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1 LTSpice

¢/ https://www.analog.com/en/resources/design-tools-and-calculators/ltspice-simulator.htm

I/ Draw the circuit 1 according to this guide

[ Current source effects
¢/ Output current and impedance bandwidth
¢/ Load range

1 Measuring Front-End

¢/ Gain bandwidth
v/ Input impedance of the instrumentation amplifier
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https://www.analog.com/en/resources/design-tools-and-calculators/ltspice-simulator.htm
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Simulation1

J1 signal O—l J2
1 : 50——t0 —-0
I\IE.TIIODS. 5 : g REF o a5
1) Connect the REF to ground; 1 EoF-SIL __L I’ ;’m o O P
ii) Set the function generator (FG) to have a sinewave of 1 Vpp: outout
1)  Connect the FG to the input signal of the circuit board; E
iv)  Connect the 1 k€ resistor (load) at R16 in the circuit board:
V) Measure the voltage across the load by using the oscilloscope and fill madio
out the Table; - -
vi) Repeat the previous item by connecting the 1 nIF capacitor in parallel to 5 o R16 L
hhe load at R16 and [ill out the Table: Soquete e
vii))  Calculate the load for both cases and then the errors in percentage. A
R6 - B il b | 2 i
Frequency | Vout [Vpp] Vout [Vppl] Calculated load | Error signal <% \;\ e i 3
[kHz] @ 1 kQ @1k /1nF [k] [%] e -S4
O. 1 s Ou? -
I avn - =
10 i1
100 ) R8 R7
medio © —  — | v2o
1000 l = 0° = 1.,
| vzA ) 7 < b =
R1 1. ~
Oulpul SHORT 1 <: 5 ‘Rl & B TLo64 gC?JETE
What does happen with the output T ct, Tl T ko [
impedance of the current source? g o7
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&
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source -
@ memasc gmoan 50 @ _

Simulation1 Load =1 kQ
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What does happen with the output impedance of the current source?
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Simulation 1 Load =1kQ //1nF

R18)

1.17mA -

T18¢¢

Con e

0.9MAF=——--a--a-a T
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What does happen with the output impedance of the current source?
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Simulation1

Frequency [kHz] Vout [V] @RL Vout[V]@1k//1n lout RL lout 1k/1n Calculated load Error (%)
RL RL//C RL RL//C
0.1 1 1 1000u 1000u 1k 1k - -
1 1 1 1000u 1000u 1k 1k - -
10 1 1 1000u 1000u 1k 1k - -
100 998m 821.8m 993u 817u 1005 1005 0.5 0.5
1000 611m 121m 647u 129u 944 937 5.6 6.3

What does happen with the output impedance of the current source?
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Simulation 2

J1 signal J2
50——t0 —-0
==t e
METHODS: = e = s medio O——e-
1) Connect the REF to ground; output
i1) Set the function generator (FG) to have a sinewave of
1 Vpp at 100 kHz;
iii)  Connect the FG to the input signal of the circuit board: medio
v) Mecasure the voltage across the loads at R16 by using the RIS R2 “
oscilloscope and [ill out the Table; » o ?,}fm 0
V) Calculate the output current and then the errors in percentage: 4 UZC
-1 /: 1 g J3
R6 > 1 —fo
signal % b~ Ri3 L §
Frequency Vout [Vpp] Calculated Iout | Error A rom ad
[kHz] [mApp] [%6] 0 rs 4o
100Q | 1kQ | 4.7kQ | 10 kQ o E —
0.1 0
| i Gy et i U2
10 meao, o ago o 1, u
100 U2:A ._~1_<* s
1000 B P = ~ R1d
output SHORT - \_ A % A e SOQETE
c1 N &
4 OPEN | o of
What does happen with the output T =
= a?
RS

|

&
|

impedance of the current source?
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Freavencyakiiz] Vour[ViH ‘ lout-(App)
RflOOl’-.J Rl1kd |RA.7kx R10kn ! R1COXZ | RI1kx R4.7kn R10khn
0.13 100mn 1K 4.771 100 I 1000uH]| 10000 10000 1000M 3t
A | 100my IH | 4720 108 | 1000uH| 1000ud| 1000ux  1000ul
10K 100mH~ 1 4./21 10T 1000uH| 1000ul| 1000uX 1000uX
1003 100my 998mit | 4444  8.21¢ | 1000un| 993w | 941.51uws  783ui
1000 81.8mj O61lmi| 1180 1.31% | 86/.8Bul| 64/uk| 266.6ull 135ull

