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Introduction to EPAC

About IMP

IMP, Inc. was founded in 1981, as
International Microelectronic Products, Inc.
to design, develop and manufacture cell-
based, CMOS, application-specific custom
ICs (ASICs). It was a pioneer in this segment
of the business, being one of the first vendors
to employ advanced computer aided
engineering (CAE) software and an extensive
library of pre-characterized cells. IMP was
also one of the first suppliers to integrate
mixed analog and digital functions onto the
same chip.

Today, IMP’s primary focus is to deliver
value to its customers through innovative,
high-integration, proprietary analog and
mixed-signal ICs developed with the core
analog process and design competencies
created in the custom arena. IMP is a
technology leader in the field of analog
signal processing techniques for communica-
tions, computer and control applications. The
company is one of the largest suppliers of
highly integrated programmable filters and
read-channels for removable media storage
peripherals, including the popular lomega
Zip™ drive and tape back-up products from
the Colorado Memory Systems division of
Hewlett-Packard. To reflect this new identity
as a proprietary device supplier, the company
name was formally changed in 1993 to the
abbreviated form of IMP, Inc.

IMP’s headquarters, wafer fabrication
plant, and test facility are located in San Jose,
California. An engineering and product
development center is based in Pleasanton,
California. Products are sold through a
worldwide network of representatives and
distributors, including Wyle Laboratories and
Digi-Key Corporation in North America.
More information on the company and its
products is available on the IMP website at
http://www.impweb.com.

EPAC Devices

Electrically Programmable Analog Circuit
(EPAC™) devices are the analog counterpart
of the digital field programmable gate array
(FPGA). They extend the familiar benefits of
high-levels of integration, low total system
cost, user-configurability and fast time-to-
market to analog systems designers. The dual
EEPROM/SRAM architecture, which
permits in-system reconfiguration under the
control of an embedded microcontroller,
opens up unique new applications taking
advantage of adaptive-analog functionality.

Introduced by IMP, Inc. of San Jose,
California in 1995, EPAC devices are the
first electrically programmable, general-
purpose analog integrated circuits (ICs) in
the industry. Low-cost, Analog Magic™,
Windows PC-based software and hardware
development tools allow users to create and
program complex, system-level building
blocks on their desktops. Previously this
process required expert knowledge and
weeks of tedious iterative design effort using
multiple low-density IC packages and
discrete components. Using EPAC devices
and design tools, the design of complex
analog circuits can now be accomplished in a
few hours by engineers with limited analog
experience.

IMP, Inc. 2830 North First Street, San Jose, CA 95134-2071 408-432-9100 FAX 408-434-0335




EPAC Devices in the News

IMP EPAC™ devices and Analog Magic™ software have been featured in dozens of
journals, in many languages, throughout the world. This includes a front cover feature in
Electronic Design magazine, selection as Product of the Year by Electronic Products maga-
zine, and a Product Recognition Award by Control Engineering. Quotations from some of
these articles are reprinted below.

EPAC Epoch - “EPAC Will Go Down in History ....”
“[ predict that we’re at the dawn of a new era ..... I think EPAC will go down in history as
one of the opening shots of the revolution.

(As a digital designer) I'm always on the lookout for handy gadgets to help bypass analog
hassles, and the EPAC certainly fills the bill.

Configuring an EPAC is easy - largely a point and click exercise. Defining the specific
attributes of a cell is a simple matter of double clicking on it. Now tell me, isn’t mousing
around much easier than messing around with a (typical prototype analog circuit design) rat’s
nest.”

Circuit Cellar Ink

Analog Counterparts of FPGAs Ease System Design

“Analog (custom) arrays have ... nearly disappeared. That'’s because they’re expensive and
risky. Many chips worked - until they were plugged into systems. ...the need for a low-cost,
easy-to-use, foolproof analog ASIC became clear. Designers at IMP answered the call.”

Electronic Design

Epoch of EPAC: The Start of the Analogue FPGA Era ?

“The EPAC design method ... goes some way towards de-skilling the design of analog
circuits by allowing the user to operate at the module level.

.. not only can configurations be selected on the fly but also by the host microcontroller in
response to system behavior, providing interesting system design possibilities.”

Electronic Engineering

New Directions ...

“The device is intended to simplify analog design choices for digital designers. It should
appeal to ... the novice wondering why everything oscillates but the oscillator.”

Computer Design

Les Circuits Analogiques ...... Enfin Prograrnmébles!

