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Introductions
Kieran Peleaux
• B.S.E.E. from University of Pittsburgh (2014)
• Worked for Powercast in Pittsburgh for ~1.5 years
• 4th year PhD student in Prof. Clark Nguyen’s group
• Interests

– Vibrating RF MEMS
– MEMS-CMOS integration
– MEMS filter design
– MEMS oscillators
– My pets
– Cooking
– Video games
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Come introduce yourself 
during office hours!



Office Hours & Discussion
Office Hours

Mondays, 3:30 – 5 pm, 367 Cory Hall
Wednesdays, 10 – 11 am, 367 Cory Hall

Discussion
Fridays, 10 – 11 am, 9 Evans Hall (hopefully we’re here now)
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Op-Amp Review

Ideal Op-amp Laws
• 𝑍𝑍𝑖𝑖𝑖𝑖 = ∞

o 𝑖𝑖+ = 𝑖𝑖− = 0
• 𝐴𝐴𝑂𝑂𝑂𝑂 = ∞

o 𝑣𝑣+ = 𝑣𝑣−

• 𝑍𝑍𝑜𝑜𝑜𝑜𝑜𝑜 = 0
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𝑣𝑣𝑜𝑜𝑜𝑜𝑜𝑜
𝑣𝑣+

𝑣𝑣−

𝑍𝑍𝑜𝑜𝑜𝑜𝑜𝑜

𝑍𝑍𝑖𝑖𝑖𝑖

𝑖𝑖−

𝑖𝑖+

𝐴𝐴𝑂𝑂𝑂𝑂



Op-Amp Example
• What is the transfer function 𝑣𝑣𝑜𝑜 𝑠𝑠

𝑣𝑣𝑖𝑖 𝑠𝑠
?

– what’s the DC gain?
– what‘s the 3dB cutoff frequency?

• Sketch the Bode plot
– magnitude
– phase
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𝑣𝑣𝑖𝑖(𝑠𝑠)

𝑣𝑣𝑜𝑜(s)

𝑅𝑅1 = 100Ω

𝑅𝑅2 = 2𝑘𝑘Ω

𝐿𝐿 = 5mH



Op-Amp Example (cont.)
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Intro to Thermal Circuits
• Modeling a thermal body/excitation as circuit elements
• Can then apply circuit analysis techniques to non-electrical 

problems—or hybrid electromechanical problems
• Common theme in this course, will see more complex modeling
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Electrical Thermal
Voltage, 𝑉𝑉 (V) Temperature, 𝑇𝑇 (°C or K)

Current, 𝐼𝐼 (A) Power, 𝑃𝑃 (W)

Resistance, 𝑅𝑅 (Ω or V/A) Thermal Resistance, 𝑅𝑅𝑡𝑡𝑡 (K/W)

Capacitance, 𝐶𝐶 (F or C/V) Heat Capacity, 𝐶𝐶𝑡𝑡𝑡 (J/K)



Resistance : Electrical vs. Thermal
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𝜎𝜎

𝑅𝑅 =
𝑙𝑙

𝜎𝜎 ⋅ 𝐴𝐴

resistance (Ω)

conductivity ( Ω ⋅ 𝑚𝑚 −1)

length (𝑚𝑚)

cross-sectional area (𝑚𝑚2)

𝑘𝑘

𝑅𝑅𝑜𝑜𝑡 =
𝑙𝑙

𝑘𝑘 ⋅ 𝐴𝐴

thermal 
resistance (𝐾𝐾/𝑊𝑊)

thermal conductivity W
K⋅𝑚𝑚

length (𝑚𝑚)

cross-sectional
area (𝑚𝑚2)



Capacitance : Electrical vs. Thermal
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ε

𝐶𝐶 = ε ⋅
𝐴𝐴
𝑡𝑡

capacitance (F)

permittivity 
of dielectric F

m

area of plate (m2)

thickness of dielectric (m)

𝑐𝑐𝑝𝑝

t

𝜌𝜌

𝐶𝐶𝑜𝑜𝑡 = 𝜌𝜌 ⋅ 𝑙𝑙 ⋅ 𝐴𝐴 ⋅ 𝑐𝑐𝑝𝑝

thermal 
capacitance J

K

density kg
m3

length (m)

cross-sectional
area (m2)

specific heat J
kg⋅K



𝑘𝑘, 𝑐𝑐𝑝𝑝,𝜌𝜌

Distributed Thermal Model

EE C247B/ME C218 | K. Peleaux | Spring 2020 10

𝐶𝐶𝑜𝑜𝑡
𝑅𝑅𝑜𝑜𝑡

2
𝑅𝑅𝑜𝑜𝑡

2



Thermal Ckt. Example
• Draw the full thermal circuit model (include effects of laser!)
• What approximations can you make?
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Thermal Ckt. Example (cont.)
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