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LM741 Operational Amplifier
General Description
The LM741 series are general purpose operational amplifi-  output, no latch-up when the common mode range is ex-
ers which feature improved performance over industry stan-  ceeded, as well as freedom from oscillations.
dards like the LM708. They are direct, plug-in replacements  Thg | M741C/LM741E are identical to the LM741/LM741A
for the 709C, LM201, MC1439 and 748 in most applications.  gxcept that the LM741C/LM741E have their performance
The amplifiers offer many features which make their appli-  guaranteed over a 0°C to +70°C temperature range, in-
cation nearly foolproof: overload protection on the input and  stead of —55°C to + 125°C.
Schematic Diagram
o I
] Q9 012 Q13
4 '\‘nu
3 2 INVERTING .
NON=INVERTING
WPUT ol @2 1= ey $w .
3 39K A A2 .
R? s ]
Lg 45K
o3 T soef[ rs !
\Io‘ 75K b3
o7 I/0 S [ $Sourpur
’\A :: R10
< 50
} H Q17
Q6 Q10
Qs (1] oza Kozo
OFFSET NULL — OFFSET
NULL
Rl - <R3 R2 R4 < i 4
1k 350k 31k 5K $hr o3
L 4 -
TL/H/9341-1
Offset Nulling Circuit
D OUTPUT
V-
TL/H/8341-7
1-445
/
/

Revised: Spring 1993: Fall 2003

S-1



ECE 3274 LAB

LM741

Specification Sheet

Absolute Maximum Ratings

It Military/Aerospace specified devices are required, please contaét the

Distributors for avallabHl
(Note 5)

ty and specifications.

National Semiconductor Sales Office/

LM741A LM741E LM741 LM741C
Supply Voltage +22v +22v +22v +18V
Power Dissipation (Note 1) 500 mW 500 mW 500 mW 500 mW
Differential Input Voltage +30V +30V 30V +30V
Input Voltage (Note 2) +15v +15V +15V +15V
Output Short Circuit Duration Continuous Continuous Continuous Continuous
Operating Temperature Range -55°Cto + 125°C 0°Cto +70°C ~55°C to +125°C 0°Cto +70°C
Storage Temperature Range —85°Cto + 150°C —65°C to + 150°C -65°Cto +150°C —65°Cto +150°C
Junction Temperature 150°C 100°C 150°C 100°C
Soldering Information
N-Package (10 seconds) 260°C 260°C 260°C 260°C
J- or H-Package (10 seconds) 300°C 300°C 300°C 300°C
M-Package .
Vapor Phase (60 seconds) 215°C 215°C 215°C 215°C
Infrared (15 seconds) 215°C 215°C 215°C 215°C
See AN-450 “Surface Mounting Methods and Their Effect on Product Reliability” for other methods of soldering
surface mount devices. ;
ESD Tolerance (Note 6) 400V 400V 400V 400V
Electrical Characteristics (ot 3)
Parameter . Conditions LM741A/LM741E LM741 LM741C Units
' ) Min | Typ | Max | Min | Typ | Mdx | Min | Typ | Max
Input Offset Voltage Ta = 25°C :
‘ Rg < 10k 1.0 5.0 20 | 60 mv
Rg < 500 08 | 30 mv
TamiN < Ta < Tamax
. | Rs<s00 40 mv
' | Rg < 10k 6.0 7.5 mvV
Average Input Offset ) V/°C
Voltage Drift , 18 B
Input Offset Voltage Ta = 25°C, Vg = 120V +15 "
Adjustment Range g 10 15 m
Input Offset Current Ta = 26°C 3.0 30 20 | 200 20 {1 200 | nA
! TAMIN < Ta < TAMAX 70 85 | 500 300 nA
Average Input Offset ! | ' A/°C
Current Drift 0.5 "
Input Bias Current Ta = 25°C 30 80 80 | 500 80 500 nA
Tamin € Ta < Tamax 0.210 1.5 0.8 pA
Input Resistance Ta = 25°C,Vg = +20V 10 | 60 0.3 2.0 0.3 2.0 MQ
TamIN < Ta < Tamax. M
Vg = +20V LR
input Voltage Range Ta = 25°C +12 | £13 \
TA_I_M_NSTA < TAMAX +12| £13 \
Lerge Signal Voltage Gain | Ta = 25°C, R > 2k
Vg = +20V,Vo = +15V | 60 V/imV
Vg = £15V, Vo = £10V 50 200 20 200 V/mV
TamiN < Ta < Tamax:
RL 2 2k,
Vg = +20V,Vp = 16V | 32 V/mv
Vg = $15V,Vp = +10V 25 15 v/mv
Vg = #5V,Vg = +2V 10 V/mV
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ECE 3274 LAB

