





































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































SSI 78P236/2361/2362/7200
Demo Board

LOUT + - SET TO PEAK

1.0

0.9
0.8
0.7
0.6
05
04
0.3
0.2
0.1

0.0

TEMP = 25°C
CTT =5pF

TRANSFORMER: PE 65664
LENGTH: 450 FT.

0.2

04
TIME SLOTS (Ul)

FIGURE 5: Transmitter Pulse Shape for 78P236
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Demo Board

ORDERING INFORMATION

AMI SPEED DEMO BOARD PART NUMBER
Mbit/s

8S1 78P236/2361/2362/7200 Demo Board

44.736 DS-3 78P236-DB
44.736 DS-3 78P7200-DB
51.840 STS-1 78P2361-DB
34.368 E-3 78P2362-DB

No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights
of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. Silicon Systems
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data
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A TDK Group JCompany

SS178Q8330

JWJM ® Ethernet Transceiver Demo Board

| Application Note

DESCRIPTION

The SSI 78Q8330 Demo Board is the evaluation
vehicle for Silicon Systems' low power 78Q8330
Ethernet Transceiver IC. This board is designed to be
connected to 10Base-2 thin coax cable that complies
with the IEEE 802.3 standard for Local Area Networks.
The board can be used as a transceiver unit and tied to
a network interface board through an AUI cable of up
to 50 meters in length.

The SSI 78Q8330 works with thick coax cable
(10Base-5) but different connection hardware must be
used in such an application. Contact Silicon Systems'
application engineering for more information.

Figure 2 shows a typical application with three systems
already connected to the Ethernet 10Base-2 network.
The Ethernet cable is then connected to the Demo
Board at the BNC connector (BNC1). A 50Q
termination resistor must be placed at last station. The
three pairs of differential signals (DI+/DI- data into the
DTE, DO+/DO- data out of the DTE and Cl+/ClI- control
into the DTE) are available at test points and at the

November 1993

15-pin AUI cable. The AUI cable can be connected to
a network interface board in the DTE. Please be sure
that the network interface board is properly configured
{either jumpers or software) to accept AUl (external)
interface ratherthan an on-board (internal 10Base-2 or
10Base-T) interface.

FEATURES

* Evaluation board for low power 10Base-2/
10Base-5 transceiver

* Provides AUl port to connect to a network card
¢ Jumpers for easy change of heartbeat feature

e Test points to measure data to/from DTE using
scopes

BLOCK DIAGRAM

SS| 78Q8330
ETHERNET
COAX
TRANSCEIVER

DC/DC CONVERTER

JUMPERS

FIGURE 1: SSI 78Q8330 Demo Board Block Diagram

193 - rev.
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SSI178Q8330
Ethernet Transceiver Demo B

Application Note

oard

50Q TERMINATOR 50Q TERMINATOR
SYSTEM 1 SSI 78Q8330 DEMO BOARD
JP1 2-3
" QONNECTOR 2 23
BNG *T* JP3 21
SYSTEM 2 =~ CONNECTORS AU
CONNECTOR
SYSTEM 3 Ll
RG58 COAXIAL SYSTEM 4
CABLE (500) AUI PORT
FIGURE 2: Silicon Systems' Typical LAN Connection Using Demo Board
TABLE 1: Jumper Description
JUMPER| CONNECTION DESCRIPTION
JP1 SQE-Disable Disable SQE (Heartbeat) Note 1
SQE-Enable Enable SQE (Heartbeat)
JP2 10Base-2 Thin-coax connection
10Base-5 Thick coax connection Note 2
JP3 Test Test mode Note 3
Normal Normal mode
JP4 Open Normal Note 4
Short Insert 78Q termination resistor on Cl+/Cl- pair
JP5 Open Normal Note 4
Short Insert 78Q termination resistor on DI+/DI- pair
JP6 Open An Ammeter can be used to measure IC -9V supply current
Short Normal
JP7 Open An Ammeter can be used to measure DTE +12 volt current
Short Normal
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SSI1 78Q8330
Ethernet Transceiver Demo Board

Application Note

TABLE 1: Jumper Description (continued)

JUMPER | CONNECTION DESCRIPTION

JP8 Open This jumper is used to monitor IC -9V supply voltage. Top
pin is -9V (VEE) and Bottom pin is GND (VCC)
Short ILLEGAL CONNECTION

NOTE: (1) SQE (heartbeat) inserts a 10 MHz signal onthe C1+/Cl- lines at the end of each transmission. The
signal is used by the DTE for checking the transceiver. This option must be disabled if the
transceiver is connected to a repeater device.

(2) Contact Silicon Systems CIPD Application Engineering for more information on interface to thick
coax (10Base-5).

(3) Place jumper in NORMAL mode.
(4) Ifon-board termination resistance is used, disconnect the AUI cable to avoid double termination.
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Technical

Reference
Guide
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THIS MANUAL IS INTENDED TO BE USED AS A GUIDE ONLY. Silicon Systems does not warrant any of the schematics shown or code segments
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1.2

OVERVIEW

INTRODUCTION

The SSI178Q8370 is a device for Ethernet LAN applications that consists of an Ethernet protocol controller, Manchester Encoder/
Decoder, 10BaseT transceiver, AUI port, and PCMCIA Bus Interface logic on one chip. This document contains detailed
descriptions of key parts of the protocol controller block, namely, the Buffer Manager block and the Data Link Controller block,
along with bit descriptions of all of the control and status registers. In addition, there is information on the power management
capabilities of the SSI78Q8370, how to configure the part for host and medium connections, information about how a host processor
would handle packet transmission and reception on a network, and descriptions of the media interfaces (10BaseT and AUT) and
PCMCIA Bus Interface. For detailed pin descriptions, electrical and timing parameters, please refer to the SSI 78Q8370 Data Sheet.

GENERAL DESCRIPTION

The SSI 78Q8370 combines the Ethernet network interface together with packet data management and consists of six major blocks:
* Buffer Manager (and SRAM Interface)

* Data Link Controller

« Host/PCMCIA Interface

« Manchester data Encoder/Decoder (ENDEC)

« Twisted-pair Transceiver

« Power Management

PCMCIA

78Q8370
SRAM oot e amm>- -
Interface - !
] 10BaseT Twisted Pair Medium
Transceiver T
Host/ Buffer Data Link | Manchester
PCMCIA| Manager Controller ENDEC
Interface
oax Transceive
Power AUl SS| 78Q8330)
Management Port or AUl cable
(optional)

Bus

Figure 1-1: Block Diagram (78Q8370)

1.2.1 Buffer Manager

The Buffer Manager manages all accesses to the buffer memory through the SRAM interface. The buffer memory is connected
directly to the Data Link Controller (DLC), thus eliminating the need for a local microprocessor. The Buffer Manager also keeps
track of all buffer memory pointers automatically; simplifying the software driver task. Together with intelligent arbitration, the
SSI 78Q8370 is a high performance LAN controller.

The buffer memory is divided into a transmit memory section and a receive memory section. The transmit memory section can be
partitioned into 2K, 4K, 8K or 16Kbyte buffer sizes. If the transmit buffer size is greater than 2KB, then the transmit buffer is

12-43




1.2.1 Buffer Manager (continued)

configured into two banks of equal size. There is only one transmit bank if a 2KB buffer size is selected. With the two bank
configuration, one transmit bank may be tied up during transmission but the host can still continue to load data packets into the second
transmit bank to be tranmitted later. The receive buffer has aring architecture which can be configured from 4K to 62KB depending
on the buffer memory configuration, which can range in size from 8K to 64KB.

A central arbitrator inside the Buffer Manager prioritizes and services requests for access to the buffer memory from four sources:
the Transmitter, the Receiver, Host Read and Host Write. If necessary, the SSI 78Q8370 will assert a ‘not ready’ handshake to the
host while servicing the Transmitter and/or Receiver. The SSI 78Q8370 arbitration mechanism provides packet management by
interleaving packet data accesses to the buffer memory such that the operation appears to be simultaneous.

For instance, in the situation where 2 transmit banks are configured, the host can load the first transmit bank and initiate a
transmission. While the first transmit bank is being transmitted, the host can continue to load packets in the second transmit bank.
At this stage, the SSI 78Q8370 can potentially be receiving data from the medium and loading it into the receive buffer (if the SSI
78Q8370 is in a loopback mode or if self-reception occurs).

1.2.2 Data Link Controller

The Data Link Controller (DLC) implements the ISO/ANSI/IEEE 8802-3 CSMA/CD protocol. It consists of a Transmitter and a
Receiver, each with its own independent CRC logic. Automatic generation and stripping of the 64-bit preamble and the 32-bit CRC
code are provided on-chip.

1.2.3 Host/PCMCIA Interface

The Host Interface provides connection to the host system. It consists of the various registers, DMA circuits and ready logic. Both
word and byte interfaces are supported as well as big endian and little endian data ordering. Host access to the buffer memory is
through BMRS8 (and BMR9). Reading from BMRS will read a byte or word from the receive buffer and writing to BMR8 will write
a byte or word to the transmit buffer. The ready logic is capable of delaying host access to the buffer memory with a time-out
mechanism. Both single and burst DMA transfer modes are supported.

The PCMCIA interface circuitry builds on top of the SSI 78Q8370 generic host interface and is only active if the MODE pin is left
unconnected (internally pulled-up). The SSI 78Q8370 can thus connect directly to a PCMCIA release 2.1 compliant bus. It also
supports decoding for the external CIS memory (both ROM and Flash types). The SSI78Q8370 pinout has been defined to minimize
criss-crossing connections to the PCMCIA connector. This allows for a cost effective 2-layer PCB design.

1.2.4 Manchester ENDEC

This block implements Manchester encoding and decoding. Serial NRZ data from the DLC is converted to Manchester encoded
data and sent to either the twisted-pair transceiver block or to the Attachment Unit Interface (AUI) driver, depending on which is
active. The decoder section performs three functions: clock recovery, carrier detection and Manchester decoding. The recovered
receive clock will be low at the end of reception and during idle to save power. Jitter of up to+18 nsec can be tolerated by the decoder.
This block also translates a 10MHz collision signal to a logic-level signal before sending it to the DLC block if the AUI port is
selected.

1.2.5 Twisted-Pair Transceiver

The on-chip Twisted-Pair module consists of the following functions. It hasa smart squelch circuitry to determine valid data present
on the differential receive inputs (TPIP/N). Its transmit and pre-distortion drivers connect to the twisted-pair network via the
summing resistors and transformer/filter. The link detector/generator circuitry checks the integrity of the cable connection the two
twisted-pair MAUSs. Collision, jabber and SQE are also incorporated.

1.2.6 Power Management

One very useful and important feature that the SSI 78Q8370 offers is intelligent power management. It supports three different
power saving modes: Intelligent, Standby, and Full Shutdown. All modes are configurable through registers. In the Intelligent
mode, clocks are active only when they are needed. For example, when not transmitting, the clock supplied to the transmitter
circuit in the DLC block is not active while host read from buffer memory may be active. In Standby mode, the oscillator clock
is disconnected from the rest of the circuits, so that only the oscillator circuits draw power. Full Shutdown turns off the oscillator,
resulting in maximum power savings. Note that this mode is not available when using an external clock source.
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1.2.7 Pin Assignments
Following are the pin assignments for both the QFP and TQFP versions of the SSI 78Q8370.

TABLE 1: Pin Assignment Table - PCMCIA Bus Mode - 100-Pin TQFP

PiNg [ PIN NAME| TYPE| PiN#| PIN NAME [TYPE | PIN#| PIN NAME TYPE| PIN# | PIN NAME[ TYPE
1 D1 104 | 26 OE 1 51 RA4 O4 ] 76 DON AO
2 D8 104u| 27 WE I 52 RA5 o4 | 77 DOP AO
3 DO 104 | 28 [ INPACK | O4 53 RA6 o4 | 78 AGND P
4 A0 | 29 REG 1 54 GND P 79 REXT R
5 Al | 30 [ ROMG | 04 55 VDD P 80 AVDD P
6 A2 ] 31 FCE 04 56 RA7 04 | 8t TPIN Al
7 A3 | 32 XPD 04 57 RA12 | 04 | 82 TPIP Al
8 RESET Sl 33 XRST | 04 | 58 RA14 | 04 | 83 MODE Tl
9 VDD P 34 GND P 59 RWE | 04 | 84 DIN Al
10 GND P 35 RDO [104U| 60 RA13 | 04 | 85 DIP Al
1 IOWR [ 36 RD1 104U | 61 RA8 C4 | 86 CIN Al
12 IORD | 37 RD2 [104u] 62 RA9 o4 | 87 CIP Al
13 CE2 I 38 RD3 [104U| 63 RA11 | 04 | 88 GND P
14 D15 104U 39 RD4 |[l04U| 64 ROE 04 | 89 | SPKRIN (]
15 CEt I 40 RD5 |i04U| 65 RA15 | 04 | 90 SPKR 08
16 D14 104u] 41 RD6 |104U] 66 0oSscl cl 91 CCRA ]
17 D7 104 | 42 RD7 |i04U] &7 osco | o 92 RRST 04
18 GND P 43 GND P 68 VDD P 93 | LEDLTR | OD16]
19 D13 I04U] 44 | RCSO | o4 69 GND P 94 cB 04
20 D6 i04 | 45 RCST | 04 70 GND P 95 101516 04
21 D12 104U] 46 RA10 04 71 TPDN | AO | 96 lﬁf—g 08
22 D5 104 | 47 RAO 04 72 TPDP | AO | 97 WAIT 04
23 D11 104U] 48 RA1 04 73 TPON | AO | 98 D10 104U
24 D4 104 | 49 RA2 04 74 TPOP | AO | 99 D2 104
25 D3 104 | 50 RA3 04 75 VDD p | 100 D9 104U

Legend:

I Input (TTL level)

04,08:  Output with IOL = 4 or 8 mA

OD16: Output Open Drain with IOL = 16 mA

104, 104U: Input (TTL level) and Output with IOL = 4 mA; 104U refers to 104 with an internal pull-up resistor

Cl: CMOS level input

Sl Schmitt trigger input

TI: Three-state input. May be connected to low, high, or left open.
Al Analog input

AO: Analog output

P: Power

R: Resistor to ground

(0] Output
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TABLE 2: Pin Assighment Table - PCMCIA Bus Mode - 100-Pin QFP

PIN #| PIN NAME | TYPE | PIN# | PIN NAME | TYPE | PIN# | PIN NAME | TYPE | PIN# | PIN NAME| TYPE
1 D10 104U | 26 D11 104U { 51 RA1 04 | 76 TPON AO
2 D2 104 | 27 D4 104 | 52 RA2 o4 | 77 TPOP AO
3 D9 104U | 28 D3 104 } 53 RA3 04 78 vDD P
4 D1 104 | 29 OE | 54 RA4 o4 | 79 DON AO
5 D8 104U | 30 WE I 55 RA5 04 | 80 DOP AO
6 DO 104 | 31 | INPACK | 04 | 56 RA6 04 | 81 AGND P
7 A0 | 32 REG | 57 GND P | 82 REXT R
8 A1 | 33 ROMG 04 | 58 VDD P 83 AVDD P
9 A2 | 34 FCE 04 59 RA7 04 84 TPIN Al
10 A3 | 35 XPD 04 | 60 RA12 04 | 85 TPIP Al
11 RESET Sl 36 XRST 04 61 RA14 04 86 MODE Tl
12 VDD P 37 GND P 62 RWE 04 | 87 DIN Al
13 GND P 38 RDO 104U | 63 RA13 04 88 DIP Al
14 TOWR I 39 RD1 104U | 64 RAS8 04 | 89 CIN Al
15 1ORD | 40 RD2 loau | 65 RA9 04 | 90 CIP Al
16 CE2 | 41 RD3 104U | 66 RA11 04 | AN GND P
17 D15 104U | 42 RD4 104U | 67 ROE 04 | 92 SPKRIN St
18 CET | 43 RD5 104U | 68 RA15 04 93 SPKR 08
19 D14 104U | 44 RD6 104U | 69 OSCI Cl 94 CCRA |
20 D7 104 | 45 RD7 104U | 70 0Ssco (0] 95 RRST 04
21 GND P 46 GND P 71 VDD P 96 LEDLTR |OD16
22 D13 104U | 47 RCSO 04 72 GND P 97 CB 04
23 D6 104 | 48 RCST 04 73 GND P 98 10i1S16 04
24 D12 104U | 49 RA10 04 | 74 TPDN AO | 99 IREQ 08
25 D5 104 | 50 RAO o4 | 75 TPDP AO | 100 WAIT 04

Legend:

I: Input (TTL level)

04,08:  Output with IOL = 4 or 8 mA

OD16: Output Open Drain with IOL = 16 mA

104, 104U: Input (TTL level) and Output with IOL = 4 mA; 104U refers to 104 with an internal pull-up resistor

Cl: CMOS level input

St Schmitt trigger input

TI: Three-state input. May be connected to low, high, or left open.

Al; Analog input

AO: Analog output

P: Power

R: Resistor to ground

o) Output
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TABLE 3: Pin Assignment Table - Generic Bus Mode - 100-Pin TQFP

PIN# | PIN NAME | TYPE| PIN#| PIN NAME|TYPE | PIN#| PIN NAME|TYPE | PIN# | PIN NAME | TYPE
1 HD1 104 | 26 RD8 |104U | 51 RA4 o4 | 76 DON AO
2 HD8 104u| 27 RD9 |104U | 52 RAS o4 | 77 DOP AO
3 HDO 104 | 28 RD10 |[104U | 53 RA6 o4 | 78 AGND P
4 HAO I 29 RD11 |[I104U | 54 GND P 79 REXT R
5 HA1 I 30 RD12 [104U | 55 VDD P 80 AVDD P
6 HA2 I 31 RD13 |I04U | 56 RA7 04 | 81 TPIN Al
7 HA3 | 32 RD14 |104U | 57 RA12 | 04 | 82 TPIP Al
8 RESET Sl 33 RD15 |I04U | 58 RA14 | 04 | 83 MODE Tl
9 VDD P 34 GND P 59 RWE |04 | 84 DIN Al
10 GND P 35 RDO [104U | 60 RA13 | 04 | 85 DIP Al
11 WR ] 36 RD1 104U | 61 RAS8 04 | 86 CIN Al
12 RD l 37 RD2 104U | 62 RA9 04 | 87 ciP Al
13 BHE ! 38 RD3 104U | 63 RA11 04 88 GND P
14 HD15 | 104U} 39 RD4 |104U | 64 ROE 04 | 89 | DMACK si
15 CS I 40 RD5 [l04U | 65 RA15 | 04 | 90 | DMREQ | 08
16 HD14 |104U] 41 RD6 |[104U | 66 oscl Ci 91 EOP ]
17 HD7 104 | 42 RD7 |I04U | 67 0ScCo | O 92 RRST 04
18 GND P 43 GND |I04U | 68 VDD P 93 | LEDLTR | OD16
19 HD13 | 104U] 44 RCSO P 69 GND P 94 cB 04
20 HD6 04 | 45 RCST 04 70 GND P 95 | HWORD | 04
21 HD12 | 104U] 46 RA10 04 71 TPDN | AO | 96 INT 08
22 HD5 104 | 47 RAO 04 72 TPDP | AO | 97 READY | 04
23 HD11 I04u| 48 RA1 04 73 TPON | AO | 98 HD10 | 104U
24 HD4 104 | 49 RA2 04 74 TPOP | AO | 99 HD2 104
25 HD3 104 | 50 RA3 04 75 VDD P 100 HD9 104U
Legend:

I: Input (TTL level)

04,08:  Output with IOL = 4 or 8 mA

OD16: Output Open Drain with IOL = 16 mA

104, 104U: Input (TTL level) and Output with |OL = 4 mA; 104U refers to 104 with an internal pull-up resistor

Cl: CMOS level input

SIR Schmitt trigger input

TI: Three-state input. May be connected to low, high, or left open.
Al: Analog input

AO: Analog output

P: Power

R: Resistor to ground

O: Output
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TABLE 4: Pin Assignment Table - Generic Bus Mode -100-Pin QFP

PIN# | PIN NAME | TYPE | PIN#| PIN NAME | TYPE | PIN# | PIN NAME|TYPE | PIN# | PIN NAME | TYPE

1 HD10 104U | 26 HD11 104U | 51 RA1 04 76 TPON AO
2 HD2 104 | 27 HD4 I04 | 52 RA2 04 77 TPOP AO
3 HD9 104U | 28 HD3 104 53 RA3 04 78 VDD P
4 HD1 104 } 29 RD8 104U | 54 RA4 04 79 DON AO
5 HD8 104U ] 30 RD9 104U | 55 RA5 04 80 DOP AO
6 HDO 104 | 31 RD10 104U | 56 RA6 04 81 AGND P
7 HAO | 32 RD11 104U | 57 GND P 82 REXT R
8 HA1 | 33 RD12 104U | 58 vDD P 83 AVDD P
9 HA2 | 34 RD13 104U | 59 RA7 04 84 TPIN Al
10 HA3 l 35 RD14 104U | 60 RA12 04 85 TPIP Al
11 RESET Sl 36 RD15 104U § 61 RA14 04 86 MODE T
12 VDD P 37 GND P 62 RWE | 04 | 87 DIN Al
13 GND P 38 RDO 104U | 63 RA13 04 88 DIP Al
14 WR I 39 RD1 104U | 64 RAS 04 | 89 CIN Al
15 RD I 40 RD2 104U | 65 RA9 04 90 (o] 3 Al
16 BHE | 41 RD3 104U 66 RA11 04 91 GND P
17 HD15 [104U| 42 RD4 104U | 67 ROE 04 | 92 | DMACK | Sl
18 Ccs 1 43 RD5 104U | 68 RA15 | 04 | 93 ;| DMREQ | 08
19 HD14 104U | 44 RD6 104U | 69 OSCl Cl 94 EOP 1
20 HD7 104 | 45 RD7 104U | 70 0sco 0 95 RRST 04
21 GND P 46 GND P 7 VDD P 96 LEDLTR [OD16
22 HD13 104U ]| 47 | RCSO 04 | 72 GND 3 97 CB 04
23 HD6 104 | 48 RCST 04 73 GND P 98 HWORD | O4
24 HD12 104U 1 49 RA10 04 74 TPDN AO 99 INT 08
25 HD5 104 50 RAO 04 75 TPDP AO 100 READY 04

Legend:

I: Input (TTL level)

04,08:  Output with IOL = 4 or 8 mA

OD16: Output Open Drain with IOL = 16 mA

104, 104U: Input (TTL level) and Output with IOL = 4 mA; 104U refers to 104 with an internal pull-up resistor

Cl: CMOS level input

Sl Schmitt trigger input

TI: Three-state input. May be connected to low, high, or left open.

AL Analog input

AO: Analog output

P: Power

R: Resistor to ground

O: Output
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2 BUFFER MANAGER

The Buffer Manager manages accesses to the buffer memory through the SRAM interface. The buffer memory is connected directly
to the Data Link Controller (DLC), thus eliminating the need for alocal microprocessor. The Buffer Manager keeps track of all buffer
memory pointers automatically, simplifying the software driver task. Together with intelligent arbitration for accesses to the buffer
memory, this makes the SSI 78Q8370 a high performance LAN controller.

2.1 BUFFER MEMORY CONFIGURATION

There are 13 different ways in which to configure the transmit and receiver buffer SRAM for the SSI78Q8370. This is done using
4 register bits, DLCR6<3:0>. DLCR6<1:0> sets the total buffer memory size and DLCR6<3:2> sets the transmit buffer size. If
the transmit buffer is greater than 2KBytes, it is divided into two transmit banks as shown in the table below.

BS1 BSO TS1 TS0 TOTAL TRANSMIT BUFFER MEMORY RECEIVE
DLCR&(1y | DLCR&(0) | DLCR6&(3) | DLCR&(2) BUFFER BUFFER
MEMORY TX BANK #1 TX BANK #2 MEMORY
0 ] 0 0 8KBYTES 2KBYTES -- 6KBYTES
0 0 0 1 8KBYTES 2KBYTES 2KBYTES 4KBYTES
0 0 1 0 lilegal set-up
0 0 1 1 lllegal set-up
0 1 0 0 16KBYTES 2KBYTES -- 14KBYTES
0] 1 0 1 16KBYTES 2KBYTES 2KBYTES 12KBYTES
0 1 1 0] 16KBYTES 4KBYTES 4KBYTES 8KBYTES
0] 9 1 1 lllegal set-up
1 0 0 0 32KBYTES 2KBYTES - 30KBYTES
1 0 0 1 32KBYTES 2KBYTES 2KBYTES 28KBYTES
1 0 1 0 32KBYTES 4KBYTES 4KBYTES 24KBYTES
1 0 1 1 32KBYTES 8KBYTES 8KBYTES 16KBYTES
1 1 0 (0] 64KBYTES 2KBYTES - 62KBYTES
1 1 0 1 64KBYTES 2KBYTES 2KBYTES 60KBYTES
1 1 1 0 B64KBYTES 4KBYTES 4KBYTES 56KBYTES
1 1 1 1 64KBYTES 8KBYTES 8KBYTES 48KBYTES

The remaining buffer memory that is not used by the transmit memory will be used as the receive memory. Figure 2-1 shows an
example of a buffer memory configuration of 64 KBytes.

TX 2 KBYTES 2 KBYTES
BUFFER 2 KBYTES 4 KBYTES 8 KBYTES
4 KBYTES
8 KBYTES
RX
BUFFER 62 KBYTES 60 KBYTES 56 KBYTES 48 KBYTES

Figure 2-1: Maximum Buffer Size (64 KBytes) for Transmit and Receive Buffers
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BUFFER MEMORY CONFIGURATION (continued)

The buffer memory path of the SSI 78Q8370 is 8 bits wide in PCMCIA Bus mode and can be either 8 or 16 bits wide in Generic
Busmode (The 8-bit path in PCMCIA mode is imposed due to the lack of enough pins). In the Generic Bus mode, the buffer memory
data path width is selected through DLCR6<4>. If DLCR6<4> is settoa 1, then the SSI78Q8370 data path will be byte-wide. There
are eight different SRAM configurations depending on whether the data path is 8- or 16-bit (refer to Figure 2-2). The RCS0 and
RCS1 are the SRAM chip select pins. In the 8 bit-data bus for 8KByte and 32KByte configurations, only RCSO is used and the
address least significant bit starts from AQ. Figure 2-2 shows the configurations possible for the SRAM.

16 Bit RAM Data Bus:
8 Bit RAM Data Bus: available in Generic Bus mode only
DLCR6 (4) RBYTE =1 DLCR6(4) RBYTE=0
DLCR6 (5) HBYTE=O0OR 1 DLCR6 (5) HBYTE=0
DLCR6 (1:0)
RA12-RA1
RA12-RA0
BS1,0 = 0,0 @
8KB |« FC0_ 4KB KB |« TS0
RCST
RD(1:0)<£ RD(15:0) M
RA13-RA1 RA13-RA1
BS1,0 = 0,1
8KB 8KB ﬂ 8KB 8KB |a—
RCST | _RCET |
RD(7:0) M RD(15:0) M
RA4-HAD RA14-RA1
BS1,0=1,0 @
32KB [a—— 16KB 16KB [« FC0_
RTST
RD(7:0) & ‘ nD(15:o)<_ng
RA15-RA1 RA15-RA1
BS1,0=1,1 I
32K8 32KB 32KB 32KB |« P
RCST RCST
RD(7:0) CM AD(15:0) CH

Figure 2-2: SRAM Configurations
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2.2 TRANSMIT OPERATION
The SS178Q8370 complies with the IEEE 802.3 CSMA/CD specifications with a transfer rate of 10Mbit/s through the transmission
medium. It will assemble all packets from the host and append a 64-bit preamble and a 32-bit CRC to the head and tail of each packet
respectively before transmitting to the medium. As mentioned in the Buffer Memory Configuration section, one or more packets
can be written by the system within a transmit memory bank until the remaining space is insufficient for another packet. The host
can then issue a signal, called “Transmit start” which is stored in BMR10<7> to initiate a transmission to the medium. All packets
within the same bank will thus be transmitted and followed by the status update or an interrupt if it is enabled. With the two transmit
banks configuration, one bank can be transmitting and the second bank can be loading data from the system. This concurrent
operation of transmitting and host writing will improve transmission throughput.
If the transmit packet encounter a collision in the medium, the SSI 78Q8370 will perform a truncated binary exponential backoff
routine up to 16 attempts. After the 16th attempt, the SSI 78Q8370 will either skip the current packet or re-transmit the packet again
depending on the status of BMR11<2:0>,
2.3 TRANSMIT PACKET DATA FORMAT
The packet to be transmitted is first loaded into the transmit buffer together with a 2-byte header of data length in bytes. Figure 2-
3 shows an example of how 3 packets are stored within a single transmit buffer:
Packet Length (LSB) ‘}
Packet Length (MSB) Packet #1
Datatl
Y
Packet Length (LSB) ]
Packet Length (MSB) Packet #2
Data2
X
Packet Length (LSB) A
Packet Length (MSB) Packet #3
Data3
X
Figure 2-3: Packet Format in Transmit Buffer
After the packets are loaded, the host will write the number of packets to be transmitted into BMR 10 and initiate transmission. At
this stage, if a two transmit banks configuration is chosen, any new packets can now be loaded into the second bank.
2.4 RECEIVE OPERATION

The receive memory is configured as a ring structure which means the bottom of the memory is wrapped around to the top of the
receive memory. There are two pointers to handle incoming packet management and they are the receive pointer and the host read
pointer. The receive pointer will always point to the next empty location in the receive memory. The host read pointer is used by
the host to retrieve accepted packets from the receive memory.