(Analog Circuits ..... Finally Programmable!)

“IMP circuits are the analog equivalent to the digital FPGA: they allow programming of the
characteristics and application function without needing to understand analog design.”

Electronique

1-2 © IMP, Inc. DBINTRO-1-96

NP

EPAC Technology Overview

Abstract

The IMPSOEIO is the first analog integrated circuit that can be programmed by the
user, even in the field. It is an analog counterpart to a digital FPGA. This paper
provides an overview of the technology used in EPAC™ devices. Examples are given
of various programmable functions, along with several applications of them to

demonstrate the degree of flexibility and ease of design that is achieved.

Overview

Electrically Programmable Analog Circuit
(EPAC) technology provides the users of
analog circuits with access to an analog
counterpart of digital field-programmable
gate arrays (FPGA). EPAC devices are
analog ICs where functionality, performance
characteristics and interconnection are all
programmable.

EPAC technology is based on a mixed-
signal CMOS process with on-chip SRAM
and EEPROM memory. Programming can be
performed either off-line or in real-time,
which means the user can make changes
“on-the-fly” (i.e., in-system programming)
while leaving the original EEPROM
configuration unchanged. EPAC devices are
totally self-contained. They do not require
external programming equipment to change
any of the configuration settings. The first
devices form fully functional analog systems
without using additional external components.

EPAC technology raises the analog design
task from a tedious and error-prone compo-
nent level to a functional, or block, level.
This is made possible by programmable
analog “expert cells,” each of which feature a
variety of functions and performance
characteristics. The EPAC development and
debug process is supported by the intuitive
Analog Magic™ PC-based development
software that utilizes “correct-by-construc-
tion” and unique WYSIWYG methodologies.

Using the EPAC Development System, the
user builds a circuit on a building-block level
by choosing both the functional performance
and interconnection of the modules. This
approach simplifies and shortens the design
task.

Like FPGAs, EPAC devices offer
significant benefits over traditional analog
design approaches because they address the
key needs of today’s system developers,
such as:

4 instant prototyping and reprogramming,

# design on a block level using an
intuitive Windows-based design system,

# flexible design implementation due to
SRAM and EEPROM technology,

4 no NRE for design or redesign,

4 minimum inventory and purchase
commitment, and

4 generalized test programs.

To address cost-effective solutions at large
volumes, IMP also offers a sibling product
line, MPACs (Mask-Programmable Analog
Circuits). Cost reduction in MPACs is
achieved by using a simpler process, smaller
die size and larger-volume orders.

The following discussion will provide
information about process technology, circuit
topology and applications.

IMP, Inc. 2830 North First Street, San Jose, CA 95134-2071 408-432-9100 FAX 408-434-0335




"’ The EPAC Architecture: An Expert Cell Approach to
Field Programmable Analog Devices

Updates

Hans W. Klein
Director of EPAC Programs
IMP, Inc., San Jose, CA, USA

Abstract

This paper describes the architectwrahfiguration of 2. EECMOS Process Technology

the ElectricallyProgrammable Analo@ircuit (EPAC™), an The first implementation EPAC technology ibased
expert cell approach to meeting the market rfeedn analog o 4 1.2micron analog EECMOS process. This required
counterpart to the digitdfPGA. It provides an overview of  5q4ing a self-contained EEPROM process module (including
the technology and describes the internal operation of the first, high-voltage generator) to a proven analog CMOS process
commercial EPAC devices. without  affecting the criticalanalog  performance

characteristics. This permits tidevice design engineers to
1. Overview draw from an existing library of high-performance cells,
ranging fromvery fast circuits to high-precision converters,
references, etc. This also ensures thap#rormance of the
modules embedded iBEPAC devicesare competitive with
dedicated ICs, whileffering higher degrees of flexibility and
functionality.

EPAC devicesreanalog ICsthat can be programmed
in functionality, interconnect, and performance
characteristics. ThEPAC device athitecture is based on a
mixed-signal CMOS process witton-chip SRAM and
EEPROM memory to provide user programmability.
Programming can be performeitheroff-line or in real-time.
The SRAM components enable in-system functional 3. The EPAC Device Framework
reconfiguration, while leaving the originaEEPROM EPAC devices are built
configuration unchanged.

onframework which
incorporates the functional modules together with

EPAC technologyraises the design task aystem  ,rogramming features, debuggingides and reference
analog functions from &edious and error-proneomponent modules. Thekey elements of thaframework include a

level to a functional, or block, level. This is made possible by serial interface, arEEPROM-memory module, a “utility”

programmable analog “"expert cell” modules each of which gection and a functional section containing programmable
feature a variety of functions and performance characteristics.gna10g modules.

