA, f= 100 Hz 10 nV/A/Hz

This process
*Denotes preferred parts.

TO-18 (CASE 02)

2N3069
2N3070
2N3071
2N3368
2N3369
2N3370
2N3458
2N3459
2N3460
*2N4338
*2N4339
*2N4340
*2N4341

TO-72 (CASE 25)

“2N3684
*2N3685
*2N3686
*2N3687
2N3967
2N3967A
2N3968
2N3968A
2N3969
2N3969A

is available in the following device types.

TO-92 (CASE 72)

*J201

*J202

*J203

*PN3684
*PN3685
“PN3686
*PN3687
*PN4302
*PN4303
*PN4304

3-8
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Process 52

Common Drain-Source
Characteristics
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Process 53

Process 53 N-Channel JFET

oo DESCRIPTION
{0.076)
Process 53 is designed primarily for low current
l DC and audio applications. These devices provide
excelient performance as input stages for sub pico-
amp instrumentation or any high impedance signal
Oors sources.
0.003 0.020
{0078) ¢ {0508
t Sord
GATE IS BACKSIDE CONTACT
CHARACTERISTIC PARAMETER TEST CONDITIONS MIN TYP MAX UNITS
Gate-Source Breakdown
Voltage BVgss Vpg =0V, Ig =—1uA —40 —60 \)
Zero Gate Voltage _ _
Drain Current Ibss Vpg = 10V, Vg =0 0.02 0.25 1.0 mA
Forward Trans-
conductance [ Vpg = 10V, Vgg =0 80 250 350 umho
Forward Trans-
conductance Oss Vpg = 15V, Ip = 50 uA 120 umho
Reverse Gate Leakage lgss Vagg =720V, Vpg =0 —0.3 -10 pA
Pinch Off Voltage Vas(oFF) Vpg =10V, I = 1nA —0.5 ~2.2 -6.0 \%
Feedback Capacitance Cres Vb =15V, Vg =0, f= 1 MHz 0.85 1.0 pF
Input Capacitance Ciss Vps = 15V, Vg5 =0, =1 MHz 2.0 25 pF
Output Conductance 9os Vpg = 10V, Ip = 50 uA 0.9 5.0 #mhaos
Noise Voltage e, Vog =10V, |5 = 50 uA, 45 150 nV/\/I:z—
f=100Hz
Leakage Current vs
Parameter Interactions Voltage
This process is available in 1000 ; e 100 3 100
the following device types. T 50 + w © =
*Denotes preferred parts. _E & 5 100
<y Zcsiill S 3 Elp = 1004A=
TO-72 (CASE 25) s3 4 2 g iy =30
[ <T
2N4117 E3 W = e e=szi AL I
*INAT17A S5 ow i+ = s0 2 &
2N4118 Es J ; il iz; b: S
* o« 415 loss @ Vs = 10V, Vs - = v !
2N4118A -~ o @ Vo =100 MY, Vo -0 T - 2
2N4119 Es ) [Vosorn@ves 10V 10100 " z = \
* — ! &0
2N4119A -0 05 ~1.0 -50 -10
Vasiors — GATE CUTOFF VOLTAGE (V) Vos — DRAIN-GATE VOLTAGE (V)
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9, — TRANSCONDUCTANCE {umhos} Ip — DRAIN CURRENT (4A)

Ip — DRAIN CURRENT {uA)
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Process 55

0.017
0.0038
(0.0868)

Process 55 N-Channel JFET

0.0038
(0.0985) !

I

oo

i

0.017
(0.432)

GATE IS BACKSIDE CONTACT

DESCRIPTION

Process 55 is a general purpose low level audio
amplifier and switching transistor. Wafer process-
ing is similar to process 52 but process 55 uses a
targer geometry. This results in higher Yy, lpgg,
and capacitance and lower Rpgon)- It is useful
for audio and video frequency amplifiers and RF
amplifiers under 50 MHz. It may also be used for
analog switching applications.

CHARACTERISTIC PARAMETER TEST CONDITIONS MIN TYP MAX UNITS
Gate-Source Breakdown B _ _ B
Voltage BVgss Vps =0V, g 1A 40 70 \%
Zero Gate Voltage _ _
Drain Current loss Vpg =20V, Vgg =0 0.5 5.0 20 mA
Forward Trans- -~ -~
conductance Ots Vpg = 20V, Vg =0 2.0 4.5 7.0 mmho
Forward Trans- _ _
conductance Ifs Vpg = 18V, Ip = 200 A 1200 umhos
Reverse Gate Leakage less Vgs = =30V, Vps =0 -10 -100 pA
“ON’" Resistance 'bs Vps =100 mV, Vgg =0 140 250 600 Q
Pinch Off Voltage Vas(oFE) Vps =20V, Ip = 1 nA -0.5 -2.0 -8.0 \Y
Feedback Capacitance Crss Vpg = 15V, Vgg =0, f = 1 MHz 1.5 2.0 pF
Input Capacitance Ciss Vps = 1BV, Vgg =0, =1 MHz 6.0 7.0 pF
Output Conductance Gos Vpg = 15V, I = 200 uA 2 umhos
Noise Voltage e, Vpg = 15V, I = 200 pA, f = 100 Hz 10 nV/\/ Hz

This process is available in the following device
types. *Denotes preferred parts.

TO-18 (CASE 02)

2N3436
2N3437
2N3438

TO-72 (CASE 25)

2N3821
2N3822
2N3824
2N4220
2N4220A
2N4221
2N4221A
2N4222
2N4222A
*2N56358
*2N5359
*2N5360

*2N5361
*2N5362
"2N5363
*2N5364

TO-92 (CASE 72)

*2N5457
*2N5458
*2N5459
MPF103
MPF104
MPF 105
MPF108
MPF109
MPF112
PN4220
PN4221
PN4222




9% — TRANSCONDUCTANCE (mmhos) ip ~ DRAIN CURRENT {mA)

Gos — OUTPUT CONDUCTANCE {1:mhos)

e, — NOISE VOLTAGE {nV/\/H2)

Process 55

Common Drain-Source

GG SS990.d
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Process 58

0.0045
0.0045 0123
©.1143) s 4 i A ]
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012 0 f/ - T (06861
,r.,_‘_/ e !
s I

GATE IS BACKSIDE CONTACT

Process 58 N-Channel JFET

DESCRIPTION

Process 58 was developed for analog or digital
switching applications where very low rpgion) IS
mandatory. Switching times are very fast and
Ros(on) Ciss time constant is low. The 62 typical
on resistance is very useful in precision multiplex
systems where switch resistance must be held to an
absolute minimum. With rpg increasing only
0.7%/ °C, accuracy is retained over a wide temp-
erature excursion.

CHARACTERISTIC PARAMETER TEST CONDITIONS MIN TYP MAX UNITS
Gate-Source Breakdown _ _ B _
Voltage BVgass Vps =0V, Ig =—1T uA 25 30 \
Zero Gate Voltage Vps =BV, Vgg =0
Drain Current loss Pulse Test 100 400 1000 mA
Reverse Gate Leakage lass Vas = ~18V, Vpg =0 -50 -500 pA
"ON"" Resistance 'ds Vps =100 mV, Vgg =0 3.0 6.0 20 Q
Pinch Off Voltage VGas(oFF) Vpg =56V, Ip =3 nA -0.5 -5.0 -12 \Y
Drain *"OFF" Current IboFF) Vps =5V, Vgg = —10V 0.05 20 nA
Feedback Capacitance Cres Vpg = 15V, Ip =2 mA, f=1MHz 12 25 pF
Input Capacitance Ciss Vpg = 15V, I =2 mA, f=1MHz 25 50 pF
Forward Trans-
conductance Gt Vpog = 10V, I =2 mA 10 mmbhos
Output Conductance 9os Vpg = 10V, I =2 mA 100 umhos
Noise Voltage ey Vog = 18V, Ip = 2mA, f=100 Hz 6.0 nV/\/m

This process is available in the following device
types. “Denotes preferred parts.

TO-39 (CASE 09)

U320
U321
U322

TO-52 (CASE 07)
*2N5432
¥2N5433
"2N5434

TO-92 (CASE 72)

*J108
*J109
*J110
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Process 83

0.022

10.558)

Process 83 N-Channel JFET

DESCRIPTION

Process 83 is a monolithic dual JFET with a diode
isolated substrate, It is intended for operational
amplifier input buffer applications. Processing
results in low input bias current and virtually un-
measureable offset current. Likewise matching char-
acteristics are virtually independent of operating
current and voltage, providing design flexibility.
Most GP 2N types are sorted from this family.

CHARACTERISTIC PARAMETER TEST CONDITIONS MIN TYP MAX UNITS

Gate-Source Breakdown
= = — — 0 —_
Voltage BVgss Vpg =0V, Ig 1 pA 5 70 \%
Zero Gate Voltage B _
D1 ain Current lbss Vg =15V, Vgg =0 0.5 2.5 8.0 mA
Forward Trans-
conductance O¢s Vps =15V, Vgg =0 1.0 2.5 5.0 mmho
Pinch Off Voltage VGs(oFF) Vps =158V, Ig = 1 nA —0.5 —2.0 -4.5 A
Gate Current g Vpg =20V, Ip =0.2 mA 3.0 50 pA
Forward Trans-
conductance Ofs Vpg =18V, 15 = 0.2 mA 600 850 umhos
Qutput Conductance 9os Vpg = 19V, Ip =0.2 mA 1.0 5.0 umhos
“ON” Resistance ros Vpg =100 mV, Vgg =0 450 Q
Noise Voltage en :/5(130:0 1:2\/ Ip =0.2mA 10 50 nV/A/Hz
Differential Match Vgsi-Vasz! Vpag = 15V, I = 0.2 mA 7.0 25 mVv
Differential Match AVgg1.2 Vpg = 16V, Ip = 0.2 mA 10 50 uv/°c
Common Mode
RR = =
Rejection CM Vpg =15V, I = 0.2 mA 80 95 dB
Feedback Capacitance C,s Vpg = 15V, I = 0.2 mA, 1.0 1.2 pF
=1 MHz
Input Capacitance Cis Vpg = 16V, Ip = 0.2 mA, 3.4 4.0 pF
f=1MHz

This process is available in the following device types. "Denotes preferred parts.

TO-71 (CASE 12}

2N3921 2N5047
2N3922 *2N5196
*2N3954 *2N5197
*2N3954A *2N5198
*2N3955 *2N5199
*2N3955A 2N5452
*2N3956 2N5453
*2N3957 2N5454
*2N3958 *2N5545
2N4084 *2NE546
2N4085 *2N5547
2N5045 U231
2N5046 U232

U233
U234
U235

8-Pin MiniDIP {CASE 60)

J410
Ja11
Ja12

8-Pin MiniDIP (CASE 67)

*NPD8301
*NPD8302
*NPD8303




Transfer Characteristics

Common Drain-Source
Characteristics

Parameter Interactions

Process 83
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Process 84

Process 84 N-Channel JFET

0.022
(0559)
0.0038
] DESCRIPTION
|
|
1 Process 84 is a monolithic dual JFET with a diode
0.0040 isolated substrate. It is designed for the most
.1016) critical operational amplifier input stages or elec-
8 ? trometer single ended preamp. ldeal for medical
4/ .022 applications and instrumentation inputs where
A (0.559) subpicoamp inputs are important. Device design
| considered high CMRR, subpicoamp leakage over
] wide input swings, low capacitance, and ftight
match over wide current range.
|
o
CHARACTERISTIC PARAMETER CONDITIONS MIN TYP MAX UNITS
Gate-Source Breakdown Voltage BVgss Vps =0V, Ig = —1uA —40 —60 A
Drain Saturation Current tpss Vps = 16V, Vgg = OV 20 300 1000 HA
Forward Transconductance Gts Vps = 15V, Vgg = OV 90 180 300 uv
Forward Transconductance Gts Vps = 16V, I = 30 pA 50 120 150 uV
Gate Cutoff Voltage Vasiorr) Vps = 16V, 1p = 1 nA 0.5 2 4.5 \
Reverse Gate Leakage Current lgss Vps = 0V, Vgg = —20V 1 5 pA
Gate Leakage Current I Vpg = 10V, Ig = 30 uA 0.5 3 pA
Feedback Capacitance Crss Vpg = 15V, Vg =0, f= 1 MHz 0.3 0.4 pF
Input Capacitance Ciss Vpg = 18V, Vg =0, f=1 MH2z 2 3 pF
Noise Voltage e, Vs = 16V, 1y = 30 gA, f= 1 kHz 30 50 nV/i\/Hz
Noise Voltage e, Vs = 16V, Ip = 30 uA, f= 10 Hz 180 nVi/Hz
Output Conductance Gos Vs = 10V, Ip = 30 uA 0.1 0.2 ny
Differential Gate-Source Voltage iVas1—Vaso! Vps = 10V, Ip = 30 A 12 25 mv
Differential Gate-Source AVgsy 2 Vpg = 10V, I = 30 uA 10 50 uv/C
Voltage Drift
Common-Mode Rejection CMRR Vs = 10V, Iy = 30 uA 112 dB
Ratio

This process is available in the following device types. *Denotes preferred parts.

TO-78 (CASE 24)

2N5902 *2N5906
2N5903 *2N5907
2N5904 *2N5908
2N5905 *2N5909

Parameter Interactions

Leakage Current vs
Voltage and Drain Current
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Transfer Characteristics
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Leakage Current vs
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Process 86

0.022

Process 86 Monolithic Dual JFET

(0.559}
0.0032
(0.0813)

i

0.0032
(0.0813)

F

0.022

{0.559)

DESCRIPTION

Process 86 is a monolithic dual JFET with a diode
isolated substrate. It is intended for critical amplifier
input stages requiring low noise, sub picoamp bias
currents and high gain. Exacting process control results
in consistent parameter distribution with tight match
and low drift.

This process is available in the following device types.
*Denotes preferred parts.

TO-78 (CASE 24)

U421
U422
U423
U424
U425
U426

PROCESS IN DEVELOPMENT
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Process 88 P-Channel JFET | g
(2]
1]
0
/2]
DESCRIPTION @®
(0]
% | Process 88 is designed primarily for electronic
switching applications where a P channel device is
desirable. Inherent zero offset voltage, low leak-
age and low Rpg(on) Ciss time constant make this
device excellent for low level analog switching,
0.003 sample and hold circuits and chopper stabilized
(0.078) amplifiers. This device is the complement to
> Process 51.
® 0.022
s 2 s
¢ )
3
e
J
(.
GATE IS BACKSIDE CONTACT o
CHARACTERISTIC PARAMETER TEST CONDITIONS MIN TYP MAX UNITS
Gate-Source Breakdown
= = \
Voltage BVgss Vps =0V, Ig = 1 uA 30 40
Zero Gate Voltage _ _ _ . _
Drain Current loss Vps =~15V, Vgg =0 5.0 30 90 mA
Forward Trans-
conductance Gto Vps = =15V, Vgg =0 4.0 13 17 mmhos
Forward Trans- o
conductance Gt Vpg =—15V, Ip =—2 mA 3.5 mmhos
Gate Leakage lass Vgs =20V, Vpg =0 0.06 1.0 nA
“ON" Resistance 'os Vpg =-100 mV, Vgg =0 50 80 200 Q
Pinch Off Voltage VaGsiorF) Vps = —15V, i =—1nA 0.5 5.0 10 \
Drain ““OFF** Current Io(0FF) Vps = —158V, Vgg = 10V -0.05 =10 nA
Feedback Capacitance Crss Vpg=-1bV, Ip =—2mA, f=1MHz 4.0 5.0 pF
tnput Capacitance Ciss Vps =15V, I =-2mA, f=1MHz 14 15 pF
Qutput Conductance 9os Vpg =15V, Iy =2 mA 100 300 umhos
Noise Voltage en | Vpg =—18V, Ig =—2mA, f= 100 Hz 20 nV/A/Hz m
This process is available in the following device
types. *Denotes preferred parts.
TO-18 (CASE 11) TO-72 (CASE 23) TO-92 (CASE 74)
2N2609 2N3382 *J174
2N4382 2N3384 *J175
2N5018 2N 3386 *J176
2N5019 2N3993 77
*2N5114 2N3993A *J270
*2N5115 2N3994 *J271
*2N5116 2N3994A
U300 QUALIFIED PER MIL-S-19500
U301 TO-92 (CASE 71) N
2N5114JAN, JANTX, JANTXV
U304 P1086E *IN5115JAN, JANTX, JANTXV
U305 P1087E *2N5116JAN, JANTX, JANTXV
U306 PN4343
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Process 88

Process 88

Ip — DRAIN CURRENT {mA)

g — TRANSCONDUCTANCE (mmhos)
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Transfer Characteristics

Parameter Interactions

Common Drain-Source
Characteristics
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Process 89 P-Channel JFET | 3
(]
o
wn
/2]
(00]
[]
DESCRIPTION )
o020 Process 89 is designed primarily for low level
(€.508) amplifier applications. This device is the comple-
P [ meht to Pr_ocess 55'. Cqmmonly used in voltage
variable resistor applications.
e 0 0.020
s 5,508
0.004
@102)
. 0.0035
ym)
GATE IS BACKSIDE CONTACT
CHARACTERISTIC PARAMETER TEST CONDITIONS MIN TYP MAX UNITS
Gate-Source Breakdown
\Y = = v
Voltage BVgss Vps =0V, Ig =1 uA 20 40
Zero Gate Voltage B B B _
Drain Current Ioss Vs = =16V, Vgg = 0 0.3 4.0 20 mA
Forward Trans-
conductance O¢g Vpg = 715V, Vgg =0 1.0 2.5 4.0 mmhos
Forward Trans-
conductance Gty Vpg = 15V, 15 =~0.2 mA 700 umhos
Gate Leakage lgss Vagg = 20V, Vpg =0 0.02 1.0 nA
Pinch Off Voltage Vasiorr) | Vos = - 15V, Ip = =1 nA 0.5 3.0 9.0 \%
Feedback Capacitance Crss Vpg =15V, Vgg =0, f =1 MHz 2.0 2.5 pF
Input Capacitance Cis Vpg =15V, 15 =—2mA, f=1MHz 7.0 8.5 pF
“ON" Resistance os Vpg =—100mV, Vgg =0 450 Q
Output Conductance Gos Vpg =15V, Ig =-0.2 mA 50 15 #mhos
Noise Voltage e, Vpg = 715V, Ip =—0.2 mA, o
i VA/H
J =100 Hz 30 VA/He
This process is available in the following device m
types. *Denotes preferred parts.
TO-18 (CASE 11} TO-92 (CASE 71) TO-92 {CASE 74)
2N2608 "2N5460 2N3820
2N4381 *2N5461
2N5020 “2Nb462 QUALIFIED PER MIL-S-19500
2N5021 PN4342 2N2608JAN
PN4360
TO-72 (CASE 23) PN5033
2N3329
2N3330
2N3331
2N3332
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Process 90 N-Channel JFET

06 SS9201d

\ 0.016
| {0.406)
0.0038 o
{0.0065) DESCRIPTION
) f L Process 90 is designed for VHF/UHF mixer/
amplifier and applications where Process 50 is not
adequate. Has sufficient gain and low noise, com-
90C 1 0.016 mon gate configuration at 450 MHz, for sensitive
2 7 oo (408 receivers. The high transconductance and square
(0.0965) law characteristics insures low crossmodulation
and intermodulation distortions. Common-gate
/G W operation simplifies circuitry. Consider Process
92 for even higher performance.
GATE IS ALS0 BACKSIDE CONTACT
CHARACTERISTIC PARAMETER TEST CONDITIONS MIN TYP MAX UNITS
Gate-Source Breakdown
Vpg = lg =— =] -
Voltage BVass pg =0V, ig 1 KA 20 30 \Y,
Zero Gate Voltage
I = =
Drain Current DSS Vpg = 10V, Vgg =0 3 18 40 mA
Forward Trans-
( Vpg = = . .
conductance Jts ps = 10V, Vgg =0 55 8.0 10 mmhos
Forward Trans-
conductance Uts Vpg =10V, Ip = 5mA 4.5 5.8 mmhos
Reverse Gate Current lass Vgg = =15V, Vpg =0 -5.0 —-100 pA
“ON’’ Resistance bs Vpg =100 mV, Vgg =0 90 Q
Pinch Off Voltage VGS(OFF) Vpg =10V, Ip = 1nA -1.5 -3.5 —6.0 \
Output Conductance Jos Vpg =10V, I =6 mA 45 100 Mmhos
Feedback Capacitance C. Vpg = 10V, Ip =5 mA 1.0 1.2 pF
Input Capacitance Cis Vog =10V, I =5mA 4.0 5.0 pF
Noise Voltage e, Vpg =10V, Ip =5mA, f=100 Hz 13 nV/A/Hz
Noise Figure NF Vog =10V, I =5mA, f=450 MHz 3.0 dB
Power Gain Gpq (CG) Ve = 10V, I =5 mA, f =450 MHz 11 dB

This process is available in the following device types. *Denotes preferred parts.

TO-52 (CASE 07) TO-72 (CASE 25) T0-92 (CASE 72} T0-92 (CASE 77)
U312 *2N5397 J14 "2N5245
2N5398 *J210 *2N5246
*J21n *2N5247
*J212
*J300
Common Drain-Source Transconductance vs
Characteristics Parameter Interactions Drain Current
50 v 100 1000 10 o
Ta=25C | | | ] = 4. loss @ Vs - 10V, Vg = 0 PULSED | 3 _ Ta =-55°C
_ [ TYP Vasiorr = 4.5V | Vgs =0V .E 50 {ros @ Vos =100 mV, Vs =0 HH 0 o 2 Ta =+25°C =
T @ +—t_p.5v -] ~E Vosiorr @ Vps = 10V, Ip = 1.0 nAZH 2 £ Ta =+1257C T
= l-l ov!' ' T | t E = Vcs«fm = -2.5V,
= — = DSS 3
" ~18V | == 5 =
g BTN g5 vl & £ ~g
3 4.55 it £z 0 — P 100 = 2 10 Vas(orr = 5.5V 3
e | ¥
E —f—z.nu e | 28 Y 0 L 2
= J — 2 ™ 7 E g 05
e 10 e - / 8 g
L L — L [ I - vV, =10V
] v DG
= ’j ! £ 8 2 f=1.0kHz
[ 1.0 10 0.1 N
0 10 20 30 48 50 01 -1.0 ~50 10 01 1.0 10
Vps — DRAIN-SOURCE VOLTAGE (V) Vgsore) — GATE CUTOFF VOLTAGE (V) 1o — DRAIN CURRENT {mA)
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Process 92 N-Channel Junction Match | 3
(2]
®
0.023 n
{0.588) »
, _ .0038 i ©
e | DESCRIPTION NS
pa ' Process 92 is designed for VHF/UHF amplifier,
oscillator, and mixer applications. As a common
0 S L gate amplifier, 16 dB at 100 MHz and 12 dB at
T 0015 450 MHz can be realized. Worst case 75 ohm
’HL ’Iﬂr 0008 (0.359 input impedance provides ideal input match.
{0.0965) \
GATE IS ALSO BACKSIDE CONTACT
CHARACTERISTIC PARAMETER TEST CONDITIONS MIN TYP MAX UNITS
Gate-Source Breakdown
Y Vpg =0V, Ig =— ~ - v
Voltage BVoss bs =0V, Ig =1 uA 20 30
Zero Gate Voltage
| = = 38 A
Drain Current oss Vo = 10V, Vg =0, Pulsed 10 80 m
Forward Trans-
- = 19
conductance <P Vg = 10V, Vgg = 0, Puised mmhos
Forward Trans-
o tance Gt Voo =10V, I = 10mA 10 13 18 mmhos
Reverse Gate Current loss Vgg = —15V, Vpg = 0 —15 —100 pA
“ON’’ Resistance oS Vpg =100 mV, Vgg =0 35 45 80 Q
Pinch OFff Voltage VGs(OFE) Vps = 10V, Ip = 1nA -1.5 -4.0 -6.5 v
Output Conductance Jos Vpg = 10V, I = 10 mA 160 250 umhos
Feedback Capacitance Cog Vpg = 10V, Ip =10 mA, f=1MHz 2.0 25 pF
Input Capacitance Cgs Vpg = 10V, Ip =10 mA, f=1MHz 4.1 5.0 pF
Noise Voltage e, Vpg = 10V, Ip = 10 mA, f = 100 Hz 6.0 nV//Hz
Vv =10V, Ig = 10 mA
ise Fi N PG $o ’ i dB -
Noise Figure F f= 450 MH» 3.0
) Vpg = 10V, g = 10 mA,
Power Gain Cipng f = 450 MH» 12 dB
This process is available in the following device types. *Denotes preferred parts.
TO-52 {CASE 07) TO-99 (CASE 24) TO-92 (CASE 72)
U308 U430 J308
U309 U431 *J309
*u3io *J310
Transconductance vs
Parameter Interactions Drain Current Leakage Current vs Voltage
=E 80— 7 +{ 500 H Ff=1xHe 1 5 -
‘&—.‘E I 74 los = [ Ta=25 ¢ TTH] : | & 10 o 10mA Z 51 = 1.0 mA,
3% R 1 g - [N i s E= 2P0
o %7’** Sl i gl : E =t
R e e e e ==L 2 i:vesm:m:*lﬂv S oo LTa-5C
28 — i 1 g 3 R = = ——
===t e = :
aL F 6. Toss @ Vs - 10V, Vg - 0v. PULSED ] « — THT + g Gss 5=
X Tos @l - 1mA. Vs~ OV ) %gvasmﬁ}:*&zv . P Ta = +25°C —}
[ Vogiges ® Vps ~ 10V by - 104 H £ i T T T
N R i £ AT L
- -1 _3 5 _1p 01 1 10 - 0 50 10 15 20 25
Vgsiorer -+ BATE CUTOFF VOLTAGE (V) 15 — DRAIN CURRENT (mA) Vog ~ DRAIN-GATE VOLTAGE (V)
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Process 92

Process 92
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)
Process 93 N-Channel JFET | &
| s | o
6588}
0.0038 J 8
{0.0065) | .
s m/// | DESCRIPTION 8
7 Process 93 is a monolithic dual JFET with a diode

isolated substrate. It is intended for wide band,

// 0.0038 low noise, single ended video amplifier input
/ 0.0965) stages, and high slew rate op amps. Monolithic
{0.584) structure eliminates thermal transient errors, and
7 provides freedom to pick operating current and
voltage.
/ [7] 02
7 2
CHARACTERISTIC PARAMETER TEST CONDITIONS MIN TYP MAX UNITS
Gate-Source Breakdown
Valtage BVgss Vps = 0V, Ig =—1TuA —25 —-30 \
Zero Gate Voltage B _
Drain Current Inss Vps = 10V, Vgg =0, Pulsed 3.0 18 40 mA
Forward Trans-
conductance [<PR Vps = 10V, Vgg = 0, Puised 8.0 mmhos
Forward Trans- -~ -~
conductance Gt Vpg =10V, I =5 mA 5.0 6.0 10 mmhos
Output Conductance 9os Vpg =10V, Ip =5 mA 50 100 umhos
Pinch Off Voltage VGs(orF) Vps = 10V, Ig = 1 nA -1.5 -3.5 —-6.0 A
“ON"" Resistance fDs Vps = 100 mV, Vgg = 0 100 Q
Gate Current Ig Vpg = 10V, I = 5mA 10 100 pA
Noise Voltage en Vg = 10V, 1g =5 mA, f = 100 Hz 9.0 30 nV/A/Hz
Differential Match IVas1-Vaszl | Vbe =10V, Ip =5 mA 9.0 30 mV
Differential Match AVgsi.2 Vog = 10V, Ip = 5 mA 15 40 uv/°c
Common Mode N _ _
Rejection CMRR Vg = 10V, 1 =5 mA 90 dB
Feedback Capacitance Cs Vpg = 10V, I =5mA, f=1MHz 1.0 1.2 pF
input Capacitance Cis Vpg = 10V, Ig =6 mA, f=1MHz 4.2 5.0 pF

This process is available in the following device types. *Denotes preferred parts.

TO-78 (CASE 24) m
*2N5911

*2N5912
U257
Transconductance
Parameter Interactions vs Drain Current
=
e == " :
£ 5 foss o1 1 500 £ 1 ‘1“‘&7 Z et
€ 11 T Sy N
£ = S Vesiorn = 3%
== 3 w | H
22 z = ] |
= u S =
2 E ~N o S I /ﬂ’ves«or}:) = -4V
=3 1w > 4 = : L7 1l B
&3 i : 2 e
o2 o u =B =1 v 28] 1
-0 > o S 1T T
=8 5t z fos 7111 50 2 2 b
38 A & 2
zZ = =<
Eq ; lz> <
£ 412, 1oss @ Vps = 10V, Vg = OV, PULSED) 2 = Voo 10V
e Tos @ lp = 1 mA, Vgs =0V = 3 [ Ta=25C
g s Vesiore) @ Vos = 10V, 1 = 1nA = f=1kHz
G 1 10 01
- -1 -3 -5 -10 01 1 10
Vasiorr — GATE CUTOFF VOLTAGE (V) 15 — DRAIN CURRENT {mA)




Process 93

Process 93

IVgsy — Vgsz! DIFFERENTIAL
GATE SOURCE VOLTAGE (mV)

Ip — DRAIN CURRENT (mA)

— TRANSCONDUCTANCE {mmhos)

Ots

Uos ~ OUTPUT CONDUCTANCE (umhos)

Transfer Characteristics

20
Vestorr = —3.2V
Ta=-55°C Vps = 15V
16 )J/?TA -25°C os
N KL Ta = 125°C
12 R
\\ \ VGSI = -2 5y —4
N \ OFF)} -
. \B, Ta=-55°C
SN AT I
I - = T,= 125°C
4 !
- N |
0
0 -1 -2 -3

Vs — GATE-SOURCE VOLTAGE (V)

Transfer Characteristics

12.5
\\ Vasiorr) = —3.2V
Ta = -55°C
10 #— Tp =25°C
N M Ta =125°C
|
75 X —\vcsom = -2.5V
AN\
RN A
N X T, - 1267C
N SN
N
25
Vps = 15V
o L1
0 -1 -2 -3

Vgs — GATE-SOURCE VOLTAGE (V}

QOutput Conductance
vs Drain Current

0.1 10 10
o — DRAIN CURRENT (mA)

Differential Offset

100
E Voo = 10V H——
50 [ Ta=25"C ]
B LOOSE
.y g
Ty
10 MED
1
s i
TIGHT aRii
P
i
0 1.0 10

{p — DRAIN CURRENT {mA)

Ip — DRAIN CURRENT (mA)

ts — TRANSCONDUCTANCE {mmhos)

9

e, ~ NOISE VOLTAGE {nV//Hz)

A Vgs1 — Vgsa! — GATE SOURCE
DIFFERENTIAL (uV/°C)

40

12.5

=3

~
>

N
o

100

Transfer Characteristics

VDS':ISV | {

Vasiorr = 4.7V
Ta=-55°C

[

% Vesiorr = -3V

N\ Ta--s6C
5°C
5C

Vgs — GATE-SOURCE VOLTAGE (V)

Transfer Characteristics

~
l\

Vps =18V | Vggiore) = -4.7V

\ T §67C ]

-

N

e

\

0 -1 -2 3 -4 -5 -8
Vas — GATE-SOURCE VOLTAGE (V)

Noise Voltage vs Frequency

T

N i
[ BW=6.0 Hz @ =10 Hz, 100 Hz
=0.2@F>1.0kHz
1.0 —
041 003 61 05 20 10 50100
f ~ FREQUENCY (kHz)
Differential Drift
100 17 T 1 1T Ry
B
[T
- Ll Loose
= . =
MR MEL A
10 EEees
=
TTT] TIGHT
Vpg = 10V
AT=26°Cto+125°C —7 i
=-55CT0+25C | 111
10

0.1 1.0 10
Ip — DRAIN CURRENT {mA)

Ci. Crs — CAPACITANCE {pF) la.lgss — GATE LEAKAGE CURRENT {pA) Ip — DRAIN CURRENT (mA)

CMAR — COMMON MODE REJECTION (dB)

40

30

20

10

100

Common Drain-Source
Characteristics

newe [T T TTT

| TYP Vasiorr) = 4.5V |
. \

e i

0 10 20 30 49 50

Vos — DRAIN-SOURCE VOLTAGE {V)

Leakage Current vs Voltage

. T
[ Ta=+25C f i I
N

e

0 50 10 15 20 25
Vog ~ DRAIN-GATE VOLTAGE (V)

Capacitance vs Voltage

T
T
T

1 f—

T
=10v}
.

0 —40 80 12 18 -20
Vgs — GATE-SQURCE VOLTAGE (V)

CMRR vs Drain Current

LI
i |
- AVpg = 10V - 15V i
A e SRR
R ™
1
|- €MRR = 20 10g AVAVDf
_ VT ] i

0.1 10 10
lo — DRAIN CURRENT {mA)

3-30




Process 94 N-Channel JFET

6 Ss9201d

o036 DESCRIPTION
{0914)
0.0038 Process 94 is a monolithic dual JFET. Itis strictly
{0.0965) “’ intended for operational amplifier input buffer
applications. Special processing results in ex-
_+ ) tremely low input bias current and virtually
52 ' G1 unmeasureable offset current. It is important to
A note that the <5 pico ampere bias current is
07 o1 oooas 0022 measured at 35 volts. Typical CMRR is 125 dB.
{oges (099 Performance superior to electrometer tubes can
62 ST be readily achieved with low offset voltage and
almost zero long term drift.
CHARACTERISTIC PARAMETER TEST CONDITIONS MIN TYP MAX UNITS
Gate-Source Breakdown ,
=0V, Ig = —1 HA - -
Voltage BVass Vps g Tu 40 70 Y
Zero Gate Voltage
. v = =
Drain Current loss ps =15V, Vg =0 0.5 3.0 10 mA
Forward Trans-
Ve = = 7
conductance PR os =15V, Vg =0 1.5 3.5 .0 mmho
Forward Trans- _ -~
conductance Gte Vpg =15V, 15 =0.2mA 0.9 1.2 1.8 mmbhos
Pinch Off Voltage V 3S0FF) Vpg = 15V, Ip = 1 nA -0.5 -2.0 —6.0 A
Gate Current g Vpg =35V, Ip =0.20 mA 1.0 15 pA
Feedback Capacitance (o Vg =15V, Vgg =0, =1 MHz 0.01 0.02 pF
Input Capacitance Ciss Vpg = 15V, Vgg =0, f= 1 MHz 4.0 5.0 pF
Noise Voltage en Vpe = 15V, Ip = 0.2 mA, £= 10 Hz 12 50 nV/A/Hz
Output Conductance 9os Vpg = 15V, I = 0.2 mA <0.1 umhos
Differential Match Vgs1-Vas2! | Vos = 15V, Ip = 0.2 mA 5.0 25 mV
Differential Match AVgsi.2 Vpg = 15V, I = 0.2 mA 6.0 50 uv/°c
Common Mode
CMRR Vpg =1 Ip =0. A 125 dB
Rejection be V. lp =02m

This process is available in m

the following device types.

Common Drain-Source

*Denotes preferred parts. Parameter Interactions Characteristics
TO-71 (CASE 12) o == iSgas MmN
H P b
*NDF9406 ‘E 50 f ! i ram 2 . TYP VasioFe! zsiﬂ_a
T E s iE
*N 0 =2 i £ 39 =
*NDF9409 ES /T toss g —abv] ||
*NDF9410 EE : g T
=5 s 2 0oV
g2 a
TO-78 (CASE 24) 82 Lo L T
= F 6. Ipss @ Vpg = 20V, Vs = 0 PULSED - — T8V
NDFg401 t: o vesﬂ,@vm:zuv,ﬁ,:l.unxx 1 1'15‘,%_1 [
) A AT 0
mgigig; 01 05 10 50 -10 0 10 20 30 40 50
NDF9404 Vosorrr — GATE-SOURCE VOLTAGE (V) Vps — DRAIN-SOURCE VOLTAGE (V)
NDF2405
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Process 94

Process 94

Transfer Characteristics
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Process 95 N-Channel JFET

DESCRIPTION

G6 SS9201d

0.038

5389 Process 95 is a monolithic duai JFET with a diode
00038 isolated substrate. It is intended for operational
|
{03651 l .‘F i ! ¢ _

results in low input bias current and virtually un-
Y measureable offset current. Low noise voltage

amplifier input buffer applications. Processing
S2 and high CMRR for critical 1/f applications.

02

G2

4 0.023

D1 00038 roveny
{0.0965)

CHARACTERISTIC PARAMETER TEST CONDITIONS MiIN TYP MAX UNITS
Gate-Source Breakdown _ _ _
Voltage BVges Vos = 0V, I =—1 4A 40 70 %
Zero Gate Voltage _ _
Drain Current loss Vps =15V, Vgg =0 05 3.0 8.0 mA
Forward Trans- _ _
comdactanes Gt Vs = 15V, Vg =0 1.0 2.5 4.0 | mmhos
Forward Trans-
comductans are Vg = 15V, I = 0.2 mA 0.5 0.7 mmhos
Gate Leakage lgss Vgs = 720V, Vpg =0 -5.0 —100 pA
Pinch Off Voltage VasiorF Vps = 15V, Iy = 1 nA 0.5 -2.5 -4.0 v
Input Capacitance Ciss Vps = 16V, Vgg =0, f=1 MHz 10 14 pF
Noise Voltage e, Vps = 16V, 1n = 0.2 mA, 8.0 30 nV/A/Hz

f=10Hz
Noise Voitage en Vps = 15V, I = 0.2 mA, 6.0 10 nV/\/Hz
f=100Hz

Output Conductance 9os Vpg = 18V, I5 = 0.2 mA 0.3 1.0 umhos
Feedback Capacitance Crss Vps = 16V, Vgg =0, f =1 MHz 3.5 5.0 pF
Differential Match VasiVasa! | Vog =20V, Ip =0.2 mA 6.0 25 mV
Differential Match AVagr o Vpg =20V, Ig = 0.2 mA 9.0 60 uv/°c m
Common Mode
Rejection CMRR Vpg = 20V, 15 = 0.2 mA 86 115 dB

This process is available in the following device
types. *Denotes preferred parts.

TO-71 {CASE 12)

2N5515 *2N5522

2N5516 *2N5523

2Nb517 *2N5524

2N5518 *2N6483

2N5519 *2N6484
*2N5520 *2N6485
*2N5521
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Process 95

Transfer Characteristics

Transfer Characteristics
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-
Process 96 N-Channel JFET | 3
/ . 0.037 ) | 8
(0.940)
(4]
ooy 7]
(0.0965) .
N DESCRIPTION ©
v S o
/
] Process 96 is a monolithic dual JFET with a diode
- 00038 0028 isolated substrate. It is intended for wide band, low
{0.0965) (0.610) noise, single ended video amplifier input stages.
) t Also ideal for matched voltage variable resistor
2 ] applications over 60 dB tracking range.
/ // //'
S l
CHARACTERISTIC PARAMETER TEST CONDITIONS MIN TYP MAX UNITS
Gate-Source Breakdown
Y Vps = OV, Ig = =1 pA - - Y
Voltage BVass os =0V, Ig Tu 40 55
Zero Gate Voltage
R log Vipg =1 = . A
Drain Current oss bs 5V. Ves =0 50 15 30 m
Forward Trans- B _
conductance [sPR Vps = 15V, Vgg =0 9.0 18 30 mmhos
Forward Trans- B B
conductance Ofs Vpg = 16V, I =2 mA 7.5 9.0 mmhos
Qutput Conductance Jos Vog = 15V, I =2 mA 15 45 umhos
Pinch Off Voltage VesoFF) Vps = 15V, I5 = 1nA -1.8 -3.0 \%
“ON" Resistance o8 Vpg =100 mV, Vgg =0 35 70 120 Q2
Gate Current lges Vags =720V, Vps = 0 —8.0 ~100 pA
Gate Current [ Vpg = 16V, I =2 mA 15 200 pA
Noise Voltage [ Vpg =15V, I =2 mA, f= 100 Hz 4.5 10 nv,/\/'m
Feedback Capacitance C. Vog =15V, Ig =2 mA, f=1MHz 2.5 3.0 pF
Input Capacitance Ci Vpg =15V, Ig =2 mA, f=1MHz 10 12 pF
Differential Voltage Vasg1-Vasa! | Vog =18V, 15 =2mA 8.0 25 mV
Differential Voltage AVgg Vpg = 16V, Ip =2 mA 3.0 50 JAVIEZS
Common Mode
MRR Vpg =15V, Ip = dB
Rejection C pg = 15V, Ip =2 mA 76 95
This process is available in the following device types. “Denotes preferred parts.
TO-71 (CASE 12) 8-Pin DIP (CASE 67)
*2N5564 “NPD5564 m
*2N5565 *NPD5565
*2N5566 *NPD5566
Transconductance vs Drain
Parameter Interactions Current teakage Current vs Voltage
z W ik 100 = -
R == IR B S : o 12m o
E R S 2 2 o B T i - - =0.2mA S
E,E 1 R S| ; o £ »ffum‘ J::ﬂfﬁ‘: E = |
=y i £ =] | T I E
- SR 2 H e MRS e |
H > i | Ve et 5
2 10 1w = 2 Wt o iy :‘2
58 : Z ] | 2 Vosorr) = 23V ] =
22 ERE- 1l i £ L
= [, " T (3]
o L S s=RRic=
v T =1m = - ' ! ¢ - - g
[EIN (o as] IR AR N b BT T
1 2 5 ,mm 1 1 10 - 0 80 16 u 32 40
Vesiorri — GATE CUTOFF VOLTAGE (V) Ip — DRAIN CURRENT {mA) Vo DRAIN-GATE VOLTAGE (V)
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Process 96

Process 96

Transfer Characteristics
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0.0038
{0.0965)

Process 98 N-Channel JFET

DESCRIPTION

Process 98 is a high gain, general purpose, monaolithic
dual JFET with a diode isolated substrate. It is intended
for amplifier input stages requiring high gain, low noise
and low offset drift over temperature. Strict processing
controls result in low input bias currents and virtually
immeasurable offset currents. Matching characteristics
are essentially independent of operating current and
voltage.

This process is available in the following device types.
*Denotes preferred parts.

TO-71 (CASE 12)

2N5561
2Nb562
2N5563
U401
U402
U403
U404
U405
U406

8-Pin DIP {CASE 60)

J401
Jaoz
J403
J404
J405
Jaoe

PROCESS IN DEVELOPMENT

86 SS920id







Ea e
General Description TO-72 2N Series
9.209-9 230 m
TR e " ()] (4]
The 2N3684/PN3684 thru 2N3687/PN3687 series of v T e v T PIN T FET -
. . I 270
N-channe!l JFETs is characterized for general purpose - i ‘ 1 S ON
small signal amplifier applications requiring low noise ' ' . 2 D z z
. s () 3 G
and tightly specified Ipgg ranges. 001 e o e o20-0.060 3 | Cose w W
5.016-0.019 0da AT TR EIT] m m
- . Dade-0asn T ‘aTez ~ -
Absolute Maximum Ratings (25°c) 8 8
TO-92 PN Series R
018 9135
Gate-Drain or Gate-Source Voltage (Note 2) —50V “‘5;“" oN
Gate Current or Drain Current 50 mA 22
R . . S 0.003-0.013
Total Device DISSIEathﬂ . i —— T PINTFET wWw
(Derate 2mW/ C to 175°C) 350 mw LEADS 10 FITINTO - sam o, 1 G (e)X )]
16-0.01 s
Storage Temperature Range e '[“][I s iae ,T 2 s o0 00
. TP \
2N Series —65°C to +200°C s ' e R s 10 ~N -~
PN Series —65°C to +150°C o
Lead Temperature (1/16" from case . . Wj’c?‘sj
for 10 seconds) 300°C -
Electrical Characteristics (25°C unless otherwise noted)
2N3684/ 2N3685/ 2N3686/ 2N3687/
PARAMETER CONDITIONS PN3684 PN3685 PN3686 PN3687 UNITS
MIN MAX MIN MAX MIN MAX MIN MAX
-0.1 -0.1 -0.1 -0.1 nA
| Gate Reverse Ci Nt vVgs = —30V,Vps=0 l -
Gss ree burrer GS s I 150°C —05 -0.5 -0.5 -0.5 UA
Gate-Source Breakdown
BVGss Ig=—1uA Vps=0 —50 —50 -50 —50
Voltage
A
Gate-Source Cutoff
VGs{off) Vps =20V, Ip=1nA -2 -5 -1 -35 -0.6 -2 —03 [-1.2
Voltage
IDss Saturation Drain Current Vps =20V, Vgs=0 25 75 1 3 04 1.2 0.1 0.5 mA
Drain-Source ON
'DS{on) . Vps =0V, Vgs =0, (Note 1) 600 800 1200 2400 Q
Resistance
Common-Source Forward
9fs 2000 3000 1500 2500 1000 2000 500 1500
Transconductance, {Note 3}
umho
Common-Source Output
9os 50 25 10 5
Conductance
Vpsg = 20V, Vg = 0 f=1kHz
¢ Common-Source Reverse 12 12 12 12
rss Transfer Capacitance ' ' ’ )
pF
Common-Source Input
Ciss 4 4 4 4
Capacitance
Equivalent Short-Cireult =1\ 1oy vgg-0 | f-20H 015 015 015 s | 2%
n Input Spot Noise Voltage bs VGS z : : : ) +Hz
Vps = 10V, vgs = 0,
NF N F t=100H . . X 3 dB
oise Figure Rgen;WM. BW = 6 Hz z 0.5 0.5 05 0.5
Note 1: Not JEDEC registered data.
Note 2: Due to symmetrical geometry, these units may be operated with source and drain leads interchanged.
Note 3: Pulse test duration: 2 ms.
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2N3954, 2N3954A, 2N3955, 2N3955A

Process 83

2N3954-55/2N3954A-55A N-Channel Monolithic Dual JFETs

General Description To71
The 2N3954 thru 2N3955/A series of N-channel 1.208-0.230
monolithic dual JFETs is designed for low to medium - {5.309-6.842)
frequency differential amplifier applications requiring (E;: g;:; (2;5 :iag)
low noise, high common-mode rejection, and very 1 |
tight match. SEATING PLANE ‘ i
f H ! 1oy PIN | FET (12)
o 1
Absolute Maximum Ratings (25°c) F s : 0
. 12.70)
Gate-Drain or Gate-Source Voltage —-50V nm Yo 2 D1
Gate-to-Gate Voltage 50V (gg;:’gggz) I (g-%’ 3 G1
Gate Current 50 mA MAX 5 S2
) L o ’
Total Device Dissipation 85 C (Each Side) 250 mw 0.100 6 D2
: ~t 5 7 G2
Case Temperature (Both Sides) 500 mw 00so 2540
. ) o {270 I
Power Derating {Each Side) 2.86 mW/°C
. Q o
(Both Sides) 43mwW/C ,;‘
o o E
Storage Temperature Range -65°C to +200°C :h L%
Lead Temperature {(1/16" from case 00008\ TS 0028-0.008
p o {0.97377 1ss>\// N G119
for 10 seconds) 300°C £ A
Electrical Characteristics (25°¢ unless otherwise noted)
2N3954 2N3954A 2N3955 2N3955A
UNITS
PARAMETER CONDITIONS MIN TWMAX | MIN | MAX | MIN | MAX | MIN | MAX
| . VGs - 30V, I 100 ~100 100 100 A
Gss Gate Reverse Current Vg 0 S 500 500 =500 500 oA
3VGss Gate-Saurce Breakdown Vs~ 0,16~ 1uA 0 50 50 50
Voltage
ate- ce Cutofl
VGSiof) Gate-Sourae Cato Vpg =20V, Ip - 1A 10 [ a5 {10 |4 110 a5 |10 |as
Valtage
v
Gate-! F ard
vasit) sate-Source Forwarc VD=0, 16 T mA 20 2.0 20 20
Voltage
Y . Vo - 200 Ip - 50 uA 12 42 4.2 4.2
Gs ste-Source Voltage bs 1D - 200 un 05 |46 |05 | 40 |05 | 40 |04 |-40
o oo . Vpg - 20V 50 50 50 50 A
G e Operating Current 10 = 200 44 Ta=125C 250 250 ~250 -250 A
Saturation D
1Dss Saturation Drain Vpg = 20V, Vg - O 05 | 50 |os |50 |os | s0 {oas |s0 nA
Current
Cammon-Source Forward £ 1 kHy 1000 | 3000 | 1000 | 3000 | 1000 | 3000 | 1000 | 3000
s Transconductance 200 MH: 1000 1000 1000 1000
Jimho
dos Common-Source Qutput Vpg = 20V, (e 1 KMy 35 35 25 5
Conductance Vs 0
Common-Source (nput
Ciss 4.0 4.0 4.0 4.0
Capacitance
e Common-Source Reverse A i . s s o
Transéer Capacitance
. VpG - 10V
Cdgo Drain-Gate Capacitance e 15 15 15 15
g 5=
v = 20V
Common Source Snot s
NF Ves O, 100 H2 05 s 05 05 a8
Noise Figure
RG - 10 M2
Differential Gate Vg = 20V, )
61 4G T=128°C 0 10 10 .
lla1 o2 Current ID = 200 A ! 10 A
Drain Saturation Current
‘psstilossz o Vps = 20V, Vgs 0 095 | 1.0 0985 | 1.0 095 | 1.0 095 | 10
atio
Differential Gate Source
VGs1 Vasz? 5.0 5.0 10.0 50
Voltage
Gate are it | -
= . Vd(‘(, SULCr;e D\fere'nt\a Vs - 20V, Te25C 055G 08 04 20 10 my
i t 3 d th 0
GS1 VGsz Voltage Change wi Ip = 200 KA T=25C0125°C 10 05 25 5
Temperature
915119152 Transconductance Ratio £ 1 kHz 097 | 10 o097 | 1o |0e7 | 10 | o0es | 10
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Process 83

2N3956-58 N-Channel Monolithic Dual JFETs

8G6ENC ‘LS6ENC ‘9S6ENZC

General Description 1071
The 2N3956 thru 2N3958 series of N-channel monotithic - _ am-02m
. . . (5.309 5842
dgal JFETs is d_eygned for {ow to m.eFjuum. frequency 01950195 110 0210
differential amplifier applications requiring tight match, (@aa5_a953. - 14318 5338
low noise and high common-mode rejection. J
SEATING PLANE
'
- . ) ! ' PIN | FET (12}
Absolute Maximum Ratings (25°c) o ] <
{12700
Gate-Drain or Gate-Source Voltage —50V 00160015 fﬂ 0m v oow 2 D1
- 0.030
Gate-to-Gate Voltage =50V A i T T g 3 S;
Gate Current 50 mA MAX Z o2
Total Device Dissipation 86°C (Each Side) 250 mw v = = 0100 7 G2
. 25401
Case Temperature {Both Sides) 500 mw nao T T ‘
Power Derating (Each Side) 2.86 mW/°C
(Both Sides) 4.3 mW/C .
Storage Temperature Range —-65°C to +200°C a5
2E: 0.036- 0.046 Y 0.028 0.048
Lead Temperature (1/16"" from case .; EYITRETIIRS et
for 10 seconds) 300°C N .
Electrical Characteristics (25°C unless otherwise noted)
2N3956 2N3957 2N3958
PARAMETER CONDITIONS win T vax TN | max TN | wax] UNVTS
| Gate R c . v 30V v 0 -100 -100 100 pA
erse = . = &)
G685 ste Toverse Lurren Gs os 1 Ta=150"C -500 -500 -500 nA
BY Gate-Source Breakdown v SOV I 1 uA 50 50 50
GSS Voltage DS G o
VGSioff) Gate-Source Cutoff Voltage Vpg= 20V, ip = TnA 1.0 4.5 -1.0 -45 -1.0 —45
VGSif) Gate-Source Forward Voltage | Vpgs =0V, Ig=1mA 2.0 2.0 2.0 v
Vg = 20V, Ip = 50 uA -4.2 -4.2 -4.2
VGs Gate-Source Voltage DS 2 =
Vps = 20V, ip = 200 uA 05 40 |-05 |-40 |-05 |40
| Gate O Vps = 20V, Ip = 200 LA 50 50 50 pA
G ate Operating Current DS~ LIp=200u Ta- 125°C 250 550 280 A
IDss Saturation Drain Current Vps = 20V. Vgg - 0 05 5.0 0.5 5.0 05 5.0 mA
| Common-Source Forward =1 kHz 1000| 3000 | 1000| 3000} 1000 3000
Visi Transconductance f= 200 MH. 1000 1000 1000
umho

Common-Source Qutput . p
dos f -1 kHz 35 35 35

Conductance
Vps ™ 20V, Vgg =0
Commean-Source input

Ciss 4.0 4.0 4.0
Capacitance

Cres Common-Source Reverse £ 1 MHz 1o 12 19 pF
b Transfer Capacitance
Cdgo Drain-Gate Capacitance Vpg =10V, Ils~0 1.5 1.5 1.5
C -S C: \% =20V, V =0,
NF emmon-Source Spot s cs=0 f= 100 Hz 0.5 05 0.5 dB
Noise Figure Rg = 10 M2
Differential Gate Reverse 5
g1 1G2 Current Vpg =20V, Ip = 200 uA T-125°C 10 10 10 nA
s Saturation Drain Current N
1DSS1/1D552 matio Vpsg = 20V, Vg = 0 095 | 10 090 | 10 085 | 10
Differential Gate-Source
Vas1 Vasz2 Voltage 15 20 25
Gate-Source Voltage o o
Av v | Differential Gh With Vpg =20V, ip = 200 uA T=25Cto--55C 4.0 6.0 8.0 my
f - ifferer ange Wi T
HGS1T VGS2 ¢ T-25C125¢C 50 75 10.0
Temperature
Qfs1/0fs2 Transconductance Ratio i=1kH? 0.95 10 0.90 10 0.85 1.0
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2N4091, 2N4092, 2N4093, PN4091, PN4092, PN4093

General Description - et TO18 2N Series
The 2N4091/PN4091 thru 2N4093/PN4093 series of 0% | puo-aam ol
K . B 5193 s 330 w050 1
N-channel JFETs is characterized for analog switch | ‘ e i o
1 H ir H SEATING PLANE PIN FET
applications requiring low ON resistance and moderate i 1 3
capacitance. This series is qualified for JAN, JANTX - TT 7 r'{ usw0 v 2 D
i I§ 2 gos agas -
tevel processing per MiL-S-19500/431. v LD DLt Lo NS | 3 | 6
Absolute Maximum Ratings (25°c) T o A
Reverse Gate-Drain or Gate-Source Voltage —40V svsows  TO-92 PN Series
Gate Current 10 mA s ds)
Total Device Dissipation at 25°C Case Temperature oo oons
(Derate 10 mW/°C) 2N series 1.8W Ty
. i 1
(Derate 3 mW/°C) PN Series, Ta = 25°C 350 mw O o T "'1"' FéT
Storage Temperature Range e oaTs e ams sons Xt ouusouss
N . 55°C to +200°C UIAHOLE (TYPI l @iz " 143 7397 g g
series —! o
PN series -55°C to +150°C T s
{1.143-1.307)
Lead Temperature (1/16" from case . _‘ 0.045-0.55
for 10 seconds) 300°C [
Electrical Characteristics (25°C unless otherwise noted)
2N4091/ 2N4092/ 2N4093/
PARAMETER CONDITIONS PN4091 PN4092 PN4093 UNITS
MIN MAX MIN MAX MIN MAX
BVGss  Gate-Source Breakdown Voltage IG= -1uA, Vps=0 —40 —-40 -40 A
2N Series 200 200 200 pA
DGO Drain Reverse Current VGs = —20V,1s=0 PN Series 1 1 1 A
5 n
150°C 400 400 400
2N Series 200 pA
VGs = -6V PN Series 1 A
n.
150°C 400
2N Series 200 pA
ID(off}  Drain Cutoff Current Vps =20V | Vgg= -8V PN Series 1 A
n.
150°C 400
2N Series 200 pA
VGs = —12V | PN Series 1 nA
150°C 400
VGS(off) Gate-Source Cutoff Voltage Vps=20V,ip=1nA -5 =10 -2 =7 -1 -5 A
Ipss Saturation Drain Current Vps =20V, Vgs =0, (Note 1) 30 15 8 mA
Ip=25mA 0.2
VDS(on) Drain-Source ON Voltage VGs » 0 Ip=4mA 0.2 A
ID = 6.6 mA 0.2
rDS{on) Static Drain-Source ON Resistance VGs=0.1p=1mA 30 50 80 Q
rds(on)  Drain Source ON Resistance VGs=0,1p=0 f=1kHz 30 50 80 Q
Ciss Common-Source Input Capacitance | Vpg =20V, Vgg=0 16 16 16
Common-Source Reverse Transfer f=1MHz pF
Crss R Vps =0, Vgg= -20V 5 5 5
Capacitance
td Turn ON Delay Time VpD = 3V, VGs(on) = 0 15 15 20
ID{on) VGS(off)y  RL
R
i ise Time 2N/PNA09T 6.8mA 12V 4250 10 » a0 ne
toff Turn OFF Time 2N/PN4092 4 mA -8V 77082 40 60 80
2N/PN4AOS3 25 mMA  —6V 1120 §
* JEDEC registered data Voo Input Pulse Sampling Scope
g 9
Note 1: Puise width = 300 ps; duty cycie < 3%. Rise time < 1 ns Rise time = 0.4 ns
o R Fall time < 1 ns Input resistance = 10 MS2
Vout Puise width = 1 us input capacitance = 1.7 pF
Vin Pulse duty cycle < 10%

= Pulse generator impedance = 50 2
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General Description 1072
0209-0230
The 2N4117 thru 2N4119/A series of N-channel JFETs is T T a0 s
. ™ 0.175-0.195 0.170 0210
desgneq for ultra low leakage (Igss < 1 pA) amplifier s i 1805 338
applications. -1
SEATING PLANE
Typical 1g <0.1 pA at Vpg = 10V, Ip = 10 uA. Perfect ] Ty
A L) 0500
for all smoke detector applications. e PIN | FET
0.016-0013 00 0030 g ! s
. H P 0161 ©¢.030
Absolute Maximum Ratings (25°c) i e 2 | o
MaX 3 G
Gate-Drain or Gate-Source Voltage —40V 0.100 4 Case
Gate-Current 50 mA o0 T s
Total Device Dissipation 1210
{Derate 2 mW/°C to +175°C) 300 mw
Storage Temperature Range —65°C to +175°C A
45
Lead Temperature (1/16" from case 0.036 -0.086 e 0.028-0.088
o 09131968 X\ T T 129
for 10 seconds) 255°C 7L P
Electrical Characteristics (25°¢C unless otherwise noted)
2N4117/ 2N4118/ 2N4119/
PARAMETER CONDITIONS 2N4117A 2N4118A 2N4119A UNITS
MIN MAX MIN MAX MIN MAX
Gate Reverse Current —-10 -10 —-10 pA
| VGs = —20V, Vps = 0 .
GSs 2N4117 Series Only GS DS=® Heo°c =25 25 25 nA
| Gate Reverse Current v IPTVRY -0 -1 -1 —1 pA
GSs 2N4117A Series Only Gs RS T 25 25 25 nA
BVGss Gate-Source Breakdown Voltage | Ig=—1uA, Vpg=0 —40 —40 —40
A\
VGS(off) Gate-Source Cutoff Voltage Vps =10V, Ip = 1nA —06 -1.8 -1 -3 =2 -6
IDSS Saturation Drain Current Vpg=10V,VGs=0 0.03 0.09 0.08 0.24 0.20 0.60 mA
Common-Source Forward
ats 70 210 | 80 250 | 100 | 330
Transconductance
f=1kHz umho
Common-Source Qutput
gos 3 5 10
Conductance
Vps =10V, VGs =0
Common-Source Input
Ciss . 3 3 3
Capacitance
f=1MHz pF
Common-Source Reverse
Crss } 15 1.5 1.5
Transfer Capacitance
4.7
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2N4338, 2N4339, 2N4340, 2N4341

