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General Information

1.1 Type designation code for ICs

The IC type designations are based on the European code system of Pro Electron. The code
system is explained in the Pro Electron brochure D 15, edition 1982,
which can be obtained from: Pro Electron

Boulevard de Waterloo 103

B-1000 Bruxelles

1.2 Mounting instructions

1.2.1. Plastic and ceramic plug-in package

The plug-in packages are soldered to the PCB with the solder joints at the back of the board.
The pins are bent down at an angle of 90°. They fit into holes of 0.7 to 0.9 mm diameter,
spaced at an equal distance of 2.64 mm. The dimension X is shown in the corresponding
package outline drawing.

The bottom of the package does not touch the printed circuit board after imsertion, because
the pins have shoulders just below the package (see figure).

After inserting the package into the printed circuit board, two or more pins should be bent at
an angle of approximately 30° relative to the printed circuit board so that the package need
not be held down during soldering. The maximum permissible soldering temperature for
iron soldering is 265°C (max. 10 s) and for dip soldering 240°C (max. 4 s).

0.65min
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Plastic plug-in package
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Ceramic plug-in package Dimensions in mm



General Information

1.2.2 Ultrasonic cleaning of ICs

Freon and isopropy! alcohol (trade name 2-propanol) may be used as solvents. These
solvents may also be used for plastic packages, as they are compatible with the plastic
material. An ultrasonic bath in full-wave rectified operation is recommended due to the
resulting low degree of component stress.

The following ultrasonic limits are permissible:

Sound frequency f> 40 kHz
Duration t <2 min.

Sound pulse pressure p < 0.3 ati

Sound power N < 0.5 W/cm?/litre
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General Information

1.3 Assembly instructions for MICROPACKs

1.3.1 Delivery package

The MICROPACK PSB 7510 is generally delivered on metal film spools in metal cans. For
prototypes, the IC can also be packed individually. MOS handling is necessary.

1.3.2 Substrate connections

For assembly of the MICROPACK, the connection points on the substrate must be coated
with solder. This can be achieved by:

® Galvanic deposition and melting

® Screen printing and melting

® Dip or wave tinning

Solder tin compositon: Sn 60 / Pb 40
Thickness of the layer: approx. 15 um (after melting)

Line identical to the capton
edge of the MICROPACKs

6L Detail "A"
T / *Measure after etching
/ ;A ( Substrate connection )
7 : o ) ~
T -\ 3
wn 1 0 «
IR .
o X
< | % M.sj N
} ¢ . 20 Necking
17 ///'Z/ Field for substrate connections

15%0.45=6.75 ~

e— 7.6:01 — Dimensions in mm

e 116 —

Note: Necking of the connection leads is not required in the case of galvanically deposited
Sn/Pb and subsequent melting.
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General Information

1.3.3 Assembly recommendations

All assembly recommendations are valid for the following substrate materials:

® Epoxy resin

® Hard-paper

® Ceramic (thick- thin-film)

® Flexible materials, as for example polyimide
® Glass

I. Prototypes and small quantities
(e.g. up to approx. 1.0/year)

Recommended processing method:
Manual soldering with mini soldering iron

Principle

Solder-coated IC Soldering iron
substrate lead

Film
carrier

MICROPACK leads \ IC cover

Required equipment and accessories

® Devices for cutting and punching (only when processing from tape)
® Forming tools
® Temperature-regulated miniature soldering iron, certified for the soldering of
MOS components
® Stereo microscope (magnification 6...40 X)
® Suction tube or tweezers
® Hair brush
® Sodium-free flux according to DIN 8511 (e.g. pure colophonium dissolved in alcohol)
® Cleaning agents (if required): e.g. Freon T-P 35 and TF
® Bench top suited for the processing of MOS components

Soldering data

® Soldering temperature at the soldering iron tip: 230°C max.
® Soldering time: approx. 1to 2's

12
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Procedure

Caution! The general rules for the processing of MOS components must be followed
during all operations.

Cut MICROPACK leads free with hand tool (for components delivered on spools only).

Cutting dimensions: 9.2 + 0.05 mm x 11.4 + 0.05 mm

Capton spacer material

Y-direction

!
=

e—— 9.2 20,05

a
o

7 9
— L L,ZS-—I

X-direction

e 11.4 2005 ————o

Caution! Only cut free along the dashed lines!
Do not cut the 4 capton spacers.

Form MICROPACK leads with hand tool.
(For the relief of mechanical strees when mounted)

Forming dimensions

0,2+0,01

Dimensions in mm
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General Information

Punch MICROPACK out of the film tape with hand tool (for components delivered on spools
only)

Punch "A"
Detail "A"

e
|

7R
' ﬂ (7

B2y -=2)

Lay down the punched MICROPACK onto an electrically conductive surface vacuum pickup.
Coat the mounting points on the substrate with flux (with brush by hand).

a
[}
a
0.15

0.1...0.

Position the MICROPACK and adjust by hand under stereo microscope (approx. 5 to 10x
maghnification).

Solder the individual leads by hand with soldering iron under stereo microscope.

Important! First solder two opposite leads. This prevents a shifting of the MICROPACK
during the soldering process.

Cleaning (if required)

Move the substrates one after the other for approx. 1 minute in T-P 35 and TF for example (no
ultrasonic cleaning).

Place the cleaning substrates on an electrically conductive surface or in appropriate trays.
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Il. Medium quantities
(e.g. up to approx. 30.0/year)

Recommended assembling method:
Pulse soldering with manual device

Principle

Soldering head
(Pulse resistance heating)

Solder-coated
substrate connection

Substrate .

Required equipment and accessories
As in |., only instead of the soldering iron:

Pulse soldering device
Pulse soldering head (dimensions according to the drawing)

7
| P Z
I Soldering area
5 | 8
s _ A B 7 B
|
L | %
4
. Dimensions in mm
' 0.6..0.8
fe——— 8,2 40,05 —— le—

Head holder

Control device (temperature, time)

Substrate holder (with micro-manipulator, if necessary)
Stereo microscope

Soldering data

Soldering temperature at the pulse soldering head: 230°C max.

Soldering time: approx. 2 s plus an additional holding time of 1 s until the solder becomes

solidified.
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Procedure

As described in |. including the positioning of the MICROPACK onto the substrate and the
adjustment.

Further steps

Position the substrate with the positioned MICROPACK onto the substrate holder of the
pulse soldering device.

Lower, adjust and set down the soldering head onto the MICROPACK leads manually, then
trigger the soldering pulse.

After the Pb/Sn solder becomes solidified (holding time, observation through stereo
microscope) raise the soldering head and place the substrate onto an electrically conductive
surface or in an appropriate tray.

Caution! Ceramic and glass substrates must be preheated and the stated temperatures
must be maintained during the soldering process.

Ceramic: 150°C
Glass: 125°C

Neither preheating nor cooling may be sudden (danger of breakage).

Cleanina (if required): as in |

........ q 7
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lll. Large quantities
(e.g. approx. 30.0/year)

Recommended assembling method:
Semi-automatic pulse soldering

Principle

Vacuum pickup fool MICROPACK

Soldering head
(Pulse B

resistance heating)

Substrate —— //’ %

Eﬁ Substrate holder é

}

Punch out

Take up Cut free
Form ‘

=
1
|
|
e NG 1
I f | Supply spool
: * Film guide Rerouting for MICROPACKs
|
|
|
|

L — ——» Pulse soldering
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Required equipment and accessories
Semi-automatic pulse soldering device including tools for cutting, forming and punching.

Stereo microscope (magnification 6 to 40x).
Flux according to DIN 8511 (e.g. pure colophonium dissolved an alcohol).
Cleaning agents (if necessary): Freon T-P 35 and TF.

Soldering data

Soldering temperature at the pulse soldering head 230°C max.
Soldering time: approx. 2 s plus an additional holding time of 1 s until the solder becomes
solidified.

Procedure

Position the supply roll in the pulse soldering device.

Coat the mounting positions on the substrate with flux by hand or machine.
Position the substrate onto the substrate holder.

Caution! Ceramic and glass substrates must be preheated and the stated temperatures
must be maintained during the soldering process.

Ceramic: 150°C
Glass: 125°C

Neither preheating nor cooling may be sudden (danger of breakage).

Machine-cut, form, punch and pre-adjust the MICROPACK.

Fine-adjust with micro-manipulator (under the stereo microscope or on a monitor).
Pulse-solder by machine.

Place the substrate onto an electrically conductive surface or in an appropriate tray.

Cleaning (if required): as in I.

IV. Very large quantities
(e.g. approx. 500.0/year)

Recommended assembling method:
Fully automatic pulse soldering
Processing method as in lll. but fully automatic

18
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1.3.4 Final inspection

It is recommended, that a final visual inspection of the mounted MICROPACKSs be included
after soldering, respectively cleaning (under the stereo microscope, magnification 6 to 40x).

Important criteria

The solder transition between the MICROPACK leads and the substrate traces should be
concave tapered.

The connections to the semiconductor IC must not be damaged.
The solder on all substrate leads must be visibly melted.

MICROPACK and substrate surface must not show signs of soiling after soldering, respec-
tively cleaning.

1.3.5 Replacement
Experience shows that MICROPACKs can be replaced as many as five times depending
on substrate material and layer construction.

Desolder the MICROPACK with miniature soldering iron or hot air gun and tweezers. The
leads are heated to the melting point of the Pb/Sn solder and bent up with the tweezers.

Plane the mounting spots and recoat with flux.
Solder in a new MICROPACK using one of the methods described.

19
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1.3.6 Manufacturers of assembly equipment for MICKROPACKs

The following companies supply equipment for manual, semi-automatic and fully-automatic

assembling:

1. Weld-Equip Sales b.v.
Engelseweg 217

5705 AE Helmond
Netherlands

2. Fa. Farco Schweiz
Girardet 29

CH 2400 Le Locle
Phone (0041) 39318954

3. The Jade Coorporation

3063 Philmont Avenue
Huntingdon Vallery, Penna, 19006
USA

20

Fa. Weld-Equip Deutschland
Josef-Retzer Str. 47

8000 Miinchen 60

Phone (089) 883601/02

Jade Corp. USA, represented by Fa. BFI
Assar-Gabrielssonstralle 1 B

6057 Dietzenbach-Steinberg

Phone (06074) 27051
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1.4 Processing guidelines for MOS circuits

1.4.1 General

MOS (Metal Oxide Silicon) technology components require careful handling, as the
component can be destroyed by uncontrolled electrical charges, voltages of
ungrounded equipment, overvoltage spikes or similar influences. The following
handiing guidelines must be adhered to, even if the components possess protective
circuitry (e.g. protective diodes) at their inputs.

MOS components and other components with similar sensitivity that require handling
accordance with this guideline, must be specially emphasized and identified in the
appropriate factory specifications.

