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AMBE-2020™ Vocoder Chip END USER License Agreement

1. Preliminary Statements and Definitions

1.1 This nonexclusive end user product license agreement is a legal agreement between
the customer (the END USER) and Digital Voice Systems, Inc. (DVSI) covering the
terms and conditions under which DVSI's proprietary content (that may consist of and
is not limited to software, hardware, documentation and other material) is licensed to
the END USER as part of this PRODUCT.

a) The PRODUCT shall mean the Hardware, Software, Documentation and other
materials that were provided by DVSI, either directly or indirectly through
distributors or agents, to END USER as part of a sale, delivery or other transaction.

b

Hardware can be in the form of Integrated Circuits (such as Digital signal
Processors) Circuit boards and electronics enclosed in a chassis. DVSI's AMBE-
2020™ Vocoder Chip is an example of an Integrated Circuit.

C,

Software can be in form of computer code, firmware masked into an IC or stored or
embedded into ROM or RAM or Flash memory, or software stored on any media
(such as CD-ROM, floppy disk, hard drive, solid-state memory or the Internet)

d) Documentation means written or electronic information, including user manuals,
technical documents, training materials, specifications or diagrams, that pertain to
or are delivered with the PRODUCT in any manner (including in print, on CD-ROM,
or on-line).

1.2 DVSI has developed a number of voice coding methods and algorithms (the
“Technology”) which include DVSI's Advanced Multi-Band Excitation (‘“AMBE®"),
AMBE+™, and AMBE+2™ voice coders. The Technology codes speech at low bit
rates and may include error correction, echo cancellation and other auxiliary functions.

1.3 "DVSI Voice Compression Software" shall mean the voice coding Software that
implements or embodies the Technology and is embedded into or otherwise provided
with the PRODUCT.

1.4 "DVSI Voice Codec" shall mean the DVSI Voice Compression Software, any
PRODUCT Hardware into which the DVSI Voice Compression Software is embedded
or executed and any associated Documentation.

1.5 DVSI represents that it owns certain “Proprietary Rights” in the PRODUCT including
patent rights, copyrights, trademarks and trade secrets. These rights include one or
more of the following US Patents U.S. #6,199,037, #5,870,405, #5,826,222,
#5,754,974, #5,715,365, #5,701,390, #5,664,051, #5,630,011, #5,581,656,
#5,517,511, #5,491,772 #5,247,579, #5,226,108, #5,226,084 #5,216,747 #5,195,166
#5,081,681, B1 #6,161,089, #5,870,405, #5,649,050 and under other US and foreign
patents and patents pending. AMBE®, AMBE+™ and AMBE+2™ are trademarks of
Digital Voice Systems, Inc.

1.6 “END USER” shall mean the person and/or organization to whom the DVSI Vocoder
Product (software or hardware) was delivered or provided to as specified in the
purchase order or other documentation. In the event that the END USER transfers his
rights under this license to a third party as specified in Section 3.0, then this third party
shall become an “END USER".

1.7 DVSI reserves the right to make modifications and other changes to its products and
services at any time and to discontinue any product or service without notice.

2. License Granted

2.1 Subject to the conditions herein and upon initial use of the DVSI Product, DVSI hereby
grants to END USER a non-exclusive, limited license to use the DVSI Voice
Compression Software and Technology within the PRODUCT. No license is granted
for any use of the DVSI Voice Compression Software or Technology on any other
device or Hardware or in any manner other than within the original unmodified
PRODUCT purchased from DVSI. No license is granted to copy or modify the DVSI
Voice Compression Software or the PRODUCT either in whole or in part.

2.2 No license, right or interest in any trademark, trade name or service mark of DVSI is
granted under this Agreement. END USER acknowledges that the PRODUCT may
contain trade secrets of DVSI, including but not limited to the specific design, and
associated interface information.

2.3 END USER shall not copy, extract, reverse engineer, disassemble, de-compile or
otherwise reduce the DVSI Voice Compression Software to human-readable form.
END USER shall not alter, duplicate, make copies of, create derivative works from,
distribute, disclose, provide or otherwise make available to others, the DVSI Voice
Compression Software and Technology and/or trade secrets contained within the
PRODUCT in any form to any third party without the prior written consent of DVSI. The
END USER shall implement reasonable security measures to protect such trade
secrets.

2.4 This is a license, not a transfer of title, to the DVSI Voice Compression Software,
Technology and Documentation, and DVSI retains ownership and title to all copies.

3. Transfer of License

3.1 The END USER shall have the right to transfer the rights under this Agreement to a
third party by either (i) providing the third party with a copy of this Agreement or (i)
providing the third party with an agreement written by the END USER ( hereinafter
“END USER Agreement”) so long as the END USER Agreement is approved in writing
by DVSI prior to transfer of the PRODUCT. The END USER Agreement shall contain
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comparable provisions to those contained herein for protecting the Proprietary
Information from disclosure by such third party. Third parties shall agree to accept all
the terms and conditions under either Agreement or the END USER Agreement.

4. Term and Termination

4.1 This Agreement is effective upon initial delivery of the PRODUCT and shall remain in
effect until terminated in accordance with this agreement.

4.2 This Agreement shall terminate automatically without notice from DVSI if END USER
fails to comply with any of the material terms and conditions herein. END USER may
terminate this Agreement at any time upon written notice to DVSI certifying that END
USER has complied with the provisions of Section 3.

4.3 Upon termination of this Agreement for any reason, END USER shall: (i) return the
PRODUCT and documentation purchased or acquired, or in Licensee’s possession, to
DVSI; (i) have no further rights to any DVSI Software or the Technology without a
separate written license from DVSI; (jii) discontinue all use of the PRODUCT;

All confidentiality obligations of Customer and all limitations of liability and disclaimers
and restrictions of warranty shall survive termination of this Agreement. In addition, the
provisions of the sections titled "U.S. Government End User Purchasers" and "General
Terms Applicable to the Limited Warranty Statement and End User License" shall
survive termination of this Agreement.

5. Payments

5.1 In consideration of the materials delivered as part of the Product, and in consideration
of the license granted by DVSI for the PRODUCT, and in consideration of DVSI's
performance of its obligations hereunder, the END USER agrees to pay to DVSI the
fees as specified in DVSI's invoice. Payments of fees shall be received by DVSI prior
to shipment of the PRODUCT.

6. Proprietary Notices

6.1 END USER shall maintain and not remove any copyright or proprietary notice on or in
the PRODUCT.

6.2 Reproduction of non-proprietary information found in DVSI Users Manuals or data
sheets is permissible only if the END USER reproduces without alteration, and
includes all copyright and other proprietary notices, all associated warranties,
conditions and limitations on all copies, in any form.

7. Proprietary Information

7.1 The parties agree that the PRODUCT shall be considered Proprietary Information.

7.2 Except as otherwise provided in this Agreement, END USER shall not use, disclose,
make, or have made any copies of the Proprietary Information, in whole or in part,
without the prior written consent of DVSI.

8. Limited Warranty

8.1 DVSI warrants the PRODUCT to be free from defects in materials and workmanship
under normal use for a period of ninety (90) days from the date of delivery. The date of
delivery is set forth on the packaging material in which the Product is shipped. This
limited warranty extends only to the Customer who is the original purchaser. If the
PRODUCT is found to be defective and the condition is reported to DVSI, within the
warranty period, DVSI may, at its option, repair, replace, or refund of the purchase
price of the PRODUCT. DVSI may require return of the PRODUCT as a condition to
the remedy.

Restrictions. This warranty does not apply if the Product (a) has been altered, (b) has
not been installed, operated, repaired, or maintained in accordance with instructions
supplied by DVSI, (c) has been subjected to abnormal physical or electrical stress,
misuse, negligence, or accident;

8.2 Except as stated in Section 8.1, the PRODUCT is provided "as is" without warranty of
any kind. DVSI does not warrant, guarantee or make any representations regarding
the use, or the results of the use, of the PRODUCT with respect to its correctness,
accuracy, reliability, speech quality or otherwise. The entire risk as to the results and
performance of the PRODUCT is assumed by the END USER. After expiration of the
warranty period, END USER, and not DVSI or its employees, assumes the entire cost
of any servicing, repair, replacement, or correction of the PRODUCT.

8.3 DVSI represents that, to the best of its knowledge, it has the right to enter into this
Agreement and to grant a license to use the PRODUCT to END USER.

8.4 Except as specifically set forth in this Section 8, DVSI makes no express or implied
warranties including, without limitation, the warranties of merchantability or fitness for a
particular purpose or arising from a course of dealing, usage or trade practice, with
respect to the PRODUCT. Some states do not allow the exclusion of implied
warranties, so the above exclusion may not apply to END USER. No oral or written
information or advice given by DVSI or its employees shall create a warranty or in any
way increase the scope of this warranty and END USER may not rely on any such
information or advice. The limited warranties under this Section 8 give END USER
specific legal rights, and END USER may have other rights which vary from state to
state.
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9. Limitation of Liability

The END USER agrees that the limitations of liability and disclaimers set forth herein
will apply regardless of whether the END USER has accepted the product or service
delivered by DVSI.

9.1 In no event shall DVSI be liable for any special, incidental, indirect or consequential
damages resulting from the use or performance of the PRODUCT whether based on
an action in contract, or for applications assistance, or product support, or tort
(including negligence) or otherwise (including, without limitation, damages for loss of
business revenue, profits, business interruption, and loss of business information or
lost or damaged data), even if DVSI or any DVSI representative has been advised of
the possibility of such damages.

9.2 Because some states or jurisdictions do not allow the exclusion or limitation of liability

for consequential or incidental damages, the above limitations may not apply to END
USER.

9.3 DVSI's maximum liability for damages arising under this Agreement shall be limited to
20% (twenty percent) of the fees paid by END USER for the particular PRODUCT that
gave rise to the claim or that is the subject matter of, or is directly related to, the cause
of action.

10. Taxes
10.1 All payments required under Section 4 or otherwise under this Agreement are

exclusive of taxes and END USER agrees to bear and be responsible for the payment
of all such taxes (except for taxes based upon DVSI's income) including, but not
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limited to, all sales, use, rental receipt, personal property or other taxes which may be
levied or assessed in connection with this Agreement.

11. Export

11.1 United States export laws and regulations prohibit the exportation of certain products
or technical data received from DVSI under this Agreement to certain countries except
under a special validated license. Some of the restricted countries include: Libya,
Cuba, North Korea, Iraq, Serbia, Taliban in Afghanistan, Sudan, Burma, and Iran. The
END USER hereby gives its assurance to DVSI that it will not knowingly, unless prior
authorization is obtained from the appropriate U.S. export authority, export or re-
export, directly or indirectly to any of the restricted countries any products or technical
data received from DVSI under this Agreement in violation of said United States
Export Laws and Regulations. DVSI neither represents that a license is not required
nor that, if required, it will be issued by the U.S. Department of Commerce. Licensee
shall assume complete and sole responsibility for obtaining any licenses required for
export purposes.

12. Governing Law

12.1 This Agreement is made under and shall be governed by and construed in
accordance with the laws of the Commonwealth of Massachusetts, (USA), except that
body of law governing conflicts of law. If any provision of this Agreement shall be held
unenforceable by a court of competent jurisdiction, that provision shall be enforced to
the maximum extent permissible, and the remaining provisions of this Agreement shall
remain in full force and effect. This Agreement has been written in the English
language, and the parties agree that the English version will govern.
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1. Product Introduction

1.1 General Information

Digital Voice Systems Inc.'s AMBE-2020™ Vocoder @lis an extremely flexible, high-performance, singhip, speech
compression coder. It provides superior voiceitpat low data rates. It provides a real-timdf-daplex implementation of
the standard-setting AMBE/oice compression software algorithm. DVSI's ps&aednPAMBE" voice compression technology
has been proven to outperform CELP, RELP, VSELPLRIEECELP, MP-MLQ, LPC-10, and other competitiveheologies.
Numerous evaluations have shown its ability to fmreperformance equal to today’s digital cellulgstems at under half the
data rate. The AMBEvoice compression algorithm is used in applicatimsughout the world, including the next genematio
of digital mobile communication systems.

The AMBE-2020™ Vocoder chip provides a high degrefiexibility in selecting the speech and FEC (ward Error
Correction) data rates. The user can separatiglgtshese parameters in 50 bps increments forreties from 2.0 kbps to 9.6
kbps. Typically for higher error rate channelg tiser will apportion a greater percentage ofdked bit rate to FEC coding.
The AMBE-2020™ voice coder maintains natural vajoality and speech intelligibility at rates as las/2.0 kbits/sec. The
AMBE® algorithm’s low complexity allows it to be fullypiegrated into a low cost, low power integrateduit; the AMBE-
2020™ Vocoder Chip.

The AMBE-2020™ Vocoder Chip offers similar featuteDVSI's AMBE-1000™ Vocoder Chip allowing it taeeb
incorporated into systems already designed foAMBE-1000™ and is interoperable with other DVSI gwots. The AMBE-
2020™ Vocoder Chip delivers improved performancg emhanced modes such as 4.0 kbps toll qualitychpaed
convolutional FEC coding. Along with these enhamests the AMBE-2020™ Vocoder Chip employs a coritr@rface
along with the variable data rates and FEC selestio

1.2 Advantages
e Superior Voice Quality
¢ Low Cost
¢ No External Memory Required
¢ Robust to Bit Errors & Background Noise
¢ Variable Data Rates - 2.0 kbps to 9.6 kbps
¢ Variable FEC Rates - 50 bps to 7.2 kbps
¢ Very Low Power (65mW @ 3.3V, 0.11mW Deep Sleep)
¢ Compact Single Chip Solution: 100 pin TQFP

Features
¢ High Quality Low Data Rate Speech Coding
¢ DVSI's Half Duplex AMBEDO Voice Coder
¢ Supports Data Rates of 2.0 kbps to 9.6 kbps in 50 bps increments
e User Selectable Forward Error Correction rates
¢ Viterbi Decoder (rate 1/4 or more)
e 16 Level Soft Decision Decoding
¢ Voice Activity Detection (VAD) / Comfort Noise Insertion
* Single and Dual Tone (DTMF) Detection and Generation
¢ Power-Down Mode
¢ Minimal algorithmic processing delay
« DTMF detection and regeneration with North American call progress tones
DVSI Confidential Proprietary, Subject to Change Page 7
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1.3 Typical Applications

Satellite Communications
Digital Mobile Radio

Secure Communications
Cellular Telephony and PCS
Voice Multiplexing

Voice Malil

Multimedia Applications

DVSI Confidential Proprietary, Subject to Change
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2 AMBE-2020™ Application Design Overview

2.1 Basic Operation

In its simplest model, the AMBE-2020™ can be vievasdwo separate components, Bmeoder and theDecoder. The
Encoder receives an 8kHz sampled streaspeéctdata (16-bit linear, 8-bit Alaw, or 8-bit ulaw)@outputs a stream of
channeldata at the desired rate. Conversely the Deaedeives a stream ohanneldata and synthesizes a strearspdech
data. The timing for the interfaces for the AMB&2D™ Encoder and Decoder are fully asynchronous.

