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The Design of Strain Gauge Position Sensing System of GP_SG_JW_0203

The 1st generation passive strain gauge position sensing system was designed and fabricated by Danielle Merriam early 2002.  The design is composed of position-sensing probes with basic and graded design and some periphery designs, which include soak test cables, fin structures, laces and tip sensors. An on-board circuitry was designed and set up to extract curvature-dependent electronic signals. 

 An active position-sensing design is undergoing and hopefully gets taped out and fabricated during summer 2003. Therefore, between these two designs, we designed a position-sensing system – GP_SG_JW_0203, which not only works as one step forward for the initial passive design but also demonstrates the feasibility from a systematic point view. 
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The principle (see Fig.1) is based upon the half Wheatstone bridge structure, formed by strain gauge sensors. Digital control and analog readout circuitry are required to analyze the bias voltage related with positioning information.

The entire system is composed of three parts (Fig.2). Probe is the MEMS-based implantable structure which has curvature, wall contact and tip sensors made of poly-diamond or poly-Si distribute along.  EDNMOS chip plays the roles of digitally selecting the sensors on the shank of the probe and also providing a standard DC offset voltage for the instrumentation amplifier.  OP-AMP chip will differentiate the output from shank with the offset voltage and amplify it. These chips will be finally bonded to a PC board which has an I/O connector to facilitate testing in the future. 

Till this stage, we are all set for the design of the EDNMOS chip and the shank chip and have both of them being fabricated in-house. They are expected within 2 months. The op-amp chip is ordered commercially. A PC board is right under design. In this report, the details concerning the designs will be reviewed.
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Fig.2 The structure of GP_SG_JW_02003 position-sensing system

MEMS-based probe with strain gauges for position sensing

(/afs/engine.umich.edu/group/engine/priv/wise/jianbaiw/layout/passive/gp2_passive_0203/GP2_SG_JW_0203)



For this generation of probes, we expect to demonstrate as many thrusts as possible, so various strain gauge sensor structures, strain gauge materials,  test structures, soak test cables are combined. In addition, frame structures and integration of stimulation sites with position sensing system are designed.



Shown in Fig.3a and 3b are two basic probes with two different backend interfaces.  The entire probe of the first design is 16,168 µm in length. The backend is 3762 µm in length and 638 µm in width. The total length of the probe in the 2nd design is 13,200 µm. The backend is 3,150 µm in length and 1,234 µm in width. Both of the designs taper from 638 µm in the middle to 208 µm at the tip.

[image: image2.png]



Fig.3a Passive probes with standard 32 pins I/O interface (gp2_allsg_basic)
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Fig.3b Passive probes with Kresge backend interface (gp2_allsg_newBack)
Design of Sensors
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There are three kinds of sensors, curvature, wall contact and tip sensors, laid out along the probes and they are distributed within 8 mm to the tip. Three kinds of reference strain gauges (Fig.4) are located at the backend to avoid bending. Metal lines form shortening paths to trim the resistance of these references. 


The shank close to the tip is divided to 8 segments. Eight separate curvature sensors of 930µm in length and 18µm in width evenly distribute from the tip of the shank, and one in each segment. 8 wall contact sensors of the structure shown in Fig. 5 alternatively distribute along the two sides of the shank, so that every segment can at least have one upper or lower wall contact sensor. Fig. 6 shows the design of the tip sensor. 
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Periphery Designs


The encapsulation layer covering the probe is essential due to its function to avoid leakage and protect the tissue from on-chip electronics. The test cables are 2.5 mm in length, and 200 µm in width. They follow the comb design. Poly-silicon is applied as the interconnect lines. Four kinds of dielectrics are involved, and they are low-temperature oxide (LTO), oxide-nitride-oxide stack (LPCVD stack), LTO combined with LPCVD stack and poly-diamond with thin LTO on top. The hermetic setup with a PC board for connection was already designed for the coming soak test.

[image: image19.png]LPCVD stack
"' LPCVD stack and LTO ‘

2] LTO Qﬂ

R

diamond




Fig. 7 Soak Test Cable (gp2_soaktest)

Fig.8 is a snapshot of the test chip, which is designed to monitor the parameters that are closely related with processing, but hard to be detected directly on the probes. The line width, contact resistance, TCR, cross talk, sheet resistance, capacitance and step coverage will be studied both during and after the processing via monitoring this test chip.[image: image20.png]
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Fig.8 Test chip with test structures labeled. (gp2_sg_test)
Integration with electrode sites

Eight electrode site are included as shown in Fig. 9. There are only one layer poly-Si and one layer of metal for routing in current processing. So poly-Si is used for strain gauge routing, and metal is spared for electrode sites routing. The probes with Kresege backend can be implanted into guinea pig, so most of the probes with this kind of backend are fabricated in the form of integrating electrode array with position sensing system. 
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Fig. 9 Integration of position sensing and stimulation systems(gp2_sgsites_basic, gp2_sgsites_newBack)
Materials for the strain gauges


Poly-silicon is the original strain gauge material we utilized in the 1st-generation design. The gauge factor is tested to be within the range of 10~20, which cannot be satisfactory to meet with our requirement for sensitivity. Michigan State Univ. is our long-term partner working on a new material of poly-diamond to replace poly-silicon. The previous work was mainly focused on the aspects of material properties. Consequently, in the new system, we set up three new goals concerning poly-diamond from the point of view on the system level. 