1.4.2 Scope

This guideline is valid for the storage, shipping, testing and processing of all types of
MOS components, as well as fitted and soldered PC boards mounted with such
components.

1.4.3 General handling
1.4.3.1 MOS components must remain in their containers until processed.

1.4.3.2 MOS components may only be handled at work stations specially equipped for this
purpose.

1.4.3.3 Employees working at these work stations must wear the specified clothing and the
bracelet required for grounding (refer to annex.).

According to the German (VDE) and international person protection regulations,
at EGB work stations the conductive bench surfaces, floors and especially the
grounding bracelets must be connected to ground potential through resistors
Rs > 50 kQ.

To ensure a sufficiently fast discharge of a charged person, the discharge resistance,
e.g. at the bracelets including skin resistance, should not exceed 5MQ.

The above requirements define the protective resistance range as
1MQ > Rs > 50kQ).

1.4.3.4 MOS components should only be removed from their package without touching the
pins.

1.4.3.5 If short-circuit rings or straps are attached to the components, they should remain, if
possible, until the component reaches the test area. ’

1.4.3.6 All MOS component transportation units and mounted PC boards must first be
brought to the same potential by setting them down on the work station, or by being
touched by the employee, before the individual MOS component may be touched.

1.4.3.7 Machines, tools or equipment, with which MOS components are processed or trans-
ported, must be conductive.

The metal machine parts, tools and equipment, that can be touched from the outside,
are included in a potential compensation system that is connected to the MOS work
station and ground, insofar as this is not contrary to VDE regulations (e.g. for tools,
with low voltage transformers).
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1.4.3.8 Sensitive PC boards, and those mounted with MOS components, must be handled in

144

145

1.4.6

1.4.7

148
1.4.8.1

22

accordance with section 1.4.8.4.

Delivery, shipping

MOS components and PC boards mounted with MOS components must be shipped
in clearly marked and suitable packing material, e.g. in conductive foam, in metal
or plastic tracks fitted with an anti-static coating or with short-circuit connectors.
Plastic rails may not be used more than 10 times. Additionally, the delivered packing,
or the transportation units used in production, must bear a standardized label.

Storage

MOS components may only be stored in defined, marked areas. During storage, the
components should remain in the packing material in which they were shipped.
During repacking and removal from storage, section 3 must be complied with.

If smaller quantities are to be delivered, the individual components must be
repacked into conductive transportation containers suited for MOS.

Transportation

MOS components may only be transported in containers or transportation carts
reserved for MOS. The carts and containers for the individual components must be
made of conductive materiai (steei rails or conductive piastic), or possess a
conductive coating (conductive silver paint).

Transportation carts must be equipped with a sliding contact strap, touching the
ground. These carts can be recognized by an orange marking (RAL 2004).

Transport containers painted orange (RAL 2004), labelled MOS, may only be used
as containers for MOS components and for PC boards equipped with MOS
components.

These containers must be lined with conductive foam rubber. Supplier is e.g.
Canespa KG, Gutenbergstrasse 13, D-3005 Hemmingen 1, Designation of the foam
rubber: electrically conductive special foam “Packing 2000".

Incoming inspection

Incoming inspection of MOS components should be kept to a minimum. If
necessary, tests should be carried out in accordance with sections 3 and 9.

Materials and mounting

The work station at which MOS components and PC boards mounted with MOS
components are to be handled, must be designed as shown in the annex.

The drive belts of machines used for MOS processing must be treated with
antistatic spray (e.g. Anti-Static Spray 100 from the Kontaktchemie company),
insofar as they get into contact with these components (e.g. bending and cutting
machines, conveyor belts). It would be better, to avoid such contact.
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1.4.8.2

1.4.8.3

1.4.8.4

1.4.8.5

149
1.4.9.1

1.4.9.2

1.4.9.3

1.4.9.4

1.4.10

141

If MOS components are to be soldered in or out by hand, only suitable soldering
irons must be used ref. to section 1.4.3.7 e.g. ADCOLA L101 of the Polytronik GmbH,
Quagliostrasse 6, D-8000 Munich 90, Tel.: (089) 661233, or soldering irons with
protective in insulation from the ERSA and ZEVATRON companies.

Do not use soldering irons with thyristor regulation — voltage spikes!

Desoldering equipment for freeing the holes by suction, e.g. ERSA Soldapullt, must
be equipped with metal tips.

Soldered PC boards, mounted with MOS components, which are endangered
during transportation, must be named by the technical order; inclusion in the
factory specifications is required.

They must be transported in appropriate and marked transportation equipment, ref.
to section 1.4.6. If there is no such note in the factory specifications, no precaution
need be taken.

All MOS components must be processed in accordance with section 1.4.3. Short-
circuit rings or short-circuit straps must not be removed during the assembly of the
PC board, if they can easily be removed in the test area.

Traces and MOS components on soldered PC boards should not be handled.

The Statometer H1407 from Herfurth GmbH, P.O. Box 13249, D-2000 Hamburg 50 is
suited for the contactless measurement of electrostatic charges.

Electrical test

The components must be processed in accordance with section 1.4.3 and 1.4.8.
Before the fitted and soldered PC boards are tested, any attached short-circuit ring
should be removed.

Test socket must be voltage-free during the plug-in or removal of individual compo-
nents or PC boards, unless otherwise stated in the factory specifications. It must be
assured that the test devices do not generate voltage spikes when they are turned
on and off during operation or in case of a failure of the mains fuse, or if other fuses
fail. :

Signal voltages may only be applied to MOS circuit inputs at the same or after the

supply voltage is applied. They must be removed before or at the same time as the
supply voltage is turned off.

The information in the appropriate data books must be observed.

Packaging

The packaging of PC boards equipped with MOS and soldered must be carried out
at a work station as shown in the annex. Any attached short-circuit rings must be
removed.

Recommended packaging: wrapping the mounted PC boards in conductive
material, e.g. aluminium foil and packing them into suitable cardboxes or packaging
containers lined on both sides with conductive foam material.

Binding character

The above guidelines can be complemented at any time by the users, or changed
on their own responsibility, respectively.
Internal factory regulations must be observed.
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1.4.12 Possibility of cooperation between Siemens and the customer at the various stages

of an MOS circuit development

Customer

Concept

System specifications

SIEMENS

Logic diagram

Logic diagram

TTL concept

I

MOS suited logic

MOS suited logic

Logic simulation

I

MOS transistor diagram

MOS transistor diagram

I

System partitioning

Standard circuits
or cells

I

Circuit specifications

Special cell design

Circuit analysis

I

Testing instructions

Circuit layout

Test program

T

Artwork reductions

Artwork reductions

I

Working masks

Working masks

Sample testing

Sample fabrication
and testing

24
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1.5 Data classification

Maximum ratings

Maximum ratings are absolute limits. The integrated circuit may be destroyed if only a
single value is exceeded.

Electrical characteristics

The electrical characteristics include the guaranteed tolerances of the values, which are
maintained by the integrated circuit in the specified operating range.

The typical characteristics are mean values which are expected from production. Unless
otherwise specified, the typical characteristics apply to T,,, = 25°C and the specified supply
voltage.

Operating data

In the operating range, the functions shown in the circuit description will be fulfilled.

1.6 Quality specifications

The delivery quality of integrated circuits is specified as follows:

1.6.1 Maximum ratings and tolerance limits of the characteristics

1.6.2 Sampling inspection, AQL values (acceptable quality level)

Inspection by attributes* is based on the identical sampling inspection plans
DIN 40080, (or) ABC Standard 105, inspection level Il, normal inspection.

A delivery lot for which the defect percentage for a certain characteristic is equal or
less than the specified AQL value, will most propably (more than 90%) be accepted in
the appropriate sampling inspection.

The average defect percentage of delivered products lies, in general, clearly below the
AQL value.
Only the number of defective units is evaluated in the sampling inspection.

1.6.3 Defects

A defect exists if a component characteristic does not correspond to the specifications
in the data sheet.

The defects are classified as total defects, defects in the electrical features, and defects
in the mechanical features. Unless otherwise agreed upon, the AQL values in section 5
apply to the various defect types.

* Inspection for a characteristic for which only 2 mutually exclusive properties are specified (good/bad).
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1.6.4 Classification of defects

Total defect: — open contact or short circuit within a specified temperature range
— no marks, or wrong type and/or direction of mark
—wrong marking of pin 1
— mixed with wrong versions
— components not aligned within one rail
— broken package and/or pins

Defect in the
electrical features: — exceeding electrical maximum ratings

Defects in the

mechanical features:— defects on the package surface
—type marking hard to identify
— bent pins
—wrong dimensions

1.6.5 AQL table

AQL values
Defect type Bipolar IC MOS IC
Total defect (mechanical and electrical) 0.1 0.25
Sum of electrical defectives 0.4 0.4
Sum of mechanical defectives 0.4 04

AQL value 1.5 applies to switching times

1.6.6 Incoming inspection

The tests carried out by the manufacturer are intended to render expensive incoming
inspection by the user unnecessary. If the user, however, wants to carry out such
inspections, we recommend the use of a sampling inspection plan as described in
section 1.6.7.

The test method used must be agreed upon between customer and supplier.

The following information is required to adjust a possible claim:
test circuit, sample size, number of defective items found, sample of evidence, packing
list.
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1.6.7 Sampling inspection plan for normal inspection
in accordance with DIN 40080 or ABC-Std 105 D, inspection level

AQL-value

Lot Sample

. . 0.065| 0.10 | 0.15 | 0.25 | 040 0.65 10 15 25 40 6.5
size size

ARJAR|AR|AR| AR AR AR AR AR AR A R

2to 8 2 l 01
gto 15 3 01
v
1610 25 5 | I 1
r 3
%to 50 8 01 1 12
r 3
S1to 90 13 BEX 12| 23
A v
91to 150 20 l | o t L |12]23]34
15110 280 32 o1 | 1 1 12| 23|34 |56
v '3
28110 500 50 1|0 12|23 |34 |56 |78
|
501to 1200 80 o t | 72]23|3a |56 |78 |10
1201t0 3200 | 125 01| ] 1 12 (23|34 |56 | 78 [1011]1415
v r
3201to 10000 | 200 |01 12| 23|34 |56 | 78 [1011]14a15]|21 22
v
1000110 35000 | 315 1 lv2)23|3a |56 |78 [10n|1a15|21 22

35001 to 150000 500 12]23|34| 56 78 [1011]14 15|21 22
150001 to 500000 800 {12123(34|56| 78 |10 11141521 22
500001 and more 1250 |23|34|56(78|1011]14 15}21 22

A = Acceptance number, i.e. the maximum number of defective sample units up to which
the lot is accepted.

