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Summary of Types

1.1 Types in Alphanumericai Order

Ordering Code | Function
| Q67100-H6038 | ISDN Exchange Power Controller (IEPC) ...
Q67100-H8358 | Advanced CMOS Frame Aligner (ACFA) .
S PEB 2035- N | Q67100-H8684 | Advanced CMOS Frame Aligner (ACFA) .
PEB 2035-P Q67100-H8359
PEB 2045-C | Q67100-H8323 |
S PEB 2045-N | Q67100-H8602 | Me
PEB 2045-P Q67100-H8322
PEB 2046-C_| Q67100-H6103

PEB 2046-P | Q67100-H6105
PEB 2050-C | Q67100-Z157 | Peripheral Board Controlier (PBC) .
SPEB2050-N | Q67100-H8392 | Peripheral Board Controfler (PBC) ..

PEB 2050-P | Q67100-H3032 | Peripheral Board Controller (PBC)

¥ PEB 2052-C 067100 H6059 _PCM Interface Controller (PIC) .

vSPEB 2052-N | Q67 . ?:‘)i;PCM Interface Controller (PIC) ..

v PEB 2052-P 0671 00 H6061 PCM interface Controller (PIC)
VPEB 2055-C | Q67100-H6034 | Extended PCM Interface Controller (EPICTM-1) .. 242
vS PEB 2055-N | Q67100-H6035 | Extended PCM Interface Controlier (EPICTM.1) . ... 242
VPEB 2055-P | Q67100-H6036 | Extended PCM Interface Controller (EPICT™™-1) . . 242
VY PEB 2056 C 0671 00 H61 17 ‘Extended PCM Interface Controller (EPICTM -2) .. 274
E 100-H6116 | Extended PCM Interface Controller (EPICT™™-2) ... 274
067100 H61 15, Extended PCM Interface Controller (EPICTM 2) 274

| Q67100-H8393 | Signal Processing Codec Filter (SICOFI®) .
Q67100-Z170 | Signal Processing Codec Filter (SICOFI®) ........
;| Q67100-H8328 | ISDN Communications Controller (ICC)........... 2
SPEB 2070-N | Q67100-H8394 | ISDN Communications Controller ICC) . .......... 27
PEB 2070-P | Q67100-H2953 | ISDN Communications Controller (ICC). ... ...
vS PEB 2075-N | Q67100-H8683 | ISDN D-Channel Exchange Controller (IDEC) .
v PEB 2075-P | Q67100-H8682 | ISDN D-Channel Exchange Controller (IDEC)
PEB 2080-C | Q67100-H8329 | S-| Bus Interface Cll’CUIt (SBC) ..... P, . 33
S PEB 208 182 e e
PEB 2080-P | Q67100-H2954 | S-us Interface CIfCUIt (SBC) .......
SPE | Q67100-H6093 T Bus Interface Circuit Extended (SBCX) ....... 381
PEB 2081 -P | Q67100-H6091 S/T Bus Interface Circuit Extended (SBCX) .......

v=New Type

S=_S8urface Mounted Device (SMD)

SICOFI®, IOM®, ARCOFI|®, [SACTM-S, ITACT™, IPAT™™, ISACTM-P, EPIC™ are registered trade-
marks of Siemens AG
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Summary of Types

Type Ordering Code | Function Page

S PEB 2085-N | Q67100-H8399 | ISDN Subscriber Access Controller (ISACT™-S). ... 495

PEB 2085-P | Q67100-H8401 | ISDN Subscriber Access Controller (ISACT-S).... 495

PEB 20901-C | Q67100-C8679 | ISDN Echo-Cancellation Circuit (IEC-T)........... 415

VS PEB 20901-N | Q67100-H6113 | ISDN Echo-Cancellation Circuit (IEC-T)........... 415

¥ PEB 20901-P | Q67100-H8678 | ISDN Echo-Cancellation Circuit (IEC-T)........... 415

PEB 20902-C | Q67100-H8680 | ISDN Echo-Gancellation Circuit (IEC-T)........... 415

VS PEB 20902-N.| Q67100-H6114 | ISDN Echo-Cancellation Circuit (EC-T)........... 415

PEB 20902-P | Q67100-H8681 | ISDN Echo-Cancellation Circuit (IEC-T)........... 415

Y PEB 2091-C | Q67100-H6063 | ISDN Echo-Cancellation Circuit (EC-Q) .......... 442

¥S PEB 2091-N | Q67100-H6119 | ISDN Echo-Cancellation Circuit (IEC-Q) .......... 442

PEB 2095-C | Q67100-H8398 | ISDN Burst Transceiver Circuit (IBC) ............. 459

S PEB 2095-N | Q67100-H8396 | ISDN Burst Transceiver Circuit (IBC) ............. 459

PEB 2095-P | Q67100-H8397 | ISDN Burst Transceiver Circuit (IBC) ............. 459

¥ PEB 20950-C | Q67100-H8613 | 1SDN Subscriber Access Controlier (ISACT™-P). ... 485

¥S PEB 20950-N | Q67100-H8614 | ISDN Subscriber Access Controller (ISACT™M-P). ... 485

¥ PEB 20950-P | Q67100-H8550 | ISDN Subscriber Access Controller (ISAC™-P).... 485

PEB 2235-C | Q67100-H8604 | ISDN Primary Access Transceiver (IPATT)....... 70

S PEB 2235-N | Q67100-H8685 | ISDN Primary Access Transceiver (IPAT™™) ... .. .. 70

PEB 2235 P Q67100-H8603 | ISDN Primary Access Transceiver (IPAT™)....... 70

32260-N | Q67100-HB067 | Dual Channel Codec Filter (SICOFI®-2) .......... 198

| Q67100-H6054 | Memory Time Switch CMOS (MTSC)............. 90

-N | 067100-H6055 | Memory Time Switch CMOS (MTSC) ............. 90

v PEF 2045 P Q67100-H6056 | Memory Time Switch CMOS (MTSC) ............. 90

¥ PEF 2046-C | Q67100-H6106 | Memory Time Switch (MTSS) ................... 119

vS PEF 2046-N | Q67000-H6107 | Memory Time Switch (MTSS) ................... 119

08 | Memory Time Switch (MTSS) ................... 119

44 | ISDN Terminal Adapter Circuit (ITACT™) ... .. ... .. 594

| ISDN Terminal Adapter Circuit (ITACT) .......... 594

5 | ISDN Remote Power Controller (IRPC) ........... 596

| ,Purpose Power Controlier (GPPC) ........ 613

v ral Purpose Power Controller (Gl PPC) ........... . 613

SPSB 2 67100-H6031 | Audio Ringing Codec Filter (ARCOFI®) ........... 557

PSB2160-P | Q67100-H8503 | Audio Ringing Codec Filter (ARCOFI®) ........... 557
SAB 82520-C | Q67100-H8830 | High-Level Serial Communications

. V_Controller (HSCC) ..t e 658

High-Level Serial Communications -

e e iCOntroHer(HSCC)..:.',.,.»....»;.~.....~..,.,.«..., .... 658
SAB 82520-P | Q67100-H8014 | High-Level Serial Communications

o ) | Controller (HSCC) ............................. 658

Q67100-H8590 | High-Level Serial Gommumcattons o
| Controller Extended (HSCX) .................... 672

Siemens Components, Inc.

10



Summary of Types

Type

Ordering Code

Function

vs

SAF 82520-C

SAF 82520-P

vS

VS

Q67100-H8325

Q67100-H8512

High-Level Serial Communications

Controller (HSCC) 658

High-Level Serial Communications
Controller (HSCC)

ol 72
STU 2050 Q67100-Z166 | PBC User Board. . 214
STU 2060 Q67100-H3238 | SICOFI® UserBoard..........covvivivnninnnnns 217
STUT 2060 Q67100-H6058 | SICOFI® TestBoard ............ccvvvvvinnnnn.. 219
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Summary of Types

1.2 Types in Application-Oriented Order Page

ICs for Digital Exchange System

Ceveeeei... 44

Aligner (AOFA)K Arehdassienhinen 44

Advanced CMO , Frame Alugner (ACFA) ... 44

70

70

70

90

PEB 2045 P Memory Time Switch CMOS (MTSC) 90

v PEF 2045-C _Memory Time Switch CMOS (MTSC) - 90
: . Memory Time Switch CMOS (MTSC) ......c.ooveeveene. 90

v PEF 2045-P Memory Time Switch CMOS (MTSC) . .....vvveevannnnn. 90
YPEB2046-C =~ Memory Time Switch Small (MTSS) .................... o119
VSPEB2046-N  Memory Time Switch Small (MTSS) ...............occnee. 119
¥ PEB 2046-P Memory Time Switch Small (MTSS) ...................... 119
¥ PEF 2046-C ’ Memory Time Switch Small (MTSS) ....... e 119
VSPEF2046-N  Memory Time Switch Small (MTSS) ..............oooee.. 119
¥V PEF 2046-P Memory Time Switch Small (MTSS) ................... ... 119
PEB2050-C Peripheral Board Controller (PBC) ...................... . 136
SPEB2050-N eripheral Board Controller (PBC) .:.......oocvineaiisin. 136
PEB 2050-P Peripheral Board Controller (PBC) ....................... 136
Y PEB 2052-C PCM Interface Controller (PIC) .. ERRERREXRRELE e 154
PEB 20 M Interface Controller (PIC) .........oiivvievevivnn... 154
_PCM Interface Controller (PIC) .......................... 154

| rocessmg Codec F:lter (SICOFI®). .

167
STU 2050 PBC User Board ....................................... 214
STU 2060 SICOFI® USerBoard . .....ovvveeint i 217
STUT 2060 SICOFI® TestBoard .......ccoiviiiiiiii i i 219

, ang er' Oontmtler ilE,PG)
PEB 2055 -c Extended PCM Interface Controller (EPICTM 1)
VSPEB2055-N  Extended PCM Interface Controller (EPICTM-1)
¥ PEB 2055-P Extended PCM Interface Controller (EPICTM-1)

v PEB 2056 C N »Extended PCM Interface Controller (EPICT™-2) .. . . &
P | Extended PCM Interface Controller (EPICTM-2) T ..o 274
v PEB 2056 P Extended PCM Interface Controller (EPICT™-2) ............ 274
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Summary of Types

ICs for ISDN Exchange System (cont’d) Page
PEB 2070-C ____ISDN Gommunications Controller (ICC) ................... 276
SPEB2070-N  ISDN Communications Controller {cey........ L 276
PEB 2070-P ~ |SDN Communications Controller (ICC) ................... 276
YSPEB2075-N  ISDN D-Channel Exchange Controller (IDEC).............. 316
¥ PEB 2075-P ISDN D-Channel Exchange Controller (IDEC).............. 316
PEB 2080-C , ‘S -Bus Interface Circuit (SBC) ............................ 339
S PEB2080-N _ S-Bus Interface Circuit (SBC). ... .. - .. 339
PEB 2080-P S-Bus Interface Circuit (SBC) . . ............ooiiinnn.. .. 339
SPEB2081-N  S/TBus Interface Circuit Extended (SBCX) ............... 381
PEB 2081-P S/T Bus Interface Circuit Extended (SBCX) ............... 381
PEB 20901-C ISDN Echo-Cancellation Circuit (IEC-T) ................... 415
VSPEB20901-N  ISDN Echo-Cancellation Circuit (EC-T) ................... 415
PEB 20901-P ISDN Echo-Cancellation Circuit (IEC-T) ................... 415
PEB 20902-P ISDN Echo-Cancellation Circuit (IEC-T) ................... 415
PEB 20902-C ~ ISDN Echo-Cancellation Circuit (IEC-T) ................... 415
VS PEB 20902-N ~ ISDN Echo-Cancellation Circuit (EC-T) .. ....ooveiineainn. . 415
¥ PEB 2091-C ‘ISDN Echo-Cancellation Circuit (IEC-Q)................... 442
VS PEB2091-N ISDN Echo-Cancellation Circuit (IEC-Q).. ... ... Ll 442
PEB 2095-C ISDN Burst Transceiver Circuit (IBC) ..................... 459
S PEB 2095-N ISDN Burst Transceiver Circuit (IBC) .................. L. 459
PEB 2095-P ISDN Burst Transceiver Circuit (IBC) ..................... 459
V PEB20950-C ISDN Subscriber Access Controller (ISACT™™-P) ............ 485
VSPEB20950-N  ISDN Subscriber Access Controller ISACTM-P) ............ 485
¥ PEB 20950-P ISDN Subscriber Access Controller ISACT™M-P) . ........... 485
ICs for ISDN Termmals
S PEB2085-N _ ISDN Subscriber Access Controller ISAC™-8) ............ 495
PEB 2085-P ISDN Subscriber Access Controller (ISACTM-S) ............ 495
SPSB2160-N  Audio Ringing Codec Filter (ARCOFI®) .................. . B57
PSB 2160-P Audio Ringing Codec Filter (ARCOFI®) ................... 557
S PSB 2110-N : 5{!SDN Terminal Adapter Circuit (ITACTM) ..... i Lo B94
PSB2110-P ISDN Terminal Adapter Circuit (ITACTM) .................. 594
PSB2120-P ISDN Remote Power Controller (IRPC) ........... Cievi..: B9B
PSB 2121-P General Purpose Power Controller (GPPC) ................ 613
VS PSB 2121-T _ General Purpose Power Controller (GPPC) . ............... 613
Advance Information
PSB 79C30E Digital Subscriber Controller (DSC/E) .................... 592
Support Tools
SIPB 5000 ISDN PC Development System ....................... ... 625
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Summary of Types

ICs for Data Communication Page
SAB 82520-C_ High-Level Serial Communications Controller (HSCC) 658

éAB 82520-P High-Level Serial Communications Controller (HSCC) .
¥ SAF 82520-C  High-Level Serial Communications Controller (HSCC) .

T d4ddd94949494g

Advance Information
SAB 79C401 Integrated Data Protocol Controller (IDPC) ........................ 724
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General information

1. Type-Designation Code for ICs

IC type designations are based on the European Pro Electron system. The code system
is explained in the Pro Electron brochure D 15*), edition 1988.

*) Available from Pro Electron, Avenue Louise, 430 (B.12)
B-1050 Brussels, Belgium.

2. Mounting Instructions

Plastic and Ceramic Packages
The pins of the cases are bent downwards by an angle of 90° and fit into holes with
a diameter of between 0.7 and 0.9 mm spaced 2.54 mm apart. The dimension x is given
in the corresponding drawing.

The bottom of the package will not touch the PC board after insertion because the pins
have shoulders just below the package (see figure 1).

After insertion of the package into the PC board it is advisable to bend the ends of two
pins at an angle of approx. 30° to the board so that the package does not have to be
pressed down during soldering. The packages are soldered on that side of the PCB
facing away from the package.

The maximum permissible soldering temperature is 350 °C (max. 3 s) for manual soldering
and 260°C (max. 10 s) for dip soldering and wave soldering.

008 Tin Solder
44 64 ¢
—={25hte

Dimensions in mm

Plastic Packages (P-DSO and PL-CC) for Surface Mounting (SMD)

Iron soldering: soldering temperature 350°C for max. 3 s;
minimum distance between package and soldering point 1.5 mm
package temperature max. 150°C; no mechanical stress on

the pins
Vapor phase soldering: soldering temperature 215 °C, max. soldering time 40 s, 2 x.
Wave soldering: soldering temperature 260 °C, max. soldering time 8 s.

(pins and package are dipped into the tin bath)

Siemens Components, Inc. 17



General Information

Storage, Pretreatment for Processing of ICs in PL-CC Packages

The components are to be stored in a dry place. For soldering methods which may
lead to a thermal shock stress (e.g. vapor phase soldering) it is recommended to dry
the ICs in PL-CC package at 125°C for a period of 24 hours.

Other Points to Note

Ensure that no current is able to flow between the solder bath or soldering iron and
the PCB. It is advisable to ground the pins that are to be soldered as well as the solder
bath or soldering iron.

When they are being prepared and inserted in a PCB, circuits should be protected
against static charging. Under no circumstances may the components be removed or
inserted whilst the operating voltage is switched on.

The increase in chip temperature during the soldering process results in a temporary
increase in electrostatic sensitivity of integrated circuits. Special precautions should
therefore be taken against line transients, e.g. through the switching of inductances
on magnetic chutes, etc. ’

MIKROPACK (SMD)
MIKROPACK components are delivered on film reels.

Mounting Suggestions

a) We recommend vapor phase soldering: soldering temperature 215°C, soldering time
max. 40 s.

b) For prototypes and small quantities (up to approximately 50.0 items/y), the hot table
soldering method can also be used (figure 2).

Figure 2

MIKROPACK Cover Substrate

Metallization (conductor) Hot table

Siemens Components, inc. 18



General information

Required Equipment and Accessories

@ cutting device

@ hot table, temperature regulated (e.g. Weld-Equip, Unitek)

@ stereo microscope (e.g. Wild, Zeiss, magnification 6...40 times)

@ substrate material: epoxy resin; hard paper; ceramic (thick thin film)

Soldering Data

@ soldering temperature: 210°C max.

@ solder coating on substrate: Pb/Sn (e.g. 60/40) wave-tinned or electrodeposited
@® soldering time: approx. 10 s

® flux: e.g. colophony, dissolved in alcohol

@ cleaning agents (as required): e.g. Freon TP-35, TE, TF

c) For large quantities (e.g. more than 50.0 items/y) thermode soldering is also suitable
(figure 3).

Figure 3

Suction Hole
Clamp
Thermode (bracket)

S

Required Equipment

@ soldering equipment (e.g. Weld-Equip, Farco, Jade)
@ substrate material: epoxy resin; hard paper; flexible materials, e.g. polyamide

Soldering Data

@ soldering temperature: 220°C max.

@ solder coating on the substrate: Pb/Sn (e.g. 60/40), wave-tinned or electro-
deposited

@ soldering time: approx. 10 s

@ flux: e.g. colophony dissolved in alcohol

@ cleaning agents (as required); e.g. Freon TP-35, TE, TF

Siemens Components, Inc. 19



General Information

3. Processing Guidelines for ICs

Integrated circuits (ICs) are electrostatic-sensitive (ESS) devices. The demand for greater
packing density has led to smaller structures on semiconductor chips, with the result
that today every IC, whether bipolar, MOS, or CMOS, has to be protected against
electrostatics.

MOS and CMOS devices generally have integrated protective circuits and it is virtually
impossible for them to be destroyed by purely static electricity. On the other hand,
there is acute danger from electrostatic discharges (ESD).

Of the multitude of possible sources of discharge, charged devices should be mentioned
in addition to charged persons. Low-resistive discharges can produce peak powers
amounting to kilowatts.

For the protection of devices the following principles should be observed:

a) Reduction of charging voltage, below 200 V if possible.
Means which are effective here are an increase in relative humidity to 260% and
the replacement of highly charging plastics by antistatic materials.

b) With every kind of contact with the device pins a charge equalization is to be
expected. This should always be highly resistive (ideally R =108 to 10° Q).

All in all this means that ICs call for special handling, because uncontrolled charges,
voltages from ungrounded equipment or persons, surge voltage spikes and similar
influences can destroy a device. Even if devices have protective circuits (e.g. protective
diodes) on their inputs, the following guidelines for their handling should nevertheless
be observed.

Identification ; .
The packing of ESS devices is provided with the following label by the manufacturer: 4':.‘

Scope

The guidelines apply to the storage, transport, testing, and processing of all kinds of
ICs, equipped and soldered circuit boards that comprise such components.

Handling of Devices
1. ICs must be left in their containers until they are processed.

2. ICs may only be handled at specially equipped work stations. These stations must
have work surfaces covered with a conductive material of the order of 10¢ to
10° Q/cm.

3. With humidity of > 50% a coat of pure cotton is sufficient. In the case of chargeable
synthetic fibers the clothing should be worn close-fitting. The wrist strap must be
worn snugly on the skin and be grounded across a resistor of 50 to 100 kQ.

4. If conductive floors, R = 5 x 104 to 107 Q are provided, further protection can be
achieved by using so-called MOS chairs and shoes with a conductive sole
(R = 105t0 107 Q).

Siemens Components, Inc. 20



General Information

5. All transport containers for ESS devices and assembled circuits boards must first
be brought to the same potential by being placed on the work surface or touched
by the operator before the individual devices may be handied. The potential equali-
zation should be across a resistor of 106 to 108 Q.

6. When loading machines and production devices it should be noted that the devices
come out of the transport magazine charged and can be damaged if they touch
metal, e.g. machine parts.

Exampie 1) conductive (black) tubes.
The devices may be destroyes in the tube by charged persons or come
out of the tube charged if this is emptied by a charged person.
Conductive tubes may only be handled at ESS work stations (high-
resistance work-station and person grounding).

Example 2) anti-static (transparent) tubes.
The devices cannot be destroyed in the tube by charged persons
(there may be a rare exception in the case of custom ICs with unprotected
gate pins). The devices can be engangered as in 1) when the tube is
emptied if the latter, especially at low humidity, is no longer sufficiently
anti-static after a long period of storage (> 1 year).

In both cases damage can be avoided by discharging the devices across a grounded
adapter of high-resistance material (= 10¢ to 108 Q/cm) between the tube and the
machine.

The use of metal tubes - especially of anodized aluminium - is not advisable
because of the danger of low-resistance device discharge.

Storage

ESS devices should only be stored in identified locations provided for the purpose.
During storage the devices should remain in the packing in which they are supplied.
The storage temperature should not exceed 60°C.

Transport

ESS devices in approved packing tubes should only be transported in suitable containers
of conductive or longterm anti-static-treated plastic or possibly unvarnished wood.
Containers of both high-charging plastic or very low-resistance materials are unsuitable.

Transfer cars and their rollers should exhibit adequate electrical conductivity (R <108 Q).
Sliding contacts and grounding chains will not reliably eliminate charges.

Incoming Inspection

In incoming inspection the above guidelines should be observed. Otherwise any right
to refund or replacement if devices fail inspection may be lost.

Material and Mounting

1. The drive belts of machines used for the processing of the devices, in as much as
they come into contact with them (e.g. bending and cutting machines, conveyor belts),
should be treated with anti-static spray (e.g. anti-static spray 100 from Kontakt-
chemie). It is better, however, to avoid the contact completely.

Siemens Components, Inc. 21
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. If ESS devices have to be soldered or desoldered manually, soldering irons with

thyristor control may not be used. Siemens EMI-suppression capacitors of the
type B 81711-B31...-B36 have proven very effective against line transients.

Circuit boards fitted and soldered with ESS' devices are always to be considered
as endangered.

Electrical Tests and Application Circuit

1.

2.

The devices should be processed with observation of these guidelines. Before
assembled and soldered circuit boards are tested, remove any shorting rings.

The sockets or integrated circuits must not be conducting any voltage when individual
devices or assembled circuit boards are inserted or withdrawn, unless works’
specifications state otherwise. Ensure that the test devices and power supplies do
not produce any voltage spikes, either when being turned on and off in normal
operation or if the power fuse blows or other fuses respond.

. When supplying bipolar integrated circuits with current, the negative voltage

(—V; or GND) has first to be connected. In general, an interruption of this potential
during operation is not permissible.

. Signal voltages may only be applied to the inputs of ICs when or better after the

supply voltage is turned on. They must be disconnected when or better before the
supply voltage is turned off.

. Power supplied of integrated circuits are to be blocked as near as possible at the

supply terminals of the IC. With bipolar ICs it is recommended to use a low-inductance
electrolytic capacitor or at least a paralleled cermaic capacitor of 100 nF to 470 nF
for example.

Using ICs with high output currents, the necessary value of the electrolytic capacitor
must be adapted to the test or application circuit. Transient behavior and dynamic
output resistance of the power supplied, line inductances in the supply and load
circuit and in particular -inductive loads or motors have to be considered. When
switching off line inductances of inductive loads, the stored power has to be con-
sumed externally, unless otherwise specified (e.g. by an electrolytic capacitor, diodes,
Z diodes or the power supply). Also a switching off of the supply voitage prior to
the load rejection should be taken into account.

. ICs with low-pass character of the output stages (e.g. PNP drivers or PNP/NPN

end stages), normally need an additional external compensation at the output.
This applies particularly to complex loads. The output of AF power amplifiers is
compensated by the Boucherot element. In individual cases, bridge circuits only
need a capacitance for bypassing the load. Depending on the application it is,
however, also recommended to connect one capacitor from each output to ground.

. Observe any notes and instructions in the respective data books.

Packing of Assembled PC Boards or Flatpack Units

The packing material should exhibit low volume conductivity:
105 Q/cm < p < 10% Q/cm.
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In most cases - especially with humidity of > 40% - this requirement is fulfilled by
simple corrugated board. Better protection is obtained with bags of conductive poly-
ethylene foam (e.g. RCAS 1200 from Richmond of Redlands, California).

One shouid always ensure that boards cannot touch.

In special cases it may be necessary to provide protection against strong electric
fields, such as can be generated by conveyor belts for example. For this purpose a
sheath of aluminium foil is recommended, although direct contact between the film
and the PCB must be avoided. Cardboard boxes with an aluminium-foil lining, such as
those used for shipping our devices, are available from Laber of Munich.

Ultrasonic Cleaning of ICs

The following recommendation applies to plastic packages. For cavity packages (metal
and also ceramic) separate regulations have to be observed.

Freon and isopropyl alcohol (trade name: propanol) can be used as solvents. These
solvents can also be used for plastic packages because they do not eat into the
plastic material.

An ultrasonic bath in double halfwave operation is advisable because of the low
component stress.

The ultrasonic limits are as follows:

sound frequency f >40kHz
exposure t < 2min
alternating sound pressure p <29 kPa
sound power N < 0.5W/cmliter

4. Data Classification

Maximum Ratings

Maximum ratings are absolute ratings; exceeding any one of these values may cause
irreversible damage to the integrated circuit.

Characteristics

The listed characteristics are ensured over the operating range of the integrated circuit.
Typical charateristics specify mean values expected over the production spread.
If not otherwise specified, typical characteristics apply at T, = 25°C and the given
supply voltage.

Operating Range
In the operating range the functions given in the circuit description are fulfilled.
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5. Quality Assurance

The high quality and reliability of integrated circuits from Siemens are the results of
carefully managed design and production which is systematically checked and con-
trolled at each stage.

The procedures are subject to a quality assurance system; full details are given in the
brochure “Quality Assurance - Integrated Circuits”.

Figure 1 and 2 show the most important stages of QA system. Quality assurance (QA)
department independent of production and development are responsible for the selected
measures, acceptance procedures and information feedback loops. Operating
QA departments have stat-of-the-art test and measuring equipment at is disposal,
work according to approved methods of statistical quality control, and provided with
facilities for accelerate life and are environmental tests used for both qualification and
routine monitoring tests.

The latest methods and equipment for preparation and analysis are employed to
achieve continuity of quality and reliability.

Conformance

Each integrated circuit is subjected to a final test at the end of the production process.
These are carried out by computer-controlled, automatic test systems because
hundreds of thousands of operating conditions as well as a large number of static
and dynamic parameters have to be considered. Moreover, the test systems are
extremely reliable and reproducible. The quality assurance department carries out a final
check in the form of a lot-by-lot sampling inspection to additionally ensure this minimum
percent defectives as well as the acceptable quality level (AQL). Sampling inspection
is performed in accordance with the inspection plans of DIN 40080, as well as of the
identical MIL-STD-105 or IEC 410.

Siemens Components, Inc. 24



General Information

Figure 1

Development Phase

Preproduction Phase

Specification
Product Plan

( Engineering Samples ~>._‘

Testing of Samples
If Necessary Re-Design
or Procces Change

Feedback
Loops

E. Samples for Custemer

Preliminary Manufacturing
and Test Specs,Data Sheets

Proven Technology
and Design Rules

< Concept Approval

D

First Quality and
Reliability Testing

( Prototype Samples

Manufacturing Process

Automatic Test Equipment
Manufacturing and Test Specs

Complete
Documentation

Sa”’Ples

i

< Preseries Release

Quality and

Reliability Testing

Fullfilment of

Requirements

Siemens Components, Inc.

25

!

< Series Release




General Information

Figure 2 QA
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Measures Taken during Development

The reliability of ICs is already considerably influenced at the development stage.
Siemens has, therefore, fixed certain design standards for the development of circuit
and layout, e.g. specifying minimum width and spacing of conductive layers on a chip,
dimensions and electrical parameters of protective circuits for electrostatic charge, etc.
An examination with the aid of carefully arranged programs operated on large-scale
computers, guarantees the immediate identification and elimination of unintentional
violations of these designs standards.
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In-Process Control during Production

The manufacturing of integrated circuits comprises several hundred production steps.
As each step is to be executed with utmost accuracy, the in-process control is of
outstanding importance. Some processes require more than a hundred different test
measures. The tests have been arranged such that the individual process steps can
be reproduced continuously.

The decreasing failure rates refiect the never ending effort in this direction; in the course
of the years they have been reduced considerably despite an immense rise in IC
complexity.

Reliability Monitoring

The general course of the IC failure rate versus time is shown by a so-called “bathtub”
curve. The failure rate has its peak during the first few operating hours (early failure
period). After the early failure period has decayed, the “constant” failure rate period
starts during which the failures may occur at an approximately uniform rate. This period
ends with a repeated rise of the curve during the wear-out failure period. For ICs,
however, the latter period usually lies far beyond the service life specified for the
individual equipment.

Reliability tests for ICs are usuaily desctructive examinations. They are, therefore, carried
out with samples. Most failure mechanisms can be accelerated by means of higher
temperatures. Due to the temperature dependence of the failure mechanisms, it is
possible to simultane future operational behavior within a short time by applying high
temperatures; this is called life test.

The acceleration factor B for the life test can be obtained from the Arrhenius equation
_ Enf1_ 1
B=exp (T (f Tg) )

where T, is the temperature at which the life test is performed, T, is the assumed
operating temperature, and k is the Boltzmann constant.

Important for factor B is the activation energy E,. It lies between 0.3 and 1.3 eV and
differs considerably for the individual failure mechanisms.

For all Siemens ICs, the reliability data from life tests is converted to an operating
temperature of T, = 40°C, assuming an average activation energy of 0.4 eV. The
acceleration factor for life tests at 125°C is thus 24, compared with operational behavior.
This method considers aiso failure mechanisms with low activation energy, i.e. which
are only slightly accelerated by the temperature effect.

Various reliability tests are periodically performed with IC types that are representative
of a certain production line - this is described in the brochure “Quality Assurance-
Integrated Circuits”. Such tests are e.g. humidity test at 85°C and 85% relative humidity,
pressure cooker test, as well as life tests up to 1000 hours and more. Test results
are available in the form of summary reports.
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6. Summary of the Most Important Symbols

05, GND

CLK

Pulse duration

Current gain

Bandwidth

Input of output amplifier
Output of output amplifier
Capacitance

Input capacitance

Input capacitance of the clock input
Load capacitance

Data input

Data output

Enable

Input load factor

OQutput load factor

Output load factor, H signal
Output load factor, L signal
Input frequency

Clock frequency

Maximum counter frequency
Drain supply current

Input current

H-input current

L-input current

Input

Input 1

Input 2

Input bias current

Output offset current
Short-circuit output current
H-output current

L-output current

H-supply current

L-supply current

Mixer output

Ground, earth

Total power consumption
Output power

Clock

Output

Qutput, inverted
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tn +1

tp

tSYD
toiky
thL
tpHLRS
teo

tor
trris
tos

Resistance

Generator resistance

Input resistance

Collector load resistance

Load resistance

Adjustmente resistance

Therminal resistance (Junction to ambient)
H-output resistance

L-output resistance

Load resistance at output

Ambient temperature

Storage temperature

Case temperature

Junction temperature

Temperature coefficient

Pulse delay time

Delay time of the HL transition of the output signal
Delay time of the LH transition of the output signal
Delay time

Hold time

Input pulse duration

Bit time before clock pulse

Bit time after clock pulse

Average signal propagation time

Delay time

Clock period

Signal propagation time (from H to L)

Signal propagation time (set, reset input)
Pair-delay time

Reset pulse duration

Average signal propagation time (set, reset input)
Set pulse duration

Key debounce time

Key depression period

Counting pulse duration

Transmission time - t, rise time, ¢, fall time
Recovery time

Setup time

Output pulse duration

Signal transition time (from H to L)

Signal transition time (from L to H)

Signal transition time H-L of the output signal
Signal transition time L-H of the output signal
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A

H-setup time

H-setup time, left shift pulse
H-setup time, right shift pulse
L-setup time

L-setup time, left shift pulse

L-setup time, right shift pulse

Pulse width of the H-input signal
Pulse width of the L-input signal
HL-transition time of the input signal
LH-transition time of the input signal
Pulse width of the H-output signal
Pulse width

Voltage, general

Supply voltage

Noise margin

Negative supply voltage

Positive supply voltage

Substrate supply voltage

Drain supply voltage

Gate supply voltage

H-input voltage at information input
L-input voltage at information input
H-output voltage

Inverted output voltage V,
L-output voltage

Inverted output voltage V.
Differential input voltage

Input common mode voltage

Noise voltage

Functional voltage range

Input voltage at information input
Reset voltage

Input impedance

Output impedance

Siemens Components, Inc. 30



ICs for Digital Exchange Systems







Digital Telephone Exchange System

@ Analog Subscriber Boards
@ Switching Network
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In a digital exchange system the subscriber line boards provide the link between the
subscriber and the switching network. The basic functions of analog line boards are known
under the acronym BORSHT (battery, overvoitage, rising, supervision, hybrid, testing).
Moreover, further important tasks are voice frequency band limitation, analog to digital
conversion into time discrete digital equivalents, time-slot assignment on the PCM high-
ways and handling of signaling and control information.

Up to now implementation has been characterized by fixed adjustment of line interface
conditions although telephone line conditions vary considerably with national standards
and even with subscriber line installations. Under adverse conditions telecommunication
equipment must match the subscriber line and termination impedances while suppressing
return echoes in the two- to four-wire hybrid network. Compensating for line attenuation
is just as critical for balancing the voice signals in the transmission and reception paths.

To improve voice quality, subscriber line boards have to be matched to different line
conditions by means of interchangeable discrete components. This approach is very costly
‘regarding line board design and manufacturing. Furthermore, the reliability of a board
filled with parts, wires and connections will decrease rapidly.

The subscriber line board architecture proposed by Siemens Components Group and
supported by several other companies is geared to eliminate many of these line board
trouble spots.
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Optimized Line Board Architecture

The key device for both analog and digital subscriber line boards is the Peripheral Board
Controller (PBC) PEB 2050/51. Basically the PBC is a highly intelligent multiplexer/
demultiplexer chip which performs the variable time-slot assignment for up to 16 PCM
channels and handles the data streams for control and signaling. It constitutes the inter-
face between the subscriber line devices such as decoded filter or ISDN communication
controller, the PCM lines, the central control unit and the optional onboard microprocessor.

As a characteristic architectural feature, for test, monitoring and control purposes, the
device permits efficient switching of data streams between all these interfaces and, there-
fore, ensures transparency between the PCM channels and control or signaling data.
This opens up attractive possibilities such as common-channel signaling and microprocessor
access to PCM data.

Due to the importance of reliability in system design, the PBC provides a backplane
interface with two or four fully redundant PCM highways. For the exchange of information
between a central control unit and the PBC working as a “slave” in a point-to-multipoint
configuration, the device supports a subset of the CCITT’s High Level Data Link Control
(HDLC) communications protocol so that it can respond to certain HDLC frames without
microprocessor intervention or software supervision.

The hardwired implementation of the physical level of the HDLC protocol (e.g. cyclic
redundancy check) and of parts of the logical level (e.g. evaluation of HDLC commands
and preparation of response packets) in the on-chip HDLC controller permits very high
data rates of up to 4 Mbaud via the serial link to the central processor. By using a local
standard microprocessor, such as the SAB 8051, it is possible to expand the range of the
HDLC protocol to the full X.25 level, while still maintaining procedure handling, buffering
and distribution of data packets hardwired in the PBC. Furthermore, the PBC is able,
in conjunction with a microprocessor, to take over the “primary” function of a highspeed
HDLC communication link.

The PBC communicates with the subscriber line devices via a three-wire Subscriber Line
Data (SLD) bus based on a ping-pong type of protocol. The SLD bus ensures reduced
line board wiring. '

To cover a broad range of applications the PBC is adaptable to all standard commercial
PCM systems (with 24, 32, 48, 64 channels per frame). Independently of the system clock
used, the circuit computes all timing signals required for the standardized SLD bus, thus
decoupling the subscriber line devices from the system clock. The PBC is an exceiient
example of the efficient realization of standard functions through the use of hardwired
logic in order to increase real-time processing and speed without loss of flexibility.

A further device for interfacing subscriber line devices with PCM lines is the PCM Interface
Controller (PIC) PEB 2052. This CMOS device performs the Time-Slot Assignment (TSA)
and the PCM interface functions. It is pin and software-compatible to the PBC PEB 2050,
but leaves out the HDLC controller and the hardwired last look logic.

The Extended PCM Interface Controller (EPIC™) PEB 2055 is intended to be used as central
PCM processor in new architectures. The CMOS device can be programmed to operate
at different data rates between 128 and 8192 kbit/s the system interface consists of up
to four duplex ports with a tristate indication signal for each output line. The configurable
interface can be selected to incorporate either four duplex (IOM® or eight bidirectional
1/0 ports (SLD).
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The EPIC can therefore be programmed to communicate either with SLD or with IOM
(ISDN Oriented Modular) and IOM-2-compatible devices. In both cases the device handles
the layer-1 functions of buffering the C/I and monitor channels for IOM-compatible devices
and the feature control and signaling channels for SLD compatible devices.

The EPIC can handle up to 32 ISDN subscribers with their 2B+D channel structure or
64 analog subscribers in IOM configuration or up to 16 subscribers in SLD configuration.
Since its interfaces can operate at different data rates, the EPIC is an ideal device for
data rate adaptation.

Moreover, the EPIC is one of the fundamental building blocks for networks with either
central, decentral or mixed signaling and packet data handling architectures.

Siemens Components therefore offer the optimum solution of PCM Interface Controller
for every application:

@® PCB 2050/51: for up to eight ISDN and 16 analog subscribers.

Especially suitable for powerful PABX.
@ PIC PEB 2052: for up to eight ISDN and 16 analog subscribers.

Ideal for price sensitive systems, e.g. small PAX and public exchanges (CO).
@ EPIC PEB 2055: for up to 32 ISDN and 64 analog subscribers.

Suitable as the central PCM processor in new architectures.

The second device used in the advantageous analog line board architecture is the highly
sophisticated Signal Processing Codec Filter (SICOFI®) PEB 2060, fabricated in advanced
CMOS technology. Based on Digital Signal Processing (DSP) methods, in addition to the
standard functions of PCM coding and voice-band limitation that any codec filter features,
the SICOFI provides a variety of user-programmable filters for impedance matching, 2/4-wire
hybrid balancing, analog and digital gain adjustment as well as frequency response
correction.

A sophisticated level of performance can therefore be achieved under complete software
control. The use of external components or trimming procedures is completely avoided.

For impedance adjustments, the related filter implements a feedback loop to modify the
SLIC’s termination impedance. It can handle any complex impedance level, resulting in
optimized return loss for all subscriber line conditions. In a similar manner, the hybrid
‘balance filter can be programmed for optimal balance between the transmit and receive
side and for minimum echoes.

For accurate adjustment of the gain in receive and transmit directions, four independently
programmable filters can vary the level of the analog voice signal in a range of + 22 dB.

Independently of the actual gain setting, the device still holds the specified transmission
performance. Similar to the level control, the SICOFI contains digital filters in receive and
transmit directions, which allow modification of the frequency response characteristics.
Further features attractive for the realization of flexible exchange systems are selectable
A/u law coding, three-party conference support, supply voltage supervision, hardware
and software reset, power-down mode and on-chip reference voltage. Different loopback
modes enable both the line board and the total system to be tested during operation.
The SICOF! can hook up directly to virtually any commercial SLIC, because of its flexible
signaling interface consisting of ten ports. Three are dedicated to the status of voice
transmissions and three to receptions. The remaining four can be programmed individually
as either transmit or receive ports.
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Due to the fact that the SIFOFI needs extended control information, a message-oriented
protocol is used for byte transfer via the SLD bus. Two bits in each control byte are used
to define three different classes of commands, which contain information about the
configuration of the SICOFI, the coefficient exchange and the number of subsequently
transmitted data bytes. Per frame and direction, one control byte is transferred between the
SICOFI and the PBC. With the appropriate commands, data can be written into or read
back from the SICOFI. Selection of one of the two SICOFIs connected to one SLD port
is accomplished by an address bit in the feature control byte. For programming the device
in the information usually is transferred via the HDLC link to the PBC, but all programming
can also be done by means of an onboard microprocessor.

There are numerous good reasons why, the world over, major attention is given to digital
signal processing methods. Compared to analog filtering, digital processing does not need
precision elements, allows much higher accuracy along with precisely predictable
transmission behavior including noise. It makes the device less sensitive to parameter
fluctuations such as drift with temperature or aging, and, moreover, it provides excellent
power supply rejection, better testability and crosstalk behavior of the circuit.

In addition, the DSP technique allows a better and easier shrinking of the device and the
implementation of codec/filter functions for two and more subscribers on one chip, which
is not economical or completely unpossible with switched capacitor methods. The next
development stage will produced a Dual Channel Codec Filter (SICOFI-2) PEB 2260 that
performs the functions of the SICOFI-1 PEB 2060 for two subscribers in one chip. Moreover
the CMOS device can be programmed to communicate either with SLD (PBC/PIC) or with
IOM-2 (EPIC) compatibie PCM interface controller.

As shown with the SICOFI the DSP approach, in a costsaving and programmable manner,
allows the realization of new functions which would be very expensive or impractical in
the analog domain.

The all-over flexibility of the unique device concept gives the user the capability for designing
a standard line card which can be customized for each application under software control.
The SLD architecture leads to a highly modular line board configuration with low wiring,
reduced board area and, depending only on the SLIC to be used, very few discrete
elements. Moreover, since the peripheral board controller an the SLD bus concept are also
key elements of Siemens IOM (ISDN Oriented Modular) VLSI family, a high degree of
upward compatibility and modularity is achieved in fully digital voice and data communication

~ +,
Sysiems.
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Frame Structure of the SLD Bus

Subscriber Subscriber Line Board ——————————==— Backplane
I DR
®
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DIR Receive l Transmit
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Voice/ Voice/
Data Data
Feature Feature
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Signaling Signaling

Advantages of Siemens Line Board Concept

System specific PCM interface is represented by a simple general line board internal
interface (SLD bus)

Pin and hardware reduction for codec filter circuit

Reduced line board wiring; per-line structure avoids cross-wiring

Design of one standard line board which can be customized for each requirement
through complete software controi

Decoupling of subscriber line devices from the system clock

Transparency between control and PCM data

SLD concept is upward-compatible with Siemens ISDN circuit family

Multiple source for SLD circuits
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Analog Subscriber Board for up to 16 Subscribers
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CLK Clock
DIR Direction SIGS  Signal strobe
SCLK Slave clock SLIC  Subscriber line interface circuit
SICOFI Signal-processing codec filter SYP Synchronization
The SLD Interface

The SLD bus is used by the PRC to interface with t

aitthans r lima Aa
usead nenace th the subscr (]

iber line devices. A Seiial
Interface Port (SIP) is used for the transfer of all dlgltal voice and data, feature control
and signaling information between the individual subscriber line devices, the PCM highways
and the control backplane. The SLD approach provides a common interface for analog
or digital per-line components. Through the PBC, which will be the key device in the SLD
architecture, the PCM data is transparently switched onto the PCM highways. The PBC
will make analog and digital subscriber line boards plug-compatible in a line equipment
rack.

There are three leads connecting each subscriber line device and the PBC: two common
clock signals shared among all devices, and a unique bidirectional data lead for each
of the eight SIP lines. The Direction signal (DIR) is an 8-kHz clock output from the PBC
(master) that serves as a frame sync to the subscriber line devices (slave) as well as a
transfer indicator. The data are transferred at a 512-kHz rate, clocked by the Subscriber
Clock (SCLK). When DIR is high (first half of the SLD 125 us frame), four bytes of digital
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data are transmitted on the SLD bus from the PBC to the slave (receive direction). During
the second half of the frame when DIR is low, four bytes of data are transferred from the
slave back to the PBC (transmit direction).

Channel B1 and B2 are 64-kbit/s channels reserved for voice or data to be routed to and
from the PCM highways. In an application where one SICOFI is connected to a SIP, voice
is received on channel B1 and transmitted on channel B1 and B2. For a three-party
conference, channel B2 is the third-party voice channel. If two SICOFIs are connected
to one SIP, channel B1 is assigned to one and channel B2 to the other SICOFI. Conferencing
is not possible in this configuration. With digital subscriber line devices the two bytes can
be used to carry 64-kbit/s data channels. The third and sixth byte locations are used to
transmit and receive control information for programming the slave devices The last byte
in each direction is reserved for signaling data.

Switching Network

Supervision and control of the entire system, including connection setup, maintenance
and testing, is performed in a powerful central processing unit. Besides this, the through-
switching of PCM channels is done in a switching network unit, whereas the tasks of a
frame alignment unit are to interface PCM transmission routes with the switching system.
Digital exchanges put calls through by newly arranging the speech signals coded with
8-bit words (PCM slots). The code words are transmitted serially on PCM lines. The sampling
frequency of 8 kHz produces PCM frames with a duration of 125 ps. The transmission
rate on the line determines how many code words (speech channels) can be accommodated
within a sampling period. With a data rate of 2048 kbit/s for example, there are 32 time
slots of 8 bits each. Four lines with a data rate of 8192 kbit/s have a transmission capacity
of 512 channels.

In a digital switching matrix one distinguishes betwen two basic switching principles:

@ time division muitiplex

@ space division multiplex
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A method that is frequently used involves a combination of the two principles, this being
called space/time division multiplex. The figure illustrates the different principles.

Time/Division Multiplex

TS0 TS1 TS2 TS3 TS0 TS1 TS2 TS3
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Characteristic: the timing of the code words is changed

Space/Division Multiplex

TS0 TS0
Line 1 Al t 1
Line 2 Bt Al 2
Line 3 ¢ B 3
Input Timing Output Timing

Characteristic: the code words retain their timing,
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In time division multiplex only the time slot is altered during switching. All signals from a
certain input PCM line are switched to a fixed output line, only the time-slot sequence may
change.

In space division multiplex incoming PCM data are only rearranged in space. The input
time slot equals the output time slot. However, input from one PCM line can be switched
to different output lines.

Siemens Components Group offers devices which take into consideration the needs for
efficient realization of these tasks. One of the switching network circuits offered is the
Memory Time Switch in CMOS (MTSC) PEB 2045, which has the ability to connect any
of 512 incoming PCM channels to any of 256 outgoing PCM channels on a single chip.
A non-blocking switch for 512 subscribers can be built up with two devices only. A further
expansion can be realized very easily too. Different kinds of operation modes enable the
use of the MTSC PEB 2045 in 2.048 Mbit/s, 4.096 Mbit/s and 8.192 Mbit/s or mixed
PCM systems.

As an additional feature the MTSC PEB 2045 together with an Advanced CMOS Frame
Aligner (ACFA) PEB 2035 can realize the system interface of up to four primary multiplex
access lines.

The Memory Time Switch Small (MTSS) PEB 2046 is a smaller version of the MTSC
PEB 2045 performing time/space switch functions for a non-blocking switch of 256 sub-
scribers.

Primary Access Applications

Applications for the primary rate interface include trunk lines between public central office
(CO) exchanges, from a PBX to a CO, interlinking PBXs, the gateway connecting a LAN
to the public network or a PBX, interlinking LANSs, interfacing a large computer or data
intensive terminal (e.g. CAD graphics) with CO or a PBX etc.

To facilitate the design of equipment for these applications, Siemens has developed an
architecture which optimizes the required functions on the following four integrated circuits:

PEB 2235 ISDN Primary Access Transceiver (IPAT™)
PEB 2035 Advanced CMOS Frame Aligner (ACFA)
PEB 2045 Memory Time Switch CMOS (MTSC)

SAB 82520/SAB 82525 High-level Serial Communications Controller (HSCC/HSCX)

The functional architecture for the primary access chip set is shown on page 42.

The IPAT, together with the ACFA, implement the layer-1 physical interface. They are
connected to the other primary access devices over the internal primary highway. The
HSCC/HSCX is a powerful communications controller which handles protocol oriented
signaling (X.25 LAPB, ISDN LAPD) by accessing the signaling channel on the internal
primary highway. The MTSC is an equally powerful switching device which connects the
internal primary highway to a variety of possible system interfaces (2048, 4096, 8192 kbit/s.
All of these devices can be readily accessed and controlled via the microprocessor inter-
face.
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The IPAT is a monolithic line driver for primary access lines of either the PCM 24
(T1, N. America/Japan) or PCM 30 (CEPT, W. Europe) standards. In the receive direction,
the device recovers the clock and data signals from the line and forwards them to the
ACFA.

The IPAT is transparent to the received line code. In the transmit direction, the device takes
the signal received from the ACFA and forms it into transmission pulses according to CCITT
recommendations for the PCM 30 or AT & T's DMI specifications for PCM 24.

Correspondingly, input/output jitter requirements comply with both CCITT and AT&T
specifications.

Basic Connections in a Digital Switching System
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Frame alignment for all commonly used framing and multiframing formats is performed
by the ACFA. The device synchronizes the transmit and receive signals, interfaces the data
rate from the line to the 2048 kbit/s internal highway and codes/decodes one of three
selectable line codes.

For PCM 24, this transmission code can be either B8ZS or AMI-ZCS whereas for PCM 30,
it is always HDB3. Alarms and error conditions are reported to the microprocessor via
a maskable interrupt line. The ACFA can also be used for various signaling schemes.
Rather than using the HSCC/HSCX, signaling information can be handled by a less intelligent
communications controller without programmable time-slot access. For such devices, the
ACFA provides the required signaling information via special purpose pins. Additionally,
the ACFA has a DMA interface for transferring signaling information to/from a microprocessor
controlled memory. Finally, signaling data can be accessed directly via the microprocessor
interface.

A Quad Primary Access Interface and Switch realized with 11 CMOS Devices.

Line Dual Rail Internal syfsrefm
Primary Interface

pertoce erfce Highway 2048/6096/
i 1544 /2048 kbit/s l 2048kbit/s i 8192 kbit/s
——l>

AL | -

1
i |
pot)—————
H— — PEB 2045
MTSC
AL .
— - — ' I
:] [ PEB 2235 PEB 2035
oar™ || acka - H -
AL -—
SAB 82525
HSCX
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SIEMENS
Advanced CMOS Frame Aligner (ACFA) PEB 2035

Preliminary Data ) CMOS IC

Type Ordering Code Package
PEB2035-C | Q67100-H8358 | C-DIP 40

PEB 2035-P Q67100-H8359 P-DIP 40

Introduction (PEB 2035; Version A)

The Advanced CMOS Frame Aligner PEB 2035 (ACFA) is a monolithic CMOS device which
implements the interface to primary rate PCM carriers. It may be programmed to operate
in 24-channel (T1) and 32-channel (CEPT) carrier systems.

The ACFA features include: selectable multiframe (six multiframe formats), error checking
(CRC4, CRC6), multiple line codes (HDB3, B8ZS, AMI), and programmable signaling paths.
The device meets the newest CCITT recommendations for primary rate interfaces and the
AT&T Digital Multiplexed Interface specifications (DMI). Controlling and monitoring of the
device is performed via a parallel eight-bit microprocessor bus.

The circuit contains a two-frame elastic memory which ensures wander absorption between
the PCM carrier and a synchronous, system internal highway.

All signaling types — CCS, CAS and bit-robbed signaling - are supported by the ACFA.
In addition, the ACFA allows flexible access to facility data link and service channels.
Extensive testing capabilities are included.

The ACFA is suitable for use in a wide range of voice and data applications such as the
connection of digital switches and PABX's to host computers (S1/S2 interfaces), the
implementation of primary ISDN subscriber loops, and the connection to primary rate fibre
optical transmission systems.

The ACFA is available in either 40 pin DIP or 44 pin PL-CC packages. As with all of the
ISDN circuits from Siemens, the ACFA has been implemented in advanced CMOS technology.
Total power consumption is less than 100 mW. ’

Features

Serial Interface to Line Interface Unit

@ Frame alignment/synthesis for 2048 kbit/s (CEPT, PCM 30) and 1544 kbit/s
(T1, PCM 24) PCM
® Meets newest CCITT Rec's (G703, 704, 732, 733, Nov. 1984) and AT &T technical
advisories (DM, April 1985)
® Programmabile formats for: PCM 30: Doubleframe, CRC Multiframe
PCM 24: 4-Frame Multiframe (F4), 12-Frame Multiframe
(F12, D3/4), Extended Superframe (ESF),
Remote Switch Mode (F72)
@ Selectable line codes (HDB3, B8ZS, AMI with ZCS)
@ Unipolar NRZ for interfacing fibre optical transmission routes
® Error checking via CRC4 or CRC6 procedures
@ Insertion and extraction of alarms and facility signaling
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Serial Interface to System Internal Highway

System clock frequency of either 4096 kHz or 8192 kHz

Selectable 2048/4096 kbit/s system internal highway with programmable recelve/transmw
shifts

Two-frame deep elastic receive memory for receive route clock wander and jitter
compensation

One frame elastic transmit memory (PCM 24 mode only) for transmit route clock
wander and jitter compensation

Two different time-slot assignment procedures in PCM 24 mode

Support for different signaling schemes

Channel loop back capabilities

Channel parity error monitoring

Microprocessor Interface

@ Parallel, demultiplexed microprocessor interface for random access to control and status
registers
@ Alarm interrupt capabilities
® Access to different signaling information:
-Sn, Si-bits (register)
-SN-bits (5 byte stack)
-FDL bits with the possibility of mixed insertion
-CCS, CAS-CC (common channel), CAS-BR (bit robbing) via 2/3 byte stacks
with DMA/interrupt support
@ Extensive test and diagnostic capabilities

General

® Advanced CMOS technology
® Low power consumption (<100 mW)
® Packaging: 40-pin DIP/DIC, 44-pin PL-CC

Important Remarks

If it is planned to use future design versions of the ACFA (e.g. ACFA- VB1) which will
meet newest CCITT recommendations and actual requirements of the market, SOFTWARE
development should take into account that

@ unused control bits have to be programmed with a logical ’0°, although they are set
to logical "1’ when reading the assignend registers,

@ future design versions will have more status bits than now,

® future design versions will no longer support the HDB3 Full Error Detection mode.

Introduction; (PEB 2035; Version B)

In addition to the features of PEB 2035 (ACFA) version A, the version B includes functions
which meet the newest CCITT and FTZ recommendations plus some additional features
requested by the market.
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The most important new functions are the clear channel capability (PCM 24) and the
extented support of the synchronization algorithm recommended by FTZ (PCM 30, Deutsche
Bundespost).

There are no differences in packaging, pin functions or hardware interfaces between the
ACFA’s version A and version B.

General
Additions to PCM 30 Mode

Slip direction indication [RSR.SDI].

Extended HDB3 error detection 0000’ string detection, CCR.EXTD]. HDB3 full detection
mode no longer supported.

Indication of a CRC error in received submultiframes [SEI.SI1, SELSI2] and selectable
automatic insertion in Si bit position of outgoing CRC multiframe [XSP.AXS].

Multiframe synchronous updating of Si bit information.

Additional alarm interrupt sources for start of transmit and receive CRC multiframes
[XSP.MXMB,XSP.MRMB] in conjunction with auto-reset muitiframe status flags enable
multiframe synchronous access to Si and Sn bit information.