· Position sensing system based upon poly-diamond needs to be demonstrated. Another version of probes as in Fig.3 are also laid out for poly-diamond, which may show higher gauge factor than poly-Si. But each sensor is shortened to 460 µm in order to facilitate the CVD deposition of poly-diamond.  

· Integration with stimulation electrode sites is implemented. A guinea implant with both electrode array and position sensing system can be conducted with this set of probes. 

· A soak test cable covered by poly-diamond is combined with the other three cables to illustrate the best material combination that can avoid leakage effectively. 

Frame Structures

Our goal is to combine position sensors based on either polysilicon/diamond strain gauges with pneumatic positioning actuators using micromilled backing tubes to create closed-loop position control. MTU is conducting the research on the backing tubes and its actuator. However, due to the internal stress in the materials, the probes from last run showed to be curly with electrode sites facing the outer of the curve. This definitely brings a lot of inconvenience for MTU to bond our arrays to their tubes with electrode sites facing up. 

One trial to solve this problem temporarily is to utilizing frame structures to fix several, such as eight and six in this design, probes together. Fins at the tip and backend are the structures designed to fix the probe. Laser-cutting can easily release the arrays after they are bonded to the MTU backing devices. 

The only concern I had is the possibility that the free probes outside the frame will entangle with the frame structure. 
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Fig. 10 Frame Structure (gp2_frame_basic, gp2_frame_newbackend)
Hierarchy and Processing Flow


All the sub-designs illustrated above are integrated on one wafer as in Fig.10. Altogether, 12 masks are designed. They are individually BDF (deep boron), SHB (shallow boron), DEL (field dielectrics), SCP (poly-Si strain gauge), POL (poly-Si), DIA (poly-C), SCP (open large contacts to poly-Si), CON (contacts to poly-C and small contacts to poly-Si), EXT (metal), CCP (contacts to metal), IRD (iridium sites), GOL (gold pads). Among them, three are contact layers, and three are metal layers. 


[image: image8]
Fig. 11 Wafer overview (GP2_SG_JW_0203)

 The poly-Si strain gauge is based upon lightly-doped poly-silicon, which is predicted to have slightly higher gauge factor. Also, high-resistive sensors can overact the resistance introduced by poly-Silicon interconnects. 



The poly-silicon strain gauge is obtained by the processing as follows. First, poly-Si is deposited by LPCVD, which is followed by a global light implantation. Masking oxide is deposited and patterned (SGP) for phosphorus diffusion and this will give us the highly-doped interconnect regions with low-resistivity. Finally, after the masking oxide is stripped, the traditional POL mask is utilized to define the interconnects and strain gauge sensors. 
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Fig. 12 Cross-section of the array to clarify the processing flow
In addition, the contact opening to poly-Silicon is tricky. Normally, in passive processing, large contact and small contact masks are applied to open contacts on the dielectrics right on top of poly-silicon in order to guarantee the quality of contacts. In my processing, we deposit LPCVD dielectrics stack covering poly-Si layer, then the wafers are sent to MSU to have poly-diamond deposited and patterned. Afterwards, they are back to be covered with photoresist and RIE-etched on the LPCVD stack. After stripping the photoresist away, we grow a thin layer of LTO, on which contacts are opened by wet etching. 


For metal processing, the metal interconnect – Al- is defined by reversed lift-off process; however, for iridium and gold, the normal lift-off is utilized.

EDNMOS Chip – Digital Control of the Sensor Array

(/afs/engine.umich.edu/group/engine/priv/wise/jianbaiw/digControl_425/layout/counter/)


The functionalities this EDNMOS chip conducts include two: first, it scans eight sensors of the same type in sequence; second, it provided an analog reference voltage for the next stage implementation amplifier.


For the first function, a 4-bit ripple counter is connected with a multiplexer, which basically is composed of a 3:8 decoder and 8 switches. The eight switches are turned on in sequence during the working period as shown in Fig.14. The input voltage will be around 2V for the switch, so the EDNMOS switch should be able to handle it correctly. 


Two options are considered during the design of the reference bias. Current DAC connected to an amplifier with a resistive feedback works as a voltage DAC, which is a nice option of providing variable voltage levels. However, a current sink is required, so the substrate has to be negatively biased. Otherwise, only a simple bias string can be utilized. As shown in Fig.7 are the schematics for the current DAC and the bias string. We will decide which one to be used during the stage of system integration.
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Fig. 13 EDNMOS chip for digital control on position sensing system (die_jianbaiw_horizontal)


Fig. 14 The simulation of selection of switch
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Fig.15 Schematics for current DAC and bias string

These are the main designs I did during the past month 02/2003 for GP_SG_JW_0203. The fabrication is right being conducted with the help from Katharine Beach for MEMS part and Ning for EDNMOS chip. 


In order to make an integrated system, I still need to design the op-amp chip. And a platform these three parts sit on needs to be designed and ordered commercially. Robert is helping me with this issue now. 

Pin Diagram for Passive MEMS Arrays
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gp2_allsg_basic & gp2_polyC_basic
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gp2_allsg_newBack & gp2_polyC_newBack
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gp2_sgsites_basic & gp2_polyC_sgsites_basic

[image: image16.png]L





gp2_sgsites_new Back & gp2_polyC_sgsites_newBack

Fig.5 Wall contact sensor


Fig. 6 Tip sensor








Fig.1 The principle of position sensing system
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Fig. 4 the reference sg resistors at the backend
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Poly-Si and gold contact chain





TCR test for polySi, polySi sg and poly-C
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Line width for polySi and polySi strain gauge
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