Specification Sheet

 Electrical Characteristics (vote 3) (Continued) .
Parameter Conditions LM741A/LM741E LM741 LM741C Units
Min { Typ | Max | Min | Typ | Max | Min | Typ | Max
Output Voltage Swing Vg = $20V
© | RL2 10k £16 v
Ry 2 2k 115 v
v | vs= x5V’
RL 2 10k - +12| +14 +12 | 14 \
RL22kQ | £10 | £13 £10 | £13 v
Output Short Circuit Ta = 25°C 10 | 25| 35 25 25 mA
Curent TAMIN < Ta < Tamax 10 40 mA
Common-Mode TamiN < Ta < Tamax
| Rejection Ratio Rg < 10k}, Vo = t12V 70 90 70 90 ds
; Rg < 5001, Vom = %12V 80 | o5 | : dB
Supply Voitage Rejection | Tamin < Ta £ TaMAx.
Ratio Vg = t20Vto Vg = 16V
Rg <500 - 86 | 96 dB
Rs < 10k 77 96 77 96 dB
Translent Response Ta = 25°C, Unity Gain
Rise Time 025] 0.8 0.3 , 0.3 ns
Overshoot 60 | 20 5° .5 %
Bandwidth (Note 4) Tp = 25°C- 0437 | 15 MHz
| Slew Rate Ta = 25°C, Unity Gain 0.3 0.7 0.5 0.5 V/us
| Supply Current Ta' = 25°C 17 | 28 1.7 | 28 | mA
Power Consumption Ta = 25°C i
’ Vg = 20V 80 150 mwW
Vg = 115V 50 85 50 85 mw
LM741A | vg = t20v -
' Ta = Tamin 165 ‘mw
Ta = TAMAX 135 ' ol mw
LM741E Vg = t20vV
i Ta = TamN 150 mw
Ta = Tamax 150 mw
' LM741 Vg = +15V
. Ta = TAMIN 60 | 100 mw
. Ta = Tamax a5 | 75 mw
" Note 1: For at these devices must be derated based on thermal resistance, and T; max. (listed under “Absolute Maximum
Ratings"). T) = Ta + (0ja Pp).
Thermal Resistance Cerdip (J) DIP (N) HO8 (H) S0-8 (M)
4, (unction to Ambient) 100°C/W 100°C/W 170°C/W 195°C/W
6 (Junction to Case) N/A N/A 25°C/W N/A

. Note 2 For supply voitages less than t 15V, the absolute maximum input voitage is equal to the supply voltage.

Note 3: Unless

these

‘ specifications are limited 10 0°C < Tp < +70°C.
; Note 4: Calculated value from: BW (MH2) = 0.35/Rise Time(us).

Note 5: For military specifications see RETS741X for LM741 and RETS741AX for LM741A.
[ Note 8: Human body model, 1.5 kA in series with 100 pF.

apply for Vg = 116V, —55°C < Tp < +125°C (LM741/LM741A). For the LM741C/LM741E, these

1-447

Revised: Spring 1993: Fall 2003

371

S-3



ECE 3274 LAB

e e

LM741

Specification Sheet

Connection Diagrams

Metal Can
NC

NON-INVERTING INPUT orrsn NULL
‘ O,
A

Package

TL/H/9341-2

Order Number LM741H, LM741H/883*, LM741AH/883
g LM741CH or LMT41EH
See NS Package Number H08C

Duai-in-Line or S.0. Package

.
OFFSET NULL ]

-

INVERTING INPUT —

~

* NoN-wveERTNG —| 3
NPUT

v—4

8—NC

-V

8 |—OUTPUT

% |—OFFSET NULL

Order Number LM741J, LM741

TUH/DSM‘-:!
J/883, LM741CJ,

LM741CM, LM741CN or LM741EN
See NS Package Number JOSA, MOBA or NOSE

*LM741H is available per JM38510/10101

Ceramic Dual-In-Line Package

NC -
NC —
+OFFSET NULL —
~IN —
+IN —
V- -

NC 1

/
14

13
12
A
10
9
8

N N -

- NC
= NC

L ne

- v+

- out

— = OFFSET NULL
-~ NC

TL/H/9341-8

Order Number LM741J-14/883*, LM741AJ-14/883**
See NS Package Number J14A

*also available per JM38510/10101
**also avallable per JM38510/10102

Ceramic Flatpak
NC ‘e '_"(’:‘__—_] NC
+OFFSET NULL NC
~INPUT L—_'_"'__‘; LM741W 7: V4
+INPUT ] OUTPUT
V—d E -OFFSET NULL

TL/H/9341-8

Order Number LM741W/883
See NS Package Number W10A
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ECE 3274 LAB Specification Sheet

