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Title:
A current-mode based field programmable analog array architecture for signal processing applications
Author:
X. Quan, S.H.K Embabi, E. Sanchez-Sinencio

Conf:
IEEE 1998 Custom Inetegrated Circuits Conference

Notes:

· Similar idea to ours (signal processing approach)
Comments:

This paper proposes an architecture for a current-mode FPAA that performs basic signal processing functions (e.g., filtering and data conversion).  The underlining goal is to minimize the number of switches in the signal path and thus reduce the parasitics.  Obviously, this limits the connectivity of the architecture – each Configurable Analog Cell (CAC) can only connect to its 8 neighbors and itself. According to the authors, this limitation is “not a drawback, since most analog circuits are characterized by predominantly local interconnections.”
The CAC can implement one of three hardwired functions: an integrator, an amplifier, or an attenuator. Switches are primarily kept to the biasing path, resulting in better performance. Simulations have shown that this design can operate in the 30kHz – 10MHz range



Title:
A field programmable analog array and its application
Author:
D. Anderson, C. Marcjan, D. Bersch, H. Anderson, P. Hu, O. Palusinski, D. Gettman, I. Macbeth, A. Bratt
Conf:
IEEE 1997 Custom Integrated Circuits Conference
Notes:

· Uses 41 opamps, 100 programmable caps, 6809 switches
· Works with Motorola’s MIDT CAD software

· Examples from control systems

Comments:

The paper presents the architecture of the Motorola MPAAx020 FPAA.  This chip uses switched-capacitor design techniques to implement the reconfigurable logic. The authors point to the ability to match capacitors in close proximity and the use of “parasitic insensitive architectures, for which there is a well established base of design techniques” as the key reasons for choosing a switched-capacitor design. A regular lattice-type routing architecture is used allowing for a wide range of connectivity. The obvious problems of parasitic resistance is reported as not affecting the transfer function when the settling time requirements are observed. 
This chip contains 41 opamps, 100 programmable capacitors, and 6809 switches that can be controlled through the graphical user interface in Motorola’s MIDT software. This software also provides predefined circuits (IP cores) that can be used to speed the development process.



Title:
The EPAC architecture: an expert cell approach to field programmable analog circuits
Author:
Hans W. Klein

Journal:
IEEE 1997
Notes:

· Built using higher-level function blocks
· First commercial FPAA (claims to be anyway)

Comments:

The Electrically Programmable Analog Circuits (EPAC™) devices are commercial FPAAs that use a very coarse-grain design approach. These devices are aimed at specific applications (such as signal-conditioning applications in the case of the IMP50E10) and are not designed to be general-purpose FPAAs. The high-level functional blocks are referred to as “expert cells” and are analogous to FPGA’s hardware IP cores such as Altera’s EABs (dedicated memory logic block found on the FLEX and APEX family of FPGAs) or Xilinx’s Hardware Multiplier and SelectRAM blocks (dedicated multiplier, memory, and MAC blocks found on the Virtex-II family of FPGAs).


Title:
Current-conveyor based field programmable analog array
Author:
Christophe Premont, Richard Grisel, Nacer Abouchi, Jean-Pierre Chante
Journal:
IEEE 1997
Notes:

· Using the same element for active and switching elements
· Tunable resistor and capacitor – resistor is like our Floating-gate multiplier

Comments:

This paper presents an FPAA design based on a current-conveyor cell.  The novelty of this design revolves around the use of the same block as the active and switching elements. Each core block consists of a current-conveyor, tunable resistor, and tunable capacitor. Thus, each elementary cell can implement current-mode amplifiers or continuous-time filters. 
In simulation, the two different sizes of tunable resistors (two transistors operating in the ohmic region) were capable of resistances in the 65kΩ-120kΩ and 100kΩ-350kΩ ranges.


Title:
Multi-function block for a switched current field programmable analogue array
Author:
Simon T. Chang, Barrie R. Hayes-Gill and Christopher J. Paull
Journal:
IEEE 1997
Notes:

· Switch current like switch cap is discrete-time analog
· Current mode

· Example circuits not very complex

Comments:

Switched-current circuits, an alternative to switched-capacitor circuits, are used to build an FPAA that operates on analog signals in a discrete-time fashion. The advantages of this technique include not requiring opamps, capability to be fabricated on standard digital CMOS processes, parasitic resistances of switches will not distort the current signals, and addition and subtraction are simple operations in current-mode circuits. One disadvantage of this design is less accuracy when compared to switched capacitor circuits. Also, one output stage can only drive one input stage. So, if multiple inputs are needed to be driven by one output stage, the logic for the output stage would have to be duplicated, requiring the perfect matching of the transistors. Finally, clock issues? (lower frequency, noise issues).


