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Process 51 N-Channel JFET | 3§
. (2
(1]
LN @
{0533) ] DESCRIPTION
0.0038 __ g
{0.0965) " | Process 51 is designed primarily for electronic
switching applications such as low ON resis-
77, 4 A { tance analog switching. It features excellent C;g¢
2.0038 Rps(on) time constant. The inherent zero offset
{0.0965) voltage and low leakage current make these devices
* 0.018 excellent for chopper stabilized amplifiers, sample
(0.457) and hold circuits, and reset switches. Low feed-
through capacitance also allows them to handle
2 video signals to 100 MHz. ‘
NS51C
GATE IS ALSO BACKSIDE CONTACT
CHARACTERISTIC PARAMETER TEST CONDITIONS MIN TYP MAX UNITS
Gate-Source Breakdown _ __ . _ _
Voltage BVgss Vps =0V, Ig =—1 A 30 50 \Y
Zero Gate Voltage Vps =20V, Vgg =0
Drain Current loss Pulse Test 5.0 65‘ 170 mA
Reverse Gate Leakage lass Vgs =—20V, Vpg =0 -15 -200 pA
“ON’" Resistance r'ps Vps =100 mV, Vgg =0 20 35 100 Q
Forward Trans- _ _
conductance Ofs Vpg =15V, Ip =2 mA 8.5 mmbhos
Pinch Off Voltage Vas(oFF) Vps =20V, Ip =1nA -0.5 -4.5 -9.0 \
Drain “OFF"” Current Ip(orF) Vps =20V, Vgg =—10V 15 200 pA
Feedback Capacitance Crss Vpg =16V, Ip =5mA, f=1MHz 3.5 4.0 pF
Input Capacitance Ciss Vps =18V, Ig =5 mA, f=1MHz 12 16 pF
Noise Voltage e, Vpg =15V, Ip =1 mA, =100 Hz 6.0 nV/A/Hz
Turn-On Time . ton Vpp =10V, Ip =6.6 mA ) 12 20 ns
Turn-Off Time totf Vpp =10V, Ip = 6.6 mA 40 80 ns
This process is available in the folfowing device
types. *Denotes preferred parts.
. TO-18 (CASE 02) 2N4861 *PN4092 TO-92 (CASE 77)
*
2N3970  2N48BIA oA BF247A
2N3971 TO-72 (CASE 25) *PN4392 BF2478B
2N3972 *NF5101 * BF247C
* PN4393
2N4091 *NF5102 *PN4BEG TIS73
*2N4092 *NF5103 N TIS74
*IN4093 PNag57 TIS75
*INA391 T0-92 (CASE 72) _PN4858
*9N4392 *ON5638 PN4859 QUALIFIED PER MIL-S-19500
*IN4393 *2N5639 L Phag6o
. . *PN4861 2N4091 JAN, JANTX
2N4856 2N5640 U1B97E |2N4092 JAN, JANTX
(2N4BSBA 2N5653 U1898E 2N4093 JAN, JANTX, JANTXV
24857 ,2N5654 U1899E 2N4856 JAN, JANTX, JANTXV
,2N48G7A Jm 2N4857 JAN, JANTX JANTXV
2N4858 *J112 TO0-92 (CASE 74) 2N4858 JAN, JANTX, JANTXV
2x4853‘\ s BF246A 2N4859 JAN, JANTX, JANTXV
gNZggg N *,‘Zig:g; BF246B 2N4860 JAN, JANTX, JANTXV
N4861 JAN, JANTX, JANTXV
2N4860 *PF5103 BF246C 2N48
2N4860A *PN4091
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Process 51

Ip — DRAIN CURRENT (mA)

grs ~ TRANSSONDUCTANCE (mmhos) g — TRANSCONDUCTANCE (mmhas)

&, — NOISE VOLTAGE (nV//HZ)

Transfer Characteristics

@ Vosiors = 30V
Z85°C |
\ 25°C
kY X +125°CT
AN YT Vesorn = o ||
\< \ |- -s5°C
20 +25°C
PSR L e
N
10 N
Vps = 15V —{
N \ os
. N
o -1 -2 -3

Vs — GATE-SOURCE VOLTAGE (V)

Transfer Characteristics

~J T T

T
Vasiorr) = =30V

2

(orm =
| ssc
SN 425°C |
Bl Rz

AN

A\

NN
N
<

ﬂ'\/\!\K

Vps = 15V y
1

[} -1.0 =20 -30
Vs ~ GATE-SOURCE VOLTAGE (V)

Transconductance vs Drain
Current

100

Vpg =15V,
Ta=257C
f=1kH:

E Vesiorr

Vasiorr) = =

S0 1
Ip - DRAIN CURRENT (mA)

Noise Voltage vs
Frequency

1000

w’
f - FREQUENCY (kHz)

0.1 10

Gos — DUTPUT CONDUCTANCE (umhos)

95 ~ TRANSCONDUCTANCE (mmhos)

e, — NOISE VOLTAGE (nV/A/2)

1p — DRAIN CURRENT (mA)

Transfer Characteristics

"N
\\ Vasiorr = -1.8V
—55°C
” Q 425°C
—R L
8 — Vgstorn ==1IV_|__|
\ +125°
+25°C
R o“ -55°C
A, Vos = 15V —
)
[] -05 -10 -15

Vas ~ GATE-SOURCE VOLTAGE (V)

Transfer Characteristics
2

- 20

= azsec
Vostorn = ~1.1V
55—
25
+125°C

™

~NN
A
0 R

N

A
/ 7,

Vos = 15V
L

Q -0.5 -1 -15
Vs — GATE-SOURCE VOLTAGE (V)

Output Conductance vs
Drain Current

100 |
FT,=25°C =
FiZ 10w it oo = 50V 2
T
iAo
2 pf {111
10 =V, iy
7 ohd

AN
Vesorr = ~2.0V.

5 }
1H] Vasiors = ~0.85V 7]
AT |
% [T

Ip — DRAIN CURRENT (mA)

0.0t 10

Noise Voltage vs Current
100 |

I

1.0
I — DRAIN CURRENT (mA)
«

10

Ipss — DRAIN SATURATION CURRENT (mA)

Parameter Interactions

100 v 100
£ 5 NS 5
=
z A
5 A
S
s 2 20
5 4 . \
2 M Vs =15V
2 10 y vas.mussn Y
= 7= s @1.0mA, Vgs =0
Y f— Vasiorr) @ Vs = 15V
s 1p=107A]
5
05 -1 -2 -5 -0
Vsiorr) — GATE CUTOFF VOLTAGE (V)
Resistance vs Drain
Current
100 r
R K i aar
w + i
S T ST A
3 o
= Ta® '55;':‘ 1 ¥$ (OFF)
H 11 LM
e Ta =+25°C Af
EP e
R I Y
s u
> To=-55°C | | L1
8
w LI
10 20 50 10 20 50 100

Ip — DRAIN CURRENT (mA)

Leakage Current vs
. Voltage

100 )
Vps = 10V (FOR Ip orr) %,
t

Ig. lgss. Ipiorr) — LEAKAGE CURRENT (nA}

Voo (Vos) -

DRAIN-GATE (SOURCE) VOLTAGE (V)

Turn-On Switching

2
. Vop =3.0V
E [T [t APPROX.)p INDEPENDENT
o 2 Vesiorp) = =12V
S Ta=25°C
g L]
" NN
f tion) T T
2 10 [25ma Io =6.6 mA
3 2.0V A taiom 1D Vos = =12V
Z N 2
8 50 IS
- NN
]
0 20 -40 -60 -80 -10
Vosiorr) — GATE SOURCE CUTOFF VOLTAGE (V)

Nivda - S0

() IINVLSISIY .

Tpsp ~ NORMALIZED RESISTANCE Ip — DRAIN CURRENT (mA}

Ce (C) — CAPACITANCE (pF)

4(0FF). torr —SWITCHING {ns)

Process 51

Common Drain-Source
Characteristics

1
Vs =0V Ta=25C
B L)L,{;”m
8.0 7
/A
60 /
///
40 7;_ —0gv
M
-14v
. y e v
: Ty |\ |
T 11\l
[}
0 04 08 12 16 20
Vps ~ DRAIN-SOURCE VOLTAGE (V)
Normalized Drain
Resistance vs Bias
Voltage
100 ——7—1—71—
E Vosiorr) €5V, 10:A
g T Tt
[~ fosn = oS
o 1- Ves
20 - Ves(orr)
1] .
5.0 4
L
28
-1
10 a
0 02 04 05 08 10
IWes/Nasiorm!— NORMALIZED GATE-
TOSOURCE VOLTAGE (V)
Capacitance vs Voltage
100
£=0.9 - 1.0MHz ||
o N ||
w (Vos =
= Cu Vps =0)
- C. (Vps = 20) —]
—
€, (Vos = 0)
10
0 40 -80 -12 -6 -20
Vgs ~ GATE-SDURCE VOLTAGE (pf)
Turn-Off Switching
100
Ta=25°C
Vop =30V
80 Vg = =12V
\—»- taiorr) DEVICE
. torF G\ N | Vosiorr) INDEPENDENT
\ N
\\\ |
a NS ﬁwrn - 22v |
. 4.0V T
20 —taors 1 15V
| T~ Ll
L =
0 20 40 60 80 10

Ip ~ DRAIN CURRENT (mA)




Process 52 N-Channel JFET

Z2S SS990.d

0.017 DESCRIPTION
(0.432)
0.0038 Process 52 is designed primarily for low level audio and
{0.0%65) | = general purpose applications. These devices provide
excellent performance as input stages for piezo electric
G J 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
applications. Source and drain are interchangeable. -
XN
(0.432)
S 1]
N \\

GATE IS ALSO BACKSIDE CONTACT

CHARACTERISTIC PARAMETER CONDITIONS MIN TYP MAX UNITS
Gate-Source Breakdown BVGss Vps=0V,ig=—-1uA -40 -70 \
Voltage ’

Drain Saturation Current Ipss Vps =20V, VGg=0V" 0.2 1.5 12 . mA
Forward Transconductance 9fs Vps =20V, VGs = 0V 1.0 25 5.0 mmho
Forward Transconductance afs Vps =20V, Ip = 200 pA 700 umho
Reverse Gate Leakage Current IGss 'V@s = ~30V, Vpg = 0V -10 pA
Drain ON Resistance DS Vps =100 mV, Vgs = 0V 250 400 2000 94
Gate Cutoff Voltage VGS(OFF).Vp Vps =15V, Ip=1nA -0.3 1.0 -8.0 A
Output Conductance Jdos VDG = 15V, Ip = 200 A 20 umho
Feedback Capacitance Crss VpG = 16V, Vgs = 0V, f= 1 MHz 1.3 1.8 pF
Input Capacitance Ciss VpG =18V, VGs =0V, f=1MHz 5 6 pF
Noise Voltage en VpG =18V, Ip = 200 A, f= 100 Hz ’ 10 nVA/Hz

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

TO-18 (CASE 02) TO-72 (CASE 25) - TO-92(CASE 72)
2N3069 *2N3684 *J201
2N3070 *2N3685 *J202
2N3071 *2N3686 *J203
2N3368 *2N3687 *PN3684
2N3369 2N3967 *PN3685
2N3370 2N3967A *PN3686
2N3458 2N3968 *PN3687
2N3459 2N3968A *PN4302
2N3460 2N3969 *PN4303

*2N4338 2N3969A *PN4304

*2N4339

*2N4340

*2N4341

97



Process 52

9fs — TRANSCONDUCTANCE (mmhos) Ip — DRAIN CURRENT (mA)

9o ~ OUTPUT CONDUCTANCE (umhos)

ey — NDISE VOLTAGE (nV/V/F2)

100 |

Transfer Characteristics

——r———
ps=15v  VGS(OFF) = -26V
Ta=-55°C ]

| Ta=25cC

= 1= 12850 —

Ves(orF) = ~1.8V—
L Tp=-55°C
=T 250
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0 ! I
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N