UM RATINGS
EE 3274 ERB SpeCYiCTion PRaEANZZ22 B * [-43-
il N2218A,2N2219,A
Rating Symbol | 2N2222 | 2n22224 | Unie *
Collector-Emirter Voltage VCEQ 30 40 vde 2N22227A
Collector-Base Voltage vceo 60 75 Vdc 2N2218, A/2N2219,A
Ermitter-Base Volitage Vego 5.0 6.0 Vdc CASE 79-04
Coflactor Current — Continuous Ic 800 600 mAdc TO-39 (TO-205A0D)
IN2218A STYLE 1 e
2N2219 A | 2N2Z2 A
Total Device Dissipation Po ?
@TA = 25¢C . 08 04 | wan . Yo
Derate sbove 25°C 4.57 228  |mwrC s )
Total Device Dissipstion Pp LAE
@1C = 25°C 30 12 | wWaus AZN2222 A
Dsrate sbove 25°C 17.1 685 {mWrC CASE 22-03
Operating end Storege Junct TyTag| 65t +200 < T0-18 (TO-206AA)
Tempersture Range
. WM, STYLE 1
THERMAL CHARACTERISTICS
Py GENERAL PURPOSE
Charscteristic Symbol | 2N2219.A | 2822224 | Unit TRANSISTORS
Thermal R to - ReJA 219 uss | cw NPN SILICON
Thermal Resistance, Junction ta Case Reyc 58 4315 ‘oW *2N2219A and ZNZ22A
are Motorola designated
preferved devices.
ELECTRICAL CHARACTERISTICS (T = 25°C unless otherwise noted.]
Characterlatic [ Symbot | Min | Max | Unk |
OFF CHARACTERISTKCS
Caltector-Emitter Breakdown Voltage ’ V(BRICEO Vdc
(ic = 10 mAde, ig = 0) Non-A Sutfix 30 -
A-Suffix 40 =
Collector-8asae Breakdown Voltage V(sriceo Vde
(ic = 10 uAde, Ig = 0) Non-A Suftix 60 -
A-Suffix 75 -_
Emirtter-Besa Breskdown Voltage V(BRIEBO Vdc
{lg = 10 wAdc. ic = 0) Non-A Suffix 5.0 El
A-Suffix 6.0 -
Coliector Cutoff Current cex - 10 nAdc
(Vcg = 60 Vde. VEB[og = 3.0 vdc) A-Sutfix
Caltector Cutol Current ‘cao uAde
{Vcg = 50 Vdc. ig = 0} Non-A Sutfix - 0.01
(Vcg = 60 Vde, ig = 0} A-Suffix - 0.01
(VeB = 50 Vde. Ig = 0, Ta = 160°C) Non-A Suffix = 10
(Vcp = 60 Vdc, ig = 0, Tp = 1S0°C) A-Sufix - 10
Emitter CutoH Current IEBO - 10 nAdc
{Vgg = 3.0 Vde, ic = 0) A-Suftix
Bese Cutoff Current TR - 20 nAdc
(Veg = 60 Vde, VEB(OH) = 1.0 Vdc} A-Suffix
ON CHARACTERISTICS
DC Current Gain heg -
fic = 0.1 mAdc, VCg = 10 Vde) 2N2218A : 20 -
. 2N2219.A, 2N2222.A 35
{ic = 1.0 mAdc, Vcg = 10 Vdc) 2N2218A 25 =
2N2219.A, 2N2222 A 50
{ic = 10 mAdc, Veg = 10 Vdel(1) 2N2218A 35
2N2219.A, 2N2222.A 75
{ic = 10 mAdc, Veg = 10 Vde, 2N2218A 15 -
Ta = -55Cl1} 2N2219,A, 2N2222.A 35 -
{ic = 150 mAde, Veg = 10 Vdcel(1) 2N2218A 40 120
2N2219,A, 2N2222 A 100 300

MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES .
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ECE 3274 LAB Specification Sheet

EE 3274 LAB Specification Sheet: 2N2222 BJT -44 .-
2N2218A/19/19A/22/22A
ELECTRICAL CHARACTERISTICS (continued) (TA = 25°C unless otherwise noted.|
Charscteristic Symbol Min Max Unit
{ic = 150 mAdc, Vg = 1.0 Vdeltl) 2N2218A 20 -
2N2219.A, 2N2222,A 50 -_
{ic = 500 mAdc, VCg = 10 Vdci1) 2N2218, 2N2222 30 =
2N2218A 25 -_
2N2219A, 2N2222A 40 =
Coll Emi / A ] VCE(sat} Vdc
(¢ = 150 mAdc, Ig = 15 mAdc) Non-A Suffix - 04
A-Suffix : 03
(ic = 600 mAdc, Ig = 50 mAdc} Non-A Suffix - 1.6
A-Suffix — 1.0
Base-Emitter Saturation Voltage(1} Vae(sat) Vdc
(ic = 150 mAdc, Ig = 15 mAdc} Non-A Suffix 0.6 13
A-Sutfix a6 1.2
(i = 600 mAdc. Ig = 50 mAdcl Non-A Suffix - 26
A-Suffix —_ 2.0
SMALL-SIGNAL CHARACTERISTICS
Currant Gain — Bandwidth Product(2) fr MHz
lic = 20 mAde, VCE = 20 Vde, f = 100 MHz)  All Typas, Except 250 -_
2N2219A, 2N2222A 300 —
Output Capacitance(3) Cobo - 8.0 pF
(Veg = 10 Vde, g = 0, { = 1.0 MHz)
Input Capacitance(3} . Cibo pf
(Vgg = 0.5Vdc, Ic = 0.f = 1.0 MHz} Non-A Suffix - 30
A-Sutfix - 25
input impedance . . hje kohms
(ic = 1.0 mAdc, VCE = 10 Vdc, f = 1.0 kHz)  2N2218A 1.0 s
2N2219A, 2N2222A 20 8.0
{1c = 10 mAdc, VCE = 10 Vdc, { = 1.0 kHz) 2N2218A 02 1.0
2N2219A, 2N2222A 0.25 1.25
Voltage Feedback Ratio heo X 10-4
(ic = 1.0 mAdc, VCg = 10Vdc. = 1.0kHI)  2N2218A - 5.0
2N2213A, 2N2222A -_— 8.0
{Ic = 10 mAdc, Vcg = 10 Vdc, f = 1.0 kHz) 2N2218A - 25
2N2219A, 2N2222A — 4.0
Smait-Signal Current Gain LY -
{Ic = 1.0 mAdc. VCg = 10Vdc, | = 1.0 kHz)  2N2218BA 30 150
2N2219A. 2N2222A 50 300
(tc = 10 mAdc, VCg = 10 Vdc, f = 1.0 kHz)  2N221BA S0 300
2N2219A. 2N2222A 75 375
Quiput Admittance hoe pmhos
fic = 1.0 mAdc, Vcg = 10 Vde. f = 1.0 kHz)  2N2218A 3.0 15
2N2219A, 2N2222A 5.0 s
(lc = 10 mAdc, VCg = 10 Vdc, | = 1.0 kHz) 2N2218A 10 100
2N2219A. 2N2222A 15 200
Collector Base Time Constant 'Ce - 150 ps
{lg = 20 mAdc, Vcg = 20Vde, { = 31.8 MHz)  A-Suffix
Naise Figure NF - 40 dB
{ic = 100 uAdc, VCg = 10 Vdc,
Rg = 1.0 kohm, { = 1.0 kiHz) 2N2222A
Real Part of Common-Emitter Rathje} = 60 Ghms
High Frequency Input impedance
{Ic = 20 mAdc, VCg = 20 Vdc, { = 300 MHz)  2N2218A, 2N2219A
- 2N2222A