R = Rejection number, i.e. the number of defective sample units which must at least be
found for the lot to be rejected.

Additional requirement

As the combination ‘“Acceptance 0 and Rejection 1" has a low degree of significance, the
next larger size should be sampled.
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1.6.8 Quality assurance

High quality and reliability is the result of

of careful dimensioning of highly developed

manufacturing processes and a quality

assurance system of several stages.

The Siemens quality assurance system for

integrated circuits (SQS-IS) ensures to

achieve the necessary quality goals and

continually initiates further quality improve-

ments. [t comprises

® qualification assessment of new processes
and products,

® quality controls during manufacturing,

® release tests on production lots after
essential manufacturing sections,

® recording of quality and reliability of the
final product,

® evaluation of experience,

® failure analysis.

From the application requirements quality
classes are deduced, each of which is
determined by quality assurance measures
as follows:

Class QC
for all technical applications with commercial
reliability requirements,

Class QB

for applications requiring high reliability,
as in control engineering, data processing,
or communications engineering,

Class QA

for very high reliability applications com-
prising the ability to meet extreme demands
like long life with critical functions. For this
class, usuaily speciali agreements between
the component user and manufacturer will
be needed.

In detail, the quality class of the component
is selected by evaluating the reliability of the
functional unit considered. For classes QB
and QA, additional inspections and controls
during the manufacturing process and — if
required by the user — special tests are
carried out before delivery. A usual measure
to reduce early failures is an electro-dynamic
burn-in at maximum conditions.

28

Wafer incoming test
Mask fabrication
Mask inspection

Chip production

Electrical wafer testing

(First lot release)
Chip separation

Visual chip inspection

(Second lot release)

Assembly:
Chip bonding
Wire bonding

Visual inspection
(Third lot release)
Encapsulation
Leakage test

X-ray control
of plastic cases

Terminal finishing

Soldering test

Leakage test
of hollow cases

Marking
Sample test
First fest on bench
Burn-in
Second test on bench
Packaging for shipment
Type sampling

[ Process step

O Production control
<@> Sampling

Quality assurance steps during the production process
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Reliability

Reliability of integrated circuits is the ability to perform the required functions under stated
conditions for an extended period time. A measure for the reliability is the failure rate. It
indicates the failure probability at an assumed time. The failure rates are calculated on the
basis of sampling results obtained from specimens submitted to stresses — under tightened
conditions for time acceleration purpose.

The electrical test is carried out periodically about every three weeks. The results are
cumulated, transferred into operational conditions and completed by relevant practical
experience. Thus the empirical values for the failure rate are obtained.

The ““tub curve’ diagram for expressing the time-dependent response of the failure rate, as
known from other fields, generally applies also to the components of microelectronics. It
indicates the phase of early failures caused by a small number of components, succeeded
by a range of low and practically constant failure rate over an extended time period, the
so-called useful phase. The following wear phase was not yet considered for integrated
circuits. The system reliability predictions are based on the level of the useful phase.

Cooperation with the customer

Besides general quality assurance following the above stated fundamentals, optimization
of the quality in cooperation with the customer plays an important role as the user needs a
quality level perfectly adapted to his project. In connection with the use, application-
specific failure causes may occur, which must be detected together with the customer and,
consequently, may lead to circuit design changes or require special test criteria to be
observed by the manufacturer.

Comparison of theoretical and actual failure rate.
Failure rate vs. time

Failure Early failure Wear phase
rate phase
A |
Useful phase
107

Constant failure rate
over the useful phase

1074 1 1
\\Pbsewed results under increased stress
at test and from practical experience

T

LN T T
10 20 30 40 Years

——— Time

29




General Information

1.7 Summary of the symbols

b Pulse duration

B Current gain

B Bandwidth

BI Input of output amplifier

BO Output of output amplifier

C Capacitance

C; Input capacitance

CicL Input capacitance of the clock input

CoL Load capacitance at output

DI Data input

DO Data output

E Enable

F Input load factor

Fo Output load factor

Fon Output load factor, H signal

Fou Output load factor, L signal

fi Input frequency

feu, fo Clock frequency

f Maximum counter frequency

Ipop Drain supply current

I Input current

I H input current

Iy L input current

I Input

11 Input 1

12 Input 2

7 Input bias current

Ioo Output offset current

Io Short-circuit output current

Ion H output current

IoL L output current

Isy H supply current

Isy L supply current

MO Mixer output

Os, GND Ground, earth

P Total power consumption
o Output power

CLK Clock

(0] Output

[e) Output, inverted
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General Information

oHL 0
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Resistance

Input resistance

Generator resistance

Input resistance

Collector load resistance

Load resistance

Adjustment 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 — ¢ rise
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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General Information

32

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 Voy

L output voltage

Inverted output voltage Vo,
Differential input voltage

Input common mode voltage

Noise voltage

Functional voltage range

Input voltage at information input
Reset voltage

Input impedance

Output impedance



ICs for Telephone Sets







Tone Ringer PSB 6520

(S124 A)
Preliminary data Bipolar circuit
Type | Ordering code | Package outline
PSB 6520 ‘ Q67000-218 | DIP 8

The PSB 6520 bipolar integrated circuit, in conjunction with an electro-acoustic converter,
replaces the mechanical bell in the telephone set (fig. 1). The component generates two
periodic switchable tone frequencies that can either drive a piezo-ceramic converter
directly, or a loudspeaker.

Special features

® Integrated bridge rectifier allows direct input via call signal (AC voltage)

® Low current consumption (several tone ringers can be connected in parallel)
® High noise immunity due to built-in voltage-current hysteresis

® Direct replacement of the mechanical bell requiring 4 additional external components
and an acoustic converter

® Two-tone frequencies, switched internally
® Tone and switching frequencies adjustable by means of a resistor and a capacitor
e Overvoltage protection in accordance with VDE 0433 (2 kV-10/700 us)

Pin configuration Pin designation
top view Pin No. | Symbol | Description
I 1 Vacz AC voltage input (fig. 3)

Vacz 1 I: Ela Vact 2 GND Ground

GND 2 [PSB 6520 ]7 Voc 3 Cs Connection for capacitor Cg

Cs 3 [ ] 6 N.C 4 R+ Connection for resistor Rt

R; L [ 5 Vur 5 Vour Output voltage
6 N.C. Not connected
7 Ve Connection for smoothing capacitor

10 uF (internal supply voltage)

8 Vac AC voltage input

35




PSB 6520
(S 124 A)

Figure 1
Block diagram of a standard electronic telephone set
(Pushbutton set and speech circuit connected in series)

Tip a o -
. Pushbutton set s
Tone ringer module with PSB 8590
with DTMF - dialing Speech circuit
PSB 6520 or
pulse dialing SO
Ring b o

Functional description

The tone ringer PSB 6520 is designed for use as an electronic bell in a telephone set.
Figure 2 shows the block diagram and figure 3 the application circuit of the PSB 6520 in the

telephone set.
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PSB 6520
(S 124 A)

Figure 2
Block diagram of the PSB 6520 tone ringer

U
%A 10pF
7

J» Threshold circuit Switching

8 —
Vac ] Tone 5

, ViN with frequency —={ frequency —=Output stage =9 Vil
v - hysteresis generator generator

PSB 6520

GND

L. .
_1_

The IC contains an oscillator which generates a square wave voltage. The frequency of this
voltage is periodically switched by a second oscillator back and forth between two basic
values having a ratio of 1:1.38. The basis frequency f; is adjusted by the resistor R and the
switching frequency fs by the capacitor Cs (fig. 12 and 13).

2.72 x _10*

Tone frequencies  fir (Hz) = R (kQ) +10%
for (Hz) = 0.725 X fir £+ 2%
750

Switching frequencyfs (Hz) C (nf) +15%

Good frequency stability is achieved by means of internal temperature compensation.
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PSB 6520
(S 124 A)

An output stage increases the generated tone voltage and transfers it to a piezo-resonator
via an internal resistor. An electro-dynamic converter can be similarly driven, but must be
matched to the internal resistance of the output stage (fig. 6, 7, 8 and 12) with a transmitter.

An integrated bridge rectifier enables direct input via the call AC voltage signal (tip (a),
ring (b)) wires or via DC voltage (independent of polarity). A DC voltage supply without use
of the integrated bridge is possible via the connections 2 and 7. In conjunction with a
Z diode, the bridge rectifier serves simultaneously as an overvoltage protection.

The application circuit shown in figure 3 can handle overvoltages occurring due to lightning
strikes between terminals a and b according to the VDE 0433 standard, or the occurrence
of an AC voltage of 110 V/50 Hz over a period of 30s, thus avoiding the possibility of any
damage to the IC. The threshold circuit with high threshold voltage and hysteresis is
designed to prevent activation (fig. 4) of the IC due to noise pulses.

Figure 3
PSB 6520 application circuit for telephone sets

1pF ettt ]
m ao—fb | e |
|
; PSB 6520 |
v, = -TL'—':«Z.ZpF
Piezo- == (LTnF) |
converter == D
RZ
Ring b o 800Q "
16k 1700Hz
|
|
|
!
A !
| |
Lo J

The characteristic curves from figure 4 to figure 6 show the relationship between current
consumtion, supply voltage, output current, output power, output resistance and AC
calling voltage.
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PSB 6520

(S 124 A)

Maximum ratings Test conditions Min | Max. | Unit
Supply voltage Vbc 10 ms 28 \)
Voltage pin 3 to pin 2 2%} 5.5 \
Voltage pin 4 to pin 2 7%} 7 \)
Noise current into the output Inour | 30 us/mark to space 20 mA

ratio 1 : 100
Storage temperature Tstg -40 125 °C
Operating range
Calling voltage Vab f = 50 Hz

Test circuit

figure 3

Continuous operation 90 Vims

5 s operation/

10 s pause 110 Vims
Supply voltage 1 DC supply current 22 mA
Tone frequency fir Validity of the

formula fi1 0.1 15 kHz
Ambient temperature Tamb —-20 70 °C
DC characteristics Test conditions Min i Typ. | Max. | Unit

I I I

Supply voltage Vbe —20°C to 70°C 26 \"
Current consumption
without load Inc Vs = 8.8V to 26V, 25°C 1.5 1.8 mA
Hysteresis circuit
Threshold voltage Vin ~20°C to 70°C 12.2 12.6 13.0 \Y
Switch-OFF voltage Vorr —20°C to 70°C 8.0 8.4 8.8 \Y
Initial resistance Rin 25°C 6.4 7.4 8.5 kQ
Voltage" deviation at
output pin 5 referred
to pin 2 Vour 25°C Vs—3 \Y
Short-circuit current Tout Us = 20 V, 25°C 35 mA
Tone frequency
temperature coefficient TC —20°C to 70°C 8x1074 K™!