Extension of CRC error counting (switchable 10-bit counter) simplifies CRC error limit
detection [CECX,CE8,CECX.CE9,RC0.ECE].

Two transparent modes for time-slot 0 in transmit direction [XSP.TT0,XSP.TT0S] extend
test capabilities and access to Sn and Si bit information via the system interface.
Improved sychronization procedures.

Single frame mode [LOOP.SFM] of receive speech memory for short data delays in
master/slave applications.

Error on receive line [ARS.ERL] flags that signals at line inputs RDIP,RDIM) are both
active. This alarm may occur if line interface unit (e.g. PEB 2235, IPAT) detects bad signal
levels on receive line.

Repeated transmission of the signaling information (last byte of XSIG, transmit signaling
stack) simplifies realization of HDLC procedures via board processor.

Additions to PCM 24 Mode

Clear channel capabilities for applications in mixed voice/data or data-only environments,
especially when using bit robbing signaling schemes and pure AMI line coding with
zero code suppression (B7 stuffing). Selection of 'clear’ channels is done by program-
ming three byte register bank CCB1... CCB3 [enabled by CPY.SWTCH].

Extension of CRC error counting (switchable 10-bit counter) simplifies CRC error limit
detection [CECX,CE8, CECX.CE9, RC0.ECE].

Error on receive line [ARS.ERL] flags that signals at line inputs RDIP, RDIM are both
active. This alarm may occur if line interface unit (e.g. PEB 2235, IPAT) detects bad
signal levels on receive line.

Repeated transmission of the last signaling information (last byte of XSIG, transmit
signaling stack) simplifies realization of HDLC procedures via board processor.
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Logic Symbol [
Voltage Supply ———— Sync. System
Y 4096/8192kHz | Clocks
% Ves  SYPQ SCLK
Optical —=ROID oo %S
Interface X010 ROO PCM
Rec. Route Clock RRCLK X01 Highway

154412048 kHz |

EB%; 3to6 ) )
] PCM PEB 2035 @ Signaling

IPATWI Carrier ACFA Support

] Interface) XDP
XDOM 2to3

Parity
Transmit ! XRCLK <:—:ﬁ> Test

Route Clock - -
1544/ 2048 kHz |

"2 e XTOP
?ecsr": [ggtrgte'rl; f——— XTOM RESQ fe—— Reset

- |respa
Frame Sync. CEQ WRQ RDQ COS AQ0-3  D0-7 AINT

jiRd

pP Interface

ISDN Primary Access Transceiver (IPAT) PEB 2235 for receive line clock recovery, TTL/line
voltage translation and pulse shaping.

Note: Some pins have mode dependent functions and thus may appear more than once
in the logic symbol.
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Pin Configurations
(top view)
PL-CC-44
il
z
< -
4 @® <
w w W
£ g%
> ~ ¥
a > b4 a EQ S5
I EEEREEEEE
5 4321

RSIGM/RREQ
Vss

XCHPY
ACKNLQ/XSIG "

PEB 2035 X0

ROID/ XRCLK
sypa

ROIP

RDIM

RRCLK

P-DIP-40
xtom 1 == 40 :] XTOP
roo [ ]2 39[ ] xoom
oFPY/AINT/FREEZS "3 38 ] xoop
retey [ o [ xReLk/RMFe
rFspa [ 5 36 [] xs16M/ xReQ
xoro/xma"[ |6 35| RsiGM/ RREQ
oo[]7 3 vas
o1[]s 5[] xcHey
02[]9 32[[] AcknLa/xsiG”

03[ 1 PEB 2035 3 Dnssa

ou[] 30[]xor

os[]n 2 JROID/XRCLK 0
os ] 28(]svea

o7[} 21[Jrore

Vo [ 26 ] romm

a0 [ 25 [ ] RRCLK

ar [ 2 []scuk

az[]8 23(]cos

a3 22[]cea
roa[] 20 1[|wra

" The function of the pin is mode dependent (2048/1544 kbit/s PCM)
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Pin Definitions and Functions

PL-CC
Pin No.

P-DIP
Pin No.

Symbol

Input (I)
Output (0)

Function

44
3

40
1

XTOP
XTOM

0]

Transmit Text Data OUT Plus

Transmit Test Data OUT Minus

PCM (+) and PCM (—) output signals which may
be used for diagnostic loopback. Data will con-
tinue to be transmitted during AIS transmission
at XDOP/XDOM. The line code is determined
by the bits MODE.PMOD and MODE.CODE.
Output sense is selected via bit XC0.XTDS
(after RESET :active low). Timing specifications
are equivalent to XDOP/XDOM.

RDO

Receive Data OUT

Received data which is sent to the system in-
ternal highway with 4096 kbit/s or 2048 kbit/s
(bit MODE.IMOD). Data is clocked with the
falling edge of SCLK. The delay between the
beginning of time-slot 0 and the initial edge of
SCLK (after SYPQ goes active) is determined
by the values of Receive Time-slot Offset
RC1.TRO and Receive Clock Offset RC0.RCO.
Additionally for PCM 24, the time-slot assign-
ment between route and system side is se-
lected via bit MODE.CTM.

DFPY
FREEZS

AINT

PCM 30: Doubleframe Parity

Every parity signal which supplements the

number of ones of a received doubleframe to

an even quantity. The parity signal is sent out

during the following doubleframe (data chan-

ges four SCLK cycles before the next double-

frame begins).

PCM 24: Freeze Signaling

Synchronization status signal which informs

the signaling processor that current signaling

should be frozen. This signal goes actife if

- one or more framing bit errors are found in
a superframe,

- loss or receiver synchronization, or

- a receipe slip is detected

It is cleared after an error-free superframe.

FREEZS will be inhibited by setting bit RCO.

DFRZ. During alarm simulation, this signal goes

active during simulation steps 2 and 6 if not

disabled via RCO.DFRZ.
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Pin Definitions and Functions (cont'd)

PL-CC

P-DIP

Input (1)

Pin No.| Pin No,| SYmbo! Output (0)| Function

5 3 AINT O Alarm Interrupt
Setting bit CCR.AINT switches the output to the
Alarm Interrupt function. It is triggered by any
of the alarm sources which are enabled via
register MASK. Acknowledging is done by
writing a “1” to bit LOOP.AIA.

6 4 RCHPY 0] Receive Channel Parity
Even/Qdd parity signal which supplements the
number of ones of a received channel to an
even/odd quantity while sending channel data
to output RDO. The parity type is programmed
by bit RCO.RPYS.

7 5 RFSPQ 0] Receive Frame Synchronous Puise
(Active Low)
Framing pulse derived from the received PCM
route signal. During loss of synchronization
(bit RSR.LOS), this pulse is suppressed (not
influenced during alarm simulation).
Pulse Frequency: 8 kHz
Pulse Width: 488 ns [PCM 30]

648 ns [PCM 24]
8 6 XOID/ (0] PCM 30: Transmit Optical Interface
XMFB Data

Unipolar NRZ data sent to fiber optical inter-

face with 2048 kbit/s. The output sense is pro-

grammed via bit XC0.XDOS. Data is clocked
with the rising edge of XRCLK.

PCM 24: Transmit Multiframe Begin

"Marks the beginning of every transmitted su-
perframe (used for synchronizing). Additional
pulses are provided which mark

- frame 13 of the ESF-format to allow access
to the data link channel. The flag MRF.XMB
marks the multiframe begin.

- every 12 frames when using the F72 format.
The additional status flag MFR.XRS marks
the beginning of the DL-channel.

The pulses which are normally two frames

‘long may be reset by writing a “1” to the
acknowledge bit XFDL.XMAK.
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Pin Definitions and Functions (cont'd)

PL-CC

P-DIP

input (1)

Pin No.| Pin No.| SYmbol Output (0)| Function Bus
9 7 DO 1/0 Data Bus

10 8 D1 8-bit bi-directional tristate data lines which

11 9 D2 interface with the system’s data bus. These

12 10 D3 lines carry data and control/status information

13 11 D4 to and from the ACFA.

14 12 D5

15 13 D6

16 14 D7

17 15 Voo | Power +5 V Power Supply

18 16 AOQ I Address Bus

19 17 A1 These inputs interface with four lines of the

20 18 A2 system’s address bus to select one of the

21 19 A3 internal registers. Write access to address “OE”
and “OF” is not allowed.

22 RDQ | Read Enable (Active Low)
This signal indicates a read operation. If both
CEQ and RDQ are active, status information
of the registers selected via A0-A3 will be read
from the ACFA. If access to the internal signal-
ing stacks is enabled by setting bit XC0.ISIG,
the data from the stack: RSIG may be read
when ACKNLQ and RDQ are active.

25 21 WRQ I Write Enable (Active Low)
This signal indicates a write operation. If both
CEQ and WRQ are active control information
may be written.to the registers selected via
A0-A3. If access to the internal signaling stacks
is enabled by setting bit XCQ.ISIG data may be
written to the stack XSIG when ACKNLQ and
WRQ are active. ‘

26 22 CEQ I Chip Enable (Active Low)
A low signal enables normal read/write access
to the internal registers.

27 23 CcOSs | Carrier OUT of Service

A high signal at this input enables transmission
of AIS via outputs XDOP, XDOM, and XOID
without any framing structure.
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Pin Definitions and Functions (cont'd)

PL-CC
Pin No.

P-DIP
Pin No.

Symbol

Input (1)
Output (0)

Function

28

24

SCLK

System Clock
Working clock for the ACFA with a frequency
-of 4096 kHz or 8192 kHz (selected by bit
MODE.SCLK)

29

25

RRCLK

Receive Route Clock
Extracted from the incoming data pulses by
the line interface unit (e.g., IPAT, PEB 2235).
Clock Frequency: 2048 kHz [PCM 30]

1544 kHz [PCM 24]

30
31

26
27

RDIM
RDIP

Receive Data in Minus

Receive Data in Plus

Inputs for received dual rail PCM (+) and PCM

(—) route signals which will be latched on

negative transitions of RRCLK. Input sense is

selected by bit RCO.RDIS (after RESET: active

low). Signal decoding depends on the PCM

mode selected via bit MODE.PMOD:

- PCM 30: HDBS line code with 2048 kbit/s

- PCM 24: If optical interface mode is disabled
the selected line code with 1544 kbit/s de-
pends on bit MODE.CODE (B8ZS or AMI with
B7 stuffing). After enabling optical interface
mode via bit MODE.OPT port RDIP will be
switched to input for single rail unipolar data.
In this case, port RDIM has no function.

32

28

SYPQ

Synchronous Pulse

Defines the beginning of time-slot 0 at system
highway ports RDO, and XDI in conjunction
with the values of registers RC0.RCO,RC1.RTO,
CX0.CXO, and XC1.XTO.

Pulse Cycle: Integer multiple of 125 us.

33

29

ROID

PCM 30: Receive Optical Interface

Data

Unipolar data received from fiber optical inter-
face with 2048 kbit/s. The input sense is pro-
grammed via bit RCO.RDIS. Data is clocked on
the falling edge of RRCLK if optical interface

mode is enabled via bit MODE.OPT.
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Pin Definitions and Functions (cont'd)

PL-CC
Pin No.

P-DIP
Pin No.

Symbol

Input (1)
Output (0)

Function

33

29

XRCLK

PCM 24: Transmit Route Clock

Inputfor 1544 kHz transmit route clock provided
from an external clock generator. To avoid
transmit slips it must be phase locked to a
common submultiple of the system clock SCLK
such as 8 kHz. In case of an error condition
reported via bit ASR.XSLP the transmit time-slot
counter has to be set to its initial start position
by programming its offset value XC1.XTO.

34

30

XDl

Transmit Data IN

Transmit data received from the system internal
highway with 4096 kbit/s or 2048 kbit/s (bit
MODE.IMOD). Data is clocked on the falling
edge of SCLK. The delay between the begin-
ning of time slot 0 and the initial edge of SCLK
(after SYPQ goes active) is determined by the
values of Transmit Time-Slot Offset XC1.XTO
and Transmit Clock-Slot Offset XC0.XCO. Addi-
tionally, for PCM 24 the channel/time slot cor-
respondence between route and system side
ist selected via bit MODE.CTM.

35

31

RESQ

RESET (Active Low)

A low signal will initialize all internal flipflops.
The ACFA is switched to PCM 30 mode. All
output stages are tristated while RESQ is
active.

36

32

ACKNLQ

DMA Acknowledge (Active Low)

If access to internal signaling stacks is enabled
via bit XCO.ISIG this input acts as an “access
enable” to the internal stacks RSIG and XSIG
in conjunction with a read/write command with-
out the need of generating the chip enable
signal CEQ. In this case is should be connected
to the acknowledge output of the DMA con-
troller to enable I/0-to-memory transfers.
PCM 30

No function if XCO.ISIG is set to “0”. In that
case this input has to be fixed either to Vyp
orto Vgs.
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Pin Definitions and Functions (cont'd)

PL-CC
Pin No.

P-DIP
Pin No.

Symbol

Input ()
Output (0)

Function

36

32

XSIG

PCM 24: Transmit Signaling Data

If XCO.ISIG is set to “0” the external signaling
mode is enabled. This port acts as input for
the signaling data requested by the marker
XSIGM. Data is clocked on the falling edge of
SCLK. If not used port XSIG should be tied
to port XDI.

37

33

XCHPY

Transmit Channel Parity

Externally generated even/odd parity signal
which supplements the number of ones of each
transmit channel on XDI to an even/odd quan-
tity. Latching of data on XCHPY is coincident
with latching of the LSB (bit 8) of the cor-
responding time slot if the external transmit
channel parity mode is enabled via bit XCO.EPY.
The parity type is programmed by bit XCO.EPYS.
NOTE: To avoid difficulties for external parity
generation the parity signal related to channeis
with signaling information is adjusted inter-
nally.

38

34

GND (0 V)

39

35

RSIGM

Receive Signaling Marker

- PCM 30: Marks time slot 16 of every received
frame at pin RDO.

- PCM 24: When using CCS or CAS-CC signal-
ing schemes (bit MODE.SIGM = 0) RSIGM
marks

a) time slot 31 (speech channel 24) in channel
translation mode 0 (bit MODE.CTM = 0)

b)time slot 23 (speech channel 24) in channel
translation mode 1. Setting bit FMR.SM24
shifts the marker to time slot 16
(speech channel 17).

When using the CAS-BR signaling scheme,

every six frames the robbed bit of each channel

is marked.
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Pin Definitions and Functions (cont'd)

PL-CC | P-DIP Input (1)
Pin No.| Pin No.| SYmbel Output (0)

39 35 RREQ (0] Receive Request

If access to the internal signaling stacks RSIG

and XSIG is enabled via bit XC0.ISIG, this pin

acts as a DMA or interrupt request. It requires

the controller to read the stack RSIG.

RREQ will be held active until the first read

access to RSIG is finished. It will be generated

- PCM 30: once a double frame

— PCM 24: every three frames in CCS/CAS-CC
mode, or once a signaling frame (every six
frames) at CAS-BR mode.

The output will be cleared with the first read

access to RSIG.

40 36 XSIGM/ 0} Transmit Signaling Marker

XREQ Its function is equivalent to RSIGM for the data
stream at ports XDI and XSIG

(XSIG: PCM 24 mode only).

Transmit request

Its function is equivalent to RREQ for writing
data to the stack XSIG.

41 37 XRCLK/ (0] PCM 30: Transmit Route Clock

RMFB 2048 kHz clock derived from the internal clock

of 4086 kHz.

PCM 24: Receive Multiframe Begin

Marks the beginning of every received super-

frame (used for synchronizing). Additional pul-

ses are provided which mark

- frame 13 of the ESF format to allow access
to the data link channel. The flag MFR.RMB
marks the multiframe begin.

- every 12 frames when the F72 format is used.
The additional status flag MFR.RRS signals
that the first six bits of the DL-channel have
been received (RMFB goes active with the
beginning of frame 37 of the F72 multiframe).
The pulses which normally are two frames
long may be reset by writing a “1” to the
acknowledge bit XFDL.RMAK.

Function
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Pin Definitions and Functions (cont'd)

PL-CC | P-DIP Input (I) .

Pin No.| Pin No.| SYmbol Output (0)| Function

42 38 XDOP 0] Transmit Data OUT Plus
43 39 XDOM Transmit Data OUT Minus

Outputs for transmitted dual rail PCM (+) and

PCM (—) route signals which will be clocked

on rising edge of XRCLK. Output sense is se-

lected by bit XCO0.XDOS (after RESET: active

low). Signal encoding depends on the selected

PCM mode

(MODE.PMOD):

- PCM 30: HDB3 line code with 2048 kbit/s

- PCM 24: If optical interface mode is disabled
the selected line code with 1544 kbit/s de-
pends on programming bit MODE.CODE
(B8ZS or AMI with B7 stuffing). After enabling
optical interface mode via bit MODE.OPT
port XDOP will be switched to output single
rail unipolar data with 100% duty cycle.
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Block Diagram
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1 = =
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1 ROID F———1 l 1 | ‘ g RMFB
L L % XMFB 1)
RDIP |=} Receive ) Receive
Link Receiver Speech ROO
ROIM = Interface | Memory
gl w Wb 2| £ - V88 =
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XTOP ——l ————— XCHPY
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Interrupt Register Register Stacks
C0S AINT D A3-0  D7-0 RDQ WRQ CEQ RESQ

The ACFA comprises complete paths for receive and transmit direction for connecting
the primary access line interface unit to the system internal PCM highway:

The receive/transmit link interface with encoder/decoder and alarm detectors connects
the ACFA to the line interface unit (e.g. IPAT, PEB 2235).

The receiver/transmitter perform frame alignment/synthesis, CRC checking/generation,
alarm and signaling extraction/insertion.

The receive/transmit speech memory compensates the wander and jitter of the assigned
route clock. Time-slot assigment to the system internal highway is also handled via this
memory.

The parallel microprocessor interface can be used for controlling and monitoring of all
functions and alarms as well as extraction and insertion of signaling data. Additionally,
a Direct Memory Access (DMA) interface and bundel of specific signals enable powerfull
support for a varity of possible external signaling controliers.
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Functional Description

General Functions and Device Architecture

1 Receive Path
Receive Link Interface

For data input, two different data types with selectable input sense are supported:

@ Dual rail data (PCM[+], PCM[-]) at ports RDIP, RDIM received from a line interface unit
(e.g. PEB 2235, Siemens ISDN Primary Access Transceiver, IPAT)

@ Unipolar data at port ROID (PCM 30) or at port RDIP (PCM 24) received from a fibre
optical interface.

Latching of data is done using the falling edges of the Receive Route Clock (RRCLK,

2048 kHz or 1544 kHz) recovered from the PCM receive data stream. Dual rail data is

subsequently converted into a single rail, unipolar bit stream. In PCM 30 mode, the HDB3

line code is used along with double violation detection or full code violation detection

(selectable). In PCM 24 mode, a selection between B8ZS or simple AMI (ZCS) coding is

provided. In this case, all code violations that do not correspond to zero substitution rules

will be detected.

These errors increment the code violation counter.

When using the unipolar input mode, the decoder is by-passed and no code violations

will be detected.

Additionally, the receive link interface comprises the alarm detection for AIS (Alarm

Indication Signal: unframed bit stream with constant logical 'one’) and NOS (no signal:

input signal with an insufficient bit rate or an insufficient density of ones).

The single rail bit stream is then processed by the receiver.

Receiver

For both the PCM 30 mode and the PCM 24 mode the following functions are performed:

@ Synchronization on pulse frame

@® Synchronization on multiframe

@ Error indication when synchronization is lost. In this case, AlS is sent to the system side.

@ Initiating and controlling of resynchronization after reaching the asynchronous state.

This may be automatically done by the ACFA, or user controlled via the microprocessor

interface.

@ Detection of remote alarm indication from the incoming data stream.

@ Separation of service bits and data link bits. This information is stored in special status
registers.

@ Generation of control signals to synchronize the CRC checker, the parity generator,
and the receive speech memory write control unit.

If programmed and applicable to the selected multiframe format, CRC checking of the
incoming data stream is done by generating check bits for a CRC submultiframe (or ESF
multiframe) according to either the CRC 4 procedure (PCM 30, refer to CCITT Rec.
G704 § 2.3.3) or the CRC 6 procedure (PCM 24, refer to CCITT Rec. G704 § 3.1.1.3).
These bits are compared with those check bits that are received during the next CRC
(sub-)multiframe. If there is at least one mismatch, the CRC error counter will be in-
cremented.
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Receive Speech Memory

The speech memory is organized as a two-frame elastic buffer with a size of 64 x 9 bit
or 48 x 9 bit for PCM 30 or PCM 24, respectively (8-bit channel data plus one parity bit).

The functions are:
® Clock adaption between system clock (SCLK) and route clock (RRCLK).
@® Compensation of input wander and jitter. Maximum of wander amplitude:
PCM 30: 95Ul (1 Ui =488 ns)
PCM 24: 63 Ul in channel translation mode 0
39 Ul in channel translation mode 1
(1 Ul= 644 ns)
@® Frame alignment between system frame and receive route frame
@® Reporting and controlling of slips
Controlled by special signals generated by the receiver, the unipolar bit stream is con-
verted into bit-parallel, channel-serial data which is circularly written to the speech memory
using the receive route clock (RRCLK). At the same time, a parity signal is generated
over each channel and also stored in the speech memory.

Reading of stored data is controlled by the system clock (SCLK) and the synchronous
pulse (SYPQ) in conjunction with the programmed offset values for the receive time-siot/
clock-siot counters. After conversion into a serial data stream and parity checking (errors
are reported via the status registers), the data is given out via port RDO. Channel parity
information is output at port RCHPY with selectable output sense. In PCM 24 mode, two
channel translation modes are provided (refer to § 2.3.4). Unequipped time-slots will be set
to 'FF’ hex. For both PCM modes, two bit rates (2048/4096 kbit/s) are selectable via the
microprocessor interface.

A slip condition is detected when the write address pointer and the read address pointer
of the speech memory are nearly coincident. In this case, a negative slip (the next received
frame is skipped) or a positive slip (the previous received frame is read out twice) is
performed, depending on the difference between RRCLK and SCLK.

2 Transmit Path
The inverse functions are performed for the transmit direction.

The PCM data is received from the system internal highway at port XDI with 2048 kbit/s
or 4096 kbit/s. The channel assignment is equivalent to the receive direction. All un-
equipped time-slots will be ignored. Latching of data is controlled by the system clock
(SCLK) and the synchronous pulse (SYPQ) in conjunction with the programmed offset
values for the transmit time slot/clock-slot counters.

Transmit Speech Memory

The transmit speech memory is operational only in the PCM 24 mode. This one-frame
elastic buffer with a size- of 24 x 9 bit (8-bit channel data plus 1 parity bit) serves as a
temporary store for the PCM data to adapt the system clock (SCLK) to the externally
generated transmit route clock (XRCLK), and to re-translate channel structure used in the
system to that of the line side. Its optimal start position is initiated when programming
the above offset values. Normally, XRCLK has to be phase locked to a common submultiple
of SCLK such as 8 kHz. A difference in the effective data rates of system side and
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transmit side may lead to an overflow/underflow of the transmit speech memory: thus,
errors in data transmission to the remote end may occur. This error condition (transmit slip)
is reported to the microprocessor via the status registers. It signals that the external clock
generation is defective.
Maximum wander amplitude in PCM 24 mode:
® Channel translation mode 0: 29 Ul
® Channel translation mode 1: 23 Ul

(1 Ul=644 ns)

Because this is, under normal circumstances, a rare error condition no automatic action
is taken by the transmit speech memory as opposed to the receive speech memory in
the case of a positive or negative slip. In this case the ACFA requires a re-initialization
of the transmit memory by re-programming of the transmit time-slot counter. After that,
this memory has its optimal start position.

In PCM 30 mode, the transmit route clock (XRCLK) is derived directly from the system
clock by an internal clock divider. Consequently, the data received from the system inter-
face is switched through without the need of intermediate storage.

The parity generation/checking mechanism is symmetrical to the receive path. The channel
data is checked with the channel parity information generated internally or externally
(input at port XCHPY with selectable input sense). Errors are reported to the microprocessor
interface. To avoid difficulties with external parity generation, the parity signal for non-speech
data (e.g. signaling data or channels with bit robbing information) is computed internally.

Transmitter

The serial bit stream is then processed by the transmitter which has the following functions:
® Frame/multiframe synthesis of one of the six selectable framing formats

® Insertion of service and data link information

@ Remote alarm generation

Transmit Link Interface

Similar to the receive link interface two different data types with selectable output sense

are supported: »

@ Dual rail data (PCM[+], PCM[-]) at ports XDOP, XDOM with 50% duty cycle transmitted
to a line interface unit (e.g. PEB 2235, Siemens ISDN Primary Access Transceiver, IPAT).
Single rail data is converted into a dual rail bit stream. In PCM 30 mode, the HDB3 line
code is employed. In PCM 24 mode, selection between B8ZS or simple AMI coding
with zero code suppression (B7 stuffing) is provided.

@ Unipolar data at port XOID (PCM 30) or at port XDOP (PCM 24) with 100% duty cycle
transmitted to a fibre optical interface.

Clocking of data is done with the positive transitions of the transmit route clock: XRCLK

(2048 kHz or 1544 kHz). In PCM 30 mode, XRCLK is generated by the ACFA, whereas in

PCM 24 mode it must be generated by an external clock generator.

Additionally, the dual rail outputs XTOP and XTOM are provided for test applications.
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3 Additional Functions

Signaling Support

Generation of all supporting signals to achieve simple access to signaling information
(CCS, CAS-CC, CAS-BR, FDL) at the system interface. In PCM 24 mode, the additional
input XSIG is provided for connection to a bit-robbed signaling controller. Furthermore,
the controlling of the internal signaling stacks is done by this unit.

Alarm Interrupt

Normally, the control of data transmission via the PCM line is done by polling the internal
status registers of the ACFA at equidistant time intervals.

However, for fast error handling the option exists to configure a specific output port as
interrupt port (AINT). This signal may be connected to an interrupt input of the board
processor. Triggering of this output may be caused by up to eight maskable interrupt
sources.

Singie Channel Loop Back

As one of the extended test options, the single channel loop back enables reflection of
a selected channel back to the system interface at port RDO.
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Absolute Maximum Ratings

Parameter Symbol Limit Values Unit
Ambient temperature under bias Ta 0to 70 °c
Storage temperature Tsg —651t0 125 °C
Voltage on any pin
with respect to ground Vs —=0.4Vto Vpp+04V v
DC Characteristics
Ta=01070°C; Vpp=5V £5%; Vos=0V
' Limit Values

Parameter Symbol | min. max. Unit Test Conditions
L-input voltage ViL -0.4 0.8 \
H-input voltage Vin 20 Vop+04 | V
L-output voltage Vou 0.45 v Io,=2mA
H-output voltage Vou 2.4 v Ioy=-—400 pA
H-output voltage Vou Vop—0.5 v Iop=—100 pA
Power supply current Iec 18 mA Vop=5V

Inputs at 0V/Vpp,

no output loads
Input leakage current I, 10 WA OV<Vy<VpptoOV
Output leakage current 1o OV<Voyr<Vpp to OV
Characteristics
Ta=25°C; Vop =5V £5%; V5s=0V

Limit Values

Parameter Symbol min. max. Unit
Input capacitance CnN 5 10 pF
Output capacitance Cour 10 20 pF
110 Cio 8 15 pF
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AC Characteristics
Ta=01070°C; Vpp =5V £ 5%, Vgg=0V

Inputs are driven to 2.4 V for a logical '1’ and to 0.4 V for a logical '0’. Timing measurements
are made at 2.0 V for a logical ’1’ and at 0.8 V for a logical '0’.

The AC testing input/output waveforms are shown in the figure 1.

Figure 1
Input/Output Waveform for AC Tests

20 20
\Tes? Points/ X
o.s/ T

Output load: 150 pF load capacitance in connection with resistive loads for I,, = 2 mA
and I, =—100 uA.

Rise/fall times: 20 ns max.
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uP Interface Timing

Figure 2
uP Read Timing

Read Cycle

- |~
A - AT T Address i(

—-—fR[ ——
(ea N i‘/__\__

== fep | |- tag = —— foy ——
RDQ *

fRD | e fDF —

Do - 07 4 Oata
uP Read Timing

Limit Values
Parameter Symbol min. max. Unit
CEQ and ADDRESS valid to DATA valid tco 120 ns
CEQ and ADDRESS stable before RDQ ter 0 ns
RDQ to DATA valid tap 110 ns
RDQ pulse width trr 120 ns
DATA float after RDQ tor 10 30 ns
CEQ hold after RDQ tre 0 ns
ADDRESS hold after RDQ tra ns
RDQ control interval tri 70 ns
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Figure 3
(P Write Timing

Write Cycle

—— " ——
A0 - A7 )k Address
B fwc————
CEQ J/'__L
fow == = o ™| = ht —
WRQ ’___#\

Fow | g
Do - D7 Data p—m—
ok ]
XMFB 1 N

1) : In connection with assigned values of A0-A3 and DO-D7

uP Write Timing
Limit Values
Parameter Symbol min. max. Unit
CEQ and ADDRESS valid to WRQ valid tow 30 ns
DATA setup before end of write tow 30 ns
DATA hold after WRQ two 10 ns
WRQ pulse width tww 70 ns
CEQ hold after WRQ twe 10 ns
ADDRESS hold after WRQ twa 10 ns
WRQ control interval twi 70 ns
Interrupt acknowledge delay twak 2Xtcps +60 | ns
4xtcpg +80
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Figure 4
DMA Timing

1/0 Read Cycle

ACKNLGxRDQ \

N

—-———— fopg —— fopp —

toor
i |

| —— fDRU —
Do - D7 Data

RREQ.

[/0 Write Cycle

[ foww
ACKNLQ x WRQ. 4(

- f-’.'lDW y

S

—=— frre —"l

towp

Do - 07 _ Data

et — wa[ ——‘

A

I"“‘ fxre "’"’1

XREQ
DMA Timing

Limit Values
Parameter Symbol min. max. Unit
RDQ to DATA valid torD 110 ns
DATA float after RDQ oo 10 30 ns
RDQ pulse width tbrRR 120 ns
RDQ control interval tori 70 ns
RREQ reset after RDQ tRRE 130 ns
DATA setup before end of write toow 30 ns
DATA hold after WRQ town 10 ns
WRQ pulse width toww 70 ns
WRQ control interval tow 70 ns
XREQ reset after WRQ txre 130 ns
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Serial Interface Timing

Figure 5
System Interface Timing

~=tepg | .
CPAL e Trigger Edge
—a— ——— ——  —— /_'_—‘__
SCLK
8192 kHz Y g \ NS
—teps
fepu, - Fepun
igl‘ié kH ) Jﬂq\_f
Z ¥
s tss fsh |

SYPQ 74 ‘\ Y ; ;

= troo™|
ROO f X
RSIGM, XSIGM | M0 niilhg
RMFB, XMFB 1) f
FREEZS

= tovi™|
RCHPY
DFPY i X

—foxg= = foxg ™

XRCLK 21 _1
[PCM 30]
))ég%e l XIS XIH |
XCHPY )L ! :

1 : If not Reset via pP Interface
2) : For Even Values of XC0.XCO, Otherwise Inverted
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System Interface Timing

Limit Values
4096 kHz SCLK 8192 kHz SCLK
Parameter Symbol | min. max. min. Lmax. Unit
SCLK period 8 MHz tcps typ. 122 ns
SCLK period 8 MHz low topsL 40 ns
SCLK period 8 MHz high tcpgH 40 ns
SCLK period 4 MHz tcpa , typ. 244 ns
SCLK period 4 MHz low tcpaL 110 ns
SCLK period 4 MHz high topan 110 ns
SYPQ setup time tss 40 tcps —30 | topg—40 | topg +40 | ns
SYPQ hold time tsy 40 40 ns
SYPQ inactive setup ts tcps +30 2xXtcpg+30 ns
RDO propagation delay trop ' 90 110 ns
Marker propagation delay tus 100 120 ns
Marker hold tMH 100 120 ns
Parity propagation delay teyp 100 120 ns
XRCLK to SCLK delay Isxp 110 130 ns
Transmit data setup tas 30 30 ns
Transmit data hold tan 30 30 ns
Reset Timing
Limit Values
Parameter Symbol min. max. Unit
RESQ low tReL 2000 { ns
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Figure 6
Line Interface Timing
e
~=— tepry—™| |~= FcprL =]

RRCLK  _ /] e

- FRig=—{== Frine—|
ROIP, RDIM N
ROID — ___}—

| fresn | tresp

RFSPQ \JF /\’

XDOP, XDOM
XTOP, XTOM

X01D
xpop

1) : PCM 24, Optical Interface Mode

Line Interface Timing
Limit Values
PCM 30 PCM 24

Parameter Symbol min. ] max. min. max. Unit
RRCLK clock period torR typ. 488 typ. 648 ns
RRCLK clock period low toPRL 220 300 ns
RRCLK clock period high topRH 220 300 ns
Receive data setup tais 30 30 ns
Receive data hold triH 30 30 ns
RFSPQ propagation delay tRFsD 130 130 ns
XRCLK clock period topx 2Xtgpy typ. 648

4 Xtcpg ns
XRCLK clock period low topxL 300 ns
XRCLK clock period high tepxH 300 ns
Transmit data output delay tyxop 50 90 ns
Transmit data output hold txoH 0~ 50 20" 90 ns
* Test conditions: 0°C, C,_ = 50 pF
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ISDN Primary Access Transceiver (IPAT) PEB 2235
Preliminary Data CMOS IC
Type Ordering code Package

PEB 2235-C Q67100-H8604

PEB 2235-P tT Q67100-H8603 T P-DIP-28

The ISDN Primary Access Transceiver IPAT™ (PEB 2235) is a monolithic CMOS device
which implements the analog receive and transmit line interface functions to primary rate
PCM carriers. It may be programmed or hard wires to operate in 24 channel (T1) or
32 channel (CEPT) carrier systems.

The IPAT recovers clock and data using an adaptively controlied receiver threshold. It is
transparent to ternary codes and shapes the output pulse following the AT&T Technical
Advisory # 34 or CCITT G.703. The jitter tolerance of the device meets the latest CCITT
(.431 DRAFT), latest US recommendations (TR-TSY-000312), NTT specification and many
other specifications by AT & T/BELLCORE. Diagnostic facilities are included.

Specially designed line interface circuits simplify the tedious task of protecting the device
against overvoltage damage while still meeting the return loss requirements.

The IPAT is suitable for use in a wide range of voice and data applications such as for
connections of digital switches and PABX's to host computers, for implementations of
primary ISDN subscriber loops as well as for terminal applications. The maximum range is
determined by the maximum allowable attenuation.

The IPAT’s power consumption is mainly determined by the line length and type of the cable.

Features

@ ISDN line interface for 1544 and 2048 kbit/s (T1 and CEPT)
® Data and clock recovery

@ Transparent to ternary codes

® Low transmitter output impedance for a high return loss with reasonable protection
resistors (CCITT G.703 requirements for the line input return loss fulfilied). !

Adaptively controlled receiver threshold
Programmable pulse shape for T1 applications

Jitter specifications of CCITT 1.431 DRAFT, TR-TSY-000312 and many AT&T / BELLCORE
publications met.

Jitter tolerance of receiver: 0.43Ul s

Implements local - and remote loops for diagnostic purposes
Monolithic line driver for a minimum of external components
Low power, reliable 2 p CMOS technology
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Pin Configurations

(top view)
P-DIP-28 PL-CC-28
o~ x @ 5_5_‘
VDURE1 ] 2e:_|vSSR S LYE
3 2 1 287)
rut[]2 21 [JRetk rRL2d% O  26[ROON
LLgs 251 RDOP
Voor [ 13 26 [] roon XTAL 206 apss
XTAL1Q7 230 VY%
RL2[] 4 25 [ ] rooP Lsogs PEB 2235 ;1%
s ] tside  IPAT™  a1hxax
Ls2qg1o 201 XDIP
x1aL2[ 6 23 [Jveso Voox 11 19 XDIN
xL1g12 18FXTIP
XTAL1 [: 7 PEB 2235 2 :] Voo B 1156 17
—o oot
Lso[]s IPAT ™ 21 [ xcLk E; E@ E
LS E 9 20| ] xore
ts2[] 10 19| ] xDIN
Voox [] 11 18] xTIP
xu1[] 2 17[ ] xTIN
Vssx |: 3 16 |TEST
xez[]w 15[ ]RL
Pin Definition and Functions
Pin No. | Symbol | Input (l) Function
Output (O)
1 Voo r | Positive power supply for the receive subcircuits
2 RL1 | Line receiver pin 1
Voo 2 0] Reference voltage output for tapping the input trans-
former
4 RL2 | Line receiver pin 2
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Pin Definition and Functions (cont'd)

Pin No. | Symbol | Input (I) Function
Output (O)
5 LL | Local loopback: A high level selects the device for the
local loopback mode
6 XTAL2 | | Reference clock input: A 24704 or 32768 kHz crystal
7 XTAL1 | reference should be connected to these pins for T1 or
CEPT applications, respectively. It is also possible to
connect an external precision clock to XTAL1 leaving
XTAL2 unconnected. The external reference must be
provided at full CMOS levels.
8 LSO | Line length select: determine to what extent the line output
9 LS1 | signals are preshaped prior to transmission
10 LS2 |
11 Voo x | Positive power supply for transmit subcircuits
12 XL1 (0] Line transmitter pin 1
13 Vas x I Ground for transmit subcircuits
14 XL2 (0] Line transmitter pin 2
15 RL | Remote loopback: A high level puts the device to the
remote loopback mode
16 TEST | Test input not connected or connected to Vjp
17 XTIP | Positive and negative transmit test data inputs, active low,
18 XTIN | half or fully bauded
19 XDIP | Positive and negative transmit data inputs, active low,
20 XDIN | half or fully bauded
21 XCLK 1 Transmit clock
22 Voo o | Positive power supply for the digital subcircuits
23 Vsso l Power ground supply for the digital subcircuits
24 CS | Chip Select: A low level selects the PEB 2235 for a register
write operation
25 RDOP (0] Receive data output positive and negative, fully bauded,
26 RDON o active low
27 RCLK (0] Receive clock
28 Vssr | Power ground supply for receive subcircuits
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Logic Symbol and Wiring
Figure 1
Logic Diagram of the IPAT

Microprocessor
Clock Interface

L
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] XL 1 XDIP *
~— XL2 XDIN
Voo Vss Von2

|1

Supply

* Advanced CMOS Frame Aligner ACFA (PEB 2035) for frame alignment, coding/decoding,
error checking, elastic buffering and facility signaling

Figure 2
External Wiring of the IPAT
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Functional Description

Figure 3

Functional Block Diagram of the IPAT
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Receiver

Basic Functionally

The receiver recovers data from the ternary coded signal at the ternary interface and
outputs it as two unipolar signals at the dual rail interface. One of the lines carries the
positive pulses, the other the negative pulses of the ternary signal.

The signal at the ternary interface is received at both ends of a center-tapped transformer

as shown in figure 4.

Figure 4
Receiver Configuration

Line t
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The transformer is center-tapped at the IPAT-B side. The recommended transmission
factors for the different line characteristic impedances are listed in table 1.

Table 1

Recommended Receiver Configuration Values

Application T CEPT

Characteristic 100 120 75

Impedances [2]

R, £ (2.5%) [Q] 28.7 60 60

t2.'t1 =t2.'(t11 +t12) 69:52 52:52 41:52
69:(26+ 26) 52 (26 + 26) 41:(26 + 26)

Wired in this way the receiver has a return loss
a,>12dB for 0.025f,<f<0.05 f,
a,>18dB for 0.05 f,<f<1.0f,and
a,>14dB for 1.0 f,<f<15f,

with f, being 2048 kHz. Thus is complies with CCITT G.703.

The receiver is transparent to the logical 1's polarity and outputs positive logical 1's on
RDOP and negative logical 1’s on RDON. RDON and RDOP are active low and fully bauded.
The comparator threshold to detect logical 1's and logical 0’s is automatically adjusted
to be 56% of the peak signal level.

Provided the noise is below 10 pV/,/Hz the bit error rate will be less than 10-7. The data
is stable, and hence may be sampled at the falling edge of the recovered clock RCLK.

PLL

A digital PLL extracts the receive clock RCLK from the data stream received at the RL1
and RL2 lines. The PLL uses as a reference either a crystal at XTAL1 and XTAL2 or an
external oscillator at XTAL1. The IPAT-B does not remove any jitter. Since the crystal
frequency is 16 times the input data frequency the digital PLL adds an jitter of max. 0.0625 Ul
(unit intervals). In the absence of an input signal the jitter of clock, and recovered data lies
within the tolerance range of the used reference.

Input Jitter Tolerance

The IPAT-B receiver’s tolerance to input jitter complies to CCITT and AT&T requirements
for CEPT and T1 application.

Figure 5 shows the curves of the different input jitter specnflcatlons stated above as well
as the IPAT-B performance at the S1/S2 interfaces.

As can be seen in figure 5, the curve for the IPAT-B at low frequencies describes a
20 dB/decade fall off, and at high frequencies are horizontal (at least 0.43 Ul).
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Figure 5
Comparison of Input Jitter Specification and IPAT Performance
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Transmitter

Basic Functionality

The transmitter transforms unipolar data to ternary (alternate bipolar) return to zero signals
of the appropriate shape. The unipolar data is provided at XDIP (positive pulses) and XDIN
(negative pulses), synchronously with the transmit clock XCLK. XDIP and XDIN are active
low and can be half or fully bauded.

The transmitter includes a programmable pulse shaper to satisfy the requirements of the
AT &T Technical Advisory # 34 at the cross connect point for T1 applications. The pulse
shaper is programmed via the line length selection pins LSO, LS1 and LS2. The pulse
shape is formed using an analog PLL, which multiplies by four the transmit clock XCLK.
This signal is used internally to generate the four segment/bit transmit pulse (CEPT: two
segment/bit).

For T1 application the line length selection supports both low capacitance cable with a
characteristic line capacitance of C’'<40 nF/km = 65 nF/mile (e.g. MAT, ICOT) and higher
capacitance cable with a characteristic line capacitance of 40 nF/km<C <54 nF/km
(65 nF/mile<C’'<87 nF/mile) e.g. ABAM, PIC and PULP cables. This ensures that for
various cable types the signal at the DSX-1 cross connect point complies with the pulse
shape of the AT&T Technical Advisory # 34.

The line length is selected programming the LSO, LS1 and LS2 pins as shown in table 2.
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Table 2
Line Length Selection
LS2 LS1 LSO PIC/PULP-Cable ICOT-Cable
range/m range/m*
000 CEPT - -
001 T1/NTT 0- 35 0- 80
010 T1 25- 65 65 - 145
011 T1 55- 95 130 -210
100 T1 85-125 195 - 275
101 T1 115-155 260 - 340
110 T1 145 - 185 325 - 405
111 T1 175 -210 390 - 470

Note: For ICOT-cable the characteristic impedance is 140 Q

By selecting an all-zero code for LS0, LS1 and LS2 the IPAT-B can be adopted for CEPT
applications.

The pulse shape for NTT applications is achieved by using the same line length selection
code as for the lowest T1 cable range. To switch the device into a low power dissipation
mode, XDIP and XDIN should be held high.

The transmitter requires an external step up transformer to drive the line. The transmission
factor and the source serial resistor values can be seen in figure 6 and table 3 for the
various applications.

Figure 6
Transmitter Configuration
XL1
Ry
f Line
R ha
XL2

Siemens Components, Inc. 77



PEB 2235

Table 3

Transmitter Configuration Values

Application T™ CEPT
Characteristic line impedance [Q] 100 120 75
tyty =ty 26:69 26:52 26:41
R, (£ 2.5%) [Q] 43 15 15

Wired in this way the transmitter has a return loss

a,> 8dB for 0.025f,<f<0.05 f,,

a,>14dB for 0.05 f,<f< f,and

a,>10dB for 1.0f,<f<15f,.
with f, being 2048 kHz (CEPT applications). A termination resistor of 120 Q is assumed.
In T1 applications the return loss is heigher than 10 dB.

Please note, that the transformer ratio at the receiver is half of that at the transmitter. The
same type of transformer can thus be used at the receiver and at the transmitter. At the
transmitter the two windings are connected in parallel, at the receiver in series. Thus,
unbalances are avoided.

Output Jitter

In the absence of any input jitter the IPAT-B generates an output jitter at most 0.014 Ul in
CEPT and 0.01Ul in T1 applications.

Local Loopback

The local loopback mode disconnects the receive lines RL1 and RL2 from the receiver.
Instead of the signals coming from the line the data provided at XTIP and XTIN is routed
through the receiver. The XDIN and XDIP signals continue to be transmitted on the line.
The local loopback occurs in response to LL going high.

Remote Loopback

In the remote loopback mode the clock and data recovered from the line inputs RL1 and
RL2 are routed back to the line outputs XL1 and XL2 via the transmitter. As in normal
mode they are also output at RDOP, RDON and RCLK. XDIP and XDIN are disconnected
from the transmitter. In this mode a device jitter of 0.0765 Ul for CEPT and 0.0725 Ul
for T1 is added.

The remote loopback mode is selected by a high RL signal.
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Please keep in mind that the IPAT-B is not capable of removing jitter. Therefore in remote
loopback mode jitter is not reduced. In normal applications, however, the data stream
being output from the IPAT-B runs through an elastic buffer (e.g. the ACFA PEB 2035)
which itself reduces jitter.

Microprocessor Interface

The IPAT-B is fully controlled by five parallel data lines (LSO, LS1, LS2, LL and RL) and
one control line (CS). To adapt the device to a standard microprocessor interface the low
state of CS is decoded from the microprocessor address, CS, WR and ALE lines.

To hardwire the chip, CS must be fixed to ground.

Loss of Signal Indication

In the case that the signal at the line receiver input (pins RL1, RL2) becomes smaller
than V,y<0.4 V,, loss of signal is indicated. This voltage value correspondings to a line
attenuation of about 12 dB in the CEPT case. This is performed by turning both signals
RDOP, RDON after at least 16 bits simultaneously to 5 V, i.e. a logical 0 or both lines.
The following ACFA processes this indication for the system.

Operational Description

@® Reset
In order to work properly, the IPAT™M-B needs to be started with a software reset.
This is done by simultaneously setting the pins RL and LL to logical 1 (i.e. 5 V) far

at least one bit period and releasing both lines thereafter simultaneously.

It is possible to connect the pins RL and LL to V,;, and to consequently turn on the
power supply. In this way a power-up reset is achieved.

@ Selection of CEPT of T1 Application

Besides the crystal frequency the selections of CEPT or T1 application is achieved
by setting the pins LS2, LS1, LSO simultaneously with the reset to 000 for CEPT
application or to a T1 line length code (001...111 see table 2).

® Line Length Selection

In the second step the line selection code has to be given. This will be normally
the same one as in the first step.

The following figures explain the procedure in some examples.
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Figure 7 Figure 8

Timing of Software Programming Timing of Software Programming

for CEPT Applications for T1 Application

s LI I T L1 LI

RL I RU I e

i I R

LS2 e s =B

LS — 1 2= B

LSO e s =1 B3
b b
1. 2. 1 2.

1. Reset and selection of CEPT application 1. Reset and selection of T1 application

2. Regular operation in CEPT application 2. Regular operation in T1 application with

selected line code

Figure 9

Timing of Software Programming
for LL Operation at CEPT or T1 Application

s I I
RL L —
i JL—Jrir
s ==
s = =0
se X1 B

B

1 2.
1. Reset
2. Local loop and line code selection
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DC Characteristics
Ta=0t070°C; Vpp =5V £ 5%, V;s=0V.
Limit Values
Parameter Symbol | min. max. Unit Test Conditions Pins
L-input voltage Vi -0.4 0.8 '
H-input voltage ViH 2.0 Vpp+0.4| V All pins
L-output voltage Vou 0.45 v Iop=2mA except
- RLx, XLx,
H-output voltage Vou 24 \Y% Iopy=—400 pA XTALx
H-output voltage Vou Vpp—0.5 \' Ioy=—100 pA v ’ -
DD 2
Input leakage current I, 10 1.3 0V<Vy<Vppto OV
Output leakage current Io 0V<Vour<Vppto OV
Peak voltage of a mark V cepT 2.7 33 \' wired according
(CEPT) figure 6 and table 3
Peak voltage of a mark V11 1.8 3.4 v T1 application:
(T1) 1.8 3.4 \ depending on line length XL
1,
Transmitter output Ry 0.3 Q XL2
impedance
Transmitter output current| Iy 50 mA CEPT application
150 mA T1 application:
depending on line length
Receiver input peak Vg* 0.4 25 \ BER 10-7, wired
voltage of a mark according figure 4
table 1 RL1,
RL2
Receiver input threshold | Vg 1y 56 % of mark peak
Voltage at Vpp, Voo 2 24 26 v
L-input VOItage VXTAL iL -0.4 1.0 \'
H-input voltage v 40 | Vopt04| V XTALL,
p g XTAL | H . ppTY. XTAL2
Input leakage current Iiran 10 A oVSVy<Vppto OV
Operation power supply | Icc 40 100 mA CEPT appilication
current 55 220 mA T1 application,
min value for all zeros,
max value for all ones
and max lines length
for T1 appl
* measured against Vpp,
Siemens Components, Inc. 81



PEB 2235

Capacitances
TA = 2500, VDD =5V+ 50/0, VSS =0V
Limit Values
Parameter Symbol | min. max. Unit Pins
Input capacitance Cin 10 pF all except RLx, XLx, XTALx
Output capacitance Cour 15 pF all except RLx, XLx, XTALx
Input capacitance Cin 7 pF RLx
Output capacitance Cout 20 pF XLx
Load capacitance Cp 10 pF XTALx
Recommended Oscillator Circuits
Figure 10
Oscillator Circuits
Recommended Oscillator Circuit
—_— External
33pF XTAL 1 Oscillator
XTAL1 |——| Signal
IPAT ™
IPAT™ = 32768y,
26704
XTALZr——————N‘Q

XTAL2 4—1———-"—-1

33pF

Driving from external source

If no crystal is used XTAL1 has to be connected to an external precision clock source
and XTAL2 left unconnected.

In CEPT applications, the oscillator circuit should provide a 32768 kHz clock, in T1 applica-

tions 24704 kHz.

If no signal is received, a +50 ppm frequency range of the oscillator circuit transforms
into a = 50 ppm range of the RCLK signal.
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AC Characteristics
T,=01t070°C, Vpp=5V £ 5%

Figure 11
Oscillator Circuits

24
20 20
x: st Poinfs/ ><
04 o.s/ \o.e

Device
Under
Test _1CL=1SODF

L

Except from the ternary and clock interface, inputs are driven at 2.4 V for a logical 1 and
at 0.4 V for a logical 0. Timing measurements are made at 2.0 V for a logical 1 and at 0.8 V
for a logical 0. The AC testing input/output waveforms are shown in figure 13.

In the receive direction the IPAT-B adds at most 0.0625 Ul intrinsic jitter. This is true
for both jitter free as well as jitterized inputs. In transmit direction the IPAT-B adds at
most 0.014 Ul of jitter in CEPT and 0.01 Ul in T1 applications measured in the frequency

range 20 Hz...185 kHz.

In both directions the device does not remove or attenuate the accumulated jitter.

Dual Rail Interface

RDOP, RDON, XDIP, XDIN, XTIP, XTIN are active low.

Figure 12
Timing of the Dual Rail Interface

teer

—f ] |— |
CPRH CPRL
RCLK / L L

!’ﬁ__

foros| *oron
RDOP
RDON A
-ty —*
~=feoxt™] |~ koxi
XCLK N fo K /
fors|forrn
CASE 1: XDIP, XDIN
Torts | Fortu
CASE 2: XD|P'XDlN (
S1 S2

XTIN, XTIP
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Dual Rail Interface Timing Parameter Values

Limit Values
PCM 30 PCM 24 »
Parameter Symbol min. max. min. max. Unit
RCLK clock period tcer typ. 488 typ. 648 ns
RCLK clock period low tePR L 235 310 ns
RCLK clock period high tePR H 235 310 ns
Dual rail output setup tbro s 230 300 ns
Dual rail output hold tDRO H 230 300 ns
XCLK clock period topx typ. 488 typ. 648 ns
XCLK clock period low topx L 80 300 100 430 ns
XCLK clock period high terx H 125 350 170 500 ns
Sampling intervall ts) 55 67 75 87 ns
Dual rail input setup tori s 25 25 ns
Dual rail input hold toRIH 25 25 ns
Dual rail test low toRTL 170 220 ns
Microprocessor Interface
Figure 13
Timing of the Microprocessor Interface
t cYc |
Fue ™
cs
™ fou ™ S
(DLC:.t,uRL, LSO, LSY, LS2) J
" Limit Values
Parameter Symbol min. max. Unit
'CS pulse width twe 60 ns
Data set up time to CS tow 35 ns
Data hold time from CS two 10 ns
Cycle Time teve 120 ns
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XTAL Timing
Figure 14
Timing of XTAL1/XTAL2
XTAL1 35V e
XTALZ ___08V ¢/ N /
Fun foo—
h P
Clock Rail Interface Timing Parameter Values
Limit Values
Parameter Symbol min. typ. max. Unit
Clock period of crystal/clock CEPT tp 30.5 ns
T1 tp 405 ns
High phase of crystal/clock  CEPT twH 10 ns
T1 twH 14 ns
Low phase of crystal/clock CEPT twi 10 ns
T tWL 14 ns
Ternary Interface — Receiver
Figure 15
IPAT Receive Jitter Tolerance
A
|
ul 20 dB/Decade
A(
fe Hz
f——
IPAT Receive Jitter Tolerance
Limit Values
Parameter Symbol min. max. Unit
Corner frequency CEPT fo 40 kHz
T1 fo 30 kHz
Corner amplitude CEPT Ac 0.43 ul
T1 Ac 0.43 ul
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Ternary Interface - Transmitter
The IPAT-B meets both CCITT and T1 pulse template requirements.

Figure 16
Pulse Template at the Transmitter Output for CEPT Applications
269 ns
2 {244+ 25)
©
) iy
Vycepr =100% E}N
XCEPT= ° ﬂ r— . '—1'92'—ns-— . —I
= § (244 -50) . Nominal
o~ I W Pulse
| ’ |
| I
50% : / I
. / 244 ns I
I 7711
l I
i /, s :
- 3 X (244-25) // ! ﬂ“ '
0°/°-.L§.}L—| % ______ 7/ Lar. |
L2 7 xT / &__|
A 7
// 488ns
(244+2044) o

Figure 17
T1 Pulse Shape at the Cross Connect Point

Normalized Amplitude

rV=100%

-50%

-L -50%

] |
0 2%  S00 750 1000 ns
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Table 4
T1 Pulse Template Corner Points at the Cross Connect Point

Maximum Curve Minimum Curve
( 0, 005 ( 0, -0.05)
( 250, 0.05) ( 350, -0.05)
( 325, 0.80) ( 350, 0.50)
( 325, 1.15) ( 400, 0.95)
( 435, 1.15) ( 500, 0.95)
( 500, 1.05) ( 600, 0.90)
( 675, 1.05) ( 650, 0.50)
( 725, -0.07) ( 650, -0.45)
(1100, 0.05) ( 800, -0.45)
(1250, 0.05) ( 925, -0.20)

(1100, -0.05)

(1250, -0.05)
Figure 18

Pulse Shape at NTT Interface

'
7
=
<
30 = T 2 50ns
50ns :
15 ! |
|
0 = l
1 Y B
A7
3T 1 o 1 1T 3 T T= 1154 4 kHz
§ % § t 8 22
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Overvoltage Tolerance

To prevent the IPAT from being damaged by overvoltage (i.e. from lightning), external
devices like diodes or resistors have to be connected to one or both sides of the line
interface transformers. Thus, overvoltage peaks are cut off. However, some residual over-
voltage may remain.