{1} Pulse Test: Puise Width < 300 us, Outy Cycle < 2.0%.
(2) ty is defined as the frequency at which [hye| extrapolates to unity.
(3) 2N5581 end 2NS582 are Listed C¢py and Cgp for these conditions and values.

MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES
Revised: Spring 1993
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Specification Sheet: 2N2222 BJT

-45-

2N2218A/19/19A722722A
ELECTRICAL CHARACTERISTICS {continued) (TA = 25°C unless otherwise noted.)
Characteristic l Symbol I Min I Max @
SWITCHING CHARACTERISTICS
Oeley Time Ve = 30 Vde, Vagiomn = ~0.5 Vac, 9 - 10 ns
R lc-lsﬂmm'n‘-lfbﬂ\“d - 26 ns
ise Time 121 t
Storege Time (Vee = 30 Vde, i = 150 mAdc, 1g - 228 ns
T igy = 1g2 = 1S mAde) - 60 ns
- (Figure 13) .
Activa Ragion Time Constant Ta - 28 ns
(Ic = 150 mAdc, Vog = 30 Vdc) (See Figure 11 for 2N2218A, 2N2213A,
2N2221A, 2822224}
FIGURE 1 — NORMALIZED OC CURRENT GAIN
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1C. COLLECTON CURRENT (ma)
FIGURE 2 - COLLECTOR CHARACTERISTICS IN SATURATION REGION
10
l This graph shows the eftect of base current oa callector curcent e
3 0 ‘\ 1, 8¢ (curreat gan at the edge ot satucalion) 13 the Current g0 of the
§ J teansisior at | voit, and f1, {torced gain) s the ratio of I /1. i a circunt
E EXAMPLE: For type 2N2219. estumate a base current (%) to nsyre
| T \ 3aluralion at a temperatuce of 25°C and a collector Current of
g o \ \\ e~ 00m 1SOmA.
g N i e s Observe that at I, = 150 mA an overdrve factor of atleast 2.5
= \ I 15 reqy 10drive the t well into the tegion. From
% 0(—1| b Figure L. it s seenthath, @ 1 volt 13 appeoximately 0.62 of b, @ 10
& . 150w volts. Using the guaranteed minimum gain of 100 @ 150 mA and
= B 10V, e = 62 and substituting values in the averdrive equation,
E we lind:
P
3 02
& e P
[~ | % _h.@1l.0v 2552 30
L =TI 3= 15071, TGl
A 5
L} 10 k1) 39 40 50

Bolfls, OVERORIVE fACTOR
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EE 3274 LAB Specification Sheet: 2N2222 BIT - 46 -
'
2N2218ANSN9AI22122A
FIGURE 3 - “ON" VOLTAGES FIGURE & — TEMPERATURE COEFFICIENTS
" T T s
.- L : "I [
B e s sl LA
I | T ol B
- 1 / - A
2 ‘e It z HH-HH-eve tor Vegti >
] 5 1t [ 8 o $ = B rall
Z o H Vagua #ichg < 10 ] 2 )
\(’ 1L Ll - San 3 pet
‘é' asPH Vagevee- 10V £ el 2
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b T 1T L ovg tor vae) 1}
a2 Ve =z s i \
VCEimu) @ icAg « 10 & l
] 1 1T T30 -4 .
os 14 28 sa 10 20 ¢ 00 200 $00 as 10 20 sa W X ¢ 10 200 $00
1C. COLLECTOR CURRENT tmAl 1C.COLLECTOR CURRENT bma}
h PARAMETERS
VCE = 10 Vdc. { = 1.0kHz, Ty = 25°C
This group of graphs i the L hye and other “h™ parematers
foe this series of transistors. To obtan thete Curves, a high-gain and & lowgain unit were
selected snd the same units ware used to develop the i d Curves
on each graph.
FAGURE § — INPUT IMPEDANCE FIGURE 6 — VOLTAGE FEEOBACK RATIO
b T 4
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FIGURE 7 — CURRENT GAIN FIGURE 8§ — OUTPUT AOMITTANCE
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EE 3274 LAB Specification Sheet: 2N2222 BJT -47 -
2N2218A/19/19A/22/22A
SWITCHING TIME CHARACTERISTICS
FIGURE 9 — TURN-ON TIME FIGURE 10 — CHARGE DATA
. B === S e '
N ] “h l l swob=F T, =25 o
N c@sevi N L= 5% T e~ ;
lﬂ\ '/ N Ilu . “1 : : - ivT;. “i mim?m . T
11 Vo = BV :: = ”
NN N UMLESS NOTED 1000 Z§=0T, TOTAL CONTAGL.
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i MR g” i S iian QAN TYPeE—| %
= 1IN NEIN mpETa] I 4
b - ATTINN N Yoe =WV R T
2 b U \\\:\ 2 . n__ZAﬁwuea =t= S
N _\.\1 B% . ._.........}mm._mm
N = ot 1
B ™ LU 0
W 58 0 0 ¥ % 100 200 30 W S019 W N % %0 0 20 30
Ic. COLLECTOR CURRENT imit : COLLECTOR CURRENT (akd
FIGURE 11 — TURN-OFF BEHAVIOR
e A N
b - \\ i q tefly = 10 BanX
E N TR wh-n E N : S
§ 100 ~ ~ . = oot % et \‘\ = 2 tcllgy = 207 -
in S N gm 3
AN - - W
§ % < St 3 AN
g " keiw=10 N/ Ny g w10 N |« ~
= 11 L AN P 11 N ™
= || N d 11 —
LOW GAIN T’Y’E’S Ioed e HIGH GAIN TYPES
T e l 1,25
10 | .| 10 [
10 "] %10 100 700 300 10 " » 9 10 100 70 30
1c. COLLECTOR CURRNT tewkd 1. COLLECTOR CURRENT ImA)
AGURE 12 — DELAY AND RISE TIME FGURE 13 — STORAGE TIME AND FALL
EQUIVALENT TEST CIRCUIT TIME EQUIVALENT TEST CIRCUIT
g:utwan RISEVIMES 20m DUTY CYCLE - 20 v
OUTY CYCLE « 20% 2,0 ~ 100
<50m 200
200 62V
IYY"; (1)
IL o
S v - 0SCILLOSCOPE scare
LR e
e TE< 500 ~soo.u—‘l I" ) Nkt Tl