" An internal resistor of 500 ) is connected before the output.
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PSB 6520
(S 124 A)

Characteristic curves

Figure 4
Current consumption versus supply
voltage Vp without output load

mA
3
iﬂc
2
|
i
|
1 /‘ t
e
| |
‘SRR
AL UL
L
|
00 10 ! 20 30V
L{)FF Vrh v
DC
Figure 6

Output power versus
load resistance Royr (ohmic)

mw
80

60 /TN

RFAREA

20 N

0
01 02 05 1 2 5  10kQ
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40

IOUT

Figure 5

Amplitude of output current versus
supply voltage Vy in the case of
short-circuit

mA
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A
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PSB 6520
(S 124 A)

Figure 6.1
Test circuit to determine output power at different load resistances

2.2pF
1uF H '
M 2260 |

a
— i
sovisoHz  ==10,F I PSB 6520
- L
b
16kQ
100nT

Figure 7.1

Test circuit to determine output power for a variable call voltage V,,

2,2pF
W 2.2k I
a )
= |
v, ?pr 10 PSB 6520 th]

il
b
16k
100nT
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PSB 6520
(S124 A)
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Figure 7

Output power versus call
voltage for power matching

mwW
80
|
/

60 /’

40 /

20

V

o0 0 20 30 40 50 60 70 80V

— Y

Figure 9
Test circuit to determine delay times

—r1°uF H PSB 6520

Figure 8

Effective output resistance
versus call voltage V,,

kQ
2

N

Rour \




PSB 6520
(S 124 A)

Delay times

Figure 9.1

Delay times toy, torr versus V,

Vb
Vour
r———-" N\
| \
| \ Vp =30V
Ton ll \l tore
1 1
fo h — -t
Vap
VTOUT
i i_ - ——\
| \\ Vp >30V
I
I 3
1 1
| |
fa t —_—t
Y
Your
Il_ ————— \'\ Vy <30V
| |
1 i
| |
fy H —
Effective value of input signal (call voltage V)
—————————————————— Effective value of output signal (output voltage Voyr)
ti—to Time duration of applied call voltage V,,
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PSB 6520

(S124 A)
Figure 10 Figure 11
Switch-on delay time ¢,y versus V,, Switch-of delay time toq versus V,,
(independent of Royr) (independent of R,)
ms ms
100 150
fon IRV torr
T \ \ \\\ ; RumiﬂooikQﬁ
50 \ \ \ \ Ryyr=10kS2
\ \\ \\ 100
AN ir
R,=10kQQ
\ \ Y IBI Q / Royr = 1k —
\ N |Rv=8Kk
NN I/
\ Ry=6kQ /
N 50
20 ) YR, =4 kQ /
(R /
Ry=2kQ
I
\RV=0kQ
10 20 50 100 vV 0 0 20 40 60 80V
b — Vs
Figure 12 Figure 13
Frequencies f,r and f,1 versus Switching frequency versus
resistor R, capacitor Cs
KHz Hz
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PSB 6520
(S124 A)

Recommended circuitry of PSB 6520 with a small loudspeaker
Figure 14
Matching a 4 () loudspeaker to the PSB 6520

2uFI35V
T 2,2kQ IF
B e e TYN P TR

wesUSS 0PSB 6520

. Tz 3 [&

1L

Transformer

Pot core: Ordering code B 65651-K—R30
(18 x 11)

Material: N30, A, = 5600 nH/W?
Bobbin: Ordering code B 65652—-B-T1

Windings: n; =800, d; = 0.08 mm CuL
n,= 50,d, =04 mmCulL
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Dual-Tone Multi Frequency Generator PSB 8590

(S 359)
Preliminary data Bipolar circuit
Type | Ordering code | Package outline
PSB 8590 ‘ Q67000-Y477 | DIP 16
Features

® CEPT-compatible

® Direct line feeding
High frequency accuracy (deviation less than 0.4%)
Standard low cost clock crystal 4.19 MHz
Operation with either single contact or 2—of—8 keypads

Multi-key lockout and debouncing

°
°
°
® Dual-tone as well as single-tone capability
)
® Binary interface mode

°

Power dissipation limited by internal thermal overload protection

Pin configuration
top view

Vee 1 I: ]16 Vee
MO z[ []15 ¢
F1 3[ ] 1 Fs
F2 4[] PSB 8590 H 13 Fé
F3 5[] ]2 F7
Fl 6[ ]11 F8
81 7] 10 x2

Bo &[] 9 X1

J
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PSB 8590
(S 359)

General description

The DTMF generator PSB 8590 is a monolithic IC using the I°L technology. It provides all dual-
tone multifrequency (DTMF) pairs required in tone dialing systems. The eight different audio
output frequencies are generated from an on-chip reference oscillator with an external low
cost clock crystal 4.19 MHz. The internal temperature compensated voltage reference
determines the audio output levels and it also controls the on-chip shunt regulator which
provides the adaptation to different feeding conditions. In order to meet the CEPT
recommendations an external 2-pole RC filter can easily be connected. A typical telephone
application is shown in figure 14.

The PSB 8590 can interface directly to a single contact keypad. Furthermore, open collector
outputs can control the PSB 8590 either in a BCD-mode or in a 2—0of-8 keypad mode.

Block diagram

X1 D X2
9 10
F1¢2 Clock Programmable Shift D/A
F2lu . oscillator divider register _.converferi
F3¢2 E
(AU = [ Mixer |—&¢MO
b=
o
14 S Programmable Shift D/A j
ig 13 ':,3; Control | 4] divider register| ¢—=jconverter "
Pzt ¥ BI
F8 o 8
BO
Reference Current PSB 8590
voltage sink
15 116
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PSB 8590
(S 359)

Connection to line

H°‘?:‘ h Dial switch Polarity guard
swile overvoltage protection

L |
Bell % i

Ring ot —

JiN PSB 8590

1
|
|
|
|
|
!
|
|
|
|

Speech
circuit

L1

Connection to keyboard

N
U\
(SR

T

X
\

-4

N
\
X

PSB 8590

¥

F8

l

F7

S, S_—

Fé

o—o|
F5

The keys are debounced and electronically interlocked. If more than one key is pressed
simultaneously, the key recognized as pressed first will be evaluated.

The requirements for the quality of contacts are:

Open contact:  Resistance Ry > 50 k()
Closed contact: Contact resistance R < 1 kQ for 7 = 100 pA
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PSB 8590
(S 359)

Functional description

1. Line adaptation

The DTMF generator PSB 8590 has an internal temperature-compensated voltage refer-
ence. This reference voltage controls a shunt regulator which sets the DC voltage
Vs = Vec — Ve to 5 V. The external filtering capacitor C gives the shunt regulator for
frequencies above 300 Hz the behavior of a high impedance current sink. The shunt
regulator includes a start-up circuit for the quick charging of the filtering capacitor
(fig. 1). The shunt regulator can sink feeding currents up to 120 mA while the power
dissipation is limited by internal thermal overload protection. If the chip temperature
exceeds a preset value (=T; = 150°C, Py = 1 W), the filtering capacitor is discharged,
the shunt regulator is switched off and the voltage Vs rises to the breakdown voltage
of the external overvoltage protection network (fig. 2).
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PSB 8590

(S 359)
Figure 1
Tuning diagram of the quick charging circuit (QC) for the filter capacitor
I,
L
C
8 s VAR le PSB 8590
i"c = 2.2,F
% VEE
S closed J open
12V
VS
SV
| 1.5V
VC /
|
i
I
I
ac ac OFF ac oN |
|
|
{ T T T 1
fy 1 2 3 4 ms

—_—

The control circuitry for the quick charging circuit has hysteresis with the following thresholds

QC , VS ' VC

ON X <07V
ON >9V X
OFF <65V > 07V
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PSB 8590
(S 359)

Figure 2
Output waveforms Vs during thermal limitation (TL) of the power dissipation

Is1=30mA
B

I;,=05A l c
Vs PSB 8590
S v &
‘( lvt —I—Z,ZpF

S closed I open
(|

ac

1L

v ——O—V—-I P 1.5V
" ~ ~N N N

Vs

5V

The thermal limitation (TL) overrides the quick charger (QC).

2. Tone generation

The on-chip oscillator generates together with the external clock crystal the master
clock frequency fc; = 4.194304 MHz. This master clock f, is scaled by a factor of 16 to
fc, = 262.144 kHz. The programmable dividers for the higher (fs ... f3) and lower (f; ... f,)
frequency tone groups are driven by the clock fc,. The programmable dividers generate
the clock for the 6 bit L/R shift register. Each shift register controls one D/A converter
and the polarity of its output waveform. The output sinewave is synthesized as a
stairstep function with 11 voltage levels. The output waveform has 22 time segments
(fig. 3). The time segments t; to f5 t3 to t;; and ty to t,, are equal. The time
segments t; and t;g are equal but slightly different from the others in order to meet the
required output frequencies as closely as possible. The output waveforms are symmetrical;
therefore, no even harmonics exist. The stairstep function with 11 voltage levels
is calculated such that, theoretically, the lowest order harmonics are the 21% and
the 23". Because of the different length of time segments t; and t;3 and the tolerances of
the D/A converter, lower odd harmonics exist.
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PSB 8590
(S 359)

Figure 3
Synthesized output waveforms
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3. Output levels

Each D/A converter generates a five-level stairstep function. The mixer alternately
reverses the polarity of the five-level stairstep function which leads to the symmetrical
11-level stairstep function (fig. 3). Furthermore, the mixer adds the stairstep function
of the lower and of the higher frequency groups.

The nominal amplitudes of the stairstep function at the mixer output are:

Lower frequency group im. = 42.5 pA

Higher frequency group imi = 53.5 pA

Figure 4 shows the AC-schematic of the output section of the PSB 8590. The feedback

loop of the output amplifier is externally arranged. The resistors R; to R; determine
the output level (Vo and Vo) and the output impedance Ro, as shown below.

Ro = Ry (r2 + 13)
Ry + r3 (1 + M)
R, + n
v . (R + Ri) AL X n Ro
oMM X TR R ) Rot R

The ratio of the resistors R3/R, is restricted to the range Rs/R, < 1.2, otherwise the output
amplitudes are clipped. Normally, the resistors R, and R; are equal. Figure 8 shows the sum
level Ps and the output impedance Ro as a function of R, and R,.
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PSB 8590

(S 359)
Figure 4
AC schematic of the output stage
io
R
V((
/‘2 H] l Vo
no= 1.7kQ v
Ler = 2k§2 batt
ry = 41.6Q

Bl BO
MO
—o—o 1 1
R, R3
iMHT imT ry [J"a gj/?v
| 1 i i i .
Vee

An external RC filter network is necessary in order to meet the CEPT recommenda-
tion concerning distortion and harmonics. The RC filter is easy to implement, because the
pins MO, BI, BO, of the output amplifier are accessible. The PSB 8590 is shown in figure 5
with a one-pole RC filter for application corresponding to the recommendations of the DBP
and in figure 6 with a two-pole RC filter for CEPT applications. Figure 7 shows the output
spectrum for the most critical case, the frequency f.