The IPAT simplifies the task of designing external protection circuit. Its transmitter exhibits
a low line impedance so that reasonable external resistors can be connected to the line
outputs. Figure 6 with the element values of table 3 gives an example of how an overvoltage
protection against residual overvoltages at the ternary interface can be accomplished.
The solution shown also meets the stated return loss requirements.

A similar consideration applies to the receiver. The resistors R2 of figure 4 provide pro-
tection against residual overvoltages by attenuating voltages of both polarities across RL1
and RL2.

The maximum input current allowed to reach the IAPT pins under overvoltage conditions
is given as a function of the width of a rectangular input current pulse according to
figure 18. Figure 19 shows the curve of the maximum allowed input current across the
pins RL1 and RL2, figure 20 across the pins XL1 and XL2.
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Figure 18

Measurement of Overvoltage Stress

I nNnAQ-------------- )

IPAT™
| 8 —
L
t
=1 —
Figure 19

Tolerated input Current at the RL1,2 Pins

w0t
1 ﬂ‘ 10 dB/Decade
RZ 3009
I 11
L ;
]
0+ '
207 |
F——— + - }
107 107 10°¢ 107107 1 s
Figure 20
Tolerated Input Current at the XL1,2 Pins
A
100+ 10 dB/Decade

Application Notes

The high transmitter output currents of up to 160 mA require a careful consideration of
the on board power supply and ternary interface output line routing.
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Memory Time Switch CMOS PEB 2045
(MTSC) PEF 2045

Preliminary Data CMOS IC
Type Ordering Code Package
PEB 2045 P Q67100-H8322 P-DIP-40

PEB 2045 C Q67100- H8323 C-DIP-40

PEF 2045 P Q67100-H6056 P-DIP-40
PEF 2045 C Q67100-H6054 C-DIP-40

The Siemens memory time switch is a monolithic CMOS circuit connecting any of 512
incoming PCM channels to any of 256 outgoing PCM channels. The on-chip connection
memory is accessed via the 8 bit uP interface.

The components are fabricated using the advanced CMOS technology from Siemens and
is mounted in a C-DIP-40, P-DIP-40 or a PL-CC-44 package. Inputs and outputs are
TTL-compatible.

The PEB 2045 works with either a 8192 kHz clock or a 4096 kHz clock. Henceforth, the
respective clock periods are referred to as teps and tep,.

The bits of a time slot are numbered 0 through 7. Bit 0 of a time slot is the first bit to be
received or transmitted by the MTSC, bit 7 the last.

The components PEB 2045 and PEF 2045 are functionally identical. The difference between
the two types lies in the temperature range. The PEB 2045 operates in the temperature
range 0 to 70°C, the PEF 2045 in the range —40 to +85°C.

Features

@ Time/space switch for 2048, 4096 or 8192 kbit/s PCM systems

Switching of up to 512 incoming PCM channels to up to 256 outgoing PCM channels
16 input and 8 output PCM lines

Different kinds of modes (2048, 4096, 8192 kbit/sec or mixed mode)

Configurable for primary access and standard applications

Programmabile clock shift with half clock step resolution for input and output in primary
access configuration

Configurable for a 4096 and 8192 kHz device clock

Tristate function for further expansion and tandem operation

Tristate control signals for external drivers in primary access configuration

2048 kHz clock output in primary access configuration

Space switch mode

8 bit uP interface

Single +5 V power supply

Advanced low power CMOS technology

Pin and software compatible to the PEB 2040
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PEF 2045 |
|
Pin Configurations
(top view)
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Pin Definition and Functions

P-DIP PL-CC | Symbol Input (1) Function

Pin No. | Pin No. Output (O)

1 1 Vas | Ground (OV) _

2 3 SP | Synchronization Pulse: The PEx 2045 is syn-
chronized relative to the PCM system via this
line.

3 4 INT | PCM Input Ports: Serial data is received at

5 7 IN5 | these lines at standard TTL levels.

7 9 IN9 |

9 11 IN13 |

11 13 IN14 |

12 14 IN15 |

13 15 IN10 |

14 16 IN11 |

15 17 IN6 |

16 18 IN7 !

17 19 IN2 |

4 5 INO/TSCO | I/0 PCM Input Port / Tristate Control: In standard

6 8 IN4/TSC1 | I/0 configuration these pins are used as input lines,

8 10 IN8/TSC2 | I/0 in primary access configuration they supply

10 12 IN12/TSC3 | | control signals for external devices.

18 20 IN3/DCLK | I10 PCM Input Port / Data Clock: In standard con-
figuration IN3 is the PCM input line 3, in primary
access configuration it provides a 2048 kHz
data clock for the synchronous interface.

19 21 AO | Address 0: When high, the Indirect register
access mechanism is enabled. If AQ is logical 0
teh mode and status registers can be written
to and read respectively.

20 22 CS [ Chip Select: A low level selects the PEx 2045
for a register access operation.

21 23 Voo I Supply Voltage: 5V +5%.

22 24 RD ] Read: This signal indicates a read operation

and is internally sampled only if CS is active.
The MTSC puts data from the selected internal
register on the data bus with the falling edge
of RD. RD is active low.
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Pin Definition and Functions (cont'd)

P-DIP PL-CC | Symbol Input (1) Function

Pin No. | Pin No. Output (0)

23 25 WR | Write: This signal initiates a write operation.
The WR input is internally sampled only if CS
is active. In this case the MTSC loads an inter-
nal register with data from the data bus at the
rising edge of WR. WR is active low.

24 26 DBO /0 Data Bus: The data bus is used for communi-

25 27 DB1 I/0 cation between the MTSC and a processor.

26 29 DB2 /0

27 30 DB3 /0

28 31 DB4 /0

29 32 DB5 170

30 33 DB6 /0

31 34 DB7 /0

32 35 ouT7 0 PCM Output Port: Serial data is sent by these

33 36 OUT6 0 lines at standard CMOS or TTL levels. These

34 37 OuT5 0 pins can be tristated.

35 38 ouT4 0

36 40 OuUT3 0

37 41 ouT2 0

38 42 OUT1 0

39 43 ouTo 0

40 44 CLK I Clock: 4096 or 8192 kHz device clock
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PEF 2045
Figure 1
Functional Symbol for the Standard Configuration
D8 (7:0) K IN(15:0)
uP Inferface @ R PE PCM Interface
05— =] 2045 out
0 , > 0uT (1.0)
Voo Us SP CLK
Figure 2
Funct.onal Symbol Primary Access Configuration
" IN1,INS, IN9,IN 13
System
0B (7:00 :() 0UTO0,0UT2,0UT4,0UT6  P5 terfoce
2 Inferface WR—=] PEX " TSC0,7SC1, 7502, 75C 3
RD —=| 2045 | e DCLK S
(S ———et ynchron
a0 ' " IN2IN 6, IN0,IN% pPVoeirn
[E——> 0uT1,0UT 3,0UT5,0UT7

]

Vo s SP CLK
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System Integration

The main application fields for the PEx 2045 are in switches and primary access units.
Figure 3 shows a non-blocking switch for 512 input and 512 output channels using only
two devices. Figure 4 shows how eight devices can be arranged to form a non-blocking
1024 channel switch.

Figure 3
Memory Time Switch 16/16 for a Non-blocking 512-Channel Switch
PE x p
2045
PCM 2MHz 16 PCM 2MHz
IN L ~oout
PE x 8
2045

This is possible due to the tristate capability of the PEx 2045.

Figure 4
Memory Time Switch 32/32 for a Non-blocking 1024-Channel Switch

PEx PE 8
2045 2045
1 21
16 PEx PEx 4
2045 2045
12 2
PCM 2 MHz PCM 2MHz
IN ouT
16 PEx PEx :
2045 2045 7
23 13
PEX PE x 8
2045 2045
24 14
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Functional Description

The PEx 2045 is a memory time switch device. It can connect any of 512 PCM input channels
to any of 256 output channels.

The input information of a complete frame is stored in the on-chip 4 kbit speech memory SM.
(See figure 5). The incoming 512 channels of 8 bits each are written in sequence into fixed
positions in the SM. This is controlled by the input counter in the timing control block with a
8 kHz repetition rate.

For outputting, the connection memory (CM) is read in sequence. Each location in CM points
to a location in the speech memory. The byte in this speech memory location is read into the
current output time slot. The read access of the CM is controlied by the output counter which
also resides in the timing control block.

Hence the CM needs to be programmed beforehand for the desired connection. The CM
address corresponds to one particular output time slot and line number. The contents of this
CM address points to a particular input time slot and line number (now resident in the SM).

The PEx 2045 works in standard configuration for usual switching applications, and in the
primary access configuration where it realizes, together with the PEB 2035 (ACFA) and the
PEB 2235 (IPAT), the system interface for up to four primary multiplex address lines.

Figure 5
Block Diagram of the PEx 2045
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Connection
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TR L |
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Operational Description

Power Up

Upon power up the PEx 2045 is set to its initial state. The mode and configuration register
bits are all set to logical 1, the clock shift register bits to logical 0. The status register B-bit
is undefined, the Z-bit contains logical 0, the R-bit is undefined.

This state is also reached by pulling the WR and _ﬁgsignals to logical O at the same time,
(software reset). For the software reset the state of CS is of no significance.

Initialization Procedure

After power up a few internal signals and clocks need to be initialized. This is done with the
initialization sequence. To give all signals and clocks a defined value the MTSC must
encounter three falling and two rising edges of the SP signal. The resulting SP pulses may
be of any length allowed in normal operation, the time interval between the two SP pulses
may be of any length down to 250 nsec.

With all signals being defined, the CM needs to be reset. To do that a logical 0 is written
into MOD:RC. STA:B is set. The resulting CM reset is finished after at most 250 psec and
is indicated by the status register B-bit being logical 0. Changing the pulse shaping factor N
during CM reset may result in a CM reset time longer than 250 psec.

To prepare the PEx 2045 for programming the CM, the RI- bit in the mode register must be
reset. Note that one mode register access can serve to reset both RC and Rl bits as well as
configurating to chip (i.e. selecting operating mode etc.).
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Figure 6
Initializing the PEx 2045 for a 8192-kHz-Device Clock

Until 3 SP pulses have passed

[ Write MOD OXOXXXXX |

e

[ Read Status Register J

Y

Figure 7
Initializing the PEx 2045 for a 4096-kHz-Device Clock

Until 3 SP pulses have pas

] write MOD 11011111 ]

| write CFR = FE, J

I Write MOD 0XOXXXXX J

——

LReud Status Register ]

Return
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Operation with a 4096-kHz-Device Clock

In order for the MTSC to operate with a 4096-kHz-device clock the CPS-bit in the CFR
register needs to be reset. This has to be done before the CM reset and needs up to 1.8 pusec.
Please keep in mind, MOD:RI has to be reset prior to performing an indirect register access.
For a flow chart of this process refer to figure 7.

Standby Mode

With MOD:SB being logical 1 the PEx 2045 works as a backup device in redundant systems.
It can be accessed via the pP interface and works internally like an active device. However,
the outputs are high impedance. If the SB-bit is reset the outputs are switched to low
impedance for the programmed active channels and this MTSC can take over from another
device which has been recognized as being faulty. See figure 8.

Figure 8
Device Setup in Redundant Systems
PCM IN
Data Bus | Data Data Data |
{L Bus Bus Bus |
pP >
WR WR WR [WR __ |
RO "ol pex 2065 | [RD RD (RO __ |
AQ |—a Standby AQ AQ AQ
—+— ]
N NZ
—/
o] PEX 2045
Active
[ __
S 51
Decoder [ (S2 [ CS2 £S2
TS ] [ tsn |
PCM OUT
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PEF 2045
Detailed Register Description
The following registers may be accessed:
Table 1
Addressing the Direct Registers
Address AO Write Operation Read Operation
0 MOD STA
1 IAR IAR
The chapters in this section cover the registers in detail.
Mode Register (MOD)
Access: write on address 0
DB7 DB O
RC TE RI SB Mi1 MIO MO1 MO0

Value after power up: FF

RC:  Reset Connection memory; writing a zero to this bit causes the complete connection
memory to be overwritten with 200,, (tristate). During this time STA:B is set. The
maximum time for resetting the connection memory is 250 ps.

TE: Tristate Enable; this bit determines which tristating scheme is activated:

TE=1: If the speech memory address written into the connection memory is
S8 ~ S0 = 0, the output channel is tristated.

TE=0: The S9 bit written into the connection memory is interpreted as a validity
bit: 89 = 0 enables the programmed connection, S9 = 1 tristates the

output.
Note: If TE = 1, time slot 0 of the logical input line 0 cannot be used for
switching.
RI: Reset Indirect access mechanism; setting this bit resets the indirect access mecha-

nism. Rl has to be cleared before writing/reading IAR after reset.

SB: Stand By; by selecting SB = 1 all outputs are tristated The connection memory
works normally. The PEx 2045 can be activated immediately by resetting SB.

Mi1/0:

MO1/0: Input/Output Operation Mode; these bits define MO1/0 the bit rate of the input
and output lines. The bit rates are given in table 2, the corresponding pin functions
in table 3 (standard configuration) and table 4 (primary multiplex access con-

figuration)..
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PEF 2045
Table 2
Input/Output Operating Modes
M1t | MI0 | MO1 | MOO Input Mode Output Mode
0 0 0 0 16x2 Mbit/s 8x2 Mbit/s**
0 0 0 1 16x2 Mbit/s 2x8 Mbit/s
0 0 1 0 16x2 Mbit/s 4x2/1x8 Mbit/s
0 1 0 0 4x8 Mbit/s 8x2 Mbit/s
0 1 0 1 4x8 Mbit/s 2x8 Mbit/s
0 1 1 0 4x8 Mbit/s 4x2/1x8 Mbit/s
1 0 0 0 2x8/8x2 Mbit/s 8x2 Mbit/s
1 0 0 1 2x8/8x2 Mbit/s 2x8 Mbit/s
1 0 1 0] 2x8/8x2 Mbit/s 4x2/1x8 Mbit/s**
0 0 1 1 8x4 Mbit/s 4x4 Mbit/s
0 1 1 1 4x8 Mbit/s 4x4 Mbit/s
1 1 1 1 4x4/8x2 Mbit/s 4x2/2x4 Mbit/s**
1 0 1 1 8x4 Mbit/s 2x8 Mbit/s
1 1 0 1 16x8 Mbit/s 2x8 Mbit/s*
1 1 0 0 unused
1 1 1 0 unused

* for space switch application only
** can also be used for primary access configuration

In the mixed modes the first bit rate refers to the odd line numbers, the second one to the

even line numbers.
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PEF 2045
Table 3
Input and Output Pin Arrangement for the Standard Configuration
Input Pin Arrangement
Pin No. 16x8 Mbit/s 4x8 | 8x2+2x8 8x4 | 8x2+4x4
P-DIP PL-CC| 16x2 Mbit/s |Mbit/s | Mbit/s Mbit/s | Mbit/s
3 4 IN 1
4 5 IN O IN O IN O
5 7 IN 5
6 8 IN 4 IN 4 IN 4
7 9 IN 9 IN 1 IN1
8 10 IN 8 IN 8 INO | IN 8
9 11 IN 13 IN 1 IN 1 IN5 INS
10 12 IN 12 INO | IN12. IN4 | IN12
11 13 IN 14 IN2 | IN14 IN6 | IN14
12 14 IN 15 IN3 IN3 IN7 IN7
13 15 IN 10 IN10 IN2 | IN10
14 16 IN 11 IN3 IN3
15 17 IN 6 IN 6 IN 6
16 18 IN 7
17 19 IN 2 IN 2 IN 2
18 20 IN 3

Note: The input line numbers shown are the logical line numbers to be used for program-
ming the connection memory. In the case of 16 input lines the logical line numbers
are identical to the pin names.

Output Pin Arrangement

Pin No. 8x2 2x8 | 4x2+1x8 4x4 | 4x2 +2x4
P-DIP PL-CC Mbit/s Mbit/s | Mbit/s Mbit/s | Mbit/s
32 35 ouT7 ouT7 ouT?7
33 36 OouTé6
34 37 ouUT5 OuUT 5 OUT 5
35 38 OouT 4
36 40 OuUT3 OuUT3 OuUT3 | OUT3
37 41 OouT 2 OouT 2 OuUT 2
38 42 OuUT 1 OuUT1 | OUT1 OuUT 1| OUT1
39 43 outo ouTo OouUTo |OUTO OouT 1

Note: The logical output line numbers shown above are identical to the pin names.
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Table 4
Input, Output and Tristate Pin Arrangement for the Primary Access Configuration
Pin No. System Interface Mode

Pin-name | P-DIP | PL-CC | 2 MHz 4 MHz 8 MHz
TSCO 4 5 TSCO TSCO TSCO System interface
TSCH1 6 8 TSCA1 TSCH tristate control
TSC2 8 10 TSC2 signals, clock shift
TSC3 10 12 TSC3 programmable
ouTo 39 43 OouTo OouTo ouTo System interface
ouT 2 37 41 OuT 1 OuT 1 outputs
ouT 4 35 38 ouT 2 clock shift
OouUT 6 33 36 ouT3 programmable
IN 13 9 11 IN 3 IN 1 INO System interface
IN9 7 9 IN 2 INO inputs,
IN5 5 7 IN 1 clock shift
IN 1 3 4 INO programmable
OUT 1 38 42 OouTo ouT o0 ouTo Synchronous 2 MHz
ouT 3 36 40 OuT 1 OuT 1 OouT 1 interface
OouT 5 34 37 ouT 2 ouT 2 ouT 2 outputs
ouTt7 32 35 OouT3 OouT3 ouT3
IN 14 11 13 IN 3 IN 3 IN 3 Synchronous 2 MHz
IN 10 13 15 IN 2 IN 2 IN 2 interface
IN 6 15 17 IN 1 IN 1 IN 1 inputs
IN 2 17 19 INO INO INO

Mode 0000 1111 1010 MH1, MIO, MO1, MOO

Note: The input, output and tristate control line numbers shown in the center columns of
this table are logical line numbers. The corresponding pin names are listed in the

left most column.
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Status Register (STA)
Access: read at address 0
DB7 DBO
B Z R 0 0 0 0 0

Busy: the chip is busy resetting the connection memory (B = 1) B is undefined
after power up and logical O after the device initialization.

Note: The maximum time for resetting the connection memory is 250 ps.

incomplete instruction; a three byte indirect instruction is not completed (Z = 1).
Z is 0 after power up.

Note: Z is reset and the indirect access is cancelled by setting MOD:RI or
resetting MOD:RC

initialization Request. The connection memory has to be reset due to loss of data
(R = 1). The R bit is set after power failure or inappropriate clocking and reset
when the connection memory reset is finished. R is undefined after power up and
logical 0 after the device initialization.
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Indirect Access Register (I1AR)
(Read or Write Operation with Address AQ = 1)

An indirect access is performed by reading/writing three consecutive bytes (first byte =
control byte, second byte = data byte, third byte = address byte) to/from IAR. The structure
is shown in table 5.

Table 5
The 3 Bytes of the Indirect Access
Bit 7 Bit 0
0 0 K1 Ko | o 0 c1 CO | Control Byte

D7 D6 D5 D4 D3 D2 D1 DO DataByte

A7 A6 IAS A4 IA3 IA2 A1 IAO | Address Byte

The control byte bits K1, KO, C1 and CO together with the address byte determine the type
of access being performed according to table 6.

Table 6
Encoding the Different Types of Indirect Accesses
K1 KO C1 Co Address Byte Type of Access
0 0 D9 D8 CM-Address Read CM
1 0 D9 D8 CM-Address Write CM
0 1 D9 D8 CM-Address Write CM
1 1 0 0 FE, Write CFR
1 1 0 1 FE, Read CFR
1 1 0 0 FF, Write CSR
1 1 0 1 FF, Read CSR
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Connection Memory Access

For a connection memory access the control byte bits C1 and CO contain the data bits D9
and D8, respectively. D9 is the validity bit which together with D8 and the data byte D7-D0
is written to the CM address |A7-1A0.

The function of the validity bit 1s controlled by STA:TE. D8-DO and IA7-IA0 contain the
information for the logical line and time-slot numbers of the programmed connection,
D8-DO for the inputs, IA7-1A0 for the outputs. Tables 7 through 11 show the programming
of these bits for the different configurations and modes.

Standard Configuration

Table 7 ,
Time Slot and Line Programming for Standard Configuration

Standard Configuration, all Modes Except, Space Switch Mode

2 Mbit/s input lines Bit D3 to DO Logical line number
Bit D8 to D4 Time-slot number
Bit D9 Valididy bit

4 Mbit/s input lines Bit D2 to DO Logical line number
Bit D8 to D3 Time-slot number
Bit D9 Validity bit

8 Mbit/s input lines Bit D1 to DO Logical line number
Bit D8 to D2 Time-slot number
Bit D9 Validity bit

2 Mbit/s output lines Bit 1A2 to 1A0 Line number
Bit A7 to 1A0 Time-slot number

4 Mbit/s output lines Bit 1A1 to IAO Line number
Bit IA7 to 1A2 Time-slot number

8 Mbit/s output lines Bit IAO Line number
Bit A7 to 1A1 time-slot number
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Space Switch Mode

Table 8

Time Slot and Line Programming for Space Switch Mode

Space-Switch-Mode M1t =1, MI0=1; MO1=0,MO0=1)

8 Mbit/s input lines Bit DO to D3 Logical line number.
Bit D4 to D8 The lower 5 bits of

the time-slot number

Bit D9 Validity bit

8 Mbit/s output lines Bit 1A0 Logical line number
Bit IA1 to A7 Time-slot number

N is fixed to 70. The selection of one specific input time slot is possnble by writing the
connection memory (CM) as shown below.

Table 9
Programming Input and Output Lines and Time Slots in Space Switch Mode
In CM address 00-3F: D8-D4 (SM addr.) = TS0 -TS3
In CM address 40-7F: D8-D4 (SM addr.) = TS32-TS63
In CM address 80-BF: D8-D4 (SM addr.) = TS6 -TS95
In CM address CO-FF: D8-D4 (SM addr.) = TS896 -TS127

In space switch mode the leading edge of the SP pulse must be applied with the first bit
of time slot 125. The input and output time-slot number must match.
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Primary Access Configuration
Table 10
Time Slot and Line Programming for the Primary Access Configuration
2 Mbit/s input lines Bit D1 to DO Interface select in
Bit D3 to D2 line number
Bit D8 to D4 Time-slot number
Bit D9 Validity bit
4 Mbit/s input lines Bit Di to DO Fixed to 01 (system interface)
Bit D2 Line numbers
Bit D8 to D3 Time-slot number
Bit D9 Validity bit
8 Mbit/s input lines Bit D1 to DO Fixed to 01 (system interface)
Bit D8 to D2 Line number
Bit D9 Validity bit
2 Mbit/s output lines Bit 1A0 Interface select out
Bit 1A2 to IA1 Line number
Bit IA7 to 1A3 Time-slot number
4 Mit/s output lines Bit IAQ Fixed to O (system interface)
Bit 1A1 Line number
Bit IA7 to 1A2 Time-slot number
8 Mbit/s output lines Bit IAO Fixed to 0 (system interface)
' Bit IA7 to 1A1 Time-slot number

The interface select bits have to be programmed as shown in the foliowing table:

Table 11
Interface Selection Bits
System Synchronous
Interface 2 MHz Interface
input lines 01 10
output lines 0 1
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Configuration Register Access (CFR)
Access: read or write at indirect address FE,,

For a read access the bit O of the control byte must be set to logical 1 and for a write access
to logical 0.

Value after power up or software reset: FF,,
DB7 DBO
1 1 1 1 1 1 CFS CPS

CPS.. Clock Period Select: device clock is set to 8192 kHz (logical 1) or 4096 kHz
(logical 0)

CFS.. ConFiguration Select: The PEx 2045 works in either the primary access con-
figuration (logical 0) or in standard configuration (logical 1). Setting this bit to
logical 1 resets the CSR to 00,,.

Clock Shift Register Access (CSR)
Access: read or write at indirect address FE,,

For a read access the bit 0 of the control byte has to be set to logical 1 and for a write access
to logical 0.

The value after power up is 00,

DB7 DB O

RS2 RS1 RSO RRE X82 X811 XS0 XFE

RS2..RS0.. Receive clock Shift, bits 2-0. The received data stream is shifted in bit period
steps as shown in figure 9.

RRE... Receive with Rising Edge. The data is sampled with the falling (RRE = 0) or
rising edge (RRE = 1) of the data equivalent clock. (See figure 9).

XS0..XS2.. Transmit clock Shift, bits 2-0. The transmitted data stream is shifted as shown
in figure 9.

XFE... Transmit with Falling Edge; data is transmitted with the rising (XFE = 0) or
falling edge (XFE = 1) of the device clock.

Siemens Components, Inc. 109




PEB 2045
PEF 2045

Data stream manipulation according to these register entries only affects the system interface
and only in the primary access configuration. The frame structure can be moved relative
to the SP slope by up to seven clock periods in half clock period steps. This register can
hold non-zero values only for a CFR:CFS value of logical 0. Figure 9 illustrates the clock
shifting facility.

Identical non-zero entries for RS2-RS0 and XS2-XS0 as well as identical RRE and XFE
generate an output time-slot structure which is 1 time slot late relative to the input time-slot
structure.

Identical 000 entries RS2-R0 and XS2-XS0 as well as RRE and XFE being logical O cause
the input and output frames to coincide in time.

Figure 9 -
Clock Shifting
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Absolute Maximum Ratings
Parameter Symbol Limit Values Unit
Ambient temperature under bias PEB 2045 Ta 0to 70 °C
Storage temperature PEB 2045 Tstg —65t0 125 °C
Ambient temperature under bias PEF 2045 Ta —40to 85 °C
Storage temperature PEF 2045 Tstg —65to 125 °C
Voltage on any pin with respect to ground Vs —0.4to Vpp +0.4 \
DC Characteristics
Ambient temperature under bias range; Vpp =5V £ 5%, Vog=0V.
Parameter Symbol Limit Values Unit Test Conditions
min. max.
L-input voltage ViL -04 0.8 \
H-input voltage Vik 2.0 Vop+0.4 | V
L-output voltage VoL 0.45 v I =2mA
H-output voltage Vou 24 v Ioy=—400 pA
H-output voltage Vor -0.5 v Iy =—100 pA
Operational power supply current Iec 10 mA Vob=5V,
inputs at 0 V or Vpp,
no output loads
Input leakage current I, 10 pA OV<Vy<Vppto OV
Output leakage current Io 0V<Vour<Vppto OV
Capacitances
Ta=25°C, Vpp=5V £ 5%, Vgs=0V.
Limit Values
Parameter Symbol min. max. Unit
Input capacitance Cin 10 pF
1/0 capacitance Co 20 pF
Output capacitance Cout 15 pF
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AC Characteristics
Ambient temperature under bias range, Vo, =5V £ 5%

Inputs are driven at 2.4 V for a logical 1 and at 0.4 V for a logical 0. Timing measurements
are made at 2.0 V for a logical 1 and at 0.8 V for a logical 0. The AC testing input/output
waveforms are shown below.

Figure 10
170 Waveform for AC Tests
24 20 10 Device
Test Points Under
0 0,3/ \o,s Test % C =150pF
uP Interface Timing
Limit Values
Parameter Symbol min. max. Unit
Address stable before RD tAR 0 ns
Address hold after RD tra 0 ns
RD width trr 90 ns
RD to data valid tro 90 ns
Address stable to data valid tap 90 ns
Data float after RD tor 5 25 ns
Read cycle time troy 160 ns
Address stable before WR taw 0 ns
Address hold time twa 0 ns
WR width | tww 60 ns
Data setup time tow 5 ns
Data hold time two 15 ns
Write cycle time twey 160 ns
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Figure 11 ‘
uP Read Cycle [
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pnP Write Cycle
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PCM Interface Timing

Limit Values
Parameter Symbol min. max. Unit
PCM input setup’ ts 0 ns
PCM input hold th 30 ns
PEB 2045 output delay tp 45 ns
PEF 2045 output delay to 50 ns
PEB 2045 tristate delay tr 55 ns
PEF 2045 tristate delay tr 60 ns

Siemens Components, Inc. 113



PEB 2045

PEF 2045
Clock and Synchronization Timing
Limit Values

Parameter Symbol min. max. Unit
Clock period 8 MHz high tope 40 ns
Clock period 8 MHz low tcps . 48 ns
Clock period 8 MHz tcrs 120 ns
Synchronization pulse setup 8 MHz tsss 10 teps—20 ns
Synchronization pulse delay 8 MHz tsHs 0 tcps—20 ns
Clock period 4 MHz high tepan 90 ns
Clock period 4 MHz low topa, 90 ns
Clock period 4 MHz tcpa 240 ns
Synchronization pulse setup 4 MHz Iss4 10 tcps—30 ns
Synchronization pulse delay 4 MHz tsh4 30 tepa—10 ns
Data clock delay thep 100 ns
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Figure 13 r
PCM Line Timing in Standard Configuration with a 8-MHz-Device Clock (
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Figure 14

PCM Line Timing in Primary Access Configuration with a 8-MHz-Device Clock and a
CSR Entry (00010001)
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Figure 15

PCM Line Timing in Standard Configuration with a 4-MHz-Device Clock
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Figure 16

PCM Line Timing in Primary Access Configuration with a 4-MHz-Device Clock and a
CSR Entry (00010001)
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Table 12
Busy Times

System

System
Interface TSC

Operation Max. Value Unit

Indirect register access 900 ns

Connection memory reset 250 us
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Memory Time Switch Small PEB 2046
(MTSS) PEF 2046
Preliminary Data CMOS IC
Type Ordering Code Package

PEB 2046 C Q67100-H6103 C-DIP-40

PEB 2046 P Q67100-H6105 P-DIP-40
PEF 2046 C Q67100-H6106 C-DIP-40

PEF 2046 P Q67100~-H6108 P-DIP-40

The Siemens memory time switch PEx 2046 is a monolithic CMOS circuit connecting any
of 256 incoming PCM channels to any of 256 outgoing PCM channels. The on-chip connection
memory is accessed via the 8 bit uP interface.

The PEx 2046 is fabricated using the advanced CMOS technology from Siemens and is
mounted in a C-DIP-40, P-DIP-40 or a PL-CC-44 package. Inputs and outputs are TTL-
compatible.

The PEB 2046 works with either a 8192 kHz clock or a 4096 kHz clock. Henceforth, the
respective clock periods are referred to as tpg and tqp,.

The bits of a time slot are numbered 0 through 7. Bit 0 of a time slot is the first bit to be
received or transmitted by the MTSC, bit 7 the last.

The components PEB 2046 and PEF 2046 are functionally identical. The difference between
the two types lies in the temperature range. The PEB 2046 operates in the temperature
range 0 to 70°C, the PEF 2046 in the range —40 to +85°C.

Features

® Time/space switch for 2048 kbit/s PCM systems

@® Switching of up to 256 incoming PCM channels to up to 256 outgoing PCM channels
@® 8 input and 8 output PCM lines

® Configurable for a 4096 and 8192 kHz device clock

@ Tristate function for further expansion and tandem operation

@ 8 bit uP interface

® Single +5 V power supply

® Advanced low power CMOS technology
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Pin Configuration
(top view)
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Pin Definitions and Functions

P-DIP PL-CC | Symbol Input (1) Function

Pin No. | Pin No. Output (O)

1 1 Vss | Ground (OV)

2 3 SP | Synchronization Pulse: The PEx 2046 is syn-
chronized relative to the PCM system via this
line.

3 4 IN1 | PCM Input Ports: Serial data is received at

4 5 INO | these lines at standard TTL levels.

5 7 IN5 ]

6 8 IN4 |

15 17 IN6 |

16 18 IN7 |

17 19 IN2 |

18 20 IN3 |

19 21 AO | Address 0: When high, the indirect register
access mechanism is enabled. If AO is logical 0
the mode and status registers can be written
to and read respectively.

20 22 cs | Chip Select: A low level selects the PEx 2046
for a register access operation.

21 23 Voo | Supply Voltage: 5 V £ 5%.

22 24 RD I Read: This signal indicates a read operation
and is internally sampled only if CS is active.
The MTSC puts data from the selected internal
register on the data bus with the falling edge
of RD. RD is active low.

23 25 WR | Write: This signal initiates a write operation.
The WR input is internally sampled only if CS
is active. In this case the MTSC loads an inter-
nal register with data from the data bus at the
rising edge of WR. WR is active low.

24 26 DBO 170 Data Bus: The data bus is used for communi-

25 27 DB1 110 cation between the MTSC and a processor.

26 29 DB2 170

27 30 DB3 /0O

28 31 DB4 /0

29 32 DB5 1/0

30 33 DB6 110

31 34 DB7 1/0
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Pin Definitions and Functions (cont'd)
P-DIP PL-CC | Symbol Input (I) Function
Pin No. | PinNo. Output (0)
32 35 ouT7 0 PCM Output Port: Serial data is sent by these
33 36 OUT6 0 lines at standard CMOS or TTL levels. These
34 37 OUT5 0 pins can be tristated.
35 38 OouT4 0
36 40 OouT3 0
37 41 ouT2 0
38 42 ouT1 0
39 43 ouTo 0
40 44 CLK | Clock: 4096 or 8192 kHz device clock

Functional Description

The PEx 2046 is a memory time switch device. It can connect any of 256 PCM input channels
to any of 256 output channels.

The input information of a complete frame is stored in the on-chip 2 kbit speech memory SM.
(see figure 1). The incoming 256 channels of 8 bits each are written in sequence into
fixed positions in the SM. This is controlled by the input counter in the timing control block
with a 8 kHz repetition rate.

For outputting, the connection memory (CM) is read in sequence. Each location in CM points
to a location in the speech memory. The byte in this speech memory location is read into
the current output time slot. The read access of the CM is controlled by the output counter
which also resides in the timing control block.

Hence the CM needs to be programmed beforehand for the desired connection. The CM
address corresponds to one particular output time slot and line number. The contents of
this CM address points to a particular input time slot and line number (now resident in
the SM).
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Figure 1 (
Block Diagram of the PEx 2046
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Operational Description

Power Up

Upon power up the PEx 2046 is set to its initial state. The mode and configuration register
bits are all set to logical 1. The status register B-bit is undefined, the Z-bit contains logical 0,
the R-bit is undefined.

This state is also reached by pulling the WR and RD signals to logical 0 at the same time,
(software reset). For the software the state of CS is of no significance.

Initialization Procedure

After power up a few internal signal and clocks need to be initialized. This is done with the
initialization sequence. To give all signals and clocks a defined value the MTSC must
encounter three falling and two rising edges of the SP signal. The resulting SP pulses may be
of any length allowed in normal operation, the time interval between the two SP pulses may
be of any length down to 250 nsec.

With all signals being defined, the CM needs to be reset. To do that a logical 0 is written
into MOD:RC. STA:B is set. The resulting CM reset is finished after at most 250 usec and is
indicated by the status register B-bit being logical 0. Changing the pulse shaping factor N
during CM reset may result in a CM reset time longer than 250 ps.

To prepare the PEx 2046 for programming the CM, the RI-bit in the mode register must be
reset. Note that one mode register access can serve to reset both RC and Rl bits as well as
configuring to chip (i.e. selecting operating mode etc.).
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Figure 3
Initializing the PEx 2046 for a 8192-kHz-Device Clock

Sfurf
Wmf Until 3 SP pulses have passed

r Write MOD 0X0X0000 |
——

[Reud Status RegisterJ

Y

Figure 4
Initializing the PEx 2046 for a 4096-kHz-Device Clock

Until 3 SP pulses have passed

| write MOD 11010000 |

| Write CFR = FE, J

| Write MOD 0X0X0000 |

—

I Read Status Register l
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Operation with a 4096-kHz-Device Clock

In order for the MTSC to operate with a 4096-kHz-device clock the CPS-bit in the CFR re-
gister needs to be reset. This has to be done before the CM reset and needs up to 1.8 ps.
Please keep in mind, MOD:RI has to be reset prior to performing an indirect register access.
For a flow chart of this process refer to figure 4.

Standby Mode

With MOD:SB being logical 1 the PEx 2046 works as a backup device in redundant systems.
It can be accessed via the pP interface and works internally like an active device. However,
the outputs are high impedance. If the SB-bit is reset the outputs are switched to low impe-
dance for the programmed active channels and this MTSC can take over from another
device which has been recognized as being faulty. See figure 5.

Figure 5
Device Setup in Redundant Systems
PCM IN
Data Bus I Data Data P@g ]
{L Bus Bus Bus |
pP
_wR W VR R __
RO PEx 2046 | |RD RD RD __ |
A Standby |JAQ AQ [AQ
|
N
—/
o PEX 2046
Active
| &0 |
ST (]
Decoder [ I 57
(sn 050 _ |

PCM OUT
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Detailed Register Description
The following registers may be accessed:
Table 1
Addressing the Direct Registers
Address AO Write Operation Read Operation
0o MOD STA
1 IAR IAR
The chapters in this section cover the registers in detail.
Mode Register (MOD)
Access: write on address 0
DB7 DBO
RC TE RI SB M1 MIO MO1 MO0

Value after power up: FF,,

RC Reset Connection memory; writing a zero to this bit causes the complete connection
memory to be overwritten with 200, (tristate). During this time STA:B is set. The
maximum time for resetting the connection memory is 250 ps.

TE: Tristate Enable; this bit determines which tristating scheme is activated.

TE=1: If the speech memory address written into the connection memory is
S8 - S0 =0, the output channel is tristated.

TE=0: The S9 bit written into the connection memory is interpreted as a validity
bit: S9 = 0 enables the programmed connection, S9 = 1 tristates the

output.
Note: If TE = 1, time slot 0 of the logical input line 0 cannot be used for
switching.
Rl Reset Indirect access mechanism; setting this bit resets the indirect access mecha-

nism. Rl has to be cleared before writing/reading IAR after reset.

SB: Stand By; by selecting SB = 1 all outputs are tristated. The connection memory
works normally. The PEx 2045 can be activated immediately by resetting SB.
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Table 2
Input and Output Pin Arrangement
Input Pin Arrangement Output Pin Arrangement
Pin-No. 8x2 Mbit/s Pin-No. 8x2 Mbit/s
P-DIP | PL-CC P-DIP | PL-CC
3 4 IN 1 32 35 ouT7
4 5 IN 0 33 36 OouT 6
5 7 IN 5 34 37 OuUT 5
6 8 IN 4 35 38 OuT 4
15 17 IN 6 36 40 OuT3
16 17 IN 7 37 41 OuT 2
17 19 IN 2 38 42 OUT 1
18 20 IN 3 39 43 OouTo
Status Register (STA)
Access: read at address 0
DB7 DBO
B Z R 0 0 0 0 0

Busy: the chip is busy resetting the connection memory (B = 1). B is undefined
after power up and logical 0 after the device initialization.

Note: The maximum time for resetting the connection memory is 250 ps.

incomplete instruction; a three byte indirect instruction is not completed (Z = 1).
Z is 0 after power up.

Note: Z is reset and the indirect access is cancelled by setting MOD:RI or
resetting MOD:RC

initialization Request. The connection memory has to be reset due to loss of data
(R = 1). The R bit is set after power failure or inappropriate clocking and reset
when the connection memory reset is finished. R is undefined after power up and
logical 0 after the device initialization.
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Indirect Access Register (IAR)
(Read or Write Operation with Address AQ = 1)

An indirect access is performed by reading/writing three consecutive bytes (first byte =
control byte, second byte = data byte, third byte = address byte) to/from IAR. The structure
is shown in table 3.

Table 3
The 3 Bytes of the Indirect Access
Bit 7 Bit 0
0 0 K1 KO 0 0 C1 Co Control Byte

D7 D6 D5 D4 D3 D2 D1 DO Data Byte

IA7 1A6 IA5 1A4 IA3 IA2 1A1 IAO | Address Byte

The control byte bits K1, KO, C1 and CO together with the address byte determine the type
of access being performed according to table 4.

Table 4
Encoding the Different Types of Indirect Accesses
K1 KO C1 Co Address Byte Type of Access
0 0 D9 D8 CM-Address Read CM
1 0 D9 D8 CM-Address Write CM
0 1 D9 D8 CM-Address Write CM
1 1 0 0 FE, Write CFR
1 1 0] 1 FE, Read CFR
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Connection Memory Access

For a connection memory access the control byte bits C1 and CO contain the data bits D9
and D8, respectively. D9 is the validity bit which together with D8 and the data byte D7-D0
is written to the CM address IA7-IAQ.

The function of the validity bit is controlled by STA:TE. D8-D0O and IA7-IAQ contain the
information for the logical line and time-slot numbers of the programmed connection,
D8-DO for the inputs, IA7-IA0 for the outputs. Table 5 shows the programming of these bits.

Standard Configuration

Table 5

Time Slot and Line Programming

2 Mbit/s input lines Bit D3 to DO Logical line number
Bit D8 to D4 Time slot number
Bit D9 Valididy bit

2 Mbit/s output lines Bit 1A2 to 1AQ Line number
Bit IA7 to IAO Time slot number

Configuration Register Access (CFR)
Access: read or write at indirect address FE,,

For a read access the bit O of the control byte must be set to logical 1 and for a write access
to logical 0.

Value after power up or software reset: FF,
DB7 DBO
1 1 1 1 1 1 1 CPS

CPS.. Clock Period Select: device clock is set to 8192 kHz (logical 1) or 4096 kHz
(logical 0)
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Absolute Maximum Ratings
Parameter Symbol Limit Values Unit
Ambient temperature under bias PEB 2046 Ta 0to70 °C
Storage temperature PEB 2046 Tsig —65t0 125 °C
Ambient temperature under bias PEF 2046 Ta —40 to 85 °C
Storage temperature PEF 2046 Tsig —6510 125 °C
Voltage on any pin with respect to ground Vs —0.4t0 Vpp +0.4 \"
DC Characteristics
Ambient temperature under bias range; Vpp =5V £ 5%, Vgs=0V.
Limit Values
Parameter Symbol | min. max. Unit Test Conditions
L-input voltage ViL -0.4 0.8 \
H-input voltage Vin 2.0 Vop+04 | V
L-output voltage VoL 0.45 \ Io,=2mA
‘H-output voltage Von 24 \Y Ioy=—400 pA
H-output voltage Vou Vop—0.5 v Ioy=—100 pA
Operational power supply Iec 10 mA Vop=5V,inputs at OV or
current Vpp, No output loads.
Input leakage current I, 10 pA OV<Vy<VpptoOV
Output leakage current Io OV<Vour<Vppto OV
Capacitances
Toa=25°C, Vpp=5V £ 5%, Vos=0V.
Limit Values
Parameter Symbol min. max. Unit
Input capacitance Cn 10 pF
1/0 capacitance Co 20 pF
Output capacitance Cour 15 pF
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AC Characteristics
Ambient temperature under bias range, Vo =5V 5%

Inputs are driven at 2.4 V for a logical 1 and at 0.4 V for a logical 0. Timing measurements
are made at 2.0 V for a logical 1 and at 0.8 V for a logical 0. The AC testing input/output
waveforms are shown below.

Figure 5
I1/0 Waveform for AC Tests
” “ Test Points 20 Be(\j/ice

naer
oh 0 Ty Test 1I (,=150pF
uP Interface Timing

Limit Values

Parameter Symbol min. max. Unit
Address stabie before RD tar 0 | ns
Address hold after RD tha 0 ns
RD width thr 90 ns
RD to data valid tro 90 ns
Address stable to data valid tap 90 ns
Data float after RD tor 5 25 ns
Read cycle time trey 160 ns
Address stable before WR taw 0 ns
Address hold time twa |0 ns
WR width tww 60 ns
Data setup time tow 5 ns
Data hold time two 15 ns
Write cycle time twey 160 ns
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Figure 6
pP Read Cycle

frey
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Figure 7
pP Write Cycle
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r
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DB0-DB7 Data Vaud‘§(

PCM Interface Timing

Limit Values

Parameter Symbol min. max. Unit

PCM input setup ts 0 ns
PCM input hold ty 30 ns
PEB 2046 output delay to 45 ns
PEF 2046 output delay tp 50 ns
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Clock and Synchronization Timing
Limit Values

Parameter Symbol min. max. Unit
Clock period 8 MHz high tepg H 40 ns
Clock period 8 MHz low tops L 48 ns
Clock period 8 MHz tops 120 ns
Synchronization pulse setup 8 MHz tsss 10 tepg —20 ns
Synchronization pulse delay 8 MHz tsHs 0 tepg —20 ns
Clock period 4 MHz high tepan 90 ns
Clock period 4 MHz low topaL 90 ns
Clock period 4 MHz tcps 240 ns
Synchronization pulse setup 4 MHz tsss 10 tcps —30 ns
Synchronization pulse delay 4 MHz tsHa 30 tepsa—10 ns
Figure 8
PCM Line Timing with a 8-MHz-Device Clock

| 1020 | 1020 | 1022 | w023 | o I R T I
CLK
SP
IN2Mbitls == ——————— L1538t T ot mm e TS0,Bit0 }—~—

fg [-—

out 2Mbits X Time Slot 31,Bit7 4 Time Slot 0,8it0

Example with delaYed output frame

sp N=255 \__/

OUT 2Mbit/s x TS0,Bit0 x

TS 0,8it1

i
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\
Figure 9 ‘
PCM Line Timing with a 4-MHz Device Clock \

| s | s | 0 | 1 |
CLK &r
Tepun
1 fogs, —= t
—’{ cpaLchL l SSh }———ﬂj\:——
SP
—] fs —l—
—', Ty =
. TS 31
IN 2Mbit/s — = ———————— < BA ST e _
D

OUT 2Mbit/s X Time Slot 31,Bit7 i Time Slot 0, Bit 0
Busy Time
Table 6
Busy Time
Operation Max. Values Unit
Indirect register access 900 ns
Connection memory reset 250 us
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Peripheral Board Controller (PBC) PEB 2050

Preliminary Data MOs IC

Type Ordering Code Package
’P,E‘B 2050-C Q67100-2157 C-DIP-40

3

PEB 2050-P Q67100-H3022 P-DIP-40

The peripheral board controller PEB 2050 is a device for the control of voice, data, and
signaling paths of up to 16 subscribers on peripheral component boards in digital tele-
phone systems. In combination with the highly flexible Signal Processing Codec Filter
(SICOFI® PEB 2060) it forms an optimized analog subscriber-line board architecture. Its
flexibility allows operation as general-purpose controller for data switching and MUX/
De MUX applications.

The PBC controls space and time switching functions between subscriber-line devices and
time-division multiplex highways. Further, it controls the flow of information between the
subscriber interface ports and a processor which can be an optional line card local pro-
cessor or the central processor directly. Last, it performs all protocol control functions,
using the HDLC protocol format for all information passing between the line card and the
central processor via a dedicated HDLC line or via interleaved time slots on the PCM lines.
To meet the different requirements the PBC PEB 2050 provides the following interfaces:

@® 8 serial, bidirectional I/0 ports for the transfer of voice, data, control, and signaling
information between the PBC and codec filters (e.g. SICOFI PEB 2060), digital interface
circuits or signal processors.

Double-constructed PCM interface

Fast serial communication link to the central processor.

Bit-parallel interface for the connection of 8-bit standard microcomputers such as the
SAB 8051. The interface is characterized by an interrupt control and two independent
DMA channels, one for the transmit and one for the receive direction.

Features

® Board controller for up to 16 subscribers of a digital switching system

® Designed for different PCM systems

® Time-slot assignment freely programmable for all subscribers connected

Control of voice, data, signaling and line board parameters to minimize hardware require-
ments and to simplify software

Provides two full duplex PCM highways for the system interface

System control uses the HDLC protocol with X.25 level 2 functions performed by the PBC
Standard pP interface

Two DMA channels for expansion of internal buffer capability of 16 bytes per direction

uP access to all internal data streams including time-slot oriented data streams

Support of subscriber circuits by generating timing signals

Single +5 V power supply

Low power consumption
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Pin Configuration
(top view)
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Pin Definitions and Functions

Pin No. | Pin No. | Symbol Name Function
PL-CC | P-DIP
1 1 SIP 4 Subscriber These interface ports are used for bi-
interface port directional, bit-serial transfer of speech,
(input/output) data and control words to and from the
signal processing codec Filter (SICOFI)
. . . or standard codec. Corresponding with
4 4 SIP7 the direction signal, the PBC PEB 2050
is transmitting during the high level of
DIR within the first half of a 125 ps
frame.
5 5 RxHWD 1 | Receive highway Receive PCM highway 1 interface.
data (input)
6 6 RxHWD 0 | Receive highway Receive PCM highway 0 interface.
data (input) The PBC serially receives a PCM word
(8 bits) through one of these leads at
the programmed time slot.
7 7 TxHWD 1 | Transmit highway | Qutput of the transmit side onto the
data (output) send PCM highway 1 (serial bus). The
8-bit PCM word is serially sent out on
this pin at the programmed time slot.
Tristate output.
8 8 TSC 1 Tristate control Normally high, this signal goes low
(output, active low) | while the PBC is transmitting an 8-bit
PCM word on the PCM highway 1.
9 9 TxHWD 0 | Transmit highway | Output of the transmit side onto the
data (output) send PCM highway 0.
10 10 TSCO Tristate control Tristate control of highway 0.
(output, active low)

11 11 SYP Synchronization SYP is a frame synchronization pulse
which resets the on-chip time-slot
counters.

12 12 SCLK Slave clock Clock output for the peripheral devices.

(output) The signals between the codec filter
and the PBC are latched and transmit-
ted with the rising edge of SCLK.

13 13 SIGS/DMIR | Signal strobe (out- | The SIGS output supplies a program-

put, active high)/
direct memory input
request (output,
active high)

mable strobe signal. In the DMA mode,
this pin is used as DMA input request.

Siemens Components, Inc.

138



PEB 2050

Pin Definitions and Functions (cont'd)

Pin No.v Pin No. | Symbol Name Function

PL-CC | P-DIP

14 14 DIR/DMOR | Direction DIR isan 8-kHz symmetricframe signal
(output, active which controls the direction of data
high)/direct transfer from and to the peripheral
memory output devices. The PBC is able to receive
request (output, data during the low state of DIR.
active high) In the DMA mode this pin is used as

DMA output request.

DMIR and DMOR are generated by the
PBC-internal HDLC receiver or trans-
mitter and are used for handshaking
during the DMA transfer.

15 15 TxSD Transmit signaling | This line transmits the serial data to the
data (output) dedicated HDLC channel.

16 16 TSC 2 Tristate control to 2 { Normally high, this signal goes low
(output, active low) | while the PBC is transmitting an HDLC

message.

17 17 RxSD Receive signaling | This line receives the serial data from
data (input) the HDLC channel.

19 18 Ccs Chip select CS is used to address the PBC. A low
(input, active low) | level at this input enables the PBC to

accept commands or data from a puP
within a write cycle, or to transmit data
during a read cycle.

20 19 ALE Address latch A high level at this input indicates that
enable (input, the data on the external bus is an
active high) address selecting one of the PBC-inter-

na! sources or destinations. Latching
into the address latch occurs during
the high-low transition.

22 20 Vss Ground (0 V)

25 21 CLK Clock A standard TTL clock provides the basic
(input) timing of the controller. The clock is

synchronous to the PCM clock.

26 22 RD Read strobe RD is used together with CS to transfer

(input, active low)

data from the PBC to a uP or memory.

Siemens Components, Inc.

139




PEB 2050

Pin Definitions and Functions (cont'd)

Pin No. | Pin No. | Symbol Name
PL-CC | P-DIP

Function

27 23 Do

System data bus The data bus transfers data and com-
mands between the uP or memory and
the PBC.

34 (30 |p7
35 31 Voo Power supply: V,p=5.0£0.25V
36 32 WR Write strobe During the low state of WR data can be

(input, active low)

transferred from the uP or memory to
the PBC.

37 33 DACK 0 DMA acknow-
ledge (inputs,
38 34 DACK 1 active low)

DACK 0 and DACK 1 are used to
acknowledge the DMA output and DMA
input request, respectively.

The signal is pulled down, when the
PBC is requesting an interrupt. In that
case, the puP should enter an interrupt
routine for reading status register 1.

39 35 INT/TYP Interrupt
| request (output,
active low)
40 36 RESET Reset (input,
active high)

A high on this input forces the PBC
into reset state. The minimum reset
pulse is 16 complete clock cycles.

41 | |37 SIPO

33 40 |siP3

These interface ports are used for bi-
directional, bit-serial transfer of speech,
data and control words to and from the
signal processing codec filter (SICOFI)
or standard codec. Corresponding with
the direction signal, the PBC PEB 2050
is transmitting during the high level of
DIR within the first half of a 125 ps
frame.
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Block Diagram
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PEB 2050

Description of the Functional Blocks

The PBC has been designed especially for use in peripheral subscriber boards, but its
functional flexibility also permits its application in various parts of a digital exchange tele-
communications system.

Used in peripheral subscriber boards it performs two essential functions:

1) Exchange of control data between a central processing unit, an on-board processing
unit and individual subscriber connections. The PBC supports the ISO/CCITT's HDLC
communication-line protocol. An application-specific, PBC-internal controller controls
the distribution of data on the board.

2) The time-slot controlled transfer of PCM data (64 Kbaud channels) between the PCM
highways and the subscriber connections.

Data transfer between both parts, such as signaling through PCM highways (common
channel) or the access of the on-board pP to 64 Kbaud channels, are considerably
simplified by the IC.