RISE TIME < $.00¢
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Specification Sheet: 2N7000 MOSFET

MAXIMUM RATINGS

2N7000*

CASE 29-04, STYLE 22

Rating Symbol Value

T0-92 (TO-226AA)

Draln-Source Voltage Voss

Vdc

Drain-Gae Voltage

@Rgs = 1M01

vVoGga

Vdc

3 Dran

Gate-Sourca Voitage

8

vGs

Vdc

Drain Cutrent
cundm;pu o
Pulsed oM

2
1 Core Gate

Total Powsr Dissipation @ Tc = 25°C
Derate sbave 25°C

3313

mwW
mwWrC

M ' Source

Qpaciting end Storage
Tempersture Range

TiTsg | -5510 +150

<

TMOS FET

manmn.cummsms’

TRANSISTOR

Thermal Re 10 Ambi Raga

N-CHANNEL — ENHANCEMENT

- 3125
Maximum Lead Temparature for 300
Soldering Purposes, /16" from case
far 10 seconds

T

*This is 8 Motaorola

designated preferred device.

ELECTRICAL CHARACTERISTICS (T¢ = 25°C unless otherwise noted.)

l Characteristic

[ symbot | min | unit |

OFF CHARACTERISTICS

Drain-Source Breskdown Voltage
VGS = 0. Ip ~ 10 wAY

V(BRIDSS

Zaro Gste Voitage Orsin Current
(Vps = 48V.Vgs = 0)
{Vps = 48V, VGg = 0, T = 125%C)

‘oss
1.0
1.0

Gate-Body Laakage Current, Forward
(VGSF =15 Vde, Vps = 0)

HEH

IGSSF -0

ON CHARACTERISTICS*

Gats Threshold Voltage
(Vps = Vgs. Ip = 1.0 mA}

08 30 Vdc

VGSith)

Static Drain-Source On-Resistance
(VGs = 10 Vdc, ip = 0.5 Adc)
(VGs = 4.5V, Ip = 7S mA)

‘OSion) Ohm
so

6.0

Drain-Saurce On-Voltage
(Vgs = 10V, 1 = 0.5 Adc)
(VGs = 45V, Ip = 75 mA)

VOStont A Vvde
2

0.45

On-State Drain Current
{VGs = 45V.Vps = 10V}

\dion} mA

Forward Transconductance
(Vpg = 10V.Ip = 200 ma)}

Ofs umhos

DYNAMIC CHARACTERISTICS

Input Capacitance

(Vps = 25V.VGs = 0

Qutput Capacitance { = 1.0 MH2)

Reverse Transfer Capacitance

Ciss of

Coss

Crss

SWITCHING CHARACTERISTICS*

Turn-On Delay Time
Tusn-Off Delay Time

(Vpp = 15V, ip = S00 mA
Rgen = 25 ohms, R = 25 ohms)

lon LH

totf

(1) Puise Test: Puise Width < 300 us, Duty Cycle < 2.0%.

MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES

Revised: Spring 1993

Revised: Spring 1993: Fall 2003
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2N7000

1
N | 1 [V
1peTa= I Vog = 1OV -/l /
y uohdoll . yoVALS:
" v
s 2 e 2 § o /. A
A [1] € 7Y
: - H /4
[T} §// 1/ O 04
g as i ne §
éu - SV 802
V] — avd
IV / |
18 0 0 1 3 ¢
¢ ! sz;mc;ow:mt:umm v V@MMWU&MM’SI
Figure 1. Otwnic Region Fgure 2. Transfer Characteristics
u 2
g 2 11 2w ! I
§ o % 1" =N Vos = VG5 _|
11 = 0mA g ~ ip=1mA
E u - g 105 =
g pd g 1
H 3 o
P34 3 095 -~
2 L - 3 1} I~
> ~J
2 = g ass — =
g u ] E o8
§ [1]= é (1]
S > 07
-6 -0 + 20 ) <100 PR -6 ) ¥ -6 - 100 v 10
T, TEMPERATURE (°C) T, TEMPERATURE °C)
Figure 3. Temparsture versus Static Drain-Source Figure 4. Temperature versus Gate Threshold Voltage
On-Resistance

MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES
Revised: Spring,3993

Revised: Spring 1993: Fall 2003 S-11
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Specification Sheet: 2N5951 JFET

EE 3274 LAB

ECE 3274 LAB

National N-Channel JFETs
Semiconductor
o RF, VHF, UHF Amplifiers
o NF
BVass | lass vP loss Rel¥pal Re(Yoa) Cias Cras -

._._«no M..«-.u melg | mA)avoa | MeVes 1o (mA) @ Vps (mmho) @ Freq. | (xmho)@ f| (pF)@ Vps Vas | (PF1@Vos Vas am;monshx g ioager ﬂ__n%.
- Min (A)] Max (V) [Min Max (V) (nA)] Min  Max (V) | Min  (MHz) [Max (MHz) Max (V) (V) [Max (M) (V)| .. (MH2) ) )
—»- | 2N3819 |TO-92] 25 1 2 15 | 8 15 2| 2 20 1S 1.6 °100 8 15 0 4 15 0 so |94
ZNI825 | T |08 20 B 15 05] 4 3] 5 37 200 | 200 200 | & 0 ] ] [} Z5 00 25
2N4223 [TO-72] 30 10 025 20 {01 8 15025 3 18 15 2.7 200 {200 200{ 6 15 0 2 15 0 5 200 so |25
2N4224 |TO-72] 30 10 | 05 20 [0 8 15 05| 2 20 1S 1.7 200 (200 200 6 15 0 2 15 0 s0 |25
2N4416 JTO-72| 30 1 | 01 20 6 15 1] § 15 15 4 400 [100 400 | 4 15 o0 | o8 15 o 4 400 50 |2s
2N441BAITO-72] 35 1 [ 01 20 |25 8 15 1] S 15 15 4 400 | 100 400 4 15 0 |08 15 O 4 400 50 |25
2NSo78 [TO-72{ 30 1 Jo2s 20 Jos 8 15 4 25 15 4 200 {150 200| 6 15 0 2 15 0 3 200 so |25
2Ns248 |TO92| 30 9 1 20 [1 6 15 10| 5 15 15 ] 400 | 100 400| 45 15 0 1 15 o0 4 400 %0 |97
2N5248 [TO-92] 30 ¢ 1 20 |os 4 15 10] 1.5 7 15 25 400 | 100 400| 45 15 0 1 15 0 90 Ko7
2N5247 jTO-02] 30 1 1 20 [1.5 8 15 10| 8 24 1S 4 400 |150 400| 45 15 0 1 15 0 90 &o97
2Ns248 [TO-92] 30 1 5 20 |1 B 15 10 4 20 15 3 200 {200 200| 6 15 0 2 15 o0 50 4
Silansasr Jto72l 25 1 | o1 15 |1 6 10 1| 10 30 10 55 450 [200 450 5 10 1omAl 1.2 10 10mA| as 450 %0 .£29
2N5398 [TO-72 25 1 J ot 15 j1v & 10 1] 5 40 10 5.0 450 {400 450[ 55 10 o0 | 13 t0 O 3.2 450 20 9
2Ns484 |TO-92] 25 1 1 20 [03 3 15 10| 1 5 15 25 100 | 75 100] S 15 0 1 15 0 3 100 50 Wo2
2Ns485 |TO-92[ 25 1 1 20 |1 4 15 10] 4 10 15 3 400 | 100 400| 5 15 0 1 15 0 4 400 50 3592
25 1 20 (2 6 15 10] 8 20 1S 35 400 [ 100 400 5 15 0 1 15 0 4 400 50 @92
2 15 |62 4 14 10] 1 s 15 1 100 | 50 10| 7 15 o 3 15 0 25 100 50 a2
2 15 |1 6 15 10] 4 10 15 16 100 | 100 100| 7 15 0 3 15 0 25 100 50 ;92
2 1s [2 & 15 10{ 8 20 15 25 100 | 150 00| 7 15 0 3 15 0 25 100 so |92
1 15 |3 7 151000 12 18 15 30 100 |75 100] 8 15 0 2 15 0 5 100 50 |97
1 15125 6 .15 100} 10 15 15 a0 100 75 100 8 15 [+] 2 18 o] 5 100 50 97
1 15 ]2 5 15 100] 7 1315 3.0 100 |75 100] 8 15 0 2 15 0 5 100 s0 |97
1 15 |13 35 15 100] 4 ) 15 7.0 00 | 75 100 | 6 50 H 5 0 3 700 50 |97 |
1 15 Jos 3 15100 25 5 15 1.0 100 | 50 100] 6 15 0 2 15 0 5 100 50. |97
05 15 |1 6 10 1] 6 30 10 45 0001 [200 0001] 55 10 S5mA{ 1.7 10 5mA 9% |92
ot 20}2 6 15 1| 5 15 15 4.2 400 |80 100 50 |92
01 20 [05 3 15 1| 1 8 15 | 130 400 |80 100 s0 |92
1 15|t 6510 1] 12 6 10 8 0001 | 200 0001] 726 ©0 -10{ 25 O -10 92 |92
1 15 |1 4010 1| 12 30 10 10 0001 [200 0001] 7.6 o0 -0 25 O -10 92 |oe2
1 15 |2 6510 1] 24 60 10 8 0001 |200 0001l 75 o -10] 25 o -10 92 |92
sJjoisisuel] 134p

S-12
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-51-

DESCRIPTION

(8as1)

Gate is also backside contact

Electrical Characteristics 1, = 25¢)

T/G/10038 -1

Process 50
N-Channel JFET

Process 50 is designed primarily for RF ampiitier and mixer
applications:. it. will operate up (0 450 MHz with: low: noise
figure and good power gain. These devices offer outstand-
ing performance at VHF aircraft and communications fre-
quencies. Thelr major advantage is low crossmodulation
wmmmmmmmemgoodpow«m
The device is aiso a good choice for analog swilching where
o low capacitance is very important.