Process 52

2N4338-41 N-Channel JFETs

General Description TO-18 2N Series
. . 1}
The 2N4338 thru 2N4341 series of N-channel JFETS is - e
characterized for low to medium frequency amplifier 0175 0195 -y o1 0210
applications. Tight selections of VGg(off), IDSS. 9fs (6445 4.953 {14318 535
results in consistent characteristics in all applications. SEATING PLANE 1
| i
Absolute Maxi Rati ° Y :‘L 1500
solute axXimum Ratings (25°C) I PIN T FET
,,,,, v 7 S
Gate-Drain or Gate-Source Voltage —50V 0016 0019 0030
(0.406 0.483; {0.762) 2 (s}
Gate Current 50 mA M 3 G
Total Device Dissipation, Ta = 25°C 300 mW 0120
AL
{Derate 2 mW/°C to +175°C) i R
3 o (1270 |
Storage Temperature Range —65°C to +200 C ; {
Maximum Operating Temperature 175°C
Lead Temperature (1/16'" from case 25
for 10 seconds) 300°C 0.036--0.046 " 0.028-0.348
10.914 1168} >/ {6719 19
Electrical Characteristics {25°C unless otherwise specified)
2N4338 2N4339 2N4340 2N4341
PARAMETER CONDITIONS MIN | MAX | MIN | MAX | MiN | MAX | min | mAax | 218
I Gate R Current v 30V, Vps - 0 o 01 o i nA
? eV 1l Al o=
GSs ate Reverse Lurer GS VoS 150°C 0.1 0.1 01 0.1 uA
Gate-Source Breakdown
BVGss G- ~1TpA, Vpg— 0 -50 50 50 50
Voltage
v
Gate-Source Cutoff N
VGS(off) Vps - 15V, Ip = 0.1 uA -03 1 0.6 1.8 1 3 2 —6
Voltage
Vps = 16V 0.05 0.05 0.05 0.07 nA
ID{off) Drain Cutoff Current
Ves =10 ) { 5) (=5} —5) {10) (Vi
Ipss Saturation Drain Current Vpg =15V, Vgg=0 0.2 0.8 05 1.5 1.2 38 3 9 mA
Common-Source Forward
9fs 600 | 1800 | 800 | 2400 | 1300} 3000 [ 2000 | 4000
Transconductance
Vps © 15V, Vgs -0 umho
Common-Source Cutput
9os f-1kHz 5 15 30 60
Conductance
Drain-Source ON
rds Vps=0,Vgs=0 2500 1700 1500 800 Q
Resistance
Common-Source Input
Ciss c . 7 7 7 7
apacitance Vps - 15V, VGgs =0 -1 MH, pF
Common-Source Reverse
Crss 3 3 3 3
Transfer Capacitance
Vps = 15V, VGg
NF Noise Figure s Gs - 0 f -1 KHz 1 1 1 1 B
Ryen 1M, BW = 200 Hz
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2N4391-3/PN4391-3 N-Channel JFETs

Process 51

General Description TO-18 2N Series
The 2N4391/PN4391 thru 2N4393/PN4393 series of o
N-channel JFETs is characterized by low ON resistance, RACRE PIN | FET
. - . . :
moderate capacitance and low noise. Applications GEATING FLANE 1 s
include fow ON resistance, high speed switches and high ' o 2 D
; . - ‘o
gain, low noise amplifiers. 100 , i 3 G
sans
. . . 5016 0019 )
Absolute Maximum Ratings (25°c) BT
Reverse Gate-Drain or Gate-Source Voltage ~40\4/ TO-92 PN Series
Gate Current 50 mA
Total Device Dissipation at 25 °C Case Temperature
(Derate 10 mW/”C) 2N Series 1.8 W ) 2 oons
- s i i
{Derate 3 mW/°C) PN Series, TA = 25°C 350 mW Ty e PIN | FET
Storage Temperature Range R " ! ; S
. 5 0406..0.083;
2N Series ~55°C to +200°C ot 3l o
o - | o NRCIRECE
PN Series ~55°C to +150°C pes B
Lead Temperature (1/16"" from case -
for 10 seconds) 300 C - =
Electrical Ch teristics™ (25 herwi
ectrica aracieristiCs™ (25°C untess otherwise noted)
2N4391 2N4392/ 2N4393/
PARAMETER CONDITIONS PN4391 PN4392 PN4393 UNITS
WMIN | MAX | MIN | MAX | MIN | MAX
2N Series 100 100 100 pA
1GsS Gate Reverse Current Vgs= 20V, Vps O PN Series 1 1 1 oA
150°C 200 -200 ~200
BVGSS  Gate Source Breakdewn Voltage IG™ —1uA Vpg~ 0 40 a0 40 v
2N Series 100 pA
VGs - 5V | PN Serie 1
Gs 5 ?Pv\es A
150°C 200
2N Series 100 pA
ID(offy  Drain Cutotf Current Vps © 20V | Vg /v | PN Series [ A
i
150°C 200
2N Series 100 pA
Y5 12V | PN Series 1 A
150°C 200
VGSit; Gate-Source Forwardg Voitage Ig = 1mA Vpg- G iNote 2) 1 1 1
v
VGSiofty  Gate-Source Cutoff Voltage Vps - 20V 1p T 1A < |10 2 5 -05 3
{pDss Saturation Drain Current Vpg =20V Vs - 0. iNote 1] 50 150 25 75 5 30 MA
i 3mA 04
VDSioni  Drain-Source ON Voitage Vs - 0 In 6 mA 04 \
D~ 12mA 0.4
'0S{on;  Static Drain-Source ON Resistance | Vg~ V. Ip — 1 mA 30 50 100 &
rds(on) Drain-Source ON Resistance Ves=V,Ip- G f 1kHz 30 60 100 Q
Ciss Common-Source 1nput Capacitance | Vpg - 20V, Vgg =0 14 14 14
Vgs - BV 3.5
c Common Source Reverse N o - = v f-1MHz is pF
58 Transfer Capacitance bs - MEL T
vasE 12V 35
14 Turn ON Delay Time VDD ~ 10V, VGSian, = 0 15 15 15
'Diony VGS{off)
R 5 5
tr tse Time ON/PNA39T 12mA 12V > 5 s
tott Turn OFF Delay Time 2N/PN4392 6 mA v 20 35 50
‘P fis 4
i Fall Time 2N/PNA3S3 3 mA v | 15 20 30
51 Hlﬂq oF
Note 1: Pulse test required, pulse wicdth = 300 us, duty cycle -2 3%. Vpp o g Vour .
% _ {nput Pulse Sampling scope
Note 2: Not tested on PN series. 1000 oF v “l'(m |8

*JEDEC registered data

Rise time == 0.4 ns
input resistance = 50 &

Rise time <2 0.5 ns
Fall time < 0.5 ns
Pulse duty cycle = 1%
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2N4416, 2N4416A

Process SO
2N4416/2N4416A N-Channel JFETs
General Description 1072
The 2N4416/2N4416A N-channel JFET is designed for .
VHF/UHF amplifier, mixer and oscillator applications. 0.175-0.195 | ‘ 0.170-0.210
> . wasagmn 7] @3-saw
Qualified for JAN, JANTX, JANTXV level processing |
per MIL.-19500/428. SEATING PLANE ‘
y o Rl
1 R A
Absolute Maximum Ratings (25°c) } YL#;S%, PN | FET N (28]
i N 1 S
Gate-Drain or Gate-Source Voltage 0016-0008 i 00X 2 D
ING416 30V (0.406-0.483) 1%}6:) 3 G
2N4416A —35V 0100 4 Case
Gate Current 10 mA 050 T )
Total Device Dissipation {1.210) |
(Derate 1.7 mW/°C) 300 mW
Storage Temperature Range —65°C to +200°C i ‘
Lead Temperature {(1/16'' from case 0.036-0.046 45\/ 7 w028 0,04
for 10 seconds) 300°C 081868 N7 \( -1z
RGPS
Electrical Characteristics (25°C unless otherwise noted)
PARAMETER CONDITIONS MIN | MAX UNITS
—0.1 nA
| Gate R C t VGs=—20V, Vps=0 B
GSS ate Reverse Curren GS DS 150°C —0.1 LA
2N4416 -30
BVGss Gate-Source Breakdown Voltage Ig=-1uA, Vps=0 \
2N4416A |35
2N4416 -6
VGS(off) Gate-Source Cutoff Voltage Vps =15V, Ip=1nA \Y
2N4416A |25 —6
IDSS Crain Current at Zero Gate Voltage, (Note 1) 5 15 mA
gfs Common-Source Forward Transconductance, (Note 1) 4500 7500 umbo
f=1kHz
dos Common-Source Qutput Conductance 50 umho
Vpg =15V, Vs =0
Crss Common-Source Reverse Transfer Capacitance 0.8 pF
Ciss Common-Source Input Capacitance f=1MHz 4
pF
Coss Common-Source Output Capacitance 2
High Frequency Characteristics
100 MHz 400 MHz
PARAMETER CONDITI
ONS MIN | MAX [ MIN | MAX UNITS
Giss Common-Source Input Conductance 100 1000 umho
biss Common-Source Input Susceptance 2500 10,000 umho
Common-Source Output 75 100 h
Yoss Conductance pmho
Vps = 16V, Vgg =0
Common-Source Qutput
Poss Susceptance 1000 4000 umho
Common-Source Forward 4000 h
9fs Transconductance, (Note 1} pmhno
Gps Common-Source Power Gain Vps =15V, Ip =5 mA 18 10 dB
NF Noise Figure Vps =15V, Ip =5mA, Rg = 1kQ 2 4 dB
Note 1: Pulse test duration = 2 ms,
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oo
2N4856-61/PN4856-61 N-Channel JFETs E N
General Description TO-18 2N Series LR
0.20% 0.230
The 2N4856/PN4856 thru 2N4861/PN4861 series of T T S - (0 ¢] (0]
FETs i . d f . . S5 0185 - Lam-g2 0080 T igsan) 01 01
N-channel J s is designed for analog switch appli- aas i953) e T PIN | FET
cations requiring low ON resistance and moderate SeaTvG puAE ! 1 S N ~I
. -
capacitance. | \ - 2 s
! T'"} 0500 25 ] v N
o . — g 0.035-0046 (% 0.026-0.048 3 G
Qualified for JAN, JANTX, JANTXV level processing goo_ e msa.\/zx @ariTaid 2 Z
per MIL-S-19500/385. 2N series only. R L Hp
wax
Absolute Maximum Ratings 25°c) s os TO-02 PN Series 8 8
Reverse Gate-Drain or Gate-Source Voltage :“SI‘“‘” (0] (o)
2N4856/PN4856—-2N4858/PN4858 —40V -
Reverse Gate-Drain or Gate-Source Voltage i | Sow-eom v N
- 10.076 03304 PIN | FET
2N4859/PN48592N4861/PN4SST ~30v S, = 22
Gate Current 50 mA (::;z::%‘”uﬂ o T'—r 2 s £ 5L
Total Device Dissipation at 26°C Case Temperature AT | fortion oy LLILL Y 3 D o) (o]
» Y 2158 241 -
(Derate 10 mW/°C) 2N Series 1.8W o swsous % %))
{Derate 3 mW/°C) PN series, TA = 25°C 350 mV T Lo
Storage Temperature Range s e n v) N
2N Series -65°C to +200°C 2z
PN Series —65°C to +150°C N
Lead Temperature (1/16" from case (00] lo )
for 10 seconds) 300°C » lo}
Electrical Characteristics (25°C unless otherwise noted) ~O
2N4856,59/ | 2N4857,60/ | 2N4858,61/ N
PARAMETER CONDITIONS PN4856,59 PNA857,60 PN4858,61 UNITS z Z
MIN | MAX | MIN | MAX | MIN | MAX L D
Gate-Source Breakdown _ _ 2N/PN4856-58 —40 —-40 -40 m m
BVGSS  yoitage 167 THAVDS =0 eNagseeT | 30 30 =30 V1o 0
2N Series ~250 -250 -250 A -
VGg = —20V, Vps=0 n
Igss Gate Reverse Current PN Series -1 -1 —1 A
VGs- —15V,Vpg-0 | 150°C 500 500 500 "
2N Series 250 250 250 pA
ID{off) Drain Cutoff Current Vpg = 16V, VGg = — 10V | PN Series 1 1 1 A
n
150°C 500 500 500
VGS(off) Gate-Source Cutoft Voitage Vpg =15V, Ip=05nA -4 -10 -2 —6 -08 | 4 v
Ipss Saturation Drain Current Vpg = 15V, Vgg = 0. (Note 1) - 50 20 100 8 80 mA
ip=20mA 0.75
VDS(on) Drain-Source ON Voltage Vgs=0 Ip=10mA 0.50 \
ID=5mA 0.50
rds{on) Drain-Source ON Resistance Vgs=0,Ip=0 f=1kHz 25 40 60 Q
Ciss Common-Source Input Capacitance 18 18 18
c Common-Source Reverse Transfer Vps =0, Vgs = -10v f=1MHz s s 8 pF
rss Capacitance
td Turn ON Delay Time Vpp = 10V. VGS(on) = 0, 6 6 10 ns
v ID{on} VGS(off) RL o
b Rise Time IN/PN4856,59 20 mA 10V 464 Q 3 4 ! m
toff Turn OFF Time 2N/PN4857,60 10 mA -6V 953 Q2 25 50 100 ns
2N/PN4858,61 5 mA -4V 1910 Q2
Note 1: Pulse test required, pulse width = 100 us, duty cycle < 10%. v
oo
VoD-VDsoN) Input Pulse Sampling scope
IR Rise time = 0.25 ns Rise time = 0.75 ns
v vout Fall time = 0.75 ns Input resistance = 1 M§2
N R 5 Pulse width = 100 ns Input capacitance = 2.5 pF
59 Pulse duty cycle < 10%
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2N5114, 2N5115, 2N5116

2N5114-16 P-Channel JFETs
General Description 1018
. . 1.209-0.230
The 2N5114 thru 2N5116 series of P-channel JFETs is - 15300 5.843)
designed for low ON resistance analog switch applica- 0.175-0.195 0170 .0.210
. {4.445-4.953) i| @318-5.330
tions.
!
Qualified for JAN, JANTX, JANTXV level processing SEAT'NGP‘AN? y |
per MIL-5-19500/476. . R N
noo T[ (:V.Z.Z.m PIN | FET
Absolute Maximum Ratings (25°c) oue-00is || 00 E
{0406 -0.483) 762) 2 G
Reverse Gate-Drain or Gate-Source Voltage 30V max 3 D
Gate Current 50 mA 0.100
) S . po o
Total Device Dissipation, Free-Air %’,1 J‘z-f"‘“’
1.27 i [
(Derate 3 mW/°C) 500 mW ;
Storage Temperature Range -65°C to +200°C o )
Lead Temperature (1/16" from case §5 o
PO
for 10 seconds 300°C QBI6-D088 | NV 0.028-0.048
) {0914-7.168) \///</ \ymm Zi9)
Electrical Characteristics (25°C uniess otherwise noted)
2N5114 2N5115 2N5116
PARAMETER CONDITIONS MIN MAX MIN AKX MiN MAX UNITS
BVGss Gate-Source Breakdown Voltage Ig=1uA,Vps=0 30 30 30 \2
t Gate R Ci t Vv 20V, V 0 500 500 500 pA
[ = =
Gss ale Reverse Lurren Gs VDS 150°C 1.0 1.0 1.0 uA
2NB114 = 12V
—500 500 —500 pA
1D (o) Drain Cutoff Current Vps = —15V, VGs = 2ZN5116= 7V
, -1.0 -1.0 -1.0 UA
2NB116= 5V | 150°C
VGS(off) Gate-Source Cutoff Voltage Vps=—15V,Ip =—1nA 5 10 3 6 1 4 \
| Saturation D Ci 1 Vv o,V NST14 = —18V 30 90 15 60 5 25 A
aturation ramn Lurren = = ! - - - — . m.
Dss 65=0.VDs 2NB116 = 15V
VGSif) Forward Gate-Source Voltage Ig=—1mA,Vps=0 =1 -1 -1
2N5114 = -15mA v
VDS(on) Drain-Source ON Voltage Vgs=01p = 2N5115= -7 mA -1.3 08 -0.6
2N5116= -3 mA
DS{on) Static Drain-Source ON Resistance | VGs =0, Ip =—1mA 75 100 150 Q
Tds{on) Drain-Source ON Resistance VGs=0,1p=0 f=1kHz 75 100 150 Q

Common-Source input
Ciss Vps=—16,Vgs =0 = 1 MHz 25 25 25
Capacitance

2N5114 = 12V pF
Common-Source Reverse Transfer
Crss Vps=0.Vgs= IN5115= 7V 7 7 7
Capacitance
2N5116 = 5V
2N5114 2N5115 2N5116
td Turn ON Delay Time VDD -10v -6V -6V 6 10 12
ty Rise Time VGG 20V 12v 8v 10 20 30
ns
toff Turn OFF Time RL 4300 91092 20009 6 8 10
tf Fail Time RG 10002 22082 39082 15 30 50
ID{on) | ~15MA | —7mA 3 mA

Input Pulse Sampling Scope

Rise time < 1 ns Rise time = 0.4 ns

Fall time < 1 ns Input resistance = 10 MQ
Pulse width = 100 ns Input capacitance = 1.6 pF

Repetition rate = 1 MHz

SAMPLING
SCOPE




N

Process 83 | Z

-—h

o

o

2N5196-99 N-Channel Monolithic Dual JFETs §

General Description T071 (._q

The 2N5196 thru 2N5199 series of N-channel monolithic ) - o)

dual JFETs is designed for low to medium frequency 0.175. 0.195 0.170-0.210 0050 T T iasan ~J
differential amplifiers requiring low leakage and tight 14445 -4.953) "“”;“3‘“ 1Lz -

match. SEATING PLANE ! M

Absolute Maximum Ratings (25°c) ' L 25 5

P 6-0.046 028

Gate-Drain or Gate-Source Voltage 50V im nan (32?4,1 168N {'zg’gf?f:]%l —t

Gate Current 50 mA 0060018 " agg ~ ({e]

Device Dissipation {Each Side), Ta = 85°C 0406 0453 ey o0
(Derate 2.56 mW/°C) i 250 mw FINT FET 112) *

Total Device Dissipation, Tp = 85°C 1 S1 N

(Derate 4.3 mW/°C) 500 mw 2 D1 e

Storage Temperature Range ~65°C to +200°C 3 G1 g

Lead Temperature {1/16"" from case 2 322 o

for 10 seconds) 300°C 7 G2 O

Electrical Characteristics (25°C unless otherwise noted)

PARAMETER CONDITIONS MIN MAX UNITS

I Gate Reverse G v 30V, Vps = 0 - i
ate 3 t - — =
GSS everse Curren GS ,VDs | T50°C e oA
BVGss Gate-Source Breakdown Voltage I~ —1uA, Vpg=0 -50
VGsioff) Gate-Source Cutoff Voltage Vps ™ 20V, Ip=1nA -0.7 —4 Vv
VGs Gate-Source Voltage -0.2 -38
VpG = 20V, ip = 200 uA —15 pA
[I'e} Gate Operating Current T25°C 5 —
iDss Saturation Drain Current Vps =20V, Vs =0, (Note 1) 0.7 7 mA
afs Common-Source Forward Transconductance Vps = 20V, Vgs =0, (Note 1) 1000 4000
afs Common-Source Forward Transconductance VDG = 20V, Ip = 200 uA, (Note 1) 700 1600
f=1kHz pmho
dos Common-Source Output Conductance Vpg =20V, vgg=0 50
dos Common-Source Output Conductance VDG = 20V, ip = 200 gA 4
Ciss Commoan-Source Input Capacitance 6
f=1MHz oF
Crgs Common-Source Reverse Transfer Capacitance 2
NF S F f- 100 He, 05 B
pot Noise Figure Vps = 20V, Vgs =0 RG = 10 MQ2 . d
uv
en Equivalent Input Noise Voltage f=1kHz 0.020 N
VHz

Matching Characteristics

2N5196 2N5197 2N5198 2N5199
P R 0
ARAMETE CONDITIONS MIN MAX MIN MAX MIN MAX MIN MAX UNITS
tg1-I Diff G VoG = 20V, 25° 5 5 5 5 A
tGg1-1G2i ifferential Gate Current ID = 200 uA 1 C n
i Saturation Drain Current Vps =20V, v =0v,
DS81 : ps s 0os | 1 |oes| 1 [ooss | 1 095 | 1
Ipss? Ratio {Note 1}
Gfs1 Transconductance Ratio,
e f=1kHz 0.97 1 0.97 1 0.95 1 0.95 1
Gfs2 {Note 1)
IVGS1—-VGs2! Differential Gate-Source Voltage 5 5 10 18 mv
VDG = 20V, | 14 = 257C,
. Iy = 200 uA " 5 10 20 40
Gate-Source Differential Voltage | 'D HA [ Tg=125"C o
AIVGs1-VGsai uviee
A Change with Temperature, Ta=-55"C, 5 10 20 40
{Note 2) Tg =25°C
18051 —90s2! Differential Output Conductance f=1kHz 1 1 1 1 umho

Note 1: Pulse test required, pulse width = 300 us, duty cycle < 3%.
Note 2: Measured at end points, T4 and Tg.
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2N5245, 2N5246, 2N5247

2N5245-47 N-Channel JFETs

General Description

The 2N5245 thru 2N5247 series of N-channel JFETs is
designed for common-source or common-gate VHF/UHF
amplifier, mixer and oscillator applications to 400 MHz.

Absolute Maximum Ratings

Drain-Gate Voltage

Source Gate Voltage

Drain Current

Forward Gate Current

Total Device Dissipation @ 25°C
(Derate above 25°C)

Operating Junction Temperature

Process 90

30V
30V

30 mA

50 mA

360 mW
2.88 mW/°C

TO-92
0.160
= TToen
[ 0380
— w51
i
0.106.
0.180 LA
{4.572) (2.540)
v MAX
8.026 1l 1
D.635)
MIN
0.013-0.016 0.150-0.180
0.356—0.406) {3.810-4572}
JLEADS 0.100

= 10 NOM. 7 5a0)
Y DIA PIN CIRCLE

]

Range -65°C to +150°C P'1N FST
Storage Temperature Range —65°C to +150°C 2 s
Lead Temperature {1/16" from case 3 G
for 10 seconds) 300°C
Electrical Characteristics (25°C unless otherwise noted)
2N5245 2N6246 2N5247
PARAMETER CONDITIONS WIN MAX N MAX MIN MAX UNITS
-1 -1 -1
| Gate Reverse Current VGs=—-20V, Vps=0 nA
Gss ate Teverse mum Gs bs TA- 100°C 500 500 —500
Gate-Source Breakdown
BVGss Ig=-1uA, Vps=0 -30 -30 —30
Voltage
\%
Gate-Source Cutoff
VGS{off) Vps =15V, Ip = 10 nA -1 -6 -0.5 —4 -1.5 -8
Voltage
Ipss Saturation Drain Current Vps = 15V, Vg =0, (Note 1) 5 15 1.5 7 8 24 mA
c - F
dfs emmen-Source Forward 4.5 7.5 3.0 6.0 4.5 8.0 mmho
Transconductance
f=1kHz
Ci -S4 Output
dos ommon-Source Qutpu 50 50 70 umho
Conductance
Common-Source Forward
Re(y ) f= 400 MHz 4.0 25 4.0 mmho
s Transconductance
R Common-Source Output v — 15V v -0 =100 MHz 75 75 100
Clvos) Conductance os $VGS f =400 MHz 100 100 150
umho
Common-Source [nput
Re(yiq) f= 100 MHz 100 100 100
s Conductance
Ciss Common-Source input 45 45 45
Capacitance
f=1MHz pF
Common-Source Reverse
Crss . 1 1 1
Transfer Capacitance
) Vps = 15V, Ip = 5mA, Rg = 1 k{2 | f= 100 MHz 2 2 2
NF Noise Figure
Vpg= 15V, Ip =5mA, Rg = 1k§2 | f=400MHz 4 4 4
dB
G Common-Source Power Vpg =15V, Ip=5mA, Rg=1kQ | f=100MHz 18 18 18
ps Gain Vps = 15V, Ip = 5 mA, Rg = 1k§2 | =400 MHz 10 10 10

Note 1: Pulse Test PW 300 us, duty cycie < 3%.




2N5358-60 N-Channel JFETs
General Description T0.72
The 2N5358 thru 2N5360 series of N-channel JFETSs is g
characterized for general purpose audio and RF ampli- 01750185 0.170-0210
fiers requiring tightly specified Ipgg ranges. (4.445--8.953) (4.318-5.334)

i
SEATING PLANE
R . |

Absolute Maximum Ratings (25°c) - = U o
Gate-Drain or Gate-Source Voltage —40V ' %{f' P:N FSET
Gate Current 10 mA oot6-0my C - 0630 o

X L {0.406-0.483) 0.762) 2
Total Device Dissipation Max 3 G
{25°C Free-Air Temperature) 300 mW 0100 4 | Case

Power Derating (to +175°C) 2mw/°C 0050 2501
Storage Temperature Range —65°C to +200°C {210
Operating Temperature Range —65°C to +175°C
Lead Temperature {(1/16 from case 145

for 10 seconds) 300°C 5.036-0.046 AN 0.028-0.088
9ia-1168 N - 2 ITI219)
A -
Electrical Characteristics (25°c untess otherwise noted)
2N5358 2N5359 2N5360
PARAMETER N NITS
CONDITIONS MIN MAX MIN MAX MIN MAX v

| Gate Reverse Current Vps=0,V 20V 100 100 100 pA

ate Reverse Curren =0, = —

Gss bs Gs T=150"C -100 -100 ~100 nA
VGs(off) Gate-Source Cutoff Voltage Vps = 15V, Ip = 100 nA —0.5 -3.0 0.8 —4.0 -0.8 —4.0 v
BVGss Gate-Source Breakdown Voltage Vps=0, g =—10uA —40 -40 —40
tpss Saturation Drain Current Vps = 15V, VGgg = 0, (Note 1) Q.5 1.0 0.8 1.6 1.5 3.0 mA
VGs Gate-Source Voltage Vpsg =15V, Ip = {Note 2) -0.3 -1.5 0.4 -20 ~0.5 —25 Vv

Common-Source Forward
9fs f=1kHz 1000 3000 1200 3600 1400 4200
Transconductance
Commaoan-Source Forward
1y fs! . =100 MHz 800 900 1400 umho
Transadmittance
Common-Source Output
Joss f=1kHz 10 10 20
Conductance
Common-Source Reverse Transfer | VDS = 15V, Vgs =0
Crss . 2 2 2
Capacitance
f=1MHz oF
Common-Source Input
Ciss ) 6 6 6
Capacitance
f=
NF Noise Figure 100 Hz, 25 25 25 dB
RG = 1 MS2

Note 1: Pulse test duration = 300 us. Duty cycle < 3%.

Note 2: Ip test conditions for Test §: 2N5358 = 50 uA; 2N5358 = 80 uA; 2N5360C = 150 uA.

415
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2N5361, 2N5362, 2N5363, 2N5364

Process 55

/a

2N5361-64 N-Channel JFETs

General Description 1072
0.208-0.230
The 2N5361 thru 2N5364 series of N-channel JFETSs is -
. . . 0.175-0.195
characterized for general purpose audio and RF ampli- Tyt
fiers requiring tightly specified |pgg ranges.
SEATING PLANE )
Absolute Maximum Ratings 5°0) i“[]j]"{]"
9 PIN | FET
1 S
Gate-Drain or Gate-Source Voltage —40V 0.016-0.019 2 D
Gate Current 10 mA (1496-0453 3 G
Total Device Dissipation - 4 | case
(25°C Free-Air Temperature) 300 mW ws T e
Power Derating (to +175°C) 2mw/°C AT
o
Storage Temperature Range —65°C to +200°C h
Operating Temperature Range -65°C to +175°C , o)
Lead Temperature (1/16" from case 7,
for 10 seconds) 300°C 00360085 A7 0.028-0.048
812-1.168) N\~ X\/ 0.711-1.219)
A
Electrical Characteristics (25°C unless otherwise noted)
2N5361 2N5362 2N5363 2N5364
UNI
PARAMETER CONDITIONS MIN | MAX | MIN [ MAX | MIN [ MAX | MIN | MAX s
\ Gate R c . v oV 2ov| -100 —100 100 100 pA
ate Heverse Lurren = = —
Gss ps =B vVes [T: 150°C -100 -100 —-100 —-100 nA
Gate-Source Cutoff
VGS(off) Vps = 15V, Ip = 100 nA -10 [-60 |-20 |-70 |-25 |-80 |-25 |-8.0
Voltage
Y
BY Gate-Source Breakdown
GSS  yoitage Vps=0,lg=—~104uA -40 40 -40 40
IDsSs Saturation Drain Current | Vpg = 15V, Vs = 0, (Note 1) 2.5 50 4.0 8.0 7.0 14.0 9.0 18.0 mA
VGs Gate-Source Voltage Vps = 15V, Ip = (Note 2} -1.0 -5.0 -13 —5.0 -2.0 ~-6.0 -2.0 —6.0 A
Common-Source Forward
afs f=1kHz 1500 | 4500 { 2000 | 5500 | 2500 | 6000 [ 2700 6500

Transconductance

Common-Source Forward
Yis X f=100MHz | 1700 1900 2100 2200 umho
Transadmittance

Common-Source Qutput

= = f=1kHz 20 40 40 60
doss Conductance VDs = 15V, VGs =0
Common-Source Reverse
Crss . 2 2 2 2
Transfer Capacitance
f=1MHz of
Common-Source Input
Ciss v 6 6 6 6
Capacitance
. f= 100 Hz,
NF Noise Figure 25 25 25 25 dB
Rg=1MQ

Note 1: Pulse test duration = 300 us.
Note 2: I test conditions for Test 6: 2N5361 = 250 wA; 2N5362 = 400 uA; 2N6363 = 700 uA; 2N5364 = 900 nA.

4-16



Process 90
2N5397, 2N5398 N-Channel JFETs
General Description T0-72
0.208-0.230
The 2N5397 thru 2N5398 series of N-channel JFETs is O ‘563‘“7"|]'fﬂ-“2"|1;
designed for VHF/UHF common-source or common- YT Ry TP T
gate amplifiers, mixers and oscillators. T
SEATING PLANE
! Y
. . K 12
Absolute Maximum Ratings (25°c) VT s
azm PIN | FET
Y mw 1 B
Gate-Drain or Gate-Source Voltage —25V (:2;:7';:;;}» - (g'—:g} 2 D
Gate Current 10 mA ’ Max 3 G
Total Device Dissipation w0 4 | Case
{Derate 1.7 mW/°C) 300 mw ws T s
Storage Temperature Range ~65°C to +200°C (1.210)
Lead Temperature {1/16" from case
for 10 seconds) 300°C T
0.036-0.046 ASV/: > 0.028 -0.048
wste-tEm N # @mioizg
A 7
Electrical Characteristics (25°C unfess otherwise noted)
2N5397 2N5398
NDI UNITS
PARAMETER CONDITIONS MiN T VMAX N AKX
—0.1 —0.1 nA
1Gss Gate Reverse Current Vgs=-—15V,Vpgs=0 150°C “on o1 A
BVGss Gate-Source Breakdown Voltage Vps=0,ig=—-1uA —25 —25 v
VGS(off)  Gate-Source Cutoff Voltage Vps =10V, Ip=1nA -1.0 |-6.0 -1.0 |-6.0
IDss Saturation Drain Current Vps = 10V, Vps =0 10 30 5 40 mA
VGS(f) Gate-Source Forward Voltage Vps=0,Ig=1mA 1 1 \
Common-Source Forward Vpg = 10V, Ip = 10 mA 6000 | 10,000
ofs Transconductance, (Note 1) Vps = 10V, Vgs=10 5500 | 10,000
f=1kHz pmho
Common-Source Qutput Vps =10V, Ip=10mA 200
gos Conductance Vpg =10V, Vgs=0 400
c Common-Source Reverse Transfer Vps =10V, Ip = 10 mA 1.2
rss Capacitance Vps =10V, Vgs=0 1.3
f=1MHz pF
) VpG = 10V, Ip = 10 mA 5.0
Ciss Common-Source {nput Capacitance
Vps =10V, VGgs=0 55
. Common-Source Input VpG = 10V, Ip = 10 mA 2000
Jiss Conductance Vpg =10V, Vgs=0 3000
Common-Source Qutput VpG = 10V, ip = 10 mA 400
9oss umho
Conductance Vpg= 10V, Vgs=0 500
Common-Source Forward VpG =10V, Ip =10 mA | f =450 MHz 5500 { 9000
9fs Transconductance, (Note 1} Vps= 10V, Vgs=0 5000 | 10,000
Common-Source Power Gain
Gps _ 15
{Neutratized)
VpG = 10V, Ip = 10 mA dB
Common-Source, Spot Noise
NF K 35
Figure (Neutralized)
Note 1: Pulse test duration = 2 ms.
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2N5432, 2N5433, 2N5434

2N5432-34 N-Channel JFETs

Process 58

General Description To.52
The 2N5432 thru 2N5434 series of N-channet JFETs is ’_7 . laue-0230
designed for analog switch applications requiring very 3176 0495 | , (:ll]u: ;:ﬂz;
low ON resistance. fns21-a953) 7 ) itz.ﬁi.’siu)
SEATING Sy
. . PLANE | g
Absolute Maximum Ratings (25°c) T }
' ason
Reverse Gate-Drain or Gate-Source Voltage —25V ta nm"' fe PIN [ FET (07)
Gate Current 100 mA w762 1 S
Drain Current 400 mA MAX 2 D
Total Device Dissipation at 25°C w100 3 G
Free-Air Temperature, (Note 1) 300 mw [ :f«z 540)
Storage Temperature Range —65°C to +200°C (1210 '
Lead Temperature (1/16'* from case
for 10 seconds) 300°C i
a5
0.036-0.046 N 0.026--0.048
{0.914-1.168) \/2/ \\ﬁ(’mﬁéh
Electrical Characteristics (25°C unless otherwise noted)
2N5432 2N5433 2N5434
UNIT
PARAMETER CONDITIONS MIN MAX MIN MAX MIN MAX S
| Gate Reverse C VGs = —15V, Vpg = 0 200 200 290 a
GSS ate Reverse Current GS=— , VDS = 150°C —200 --200 —200 nA
BVGss Gate-Source Breakdown Voitage Ig=—-1uA,Vps=0 —25 -25 -25 Vv
| Drain Cutoff Ci A\ 5V, V 1oV 200 200 200 pA
t = =
Dioff) rain butoff burren DSV, VGS 150°C 200 200 200 nA
VGS(off) Gate-Source Cutoff Voltage Vps=5V,Ip=3nA -4 10 -3 -9 -1 -4 A
IDpss Saturation Drain Current Vpg =15V, Vg = 0, (Note 2) 150 100 30 mA
rDS{on) Static Drain-Source ON Resistance 2 5 7 10 Q
VGs=0,Ip=10mA
VDS(on) Drain-Source ON Voitage 50 70 100 mV
rds(on) Drain-Source ON Resistance Vgs=0,ip=0 f=1kHz 5 7 10 Q
Ciss Common-Source Input Capacitance 30 30 30 .
P
Common-Source Reverse Transfer Vps =0, VGgs=—10V | f=1MHz
Crss ) 15 15 15
Capacitance
td Turn ON Delay Time 4 4 4
tr Rise Time VpD = 1.5V, VGs{on) = 0, 1 1 1
ns
toff Turn OFF Delay Time VGS(off) = —12V, Ip{on) = 10 MA 6 6 6
if Fall Time 30 30 30
Note 1: Derate linearly at the rate of 2.3 mW/°C.
Note 2: Pulse test required pulse width 300 us, duty cycle < 3%.
Voo
_ Voo-Vos{on) R
T Toom Input Pulse Sampling Scope

Rise time = 0.25 ns
Fall time =0.75ns
Pulse width = 200 ns
Pulse rate = 550 pps

Rise time = 0.4 ns
Input resistance = 10M
Input Capacitance = 1.5 pF




-
2N5457-59 N-Channel JFETs >
General Description To92 a

. ) 0.175-0.185 (00}
The 2N5457 thru 2N5459 series of N-channel JFETs is {a.685-2.699) -
designed for general purpose small-signal amplifier ] N
and moderate ON resistance analog switch applications. z
”r' 0.003-0.013
. . - / 0.076-0.330) (4]
Absolute Maximum Ratings LenssTo T T o Ly H
maoes 32.3.’” o — Q
Drain-Source Voltage 25V D1A HOLE (TYP) H H R “45‘0055 (o]
) .085-0. / 0450,
Drain-Gate Voltage 25v disezi 431397
Source-Gate Voltage 25V . ooes-oos
Total Device Dissipation at 256°C 310 mW " 1?;;?:[:55
(Derate above 25°C) 2.82mW/°C T
Operating Junction Temperature 135°C
Storage Temperature Range -65°C to +150°C PIN | FET
Lead Temperature {1/16" from case 1 G
for 10 seconds) 300°C 20 s
3 D
Electrical Characteristics (25°C unless otherwise noted)
2N5457 2N5458 2N5459
UNIT:
PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX ITs
| Gate Re c . v 15V vV o 0.01 [-1.0 -0.01 {-1.0 -0.01 [-1.0 A
ate ver urrerny == =
GSs se Lurt es A EUNETNE ~200 ~200 7200
Gate-Source Breakdown B 60
BVGss Voltage lg= —10uA, Vps=0 -25 -60 25 -60 25 y
Gate-Source Cutoff
VGSs(off) Vpg=15V,Ip =10nA -0.5 -6.0 10 -70 |[-20 -8.0
Voltage
Saturation Drain
Ipss Vps = 15V, Vgs = 0, (Note 1} 1.0 5.0 2.0 9.0 4.0 16 mA
Current
Common-Source Forward
9fs 1,000 5,000| 1,500 5,500| 2,000 6,000
Transconductance
f=1kHz umho
Common-So Qutput
9os uree Qute 10 | 50 15 | 50 20 | 50
Conductance
Vpg = 15V, Vgs=0
Common-Source Input
Ciss a5 | 70 45 | 70 45 | 7.0
Capacitance
f=1MHz pfF
Common-Source Reverse
Crss 1.0 3.0 1.0 3.0 1.0 3.0
Transfer Capacitance
Vps =15V, Vgs=0,
NE Noise Figure Rg = 1 MQ, f-1kH2z 0.04 | 3.0 0.04 | 30 0.04 | 3.0 dB
NBW = 1 Hz
Note 1: Puise test PW < 630 ms; duty cycle < 10%.




2N5460, 2N5461, 2N5462

2N5460-62 P-Channel JFETs

General Description

Process 89

TO-92
The 2N5460 thru 2N5462 series of P-channel JFETS is )
designed for general purpose amplifier applications. -
. . ) ) 0.003-0.013
Absolute Maximum Ratings (25°c) ” K] S T
) {5 rve) /
Gate-Drain or Gate-Source Voltage 40V LEADS TO FIT INTO 0_5‘94 ! SN s
16-0.019 o Pospcy
Gate Current 10 mA “?f;m#wf (1088} nmlu‘m
Total Device Dissipation 310 mwW DIAHOLE (TYP) 00850095 PR
p o 5 Y (71592413 (1143-1.337)
Storage Temperature Range —65°C to +160°C |
Lead Temperature {1/16" from case — ,,“1’;:‘21:,‘,291;
for 10 seconds) 300°C : 0.045-0.055
— et
PIN | FET
1 G
2 S
3 0]
Electrical Characteristics (25°C unless otherwise specified)
2N5460 2N5461 2N5462
PARAMETER CONDITIONS MiN MAX MIN AR MIN MAX UNITS
t Gate R Ci \2 20V, VvV 0 L ) 5 > nA
" = . = -
GSsS ate Reverse Curren GS DS ’ T80°C ; y ] A
Gate- k
BVGSS ate-Source Breakdown iG - 104A, Vpg =0 40 40 40
Voltage \"
Gate-S toff
VGS(oft) o oouree Cuto Vps=—15V, Ip = 0.1 uA 0.75 | 6.0 1.0 7.5 1.8 9.0
Voltage
Ip=-0.1mA | 05 4.0
VGs Gate-Source Voltage Vps = ~16V Ip=-02mA 0.8 45 \
ID=-04 mA 15 6.0
Ipss Saturation Drain Current Vps= 15V, VGs=0 1.0 5.0 2.0 9.0 4.0 16 mA
- F
ofs Gommon-Source Forward 1000 | 4000 | 1500 | 4000 | 2000 | 6000
Transconductance, {(Note 3)
Vps=—15V,Vgs=0| f=1kHz umho
tos Common-Source Output 75 75 75
Conductance
Cies Comm.on-Source Input 70 70 70
Capacitance
Vp§=—15V,Vgg=0| f=1MHz pF
C -5 R
Crss ommaon: OUT(?E‘ everse 20 2.0 2.0
Transfer Capacitance
NF Noise Figure 25 2.5 2.5 dB
A\ = -15V,V =0,
) v Ds Gs f= 100 Hz
Equivalent Input Noise Rgen = 1M, BW =1 Hz nV
en g . 115 115 115
Voltage VHz
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2N5484-86 N-Channel JFETs

Process 50

General Description 10-92
The 2N5484 thru 2N5486 series of N-channel JFETs is 0175-0185
designed for VHF/UHF amplifier, mixer and oscillator 4254 638)
applications. v
. . I 0.003-0.013
Absolute Maximum Ratings (25°c) i —n coweTm
Drain-Gate Voltage 25V LEABS TO FIT INTO 0534 [
Source Gate Voltage 25V 06-0018 1150881 -
. (0.406.0.483) }
Drain Current 30 mA 014 HOLE (TYP) Hn ' 00850085 0.045-0055
Forward Gate Current 10 mA T 21592413 e
. - . . -0.055
Total Device Dissipation @ 25°C 310 mw - ‘??:jT;m‘
{Derate above 25°C) 2.82 mW/°C L g
. i i
Operating Junction Temperature
Range —65°C to +150°C PIN | FET
Storage Temperature Range -65°C to +150°C 1 G
Lead Temperature (1/16'' from case § SD
for 10 seconds) 300°C
Electrical Characteristics (25°C unless otherwise noted)
2N5484 2N5485 2N5486
PARAMETER CONDITIONS MIN MAX MIN MAX N MAX UNITS
-1.0 -1.0 -1.0
R =20V, Vps=0 A
1Gss Gate Reverse Current VGs ,VDs A= 100G 00 00 200 n
iy Gate-Source Breakdown I e —1 uA Vps = 0 95 5 25
GSS Voltage G HA, VDS
v
Gate-Source Cutoff
VGs(off co e Vps- 15V, Ip = 10 nA 03 |-30 |-05 |-40 |20 |-60
(off) Voltage
Ipss Saturation Drain Current Vpg = 15V, VGs = 0, (Note 1} 1.0 50 4.0 10 8.0 20 mA
Common-Source F d
afs ; h O‘: e rorwar 3000 | 6000 | 3s00| 7000 | 4000 8000
ransconductance
f=1kHz
Common-Source Cutput
Jdos 50 60 75
Conductance
R Common-Source Forward f=100 MHz | 2500
e
tvts) Transconductance f = 400 MHz 3000 3500
umhos
R Common-Source Output f=100 MHz 75
e
Yos)  gonductance = 400 MHz 100 100
Vps= 15V, Vgs =0
R Common-Source Input f =100 MHz 100
e
tvish  Gonductance - 400 MHz 1000 1000
Common-Source Input
Ciss : 5.0 5.0 5.0
Capacitance
Common-Source Reverse
Crss - f=1MHz 1.0 1.0 1.0 oF
Transfer Capacitance
Comman-Source Output
Coss . 2.0 2.0 2.0
Capacitance
Vpg = 16V, VGs=0,Rg =1 M2 | f=1kHz 25 25 2.5
\% =15V,ip=1 Re = 1k¢ 3
NF Noise Figure Ds~15V.1p mA G : f= 100 MHz 0 7o 75
Vpg =15V, ip =4 mA, Rg = 1k - -
DS b~ mA e t = 400 MHz 20 a0
dB
% =15V, Ip = 1mA 16 25
Common-Source Power bs o f= 100 MHz
Gps 18 30 8 30
Gain Vps= 15V, Ip=4mA
f= 400 MHz 10 20 10 20

Note 1: Pulse test pulse width 300 us,

duty cycle < 3%.
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2N5515, 2N5516, 2N5517, 2N5518, 2N5519, 2N5520, 2N5521, 2N5522, 2N5523, 2N5524

2N5515-24 N-Channel Monolithic Dual JFETs

Process 95

General Description To71
The 2N5515 thru 2N5524 series of N-channel monolithic 12000230
. . . p—— e aT:
dual JFETs is designed for low to medium frequency 0188 ":Jff.{?:.z;
differential amplifiers requiring very low noise and e T s
. N . [l
high common-m ejection. ;
gh common-mode rejectio SEaTiG PLANE , PIN | FET (12}
- - o 1
Absolute Maximum Ratings (25°c) f i ! s1
Gate-Drain or Gate-Source Voltage -40V L Oy g D1
060018 T o G1
Gate Current 50 mA 2408 ez [ 5 52
- . . - . 1s] MAX
Device Dissipation (Each Side), Tao=85C L owe 5 D2
o L
(Derate 2 mW/"C) 250 mw e L 7 G2
Total Device Dissipation, Tp = 85°C
o
(Derate 3 mW/°C) 375 mwW e
o i
Storage Temperature Range -65°C to +150°C v 005\ ST g o0
), LT N N S I FiT]
Lead Temperature {(1/16" from case ~ 7
o
for 10 seconds) 300°C
Electrical Characteristics (25°C unless otherwise noted)
PARAMETER CONDITIONS MIN T max [ units
! Gate Reverse Current v 30V, Vpg - 0 I 250 2A
el urren B B = —
css ate Hoverse Burrer Gs bs [ 1s0%c 250 A
BVGss Gate-Source Breakdown Voltage I6= 14A.Vpg=0 -40
VGs{off) Gate-Source Cutoff Voltage Vps= 20V, ip=1nA 07 | -4 v
Vas Gate-Source Voltage -0.2 -3.8
VDG = 20V, Ip = 200 wA -100 pA
I Gate Operating Current T55°C 100 A
Ibss Saturation Drain Current VDs = 20V, VGs =0, (Note 1) 0.5 75 mA
o Common-Source Forward Vpg = 20V, Vs < 0, 1000] 2000
Transconductance (Nate 1)
Common-Source Forward VDG = 20V, Ip = 200 uA,
. 500 | 1000
9 Transconductance (Note 1} fe1kHz u#mho
os Commaon-Source Output Conductance Vps= 20V, Vgg=0 10
dos Common-Source Output Conductance VDG = 20V, Ip = 200 uA 1
Ciss Common-Source Input Capacitance 25
c Common-Source Reverse Transfer VDs = 20V, VGg = 0 f=1MH:z 5 pF
s Capacitance
2N5515 -2N5519 30
t=10Hz nv
epn Equivalent Input Noise Voltage VDG = 20V, Ip = 200 uA 2N5520—-2N5524 15 i
=1 kHz 10 M
Matching Characteristics
2N5515, 2N5516, 2N5517, 2NGB518, ZNE5 3,
PARAMETER CONDITIONS 2N5520 2N5521 2N5522 2N5523 2N5524 UNITS
MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX
Differential Gate &
ilg1-162! VpG = 20V, Ip = 200 uA |125°C 10 10 10 10 10 nA
Current
Ipsst Saturation Drain
VDps =20V, VGs = 0, (Note 1) 0.95 1 0.85 1 0.95 1 0.95 1 0.90 1
IDss2 Current Ratio
Diff tial Gate-
VGs1-VGs2l erential Gate 5 5 10 15 15 mv
Source Voltage
Ta=25°C,
A v Gate-Source Voltage T = 126°C 5 10 20 40 80
ZYGSTVOS2 hyitterential Drift, B . viee
AT Note 1 TAS5C 5 10 20 40 0
(Note 1) VDG = 20V, 1D~ 2004A |rp ~ s 8
Diff tial Qutput
19051-90s2! Herential uted 0.1 0.1 0.1 0.1 0.1 umho
Conductance
f=1kHz
9fst Transconductance 097 | 1 097 | 1 095 [ 1 095 | 1 090 | 1
9fs2 Ratio, (Note 1)
Common-Mode
CMRR Rejection Ratio, Vpp - 10 to 20V, Ip - 200 uA 100 100 90 a8
(Note 2}

Note 1: Pulse test required, pulse width = 300 us, duty cycle < 3%.
Note 2: CMRR =20 log1g AVpp/aVGs1—Vasal (AVpp = 10V).
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2N5545-47 N-Channel Monolithic Dual JFETs

Process 83

General Description Ton
The 2N5545 thru 2N5547 series of monolithic dual . Dam-eam
JFETs is designed for low to medium frequency differ- 0175 0195 z‘suz:’fﬂ’f’n“:z
ential amplifiers requiring matched gate-source voltage, 124054953 13318-5.334)
high common-maode rejection, and low output conduc-
tance. SEATING PLANE L
3 3 X vs00 PIN | FET (12)
Absolute Maximum Ratings (25°C) T ; 3011
Drai g — D.016-0018 0.030
Gate-Drain or Gate-Source Voltage 50V ) 3 G1
Gate Current 30 mA MAX 5 S2
Device Dissipation {Each Side), TA = 25°C 0100 6 D2
{Derate 1.67 mW/°C) 250 mW o T s ? G2
. . . . t
Total Device Dissipation, Ta = 25°C
(Derate 2.67 mW/ C) 400 mW 7
A
Storage Temperature Range —65°C to +200°C '
Lead Temperature (1/16"" from case 00360065 " 0.028-0.048
o 091a-1.168) \ # 0111-1.219
for 10 seconds) 300°C ~ ’
Electrical Characteristics (25°C unless otherwise noted)
PARAMETER CONDITIONS MIN MAX UNITS
-100 A
IGSS Gate Reverse Current Ves - 30V, Vps— O £
[ soc ~150 nA
BVGSS Gate-Source Breakdown Voltage I~ —1uA, Vps=0 -50
\
VGsoff)  Gate-Source Cutoff Voltage Vpg - 18V, Ip = 0.5 nA -05 -4.5
e Gate Operating Current Vpg = 15V, Ip = 200 uA -50 pA
Ipss Saturation Drain Current Vpg - 18V, VGgs =0 Q0.5 8 mA
afs Common-Source Forward Transconductance " 1500 6000
f=1%Hz umho
9os Common-Source Output Conductance 25
Vpg- 15V, VGgs =0
Ciss Commaon-Source Input Capacitance 6
F
Cres Common-Source Reverse Transfer f21MHz P
Capacitance 2
NF Spot Noise Figure
2N5545 = 10 He, 3.5 dB
2NEE46 RG = 1 M2 5
VDG = 15V, g = 200 pA
en Equivalent Input Noise Voltage pG o u v
2N5545 =10 Hz 180 J?
2N5546 200 v
Matching Characteristics
2NE6545 2N5546 2N5547
PARAMETER CONDITIONS in T A N T max | N [ Max UNITS
liG1-1G2! Differential Gate Current Vpg = 15V, Ip = 200 uA 125°C 5 5 5 nA
| D [of t Fatio at
[bss1 ram Gurrent Fatio & Vps - 15V. Vg~ 0 095 | 1 090 | 1 090 | 1
IDSS2 Zero Gate Voltage
W1 Vel Differential Gate-Source Vi - 15V Ip = 50 uA 5 10 15 v
Vesrves2 Voltage DG 10 - 200 LA 5 10 15 ™
TamC 10 20 a0
AlVGs1-vas2! Gate Saurce Voltage Tg=125"C AVEC
AT Differential Drift, {Note 1) :A = ;sss,cc 10 2 0
.
VDG = 15V, Ip = 200 A
st Transconductance Ratio 097 | 1 095 | 1 090 | 1
9fs2
F=1kHz
Ditferential OQutput
dos1-9as2| . 1 2 3 umho
Conductance

Note 1: Measured at end points, Ta and Tg.
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2N5564, 2N5565, 2N5566, NPD5564, NPD5565, NPD5566

Process 96

2N5564-66/NPD5564-66 N-Channel Monolithic Dual JFETs

General Description To7
-
. ~ - PIN | FET
The 2N/NPD5564 thru 2N/NPD5566 series of N-channel s Cncons v~ =g T 1 &
e . . @A 4953 i s 3341 R e
monolithic dual JFETs is designed for broadband low e i e 2 1 o
noise differential amplifier or applications requiring dual m—— - 3 | a1
matched moderate ON resistance analog switches. oom L oo . vaas oou 5 [ 82
TN \ )
Absolute Maximum Ratings (25°C) wwsngn WOD v omeiis £ w7 s D2
5 C 10906 0.083; ‘u‘ﬁ:‘ 7 G2
Gate-to-Gate Voltage 40V Molded Dual-In-Line Package (N}
Gate-Drain or Gate-Source Voltage —40V Lo
oo s
Gate Current 50 mA e, ‘ ST
) Lo . c ET
Device Dissipation (Each Side}, T = 25°C ! om0 a T T s
. :
(Derate 2.2 mW/°C) 3256 mW v B 2 | o1
. o 2o
Total Device Dissipation, Ta = 25°C 22, ” 3 | NC
(Derate 3.3 mW/°C}) 650 mW - i o e 41 e
Storage Temperature Range —65°C to +200°C ! " ; t ° 52
” I T T s 6 D2
Lead Temperature (1/16"" from case o pemevs L o 7 NG
b s
for 10 seconds) 300°C il e 8 G2
faass 053 —~ low
i Tou
o
Electrical Characteristics (25°C uniess otherwise noted)
PARAMETER CONDITIONS MIN MAX UNITS
IGss Gate-Reverse Current VGs =20V, Vps=0 -100 pA
150°C -200 nA
BVGss Gate-Source Breakdown Voltage G =-1uA,Vps=0 —40
VGS(OFF) Gate-Source Cutoff Voltage Vps =15V, Ip=1nA 0.5 3 v
VGSif) Gate-Source Voltage Vps=0V,Ig=2mA 10
Ipss Saturation Drain Current Vps =15V, Vgg = 0, (Note 1) 5 30 mA
rDS(ON} Static Drain Source “ON"" Resistance Ip=1mA,Vgs=0 100 2
afs Common-Source Forward Transconductance f=1kHz 7500 12,500
{Note 1} f =100 MHz 7000 umho
9os Common-Source Qutput Conductance f=1kHz 45
Crss Common-Source Reverse Transfer Capacitance 3
VpG=15Y,Ip=2mA f=1MHz pF
Ciss Common-Source Input Capacitance 12
NF Spot Noise Figure f=10Hz, Rg= 1M 1.0 dB
Y
en Equivalent input Naise Voltage =10 Hz 50 e
+v'Hz
Matching Characteristics
NPD/2N5564 | NPD/2N5565 | NPD/2N5566
PARAMETER CONDITIONS UNITS
MIN | MAX | MIN | MAX | MIN | MAX
Dss1 Saturation Drain Current Vps = 16V, Vgs = 0, (Note 1) 095 1 0.95 1 0.95 1
Ipss2 Ratio
Vgs1-vgso! Differential Gate-Source 5 10 20 mv
Voltage
aAlvgst—-Vgsa! Gate-Source Voltage Ta=25"C 10 . 50
AT Differential Drift v " Tg=125°C vAC
DS =15V, Ip=2mA N = M
2 Ta=—55°C
(Note 2) A § 10 25 50
Tg=25C
afs1 Transconductance Ratio f=1kHz 0.95 1 0.90 | 1 0.90 1
9fs2

Note 1: Pulse test required, pulse width 300 us, duty cycle < 3%.
Note 2: Measured at end points, Taand Tg.




Process 51

2N5638-40 N-Channel JFETs

Ov9SNT ‘6E9SNC ‘8E9SNT

General Description To-92
The 2N5638 thru 2N5640 series of N-channel JFETs is 0175-018%

. . . . . {4.445-4 699)
designed for analog switch applications requiring low ON ‘
resistance and moderate capacitance. ‘

. . [ ’

Absolute Maximum Ratings 25°c) I o/ e
Drain-Source Breakdown Voltage 30V LEADS T0 FIT INTO - s /
Drain-Gate Breakdown Voltage 30V 422:‘::2% 150881
Source-Gate Breakdown Voltage 30V 01 HOLE (T¥P) [H] ‘ 1085-0.095
Forward Gate Current 10 mA e - 2159 2413
Total Device Dissipation at 25°C 310 mwW oy L] Doas-n0ss

Derate above 25°C 2.82 mMW/°C (s

i i o . - R i)

QOperating Junction Temperature -65°C to +135°C TR}

Range . . [PIN] FET
Storage Temperature Range —65°C to +160°C 1 G
Lead Temperature (1/16°" from case 2 s

for 10 seconds) 300°C 3 o
Electrical Characteristics (25°C unless otherwise noted)

PARAMETER CONDITIONS 2N5638 2N8639 ZNS640 UNITS

MIN MAX MiN MAX MIN MAX

Gate Reverse Breakdown

BV lg=—10uA, Vps =0 30 -30 -30 \
GSS Voltage G " bs
-10 -1.0 -1.0 nA
Igss Gate Reverse Current Vag=—16V,Vpg =0 -
Ta=100C -1.0 -1.0 -1.0 HA
Vs~ - 12V, 2N5638 10 10 10 nA
ID{off) Drain Cutaff Current Vpg = 15V Vs~ - BV, 2N5639
VGs = -6V, 2N5640 Ta=100C 1.0 1.0 1.0 HA
'DsS Saturation Drain Current | Vpg = 20V, VGg = 0, (Note 11 50 25 5.0 mA

Ip = 12 mA, 2N5638
VpS(on) Drain-Source ON Voltage VGgs=0 ip ~ 6 mA, 2N5634 05 05 0.5 A
Ip = 3mA, 2N6640

Static Drain-Source ON

SO gocictance Vs =0.ip=1mA 30 60 100
4
DrainSource ON VGs=0.1p=0 1 kH 30 60 100
=0, 1p = - ;
fdsfon)  Resistance GS D
Common-Soturce Input 10 10 10
Ciss Capacitance
Vgs - ~12V,Vps =0 f=1MHz pF
Common-Source Reverse .0 20 40
Crss Transter Capacitance :
td{on)  Turn ON Delay Time ID{on) = 12 A, 2N6638 4.0 6.0 8.0
tr Rise Time Vpp ~ 10V, VGSion) = G 1D{on) = 6 mA, 2N5639 5.0 8.0 10 o
tg Turn OFF Delay Time | YGSloffy = 10V, RG =50 11550 = 3mA, 2N5640 5.0 10 15
tf Fall Time 10 20 30
Note 1: Pulse test PW < 300 us, duty cycle < 3%. ‘g‘\’,‘ét
014F
. 70 50
INPUT L {SCOPE B}
{SCOPE A} J 4 Vesion GENERATOR e
[\ oo M = 0.001 :F |
GS(0FF) »l |
: ‘ —i 8N} < p |
| — -— 1 %K :: 50 :;
diOFF)

T0 50
—O istore 4)

Vpp
L R = F — (rps(oN) + 50)

QUTPUT
{SCOPE 8)

Scope Tektronix 567A or equivalent

4-25




2N5902, 2N5903, 2N5904, 2N5905, 2N5906, 2N5907, 2N5908, 2N5909

2N5902-09 N-Channel Monolithic Dual JFETs

General Description
The 2N5902 thru 2N5908 N-channel monolithic dual
JFETs is designed for ultra-fow leakage (ig < 1 pA)
differential amplifier applications.