The two central functional blocks are reflected in the circuit structure: The PCM synchro-
nous portion constitutes the interfaces to the subscribers and the PCM highways. It com-
prises the following functional blocks:

@ SIU (Serial Interface Unit) with last look logic
@® PIU (PCM Interface Unit)

@® CAM (Contents-Addressable Memory)

@ TCU (Timing Control Unit)

@ MODE register

@® PBC bus

The asynchronous portion constitutes the interface to the local microprocessor (8-bit parallel).
and to the central control (serial HDLC interface) and comprises the following functional
blocks:

® HDLC controller

® pPinterface

@ uP control and status register
® ULCU (User Level Control Unit)

The two portions are interconnected by the following functional blocks:

® X FIFO (Transmit FIFO)

@ Bidirectional FIFO

@® BICU (Bus Interface Control Unit)
@® BIR (Bus Interface Register)
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Maximum Ratings

Limit Values
Parameter Symbol min max. Unit
Storage temperature Tetg -65 125 °C
Range of Operation
Operating temperature Ta 0 70 °C
Voltage at any pin referred to ground Vs -0.5 7 v
Total power consumption Pior 625 mw
DC Characteristics
T,=01t070°C; Voc=5V+025V;GND=0V

Limit Values
Parameter Symbol min. typ. max. Unit
L-input voltage Vi -0.5 0.8 v
H-input voltage Vin 20 5.5 \'
L-output voitage Voo 0.45 v
Io,=+16mA
H-output voltage Vou 24 v
I OH= -~400 'J.A
Input leakage current I -10 10 HA
Vin=Vecto OV
Output leakage current I, -10 10 pA
VOUT = VCC toQV
Ve supply current Iec 70 125 mA
Vcc = 5 V
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Capacitance
Ta=25°C; Voc=GND=0V

Limit Values
Parameter Symbol min. typ. max. Unit
Input capacitance Cin 5 10 pF
fo =1 MHz
Input/output capacitance Cio 10 20 pF
Output capacitance Cout 8 15 pF
unmeasured pins
returned to GND
AC Characteristics
T,=01t070°C; V;c=5V+025V;GND=0V
Microprocessor Interface
Read Cycle

Limit Values
Parameter Symbol min. max. Unit
Address hold after ALE ta 20 ns
Address to ALE setup taL 30 ns
Data delay from RD tro 150 ns
RD pulse width trr 150 107 ns
Output float delay toF 25 ns
RD control interval case 11) tay 2xCP ns
RD control interval case 22) ta 100 ns
ALE pulse width taa 60 ns
Write Cycle
WR puise width tww 100 ns
Data setup to WR tow 50 ns
Data hold after WR two 25 ns
WR control interval case 11) twi 2xCP ns
WR control interval case 22) twi 50 ns

1) Case 1: read, write of Bl FIFO and X FIFO
2) Case 2: all other registers
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DMA Read

Limit Values
Parameter Symbol min. max. Unit
DMA read time*) toma 7xCP ns
DMOR hold time toH 75 ns
Address stable before RD tan 0 ns
Data delay from RD tro 150 ns
Output floating delay tor 25 ns
Address hold after RD tra 0 ns
RD pulse width trr 150 104 ns
DMA Write
DMA write time*) toma 7xCP ns
DMSIR hold time ty 90 ns
Address stable before WR taw 0 ns
Address hold after WR twa 0 ns
Data setup to WR tow 50 ns
Data hold after WR twp 25 ns
WR pulse width tww 100 ns
")
PBC clock/MHz 2.048 4.096 1.536 © | 3.072
2 xCP/ns 980 490 1300 650
7 xCP/us 3.4 1.7 4.56 23
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Read Cycle
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Clock Timing
’ Limit Values

Parameter Symbol min. max. Unit
System Clock
System clock frequency fork 1 4.2 MHz
Duty cycle 45 55 %
Sync pulse period tspp 125 Nx125 us
Sync pulse width tsyp 60 toLk ns
Pulse delay to CLK tasyp 10 ns
Setup time to CLK tssyp 50 ns
Clock rise/fall time t ok’ 10 ns

t oLk
Slave Clock
Clock frequency fsoLk 512 512 kHz
Clock delay time tasoLk 100 165 ns
Delay time SCLK to data tasp 20 ns
DIR Clock
Delay time to CLK (rising edge) tioRR 120 190 ns
Delay time to CLK (falling edge) tapIR F 30 110 ns
Delay time SCLK to DIR tascoir -10 70 ns
SIU Interface
SIP data delay tasip 160 300 ns
Data enable receive tper 100 180 ns
Data disable receive topr 100 180 ns
Data enable transmit tpEx 0 ns
Data hold transmit toux 0 ns
Data setup transmit (control data) tbsx CP/+200 ns
Data setup transmit tbsx 200 ns
Signaling strobe delay (falling edge) tosig F 90 200 ns
Signaling strobe delay (rising edge) tosig R 140 220 ns
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SIP Interface Timing
Detail A Detail B
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PEB 2050

Serial Port Timing

PCM Interface

Limit Values
Parameter Symbol min l max. Unit
Receive Timing
Receive data setup DCR = 1 tosar 20 ns
Receive data setup DCR = 0* tps rR 40 ns
Receive data hold DCR =1 toH RF 40 ns
Receive data hold DCR=0 tbH RR 10 ns

Receive Timing

—"’DSRF r—

/ CLK

K

7

XZ

—>1 Toure L‘

78

2
Y

‘J’DSRR*

rDHRR L

*} Common channel mode tpgpg 75 NS
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PEB 2050

PCM Interface (cont’d) ‘

Limit Values

Parameter Symbol min. T max. Unit Test Conditions
Transmit Timing

Data enable DCX =0 tozxr 80 160 ns C_ =200 pF
Data enable DCX = 1 tozxF 40 100 ns C_ =200 pF
Data hold time DCX = 0 toHxR 45 160 ns C_=200 pF
Data hold time DCX = 1 toHXF 40 100 ns C_ =200 pF
Data float on TS EXIT thzx 35 80 ns C_ =150 pF
Time slot x to enable DCX =0 tsonr 70 130 ns C_=150pF
Time slot x to enable DCX = 1 tsonE 40 100 ns C_ =150 pF
Time slot x to disable tsorF 40 100 ns C_.=150 pF

Transmit Timing

_/ \_/(—\ﬁ H L«
- < D G S o
— Tozxe L’" i —"’“DHXRL—“ = P
— D e e
! —= foaxe “”’DHXFL'
|
| | } -
‘ DCX=0
- Fsonr L—' { tsorr
\ R
— foone L_‘
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HDLC Interface

Limit Values
Parameter Symbol min. max. Unit Test Conditions
Receive Timing
Receive data setup tos 40 ns
Receive data hold toH 10 ns
Transmit Timing
Transmit data delay tp 40 100 ns C_ =200 pF
Data float on TS EXIT tizx 35 80 ns C_ =200 pF
Time slot x to enable tson 40 95 ns C_ =150 pF
Time slot x to disable tsorr 35 90 ns C_=150 pF

Receive Timing

*>| tos

%8

—

Transmit Timing

/N

L

—

—’fw[‘—'

TN

[———reeee
1}__
f oy te—

HZX

— fson L‘—
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PEB 2050

AC Testing Input, Output Waveform

24

N
Test Poinfs//
N

0,45

AC Testing Load Circuit

Device
Under
Test

T Cload =150pF

AC testing: inputs are driven at 2.4 V for a logic “1” and at 0.45 V for a logic “0".
Timing measurements are made at 2.0 V for a logic “1” and at 0.8 V for a logic “0”.
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SIEMENS

PCM Interface Controller (PIC) PEB 2052

Preliminary Data CMOS IC

Type Ordering Code Package
PEB 2052-C Q67100-H6059 C-DIP-40

PEB 2052-P Q67100-H6061 P-DIP-40

The PCM interface controller PEB 2052 is a device for the control of voice, data, and
signaling paths of up to 16 subscribers on peripheral component boards in digital tele-
phone systems. In combination with the highly flexible Signal Processing Codec Filter
(SICOFI® PEB 2060) it forms an optimized analog subscriber-line board architecture. Its
flexibility allows operation as general-purpose controller for data switching and MUX/
De MUX applications.

The PIC controls space and time switching functions between subscriber-line devices and
time-division multiplex highways. Further, it controls the flow of information between the
subscriber interface ports and a local line card processor.

To meet the different requirements the PIC PEB 2052 provides the following interfaces:

® 8 serial, bidirectional I/0 ports for the transfer of voice, data, control, and signaling
information between the PBC and codec filters (e.g. SICOFI PEB 2060), digital interface
circuits or signal processors.

® Double-constructed PCM interface.

@ Bit-parallel interface for the connection of 8-bit standard microcomputers such as the
SAB 8051.

The PIC PEB 2052 is pin and software compatible with PEB 2050 and is optimized for
applications without an HDLC signaling link. It is fabricated using Siemens ACMOS 3 tech-
nology.

Features

® Board controller for up to 16 subscribers of a digital switching system

Designed for different PCM systems

Time-slot assignment freely programmable for all subscribers connected

Control of voice, data, signaling and line board parameters to minimize hardware require-
ments and to simplify software

Provides two full duplex PCM highways for the system interface

Pin and software compatible with PEB 2050

Standard pP interface

uP access to all internal data streams including time-slot oriented data streams
Support of subscriber circuits by generating timing signals

Single +5 V power supply

Advanced CMOS technology

Low power consumption
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Pin Configurations

(top view)
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PEB 2052

Pin Definitions and Functions

Pin No. | Pin No.| Symbol Name Function
PL-CC | P-DIP
1 1 SIP 4 Subscriber These interface ports are used for bi-
interface port directional, bit-serial transfer of speech,
(input/output) data and control words to and from
the signal processing codec filter
. . . (SICOFI) or standard codec. Corre-
:\ 4 SIP7 sponding with the direction signal, the
PIC PEB 2052 is transmitting during
the high level of DIR within the first half
of a 125 us frame.
5 5 RxHWD 1 | Receive highway | Receive PCM highway 1 interface.
data (input)
6 6 RxHWD 0 | Receive highway Receive PCM highway 0 interface.
data (input) The PIC serially receives a PCM word
(8 bits) through one of these leads at
the programmed time slot.
7 7 TXHWD 1 | Transmit highway | Output of the transmit side onto the
data (output) send PCM highway 1 (serial bus). The
8-bit PCM word is serially sent out on
this pin at the programmed time slot.
Tristate output. ‘
8 8 TSC 1 Tristate control Normally high, this signal goes iow
(output, active low) | while the PIC is transmitting an 8-bit
PCM word on the PCM highway 1.
9 9 TxHWD 0 | Transmit highway | Output of the transmit side onto the
data (output) send PCM highway 0.
10 10 TSCo Tristate control Tristate control of highway 0.
(output, active low)

11 11 SYP Synchronization SYP is a frame synchronization puise
which resets the on-chip time-siot
counters.

12 12 SCLK Slave clock Clock output for the peripheral devices.

(output) The signals between the codec filter
and the PIC are latched and transmitted
with the rising edge of SCLK.

13 13 SIGS Signal strobe The SIGS output supplies a program-

(output, active
high)

mable strobe signal.

Siemens Components, Inc.
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PEB 2052

Pin Definitions and Functions (cont'd)

Pin No. | Pin No.| Symbol Name Function
PL-CC | P-DIP
14 14 DIR Direction DIR is an 8-kHz-symmetric frame signal
(output, active which controls the direction of data
high) transfer from and to the peripheral
devices. The PIC is able to receive data
during the low state of DIR.
15 15 N.C. Not connected
16 16 N.C. Not connected
38 17 Voo Power supply: Vpp =5.0V£0.25V
19 18 CS Chip select CS is used to address the PIC. A low

(input, active low)

level at this input enables the PIC to
accept commands or data from a pP
within a write cycle, or to transmit data
during a read cycle.

20 19 ALE | Address latch
enable (input,
active high)

A high level at this input indicates that
the data on the external bus is an
address selecting one of the PIC-inter-
nal sources or destinations. Latching
into the address latch occurs during
the high-low transition.

22,23 | 20 Vas

Ground (0 V)

25 21 CLK Clock A standard TTL clock provides the
(input) basic timing of the controller. The clock
is synchronous to the PCM clock.
26 22 RD Read strobe 'RD is used together with CS to transfer
(input, active low) | data from the PBC to a uP or memory.
27 23 DO
System data bus | The data bus transfers data and com-
mands between the uP or memory and
the PIC.
34 30 D7
35 31 Voo Power supply: Vpp=5.0£0.25V
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PEB 2052

Pin Definitions and Functions (cont'd)

Function

During the low state of WR data can
be transferred from the uP or memory
to the PBC.

Not connected
Not connected

The signal is pulled down, when the
PIC is requesting an interrupt. In that
case, the uP should enter an interrupt
routine for reading status register 1.

A high on this input forces the P/C
into reset state. The minimum reset
pulse is 16 complete clock cycles.

Pin No. | Pin No.| Symbol Name

PL-CC | P-DIP

36 | 32 WR Write strobe
(input, active low)

37 33 N.C.

34 N.C.

39 35 INT Interrupt
request (output,
active low)

40 36 RESET Reset (input,
active hogh)

41 37 SIPO
Subscriber
interface port
(input/output)

44 40 |SP3

These interface ports are used for bi-
directional, bit-serial transfer of speech,
data and control words to and from
the Signal Processing Filter (SICOFI)
or standard codec. Corresponding
with the direction signal, the PIC
PEB. 2052 is transmitting during the
high level of DIR within the first half of a
125 ps frame.
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Block Diagram
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SIP 0<T— -
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! Interface Unit Interface Unit  ——=Highways
! ———
SIP 7 —
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SCLK —«=——  Timing Bus Inferface
SYP —— Control Unit Control Unit
(LK ——=
RESET ——»
Special Purpose TSA Module
Registers J‘>
. ‘———-VDD
<rL > ~a——(GND
EC FIFO Busl Interface
Registers
@ @ CPU Bus
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>

U

{:

P Registers

CPU Interface
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PEB 2052

Description of the Functional Blocks

The PIC has been designed especially for use in peripheral subscriber boards, but its
functional flexibility also permits its application in various parts of a digital exchange tele-
communications system.

Used in peripheral subscriber boards it performs two essential functions:

1) Exchange of control data between an on-board processing unit and individual subscriber
connections.

2) The time-slot controlied transfer of PCM data (64-Kbaud channels) between the PCM
highways and the subscriber connections. Data transfers between both parts, such as
the access of the on-board uP to 64-Kbaud channels, are considerably simplified
by the IC.

The PIC Consists of the Following Functional Blocks

@ Subscriber Interface Unit

@ PCM Interface Unit

@® TSA Module (Contents-Addressable Memory)
@ Timing Control Unit

® P Interface

@ uP Control and Status Register

@ Feature Control FIFO (16 byte)

@ Bus Interface Register
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Maximum Ratings

Limit Values
Parameter Symbol min. max. Unit
Storage temperature Totg —65 125 °C
Range of Operation
Operating temperature Ta 0 70 °Cc
Voltage at any pin referred to ground Vs -0.5 7 \
Total power consumption Pt 35 mwW
DC Characteristics
Ta=01t070°C; V,c=5V+025V;GND=0V

Limit Values
Parameter Symbol min. typ. max. Unit
L-input voltage ViL -05 0.8 Vv
H-input voltage Vin 20 5.5 \'
L-output voltage VoL 0.45 \'
Ioo=+16mA
H-output voltage VoH 24 v
Iy =—400 pA
Input leakage current n -10 10 A
Vin=Vecto OV
Output leakage current Io. -10 10 pA
Vour= Vecto OV
Vo supply current Iec 7 mA
Voc=5V
Capacitance
Ta=25°C; Voc=GND=0V

Limit Values
Parameter Symbol min. typ. max. Unit
Input capacitance Cn 5 10 pF
fo=1MHz
Input/output capacitance Cio 10 20 pF
Output capacitance Cout 8 15 pF
unmeasured pins
returned to GND
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PEB 2052

AC Characteristics
T,=0t070°C;V,c,=5V+025V;GND=0V

Microprocessor Interface

Read Cycle
Limit Values

Parameter Symbol min. max. Unit
Address hold after ALE ta 20 ns
Address to ALE setup taL 30 ns
Data delay from RD tho 120 ns
RD pulse width trr 120 ns
Output float delay tor 25 ns
RD control interval tr 80 ns
ALE pulse width taa 60 ns
Write cycle
WR pulse width tww 100 ns
Data setup to WR tow 50 ns
Data hold after WR two 25 ns
WR control interval twi 50 ns
Read Cycle

tan
ALE /__\

Write Cycle

(SxWR
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PEB 2052

Clock Timing

Limit Values
Parameter Symbol min. max. Unit
System Clock
System clock frequency fok 4.2 MHz
Duty cycle 40 60 %
Sync pulse period tspp 125 N x 125 us
Sync pulse width tsyp 60 toik ns
Pulse delay to CLK tysyp 10 ns
Setup time to CLK tssyp 50 ns
Slave Clock
Clock frequency fsoik 512 512 kHz
Clock delay time tascLk 150 ns
DIR Clock
Delay time to CLK (rising edge) t4DIR R 150 ns
Delay time to CLK (falling edge) laDIR F 110 ns
SIU Interface
SIP data delay tasip 200 ns
Data enable receive tpER 120 ns
Data disable receive tooR 120 ns
Data enable transmit toex 0 ns
Data hold transmit toHx 0 ns
Data setup transmit (control data) tosx CP/2+200 ns
Data setup transmit tpsx 100 ns
Signaling strobe delay (falling edge) tosig £ 150 ns
Signaling strobe delay (rising edge) tpsig R 150 ns
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SIP Interface Timing

Detail A Detail B

SYP inN
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PEB 2052

Serial Port Timing

PCM Interface

Limit Values
Parameter Symbol min. T max. Unit
Receive Timing
Receive data setup DCR =1 tosrr 20 ns
Receive data setup DCR=0 Ibs RR 40 ns
Receive data hold DCR=1 toH RF 40 ns
Receive data hold DCR=0 toH RR 10 ns

Receive Timing

/ \ / | \ . / CLK

tosrF

4..‘ RxHWD
% X %8 4@ DCR=1
—™ fDHRF L—

%, R enso
'—'!fDSRR“ FonrR L‘

PCM Interface (cont'd)

Limit Values
Parameter Symbol min. [ max. | Unit Test Conditions
Transmit Timing
Data enable DCX =0 tozxr 160 ns C, =200 pF
Data enable DCX = 1 tozxF 100 ns C_ =200 pF
Data hold time DCX =0 toHXR 160 ns C_ =200 pF
Data hold time DCX = 1 tOHXF 100 ns C_ =200 pF
Data float on TS EXIT thzx 80 ns C_= 150 pF
Time slot x to enable DCX =0 tsonr 130 ns C_=150 pF
Time slot x to enable DCX = 1 tsonF 100 ns C_ =150 pF
Time slot x to disable tsorF 100 ns C_ =150 pF
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Transmit Timing

_f \ / \

— -

TxHWD
DCX=0
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{
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AC Testing Input, Output Waveform AC Testing Load Circuit
N 20 Device
Test Poinfs/ Under
/ AN Test

0,45

—% €Loag =150pPF

AC testing: inputs are driven at 2.4 V for a logic “1” and at 0.45 V for a logic “0".
Timing measurements are made at 2.0 V for a logic “1” and at 0.8 V for a logic “0”.

Siemens Components, Inc.
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SIEMENS "

Signal Processing Codec Filter (SICOFI) PEB 2060 |
|

Preliminary Data CMOS IC ‘

Type Ordering Code Package

PEB2060-P | Q67100-2170 P-DIP-22

PEB 2060-N - | Q67100-Z8393 - | PL-CC-28 (SMD)

The Signal Processing Codec Filter (SICOFI®) PEB 2060 is a fully integrated PCM codec
(coder/decoder) and transmit/receive filter fabricated in advanced CMOS technology for
applications in digital telecommunication systems. Based on a digital filter concept, the

PEB 2060 provides improved transmission performance and high flexibility. The digital signal
processing approach supports software controlled adjustment of the analog behavior,
including attractive features such as programmable transhybrid balancing, impedance
matching, gain and frequency response correction.

Features

Single chip codec and filter

Band limitation according to CCITT and AT&T recommendations
Digital Signal Processing techniques
Digital voice transmission

- PCM encoded (A-law or p-law)

- linear (16 bit 2s complement)
Programmable digital filters for

- impedance matching

- transhybrid balancing

- gain

- frequency response correction
Configurable three pin serial interface

- 512-kHz-SLD-Bus (e.g. to PEB 2050/51)
- burst mode with bit rates up to 8 MHz
Programmable signaling interface to peripherals (e.g. SLIC)
High performance A/D and D/A conversion
Programmable analog gain

Advanced test capabilities

- three digital loop back modes

- two analog loop back modes

- on chip sine wave generation

No trimming or adjustments

No external components

Variable SICOFI Master Clock selection
Signaling expansion possible

Prepared for three-party conferencing
Advanced low power 2 LCMOS technology
Power supply +/—5V
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Pin Configuration
(top view)
P-DIP-22
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GNDA []3 20]s12
Vss [+ 19[] sl
GNDD[]5 18] TeST
s03(]e PEB 2060 1 JSIP
soz[]7 16 ;|SA
so1[]s 15{]s8
rRs[]s w[]sc
1R[] 13[]so
PLLgn 12] ] scik
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PEB 2060

Pin Definitions and Functions

Pin No. | Pin No. Symbol | Input (i) Function
P-DIP. PL-CC Output (O)
1 1 Voo | Power supply +5V
4 Vss | Power supply =5 V
3 GNDA || Ground analog, not internally connected to GNDD.
All analog signals are referred to this pin.
5 7 GNDD |1 Ground digital, not internally connected to GNDA.
Ali digital signals are referred to this pin.
22 28 VIN | Analog voice input to transmit path.
2 3 VOUT |O Analog voice output of the received digital voice.
12 16 SCLK || Slave clock.
10 13 DIR | Frame synchronisation signal (direction signal).
17 21 SIP 70 Serial Interface Port, bidirectional serial data port.
9 12 RS | Reset input, active high, RS forces the SICOFI| to
power down mode and resets the configuration
registers.
18 23 TEST | Test input, normally connected to GNDD.
11 14 PLL | Master clock selection (PLL/external clock).
19 24 S I Signaling Inputs. Data present at Sl is sampled
20 26 SI2 | and transmitted via the serial interface.
21 27 SI3 |
8 10 SO1 (0] Signaling Outputs. Data receivéd via the serial
7 9 S02 (0] interface is latched and fed to these outputs.
6 8 S03 (0]
16 20 SA 1710 Programmabile I/O signaling pins. Each of these
15 19 SB 1710 pins may be declared input or output individually
14 18 SC 1710 with adequate SICOFI status settings. If 2
13 17 SD 170 SICOFIs are connected to 1 serial interface,

pin SA (high/low) assigns voice, control and
signaling bytes.

Siemens Components, Inc.
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PEB 2060

SICOFI Principles

The SICOFI codec filter solution is a highly digital approach utilizing the advantages of
digital signal processing such as excellent performance, high flexibility, easy testing, no
sensitivity to fabrication and temperature variations, no problems with crosstalk and power
supply rejection.

Figure 1
SICOFI Signal Flow Graph

VIN—= AGX |—=| PREFi = A/D = D1 D2 GX |~ BP = X Comp —
Transmit
SLD = SIP
z B Inter |=— DIR
face fw—0 SCLK
SIN
: Receive

VOUT=—{ POFI r— AGR = D/A 127 + n GR LP R Exp [

Transmit Direction

The analog input signal is A/D converted, digitally filtered and transmitted either PCM-
encoded or linear. Antialiasing is done with a 2nd order Sallen-Key prefilter (PREFI). The
A/D Converter (ADC) is a modified slopeadaptive interpolative sigma-delta modulator with a
sampling rate of 128 kHz. Digital downsampling to 8 kHz is done by subsequent decimation
filters D1 and D2 together with the PCM bandpass filter (BP).

Receive Direction

The digital input signal is received PCM-encoded or linear, digitally filtered and D/A con-
verted to generate the ananlog output signal. Digital interpolation up to 128 kHz is done by
the PCM lowpass filter (LP) and the interpolation filters 11 and 2. The D/A Converter (DAC)
output is fed to the 2nd order Sallen-Key postfilter (POSI).

Programmable Functions

The high flexibility of the SICOFI is based on a variety of user programmabile filters, which
are analog gain adjustment AGR and AGX, digital gain adjustment GR and GX, frequency
response adjustment R and X, impedance matching filter Z and the transhybrid balancing
filter B.
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Figure 2
SICOFI Block Diagram
Signaling
SA.SD SISO
' s
YIN I PREFI ADC K= !
Inter- SCLK
m face 8
se_ B
S
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Coeff.
K—  RaM

v out
<~—  POFI DAC K—>

The SICOF! bridges the gap between analog and digital voice signal transmission in modern
telecommunication system.

High performance oversampling analog-to-digital converter (ADC) and digital-to-analog
converter (DAC) provide the conversion accuracy required. An analog antialiasing prefilter
(PREFI) and smoothing postfilter (POFI) is included. The dedicated on chip digital signal
processor (DSP) handles all the algorithms necessary, e.g. PCM bandpass filtering, sample
rate conversion and PCM companding. The three pin serial SLD-Bus interface handles
digital voice transmission and SICOFI feature control. Specific filter programming is done
by downloading coefficients to the coefficient ram (CRAM).

The ten pin paralle! signaling interface provides for a powerful per line SLIC control.
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PEB 2060

Serial Interface

The exchange of data on the SLLD-Bus is based on a bidirectional, bitserial interface con-
sisting of three pins: SIP, DIR and SCLK.

Data is written or read out on the Serial Interface Port (SIP) under control of the frame
synchronisation signal DIR with a period of 125 us*). The interface clock frequency supplied
at the Slave CLocK pin SCLK is 512 kHz*). The rate of the serial data stream on the SIP
pin is 512 kbit/s, that is 64 bits per each 8 kHz frame*).

Starting with the rising edge DIR, four bytes of information are transfered on the SLD-Bus
to the SICOFI, followed by four bytes from the SICOFI to the SLD-Bus.

Bit 7 is the first bit transfered and bit 0 is the last one of each byte.

Figure 3
Byte Sequence and Timing at Serial Interface Port SIP

Receive 1 Transmit
PBC ~SICOFI® sicor1 ®-—pac L10
SiP ChannelﬁXChannelEX ConfrolYSignaling ChannelAXChannel BX ControlXSignalinD(OO

SIP ChannelﬂXChannel‘BX'ConfrolXSTgnalingXChannelEXﬁEannelQK Linear Voice j
Linear Voice x ConWSignalingX Linear Voice XControl xSignaling)

f 125ps

K

01

SIP 10

N

DIR I LIO: Field LIO (Linear Operating Mode)
in CR3 _

SCLK | | l | |

sIp X CBitoo X Bite3 X Bit62

*) for applications with other clock rates see appendix A
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Programming

A message-orientated byte transfer is used, due to the fact that the SICOFI needs extended
control information. One control byte per frame and direction is transfered. With the appro-
priate received commands, data can be written to the SICOF! or read from the SICOFI
onto the SLD-bus.

Data transfer to the SICOFI starts with a write command, followed by up to 8 bytes of data.
The SICOFI responds to a read command with the requested information, starting at the
next transmission period. If no status modification or data exchange is required a NOP byte
is transfered (see Programming Procedure).

Classes of Control Bytes

The 8-bit control bytes consist of either commands, status information or data. There are
three different classes of SICOFI commands:

NOP NO OPERATION:
no status modification or data exchange

SOP STATUS OPERATION:
SICOFI status setting/monitoring

COP  COEFFICIENT OPERATION:
filter coefficient setting/monitoring
The class of command is selected by bit 2 and 3 of the control byte as shown below.

Due to the extended SICOFI feature control facilities, SOP- and COP-commands contain
additional information.

BIT 7 6 5 4 3 2 1 0
Nop |1 [ 1 o T [ [ o ]
sop | | | | Lo [ 1 | L
coP | | | | | x [ o | ]
NOP Command

If no status modification of the SICOFI or control data exchange is required, a No Operation
Byte NOP is transfered.

BIT 7 6 5 4 3 2 1 0
1 1 1 1 1 1 1 1

X....don't care
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SOP Command

To modify or evaluate the SICOFI status, the contents of up to four configuration registers
CR1, CR2, CR3 and CR4 may be transfered to or from the SICOFI. This is done by a
SOP-Command (Status Operation Command).

BIT 7 6 5 4 3 2 1 0
T
AD R/W PU TR 0 1 LSIEL

AD Address Information AD=0 A-SICOFI| addressed
AD=1 B-SICOFI| addressed
This bit is evaluated if two SICOFIs are connected to one SLD-port.
A SICOFI is accessed, if AD is consistent with the level at pin SA
(see Signaling Byte, Programming Procedure).

R/W  Read/Write Information R/W=0 Write to SICOFI
R/W =1 Read from SICOFI
Enables reading from the SICOFI or writing information to the SICOFI.

PU Power Up/Power Down PU=1 Sets the SICOFI to power-up mode (operating)

(see also CR3) PU=0 Resets the SICOF| to power-down
(standby mode)
TR Three Party Conference TR=1 The received voice bytes of Channel A and

Channel B are added (A+B). The result is
filtered, D/A converted and transfered to
Analog Output VOUT (see also CR3).

LSEL Length Select Information (see also Programming Procedure)
This two bit field identifies the number of subsequent data bytes

LSEL=00 no byte following

LSEL=11 CR1 is following

LSEL=10 CR2 and CR1 are following

LSEL=01 CR4, CR3, CR2 and CR1 are following
in this case the PU and TR bits are not
overwritten.
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CR1 Configuration Register 1

This configuration register is used for enabling/disabling the programmable digital filters
(DB..RG) and for accessing tesmodes (TM1).

BIT 7 6 5 4 3 2 1 0
T ]
DB RZ RX RR RG | TM1 |
DB Disable B-Filter DB = 0:B-Filter enabled
DB = 1:B-Filter disabled
RZ Restore Z-Filter RZ = 0:Z-Filter disabled
RZ =1:Z-Filter enabled
RX Restore X-Filter RX = 0:X-Filter disabled
RX = 1:X-Filter enabled
RR Restore R-Filter RR = 0:R-Filter disabled
RR = 1:R-Filter enabled
RG Restore GX-GR-Filter RG = 0:GX-GR-Filter disabled

RG = 1:GX-GR-Filter enabled

TM1 TESTMODES

0 0 0 No test mode

0 1 Analog loop back via Z-filter (H (Z) = 1)V

0 1 0 Disable highpass filter (part of bandpass BP)
0 1 Cut off receive path

1 0 0 Initialize data ram

1 0 Digital loop back via B-filter (H (B) = 1)2

1 1 1 Digital loop back via PCM-register®

) Qutput of the interpolation filter 1 11 is set to 0.
Value of transfer function of the Z-filter is 1 (not programmable).
2 Qutput of the low pass decimation filter 2 D2 is set to 0.
Value of transfer function of the B-filter is 1 (not programmable).
3 PCM in=PCM out. This testmode is also available in standby mode.
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CR2 Configuration Register 2
BIT 7 6 5 4 3 2 1 0
D C B A EL AM WA PCS

The first four bits D...A in this register, program the four bidirectional signaling pins SD...SA.
With two SICOFIs on one SLD port only pin SD can be used, pin SA is always input in this
case and indicates the address of the SICOFI.

SA = 0:A-SICOFI, SA = 1 :B-SICOFI (see also bit AD in SOP-command).

D Signaling Pin SD D=0 SD is output
D=1 SD s input
(o] Signaling Pin SC C=0 SC is output
C=1 SCis input
B Signaling Pin SB B=0 SB is output
B=1 SB is input
A Signaling Pin SA A=0 SA is output
A=1 SAis input
EL Signaling Expansion Logic EL=0 No expansion logic
EL= Expansion logic provided

signaling expansion logic is only possible with one SICOFI on port
(see also Signaling Byte)

AM Address Mode AM=0 Two SICOFIs on SLD port
AM =1 One SICOFI on SLD port
The SICOFI access to the SLD-Bus voice channel is controlled by AM and TR.
Receive (SLD-Bus —SICOFI) Transmit (SICOFI— SLD-Bus)
AM TR | SICOFIA SICOFI B SICOFI A SICOFI B
0O o0 channel A channel B channel A channel B
0 1 channel B channel A channel B channel A
1 0 channel A - channel A, B" -
1 1 channelA+B2 | — channel A, B" -
p/A PCM-Law u/A=0 A-Law
p/A=1 p-Law (un255 PCM)
PCS Programmed B-Filter Coefficient
PCS=0 Programmed coefficients
PCS=1 Fixed coefficients

1 The SICOFI transmits the same byte in channel A and B.
2 Three Party Conference. ‘
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CR3 Configuration Register 3
BIT 7 6 5 4 3 2 1 0

AGX AGR PU TR LIO

AGX  Analog Gain Control Transmit-Path

AGX =0 0 0dB

AGX =0 1 6 dB amplification
AGX =1 0 12 dB amplification
AGX =1 1 14 dB amplification

AGR Analog Gain Control Receive-Path

AGR =0 0 0dB
AGR =0 1 6 dB attenuation
AGR =1 0 12 dB attenuation
AGR =1 1 14 dB attenuation

PU Power Up/Power Down")
PU =0 Power Down (standby)
PU = 1 Power Up (operating)

TR Three Party Conference/Reverse Operating Mode (see CR2)"

LIO  Linear Operating Mode (see serial interface)

LO =0 0 PCM mode
Lo =0 1 Linear mode 12
Lo =1 0 Linear mode 2

(Change of linear mode becomes valid in the next DIR-cycle).

Y The bits PU and TR may also be overwritten by a SOP command with
LSEL =0 1 (PU and TR are part of the SOP command).
With LSEL =0 1, the bits PU and TR in the SOP command are ignored.

2 Subsequent to a SOP/COP-read command the control and signaling information
is transmitted instead of linear voice.
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CR4 Configuration Register 4

BIT 7 6 5 4 3 2 1 0
I T T T
TM3 0 0 TM4
1 1 | |
TM3 TEST MODES
0 0 O No test mode
0 0 1 Additional + 6 dB digital gain in transmit direction (GX)
o 1 1 Additional + 12 dB digital gain in transmit direction (GX)
1 0 O Enable on chip sine wave generation"
1 1 0 Far analog loop back?
TM4 TEST MODES
No test mode
1 Digital loop back via analog port (Viy = Vour)
COP Command

With a COP command coefficients for the programmable filters can be written to the
SICOFI coefficient ram or transmitted on the SLD-bus for verification.

BIT 7 6 5 4 3 2 1 0
T T T T
AD R/W CODE
1 | [ |
AD Address Information AD=0 A-SICOFI] addressed '
AD=1 B-SICOFI addressed

This bit is evaluated with two SICOFIs on one SLD-port only.

With two SICOFls on port, a SICOFI is identified, if AD is consistent with the level
at pin SA (see Signaling Byte, Programming Procedure).

R/W  Read/Write Information

RW=0
R/W=1

Write to SICOFI
Read from SICOFI

This bit indicates whether filter coefficients are written to the SICOFI or read from

the SICOFI.

) With the R-Filter disabled a2 kHz, 0 dBmO sine wave signal is fed to the input of the
receive Lowpass Filter LP (other frequencies see Appendix B).

2 The output of the X-Filter is fed to the input of the R-Filter (8 kHz, 16 bit linear).
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CODE

o 0o 0 0 1 1 B-Filter coefficients part 1 (followed by 8 bytes of data)
o 0o 1 0 1 1 B-Filter coefficients part 2 (followed by 8 bytes of data)
o 1. 0 0 1 1 Z-Filter coefficients (followed by 8 bytes of data)
o 1t 1 0 0 O B-Filter delay coefficients (followed by 4 bytes of data)
1 0 0 0 1 1 X-Filter coefficients (foliowed by 8 bytes of data)
1 01 0 1 1 R-Filter coefficients (followed by 8 bytes of data)
1 1 0 0 0 O GX- and GR-Filter coefficients| (followed by 4 bytes of data)

Other codes are reserved for future use.

Data Byte Format
BIT 7 6 5 4 3 2 1 0
SIGN l:'-:XPONENl:' SIGN TI|EXPONEN'I['L
COEFFICIENT 1 COEFFICIENT 2

Each four bit coefficient represents a factor of SIGNx 2-EXPONENT

Subsequent to reading the filter coefficients form the SICOFI CR2 and CR1 are transmitted
additionally!!
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Signaling Byte
The signaling interface of the SICOFI consists of 10 pins.
.3 transmit signaling inputs: Si1, SI2 and SI3
3 receive signaling outputs: SO1, SO2 and SO3
4 bidirectional programmable signaling pins: SA, SB, SC and SD

Data present at SI1..SI3 and possibly at some or all of SA..SD (if programmed as inputs)
are sampled and transfered serially on SIP onto the SLD-bus. Data received serially on
SIP from the SLD-Bus are latched and fed to SO1..803 and possibly to some of SA..SD
if programmed as output.

The signaling field format is generally:
In Receive Direction:
BIT 7 6 5 4 3 2 1 0

SO1 802 S03 SD SC SB SA SEL

In Transmit Direction:
BIT 7 6 5 4 3 2 1 0

Si1 Si2 SI3 SD SC SB SA SEL

where SEL is the signaling expansion bit if EL = 1 in CR2.

For the different cases possible, the signaling byte format at SIP is

Receive Signaling Byte Transmit Signaling Byte
Bt |7 6 5 4 3 2 1 0 |7 6 5 4 3 2 1 0
198%¢ o5t so2 s03 X X X X X | SH Si2 S13 SD SC SB SA 0
2 SO1 SO2 SO3 X X X X X | S SI2 SI3 SD SC SB SA Z
3 SO1 SO2 SO3 SD SC SB SA X |S1 S2S30 0 0 0 0
4 SO1 SO2 SO3 SD SC SB SA X |SH S2 S8z 2z Z 2z 2
5A-SIC [ SO1 SO2 SO3 X X X X X |Si1sS2s8sDbz z z z
BSIC X X X X SOl S02 803 X |Z Z Z Z SH Si2 SI3 SD
GASIC |SO1 SO2 SO3 SD X X X X |SH S2sB80 z z z z
BSIC (X X X X SO1 802 S03 SD |z Z Z Z SH SI2 8130

Z...high impedance, X...don't care
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Signaling Byte

Cases

9

One SICOF! is connected to one SLD port, EL = 0 (no signaling expansion logic
provided); SA..SD are programmed as transmit signaling inputs.

One SICOFI connected to one SLD port, EL = 1 (signaling expansion logic provided);
SA..SD are programmed as transmit signaling inputs.

One SICOF! is connected to one SLD port; EL = 0 (no signaling expansion logic
provided); SA..SD are programmed as receive signaling outputs.

One SICOFI is connected to one SLD port; EL = 1 (signaling expansion logic provided);
SA..SD are programmed as receive signaling outputs.

If a signaling expansion logic is provided (see case 2 and 4), the signaling bits SA..SD
which are programmed as signaling inputs or outputs can be used as additional
expansion bits in receive or transmit direction, respectively. As far as SICOFI is con-
cerned, SIP is in a high-impedance (2) state or “don’t care” (Y) state while these bits
are transfered.

Two SICOFIs are connected to one SLD pyort; SD is programmed as transmit signaling
input.

Two SICOFIs are connected to one SLD port; SD is programmed as receive signaling
output.

If two SICOFIs are connected to one SLD port, no signaling expansion logic is possible.
SA is programmed as input automatically, and defines the addressed SICOFI:

SA =0:A-SICOF!

SA = 1:B-SICOFI.

SB and SC are not usable with two SICOFIs on one SLD port.
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Programming Procedure

The following table shows some control byte sequences. If the SICOFI has to be con-

figured completly during initialization, up to 60 bytes will be transfered.

DlRIReceive ITransmitI Receive ITransmiI'IReceivehansmirI Receive ITransmifl Receive |Transm'|fl Receivel

No Operation
| NoP

SOP Write
LSEL =00
LSEL = 11
LSEL=10
LSEL =01

SOP Read

LSEL =00
LSEL =11
LSEL=10
LSEL =01

COP Write
4 Bytes
8 Bytes

COP Read
4 Bytes
8 Bytes

SopP
SOP
‘SOP
SopP

SOP
SOP
SOP
SOP

cop
cop

COP
cop

X....don't care
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' NOP | NOP ‘ NOP

NOP
NOP | CR1 | NOP
NOP | CR2 | NOP
NOP | CR4 | NOP

NOP

CR1
CR2 | X | CRi
CR4 | X | CR3
NOP | DB4 | NOP
NOP | DB8 | NOP
DB4 | X | DB3
DB8 | X | DBY
DB1, DB2.

NOP

CR1
CR3

DB3
DB7

..DB8...coefficient Data Byte 1..8

182

NOP

NOP
NOP

CR2

NOP

DB1
DB1

NOP

CR2

DB2

NOP

NOP

CR1

NOP
NOP

CR2
CR2

NOP

CRt

DB1
DB1

NOP

NOP

NOP
NOP

CR1
CR1

NOP
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Operating Modes

Basic Setting

Upon initial application of V,y or reseting pin RS to “1” while operating, the SICOFI enters
a basic setting mode. Basic setting means, that the SICOFI configuration registers CR1...CR4
are initialized. All CR1 bits are set to “0” (all programmabile filters are disabled except the
B-Filter where fixed coefficients are used, no test mode); CR2 is set to “1” (SA...SD are
inputs, signaling expansion logic is provided, one SICOFI on SLD-port, p-law chosen and
fixed B-Filter coefficients used). All CR3 and CR4 bits are reset to “0” (no additional
amplification or attenuation, no linear mode, power down, no test mode). Receive signaling
registers are cleared. SIP is in high-impedance state, the analog output V,,; and the
receive signaling outputs SO1...803 are forced to ground.

The serial interface is active to receive commands starting with the next 8-kHz SLD-bus
frame. The serial interface port SIP remains tristate until CR2 has been defined.

If two SICOFls are connected to one SLD port, both SICOFis get the same SOP and CR2
information during initialization. The subsequent CR1 byte is assigned to the addressed
SICOF! only. If the two SICOFIs need different CR2 information, the SOP-CR2 sequence
has to be provided once again (each SICOFI knows its address now).

Standby Mode

Upon reception of a SOP command to load CR2 from the basic setting, the SICOFI enters
the standby mode (basic setting replaced by individual CR2). Being in the operating mode,
the SICOFI is reset to standby mode with a Power-Up bit PU = 0 (in CR3 or in the SOP-
command directly). The serial interface is active to receive and transmit new commands
and data.

Operating Mode

From the standby mode, the operating mode is entered upon recognition of a Power-Up
bit PU =1 (in CR3 or in the SOP-command directly).

Gain Adjustment

The transmit gain values are digitally programmable in the range of 0 to 8 dB in steps of
<0.25 dB.

The receive gain values are digitally programmable in the range of 0 to —8 dB in steps of
<£0.25 dB.
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Transmission Characteristics — Preliminary

The target figures in this specification are based on the subscriber-line board requirements.
The proper adjustment of the programmable filters (transhybrid balancing: B; line termina-
tion: Z; frequency-response correction: X, R) needs a complete knowledge of the SICOFI®'s
analog environment. Unless otherwise stated, the programmable filters have the following
transfer functions:

HZ) =HB)=0;HX)=H(R)=1;H{Gx)=0dB to 8 dB

H(GR) = 0 dB to —8 dB; H(AGX) = 0 dB to 14 dB; H(AGR) = 0 dB to —6 dB;
A 0 dBmO signal is equivalent to 1.5763 [1.5710] Vrms.
A 3.14 [3.17] dBmO signal is equivalent to 2.263 Vrms which corresponds to the overload
point of 3.2 V. (A-law,[u-law]).

Limit Values
Parameter Symbol min. typ. max. Unit
Gain (either value)
Gain absolute RL>1kQ G -0.2 +0 0.2 dB
1000 Hz at 0dBm0 300 Q<R <1kQ -0.3 —-0.05 0.20
Gain variation with supply voltage
and temperature Gy —-0.2 0 0.2 dB
1000 Hz at 0dBmO
Total harmonic distortion?) THD —44 dB
Intermodulation )
2f,=f, 2) IMD —-42 dB
2f,~f, 3) —-56
Crosstalk
Transmit to receive
0dBm0
f=300 Hz to 3400 Hz Chr -70 dB
Receive to transmit
0dBm0
f=300 Hz to 3400 Hz CTr -70 dB
Idle channel noise
psophometric weighted
Transmit, VIN=0V Ngrp —67 dBmOp
Receive, idle code +0 Ngp -78 dBmOp

1) Single-frequency components between 300 Hz and 3400 Hz produced by a 0 dBm0 sine wave
in the range between 300 Hz and 3400 Hz.

2) Equal input levels in the range between —4 dBm0 and —21 dBm0; different frequencies in the range
between 300 Hz and 3400 Hz.

3) Input level -9 dBmQ, frequency range 300 Hz to 3400 Hz and —23 dBm0, 50 Hz.
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Attenuation Distortion
Attenuation deviations stay within the limits in the figures below.

Figure 3
Receive: Reference frequency 1 kHz, input signal level 0 dBm0
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0

0125dB
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Figure 4
Transmit: Reference frequency 1 kHz, input signal level 0 dBm0
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Group Delay

Maximum delays for operating the SICOFI with H(B) = H(Z) = 0 and H(R) = H(X) = 1,
including delay through A/D- and D/A converters. Specific filter programming may cause

additional group delays.
Group delay deviations stay within the limits in the figures below.

Group Delay Absolute Values: Input signal level 0 dBm0

Limit Values

Parameter Symbol min. typ. max.

Unit

Transmit Delay Dya 300
f=1.4kHz

us

Receive Delay Dga 240
f=300 Hz

us

Figure 5
Group Delay Distortion: Input signal level 0 dBm0
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Out-of-Band Signals at Analog Input

With an out-of-band sine wave signal with frequency f and level A applied to the analog
input, the level of any resulting frequency component at the digital output will stay at least
X dB below level A.

Figure 6

dB Maximum input level A
0 at analog input

L
N
PN I S,

107 5 10° 5 10 5 kHz 10°

discrimination X

)

i
0 |
1072 5 107" 5 10" .5 kHz 102

f
Out-of-Band Signals at Analog Output

With a 0 dBm0Q sine wave of frequency f applied to the digital input, the level of any resulting
out-of-band signal at the analog output will stay at least X dB below a 0 dBm0, 1 kHz
sine wave reference signal at the analog output.
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Gain Tracking (receive and transmit)
The gain deviations stay within the limits in the figures below.
Figure 8

Gain Tracking: Measured with noise signal according to CCITT recommendations
Reference level is —10 dBmO

dB
2
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— [nput Level
Figure 9

Gain Tracking: Measured with sine wave in the range 700 to 1100 Hz
Reference level is —10 dBmO
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Total Distortion (The signal-to-distortion ratio exceeds the limits in the following figures).
Figure 10
Receive: Measured with noise signal according to CCITT recommendations
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Figure 11
Transmit: Measured with noise signal according to CCITT recommendations
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Figure 12

Receive & Transmit: Measured with sine wave in the range 700 to 1100 Hz
excluding submuitiples of 8 kHz
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Transhybrid Loss

The quality of transhybrid-balancing is very sensitive to deviations in gain and group delay-
deviations inherent to the SICOFI A/D- and D/A-converters as well as to all external
components used on a line card (SLIC, OP's etc.).

The SICOF! transhybrid-loss is measured the following way: A sine wave signal with
level A and a frequency in the range of 300-3400 Hz is applied to the digital input. The
resulting analog output signal at pin V,; is directly connected to V,, e.g. with the SICOF!
testmode “Digital Loop Back via Analog Port” (see CR4). The programmable filters R, Gr, X,
Gx and Z are disabled, the balancing filter B is enabled with coefficients optimized for
this configuration (Vour = V).

The resulting echo measured at the digital output is at least X dB below the level of the
digital input signal as shown in the following figure.

Figure 13

40
dB —

30 e —

THL T~

25

20

10

03 34
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0 05 10 15 20 2,5 30 35 kHz 4,0

f———-

Note:

B-filter coefficients recommended for transhybrid loss measurement (Voyr = V)
B-filter part 1 (03) = DE, 12, 2B, 23, 15, 21, 31, D1

B-filter part 2 (03) = 00, 14, 4E, 5B, AC, DB, 1B, A3

B-filter delay (18) =19, 19, 11, 19
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Absolute Maximum Ratings

Limit Values

Parameter Symbol min. max. Unit
Vpp referred to GNDD -0.3 55 \
Vg referred to GNDD -5.5 0.3 \'
GNDA to GNDD -03 0.3 \
Analog input and output voltage

referredto Vpp=5V; Vgg=—5V Vin —103 0.3 \Y

referredto Vgg=—5V; Vpp=5V Vin -03 10.3 \
All digital input voltages

referredto GNDD=0V; Vpp =5V Vin -03 53 Vv

referred to Vp=5V; GNDD=0V Vin -53 0.3 Vv
Power dissipation Pp 1 W
Storage temperature Tstg —60 125 °C
Ambient temperature under bias Ta -10 80 °C

Operating Range

Ta=0t070°C; Vopp =5V £5%; Vos=—5V £5%; GNDD=0V; GNDA=0 V

Limit Values

Parameter Symbol | min. typ. max. Unit Test Conditions
Vpp supply current Inp

standby 2.1 4 mA + 5% supply

operating 8 12 mA + 5% supply
Vs supply current Iss

standby 1.7 3 mA + 5% supply

operating 5 8 mA + 5% supply
Power supply rejection PSRR 35 dB 1 kHz
(of either supply/direction) 80 mV s ripple
Power dissipation standby Pps 20 37 mwW + 5% supply
Power dissipation operating Poo 70 105 mw + 5% supply
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Digital Interface

T,=01t070°C; Voo =5V £ 5%; Vgg=~5V £ 5%; GNDD=0V; GNDA=0V

Limit Values
Parameter Symbol min. max. Unit
L-input voltage Vi -0.3 0.8 \
H-input voitage Vin 2.0 Vpp +0.3 \
L-output voltage VoL 0.45 \'
Iy=-2mA
H-output voltage 2.4 \"
I, =400 pA
Input leakage current I +1 HA
—0.3<Vin<Vpp
Analog Interface
T,=01070°C; V,p =5V £ 5%; Vo =—5V £ 5%; GNDD=0V; GNDA=0V

Limit Values
Parameter Symbol min. max. Unit
Analog input resistance R, 10 MQ
Analog output resistance Ro 10 Q
Input offset voltage Vo +50 mV
Output offset voltage Voo +50 mV
Input voltage range Vir +3.2 v
Output voltage range Vor +3.1 "
RL2300Q;
C_<10pF
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SIP Interface Timing (SLD-Bus)

Figure 14
[ FcLk = ‘
s _ o S/ [/
ThoR |
OIR 4‘ ’\__ ___/——
- for | o
—=| [=Toms
—=| |=—=ton_n
siew —— (N O ORI —— —{IHAAC
- Tp ot
spout | Y—m————————— —
Switching Characteristics
Limit Values
Parameter Symbol min. typ. max. Unit
Period SCLK tscik —10% 1/512 kHz | +10%
Duty Cycle 10 90 %
Period DIR toiR 125 ps
DIR delay time taDiR —-20 80 ns
DIR high time thoR 500 ns
SIP data in setup time ton s 50 ns
SIP data in hold time toin H 20 ns
SIP data out delay tapout 200 ns
SIP data out tristate delay vs. SCLK 50 ns
RS high time 250 ns
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Signaling Interface Timing

Figure 15

790 \ ]
SCLK 10

Last Signalin
SIPIN BN

SIG oUT
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Switching Characteristics

First Signali
(X

— tsi6 INH
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Parameter

Symbol

Limit Values

min.

typ. max.

Unit

Delay signaling out
vs. SCLK1)

tasiGout

200

ns

SIG in setup time?)

tsigin s

50

ns

SIG in hold time?)

tsigin H

100

ns

1) Pins SO1..S03; Pins SA..SD as output
2) Pins SI1..8I3; Pins SA..SD as input
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Appendix A
The SICOFI can be used with three different SLD-bus type interfaces.
A specific interface type is selected with three pins: TEST, SI3 and PLL.

Figure 16
1) SLD-bus Interface"

TESTSIZ |PLL OR J 4‘_[ I—_—hakHz
o [x[x]sw [ || L Fl 1 [ ] [t

MCLK |||”||||”| Mﬂﬂmwuwmfm%km
sIp UaraX X D( X X £=512kHz

2) SLD-bus Interface with Variable Clock-frequencies?

11
TEST|SI3*|PLL| QR J | & f1512 kHz

SCLK f

sip DafaX X X X F18KHz

3) Burst Mode Interface?

TEST|SI3*|PLL| pR J FI512 kHz

1 0|1
*) SI3 cannot be
used as
Signalling pin MCLK mﬂmmﬂ”ﬂmmwm f

1 4096-kHz Masterclock-MCLK is generated from 512-kHz SCLK by on chip PLL
2 Maximum MCLK-frequency = 8 MHz
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Appendix A (cont'd)

In burst-mode 8- or 16-bit bursts are received or transmitted, depending on the linear
mode selected (see field LIO in CR3).

Figure 17
r
| S
DIR ! VoiceA VoiceB Control Signalinal VoiceA VoiceB Control Signalingr

el gL
IR
LIO:E_EIP:LB LSB C+S lM—lB LSB !’.—lS I—

R 0000000(

Voice A

Lio=01 (7Xs X5 Xa X3 X2 X1 X0

Voice A

e C.00,00.000.00000900

Linear Voice

A... voice A C...control

B... voice B S...signaling
MSB... bit 15 - 18 of linear in- or output
LSB... bit 7 - 0 of linear in- or output
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Appendix B

On Chip Sine-Wave Generation

By setting field TM3 in CR4 to '100’ the on-chip sine-wave generator is activated with a
fixed frequency of 2 kHz. The frequency fg,, may be programmed via the R-filter coefficients
(R-filter enabled) in the range of 0..4 kHz. The gain may be adjusted with the programmable
GR-filter.

The trapezoidal sine-wave generation aigorithm used, provides for a harmonic distortion
better than 27 dB.

Calculation of the R-filter Coefficients:

fan: = 8192 * INC/fyyc « with fiyc k. fan [kHZ]

INC: = Sgy * 2E%PR1 » (1 + Sgyp * 2-EXPR2 » (1 + Sy * 2-5%PR3 » (..(.. (1 + Spe * 2-5%Fr9) )
S...SIGN, EXP...EXPONENT '

Figure 18
1

INC
R9 RS R7 R6 RS R4 R3 R2 R1
A, =INC
FORi:=1TO9DO
FIND S;, EXP, : FOR (|A, - S; * 2-*F|) = MIN; S;€ (—1,1), EXP€ (0...7)
A, 1= (A/S * 2EXF) —1
Ri:=[(-S; + 1)/2), BIN(EXP)] (to be transfered to the SICOFI)
NEXT i

Programming Byte Sequence for Selected Frequencies

R, R 8F | sF
Ry R, 8F | 8F

48 | 2D | BB | 12 | 5F | 5F | BB | CA
B1 B3 | 12 | DA | 8F | 1B | 12 13

Frequency 2000 [1000 | 800 | 697 | 700 | 852 | 941 [1209 | 1336 |1477 | 1633
COP write AB | AB | AB | AB | AB | AB | AB | AB | AB | AB | AB
X 00 |00 |00 |00 |00 |00 |00 |00 |00 |00 | 0O
X X 00 |00 |00 |00 |00 |00 |00 |00 |00 |00 | OO
X X 00 {00 (00 | 00 | 00 [ 00 | 00 | 0O [ 00O | 0O | 0O
R, X 00 |10 |10 |20 |10 |10 |10 |10 | 10 | 10 | 00
R, R, 8F | 8F | AA | A1 |CA | 3B |CcC | B2 |2 |D1 | 1B
R, R, 8F | 8F | AA | 2B (32 |C1 (BB |22 | Al | Cl1 | 5C

AA

AA

X...don't care
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Dual Channel Codec Filter (SICOFI-2) PEB 2260

Preliminary Data CMOS IC

Type Ordering Code Package

The Dual Channel Codec Filter PEB 2260 (SICOFI®-2) is a fully integrated PCM codec and
filter fabricated in low power CMOS technology for applications in digital communication
systems. Based on an advanced digital filter concept, the PEB 2260 provides excellent
transmission performance and high flexibility. The digital signal processing approach in-
cludes attractive programmable features such as transhybrid balancing, impedance match-
ing, gain and frequency response correction.

The SICOFI-2 can be programmed to communicate either with SLD or with IOM®2 compatible
PCM interface controllers (e.g. PEB 2050/51/52/55).

The device bridges the gap between analog and digital voice signal transmission in modern
telecommunication systems.

High performance oversampling Analog-to-Digital Converter (ADC) and Digital-to-Analog
Converter (DAC) provide the conversion accuracy required. Analog antialiasing Prefilters
(PREFI) and smoothing Posffilters (POFI) are included. The dedicated on chip Digital Signal
Processor (DSP) handles all the algorithms necessary, e.g. PCM bandpass filtering, sample
rate conversion and PCM companding. The SLD/IOM-2 interface handles digital voice
transmission, SICOFI-2 feature control and access to the SICOFI-2 signal pins. Specific filter
programming is done by downioading coefficients to the coefficient RAM (CRAM).

