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Problem #1. 
 
(a) 

 
Grading (5 pts): 
+1 point for each sensor type. -0.5 points for missing/incorrect answer in any field 
 
(b) (5 pts): 
 

 
 

Substrate (+1 pt) 

GMR deposition and pattern (no 
field generating strap required  
(+1 pt) 

Electrode interconnect deposition 
and patterning (+2 pts) 

Insulation of device electronics 
(+1 pt) 



 
 
 
 
(c) 

  
(5 pts) 
+2 pts for reasonable fabrication 
+2 pts for describing electrochemical method 
+1 pt for use of nanoparticles 
 
(d) 
 

 
 
(5 pts) 
+1 point Describe SNP detection 
+2 pts Electrical conduction through DNA base pair pi-bonds 
+1 pt Clear indication of sensing method 
+1 pt Describe how electrode/DNA is configured for sensing



Problem #2 (20 pts) 
 
(a) (10 pts): 

( ) IZe

TkB
D 22

ελ =  (2.5 pts for correct governing equations) 

�= ii CzI 2

2
1  

 
INaCl = 0.15 M (2.5 pts for correct ionic strength calculation) 
ICaCl2 = 0.45 M 
 
�  = 0.78 nm for NaCl (in water at 298K)  
�  = 0.45 nm for CaCl2 (in water at 298K) 
(2.5 pts for correct math and reasonable values) 
 
Screening length is small at in vivo ionic concentrations, therefore electrostatic 
interaction between charged proteins is insignificant unless the proteins are within a 
few atomic radii. (2.5 pts) 
 
(b) (10 pts) 

 
 
 
 
  
 

� •=
surface

SdEq
��

ε

Use Gauss’ law for this box at a planar surface

Electrode surface

Gaussian box
Infinitely large box, so 
E or dφ/dx = 0

No contribution on sides
sjnce E field is 
only perpendicular to surface

 

+2 pts for 
Gauss’ law 

+3 pts for surface and 
boundary identification 



So, now, only the surface at the electrode contributes:   

( ) �==
endsurface

x dSdxdq 00 /φεε
 

( ) 00 / == xdxdAq φεε  
 
q/A is the solution phase charge density (�s) 
 
Plugging in the equation given we have: 

( ) ( )kT
ze

s nkT 2

2/10
0

0sinh8 φεεσ −=  

+2.5 pts for obtaining correct solution 
 
If you take another gaussian box that ends inside the conductor instead of at the surface (enclosing the 
surface charge) you find that the E field is zero there as well so that the total charge must equal zero.  �m is 
the surface charge density. 
 

Thus ( ) ( )kT
ze

sm nkT 2

2/10
0

0sinh8 φεεσσ =−=  
+2.5 pts for this relation 
 



Problem #3 (20 pts total) 
 
(a) 

 
        (2 pts)                      (2 pts)  

 
     Electro-osmotic flow is better because of the plug-like flat profile which enables 

higher resolution of separation.  (1 pts) 
 
(b) Assume uniform electric field: 

 
(5 pts) 
 
 
(2.5 pts) 
 
 
(2.5 pts) 
 

 
(c) 
The time when protein B travel to the end of channel = L/uB = 0.01/0.202 = 0.0495s 
 
At that time, Protein A travels through distance DA = uA x time = (0.2m/s) x (0.0495s) = 
0.0099m = 9900micron 
 
A

 
From diagram, the separation between the two bends when B reaches the detector is 
80micron, which is greater than 20micron, hence the channel is long enough the detect 
the separation. 
 
(5 pts) 
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Problem #4 
 
(a) 10 pts total 
A total of 7 lithography steps are needed.  (3 pts, -1pts if the total number of steps is 
given instead of “lithography” steps) 
 
Each of the lithography steps are used to pattern the following structures: 

- Silicon – backside bulk etch 
- PolySi Patterning 
- Si3N4 Patterning 
- Top fluidic chamber patterning (can be any non-conducting material that can be 

patterned) 
- Top bath electrode 
- Bottom front electrode 
- Bottom fluidic chamber 

 
(1 pt each, total of 7 pts) 
 
(Valid fabrication steps are acceptable up to a maximum of 10 pts, however: 
(-2 pts): if the pore is not created by SiO2 deposition or growing, because the pore 
diameter is around 1 micron, pore with such size cannot be created with regular 
patterning technique.) 

 
(b) 10 pts total 
Any valid design for “Patch-clamp” based drug discovery system:  

- Creativity – max 3 pts 
- Validity – max 3 pts 
- Fabrication – max 4 pts 

 
If given design is not a patch-clamp based system, a maximum of 4 pts is given. 
 



Problem #5  (Total pts 20) 
 
            Correct Structure                           Acceptable Structures 

 
(a)          (b) 

 
 
(a)  (10 pts total) 
Show target structure and correct fabrication steps (max 10 pts), however: 
(-2 pts) if fails to show how dimples are created. 
(-2 pts) if shows dimples are created intentionally with a mask. 
 
(b)  (10 pts total) 
Correct steps to fabricate the structure, (max 10 pts), however: 
(max -4 pts) if fails to show CMP is used to planarized the surface. 
(max -4 pts) if CMP is used at the wrong step.

Hub 

PolySi 1 

Photoresist Mask 
Apply PR Mask, 
then do timed wet 
etch of PSG1 to 
create undercut 

Deposit thin PSG2 

Deposit PolySi2 

Release Structure 

Chemical 
Mechanical 
Polishing to 
planarize PSG 
surface 

Deposit thick PSG 

Anisotropic 
etching of PSG 

Timed wet etch of 
PSG 

Similar to Part (a) 
steps 2 to 4. 



Extra Points (20 pts) 
 
For each part: 
+1 pt for concept 
+1 pt for clear presentation 
+1 pt for detailed drawing 
+2 pts for innovation and extra effort 