Initially, the values of the two pointers are equal which implies that the receive buffer is empty. As soon as data is loaded into the
receive bank from the medium, the receive pointer will move away from the host read pointer. The preamble and the CRC bits are
automatically removed by the data link controller (DLC) before storing the data to the receive buffer. While accepting the data, the
size of the packet is checked. Under the IEEE specifications, the valid packet size is between 60 bytes to 1500 bytes (minus the
preamble and CRC portions). However, if setto 1, the SSI 78Q8370 can accept packet sizes ranging from 6 bytes (by setting “accept
short packet” in DLCR5<3> [ENA_SRTPKT] to a 1) to 2047 bytes. When a packet is successfully stored in the receive memory,
the host can begin to read this packet. However, if there is more than one incoming packet or the packet size is too large, the receive
pointer may override the host read pointer after wrapping around the ring structure. This situation is avoided with a buffer overflow
flag, OVRFLO. When this flag is high, the receive pointer will not store any more data until the host read has cleared the memory.
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RECEIVE OPERATION (continued)

Figure 2-4 shows the configuration of the transmit and receive buffer memory in the situation where the 2 transmit banks are selected
and explains the concept of a ring architecture of the receive buffer. The received packets are stored as they are accepted by the SSI
78Q8370. The unused buffer space in the diagram shows that the host have read packets before ‘Packet P-1’ hence relieving that
buffer space. Therefore the received packet ‘Packet P+2’ can be wrapped around the end of the receive buffer to the start once again.

The SSI78Q8370 also checks the incoming packet for short packet errors, alignment errors and/or CRC errors. After one successful
packet reception, the SSI 78Q8370 will perform an 8-byte re-alignment for the next packet in the receive buffer.

Transmit Bank #1 {

Transmit Bank #2
Received Packet, P + 2 ‘ }
Unused Buffer Space ' !
Received Packet, P - 1 Receive !
- = = — — — = Ring |
Received Packet, P Structure |
Received Packet, P + 1 I i
Received Packet, P + 2 i |
(Continued at the top) \ /

Figure 2-4: Transmit and Receive Buffer Organization

2.4.1 RECEIVER BUFFER DATA FORMAT

The receive packet has a 4-byte header which consists of the status of the receive packet, a reserved byte, and the 2 bytes of data
length. Regardless of the SRAM word or byte configuration, the data length is always in terms of bytes. The data packets are linked
by the internal pointers which use the data length value in the header to calculate the length of the data packet. Then the receiver
will perform an 8-byte boundary alignment and the new address is generated. Under normal operation, any packets that have errors
will be discarded. Figure 2-5 shows how accepted packets are stored in the receive buffer.

The SSI178Q8370providesameans to accepterroneous packets, mainly for testing purposes. If the DLCR5<5> bit (ACPT_BADPKT)
isset to a 1, short packets or packets with alignment or CRC errors will be accepted. In these circumstances, the respective bits of
the receive status registers will not be set. But the status byte to the host will still indicate that the packet has error(s).

The format of the status byte is as shown below. Note that the bit names are similar to that of the DLC register bits. However, some
of these bits are not a mirror image of the corresponding register bits and this is elaborated on in the Status Byte Format section.

Bit 7 Bit6 Bit5 Bit4 Bit3 Bit 2 Bit 1 Bit0
0 0 PACKET REMOTE SHORT ALIGN CRC OVER
OK RESET ERROR ERROR ERROR FLOW
25 DMA OPERATION

Data transfer via Direct Memory Access is available only in the Generic Bus mode. The DMA write or DMA read operation is similar
to the I/O write or I/O read except that the handshake is done using DMREQ, DMACK and EOP signals. The DMREQ signal is
used to request for DMA transfers and the DMACK signal acts like the CS to access the BMR8 and BMR9 register pair. The WR
or RD signals accompany the DMACK to perform host write or host read operations respectively.

AnEOP signal is asserted during the last data word or byte transfer to terminate theprocesé (the DMA_EOPregister bit[DLCR1<5>]
will be set when EOP is asserted). The SSI78Q8370 will not assert further DMREQs when EOP has been asserted by the host DMA.
If the DMA interrupts are enabled, the assertion of the EOP will also cause the SSI 78Q8370 to generate an interrupt to the host.
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2.5 DMA OPERATION (continued)

Single or burst DMA operations are supported for data transfer between the host and the SSI 78Q8370. In single byte or word
accesses, the SST 78Q8370 asserts the DMREQ signal and waits for the host to respond with a DMACK acknowledge and a WR
or RDsignal. Upon acknowledgment, the SST 78Q8370 negates the DMREQ until the host completes the data transfer, The DMACK
signal is set high when the transfer is complete. To start another DMA cycle, the SSI 78Q8370 will assert the DMREQ signal again.
This continues until the host asserts the EOP signal during the last access cycle after which the SST 78Q8370 will not make further
DMREQ requests.

In burst modes, the DMA operation can be programmed for 4, 8 or 12 data transfers per DMREQ request. In these cases, the SSI
78Q8370 will negate DMREQ two cycles before the end of each burst. An EOP assertion will terminate a DMA operation anytime
during the burst data transfer.

[ 8 Byte Alignment

Status Byte
Reserved
Length (LSB)
Length (MSB) Packet (N-1)

DATA (N - 1)

8 Byte Alignment

Status Byte
Reserved
Length (LSB)
Length (MSB) Packet (N)

DATA (N)

8 Byte Alignment

Status Byte

Reserved
Length (LSB)
Length (MSB)

Packet (N+1)

DATA (N+1)

Figure 2-5: Packet Format in Receive Buffer
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2.5.1 DMA WRITE (TRANSMIT)

Ina DMA write mode, the host performs the same function as an I/O write to load the transmit bank with one or multiple packets
of data. Typically the host hasits own DMA controller which it programs to handshake with the DMA operation in the SSI78Q8370.
The host can use a combination of I/O and DMA to write a packet into the transmit buffer.

The following depicts an example of how to perform a DMA write mode using a combination of I/O and DMA operation. First,
the host determines the size of the packet and writes the byte length into the SSI 78Q8370’s transmit buffer using I/O access.
Subsequently, the host DMA is programmed with this length information. To start a DMA transfer, the host writes a 1 to the
DMA_TENA bit (BMR12<0>). The SS178Q8370 will asserta DMREQ request and wait for the DMACK acknowledgment to start
the DMA write process. When the acknowledgment is confirmed by the host DMA, the data packets are transferred into the transmit
buffer. An EOP signal is asserted when the last byte is written to the SSI 78Q8370. If the DMA_EOP interrupt (DLCR1<5>) is
enabled, the SSI 78Q8370 will interrupt the host upon completion. Writing a 0 to the DMA_TENA bit disables the DMA write
operation. The host can then initiate the next DMA transfer.

When the host interface is configured for word mode, the packet length value written to the SS178Q8370 will still be in bytes. Hence,
the host has to program the host DMA with half the byte count for word transfer. If the byte count is odd, the host should round it
up before halving it. This results in an extra byte written to the transmit buffer which the SSI 78Q8370 discards during the transmit
process. The internal transmit buffer alignment for odd size packets are automatically handled by the SSI 78Q8370.

2.5.2 DMA READ (RECEIVE)

Ina DMA read mode, the host performs the same function as an I/O read to retrieve the data from the SSI 78Q8370’s receive buffer.
The following depicts an example of how to perform a DMA read mode using a combination of /O and DMA operation.

If the receive buffer is not empty, the host will read the status and packet length information in the 4-byte header of the receive
packet using I/O access. This length information is then programmed into the host DMA. To initiate a DMA transfer, the host
writes a 1 to the DMA_RENA bit (BMR12<1>). The SSI 78Q8370 will assert the DMREQ request and wait for the DMACK
acknowledgment to start the DMA read process. Upon the DMACK acknowledgment, the packets are retrieved from the receive
buffer. The EOP signal is asserted on the last byte read from the receive buffer. If DMA_EOP interrupt (DLCR1<5>) is enabled,
the SSI 78Q8370 will interrupt the host. The host will write a 0 to the DMA_RENA bit to disable the DMA read operation. It
can then initiate the next DMA transfer,

When the host interface is configured for word mode, the host DMA is programmed with the half the byte length as described in
the DMA write section. In the case of an odd packet length, the host will read an extra byte and discard it. The SSI 78Q8370 will
also manage its internal receive buffer alignment for odd size packets.
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3 DATALINK CONTROLLER

The Data Link Controller (DLC) implements the ISO/ANSI/IEEE 8802-3 CSMA/CD protocol. It consists of a Transmitter and a
Receiver, each with its own independent CRC logic. Automatic generation and stripping of the 64-bit preamble and the 32-bit CRC
code are provided on-chip.

3.1 IEEE PACKET FORMAT

The DLC of the SSI 78Q8370 complies with the international standards for Ethernet, ISO/ANSI/IEEE 8802-3. The IEEE 802.3
Media Access Control (MAC) frame format is shown in Figure 3-1.

Preamble
101010.......10 | 2"
SFD
1B
10101011 yies
Destination
Address 6 Bytos
Source
Address 8 Bytes
Length 2 Bytes
Min 46 bytes, max
Data o0 bw‘:s
» .— - As required to meet minimum
Paddmg packet size
FCS 4 Bytes

Figure 3-1: IEEE 802.3 Media Access Control (MAC) Frame Format

3.1.1 ELEMENTS OF THE MAC FRAME

The MAC frame size is defined to cover the Destination and Source Address fields, Length Field, Data Field, Padding (if necessary)
and Frame Check Sequence Field (CRC Code). The minimum frame size defined in the IEEE Media Access Control Protocol is
64 bytes and the maximum frame size is 1518 bytes.

Preamble Field:

This is a 7-byte field consisting of alternating 1°s and 0’s to allow synchronization of phase lock loop (PLL) circuitry in the
receiver.

Start Frame Delimiter (SFD) Field:
The SFD sequence is 10101011. This immediately follows the preamble and the double 1°s signify the start of the frame.
Address Fields:

Each MAC frame consists of two address fields. The Destination Address Field specifies the destination address(es) for which
the frame is intended and the Source Address Field specify the node that is transmitting the packet. The first bit (LSB) of the
Destination Address is used to identify individual or group addressing. LSB = 0 indicates an individual address and LSB = 1
indicates a group address. The SSI 78Q8370 offers 3 types of group addressing called multicast group, multicast hash and
broadcast addressing. A broadcastaddressconsists of all 1°s in the Destination Address field and is used to broadcast toall active
stations on the network. Please refer to Node ID and Hash Table Configuration Registers for detailed information on the other
two multicast-addresses.

Length Field:

This is a 2-byte field whose value indicates the number of data bytes in the Data Field. The Length Field is transmitted with
the high order byte first. However, some protocols use this field for other purposes (Ethernet calls this a Type Field instead).
This is achieved by using values greater than the allocated values for a valid Length Field (value < 1500) to distinguish the
protocol used. The SST 78Q8370 does not perform a consistency check on the length of the data field that follows this field.
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3.2

3.2.1

Data and PAD Fields:

The data field may contain any data from a minimum of 46 bytes to a maximum of 1500 bytes. If necessary, the data field is
extended to meet the minimum frame size requirement. These extra bits are called Padding. The SSI78Q8370 does not perform
automatic padding. Upper layer software is responsible for this task.

Frame Check Sequence Field:

A cyclic redundancy check (CRC) is used by the transmit and receive algorithms to generate a CRC value for the FCS field.
This is a 32-bit sequence that is computed as a function of the addresses, length, data (and pad) fields. The SSI 78Q8370 has
a CRC circuitry that generates the CRC for the packet to be transmitted and checks the CRC of the received packets for
transmission errors.

TRANSMITTER CIRCUITS

Circuits within the transmitter include a transmit state machine, pseudo-random number generator, preamble generator, inter-frame
gap timer, exponential backoff generator and a time domain reflectometry counter. The CRC logic is shared by the transmitter and
the receiver. Any transmit errors will be reported via the DLCR status registers.

The CRC logic calculates the IEEE 32-bit Frame Check Sequence (FCS) for the entire data packet (from the destination address to
the end of the data field) and appends the FCS to the end of the packet. In the event of self-reception in ‘accept all packets’ modes
or loop back, the CRC logic is used by the transmitter only.

Transmit Media Access Management

The SSI78Q8370’s DLC block implements the ISO/ANSI/IEEE 8802-3 Media Access Protocol called the CSMA/CD. This is the
acronym for Carrier Sense Multiple Access with Collision Detect. Abiding by this protocol requires the controller to monitor the
presence of a carrier from other nodes on the network and deferring any transmission if a carrier is ‘sensed’ on the network. A
collision is defined by the situation whereby two nodes transmit at nearly the same time and try to drive the network together which
results in garbled data. In the event that a collision occurs, this is detected via the collision detection mechanism. A node that is
involved in a collision will transmit a 32-bit Jam Pattern to reinforce the collision such that every node on the network detects it.
It will then cease its transmission and wait a pseudo-random backoff interval before attempting to transmit the packet again.

According to the ISO/ANSI/IEEE 8802-3, there must be a 9.6 msec interval between the transmission of packets for the network
torecover. This is called the Inter-Frame Gap (IFG) and the SSI 78Q8370’s DLC utilizes the IFG timer in the transmitter to record
the interval starting from the end of the last packet on the network. The DLC will not transmit before this interval expires. If another
node happens to transmit during the first 2/3 of the IFG interval, the SSI 78Q8370 will reset its IFG counter and start again at the
end of this new transmission. However during the last 1/3 of the IFG interval, the SSI 78Q8370 will ignore any transmission on
the network that occurs during that time in accordance with the IEEE standard. This is to assure fairness and equality in accessing
the network., With two nodes transmitting at nearly the same time, a collision would occur resulting in pseudo-random backoff
intervals for each node to resolve the contention.

The SSI 78Q8370’s TDR counter keeps track of the number of bits that has been transmitted. The counter maintains the count of
the actual number of bits transmitted just before a collision or loss of carrier occurs. The count can then be used to diagnose the
medium as shown.

Estimating the distance, D (m) from the transmitting node to a fault:
N = number of bits transmitted (TDR Count)

R = transfer rate, 10 Mbit/s

S = signal propagation for coaxial cable (in the region of 2 x 10® m/sec
D = (N x S)/(2 x R) meters

A pseudo-random number generator is used for collision backoffs. The range of the random number interval increases with each
collision with the maximum range occurring for the 10th collision through the 16th collision. Hence itis called the truncated binary
exponential backoff. The value obtained from the pseudo-random number generator is counted down every slot-time (512 bits).
‘When the interval expires, the SSI 78Q8370 will check the IFG timer and attempt to re-transmit.
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has been activated. Packets with alignment or CRC or short packet errors are accepted only if the ACPT_BADPKT bit (DCLR5<5>)
issettoa 1. Alignment error indicates an incomplete byte frame at the end of a packet and CRC error indicates an error has occurred
during transmission. A CRC error occurs when the received packet is checked by the CRC logic (from destination address to the
end of the packet including the appended CRC) and the resultant is not the fixed constant expected in a no-error transmission. Short
packet error is set if the received packet is less than the minimum length of 60 bytes. Buffer overflow error signals insufficient space
in the receive buffer for the current packet and requires the host to read packets from the receive buffer to relieve more buffer space.

3.3.3 Encoder/Decoder

3.4

3.4.1

The internal ENDEC performs the recovery of the receive clock RXC, carrier detection and Manchester decoding of the data stream
from the network. The received data stream is transferred to the ENDEC circuit block viaeither the on-board twisted-pair transceiver
circuit or the AUI circuit, depending on which is active. When the ENDEC block receives a signal from the twisted-pair transceiver
or the AUI circuit, it converts this carrier detection into the CRS signal for the controller. The recovered clock, RXC is achieved
through the digital phase lock loop (DPLL) in the ENDEC which tries to synchronize to the incoming S MHz stream. (The preamble
consistsof alternating 1’s and 0’s when converted to Manchester encoding produces this waveform). Thedata stream is then decoded
to NRZ format with the recovered RXC. This is passed to the controller as the received data, RXD. During idle periods, the RXC
is not active.

LOOP BACK MODES

The SSI 78Q8370 provides for 2 types of loop back testing. They are defined as follows:
i) ENDEC Loop Back

ii) Media Loop Back (Twisted-pair transceiver or AUI Port)

Loop back i is used for testing functionality of the Manchester Encoder/Decoder (ENDEC). This can be invoked by setting the
appropriate bit in the DLCR4<1>, but is intended for diagnostic testing only, and should not be set during normal operation. The
Media Loop Backs are basically a normal transmission with a self-addressed packet or setting the Address Modes to an “accept all
packets” mode (i.e. promiscuous mode occurs when AM<1,0> = 11), All of these loopbacks are illustrated in Figure 3-2.

For the ENDEC loop back, data is routed from the transmit buffer to the transmitter of the DLC, through the Manchester Encoder
which loops the decoded data back to the Manchester decoder. The decoder decodes the Manchester code and passes the NRZ
data to the receiver of the DLC which then stores it in the receive buffer. The EDLOOP bit (DLCR4<1>) s set to 0 for this loop
back mode. This permits testing of the DLC’s transmit and receive sections and the Manchester encoding and decoding sections.
The host software can then read and verify the received data.

For the Media loop backs, data is routed from the transmit buffer to the transmitter of the DLC through the ENDEC and the medium
(via either the internal twisted-pair transceiver or the AUI port, depending on which interface is selected) then back to the receiver
of the DLC. This occurs when the SSI 78Q8370 is in the ‘accept all packets’ mode (promiscuous) where all packets that the
transmitting node sends are accepted. Another way of achieving this effect is to send a packet with the destination address equal
to the source address. This permits testing of the entire loop starting from the DLC to the medium and back. The host software can
then read and verify the received data.

Self-Reception Criteria

In a normal operating mode, self-reception is only possible when the destination address of the transmitted packet matches the
transmitting station’s Node ID (physical address match). In this case, the transmitting station will not receive its own multicast
(group or hash) or broadcast messages.

If the ENDEC Loopback mode is activated, the address recognition logic in the receiver will treat the loop back message as if it was
coming from the medium. Thus if a match occurs (physical, multicast or broadcast), self-reception will take place.

In the ‘accept all packets” mode, self-reception is guaranteed to happen for any transmission.
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Figure 3-2: 78Q8370 Loop Back Modes
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POWER MANAGEMENT

SSI 78Q8370 provides 3 modes of intelligent power management:
1) Auto power down mode through BMR11<6>,

This mode is the default at reset/power up. The clocks are active only when they are needed. This auto power down mode can
be disabled by programming a 1 which can be useful for chip debugging and maximum power consumption estimation.

2) Standby mode through DLCR7<5> or through CCR1<2>,

Set DLCR7<5>=0toenter this mode, or, if the SSI 78Q8370 is in PCMCIA mode, set CCR1<2> = 1. This de-gates the oscillator
clock without shutting it off. All the internal clocks are not active with the oscillator still running. Using full static design, the
SSI78Q8370 remembers all of the register settings, memory pointer values and the status of the state machines prior to entering
standby mode. It can resume normal operation again when this bit is disabled.

3) Oscillator shut off through BMR11<7>.

WARNING: This bit may only be set if using the internal oscillator. Setting this bit while using an external canned oscillator
can damage the chip.

Due to the above danger, this bit can only be set (hardware protected) after the standby mode has been entered. Thus, accidental
write can be prevented. The users need to be aware that the oscillator needs some time to stabilize. This startup time is typically
2 msec for SSI 78Q8370.

The following programming sequence is recommended for entering this mode:
i) Check that SSI 78Q8370 is idle (i.e. not in the middle of an operation).
ii)  Set DLCR7<5> to ‘0’ to enter standby mode.
iii)  Set BMR11<7>to ‘1’ to shut off the internal oscillator.
(SSI 78Q8370 is now in its lowest power consumption configuration).
The ‘wake up’ sequence is as follows:
i)  Set BMR11<7> to ‘0’ to turn on the internal oscillator.
ii)  Allow some time for the internal oscillator to stabilize. This is typically 2 msec.
iii)  Set DLCR7<5> to ‘1’ to go back to the normal mode.
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5 CONTROL AND STATUS REGISTERS (continued)
A register bit-map is also included for the Data Link Controller Registers, Buffer Manager Registers, and PCMCIA registers.

Also shown are the default values for each register. Shaded bits are non-writeable.

Register Bit 2 Bit 1 Bit0
Transmit CoL 16COL HWR_ERR
Status
DLCRO 0 Q 4] ]
Receive PKT_RDY ALG_ERR | CRC_ERR OVRFLO
Status
DICR1 Q (4] 0 0 (4]
Tx Interrupt TXOK SELF_RX JABBER coL 16COL HWR_ERR
Enable INT INT INT INT INT INT
DLCR2 ENABLE ENABLE ENABLE ENABLE ENABLE ENABLE
(4] 0 0 0 [4] 4]
Rx Interrupt RMTRST | SRT_ERR | ALG_ERR | CRC_ERR OVRFLO
Enable INT INT INT INT INT
ENABLE ENABLE ENABLE ENABLE
[4] 0 Q 0
Transmit NO_BACK NOT_CB _ DSC
EDLOOP
: 0 1 1 0
Receive RESERVED ADD_SIZE ENA_ ENA_ AM1 AMO
Mode BIT BADPKT SRTPKT RMTRST
DICRS _ 0 4] 0 0 0 0 0
Config. 0 RAMSP HBYTE RBYTE TS1 TSO BS1 BSO
ENADLC
DLCR6 1 0 1 o 1 1 a
Config. 1 CTM 1 CTMO NOT_ RBNK1 RBNKO EOPSEL INTLMOT
STDBY
DLCR?7 0 0 1 0 Q 0 0
Tx Packet TXST PACKET PACKET PACKET PACKET PACKET PACKET PACKET
Counter CNT 6 CNT S CNT 4 CNT 3 CNT 2 CNT 1 CNT O
10 0 Q 0 4] 0 ]
16 Collision | OSC_OFF [ RESTART SKIP
Control AUTOPD
BMR11 Q 4]
DMA Enable DMA_RENA | DMA_TENA
| BMR12 | 0 0
DMA Burst RTH DMT DMAB1 DMABO
Control APOL
BMR 0 0 0 0
Rx Pointer LD SKP_RX SQE RXF
Control INT INT
BMR14 ENABLE 0 ENABLE 1
0

Tranceiver

Q
AUDIO PWRDWN

Card Config.
& Status

0 Q
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5 CONTROL AND STATUS REGISTERS (CONTINUED)

A register bit-map is also included for the Data Link Controller Registers, Buffer Manager Registers, and PCMCIA registers.

Also shown are the default values for each register. Shaded bits are non-writeable.
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Register Bit7 Bit6 BitS Bit4 Bit3 Bit 2 Bit 1 Bit0
Name
Transmit TXOK COL 16COL HWR_ERR
Status
DLCRO 0 O i ; 0 0 0
Receive PKT_RDY | HRD_ERR | SRT_ERR | ALG_ERR | CRC_ERR | OVRFLO
Status :
DLCR1 : 0. 0 0 0 0
Tx Interrupt SELF_RX JABBER COL 16COL HWR_ERR
Enable INT INT INT
DLCR2 ENABLE ENABLE ENABLE
0 4 0 0 Q. 0
Rx Interrupt DMA_EOP RMTRST SRT_ERR | ALG_ERR | CRC_ERR OVRFLO
Enable INT INT INT INT INT INT
DLCR3 ENABLE ENABLE ENABLE ENABLE ENABLE ENABLE
0 0 0 0 0 0
Transmit NO_BACK NOT_CB DSC
Mode - - EDLOOP
DLCR4 . 0 1 1 0
Receive ADD_SIZE ENA_ ENA_ AM1 AMO
Mode SRTPKT RMTRST
DLCR 5 0 0 0 0 0
Config. 0 _ RAMSP HBYTE RBYTE TS1 TS0 BS1 BSO
ENADLC

| DLCR6 1 0 1 0 1 1 0

Config. 1 CTM 1 CTMO NOT_ RBNK1 RBNKO EOPSEL INTLMOT
STDBY

DLCR7 Q Q 1 i | _0 0 0 [4]
Tx Packet TXST PACKET PACKET PACKET PACKET PACKET PACKET PACKET
Counter CNT 6 CNTS5 CNT 4 CNT 3 CNT 2 CNT 1 CNTO
BMR10 0 0 0 0 0 0 0
16 Collision | OSC_OFF R E RESTART SKIP
BMR11 0 0 0 0
DMA Enable )| DMA_RENA [ DMA_TENA
BMR12 0 0
DMA Burst RTH PORT_SEL DMABH1 DMABO
Control APOL E

| BMR13 o] 0 0
Rx Pointer LD SQE RXF
Control INT INT
BMR14 ENABLE 0 ENABLE

0

Tranceiver =
Status

r_EMBlS
Config. SRESET LEVIREQ
Option
CCRO ) 0
Card Config. 101s8
& Status
CCR1 0




5.1 LEGEND DESCRIPTION

The legend (column L in the register tables) used to describe register initial values, readability and writeability are denoted by the
following abbreviations:

R: READABLE

W:  WRITABLE

C: CLEARABLE:Writing a ‘1’ clears this bit; writing a ‘0’ has no effect

H: CONDITIONALLY WRITABLE: The default values can only be changed depending on other conditions
0/1:  Power-up/Reset Default value

5.2 DATALINK CONTROLLER REGISTERS
There are 8 Data Link Controller registers that will provide the status and control signals between the SSI 78Q8370 and host. In
the following sections, each register bit will be explained.

5.2.1 DLCRO - Transmit Status Register

This register provides the transmit status to the host. These status bits can also produce interrupts if DLCR2 interrupt enable signals
are set (see DLCR?2 for details). The status bits can be cleared by writing a ‘1’ to the respective bit but writing a ‘0 has no effect
onit. Note that more than one status bit can produce acommon interrupt signal. Hence itis advisable for the host to check this register
to find out how many of the status bits could have caused the generation of the interrupt signal.

DESCRIPTION

TRANSMIT OK: When the packet is transmitted through the medium without any errors
or skipped due to excessive collisions, this bit is set high. If DLCR2<7> is enabled, then
the bit can trigger an interrupt to the host.

NET BUSY: If this bit is read as 1, it indicates that the network is busy at the receiver.
This bit reflects the status of the CRS signal.

SELF RECEPTION: The bit is used to indicate that self-reception has occurred. Writing
a 1 or power reset will clear this bit. If DLCR2<5> is enabled, it can trigger an interrupt
to the host.

TRANSMIT ERROR: When read as a 1, this bit indicates a possible collision on the
network or a loss of carrier during transmission. Automatically cleared on the next
transmission. Writing a ‘1’ or a ‘0’ has no effect.

JABBER: When high, it indicates that excessive transmit length is detected by the
internal jabber timer. This is a serious error condition which only occurs when the chip
malfunctions. Can generate interrupts if enabled by the corresponding interrupt enable
bit in DLCR2. This jabber error can only be cleared by hardware or software reset
through DLCR6<7>.

COLLISION: This bit is set high when a collision occurs on the data packet during
transmission. The 78Q8370 performs up to 16 re-transmissions. If DLCR2<2> is
enabled, it can trigger an interrupt to the host. The number of collisions is stored in
DLCR4<7:4>.

16 COLLISIONS: If a data packet has suffered 16 unsuccessful fransmission then this
bit will set high. Generates an interrupt to the host if DLCR2<1> is enabled.

BIT_| SYMBOL
7 TXOK

6 NET_BSY

5 SELF_RX

4 TX_ERR

© Vo O IJW|e J|S O T

3 JABBER

© D

2 CcoL

°cOo>

1 16COL

HOST WRITE ERROR: When the host attempts to write data to the transmit buffer
memory and did not get the response from 78Q8370 after 2.4 msec, this flag is set.
This is to indicate that the transmit buffer is full. If DLCR2<0> is enabled, it can trigger
an interrupt to the host.