Process 84

i
0165- 0185

w505 53g
o

TO-99

0315-0370

| 0305033
© (777a1-0.5081
oA

s PIN | FET
Absolute Maximum Ratings (2s°c) R ;e RS
500 g1 oo
T2 71 fios 2 D
Gate-to-Gate Voltage 40V ‘ ;»' " un H 3 pu
Gate-Drain or Gate-Source Voltage —-40V e = 4 | Case
Gate Current 10 mA [ . 5 S
- o . o s
Device Dissipation (Each Side), Ta = 25°C 6 D
G
{Derate 3 mW/°C) 367 mw y ; o
R L . ° . U
Total Device Dissipation, Tp = 26°C A
o028 000
(Derate 4 mW/°C) 500 mW orii Ty, €
o ) o~
Storage Temperature Range —65°C to +200°C ”“\W
cauaty
Lead Temperature (1/16" from case
for 10 seconds) 300°C
. . o )
Electrical Characterlstlcs (257 C unless otherwise noted)
2N5902.5 2N5906.9
PARAMETER CONDITIONS N T e T T was] UNITS
-5 -2 oA
| Gate Reverse Current VGs = —20V, Vpg = 0 -
GSs ate Heverse tu Gs bs [ 126°C -10 -5 nA
ov Gate-Source Breakdown (G- 1 wA Ve e a0
Gss Voltage G = —1uA. VDs
v
VGs(off) Gate-Source Cutoff Voltage Vps =10V, Ip = 1 nA 06 | 45 | <6 | 45
VGs Gate-Source Voltage -4 —4
VDG = 10V, ip = 30 4A 3 -1 pA
| Gate O ting Current
G ate Operating Curren | 55T 3 = vy
Ipss Saturation Drain Current 30 | s00 | 30 | so0 uA
Common-Source Forward
ats 70 | 280 | 70 | 260
Transconductance
f=1kHz amho
Commen-Source Cutput
dos Conductance § °
Vps = 10V, Vgg = 0
Ciss Commoan-Source Input 3 3
Capacitance
F=1MHz oF
c Common-Source Reverse = -
TSS Transfer Capacitance
Common-Source Forward
ats 50 | 150 | so | 1s0
Transconductance
VDG = 10V, Ip = 30 A pmho
Common-Source Qutput _
a0 t=1kHz 1 1
Conductance
Equivalent Short-Circuit uv
en 02 01 “©
Input Noise Voltage Vps = 10V, Vgg =0 VHz
NF Spat Noise Figure =100 Hz, Rg = 10M 3 1 a8
Matching Characteristics
2N5902, 2N5903, 2N5904, 2N5905,
PARAMETER CONDITIONS 2N5906 2N5907 2N5908 2N5909 UNITS
MIN MAX MIN MAX MIN MAX MIN MAX
VoG - 10V,
1G1—1 Differential Gate Current Ip = 30 4A 2459025 20 20 20 20 A
- i i n N
fe1-lGar erential Gate D= S0uA, 7N5306-0 03 02 02 07 "
Ta=125°C
|
loﬁ Saturation Drain Current Ratio Vps§ = 10V, Vgg - 0 095 | 1 095 | 1 095 | 1 095 | 1
DSs2
afs1
o Transconductance Ratio = 1kHz 097 | 1 097 | 1 095 | 1 096 | 1
IVGS1-VGs2i  Differential Gate-Source Voltage 5 5 10 15 mv
Gate-Source Voltage Differential Ta-27C 5 10 20 40
- i ia
AlVGg1-Vagal o oource Voltage Vpg = 10V, Tg = 125°C
—2 2% Drift (Measured at End Paints = uvrc
AT T Ip = 30 uA Ta = —55°C, . 0 o .
an.
Asmdle Tg=25°C 0
19051~90s2] Differential Output Conductance =1 kHz 02 02 0.2 02 | umho
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Process 93

2N5911, 2N5912 N-Channel Monolithic Dual JFETs

General Description 1078
The 2N5911 thru 2N5912 series of N-channel monolithic D CR LN
dual JFETs is designed for wideband, low noise differen- o - pneons
tial amplifiers. . oia
v16s-0185 |
. . w19t agudl g
Absolute Maximum Ratings (25°c) - P PIN [ FET
0500 =
Gate-to-Gate Voltage 25V e 1
. N
Gate-Drain or Gate-Source Voltage —25V \ H[] U ﬂ g
16-0m9
Gate Current 50 mA == e g 4 |case
Device Dissipation {Each Side), o e 5
(Derate 3 mW/°C) 367 mW Lo 6
Total Device Dissipation, . 7
(Derate 4 mW/°C) 500 mW o
° o
Storage Temperature Range —65°C to +200°C HACE
Lead Temperature (1/16”" from case N
for 10 seconds) 300°C "t~
Electrical Characteristics {25° unless otherwise noted)
PARAMETER CONDITIONS MIN MAX UNITS
—100 pPA
1Gss Gate Reverse Current VGgs = —15V,Vpg=0 150°C 250 o
BVGss Gate Reverse Breakdown Voltage Ig=~1uA, Vps=0 -25
VGS(off) Gate-Source Cutoff Voltage Vps =10V, Ip=1nA 1 -5 A
VGs Gate-Source Voltage -0.3 —4
. VpG =10V, Ip=5mA -100 PA
I'e} Gate Operating Current 125G 00 oA
Ipss Saturation Drain Current Vps= 10V, Vgg =0V, (Note 1) 7 40 mA
gfs Common-Source Forward Transconductance f=1kHz 5000 10,000
9fs Common-Source Forward Transconductance f=100 MHz 5000 10,000 ,
umho
dos Common-Source Output Conductance f=1kHz 100
dass Common-Source Output Conductance = 100 MHz 150
Ciss Common-Source Input Capacitance 5
VDG =10V, Ip=5mA f=1MHz pF
Crss Common-Source Reverse Transfer Capacitance 1.2
nV
en Equivalent Short-Circuit [nput Noise Voltage f=10kHz 20 7’7}7»2
N
NF Spot Noise F f=10kHz, 1 4B
pot Noise Figure Rg = 100k
Matching Characteristics
2ZN5911 2N5912
E UNITS
PARAMETER CONDITIONS MIN MAX WMIN MAX
dg1-1G2l Differential Gate Current VpG = 10V, Ip =5 mA 125°¢C 20 20 nA
IDss1 ) ) ) _ B
iDss2 Saturation Drain Current Ratio Vps = 10V, Vgs =0, {(Note 1} 0.95 1 0.95 1
IVGS1-VGSs2i Differential Gate-Source Voltage 10 15 mV
Ta=25°C,
AV v Gate-Source Voltage Differential T 195°C 20 40
IVGS1-VGS2! . B=
A Drift (Measured at End Points, VG = 10V, Ip = 5 mA Ta< 5°C uv/IC
Taand Tg) B 20 40
Tg = 25°C
9fs1
ey Transconductance Ratio f=1kHz G.96 1 0.95 1
S

Note 1: Pulse width 300 us, duty cycle < 3%.
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2N5949, 2N5950, 2N5951, 2N5952, 2N5953

2N5949-53 N-Channel JFETs

General Description

The 2N5949 thru 2N5953 series of N-channel JFETs is
characterized for low frequency to VHF amplifiers
requiring tightly specified Ipgg ranges.

Absolute Maximum Ratings (25°c)

Reverse Gate-Drain or Gate-Source Voltage 30V
Gate Current 10 mA
Total Device Dissipation at 26°C

Case Temperature (Derate 2.88 mW/°C) 360 mwW
Total Device Dissipation at 25°C Lead

Temperature {Derate 4 mW/°C) 500 mW

Storage Temperature Range —65°C to +150°C

Lead Temperature (1/16" from case

Process 50

TO-92

0.175-0.185

LEADSTD FITINTO |_| |_|
016-0.119%
(ﬂ {0.206-0.483)
0fA HOLE (TYP)

059

{15.088

]

0.045--0.055
| (11831397

nass-o0ms
(2.159-2.413)

0.003-0.013

IS /B
11 5° (rve)
i & 1

% . ‘ y
0.045-0.055

{17837 1397)

. PIN | FET
for 10 seconds) 260°C 1 3
2 D
3 G
Electrical Characteristics (25°C unless otherwise noted)
2N5949 2N5950 2N5951 2N5952 2N5953
uNITS
PARAMETER CONDITIONS MIN | MAX | Min | MAX | MIN | MAX | MIN | MAX | MIN | MAX
I -1 -1 1 -1 -1
I Gate Reverse Current Vag - 15V, Vpg =0 - nA
GSs erse Lutren Gs o8 [Ta-1007c 200 —200 200 200 ~200
Gate-Source Breakdown
BVGSS adow G~ ~1uA, Vps=0 30 30 -30 30 -30 v
Voltage
Gate-Source Cutoff
VGS(off) N Vpg + 16V, (p = 100 nA 3 -7 25 | 6 2 5 13 | 35 | -08| -3 v
: Voltage
Ip=12mA 225 | -6
D= 1mA 18] 5
VGs Gate Source Voltage Vps = 15V Ip - 0.7 mA -1.3 —45 v
iD= 0.4 mA 075 3
I = 0.25 mA 05| -25
Saturation Drain
iDSS Vps = 16V, VGs~ 0, (Note 1) 12 18 10 15 7 13 | 4 8 26| 5 mA
Current
Drain-Source ON ; .
rds{on) " VGs=0,ip=0 = 1kHz 200 210 250 300 375 Q
Resistance
Common-Source Forward .
gfs 35 | 75 35| 75 35 | 65 | 2 6.5 2 65 | mmho
Transconductance
Vpg = 15V, VGs=0 |f=1kHz
Comman-Source Cutput
dos 75 75 75 50 50 | wmho
Conductance
Comman-Source Qutput
R 75 75 75 75 50 mho
“Yosh  Conductance i i
Common-Source .
Re(y) Vpg= 15V, VGs=0 |f=100MHz 3.0 75 30| 75 30 | 65| 10 | 65 10| 65 | mmho
s Transconductance
Repyyy  CommonSouree fnput 250 250 250 250 250 | umho
Conductance
C S |
Cin ommon-Source Input 6 s 6 s s oF
Capacitance
Vps = 15V, VGs -0 f=1MHz
s Common-Saurce Reverse , 5 ) ) ) of
Transfer Capacitance
= 100 MHz,
5 5 5 5 5
NF Noise Figure Vpg = 15V, VGgs =0 Ro = 1kl dB
qure Ds -VGs f=1kHe,
2 2 2 2 2
RG = 1M
Equivalent | v
en quivalent Input Vpg -~ 15V, VGs -0 | = 1kHz 100 100 100 100 100 | 2L
Noise Voltage VHz

Note 1: Pulse width 300 us, duty cycle << 3%.

4-28



-
ithi FET
2N6483-85 N-Channel Monolithic Dual JFETs N
General Description TO71 o
The 2N6483 thru 2N6485 series of N-channel monolithic e H
dual JFETs is designed for low to medium frequency eVs-01% 01020 (o 0]
low noise differential amplifier applications requiring 144454950 J",?‘“;““’ H
tight match and high common-mode rejection. SEATING PLANE =
. ! PIN | FET (12) N
. 1 ¥
Absolute Maximum Ratings (25°c) P o 1 S >
©oH210
. i - 1 _ I T 2 o1
Gate-Drain or Gate-Source Voltage 50V b g 3 o1 (o))
Gate Current 50 mA 006 0:483) “TE’ 5 2 S
A
Device Dissipation (Each Side), Ta = 85°C o 6 D2 m
(Derate 2.56 mW/°C) 250 mW o T s 7 G2 (8]
Total Device Dissipation, Ta = 85°C ra
(Derate 4.3 mW/°C) 500 mW
¢
Storage Temperature Range —65°C to +200°C 4
" . 0.036-0.046 ‘\///' 0028-0048
Lead Temperature (1/16" from case X TR P
for 10 seconds) 300°C N7
Electrical Characteristics (25°C unless otherwise noted)
PARAMETER CONDITIONS MIN MAX UNITS
| Gate R o t v 30V, V 0 200 pA
e everse = - -
GSs @ arren Gs - /DS 150°C 200 nA
BVGss Gate-Source Breakdown Voltage Ig=—-1uA, Vps=0 -850
VGSioff) Gate-Source Cutoff Voltage Vps =20V, Ip = 1nA -0.7 -4 Vv
VGs Gate-Source Voltage 0.2 -3.8
VDG = 20V, Ip = 200 wA -100 pA
e} Gate Operating Current
125°C -100 nA
iDss Saturation Drain Current Vpg = 20V, Vgs = 0, (Note 1) 05 75 mA
9fs Common-Source Forward Transconductance Vps - 20V, Vs = 0, (Note 1) 1000 4000
9fs Common-Source Forward Transconductance VDG~ 20V, Ip = 200 pA, {Note 1) 500 1500
f- 1kHz umho
9os Common-Source Output Conductance Vps = 20V, vgg =0 10
9os Common-Source Qutput Conductance Vpg = 20V, Ip = 200 pA 1
Ciss Common-Source Input Capacitance 20
c Comman-Source Reverse Transfer Vps T 20V, Vgs =0 f- 1 MHz 35 pf
res Capacitance
=100 Hz 5 nv
[ Equivalent Input Noise Voltage A\ - 20V, Ip = 200 uA =
" ps o f=10Hz 10 VHz
Matching Characteristics
2N6483 2N6484 2N6485
PARAMETER UNITS
ARAMET CONDITIONS MIN | MAX | MIN | mMax | min | max
VDG = 20V, .
dg1-lg2i Differential Gate Current be 125°C 10 10 10 nA
Ip ~ 200 LA
| Vpg = 20V. Vgs— 0,
DSS1 Saturation Drain Current Ratio DS cs 095 | 10 [o09s| 10 [oes]| 10
IDss2 (Note 11
9fs1 .
ey Transconductance Ratio, {Note 1) f-1kHz 0.95 1.0 0.95 1.0 0.95 1.0
S,
IVGs1—-VGs2i Differential Gate-Source Voltage 50 10 15 my
VpgG = 20V, -
v v Gate-Source Differential Voltage Ip-200ua | TA=25C 5 10 2%
J%w—izi Change with Temperature, Tg =125 OC uVic
(Note 2) Ta=-55%C, 5 10 25
Tg = 25°C
1908100521 Differential Output Conductance £=1kHz 0.1 0.1 0.1 umho
CMRR Common-Mode Reject Ratio 100 100 100 dB
Note 1: Pulse test required, pulse width 300 us, duty cycle < 3%.
Note 2: Measured at end points, Ta and Tg.




J108, J109, J110

J108-10 N-Channel JFETs

Process 58

General Description To.92
. . . 0.175-0.185
The J108 thru J110series of N-channel JFETs is designed {@a45_4.659)
for analog switch applications requiring very low ON I ‘ )
resistance. | | |
x" 0.063-0.013
i i o / G076 030
Absolute Maximum Ratings s5°c) LERDS T0 FIT INTO J“L oL /
(g%* (15.088) I
Gate-Drain or Gate-Source Voltage —25V DIA HOLE (TYP) [ : i
R 0.085-0.085 0.045-0.056
Gate Curr'ent 50 mA ‘\ s 2ary AR
Total Device Dissipation 0.045-0.055
; e} OIS
(25°C Free-Air Temperature) 350 mW ! {1143-1397)
) o ; 0.045-0.055
Power Derating {to +125°C) 3.5 mwW/°C o= 397
Storage Temperature Range -55°C to +150°C
Operating Temperature Range -55°C to +150°C PIN | FET
Lead Temperature {1/16" from case 1 S
2
for 10 seconds) 300°C 3 b
Electrical Characteristics (25°C uniess otherwise noted}
1
PARAMETER CONDITIONS J108 1109 e UNITS
MIN [ TYP [ MAX | MIN | TYP | MAX | MIN | TYP | MAX
IGss Gate Reverse Current Vps - 0.vgs = 15V, (Note 1) 3 3 3 nA
VGS(offt  Gate-Source Cutotf Voltage Vps - 5BV, Ip=1uA 3 10 2 6 -05 4
Y
BVGSs  Gate-Source Breakdown Voltage | Vpg =0, Ig - 1 pA 25 -25 -25
Ipss Saturation Drain Current Vps - 15V, Vgs — O, (Note 2} 80 40 10 mA
ID{off)  Drain Cutoff Current Vps =6V, Vgs - —10V, {Note 1) 3 3 3 nA
DS{on] Drain Source ON Resistance Vps = 0.1V, Vgs-0 8 12 18 £
Cdgioff;  Drain Gate OFF Capacitance 15 15 15
Vps 0, Vgs = 10V
Csgloffi Source Gate OFF Capacilance 15 15 15
-1 MH2 OF
c i
dglon) Drain Gate Plus Source Gate v v o a5 a5 85
) Ve -
ON Cepacitance pS™ vas
Csqlon)
td{on} Turr ON Delay Time Switching Time Test Conditions 4 4 4
t Rise Time o8 J109 g0 1 1 1
vVpp 1.5V 15V 16V ns
td(ofty  Turn OFF Delay Time vas 12v N sy 6 6 6
1 Fall Time R 15080 15082 15002 30 30 30

Note 1: Approximately doubles for every 10°C increase in TA-
Note 2: Pulse test duration = 300 us, duty cycle < 3%.




Process 51

J111-13 N-Channel JFETs

General Description T092

0.175-0.185

The J111 thru J113 series of N-channel JFETs is designed {4445 a.595)
for analog switch applications requiringlow ON resistance 1™
and moderate capacitance.

SLIL CLC “LLIP

- - 0.003-0.013
Absolute Maximum Ratings (25°c) ”““ j A
0584 /

LEADSTO FIT INTO
0.016-0.018

Gate-Drain or Gate-Source Voltage -35V Gati—0ass 15.088)
Gate Current 50 mA DIA HOLE (TYP) 1 0085005 0.045 - 0.055
Total Device Dissipation - (2.159-2413) (1:143-1.387)
(25°C Free-Air Temperature) 350 mW - *(%ﬁ::‘g;
Power Derating {to +125°C) 3.5mw/°C 0.005-0.055
o RN o i
Storage Temperature Range -55°C to +150°C 11331397
Operating Temperature Range —55°C to +150°C
Lead Temperature {1/16"* from case PIN | FET
s 1 G
for 10 seconds) 300°C 5 S
3 D
Electrical Characteristics (25°C unless otherwise noted)
J111 J112 J113
UNITS
PARAMETER CONDITIONS MIN [ TYP | MAX [ MIN | TYP | MAX | MIN | TYP | MAX
lGss Gate Reverse Current Vps =0, Vgs=—15Y, (Note 1! -1 1 -1 nA
VGS(off) Gate-Source Cutoff Voltage Vps=5V,Ip=1uA -3 1Q -1 -5 -05 -3
v
BVGss  Gate-Source Breakdown Voltags | Vpg = 0, Ig = —1 uA 35 -35 35
Ipss Saturation Drain Current Vps = 16V, Vg = 0, {(Note 2 20 5 2 mA
ID{affy  Drain Cutoff Current Vps = &V, VGgg = —10V, (Note 1) 1 1 1 nA
fDS{on} Drain Source ON Resistance Vps <01V, VGs=0 30 50 100 Q2
Cdg(offy Drain Gate OFF Capacitance 5 5 5
Vps =0, Vgg = --10V
Csgloff) Source Gate OFF Capacitance 5 5 5
f=1MHz pF
C
dglorv) Drain Gate Plus Source Gate Vps = Vae = 0 28 28
ON Capacitance os GS = 28
ng(onl
tdion) _ Turn ON Delay Time Switching Time Test Conditions ’ ’ ’
%y Rise Time Vpp 10V 1oV 10V 6 6 8
ns
tdloffy  Turn OFF Delay Time Vs -12ve -7V w5V 20 20 20
RL 80022 18002 32000
t Fall Time 15 15 15

Note 1: Approximately doubles for every 10°C increase in T .
Note 2: Pulse test duration = 300 us, duty cycle << 3%.




J174, J175, J176, J177

J174-77 P-Channel JFETs

Process 88

General Description T0-92
. . . 0.175-0.185
The J174 thru J177 series of P-channel JFETs is designed {Aa85-4.699)
for low ON resistance analog switch applications. T
. - £.003--0.013
Absolute Maximum Ratings (25°c) ﬁL o7 0T
Gate-Drain or Gate-Source Voltage, (Note 1) 30V LEADS IO EIT INTD (,”5;50%
; N
Gate Current 50 mA DA 'if";* ‘ W 004510055
. oo . E(TYP 0.085--0.095 -
Total Device Dissipation ‘ . _L aTmezan " 2301399
o . T
(257C Free-Air Temperature) 350 mW - | poms.0055
; o ., )Da6-D0%S
Power Derating (to +125°C) 3.5 mW/°C T hasoiae)
O
Storage Temperature Range —55°C to +150°C B 0.045-0.055
N o) (1.143 -1.397)
Operating Temperature Range ~55°C to +150°C
i
Lead Temperature {1/16” from case N PIN | FET
for 10 seconds) 300°C 1 S
2 G
3 D
. .4 o .
Electrical Characteristics (25°C unless otherwise noted)
1174 1175 1176 177
PARAMETER CONDITIONS WIN | TYP | MAX | MiN | TvP [ MAX | MiN | Tvp [ MAX | min | Tvp [max | “MTS
iGss  Gate Reverse Current | Vpg = 0, VGg = 20V, {Note 2) 1 1 1 1 nA
Gate-Source Cutoff
VGS(off] Vpg - ~16V,Ip = - 10nA 5 0 | 3 3 1 4 0.8 225
Voltage
v
Gate-Source Breakdown
BVGSS Vps=0, lg=1pA 30 30 30 30
Voltage
Ipss  Sawuration Drain Current | Vpg = ~15V, VGs = 0, {Note 3) -20 -100 | 7 60 | 2 25 | 15 ~20 mA
ID(offy  Drain Cutoff Current Vps=- 15V, VGs - 10V, (Note 2) -1 1 1 ) nA
Drain 5 ON
DS(on) o Youree Vpg < 0.1V, VGs = 0 85 125 250 300 Q
Resistance -
Drain Gate OFF
Cdgiotfi . 5.5 55 5.5 55
Capacitance
Vps =0, Vgs = 10V
c Source Gate OFF o5 s o5 .
590t} capacitance o1 MH2 : pF
C
49lon) 1 4in Gate Plus Source Ve Ve 0 20 a0 20 a0
- - -
Gate ON Capacitance Ds-Ves
Csglon}
tdlon)  Turn QN Delay Time Switching Time Test Conditions 2 5 15 20
t Rise Time Ji74 J17s 176 77 5 10 20 25
Turn OFF Delay T VDo Clove ey ey -6y 5 10 15 20 "
td{off) urn elay Time VGStott) 12V av 6V av ?
tf Fall Time RL 56002 12kEl 6.6k 10k 10 20 20 25

Note 1; Geometry is symmetrical. Units may be operated with source and drain leads interchanged.

Note 2: Approximately doubles for every 10°C increase in TaA-
Note 3: Pulse test duration = 300 us; duty cycle << 3%.
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J201-03 N-Channel JFETs

Process 52

General Description T0-02
0.175-0.185
The J201 thru J203 series of N-channel JFETs is designed {a.a45-4.699)
for low to medium frequency amplifiers requiring low
input current and input noise voltage.
| S 0.003-0.013
! -~ /0760330
AbSO'ute MaXImum Rat'ngs (25°C) LEADS TO FiT INTO 0594 ; 5(TYR
0.016-0.019 —— -
Ridimpded (15.088) e
) (0.405-0.483) i
Gate-Drain or Gate-Source Voltage, (Note 1) —-40V DIA HOLE (TYP) _I:H:H] 00850095 ) 0.045-0.055
Gate Current 50 mA ! 2159-2413) (1-143-1.397)
Total Device Dissipation R 9_"%,’[,':,5}’
. (178351397
(25°C Free-Air Temperature) 350 mW 00250055
Power Derating {to +125°C} 3.5 mW/°C - {1183-1397)
Storage Temperature Range —55°C to +150°C
Operating Temperature Range -55°C to +150°C PIN j FET
Lead Temperature {1/16" from case ; g
for 10 seconds) 3007C 3 b
Electrical Characteristics (25°C unless otherwise noted)
J201 J202 J203
UNIT:
PARAMETER CONDITIONS MIN TYP MAX MIN | TYP [ MAX MIN TYP MAX s
1Gss Gate Reverse Current Vps = 0, Vgs = —20V, (Note 2! —100 100 —100 pA
Gate-Source Cutoff 5 0 o 20 0.0
VGS(off) Voltage Vps =20V, Ip=100nA 0.3 -8 4. 3 X
Vv
Gate-Source Breakdown
BVGss Vps=0,1g=—-1uA 40 -40 40
Voltage
Ipss Saturation Drain Current | Vpg = 20V, Vgg =0, (Note 3) 0.2 1.0 09 4.5 4.0 20 mA
I} Gate Current VDG = 20V, Ip = IpSSiMING =35 -35 35 PA
Common-Source Farward
ats Transconductance, 500 1000 1500
{Note 3) f-1kHz umho
dos gomdmor»Source Output 1 15 10
onductarnce \/DS* 20\/, VGS -0
Cies Common-Source input 5 5 5
Capacitance
=1 MHz pF
Cres Common-Source Reverse 2 2 2
Transfer Capacitance
Equivalent Short-Circuit nv
\% =10V, V ~0|f=1kH 10 10 10 -
én Input Noise Voltage bs GS ‘ VHz

Note 1:
Note 2:
Note 3:

Approximately doubles for every 10°C increase in Ta.
Pulse test duration = 2 ms.

Geometry is symmetrical, Units may be operated with source and drain leads interchanged.

goer ‘ecoer ‘roer




J210, J211, J212

Process 90

J210-12 N-Channel JFETs

General Description T0.92
01750185
The J210 thru J212 series of N-channel JFETs is charac- {44452 658}
terized for low to medium frequency amplifiers requiring
high transconductance and low input capacitance.
L ~ 0.003-0. [IE R
i i~ /0
° fES /
Absolute Maximum Ratings (25°c) LEADS TO FIT INTO e e/
0.016-0019 o
] {15.088) -
. (0.406-0.483) W a
Gate-Drain or Gate-Source Voltage —25V DIA HOLE (TYP) L 0.085 0.095 0.045-0.05
Gate Current 10 mA ‘ - ‘—— (2159 2413) (1.143-1.367)
Total Device Dissipation .. 0O45-0058
. {1.143-1.397,
(25°C Free-Air Temperature) 350 mW o oos 70;55
Power Derating {to +125°C) 35 mwW/°C —= [T
Storage Temperature Range -56°C to +150°C
Operating Temperature Range —55°C to +150°C PIN | FET
Lead Temperature {1/16’' from case ; (83
for 10 seconds) 300°C 3 o
Electrical Characteristics (25°C unless otherwise noted)
J210 4211 1212
NITS
PARAMETER CONDITIONS MIN | TV | MAX | MIN | TvP | MAX | Win | TvP | max |V
1Gss Gate Reverse Current Vps © 0, Vgs = —15V, (Note 1} -100 -100 100 pA
VGs{off) Gate-Source Cutoff Voltage Vps =15V, Ip = 1nA -1 -3 —25 -45 —4 -6
v
BVGss Gate-Source Breakdown Voltage | Vps =0, Ig = 1 pA —25 —25 —25
iDss Saturation Drain Current Vpg = 15V, VGs = 0, (Note 2) 2 15 7 20 15 40 mA
iG Gate Current VpG = 10V, Ip = 1mA 10 -10 -10 pA
Common-Source Forward
gfs 4000 12000| 7000 12000| 7000 12000
Transconductance, {(Note 2)
f=1kHe umho
Common-Source Output
9os 150 200 200
Conductance
Common-Source Input
Ciss N Vpsg- 15V, Vg =0 5.0 5.0 5.0
Capacitance
f=1MHz oF
Common-Source Reverse
Crss : 1.5 1.5 1.5
Transfer Capacitance
Equivalent Short-Circuit Input nv
en f=1kHz 10 10 10 —je
Noise Voltage VHz
Note 1: Approximately doubles for every 10°C increase in Ta.

Note 2: Pulse test duration = 2 ms.
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Process 88

Lzer ‘ozer

J270, J271 P-Channel JFETs

General Description 1092
0.176-0.185
The J270 thru J271 series of P-channel JFETs is charac- {4.245-4.5g9)
terized for low to medium frequency small-signal ampli- i
fiers which require high transconductance and low . 0.0030.013
input noise voltage. 1 /"~ 0.076-0.330)
. . N LEADS TO FITINTO I_I |_' |_| 0594 1
Absolute Maximum Ratings (25°c) et e 08E —T
BIA HOLE (TYP ’H ﬂ 2?::’%?:) p ([]'?:Z":g%
. 2. 2. - -
Gate-Drain or Gate-Source Voltage, (Note 1) 30V -1
Gate Current —50 mA LR
Tota! Device Dissipation 11.143-1397)
. 0.045-
(25°C Free-Air Temperature) 350 mW um%)
Power Derating (to +125°C}) 3.5 mW/°C
Storage Temperature Range —55°C to +150°C PIN [ FET
Operating Temperature Range —55°C to +150°C 1 S
Lead Temperature (1/16" from case 2 g
for 10 seconds) 300°C 3
Electrical Characteristics (25°C unless otherwise noted)
J270 J2n
PARAMETER CONDITIONS MIN Tvp MAX MIN VP MAX UNITS
iGss Gate Reverse Current Vps =0, Vgs = 20V, (Note 2) 200 200 pA
VGS(off) Gate-Source Cutoff Voitage Vpg= -15V,Ip=—-1nA 0.5 2.0 15 45
\
BVGssS Gate-Source Breakdown Voltage | Vps=10,ig = 1uA 30 30
IDSS Saturation Drain Current Vpg = —15V, Vgs = 0, (Note 3) 2 -16 -6 —50 mA
I'e] Gate Current Vpg = —15V, Ip = IDSS(MIN} 15 60 pA
Common-Source Forward 6000 15000 | 8000 18000
gts Transconductance, {Note 3)
f=1kHz umho
Common-Source Qutput
Jos 200 500
Conductance
Vpg=—15V,Vgs=0

Common-Source [nput

Ciss 20 20
Capacitance

f=1MHz pf
Common-Source Reverse
Crss 5 5

Transfer Capacitance

Equivalent Short-Circuit Vpg = 10V, _nV.
en , = 1kHz 10 10 T
Input Noise Voltage D = 'DSSIMING VHz

Note 1: Geometry is symmetrical. Units may be operated with source and drain leads interchanged.
Note 2: Approximately doubles for every 10°C increase in TaA-
Note 3: Pulse test duration = 2 ms.
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J300

Process 90

J300 N-Channel JFET

General Description

The J300 N-channel JFET is designed for VHF/UHF
common-source or common-gate amplifier, oscillator
and mixer applications,

TO-92

0.175--0.185
{3.445-4.699)

m s

0.003-0.013

Absolute Maximum Ratings (25°c)

LEADSTQ FIT INTO

Gate-Drain or Gate-Source Voltage —25V (g%}:%* (15.088) 1 — -
Gate Current 10 mA DIAHOLE (TYR) 1 0.085-0.095 uuaszoass
Total Device Dissipation 11 uf{gﬁm, (1133°1397)
(25°C Free-Air Temperature) 350 mW . #%L‘;?)
. I . (1.143-1.397,
Power Derating (to +125°C) 3.5 mW/°C ‘ 0.005-0.055
Storage Temperature Range ~55°C to +150°C 7$W f’u’ 143-1.397)
Operating Temperature Range ~55°C to +150°C
Lead Temperature (1/16" from case P:N F!GET
for 10 seconds) 300°C 5 s
3 D
Electrical Characteristics (25°C unless otherwise noted)
4300
IT:
PARAMETER CONDITIONS MIN VP MAX UNITS
IGss Gate Reverse Current VGs=—15V, Vpg =0, {Note 1) —500 pPA
VGS(off) Gate-Source Cutoff Voltage Vps =10V, Ip=1nA -1 -6
4
BVGss Gate-Source Breakdown Voltage Vps =0, 1g=—1uA —25
IDSS Saturation Drain Current Vps =10V, Vgs = 0, (Note 2) 6 30 mA
VGSif) Gate-Source Forward Voltage Ig=1mA, Vps=0 1 \
Common-Source Forward Transconductance,
9fs 4500 9000
(Note 2) VDG =10V, Ip=5mA | f=1kHz umho
dos Common-Source Output Transconductance 200
Ciss Common-Source tnput Capacitance 3.5 55
Cy Common-Source Reverse Transfer Capacitance VpG =10V, IpD=5mA | f=1MHz 0.8 1.7 pF
$$ D
Coss Common-Source Output Capacitance 1.5
=100 MHz 6200
Ivfsh Common-Source Forward Transadmittance
f=450 MHz 6000
umho
| c Gate F aT i f= 100 MHz 6000
- ransadmittance
Jyfg ommon-Gate Forwar ansad al VDG = 15V, Ip = 5 mA | = 250 MHz 5500
Gig Common-Gate Power Gain 17
f= 100 MHz, {(Note 3) dB
NF Noise Figure {Singie Sideband) 2

Note 1: Approximately doubles for every 10°C increase in Tx.
Note 2: Pulse test duration = 2 ms.
Note 3: Typical values for performance at 100 MHz in a common-gate circuit operating 3 dB bandwidth is 2 MHz.
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J304, J305 N-Channel JFETs
General Description 1092
The 4304 thru J305 N-channel JFETs are designed for 0.175-0.185
low input capacitance VHF amplifier, oscillator and (”“x“w
mixer applications.
. . B - X 0.003-0.013
Absolute Maximum Ratings (25°¢c) -~ dmEime
5 TYP)
Gate-Drain or Gate-Source Voltage —30V A T T Y P ‘ E
. 15.
(0.406-0.483) w i
Gate Currfent o 10 mA penn-04es _[H:H] s oo oots 06
Total Device Dissipation L. P ETIE 14351387
(25°C Free-Air Temperature) 350 mW i ows.oss
Power Derating (to +125°C) 3.5 mW/°C P o ‘f‘;a:’;sﬁ
Storage Temperature Range ~B55°C to +150°C - 1831 39m
Operating Temperature Range —55°C to +150°C TR
Lead Temperature {1/16" from case p G
for 10 seconds) 300°C 2 | s
3 D
Electrical Characteristics (25°C uniess otherwise noted)
J304 4305
PARAMETER UNIT.
CONDITIONS MIN TYP MAX MIN TYP MAX s
IGss Gate Reverse Current Vps =90, Vgs =20V, (Note 1) 100 ~100 pA
VGS(offy Gate Source Cutoff Voltage Vps =15V, Ip=1nA -2 -6 -0.5 -3
Y
BVGss Gate Source Breakdown Voltage | Vpg=0, Ig = --1 uA -30 ~30
iDss Saturation Drain Current Vpg =15V, VGg = 0, (Note 2) 5 15 1 8 mA
Common-Source Forward
9ts 4500 7500 | 3000
Transconductance, (Note 2)
f=1kHz umho
Common-Source Output 50 50
9os Transconductance
Vps = 15V, Vgs = 0
Common-Source Input
Ciss 3.0 3.0
Capacitance
Common-Source Reverse
Cres f=1MHz 0.8 0.8 oF
Transfer Capacitance
Common-Source Qutput
Coss . 1.0 1.0
Capacitance
Common-Source Forward =100 MHz 3000
9fs Transconductance f =400 MHz 4200
Common-Source Output f = 100 MHz 60 60
doss Conductance f =400 MHz 80
b Common-Source Output v . 0 =100 MHz 800 800 h
= = mho
088 Susceptance bs VGS f = 400 MHz 3600 H
Common-Source Input f- 100 MHz 80 L 80
diss Conductance f = 400 MHz 800
b Common-Source Input f= 100 MHz 2000 2000
1ss Susceptance f - 400 MHz 7500
G Common-Source Power Vhc = 18V 1n =5 mA f=100 MHz 20
Ps Gain Os = BV ID =2 A 100 MHz n
dB
N Noise Figure Vps = 15V, Ip 5 mA, = 100 MHz 1.7
({Single Sideband) RGg = 1kQ f =400 MHz 3.8

Note 1: Approximately doubles for every 10°C increase in Ta.

Note 2: Pulse test duration = 2 ms.
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J308, J309, J310

J308-10 N-Channel JFETs

General Description

Process 92

TO-92
The J308 thru J310 series of N-channel JFETs is designed o s
for VHF amplifier, osciliator and mixer applications. i
Absolute Maximum Ratings , 00 0011
. N / [0.076-0330}
Drain-Gate Voltage 25V sirve
LEADS 10 FIT INTO 0.594 3 *
Source-Gate Voltage 25V 1016-0019 {15881 _
{0.406-0.483)
Forward Gate Current 10 mA DIA HOLE (TYP} _ﬂ |:| H i 0.085-6.095 045_0.055
Total Device Dissipation @ 25°C 350 mwW LT 2159 2413} 11:163-1.387)
(Derate above 25°C) 3.5 mw/°C e
Storage Temperature Range -55°C to +150°C i 0085 0055
Operating Junction Temperature (e 13m
Range —55°C to +150°C PIN | FET
Lead Temperature (1/16" from case 1 G
for 10 seconds) 300°C 2 S
3 D
Electrical Characteristics (25°c unless otherwise noted)
1308 4309 J310
PARAMETER CONDITIONS MIN | TYP | MAX | MiN | TvP | MAX | miN | Tve | max | UM'TS
av Gate-Source Breakdown Vi =016 = -1 wA 25 -5 _25 v
G35 yoltage Ds =016 = —hH
\ ate A e v sy v 0 1.0 -1.0 -1.0 nA
at = T = = >
GSS ate Reverse Curren GS . VDs T-125°C ) 10 10 WA
Gate-Source Cutoff
VGS(off) Vpg =10V, Ip=1nA 1.0 65 [-1.0 40 |-20 -6.5 v
Voltage
Saturation Drz VG =0, Vpg= 10V
\oss aturation Drain Gs =0, Vps=10V, 12 50 12 30 2 60 mA
Current {Note 1)
Gate Source Forward
VGSsify Vps -0, 1= 1mA 1.0 1.0 1.0 v
Voltage
Common-Source Forward
afs 8000 20000| 10000 20000| 8000 18000
Transconductance
Common-Source 200 150 200
dos Output Conductance
Vpg = 10V, Ip = 10mA | f= 1kHz urhos
Common-Gate Forward 13000 13000 12000
99 Transconductance
Common-Gate Output 150 100 150
fog Conductance
Gate-Drai
Cad ate-Drain 18 25 18 25 18 25
K Capacitance
vgs= 10V, Vpg=0 f=1MHz pF
Gate Sourc
Cas ate-Source 43 5.0 43 5.0 43 5.0
Capacitance
Equivalent Short-Circuit L
Vps =10V, 1p = 10mA | =100 Hz 10 10 10 —
en {nput Noise Valtage bs b VHz
Common-Source Forward
Re(yrq) 12 12 12
s Transconductance
Re(y ] Common-Gate Input 12 12 12
9 Conductance
mmho
Cammon-Source Input
Re Vps =10V, Ip=10mA | =100 MH 0.7 0.7 0.5
Blyis) Conductance bs b " ’
Retyorl Common-Source Output 0.26 0.25 0.25
08 Conductance
Gpg Common-Gate Power 16 16 16
Gain dB
NF Noise Figure 15 15 15

Note 1: Puise test PW 300 us, duty cycle < 3%.




Process 94

NDF9401-10 N-Channel Monolithic Cascode Dual JFETs

General Description .
p TO-99 NDF9401—-NDF9405 Series
The NDF9401 thru NDF9410 series of N-channel mono- - PIN | FET
lithic cascode duals is designed for broadband low noise T i e - 1 S
differential amplifier applications requiring tight match, . T § [G)
H 1 1 H D.16%.
low capacitance, and very high common-mode rejection. o j;;;‘-' . 4 Case
14 Wsocaton
o 120 AN 38
e wax Uﬂ H ﬂﬂ 6 D
- . i w
Absolute Maximum Ratings (25°c) 2w S 7,6
tan
. 8 Sub
Gate-Drain or Gate-Source Voltage —50V
Gate Current 10 mA TO-71 NDF9406—~NDF9410 Series
Device Dissipation {Each Side), Ta = 85°C s PIN | FET
o Tain s i
(Derate 2 mW/ C) 250 mW oo i s p 51
L s ar o
Total Device Dissipation, T = 85°C 2 D1
o Starig rane
(Derate 3 mW/ C) 375 mw ' ! 3 G1
o A - oo 000 5 s2
Storage Temperature Range 65°C to +200°C noa T oe 1o s 5 D2
Lead Temperature (1/16" from case v o™ Ao v 7 G2
o P
for 10 seconds) 300°C
. - . )
Electrical Characteristics (25°C unless otherwise noted)
PARAMETER CONDITIONS MIN MAX UNITS
I Gate R c v 30V, Vps - 0 I 10 2A
ate Reverse Current - -
GsS GS s [ 150°C 25 oA
BVGsS Gate-Source Breakdown Voltage IG - 1uA Vpg-0 50
Vv
VGS(off] Gate-Source Cutoff Voltage Vpg - 20V, 15 - 1 uA 05 40
I Gate Operating Carrent VDG - 35V, 1p = 2061A I 2 la
ate Operating Carren - 35 = 2007
G ¢ b b s [ 125°C 10 A
IDss Saturation Drain Currant Vps = 20V, Vs = 0, (Note 1) 0.5 10 mA
Common-Source Forward VDG - 20V, Ip - 200 pA,
ots e Forward DG D o 200 2000
Transconductance {Note 1,
£ 1 KMz mho
Comman-Source Qutput v 20v 1 200 A 1
gas Conductance o6 B
Ciss Common-Source Input Capacitance 6
Common-Source Reverse Transfer VDS = 20V.Vgs=0 fe 1 MHe pF
Cres 01
Capacitance
nv
en Equivalent input Noise Voltage VDG - 20V, ip = 200 4A £ 10H? 30 o
NE
Matching Characteristics
NDF9401, NDF9402, NDF9403, NDF9404, NDF 9405,
PARAMETER CONDITIONS NDF9406 NDF9407 NDF9408 NDF9409 NDF9410 UNITS
MIN | MAX | MIN | MAX | MIN | MAX | MIN | MAX | MIN | MAX
Differential Gate VpG = 20V }
nG1-g2l 125°C 1 1 1 1 1 nA
Current 1D = 200 uA
D531 Saturation Drain
Dol Vps = 20V, Vas-0. (Note 11 | 095 | 1 095 | 1 095 | 1 095 | 1 090 | 1
IDss2 Current Ratio
v v Differential Gate 5 5 0 15 2% v
VGSTTVGS21 g0 ce Voltage ° "
Ta-25°C,
Gate-Source Voltage 5 10 10 10 25
AVGST Vas2l Tg-125C .
— AT == Differential Drift, _ TA= 55C uviC
(Note 1) VoG = 20V, . 5 10 10 10 25
Ip = 200 KA Tg=25C
Differential Qutput 01 01 01 01 01 ;
Hos1 780520 conductance pmhe
f-1kHz
Gfs1 Transconductance
oL 097 | 1 097 | 1 095 | 1 095 | 1 090 | 1
9fs2 Ratio, {Note 1j
Common-Mode Vpp - 10-20V,
CMRR ) 120 120 10 110 100 8
Rejection Ratio 1D = 200 4A, {Note 2)

Note 1: Pulse test required, pulse width = 300 us, duty cycle < 3%.

Note 2: CMRR =20 log1g AVpp/A VGs1—VGs2

,{AVpp = 10V).
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NF5101, NF5102, NF5103/PF5101, PF5102, PF5103

/

NF5101-03/PF5101-03 N-Channel JFETs

General Description

The NF5101-3 (TO-72) and PF5101-3 {T0-92) are
N-channel silicon Junction Field-Effect Transistors
designed for ultra-low noise preamplifier applications,
particularly hydrophones, particle detectors, high quality
mic/phono/tape, video, vidicon and I-R sensor preampli-
fiers.

Absolute Maximum Ratings

Drain-Gate Voltage 40V
Reverse Gate-Source Voltage 40V
Forward Gate Current 10 mA
Device Dissipation @ 25°C 310 mW

Derate Above 25°C 2.82 mW/°C

—65 to +150°C

Process 51

T0-92

0.175-0.185
445 4699

)
i
LEADS TD FITINTO

0.019

10.406-0.483:
I8 HOLE ITYP

.59

-

0,085 0055

11431390

-~
5% iTYP)

t
T
0.845 -0.055

0.085-0.095

0.045-0.05%
(17133 139m0

0.003-0.013
7 {00760 3301

TO-72

02090230
T 508 842
0.170-0210
@318 -53341
i

175 0,195
iaaas 4953

SERIING PLANE
Y vty
0.500
2 76
1w
J016 b.O19
i0.406 0.483)

0.030
0762
MAX

0.100
0050 T 7 qzmam

i)

0.936-D046
CLITIRITTIN

0.028-0.048
£ wiii i

Operating Temperature Range 2758 Zan RIS N v
Lead Temperature {1/16" from case
for 10 seconds) 300°C
Electrical Characteristics
PF/NF5101 PF/NF5102 PF/NF5103
PARAMETER CONDITIONS UNITS
MIN | TYP | MAX | MIN | TYP [ MAX | MIN | TYP | MAX
BVgss Gate-Source Breakdown lg = 1WA, Vpg =0V 40 40 40 v
Voltage
lgss Gate Reverse Current Vgg = 15V, T, =25°C 0.2 0.2 0.2 nA
Vpg = 0V T, = 125°C 0.5 0.5 0.5 A
Vgsiorr)  Gate-Source Cutoff Vpg = 158V, Ip =1nA 0.5 1.1 0.7 1.6 1.2 2.7 \%
Voltage
loss Saturation Drain Current | Vpg = 15V, Vgg =0V, 1.0 12 4.0 20 10 40 mA
Pulsed 300us < 2%
Ots Common-Source Il =0.5mA | 35 5 35 5 3.5 4.5 mmho
Vpg = 16V
Transconductance Iy =2mA 7.5 9 75 9 mmho
Jos Common-Source Qutput | Vpg = 15V, I =0.5mA 5 25 5 25 5 25 umho
Conductance
Ciss Common-Source Input Vpg = 18V, Vgg =0V 12 16 12 16 12 16 pF
Capacitance
Cres Common-Source Reverse | Vpg = 15V, Vgg = 0V 4 6 4 6 4 6 pF
Transfer Capacitance
NF Common-Source Spot Vpg =15V, ip = 0.5 mA, 1.5 1.5 1.5 dB
Noise Figure Rg =20 kS2, f= 10 Hz
e, Equivalent Short Vo =10V, | Iy =0.5mA 7 20 8 20 10 25 | nVA/HZ
Circuit Input Noise f=10 Hz lp =2mA 15 20 |nVA/Hz
Voltage Vpg = 10V, | 15 =0.5 mA 3.5 3.5 3.5 [nVA/Hz
f=1kHz ip =2mA 3 3 nVA/Hz
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- . -
NPD8301-03 N-Channel Monolithic Dual JFETs Z
General Description w)
) Moided Dual-In-Line Package (N} w
The NPD8301 thru NPD8303 series of N-channel mono- o
. . . . . 0.200
lithic dual JFETs is designed for low cost, high per- [ .
formance differential amplifiers requiring tightly i ax _l N
matched gate-source voltage, low drift, high common- — N | FET
mode rejection, and low output conductance. 0250 6005 Z
{6.350 -9.127] 1 S1 v
' 2 D1 U
Absolute Maximum Ratings (25°c) . 3 gc o
%7::' 0.065 {amm 0130 oos g 521 w
st o {3302 G127
Gate-to-Gate Voltage 40V ! ' gt 6 D2 o
. T !
Gate-Drain or Gate-Source Voltage —40V vt 7 NC w
1 s
Gate Current 50 mA 00090015 ERN) 8 | G2
. . . . — *r 0.020
Total Package Dissipation (25°C Free-Air) 350 mW . O ; ”Lzﬁmsnay
. +0.025 il L - e, MIN
Power Derating (to +125°C) 3.5 mwW/°C 0% o R vors 0003
+0.635 T
Storage Temperature Range —55°C to +125°C 255 o 00) P L
Operating Temperature Range —-85°C to +125°C B
Lead Temperature (1/16" from case
for 10 seconds) 300°C
Electrical Characteristics (25°C unless otherwise noted)
NPD8301 NPD8302 NPD8303
PARAMETER CONDITIONS MIN | TvP | MAX | MIN | TvF | MAX | WiN | ive [ max | SN'TS
IGss Gate Reverse Current Vps=0,VGgs = —20V, {Note 1] -100 =100 -100 pA
Gate-Source Cutoff
VGS(of) Vpg =20V, Ip = 1nA -05 -35 |05 -35 |-05 -3.6
Voltage
v
Gate-Source Breakdown
BVgss Vps=0,1g=—14xA ~40 40 40
Voltage
lpss Saturation Drain Current | Vpg = 20V, VGs = 0, {Note 2) 0.5 6.0 05 6.0 0.5 8.0 mA
G Gate Current, {Note 1} 100 100 100 PA
VpG = 20V, ip - 200 A
VGs Gate-Source Voltage -03 40 | -03 40 1-03 -4.0 v
Common-Source Forward| Vpg = 20V, Vgs = 0 1000 4000 | 1000 4000 | 1000 4000
9fs Transconductance VpG - 20V, Ip - 200 4A 700 1200 [ 700 1200 | 700 1200
f= 1kHz pmho
Common-Source Vps =20V, Vgs=0 20 20 20
dos Qutput Conductance Vps = 20V, Ip = 200 uA 5 5 5
Ciss Common-Source Input 45 05 45
Capacitance
Vps = 20V, Vgs = 0 f=1MHz pF
Commaon-Source Reverse
Crss 1.2 1.2 12
Transfer Capacitance
Equivalent Short-Circuit v 20V 1 200 4A - 100 H 15 15 15 nv
e = - - i
" Input Noise Voltage bs b H ‘ VHz
Differential Gate-Source
IVgs1-Vas2l VDG T 20V, Ip = 200 A 5 10 15 mv
Voltage
AIVGS1-VGs2l Gate-Source Differential | VpgG = zrov, Ip = 200 A, 1© 5 2 G
AT Drift Ta=25"CtoTg - 85°C
. Vop = - 20 B A
. Common-Mode /DD - 10V to VoD ~ 20V, 1p - 20044, a0 a0 %0 s
Rejection Ratio tNote 3}
Note 1: Approximately doubles for every 10°C increase in TA-
Note 2: Pulse test duration = 300 us; duty cycle < 3%.
Note 3: CMRR =20log1g [AVpp/A1IVGs1—VGs2ll, aVpp = 10V.
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U308, U309, U310

U308-10 N-Channel JFETs

General Description

Process 92

TO-52
The U308 thru U310 series of N-channel JFETs is o s
designed for VHF amplifier, oscillator and mixer applica- 0.178-0.185 |,
R = -] 0.115.0.i50
tions. (4.521-4.953) | D G Tei
SEATING 1 -
. . PLANE
Absolute Maximum Ratings (25°c) v v
i 0.500
. 0 [ 112.79)
Gate-Drain or Gate-Source Voltage —25V 6060019 0630 PIN | FET
Gate Current 20 mA 0.406-0.483) {0.762) 1 S
.. . MAX
Total Power Dissipation 500 mw i g
Power Derating 4 mwW/°C . D100
2.540}
Storage Temperature Range —65°C to +200°C (?—gjg' o
Lead Temperature (1/16" from case
for 10 seconds) 300°C {4
00m-000s 028-0.0
- \ ~ 0.028-0.0a8
10912-3.168) \/'> o it
N
Electrical Characteristics (25°C unless otherwise noted)
U308 U309 U310
IT
PARAMETER CONDITIONS MIN | TYP | MAX | MIN | TvP | MAX | min | Tve ] max | UN'TS
Vgg = -16V -150 150 —160 A
1GsS Gate Reverse Current GS L 5 b
Vgg =0 T=125°C -150 150 -150 nA
Gate-Source Breakdown
BVGss Ig=-1TuA, Vpg=0 -25 —25 —25
Voltage
v
Gate-Source Cutoff
VGS(off) Vps=10V,Ip = 1nA -1.0 —6.0 -1.0 4.0 -25 6.0
Voltage
Ipss Saturation Drain Current Vps ~ 10V, Vgs = 0, (Note 1) 12 60 12 30 24 60 mA
v Gate-Source Forward | 10 mA, v o 10 10 10 v
= mA, = B N
GS(f) Voltage G DS
Common-Gate Forward
9fg 10 20 10 20 10 18 mmho
Transconductance, {Note 1)
Vps = 10V, Ip = 10mA |f-1kHz
Common-Gate Qutput 150 150 150 \
I mho
Jogs Conductance u
Cqd Drain-Gate Capacitance . 25 25 25
Vpg - 10V, Vgg = —10V| = 1 MHz pF
Cgs Gate-Source Capacitance 5.0 5.0 5.0
Equivalent Short-Circuit nv
en Vps =10V, Ip - 10mA | =100 Hz 10 10 10 —_
Input Noise Voltage VHz
o Common-Gate Forward =100 MHz 12 12 12
g Transconductance =450 MHz m B 11
mmho
Commaon-Gate Output f= 100 MHz 0.18 0.18 0.18
dogs Conductance = 450 MH. 07 0.7 0.7
Vps - 10V, Ip = 10 nA
G Common-Gate Power t=100 MHz 15 15 15
P9 Gain f= 450 MHz 0 10 0
dB
NE Noise F f= 100 MHz 15 15 15
orse Tigure f- 450 MH: 32 32 32
Note 1: Pulse test duration = 2 ms.
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Definition of Terms

Driver Leakage Current: The sum of the currents into
the source and drain switch terminals, with both held
at the same specified voltage.

Logic “1” Input Voltage: The voltage level which is
guaranteed to be interpreted by the device as a logical
“true” signal.

Logic 0" Input Voltage: The voltage level which is
guaranteed to be interpreted by the device as a logical
“false’’ signal.

Logic Input Slew Rate: The voltage difference between
the logic 1" and logic 0" states divided by the transi-
tion time.

Switch Leakage Current: The current seen when a
specified voltage is applied between drain and source
of a channel that is logically turned off.

Switch ““ON’" Resistance: The equivalent resistance
from source to drain, tested by forcing a specified
current and measuring the resultant voltage drop.

Switch Turn “OFF” Time: The interval between the
time that the logic input passes through the threshold
voltage and the time that the output goes to a specified
voltage level in the test circuit.

Switch Turn “ON” Time: The interval between the time
that the logic input passes through the threshold voltage
and the time that the output goes to 90% of its final
value in the specified test circuit.
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AHOO014/AH0014C* DPDT, AHOO15/AHO015C Quad SPST,

AHO019/AHO0019C* Dual DPST-TTL/DTL Compatible

MOS Analog Switches

General Description

This series of TTL/DTL compatible MOS analog
switches feature high speed with internal level
shifting and driving. The package contains two
monolithic integrated circuit chips: the MOS ana-
log chip is similar to the MM450 type which
consists of four MOS analog switch transistors;
the second chip is a bipolar |.C. gate and level
shifter. The series is available in both hermetic
dual-in-line package and flatpack.

Features
Large analog voltage switching +10V
Fast switching speed 500 ns
u QOperation over wide range of power supplies
m Low ON resistance 20082
8 High OFF resistance 10''Q

8 Fully compatible with DTL or TTL logic
® [ncludes gating and level shifting

These switches are particularly suited for use
in both military and industrial applications such
as commutators in data acquisition systems, multi-
plexers, A/D and D/A converters, long time
constant integrators, sample and hold circuits,
modulators/demodulators, and other analog signal
switching applications. For information on other
Nationa!l analog switches and analog interface ele-
ments, see listing on last page.

The AHO014, AH0015 and AHOO019 are specified
for operation over the -55°C to +125°C military
temperature range. The AH0014C, AH0015C and
AHO019C are specified for operation over the
~25°C to +85°C temperature range.

Block and Connection Diagrams

1
I
1
1 s
L | Iy |

Lo Note: At logic nputs
shown at fagic 1

Order Number AHO014F or AHO014CF
See Package 23
Quad SPST

WhIcaLaLe s oLz 100

Note: Al (ogic inputs shown at lagic 1.”
Order Number AH0015D or AHO015CD
See Package 15

Typical Applications

I megrator

*Previously called NH0014/NHO0014C and NHO019/NH0019C

Note: Al logic inputs
shawn at logic .

Order Number AH0014D or AH0014CD
See Package 14
Dual DPST

5

Nate: Pin connectians are identical
far DIP and F}a\pack All logic inputs
shown at logic “1."

Order Number AHO019F or AHOOT9CF
See Package 23
Order Number AHO019D or AH0O019CD
See Package 14
Reset Stabilized Amphfuer
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AHO014/AH0014C*, AHOO15/AH0015C, AHO019/AHO019C*

Absolute Maximum Ratings

Vce Supply Voltage

V™ Supply Voltage

vt Supply Voltage

vive Voltage Differential

Logic Input Voltage

Storage Temperature Range

Operating Temperature Range
AH0014, AH0015, AH0012
AHO0014C, AHO015C, AHO019C

Lead Temperature (Soldering, 10 sec})

5.5V
-65°C to +150°C

-55°C t0 +125°C
-25°Cto +85°C
300°C

Electrical Characteristics (notes 1 and 2)

PARAMETER CONDITIONS MIN TYP MAX UNITS
Logical 1" Input Voltage Vee =45V 2.0 \
Logical 0" Input Voltage Vee =45V 0.8 \
Logical 1" input Current Vee = 5.6V Vin = 2.4V 5 HA
Logical “'1" Input Current Vee = 5.5V Viny = 5.6V 1 mA
Logical “0" input Current Vee =565V Vin = 0.4V 0.2 0.4 mA
Power Suppty Current Logical "1 Ve = 5.5V Vin = 4.5V 0.85 1.6 mA
Input — each gate (Note 3}
Power Supply Current Lagical *'0" Vee = 5.5V Vi =0V
tnput — each gate (Note 3}
AHO014, AHOG14C 15 3.0 mA
AHO0015, AH0015C 0.22 04 mA
AH0019, AH0013C 0.22 0.41 mA
Analog Switch ON Resistance — each gate | V| (Analog) = +10V 75 200 Q
Vin {Analog) = -10V 160 600 Q
Analog Switch OF F Resistance 10" Q
Analog Switch Input Leakage Current — Vi = -10V
each input (Note 4)
AHO014, AH0015, AH0019 Ta=25°C 25 200 pA
Ta=125°C 25 200 nA
AHO014C, AH0015C, AH0019C Ta =25°C 0.1 10 nA
Ta=70°C 30 100 nA
Analog Switch Output Leakage Vout = -10V
Current — each output {Note 4)
AHO0014, AHOO15, AHO019 Ta=25"C 40 400 pA
Ta=125°C a0 400 nA
AHO0014C, AH0015C, AHOO19C Ta=25"C 0.05 10 nA
T, =70°C 4 50 nA
Analog Input {Drain) Capacitance 1 MHz @ Zero Bias 8 10 pF
Qutput Source Capacitance 1 MHz @ Zero Bias 1 13 pF
Analog Turn-OFF Time — toee See test circuit; To = 26°C 400 500 ns
Analog Turn-ON Time — tgy See test circuit; T4 = 26°C
AHO0014, AHO014C 350 425 ns
AH0015, AH0015C 100 150 ns
AH0019, AHO019C 100 150 ns

Note 1. Min/max limits apply across the guaranteed temperature range of -55°C to +125 C for
AHO0014, ARO015, AHO019 and -25'C to +85°C for AHO014C, AHDD15C, AHO019C. V™ - -20V
V" = 10V and an analog test current of 1 mA unless otherwise specified

Note 2: Al typical values gre measured at Ta = 25°C with Vee = 5.0V, VY = +10v, V™ = ~22v.
Note 3: Current measured 1s drawn from Vi supply

Note 4: All analog switch pins except measurement pin are tied to v
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Analog Switch Characteristics (Note2) (=)
RoN vs Temperature RoN vs Temperature RON vs Temperature -—b
12 o
N N ' e IR >
- Vin = Vour = +10V 4 — Viy = Vour = OV i Vv = Vour = -10V >
= 100 |— 7 10 B——+ oA ' = 200
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cl T 2 T [ i
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g ] 1€ ] £ - S
F H I - = A
S +— o S s — 1 n
" — *
0 0 i 100 | <1 -
-88°C 15 5 65 105 55 -15 25 65 105 55 1§ 25 65 105 >
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AMB e s AMBIENT TEMPERATURE ('C) XL
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_ 75 T +10 T by
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Selecting Power Supply Voltage

The graph shows the boundary conditions which
must be used for proper operation of the unit.
The range of operation for power supply V™ is
shown on the X axis. It must be between --25V
and ~-8V. The allowable range for power supply
V7 is governed by supply V. With a value chosen
for V7, V' may be selected as any value along a
vertical line passing through the V™ value and
terminated by the boundaries of the operating
region. A voltage difference between power sup-
plies of at least 5V should be maintained for
adequate signal swing.
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AHO120, AHO130, AHO140, AHO150, AHO160 Series

AHO120, AHO130, AHO140, AHO150, AHO160 Series

Analog Switches
General Description

The AHO100 series represents a complete family
of junction FET analog switches. The inherent
flexibility of the family allows the designer to
tailor the device selection to the particular appli-
cation. Switch configurations available include dual
DPST, dual SPST, DPDT, and SPDT. ryyon;) ranges
from 10 ohms through 100 ohms. The series is
availabie in both 14 lead flat pack and 14 lead
cavity DIP. important design features include:
® TTL/DTL and RTL compatible logic inputs
® Up to 20V p-p analog input signal
B rgqony less than 1082 (AHO140, AHO141,
AHO145, AHO0146)
Analog signals in excess of 1 MHz
8 “OFF” power less than 1 mW

® Gate to drain bleed resistors eliminated

® Fast switching, toy is typically .4 us, topg is
1.0 us

® Operation from standard op amp supply volt-
ages, £15V, available (AH0150/AH0160 series)

® Pin compatible with the popular DG 100 series.

The AHO100 series is designed to fulfill a wide
variety of analog switching applications including
commutators, multiplexers, D/A converters, sample
and hold circuits, and modulators/demodulators.
The AHO100 series is guaranteed over the tempera-
ture range —-55°C to +125°C; whereas, the
AHO100C series is guaranteed over the temperature
range ~25°C to +85°C,

Schematic Diagrams

DUAL DPST and DUAL SPST

Note: Dotted line portions are not agplieable to the dual SPST

Logic and Connection Diagrams

DPDT (diff.) and SPDT (diff.)

