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AnadigmVortex is th e se cond gen eration fi eld programmable an alog ar ray (FPAA) dev ice fa mily from
Anadigm. Nine members of the AnadigmVortex family are currently shipping providing a range of solutions to
meet your analog signal processing requirements.

AN12x de vices are b est s uited for a re ge ared towards high-volume applications requiring c onsolidation o f
discrete analog functionality. The configuration interface of the A N22x devices is enhanced to accommodate
dynamic reconfiguration - a breakthrough capability that a llows analog functions to b e in tegrated wi thin the
system and controlled by companion processor

AnadigmVortex devices consist of a 2 x2 or 1x2
matrix o f fu lly Configurable A nalog Blocks
(CABs), sur rounded by a fab ric of  program-
mable i nterconnect r esources. Fully d ifferential
signal paths ensure high fidelity operation. The
second ge neration An adigmVortex ar chitecture
provides a significantly improved signal-to-noise
ratio as well as higher bandwidth. 

These de vices a ccommodate non -linear
functions such as sensor response linearization
and arbitrary waveform synthesis.

The A Nx27 S onicMaster™ se ries i s specially
optimized for  op timal p erformance thr ough th e
audio ban d, pr oviding ne ver bef ore possible
audio system design options.

Some of the notable features of the Anadigmvortex solution include:

• Analog design time reduction from months to minutes

• Faster time-to-solution compared to discretes or ASIC

• High precision operation despite system degradation and aging

• Eliminating the need to source and maintain multiple inventories of product

• Ability to implement multiple chip configurations in a single device and to adapt functionality in the field

The Anadigmvortex solution allows OEMs to deliver differentiated solutions faster and at lower overall system cost.
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Anadigm reserves the right to make any changes without further notice to any products herein. Anadigm makes
no warranty, representation or guarantee regarding the suitability of its products for any particular purpose, nor
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1 Architecture Overview
Anadigm offers t he A N12x a nd t he A N22x s eries Field P rogrammable A nalog Ar ray ( FPAA) dev ices. T he
AN12x dev ices c an b e r eprogrammed a s m any tim es as  des ired, ho wever the  dev ice m ust fi rst be  r eset
before issuing another con figuration data set. Once a Pr imary Con figuration i s complete; the configuration
interface of the AN1 2x device ignores all  further input. No further data wr ites are acc epted unless a r eset
sequence is  first completed. The AN22x devices are dynamically reconfigurable; the behavior of th e FPAA
can modified partially or completely while operating.

Dynamic Reconfiguration available on the AN22x devices, al lows the host p rocessor to  send new configu-
ration data to the FPAA while the old configuration is active and running. Once the new data load is complete,
the tr ansfer to the ne w a nalog signal processing c onfiguration h appens i n a s ingle c lock cycle. Dy namic
Reconfiguration in  the  AN22x d evice al lows th e us er to d evelop in novative an alog s ystems th at c an b e
updated (fully or partially) in real-time. 

The FPAA contains ei ther 2 or  4 Conf igurable Ana log Blocks (CABs) in i ts core. Most of th e ana log signal
processing occurs within these CABs and is done with fully differential circuitry. The CABs have access to a
single Look Up Table (LUT) which offers a method of adjusting any programmable element within the device in
response to  a s ignal or  tim e ba se. It c an be  us ed to  im plement arbitrary i nput-to-output tr ansfer func tions
(companding, se nsor linearization), generate arbitrary si gnals, and  construct v oltage dep endent filtering. A
Voltage Reference G enerator s upplies r eference vo ltages to e ach o f the  CAB s wit hin the  dev ice and has
external pins for the connection of filtering capacitors.
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Output Only Analog Switch Fabric
Connects any CAB to any Output Cell

Figure 1 – Chip Overview for a Typical Four CAB AnadigmVortex FPAA
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Analog inputs signals are routed into the FPAA core via any of the four Input Cells. The Input Cells can accept
either differential pair or single-ended signals. The fourth Input Cell has a special front end multiplexer which
allows fo r th e c onnection of up  to fo ur dif ferential p airs o r e ight s ingle e nded s ignals. A Nx20 an d A Nx21
devices provide optional ac tive s ignal processing elements i n the In put Cel ls which provide programmable
gain and anti-aliasing filtering. All the Input Cells also provide a direct input path to the FPAA core. 

The ANx20 Input Cell provides only an input path; all other family members also provide a direct output path.

Analog output signals are routed out of the FPAA core via either of the two Output Cells or through the Input
Cells direct output option. ANx20 and ANx21 devices provide optional active signal processing elements in
the Output Cells which provide programmable gain and reconstruction filtering. The Output Cells also provide
a digital output path used for comparator and SAR results data.

