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Objectives:

Build and Test a complex op amp circuit.

Materials Required:

Oscilloscope

Multisim

Dual power supply

Sine-wave generator

Digital multimeter

Two LM348N Op amps (Substitutes for Eight 741C op amps)
Three 0.01-uF disk capacitors

One 0.02-uF disk capacitor

One 0.05-uF disk capacitor

One 10 uF 50-V electrolytic capacitor

Two 1N4148 rectifier diodes (Substitutes for 1N4004 rectifier diodes)
One red LED

One green LED

Four 1-kQ resistors

One 4.7-kQ resistor

Eight 10-kQ resistors

Ultiboard

Inventor

PCB

Rotary Switch

8 Banana Jacks
PLA

Procedure:.

1.

2.

We first created circuit 1-1 as our complex op-amp circuit in which we could
troubleshoot.We then calculated the gain of A, and A, using the equation A=
-R/R,yand recorded them in table 1-1.
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We then applied a 400 mV sine wave at 1000 Hz at V.



3. We measured and recorded the signals at points B, C, and F in table 1-1. On the
basis of our measurements the gain of A, is still -10 when we measured and -10
when we measured A,. These are almost the same values as our calculations so
our calculations must be correct. We also measured V,, and points C and F to
see that there is phase inversion between V,y and points C and F by 180
degrees.

4. We then connected the scope to point D and varied the frequency until the signal
voltage was at 2.83V (0.707 * 4 volts) and we recorded this data in table 1-1. For
this filter which is a high pass, the frequency we measured is its minimum
frequency.

5. We then moved the scope to point G and varied the frequency until the signal
voltage was at 2.83V again and it illuminated the Green LED when we did step 4
which was a higher frequency at 2.25kHz and the Red LED on step 5 when the
frequency was lower at 1.1kHz.

6. We then observed the signals at points E and H while varying the sine-wave
frequency which showed that DC voltage is present. We also observed that as
the frequency gets higher the maximum amplitude of these waves gets lower.

7. We then moved the scope to point J and varied the sine-wave frequency. We
noticed that the output switches at 1.63 kHz for the multisim and 12 kHz for the
physical because the LED switched at this frequency.

8. We then moved the scope to point | and noticed that the wave is a normal sine
wave that has a peak-to-peak voltage of 2.6 Vp, is not exactly in phase with the
input due to the capacitors but it is not a full 180 out of phase and has a gain of
6.6, also the sine wave takes a very high frequency for clipping to start which
seemed to be around 50 kHz. The output sine wave can be seen in figure 1-1.
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Figure 1-1B

Table 1-1M Vin B C D E F G H I (Vou) J
Test Point
Waveform type ' | N 2
N | T Tt — T+t
Peak-peak or DC | 0.40 0.40 4.00 0.74 0.36 4.00 312 2.21 2.59 11.40
voltage (V)
Frequency, Hz X X X 2.25 Min | 2.35 Min X 1.10 Max 1.06 Max X 1.64
min or max, kHz Switch
Calculated Gain | X X -10 X X -10 X X X X
Measured Gain X X -10 X X -10 X X X X




Table 1-1B
Test Point

VIN

Waveform type

Peak-peak or 0.38 0.38 3.8 0.9 0.02 3.4 2 1 0.5 12
DC voltage (V)

Frequency, Hz | X X X 2, 2.4, X 1.3, 1, X 12
min or max min min max max

(kHz)

Calculated X X -10 X X -10 X X X X

Gain

Measured Gain | X X -10 X X -10 X X X X

9. We then made multiple faults/changes to our circuit and listed the measurement values in table 1-2. We did this for
every fault that is listed in table 1-2.




Table 1-2M | X Vin B C D E F G H I (Vouy J LEDs
Test Point
R, Open Wave ‘ \/\ E— | GREEN
‘ | N . v N
- ‘
(V) Veppc | 0.4 04 26.7 22.3 10.1 4.0 3.1 2.2 57 -11.4 2.1
R, short Wave ‘ | /\\ T | GREEN
circuited U& I\/
‘ | N I
(V) Vepnc | 0.4 04 4.0 0.7 0.5 0.0 0.0 0.0 0.7 -11.4 -2.1
C, Wave ‘ RED
short-circuite ‘—
d \ | N oo
(V) Veppe | 0.4 04 4.0 2.1 1.1 4.0 3.1 1.5 2.1 14 1.8
R, open Wave ‘ ‘ et L. RED
\ B ;7’5\ —
(V) Veppc | 0.4 04 4.0 -12.1 -9.6 4.0 3.1 1.5 2.5/ 14 1.8