&- { £

Note: Dotted line portions ace not apgticable to the SPOT (differential}

Order any of the devices below using the part number with a O or F suffix. See Packages 14 and 23

DUAL DPDT (Diff) SPDT (Diff)

DUAL DPST DUAL SPST
?
> .'J:“ o_;.—‘/ Lo

HIGH LEVEL (110V} HIGH LEVEL (+10V) HIGH LEVEL (z210V} HIGH LEVEL (+10V}
AHO040 (1052) AHO0141 {1002) AHO014S (104} AHO146 (1002)
AHO129 (3002} AH0133 (3002) AHO139 (3082) AHO144 (3052
AHO126 (8052} AHO134 (8012) AHO0142 {8002} AH0143 (BOGQ)

MEDIUM LEVEL {£7.5V] MEDIUM LEVEL (£7.5V) MEDIUM LEVEL (£7.5) MEDIUM LEVEL (7.5V)
AHO153 (1502} AHO0151 (1552) AHO182 {150} AHOVB1 (1502}
AHGT54 (50¢1) AHG15Z (5002) AHOTE4 (501021 AHO0162 {50}
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Absolute Maximum Ratings

High Medium

Level Leve!
Total Supply Voltage (V" - V™) 36V 34V
Analog Signal Voltage (V" - V4 or Va = V) 30V 25V
Positive Supply Voltage to Reference (V' - Vg) 25V 25V
Negative Supply Voltage to Reference (Vg - V™) 22V 22V
Positive Supply Voitage to Input (V' ~ V) 25V 25V
input Voltage to Reference (V |y - Vg) 6V 6V
Differential input Voltage (VN - Vin2) BV 6V
Input Current, Any Terminal 30 mA 30 mA
Power Dissipation See Curve

AHO100 Series
AHO100C Series

Operating Temperature Range

Storage Temperature Range
Lead Temperature (Soldering, 10 sec}

-55°C to +125°C
~25°C to +85°C
-65°C to +150°C

300°C

Electrical Characteristics for "HIGH LEVEL" Switches (Note 1)

DEVICE TYPE CONDITIONS LIMITS
PARAMETER symeor DUAL DuaL DPDT SPOT V' =120V, V™ = -18.0V, Vg = 0.0V TYP | MAX e
DPST SPST IDIFF) | (DIFF) YT TEER YRS
e -
Loge Al Cres Nows | Ta2C __ }20 | 0 | wA
Input Current Over Temp. Range 120 uA
Logic 0" Ta " 25°C 01 1 A
Firngee ' All Cireurts b - - <
Input Current INOFE e Note 2 Over Temp Range 20 uh
Positive Supply Current | Ta 25°C 2.2 3.0 mA
[ ' Ai ; e -
Switch ON o One Driver ON Note 2 Over Temp, Range 337 ma
Negative Supply - . Ta - 26°C -1.0 18 mA
| All Crrcuers Dr 5 -
Current Switch ON o b One Driver ON Note 2 Guer Temp. Range 20 | mA
Reference Input Ta 25°C -10 -1.4 mA
[P Al Circats One D N No ol ] 4 o4
(Enable) ON Current RLON et ne Driver ON Note 2 Over Temp, Range T mA
Positive Supply . N Ta " 25°C 1.0 10 HA
I All Cu-ts Vv Ving -
Current Switch OFF (OFF Crreuts i Ving 08V Over Temp. Range 2% uA
Negative Supply - Ta-25°C -1.0 -10 uA
17, Al Uit P T 4
Current Switch OFF OFF1 ! Cireurts Vit © Vv 08V Over Temp. Range 25 oA
Reference Input Ta~ 25°C -1.0 -10 A
. il Car - " A .
{Enable) OFF Current | ' %10F® Al Crreants Vive - Ving 08 Bver Temp. Rangs 25 A
Vo - 10V Ta-25°C a5 80 Q
hON R SN HO1 134 AHO142 14
Switch ON Resistance | ryaon AHO126 | AHO13: 0 AHO143 o A Oner Tomp, Range 150 a
- Vi 10V Ta  25°C 25 30 Q
hONR - 1 At(H3C 144 & RN S -
Switch ON Resistance | ragnn AHO129 | AHO133 1139 | AHO o 1mA e Temy. Frangs o a
Vo 10V Ta-25°C 8 10 Q
Switch ON Resist; LONG AHO14 AHD141 | AHO14 AHO14 © A = ol
e esistance fosioN 0140 0 ® 0146 e - 1mA Over Temp. Range 20 Q
Ta=25"C 01 1 nA
D Leak Iy~ lslon Alt Circu L2 Vg = -10V A -
river Leakage Current o lslon rcuits Vi = Vg 10 Gver Temp Fange 60 A
Switch Leakage Isiorei OR | AHO126 | AHO134 | AHD142 | AHO143 v 20v Ta- 25°C 0.8 1 nA
Current loiofFs AHO129 | AHO133 | AHO139 | AHO144 os Over Temp. Range 100 nA
Switch Leakage ls,ore) OR Ta=25°C 4 10 nA
AH AHD141 | AHO145 HO14 Vpg - £20V SSLal
Current IDioFF 0140 © 0 AHOT46 s Over Temp. Range 10 uA
. AHO126 | AHO134 | AHO142 | AHO143 See Test Circuit 05 08 .
Switeh Turn-ON Time | ton AHO129 | AHO133 | AHD139 | AHO144 Va - t10V T, - 25°C #
See Test Circuit
AHOY HO141 AH(145 4 o 1.0
Switch Turn-ON Time | ton 0140 | AHOY o AHO0146 Va-t10V  Ta- 25°C 0.8 us
Switeh Turm OFF T . AHO126 | AHO134 | AHO142 | AHO143 See Test Circuit 0 16
witeh Turn- ime | toFr AHD129 | AHO133 | AHO139 | AHO144 Va 210V Ta=25°C i ’ us
See Test Circuit
- AHO140 AH o . .
Switch Turn-OFF Time | torr AHO141 | AHO145 0146 V- 10V Ta-25°C 1.1 25 us

Note 1: Unless otherwise specified these limits apply for —-55°C to +125°C for the AHO100 series
and -25°C to +85°C for the AHO100C series. All typical values are for T 5 = 25°C.

Note 2: For the DPST and Dual DPST, the ON condition 1s for Viy

= 2.5V; the OFF condition

is for Vi = 0.8V. For the differential switches and SW1 and 2 ON, VN2 = 2.5V, Vg = 3.0V,

For SW3 and 4 ON, VN2 = 2.8V, V) nq = 2.0V,

5-9
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AHO120, AHO130, AHO140, AHO150, AHO160 Series

Electrical Characteristics for “MEDIUM LEVEL" Switches (Note 1)

DEVICE TYPE CONDITIONS LIMITS
PARAMETER SYM IT
mot puaL DUAL | DUAL SPOT V' = 415.0V, VT = —15V, Vg = OV TYP | MaX o
DPST SPST DPOT | (DIFF} s e
togic "1 Ta725°C 20 60 HA
Input Current finvon, Alt Cireunts Note 2 Over Temp Range | | 120 uA
Logic "0’ Ta " 25°C 01 01 uA
| ) Taz25€C A
Input Current INIOFE! AllL Cireuits Note 2 Over Temp Range 3 dA
Positive Supply . Ta 25°C 22 30 { ma
( i - e 2 — : ol
Current Switch ON 1oN All Cireuns One Drver ON Note Over Temp. Range 33 1 ma
Negative Supply _ Ta -25C -1.0 -1.8 mA
| ¢ 2 = LI =
Current Switch ON ions All Circarts One Driver ON Note Over Ternp. Range 20 [ maA
Reference Input Ta-25C -10 -14 mA
I 2 AL — - —
{Enable) ON Current | |AON: All Circunts One Drver ON Note Over Temp. Range e | mA
Positive Supply . Ta"25°C 10 10 uA
[ i | p = N Rl
Current Switch OFF oFe All Crreunts Vine Venz - 08 Over Temp. Range 25 uA
Negative Supply - Ta 25°C HA
[ g v, p P S — =
Current Switch OF F oFFI Al Circuits i Ving - 08V Over Temyp. Range uA
Reference Input Ta-25°C uA
| . v AT i
(Enable) OF F Current ROFE) All Cireunts v Ve 08V Over Temp. Range Py
Vo 15V Ta = 26°C 10
Switch ON Resistance | rypon: AHD153 | AHO161 | AHO163 | AHO161 o Over Terme Famge |
) . Ve 75V Ta-25°C 45
Switch ON Resistance | rayan, AHO154 | AHO152 | AHO164 | AHOT62 Y oA Over Tomp Famge [~
Ta-25°C 01 2 nA
‘e s -75 AT X — | - —
Drwer Leakage Current thn * lslon Alt Circuits Vi - V. 5V Gver Temp Range 550 oA
Switch Leakage Ipioge: OR B Ta v 25°C 5 10 nA
HO1 ARHO1 AHO161 v +15v P Rt —
Current lsioFe: AHO153 | AHOIS) 0163 018 os Over Temg. Range 10 1A
Switch Leakage Io:oee; OR . i Ta"26C 10 20 nA
1 HO1 AHO164 | AHO162 \Y 150V A . [ e T L
Current lsiofe: AHOIS4 | AHO152 016 6 os Over Temp. Range 200 nA
See Test Circuit
Switch Turn-ON Time | ton AHO153 | AHO151 | AHO163 | AHOT61 Va o t75V 08 1.0 us
Ta - 25°C
See Test Circuit
Switch Turn-ON Time | ton AHO154 | AHD152 | AHOI64 | AHO162 Va  t75V 05 0.8 us
Ta - 25°C
See Test Circuit
Switch Turn-OFF Time | toee AHO153 | AHO151 | AHO163 | AHO161 Va o 275V IR 25 us
Ta 25°C
See Test Circuit
Switch Turn-OF F Time | topp AHO154 | AMO152 | AHO1B4 | AHOTE2 Va o 175V 09 16 us
T. 25°C

Note 1: Uniess otherwise specified, these limits apply for —65°C to +125°C for the AHO100 series
and -25°C to +85°C for the AHO100C series. All typical values are for Ta =25°C.

Note 2: For the DPST and Dual DPST, the ON condition is for VN = 2.5V; the OFF condition
is for V)y = 0.8V. For the differential switches and SW1 and 2 ON, VIN2 = 2.8V, VN7 = 3.0V.
For SW3 and 4 ON, VN2 = 2.5V, Ving = 2.0V.




Typical Performance Characteristics -
=
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AHO120, AHO130, AHO140, AHO150, AHO160 Series

Applications Information

1. INPUT LOGIC COMPATIBILITY
A. Voltage Considerations

In general, the AHO100 series is compatible with
most DTL, TTL, and RTL logic families. The ON-
input threshold is determined by the Vg of the
input transistor plus the V, of the diode in the
emitter lteg, plus | x Ry, plus Vg. At room
temperature and Vg = 0V, the nominal ON thres-
hold 15:0.7V+0.7V+0.2V, = 1,6V.Over temperature
and manufacturing tolerances, the threshold may
be as high as 2.6V and as low as 0.8V. The rules
for proper operation are:

Vin - Vg 2> 2.5V All switches ON
Vin - Vg < 0.8V All switches OFF

B. Input Current Considerations

linton). the current drawn by the driver with
Vin = 2.5V is typically 20 uA at 25°C and is guar-
anteed less than 120 pA over temperature. DTL,
such as the DM930 series can supply 180 uA at
logic 1" voltages in excess of 2.5V. TTL output
levels are comparable at 400 uA. The DTL and
TTL can drive the AHO100 series directly. How-
ever, at low temperature, DC noise margin in the
logic “1" state is eroded with DTL. A pull-up re-
sistor of 10 k&2 is recommended when using DTL
over military temperature range.

If more than one driver is to be driven by a DM930
series (6K} gate, an external pull-up resistor should
be added. The value is given by:

1M
RpiN—_‘i for N > 2

where:
Rp = value of the pull-up resistor in k§2

N = number of drivers.

C. Input Slew Rate

The slew rate of the logic input must be in excess
of 0.3V/us in order to assure proper operation of
the analog switch. DTL, TTL, and RTL output
rise times are far in excess of the minimum slew
rate requirements. Discrete logic designs, however,
should include consideration of input rise time.

2. ENABLE CONTROL

The application of a positive signal at the Vg

terminal will open all switches. The Vg (ENABLE)
signal must be capable of rising to within 0.8V of
Vinion) in the OFF state and of sinking Ig(on)
milliamps in the ON state {at Viyon) - VR >
2.5V). The Vg terminal can be driven from most
TTL and DTL gates.

3. DIFFERENTIAL iINPUT CONSIDERATIONS

The differential switch driver is essentially a differ-
ential amplifier. The input requirements for proper
operation are:

Vint = Ving > 0.3V
2.5 < (Vi OF Vgl - Vg < 5V

The differential driver may be furnished by a DC
level as shown below. The level may be derived
from a voltage divider to V' or the 5V V¢ of
the DTL logic. In order to assure proper operation,
the divider should be “stiff” with respect to Iyp.
Bypassing R1 with a 0.1 uF disc capacitor will
prevent degradation of ton and tope.

,

Alternatively, the differential driver may be driven
from a TTL flip-flop or inverter.

s

i i
5 prssaba
I R

v v

Connection of a 1 mA current source between Vg
and V™ will allow operation over a +10V common
mode range. Differential input voltage must be less
than the 6V breakdown, and input threshold of
2.5V and 300mV differential overdrive still prevail.

wy | =

i st

Ve

I

[T i

e
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4. ANALOG VOLTAGE CONSIDERATIONS

The rules for operating the AHO100 series at
supply voltages other than those specified essen-
tially breakdown into OFF and ON considerations.
The OFF considerations are dictated by the maxi-
mum negative swing of the analog signal and the
pinch off of the JFET switch. In the OFF state,
the gate of the FET is at V© + Vgg + Vgat OF
about 1.0V above the V™ potential. The maximum
Vp of the FET switches is 7V. The most negative
analog voltage, V. swing which can be accomo-
dated for any given supply voltage is

Val< V7= Vp = Vge = Vgar 07
VA <IVT1-8.0 or IVTI>IV 4148 0V

For the standard high level switches, Vo <i- 18!
+8 = —10V. The value for V' is dictated by the
maximum positive swing of the analog input volt-
age. Essentially the collector to base junction of
the turn-on PNP must remain reversed biased for
all positive value of analog input voltage. The base
of the PNP is at V7 - Vgar — Vgg or V7 - 1.0V.
The PNP’s coliector base junction should have at
least 1.0V reverse bias. Hence, the most positive
analog voitage swing which may be accommodated
for a given value of V™ is:

Typical Applications

VA<V = Vgar - Vge - 1.0V or

Va< V' -20Vor Vi>Va+20V

For the standard high tevel switches, V= 12 -
2.0V =+10V.

5. SWITCHING TRANSIENTS

Due to charge stored in the gate-to-source and
gate-to-drain capacitances of the FET switch, tran-
sients may appear in the output during switching.
This is particularly true during the OFF to ON
transition. The magnitude and duration of the
transient may be minimized by making source
and load impedance levels as small as practical.

A c__ A )
i

:{>1\

Furthermore, transients may be minimized by
operating the switches in the differential mode;
i.e., the charge delivered to the load during the
ON to OFF transition is, to a large extent, can-
celied by the OFF to ON transition.

o

[Sp—

Programmable One Amp Power Supply

1t

219K

o |,

oL gLz TS

Vour 0 Polanity) x {BCD Codel x Vaer
tour - 2A peak, 1A continuous

Vgt Range - 12V

Full Scale Acqusition Time  B:s

Four to Ten Bit D to A Converter (4 Bits Shown)

© O——y

Setting Time: 1 1

Acceracy: 0.2%
“*Note: All tesistors ate 0.1%
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AHO0120, AHO130, AHO140, AHO150, AHO160 Series

Typical Applications (Continued)

Four Channel Differential Transducer Commutator
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~v>volj . L'—o Gain: 22
N i w Commutation Rate: 500 kz
ot | Lo
| | L
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=T ]
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owrs emr s cloce
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4 x 4 Cross Pcint Analog Switch
Er
_f _t s rtuiva
- — e —_— ——
|- Al B!
Smiches

Analog Input Range — + 7.5V

Eour = 10x {Analog Ingut 2 — Analog tnput 1}
Note: §1 must ke open for 50xs min to take first reading with || = 50 mA. Second reading is taken with = Error Rate — 0.01% F $./sec

52 closed. With S1 and other set-up forcing functions under camputer control, system will measure line

and laad regulation on voltage regulators, voltage gain, offset current, CMRR and PSRR on op amps as

well as other circuits requiring measurement of the change of a parameter with the change of a forcing function.

<ag
{
T 1§ _ r——olu
ol
-RAN B 9 I N I 9 O F—ow
NS A S A | :
"o < T T
1
: 1YE RS RS [ .
Jrd ¢d ed ¢S |
FTe, T8, TF ’P—" "
L
' Switching Time - 800 ns
“ON" Resistance ~ 45:)
+ cuanmeLs “OFF" Resistance — 10192
Detta Measurement System for Automatic Linear Circuit Tester
{_A‘—T.J;f_dfj w1 w
T TET AOAPTER | :
! . 3
| it . | " o |,
LM ¢ 4 T0 A/D CONVERTER
VOLT AEG | = -
! u«é ™ i L] oneen L Eour
’ 1 | I g
| : |
| . \
! |

Precision Long Time Constant Integrator with Reset Four Channel Commutator

—

j
!
|

! Tyma P

e ol Integration Internat = 10 sec

>
oy [l
L e _[_, = Reset Time: 30us Acquisition Time: 20us
Drift Rate: 0.5 mV/sec

W2 % ® pnalagSignal Range: 15 Vp p
Ln *Integration Error = 100, Sample Rate: 1 M#z

*Note: Vg adjusted to zero. r 1 ?




AH2114/AH2114C DPST Analog Switch

General Description

The AH2114 is a DPST analog switch circuit com-
prised of two junction FET switches and their
associated driver. The AH2114 is designed to fulfill
a wide variety of high level analog switching appli-
cations including multiplexers, A to D Converters,
integrators, and choppers. Design features include:

' m Low ON resistance, typically 7502

® High OFF resistance, typically 1010

B [arge output voltage swing, typically £10V

8 Powered from standard op-amp supply voltages
of £15V
= |nput signals in excess of 1 MHz

® Turn-ON and turn-OFF times typically 1 us

The AH2114 is guaranteed over the temperature
range -55°C to +125°C whereas the AH2114C is
guaranteed over the temperature range 0°C to
+85°C.

Schematic and Connection Diagrams

G4
$
[
8 i o
L} 2
o,

a3
108K a3

—AAA @ 4
@ 5 [0
63
108K S R
n Ly 148K
Vs L
< A2
S 144K
R5
MEK 5
AA o2
In 2
v v

Vi 15V

FIGURE 1.

Metal Can Package

Cutewit 4 Shown
With Vg, Lagic 1

T0P ViEW

Order Number AH2114G or AH2114CG
See Package 3

Vours

Yourz

FIGURE 2.

OVLICHV/VPLICHY




AH2114/AH2114C

Absolute Maximum Ratings

Vplus Supply Voltage

Vminus Supply Voltage

Vpius Vminus Differential Voltage

Logic Input Voltage

Power Dissipation {Note 3)

Operating Temperature Range
AH2114
AH2114C

Storage Temperature Range

Lead Temperature (Soldering, 10 sec)

+25V
-25V
40v
25V
1.36W

~65°C 10 +125°C
0°C to +85°C
-85°C 10 +125°C
300°C

Electrical Characteristics (Notes 1 and 2)

AH2114 AH2114C
PARAMETER CONDITIONS UNITS
MIN  TYP MAX | MIN TYP MAX
Static Drain-Source lp 1.0mA, Vgg OV, T, - 25°C 75 100 75 125 9
On" Resistance In = 1.0mA, Vgg 0OV 150 160 £

Drain-Gate Vos 20V, Vg -7V, T4 =25°C 02 1.0 0.2 5.0 nA

Leakage Current 60 60 nA

FET Gate-Source lg = 1L.OuA 35 35 vV

Breakdown Voltage Vpg = 0V

Drain-Gate Vog =20V, 15 =0 4.0 5.0 4.0 5.0 pF

Capacitance f-1.0MH, T, 25°C

Source-Gate Vog © 20V, 1, = 0 4.0 5.0 4.0 5.0 pF

Capacitance f 10MHz T, -25°C

Input 1 Turn-ON Time |V, =10V, T, 25 C 35 60 35 80 nsg
(See Figure 1}

Input 2 Turn-ON Time [Vin, =10V, T, - 25 C 1.2 1.5 1.2 1.2 s
{See Figure &)

Input 1 Turn-OFF Time| V q, = 10V, Ta = 25°C 0.6 0.75 c.6 0.756 s
{See Figure 1)

laput 2 Turn-OFF Time} Vi, 10V, T, - 25 C 50 80 50 80 e
(See Figure 1)

DC Voltage Range Ta 25°C =90 -i00Q 190 +100 Y
{See Figure 2)

AC Voltage Range Ta 25°C =90 :100 Y90 2100 v
{See Figure 2}

Note 1: Unless otherwise specified these specifications apply for pin 12 connected to +15V, pin 2
connected to ~16V, -65°C to 125°C for the AH2114, and 0°C to0 85°C for the AH2114C.

Note 2: Ali typical values are for Tp - 25°C.

Note 3: Derate linearly at 100°C/W above 25°C.
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Monolithic N-Channel Junction FET Switches
With High Speed Drivers

AM181/AM281, AM182/AM282 dual driver with SPST switches
AM184/AM284, AM185/AM285 dual driver with DPST switches
AM187/AM287, AM188/AM288 single driver with SPDT switches
AM190/AM290, AM191/AM291 dual driver with SPDT switches

General Description
These devices combine N-channel junction FETs and ® “ON" resistance match 2 2 typ
bipolar transistors on a single chip for the first time in a

new N-channel Bi-FET process. m “OFF” isolation and crosstatk fess than —60 dB at

10 MHz (typ)
This technology provides the industry’s only low “ON"’

. X A - =1 /
resistance, high speed, monotithic N-channel junction ON/tOFF 08 ns/95 ns typ

FET analog switch. Unigue circuit techniques are ® Break-before-make action
employed to achieve break-before-make switching action
and constant “ON" resistance over the analog voltage Applications
range. The switch can block 20V peak-to-peak signals, ® A-to-D/D-to-A converters
and because of the driver design, an “OFF" isolation o
greater than 60 dB is achieved at 10 MHz. ® Data acquisition

® Signal multipiexers
Features
m |nterfaces with standard DTL, TTL and CMOS ® Sample and hold
® Constant “ON" resistance with signals to £ 10V B Video switch
Schematic Diagram (Typical Channe!) w"

L]

Vee | |
) —

SUBSTRATE ‘——f

s O 1_] -0 0

Application Hints*

100 200 *Applicatlons Hints are for design aid only,
ViN Series Series not guar‘anteed and not subject to produc-
Vee VEE VL VR Logic Input Vg Vs thon testing
Positive | Negative | Logic | Reference Voltage Analog Analog Electrical Parameter Chart based on Vg +
Supply | Supply { Supply Supply ViNH Min/ Volitage Signal 18V, VEg = =15V, V| =58V, VR = Gnd
Voltage | Voltage | Voltage | Voltage |V)ni Max— Range Range
(V) (V) (V) [\4] (V) V) (V)
+15** -15 +5 Gnd 2.0/0.8 —7.5to+15 10 to +15
+10 ~20 +5 Gnd 2.0/0.8 -125to +10|—-15to +10
+12 ~12 +5 Gnd 2.0/0.8 45t0+12 [-710+12
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AM181, AM182, AM184, AM185, AM187, AM188, AM190, AM191 Series

Absolute Maximum Ratings

vee - VEE
Vee— Vb
Vp — VEE
VD - Vs
VL - VEE
VL-VIN
VL - VR
VIN — VR
VR — VEE
VR - VIN

Current {Any Terminal)

Connection Diagrams

36V
33v
33v
22V
36V
8V
8V
8v
27V
2v

30 mA

Storage Temperature
Operating Temperature
Power Dissipation™
Metal Can™**
14-Pin DIP***
16-Pin DIP****

—65°C to +160°C
—55°C to +125°C

* All leads soldered to PC board

** Derate 6 mW/°C above 75°C
*** Derate 11 mW/°C above 75°C
**** Derate 12 mW/°C above 75°C

450 mW
825 mW
900 mW

AM181/AM281, AM182/AM282*

Metal Can Package
See Package 1
Order by Part Number
Followed by H Suffix

Switch states are for logical *'1"* input

TOP VIEW

— 02
NC—]' —‘Z— NC
NE - [ e
N1 £ 10 IN2
Voo = g—VEE
W L.

TOP VIEW

Dual-In-Line Package
See Package 16
Order by Part Number
Followed by D Suffix

AM184/AM284, AM185/AM285*

Switch states are for logical 0" input

16

— 51
5
—IN1
14
—Vie

F e

12
— v,
1
—Vee
10
N 2

9
— 52

TOP VIEW

Dual-In-Line Package
See Package 17
Order by Part Number
Followed by D Suffix

AM187/AM287, AM188/AM288*

Metal Can Package
See Package 1
Order by Part Number

w2

ne—

3 12
o= [—— =\~

] t
51—

— ne

Dual-In-Line Package
See Package 16
Order by Part Number

Followed by H Suffix . —nc Followed by D Suffix
Ve — —Vee
v =] LIV
TOP VIEW
Switch states are for logical *‘1"" input TOP VIEW
AM190/AM290, AM191/AM291*
1 16
N —t—y O————p—51
1
NC—Z' | -‘—5- IN1
p3feal LN VEE
AR 1 Dual-In-Line Package
3= —_ [—Vn See Package 17
56— - P2 v, Order by Part Number
& ! 11 Followed by D Suffix
M= | [— Vee
NC —11 ! i N2
o !

Switch states are for logical ’1" input

— >

TOP VIEW

“Consult iocal sales representative or factory for information concerning the 14-pin flat package




Electrical Characteristics AM181/AM281, AM182/AM282

dc parameters are 100% tested at 25°C; ac parameters, high and low temperatures, and tQN, tQFF are sampled to

ensure
conformance with specifications.
MAX LIMITS
TEST CONDITIONS, UNLESS NOTED:
PARAMETER v 15V v 15V, v 5V v o AM181 AM281 UNITS
= . E=— . =39V, = - G 3
ce € t R -55°C [ 25°c [ 128°c | -20°c | 28°c | 85°C
TDS(ON) Drain-Source Ig=—10mA, VN =08V | Vp=-75V 30 30 80 50 50 75 Q
“ON"" Resistance
IS(OFF) Source “OFF" Vg =10V, Vp = —10V, 1 100 5 100
Leakage Current vVee = 10V, VEE = —20V
Vg = 7.5V, Vp =75V 1 100 5 100
VIN = 2V
ID(OFF) Drain "OFF” Vp = 10V, Vg = ~10V, 1 100 5 100 A
Leakage Current Vee = 10V, VEE = —20V
Vp =75V, Vg=-75V 1 100 5 100
| +1 Ch L "ON"
DioN) *ision anne ViN = 0.8V VD= Vg=-75V - | 200 -10 | —200
Leakage Current
liNL input Current, tnput ViN=0 2560 [ -250 | -260 | -250 | -250 | —250
Voltage Low
A
IINH input Current, input VIN = BV 10 20 10 20
Voltage High
tON Turn “"ON" Time 150 180
See Switching Time Test Circuit ns
10FF Turn “"OFF"” Time 130 150
MAX LIMITS
TEST CONDITIONS, UNLESS NOTED:
PARAMETER AM182 AM282 UNITS
Vee = 15V, VEE = 15V, V| =5V, VR = 0 - . — -
. —56°C | 25°C | 125°C | -20°C | 25"C | 85°C
TDS(ON} Drain-Source fg=-10mA, VN =08V | Vp =--10V 75 75 100 100 100 150 Q
“ON'* Resistance
IS{OFF) Source “OFF"" Vg =10V, Vp = ~10V, 1 100 5 100
Leakage Current Ve = 10V, VEE = —20V
Vg =10V, Vp = -10V 1 100 5 100
o i VIN = 2V
ID(OFF) Drain “OFF Vo =10V, Vg = ~10V, 1 100 5 100
Leakage Current Vee = 10V, VEE = -20V nA
Vp =10V, Vg=-10V 1 100 5 100
ID(ON) * IS(ON) Channel "ON" VIN =08V Vp =Vg=-10V -2 ~200 -10 —200
Leakage Current
INL {nput Current, Input VIN=C -250 | -250 | —250 | —250 -250 -250
Voltage Low
HA
fINH Input Current, Input Vin = BV 10 20 10 20
Voltage High
tON Turn “ON” Time 250 300
See Switching Time Test Circuit ns
tOFF Turn “OFF" Time 130 150
MAX LIMITS
TEST CONDITIONS, UNLESS NOTED:
PARAMETER v 15v. v 5 _— 0 AM181, AM182 AM281, AM282 UNITS
=15V, SISV, VL =BV, VR = > s 5 3 S y
cc EE t R ss'c |25°c [ 125°c |-a0°c [25°c [ so°c
CS(OFF) Source *“OFF " Capacitance Vg=-5V,Ip=0 9 Typical, (Note 1)
CD(OFF} Drain "OFF"" Capacitance f=1MHz Vp=-5V,Ig=0 6 Typical, (Note 1} pF
Cp(ON) + Cs{ON}  Channel "ON" Capacitance Vp=Vs=0 14 Typical, (Note 1)
"OFF" Isolation RL=7568 >> 60 dB at 10 MHz Typicat, {Note 1}
Icc Positive Supply Current 0.1 01
IEE Negative Suppty Current 5 -5
Both VN = 0, All Channels “ON"’
L Logic Supply Current 45 45
IR Reference Supply Current -2 -2
mA
icc Positive Supply Current 01 0.1
IEE Negative Supply Current -5 -5
Both Vi = 5V, All Channels "OFF "
L Logic Supply Current a5 45
IR Reference Supply Current -2 -2

Note 1: Typical values are for Design Aid onfy, not guaranteed and not subject to production testing.
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AM181, AM182, AM184, AM185, AM187, AM188, AM190, AM191 Series

Electrical Characteristics AM184/AM284, AM185/AM285

dc parameters are 100% tested at 25°C; ac parameters, high and low temperatures, and tON, tQFF are sampled to
conformance with specifications.

ensure

MAX LIMITS
TEST CONDITIONS, UNLESS NOTED:
PARAMETER Vee = 15V Vep = 15V, Vi =5V Ve =0 AM184 AM284 UNITS
cc +VEE PYETYUR s5°c [ 28°c | 125°c| 20°c [ 25°c [ ssc
'DS(ON) Drain-Source Ig= 10 mA, VN =2V [Vp - —7.5V 30 30 60 50 50 75 Q
ON Resistance
IS{OFF} Source OFF Vg =10V, Vp = -10V, 1 100 5 100
Leakage Current Ve = 10V, VEE = 20V
Vg =75V, Vp= 7.5V 1 100 5 100
ViN = 0.8V
ID{OFF) Drain OFF Vp =10V, Vg = 10V, 1 100 5 100 nA
Leakage Current Ve = 10V, Vg = -20V
Vp = 7.5V, Vg =-7.5V 1 100 5 100
IDION) * IS(ON)  Channel ON VIN =2V Vp=Vg= 7.5V -2 200 =10 —200
Leakage Current
IINL Input Current, Input VIN= O -250 | -250 250 250 -250 250
Voltage Low
HA
JINH tnput Current, Input VIN =5V 10 20 10 20
Voltage High
tON Turn ON Time 150 180
See Switching Time Test Gircuit ns
1OFF Turn OFF Time 130 150
MAX LIMITS
TEST CONDITIONS, UNLESS NOTED:
PARAMETER v S5V v <15V V[ =5V Vr =0 AM185 AM?285 UNITS
cc +VEE FYLTEV YR §5°C | 25¢C | 125¢C| 20C ] 25¢C ] 85¢C
rDS{ON) Drain-Source Ig=-10V, VIN =2V |Vp --10V 75 75 150 100 100 150 §2
ON Resistance
IS(OFF) Source OFF Vs =10V, Vp - ~10V, 1 100 5 100
{_eakage Current Ve = 10V, Veg = 20V
Vg =10V, Vp =~ - 10V 1 100 5 100
VIN - 0.8V
ID(OFF) Drain OFF Vp = 10V, Vg = - 10V, 1 100 5 00| A
Leakage Current Veoe - 10V, VEg = 20V
Vp © 10V, Vg = 10V 1 100 5 100
ID(ON) * Is{on)  Channel ON VIN =2V Vp - Vg= 10V 2 200 10 200
Leakage Current
hiNL Input Current, input VinN=0 250 [ --250 250 250 250 | 250
Voltage Low
LA
VINH Input Current, Input VIN 5BV 10 20 10 20
Voltage High
taN Turn ON Time 250 300
See Switching Time Test Circuit ns
tOFF Turn OFF Time 130 150
MAX LIMITS
TEST CONDITIONS, UNLESS NOTED:
PARAMETER AM184, AM185 I AM284, AM285 UNITS
Vee = 18V, VEg = -15V, VL =5V, VR = 0 > T T T =
s5°Cc | 25°c [ 125¢c| 20c[25¢ ] 85°C
CS(OFF) Source OFF Capacitance Vg= 5V, Ip-0 9 Typical, (Note 1}
Cp(OFF) Drain OFF Capacitance =1 MH? Vp=-5bV,lg 0O & Typical, (Note 1) pF
Cp(ON) * C5(ON) Channel ON Capacitance Vp=Vg-0 14 Typical, {Note 1)
“OFF" lIsolation R =750 260 dB at 10 MH7 Typical, (Note 1}
Ice Positive Supply Current 0.1 0.1
lge Negative Supply Current 4 -4
e Logic Supply Current Both VN = 5V, Alf Channels “ON"' 4.5 45
IR Reference Supply 2 -2
C
urrent mA
Icc Positive Supply Current 0.1 0.1
Igg Negative Supply Current 5.5 55
IL Logic Supply Current Both VN - 0, All Channels "OFF” 4.5 4.5
IR Reference Supply 2 -2
Current

Note 1: Typical values are for Design Aid only, not guaranteed and not subject to production testing.
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Electrical Characteristics AM187/AM287, AM188/AM288

dc parameters are 100% tested at 25°C; ac parameters, high and low temperatures, and tON., tOFF are sampled to ensure

conformance with specifications.

MAX LIMITS
TEST CONDITIONS, UNLESS NOTED:
PARAMETER AM187 AM287 UNITS
Vee =15V, VEg = 15V, V| =5V, VR =0 ~ " > S
55°C | 25°C | 125°C| -20°C | 25%¢ | 85°C
'DSION) Drain-Source I5=—10mA, VN = 2V, Ch. 1 "ON", | Vp = —7.5V 30 30 60 50 50 75 Q
“ON" Resistance ViN = 0.8V, Ch. 2 "ON""
IS{OFF) Source “OFF " Vg = 10V, Vp = —10V 1 100 5 100
Leakage Current Veo = 10V, VEE = 20V
=2V, Ch. 2 “OFF"
Vin=2v.C Vs~ 75V, Vp - 75V 1 100 5 100
VN =08V, Ch. 1 “OFF
ID(OFF) Drain "OFF” Vp =10V, Vg= 10V 1 100 5 100 A
n
Leakage Current Vee = 10V, VEE = —20V
VD - 7.5V, Vg - 7.5V 1 100 5 100
ID(ON} + IS{ON)  Channet “ON" ViN - 2V, Ch. 1 “ON’ Vp - Vg = 7.5V -2 -200 10 200
Leakage Current VN = 0.8V, Ch 2 "ON"
NG Input Current, Input VN~ O 250 | 250 | 250 | 250 | -250 | 250
Voltage Low
HA
INK Input Current, Input VN =5V 10 20 10 20
Voltage High
N Turn “ON Time 150 180
See Switching Time Tes: Circuit ns
tOFF Turn “OFF” Time 130 150
MAX LIMITS
TEST CONDITIONS, UNLESS NOTED:
PARAMETER AM188 AM288 UNITS
Vee = 15V, VEE = 15V, V[ =5V, VR=0 - - —
-56 C | 26°C | 125°c| 20°Cc | 25°C | 85°C
TDSION} Dvain Source ts = 10 mA, VN = 0.8V, Cn 2 Vp =10V 75 76 150 100 | 100 | 150 Q
“ON’" Resistance “ON. V)N = 2V, Ch. 1 “ON"
IS(OFF) Source “OFF " Vg - 10V, Vp - =10V 1 100 5 100
Leakage Current vee = 10V, VEE - —20V
Vin - 0.8V, Ch 1 “OFF Vg - 10V, Vp - 10V 3 100 5 100
ID{OFF) Drain "OFF" ViN =2V, Ch. 2 "OFF" Vp = 10V, Vg~ 10V 1 100 5 100 a
Leakage Current Ve = 10V, VEE = 20V "
Vp - 10V, Vg - 10V 1 100 5 100
ID(ON] + 1${ON}  Channet “ON" Vin © 2V, Ch 1 "ON” Vp - Vg=-10V -2 -200 10 200
Leakage Current VN~ 0.8V, Ch, 2 “ON”
HNL Input Current, Inpur VN 0 250 | -250 | -250 | -250 | 250 | 250
Voltage Low
uA
1INH Input Current, Input VN = BY 10 20 10 20
Voltage High
t1ON Tura “ON“ Time 250 300
See Switching Time Test Cireui ns
1OFF Tura “OFF" Time 130 150
MAX LIMITS
TEST CONDITIONS, UNLESS NOTED:
PARAMETER AM187, AM188 [ AM287, AM288 UNITS
Vee = 15V, VEE= 16V, VL =5V, VR=0 - -
55¢C [25¢C [125¢| 20°C [25°C [ 85°C
CS(OFF) Source "OFF" Capacitance Vs BV, Ip -0 9 Typical, (Note 1)
Cp{OFF) Drain “OFF” Capacitance -1 MHz Vp bV, Is—0 6 Typical, (Note 1) pF
Cp{ON) * CS(ON)  Channel “ON” Capacitance Vp=vg=0a 14 Typical, {Note 1)
“OFF" Isolation Ry - 7502 > 60 dB at 10 MHz Typical, (Note 1}
Icc Positive Supply Current 0.1 o1
IeE Negative Supply Current -3 3
VN =0,Ch 2 “ON" Ch 1 “QFF”
I Logic Supply Current 32 3.2
IR Reference Supply Current -2 2
mA
Icc Positive Supply Current 0.1 0.1
IEE Negative Supply Current -3 3
VIN - 5V, Ch. 2 "OFF", Ch. 1 “ON"
R Logic Supply Current 32 32
R Reterence Supply Current -2 2

Note 1: Typical values are for Design Aid on/y, not guaranteed and not subject to production testing.

S L6LAV ‘0O6LNV ‘S8LNV ‘L8LAYV ‘S8LNV ‘P8LINV ‘C8LINV ‘I8LINY

salle




AM181, AM182, AM184, AM185, AM187, AM188, AM190, AM191 Series

Electrical Characteristics AM190/AM290, AM191/AM291

dc parameters are 100% tested at 25°C; ac parameters, high and low temperatures, and tON. tOFF are sampled to ensure
conformance with specifications.

TEST CONDITIONS, UNLESS NOTED: MAX LINITS
PARAMETER 15V, VEE < 71’5\/ V| =5V v A 0 AM190 AM290 UNITS
vee = 15V, VEE PYLTEV.VRE 55°C| 25°C | 125°C| -20°C] 25°C| 85°C
TDS(ON} Drain-Source Ig=—10mA,V|y=2V,Ch. Tand 2 Vp=-7.5v 30 30 60 50 50 75 93
ON Resistance “ON", V(N =0.8V,Ch.3and 4 "ON"
1S(OFF) Source OFF Vg =10V, vp =-10V, 1 100 5 100
Leakage Current Ve = 10V, VEE = —20V
VN =2V, Ch. 3and 4 “OFF" Vg =75V, Vp = 7.5V 1 100 5 100
ID(OFF) Drain OFF VIN = 0.8V, Ch. 1 and 2 “OFF" Vp =10V, Vg = —10V, 1 100 5 100 nA
Leakage Current Vee = 10V, Vgg = —20V
Vp = 7.5V, Vg =-7.5V 1 100 5 100
ID(ON) *+ Is{ON)  Channel ON VIN =2V, Ch. tand 2 “ON" Vp=Vg=-76V 2 200 -10 | -200
Leakage Current VIN =0.8V,Ch.3and 4 “ON""
lINL Input Current, Input ViN=0 250 250 250 250 | -250 | -250
Vottage Low
HA
TINH Input Current, Input VIN =5V 10 20 10 20
Voltage High
tON Turn ON Time 150 180
See Switching Time Test Circuit ns
tOFF Turn OFF Time 130 150
TEST CONDITIONS, UNLESS NOTED: MAX LIMITS
PARAMETER Vee - 15Y. Vee ~- 15V, V1 = 6Y. Vo 0 AM191 AM291 UNITS
cem BT vEE LTV VR 55°c| 25°C | 125°C] _20°C] 25¢] 85¢C
"DS(ON) Drain-Source Is= 10mA, V| =0.8V,Ch.3and Vp=-10V 75 75 150 100 100 150 Q
ON Resistance 4"0ON"” V|N=2V,Ch.1and 2 "ON"
IS(OFF) Source OFF Vs =10V, Vp = -10V, 1 100 5 100
Leakage Current vee = 10V, VEg = 20V
VIN=—0.8V,Ch.1and 2 “"OFF" Vs - 10V, Vp =10V ! 100 5 100
ID(OFF) Orain OFF VIN=2V,Ch3and4 “OFF” Vp =10V, Vg = 10V, 1 100 5 00| A
Leakage Current Vg = 10V, VEE = 20V
Vp = 1oV, Vg = -10V 1 100 5 100
ID{ON) * IS{ON)  Channel ON VIN =0.8V, Ch.3and 4 “ON" Vp = Vg = —10V -2 200 -10 | 200
Leakage Current VIN =2V, Ch. 1and 2 “ON"
TINL Input Current, fnput VIN=0 250 | —250 | 250 | -250 | -250 | —250
Voltage Low
uA
TINH Input Current, Input VIN = 8V 10 20 10 20
Voltage High
ON Turn ON Time 250 300
See Switching Time Test Circuit ns
1OFF Turn OFF Time 130 150
TEST CONDITIONS, UNLESS NOTED: MAX LIMITS
PARAMETER . ) AM190, AM191 ] Am290, AM291 UNITS
Vee = 18V, VEg = ~15V, V[ =5V, VR =0 3 - = S 5 =
55°C | 25¢ [ 125°¢| 20°c [ 25°C [ 8s5°C
Cs{OFF) Source OFF Capacitance Vg=-5V,Ip=0 9 Typical, (Note 1)
CD(OFF) Drain OFF Capacitance f=1MHz Vp=5V,Ig=0 6 Typical, {Note 1) pF
Cp(ON) + Cs{ON)  Channel ON Capacitance Vp=Vs=0 14 Typical, (Note 1)
“OFF* Isolation Ry =750 > 60 dB at 10 MHz Typical, {Note 1)
lce Positive Supply Current (] 0.1
Igg Negative Supply Current -5 5
I Logic Supply Current VIN = 0, Ch. 3and 4 "ON”, Ch. 1 and 2 “OFF" a5 45
IR Reference Supply -2 2
Current
mA
icc Positive Supply Current 0.1 01
IEE Negative Supply Current -5 -5
Iy Logic Supply Current VIN =5V, Ch 3and 4 “OFF"”, Ch. tand 2 "ON" 45 4.5
IR Reference Supply -2 -2
Current

Note 1: Typical values are for Design Aid on/y, not guaranteed and not subject to production testing.




Typical Performance Characteristics Vee = 15V, VEE = —15V, Vi =5V, VR = 0 unless otherwise noted.

Typical delay, rise, fall, settling
times, and switching transients in
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AM181, AM182, AM184, AM185, AM187, AM188, AM190, AM191 Series

Switching Time Test Circuit

Switch output waveform shown for Vg = constant with

logic input waveform as shown. Note that Vg may be +

or — as per switching time test circuit. V is the steady
vy Vee

i P

s1 1 Vo
SWITCH ol a SWITCH
INPUT | OUTPUT
N1 AL oy
300 /_l_\ 30 pF
LOGIC = =
INPUT

S,

15\/& tON, Vg = 3V

state output with switch “ON’. Feedthrough via gate
capacitance may result in spikes at leading and trailing
edge of output waveform.

LoGIc  3v
INPUT \ /
4 10 s 1.5V
%o 10as 0 -— -
SWITCH L o
eyt VST
cavy

SWITCH | AR
outeur ° | ‘

— ton = = FF =

Logic 0" = SW. "ON"’

1 w vie 'OFF.Vg= -3V
= R
Vo = Vs L
RL *rps(ON)

(Repeat test for IN2 and $2)

Typical Applications

Low Drift-Compensated Sample and Hold

R2
5k
AN T
1500 oF
/1 AM181
5k
S1 D1
EIN O—~—AAN | A e
R3 |
foyT
AA—E \’)/lA 1 = =0 o)
\
= | : FET INPUT
| —Lcs I @ AMPLIFIER
|

LOGIC

Input impedance 5 k§2

—_r-’[- 200 pf -I 1500 pF

Slew rate limiting and 3 dB point: 20V swing: 3.2K C; 5V swing: 12K C; smal! signal: 21K C

L]
L]
® Droop rate @ 25°C 0.5 nV per us

® Sample to hold offset adjustable to zero
® Acquisition time—98 us

® Aperture time—80 ns

® Aperture uncertainty—2 ns

Video Switch with Vi
(f =dc
TV CAMERA 1

ery High “OFF"’ Isolation
to 10 MHz}

AM187
75 Vin1

gt |y,
A

)

ouTePuT

x||—o—ovyy—<

7,

TV CAMERA 2

CAMERA 1 SELECT

75 Vina AM187

@—— CAMERA 2 SELECT

)

o|}—4>—'vyv—<>

g

® 116 dB isolation at 10 MHz, ““OFF'’ camera to "ON’’ camera
* 98 dB isolation at 10 MHz, load from each camera when both cameras are “OFF"

e < 1dB on insertion loss
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Typical Applications (continued)

A 16-Channe! Data Acquisition Unit with Second Level Multiplexing

r 5y 3
| { |
18V 15V | |
i st E‘ |—-< sv

13 JT |4| I I AZ A1 AD — I
4 . L l IVS 16 'MT'I]T‘ZT” K 14]a |1 ]

ol o - ‘ 5 3
s £D45208C a ‘z tLK l
O——0 s 3 I (DUAL SYNCHRONOUS MM]7/AE7A l

0&_/ 6 UP COUNTER) g R
T =1 | 515l4l331 7 |
o—0c I LYY = = I

1
g _o/
o 18y v sy |
LF13508 j T T M
S (I I
J)z 1 ‘ngs

EN A | I

0 A1 A2 .L._o/l/c 2
|
1
!

EN AD Al A2 L - ’I o—
AMI8Z ——— ——— e — — }—
?z Tl ?15?15 I R r oK
4 = é $ I ;9 2
o——/ 16 Qe
S - s sz | 5v O—ri
O 6 e 0M2502
0 2 I 3
o= | L
1t L£356 § 4 LSB - e
Oor—19
OF_O/ | MSBCE B-BIT WORD
o——0~ 3
] g p I ~ 12-5
LF13508 I 5k gy
I 3 " LHOD70
— l 5k {M13008
= = 15
15V -15v l - w—
I = 13 3
T R TP
® Maximum A/D ctock frequency: 4.5 MHz
® Maximum throughput rate: 31.25k samples/sec
®  Minimum switch "ON" time for the 2-channel MUX: toN(min} < 1/4.5 MHz
® Maximum input signal bandwidth 15.6 kHz f
® Maximum input signal variation during conversion for 8-bit accuracy and 10V full scale: AV /AT =19.5 mV/us

Timing Diagram

S I6LNV ‘O6LANYV ‘88LNV ‘Z8LAV ‘SSLINV ‘P8LNY ‘C8LNV ‘I8LAY
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AM2009/AM2009C, MM4504/MM5504

AM2009/AM2009C, MM4504/MM5504
6-Channel MOS Multiplex Switches

General Description

The AM2009/AM2009C/MM4504/MME504 are six The AM2009/AM2009C/MM4504/MM5504 are de-
channel multiplex switches constructed on a single signed for applications such as time division multi-
silicon chip using low threshold P-channel MOS plexing of analog or digital signals. Switching
process. The gate of each MOS device is protected speeds are primarly determined by conditions
by a diode circuit. external to the device such as signa! source imped-

ance, capacitive loading and the total number of
channels used in parallel.

Features
® Typical low "on” resistance 15082 The AM2009/MM4504 are specified for operation
® Typical low "off” leakage 100 pA over the -55°C to +125°C military temperature
® Typical large analog voltage range 10V range. The AM2009C/MM5504 are specified for
® Zero inherent offset voltage operation over the -25°C to +85°C temperature
® Normally off with zero gate voltage range.

Schematic Diagrams

a

¢ 'OBULK
o N . .
-t X 7Y 7Y 7Y 7'y
— Pin numbers in
ol parenthesis apply
0_—_] for the MMA504/
pas MMS5504 anly.
B
"o 1 L
-_ p——+—C SOURCE
n f
04
1l
05 O™
1lly
s
06 O .l_._._
4 ; b ‘ b !a
o at Pt ot G 5
Order Number Order Number
AM2009F or AM2009CF AM2009D or AM2009CD
MM4504F or MM5540F MM4504D or MM5504D
See Package 23 See Package 14

Typical Applications

INPUT T
CHANNELS MMA504/MNE504

ANALDG INPUTS |

i 1eseacanse |5 | i
2 ! ]
' '
3
T AM2002:aM2009C ANALDG INPUT 5
INPUTS 5 OM7800 MMAS0/MMS504 = o iirpur eHannELs 22232 wmasodmmssta I l } l l

AMZ009/AM2009C | ANALOG
MMA508/MM5504 QUTPUT

[ —) e
5 0M7800 ADDRESS SELECT ADDRESS SELECT
1-6 72

TTL Compatible 6 Channel MUX 32 Channel MUX




Absolute Maximum Ratings vgy .« =0v)
Voltage on Any Source or Drain ~-30V Total Power Dissipation (at T, = 25°C} 900 mwW
Voltage on Any Gate -35v Power Dissipation — each gate circuit 150 mwW
Positive Voltage on Any Pin +0.3v Operating Temperature Range AM2009 -65°C to +125°C
Source or Drain Current 50 mA AM2009C -25°C to +85°C
Gate Current (forward direction of zener clamp} 0.1 mA Storage Temperature Range -65°C to +150°C
Lead Temperature {Soldering, 10 sec) 300°C
Electrical Characteristics (note 1)
LIMITS
PARAMETER CONDITIONS UNITS
MIN TYP MAX
Threshoid Voltage Vg = Vps. lps = -1 UA -10 -30 A
DC ON Resistance Vgs = -20V. ipg = -100 uA,
Ta=25C 150 250 @
DC ON Resistance Vg - -10V. Vg = =20V,
lgs = -100 A, T4 = 25°C 500 1250 9]
DC ON Resistance Vgs = -20V, Ipg = -100 A 325 Q
DC ON Resistance Vgs 7 -10V, Vg = =20V,
lps = —100 pA 1500 o3
Gate Leakage Vgs -20V. Note 2 1.0 LA
Vgg = 20V, Note 2, T, 25°C 100 pA
Input Leakage Vs - -20V, Note 2 1.0 KA
Vpg = -20V. Note 2, T, = 25°C 100 pA
Output Leakage Vgp * -20V. Note 2 3.0 MA
Vp = 20V, Note 2, T, = 25 C 500 pA
Gate-Butk Breakdown fse  -10 uA, Note 2 -35 A
Voltage
Source Drain Breakdown Isp ~10uA Vgp =0,
Voltage Note 2 -30 \%
Orain-Source 8reakdown Ips 7 =10 WA, Vs < 0,
Voltage Note 2 -30 v
Transconductance 4000 mhaos
Gate Capacitance Note 3, f = 1 MHz 4.7 8 pF
Input Capacitance Note 3,f - 1 MH, 4.6 8 pF
Output Capacitance Note 3, f - 1 MHz 16 20 pF

Note 1: Ratings apply over the specified temperature range and Vg K = 0, unless otherwise specified.

Note 2: Al other pins grounded.

Note 3: Capacitance measured on dual-in-line package between pin under measurement to all other pins. Capacitances are

guaranteed by design.

Typical Performance Characteristics

“ON’ Resistance vs Gate-to-
Source Voltage
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300
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500 T T

]
ano | z
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=
~ 300 e F
z &
z Vgs = -10V; Vg = +20V 2
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<
H
=
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TEMPERATURE { C}

input Leakage Current vs
Temperature
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AM3705/AM3705C

AM3705/AM3705C 8-Channel MOS Analog Multiplexer

General Description

The AM3705/AM3705C is an eight-channel MOS
analog multiplex switch. TTL compatible logic
inputs that require no level shifting or input
pull-up resistors and operation over a wide range
of supply voltages is obtained by constructing the
device with low threshold P-channel enhancement
MOS technology. To simplify external logic re-
quirements, a one-of-eight decoder and an output
enable are included in the device.

{mportant design features include:

TTL/DTL compatible input logic levels
Operation from standard +5V and - 15V supplies
Wide analog voltage range — £5V

One-of-eight decoder on chip

Output enable control

® Low ON resistance — 15082
® |nput gate protection
% Low leakage currents — 0.5 nA

The AM3705/AM3705C is designed as a low cost
analog multiplex switch to fulfill a wide variety of
data acquisition and data distribution applications
including cross-point switching, MUX front ends
for A/D converters, process controllers, automatic
test gear, programmable power supplies and other
military or industrial instrumentation applications.

The AM3705 is specified for operation over the
-55°C to +125°C military temperature range. The
AM3705C is specified for operation over the ~25°C
to +85°C temperature range.

Schematic and Connection Diagrams
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TOF VIEW

Order Number

Kty

e e

Block Diagram (miL-sTD-8068)

DATA NPUT

CHANNEL NDS

DATA DUTPUL

T1TTTTI

ONE QUT OF E1GHT DECODER

RN

2 I b QUTPUT
ENABLE
*Bath Vg lines are internally
connected: either one or
both may be used.

1
p— [

—Var

LOGIC NPT

T,_T ! AM3705D or AM3705CD
= < See Package 15

AM3705F or AM3705CF

See Package 24

Truth Table

LOGIC INPUTS CHANNEL
2 7 b OF ON
L L L M 5
il b L H R
L H L H 5y
H H L n Sa
L s H H EN
H L H H S
L H H H s,
H H H H Sy
X X x L OFF

Typical Application

Buffered 8-Channel Multiplex, Sample and Hold

e

el o

sty Analog Signal Range - 0.5V
o Acquisition Time — 25 ns
bhs =t v o Drift Rate — 0.5 mV/sec
v = Aperature Time - 250 ns




. >
Absolute Maximum Ratings =
Positive Voltage on Any Pin (Note 1} +0.3v N
Negative Voltage on Any Pin (Note 1) -35v O
Source to Drain Current +30 mA 01
Logic Input Current *0.1 mA ~
Power Dissipation {Note 2) 500 mW >
Operating Temperature Range AM3705 -55"C 10 +125°C g

AM3705C -25"Cto+85°C
Storage Temperature Range -65°C 10 +160°C w
Lead Temperature (Soldering, 10 sec} 300°C N
Electrical Characteristics (note 3)
LIMITS
P METER YMBOL CONDITIONS |
ARAMET S o] WIN TYP MAX UNITS
ON Resistance Ron Vin = Vsg! lour = 100 4A 80 250 2
ON Resistance Ron Vi - =BV gyt < —100 wA 160 400 Q1
ON Resistance Ron -bV:lgyt = -100 uA
AM3705 A2 125 C 400 Q
AM3705C T. -70C 400 Q
ON Resistance Ron Vo 7 =5V Vo = -158V;
lsur 100 wA 100 @
ON Resistance Ron Vo 70V, Vg 15V,
I =100 uA 150 Q
ON Resistance Ron Vi -5V, Vgp =15V
loor 100 A 250 Q
OFF Resistance Rorr 1010 0
Output Leakage Current () 2 - VouT = 15V 0.5 10 nA
AM3705 o “Vour 15V T, 125 C 150 500 nA
AM3705C o Vaur =15V, To 70 C 35 500 nA
Data Input Leakage Current lio 15V 0.1 3.0 nA
AM3705 I o 15V, Ta =125 C 25 500 nA
AM3705C Lo <15V, T, -+ 70°C 05 500 nA
Logic Input Leakage Current b = Viogicin = 18V 001 1 HA
AM3705 I VLogic 1o = 18V, Ta =126 C 05 10 uA
AM3705C L Vs = Viogeim = 18V T4 - 70°C 05 10 wA
Logic [nput LOW Level Vie Vgg = +5.0V 0.5 1.0 \Y
Logic Input LOW Level Vi Voo Vgs - 4.0 A
Logic Input HIGH Level Vig Vgs = -5.0V 3.0 3.5 A
Logic Input HIGH Leve! Viy Vgg - 2.0 Vgs + 0.3 v
Channel Switching Time-Positive ! | Swartching Time 300 ns
Channel Switching Time-Negative . ‘ Test Circunt 600 ns
Channel Separation f=1kHz 62 dB
Gutput Capacitance (o Vss - Vour=0;f=1MHz 35 pF
Data Input Capacitance Cq Vgs = Vpip ~ 0, f = 1 MHz 6.0 pF
Logic Input Capacitance Ceq Vss = Viogic 1n = 0:f = 1 MHz 6.0 pF
Power Dissipation Po Vpp = =31V, Vg5 = 0V 125 175 mw
Note 1: All voltages referenced to Vgg.
Note 2: Ratings applies for ambient temperatures to +25°C, derate linearly at 3 mW/°C for ambient temperatures above +25°C.
Note 3: Specifications apply for Ta = 25°C, 24V < Vpp < 20V, and +5.0V < Vgg < +7.0V; unless otherwise specified
{all voltages are referenced to ground).
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AM3705/AM3705C

Typical Performance Characteristics

OUTPUT LEAKAGE CURRENT {pA)

Typical

300

ON Resistance vs Analog
input Volitage

ON Resistance vs
Ambient Temperature

ON Resistance vs Vpp
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Output Leakage Current vs
Ambient Temperature
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Applications (continued)

Differential input MUX
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AM9709, AM97C09, AH5009 Series

Monolithic Analog Current Switches
General Description

A versatile family of monolithic JFET analog switches
designed to economically fulfill a wide variety of multi-
plexing and analog switching applications.