Vgs ~ GATE-SOURCE VOLTAGE (V)

Transfer Characteristics
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Vgs ~ GATE-SOURCE VOLTAGE (V)

Output Conductance vs Drain
Current
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A Yy
, LA TVestorr) = 1v
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Ip - DRAIN CURRENT (mA)

Noise Voltage vs Frequency

|
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6 3 T T T
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10 Tttt
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\
8
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Transfer Characteristics
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Transfer Characteristics
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i
A
1 o
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I
i
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/ I
I
0.01 (8] 1 0

Ip — DRAIN CURRENT (mA)

Leakage Current vs Voltage

===
CCTan
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3
CEoiss ~a
== ——— -

Vpg — DRAIN-GATE VOLTAGE (V)

— TRANSCONDUCTANCE (mmhos)

Ipgs — DRAIN SATURATION CURRENT (mA)
s

1pg — DRAIN ON RESISTANCE

Ciss, Css — CAPACITANCE (pF)

Ip ~ DRAIN CURRENT (mA)

Process 52
Common Drain-Source
Characteristics
3 T
TYP Vgg(gFF) = —18V
Ta=2¢ Vgs =0V ]
-
2 — L
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/ -
T T 1
/ Vgg=-05V
! d Vgs = ~0.75V
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n e
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Parameter Interactions

t
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Channel Resistance vs
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Process 53 N-Channel JFET | o
(2}
®
n
(]
0.003 DESCRIPTION 3
{0.076)
U Process 53 is designed primarily for low current
DC and audio applications. These devices provide
excellent performance as input stages for sub pico-
amp instrumentation or any high impedance signal
Dor§ sources.
0.003 0020
{0.076) 6 (0.508)
SorD
GATE IS BACKSIDE CONTACT
CHARACTERISTIC PARAMETER TEST CONDITIONS MIN TYP MAX | UNITS
Gate-Source Breakdown |
Voltage BVgss Vps =0V, Ig =—1 A 40 -60 %
Zero Gate Voltage - -
Drain Current Ioss Vps = 10V, Vgs = 0 0.02 0.25 1.0 mA
Forward Trans-
conductance Ofs Vps =10V, Vgs =0 80 250 350 umho
Forward Trans-
conductance Ots Vpg =15V, Ip = 50 uA 120 umho
Reverse Gate Leakage lgss Vgs =20V, Vps =0 -0.3 -10 pA
Pinch Off Voltage Vas(oFF) Vps = 10V, Ip = 1nA -0.5 2.2 -6.0 \
Feedback Capacitance Cess Vpg = 15V, Vgg =0, f=1 MHz 0.85 1.0 pF
Input Capacitance Ciss Vps =16V, Vgg =0, f =1 MHz 2.0 2.5 pF
Output Conductance Gos Vpg =10V, Ip =50 uA 0.9 5.0 umhos
Noise Voltage e, Vpg = 10V, Ip = 50 uA, 45 150 nV/\/Hz
f=100 Hz
Leakage Current vs
Parameter Interactions Voltage
This process is available in 1000 - 100 Z 1000 -
i H = pssyHHT g =
*the following device types. ;i 500 T g 9; £
Denotes preferred parts. 25 2 £ 400
38 Io Z 3
TO-72 (CASE 25) EZ 77 3 #
S 10 f 1w = =
2N4117 £3 i 3 FARL
*2N4117A = i > s 2 @
2 : E =
2N4118 £5 Toss OV, mv'v 0 z g
* «c 50 =10V, = !
2N4118A o ?;sgs\ibs:;ﬂmV,VG:iﬂ Tl g . 4
2N4119 _g 2 " Vasiore) @ Vos =10V, 1p = 1.0nA 2 K
2N4119A 0.1 -05 -1.0 0 -10 " ol
*NF5301 - . -8 -
Vgsiorr) — GATE CUTOFF VOLTAGE (V) Vo - DRAIN-GATE VOLTAGE (V)
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Process 53

Ip — DRAIN CURRENT (xA)

s — TRANSCONDUCTANCE (umhos)

Ip —~ DRAIN CURRENT (uA)
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Transfer Characteristics

Transfer Characteristics

Process 53

Transfer Characteristics

250 0.8
Vglsm:ln =L A VGS(OFF): -1.v \ Vés =10V
Ta = -55°C _ \ Ta=-55°C z Vs (ore) = 36V
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| L= 25 ] S 0z NS A
[ Ta=-55°C | | o 50 -] =T =+125°C
2SRk N - -
| 0
-02 -04 -06 -08 -02 06 -1 -14 -18 0 -0 20 -30 40
Vgs ~ GATESOURCE VOLTAGE (V) Vgs — GATE-SOURCE VOLTAGE (V) Vgs — GATE-SOURCE VOLTAGE (V)
Transfer Characteristics Transfer Characteristics Transfer Characteristics
- 300 T T 400 —
=z \ Vasiorr) = =13V = Vos = 10V Vasiorn) = -38V
2 250 N —B5°C 2 Ta = -55°C
NE £ N [ £ Ta = 425°C
Vasiorr) = ~1V . - \ \ 125°C w [ Ta = +125°C
-55°¢ 2 200 YAV 2 Voo = 18V
e NN § ey
+125°C 2 150 POV T 75570 —— 2 T, = +25°C
N < Vgsiorr = -0.75V 3 \\< z L s25°¢ H N T, = +125°
- v | +125°C 3 N A1 3 = H25°C
~ 1 " 2 100 R N 25T 2
NN +25°C < N 24 H N
N T e g g
N e 1 , 80 ]
N~ & NN £ |
0 0
-02 -04 -06 -08 0 04 08 12 1.6 0 -1.0 -20 -3.0 -40,
Vgs — GATE-SOURCE VOLTAGE (V) Vgs — GATE-SOURCE VOLTAGE (V) Vgs — GATE-SOURCE VOLTAGE (V)
Common Drain-Source Output Conductance
Characteristics vs Drain Current Capacitance vs Voltage
. . 10— = 10 e
TYP Vgs(orr) = ~0.8V | E] ) £=0.1 - 1.0MHz
Tp = +25° E T T
A 5°C = T 50 1
[ w - 1
I H] g ¢, (Vps = 10V)
e roV_|_] g £ T
P 17 2 10 ET €, (Vs = 10V)
4 Vgs = -0V z U B & e
] :\;«‘ 20V [x)
/ Vs = -0.2V 5 NEARTATTD 105
Vos - 03V E 2 s g
Vocs 08V, Vs = —04V] | 9 20 Ta=25 &
- 3 f=1.0kHz
| R O B 01 L1l 01
0 1.0 20 30 4.0 50 0.01 01 1.0 0 40 -80 -12 -16 -20
Vps — DRAIN-SOURCE VOLTAGE (V) 1Ip ~ DRAIN CURRENT (mA) ! Vgs — GATE-SOURCE VOLTAGE (V)
Transconductance Noise Voltage vs
vs Drain Current Frequency
1.0k 1.0k
5 - Vpg =10V
£ 50 = 500 BW=6.0 Hz@1=10Hz, 100 Hz
.“sl =0.2f@f>1.0 kHz
=] N L4 B
Pt =
H [l = o 20
5 i & N
2 100 — 2 100
] S =10¢A
g g & NS T T
& ] NI
5 o =10V 1] 20 i = 100A
£=1.0kHz & ™ N
# LT ] I
10 10 =
0.01 0.1 1.0 0.01 003 0.1 051020 10 50 100

Ip — DRAIN CURRENT (mA)

f — FREQUENCY (kHz)
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0.017

Process 55 N-Channel JFET

0432
0.0038
{0.096%) |

0.0038
(0.0965)

i |
EEE’

5
5
)

0.017
(0.432)

GATE 1S 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
f larger geometry. This results in higher Yy, lpss,
and capacitance and lower Rpg(on)- It is useful
for audio and video frequency amplifiers and RF
amplifiers under 50 MHz. It may also be used for
analog switching applications.

MAX

CHARACTERISTIC PARAMETER TEST CONDITIONS MIN TYP UNITS
Gate-Source Breakdown )
Voltage BVass Vps =0V, lIg =—1 A -40 -70 \Y
Zero Gate Voltage _ _
Drain Current loss Vos =20V, Vgs =0 0.5 5.0 20 mA
Forward Trans- ' _ _
conductance Ofs Vps =20V, Vgg =0 2.0 4.5 7.0 mmho
Forward Trans-
conductance Ofs Vpg =15V, Ip =200 uA 1200 umhos
Reverse Gate Leakage lgss Vgs =—30V, Vpg =0 -10 -100 pA
“ON" Resistance ros Vos =100 mV, Vgg = 0 140 250 600 Q
Pinch Off Voltage Vas(oFF) Vps =20V, Ip =1nA -0.5 -2.0 -8.0 Y
Feedback Capacitance Cyss Vpg =156V, Vgs =0, f =1 MHz 1.5 2.0 pF
Input Capacitance Ciss Vps =15V, Vgg =0, f=1MHz 6.0 7.0 pF
Output Conductance 9os Vpg = 158V, Ip =200 uA 2 pmhos
Noise Voltage e, Vpg = 15V, Ip =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
*2N5358
*2N5359
*2N5360

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

TO-92 (CASE 72)

*2N5457
*2N5458
*2N5459
MPF103
MPF104
MPF 105
MPF108
MPF 109
MPF112
PN4220
PN4221
PN4222

GG SS9201d



Process 55

1o — DRAIN CURRENT (mA)

os — QUTPUT CONDUCTANCE (umhos)

7)

e, — NOISE VOLTAGE (nV/;

85 ~ TRANSCONDUCTANCE (mmhos)

10

Transfer Characteristics

1 v =26V
kv 5= 18V —f 100
N[ e
NG 7 5 Ta = 125 ——
N — Vasiorr) = =18V ]
¢ Ta=-55C) |
Ta=25C
“5 Ta=125C
SES\
[} -1 -2 -3

Vgs ~ GATE-SOURCE VOLTAGE (V)

Transfer Characteristics

I T
| Vps= 15V Gs(oFFb =-2.6V ]
4 Ta=-55°C
Ta=25C
Q\ vy =125C 4]
I
\Z \ Ves«)m =-1.8v
NG N —;T“ =125°C
— Ta=25C
“\i =~ é,r: - _§5°C
2|
0 -1 -2 3

Vgs - GATE-SDURCE VOLTAGE (V)

Output Conductance vs
Drain Current

Ta=25°C
f=1kHz

| Vosiorr) =

7

L Vasore) = ~1.6V [ [
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Process 58 N-Channel JFET

DESCRIPTION

03 Process 58 was developed for analog or digital
@5 switching applications where very low rpg(on) is
mandatory. Switching times are very fast and
Rps(on) Ciss time constant is low. The 8§ typical

- 0.0045 on resistance is very useful in precision multiplex
0095 WWMM ““E“ systems where switch resistance must be held to an
{0.1143) i

s Yooo absolute minimum. With rpg increasing only
To0 0.102), 0027 0.7%/ °C, accuracy is retained over a wide temp-
Wawz| © } g erature excursion.
t
GATE IS BACKSIDE CONTACT
CHARACTERISTIC PARAMETER TEST CONDITIONS MIN TYP MAX UNITS
Gate-Source Breakdown
Voltage - BVgss Vps =0V, lg ==1 A 25 30 \
Zero Gate Voltage . Vps =5V, Vgg =
Drain Current loss Pulse Test 100 400 1000 mA
Reverse Gate Leakage lgss Vgs =—15V, Vpg =0 —50 —500 pA
“ON’’ Resistance rps Vps =100 mV, Vgg =0 3.0 6.0 20 Q
Pinch Off Voltage Vas(orF) Vps =5V, Ip =3 nA -0.5 -5.0 -12 \
Drain “OFF’’ Current Io(oFF) Vps =5V, Vgg =—10V 0.05 20 nA
Feedback Capacitance Cres Vpg =15V, Ip =2mA, f=1MHz 12 25 pF
Input Capacitance Ciss Vpg =158V, Ip =2mA, f=1MHz 25 50 pF
Forward Trans- _ _
conductance Ot Vpg =10V, Ip =2 mA ' 10 mmhos
Output Conductance 9os Vpg =10V, Ip =2 mA 100 umhos
Noise Voltage en Vpe =15V, Ip =2mA, f =100 Hz 6.0 nV/A/Hz