Title:
Motorola field programmable analogue arrays, present hardware and future trends
Author:
Adrian Bratt
Journal:
IEE 1998
Notes:

· Motorola MPAA020 is switched-cap
· Software requires manual routing

· Fully configured in 5 us
· Partially configured at a rate of 200 ns per 8-bit word.

Comments:

The MPAA020 uses a regular lattice-type routing architecture with undedicated core cells to achieve a general-purpose FPAA with a wide range of possible functions including “data conversion, linear signal processing, filtering, and non-linear functions.” The switched-capacitor design was selected because 1) a large base of parasitically-insensitive architectures exist for this technique, 2) these circuits only rely on the matching of capacitors in a close proximity, and 3) output signals don’t need buffering with opamps thus allowing back-coupling (“important for hierarchic design”).

There are 20 core cells on this chip with each cell containing an opamp, comparator, five programmable capacitors, and routing switches. In addition, there are 13 I/O cells around the periphery of the chip which are bi-directional and provide buffering. The author considers this chip to be of medium granularity. This chip can be fully configured in 5 us and partial reconfiguration can be done at a rate of 200 ns per 8-bit word.
While the programming speed is good, this chip seems to be limited in size, functionality, and thus usefulness, particularly in a signal processing arena where potentially large, complex systems are needed.



Title:
FAAR: A router for field-programmable analog arrays
Author:
Sree Ganesan and Ranga Vemuri
Conf:
1999 12th International Conference on VLSI Design
Notes:

· Performance-oriented router
· For MPAA020-style routing resources (i.e., single segment)

Comments:

This paper develops an automated routing algorithm for FPAAs. It assumes that the inputs to this algorithm are the placed CABs and IO cells. It also assumes that the architecture of the FPAA consists of a single type of CAB block and that the FPAA uses a regular lattice-type routing structure. In other words, this routing algorithm is designed for devices that are similar in architecture to Motorola’s MPAA020 FPAAs.


Title:
A transconductor-based field-programmable analog array
Author:
Edward K. F. Lee and P. Glenn Gulak
Conf:
1995 IEEE International Solid-State Circuits Conference
Notes:

Comments:

The FPAA introduced here is aimed at “prototyping continuous-time linear analog circuits.” This approach replaces the MOS switches in their previous subthreshold-based design (which are vulnerable to parasitic effects) with a four-transistor transconductor to reduce the parasitic sensitivity of the overall circuit. These elements have a tunable transconductance of about one decade and require a large area to fabricate, “especially for low frequency applications due to the use of long transistors and a MVM in each connection cell” [Lee, E. K. F., P. G. Gulak. “Field programmable analogue array based on MOSFET transconductors,” Electronics Letters, vol. 28(1):28—28, Jan., 1992].


Title:
A field programmable analog array for continuous, fuzzy, and multi-valued logic applications
Author:
Edmund Pierzchala, marek A. Perkowski, and Stanislaw Grygiel
Journal:
IEEE 1994
Notes:

· Application using FPAA
· Possible further interest ( re-read

Comments:

This paper uses a general-purpose FPAA and shows how it can be used to implement “a wide class of mvl, fuzzy logic, and continuous logics circuits.”


Title:
Field programmable analogue arrays: a DFT view
Author:
C.A. Looby and C. Lyden
Journal:
IEE 1997
Notes:

· A discussion on testing FPAA after fabrication
· Some interest, maybe ( re-read

Comments:

This paper focuses on the design for testability (DFT) of FPAAs.


Title:
A methodology for rapid prototyping of analog systems
Author:
Sree Ganesan and Ranga Vemuri
Journal:
???
Notes:

Comments:

This paper builds on their earlier papers on FPAA routing schemes (FAAR) and behavioral synthesis of analog systems by presenting their VHDL-AMS Synthesis Environment (VASE). It “focuses on the technology mapping, placement and routing phases that constitute the design flow for single FPAA architectures.

This work is not directly applicable to my proposal, but it is very important for our overall process as we move beyond the hardware stage to the configuration and synthesis stages.


Title:
CMOS implementation of a current conveyor-based field-programmable analog array
Author:
Vincent C. Gaudet and P. Glenn Gulak
Journal:
IEEE 1998
Notes:

· Current conveyor is main CAB element
· High-speed design (greater than 10 MHz)

· Functions: filtering (first order, amplification, log and log-1 are possible)

· Focus is video applications

Comments:
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