Using a PC-based development system, the user creates a
circuit by selecting thdunctionality of t.he modulesilong Functional
with their respectiveperformance settings and cell-to-cell Modules

interconnections.  This approach greatly simplifies and
shortens the design for analog circuits. -
Programmable analog devices offer significant benefits

Inputs

over traditional analog design approaches becatisy
address key needs of today's system developers, by providing

¢ High levels of integration

¢ Instant prototyping and reprogramming

¢ Design on block level using intuitive design tools

¢ In-system reconfiguration farse inmicrocontroller-

based systems

*  No NRE for design or redesign

e Minimum inventory and purchase commitment

»  Generalized test programs.

The EPAC aritecture also permits straightforward Control

migration of designs to a compatible mask-programmable

solution using a simpler process and smaller diefeizkigh- The serialprogramming interface both configures the
volume applications. IC and processes commands, including probingnternal

analog or digital signals, readback of configuratidata,
controls power management and other functions. The
readback data can Hecked out by setting a securibit.
Multiple EPAC devices can be cascadel programmed in
sequence or individually if a microprocessor is available in

Outputs

To CR

IIF

Utilities
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the system. Automatic synchronization amongultiple developed by an analog IC design expert givén a variety
devices is provided sthat all chips "wake up" in the new  of useful optionsall of which are guaranteed to work, no
configuration simultaneously. No special programmer matterhow theyare used. The user does not needdoy
architectures are required to interface with the chip. about temperature matching, offset cancellation, parasitic
Via the EPAC framework, analog modules can be coupling, stability, loading effects, gain-bandwidth trade-offs,
configured usinghe on-chip EEPROMmemorywhich acts as minimization of power consumption, etc. By contrastalog
“shadow memory” fothe SRAM-based configuration register  arrays followingthe FPGA paradigm suffer fronparasitics
(CR). On poweringip, theEEPROM contentsire internally introduced by unpredictable routing and signal coupling, and
downloaded into a CR carryinfpe data to the appropriate the cells cannot be optimized for special performance

modules. The CR can also be loaded direfctlyn the serial requirements (such as low noise) even though tify the
interface such that multipleonfigurations can be executed potential for a larger number of implementable functions.
without disturbing the contents of the EEPROM. The For each EPA@xpert cell module, the user can select
contents of the CR and tli®EPROM can be redefined at any from a variety of functionandfor each functiorthere is a set
time, even while the chip is in normal operation. of parameters tochoose from. Within the constraints

presented by the development system, the user is free to
4. Expert Cell Functional Modules choose any combinatioavailable. Thus, thalevelopment

o o process is highly simplified, guaranteed by construction, and
Unlike in FPGAs, where generiogic modules can  pecause the possible or meaningful routing options can be

implement virtuallyany digital function, analog circuits must predetermined, theompilation of configuration and routing
be dedicated to address the langeiety of specifications,  gata Jiterally takes only seconds.

sugh as input and output.voltage and cyr@equency range, The figure below shows, for overview purposes, a
noise andaccuracy requirements.  Since each of these gimpiified block diagram of aBPAC devicethe IMPSOE10,
specifications require theispecific trade-offs(area, cost, which is targeted at general signal-conditioning applications.

povyer-consumption, features, etc.) it ?s more challengin.g.to The “flow” of the chip isfrom input modules on the left,
define a programmaplg analog architecture than a .dlgltal through core modules to output modulestoe right. The
FPGA. Even though it is possible to creatathergeneric  shaded area at thmttom ofthe block representthe “utility
user-programmable array architecture [188¢ wide range of  section” which contains theerial interfacememorymodule,
performance requirements makes it necessary to optimize thepower management, oscillator, probe, and an operational
“array” for a certain range of applications. Asesult, EPAC amplifier.

devicesare more dedicated to a certain class of applications The output module of théIP50E10 is ayoodexample
and henceoffer better performance-functionality trade-offs 5 showthe degree of flexibility which can be designed into
than general-purpose arrays. The same dedication alsoyn EpacCexpert cellmodule: It can act as an amplifieith
simplifies the chip architecture and minimizes circuit (eference to ground (e.g., 0 V), or virtual ground (€4,V),
overhead and, hence, cost. Examplesti# kind of  jth or without a low-pass filter in the signal path. The
application areador this approach include general signal amplifier can be "free running” or a sample-and-hold type.

conditioning, datacommunication, data/signal monitoring, The module can also act as a comparator with and without
process control, etc. Consequently,

EPAC devices contain moduldsat are
optimized foruse in those application
classes.