Figure 2-A Basic Operation

AMBE-2020 AMBE-2020

8kHz Speech Data Encoder Compressed Data @ 2000-9600bps N Decoder 8kHz Speech Data

Typically the speech interface is an external A/[ZxBhip. The format of the incoming and outgoipgsech data streams are
coupled, that is to say they must be the same tofb6abit linear, 8-bit Alaw, or 8-biilaw). The channel interface is
commonly (but not limited to) an 8 or 16 bit micropessor or other suitable ‘glue logic’ hardwarpatde of performing the
rudimentary formatting functions between the AMBE2RQ™ channel format and the format of the systeamohl.

Optional functions of the chip, such as voice atton/detection, power mode control, data/FEC satection, etc. are
controlled either through hardware control ping(Section 5) and/or through the decoder commasedfate (see Section 4)
Data sent into the decoder for function controlpmses is distinguished from the data to be decodedpeech through a
channel format which is described in Section 4.

2.2 Initial Design Considerations

Some of the initial design considerations the appilbn engineer will face are the following:
¢ Choice of A/D-D/A chip.

. Choice of Channel Interface.

¢« Speech and FEC Rates.

2.2.1 A/D — D/A Overview

The choice of the A/D-D/A chip is critical to desigg a system with superior voice quality. GivbeattAlaw andulaw
companding chips are already incorporating somepeession to reduce the number of bits per sampkerécommended
that, when possible, a 16-bit linear device be dsecthaximum voice quality. When choosing a deyjz®y particular
attention to Signal to Noise ratios and Frequenegm@nses of any filters that may be present oanhtg front end of these
chips. The Alaw angdlaw interfaces are also provided for the desigriresey who is trying to fit to pre-existing conditi® or
is under other cost type restraints.

DVSI Confidential Proprietary, Subject to Change Page 9
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2.2.2 Vocoder Front End Requirements

In order to ensure proper performance from theevoaer, it is necessary for the vocoder fronttentdeet a set of minimum
performance requirements. For the purposes sftition the vocoder front end is considered tihédotal combined
response between microphone/speaker and the digifdl interface to the vocoder software, as showFigare 2-B. This
includes any analog electronics plus the A-to-D Br-A converters as well as any digital filteripgrformed prior to the
voice encoder or after the voice decoder.

Mlcrgpihone Vocoder Front End
/ L '

Analog Analog A-to-D Digital 3
‘ | Input ¥ Input TR o vorl | Input ———® Voice
Analog Input : Gain Filter Gain ' Digital Output Encoder

Reference Pt.:  Reference Pt.
Speaker | 1
§ .| Analog Analog Digital | AMBE+™
| N — . D'tO'A — 4_.\— .

= <4———— Output Output Convertor Output 3 [ Voice
Analog Output Gain Filter Gain  Digital Input

4 Reference Pt. § Rtgferenc% Pt. Decoder

Analog Speech Digital Speech

(8 kHz sampling)
Figure 2 - B. Vocoder Front End

The AMBE+™ voice encoder and decoder operate wittyi.e. 0 dB) gain. Consequently the analogiirgind output gain
elements shown in Figure 2 are only used to méelsénsitivity of the microphone and speaker withA-to-D converters
and D-to-A converters, respectively. It is recomaed that the analog input gain be set such tleaRMS speech level under
nominal input conditions is 25 dB below the satiorapoint of the A-to-D converter (+3 dBm0). Theével, which equates to
-22 dBmO, is designed to provide sufficient marngiprevent the peaks of the speech waveform franglbaipped by the A-
to-D converter.

-18dB

-35 dB 17/

-40 dB

0 200 400 3000 3400 40004600 8000 freq (Hz)
Figure 2 - C. Front End Input Filter Mask
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The voice coder interface requires the A-to-D antbiA converters to operate at an 8 kHz sampling fiee. a sampling
period of 125 microseconds) at the digital inputpot reference points. This requirement necessitiéite use of analog filters
at both the input and output to eliminate any fesgry components above the Nyquist frequency (4 kHihe recommended
input filter mask is shown in Figure 2 - C, and tkeommended output filter mask is shown in FigureD. For proper
operation, the shaded zone of the respective figlwelld bound the frequency response of the frodtigput and output.

[NYEN

aq

[esRvy]
1

-18 dB—;

-40 dB 1]

-60 dB 1~

0 200 3000 3400 4000 4600 gooo freq (Hz)
Figure 2 - D. Front End Output Filter Mask

This document assumes that the A-to-D convertedyares digital samples where the maximum digitaliiigvel (+3 dBmO)

is defined to be +/- 32767, and similarly, that theximum digital output level of the D-to-A conwvarccurs at the same
digital level of +/- 32767. If a converter is usgtich does not meet these assumptions then titaldigin elements shown in
Figure 2 should be adjusted appropriately. Noa¢ tthese assumptions are automatically satisfig@ Hit linear A-to-D and
D-to-A converters are used, in which case the aigiain elements should be set to unity gain. Alsie that the vocoder
requires that any companding which is applied leyAFto-D converter (i.e. alaw or ulaw) should benowed prior to speech
encoding. Similarly any companding used by thetconverter must be applied after speech decoding

An additional recommendation addresses the maximuise level measured at the output reference psian in

Figure 2-B with the corresponding inputs set tmzddVSI recommends that the noise level for bateations should not
exceed -60 dBmO with no corresponding input. lditah the isolation from cross talk (or echo) fréine output to the input
should exceed 45 dB which can be achieved viargitassive (electrical and/or acoustic design) tiva¢echo cancellation
and/or suppression) means.

2.2.3 Channel Interface Overview

The channel interface is meant to be flexible kovafor easy integration with the system under giesiThe basic hardware
unit of the interface is a serial port. The sep@ilt can run irpassiveor activemodes. In passive mode, all of the channel
interface control signals are inputs to the AMBBE202chip. In active mode, only the TX_DATA_STRBais output from
the AMBE2020™ chip. All other signals are inputs.

Under normal operation, every 20ms, the encodgrutsita frame of coded bits, and the decoder nedus delivered a frame
of coded bits. There is some formatting of thexdat both the encoder and the decoder. The pyimampose of the
formatting is to provide alignment information fitve encoded bit stream. The data has two forrreasned andUnframed
Serial mode can run in eithEramed or Unframed mode.

TheFramed andUnframed modes are explained in full detail in Section yt, éssentially the two formats are trying to
achieve the same function, to provide positiontdrimation regarding the outgoing and incoming codath streams. In
Framed mode each 20msecs of output data from the enétegeeceded by a known structure (each packetsporels to
20ms of speech data input into the encoder). Sthigture also embeds some status type flags, rfadotal control
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purposes, within it. The only data from theamed format that is typically sent across the transmisshannel under design
are the actual encoded bits at the desired rate.

In Framed mode, it is the responsibility of the designedaysto pass enough information along with the eaddalts such
that theFramed format needed by the decoder can be reconstroctéite other side. This extra information, or tveed, is
going to be very specific to the system under dedigt at a minimum needs to pass enough informatioeliably reconstruct
the 20msec frame structure at the other end fodélceder.

In Unframed mode the data coming out of the encoder can heytitof as a continuous stream of voice data waighfitaming
information embedded within the encoded bits. @deantage of this type of set-up is that the systees not have to add
any bandwidth for overhead to the channel. Thadliantage is that the decoder needs 10-12 incoimginggs in order to gain
synchronization with the data stream before itaperly synthesize the speech waveform. Alsolttigamed mode only
commits a single bit per frame to maintain datgratient. In higher error rate channels the perfaeavill be improved by
adding more bits per frame to the alignment infdioma(which is more easily performed when uskitrgmed mode).

Additional flexibility is given to the channel inface to the encoder and decoder by allowing theBEMP0O20™ Vocoder
Chip to run inPassiveor Activemodes. In Passive mode, data strobes are prolidad external source, while in Active
mode, data strobes are provided by the AMBE-20203¥0der Chip. Serial interfaces can be run in Rassi Active modes.
See Section 4 for full details and timing for béttlamed andUnframed data.

224 Speech and FEC Rate Selection Overview

The total coded bit rate is the sum of two comptsieghe Speech Data bit rate and the Forward Eroorection (FEC) Data
bit rate. The addition of FEC data to the speexth dllows the decoder to be able to correct adofrimount of errors within
each frame should they arrive corrupted. If thenctel is expected to have more errors then moseshiduld be dedicated to
FEC. Atthe same time, voice quality will incredisine number of speech bits is increased.
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3 Hardware Information

3.1  Special Handling Instructions

The AMBE-2020™ uses the TM320LC541B-66 core. Heater details on handling, electrical, packagangiming specs
please refer to the TMS320-C54x data shebttpt//www.ti.com/sc/pcsheets/sprs039c¢/sprs039c.pdf

Although the AMBE-2020™ Vocoder Chip incorporateplit protection circuitry, to avoid damage from #teumulation of
a static charge, industry standard electrostasichdirge precautions and procedures must be empiioyed) handling and
mounting.

The 100 pin TQFP package design of the AMBE-20206¥dder Chip allows it to be mounted by infraredowf vapor-
phase reflow or equivalent processes. The peakagadiody temperature must not exceed@20

The length of time the AMBE-2020™ can be safelyasqul to the ambient environment prior to high teneoee reflow
soldering follows the JEDEC industry standard éfesdion for Moisture Sensitivity Level.

Level-1-260C-UNLIM

3.1.1 Storage

To insure maximum shelf life in long term storag®BE-2020™ Vocoder Chips should be kept in a masstontrolled
package at <4AC and <90% Relative Humidity
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3.2 Pin Descriptions
Pin Number | Pin Descriptive Name| Pin Direction | Notes

77 CHAN_SEL1 Input Channel Interface Selection PUse these bits to select the channel interfage ty
(framed, unframed active, passive) according tdeTdbA. See full description in sectior)
4.2.

75 CHAN_SELO Input Used with CHAN_SELL1 to selecaohel operation mode

85 CODEC_SEL1 Input
A/D-D/A Select Pins see Table 6-A to select therifastce.

84 CODEC_SELO Input

74 RATE_SEL4 Input

73 RATE_SEL3 Input ) ) ) ) )
Coding Rate Select Pins: Use these bits to séleotdice and FEC rates according to

72 RATE_SEL2 Input section 7.2. The coding rates are also selecteditegy the Control Word interface
described in section 5.2.4.

71 RATE_SEL1 Input

70 RATE_SELO Input

86 VAD EN Inout Voice Activity Detection Enable Pin. Active HIGHSee Section 7.3. VAD is controlled

- p ON/OFF using the Control Word interface as desdribesection 5.2.9.

Encoder/Decoder switch. Switch on to enable Encadd disable Decoder (must be us

24 ENCODER_EN Input in conjunction with Encoder Enable function in Fedrinput. See Section 5.2.9). Switd
off to enable Decoder and disable Encoder.

83 SLEEP_EN Input Standard Sleep Enable Pin. AddlGH. See Section 7.5.1.

82 SLIP_EN Input Slip Control Enable Pin. ActivéGH. See Section 7.6.

68 X2/CLKIN Input Clock Input 1. 16.384 MHz inpuBee Section 3.3
Output from internal oscillator for the crystaltife internal oscillator is not used this pin

67 X1 Input
should be unconnected.

69 RESETN Input AMBE-2020™ Reset pin. Active LO\8ee Section 3.3
Encode Packet Ready: Following a reset, this sigiibhave a high to low transition to

20 EPR Output indicate the first packet is ready. The next paekk be ready approximately 20 msec
later. See Note 1.

79 SOFT_EN Input Soft decision decod!ng enable. When high it enablei soft decision error decoder.
Keep low when not in use.

80 BAUD_SELO Input
Baud Rate Selector for unframed serial mode Se&e¥aB.

81 BAUD_SEL1 Input

32 CHAN_RX_DATA Input Channel Receive Data to AMBB20™

42 CHAN_TX_DATA Output Channel Transmit Data fronMBBE-2020™

28 CHAN_RX_CLK Input Channel Receive Clock

34 CHAN_TX_CLK Input Channel Transmit Clock

38 CHAN_TX_STRB 110 Channel Transmit Data Strobe

30 CHAN_RX_STRB Input Channel Receive Data Strobe

29 CODEC_RX_STRB Input Frame synchronization ptdsed/D data. Should be connected to CODEC_TX_STRB

37 CODEC_TX_STRB Input Frame synchronization pfitseD/A data. Should be connected to CODEC_RX_STRH

31 CODEC_RX_DATA Input PCM Data from A/D ConverterAMBE-2020™
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Pin Number | Pin Descriptive Name| Pin Direction | Notes

41 CODEC_TX_DATA Output PCM Data from AMBE-2020™ DdA Converter

27 CODEC_RX_CLK Input A/D Serial clock. Should enaected to CODEC_TX_CLK

33 CODEC_TX_CLK Input D/A Serial clock Should benoected to CODEC_RX_CLK

If high enables crystal oscillator option for closturce. If low then external oscillator

51 CLOCK_MODE Input option is selected. See Section 3.5 for details.

8,11,12,23,

36,39,44,45,
46,47,48, VDD Power Supply Voltage
49,54,57,

64,76,87,90

1,9,10,25,
26,35,40,50,

52,53,56,
63,65,88,89

2,3,4,5,6,7,
13,14,15,16,
17,18,19,21,
22,43,55,58,
59,60,61,62, No Connection These pins must remain unconnected
66,78,91,92,
93,94,95,96,
97,98,99,
100

GND Power Ground

NOTE 1: The AMBE-2020™ expects an encoder packet to e approximately every 20 msec. Following theéahiteset,
wait for EPR to go low and read the initial pacigt 20 msec later, the next packe} éhould be ready. For packetind all
following packets use the procedure below:

1) Wait for slightly less than 20 msec.