0 HWR_ERR

ooIMCOT
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5.2.2 DLCR1 - Receive Status Register

This register provides the receive status to the host. These status bits can also produce interrupts if DLCR3 interrupt enable signals
are set (see DLCR?3 for details). The status bits can be cleared by writing a ‘1’ to the respective bit. Writing a ‘0’ has no effect on
the register bit. Note that more than one status bits can produce a common interrupt signal. Therefore it is best for the host to check
this register to find out how many of the status bits could have caused the generation of the interrupt signal.

In this register, DLCR1<3:0> are status bits for the current received packet. If any of these bits are set then the packet will be
discarded. However, ‘bad packets’ can be accepted by the SSI 78Q8370 under the following settings:

(1). DLCR5<5>, ACPT_BADPKT set to high allows the acceptance of short packets and packets with alignment or CRC errors
(2). DLCR5<3>, ENA_SRTPKT set to high allows the acceptance of packets with length between 6 bytes and 2047 bytes.

BIT

SYMBOL

DESCRIPTION

PKT_RDY

PACKET READY: When a data packet is successfully loaded into the buffer memory,
this bit is set. Can generate an interrupt if DLCR3<7> is enabled.

HRD_ERR

HOST READ ERROR: If the receive buffer is empty and the host has waited for the
response from 78Q8370 for more than 2.4 msec during host read then this bit is set.
Can generate an interrupt if DLCR3<6> is set.

DMA_EOP

© pjo O I|e O T

DMA END OF PROCESS: When a DMA process is over, the host will assert a high to
the EOP pin to indicate the end of process. Can generate an interrupt if DLCR3<5> is
set. To clear this bit, a value of 00H must be written into BMR12. Writing either a '1' or
'0' has no effect.

RMTRST

REMOTE RESET PACKET RECEIVED: This bit is set if a packet received contains the
pattern 0900H in its Type Field and ENA_RMTRST (DLCR5<2>) is set to a 1. Can
generate an interrupt if enabled by DLCR3<4>. The value on this bit is mirrored onto
the pin RRST (pin 96).

SRT_ERR

SHORT PACKET ERROR: This bit is set when the received packet is less than 60
bytes (excluding preamble and CRC). 60 bytes is the IEEE minimum frame size. Can
generate an interrupt if enabled by DLCR3<3>.

ALG_ERR

ALIGNMENT ERROR: Set when the receive packet has 1 to 7 extra bits at the end of
the packet. This may be due to collision or faulty transceiver. Can generate an interrupt
if enabled by DLCR3<2>.

CRC_ERR

CRC ERROR: Set when the packet has CRC errors indicating that the packet is
corrupted. Can generate an interrupt if enabled by DLCR3<1>.

OVRFLO

COIDICOICOICOD] ©OD

RECEIVE BUFFER OVERFLOW: Set when the receive buffer is full. Can generate an
interrupt if enabled by DLCR3<0>.

5.2.3 DLCR2 - Transmit Interrupt Enable Register
This register contains the bits to enable the status bits in DLCRO to generate interrupts to the host.

BIT | SYMBOL L DESCRIPTION |

7 | TXOK R,W [ TXOK INTERRUPT ENABLE: When set high, it enables transmit OK signal, TXOK to
INT ENABLE 0 generate an interrupt.

6 0 N,0 | RESERVED BIT

5 SELF_RECP | R,W | SELF RECEPTION INTERRUPT ENABLE: Enables the transmit receive in loop back
INT ENABLE 0 to produce an interrupt.

4 0 N,0 | RESERVED BIT

3 JABBER R,W | JABBER INTERRUPT ENABLE: When high, enables JABBER to generate an
INT ENABLE 0 interrupt.

2 COLLISION R,W | COLLISION INTERRUPT ENABLE: When high, enables COL to generate an interrupt.
INT ENABLE 0

1 16 COL R,W | 16 COLLISION INTERRUPT ENABLE: When high, enables 16COL to generate an
INT ENABLE 0 interrupt.

0 HWR_ERR RW | HWR_ERR INTERRUPT ENABLE: When high, enables host write error signal,
INT ENABLE 0 HWR_ERR to produce an interrupt.
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5.2.6 DLCRS - Recelve Mode Register

This register controls the way that SSI 78Q8370 receives a packet. DLCR5<5> set high allows SSI 78Q8370 to accept packets that
contains alignment or CRC errors. DLCR5<3> set high allows SSI 78Q8370 to accept packets with packet length that is between
6 bytes and 2047 bytes (excluding preamble and CRC). Allowing the acceptance of a 6-byte packet is usually a diagnostic mode.
The Receive Buffer Empty (DLCR5<6>) informs the host when there is no more data in the receive buffer memory.

BIT | SYMBOL L DESCRIPTION
7 RESERVED - RESERVED BIT
6 RX_BUFMTY R RECEIVE BUFFER EMPTY: When the receive bufffer has no data for the host, this is
1 set to a high by 78Q8370.
5 ACPT_BADP R ACCEPT BAD PACKET: If this bit is set high, short packets and packets with
KT W | alignment and/or CRC errors will be accepted. Otherwise, errorneous packets are
0 rejected. )
4 ADD_SIZE R ADDRESS SIZE: When set high, only the first 40 bits of the destination address are
W | compared to the Node ID (norma! mode requires the comparison of all 48 bits).
0
3 ENA_SRTPK R ENABLE SHORT PACKET: When set high, allows short packets (packet length
T W | between 6 and 2047 bytes minus the preamble and CRC) to be stored in the receive
0 buffer memory. When this bit is set low, any packets with less than 60 bytes in length
will be rejected.
2 ENA_RMTR R ENABLE REMOTE RESET: When set to a 1, enables other nodes on the network to
ST W | reset external peripheral(s) connected to this node. If setto a 0, a received packet
0 with the 0900h pattern in the Type Field will not succeed in resetting these peripherals
1,0 | AM1,0 R ADDRESSING MODE BITS: These two bits control the address filtering of the
0%4 incoming packets.
AM1 | AMO | ADDRESSES ACCEPTANCE
MODES
0 0 REJECT ALL PACKETS
0 1 NODE ID, BROADCAST and
MULTICAST GROUP
1 0 NODE ID, BROADCAST and
MULTICAST HASH TABLE
1 1 ACCEPT ALL PACKETS
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5.2.6 DLCRS - Receive Mode Register

This register controls the way that SSI 78Q8370 receives a packet. DLCR5<5> set high allows SSI 78Q8370 to accept packets that
contains alignment or CRC errors. DLCR5<3> set high allows SSI 78Q8370 to accept packets with packet length that is between
6 bytes and 2047 bytes (excluding preamble and CRC). Allowing the acceptance of a 6-byte packet is usually a diagnostic mode.
The Receive Buffer Empty (DLCR5<6>) informs the host when there is no more data in the receive buffer memory.

BIT | SYMBOL
7 | DLOOP

DESCRIPTION

DLC LOOP BACK: A DLC loop back (without on-chip ENDEC) is enabled when this is
settoa1. This provides a means of testing the transmitter and receiver sections of
the DLC.

RECEIVE BUFFER EMPTY: When the receive bufffer has no data for the host, this is
set to a high by 78Q8370.

ACCEPT BAD PACKET: If this bit is set high, short packets and packets with
alignment and/or CRC errors will be accepted. Otherwise, errorneous packets are
rejected. .

ADDRESS SIZE: When set high, only the first 40 bits of the destination address are
compared to the Node 1D (normal mode requires the comparison of all 48 bits).

6 | RX_BUFMTY

5 | ACPT_BADPKT

4 | ADD_SIZE

3 ENA_SRTPKT ENABLE SHORT PACKET: When set high, allows short packets (packet length
between 6 and 2047 bytes minus the preamble and CRC) to be stored in the receive
buffer memory. When this bit is set low, any packets with less than 60 bytes in length
will be rejected.

ENABLE REMOTE RESET: When set to a 1, enables other nodes on the network to
reset external peripheral(s) connected to this node. |If set to a 0, a received packet
with the 0900h pattern in the Type Field will not succeed in resetting these peripherals
ADDRESSING MODE BITS: These two bits contro! the address filtering of the
incoming packets.

o £ 1l|o £ plo £ |-+ Dlo = 3|

2 | ENA_RMTRST

1,0 | AM1,0

STjlo=D

[=)
s

AM1 | AMO | ADDRESSES ACCEPTANCE
MODES
0 0 REJECT ALL PACKETS

0 1 NODE ID, BROADCAST and
MULTICAST GROUP

1 0 NODE ID, BROADCAST and
MULTICAST HASH TABLE

1 1 ACCEPT ALL PACKETS
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5.2.7 DLCRS - Configuration Register 0

BIT | SYMBOL L DESCRIPTION
—_— R ENABLE DATA LINK CONTROLLER: Active low. Enables the receiver and transmitter
7 | ENADLC W | of 78Q8370. Setting this bit to high will reset all the state machines to their idle states
1 and allows access to Node ID and Hash Table registers (depending on DLCR7<3:2>
settings).
6 RAMSP R,W | RAM SPEED: When set to 1, selects 100 nsec cycle SRAM. Otherwise, the SRAM is
0 of 150 nsec cycle.
5 HBYTE R,W | HOST BYTE/WORD SELECT: If set high, host system bus will operate in byte mode.
1 If set to 0, it will operate in word mode.
4 RBYTE R RAM BYTE: When set high, the RAM databus will operate in byte mode, otherwise it
H | will be word mode. In PCMCIA mode, this bit will be intemally hard set to 1. This is
1 because PCMCIA pinout makes use of the higher RAM databus. The following table is
valid ONLY for Generic Bus mode:
HBYTE | RAMBUS | HOST | BUFFER
0 0 word word
0 1 word byte
1 0 DO NOT USE
1 1 byte | byte
32 | TS1,0 R | TRANSMIT BUFFER SIZE: Sets configuration of transmit buffer.
w
0,1 TS1,0 X SIZEOF | TOTAL
BANKS | TX BANK TX
BUFFER
00 1 2KB 2KB
01 2 2KB 4KB
10 2 4KB 8KB
11 2 8KB 16KB
1,0 | BS1,0 R BUFFER MEMORY SIZE: Sets configuration of total Buffer Size.
w
1,0 BS1 BSO SRAM SIZE
0 0 8KB
0 1 16KB
1 0 32KB
1 1 64KB
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5.2.8 DLCR? - Configuration Register 1

BIT | SYMBOL L | DESCRIPTION
76 |CTM1,0 R,H | CONTROLLER TEST MODES: Write 00 for normal operation.
00
5 |NOT_STBY R | NOT STANDBY (POWER DOWN): Active low. The power down mode is for energy
W | saving. If set high, it enables power to the chip for all functions.
1
4 | RDYSEL R READY SELECT: Reflects the real time image of the RDYSEL pin (pin 94). If RDYSEL
== pin is high, READY interface with the host is active high. Otherwise it is active low.
3,2 | RBNK1,0 R REGISTER BANK SELECT: To select the upper 8 registers as shown below:
w
0,0
RBNK1 | RBNKO| REGISTERS
0 0 DLCRO-7 + IDR8-13 + TDR14,15
0 1 DLCRO-7 + HTR8-15
1 0 DLCRO-7 + BMR8-15
1 1 RESERVED
1 EOPSEL R,W | END OF PROCESS PIN SIGNAL POLARITY: When high, EOP pin is active high.
0 When low, EIP pin is active low.
0 | INTLMOT R | INTEL or MOTOROLA MODE: System must be in word mode. This applies to the non-
W | transmitted buffer header and the packet data. When this bit is low (INTEL MODE}), the
0 | least significant byte will occupy the even address. Otherwise, the most significant
bytes will occupy the even address (MOTOROLA MODE).

5.3 NODE ID REGISTERS
6.3.1 IDR 8:15 - Node ID Registers

IDR BIT7 BITé BITS BiT4 BIT3 BiT2 BIT1 BITO
8 1D7 ID6 ID5 ID4 ID3 1D2 D1 1DO
9 ID15 iD14 ID13 ID12 ID11 ID10 1D9 1D8
10 1D23 ID22 1D21 1D20 ID19 1D18 ID17 iD16
11 ID31 ID30 1D29 D28 1D27 1D26 D25 1D24
12 ID39 ID38 ID37 ID36 1D35 1D34 1D33 1D32
13 D47 ID46 ID45 _1D44 D43 1D42 1D41 1D40

The Node ID registers (IDR8-13) are located in register bank ‘00’ (DLCR7<3:2> = 00) at address xxx8H through xxxDH. The
unique Ethernet address is written into these registers during the initialization of the node with the first byte of the Ethernet address
atIDR8. The IDR registers are readable and writeable only when ENADLC = 1 (DLCR6<7>). When ENADLC =0, normal network
operations resume with the DLC controller.

During the reception of a packet, the destination address of the packet is matched with the Node ID in the IDR registers. Depending
on the Address Mode (DLCR5<1:0>) selected for the node, either all or some of the six bytes of the incoming destination address
are compared to the Node ID. If they match then the packet is accepted. Any mismatch in the addresses would result in the rejection
of the packet.

5.4 TIME DOMAIN REFLECTOMETRY REGISTERS
5.4.1 TDR 14,15 - Time Domain Reflectrometry (TDR) Registers

TDR BIT7 BIT6 BITS BIT4 BIT3 BIT2 BIT1 BITO
14 TD7 TD6 TD5 TD4 TD3 TD2 TD1 TDO
15 0 0 TD13 TD12 TD11 TD10 TD9 TD8
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The Time Domain Reflectometry (TDR14-15) registers provide a means of locating a fault on the network. The TDR registers are
located in the same register bank as the IDR8-13 but at address xxxEH through xxxFH. This 14-bit diagnostic counter keeps a count
of the number of bits that has been transmitted during transmission of a packet starting from the preamble and including the CRC
bits. TDR14 is the least significant byte and TDR 15 is the most significant byte of the counter. The remaining 2 bits (TDR15<7:6>)
are always zero as 14-bits are sufficient for the packet transmission of an IEEE compliant LAN.

The TDR count is cleared on the transmission of the next packet. A shortor open on the network would cause reflections of the signal
on the network that can be detected as a loss of carrier sense or a false collision respectively. In the event that a fault occurs on the
network, the error messages in DLCR0<2> or DLCR0<4> will be able to indicate the type of fault. The TDR count can then be used
to estimate the distance from the node to the fault location along the network cable.

5.5 HASH TABLE REGISTERS
5.5.1 HTR 8:15 - Hash Table Registers
HTR BIT7 BIT6 BIT5 BIT4 BIT3 BIT2 BIT1 BITO

8 HT7 HT6 HTS HT4 HT3 HT2 HT1 HTO0
9 HT15 HT14 HT13 HT12 HT11 HT10 HT9 HT8
10 HT23 HT22 HT21 HT20 HT19 HT18 HT17 HT16
11 HT31 HT30 HT29 HT28 HT27 HT26 HT25 HT24
12 HT39 HT38 HT37 HT36 HT35 HT34 HT33 HT32
13 HT47 HT46 HT45 HT44 HT43 HT42 HT41 HT40
14 HT55 HT54 HT53 HT52 HT51 HT50 HT49 HT48
15 HT63 HT62 HT61 HT60 HT59 HT58 HT57 HT56

5.6

5.6.1

The Hash Table Registers (HTR8-15) are located in register bank ‘01’ (DLCR7<3:2> = 01) at address xxx8H through xxxFH. The
Hash Table allows group addressing by filtering multicast addressed packets on the network. The 64-element table provides the host
to select which of the the node should belong to and sets the appropriate groups to a 1. If the host does not want to belong to any
groups, the entire table will be set to 0.

As a packet is received, the bit stream goes through the CRC block. If the incoming address is a multicast address (least significant
bit of the destination address is a 1) then the following occurs. After the last bit of the 48-bit destination address has passed through
the CRC block, the least significant 6 bits of the CRC at that point is used to index one of the 64 elements of the Hash Table. If that
Hash Table element is set to a 1 then the packet is accepted. If it is set to a O the packet is rejected.

The Hash Table is readable and writeable when ENADLC = 1 and the DLCR7<3:2>=01. Selecting the Address Mode to include
multicast hash addressing would enable this filtering. For instance, AM<1:0> = 10 (DLCR5<1:0>) allows for physical, broadcast
and multicast hash addressing but AM<1:0> = 01 does not i.e. the hash filter would not be utilized in these situations. (AM<1:0>
= 01 only allows for physical, broadcast and multicast group addressing).

BUFFER MEMORY REGISTERS

There are 8 registers for buffer memory interface, 16 collision control and DMA control in this set of register bank. Each bit is
explained in the following sections.

BMRS, 9 - Buffer Memory Port

Reading or writing between the host and SSI 78Q8370 buffer memory is done via these two registers. The location for the buffer
memory is dependent on the address unitof SSI178Q8370. When SSI 78Q8370 is configured as byte mode, only BMR8 is used. Both
BMRS8 and BMRY are used when the SSI 78Q8370 is set to word mode configuration.

BIT | SYMBOL

DESCRIPTION

L
7-0 | BMR8<7:0> R PACKET RECEIVE and TRANSMIT REGISTERS for the host and 78Q8360.
w

BMR9<7:0>
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5.6.2 BMR10 - Transmit Packet Counter

This register consists the TRANSMIT START BIT (TXST) and the total packet count for the SS178Q8370 to transmit. The packet
count is the number of packets that the host wants to transmit. To activate transmission, the packet count must be written the same
time that the TXST bit is set to a 1. The user should not write into this register until the packet count has reached zero.

BIT | SYMBOL L DESCRIPTION
7 TXST R | TRANSMIT START BIT: When the packet(s) in the transmit buffer is ready for transfer
W | to the network, this bit is set to 1 in order to activate the transmit operation. Always
0 read as a 0.
6-0 | PACKET R TRANSMIT PACKET COUNT: The total number of packets to be transmitted to the
CNT<6:0> W | network. Each time a packet is successfully transmitted, the packet count is
0

decremented. The host can read this register to check how many packets have not
been transmitted.

5.6.3 BMR11 - 16 Collision Control

The setting of this register determines the actions of the controller to be taken after 16 consecutive attempts to transmit a packet.
There are four modes (controlled by HALT, RESTART and SKIP bits in the register) to be selected:

(1) automatic re-transmission of colliding packet

(2) automatic skip of the colliding packet after 16 attempts

(3) Halt for host intervention and retry transmission of colliding packet

(4) Halt for host intervention and discontinue transmission of colliding packet.

BIT | SYMBOL L DESCRIPTION

7 OSC_OFF R OSCILLATOR SHUTOFF: When enabled (‘1"), this bit shuts off the internal oscillator.
H | Setting this bit while using an external canned oscillator can damage the chip. For this
0 reason, this bit can only be set after the standby mode is entered (by setting

DLCR7<2> = ‘1")
- R AUTO POWER: Upon power-up/reset, the chip is in automatic power management

6 | AUTOPD \6\1 mode. This mode can be disabled by writing a ‘1’ to this bit.

5-3 | RESERVED - RESERVED BIT
R R 16 COLLISION CONTROL: These three bits control the action to be taken by 78Q8370
2 HALT W | in the event that 16 collisions occur in the transmission of a packet. Host intervention is

2) QEI?’TART 0 | possible as shown below.

[ RE- SKI | DESCRIPTION OF ACTION
HALT | START| P TAKEN

1 X 1 Do not halt. Skip colliding
packet and continue
transmitting.

1 X 0 |[Do not halt. Retry
transmission  of  colliding
packet.

0 X X | Halt and await instruction
from host for BMR11<1:0>.
"11' @ results in colliding

packet skipped and
transmission resumed.

'10": results in colliding packet
re-transmitted.
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5.6.4 BMR12 - DMA Enable
The DMA RENA and DMA TENA activates the DMA operation as follows:

BIT | SYMBOL L DESCRIPTION
7-2 | RESERVED - RESERVED BIT
1 DMA_RENA R RECEIVE READ DMA ENABLE: When enabled (active high), it activates receive read
W | DMA from the host.
0
0 DMA_TENA R TRANSMIT WRITE DMA ENABLE: When enabled (active high), it activates transmit
W | write DMA from the host to ICE's buffer memory.
0
5.6.5 BMR13 - DMA Burst & Transceiver Mode Register
BIT | SYMBOL L DESCRIPTION
I R,W | AUTO POLARITY: When set to 0, it enables the automatic polarity correction of the
7 | APOL 0 | received data. The reverse polarity is identified from either the start of idle signal or link
_pulses.
6 RTH R,W | REDUCED THRESHOLD: When set high, twisted pair receive threshold is reduced by
0 3 dB (for longer than the recommended 100 meters cable).
R,W | ENABLE LINK INTEGRITY: When set low, both transmit and receive link test functions
5 | ENLI 0 | are enabled. When high, no link test is performed and the link status is assumed to be
up and twisted pair port is selected if auto select mode is enabled. When this bit is
enabled, the transmit link pulses function is always active regardless fo the status of
the link.
4 PORT_SEL R,W | PORT SELECT: This bit manually selects between Twisted Pair (when 0) or AUI (when
0 1) and is only applicable when ASEL bit (BMR13<3>) is high (disabled).
U R,W | AUTO PORT SELECT: When set to 0, automatic port selection mode is in effect. The
3 ASEL 0 selection is based on the state of link integrity status. Twisted pair port is selected or a
good link and AUI port is selected for a link down condition. When set to 1, manual port
selection is in effect through POrT_SEL bit (BMR13<4>).
2 DMT R,W | DMA DMREQ DROP TIME: When set low, DMREQ drops at the next-to-last transfer of
0 DMA burst (same with 78Q8360). When set high, DMREQ drops at the last transfer of
the burst.
1,0 | DMAB1,0 R DMA BURST: This two bits select the burst length for DMA operation. The burst length
W | transfer can either be byte mode or word mode depending on the system bus setting
0 (SYSBUS in DLCR6<5>).

DMAB1 DMABO BURST LENGTH
0 0 1
0 1 4
1 0 8
1 1 12
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5.6.6 BMR14 - Receive Filter & Interrupt Enable Register

BIT_{ SYMBOL L DESCRIPTION
7 RESERVED - RESERVED BIT
6 INT ENABLE R | LINK DOWN INTERRUPT ENABLE: When high, enables LD (BMR15<6>) to generate
W | aninterrupt. Since LD cannot be cleared, the interrupt can be deactivated by clearing
0 this enable bit.
5-3 | RESERVED - RESERVED BIT
2 SKP RX R | SKIP RECEIVE PACKET: If the host is reading the received packets in the buffer and
W | decides to skip the current packet then this bit is set to high. The 78Q8370 controller
0 will perform a hardware skip on the internal pointer within 200 nsec to the next packet
start address if there is another packet in the buffer,
1 INT ENABLE | RW | SQE INTERRUPT ENABLE: When high, enables SQE (BMR15<1>) to generate an
0 interrupt.
0 RXF R RECEIVE FILTER: When set to 1, disables the reception of own transmitted packet in
W | the ACCEPT ALL PACKETS mode. When set to 0, enables the reception of own
1__| transmitted packet in the ACCEPT ALL PACKETS mode. ()

1) Power up value for this bit is a ‘1’ for SSI 78Q8370 and ‘O’ for SSI 78Q8360. This may be used by the software driver to
differentiate between the two chips.

5.6.7 BMR15 - Transceiver Status Register

BIT | SYMBOL L DESCRIPTION
7 RESERVED - RESERVED BIT
6 LD R,0 | LINK DOWN: When high, it indicates that the twisted pair port is in link down condition.
Can generate an interrupt if enabled by BMR14<6>. The chlp powers up in link up
condition. When ENLT (BMR13<55) is high (disabled), this bit is forced to a ‘1’ (link up
condition).
5 OWCOL R OUT OF WINDOW COLLISION: Indicates that a collision occurred after the slot time
C (51.2 us). Transmissions terminated and rescheduled as in normal collision. Writing a
0 1" will clear this bit. For software compatibility with the 78Q8360, writing a ‘1’ to the
COL bit {(DLCR0<2>) will also clear this bit.
4 RESERVED - RESERVED BIT
3 RPI R.,0 | REVERSE POLARITY INDICATION: When high, it indicates that inverted data is being
received over the twisted pair wire due to wiring error. This bit is only applicable when
APOL (BMR13<2>) is low (enabled). When APOL is high (disables) this bit can never
be set.
2 RESERVED - RESERVED BIT
1 SQE R SIGNAL QUALITY ERROR: When high, indicates detection of SQE signal at the end of
C | atransmission. This bit applies to both the AUl and TP ports. Can generate interrupt if
0 enabled by BMR14<1>. Writing a ‘1’ clears this bit.
0 RESERVED - RESERVED BIT

5.7 PCMCIA REGISTERS
There are 2 registers for the PCMCIA interface. Each bit is explained in the following sections.
5.7.1 CCRO - Configuration Option Register

BIT

SYMBOL

DESCRIPTION

7

SRESET

SYSTEM RESET: Setting this bit high is equivalent to assertion of hardware reset
(except that this bit is not cleared). This bit is also reflected at the XRST pin to reset
the rest of the devices on the card.

LevIREQ

LEVEL MODE INTERRUPT REQUEST: When high, level mode interrupt is selected.
When low, pulse mode interrupt is selected.

5:0

Cl(5:0)

ogmogmosmr

CONFIGURATION INDEX: This field is written with the index number of the entry in
the Card's Configuration Table that corresponds to the configuration which the system
chooses for the card. When CI(5:0) is 0, the chip does not respond to any I/O cycle,
but will use the memory cycle.

12-72




5.7.2 CCR1 - Card Configuration and Status Register

BIT | SYMBOL L DESCRIPTION
7 NI R0 | NOT IMPLEMENTED
6 NI RO | NOT IMPLEMENTED
5 10is18 R | I/Ois 8 bit: This bit set high indicates to the host that the system is only capable of 8-bit
W | transfer on its data bus. Since the 78Q8370 can support 16-bit transfer, the default
0 value of this bit is ‘0.” This bit does not affect the host byte/word mode setting  of the
8370 which is set by HBYTE (DLCR6<5> bit).
4 RESERVED R.0 | RESERVED
3 Audio R.W [ Audio Enable: This bit set to one will enable sianals from SPKRIN to SPKR.
0
2 PwrDwn R Power Down: This bit has the same function as the NOT_STBY bit (DLCR7<5>) but
W | with different polarity. The chip will be powered down if either  this bit is set to ‘1" or
0 NOT_STBY bit is set to ‘0.” When configured for FCMCIA interface mode  and power
wn is activated, the XPD pin will indicate it by going low.
1 Intr R Interrupt Request Status: This bit represents the internal state of the interrupt request.
0 This signal remains true (high) until the condition which  caused the interrupt request
has been serviced.
0 RESERVED RO | RESERVED
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6.1.1

78Q8370 & HOST INTERFACE CONFIGURATION

PCMCIA INTRODUCTION

PCMCIA is an acronym for Personal Computer Memory Card International Association. Its goal is to promote interchangeability
of PC Cards among a variety of computer and other electronic products.

PC Cards are approximately 54 by 85 millimeters, but differ in thickness. Type 1 cards are 3.3 mm thick and type 2 cards are
50 mm. All have a 68-pin interface at one end.

Memory and /O Address Space

A Memory Address Space of 64 Mbytes (A0-A25) is permitted for each memory card installed in a system. The Memory Address
Space consists of Common Memory and Attribute Memory. The Common Memory may be accessed by a host for memory read
and write operations.

There is an additional 64 Mbytes address space for Attribute Memory which is selected by the REG signal at the interface. The
Attribute Memory is divided into

« Card Information Structure (CIS) - contains the manufacturer's description of card capabilities and specifications.
* Card Configuration Registers (CCR) - a set of registers that ailows the card to be configured by the host.

The I/O Address Space of 64 Mbytes is shared and divided among all cards installed in the system. The I/O interface requires that
the Memory-Only Interface also be implemented within the same socket, and that the Memory-Only Interface be selected in the
socket when no card is inserted and immediately following Card reset and the application of Vcc to the card. The I/O interface also
supports additional signals like TREQ, TOIS16, IOWR, IORD, SPKR, INPACK and STSCHG.

The following diagram summarizes which address space that the host is accessing depending on the logic values of REG, I/O read/
write and Memory read/write signals.

OF, WE o
ceroEs|  CEWE JORD, TOWR
’ CET CET, CE2

ATTRIBUTE
MEMORY
COMMON | e
MEMORY ! cis | ccn
Y

NI v J

MEMORY ADDRESS SPACE IO ADDRESS SPACE

Figure 6-1. Host Address Space Accessing
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6.2 PCMCIA INTERFACE FOR SSI 78Q8370

SSI 78Q8370 complies to the PCMCIA Release 2.01 Specifications and powers up as a memory card when in PCMCIA mode. To
enter the I/0 mode, the Configuration Index CI(5:0) in the CCRO register must be written with a non-zero value. Only then can the
other registers of SSI 78Q8370 be accessed by the host.