12.0




Table 1-2M | X Vi B C D E F G H | Vouy | J LEDs
Test Point
D, Wave ‘ .~ | RED
short-circuite UA
d ————t
| | VAN Reoees
V) Veepc | 0.4 0.4 4.0 0.7 0.7 4.0 3.1 1.5 2.6 11.4 1.8
Rs=1kQ Wave ‘ i : : i . | RED
V) Veppc | 0.4 0.4 4.0 0.7 0.4 4.0 3.1 1.5 5.7 114 1.8
R,=1kQ Wave ‘ //‘\ V\ . | RED
) R
ga=t v lvas av, | —
V) Veppc | 0.4 0.4 4.0 0.7 0.4 4.0 3.1 1.5 0.4 114 1.8
R, open Wave ‘ x’/_\'x V\ . |RED
1 _
T T 1':" ‘ L B B ) |
| | \/ Y% Y g
(V) Veepc | 0.4 0.4 4.0 0.7 0.4 4.0 3.1 1.5 26.6 11.4 1.8




Table 1-2M | X Vin B C D E F G H | Vouw | J LEDs
Test Point
Wave . | RED
R, ‘ k/f\ V\ — Pv |
short-circuite
v | | Y . -
V) Veepc | 0.4 0.4 4.0 0.7 04 4.0 3.1 1.5 0.0 1.4 1.8
Rio Wave ‘ . |RED
short-circuite UQ{ —t
d
‘ ‘ Tt
(V) Vepepc | 0.4 0.4 4.0 0.7 04 4.0 3.5 1.75 |24 1.4 1.8
C, open Wave ‘ //‘\\ V\ . | RED
it LA
I I VAR Y, A=A —
S
V) Vepepc | 0.4 0.4 4.0 04 04 4.0 24 1.3 1.5 1.4 1.8
C, Wave GREEN
short-circuite ‘ . /_\\ . /_\\1 T e
d | | ARV
(V) Veppc | 0.4 04 4.0 04 04 4.0 0.0 0.0 0.8 -11.4 -2.1




Table 1-2B X Vi B C D E F G H I J LEDs
Test Point
R, Open Wave GREEN
(V) Veepc | 0.40 0.40 [26.0 |0.25 |10.0 |4.00 3.10 2.20 10 -12 -2
0 0
R, short-circuited Wave
(V) Veepc | 0.40 040 |3.8 (09 0.02 |0.0 0 0 0.4 -12 -2
C, short-circuited Wave
(V) Vepnc | 0.40 0.40 | 3.8 1.2 0.5 34 2 1 0.8 12 2
R,open Wave
(V) Veenc | 0.40 0.40 | 3.8 10 |10 3.4 2 1 10 6 2




Table 1-2B X Vi B C D E F G H I J LEDs
Test Point

D, short-circuited RED
V) 2 1 0.40 [3.80 |0.90 |0.90 |3.40 2.00 1.00 0.62 12.00 2
Rs=1kQ Wave

V) Veenc |0.40 0.40 |3.80 |0.90 |0.02 (34 2 1 0.76 12 2
R,=1kQ Wave

(V) VP—P/DC

R; open Wave

V) Veepc | 0.40 0.40 |3.8 |0.9 0.02 (34 2 1 0.01 12 2
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Table 1-2B X Vin B C D E F G H I J LEDs

Test Point

R; short-circuited Wave | RED

(V) Veepc |0.40 [0.40 |3.8 |09 0.02 |34 2 1 0.23 2

R, short-circuited Wave | RED
Vepepc |0.40 [0.40 |3.8 |09 0.02 |34 2.3 1.2 0.57 12 2

C; open Wave

V) Vepnc [0.40 1040 |3.8 (0.9 0.02 |34 1.5 0.75 2

C, short-circuited Wave GREEN

(V)

