Electronic Circuits

Lecture 1.2: Circuit Analysis Types in LTspice h
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Circuit Analysis Types

By hand, we conduct

DC Analysis (Inputs and Outputs are isolated thanks to
coupling capacitors)

= Transient analysis (C 2> 1/sCand L = sl)

m Steady-state analysis (C: open circuit, L: short circuit)

AC Analysis (DC sources: V = short circuit, | = open circuit)
= Mid-frequency response (C: short circuit, L: open circuit)
= Low-frequency response (C—=> 1/sCand L = sL)

= High-frequency response (Extra Cand L = 1/sC and sL)

Using LTspice, we have options for

Transient Analysis (.tran)

AC Analysis (.ac)

DC Sweep Analysis (.dc)

Noise Analysis (.noise)

DC Transfer Function Analysis (.tf)
DC Operating Point Analysis (.op)
Parametric Analysis (.step)
Temperature Analysis (.temp)
Monte Carlo Analysis (.mc)

https://spiceman.net/Itspice-analysis-type/



https://spiceman.net/ltspice-analysis-type/

Circuit Analysis by Hand (1)

" DC Analysis

To find the steady-state values before the change
= All C are open circuit and L are short circuit

= (Calculate initial voltage for Cs and initial currents for Ls

To find the transient behaviors just after the change

= All Cand L are available (maybe, replacing C 2 1/sCand L = sL)
= Construct voltage equations for C

= Construct current equations for L

To solve the constructed equations, use steady-state values of long time after
the change

= All C are open circuit and L are short circuit

= Determine final voltage for Cs and final currents for Ls (t=> inf)
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Circuit Analysis by Hand (2)

= DC Analysis Ve
=  To find the operating (quiscent) point
= All Care open circuit and L are short circuit
= AC Analysis (DC sources: V = short circuit, | = open circuit)
= Eliminate DC effects first: R =
. DC voltage sources are short circuit (V+ is connected to the ground) F-a_ l
" DC current sources are open circuit . [ {}
. Replace the equivalent circuits for known-devices (for example NPN transistor) I: § UDUT
= Mid-frequency response: UI f |I|rl Il/}; CDLIT
= Replace all C: short circuit, L: open circuit - N * \\\E)
= Analyze the circuit NPN
= Low-frequency response: o
= Replace C > 1/sCand L = sL HE
=  Analyze the circuit RE — CE

= High-frequency response:

. Replace all C: short circuit, L: open circuit
= Replace extraC > 1/sCand L 2 sL

= Analyze the circuit



Circuit Analysis using LTspice (1): Transient Analysis

[ LTspice 1911 - O1_samplie-tran- R1028.0aw - 8 X
Eile View 9:S¢ﬂg-s$'ml-|h¢ Tools Windew Help

=  Transient analysis(.tran) analyzes '@ﬁ, g :; ,; QRQAAR KU ERT SR M OS /7 - L3 vDY0H
the temporal change of each ey ] [T

£ 01_sample-tran-R1028 raw

voltage and current when the | a0u : : , , : —i :
[ Jl'L TETTITCTTEREERSPRRTISD PERRDY ACRTRT CRTTED TSP SEPRARPT A IRy ST T PPN PP ST S, T RPN PO R SR, e ...................... ...................

input signal is input to the il R O ARG e 0. L IRONR 1 i " SRR T S N [ s

LoV

electronic circuit. o 780005, O 7 SO, ¥ 5 0. I SOOI, . 07 SO 0000 7 SISO, | 3 O, Y SN,
G.GV' .....................-......................-........................................................................................ :.....................I..................... k .....................-.....................

ST, X CECCTLTTTOEPTEEY S SREEPE SPPETTTEPPLITTRR: DY, TETTEPRPEIIr S B e i e vl R R e il R s g il

see tranSIEHt ChangeS JUSt after 3 o I, T— ..................... S— ..................... yun s el ...................... R, PoT—— ...................... ................... ....................

e T e et IR L L LR T e R st (LS P LEEEL LT e L e et R T S frenssemssnnssnnsene ;

turn off or on a switch before all 400t

the voiltages and currents [
become stable.