Features

@ Dual channel single chip codec and filter
® Band limitation according to CCITT and AT & T recommendations
@ Digital signal processing techniques
® PCM encoded digital voice transmission (A-law or p-law)
@ Programmable digital filters for

- Impedance matching

- transhybrid balancing

- gain

- frequency response correction

SLD- and IOM2-interface

Programmable signaling interface to penpherals (e.g. SLIC)
High performance A/D and D/A conversion
‘Programmable analog gain

Advanced test capabilities, per channel

- three digital loop back modes

- two analog loop back modes

- two programmable tone generators
@ No trimming or adjustments
@® No external components

® Advanced low power CMOS technology

® Power supply +/—5V
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Pin Configuration for SLD Mode

(top view)

<C

RERE

> vV o un >

32182
SBAQ4 O 26[1S13A
S01A 05 25 ) MODE
s02Ade 24P GNDD
S03A Q7 23RS

%sd8 PEB 2260 22pv,

S03B Q9 SCLK
S02BL DIR
S0180 SIp

SBB(Q

GNDB
SI128
VINB

m
—_
=2
o
>

Si3B

Pin Configuration for IOM-2 Mode

(top view)

S<g5_ %

SSE=S

/3 2 1 827

creade @) 26 C3A
C1A0S 251 MODE
c2A (s 24[) GNDD
15107 23QRS
Vss08 PEB 2260 2201V
TS2  OCL
(2B 0 FSC
1B 1 DU
(128 N 00D

o m Mmoo

-0« Z

ERVI- RS

>

Pin Definitions and Functions for SLD Mode

Pin No. Symbol | Input (l) Function
Output (O)
22 Voo | Power supply +5 V
8 - Vas | Power supply =5V
24 GNDD | Ground digital. Not internally connected to GNDA or GNDB.
All digital signals are referred to this pin.
1 GNDA | Ground analog channel A. Not internally connected
to GNDD or GNDB.
All channel A analog signals are referred to this pin.
15 GNDB | Ground analog channel B. Not internally connected
to GNDD or GNDA.
All channel B analog signals are referred to this pin.
27 VINA | Channel A analog voice input
3 VOUTA | O Channel A analog voice output
17 VINB | Channel B analog voice input
13 vouTB | O Channel B analog voice output
25 MODE | Operating mode selection, connected to ground.

Siemens Components, Inc.
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Pin Definitions and Functions for SLD Mode (cont'd)

Pin No. Symbol | Input (I) Function
Output (O)
21 SCLK | Slave clock
20 DIR | Direction signal, 8-kHz-frame synchronization.
19 SIP 110 Serial interface port, bidirectional serial data port.
23 RS | Reset input, RS forces the SICOFI-2 to basic settings.
2 SHA |
28 SI2A |
26 SI3A | Signaling input: Data presentat SI1A...SI3B are sampled
14 SI1B | and transmitted via the serial interface
16 Si2B |
18 SI3B |
5 SO1A (0]
6 SO2A (o]
7 SO3A (o] Signaling output: Data received via the serial interface
11 SO1B (e] are latched and fed to SO1A...SO3B.
10 S02B (0]
9 S03B (o]
4 SBA 1/0 Bidrectional signaling pin: SBA, SBB pins may be pro-
12 SBB 1/0 grammed as input or output individually with adequate

SICOFI-2 status settings.

Pin Definitions and Functions for IOM-2 Mode (cont'd)

Pin No. Symbol | Inputi Function
Output (0)
22 Voo | Power supply +5V
8 Vss I Power supply —5 V
24 GNDD | Ground digital. Not internally connected to GNDA
and GNDB.
Ali digital signals are referred to this pin.
1 GNDA | Ground digital channel A. Not internally connected to
GNDD and GNDB.
All channel A analog signals are referred to this pin.
15 GNDB | Ground analog channel B. Not internally connected to

GNDD and GNDA.
All channel B analog signals are referred to this pin.

Siemens Components, Inc.
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Pin Definitions and Functions for IOM-2 Mode (cont'd)

Pin No. Symbol | Inputl Function
Output (O)
25 MODE |1 Operating mode selection, connected to Vjp.
27 VINA | Channel A analog voice input to transmit path
3 VOUTA | O Channel A-‘analog voice output of the received digital
voice
17 VINB 1 Channel B analog voice input to transmit path
13 voutB | O Channel B analog voice output of the received digital
voice
21 DCLK | Data clock
20 FSC | Frame synchronisation clock
19 DU (0] Data upstream, serial data port output
18 DD 1 Data downstream, serial data port input
23 RS | Reset input, active high RS forces the SICOFI-2 to
power down mode and resets the configuration
registers
28 1A | Indication input: Data present at |11A...11B are sampied
16 1B | and transmitted via the serial interface.
5 C1A (0] Command output: Data received via the serial interface
6 C2A (0] are latched and fed to C1A...C3A and C1B...C2B.
26 C3A o]
11 C1B o]
10 Cc2B o]
2 CHA 1710 Bidirectional command/indication pin: C/1A...CI2B pins
4 ClI2A /0 may be programmed as input or output individually
14 ciiB /0 with adequate SICOFi-2 status settings.
12 ci2B 110
7 TS1 | Time-slot selection pin 1..2.
9 TS2 |
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IOM-2 - Operating Modes

The SICOFI-2 is able to operate IOM-2-interfaces with two different Data Clock (DCL)
frequencies (512 kHz or 4096 kHz). Time-Slot Assignment of 8 time slots is available with
4096-kHz DCLK frequency.

The IOM-2-operating mode and time-slot selection is set up by pin-strapping of two pins
TS1 and TS2, which work with ternary logic (-5 V, 0V and +5 V).

-
N

'Slow’ IOM-mode (DCLK = 512 kHz)

"Fast’ IOM-mode, time slot 0 selected
'Fast’ IOM-mode, time slot 1 selected
Fast’ IOM-mode, time slot 2 selected
'Fast’ IOM-mode, time slot 3 selected
'Fast’ IOM-mode, time slot 4 selected
’Fast’ IOM-mode, time slot 5 selected
'Fast’ IOM-mode, time slot 6 selected
’Fast’ IOM-mode, time slot 7 selected

zvzovUvOOZ g
ﬂvOﬂzonZa

N... —5Volt (Vg5) applied to pin TS1/TS2
0... 0 Volt (GNDD) applied to pin TS1/TS2
P +5 Volt (V) applied to pin TS1/TS2

Block Diagram

VINA
—=  PREFI ADC [

SLD/
CHANNEL A ) IoM®-2
Interface
VOUTA —
-  POFI pac K

DSP

"B pREFI ADC [

CHANNEL B (] (RAM

vouTB
-—  POFI o —
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Transmission Characteristics

The target figures in this specification are based on the subscriber-line board requirements.
The proper adjustment of the programmable filters (transhybrid balancing B; line termina-
tion Z; frequency-response correction: X, R) needs a complete knowledge of the SICOFI-2’s
analog environment. Unless otherwise stated, the programmable filters have the following
transfer functions:

H(Z) = H(B) = 0; H(X) = H(R) = H(GR) = H(GX) = H(AGR) = H(AGX) = 1

A 0 dBmO signal is equivalent to 1.5763 [1.5710] Vrms. A 3.14 [3.17] dBmO signal is equi-
valent to 2.263 Vrms which corresponds to the overload point of 3.2 V. (A-law,[u-law]).

Limit Values
Parameter Symbol min. typ. max. Unit
Gain (either value) R >1kQ —-0.15 0 0.15
Gain absolute G dB
1 kHz at 0 dBmQ 300 Q<R <1kQ -0.25 0 0.15
Gain variation with supply voltage
and temperature Gy -0.15 0 0.15 dB
1 kHz at 0 dBmQ
Total harmonic distortion?) THD —44 dB
Intermodulation
21, —1,2?) IMD —44 dB
2f, —1,3) IMD —-50 dB
Crosstalk between
individual channels 0 dBm0Q CcT -70 dB
f=300 Hz to 3400 Hz
Idle channel noise
psophometric weighted
transmit Ngp —-67 dBmOp
receive4) Ngp —78 dBmOp

1) Single-frequency components between 300 Hz and 3400 Hz produced by a 0 dBmO sine wave
in the range between 300 Hz and 3400 Hz.

2) Equal input levels in the range between —4 dBm0 and —21 dBmO; different frequencies in the range
between 300 Hz and 3400 Hz.

3) Input level —9 dBmO, frequency range 300 Hz to 3400 Hz and —23 dBm0Q, 50 Hz.

4) Test conditions to be defined.
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Attenuation Distortion
Attenuation deviations stay within the limits in the figures below.

Figure 1
Receive: Reference frequency 1 kHz, input signal level 0 dBm0

20
dB
15

10

0,650d8

0,5

Attenuation
1
1

- 10125dB
0125dB

0

-05 +

5678910 2 3 4 5678910° 2 kHz &

f——-

Figure 2
Transmit: Reference frequency 1 kHz, input signal level 0 dBm0

2,0
dB
15

1.0

|- —+0,650dB
0,5

Attenuation

- 10125dB
0

“1°0,125d8B

-0,5 |

-1,0

5 678910 2 3 4 5678910° 2 kHz &

f -
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Gain Adjustment

Transmit gain values GX are programmable from 0 to 8 dB in steps <0.25 dB. Receive
gain values GR are programmable from 0 to —8 dB in steps <0.25 dB. Together with the
analog gain adjustments AGX, AGR (0, 6, 12, 14 dB) the SICOFI-2 offers a programming
range of 22 dB.

Group Delay

Maximum delays for operating the SICOFI-2 with H(B) = H(Z) = 0 and H(R) = H(X) = 1,
including delay through A/D- and D/A converters. Specific filter programming may cause
additional group delays.

Group delay deviations stay with the limits in the figures below.

Group Delay Absolute Values: Input signal level 0 dBm0

Limit Values

Parameter Symbol min. typ. max. Unit

Transmit Delay Dya 340 us
f=1.4kHz

Receive Delay Dga 280 us
f=300 Hz

Figure 3

Group Delay Distortion: Input signal level 0 dBm0

500

us
400

300

250 ——

200

|

[

|

|

100 }
0 -= -1 -+= bl
t

1 |
7
0 0, 2,8 31

0 0,5 1.0 15 2,0 25 30 kHz 35

f——a
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Out-of-Band Signals at Analog Input

With an out-of-band sine wave signal with frequency f and level A applied to the analog
input, the level of any resulting frequency component at the digital output will stay at least
X dB below level A.

Figure 4
dB

Maximum input level A
0 at analog input

L
N
Fovem — — —

40
dB

|
30 )
|
|
|

) Transmit out-of-band
h discrimination X

20

10 '))

i

~—]— — —

|
s 6

1072 5 107 5 10 5 kHz 102
f
Out-of-Band Signals at Analog Output

With a 0 dBmO sine wave of frequency f applied to the digital input, the level of any
resulting out-of-band signal at the analog output will stay at least X dB below a 0 dBm0,
1 kHz sine wave reference signal at the analog output.

Figure 5
50 Receive out-of-band
B —+ 1+ HH— — =T HHH— - discrimination X
40 :
!
30
|
I
20 }
15—~ —— 4+ HHH ——+ - H |
“0 i ] |
|
| |
0 Lo LEI
107" 5 10" 5 10' 5 kHz 10°
f——
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Gain Tracking (Receive and Transmit)
The gain deviations stay within the limits in the figures below

Figure 6

Gain Tracking: Measured with noise signal according to CCITT recommendations
Reference level is —10 dBm0

d8
2
46
05dB
0208 038
0 r_gf — X
02d8 | 0.3dB
~0.5d8
A
0 60-5 50 <40 -30 20 0 0 10 dBmO
——— [nput Level
Figure 7

Gain Tracking: Measured with sine wave in the range 700 to 1100 Hz
Reference level is —10 dBm0Q

-1

-70 -60 -55 -50 -40 -30 -20 -10 03 10 dBm0

— Input Level
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Total Distortion (Receive and Transmit)
The signal-to-distortion ratio exceeds the limits in the following figures.

Figure 8
Total Distortion: Measured with noise signal according to CCITT recommendations
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Figure 9
Total Distortion: Measured with sine wave in range 700 to 100 Hz
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Transhybrid Loss
The quality of transhybrid-balancing is very sensitive to deviations in gain and group delay.

The SICOFI-2 transhybrid-loss is measured the following way: A sine wave signal with
level A and a frequency in the range of 300-3400 Hz is applied to the digital input. The
resulting analog output signal at pin V,; is directly connected to Vj, e.g. with the SICOFI-2
testmode "Digital Loop Back via Analog Port” (see CR3). The programmable filters R, Gr, X,
Gx and Z are disabled, HIAGR) = H(AGX) = 1 and the balancing filter B is enabled with
coefficients optimized for this configuration Viy = Vou1).

The resulting echo measured at the digital output is at least X dB below the level of the
digital input signal as shown in the following figure.

Figure 10

33—

25

20

10

03 34
0 05 10 15 20 2,5 30 35 kHz 4,0

f—-

Note:

B-filter coefficients recommended for transhybrid loss measurement
with Vour = Vit

B-filter part 1 (03) = see PEB 2060 pp. 185

B-filter part 2 (08) = see PEB 2060 pp. 185

B-filter Delay (18) = see PEB 2060 pp. 185
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Absolute Maximum Range

Limit Values

Parameter Symbol min. max. Unit
Voo, referred to GNDD —0.3 55 v
Vss referred to GNDD -55 0.3 \
GNDA, GNDB to GNDD -0.3 0.3 Vv
Analog input and output voltage

referred to Vpp=5V; Vgg=—5V Vin —10.3 0.3 \

referred to Vgg=—5V; Vpp=5V Vin —-0.3 10.3 \
All digital input voltages

referred to GNDD =0 V; Vpp =5V Vin -03 5.3 '

referred to Vpp=5V; GNDD=0V Vin —53 0.3 v
Power dissipation Po 1 w
Storage temperature Tstg —60 125 °C
Ambient temperature under bias Ta -10 80 °C

Operating Range

Ta=01070°C; Vpp =5V £5%; Vgg=—5V £ 5%; GNDD=0V; GNDA=0V

Limit Values

Parameter Symbol | min. typ. max. Unit Test Conditions
Vop supply current Inp

standby 0.5 0.8 mA + 5% supply

operating 14 20 mA + 5% supply
Vgs supply current Iss

standby 0.1 0.2 mA + 5% supply

operating 10 15 mA + 5% supply
Power supply rejection PSRR 35 dB 1 kHz
(of either supply/direction) 80 mV, . ripple
Power dissipation standby Pps 3 5 mw 1+ 5% supply
Power dissipation operating Poo 120 175 mw + 5% supply
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Digital Interface
Ta=01t070°C; Vp)p =5V £ 5%; Vog=—5V £ 5%; GNDD=0V; GNDA=0V

Limit Values
Parameter Symbol min. max. Unit
L-input voltage Wi -0.3 0.8 v
H-input voltage ViH 20 Vpp +0.3 \
L-output voltage VoL 0.45 \
Iy=-2mA
H-output voltage Vou 2.4 \
Io=400 pA
Input leakage current Iy *1 pA
-0.3<ViNSVpp
Analog Interface
Ta=0t070°C; Vpp=5V £5%; Vogg=—5V £ 5%; GNDD=0V;GNDA=0V

Limit Values
Parameter Symbol min. max. Unit
Analog input resistance R 10 MQ
Analog output resistance Ro 10 Q
Input offset voitage Vio +50 mV
Output offset voltage Voo +50 mv
Input voltage range Vir +3.2 \'
Output voltage range Vor +3.1 \
R 2300 Q;
C_ <50 pF
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SLD-Bus Interface Timing

Figure 11

'SCLK

SCLK J 920

thomw
DIR _/ foINs
—1f prrl=— fon_H
000000 000000
SIP IN 'o’o’o'o’o’o’o'o’- OO
SIP OUT )~
N

Switching Characteristics

Limit Values
Parameter Symbol min. typ. max. Unit
Period SCLK tscLk 1/512 kHz
Duty Cycle 10 20 %
Period DIR toir 125 us
DIR delay timw tapiR +20 ns
DIR high time thoR 500 ns
SIP data in setup time toins 50 ns
SIP data in hold time tDINH 0 ns
Thermal resistance junction to ambient tapout 200 ns
SIP data out tristate delay vs. SCLK 50 ns
RS high time 250 ns
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Signaling Interface Timing

Figure 12
50

SCLK _m J \/ Jm
Last Signalin

SIP IN gt}

— f=—tssi ot

SIG OUT [ ______________ -

SIPOUT === === — = e e

SIG IN

Switching Characteristics

Limit Values
Parameter Symbol min. typ. max. Unit
Delay signaling out vs. SCLK?) tasiGout 200 ns
SIG in setup time?2) tsiGin S 50 ns
SIG in hold time2) tsigin H 100 ns

1) Pins SO1A...SO3B; Pins SBA, SBB as output
2) Pins SI1A...SI3B; Pins SBA, SBB as input
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Application Support for Exchange ICs STU 2050

The Siemens Telecom User Boards (STU 20xx family) provide quick and convenient intro-
duction to the complex device functions. They allow all important functions to be tested
in a system-like configuration with the existing software and a terminal with an RS 232 C/V.24
serial interface as well as application specific software to be developed with a micro-
processor system.

The Siemens Telecom Software (STS 2060) is a FORTRAN program for calculating the
coefficients of the programmabile filters in the SICOFI® PEB 2060 in consideration of the
various subscriber line parameters.

MTS, PBC and SICOFI® Boards
MTS User Board PBC User Board Subscriber A
SICOF) A
PNt | SIPO e
PeMNZ |\ Tx HW 1
TxHW 0
MTS
ouT olPCH OUT 1 RXHW 0 SICOF1 B
ouT 1|-PCM OUT 2 RxHW 1 . Subscriber B
SICOFI®
User Board
HDLC
Controller CLK
ppP PBC SYP pP
RxSD¥ §7x5SD RxSD TxSD

Signaling Highway

Primary Station Secondary Station

214



SIEMENS ‘1

PBC User Board STU 2050

Type Ordering Code
STU 2050 Q67100-2166

The PBC is connected as a peripheral device to a SAB 8031 pP system. This allows
the user to do programming himself. Thus the PBC caters for special application conditions.
This requires the use of a pC development system with an ICE-51 in-circuit emulator.
The I/0 unit has an RS 232 C/V.24 interface (receiver, transmitter). Without a uC development
system the user board can also be used with the existing software, connected to a terminal
with a serial interface. The terminal acting as an I/0 unit calls the PBC registers by the
corresponding names e.g. ABR = 78. By this means, the different PBC functions can be
set or data can be read or written (e.g. time-slot assignment, PCM-mode switching,
HDLC protocol, reading of status register).

The User Board Circuit Provides the Following Functions:

PCB: Peripheral Board Controller PEB 2050

uC: microcomputer SAB 8031 (SAB 8051) with program memory and driver

MUX: multiplexer for selecting the SIP serial interface port lines

EX1, EX2: two exchange connections with control logic

The following interfaces help execute the various functions on the board:

Dual PCM interface (highway HW 0, HW 1)

Fast serial interface (HDLC)

Serial interface with the microcomputer (receiver, transmitter)

Codec interface (CHA Rec, CHB Rec and so on) via exchange connection 1, (EX 1)

Serial Interface with Microcomputer

Any terminal or teletype with an RS 232 C/V.24 interface (25-pin D-subminiature connector)
can be connected to the serial interface. The following baud rates can be set by DIL
switches:

300, 1200, 2400, 3600 Bd.

Codec Interface
(exchange connections 1 and 2)

In the exchange connections the serial data coming from the PBC are converted to parallel
form and loaded into the corresponding registers. Thus data for channel A (CHA), channel B
(CHB), control and signaling are then ready for use as parallel 8-bit data (receive direction).
In the reverse direction the parallel 8-bit data are converted into serial form and transmitted
to the PBC (transmit direction). The 8-bit receive and transmit data of connection 1 are fed
to a plug connector and are available for the user in the hardware. Here the user can
connect different codecs and peripheral circuits.
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Exchange connection 2 feeds the data to the uC data bus. The microcomputer can call

the data with a corresponding address.

Features

PBC PEB 2050 onboard
SAB 8031 microprocessor system
32-Kbyte EPROM (program memory)

or signaling highways

of 300, 1200, 2400, 9600 Bd

Selectable PCM clock (2.048 MHz or 4.096 MHz)
Power supply:

+5 V= 5%, 1.5 A central supply

+12 V £ 5%, 0.1 A for RS 232 C interface

@ Delivered with a detailed user manual

PBC User Board

CLK <e———————1 pBC Clock

Generation

SYP--— e — — ——

Serial interface RS 232 C/V.24 with selectable baud rates

Two universal interfaces for connecting peripheral circuits and PCM

Connector

Unit 1
RD WR EX1 <:1 CHA
l l <::] chHB Receive
HW 0 <:> SIPO SOUT thea—s 0UT1 <:| Control
Highways SIP1 _——
B (R Gy StP2 SN INT K sigaing
SIP 3 e
HDLC <:> e pRpRedY
Pe—am{
OIR . PBC SIP 6 |ma—smed MUX Sequence J=— sCLK
SIP 7 |ea—somed Control DIR
SCLK =————— PEB 2050
SIGS IEETEIN)
LK SOUT 2f=—|S0UT2
P
N SIP Select| SIN2[—==|SIN2
_ INTO @ Connector
Transmit | \TTL Bus < l\ Unit 2
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SIEMENS

SICOFI User Board STU 2060

Type Ordering Code
STU 2060 Q67100-H3238

With the SICOFI® and the PBC user board an analog subscriber line circuit is generally
implemented. A subscriber branch contains a Subscriber Line Interface Circuit (SLIC) and
a Signal Processing Codec Filter (SICOF!).

Telephone terminals are connected by the a and b wires to the subscriber line circuit,
which implements primarily the line matching, the 2/4-wire conversion and A/D or D/A
conversion of the voice signals. Control and supervision functions can additionally be per-
formed by means of programmable input/output pins of the SICOFI.

STU 2060 can be broken down into four subscriber line circuits, connected by the SIP
lines of the SICOFI devices of the PBC on the STU 2050. The latter handles the switching
function for the individual voice channels and, in addition, the programming of the SICOFI
devices is performed by way of the PBC.

On the user board the Harris SLIC HC5502 is incorporated in two of the four subscriber
branches, while the other two subscriber branches are fitted with a user SLIC. Seeing
as the two supplied transformer SLICs are plugged into the user board, the user can
simply plug a self developed SLIC into a socket in order to check in transfer functions
of the SLIC in conjunction with the SICOFI.

The advantage of the SICOFI user board is thus that the user can quickly become familiar
with the functioning of the SICOFI and also with the use of the SICOF! in a system
environment made up of SLIC and PBC.

Features

@ Four SICOFI PEB 2060 on board
@ Four analog subscriber lines
@ Two electronic SLICs
Harris HC 5502 on board
@® Two transformer SLICs on board
@ Customer can develop his own SLICs on two plug-in modules
@ Interface for four telephones
@ Digital 500-Hz tone
@ 16-kHz pulse for maintenance
@ Zero level detection for switching the ring voltage
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SIEMENS

SICOFI Test Board STUT 2060

Type Ordering Code
STUT 2060 Q67100-H6058

The SICOFI® test board STUT 2060 offers the possibility of connecting any external customer
specific SLICs with the SICOFI for evaluation of customer specific combinations of SLIC
and SICOFI. This setup allows measurements and tests covering the transfer functions
of the complete subscriber line module.

The board is programmable via an RS 232 interface by a terminal or PC. The registers
of PBC and SICOFI can be accessed and therefore the SLIC can be programmed.

Different customer specific SLICs may be built up separately and may be connected to
the SICOFI test board STUT 2060 via a 64-pin connector.

With his specific SLIC program and together with the SICOFI coefficient program STS 2060,
the customer is able to calculate SLIC specific programming bytes in order to program
and test his SLIC hardware.

Features

@ Two SICOFI PEB 2060 and one PBC PEB 2050 on board

@® SAB 8031 microprocessor system

@ Serial interface RS 232 C

@ Two interfaces for connecting customer specific SLIC boards
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ICs for ISDN Exchange Systems

Introduction

The advent of the Integrated Services Digital Network (ISDN) and the office of the future has
emphasized the need for cost-effective silicon solutions to the problems of simultaneous
transmission of digitized voice and data over existing twisted-pair copper wiring. Basic access
ISDN can be considered as an international concept which supports two circuit switched
64-kbit/s B channels and a message oriented 16-kbit/s D channel for packetized data, signa-
ling and telemetry information. According to CCITT recommendations, the basic architecture
for the subscriber access consists of an exchange and line termination (ET, LT), a remote net-
work termination (NT), a two-wire loop (U interface) between NT and LT and the four-wire link
(S interface) which connects the subscriber terminal (TE) with the network termination. The
NT equipment serves as a link between the U interface on the exchange and the S interface
on the user side.

Typical problems which have to be overcome during the initial phase of ISDN are:

@ System implementation calls for a complete chip set supporting the subscriber access.

@ Technical and economical demands dictate the use of advanced VLSI technology; manual
designs to achieve small chip size result in high development effort.

@® The lack of international standards for full-duplex two-wire transmission as well as different
application configurations call for highly flexible system architecture.

ISDN Oriented Modular System Architecture

The IOM®architecture and the interfacing of the VLSI circuits are designed according to the

following criteria:

@® High modularity ensures flexible interconnection of the devices for different applications.

@ Use of identical devices in different applications by mode switching results in a minimum
number of individual ICs. The resulting increase in device quantity enables the price
reduction crucial to initial ISDN introduction. '

@ Suitable partitioning in the initial phase permits the implementation of devices of easily
managed complexity with regard to development risk, resources and time.

® A well defined ISDN Oriented Modular (IOM) interface simplifies system design, provides
the security of an industry standard, supports flexible interconnection of the different
devices and, moreover, makes the use of different compatible transceivers possible.

Based on the IOM architecture, the product development strategy allowed a step by step
introduction of ISDN systems. While in the first step the layer-1 and layer-2 functions for all
applications were implemented in separate devices, further optimization and cost reduction
has been achieved in a second step by forward integration. The combination of layer-1, layer-2
and further functions on single devices was planned from the beginning of development and
was taken into account in the circuit design.

The IOM architecture as introduced, supports the design of equipment for ISDN terminals,
terminal adaptors, network terminations and line cards for digital exchange equipment (see
figure on the following page).
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ISDN Oriented Modular (JOM) Architecture
Second Generation ISDN ICs, IOM®-2 Interface

Subscriber Terminal

Network Termination

Digital Exchange

- 10@2I : ToM®2
HSCX ITac™ AR(OF? 1sACTS S b1 seex IEC u 1EC I 10M® r u F:'m
, l Hwys.
ﬁ | | 10ec™ | 10EC™ .
——_41_'?"{_{— U - £PIC™
X25 V% Voie | KC wec || o rec | -
Data RS 232 |
Data
IRPC erc k T
z j ue HSCX Z:::
a —
PEB 2025 ISDN Exchange Power Controller IEPC
PEB 2055 Extended PCM Interface Controller EPIC™-1
PEB 2056 Extended PCM Interface Controller EPIC™-2
PEB 2075 ISDN D-Channel Exchange Controller IDEC™
PEB 2081 S/T Bus Interface Circuit Extended SBCX
PEB 2085 ISDN Subscriber Access Controller ISAC™-S§
PEB 2090 ISDN Echo-Cancellgtion Circuit (4B3T) IEC-T
PEB 2091 ISDN Echo-Cancellation Circuit (2B1Q) IEC-Q
PEB 2095 ISDN Burst Transceiver Circuit IBC
PEB 20950 ISDN Subscriber Access Controller ISAC™-P
PSB 2110 ISDN Terminal Adaptor Circuit ITAC™
PSB 2120 ISDN Remote Power Controller IRPC
PSB 2160 Audio Ringing Codec Filter ARCOFI®
SAB 82525  High-Level Serial Communications
Controller Extended HSCX

Note:

The ISAC-P is used for 2-wire PBX terminals in place of the ISAC-S. Four
different transceivers (IEC-T, IEC-Q, SBCX, IBC) are available for different
digital exchange subscriber loops (PBX or public, 2- or 4-wire, short or long

lines).
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IOM Interface

The standardized interface which makes all of this flexibility possible is the same IOM inter-
face that was developed by Siemens Semiconductor, but now with some additional features
suggested by ALCATEL, Siemens, Plessey and ITALTEL systems designers. The IOM-2
interface is identical to the General Circuit Interface (GCl). GCI is the working name that
was used within the "Group of Four” for this interface specification.

The IOM interface now has a flexible data clock. In this way, data transmission requirements
are optimized for different applications. Three different clock speeds are used with the
Siemens architecture shown below. For a network termination (NT 1), a 512-kHz-clock is
used resulting in a data transmission speed of 256 kbit/s. in a single 125 ps frame, one
"IOM channel” is transmitted containing the 2B+D channels plus maintenance and control
information for a single ISDN subscriber. For terminals, a 1536-kHz clock and a 768-kbit/s
data rate enable three complete IOM channels to be transmitted in a single frame. The
extra bit rate is used for communication within the terminal (see ISDN terminals). On line
cards, a 4096-kHz clock has been selected so that up to eight IOM channels and thus,
eight ISDN subscribers can be multiplexed over a single interface.

The C/I channel is used for passing command and indication information for controlling
activation/deactivation and switching of test loops. The monitor channel can be used for
transmitting maintenance and additional control information. Data transfer in the monitor
channel is facilitated by using the bits MR and MX for a "handshaking protocol” to acknowledge
the transmission and reception of messages.

IOM-2 Frame Structure

i 125 s

7
Fsc | | 8 kHz B
|
|
Basic Mod
NT1.RPT - DCLK [ | | LT L ... sew E
l
| |
Data X B1 D¢ B2 X Monitr X D |1 IMR1M>91<
|
| l
i
|

10M®-2 Channet

Mux Mode
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|
l _
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NT1: Network Termination

RPT: Repeater

C/1 : Command/ Indication

FSC : Frame Synchronization Clock
DCLK: Data Clock
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Second Generation ISDN Chips

ICs for the Digital Exchange

In 1985 Siemens introduced the world's first integrated circuits for ISDN system design. Since
then, a tremendous amount of experience has been gained both by Siemens and by system
designers using these devices.

Building upon this experience, Siemens has now developed a family of second generation
ISDN ICs which represents a natural evolution and is based on the tried and proven existing
devices.

In 1988, four of the world’s largest manufactures of telecommunications equipment (ALCATEL,
Siemens, Plessey and ITALTEL systems houses) announced a cooperation on ISDN system
design. Recognizing that international and national ISDN standards still leave lots of room
for incompatible solutions, these systems houses decided to define key elements of ISDN
system design - such as how different ISDN ICs communicate with each other.

Much of this type of definition had already been done by Siemens Semiconductor - and
already realized in silicon. On the condition that the standardization agreed upon be compatible
with already existing devices, Siemens Semicontuctor participated in the new definition. The
resulting specification for ISDN devices and interchip interfacing goes a long way towards
simplifying system design, reducing dependence on a single vendor’s chips and establishing
a badly needed industry standard. Siemens has, available today, the ICs which realize this
specification. They are based on tried and proven devices and represent a logical second
generation evolution.

A flexible architecture with a well defined interchip interface, enables flexible designs which
can support a variety of different transmission lines. Siemens offers four different ISDN
transceivers and an advanced codec filter, all compatible with the same industry standard
interface.

@ PEB 2081 S/T Bus Interface Circuit Extended (SBCX)
Digital transceiver for 4-wire S/T interface according to CCITT recommendations. Based
on the PEB 2080 SBC, with enhanced functions like automatic handling of S and Q main-
tenance bits, extended loop lengths and IOM-2 compability.

@ PEB 2090 ISDN Echo-Cancellation Circuit (IEC-T)
Digital transceiver for 2-wire U interface as specified by German Bundespost (4B3T line
code). Loop lengths of up to 9.5 km with 0.6 mm wire.

@ PEB 2091 ISDN Echo-Cancellation Circuit (IEC-Q)
Digital transceiver for 2-wire U interface as specified by American national standard
(2B1Q line code). Loop lengths typically of up to 8 km with 0.6 mm wire.

@ PEB 2095 ISDN Burst Transceiver Circuit (IBC)
Digital transceiver for 2-wire U interface for PBX equipment as specified by the German
Central Association for Electronics Industry (ZVEl). Loop lengths of up to 3.5 km with
0.6 mm wire.

® PEB 2260 Signal Processing Codec Filter-2 Channel (SICOFI-2)
Advanced codec filter with software programmable digital filters (DSP) and two channels
on a single chip.IOM-2 compatible.
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Second Generation ISDN Chips

D channel signaling information (LAPD) can be optimally handled on exchange line cards
by the following device.

@ PEB 2075 ISDN D Channel Exchange Controller (IDEC)
Quad HDLC controller for processing of D channels from four separate ISDN subscriber

lines.

The interfacing for a large number of subscriber lines, both analog and digital, with internal
PCM communications highways can be handled by either of the following key devices.

@ PEB 2055 Extended PCM Interface Controller (EPIC-1)
Handles interfacing and time-slot assignment onto internal PCM highways for up to 32
digital (64 analog) subscribers.

@ PEB 2056 Extended PCM Interface Controller (EPIC-2)
Smaller version of EPIC-1 with only one IOM-2 interface and two PCM highways.
Handles interfacing for up to 8 digital (16 analog) subscribers.

This architecture is completed by the SAB 82825 high-level serial communications controller
extended (HSCX). This device is a two-channel HDLC controller which can be used on line
cards for interprocessor signaling and processing of D channel data packets.
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SIEMENS

ISDN Exchange Power Controlier (IEPC) PEB 2025

Preliminary Data CMOS IC

Type Ordering Code Package
PEB 2025-P Q67100-H6038 P-DIP-22

The IEPC is an integrated power controller especially designed for feeding two and four
wire transmission lines. The IEPC is fully compatible to the CCITT recommendations on
power feed at the ”S” interface. So the IEPC can be used in PBX/Central Office and in
intelligent NTs.

The IEPC supplies power to up to four transmission lines. Each line is individually powered
and controlled via a microprocessor interface. An interrupt output signals any malfunction
to the microprocessor. )

The High Voltage CMOS Technology (60 V) Ensures a Wide Field of Applications
@ Two and four wire transmission

@ Point-to-point configurations

@ Point-to-multipoint configurations

Programmable output current and thermal shut down guards the IEPC against overloads.

The IEPC offers a special transient permitted overload state. Momentary overloads within
a specified range e.g. by connecting a TE to a powered line, will not activate the current
limit circuits of the power controller. if overload is detected, the linedriver will turn off
according to the time and current dependent turn off characteristic as described in
FTZ 1R211.

The IEPC offers an automatic restart mode. In this case, the IEPC tries to power up the
line periodically every 10 s, thus the feeding of a line will return automatically after the
overload conditions are removed.

Features

@® Supplies power to up to four transmission lines.

@® CCITT recommendations compatible for power feed at the “S” interface.
@ Each line is individually powered and controlled.

Wide field of applications.

Maximum output current programmable up to 100 mA.
Programmable switch-off-characteristic by overcurrent detection.
Automatic restart after removing overload conditions.

Status detectors for each linedriver.

Microprocessor compatible interface.

Interrupt output for detection of any malfunction.

High voltage CMOS technology (60 V).
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PEB 2025

Figure 1 |
IEPC Functional Diagram i
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PEB 2025

Pin Definitions and Functions

Pin No. Symbol Input (1) Function
Output (0)

17 —Vq | Supply Voltage: This pin has to be connected to the
negative supply voltage. —Vg supplies power to all
linedrivers.

22 Ve | Digital Supply Voltage: +5V

17 GND Ground Digital
Note: GND has to be connected to ground battery:

(positive supply voltage).

19,18 aF0-aF3 (0] a-Line Feeding: aF; are the linedriver outputs

16, 15

12 R) max | Current Limit: Using an external resistor connected
between R, ..x and GND, the maximum line current is
programmed. This programmed limit is the same to all
linedrivers.

21, 20, CLCO-CLC3| ! Current Limit Characteristic: By connecting external

14,13 capacitors between CLC;, and GND, the time-
dependent turn off-characteristics of the linedrivers
are defined.

1 CcS | Chip Select: A logic low on CS enables RD and WR
communication between the processor and the IEPC.

3 WR I Write: A logic low on this pin when CS is low enables
the IEPC to accept command words from the pro-
cessor.

2 RD ] Read: A low on this pin (if CS is low) enables the
IEPC to release status onto the data bus for the
processor.

6,54 DO-D2 /0 Data Bus: Control, status and command information
is transfered via this bus between IEPC and pro-
cessor.

8,7 AQ, A1 | Address Bus: These inputs select the internal re-
gisters while chip select is active.

10 RES | Reset: A logic high on the RES input sets the device
into the initial state.

9 INT (@] Interrupt: Open-drain output. If any malfunction is

detected by the IEPC, this interrupt-pin is activ low.

Siemens Components, Inc.
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Figure 2
IEPC Architecture
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Figure 3

Functional Diagram of One Linedriver i
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Figure 2 shows the IEPC organization. The exchange power controller contains one linedriver
for each of the four transmission lines. A line oriented register architecture allows very simple
software control. Figure 3 shows the functional diagram of one of the four linedrivers. The IEPC
consists of a high voltage analog part and a low voltage digital part. The ground battery
(positive supply voltage) has to be connected to GND (Pin 11).

When powering up the IEPC, the linedrivers are switched off and all registers are cleared.
The same initialized state can be achieved by an external high signal applied to the reset RES.

Siemens Components, Inc.
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Analog Part

Power Switches

The negative pole of the supply, e.g. an exchange battery, has to be connected to the
pin —V;. After an ON-command to line i, a high voltage MOS-FET will connect the negative
supply voltage from —V; to aF. The ON-resistance of each transistor is less than 10 Q.

Current Control

The current of each negative wire (aF;) is controlled individually. The maximum feeding
current is programmed by an external resistor R, connected between pin R, ., and GND
(figure 1) and is the same to all four lines.

R, [kQ] = 700/, [MA]

aF; line control: Connecting an external capacitor between CLC and GND (figure 1), the
IEPC offers a special time and current dependent turn off characteristic. To meet the
FTZ 1R211 recommendations,the value of the capacitor should be 10 puF. Additionally, the
IEPC will limit the aF; line current to 2.0 I, in order to protect the IEPC against over
currents and to avoid discharging of the feeding source. Figure 4 shows this transient
permitted overload (TPO) state.

During the first 200 ms since overload of the negative wire aF, was detected (laF; > 1,...),
the current will be limited to 2.0 I ... Within the next 300, ms the current must drop from
1.5 I, to 1.2 I, otherwise the linedriver turns off. After 3 s, any current above I,
results in turn off the linedriver. 10 s after overload is detected, if no turn off of the linedriver
has accured, the current limiting characteristic becomes active again and will be prepared
for detection of further overload conditions.

Figure 4
Diagram of the Transient Permitted Overload (TPO) State
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The time dependence of the turn-off characteristic is based on the value of the external
capacitor C, at pin CLC:

t, [sec] = C, [uF]/50
t,~ 25t t; = 151;t, = 50t,.

If pin CLC is connected to GND, the time and current dependent turn off characteristic
is disabled and the IEPC limits the driver currentto 2 I

Temperature Shut-Off

The temperature of each linedriver is monitored separately. If the temperature of one
linedriver exceeds shut-off temperature, the transmission line will turn off. The shut-off
temperature of the other three linedrivers will be increased.

Autorestart

In connection with the time-dependent-current-limitation, the IEPC offers an autorestart
mode. If overload was detected and the linedriver has been switched off, an automatic
restart can be programmed (see digital part). It should be noticed, however, that autorestart
is only possible if the time- and current-dependent-turn off mode is used, i.e. a capacitor
is connected between CLC, and GND. The delay time depends on value of the capacitor.

Digital Part

The microprocessor interface (MPl) communicates With a processor which controls the
IEPC. This MPI contains a 3-bit data bus, 2-bit address bus, read-, write-, chip select-
and reset lines.

If chip select is inactive (logic high) the data bus is in a high impedance state and no
communication between the processor and IEPC is possible. The IEPC contains a line
oriented register architecture, i.e. one read and one write register for each line. A read or
write cycle affects the addressed register, which is related to the corresponding linedriver.

The write register consists of three control bits per line i:
DO: Autorestart-bit (AR)

D1: ON/OFF-bit (ON)

D2: mustbe 0

The read register consists of three status bits per line i:

DO: Interrupt-bit (INT)
D1: Actual ON/OFF driver status-bit (AO)
D3: Current overload-bit
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A logic high on the RES pin sets the device into an initial state: all registers of the IEPC

are cleared (DOi - D2i are low).

Address Table
CS A1 A0 Selected Line

0 0 Line 0

0 1 Line 1

0 1 0 Line 2

0 1 1 Line 3

1 X X No Access
Write Register

The write register is organized as shown below:

D2i

D1i

DOi

DOQi - D2i are bit 0 - 2 of line i
(linenumber i =0 - 3)

Autorestart-Bit (AR)

ON/OFF-Bit (ON)

must be 0

Autorestart-Bit: If autorestart-mode is needed an external capacitor must be connected
between pin CLCi and GND. Iif DO is high, autorestart mode is enabled.

D2i D1i . DOi
AR Enabled 0 X 1
AR Disbaled 0 X 0

ON/OFF-Bit: To turn on a linedriver, D1i must be set to high, to turn off it must be set to low.
An off command resets the time and current dependent turn off characteristic by dis-
charging the external capacitor at pin CLCi.

D2i D1i DOi
ON 0 1 X
OFF 0 0 X
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Read Register
The read register is organized as shown below:

D2i D1i DOi

Interrupt-Bit (INT)

Actual ON/OFF Driver Status-Bit (AQ)

Current Overload-Bit (CO)

Interrupt-Bit: If malfunctions have been detected (current- or thermal overload) and the
linedriver of line i has been turned off the interrupt-bit will be set:

D2i D1i DOi
Interrupt X X 1
Operational X X 0

The interrupts INTO - INT3 are ANDed to the device output-signal INT. Thus if any
malfunction is detected an interrupt signal is sento the the microprocessor.

Actual ON/OFF Driver Status-Bit: D1i shows the actual status of the linedrive on line i:

Driver D2i Dii DOi
DRIVER ON X 1 X
Driver OFF ) . X 0 X

Current Overload-Bit: If laF, > ], is detected and the linedriver has been switched off the
current overload bit will be set.

D2i Dii DOi
Current overlioad 1 X ‘ X
Operational 0 X X
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Figure 5
Linedriver State Diagram
RES=1 OFF
ON=1 ON=0
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State Diagram
Figure 5 shows the diagram of one IEPC linedriver.

A logic high on the RES input sets the device into the initial state. The linedriver is switched
off and all registers are cleared. The same initialized state is achieved by powering up the
IEPC. After an ON-command (ON = 1), the linedrivers will turn on and the IEPC is the FEEDING-
state. To return to the OFF-state the ON-bit must be cleared (ON = 0).

In the FEEDING-state, the current laF, is controlled. If overcurrent is detected, one of the
following cases happens:

1. If an external capacitor is connected between CLC, and GND and laF;2 [, is detected,
the IEPC stays in the Transient Permitted Overload-state (TPO). Exceeding the time-
current-limit, the linedriver turns off and the IEPC is in the STOP-state. The current
overload-bit will be set (CO = 1). If no exceeding happens, the linedriver returns to the
FEEDING-state.

2. If laF,2 1, is detected and CLC, is connected to GND, the IEPC limits the driver current
to 2 I,,,. The current overload bit will not be set.
The temperature of each linedriver is controlled separately. If the temperature of one linedriver
exceeds the shut-off temperature, the transmission line will turn off and the linedriver is in the
STOP-state. In this case, the shut-off temperature of the other three linedrivers will be
increased.

There are two different ways to leave the STOP-state:
1. If the autorestart bit is set (AR = 1), the |IEPC returns after a delay time to the FEEDING-
state automatically. The ON/OFF register will not be cleared.

2. If no autorestart mode is selected (AR = 0), the IEPC returns to the OFF-state. In this case,
the ON/OFF register will be cleared.

As soon as the STOP-state is reached the IEPC sends an interrupt signal to the microprocessor
(interrupt-pin is active low).

If the linedriver i is not in the thermal overload state, every rising edge of the read signal resets
the interrupt bit INT; (DOI) of the selected line i. The current overload-bit COi (D2i) is reset too.

If the linedriver i is in the thermal overload state, the rising edge of the read signal has no
effect on the interrupt bit.

The internal interrupts INTO-INT3 are ANDed to the open drain output pin INT. So the inter-
rupt pin stays active low until all interrupt bits INT; are reseted.
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Absolute Maximum Ratings

Parameter Symbol Limit Values Unit
Supply voltage referred to GND —Vs -70 v
Ve referred to GND Vee 6 v
On any other pins referred to GND Vs —-05t06 v
Reverse current on pins aF0 - aF3 I 0 mA
Power dissipation Pp 1 w
Ambient temperature under bias Ta —25t0 85 °C
Storage temperature Tag —40to0 125 °c
Thermal resistance junction to ambient Ti 50 K/W
Operating Range
T,=01t070°C, Vy=—60V, V;c=5V £5%,GND=0QV

Limit Values
Parameter Symbol min. | max. Unit
Linedrivers
Operating voltage
(Vs - GND) —Vs -12 —-60 v
Feeding current (1aF) I 100 mA
Current limiting (IaF;) Iim 200 mA
Turn-on resistance Rbson
(—Vs - aF) 10 Q
Delay: ON-Command to turn on linedriver') ton 0.5 ms
Delay: OFF-Command to turn off linedriver torF 2 ms
1) for res. loads
Siemens Components, Inc. 239



PEB 2025

Operating Range (cont'd)

T,=01070°C, Vs=—60V, Voo =5V £ 5%, GND=0V

Limit Values
Parameter Symbol min. j max. Unit
Control & Logic
Autorestart period tar 10 s
Io=2mA
MPi
L-input voltage ViL —-0.5 0.8 Vv
H-input voltage Vin 20 Voo v
L-output voltage VoL 0.45 v
Io=2mA
H-output voltage Vou 2.4 \"
Io=1mA
Reset pulse width thes 5 us
Switching Times

Limit Values
Parameter Symbol min. max. Unit
RD or WR pulse width ty ns
Address and CS setup time to RDJ or WR{ t, ns
Address and CS hold timer after RD T or WR?T ts ns
Data setup time to WR 1 ty ns
Data hold time after WR 1 ts ns
Data valid after RD | tg ns
Data valid after RD T t; ] ns
Data bus inactive after RD T ts | ns
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Waveforms
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Extended PCM Interface Controller (EPIC-1) PEB 2055

Preliminary Data CMOS IC

Type Ordering Code Package
PEB 2055-C Q67100-H6034 C-DIP-40

PEB 2055-P Q67100-H6036 P-DIP-40

Information from subscriber lines needs to be transferred to time slots on system inter-
nal PCM communication highways. The EPIC™ concentrates the circuitry necessary to do
this interfacing for a large number of transmission lines on a single IC. Therefore, it is not
necessary to repeat this PCM interface circuitry for every line. Since the system cost of
the EPIC is divided by the number of lines it controls, powerful and comfortable functions
can be economically performed.

The basic functions of the EPIC were defined by the system houses of ALCATEL, Siemens
Plessey and ITALTEL as part of their ISDN cooperation.

Features

PCM interface controller for up to 32 ISDN or 64 analog subscribers

Time-slot assignment freely programmable for all subscribers

Non-blocking switch for 128 channels

Switching of 16-, 32-, 64-kbit/s channels (128-kbit/s via two consecutive 64-kbit/s
channels)

Two serial interfaces: PCM and configurable (IOM®-1,10M®-2, SLD, PCM)
Interfacing with four full-duplex PCM highways (2, 4 or 8 Mbit/s)

Data rates of PCM and configurable interfaces independent of each other
Change detection (“last-look”) logic for C/lor feature control channels

16-byte FIFO for monitor or signaling channels

Standard pP interface with multiplexed (P-DIP-40) or demultiplexed (PL-CC-40)
address/data bus

Advanced low power CMOS technology

242



PEB 2055

General

Up Stream

Down Stream

Time Slot

Sub Time Siot

Channel

Bit Numbering

Direction from the subscriber to the PCM highways in the exchange.
Direction from the PCM highways to the subscribers.

Defined period of time the PCM, IOM or SLD frame consisting of 8 bits.
Time slots are allocated to the frames in such away that the time slot
boundaries coincide with the frame boundaries. The time slots do not
overlap. The lowest time-slot number is 0. This time slot is the first in the
frame.

A quarter or half a time slot. These are allocated to the time slots in such a
way that time slot and subtime slot boundaries match. The subtime slots
are non overlapping.

Sequence of bits which is exchanged between the subsriber, the exchange
equipment and/or the microprocessor. It occupies a definied number of
bits at a definied position within a frame as long as a connection pervails.
Both time slots and subtime slots are channels and hence a channel may
offer a bandwidth of 16, 32 or 64 kbit/s.

The bits in a slot are numbered 7 (MSB) through 0 (LSB). Bit 7 is the
first bit to be transmitted or received, bit 0 the last.
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General Device Overview

The Extended PCM Interface Controller EPIC (PEB 2055) is a monolithic switching device for
the path control of up to 128 channels of 16, 32 or 64 kbit/s bandwidth. Two consecutive
64 kbit/s channels may also be handled as a quasi single 128 kbit/s channel. For these
channels the EPIC performs nonblocking space time switching between two serial interfaces,
the system and the configurable interface.

Both interfaces can be programmed to operate data rates between 8 and 8192 kbit/s. The
system interface consists of up to four duplex ports with a tristate indication signal for each
output line. The configurable interface can be selected to incorporate either four duplex or
eight bidirectional I/0 ports (SLD).

The EPIC can therefore be programmed to communicate either with SLD or with IOM (ISDN
Oriented Modular) compatible devices. In both cases the device handles the layer-1 functions
buffering the C/I and monitor channels for IOM compatible devices and the feature control
and signaling channels for SLD compatible devices.

Due to its capability to switch channels of different bandwidths, the EPIC can handle up to 32
ISDN subscribers with their 2B+D channel structure in IOM configuration or up to 16 subscri-
bers in SLD configuration. Since its interfaces can operate at different data rates, the EPIC is
an ideal device for data rate adaption.

Moreover, the EPIC is one of the fundamental building blocks for networking with either
central, decentral or mixed signaling and packet data handling architectures. The other key
devices are the IDEC™ (ISDN D-channel Exchange Controller, PEB 2075) and the HSCX
(High-Level Serial Communication Controller Enhanced, SAB 82525). o

Applications of the EPIC include communication multiplexers, cbncentrators, central switches
as well as peripheral ISDN and analog line cards.

The EPIC is available in a P-DIP-/C-DIP 40 or a PL-CC-44 package.

The P-DIP/C-DIP-40 version is controlled by a standard 8-bit-parallel microprocessor
interface with a multiplexed address-data bus. In the PL-CC-44 package the device may
optionally be controlled by separate address and data buses.

The PEB 2056 EPIC-2 is a smaller version of the EPIC-1. The EPIC-2 has been optimized for
digital line cards with up to eight subscriber lines. In contrast to the EPIC-1, the EPIC-2 has

only one IOM interface, only two PCM highway connections and comes in P-DIP-28 or
PL-CC-44 packages.
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Pin Configuration

(top view)
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Pin Defintions and Functions

Pin No. | Pin No. Symbol Input (1) Function
P-DIP PL-CC Output (O)
In/Output (10)
Open Drain (OD)
1 1 Voo Supply Voltage 5 V+ 5%
2 A0 | Address Bus Bit 0: This input interfaces
' to the system’s address bus to select
an internal register for a read or write
access. This pin is only provides in the
PL-CC package and only active if a
demultiplexed pP interface mode is
selected.
2 3 RxD3 | Receive PCm Interface Data: Serial data
3 4 RxD2 is received at these lines at standard
4 5 RxD1 TTL or CMOS levels.
5 6 RxDO
5 A1 | Address Bus Bit 1: This input interfaces
to the system’s address but to selectan
internal register for a read or write
access. This pin is only provides in the
PL-CC package and only active if a
demultiplexed pP interface mode is
selected.
6 8 TSCO (@] Tristate control for the PCM interface.
8 10 TSC1 These lines are low when the corre-
10 12 TSC2 sponding TxD outputs are valid.
12 14 TSC3
7 9 TxDO O Transmit PCM Interface Data: Serial
9 11 TxD1 data is sent by these lines at standard
11 13 TxD2 TTL or CMOS levels. These pins can be
13 15 TxD3 tristated.
14 16 PFS | PCM interface frame synchronization
pulse.
15 17 PDC | PCM interface data clock, signle or

double rate.
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Pin Definitions and Functions (cont'd)

Pin No. | Pin No. Symbol Input (1) Function
P-DIP PL-CC Output (O)

In/Output (I0)

Open Drain (OD)

- 18 A2 | Address Bus Bit 2: This input interfaces
to the system’s address bus to select
an internal register for a read or write
access. This pin is only provides in the
PL-CC package and only active if a
demultiplexed uP interface mode is
selected.

16 19 ADO 170 Address Data Bus. If the multiplexed

17 20 AD1 address/data uP interface bus mode is

18 21 AD2 selected these pins transfer data and

19 22 AD3 commands between the pP and the

20 23 AD4 EPIC.

21 24 AD5

22 25 ADG If a demultiplexed mode is used, these

23 26 AD7 bits interface with the system data bus.

24 27 Vss | Ground: 0 V

25 28 RD | Read: The signal indicates a read
operation, active low.

26 29 WR I Write: This signal indicates a write
operation, active low.

27 30 CS [ Chip Select. A low on this line selects
the EPIC for a read/write operation.

28 31 ALE | Address Latch Enable. In the Intel type
multiplexed pP interface mode a logical
high on this line indicates an address of
an EPIC internal register on the external
address/data bus. In the Intel type multi-
plexed pP interface mode this line is
fixed to logical 0, in the demultiplexed
Motorola type pP interface mode it
should connected to 5 V.

29 32 INT oD Interrupt line, active low

30 33 DCLK 10 Data Clock input or outputin IOM/slave
clock in SLD configuration.
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Pin Definitions and Functions (cont'd)

Function

Frame Synchronization input or output
in IOM configuration / Direction indi-
cation signal in SLD configuration.

Data Upstream outputs in IOM confi-
guration. Serial interface port 4, 5, 6
and 7 in bidirection configuration.

Address Bus Bit 3: This input interfaces
to the system’s address bus to select
an internal register for a read or write
access. This pin is only provides in the
PL-CC package and only active if a
demultiplexed pP interface mode is
selected.

Data Downstream inputs in IOM con-
figuration. Serial interface ports 0, 1, 2
and 3 in bidirectional configuration.

Pin No. | Pin No. | Symbol Input (l)

P-DIP PL-CC Output (O)
In/Output (10)
Open Drain (OD)

31 34 FSC 10

32 35 DU3/SIP7 | O/IO

33 36 DU2/SIP6

34 37 DU1/SIPS

- 39 A3 I

36 40 DDO/SIPO | I/10

37 41 DD1/8IP1

38 42 DD2/8IP2

39 43 DD3/SIP3

40 44 RES |

Reset. A logical high on this inputforces
the EPIC into the reset state.

Siemens Components, Inc. 248



PEB 2055

Logic Symbol
Figure 1
Functional Symbol for the Duplex Configuration
T !
| 1
| i
! i
OCLK e—— PFS | Timing
FSt - IS RxDO}
——= TxB0 ; PCMO
D00 ~=——f
Part 0 { o0 ‘ L TSC
001 fa———— RxD1
Part 1 ) = TxD1 ¢ PCM1
ar {nu1 — EPIC™ [ w5
D02 —-—o
Part z{ ———— RxD2
ouz . L - TxDZ} PCM2
003 =] -———— TSC2
Part 3
ou3 - RxD3
= TxD3 pPCM3
————— TSC3
| —
Figure 2 uP Interface

Functional Symbol for the Bidirectional Configuration

~———— POC
- PFS

PCM
Timing

DCLK —-—

FSC = e RxDO

= TxDO

PCMO

SIP) —-——a]
SIP 1

f=——— RxD1
SIP2 :—_—j
SIP3 EPIC™1 e TxD‘I}PEPﬂ

Bidirectional
Interface

SIPL4 ~—-———]

SIPS ~a———w

PCM 2

SIP 6 a———

SIP7 -——t RxD

Tx03 PCM3

\___v____/
WP Interface

Siemens Components, Inc. 249




PEB 2055

System Integration

Communication Multiplexers

The nonblocking switching capability for various bandwidth implemented in the EPIC makes
the circuit suitable for use in communication multiplexers. Due to the data rate programm-
ability of the configurable and PCM interfaces, data rate adaption (e.g. between 1544 and
2048 kbit/s systems can be accomplished.