In the Attribute Memory Address Space, the CIS is located at address 0 and the CCR is located at an offset value determined by
the CCRA pin, illustrated in Figure 6-2 below.

4000000h

%

AN

202h CCR1
200h CCRO
CIS
Oh
CCRA = A8
2° = 512 (decimal)
= 200 (hex)

Figure 6-2. Attribute Memory Address Space
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CCRA pin must be connected to another address pin apart from A(3:0). For instance, if CCRA is connected to A8, then CCRO is
located at address 200h, an offset of 200h from address 0. An example of how to use the SSI 78Q8370 with a Flash Memory or
EEPROM is shown below.

(CCRA = A8) = 0, A(7:0)

D7:0) | FLasH
OE
— MORY
| MEMO
= | 5128
D(7:0) l_
OE

WE | gs)7808370
(CCRA = A8) = 1, A(3:0)
TE, 1/0 SIGNALS

PCMCIA BUS

Figure 6-3. SSI 78Q8370 Interface to Flash Memory or EEPROM

6.3 GENERIC BUS INTERFACE FOR SSI 78Q8370

For non-PCMCIA applications, the SSI 78Q8370 can interface with the host via a ‘generic’ bus interface. Transferring of data,
packet status, packet sizes and so on can be accessed easily by the host either by using programmed I/O or DMA modes. Packets
to be transferred to the network must first be stored in the buffer memory via a register called Buffer Memory Register 8 (BMRS).
Similarly, packets to be read by the host is retrieved via the BMRS. Thus BMRS acts as a window to the buffer memory.

To interface with the host, the SSI 78Q8370 has 4 host address pins (HA<3:0>), 16 host data pins (HD<15 :0>), 3 status pins
(SWSB, EOP, INT ) and handshake/chip select signals (CS, DMREQ, DMACK, RD, WR, READY). The host is also able to
access the SSI 78Q8370’s internal registers to retrieve more information (refer to the Register section).
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7.1.5

78Q8370 & MEDIUM INTERFACE CONFIGURATION

The SSI 78Q8370 has an integrated twisted pair transceiver and supports interface to coax transceiver through AUI signaling. The
two port selection (either AUI or TP) is done automatically based on the status of link integrity. In a link-good state, the TP port is
selected and in a link-fail state, the AUI port is selected. This automatic selection can be disabled by writing a ‘1’ to register bit
BMR13<3> and manual selection is in effect. In manual selection mode, the AUT or TP port may be selected by writing appropriate
value to BMR13<4>.

TWISTED PAIR TRANSCEIVER

The TP transceiver supports complete IEEE 10BASE-T functionality as well as several enhanced functions such as autopolarity
detection and correction, smart-squelch logic and long distance mode.

Link Integrity

During idle periods, link pulses are generated and received by both MAUSs (Medium Attachment Units) at either end of the twisted
pair to ensure that the cable has not been broken or shorted. A positive, 100 ns Link Integrity signal is generated and transmitted
by the SSI 78Q8370 every 13 ms during idle periods. The chip assumes a link-good state if it receives valid link pulses or a packet.
Ifneitherisreceived for 105 ms, the SSI78Q8370 enters a link-fail state. It then needs4 consecutive positive link pulses (or 8 negative
link pulses) to resume link-good state. Only link pulses spaced between 3 ms and 105 ms are considered valid.

In a link-fail state, the SSI 78Q8370 disables normal Transmit, Receive, Collision, loopback and SQE test functions. The reception
of a packet will put the device in a link-good state. However, that packet will not be relayed to the Manchester ENDEC unit.
Subsequent packets will be relayed as per normal as long as the device remains in a link-good state.

The link status is flagged by register bit BMR15<6> as well as the LEDLTR pin. The Link Integrity function can be disabled by
writing a ‘1’ to BMR13<5> which forces the SSI 78Q8370 into a link-good state.

Autopolarity

Because twisted pair differential signals can easily be inverted due to wiring errors, the SSI 78Q8370 incorporates autopolarity
detection and correction circuitry. Polarity circuitry monitors the polarity of the received SOI (Start Of Idle) and link pulses and
corrects the data internally if the signal is inverted. The inverted polarity is flagged by register bit BMR 15<3> and the autopolarity
function may be disabled by writing a ‘1’ to BMR13<7>.,

Smart Squelch Logic

The twisted pair squelch logic dynamically adjusts the sensitivity and threshold of the receiver. Before signals begin to arrive at the
TPIP/TPIN pins, the SSI 78Q8370 is in a high noise rejection, squelch state and no data is passed through. A valid incoming data
needs to trip the threshold detectors with three peaks of alternating polarity occurring within a 400 ns window. Once a signal has
been qualified by the squelch circuitry, the SSI 78Q8370 assumes an unsquelch state with reduced threshold. See the datasheet for
the squelch and unsquelch threshold levels.

At the beginning of each packet there is a preamble consisting of alternating ones and zeros resulting in a5 MHz Manchester signal
on the twisted pair. The SSI 78Q8370 uses the standard 10BASE-T specified threshold levels to unsquelch the incoming preamble.
As data begins to arrive, the 10 MHz component of the Manchester encoded signal may have less amplitude since it is attenuated
more than the 5 MHz component. For this reason, the threshold levels are reduced in the unsquelch state. This greatly reduces the
chance of prematurely detecting the SOI by the threshold detectors.

The twisted pair smart squelch circuitry is returned to a squelch state by any of these conditions: a normal SOI signal, an inverted
SOI signal or a missing SOI signal. A missing SOI signal is assumed when no transitions crossing the threshold detectors have
occurred for 250 ns after a packet has been received. In this case, a normal SOI signal is generated and appended to the received data.

Long Mode

Writinga ‘1’ to BMR 13<6> places the SSI 78Q8370 in long mode where the thresholds of the detectors are lowered to support longer
cable length than the recommended 100 meters. Dynamic squelch circuitry is still functional in long mode. The squelch threshold
of the long mode is the same as the unsquelch threshold of the normal mode and the unsquelch threshold of the long mode is another
3 dB down.

Coliision Detection

A collision happens when both transmitting and receiving functions occur simultaneously in the twisted pair transceiver. The
collision signal originating from the twisted pair transceiver is multiplexed together with the collision signal from the AUI module
and is relayed to the controller. Collisions will not be reported when the device is in a link-fail state. The internal collision signal
is also activated when a jabber condition occurs or when the SQE test is being performed.
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7.1.6 SQE Test
An internal Signal Quality Error (SQE) test is also provided on chip. After each packet transmission, an SQE signal (also referred
to as “heartbeat” signal) is sent internally to the controller. This feature is provided to match the coax transceiver functionality.
7.1.7 Jabber
An independent circuit monitors the length of each transmission and inhibits it if it surpasses a 26.2 ms maximum allowed transmit

time. This function keeps a damaged node from continuously transmitting on the network. When jabber occurs, the transceiver also
discontinues loopback and sends a collision signal to the controller. The jabber status is flagged by register bit DLCR0<3>.

7.1.8 Normal Loopback
The twisted pair transceiver provides the normal loopback function specified by the 10BASE-T standard. The normal loopback

function is disabled when a collision occurs during which the received data from TPIP/N is passed through instead. Link fail and
jabber states also disable the normal loopback.

7.1.9 LED
The LEDLTR pin serves three functions. A connected LED lights up during link-good state and blinks off temporarily during
transmission and reception activity.

7.1.10 TP Driver
The transmit driver consists of four differential signals, the true and complement transmit data TPOP, TPON and their respective

50 ns delayed signals TPDP, TPDN. These drivers, when combined with the resistor network shown in Fig 7.1, provide the signal
pre-equalization required by the 10BASE-T standard.

A Manchester encoded data consists of 10 MHz (50 ns) component as well as 5 MHz (100 ns) pulses. A twisted pair cable attenuates
a 10 MHz signal more than a 5 MHz signal. Equalization is required to decrease the relative power in the S MHz component
transmitted by the SSI78Q8370. This causes the 10 MHz and 5 MHz components of the signal to have approximately the same power

680
TPOP oy o—| TxFILTER
243Q
TPDN
6500 ¢ Ez
TPON '\sﬁ\j ’_V =0.1 pF
v 11 RJ45
2430 PN I
TPDP 7y Tx FILTER AMewr 1
\ 1
YT Tx-
SS178Q8370 NEPRORK : !
Lo 8 gy,
TPIP o Rx FILTER Wals g UL/
RT/2 = 500 11 R
ty g OPTIONAL COMMON-
=0.1uF MODE CHOKE
RT/2 7
PN 3 Rx FILTER ISOLATION
TERMINATION
NETWORK EMI LPF

Figure 7.1. Twisted Pair Interface Connections
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content at the far end of the twisted pair. To achieve the power reduction of the 5 MHz component, the four transmit signals are
summed resistively as shown in Fig 7.2. The values of the five network resistors are selected to allow the twisted pair line to be
terminated in 100 ohm.

The driversare designed to have equal rise/fall times as well as balanced low-to-high and high-to-low propagation delays to minimize
common-mode energy. It is also important to maintain equal load capacitance from the board layout for each data output so as to
maintain the equal rise/fall times and propagation delays.

The twisted pair magnetics and filters shown in Fig 7.2 isolate the SSI78Q8370 from the twisted pair media and reduce the radiated
emissions. As a result of the well matched drivers, the common-mode choke is optional and the device still meets the 10BASE-T
standard of +/- 50 mV of common-mode energy. Various integrated modules are available with different level of integration from
a few vendors listed in Table 7.1.

Table 7.1
Option Resistor Network EMI Filter & Isolation Common-mode Choke
1 Discrete 1) Pulse PE65421

2) Valor PT3877 {Optional)
3) BelFuse A556-2006-DE
4) FilMag 78Z1120B

2 Discrete 1) Pulse PE65431
2) Valor FL1012
3) Bel Fuse 0556-2006-01, 0556-3392-00

3 1) Pulse PE65485
2) PCA EPE6052G

7.1.11 TP Receiver

7.2

7.21

The SSI 78Q8370 twisted pair receiver uses a high-speed differential comparator designed to preserve the edge timing of the
incoming data. The comparator architecture significantly minimizes the bit jitter added by the transceiver. Dual threshold detectors
are used by the twisted pair smart squelch circuitry to qualify both positive and negative signal peaks. The threshold levels are
dynamically controlled to further enhance the immunity to noise. Refer to the smart squelch logic section.

ATTACHMENT UNIT INTERFACE (AUI)

AUTI s a standard Ethernet interface that connects Data Terminal Equipment (DTE) to a Medium Attachment Unit (MAU). There
are 3 pairs of differential signals that connect to an AUL one pair for transmission, one pair for reception and the other one pair for
collision indication. A typical AUI connection diagram is given in Fig 7.2.
AUI Driver
The SSI'78Q8370 AUl drivers have been designed to provide balanced differential voltage levels when signaling. The drivers have
equal low-to-high and high-to-low propagation delays to provide minimal skew.
The external resistor connected from the REXT pin to ground controls the AUI driver current. The AUI driver current output is
determined by the following relationship:

lop= 220/REXT

To meet [EEE 802.3 AUI specifications of driving 50 meters of AUI cable, REXT is typically 20 Kohm +5%. If the coax transceiver
is on board (10BASE2 applications), then the AUI current may be reduced with a corresponding reduction in power consumption.

Atthe end of transmission, the AUI drivers ramp to VDD slowly to avoid undershoot. An internal digital to analog converter ensures
that the driver ramp-up occurs over approximately 8 pis resulting in a smooth transition into an idle state.

7.2.2 AUl Receiver

The AUl receiver uses high-speed differential comparator to preserve the edges and duty cycle of the incoming data. A threshold
detector and squelch circuit are used to qualify valid data from noise. During idle, the AUT is in a high noise rejection squelch state.
‘When the first negative edge crosses the threshold of the threshold detector, the AUI enters into unsquelch state and begins receiving
data. The AUT reverts back to squelch state by a normal Start-Of-Idle (SOI) signal or a missing SOI signal. A missing SOI signal
is assumed when no transitions have occured on the receiver inputs for 175 ns. In this case, an SOI signal is generated and appended
to the received data.
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7.2.3 Termination and Isolation

The AUI cable is specified by the standard to have characteristic impedance of 78 ohms. For minimal reflection, the AUI cable has
tobe terminated with a 78 ohm resistance at the far end. A 0.1 yF capacitor connected to the mid value point of the termination resistor
helps to bypass common mode noise picked up by the AUI cable. This capacitor is optional for on-board transceiver because there
will be minimum common mode noise.

The SSI 78Q8370 AUI supports both transformer coupling as well as capacitive coupling as shown in the figure. Please note that
for capacitive coupling, the termination resistors have to reside at the inputs of the SSI 78Q8370 AUI receivers.
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DIP )
\ '
SSI178Q8370 q] ™ ' ISOLATION |<¢— MEDIUM
DIN L
' ,
N f
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ciP : .
[:] ™ ' ISOLATION
CIN . ;
! *(AUICABLE) 1
Rexr ' .
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REXT  --cecoooao-- v Lememmnsenn
-20k *if 10 BASE-5
TRANSCEIVER
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TRANSCEIVER |

Figure 7.2. Attachment Unit Interface (AUl) Connections
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8 USING THE SSI 78Q8370 ON THE NETWORK

This section deals with the transmission of data using the SSI78Q8370 from the host point of view. It will cover the interaction
of register configurations and the actual transmission executed. For more detailed information on the function of the Data Link
Controller in this respect (with regards to Inter-Frame Gap, fairness and equality of the line, Jam Pattern, Backoff Algorithm etc.),
please refer to the Transmitter Circuits Section.

8.1 INITIALIZATION

Initialization begins with a hardware reset immediately after power on. A pulse with a minimum of 200 nanosecond duration is
required to be applied to the RESET pin. This resets ICE’s internal pointers and registers to their initial state. ENADLC, DLCR6<7>
= 1 acts as a software reset resetting all buffer memory pointers. The software reset does not change the contents of the status and
control registers or the DLCR 0-7, IDR8-13, TDR14-15, HTR8-15 and BMR 10-15 registers. Hardware reset sets the ENADLC bit
high.

The initialization of the 8370 by the host include the loading of the Ethernet Address of the node into IDR8-13 with IDRS as the
least significant byte of the address and group addressing in the Hash Table registers (if desired). To access the Node ID registers,
(orany of the other bank of registers) the following is executed. Please note that all register values are in hexadecimal notation unless
otherwise stated.

a) Disable the DLC by setting DLCR6<7> = 1
b) Select the register bank by setting DLCR7<3:2> as required.

DLCR7<3:2> = 00 (default setting after hardware)
DLCR7<3:2> = 01 (selects Hash Table registers)
DLCR7<3:2> = 10 (selects Buffer Memory registers)
DLCR7<3:2> = 11 (Reserved)

The host should load the Ethernet Address and Hash Table Configurations at this stage.
¢) The default settings of DLCRO-7 after a hardware reset or power on are as follows:

DLCRO =00 (Transmit Status)
DLCR1=00 (Receive Status)

DLCR2 =00 (Transmit Interrupt Mask)
DLCR3 =00 (Receive Interrupt Mask)
DLCR4 =06 (Transmit Mode)

DLCRS5 =41 (Receive Mode)

DLCR6 =B6 (Configuration Register 1)
DLCR7 =20 (Configuration Register 2)

The host can now select the type of interrupt enables that should be activated in DLCR2-3. Unless a loop back mode is required
in a testing environment, DLCR4 need not be changed.

d) The default setting of DLCRS allows the reception of normal packets i.e. packets that meet the IEEE requirements and does
notcontain any errors. The host can enable the ‘remote reset’ capability of SSI178Q8370 or enable thereception of ‘bad packets’
with the activation of appropriate bits in this register. The Address Mode bits can be reprogrammed for hash table acceptance
if necessary. Please refer to the Data Link Controller Registers Section for details.

¢) DLCRG configures the size of the transmit buffer and overall buffer size. This should be changed according to the host’s
requirements. DLCR6<7> is reset to 0 for transmission and reception activities and set to 1 for access to the Node ID and Hash
Table Register Banks.

f) DLCRT7 configures the access to the 3 register banks. To access the Node ID and Hash Table Register Banks, DLCR6<7>
= 1 must be set to 1. DLCR7<0> sets the big endian and little endian byte ordering depending on the host’s configuration.

g) BMRI1 denotes the action to be taken by SSI 78Q8370 should a 16 collision happen on the network. This should be
programmed accordingly before transmission or the default setting will be used.

8.2 PACKET TRANSMISSION USING THE SSI 78Q8370
8.2.1 Transmission Without Contention

Before initiating a transmission, the host will load in the data packet(s) into the transmit buffer via BMR8 (and BMR9 if in word
mode). Each data packet will contain a 2-byte header of the total packet length, destination and source addresses and the data to be
transmitted. The host initiates transmission by writing the number of packets into BMR 10 and setting TXST bit= 1 (BMR10<7>). [I4
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The 2-byte header is loaded into a counter within the transmitcircuit. The counter will decrementits value as each byte is transmitted
to the medium. When it reaches zero, this signifies that an entire data packet has been transmitted. At the same time, the packet
count value (PACKET CNT<6:0>) in BMR 10 will decrement by 1 each time a data packet is transmitted. When packet count is
zero, this indicates that there are no more packets in the transmit buffer. SSI78Q8370 will enter its idle state and wait for the TXST
bit to be set high again and the process is repeated.

$SI178Q8370 will wait fora ‘free’ medium before transmitting to the network. When the network is free, SSI 78Q8370 will generate
and append the preamble and start frame delimiter to the beginning of the packet (the 2-byte header is stripped off and not transmitted)
and generate the CRC for the packet. The entire packet starting from the preamble to the CRC is encoded by the ENDEC to
Manchester Encoding and output to the external transceiver via the TDN and TDP pins.

The HWR_ERR bit (DLCR0<0>) indicates a host write error if itis a 1. This means that the transmit bank is full and has insufficient
buffer space for the next packet that the host is writing. When this happens, the host will have to initiate a TXST to start transmission
hence clearing the transmit bank. In the case of a single transmit bank, the host will have to wait until this bank is cleared before
writing another packet into the transmit buffer, SSI 78Q8370 can also be configured into two transmit banks. In this case, when
the first bank is being transmitted (by initiating TXST), the host can continue writing to the second transmit bank. Similarly, when
the second transmit bank is being transmitted (by initiating another TXST), the host can write to the first bank that had been cleared.
It should be noted that the TXST can be initiated whenever the host wishes to transmit (even when the transmit banks are not full).

8.2.2 Collision and Recovery

While transmitting, SSI 78Q8370 monitors the network for collisions. In the event of a collision, the collision counter in
DLCRA4<7:4> is incremented and the transmission terminated. The COL bit (DLCR0<2>) will be set to indicate that at least one
collision has occurred during the transmission of that packet. After the random interval deferment, SSI 78Q8370 will attempt to
re-transmit the collided packet and all other packets in the transmit buffer until the PACKET CNT in BMR 10<6:0> reaches zero.
In the event of 16 collisions, SSI 78Q8370 will take appropriate action according to the 16 collision control register setin BMR11.
There are four different actions for SSI 78Q8370 to choose when a packet has attempted 16 re-transmissions. The actions and bit
settings are shown in the register section for BMR11. The 16COL bit (DLCR0<1>) will be set when 16 attempts was reached.
Otherwise if SST 78Q8370 successfully transmits all the packets in the transmit buffer, the TXOK (DLCR0<7>) bit will be set to
signal a transmission completion and the collision counter will be reset to zero.

8.2.3 How the SS! 78Q8370 Handles Other Situations

Whether the buffer memory setup is in a word or byte mode, SSI 78Q8370 will always access the buffer memory in byte format and
convert it into a serial bit stream before transmitting to the network. In the situation where a packet is of odd byte length for a word
mode system, SSI 78Q8370 will transmit this packet properly and perform an even byte alignment. This will ensure that the new
packet will always start at the even address location.

In reference to the DLCR7<0> bit for the INTEL or MOTOROLA format, the data order swapping only applies to the host that is
configured in word format. DLCR7<0> set to O refers to the INTEL format and DLCR7<0> = 1 refers to the MOTOROLA format.
In the INTEL format, the least significant byte is transmitted first then followed by the most significant byte. In the MOTOROLA
format, the data order is reversed. Note that all the data stored in the buffer memory is affected, including the non-transmitted 2-
byte headers for the length of the data packet. Only BMR8 and BMR9 are affected by this control bit.

The following tables describe the ordering of the packets depending on which format the host is configured. SSI78Q8370 defaults
to the INTEL format upon power up.

TRANSMIT PACKET:
INTEL FORMAT
HIGH BYTE LOW BYTE
TX MSB length TX LSB length

Destination address 2nd
byte

Destination address 1St
byte

Source address 27 byte

Source address 15t byte

Length field LSB Length field MSB
Data field 2"d byte Data field 15t byte
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MOTOROLA FORMAT

HIGH BYTE

LOWBYTE

TX LSB length

TX MSB length

Destination address 1St
byte

Destination address 2nd
byte

Source address 15! byte Source address 2nd byte
Length field MSB Length field LSB
Data field 15t byte Data field 2Nd byte




RECEIVE PACKET:

INTEL FORMAT MOTOROLA FORMAT
HIGH BYTE LOW BYTE HIGH BYTE LOWBYTE
Reserved Packet status Packet status Reserved
Data length high byte Data length low byte Data length low byte Data length high byte
Destination address 2Nd | Destination address 1St Destination address 1St| Destination address 2nd
byte byte byte byte
Source address 2"d byte | Source address 15t byte Source address 1St byte | Source address ond byte
Length field LSB Length field MSB Length field MSB Length field LSB
Data field 2"d byte Data field 15t byte Data field 15t byte Data field 2Nd byte

8.3 PACKET RECEPTION USING THE SSI 78Q8370
8.3.1 Reception Without Contention

‘When not transmitting, SSI 78Q8370 will consistently monitor the network. To determine if a packet on the network is for the node,
SSI78Q8370 will check the destination address of the packet. Depending on the Address Modes (DLCRS5<1:0>) of the node (set
during initialization), SSI 78Q8370 will accept the packet if the destination address mects the criteria.

Upon a successful reception, the received packet is stored in the receive buffer. An internal counter in SSI 78Q8370 keeps track
of the length of the packet. SSI 78Q8370 allocates 4 bytes in the receive buffer before storing the accepted packet in the receive
buffer. This is for a4-byte header of the accepted packet to the host (refer to Receive Buffer Data Format Section). The 4-byte header
contains the packet length and the status (CRC error, alignment error etc.) of the packet. At the end of the packet reception, SSI
78Q8370 writes the status of the accepted packet in the allocated space. By default, if a packet contains any errors, it will be discarded
and the receive buffer pointers will be restored automatically.

‘When a packet is accepted, the PKT_RDY (DLCR1<7>) bit is set and the RX_BUFMTY (DLCR5<6>) bit is cleared to indicate
to the host that there is a packet in the Receive Buffer. The host will then proceed to read the packet from the buffer memory. When
all the data packets in the receive buffer are read, the RX_BUFMTY (DLCR5<6>) is set to ‘1° again. An OVRFLO, DLCR1<0>
error occurs when the receive buffer is full or has insufficient space for the next accepted packet. This will result in the rejection
of the packet and the host would have to read the receive buffer to free some buffer space. Due to the ring structure of the receive
buffer, once the host has read some packets, that buffer space becomes available for the future packets.

After accepting a packet, the receiver will perform an 8-byte alignment in the receive buffer. An 8-byte alignment means that the
start address of the next packet will always begin at the 8-byte boundary (for example at address locations: 0000H, 0008H,
0010H....etc.). The execution of 8 byte alignment must be consistent between the receiver and the host read circuit. In the hostread
circuit, there is a counter that loads the packet length value from the 4-byte header of the receive packet (3rd and 4th bytes of the
4-byte header). Inabyte configuration, the counter will decrement each time a byte has been read out by the host. When the counter
reaches zero, this signifies that the entire packet has been read by the host. The host can continue to read the next packet if no other
resource requires the attention of SSI 78Q8370.

8.3.2 Collision and Recovery

In the event of a collision, the receiver accepts the fragmented bits of the collision and decodes it just like a valid frame. A CRC
check would inform the host that the received packet has CRC errors by setting the CRC_ERR (DLCR1<1>) toa 1. The host will
then discard this packet and the receive buffer memory pointers will be adjusted accordingly for the reception of the next packet.

8.3.3 How the SS1 78Q8370 Handles Other Situations

‘When the host is configured as word mode, there will be a situation whereby there are packets in the reccive buffer are of odd byte
length. The host should discard the excess byte of the last word. SSI 78Q8370 maintains an internal counter and re-aligns
accordingly.

SSI178Q8370 has the capability of accepting packets with errors or perform an extra group addressing mode depending on the bits
setin the Receive Mode Register, DLCRS. The effects on packet reception with reference to each specific bit is elaborated below.

If ACPT_BADPKT (DLCRS5<5>)isactivated, SSI 78Q8370 will accept short packets or packets with alignment and/or CRC errors.
These errors may be due to network corruption or packet collision. In this case, the corresponding bits are not set when the packet
is accepted. However, the status byte to the host in the receive buffer will continue to indicate these errors as they occur.

SSI78Q8370 may be programmed to accept packets with a minimum length of 6 bytes to a maximum of 2047 bytes (excluding CRC
bits). If ENA_SRTPKT is setto a 1, packets that are less than 60 bytes in length (from destination address to end of data field) will
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be accepted by SSI 78Q8370. The SRT_ERR bit (DLCR1<3>) will not be set when the packet is accepted in this case. Similar to
the case of ACPT_BADPKT, the status byte to the host will continue to indicate the error. IFENA_SRTPKT issetto0, SSI 78Q8370
will reject this packet setting SRT_ERR bit (DLCR1<3>) to 1 to indicate the error. It should be noted that SSI 78Q8370 does not
check for long packet errors (greater than the IEEE maximum length) and has no error flags for such packets .

The ADD_SIZE bit (DLCR5<4>) allows the multiplexing of the last byte of the destination address. When activated, it configures
SSI 78Q8370 to match only 5 bytes of the destination address before deciding to accept the incoming packet.

The ENA_RMTRST bit (DLCR5<2>) enables other nodes on the network to remotely resetan external peripheral connected to this
node. This is achieved by sending a packet to this node (using individual/physical addressing only)with a Type Field containing
the 0900H pattern. The least significant bit (LSB) of the most significant byte (MSBYTE) of Type Field is transmitted first. Thus
the 0900H pattern (09H is the most significant byte) would be transmitted as follows from left to right:

1001 0000 0000 0000
8.3.4 Status Byte Format

The status byte to the host has several bits that flag error messages or report the status of the accepted packet. It should be noted
that these error and status bits do not reflect the settings of the corresponding register bits in DLCRO and DLCR1. This is outlined
below.

The format of the status byte is as follows:

Bit7 Bit 6 Bit5 Bit 4 Bit 3 Bit2 Bit 1 Bit 0
0 0 PACKET REMOTE SHORT ALIGN CRC OVRFLO
oK RESET ERROR ERROR ERROR

Bit 7 and 6 are not used and always set at ‘0’. The settings of the status bits: 5, 3, 2 and 1 depend very much on the settings of
ACPT_BADPKT (DLCR5<5>)and ENA_SRTPKT (DLCR5<3>). When ACPT_BADPKT is settoa1,apacket thathasany errors
(such as short packet, alignment or CRC errors), will set the respective status bits (SHORT ERROR, ALIGN ERROR, CRC ERROR)
to a 1 and the PACKET OK (bit 5)toa 0. The value in DLCR1 will not indicate any errors and DLCR1<7> is set to 1. Hence, the
status byte of the RAM is not a mirror image of DLCR1. Similarly, this applies when ENA_SRTPKT (DLCR5<3>) is set to enable
SSI 78Q8370 to accept short packets.

As for the OVRFLO bit, it will be set under the following conditions. When the receive buffer memory is too small to accommodate
any in-coming packet, then DLCR1<0> will be set (but not bit0 of the status byte as the packet has already rejected). Later, if a
subsequent packet is successfully loaded into the receive buffer memory then the OVRFLO bit in the status byte will be set (but not
DLCR1<0>). This is to indicate to the host that one or more packets have been reject by the receiver due to memory overflow
problems.

No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights of third parties
resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. Silicon Systems reserves the right to make
changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data sheet is current before placing orders.

Silicon Systems, Inc., 14351 Myford Road, Tustin, CA 92680-7022, (714) §73-6000, FAX: (714) 573-6914

0194 ©1993 Silicon Systems, inc.
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Silicon Systems
A TDK G:cﬂ)ompany

Application Guide
Monolithic Dual-Tone
Multi-Frequency
(DTMF) Receivers

INTRODUCTION

The Silicon Systems integrated DTMF Receivers and
Transceivers are complete Touch-Tone™ detection and
generation systems. Each can operate in a stand-alone
mode for the majority of telecommunications applica-
tions, thereby providing the most economical implemen-
tation of DTMF signaling systems possible. Each com-
bines precision active filters and analog circuits with
digital control logic on a monolithic CMOS integrated
circuit. SSI DTMF chip use is straightforward and the
external component requirements are minimal. This
application guide describes device operation, perform-
ance, system requirements and typical application cir-
cuits for the SSI DTMF chips.