Ve.pipe

0.40

0.40

3.8

0.9

0.02

3.4

0.01

0.01

-12

-1.9
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Table 1-2B X Vi B C D E F G H I J LEDs
Test Point
R, Open Wave GREEN
(V) Veepc | 0.40 0.40 [26.0 |0.25 |10.0 |4.00 3.10 2.20 10 -12 -2
0 0
R, short-circuited Wave
(V) Veepc | 0.40 040 |3.8 (09 0.02 |0.0 0 0 0.4 -12 -2
C, short-circuited Wave
(V) Vepnc | 0.40 0.40 | 3.8 1.2 0.5 34 2 1 0.8 12 2
R,open Wave
(V) Veenc | 0.40 0.40 | 3.8 10 |10 3.4 2 1 10 6 2
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Table 1-2B X Vi B C D E F G H I J LEDs
Test Point

D, short-circuited Wave RED
(V) Verppe |1 0.40 |3.80 |0.90 |0.90 [3.40 2.00 1.00 0.62 12.00 2
Rs=1kQ Wave

V) Veepc | 0.40 0.40 |3.80 [0.90 |0.02 |34 2 1 0.76 12 2
R,=1kQ Wave

(V) Vepinc

R; open Wave

(V) Veppc |0.40 040 |3.8 (09 0.02 |34 2 1 0.01 12 2
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Table 1-2B X Vin B C D E F G H I J LEDs

Test Point

R; short-circuited Wave | RED

(V) Veepc |0.40 [0.40 |3.8 |09 0.02 |34 2 1 0.23 2

R, short-circuited Wave | RED
Vepepc |0.40 [0.40 |3.8 |09 0.02 |34 2.3 1.2 0.57 12 2

C; open Wave

V) Vepnc [0.40 1040 |3.8 (0.9 0.02 |34 1.5 0.75 2

C, short-circuited Wave GREEN

(V)

Ve.pipe

0.40

0.40

3.8

0.9

0.02

3.4

0.01

0.01

-12

-1.9
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10.We then created a table to show the obvious indicators for each troubleshoot

when compared to our normal set of readings which can be shown in table 1-3.

Table 1-3
Faults

Indicator

R, open

as the output

Ry short-circuited

0 volts are shown on points F, G, and
H

C, short-circuited

Point D being way higher than its
normal 0.7 volts at about ~2.1 volts

R,open

Points D and E becoming negative DC
voltage

D, short-circuited

Point E being a sine wave at ~0.7 volts

Rs=1kQ The output being a way higher voltage
at ~5.7 volts

R;,=1kQ The output being a way lower voltage
at ~0.4 volts

R; open The output being a square wave with

a huge increase of voltage at ~26.6
volts

R, short-circuited

The output being 0 volts

R0 short-circuited

Points G and H being a little higher
voltage at ~3.5 volts for point G and
~1.75 volts for point H

C; open

Points G and H being a lower voltage
at ~2.4 volts for point G and ~1.3 volts
for points H

C, short-circuited

Points G and H have no voltage
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11. After this we had an assistant introduce a problem into the circuit and one of us had to troubleshoot and fix the
problem which can be shown for each group member in table 1-4.

Henry:
Table 1-4H VN B C D E F G H | J LEDs
Test Point
Waveform .. | RED
| | A aNE AR AN E
| | T A P [P | — | |
Verppe 04 04 4.0 0.7 0.7 4.0 3.1 1.5 2.6 1.4 1.8

Trouble: | first checked which LED was on and saw that the red LED was on so | knew it had to be a fault on the chart that
involved red LEDs. | then checked each point and everything seemed fine up until point E. At point E | saw that the
waveform was a sine wave instead of the normal DC wave created by the diode in this circuit. With this information | knew
that D, had to be short-circuited.

Table 1-4C Vin B C D E F G H | J LEDs

Test Point

Wave ‘ ‘ RED
|| U - S 7&@

Veppc 0.4 04 4.0 2.1 1.1 4.0 3.1 1.5 2.1 11.4 1.8

Trouble: | first checked the LED and saw that it was RED so it couldn't be a fault that had the light turn green. | then went
through testing all the points for discrepancies and once | measured point D | saw that it was a lot higher than it was
supposed to be. Based on the chart and data for the fault | knew that it had to be C, short circuiting due to the big
increase in voltage for point D when compared to the working circuit values.
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Jason:
Table 1-4J Vin B C D E F G H J LEDs
Test Point
Wave ‘ ‘ . |RED
| T | -\ I s
Verinc 0.4 0.4 4.0 0.7 0.4 4.0 3.1 1.5 0.0 11.4 1.8
Trouble: | activated the circuit and first observed that the red LED was on, meaning that the bottom had a greater voltage
after the filter than the top. | then connected the oscilloscope to the output and got 0 volts, which meant that R; had to be
shorted because that is the only listed fault that could cause the output to be 0 volts.
Sidney:
Table 1-4S Vin B C D E F G H I J LEDs
Test Point
Waveform : ===t p——— GREEN
)rl I
b i e e i
Vepioc 0.4 0.4 26.7 22.3 10.1 4.0 3.1 2.2 5.7 -11.4 -2.1