2) Assert CHAN_TX_STB and read word on CHAN_TX_DATA.

3) If transmitted word not Ox13EC, discard it and epsep 2.

4) If transmitted word 0x13EC, read 23 more wordst(oépacket).

The EPR signal should not be used as an interiipe. EPR is only valid for the first high to lovatrsition.
A new packet should be ready every 20 msec aféeinitial EPR high to low transition. A packetuwd should take place
every 20 msec. If there is a delay in the read &.packet is missed), it is recommended thadéhéce be reset.

NOTE 2: To prevent possible damage to the chip be sureythatcircuit meets the following three requirengent
1) No signals should be applied to the device (thisuides clocks) before the power is applied.
2) The_clock and resehust be applied to the device during power ughédfclock and reset are not applied during
power up, high currents may flow damaging the devic
3) All of the configuration I/O pins of the device shob&pulled up or pulled down through individualK@hm
resistors to limit current flow through the 1/0 8ens. See Table below for the affected pins.

Descriptive Name | Pin Number Descriptive Name Pin Number
CHAN_SEL1 77 VAD_EN 86
CHAN_SELO 75 ENCODER_EN 24
CODEC_SEL1 85 SLEEP_EN 83
CODEC_SELO 84 SLIP_EN 82
RATE_SEL4 74 SPFT_EN 79
RATE_SEL3 73 BAUD_SELO 80
RATE_SEL2 72 BAUD_SEL1 81
RATE SEL1 71
RATE_SELO 70
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3.3 Clock and Reset Timing

To reset the AMBE-2020™ chip, the reset signal nesheld low for a minimum of 50 us. The recovime from reset is
approximately 95 msec. In other words, 95 msear #fie rising edge of the reset signal the AMBE&®2 starts processing
PCM samples. The first packet will be ready a2%&2 PCM samples are read.

Figure 3-A X2/CLKIN and CLKOUT Timing Diagram
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Table 3-A X2/CLKIN and CLKOUT Timing Parameters

/) N\ SN\

t(CH— <

AVAVAVE

t(CO) —» <

«—t (CoL)

£(CO) —¥

-

Reference Parameter Min Max Units
te(Cl) Cycle time, X2/CLKIN | Integer PLL multiplier N (N=4) 20 400 ns
t:(CL) Fall time, X2/CLKIN 4 ns
t(CL) Rise time, X2/CLKIN 4 ns
tw(CIL) Pulse duration, X2/CLKIN low 6 ns

tw(CIH) Pulse duration, X2/CLKIN high 6 ns

tp Transitory phase, PLL lock-up time 50 Us

t(CO) Cycle time, CLKOUT (typical is t(Cl)/4) 15 ns

t4(CIH-CO) Delay time, X2/CLKIN high/low to CLKOUT high/low 4 16 ns
t(CO)/t:(CO) | Fall/Rise time, CLKOUT (typical is 2 ns)

tw(COL) Pulse duration, CLKOUT low H-4 H ns

tw(COH) Pulse duration, CLKOUT high H-4 H ns

e CLKOUT is shown for reference only it is not connected.
e H=7.629ns
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Figure 3-B Hardware Reset Timing Diagram

Figure 3-C Hardware Reset Timing DiagramTable 3-B R eset Timing Parameters

Reference Parameter Min Max

Units

th(RS) Hold time, RS after CLKOUT low 0

ns

tw(RSL) Pulse duration, RS low 50

s

tsu(RS) Setup time, RS before X2/CLKIN low 5

ns

tsu(INT) Setup time, INTn, NMI, RS before CLKOUT low 10

ns

CLKOUT is shown for reference only it is not contest

3.4  Associated Chip Delay

The associated delay due to the coding/decodirgitig is shown below

Encoder Delay

Algorithmic Delay = 32 ms
Encoder Processing Delay = 11.5 ms

Decoder Delay

Algorithmic Delay = 10 ms
Decoder Processing Delay = 7.5 ms

Total Delay =32 ms + 11.5 ms + 1 ms* +10 ms +7.5 ms = 62 ms

Frame Processing Delay = 11.5 ms (encoder) + 1 ms* + 7.5 ms = 20 ms

1ms of idle time between encode and decode sequence
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3.5 Crystal / Oscillator Usage
The AMBE-2020™ Vocoder Chip has an input clock freacy of 16.384 MHz. Two options are outlined keio providing
this signal. The CLOCK_MODE pin 51 must be set appately for the option used.

The following points should be noted when desigrang printed circuit board layout:
« Keep the crystal and external capacitors as close to the X2/CLKIN and X1 pins as
possible to minimize board stray capacitance.

¢ Keep X2/CLKIN and X1 away from high frequency digital traces (example CLKOUT)
to avoid coupling.
3.5.1 TTL Clock Source
If CLOCK_MODE pin is low then a TTL/CMOS sourcetised as the clock input. Connect X2/CLKIN and XIcdiews:
Figure 3-D X2/CLKIN and X1 with TTL Clock Source

16.384 MHz
TTL/CMOS Clock X2/CLKIN (pin 68)
Source

AMBE-2020

Unconnected

X1 (pin 67)

3.5.2 Crystal Oscillator

The Crystal Oscillator option is selected with CLUOGIODE pin set to a high level. To use the crysttillator, connect the
crystal across X2/CLKIN and X1 along with one ertdrcapacitor from each of these pins to groundcdmmended values
for C1 and C2 is 10 pF.

Figure 3-E X2/CLKIN and X1 with Crystal Oscillator

Cl1=10pF

Ay X2/CLKIN (pin 68)

/|

16384 MHz =3 AMBE-2020

N | i
vl X1 (pin 67)

= C2=10pF
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3.6  Package Description

100 pin TQFP (Thin Quad Flat Pack)
All Dimensions are in millimeters

Figure 3-F Package Dimensions
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Figure 3-G Package Dimensions

FETIrTeNrrrrersvnryroavay

AMBE-2020-10 = The DVSI device part number.

DVSI = Digital Voice Systems, Incorporated

D16877PZ-66 = Internal Texas Instruments part number for théB&-2020

A = WF Code
D = Die Rev Code
w = Die Shrink Code

43AT3FW = Lot Trace Code

43 = 2 Digit YR/MO Code (Updated Monthly)
AT3F =Assy Lot
w = Assy Site Code
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3.7  Normal Operating Conditions

Table 3-C Normal Operating Conditions

Normal Operating Conditions
Operating Voltage 3.3V
Operating Case Temperature Range -40°C to 100°C
Storage Temperature Range -55°C to 150°C

3.8  Absolute Maximum Ratings

Stresses in excess of the Absolute Maximum Ratings can cause permanent damage to the device.
These are absolute stress ratings only. Functional operation of the device is not implied at these or
any other conditions in excess of those given in the operational sections of the data sheet. Exposure
to Absolute Maximum Ratings for extended periods can aversely affect device reliability.

Table 3-D Absolute Maximum Ratings

Absolute Maximum Ratings

Voltage Range on any Pin with Respect to Ground -0.3Vto 4.6V
3.9  Electrical Characteristics and Requirements
Table 3-E Recommended Operating Conditions
Parameter Min Nom Max Unit
DVpp Device Supply Voltage 3 3.3 3.6 \%
Vss Supply Voltage, GND - 0 - \%
RESETN (pin 69), CLOCK_MODE
(pin 51), X2/CLKIN (pin 68), o5
Vin High-level input voltage, /0 pins 44,45,46,47,48,52,53,54 ' - DVpp + 0.3 \Y
DVDD = 3.3 :i:O.3 V
All other inputs 2.0
Vi Low-level input voltage -0.3 - 0.8 \%
lon High-level output current - - -300 pA
lov Low-level output current - - 15 mA
DVSI Confidential Proprietary, Subject to Change Page 21

Visit us at www.dvsinc.com



AMBE-2020™ Vocoder Chip Users Manual
Version 4.92, June, 08

Table 3-F Electrical Characteristics over Recommen  ded Operating Case Temperature Range

(Unless Otherwise Noted)

Parameter Test Conditions MIN  TYPT MAX Unit
Von High-level output voltage* Vpp = 3.3 £V, loy = MAX 2.4 \%
VoL Low-level output voltage¥ lo. = MAX 0.4 Y,
Ix Input current in high impedance
Vpp = MAX, V, = VSS to Voo -10 10 HA
(V| = VSS to VDD)
C, Input capacitance 10 pF
Co Output capacitance 10 pF
T All values are typical unless otherwise specified.
3.10 Thermal Resistance Characteristics
Thermal Resistance Characteristics
ReJa 58°C/W
ReJc 10°C/W
Table 3G Thermal Resistance Characteristics
Page 22
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4  Channel Interface

4.1 Overview

The Channel Interface is the general term usethomterface for the compressed bits coming froengncoder and the
compressed bits going to the decoder. This satedage is also used to outmiatusinformation from the encoder and
decoder such as whether a DTMF tone has just beteatdd in the speech input, or whether the deduatedetected and
synthesized a frame of silence. Additionally, ihigerface is used to perform more complex coraparations on both the
encoder and decoder (usually at start-up). Theseat functions include speech data and FEC raiéral.

It is important to realize that not all data bemdput from the AMBE-2020™ s intended for transsibn over the channel.
Status type of data is typically only useful at fbeal’ end. In most voice transmission systethe, actual encoded bits are
extracted from the channel formatting, combined the systems transmission stream, sent overahsrtrission path,
extracted from the transmission path at the recgiend, and reassembled into the AMBE-2020™ 's ieblformat for
synthesis by the decoder.

Figure 4-A Channel Interface Overview

Typical Voice Frame Output From Encoder

Overhead Data
(Header, Status)

Voice Data (40 to 192 bits)

Transmission Channel

System extracts

and formats them for
transmission over
Channel

relevant Voice Data bits

System Overhead

System extracts
relevant Voice Data bits

Voice Data (40 to 192 bits)

and formats them for
Input into the Decoder

adding Header and

Control Information

Typical Voice Frame Input to the Decoder

Overhead Data
(Header, Control)

Voice Data (40 to 192 bits)
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4.2  Serial Configuration Selection

The hardware interface to the Channel Interfaceidigured as a serial interface based exclusiorlthe hardware settings of
CHAN_SEL[1-0]. Sedable 4-A.

Table 4-A Channel Interface Selection Table

Interface
Select Pins
Port Type E . E -
Ok | o
ZlE ZIE
<Z <
T T
O O
Active Framed 0 0
Active Unframed 0 1
Passive
Framed 1 0
Passive
Unframed 1 1
Table 4-B Unframed Bit per Word Selection Table
Interface
Select Pins
Number
of Voice = S
Data Bits s s
per Word o @
[ajR= [a =
=Y Y
< <<
o m
1 0 0
2 0 1
3 1 0
4 1 1

All transfers occur through a serial port. Theadgrort inputs and outputs a 16 bit word for evemjte and read strobe signal
respectively. Serial mode canfoemed or unframed. Within theunframed mode, the data is input and output in 16 bits
words still but with only 1 to 4 voice data bitsied within each word. These four configuratiaas be seen in Table 4-B.
See section 4.3 for all the details on the senigrface.
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4.3 Channel Serial Mode

The signals imable 4-C make up the serial channel interface. The sehi@hnel mode transfers data in and out of the
AMBE-2020™ using 16 bit words on the two data li@#$AN_RX DATA andCHAN_TX_ DATA . The selection of the
framed or unframed format of this data is made using informatiomable 4-A.

Table 4-C Channel Serial Interface Pin Descriptions

Pin Pin Pin

Symbol Direction Number | Description

Encoder Packet Ready : Following a reset, this output signal will have a high to low
EPR Out 20 transition to indicate that the encoder has a frame of data to output. The next packet
will be ready approximately 20 msec later. See Note 1.

Serial Data Input : 16 bits of channel data are input on CHAN_RX_DATA,

CHAN_RX_DATA In 32 synchronous to CHAN_RX_CLK, with each CHAN_RX_STRB pulse.

Serial Input Clock : In coordination with CHAN_RX_STRB, CHAN_RX_DATA is
CHAN_RX_CLK In 28 | |atched by the AMBE-2020™ on the falling edges of CHAN_RX_CLK .

Input (Write) Data Strobe : This signal indicates to the AMBE-2020™ when the data
CHAN_RX_STRB In 30 on CHAN_RX_DATA will be latched by CHAN_RX_CLK. See figure 4-B.

Serial Data Output : 16 bits of channel data are output on CHAN_TX_DATA,
CHAN_TX_DATA Out 42 synchronous to CHAN_TX_CLK , with each CHAN_TX_STRB pulse.

Serial Output Clock : In coordination with CHAN_TX_STRB, the data on
CHAN_TX_CLK In 34 CHAN_TX_DATA is output by the AMBE-2020™ on the rising edges of

CHAN_TX_CLK.

Active Output/ 38 Output (Read) Data Strobe : This signal indicates to the AMBE-2020™ when to bring

CHAN_TX_STRB | ‘5ssive Input the data to the CHAN_TX_DATA pin. See figure 4-B.