HOW THE SILICON SYSTEMS DTMF
CIRCUITS WORK

GENERAL DESCRIPTION OF OPERATION

Thetask of a DTMF Receiver s to detect the presence of
avalid DTMF signal on atelephone line or othertransmis-
sion medium. The presence of a valid DTMF signal

January 1993
indicates a single dialed digit; to generate a valid digit
sequence, each DTMF signal must be separated by a
valid pause.

Table 1 gives the established Bell system standards for
a valid DTMF signal and a valid pause. The SSI DTMF
Receivers meet or exceed these standards.

Similar device architecture is used in all SSI DTMF
Receivers. Figure 1 shows the SSI 75T202 Block Dia-
gram. This architecture is implemented in all Silicon
Systems single chip receivers, as well as SSi Trans-
ceivers. In general terms, the detection scheme is as
follows: The input signal is pre-filtered and then split into
two bands, each of which contains only one DTMF tone
group. The output of each band-split filter is amplified
and limited by a zero-crossing detector. The limited
signals, inthe form of square waves, are passed through
tone frequency bandpassfilters. Digital logicisthenused
to provide detector sampling and determine detection
validity, to present the digital output data in the correct
format, and to provide device timing and control.

PARAMETER

VALUE

One Low-Group Tone, and

697, 770, 852 or 941 Hz

One High-Group Tone

1209, 1336, 1477 or 1633 Hz

Frequency Tolerance

fo + (1.5% + 2 Hz)

Amplitude Range

-24 dB < A< 6 dBm @ 600Q (Dynamic Range 30 dB)

Relative Amplitude (Twist)

—8dB < HighGroupTone _ , 4 in

Low Group Tone

Duration

40 ms or longer

Inter-tone Pauses

40 ms or longer

TABLE 1: Bell System Standards

0193 - rev.
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PERFORMANCE CONSTRAINTS

SPEECH IMMUNITY AND NOISE TOLERANCE

The two largest problems confronting a DTMF Receiver
are:

1) Distinguishing between valid DTMF tone pairs and
other speech or stray signals that contain DTMF
tone pairfrequencies. Thisisreferredto as Speech
Immunity.

2) Detecting valid tone pairs inthe presence of noise,
which is typically found in the telephone (or other
transmission medium) environment. This is re-
ferred to as Noise Tolerance.

The SSI DTMF Receivers use several techniques to
distinguish between valid tone pairs and other stray
signals. These techniques are explained in later sec-
tions. Briefly, the techniques are:

1) Pre-filtering of audio signal. Removes supply
noise and dial tone from input audio signal and
emphasizes the voice frequency domain.

2) Zero-cross detection. Limits the acceptable level
of noise during detection of a tone pair. important
for speech rejection.

3) Valid tone pair/pause sampling. Samples the
detection filters and checks for consistency before
a valid tone is declared.

DETAILED DESCRIPTION OF OPERATION

AUDIO PREPROCESSOR

The Audio Preprocessor is an analog filter that band
limits the input analog signal between 500 Hz and 6 kHz.
Inaddition, it emphasizes the 2 kHz to 6 kHz voice region.

Band limiting suppresses power supply and dial tone
frequencies, and high frequency noise. The emphasized
voice region helps to equalize the audio response since
many phone lines tend to roll off at about 1 kHz. In
addition, preservation of the upper voice frequencies is
important in providing speech immunity.

TONE BAND SPLITTING

After the analog signal is preprocessed, it is split into two
bands, each of which contains only one DTMF tone

BAND ZERO
SPLIT CROSSING
PRE-PROCESSOR FILTERS DETECTORS

BANDPASS FLTERS
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FIGURE 1: SSI75T202 Block Diagram
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group. The band-splitfilters are actually band-stop filters
to maintain all frequencies except the othertone group;
this is done to maintain all analog information to enhance
speech immunity but not allow the other tone group to act
as interfering noise for the band being detected. These
band-stop filters have “floors” that limit the amount of
tone pair twist which further enhances speech immunity.
See device data sheets for acceptable twist limits.

ZERO-CROSSING DETECTORS

The output of each band-splitfilter is amplified and limited
by a zero-crossing detector (limiter). The function of the
zero-crossing detector is to produce a square wave atthe
prime frequency emanating fromthe band-spilit filter. If a
pure tone is not present, as in the case of voice or other
interfering noise, a rectangular wave with a variable
period will result. Proportional to the interference, the
limiter output power is spread over a broad frequency
range as the zero crossings “dither.” When a high level
of noise or speech occurs, no single bandpass filter pair
will contain significant power long enough to result in a
tone detection. On the other hand, when a pure DTMF
tone exists with acceptable noise levles, the output of the
limiter will not have any significant dither and tone detec-
tion will occur. The zero-crossing detector also acts as
AGC (Automatic Gain Control) in that the output ampli-
tude is independent of input amplitude; this additionally
establishes an acceptable signal-to-noise ratio not de-
pendent on tone amplitude.

BANDPASS FILTERS & AMPLITUDE DETECTORS

The bandpass filters perform tone frequency discrimina-
tion. Theirresponses are tailored so that if the frequency
of the limited square wave from the zero-crossing detec-
toris within the tone frequency tolerance, the fitler output
will exceed the amplitude detector threshold. The ampli-
tude detectors are interrogated periodically by the digital
control circuitry to acertain the presence of only one tone
in each band for the required duration. In a similar
fashion, valid pauses are measured by the absence of
valid tone pairs for the specified time.

TIMING AND LOGIC

During the qualification process, the output decoder
gererates the proper digital code for the received DTMF
tone pair. Afterthe fidelity and duration of this signalhave
been verified, the timing circuitry latches this code into
the output register and raises the data valid (DV) fiag.

The only precision external element needed for the SSI
DTMF Receivers is a 3.58 MHz parallel resonant crystal
(color-burst frequency) with a .01% tolerance for the on-
board oscillator. A 1 MQ 10% resistor should be con-
nected in parallel with the crystal. This generates the

precise clock for the filters and for the logic timing and
control of the chip.

CIRCUIT IMPLEMENTATION

Standard CMOS technology is used for the entire circuit.
Logic functions use standard low-power circuitry while
the analog circuits use precision switched-capacitor-
filter technology.

HOW TO USE THE SSI DTMF RECEIVERS

PRECAUTIONS

Although static protection devices are provided on the
high-impedance inputs, normal handling precautions
observed for CMOS devices should be used.

AllCMOS parts are prone to adestructive latch-up mode.
This behavior is inherent to these parts due to their
physical structure. The latch-up mode can best be
described as alowimpedance, high current state existing
between the power supply connections on a CMOS chip.
This is also referred to as triggering of parasitic SCR
behavior.

The most common cause of a latch-up mode is operating
a CMOS part outside its rated power supply voltage. This
over-voltage need not be applied at power supply pins
only to cause latch-up. Latch-up can occur when over-
voltage is applied at any inputoroutput. Forthe SSI DTMF
Receivers & Transceivers, the pin voltages should be
constrained to the range between VN — 0.5V and VP +
0.5V (except the analog input pin whose conditions are
discussed below). Clamping diodes should be utilized
wherever necessary to ensure that voltage ratings are
not exceeded.

Another cause for latch-up is fast dv/dt transients affect-
ing the chip. These transients are encountered in appli-
cationsthat require the connection/disconnection of “live”
boards. While these applications are very rare and their
implementation is best avoided, it must be mentioned
thatwheneverthey are necessary, they present a severe
environment for CMOS parts. Care must be taken in
suchinstances to ensure that ground planes and rails are
connected first and disconected last. This will go a long
way in eliminating voltage transients.

Voltage transients that exist on power lines must also be
eliminated. High voltage transients caused by switching
of high current devices can trigger latch-up. High fre-
quency decoupling is a requirement for the proper opera-
tion of the SSI DTMF devices. A 0.01puF to a 0.1pF
ceramic decoupling capacitor should be connectedtothe
power supply pin at the chip.
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FIGURE 2: Interface Circuit for Conversion from TTL Output Levels to 12V SSI DTMF Input Levels

POWER SUPPLY

Excessive power supply noise should be avoided, and to
aid the user in this regard, power supply hook-up options
are provided on some devices.

Since the digital circuitry of the devices possess the high
noise immunity characteristics of CMOS logic, it is the
analog section that is affected most by power supply
noise. Onthose SSI DTMF Receivers that have separate
Analog Negative and Digital Negative supply connec-
tions (grounds), namely VNA and VND, an unfiltered
supply may be used at VND. Itis necessary that VND and
VNA differ no more than 0.5V.

The analog circuitry of the devices require low power
supply noise levels as specified onthe device data sheet.
The effects of excessive power supply noise are de-
creased tone amplitude sensitivity and less tone detec-
tion frequency bandwidth. Power supply noise can be
significantly reduced by decoupling the chip witha 0.1uF
ceramic capacitor. Power supply noise effects will be
slightly less if the analog input is referenced to VP. This
is normally accomplished by connecting VP to ground
and utilizing a negative power supply.

DIGITAL INPUTS

The digital inputs are directly compatible with standard
CMOS logic devices powered by VP and VN (or VND).
The input logic levels should swing within 30% of VP or
VN toinsure detection. Any unused input must be tiedto
VN or VP. Figure 2 shows a method for interfacing TTL
outputs to 12V SSI DTMF Receivers.

ANALOG INPUT

The analog input is the signal input pin for the devices,
and is specially biased to facilitate its connection to
external circuitry, as shown in Figure 3. The signal level
at the analog input pin must not exceed the positive
supply as stated on the device data sheets. If this
condition cannot be guaranteed by the external circuitry,
the signal must be AC coupled into the chip witha .01pF
+ 20% capacitor.

ANALOG INPUT NOISE

The SSI DTMF Receivers will tolerate wide-band input
noise of up to 12 dB below the lowest amplitude tone
component during detection of a valid tone pair. Any
single interference frequency (including tone harmonics)
between 1 kHz and 6 kHz should be at least 20 dB below
the lowest amplitude tone component. Adherence to
these conditions will ensure reliable detection and full
tone detection frequency bandwidth. Because of the
internal band limiting, noise with frequencies above 8 kHz
can remain unfiltered. However, noise near the 56 kHz
internal switched-capacitor-filter sampling frequency will
be aliased (folded back) into the audio spectrum; noise
above 28 kHz therefore should be low-pass filtered with
a circuit as shown in Figure 4 using a cut-off frequency
(fc) of 6.6 kHz.

A 1kHz cut-off frequency filter can be used on “normal”
phone lines for special applications. When a phone line
is particularly noisy, tone pair detection may be unreli-
able. A 1kHzlow passfilterwillremove muchof the noise
energy but maintain the tone groups; however, a de-
creased speech immunity will result. This usage should
only be considered for applications where speech immu-
nity is not important, such as control paths that carry no
speech.

DTMF Receiver Application Guide
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FIGURE 3: Direct and AC Coupled Configurations

Some DTMF tone pair generators output distorted tones
which the SSI DTMF Receivers may not detect reliably
(inexpensive extension telephones are an example).
Most of the interfering harmonics of these may be re-
moved by the use of a 3 kHz low-passfilter as in Figure 4.
Some speech immunity degradation will result. It should
be mentioned that when using low-pass filters, a higher
cut-off frequency will preserve more of the speech immu-
nity advantages.

The SSI DTMF Receivers provide superior speech im-
munity and noise rejection. The analog signals are
subjectedto stringent criteria and rigorous qualificationin
order to assure that only true DTMF tone pairs are
detected and decoded properly. Stray signal and noise
with sufficient amplitude will cause a DTMF receiver to
disqualify a DTMF tone pair.

Such a condition can be occasionally encountered when
using DTMF “beepers.” Beepers are normally used to
transmit DTMF signals from dial-pulse phones. It has
been observed that the non-linearity in the response of
carbon microphones in telephone handsets introduces
intermodulation products, which actually produce new
frequency components. These components happen to
fall direclty into the useful bandwidths of some of the
basic tones that the receiver must detect. Because of the
presence of these components (normally referred to as
third-tone) with a valid DTMF tone, detection is disabled.
To inhibit the more common higher frequency third tones
from arriving to the receiver, the circuit shown in Figure 5
is suggested.

TELEPHONE LINE INTERFACE

Inapplications thatuse an SSIDTMF Receiver to decode
DTMF signals from a phone line, a DAA (Direct Access
Arrangement) must be implemented. Equipment in-
tended for connection to the public telephone network
must comply with and be registered in accordance to
FCC Part 68. For PBX applications refer to EIA Standard
RS-464.

Some of the basic guidelines are:

1) Maximum voltage and current ratings of the
SSI DTMF Receivers must not be exceeded; this
calls for protection from ringing voltage, if appli-
cable, which ranges from 80 to 120V RMS over a
20 to 80 Hz frequency range.

2) Theinterface equipment must not breakdown with
high-voltage transient tests (including a 2500V
peak surge) as defined in the applicable docu-
ment.

3) Phone line termination mustbe less than 200Q DC
and approximately 600Q AC (200-3200 Hz).

4) Termination must be capable of sustaining phone
line lop current (off-hook condition) which is typi-
cally 18 to 120 mA DC.

5) The phone line termination must be electrically
balanced with respect to ground.

6) Public phone line termination equipment must be
registered in accordance to FCC Part 68 or con-
nected through registered protection circuitry.
Registration typically takes about six months.
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FIGURE 4: Filter for Use in Noisy Environments

Ready made DAA devices are also available. The SSI
73M9001 is a DAA Micromodule housed in a 30-pin DIP
footprint.

Figure 6 shows a simplified phone line interface using a
600Q 1:1 line transformer. Transformers specially de-
signed for phone line coupling are available from many
transformer manufacturers.

Figure 7 shows a more enhanced version of Figure 6.
These added features include:

1) A 150V surge protector to eliminate high voltage
spikes.

2) A Texas Instruments TCM 1520A ring detector,
optically isolated from the supervisory circuitry.

3) Back-to-back Zener diodes to protectthe DTMF
(and optional multiplexer Op-Amp) from ringer
voltage.

4) Audio multiplexer which allows voice or other

audio to be placed on the line (a recorded mes-
sage, for example) and not interfere with incom-
ing DTMF tone detection.

OUTPUTS

The digital outputs of the SSI DTMF Receivers (except
XOUT) swing between VP and VN (or VND) and are fully
compatible with standard CMOS logic devices powered
from VP and VN. The 5V DTMF devices will also
interface directly to LSTTL. The 12V DTMF devices can
interface to TTL or low voltage MOS with the circuit in
Figure 8.

Data Outputs D8, D4, D2 and D1 are three-state enabled
tofacilitate interface to athree-state bus. Figure 9 shows
the equivalent circuit for the data outputs in the high
impedance state. Care must be taken to prevent either
substrate diode in Figure 9 from becoming forward bi-
ased or damage may resulit.

51K

INPUT O—l

0.01pF

ANALOG IN Ssl
DTMF

12.9K RCVR

0.0082 uF I

vee 0—’\/\/\'—’—’\/\/\/—]- —
20K 20K -

FIGURE 5: Filter for Use in Environments where a Third Tone Exists
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TIMING
Within 40 ms of a valid tone pair appearing at the DTMF TIP ANALOG

o
Receiver Analog Input, the Data Outputs D8, D4, D2 and INPUT
D1 willbecome valid. Sevenmicroseconds afterthe data SSI DTMF
1:1
6000

outputs have become valid DV will be raised. DV will RECEIVER
remain high and the outputs valid while the valid tone pair RING
remains present. Refer to individual data sheets for the

timing of signals.

SYSTEM INTERFACE -

Provision has been made on the SSI DTMF Receivers
(with the exception of SSI 75T204) for handshake inter- FIGURE 6: Simplified Phone Line Interface
face with an outside monitoring system. Inthis mode, the

DV strobe is polled by the monitoring system at least pause may be detected by connecting a four-input NOR

once every 40 ms to determine whether a new valid tone vice outputs and sensing the all zero state.
pair has been detected. If DV is high, the coded data is gate tothe de P 9

storedinthe monitoring system andthe CLRDV is pulsed TIME BASE

high. With some systems operating in the handshake X . .
mode, it may be desirable to know when a valid pause ~ The SS! DTMF Receivers contain an on-chip oscillator
has occurred. Ordinarily this would be indicated by the ~ for a 3.5795 MHz parallel resonant quartz crystal or
falling edge of DV. However, inthe handshake mode, DV ceramic resonator. The crystal (or resonator) is placed
is cleared by the monitoring system eachtime anewvalid  between XIN and XOUT in parallel with a 1 MQ resistor,
tone pair is detected and, therefore, cannot be used to ~ While XEN is tied high. Since the switched-capacitor-
determine when a valid pause isdetected. The detection filter time base is derived from the oscillator, the tone
of a valid pause in this case may be observed by  detect band frequency tolerance is prop9monal to the
detecting the clearing of the Data Outputs. Since, in  timebasetolerance. The SSI DTMF Receiver frequency
hexadecimal format (the mode normally used with a  response and timing is guaranteed with a time base
handshake interface), the all zero state represents a accuracy of atleast+ 0.01%. To obtain this accuracy the
commonly unused tone pair (D), the detection of avalid ~ CTS Part No. MP036 or Workman Part No. CY1-C or

22kQ
2k
TALK B S
AUDIO
N 4
800Q
ONOFF HOOK  “——
¥ =
TIP 0— » of—o ]
== a7, 2Z-6000 39V
200V
3.9V
22ka
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RING v —
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INPUT

$S| DTMF
RECEIVER

ISOLATED OUTPUT

RING 0—

FIGURE 7: Full Featured Phone Line Interface
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FIGURE 8: SSI 12V DTMF to TTL Level Interface

equivalent quartz crystalis recommended. Inless critical
applications a suitable ceramic resonator may be imple-
mented.

The use of a ceramic resonator requires the addition of
two 30 pF £ 10% capacitors; one between XINand VN (or
VND) and the other between XOUT and VN (or VND).
Extra caution should be used to avoid stray capacitance
on the resonant circuit when using a ceramic resonator
instead of a quartz crystai.

When the oscillator is connected as above and XEN is
tied high, the ATB (Alternate Time Base) pin delivers a
square wave output at one-eighth the oscillator fre-
quency (447.443 kHz nominal). The ATB pin can be
convertedto atime base input by tying XEN low; ATB can
then be externally drivenfrom another device such asthe
ATB output of another DTMF. No crystal is required for
the ATB input device; XIN must be tied high if unused.
Several SSI DTMF Receivers can be driven with a single
crystal (refer to device data sheet for fan-out limit).

XOUT is designed to drive a resonant circuit only and is
not intended to drive additional devices. If a 3.58 MHz
clock is needed for more than one device and it is
desirable to use only one resonant device, an outside
inverter should be used for the time base, buffered by a
second inverter or buffer. The buffer output would then
drive XIN of the SSI DTMF Receiver as well as the other
device(s); XOUT must be left floating and XEN tied high.

DIAL TONE REJECTION

The SSI DTMF Receivers incorporate enough dial tone
rejection circuitry to provide dial tone tolerance of up to
0 dB. Dialtone tolerance is defined as the total power of
precise dial tone (350 Hz and 440 Hz as equal ampli-
tudes) relative to the lowest amplitude tone ina validtone
pair. The filter of Figure 10 may be used for further dial
tone rejection. This filter exhibits an elliptic highpass

FIGURE 9:Equivalent Circuit of SSI DTMF Receiver
Data Output in High Impedance State

response that provides a minimum of 18 dB rejection at
350 Hz, and 24 dB rejection at 440 Hz so long as the
component tolerances indicated are observed. The
DTMF on-chipfilter rejects 350 Hz at least 6 dB more than
440 Hz. Therefore, employing the filter of Figure 10
yields a dial tone tolerance of +24 dB.

PRINTED CIRCUIT BOARD IMPLEMENTATION

The SSI DTMF Receivers are analog in nature and
should be treated as such; circuit noise should be kept to
aminimum. Tobe certainofthis, allinput and output lines
should be kept away from noise sources (high frequency
data or clock lines); this is especially true for the Analog
Input. Noise in the ground or power supply lines can be
avoided by running separate traces to supportive logic
circuits or by running thicker (lower resistance) busses.
Capacitance power supply bypassing should be per-
formed at the device. Referto the Power Supply section
above.

PERFORMANCE DATA

A portion of the final SSI DTMF Receiver device charac-
terization uses the Mitel CM7290 tone receiver test tape.
The evaluation circuit shown in Figure 11 was used to
characterize the SSI 75T201. The speed and output
level of the tape deck must be adjusted so that the
calibration tone at the beginning of the tape is at exactly
1000 Hz and 2V rms.

The Mitel tape tests yield similar results on all of the
SSI DTMF Receivers. Test results for the SSI 757201
are summarized in Table 2. In short, the measured
performance data demonstrates that the SSI DTMF
Receivers are monolithic realizations of a full “central
office quality” DTMF Receiver.
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CIRCUIT IMPLEMENTATION
(SINGLE SUPPLY)
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FIGURE 10: Dial Tone Reject Filter
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FIGURE 11: Circuit for Receiver Evaluation
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TEST # RESULTS

2a,b B.W. =5.0% of fo

2c,d B.W. =5.0% of fo

2e, f B.W.=5.3% offo

29, h B.W. = 4.9% of fo

2i, B.W. =5.0% of fo

2k, | B.W.=5.3% of fo

2m, n B.W. = 5.3% of fo

20,p B.W. = 4.8% of fo

3 160 decodes

4 Acceptable Amplitude Ratio (Twist) = -19.1 dB to +15.2 dB
5 Dynamic Range = 32.5 dB

6 Guard Time = 23.3 ms

7 100% Successful Decodes at N/S Ratio of ~12 dBV
8 2-3 Hits Typical on Talk-Off Test

TABLE 2: Mitel #CM7290 Tape Test Results for SSI 75T201 (Averaged for 10 parts)

APPLICATIONS

CREATING HEXADECIMAL “0” OUTPUT UPON
DIGIT “0” DETECTION

Tobe consistentwith pulse-dialing systems, the SSI DTMF
Receivers provide a hexadecimal “10” output upon the
detection of a digit “0” tone pair when in the hexadecimal
code format. However, some applications may instead
require a hexadecimal “0” with a digit “0” detection. The
circuit of Figure 12 shows an easy method to recode the
hexadecimal outputs to do this using only 4 NOR gates.

Note that this circuit will not give proper code forthe “*”,
“B”, or “C” digits and will cause both digits “D” and “0” to
output hexadecimal “0.” This circuit should therefore be
considered for numeric digits only. The output code
format is shown in Table 3.

This circuit is useful for applications that require a display
of dialed digits; the digit display usually requires a hexa-
decimal “0” input for a “0” to be displayed.

16-CHANNEL REMOTE CONTROL

DTMF signaling provides a simple, reliable means of
transmitting information over a 2-wire twisted pair. The
complete schematic of a 16-channel remote control is
shown in Figure 13. When one of the key pad buttons is
depressed, a tone pair is sent over the transmission
medium to the SSI DTMF Receiver.

08
D8
D4 © b4
ss!
DTMF
RECEIVER 1 D2
D2
V LoGIC o
o1 0 b1
EACH NOR GATE 1/4 OF 4001

FIGURE 12: Hex “0” Out with Digit “0” Detect
Conversion Circuit

The 4514 raises one of its 16 outputs in response to the
4-bit output code from the DTMF. The output at the 4514
will remain high until the next button is depressed.
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Hexadecimal Hexadecimal & Figure 12 Circuit
Digit D8 D2 D1 Digit D8 D4 D2 D1
1 0 0 0 1 1 0 0 0 1
2 0 0 1 0 2 [ [¢] 1 o]
3 0 0 1 1 3 0 0 1 1
4 0 1 0 0 4 0 1 0 0
5 0 1 0 1 5 0 1 [¢] 1
6 0 1 1 0 6 0 1 1 0
7 0 1 1 1 7 0 1 1 1
8 1 0 (V] 0 8 1 0 0 0
9 1 0 0 1 9 1 0 0 1
0 1 0 1 0 0 0 (o] (o] 0
* 1 0 1 1 * 0 0 0 1
# 1 1 0 0 # 1 1 0 0
A 1 1 0 1 A 1 1 0 1
B 1 1 1 [ B 0 1 0 0
o] 1 1 1 1 c 0 1 0 1
D 0 0 0 0 D 0 0 0 0
TABLE 3: Output Code of Figure 13
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2-0F-8 OUTPUT DECODE

The circuit shown in Figure 14 can be used to convertthe
binary coded 2-0f-8 to the actual 2-of-8 code (or 2-of-7 if
detection of 1633 Hz tone is inhibited). The output data
will be valid while DV is high. If it is desired to force the
eight outputs to zero when a valid tone is not present, DV
should be inverted and connected to both E-NOT inputs
of the 4555.

DTMF TO ROTARY DIAL PULSE CONVERTER

The 2-0f-8 output of Figure 14 can be modified to inter-
face with a pulse dialer as shown in Figure 15. If a 12V
DTMF is used the 4049 will translate the 12V outputs to
the 5V swings required for the MK5099 pulse dialer.

Figure 16 shows the interface for adding pulse detection
and counting to a SSI DTMF Receiver.

The loop detector provides a digital output representing
the telephone loop circuit “make” and “break” condition
associated with rotary pulse dialing. For the circuit of
Figure 16, ground represents a “make” and VP a “break.”
The loop detector feeds dial pulses to IC-1, a binary
counter, and to IC-2A, a re-triggerable “one-shot.” When
a dial pulse appears the Q1-NOT output of IC-2A imme-
diately goes low, resetting IC-1. The clock input to 1C-1

is delayed by R1-C1 so that reset and count input do not
overlap. The binary outputs of IC-1 will reflect the pulse
count and 0.2 seconds after the last pulse the Q1-NOT
output will go high. C3-R3 differentiate this pulse and
clock the output latch, IC-3, holding the output pulse until
the next digit.

The 0.2 second timeout of IC-2A indicates the end of dial
pulsing since even a slow (8 pps) dial would input another
pulse every 0.125 seconds. The binary outputs of 1C-1
are paralleled with those of the SSI DTMF Receiver
circuit through diodes to the inputs of IC-3. A pulidown
resistor is necessary on each IC-3 input pin. 1C-1 must
be a binary, not BCD, counter.

With a 4175 for IC-3 the output data is latched until the
next valid input, whether from a rotary dial or dual tone
instrument. A unique situation exists, however, when
going on-hook. The loop detector will output a continu-
ous level of VP which would trigger IC-2A and put a single
count into IC-1. A high level from the loop detector also
turns on Q1, pulling the clock input of 1C-3 to ground.
Since the loop detector output will be low at the comple-
tion of dialing, all outputs are valid even when the
telephone is placed on-hook, an important consideration
if output data is recorded.

ve

—,

vp
1 e

XouT

3
— EN

16

.|}_.

XEN

XIN

S1

SSI DTMF
RECEIVER

Ss2
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L 15 770

D2

D1

Vss

I

FIGURE 14: Touch-Tone™ to 2-o0f-8 Output Converter
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DATA QUTPUT

FROM SSI DTMF
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FIGURE 16: Adding Puise Detection and Counting to the SSI DTMF Receiver
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parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. Silicon Systems reserves
the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data sheet is current
before placing orders.
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dilicon Systems®
A TDK G:cJCompany

TDK 73M9001/UCJ
DAA Micromodule
Designer's Guide

DESCRIPTION

The TDK 73M3001/UCJ Data Access Arrangement
Micromodule is an interface that enables you to
connect your high speed modem or fax circuit to the
Public Switched Telephone Network (PSTN). Similar
to its predecessor, the 73M9001, this DAA
Micromodule provides the isolation, surge protection,
filtering, and signal conversion necessary for high
performance analog Fax/modem designs up through
V.32 bis (14,400 bit/s). However, the 73M9001/UCJ is
suitable for the telephone network of Japan as well as
USA and Canada. ldeal for projects that are sensitive
to space and power constraints, the Micromodule is
very small (0.745" x 1.525" x 0.395") and requires little
power (80 mW, active and 10 mW, standby at +5 V).
Ring detection can be achieved even with the unit
unpowered. The DAA complies with FCC, DOC, UL,
CSA, and JATE requirements, thus simplifying the
regulatory process.

In addition to standard fax and modem communication,
the TDK 73M3001/UCJ can also be used to access
Caller ID data, also known as Automatic Number
Identificationor ANI. The Micromodule includes abuilt-
in audio amplifier that can directly power an 8Q
speaker with up to 400 mW. Relay drivers are also
included, making the 73M3001/UCJ ideal for compiex
as well as simple circuits. This DAA is suited for a
variety of fax/modem circuits because it can accept
either differential or single-ended analog transmit
signals.