Trouble: Turned on circuit and identified that the Green LED was turned on. With this information | went to the Lab charts

and located point C as both Vin and point B don’t get changed with the Green LED on. When point C was checked, the
wave on the oscilloscope had cut off matching the pictures for R2 open. To finalize, | checked R2 for faults and it was

open.
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Aiden:
Table 1-4A VN B C D E F G H J LEDs
Test Point
Wave i i —— . | RED
Ve 04 04 4.0 0.7 04 4.0 3.5 1.75 24 11.4 1.8

Trouble: | first measured the input waveform and saw that the wave amplitude matched what it should. | then measured

the points B through F and saw that they matched the wave forms they were supposed to match. But when | got to point
G, the waveform had a higher amplitude than expected. | then measured point H and noticed that the amplitude was
larger than expected as well. | then realized that R,, was shorted because without that resistance the amplitude of the

waves would increase.

12. After we measured all of this data for the breadboard and multisim we started to create our ultiboard and enclosure

for our physical troubleshooting box.
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Ultiboard:

1. We had to create a circuit that was the complex op amp circuit we measured, but
also to have multiple switches where we could create a fault and the ultiboard for
our final circuit that we created can be shown in figure 1-2 where the blue
represents the copper top and the purple represents the copper bottom and this
circuit has the dimensions 4" x 3".

2. We then printed the circuit and the top can be shown in figure 1-3 and the bottom
can be shown in figure 1-4.

Figure 1-3 -
. -

oll® Figure 1-4 ' -9

B

3. The ultiboard file where it can be downloaded and where each part is listed in
each place can be used with this link:
https://drive. le.com/fil 1Sxwphx_LRRqJ1yRWuyWpFCOMeOHhCPbb/vi

w?usp=sharing



https://drive.google.com/file/d/1Sxwphx_LRRqJ1yRWuyWpFC0MeOHhCPbb/view?usp=sharing
https://drive.google.com/file/d/1Sxwphx_LRRqJ1yRWuyWpFC0MeOHhCPbb/view?usp=sharing
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Enclosure:

1.

Figure 1-5

To have a circuit where one person could create a fault while the other couldn’t
see, we had to create a box like design that was 4.125"x 4.125"x 2" where one
side was where the person could change the faults and the other side had the
test points where the other person could test to see where the fault is.

We decided to use a hinge to have the instructions on each of the changing
faults so it could obscure the person trying to troubleshoot while the person that
was making the fault could easily open the box, read the instructions, and
change the circuit to a certain fault.

We also had the side with the faults have all the power inputs and signal
generator so the person on the other side only had to worry about the test points
and LED outputs when troubleshooting. The side of the box with the inputs and
where one person would create a fault can be shown in figure 1-5 while the other
side with just the test points can be shown in figure 1-6.

Figure 1-6
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4. We had to measure each of the holes so that it fit the same dimensions as our
banana jacks, rotary switch, and LEDs. Each Banana jack had a diameter of
0.295", the LEDs had a diameter of 0.2", and the rotary switch had a diameter of
0.35".

5. We then had to create three pegs to be able to hold our printed circuit board that
has the dimensions 4” x 3" and they had a diameter of 0.2" and a height of 0.4",
the top of the box with the pegs shown can be seen in figure 1-7.

6. We then created a 4.125”’x 4.125"x 0.175" lid for the box that had the hinge so
the box could easily open and close to access the circuit. This can be shown in
figure 1-8.
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7. Once we had both the lid and the box ready we were ready to print it and figure
1-9 can show what the final product looks like with the lid on the box and figure
1-10 shows the box with the lid open.

Figure 1-9
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Final Product:
1. We first took the circuit and ultiboard from above and created this table for
activating each fault we installed which is table 1-5.