The FPAA can accept ei ther an external clock or generate i ts own clock using an on chip oscillator and an
external crystal. Detection of  the crystal is automatic. The resulting internal c lock frequency can be di vided
down i nto fo ur s ynchronized internal s witched capacitor c locks o f d ifferent f requencies b y programmable
dividers. The clock circuitry can also source any of these four clocks as a chip output.

The behavior of the CABs, clocks, signal routing, Input Cells, and Output Cells, is controlled by the contents of
Configuration SRAM. Behind every Configuration SRAM bit is a Shadow SRAM bit. The Shadow SRAM of the
AN22x devices may be updated without disturbing the currently active analog processing. This allows for on-
the-fly modification of one  or m ore ana log func tions. This dy namic r econfiguration is  not po ssible with th e
AN12x devices.

The a rchitecture includes a  hig hly fl exible digital c onfiguration i nterface. T he c onfiguration i nterface is
designed to wo rk in  stand-alone mod e by  co nnecting to ei ther a  co mmon SP I ty pe s erial E PROM. In th is
mode, after the device powers up, it will automatically load its configuration data from the EPROM and begin
analog signal processing. 

The configuration interface is also designed to be connected directly to a host microprocessor’s SPI master
port where it presents itself as a SPI compatible slave. The configuration interface also allows multiple devices
to be easily connected together to build up larger analog processing systems.

2 Analog Architecture Details

2.1 Input Cell
Each Input Cel l contains a collection of r esources which allow for  high fidelity connections to and  from the
outside world with no need for additional external components. In order to maximize signal fidelity, all signal
routing and processing within the device is fully differential. Accordingly each Input Cell accepts a differential
signal. 

Device
Number Unique Input Cell Features

ANx20 Input only. Chopper stabilized low offset input amplifier with programmable gain, Standard 
input amplifier with programmable gain, Programmable anti-aliasing input filter, Direct 
input

ANx21 Bidirectional. Chopper stabilized low offset input amplifier with programmable gain, Stan-
dard input amplifier with programmable gain, Programmable anti-aliasing input filter, 
Direct input, Direct output

ANx22 Bidirectional. Direct input, Direct output
ANx27 Bidirectional. Direct input, Direct output
Copyright © 2004 Anadigm, Inc., All Rights Reserved 2 UM000221-U001b



A single ended signal can be used as an input to the cell. If  a single ended source is at tached, an internal
switch will connect the negative side of the internal differential signal pair to Voltage Main Reference (VMR is
the reference point for all internal signal processing and is set at 2.0 V above AVSS). 

As with any sampled data system, i t may sometimes be necessary to l ow pass fi lter the i ncoming signal to
prevent al iasing a rtifacts. T he input p ath o f the  A Nx20 an d A Nx21 In put Cell c ontains a  se cond order
programmable anti-aliasing filter. The filter may be bypassed, or set to selected corner frequencies.

When using the anti-aliasing filter, Anadigm recommends that the ratio of fil ter corner frequency to maximum
signal frequency should be at least 30. These filters are a useful, integrated feature for low-frequency signals
(signals with frequency up to  15kHz) onl y; and i f high-order anti -aliasing is  r equired. W here i nput signal
frequencies are higher, Anadigm does recommend the use of external anti-aliasing.

A s econd unique i nput r esource available wit hin each ANx 20 and A Nx21 Inp ut Cel l i s an  amplifier wit h
programmable gain and optional chopper stabilizing circuitry. The chopper stabilized amplifier greatly reduces
the input offset voltage normally associated with op-amps. This can be very useful for applications where the
incoming signal is very weak and requires a high gain amplifier at the input. The programmable gain of the
amplifier can be  se t to 2 n whe re n =  4 through 7.  T he o utput of the a mplifier c an be r outed through th e
programmable anti-aliasing input f ilter, or directly into the CABs. Single-ended input signals must use either
the amplifier or the anti-alias filter in order to get the required single to differential conversion. The program-
mable ga in amplifier, th e c hopper stabilized am plifier an d th e p rogrammable anti-aliasing fi lter ar e all
resources available only on the input signal path. 

When the Input Cell is used as a bypass mode input or as an output, the connection is direct and unbuffered.
There are no active circuit elements available in the Input Cell when it is configured for either input or output
bypass.

ANx22 and ANx27 devices have streamlined Input Cells. These devices offer only the direct unbuffered signal
paths into and out of the CABs.

2.1.1 Special Consideration for Bypass Outputs
When using either an Output Cell or an Input Cell in bypass output mode, special care must be taken to not
overload the device. In bypass mode, there are no buffers between the CAB’s signal source and the device’s
output pins.