Symbol Parameter Conditions Min Typ .|  Max Units
BVgss Gate-Source Breakdown Vos = OV,ig = —1pA - - T
Voltage
Ipss Zero Gate Voitage Vps = 15V, Vgg = OV
Drain Cusrent 1.0 10 20 mA
Ots Forward Transconductance Vps = 15V, Vgg = OV 3.0 55 70 mmhos
Ots Forward Transconductance VoG = 15V, ip = 200 A 1.1 mmhos
Igss Reverse Gate Leakage Vgs = —20V, Vpg = OV ~50 -100 pA
TDS(ON) ON Resistance Vps = 100 mV, Vgg = OV 100 175 500
Vas(orFr) Pinch Off Yoltage, Vps = 1SV, Ilp = 1 nA -0.7 -35 -6.0 v
Fos Qutput Conductance VpG = 15V,lp = 1TmA.{ = 1 kHz - 10 pmhos
Crss Feedback Capacitance Voc = 15V, Vgs = OV 0.7 0.9 pF
Ciss input Capacitance Vps = 15V, Vgg = OV 3.5 4.0 pF
o Noisa Vollage VoG = 15V, lp = 1 mA.{ = 100 Hz 8.0 av/ Az
NF Noise Figure Vog = 15V, ig = SmA,
Rg = 1k, ! = 400 MHz L i a8
Gps Power Gain Vog = 15V, Ip = SmA, | = 400 MHz 12 d8
Revised: Sptit 1993
Revised: Spring 1993: Fall 2003 S-13
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EE 3274 LAB Specification Sheet: 2N5951 JFET -52-
F )
(-3
2 Process 50
§ _
a | Thisp is avallable in the foliowing device types. *O p d parts.

TO-72 (NS Package 29) TO-92 (NS Package 92) TO-92 (NS Package 94) TO-92 (NS Package 97)
2N3823 *2NS484 —» 2N3819 2N5949
2Na3966 *2NS485 2NS5248 2N5950
2N4223 *2N5486 BF244A —» 2N5051
2N4224 ' 2N5555 BF2448 2N5952

*2N4416 2N5668 BF244C 2N5853

*2N4416A 2NS669 TISS8 BF245A
2Ns078  * 2NS670 TS50 BF2458-
2N5103 *J304 BF245C
2N5104 *J305 BF25BA
2N5105 PN4223 BF2568
2N5556 PN4224 BF256C
2N5557 *PN4416
2NS558 PN5163

MPF102
MPF106
MPF107
MPF110
MPF111

T0-236/SOT23 (NS Package 48/49)

MMBFJ304

MMBFJ305

MMBF4416

MMBF5484

MMBFS5485

MMBF5486 TO-92 (92, 94, 96, 97, 98)

[ N
T FET
1 < G
2 8 $ 0 173-8 188 8 4739 %63
3 13 o {4 s-a 6 14 4484 100
L‘ | i B Zu
- s I I
v | rev u;v:: ! I (. i 7
' 8 ] | ! “ 1°u0m
2 |c| a L O e}
s lef o i in wom
i o
o ve) | IIL_ P YT R | B LT,
T FET s 10 3560 A8 10 3603-4 3930
1 [ G ;_I.E:..I—;l.'l ﬂ tE . ons-0.108
2 € o 242 6N
t L = 0 5430035
0% (% L) 11‘_":‘7"
Lon Joor fr] <—T T
v{eer| t s |
1 [€] O 8 "
218l s € \4', $133-0 148
3 jc]l G c : el St nan-180
TL/G/ 1032614
*Lesdiormed 16 TO- 18 CoNRQuIaion pnor 10 bulk shipment. For n-ine keads, order 0pbon L2,
Oran-Sowoe interchangeable on most JFET Devces.

Revised: Spring 1493

Revised: Spring 1993: Fall 2003
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o ~ DRAIN CUARENT (mA)

o - TRANSCOROUCTARCE [mubon)

108 - DRAIN "ON" RESISTANCE Gir)

2 ]