2. We then printed this table out and taped it to the inside lid of the enclosure.
3.

Table 1-5 Activation (switches from left
Fault to right)
R, open Turn off first switch

Ry short-circuited

Turn on second switch

C, short-circuited

Turn on third switch

R,open

Turn off fourth switch

D, short-circuited

Turn on fifth switch

Rs=1kQ Turn on sixth switch
R,=1kQ Turn on seventh switch
R; open Turn off eighth switch

R; short-circuited

Turn on ninth switch

R, short-circuited

Turn on tenth switch

C; open

Turn off eleventh switch

C, short-circuited

Turn on twelfth switch

In the meantime, other groupmates began to solder together the final PCB board
and once they did that we measured our final product fault data in table 1-6. The
test side of the final product can be shown in figure 1-11 and the fault side can be

shown in figure 1-12.

Elgura 1-11

-

Figure 1-12
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Table 1-6 X Vin B C D E F G H J LEDs
Test Point

R, Open Wave GREEN
(V) Ve.pine 0.028
Rq short-circuited Wave GREEN
(V) Verpnc 0.028
C, short-circuited Wave ' GREEN
V) Vepnc | 0.4 04 0.400 0.400 0.008 0.380 0.360 0.007 0.400 0.015 1 0.028
R,open Wave GREEN
(V) Vepoc | 0.4 04 0.400 0.400 0.010 0.312 1.300 0.080 0.525 0.010 | 0.028
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Table 1-6 X Vin C D E F G H J LEDs
Test Point

D, short-circuited Wave GREEN
V) Veppc | 0.4 0.400 0.400 0.010 0.312 1.300 0.080 0.525 0.010 [ 0.028
Rs=1kQ Wave GREEN
V) Vepnc | 0.4 0.400 0.400 0.312 1.300 0.080 0.525 0.010 [ 0.028
R,=1kQ Wave GREEN
(V) Vepoc | 0.4 0.400 0.400 0.010 0.312 1.300 0.080 0.525 0.010 | 0.028
R; open Wave GREEN
V) Veppc | 0.4 0.400 0.400 0.010 0.312 1.300 0.080 0.525 0.010 [ 0.028
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Table 1-6 X Vin B C D E F G H J LEDs
Test Point
R, short-circuited Wave GREEN
(V) Veppc | 0.4 04 0.400 0.400 0.010 0.312 1.300 0.080 0.525 0.010 | 0.028
R/, short-circuited Wave GREEN
Vepnc | 0.4 04 0.400 0.400 0.312 1.300 0.080 0.525 0.010 [ 0.028
C; open Wave GREEN
(V) Vepoc | 0.4 04 0.400 0.400 0.010 0.312 1.300 0.080 0.525 0.010 [ 0.028
C, short-circuited Wave GREEN
V) Veppc | 0.4 04 0.400 0.400 0.010 0.312 1.300 0.080 0.525 0.010 | 0.028
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Discussion:

Problem: Our 3D printed enclosure didn’t quite fit together right off the printer
Troubleshooting: We thought about how to fix this problem and what could have
caused the issue in the first place

Solution: We realized that our issue was due to the fact that we didn’t include tolerance
in our measurements and sanded our parts down until they fit

Problem: The holes on our PCB were too small for some components to fit through
Troubleshooting: We thought about ways to fix this without needing to reprint our
board

Solution: We got a drill bit and widened every hole before trying to solder the
component in.

Conclusion

We built and tested a complex op amp circuit throughout the lab when we printed our
own PCB and soldered the components to it. We had to make modifications from the
original circuit to account for the faults we needed to install and add in rows of switches
to control which faults are active at what times. We then tested this completed circuit in
table 1-6 where we recorded waveforms and voltage readings at various test points.
Unfortunately, our circuit did not work as expected and our data of our final project was
very different from our protoboard.
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Datasheet:
LM348:
LM148, LM248, LM348
QUADRUPLE OPERATIONAL AMPLIFIERS
SLOS0SSE - DCTOBER 1675 - REVISED DECEMBER 2002
® uAT41 Operating Characteristics L“;:;ul .[.:.JRP:E:;.EEGE
® Low Supply-Current Drain . . . 0.6 ma Typ LM345 .. . D, N, OR NS PACKAGE
(per amplifier) [TOF VIEW)
* Low Input Offsat Voltage 10UT[] 4 U 14l 40UT
& Low Input Offset Current 1IN-[] 2 1a]] 4IN—
® Class AB Output Stage 1IN+[] 3 12[] 4IN+
# [nput/Output Overload Protection Ve[l 4 1] Vee-
Z2IN+[] 5 0[] 3N+
® Designed to Be Interchangeable With 2N 3
Industry Standard LM148, LM248, and . 3 SlN=
LM348 20UT[] 7 al] 3oUT

description/ordering information

The LM148, LM248, and LM348 are guadruple,
independent, high-gain, internally compensated
operational amplifiers designed to have operating
characteristics similar to the pAT41. These
amplifiers exhibit low supply-current drain and
input bias and offset currents that are much less
than those of the WAT41.