Note 1.The AMBE-2020™ expects an encoder packet to be apptbximately every 20 msec. Following the
initial reset, wait for EPR to go low and read ihigial packet (t0). 20 msec later, the next pag¢kB should be
ready. For packet t1 and all following packets tieprocedure below:

1) Wait for slightly less than 20 msec.

2) Assert CHAN_TX_STB and read word on CHAN_TX_DATA
3) If transmitted word not 0x13EC, discard it apgeat step 2.

4) If transmitted word Ox13EC, read 23 more wordst(of packet).

A new packet should be ready every 20 msec afeeinitial EPR high to low transition. A packet&d should take place
every 20 msec. If there is a delay in the read &.packet is missed), it is recommended thadéhéce be reset.
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4.3.1 Low Level Timing for Passive and Active Serial Mode

Figure 4-B Low Level Timing for Passive and Active Serial Mode
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Table 4-D Switching Characteristics Over Recommende  d Operating Conditions for Serial Port

Receive
Reference Parameter - bl Units
Min Max
th(FSR) Hold time, FSR after CLKR falling edge 6 ns
thoR) Hold time, DR after CLKR falling edge 6 ns
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Table 4-E Switching Characteristics Over Recommende  d Operating Conditions for Serial Port

Receive
Reference | Parameter : Rl Units
Min Max
td(DX) Delay time, DX valid after CLKX rising (Passive o5 ns
Mode)

tescky Cycle time, serial port clock 6H ns
tisck Fall time, serial port clock 6 ns
trsck) Rise time, serial port clock 6 ns
twsck) Pulse duration, serial port clock low/ high 3H ns
tsuEsr) Setup time, FSR before CLKR falling edge 6 ns
tsu(DR) Setup time, DR before CLKR falling edge 6 ns
taEsx) Delay time, CLKX rising to FSX 15 ns
taox) Delay time, CLKX rising to DX (Active Mode) 15 ns
thEsx) Hold time, FSX after CLKX falling edge 6 ns
thEsxH Hold time, FSX after CLKX rising edge 2H-5 ns
taisox) Disable time, CLKX rising to DX 20 ns
thpx) Hold time, DX valid after CLKX rising edge -5 ns

* Note: H = 7.629 ns; however, do not operate seltaks any faster than 2.048 MHz. Thysdk, should be a minimum of
488.3 nsec.
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5 Channel Data Format

The channel interface is responsible for outputtirgcompressed data from the encoder and inputtingpressed data to
the decoder. In addition to these most basic fanstthe channel interface is also capable of teypcertain events, such
as the detection of a DTMF tone. The channelfiatercan also control certain selectable functafrtse AMBE-2020™,
such as the voice coding rate. This chapter \efladibe how the AMBE-2020™ uses the channel interfa multiplex
these capabilities.

There are two formats to the dataamed andUnframed, both of which operate in serial mode. Generstligaking the
Unframed mode is used only when the connection betwee AMBE-2020™ and the channel under design is relitive
direct, and the designer wants to simplify the aotion of the relevant voice data. In this modefigumation is
accomplished using hardwired pins. In most casken a controller is present between the AMBE-202417# the
channel, the system designer will find that ustmgRramed format is more flexible.

5.1 Framed Format

TheFramed format is a 24 by sixteen-bit word format for &atwf 48 bytes or 384 bits. Every 20 millisecoritber the
encoder outputs 24 sixteen-bit words, or the decexlgects to receive 24 words depending which ntleeehip is in
(encode only or decode only). The format of thmutrand output frames are detailed below. The fizgssixteen bit words
are made up of header, ID and status or controtrimdition. The remaining 12 sixteen bit words majx¢he encoded data
bit field. These 12 words, or 192 bits, will bdiyuypopulated with relevant voice data only whea hMBE-2020™ is
operating in a 9600bps mode (9600 bits/s& frames/sec = 192 bits/frame). Otherwise, wherdata rate is less than
9600bps, the coded voice bits are filled starthognfthe MSB of the first word in the field, leaviagy unused bits as zeros.
It is important to note here that even when the AVviE20™is operating at less than 9600Iatis384 bits of thd-ramed
format (including any unused trailing zeros) musttansferred out of the encoder and into the dacod

5.2  Framed Input Format

In Figure 5-A we see the format of tReamed input. Keep in mind that even though the chadagh in this=ramed input
format is closely associated with the decodergctivdrol information will apply to both encodand decoder functions.
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Figure 5-A Basic Framed Input Format

Word # Description
= 0 Header always set to 0x13EC
= 1 Power Control ID (8bits) | Control Word 1 (8 hits) — see Table 5-B
g 2 Rate info 0
o |3 3 Rate info 1
a8 (5% 4 Rate info 2 See Tables 5-C and 5-D
S |85 5 Rate info 3
o g = 6 Rate info 4
o |22 7 Unused in Input
g, g 8 Unused in Input
g 3 sl 9 Unused in Input
g Y|y 10 DTMF Control — see Tables 5-E and 5-F
o w | 11 Control Word 2 — see Table 5-G
g % 12 Channel Data
N 2| 13 Channel Data
S § 14 Channel Data
& |5 15 Channel Data
§ L@ 16 Channel Data
g c o 17 Channel Data
J |2y 18 Channel Data
g 2 19 Channel Data
— 20 Channel Data
) 21 Channel Data
= 22 Channel Data
23 Channel Data

5.2.1 Framed Input: Word O : Header

The decoder uses the header information to syn@eevith the beginning of each 20 millisecond frathés 16 bit word
MUST beOx13EC.

5.2.2 Framed Input: Word 1 : Power Control ID

Set the 8-bit Power Control ID field to 0x00 forrn@l use. For Power Down Mode, set this valugxteb. This causes
the AMBE-2020™ to enter low power mode. To exi [power mode, the device must be reset throughdhdware.

Table 5-A Framed Input : Power Control ID Values Su  mmary

ID Type Description

0x00 Voice Data This ID value instructs AMBE-2020™ to operate in normal fashion

When this mode is activated the AMBE-2020™ Vocoder Chip will go into a mode

0x55 Low Power Mode h . .
which conserves power, where no voice packets are being processed.
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5.2.3 Framed Input: Word 1 : Control Word 1
Use the 8-bit control word to set various functions
Table 5-B Control Word 1 Format

Control Word 1 — 8-hits (See Table 1-F)

7: MSB 6 5 4 3 2 1 0:LSB
Lost Frame
Indicator Unused Unused Unused Unused Unused CNI Unused

Lost Frame Indicator : Setting the Lost Frame Indicator bit to a 1l wduse the AMBE-2020™ decoder to construct the
voice frame using the parameters from the previame. This is an effective way to mask the effexftshort periods of
data loss. This bit should be set by the user whannel data is lost or corrupted. It works lpglaeing the frame of
corrupted data with the previous, intact, frame.

Comfort Noise Insertion (CNI) : Setting the CNI bit will cause the decoder teposa frame of comfort noise. This bit is
used with systems that are capable of discontintransmission (DTX).

5.2.4 Framed Input: Words 2-6 : Rate Information
Rate Info 0, Rate Info 1, Rate Info 2, Rate Info 3, Rate Info 4

The initial rate of the AMBE-2020™ is set throudpie thardware pins RATE_SEL[4-0] (see Section 7.2Tafdes 7-A and
7-B) after resetting the device. The coding rate lse modified for both the encoder and the dedogeending a framed
packet to the input channel interface. The Ratec8® control field (described in section 5.2.8)efmines where to apply
the rate change. Particular attention must be fpaiilis field when using the BER reporting fie(@sction 5.3).

The AMBE-2020™ used these five words to set thecand FEC coding rates. Tables 5-C and 5-D flexigfined value
for various source and FEC rates. These are ordprasentation of the most common rates thateapeessted. Please
contact DVSI for additional rate information if tdesired rates are not listed. The software cardiipns in Table 5-C are
compatible for use with the AMBE-1000™ (using AMBE®Bthnology). If compatibility is not an issuegube software
codes in Table 5-D to select speech and FEC ratestimize use of the AMBE-2020™ (using AMBE+™ taclogy).
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Table 5-C Rate Selection Using Rate Info 0-4, compa

tible w/ AMBE-1000™ (AMBE)

Speech Rate FEC Rate Total Rate
Rate Info O Rate Info 1 Rate Info 2 Rate Info 3 Rate Info 4 (bps) (bps) (bps)
0x9030 0x0000 0x0000 0x0000 0x4330 2400 0 2400
0x902f 0x0000 0x0000 0x0000 0x6930 2350 50
0x9348 0x0000 0x0000 0x0000 0x6f48 3600 0 3600
0x9243 0x0080 0x0000 0x0000 0x5348 3350 250
0xab50 0x0000 0x0000 0x0000 0x3950 4000 0 4000
0x934b 0x0080 0x0000 0x0000 0x3950 3750 250
0xab60 0x0000 0x0000 0x0000 0x7960 4800 0
Oxab5b 0x0080 0x0000 0x0000 0x6860 4550 250 4800
0x9348 0x2030 0x0000 0x0000 0x7060 3600 1200
0x923e 0x2800 0x0000 0x0000 0x7460 3100 1700
Oxab53 0x2c00 0x0000 0x0000 0x5680 4150 2250 6400
Oxab58 0x3000 0x0000 0x0000 0x4490 4400 2800 7200
0xbfob 0x0080 0x0000 0x0000 0x49a0 7750 250 8000
Oxab5d 0x3400 0x0000 0x0000 0x31a0 4650 3350
0xbfcO 0x0000 0x0000 0x0000 0x72c0 9600 0 9600
Oxab16 0xe400 0x0000 0x0000 0x67¢c0 4850 4750
Table 5-D Rate Selection Using Rate Info 0-4, AMBE- 2020™ only (AMBE+)
Rate Info O Rate Info 1 Rate Info 2 Rate Info 3 Rate Info 4 lpzenil el AES IRl il et
(bps) (bps) (bps)
0x0028 0x0000 0x0000 0x0000 0x6428 2000 0 2000
0x5048 0x0000 0x0000 0x0000 0x3948 3600 0
0x1030 0x0001 0x0000 0x4230 0x0048 2400 1200* 3600
0x1030 0x4000 0x0000 0x0000 0x0048 2400 1200**
0x5250 0x0000 0x0000 0x0000 0x4150 4000 0 4000
0x1030 0x0001 0x0000 0x341a 0x6750 2400 1600
0x5360 0x0000 0x0000 0x0000 0x6¢60 4800 0
0x5250 0x2010 0x0000 0x0000 0x7460 4000 800 4800
0x5048 0x0001 0x0000 0x2412 0x6860 3600 1200
0x1030 0x0005 0x180c 0x3018 0x7360 2400 2400
0x6b80 0x0000 0x0000 0x0000 0x6¢80 6400 0 6400
0x5250 0x0001 0x0000 0x542a 0x5280 4000 2400
0x5258 0x0009 0x1eOc 0x4127 0x7390 4400 2800 7200
0x7fa0 0x0000 0x0000 0x0000 0x52a0 8000 0 8000
0x5250 0x0005 0x2010 0x6834 0x72a0 4000 4000
0x7fcO 0x0000 0x0000 0x0000 0x69c0 9600 0
0x5048 0x000e 0x4010 Ox6a2e 0x65c0 3600 6000 9600
0x1030 0x000e 0x681a 0x511b 0x76¢0 2400 7200
* FEC is a convolutional code
** FEC is a block code
5.2.5 Framed Input: Word 7 : Unused in Input
Should be set to 0x0000
5.2.6 Framed Input: Word 8 : Unused in Input
Should be set to 0x0000
5.2.7 Framed Input: Word 9 : Unused in Input
Should be set to 0x0000
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5.2.8 Framed Input: Word 10 : DTMF Control

Use this word to set DTMF tones. See Table 5-Rfiist of tones and their corresponding values.

Table 5-E DTMF Control Format

DTMF Control — 16-bits

15:
MSB

14

13

12

11

10

9 8

7 6

5 4 3

2

LSB

DTMF Amplitude

DTMF Digit Detect/ Generate

Table 5-F DTMF Codes for Digit Detect/ Gene

rate

DTMF Code DTMF Digit Frequency 1 Frequency 2

(Hz) (Hz)
0x80 1 1209 697
0x84 2 1336 697
0x88 3 1477 697
0x81 4 1209 770
0x85 5 1336 770
0x89 6 1477 770
0x82 7 1209 852
0x86 8 1336 852
0x8A 9 1477 852
0x87 0 1336 941
0x83 * 1209 941
0x8B # 1477 941
0x8C A 1633 697
0x8D B 1633 770
0x8E C 1633 852
0x8F D 1633 941
Oxff Inactive N/A N/A

To generate no tones, set the DTMF Code to Oxfél, Bing, and busy tones are standard North Araericall progress
tones. An expanded list of tones and values cdow in the Appendices, Section 8.4.

DTMF Amplitude

The DTMF Amplitude runs from 3 to —60 dBmO0. Théueais a signed byte

5.2.9 Framed Input: Word 11 : Control Word 2

Table 5-G Control Word 2 Format

. S0 0x03 = 3, 0x00 = 0, &xft, Oxc4 = -60.

Control Word 2 — 16-bits

Bit15 | 14 [ 13 [ 12 [ 11 [ 10 [ 9 [ 8 7 6 5 4 3 2 [ o
Decoder Output Volume Control Un%se‘j Un%sed VAD Un%sed SL EE RIS
Decoder output volume control
The default gain value is set to 0x80h
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Rate Information Selector(RIS) :
Use these 2 bits to select which part(s) of theodec will be affected by the rate selection words.

Table 5-H Rate Information Selection Cod es

value Area Controlled

0x0 Encoder and Decoder

0x1 Encoder only

0x2 Decoder only

0x3 Neither Encoder nor Decoder

Encoder Enable (EE):

Set this bit to 1 AND set the Encoder Enable PRGBDER_EN, pin 24, see section 3.2) to 1 to entitdeencoder and
disable the decoder on a frame by frame basigh&dbit to 0 to enable the decoder and disabletiwader. This must be
set to the desired function in every packet senbtdinue use.