TDK Systems Development Center, 136 New Mohawk Road, Nevada City, California, 95959, (916) 478-8421, FAX: (916) 478-8290
Silicon Systems, Inc., 14351 Myford Road, Tustin, CA 92680-7022, (714) 573-6000, FAX: (714) 669-8814

December 1993

FEATURES

Complete DAA function including:

- Isolation

- Surge protection

- 2to 4 wire converter

- Ring detection

- On/off hook relay

FCC Part 68 compliant

DOC CS-03 compliant

UL and CSA compliant

JATE compliant

High speed throughput - V.32 bis, 14.4 kbit/s
Low profile, small size: 0.745" x 1.525" x 0.395"
Low power: 80 mW off-hook (active)

Power down mode: 10 mW standby

+5 Volt supply only

Caller ID (ANI) capable

Audio amp to drive 8Q speaker

Dual relay drivers

Accepts differential or single-ended transmit
Inputs

30-Pin DIP package

1293 - rev.
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TDK 73M9001/UCJ
DAA Micromodule
Designer's Guide
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TDK 73M9001/UCJ
DAA Micromodule
Designer's Guide

PIN DESCRIPTION (30-Pin DIP)

NAME # TYPE | DESCRIPTION

TRAN1 1 170 PSTN side of transformer for Caller 1D applications

RING 2 110 Connects to Ring terminal of telephone line

— 3 - No pin

— 4 - No pin

— 5 - No pin

RI 6 (0] Ring indication - open collector output

RLY2 7 | Controls REOUT2 output - TTL input

OH 8 | Controls off hook relay and REOUT1 output - TTL input

REOUT2 9 0 Relay coil driver output #2 - Sinks 35 mA @ +5V

AGND 10 | Analog ground

SPK- 11 o] Negative audio amplifier output for 8Q speaker

SPK+ 12 (0] Positive audio ampilifier output for 8Q speaker

VCCA 13 | Analog power supply +5V

AGO 14 l Controls audio gain of speaker along with AG1 - TTL input

AUDIN 15 | Audio input to speaker driver - AC couple externally

VCCD 16 | Digital power supply +5V

AG1 17 I Controls audio gain of speaker along with AGO - TTL input

PD 18 | Power down - TTL input

REOUTT | 19 0 Relay coil driver output #1 mimics off hook relay - Sinks 20 mA @ +5V

DGND 20 I Digital ground

RXA 21 (0] Analog receive - capacitively coupled output

TXA- 22 | Differential analog transmit - capacitively coupled input

TXA+ 23 | Differential analog transmit - capacitively coupled input

—_ 24 - No pin

— 25 - No pin

— 26 - No pin

— 27 - No pin

— 28 - No pin

TIP 29 /0 Connects to Tip terminal of telephone line

TRAN2 30 /0 PSTN side of transformer for Caller ID applications

TDK Systems Development Center, 136 New Mohawk Road, Nevada City, California, 95959, (916) 478-8421, FAX: (916) 478-8290
Silicon Systems, Inc., 14351 Myford Road, Tustin, CA 92680-7022, (714) 573-6000, FAX: (714) 669-8814 12
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TYPICAL APPLICATIONS

Inthe application shownin Figure 2, the 73M9001/UCJ
is being utilized for a high speed fax/modem with caller
ID notification. When a callcomes inonthe phone line,
the Ring Indicator (RT) becomes active. The controller
responds by driving the Power Down (PD) low and the
Relay #2 (RLY2) low. This wakes the DAA from its
standby mode and capacitively connects the phone
line to the 73M38001/UCJ to receive the Caller 1D
irformation. This information is then sent to the data
pump through the Receive port (RXA). After receiving
the Caller ID, the controller drives the RLY2 pin high. 1f
the controller decides to answer the call, it drives the
Off Hook (OH) low. The DAA goes off-hook thus
enabling data to be sentfrom modem to modem viathe
Receive and Transmit (TXA+,TXA-) ports.

In this system, the controller uses the Micromodule to
drive the 8Q speaker. The audio amplifier derives its
signal from the receive signal that is being sent to the
data pump. The amplifier gainis controlled viathe AGO
and AG1 pins. When the controller wants to send a
different signal to the ampilifier, it drives both AGO and
AGH1 low and transmits the audio signal into the Audio
Input (AUDIN) port. When using the speaker driver of
the 73M93001/UCJ, the traces that feed the VCCD and
DGND must be very short and wide. Speaker
performance relies upon the fact that these traces not
exceed 0.1Q impedance.

The Analog Ground (AGND) of the DAA should be
connected directly and solely to the analog ground of
the data pump. The analog ground of the data pump
may then be connected to your system’s ground. This
assures good common mode rejection.

One of the improvements added to the 73M9001/UCJ
is that a sidactor has been incorporated into the DAA.
If you are currently using the 73M9001 with a sidactor
onTipand Ringof the telephone line, as recommended
by TDK, you can now insert the 73M9001/UCJ and
“depopulate” the sidactor from the board. The fuse
shown in the circuit is to meet UL1459 and DOC
specifications. The normally closed relay controlled by
REOUT1 is activated in parallel with the internal off
hook relay. This ensures thatthe data streambetween
modems is not damaged due to inadvertent pickups
of the the telephone set connected to the additional
RJ-11 jack.

TDK Systems Development Center, 136 New Mohawk Road, Nevada City, California, 95959, (916) 478-8421, FAX: (916) 478-8290
Silicon Systems, Inc., 14351 Myford Road, Tustin, CA 92680-7022, (714) 573-6000, FAX: (714) 669-8814
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TRANSMIT PATH

The 73M3001/UCJ can accept either a differential
transmit signal or a single ended signal. The gain from
TXA+ and TXA-is 0 dB. Therefore, the signal provided
by the data pump should be less than -9 dBm (0.275
Vrms) to meet with FCC Part 68 specifications. When
utilizing a differential signal, each leg (TXA+ and
TXA-) should be at or below -15 dBm (0.138 Vrms).
When using a single ended transmit signal, apply a -9
dBm signal to TXA+ and connect TXA- to ground. The
inputs to TXA+ and TXA- are capacitively coupled to
eliminate problems due to DC offset. One of the features
added to the 73M9001/UCJ, is a low pass filter in the
transmit path. This filter restricts the transmission of
out-of-band signal to meet JATE requirements.

RECEIVE PATH

The receive signal is taken from Tip and Ring and
applied to the RXA pin with 2 dB of gain. Typically at
-18 dBm (0.125 Vrms), the receive signal presented at

RXA can vary from -41 dBm to -7 dBm. The receive
signal should see a minimum load of 8 k2 to ground.
The maximum capacitance to ground is 150 pF. The
RXAoutputiscapacitively coupledto eliminate problems
due to DC offset. The receive path includes a single
pole low pass filter at 16 kHz to help reduce unwanted
high frequency noise.

TRANS-HYBRID LOSS

The telephone network operates with a 2-wire system
where the transmit and receive signals are combined.
The 73M8001/UCJ converts the 2-wire signal to a 4-
wire signal in which the transmit and receive are
separated. Even though the 2- to 4-wire conventer is
very efficient, there is always some transmit signal that
is present on the receive signal. The trans-hybrid loss
(THL) measures the amount of signal presented at
TXA that is found at RXA. This THL will vary with the
impedance of the telephone line. With a600Q resistive
impedance at Tip and Ring, the THL for the 73M3001/
UCJ is typically 20 dB.

TRANSMIT SPECIFICATIONS
PARAMETER CONDITIONS MIN NOM | MAX | UNITS
Transmit Gain Freq. = 1800 Hz, @ 25°C
600%2 on Tip and Ring (RL)
A: Differential input -10 dBm -0.5 0 +0.5 dB
B: Single-ended input -10 dBm -0.5 0 +0.5 dB
Temperature Coefficient for Gain -.01 dB/°’Cc
Input Impedance Freq. = 1800 Hz 20 kQ
Distortion RL = 600Q -74 dB
5 Tone Test @ -9 dBm
AGO, AG1: Low
Frequency Response 300 - 3400 Hz 2.0 dB

TDK Systems Development Center, 136 New Mohawk Road, Nevada City, California, 95959, (916) 478-8421, FAX: (916) 478-8290
Silicon Systems, Inc., 14351 Myford Road, Tustin, CA 92680-7022, (714) 5§73-6000, FAX: (714) 669-8814
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RECEIVE SPECIFICATIONS

PARAMETER CONDITIONS MIN NOM MAX | UNITS
Receive Gain Freq. = 1800 Hz, RL = 600Q, 15 2.0 2.5 dB
@ 25°C
Temperature Coefficient for Gain -.01 dB/°C
Output Impedance Freq. = 1800 Hz
A: Resistance to ground 8 kQ
B: Capacitance to ground 150 pF
Distortion RL =600 -70 dB
5 Tone Test @ -9 dBm
AGO, AG1: Low
Frequency Response 300 - 3400 Hz 2.0 dB
Trans-Hybrid Loss RL = 600Q2 20 dB
Freq. = 1000 Hz

TIP AND RING

The TDK 73M9001/UCJ has the necessary protection
circuitry for FCC Part 68, UL1950, DOC CS8-03, and
CSA metallic and longitudinal surge requirements.
The UL1459 and CSA power line cross tests can be
destructive; therefore, TDK suggests the addition of a
fuse to the Tip and/or Ring lines. The fuse should be
a 1A, 2AG slo-blo and can be on either Tip, Ring, or
both. TDK originally recommended adding a sidactor
to the Tip and Ring circuit for the 73M3001. With the
73M8001/UCJ, this is no longer necessary, because a
sidactor is incorporated into the DAA itself. NOTE:
When replacing the 73M9001 in your circuit with the
73M9001/UCJ, FCC, DOC, UL, and CSA certification
is unaffected if you make no other changes to your
design. However, when you remove the sidactor, you
must re-certify your design.

The 73M39001/UCJ is designed to provide the proper
impedances to the telephone network in accordance
with FCC Part68 and EIA 496. If, in your circuit, you are
not including an extra RJ-11 jack for a telephone set
and you desire FCC Type B Ringer Equivalence, you
willneedto alterthe on-hook impedance. To accomplish
this you should connect a 0.15 pF, 320V capacitor in
series with an 8.2 kQ, 670 mW resistor in series with a
pair of back-to-back 6.2V Zener diodes. This network
should connect Tip to Ring and should be located
between the DAA and the fuse.

Additional circuitry that may be helpful is a low pass
RFI/EMI filter, if your application generates high
frequency noise onto the telephone network in excess
of the limits set by FCC Part 15. In-line ferrite beads
such as the TDK MMZ Series or the TDK ACB Series
canbe addedto Tip and Ring. These should be placed
as closely as possible to the RJ-11 jack. The choice of
beadwilldepend uponthe frequenciesthat are causing
the most difficulty. Contact your TDK representative
forassistance with EMI/RFIsuppression.. If components
are added to the Tip and Ring lines, such as filters or
relays, they must meet FCC Part 68 isolation
requirements.

CALLERID

ltis possible to extract the Caller ID signal, also known
as Automatic Number Identification or ANI, by utilizing
the TRAN1 and TRAN2 connections on the 73M3001/
UCJ. Betweenthefirstand secondrings of anincoming
call, the PSTN’s central office will transmit a short burst
of data at 1200 bit/s using the Bell 202 modulation
standard. This data contains the date, time, and
number of the calling party. You can glean this data
from the phone line by switching Tip and Ring to
TRAN1 and TRAN2througha0.15pF, 320 V capacitor.
The Caller ID data will be presented at RXA for your
modemto demodulate (See Figure 2). Whenthis Caller
ID circuit is used, the gain from Tip and Ring to RXA is

TDK Systems Development Center, 136 New Mohawk Road, Nevada City, California, 95959, (916) 478-8421, FAX: (916) 478-8290
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TIP AND RING SPECIFICATIONS
PARAMETER CONDITIONS MIN NOM | MAX | UNITS
AC Impedance, off-hook Freq. = 300 - 3400 Hz. @-10 dBM 500 600 750 Q
Return Loss Zr = 600W + 2.16 pF
A: Freq, = 260 - 500 Hz 7.0 dB
B: Freq.: = 560 - 1960 Hz 11.0 dB
C: Freq.: = 2200 - 3400 Hz 14.0 dB
DC Slope impedance,
off-hook (AV/Al) Loop current = 20 - 120 mA 150 Q
DC Impedance, on-hook A:0-100VDC 10 MQ
B: 100 - 200 VDC 30 kQ

CALLER ID (continued)

-6 dB for 1200 Hz and -3 dB for 2200 Hz, the two
frequenciesused in Bell 202 transmission. This should
not require a change in your receive path because
since the Caller ID data is generated at the central
office, its strength will not fall below -30 dBm.

OFF HOOK RELAY

The internal off-hook relay is controlled by the TTL
input OH. When OH is driven low, the 73M9001/UCJ
goes off hook. Pulse dialing can be accomplished by
toggling the OH input. Pulse dialing digits should be
sent at 10+ 1 Hz.

RELAY DRIVERS

There are two relay drivers in the TDK Micromodule
that are available for your external relays. One driver,
REOUTT, mimics the internal off hook relay. When OH
is driven low, the REOUTT output is low. REOUTT is
ableto sink up to 20 mA of current. REOUT2 responds
to signals placed at RLY2 and can sink up to 35 mA. If
REOUT1 and/or REOUT?2 are used to drive refays that

OFF HOOK & RELAY SPECIFICATIONS

are switching Tip and Ring, the relays must meet FCC
Part 68 requirements for isolation.

RING DETECTION

To identify an incoming call the central office sends an
AC ring signal along Tip and Ring. This signal varies
from 40V to 130V and from 15.3 Hz to 68 Hz. The
DAA's Ring Indication output (RI) will pull low once for
every cycle of the ring signal. The controller can thus
determine the frequency and cadence of the ring
signal. The ring detect circuit includes a filter to reduce
the false Rl signals resulting from noise on the phone
line. This filter is new to the 73M9001/UCJ. The Ripin
is an open collector output that requires a puil-up
resistor of at least 56 kQ. It can be pulled up to any
voltage between +3 V and.+6 V. This passive circuit
can be utilized even when the 73M9001/UCJ is
completely unpowered.

AUDIO AMPLIFIER

The audio amplifier can drive an 8Q speaker with up to
400 mW of power. When both Audio Gain inputs, AGO
and AG1, are driven low, the amplifier will give the

PARAMETER CONDITIONS MIN NOM MAX [ UNITS
REOUTT Current OH = low 20 mA
REOUT2 Current LCQ = low 35 mA
REOUTT Output Low Voltage 1=20 mA 0.8 v
REOUT2 Qutput Low Voitage I=35mA 0.8 v

TDK Systems Development Center, 136 New Mohawk Road, Nevada City, California, 95959, (916) 478-8421, FAX: (916) 478-8290
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RING INDICATOR SPECIFICATIONS

PARAMETER CONDITIONS MIN NOM | MAX | UNITS
Ring Detect Range 40 - 150 Vrms 153 20 68 Hz
Minimum Pull-Up Resistance Pull-upto 3-6 VDC 56 kQ
RI Output Low Voltage 56 kQpull-up to 5 VDC, | = 10 pA 0.40 \Y
RI Output High Voltage 56 kQpull-upto5VDC, I=1pA | 4.60 \Y

AUDIO AMPLIFIER SPECIFICATIONS

Gain (Ref. to RXA) A: AGO = high, AG1 = low 13 dB

B: AGO = low, AG1 = high 20 dB

C: AGO = high, AG1 = high 24 dB

Gain (Ref. to AUDIN) AGO = low, AG1 = low 24 dB

Speaker Output 3.5 Vpp

AUDIN Input impedance Freq. = 1000 Hz 8 kQ
AUDIO AMPLIFIER (continued) ANALOG AND DIGITAL POWER

Audio Input (AUDIN) signal 24 dB gain and send itto ~ The Analog Ground (AGND) should be directly and
the speaker. When either AGO or AG1 is driven high,  solely connected to the analog ground of the data
the amplifier sends the Receive (RXA) signal to the  pump. This is to ensure maximum common mode
speakerwithagainof 13dBto 24dB asmeasuredfrom  rejection betweenthe data pump and DAA. The traces
RXA. Itis recommended that you include a capacitor  for Digital Power (VCCD) and Digital Ground (DGND)
in series with the speaker to eliminate possible DC  are critical when using the audio amplifier. The traces
offset. Note: When using the audio amplifier, it is  should be very wide and short and, thus, provide an
important that the traces whichfeed VCCD and DGND  impedance less than 0.1Q. Also, since the DAA is an
be extremely short and fat. ltis essential thatthe total ~ analog circuit amongst digital circuits, it might be
resistance of these traces not exceed 0.1Q. beneficialto add 0.1 uF capacitors between VCCA and
AGND and between VCCD and DGND.

DC ELECTRICAL SPECIFICATIONS

PARAMETER CONDITIONS 7 MIN NOM MAX | UNITS

Off Hook Current (VCCA + VCCD){ PD = low, OH = low 16 25 mA
w/o speaker, w/o relays

On Hook Current PD = low, OH = high 10 16 mA

Standby Current PD = high, OH = high 2 5 mA

TTL Input High Voltage TTL Inputs: 2.0 VCCD \
OH, LCQ, PD, AGO, AG1 +03

TTL Input Low Voltage 08 \'

TTL Input Low Current V=04V 0.0 -0.4 mA

TTL Input High Current V=24V 100 HA

TDK Systems Development Center, 136 New Mohawk Road, Nevada City, California, 95959, (916) 478-8421, FAX: (916) 478-8290
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FIGURE 2: Mechanical Specifications

STANDBY MODE

The 73M9001/UCJ can be placed in standby mode to
reduce power consumption. When the Power Down
(PD) pin is driven high, the DAA is shifted into standby
mode. In standby mode the on-hook current draw is
reduced to 2 mA from 10 mA. When you want to go off
hook to either place a call or answer one, you must first
returnthe Micromodule to its active mode by driving PD
low. To further reduce power consumption, the
73M9001/UCJ can be completely unpowered and still
have an operating ring indication circuit. (See Ring
Detection)
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PACKAGE PIN DESIGNATIONS CAUTION: Use handling procedures necessary
(TOp View) for a static sensitive component.
TRANY [] 1 30 [] TRAN2
RING [] 2 29(] TP
NP |3 28 NP
NP |4 27| NP
NP |5 26 N/P
Rl [1 6 25 N/P
RLYZ [ 7 24 N/P
OH I:1 8 23 [] TxA+
REOUTZ [] o 22 [] A
AGND [] 10 21 {] RXA
sPk- [] 11 20 ] DGND
sPk+ [] 12 19 [] REOUTT
veea [] 13 18[] PO
AGo [] 14 17 (] AG1
auDiN [] 15 16 [] veep
30-Pin DIP
ORDERING INFORMATION
PART DESCRIPTION ORDER NUMBER PACKAGE MARK
TDK 73M9001/UCJ 30-pin DIP 73M9001/UCJ 73M9001/UCJ

No responsibility is assumed by Silicon Systems or TDK for use of this product nor for any infringements of patents and trademarks or other
rights of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems or TDK.
Silicon Systems and TDK reserve the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned
to verify that the data sheet is current before placing orders.
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TDK 73M9002

Superintendent DAA Micromodule

Designer's Guide

DESCRIPTION

The TDK 73M9002 Superintendent Data Access
Arrangement Micromodule is an interface that enables
you to connect your high Speed modem or fax circuit to
the Public Switched Telephone Network (PSTN) and
monitor the status of the telephone line. As a pin-similar
superset of the TDK 73M9001, the Superintendent
DAA will not only provide the isolation, surge
protection, filtering, and signal conversion necessary
for high performance analog Fax’modem designs up
through V.32 bis (14,400 bit/s}), but will also monitor for
line-in-use, additional telephone set pickup, line
polarity, and remote disconnect. Ideal for projects that
are sensitive to space and power constraints, the

73M3002 is very small (0.745" x 1.950" x 0.395") and

requires little power (80 mW, active and 10 mW,
standby at +5V). Ringdetection canbe achieved even
withthe unit unpowered. The DAA complies with FCC,
DOC, UL, CSA, and JATE requirements, thus
simplifying the regulatory process.

In addition to standard fax and modem communication,
the TDK 73M3002 can access Caller ID data, also
known as Automatic Number Identification or ANI. The
Micromodule includes a built-in audio amplifier thatcan
directly power an 8Q speaker with up to 400 mWw.
Relay drivers are also included making the 73M9002
ideal for complex as well as simple circuits. This DAA
is suited for a variety of fax/modem circuits because it
can accept either differential or single-ended analog
transmit signals.

TDK Systems Development Center, 136 New Mohawk Road, Nevada City, California, 95959, (916) 478-8421, FAX: (916) 478-8290
Silicon Systems, Inc., 14351 Myford Road, Tustin, CA 92680-7022, (714) 5§73-6000, FAX: (714) 669-8814 1 2

January 1994

FEATURES

Complete DAA function including:
- Isolation

- Surge protection

- 2-to 4-wire converter

- Ring detection

- On/off hook relay

Additional line monitoring features:
- Line-in-use detection

- Parallel phone pickup detection
- Line polarity detection

- Remote disconnect detection
FCC part 68 compliant

DOC CS-03 compliant

UL and CSA compliant

JATE compliant

High speed throughput - V.32 bis,
14.4 kbit/s

Low profile, small size:
0.745" x 1.950" x 0.395"

Low power: 80 mW off-hook (active)
Power Down mode: 10 mW standby
+5 volt supply only

Caller ID (ANI) receiver

Audio amp to drive 8Q speaker
Dual relay drivers

Accepts differential or single-ended
Transmit inputs

38-Pin DIP package

0194 - rev.
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PIN DESCRIPTION (38-Pin DIP)

NAME # TYPE | DESCRIPTION

— 1 — No connection - Leave this pin unconnected

— 2 — No connection - Leave this pin unconnected

—_ 3 — No connection - Leave this pin unconnected

—_ 4 —_ No connection - Leave this pin unconnected

— 5 — No connection - Leave this pin unconnected

RING 6 /0 Connects to Ring terminal of telephone line

— 7 — No pin

— 8 — No pin

— 9 —_ No pin

LSI- 10 (o) Line Status Indicator (Neg.) - open collector output

ca 11 ] Line/Caller Query for line status or Caller ID - TTL input

OH 12 I Controls off hook relay and RECUTT output - TTL input

REOUTZ | 13 0 Relay coil driver output #2 mimics LCQ - Sinks 20 mA @ +5V

AGND 14 | Analog ground

SPK- 15 (o] Negative audio amplifier output for 8Q speaker

SPK+ 16 (0] Positive audio amplifier output for 8Q speaker

VCCA 17 I Analog power supply +5V

AGO 18 ! Controls audio gain of speaker along with AG1 - TTL input

AUDIN 19 | Audio input to speaker driver - AC couple externally

VCCD 20 I Digital power supply +5V

AG1 21 | Controls audio gain of speaker along with AGO - TTL input

PD 22 ! Power down - TTL input

REOUTT | 23 O | Relay coil driver output #1 mimics off hook relay - Sinks 20 mA @ +5V

DGND 24 | Digital ground

RXA 25 0 Analog receive - capacitively coupled output

TXA- 26 ! Differential analog transmit - capacitively coupled input

TXA+ 27 | Differential analog transmit - capacitively coupled input

PPP 28 0] Parallel Phone Pickup detector - open collector output

LS+ 29 (0] Line Status Indicator (Pos.) - open collector output

—_ 30 —_ No pin

— 31 — No pin

TDK Systems Development Center, 136 New Mohawk Road, Nevada City, California, 95959, (916) 478-8421, FAX: (916) 478-8290
Silicon Systems, Inc., 14351 Myford Road, Tustin, CA 92680-7022, (714) 573-6000, FAX: (714) 669-8814 1 2
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PIN DESCRIPTION (continued)

NAME # TYPE | DESCRIPTION -

— 32 — No pin

TIP 33 /0 Connects to Tip terminal of telephone line
N/C 34 — No connection - Leave this pin unconnected
N/C 35 — No connection - Leave this pin unconnected
N/C 36 — No connection - Leave this pin unconnected
N/C 37 — No connection - Leave this pin unconnected
N/C 38 —_ No connection - Leave this pin unconnected

TYPICAL APPLICATION NOTES

in the application, Figure 2, the 73M9002 is being
utilized for a high speed fax/modem with Caller ID
notification. When a call comes in on the phone line,
the Line Status Indicators (LSi+ & LSI-) become active.
The controller responds by driving the Power Down
(PD) low and the Line/Caller Query (LCQ) low. This
wakes the DAA from its Standby mode and properly
connects the phone line to the 73M3002 to receive the
Caller ID information. This information is then sent to
the data pump through the Receive port (RXA). After
receiving the Caller ID, the controller drives the LTCQ
pin high. If the controller decides to answer the call, it
drives the Off Hook (OH) low. The DAA goes off-hook
thus enabling data to be sent from modem to modem
via the Receive and Transmit (TXA+,TXA-) ports.

In this system, the controller uses the Micromodule to
drive the 8Q speaker. The audio amplifier derives its
signal from the receive signal that is being sent to the
data pump. The amplifier gain is controlled viathe AG0
and AG1 pins. When the controller wants to send a
different signal to the amplifier, it drives both AG0 and
AG1 low and transmits the audio signal into the Audio
Input (AUDIN) port. When using the speaker driver of
the 73M9002, the traces that feed the VCCD and
DGND must be very short and wide. DAA performance
relies upon the fact that these traces not exceed 0.1Q
impedance.

The Analog Ground (AGND) of the DAA should be
connected directly and solely to the analog ground of
the data pump. The analog ground of the data pump
may then be connected to your system’s ground. This
assures good Common mode rejection.

On Tip or Ring of the telephone line, a fuse is added to
meet UL1459 specifications. The normally closed
relay controlled by REOUT 1 is activated in parallel with
the internal off hook relay. This ensures that the data
stream between modems is not damaged due to
inadvertent pickups of the telephone set connected to
the additional RJ-11 jack. The controller also monitors
the Parallel Phone Pickup Indicator (PPP) which
identifies when a telephone device has gone off hook
somewhere on the line.

To observe the activity on the phone line, the controller
monitors the LSI outputs. Whenthe LCQis driven low,
the Superintendent will activate one of the LS| outputs.
This indicates that the line is notin use. Whenthe DAA
is off hook, one of the LS| outputs should be active.
Shortly after the remote party hangs up, this LS! output
will momentarily flip-flop.

TDK Systems Development Center, 136 New Mohawk Road, Nevada City, California, 95959, (916) 478-8421, FAX: (916) 478-8290
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TRANSMIT PATH

The 73M9002 can accept either a differential transmit
signal or a single-ended signal. The gain from TXA+
and TXA- is 0 dB. Therefore, the signal provided by the
data pump should be less than -9 dBm (0.275 Vrms) to
meet with FCC Part 68 specifications. When utilizing
adifferential signal, each leg (TXA+ and TXA-) should
be at or below -15 dBm (0.138 Vrms). When using a
single ended transmit signal, apply a -8 dBm signal to
TXA+ and connect TXA- to ground. The inputs to
TXA+ and TXA- are capacitively coupled to eliminate
problems due to DC offset.

RECEIVE PATH

The receive signal is taken from Tip and Ring and
applied to the RXA pin with 2 dB of gain. Typically at
-18 dBm (0.125 Vrms), the receive signal presented at
RXA can vary from -41 dBm to -7 dBm. The receive
signal should see a minimum load of 8 kQ2 to ground.

The maximum capacitance to ground is 150 pF. The
RXA outputis capacitively coupledto eliminate problems
due to DC offset. The receive path includes a single
pole low pass filter at 16 kHz to help reduce unwanted
high frequency noise.

TRANS-HYBRID LOSS

The telephone network operates on a 2-wire system
where the transmit and receive signals are combined.
The 73M9002 converts the 2-wire signal to a 4-wire
signal inwhich the transmit and receive are separated.
Eventhough the 2-to 4-wire converter is very efficient,
there is always some transmit signal that is present on
the receive signal. The trans-hybrid loss (THL)
measures the amount of signal presented at TXA that
is found at RXA. This THL will vary with the impedance
of the telephone line. With a 600Q resistive impedance
at Tip and Ring, the THL for the 73M9002 is typically 20
dB.