1IN+
NC
Vieos
NC
2N+

LM148 . .. FK PACKAGE
(TOP VIEW)

1IM-

4IN+
NC
Viee-
NC
3IN+

NC — No internal conneclion

ORDERING INFORMATION

Vigmax ORDERABLE TOP-SIDE
Ta AT 25°C paCKAGEY PART NUMBER | MARKING
PDIP (M) Tube of 25 LM348H LM34BN
. o Tube of 50 LM348D
et 7o B IC ) Resl ol 2500 | LM3480R Laam
S0P [NS) Reel ol 2000 | LM348NSR L343
POIP (M) Tube of 25 LM248H LMZ4BN
-25°C 1o BS°C £ my Tube of 50 LM248D
0IC (D) Ly48
Reel ol 2500 | LM248DR
CODIF {J) Tube of 25 LM148) LM148J
55T 1 125°0 5 my
LCCC (FK) Tube of 50 LK 148FK LMA14AFK

T Package drawings, standan packing guanlites, thenmal data, symbolzion, and PCE design guidelines are

availlable 8l wase i com/sc/package.
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MIN  MAX | UNIT
Supply valtage, Visg, 4 18 W
Supply vaoltage, Voo— —4 —1i8 W
electrical characteristics at specified free-air temperature, Voo = £15 V (unless otherwise noted)
PARAMETER TEST CONDITIONST Lanas Lm24a Laass UNIT
MIN TYP MAX| MIN TYP MAX| MIN TYP MAX
25°C 1 5 1 B L 6
Vio Input offset voltsge Vo=0 Full range g e - i
25°C 4 25 4 50 4 50
ho Input affsst cument Vg =D Full range e 15 P nA
250 30 100 30 200 30 200
LT Input blag cumant V=0 nA
Full range 325 500 400
VICR Comman-made inpul vollage range Full range 12 1z 212 v
Ry = 10 k2 25°C 12 113 2 213 #1213
Vend Maximum pask sutput veltsge Ry =10 k2 Ful q_mge +12 12 12 v
siwing R =2 k2 25°C 10 +12 =0 212 0 12
R =2k Full range +10 +10 10
. signai cillerenial volage Vig = 10V, 250 50 180 25 48D 25 1ED iy
amplification Ry =2 k) Full range 25 15 15
[ Input resistanced 25°C 0B 25 DE 25 08 25 Mix
By Unity-gain bandwidth Ayp = 25°C 1 MHz
bm Phase margin Ayg e 1 25°C B0 [ 60"
Vi & X 25°C 70 ap 70 a0 70 =]
CMRR  Common-mode rejection rabo -.r.:':,;- 0 ICR ol rongs = - = dE
— Suply-vollage rejection ralio Voo: =18 Vo TSV, = LN LCN L. B
(ANVpcaiavigh Vg=0 Ful range T 7 77
las Sheet-carcuil output cument 25°C 125 125 125 A
vg=0D 24 45 24 45
s Supply cument {four ampiifiers) No load Vo Vou 25°C a4 <5 mA
VoirVoz | Crossial atenuation f=1Hz to 20 kHz 25°C 120 120 120 dB