. 05 - IXU. . SRR . JTN - 20 . JB . 4

What does happen with the output impedance of the current source?
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Simulation 2

_ Calculated-loadd H
Frequency-TkHeln ] . -

R1001{ Error(3) R1kH Error(%)% RA.7ki| Error3édll R10k¥  Error{%)uF

0.1 1003 -H 1k 3¢ | A.72ku| 0.4u 10ku -u R

1H 1003 H 1kr ¥ 4.72ki| 0,45 10kH H o K

10K 100%|  -H | kw3 | A72kd| OAu | 10kH - R

100t 1003 Ho (10058 05w | 447kn| 491 | 105kx S [

1000% 91K 6 | 9448 568 | A42ku| 5950 | 942k 580 [

What does happen with the output impedance of the current source?
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Simulation 3 " sopalo— 2 s REF"—F[IIR,,

50—\ O Y i U2B ak
5 o_]_g REF © = § |
a8 CONN-SIL3 ; I e medio O—— L -
i , : R1
METHODS: caiindi 2 il 1B§
1) Conncct the REF to ground;
ii) Set the function generator (FG) to have a sinewave fond
of 1 Vn[! at 100 kHz; medio =
111) Connect the FG to the input signal of the circuit board; RIS R
iv) Connect the 1 kQ resistor (load) at R16 in the circuit L L R16 ‘g
board; o s
v) Connect the 10 MQ resistors (Rin) at R13 and R14 in s P
the circuit board; o L N I # ﬁ
vi) Measure the output voltages by using the oscilloscope signal <7 \'\ : R13 4
and fill out the Table; T 1o . -‘.3‘»&::1;4
vii)  Calculate the load and then the errors in percentage; ko
Frequency | Vout [Vpp] Vout [Vpp] | Calculated load | Error ' T
[kIz] Rin=0 Q Rin= 10 MQ [k2] [%] P
0.1 : 00 LA
medio O — s  — J v2o
l i &k | 5
10 | vza | 7 <+ 3
100 R :: 2 ™ R14
1000 OUlpul BHOBE 2 . L2 ‘R1_O_‘ | nee SOOUETE
N &7
What does what h ith 2
at does what happen wi I =
o ° e d“)
the input impedance of the s

instrumentation amplifier?
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| ] | ]
Simulation 3 Zin = infinit
IN = INTINIte
U‘wﬂ ev -
V{outputiv{vin) e\ —
1008 ) e ) e ) O R IR T R T i SR B LA L) " “n > @
N R R 7 L N TRTE U ' CoL o AN AN
LLX A # s o
1002 R - s
Ve »e 3 T
09% - LTS - I S
(s 3 "
0.9%0 REE 17 ®s :
9504 e o
B 0 W
Lt n
0984 185
0578 R
0972 ‘= L155°
0.965 - ] se
0.960 - b e
0554 -140°
05431 1350
ac doc 10 0.0k 19008
0542 —— ] —— ] ——— - 130
100Hz 1KHZ 10KHz 100KHz 1MHZ

What does what happen with the input impedance of the instrumentation amplifier?
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Simulation 3 Zin=10 MQ

iy Vioutputiv{vin) e
1008 —— ——— —— ———— e
1,002 : -180°
oss e
0550+ L1700
0.984 - A" L1ss
oy B .
0972 ! 1550
0965 ’: L150°
0.960 b lus
0954 = | -140°

¥

1

035454

L 13
kL acdoc 10 ATk 1000k

0542 T 7 T L s e i T LI S s | T 130
100Hz 1KHz 10KHz 100KHz 1MHz

What does what happen with the input impedance of the instrumentation amplifier?
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Simulation 3

Frequency [kHz] Vout [V] Rin=0 Vout[V] Rin =10M lout RL Calculated load
RL Error %
0.1 1 1 1000u 1k -
1 1 1 1000u 1k -
10 1 1 1000u 1k -
100 1 1 993u 1007 0.7
1000 943m 943m 647u 1457 45.7

What does what happen with the input impedance of the instrumentation amplifier?
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-5 GND +5 SIG  REF GND +5

1 NN
-UIN - +UIA - dND

IN3IHYND
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