Concentrators

Due to the high data rates of up to 8192 kbit/s, the EPIC can be used in concentrator applica-
tions.

Central Switches

The EPIC is a nonblocking switch for up to 128 channels per direction. The channel bandwidth
can be programmed to 16, 32 or 64 kbit/s. The PCM and configurable interfaces are program-
mable for a wide variety of data rates from 8 to 8192 kbit/s. PCM and configurable interfaces
can be operated with different clock frequences. Thus, the EPIC can be used in central swit-
ches and for data rate adaption.

Line Cards

The EPIC is designed to operate in 3 digital or analog line card architectures. For a schematic
summary of these possible line card configuration refer to figure 3.

With its configurable interface being programmed as a SLD interface, it can communicate with
SLD compatible devices (e.g. Siemens Codec Filter, SICOFI®, PEB 2060 or ISDN Subscriber
Access Controller ISAC™-S, PEB 2085). Connected to up to 16 SICOFIs, the EPIC can serve
up to 16 analog lines. Used together with ISAC-S, the EPIC provides the signals for up to 16
ISAC-S, to support up to 16 S-interfaces.

Alternately, the configurable interface may be selected as IOM interface, which is compatible
to both the multiplexed IOM-1 and the IOM-2 interface.

In the multiplexed IOM-1 interface is chosen, the EPIC supports up to 32 ISDN subscribers on
the digital line card. The interface lines are then connected to the EPIC, an IOM-1 compatible
layer-1 device e.g. the S-bus controiler (SBC, PEB 2080), the ISDN Burst Transceiver Circuit
(IBC, PEB 2095) or the ISDN Echo Cancellation Circuit (IEC, PEB 2090) and, optionally, an
IOM-1 compatible layer-2 device e.g. the ISDN D Channel Exchange Controller (IDEC, PEB
2075).
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In the case of an IOM-2 interface, the EPIC supports up to 32 ISDN or 64 voice subscribers.
They are connected via the SBCX (PEB 2081), IBC (PEB 2095) or IEC (PEB 20901 and
PEB 20902) and a digital loop. In both cases, either the ICC (PEB 2070) or the IDEC
(PEB 2075) may perform the D channel handling.

Figure 3
Schematic Summary of the Line Card
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Analog Line Card
In analog line cards, the EPIC controls the signaling, voice and data paths of 64 kbit/s
channels.

In combination with SLD compatible devices e.g. the highly flexible Siemens codec filter
(PEB 2060), it forms an optimized analog subscriber line board architecture as shown in
figure 4. The HSCX (High Level Serial Communication Controller, SAB 82525) handles the
signaling information contained in a time slot of programmable bandwidth at the PCM interface
or on a dedicated signaling highway.

Moreover, the EPIC controls the feature control and signaling channels and buffers these
channels to the pC.

Figure 4
Example of an Analog Line Card Architecture
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Digital Line Cards

On digital line cards, the EPIC performs the switching function for up to 32 ISDN subscribers
between the PCM system highways and the IOM interfaces. Moreover, it has the layer-1
controlling capability of buffering the C/I and monitor channels of the IOM interface.

The EPIC can be operated in tandem, i.e. one device is active, another one is a backup
device. The backup device can instantaneously take over from the active device when the
active device fails. Due to this tandem operation capability and the high number of ISDN
subscribers which can be connected to one EPIC, the use of single line cards is feasable.

Several architectures are possible.

In completely decentral D channel processing architectures (figure 5), the processing capa-
city of a line card is usually dimensioned to avoid blocking situations even under maximum
conceivable D channel traffic conditions. In such an architecture, the EPIC switches the
B channels and performs C/I and monitor channel control. The IDECs handle the layer-2
functions for signaling and data packets in the D channel and transfer the extracted data via
the uP and an HDLC controller, e.g. the HSCX (High Level Serial Communication Controller
Enhanced SAB 82525) to the system. One of the channels of the HSCX may be used for
example for the signaling information, the other for data packets. The HSCX may access either
a time slot of programmable bandwidth on one of the system highways (figure 5) or a sepa-
rate signaling highway (figure 6). In both cases, the highway capacity used for packet traffic
can be shared among several line cards due to the statistical multiplexing capabilities of
the HSCX.
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Figure 5
Completely Decentral Packet Switching Digital Line Card Architecture
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In an architecture with completely central D channel handling (figure 6), the EPIC switches
the B and D channels and performs the C/l and monitor channel control functions.

The line card microcontroller programs the EPIC and is connected to the group control via a
signaling highway and an HSCX. Moreover the EPIC controls the layer-1 protocol on the IOM
interface, buffering the C/I and monitor channels to the microprocessor.

Figure 6
Digital Line Card Architecture with a Completely Central D Channel Handling
IOM® Interface PCM Interface
B.D Sysfem
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Line Card
Control

A third possibility is a mixed architecture with central packet data and decentral signal hand-
ling. This is a very flexible architecture which reduces the dynamic load of central processing
units by evaluating the signaling information on the line card. For this case, any increase of
packet data traffic does not necessitate any changes in the architecture since the line cards
do not have to be modified. The central packet handling unit can simply be expanded.
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For such an architecture, the EPIC performs B and D channel switching in addition to C/l and
monitor channel control. The IDECs handle the signaling data of the D channel. These messa-
ges are transferred to the group controller via the microprocessor and an HDLC controller.
The packet data of the D channel are switched to the system highways and processed by
the central packet unit.

in this architecture, the EPIC switches the B channels from IOM port A (figure 7) to the PCM
interface. The IDEC works in a master/slave configuration. Therefore, an additional collision
resolution line is needed. The IDEC separates signaling from data packets. The signaling
messages are transferred to the uC, which in turn hands them over to the group controller
using the HSCX.

The packet data are processed differently. Together with the collision resolution line they are
handled by the IDEC at another IOM port (port B). The EPIC switches the channels of these
ports to the PCM interface as shown in figure 7.

Figure 7
Line Card Architecture for Mixed Packet Handling, 2 IOM Ports of the EPIC
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In such a configuration, the p packets and the collision resolution signal occupy one of the
IOM ports available at the configurable interface. This reduces the total switching capability
of the EPIC to 24 ISDN subscribers.
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Alternately, the packet data and the collision line can be directly exchanged between the
IDEC and the PCM highway. The EPIC then simply switches the B channels (see figure 8).
The packet data are separated by the IDEC and placed on the PCM highway. Thus, the full
32 subscriber switching capability of the EPIC is retained.

Figure 8
Digital Line Card Architecture for Mixed Packet Handling Using a Collision Highway
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Packet Handlers

The EPIC is an important building block for networks based on either central, decentral or
mixed signaling and packet data handling architectures. Its flexibility allows for the modifica-
tion of the packet handling architecture according to the changing needs.

Thus, it may be useful to add central packet handling groups to a network originally based
on decentral signaling packet handling. This may be the case if growing data packet traffic
exceeds the initial capacity of the network. The result is a mixed architecture.

On the other hand, increasing packet handling demand on a few dedicated subscriber lines
calls for solutions which back up the capacity at these few decentral line cards.

in both of these cases and several other applications, the EPIC is a powerful device for solving
the problem of packet handling. In most applications,it is used together with the IDEC (ISDN D
Channel Exchange Controller).

Decentralized and mixed packet handling has already been covered in the line card chapter.
In the following, the centralized signaling/data packet handlers built up with the EPIC will be
described.
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Central packet handling is used if many subscribers with a generally low demand for packet
switching are to be connected to a system. Concentrating the packet servers for multiple
users eliminates the need to provide a packet server channel for every user. The overall
number of packet server channels can thus be reduced.

In such a central packet handling group, the EPIC performs the switching and concentrator
function. It connects a variable number of PCM highways to the packet handler internal
highway. HDLC controllers are also connected to this internal highway as illustrated in
figure 9.

Figure 9
Centralized Packet Handler with a Single Internal Highway Connected to 4 PCM Highways
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This figure shows one EPIC connecting four PCM highways to one packet handler internal
highway. These highways are accessed by the IDECs (ISDN D channel Exchange Controller)
which are 4 channel HDLC controllers and handle the packets. If more than four PCM
highways shall be connected to the centralized packet handier, further EPICs are necessary.
Such a situation is shown in figure 10, where 8 highways are switched to one packet handler
internal highway. In this case the two EPICs are connected in parallel at the packet handler
internal side.
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Figure 10
Centralized Packet Handler with 1 Internal Highway Connected to 8 PCM Highways
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The data rate of the packet handler internal highway can be up to 4096 kbit/s. If this capacity
is not sufficient, other packet handier internal highways may be added as shown in figure 11.

Centralized Packet Handler Unit

Figure 11
Centralized Packet Handler with 3 Internal Highways
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In some applications an additional collision resolution signal is required for the HDLC control-
lers. This information can be demultiplexed from the PCM highways to a third line for each
packet handler internal highway (see figure 12).

Figure 12
Centralized Packet Handler with Internal Collision Line
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The applications illustrated apply equally to centralized signaling as well as to data packet
handlers.
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Functional Description

The EPIC is a peripheral board controller. It combines the nonblocking switching function
between the PCM and the configurable interfaces for 128 channels per direction with the
layer-1 control function for connection set-up/termination/maintenance on one chip.

A general block diagramm of the EPIC is shown in figure 13.

In the downstream direction, the input information of a complete frame is stored in the data
memory. The incoming channels are written in sequence into fixed positions in the data
memory. This is controlled by the downstream input counter with an 8-kHz-repetition rate.
A cyclic write sequence results.

For the downstream switching, the control memory (CM) is read in sequence. The addressed
location contains a pointer to a location in the data memory. The byte in this data memory
location is read into the current configurable interface time slot, resulting in a random read
sequence.

The read access of the control memory is controlled by the downstream output counter,
correlating the data memory read operations with the downstream output time-slot sequence.

In the upstream direction, the data is written to the data memory randomly, under CM control
and read from there cyclically.

Hence, for the desired connection the control memory needs to be programmed beforehand
using the MAAR, MADR and MACR registers (see chapter Memory Access Register). The
control memory address corresponds to one particular configurable interface time siot and
line number. The contents of this control memory address point to a particular PCM interface
time slot and line number now resident in the data memory.

For upstream output, four control bits per time-slot are provided in the data memory. These
control the output driver state of any possible subtime slot.
Besides the data memory address, each CM address also points to four code bits determining

the bandwidth of the switched channel. These code bits are also used to mark the signaling
channels at the CFI.

The EPIC can be used in two different set-ups:

@ In the bidirectional set-up, every channel at the configurable interface can be programmed
to be either input or output. 8 equivalent bidirectional ports at the configurable interface
result.

@ In the duplex set-up, 4 of the 8 lines of the configurable interface are predetermined as
outputs, 4 as inputs. 4 duplex ports result.

In both of these set-ups, the EPIC provides a switching capability for up to 128 channels
and direction.

The IOM and the SLD configurations previously mentioned are special cases of these set-ups:
@ In the IOM, the EPIC switches the B and D channels of up to 32 subscribers working in the

duplex set-up. Additionally, the device handles the monitor and C/I channel buffering to
the pP.

@ In the SLD configuration, the EPIC switches up to sixty four 64 kbit/s channels operating in
bidirectional set-up. Additionally, the device handles the feature control and signaling
channels buffering to the uP.
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Figure 13
Functional Block Diagram of the EPIC
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in the IOM configuration, upon proper programming, the EPIC checks the incoming C/I chan-
nels and generates interrupts if changes occur. In the case of the bidirectional configuration,
it implements the double last look algorithm with a period adaptable to a wide range of system
needs.

For handling the monitor or feature control channel, the EPIC is equipped with a FIFO buffe-
ring up to 16 bytes of information. The contents can be transferred or received upon a special
command. Or, they can be dealt with largely autonomously according to the IOM handshake
procedure. B
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Operational Description

Principles

Every time slot at the configurable interface is controlled by a control memory entry.
Thus, the functionality of every time slot may be chosen from the choices of table 1.

Table 1
CFl Time Slot Functionality Choices

Functionality Application

Transparent 64 kbit/s to/from PCM interface -Switching

32 kbit/s

16 kbit/s
Transparent 64kbit/s  from pP interface Idle code
Signaling channel bits 5..2 IOM C/Ichannel
Signaling channel bits 7..2 e.g. analog IOM channel
Signaling channel bits 7..0 e.g. SLD signaling channel
MFFIFO channel Monitor channel in IOM

Feature control channel in SLD

Every channel may be selected in either upstream or downstream direction. The selections
for the time slots are nearly independent of each other.

The only restriction is that MFFIFO and signaling channels must be programmed to adjacent
time slots, starting with the MFFIFO channel at the even time slot.

The choices of table 1 may be programmed independently of the selected mode.
By programming the time slots, the configurable intertace may be configured e.g. as a

@ transparent PCM interface (plain switching function)
® IOM interface
® SLD interface
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Register Description*

The following symbols are used throughout this chapter
x... don’t care

u... used to ensure the intended function

n... not used. It has to be set to logical 0 in write accesses but may be switched by the
EPIC to either logical level in read accesses.

Table 2
Register Set
Group | Register | Access uP Interface Mode Reset Register Content
Name Write (WR) Value
Read (RD) | MUX. DEMUX.
AD7..ADO A3..A0/RBS
PMOD RD/WR 20, 0./1 00 PCM Mode Register
PBNR RD/WR 22, 14/1 FF PCM Bit Number
Register
PCM POFD RD/WR 24, 2,/1 00 PCM Offset
Downstream Register
POFU RD/WR 26 3./1 00 PCM Offset
' Upstream Register
PCSR RD/WR 28, 4,/1 00 PCM Clock Shift
Register
PICM RD/WR 2A, 5,4/1 - PCM Input
Comparison
Mismatch Register
CMD1 RD/WR 2C, 6./1 00 CFl Mode Register 1
CMD2 RD/WR 2E, 74/1 00 CFl Mode Register 2
CFI CBNR RD/WR 304 8,./1 FF CFI Bit Number
Register
CTAR RD/WR 32, 9./1 00 CFl Time Slot
Adjustment Register
CBSR RD/WR 34, A/ 00 CFI Bit Shift Register
CSCR RD/WR 364 B./1 00 CFl Subchannel
Register
MACR RD/WR 00, 0,/0 - Memory Access
Control Register
MAR MAAR RD/WR 02, 1,/0 - Memory Access
Address Register
MADR RD/WR 04, 2,/0 - Memory Access
Data Register

* For a detailed register description, refer to the EPIC Data Sheet 10/88
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Group | Register | Access pP Interface Mode Reset Register Content
Name Write (WR) Value
Read (RD) | mux. demux.
AD7..ADO A3..A0/RBS
STDA RD/WR 06, 3,/0 - Synchron Transfer
Data Register A
STDB RD/WR 08, 4,/0 - Synchron Transfer
Data Register B
SARA RD/WR 0A, 5,/0 - Synchron Transfer
Receive Address
Register A
STR SARB RD/WR 0Cy 6,/0 - Synchron Transfer
Receive Address
Register B
SAXA RD/WR OE, 7,/0 - Synchron Transfer
Transmit Address
Register A
SAXB RD/WR 104 8,/0 - Synchron Transfer
Transmit Address
Register B
SRCR RD/WR 124 9,/0 00 Synchron Transfer
Control Register
MFAIR RD 14, An/0 Undef. | MF Channel Actice
Indication Register
MFCH | MFSAR | WR 14, A,/0 Undef. | MF Channel
Subscriber Address
Register
MFFIFO | RD/WR 164 B./0 Empty | MF Channel FIFO
C/IFIFO |RD 184 Cy/0 Validity | Signaling Channel
0 FIFO
TIMR WR 18, Cy/0 00 Timer Register
STAR RD 1A, D/0 05 Status Register
SCR CMDR WR 1A4 D,/0 00 Command Register
ISTA RD 1Cy E./0 00 Interrupt Status
Register
MASK WR 1Cy E./0 00 Mask Register
OMDR RD/WR 1E/3E,y | F/X 00 Operation Mode
Register
VNSR RD 3A, D./1 Version Number
Register

Note: In the multiplexed pP interface mode ADO is not used for address coding.
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Absolute Maximum Ratings

Description Symbol Limit Values Unit
Ambient temperature under bias Ta 0to70 °C
Storage temperature Tog —651t0 125 °C
DC Characteristics
TA=0tO 70°C; VDD=5Vl VSS=0V
Limit Values
Parameter Symbol | min. max. Unit Test Conditions
L-input voltage ViL -0.4 08 Vv
H-input voltage Viu 20 Vob Vv
+0.4
L-output voltage Voo 0.45 \" Ioc=2mA
H-output voltage Vou 24 Y Ion=—400 gA
Voo
H-output voltage Vou -0.5 \ Ioy=-100 pA
Operational power supply Vop=5V,inputatOVor
current Voo, No output loads
Isc 9.5 mA clock frequency > 4096 kHz
Ic 6.5 mA clock frequency < 4096 kHz
Input leakage current I, 10 MA 0V<Vy<VpptoOV
Output leakage current Io 10 nA OV<Vour<VpptoOV
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Capacitances
Ta=25°C; Vpp =5V, Vgg=0V

Limit Values
Parameter Symbol min. max. Unit
Input capacitance Cn 10 pF
1/0O capacitance Cio 20 pF
Output capacitance Cout 15 pF

AC Characteristics

Ambient temperature under bias range, V,; =5V £ 5%

Inputs are driven at 2.4 V for a logical 1 and at 0.4 V for a logical 0. Timing measurements

are made at 2.0 V for a logical 1 and at 0.8 V for a logical 0. The AC testing input/output

waveforms are shown below.

Figure 21
I/0 Waveform for AC Tests
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Microprocessor Interface Timing Parameters

Limit Values

Parameter Symbol min. max. Unit
ALE pulse width tan 30 ns
Address setup time to ALE tar 10 ns
Address hold time form ALE ta 20 ns
Address latch setup time to WR, RD tars 0 ns
Address setup time to WR, RD tas 10 ns
Address hold time from WR, RD tan 25 ns
RD delay after WR setup tosp 0 ns
RD pulse width trr 120 ns
Data output delay from RD trp 100 ns
Data float from RD tor 25 ns
RD control interval tr 70 ns
WR pulse width tww 60 ns
Data setup time to WR + CS tow 30 ns
Data hold time from WR + CS two 10 ns
WR control interval twi 70 ns
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INTEL Bus Mode

pP Read Cycle
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Motorola Bus Mode

1P Read Cycle

" N AN

o [== =1 for
ADO-AD7 % % B %

uP Write Cycle
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Timing of PCM and Configurable Interfaces

Limit Values
Parameter Symbol min. max. Unit Conditions
Clock period tep 240 ns clock frequency
Clock period low topL 80 ns <4096 kHz
Clock period high terh 100 ns
Clock period top 120 ns clock frequency
Clock period low tepL 50 ns > 4096 kHz
Clock period high terH 50 ns
Frame setup time trs 15 ns
Frame hold time tey 50 ns
Data clock delay time toep 125 ns
Serial data input ts 5 ns PCM input data
setup time frequency
Serial data input hold time thy 35 ns > 4096 kbit/s
Serial data input ts 15 ns PCM input data
setup time frequency
Serial data input hold time ty 50 ns <4096 kbit/s
Serial data input ts 15 ns CFiinput data
setup time frequency
Serial data input ty 50 ns > 4096 kbit/s
Serial data input ts o] ns CFlinput data
setup time frequency
Serial data input hold time th 75 ns <4096 kbit/s
PCM serial data to 55 ns
output delay time
Tristate control delay tr 60 ns
CFl serial data tor 60 ns
output delay time
(falling clock edge)
CFl serial data tor 80 ns
output delay time
(rising clock edge)
Siemens Components, Inc. 269



PEB 2055

AC Characteristics at the CFl with CMD: CSP 1.0 = 10 (Prescaler Divisor = 1)
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AC Characteristics at the CFl with CMD: CSP 1.0 = 00 (Prescaler Divisor = 2)
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AC Characteristics at the CFl with CMD1:CSP = 01 (Prescaler Divisor)
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AC Characteristics at the PCM Interface
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Extended PCM Interface Controller (EPIC-2) PEB 2056

Preliminary Data CMOS IC
Type Ordering Code Package

PEB 2056-C Q67100-H6117 C-DIP-28

PEB 2056-N Q67100-H6116 PL-CC-44 (SMD)

PEB 2056-P Q67100-H6115 P-DIP-28

The EPIC™-2 is a smaller version of the EPIC™-1. The functions that are performed remain
essentially the same but the EPIC-2 has been optimized for time-slot assignment and
switching functions on line cards with up to 8 ISDN subscriber lines:

EPIC™-1:

4 |\OM® interfaces

4 PCM highways

Up to 32 ISDN subscribers
P-DIP-40/PL-CC-44 packages

Features

EPIC™-2:

1 IOM® interfaces
2 PCM highways

Up to 8 ISDN subscribers
P-DIP-44/PL-CC-44 packages

® PCM interface controller for up to 8 ISDN or 16 analog subscribers
@ Time-slot assignment freely programmable for all subscribers

@® Non-blocking switch for 24 channels (16B + 8D)

@ Switching of 16 and 64 kbit/s channels

® Two serial interfaces: PCM and IOM®-2

@® Interfacing to two full duplex PCM highways (1.5, 2 or 4 Mbit/s)

® Change detection (“last-look”) logic for C/I channel

@ Buffering for monitor channel
@ Standard parallel pP interface
@ Advanced low power CMOS technology

Siemens Components, Inc.
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8 ISDN Subscribers per PCM Interface Controller (EPIC-2)

1 SBCX
::l IEC
1BC

8 SBCX
i
IBC

PCM  HDLC
10M®-2 Interface Hwys.  Hwy.
2048 kbit/s
> L 4
{} U EPICTM-Z
. 1DEC™ IDEC™,
B(OM) 4} 0pt) z [
g
e HSCX
(Opt.)
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ISDN Communication Controller (ICC) PEB 2070

Preliminary Data CMOS IC
Type Ordering Code Package
PEB 2070-C Q67100-H8328 C-DIP-24

PEB 2070-P Q67100-H2953 P-DIP-24

The transmission and protocol functions in an ISDN basic access can all be implemented
using the CMOS circuits of the ISDN Oriented Modular (IOM® -1) chip set. While three chips,
the S Bus interface Circuit SBC (PEB 2080), the ISDN Echo Cancellation circuit IEC
(PEB 2090) and the ISDN Burst Controller IBC (PEB 2095) perform the transmission functions
in different applications (S- and U-Interface), the ISDN Communication Controlier ICC
(PEB 2070) acts as the D-channel-link-access protocol controller.

The IOM architecture makes possible a wide range of configurations for the basic access,
using the basic devices. These configurations essentially differ in the implementation of the
layer-1 OSI functions, while the layer-2 functions are provided by the ICC for all con-
figurations.

In addition to that, the PEB 2070 provides the interface to B-channel sources in the terminal
and to a peripheral board controller (PEB 2050, 51, 52 etc.) at the exchange.

The HDLC packets of the ISDN D channel are handled by the ICC which transfers them to
the associated microcontroller. The ICC has on-chip buffer memories (64 bytes per direction)
for the temporary storage of data packets. Because of the overlapping /O operations the
maximum length of the D-channel packets is not limited. In one of its operating modes the
device offers high level support of layer-2 functions of the LAPD protocol.

A side from ISDN applications, the ICC can be used as a general purpose communication
controller in all applications calling for LAPD, LAPB or other HDLC/SDLC based protocols.
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Features
@ Support of LAPD protocol
@ Different types of operating modes for increased flexibility
@ FIFO buffer (2x64 bytes) for efficient transfer of data packets
@ Serial Interfaces: IOM-1, SLD, SSI
IOM-2
@® General purpose HDLC communication interface
@ Implementation of IOM-1/IOM-2 monitor and C/I channel protocol to control layer-1 and
peripheral devices
@® D-channel access with contention resolution mechanism
@ P access to B channels and intercommunication channels
@ B-channel switching
@® Watchdog timer
@ Test loops
@ Advanced CMOS technology
@® Low power consumption: active :17 mW (IOM-2)

: 8 mW (IOM-1)
standby : 3mwW

Logic Symbol +SV oV Reset
Voo Ves RES
ssi -a——— SDAX/SDS1
{Serial PortA) ] o lspar
SLD {———-— SIP/EAW 10P 0 jet—m
1oM®
(Serial Port 8)

—»= DCLK
IDP 1 jt——

Clock /Frame ————== FSC
Synchronization
~=—SCA/FSD/SDS 2
ADO0-7 WR

R RD
(D0-7) (A0-5) TS (R/W) (DS)
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Pin Configuration
(top view)
P-DIP-24
D[] = 24 AD3
Aps 2 23] AD2
06 []3 22[]AD1
AD7[]4 21(] ADO
sDaRr[]s 20RO
SDAX/SDS1[]6 PEB 2070 19[JWR
SCA/FSD/SDS2[]7 Icc 18[]Vao
Res[]s n[]cs
Fsc[]9 16 ALE
stp/eaw []10 15[ ]INT
pcLk [ %[ ]10P0
vss [] 12 13[]10P1

Pin Definitions and Functions

AD7(D7) AD1(D1)
A1 ADO(DO)
SDAR/A2 RD (D3)
SDAX/SDS1 WR(R/W)
SCA/FSD/SDS2 Voo
RES &S
FSC ALE
A3 A0
YA INT
b4 & - o
Z¥38

SIP/EAW/AS

Pin No. | PinNo. | Symbol | Input (l) Function
P-DIP PL-CC Output (O)
21 25 ADO/DO | I/O Multiplexed Bus Mode: Address/Data bus.
22 26 AD1/D1 | I/O Transfers addresses from the pP system to
23 27 AD2/D2 | I/0 the ICC and data between the uP system and
24 28 AD3/D3 | I/0 the ICC.
1 1 AD4/D4 | 1/0 Non Multiplexed Bus Mode: Data bus.
2 2 AD5/D5 | I/0 Transfers data between the P system and
3 3 AD6/D6 | I/0 the ICC. ’
4 4 AD7/D7 | I/O
17 21 [ [ Chip Select: A “Low” on this line selects the
ICC for a read/write operation.

Siemens Components, Inc.
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Pin Definitions and Functions (cont'd)

Pin No.
P-DIP

Pin No.
PL-CC

Symbol

Input (1)
Output (O)

Function

19

23

23

R/W

Read/Write. When “High”, identifies a vaild pP
access as a read operation. When “Low”,
identifies a valid pP access as a write ope-
rationr (Motorola bus mode).

Write. This signal indicates a write operation
(Siemens/Intel bus mode).

20

24

24

Data Strobe. The rising edge marks the end
of a valid read or write operation (Motorola
bus mode).

Read. This signal indicates a read operation
(Siemens/Intel bus mode).

15

18

INT

oD

Interrupt Request. The signal is activated
when the ICC request an interrupt. It is an
open drain output.

16

20

ALE

Address Latch Enable. A high on this line
indicates an address on the external address
bus (Multiplexed bus type only).

SCA

FSD

SDS2

Serial Clock Port A, IOM-1 timimg mode. A
128-kHz-data clock signal for serial port A (SSI).
Frame Sync Delayed, IOM-1 timing mode 1.
An 8-kHz-synchronization signal, delayed by
1/8 of a frame, for IOM-1 is supplied. In this
mode a minimal round-trip delay for B1 and B2
channels is guaranteed.

Serial Data Strobe 2, IOM-2 mode. A pro-
grammable strobe signal, selecting either one
or two B or IC channels on IOM-2 interface,
is supplied via this line.

After reset, SCA/FSD/SDS2 takes on the
function of SDS2 until a write access to SPCR
is made.

RES

I/0

Reset. A “High” on this input forces the ICC
into reset state. The minimum pulse length is
four clock periods.

If the terminal specific functions are enabled,
the ICC may also supply a reset signal.
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Pin Definitions and Functions (cont'd)

Pin No. Pin No.
P-DIP PL-CC

Symbol

Input (1)
Output (O)

Function

9 10 FSC

Frame Sync.

Input synchronization signal.

IOM-2 mode: Indicates the beginning of IOM
frame.

Indicates the beginning of IOM
and, if TSF = 0, frame (timing
mode 0).

Indicates the beginning of SLD
frame (timing mode 1).
Strobe signal of programmable
polarity

IOM-2 mode:

HDLC mode:

11 14 DCLK

Data Clock.
IOM modes: Clock of frequency equal to
twice the data rate on the IOM
interface.

Clock of frequency equal to

the data rate on serial port B.

HDLC mode:

19 A0

Address bit 0 (Non-multiplexed bus type).

A1l

Address bit 1 (Non-multiplexed bus type).

A2
SDAR

[« ) BN >IN

Address bit 2 (Non-multipiexed bus type).

Serial Data Port Receive.

Serial data is received on this pin at standard
TTL or CMOS level. An integrated pull-up
circuit enables connection of an open-drain/
open collector driver without an external puli-
up resistor. SDAR is used only if IOM-1 mode
is selected.

11 A3

Address bit 3 (Non-multiplexed bus type).

12 A4

Address bit 4 (Non-multiplexed bus type).

13 A5
10 13 SIP

10 13 EAW

Address bit 5 (Non-multiplexed bus type).
SLD Interface Port, IOM-1 mode. This line
transmits and receives serial data at standard
TTL or CMOS levels.

External Awake (terminal specific function).
If a falling edge on this input is detected,
the ICC generates an interrupt and, if enabled,
a reset pulse.
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Pin Definitions and Functions (cont'd)

Pin No. Pin No. | Symbol | Input (I) Function
P-DIP PL-CC Output (O)

6 7 SDAX 0 Serial Data Port A transmit, IOM-1 mode.
Transmit data is shifted out via this pin at
standard TTL or CMOS levels.

6 7 SDS1 0 Serial Data Strobe 1, (IOM-2 mode. A program-
mable strobe signal, selecting either one or
two B or IC channels on IOM-2 interface, is
supplied via this line.

After reset, SDAX/SDS1 takes on the function
of SDS1 until a write access to SPCR is
made.

12 15 Vss - Ground (0 V)

18 22 Voo - Power supply (5 V % 5%)

14 17 IDPO 1/0 |OM Data Port 0, 1

13 16 IDP1 170

Block Diagram

SSI
1

Serial ,————j> B Channel
Port A X7 < >
-—> switching

il

K—

g D Channel
| handling

10M®

Interface

(Serial
Port B)

pP Interface
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System Integration

ISDN Applications

The reference model for the ISDN basic access according to CCITT | series recommendations
consists of

an exchange and trunk line termination in the central office (ET, LT)

a remote network termination in the user area (NT)

a two-wire loop (U interface) between NT and LT

a four-wire link (S interface) which connects subscriber terminals and the NT in the user
area as depicted in figure 1.

Figure 1
ISDN Subscriber Basic Access Architecture

ISDN ISDN
User Area Central Office

TE ?
|
!

LT ET

=z
—
e e o

TE

The NT equipment serves as a converter between the U interface at the exchange and the
S interface at the subscriber premises. The NT may consist of either an NT1 only or an NT1
together with an NT2 connected via the T interface which is physically identical to the S inter-
face. The NT1 is a direct transformation between layer-1 of S and layer-1 of U. NT2 may
include higher level functions like multiplexing and switching as in a PBX.
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In terms of channels the ISDN access consists of:

@ a number of 64 kbit/s bearer channels (n xB)
e.g. n = 2 for basic rate ISDN access
n = 30 or 23 for primary rate ISDN access;

@ and a signaling channel (D), either 16 (basic rate) or 64 (primary rate) kbit/s.

Figure 2
ISDN Basic Access Channel Structure

Layer 1

Layer 3 and Up| Layer 2 Layer 2

Network

User < Mainframe

Terminals ;

L ‘#_
ISDN T
|
|

Telemetry

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
> |

|
l
I
|
|
-
|
|
|

Q.930/1 @.9201 Q.910/1;1.430

L431

The B channels are used for end-to-end circuit switched digital connections between
communicating stations.

The D channel is used to carry signaling and data via protocols defined by the CCITT. These
protocols cover the network services layers of the open system interconnection model
(layers 1-3). At layer-2, the data link layer, an HDLC type protocol is employed, the Link
Access Procedure on the D channel LAPD (CCITT Rec. Q.920/1).
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The ISDN communication controller PEB 2070 can be used in all ISDN applications involving
establishment and maintenance of a data link connection in either the D channel or B channel.
It also provides the interface to layer-1 functions controlled via the IOM which links the ICC
to any transceiver or peripheral device. Depending on the interface mode, the ICC supports
three serial interfaces and offers switching functions and uP access to voice/data channels.

The applications comprise:

— Use as a signaling controller for the D channel
— Access to the D channel for data transmission
— Source/sink for secured B channel data

and the target equipment include:

— ISDN terminal

— ISDN PBX (NT2) and Central Office (ET) line card
— ISDN packet switches

"Intelligent” NT1.

Terminal Applications

The concept of the ISDN basic access is based on two circuit-switched 64-kbit/s B channels
and a message oriented 16-kbit/s D channel for packetized data, signaling and telemetry infor-
mation. :

Figure 3 shows an example of an integrated multifunctional ISDN terminal using the ICC.
The transceiver provides the layer-1 connection to the transmission line, either an S or a U
interface, and is connected to the ICC and other, peripheral modules via the IOM interface.

The D channel, containing signaling data and packet switched data, is processed by the ICC
LAPD controller and routed via a parallel uP interface to the terminal processor. The high
level support of the LAPD protocol which is implemented by the ICC allows the use of a low
cost processor in cost sensitive applications.

The IOM interface is used to connect diverse voice/data application modules:
— sources/sinks for the D channel
— sources/sinks for the B1 and B2 channels.
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Figure 3
Example of ISDN Voice/Data Terminal

D.C/1 B1 B2
IC1 IC2

e || o1cc Speech ArcofI®]  |oata HSCX
PEB 2070 PEB 2070 Processing PSB 2160 Encryption SAB 8252x

10M®

s Packets p Packets

pC pC . pC

——f i | !
Terminal Controller Packet Data Speech Modules Data Modules

T

Different D channel services (for different SAPI's) can be simply implemented by connecting
an additional ICC in parallel to the first one, for instance for transmitting p-packets in the D
channel.

Up to eight ICCs may thus be connected to the D and C/I (Command/Indication) channels.
The ICCs handle contention autonomously.

Data transfers between the terminal controller and the different modules are done with the
help of the IOM monitor channel protocol. Each voice/data module can be accessed by an
individual address. The same protocol enables the control of terminal modules that do not
have an associated microcontroller (such as the Audio Ringing Codec Filter ARCOFI®: PSB
2160) and the programming of intercommunication inside the terminal. Two intercommunica-
tion channels IC1 and IC2 allow a 2 x 64 kbit/s transfer rate between voice/data modules.

In the example above (figure 3), one ICC is used for data packets in the D channel. A voice
processor is connected to a programmable digital signal processing codec filter viaIC1 and a
data encryption module to a data device via IC2. B1 is used for voice communication, B2 for
data communication.

The ICC ensures full upward compatibility with IOM-1 devices. It provides the additional
strobe, clock and data lines for connecting standard combos or data devices via IOM, or
serial SLD and SSl interfaces. The strobe signals and the switching of B channels is program-
mable. :
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Line Card Applications

An example of the use of the ICC on an ISDN LT + ET line card (decentralized architecture)
is shown in figure 4.

The transceivers (ISDN Echo Cancellation Circuit IEC: PEB 2090) are connected to an Exten-
ded PCM interface Controller (EPIC PEB 2055) via an IOM interface.

This interface carries the control and data for up to eight subscribers using time division
multiplexing. The ICCs are connected in parallel onIOM, one ICC per subscriber.

The EPIC performs dynamic B and D channel assignment on the PCM highways. Since this
component supports four IOM interfaces, up to 32 subscribers may be accommodated.

Other Applications

If programmed in non-ISDN mode, the ICC serial port B operates as an HDLC communication
link without IOM frame structure. This allows the use of the ICC as a general purpose com-
munication controller. The valid HDLC data is marked by a strobe signal on serial port B.
Examples of the use of the ICC are: X.25 packet controllers, terminal adaptors, and packet
transmission e.g. in primary rate/DMI systems.

Figure 4
ISDN Line Card implementation

PEB 2070
System
e Interface
AN
U Interface l PEB 2090 10M . -
1EC w
o B+D
: = O PCM HW1
: PEB 2055
L——1
D i ™
U Interface [ PEB 2090 ap EPIC
IEC —~——
PEB 2070
IcC
D
SAB 82520 bCM HWO
b HSCCor
aggxszszs PCMHW1
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Microprocessor Environment

The ICC is especially suitable for cost-sensitive applications with single-chip microcontrollers
(e.g. 8048, 8031, 8051). However, due to its programmable micro interface and non-critical
bus timing, it fits perfectly into almost any 8-bit microprocessor system environment. The
microcontroller interface can be selected to be either of the Motorola type (with control
signals CS, R/W, DS), of the Siemens/Intel non-multiplexed bus type (with control signals
CS, WR, RD) or of the Siemens/Intel multiplexed address/data bus type (CS, WR, RD, ALE).

Figure 5
Example of ICC Microcontroller Environment

SLD ssl
+5V ST TSRCT
INT(INTX) |- [ l INT
RD KD RD
WR WR WR !
ALE i
80C51, ALE ALE  ICC <:>!IOM®
(80C188) (psTx) PEB 2070 !
A15 —_—— -=TS !
A8
AD7 AD7
: f AD0-AD7 :
AD 0 ADO

Common Bus A15-A0,D7-D0

{

Memory
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Functional Description

General Functions and Device Architecture

Figure 6
Architecture of the ICC
DCLK FSC
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The functional block diagram in figure 6 shows the ICC to consist of:

— serial interface logic for the IOM, SLD and SSI interfaces with B channel switching
capabilities

— logic necessery to handle the D channel messages (layer 2).

The latter consists of an HDLC receiver and an HDLC transmitter together with 64-byte deep

FIFO’s for efficient transfer of the messages to/from the user’'s CPU.

In a special HDLC controller operating mode, the auto mode, the ICC processes protocol
handshakes (I- and S-frames) of the LAPD (Link Access Procedure on the D channel) autono-
mously.

Control and monitor functions as well as data transfers between the user's CPU and the D
and B channels are performed by the 8-bit parallel pP interface logic.

The IOM interface logic allows interaction between layer-1 and layer-2 functions. It imple-
ments D-channel collision resolution for connecting other layer-2 devices to the IOM inter-
face, and the C/I and monitor channel protocols (IOM-1/I0M-2) to control peripheral devices.

The timing unit is responsible for the system clock and frame synchronization.

Serial Interface Modes

The PEB 2070 can be used in different modes of operation:
® IOM-1 Mode

@® IOM-2 Mode

@ HDLC Controlier Mode.

These modes are selected via bit IMS (Interface Mode Select) in ADF2 register and bits
DIM 2-0 (Digital Interface Mode) in MODE register. See table 1.

Table 1
Interface Modes
IMS DIiM2 Mode
0 0 IOM-1 Mode
1 HDLC Mode
1 X IOM-2 Mode
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IOM 1 Mode (IMS = 0, DIM2 = ()
Serial Port B is used as the IOM-1 interface, which connects the ICC to a layer-1 component.
The HDLC controller is always connected to the D channel of IOM-1 interface.

Two additional serial interfaces are available in this mode, the Synchronous Serial Interface

S8l (serial port A) and the Subscriber Line Datalink (SLD) interface.

The SSI is used especially in ISDN terminal applications for the connection of B channel

sources/sinks. It is available if timing mode 0 (bit SPM = 0, SPCR register) is programmed.

The SLD is used: '

— in ISDN terminal applications for the connection of SLD compatible B channel devices

— in line card applications for the connection of a peripheral line board controller (e.g.
PEB 2050).

The connections of the serial interfaces in both terminal and exchange applications are

shown in figure 7. ,

The-SSl interface is only available in timing mode 0 (SPM = 0). Timing mode 1 (SPM = 1) is

only applicable in exchange applications (figure 7b) and is used to minimize the B channel

round-trip delay time for the SLD interface. Refer to section ISDN Oriented Modular Interface.

Figure 7
ICC Interface in IOM-1 Mode

ISON

Basic Access ®
Sor Ullnferfuce lOI“II tcc eg. ITACT™
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I I SDAR [
: SBC PEE 2080 | 1oPo ssi (=22 T
| IBC Pi? 2095 ! 10P1 1oM®
: IEC PEB 2090 | SLD "—SI% ARCOFI®
| I' PSB 2160
: L | Fsc l }
DCLK
{a) Timing Mode 0 (SPM=0)
ISON
Basic Access System
Sor U Interface 1oM® Interface
| | Iec I
| | :
| SBC PEB 2080
| or |_f0PO sip |Peripheral [
IBC PEB 2095 | 1oM® SLD Board Controlter | |
10P1
i or t PEB 2050/52/55 |
| | 1ec PeB20%0 I !
i | ]
| | 1
| | System Clock
| V' FsD FSC Sync Pulse
| DCLK

(b} Timing Mode 1 (SMP=1)}
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The characteristics of the IOM interface are determined by bits DIM1, 0 as shown in
table 2.

Table 2

IOM-1 Interface Mode Characteristics

DIM1 DIMO Characteristics

0 0 Monitor channel upstream is used for TIC bus access.

0 1 Monitor channel upstream is used for TIC bus access. Bit 3 of
monitor channel downstream is evaluated to control D-channel
transmissions.

1 0 Monitor channel is used for TIC bus access and for data

transfer.

Monitor channel is used for TIC bus access, for data transfer
and for D-channel access control.

IOM-2 Mode (IMS = 1)

Serial port B is operated as an IOM-2 interface for the connection of layer-1 devices,
and as a general purpose backplane bus in terminal equipment. The auxiliary serial SSI
and SLD interfaces are not available in this case.

The functions carried out by the IOM are determined by bits SPM (terminal mode/non
terminal mode) and DIM2-0, as shown in table 3.

Table 3
IOM-2 Interface Mode Characteristics
DIM2 DIM1 DIMO | Characteristics
HDLC in D channel: Last octet of IOM channel 2 is used for TIC bus access.
0 0 0 Applicable in terminal mode (SPM = 0).
Last octet of IOM channel 2 is used for TIC bus access,
0 0 1 bit 5 of last octetis evaluated to control D-channel ransmission.
Applicable in terminal mode (SPM = 0).
No TIC bus access and no S bus D-channel access control.
0 1 0 Applicable in terminal and non-terminal mode.
Bit 5 of last octet is evaluated to control D-channel transmission.
0 1 1 Applicable in terminal mode (SPM = Q).
HDLC in B or IC channel: No transmission/reception in D channel.
1 1 0 HDLC channel selected by D1C2-0.

Note:

In IOM-2 terminal mode (SPM = 0, 12-byte IOM-2 frame), all DIM2 - 0 combinations
are meaningful. When IOM-2 non-terminal mode is programmed (SPM = 1),
the only meaningful combination is “10”.
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HDLC Controller Mode (IMS = 0, DIM2 = 1)

In this case serial port B has no fixed frame structure, but is used as a serial HDLC port.
The valid HDLC data is marked by a strobe signal input via pin FSC. The data rate is
determined by the clock input DCL (maximum 4096 Mbit/s). The characterlstlcs of the serial
port B are determined by bits DIM1, 0 as shown in table 4. :

Table 4

HDLC Mode Characteristics

DIM1 DIMO Characteristics

0 0 reserved

0 1 FSC strobe active low
1 0 FSC strobe active high
1 1 FSC strobe ignored
Interfaces

The ICC serves three different user-oriented interface types:

— parallel processor interface to higher layer functions

— IOM interface: between layer 1 and layer 2, and as a universal backplane for terminals
— S8l and SLD interfaces for B channel sources and destinations (in IOM-1 mode only).

uP Interface

The ICC is programmed via an 8-bit parallel microcontroller interface. Easy and fast micro-
processor access is provided by 8-bit address decoding on chip. The interface consists
of 13 (18) lines and is directly compatible with multiplexed and non-multiplexed micro-
controlier interfaces (Siemens/Intel or Motorola type buses). The microprocessor interface
signals are summarized in table 5.
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Table 5

pP Interface of the ICC

Pin No. | PinNo. | Symbol | Input (l) Function

P-DIP PL-CC Output (O)

21 25 ADO/DO | I/O Multiplexed Bus Mode: Address/Data bus.

22 26 AD1/D1 | I/O Transfers addresses from the puP system to

23 27 AD2/D2 | I/O the ICC and data between the uP system

24 28 AD3/D3 | I/0 and the ICC.

1 1 AD4/D4 | I/O Non-Multiplexed Bus Mode: Data bus.

2 2 AD5/D5 | 1/0 Transfers data between the pP system and
3 3 AD6/D6 | I/0 the ICC. ‘

4 4 AD7/D7 | I/O

17 21 CcS | Chip Select. A 0 (“low”) on this line selects
the ICC for a read/write operation.

- 23 R/W | Read/Write. At 1 (“high”), identifies a valid
pP access as a read operation. At 0, identifies
a valid pP access as a write operation

o (Motorola bus mode).

19 23 WR | Write. This signal indicates a write operation
(Siemens/Intel bus mode).

- 24 DS ! Data Strobe. The rising edge marks the end
of a valid read or write operation (Motorola
. bus mode).

20 24 RD | Read. This signal indicates a read operation
(Siemens/Intel bus mode).

15 18 INT oD Interrupt Request. The signal is activated when
the ICC requests an interrupt. It is an open
drain output.

16 20 ALE | Address Latch Enable. A high on this line
indicates an address on the external address
bus (Multiplexed bus type only).

19 A0 | Address bit 0 (Non-multiplexed bus type).
5 Al | Address bit 1 (Non-multiplexed bus type).
6 A2 l Address bit 2 (Non-multiplexed bus type).

11 A3 | Address bit 3 (Non-multiplexed bus type).

12 A4 | Address bit 4 (Non-multiplexed bus type).

13 A5 | Address bit 5 (Non-multiplexed bus type).
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ISDN Oriented Modular (IOM-1) Interface

IOM-1

This interface consists of one data line per direction (IOM Data Ports 0 and 1: IDPO,1).
Three additional signals define the data clock (DCL) and the frame synchronization (FSC/FSD)
at this interface. The data clock has a frequency of 512 kHz (twice the data rate) and the
frame sync clock has a repetition rate of 8 kHz.

Via this interface four octets are transmitted per 125 us frame (figure 8):
— The first two octets constitute the two 64 kbit/s B channels.

— The third octet is the monitor channel. It is used for the exchange of data using the
IOM-1 monitor channel protocol which involves the E bit as a validation bit. In addition,
it carries a bit which enables/inhibits the transmission of HDLC frames (IDPQ) and it
serves to arbitrate the access to the last octet (IDP1).

— The fourth octet is called the Telecom IC (TIC) bus because of the offered busing
capability. It is constituted of the 16 kbit/s D channel (2 bits), a four-bit Command/
Indication channel and the T and E bits. The C/I channel serves to control and monitor
layer-1 functions (e.g. activation/deactivation of a transmission line..). The T bit is a
transparent 8 kbit/s channel which can be accessed from the ICC, and the E bit is used
in monitor byte transfer.
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Figure 8
IOM®-1 Frame Structure
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TIC Bus and Arbitration via Monitor Channel

The arbitration mechanism implemented in the monitor channel allows the access of more
than one (up to eight) ICC to the last octet of IOM (TIC). This capability is useful for the
modular implementation of different ISDN services (different service access points) e.g. in
ISDN voice/data terminals. The IDP1 pins are connected together in a wired-or configuration,
as shown in figure 8.
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Figure 9
{OM Bus (TIC Bus) Configuration
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The arbitration mechanism is described in the following.

An access request to the TIC bus may either be generated by software (uP access to the
C/I channel) or by the ICC itself (transmission of an HDLC frame). A software access request
to the bus is effected by setting the BAC bit (CIXR/CIXO0 register) to “1".

In the case of an access request, the ICC checks the bus accessed-bit (bit 3 of IDP1
monitor octet, see figure 10) for the status “bus free”, which is indicated by a logical “1”.
If the bus is free, the ICC transmits its individual TIC bus address programmed in STCR
register. The TIC bus is occupied by the device which is able to send its address error-free.
If more than one device attempt to seize the bus simultaneously, the one with the lowest
address value wins.

Figure 10
Monitor Channel Structure on IDP1
7 6 5 4 3 2 1 0

IVTIC Bus Address TBA2-0
. S

"

Bus accessed = “1” (no TIC bus
access) if

- BAC = 0 (CIXR/CIX0
register) and

— no HDLC transmission
is in progress
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When the TIC bus is seized by the ICC, the bus is identified to other devices as occupied
via the IDP1 monitor channel bus accessed bit state “0” until the access request is with-
drawn. After a successful bus access, the ICC is automatically set into a lower priority class,
that is, a new bus access cannot be performed until the status “bus free” is indicated in
two successive frames.

If none of the devices connected to the IOM interface request access to the D and C/I
channels, the TIC bus address 7 will be present. The device with this address will therefore
have access, by default, to the D and C/I channels.

Note Bit BAC (CIXR/CIXO0 register) should be reset by the uP when access to the C/I
channel is no more requested, to grant other devices access to these channels.

Monitor channel

When the ICC is used in connection with an S interface layer-1 transceiver, an indication
must be given to the ICC whether the D channel is available for transmission (TE applications
with short passive or extended bus configuration).

This indication is assumed to be given in bit 3 “Stop/Go” (S/G) of the monitor input channel
on IDPQ (figure 11). When a HDLC frame is to be transmitted in the D channel, the ICC
automatically starts, proceeds with, or stops frame transmission according to the S/G bit
value:

Figure 11
Monitor Channel Structure on IDP0
S/G=1: stop
S/G=0: go
7 6 5 4 3 2 1 0
1 1 1 1 S/G 1 1 1
IOM-1 Timing

In IOM-1 mode, the ICC may be operated either in timing mode O or timing mode 1. The
selections is via bit SPM in SPCR register.

Timing mode 0 (SPM = Q) is used in terminal applications. Timing mode 1 (SPM = 1) is
only meaningful in exchange applications when the SLD is used. Programming timing mode 1
minimizes the B channel round-trip delay time on the SLD interface.

In timing mode 0 the IOM frame begin is marked by a rising edge on the FSC input.
It simultaneously marks tthe beginning of the SLD frame (figure 11).

In timing mode 1 the IOM frame begin is marked by a rising edge on FSD output. The
FSD output is delayed by the ICC by 1/8 th of a frame with respect to FSC (figure 12).

Siemens Components, Inc. 297




PEB 2070

Figure 12
Interface Timing in IOM-1 Mode
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IOM-2

The IOM-2 is a generalization and enhancement of the IOM-1. While the basic frame structure
is very similar, IOM-2 offers further capacity for the transfer of maintenance information.
In terminal applications, the IOM-2 constitutes a powerful backplane bus offering inter-
communication and sophisticated control capabilities for peripheral moduies.

The channel structure of the IOM-2 is depicted in figure 13:

Figure 13
Channel Structure of IOM-2

B1 B2 Monitor D c/l MR | MX

@ The first two octets constitute the two 64 kbit/s B channels.

@ The third octet is the monitor channel. It is used for the exchange of data between the
ICC and the other attached device(s) using the IOM-2 monitor channel protocol.

@ The fourth octet (control channel) contains
— two bits for the 16 kbit/s D channel
— a four-bit command/indication channel
— two bits MR and MX for supporting the monitor channel protocol.

In the case of an IOM-2 interface, the frame structure depends on whether TE- or non-TE
is selected, via bit SPM in SPCR register.

Non-TE timing mode (SPM = 1)
In this case,the frame is a multiplex of eight IOM-2 channels (figure 14), each channel has
the structure in figure 13.

Thus the data rate per subscriber connection (corresponding to one channel) is 256 kbit/s,
whereas the bit rate is 2048 kbit/s. The IOM-2 interface signals are:

IDPO,1: 2048 kbit/s
DCLK 4096 kHz-input
FSC: 8 kHz-input
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Figure 14
Multiplexed Frame Structure of the IOM-2 Interface in Non-TE Timing Mode
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The ICC is assigned to one of the eight channels (0 to 7) via register programming.
This mode is used in ISDN exchange/line card applications.

TE Timing Mode (SPM = 0)

The frame is composed of three channels (figure 14):

@® Channel 0 contains 144 kbit/s (for 2B + D) plus monitor and command/indication chan-
nels for layer-1 devices.

® Channel 1 contains two 64-kbit/s intercommunication channels plus monitor and
command/indication channels for other IOM-2 devices.

@® Channel 2 is used for enabling/inhibiting the transmission of HDLC frames. This bit is
typically generated by an S-bus transceiver (stop/go: bit 5, or 3rd MSB of the last octet
on IDPO). On IDP1, bits 2 to 5 of the last octet are used for TIC bus access arbitration.

As in the IOM-1 case (figure 9), up to eight ICCs can access the TIC bus (D and C/i

channels). The bus arbitration mechanism is identical to that described previously, except
that it involves bits 2 to 5 in channel 2.
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Figure 15
Definition of IOM-2 Channels in Terminal Timing Mode
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The IOM-2 signals are:

IDPO,1: 768 kbit/s

DCLK: 1536-kHz input

FSC: 8-kHz input.

In addition, to support standard combos/data devices the following signais are generated
as outputs:

SDS1/2: 8-kHz programmable data strobe signals for selecting one or both B/IC
channel(s).

SSI (Serial Port A)

The SSI (Serial Synchronous Interface) is available in IOM-1 interface mode. Timing mode 0
(SPM = 0) has to be programmed.

The serial port SSI has a data rate of 128 kbit/s. It offers a full duplex link for B. channels
in ISDN voice/data terminais. Examples: serial synchronous transceiver devices (USART's,
HSCX SAB 82525, ITAC PSB 2110, ....), and CODEC filters.

The port consists of one data line in each direction (SDAX and SDAR) and the 128 kHz
clock output (SCA). The beginning of B2 is marked by a rising edge on FSC, see figure 15.

The pC system has access to B-channel data via the ICC registers BCR1/2 and BCX1/2.

The uC access must be synchronized to the serial transmission by means of the Synchronous
Transfer Interrupt (STCR).
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Figure 16

SS1 and SLD Interface Lines
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The standard SLD interface is a three-wire interface with a 512-kHz clock input (DCL), an
8-kHz frame direction signal input (FSC), and a serial ping-pong data lead (SIP) with an
effective full duplex data rate of 256 kbit/s.

The frame is composed of four octets per direction. Octets 1 and 2 contain the two B chan-
nels, octet 3 is a feature control byte, and octet 4 is signaling byte (figure 16).

The SLD interface can be used in:

— Terminal applications as a full duplex time-multiplexed (ping-pong) connection to B-
channel sources/destinations. '
CODEC filters, such as the SICOF! (PEB 2060) or the ARCOF! (PSB 2160) as well as
other SLD compatible voice/data modules may be connected directly to the ICC.
Terminal specific functions have to be deselected (TSF = 0), so that pin SIP/EAW takes
on its proper function as SLD data line. Moreover, in TE applications timing mode 0
has to be programmed.