Sleep (SL):

Set this bit to 1 to enter Sleep mode on a framfcye basis. Sleep is a low power mode, not tododused with Power
Down Mode. The sleep function must be enabledr@mepacket to continue in sleep mode. Set thitold to exit Sleep
mode.

VAD:
In order to set the Voice Activity Detector ON, et VAD bit to 1. To set Voice Activity Detectipto OFF set the VAD

bit to 0.

5.2.10 Framed Input: Words 12-23 : Channel Data

This is the field that contains the actual codesl. binput of the data begins with the MSB of tistfword in this field and
continues through with the final bit output beihg LSB of the final word. If the data rate seldd&eless than 9600bps
then the unused bits in each frame are zero andgtepghe end of the field. As is noted in the @& Interface
definitions, these unused bits must still be clackat of the AMBE-2020™. The packet must alwayssist of 24 word

5.3  Framed Output Format

The format for framed output data is shown in Fegb#B. Only the bits in the Channel data fielé @ansmitted along
with framing information (data used to locate thertsof each frame for proper reconstruction atdbeoder) over the
channel. The first 192 bits provide overhead imiation which is sometimes useful to the host bgeiserally not
transmitted over the channel.
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5.3.1

53.2

Figure 5-B Basic Framed Output Format

= 48 bytes = 384 bits

20 ms frame

24 sixteen-bit words

Word # Description

= 0 Header always set to Ox13ec
5 1 Power Control ID (8bits) | Control Word 1 (8 bits) — see Table 5-J
g 2 Rate info 0
3 3 Rate info 1
‘5 D 4 Rate info 2
B s 5 Rate info 3
s S 6 Rate info 4
= 7 Bit Error Rate
g 8 Soft Decision Distance
= 9 Detected Bit Errors In Current Frame
S 10 DTMF Control — see Table 5-L
= 11 Control Word 2 — see Table 5-N

12 Channel Data
ol 13 Channel Data
= 14 Channel Data
5 15 Channel Data
L@ 16 Channel Data
el 17 Channel Data
Sy 18 Channel Data
g = 19 Channel Data
— 20 Channel Data
) 21 Channel Data
=~ 22 Channel Data

23 Channel Data

Framed Output: Word 0 : Header

The header is a 16 bit word that begins each Waite corresponding to 20 milliseconds of speéfthis field will always
be Ox13EC

Framed Output: Word 1 : Power Control ID

The encoder will always usx00in the 8-bit field of an output frame.
Framed Output: Word 1 : Control Word 1

5.3.3

This 8-bit control word indicates the activity ainous functions.
Table 5-J Control Word 1 Format

Control Word 1 — 8-bits (See Table 1-A)
7: MSB 6 5 4 3 2 1 0: LSB
Decoder Decoder Encoder Encoder
Unused Unused Frame Silence Unused Unused Silence DTMF
Repeat Detect Detect Detect

Decoder Frame Repeat When the Decoder Frame Repeat flag is settioeldecoder is reporting that the last frame

decoded was a repeat of the previous frame.

Decoder Silence DetectWhen the Decoder Silence Detect flag is set tbd decoder is reporting that the last frame

decoded was a comfort noise frame.

Encoder DTMF Detect The Encoder DTMF Detected Flag will be set tbwahen the encoder detects a DTMF tone.
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Encoder Silence Detect The Encoder Silence Detected Flag will be sdtwhen no voice activity is detected. The
Silence Detect option is controlled by and canibalided by the VAD as described in section 5.2.9.

5.3.4 Framed Output: Words 2-6 : Rate Information

Rate Info 0, Rate Info 1, Rate Info 2, Rate Info 3, Rate Info 4.
Words 2-6 in the packet indicate the rate at wkiehAMBE-2020™ encoder is operating . These wardsoutput. See
tables 5-C and 5-D for corresponding values.

5.3.5 Framed Output: Word 7 : Bit Error Rate

This status field is used for the decoder to repivrerror information. The 16 bit number outpsilised to compute the
BER using the following calculation

% BER = (Word 7) / (32768) x 100

This status field works in conjunction with the Riiss in control word 2. Every time the RIS bite aet to any value other
than 0x3, this field is reset. The BER is caltedaonly when using FEC provided by the AMBE-2820

5.3.6 Framed Output: Word 8 : Soft Decision Distance

This status field is used in conjunction with haadevpin 79 SOFT_EN. This field is used to repoetsoft decision
distance for the most recent frame.

This status field works in conjunction with the Riiss in control word 2. Every time the RIS bitg aet to any value other
than 0x3, this field is reset. The Soft decidiistance is calculated only when using Soft Decislecoding provided by

the AMBE-2023".

5.3.7 Framed Output: Word 9 : Detected Bit Errors

This status field is used to report the numberatécted bit errors in the current frame.

This status field works in conjunction with the Riiss in control word 2. Every time the RIS bitg aet to any value other
than 0x3, this field is reset. The number ofebibrs is calculated only when using FEC providedhe AMBE-2023".

5.3.8  Framed Output: Word 10 : DTMF Control

This word corresponds to the DTMF Detection cajitésl of the vocoder. It uniquely identifies sgeciones recognized
by the encoder. See table 5-M for a list of toaed their corresponding values.
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Table 5-K DTMF Tone Detection Parameters

DTMF Tone Detection

Requirement Value Description
Minimum -25 dBmO An input signal shall not be rejected as a DTMF tone if its amplitude is greater than -25 dBmO
Input Level (maximum sinusoid dBmO is defined as+3.17 dBmO).
In order for an input signal to correspond to a valid DTMF tone, the ratio of inband to out-of-
Minimum band energy must be greater than 15dB. Inband energy is defined to be the energy in
Signal to Noise 15dB frequency components within +3.5% of the two frequencies defined by the DTMF
Distortion ratio frequencies. Out-of-band energy is defined to be the total energy minus in the inband
energy.
Minimum +1.5% An input signal shall not be rejected as a DTMF tone if both of its principal frequency
Frequency Tolerance L9070 components are within +1.5% of the frequencies needed for the DTMF tone.
Maximum Frequency +3.50 An input signal shall be rejected as a DTMF tone if either of its principal frequency
Tolerance 2070 components are outside +3.5% of the frequencies needed for the DTMF tone.
An input signal does not correspond to a valid DTMF tone if the energy contained within the
low frequency band is more than 10 dB greater than the energy contained in the high
Normal Twist 8-10 dB frequency band. An input signal shall not be rejected as a DTMF if energy contained within
Range the low frequency band is less than 8 dB greater than the energy contained in the high
frequency band. Each low and high frequency band is limited to +3.5% of the frequencies
needed for the DTMF tone.
An input signal does not correspond to a valid DTMF tone if the energy contained within the
high frequency band is more than 10 dB greater than the energy contained in the low
Reverse Twist 4-10 dB frequency band. An input signal shall not be rejected as a DTMF if energy contained within
Range the high frequency band is less than 4 dB greater than the energy contained in the low
frequency band. Each low and high frequency band is limited to +3.5% of the frequencies
needed for the DTMF tone.
An input signal shall not be rejected as a DTMF tone as long as its time duration is greater
Minimum 45 mS than 45 mS. In addition a minimum of two frames will be transmitted of the DTMF tone if a

Tone Duration

valid tone is detected. The duration of a tone is defined by the points at which the envelope
is 20 dB below its peak value.

Table 5-L DTMF Control Format

Visit us at www.dvsinc.com

DTMF Control — 8-bits (See Table 1-F)
15: 0:
MSB 14 13 12 11 10 9 8 7 6 5 4 3 2 1 LSB
DTMF Amplitude DTMF Digit Detect/ Generate
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Table 5-M DTMF Codes for Digit Detect/ Gene rate
DTMF Code DTMF Digit Frequency 1 Frequency 2

(Hz2) (Hz)
0x80 1 1209 697
0x84 2 1336 697
0x88 3 1477 697
0x81 4 1209 770
0x85 5 1336 770
0x89 6 1477 770
0x82 7 1209 852
0x86 8 1336 852
O0x8A 9 1477 852
0x87 0 1336 941
0x83 * 1209 941
0x8B # 1477 941
0x8C A 1633 697
0x8D B 1633 770
Ox8E C 1633 852
0x8F D 1633 941
Oxff No Tone N/A N/A

If no tones are detected , the DTMF code is s8kkF-. Dial, ring, and busy tones are standardiNarherican call

progress tones. An expanded list of tones andegatan be found in the Appendices, Section 8.4.

DTMF Amplitude

The DTMF Amplitude runs from 3 to —60 dBmO. Theuals a signed byte. So 0x03 = 3, 0x00 = 0, 0xff,-0xc4 = -60.
5.3.9 Framed Output: Word 11: Control Word 2

Table 5-N Control Word 2 Format

Control Word 2 — 16

Bit15 | 14 [ 13 [ 12 | 11 [ 10 [ 9 [ 8 7 6 5 4 3 2 1 [ o0
Decoder Output Volume Control Umése‘j Un%sed Unused 0 Un%sed SL EE RIS
Rate Information Selector(RIS) :
This field is used to indicate which part of thevide is affected by words 2-6, the rate control agor
Table 5-O Rate Information Selection Codes
value Area Controlled
0x0 Encoder and Decoder
0x1 Encoder only
0x2 Decoder only
0x3 Neither Encoder nor Decoder
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Encoder Enable (EE):
A value of 1 in the EE field of Framed output Wdrtl Control Word 2 indicates that the Decoder wabbkd and the
Encoder did not run.

Sleep (SL):
A 1in this field indicates the device has beenipid sleep mode.

Decoder Output Volume Control Indicates the current decoder volume.

5.3.10 Framed Output: Words 12-23 : Channel Data

This is the field that contains the actual codes. bDutput of the data begins with the MSB offitet word in this field

and continues through with the final bit outputrfaeithe LSB of the final word. If the data rateestd is less than 9600bps
then the unused bits in each frame are zero andgtegghe end of the field. As is noted in the @& Interface

definitions, these unused bits must still be clac&at of the AMBE-2020™. The packet must alwaysstst of 24 words.

54 Unframed Serial Format

The Unframed Format for the channel data is udefudpplications which desire minimal glue logidween the AMBE-
2020™ and the channel hardware. The use of mirtiemaware in place of a microcontroller can beizedl using this data
format. Another distinct difference in this datarhat is that framing information (data which cesrthe positional
information relating to the coded bits) is embeduitd the data stream itself. Using this data fat;ithe system designer
need only transfer the coded data itself. A sifgfiérom each frame is ‘borrowed’ from the voicata to embed the
framing information. Keep in mind that this ‘bowed’ bit reduces the effective voice coding rataliy by 50 bits per
second. For example, a system with no FEC runairgt50 bps in Unframed mode will sound equivaterdne running at
2400 bps in Framed mode.

The designer should also be aware that it takesoaippately 15 frames (300 milliseconds) for the @lder to attain
synchronization with the incoming stream beforeait output synthesized speech. Systems whichtera@ing to save
power by shutting down transmission during periofisilence, and then resuming during periods oéspean not handle
this 300 millisecond delay for each synchronizateomd thus should use Framed mode with a more stigated framing
method.

The 16 bit per word format, pictured in Section, $s2naintained in this mode but only a fractiortted full 16 bits is used
to transfer the coded data. The user selects wh&{t?2, 3 or 4 bits will be transferred in eaclravbased on pins
BAUD_SELJ[0:1] Table 4-B.IMPORTANT: The voice coding data rate selected must be ewvilsible by the number
of voice data bits per word selected.

5.4.1 Unframed Serial Output Format

The Unframed output format contains 1 to 4 bitdimiteach 16 bits serial output word. The formatgctvltontain more
than one bit each word the MSB of the data bit®issidered first in the transmission. In Unframsable, only the coded
voice data bits are output. None of the superfiuatormation that exists in framed mode is avadab this mode. The
number of words that need to be transferred otli@Encoder for each 20 millisecond frame will e humber of bits per
frame divided by the number of bits per word. System coding at 4800 bps with 3 bits per word mékd to read 32
([4800+50] +3 = 32) words each frame. The serial clock ratmisputed by1l/ [20 msec /(32 x 16)] = 25.6 kHpdEsive
unframed mode is selected, the data strobe witidmeputed by 1/[20msec / 32] = 1.6 kHz.

Table 5-P Unframed Serial Output Data Format

Bits per Word Data Unused
SeeTable 4-A 15 14 | 13 [ 12 | 11 [ 10 9 8 7 6 5 4 3 2 1 0
1 bit per Word Format D msb 0 0 0 0 0 0 0 0 0 0 0 0 0 q q
2 bits per Word Format D msb D 0 0 0 0 0 0 0 0 0 0 0 0 0 a
3 bits per Word Format D msb D D 0 0 0 0 0 0 0 0 0 0 0 0 0
4 bits per Word Format D msb D D D 0 0 0 0 0 0 0 0 0 0 0 0
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5.4.2 Unframed Serial Input Format

The Unframed Input format contains 1 to 4 bits withach 16 bits serial output word. For the fosnahich contain more

than one bit each word the MSB of the data bitoissidered first in the transmission. In Unframeatle, the header data
from Framed mode is dropped and each 16 bit woitéains 1 to 4 coded voice data bits. The numbemwads that need to
be transferred into the decoder for each 20 mitse frame will be the number of bits per framddtd by the number of

bits per word. So a system coding at 4800 bps 3vitiis per word will need to write exactly 32 8pD+50]+3 = 32)

words each frame.

