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Preliminary Product Information
IMP50E10 EPAC™ (Electrically Programmable Analog Circuit)

Introduction

The IMP50E10 offers unequaled flexibility
in an analog IC by using optimized analog
switches and on-chip EEPROM to store user-
programmable  circuit  configurations.
Programming is made easy using Analog
Magicm, the software design environment for
the EPAC family. The IMPS5OEIQ is
optimized for use in multi-channel analog
signal conditioning applications. Strong
advantages are realized when multiple input
signal amplitudes and offsets are necessary,
because the IMPS0E10 can simultaneously
switch between up to four different gain and
offset settings. Users can also take advantage
of the low power, switched capacitor CMOS
technology used in the IMPS0E10 for battery
powered circuits.

Applications

Signal Conditioning
Process Control
Data Logging

DSP Front End

Test Equipment

Key Features

* User-Programmable Functions Include:
Programmable Gain Amplifiers,
Comparators, Multiplexer, DACs, Track-
and-Hold, Filtering, Power Consumption,
and Interconnect

* Unconditionally Stable Regardless of
Circuit Configuration

* Fast Prototypes: Go From Start to Finish in
One Hour

+ Single Supply SV Operation

* Group Switching Allows Programmable
Gains and Offsets to Vary Depending on
Input Channel Selection

* “What-You-See-Is-What-You-Get”
(WYSIWYG) Design Environment

* Sleep Mode Current < 40pA

+ Offset Auto-Zero to Within 251V
» 125kHz Throughput (Nyquist rate)
* No External Components Required

* MagicProbe™ for Easy In-System
Debugging
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IMPS0E10 EPAC (Electrically Programmable Analog Circuit)

General Description

The IMPS0E10 is a member of IMP’s EPAC
product line. An EPAC device allows circuit
and system-level designers to develop highly
integrated analog or analog-digital systems
without the time and risk associated with
traditional analog ASIC and custom-IC
approaches. An EPAC device is essentially
the analog counterpart to a field-
programmable digital circuit (FPLD, FPGA,
etc.). The IMPS5S0E10 allows permanent
storage of configuration data in on-chip
EEPROM. Additionally, the configuration
can be changed in real time by writing to the
chip's configuration registers on-the-fly.
With Analog Magic, the Windows™ -based
EPAC Design-System, the user can
configure and program an EPAC device in
minutes. Once programmed, an EPAC
device configures itself automatically upon
power-up or with a user command.
Programming is achieved through a simple
3-wire serial interface. The configuration can
be modified anytime.

The IMPS0E10 consists of several flexible,
functional modules, each of which offers a
variety of features and characteristics, such
as programmable gain, hysteresis, speed, etc.
Most importantly, all functions can be
realized without any external components
and without any transistor-level design.

Modules can be interconnected in various
ways without any impact on performance or
stability. Interconnect is made possible via
optimized analog switches. Routing of
signals is semi-automatic and fully supported
by Analog Magic. Thus, it is very easy to
select modules, set their functions and
parameters, and connect them to other
blocks. As a result, the user can quickly
implement and change a certain analog
function and immediately test it in the
system.

A complete EPAC Development System is
available including Analog Magic, the
IMP30E10 device-specific data-file, sample
parts, and all hardware needed to program
the parts directly from the user’s PC.

Pressure

Humidity ADC
Vibration j E

Level uP

Temp

Application Example of a Data Acquisition System (showing only the used modules

inside the chip)
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IMPS0E10 EPAC (Electrically Programmable Analog Circuit)

IMPS0E10 Feature Highlights

The IMP50E10 is optimized for use in multi-
channel analog signal conditioning appli-
cations where channel dependent gain and
offset settings are advantageous. Two high-
impedance input amplifier modules and
three core amplifier modules are available to
amplify analog signals, offering gain settings
from 0.5 to 10 in eight steps. Input signals
containing substantial DC offsets can be
shifted by means of an offset nullor module
in 25uV, 100uV, 1mV, and 20mV steps, up
to a maximum voltage of *2.54V. The
IMP50E10 operates off a single +5V supply
and needs no external components.