Siemens Components, Inc.
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— Digital exchange applications as a full duplex time-multiplexed connection to convey
the B channels between the layer-1 devices and a Peripheral Board Controller (e.g. PBC
PEB 2050 or PIC PEB 2052), which performs time-slot assignment on the PCM highways,
forming a system interface to a switching network.

Timing mode 1 (SPM = 1) can be programmed in order to minimize the B channel round-
trip delay.

The uC system has access to B-channel data, the feature control byte and the signaling

byte via the ICC registers:

— C1R,C2R — B1/B2

— CFCRand SFCX — FC

— S8SCRand SSCX — SIG

The pP access to C1R,C2R,SFCR, SFCR,SSCR and SSCX must be synchronized to the

serial transmission by means of the Synchronous Transfer Interrupt (STCR) and the BVS-bit

(STAR).

Register Description

The parameterization of the ICC and the transfer of data and control information between
the uP and ICC is performed through the R- and XFIFO and two register sets. The address
map is shown in table 6.

The two FIFOs have an identical address range 00-1F,.

The register set in the address range 20-2A pertains to the HDLC transceiver and LAPD
controller. The register set ranging from 30 to 3B pertains to the control of layer-1 functions
and of the IOM interface.

For a detailed register description please refer to the ICC Technical Manual.
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Table 6
ICC Address Map and Register Summary
Address Read Write
(hex)
Name Description Name Description
00
. RFIFO Receive FIFO XFIFO Transmit FIFO
1F
20 ISTA Interrupt Status Register MASK Mask Register
21 STAR Status Register CMDR Command Register
22 MODE Mode Register
23 TIMR Timer Register
24 EXIR Extended Interrupt Register XAD1 Transmit Address 1
25 RBCL Receive Frame Byte XAD2 Transmit Address 2
Count Low
26 SAPR Received SAPI SAP1 Individual SAPI 1
27 RSTA Receive Status Register SAP2 Individual SAPI 2
28 ‘ TEN Individual TEI 1
29 RHCR Receive HDLC Control TEI2 Individual TEI 2
2A RBCH Receive Frame Byte
Count High
30 SPCR Serial Port Control Register
31 CIRR/ Command/Indication CIXR/ Command/Indication Transmit
CiRO Receive (0) CIX0 0)
31 MOR/ Monitor Receive (0) MOX/ Monitor Transmit (0)
MORO MOXO0
33 SSCR/ SIP Signaling Code SSCX/ SIP Signaling Code Transmit/
Receive/
CIR1 Command/Indication CiIX1 Command/Indication
Receive 1 Transmit 1
34 SFCR/ SIP Feature Control SFCW/ SIP Feature Control Write/
Read/
MOR1 Monitor Receive 1 MOX1 Monitor Transmit 1
35 C1R Channel Register 1
36 C2R Channel Register 2
37 B1CR B1 Channel Register STCR Sync Transfer Control
Register
38 B2CR B2 Channel Register ADF1 Additional Feature Register 1
39 ADF2 Additional Feature Register 2
3A MOSR Monitor Status Register MOCR Monitor Control Register

Siemens Components, Inc.
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Absolute Maximum Ratings

Parameter Symbol Limit Values Unit
Voltage on any pin with respect to ground Vs —0.4to Vpp +0.4 \
Ambient temperature under bias Ta 0to 70 °C
Storage temperature Tetg —651t0 125 °C

Note: Stresses above those listed here may cause permanent damage to the device. Exposure to
absolute maximum rating conditions for extended periods may affect device reliability.

DC Characteristics
TA = 0 tO 70°C, VDD= 5 V, Vss = 0 V
Limit Values
Parameter Symbol [ min. | max. | Unit | Test Conditions
L-input voltage ViL —-04 | 08 v
H-input voltage ViH 20 Voo \"
+0.4
L-output voltage VoL 045 |V Io.=T7mA pin IDPO, IDP1
Ioc=2mA ali other pins
H-output voitage VoH 24 v Iy =—400 pA
H-output voltage Von Voo \' Ion=—100pA
-0.5
Power operational Ioc 1.6 mA DCLK: 512 kHz Vop=5V,
supply 3.5 mA DCLK: 1536 kHz inputs at
current 8.0 mA DCLK: 4096 kHz 0V/Vpp
no output
power down 0.6 mA loads
Input leakage current I, 10 pA 0V<V VpptoOV
Output leakage current Io 0V<Voyr<Vppto OV
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Capacitances

To=25°C, Vpp=5V £ 5%, Vg5 =0V, f;=1MHz, unmeasured pins returned to GND.
Limit Values

Parameter Symbol typ. max. Unit

Input capacitance Cn 5 10 pF

Output capacitance Cour 10 20 pF

fo=1MHz

I/0 capacitance Co 8 15 pF

fo=1MHz

AC Characteristics

T,=01070°C, V,p =5V + 5%

Inputs are driven to 2.4 V for a logical “1” anf to 0.4 V for a logical “0”. Timing measurements
are made at 2.0 V for a logical “1” and 0.8 V for a logical “0”. The AC testing input/output

waveforms are shown below.

Figure 17

Input/Output Waveform and Load Circuit for AC Tests

2.4

20

N
Test Poinfs/
AN

Device
Under
Test

0,45
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Microprocessor Interface Timing

Siemens/Intel Bus Mode

uP Read Cycle
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uP Write Cycle
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Motorola Bus Mode

pP Read Cycle
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Parameters and Values of the Bus Modes

Limit Values : ‘
Parameter Symbol min. max. Unit ‘
ALE pulse width tan 50 ns ‘
Address setup time to ALE taL 20 ns
Address hold time from ALE ta 10 ns
Address latch setup time to WR, RD tacs 0 ns
Address setup time to WR, RD tas 10 ns
Address hold time from WR, RD tan 20 ns
ALE pulse delay tap 15 ns
DS delay after R/W setup tosp 0 ns
RD pulse width trR 110 ns
Data output delay from RD trp 110 ns
Data float from RD tor 25 ns
RD control interval ta 70 ns
WR pulse width tw 60 ns
Data setup time to WR* CS' tow 35 ns
Data hold time from WR* CS two 10 ns
WR control interval twi 70 ns
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Serial Interface Timing
IOM Mode

IOM Timing
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Parameters and Values of IOM Mode

Limit Values Test
Parameter Symbol min. max. Unit Conditions
I0M output data delay tiop 20 140 ns IOM-1
20 100 ns IOM-2
IOM input data setup tis 40 ns IOM-1
20 ns IOM-2
IOM input data hold tin 20 ns
IOM output from FSC tor 80 ns See note
Strobe signal delay tspp 120 ns
Strobe delay from FSC tsor 120 ns See note
Frame sync setup tess 50 ns
Frame sync hold tesH 30 ns
Frane sync width tesw 40 ns
FSD delay trop 20 140 ns

Note: This delay is applicable in two cases only:
1) When FSC appears for the first time, e.g. at system power-up

2) When FSC appears before the excepted start of a frame

Siemens Components, Inc.
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-.—me——-(

HDLC Mode
FSC (Strobe) Characteristics
A
DCLK
tem tesi
2
FSC
a———topz——
000

High Impedance

fonz
High Impedance

IDP1 \

i

tos

how

IPDO 7 /

b 72

Limit Values
Parameter Symbol min. max. Unit
FSC set-up time trsq 100 ns
FSC hold time tery 30 ns
Output data from high impedance tozp 80 ns
to active
Output data from active to tonz 40 ns
high impedance
Output data delay from DCL tobo 20 100 ns
Input data setup tps 10 ns
Input data hold ton 30 ns
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Serial Port A (SSI) Timing

S$SI Timing

B1 Channel ~a— - B2 Channel

N fesw
FSC
Tesh
4

s /L f—{/ W\

tsep tseo

SCA \ 7 ~

oA W;L:X//

—{ fspf=—
SDAX
Limit Values

Parameter Symbol min. max. Unit
SCA clock delay tsco 20 140 ns
S8l data delay tssp 20 140 ns
SSI data setup lsss 40- ns
SSi data holf tssH 20 ns
Frame sync hold tesH 30 ns
Frame sync width trsw 40 ns
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SLD Timing
FSC
—o fesw
Tess ™
oty
DCLK /7
fSLD"“ ’Sujr fSLD
SIP(1/0) ). W ﬂ
Last Bit QUT First Bit IN
Limit Values
Parameter Symbol min. max. Unit
SLD data delay tsLo 20 140 ns
SLD data setup tsis 30 ns
SLD data hold tsLh 30 ns
Frame sync setup tess 50 ns
Frame sync hold tesH 30 ns
Frame sync width trsw 40 ns
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Clock Time

Definition of Clock Period and Width

Fu - ag
f, -
Limit Values Test
Parameter Symbol min. max. Unit Conditions
Clock period tp 1000 ns IOM-1
Clock width high twh 200 ns IOM-1
Clock width low tw 200 ns IOM-1
Clock period tp 240 ns IOM-2
Coock width high twH 100 ns IOM-2
Clock width low twi 100 ns IOM -2
Reset
Reset Signal Characteristics
f———tRes
rrr7rrir
/1 11F
11111
/111711 .
RES L 1L 1 1)
Limit Values
Parameter Symbol min. Test Conditions
Length of active trRes 2+*DCL During power up
high state clock
cycles
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ISDN D-Channel Exchange Controller (IDEC) PEB 2075

Preliminary Data ACMOS IC
Type Ordering code Package
PEB 2075-P Q67100-H8682 P-DIP-28

The ISDN Digital Exchange Controller PEB 2075 (IDEC™) is a serial HDLC data communi-
cation circuit with four independent channels. its telecommunication specific features make
it especially suited for use in variable data rate PCM systems. In addition, the device con-
tains spohisticated switching functions and it implements automatic contention resolution
between packet data from different sources.

its applications include: communication multiplexers, peripheral ISDN line cards, packet
handlers, X.25 packet switching devices. The IDEC is a fundamental building block for
networks with either centralized, de-centralized or mixed signaling/ packet data handling
architectures.

Features

@ Four independent HDLC channels

@® 64 byte FIFO storage per channel and direction

@ Handling of basic HDLC functions

Flag detection/generation

Zero deletion/insertion

CRC checking/generation

Check for abort

Single connection and quad connection modes
IOM®interface or PCM interface

Programmable time slots and channel data rates (up to 4 Mbit/s)
Different methods of contention resolution

8-bit parallel microcontroller interface with vectored interrupt
Advanced CMOS technology

Power consumption less than 50 mWw.
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Logic Symbol

Collision Tri-
Timing Data State
Receive Control

DCLK FSC COR TS
SDOR

e
PCM/IOM

SDOX f——o=
SD1R
SD1X

SV ———==i Vg

IDEC_TM

SD2R [a—
PCM

ov =1Yss SD2X e

SO3R [a———

SO3X f—

ADO.7 RD WR TS ALE INT RES

pC System
Pin Configuration
(top view)
L]
an2[]1 28] AD3
ap1[]2 271{]AD4
ADo[]3 2[]ADS
RB[]e 5[] a6
WR[}s n[]an7

ves[]6 Px] DVDD

oLk []7 PEB 2075 2 []s03r
Fsc]s IDEC™ 21[] sb3x

res[]9 20[]so2r
ALE[] 10 19 [J so2x
an 18[] snor
Nt (|12 17 [] snox
cor[]13 16[]so1R
TSC[] e 15 [] sD1x

Siemens Components, Inc. 317



PEB 2075

Pin Definitions and Functions

Pin No. Symbol Input (1) Functions
Output (O)
3 ADO 170 Address-Data Bus. The multiplexed address-data bus
2 AD 1 I70 transfers data and commands between the uP system
1 AD 2 170 and the IDEC.

28 AD3 /0

27 AD4 /0

26 AD 5 170

25 AD 6 1’0

24 AD7 170

11 CS I Chip Select. A low on this line selects the IDEC for a
read/write operation.

‘WR ! Write. A low on this line indicates a write operation.
4 RD I Read. A low on this line indicates a read operation.

12 INT oD Interrupt Request. This line is activated when the IDEC
requests an interrupt. It is an open drain output.

10 ALE | Address Latch Enable. A high on this line indicates an
address on the external address-data bus, selecting
one of the internal sources or destinations.

18 SDOR |

16 SD1R . .

20 SD2R Serial Data Receive

22 SD3R

17 SDOX o) Serial Data transmit Serial Data transmit

15 SD1X Serial Data transmit Serial Data transmit

19 SD2X Serial Data transmit Collision output

21 SD3X Serial Data transmit

7 DCLK | Data Clock; supplies a clock signal either equal to or
twice the data rate.
FSC | Frame Synchronization or data strobe signal

14 TSC O Time-Slot Control. Supplies a control signal for an
external driver.

13 CDR | Collision Data Receive.

RES | Reset
Vss | Ground
23 Voo | Supply voltage +5V

Siemens Components, Inc.
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Figure 1
Block Diagram
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1. System Integration

Communication Multiplexers

The four independent serial HDLC communication channels implemented in the IDEC make
the circuit suitable for use in communication multiplexers.

The collision detection/resolution capability of the circuit allows statistical multiplexing of
packets in one or several physical data communication channels, for example in DMI (mode 3)
applications.

Centralized Signaling Data Packet Handlers

The IDEC can be used in central packet handlers of ISDN networks to process signaling or
packet data of four ISDN subscribers. In this application, it may be used with or without
the Extended PCM Interface Controlier (EPIC) PEB 2055.

The IDEC can be connected to the IOM interface of the EPIC, which is itself connected to
the PCM system highway. The EPIC implements concentration and time-slot assignment
functions. As an alternative, the IDEC may be directly connected to PCM highways (figure 2).

The size (from 1 to 8 bits) and the position of the time slot associated with each HDLC
controller are software programmable. In addition to the receive and transmit data highways,
the IDEC accepts a third input connection for collision detection purposes. The mode of
collision detection is programmable. A "collision highway” (or time slot) can be used for
remote collision control, as a "clear to send” lead, or for local contention resolution among
several IDECs.
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Figure 2
Use of IDEC in Central Signaling Data Packet Handlers
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Line Cards De-Centralized or Mixed Signaling/Data Packet Handling Architectures

The IDEC can be used on peripheral line cards to process D-channel packets for ISDN
subscribers. An Extended PCM Interface Controlfer PEB 2055 has the layer 1 controlling
capacity and a B and D channel switching capacity for a total of 32 subscribers. The B and
D channels and the control information for eight subscribers are carried over one IOM inter-
face. Thus a line card dimensioned for 32 ISDN subscribers may employ up to eight IDECs,
two for each IOM connection (figure 3). A High Level Serial Communication Controller (HSCC)
SAB 82520 with two HDLC channels, or another IDEC may be used to transmit and receive
signaling over the system highway in a common channel. Again, such a common channel
may be shared among several line cards, due to the statistical multiplexing capability of
these controllers.

In completely de-centralized D-channel processing architectures, the processing capacity
of a line card is usually dimensioned to avoid blocking situations even under maximum
conceivable D-channel traffic conditions. It may sometimes be more advantageous to perform
p-packet handling in a centralized manner while keeping s-packet handiing on the line cards.
A statistical increase in p-packet traffic has then no effect on the line card, and can be easily
dealt with by one of the modular architectures for a central packet handler shown in the
previous section. A more effective sharing of the total p-packet handling capacity is the
result, especially in a situation where p-packet traffic patterns vary widely from one subscri-
ber group to another.

The use of IDEC in the mixed D-channel processing architecture is illustrated in figure 4).

The additional "transparent data” connections supported by the IDEC enable a merging of
p- and s-packets into one D-channel. Possible collision situations are dealt with by the IDEC
which uses either the additional collision detect line (figure 4a) or a time slot on the system
highway (figure 4b) from the line card to the central packet handler.
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Figure 3
Line Card in a De-Centralized D-Channel Handling Architecture
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Figure 4a; 4b
IDEC on a Line Card in a Mixed D-Channel Processing Architecture
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2. Functional Description

General Functions and Device Architecture

The IDEC is an HDLC controller which handles four HDLC communication channels, each
channel fully independent and programmable by its own register set. The circuit performs
the foliowing functions:

@ Extraction (reception) and insertion (transmission) of the HDLC data packets in a time
division multiplex bit stream.
Implementation of the basic HDLC functions of the layer-2 protocol.

Interfacing of the data packets to the microprocessor bus. For the temporary storage of
data packets overlapping FIFO structures are used per channel and direction.

Switching of data between serial interfaces.
Implementation of different types of collision resolution.
@ Test functions.

Operating Modes

Each HDLC controller of the IDEC is assigned to one time channel governed either by time
slot assignment or by an external strobe signal.

Two basic configurations are distinguished (figuré 5):

@ In the quad connection configuration the four HDLC controllers (A-D) are connected to
individual time multiplexed communication lines;

@ In the single connection configuration the four HDLC channels are all connected to one
time multiplexed communication line.

Figure 5
(a) Quad Connection and
(b) Single Connection Configuration.

Main

| )
11 |
B
t1
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In the quad connection configuration two modes are distinguished as follows:
@ Each connection is a time slotted highway, the lengths and positions of the time slot are
programmable (quad connection time-slot mode);

@® Each connection is a communication line, the time channels are marked by an externa!
strobe signal (quad connection common control mode). :

Two modes are distinguished in turn for the single connection configuration as follows:

@® The connection is a standard IOM interface with predefined channel positions (single
connection IOM mode);

@ The connection is a time slotted highway (single connection time-slot mode).

For simplicity, a time slotted hlghway will sometimes be referred to as a "PCM highway”, or
PCM for short.

Table 1
Four Basic Operating Modes of the IDEC
MDS1 MDSO0 Mode Description
0 0 Single connection time-slot mode
0 1 Quad connection common control mode
1 0 Single connection IOM mode
1 1 Quad connection time-slot mode

The four modes of operation are illustrated in figure 6. Via channel-by-channel program-
ming, one of a number of collision detection modes may be selected in each of the basic
modes of operation. For future reference, they are aiso depicted in figure 6.
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Figure 6
Operating modes of the IDEC
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Figure 6 (continued overleat)

e. Single Connection TS Mode
Programmable Time Slots —| A Programmable Time Slots
B, C A D ,
: B .C A D e B e B e B t
Receive o -t +— i - H_.H_p_}_._g_;;?;isv":
TraNSMit <)t freet e} e}t Co {0
- C Data
D

Master Collision Mode
f. Single Connection IOM Mode

IOM® 1 A Programmable Time Slots
B A C D .
Receive ot . | B ==t Transmit
P - — .__l o} —f}————————pu—— Receive
Transmit <s—j=d Pt =t ot . et et I Collision
p—— Data
| | O
Master Collision Mode
Interfaces

Microcontroller Interface

The IDEC is programmable over an 8-bit parallel microcontrolier interface. Easy and fast
microprocessor access is provided by 8-bit address decoding on chip. The interface
consists of 13 lines and is directly compatible with processors of the multipiexed address/
data bus type.
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Table 2

Microcontroller Interface Signals of the IDEC

Symbol Type Name and Functions

ADO 110 Address-Data bus. The multiplexed address/data bus transfers

AD1 170 data and commands between the nC system and the IDEC.

AD2 110

AD3 110

AD4 170

AD5 110

AD6 1’0

AD7 /0

Cs | Chip Select. A low on this signal selects the IDEC for a read/
write operation.

WR I Write. This signal indicates a write operation.

RD | Read. This signal indicates a read operation.

INT oD Interrupt Request. The signal is activated when the IDEC requests
an interrupt. It is an open drain output.

ALE | Address Latch Enable. A high on this line indicates an address

on the external address/data bus.

In addition to 8-bit processors, the IDEC supports a direct connection to 16-bit processors.
Thus, through an internal address transformation, it is possible to access all IDEC registers
using either even microprocessor addresses only or odd microprocessor only.

Note: The IDEC is now also available in a PL-CC-44 package with a demultiplexed
address-data bus. For more information, see the latest IDEC Technical Manual.

Serial Interface

Depending on the selected mode, the IDEC supports four physically separate, full duplex
serial interfaces, or one full duplex interface.

In addition to the data input and data output lines, the serial interface requires a common
data clock (input DCLK) and a frame synchronization signal (input FSC). Input data is latched
on the falling edge of DCLK and output data is clocked off on the rising edge of DCLK. The
IDEC may be programmed so that the data clock rate is either equal to data rate, or twice
the data rate.
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Register Description

Register Address Layout

The register set consists of:

— one configuration register common to all four channels (CCR)

— a maskable vectored interrupt status register (VISR, VISM)

and, for each of the four channels, a set of individual registers (figure 7).

In order to support the use of a 16-bit microcontroller, each register can be accessed
with an even and an odd address value.

Figure 7
IDEC Register Map
00 Read Write
Channel A
Register Locations
2F
37.3¢ % CCR
36.3F VISR VISM
40
Channel B
Register Locations
6F
80
Channel C |
Register Locations
AF
o \
Channel D
Register Locations
EF
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The address map of the individual registers of each channel is shown in table 2. In order
to obtain the actual address of a register, a “base” has to be added to the address given
in the table, as follows:

Base= 00 for channel A
40 for channel B
80 for channel C
CO for channel D.

Table 2
Address
Even I odd Read Write
00 to 1F RFIFO XFIFO
20 29 ISTA ISM
28 21 STAR CMDR
22 2B MODE MODE
2C 25 RFBC TSR

For a detailed register description, see the IDEC data sheet.
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Absolute Maximum Ratings

Parameter Symbol Limit Values Unit
Ambient temperature under bias Ta 0to 70 °C
Storage temperature Tetg —65t0 125 °C
Voltage on any pin with respect to ground Vs —0.4to0 Vpp+0.4 \"
DC Characteristics
T,=01t070°C; Vpp =5V £ 5%, V5s=0V

Limit Values
Parameter Symbol | min. max. Un'it Test Conditions
L-input voltage ' Vi —04 0.8 \'
H-input voltage Vin 20 Voct+04| V
L-output voltage VoL 0.45 \ Io,=2mA
H-output voltage Vou 2.4 \Y Ioy=—400 pA
H-output voltage VoH Vpp—0.5 Vv Iop=-100 pA
Power operational mA Vop=5V,
supply I input at 0 V/Vpp,
current power down mA no output loads
Input leakage current I, +10pA 0V<Vy<VpptoOV
Output leakage current Io 0V<Vour<Vppto OV
Capacitances
Ta=25°C, Vpp =5V £5%, Vog=0V

Limit Values
Parameter Symbol | min. max. Unit Test Conditions
Input capacitance Cin 7 pF
1710 Co 7 pF
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AC Characteristics
T,=0t070°C, Vpp=5V £5%

Inputs are driven to 2.4 V for a logical “1” and to 0.4 V for a logical “0”. Timing measurements
are made at 2.0 V for a logical “1” and at 0.8 V for a logical “0”.

The AC testing input/output waveforms are shown below.

Figure 8
Input/Output Waveform for AC Tests

2.4 .
N /2,0 %evl;ce
Test Points nder
AN Test
s T
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Microcontroller Interface Timing
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Interface Timing
Limit Values
Parameter Symbol min. max. Unit
ALE pulse width tan 50 ns
Address setup time to ALE taL 20 ns
Address hold time from ALE tia 10 ns
RD pulse width trr 120 ns
Data output delay from RD tro 120 ns
Data float delay from RD tor 25 ns
RD control interval tal 75 ns
WR pulse width tww 60 ns
Data setup time to WR + CS tow 30 ns
Data hotd time from WR + CS two 10 ns
WR control interval twi 70 ns
Serial Interface Timing
DCLK Characteristics
Definition of DCLK Period and Width
2.0V
08v 7
} i - - Fur
f te
DCLK Characteristics
Limit Values Test
Parameter Symbol | min. typ. max. Unit Conditions
DCL period tp 230 ns single clock rate
160 ns double clock rate
DCL high twn 90 ns single clock rate
50 ns double clock rate
DCL low twi 70 ns
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Input/Output Characteristics

FSC in Single Connection Modes and Quad Connection TS Mode.

FSC Timing Characteristics
— r \
OCLK Sr_7 SL___.]
ten
% ‘L‘\‘\‘\‘\T \1 NN
FSC —a Ao ALiadias
J tes ta—
—e= ol
~
Data OUT N | st Bitot Frame X" 2nd Bit of Frame X
DCLK Rate ~o= tpg [~
equal fo <
Data Rate = how
3 2nd Bi
Data IN of Frame
N
= tfop =
~
i -
Data OUT \ 1st Bit of Frame L
DCLK Rate
equal to J
twice the
Data Rate
Data IN
C
Limit Values
Parameter Symbol min. typ. max. Unit
FSC set-up time trs 60 ns
FSC hold time ten 30 ns
Output data delay from DCLK toop 60 ns
Input data set-up tips 25 ns
Input data hold tioH 20 ns
Output data delay from FSC* toor 150 ns

* This delay is applicable in two cases only:

1) When FSC appears for the first time, e.g. at system power-up.
2) When the number of bits in the PCM frame is not equal to either 256 or 512
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FSC in Quad Connection Common Control Mode
FSC (strobe) Characteristics

DCLK S /

Tru tesa et
FSC __;L N

‘—fOZD_'—‘ ;
R |
-] toop = 0zD
High Impedance High Impedance
Data OUT \ j
— tos [T
— tow =
Data IN g ]
Limit Values
Parameter Symbol min. typ. max. Unit
FSC set-up time trs 4 60 ns
FSC hold time thr 1 30 ns
Output data from high impedance tozp 80 ns
to active
Output data from active to high tonz 40 ns
impedance
Output data delay from DCL toop 60 ns
Input data set-up tips 25 ns
Input data hold Lok 20 ns
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Data I/0 Characteristics

B £
DCLK Sr ]
~—To0p
Data OUT
- F1pg—=} L‘—/‘mn"l
Data IN % W 7
"—"fT[D
TSC
Limit Values
Parameter Symbol min. typ. max. Unit
Output data delay from DCLK toop 60 ns
Input data set-up tps 25 | ns
Input data hold tioH 20 ns
TSC delay from DCLK trep 60 ns
Data OUT: SDOX in single connection modes
SDOX, SD1X, SD2X, SD3X in quad connection modes
SD1X, SD2X in master mode
Data IN: SDOR in single connection mode
SDOR, SD1X, SD2R, SD3R in quad connection modes
CDR in slave, multi-master and master modes
RES Characteristics
Limit Values
Parameter Symbol min. typ. max. Unit
RES high trwL 4xtp ns
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S-Bus Interface Circuit (SBC) PEB 2080

Preliminary Data CMOS-IC

Type Ordering Code Package
PEB 2080-C Q67100-H8329

PEB 2080-P Q67100-H2954 P-DIP-22

The S-Bus Interface Circuit (SBC) PEB 2080 implements the four-wire S/T-interface used to
link voice/data terminals to an ISDN. Through selection of operating mode, the device may
be employed in all types of applications involving an S-interface. Two or more SBCs can
be used to build a point-to-point, passive bus, extended passive bus or star configuration.
Specific ISDN applications of the SBC include: ISDN terminals, ISDN network termination
(Central Office and PBX applications), and PBX trunk lines to Central Office.

The device provides all electrical and logical functions according to CCITT recommendation 1.430.
These include: mode-dependent receive timing recovery, D-channel access and priority
control, and automatic handling of activation/deactivation procedures. The SBC does not
require direct microprocessor control.

The SBC is an IOM® compatible, 22-pin CMOS device. It operates from a single +5 V supply
and features a power-down state with very low power consumption.

Features
Full duplex 2B + D S/T-interface transceiver according to CCITT 1.430
Conversion of the frame structure between the S/T and IOM interfaces
D-channel access control
Activation and deactivation procedures according to CCITT 1.430
Built-in wake-up unit for activation from powerdown state
Adaptively switched receive threshold
Control via IOM interface
Several operating modes
Receive timing recovery according to selected operating mode
Frame alignment with absorption of phase wander in trunk line applications
Switching of test loops
Advanced CMOS technology
Low power consumption: standby less than 4 mW
active max 60 mW
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Logic Symbol
SR2
<+—»|DCLK
1oM® | «—slFsc
Interface) | SDI SR
<+«——{SD0
—»|M2
SX2
Modes < —{M1 SB(C
— M0 PEB 2080
Clock +«— (P SX 1}
<+« X3 RREF
Special ) ¥ X2 XTALY
Purpose | .¢—]x1
+“—»| X0 XTAL2
Yoo Y%s  RST

AN

+5V° 0V Reset

2:1

100nF
I
2:1

2.2kR:1%

 7.68MHz :100ppm2’

TR=100Q"

TR=100Q"

* Terminating resistors only at the far ends of the connection
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Pin Configurations
(top view)

P-DIP-22; C-DIP-22

L]

Voo 1[ ]22 RRer
sx1 2] 21 sy
sx2 3] J20 sv2
M1 o] 19 xTaL1
soo 5[] 18 xraL2
ck 6] PEB 2080 []17 ws
FsC 1] 16 cp
so1 8] 115 Mo
x2 9] 16 x1
RST 10[] 13 xo
x3 1] 12 M2

PL-CC-28
N8&5 G
3 2 1 2827
sx2d& @) 2611 SR2
M1ds 2SN
X406 241 XTAL1
spof7 23] XTAL2
pcLkds PEB 2080 22p v
FSCQ9 21 ¢cp
SDIq
x24
N.C.
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Pin Definitions and Functions

Pin Symbol Input (1) Function
No. Output (O)
2 SX1 (0] Positive output S-bus transmitter
3 SX2 0] Negative output S-bus transmitter
5 SDO 0] Serial data out, IOM interface
8 SDI | Serial data in, IOM interface
6 DCLK /0 Serial data clock, IOM interface
7 FSC 170 Frame Sync, IOM interface
12 M2 |
4 M1 | . .
15 MO | Setting of operating mode
11 X3 |
9 X2 1/0 Functions depending on the selected operating mode
14 X1 1/0 see chapter Operating Modes
13 X0 110
16 CP 1710 Clock Pulse/special purpose
19 XTAL1 | Connection for external crystal, or input for external
clock generator
18 XTAL2 (0] Connection for external crystal, N.C., when external clock
generator is used.
20 SR2 | S-bus Receiver, signal input
21 SR1 (0] S-bus Receiver, 2.5 V reference output
22 Rier (0] Connection of reference resistor to ground
(2.2 kQ % 1%)
1 Voo | Power supply, +5V £ 5%
17 Vss | Power supply, ground
10 RST | Reset, active low

Siemens Components, Inc.
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Block Diagram

Rper
SX1 -] AMI
q - Buffer fs———o5DI
SX2 -] ] BIN
i SRS
D-CH e
Control 3
=s—>“—0Mode
| y
g =
SY1 O—emi |——{ AMI
> ==l  Buffer = SDO
sY2 BIN 4
TCLK RCLK Special
Purpose
I DCLK
— PLL j——e= FS(
——— (P
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System Integration

The SBC implements the four-wire S and T interfaces used in the ISDN basic access.
It may be used at both ends of these interfaces.

The Applications include
ISDN terminals (TE)
ISDN network termination (NT)
ISDN subscriber line termination (LT-S)
ISDN trunk line termination (LT-T)
(PBX connection to Central Office).

These applications are shown in figure 1, where the usual nomenclature as defined by the
CCITT for the basic access functional blocks and reference points has been used.

Figure 1
Applications of the SBC
Terminals Exchange Termination
TE L7-S
S

_{ }

Network Termination

TE NT
S U
*—1 ) 1
4 / \
/ \
] / \,
I / \\
JNT2 NT1 N
4 T AY
/Y E.G. . 7 N
“1 pex 1
LT-S LT-T NT
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Some of the S interface wiring configurations possible with the SBC are shown in figure 2,
with approximate typical distances.

*) (N.B.: “TR” stands for terminating resistor of value 100 Q).

Figure 2
Some S-Interface Wiring Configuration

———————" <=15km Fm—————— T
| ‘ . -I
|
® ®
|1OM™ | <pc H ™ sac 1M
l In
L_TELT-T | Point o -Point Configurations NT/LT-S
| <=150m T e
L |
® |
R R sac |-1oM |
IA1—'T' <=10m‘ _’_IM |
|
! LN
sc| 1, ... 1]ssc
TE TE8_ | Short Passive Bus
<=500m ] e
L <=35m 7] i B
®
TR l TR sgc (1M
T+l In—1— Y<=10m
i NT/LT-S
| |
SBC| |, ... |ssC| ]
| i
TE L_E.g_._l Extended Passive Bus

*) The maximum line attenuation tolerated by the SBC is 15 dB at 96 kHz.

Siemens Components, Inc. 345




PEB 2080

Figure 3
ISDN Oriented Modular (IOM) Architecture

Subscriber Terminal Network Termination Digital Exchange
o 4-Wire 2-Wire
- ISAC™-S S Bus U Inter-
Voice/ face
Data H ICC SBC ——1-—7 SBC 1EC IEC ICC PBC
Mudule T
| 2
SLO/SSI 10M® , 1oM® 1oM® SLD
pc 4 — pC
8_J
_ | 1sac™-p PBX G
Voice/ | | 2-Wire U Interface (2km) !
Data ICC Lr IBC IBC T ICC I PBC
Module ‘ﬁl | 1 1]
SLD/SSI@ 1oM® 1oM® @ SLD
pC pC
— ISAC™s ] 1SAC™.
bice Wi (e b
Data 1cc T SBC i 4L-Wire S Interface, Point-to- Point / Bus SBC 1cc b PBC
Module | 1] T T
SLD/SSI@ 1oM® IOM®@ sLD
pC pc
PEB 2050 Peripheral Board Controller PB€
PEB 2070 I1SDN Communication Controller 1CC
PEB 2080 S Bus Interface Circuit SBC
PEB 2085 ISDN Subscriber Access Controller (S Bus) 1SAC™-s
PEB 2090 ISDN Echo Cancellation Circuit 1EC
PEB 2095 ISDN Burst Transceiver Circuit 1BC

PEB 20950 ISDN Subscriber Access Controller (PBX, U Interface) ISAC™-p
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Figure 3 gives an example of an application of the SBC in an IOM (ISDN Oriented Modular)
architecture.

By separate implementation of OSI layer-1 and layer-2 functions, and through unified
control procedures, the architecture provides flexibility with respect to various transmission
techniques. The IOM devices are all low-power, high integration, single +5 V supply CMOS
devices. Through mode switching, each devices may be used in several applications:
thus with one and the same limited set of devices all ISDN basic access configurations
are covered. Note that none of the compatible layer-1 devices (SBC, IBC, IEC) requires
direct microprocessor control. This is due to the fact that IOM interface provides all the
necessary functions for layer-1 - layer-2 communication.

Functional Description

The S-bus interface circuit PEB 2080 performs the layer 1 functions for the S/T interface
of the ISDN basic access.

General Functions and Device Architecture
The common functions for all operating modes are:

— line transceiver functions for the S interface according to the electrical specifications
of CCITT 1.430;

— dynamically adaptive threshold control for the receiver;
— conversion of the frame structure between IOM and S interfaces;
— conversion from/to binary to/from pseudo-ternary code.

Mode specific functions are:

— receive timing recovery;

— 8 timing generation using IOM timing synchronous to system, or vice versa;
— D-channel access control and priority handling;

— D-channel echo bit generation;

— activation/deactivation procedures, triggered by primkitives received over the IOM intérface
or by INFO's received from the line; ‘

— frame alignment according to CCITT Q.5083;
— execution of test loops.

For a block diagram, see figure Block Diagram

Analog Functions

The full-bauded pseudo-ternary pulse shaping is achieved with the integrated transmitter
which is realized as a voltage limited current source. A current of 7.5 mA is delivered
over SX1-SX2, which yields a voltage 1.5 V over 200 Q.

The receiver is designed as a threshold detector with adaptively switched threshold levels.
Pin SR1 delivers 2.5 V as an output, which is the virtual ground of the input signal on
pin SR2.

An external transformer of ratio 2:1 is needed in both receive and transmit direction to
provide for isolation and transform voltage levels according to CCITT recommendations.
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Digital Functions

A DPLL circuitry working with a frequency of 7.68 MHz £ 100 ppm serves to generate the
192-kHz-line-clock from the reference clock delivered by the network and to extract the
192-kHz-line clock from the receive data stream.

The 7.68-MHz-clock may be generated with the use of an external crystal between pins
XTAL1 and XTAL2. It may also be provided by an external oscillator, in which case XTAL2
is left unconnected.

The “Control” block includes the logic to detect layer-1 commands and to. communicate
with external layer-1 or layer-2 devices via the IOM interface.

An incorporated finite state machine controls ISDN layer-1 activation/deactivation.

The D-channel access procedure according to CCITT 1.430 including priority management
is fully implemented in the SBC. When used as an S-bus master in a multipoint configuration,
the device generates the echo bits necessary for D-channel collision detection. In the
NT-mode, moreover, the echo channel may be made externally available through an
auxiliary pin and thus “intelligent NT’s” (star configuration) may be implemented.

In terminal applications (TE) the Q channel as specified by 1.430 is supported*).
The buffer memory serves to adapt the different bit rates of the S and the IOM interface.

In addition, in trunk line applications it absorbs the possible deviation between two system
clocks, according to CCITT Q.503 (slip detection).

Operating Modes

The operating modes are determined by pin strapping on pins MO to M2. The four basic
operating modes are: TE, NT, LT-S, LT-T.

In three of these operating modes, the IOM may be programmed to function in the normal
mode, in the inverted mode (clock frequency 512 kHz) or in the inverted mux mode (clock

frequency 4096 kHz). To see which IOM timing mode is applicable in the four basic
operating modes, refer to table 1.

In table 1, the functions of the operating mode specific pins are given: these pinsAare DCLK
(IOM interface data clock, input/output), FSC (IOM interface frame sync, input/output),
CP (auxiliary clock/test pin), and X0 to X3.

Depending on the selected mode, pins CP, X2 and X1 provide auxiliary clocks, either
asynchronous or synchronous to the S-interface:

3840 kHz
2560 kHz :1 clocks derived from the 7680-kHz-crystal
1280 kHz

1536 kHz
:l clocks synchronized to S-interface.
512 kHz

These auxiliary clocks may be used to drive, e.g. a codec filter, or a microprocessor system
(TE applications).

*) Stepping A 6 and up. The SBC sends a binary one in FA bit position to allow another
terminal to use the extra transmission capacity.
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The other uses of the auxiliary pins are:

ENCK input

Bus input

ECHO output

Enable clock. At “0”, forces the SBC to deliver IOM timing at all times,
regardless of SDI input level; in TE mode, pin X3.

At “1”, specifies a bus configuration (as opposed to point to point or
extended passive bus); in NT and LT-S modes, pin X3.

Reproduces the E-bits received from the S-interface synchronously to IOM

push-  frame “D"-bits (bit positions 24 and 25 of IOM frame). All other bit positions
pull are binary “1”; in TE mode, pin X2.

SSZ input Send Single Zeros. At “0”, forces the SBC to transmit alternating pulses
at 250 us intervals (period 2 kHz) on S-interface for test purposes; X2 in
NT mode.

RDY output Ready. Provides a signal logically equal to bit 3 of monitor channel. Signals
push the D-channel status (“0” = occupied, “1” = free) to layer 2 component;
pull X0 in TE mode.

CON input Connected. At “0”, prevents the SBC from activating and transmitting on
the S-interface. Indicates whether the device is connected to the S-interface
or not; X0 in TE and LT-T modes.

DEX input External D-channel echo enable. At “1”, makes the E-bit dependent on the
DE (X0) input. Used in NT mode to build a star configuration; X1 in
NT mode.

DE input/  D-channel Echo. The DE outputs should be tied together (open drain)
output in an NT star configuration, to obtain the global echo bit; X0 in NT mode.
open
drain
with
integrated
pull-up
resistor

TS0 to

TS2 inputs Time slot 0 to 7. IOM interface time slot to be used =

4xTS2+2xTS1+TSO;
LT-T and LT-S in IOM mux mode.
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Table 1 :
Operating Modes and Functions of Mode Specific Pins of PEB 2080
Application
TE TE TE LT-T ALT-T NT LT-S LTS LT-S

Operation | Inverted | Inverted | Normal Mux Normal | Normal Mux Normal | Normal
of IOM Mode Mode Mode Mode Mode Mode Mode Mode Mode

Interface Inverted Inverted
M2 0 0 0 0 0 1 1 1 1
M1 0 0 1 1 1 1 0 1 1
MO ) 1 0 1 1 1 0 0 0

DCLK  |0:512kHz*|0:512kHz*|0:512kHz*|i:4096kHz] i:512kHz | i:512kHz [l:4096kHz| i:512kHz | i:512kHz
FSC 0:8kHz* | 0:8kHz* | 0:8kHz* | i:8kHz i:8kHz i:8kHz i:8kHz i:8kHz i:8kHz

cp o: o o. _ | i:fixed | i:fixed | i:fixed
1536kHz* |1536kHz* |1536kHz" j0:512kHz*|0:512kHz"| i:SCZ at0 at0 at0
X3 i:ENCLK | i:ENCLK [ i:ENCLK | i: fixed i: fixed I: BUS i: BUS i: BUS i: BUS
at1 ato
X2 o: 0: 0:ECHO | i:TS2 iz fixed i.S8Z i.,TS2 i fixed |0:192kHz
2560kHz | 1280kHz . at0 ) ato0
X1 o: o: o: i:TS1 i: fixed i:DEX i.TS1 o: o:
3840kHz | 3840kHz | 3840kHz at0 7680kHz | 7680kHz
X0 o:RDY o:RDY i:CON i:TSO i:CON i’o:DE iTSO | i: fixed i-fixed
ato at1
*) synchronized to S i: input 0: output
SCz Send continuous binary zeros (96 kHz)
ENCLK Enable clock at all times
BUS Bus configuration specified
TS2-0 Time-slot number of IOM
S8z Send single binary zeros (2 kHz)
DEX D-channel echo external/internal
RDY D-channel status on S-interface
CON Connected to S bus
DE D-channel echo bit in NT star configuration
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Figure 4
Clocking of SBC in Different Operating Modes
10M®slave 10M®Master
S u
|
l l: s01 i I Central
entrra
: s8¢ TEC ] : Network
| [ SDo |
! XTAL1 FSC  DCLK :
] 512 kHz | I
8 kHz
7.68 MHz
(a) NT
10M®slave 10M®Master
S
| i
ll XTAL1 XTAL2
| [ so1 .
| entra
| S8C 1cc Network
| [ S0o
} FSC  DCLK
[ ] 512 kHz [
8 kHz
{b) LT-5S
10M®s(ave 10M®Master
ml :
XTAL2 XTAL1 }
SO0 | Central
| entra
lcc S8C | Network
) ] [
DCLK _ FSC }
) | !
(c) TE
10M® Master 10M® siave
e :
|
XTALZ XTAL1 {
SDo ] |
g NT2
eg 1cc SBC | Central
| Network
1
DCLK FSC  CP i
| 512 kHz } [
8 kHz Note 1
{d) LT-T

IEC = ISDN Echo Cancellation Circuit PEB 2090
ICC = ISDN Communication Controller PEB 2070

Note 1: Reference clock (512 kHz, duty cycle 1:2) may be used to drive,e.g. NT 2 clock generator
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Interfaces

S Interface

According to CCITT recommendation 1.430, pseudo-ternary encoding with 100% puise width
is used on the S interface. A logical 1 corresponds to a neutral level (no current), whereas
logical Q's are encoded as alternating positive and negative pulses. An example is shown
in figure 5.

Figure 5
S Interface Line Code

Binary Values 010011 0001 1
+V e
Line Signal 0V ———-—l_‘—J-_I-_‘-——LJ—l_J—
sV m—————————

One S-frame consists of 48 bits, at a nominal bit rate of 192 kbit/s. Thus each frame carries
two octets of B1, two octets of B2, and four D-bits, according to the B1+B2+D structure
defined for the ISDN basic access (total useful data rate: 144 kbit/s). Frame begin is marked
using a code violation (no mark inversion). The frame structures (from network to subscriber,
and subscriber to network) are shown in figure 6.
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Figure 6
Frame Structure at Reference Points S and T (CCITT 1.430)

} 48 Bits in 250 Microseconds |

| NTtoTE |
0 D LoF Loj=a— B1——=={E D AF, Nf==—B2 EDM B1 E D S} B2 € D LoF Lo
1 NN EENENENNENAENENENANaNEENEN T.llllTlfJTJlLl_L
0 HEEEEEEEENEENE NS SN ENE NS EEEENEENE NN AN ENEERREEN|

2 Bits Offset

I TE to NT |

D LoF Loj=e— 81—, DL,F L,| B2 o DLt B1 L. DL B2 L 0L, File

r | RE N [TITTITIT L IHANEEEN
EJEEENEE NSNS SN EEEEREEaRE]

,f ———
F = Framing Bif B1 = Bit within B-Channel 1
L = DC Batancing Bit B2 = Bit within B-Channel 2
D = D-Channel Bit A = Bit Used for Activation
E = D-Echo-Channel Bit S = S-Channel Bit
F = Auxiliary Framing Bit or Q- Bit M = Multiframing Bit
N = Bit Set toa Binary Value N=F,

Note: Dots Demarcate those Parts of the Frame that are Independently OC-Balanced.
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Digital Interface

IOM Frame Structure

The SBC is provided with a digital interface, the IOM interface, for communication with
other ISDN devices, in other words with units realizing OSI layer-1 functions (such as the
ISDN Echo Cancellation Circuit IEC PEB 2090) or layer-2 functions (such as the ISDN
Communication Controller ICC PEB 2070).

The IOM interface is a four-wire serial interface with: a bit clock, a frame clock and one
data line per direction (figure 7).

The ISDN data rate of 144 kbit/s (B1+ B2 +D) is transmitted transparently in both directions
over the interface. In addition, it is necessary to interchange control information for acti-
vation and deactivation of OSI layer-1 and for switching of test loops. This information is
transferred using time division multiplexing with a 125-ps total frame length.

Figure 7
IOM Interface Signals
FRAME f=a—FSC FRAME
CLOCK je—DCLK cLOCK
pourl—sousoo |
D INje—300/S0L__ tpour
In LT-S: SBC 1cc
InNT:  SBC 1EC
In LT-T: SBC 1c¢
InTE: 1CC SBC
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The basic frame consists of a total of 32 bits, or four octets: B1+B2+D (18 bits) plus
14 bits of monitor and control information. The data in both directions are synchronous
and in phase (figure 8).

Figure 8
IOM Interface Frame Structure

soI
|

<00 81 [ B2 | Monitor | Bx |

[o]o[ctfor]enfen] 1 Te]

1stoctet B1: B channel (64 kbit/s), most significant bit first
2nd octet B2: B channel (64 kbit/s), most significant bit first
3rd octet: monitor channel (64 kbit/s), most significant bit first
4th octet B*: 2 bit D channel (16 kbit/s)
4 bit C/I channel
T channel: not used with SBC
E bit: not used with SBC.

The C/l channel is used for communication between the SBC and a processor via a layer-2
device, to control and monitor layer-1 functions. The codes originating from layer-2 devices
are called “commands”, those sent by the SBC are called “indications”. For a list of the
C/! codes and their use, see the SBC Technical Manual.

Three modes of the IOM are distinguished. These modes differ only with respect to the
physical data rate (256 or 8 x 256 kbit/s) and to polarity of the clocks.
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Normal Mode

This timing mode is applicable in all operating modes of the SBC.
Nominal bit rate of data (SDI and SDO): 256 kbit/sec
Nominal frequency of DCLK; 512 kHz

Nominal frequency of FSC: 8 kHz

Transitions of the data occur after even-numbered rising edges of DCLK. Even-numbered
rising edges of the clock are defined as the second rising edge following the rising edge
of FSC and every second rising edge thereafter.

The frame is earmarked by the rising edge of FSC.

Figure 9 :
Timing of Data and Clocks of IOM in the Normal Mode

DCLK
iz kot JUULLAAUL

FsC
8 kHZ)__J 1

—

B1 B2 Monitor B*

sDl1

Inverted Mode
This timing mode is only applicable in TE mode.

The characteristics are the same as above, except that FSC is not a signal with 50% duty
cycle but an active low pulse, one DCLK clock period long, which occurs in the middle of
bit 27 (fourth bit of B~).
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Inverted Mux Mode
This timing mode is applicable in the LT-T and LT-S operating modes.

Nominal bit rate of data bursts 2048 kbit/sec
(SDI and SDO)

Nominal frequency of DCLK 4096 kHz

Nominal frequency of FSC 8 kHz.

The frame clock FSC is an active low strobe clock. The strobe earmarks the second half
of bit no. 251 in the frame. The low state of the strobe is detected with the rising edge
of DCLK. Refer to figure 10.

The data at the input SDI is valid on the even-numbered rising edges of DCLK. Transitions
of the data on SDO occur after even-numbered falling edges of DCLK. The rising edge
earmarked by the frame strobe is an even-numbered rising edge of DCLK. The following
falling edge is an even-numbered falling edge.

The bursts are allocated to consecutive time slots in a frame by the static inputs X0(TSO0),
X1(TS1), X2(TS2). Table 2 indicates the allocations. Figure 11 gives the positions of the
respective frames.

Figure 10
Timing of Data and Clocks of IOM in the Inverted Mux Mode

|
|
|
i

FSC (8 kHz) [
|
|

Frame Bit No.

SDI (2048 kbit/s)
SDO (2068 koitys) 01 [252[ 25355 0 [T [ 23] &[5 ] 6]
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Table 2
Allocation of Time Slots
Time Slot No. TS2 TS1 TSO Bit No.

0 0 0 0 0... 31
1 0 0 1 32... 63
2 0 1 0 64... 95
3 0 1 1 96...127
4 1 0 0 128...159
5 1 0 1 160...191
6 1 1 0 192...223
7 1 1 1 224...255

Figure 11

Position of IOM Frames as a Function of Time-Slot Allocation in Inverted Mux Mode

Frame (8 kHz)

Frame Slot No. 0

SOI (2048 kbit/s)

SDO (2048 kbit/s)

Frame Slot No.1
SDI (2048 kbit/s)

SDO (2048 kbit/s)

Frame Slot No. 2

SOI (2048 kbit/s)
SDO (2048 kbit/s)

Frame Slot No.3
SDI {2048 kbit/s )

SDO 2048 kbit/s )

Frame Slot No.&4
SDI (2048 kbit/s)

SDO (2048 kbit/s)

Frame Slot No.5
SDI (2048 kbit/s)

SDO {2048 kbit/s)

Frame Slot No.6 ===
SDI (2048 kbit/s)

SDO (2048 kbit/s) mmd

Frame Slot No.7

SDI (2048 kbit/s)
SDO0 (2048 kbit/s)
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The mux mode may be used to link up to eight SBC’s over a single 2048 kbit/s interface

to an exchange or PBX (figure 12).

Figure 12
IOM Interface 2048 kbit/s Mux Mode

_:::::___:ﬂ Exchange Termination/
———— =h PBX { Layer 2-3)
!
[ Ll —r—-— FRAME
[ /
I 4
/7
LI - CLOCK
/
DCLK TTTT
Ll DIN
-
g
/
SDO T
&l ~ Dout
sol -
r__l
r.J
|
- 2048 kbit/s
J% Interface to the
= Exchange
Up to 8xSBC
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Absolute Maximum Ratings

Parameter Symbol Limit Values Unit
Voltage on any pin with respect to ground Vs —0.4to Vpp +0.4 v
Power dissipation Py 1 w
Ambient temperature under bias Ta 0to 70 °C
Storage temperature Tsig —65to 125 °C

Stresses above those listed here may cause permanent damage to the device. Exposure
to absolute maximum rating conditions for extended periods may affect device reliability.

Line Overload Protection

The maximum input current (under overvoltage conditions) is given as a function of the
width of a rectangular input current pulse (figure 13).

Figure 13
Test Condition for Maximum Input Current
[ o o [ |
SBC
I B N e
E— o
-} Condition: All Other Pins Grounded
e
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Transmitter Input Current

The destruction limits are given in figure 14.
R22Q.

Figure 14

7}

100 A
50A

10A+
SA-

1A 4
05A

i T o= Fop
1072 10 10 107 1s

Receiver Input Current

The destruction limits are given in figure 15.
R, 2300Q.

Figure 15

1‘}
100A
10 A+

1A+

1074

2x10"2 4+~

T T L T
107 10-8 1076 107 1072 1s
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DC Characteristics
T,=0t070°C; Vo, =5V £ 5%, Vgg=0V
Limit Values
Parameter Symbol | min. max. Unit Test Conditions
L-input voltage Vie —04 | 08 Vv
H-input voltage Vin 20 Voo v All
+0.4 pins
L-output voltage VoL 0.45 Vv Io.=2mA ex-
L-output voltage (SDO) VoLt 0.45 ' Io,=7mA cept
H-output voltage Vou 2.4 \Y Ion=—400 pA SX1,2
H-output voltage Vou Vob \' Ioy=—100 pA SR1.2
—-05 ’
RREF
Power operational 12 mA Vop=5V
supply Iec inputs at Vgs/Vpp
current power down 0.8 mA no output loads
Input leakage current I, 0V<Vn<VpptoOV
10 pA
Output leakage current Io 0 V< Vour<Vpp to OV
Absolute value of Vy 1.35 1.65 \' R.= 50QY
output pulse amplitude 1.35 2.4 \" R =400 Q"
(VSX2 - V8X1) 2.03 2.31 \' R.= 50QM2
210 2.39 \ R_=400Q"2
Transmitter output current Iy 75 13.4 mA RL.=56Q"
Transmitter output Ry 10 kQ inactive or during SX1,2
binary one
impedance 80 Q during binary zero3
R =50Q
Receiver output voltage Vsri 2.4 26 v Io<5pA SR1.2
Receiver threshold Vig 225 375 mV dependent on peak ’
voltage VSR1 - VSR2 level
Voltage at RREF Vo 1.0 1.2 \' Rrer = 2.2 kQ £1% RREF4)
Output current I 450 550 pA Rrer=2.2 kQ +1%

Notes: 1) Due to the transformer, the load resistance as seen by the circuit is four times R,

2) From SBC A7 onwards.
3) From A7 onwards, the 80 Q output impedance is external.
4) Applies only up to A6.
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Cpacitances
TA= 2500, VDD = 5 V :t5°/0, VSS= 0 V
Limit Values
Parameter Symbol min. max. Unit
Input capacitance Cin 7 pF All pins
1/0 capacitance Co 7 pF except
SR1,2
XTAL1,2

Output capacitance Cour 10 pF S§X1,2
against Vgg,
Input capacitance Cin 7 pF SR1,2
Load capacitance Cwo 50*) pF XTAL1,2
Recommended Oscillator Circuit
Figure 16

4 6 External 49

i , XTAL1 Oscillator —4 X TAL 1

Signal

| =37 68MHz| ( <=50pF "

(4

I : T xTAL 2 NC—xTaL2

Crystal Oscillator Mode Driving from External Source

*) for the version up to and including A4 this value should not exceed 20 pF. This maximum capacitance
is determined by the maximum oscillator startup time of 4 ms.
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Table 3
Output Stages
Application
TE TE TE LT-T LT-T NT LT-S LT-S LT-S
Operation | Inverted | Inverted | Normal Mux Normal | Normal Mux Normal | Normal
of IOM Mode Mode Mode Mode Mode Mode Mode Mode Mode
Interface Inverted Inverted
M2 0 0 0 0 0 1 1 1 1
M1 0 0 1 1 1 1 0 1 1
MO 0 1 0 1 1 1 0 0 0
DCLK  [Push/Pull |Push/Pull |Push/Pull
FSC Push/Pull |Push/Pull | Push/Pull
CP Push/Puil | Push/Pull | Push/Pull | Push/Pull { Push/Pull
X2 Push/Pull | Push/Pull |Push/Pull Push/Pull
X1 Push/Pull |Push/Pull |Push/Puli Push/Pull|Push/Pull
X0 Push/Pull | Push/Pull open
drain*
SDO Push/Pull |Push/Pull |Push/Pull| open |Push/Pull| open open |Push/Pull
drain drain* drain
*) with integrated Pull-up
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Table 4
SBC Clock Signals
Application
TE TE TE LT-T LT-T NT LT-S LT-S LT-S
Operation | Inverted | Inverted | Normal Mux Normal | Normal Mux Normal | Normal
Of IOM Mode Mode Mode Mode Mode Mode Mode Mode Mode
Interface Inverted Inverted
M2 0 0 0 0 0 1 1 1 1
M1 0 0 1 1 1 1 0 1 1
MO 0 1 0 1 1 1 0 0 0
DCLK  l0:512kHz*|0:512kHz*|0:512kHz*i:4096kHz| i:512kHz | i:512kHz |i:4096kHz| i:512kHz | i:512kHz
1:2 1:2 2:1
FSC 0:8kHz* | 0:8kHz* | 0:8kHz* | i:8kHz i:8kHz i:8kHz i:8kHz i:8kHz i:8kHz
63:1 63:1 1:1
CP o o: o:
1536kHz* | 1536kHz* | 1536kHz* [0:512kHz* [0:512kHZ*
3:2 3:2 3:2 2:1 2:1
X2 o: o: o:
2560kHz | 1280kHz 192kHz
1:2 1:2 1:1
- X1 o: 0: o: (e} o:
3840kHz | 3840kHz | 3840kHz 7680kHz | 7680kHz
11 1:1 1:1 11 11
X0 i: fixed | i: fixed
ato at 1
*) synchronized to S line
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Input and Output Pin Configurations

In TE, LT-T and LT-S IOM normal modes an integrated pull-up resistor is connected to SDI.
For output pin configurations, see table 3.