One of the key differences
betweenEPAC devicesand FPGAs or
other general-purpose analog arrays is
that the granularity of the building
blocks is quite different. While FPGAs
typically provide access to a large
number of relatively low-level cells,
the EPAC architecture provides high
level cells (or “macro” modules). The
cells typically include high-level
functions such as D/A converters,
amplifiers and comparators rather than

simple operational amplifiers,
resistors, capacitors or other low-level
components.

These high-level modules have
been given a large number of
programmable characteristics. We
describe these modules as "expert
cells," because they have been

Block Diagram of a User Programmable Analog Signal Conditioning Device



hysteresis. A seconthput to the moduleconnects to a The input capacitor samples an incoming voltage signal
dedicated 5-biDAC, letting the user define the trip-point of
the comparator. The sam@AC input can be used to either
drive the amplifier (thus making it a reference module) or
provide for DC-shift ofthe outgoing signal. This output
module can operate at a reduced power consumption for
slower-speed signals and its "turbo mode"the output can
sink and source higher currents. The module can also be shut
off altogether, either selectively while other modudestinue

to operate, or globally whethe entire chip powemown.

With all of thesecombinations, the useiloesn't need tavorry

about component-levetletail as this has beemlready
implemented.

Supported by an intuitive developmergystem
(“Analog Magic”), the user can selefbom a menu of
functions for each module. Then for each functioere is a Switched-Capacitor Implementation Concept
respective set of characteristics available. In case of the
previous output module example each selected function andWhile feedback capacitors determine the amountgaih

characteristics results in a different graphical representationPetween input and output signal. When “transferring” the
on the screen, as shown below. charge frominput to feedback capacitors, the ratio between

them determines the amount of outpaltage
needed to achieve and complete transfer.
Amplifier Comparator Hence, it is the capacitor ratio and not their
absolute value that determines the gaBince
capacitor ratios can be manufacturegry
precisely, gain matching 0f0.1% can be
achieved. Furthermore, the gain is not subject to
temperature drift as theclosely coupled
\ capacitors araffected identically. In fact, most
5-bit DAC sets Threshold of today’s A/D converters use the same principle
to achieve 10-16bit resolutionhowever
trimming is required beyond 10 bits.
TH The principle drawing shown above is a
highly simplified version ofhe techniques used
in the IMP50E10. For example, to increase
flexibility and performancell capacitors can be
made programmable, multi-phase clocking can
] enable offset and noise cancellation through
Hysteresis  “correlated double-sampling”, clodltes can be
altered to allowfor variousspeed settings, and
multiple inputs can be used to sum multiple
inputs. In addition, modules can be implemented
in fully-differential manner, effectively doubling
the feedbackcircuitry with the substantial
benefit of good common-modeejection and
excellent clock-feedthrough cancellation.
Another important benefit othis technique is that it
Examples of certain selections made of an output module  only requires a 5V while input signals canfgam rail to rail,
and everbeyond. Orthe downside, because SC circuits are
clocked,the Nyquist sampling theorem must be considered.

o Vout

5-bit DAC shifts DC

T&H Amplifier

Amplifier w/ inv. gain,
LPF and high drive capability Buffered Reference

5. Module Implementation Thus, _the bandwidth of theco_mmg S|gna_1l must bemited,
o for which there are low-pass filters on chip.
Because of the target applications of general-purpose In other application areas where such characteristics

signal conditioning switched-capacitor (S@ghnology was  are not as interesting different implementation techniques can
chosen as the prime implementation technifoe the  pe chosen. An example would be current mode or traditional
IMP50E10. ~ SC modules offer advantages of high continuous-time voltage-mode techniques to achieve higher
reprOdUCibility and excellent Stablllty, and these teChniqUeS System bandwidth. A practica| app"ca’[ion would be data-
have been in usier manyyears. The figure below shows the  communication requiringens ofMHz bandwidth. There’s no
underlying principle of SC circuit modules. significant limitation to the speed achievable WHPAC



devices,it's merely a trade-off between “overheafirea,
power, functionality) and programmability.