Active filters
Signal multiplexers/demultiplexers
Multiple channel AGC

Even numbered switches may be driven directly from Quad compressors/expanders

-

| ]

O

[]
standard 5V logic, whereas the odd numbered switches ® Choppers/demodulators
are intended for applications utilizing 10V or 15V logic. ® Programmable gain amplifiers
The monolithic construction guarantees tight resistance -
match and track. -

High impedance voltage buffer
Sample and hold

The AM97CO09 series is specifically intended to be driven Features
from CMOS providing the best performance at lowest

S 600SHV ‘600.6WV ‘60L6WNYV

cost. ® Interfaces with standard TTL and CMQOS

. . ® On-resistance match 2 ohms
Applications ® Low "ON”" resistance 100 ohms ()]
8 AD/DA converters ® Very low leakage 50 pA =
® Micropower converters ® Large analog signal range £10V peak o®
® Industrial controllers ® High switching speed 150 ns o
m Position controllers m Excellent isolation between 80 dB
® Data acquisition channels at 1 kHz

Connection Diagrams

Dual-in-Line Package Duai-tn-Line Package

4 Y oL 4 Uk
- i - i
= 2z 2 K3
psd b 2 LN
= jie = 12
ma I i L
- L i LN
8 [
= L
TOP VIEW
TOP VIEW
Order Number AM9709CN, AM3710CN, AM97C0O9CN, Order Number AM9711CN, AM9712CN, AM97C09CN,
AM97C10CN, AHS5009CN, AH5010CN, AH5013CN AMS7C10CN, AH5011CN, AH5012CN, AH5015CN
or AH5014CN or AHG5016CN
See Package 21 See Package 22
Functional and Schematic Diagrams (additional type on other pages)
MUX Switches SPST Switches MUX Switches SPST Switches
(4-Channel Version Shown) (Quad Version Shown) {4-Channel Version Shown) {Quad Version Shown)

COMPENSATING FET

ZO—C/:L——T—O” Jo—o/:A—cv 2 O—4 : H > vs 4 10— 1
10=m==d 20~——4 A 5 '_I_Yﬂ—o A
so—o/:_—x\o——od 60—(%_()3 I+ 1* 0
70-md
no—o/:~—<
8o-——H

Lin |

1 H
50—y ]
! 3 h 4
100w e — 4 —o 1t .
* o s* o
13 o—c/;‘—' 14 o—c/;A—-om : 7 1
14 o— Boe——d 90— 10— g
h 4 Yy
10* o— 12% 0
3 10
13 O—4 14 O—4 1§
- ; : y y
Note: All diode cathodes are internally connected
to the substrate. 12* o 1% o
15

1
COMMON DRAINS UNCOMMITTED DRAINS
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AM9709, AM97C09, AH5009 Series

Absolute Maximum Ratings

Input Voltage
AM9709-12CN, AH5009-24CN
AM97C09-12CN
Positive Analog Signal Voltage
Negative Analog Signal Voltage
Diode Current
Drain Current
Power Dissipation
Operating Temperature Range
Storage Temperature Range

30V
25V

30V

-15V

10 mA

30 mA

500 mw

-25°C to +85°C
65°C to +1650°C

Lead Temperature (Soldering, 10 seconds) 300°C
Electrical Characteristics
AM9709, AM97C09, AH5009 (Notes 1 and 2)
5V TTL 5V TTL 5V—10vV CMOS
PARAMETER CONDITIONS AM9710CN AH5010-16 AM97C10CN UNITS
AM9712CN (EVEN SERIES) AMI712CN
TYP MAX TYP MAX TYP MAX
lgsx input Current "OFF" Vgp - 11V, Vgp = 0.7V 0.01 2 0.01 0.2 nA
T, =85C 100 10 nA
lssx fnput Current “OF F* Vep = 15V, Vgp < 0.7V 0.01 2 nA
T, -85C 100 nA
loioFF) Leakage Current "OFF" Vgp = 0.7V, Vgg = 3.8V 0.01 0.2 0.01 0.2 nA
T, =85"C 10 10 nA
Yoi0FF) Leakage Current "OFF”" Vap = 0.7V, Vg = 4.3V 0.01 2 nA
T, =85C 100 nA
lcion) Leakage Current “ON" Vip * OV, Ig =1 mA 0.08 1 0.08 1 0.08 1 nA
Ta =85°C 200 200 200 nA
laont Leakage Current “ON" Vop =0V, Ig =2mA 0.13 5 1000 0.13 5 nA
Th =85°C 10 10 10 LA
laion) Leakage Current “ON"" Vip =0V, Iy 2 mA 0.1 10 100 0.10 10 nA
TA=85C 20 100 20 HA
IOS(ON] Drain-Source Resistance Vs = 0.25V, g = 2 mA 90 150 90 150 £
Ta=+85"C 240 240 Q
IDS(ON) Drain-Source Resistance Vs =0V, 1y = 2mA 90 150 Q
Tp=85C 240 Q
Voioot Forward Diode Drop by 0.5 mA 0.8 0.8 v
rosony  Mateh Vs = 0,15 = 1 mA a 20 50 4 20 Q
Ton Turn "ON"" Time See ac Test Circuit 150 500 150 500 150 500 ns
Torr Turn “OFF” Time See ac Test Circuit 300 500 300 500 300 500 ns
CcT Cross Talk See ac Test Circuit 120 120 120 dB
Note 1: Test conditions 25°C unless otherwise noted.
Note 2: "OFF" and "ON’’ notation refers to the conduction state of the FET switch.

5-32




Electrical Characteristics (continued)

15V TTL 18V TTL 10—-15V CMOS
AMI709CN AH5009-15 AM97CO9CN
PARAMETER CONDITIONS AM9711CN {ODD SERIES) AMS7C11CN UNITS
TYP MAX TYP MAX TYP MAX
lgsx Input Current “OFF"" Vgp = 11V, Vgp = 0.7V 0.01 2 0.01 0.2 nA
Ta =85C 100 10 nA
losx Input Current “OFF Vap = 15V, Vgp = 0.7V 0.01 2 nA
Th=85C 100 nA
IbioFF) teakage Current "OFF” Vgp = 0.7V, Vgg = 9.3V 0.01 2 nA
T, =85C 100 nA
loiors Leakage Current ""OFF”" Vgp = 0.7V, Vg = 103V 0.01 2 0.01 0.2 nA
Ta =85°C 10 10 nA
lcion: Leakage Current “ON"’ Vao =0V, Ig = T mA 0.04 0.5 0.04 0.5 0.04 0.5 nA
Ta. -85C 100 100 100 nA
leiont Leakage Current “ON" Vgp =0V, Ig=2mA 0.07 2 2 0.07 2 nA
Ta =85°C 1 2 1 uA
lcion Leakage Current "ON" Vgp =0V, Ig = —2mA 0.05 5 100 0.05 5 nA
Ta =85C 2 20 2 HA
IDSION] Drain-Source Resistance Vs =0V, Ig = 2mA 60 100 2
T, =85"C 160 Q
IDSION Drain-Source Resistance Vgs = 1.5V, Ig =2 mA 60 100 60 100 Q
Ta=85C 160 160 Q
Vioiope Forward Diode Drop Ip =0.5mA 0.8 0.8 A
rosion:  Match Vs =0, ip = 1mA 2 10 50 2 10 Q
Ton Turn “ON" Time See ac Test Circuit 150 500 150 500 150 500 ns
Toer Turn "OFF" Time See ac Test Circuit 300 500 300 500 300 500 ns
CcT Cross Talk See ac Test Circuit 120 120 120 dB

5-33

S 600SHY ‘600.6NV ‘60L6WV

S9l1d




AM9709, AM97C09, AH5009 Series

Schematic Diagrams and Pin Connections

AM97CO9CN (Rps(on) < 10082, 10—15V CMOS)
AM97C10CN (Rpg(oN) < 15012, 5—10V CMOS)
AMO709CN, AHS009CN (Rpg(on) < 10062, 15V TTL)
AMS8710CN, AHS010CN (Rpg(oN) < 15052, 5V TTL)

LE[

106 O——>\

12 O—4 14

14-Pin DIP

AHS013CN {Rps(oN) < 1002, 15V TTL)
AHB5014CN (Rpg(on) < 1502, 5V TTL)

;

p—O 1t

Four Channel

AMY7C11CN (Rps(oN) < 10092, 10-15V CMOS}
AM97C12CN (Rpg(on) < 15082, 5—10V CMOS)

—0

40——1

130

AM9711CN, AH5011CN (Rpg(on) < 10092, 15V TTL)
AMS712CN, AH5012CN (Rps(oN) < 1509, 5V TTL)

3 1

Three-Channel

15

16-Pin DIP

AHB5015CN (Rpg(oN) < 10082, 15V TTL)
AHB5016CN (Rpg(oN) < 1502, BV TTL)

10 O—4

14-Pin DIP

3 1

Test Circuits and Switching Time Waveforms

Cross Talk Test Circuit

O
+8V or +16V

4 0‘_1'_ H
6 8
5 O——9—— 7
1 9
i2 O——— 10
16-Pin DIP
ac Test Circuit
v +5Y o1 +15V
[ A 7Z 50% w/.S{
V=410V o i

10% Y-

tiorr

0.8v
Vous 90%
Va =410V
W —
=] tom ]
oy B ——
Vour
90
Va =10V
o o —
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Typical Performance Characteristics

Leakage Current, Ip(QFF})
vs Ternperature

Parameter Interaction

On Resistance, rpg(ON)
vs Temperature
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Applications Information

Theory of Operation

The AM/AH series of analog switches are primarily
intended for operation in current mode switch applica-
tions; i.e., the drains of the FET switch are held at or
near ground by operating irto the summing junction of
an operational amplifier. Limiting the drain voltage to
under a few hundred millivolts eliminates the need for a
special gate driver, allowing the switches to be drivan
directly by standard TTL {AM9710), 5V—-10vV CMQOS

Ves/Vosiosr: — NORMALIZED GATE-
TOSOUREE VOLTAGE (V)

(AMQ7C10), open collector 15V TTL (AM9709), and
10--15V CMOS (AM97C09}.

Two basic switch configurations are available: multiple
independent switches (N by SPST} and multiple pole
switches used for multiplexing (NPST-MUX). The MUX
versions such as the AM9709 offer common drains and
include a series FET operated at Vg = OV. The addi-
tional FET is placed in feedback path in order to
compensate for the "ON'' resistance of the switch FET
as shown in Figure 1.

S 600SHV ‘600.6NV ‘60L6WV
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AM9709, AM97C09, AH5009 Series

ANALOG v
INPUT

Applications Information (continued)

The closed-loop gain of Figure 1 is:

R2 + 1psono2
Avel —
R1 + rosionan
For R1 = R2, gain accuracy is determined by the
rpsiony Match between Q1 and Q2. Typical match
between Q1 and Q2 is 4 ohms resulting in a gain
accuracy of 0.05% (for R1 = R2 = 10 kf2).

Noise Immunity

The switches with the source diodes grounded exhibit
improved noise immunity for positive analog signals in
the "OFF" state. With V| = 15V and the V, = 10V,
the source of Q1 is clamped to about 0.7V by the diode
{(Vgs = 14.3V) ensuring that ac signals imposed on the
10V will not gate the FET “ON.”

Selection of Gain Setting Resistors

Since the AM/AH series of analog switches are operated
current mode, it is generally advisable to make the signal
current as large as possible. However, current through
the FET switch tends to forward bias the source to gate
junction and the signal shunting diode resulting in
leakage through these junctions. As shown in Figure 2,
lcion) represents a finite error in the current reaching
the summing junction of the op amp.

Secondly, the rpgony of the FET begins to "round” as
s approaches lpgg. A practical rule of thumb is to

maintain lg at less than 1/10 of lpgs.

Combining the criteria from the above discussion yields:

Vamax) Ao
Rl 2 ————— (2a)
lson)
or:
Vv
S VAMAX) (2b)
Ipgs/10
whichever is worse.
Where: Vamaxy = Peak amplitude of the analog
input signal
Ap = Desired accuracy
laiong = Leakage at a given lIg
Ibss = Saturation current of the FET
switch
= 20 mA

COMPENSATION
FET

SERIES

A1 ELEMENT

> R2
> 10k

FIGURE 1. Use of Compensation FET

Va
s AT o= 15 - Taion!

[} J—_ . _ —
Vo = OV r__o_

ANALOG
QuTPUT

In a typical application, V, might = 10V, Ap = 0.1%,
0°C < T, < 85°C. The criterion of equation (2b)
predicts:

R > 10V 5 k&2
1 > —— = §
(MIN) & 20 mA
10
For R1 = 5k, I = 10V/6k or 2 mA. The electrical

characteristics guarantee an lgony < THA at 85°C for
the AM9710. Per the criterion of equation (2a):

(1ovy)(10 %)
Rlping = TR0 > 10 kQ

Since equation (2a) predicts a higher value, the 10k
resistor should be used.

The “OFF" condition of the FET also affects gain
accuracy. As shown in Figure 3, the leakage across Q2,
IpioeF) represents a finite error in the current arriving
at the sumining junction of the op amp.

Accordingly:

R1 VA(NHI\J) AD
A= N I gor £y

Where: VA ming Minimum value for the analog

input signal

Ay = Desired accuracy

N = Number of channels

tbioFF) "“"OFF" leakage of a given FET
switch

As an example, if N = 10, Ay = 0.1%, and Ipgee
< 10 nA at 85°C for the AM9709, Rlpax; is:

(1V){10 3)

R1 < T ok
MAXE = (101010 x 1079

Selection of R2, of course, depends on the gain desired
and for unity gain R1 = R2.

Lastly, the foregoing discussion has ignored resistor
tolerances, input bias current and offset voltage of the
op amp-all of which should be considered in setting the
overall gain accuracy of the circuit.

“ANY 0P AMP

! l'mnm

pu

FIGURE 2. On Leakage Current, |G({QN}

R2




Applications Information (continued)
TTL Compatibility

Two input logic drive versions of AM/AH series are
available: the even numbered part types are specified to
be driven from standard 5V-TTL logic and the odd
numbered types from 15V open collector TTL.

Standard TTL gates pull-up to about 3.5V {no load).
In order to ensure turn-off of the even numbered switches
such as AM9710, a pull-up resistor, Rexy, of at least
10 k2 should be placed between the 5V V¢ and the
gate output as shown in Figure 4.

Likewise, the open-collector, high voltage TTL outputs
should use a pull-up resistor as shown in Figure 5 In

both cases, tioeg) is improved for lower values of Rgxt
and the expense of power dissipation in the [ow state.

CMOS Compatibility

The cost effective AM97C09 series of switches is
optimized for CMOS drive without resistor pull-up. The
AM97C10’s and AM97C12’s are specified for 5V—10V
operation while the AMS7C09s and AMS7C11’s are
specified for 10V —15V operation.

Definition of Terms

The terms referred to in the electrical characteristics
tables are as defined in Figure 6.

Va
lox = 1o 1s + loorrs
Vo w1 — N i,
A 4 “ANY OP AMP"
Vin
At T e g
az 3
“OFF"
¥y
Vin = 5V

FIGURE 3.

ANALOG
INPUT (V4}

ANALOG
DUTPUT

ANY OP AMP’

FIGURE 4. Interfacing with +5V TTL

+5V DR +15V

V)

ANALOG
INPUT (Vo)
10k
iy ANALOG
OUTPUT
Rexy =
{2k TO
10k}
L10GIC
INPUT

FIGURE 5. Interfacing with +15V Open Caollector TTL
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AM9709, AM97C09, AH5009 Series

Applications Information (continued)

Rosioni COMPENSATING
ELEMENT

SERIES
ELEMENT

Va

SHUNT "

ELEMENT

FIGURE 6. Definition of Terms

Typical Applications

Gain Programmable Amplitier

— 10K

) T T I
— 10— N—4
R | [
-
= I 6 100k

I

5

9 ™

10

r_
L
b Io—ie

|
l
I
I
l
|
I

131m
T b
| ~Eour
——t el L p— CHARACTERISTICS. GAIN == Ren
~
o1 o1 8 14 12
N
GAIN SELECT =

3-Channel Multiplexer with Sample and Hold

ANALDG
INPUTS

CHARACTERISTIES: TYPICAL OUTPUT
VOLTAGE DRIFT
< & mVisec

SAMPLE/HOLD SELECT
SELECT
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. . >
Typical Applications (continued) =
(o]
N
o
16-Channel Multipiexer p
PRI T T amem T T, E
e -
TR 3
- ul - | 8 N
NMD_W_??——‘LI—F_T_‘ 0
' 15 ; | - o
; nl T 9 0
'“}—M_%_H ——¢ -
I DK 0 | >
. wl T |,5 T
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_ o
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CHARACTERISTICS: ERROR = D4uV TYPICAL@25'C

’ O 10:V TYPICAL @ 70°C
!
13 l Note: The analog switch between the op amp and the 16 input
15 _j

Ein1g O

switches reduces the esrors due to leakage.

All resistors are 10k
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AM9709, AM97C09, AH5009 Series

Typical Applications (co

ntinued)

8-Bit Binary (BCD) Muitiplying D/A Converter

Vg O—4

~
g
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il

=
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2

2

OO
Ul

@
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]

20k

.

o
2
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2

=

o

G4

VWA~

}-«gv—I

=

r

=
2
=
2
B~

AH
8
E

-1

180 FOR BCD)

R(G11 +G21,+ G315+ Galg +
G515 Gbtg 671, G8 g
PR AL I

6 16 1 16
Note: The switch is “ON" when G s at 0V
{Logic "0}

Va
L
R
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CD4007M/CD4007C
Dual Complementary Pair Plus Inverter

General Description

The CD4007M/CD40Q7C consists of three complemen- ® \Wide supply voltage range 3.0V to 15V
tary pairs of N-channet and P-channel enhancement mode m High noise immunity 0.45 Ve typ
MOS transistors suitable for series/shunt applications.

All inputs are protected from static discharge by diode

ctamps to Vpp and Veg

For proper operation the voltages at all pins must be
constrained to be between Vgg -0.3V and Vg + 0.3V
at all times.

Connection Diagram

Dual-In-Line and Flat Package

T

—
=

1

TOP VIEW

Nute All P-channel subistrates are connested (0 Voo
3nd all N-channel substrates are connected 10 Vys

Order Number CD4007MD Order Number CD4007CJ
See Package 14 or CD4007MJ
Order Number CD4007MF See Package 18

See Package 23 Order Number CD4007CN
See Package 21

AC Test Circuits

Voo vDD Voo

wn lN

[
INPUT :}—IDU”’UT INPUT j—TDUYPUT INPUT UUTPUY
‘SuF 15 of _I 15 pf

P
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Absolute Maximum Ratings (note 1)

Voltage at Any Pin Vss —0.3V to Vg + 0.3V
Operating Temperature Range

CD4007M —55°C to +125°C

CD4007C -40°C to +85°C
Storage Temperature Range —65°C to +150°C
Package Dissipation 500 mW
Operating Vpp Range Vgg + 3.0V to Vgg + 16V
Lead Temperature (Soldering, 10 seconds) 300°C

DC Electrical Characteristics cpacorm

CD4007M/CD4007C

LIMITS
PARAMETER CONDITIONS 55°C 25°C 125°C UNITS
MIN TYP MAX MIN TYP MAX MIN TYP MAX
Quiescent Device Vpp =~ 5V 0.05 0.001 | 0.05 3 uA
Current (I} Vpp = 10V 0.1 0.001 | 0.1 6 MA
Quiescent Device Dissi- | Vpp = 5V 0.25 0.005 | 0.25 15 LW
pation/Package (Pg) Vpp = 10V 1 0.1 1 60 uW
Output Voltage Low Vpp =5V 0.01 0 0.0 0.05 \
Level (Vg ) Voo = 10V 0.01 0 0.01 0.05 v
Output Voltage High Vpp = 5V 4.99 4.99 5 4.95 v
Level (V! Vpp = 10V 9.99 9.99 10 9.95 Vv
Noise Immunity Vpp - 5V, Vo 3.8V 1.5 1.5 2.25 1.4 v
(V) (Al tnputs) Vpp = 10V, Vg = 7.2V 3 3 45 29 v
Noise Immunity Vpp = BV, V=095V 1.4 1.5 2.25 1.5 Vv
(Vo) (Al Inputs) Voo = 10V, Vg * 2.9V 29 3 45 3 Y
Output Drive Current Vpp =BV, Vg =04V, V, =V, 0.75 0.6 1 0.4 mA
N-Chanrel {I5N) Voo = 10V, Vo, = 0.5V, V, - Voo 16 13 | 25 0.95 mA
Output Drive Current Vop =8V, Vi, =25V, V, Vg 1.7% 1.4 4 1 mA
P-Channel {15 P} Voo = 10V, Vo - 9.5V, V, = Vgs | ~1.35 11 25 0.75 mA
Input Current (1)) 10 pA
DC Electrical Characteristics cpacozc
LIMITS
PARAMETER CONDITIONS 40°C 25C 85°C UNITS
MIN TYP MAX MIN TYP MA X MIN TYP MAX

Quiescent Device Vpp =5V 0.5 0.005| 05 15 A
Current (1) Vop = 10V 1 0.005{ 1 30 HA
Quiescent Device Dissi- | Vgp - 5V 25 0.025f 25 75 LW
pation/Package {Pg) Vpp = 10V 10 0.05 10 300 HW
Output Voltage Low Vpop = 5V 0.01 8] 0.07 0.05 \
Level (Vg ) Vpp © 10V 0.01 0 0.01 0.05 v
Output Voitage High Vpp = 5V 4.99 4.99 5 495 \%
Level {Vgp) Vpp = 10V 9.99 9.99 10 9.95 \
Noise immunity Voo =5V, Vg = 3.6V 1.5 1.5 2.25 1.4 Vv
(Vo) (All Inputs) Vop = 10V, Vg = 7.2V 3 3 45 29 %
Noise tmmunity Vpp =5V, Vg =095V 1.4 15 2.25 1.5 \2
(V) (Al Inputs) Voo = 10V, Vg = 2.9V 2.9 3 45 3 v
QOutput Drive Current Vpp =5V, Vg =04V, V, =V, 0.35 03 1 0.24 mA
N-Channel (1o N) Voo = 10V, Vo =05V, V, - Vi | 1.2 1 25 0.8 mA
Output Drive Current Vop =5V, Vg =25V, V, = Vgg 1.3 1.1 4 0.9 mA
P-Channel (15 P) Voo = 10V, Vo = 9.5V, V| = Vg 0.65 0651 25 045 mA
Input Current (I,) 10 pA

Note 1: This device should not be connected to circuits with the power on because high transient voltages may cause permanent damage.
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AC Electrical Characteristics cpaoo7m

Ta = 25°C and C, = 15 pF and input rise and fall times = 20 ns. Typical temperature coefficient for all values of Vpp = 0.3%/°C.

PARAMETER CONDITIONS MIN TYP MAX UNITS
Propagation Delay Time {tp y = tpn ) Vpp =5V 35 60 ns
Vgop = 10V 20 40 ns
Transition Time {t7 y =ty ) Vpp =BV 50 75 ns
Vpp = 10V 30 40 ns
Input Capacitance {C} Any Input 5 pF

J.200¥AJ/NL00YAD

AC Electrical Characteristics cpaoo7c

Ta =25°Cand C_ = 15 pF and input rise and fall times = 20 ns. Typical temperature coefficient for all values of Vpp = 0.3%/°C.

PARAMETER CONDITIONS MIN TYP MAX UNITS
Propagation Delay Time (tp = tpn ) Vpp =5V 35 75 ns
Vpp = 10V 20 50 ns
Transition Time {t1 y =ty Vpp = bV 50 100 ns
Vpp = 10V 30 50 ns
Input Capacitance (C)) Any Input 5 pF

Switching Time Waveforms

o E
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CD4016M/CD4016C

The CD4016M/CD4016C is a quad bilateral switch
which utilizes P-channel and N-channei comple-
mentary MOS (CMOS) circuits to provide an

CD4016M/CD4016C Quad Bilateral Switch

General Description

® Extremely low leakage Vis=5Vpp
Vpp - Vgg = 10V
RL =10k

extremely high “OFF’ resistance and low “ON"

resistance switch. The switch will pass signals in
either direction and is extremely useful in digital

Transmits frequencies up

to 10 MHz

switching.
Features
® Wide supply voltage range 3V to 15V
® High noise immunity 0.45 Ve typ.
® Wide range of digital 7.5 Vpeak
and analog fevels )
® {ow “ON" resistance 30082 typ.

® Matched switch
characteristics

VDD - VSS =15V

ARgy = 4082 typ.

® High “ON/OFF" output 65 dB typ.
voltage ratio @ fi, =10 kHz
R = 10k

® High degree of linearity

.5% distortion typ.

@ fig = 1 kHz

Applications

® Analog signal switching/multiplexing

* Signal gating

* Squelch control

e Chopper

* Modulator

* Demodulator

® Commutating switch

Digital signal switching/multiplexing

CMOS logic implementation

Analog to digital/digital to analog conversion

Digital control of frequency, impedance, phase,
and analog-signal gain

Schematic and Connection Diagrams

*CONTROL

Voo ﬂVOLTAGE Vel
EB

Vss

INPUT SIGNALS {Vs)
TERMINAL NOs. 1,4, 8,11

DUTPUT SIGNALS (Vgs)
TERMINAL 405.2.3,9,10

Voo

5

d

|

e

Note 1: Al switch P-channel substrates are internally connected to terminal No. 14,
Note 2: All switch N-channet substrates are internally connected to terminal No. 7.

ouT

Signal-level range: Vs < V,q Voo

F

[N
Iy

S -,
1 |
JEEL L

ouT out

Normal ogeration: Control-line biasing,
switch ON Vg “1 = Vg, switch OFF V¢ 07 = Vsg

Dual-ln-Line and Flat Package

1
INPUT A =t

ourputa 2

conr ¢ ﬁ

Vss ]

N
.
1
{2 conra
3 2
OUTPYT 8 ~—t m r— CONT O
H "
INPUT 8 - G4 weuro
EX; w0
cont s =4 2 oureuto

Order Number CD4016MD
See Package 14

Order Number CD4016MF
See Package 23

Order Number CD4016CJ or CD4016MJ

See Package 18

Order Number CD4016CN
See Package 21

L2 oureutc

L INPUT T




Absolute Maximum Ratings Storage Tempersture Rarnge wsconsoe | )
Voltage at Any Pin (Note 1) Vgs -0.3V to Vg »15.5V Package Dissipation 500 mW h
Operating Temperature Range  CD4016M ~65°C to +125°C Lead Temperature {Soldering, 10 sec) 300°C
CD4016C —40°C 10 +85°C Operating Voo Range Vgs +3V 10 Vgg +16V (@)
Electrical Characteristics cpso1sm —
LIMITS 05
CHARACTERISTIC SYMBOL] TEST CONDITIONS -55°C 25°C 125°C UNITS g
MIN| Typ| max]min] Tvp [max [miN] Typ| max ~.
Quiescent Dissipation VOLTS O
per Package TERMINALS APPLIED U
Voo 14 +10
Al Switches "OFF” Vss 7 GND 5 01 s 300 | uw H
Ve 561213 GND o
Vi 1,481 <+10
. Vo 2,3,9.10 < +10 o
T VOLTS (o))
TERMINALS APPLIED o
Voo 14 +10
Al Switches “ON" Ves 7 GND 5 01 s 300 | ww
Ve 56,1213 +10
V= Vos 1-4,8-11 < +10
Threshold Voltage los = 10 A
N-Channel Vaul Vop =5V, 10V, or 15V 7 I 1.3 v
los= 10uA
(4 oS -7 - - v
P-Channel ViR | e ov.or 15y 1 15 13
SIGNAL INPUTS {Vg} AND OUTPUTS (Vg
Vc=Vop Vs Vi
175V 120 | 360 200 400 300 | 600
478V =75V -75V 120 | 360 200 |400 300 | 600 | £
£0.25v 130 778 280 850 470 } 1230
+5V 130 | 600 250 |660 400 | 960
+5V -5V -5V 130 | 600 250 |660 400 | 960 | @
N Resist R 10,25V 325 | 1870 580 |2000 900 | 2600
esistance - 0K:
on | Rus ok BEY 120 | 360 200 }400 300 | 600
+18V cv +0.25V 120 { 360 200 |400 300 | 600 | 2
9.3v 150 | 775 300 [8s0 490 | 1230
1oV 130 | 600 250 |660 400 | 960
“iov (v +0.25V 130 | 600 250 | 660 400 {960 | 2
5.6V 300 | 1870 560 |2000 880 | 2600
AON” Resistance 75Y 78V s78V 0
Between Any 2 ARon . X 2
of 4 Switches 5v -8V v 5
wi /- 10k2
S\neD ave Res)pcmse B 11on v SV svip 04 %
{Distortion: 5= 1 kHz Note 3)
VDD VC = VSS V\s
Input or Qutput +7.5V =100
. - oA
Leakage—Switch “OFF " 75V 78V -75V 100
(Effective "OFF"” +5V Nore 21/ 125 nA
Resistance) v i sV INote 21 125
Frequency Response Ve = Vpp = 15V, Vgs 7 -5V
Switch “ON" v a0 MH2z
=
{Sine Wave Input) R =1kn  20Logo i = -3d8
Vs =BVIRPY sV Ve - Vg = -5V
Feedthrough MHz
SOFE” Ve, 1.25
Switch “OF F 20 Logiq 2% - -50 4B
VetAl = v = +5V
Crosstalk Between any 2 RL~1k82 o Vo) fv - sv
of the 4 switches ViglA) = ¢ ss 0.9 MH2
- VB
{Frequency at ~50 dB} 5Vip-p) 20 Logio 32157 = 50 d8
Capacitance  Input Cs Vop = +5V, Ve = Vg = -5V 4
Qutput Cos 4 pF
Feedthrough| Cios 02
Propagation Delay Ve = Vpp = *10V. Vg = GND, C = 15 0F
Signal Input to tog V= 10V (square wave! 10 ns
Signal Output 1, =ty = 20 s {input signal)
CONTROL {V¢)
- B
Switch Threshold Voitage | Ve | Y2 < Veo Voo ]D\LS: 18V, I0V.8V g5 29 {os| 15 |27 |02 24 |V
[
Voo — Vs = 10V A
Input Current 1 +10 P
put Curren ¢ Vv e
Average Input Capacitance Ce 5 oF
Crosstalk —
Vg — Ve =
Control Input 10 so = Vs IOV g yokn 50 my
Ve - 10V
Signal Output
{square wave)
Tuen “ON”
t =t = 2 V, <10V, CL = 15 pF 2 ns
Propagation Delay poC f te Ttz 200 < LT s 0
- - RL=1
Maximum Allowable Z“D 15"]:' Vss T OND. R =142
Control tnput L ° 10 MH:z
o ition Bate Ve = 10V {square wavel
i t,=1,=20ns
Note 1: The device should not be connected to circuits with the power on.
Note 2: £10 x 10 3
Note 3: Symmaetrical about OV




Electrical Characteristics cpsoisc

CD4016M/CD4016C

LIMITS
CHARACTERISTIC SYMBOL TEST CONDITIONS -40°C %°C 85°C UNITS
minf TYe| max| min] Tve [max] min] Tve] max
Quiescent Dissipation vOLTS
per Package TERMINALS APPLIED
Voo 14 +10
Al Switches “OF £ Vss / GND 5 o1 s 80 W
ve 561213  GND “
v 14811 <410
Vo, 23,910 <410
Pr
vOLTS
TERMINALS APPLIED
Voo 14 +10
All Switches “ON” Ves 7 GND 5 01 s 80 e
Ve 561213  +10
V- Vos 14,8 1 <10
Threshold Voltage Ios = 10 4A .
1 15 3 v
N-Channel VTEN | yos - 6V, 10V, o 15V ! '
Iog = 10 4A
P- el P os 1.7 -5 1.3 v
Channe Vel | Vo = 5V, 10v, or 18y >
SIGNAL INPUTS (V) AND OUTPUTS (Vo)
Ve=Vpp  Vss Vi
175V 130 | 370 200 |a00 260 | 520
475V 7BV -75V 130 | 370 200 |a00 %0 [520 | @
-0.25v 160 | 790 280 [850 400 | 1080
15V 150 | 610 250|660 340 | 840
15V RV 150 | 610 250|660 340 {80 | @
o a 1025V 370 | 1900 580 | 2000 770 | 2380
fistance ov | Ruroke +18v 130 | 370 200 400 260 | 500
~18V oV ~0.25v 130 | 370 200 {400 260 | 520 | o
93v 180 [ 790 300|850 400 | 1080
+1ov 150 [ 610 250|660 340 | 840
oV ov 10.25v 150 { 610 250 1660 a0 |8a0 | o
5.6V 350 | 1900 560 {2000 750 | 2380
A "ON” Resistance ) sy Jov irsv 10
Between Any 2 SRon o By . 53
of 4 Switches v : v
S 10k0
SmCDdee‘, Response fﬂi ke v sview 04 "
IDistortiont o 1kH/ o
Voo Ve = Vgs Vi,
input or Qutput +7.5V “100
Y -7, A
Leakage - Switch “OFF" e 7oV 7.5V 4100 s
{Effective “"OFF" . 15V 1ot 21125
Resistance) i -5V 5V Nate 21 126 A
Frequency Response— Ve = Vg tBV, Vyg © -5V
Switeh “ON" v 40 WMz
os
(Sine Wave Input) R, -1k 20Legre 7 -3dB
V., - 8V{ppl

Vop - 1BV, Ve © Vgg - -6V
Feeathrough

P Ve, 1.26 MHz
Switch "DFF 20 Log,g —vi' =50 08
6

VelA)l Vpp o BV

alk Betwey [
Crosstatk Between any 2 Ry 1k VB + Vg -5V
of the 4 switches VA - 09 MH 2
{Frequency at -50 dB) SVipps VostBl
70 Log,o %257 = -60 dB
Capacitance  Input Cis Vop = *5V, Ve Vg = -6V 4
Output Coq 4 oF
Feedthiough | Cog 02
Propagation Delay Vet Vg o 110V, Vg GND, G, 15 pF
Signat Input to o Vi 30V bsquare wavel 10 s
Signal Output t = 20 05 Ginput signarl

CONTROL {V¢)

Vo Vi 5V, 10V,
Switch Threshold Voltage VinC s Voo Voo Vs 15V.10V,5Y

s 10 kA 05| 15 |27 v
Von Ves 10V
laput Curreat e > s =10 pA
¢ Ve< Voo Vs ’
Average Input Capacitance Ce 5 pF
Crosstalk -
v Vgg o 1
Control {nput to oo 55 10V R - 10k4) 50 mv
Ve - 10V
Signal Qutput
1squate wavei
Turn “ON" :
X . : <10V, € = 1
Propagation Detay 1,.C G te 20ms V< 10V, G = 15 pF 20 ns
V, Vg © GND, R~ 1 k&2
Maximum Allowable Z”" 15)0? Vs GND. Ry
Control Input - " 10 MH:z
Repetrtion Rote Ve o 10V {square wave)
Lot 200s

Note 1: The device should not be connected o circuits with the power on.
Nate 2: =10 x 1075,
Note 3: Symmetrical about OV.




Typical ON Resistance Characteristics

2910ad/N9L0oYad

SUPPLY LOAD CONDITIONS
CONDITIONS | Ry =1k Ry = 10k AL = 100 k2
CHARACTERISTIC®
Voo | Ves | VALUE| Vi | VALUE | Vv, | VALUE| V,
v | v ()] v) te2) v (wn )
200 +15 200 .15 180 15
flon <15 | 0
200 0 200 0 200 0
Ron Imax i S8 |0 300 -1 300 93 320 | +9.2
290 +10 250 “10 240 | +10
Ron c10} 0
290 o 250 0 300 o
Ron fmax ! 20 0 500 | +7.4 560 56 610 | ~558
860 5 470 -5 50 +5
Rox 510
600 0 580 0 800 0
Ron Imex i 5 |0 1k | 42 7k =29 33k | r20
200 | +758 206 5 80 | -75
Ron -5 I
200 75 200 -i5 180 75
Ron (max.) =75 75 290 +0.25 280 =25 400 “0.25
260 5 250 -5 240 ‘5
Ron -5 B
310 5 250 -5 240 5
Ron fmax .5 5 600 [:0.25 580 |:025 760 [=0.25
590 | +25 450 25 490 | 25
Re <25 5
N 28 720 25 520 25 520 25
R, tmax 1 -25 [-25 232k [+0.25 300k [=025 870k [:0.25

*Variation from a perfect switch: Rgn = 082.
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CD4051M/CD4051C, CD4052M/CD4052C, CD4053M/CD4053C

CD4051M/CD4051C

Single 8-Channel Analog Multiplexer/Demultiplexer

CD4052M/CD4052C

Dual 4-Channel Analog Multiplexer/Demultiplexer

CD4053M/CD4053C

Triple 2-Channel Analog Multiplexer/Demultiplexer

General Description

These analog multiplexers/demultiplexers are digitally
controlled analog switches having low “ON’ impedance
and very low “OFF" leakage currents. Control of analog
signals up to 15 Vp-p can be achieved by digital signal
amplitudes of 3-15V. For example, if Vpp = 5V,
Vgs = OV and Vgg = -5V, analog signals from —5V—
45V can be controlled by digital inputs of 0—5V. The
multiplexer circuits dissipate, extremely low quiescent
power over the full Vpp = Vgg and Vpp — Ve supply-
voltage ranges, independent of the logic state of the
control signals. When a logical 1’ is present at the
inhibit input terminal all channels are “OFF.”"

CD4051M/CD4051C is a single 8-channel multiplexer
having three binary control inputs, A, B and C, and an
inhibit input. The three binary signals select 1 of 8
channels to be turned “ON’' and connect the input to
the output.

CD4052M/CD4052C is a differential 4-channel muiti-
plexer having two binary control inputs, A and B, and an
inhibit input. The two binary input signals select 1 of 4
pairs of channels to be turned on and connect the
differential analog inputs to the differential outputs.

CD4053M/CD4053C is a triple 2-channel multiplexer
having three separate digital control inputs, A, B and C
and an inhibit input. Each control input selects one of a
pair of channels which are connected in a single-pole
double-throw configuration.

Features

® Wide range of digital and analog signal levels: digital
3—-15V, analog to 15 Vp-p

® Low “ON" resistance: 802 (typ) over entire 15 Vp-p
signal-input range for Vpp — Vgg = 15V

® High “OFF" resistance: input leakage *10 pA (typ)
at Vpp — Veg = 10V

® | ogic level conversion for digital addressing signals of
3-16V (Vpp — Vgg = 3—15V) to switch analog sig-
nals to 15 Vp-p {(Vpp — Vgg = 15V}

® Matched switch characteristics: ARgy = 552 (typ) for
Viop — Vegg = 18V

B Very low quiescent power dissipation under all
digital-control input and supply conditions: 1uW typ
at Vpp ~ Vgg = Vpp — Vee = 10V

® Binary address decoding on chip

Connection Diagrams (bual-in-Line and Flat Packages)

INQUT Injaut

IN/QUT

1 2 3 g B 6 7 Is ] [ H 3
Vs o

2 OUTAN v

5 outan 7 s

IN/OUT NDUT NiouT

TOP VIEW

Order Number CD4051MD
See Package 15

Order Number CD4051MF
See Package 24

Order Number CD4051CJ or CD4051MJ

See Package 19

Order Number CD4051CN
See Package 22

i

a

Ty

N:0ut

TOP VIEW

Order Number CD4052MD
See Package 15

Order Number CD4052MF
See Package 24

Order Number CD4052C. or CD4052MJ

See Package 19

Order Number CD4052CN
See Package 22

5 3 7 0 l T 7 3 4 5 6 7 Is
iy Ves

OUT I It OUT
ToR VIEW

Order Number CD4053MD
See Package 15

Order Number CD4053MF
See Package 24

Order Number CD4053CJ or CE4053MJ

See Package 19

Order Number CD4053CN
See Package 22
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@)
Absolute Maximum Ratings w)
Voltage at Any Control Input Vgg — 0.3V to Vpp + 0.3V e
Voltage at Any Switch Input or Output Veg —0.3V 1o Vpp +0.3V o
Operating Temperature Range g
CDA0OXXM ~55°C to +125°C -
CD40XXC -40°C to +85°C ==
Storage Temperature Range —65°C to +150°C O
Package Dissipation 500 mW U
Operating Vpp Range Veeg +3V to Vg + 15V H
Vgg + 3V 1o Vgg + 15V (@]
Electrical Characteristics cp4osim, cb4os2m, cpaosam (_’1
PARAMETER CONDITIONS L B ALLRS UNITS p
MIN | TYP | MAX | MIN | TYP [ MAX | MIN | TYP | MAX
P, Quiescent Dissipation | Vpp = 10V, Veg = Vg ~ OV 100 1 100 6000 W O
Per Package U
Ron ON” Resistance Voo ~ 7.5V, 60 220 80 280 145 320 Q h
(Peak for Vgg < Vee ~ —7.5V, o
Vis < Vpp) o Vpp = 15V 4]
Vee = OV N
R, - 10k, Voo ~ 5V, 85 400 120 400 190 | 550 Q g
Veg = 0, Vee - BV or
[Any Channel Vop ~ 10V, ~
Selecred) Veg - OV O
Vi - 2.6V 210 3000 270 2800 360 | 5500 [$) U
Vie @ 25V, FLS
or Vg - BV, o
Vg - OV (3]
ARgy J"ON' Resistance Voo - 7.5V, 5 Q N
Between Any Two Vegg - 7.5V O
Channels R 10k, or Vpp = 15V -
Veg - 0 Vie = OV o
(Any Channel Vop - 5V 0 Q U
Selected] Viep 5V, ar
Vog = 10V H
Vee OV o
Sine Wave Response Vpp =75V 0.1 % 8
{Distortion) R - 10KO Vi 7.5V g
vF -0, Vop BV, 0.2 % >
fis = 1kHz Vee - SV O
Voo - 26V, 1 %
Veg 25V )
“OFF" Channel Vew - OV Vg - 7.5V =50 -0.01| 50 500 nA h
Leakage Current - Veg = 7.5V o
Any Channel OUT IN = :75V, INOUT OV (4, ]
COFF” w
All Channels Inhibit = 6V Vo = 7.6V CD4051M -400 -0.08] -400 14000 nA o
“OFF” (Common | Vgg = OV Vee = 7.5V [ CD4052M -200 -0.04| +200 2000 nA
oUT/IN) OUT/IN =0V, IN:OUT - * 7.5V CDA4053M 100 =0.02| *+100 <1000 nA
Frequency Response R_ =1k, Vop = 5V Vee = 5V 40 MHz
Channel "ON"’ Vg = BV (pol, 20 Logr Vos Vo = 308
(Sine Wave {nput} Vgg ~ 0V
Feedthrough R = 1Tk&, 1 MHz
Channel "OFF" Vig - 5V (p-p), Voo BV, Ve 778V
i 20 Logqg Vs Vis - 40dB
Vgg - OV
Crosstalk Between Any| R = 1k{2 Vipp =BV, Vg = BV 1 MHz
Two Channels [Fre Vs (A} =BV (pp), 20 Logig VestB) V 2iA) -
quency at 40 dB) Vgg = OV 40 dB (Note 1}
Capacitance
Cis tnput (INJOUT) 10 oF
Cos Output CD4051M 60 pF
{Common Vpp = Vee = Vgg = 0V CDA4052M 30 pF
QUT/IN) . CD4053M 20 | bF
Cios Feedthrough 0.2 oF
tp . Propagation Delay Vpp = 10V, Vgg = Vee = [nhibit = 0V, 10 ns
tpe  Signal lnput to C_ =15pF, Vg = 10V {Square Wave),
Signal Output t,. t¢ = 20 ns {Input Signal}
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CD4051M/CD4051C, CD4052M/CD4052C, CD4053M/CD4053C

Electrical Characteristics (continued) cD4051M, cDaos2m, CD4053M

PARAMETER CONDITIONS ss°c 3¢ 125 ¢ UNITS
MiN | Tvp I max | min T Tve [ max | min I TYi MAX
CONTROL INPUTS A, B, C AND INHIBIT
Noise Immunity {Any
Control Input}
Vil Vis = Voo Voo - Veg = 10V 3.0 3.0 45 2.9 v
through 1 k2, Voo - Vas = BV 15 15 225 T4 v
Vee = Vgg
Vn fig = 10uA Vo Vgg — 10V 29 3.0 5 3.0 v
Ry = 1kilto Vgg Vpp  Vgs = BV 1.4 1.5 2.25 15 Vv
C, Average Input 5 oF
Capacitance
tpuL, Turn “ON" Propa- C, = 15pF, Vo = 10V, 150 | 300 ns
tp y  gation Delay R, = 10kS2, Vie = 0V
Control Input- Vis <Vpp. Voo ~ 5V, 400 800 ns
to-Signal Output t, ty = 20 ns, Vee =0V
Vg = Inhibit=0V,{ Vo - 6V, 260 | 400 ns
{Note 2) Vee = BV
Inhibit Input-to C_ = 15pF, Vpp ~ 10V, 200 400 ns
Signal Output R, = 10kL2, Vee = OV
Vis = Vop Vo 5V 550 { 1100 ns
t, 1y - 20 ns Vg -0V
Inhibit Recovery Time| Vg, = 10V 200 400 ns
Electrical Characteristics cpaosic, cpaoszc, cpaosac
40°C 25°C 85°C
PARAMETER CONDITIONS UNITS
MIN TYP MAX MIN TYP MAX MIN TYP MAX
Py Quiescent Dissipation Vop = 10V, Ve = Vg — 0V 1000 1 1000 6000 MW
Per Package
Ron  "ON' Resistance Vo - 7.5V, 80 250 80 280 130 300 Q
{Peak for Vgq < Vee 75V,
Vis ““ Vpgp) orVpp = 15V,
Vgeg ~ 0V
Ry =10k, Voo " 5V, 100 450 120 400 170 520 Q2
Vg - 0, Vegp & BV, o
{Any Channef Vop = 10V,
Selected) Vep - OV
Vi © 25V, 230 3500 270 2500 330 5200 £
Vee - 25V,
or Vg, "BV,
Vee © OV
ARopy AON” Resistance Voo - 7.5V, 5 Q
Between Any Two Veeg = 7.5V,
Channels R - 10k, or Visp - 15V,
Vs 7 0, Vee OV
{Any Channel Vop - BV, 10 Q
Selected) Viee - 5V or
Voo - 10V,
Vi - OV
Sine Wave Response Voy - 7.5V, 0.1 %
(Distortion) T~ Ve = 15V
v o Vo © BV, 02 %
f,:i 1kH? Yer 175V
: Vop 25V, 1 o
Vep o 25V
“OFF" Channel Vi - 7.5V 50 001 +50 +200 nA
Leakage Current Vg - OV Ve, + 75V
Any Channel OQUTAIN = - 7.5V IN'OUT -~ OV
“QFF"”
All Channels Inhibit = Y, Vpo © 7.5V, | cpaosic $ 1600 0.08 { 1400 +1600 nA
“OFF"” (Common Vgg = OV Veg - 7.5V CD4052C ~800 £0.04 | ~200 +800 nA
QUT/IN) OUT/IN - OV, IN;OUT = +7.5V CD4053C +400 t0.02 | +100 4400 nA
Frequency Response | R = 1 k{2, Veon - 5V Ver - 5V, 40 MHz
Channel “ON‘" Vis ~ BV (p-pl, 20 Logo Vos/Vis = 348
{Sine Wave Input) Vgg = 0V
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Electrical Characteristics (Continued) cD4051C, CD4052C, CD4053C O
-40°c 5°C °C
PARAMETER CONDITIONS z 8 urs | ©
MIN | TYP | MAX | MIN | TYP| MAX | MIN [ TYP[ MAX m
Feedthrough R, = 1k, 1 MHz —-—h
Channe! “OF £ Ve =5V (o) Vo = BY. Vge = -5V,
nne! =
° s opl 20 Logyg Vos. Vig = —40 dB g
Vgs = OV ~
Crosstalk Between Any[ R_ =1k, Vo = 5V, Vi - BV, 1 MHz O
Two Channels (fre Vig{A) = 5V {p-p), 20 Logsg Vi (B)/V g(A) = U
quency at 40 dB) Vss - OV 40 4B (Note 1) _h
Capacitance o
Co Input (INOUT) 10 oF (4]
Cos Dutput CD4051C 50 pF w—h
{Common Vo © Ve *Vag - 0V CD4052C 30 pF O
OUT/IN) CD4053C 20 pF -
Cios Feedthrough 0.2 pF o
tein. Propagation Delay Vo - 10V, Vgg = Ve — Inhib - 0V, 10 ns U
te,  Signal Input to C = 15pF, Vg = 10V (Sauare Wave), h
Signat Qutput t,. t = 20 ns {Input Signali o
CONTROL INPUTS A, B, C AND INHIBIT N
Noise lmmurn.ty [Any N
Control Input! g
Vi Voo Vog Vi o 10V 3.0 30 | a5 2.9 v ~
through i k¢! Voo Vas - BV 15 15 | 225 14 \ O
Vee "~ Vga U
Vi - 10uA Voo Ve - 10V 29 3.0 45 3.0 vV
Tk t0Vag | Vo = Var = 5V 1.4 1.5 2.25 1.5 v 'g
[ Average Input X 5 pF 01
Capacitance N
oy, Turn "ON' Propa C, = 16pF 1501 300 ns 0
te s Qavon Delay R_~10x0 -
Control (nput Vg < Vap 400 800 ns
10-Signal Qutput t, 14~ 20 ns O
Vg = Inhibit = 0V 200 | 400 ns U
iNote 2) H
Inhibit nput-to C,_ - 15pF, 200 400 ns o
Signat Output R, - 10k, Ul
Ve Voo 550 | 1100 s (%)
Tty - 20 s g
Inhubit Recovery Time | Vg - 10V 200 | 400 ns ~
Note 1: A,B are two arbitrary channels with A turned “ON’" and B “"OFF.” U
Note 2: Channel Overiap = Turn “ON" delay, where channel overlap is defined as the duration after control signal change during which
two channels may be "ON" together. A
Note 3: V|g = input signal voitage, V(g = output signal voltage, fjg = input signal frequency. o
Special Considerations Ow

In certain applications the external load-resistor current tional switch must not exceed 0.6V at T < 25°C, or
may include both Vpp and signal-line components. To 0.4V at T, > 25°C (calculated from Ry values shown).
avoid drawing Vpp current when switch current flows No Vpp current will flow through R if the switch
into ’In/Qut’” pin, the voltage drop across the bidirec- current flows into "‘Out/In"’ pin.

Truth Table

INPUT STATES “ON" CHANNELS

INHIBIT| C| B[ A CD4051A CD4052A CD4053A
0 0poj o0 0 0X. 0y cx, bx, ax
Q0 o0 1 X, 1Y cx, bx, ay
0 ol1;0 2 2X, 2y cx, by, ax
0 ol 1 3 3%, 3Y cx, by, ay
Q 1,00 a4 ¢y, bx, ax
0 101 5 cy, bx, ay
0 1] o 6 cy, by, ax
0 11 7 cy, by, ay
1 S NONE NONE NONE

*Don't Care condstion




CD4051M/CD4051C, CD4052M/CD4052C, CD4053M/CD4053C

Schematic Diagrams
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Typical Performance Characteristics
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CD4066BM/CD4066BC

CD4066BM/CD4066BC Quad Bilateral Switch

General Description

The CD4066BM/CD4066BC is a quad bilateral switch
intended for the transmission or multiplexing of analog
or digital signals. It is pin-for-pin compatible with
CD4016BM/CD4016BC, but has a much lower “ON”
resistance, and ““ON" resistance is relatively constant
over the input-signal range.

Features

& Wide supply voltage range 3V to 15V
High noise immunity 0.45 Vpp typ

® Wide range of digital and 7.5 VPEAK
analog switching
“ON resistance for 15V operation 80%2 typ

Matched “ON" resistance over
15V signal input
m “ON" resistance flat over peak-to-peak signal range
® High “ON"/"OFF' output voltage ratio 65 dB typ
@ fig = 10 kHz, R|_=10k§2
< 0.4% distortion typ
@ fig=1kHz, Vis =5 Vp-p,
Vpp — Vsg = 10V, R =10 k&2

ARQN = 582 typ

8 High degree of linearity

® Extermely low "OFF" switch leakage 0.1 nA typ

@Vpp — Vs =10V,

Ta=25°C

& Extremely high control input 10120 typ
impedance

® [ ow crosstalk between switches —50dB typ

@ fig = 0.9 MHz, R = 1 k&

8 Frequency response, switch “ON" 40 MHz typ

Applications

®  Analog signal switching/multiplexing
® Signal gating

® Squelch control

® Chopper

® Modulator/Demodulator

® Commutating switch

Digital signal switching/multiplexing

CMOS logic implementation
Analog-to-digital/digital-to-analog conversion
Digital control of frequency,
and analog-signal gain

impedance, phase,

Schematic and Connection Diagrams

Dual-In-Line and Flat Package

IN/ouT
1 13
Ut —~ - Tswa | 3 Voo
2 13
OUT/IN CONTROL A
outin ED 12 controt o
. H. “
1~ In/ouT — — injout
[ Swe 10
l-"HI 3 CONTROL B = — ouT/n
i 6
WWROL_‘D OUTAN - controwc S sutan
- 7 SWC 8
| Vg5 — p— injouT

TOP VIEW

Order Number CD4066BMD
See Package 14

Order Number CD4066BMF
See Package 23
Order Number CD4066BCJ or CD4066BMJ
See Package 18
Order Number CD4066BCN
See Package 21
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Absolute Maximum Ratings

(Notes 1 and 2}

0.5V to +18V
-0.5V to Vpp + 0.5V
—85°C to +150°C

Vpop Supply Voltage
VN tnput Voltage
Tg Storage Temperature Range

Operating Conditions
{Note 2}
VpD Supply Voltage

Vijn Input Voltage
Ta Operating Temperature Range

3V to 156V
0V to Vpp

Pp Package Dissipation 500 mW CD4066BM —55°C to +125°C
Ty Lead Temperature (Soldering, 10 seconds) 300°C CD40668C —40°C t0 +85°C
DC Electrical Characteristics coaossam (Note 2}
-55°C 25°C 125 C
PARAMETER CONDITIONS UNITS
MIN MAX MIN TYP | MAX | MIN MAX
lop Quiescent Device Current } Vpp = 5V 025 0.01 0.25 7.5 UA
Vpp = 10V 05 0.01 0.5 15 HA
VpD - 15V 1.0 0.01 1.0 30 uA
SIGNAL INPUTS AND OUTPUTS
RonN “ON” Resistance RL - 10k&
Ve Vpp  Vss Vis
7.5V 7.5V -7.5V o +7.6V 220 80 280 320 Q
15v ov OV to 18V
5v -5V 5V 10 +5V 400 120 500 550 Q
10v ov oV 1o 10V
25V -2V 25V to+2.5V 3000 270 5000 5500 £
5V oV OV to BV
ARoN  ATON" Resistance R{ = 10k&2
Between Any 2 of 4 V¢ VDD Vgs Vig
Switches 7.5V 7.5V -75Vto175V 5 Q
15V ov OV to 15V
5v 5V 5V to +5V 10 Q
10V oV OV to 10V
lIOFF Input or Qutput Leakage Vpp Vg ' Vss Vis Vs
Switch “OFF" 7.8V —7.5V 7.5V ov =50 -0.1 50 +500 nA
5V -5V =5V v +50 =01 150 =500 nA
CONTROL INPUTS
ViL Low Level Input Voltage | Vis = Vpp, Vgs = VSS, lis <0 10 uA
Vpp =5V 15 2.25 1.5 15 1%
Vpp - 10V 30 45 30 3.0 \
Vpp 15V 40 6.75| 4.0 4.0 Vv
ViH Hugh Level Input Voltage | Vpp - 5V 35 2.75 35 35 \Y
Vpp 10V 7.0 55 7.0 7.0 A\
Vpp = 15V 1.0 825 | 11.0 11.0 v
N Input Current Vpp - Veg = 15V +0.1 10 B} =0 1.0 uA
VDD 2 Vis  Vss
VDD 2 V¢ = Vss
DC Electrical Characteristics cp40s68C (Note 2)
-40°C 25°C 85°C
PARAMETER CONDITIONS UNITS
MIN | MAX MIN TYP | MAX | MIN | MAX
53]} Quiescent Device Current | Vpp = 5V 10 0.01 1.0 75 A
vVpp - 10V 20 0.01 2.0 15 HA
Vpp = 15V 4.0 001 40 30 LA

949990 aD/INg990+Aad




CD4066BM/CD4066BC

DC Electrical Characteristics (continued) CD40668C [Note 2)

40 C 25°C 85°C
PARAMETER CONDITIONS UNITS
MIN [ MAX | MIN ] Tvp [ maX | MIN | mMax
SIGNAL INPUTS AND OQUTPUTS
RON “ON’" Resistance RL - 10k
Ve -VDD  Vss Vis
7.5V -7.5V  —7.5V to +7.5V 250 80 280 300 Q
15V ov 0V to 15V
5v 5v 5V to +5V 450 120 500 520 Q
oV ov oV to 10V
2.5V -25V -25V o +2.5V 3500 270 5000 5200 Q2
5V ov 0V 105V
ARQON  A"ON’ Resistance R~ 10k
Between Any 2 of 4 Ve =VDpD Vss Vis
Switches 7.5V 75V ~75Vto+7.5V 5 Q
15V ov 0V to 15V
o5V 5V -bV to +bV 10 Q
0V v 0V to 10V
{OFF lnput or Qutput Leakage Vpp Vg Vss Vis Vos
Switch “OFF"” 7.5V -7.5V 7.5V ov +b0 20.1 =50 +200 nA
5V -5V =5V oV :50 01 =50 =200 nA
CONTROL INPUTS
ViL Low Level Input Voltage | Vi VDD, Vos  VSS, lig < 10 uA
Vpp 5V 1.5 2.25 15 1.5 v
Vpp 10V 30 45 3.0 3.0 v
Vpp 15V 4.0 6.75 | 4.0 4.0 v
VY High Level input Voltage | Vpp - BV 3.5 2.75 3.5 3.5 v
Vpp 10V 7.0 55 7.0 7.0 v
Vpp 15V 1.0 8.25 11.0 1.0 A
N Input Current Vpp - Vgg 15V 0.3 £1078| 0.3 +1.0 uA
VDD Vs -7 Vs
VDD Ve 2 Vss
AC Electrical Characteristics Ta = 25°C, t = t§ = 20 ns and Vgg = OV unless otherwise specified
PARAMETER CONDITIONS MIN TYP MAX UNITS
tPHL. tPLH Propagation Delay Time Signal Ve = VDD, CL - 50 pF, (Figure 1)
Input to Signal Qutput Vpp = 5V 25 55 ns
Vpp = 10V 15 35 ns
Vpp = 15V 10 25 ns
tpzH. tpzL  Propagation Delay Time Control R = 10 k&2, C = 50 pF, (Figures 2
Input to Signal OQutput High and 3)
tmpedance to Logical Level Vpp - 5V 20 180 ns
Vpp = 10V 40 80 ns
Vpp = 15V 30 60 ns
tpHZ. tPLZ  Propagation Delay Time Control RL - 10k&2, C - B pF, (Figures 2
{nput to Signal Output Logical and 3)
Level to High Impedance Vpp =5V 90 180 ns
Vpp - 10V 80 120 ns
Vpp = 15V 55 110 ns
Sine Wave Distortion Vc=VpD =5V, Vss - 5V, 0.4 %
RL = 10k, Vis -5 Vp-p, f = 1 kHz,
(Figure 4)
Frequency Response Switch V¢ - VpD - 5V, Vgg = BV, 40 MHz
“ON"" {(Frequency at -3 dB) RL = 1k€2, Vis~ 5Vpp,
20 Logqq Vos/Vis = -3 dB, (Figure 4)
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AC Electrical Characteristics (continued)

TA =25°C, ty =t = 20 ns and Vgg = OV unless otherwise specified

PARAMETER CONDITIONS MIN TYP MAX UNITS
Feedthrough - Switch "OFF’ Vpp© 5V. Vg = Vsg = -5V, 1.25 MHz
{Frequency at —50 dB1 RL - 1k Vg 5Vpp, 20 Log1o.
Vs Vg = -50d8B, (Figure 4)
Crosstalk Between Any Two VpD - Ve - BV Vss = Vgi2y = -5V 09 MH¢
Switch (Frequency at 50 dBI Ry - 1KLL Vig(a) = 5 Vp-p, 20 Logqg
Vosi2) Vis(1) = ~ 50 dB,
{Figure 5;
Crosstalk: Control Input to Vpp = 10V, R — 10 k82, 400 mvp-p
Signal Output Ryn - 1 kL2 Vg = 10V Square Wave
(Figure 6!
Maximum Contro! Input R = 1k22, CL 50 pF, (Figure 7)
Frequency {f at Vg ~ Vpo -~ 5V 6.0 MHz
1:2VpDp-p! Vop 1OV 80 MH:z
vVpp 18V 85 MHz
Cis Signal Input Capacitance 8 pF
Cos Signal Output Capacitance 8 pF
Cios Feedthrough Capacitance 0.5 pF
CIN Control Input Capacitance 5 75 pF

Note 1: “Absolute Maximum Ratings’’ are those values beyond which the safety of the device cannot be guaranteed. They are not
meant to imply that the devices should be operated at these limits. The tables of “Recommended Operating Conditions” and “Electrical
Characteristics” provide conditions for actual device operation.

Note 2: Vgg = OV unless otherwise specified.
Note 3: These devices should not be connected to circuits with the power “ON"".

Note 4: In all cases, there is approximately 5 pF of probe and jig capacitance on the output; however, this capacitance is included in
C| wherever it is specified.