Table 5-Q Unframed Serial Input Data Format

Bits per Word Data Control Offset Control Data
SeeTable 4-A 15 14 | 13 [ 12 | 11 [ 10 9 8 7 6 4 3 0
1 bit per Word Format D msb 0 0 0 0 0 0 0 0 0 0 0 0 0 8 q
2 bits per Word Format D msb D 0 0 0 0 0 0 0 0 0 0 0 0 0 a
3 bits per Word Format D msb D D 0 0 0 0 0 0 0 0 0 0 0 0 0
4 bits per Word Format D msb D D D 0 0 0 0 0 0 0 0 0 0 0 0
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6 A/D-D-A Interface

6.1 A/D-D/A Overview

The interface from the analog world of speech ®@AMBE-2020™ is typically an A/D-D/A chip. Seleati of the A/D-
D/A chip should be made carefully, with a prefereegosen to 16 bit linear devices. Additionally neideration should be
given for signal to noise ratios and filtering cheteristics typically built into many such devic&senerally speaking, the
flatter the frequency response over the voice spec(20-4000Hz) the better the overall system sallind.

The AMBE-2020™ Vocoder Chip operates with a spegath sample rate of 8kHz for both the A/D and Diteifaces.
This 8kHz data is input and output using a seiat pn the AMBE-2020™.

In order to simplify the process of configuring itheerface to the A/D-D/A chip, a number of presetfigurations can be
chosen through the CODEC_SEL[1-0] pins showmable 6-A. These preset configurations control compandinty a
sampling rate as well as the sequence of progragwmimds for the programmable devices, specificdlé/AD73311.

6.2  Configuring the A/D-D/A Interface using CODEC_SEL[1-0]

In order to simplify the process of configuring #-D/A interface certain preset configurationg available to the user.
Selection of these preset modes is made through tlaedware pins CODEC_SEL[1-0]. Tiable 6-A, the 2 digit binary
value for CODEC_SEL[1-0] corresponds to the leyetsent on the hardware pins, with a O correspgnditcND, and a 1
corresponding to ®¥c.

Table 6-A CODEC_SEL[1-0] : A/D-D/A Hardware Configu ration Values

CODEC_SEL[1-0]

A/D-D/A Type pins
85,84
Generic 16 bit Linear 8Khz 00b
Analog Devices 73311
32kHz 01b
Generic plaw 8kHz 10b
Generic Alaw 8kHz 11b
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6.3 Low Level A/D-D/A Timing

Low Level Timing for A/D-D/A
Figure 6-A Low Level Timing for A/D-D/A
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*h(DR)
CODEC_RX_DATA X  MsSB X ) X X LsB
T 2 N 7715 8/16
tC(SCK)
—» <4
_ tW(SCK) ‘ L f(SCK) )
CODEC_TX_CLK / \ S\
> td(FSX) tw(SCK)—<—> > < [r(SCK)
thesxy > T 4ty ——
CODEC_TX_STRB \ \ 0 Liisox)—» <—
th(DX)
CODEC_TX_DATA X MsB LSB >
1 2 \ 7715 8716

Table 6-B Switching Characteristics Over Recommende  d Operating Conditions for Serial
Port Receive

Reference Parameter : S VDB Units
Min Max
thEsr) Hold time, FSR after CLKR falling edge 6 ns
thor) Hold time, DR after CLKR falling edge 6 ns
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Table 6-C Switching Characteristics Over Recommende

Port Receive

d Operating Conditions for Serial

Reference | Parameter - Rl Units
Min Max
td(DX) Delay time, DX valid after CLKX rising (Passive o5 ns
Mode)

tescky Cycle time, serial port clock 6H ns
tisck) Fall time, serial port clock 6 ns
tr(sck) Rise time, serial port clock 6 ns
twscky Pulse duration, serial port clock low/ high 3H ns
tsu(FsR) Setup time, FSR before CLKR falling edge 6 ns
tsuor) Setup time, DR before CLKR falling edge 6 ns
taEsxy Delay time, CLKX rising to FSX 15 ns
taox) Delay time, CLKX rising to DX (Active Mode) 15 ns
thEsx) Hold time, FSX after CLKX falling edge 6 ns
thEsxH Hold time, FSX after CLKX rising edge 2H-5 ns
thisox) Disable time, CLKX rising to DX 20 ns
thox) Hold time, DX valid after CLKX rising edge -5 ns

* Note: H = 7.629 ns; however, do not operate seltaks any faster than 2.048 MHz. Thysd, should be a

minimum of 488.3 nsec.
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7 Special Functions

7.1 Hardware vs. Software Selection Note

Many of the functions of the AMBE-2020™ can be &=l through both a hardware and software intesfiacthe device.
The following hardware inputs, CHANN_SEL[1-0], RATEEL[4-0], CODEC_SEL[1-0], VAD_EN, ENCODER_EN, and
SLEEP_EN, are only accessed for input during ttet 00 microseconds after a hardware reset on RESEor
predictable operation these signalsstremain stable over this time period. After thigialization period the functions
that these pins access can only be reconfiguredghrthe channel interface described in section 6l2anges on these
pins after the 200 microseconds initialization pérafter reset are ignored, unless another reperisrmed.

7.2

The Voice coding rate as well as the FEC coding cah be selected individually on the AMBE-2020These rates are
selected by using Rate Info words as describeddtian 5.2.4, or through hardware pins RATE_SEL]4tbject to the
restrictions in section 7.1. The five input pin&HE_SEL[4-0] give 32 preconfigured voice/FEC ratdftates other than
these are desired then the Rate Info Words (ifrthmed channel interface) can be used to confignice and FEC rates
in 50 bps increments.

Coding Rate Selection

Table 7-A Rate Selection Using Rate Info 0-4, compa tible w/ AMBE-1000™ (AMBE™)

RATE SEL4 | RATE SEL3 | RATE SEL2 | RATE SEL1 | RATE SELO | SpeechRate | ppcpocng | Toal Rate

Pin Pin Pin Pin Pin (bps) P (bps)
0 0 0 0 0 2400 0

0 0 1 0 1 2350 50 2400
0 0 0 0 1 3600 0

0 1 0 1 1 3350 250 3600
0 1 1 1 1 4000 0

0 1 1 1 0 3750 250 4000
0 0 0 1 1 4800 0

0 0 1 1 1 4550 250

0 0 0 1 0 3600 1200 4800
0 1 0 0 0 3100 1700

0 1 0 1 0 4150 2250 6400
0 1 0 0 1 4400 2800 7200
0 1 1 0 0 7750 250

0 1 1 0 1 4650 3350 8000
0 0 1 0 0 9600 0

0 0 1 1 0 4850 4750 9600
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Table 7-B Rate Selection Using Rate Info 0-4, AMBE- 2020™ only (AMBE+™)*

RATE SEL4 | RATE SEL3 | RATE SEL2 | RATE SEL1 | RATE SELO | SpeechRate | popoc oo | Toal Rate

Pin Pin Pin Pin Pin (bps) p (bps)
1 1 1 1 1 2000 0 2000
1 0 0 0 0 3600 0 3600
1 0 0 0 1 4000 0

1 0 1 1 0 2400 1600 4000
1 0 0 1 0 4800 0

1 1 0 0 0 4000 800

1 0 1 1 1 3600 1200 4800
1 1 0 0 1 2400 2400

1 0 0 1 1 6400 0

1 1 0 1 0 4000 2400 6400
1 1 0 1 1 4400 2800 7200
1 0 1 0 0 8000 0

1 1 1 0 0 4000 4000 8000
1 0 1 0 1 9600 0

1 1 1 0 1 3600 6000 9600
1 1 1 1 0 2400 7200

*Note: AMBE+ is only used for speech rates at 3608ps and higher. Any rates below 3600 bps
use a modified algorithm similar to the AMBE algorithm.

7.3 Voice Activity Detection (VAD), Comfort Noise Insertion (CNI)

The Voice Activity Detection (VAD) algorithm alongith the Comfort Noise Insertion (CNI) feature betAMBE2020™
chip performs useful functions in systems tryingoavert periods of silence, that exist in nornwiversation, to savings
in system bandwidth or power.

With the VAD functions enabled, periods of silewgé be denoted by the encoder in two ways. Fitst,encoder will
output a silence frame (in-band). This silencenacontains information regarding the level of lzaokind noise, which
allows the corresponding decoder to synthesizecarif@rt Noise” signal at the other end. The comfaise is intended to
give the listener the feeling that the call isl stiinnected, as opposed to producing absolutecgijevhich can give the
impression that, the call has been “dropped”. 8egcthe Encoder Silence Detected flag is set in@bword 1 of the
Framed Output format described in section 5.3.3.

VAD is enabled when a logic high is on the hardwazireVAD_EN (pin 86), subject to the restrictiorfssection 7.1. Once
the VAD is enabled the VAD function may be contdllON and OFF through the use of control word @ezribed in
section 5.2.9.

If the VAD features are being used to reduce traingawer during times of conversational silence,¥Vecommends that
a silence frame be transmitted at the start optred and approximately each 500-1000 millisecdahdgeafter. This is to
ensure that the parameters regarding the levddaakdground noise are transmitted to the decodehésmoothest audible
transitions between synthesized speech and syn#uesilence.

The silence threshold value is -25 dBmO in the V&lgorithm. Each frame that exceeds this level beliclassified as
voice. If the frame level is less than —25 dBm®tbice/silence decision will be determined bageshwarious adaptive
thresholds.

The synthesis of a Comfort Noise frame by the decahot dependant on VAD being enabled. The decoderpnikiuce
a comfort noise frame if it receives an in-bandrgike frame (produced only by an encoder with VABbéed).
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7.4  Dual Tone Multiple Frequency, Detection and Generation

The AMBE-2020™ Vocoder Chip is capable of detectingnsmitting, and synthesizing DTMF tones. DTM&tures are
always enabled. Detection of a DTMF tone by theoder sets the Encoder DTMF Detected Flag desciibgection
5.3.3. The DTMF tone detected along with amplitirdermation is placed in the DTMF Control Worddescribed in
section 5.3.8. Additionally, the encoder passeddfiMF data in-band (within the regular voice daita) so that normal
DTMF tones pass seamlessly from the encoder tdaheder for synthesis.

The decoder synthesizes a DTMF tone in responscéption of an in-band DTMF tone frame or by sgtthe DTMF
Control word as described in section 5.2.8.

7.5 Normal Power and Power Saving Modes

Power savings can be achieved during times of loimgetivity of the AMBE-2020™ chip by placing ito one of three
available Low Power Modes. The chip can be placedlow-power and stand-by modes via hardwareotimare Control
Words. In low power modes the A/D-D/A port will besabled, concurrently halting any processinga€e frames in
either direction. Depending on the low power statiected, either a Wake Up Control Word or a hardweset on
RESETN is necessary to return the AMBE-2020™ tanadroperation.

7.5.1 Standard Sleep Mode

The standard sleep is the only low power modedhatbe entered into either through hardware owsoé. The AMBE-
2020™ Chip can be placed into Standard Sleep mitlter &y setting SLEEP_EN (pin 83) high, subjecttie restrictions
of section 7.1, or through software by using Cdritvord 2 with bit 3 set to 1 as described in setba2.9.

SLEEP_EN should be tied high if you plan to confegthe A/D-D/A chip from Standard Sleep mode upower-up or
reset.

When using software SLEEP_EN with A-lawotaw codecs, it is important to note that if paskate sent to the decoder
while it is in sleep mode, noise will be heardheg dbutput. It is recommended that no packets betsehe decoder until it
is commanded to wake up.

7.5.2 Power Down

Power Down provides the lowest power usage of lgepsmodes, the only drawback to this mode is doessity of a
hardware reset on RESETN (pin 69) to resume noopedation.

Table 7-C Summary of Power Saving Modes

Power Consumption
Sleep Mode Enter State via Return.to Nprmal Wa!(e Ul 3V
Operation via Time
Crystal Shios
TTL
Normal Operation N/A N/A N/A Approx. 65mwW
SLEEP_EN pin at
Standard Sleep reset OR Control Control Word N/A 24 mwW 36 mw
Word
Power Down Control Word RESETN 95 ms. | 0.11 mwW 0.11 mw
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7.6  Slip Enable

In any real time communication system, clock skesués must be anticipated to keep the flow of stat@oth from one end
of the system to the other. The SLIP_EN (pin 8g)a allows the encoder of the AMBE-2020™ to reactmall slips in
the encoder channel signals. When the AMBE-20281M active mode, the chip produces the signaésrally for the
transfer of data. Because this timing will théwly drive the transmission channel, the necesditontrolling slip
becomes a moot point.

Any time the AMBE-2020™ encoder channel is in ohthe passive modes and the channel timing is dsgnous to the
A/D-DI/A clock (very rarely are these two interfacesipled) then the SLIP_EN pin should be set adtighb.

The AMBE-2020™ Vocoder chip process speech in visemes that are approximately 20 ms in duratidfen
configured appropriately the chip provides a sbiptcol feature that automatically adjusts the frasize to either 160 or
161 speech samples per frame. This slip contaetlife allows the vocoder chip to compensate fdt between the frame
and sample rate clocks on the order of approxim&&% (6,000 ppm.) The vocoder chip also acc8ppsControl
Packets that extend the range of allowable framesdb be between 159 and 161 samples per voioe fr&/hen properly
used these Slip Control Packets provide the desigitle additional flexibility in dealing with clocklrift.

There are three recommended methods for usingafifrol on the AMBE-2020™ Vocoder Chip which arsdibed
below. The system designer should select the rddtiai best meets the needs of their system camafign. Also included
is some background information on the operatiothefAMBE-2020™ in passive mode

In order to help understand the Slip control featwgre is a brief description on reading encodekgta from the AMBE-
2020™ in passive framed mode.