The nominal output levels P,y are identical for the arrangement in figure 5 and figure 6,
they are

Vou
P, = 20 lo = —8.12 dBm
: 9 VZ VImW X 600 0
VOH
Py = 20 log = —6.12 dBm

VZ VT mW X 600 O

The sum output level Pg is

Ps = 10 log (10 P./10 + 10 Py/10) = —4.0 dBm
and the preemphasis Pp is

Py, = Py—P_=2dB
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PSB 8590
(S 359)

Figure 5
PSB 8590 with a 1-pole RC filter

Vee

MO

X1 @
I—O— BI R,| |56k
PSB 8590

—

T . ] Ry||56kQ €
BO

X2

470pF

-

Vee ¢

G T 2.20F

In ordaer to keen the ingartion laogg for all the DTMFE fraaguianci 1
i OrGer 1o KEeep Tne INSEICN 1085 0 ai Int viivir e i

cutoff frequency of the filter should be at least 6 kHz.

Ry||56Q

Figure 6
PSB 8590 with a 2-pole RC filter (Butterworth)

Vee

R TkQ
L = psB 8590 | B i

2nF == G =

BO

= 3.3nF

o
i ||

Vee ¢ R, |56

C, T 2.2pF

The pole is f = 2.7 kHz
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Figure 7
Output spectrum for frequency f; with a 2-pole Butterworth filter
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PSB 8590
(S 359)

Figure 8
Sum output level Ps (-) and output impedance Ry (——-) versus resistors R, A,

dBm Q
-2 1250

] .

et R QR N U R S

4. Interface to keypad

There are three different operation modes of the interface:

a) Single contact 2-of-8 keypad
b) Electronic interface with a 2—of-8 keypad code
c) Electronic interface with a BCD code

Figure 9 shows the schematic of the interface inputs F1 — F8. The inputs are divided into
two groups F1 — F4 and F5 — F8. In addition, the pin F8 controls the operation modes.
The resistors Re are optimized for the single-contact keypad mode.

a) Interface to single contact or 2—of-8 keypads (fig. 9)

The buttons are debounced and electronically interlocked. If multiple buttons are pushed,
the frequencies of the firstly activated button are generated. The requirements for the
quality of the contacts are

Contact open: OFF resistance Ror > 50 kQ
Contact closed: ON resistance Roy = 1 kQ
I =100 uA
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Figure 9
Schematic of keypad interface
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PSB 8590
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b) Electronic interface with a 2—of-8 keypad code

Figure 10
Electronic control using the key code
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PSB 8590

The inputs I1 to 14 control the frequencies of the lower frequency group f; — f, and
the inputs 15 to I8 control the frequencies of the higher frequency group. For the
generation of a dual tone, one input of I1 to 14 of the lower group and one input of
15 to 18 of the higher group must have an H-level.

If more than one input of the respective group has an H-level, this is recognized as a
multiple button push and the frequencies of the firstly sensed H-levels are generated.

Truth table

I1 1{2(3|A
12 4 |5 |6|8B
13 718|9]|C
14 ®#|0|#|D
Inputs 15 16 17 18
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c) Electronic interface with a binary code
Electronic control using the binary code

Figure 11a Figure 11b
fesv +5V
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}»—&II E & GL°—4:*&|1|I o ©
(Va)
GhoTL _Iymis03 Ful @ | || { @
Rl @ G50 & b a
6ot [T %l & ! | 3
=3 — AR
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Figure 11a

This application enables both, dual and single frequency output.
The mode control input F8 is connected to ground. The dual tone pairs are generated

corresponding to the binary code on the inputs G1 to G4. The enable inputs G5 to G7
have the following function:

G5 enable lower and higher frequency group; G6 enable higher frequency group F5 to F8;
G7 enable lower frequency group F1 to F4

Figure 11b
This application is optimized for dual tone output without single tone capability.
G1 to G4 inputs for binary code; G5 enable lower and higher frequency group.

L-level enables the frequencies, H-level disables the frequencies. If the frequencies are
disabled, the internal clock is inhibited.

Table information is present at inputs G1 to G4 in binary code

Digit o 1 2 3 4 5 6 7 8 9 X # A B C D
G4/ L L L L L L L L HHHHHH HH
G3| L L L L HHHH L L L L HH HH
G2 L L HH L L HH L L HH L L HH
Gi1l L H L H L H L H L H L H L H L H
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(S 359)

Pin designation
Pin No. | Symbol | Description

1 Vee Negative line connection

2 MO Mixer output

3 F1

4 F2 Keyboard interface

5 F3

6 Fa4

7 BI Input of output amplifier

8 BO Output of output amplifier
. o l Connections for crystal f = 4.194304 MHz (2% Hz)
1 F8 Keyboard interface and mode select
12 F7
13 F6 Keyboard interface
14 F5
15 C Connection for filtering capacitor for the current sink
16 Vee Positive line connection
Electrical characteristics
Maximum ratings l Min. i Max. ] Unit
Voltage at any pin Vee —0.3V Vee — Vee
Supply voltage Vee — Vee -0.3 14 \
Storage temperature Tag —55 125 °C
Operating characteristics (7,,,, = —25°C to 70°C)

Test condition Min. | Typ. |Max. |Unit

Supply current Is 16 120 mA
DC output voltage Vs 16mMA <Ig<120mA |45 5 6 \
Internal reference voltage Vg 115 (1.26 [1356 |V
Input resistors Re 25 3.5 4.5 kQ
Input levels:
Logical L F1-F4 0.15 |V
Logical H F1-F4 0.5 Vv
Logical L F5—-F7 0.7 \Y
Logical H F5-F8 1.1 Y
Logical L F8 0.5 0.7 \Y
BCD mode enable F8 0.1 \%
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(S 359)
Operating characteristics (7,,,, = —25°C to 70°C)
Test conditions Min. | Typ. |Max. | Unit
Output levels:
Low group P, —-8.12 dBm
High group Py —6.12 dBm
Sum level Ps Is=17mAto120mA |-54 | -4 —2.8 |dBm
Fig. 12
Preemphasis Py Is=17mAto 120 mA | 1.8 2.4 2.8 dB
Sum level Pso —80 dBm
(frequencies disabled)
Output dynamic Roo Is =120 mA 600 1000 | Q
impedance Is= 20 mA 660 1000 | Q
Timing specification:
Tone frequency deviation Af/f —2.9 +3.9 | %o
Key debounce time ty 2 6 ms
Setup time (fig. 13) ts Is=17mAto 20 mA 7 ms
Is =20 mAto 120 mA 5 ms
Tone frequency deviation (without tolerances of crystal)
f; f f3 fa fs fe f, fs l Unit
Required frequency 697 770 852 941 1209 1336 1477 1633 Hz
Generated frequency*) 697.2 771.0 851.1 943 1212.6 1337.5 1472.7 16384 | Hz
Deviation 2.75 1.374 -1.037 2.087 3829 1.1 —2.898 3.307 | %o
*) The generated frequencies are derived from a clock crystal with 4.194304 MHz (22 Hz).
Figure 12
Measuring circuit for outputs sum level P, 6009
11 o
Ve
X1 MO
= x2 81 56 kQ
° PSB 8590
N 12v P 15V<V, <80V
F1 56kQ s of
BO
FS
Vee ¢C 560
G 2.2¢F
T )
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Figure 13
Circuit for measuring setup time g
6002
—3 o
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Figure 14

Typical telephone application of the PSB 8590 with 2-pole RC filter (Butterworth) for

CEPT recommendations
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Telephone Controller SAB 80C482

(Single-Chip 8 Bit CMOS Microcomputer) (SM 850)
Preliminary data MOS circuit
Type | Ordering code | Package outline

SAB 80C482 ‘ Q67100-Z2154 | DIP 40

Siemens SAB 80C482 is a low power, advanced CMOS member of the popular SAB 8048
family. The CMOS design of the SAB 80C482 opens new application areas that require
battery operation, low power standby, wide voltage range and the ability to maintain
operation during AC power line interruption. These application include portable and
hand-held instruments, telecommunications, consumer and automotive.

The SAB 80C482 supports these applications with new additional features, like 4 1/0 lines
more than in the SAB 8048, automatic keyboard scanning, idle mode and power-on reset.
This specification mainly describes the differences between the SAB 80C482 and SAB 8048.
For detailed SAB 8048 information see the SAB 8048 user manual.

® Member of SAB 8048 family

® 8 bit CPU, ROM, RAM, I/0 in single package
® Supply voltage 2.5 to 6 V

® Fully static microcomputer; clock 0 to 3 MHz

e 2K x 8 ROM

LN X T

64 x 8 RAM
31 I/0 lines

® Power on reset

® Two power consumption
Normal operation: TmA, 1MHz, 5V
Standby mode: 15 uA, 5V

® Keyboard scanning function
® 90 instructions
® 2.66 us cycle with 3 MHz XTAL all instructions 1 or 2 cycles
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SAB 80C482
(SM 850)

Pin configuration

top view
L]

VDD 1 [ ]A’o VEE
XTAL1 2 [] 139 11
XTAL2 3 [] 1138 P53
RESET &4 [ 1137 P52

P60 5[] 1136 pst

INT 6 [] 1135 Pso

per 7 [] [ 34 P17

RD 8 [] 1133 P16

FSEN/TO 9 [] 32 P15

w0l sapsocssz [ P

ALE 11 1130 P13

DBO 12 [] ] 29 P12

oB1 13 [] 128 P11

DB2 14 [] 127 P10

DB3 15 [] ] 26 P63

DB4 16 [] 1125 Pe2

085 17 [] [ 26 P43

DB6 18 [] 1123 pu2

0B7 19 [ 122 pPu

Ves 20 [] [ 21 Pao
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SAB 80C482
(SM 850)

Logic symbol

P 1,8 bit

P&, bit

XTAL 1 ——*
XTAL2 ———»

PS,4 bit

RESET ———*

SAB 80C482

PSEN /T0 =
N ———

P6,4 bit

m4>

BRI

3l

DB 8 bit <:>

—— ALE
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SAB 80C482

(SM 850)

Pin designation

Pin No. | Symbol Description

2 XTAL1 Oscillator input; one side of crystal input

3 XTAL2 Oscillator output; other side of crystal input

4 RESET Input which is used to initialize the processor (active low)

6 INT Interrupt input. Initiates an interrupt if interrupt is enabled. Interrupt is disabled
after reset. In the idle mode the interrupt terminates idle when interrupt is enabled
(active low)