AC Test Circuits and Switching Time Waveforms

Vop

Vc'Vun——l \ - -~
Voo T ! 0 1
TONTROL Vo vig 50
10
ov ’

v finiour 1 0F 2 gyrin
s 00T swircnes OV I vos -~ L [——

Yss c vog - -

FIGURE 1. tpHL, tpLH Propagation Delay Time Signal Input to Signal Output

oo PZH tpPHZ

Ve
1 | o e
Voo — T Vpo -
90° 90%
CONTROL  Vpp I
10°

Ve
_ , 10F 4 ;
Vig= Vpp ——=—INOUT gy rCpq OUTAN Vos
AL v
L 10k
Vos

—s

FIGURE 2. tpz . tpHZ Propagation Delay Time Control to Signal Output

tpzL tPLZ
Voo Voo
vc~——‘ l
RL
CONTROL  vgp 10k
10f4
1 A
Vig - OV INOUT Do OUTIN Vos
Vss

T

FIGURE 3. tpz . tpLZ Propagation Delay Time Control ta Signal Output
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CD4066BM/CD4066BC

AC Test Circuits and Switching Time Waveforms {Continued)

5v
Ve
25V
CONTROL  vpp
Vis v — -

Vg ———IN/OUT SWITCHES oUTAN Vos

Ves % N —25v — L |

— = !
tl':v Ve = Vpp for distortion and frequency response tests

V¢ = Vgg for feedthrough test

FIGURE 4. Sine Wave Distortion, Frequency Response and Feedthrough

5V
Ve = Voo j l
CONTROL  vpp
[ 10F4 I
Vis(1) NOUT e es QUTAN Vosiy
v
ss Ry
l i
2By
v = 5V
Visty OV o— - S —

5V

o ﬁ I

CONTROL
IN/QUT

Vss

10F
SWITCHES

Voo

GUTAN

Vis(2) * f—

]

|

-5V

1oV

CONTROL

INOUT

SWITCHES

Voo

QUT/IN

%RIN

]

Vs

Vis = Vpp —

Voo
CONTROL  Vpp
m/omsw”CHEs OUT/INg

Vss

Vos
cL Ry
50 pF 1k

25V — —JL/ —
U

Vos(2)
Ry
Tk

FIGURE 5. Crosstalk Between Any Two Switches

20 ns

— CROSSTALK

_t

Vos
it
A
Vos V

FIGURE 6. Crosstatk: Control Input to Signal Output

Vpp/2

FIGURE 7. Maximum Control Input Frequency
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Typical Performance Characteristics

*ON’" Resistance vs Signal
Voltage for Ty = 25°C

]
NARRREARNRAARY
['T1 1
250

ik WA ;

s \ “‘ T
L |
Vpp - Vgs = 10V

400

350

300

150 |

10 _u_ LN

50 == | T
| Vpp - Vg = 15V

0 " il L

-

CHANNEL “ON" RESISTANGE {Rgy) (12}

|
i
-8 6 -4 -2 0 2 4 8 8

SIGNAL VOLTAGE (V|g) (V)

“ON" Resistance as a Function
of Temperature for
Vpp — Vgs = 10V

= 400 . —
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z 350 [ ot

€ I ; . :
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S g S |

-8 -6 -4 -2 06 2 4 6 8
SIGNAL VOLTAGE (Vg} (V)

Special Considerations

In applications where separate power sources are used
to drive Vpp and the signal input, the Vpp current
capability should exceed Vpp/RL (R = effective
external load of the 4 CD4066BM/CD4066BC bilateral
switches). This provision avoids any permanent current
flow or clamp action on the Vpp supply when power is
applied or removed from CD4066BM/CD4066BC.

In certain applications, the external load-resistor current
may include both Vpp and signal-line components. To

““ON’" Resistance as a Function
of Temperature for
Vpp — Vss = 15V

3400 I‘l {1“\

% 30 | . !

S T T

2 o T
g Lol

g om0 H ““L‘

2 a0 bt SERRAY!

& Tl Hh

2 0 r1a- s et T
2 O e T L
<§( 50 |ttt -

= Ta=-55C |1

0

-4 -2 0 2 4 6 8
SIGNAL VOLTAGE {vyg) {V)

-8 -6

“ON"’ Resistance as a Function
of Temperature for
Vpp — Vss = 5V

400 — y
| o i Ta=25¢C

=

3

L / et
= H i H
2 250 H AJJJ—L»‘
% i Ta-+25¢C
2200 i 11
Z 150 “ I &T/j:“&& C
E] .
TV ¥ | H
: | il

‘:‘ 50 ! { 4 ‘ ‘ ‘ T i
N B [

4 6 4 2 0 2 4 6 B
SUPPLY VOLTAGE (V) (V)

avoid drawing Vpp current when switch current flows
into terminals 1, 4, 8 or 11, the voltage drop across the
bidirectional switch must notexceed 0.6V at Ta < 25°C,
or 0.4V at Tp > 25°C (calculated from RQN values
shown).

No Vpp current will flow through Ry if the switch
current flows into terminals 2, 3, 9 or 10.
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LF11331, LF11332, LF11333, LF11201, LF11202 Series

ey sy

@

rsnwu L
/

BI-FET Technolcgy

Quad SPST JFET Analog Switches

LF11331/LF12331/LF13331
LF11332/LF12332/LF 13332
LF11333/LF12333/LF13333
LF11201/LF12201/LF 13201
LF11202/LF12202/LF13202
General Description

These devices are a monolithic combination of bipolar
and JFET technology producing the industry’s first
one chip quad JFET switch. A unique circuit technique
is employed to maintain a constant resistance over the
analog voltage range of *10V. The input is designed to
operate from minimum TTL levels, and switch operation
also ensures a break-before-make action.

Features

B Analog signals are not loaded

& Constant
100 kHz

® Pin compatible with CMOS switches with the advan
tage of blow out free handling

"“ON" resistance for signals up to 210V and

4 normally open switches with disable

4 normally closed switches with disable

2 normally closed switches and 2 normally open switches with dis: .
4 normally closed switches

4 normally open switches

Small signal analog signals to 50 MHz

Break-before-make action torF <ton
High open switch isolation at 1.0 MHz —50dB
Low feakage in “OFF" state <1.0 nA

TTL, DTL, RTL compatibility

Single disable pin opens all switches in nackage on
LF11331, LF11332, LF11333
LF11201 is pin compatibte with DG201

These devices operate from *15V supplies and swing a
+£10V analog signal. The JFET switches are designed for
applications where a dc to medium frequency analog
signal needs to be controlled.

Connection Diagrams (Dual-In-Line Packages) (Al Switches Shown are For Logical 0"’}

LF11331/LF12331/LF 13331
St DISABLE +Vee S3 03 IN
w s Ja Jiw o o |w |

IN,  Da

12

LF11332/LF12332/LF13332
4 DISABLE +V.oc
Ls s |a ]

$1 D1 N, N, Do

LF11333/LF12333/LF 13333
52 DISABLE Ve §3 D3 IN,
n [|n 9 Jm 5 fie s e i e s

23

RE;
K

4

l\ lz 3 [A |s 6 ‘7 ‘a ]\ |1 3 ]a
01 1 Va o Ve 02 N, N, D1 il Ve

TOP VIEW

LF11201/LF12201/LF 13201

mlt.‘a T‘s s ‘vcc ]‘Z z” }Jm$
e \_&__4
- _?—-1

| &
u!,‘ nl\z xJ —VIE: \I: SZE DI; |L:

TOP VIEW

Test Circuit and Schematic Diagram

aNALOS o~ | 0 R
INPUT iV,) | | =

|
|

Lo6IC o g% 1?
INPUT G .
ose o oavl | =

WOBIC Y 20¥) |

v
[ S
fee

I
t sy f

QY

FIGURE 1. Typical Circuit for One Switch

T

Vee

TOP ViEW

Order Number LF11201D, LF122010,
LF13201D, LF11202D, LF12202D, N, D4 54
LF132020, LLF11331D, LF12331D,
LF13331D, LF11332D, LF12332D,
LF13332D, LF11333D, LF12333D

or LF13333D
See Package 15

Order Number LF12201N, LF13201N,
LF12202N, LF13202N, LF12331N,
LF13331N, LF12332N, LF13332N, "

LF12333N or LF13333N W0 1 Ve Vg 02
See Package 22

LoGIC
' 03 Q2
b 4
DISABLE
s o
yo
Ve O

7 ]x Iw D,z 3 ]4‘]5 3

TSt vk Ve 5202 N,
T0P VIEW

LF11202/LF12202/LF13202
“Vee NC 3 D3 Ny
lm Jis [ua s iz In o [s

]‘ps]vl‘a

TOP VIEW

RY

L]

FIGURE 2. Schematic Diagram (Normally Open)
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Absolute Maximum Ratings

Positive Suppiy — Negative Supply {Vec—Vee!) 36V Operating Temperature Range
Reference Voltage Vee < Vg < Vee LF11201, 2 and LF11331,2,3 -56°C 10 +125°C
Logic Input Voltage Vg —4.0V < Viy < Vg +60V LF12201, 2 and LF12331,2, 3 ~256°C to +85°C
Analog Voltage Vee < Va < Vee *6V. Va < Vgg +36V LF13201, 2 and LF13331,2,3 0°C to +70°C
Analog Current [1Al<< 20 mA Storage Temperature —65°C to +150°C
Power Dissipation {Note 1) Lead Temperature (Soidering, 10 seconds} 300°C
Molded DIP (N Suffix) 500 mw
Cavity DIP (D Suffix) 900 mw

Electrical Characteristics (Notes 2, 7)

LF12331/2/3
LF11331/2/3 LF12201/2
SYMBOL PARAMETER CONDITIONS LF11201/2 LF13331/2/3 UNITS
LF13201/2
MIN TYP MAX MIN TYP MAX
Rown “ON" Resistance Vo =0 1, =1mA T,=-25C 150 200 150 | 250 Q
200 300 200 | 350 Q
Ron Match [ "ON" Resistance Matching Ta=25C 5 20 10 50 Q2
Va Analog Range s10 | 11 210 ] =1 %
Isions * Leakage Current in “ON” Condition | Switeh “ON "V, = Vg = =10V T, =25 C 03 |5 03 | 10 nA
Ioion) 3 100 3 30 nA
lsioFr: Source Current in "OFF’" Condition Switch "OFF "V 10V, T,=25C 04 5 04 10 nA
Vp - 10V 3 100 3 30 nA
IbloFr: Drain Current in "OFF” Condition Switch "OFF " v +10V, Ta-26C 0.1 5 0.1 10 nA
Vi = =10V 3 100 3 30 nA
Vine Logical "'1"" Input Voltage 20 20 vV
Vint Logical "0"" Input Voltage 08 0.8 v
inem Logical 1" Input Current Vi - BV T, 25C 36 | 10 36 | 40 uA
25 100 uA
[ Logicai *'0" Input Current Vi 08 Ta25C 01 0.1 WA
1 1 uA
Ton Delay Time “ON’ v 10V, Fgure 30 T, 25C 500 500 ns
1oke Delay Time "OFF" Ve 10V Figere 3 T. /C 90 30 ns
ton  lofF Break-Betore-Make Vo = 10V Figure 3! T, 25 ¢C 80 3a ns
CoioFe Source Capacitance Switeh "OFF. N 10V T.-28C 4.0 4.0 pF
Coiors) Drain Capacitance Switeh "OFF © v - - 10V Ta~25C 30 3.0 pF
Coiont + Active Source and Drain Capacitance | Switch “ON " Ve Vg, - OV Ta 25°¢C 5.0 50 oF
Coion
Vsowores “OFF" Isolation (Figure 4) voie 5 T. 25¢C ~50 -50 a8
cT Crosstalic (Figure 4 INote 3t T, -25C —65 —65 dB
SA Analog Slew Rate (Note 41 T.=25¢C 50 50 Vius
lois Disable Current (Frgure 5, iNot 51 Ta -25C 04 10 0.6 1.5 mA
06 15 09 23 mA
lee Negative Supply Current Al Switches "OFF " Vg - 110V T, 25 C 3.0 5.0 43 7.0 mA
4.2 75 6.0 105 mA
In Reference Supply Current All Switches “OFF “ vg - 110V T, - 25°C 20 | 40 27 | 50 mA
28 6.0 38 75 mA
lec Pasitive Supply Current All Switches "OFF " Vg =110V T, =25C 45 6.0 7.0 9.0 mA
6.3 9.0 9.8 1356 mA

Note 1: For operating at high temperature the molded DIP products must be derated based on a +100°C maximum junction temperature and a
thermal resistance of +150°C/W, devices in the cavity DIP are based on a +150°C maximum junction temperature and are derated at +100°C/W.
Note 2: Unless otherwise specified, Voo = 15V, VEg = --15V, Vg = 0V, and limits apply for 55°C < Tp < +125°C for the LF11331,2,3 and
the LF11201,2, —25°C < Ta < +85°C for the LF12331,2,3 and the LF12201,2, and 0°C < T < +70°C for the LF13331,2,3 and the
LF13201, 2.

Note 3: These parameters are limited by the pin to pin capacitance of the package.

Note 4: This is the analog signal slew rate above which the signal is distorted as a result of finite internal siew rates.

Note 5: All switches in the device are turned "OFF’* by saturating a transistor at the disable node as shown in Figure 5. The delay times will be
approximately equal to the tgN or toFF plus the delay introduced by the external transistor.

Note 6: This graph indicates the analog current at which 1% of the analog current is lost when the drain is positive with respect to the source.
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LF11331, LF11332, LF11333, LF11201, LF11202 Series

Test Circuit and Typical Performance Curves

Delay Time, Rise Time, Settling Time, and Switching Transients

15V 15V Va

T 7 T T
Vi 50\;m Tvn Tvn Ts ot = [ L | VA""”" ] Vli'E/-
‘o ‘;b —t - —
50 w T 1 1 b T T
-- s runn s R A SRR
R I \\ S b L
Vin T —
; D f e yEEES8
1 SIREEEGNE SR IRRE
J) vo N i A T —+
10 pF
= = 200 nsidrv 200 ns/div
% REEREERES
ERNEEEN Jr -
Vo i Vo
J I
. F s A
2 — Vv 2 H Vin )
, f i \ Il
i LA B \
I l L i ‘1 | i
200 asidw 200 asidiv 200 nsfdiv
Additional Test Circuits
Vin
v |-
5V 15V Va 50% 50%
T T o ; t
i
Ve 030\; [—‘ ﬂ [Vr_c ]Tw S Vo
Vo =410V
50 " L
1y - T_
‘ 20¢
Vin v , - : ‘ uw.L .
| ton e torr fa—
= _:L Vo o -8.0v f
k
Wa-20V ZI'V
10 pF . [ 90%
T " .
- Vo te =16 ns

FIGURE 3. tgN, toFF Test Circuit and Waveforms for a Normally Open Switch

l o1 1 8
10 pF 680

gj_l

1.0 Vems

1.0 vims

10 ,FI % 680

W, v
OFF ISOLATION = 2010y —= CROSSTALK = 2010g —&
Ve Va

FIGURE 4. “OFF" Isolation, Crosstalk, Small Signal Response
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Typical Performance Characteristics

“ON’* Resistance

“ON" Resistance

“ON’’ Resistance

Break-Before-Make Action

200 r 500
T T TTT1T T I +Vec = 15V, ~Vgg = ~15V
200 b ! TIME MEASURED FROM
L e | 150 |— IS 400 o 50% INPUT PULSE TO 80%
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LF11331, LF11332, LF11333, LF11201, LF11202 Series

Application Hints

GENERAL INFORMATION

These devices are monolithic quad JFET analog switches
with “QN" resistances which are essentially independent
of analog voltage or analog current. The leakage currents
are typically less than 1 nA at 25°C in both the "OFF”
and “ON" switch states and introduce negligible errors
in most applications. Each switch is controfled by mini-
mum TTL logic levels at its input and is designed to turn
“OFF” faster than it will turn "ON.” This prevents two
analog sources from being transiently connected together
during switching. The switches were designed for appli-
cations which require break-before-make action, no
analog current foss, medium speed switching times and
moderate analog currents.

Because these analog switches are JFET rather than
CMOS | they do not require special handling.

LOGIC INPUTS

The logic input {IN), of each switch, is referenced to two
forward diode drops (1.4V at 25°C) from the reference
supply {Vg) which makes it compatible with DTL, RTL,
and TTL logic families. For normal operation, the logic
“0" voltage can range from 0.8V to —4.0V with respect
to Vg and the logic ““1" voltage can range from 2.0V to
6.0V with respect to Vg, provided Vy is not greater
than (Voo — 2.5V). If the input voltage is greater than
(Vee — 2.5V), the input current will increase. If the
input voltage exceeds 6.0V or -4.0V with respect to
Vg, a resistor in series with the input should be used to
limit the input current to less than 100uA.

ANALOG VOLTAGE AND CURRENT
Analog Voltage

Each switch has a constant “ON’’ resistance (Roy) for
analog voltages from (Vgg +5V) to (Ve —5V). For
analog voltages greater than (Ve — bV}, the switch will
remain ON independent of the logic input voltage. For
analog voltages less than {Vgg + 5V), the ON resistance
of the switch will increase. Although the switch will not
operate normaily when the analog voltage is out of the
previously mentioned range, the source voltage can go to
either {(Veg + 36V) or (Ve + 6V, whichever is more
positive, and can go as negative as Vgg without destruc-
tion. The drain (D) voltage can also go to either
(Veg + 36V) or (Vee + 6V), whichever is more posi-
tive, and can go as negative as (Ve — 3BV) without
destruction.

Analog Current

With the source (S) positive with respect to the drain
(D), the Rgp is constant for low analog currents, but
will increase at higher currents {>>5 mA) when the FET
enters the saturation region. However, if the drain is
positive with respect to the source and a small analog
current loss at high analog currents (Note 6) is tolerable,
a low Rg can be maintained for analog currents greater
than 5 mA at 25°C.

LEAKAGE CURRENTS

The drain and source leakage currents, in both the ON
and the OFF states of each switch, are typically less than
1 nA at 25°C and less than 100 nA at 125°C. As shown
in the typical curves, these leakage currents are depend-
ent on power supply voltages, analog voltage, analog cur-
rent and the source to drain voltage.

DELAY TIMES

The delay time OFF (tor¢) is essentially independent of
both the analog voltage and temperature. The delay time
ON (ton) will decrease as either (Vee — V) decreases
or the temperature decreases

POWER SUPPLIES

The voltage between the positive supply (Vee) and
either the negative supply {Vgg) or the reference supply
(Vg ) can be as much as 36V. To accommodate varia-
tions in input logic reference voitages, Vx can range
from Veg to (Ve —4.5V). Care should be taken to
ensure that the power supply leads for the device never
hecome reversed in polarity or that the cevice is never
inadvertantly installed backwards in a test socket. if one
of these conditions occurs, the supplies would zener an
interal diode to an unlimited current; and result in a
destroyed device.

SWITCHING TRANSIENTS

When a switch is turned OFF or ON, t-ansients will
appear at the load due to the internal transient voltage at
the gate of the switch JFET being couplec to the drain
and source by the junction capacitances of the JFET.
The magnitude of these transients is dependent on the
load. A lower value R produces a lower transient volt-
age. A negative transient occurs during tte delay time
ON, while a positive transient occurs dur ng the delay
time OFF. These transients are relatively small when
compared to faster switch families.

DISABLE NODE

This node can be used, as shown in Figure 5, to turn all
the switches in the unit off independent of logic inputs.
Normally, the node floats freely at an internal diode
drop (= 0.7V} above V. When the external transistor in
Figure 5 is saturated, the node is pulled very close to Vg
and the unit is disabled. Typically, the current from the
node will be less than 1 mA. This feature is not availa-
ble on the LF11201 or LF11202 series.

Vowams ~ W

FIGURE 5. Disable Function




Typical Applications
Sample and Hold with Reset
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LF11331, LF11332, LF11333, LF11201, LF11202 Series

Typical Applications (Continued)

Demultiplexer
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Typical Applications (continued)

Chopper Channel Amplifier

Self-Zeroing Operational Amplifier

LA

—AAA
vV

9 8 1 16
LF 11331

[ SE—_—
ZERO
INPUTS
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LF11331, LF11332, LF11333, LF11201, LF11202 Series

Typical Applications (continued)

Programmable Integrator with Reset and Hold
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LF11331, LF11332, LF11333, LF11201, LF11202 Series

DEMODULATOR

DSB Modulator-Demodulator

WODULATOR

Typical Applications (continued)
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et

N

=

SOURCE UM ORAIN GATE
LR

BI-FET Technology

LF11508/LF12508/LF13508
8-Channel Analog Mulitiplexer
LF11509/LF12509/LF13509

4-Channel Differential Analog Multiplexer

General Description

The LF11508/LF12508/1.LF13508 is an 8-channel
analog multiplexer which connects the output to 1 of
the 8 analog inputs depending on the state of a 3-bit
binary address. An enable control allows disconnecting
the output, thereby providing a package select function.

This device is fabricated with National's BI-FET tech-
nology which provides ion-implanted JFETs for the
analog switch on the same chip as the bipolar decode
and switch drive circuitry. This technology makes
possible low constant “ON” resistance with analog
input voltage variations. This device does not suffer
from latch-up problems or static charge blow-out
problems associated with similar CMOS parts. The
digital inputs are designed to operate from both TTL
and CMOS levels while always providing a definite
break-before-make action.

The LF11509/LF12509/LF13509 is a 4-channel dif-
ferential analog multiplexer. A 2-bit binary address will

connect a pair of independent analog inputs to one of
any 4 pairs of independent analog outputs. The device
has all the features of the LF11508 series and should be
used whenever differential analog inputs are required.

Features

JFET switches rather than CMOS

No static discharge blow-out problem

No SCR latch-up problems

Analog signal range 11V, —15V

Constant “ON"' resistance for analog signals between
—11V and 11V

““ON"' resistance 380 2 typ

Digital inputs compatible with TTL and CMOS
Output enable control

Break-before-make action: tofFf = 0.2 us; tON =
2 us typ

Functional Diagrams and Truth Tables

LF11508/LF12508/LF 13508

EN A2 Al A0
7 ' SWITCH
? EN | A2 | a1 | a0 |°
[ ON
I 1 OF 8 DECODER —O -vee H L L L S1
H L L H S2
O GND H L H L S3
H L H H S4
H H L L S5
© Yo H H L H 6
H H H L S7
H H H H S8
L X X X NONE
LF11509/LF12509/L F13509
EN Al Al
Q Q T
SWITCH
L 1 0F 4 DECODER -0 —Vge EN | A1 | AO PAIR ON
L X X None
O N HolL L s1
H L R s2
l—0 v H H L s3
H H H sS4




Absolute Maximum Ratings

LF11508, LF12508, LF13508,
LF11509 LF12509 LF13509
Positive Supply ~ Negative Supply (Voo — VEE) 36V 36V 36V
Positive Analog Input Voltage (Note 1) Vee Vee Vee
Negative Analog Input Voltage (Note 1) —VEE —~VEeg —~VEE
Positive Digital input Voltage Vee Vee Vee
Negative Digital Input Voltage —~5V -5V —5V
Analog Switch Current Is: < 10 mA Isi <10 mA Ilgl < 10 mA
Power Dissipation (Pp at 25°C) and Thermal
Resistance (OjA), {Note 2)
Molded DIP (N) Pp - - 500 mW
fia - — 160°C/W
Cavity DIP (D) Pp 900 mW 900 mw 900 mwW
8iA 100°C/W 100°C/W 100°C/W
Maximum Junction Temperature (TjmAaX) 150°C 110°C 100°C
Operating Temperature Range —BB"C < T < +125°C 25°C < Tp < +86°C 0°C < Ta <+70°C
Storage Temperature Range 65°C to +150°C —65°C to +150°C —65°C to +150°C
Lead Temperature (Soldering, 60 seconds) 300°C 300°C 300°C

Electrical Characteristics (Note 3)

60S€1471/60S21471/60SLE4T ‘B0SEL41/80S21471/80GLEAT

F12509
LF11508, LF11509 LF12508, LF12 !
SYMBOL PARAMETER CONDITIONS LF13508, LF13509 UNITS
MIN TYP MAX MIN TYP MAX

RON “ON” Resistance VOUT "0V, Ig - 100 uA Ta 25C 380 | 500 380 | 650 0

800 750 500 850 Q

ARON ARQN with Analog Voltage -10V <. VQuT <0 10V Is - 100 A | TA - 25°C 001 | 1 001} 1
Swing

RON Match | Row Match Between Switches VOUT - OV.Ig - 10014 Ta-25C 20 100 20 150 3

IS{OFF) Source Currentin "OFF " Swtch “OFF" Vg~ 1i.vp - 11, |TaA~25C 1 5 nA

Condition {Note 4} 10 50 0.09 50 nA

ID(OFF) Drain Current in "OFF "' Switch "OFF" Vg~ 11, vp - 11, | Tao =25 C 10 20 nA

Condition {Note 4] 25 500 0.6 500 nA

{D(ON} Leakage Current in “ON" Swtch "ON” Vy - 11V (Note 4) Ta-25C 10 20 nA

Condition 35 500 1 500 nA

VINH Digital 1" Input Voltage 20 20 Vv

ViNL Digital “0" Input Voltage 0.7 o7 A

IINL Digital “0" Input Current VN 07V Ta~25°C 1.5 20 1.5 30 HA

40 40 MA

INL{EN) Digital *'0"* Enable Curient VEN 0.7V Ta :25°C 1.2 20 1.2 30 UA

40 40 HA

tTTRAN Switching Time of Multiplexer {Figure 1), (Note 51 Ta=25C 2.0 3 18 us

TOPEN Break-Before-Make (Figure 3) Ta =25 C 1.6 1.6 Hs

tON(EN) Enable Delay “ON" {Figure 2) Ta = 25C 16 16 s

TOFF(EN) Enable Delay "OFF " {Figure 2} Ta-25C 0.2 02 S

ISO{OFF) “OFF" Isolation {Note 6} Ta -25°C 66 66 dB

CcT Crosstalk LF11509 Series, {Note &) Ta 25 C -66 66 a8

Cs{OFF) Source Capacitance {“OFF ") Switch “OFF", VouT - 0V, Ta=25C 22 22 pF

vg oV
COIOFF] Drain Capacitance (“OFF ') Switch "OFF" VouT © OV, Ta=25C 114 14 pF
Vs OV

fcc Positive Supply Current All Digital Inputs Grounded Ta <25°C 7.4 10 74 12 mA

9.2 13 7.9 15 mA

Igee Negative Supply Current All Digital Inputs Grounded Ta=25C 27 4.5 27 5 mA

29 55 28 6 mA




LF11508/LF12508/LF13508, LF11509/LF12509/LF13509

Notes

Note 1: if the analog input voltage exceeds this limit, the input current should be limited to less than 10 mA.

Note 2: The maximum power dissipation for these devices must be derated at elevated temperatures and is dictated by TiMAX. 0jA. and the
ambient temperature, Ta. The maximum available power dissipation at any temperature is Pp= {Tjmax — TA)/8ja or the 25°C Pppmax. which-
ever is less.

Note 3: These specifications apply for Vg = +15V and over the absolute maximum operating temperature range (T| = Ta < Ty) unless otherwise
noted.

Note 4: Conditions applied to leakage tests insure worse case leakages. Exceeding 11V on the analog input may cause a1 "OFF”’ channe!l to
turn “ON",

Note 5: Lots are sample tested to this parameter. The measurement conditions of Figure 7 insure worse case transition time.

Note 6: “OFF" isolation is measured with all switches “OFF" and driving a source. Crosstalk is measured with a pair of switches "ON"’, driving
channel A and measuring channel B. R =200, C_=7 pF, Vg = 3 Vrms, f = 500 kHz.

Connection Diagrams

Dual-In-Line Package Dual-In-Line Package
Al A2 GND Vee $5 56 s7 S8 Al GND Voo Si8 828 S38 S48 Dg
16 15 14 13 12 1 10 |9 |1ﬁ 15 14 13 12 11 10 9
I 1 2 3 4 5 6 7 ls F 2 3 4 5 3 7 l 8
AQ EN ~VEE s1 sz 53 4 i} AD EN  -Vge S1A s2A $3A SaA g
TOP VIEW TOP VIEW
Order Numbers LF11508D, LF12508D, Order Numbers LF11509D, LF12509D,
LF135080D or LF13508N LF13509D or LF13509N
See Packages 17 and 22 See Packages 17 and 22

AC Test Circuits and Switching Time Waveforms

15V
Vee
2V Ot EN $1 =0 10V
$2-87 ._0__—_.1- Vg1
LF11508
At s8f—O-10V = 0.8 Vgg
Al ]
v -~ = TRAN
GND EE

LOGIC

INPUT 50 l oM I 10 pF
15V L

i

FIGURE 1. Transition Time




AC Test Circuits and Switching Time Waveforms (continued)

15
Vee
A2 §1 =0 10V
Al 52-58
LF11508
— A —
EN D
—VEE
ENABLE LD .
INPUT 50 1 ! Vo
< L - —15v I
FIGURE 2. Enable Times
15V
1oV
Vee
v EN $1
52-57
ar  LF1I608 g 1
Ao 0
-v
LoGIC GND EE
INPUT 50 $ “‘ 109F
- -18v I

FIGURE 3. Break-Before-Make

Transition Times and Transients
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Typical Performance Characteristics
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Application Hints

The LF11508 series is an 8-channel analog multiplexer
which allows the connection of a single load to 1 of 8
different analog inputs. These multiplexers incorporate
JFETs in a switch configuration which insures a constant
“ON" resistance over the analog voltage range of the
device. Four TTL compatible inputs are provided; a
3-bit binary decode to select a particular channel and an
enable input used as a package select. The switches
operate with a break-before-make action preventing the
temporary connection of 2 analog inputs during
switching. Because these multiplexers are fabricated with
the BI-FET process rather than CMOS, they do not
require special handling.

The LF11509 series is a 4-channel differential multi-
plexer which allows two loads to be connected to 1 of
4 different pairs of analog inputs. The LF11509 series
also has all the features of the LF11508.

ANALOG VOLTAGE AND CURRENT

The “ON” resistance, RQN, of the analog switches is
constant over a wide input range from positive (Vcc)
supply to negative (—VEE) supply.

The analog input should not exceed either positive or
negative supply without limiting the current to less
than 10 mA; otherwise the multiplexer may get damaged.
For proper operation, however, the positive analog
voltage should be kept equal to or tess than Vcc — 4V
as this will increase the switch leakage in both “"ON”
and "OFF’’ state and it may also cause a false turn "ON"
of a normally “OFF" switch. This limit applies over the
full temperature range.

The maximum atlowable switch “ON” voltage {the drop
across the switch in the “ON" condition) is £0.4V over
temperature. If this number is to exceed the input
current should be limited to 10 mA.

The “ON’ resistance of the multiplexing switches
varies slightly with analog current because they are
JFETs running at OV gate to source. The JFET charac-
teristics shown in Figure 4 indicates how RQN tends
to vary with current. A lower RQpN is possible when
the source voltage is negative with respect to the drain
voltage because the JFET becomes enhanced. Caution
should be used when operating in this mode as this
may forward-bias an internal transistor and cause high
currents to flow in the switches. Thus, the drain voltage
should never be greater than 0.4V positive with respect

Roy (ki)

to the source voltage without limiting the drain current
to less than 10 mA.

LEAKAGE CURRENTS

Leakage currents will remain within the specified value
as long as the drain and source remain within the speci-
fied analog voltage range. As the switch terminals exceed
the positive analog voltage range “ON” and “OFF"”
leakage currents increase. The “ON” leakage increases
due to an internal clamp required by the switch struc-
ture. The "OFF ' leakage increases because the gate to
source reverse bias has been decreased to the point
where the switch becomes active. Leakage currents vary
slightly with analog voltage and will approximately
double for every 10°C rise in temperature.

SWITCHING TIMES AND TRANSIENTS

These multiplexers operate with a break-before-make
switch action. The turn off time is much faster than
the turn on time to guarantee this feature over the full
range of analog input voltage and temperature. Switching
transients are introduced when aswitch isturned “OFF"".
The amplitude of these transients may be reduced by
increasing the load capacitance or decreasing the load
resistance. The actual charge transfer in the transient
may be reduced by operating on reduced power sup-
plies. Examples of switching times and transients are
shown in the typical characteristic curves. The enable
function switching times are specified separately from
switch-to-switch transition times and may be thought
of as package-to-package transition times.

LOGIC INPUTS AND ENABLE INPUT

Switch selection in the LF11508 series is accomplished
by using a 3-bit binary decode while the LF 11509 series
uses a 2-bit decode. These binary logic inputs are compa-
tible with both TTL and CMOS logic voltage levels.
The maximum positive voltage applied to these inputs
may exceed Vc but should not exceed —VEE + 36V.
The maximum negative voltage should not be less than
4V below ground as this will cause an internal device to
zener and all the switches will turn “ON".

As shown in the schematic diagram, the logic low bias
current will flow until the PNP input is raised above the
3 diode reference (x> 2.1V). Above this voltage the input
device becomes reverse biased and the input current
drops to the leakage of the reverse biased junction
(< 0.1 uA).

36

Ig (mA)

FIGURE 4. JFET Characteristics

5.75
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Typical Applications

A SIMPLIFIED SYSTEM DISCUSSION

Analog multiplexers (MUX) are usually used for multi-
channel Data Acquisition Units {DAU). Figure 5 shows a
system in which 8 different analog inputs are sampled
and converted into digital words for further processing.
The sample and hold circuit is optional, depending on
input speed requirements and on A/D converter speed.

Parameters characterizing the system are:

System Channels: The number of multiplexer channels.
Aceuracy: The conversion accuracy of each individual
sample with the system operating at the throughput rate.
Speed or Throughput Rate: Number of samples/second/
channel the system can handle.

For a discussion on system structure, addressing mode
and processor interfacing, see application note AN-159.

A. ACCURACY CONSIDERATIONS

1. Multiplexer’s Influence on System Accuracy (Fig-
ure 6.

a. The error, (E), caused by the finite “ON" resis-
tance, RN, of the multiplexing switches
is given by:

100
E(%) = where:
1+ RiN/(RoN + Rg + ARQN)

RN = following stage input impedance
ARQN = "“ON’ resistance modulation which is
negligible for JFET switches like the LF11508

Example: Let Rgn = 450 2, ARgN =0, Rg=0,
Ta = 25°C and allowable E = 0.01% which is
equivalent to 1/2 LSB in a 12-bit system:

_ RON (100~E)
min E

RiN = 45 MQ

Note that if temperature effects are included,
some gain (or full scale) drift will occur; but
effects on linearity are small.

b. Multiplexer settling time (tg):
ts(ON): is the time required for the MUX output
to settle within a predetermined accuracy, as
shown in Table I.
Cs (Figure 6): MUX output capacitance + fol-
lowing stage input capacitance + any stray capaci-

DATA ACQUISITION SYSTEM

TABLE I.
ts(ON)
R %

ERROR % BITS TO 1/2 L.SB
0.2 8 6.2t
0.05 10 7.6t
0.01 12 9t
0.0008 16 11.8t

t=Cs (Ron + RglIR|N

ts(OFF}): is the time it takes to discharge Cg
within a tolerable error. The “OFF” settling time
should be taken into account for bipolar inputs
where its effects will appear as 4 worse case
doubling of the ts{ON).

. Sample and Hold Influence on System Accuracy

The sample and hold, if used, also introduces

errors into the system accuracy due to:

® Offset voltage of sample and hold

® Droop rate in the Hold mode

® TAa: Aperture time or time delay between the
time of a digital Hold command and the actual
Hold occurance

® Taq: Acquisition time or time it takes to
acquire an analog input and settle within a pre-
determined error band

® Hold step: Error created during the Sample to
Hold mode caused by an undesirable charge
injected into the Hold capacitor Cp.

For more details on sample and hold errors, see
the LF198/LF298/LF398 data sheet.

. A/D Converter Influence on System Accuracy

The “accuracy’ of the A/D converter is the best
possible system accuracy. In most data acquisi-
tion systems, the A/D converter is the most expen-
sive single component, so its error will often
dominate system error. Care should be taken that
MUX, S/H and input source errors do not exceed
system error requirements when added to A/D
errors. For instance, if an 8-bit accuracy system
is desired and an 8-bit A/D converter is used, the
accuracy of the MUX and S/H should be far
better than 8 bits.

For details on A/D converter specifizations, see

tance at this node. AN-156.
Rg Ron
vin o~
o
O— = O-——o/
PRECONDITIONED | O 8.cHANNEL
ANALOG INPUTS | ol MUX b ] » BITSWORD O——O/
o— o-—‘,—o’ b
© T I—; CONVERSIGN COMPLETE O . o i
Oo— -
od—c =

CHANNEL SELECT

FIGURE 5. Random-Addressed, Multiplexed DAU

8-CHANNEL MUX

FIGURE 6. 8-Channel MUX




Typical Applications (continuea)

B. SPEED CONSIDERATIONS

In the system of Figure 5 with the S/H omitted, if n-bit
accuracy is desired, the change of the analog input
voltage should be less than £1/2 LSB over the A/D con-
version time T¢. In other words, the analog input slew
rate, (rate of change of input voltage), will cause a slew-
induced error and its magnitude, with respect to the total
system error, will depend on the particular application.

AVIN |
At

+1/2 LSB _ VES
Tc 2MxT¢

max

where VEg is the full scale voltage of the A/D. Note that
slew induced errors are not affected by the MUX switch
time since we can let the unit settle before starting
conversion.

Example:Let Tc = 40 ps (MM4357), Vg = 10V and
n=8.

AV N

At e
| max Hs

which is a very small number. A 10 Vp-p sine wave of
a frequency greater than 32 Hz will have higher slew
rate than this. The maximum throughput rate of the
above 8-channel system would be calculated using
both the A/D conversion time and the sum of MUX
switch “ON’’ time and settling time, i.e.:

Th. R _ = 3k samples/sec/

max g (Tc + Tmux!  channel

TMux = TON * TS(ON)

Also notice that Nyquist sampling criteria would
allow each channel to have a signal bandwidth of
1.5 kHz max, while the slew limit dictates a maxi-
mum frequency of 32 Hz. If the input signal has a
peak-to-peak voltage less than 10V, the allowable
maximum input frequency can be calculated by:

(Slew Rate}max

fMAX = TVoD
p-

On the other hand, if the input voltage is not band-
limited a low pass filter with an attenuation of 30 dB or
better at 1.5 kHz, should be connected in front of
the MUX.

1. Improving System Speed with a Sample and Hold

The system speed can be improved by using the
S/H shown in Figure 5. This allows a much greater
rate of change of V|N.

AVIN VES

< 2
At 2MxTa

| max

where Tp is the aperture time of the S/H. This
represents an input slew rate improvement by a
factor: To/TA. Here again, the slew rate error is
not affected by the acquisition time of the Sample
and Hold since conversion will start after the S/H
has settled. An important thing to notice is that
the sample and hold errors will add to the total
system error budget; therefore, the inequality of
the AVpn/At expression should become more
stringent.

Example: T¢ = 40 s, TA=0.5us, n=8:Tc/Tao =80

So the use of a S/H allows a speed improvement
by nearly two orders of magnitude.

The maximum throughput rate can be calculated by:

Th. R| !

max g (Tp +Taq+Tg)

Notice that Tpyux does not affect the AV|N/At
expression nor the throughput rate of the system since
it may be switched and settled while the Sample and
Hold is in the Hold mode. This is true, provided that:
TMux<Ta+Tc.

C. SYSTEM EXAMPLE (Figure 7)

The LF398 S/H with a 1000 pF hold capacitor, has an
acquisition time of 4 us to 0.1% (1/4 LSB error for 8
bits) and an aperture time of less than 200 us. On the
other hand, after the hold command, the output will
settle to £0.05 mV in 1 ws. This, together with the
acquisition time, introduces approximately a +1/4 LSB
error. Allowing another 1/4 LSB error for hold step
and gain non-linearity, the maximum slew error (AV|N/
At) should not exceed 1/4 LSB or:

AVIN 1 1 1
< — x — X
At 4 256 Ta

= 5mV/us

{(which is the maximum slew rate of a 5 V peak sine
wave. Also notice that, due to the above input slew
restrictions, the analog delay caused by the finite BW of
the S/H and the digital delay caused by the response
time of the controller will be negligible. The maximum
throughput rate of the system is:

1
Th. R - = 2}?00 samples/sec/
ch.

max g5 +40) 1070

if the system speed requirements are relaxed, but the
A/D converter is still too slow, then an inexpensive S/H
can be built by using just a capacitor and a low cost
FET input op amp as shown in Figure 8.
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Typical Applications (continued)
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Typical Applications (continued)

D.DOUBLING THE SYSTEM CHANNEL CAPABILITY

This is done in two different ways. First, we can use
second level multiplexing with speed benefits, as shown
in Figure 9. A fast 2-channel multiplexer, made by the
dual analog switch AM182, accepts the outputs of each
8-channel MUX, LF13508, and then feeds them sequen-
tially into an 8-bit successive approximation A/D conver-
ter. With this technique, the throughput rate of the
system can again be made independent of the the
LF 13508 speed. Lcoking at the timing diagram, when
the A/D converter converts the analog value of an
upper multiplexer channel, we switch channels in the
lower multiplexer for the next conversion. This can be
done provided that:

TMUX <Tc+1CP

The LF356 connected as unity gain buffers are used
because of the low input impedance of the A/D; they
are connected between muitiplexers for speed optimi-
zation. With a maximum clock frequency of 4.5 MHz:

108
Th.R = 31.25k samples/sec/channel
16 x 2
and
AVIN 10 1
< = x —— = 19.5 mV/us for 10V
At 266 2ps FS
15V —15V
?13 ? [ l
- —o/
Ot
0-——0/
o-——o/
0——0/
Vin <
O——0"
O—_/
o—-—o/
Lo——o/
LF13508
2 1 16 15
SAMPLE ——I_r J) &
HOLD —— EN A0 A A2
—————
CHANNEL SELECT

ipss = 1.5 mA, ZoyT = 40 k&2
Vin = 10V, C = 1000 pF, Ta =20 us 10 0.1%

An alternate way to increase the system channel is
shown in Figure 10, where the enable pins are used to
disable one MUX while the other is sampling. With this
method, many 8-channel multiplexers can be connected,
but the parasitic capacitance at the common output
node will keep increasing and will eventually degrade
the settling time, ts(ON). Also, the MUX speed will now
affect the system throughput. if, for instance, this
method was used instead of second level multiplexing,
the system of Figure 9 will lose half of its speed. If,
however, speed is not the prime system requirement,
the approach of Figure 10 is more cost effective.

E. DIFFERENTIAL INPUT SYSTEMS

Systems operating in industrial environments may
require an instrumentation amplifier 1o separate the
desired analog signal from any common-mode signal
present. The LF 11509 was designed to provide 4 pairs of
differential input signals to the input of an instrumenta-
tion amplifier for further process. A 4-channel precondi-
tioning circuit is shown in Figure 11 and a complete
system is shown in Figure 12.

15V

— «= =p T0 A/D

The acquisition time, T a, of the Sample and Hold depends upon: RgN. Ipss of switches, ZgyT of switches

Error created by charge injection during Hold mode: AVE = 10 pF (14.5V-VN)/Ch

FIGURE 8. Inexpensive Sample and Hold
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LF11508/LF12508/LF13508, LF11509/LF12509/LF13509

Typical Applications (continuea)
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FIGURE 9b. Timing Diagram
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Typical Applications (continued)
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7
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12 e o—
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o
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o
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FIGURE 10. A 16-Channel Multiplexer with Sequential Multiplexing

15V -13¥
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sao—aq.._o/
5 Ve 220
52 Omd—(" 159 O I—w M-
P
10— &
7
7 -~
saO—J—O‘
13 ~ ] R | o———rom Vg
i | - | Ch
. n -~ 5
oo ; T
1 ~ | | -
s]o--._-of/ | -1 O | 174 LF13333
53 O——0r ] L_<ll‘
LF13509 ! e
1 I E |
é (L EN ] 1:4 LF13333
A0 Al
= | lé
CHANNEL I NO
SELECT ' 10K
VWA/—4
1 B LF13333
S ‘e
we

5V
wd L
2ERO PULSE
¢ Differential multiplexer disabled during auto zeroing
® Minimum zercing pulse width will depend upon the integrator R1C
® This scheme provides input offset adjust especially useful with high gain connections. The device, LF352,
providas pins for output offset adjust. For more details, see LF352 data sheet.

FIGURE 11. 4-Channel Differential Multiplexer with Auto Zeroed Instrumentation Amplifier
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LF11508/LF12508/LF13508, LF11509/LF12509/LF13509

Typical Applications (continued)

15V —15v
19 Ta 2
4
51 O—1
5 -—Q/
52 O—
6 —0/
53 O—
7 ——O/
54 O—vp
- 13
31 O—
.12 9
Sz o——o/
& ol Ve
10 LF13333
.10
s o o !
LF13509
g (l;s 2 15y
EN
A0 A
2 Al
ﬂa
T ;
NO 13 14
CLR 9
a
15V 15V 15v 5V ZERQ PULSE CLK
zwmracia |
D a
2_Js |17 I IR ¢ s '_]
3 26 21 10
—o5 cLock I
1
224F —O wmse &
5 22 14
o 5V
11 13
5 2 12
0.047 oF PO '70 5V
12 7 20 ADB1200PC 10 ?m
LF13300  OC (MM5863) TO DIGITAL 4 5
= 0.047,F . 10 —o out CLK o
RR —o 1/2 MM74CT4
™ oas 7 5 B 206
r—AAA— —O D g 5v
23 [] cLa
14 =° T T
500 pF 10k
1 E '_0,, ’ - 01 4F
O LsB
— .l -
0.01 4F 7 3 8 7 m = MMTaC09 =
13
5V
® fcLocK Max = 200 kHz
® The LF352 instrumentation amplifier is auto zeroed during offset correction cycle of the LF13300 A/D
® The system accuracy will maostly depend on the instrumentation amplifier gain linearity

FIGURE 12a. 4-Channel Differential Multiplexer with Auto Zeroed Instrumentation Amplifier and 12-Bit A/D Converter
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Ay (51-87)
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Ay (83-53)

Vouy
LF352 —/ﬂ

V4

A4 \

PD: Polarity Detection
OC: Offset Correction
RR: Ramp Reference
For more details, see LF

FIGURE 12b. System Timing Diagram for Differential MUX

13300 data sheet
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LF11508/LF12508/LF13508, LF11509/LF12509/LF13509

Schematic Diagrams
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MM450/MM550, MM451/MM551,

MM452/MM552, MM455/MM555 MOS Analog Switches

General Description

The MM450, and MM5HO series each contain
four p channel MOS enhancement mode transis-
tors built on a single monolithic chip. The four
transistors are arranged as follows:

MM450, MM550 Dual Differential
Switch

Four Channel
Switch

Four MOS Transis-
tor Package

Three MOS Tran-
sistor Package

MM451, MM551
MM452, MM552

MM455, MM565

These devices are useful in many airborne and
ground support systems requiring multiplexing,
analog transrmission, and numerous signal routing
applications. The use of low threshold transistors
(V1h = 2 volts) permits operations with large ana-
log input swings (t 10 volts) at low gate voltages
(—20 volts). Significant features, then, include:

® |arge Analog Input Swing +10 Volts
VguLk = +10 Volts
Vgg = —20 Volts
® Low ON Resistance Viy = -10V 15082
Vin = +10V 758
200 pA @ 25°C

® [ow Supply Voitage

® |ow Leakage Current
8 |nput Gate Protection
& Zero Offset Voitage

Each gate input is protected from static charge
build-up by the incorporation of zener diode pro-
tective devices connected between the gate input
and device butk.

The MM450, MM451, MM452 and MM455 are
specified for operation over the -55°C to +125°C
military temperature range. The MM550, MM551,
MM552 and MM555 are specified for operation
over the —25°C to +70°C temperature range.

Schematic and Connection Diagrams

Dual-In-Line and Flat Package
. Torview "

I f—tcr
: n

oram - —14 }_ saves
3 u
Gare —24 Floeaa

]

souace 3

s n
[ETp—— L2 ares
5 5
cm;__i oRa w3

PO S §
souRCE

SOURCE *

s

Metal Can Package

Tor view
ToP ViEwW

GATE2

.
weor i (YY) weorn

BULK

Nate: Pin 5 connectzd to case ard device butk.
bulk. Dran and Source may be

Order Number MM450H or MM550H
See Package 1

Typical Applications

See Package

Metal Can Package

Note: Pin 5 connected ta case and device

Order Number MM455H or MM555H

Note 1. Pins 1 and 8 connected to case and
dewce bulkc. Drain ang Source may he interchanged
MMAS2F, MM552F
Note 2: MM4520 and MM552D (dual«n-line packages)
have same pin cannections as MMA452F and MM552F
shown above
Order Number MM452F or MM552F
See Package 23
Order Number MM452D or MM552D
See Package 14

Metal Can Package

o0 viEw

sutruT
iSOURCE:

whuT
ORAIN 1

INPUT &
(DRAN 41

NPT 2
10RAWZ:

eyt 3
LORA 31

suLx
Note: Pin 5§ connected 10 case and device bulk
interchanged

Order Number MM451H or MM551H
1 See Package 1

SWITCH =2 SWITCH =1

EQUIVALENT INPUTS
CIRcy
I I 1 Mmasd
|
|
4

INPUTS

To66Le O

WPUT 0

SWITCH #1
auTPuT

SWITCH 22
ouTPUT

!

DPDT Analog Switch
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MM450/MMS550, MMM451/MM551, MM452/MM552, MM455/MM555

Absolute Maximum Ratings

Gate Voltage (Vgg)
Butk Voltage (Vgyi k!
Analog Input (VN)
Power Dissipation
Operating Temperature
Storage Temperature

Electrical Characteristics
STATIC CHARACTERISTICS {Note 1)

MM450, MM451, MM452, MM455

MMSE50, MM551, MM5652, MM565

+10V to —30V
+10v

+10V to —20V
200 mwW

—55°C to +125°C
—65°C to +150°C

+10V to —30V
+10Vv

+10V to —20V
200 mW

—25°C to 70°C
-65°C to +150°C

PARAMETER CONDITION MIN TYP MAX | UNITS
Analog Input Voltage 10 A\
Threshold Voltage (Vgg(T)) Vo =0,lg=1uA 1.0 2.2 3.0 \4
ON Resistance Vin = -10V 150 600 Q2
ON Resistance Vin ® Vss 75 200 Q
OFF Resistance 10'° Q
Gate Leakage Current {lggg) Vgs = -25V,Vgs=0,T, =25°C 20 pA
Input (Drain) Leakage Current
MM450, MM451, MM452, MM455 Ta=25°C .025| 100 nA
T,=85"C 002 1.0 uA
Ta=125°C 025 1.0 uA
Input (Drain) Leakage Current
MMBEQ, MM551, MM552, MM555 Ta=25"C 0.1 100 nA
Ta=70"C .030 1.0 uA
Output {Source) Leakage Current
MM450, MM451, MM452, MM455 Ta=26°C .040 100 nA
Output (Source) Leakage Current
MM450 Ta~85°C 1.0 uA
MM451 Ta=85C 1.0] pA
MM452, MM455 Ta- 85°C 1.0 wuA
MM450, MM451, MM452, MM455 T, = 125°C 1.0 UA
Output (Source} Leakage Current
MM550 TA=70"C 1.0  upA
MM551 Ta = 70°C 1.0 uA
MM552, MM555 Ta=70°C 1.0 kA
DYNAMIC CHARACTERISTICS
Vog = -10V, I =
Large Signal Transconductance 0s 10V, 1p = 10 mA 4000 umhos
f=1kHz
CAPACITANCE CHARACTERISTICS (Note 2)
PARAMETER DEVICE TYPE MIN | TYP MAX UNITS
Analog Input (Drain) Capacitance {Cpg) ALL 8 10 pF
MM450, MM550 1N 14 pF
o Capacits c MM451, MM551 20 24 pfF
utput {Source) Capacitance (Cgg) MM452, MM552 75 11 oF
MM455, MM555 75 1 pF
MM450, MM550 10 13 pF
. MM451, MM551 55 8 pF
| t E C ’
Gate Input Capacitance (Cgg) MMA452. MME52 55 5 oF
MM455, MM555 55 9 pF
Gate to Output Capacitance {Cgg) ALL 3.0 5 pF

Note 1: The resistance specifications apply for -55°C <C T4 <+ 85°C, Vgg = -20V, Vguix
+10V, and a test current of 1 mA. Leakage current is measured with all pins heid at ground except

the pin being measured which is biased at 25V

Note 2: All capacitance measurements are made at O volts bias at 1 MHz.
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Typical Dynamic Input Characteristics (1, - 25°c Untess Otherwise Noted)

CONDITION 1:
ANALOG INPUT VOLTAGE
AT +10 VOLTS i
Ron vs Vgg Dynamic Ry
. 10,000 10
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MM450/MM550, MMM451/MM551, MM452/MM552, MM455/MM555

Typical Input Capacitance Characteristics

MM450, MM550

Cinvs Vin
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50 Vg = +10V
) +
30 —
20 Vg = -20V ==
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MM451, MM551

MM452, MM552 , MM455, MM555
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Typical Applications (continued)
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MM454/MM554 4-Channel Commutator

General Description

The MM454/MM554 is a 4-channel analog com-
mutator capable of switching four analog input
channels sequentially onto an output line. The
device is constructed on a single silicon chip using
MOS P Charnel enhancement transistors; it con-
tains all the digital circuitry necessary to sequen-
tially turn ON the four analog switch transistors
permitting multiplexing of the anaiog input data.
The device features:

= High Analog Voltage Handling 10V
m High Commutating Rate 500 kHz
s Low Leakage Current (T4 = 25°C) 200 pA

(Ta =85C) 50 nA

® All Channel Blanking input provided
® Reset capability provided
m | ow ON Resistance 200¢2

In addition, the MM454/MM554 can easily be
applied where submultiplexing is required since a
4:1 clock countdown signal is provided which can
drive the clock input of subsequent MM454/MM554
units

The MM454 is specified for operation over the
-55°C to +125°C military temperature range. The
MMB54 is specified for operation over the -25°C
to +70°C temperature range.

Schematic and Connection Diagrams

ANALDG
INPUTS
4
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=
3
1T ANALOG
, r P outeur
) T
LS
AL cnannel T ] ]
BLANKING
IN &
CLOCK ___ Jep  qa aBp ouTeyT
INPUT . e M
N COUNTDOWN
A asp—
RESET 1 1

Flat Packag

NO CONNECTION

e

1

1

croox meyt 2 _{ FOUK B

EsHT —dd _1

AL CHANNEL BIANKING — 4

COUNTER [—— NO 1 ANALOG INPOT
o H
DECODER

QUTPUT & 1 COUNTODWN

2

11
p—— ND 2 ANALOG INPUT

s
l L o 3 anacos weut

3
NO CONNECTION ——]

1 3
NO 4 ANALOG INPUT

BULK

1
- ] L

ANALOG OUTPUT

Note: Pin 7 connected to case and to device bulk. Nominal Operating Voltages: Vgg = -24V;
Vop - OV Vgg = +12V, Reset Bias = +12V (DV for Reset), all channel bianking bias =

+12V (V for blanking)

Order Number MM454F or MM554F
See Package 23
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MM454/MM554

Absolute Maximum Ratings (Note 1)

Gate Voltage (Vgg) +10V to —30V
Bulk Voltage (Vgg) +10V
Analog Input (V) +10V to --20V
Power Dissipation 200 mw
Operating Temperature MM45¢< ~56°C to +125°C

MM55£. —25°C to +70°C
Storage Temperature —65°C to +150°C

Static Characteristics vote 2/

PARAMETER CONDITION MIN TYP MAX UNITS
Analog Input Voltage 10 v
ON Resistance Vin = =10V 170 600 Q
ON Resistance Vin = Vgg 90 200 Q
OFF Resistance 10" 9]
Analog Input Leakage Curtent MMA454 Ta=25'C 050 100 nA
MM454 Ta=85C .006 1.0 uA
MM554 Ta=25C .0001 100 nA
MM554 Ta=70C .030 1.0 LA
Analog Output Leakage Current MM454 Ta=25C 0.100 100 nA
MM454 Ta =85C 30 1.0 A
MM554 Ta=25C .0001 100 nA
MM554 Ta=70C .030 1.0 MA
Vgs Supply Current Drain Vgg = +12V 38 55 mA
Vs Supply Current Drain Vag = -24V 24 35 mA
Capacitance Characteristics
PARAMETER CONDITION MIN TYP MAX UNIT
Analog Input Capacitance Channel QFF liny © 0 4 6 pF
Analog Input Capacitance Channe! ON Iin = 0 20 24 pF
Analog Output Capacitance I =0 20 24 pF
Clock Input VoL = +12v 2.0 pF
Reset input Vaggey = +12V 20 pk
Blanking Input Vgiank = +12V 20 pF
Clock Characteristics ot 3
PARAMETEF CONDITION MIN TYP MAX UNIT
Clock Input {HIGH)(*) Vg - 2 Ves
Cilock Input (LOW) -5 0 45
Clock Input Rise Time (POS GOING) No requirement
Clock Input Fall Time (NEG GOING) 20 usec
Countdown Output (POS) \'(,, Vgg -2 Vgg \
Countdown Output (NEG) 'V, 0 Vv
Maximum Commutation Rate 05 20 MHz
Vss 1100 +12 +14 v

Note 1: Maximum ratings are timiting values above which the device may be damaged. All voltages
referenced to Vpp = 0.

Note 2: These specifications apply over the indicated operating temperature range for Vgg -24v,
Vpp = 0V, Vgg = +12V, VREGET = +12V, VgL aNK =~ +12V. ON resistance measuced at 1 mA,
OFF resistance and leakage measured with all analog inputs and output common. Capacitance measured
at 1 MHz.

Note 3: Operating conditions in Note 2 apply. Vgg to Vpp (0V) voitage is applied to counting and
gating circuits. VGG is required only for analog switch biasing. Ali logic inputs are high resistance and
are essentially capacitive.

Note 4: Logic input voltage must not be more positive than Vggs.

5-90




Typical Performance Characteristics

RON vs Analog Voltage Cinvs VN
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FET Application Guide

National Semiconductor manufactures a broad line of The following chart is a guide to enable the user to
silicon Junction Field Effect Transistors (JFETs). determine what parameters are important in each
National’s JFETs provide excellent performance in many application.

areas such as RF amplifiers, analog switching, low input
current amplifiers, ultra low noise amplifiers and out-
standing matched cuals for operational amplifiers
input applications.

APPLICATIONS AND THEIR PARAMETERS
LISTED IN APPROXIMATE ORDER OF

IMPORTANCE
LOW . Low HIGH ANALOG AND
FREQUENCY F;fggx:ﬂ EL:;;EIC;':AEERTSER :?X:S?:g; NOISE FREQUENCY | OSCILLATOR D':;‘i?m;?" DIGITAL
AMPLIFIER AMPLIFIER | AMPLIFIER SWITCHING
Yis Yts G bz en Re(Yts) Yfs VGs1-VGs2l 'DS(ON}
Ipss [I¢] Yits Y@ Ipz IG. in Re(Yis} ‘bss AIVGs1-VGs2l 1D(OFF)
AT
VGS(OFF) Crss Dz VGs @ Ipz Ys NF Cres Ciss
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Monolithic Dual FETs vs 2-Chip Dual FETs

Monolithic Dual FETs vs
2-Chip Dual FETs

INTRODUCTION

Recent development of a morolithic dual field effect
transistor offers distinct cost and design advantages to
the dual FET user. In this article, we have pointed out
these advantages on the basis ¢f a comparison that was
made between this monolithic structure and the 2-chip
dual. Finally, a typical application for this FET is
presented and evaluated.

GENERAL

Most dua! junction field effect transistors that are avail-
able today are the 2-chip va-iety. These devices are
costly to manufacture since 2 “ET dice must be found
whose electrical characteristics match under a certain set
of bias conditions. Finding the matched pair is accom-
plished by collecting data on a large number of dice and,
with the help of a computer, selecting 2 devices with
identical characteristics. The result is a device that
exhibits excellent end point temperature characteristics
as long as the device is operated at the manufacturer
specified bias conditions. If the device is operated at
bias levels that deviate too much from the specified
conditions, the user runs the risk of poor temperature
performance. In addition, even if the device is biased
at the specified drain current operating point, there
still is no guarantee that the device will be well behaved
between the temperature end points.

The dual FET manufacturer and user alike would like
10 have a device that exhibits none of the above short-
comings. They are:

1. High price because of the device selection process.

2. Poor temperature tracking characteristics at currents
other than those specified by the manufacturer.

GATE 1
DRAIN1 <?SOURCE 1

GATE 2

SOURCE ZQ DRAIN 2
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3. Non-linear temperature tracking performance between
the manufacturer specified end point temperatures.

Recent development by National of a complete family
of dual monolithic junction FETs has virtually eliminated
these shortcomings. National’s family of duals include
general purpose dual process 83 (2N3954 family, etc.),
ultra low leakage dual process 84 (2N5902 family),
wideband RF dual process 93 (2N5911 family) instru-
mentation dual cascode process 94 (NDF9400 family},
low noise dual process 95 (2N5515 family), and wide-
band chopper switch dual process 96 (2N5564 family).
While some other companies now manufacture a mono-
lithic dual g.p. FET similar to process 83, National is
the only “‘all monolithic’” dual manufacturer. These
devices (illustrated in Figures 1a and 1b) consist of 2
diffused isolated junction FETs.

Since these devices are a monolithic structure, no dice
matching is required. The FETs that make up the chip
either match or they don’t. Units that do not match
are eliminated at the wafer sorting stage. Units that do
match and exhibit good temperature tracking charac-
teristics at a specified drain current also exhibit good
temperature tracking characteristics at other current
levels. These devices display a linear differential gate-
source voltage relationship to temperature. This is very
important to the operational amplifier manufacturer
since it allows him to temperature compensate the dual
FET, or his entire amplifier circuit for that matter, such
that temperature coefficient approaching 0 uV/°C can
be achieved. Since the 2 FETs that constitute the
monolithic structure are isolated by a diffusion, they can
be operated at different potentials without device
interaction.