TRANSMIT SPECIFICATIONS
PARAMETER CONDITIONS MIN NOM MAX | UNITS
Transmit Gain Freq. = 1800 Hz, @ 25°C
600Q on Tip and Ring (RL)
A: Differential input -10 dBm -0.5 0 +0.5 dB
B: Single-ended input -10 dBm -0.5 0 +0.5 dB
Temperature Coefficient for Gain -0.01 dB/’C
Input Impedance Freq. = 1800 Hz 20 kQ
Distortion RL = 6002 -74 dB
5 Tone Test @ -9 dBm
AGO, AG1: Low
Frequency Response 300 - 3400 Hz 2.0 dB

TDK Systems Development Center, 136 New Mohawk Road, Nevada City, California, 95959, (916) 478-8421, FAX: (916) 478-8290
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RECEIVE SPECIFICATIONS
PARAMETER CONDITIONS MIN NOM MAX | UNITS
Receive Gain Freq. = 1800 Hz, @ 25°C 15 2.0 25 dB
RL = 600Q
Temperature Coefficient for Gain-.01 -.01 dB/°c
Output Impedance Freq. = 1800 Hz
A: Resistance to ground 8 kQ
B: Capacitance to ground 150 pF
Distortion (THD) RL = 600Q -70 dB
5 Tone Test @ -9 dBm
AGO0,AG1: Low
Frequency Response 300 - 3400 Hz 2.0 dB
Trans-Hybrid Loss RL = 600Q 20 dB
Freq. = 1000 Hz

TIP AND RING SPECIFICATIONS

The TDK 73M9002 has the necessary protection
circuitry for FCC Part 68, UL1950, DOC CS-03, CSA,
and JATE metallic and longitudinal surge and UL1459
power line cross. The power line cross test can be
destructive; therefore, TDK suggests the addition of a
fuse to the Tip and/or Ring lines. The fuse should be
a 1A, 2 AG slo-blo and can be on either Tip, Ring, or
both (See Figure 2).

Additional circuitry that may be helpful is a low pass
RFI/EMI filter if your application generates high
frequency noise onto the telephone network in excess
of the limits set by FCC Part 15. In-line ferrite beads
such as the TDK ACB Series or the TDK MMZ Series
canbe addedto Tip and Ring. These should be placed

as closely as possible to the RJ-11 jack. The choice of
bead willdepend uponthe frequencies that are causing
the most difficulty. Contact your TDK representative
forassistance with EMI/RFIsuppression. If components
are added to the Tip and Ring lines, such as filters or
relays, they must meet FCC Part 68 isolation
requirements.

CALLERID

It is possible to extract Caller ID, also known as
Automatic Number Identification or ANI, by utilizing the
Line/Caller Query (LCQ) on the 73M9002. Between
the first and second rings of an incoming call, the
PSTN’s central office will transmit a short burst of data
at calling party. You canglean this data from the phone

line by activating the LCQ. The Caller ID data will be

TIP AND RING SPECIFICATIONS
PARAMETER CONDITIONS MIN NOM | MAX | UNITS
AC Impedance, Off Hook Freq. = 300 - 3400 Hz. @ -10 dBm 500 600 750 Q
Return Loss Zr = 600Q + 2.16 pF
A: Freq. =260 - 500 Hz 7.0 dB
B: Freq.: = 560 - 1960 Hz 11.0 dB
C: Freq.: = 2200 - 3400 Hz 14.0 dB
DC Slope Impedance ,Off Hook (AV/Al) Loop current = 20 - 120 mA 150 Q
DC Impedance, On Hook A:0-100VDC 10 MQ
B: 100 - 200 VDC 30 kQ

TDK Systems Development Center, 136 New Mohawk Road, Nevada City, California, 95959, (916) 478-8421, FAX: (916) 478-8290
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CALLER ID (continued)

presented at RXA for your modem to demodulate.
When this Caller ID circuit is used, the gain from Tip
and Ring to RXAis -6 dB for 1200 Hz and -3 dB for 2200
Hz, the two frequencies used in Bell 202 transmission.
This should not require a change in your receive path
because since the Caller ID data is generated at the
central office, its strength will not fall below -30 dBm.

RING DETECTION

To identify an incoming call the central office sends an
AC ring signal along Tip and Ring. This signal varies
from 40V to 130V and from 15.3 Hz to 68 Hz. The
DAA’s Line Status Indication outputs (LSI+ & LSI-) will
pull low once for every cycle of the ring signal. The
controller can thus determine the frequency and
cadence of the ring signal. The LSI pins are open
collector outputs that require pull-up resistors of at
least 56 kQ. They can be pulled-up to any voltage
between +3Vand+6V. Ringindication canbe monitored
even when the 73M8002 is completely un-powered.

TELEPHONE LINE ACTIVITY

There are various line conditions that can be monitored
by the Superintendent. When the DAA is on hook, the
Line/Caller Query (LCQ) input can be activated to
determine whether the telephone line is in use. When
LCQ is driven low, one of the Line Status Indicator
outputs (LSI+orLSI-) willbe driven low. This indicates
thatthe line is notin use. If LSI+ is low, then Ring is at

LINE STATUS INDICATOR SPECIFICATIONS

ahigher potentialthan Tip. Similarly, LSI- lowindicates
that Tip is at a higher potential than Ring. Note: This
function requires a phone line that operates at 48V.
Some PBX systems operate with a lower battery (e.g.,
24 V) that will invalidate the “line-in-use” feature of the
73M9002.

Once the DAA s off hook, one of the LS| outputs will be
low. Shortly after the remote party hangs up, the
central office will send a signal to your telephone line.
This signal will be either a momentary (800 - 1000 ms)
breakinthe currentor amomentary battery reversal. In
either case, the LSI pin that had been low will
momentarily be driven high.

OFF HOOK RELAY

Theinternal off hook relay is controlled by the TTL input
OH. When OH is driven low, the 73M9002 goes off
hook. Pulse dialing can be accomplished by toggling
the OH input. Pulse dialing digits should be sent at 10
+1 Hz.

RELAY DRIVERS

There are two relay drivers in the TDK Micromodule
that can each sink up to 20 mA from your external
relays. One driver, REOUT1, mimics the internal off
hook relay. When OH is driven low, the REOUT1
output is low. REOUT2 mimics the internal Line/Caller
Query (LCQ) relay. If REOUTT and/or REOUT2 are
used to drive relays that are switching Tip and Ring, the
relays must meet FCC Part 68 requirementsforisolation.

PARAMETER CONDITIONS MIN NOM | MAX | UNITS

Ring Detect Range 40 - 150 Vrms 15.3 20 68 Hz

Line-in-Use Threshold (LSI) OH = high, LCQ = low 30 36 42 VvDC
Voltage across Tip/Ring or Ring/Tip

Loop Current Detect (LSI) OH = low 1 10 mA

PPP Detect Threshhold OH = low -20 -30 %
% change in loop current

Minimum Pull-Up Resistance Pull-up to 3-6 VDC 56 kQ

LS!I & PPP Qutput Low 56 kQpull-up to 5 VDC, | = 10 pA 0.40 \

LS| & PPP Output High 56 kQpull-up to 5VDC, | = 1 pA 4.60 \'

TDK Systems Development Center, 136 New Mohawk Road, Nevada City, California, 95959, (916) 478-8421, FAX: (916) 478-8290
Silicon Systems, Inc., 14351 Myford Road, Tustin, CA 92680-7022, (714) 5§73-6000, FAX: (714) 669-8814
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OFF HOOK & RELAY SPECIFICATIONS

PARAMETER CONDITIONS MIN NOM MAX | UNITS
REOUTT Current OH = low 20 mA
REOUTZ Current LCQ = low 35 mA
REOUTT Output Low =20 mA 0.8 v
REOUT2 Output Low 1=35mA 0.8 v

AUDIO AMPLIFIER

The audio amplifier can drive an 8Q speaker with up to
400 mW of power. When both Audio Gain inputs, AGO
and AG1, are driven low, the amplifier will give the
Audio Input (AUDIN) signal 24 dB gain and send it to
the speaker. When either AGO or AG1 is driven high,
the amplifier sends the Receive (RXA) signal to the
speakerwith againof 13dBto 24 dB as measuredfrom
RXA. Itis recommended that you include a capacitor
in series with the speaker to eliminate possible DC
offset. Note: When using the audio amplifier, it is
important that the traces which feed VCCD and DGND
be extremely short and fat. It is essential that the total
resistance of these traces not exceed 0.1Q.

AUDIO AMPLIFIER SPECIFICATIONS

ANALOG AND DIGITAL POWER

The Analog Ground (AGND) should be directly and
solely connected to the analog ground of the data
pump. This is to ensure maximum Common mode
rejection betweenthe data pump and DAA. Thetraces
for Digital Power (VCCD) and Digital Ground (DGND)
are critical when using the audio amplifier. The traces
should be very wide and short and, thus, provide an
impedance less than 0.1Q. Also, since the DAA is an
analog circuit amongst digital circuits, it might be
beneficialto add 0.1 uF capacitors between VCCA and
AGND and between VCCD and DGND.

Gain (Ref. to RXA) A: AGO = high, AG1 = low 13 dB
B: AGO = low, AG1 = high 20 dB
C: AGO = high, AG1 = high 24 dB

Gain (Ref. to AUDIN) AGO = low, AG1 = low 24 dB

Speaker Output 3.5 Vpp

AUDIN Input Impedance Freq. = 1000 Hz 8 kQ

DC ELECTRICAL SPECIFICATIONS

Off-Hook Current (VCCA + VCCD)| PD = low, OH = low 16 25 mA
w/o speaker, w/o relays

On-Hook Current PD = low, OH = high 10 16 mA

Standby Current PD = high, OH = high 2 5 mA

TTL Input High Voltage TTL Inputs: 2.0 VCCD \
OH, LCQ, PD, AG0, AG1 +03

TTL Input Low Voitage 0.8 \

TTL Input Low Current V= 0.4V 0.0 -0.4 mA

TTL Input High Current V=24V 100 HA

TDK Systems Development Center, 136 New Mohawk Road, Nevada City, California, 95959, (916) 478-8421, FAX: (916) 478-8290
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FIGURE 3: Mechanical Specifications

STANDBY MODE

The 73M9002 can be placed in Standby mode to
reduce power consumption. When the Power Down
(PD) pin is driven high, the DAA is shifted into Standby
mode. In standby mode the on-hook current draw is
reduced to 2 mA from 10 mA. When you want to go off
hook to either place a call or answer one, you must first
return the Micromodule to its Active mode by driving
PD low. To further reduce power consumption, the
73M9002 can be completely un-powered and still have
anoperating ringindication circuit. (See Ring Detection).

TDK Systems Development Center, 136 New Mohawk Road, Nevada City, California, 95959, (916) 478-8421, FAX: (916) 478-8290
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PACKAGE PIN DESIGNATIONS

(Top View) CAUTION: Use handling procedures necessary
for a static sensitive component.
ne 14 s [] Ne
N/C g 2 37 p N/C
Ne [] 3 3% [] NC
ne [] 4 35 EI NIC
Nne [} s 34 [] NC
RING l; 6 x[] TP
ne [] 7 32 [] np
we (] s 3t [] NP
e e 2 [1 NP
LSt g 10 20 [ Lsk
ca d 11 28 [] PPP
OH [] 12 27 5 TXA+
REOUTZ [] 13 2% [] TxA-
AGND l% 14 25 [] RxA
spk- [] 15 24 [] DaND
sPk+ [| 16 2 ;l REOUTT
veea [ 17 22 [] pD
aco [] 18 21 1] AGY
AUDIN [] 19 20 [] veep
38-Pin DIP
ORDERING INFORMATION
PART DESCRIPTION ORDER NUMBER PACKAGE MARK
TDK 73M9002  38-pin DIP 73M9002 73M9002

No responsibility is assumed by Silicon Systems or TDK for use of this product nor for any infringements of patents and trademarks or other
rights of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems or TDK.
Silicon Systems and TDK reserve the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned
to verify that the data sheet is current before placing orders.
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Glossary

ACK -“Acknowledge”character. Atransmission control
character transmitted by a station as an affirmative
response to the station with which a connection has
been set up. An acknowledge character may also be
used as an accuracy control character.

ACOUSTIC COUPLER - A type of low-speed modem
interface frequently used with portable terminals. It
sends and receives data using a conventional tele-
phone handset and does not require an electrical con-
nection to the line.

ADAPTIVE DIFFERENTIAL PULSE CODE MCDU-
LATION (ADPCM) - An encoding technique, standard-
ized by the CCITT, that allows an analog voice conver-
sation to be carried within a 32K bps digital channel.
Three or four bits are used to describe each sample,
which represents the difference between two adjacent
samples. Sampling is done 8,000 times per second.

ALGORITHM- A prescribed set of well-defined rules for
the solution of aproblemin a finite number of steps, e.g.,
A full statement of an arithmetic procedure for evaluat-
ing sine x to a stated precision.

AMPLITUDE - Magnitude or size. In waveforms or
signals occurring in a data transmission, a complete
definition of the waveform can be made if the voltage
level is known at all times. In this case, the voltage level
is called the amplitude.

AMPLITUDE MODULATION - Method of modifying the
amplitude of a sine wave signal in order to encode
information.

ANALOG LOOPBACK - A technique used for testing
transmission equipment that isolates faults to the ana-
log signal receiving or transmitting circuitry. Basically,
where a device, such as a modem, echoes back a
received (test) signal that is then compared with the
original signal.

ANALOG SIGNAL - Signal inthe formof a continuously
varying physical quantity such as voltage, which reflects
variations in some quantity.

ANSI - American National Standards Institute. A highly
active group affiliated with the International Standards
Organization (ISO) that prepares and establishes stan-
dards for transmission codes (e.g., ASCII), protocols
(e.g., ADCCP), media (tape and diskette), and high
levellanguages (e.g., Fortran and Cobol), among other
things.

ANSWERBACK - Areply message from a terminal that
verifies that the correct terminal has been reached and
that it is operational.

APPLICATIONLAYER - The top of the seven-layer OSI
model, generally regarded as offering an interface to,
and largely defined by, the network user; in IBM’s SNA,
the end-user layer.

ASCII - American Standard Code for Information Inter-
change. A 7-bit binary code that defines 128 standard
characters for use in data communications.

ASYNCHRONOUS - Occurring without a regular or
predictable time relationship to a specified event, e.g.,
The transmission of characters one at atime as they are
keyed. Contrast with synchronous.

ASYNCHRONOUS TRANSMISSION - Transmission
inwhich eachinformation character, or sometimes each
word or small block, is individually synchronized, usu-
ally by the use of start and stop elements. Also called
start-stop or character asynchronous transmission.

ATTENUATION - A decrease inthe power of a current,
voltage, or power of a received signal in transmission
between points because of loss through lines, equip-
ment or other transmission devices. Usually measured
in decibels.

AUI - Attachment unit interface. The electrical interface
between the traditional line electronics (transceiver)
and the DTE components (ENDEC & MAC).

AUTO-ANSWER - Automatic answering; the capability
of a terminal, modem, computer, or a similar device to
respond to an incoming call on a dial-up telephone line,
and to establish a data connection with a remote device
without operator intervention.

AUTOBAUD - The generally used term for automati-
cally detecting the bit rate of a start/stop (character
asynchronous) communication format by measuring
the length of the start bit of the first character transmit-
ted. Some modems extend this to additionally deter-
mine the parity in use by stipulating that the first two
characters from the DTE should be “AT.” The word
autobaud comes from a popular misuse of baud rate to
mean the same as bit rate.

AUTODIAL - Automatic dialing; the capability of a
terminal, modem, computer, or a similar device to place
a call over the switched telephone network, and estab-
lish a connection without operator intervention.
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AUTOMATIC DIALER, OR AUTODIALER - Device
which aliows the user to dial preprogrammed numbers
simply by pushing a single button.

BANDPASS FILTER - A circuit designed to allow a
single band of frequencies to pass; neither of the cut-off
frequencies can be zero or infinite.

BANDWIDTH - 1) The range of frequencies that can
passover agiven circuit. The bandwidth determinesthe
rate atwhich information canbe transmitted through the
circuit. The greater the bandwidth, the more information
that can be sent through the circuit in a given amount of
time. 2) Difference, expressed in hertz (Hz), between
the highest and lowest frequencies of a transmission
channel.

10Base-T - Ethernet on unshielded twisted pair.
10Base-2 - Ethernet on thin coax.
10Base-5 - Ethernet on thick coax.

BASEBAND - Pertaining or referring to a signal in its
original form and not changed by modulation. A
baseband signal can be analog or digital.

BASEBAND SIGNALING - Transmission of a digital or
analog signal at its original frequencies, i.e., a signal in
its original form, not changed by modulation; can be an
analog or digital signal.

BAUD - A measure of data rate, often misused to
denote bits per second. A baud is equal to the number
of discrete conditions or signal events per second.
There is disagreement over the appropriate use of this
word, since at speeds above 2400 bit/s, the baud rate
does not always equal the data rate in bits per second.

BELLCORE - Bell Communications Research; organi-
zation established by the AT&T divestiture, represent-
ing and funded by the BOCs and RBOCs, for the
purposes of establishing telephone network standards
and interfaces; includes much of former Bell Labs.

BERT - Bit Error Rate Test. A test conducted by
transmitting a known, pattern of bits (commonly 63,
511, or 2047 bits in length), comparing the pattern
received with the pattern transmitted, and counting the
number of bits received in error. Also see bit error rate.
Contrast with BLERT.

BINARY CODE - Representation of quantities expressed
in the base-2 number system.
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BINARY SYNCHRONOUS COMMUNICATIONS - A
half-duplex, character-oriented data communications
protocol originated by IBM in 1964. It includes control
characters and procedures for controlling the establish-
ment of a valid connection and the transfer of data. Also
called bisync and BSC. Although still enjoying wide-
spread usage, it is being replaced by 1BM’s more
efficient protocol, SDLC.

BIPOLAR - 1) The predominant signaling method used
for digital transmission services, such as DDS and T1,
in which the signal carrying the binary value success-
fully alternates between positive and negative polari-
ties. Zero and one values are represented by the signal
amplitude at either polarity, while no-value “spaces” are
at zero amplitude. 2) A type of integrated circuit (IC or
semiconductor) that uses NPN, PNP, and junction
FET’s as the primary active devices, as opposed to
CMOS, which uses MOS FET'’s. See Alternate Mark
Inversion.

BISDN - Broadband integrated services digital network.

BIT - The smallest unit of information used in data
processing. It is a contraction of the words “binary digit.”

BIT ERROR RATE (BER) - In data communications
testing, the ratio between the total number of bits
transmitted in a given message and the number of bits
in that message received in error; a measure of the
quality of a data transmission.

BITS PER SECOND (BIT/S) - Basic unit of measure for
serial data transmission capacity; Kbit/s, or kilobits, for
thousands of bits per second; Mbit/s, or megabit/s, for
millions of bits per second, etc.

BOC - Bell Operating Company. One of 22 local tele-
phone companies spun off from AT&T as a result of
divestiture. The 22 operating companies are divided
into seven regions and are held by seven RBHCs
(Regional Bell Holding Company).

BROADBAND - Referring or pertaining to an analog
circuit that provides more bandwidth than a voice grade
telephoneline, i.e., acircuit that operates at afrequency
of 20 kHz or greater. Broadband channels are used for
high-speed voice and data communications, radio and
televisionbroadcasting, some local area data networks,
and many other services. Also called wideband.

BUFFER - A storage medium or device used for holding
one or more blocks of data to compensate for a differ-
enceinrate of dataflow, ortime of occurrence of events,
when transmitting data from one device to another.
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BUS - 1) Physical transmission path or channel. Typi-
cally an electrical connection, with one or more conduc-
tors, wherein all attached devices receive all transmis-
sions at the same time. Local network topology, such as
used in Ethernet and the token bus, where all network
nodes listen to all transmissions, selecting certain ones
based on address identification. Involves some type of
contention-control mechanism for accessing the bus
transmission medium. In data communications, a net-
work topology in which stations are arranged along a
linear medium (e.g., a length of cable). 2) In computer
architecture, a path over which information travels
internally among various components of a system.

BYTE - Group of bits handled as a logical unit; usually 8.

CABLE - Assembly of one or more conductors within a
protective sheath; constructed to allow the use of con-
ductors separately or in groups.

CALL PROGRESS DETECTION (CPD) - A technique
for monitoring the connection status during initiation of
a telephone call by detecting presence and/or duty
cycle of call progress signaling tones such as dial-tone
or busy signals commonly used in the telephone net-
work.

CALL PROGRESS TONES - Audible signals returned
to the station user by the switching equipment to indi-
cate the status of a call; dialtones and busy signals are
common examples.

CAP MODEM - Carrierless amplitude phase modem.

CCITT - Comite Consultatif international de Telephonie
et de Telegraphie. Telegraph and Telephone Consul-
tive Committee. An advisory committee to the Interna-
tional Telecommunications Union (ITU) whose recom-
mendations covering telephony and telegraphy have
international influence among telecommunications en-
gineers, manufacturers, and administrators.

CDPD - Cellular digital packet data 19.2 Kbit/s wireless
modem.

CENTRAL OFFICE (CO) - See Exchange

CHANNEL BANK - Equipment typically used in a
telephone central office that performs multiplexing of
lower speed, digital channels into a higher speed com-
posite channel. The channel bank also detects and
transmits signaling information for each channel, and
transmits framing information so that time slots allo-
cated to each channel can be identified by the receiver.

CHANNEL SERVICE UNIT (CSU) - A component of
customer premises equipment (CPE) used to terminate
adigital circuit, such as DDS or T1 at the customer site;
performs certain line-conditioning functions, ensures
network compliance per FCC rules and responds to
loopback commands from central office; also, ensures
proper ones density in transmitted bit stream and per-
forms bipolar violation correction.

CHANNEL, VOICE GRADE - Channel suitable for
transmission of speech, analog data, or facsimile, gen-
erally with a frequency range of about 300 to 3000 Hz.

CHARACTER - Letter, figure, number, punctuation, or
other symbol contained in the message. In data com-
munication, common characters are defined by 7- or 8-
bit binary codes, such as ASCII.

CHIP - A commonly used term which refers to an
integrated ciruit.

CIRCUIT, TWO-WIRE - A circuitformed by two conduc-
tors insulated from each otherthatcanbe used as either
a one-way or two-way transmission path.

CLOCK - In logic or transmission, repetitive, precisely
timed signal used to control a synchronous process.

CMOS - Complementary Metal-Oxide Semiconductor.
A type of transistor, typicallly used in low-power inte-
grated circuits.

COAXIAL CABLE - Cable consisting of an outer
conductor surrounding an inner conductor, with a layer
of insulating material in between. Such cable can carry
a much higher bandwidth than a wire pair.

CPE - Customer Premises Equipment

CROSSPOINT - 1) Switching array element in an
exchange that can be mechanical or electronic. 2) Two-
state semiconductor switching device having a low
transmission systemimpedance inone state and a very
high one in the other.

CROSSTALK - Interference or an unwanted signal
from one transmission circuit detected on another,
usually an adjacent circuit.

CYCLIC REDUNDANCY CHECK (CRC) - A powerful
error detection technique. Using a polynomial, a series
of two 8-bit block check characters are generated that
represent the entire block of data. The block check
characters areincorporatedintothe transmissionframe,
then checked at the receiving end.
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DATA COMMUNICATIONS EQUIPMENT (DCE) -
Equipment that performs the functions required to con-
nect data terminal equipment {DTE) to the data circuit.
In a communications link, equipment that is either part
of the network, an access-point to the network, a
network node, or equipment at which a network circuit
terminates; in the case of an RS-232C connection, the
modem is usually regarded as DCE, while the user
device is DTE, or data terminal equipment; in a CCITT
X.25 connection, the network access and packet-
switching node is viewed as the DCE.

DATA LINK - Any serial data communications trans-
mission path, generally between two adjacent nodes or
devices and without any intermediate switching nodes.

DATA SET - A synonym for modem used by AT&T and
a few other vendors.

DATA SERVICE UNIT (DSU) - A device that replaces
amodemon a Digital Data Service (DDS) line. The data
service unit regenerates the digital signals for transmis-
sion over digital facilities.

DATA TERMINAL EQUIPMENT (DTE) - Equipment
which is attached to a network to send or receive data,
generally end-user devices, such as terminals and
computers, that connect to DCE, which either generate
or receive the data carried by the network; in RS-232C
connections, designation as either DTE or DCE deter-
mines signaling role in handshaking; in a CCITT X.25
interface, the device or equipment that manages the
interface at the user premises; see DCE.

dB - Decibel; unit for measuring relative strength of a
signal parameter such as power, voltage, etc. The
number of decibels is twenty times the logarithm (base
10) of the ratio of the power of two signals, or ratio of the
power of one signal to a reference level.

dBm - Decibels relative to one milliwatt.

DDS - 1) Digital Data Service. A digital transmission
service supporting speeds upto 56 Kbit/s. 2) Dataphone
Digital Service. An AT&T leased line service offering
digital transmission at speeds ranging from 2400 to
56 Kbit/s.

DECT - Digital European cordless telephone.
DJCT - Digital Japanese cordless telephone.

DELAY DISTORTION - The change in a signal fromthe
transmitting end to the receiving end resulting from the
tendency of some frequency components within a
channel to take longer to be propagated than others.
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DIAL-UP - The process of, or the equipment or facilities
involved in, establishing a temporary connectionviathe
switched telephone network.

DIAL TONE (DT) - Signal sent to an operator or sub-
scriber indicating that the switch is ready to receive dial
pulses.

DIGITAL - Referring to communications procedures,
techniques, and equipment whereby information is en-
coded as either binary “1” or “0”; the representation of
information in discrete binary form, discontinuous in
time, as opposed to the analog representation of infor-
mation in variable, but continuous, waveforms.

DIGITAL LOOPBACK - A technique for testing the
digital processing circuitry of a communications device.
It may be initiated locally, or remotely via a telecommu-
nications circuit. The device being tested will echo back
a received test message, after first decoding and then
re-encoding it, the results of which are compared with
the original message.

DIGITAL SIGNAL - Discrete or discontinuous signal;
one whose various states are discrete intervals apart.

DIP - Dual-In-Line Package. Method of packaging elec-
tronic components for mountingon printed circuitboards.

DISTORTION - The modification of the waveform or
shape of a signal caused by outside interference or by
imperfections ofthe transmission system. Mostforms of
distortion are the result of the characteristics of the
transmission system to the different frequency compo-
nents.

DOTTING, DOUBLE DOTTING, PATTERN - The term
“dotting” was coined by Bell to describe a data pattern
consisting of alternate marks and spaces. The CCITT
uses the full description of “alternating binary ones and
zeros” on first needing this idea in a recommendation,
but then abbreviate this to “reversals.” By extrapolation,
“double dotting” has come into use to refer to the data
patterntermed “S1” which is used in'V.22bis to indicate
2400 bit/s capability. The full descriptionis “unscrambled
double dibit 00 and 11 at 1200 bit/s for 100 = 3 ms.”

DS-1 - Digital Signal level 1; telephony term describing
adigitaltransmission format in which 24 voice channels
are multiplexed into one 1.544 Mbit/s (U.S.) T1 digital
channel.

DS-3 - Digital Signal level 3; telephony term describing
the 44.736 Mbit/s digital signal carried on a T3 facility.

DSP RTOS - Digital signal processing real time operat-
ing system.
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DTMF - Dualtone Multifrequency (DTMF) - Basis for
operation of most push button telephone sets. An in-
band signallingtechnique in which a matrix combination
of two frequencies, each from a group of four, are used
to transmit numerical address information; it encodes
16 possible combinations of tone pairs using two groups
of four tones each. The two groups of four frequencies
are 697 Hz, 770 Hz, 852 Hz, and 941 Hz, and 1209 Hz,
1336 Hz, 1477 Hz, and 1633 Hz. DTMF is used primary
for call initiation in GSTN telephone applications.

ECHO - The distortion created when a transmitted
signal is reflected back to the originating station.

ECHO CANCELLER - A devise used to reduce or
eliminate echo. It operates by placing a signal that is
equal and opposite to the echo signal on the return
transmission path.

ECHO SUPPRESSOR - A mechanism used to sup-
press echoes on long-distance analog connections.
The device suppresses the transmission path opposite
indirectionto the one beingused. This feature, although
necessary for voice transmission, often interferes with
data transmission.

EIA - Electronic Industries Association

EIA INTERFACE, EIA232D, RS 232C - The logical,
electrical and physical characteristics of the connection
between a DTE and a modem is set out in EIA specifi-
cation232D. Previously thishasbeenknownas RS232C.
The logical characteristics are essentially similar to
those specified in CCITT recommendation V.24 andthe
electrical characteristics to those in V.28.

ELECTROMAGNETIC INTERFERENCE (EMI) -
Radiation leakage outside a transmission medium that
results mainly from the use of high-frequency wave
energy and signal modulation. EMI can be reduced by
appropriate shielding.

EMI - See Electromagnetic Interference.

ENDEC - Encoder/Decoder. The 10 Mbit/s Manchester
encoder and decoder circuit for Ethernet signalling.

ENVELOPE DELAY - An analog line impairment
involving a variation of signal delay with frequency
across the data channel bandwidth.