8 RD Output strobe activated during a bus read. Can be used to enable transfer of data
onto the BUS from an external device. Used as a read to external data memory
(active low)

9 PSEN/TO | Program store enable. This output occurs only during a fetch to external program
memory (active low). In system without ROM expansion pin 9 is testable using the
JT0 and JNTO instructions. Execution of SEL MB instruction defines the pin as an
output pin for external ROM access program store enable until reset occurs

10 WR Output strobe during a BUS write. Used as write strobe to external data memory.
Used as input to activate the continuous reading of internal ROM without ROM
execution (active low)

11 ALE Address latch enable. This signal occurs once during each cycle and is useful as a

clock output. The negative edge of ALE strobes address into external data and
program memory

12...19 | DBO...DB7 | True bidirectional port which can be written or read synchronously using WR, RD
strobes

21...24 | P40...P43 | 4 bit quasi-bidirectional port. Internal pullup. Additional port for program counter
bit 8...11 if external ROM is selected

5, 7, 25, | P60...P63 |4 bit quasi-bidirectional port. Internal pullup. Mask-programmable for additional
26 keyboard scanning function

27...34 | P10...P17 |8 bit quasi-bidirectional port. Internal pullup. Mask-programmable for additional
keyboard scanning function

35...38 | P50...P53 | 4 bit quasi-bidirectional port. Internal pullup. Mask-programmable for additional
keyboard scanning function

39 T Input pin testable using the JT1 and JNT1 instructions. Can be designated as
timer/counter input using the STRT CNT instruction

40 Vee Main power supply for all functional blocks not noticed for pin 1

1 Voo Power supply for RAM, PC and SP

20 Vss Circuit GND potential (0V)

67



SAB 80C482

(SM 850)
Block diagram
Program Data
Clock memory memory
{\ PN
8bit
CPU
A4 AV
8 bit timer 3
counter 1/0 lines
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SAB 80C482
(SM 850)

Oscillator

The on-board oscillator is a high gain resonant circuit with a frequency range of 0 to 3 MHz.
Clock frequency depends on resonator (e.g. quartz) connected between pin XTAL1 and
XTAL2.

Crystal oscillator mode Driving from external source

1
i || ' XTAL 1 o 't XTAL 1
5pF _J_
—
F*—"—L“‘ XTAL 2 —XTAL 2

20pF

8 bit timer/counter

The SAB 80C482 contains a timer/counter to aid the user in counting external events and
generating accurate time delays without placing a burden on the processor for these
functions.

Timer

Execution of a START T instruction connects an internal clock to the counter input. The
XTAL frequency divided by 256 is the timer input frequency.

Counter

Execution of a START CNT instruction connects the T1 pin to the counter input and
enables the counter. Subsequent high to low transition on T1 pin must be held low for at
least one machine cycle to insure it won't be missed. The maximum rate at which the
counter may be incremented is once per three instruction cycles. There is no minimum
frequency limit.

Program memory

Resident program memory consists of 2048 bytes. There are three locations in program
memory of special importance:

1. Location 0: Executing the initialization reset causes the first instruction to be fetched
from location 0.

2. Location 3: Execution starts at location 3 after the interrupt input line (pin 6) of the
processor is low (if interrupt is enabled).

3. Location 7: A timer/counter interrupt resulting from timer/counter overflow (if enabled).
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SAB 80C482
(SM 850)

Four different operation modes of processor program memory configurations are possible:

1. Internal 2Kbytes ROM
® Pin 9 is available as TO input
® P40...P43 is an I/0 port without restrictions.

2. Internal 2Kbyte ROM and additional external 2Kbytes

® The first instruction (PC = 0) must be an SEL MBO0/1 instruction to select the
PSEN output mode for pin 9.

® Execution of SEL MB instruction and next execution of a CALL or JMP instruction
enables external ROM access.

® To access the external 2K of program memory, a select memory bank (SEL MB1) and
a JMP or CALL instruction must be executed to exceed the 2K boundary.

® Access to external ROM will cause the program counter bits 8...11 to be issued at
P40...P43.

® Executing an MOVP3 A, @A instruction the internal ROM will be selected.

® Executing an interrupt CALL subroutine the internal ROM will be selected till the
subroutine is finished with an RETR instruction.

& e thn DA Avala
= i ui€ <G i

o £ AANVIY fmcdr s bl o o (a3 HPS L T P
CyCie Gi

of MOVX instructions no PSEN signal will occur, the ALE will be active.

3. External 4Kbyte ROM, internal ROM is disabled

® Access to external 4Kbyte ROM and disabled internal ROM can be achieved by a
low pulse to pin 8 during the reset.

® Pin 9 is selected as PSEN output.

® Program counter bits 0...7 will be issued at DB0...DB7, bit 8...11 will be issued at
P40...P43.

® ALE is activated.

® Execution of MOVP3 A, @A instruction or an interrupt service subroutine enables the
lower 2Kbyte external ROM.

4. Test operation for continuous reading of the internal ROM without program execution

® Connecting pin 10 with Vsg in the period of ALE will cause a test operation with
continuous reading of the internal ROM without program execution.

® The content of internal ROM will be issued via DBO...DB7 to check resident program.

® Program counter bit 0...7 will be issued at DBO...DB7 and bit 8...11 will be issued at
P40...P43.

® ALE and PSEN are enabled.
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Interrupt

Three different interrupts are possible:
1. External interrupt by applying a low level input to the INT pin.

2. Timer/counter interrupt. When the counter increments from maximum count (FF) to zero
an overflow occurs.

3.By pulling down (Vss) one of the port pins P1, P5 or P6 when these are mask-
programmed and the processor is in HALT state. In this case, the next instruction after
HALT will be executed.

Reset

The reset input provides a means for initialization of the processor.
Reset performs the following functions:

1. Sets program counter to zero

. Sets stack pointer to zero

. Selects register bank 0

. Selects memory bank 0

. Sets BUS to high impedance state

. Sets BUS latches to low state

. Sets port 1, 4, 5 and 6 to input mode

. Sets port latches 1, 4, 5 and 6 to high state

0o N O o WN

9. Disables interrupts (timer and external)
10. Stops timer

11. Clears timer flag

12. Sets HALT mode released

The following conditions should be noticed:
1. Reset signal does not affect the RAM.

2. Powering all functional blocks while the reset pin 4 is pulled to ground (Vss pin 20)
will cause the reset condition for all functional blocks.

3. Pulling down reset pin 4 to ground releases the HALT mode. The program starts
with PC = 0.

4. The moment of the first instruction cycle (PC = 0) after the initialization reset depends
on following factors:

a) Rise time of power supply

b) Build-up period of oscillator which itself depends on the quality of the resonator
c¢) Synchronization time of pulse generator

d)Period length of reset pulse
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5. An additional feature of SAB 80C482 is the power-on reset capability for raising

6.

72

Vce and/or Voo
Following operation modes are possible:

a) One power supply. Initialization reset by power-on reset.
No standby operation (fig. A)

b) One power supply. Initialization reset by pin 4.
No standby operation (fig. B)

c) Two power supplies. Initialization reset by power-on reset.
Power-on reset when leaving the standby operation (fig. C)

d) Two power supplies. Initialization reset by pin 4 (see fig. B).
Standby operation introduced by an HALT instruction.
Power-on reset when leaving the standby operation (see fig. D)

e) Two power supplies. Initialization reset and when leaving the standby operation
by reset pin 4 (see fig. E).

Saved data for operation mode figure C and D if the HALT mode has been released by
an interrupt: RAM, PC 0 = 11, SP (Special keyboard function can’t be used because
data bus is in high impedance mode after executing standby reset). Saved data
for operation in mode figure E: RAM.



SAB 80C482
(SM 850)

Figure A

Figure B

Figure C

Figure D

Figure E

Ve
Vo SAB
80C482
RESET Ve
VSS VSS
Vee
v, SAB
80C482
RESET V.
Vss —l— Vss
7 v SAB
» ® B0C482 |
RESET Ve Vee
Ves 1 %s
Vo— % SAB
. " 80C482
RESET Ve F—— ¥
Ve ‘—1—‘ Vs
VDD VDD SAB
80C482
RESET Ve
VSS VSS

T

CC
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HALT state
After the execution of the HALT instruction the processor will be in the HALT state. In the HALT
state, Icc and Ipp current is about 400 uA.
The oscillator will be running.
The release of HALT operation is possible in three different ways:
1. By low pulse to the RESET pin (PC = 0)
2. By low pulse to a ROM mask-programmed port pin (PC) + 1 = >(PC).
3. By low pulse to the INT pin.
o |f the interrupt is disabled, the processor will continue with the next instruction after
the HALT instruction (PC) + 1 = > (PC).
® If interrupt is enabled, the processor will continue with an interrupt CALL subroutine
003 = > (PC).

Structogram for a keyboard scanning example:

high to PORT (output Y information)
low to BUS (input X information)
HALT instruction

wait until pushbutton interrupt

high to BUS

high to PORT

8 to cycle counter

complement bit 0 of BUS and set BUS with this information

repeat until cycle counter = 0
read PORT and store
high to BUS
high to PORT
shift left BUS information
decrement cycle counter

compute pushbutton address

Keyboard controller

For special applications the following ports can be used as additional hardware interrupt
inputs (without execution of an interrupt call-subroutine, software priority levels are
possible):

Port 1 (lower and/or higher nibble)
AND/OR Port 5
AND/OR Port 6

The four internal mask-programmable NAND gates can be connected to the port pins by
ROM mask-programming.

By pulling down to Vss one of these programmed port pins while the processor is in the
HALT state, the HALT state is released and the processor will start operating with the
program after the HALT instruction.

