P524: Survey of Instrumentation
and Laboratory Techniques

Week 3 (1c):PCB layout and
circuit simulation



Printed Circuit Board (PCB) software: KiCAD

e Schematics, PCB layout, 3D visualization, SPICE (circuit simulation) interface

* Previous: EAGLE (from Autodesk)

* No longer supported by Autodesk (June 2026)
* Cumbersome installation



Example from Physics P404 (Electronics):
Lock-In Amplifier

Suppose we have some (usually) small signal with unknown amplitude V' and known frequency ax:

Simple model:

Signal: V; cos(wgst) + noise in1l

mlxin?2
X ou AA—T— Vo

Reference: Vg cos(wpt +¢p) ——in?2 R

—1 8




Lock-In Amplifier

cos(6; + 6,) =cos b, cosd, — sin b, sin b,
cos(6; — 6,) =cos 6, cos B, + sin 6, sin 6,

cos(0; + 6,) + cos(8,; — 6,) = 2cos 6, cos 6,

cos 64 cos 6, = %COS(Hl +6,) + %COS(Hl —6,)

Signal: V; cos(wgt) + noise in 1 i1 xin?
X out W\’_' Vo
Reference: Vi cos(wrt+ ¢) ——in2 R L -
91 = wst ol i
02 = Cl)Rt + ¢ -

Vscos(wgt) Vi cos(wrt + @) = % cos(wst + wpt + @) + Vszﬁ cos(wst — wrt — @)
Vscos(wgt) Vi cos(wrt + @) = Vszﬁ cos((a)5+a)R)t + qb) + Vszﬁcos((a)s—a)R)t — (,b)
Low-pass filter with cutoff frequency (ws—wgr) < w K (ws+wpg):

Vo = VSZVR cos((ws—a)R)t — qb)

Choose WRp = Wg: VO = V-S'Zﬁcosgb

. .y o 2V
Choose ¢ to maximize Vi : V, = V_RO



In-class assignment and Homework (due 9/18)

* Download and install KiCAD (https://www.kicad.org/download/)

* Finish the lock-in amplifier PCB

e email finished KiCAD project to jcll1@illinois.edu
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