EQUALIZATION - The introduction of components to
an analog circuit by a modem to compensate for the
attenuation (signal loss) variation and delay distortion
with frequency (attenuation equalization) and propaga-

tion time variations with frequency (delay equalization).
Generally, the higher the transmission rate, the greater
the need for equalization.

ERROR - In data communications, any unwanted
change in the original contents of a transmission.

ERROR BURST - A concentration of errors within a
short period of time as compared with the average
incidence of errors. Retransmission is the normal cor-
rection procedure in the event of an error burst.

ERROR CONTROL - A process of handling errors,
which includes the detection and in some cases, the
correction of errors.

ETHERNET - A media-access specification for local
area networks, developed by |IEEE and known as the
IEEE 802.3 spec.

EXCHANGE - Assembly of equipment in a communica-
tions system that controls the connection of incoming
and outgoing lines, and includes the necessary signal-
ing and supervisory functions. Different exchanges, or
switches, can be costed to perform different functions,
e.g., Localexchange, trunk exchange, etc. See Class of
Exchange. Also known as Central Office (U.S. Term).

EXCHANGE, PRIVATE AUTOMATIC BRANCH
(PABX) - Private automatic telephone exchange that
provides for the switching of calls internally and to and
from the public telephone network.

EXCHANGE, PRIVATE BRANCH (PBX) - Private,
manually operated telephone exchange that provides
private telephone service to an organization and that
allows calls to be transmitted to or from the public
telephone network.

EXCHANGE AREA - Area containing subscribers
served by a local exchange.

FILTER - Circuit designed to transmit signals of fre-
quencies within one or more frequency bands and to
attenuate signals of other frequencies.

FIRMWARE - Permanent or semi-permanent control
coding implemented at a micro-instruction level for an
application program, instruction set, operating routine,
or similar user-oriented function.

FLOW CONTROL - The use of buffering and other
mechanisms, such as controls that turn a device onand
off, to prevent data loss during transmission.
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FOUR-WIRE CIRCUIT OR CHANNEL - A circuit con-
taining two pairs of wire (or their logical equivalent) for
simultaneous (i.e., full-duplex) two-way transmission.
Contrast with two-wire channel.

FRAME - 1) A group of bits sent serially over a commu-
nications channel; generally a logical transmission unit
sent between data-link-layer entities that contain its
own control information for addressing and error check-
ing. 2) A piece of equipment in a common carrier office
where physical cross connections are made between
circuits.

FRAMING - Control procedure used with multiplexed
digital channels such as T1 carriers, whereby bits are
inserted so the receiver can identify the time slots
allocated to each subchannel. Framing bits can also
carry alarm signals indicating specific alarm conditions.

FREQUENCY - Rate at which an event occurs, mea-
sured in hertz, kilohertz, megahertz, etc.

FREQUENCY BANDS - Frequency bands are defined
arbitrarily as follows:

Range (MHz) Name

0.03-0.3 Low frequency (LF)

0.3-3.0 Medium frequency (MF)

3-30 High frequency (HF)

30-300 Very High frequency (VHF)

300-3000 Ultra high frequency (UHF)

3000-30,000 Super high frequency (SHF) (micro
wave)

30,000-300,000 Extremely high frequency

(EHF)(millimeterwave)

FSK - Frequency Shift Keying. A method of modulation
that uses two different frequencies, usually phase
continous, to distinguish between a mark (digital 1) and
a space (digital 0) when transmitting on an analog line.
Used in modems operating at 1200 bit/s or slower.

FULL-DUPLEX - Pertaining to the capability to send
and receive simultaneously.

GAIN - Denotes anincrease in signal power intransmis-
sionfromone point to another, usually expressed in dB.

GUARD TONE - In CCITT recommendations V.22 and
V.22bis, guard tones may optionally be transmitted
along with the data signal from the answering modem.
A single frequency of either 1800 or 550 Hz is used and
the data signa! power must be reduced to keep the
overall energy level the same as for transmission with-
out guard tone. The purpose of the guard tone is to
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prevent the high-band data signal from interfering with
the operation of billing apparatus in certain countries.

GSTN - General Switched Telephone Network

HALF-DUPLEX - Pertaining to the capability to send
and receive but not simultaneously.

HANDSHAKE - An exchange of control sequences
between two locations to setup the correct parameters
for transmission.

HDLC - High-level Data Link Control. Bit-oriented com-
munication protocol developed by the ISO (Interna-
tional Standards Organization).

HARMONIC DISTORTION - A waveform distortion,
usually caused by the nonlinear frequency response of
a transmission.

HERTZ (Hz) - A measure of electromagnetic frequency;
one hertz is equal to one cycle per second.

HF - High Frequency.

HIGH FREQUENCY (HF) - Portion of the electromag-
netic spectrum, typically used in short-wave radio appli-
cations. Frequencies in the 3 to 30 MHz range.

Hz - See Hertz.

IEEE - Institute of Electrical and Electronics Engineers.

IEEE 802.11 - Wireless local area network |EEE stan-
dard.

INITIALIZE - To set counters, switches, addresses, or
contents of storage to zero orotherstarting values at the
beginning of, or at prescribed points in, the operation of
a computer routine.

INTERFACE - A hardware and/or software linkbetween
two devices. The interface defines all signal character-
istics and other specifications for physical interconnec-
tion of the devices.

INTEROFFICE TRUNK - Direct trunk between local
central offices (Class 5 offices), or between Class 2, 3,
or 4 offices; also called intertoll trunk.

1S54 - Interim standard 54 - half analog/digital, second-
generation North American standard.
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ISO - International Organization for Standardization.

ITU - International Telecommunications Union. The
parent organization of the CCITT.

JITTER - Slight movement of a transmission signal in
time or phase that can introduce errors and loss of
synchronization for high-speed synchronous communi-
cations. See Phase jitter.

KEY PULSING (KP) - Manual method of sending
numerical and other signals by the operation of
nonlocking pushkeys. Also called Key Sending.

KEY SERVICE UNIT (KSU) - Main operating unit of a
key telephone system.

KEY TELEPHONE SYSTEM (KTS) - When more than
onetelephone line per setis required, pushbutton orkey
telephone systems offer flexibility and a wide variety of
uses, e.g., pickup of several exchange lines, PABX
station lines, private lines, and intercommunicating
lines. Features of the system include pickup and hold-
ing intercommunications, visual and audible signals,
cutoff, exclusion, and signaling.

KP - Key Pulse (signaling unlocking signal). See Key
Pulsing. )

kHz - Kilohertz, kilocycles per second.

KTU - Key Telephone Unit. See Key Service Unit.

LEASED LINE - A line rented exclusively to one cus-
tomer for voice or data communications; dedicated
circuit, typically supplied by the telephone company or
transmission authority, that permanently connects two
or more user locations and is for the sole use of the
subscriber. Such circuits are generally voice grade in
capacity and in range of frequencies supported, are
typically analog, are usedfor voice or data, can be point-
to-point, or muitipoint, and can be enhanced with tine
conditioning. Also called private line, tie tine, or dedi-
cated facility.

LED - Light-Emitting Diode.

LIGHT-EMITTING DIODE (LED) - Semiconductor junc-
tion diode that emits radiant energy and is used as a
light source for fiber optic communications, particularly
for short-haul links.

LIMITED-DISTANCE MODEM - A short-haul modem
or line driver that operates over a limited distance.
Some limited-distance modems operate at higher
speeds than modems that are designed for use over
analog telephone facilities, since line conditions can be
better controlled.

LINE HIT - Atransient disturbance causing adetectable
error on a communications line.

LINE-LOADING - The process ofinstalling loading coils
in series with each conductor on a transmission line.
Usually 88 milliHenry coils installed at 6,000 foot inter-
vals.

LINK - 1) A physical circuit between two points. 2} A
logical circuit between two users of a packet switched
(or other) network permitting them to communicate
(although different physical paths may be used).

LINK LAYER - The logical entity in the OSi model
concerned with transmission of data between adjacent
network nodes. It is the second layer processing in the
OSI model, between the physical and the network
layers.

LOADING COILS - An inductance coil installed at
regular intervals along a transmission line. Used to
improve the quality of voice grade circuits.

LOCAL EXCHANGE - Exchange in which subscribers’
lines terminate. The exchange has access to other
exchanges and to national trunk networks. Also called
local central office, end office.

LOCAL LOOP - The part of a communications circuit
between the subscriber's equipment and the equip-
ment in the local exchange.

LOCAL TRUNK - Trunks between local exchanges.

LOSS (TRANSMISSION) - Decrease in energy of sig-
nal power in transmission along a circuit due to the
resistance or impedance of the circuit or equipment.

MAC - Media access controller - aprotocol controlier IC
that implements the 802.3 CSMA/CO protocol.

MARK - The signal (communications channel state)
corresponding to a binary one. The marking condition
exists when current flows (current-loop channel) or
when the voltage is more negative than -3 voits (EIA
RS-232 channel).
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MATRIX - In switch technology, that portion of the
switch architecture where input leads and output leads
meet, any pair of which may be connected to establish
a through circuit. Also called switching matrix.

MAU - Media attachment unit - a transceiver that
connects to the AUl port on an Ethernet interface card.

Mbit/s - Megabits per second.

MEGAHERTZ (MHz) - A unit of frequency equal to one
million cycles per second.

MF - 1) Medium Frequency. 2) Multifrequency. See
Dualtone Multifrequency Signaling (DTMF).

MODEM - A contraction of modulate and demodulate;
a conversion device instaliled in pairs at each end of an
analog communications line. The modem at the trans-
mitting end modulates digital signals received locally
fromacomputerorterminal; the modemat the receiving
end demodulates the incoming signal, converting it
back to its original (i.e., digital) format, and passes it to
the destination business machine.

MODULATION - The application of information onto a
carrier signal by varying one or more of the signal’s
basic characteristics (frequency, amplitude, or phase);
the conversion of a signal from its original (e.g., digital)
format to analog format.

MODULATION, PULSE CODE (PCM) - Digital trans-
mission technique that involves sampling of an analog
information signal at regular time intervals and coding
the measured amplitude value into a series of binary
values, which are transmitted by modulation of apulsed,
or intermittent, carrier. A common method of speech
digitizing using 8-bit code words, or samples, and a
sampling rate of 8 kHz.

ms - Millisecond. One-thousandth of a second.

MULTIPLEXER - Device that enables more than one
signal to be sent simultaneously over one physical
channel.

MULTIPLEXING - Division of atransmission facility into
two or more channels either by splitting the frequency
band transmitted by the channel into narrower bands,
each of which is used to constitute a distinct channel
(frequency-division muitiplex), or by allotting this com-
mon channel to several different information channels,
one at a time (time-division multiplexing).

MUX - See Multiplexer.
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NAK - “Negative acknowledge” character. A transmis-
sion control character that indicates a block of datawas
received incorrectly.

NOISE - Undesirable energy in a communications path,
which interferes with the reception or processing of a
signal.

ns - Nanosecond; also nsec. One-billionth of a second.

OFF HOOK - By analogy with the normal household
telephone, a modem is off-hook when it is using the
telephone line to make a call. This is similar to raising
the telephone handset, or taking it off the hook. Going
off-hook is also known as “seizing the line.”

ON-HOOK - By analogy with the normal household
telephone, a modem is on-hook when it is not using the
telephone line. As with a telephone where the handset
is onthe hook, the line may be used by other equipment
to make a call. Going on-hook is also known as “drop-
ping the line.”

OSI - Open Systems Interconnection. Referring to the
reference model, OSl is a logical structure for network
operations standardized within the 1SO; a seven-layer
network architecture being used for the definition of
network protocol standards to enable any OSI-compat-
ible computer or device to communicate with any other
OSl-compliant computer or device for a meaningful
exchange of information.

OVERFLOW - Excess traffic on a particular route,
which is offered to another (alternate) route.

PABX - Private Automatic Branch Exchange. See
Exchange, Private Automatic Branch (PABX).

PACKET - A group of binary digits including data and
call control signals that is switched as a composite
whole. The data, call control signals, and error control
information are arranged in a specified format.

PBX - Private Branch Exchange. See Exchange,
Private Branch.

PCMCIA - Personal Computer Memory Card Interna-
tional Association. Type 1: 3.3 mm thick
Type 2: 5.0 mm thick
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PHASE JITTER - In telephony, the measurement, in
degrees out of phase, that an analog signal deviates
from the referenced phase of the main data-carrying
signal. Often caused by alternating current components
in a telecommunications network; or: a random distor-
tion of signal iengths caused by the rapid fluctuation of
the frequency of the transmitted signal. Phase jitter
interferes with interpretation of information by changing
the timing.

PHASE MODULATION - One of three ways of modify-
ing a sine wave signal to make it carry information. The
sine wave or “carrier” has its phase changed in accor-
dance with the information to be transmitted.

PROPAGATION DELAY - The period betweenthe time
when a signal is placed on a circuit and when it is
recognized and acknowledged at the other end. Propa-
gation delay is of great importance in satellite channels
because of the great distances involved.

PROTOCOL - A set of procedures for establishing and
controlling communications. Examples include BSC,
SDLC, X.25, V.42, V.42bis, MNP, V.22bis handshake,
etc.

PSK - Phase Shift Keying. A method of modulation that
uses the differences in phase angle between two sym-
bols to encode information. A reference oscillator deter-
mines the phase angle change of the incoming signal,
which in turn determines which bit or dibit is being
transmitted. DPSK (Differential Phase Shift Keying) isa
variation of PSK which changes the phase relative to
the previous phase.

PULSE CODE MODULATION (PCM) - A method of
transmitting information by varying the characteristics
of a sequence of pulses, interms of amplitude, duration,
phase, ornumber. Usedto convertananalog signal into
a digital bit stream for transmission.

REGENERATIVE REPEATER - 1) Repeater utilized in
telegraph applications to retime and retransmit the
received signal impulses and restore them to their
original strength. These repeaters are speed- and code-
sensitive and are intended for use with standard tele-
graph speeds and codes. 2) Repeater used in PCM or
digital circuits which detects, retimes, and reconstructs
the bits transmitted.

REGENERATOR - Equipment that takes a digital signal
that has been distorted by transmission and produces
from it a new signal in which the shape, timing, and
amplitude of the pulses are that same as those of the
original before distortion.

REPEATER- 1) Inanalogtransmission, equipmentthat
receives a pulse train, amplifies it and retimes it for
retransmission. 2) In digital transmission, equipment
that receives a pulse train, reconstructs it, retimes it,
and often then amplifies the signal for retransmission.
3) In fiber optics, a device that decodes a low-power
light signal, converts it to electrical energy, and then
retransmits it viaan LED orlaser-generating light source.
See also Regenerative Repeater.

REVERSE CHANNEL - A simultaneous low speeddata
path in the reverse direction over a half-duplex facility.
Normally, it is used for positive/negative
acknowledgements of previously received data blocks.

RINGER EQUIVALENCE NUMBER - This is a number
that the FCC assigns to approved telecom equipment
that measures how much load it places on the network
during ringing. In the U.S.A., you can connect tele-
phones, modems, FAX machines etc. In parallel to the
same telephone line only as long as the sum of their
ringer equivalence numbers is less than five. Most
countries have a similar regulating system in force,
although the methods used to arrive at the number vary
widely.

RINGING SIGNAL - Any AC or DC signal transmitted
over a line or trunk for the purpose of alerting a party at
the distant end of an incoming call. The signal can
operate a visual or sound-producing device.

RINGING TONE - Tone received by the calling tele-
phone indicating that the called telephone is being rung.
Also called Ringback.

RSSI - Receive signal strength indicator (i.e., go to gain
control in AM signal).

SCRAMBLER/DESCRAMBLER - A scrambler func-
tionuses a defined method for modifying a data stream,
in order to make the altered data stream appear ran-
dom. A descrambler reverses the effect of the scram-
bler using the previously defined method to recover the
original data stream. Most often used for data encryp-
tion, or to avoid transmitting repetitive data patters that
can adversely affect data recovery in modems and
other data transmission equipment.

SDLC - Synchronous Data Link Control. IBM bit ori-
ented protocol providing for half-duplex transmission;
associated with IBM’s System Network Architecture
(SNA).

SHIELDED PAIR - Two insulated wires in a cable
wrapped with metallic braid or foil to prevent interfer-
ence and provide noise-free transmission.
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SIGNAL-TO-NOISE RATIO - The relative power of a
signal as compared to the power of noise on a line. As
the ratio decreases, it becomes more difficult to distin-
guish between information and interference.

SIMPLEX - Pertaining to the capability to move in one
direction only. Contrast with half-duplex and full-duplex.

SIGNALING - Process by which a caller or equipment
on the transmitting end of a line informs a particular
party or equipment at the receiving end that a message
is to be communicated.

SMART IF - Microcontroller bus interface for program
control of RF components.

SONET - Synchronous optical network.

SPACE - Opposite signal condition to a “mark.” The
signal (communications channnel state) corresponding
to abinary zero. In an EIA RS-232 channel, the spacing
condition exists when the voltage is more positive than
+3 volts.

SS - Spread spectrum.
ST - Start (signal to indicate end of outpulsing).
STS1 - 51.84 Mbit/s.

START-STOP (SIGNALING) - Signaling in which each
group of code elements corresponding to a character is
preceded by a start signal that serves to prepare the
receiving mechanism for the reception and registration
of character, and is followed by a stop signalthat serves
to bring the receiving mechanism to rest in preparation
for the reception of the next character. Also known as
asynchronous transmission.

STOP-BIT - In asynchronous transmission, the quies-
cent state following the transmission of a character;
usually 1-, or 2-bit times long.

STOP ELEMENT - Last bit of a character in asynchro-
nous serial transmission, used to ensure recognition of
the next start element.

SUBSCRIBER LINE - Telephone line connecting the
exchange to the subscriber’'s station. Also called
(U.S. term) access line and subscriber loop.

SW56 - Switched 56 Kbit/s digital transmission.

SYNCHRONOUS - Having a constant time interval
between successive bits, characters, or events. Syn-
chronous transmission doesn'tuse non-information bits
(such as the start and stop bits in asynchronous trans-
mission) to identify the beginning and end or characters,
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and thus is faster and more efficient than asynchronous
transmission. The timing is achieved by transmitting
sync characters prior to data or by extracting timing
information from the carrier or reference.

SYNCHRONOUS NETWORK - Network in which all
the communications links are synchronized to a com-
mon clock.

SYNCHRONOUS TRANSMISSION - Transmission
process where the information and control characters
are sentatregular, clocked intervals so thatthe sending
and receiving terminals are operating continuously in
step with each other.

T-CARRIER - A time-division multiplexed, digital trans-
mission facility, operating at an aggregate data rate of
1.544 Mbit/s and above. T-carrier is a PCM system
using 64 Kbit/s for a voice channel.

T1 - A digital facility used to transmit a DS-1 formatted
digital signal at 1.544 Mbit/s; the equivalent of 24 voice
channels.

T1C/T2/T3/T4 - Digital carrier facilities used to transmit
signals at 3.152M, 6.312M, 44.736M, 274.176 Mbit/s,
respectively.

T3 - A digital carrier facility used to transmit a DS-3
formatted digital carrier signal at 44.736 Mbit/s; the
equivalent of 672 voice channels.

TACS - Total access communications system. (U.K.
analog cellular standard).

TDMA - Time division multiple access.

TCVCXO - Temperature-compensated, voltage - con-
trolled crystal oscillator.

TOUCH-TONE - An AT&T trademark for dualtone mul-
tifrequency signaling equipment. Use of tones simpli-
fies the switching system design and greatly expands
the potential for adding features to telephone systems.
It also speeds up the dialing operation for a person
making a call.

TRANSCEIVER - Device that can transmit and receive
traffic.

TRUNK - Transmission paths that are used to intercon-
nect exchanges in the main telephone network, two
switching centers, or a switching center and a distribu-
tion point, such as a telephone exchange line that
terminates in a PABX network.
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TTL - Transistor-Transistor Logic. Digital logic family
having common electrical characteristics.

TURNAROUND TIME - The time required to reverse
the direction of transmission, e.g; to change from re-
ceive mode to transmit mode in order to acknowledge
on a half-duplex line. When individual blocks are ac-
knowledged, as is required in certain protocols (e.g.,
IBM BSC) the turnaround time has a major effect on
throughput, particularly if the propagation delay is
lengthy, such as on a satellite channel.

TWO-WIRE CIRCUIT - Circuit formed of two conduc-
tors insulated from each other, providing a send and
return path. Signals may pass in one or both directions.

VIDEOTEX - An interactive data communications appli-
cation designed to allow unsophisticated users to con-
verse with remote databases, enter data for transac-
tions, and retrieve textual and graphics information for
display on subscriber television sets or low-cost termi-
nals.

VSLI - Very Large Scale Integration.

V SERIES RECOMMENDATIONS -

(CCITT V.xx Standards)

Also see Voiceband Modem Standards chart on
page 9-12.

V.1 - Definitions of key terms for binary symbol notation,
such as binary 0 = space, binary 1 = mark.

V.2 (1) - Specification of power levels for data transmis-
sion over telephone line.

V.4 - Definition of the order of bit transmission, the use
of aparity bit, and the use of start/stop bits for asynchro-
nous transmission.

V.5 - Specification of data-signaling rates (bit/s) for
synchronous transmission in the switched telephone
network.

V.6 - Specification of data signaling rates (bit/s) for
synchronous transmission on leased telephone cir-
cuits.

V.7 - Definitions of other key terms used in the V-series
recommendations.

V.10 - Description of an unbalanced physical level
interchange circuit (unbalanced means one active wire
between transmitter and receiver with ground providing
the return).

V.11 - Description of a balanced physical level inter-
change circuit (balanced means two wires between the
transmitter and receiver with both wires’ signals con-
stant with respect to Earth).

V.15 - Description of use of acoustic couplers for data
transmission.

V.16 - Description of the transmission of ECG (electro-
cardiogram) signals on the telephone channel.

V.19 - Description of one-way parallel transmission
modems using push-button telephone sets.

V.20 - Description of one-way parallel transmission
modems, excluding push-button telephone sets.

V.22 - Operating at 1.2 Kbit/s, encodes two consecutive
bit (dibits); the dibits are encoded as a change relative
to the previous signal element.

V.22bis - Operating at 2.4 Kbit/s, encodes four con-
secutive bits (quadbits); the first two bits are encoded
relative to the quadrant of the previous signal element,
the last two bits are associated with the point in new
quadrant.

V.24 - Definition of the interchange circuit pins between
DTEs (data terminal equipment) and DCEs (data cir-
cuit-terminating equipment).

V.25 - (2) - Specifications for automatic-answering
equipment.

V.25bis - (2) - Specifications for automatic-answering
equipment.

V.28 - Description of unbalanced interchange circuits
operating below 20 Kbit/s.

V.29 - Operating at 9.6 Kbit/s, encodes four consecutive
bits (quadbits); the first bit determines the amplitude,
the last three bits use the encoding scheme of V.27.

V.29 - Operating at 4.8 Kbit/s, encodes two consecutive
bits (dibits); amplitude is constant and phase changes
are the same as V.26.

V.31 - Description of low-speed interchange circuits (up
to 75 Bit/s).

V.31bis - Description of low-speed interchange circuits
{(up to 1.2 Kbit/s).

V.32 - Operating at 9.6 Kbit/s, encodes four consecutive
bits (quadbits); the bits are mapped to a QAM signal.
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V.32 - Operating at 9.6 Kbit/s with Trellis-coded modu-
lation (TCM), encodes four consecutive bits, two of
which are used to generate a fifth bit; the bits are
mapped to a QAM signal.

V.32 - Operating at 4.8 Kbit/s, encodes two consecutive
bits (dibits), which are mapped to a QAM signal.

V.42 - Defines a method of error control.
V.42bis - Defines a method of data compression.

Note: In the United States, EIA RS-496 specifies these
measurements and RS-366 specifiesthese procedures.

VOICE-GRADE CHANNEL - a channel with a fre-
quency range from 300 to 3000 Hz and suitable for the
transmission of speech, data, or facsimile.

WORD - A group of bits handled as a logical unit;
usually 16.

12-134

0194 - rev.



Voiceband Modem Standards

cerT Data Full- or Channel Carrier Modulation | Modulation Bits Synchronous Back | GSTN Leased Equalization | Scrambler
Standard Rate Half- Separation Frequency Method Rate Encoded or Channel Lines
(Bit/s) Duplex (H2) {Baud) Asynchronous
- " | Frequency Frequency |~ .. 17 i | .
. Fi 1080, B 4 Ye N
V'21 : 300 ull Division 1080, &1759 shit 300 ;, 11 Ehher‘ 1 ND es. lo ND
Frequency Phase . y Point-to-Point .
V.22 1200 Full Division 1200, & 2400 Shift 600 21 Either ND Yes 2-Wire Fixed Yes
oo | | Frequency 1 Phase ] - Point-to-Point )
v.22 ; 600 Full Division 1200, & 2400 Shift 600 1 Either ND ] Yes 2-Wire Fixed Yes
Quadrature- . . "
V.22bis | 2400 Full Frequency | 4500 g 2400 | Amplitude 600 41 Either ND | ves | Pointto-Point | Fixed/ Yes
Division 2-Wire Adaptive
Modulation
, . . Frequency . ” -
Va3 ysoo(v) Half N/A 1300, 81700 | ot oion 600 N/A Either Yes Yos No ND ND,
Frequency
V.23 1200 (1) Half N/A 1300, & 2100 Modulation 1200 N/A Either Yes Yes No ND ND
- N Phase ) . Point-to-Point . ]
(V25 2400 Fult 4-Wire Sl’ﬂﬁ 1200 N § - Synchronous Yes No Multipoint ND ND
T . : P - g . 4-Wire
V.26bis 2400 Halt N/A 1800 Pshﬁiff 1200 2:1 Synchronous Yes Yes No Fixed ND
V.26bis. 1200 ). Half Shift 1200 - Synchronous - Yes Yes No Fixed ND
. Echo Phase . " Point-to-Point "
V.26ter 2400 Either Cancellation 1800 Shift 1200 21 Either ND Yes 2-Wire Either Yes
i Phase |- . L Point-to-Point | .y - ,
Either . Shift - 11 B Either . ol ND | . Yes 2-Wire Elmgr Ya;’ i
" Phase .
Either 1800 Shift 1600 31 Synchronous Yes No Yes (3) Manual Yes
: e e e T T R MO B O e T L
varbis | 2400 Either Foase 1200 21 | synchonous | Yes | No | G\ Adaptive Yes
Pg:;e 1800 | 34 “Synchronotis | Yes | Yes | N ‘Adaptive | Yes:
V.27ter 2400 Half None 1800 Pshr?i?(e 1200 2:1 Synchronous Yes Yes No Adaptive Yes
. . ' Quadrature-- . L R PN TN .
-1700 Amplitude- - 2400 41 | --8ynchronous ‘No 1" No ,PQV;{*’VI\SIP"‘Z?W Adaptive - Yes
T+ |- Modulation o . e « : i o i
" " Phase . Point-to-Point
V.29 7200 Either 4-Wire 1700 Shift (5) 2400 3:1 Synchronous ND No 4-Wire Adaptive Yes
- Phase A ; ND 1N - | Pointto-Point o
vzg Shift(5) 21 i Symhr@ws - ’ND : N§ T awire m Yes
Quadrature- " .
Echo " . Paint-to-Point "
v.32 9600 Full Cancellation 1800 Amplntuge 2400 41 Synchronous ND Yes 2-Wire Adaptive Yes
Modulation
“Quadrature- | K 3 R T I
: ude | gl Synchronous [ ND" Eoug-m-?omt - Adaptive
Echo Point-to-Point -
V.32 9600 Full Cancaliation 1800 Coded 2400 5:1 Synchronous ND Yes 2—V3ire°m Adaptive Yes
Modulation
T Quadrature- o o - o RN B
| “Amplitade | . 2400 24 | -Synchronous. Yes ~P~°’g_'mpm | Adaptive-
¥ EEE - Modulation /| e T N Cle i :
v.33 14400 Half Synchronous Yes Adaptive Yes
Bell (U.S.) Standard
e
e
int-to-Point "
Psh:i;s 1200 21 Synchronous No Yes POII;_vg;reoln Adaptive Yes
o B N “Pointto-Point | o
Pk Yos e | Foed
Quadrature- " .
208 4800 Half None 1800 Amptitude 1600 3:1 Synchronous No Yes PD"’;_'W{;D'M Adaptive Yes
Modutation
- Phase
1. Bit/s not used in specification; rate stated in baud. Low speed 75 bit/s back channel for 4. For half-duplex, 2-wire used
asymetric full-duplex
2. Half-duplex may still use a backward channel 5. Amplitude is constant on a relative basis
3. Makes no mention of 4-wire (must be assumed) ND = Not defined (i.e., not specified in the recommendation)
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Notes:
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