Not programmed port pins can be used as normal I/0 ports.
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Example for maximal configuration

SAB 80C482
P1 P5 P6 0B
8bits 4 bits 4 bits 8 bits

L 8diodes

Application example ““Special Features Telephone Set”

Interface
Data
<7 > memory
SAB SAB 81C50
80C482
LCD
Keyboard > controller
PSB 7510
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Function features (example)

® Stack for direct and indirect redialing

Short dialing

Babysitter function
LC — display control
Electronic keylock
Clock function

Rate signaling

Instruction set

Auto dialing by special keys

Interrupt of internal telephone connections

The software differences between SAB 8048/49 and SAB 80C482
There are 5 new instructions, additionally to the SAB 8048 instruction set:

DEC @RO instruction code

DEC @R1 "
DJNZ @RO, addr "
DJNZ @R1, addr "
HALT "

"

co
C1
EO
E1
F3

The following SAB 8048 instructions are not available:

IN A, P2 Instruction code
MOVD A, P7 " "
OUTL P2, A " "
MOVD P7, A " "
ENTO CLK " "
JF1 addr " "
CLR FO " "
ORL P2, #data " "
ORLD P7, A " "
CPL F1 " "
ANL P2, #data " "
ANLD P7, A " "
CLR F1 " "
CPL F1 " "
JFO addr " "
MOV A, PSW " "
MOV PSW, A " "
JNI addr instruction code
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0A
OF
3A
3F
75
76
85
8A
8F
95
9A
9F
Ab5
B5
B6
c7
D7
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Symbols and abbreviations

A, Accu
AC
addr
An
BUS
CY
data
DBF
INTN\
PC

Pp

P1
PSW
Ri

Rr

SP

T

TF

TO, T1

XOR

<>

Accumulator

Auxiliary carry
Program memory address
Accumulator bit n
Bus-Port

Carry

Constant (8 bit)
Memory bank flipflop
External interrupt input
Program counter

Port 4...6

Port 1

Program status word
Register 0, 1

Register 0...7

Stack pointer
Timer/counter

Timer flag

Inputs TO, T1

External data memory 8 bit
Immediate data prefix
Indirect address prefix
Programm memory block (256 byte)
Content

Is transferred to

Is exchanged with
Logical AND

Logical OR

Logical EXCLUSIV-OR
Negation

Not equal
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Mnemonic Function Description HEX- Flag | Bytes| Cycles
Code
Accumulator and register move instructions
MOV A, Rr (Rr) - A Move register to Accu F8-FF 1 1
MOV A, @Ri ((Ri)) —» A Move data memory to Accu FO-F1 1 1
MOV A,#data |data— A Move immediate data to Accu 23 2 2
MOV Rr,A (A) - Rr Move Accu to register A8-AF 1 1
MOV @Ri,A (A) — (Ri) Move Accu to data memory A0-A1 1 1
MOV Rr,#data | data — Rr Move immediate data to register B8-BF 2 2
MOV @RI, data — (Ri) Move immediate data to data BO-B1 2 2
#data memory
MOVX A,@Ri | ((Ri)) —» A Move external data memory to Accu | 80-81 1 2
MOVX @Ri,A | (A) — (Ri) Move Accu to external data memory | 90-91 1 2
XCH A,Rr (Rr) «— (A) Exchange Accu and register 28-2F 1 1
XCH A,@Ri ((Ri)) <« (A) Exchange Accu and data memory 20-21 1 1
XCHD A,@Ri ((Ri)) 0-4 Exchange nibble of Accu and 30-31 1 1
«— (A) 0-4 data memory
MOVP3 A,@QA | save (PC) Move data of program memory E3 1 2
(A) - PCO-7 page 3 to Accu
011 — PC8-11
((PC)) - A
restore PC
MOVP A,@A save (PV) Move data of program memory A3 1 2
(A) — PCO-7 current page to Accu
((PC)) — A
restore PC
SWAP A (A) 0-3 Swap nibbles of Accu 47 1 1
«— (A) 4-7
Timer/counter move instructions
MOV AT (T - A Read timer/counter to Accu 42 1 1
MOV T,A (A>T Load timer/counter from Accu 62 1 1
Port move instructions
IN A,P1 (P1) -A Input port 1 to Accu 09 1
OUTL P1,A (A) - P1 Output Accu to port 1 39 1
ANL P1,#data | (P1) AND data | AND immediate data to port 1 99 2
— P1
ORL P1,#data | (P1) OR data OR immediate data to port 1 89 2 2
- P1
INS A,BUS (BUS) - A Input BUS to Accu 08 1
OUTL BUS,A (A) - BUS Output Accu to BUS 02 1
ANL BUS, (BUS) AND data| AND immediate data to BUS 98 2 2
#data — BUS
ORL BUS, (BUS) OR data | OR immediate data to BUS 88 2 2
#data — BUS
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(SM 850)
Mnemonic Function Description HEX- Flag | Bytes| Cycles
Code
MOVD A,Pp (Pp) — A0-3 Input port 4-6 to Accu OC-OE 1 2
0 — A4-7
MOVD Pp,A (A) 0-3 — Pp Output Accu to port 4-6 3C-3E 1 2
ANLD Pp,A (A) 0-3 and AND Accu to port 4-6 9C-9E 1 2
(Pp) — Pp
ORLD Pp,A (A) 0-3 OR OR Accu to port 4-6 8C-8E 1 2
(Pp) — Pp
Arithmetic instructions with accumulator
ADD A,Rr (A)+(Rr) - A Add register to Accu 68-6F AC 1 1
CcY
ADD A ,@Ri (A)+((Ri)) Add data memory to Accu 60-61 AC 1 1
—A CY
ADD A,#data |(A)+data — A | Add immediate data to Accu 03 AC 2 2
cYy
ADDC A, Rr (A)+(Rr)+(CY) | Add register with carry to Accu 78-7F AC 1 1
— A CY
ADDC A, @Ri | (A)+((Ri))+ Add data memory with carry 70-71 AC 1 1
(CY) - A to Accu CcYy
ADDC A, #data | (A)+(data)+ Add immediate data with 13 AC 2 2
(CY) - A carry to Accu CY
INC A (A)+1—> A Increment Accu 17 1 1
DEC A (A) =1 — A Decrement Accu 07 1 1
DA A Decimal adjust Accu 57 AC 1 1
cYy
Arithmetic instructions with registers
INC Rr (Rr)+1 — Rr |Increment register 18-1F 1 1
DEC Rr (Rr)—1 — Rr Decrement register C8-CF 1 1
INC @Ri ((Ri))+1 — (Ri) |Increment data memory 10-11 1 1
DEC @Ri ((Ri))—1 — (Ri) | Decrement data memory Co-C1 1 1
DJNZ Rr,addr |(Rr)—1 — Rr Decrement register and jump E8-EF 2 2
if (Rr) <> 0 if not zero
addr — PCO0-7
DJNZ @Ri,addr| ({(Ri))—1 — Ri Decrement data memory and EO-E1 2 2
if ((Ri)) <> 0 jump if not zero
addr — PCO0-7
Logical instructions with accumulator and registers
ANL A,Rr (A) AND (Rr) AND register to Accu 58-5F 1 1
— A
ANL A,@Ri (A) AND ((Ri)) AND data memory to Accu 50-51 1 1
—
ANL A,#data | (A) AND data AND immediate data to Accu 53 2 2
— A
ORL ARr (A) OR (Rr) — A| OR register to Accu 48-4F 1 1
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Mnemonic Function Description HEX- Flag | Bytes| Cycles
Code
ORL A,@Ri (A) OR ((Ri)) - A| OR data memory to Accu 40-41 1 1
ORL A, #data (A) OR data— A | OR immediate data to Accu 43 2 2
XRL A,Rr (A) XOR (Rr) - A | XOR register to Accu D8-DF 1 1
XRL A ,@Ri (A) XOR ((Ri)) XOR data memory to Accu DO-D1 1 1
—
XRL A,#data (A) XOR data XOR immediate data to Accu D3 2 2
— A
CLR A 0- A Clear Accu 27 1 1
CPL A (A)\ = A Complement Accu 37 1 1
Rotate instructions
RL A (An) —» An+1 Rotate Accu left E7 1 1
RCL A (An) - An+1 Rotate Accu left through F7 cYy 1 1
(A7) - CY carry
(CY) — A0
RR A (An+1) — An Rotate Accu right 77 1 1
RRC A (An+1) - An Rotate Accu right through 67 CYy 1 1
(A0) —» CY carry
(CY) - A7
Flag instructions
CLR C 0— CY Clear carry 97 cYy 1 1
CPLC (CY)\ - CY Complement carry A7 cYy 1 1
Branch instructions
JMP add addr0-7 — PCO0-7| Jump unconditional page 0 04 2 2
addr8-10 1 24 2 2
— PC8-10 2 44 2 2
DBF — PC11 3 64 2 2
4 84 2 2
5 A4 2 2
6 Cc4 2 2
7 E4 2 2
JMPP @A ((A)) = PC0-7 | Jump to address defined in B3 1 2
program memory
JC addr if (CY) =1 Jump if carry = 1 F6 2 2
addr — PC0-7
JNC addr if (CY) =0 Jump if carry = 0 E6 2 2
addr — PCO-7
JZ addr if (A) =0 Jump if Accu = 0 (03] 2 2
addr — PCO-7
JNZ addr if (A) <> 0 Jump if Accu <> 0 96 2 2
addr — PCO-7
JTO addr if TO =1 Jump if input TO = 1 36 2 2
addr — PCO-7
JNTO addr if TO=10 Jump if input TO = 0 26 2 2
addr — PCO-7
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Mnemonic Function Description HEX- Flag | Bytes| Cycles
Code
JT1 addr if T1 =1 Jump if input T1 = 1 56 2 2
addr — PCO-7
JNT1 addr ifT1 =0 Jump if input T1 =0 46 2 2
addr — PCO-7
JTF addr if TF =1 Jump if timer flag = 1 16 TF 2 2
addr — PCO-7
0> TF
JNI addr if INT\ =0 Jump if input INT\ = 0 66 2 2
addr — PCO-7
JBN addr if (An) =1 Jump if Accu n=20 12 2 2
addr — PCO-7 bitn =1 1 32 2 2
2 52 2 2
3 72 2 2
4 92 2 2
5 B2 2 2
6 D2 2 2
7 F2 2 2
Subroutine instructions
CALL addr (PC0-7,PSW4-7) | Jump to subroutine page 0 14 2 2
— (SP) 1 34 2 2
(SP)+1 — SP 2 54 2 2
addr0-7 — PC0-7 3 74 2 2
addr8-10 — 5 94 2 2
PCO0-10 5 B4 2 2
DBF = PC11 6 D4 2 2
7 F4 2 2
RET (SP)—1 — SP Return from subroutine 83 1 2
((SP)) — PC
RETR (SP)—1 —» SP Return from subroutine 93 1 2
((SP)) - PC and restore
((SP)) — PSW4-7
Control instructions
STRT T Start timer b5 1 1
STRT CNT Start counter 45 1 1
STOP TCNT Stop timer/counter 65 1 1
EN TCNTI Enable timer/counter interrupt 25 1 1
DIS TCNTI Disable timer/counter interrupt 35 1 1
EN | Enable external interrupt 05 1 1
DIS | Disable external interrupt 15 1 1
SEL RBO Select register bank 0 C5 1 1
SEL RB1 Select register bank 1 D5 1 1
SEL MBO Select memory bank 0 E5 1 1
Select pin 9 as PSEN output
SEL MB1 Select memory bank 1 F5 1 1
Select pin 9 as PSEN output
NOP No operation 00 1 1
HALT HALT instruction F3 1 1
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SAB 80C482
(SM 850)