When transmitting a packet, the AMBE-2020™ writddesder = 0x13ec followed by 23 words of datapfotd by 0xfffe
into the transmit (i.e. output) buffer. The terating word Oxfffe is written into the transmit beffoy the AMBE-2020™
at the end of each encoder packet. Normally isipasnode this terminating word is in the trandmniffer at the beginning
of each transmission cycle (from the previous frpamal so it is the first word output whenever akeads transmitted. |If
the encoder packet is ready, then the second owtprat will be the packet Header=0x13ec followed2Bywords of data.
However if the packet is not ready then the AMBEQUD" will continue to output the terminating wordffe) until the
packet is ready and placed in the transmit buffdrthis point the full 24 word packet beginningtivthe Header will be
output on subsequent transmissions. This procegmaes for each packet transmission which ocearsinally every 20
ms, provided that each 24 word packet (Header éa28 words) is read in full. If the full 24 wordkthe packet are not
read from the AMBE-2020™, then the chip’s trangmitfer will contain some words left over from a yimus packet.
Generally these words would be 0x0000 for loweadates which don't use the last words of the gackkis case should
be avoided hence:

It is recommended that in passive framed mode the/stem always read packets by requesting
words from the AMBE-2020™ until a packet Header igeceived and then continuing to request
23 additional output words from the AMBE-2020™ unti a total of 24 words beginning with the
Header word = 0x13ec are received. Any words outplby the AMBE-2020™ prior to the Header
should be ignored by the system (except for monitorg as discussed in Method 3 below).
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Word # Value Description
0 0x13ec Header
1 0x07xx Slip Control Packet ID, xx=CWD1 (See tabiB) Typical value xx=00
2 0x12c9 Slip Control indicator for AMBE-2020™
3 0x009f Slip Control data
4 0x0000 Must be 0x0000
5 0x0000 Must be 0x0000
6 0x0000 Must be 0x0000
7 0x0000 Must be 0x0000
8 0x0000 Must be 0x0000
9 0x0000 Must be 0x0000
10 0x0000 Must be 0x0000
11 0x0000 Must be 0x0000

12-23 Channel Data for AMBE® voice decoder

Table 7D: Slip Control Packet

Method 1 - Internal Slip Control

This is the simplest method of slip control anthis default method provided slip control is enalf@diP_EN is high) on
the chip. In this method the vocoder chip’s ingmslip adjustment of 160 to 161 sample per frasngsied. In order to
work properly, the system designer must set-ugémaple rate and packet timing so that the follovdagstraint is met:
160 < Average-Frame-Interval * (1 +/- Frame-Driftpample-Rate * (1 +/- Sample-Drift) < 161

For example using an Average-Frame-Interval = 20amd assuming 100 parts per million oscillatoruaacy (i.e Frame-
Drift = Sample-Drift = .0001), then the above coasit requires:

8002 Hz < Sample-Rate < 8048 Hz.
In practice Sample-Rate=8002 Hz would be prefesiece it is closer to the nominal value of 8000 Hz.

In another example the Sample-Rate = 8000 Hz.@sded by a PCM source. Again assuming 100 pantsllion
oscillator accuracy for both clocks (i.e. FramefDriSample-Drift = .0001), then the above constragquires:

20.0041 ms. < Average-Frame—Interval < 20.1209 ms.

This can be achieved by slightly decreasing theickkbit rate or adding an extra bit into the cletnit stream every
several voice frames.
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Method 2 - Extended Slip Control with Periodic Sip Control Packets

The AMBE-2020™ can provide extended slip compengatirough the insertion of Slip Control PackeBne method of
using this capability is for the system to periadlicinsert these Slip Control Packets into theaddteam sent to the
AMBE-2020™. Note that for this method slip contnalist be enabled (SLIP_EN is high) on the chipis &jpproach gives
the designer a way to accommodate clock drift whiiteviding very flexible frame-interval and sampée timing.
Furthermore minimal system overhead is requiredthis method a Slip Control Packet is generatethbysystem by
setting the Control Words as shown in Table 7D abathere the Channel Data is the compressed vateebating sent to
the AMBE decoder. In the Periodic Slip Control haet such a Slip Control Packet is input into theoder chip every N
frames. The value of N must be selected by thigdesngineer to meet the following constraint:

0.25 > (1/N) > Average-Frame-Interval * Sample-RaErame-Drift + Sample-Drift)

For example with an Average-Frame-Interval = .02 @0 ms) and a Sample-Rate = 8000, then withpa®@ per million
oscillator accuracy (i.e. Frame-Drift = Sample-D#if.0001), then above constraint equates to 4<34.25, and N=30
would be a reasonable selection. In this caseybieem would input the specified Slip Control Padkt the AMBE-20X0
vocoder chip every 30'th frame enabling the vocaxép to adjust for the actual clock drift.

**RECOMMENDED***
Method 3 - Extended Slip Control with as needed $liControl Packets

The preferred method for using Slip Control Packets monitor the availability of data from the A#-2020™ vocoder
chip and to only input Slip Control Packets inte thata stream sent to the AMBE-2020™ as needed. tNat for this
method slip control must be enabled (SLIP_EN isihan the chip. This method provides compensdtiothe widest
range of clock drift (1.2% or 12000 ppm), with treatest flexibility in frame-interval and sampbge timing. In this
method the same Slip Control Packets shown in Téblare inserted into the data stream going tAMBE-2020™.
However, unlike in the Periodic method, the pacletsnot input at regular intervals but are instealgt input to the chip
when needed. The recommended procedure for thisddef Slip Control is for the system to read algd from the
AMBE-2020™ at regular fixed frame intervals whehme fixed interval must be within the range [19.87830.125] ms for a
sample rate = 8000 Hz. The system applicationldhtheck each word output by the AMBE-2020™ andustheontinue
requesting words from the chip until the packetdtgdollowed by 23 data words are received. |fvloeds received
before the Header word consist of only a singlmieation word (Oxfffe) then no further action igjtered. However if two
or more termination words are received prior toHteader then the system should input a Slip Comtagket to the
AMBE-2020™ on the next available transmission ith® chip (i.e. the next packet going into the AMB&20™ decoder
should be a Slip Control Packet). Once this Shpt@| Packet is input into the AMBE-2020™ it wi#spond within 1-2
frames by advancing the time when packets are residgansmission by 125 microseconds. Note tiiatprocedure also
may require a small amount of buffering in the sgsto account for the fact that the packet my eatdady for some small
time (< 125 microseconds) after it is first reqeest
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8 Appendices

8.1 Example: AD73311 Usage

The following examples of A/D-D/A chips have beanluded to show connections necessary for interfatd a number of

popular chips.

U1

27

CODEC_RX_CLK

CODEC_TX_CLK

CODEC_TX_STRB

CODEC_RX_STRB

CODEC_RX_DATA

CODEC_TX_DATA

33

14

U2

37

17

29

18

31

16

41

19

AMBE-2020™

REFERENCE DATA

The AMBE-2020™ sends the following configuratiomsence to the AD73311 when CODEC_SEL[1-0]=01b:

SCLK SE

SDOFS MCLK

SDIFS AVDD1

SDO AVDD2

SDI DVDD

3

| 20 SFRIAI PORT ENABLE (HIGH)

|15 16384 MHz

5V

3.3V

AD73311

0x8113, // write 13 to CRB of AD73311, MCD=1 (DM&EMCLK/2),SCD=0(SCLK=DMCLK/8)

0x82f9, // write f9 to CRC of AD73311, 5VEN, REFOUdIl Power ON

0x8300, // write 0 to CRD of AD73311

0x8001 // write 1 to CRA of AD73311 (Enters Datadi)
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8.2 Example: Texas Instruments TLV320AIC10 Usage

The Texas Instruments’ TLV320AIC10 codec presergsgple low cost solution for use with DVSI's AMBE320™
vocoder chip. This application note provides infation on interfacing these components. Figuredivs a sample block
diagram interface, between the TLV320AIC10 codet RN'SI's AMBE-2020™ vocoder chip.

Ul

i D
CODEC_RX_DATA [ i}—% Aﬁ
15 3 45 3
a1 u27
CODEC_TX_DATA DV—D S
6 pout ?D ?D ED zDD AURXCP [P0
CODEC_TX_CLK ‘B_J 2 AR F2—01
CODEC_RX_CLK [ 19 scik AURXFP [0
16384MHz  [_>——201 ycik Y
CODEC_RX_STRB —B—l Y e 12—
CODEC_TX_STRB 21 Fs outm [+—0
X224 ¢ aG outp [F2—0
AMBE-2020™ 2] N 7
25 pesi FLT 8
264 ALTIN DTXIM X
voot 2 s pTxip [FE—X
104 o DTXOM [—X
e TV pTXOP [A—X
voo! 2 spwROWN DV DV AV AV AV AV
VOICE_*RESET___> 13- \RESET 85 85 S5 S8 S8 S5
21 1AI 3349 43 49 Tluszoaicio
_:l_ v
CODEC Configuration
L | SERIAL SCLK

DATA

*SEE DETAIL BELOW

Figure 1. AMBE-2020™ and TLV320AIC10 sample bldicgram

Configuration:
To configure the AMBE-2020™ for operation with theV320AIC10, set the CODEC_SEL pins on the AMBE-QU2

vocoder chip to work with a generic 16 bit lineakHz codec as follows:
CODEC_SEL [1-0] (pins 85,84) = 00b

Initialization Procedure:
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The control registers in the TLV320AIC10 codec mhesiinitialized for proper operation. The recomuoieshprocedure is
to initialize the TLV320AIC10 by writing data tcsit4 control registers through the DCSI port, wttie AMBE-2020™ is
held in reset. The timing for the DCSI port iswhdn Figure 2.

Note that the Device Address (D14-D12) is normadyto O unless multiple codec devices are usedsoade. Be sure
that the stop bit is at least 2 clock pulses loatyvieen data words as shown in the timing diagr&hift the control words
into the device 1 bit at a time at the rate of SCLK

Various configuration data can be used to conteldperation of the TLV320AIC10 codec (see the da&et for more
information), however for reference the AMBE-20205s been tested with the TLV320AIC10 configurechgishe
register values shown in Table 1. Once the TLV3ZA is configured, the AMBE-2020™ should be take of reset to
begin communication with the codec.

The logic connected to the DCSI port does not iad® disabled. The user can make adjustmenigetodanfiguration as
needed (for example ADC and DAC gain). A reseéheoTLV320AIC10 codec will reset all of the intefmagisters. As a
result, the TLV320AIC10 must be reconfigured follog a reset.

|
SCLK

I 1
ocsi w3 TSSO T

A% A
Start Bit Device Register Register Data Stop Bit
=0 Address Address =1
SB Device Address Reqgister Address X Register Content
EIO|1|10|0|1xx|x|x|x|x|:-:|:-:|:-:
s I

Figure 2: TLV320AIC10 configuration timing via DCEport

Register Address Configuration Data Notes:

(D11-D9) (D7-D0) '
D4=1: select AUXP AND AUXM for ADC (Handset)

0x1 0x11 D5=0: enable antialiasing filter
D0=1: select 16 BIT data Format for DAC
D7=0: select normal Operation

0x2 0x08 D4-D0=8: set Frequency Divider N=8
D7-D6=0: default operation

0x3 0x01 D0=1: 16-Bit data format for ADC
D7-D4=0: ADC input gain =0 dB

0x4 0x00 D3-D0=0: DAC output gain =0 dB
Gain values can be adjusted as needed.

Table 1: Recommended TLV320AIC10 ConfiguratioraDat
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VDD SHIFT
CNTL_DATA [15:0] > D_IN[15:0] Serialost ——————T_>AIc_CTRL
AIC_LOAD > LOAD
LS_IN
CLK_EN
SCLK > CLK
COUNT
AND4
cE
CLK
clr

Figure 3: TLV320AIC10 Codec Configuration Detail
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TLV320AIC10 Reference Schematic (Analog Section)

R1
10K

R2
33VA 20K

D> VOICEOUTP

U1A
AD8544

L1
1 a R6
20K
2
- D> VOICEOUTM

c2 J:* 11\
10uF
VA
R7 N R8
220
2ls JL cs
: 2 Flok 10uF
Handset A4
>> AURXM
C6 R11 R12
.iLuF 10K 220K
’—T| A T >> AURXFP
3. GJ
R13 _—_—| Cc7
5.6K 10uF R15
0K
VMID >> AURXCP
R14 i
4.7K + C8
g 10uF = ©9
g 10uF
Title: Analog
Document Number: TLV320AIC10 Rev: 1
Reference Materials
AMBE2020™ Vocoder chips Users Manual:
http://www.dvsinc.com/literature.htm
TLV320AIC10 Data Sheet:
http://www-s.ti.com/sc/ds/tlv320aic10.pdf
TLV320AIC10 EVM User’s Guide:
http://www-s.ti.com/sc/psheets/slwu003d/slwu0038.pd
Application Report — Understanding Data Converters:
http://www-s.ti.com/sc/psheets/slaa013/slaa013.pdf
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8.3  Configuring the AD73311 for 3-Volt Operation

The Analog Devices AD73311 codec chip presentsalsilow cost solution for use with DVSI's AMBE-202 Vocoder
chip. This application note provides informationaiternative methods of interfacing these comptmen

AD73311AR codec (using a 3 volt supply)

It may be desirable for the AD73311 AD/DA convettiebe configured for a 3-volt supply voltage irgtef a 5-volt
supply voltage. The diagram and configuration pdace below outline the details necessary in adaeend alternate
configuration words to the CODEC.

U2
U1
27 14 i
CODEC_RX_CLK SCLK se [P0—o  High
32 17
CODEC_TX_CLK SDOFS  MCLK [0 16:384 MHz
az 18 a
CODEC_TX_STR SDIFS  AVDDL 3.3 Volts
29 16 a
CODEC_RX_STRB SDO  AVDD2
31 19
CODEC_RX_DATA| SDI pvop [20 33
e 2 | a
CODEC_TX_DATA AD73311AR
U4A
SN74AHC125 SDI
AMBE-2020™ 1 us CONTROL
2 1
0/DSP
1/AMBE-2000

U3

SCLK 5 | 3

USA
Fs 1| sN74AHC125

SDO

DSP/Microcontroller
Figure 2: The AMBE-2020™ with the AD73311 Configed for 3-volt operation.

The objective of this circuit is to tri-state thetput of the AMBE-2020™ CODEC_TX_DATA. This allowise DSP or
Microcontroller to communicate with the AD73311stend it the desired configuration.