AC Characteristics

TA=0t°70°C, VDD=5Vj:5°/0 :
The AC testing input/output waveform is shown below.

Figure 17

2.4 -
Device

N |
Test Points” Under
AN Test

__% (Lood = 150pF

0,45

Jitter
in TE mode, the timing extraction jitter of the SBC conforms to CCITT Recommendation 1.430
(—=7% to +7% of the S-interface bit period).

In the NT and LT-S applications, the clock input DCLK is used as reference clock to provide
the 192-kHz-clock for the S line interface. In the case of a plesiochronous 7.68-MHz-clock
generated by an oscillator, the clock DCLK should have ajitter of less than 100 ns peak-to-peak.
(In the case of a zero input jitter on DCLK, SBC generates at most 130 ns “self-jitter”
on S interface.)

In the case of a synchronous*) 7.68-MHz-clock (input XTAL1), the SBC transfers the input
jitter of XTAL1, DCLK and FSC to the S interface. The maximum jitter of the NT/LT-S
output is limited to 260 ns peak-to-peak (CCITT 1.430).

*) fixed divider ratio of 15 between XTAL1 and DCLK
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Clock timing
The clocks in the different operating modes are summarized in table 4, with duty ratios.

Clock CP is phase-locked to the receive S signal, and is derived using the internal DPLL
and the 7.68 MHz £ 100 ppm crystal (TR and LT-T).

A phase tracking of CP with respect to “S” is performed once in 250 us. As a consequence
of this DPLL tracking, the high state of CP may be either reduced or extended by one
7.68-MHz-period (CP duty ratio 2:2 or 4:2 instead of 3:2) once every 250 ns.

Since DCLK and FSC are derived from CP (TE mode), the high state (FSC) or the high
or low state (DCLK) may likewise be reduced or extended by the same amount once
every 250 ps.”)

The phase relationships of the auxiliary clocks are shown in figure 18.

Figure 18
Phase Relationships of Auxiliary Clocks

tesMiz LML ML e

CP:1536 kHz* I [ J I | —

*Synchronous to receive S, see 5.6.1 Duty ratio 3:2 normally

xt:380kiz - LT LI T L I L I 1L LI L

X2:2560 kniz 1 1 1 | N e 1

X3:1280kHz I L I 1 1+

*) The phase adjustment may take place either in the sixth, seventh or eight CP cycle
counting from the beginning of anIOM frame in TE.
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Tables 5 to 9 give the timing characteristics of the clock.

Figure 19
Definition of Clock Period and Width

35v /
08V '

fWH ! t WL

Table 5
XTAL1,2

Limit Values
Parameter Symbol min, max. Unit

High phase of twH 20 ns
crystal/clock

Low phase of twi 20 ns
crystal/clock
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Table 6
DCLK

Limit Values Test
Parameter Symbol min. typ. max. Unit Conditions
(TE) 512 kHz tra 1822 1953 2084 ns OSC £100 ppm
(TE) 612 kHz 2:1 tw Ha 1121 1302 1483 ns 0OSC £100 ppm
(TE) 612 kHz 2:1 twLa 470 651 832 ns OSC +100 ppm
(TE) 512 kHz 1:2 tw Ha 470 651 832 ns OSC £100 ppm
(TE) 512 kHz 1:2 twLa 1121 1302 1483 ns OSC +100 ppm
(NT, LT-S, LT-T) twh 90 ns
(NT, LT-S, LT-T) twu 90 ns
Table 7
CcpP

Limit Values Test
Parameter Symbol | min. typ. max. Unit Conditions
(TE) 1536 kHz tpq 520 651 782 ns OSC =100 ppm
(TE) 1536 kHz tw Ha 240 391 541 ns OSC +100 ppm
(TE) 1536 kHz twLQ 240 260 281 ns OSC +100 ppm
(TE, LT-T) th, t 20 ns C, =100 pF

10 ns C.= 50pF

(LT-T) 512 kHz teq 1822 | 1953 | 2084 | ns OSC 100 ppm
(LT-T) 512 kHz tw HQ 1121 1302 1483 ns OSC +100 ppm
(LT-T) 512 kHz twLa 470 651 832 ns OSC £100 ppm
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Table 8
X1

Limit Values Test
Parameter Symbol | min. typ. max. Unit Conditions
(TE) 3840 kHz teq —100 ppm| 260 100 ppm| ns OSC 100 ppm
(TE) 3840 kHz tw HQ 120 130 140 ns OSC 100 ppm
(TE) 3840 kHz twLa 120 130 140 ns OSC =100 ppm
Table 9
X2

Limit Values Test
Parameter Symbol | min. typ. max. Unit Conditions
(TE) 2560 kHz trq —100 ppm| 391 100 ppm| ns OSC 100 ppm
(TE) 2560 kHz tw Ha 110 130 150 ns OSC £100 ppm
(TE) 2560 kHz twLa 250 260 270 ns OSC 100 ppm
(TE) 1280 kHz trq —100 ppm| 781 100 ppm| ns OSC 100 ppm
(TE) 1280 kHz tw HQ 250 260 270 ns OSC +100 ppm
(TE) 1280 kHz tw L 511 521 531 ns OSC 100 ppm
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CP, DCLK and FSC Relationships in IOM Master Mode

cpaasag khzr I —T L LI

*Synchronous to receive S, see 5.6.1 Duty ratio 3:2 normally

xt3se0kiz I L L LT L I LI LT 1L T 1 L

X2:2560 kHz J 1 1 1 1 1 1

x3:1280kHz I — T 1 1

Limit Values Test
Parameter Symbol | min. max. Unit Conditions
Clock delay CP - DCLK the 0 50 ns C =100 pF
Clock delay CP -¥SC trc 0 50 ns C_=100 pF
Delay DCLK - FSC : tep —-20 20 ns C_= 100 pF
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IOM Interface

Normal mode

Master mode (TE)
IOM® Frame “n”
(...,B% Channel)
FSC(0)
—s=itis —=feg

DCLK (0)_/—

—\

10M® 10M " nat"
(B1 Channel,...)

—o iy —

____ B Y =TT ==
sol { > X X

_____ —_—L A _—L N —

— top =
sD0 X X
Limit Values

Parameter Symbol min. max. Unit
Frame sync delay tep —20 20 ns
C_ =100 pF
IOM output data delay t op 200 ns
C_= 100 pF
IOM input data setup tiis 20 ns
IOM input data hold 1 50 ns
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Slave Mode (NT, LT-S, LT-T)

r0M®Frume “n"
(..,.B% Channel)

lOM®Frame"n»1"
(B1 Channel,...)

&

.......................
L) * . . .

FSC(I)

DCLK(T)

SOI
Sobo

Limit Values ;
Parameter Symbol min. max. Unit-
Frame sync hold trH 30 ns
Frame sync setup trs 50 . ns
Frame sync high te wH 40 -NS
Frame sync low tewL 2150 ns
IOM output data delay tiop 200 1:ns®)
IOM input data setup tis 20 ns
IOM input data hold tH 50 ns

*) For push-pull output. For open drain output with integrated pull-up resistor, the maximum value is

900 ns.
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Inverted Mode

DCLK (O)ﬂ jl_\_/—\___/_
frsp — ’is‘n
FSC(0) f
— f“S_l—
w . (-
=l top = = gy -
Bit 3 Channel Bx X Bit &4 Channel Bx X Bit 5 Channel Bx
Limit Values
Parameter Symbol min. max. Unit
Frame sync delay tesp —20 20 ns
C_=100 pF
IOM output data delay tiop 200 ns
C_=100 pF
IOM input data setup ts 20 ns
IOM input data hold tn 50 ns
374
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Inverted Mux Mode

peLK (1) / sK___/_—_\_jz(_——\__/_—_.

FSC{D) -

—o frys e—

sDI 7 3

SDo Channel 7,Bit 27 ( Bit 251) X

Limit Values

Parameter Symbol min. max. Unit
Frame sync hold ten 50 ns
Frame sync setup trs 20 ns
Frame sync high- tFwh 124.8 us
Frame sync low tewL 70 200 ns
IOM output data delay t op 200 ns
C_=180pF; Io =7 mA

IOM input data setup tis 20 ns
IOM output data hold tH 50 ns
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Timing of Special Function Pins

RST Characteristics
Limit Values
Parameter Symbol min. max. Unit
Length of active (low) state twi 1 us
RDY Characteristics
o L L LML ML Lok
/
SDO Ju 0 X 0 X
ROY
fsetupE BpS
Limit Values
Parameter Symbol min. max. Unit
Length of low state twi 360 us
Length of high state twH 60 us
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DE Characteristics

The form of the DE input/output (pin XO, NT mode) is given by figure 20 for the case of two S
interfaces having a minimum frame delay and a maximum frame delay, respectively.

Figure 20

+5V

N |
Subscriber] ———
e 1

DE

NT

SDI

= SD0

+5V

R | D
Subscriber) ————
T

DE

{to other SBC's)

The AC characteristics of DE output and input are shown in figures 21 and 22 and table 10.
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Figure 21
Timing of DE Output

SIT-Frame L \ D l[ L

CEB Output

TE to NT \ /Ii
|
|
{
T
!
|

Figure 22
Timing of DE Input

NT to TE

gT-frame  Bn7 \/ Bas \/ €
N\

Table 10

Limit Values
Parameter Symbol min. max. Unit
DE delay toED 2 us
C_ =100 pF
DE setup toes ps
DE hold toEn us
ECHO Characteristics

The timing of the ECHO output (pin X2, TE mode) is identical with that of output SDO:
however, the signal is “1” everywhere except in bit positions 24 and 25 (“D”-bit positions)

of IOM frame, where it is equal to the E-bits received from the S interface.
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DL, FL|<—B1——|E nAFANl-—Bz—-lznnl-——m—»{EDsI——Bz——iE DL, F L,

Binary Value: e

NT ro TE EF'—IJ—l-{-l-H-I+H-I-U—H+I—|-I-}-I—|—H I—H+H+H-H FE L

DL, FL|<—B1—-|L DL FL.|-—Bz———|L DL} B1 L DL B2 {LeD Lo FLe
Binary Value: 1 o . ol o ol o ol o o

DL.FL.|<——B1—-—|E DAF, Nl—-—sz———-IE D Ml~=—81 —c—|E D Sj=e— B2 —a—js DL.FL,

Binary Vatue: o

NT o TE EWIIHH-H—{—HHFHH—H-HI-HH—HHHHHH—HJL

DL.F Le

DL.F L.|-.——Bl -——-IL.DL.FAL.}-——BZ—-—-|L.DL.|-—B1 DL-{ B2

Binary Value:

TE to NT HJTW

Sampling Points of E-Bits to Transmit l * ‘ *

1
Common DE-Pin: I l I |

0-
Sampling Points of Received ’ r * } ‘ ' 1 ‘ ‘
D-Bits I | I I l

Affected Affected Affected Affected
by A by A by B by B

Condition:  All Transmit Frames NT —e=—TE are in Phase.

3a 40 Bunwyy

Subscribet

Line A:

Minimum D
(2 Bits)

Subscribe:
Line B:

Maximum D
(8 Bits)

€2 ainbig4
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Adaptive Receiver Characteristics

The integrated receiver uses an adaptively switched threshold detector. The detector controls
the switching of the receiver between two sensitivity levels. The hysteresis characteristics ofthe
receiver are shown in figure 23.

Figure 24
Switching pf the Receiver between High Sensitivity and Low Sensitivity

Vsr2-Ver1

Logical 0

.

Logical 0

+225mV /

}y Logical 14—
~225mV

+375mV

Logical 0 -375mv
Logical 0
State (D State (2
High sensitivity Low sensitivity
with Vip=2225mV with Vip,=£375mV

Vinax > 1V and Vpax <=1V
in two consecutive frames

T50mV £V, . 21V 750 MV S Vyar €1V
nax Viax <750 MV 0 Vpgy>-750 mV e

Ver2 = Yep = Input voltage
Vir1* Vo2 = Threshold voltages of the receiver threshold detector

Viax = maximum value of Vgp,- Vspq during one frame
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S/T Bus Interface Circuit Extended (SBCX) PEB 2081

Preliminary Data ' CMOS IC
Type Ordering Code Package

PEB 2081-P | Q67100-H6091 P-DIP-28

PEB 2081-P planned ; P-DIP-22

The S/T Bus Interface Circuit Extended (SBCX) PEB 2081 implements the four-wire S/T
interface used to link voice/data ISDN terminals, network termination (Central Office and
PBX applications), and PBX trunk lines to Central Office. Through selection of operating
modes, the device may be employed in all types of applications involving an S/T interface.
Two or more PEB 2081 SBCX can be used to build a point-to-point, passive bus, extended
passive bus or star configuration.

The PEB 2081 SBCX provides the electrical and functional link between the analog S/T
interface according to CCITT recommendation 1.430 and T1D1 Basic User Network Interface
Specification, respectively and the ISDN Oriented Modular (IOM®) interface Rev. 2.

The PEB 2081 SBCX exceeds both the electrical and functional requirements of the S/T
interface in order to provide high flexibility to the user with respect of S/T interface wiring
configuration and implementation of layer-1 maintenance functions. By provision of some
additional features at the IOM-2 interface the user is able to combine the SBCX with other
IOM-2 devices in various configurations.

The PEB 2081 SBCX is a 28-pin CMOS device offered in both DIP and PL-CC packages
It operates from a single 5 V supply and features a power-down state with very low power
consumption.

Features

@ Full duplex 2B + D S/T interface transceiver according to CCITT 1.430
® Adaptive equalizer
@® Receive timing recovery
@ Built-in wake-up unit for activation from power-down state
@ Conversion of the frame structure between the S/T interface and IOM-2 interface
@ Activation and deactivation procedures according to CCITT 1.430
@® D-channel access control, also in trunk application
® Access to S and Q bits of S/T interface
@ Automatic handling of S and Q bit messages
@ Software controlled maintenance interface (i/o ports)
@ Frame alignment with absorption of phase wander in NT2 network side applications
@® Switching of test loops
@ Several operating modes
® Advanced CMOS technology
@® Low power consumption: standby less than 6 mW
active max. 80 mW
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gl

TR=100Q"

H

Logic Symbol
SR 2
~—{ OCLK
® ~a—a FSC Voo 2
lom™2 ——={10P0 oo
1oP1 S/T Bus SRY
Maintenance MA Interface Circuit
Auxiliary <:> (6‘]0) Extended SX2
Interface (SBCX )
Hode —=|MODE  PEB 2081 SX1
- X3 XTAU
Mode X2
Specific X1
Functions " X0 XTAL2
Vooa Voo Vss  Vssa RST
+5V  +5V _OV 0V Reset

) Terminating resistors only at the far end

2)- For details of crystal see figures 22 and 25

3) 10 nF required only for A1 silicon.
Further versions will have a symmetrical receiver.

Siemens Components, Inc.

382

|| ”TR 100Q "

(| 7 68 MHz ’100ppm 2



PEB 2081

Pin Configurations

(top view)
P-Dip-22 PL-CC-28
I—] N o3 v
Voo [ 1 22{ | Voo, s sL8d
sx1[]2 21[ ] Vesa 32 182
E ] Vssf4 O 26 I SR2
sx2[]3 20[] sR2 MAI13QS 251 SR1
x3q6 241 Voo
Ves [ & 19[] sr1 RSTQ7 231 MATS
PEB 2081
MAT2QE TiCpE” 22X
x3[]s 18 [ Vs FSCQ9 21 [ MAIS
PEB 2081 MAI1 {10 20px2
RST(]6 n[]x
SBCX ocLgn 191 MATL
10P1412 18 X0
Fscl]7 1] x2 3% 15 16 1
T oo
ock[]e 15[ xo eSus o
adoa<«
_ Y E - -
wp1[]s % []xTAL2 x X
wpo [ 10 13[] xral1
mato [ 11 12 ] MoDE
P-DIP-28
]
Voo []1 28:|vDDZ
sx1[]2 27 [ Vesa
sx2[3 26 |SR2
Vss[ |4 5[ ]sR1
Ma13[]s 2 JVooa
x3[]6 B[Jmars
w7 peB20g1  2[x
mar2[]s SBCX n[]mars
Fsc[]9 20[]x2
Ma11[]10 19 ]maT4
oLk [ 18{]x0
10 1[]12 17[]xTAL2
1roo[]13 16 ] XTAL1
Maro [ |14 15 [ ] MoDE
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Pin Definitions and Functions

Pin No. Pin No. Symbol Input (1) Function
P-DIP-28 | P-DIP-22 Output (O)
PL-CC-28
2 2 SX1 (0] Positive transmitter output
3 3 SX2 (o] Negative transmitter output
13 10 IDPO 1’0 IOM Data Port 0
12 9 IDP1 110 IOM Data Port 1
11 8 DCLK 1/0 Dataclock, IOM interface
9 7 FSC 1’0 Frame Sync, IOM interface
15 12 MODE | Setting of operating mode
6 5 X3 /0 Functions dependant on the selected ope-
20 16 X2 /0 ration mode, see chapter 2.
22 17 X1 1/0
18 15 X0 1/0
23,21,19 MAI (6:4) | O Maintenance output pins controlled by
monitor channel
5,8,10,14 | 11 MAI (3:0) | | Maintenance input pins
16 13 XTAL1 | Connection for external crystal, or input
for external clock generator
17 14 XTAL2 O Connection for external crystal, n.c. when
external clock generator is used
25 19 SR1 | Receiver, signal input
26 20 SR2 | Receiver, signal input
28 22 Vb2 o 2.5V reference voltage output;
10 nF to Vg
27 21 Visa | Analog ground
24 18 Vooa ! Analog power supply +5V £ 5%
1 1 Voo | Digital power supply +5V £ 5%
4 4 Vis | Digital ground
7 6 RST | Reset, active low
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Figure 1

Block Diagram

1oM®P1nterface Logic

SX1 Transmit
SX 2 ~a—o Buffer
[
D-Channel
Control
SR1 Receive
SR 2 ——mf Buffer

DPLL

T
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System Integration

The PEB 2081 SBCX implements the four-wire S and T interfaces used in the ISDN basic
access. By programming the corresponding operating mode it may be used at both ends of
these interfaces.

The operating modes are:

ISDN terminals (TE)
ISDN network termination (NT)
ISDN subscriber line termination (LT-S)
ISDN trunk line termination (LT-T)
(PBX connection to Central Office).

The basic use of these modes is shown in figure 2 where the usual nomenclature as
defined by the CCITT for the basic access functional blocks and reference points, has been
used.

Figure 2
Operating Modes
Terminals Exchange Termination
TE LT-S
., >
T
1
| Network Termination
TE NT
S U
1 i
_J T ,/ % N T
4 \
[} / \
] / \
— / \
,/ NT2 NT1T N
/Pes T P N
PBX !
Lr-s 171 NT
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Terminals and Network Terminations

By adding IOM-2 compatible devices to the PEB 2081 SBCX different configurations
are possible ranging from the standard TE and NT implementations shown in figure 3 and 4
to more complex applications.

Figure 3
ISDN Voice/Data Terminal using the IOM-2 Architecture
SIT
PEB 2081 10M®- Terminal Inferface
SBCX
PEB 2070 | |PSB2160 | |PSB 2110
1cc ARCOFI®| | 17ac ™

Figure 4
Network Termination with only two Devices
U SIT

l_: PEB 2091 IOM®'Inferfuce PEB 2081 l
IEC- @ SBCX L__I
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A more complex application is a microcontrolled NT using the PEB 2070 ICC to provide
software controlled layer-1 maintenance functions (figure 5). The U and S/T interface
maintenance data is conveyed via the IOM interface’s monitor channel to the PEB 2070 ICC.

Figure 5
The uC Controls all Layer-1 Maintenance Functions of the NT
v :
PEB 2091 | 10M® -2 Terminal Interface | PEB 2081
IEC-Q SBCX
PEB 2070
Icc
pl

More terminal functions can be added to the NT resulting in a U interface terminal with an S/T
interface terminal (intelligent NT) (figure 6). The functionality of such a configuration includes
D-channel collision resolution in upstream direction and B channel switching functions for
internal communications.

Figure 6

An Intelligent NT Provides Both Terminal (voice/data) and Network
Terminating Functions (S/T interface)

SIT

®_ .
PEB 2081 IOM*™-2 Terminal Interface PEB 2095 Two Wire
SBCX 1 18C U Interface

PsB 2160 | [PsB2110 | |PEB 2070
ARCOFI®| [ 17ac™ 1cc
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Line Terminations

The standard implementation of an S/T interface line card includes one D-channel controller.
per line. Due to the S/T interface’s ECHO bit function this can be reduced to one D-channel
controller per up to eight lines. The PEB 2081 SBCX supports this architecture by handling the
ECHO bit externally as a common ECHO Bit (CEB) to all S/T interfaces (figure 7)

Figure 7
One LAP-D Controller is Sufficient for up to Eight S/T Interfaces.
[ IOM®2 Interface

PEB 2081

SBCX

PEB 2055
EPIC™

SBCX

[ e PEB 2070 —]
PEB 2081 Icc

CEB

SBCX

I: PEB 2081
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S/T Interface Configurations

The adaptive equalizer integrated in the receiver of the PEB 2081 SBCX exceeds the electrical
requirements of the S/T interface. An overview of the different wiring configurations is given in
figure 8. TR

Since maximum attenuation of the line is not the limiting factor, the maximum length of a
point-to-point configuration depends on the round trip delay. For special applications it is pos-
sible to exceed this limitation by switching the upstream D channel to a transparent mode.
Obviously, the extended passive bus configuration benefits from the enhanced receiver cha-
racteristic resulting by increasing the loop length.

Figure 8
S/T Interfacing Wiring Configurations
(N.B.: "TR” stands for terminating resistor of value 100 Q).

P 1 L <=2km . - 1

¥ N

j10M®2 max { Vocio I 1oM® |
| [

LTET-T Point-to~Point Configurations L NT/LT-S |

e <=150m ... 250m e —— e -
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Functional Description

The PEB 2081 SBCX performs the layer-1 functions for the S/T interface of the ISDN basic
access.

SBCX Device Architecture and General Functions

The SBCX performs the layer-1 functions of the S/T interface according to CCITT recommen-
dation 1.430 and T 1D1 Basic User Network Interface Specification, respectively. It can be used
at all ends of the S/T interface. Figure 9 depicts the device architecture.

Figure 9
SBCX Device Architecture

FSC

R ———
‘——‘ DCLK

®
g;(; = 11transmitter Buffer IoM Log\iisrfuce " ig%
|t
Test Transm. D-Channel
Access Activation
Buffer
Control
Ampt. Control | Equ.Control |
u N .
S/Q Bits
Equalizer Compa- Handler
Amplifier ) o
Filter rators
Level Detect Receive PLL J Oscil. Transmit PLL

o

Siemens Components, Inc. 391



PEB 2081

The Common Functions for all Operating Modes

@ Line transceiver functions for the S/T interface according to the electrical specifications
of CCITT 1.430;

@® Conversion of the frame structure between the IOM interface and S/T interface;

@® Conversion from/to binary to/from pseudo-ternary code.

@ Access to S and Q bits

® Handling of S and Q channel messages

@ Level detect.

Mode Specific Functions

@® Receive timing recovery for point-to-point, passive bus and extended passive bus
configuration.

@ S/T timing generation using IOM timing synchronous to system, or vice versa;

@® D-channel access control and priority handling;

@® D-channel echo bit generation by handling of the common echo bit.

@ Activation/deactivation procedures, triggered by primitives received over the IOM inter-
face or by INFO's received from the line;

@® Frame alignment according to CCITT Q.5083;

@® Execution of test loops.

Analog Functions

For both receive and transmit direction, a 2:1 transformer is used to connect the PEB 2081
SBCX to the 4 wire S/T interface. The pseudo-ternary pulse shaping which meets the 1.430
pulse templates, is achieved with the integrated transmitter.

The integrated adaptive equalizer is designed to cope with all wiring configuration of the S/T
interface, point-to-point, passive bus, and extended passive bus. The maximum allowable line
attenuation is increased to more than 20 dB, with the corresponding distortion equalized, and
out-of-band noise suppressed.

The level detect block monitors the receive line and therefore initiates switching into power
down or power up state. Figure 10 depicts the analog connections of the PEB 2081 SBCX.
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Figure 10
Connection of the Line Transformers and Power Supply to the SBCX

+5V SX1
Voo Transmit Pair
Vooa SX2
PEB 2081
10pF
SBCX 0kQ 2.1
Vss SR1
10pF .
Vssa Voo2 p Receive Pair
GND T
SR2
10kQ

Digital Functions

DPLL circuitry working with a frequency of 7.68 MHz + 100 ppm in S/T interface master modes
generates the 192-kHz-line clock from the reference clock delivered by the network
(FSC: 8 kHz) and in S/T interface slave modes extracts the 192-kHz line clock from the
receive data stream.

The 7.68 MHz clock may be generated with the use of an external crystal between pins XTAL1
and XTAL2, or by an external oscillator, in which case XTAL2 is not connected.

The D-channel access procedure according to CCITT 1.430, including priority management, is
fully implemented in the SBCX. When used as an S/T interface master, the device generates
the E bits necessary for D-channel collision detection. The received D-bits are provided at pin
CEB (common echo bit) for a wired-AND connected NT star configuration.

The buffer memory serves to adapt the different bit rates of the S/T interface and the IOM
interface. In addition, in trunk line applications it absorbs the possible deviation between
two system clocks, according to CCITT Q.503 (slip detection).

In all applications, the PEB 2081 SBCX gives access to the S and Q bits via the monitor

channel. According to its specific S/Q mode, it handles the S and Q channel messages
autonomously, i.e. without the aid of a uC (e.g. in NT).

Siemens Components, Inc. 393




PEB 2081

Table 1
Operating Modes and Functions of Mode Specific Pins of the SBCX.
Application
TE LT-T NT LT-S
MODE it Vgs it Voo it Vs it Voo
DCLK 0:1536 kHz" i: 512 kHz i: 512 kHz i: 512 kHz
to 8192 kHz to 8192 kHz to 8192 kHz
FSC 0: 8 kHz" i: 8 kHz i:8 kHz i: 8 kHz
X3 0:768 kHz" 0:1536 kHz" i/0: CEB i/o: CEB
X2 it Vss i:ICN2 i: Voo i: ICN2
X1 i: Vs i:ICN1 i: Vs irICN1
X0 0:PCK i:ICNO i:BUS i:ICNO

1 synchronized to S/T interface

i:input o: output
PCLK Power Converter Clock
BUS Bus configuration specified
CEB Common Echo Bitin NT1 star

Note: Differentiation between LT-T mode and LT-S mode is done by software programming
of data bit O of the configuration register.

Siemens Components, Inc.
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Figure 11
Clocking of the SBCX in Different Operation Modes
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Note 1: Reference clock (1536 kHz), may be used to drive NT2 clock generator.
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Interfaces

S/T Interface

According to CCITT recommendation 1.430, pseudo-ternary encoding with 100% pulse width
is used on the S/T interface. A logical 1 corresponds to a high impedance level (no current),
whereas logical 0’s are encoded as alternating positive and negative pulses. An example is
shown in figure 12.

Figure 12
S/T Interface Line Code

Binary Values 010011 00 011
+V -
Line Signal OV _“W'—
BV —— .

One S/T frame consists of 48 bits, at a nominal bit rate of 192 kbit/s. Thus each frame carries
two octets of B1, two octets of B2, and four D-bits, according to the B1 + B2 + D structure
defined for the ISDN basic access (total useful data rate: 144 kbit/s). Frame begin is marked
using a code violation (nomark inversion). The frame structures (from network to subscriber,
and subscriber to network) are shown in figure 13.
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A multi-frame is realized by use of F,, N, and M bits in the NT to TE direction. Table 2 shows
the S and Q bit positions within the multiframe.

Figure 13

Frame Structure at Reference Points S and T (CCITT 1.430)

48 Bits in 250 Microseconds

| NT to TE
0 D LoF Lo|==—B1 -E D AF, NI B2 EDM B1 E D Sl=—B2——=|E DL,FL,
18:[‘! EESEENEESSEEENANESNEEENEENNEEN TlllHlllllll]L
0 HNESENEEEENNEEEENEEEENEEEEEREEEEEEEEENAEEREER)

2 Bits Offset

I TE to NT '

D LoF Lof==—B1—=|, OL,F L=—B2—=_, DL }=—81 oD Lo B2 LoyCLeFile

T O A M I T OO T I A O
JEjESERENENpERNEEREENEEE]

If———-——-—
F = Framing Bit B1 = Bit within B-Channel 1
L = DC Balancing Bit B2 = Bit within B-Channel 2
D = D-Channel Bit A = Bit Used for Activation
E = D-Echo-Channel Bit S = S-Channel Bit
F = Auxiliary Framing Bit or Q-Bit M = Multiframing Bit
N =

Bit Set toa Binary Value N=F,

Note: Dots Demarcate those Parts of the Frame that are Independently DC-Balanced.
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Table 2
S and Q Bit Position Identification and Multiframe Structure
Frame NT-to-TE NT-to-TE NT-to-TE TE-to-NT
Number F, Bit M Bit SBit F, Bit
Position Position
1 ONE ONE SC11 Q1
2 ZERO ZERO SC21 ZERO
-3 ZERO ZERO SC31 ZERO
4 ZERO ZERO SC41 ZERO
5 ZERO ZERO SC51 ZERO
6 ONE ZERO SC12 Q2
7 ZERO ZERO SC22 ZERO
8 ZERO ZERO SC32 ZERO
9 ZERO ZERO SC42 ZERO
10 ZERO ZERO SC52 ZERO
11 ONE ZERO SC13 Q3
12 ZERO ZERO SC23 ZERO
13 ZERO ZERO SC33 ZERO
14 ZERO ZERO SC43 ZERO
15 ZERO ZERO SC53 ZERO
16 ONE ZERO SC14 Q4
17 ZERO ZERO SC24 ZERO
18 ZERO ZERO SC34 ZERO
19 ZERO ZERO SC44 ZERO
20 ZERO ZERO SC54 ZERO
1 ONE ONE SC11 Q1
2 ZERO ZERO SC12 ZERO
etc.
Digital Interface

The PEB 2081 SBCX is provided with a digital (IOM-2) interface, for communication with
other ISDN devices to realize OSI layer-1 functions (such as a U transceiver) or upper
layer functions (such as ICC, ARCOFI, ITAC and EPIC).

The IOM interface is a four-wire serial interface with: a bit clock, a frame clock, and two
data lines per direction (figure 14).

The ISDN user data rate of 144 kbit/s (B1 + B2 + D) is transmitted transparently in both
directions over the interface. In addition, it is necessary to interchange control information
for activation/deactivation of OSI layer-1 and maintenance functions. This information is
transferred using time division multiplexing of the 125 ps S/T interface frame.
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Figure 14

IOM Interface Signals

FRAME FSC FRAME
oM®  CLOCK DELK oK [ou®
Slave 5oyt OuU DIN Master
DIN 00 DouT
FSC: Frame synchronization
DCLK: Data clock
DU: Data upstream
DD: Data downstream

The basic frame consists of a total of 32 bits, or four octets: B1 + B2 + D (18 bits) plus
14 overhead bits for maintenance of monitor and control information. The data in both
directions is synchronous and in phase (figure 15).

Figure 15
IOM Frame Structure
| B1 | B2 Monitor Bx ]
[ 0] o [crfor]ca]ai]mrmx]
1st octet B1: B channel (64 kbit/s)
2nd octet B2: B channel (64 kbit/s)
3rd octet: Monitor channel (64 kbit/s), most significant bit first
4th octet B*: 2 bit D channel (16 kbit/s)

4 bit C/I channel
MR, MX bit: used for monitor channel control.

The C/I channel is used for communication between the PEB 2081 SBCX and a processor
via a layer-2 device, to control and monitor layer-1 functions. The codes originating from
layer-2 devices are called “commands”, those from the PEB 2081 SBCX are called “in-
dications”. For a list of the C/I codes and their use, refer to the SBCX Tech. Manual.

The monitor channel is used to convey S and Q maintenance bit information and message

oriented local functions such as software programming or access to internal registers
(e.g. MAl-status).
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The PEB 2081 SBCX has implemented the monitor channel protocol according to the
IOM-2 specification. It also performs a last look function on the monitor byte and, in transmit
direction, a monitor channel access procedure for bus configurations.

For the transfer of S and Q channel information, the PEB 2081 SBCX will autonomously start

the monitor channel procedure. Device internal registers are only transferred as a result of a
“read” command.

Nominal bit rate of data (IDP1 and IDPO0):

256 kbit/sec ...4096 kbit/sec
Nominal frequency of DCLK:

512 kHz ...8192 kHz
Nominal frequency of FSC: 8 kHz

For the exact electrical definition see page 419 and the IOM-2 interface specification.

Figure 16
Timing of Data and Clocks of the IOM Interface in the 512-kHz-Mode

DCLK
iz v JULLAAAR

FSC I |'_—
(8kHz) 1

1P 1 B1 B2 Monitor B*
opo o fofrfedafefsfeo] § 1 I T I T T {1 T T PT 0T T 10T Joofsoprfofi]a
Figure 17

Timing of Data and Clocks of the IOM Interface in the 4096-kHz-Mode

DCLK {4096 kHz)

FSC (8 kHz)

Frame Bit No.

1DP1 (2048 kbit/s)
1DPO (2048 kbit/s) 250J251252253]254f255) 0 [ 1 [ 2 [ 3] 4[5 |6 ]
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Table 3
Allocation of IOM Channels
IOM Channel No. ICN2 ICN1 ICNO Bit No.

0 0 0 0 0... 31
1 0 0 1 32... 63
2 0 1 0 64... 95
3 0 1 1 96...127
4 1 0 0 128...159
5 1 0 1 160...191
6 1 1 0 192...223
7 1 1 1 224...255

Figure 18

Position of IOM Channels as a Function of Time-Slot Allocation in 4096-kHz-Mode

Frame (8 kH2)

Frame Slot No. 0

Frame Stot No.1

Frame Slot No.2

Frame Slot No.3

Frame Slot No. &

Frame Slot No.5

Frame Slot No.6

Frame Slot No. 7

IDP1 (2048 kbit/s)
1DPO (2048 kbit/s)

1

1

I

IOM® Channet

In TE mode, the data clock DCLK has a frequency of 1.536 MHz. As a consequence, the
IOM interface provides three channels. The PEB 2081 SBCX only uses IOM channel 0, and
for D-channel access control, the C/I field of IOM channel 2. The remaining two IOM channels
are for the use of other devices within the TE (figure 19).
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Figure 19
Definition of the IOM-2 Terminal Interface

FSC | L I~

Data Upstream CT X BT XM B XTI B XX X%
Data Downstream BT X B2 YO BRI X B X XX B

|—— 10M® Channel 0 —»l-*— 10M® Channel 1 ->|—-— 10M® Channel 2 ——-‘

B in Channel 0 | 0. D U/ILC/BURLIIMRMX]

Bxin Channel 1 [/BUBULUBURIIIMR MX]

Bin Channel 2 |E ERDY1 1.1 1 1] Oownstream

Bxin Channel 2 |1,1, TIC-Bus ,1,1] Upstream
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Absolute Maximum Ratings
Parameter Symbol Limit Values Unit
Ambient temperature under bias Ta 0to70 °C
Storage temperature Toig —65t0 125 °C
Voltage on any pin with respect to ground Vs —0.4 to Vpp +0.4 \'
Power dissipation Po 1 w
DC Characteristics
Ta=01070°C; Vpp =5V £ 5%; Vg5 =0V
All pins except SX1,2; SR1,2; XTAL1,2; Vo0,

Limit Values
Parameter Symbol min. max. Unit Test Conditions
L-input voltage ViL —-0.4 0.8 Vv
H-input voltage Vin 20 Vop+04 | V
L-output voltage VoL 0.45 Y Ioo=2mA
(IDP1,0 only) VoLt 0.45 Vv Io =7 mA
H-output voltage Vou 25 \" Ioy=—400 pA
H-output voltage Vou Voo =5 \ Ioy=—-100 pA
Power ) ational Iec 12 mA Vop=5V
Zﬁfrp(;r\:tj pg‘”e' down 08 mA o gt:t::nv fc?;ggb
Input leakage current I 0VSVy<Vp

10 mA

Output leakage current Io 0V Vour<Vpp
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DC Characteristics
Pin SX1; SX2
Limit Values

Parameter Symbol min. max. Unit Test Conditions

Absolute value of Vi 2.03 2.31 v R = 50Q"

output pulse amplitude Vi 2.10 2.39 Vv R_=400 Q"

(Vsxa—Vsx1)

Transmitter output current Iy 7.5 13.4 mA R.=56Q"

Transmitter output impedance Zy 10 kQ iinactive or during
binary one
(VDD =0...5 V)

80 kQ during binary

zero2)
RL = 50 Q

Pin VDD 2

Receiver output voltage ' 24 2.6 \ Io<5uA

Pin5R; SR 2

Receiver input impedance Zg 10 kQ Vop=5V

Pin XTAL1

H-input voltage Vhi 3.5 Vop +0.4 | V

L-input voltage ViL -0.4 15 Y

Pin XTAL2

H-output voltage Von 45 \ Ion=5mA,
C_ <50 pF

L-output voltage VoL 0.4 \ Iop=5mA,
C.< 50 pF

Notes:; 1) Due to the transformers, the load resistance as seen by the circuit is four times R,.
2) 80...100 Q external resistance required

Siemens Components, Inc.
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Capacitances
T,=25°C, Vpp=5V 5%, Vsis=0V

All pins except SX1,2

Limit Values
Parameter Symbol min. max. Unit
Pin capacitance 7 pF
§X1,2
Output capacitance against Vgg ] Co ] } 10 | pF
XTAL1,2
Load capacitance [ Cp [ | 50 I pF

Recommended Oscillator Circuits

G
Il 6
]

7 68MHz
G
I 7
]

Crystal Oscillator Mode

Siemens Components, Inc.

XTALA

C.<=50pF

XTAL 2

External

Oscillator —— XTAL 1

Signal
NC.—XTAL?2

Driving from External Source
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Clock Signals of the SBCX. Duty Ratios are Indicated High: Low

Operating Mode
» TE LT-T NT LT-S
DCLK 0: 1.536 MHz i: 512 kHz i: 512 kHz i: 512 kHz
3:2 - t0 6172 kHz to 6172 kHz to 6172 kHz
FSC 0: 8 kHz i: 8 kHz i: 8 kHz i: 8 kHz
1:2
X3 0: 768 kHz 0: 1536 MHz
1:1 3:2
X0 0: 32 kHz/16 kHz
1:1

Input and Output Pin Configurations

IDP (1:0) are open drain outputs.
CEB is an open drain output/input.
All other output pins are push/pull outputs.

AC Characteristics .
TA= 0 tO 7000, VDD= 5 V 150/0

AC testing: inputs are driven at 2.4 V for a logic “1” and 0.45 V for a logic “0". Timing
measurements are made at 2.0 V for a logic “1” and at 0.8 V for a logic "0".

2.4

Device
Under
Test
I- Cload =150pF

N
Test Poinfs/
N

0.45
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Jitter

In TE mode, the timing extraction jitter of the PEB 2081 SBCX conforms to CCITT Recom-
mendation 1.430 (—7% to +7% of the S/T-interface bit period).

In the NT and LT-S applications, the clock input FSC is used as reference clock to provide
the 192-kHz-clock for the S/T interface. In the case of a plesiochronous 7.68-MHz-clock
generated by an oscillator, the clock FSC should have a jitter of less than 100 ns peak-to-peak.
(In the case of a zero input jitter on FSC, the PEB 2081 SBCX generates 130 ns “self-jitter”
on the S/T interface.)

In the case of a synchronous 7.68-MHz-clock (input XTAL1), the PEB 2081 SBCX transfers
the input jitter of XTAL1 and FSC to the S/T interface. The maximum jitter of the NT/LT-S
output is limited to 260 ns peak-to-peak (CCITT 1.430).

Clock Timing

The clocks in the different operating modes are summarized in table 4, with duty ratios.
The 1.536-MHz-clock is phase-locked to the receive S signal, and is derived using the
internal DPLL and the 7.68 MHz +100 ppm crystal (TE and LT-T).

As a consequence of this DPLL tracking, the high state of CP may be either reduced or
extended by one 7.68-MHz-period (duty ratio 2:2 or 4:2 instead of 3:2). Since X3 and FSC
are derived from DCLK (TE mode), the high state or the low state may likewise be reduced
or extended by the same amount.

Figure 20
Definition of Clock Period and Width

3.5V

08V [

I— fu - B —

Table 4 to 8 give the timing characteristics of the clocks

Table 4
XTAL1,2

Limit Values
Parameter Symbol min. max. Unit
High phase of crystal/clock twh 20 ns
Low phase of crystal/clock twi 20 ns
Clock period 1 130.08 130.34 ns
Siemens Components, Inc. 407
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Table 5
DCLK

Limit Values Test
Parameter Symbol min, typ. max. Unit Conditions
(TE) 1.536 MHz tro 520 651 782 ns OSC £ 100 ppm
(TE) 1.536 MHz twH o 240 391 541 ns OSC =100 ppm
(TE) 1.536 MHz twLo 240 260 281 ns OSC =100 ppm
(NT, LT-S, LT-T) twh 90 ns
(NT, LT-S, LT-T) twi 920 ns
Table 6
X3
(LT-T) 1536 kHz tro 520 651 782 ns OSC =100 ppm
(LT-T) 1536 kHz twHo 240 391 541 ns OSC £ 100 ppm
(LT-T) 1536 kHz twLo 240 260 281 ns OSC £ 100 ppm
(TE) 768 kHz tro 1150 1302 1450 ns OSC £ 100 ppm
(TE) 768 kHz twH O 520 651 782 ns OSC £ 100 ppm
(TE) 768 kHz twLo 520 651 782 ns OSC £ 100 ppm
Table 7
X0
(TE) 32 kHz tro 31.1 3125 | 314 us OSC £ 100 ppm
(TE) 32 kHz twh o 15.4 15.6 15.8 us OSC =100 ppm
(TE) 32 kHz twLo 15.4 15.6 15.8 us OSC £100 ppm
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Figure 21

DCLK, BCLK and FSC Relationship in TE Mode

DCLK(O)___/F_—\__—/ ~/

teo
—
FSC(0)
f;
- ——l ty
BCLK (Q) __j f /
Limit Values
Test
Parameter Symbol min. typ. max. Unit Conditions
Delay DCLK - BCLK tap —200 50 ns C_= 150 pF
Delay DCLK - FSC tro —200 50 ns C_= 150 pF
IOM Interface
TE Mode
. 10M® Frame n| I0M®Frame n+1
Figure 22 Channel 2| Channel 0
Timing of the IOM Interface in TE Mode (..Bx-Channel)| (B1-Channel,..)

FSC(0)

/

——I‘DS"—

—= trp

DCLK(0) _/

A/ AN

fon f=—
"""" ( 3 Xl X
IDPUT) e e e = P 2K N, N R 2 N
—fy
IDPO(0) K )g
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IOM Interface in TE Mode

Limit Values Test
Parameter Symbol | min. typ. max. Unit Conditions
Frame sync delay trp —200 —-50 ns C_ =150 pF
Data delay too 100 ns C_ = 150 pF
Data setup tos 20 ns
Data hold toH 50 ns
TE Mode

NT, LT-S, and LT-T Modes

Figure 23

Timing of the IOM Interface in NT Mode

10M® Frame n
Lost Channels
(...,.B%-Channel)

IOM® Frame n+1
First Channel
(81 Channel)

FSC(T)

i
—= oL

fF H

erH

DCLK (1) -/ \___./
_"‘fos‘_

""" DD G D ¢
IPDY (D) e e ) _._1_/)1\. _______ R J

IPDO(0)
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IOM Interface in NT Mode

Limit values
Parameter Symbol min. typ. max. Unit
Frame sync hold ten 30 ns
Frame sync setup tes 70 ns
Frame sync high tewH 130 ns
Frame sync trwL tocL
Data delay to clock tooc 100 ns
Data delay to frame toor 150 ns
Data setup tos 20 ns
Data hold toH 50 ns
Timing of Special Function Pins
RST Characteristics

Limit Values
Parameter Symbol min. max. Unit
Length of active (low) state twL 1 us
CEB Characteristics

The form of the CEB input/output (pin X3, NT and LT-S mode) is given by figure 27 for
the case of two S/T interfaces having a minimum loop delay and a maximum loop delay,
respectively.
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Figure 24
Star Configuration in NT and LT-S Mode

| [{J NT/LT-S
I

Line A

Subscriber :I;———IE SBCX VZE
i I[ CEB

|

|

|

Subscriber _._']I: SBCX B
Line B

| .

L (to other SBCX’s)

Figure 25
Timing of CEB Output

The AC Characteristics of CEB Output and Input are shown in Figures 5.8-9 and Table 11.

SIT-Frame L \ D ,/ L
TE to NT \ /Ii

CEB Output T i
Figure 26
Timing of CEB Input

S/ T-Frame Bn7\/ Bn8 V E
NT to TE AN N\

CEB Input -———{___'__:P——
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Table 8
Limit Val
alues Test

Parameter Symbol min. typ. max. Unit Condition “
CEB delay tcesp 3 5 us CL =100 pF
CEB setup tcess 5 us
CEB hold tCEBH 0 us
Figure 27
Timing of CEB

DUFLj==—B1——=|E D AR Nf=— 82—t D M|=—21 e 0 s B2 [eoL.FL,
Binary Value: o o 1 0 1 0 o« o
v vore B | AR |

DLyF Lf==— 81 —={L,DL,F, Lj=— B2 f.oLf B1 lLooL B2 DL FL,

Binary Value:
TE to NT

oL FL,j B1 |EDAFAN| BZ—»[EDM]—-—m ——-|Ensl-—az-——[EDL FL.
Binary Value:
wore [ rH-HH%FFFFFH-FHFHtHHH%—}:H—HH{-}-H—W |

DL, F Ly} B1 LB LoFaLa] 82 LoD L} 81 |...DL.!——BZ —=|LDLF L,

Binary Value: 1 o @ ol o o ol o ol o o
TE toNT H 1
Sampling Points of £-Bits to Transmit * ‘ ‘ ‘

1
Common Echo Bit ¢ I |

0- l |
Sampling Points of Received * r ‘ 1 ‘ * ? ’ t

D-Bits | |
Affected Affected Affected Affected
by A by A by B by 8

Condition: All Transmit Frames NT—e=TE are in Phase,
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S/T Interface Transformer

The PEB 2081 SBCX is connected to the 4 wire S/T interface by use of two transformers.
Both sides of the transformers must be center tapped.

Transformer Model
The model parameters of the transformer are defined below (all measurements at 10 kHz):
primary to secondary transformer ratio: 1:21+1%
primary total DC resistance: R<10Q
primary inductance: Ly>20mH
primary inductance with secondary short-circuited: Lp<20 uH
primary capacitance with secondary open: C<40pF
Figure 28
Transformer Model
2:1 Lp R

Line Side

Ideal
Transformer

Transmitter Characteristics

The DC characteristics of the transmitter are given in page 419 and 420. Rising and falling
edges of pulses on 50 Q load are typically 300 ns.
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ISDN Echo-Cancellation Circuit PEB 20901
(IEC-T) PEB 20902
Preliminary Data CMOS IC
Type Ordering Code

PEB 20901-C

Q67100-H8679

PEB 20902-N | Q67
PEB 20902-P | Q67

The PEB 2090 ISDN Echo-Cancellation Circuit (IEC-T) is an advanced CMOS circuit for
transmission over public telephone lines. The transmission technique used is according
to the U, interface specification of the Deutsche Bundespost. The adaptive filter concept
of the IEC-T is based on a highly digital approach which utilizes sophisticated digital signal
processing capability.

The PEB 2090 enables digital full duplex voice/data transmission via the standard twisted
pair telephone cable (U interface) with a user bit rate of 144 kbit/s according to the ISDN
standards. Together with the flexible IOM® interface, it is fully compatible to operate with the
PEB 2070 (ICC) and PEB 2080 (SBC) devices and also enables a repeater (two IEC’s back
to back) for longer telephone loops.

The IEC-T is capable of operating in the following applications by means of pin strapping:
the exchange, the network termination, the terminal equipment, and the trunk module
connecting a PBX to the public network.

At present, the complete U interface functions are available in a two-chip set.

Features

@ Full duplex transmission and reception of the U,, interface signals according to the FTZ
Guideline 1 TR 220 of the Deutsche Bundespost (DBP).

@ Adaptive echo cancellation.

@ Adaptive equalization.

@ Automatic polarity adaptation.

@® Clock recovery (frame and bit synchronization) in all applications.

@ Transposition of ternary to binary data (4B 3T) and vice versa (coding, decoding,scrambling,
descrampling, phase adaptation).

@ Built in wake-up unit for activation from power-down state.

@ Activation and deactivation procedure according to CCITT 1.430 and to FTZ Guideline
1 TR 210 of the DBP.

@ Optimized for working in conjunction with SBC and ICC telecom IC’s via IOM interface.

® Handling of commands and indications contained in the IOM C/I channel for (de-)acti-
vation, supervision of power supply unit and equipment for wire testing.

@ Data availability via the MONITOR channel.

@ Switching of test loops.

@ Generation of a synchronized 7.68-MHz clock for the SBC in the NT mode.
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PEB 20902

The IEC-T in a Two-Chip Set

A 'Digital’ Circuit, called IEC-D (PEB 20901) contains the digital receiver functions and the
IOM-Uy, interface functions.

An’Analog’ Circuit, called IEC-A (PEB 20902) contains the crystal oscillator and all of the analog
functions of the line port, namely the A/D converter in the receive path and pulse shaping D/A
converter and line driver in the transmit path.

Pin Configurations

(top view)
PEB 2091 IEC Digital Part PEB 20902 IEC Analog Part
Voo I: ! — “0 ] TSP Voo [} 1 — 2 (] aout
o [] 2 39 [] i poow [] 2 B[] sout
apF [ 3 B[] ™2 onoo []3 2 [] w
o []e 7 ™ e il 2 [] oo
T []s % [] ™ Loop []s 20 [] 701
rov (16 35 (] ™5 Veer [ 6 PE?E%OZOZ 0[] N
o1 7 w ] e s [ i 18 [] GNDA
oo []8 B[] s10 ever e 17 [] Pom
™ []9 2[] st oy ik 16 [] Voo
on®2 [0 pegogor M [J STz e [ 5[] A
toop [ ] 11 IEC-D 30 % MPF xin [] w[] 8w
poow [ 12 29 [] BURST ano [ B Voo
RANGE [] 13 28 ] cLock
cts ] w 27 [] Frave
pom [] 15 2 [] T
LeveL [ 5] ur
coso [ 17 % [] ro2
oiss [ 18 3 (] oour
Resa [ 19 2[] on
o [ 2 [] cs
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Pin Definitions and Functions of PEB 20901

Pin. No. | Symbol Input (1) Function
Output (O)

19 RESQ | Power On Reset (active low) must be low atleast 300 us.
The clock on CLOCK pin has to be applied during reset
in the LT modes and in NT-PBX mode. If not used,
the RESQ pin must be clamped to high.

40 TSP | Test Single Pulses. IEC transmits single pulses of equal
polarity spaced 1 ms (active high). If not used, the TSP
pin must be clamped to low.

10 IOM-2 | Enable IOM-2 Mode. If pin is high, the IEC is in the
IOM-2 mode, otherwise it is in original IOM-1 mode.

18 DISS (0] Disable Supply (active high).

30 MPF | Monitor Power Feed. Serial data of power feed current
(active high).

3 APF | Alarm Power Feed. Power feed overload with short
response time. If not used, the APF pin must be clamped
to low (active high).

6,24 RD1,RD2 | O Two pins to control independently two relay drivers.
They are set via IOM MONITOR channel.

20 GND | Ground-pin for digital functions of IEC.

1 Voo 1 V;p pin for digital functions of IEC.

26 TP | Testpin. Only for internal test purposes. Must be
clamped to low during normal operations.

2,39,38, | TMO...TM6| | Testpins. Only for internal test purposes. Must be

37,36, 35, clamped to high during normal operations.

34

5 TCL7 | Testpin. Only for internal test. Must be clamped to low
during normal operation.

4 CL70 0] Testpin. Only for internal test.

25 LT | Programs the IEC-D to LT mode (LT pin high) or NT
mode (LT pin fow).

29 BURST | Programs the IEC-D to 256-kbit/s-LT, LT-RP, NT,

NT-PBX, NT-RP, or NT-TE mode (BURST pin low) or
to 2048-kbit/s-LT-BURST, NT-PBX-BURST mode
(BURST pin high).

Siemens Components, Inc.
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Pin Definitions and Functions of PEB 20901 (cont'd)

Pin No. Symbt;l Input (1) Function
Output (O)
33, 32, 31 | SLOTO, | These pins program the IEC-D to the different
SLOTH, 256-kbit/s modes if BURST pin is low or assign the
SLOT2 time slot in the BURST modes.

22 DIN | IOM data input synchronous to CLOCK.

23 DOUT 0] IOM data output synchronous to CLOCK.

28 CLOCK 170 Doubie IOM data clock.

27 FRAME | IOM frame signal.

21 CLS 7/6] In all LT modes: Power feed off signal from power
controller. Must be clamped to low, if not used.
In NT modes: 7.68-MHz clock output synchronized to
the line signal.
In NT-PBX modes: 512-kHz clock output synchroni-
zed to the line signal.
In TE (IOM-2) mode: 768-kHz clock synchronized to
the line signal.
In TE (IOM-1) mode: 1.5636-MHz clock synchronized
to the line signal.

12 PDOW (0] Activates power-down mode of the IEC-A.

13 RANGE 0] Activates 6 dB attenuation for the ADC input signal.

11 LOOP (0] Activates the analog test loop.

17 CL 960 0] 960-kHz clock. The TX signal is derived from this clock
by dividing it by 8.

9 TX (0] 120-kHz clock. The transmitted data are synchronized
to this clock. In the one-chip solution, this clock is
given out on pin TMO during normal operation.

TTDA1 (0] Ternary data to be transmitted.

8 TTDO (0] Ternary