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 58
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Process 83 N-Channel Monolithic Dual JFET

0.022

i

(0.559)

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
Voltage BVgss Vps =0V, lIg =—1pA 50 70 \%
Zero Gate Voltage _ _
Drain Current Ipss Vps = 18V, Vgg =0 0.5 2.5 8.0 mA
Forward Trans-
conductance s Vps =15V, Vgs =0 1.0 25 5.0 mmho
Pinch Off Voltage Vas(oFF) Vps = 15V, Ip = 1 nA ~0.5 2.0 -45 v
Gate Current Is Vog =20V, Ip =0.2 mA 3.0 50 pA
Forward Trans- . _ _
conductance dfs Vpg =15V, Ip = 0.2 mA 600 850 umhos
Output Conductance Yos Vpg =18V, Ip =0.2 mA 1.0 5.0 umhos
“ON"" Resistance ros Vps =100 mV, Vgs =0 450 Q

. Vpg =15V, I = 0.2 mA

Noise Vol o6 e /

oise Voltage e, £ =100 Hz 10 50 nV/A/Hz
Differential Match Vgs1-Vasa! Vpg = 15V, Ip =0.2.mA 70 | 25 mV
Differential Match AVgsi.2 Vpg =18V, Ip = 0.2 mA 10 50 uv/°c
Common Mode
Rejection CMRR Vpg =15V, Ip =0.2 mA 80 95 dB
Feedback Capacitance Cs Vpg =158V, Ip =0.2 mA, 1.0 1.2 pF

f=1MHz
Input Capacitance Cis Vpg =15V, 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 *2N5546
2N4085 *2N5547
2N5045 U231
2N5046 U232

U233
U234
U235

8-Pin MiniDIP (CASE 60)

J410 .
Jan
Ja12

8-Pin MiniDIP (CASE 67)

*NPD8301
*NPD8302
*NPD8303
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Process 83
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Process 83
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Process 84 N-Channel Monolithic Dual JFET

v
q
(o}
(2]
14
)]
(7]
(0]
H

0.022
{0.559)
00038
foosen DESCRIPTION
W7/ 1 l 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-
7 8 trometer single ended preamp. ldeal for medical
N 4 0.022 applications and instrumentation inputs where
S %A (0.559) subpicoamp inputs are important. Device design
' considered high CMRR, subpicoamp leakage over
wide input swings, low capacitance, and tight
szﬁ# = match over wide current range.
CHARACTERISTIC PARAMETER CONDITIONS MIN TYP MAX UNITS
Gate-Source Breakdown Voltage ) BVgss Vps =0V, Ig = -1 nA —40 -60 Vv
Drain Saturation Current Ipss Vps = 16V, Vgg = 0V 20 300 1000 uA
Forward Transconductance s Vps = 16V, Vgg = OV 90 180 300 umhos
Forward Transconductance Gts Vps = 15V, Ip = 30 A 50 120 150 . umhos
Gate Cutoff Voltage Vas(orr) Vps =16V, Ip = 1nA 0.5 2 4.5 \Y
Reverse Gate Leakage Current lgss Vps =0V, Vgg = —20V 1 5 pPA
Gate Leakage Current Il Vpe = 10V, Ip =30 uA 0.5 3 pA
Feedback Capacitance Cres Vps =16V, Vgg =0, f= 1 MHz 0.3 0.4 pF
Input Capacitance Cis Vps = 16V, Vg =0, f=1 MHz 2 3 pF
Noise Voltage en Vps = 15V, Ip =30 uA, f=1kHz 30 50 nV/A/Hz
Noise Voltage - en Vps = 15V, Ip =30 uA, = 10 Hz 180 nV/A/Hz
Output Conductance Qo5 Vps = 10V, iy = 30 uA 0.01 0.02 umhos
Differential Gate-Source Voltage IVgs1—Vas2l | Vps =10V, 15 =30 /.lA 12 25 mV
Differential Gate-Source . AVgsi—2 Vps = 10V, 5 = 30 uA 10 50 uv/ece
Voltage Drift
Common-Mode Rejection CMRR Vps = 10V, Ip = 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
Leakage Current vs
Parameter Interactions . Voltage and Drain Current
1k
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Process 84
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Process 86 N-Channel Monolithic Dual JFET .

DESCRIPTION

98 SS9901d

0.022

@559 Process 86 is a monolithic dual JFET with a diode
0.0032 I isolated substrate. It is intended for critical amplifier
00813 | input stages requiring low noise, sub picoamp bias

currents and high gain. Exacting process control results
G1 /01 s1 ‘ in consistent parameter distribution with tight match

0.0032 and low drift.
{0.0813)

This process is available in the following device types.
0.022 *Denotes preferred parts.
{0.559)

TO-78 (CASE 24)

U421
U422
U423
U424

U425
U426

PROCESS IN DEVELOPMENT




Process 88

0.021

Process 88 P-Channel JFET

(0.533)

0.0025
(0.0635) 7

0.0025

DESCRIPTION

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,
sample and hold circuits and chopper stabilized

. 0.003 = 3 |
{0.076) [, =) (0.0635) amplifiers. This device is the complement to
- = ) Process 51.
s (= ) 0.022

C {0.559)

= )

= ==

(¢

GATE IS BACKSIDE CONTACT
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 Ipss Vps =—15V, Vgs =0 5.0 30 -90‘ mA
Forward Trans-
conductance [<PR Vps = 15V, Vgs =0 4.0 13 17 mmhos
Forward Trans-
conductance Ofs Vpg =—15V, Ip =—2mA 3.5 mmhos
Gate Leakage lass Vgs = 20V, Vpg =0 0.05 1.0 nA
“ON"" Resistance rps Vps =—100mV, Vgg =0 50 80 200 Q
Pinch Off Voltage Vas(orF) Vps =—15V, Ip =—1nA 0.5 5.0 10 \Y
Drain “OFF" Current IboFF) Vps =—15V, Vgg = 10V -0.05 =10 nA
Feedback Capacitance Crss Vpg=—15V, Ip =—2mA, f=1MHz 4.0 5.0 pF
Input Capacitance Ciss Vps =—15V, Ip =—2mA, f=1MHz 14 15 pF
Output Conductance Yos Vpg =—18V, Ip =—2 mA - 100 300 umhos
Noise Voltage e, Vpg =—16V, Ip =—2 mA, f = 100 Hz 20 nV/A/Hz

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

TO-18 (CASE 11)

2N2609
2N5018
2N5019
*2N5114
*2N5115
*2N5116
U301
U304
U305
U306

TO-72 (CASE 23)

2N3382
2N3384
2N3386
2N3993
2N3993A
2N3994
2N3994A

*J174
*J175
*176
*177
*J270
*J271

TO-92 (CASE 74)

QUALIFIED PER MIL-S-19500

TO-92 (CASE 71)

P1086E
P1087E

*2N5114JAN, JANTX, JANTXV
*2N5115JAN, JANTX, JANTXV
*2N5116JAN, JANTX, JANTXV
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Ip — DRAIN CURRENT (mA)

o+ — TRANSCONDUCTANCE (mmhos)

Gos — OUTPUT CONDUCTANCE (umhos)

Transfer Characteristics

—
Voo =
og = 15V | | I
I Vasiorr) = 8.5V
n Ta = -55°C
\‘)/— Ta = +25°C
AN Ta = +125°C
\ - bk
_16 \ Vesiorr) = +2.5V
Ta=-55C T |
_—1a
§§‘/>\—1« =426°C _|_ |
-89 \r“:/\w\/ Ja=HEC
6 [ [T
0 10 20 3.0 40

Vgs — GATE-SOURCE VOLTAGE (V)

Transfer Characteristics

16 T I
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-
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. Ta = -55°C
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Output Conductance vs

lpss — DRAIN CURRENT (mA)
45 — TRANSCONDUCTANCE (mmhos)

—lg, lass — GATE LEAKAGE CURRENT (nA)

Parameter interactions
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Leakage Current vs
Voltage

100

501

5
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Vpg ~ DRAIN-GATE VOLTAGE (V)
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100

Process 88

Common Drain-Source
Characteristics
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Process 89

Process 89 P-Channel JFET

DESCRIPTION
0.020 ] Process 89 is designed primarily for low level
f0.508) —I amplifier applications. This device is the comple-
-1 : ment to Process 55. Commonly used in voltage
variable resistor applications.

0.020
(0.508)

A
0.004
102

v

0.0035
(0.0889)

.
GATE IS BACKSIDE CONTACT

CHARACTERISTIC PARAMETER TEST CONDIT‘ONS - MIN TYP MAX UNITS
Gate-Source Breakdown :

Voltage BVgss Vps =0V, Ig =1uA » 20 40 v
Zero Gate Voltage _ ~ _ B

Drain Current Ipss Vpg =15V, Vgg =0 -0.3 4.0 20 mA
Forward Trans- :
conductance ds Vps =—15V, Vgg =0 1.0 2.5 4.0 mmhos
Forward Trans-

conductance dfs Vpg =15V, I =-0.2 mA 700 Mmhos
Gate Leakage lass | Vs = 20V, Vipg = 0 002 | " 1.0 nA
Pinch Off Voltage . Vasorr) | Vos =—15V, Ip =—1nA 0.5 30 9.0 . v
Feedback Capacitance Crgs Vpg =—15V, Vgg =0, f=1 MHz 2.0 2.5 pF
Input Capacitance Cis Vps =—15V, 15 =—=2mA, f=1MHz 7.0 - 85 pF
“’ON"" Resistance Ips Vps =—100mV, Vgg =0 450 Q
Output Conductance 9os Vpg =-15V, Ip =-0.2 mA 5.0 15 umhos
Noise Voltage en Vpg =15V, Ip =-0.2 mA,

‘ f= 100 Hz » 30 ‘ nVA/Hz
This process is available in the following device
types. *Denotes preferred parts.
TO-18 (CASE 11) TO-92 (CASE 71) T0-92 (CASE 74)
2N2608 *2N5460 2N3820
2N4381 *2N5461
2N5020 *2N5462 QUALIFIED PER MIL-S-19500
2N5021 PN4342 IN2608JAN
. PN4360

TO-72 (CASE 23) PN5033

2N3329

2N3330

2N3331

'2N3332
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fp — DRAIN CURRENT (mA)

gt — TRANSCONDUCTANCE (mmhos)

8os —~ OUTPUT CONDUCTANCE (umhos)

Transfer Characteristics

-80 —
\ Vps = ~15V }
\ Vasiorr) TYP=4.0V
6.0 L Ta = 56°C -
NG 1a= w5
Kt T, = +125°C ]
AT SN Vosorn = 18V _|
4.0 N {OFF)
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/
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] I~
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Transfer Characteristics
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Parameter Interactions
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Process 89

Common Draip-Source
Characteristics
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Process 90