Programmable output modules can be used
as amplifiers, voltage references, track-and-
hold amplifiers, and comparators (with and
without hysteresis). All output modules have
a 5-bit DAC, which can be used to either
generate a reference voltage or to program
the thresholds when in comparator mode.

The IMPSOELC accepts up to 9 fully-
differential or 17 single-ended input signals.
Input signals between Vg5 and Vpp (true
rail-to-rail swing) are acceptable. An
integrated single-pole continuous-time filter
can be switched into the signal path to limit
the signal bandwidth to 15kHz, removing the
need for an external anti-alias filter. An
optional external capacitor can be added to
achieve lower corner frequencies.

Even though all analog modules feature local
offset cancellation and low-frequency noise
suppression, an overall Auto-Zero loop is
available which cancels offsets along a path
from the multiplexer to any one of the three
output modules, achieving overall offsets as
low as #25uV. A dedicated pin is available
to re-trigger the preprogrammed Auto-Zero
sequence.

BR ufs50u29 0002048 927 W8

One uncommitted amplifier is available
which can be used with user-provided (i.e.,
external) feedback components.

The IMP50E10 features a variety of power-
down options (e.g., per module or for the
entire chip) as well as a low-power mode
where modules operate at about 12% of the
normal power consumption and at 1/8 speed
and bandwidth. This is especially useful for
battery-operated or remotely operated
systems. A dedicated power-down pin is
available to put the chip into a user-
programmable power-down mode.

All on-chip modules can be connected to
other modules in a variety of ways. Unused
modules can be turned off. Thus, one
IMP50E10 can serve a large number of
analog applications by simply programming
the desired functions and characteristics.
Configuration data can be stored
permanently in an on-chip EEPROM, with
automatic configuration upon power-up. A
security bit can be set which disables reading
back of the EEPROM contents.

With MagicProbe, an interactive real-time
debugging mode, the user can easily probe
internal signals, while the IC is in the system.

Analog Magic also supports documentation
of the final design, including a text report
and a print out of the schematic. The final
configuration data is made available for use
in a microprocessor-based environment
where on-the-fly reconfiguration is advan-
tageous. Furthermore, the complete bit-map
for the IMPSOE10 is available for real-time
microprocessor control of selected modules.
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IMPS0E10 EPAC (Electrically Programmable Analog Circuit)

General Electrical Characteristics
Unless otherwise specified, 4.5V < Vpp < 5.5V, Ty = 0-70°C

PARAMETER CONDITION MIN TYP MAX UNITS
Power Supply 45 5 55 v
Voltage ’ ’

Sleep mode 40 70 pA
Quiescent Supply ;gmepower, ali modules 3.8 5 mA
Current
Turpo power, all modules 18 20 mA
active
to EEPROM, f =
+ 'clock
800Hz, full configuration 340 ms
Programming Time |0 Configuration Register,
folock = 1-5 MHz, full 200 us
configuration
EEPROM Download | 1 configuration Register 1 ms
Time
< 4 channels, modules A
) us per
& F, no filters, normal 8 channel
power
Channel Scan Rate
> 4 channels, modules A us per
& F, no filters, normal 26 channel
power
Wirite Cycles to EEPROM 10,000
Data Retention Tp=70°C 10 Years
System Clock Master mode 500 kHz
Internal Sampling Normal power 250 kHz
Rate Low power 31 kHz
Using internal anti-alias
filter 13.5 15 17 kHz
Normal power, no filter
System Bandwidth (limited by Nyquist rate) 115 125 132 kHz
low-power mode, filter on
or off (Nyquist rate 13 15 16 kHz
reduced)
Input Signal Range Vgg—-0.2 Vpp+0.2 Vv
Common-Mode
Range 0 5 v
Output Signal Range | Ry = 10 kQ Vgg +0.05 Vpp—0.05 \
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General Electrical Characteristics (Cont.)