Configure the AMBE-2020™ for operation with the ABB11 Codec. Set the CODEC_SEL pins as shown.
CODEC_SEL [1-0] (pins 85,84) = 01,b

Hold the CODEC_TX_DATA lines on the AMBE2020 in-fitiate (in the circuit set the SDI bit to 0,b) dgripower up.

While the AMBE-2020™ lines are in tri-state, sehd tlesired configuration words from the DSP/Micrdcaller/logic to
the AD73311 (Reset timing constraints for the ADYB3nust be met).

After sending the configuration words set the SPhttol bit to 1,b (SEE NOTE). This sets the CODE& line for
normal operation with the AMBE-2020™.
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NOTE: The SDI Control bit must be set to 0 for appmwadely 365 msec following a hardware reset.

Register Address Configuration Data Notes:
(D10-D8) (D7-DQ) )
CRB 0x13 MCD =1 Sets DMCLK=MCLK/2
Ox1 SCD=0 Sets SCLK=DMCLK/8
D6 = 1 Reference Out Enabled
CRC D5 = 1 Reference Power On
Ox2 0x79 D4 =1 DAC Power On
D3 =1 ADC Power On
DO =1 Power On
CRD 0x00 Gain setto 0
0x3
%33 0x01 DO = 1 Puts CODEC in Data Mode

Table 2: Alternate Configuration Data for the AB23

AD73311L codec (3 volt supply)

The Analog Devices AD73311L is a low power 3 vatsion of the AD73311. Itis possible to use past with the
AMBE-2000™ or AMBE-2020™ vocoder chip utilizing timeethod described above for sending alternate goration
words to the AD73311 CODEC. Table 3 lists altezrmintrol words for configuring the AD73311L foreuwith the
AMBE-2000™ or AMBE-2020™.,

Register Address Configuration Data Notes:
(D10-D8) (D7-D0) )
CRB 0x13 MCD =1 Sets DMCLK=MCLK/2
0x1 SCD=0 Sets SCLK=DMCLK/8
D6 = 1 Reference Out Enabled
CRC D5 = 1 Reference Power On
Ox2 0x79 D4 =1 DAC Power On
D3 =1 ADC Power On
DO =1 Power On
CRD 0x00 Gainsetto 0
0x3
%33 0x01 DO = 1 Puts CODEC in Data Mode

Table 3: Configuration Data for the AD73311L

Additional Reference Material

AMBE-2020™ vocoder chip Users Manual

http://www.dvsinc.com/literature.htm

Application Report — Understanding Data Converters:

http://www-s.ti.com/sc/psheets/slaa013/slaaGif3.p

AD73311 - Data Sheet

http://www.analog.com/productSelection/pdf/AD7133b.pdf

AD73311L - Data Sheet

http://www.analog.com/productSelection/pdf/AD7331 Alpdf
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8.4 Interfacing to the Texas Instruments PCM3500 Codec

The Texas Instruments PCM3500 codec chip presesitafde low cost solution for use with DVSI's AMBEBOO™ or
AMBE-2020™ vocoder chips. This application noteypdes information on alternative methods of irdeifig these
components.

PCM3500
The block diagram in Figure 1 shows a sample iaterbetween the PCM3500 codec and DVSI's AMBE-200@tbder

chip. The AMBE-2000™ or AMBE-2020™ CODEC_SEL kjsee AMBE-2000™ or AMBE-2020™ users manual) must
be set for use with a generic 16 bit linear cod®®DEC_SEL1,0 — 00).

U1

27

CODEC_RX_CLCK Uo
33 8 6 Master/Sla
CODEC_TX_CLCK /BCK M/S ve
37 9
CODEC_TX_STRB FS
29 13
CODEC_RX_STRB Vdd
DOUT Vce
CODEC_RX_DATA [ 11 24 3.3V
41 10 —
CODEC_TX_DATA DIN

PCM3500
AMBE-2020

Figure 1. The AMBE-2020™ Vocoder with the PCM38MDEC

There are two advantages to using the PCM3500 cotiee first is the single supply design. The PGRIBsupports a single
power supply design from +2.7 v to +3.6 v. Theosecadvantage lies in its simplicity. There arecomplicated configuration
schemes associated with the codec. For configaratformation, please see the PCM3500 data shrebthe reference circuit
in Figure 2.

Notes On Analog Circuit Design

The example circuit assumes that a telephone haiglgwming to be used in the circuit. Typicallyaridset
microphones have a very small gain and the ougpat moderately low levels (on the order of 50imolts peak
to peak). The PCM3500 Voice Codec is designedaforanalog input voltage of 2 volts peak to peake T
analog input in the reference design is amplifiéaitt = 22) in order to bring the handset voltag¢ht level
expected by the ADC.

The output section is designed using a low pats filesign with a gain of 1. The filter is desidrie allow the
maximum amount of the voice signal to pass unimged€&he output of the PCM3500 should be filtered fo
maximum voice quality.

Capacitors C13 and C14 are for creating a veryroige DC bias signal. If a low noise DC bias iaikble
elsewhere in the circuit, they are not needed.

For optimum performance, the analog circuit shdaddadjusted for whatever input (and output) deiscesed.
Please reference the PCM3500 data sheet for thegarguirements.

Application Information

DVSI Confidential Proprietary, Subject to Change Page 56
Visit us at www.dvsinc.com



AMBE-2020™ Vocoder Chip Users Manual
Version 4.92, June, 08

It is strongly recommended that the user reviewAhplication Information provided in the Texas mshents
PCM3500 data sheet before finalizing any design.

Additional Reference Material

AMBE-2000™ or AMBE-2020™ vocoder chip Users Manual
http://www.dvsinc.com/literature.htm

Application Report — Understanding Data Converters:
http://www-s.ti.com/sc/psheets/slaa013/slaaqff3.p

PCM3500 Data Sheet
http://www-s.ti.com/sc/ds/pcm3500.pdf

PCM3500 Evaluation Board
http://www-s.ti.com/sc/psheets/sbau028/sbau028.pdf
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8.5 Expanded Tone Detection and Generation

The AMBE-2000™ is capable of detecting and genegadingle tones as well as dual tones. The siogles span
from 156.25 Hz to 3812.5 Hz in 31.25 Hz steps.

Tone Index Tone Type Freq #2 Freq #1
(Decimal) (H2) (H2)
0-4 Invalid N/A N/A

5 Single N/A 156.25

6 Single N/A 187.5

7 Single N/A 218.75

122 Single N/A 3812.5
123-127 Invalid N/A N/A
128 DTMF “1” 1209 697
143 DTMF “D” 1633 941

144 Call Progress 440 350

145 Call Progress 480 440

146 Call Progress 620 480
147-254 Invalid N/A N/A
255 No Tone N/A N/A
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8.6  Soft Decision Decoding

In modern communication systems the transmittersirats information in the form of symbols. The delulator takes the
received signal and tries to decide which symba$ wansmitted. In other words, the demodulataméking a decision
based on the received signal. For instance, inarysystem, the symbols could be representedbyred a 0. Because of
interference and many other factors, these sigoats be misinterpreted because of channel degradati®ignificant
improvement in FEC performance can be added byngetip the receiver so that the demodulator is nwla finer
estimation of the received energy prior to the decpthis is called soft-decision decoding. Timé below describes this in

more detail.

http://www.mathworks.com/access/helpdesk/help/toxitommblks/usersquide/tutor135.shtml

The AMBE-2000/2020 utilizes a 4 bit soft decisictdder. The bits are defined as follows:

Decsion value Interpretation
(Binary) p

0000 Most confident
0

0111 Least confident
0

1000 Least clonﬂdent

1111 Most cijnfldent

Placing a logic high on pin 79 of either the AMBEE®D™ or AMBE-2020™ vocoder chips enables the seftision error
correction on the decoder. Enabling the soft-decidoes nothing to the encoder packet. The pagldbok like a normal
encoded packet. The user must implement circaittyre receive end of the channel for making ar f{diebit) estimation of
the received energy (see above link for an expiamaif how this can be done).

The AMBE-2000/2020 decoder packet structure igedte The decoder expects each voice data biteoticoded packet to
be represented by 4 soft decision (SD) bits. Téwder will make the decision of whether or nota & O is represented by
the SD bits. Table 1 is an example of a soft-deidecoder packet.
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Table 1. Soft-Decision Decoder Packet

20 ms frame
60 sixteen-bit words = 120 bytes = 960 bits

(12) 16 bit words of overhead
(192 bits)

768 bits

16 bit words of data x 48 words =

4 bits x 4 per word

SD =

Word # Description
0 Header always set to 0x13EC
1 Power Control (8 bits) | Control Word 1 (8 bits)
2 Rate info 0
3 Rate info 1
4 Rate info 2
5 Rate info 3
6 Rate info 4
7 Unused in Input
8 Unused in Input
9 Unused in Input
10 DTMF Control
11 Control Word 2
12 SDO SD1 SD2 SD3
13 SD4 SD5 SD6 SD7
14 SD8 SD9 SD10 SD11
15 SD12 SD13 SD14 SD15
16 SD16 SD17 SD18 SD19
17 SD20 SD21 SD22 SD23
18 SD24 SD25 SD26 SD27
19 SD28 SD29 SD30 SD31
20 SD32 SD33 SD34 SD35
21 SD36 SD37 SD38 SD39
22 SD40 SD41 SD42 SD43
23 SD44 SD45 SD46 SD47
24 SD48 SD49 SD50 SD51
25 SD52 SD53 SD54 SD55
26 SD56 SD57 SD58 SD59
27 SD60 SD61 SD62 SD63
28 SD64 SD65 SD66 SD67
29 SD68 SD69 SD70 SD71
30 SD72 SD73 SD74 SD75
31 SD76 SD77 SD78 SD79
32 SD80 SD81 SD82 SD33
33 SD84 SD85 SD86 SD87
34 SD88 SD89 SD90 SD91
35 SD92 SD93 SD44 SD95
36 SD96 SD97 SD98 SD99
37 SD100 SbD101 SD102 SD103
38 SD104 SD105 SD106 SD107
39 SD108 SD109 SD110 SD111
40 SD112 SD113 SD114 SD115
41 SD116 SD117 SD118 SD119
42 SD120 SD121 SD122 SD123
43 SD124 SD125 SD126 SD127
44 SD128 SD129 SD130 SD131
45 Sdi132 SD133 SD134 SD135
46 SD136 SD137 SD138 SD139
47 SD140 SD141 SD142 SD143
48 SD144 SD145 SD146 SD147
49 SD148 SD149 SD150 SD151
50 SD152 SD153 SD154 SD155
51 SD156 SD157 SD158 SD159
52 SD160 SD161 SD162 SD163
53 SD164 SD165 SD166 SD167
54 SD168 SD169 SD170 SD171
55 SD172 SD173 SD174 SD175
56 SD176 SD177 SD178 Sd179
57 SD180 SD181 SD182 SD183
58 SD184 SD185 SD186 SD187
59 SD188 SD189 SD190 SD191
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8.7  Special Rate 2350 bps Voice / 50 bps FEC AMBE-1000™ Vocoder Chip

Compatible Mode

The following procedure is for implementing the BE-2000/2020™ in a special mode that is compatildMBE-1000™
Vocoder Chip at 2350 bps voice and 50 bps FEC.

This procedure is ONLY required when interoperatiith the AMBE-1000™ Vocoder Chip at this specifate (2350 voice
+ 50 bps FEC). All other rate configurations fuoctas described in the AMBE-2000/2020™ Vocodemp¥Wanual.

When implementing this compatible mode on the AMEBI0/2020™ Vocoder Chip if the data rate is fixad does not

change, it is recommended to set the rate via #te Sel configuration pins (Pins 74, 73 72, 71,a&03hown in Table 1. By
hardwiring these pins the procedure outlined betaw be avoided.

| AMBE 200012020 Rate Selection Using Hardwired Rate Info 0-4, compatible w! AMBE-1000™ |

RATE_SEL4 RATE_SEL3 RATE_SEL2 RATE_SEL1 RATE_SELO Speech Rate FEC Rate (bps) Total Rate
Pin 74 Pin 73 Pin 72 Pin 71 Pin 70 (bps) P (bps)
0 0 1 0 1 2350 50 2400
Table 1.

Compatible Mode Procedure Step 1.

To enable the AMBE-2000/2020™ to interoperate \hth AMBE-1000™ Vocoder Chip at the rate of 2350 bpise + 50
bps FEC, first send the packet described in Table 2

. ewPee

Word # Value Description

0 Ox13ec Header
1 0x0002 Power Control ID/Control Word 1
2 0x902f Rate 0
3 0x0000 Rate 1
4 0x0000 Rate 2
5 0x0000 Rate 3
6 0x6930 Rate 4
7 0x0000 Unused
8 0x0000 Unused
9 0x0000 Unused

10 0x0000 DTMF Control

11 0x0000 Control Word 2

12-23 Channel Data for AMBE® voice decoder

Table 2.
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Compatible Mode Procedure Step 2.

The next packet should be identical to the packstidbed in Table 3.

[ T

Word # Value Description
0 0x13ec Header
1 0x0700 Special Control packet
2 0x0834 Special control data
3 0x0005 Special control data
4 0x11bf Special control data
5 0x0005 Special control data
6 0x0000 Must be 0x0000
7 0x0000 Must be 0x0000
8 0x0000 Must be 0x0000
9 0x0000 Must be 0x0000
10 0x0000 Must be 0x0000
11 0x0000 Must be 0x0000
12-23 Channel Data for AMBE® voice decoder
Table 3

Compatible Mode Procedure Step 3.
After the packets detailed in Table 2 and Tablee3sent into the AMBE-2000/2020™ Vocoder Chip th8 Bits in Control

Word 2 must be set to 0x3 for each subsequent patfiihe rate is changed or the device is rebetabove procedure (steps
1, 2 and 3) must be repeated.

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Decoder Output Volume Control U"%Sed U"%Sec' VAD U"%Sec' SL EC RIS
Table 4.
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