Process 90 N-Channel JFET

0.016
{0406}
0008 —
{0.0965) DESCRIPTION
[ s 1 Process 90 is designed for VHF/UHF mixer/
amplifier and applications where Process 50 is not
7 ) adequate. Has sufficient gain and low noise, com-
96C 0.016 mon gate configuration at 4560 MHz, for sensitive
/ ogoss  (0408) 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 ALSO BACKSIDE CONTACT
CHARACTERISTIC PARAMETER TEST CONDITIONS MIN TYP MAX UNITS
Gate-Source Breakdown
Voltage BVgss Vps =0V, Ig =-1uA 20 30 \
Zero Gate Voltage _ _
Drain Current loss Vps =10V, Vgg =0 3 18 40 mA
Forward Trans- _ _ .
conductance O¢s Vps = 10V, Vgg =0 5.5 8.0 10 mmhos
Forward Trans-
conductance Ots Vps =10V, Ip =6 mA 4.5 5.8 mmhos
Reverse Gate Current lgss Vgs =—15V, Vpg =0 -5.0 —100 pA
““ON"" Resistance 'ps Vps =100 mV, Vgs =0 90 Q
Pinch Off Voltage Vas(oFF) Vps =10V, Ip =1nA -1.5 -3.5 -6.0 Y
Qutput Conductance Yos Vpg =10V, Ip =65 mA 45 100 umhos
Feedback Capacitance Cs Vpg =10V, I =5 mA 1.0 1.2 pF
Input Capacitance Cis Vpg =10V, Ip =65mA 4.0 5.0 pF
Noise Voltage e, Vpg = 10V, Ip =5 mA, =100 Hz 13 nV/A/Hz
Noise Figure NF ) Vpg = 10V, Ip = 5 mA, f =450 MHz 3.0 dB
Power Gain Gpg (CG) Vpg = 10V, Ip =5 mA, f =450 MHz 1 dB

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

TO-52 (CASE 07)

TO-72 (CASE 29) - TO-92 (CASE 72)

TO-92 (CASE 77)

U312 *2N5397 J114 *2N5245
2N5398 *J210 *2N5246
: *J211 *2N5247
*J212
*J300
-Common Drain-Source Transconductance vs
Characteristics Parameter Interactions Drain Current
50 r——r— 100 1000 10
| Ta-25°C ] [_._ | [ z St Ipss @ Vps = 10V, Vs = 0 PULSED 3 - Ta=-55°C =
_ TYP Vasiorm = 45V | Vg =0V £ 50 |Tos@Vos=100mV, Vo5 =0 HH s & 2 Th =+25°C
T @ i —D.SVT" -~ E Vesiorr) @ Vps = 10V, Ip = 1.0nA :11 2 H Ta=H+125°C
E L-1.0v Tu - f' g 5 Vosiore) = -25Y
E pss, 2
S g -15V]| ES 2 H I
& 20V g5 103 = 5 ]
e -2.5V =3 10| = 100 = 3 W Vasiorr = —5.5VH
2 2 3.0V - | 8z [ e 2
g W L Z3 s s 0 S s
g I i =2 7 4 < 2 -
o 10| = 5% £ 8 S
£ I‘ == [ ‘g 5 Vpg = 10V
i 8 M f=1.0kHz
0 10 10 0.1 Lt
0 1.0 20 30 40 5.0 =01 -18 -50 -10 \ 0.1 10 10

Vps ~ DRAIN-SOURCE VOLTAGE (V)

Ves(orr) — GATE CUTOFF VOLTAGE (V)

Ip ~ DRAIN CURRENT (mA)
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1o — DRAIN CURRENT (mA)

g — TRANSCONDUCTANCE (mmhos)

€, €, ~ CAPACITANCE (pF)

Process 90 | g
COMMON SOURCE COMMON GATE ©
Leakage Current vs o
Transfer Characteristics Voltage Input Admittance Input Admittance
3 r = = 1 o 100
Vos = 10V | | | | E 3 FVoc-10v H F Voo = 10V
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'
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Process 92

Procéss 92 N-Channel JFET

|- ps € 1o = 1 mA, Vos =0V
Vasiorr) @ Vps = 10V, Ip = 1 nA
Ta=25C

0.023
{0.584)
o 0.0038
{0.0965) DESCRIPTION )
t Process 92 is designed for VHF/UHF amplifier,
oscillator, and mixer applications. As a common
] ] S gate amplifier, 16 dB at 100 MHz and 12 dB at
o5 - 450 MHz can be realized. Worst case 75 ohm
lﬂ 00038 (@381} input impedance provides ideal input match.
| 4 {0-0965)
GATE IS ALSO BACKSIDE CONTACT
CHARACTERISTIC PARAMETER TEST CONDITIONS MIN TYP MAX UNITS
Gate-Source Breakdown
Voltage BVgss Vps =0V, Ig =—1uA -20 -30 \Y
Zero Gate Voltage _ _
Drain Current lpss Vps = 10V, Vgg =0, Pulsed .10 38 80 mA
Forward Trans- _ _
conductance Gts Vs = 10V, Vgs =0, Pulsed 19 mmhos
Forward Trans- .
conductance s Vpg =10V, Ip =10 mA 10 13 18 mmhos
Reverse Gate Current lass Vgs =—16V, Vpg =0 ) —-15 —100 pA
""ON"" Resistance rps Vps =100 mV, Vgg =0 35 45 80 Q
Pinch Off Voltage Vas(orF) Vps =10V, Ip =1nA -1.5 -4.0 -6.5 Vv
Output Conductance 9os Vpg =10V, I =10 mA 160 250 umhos
Feedback Capacitance Cgq Vpg =10V, Ip =10mA, f=1MHz| 20 25 pF
Input Capacitance Cgs Vpg =10V, Ip = 10 mA, f= 1 MHz 4.1 5.0 pF
Noise Voltage . e, Vpg = 10V, Ip = 10 mA, f= 100 Hz 6.0 nV/A/Hz
. . VDG =10V, ID =10 mA,
Noise Figure NF £ = 450 MHx 3.0 . dB
. ) Vpg = 10V, Ig = 10 mA, '
Power Gain Gpg £ = 450 MHz 12 dB
This prbcess is available in the following device types. *Denotes preferred parts.
TO-52 (CASE 07) TO-99 (CASE 24) TO-92 (CASE 72)
U308 U430 Dual J308
*U309 U431 v *J309
*U310 *J310
. Transconductance vs
Parameter Interactions . Drain Current Leakage Current vs Voltage
EORL) - 1k 100 + .
£2 50 - 7= 500 z ':"‘?«'J'"' §
gE Toss £ ETA=25:C s
38 A 8 £
zg =T \ g | &
52 - 00 -, 2 Vasiorr) = ~28V E;
28 = 3 HHE H C 3
I | . loss @ Vs = 10V, Vgs =0V, PULSED [T & H—1 s
) | 1
L g ]
4 F

-1 3 5

.10

~10
Vasiorr) — GATE CUTOFF VOLTAGE (V)

01

A Vosiorr) = -5.2V
AL
1

Io — DRAIN CURRENT (mA) Vo — DRAIN-GATE VOLTAGE (V)
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Ip — DRAIN CURRENT (mA)

9t — TRANSCONDUCTANCE (mmhos)

Ip — DRAIN CURRENT (mA)

Cis. Crs — CAPACITANCE (pF)

Transfer Characteristics

T
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Process 93

Process 93 N-Channel Monolithic Dual JFET

Vas(orr) — GATE CUTOFF VOLTAGE (V)

0.023
{0.589)
0.0038
(n.usas)"] |
& 5974 | DESCRIPTION
Process 93 is a monolithic dual JFET with a diode
9 3 isolated substrate. It is intended for wide band,
0.0038 low noise, single ended video amplifier input
(0.0365) ) g stages, and high slew rate op amps. Monolithic
(0.584) structure eliminates thermal transient errors, and
C provides freedom to pick operating current and
voltage.
52 [} 62
CHARACTERISTIC PARAMETER TEST CONDITIONS MIN TYP MAX UNITS
Gate-Source Breakdown s
Voltage BVgss Vps =0V, Ig =—1 uA 25 30 Y
Zero Gate Voltage _ _
Drain Current Ipss Vps = 10V, Vgg =0, Pulsed 3.0 18 49 mA
Forward Trans-
conductance O¢s Vps = 10V, Vgg = 0, Pulsed 8.0 mmhos
Forward Trans-
conductance O%s Vpg = 10V, Ip =5 mA 5.0 6.0 10 mmbhos
Output Conductance Yos Vpg =10V, Ip =5 mA 50 100 umhos
Pinch Off Voltage Vas(oFF) Vps =10V, Ip = 1nA -1.5 -3.5 -6.0 \
“ON" Resistance "os Vps = 100 mV, Vgg =0 100 Q
Gate Current g Vpg =10V, Ip =5 mA 10 100 pA
Noise Voltage en Vpg =10V, Ip =6 mA, f=100 Hz 9.0 30 nV/A/Hz
Differential Match Vgsi1-Vasz2! | Vog = 10V, Ip = 5 mA 9.0 30 mV
* Differential Match AVgsi.2 Vpg = 10V, Ip =5 mA 15 40 rv/°C
Common Mode
Rejection CMRR Vpg = 10V, IP =5mA ;90 dB
Feedback Capacitance Crs Vpg =10V, Ip =6mA, f=1MHz 1.0 1.2 pF
Input Capacitance Cis Vpg =10V, Ip =5mA, f=1MHz 4.2 5.0 pF
This process is available in the following device types. *Denotes preferred parts.
TO-78 (CASE 24)
*2N5911
*2N5912
u257 Transconductance
Parameter Interactions vs Drain Current
2 wm = 1k _ 10 —r7
P H g E] 1 u
ZE€ 50 oss 500 % E
£E o s vV
34 E g |
2= BN 2 £ (] =4
gg 10 > Bts 100 g: é . /% GSIOFF)
= = S
N =——= S« 2 g
=5 ] I = =
H 46 loss @ Vs = 10V, Vg = OV, PULSED] - & '? Voo =10V
s Tos @ Ip = 1 mA, Vg = 0V 5 - [ Ta =25°C
§; . Vasiorr) @ Vps = 10V, 1p = 1A w o = oy LIZ Lk
- -1 -3 -5 -10 01 1 10

Ip — DRAIN CURRENT (mA)
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Process 94

Process 94 N-Channel Monolithic Dual JFET

0.0% DESCRIPT!ON
{0.913)
0.0038 Process 94 is a monolithic dual JFET. It is strictly
m"i |" 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
; note that the <5 pico ampere bias current is
R m ogoas 0022 measured at 35 volts. Typical CMRR is 126 dB.
[T Performance superior to electrometer tubes can
52 51 be readily achieved with low offset voltage and
almost zero long term drift.
CHARACTERISTIC PARAMETER TEST CONDITIONS MIN TYP MAX UNITS
Gate-Source Breakdown
Voltage BVgss Vps =0V, Ig =—1uA 40 70 Vv
Zero Gate Voltage _ _
Drain Current Ipss Vps =15V, Vgs =0 0.5 3.0 10 mA
Forward Trans-
conductance Ot Vps =15V, Vgs =0 1.5 3.5 7.0 mmho
Forward Trans- /
conductance Os Vpg =15V, Ip =0.2 mA 0.9 1.2 1.8 mmhos
Pinch Off Voltage VGs(oFF) Vps =15V, Ip = 1nA -0.5 -2.0 -6.0 A
Gate Current lg Vpg =35V, Ip =0.20 mA 1.0 15 pA
Feedback Capacitance Crss Vps =15V, Vggs =0, f =1 MHz 0.01 0.02 pF
Input Capacitance Ciss Vps =16V, Vgg =0, f =1 MHz 4.0 5.0 pF
Noise Voltage en Vpg =15V, Ip =0.2 mA, f= 10 Hz| 12 50 nV/A/Hz
Output Conductance Jos Vpg =15V, Ip = 0.2 mA <0.1 umhos
Differential Match Vgs1-Vasa! | Vog =15V, Ip =0.2mA 5.0 25 mV
Differential Match AVgst-2 Vpg = 15V, Ip =0.2 mA 6.0 50 uv/°c
Common Mode CMRR Vpe = 15V, Ip = 0.2 mA 125 dB
Rejection ,
This process is available in ‘
Ehe following device types. Common Drain-Source
Denotes preferred parts. Parameter Interactions Characteristics
TO-71 (CASE 12) _n B el 7T U I U
3 s _ +— Vas =
*NDF9406 RE. £ T g [pvemorn T :
*NDF9407 Iz b = nun
* Eo W/ = 0.3V
NDF9408 - y / -,
*NDF9409 is toas g o
*NDF9410 H g £ n o I
A ' = / -0.9v
=
TO-78 (CASE 24) ‘é.j E Y 1o ] “1av
96, loss @ Vps = 20V, Vgs = 0 PULSED = 7 - My
- NDF9401 8. vcs:f;,@\';;ﬁnv,f:u.om y 1.]5v+__l1hv_
NDF9402 0.1 N SN Ly 0 - - -
NDF9403 0.1 ~0.5 -1.0 -50 10 0 10 X X 0 50
NDF9404 Vas(orr) — BATE-SOURCE VOLTAGE (V) Vps — DRAIN-SOURCE VOLTAGE (V)
NDF9405
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Transfer Characteristics
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Process 94
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Process 95