Unless otherwise specified, 4.5V < Vpp < 5.5V, Ty = 0-70°C

NP

IMPSO0E10 EPAC (Electrically Programmable Analog Circuit)

PARAMETER CONDITION MIN TYP MAX UNITS
Minimum Gain All modules in series 1 VN
Maximum Gain All modules in series 20,000 ViV

. Modules A, C, & F in

Gain Eror series, gains =10,4,2 2 %
Ta = 0-70°C,Modules A,

Gain Drift C, & F in series, gains = 30 ppm/°C
10,4, 2
Modules A, C, & Fin
series, gains = 10, 4, 2, +4

input Offset Voltage | N© auto-zero, N mv
\Y = 2.5V

CM

With auto-zero 100 Y
Modules A, C, & Fin

Input Offset Drift series, gains = 10, 4, 2, 60 uv/°C
with auto-zero

Input Noise Voltage |Modules A & F in series,

Density gains = 10,2, f = 5kHz 0.4 uvAHz
2nd, 3rd order

Total Harmonic harmonics, modules A & 68 dB

Distortion F in series, 0.5<Vin<4.5,
gain=1, f=1kHz

B 4350429 0002050 545 mA

Preliminary Product Information 5




IMP50E10 EPAC (Electrically Programmable Analog Circuit)

Input Modules

Input Multiplexer Module
Key features:

+ 8 fully differential or 16 single-ended inputs
» Channels are selectable through serial /O
¢ Channels are evenly divided into 4 groups

* Groups are selectable through the serial interface
or through the Grp select pins

* Guard/Ground pin available to increase CMRR or
serve as external ground reference for auto-zero

* Built-in zero-reference for auto-zero

Performance Characteristics of the Input Multiplexer

PARAMETER CONDITION MIN TYP MAX UNITS
Number of Channels giigs{ee-rgli%ergonﬁgde 1
Power Supply Current 0 pA
On Resistance 100 Q
Off Resistance 10 MG
Crosstaltk -70 dB
Input Voltage Range Vgg—0.2 Vpp+0.2 \

Low Pass Filter (LPF) Module

Key features: To External Capacitor

* Select the internal capacitor (f, = 15 kHz)
or provide an external one for f; < 845 kHz

« Filters both differential and single-ended signals

From Input —

» Zero DC power consumption (passive filter) Mux - To Input

Amp A

+ Single-pole RC filter architecture with 6dB per
octave roll-off

+ Utilizing group switching, the internal or external LPF
capacitor option can be programmed differently

depending upon which group is used g

Preliminary Product Information 6
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IMPS0E10 EPAC (Electrically Programmable Analog Circuit)

Performance Characteristics of the LPF Module

PARAMETER CONDITION MIN TYP MAX UNITS
Power Supply Current o] RA
Settling Time ?ggg%:;onslams 53 us

Ci =ON 13 15 17 kHz
Cutoft Frequency intermal

C intemal = OFF 845 kHz
L.ow Pass Resistor 144 kQ

Calculating Ceyperqy for a desired cutoff frequency:

0.1 £, £ 15kHz; C jyiema = ON; C external = 75 pF

!
892E3 x f,
1

0.1 €1, <845 KkHz; C jpiernat = OFF; C yiomal = m

Offset Module
Key features:

To Input
Amp A

* 10 bit DAC (7 magnitude + 1 sign + 2
step-size)
* 4 step sizes (25pV/100pV/ImV/20mV)

* 1127 steps, true bipolar operation with
no missing codes

» Utilizes group switching so that offsets can be programmed to different voltages depending
upon which group is used

* Auto-zero capability between the multiplexer and any Output Module (F, G, or H)

Performance Characteristics of the Offset Module

PARAMETER CONDITION MIN TYP MAX UNITS
Normal power 380 400 HA
Power Supply Current
Low power 50 HA
LSB, range 1 25 nv
Full scale, range 1 +3.175 mV
LSB, range 2 100 Inyg
Full scale, range 2 +12.7 mv
Voltage Range
LSB, range 3 1.0 mv
Fuli scale, range 3 +127 mV
LSB, range 4 20 mvV
Full scale, range 4 +2.54 \
Voltage Range Error All ranges 3 %
Voltage Drift Fine range 100 ppm/°C
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IMP50E10 EPAC (Electrically Programmable Analog Circuit)