DRAIN1

DRAIN 2

GATE1 GATE 2

’ T P T
[ N Z[ W2~ ER %
SUBSTRATE T
(case) O R /é 1§77

SOURCE 1

SOURCE 2

FIGURE 1a. Typical National Monolithic Dual FET Cross-Section

(Processes 83, 84, 93, 94, 95 and 96)

SUBSTRATE
(CASE)

FIGURE 1b. Process 83 Equivalent Schematic
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FET TEMPERATURE CHARACTERISTICS making this type compensation difficult. To illustrate T §
the difference in temperature tracking characteristics =3
Figure 2 illustrates the gate-source voltage temperature of the 2-chip FET and the monolithic structure, a 2-chip (o]
dependence of the ZN3954 (process 83) monolithic 10 uV/°C device was compared to a monotithic 10 uV/ -—
FET for various valuzs of drain current. All junction °C unit. ~
FETs, whether they &re monolithic or single unit con- E-_
struction, display similar characteristics. It becomes Figure 4 illustrates how the differential gate-source (@]
evident, upon examiration of this curve, that a very voltage of the monolithic 2N3954 varies as a function
slight change in drain current results in a substantial temperature. When both sides of the dual FET are U
change in the gate to source voltage (VGS) temperature biased at the specified 200 uA +0.01% level, the temper- c
coefficient. ature coefficient is constant and equal to 6 uV/°C. Also, 9_
note that the AVGS temperature coefficient can be
Figure 3 illustrates just exactly how dependent VGg adjusted to about 0 uV/°C by increasing the drain )
is to an Ip change. For example, suppose a device is current in Q2 1o 201 A, The AVGg temperature charac- m
biased at a 200 wA drain current level. The curve in teristics for the 2-chip 2N3954 dual FET are shown in -'l
i Figure 4 tells us that a drain current change of 1 uA Figure 5. Note that if one employs the definition of »n
will change the Vgs temperature coefficient 4.8 uV/ temperature coefficient set forth in Note 1, the AVGs <
‘ °C. The fact the V(g temperature coefficient can be temperature coefficient of the 2-chip dual is about w
‘ predictably changed by slight variation in the drain 8 uV/°C. it would be impossible, however, to achieve N
current implies that :he differential gate-source voltage a temperature coefficient much better than 8 pV/°C )
temperature coefficient can be adjusted to O uV/°C by (by adjusting the drain current), because the AVGS O
a change in drain current. A 2-chip dual FET can also be temperature curve is non-linear. 35
temperature compensated in this same manner provided .6'
the differential VGg temperature coefficient is constant The AVGS temperature characteristics of the 2-chip
at all temperatures. The temperature coefficient of the dual and the monolithic dual were then measured at U
2-chip system, however, is generally not constant over 500 wA of drain current. The results are itlustrated c
the specified operating temperature range, therefore in Figures 6 and 7. V]
—
-
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Monolithic Dual FETs vs 2-Chip Dual FETs

Note that the monolith ¢ dual exhibits good AVGgg
temperature characteristics {TC = 15 uV/°C} while the
2-chip dual has a temperature coefficient greater than
50 uV/°C. The data disp ayed in Figures 4—7 is for 2
specific devices; however, it is representative of the data
accumulated on a number of process 83 and 2-chip
dual FETs.

Another point that warrants discussion is the fast
thermal transient response of the monotithic dual FET.
This type device is generally employed as the input
stage for an operational amplifier; therefore, it may be
subjected to electrical overload such as input voltage
transients. This condition causes 1 side of the dual FET
to dissipate more power than the other, which in turn
results in a temperature differential between the 2 sides

15V
R!ITEMPEHATUHE

COEFFICIENT
ADJ

500
201

of the device. The AVGS error will disappear once the
devices are again in thermal equilibrium. The time for
the 2-chip dual FET to reach thermal equilibrium, after
a thermal transient, is considerable since the FET chips
making up the 2-chip dual are located some distance
apart. On the other hand, the monolithic structure
recovers from thermal transients very rapidly because
the 2 FETs, constituting the chip, are in intimate contact.

APPLICATIONS

A typical operational amplifier application is illustrated
in Figure 8. This circuit employs the 2N3954 monolithic
dual FET as the input device. The drain current level
is set by FET Q2 and resistor Ry. FET Q2 is a 2N5457.
This device exhibits a 0 TC drain current operating paint

+ R7
v 10K, 1% 18V
25 ppm/°C
+ 7
s £ o oursut
2N3954
(P83} 2] _ 4
R4
— 200 —15v
207
INPUTS 4 OFFSET
VOLTAGE ADJ
ot—
02
Ry
25 ppm/C

~15v

SELECT Ry FOR
2V DROP ACROSS R1

Note 1: The temperature coefficient can typically be adjusted

{by R3 and R4) to less than 5 uV/®
Note 2: The common-mode rejecti

C from —25°C to +85°C.
on ratio is typically greater

than 100 dB for input voltage swings of 5V,

FIGURE 8. Low Temperature Coeff

18V +1%

Ig - 100 pA
-— 1/2 2N3054
Vin

1/2 2N3954

500
0.1%

—15V 1%

FIGURE

icient Operational Amplifier

(P83}

Vout =
VN * VOFFSET

(P83)

9
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at about 400 uA. In addition, the Q2—Ryx combination
exhibits an output impedance typically greater than
10 M. This characteristic, coupled with the high
output impedance of the IMF3954, contribute to a
CMRR of greater than 100 dB for this amplifier. Input
offset voltage can be adjusted to O with R4. This control
exhibits sensitivity of 2 mV/turn. The temperature
coefficient can be compensated by R3 with an approxi-
mate sensitivity of 5 uV/°C/turn, The temperature per-
formance of a typical amplifier of this type is illustrated
in Figure 10.

1.5
1 5uv/°C
LMITsS
; ~ Ty
i S\

VgFF — INPUT OFFSET VOLTAGE (mV)
o
&
|

-50 -25 0 25 50 75 100 125 150
TEMPERATURE ("C)

FIGURE 10. input Offset Voltage vs
Temperature

CONCLUSION

The junction isolated dual monaolithic junction FET does
exhibit a more linear AVGS temperature relationship
than does the 2-chip dual FET. In addition, the mono-
lithic structure exhibits good temperature tracking

characteristics at drain currents other than the specified
ID. This is generally not the case for the 2-chip system.
Since all National duals are monolithic structures, the
cumbersome process of matching individual dice is not
required.

This, of course, makes the monolithic dual less expensive
then its 2-chip counterpart. And finally, the monolithic
dual FET maintains excellent tracking characteristics
when the device is subjected to thermal transients or
momentary voltage overloads. This is not the case with
the 2-chip dua! since these devices are thermally isolated
from one another.

Note 1:

Definition of temperature coefficient:

AVGs(To) - AVGs(T
csTo) asTUL 406 uvrc

{TCly =
To—-TL

iAVGsiTH) — aVasiToll

(TCly = x 106 uv/oC

Ty —To

Where Ty = 25°C
TH — High temperature limit (T = 85 or 126°C)
T — Low temperature limit
AV Gs(TQo! in the differential gate-source offset voltage
at Tg (volts)
AVGg{TH) — Differential gate-source offset voltage at Ty
AVGg(T) — Differential gate-source offset voltage at T
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Why Use Cascode Dual FETs?

Why Use Cascode
Dual FETs?

National Semiconductor’s cascode dual JFET is a
unique structure in which each half of a monolithic dual
is actually 2 FETs connected in cascode. Figure 1a and
76 show the comparison. The advantages of a cascode
structure are low dynamic leakage (IG) and greatly
improved common-mode rejection ratio. National's
processes 84 and 94 use the cascode configuration.

FIGURE 1a. Cascode Configuration

D1 D2

r_ N

I'I:
61 62
| |

I, O . |
s1 82

FIGURE 1b. Triode Configuration

The cascode FET device offers a significant improve-
ment in gain/input current ratio when compared to
standard FET triodes. Specifica ly, the NDF9406 series
devices are specified at IGg < 5 pA under operating
conditions, and they exhibit operating g¢s of 1200 umho
typical. This compares favorably with non-cascode duals
exhibiting 3—10 times the IG.

Furthermore, the NDF9406 scries will maintain this
low input current over a common-mode input range of
up to *15V, while triode devices are limited to approxi-
mately *5V for the same performance.

National Semiconductor
FET Brief 2
Mike Turner
March 1977

Table | compares popular junction dual devices available
in the marketplace.

It is important to remember that |G is a dynamic charac-
teristic. The data supplied by major FET suppliers
clearly shows the effect of operating voltage and current
on Ig and the considerable difference between Ig and
the static parameter 1Ggs.

Figure 2 explores the differences between cascode devices
such as NDF9406—NDF9409 and a triode configured
2N5196. It is easily seen that severe gate current modu-
lation will result in triode devices with even relatively
small change in VpG. Gate current variations will cause
variations in offset bias currents, offset voltage and
common-mode rejection. This is especially true in high
impedance circuits where gate impedances are not
matched.

1
TRIODE 25196

Z 10
=
=
3
o
[+
ERRL) /
b=t
< | | =]
R e CASCODE NDF9406_|
[1-3

0.1

0 10 20 3 40 50

Vpg — DRAIN-GATE VOLTAGE (V)

FIGURE 2. Typical Gate Current vs
Drain-Gate Voltage @ Ip = 200 A

The second major advantage of the cascode configura-
tion is improved common-mode rejection ratio. The
input FETs are effectively shielded from large changes in
operating point by the drain load FETs.

TABLE |
DEVICE $SERIES BV Ig Vpg/ip gfs D
2N3954--2r3958 >50V <50 pA @ 20V/200 uA 1000 @ 200 1A~
2N5196—2MN5199 >50V <15 pA @ 20V/200 uA >700 @ 200 uA
NDF9406—-NDF9409 >60V <5 pA @ 35V/200 uA >950 @ 200 uA

*Limits not specified on the published data sheet.
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The inherent matching of all devices because of mono- Figure 3 compares CMRR of a monolithic triode dual
lithic construction further reduces the effects of FET (National P83) with a cascode structure (National
common-mode signals. P94}.

£S134 1eng apoase) asn Aym
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Simple VHF Analog Switches

Simple VHF
Analog Switches

Simple JFET switches like those in Figure 7 will togagle
at rates to about 10 MHz and switch analog signals with
frequencies to above 100 MHz. They accomplish this by
resolving in the gate-driver design the contradictory
performance goals that even the best switching transis-
tors cannot meet,

Vin

CONTROL
SIGNAL

8YPASS =

a. Series-Pass Switch

01
)——o Vout

IP:

R2 o)

Vin

CONTROL
SIGNAL

BYPASS =
b. With JFET Gate Diode

FIGURE 1. High-Frequency JFET Switching Circuits

To switch high-frequency signals, the JFET should have
low ON impedance, rdsion) or RON. and low input
capacitance, Cigs. The switch’s RC time constant is
established by these 2 parameters, and they also indicate
the bandwidth capability. JFETs have been developed
that come close to being ideal, but unfortunately the
real-world nature of semiconductor devices makes it
impossible to achieve optimum values of both para-
meters in the same device. Low Rgn calls for a physically
large JFET. On the other hand, the very low capacitance
needed for fast toggle rates implies small size.

At a casual glance, gate drive impedance does not appear
very important. However, the JFET device conflict
between RQN and Cigg may be overcome by using the

National Semiconductor
FET Brief 1

Mike Turner

February 1977

proper gate driver. The drive circuit should have a low
impedance when the JFET is turned OFF and a high
impedance when the JFET is turned ON. The low-
impedance path is needed to prevent analog-signal
feedthrough and the high impedance to minimize
signal attenuation through the driver while the JFET
is conducting. A weli-designed driver can do both.

The relationships among JFE™ and driver characteristics
can be sorted out with the help of Figure 2, which shows
a typical series-pass switch and the equivalent circuits
of the JFET in its ON and OFF conditions. A JFET
operates best as a series-pass switch when the ON condi-
tion allows RQN and shunt capacitance to be low, and
series-pass capacitance to be high. But in the OFF
condition, it should exhibit low series-pass capacitance
and high series-pass resistance (RQFF). The JFET will
have these characteristics when properly matched to
the driver.

$SOURCE DRAIN
VAN

1)
4
Rs -
GATE

R
GATE DRIVE |

a. Series-Pass JFET Switch

SOURCE Ron DRAIN
C
g
GATE
b. IFET On
Rofr
AN
Cys
SOURCE 11 DRAIN
O O
RE 11 I
Coy Cy,

!

GATE
c. JFET Off

Cdg = drain-gate capacitance
Cgc = gate-channel distributed capacitance
Csg = source-gate capacitance

Cdgs = drain-source capacitance
RoN = ON impedance
RofFF = OFF impedance

FIGURE 2. Series-Pass Switch ancl JFET Equivalent Circuits
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Getting down to a low Rgn when the gate is turned ON
is no problem. A JFET such as the 2N4391 has a maxi-
mum RON of 30€2 (see rgs{on) in Table t). However, the
parallel capacitance in the signal path can become fairly
high—about 15 pF when drain, source and gate have the
same potential (Vpg = VG§ = 0). The simple answer to
this dilemma is to drive the gate with a high AC impe-
dance when the switch is closed. The shunt capacitance
will be in series with a high impedance. Virtually all of
the signal will then go through the JFET, the path of
least resistance, rather than through the gate-to-ground
connection.

Next problem. When the switch is OFF, high-frequency
attenuation is the name of the game. It is depended
upon to prevent the signal at the input from reaching the
output. The JFET channel is, for all practical purposes,
an open circuit because RQFF of a quality JFET is over
10120 althougn this decreases as frequency goes up.
However, capacitive feedthrough is the most significant
route across the switch. From Figure 2c,

CsqCdg

CFEEDTHROUGH = Cds *+
Csg + Cdg

Feedthrough capacitance can be significant if the gate is
not operated at AC ground. Minimizing the right-hand
term by operating the gate at AC ground allows Cqs to
become the pacing factor. If the gate is grounded, Cqg
will be approximately 0.2 pF. In other words, the
effective RQFF of the switch depends directly on
circuit design, not the JFET.

Now to put tiese principles to work. The best high-
frequency switch is an N-channel JFET. lts gate should
be biased positive from a high-impedance source for
turn-on and biased negative through a low-impedance path
for turn-off. Drivingthe switch ON through an RF choke
sounds tempting, but it would be difficult to avoid
resonances anc oscitlation bursts during some switching
conditions. DC resistances could be increased to equal

or exceed Rg in parallel with R, but then the toggle
rate would be kept down by the very high drive
impedance.

We prefer the circuits in Figure 7, which are fairly fast
and not tricky. When NPN transistor Q2 is in saturation,
Q1 is biased OFF through a low-impedance path. The
diode is slightly forward-biased and exhibits high capa-
citance. When Q2 turns OFF, D1’s cathode is driven
positive by R1. Now the diode is reverse-biased and
exhibits high impedance and low capacitance. The
charge that was stored on D1 discharges into the gate
of Q1, allowing the JFET to be turned ON. Because
there is no good discharge path available to the charge
stored on Q1's gate, the gate will “follow” any signal
swing in the analog input voltage. Adding R2 will
ensure that the gate follows the signal even during DC
conditions. Remember, however, that the RZ/CSQ time
constant will effect switching time and gate-source
signal tracking.

Don‘t expect just any diode to work well; D1’s capa-
citance is critical and should match that of the JFET
{CDt1 = Cq1l. One good way of making sure that the
JFET and the diode are well mated is to use the same
type of JFET for both. The gate lead is 1 electrode of
the diode and the drain and source leads are simply
tied together to form the other electrode. The circuit in
Figure 1b was optimized in this way.

Excellent high-frequency series switches can be made
with 2N4091, 2N4092 and 2N4093 JFETs. RC time
constants are short because of their low rds(on) and
capacitance, and leakage is low. The 2N4391, 2N4392
and 2N4393 series is even better, having only 100 pA
leakage and lower Cigs. Even though the 2N4416 is
classed as an RF amplifier, it is also listed in Table [ to
illustrate that many of our other JFETs can solve
special switching problems. This one does well in circuits
requiring very low capacitance and leakage. Although
the RgN of an RF transistor is not specified, it can be
estimated as rgs(on) = 0.85/Y¢s, which is typically
17042 for the 2N4416.

TABLE |. JFETs for High-Frequency Analog Signal Switching

BVGss Crss
TYPE OR lGss Ciss OR ds{on) ton toff
NO. BVpGo (MAX) (MAX} Cpgo (MAX} (MAX] (MAX]}
{MAX) (MAX)
2N4091 40V 02nA 16 pF 5 pF 300 25 ns 40 ns
2N4092 a0v 0.2nA 16 pF 5 pF 5050 35 ns 60 ns
2N4093 40V 0.2 nA 16 pF 5 pF 800 60 ns 80 ns
2N4391 40V 0.1 nA 14 pF 3.5 pF 300 15 ns 20 ns
2N4392 40V 0.1 nA 14 pF 3.5pF 600 15 ns 35 ns
2N4393 40V 0.1 nA 14 pF 35 pF 10002 15 ns 50 ns
2N4416 30V 0.1 nA 4 pF 0.8 pF 170>
2N4416A 35V 0.1 nA 4 pF 0.8 pF 1700

*This value is not specified in RF amplifier JFETs; 1702 is typical
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Noise of Sources

Noise of Sources

INTRODUCTION

The elimination or minimizatior: of noise is one of the
most perplexing problems facing engineers today.
Many preamplifiers and components come with out-
standing noise specifications, only to disappoint the
user. The problem is the difference between specifica-
tion and application, as the amplifiers are specified
under ideal conditions not the real conditions, (i.e.,
a transducer connected to the input). Many times the
transducer noise is as large or even greater than the
amplifier noise, degrading the signal to noise ratio.
Before amplifier or component noise can be considered,
familiarity with the source noise is essential.

REVIEW OF NOISE BASICS

There are 3 types of transducers: resistive, capacitive and
inductive. The noise of a passive network is thermal
noise, generated by the real part of the complex impe-
dance, as given by Nyquist’s relation:

V2 = 4KkTRe(2) Af (1)
Va = Mean square noise voltege (V2)

k = Boltzmann’s constant {1.38x 10—23 v AS/°K)
T = Absolute temperature (" K)

Re{Z) = Real part of complex impedance (§2)

Af = Noise bandwidth (Hz)

The noise may De represented as a spectral density
(V2/Hz) or more commonly in uV/+/Hz or nV/v/Hz
and is given by:

2

\
2_"'n
e = —— (2)
oAt

1k
w
[}
=
S i
>
; 100 =t
ca’zﬁ
=3

B
ue #
§ 10 =
=
=1
w
t 7
=
Rl
100 1k 10k 100k ™

RESISTANCE ()

FIGURE 1. Thermal Noise Voltage vs Resistance

The total noise voltage in a frequency band can be
readily calculated if it is white noise (i.e., Re{Z) is fre-
quency independent). This is not the case for capacitive
or inductive sources or most real world noise problems.
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Rapidly changing network impedance and amplifier
gain equalization combine to complicate the issue.
The total source noise in a non-ideal case can be calcu-
lated by breaking the noise spectrum into several small
bands where the noise (Re(Z)) is nearly white and
calculating the noise of each band. The total source
noise is the RMS sum of the noise in each of the bands
N1—=Np.

/2

1
- 2 2, 2
VNOISE = (Vo + VN, * —— =+ V) (3

The expression does not take amplifier gain equalization
(like RIAA) into account, which will change the char-
acter of the noise at the amplifier output. By reflecting
the gain equalization to the amplifier input and normal-
izing the gain to O dB at 1 kHz, the equalized source
noise may then be calculated.

1/2
4)

_ 2,2 22 2,2
VEQ = {1A1] VN1 + ‘Azl VNQ b — — —+ |Ap VNn)
Where VEQ = equalized source noise (uV) and
|An] = magnitude of the equalized gain at the center of
each noise band (V/V).

SOURCE NOISE

Models are needed for capacitive and inductive systems
such that noise calculations can be made. Namely, the
real part of the impedance needs to be determined.

Atumped model of a capacitive source, such as condenser
or electret microphone, consists of the microphone and
stray capacitance shunted by a load resistance.

T
1

Cmic CsTRAY RL
z = Re(Z) + {IM(Z) (5)
Re(z) = —2——
ST 4 w2R202
=¥4 1/2
2 ===
1+ w2R2¢2

FIGURE 2. Lumped Model of a Capacitive Microphone

It should be noted that for any particular microphone,
the noise of the network ({Cr, + Cg)//Ry) is reduced
by increasing R because Re(Z) (the real part of the
impedance) is inversely proportional to Ry (see equa-
tion 5).

The inductive source {phono cartridges and tape heads)
is more compiex to analyze because it has a much more
complex model. The simplified lumped model of a phono
cartridge or tape head consists of a series inductance
and resistance shunted by a small capacitor. Each phono
cartridge or tape head has a recommended load con-




sisting of a specified shunt resistance and capacitance.
A model for the inductive source and preamp input
network is shown in “igure 3.

: |
{
Lg | '
1
Ce 11 Cp Rp
|1
Rg 11
[
(I
————————)
INDUCTIVE SPECIFIED
SOURCE LOAD

FIGURE 3. Phono Cartridge or Tape Head
and Preamp Input Network

This circuit is quite formidable to analyze and needs
further simplication. Through the use of Q equations,
a series L-R is transformed to a parallel L-R.

Rs wlg (6)
Q =
RS
Lp Rp R - R, (1+0Q2)
1+Q2
Lg lp= Ls Q2

Simplifying the input network to:

. R = RallR,

(]
-

1l
-

4]
Cs +Cc

)
FIGURE 4. Simplified Inductive Source Network

RXE X3
Re(Z) = 2. w2 w2 (7)
(RXL — RXc)4 + X Xg
RX | X¢
Z =
(IRX — RX)2 + X2 x2)1/2
XL = wL
Xg = 1/«C

The tools are now available to calculate the noise of a
variety of transducers and see how this unspecified noise
affects amplifier (S/N) performance.

EXAMPLES

Calculations of electret microphone noise with various
loads and RIAA equalized phono cartridge noise is done
using equations {1)—(7). Center frequencies and frequency
bands must be chosen first. Values of the lumped cir-
cuit components calculated and noise calculated for
each band, then summed for the total naise. Octave
bandwidths starting at 25 Hz will be adequate for
approximating the noise.

In this example, the microphone capacitance is 10 pF
loaded with 5 pF of amplifier and stray capacitance.
Two resistive loads will be used to illustrate the effect
R has on the microphone noise. R) 1 = 1GQ2 (109),
RL2 = 10GQ (1010), 1t is assumed that there is no
gain equalization in the amplifiers that follow. The
noise calculations are summarized in Table .

The electret or condenser microphone noise {Re(Z)) is
reduced when the load resistance is increased. This is
one of the cases when a larger resistance means lower
noise, Not more noise.

The second example is the calculation of the RIAA
equalized noise of an ADC 27 phono cartridge loaded
with Ca = 280 pF and Ra = 47k. The cartridge con-
stants are Ry = 1.13k and Lg = 0.75H (C; may be
neglected). The noise calculations are summarized in
Tabtle Il for this example.

The RIAA equalized noise of the ADC 27 phono
cartridge and preamp input network was 0.73 uV for the
audio band. Typical high quality preamps have noise
voltages fess than 1 uV, resuiting in a 3 dB or more loss
in system S/N ratio when the cartridge noise is added to
the preamp noise {in an RMS fashion}.

CONCLUSIONS

Zero noise sources and amplifiers do not exist. Speci-
fying amplifier noise under ideal conditions will only
lead to ideal specifications, not a measure of actual
performance. Methods of S/N ratio measurement should
be used that reflect the true performance instead of
hollow specifications.

REFERENCES

1. Fraim, F. and Murphy, P, “Miniature Electret Micro-
phones”. J. Audio Eng. So., Vol. 18, pp. 511-517.
{Oct. 1970}

2. Hallgren, B. |., “On the Noise Performance of a
Magnetic Phonograph Pickup’”. J. Audio Eng. Soc.,
Vol. 23, pp. 546-552. (Sep. 1975)

3. Fristoe, H.T., “The Use of Q Egquations ta Solve
Complex Electrical Networks'. Engineering Research
Bulletin, Oklahoma State University, 1964.

4. Korn, G.A. and T.M., ““Basic Tables in Electrical
Engineering’’. McGraw-Hill, New York, New York,
1965.

5. Maxwell, J., "Hold Noise Down with JFETs", Elec-
tronic Design, Vol. 24, pp. 146-152. (Feb. 16, 1976).

6-13

$92IN0S JO 3SION




u
8510 Paz||Enba YYIY AT EL0 =, (zAZL UYL}

! Z/i

, asiou pazijenbaun AN ¢ = z/L Am>,\C

A9L 1981 NE'66 368t ABL AGEL ACEL AZ'61L A9°92 AE'BL (zAw} m>m<

6100 £vo'o Y510 60 S8°0 99°L G8't £°01L §'6C 0e9 v

WBB'E WEE'Y ASp9 36'66 Av'CT 9El8 1zLe 8671 006 Pery (zAY) M>

661 0807 £08 9ie 9Byl ¢06 19 vey 0g Zic {Au) Na

S'EZ 92 a4 6L 629 |50 4 2507 A% vy vy (ZH/N/AU) 2V

L0t A9°EY AvT AL ABS'G AL6'C ALt AT AG1L R IANE w1z

AvE AGLY ATl 98¢ XeLL A9Z°L AGL0L dLLTL ALLTL ALt {5} (2194

%8'8¢ 3E°99 WeeLo WS9Z'0 WES'0 W80’ WelL'e WyZ'y W8y'8 WL () 2%

ATLL 3Gt 39°¢e AGPLL 188'G A€ AZe'e p AN HE'E VL () X

A9y 38°GY A9°ZY A6°CE J1°8L AL AT AZGL AL AELL (15) 4//%

SL0 GL'o S.°0 9.0 8.0 80 £l 19¢ £v'8 S'le (H)y &y

Wez's we't AySh Al Ap' 62 A28 28T ALG7L AL A9L71 () 9y

oL o't ol Lot oL gl Pt 99°e vzl [44 z0/z0 + L

9'6L9Y 1091 29)74 Lol 9 STL 99'C Leet 860'L vyeo’L Z0+ 1

9'8/9¢% 009t 00v 001 14 SZ°9 9G°L L6E0 860°0 vv200 70

v'89 ot 174 ot S ¥4 Se'L 5290 egleo 9510 Fu/Mei=0

AL 0019 00ze 0091 008 ooy 00c 0ot 0s ST (zH) MEy

Ap'9t 0096 008Y oove 00cL 009 00¢ 05t SL §e (2H) 193ua] 4

H0Z—A'ZL ABZLIY9 A9ICE ATETADL 391008 008—00% 00v—00Z 002—00L 00L—08 06-5¢ (zH) abuey 4

6-14

suone|najen abpiilie) ouoyy 3o AlRWWNG °|f 3119VL

Zu
A yZ g/l CghAR)

5000 €100 5200 ¥S0°0 €010 1z0 10 180 z9L 952 (zA™ ZgA
L0 Z1L'0 910 zEC0 ze0 90 ¥9°'0 80 £l 91 (AT) 2UA
¥8°0 vi 4 g9 i £2 5t 06 08l oze (ZHNAY) 24
1059 W'l wWe'z W'y we'e WL Wy'se NG'OL Wiyt WEBZ 1912l

47 zzl 005 Az A8'L g LE AGTL WG we w8 (15} (Z)2y
$O0L = Ty

ATBL =gy (ZAZ

900 €10 92°0 250 Vo'l 0z Z6°€ v8'L 61 zog (gA™ “ZA
vZ'0 9£°0 150 zL0 zo'L vl 86°1 8¢ 96°¢ §'g (AT) 2UA
8c Sy 6 gl 9e 172 orl 082 098 0oLt (zH/M/ AU) 2Y8
059 WL we'e We'y Ws'8 WL Wy'SE W9'0L oYL WLz izl
ozv prAA A6'Y ABL 381 WLED NSZ'L W86 v Ng'6L WZ'vZ (%5} {Z)ey
3391 = Ty 504
002'L 00t9 00z€ 0091 008 00v 00Z 0oL 0 sz (zH) M8y
00’9l 0096 008 00ve 0071 009 008 051 SL g/e {zH) 493030 §
AOT-ABZL 38Z1~0096 | 00v9-00ZE | 00ZE-009L 0091008 008-00t 00%—00Z 00Z-001L 00L—08 0652 (zH) abuey 4

suone|najes) auoydoioly 18432813 O Alewwng '| 319VL

$92In0S JO 3SION



The Noise Figure Fallacy

Noise Figure (NF) can be one of the most misleading
specifications confronting the engineer today. Noise
Figure is defined as the ratio of total output noise power
to the output noise power of the source.

Total output noise power
NF =10 Log - (n
Output noise power of the source

A minimum NF exists for any amplifier, but is usually
far removed from the actual operating conditions. This is
where the problem begins. Lowering the NF doesn’t
always lower the noise which is what the engineer is
really interested in. NF only gives the designer insight
into the ratio of the amplifier noise to the source noise,
not the input noise of the amplifier or the signal to
noise ratio.

Amplifier noise performance is adequately described by
modeling the noise sources as a series voltage generator
and a shunt current generator with a series voltage
generator for the source resistance noise.

enA
-~ O
enR inA "
R -
§ e2 =e2 +e2_+i2 R2

nt “nA nR  nA g -

eny = total input noise voltage (nV/LHz)

= eps = amplifier noise voltage (nV/y Hz}
ina = amptlifier noise current (pA/\ Hz} .
enR = source resistance thermal noise (nV/\/Hz)

FIGURE 1. Simiplified Amplifier Noise Model

The amplifier noise data is found on vendor data sheets
in the form of e and iy, vs frequency for bipolar transis-
tors and ep vs frequency for FETs and FET amplifiers.

Current noise depends on amplifier input bias current
which is only a few picoamps for FETs and is therefore
negligible. However, bipolar transistor amplifiers have
bias currents into the microamp range where current
noise is significant.

The thermal noise of the source resistance is given by
Nyquist's relation.

vg = 4kTRAf (2)
o2 . 2
R VR = mean square noise voltage {V<)

k = Boltzmann cgnstant

_ (1.38 x 10723 VAS/°K)

V% T = absolute temperature {“K}
R = resistance (£2)
Af = noise bandwidth (Hz)

National Semiconductor
John Maxwel!
February 1977

with the spectral density given by e%
) 1/2
enR = (VR/Af) (3)

1k

400

=
=]

eqR (n"VA/H2)

&
=

N

F

100 1k 10k 100k m
RESISTANCE (<2}

FIGURE 2. Thermal Noise vs Resistance

Using the model of Figure 1, an expression of noise
figure in terms of the noise generators can be developed.

The noise power of the source can be found by using
Nyquist’s relation.

2 2

\4 efRAf

Source Noise Power = YR nR

R R2

with the total output noise power at the input of the
amplifier of:

2 2
) enRAf e aAf
Total - N 2 R2,
otal noise power 2 5 +isa R Af (B)
Yielding
2 2 2
e + R
NF = 10 Log 1+”A2‘nR (6)
fnR

Noise figure has a minimum that occurs at an optimum
source resistance Rppt.

enA
inA

Ropt = ‘7)

Artifically changing the source resistance for minimum
NF will generally increase the circuit noise as demon-
strated by the following example.
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The Noise Figure Fallacy

Example:

An amplifier is needed to boost the signal from a
resistive transducer.

Amplifier requirements

Av =100
f =10Hzto 10 kHz
Transducer = 10 k2

Amplifier—LF356
Noise data, en = 12 nVA/Hz @ 1 kHz
in = 0.01 pAA/Hz @ 1 kHz

The optimum source resistance for the amplifier is
found to be 12M (using equation (7}). Using Figure 2,
the noise of the transducer is 12 nV/\/m and the noise
of the optimum source resistance is 140 nV/\/l—-rz.

Using the non-inverting amplifier configuration, we’ll
view the effect of Rgpy. In one case, resistance will be
added to the source to equal the amplifier optimum

a. Minimum NF

source resistance (not affecting gain). The other case will
only have the transducer connected to the input.

We will neglect the noise of the feedback resistors and
determine the input noise and NF for both configura-
tions using equations (1)—(6).

Case A, minimum NF

1/2
Total input noise V= enpt (Af) =14 uv
NF= 0.06 dB

Case B, minimum noise

V=17 uVv
NF = 3 dB

Noise figure is only a measurement of the amplifier
noise relative to the source noise. The example used
was radical, but it illustrated a very important point.
Resistance should never be added in series with the
source to improve the NF. The NF will improve but the
input noise will suffer, degrading performance. Total
input noise should always be considered allowing
problem sources to be identif'ed and minimized to meet
the system’s specific noise requirements.

b. Minimum Noise

FIGURE 3. 2 Amplifier Solutions
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Low Noise FET Amplifiers

INTRODUCTION

Discrete JFETs reign supreme as low noise amplifiers.
JFETs are virtuelly free from the problems of current
noise, popcorn noise and limited bandwidth which
plague bipolar transistors and bipolar input op amps.

Unfortunately, JFETs are cumbersome to use because of
low gain and the need of extensive biasing networks.
However, monolithic op amps are cheap and easy to
use but suffer from poor noise performance. By com-
bining JFETs with an op amp vields single and differen-
tial input amplifiers that have the best of both worlds;
low noise, high gain and ease of use,

12
f=1kHz
BW = 200 Hz
10
@ PNP /
= 8 ——1 2N5086
= ic=1mA
S 6 [\
o
& \\ NPN
s K -~ VL
Ic=0.1mA
2 f—NJFET g
PF5102
10=1mA
g Lg='m
0.1k 1k 10k 100k

SOURCE RESISTANCE (<))

FIGURE 1. Bipolar and JFET Transistor Noise Comparison

400

AT

<CA3140
\

100 o
ELMWH -

[I; L o
2 o KX -
N
| < ~—— S
c —
S LU —— LF356 =
.~ I .
N
4

- PF5102 ‘\ORNPDSSGE

1

10 100 1k 10k 100k
FREQUENCY (Hz)

FIGURE 2. Discrete JFET and Op Amp Noise Comparison

The main problem with JFETs is that the voltage gain is
limited by the size of the load resistance which is limited
by the power supply voltage and the FET operating
current. The voltage gain can be increased by combining
the JFET (a transconductance amplifier) with an op amp

National Semiconductor
John Maxwell
March 1977

current to voltage {I/V) amplifier, circumventing the
limited load resistor.

_ 9mRd
1+ gmRs
a. Single FET Stage
Rt
Vo
R
- Ay _SmTf
1+ gmRs

b. FET with 1/V Amplifier

FIGURE 3. FET Gain Stages

In the FET/op amp configuration, the FET AC drain
current is shunted to the op amp virtual ground and
through its feedback resistor, bypassing the FET drain
resistor, Rq. The drain resistor is used to bias the FET
in a linear region with the feedback resistor, Rf, used
to set the gain.

Biasing problems associated with lot and device to device
parameter variations are minimized by biasing the source
through a large resistor to the negative supply of the op
amp. A portion of the source resistor should be unby-
passed to minimize gain variations between FETs.

siayldwy 134 9SION MO




Low Noise FET Amplifiers

From a design standpoint, the maximum AC drain
current should be 1/10 of the FET quiescent current
for low distortion. The unbypassed portion of the source
resistor should be limited “0 2202 for minimum noise
and to increase the op amp feedback resistor (decreased
AC current).

and a shunt current generator with a series voltage gener-
ator for the source resistance thermal noise. The thermal
noise of a resistor is given by Nyquist’s relation and has a
spectral density given by enR.

e2R = 4kTR (1
Expr_essmr?s for the single and c!lff_elfential am;.)hfler G%R = mean square noise voltage per unit band-
configurations are needed for optimizing the noise to width (an‘/Hz)
meet system noise requirements. k = Boltzmann constant (1.38 x 10 23VAS/
o
K)
Amplifier noise performance is adequately described by T = absolute temperature (°K)}
modeling the noise sources as a series voltage generator R = resistance ({2)

15V
240k
\ 4
O Vg
Ay = 1000
a. Single-Ended
240k
15V ~AAA
4.7 4F v
F3 v
NPD5565 LF356 0
100 100
V; +
O- -
™M 7.5k
Ay = 500
— -15v

b. Differential Input

FIGURE 4. High Gain FET/Op Amp AC Amplifiers




The single ended and differential input amplifier input
noise (FET noise current is negligible} is given by the
RMS sum of the noisz generators.

Single-Ended:
1+dmRs
ed=efgt e+ ) (eda+edp+iZaR?)
amRd
Differential Input:
1+gmR
2= 2B+ e2) +4 () (edatedr + iZaRY)
amRd

with

ent = total input noise voltage (nV/\/ﬁ;)

enf = FET noise voltage (nVA/Hz)

enA= OP amp noise voltage (nV/\/I-E)

inA = OP amp noise current (pA/\/l:Z)

ens = source resstor thermal noise (nV/A/Hz)

enR = drain and feedback (Rg//Rf) resistor thermal
noise {nV,x/Hz)

gm = FET transconductance at the FET operating
current (mmho)
R = parallel resistance of Ry and R (£2)

The differential configuration has higher noise and lower
gain than the single-ended version, but is useful when

low distortion or balanced inputs are of paramount
importance.

The noise of the op amp and the FET drain resistor is
reduced by the gain of the FET portion of the amplifier

gmRd . ) :
— —. The noise of the feedback resistor has little
1+ gmRs

effect on the noise but in conjunction with the drain
resistor, it can have a dramatic effect on the total circuit
noise. The drain resistor is the input leg of an inverting
amplifier with the op amp and the feedback resistor.
This amplifier has a gain of —R{/Rg which boosts the
op amp noise, limiting the size of Rf to about 390k.

Practical low noise, high gain AC amplifiers can be built
using a low noise JFET and just about any op amp.
The op amp needs to meet the slew rate and bandwidth
requirements of the circuit, eliminating selected low
noise op amps or complex discrete amplifiers.

A note of caution is in order for the op amp noise.
Virtually any JFET input or bipolar input op amp can
be used without trouble, but MOSFET input op amps
should be avoided. MOSFET 1/f noise is one or more
orders of magnitude greater than discrete JFETs, JFET
op amps or bipolar input op amps. MOSFETs have
1/f corner frequencies {where the noise power rises as
1/f) starting as high as 100 kHz. The other forms of
amplifiers have 1/f corner frequencies of 1 kHz and fess.
Quite a difference.

1k
400
=~ 100 7
= II’
s 40
= d
-3
£, P
7
4
)
1
100 1k 10k 100k ™
RESISTANCE {Q2)
FIGURE 5. Thermal Noise vs Resistance
Ry Rt
A A4

FIGURE 6. Single-Ended Noise Modet
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The Low Noise JFET—The Noise Problem Solver

The Low Noise JFET—
The Noise Problem Solver

The most versatile low noise active device available to
the designer today is the Junction Field-Effect Transistor
(JFET). JFETs are virtually free of the problems which
have plagued bipolar transistors—limited bandwidth,
popcorn noise, a complex design procedure to optimize
noise performance. In addition, JFETs offer low distor-
tion and very high dynamic range.

Most designers think of JFETs for very high source
impedances. However, modern devices offer the designer
performance improvements over bipolar transistors in
NF for all but iowest impedance (<5002} sources and
even then may provide improved performance if popcorn
noise, bandwidth or circuit component noise is a
consideration (see Figure 1),

Therefore, the purpose of this article is to review low
noise design procedures and indicate the simplicity of
designing high performance low noise amplifiers with
low cost JFETs.

12

[ =7 117 T
" W =2 ouzI i
g T
g
w8 \ ! T -
= NP (2N930)
2 (2N 5085) le 0.1 mA,
2 et
w V. /
% W
2 4 LI\
= \
\ i
2 N-CHANNEL JFET
< {PF5102)
0 N o oA
0.1k 1k 10k 100k

SOURCE RESISTANCE (52}

FIGURE 1. Bipolar and JFET Transistor
Noise Comparison

REVIEW OF BASICS

Before guidelines are established for designing low noise
JFET amplifiers, a method of noise characterization
must be chosen. Designers are confronted with a multi-
tude of different noise parameters such as Noise
Figure (NF), noise voltage and current densities, noise
temperature, noise resistance, etc. Designers are primarily
concerned with signal to noise (S/N) ratios preferring
noise voltage, {en) and current (i) density.

Noise generally manifests itself in three forms: thermal
noise, shot noise and flicker or “‘1/f" noise. Thermal
noise arises from thermal agitation of electrons in a
conductor and is given by Nyquist’s relation:

V2 = 4k TR af m
R V,% = mean square noise voltage

k = Boltzmann constant
Vi {(1.38 x 10723 VAS/°K)

T = Absolute temperature {°K)

R = Resistance in ohms

Af = Noise bandwidth (Hz)

National Semiconductor
Application Note 151
John Maxwell

January 1976

The noise of a resistor may be represented as a spectral
density {VZ2/Hz) or more commonly in uV/A/Hz or
nV/A/Hz and is given by:

enn = (VE/AR)12 2)

It is sometimes more convenient to represent thermal
noise as noise current inst2ad of a noise voltage. One
needs only to consider the Norton equivalent yielding a
noise current density.

) enr 4T\ 2
iR = =\ (3
R R
1000 100
w = -
& = i
<
z b
(=] [=]
> 5]
8 00 1w _ S
(= = -
ot 2z
£ Bz
EEc -
= 10 i 1 o
5
g H
1
£ 3
1 01
100 1k 10k 100k m

RESISTANCE (¢}
FIGURE 2, Thermal Noise Voltage
and Current Densities vs Resistance.

The second basic form of noise, shot noise, is due to the
randomness of current flow (discrete charge particles) in
semiconductor P-N junctions.

i = 2 q !DC Af (4)
i_2 = Mean square noise current
g = Charge of an electron (1.6 x 10 '® AS)

Ipc = de current flowing through the junction (A)
Af = Noise bandwidth (Hz)

As with thermal noise, shot noise may be represented
as a current density (A%/Hz) or pA/A/Hz.

in = (i2/aR12 (5)

It should be noted that both thermal noise and shot
noise are “‘white” noise sources, ie., frequency indepen-

dent.
107!
E  F
z
z
= 1072
g Eiii
o«
3 A
2973
4
=
5 1250 kHz 1]
1074 AR
1 10 10 Tk 10k

GATE LEAKAGE (pA)

FIGURE 3. Current Noise vs Gate Leakage Current
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The third basic noise source confronting designers is
flicker or “1/f”" noise whose density is roughiy inversely
proportional to freguency starting at about 1 kHz in
both JFETs and bipolar transistors and increasing as
frequency is decreased. Through careful processing,
flicker noise in JFZTs has been reduced to levels
nearly insignificant to the designer. Flicker noise in
JFETs is primarily a noise voltage and is source inde-
pendent. Flicker noise in bipolar transistors is a function
of base and leakage currents increasing with increased
source impedance or operating currents.

A simple noise model of a JFET or any amplifying device
may be constructed using a thermal and shot noise
source which would adequately describe its noise perfor-
mance allowing signal to noise ratios to be calculated
directly.

FIGURE 4. Simple JFET Noise Model

The input noise per unit bandwidth at some frequency
may be calculated from the mean square sum of the
noise sources (assuming the JFET noise sources are
uncorrelated or independent of one another).

2 _ .2 2 2 2
ey = eam t epr +ine RS (6)

The total noise in the same bandwidth Af, where the
noise sources are independent of frequency, is simply:

Vnoise = (eﬁt af'e (7

Practically, noise sources are not frequency independent
except resistor noise with no dc bias. The total input
noise for the nonideal case may be calculated by
breaking the spectrum up into several small bands
and calculating the noise in each band where the noise
sources are nearly frequency independent. The total
input noise would then be the RMS sum of the noise in
each of the bands NT. .. Nn.

12

2
Vnoise (VA + Vi +.. . VR (8)

THE DESIGN PRCCESS

The final circuit configuration and suitable JFET will be
determined by the external circuit constraints.

1) Minimum signa! to noise ratio (maximum amplifier
noise)

2} Type and magnitude of source impedance (resistive
or reactive)

3} Amplifier input impedance requirements
4) Bandwidth and maximum frequency of interest
5) Maximum operating temperature

6) Stage gain
7) Power supply voltage and current limitations
8) Circuit configuration, single or dual device

The design procedure is dependent on the type of
source and each case must be considered separately.
Resistive sources will be considered first because they
are the least rastrictive for the preamplifier.

Resistive Sources

Preamplifiers for resistive sources are typically voltage
amplifiers requiring a fixed input resistance and capaci-
tance consistent with the maximum frequency of interest
and source resistance. In most cases a resistor of the
desired value connected between the gate and ground
will satisfy the input resistance requirement leaving the
maximum input capacitance as the major concern.

The maximum amplifier input capacitance is a function
of the JFET source resistor, input resistance, source
capacitance and maximum frequency. The maximum
allowable input capacitance will be used in etiminating
unsuitable JFET geometrics and optimizing the circuit
configuration. Sometimes the JFET geometry (or type)
with the lowest noise may also have an input capacitance
that makes it unsuitable. The JFET input capacitance
should be considered before noise in high source
resistance, wideband amplifier designs.
*
c. 1+ Ro P (9)
1+gm Ry 1+gm Rg

FIGURE 5. A Typical Resistive Source
JFET Amplifier

If low input capacitance is required, a cascode config-
uration minimizes input capacitance and still allows high
gain within a device type. The cascode configuration
can also be used to reduce the voltage across a device,
reducing device heating (for high current operation) and
gate leakage currents when source impedances are very
high.

Once the basic circuit configuration has been decided
upon or dictated by gain, bandwidth and power supply
limitations, the final JFET selection will be on noise.
Redrawing the amplifier in Figure 4 with all of the noise
sources, the total amplifier noise per unit bandwidth can
be found.
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The Low Noise JFET—The Noise Problem Solver

FIGURE 6. A Typical Resistive Source JFET
Amplifier with Noise Sources

2
e
ent Z[eﬁig+e%f+e£s+An—Dz+iﬁ {Ri//Rg)? | 2(10)
v

where: e%ig = The noise of the parallel connection of
R and Ry
e?,f = The noise voltage of the JFET
e%, = The noise of the source resistor R,
2
eno

— = The noise at the drain {thermal noise of

Ay the load plus the second stage noise)

i%(Ri//Rg)2 = The current noise contribution of the
JFET

When the amplifier is operated at room temperature and
moderate drain voltages, the current noise term is
usually negligible with source resistances as high as
10 MQ. Depending on the voltage gain of the stage, the
drain circuit noise may be negligible, simplifying the
input noise expression.

s)‘1/2 (11)

= (a2 2 2

€ne = (enig + ens + €
The final JFET selection will be based on the noise
requirements from the maximum allowable noise Viyax.

- a2 2,172
Vmax = (e + ep)

(12)
Depending on Vyax and e2; the source resistor may
have to be bypassed to ground to eliminate noise of the
bias resistor.

Capacitive Sources

Preamplifiers for capacitive sources are primarily current
amplifiers requiring very high input resistance and
controlled input capacitance to match the source capaci-
tance.

OURCE LUMPED JFET INPUT
- == r————===-]-
n
l I ~ N
| {~) >t
.| )
is | {RQ ine it Cin
T 1
7 T +

FIGURE 7. JFET Preamplifier with a
Capacitive Source

The source capacitance should equal the sum of the
preamplifier input capacitance and the stray capacitance
for maximum frequency response and power transfer

from the signal source. Assuming the gate resistor, Ry, is
so large as to not load the capacitive source, the input

noise voltage is:
R.2
9 > 1/2 (13)

ey = [ede + (1% +i% ) <~(——_2R2—Cz)
1+w R,

where C = C5 + C;,

with an input signal of

R.2 1/2
e, =i “9_.\ (14
1+w2Ry2C2

When the source and input capacitance are matched, the
final JFET geometry will be selected on two criteria: the
noise voltage, e, and the current noise from the gate
leakage, lg(on), o optimize the signal to noise ratio. As
in the resistive source case, the circuit configuration and
JFET selection is an iterative process using all of the
external circuit constraints and device parameters and
limitations.

Inductive Sources

Amplifiers designed for inductive sources (including
transformers) require fixed input resistances {as in the
resistive source case) and controlled input capacitance
(as in the capacitive source case). The input noise per
unit bandwidth will rise with increasing frequency to a
maximum value at resonance of the inductive source and
the input capacitance or when the shunt resistance of the

inductor is larger than the input resistance of the
amplifier.
SOURCE LUMPED FET INPUT

FIGURE 8. JFET Amplifier with an
Inductive Source

The inductive source amplifier is the most difficult to
analyze due to the complex input impedance. The
input noise per unit bandwidth is given by:

efe = e + (i3 (12, B) + 4 KT (Re (Z;n)) (15)
Z = Xein//Rg

and Z;, = Z//{Z, + R_)

where

Usually the current noise of the JFET is negligible,
simplifying the expression a little, but not much. The
optimization process for inductive sources is very com-
plex and it will require the spectrum to be broken up
into several small bands to arrive at a final design. Gener-
ally, a JFET with a minimum noise voltage will be the
proper choice.
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Transformers may be used with JFET amplifiers to SUMMARY
minimize noise with very low source impedances.
Transformers have both drawbacks and advantages and
both must be examined before a transformer design is
chosen. Poor frequency response, susceptibility to mech-
anical and magnetic pickup and thermal noise head the
list of disadvantages to be weighed against two very
important advantages. First, the noise voltage is trans-
formed by the turns ratio N;second, the resistance is
transformed by N2. These can be used to advantage by
matching very low values of source resistance to a REFERENCES
relatively noisy amplifier and still maintaining a good
signal to noise ratio, i.e., the total noise at the source

Low noise amplifier design concepts have been intro-
duced for the three basic types of sources. Basic
parameters (C,,, e,, gm) were discussed that affect
both circuit configuration and JFET type. There is no
universal low noise JFET or circuit configuration that
solves all problems. Each low noise amplifier design is
different and must be considered within its own frame-
work of performance requirements.

A. Van der Ziel, “Noise,” Prentice-Hall, 1954.

assuming an ideal transformer is Richard S.C. Cobbold, “Theory and Applications of
Field-Effect Transistors,” John Wifey & Sons, 1970.
2
2 _ 2, Snamp 16 C.D. Motchenbacher and F.C. Fitchen, “Low Noise
€nt T €nRs 3 (16) ; ) .
N Electronic Design,”” John Wiley & Sons, 1973.

SOME PRACTICAL LOW NOISE JFET INPUT CIRCUITS

+15V

19A|0S Wa|qoid JSION aYl—1F4r 9SION MOT dYL

-15V

Usable Bandwidth 1 MHz

a) Wide Band, Low Input Capacitance, Very Low Noise Preamplifier

+15v

+15V

Ay = 10 mA/V (Rc)

gm

Q
fe = 18V - Ve — Ve e
e = 12V 7 Ve — Voo
1|.,‘+ lg) 10 MHz bandwidth with R = 1k

Ip = 5 mA for gm of 10 mmho

b} Low Noise, Very Low Input Capacitance Video Amplifier
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The Low Noise JFET—The Noise Problem Solver

APPENDIX A

Important National JFET Process Parameter Guide

Test Conditions Vg = 15V, I = 1 mA (Vgg = 0V)*

PROCESS | &0 @ 10 Hz e, @ 1 kHz e, @100 kHz Ots lgioN) Cso Cgs
(nVA/HzZ) | (avA/HZ) (nVA/Hz) {mmho) (pA) (pF) (pF)
50 15 5 25 3 5v 2 pA 0.7 2.5
10V 10 pA
15V 1nA
51 5 3 1.3 7 30 3 9
55 10 4 25 24 5 2 4
92 10 4 1.5 4.5 10V 20 pA 2 4
15V 1nA
83 10 5 25 2 5 1 2.5
84" 50 15 9 0.2 0.1 0.01 2
94 10 5 25 2 1-2 0.01 4
95 10 4 2.5 15 15 3.5 15
96 5 3 1.3 7 30 3 9
93 15 7 2 35 10V 20 pA 1 32
15V 1A
National JFET Process Low Noise Amplifier Guide
PROCESS 50 l 51 l 55 l 92 83 ’ 84 l 93 | 94 I 95 l 96
Low Noise Apptlication Single JFET Dual JFET
Resistive Ultra-Low X X
e, <5nVA/Hz @
10 Hz
Resistive Low Freq X X X X X X
< 20 kHz
Resistive Wideband X X X X X X X X
<10 MHz
Resistive Wide Band X X X
> 10 MHz
Resistive Very High X X X
Rg > 10 M2
Capacitive Low C X X X X X X X
<10 pF
Capacitive High C X X X X
> 20 pF
inductive X X X X X X X X X X
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APPENDIX B
NOISE PARAMETER CONVERSION
Noise Figure (NF) to an Effective e,

It is more conven ent to present noise data for bipolar
transistors in the form of contours of constant noise
figure at a fixed frequency or plots of noise figure
versus frequency at a fixed source resistance due to
large values of noise current (i,). Noise figure must be
converted to an effective noise voltage {e,g) for com-
parisions to be made between a BJT and a JFET or for
signal to raise ratio calculations.

By definition:

Total Qutput Noise Power
NF = 10 log

(B1)
Output Noise Power of the Source

From equations
power to be

1 and 2, one finds the source noise

e?p Af
Rs

Source Noise Powar

(B2)

for some source resistance Rg.

Referring to Figure 4, the total output noise power at
the input of the amplifier would be:

e?2n Af e2¢ Af
Total Qutput Noise Power = ——— ——
Rs Rs
(B3)
i2; R2 Af

The noise figure (NF) can now be expressed in terms of

the noise source generators, e,r, €ns and i allowing

an expression to convert noise figure (NF) to an
effective noise voitage {eng).
2 .2 Rp2
ens tins R
NF= 10log [1+ "3 (B4)
2
€nR
yielding
€2 +i2cR2 = e3¢ = (10NF/10 —1) 2 (B5)

=

EFFECTIVE NOISE VOLTAGE (nV/\'Hz)

NF - 14 dB S
NF-HJ::H;ﬁ T
L NE - 6 dp b
100 NFASdB\W
F- 248

148 en

=3

N

S5 NF = 0.5 0B

NF =028
I T[ILNF=0.148

0.1k 1k 10k 100k ™
SOURCE RESISTANCE {<:)

FIGURE B1. Effective Noise Voltage lesg)
vs Noise Figure and Source Resistance (Rg)

AR VAVAYS
X

1

Noise Resistance

The effective noise voltage density (e,) and noise current
density (i) are found directly by referring to Figure 1,
and reading the values for the corresponding resistances.

enr = (4 KTR)'2 (]
4 KT\ V2
lnr = —R“‘ (3)
APPENDIX C

JFET Current Noise

At low freguencies the current noise and voltage noise
sources are uncorrelated in JFETs with the current noise
being pure shot noise due to gate leakage currents.
As frequency is increased, the current noise also increases
starting at frequencies as low as 50 kHz in some high
capacitance device types.

Ithas been suggested and experimentally verified that the
noise current at high frequencies is due to increased gate
input conductance.

2 = a KT[Re (¥4,)] (c1)
Re (Yq4) is available on high frequency JFET data
sheet as the real portion of the common source input
admittance parameters. In effect the channel noise is
coupling to the gate circuit through the source-gate and
drain gate capacitances. Hence low capacitance devices
exhibit lower values of noise current at high frequencies
than do high capacitance devices.

19A]0S Wa|qoid 3SION dYL—LI4r 9SION MOT dyL




ions

t

ica

it Appli

ircui

FET C

FET Circuit Applications

LM102 QUTPUT
2N4393
INPUT O ] ¢ +
>
1M
VAA 0146
I ’
* . .
L. Polycarbonate dielectric
SAMPLE

T 15V SAMPLE
—— 15V HOLD
Sample and Hold With Offset Adjustment

The 2N4393 JFET was selected because of its low
Igss (<100 pA}, very low Ip(QFF) (<100 pA) and low
pinchoff voltage. Leakages of this level put the burden
of circuit performance on clean, solder-resin free, low
leakage circuit layout.

+SUPPLY

201

6Qg = 5 amhos MAX

I - —Ovgyr
Im “ri a3

-

Low Power Regutator Reference

This simple reference circuit provides a stable voltage
reference almost totally free of supply voltage hash.
Typical power supply rejection exceeds 100 dB.

National Semiconductor
Application Note 32
April 1977

v
<

> 10M

b3

PN3684
>t
I 0.1,F
:’mM
b p——0 ourPut
21

PNISRE

a1
INPUT O—’W\r—l

JFET AC Coupled Integrator

This circuit utilizes the “u-amp’ technique to achieve
very high voltage gain. Using C1 in the circuit as a Miller
integrator, or capacitance multiplier, allows this simple
circuit to handle very long time constants.

— O v

10k
0.1,F
2.2M

2N5485

Ry toom F

€N < 0.259F 283908

O OUTPUT

Ultra-High Zjp AC Unity Gain Amplifier

Nothing is left to chance in reducing input capacitance.
The 2N5485, which has low capacitance in the first
place, is operated as a source follower with bootstrapped
gate bias resistor and drain.




SHUNT
PEAKING €OIL
30v
RLouT
\
—
2N54B5 =y
1
=
0.1 uF

2N5485
470
1M

FET Cascode Video Amplifier

The FET cascode vidzo amplifier features very low input
foading and reduction of feedback to almost zero. The
2N5485 is used because of its low capacitance and high
Yfs. Bandwidth of t1is amplifier is limited by Ry and
load capacitance.

OUTPUT

JFET Pierce Crystal Oscillator

The JFET Pierce crystal oscillator allows a wide fre-
quency range of crystals to be used without circuit
modification. Since the JFET gate does not load the
crystal, good Q is maintained, thus insuring good fre-
quency stability.

s2c

>
<EY

[ 100V

b 500V
>
<
10k & (L
24 &

p———0 100v
>

"3

Ay @\

FETVM—FET Voltmeter

This FETVM replaces the function of the VTVM while
at the same time ridding the instrument of the usual
line cord. In addition, drift rates are far superior to
vacuum tube circuits allowing a 0.5V full-scale range

which is impractical with most vacuum tubes. The low
leakage, low noise NPD8303 is an ideal device for
this application.
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FET C

0.01 4F
INPUT

v
2n5458
1uF 10k 100k 10k
i
VA
t )
<)
b3z 0033 JFL_:]__U.M];:F
= >
> 10k
b3
<)
10 LM301A b0 ouTPUT
e *
ok
0.0033 . 1o 0.0033 5 B8k

30 pF

HI-FI Tone Control Circuit (High Z Input)

The 2N5458 JFET provides the function of a high input
impedance and low noise characteristics to buffer an op

amp-operated feedback

type tone control circuit.

RFC
LYY Y\
12v O

I
T

BYPASS

avass‘r
I
2N4416| T
=|l _lB VPASSJ
Lui 7‘r—c" ;w;:%[
AGC -
100 MHz Converter
The 2N4416 JFET will provide noise figures of less than input stage. The output feeds into an LM171 used as a
3 dB and power gain of greater than 20 dB. The JFET's balanced mixer. This configuration greatly reduces L.O.
outstanding low crossmodulation and low intermodula- radiation both into the antenna and into the IF strip
tion distortion provides an ideal characteristic for an and also reduces RF signal feedthrough.
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~—ANV
. AN -
OIFFERENTIAL ! i LF356 QUTPLT
INSTRUMENT s t NPD556S ;
wPuT O—‘\N\I——L o 5
i - ,
<
. 2 j:
& = =
TOGGLE
GRIVE P~ = 70 ADDITIONAL
= — e e MULTIPLEX STAGES
St TO8GLE
P} ald DRIVE
GIFFERENTIAL
lNSTRumﬁg; o A Hviv Rg — scating resistors
Differential Analog Switch
The NPD5566 ronolithic dual is used in a differential ranges {~25°C to +125°C), this makes it an unusual but
multiplexer application where Rpg(oN) should be ideal choice for an accurate multiplexer. This close
closely matched. Since Rpg(aN) for the monotithic tracking greatly reduces errors due to common-mode
dual tracks at better than T1% over wide temperature signats.