Process 95 N-Channel Monolithic Dual JFET

0.038

DESCRIPTION

(0.965)

0.0038
(0.0965)

Process 95 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. Low noise voltage

1

0.
0.0038 {0.588)
(0.0365)

-
y’ and high CMRR for critical I/f applications.
* 23
=%
A

CHARACTERISTIC PARAMETER TEST CONDITIONS MiN TYP MAX UNITS
Gate-Source Breakdown _ _
Voltage BVgss Vps =0V, Ig =—1uA 40 70 \Y
Zero Gate Voltage } _ _ : ) . )
Drain Current lpss Vps =15V, Vg =0 0.5 3.0 8.0 mA
Forward Trans-
conductance Ots Vps =15V, Vgg =0 1.0 25 |. 4.0 mmbhos
Forward Trans- . '
conductance Ot Vpg =15V, Ip = 0.2 mA 0.5 0.7 mmbhos
Gate Leakage lass Vgs =—20V, Vpg =0 -5.0 -100 pA
Pinch Off Voltage Vas(oFF) Vps =15V, Ip = 1 nA -0.5 -2.5 -4.0 \
Input Capacitance Ciss Vps =15V, Vgs =0, f=1MHz 10 14 ‘pF
Noise Voltage en Vps =15V, I =0.2 mA, 8.0 30 nV/\/Hz

f=10Hz
Noise Voltage en Vps =15V, Ip = 0.2 mA, 6.0 10 nV/y/Hz
f=100 Hz ‘

Output Conductance dos Vpg =15V, Ip =0.2 mA 0.3 1.0 umhos
Feedback Capacitance - Cres Vps = 16V, Vgg =0, f=1 MHz 3.5 5.0 nF
Differential Match Vas1-Vesa! | Vpos =20V, Ig =0.2 mA 6.0 25 mV
Differential Match AVgg1.2 Vpg =20V, Ip =0.2mA 9.0 ([4] uv/°c
Common Mode
Rejection CMRR Vpg =20V, Ip =0.2 mA 86 115 dB

i

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

TO-71 (CASE 12)

2N5515 *2N5522

2N5516 *2N5523

2N5517 *2N5524°

2N5518 *2N6483

2N5519 *2N6484
*2N5520 *2N6485
*2N5521
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Process 96

0.037

(0.940)
0.0038

{0.0965)

o -

0.0038  0.024
(0.0965) (0.610)

i - DESCRIPTION

Process 96 N-Channel Monolithic Dual JFET

Process 96 is a monolithic dual JFET with a diode
isolated substrate. It is intended for wide band, low
noise, single ended video amplifier input, stages.
Also ideal for matched voltage variable resistor
applications over 60 dB tracking range.

CHARACTERISTIC PARAMETER TEST CONDITIONS MIN TYP MAX UNITS
Gate-Source Breakdown
Voltage BVgss Vps =0V, Ig =—1uA —40 55 \
Zero Gate Voltage _ _
Drain Current Ipss Vps =15V, Vgs =0 . . 5.0 15 30 mA
Forward Trans-
conductance Ofs Vps =16V, Vgg =0 9.0 18 30 mmhos
Forward Trans- _ _
conductance Ot Vpg =15V, Ip =2 mA 7.5 9.0 ‘ mmhos
Output Conductance Jos Vpg =15V, Ip =2 mA 15 45 " umhos
Pinch Off Voltage Vas(oeF) Vps =15V, Ip = 1nA -1.8 -3.0 \Y
““ON"" Resistance 'ps Vps =100 mV, Vgg =0 35 70 120 Q
Gate Current lgss Vgs =—20V, Vpg =0 -8.0 -100 pA
Gate Current I Vpg = 15V, Ip =2 mA 15 200 pA
Noise Voltage €n Vpg =18V, Ip =2 mA, f =100 Hz 4.5 10 nV/\/Hz
Feedback Capacitance Cys Vpg =15V, Ip =2 mA, f=1MHz 2.5 3.0 pF
Input Capacitance Cis Vpg =15V, Ip =2 mA, f=1MHz 10 12 pF
Differential Voltage Vas1-Vasz!'| Vpg =15V, Ip =2 mA 8.0 25 mV
Differential Voltage AVgs Vpg =15V, Ip =2 mA 9.0 50 prv/°c
Common Mode
Rejection CMRR Vpg =18V, Ip =2 mA 76 95 dB

This process is available in

TO-71 (CASE 12) 8-Pin DIP (CASE
*2N5564 *NPD5564
*2N5565 *NPD5565
*2N5566 *NPD5566

Ipss DRAIN SATURATION CURRENT (mA)

9ts — TRANSCONDUCTANCE (mmhos)

Parameter Interactions
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the following device types. “Denotes preferred parts.
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1p — DRAIN CURRENT (mA)

e, — NOISE VOLTAGE (nV/A'Rz2) g4rs — TRANSCONDUCTANCE {mmhos)

iVgs1 — Vas2' — DIFFERENTIAL
GATE SOURCE VOLTAGE (mV)

Process 96 | 3
Common Drain-Source [7}]
Transfer Characteristics Transfer Characteristics Characteristics (7))
10
Vos=1V] | I fris o ] Vos <8 o
15 Vgsiorr) = =14V 10 VGS(DFF) =-23v_ | | r ot m
Ta=-55C ?é TA = -55°C ' I 80
_To=25"C = TA-zsc £ Ves = ~0.2V
T Ta=125C s rn-lzs ¢ ] o o
. \ N @ e O
10 ¥cs|os;;fc“'-’v < 20 q VGS[OFF) =15V = /( l l I
"/TAus'c‘ e T,,-~55c 2 w 4 Vas = -04V
./“‘ =25°C ES z Lo
WS JSVLE g = }‘_fiﬂ S R
5 < N \(,/‘ g Vs = 0.6V
Y t Y [ =
\ a o 20
N < Vs = 15V T Vgs = 0.8V
\ I Ves=—-1.0V
0 0 N 0 e s oo s
] -05 -1 -15 0 05 -1 15 -2 0 10 20 30 40 5D
Ves — GATE-SOURCE VOLTAGE (V) Vgs ~ GATE-SOURCE VOLTAGE (V) Vos — DRAIN-SOURCE VOLTAGE (V)
Output Conductance vs
Transfer Characteristics ! Transfer Characteristics Drain Current
100
VstV ] | 3 [ Vosorr = 23V E fTacTn
0 Vasiorr = <14V g 4y | Ta=-55C_ E gy [f=1.0k IOT
T oEse H / . 3 RN
™\ Pl E i 56 w Vog = 5.0V
N NS, Ta=25°C u TA -125°C 2 ne
L Ta=125¢ = \ ! =
H =15V
20 =&Y Vosorn = ~1.0V—] 52 ! l csjorF) E
Ry Ta=-55C 2 = o g
— A/TT“ e 2 \ F}_,ﬁrﬁza"c E
= 3 S -
\\“\,,‘L' | _T.=125°C 3 \SL"-—' Ta =125°C 5
10 2 10 XA o
= 5
= =)
W L N 4
& =]
. AN . NN\ g,
o -05 -1 -15 005 -1 -5 -2 01 05 10 50 10
Vs — GATE-SOURCE VOLTAGE (V) Vs - GATE-SOURCE VOLTAGE (V) lo ~ DRAIN CURRENT (mA)
Noise Voltage vs
Current Noise Voltage vs Frequency Capacitance vs Voltage
100 100 100
—Vog = i5V - Vpg =15V £=0.1 - 1.0 MHz
£ s BW=6.0 Hz @ f=10 Hz, 100 Hz = s
Z =0.21@f > 1.0 kHz 4+ =
- Z "
IR g » g Cx Vos = 15V)
I~ 1 = S |~ Cs Vos =
10 Pl I f/__d_‘.'\,‘ L g 10 g 10 L Cas (Vo,8) ——
ot s i > = — €, (Vos = 0
L o g 5o S 1o =02mA 1 a0 =
N R = ~ I2;
=t [ T ip=20m e
| t= ﬂ'klirl">< Ny £ 20 Ly T = =
B e guliniiiiiani
o L1 it Y T 0 w0
00 [X] 10 10 0.01 003 01 051020 10 50 100 0 -40 -80 -12 -16 -2 |,
Ip — DRAIN CURRENT (mA) 1~ FREQUENCY (kHz) Vgs ~ GATE-SOURCE VOLTAGE (V)
Differential Offset Differentiat Drift CMRR vs Drain Current
100 100 @ 10
FVos = 15V Vog = 15V = HHI [
50 [Ta=25C ] AT = 425°C TO +125°C g | Voo =10 20V
35 ~55°C T0 +25°C £ 100 'H%
as ([ [ toose = HEE—T=
LOOSE mmast e 2 -~ [ H o aVpg = 50 - TV
10 o : i 10 E-\“ Meg £ N
1 & =
i i iz j g w
50 = TIGHT = e TIGHT H
I
55 S 1
> 1
a g
1.0 10 2w
04 10 10 10 10 [N] 1.0 10
Ip — DRAIN CURRENT (mA) Ip — DAAIN CURRENT (mA) Ip — DRAIN CURRENT (mA)

9-35



Process 98

0.022

(0.559)
0.0038
{0.0965)

LURNN

st

i

0.0038
(0.0965)

}

0.028
(0.711)

Process 98 N-Channel JFET

DESCRIPTION

Process 98 is a high gain, general purpose, monolithic
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
2N5562
2N5563
U401
U402
U403
U404
U405
U406

8-Pin DIP (CASE 60)

J401 '
Ja02
J403
J4o4
J405
Jaoe

'PROCESS IN DEVELOPMENT
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Transistor Glossary of Symbols

National Transistor »Glossary of Symbols

Semiconductor

DC PARAMETERS

BV¢go Collector-Base Breakdown Voltage
with Emitter Open-Circuited

The breakdown voltage of the collector-base
junction, measured at a specified current,
with the emitter open-circuited.

BV¢eo Collector-Emitter Breakdown Voltage
with the Base Open-Circuited

The collector-emitter breakdown voltage,
measured at a specified collector current,
with the base open-circuited.

BVgr v Collector-Emitter Breakdown Voltage
with Resistance between Emitter and
Base

The collector-emitter breakdown voltage
measured at a specified current with a
specified resistance R connected between
the base and the emitter.

BV¢es Collector-Emitter Breakdown . Voltage
with Base Shorted to Emitter

The collector-emitter breakdown, measured
at a specified current, with the base shorted
to the emitter.

BV ex Collector-Emitter Breakdown Voltage

at a Specified Condition

The collector-emitter breakdown voltage

measured at a specified current with the .

base-emitter junction forward or reverse
biased by a specified voltage or current.