Input Amplifier Module A

Key features:

 Accepts single-ended and differential input signals

* Local auto-zero and 1/f noise cancellation
» Gain choices available: 0.5, 1, 2,3, 4,6, 8, 10

« Utilizes group switching so that up to four different
gain settings can be programmed, with the
amplification level depending upon which group

From LPF

is selected
Performance Characteristics of Input Amplifier Module A
PARAMETER CONDITION MIN TYP MAX UNITS
Normal power 380 400 pA
Power Supply Current Low power 50 80 LA
Gain Error Gain=1...10 0.2 Yo
Gain Drift tbd
Input Offset Voltage Vem =25V, gain=4 +1 mv
Input Offset Drift Vom = 2.5V 10 uv/eC ‘
Differential mode, normal
power, gain = 4, Vg = 2.5V 20 MQ
Differential mode, low power,
Vow = 2.5V 20 MQ
Input Impedance
Common mode, normal power, 2 MO
Vop = 2.5V
Common mode, low power,
Vou = 2.5V 16 MQ
PSRR @ 60Hz 60 dB
CMRR @ 0OHz, gain=4 55 dB
Propagation Delay Normal power 4 ns
Input Amplifier Module B
All electrical specifications and features
are identical to those of Input Amplifier
Module A, with the exception that there is
no group switching capability. Also, the To Bus
filter can be programmed to be either on
or off.
InpAmpB
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IMPS0E10 EPAC (Electrically Programmable Analog Circuit)

Core Modules

Core Amplifier Modules C & D
Key features:

Programmable gain settings of 1, 1.5, 2, 3, 4,
6,8, 10

Choose inverting or non-inverting
configurations

Utilizes group switching so that up to four
different gain settings can be programmed,
with the amplification level depending upon
which group is selected

Cascadable to increase total gain

Local offset and 1/f noise cancellation

From Bus

From Bus

To Bus

/
CoreAmpC

To Bus

b~

}
, CoreAmpD

Performance Characteristics of Core Modules C & D

PARAMETER CONDITION MIN TYP MAX UNITS
I A
Power Supply Current rg&";%“eg:v er 23520 t A
Offset Voltage +1 mV
Gain Error 0.15 %
Propagation Delay Normal power 4 us
Summing-Amplifier Module E
Key features:
* Programmable gain settings of 1, 1.5, 2, 3, 4,
6, 8, 10 From Bus To Bus

*» Choose to utilize one or two inputs and
inverting or non-inverting configurations

» Cascadable with other core amplifiers to
increase total gain

* Local auto-zero offset and 1/f noise
cancellation

b’ ‘
SumAmpE

All electrical specifications are identical to those of Core Amplifier Modules C & D

B 4450429 0002054 123 mm
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IMP50E10 EPAC (Electrically Programmable Analog Circuit)

QOutput Modules

Output Modules F, G, H, &

MagicProbe!

Key features:

* Use as an amplifier, T&H, comparator,

or reference

*» Fixed + 2 gain amplifier

* Single-ended output to Vgg or 2.5V

OutAmpF, G, H

+ Optional LP-filtered output (15kHz)

» Track&Hold mode with dedicated control pins

+ Comparator with optional 75SmV hysteresis

* Optional enhanced slew rate capability (Turbo mode)

Performance Characteristics of Modules F, G, H and MagicProbe

M 4350429 0002055 OLT mm

PARAMETER CONDITION MIN TYP MAX UNITS
. X 1. A
Quiescent Supply Current | FOTR=BORS" 06 28 %4 20 mA
Propagation Delay Normal Power 4 us
Input Oftset Voltage 5 mv
QOutput Impedance ¥3&aég3g§r@@D%c :13 g
Short Circuit Quiput Current 40 mA
CL.: 50pF
Slew Rate Normal power 1.5 Vius
Turbo power 1 3 Vius
PSRR Vout = 0.5 - 4V 55 dB
R, = 100Q to ground Vgg +0.05 Vpp - 0.05 v
Output Voltage Range L 9 S8 Do
R = 1kQto ground Vgg +0.05 Vpp-0.5 \
Amplifier Mode
Gain +2 Vv
Gain Error 0.2 %
Gain Drift 15 ppm/°C
Output Filter Cut-off Filter = ON 15 kHz
Frequency Filter = OFF 363 kHz
Droop Rate T&H mode 5 10 20 uVvis
Acquisition Time 10 0.1%, T&H mode 2 us
1. The comparator mode does not apply to the MagicProbe. The track and hold specifications
apply to module F only.
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IMP50E10 EPAC (Electrically Programmable Analog Circuit)