= SINE(0 2 500):
— * e LIRS S *
V1=0+2*sin(2*pi*500*t) volts “L
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= _.tran 10m: simulation stops uI 12I
when time reaches 10 ms

Inverting Amplifier Circuit

.tran 10m




Circuit Analysis using LTspice (2): AC Analysis

[ LTspice X1l - 02_sample-ac-1028.raw - B %
Eile View Plot Settings Simulation Jools Window Help

PEE T ZN QAR RO & REH AL LD+ 3 IDDODC il

4 02sangle-sc-t1028acc 15 02.sample-ac-H1020raw

27 02_sample-ac-t1028.raw ’?T

1 ﬁozomds " . H H I . H " H O i ) ¥ . H . T H H H H H S 180000
= ACanalysis(.ac) analyzes Sty — T ; s O R 1

the frequency e S ; o Firo.0ae
. . 6‘02054da_ "-‘--‘--‘"‘"E-“-"“-:“--‘-E--I ! ' ! i .....‘......:n‘..‘..‘.l:‘..‘..:\.. ‘.“....‘...l:...‘.“.{' ?.1.,_1?9.910
characteristics of 6.020520B --------++eeerbecenee e ‘ M S S - .51 179,880

.. . 50205%3— {+179.85°
electronic circuits. il N b e S | [Ty 00

6.020460B -++--+--+weosbooeeee 1179.79°

= AC10:V1hasthe St I : 1179.76°

P e s o b1 1-179.730

amplitude of 1V and the 6.0204048 iy —————— c ey 170,700
. 10Hz 100Hz 1KHz 10KHz 100KHz
phase of O radians e

m acoct20 10 100k: start - Tnverting Amplifier Circuit- BZ :
frequency is 10 Hz, stop s e s s s s sene B TR R e T

frequency is 100 kHz, with s mee e Shens s vl ool

20 frequency points per s il '”sz'vsL

octave sweep gtk "“z i

x= 127.218H y=6.02148, 180.021"




Circuit Analysis using LTspice (3): DC Sweep Analysis

DC sweep analysis(.dc)
sweeps and analyzes the
DC voltage of the input
signal of the electronic
circuit.

It is used to analyze DC
characteristics of diodes,
transistors, and op amps.

.dcV1041:repeat
simulation from0OVto4V
with 1V linear increments
for values of V1

ly LTspice XVII - 03_sample-de-sweep-R1028 ew
File View Plot Settings Simulation Teols Window Help

PEERFEQRQAARBIERE & DENAS /LD + 3

e~ Oy P i an
L :

11
N

4, 03 2ample-dc-sweep-11028acc 1o 03 sample-de-sweep-i1028raw

27 03_sample-de-sweep-it1028.raw

V{output)

4V

A s et o S T : ; : : ;

..............................................................................................................

x= LI5SV y=47W




Circuit Analysis using LTspice (4): Noise Analysis

[ (Tspice JVil - 04 sarnple-noise-R 1028 raw - o X
File \iew Plot Settings Ssmulation Tooks Window Help

P FOHHAAQQR | K ERR 2PN S8 7 - £ 3 ¥DIOH
. Bi sample-nose-it 1828asc Ly 04 sampla-rise-1 1628raw

= Noise analysis(.noise) ———— o
analyzes the frequency 10,20V

characteristics of [Py vl ISR SN U UG N T 10 % OO SNV SO SN O 0 5 OIS SN O O
| 8-4"V|FHZ1"’:- ..................... :.............:.........: ............ :,....:....:....'...é......................E.............: ........ I. ...... ;.

7.2V fHze
= .noise V(OUTPUT) V1 dec s S OO . 8
100 1 1k: repeat e RGO S U 15 . RO PO it 6 6 1
simulation from 1Hzto 1 :E:ﬂf.:i: __________________ e S s Fre———
kHz with 100 points per =
decade where the input is . s —
V1 and the output Inverting Amplifier Circuit

V(OUTPUT)

R1

OUTPUT )
= You can see the frequency v2.| v

3
s L
characteristics of the noise uI uI
on the output of the op-
amp.

.noise V(OUTPUT) V1 dec 100 1 1k

= 000KH: y= 10U684nV/HZY



Circuit Analysis using LTspice (5): DC Transfer Function Analysis

EEI * C¥lsers¥USER¥Documents¥LTspiceXVIl¥simulation¥sample-circuit-1£1028.asc =

m  DC transfer function analysis "
(.tf) defines the input and

output in the electronic Tllf:?sfez_@nﬂziﬂm ;gu *}ranzfer
: : vi#Input impedance: impedance

gerUI%t tOf CaICtl.'Jlate %the Il cutput impedance at V({output): 6.8674e-006 impedance
ransrer tunction or a sma

DC signal, and calculates the
output/input conversion
ratio, input impedance, and
output impedance.

= tf V(OUTPUT) V1:
Determine the transfer
function from V1 to
V(OUTPUT).