The CAB op-amps are not designed to drive low impedances. Also, too much load capacitance will destabilize
the CAB op-amps. The minimum recommended external load resistance should be not less than 100 KW and
the maximum external load capacitance should be not more than 100 pF. When using bypass mode outputs,
characterization of the final system is essential.
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Figure 2 – Fully Featured Input Cell for ANx20 & ANx21, and Simplified ANx22 & ANx27
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2.2 Muxed Analog Input / Output
There i s a  bi directional mu ltiplexer av ailable i n fr ont of on e of  the In put C ells. T his al lows th e ph ysical
connection of 8 single ended inputs, 4 differential pair inputs, or 4 differential pair output loads at once, though
only one source or load at a time can be processed by the FPAA. As with the regular Input Cells, the optimal
input connection is from a differential signal source. If a single ended connection is programmed, the negative
side of the internal differential pair will be connected to Voltage Main Reference.
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Figure 3 – Fully Featured Muxed Input Cell for ANx20 & ANx21, and Simplified ANx22 & ANx27
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2.3 Output Cell
Like the Inpu t Cell s, the O utput Cell s are designed to en sure that y our sy stem’s des ign ca n t ake full
advantage of the  fidelity and  versatility that  the core of the dev ice offers. The outputs can se rve to del iver
digital data, or differential analog voltage signals.

Analog signal pairs sourced by CABs within the array are routed to an Output Cell via the Output Cell’s input
multiplexer.

It may be desirable to route the core analog signals to the outside world with no additional buffering or filtering.
The ANx20 and A Nx21 Output Cells have bypass paths which allow the  core s ignals to c ome out with  no
further processing or buffering. For special considerations governing the use o f bypass mode outputs, see
Section 2.1.1.

The ANx20 and ANx21 Output Cells contain a programmable filter identical to the one described for the Input
Cells (see Section 2.1). The filter may be bypassed, or set to selected corner frequencies. Whereas the filter
structure served as an anti-aliasing filter for the input, in the Output Cell it serves as a 2nd order reconstruction
filter. In this function, it smooths out the sampling induced stair step nature of the output waveform.

A differential to single converter circuit follows the programmable filter. After the programmable filter and the
DIFF2SINGLE conversion, the system designer may elect to utilize only one of the OUT signals, referencing it
to Voltage Main Reference (VMR), or use them both (OUT+ and OUT-) as a differential pair. Remember that a
single-ended output will have half the amplitude of a differential signal.

ANx22 an d A Nx27 devices have streamlined Output Cel ls. These d evices o ffer only the  di rect u nbuffered
signal paths out of the CABs.

Device
Number Unique Output Cell Features

ANx20 Direct Output, Unity Gain Buffer with Programmable Gain Reconstruction Filter
ANx21 Direct Output, Unity Gain Buffer with Programmable Gain Reconstruction Filter, Digital 

Output (SAR and Comparator)
ANx22 Direct output
ANx27 Direct output
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Figure 4 – Fully Featured Output Cell for ANx20 & ANx21, and Simplified ANx22 & ANx27
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2.4 Configurable Analog Block
Within the FPAA, there are two (AN221E02) or four (all other family members) Configurable Analog Blocks
(CABs). The fun ctions av ailable in t he CA M l ibrary are m apped on to th ese programmable ana log ci rcuits.
Figure 5 shows an overview of the Configurable Analog Block (CAB).

Among the many analog switches within the CAB, some are static and determine things like the general CAB
circuit connections, capacitor values, and which input is active. Other switches are dynamic and can change
under control of the analog input signal, the phase of the clock selected, and the SAR logic. Whether static or
dynamic, all of the switches are controlled by the Configuration SRAM. 

As part of the power-on reset sequence, SRAM is cleared to a known (safe) state. It is the job of the configu-
ration logic to tr ansfer data from the ou tside wor ld into the S hadow SRAM and from there, copy it  into the
Configuration S RAM. The A N22x d evices al lows reconfiguration. W hile a n A N22x de vice is  ope rating, th e
Shadow S RAM c an b e reloaded wi th values that w ill sometime l ater be used to update th e Configuration
SRAM. In thi s f ashion, the  F PAA c an b e r eprogrammed on- the-fly, ac complishing anything fr om mi nor
changes in c ircuit characteristics to c omplete functional context switches, instantaneously and w ithout inter-
rupting the signal path. The AN12x devices must be reset between complete configuration loads and do not
accept partial reconfigurations.