Performance Characteristics of Modules F, G, H and MagicProbe (Continued)

PARAMETER ] CONDITION [ MIN | TYP [ MAX ] UNITS
Comparator Mode
Hysteresis Hysteresis = ON 75 mV
Delay gé;e?,o Dy e rive 2 4 us
Open Loop Gain 90 dB
Resolution 170 uv

DAC Modules F, G, & H

Key features:

+ 32 voltage settings (= 4 bit + sign).

* One DAC for each Output Module, which
is useful for setting thresholds, trip-points,

and reference voltages.

Dac_F, G, H

Performance Characteristics of DAC Modules F, G, & H

To Output

Module

PARAMETER CONDITION MIN TYP MAX UNITS
Power Supply Current Total for three DACs 300 pA
Output Voltage 0 2.0 \
Step Size 133 mv
Voltage Error 3 %
Voltage Drift TA=0-70°C, Ve =2.5 100 ppm/°C
PSRR 55 dB
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IMPS0E10 EPAC (Electrically Programmable Analog Circuit)

Other Modules

Auxiliary Amplifier Module

Key features:

* Inputs/Qutput externally accessible for adding

external feedback

« Optional enhanced drive capability (“Turbo”

Mode)

« Low power consumption

MNP

Performance Characteristics of the Auxiliary Amplifier

PARAMETER CONDITION MIN TYP MAX UNITS
Quiescent Supply Normal power 1 mA
Current Turbo power 3 mA
Input Offset Voltage +1.5 mv
Input Oftset Drift tbd
Input Resistance 500 MQ

. Normal power 3 Q
QOutput Resistance Turbo power i Q
Open Loop Gain Turbo OFF 90 dB
. . ) Turbo ON, C, =100pF 20 MHz
Unity-Gain Bandwidth Turbo OFF, C,=100pF 14 MHz
CMRR tbd
PSRR @ 60Hz 60 dB
Common-Mode Input
Voltage Range 0 3 v
louT = 50pA Vgg +0.05 V Vpp—-005V \
Qutput Voltage Range out a 8 oo
lOUT =15mA VSS +05V VDD -05V A2
C|=30pF
Slew Rate Normal power 0.75 Vius
Turbo power 3 Vius
) C =100pF,
Phase Margin Normal of Turbo power 45 60 degrees
Input Bias Current 1.0 nA

BB 4450429 0002057 932 WA
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IMPS50E10 EPAC (Electrically Programmable Analog Circuit)

Clock Module
Key features:

» Master mode (On-chip oscillator), can drive off-chip

logic

* Generates output frequencies from 62kHz to 500kHz
* Slave mode (follows external clock)

* Accepts external clock frequency from 500kHz to

4MH:z

Programmable input/output divider (N = 1,2,4,8)

No external components

Performance Characteristics of the Clock Module

M 4850429

PARAMETER CONDITION MIN TYP MAX UNITS

Power Supply Current External load = 10pF 0.5 mA
Normal power, divider = 1

Output Frequency P 450 500 550 kHz
Normal power, divider =8 56 62 68 kHz

Duty Cycle Master mode 47.5 50 52.5 %

Power-Supply Sensitivity for Vpp £10% 1 kHz/V

Frequency Drift Tp =0-70° 5 %
TTL/CMOS compatible

Output Voltage Low (at pin) 10 % of Vpp
High (at pin) 90 % of Vpp

Rise Time 50 ns

Fall Time 50 ns

0ooc0sa 879 W
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IMPS0E10 EPAC (Electrically Programmable Analog Circuit)

Pin Assignments
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IMPSOE10 EPAC (Electrically Programmable Analog Circuit)

Pin Description

’I'he following table provides a list of the pin names, the type of pin (P)ower, (D)igital, or
(A)nalog, and a description of the pin functions.