8Vego, BVcen, BVces
BVces

BVceo

OBVcso

BVcex

BVego Emitter-Base Breakdown Voltage
with Collector Open-Circuited

The  emitter-base “breakdown voltage,
measured at a specified current, with the
collector open-circuited.

hge Common-Emitter DC Current Gain

The ratio of DC collector current to DC base
current measured at a specified collector-
emitter voltage and a specified collector
current.

hee — BETA

A-2




lcso Inverse Collector-Base Current
!
The collector-base current with the junction éj
reverse biased by a specified voltage, with vf #v
the emitter open-circuited. ;‘ T @
o .
leeo =B+ 1) Icao
Icex Inverse Collector-Emitter Current at o
a Specified Condition -
The collector-emitter current measured at a
specified collector-emitter voltage with the Vee Vee
base forward or reverse biased by a specified Ve
voltage or current.
lego Inverse Emitter-Base Current teao
D
The emitter-base current with the junction S 9, ’
reverse biased by a specified voltage with the Ves == Vea
collector open-circuited. T ' . o
LVceo- Pulsed Limiting Breakdown Voltages
LVCER' These are similar to the corresponding, above Weeo. LYcen, LVees, LVcex
defined, BV parameters but are measured at
LV ces: a specified high current point where | \\vm
v collector-emitter voltage is lowest. The dura- ¢ -
cex’ Or. tion of the pulse and its duty cycle must be
VCE (sust) specified. The letter L indicates LIMITING Vee
0 Value and is measured outside the negative
V cerlsust) resistance zone of the reverse characteristic.
) LVces
V ceg (sust)
e Weeo
V cex (sust)
. 0 R o
e
PULSED
Ve (on) Unsaturated Base-Emitter Voltage

The base-emitter voltage measured in the
common-emitter connection at a specified
collector to emitter voltage and specified
collector current.

800

Vaeon
mv

600

Veeon

Vaeion ~HT) =2 -3mv/°C

A-3
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Transistor Glossary of Symbols

Vagsan Base-Emitter Saturation Voltage
The base-emitter voltage measured in the
common-emitter connection at a specified
collector and base saturation currents.

Ve (sam Collector-Emitter Saturation Voltage

The collector-emitter voltage measured in
the common-emitter connection at specified
collector and base saturation currents.

Vaetsan, Yeesan

le
for =12
s

FORCED BETA

10, la lez les
1 e <lez<les
Vee . |
{ SATURATION

L0G Ig

Vgt Reach Through Voltage

Ver Punch Through Voltage

The collector-base voltage above which an
increase of applied voltage can be measured
in the emitter-base open circuit.

SMALL SIGNAL PARAMETERS

Cob Common-Base Output Capacitance

The common-base output capacitance with
input ac open.

CAPACITANCE

c

MEASURE
ouTPUT
CAPACITANCE

Cre Common Emitter Reverse Transfer
Capacitance

This parameter is the imaginary part of ye.
When Ig =0, C,¢ is identical to Ccg.

Cre Base-Emitter Capacitance

The capacity of the base-emitter junction at
a specified inverse voltage with the collector
open.

Cece Collector Base Capacitance

' Collector Base Capacitance measured at
some Specified Collector Base Voltage.

~Cea+ Cee

Cee - Cee
€op =Ccg *
ob = Lot se
2) Ceg
- Ceg = Cop (WITH EMITTER GUARBED)
“Ces > Ces




CG.. CG,

Conversion Gain, Common-Emitter or
Common-Base

The ratio of the output power of a mixer, at
one specified frequency, to its input power,
at another specified frequency. This param-
eter is a function of oscillator injection
voltage and the mixer operating point.

CONVERSION GAIN
1) SPECIFY Ic, Vce
2) fge, fir, LO LEVEL, CIRCUIT

o @H

TUNED TO fge
X

TUNED TO I¢

Vee Ve
e = tre-fo

ab’ Thy, \

fg

Common-Base Cut Off Frequency

The frequency at which the hg, (a) is
reduced to 0.707 of its low frequency value.
Common-Emitter Cut Off Frequency

The frequency at which the hge (B) is
reduced to 0.707 of its low frequency value.

Gain Band-Width Product

The common-emitter current gain band-
width product in the frequency range where
the current gain is falling at approximately
6 db/octave.

CURRENT GAIN IN 3 d8 STEPS

sjoquiAs jo A1essojo lojsisuel]

f.

Maximum Frequency of Oscillation

This parameter is a device figure of merit
that is calculated from ft and rb'Cc.

; _ MAX FREQUENCY OF OSCILLATION
MAX = EREQUENCY AT WHICH MAG = 1

fr
— =t /PG
8mrb Cc

" fmax =

Ge

Common-Emitter Power Gain

f“"? e e g,

POWER GAIN, TRANSCONDUCER GAIN
1) SPECIFY Ic, Ve
2) fo, jw, CIRCUIT, NEUTRALIZED?

~—

RF VOLT]
—* | METER

Vec Vee

Common Emitter Transducer Gain
A test fixture must be specified.

Grg = POWER DELIVERED TO THE LOAD
TE POWER AVAILABLE FROM THE SOURCE

GMA

Stability Limited Gain-or Gain
Maximum Available

This parameter is a device figure of merit
and must be calculated from the two port

I

Yy parameters. ’

1Y el

1Y¢e! 3
GMA =10 LOG [-v—— (K—-,/K -1

NOT DEFINED FOR K< 1

A-5



h Parameters

h - PARAMETERS

L. ]2
z'? LAN t,}
’ o—r —o

WHERE ey, 1y, e, i ARE SMALL SIGNAL VOLTAGES AND CURRENTS
THE h ~ (HYBRID) PARAMETERS ARE DEFINED BY

er=hyy iy +hpey

12=hg1 1 +hyy ez
AND FOR COMMON EMITTER OPERATION THESE E O BECOME

ey =hgiy th ey

i2 = e 13 + o, €2

Transistor Glossary of Symbols

hye Common-Emitter Current Gain h - PARAMETERS-COMMON EMITTER
The common-emitter forward current -trans-
fer ratio with output ac shorted. This is a -
" complex quantity. ol
hie Common-Emitter Input Impedance
The common-emitter input impedance with '».,
the output ac shorted. This is a complex
quantity.
hge Common-Emitter Output Admittance
The common-emitter output admittance AT
with the input ac open. This is a complex '
quantity.
hre Common-Emitter Reverse Voltage
Transfer Ratio o] -
- . ."._-]
The common-emitter reverse voltage transfer
ratio with input ac open. This is a complex o
quantity.
MAG Maximum Available Gain o2
21
Device figure of merit tha't must be calcu- MAG =10 LOG - 2 Re (Yq1) RE (Yo2)
lated from the two port *'y'’ parameters.
MSG Maximum Stable Gain e
This parameter is a device figure of merit MSG = 10 LOG — &
that is calculated from the two port “y” re
parameters.
NF Noise Figure

Noise figure = 10 logygF, where F is the
ratio of total output noise power.to the
output power due solely to the thermal
noise of the source impedance.

NOISE FIGURE MUST SPECIFY
0 Vee, I
2) Rg, 1, PBW

oW ]
WHITE ‘:
NOISE o S”'iﬂcf e — ”‘&f,‘éE
SGURCE BAND AWP)
I Fien ]
AHPLIFIER 108 e
aetécion o L oa] oy

A-6




Tob + T

Base << Spreading >> Resistance

Equivalent to the real part of hj, at some
specified very high frequency.

' MEASUREMENT

wy >y > wy

rb’Cc

Collector Base Time Constant

This parameter is a device figure of merit
and is measured in a specified test circuit.

o/ C. = COLLECTOR BASE TIME CONSTANT
b “c = SPECIFY - I, Vg, FREQUENCY

“ty

tr

ts

Common-Emitter Switching
Parameters

In the following, drive circuit conditions and
collector circuit conditions must be specified.
The transition times of the input must be
negligible compared to the measured times.

Delay Time

The time interval during turn-on from the
point when the input pulse at the base
reaches 10% of its full amplitude to the
point when the collector pulse changes from
0 to 10% of its maximum amplitude.

Rise Time

The time interval during turn-on in which
the collector pulse changes from 10% to 90%
of its maximum amplitude.

Storage Time

The time interval during turn-off from the
point when the turn-off pulse at the base
changes from 100% to 90% of its full
amplitude to the time when the collector
current has changed from 100% to 90% of
its maximum amplitude.

Fall Time

The time interval during turn-off in which
the collector pulse decreases from 90% to
10% of its maximum amplitude.

SWITCHING PARAMETERS

Cout

Ton=tatt,
Torr =ttt

90%

y Parameters

. y PARAMETERS .
LI -
N [ o Su—— f——0
o LaN
O L ———o-

y PARAMETERS ARE DEFINED BY
=y e tyze

2=V e *v2z ez

OR IN COMMON EMITTER NOTATION
=Yyt Vet

12 = V10 81 *Yoe €2

A-7
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Transistor Glossary of Symbols

yfe

Common-Emitter Forward Transfer
Admittance

The common-emitter forward transfer admit-
tance with output ac shorted. This is a
complex quantity (gfe + jbse).

s
W D i
O

Vea =0

Common-Emitter Input Admittance

The common-emitter input admittance with
output ac shorted. This is a complex
quantity (gje + bie).

y PARAMETERS-COMMON EMITTER

Common-Emitter Output Admittance

The common-emitter output admittance
with input ac open. This is a complex

quantity (goe + jboe)-

Yre

Common-Emitter Reverse Transfer
Admittance

The common-emitter reverse transfer admit-
tance with input ac shorted. This is a
complex quantity (g + jbre).

o
O

LARGE SIGNAL

PARAMETERS

This parameter applies to oscillators. The
units are watts and a test circuit must be
specified.

n Collector Efficiency
, ) n — COLLECTOR EFFICIENCY
This parameter applies to oscillators and B (RF) .
class C amplifiers, predominantly. It is n=-2 v
defined as the ratio of RF Power Out/DC PINIDC)  Ic X Vce
. Power In.
Po Power Out v

POWER
METER
SPECIFY - Ic, Vcg UNDER QUIESCENT CONDITIONS
o, Ruosn

THERMAL PARAMETERS

RTH

8uc

LR

Internal Junction-to Case Thermal
Resistance

The rated increase of junction temperature
with respect to the case temperature per
unit of dissipated power. It is also called
Thermal Resistance with infinite heat sink.

Junction-to Case Thermal Rating

Junction-to Ambient Thermal Rating

A-8




National

Semiconductor

JFET Glossary of Symbols

DC PARAMETERS

BVpgo (V) Drain-Gate Breakdown Voltage with Source Open- o o
or BVGpO Circuited
The breakdown voltage of the drain-gate junction,
measured at a specified current with the source
open-circuited.
BVsgo (V) Source-Gate Breakdown Voltage with Drain o -
or BVGSO Open-Circuited h o] s
r
v
The breakdown voltage of the source-gate junction, 8 seo T'G
measured at a specified current, with the drain
open-circuited. O- @
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
orIGDO
The leakage current of the drain-gate junction,
measured at a specified voltage, with the source
open-circuited.
ip (uA) Drain ON Current "
or ip(oN)

The drain current, measured at a specified drain-
source voltage and gate-source voltage.

+
ID(OFF) (pA) Drain Cutoff Current | ; Vps - Vos
o Vgs Ves

The drain cutoff current, measured at a specified J

drain-source voltage and gate-source voltage.
Ipgs (mA) Drain Saturation Current Ipss

The' drain current, measured at a specified drain-

source voltage with the source shorted to the gate

(VGgs =0)
1g (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. Vo
lgss (pA)’ Gate-Source Reverse Leakage Current with Drain-

Source Shorted

The gate-source reverse leakage current measured
at a specified gate-source voltage.

A-9
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JFET Glossary of Symbols

1sGo (pA) Source-Gate Reverse Leakage Current with Drain 1560
or iGSO Open-Circuited .
The leakage current of the source-gate junction,
measured at a specified voltage, with the drain
open-circuited.
rps (£2) Drain-Source ON Resistance -
or r4s, Rps, D
'DS(ON) The drain-source ON resistance, measured at a -[_G_> i
v

specified gate-source voltage and drain current.

Vps(on) (mV)

Drain-Source ON Voltage

The drain-source ON voltage, measured at a speci-
fied gate-source voltage and drain current.

\
ST T4

Vgs (V) Operating Gate-Source Voltage
or VGS(ON).
Vg The gate-source voltage, measured at a specified
drain current and drain-source voltage.
h
Vas(F) (V) Forward Gate-Source Voltage

The forward gate-source voltage, measured at
specified current.