Process 50
’ Channel Resistance vs
Transter Characteristics Temperature Leakage Current vs Voitage
[T vaw U = B in
Vesarn + AV} ERL R Dnimey-» - H
BN H 1V, - g .
N Voo olC = = /',“ - =
Tas e i [ i
Tae-W€ z S ER
Ty ome ER - o
Ui H - S
A L}
{ - ] s :: g :u-v j
. 10 <o
T TR T R VT Ty S B n s
Vos - GATE-SUACE VOLTAGE (V) Ta ~ AMBIENT TEMPERATURE ( () Vg - ORALN.GATE VALIAGE (V)
Transconductance Common Drain-Source Output Conductance vs
Characteristics Characteristics Drain Current
™ “ 10
- "C . Ta®
ICANERC CY i
/ )
“ ——t s
i Ry sOLe g
P = /Y P 74 I w
g V2P St ]
N 3 /¥4 ; A7 avt g
N 2 e b 5 3 -
\ i o g
' 1 34V »
» 14 - T °
- '
N ———
, T :
-18 =14 I8 <44 - L] (5} “ s . 19 mn " AL "
Ves - SATESOURCE VOLTAGE (V) Vog - ORAIN-SOURCT VOLTAGE (V) to  ORAIN CURRENT (mat
Transconductance vs Drain Nolse Voitage vs
Parameter interactions Current Frequency
108 1008
. © Voq « 189, Voq = $ PULSED. - -
bt S Py r i 0 Ve
Vonoss, @ Vog = 18V, 1g = 18ad “ ..l‘ H ]
P~ i = ]
* K3
R w g2 % g
2 2 §
S His E2 g 2
A == < a
7 1 T It = *
L I l ! S Voo = 13V B
! " o188
St - - S [T 7 W
Vamoss. - GATECUTOFF VOLTAGE (V) fg - ORAIN CURRENT (mat +- FREQUENCY (hnap
Capacltance vs Voitage Nolse Figure Frequency
(1]
SHTENTTTE e vea s 1sv I T
< T [lostoma Tk
3 1 = BFage1am
Fl T S lneme ]
3 €, (Vs » 10V ¥
= IR
T H
2 Co {Vou * 0 E
J —1 e U
2 o .
J o —H
(X} . |
. 44 44 -7 -6 -3 " n ® 100 M 18 1000
Veq = CATESGUACE VOLTAGE (V) 1~ FREOUENCY (e
TUG/10035-2
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i [~
o
»
g Process 50
©| COMMON SOURCE COMMON GATE
a.
{nput Admittance " Input Admittance
Voo * VSV e 3 Voo * 18V
- o s * []
i :v.; ‘ ! :m
§ | : g R 1l
E -
! 1. § " o ot
g —_ 7~ E. p— 11
> E
1, | 1, ekl
" ~ “e 199 L] m “e 0
1= FREQUENCY [MMe) t = FREQUENCY iMNg)
Forward Transadmittance Forward Transadmittance
e "
. u . s ===
& - = = =g
; i A g i
2 ¥ -~ el -
H g S8 g
H E3
3 i — — st i
£5  Fraewy 2; - Vou <13V 1
L Voe " - 4 - Vo8
. :;, ' I ¢ <0
" " o . s
10¢ 00 500 1800 108 09 e (L]
1~ FREQUENCY {MuHr) ¢ = SREQUENCY (MMWg)
Qutput Admittance Qutput Admittance
1 1 1
i t i :
- 1 -
g =t 18] ! —— s.u[w/ e
3 : '~ H (N
g (1] E (1] 4
H : : £ ===
=. [ Voa * 18V ; e b~ Voo = 1OV 4
1 e 4 7 &t T
1 LI} , "
19 e ] 1000 100 ™~ e 1008
1~ FREQUERCY (MMs) = FREQUENCY (e}
Reverse Transadmittance Reverse Transadmittance
L E Voe - VIV b E Vou = 180¢ ==t
£ k- Voo * 8 = Vet 1
g Fen F F e 1
i1 i L
g3 ~ A -
- g2
A o EE P/ X
j; yamrinuns 7! i
I ™~ g 1
f | £ 7
X “w L
10¢ m o 1908 (L] 90 “e 1
1~ FREQUERCY Bariz) 1~ FREQUENCY DMne)
TL/G/10035 -3
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10
12
15
18
22
27
33
39
47
56
68
82
100
120
150
180
220
270
330
390
470
560
680

820

OtMS

OlMS

LHMS

OHMS

OHMS

OHMS

OHMS

ONMS

OHMS

OHMS

olMs

‘ouMs

OIS
OUIMS
OHMS
OHMS
OLIMS
OIS
OIS
OIS
OUMS
OtIMS
OHMS

OHMS

Specification Sheet

Standard Lab Passive Components

CARBON FILM } WATT RESISTORS

1K
1.2K
1.5K
1.8K
2.2K
2.7K
3.3K
3.9K
4.7K
5.6K
6.8K
8.2K
10K
12K
15K
18K
22K
27K
33K
39K
47K
56K
68K

82K

Revised: Spring 1993

Revised: Spring 1993: Fall 2003

OlMS

OlMS

OlIMS

OlMS

OHMS

OHMS

OHMS

OHMS

OHMS

oliMs

OlMS

OlMS

onMs

OHMS

OlMS

OHMS

oumMs

OlMS

OHMS

OHMS

OtiMS

OlIMS

OHMS

OlIMS

100K OHMS
120K OUMS
150K OHMS
180K OHMS
220K OHMS
- 270K OHMS
330K OHMS
390K OHMS
470K OHMS
560K OHMS
680K OHMS

820K OHMS

1 MEG. OHMS

-55-
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Standard Lab Passive Components

CERAMIC DISC CAPACITORAS

10
22
39
47
68
100
220
330

470

PF

PF

PF

PF

PF

PF

PF

PF

PF

.001 uF

.0047 uF

.01 uF
.022 uF
.047 uF

.1 uF

ELECTROLYTIC CAPACITORS

LY

1 uF
4.7 uF
10 _uF
47 uF
100 uF

220 uF

aadl Casiaa 10NN

Revised: Spring 1993: Fall 2003
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