PIN NAME

TYPE

DESCRIPTION

vDD

P

Analog VDD.
Analog positive supply, i.e., 5V

V8§

P

Analog VSS.
Analog negative supply, i.e., OV

Digital Pins

S1

Track & Hold Input for Output Module F. High = Track,
Low = Hold

Sync

Output signal indicating when Output Module F is
actually holding.

SLI

Serial Load Input.

Used as “chip select” for the serial interface and latches
serial data into internal registers. Data can be shifted in
while SLI is low. Data is latched in when SLI goes high.
Input is TTL compatible.

SCLK

Serial Interface Clock Input.
Clock input for shifting in serial data for programming the
EPAC. Input is TTL compatible.

SDI

Serial Data Input.

Input for shifting in serial data. A low level corresponds
to a logical “0". Data is sampled on a low to high
transition of SCLK. Input is TTL compatible.

SLO

Serial Load Output.
Provides SLI type of output for the next cascaded EPAC.

PDb

Power-Down (Bar) Input.
A user-configurable Power-Down input. Powers down all
or selected modules when low. Must be high if unused.

AZ

Auto-Zero Input.
A user-controlled input to trigger an Auto-Zero
sequence. Must be low if not used.

Grp1, Grp2

Digital inputs to control the group-selection (also affects
the selected input channel)

) cLK

Clock Input or Output.
Depending on the user configuration, this pin can act as
an input to the on-chip timing logic or as an output from
the on-chip oscillator.

@ ua50u29 0002060 427 -
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IMPS0E10 EPAC (Electrically Programmable Analog Circuit)

PIN NAME | TYPE |

DESCRIPTION

Analog Pins:

Inin, In1p... A
In9n, InSp

Analog Inputs.
Configurable for single-ended or differential signals.
High impedance mode when unused.

Guard/Ground A

Guard or Ground Reference (“Zero”) Input.

In differential mode, this input can be used to connect to
the guard, or shield, of the incoming signals, otherwise
connect to AVSS. In single-ended mode, this input is
used as an external ground (“Zero”) reference. Connect
to analog ground if not used.

External capacitor ports.
An optional external capacitor (bipolar type) can be

Ca, Cb A connected to reduce the corner frequency of the Low
Pass Filter Module. High impedance mode when
unused.

Analog Outputs.

Out1, Out2, A The output signals of the three output modules (F, G,

Out3 and H) are available at these pins. High impedance
mode when unused.

Probe Output.

Probe AD Internal analog or digital signals can be routed to this
test pin. It can also read out configuration registers. High
impedance mode when unused.

Auxinn, Inverting and non-inverting inputs to the Auxiliary

Auxinp Amplifier Module.

AuxOut Output of the Auxiliary Amplifier Module.

IMP, Inc. IMP EPAC Support
Corporate Headquarters 4420 Rosewood Dr., Suite 250

2830 N. First Street
San Jose, California 95134

Tel:  408.432.9100 (Main)
Fax:  408.434.0335
Sales: 408.434.1277

sales@epac.com (email)

Pleasanton, CA 94588

Tel:  1.800.GET.EPAC (1.800.438.3722)
510.416.4948
apps @epac.com (email)

Information furnished by IMP, Inc. is believed to be
accurate and reliable. No responsibility is assumed by

EPAC, MPAC, Analog Magic and MagicProbe are
trademarks, and logo design is a registered trademark of
IMP, Inc. All other company and product names are
trademarks of their respective owners.

© 1995, 1994 IMP, Inc. Printed in USA. 5/95/5K/]
April 1995 ME0250-02
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IMP for use of this preduct nor for any infringements of
patents and trademarks or other rights of third parties
resulting from its use. IMP reserves the right to make
changes in specifications at any time without notice. IMP
does not authorize or warrant any IMP product for use in
life support devices and/or systems without the
expressed written approval of an officer of IMP, Inc.
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