VGs(OFF) (V)
or Vp

Gate-Source Cutoff (Pinch-Off) Voltage

The gate-source cutoff voltage, measured at a
specified drain current and drain-source voltage.

SMALL SIGNAL PARAMETERS

Ciss (pF)
or Ciss, Cgss

Common-Source Input Capacitance

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)
or Cos, Cdss

Common-Source Output Capacitance

The common-source output cépacitance, measured
between the drain and source with the source
A—C shorted to the gate at specified drain-source
and gate-source voltages.

A-10




Cyss (pF) Common-Source Reverse Transfer Capacitance
or Cys, Cdg
The common-source reverse transfer capacitance,
measured between the drain and gate at specified
drain-source and gate source voltages.
en (nV/\/—I'E) Equivalent Input Noise Voltage

orep, Vp, En

The equivalent input noise voltage per unit band-
width, measured with the input A—C shorted to
the source at a specified operating condition.

o
9fg {mVv) Common- Gate Forward Transconductance s D
Or Vfg Vs “G fp
The common-gate forward transconductancewith
the output A—C shorted. This is a complex quanti-
ty (9fg + ibfg)-
gfs (mV) Common-Source Forward Transconductance
or gm, Yfs,
Rel|Yss| The common source forward transconductance
with the output A—C shorted. This is a complex
quantity (gfs + ipfs)-
giss (LV) Common-Source Input Conductance
or Yjs’
The common-source input conductance with the
output A—C shorted. This is a complex quantity I
(gis * ibis)- 5% Vas
Vps=0
doss (uV) Common-Source Output Conductance o
or Ygg
The common source output conductance with the D
input A—C shorted. This is a complex quantity G;| Vps Vps
(9os * ibos)- s
'p
Y L
os v
B8] vgs-o
Gpg (dB) Common-Gate Power Gain
The common-gate power gain is the ratio of out-
put power to input power. P
Gp = 10 log1p P_°_
Gpg (dB) Common-Source Power Gain 1
The common-source power gain is the ratio of out-
put power to input power.
in (PA/A/Hz) Equivalent Input Noise Current

The equivalent input noise current measured with
the input open-circuited under specified operating
conditions.

S|IoqWAS Jo Atessoln 134



JFET Glossary of Symbols

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 Output Noise Power
Source Output Noise Power

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. '

td(ON) Turn-On Delay Time

The time interval during turn-on from the point
when the input pulse at the gate reaches 10% of its
full amplitude to the point when the drain pulse
changes from 0 to 10% of its maximum amplitude.

ot Rise Time

The time interval during turn-on in which the
drain current pulse changes from 10% to 90% of
its maximum amplitude.

td(OFF) 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.

1 Fall Time
The time interval during turn-off in which the

drain current pulse decreases from 90% to 10% of
its maximum amplitude.

Ry
Vop Vout
]
[
Vin
S
Rin
_ Vpp—Vps(on)
ID(ON) = —w
100
90
Inon) (%)
10 AL
0
WOM | [T, p—
* ~>| tpN =~ I~ d4(0FF)
0
Vgs
| Ve

DUAL FET PARAMETERS

BVG1, G2 (V) Gate to Gate Breakdown Voltage
or BVGg1-2
The breakdown voltage of the gate to gate junc-
tions, measured at a specified current.

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.

AVpg

CMRR =20 log10 XY
0s

A-12




9fs1—2 (%)
or gfs1/9s2

Common-Source Forward Transconductance Ratio
(Match)

The transconductance ratio = gfs1/gfs2 x 100 (%)
measured at specified drain-gate voltage and drain
current.

9oss 1-2 (uV)
Of 9ps1—-2

Common-Source Output Conductance (Match)

Output conductance match = |ggs1—gos2| measured
at specified drain-gate voltage and drain current.

IDss1—2 (%)

Drain Saturation Current Ratio (Match)

oripg1-2.

Ipss1/Ipss2 The drain saturation current ratio = Ipsg1/
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.

lg1,62

VGs1—2 (mV)
or AVGS, Vos,

IVags1-Vas2l

Differential Gate-Source Voltage

The differential gate-source voltage, measured at a
specified drain-gate voltage and drain current.

AVgs1-2 (uV/°C)
or AlVGgs1—
VGs2l/AT
AVos/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. ' '

AVgs
AT

_|VGs1-Vas2llT1 — (Ves1-VasaliT2
T1-T2

|

A-13
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Package Outlines

National
Semiconductor

. . i inches
Dimensions are in

Package Outlines

(millimeters)

Numbers in parentheses behind package titles are NS internal package codes.

TO-3 (98) INCHES TO-5 (04) PIN T
SYMBOL (MILLIMETERS)
MIN MAX 1 E
A 0.250 (6.35) 0.450 (11.43) § _g
¢E 0.038 (0.965) 0.043 (1.092)
¢B 0.875 (22.225)
K 0.420 (10.668) 0.440(11.176) 0.335-0.370
M 0.205 (5.207) 0.225 (6.715) " (8.503-9.398)
c 0.135 (3.429) 0.305-0.335
D 0312 (7.925) '*—————-*1
¢H 0.151 (3.835) 0.161 (4.089) (1:107-8.505)
F 1.177 (29.896) 1.197 (30.404)
rn 0.525 (13.335) 0.240-0.260
2 0.188 (4.775) (5.096-6.608]
G 0.656 (16.637) 0.675 (17.145) (6.036-6. L ! SEATING
N | ZPLANE
|<~ B —— iﬁy#
;
A | f
L ) SEATING PLANE 0060019
° c {0.229-3.175) {0.406-0.483)
— o e 0.200
' 0100 | {5.080)
(2.540)
[——
pee— G
; 0.029-0085 7N k
2600
{0.736-1.183) N
w7 2 0028-0.034 N
K T (0711—0354)\/
T oH /f<\
Terminal Connections /<\
Pin 1~ Ground ' \
Pin 2 - Qutput -
Case — Input
TO-18 (02, 11, 19) PIN | T(02), (19) TO-39 (10, 16)* PIN T
1 E 1 " E
2 8 2 8
3 c 3 c
PIN | FETN(02)
0.209-0.219 1 S %)
{5.309-5.563) 2.4 0 03150336
0.178-0.191 0.188-0.210 3 6 e
Al 1880 ; l"(s.ﬂum.sue) "
{4.521-4.851) {4.775-5.334) N | FETP O
SEATING PLANE ! s D240-0260
\ 2 G {6.096-6.609)
3 o SEATING
j_ PLANE

wo b0l
: gnao

{0.782)
0 mx 0.019 . | i
©a4t-04g3) ‘}f.ﬁ‘"
: 0.100
0.050 {2.540)

(1.270)

45"
0.036-0.046 v 0.036-0.048

(u‘sm-r,ma)\{{\‘> {@914-1219)

0.026-0.040 A
{0.660-1.016)

0.028-0.037

{0711-0940) \{<\

LT

[TRLE]
MAX
0500 0.016-0.019
{12.70) (0.406-0.483) g 199-0.210
MIN {2.826-5.334)

<2

45"

‘A-14




TO-39 (17) LO-PROFILE

TO-46 (06)

PIN T PIN T
1 E 1 3
2 B 2. 8
3 c 3 c
0.350-0.370
{8.890-9.398)
0.160-0.180 0.315-0.335
{8.060-4572) ’_(&00'-5«509) l 0.203-0.210
(5.308-5.842)
N 0.178-0.195
1 | ! SCANE SEATING | {4.521-2.953)
_ li PLANE — 0.075-0.095
0.500 ” ” ” ’ L il |~ (1905-2.413)
fiz 70 Ul | osw
NMIN I] I] 0 {1270}
| I 0.012-0.019 0.040
0.003-0.125 | | pois-0019 0.305-0.383) {1.076)
0.228-3.175) (0.406-0.483) mAX
0.190-0.210 2100
{@825-5334) 2050 . {2530
210 :
0.029-0.040 < 45
{©0.737-1.016) \\ 0.036-0.046 0.028-0.048
0.028-0.032 []] msa)\g{( \\/(0.711-:.219)
OTT1-086 N/ > >‘
&w
TO-52 (07, 18) PN | T(18) FET (07) TO-71 (08, 12) PIN T(08) | FET(12)
1 E s 1 £ st
2 8 D 2 8 D1
3 c G 3 c G1
5 E s2
6 8 D2
7 c G2
0.209-0.219 0.209-0.219
) (5.309-5.563) N {5.309-5.563)
0.178-0191 || 0.142-0.159
(4.521-4.851) ] {3.607-4.038) 0.178-0.191 | 0.188-0.210
, (4.521-4.851) {8.775-5.338)
SEATING PLANE-
1 SEATING PLANE ‘
oo 'y
{0.762) g HI ot -
MAX 0.500 =
0.016-0.019 H_ A6 {0.762) m om_
(0.406~0.483) MAX 0.500
0.016-0.019 12.70)
T 0.100 {0.406-0.483) L
0050 | {2.540)
(1:270) Lioa
0.050 - (2.540)
1270

0.036-0. 046

0.028-0.048

{0.914-1.168) \/{\\( (0.711-1.219)

0.036-0. 046 ‘ 0 028-0.048

914-1.168) \/{ x\\\(’(ﬂ TN-1219)
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Package Outlines

TO-72, (23, 25, 28, 29) PIN | T(25) | FET N (25, 29) TO-78 (24, 27) PIN | T(2n | FET (23)
1 E B
2 B D 1 c st
3 c G 2 B D1
4 | anD CASE 3 € G1
5 3 s2
6 B D2
PIN | Ti28) | FETPI(23) 7 c 62
1 B S,
2 E 6
3 c D
4 | onD CASE 0.350-0.370
e 20
(8.890-9.398)
DIA || 0315-0338
- {8.001-8.509)
0.209-0.219 DIA
{5.309-5.563)
] 0.165-0.185
{.191-4.698)
0478-0.181 | 0.188-0.210 i SEATING
{@521-4.851) {4.775-5.330) T PLANE
0.040
0.500
. 2508 (1,015)
SEATING PLANE 1270 wax
1 MmN ["] [I
! ] 0.016-0.019
0.030 01 g -~ |<"(tmms—o 483)
0.762)
MAX 0.500 _UE_
0.016-0.019 iz 100 {5.080)
{0406-0483) © M (2.540) =
0.100 )
0.050 {2540)
{12 0.023-0.045
o7 3)
0.028-0034
{8.711-0.868) /\i
. 24
0.036-C:046 \// 0.028-0.051
{0914-1.168) /{ \>/(u 711-1.295)
T0-92(71,72,74,76,77,78) 75172 (Std) 92-PLUS (90, 91) . PIN | PACKAGE 90| PACKAGE 91
N PIN ’ 1 Base Collector
- : T FET 2 Collector Base
1 [ G 3 Emitter Emitter
2 8 s
3 E D
0.175-0.185 o 0020 0.205-0.195
(4.445-4.699) 10.508) R (5.207-4.953)
, 76/71 TYp ) | 01850175 0050
N NOM . || (8.699-2.445) (1270)
- p = {iz70) snom
1 c G
2 E ) ]! — _T :}
3 B S | I
LEADS FIT INTO | o050 LR [
0.016-0.019 . (75008 (z.m) A
{0.406-0.283) : EATIN }
DIA HOLE (TYP) l s ;‘ng 1 TR
o 74 T pose b otesoas
T FET : 0.025 (ﬁ%ﬂﬁ) (4.699-4.445)
|| 00450055 ; 5 S {0:635) "
{0.143-1.397) 2 c é MAX 0.594
0.045-0.055 3 E D ‘ {15.088) .
JRNN B . oo
(11831397 BEFORE ||
- -4 LEAD FINISH
0003-0.013 o018 | 0.0155-0.0145 —=| |
{0.076-0.330) PIN 77 (0.457) == == " (0:394-0.368)
. . T | FET 5 Tve TYp
0.090
1 E D ey 0.055-0.045
; BT it
2 B s NOM (1.397-1.143)
3] ¢ G N T
0.045-0.055 \ X | omsons
(1.143-1.397) _‘ dildh?h @ 633 3.429)
. 78
PIN [ 0.055-0.045 )
i
{1:397-1.183) 055-0 45
1 B {1307-1.123)
2 E . o
, N c 10°NOM