T Al charscteristies are messured under open-loog conditions with Zers eammon-made input vellage, unless oherwiss specifisd. Full range for Ty & —55°C 1o 125°C far
LM14E, -25°C o 85°C for LM24E, and 0°C o T0°C for LM34E.
1 This parameter is not production tested
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-
Erf RoHS
1N4001 THRU 1N4007 compLianT
General Purpose Rectifier
s Features
=y » High efficiency
“-HH_\ « High current capability
S = High reliability
s . .
= » High surge current capability
§ « Low power loss
‘M.H\ « Solder dip 275 *C ma<. 7 s, per JESD 22-B106
m
e Mechanical Data
R » Package: DO-204AL(D0O-41)
Molding compound meets UL 94 V-0 flammability rating,
| | RoHS-compliant
O O # Terminals: Tin plated leads, solderable per J-STO-
™ 002 and JESD22-8102
= Polarity:Color band denates cathode end
mMaximum Ratings (Ta=25C Unless otherwise specified )
PARAMETER SYMBOL| UNMIT = 1N4001 | 1N4002 INSDOZ | IN4OD4 | 1IN40OS | IN4ODE | 1M4007
Device marking code 1h4001 14002 1M4003 | 1N4004 | 1N4005 | 1M4006 | 1M4007
Repetitive Pesk Reverse Voltage VRRM W 50 100 200 400 500 200 1000
Average Forward Current (@580Hz sne weave, A
Resistance loed, Ta =50 1.0
Surge{Mon-repetitive)Forwsrd Current e A
& #0Hz Hafsine wave, | oyde, Ta=28T Fam 30
Siorage Temperatura Tsig T _E5 ~+150
Junetion Temperature Tj T -B5~+125
mElectrical Characteristics (T.=25C Unless otherwise specified )
PARAMETER YMEOL UNIT| TEST CONDITIONS | 1N4D01 | 1N4002 | 1M4003| 1N4DO4 | 1NS0OS | 1N4006 | 1N4007
Maximum instantaneous forward .
voltage drop per diode Veu Vo |IFM=1.04 1.0
Maximum DC reverse current st bl A [Ta=25T 25
rated DC blocking voltage per diode |m T4=100T =0
Measured at IMHZ and
Typical junction capacitance Gj pF  |Applied Reverse Voltage 12
lof 4.0VD.C.
mThermal Characteristics (T.=25 Unless otherwise specified
PARAMETER SYMBOL | umIT 1N4001 1M4002 1N4003 1N4004 1N4005 1N4006 1N4007
Thermal Resistance(Typical) Rasa TN 50
mOrdering Information (Example)
MINIMLIM INMER BOX OUTER CARTON
PREFERED P/IN | PACKAGE CODE | UNIT WEIGHT(g) PACKAGE(pcs) QUANTITY(pes) QUANTITY(pos) DELIVERY MODE
AN4001 ~1M4007 D1 Approximate 0.27 Approximate 5000 5000 50000 Taps
AN4001~1N4007 C1 Approximate 0.27 Approximate 1000 1000 50000 Bulk
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A A
VISHAY.

1N4148

www.vishay.com

Vishay Semiconductors

Small Signal Fast Switching Diodes

_N.‘

DESIGN SUPPORT TOOLS click logo to get started

3D

Models
Axvailable

MECHANICAL DATA
Case: DO-35 (DO-2044H)
Weight: approx. 105 mg
Cathode band color: black
Packaging codes / options:

TRAOK per 13" real (52 mm tape), 50K/ box

TAPMOK per ammopack (52 mm tapa), S0K/box

FEATURES
# Silicon epitaxial planar dicde

» Elactrically equivalent dicdes:
1N4148 - 1TN914

= Material categorization:

for definiions of compliance please see

Wy, vishay. com/doc?99912

APPLICATIONS
« Extreme fast switches

)

RoHS

COMPLIANT
HALOGEN
FREE

PARTS TABLE
PART ORDERING CODE TYPE MARKING CIRCUIT CONFIGURATION REMARKS
1M4148 1N4148-TAP or 1N4148TR Vd148 Singla Tape and reel / ammopack

ABSOLUTE MAXIMUM RATINGS (T, = 25 “C, unless otherwise specified)

PARAMETER TEST COMDITION SYMBOL VALUE UNIT
Repetitive peak reverse voltage Vaam 100 v
Reverse voltage Ve 75 v
Peak foreard surge cument tn=1ps [[350] 2 A
Repetitive peak forward current [ 500 mé
Forward continuous curent lg 300 mé
Average forward current V=0 Dy 150 mé
Power dissipation =4 mmT,=45°C Prot 440 mw
I=4mm, T, 225 °C Pict 500 W
THERMAL CHARACTERISTICS (Tan, = 25 °C, unless otherwise specified)
PARAMETER TEST COMDITION SYMBOL VALUE UNIT
Thermal resistance junction to ambient air | =4 mm, Ty = constant s 350 LA
Junction temperature T 175 *c
Storage temperature range Toig -85 to +150 "c
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