®  From the text output:
= V(OUTPUT)/V1=-2
= Zin =100 ohms

®  Zout =6.8674 micro-ohms

—-—— Transfer Function ---




Circuit Analysis using LTspice (6): DC Operating Point Analysis

E.‘I " C¥lsers¥USER¥Documents¥L TspiceXVIEsimulation¥sample-circuit-1£1028.a5¢c >
. . H -—— Operating Point ---
= DC operating point
. Vin001) : -2.4138e-018 wvoltage
analysis(.op) calculates the v (vin) : 0 voltage
DC voltage and current of V(output) : -7.26555e-018 voltage
) Viv+) : 12 voltage
each node in the steady V(v-) : 12 voltage
H I(R2): -2.42587e-020 device current
SFate_Of the eIeCtronIC I(R1l): -2.4138e-020 device current
circult. I(V3): -0.00739134  device current
I(V2): -0.007359134 device current
- . I(Vl): -2.4138e-020 device current
-0p: NO PARAMETER @ Ix(ul:1): 1.20768e-022 subckt current
Ix(ul:2): -1.20768e-022 subckt current
= The number to be Ix(ul:3): 0.00739134 subckt current
: Ix(ul:4): -0.007359134 subckt current
CaICU|at_ed varies . . Ix(ul:5): 4.33675e-019 subckt current
depending on the circuit
size. In this circuit, 5
voltage values and 10
current values are
calculated.




Circuit Analysis using LTspice (7): Parametric Analysis

[ LTspice X¥11 - 07_sample-tran-param-it 1028 raw - o X
File Ywew PlotSettngs Smulsbon  Jook Window Help

P& ETFLAQAARBIBRE SDEAEE / LP 3 vON0D
£ 07 sample-tan-poram-R1i28ase L 07 sample~tran-param-1t1 029w

®  Parametric analysis(.step) oy R e s
analyzes while changing v
parameters such as |6
resistance, capacitor, |1 : : ,: : I | \ i é

Al B

= |tis performed v ! , | ; ; g ;
transient analysis, AC BV i T f T T T -' T T
analysis, DC sweep analysis, =
otc. R ————————————————— e

= _step param R2 100 400 100:
Repeats simulation for R2
values from 100 ohms to
400 ohms with 100 ohms
increments.

= Make sure that the

. tran 10m
parameter of R2 is {R2}. | 'step param R2 100 400 100




Circuit Analysis using LTspice (8): Temperature Analysis

[9 LTspece X1 - 08_sarmple-ac-temp-op1 1 draw - x
Eile Yiew Plot Settings  Smulation ;wls Window  Help ’
P EP A RARERIERY SDEHES L LD I TDN0D
] Te m pe ratu re 4, 08 sample-sc-temp-op | 11asc B 08 sample-ac-temgrop 1 13ram
. 27 08_sample-ac-temp-opl 1 3rew
analysis(.temp) analyzes sy — — _
oo 16.020d6 : et ; :
characteristics of s I S :
semiconductors such as z-ggg:;fjj'__'jj:jjj_‘jj:?’_j'_"""f """ -
op-amps and transistors in cid RS ST N :
. . . 5_%5— ............... SsarpsaTEnsnver soe |
electronic circuits. e — el :
5.980":'3- ............... .r ......... ...... :_ . "
. 5.9?5dB__._..___..__.._IL.._..__.J.__.__.:_...J.__.J__._.._....._._.._._.__.._..___..__.__.._:..._._..____.:.._.._. 5
= |tis performed 597008 — I N T S 8 i e
. . | 10Hz 100Hz 1KHz 10KHz 100KHz
simultaneously with ;
transient analysis, AC 2%
ana|y5i5, DC Sweep Inverting Amplifier Circuit
analysis, etc. i
> >
= TEMP -40 25 100: Repeats - wL
simulation for the uI 5T
temperatures of -40, +25, l
+100 C degrees. | ENP 4025 100




Circuit Analysis using LTspice (9): Monte Carlo Analysis

E-’ LTepice XVl - 09_sample-tran-me-it 1028 raw - o X
Bile Yiew PiotSettings Semulation Jook Wndow Help

_ PE XN QRQAQR B ERE PR S8/ < =3I X¥XDYVOY
= Monte Carlo analysis (mc) T —yTeTY L ppw———T
analyzes the effects of errors 2209 sampletran-me- 11028 =
due to electronic circuit parts. =

. . { 3.6\ . : R o
= |tis performed simultaneously s S Y, N DN A . 0y .

with transient analysis, AC s & L o L N e N o A : S A

= .tran 10m: It is a transient P | WY /SR VY S VU (S VNN (S, WY ;S
analysis that sops at 10 ms. 1.8V

simulation from 1 ohms to 10 .- " oms 1ms 2ms 3ms 4ms 5ms 6ms fms 8ms 9ms 10ms
ohms with 1 ohms increment of
R values. Since thereisno R in R AR A A A A e A A R N A A A T
the circuit, it repeats the
simulation 10 times with
randomly selected R2 values
thanks to mc command ©
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= Make sure that the parameter of
R2 is «{mc (200, 0.1)},» which
means the resistance value of
R2 is set to perform Monte Carlo Atran 10m
analysis with an error of 10%. . Rap parmm R 2 A0 A

= d03ms ys= 5026V
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