Analog signals route in from the cell’s nearest neighbors using local routing resources. These input signals
connect up to a  fi rst bank o f a nalog switches. Feedback f rom t he C AB’s two internal op -amps an d s ingle
comparator also route back into this input switch matrix.

Next is a bank of 8 programmable capacitors. Each of these 8 capacitors is actually a large bank of small but
equally sized capacitors. Each of th ese 8 pr ogrammable capacitors can take on a r elative value between 0
and 255 units of capacitance. The actual value of capacitance is not all that important here. The CAM library
elements do not de pend on the  absolute v alue of the se capacitors, but  rather on the  ratio be tween them ,
which tracks to better than an 0.1%.

There is a second switch matrix used to complete the circuit topology by making the appropriate connections.
There are two op-amps and a single comparator at the heart of the CAB. Outputs of these active devices are
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Figure 5 – Overview of a Configurable Analog Block 
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routed b ack i nto the  fi rst switch m atrix s o f eedback circuits c an be c onstructed. These ou tputs also go t o
neighboring CABs.

Signal pr ocessing within the  CAB is usually ha ndled with a s witched ca pacitor circuit. Swi tched c apacitor
circuits need non-overlapping (NOL) clocks in order to function correctly. The NOL Clock Generator portion of
the CAB takes one of the four available analog clocks and generates all the non-overlapping clocks the CAB
requires.

There is Successive Approximation Register (SAR) logic that, when enabled, uses the comparator within the
CAB to implement an 8 bit  analog converter. Routing the SAR’s output back into its own CAB or to the Look
Up Table enables the c reation of non -linear analog functions like voltage multiplication, companding, linear-
ization and automatic gain control.

2.5 Look Up Table
The device contains a single 256 byte Look Up Table (LUT). The 8 bit address input to the LUT can come from
either the a SAR 8 bit output or from a special 8 bit LUT counter. The functional description of the SAR driving
the LUT address inputs is given in the section below.

If the LUT counter is selected, the counter continuously counts up, resetting itself back to zero count each
time th at i ts pr ogrammable r oll-over va lue is  me t. E ach new  cou nt v alue i s p resented to th e LUT  a s a n
address. The data r ead ba ck from this address i s th en written i nto 1 or 2  t arget l ocations within S hadow
SRAM. The target location(s) to be used and LUT contents are part of the device’s configuration data set. The
clock to the LUT counter is sourced by one of the 4 internal analog clocks (from one of the four clock dividers).

The subsequent transfer of  these 1 or 2 bytes from Shadow SRAM into Conf iguration SRAM can occur as
soon as the last configuration data byte is sent, or an internal zero crossing is detected, or a comparator trip
point is met, or an external EXECUTE signal is detected.

With pe riodic clocking of th e LUT  co unter, a LUT  / CAB  com bination can form an ar bitrary wav eform
generator, or temporally modulate a signal.

2.6 SAR Operation
Circuitry is  in cluded wi thin the  CAB which a llows the c onstruction of a n 8- bit Suc cessive App roximation
Register (SAR) type analog converter. The SAR requires two c locks wi th a frequency ratio of 16 to 1. The
slower clock (SAR clock, a.k.a. CLOCKA) determines the rate at which successive conversions will occur and
should not exceed 250 KHz. The faster clock (SC clock, a.k.a. CLOCKB) is used to do the conversion itself.
These clocks are generated by the normal clock divider circuitry. 

The SA R result is  in th e sign mag nitude format ( 1 bit s ign, 7 bits magnitude). T he SA R in puts should be
limited to VMR ± 1.5 V. Inputs going above VREFPC (VMR + 1.5 V) and below VREFMC (VMR - 1.5 V) will
result in the output railing to either 7F or FF as appropriate.

The SAR result can be routed to either the LUT’s address port or back into its host CAB. The most common
use of the SAR is to serve as an address generator for the Look Up Table. At the end of every conversion, the
8 bi t result is recognized by the LUT as a ne w address. The configuration c ircuitry takes the LUT contents
pointed to by this address and loads it into one or two specific locations in the Shadow SRAM.

A typical use scenario is where an input signal needs to be linearized and or calibrated. A signal comes in
from the outside world and is presented to t he CAB configured to d o a SAR conversion. The SAR result is
routed to the LUT where a linearization table was stored as part of the device’s configuration image. Using the
same mechanism as described for the LUT counter in section 2.5, the configuration circuitry takes the LUT
contents pointed to by this address (the SAR result byte) and loads it into 1 or 2 specific Shadow SRAM loca-
tions. For this example, these locations would likely adjust the gain of an amplifier, thus achieving the desired
Copyright © 2004 Anadigm, Inc., All Rights Reserved 7 UM000221-U001b
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