6. Signal Highway Interconnect Approach
One of the unique features BPAC technology is the

and the modules’ input and output stages alfowa totally
flexible interconnect scheme which puts no restrictions on the
user's configuration.

For example, a usenay choose toonnectall modules
in series, to achieve the highest possible signal gain (20,000
V/V, or 86 dB) in case of the IMP50E10. Alternatively, the

user-programmable interconnect among various modules. Thisusermaywant to run signals independently acshcurrently

allows the user to implement differefoinctions onthe same
chip. Likewise, on-chip modules can beusedfor different
purposes automatically without the user even realizing it.

To allow for such capabilitthe output signals aach
moduleare provided to an on-chip "signal highway" to which
all other analog modules have access. This “sibigdway”
is an on-chipbus of balanced and shielded signal wires.
Because the&nderlying architecture is not really a grid-array
of a large number of general-purpose cells (likd-RGAS)

but rather an assembly of optimized modules, it is possible to

predict all possible andaneaningful interconnect schemes.
Thus, the signalhighway can be optimized fol00%
routability with lowest crosstalk and minimization of other
parasitic effects. This is an important difference to other
approaches because the traditional problem seferely
limiting the performance bythe programmable interconnect
network is not present in EPAC devices.
Optimized analog switcheare used téorm interconnect
among modulesand to controtomponentsinternal to the
modules. These switches are arranged in clusterf®rio
“highway-connectors” atthe appropriate locationkiside
each functional module,
component values aatios, feedback tap-points, changas
conditions, and perform all other analog programming.

New and proprietary circuit techniques had to be
developed to overconthe problem ofrarying loading effects

when connecting various modules together. The combined

optimization of the signdlighway,the interconnect switches,

throughthe chip,probably connecting onlgne inputmodule

to one output module. In another example, the user can switch
between four differensets of characteristics within ricro-
seconds. Or the user caeconfigurethe chip including all
interconnects for an entirely new configuratisthin 200
micro-seconds.

7. Design Example and Performance

To illustrate the usage of the IMP50E10, the figure on
the next pagshows an industrial implementation of a multi-
sensor analog front end to @D converter in a battery-
charger application. This implementation was done
conjunction with a micro-controller to allofor in-system
reprogramming.

In the example shown, thEPAC devicepicks up
different sensor signals (voltage, current, temperature) and
conditions them folater A/D conversionThe temperature
signal is derivedrom a thermocouple although oth@nd
cheaper) sensor could have besed. Unlike thevoltage and
current signals whichare selectethrough the input

in

analog switches also select multiplexer, the temperature signal enters the chip in a

separate channel. Also, unlikehe other signals, the
temperature signals triggers an on-chip comparator at a
programmabiletrip point, only alerting the microcontroller
when the temperature exceeds a critical limit.

Other system-level functions natbvious from the
schematic include automatic offset cancellation for chip and

<«—— Signal Highway ——
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Module

- 'Ntermodule

Communication
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Application Example using the IMP50E10

sensor offsets, automatic changes of gain, offset, and filter
settings when switching among the different input signals.

The table below summarizgsst afew ofthe many

performance characteristics:

Power Supply Voltage 5V +/- 10%

Quiescent supply currenf 3.8 - 18 mA
(configuration dependent)

Sleep-mode current 40 UA

Max. sampling rate 250 kHz

Max. signal bandwidth 125 kHz (Nyquist rate)

Input/output voltage 0 - 5V (rail-to-rail)

range
Gain range and error 1-20,000 V/V, 1.2% typ.
Gain drift 30 ppnflC

Offset before/after Auto-| <10 mV, <100 uV
Zero

Offset drift 50 uv?C

Max. capacitive load infinite (unconditionally
stable)

Noise level, DC-15 kHz | 0.4 uV/sqrt(Hz),
input referred

Max. output current 40 mA

Max. dynamic range 100 dB

THD -68 dB

Summary

In this paper we present the expert-cagiproach to
programmable analog solutions foapid prototyping and
customization of analog integrated circuits. In contrast to
general-purpose grid-array cellthe expert-celapproach
allows for higher performance, less overhead, and lower cost.

EPAC devicesare more tailored to a certain range of
applications than digital FPGAbut they basically offer the
same benefits. The high degree of programmability and ease
of development, using low-cost PC-based tools, allows the
user to implement a complex analog function in minutes.
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