T0-99 (22) o T Fer TO-126 (38)
1 s
2 D
3 ps 0.280-0.310
4 suB {7.366-7.674)
5 s 0.145-0.155
R (U il
6 D {3.683-3.937)
7 G
s | e rrn R
£.120-0.130 I TR
{3.048-3.302) .
«(g_z_:%'g._g;_; D - + 0.42510.435
oA | 035033 2 (1n.795in‘049) .
| | (8.001-8.509)
DIA
D165-0.185 4 0.085-005 || 0805-0655
@im-asm | g Zisa-zans) || (15-367-16837)
T T T INSULATOR
nsge L2838 0.040 0091-0.097 | 0.015-0.025
20 T {0.889) — T3 e ETIROYSE
Gz70  max (1.016) {2311-2.468) {0.381-0.635)
MIN I]l] i] n MAX 0.020-0.026
i {0.508-0.660)
0.045-0.055
| b016-001 0.025-0.035 J 667) [723-1307)
(0406-0.483) {063-0889) T
0.200 ________i
15.080) I [}
. Pin 1. Emitter
2. Collector
AN
0.029-0.645 J,)\ \\\ 3. Base
(0.737-1.183) .
When mounting the device, torque not to exceed
6.0in lb.
if lead bending is required, use suitable clamp or
. 45 EQUALLY other supports between transistor case and point
/ SPACED . of bend.
TO-220 (37) T0-202 (35, 36) N PACKAGE 35 | PACKAGE 36
T T
1 Emitter Emitter
2 Base Collector
3 Collector Base
. 0.360-0.400
0.335-0.405 {9.144-10.160)
(10.033-10.287) o 0.175-0.185 0.110-0.120
0.100-0.120 0.139-0.147 (4.445-4.699) {279-3.088) §
{7.540-3.048) 3531-3730) 00300055 B M
' DiA {0762-1397) & e
0.025 0480-0.520 i
L—(’Df)ﬁ‘—-m.ms) i (12.192-13.208)
0.560-0.625 0250 RAD : :
7 .230-0. (30.734) 1
(18.224-15.875) ——— ) %) 0.065-0.075
' max 3 2 e 0.285-0.315 : 1 (ss-1908)
2PLACES {7.2371-8.001) X 45 L
nsun 0.562 ; - B CHAMBER
127018275 14275) -012-0, 1
{0.305-0.635) 0.060 1
uM5 0.060 | 0.080-0115 | 0405-0425 | 1528)
(1.143-1.528) | (2.932-2921) (10.287-10.795) REF
(z 9:‘; 2235 0.095-0.105 0.170-0.180
508-0.889) [ (2413-2.667) __z L 0.095-0.105 | {2.318-4.826)
2080000} 4. 0026 (2413 2667) 0.019-0025
(2.286-2.794) oeea REF NOTE 2 (0.483-0.660)
0.095-0.105
(2413-2.667)
Pin 1. Base
NOTES:
2. Collector 1. ALL DIM. ARE IN INCHES AND ARE REF.
3. Emitter UNLESS TOLERANCED,

2..043-.057 LEAD WIDTH WITHIN 0.100

OF BODY.
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Package Outlines

CAVITY DUAL-IN-LINE PACKAGE D (40)

L 0.760
{19.308)
MAX
[ie] [i3] [r2] [i7] [io] [o] []
0.298
PIN NG. 1 (7.569)
msm\r' MAX
DT I BT Tl T Tl T
0.054
0.485 (1.372)  0.165
s T e
{12.319) W
MAX AX
0.020-0.060
{_(0.508-1528)
0.008-0.015 L
| SIS
{0.203-0381) )
0.300 0.050:0.010 }_‘_ 0.015- uoz: 0,12_5
{7.620) {1.270 10.254) {0.381-0.584) 0534) @3a75)
REF © 0.100 :0.010 M
{2.540 :0.254)
MOLDED MINI-DIP (60, 67)
0.400
{10.160)—]
osz 0% MAX
PIN NO. 1 INDENT 0.250 :0.005
{6.350-0.127)
, PIN [ 60 [67
T | NC (st
0.030 2 St D1
03000300 o 3 | b1 |nNC
{7.620-8.128) MAX X 0.130 +0.005 a | 616
] 050
(1.651) (3.302 +0.127) 5 |s2|s2
[ 6 | D2 [ D2
) 7 | 62 |nc
} — 8 | nc|o2
0.009-0.015 oda0
(0.229-0.381) —_—t
0.045 +0.015 “~ 25 (0508)
0.325 0025 akicli MIN
-0.015 {1183 0.381) @.i7s)
( mm) o100 o8 20003 MIN
8.255 " " e (0.457 +0.076)
0.381 6a0)
i TYP




MOLDED DUAL-IN-LINE PACKAGE N (39)

0.090

0.770

(19.558)

0092  (2:286)—

{2.337)

MAX

Bl [ ([ @ [ 6

=2
(=]
/g

DIA NOM

PIN NO. 1 musm—\

.

0.250 +0.005

N
LT LI GI T BT

0300-0320 oo

7620-8128) —— .04

T620-8.128) (%I 25:) o (?312) R

“.—T“,—,T Tve .] l‘ (3.302 :0127)
oo
0.075 :0.015 J’ L ’“4 0080003 1% mmﬁn?um
(1905 -0.381) 0.100 {0,457 10.076) ‘3 1s)
o e e
b5 "%3)
NS PACKAGE JEDEC NS PACKAGE JEDEC
CODE CODE CODE CODE
02 TO-18 Glass 37 TO-220 BCE
03 TO-5 Giass 38 TO-126 ECB
04 TO-5 Glass 39 TO-116 14-Lead M/DIP CN
05 TO-71 Diff. Amp. TO-18 40 TO-116 14-Lead Ceramic DIP CD
06 TO-46 Solid 41 TO-116 14-Lead Molded Array
07 TO-52 Solid 56 TO-100 10-Lead Header
08 TO-71 Diff. Amp. TO-18 57 TO-100 10-Lead Header
09 TO-39 Solid Kovar 58 16-Lead Side Braze DIP
10 TO-39 Solid Steel 59 16-Lead Size Braze DIP
11 TO-18 Glass SDG 60 8-Lead Molded DIP, Plastic (CN)
12 TO-71 Glass TO-18 Diff. Amp. 61 14-Lead Molded DIP, Plastic (CN)
13 TO-46 Header/TO-72 Can (4-Lead) 62 16-Lead Molded DIP, Plastic (CN)
16 TO-39 Solid Kovar 63 14-Lead Side Braze DIP
17 TO-39 Solid Steel Low Profile 64 14-Lead Side Braze DIP
18 TO-52 Glass 65 14-Lead Ceramic DIP (CJ)
19 TO-18 Solid ) 66 16-Lead Ceramic DIP (CJ)
22 TO-5 10-Lead 67 8-Lead Molded DIP (CN)
23 . TO-72 Glass 4-Lead TO-18 SGD 69 TO-92 3-Lead Top Gate Plastic GSD
24 TO-78 Glass TO-5 Diff. Amp. 71 TO-92 BEC
25 TO-72 4-Lead TO-18 EBC 72 TO-92 EBC
27 TO-78 Diff. Amp. TO-5 74 TO-92 ECB .
28 TO-72 4-Lead TO-18 BEC 75 TO-92 Faraday Shield EBC
29 TO-72 Glass TO-18 SDG 76 TO-92 Faraday Shield BEC
4-Lead Top Gate 77 TO-92 CBE

30 TO-78 Diff. Amp. TO-5 78 TO-92 Faraday Shield CEB
31 TO-202 ECB 79 TO-92 C-E
32 TO-126 EC— 90 Mini-Watt ECB
35 TO-202 EBC 91 Mini-Watt EBC
36 TO-202 BCE 98 TO-3
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The Data
Bookshelf:
Tools For
The Design
Engineer

National Semiconductor’'s Data Bookshelf
is a compendium of information about a
product line unmatched in its breadth in
the industry. The fifteen independent
volumes that comprise the Bookshelf —
over 5000 pages — describe in excess of
6000 solid-state devices; devices that
span the entire spectrum of
semiconductor processes, and that range
from the simplest of discrete transistors
to microprocessors — those
most-sophisticated marvels of modern
integrated-circuit technology.

Active and passive devices and circuits;
hybrid and monolithic structures; discrete
and integrated components . . . Complete
electrical and mechanical specifications;
charts, graphs, and tables; test circuits
and waveforms; design and application
information . . . Whatever you need you'll
find in the designer's ultimate reference
source — National Semiconductor’s Data
Bookshelf. .

Ordering
Information

All orders must be prepaid. Domestic
orders must be accompanied by a check
or a money order made payable to
National Semiconductor Corp.; orders
destined for shipment outside of the U.S.
must be accompanied by U.S. funds.
Orders will be shipped by postage-paid

. Third Class mail. Please allow
approximately 6-8 weeks for domestic
delivery, longer for delivery outside of the
u.s.

National
Semiconductor




Data' Bookshelf Order 'Form. |

Please send me the volumes of the National Semiconductor DATA BOOKSHELF
that | have selected below. | have enclosed a check or money order for the total
amount of the order, made payable to National Semiconductor Corp.

Name _ Purchase Order #
Street Address
City State/Country Zip
copies @ $4.00, CMOS Databook, 3/75 ............... Total $
copies @ $4.00, Interface Databook, 10/75............. Total $
copies @ $4.00, Linear Applications, Vol. | ............. Total $
. copies @ $4.00, Linear Applications, Vol. Il ............ Total $
copies @ $4.00, Linear Databook, 6/76 ........ RERTRTT Total $___
copies @ $4.00, Memory Databook, 1/76 .............. Total $

copies @ $3.00, Microprocessor Applications in
Business, Science and Industry, 1977 .. Total $

copies @ $4.00, Microprocessing Handbook, 3/76 ...... Total $
. copies @ $4.00, MOS/LSI Databook, 1977 ....... e Total $
- copies @ $3.00, Power Transistor Databook ........... Total $
copies @ $3.00, Pressure Transducer Handbook, 1977 .. Total $
__________copies @ $3.00, Special Function Databook, 4/76 .. .. ... Total $
copies @ $3.00, Transistor Databook, 5/74............. Total $

copies @ $4.00, TTL Databook, 2/76 .................. Total $_
copies @ $3.00, Voltage Regulator Handbook, 5/75 ..... Total $
A Subtotal $

(California Residents Add 6% Sales Tax*) $
Grand Total $

Mail To:

NATIONAL SEMICONDUCTOR CORP., c/o MIKE SMITH
P.O. BOX 60876, SUNNYVALE, CA. 94088

Postage will be paid by National Semiconductor Corp. Please allow 4-6 weeks for delivery.
*(San Francisco Bay Area Residents Add 6%2% Sales Tax)



National Semiconductor Corporation |
2900 Semiconductor Drive

Santa Clara, California 95051

(408) 737-5000 |
TWX: 910-339-9240 |

National Semiconductor GmbH
808 Fuerstenfeldbruck
Industriestrasse 10

West Germany

Telephone: (08141) 1371
Telex: 05-27649

NS Electronics (HK) Ltd.

4 Hing Yip Street, 11th Floor ‘
Kwun Tong 3 1
Kowloon, Hong Kong
Telephone: 3-411241-8
Telex: 73866 NSE HK ]-IX

NS International Inc.

Miyake Bldg. 6F, 1-9 Yotsuya
Shinjuku-Ku

Tokyo 160, Japan
Telephone: 03-355-3711 i
Telex: J28592 g

- NS Electronics Pty. Ltd.
CNR-Stud Road & Mountain Highway
Bayswater, Victoria 3153, Australia
Telephone: 03-729-6333
Telex: 32096

© 1978 NATIONAL CORP. IM: in US.A.