0
e Ao 15Y
, _istm ::‘“*
::‘50‘( I < 8.01 .F
b ’ 9 } QUTPUT
R I l 1
4——-‘ }-—— 24k 2.098 .5 ~
[—zwsasa -
Pt
PNAIOY L
<
INPUTY ‘: ™ P g 820k 6.0015 .F
h S
47k Jl_ 4
= E )
>
= },‘”“ b_——‘:lisn 3
< .
S I
S ::zzu
L T~
+
)
50:.F S
-I ::mx
= 0
- AAN—D - 154
T
I
Magnetic Pickup Phono Preamplifier
This preamplifier provides proper loading to a reluctance to 10 mV input at 1 kHz} and has a dynamic range of
phono cartridge. 1t provides approximately 35 dB of 84 dB (referenced to 1 kHz). The feedback provides for
gain 2t 1 kHz {2.2 mV input for 100 mV output), it RIAA equalization.

features S + N/N ratio of better than —70 dB {referenced
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FET C

AAA
VWA

A1
Viy O=—AAA, -

25457 L] b—C outruT

+
A3
v =

GAIN CONTROL
Voltage Contralled Variable Gain Amplifier

The 2NB457 acts as a voltage variable resistor with an
Rps(onN) of BOOQ max. Since the differential voltage
on the LM101 is in the low mV range, the 2N5457
JFET will have linear resistance over several decades of
resistance providing an excellent electronic gain control.

VIDEQ PNAITY
INPUT
'y

II}- o e

PRA391

-1V O

Y

‘\\ | 1__ T RA0 uF
Ve I
%2 -

Variabte Attenuator

The PN4381 provides 2 low Rpg(OnN) (less than 309).
The tee attenuator provides for optimum dynamic
linear range for attenuation and if complete turn-off is
desired, attenuation of greater than 100 dB can be
obtained at 10 MHz providing proper RF construction
techniques are employed.

° PH43ZY VIDED
BUTAYY
Y

BIPDLAR
LAGIC
ELEMENT

2N5633

NEGATIVE
SuPPLY

v

Negative to Positive Supply Logic Level Shifter

This simple circuit provides for level shifting from any
logic function {such as MOS) operating from minus to
ground supply to any logic level {such as TTL) operating
from a plus to ground supply. The 2N5639 provides a
low rdgs(QN) and fast switching times.

2N3694

Lal §
< L{ }'—*F——‘O VouT
Sm

< 09 4F
I 2N3696

Vin O Pt u
Sm Ay = — = 500 typical

S 2

Mi
)
= Yos

Uitra-High Gain Audio Amplifier

Sometimes called the "JFET g-amp’’, this circuit pro-
vides a very low power, high gain amptifying function.
Since u of a JFET increases as drain current decreases,
the lower drain current is, the more gain you get. You
do sacrifice input dynamic range with increasing gain,
however,

T -

VIBED INPUT 2Na391
5012
'y

24391

I et

284391 VIQEQ QUTPUT
8041

Attenuation > 80 dB @ 100 MHz
insertion loss =~ 6 dB

M ™
Oon OFF

B

-1V

High Frequency Switch

The 2N4391 provides a low ON resistance of 3022 and a
high OFF impedance (<0.2 pF) when OFF. With proper

tayout and an ‘“ideal” switch, the performance stated
above can be readily achieved.
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R1
AAA

VVv |

2N5457

LMol

Vin - -P—(PNZZZZ
>
<
}’ 10k &
30 pf b4 i'“
o,
VIN v

lg= —— VNSOV
(o] R1 IN =

Precision Current Source

The 2Nb5457 and PN2222 bipolar serve as voltage
isolation devices between the output and the current
sensing resistor, R1. The LM101 provides a large amount
of loop gain to assure that the circuit acts as a current
source. For small values of current (<1 mA), the
PN2222 and 10k resistor may be eliminated with the
output appearing at the source of the 2N5457.

200v

jm— Y1

CONTRAST
£00 uHy CRT

30v 2N3742

2N4091 ! raom
—_‘JWY\—‘—OWDEG

: DETECTOR
) i
< he 1

1

&

sn|umwessl—><:!k _I: 50 uF

JFET-Bipolar Cascode Circuit

The JFET-bipolar cascode circuit will provide full video
output for the CRT cathode drive. Gain is about S0.
The cascode configuration eliminates Miller capacitance
problems with the 2IN4091 JFET, thus allowing direct
drive from the video detector. An m derived filter using
stray capacitance and a variable inductor prevents
4.5 MHz sound frequency from being amplified by the
video amplifier.

PN2222

o= VIN
R1 L
ViN > OV

Precision Current Sink

The 2N5457 JFET and PN2222 bipolar have inherently
high output impedance. Using R1 as a current sensing
resistor to provide feedback to the LM101 op amp
provides a large amount of loop gain for negative feed-
back to enhance the true current sink nature of this
circuit. For small current values, the 10k resistor and
PN2222 may be eliminated if the source of the JFET
is connected to R1.

a2
2N4393
ouTPUT O v*

Q1
2N4393

r 3

€1
p -Inn;*

_I-—I_l— 15V (SAMPLE}
15V (HOLD)

INPUT O

* . . .
Polycarbonate dielectric capacitor

Low Drift Sample and Hold

The JFETs, Q1 and Q2, provide complete buffering to
C1, the sample and hold capacitor. During sample, Q1
is turned ON and provides a path, rds(ON}. for charging
C1. During hold, Q1 is turned OFF, thus leaving Q1
Ip(OFF) (<100 pA) and Q2 igss (<100 pA) as the
only discharge paths. Q2 serves a buffering function so
feedback to the LM101 and output current are supplied
from its source.
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FET C

300k
+ I

0068 uF

= —O VouTf=10 Hz

L 1N914

iM103

Peak output voltage
Vp=Vz+1V

Wien Bridge Sine Wave Oscillator

The major problem in producing a low distortion,
constant amplitude sine wave is getting the amplifier
loop gain just right. By using the 2N5457 JFET as a
voltage variable resistor in the amplifier feedback loop,
this can be easily achieved. The LM103 zener diode
provides the voltage reference for the peak sine wave
amplitude; this is rectified and fed to the gate of the

v
<
<
b3
PNS139
l 2N5485
vy O Pt
[ Vour
2 [ ou
‘=|0M <
W 4:11(

High Impedance Low Capacitance Wideband Buffer

The 2Nb485 features low input capacitance which
makes this compound series-feedback buffer a wide-band
unity gain amplifier.

1Ng18

15V ON
L o
-15V OFF

.I_‘!

2N4393

p—O OUTPUT

2N4393

0.001.F

I

JFET Sample and Hold Circuit

2N5457, thus varying its channel resistance and, hence,
loop gain.

The logic voltage is applied simultaneously to the sample
and hold JFETs. By matching input impedance and feed-
back resistance and capacitance, errors due to rgs(ON)
of the JFETs is minimized.

PN5139

r—ZN!MBS
>

Vi
iN T R?
10k

Vour

—AAA—O-
Vv

High Impedance Low Capacitance Amplifier

This compound series-feedback circuit provides high
input impedance and stable, wide-band gain for general
purpose video amplifier applications.
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28v

ouTPUT

0.001 uf 0.001 uF

100 k2]

0.001 .F

2ZN5484

Stable Low Frequency Crystal Oscillator

This Colpitts-Crystal oscillator is ideal for low frequency
crystal oscillator circuits. Excellent stability is assured
because the 2N5484 JFET circuit loading does not vary
with temperature.

ANALOG

0 to 360" Phase Shifter

Each stage provides 0° to 180° phase shift. By ganging
the 2 stages, 0° to 360° phase shift is achieved. The J202
JFETs are ideal since they do not load the phase shift
networks.

INPUT +
i 2N486D

4 LMi02

—O Vgyt
r——-=—--- A L
| | IN914
10k
AAA
| VWV
! 1
ANALOG
oTL 1 T inpuT
TIL 1 | 2 284860
INPUT I | 3
CCNTROL } |
I 1
! Ng14 10k
! AAA
! 1
L 1 f 1
DS7800 | 1
VOLTAGE ADDITIONAL STAGES
TRANSLATOR

If REQUIRED

DTL-TTL Controlled Buffered Analog Switch

This analog switch uses the 2N4860 JFET for its 25602
roN and low leakage. The LM102 serves as a voltage
buffer. This circuit can be adapted to a dual trace oscil-

QuTPUT

loscope chopper. The DS7800 monolithic IC provides
adequate switch drive controlled by DTL/TTL logic
levels.

20 MHz oscillator values

C1 = 700 pF L1=13uH
C2 =75 pF L2 = 10T 3/8" dia 3/4"" long
Vpp = 16V Ip=1mA

20 MHz oscillator performance

Low distortion 20 MHz osc
2nd harmonic — 60 dB
3rd harmonic »» —70 dB

Low Distortion Oscillator

The 2Nb485 JFET is capable of oscillating in a circuit
where harmonic distortion is very low. The JFET

local oscillator is excellent when a low harmonic content
is required for a good mixer circuit.
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FET C

-AGC

0.002 ;¥ 0.002 F

')
2N4aT6 _4_2_ QUTPUT

ZN4816

AGC range 59 dB
power gain 17 dB

L1 =0.07 uHy center tap
L2 = 0.07 uHy tap 1/4 up from ground

200 MHz Cascode Amplifier

This 200 MHz JFET cascode circuit features low cross-
modulation, large signal handling ability, no neutraliza-
tion, and AGC controlled by biasing the upper cascode

JEET. The only special requirement of this circuit is
that Ipsg of the upper unit must be greater than that of
the lower unit.

Ov*
— O
i L |
// ~
+ o—bl: &+
~4 1
P4 > O QuTPUT
<;100k <& 100k
5k
30 pF
V-
FET Op Amp

The NPD8301 monolithic-dual provides an ideal low
offset, low drift buffer function for the LM101A op
amp. The excellent matching characteristics of the

NPD8301 track well over its bias current range, thus
improving common-mode rejection.

10V

IPNIWQ‘I +
b LF356 [—O

CONTROL
oave O

VW
a ‘
on 10 1N9% 1N914
I l<— FROM DS7800

OFF -20 — 100 pF

—K-o -10v

1| SPVIN
I—wWw—e

High Toggle Rate High Frequency Analog Switch

This commutator circuit provides low impedance gate
drive to the PN4081 analog switch for both ON and
OFF drive conditions. This circuit also approaches the
ideal gate drive conditions for high frequency signal

handling by providing a low AC impedance for OFF
drive and high AC impedance for ON drive to the
PN4091.




2N4091 JFETS

_—_l INPUT 1
™
== -
|
o Dol
Y
i |
o | ; _L INPUT 2
LLC
WPUTS | | 4 ::m
1 {
|
DDt
L 1
57800 INPUT 3
VOLTAGE TRANSLATOR |
3 ™
=== =
|
i
anlDure e o
; |
!
oL | ! { JINPUT 4
o i
weuTs | -
1
|
{
o D¢
IL ) v ¥ 1T} ()

Ds7800
VOLTAGE TRANSLATOR

4-Channel Commutator

This 4-channel commutator uses the 2N4091 to achieve
low channel ON resistance (<30£2) and low OFF current
leakage. The DS7800 voltage translator is a monolithic

device which provides from 10V to —20V gate drive to
the JFETs while at the same time providing DTL/TTL
logic compatability.

RS
AAA
VWA~
DIFFERENTIAL o A an o
INPUT A | PN4392 -
k LH0032 —O vyt
+
2N5457
“SCALING” 1
RESISTORS 100 pF
AAA
— A\ \\—e& #
1k
[iH]
DIFFERENTIAL
wpyT O~ Moyl
%3 PN4392
R1 -
2N5457 N_' =
3 =
100 pF
[
A BT ]
ADDITIONAL
CHANNELS

FROM DS7800

— 10V
VOLTAGE TRANSLATOR —I—L ~20V

Wide Band Differential Multiplexer

This design allows high frequency signal handling and
high toggle rates simultaneously. Toggle rates up to
1 MHz and MHz signals are possible with this circuit.

B6-
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FET C

R1 senses current flow of a power supply. The JFET is
used as a buffer because Ip = Ig, therefore the output

INPUT

This preamp and tone control uses the JFET to its
best advantage; as a low noise high input impedance
device. All device parameters are non-critical, yet the

Rl
0.1
POSITIVE %
INPUT O= A Ad —O TO LOAD
VOLTAGE
MONITOR
QUTPUT
5V/A
Rt R3
VouT = i a3

Current Monitor

TO COMPANION CHANNEL
FOR STEREO CIRCUIT

monitor voltage accurately reflects the power supply
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Low Cost High Level Preamp and Tone Control Circuit

circuit achieves harmonic distortion levels of less than

0.05% with an S/N ratio of over 85 dB. The tone con-
trols allow 18 dB of cut and boost; the amplifier has a
1V output for 100 mV input at maximum level.
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A Novel FET Micropower
Voltage Regulator

Many systems require a stable voltage supply to maintain
constant performance. When these systems are battery-
operated, a regulator is needed to stabilize the system
voltage as the battery decays with time. Unfortunately,
IC voltage regulators require several milliamps of
quiescent current, making them impractical for micro-
power applications. Zener diodes may also be impractical
because of short term peak current requirements of the
system. This could require additional buffering or high
standby currents, but both increase the battery drain.
An inexpensive micropower voltage regulator is needed
to fill the gap between IC regulators (high quiescent
current) and zener diodes (high standby current).

Instead of the tranditional bipolar approach, the
regulator shown in Figure 1 uses a JFET as the series
pass element. This offers several advantages: first, no
pre-regulation is needed for the pass element as with an
NPN because the drive comes from the regulated output.
Next, the gate-source is isolated from the line via the
drain, thus offering excelient line regulation. This is not
the case with PNP pass elements, where the emitter is
the input. Finally, and possibly the most important
feature for micropower regulators, is FETs require no
current drive.

ViN
ot
100
o]
R1 R3 r——=1—
2.2M 3.6M 1 !
< 1 |
0z |
|
I |
| l
| a3 U vour
LM3046 |
—_——d |
|
|
06 5 I
i |
| |
| —o0

L -4

QOutput Voltage

R1 R1
VouT = VBE (2+—R—2)+ BVEgg {1 +EE)

Drift

oV Vv R1 3BV R1

vour _ Ve ,, R1,  2BVes . R1,
T 8T R2 aT R2

Quiescent Current =~ 4 uA

FIGURE 1. Micropower Regulator

National Semiconductor
John Maxwell
February 1977

The emitter-base breakdown voltage of Q3 is used as
a reference {~7.2V)} in conjunction with Q2 to form a
shunt regulator. The shunt current drives a current
mirror, Q4—Qb, which creates the gate drive voltage of
the pass FET. The value of the shunt current is deter-
mined by R3 and the Vgg of the pass FET (IR3 =~
ISHUNT). High load currents will reduce the shunt
current because the FET V@gg is lower. Temperature
stability is achieved by cancelling the drift of Q2 and
Q3's Vgg (~—2 mV/°C/transistor) with the BVER
drift of Q3 {(~ 3 mV/°C) resulting in a negative drift at
the base of Q2, and the output, of 1 mV/°C.

Selection of the FET requires some care. Ideally, the
FET Ipsg needs to be greater than the load current at
all temperatures (Ipgg has a temperature coefficient of
~—0.7%/°C} and the breakdown voltage should be
greater than the maximum input voltage. Practically,
the FET Ipgs needs to be much larger than the maxi-
mum load current. Linear operation requires the FET's
drain to gate voltage (VpgG) to be greater than the
pinchoff voltage Vp. By operating the FET at currents
much less than Ipss, the gate to source voltage (V?s)
will be close to Vp (Vgg = Vp (1—(Ip/Ipss)? 2))
allowing small drain to source voltages (Vpg). For
linear operation:

VDGl > IVpI
VDG = VDS — VGS

It should be noted that N FET's can be paralleled for
higher load current requirements without matching the
devices.

Actual performance of the regulator is quite good. With
a 10V typical output, the line regulation is within
+0.05% for a range of V|N—VQuT of 0.3V to 10V.
The load regulation is 0.2% with a load range of 10 uA
to 10 mA (Zo = 10Q2) and the temperature stability is
—0.01%/°C (—1 mV/°C). The output voltage can be
easily trimmed by adding a pot at the R1R2Q2BASE
junction to eliminate BVER variations or to make the
output adjustable over a limited range. Also, the temper-
ature stability can be improved by replacing Q3 with an
8.2V zener diode, because its temperature drift (~ 4 mV/
°C) would nearly match the combined VBg drift of
Q2 and Q4. The regulator is good enough to be used as
a reference in low accuracy (6—7-bit) or limited temp-
erature range applications if current drain is important.

REFERENCES

1. “Voltage Regulator Handbook”, National Semicon-
ductor Corporation, May 1975.

2. “Zener Diode Handbook'’, Motorola, Inc., May 1967.

3. Williams, P., “D.C. Voltage-Reference Circuits with
Minimum Input-Output Differentials”, Proc. 1EEE
pp. 1280—1281, December, 1969.
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A Novel FET Micropower Voltage Regulator
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A Linear Multiple Gain
Controlled Amplifier

INTRODUCTION

A linear control function over three decades of gain can
be achieved with a FET in the feedback path of a non-
inverting amplifier. Besides the ultimate simplicity of the
circuit, multiple tracking gain control circuits can be
constructed with dual op amps and monolithic dual
FET's or quad op amps and monolithic quad FET's.
Such circuits could even be integrated with ion-implanted
FET’s on single or multiple monolithic op amp chips.
The gain control range may be designed for less than 2 to
1 or higher than 1000:1, but input voltage levels are
limited by acceptable levels of distortion. Bandwidth is
dependent on maximum gain and unity gain bandwidth
of the op amp used. The gain control circuit is especially
suitable for volume expansion applications.

GAIN CONTROL WITH FETS

The FET has long been used as a voltage controlied
resistor {VCR), often as the shunt arm in the series-shunt
attenuator of Figure 1. Advantages of the FET as a VCR
are that:

1. The control signal is almost perfectly isolated from
the controlled signal path, and

2. The resistance can be made to vary over an almost
infinite max/min ratio.

Al

e - e,

Ro
'Rl Ry

05 Vas < Vo =k

FIGURE 1. Voltage Controlled FET Attenuator

Disadvantages are that:

1. The FET behaves as a linear resistance only for small
values of source-drain voitage Vpg,

2. Non-linearity (of resistance) increases as the control
voltage Vgg approaches cut-off voltage Ve when
the resistance is maximum,

3. The relationship of resistance ry to Vgg is recip-
rocal rather than direct linear,

4. VCR muitiples with matched resistance characteristics
over their full control range have been extremely
difficuit to obtain at any kind of reasonable price, and

5. Production spread in Vp requires separate bias set and
gain set on each circuit.

National Semiconductor
Application Note 129
Jim Sherwin

August 1975

Examination of the FET drain characteristics in Figure 2
will reveal the essential non-linearity of ry at high
signal levels, especially as Vgg approaches Vp. This non-
linear region must be avoided in order to achieve
tolerable distortion levels. One obvious way is to limit
Vpg to small values when ry is high as suggested by
Figures 2c and 2d, another is to utilize FET's with high
Vp as suggested by reference to Figures 2b and ~2d.

The reciprocal relationship of rq and Vgg is an
advantage, as it is precisely that which allows the linear
control of gain in the circuit to be described. The avail-
ability of matched monolithic dual FET's such as the
NSC 2N3958 (watch out for the matched pairs as their
resistance match close to Vp may not be as good as that
of the monolithic versions} make available low cost duals
with very closely matched resistance characteristics over
the full control range. There are even some monolithic
quads available {such as the AM9709 series). The final
problem of the production range of Vp can be much
improved with ion-implant diffusion techniques whereby
lot variation in Vp may be held to within a few tenths
of one volt.

The gain control circuit is that of an ordinary non-
inverting op amp with feedback. The usual circuit is
modified in Figure 3a to include a FET as controlled
resistor. The gain function is normal except that ry
replaces R2 in the usual form.

R1
Ay =1+— (1)
fa

Now ry can be equated to a control voltage V¢ as follows:

Vv
R (S @
Ve —Vgs
Where:
o = Iy
Vgs =0
Ve
rg =ro Ve (3)
Where:
Ve = Vp~Vgs

The gain function is thus seen to be linear with V¢.

R1 V¢
Ay =1+— — (4)
ro Vp
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A Linear Multiple Gain Controlled Amplifier

Vos = 0.5V/DIV. Vpg = D.EV/DIV.

a) Vp=28V b) Vp =9V

Vps =50 mV/DIV, Vps = 50 mV/DIV,

o Ve =28V 8} Ve =9V

FIGURE 2. AC Output Characteristics of FET

(@) Avenn =1

FIGURE 3. FET/Op Amp Gain Control Circuit
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| Vo= 2.6V 2N4869
1008 T 5n3958 800 ‘
800
{— R2 = 3K 600
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1 30k ¢ 200
400 ﬂ
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0 [t}
-30 -25 -20 -15 -10 -05 ¢ -40 -32 -24 ~16 -08 0
Vgs (V) Vgs (V)
FIGURE 4. Gain vs Control FIGURE 5. Gain vs Control
Voltage For Short Channel FET Voltage For Long Channel FET
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FIGURE 7. Monolithic Quad
Gain Control Tracking

(b] FAST CONTROL MODIFICATION

FIGURE 8. Circuit to Reduce Distortion

At V¢ = 0, the gain reduces to unity; and at V¢ = Vp,
the gain increases to 1 + R1/r, which may be as high as
1000 or so. If it is desired to limit the minimum gain to
some value greater than unity, another resistor R2 may
be added as in Figure 3b. Then the gain equation becomes:

R1
+
R2r, (Vp/Ve)
R2 + g (Vp/Ve)

Ay =

R1[R2 +r, (Vp/Ve)]
R2 ry(Vp/Ve)

R1 R1Vc
1+ —+
R2 r, Vp

Ay (5)

In either case, the gain function is linear with V.

The circuits of Figure 3 do indeed show a linear gain
versus control volitage as plotted in Figure 4 for several
values of minimum gain. There is some non-linearity
near minimum gain which appears in all curves, This is
certainly due to a non-ideal characteristic of the FET
caused by finite contact and bulk resistance at source
and drain. Figure 5 shows a similar control curve for a
FET with longer channel in which the controlied channel
resistance is a greater part of the total resistance than
that of the short channel device of Figure 4. For those
applications requiring a more precisely linear control of
gain, the long channel devices will be preferable.

Several variable-gain circuits can be made to track when
monolithic multiple FET's are used as the control
elements with matched feedback resistors. A monolithic
FET dual (NSC 2N3958) used in two identical control
circuits shows remarkable tracking over the entire control
range, even when Vg is near Vp where variations would
be expected to be most apparent. The plots appear in
Figure 6. Similar performance for a quad gain control
using a monolithic P-channel quad FET (AM97C08 or
AM9O709) is shown in Figure 7.

DISTORTION

Reference to Figure 2 will show that the FET acts as a
linear resistance only for relatively small values of drain-
source voltage, in either polarity. This is particularly
apparent for positive Vg (for N-channel FET) and Vg
approaching Vp. The difference between Figures 2c and
2d indicates that the maximum allowed applied signal
will be greater for high Vp as compared with low Vp.

It is possible to improve the linearity characteristics
somewhat by applying a part of the Vpg in series with
the control voltage applied as Vgg. The circuit to
accomplish this is that shown in Figure 8. 1t happens that
about half of Vg applied to the gate provides the
greatest improvement for small signals. The addition of
two resistors and one capacitor as in Figure 8a is all that
is required. The capacitor simply blocks the control
voltage from the FET drain and the op amp input.
Figure 8b shows the addition of an emitter follower to
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A Linear Multiple Gain Controlled Amplifier

o (MV)

€ (mV)

Vps = 0.5V/DIV.

a) Vp =28V

Vps =50 mv/DIV,

o) Vp =28V

Vps = 0.5V/DIV,

b) Ve =9V

Vps = 50 mv/DIV.

d) Vp =9V

FIGURE 9. AC Output Characteristics of FET with Feedback Linearization
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prevent abrupt changes in V¢ from coupling to the op
amp. Figure 9 shows the improved linearity of the drain
characteristics as compared to Figure 2. The improvement
is also seen in the distortion versus input signal plots of
Figures 10—13. Note particularly that the distortion at
any value of V¢ is primarily a function of input signal
{which equals the feedback signal applied to the FET
drain at the inverting input). Some modification is made
to this direct relationship if an R2 is shunted across the
FET as in Figure 3b. Measured distortion at low signal
level is the result of noise rather than of signal distortion.
Maximum gain is limited to about 100 in these plots so
as to avoid the region of lower S/N. The noise is that of
the op amp input stage and the signal source resistance
plus the contribution of the FET which is essentially
the thermal noise of ry.

BANDWIDTH AND CONTROL TIME CONSTANT

The circuit bandwidth is the closed loop bandwidth of
the op amp used at the (instantaneous) set gain. The gain
control time constant is that of the input circuit to the
FET (dependent on the value of R in Figure 8) limited
by the slew rate of the op amp. The FET itself reacts
practically instantly, producing a step change in feedback
ratio. Control time constant is thus a few microseconds
at most.

APPLICATIONS

Three obvious applications present themselves; they are:
1. Remote or multichannel gain control

2. Volume expansion

3. Volume compression/limiting

To this short list might be added a number of others,
including applications in noise reduction and guad sound
techniques.

The gain-controlled amplifier of Figure 14 has a gain
range of 1—1000, a maximum output fevel of 8.5 Vrms,
and a bandwidth of better than 20 kHz at maximum
gain. The FET used has high Vp for maximum freedom
from distortion. Figures 15 and 16 show the gain
function and constant distortion contour lines. Note
that the gain control curve is non-linear near unity gain
because the PN40Q91 is a short channel FET. Distortion

1000

801

=1

600

Ay

400

200

2
-10 -9 -8-7-6-5-4-3-2-110

Vgs (V)

FIGURE 15. Gain For Circuit
of Figure 14

is quite low except as limited by maximum output
voltage. Note that the maximum e, is restricted by out-
put saturation. The LM318 is used in the example only
to achieve wideband response at maximum gain. The
amplifier input voltage must be restricted to about
8 mVrms at maximum gain when the S/N will be about
60 dB over a 10 kHz bandwidth.

+15V

O ¢, < B.5VRMS

PN4I91

*2k tor gain - 1-100
- **LM301A for gan = 1-100

FIGURE 14. Amplifier With Gain Range = 11000

A more practical circuit might employ a gain range of
1-100. Then the amplifier could be a LM301A and
still achieve a 10 kHz bandpass at maximum gain. The
input signal could, accordingly, be increased to 80 mVrms
for a S/N of 80 dB. This performance can be extended
to dual and quad control circuits with tracking gain
functions, but watch the bandwidth as required at maxi-
mum gain. Any of the several dual op amps could be
used with the 2N3958 (monolithic dual from NSC), or
the LM324 quad op amp can be used in limited gain
times bandwidth applications with a quad monolithic
FET. Figure 17 shows all details of an ac coupled tracking
quad gain control with 40 dB range. Gain varies over
1-100 range, bandwidth is 10 kHz minimum, S/N
is better than 70 dB with 4.3 Vrms maximum out-
put. Figure 7 shows the gain curve and matching
characteristics.

Noise considerations could be important in this method
of gain control, as the signal is amplified rather than
attenuated. To realize the function of a 40 dB variable
attenuator, it is necessary to install a fixed attenuator at
the amplifier input and perhaps also at the output. This
will reduce the minimum signal level to millivolts, thus a
low noise amplifier is desirable. The LM381 dual low-
noise ac coupled amplifier could be used in a 40 dB
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FIGURE 16. Distortion For
Circuit of Figure 14
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audio attenuator to realize S/N about 100 dB or in a
60 dB attenuator to realize 80 dB S/N. Improvements
in S/N can be made by reducing system bandwidth in
fixed or low frequency operation. Minimum noise is also
achieved by using the minimum practical amplifier
source resistance. Values as low as 1 k§2 are advantageous.

The effect of temperature will be to change the gain
according to the temperature sensitivity of the FET.
This effect can be reduced by using a silicon resistor for
the feedback resistor, R1. If the FET were to be
integrated onto the op amp chip, an attempt should be
made to include R1 on the chip as well.

The application to a volume expander circuit is of
interest as the control is linear, the required control
range is only about 1:4, and the input signal is small
for the fow gain condition when distortion would other-
wise be most apparent. The elements of a volume
expander are indicated in Figure 18. The gain controlled
amplifier need only exhibit a 12 dB variation in gain,
being lowest for small signals. The slope of gain versus
contro} should be linear, more specifically the slope
of ({log) gain in dB versus (log) signal in dB should
be linear. A practical range is 12 dB gain change over a
30 dB input signal range. The peak detector should be
linear down to very small signals, exhibit a fast attack or
charge time of a millisecond or less, a discharge time
constant of about 2 seconds, and operate on the first

half cycle (full-wave detector). The detector should,
therefore, be a full-wave precision linear peak detector
with low internal impedance; the requirements can be
met with the circuit of Figure 19.

The expander circuit shown in Figure 20 will perform as
desired. The gain control function is plotted in Figure 21,
distortion is below 0.1% at all levels. Resistors R3 and
R4 are added in order to modify the linear control curve
to the desired log curve. Note that the input signal is
attenuated prior to amplification in order to reduce
distortion and maintain an overal! gain of approximately
0 dB at midrange of expansion. The noise with the
LM124 over a 20 kHz bandwidth is, of course, a function
of signal; but the maximum signal to noise ratio is 80 dB.
The circuit could be adapted to stereo or guad sound
as in Figures 22—23. Questions for individual design
concern the method of control. Whether to expand all
channels together, and whether to derive the control
signals individually from each channe!, a summation
from 2 to 4 channels, or from a single channel (assuming
that high level from any channel indicates high levels
from all channels), Note that the FET is biased OFF
(minimum gain) for low signals, and increasing signals
progressively bias the FET ON (maximum gain}.

The volume compression circuit is a logical mate to the

expander. The only difference would be that the FET is
initially biased ON {maximum gain) for low signals, and

+20v
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FIGURE 20. Volume Expander Circuit
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FIGURE 21. Expander Gain Characteristic
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FIGURE 22. Stereo Expander Block

increasing signals progressively bias the FET OFF {minj-
mum gain). A disadvantage is that the circuit produces
greatest distortion in the low gain condition when signals
are highest. Maximum S/N is degraded by 24 dB over
that of the expander, minimum S/N is the same.

CONCLUSION

The combination of FET and op amp provides a linear
dc (voltage) control of gain over a range to 60 dB. As the
circuit realizes positive gain, rather than being a con-
trolled attenuator, the input signal is limited. Input
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FIGURE 23. Four-Channel Expander Block

signal is further limited to several hundred miliivolts by
the non-linearity of the FET (which sees the full input
signal). Because input signals will generally be in the
10—300 mV range, noise performance of the selected
op amp will be important. Even so, S/N of 60—100 dB is
obtainable with standard amplifiers. Tracking pair or
quad gain-control amplifiers are realizable with existing
monolithic dual or quad FET's, and the combination of
FET and op amp lends itself to simple integration. The
circuit is well-suited to remote and multiple linear gain
control and to volume expander/compressors. The volume
expander is especially interesting as the signal level and
gain conditions result in extremely low distortion and
more than adequate signal-to-noise ratio.




Binary/BCD Gain
Programmed Amplifiers

Many systems require logic controlled gain programmable
amplifiers (GPA) for signal preconditioning, level control
and dynamic range expansion. The system sets GPA
requirements for accuracy, speed and signal handling
capability, limiting the type used. Conventional CMOS
analog switches limit signal handling to *7.5V and
accuracy to 1%. High voltage CMOS or JFET analog
switches increase both accuracy and signal handling
(£10V to #15V) but at a greater cost. Programmable
amplifiers using current mode analog switches have the
highest signal handling capability (+25V) with high
accuracy, speed and low cost.

In reality, the logic controlled GPA is a multiplying
digital-to-analog converter (multiplying D/A). The D/A
input is the reference node which is multiplied by the
digital input. Multiplying D/A converters have been
available for some time in module, hybrid and mono-
lithic form but suffer from high cost and poor signal
handling capability (£10V maximum).

Large signal handling (£25V), moderate cost multi-
plying D/A converters can be built using monolithic
current mode analog switches, an op amp and a few
resistors.

Unlike conventional analog switches, only signal current
is switched at the virtual ground of an op amp with cur-
rent mode analog switches. Limiting the voltage across
the switch to a few hundred millivoits, power supplies,
logic interface and level translator circuits are eliminated
allowing the JFET switches to be driven directly by
standard logic.

F2

F1

Vo

Ve

FIGURE 1. Current Mode Analog Switch

National Semiconductor
John Maxwell
February 1977

A logic “0" turns the switch ON with a logic 1"
shutting the switch OFF by pinching the FET OFF. The
diode is used to clamp the source to drain voltage to
about 0.7V in the switch OFF state. The series FET in
the feedback path is used to compensate for the ON
resistance of the switch FET.

Current through the switch is determined by the input
resistor, R1, the switch ON resistance and the input
voltage, V|N. Scaling of the output voltage is accom-
plished with the feedback resistor, setting the gain of the
amplifier.

R2 + RON?2
Ay = —— -
R1+ RON1

1

A 4-bit multiplying D/A converter can be built using a
quad current mode switch, 4 binary weighted resistors
(R, 2R, 4R, 8R) and an op amp. The output voltage
will be a function of the feedback resistor, input resis-
tors and the logic state of the FET gates, Gy.

The number of bits is expanded by cascading another
quad current switch and resistor array to the first.
Instead of continuing the binary progression of the input
resistors, (16R, 32R, etc), current splitting resistors are
used such that the same resistor array (R, 2R, 4R, 8R)
is used for the additional bits, minimizing the number of
resistor values required for higher order converters.

G
R
G2
2R —
L p
Gl
4R =
[ = Re
G4
Vo
8R =
Vi +

Re _ _ _
Vo= -vin F G120+G22-1+G32-2+Ga2-3)
R

FIGURE 2. 4-Bit Multiplying D/A Converter
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Binary/BCD Gain Programmed Amplifiers

= amercia
| g1

o |

40k =

-
|

10 !
l
|
L

amgrcio )

{8k BCD)

80k -

Vin O—4

I
t
L __AM87C12

—merc__

R = = — —~ - — _ —
Vo= -VINF (612048221 +G832-2+G42-3 4 1/16 (85 20+ G6 2—1+ 57 2-2 + G8 23]
R (1/10 for BCD)

FIGURE 3. 8-Bit Multiplying D/A Using Cascaded 4-Bit Sections

Binary weighting requires a 1/16 current split for the
second switch quad while BCD weighting requires a
1/10 split.

There are 2 basic switch configurations available that
are optimized for a variety of logic drives: TTL or CMOS
Multiple independent switches (4 by SPST) and a 4-
channel multiplex version with a series compensation
FET.

Practical limitations in using monolithic current mode
analog switches need consideration. Resistor values and
tolerance impacted by switch resistance is minimized by
increasing resistor values without regard, but limits
bandwidth and creates leakage errors at elevated temper-
atures. Using resistors that are too small, increase switch
resistance errors. Current saturation {increased switch
resistance) occurs when the switch current approaches
the FET saturation current, Ipgg. High currents also




cause |G(ON), current lost through the gate, as the
diode and FET source to gate diode become forward
biased. An input resistor value of 10k limits the switch
current to less than 2 mA minimizing both leakage and
switch resistance problems. For example, the gain
accuracy at unity gain using the compensation FET is
less than 0.05% with R = RE = 10k.

The current shunt resistor used in cascading switches
should be kept small to minimize the voltage drop,
keeping the FET drains near ground. Values of Rg
should be less than 10082 (20 typ).

Resistor tolerance will be determined by converter
resolution, i.e., the number if bits (N). For example,
an 8-bit binary D/A converter will have oN_1 or 255
steps (99 for BCD) or different gains. The resolution or
smallest step is (least significant bit} 172N of the full-
scale value (0.0039). Typica! accuracy specifications
for D/A converters are stated as 1 LSB or *1/2 LSB.

2 feR\2 [e2r\ 2 €nR
% error = € +|— +{ —— o+
t \2 22 2n
5 (02\2 (02
o+ [—) +{—
2 4

or

% error =

[}

€f

This works out to be +0.2% for the 8-bit binary unit.
Errors in the feedback resistor directly affect the output
of the converter. The most significant resistor, R,
contributes 1/2 full-scale, reducing its error contribution
by a factor of 2. The same is true for the rest of the
resistors with contributions of 1/4, 1/8, etc. Using a
resistor tolerance of 0.1% for the feedback resistor,
0.2% for the 2 most significant resistors (R, 2R}, 0.5%
for the 3rd and 1% for the 4th and 5th switches allows
5% resistors to be used in the 6th, 7th and 8th switch
positions.

Using the above information, 4-bit or more binary/BCD
gain programmable amplifiers can be built with large
signal handling capability, few parts and easily adjustable
gain or attenuation. Figure 3 shows a practical 8-bit
binary/BCD GPA with gains of 0.996 (binary) with
RF = bk and 0.99 {BCD) with R¢ = 8k. For other gains,
only the feedback resistor need be changed.

(2)

tolerance of feedback resistor

er = tolerance of most significant resistor
enR = tolerance of Nth resistor
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FET Curve Tracer

FET Curve Tracer National Semiconductor
John Maxwell
February 1977 /

Junction field-effect transistors (JFETs), unlike bipolar
transistors, do not easily lend themselves to analytic
solutions of bias networks. By their very nature, JFETSs .
are voltage controlled devices. Gate to source voltage
{control voltage V@Gg) variations of several volts can
exist within a given part type at the same operating
conditions, causing the problem. Multiple suppliers and
inadequate or non-existent data sheet curves compound
the problem further, requiring data from the suppliers
or the use of a curve tracer.

Ip (mA

Vgs V)
FIGURE 1. Typical N-Channel FET Transfer Curve

A simple curve tracer, used with any oscilloscope, can be
built using a quad op amp and a handful of parts. The

circuit displays drain current versus gate voltage for both The circuit consists of an op amp current to voltage
P and N-channel JFETs at a constant drain voltage. (I/V) amplifier with a positive or negative gate sweep
1k
1mA/NV

100
10 mA/V

Vs 10k ip
‘vAVAv 4
HDRIZONTAL VERTICAL
0.5V/ms

2 10k 0.14F
< L_—{

AT—A4 — LM324
- D1-D2 — 1N914

Q2+ — 92PUM
A3 150k Q3> — 92PUS51
+
) N
| Pen 15y

51%

10k

A4 ‘V‘V"

5tk D1 vowz.E QK
O +

9.1M
F——MNA——¢ e =
S
’ I AAA a1 <
213906
02 68k L
10
s
< 499
<
10
15v
15V 750
*
TW NPN, PNP
—15v

FIGURE 2. FET Curve Tracer
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voltage. The I/V amplifier uses 1/4 of the quad op amp
and 3 switchable feedback resistors for drain current
scaling: 1k for 1 mA/V, 20082 for 6 mA/V and 10082
for 10 mA/V. An NPN-PNP emitter-follower buffer is
used with the I/V amplifier to handle high FET currents
(to 100 mA). A unity gain inverting amptifier is used
for proper drain current polarity.

The gate sweep generator consists of 2 parts, a linear
ramp generator with a reset and a window comparator.
The ramp generator is an op amp with a capacitor in
its feedback loop. The sweep rate is set by a constant
current supplied to the capacitor through a resistor tied
to either the plus or minus voltage supply.

The positive (P-channel) ramp mode uses the positive
reference on the plus input of the comparator with the
ramp connected to the minus input. The comparator
output stays high (15V) pinching the FET OFF until the
input exceeds the reference (10V}. At that point, the
output snaps to the negative supply, turning the FET
switch ON, discharging the capacitor. The reference
voltage at the plus input is set near ground using the
51k input resistor, D2 and 68k feedback resistor when
the comparator output is in the low state. When the
capacitor is discharged, the comparator resets, restarting
the ramp.

A negative sweep is more difficult to generate using the
same comparator. The reference (—10V} is on the
minus input with the ramp connected to the plus input.
As with the positive sweep, the comparator output is
high until the negative sweep exceeds the reference.
The difference is that the reference cannot be set to
ground for the reset sweep but to a negative voltage
such that when the ramp is at OV the comparator resets.
The function of Q2 is to short R1, changing the refer-
ence voltage from —10V to —6V.

In both cases, the sweep time is 10 ms. The resistor
attenuator on the FET gate terminal divides the voltage
in half, vielding a sweep rate of 0.5V/ms with a maxi-
mum gate voltage of £5V. This should be adequate for
most FETs used as amplifiers but if additional gate
voltage is required, the attenuator can be switched out.

The circuit is limited to disptaying only the FET transfer
characteristic |p vs V@Gg, but this is the curve most
needed by designers. it gives insight into parameter
variations of bias circuits and it can be used to observe
temperature effects on the FET. The oscilloscope
vertical input is used for the drain current and the

horizontal input is used for the gate voltage. The hori-
zontal sweep can be used if no horizontal input is
available where a sweep rate of 0.5 ms/cm corresponds
to 0.5V/ms, allowing the curve tracer to be used with
any oscilloscope.

n .
8 RESET

0.1 uF

bk -t

vg 150k
15 © VYV
—_—
«0.1 mA Vo
=1V/ms

FIGURE 3. Linear Ramp Generator

20
B
AT 7
>
i3
0 n 20
TIME (ms)
FIGURE 4. Positive Sweep
[
E -10
=
>
|
~20
1] 10 20

TIME (ms)

FIGURE 5. Negative Sweep
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JFET Glossary of Symbols

JFET Glossary of Symbols

DC PARAMETERS

BVpgo (V) Drain-Gate Breakdown Voltage with Source Open- a
Lo O—
or BVgpo Circuited S D
4
The breakdown voltage of the drain-gate junction, & Voo Y‘G
measured at a specified current with the source
open-circuited. o— -
BVggo (V) Source-Gate Breakdown Voltage with Drain
or BVGso Open-Circuited D I B
S
v
The breakdown voltage of the source-gate junction, 6 S50 TIG
measured at a specified current, with the drain
open-circuited. e, At
BVGss (V) Source-Gate Breakdown Voltage with Drain-

or BV, V(BR)GSS

Source Shorted

The breakdown voltage of the source-gate and
drain-gate junctions, measured at a specified
current with the drain-source shorted.

Ipgo (pA) Drain-Gate Leakage Current, Source Open-Circuited
or IGDO
The leakage current of the drain-gate junction, p +
measured at a specified voltage, with the source 4 Vog Vpg
open-circuited. i 'l'
O—
Ip (uA) Drain ON Current o
or ID(ON)

The drain current, measured at a specified drain-
source voltage and gate-source voltage.

ID(OFF) {pA}

Drain Cutoff Current

The drain cutoff current, measured at a specified
drain-source voltage and gate-source voltage.

Ipgs (mA) Drain Saturation Current Inss
The drain current, measured at a specified drain-
source voltage with the source shorted to the gate
(Vgs=0)

G (pA) Gate Leakage Current with Drain Current Flowing

or IG(ON)

The gate leakage current, measured at a specified
drain current and drain-gate voltage.

IGgss (pA) Gate-Source Reverse Leakage Current with Drain-

Source Shorted

The gate-source reverse leakage current measured
at a specified gate-source voltage.

IGss




Isgo (pA) Source-Gate Reverse Leakage Current with Drain
orlgso Open-Circuited

IsGo

The leakage current of the source-gate junction,
measured at a specified voltage, with the drain
open-circuited.

C
T
m
-
o]
n
rps (€2} Drain-Source ON Resistance g
or rds, Rps, D 1 =
DS{ON) The drain-source ON resistance, measured at a (4 <
specified gate-source voltage and drain current. I s Vos 'n o
Vgs -
T
Vps(on) (mV} Drain-Source ON Voltage wn
. . _ Vbs <
The drain-source ON voltage, measured at a speci- s = T 3
fied gate-source voltage and drain current. o
Vas (V) Operating Gate-Source Voltage 'n 2
or VGS(ON). w
Vg The gate-source voltage, measured at a specified
drain current and drain-source voltage. +
Vos
Vas(F) (V) Forward Gate-Source Voltage b
The forward gate-source voltage, measured at & 5
specified current.
lgT VestF)
VGS(OFF) (V) Gate-Source Cutoff (Pinch-Off) Voltage
or Vp

The gate-source cutoff voltage, measured at a
specified drain current and drain-source voltage.

SMALL SIGNAL PARAMETERS

Ciss (pF) Common-Source Input Capacitance
or Ciss, Cgss
The common-source input capacitance measured
between the gate and source with the drain A—C
shorted to the source at specified drain-source and
gate-source voltages.

Coss (pF) Common-Source Output Capacitance
or Cos, Cdss
The common-source output capacitance, measured
between the drain and source with the source

A—C shorted to the gate at specified drain-source ‘ Ree
and gate-source voltages. | | c
0ss
+

6-563



JFET Glossary of Symbols

Crss (pF)
or Cys, Ceg

Common-Source Reverse Transfer Capacitance

The common-source reverse transfer capacitance,
measured between the drain and gate at specified
drain-source and gate source voltages.

ep (nV/A/Hz)

orep, Vp, Ep

Equivalent Input Noise Voltage

The equivalent input noise voltage per unit band-
width, measured with the input A—C shorted to
the source at a specified operating condition.

[}
9fg (mV) Common- Gate Forward Transconductance s] Ip
Or Yfg Vgs “[; Ip
The common-gate forward transconductancewith
the output A—C shorted. This is a complex guanti- o
t +j . Y —_—
¥ (9fg + Ibfg) 97 Vs ’VDSZO
gfs (mV) Common-Source Forward Transconductance )
or gm, Yfs, s = Vas
Re|Yis The common source forward transconductance Vps=0
with the output A—C shorted. This is a complex
quantity (gfs + ipfs)- 6 D
G
S n
giss (LV) Common-Source Input Conductance Vgs
or Yis
The common-source input conductance with the
output A—C shorted. This is a complex quantity I
Y =G
(gis + ibis) 5 Vas ~
Vps=0
doss (LV) Common-Source Output Conductance p
or Yog
The common source output conductance with the D
input A—C shorted. This is a complex guantity G:. Vs Vps
; B
(dos *+ ibos)-
'p
Y e B
0s VDS
I Vgs =0
Gpg (dB) Common-Gate Power Gain
The common-gate power gain is the ratio of out-
put power to input power. P
Gp = 1010g70 Pl
Gpg (dB) Common-Ssurce Power Gain I

The common-source power gain is the ratio of out-
put power to input power.

in (PA/A/H2)

Equivalent Input Noise Current

The equivalent input noise current measured with
the input open-circuited under specified operating
conditions.




NF (dB)

Spot Noise Figure

Noise figure = 10 log1g F were F is noise factor
which is the ratio of the total output noise power
to the output noise power of the source. Measured
at specified operating conditions and source resis-
tance.

Total Qutput Noise Power

N Source Output Noise Power

td(ON)

ty

td(OFF)

t

COMMON-SOURCE SWITCHING PARAMETERS

In the following, drive circuit conditions and drain
circuit conditions must be specified. The transition
times of the input must be negligible compared to
the measured times.

Turn-On Delay Time

The time interval during turn-on from the point
when the input pulse at the gate reaches 10% of its
ful' amplitude to the point when the drain pulse
changes from 0 to 10% of its maximum amplitude.

Rise Time

The time interval during turn-on in which the
drain current pulse changes from 10% to 90% of
its maximum amplitude.

Turn-Off Delay Time

The time interval during turn-off from the point
when the turn-off pulse at the gate changes from
100% to 90% of its full amplitude to the time
when the drain current has changed from 100% to
90% of its maximum amplitude.

Fall Time
The time interval during turn-off in which the

drain current pulse decreases from 90% to 10% of
its maximum amplitude.

Ry
Voo Vout

Vpp—VDS(ON)

ID{ON) = AL

100
90

Ip{om) (%)

0 N
td(ON) — e _»(p»—!

-t

b,

= td(0FF)

DUAL FET PARAMETERS

BVG1, G2 (V) Gate to Gate Breakdown Voltage ) g
orBVG1-2 s
The breakdown voltage of the gate to gate junc- Gly
tions, measured at a specified current. O_]—‘
ol T,
sus BYG1,62 T'G
uzl s2 C
7'y
G2
[
CMRR (dB}) Common-Mode Rejection Ratio
or CMR

The common-mode rejection ratio is the ratio of
the change in differential gate voltage with a
change in the drain to gate voltage.

AVDG

CMRR = 20 log10 AV
os
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JFET Glossary of Symbols

9fs1—2 (%)
or 9fs1/9¢s2

Common-Source Forward Transconductance Ratio
{Match)

The transconductance ratio = gfg1/9fs2 x 100 (%)
measured at specified drain-gate voltage and drain
current.

9oss 1-2 (uV)
Oor 9os1-2

Common-Source Output Conductance (Match)

Output conductance match = 951 —Gos2| Measured
at specified drain-gate voltage and drain current.

IDss1—2 (%)
orIpsi—2.
IDss1/1Dss2

Drain Saturation Current Ratio (Match)

The drain saturation current ratio = Ipsst/
IDSS2 x 100% measured at specified drain-source
voltages.

1G1-2 (pA) Differential Gate Leakage Current
Differential gate leakage current = [lg1—iG2l
measured at specified drain-gate voltage and drain
current.
1G1, G2 (PA) Gate to Gate Reverse Leakage Current
The gate to gate reverse leakage measured at a
specified voltage monolithic dual with diode isola-
tion shown.
VGgs1—~2 (mV) Differential Gate-Source Voltage 4
or AVGS, Vos, Voo
IVas1—-VaGs2l The differential gate-source voltage, measured at a I_ 0

specified drain-gate voltage and drain current.

AVGs1—2 (uv/°c)
or AVGS1—
VGgs2l/AT
AV e/ AT

Differential Gate-Source Voltage Drift

The differential gate-source voltage drift is the
change in the differential gate-source voltage with
a change in device temperature at a specified
operating condition.

AVes _!1VGs1-VGs2)T1 -~ (Vas1-VGs2) T2
AT T1-T2

|
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TO-18 fead form available on special order or standard
on some products converted from TO-106 package.

Package 12
3-Lead T0-92 {TO-18 Lead Form) Plastic Package
NS Package Number ZO3E
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imensions

Physical D

0.350-0.370

(8.890-9.398)
DA 0.315-0.338

(8.001-8.508}
DiA

0.165-0.185
(4.191-4.699} 1

INSULATOR
0.840
{i.016)
MAX
| 0.016-0.019
™ (0406-0483)
0.200
i | i5.080)
0.029-0.045 ‘}n
0.737-1.143) NN
0.028-0038
(0.711-0.868) \>//
45" EQUALLY
SPACED  -pmef
Package 13

PIN

FET

0 ~N OO bk W N =

S1
D1
G1
Case
S2
D2
G2
Sub

8-Lead TO-99 (24 Alternate) Metal Can Package (H)

NS Package Number HO8B

0.730

—
(18.542)
MAX

‘ GLASS
fid i3] fiz] [r] fio] [3] [%]

0.280
(1.112)
MAX
TG E -
0.310 0.165
{7 0.037-0.050 aisn)
r'MAx T PINND.1 {0.940-1.270) MJ? 0,085 0015
1DENT ! in 1430.387)
00080012 - V—q
0025 (0.203-0.305) | L
0. —
0.325 0.015 | gp50 -0.010 ‘ | ‘ | 0.015-0019 0.125
U Thass 088 Ameaam ™ | asmaesn T @
0.381 oo Min
- 0100 -0.010
T (2540 :0.254)
Package 14
14-Lead Cavity DIP (D)
NS Package Number D14A
0.730
r;' T (issaz) !
MAX ;
GLASS |
[is] [} [3) [ [/ [} [3]
u.z‘nn
7.112)
L‘ ] M;v\x
T T T s T GT e ™
0.310 0.165
(7574 A 0.020 10.010 0.037-0.050 @191
MAX | (0/508 -0.254) {09a0-1270) MAX

0015 _| 0100 0010 |
8255 jg gg? lZ 540 - 0254 0015 0019
{0.381-0.483)
Package 15

16-Lead Cavity DIP (D}
NS Package Number D16A

PIN ND. 1
{DENT™ *
0.008-0.012 i
{0203 -6.308) L‘{ 0.045 16.015
‘ uazs*'“m {1143 .0.381)

0.125

(3.175)
MIN
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!

0.760

‘[ 119.308)
! MAX
fie] [i3] fio] [ fo] [s] [6}

PINNO. 1 ___ L
—L,

0.298
{7.569)

MAX
.

IDENT
T EEE I

0.054

0.485

038 TYP
Ty ;
MAX

(1.372

) 085

(4.181)
MAX

r

0.020-0.060

4[ {0.508-1.524)

0.008-0.015
e
(0.203-0.381)

14-Lead Cavity DIP (J)
NS Package Number J14A

0.300 0.050 -0.010 J 1016-0023 || o 125
~{7.620) {1270 -0.254) ~ (@.381-0564) @375
REF ‘ 0.100 10.010 MIN
™ (2540 0.250)
Package 16
14-Lead Side-Brazed Cavity DIP (D)
NS Package Number D14E
) 0.810
N aiid
-~ (20.578)
| MAX
1[e) [i5] [r] fr3] [i2] [1] [id []
0.298
(7.569)
PINND. 1
IDENT Max
[T GBI LI BT T T T
0.054
| 0.485 13721y 165
- 2 T
\ (12.319) — e (8.191)
‘ MAX MAX
£ I 0.020-0.060
_]_7 { (0508-1528)
0.008-0.015 ] — T
™ 0 z03-a38m
0.300 0.050 :0010 | ! 00150023 i 0125
Pt e ] P | - ik imnsc S O
{7'620) {1770 -0258) {0.381 -0.584) 3175
REF 0.100 -0.010 MiN
- .
{2,540 0.258)
Package 17
16-Lead Side-Brazed Cavity DIP {D)
NS Package Number D16C
0.785 0310
_7*“9 339) —
| (1.878)
| [ [19] [77] ﬂ [i] f91 M“"
0.025 cmss
(0.635) 0.291
RAD e
(7.301)
MAX
UT I T LT BT e 12
0.280-0.320 0.180 0.200
(7366-8.128)  (4.064) GLASS 0.060 +0.005 {5.080)
- MAX SEALANT o MAX
| {1.524 :0.127) 0.020-0.070
== :ﬁ {©.506-1.178)
[
\  oo0s-0012 i SN B
0203-0308) | T
I [
038510025 0.100 0.018:0002 |
{9.779 :0.635) {2540 e L
MAX BOTH ENDS - " (3.175)
‘ 0.100 -0.010 MIN
- 228
(2.580 :0.254)
Package 18

77
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imensions

Physical D

0.785
‘«— (18,938 —— - =
’ MAX LI
F3 [ [l m 7878]
0025 5] [ ol bl MAX GLASS
{0635) 0.291
RAD fusa
{7301)
max
T E TG EIEIE
0.160 oLass. 0.200
| 0290-0320 |, (@064)  SEALANT 00600005 (50800
] G3se-aazs) [T MAX (1523 :0.127) MAX 0.020-0.070
‘ T 11 seaiome
00080012 -
{0203-0.305) H I
0.385 -0.025 0.050 L
| 2HETAAB {27 LLALRUL [ Y
(9.779 :0.635) MAX {0.457 -0.051) RiT]
0.100 0010 MIN
H daadod
{2540 :0.254]
Package 19
16-Lead Cavity DIP {J)
NS Package Number J16A
0.400
fm—{10.160)—=
0.092 gg%.g) MAX
emn - on [ [ @
NOM
PIN ND. 1 (NDENT ~_ 0.250 0.005 PIN | 60 |67
{6350 0.127
~ ) 1 [ NC s
0.045 JJF GBIy 2 S D1
1123
0300-0320 oL TYP 0.040 3 D1 [ NC
e (0.762) fate)
MAX 0.065 Ty 0.130 +0.005 4 G1 | Gt
{1850 {3302 0.127) 5 <2 | g2
6 D2 | D2
0.009-0.015 ! 7 G2 | NC
0.020
(0.229-0.381) o508 8 NC | G2
0,325 0025 0.045 +0.015 0125 B
o (R ama 10.003 (::w]l:‘m
0,635 0.100
3.255 {0257 10.076)
b5 755 Z5a0)
TP
Package 20

8-Lead Molded Mini-DIP {60, 67) (N)
NS Package Number NOSA

0.770
0.090 {19.558)

22861 MAX
0.082 (zzgem) IJ]—;
2337 - [3] fi2] [} [r] [s] [s]

DIA NOM \ i
PIN NO. 1 INDENT — 0.250 +0.005
e

(6.350 :0.127)

0300-0320 o
TR | e 0.080
| mAx 0.065 {.016) 0130 -
. ssn TYP (3.302 :0.12
ol
0.009-0.015 b
{0:229-0.381) o
0.075 -0.015 ._{L 0.018 :0.003 0128 MIN
{1,905 -0.381) 0.100 {0.457 +0.076) ‘3”5)
+0.025 {2.540)
03z %t 2
+0.635
2557 301)

Package 21
14-Lead Molded DIP (N)
NS Package Number N14A
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0.870
0090  hee————— (22.008) ——————=1
7 786) MAX
{2.286)

0082 yom

233
sia oM

(5] (4 (W [0 [ [ [o) (5]

PIN NO. 1 INDENT N 0.250 -0.008
: \|@ {6350 -0.127)
l
OgEREgOEoRORORC .
0.030
0.762)
0.300-0320 0.040 -
(7.620-8.128) 0.065 016 = 1= 21390
™ {1.651) TYP | G
|
\
0.003-0.015 i 1
6229-0.387 | i 1 w=xn
}__ 0.075 -0.015 | 1‘ ‘ |L 0.018 -0.003 0.125 (ﬂ”.nsit'lvm
0075 00 | b 80003
0.325 70025 {1a05 0381 a5 0ore G173
U 0 0.100 MIN
0635 (2.540) = [~
(82557300 g
Package 22
16-Lead Molided DIP (N}
NS Package Number N16 A
0.275
ot e ]
(6.985)
0.080 MAX
I {2032) GLASS,
(SQUARE}
0.004-0.006 MAX  0.010-0.025 0.050 -6.005
Pl o Y L D050 -0.008
{0.102-0.152) " (u.zwo.s:sl—] {1270 -0.127)
i /
i
}
Al
PINNO. 1 L"”‘”
IDENT ™ e sl 0750-0.770
M 7F7 (19.050—19.558)
2 3456
1 ..t
0.020-0.040 "H‘ 0.015-0.019
o] e b sl
{0.508—1.016) {0.381-0.483)
Package 23
14-Lead Flat Package (F)
NS Package Number F14A
0.080 0.390
{2.032) e (9.806) —»~i
MAX MAX GLASS
0.004-0.006

(0102-0.152) ‘

L 0.020-0.040

(0.508-1.016)

0.007-0.018 : 0.050 -0.005

P ] e j bl

10.178-0.457) (1.270 -0.127)
i

i
i
(LA }
1615141332 1110 9
PIN NO. 1 0275
IDENT™_| {6.985)
o MAX
23456 78 Y
I FTTH T
0.880-0.900
{22.352-22.860)
INYIRRIN t
b oors-oom
G amaas

Package 24
16-Lead Flat Package (F)
NS Package Number F16A
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National
Semiconductor

EUROPEAN SALES OFFICES

Benelux
National Semiconductor
789 Ave. Houba de Strooper, 1020 Bruxelles
Tel. (02) 4783400, Telex 61007

Britain
National Semiconductor Ltd.
19 Goldington Rd., Bedford, MK 403 LF
Tel. (0234) 211262, Telex 826209

Denmark
National Semiconductor Ltd.
Vodroffsvej 44, 1900 Copenhagen V
Tel. (01) 356533, Telex 15179

France
National Semiconductor
Expansion 10000
28, Rue de la Redoute, 92260 Fontenay-aux-Roses
Tel, (01) 6608140, Telex 25956

Italy
National Semiconductor SRL
Via Alberto Mario 26, 20149 Milano
Tel. (02) 4692864, Telex 36540

Sweden
National Semiconductor AB
Algrytevagen 23, 12732 Skarholmen
Tel. (08) 970835, Telex 10731

West Germany
National Semiconductor GmbH
Cosimastr. 4/1, 8000 Minchen 81
Tel. (089) 915027, Telex 522772

National Semiconductor GmbH
Ferdinandsplatz 11, 6380 Bad Homburg
Tel. (06172)23011, Telex 415887

National Semiconductor GmbH
Hohenheimer Str. 11, 7022 Leinfelden-Stuttgart
Tel. (0711) 751057, Telex 7255746

National Semiconductor GmbH
Dockenhudener Str. 29, 2000 Hamburg 55
Tel. (040) 868457, Telex 211039

WORLD HEADQUARTERS

National Semiconductor Corporation
2900 Semiconductor Drive

Santa Clara, California 95051

Tel. (408) 7375000, Telex 9103399240

EUROPEAN HEADQUARTERS

National Semiconductor GmbH
Industriestr. 10, D-8080 Fiirstenfeldbruck
Tel. (08141) 103-1, Telex 527649
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