Maximum ratings

Ambient temperature under bias Tamb 0to 70 °C
Storage temperature Tstg —55 to 125 °C
Voltage at any pin with respect to GND (Vss) v Oto7 Y
Total power dissipation Piot 1 w

DC characteristics
Tamb =0to 70°C; Vcc =25to06 V; ng =0V

Test conditions Min. Typ. Max. Unit
L input voltage ViL -0.1 0.2 \'
(all except XTAL1, XTAL2)
L input voltage ViL -0.1 0.15 \
(XTAL1, XTAL2)
H input voltage Viu 0.7 Vee \Y
(all except XTAL1, XTAL2, RESET)
H input voltage Vil 0.8 Vee \%
RESET, XTAL1, XTAL2
L output voltage VoL Io. = 1.0 mA 045 |V
(BUS, RD, WR, PSEN, ALE)
H output voltage Vou Ion = =100 pA Vv
(BUS, RD, WR, PSEN, ALE)
H output voltage Vom Ion = =1 pA \V}
(all other outputs)
Input current (Port 1, 4, 5, 6) e - 30 uA
Vin S Vi

Input current (RESET) Iic - 40 uA
Input leakage current (T1, INT, I +10 A

P ge current ( ) " Vss < Vin < Ve "
Output leakage current (BUS, TO) Ic, +10 uA
high impedance state
Total supply current Inp + Icc 1 MH 1.2 mA

z

HALT power supply current Icc 400 A
Power down mode Icc 15 uA
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SAB 80C482
(SM 850)

AC characteristics

Read from, write to and instruction fetch from external data and program memory
Tamp = 010 70°C; Ve = BV; Vgs = OV, fooe = 3 MHz

Test conditions | Min. Typ.- Max. Unit

ALE pulse width ty 833 ns
Address setup before ALE taL 166 ns
Address hold from ALE ta 0 200 ns
Control pulse width
PSEN tec 333 ns
RD, WR tec 1333 ns
Data setup before WR tow 1333 ns
Data hold after WR two tey = 2.66 us 333 ns
Cic = 20 pF
Cycle time tey 2.66 us
Data hold tor 0 200 ns
RD to data in tro 1166 ns
PSEN to data in tro 166 ns
Address setup before WR taw 1666 ns
Edress setup before data in
RD tao 3166 ns
PSEN tap 500 ns
Address float to
RD tarc 166 ns
PSEN tarc ) 333 ns
Control pulse to ALE
WR tea 0 200 ns
RD tca 333 ns
PSEN tea 1333 ns
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SAB 80C482
(SM 850)

Time parameters versus f,

Parameter Unit
t 1/ fose us
tcy 8t MS

Read from external data memory

to 251t us
tea - ns
tarc 1.0t us
tec 40t us
tor - ns
tro 35t us
tao 951t us
Write to external data miemory
tea 10t us
tee 40t us
twp 10t us
tow 40t us
taw 5.0t us

Instruction fetch from external program memory

taL 051t us
tea 40t us
tia - ns
tec 1.0t us
tor - us
tro 05t us
tap 151 us
taop 3.0t us
tarc 05t us




SAB 80C482

(SM 850)
Waveforms
1st cycle 2nd cycle 1st cycle
Jrw o Tre]ro e [o3s]m[rsJwmrfrsfro]m2]n]
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LCD Controller PSB 7510

(SM 851)
Advance information MOS circuit
Type | Ordering code | Package outline
PSB 7510 i see table | MICROPACK *) 64 connections

The PSB 7510 monolithic integrated circuit controls numeric LC-displays in quadruple
multiple operation.

Due to “MICROPACK" outline (film carrier), the LC-display units are extremely thin and
compact.

Features

® CMOS Si-gate technology
® Supply voltage 2.5 Vto 6 V
® Display up to 20 digits, 7 segment
® MUX 4
® On-chip oscillator
® Cursor or blinking selectable
® Selection of one flag per digit available
® 2 different character sets
(0 — 9, 3 bars, blank or
0 -9, 2 bars. A, b, ¢, d, blank)
® 64 pin MICROPACK

Type Ordering code Quantity Minimum | Maximum
per order shipping shipping
unit quantity quantity
(piece) (piece) (piece)

Large quantities

film PSB 7510 |Q67100-Z155 1500...2500 | 100 -

Samples

punched out PSB 7510 Q67100-Z2155-E20 |5 5 50
DIP 64

intermediate PSB 7510 Q67100-Z155-E21 |1 1 5

carrier

For prototyping, limited quantities of components can be delivered as punched out
MICROPACKS, or soldered on a DIP 64 intermediate carrier.

Shipment of large quantities will be on metal film spools (CMOS!).
These film spools are the property of Siemens and must be returned when empty.

As the individual spools do not contain a constant number of components, smaller or larger
quantities are possible as partial shipments of large quantities.

* For assembly instructions for MICROPACKs see page 11
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PSB 7510
(SM 851)

Pin assignment

Pin No. Designation Pin No. Designation
1 Voo 33 OUT C26
2 Vieo 34 OouT C27
3 OUT RO 35 OuUT C28
4 OUT R1 36 OUT C29
5 OUT R2 37 OUT C30
6 OUT R3 38 OUT C31
7 OuT Co 39 OUT C32
8 OuT C1 40 OUT C33
9 OuUT C2 41 OUT C34

10 OuT C3 42 OUT C35

11 OuUT C4 43 OUT C36

12 OUT C5 44 OUT C37

13 OuUT C6 45 OUT C38

14 OuT C7 46 OUT C39

15 OUT C8 47 Ccs

16 OuT C9 48 ADO

17 OuT C10 49 AD1

18 OuUT C1 50 AD2

19 OuUT C12 51 AD3

20 OuT C13 52 AD4

21 OuUT C14 53 RES

22 OUT C15 54 WR

23 OuUT C16 55 WR

24 OouT C17 56 ALE

25 OuT C18 57 BCE

26 OUT C19 58 CRS

27 OuUT C20 59 Vss

28 OuT C21 60 MF

29 OUT C22 61 B/C

30 OuUT C23 62 0OSC 1

31 OUT C24 63 OSC 2

32 OUT C25 64 0OSsC 3
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PSB 7510
(SM 851)

Figure 1
Block diagram

ALE WR WR MF (RS
ADO
AD1 .
AD 2 RAM generator reaiter
AD 3
AD &
t $

BCE TR

cs

BiC %:ﬁ oo enerator Latch

RES 9
0sc1

I Clock

0sC2 0sc )
03 generation

Vss LCD voltage LCD row LCD column

generation driver driver
Voo
I T N
Vi OUTRO0...0UTR 3 0OUTCO...0UTC 39

Functional description
(fig. 1 and pin designation)

The PSB 7510 controls LCDs in a quadruple mux mode.

The inputs ADO...AD4 accept the display address and display data in binary code.
The display address is latched with ALE and used to address an internal RAM. The data
is then stored in the internal RAM using WR control signal (fig. 2). The further translation
of .the display address and data in the RAM is asynchronous to the external control

signals and is done internally using an on-chip oscillator.

In each mux step the character ROM translates the RAM contents and loads the result
into a shift register. At the end of each mux phase the shift register is latched and used to
control the bidirectional switches for the LCD drive signals. The LCD voltages are
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PSB 7510
(SM 851)

generated from the input voltage V.cp by an integrated resistor network. Polarity as well
as magnitude of the actual LCD voltage for the output analog drivers is provided by a
low-resistive switching network.

The IC additionally features underscoring of selected digits by blinking or cursor.
Input B/C selects blinking or cursor and is enabled with blink or cursor enable BCE.

Pin designation

Pin No. Symbol Description
1 Voo Positive supply voltage
2 Vico LCD input voltage
3 OUT RO
¢ Output row drivers
6 OUT R3
7 OuT Co
+ Output column drivers
46 OUT C39
47 CS Chip select
48 ADO
¢ Binary inputs for address and data
52 AD4
53 RES Reset
54 WR Write data latch enable (non-inverting)
55 WR Write data latch enable (inverting)
56 ALE Address latch enable
57 BCE Blink and cursor enable
58 CRS Character ROM select
59 Vss Ground
60 MF Selection of multiple flag
61 B/C Blink or cursor function select
62 0sC1
Oscillator inputs
64 0SC3
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PSB 7510
(SM 851)

Logic type

Positive logic is used

Vop = ““H” high level = logical 1 = positive voltage
Vss = “L” low level = logical 0 = negative voltage

1. Chip select CS
The PSB 7510 responds to external signals only when CS is activated.

2. Reset RES
Reset clears the display and fills the internal RAM with blanks.

3. Address and data input ADO...AD4

The address pending ADO...AD4 is latched with the trailing edge of ALE. After this
address assignment, the display data pending at ADO...AD4 is read into the RAM with
the trailing edge of WR (fig. 2). The inputs use binary code.

Figure 2

cs I I.—
ALE l

ADO ... ; ;
ADA Floating X Address K Data X Floating

4. Multiple flag MF (internal high-resitive connection with Vyp)

When MF = 1, normal data input can be used to set one flag per digit at any desired
position of the display. The character set automatically specified by MF = 1 (set 1)
comprises the characters 0...9, 3 bars and a blank. In this case, the character ROM select
CRS input is “don’t care”.

The selected locations are specified by writing a ““1”” into the unused fifth data bit for this
character set (set I).
When a character with a flag is changed, the flag must also be rewritten.
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5. Select of character set CRS (internal high-resistive pullup resistor)
Input CRS is used to select the character set | or Il, when MF = 0

Set I: CRS =0
Set Il: CRS =1

6. Blink or cursor function select B/C (internal high-resistive pullup resistor) with Vpp.
The input selects whether a digit is to be highlighted in the display by blinking or
by a cursor.

Blinking: B/C = 1
Cursor: B/C =0

When using the blink option with characters with a flag, the flag blinks as well.
The cursor option is not available for characters with a flag.

7. Blink or cursor function enable BCE

BCE = 1 enables the blinking or the cursor function (fig. 3). The address of the
character in the display that is to be highlighted is latched with the falling edge of ALE.
ALE must be followed by a WR signal.

Following data information is “don’t care”.

This function can only be stopped with BCE = 0.

Reset RES has no effect.

Characters can only be changed when this function is disabled. After a character
change, the blinking or cursor address must be given again. The blink or cursor function
is available only for one digit at a time.

Figure 3
Blink/cursor functions switched on

s l L___
BCE E___—J —__\_
ALE I |

X FLoating

ﬁgg Floating X Address Xi Don't care

- Blink/Cursor
function
switched on

—
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PSB 7510
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8. Oscillator inputs OSC 1, OSC 2 and OSC 3

The RC circuitry of these inputs determines the frequency of the oscillator. With an
oscillator frequency of 25.6 kHz, the refresh rate is 40 Hz. (refer to fig. 4).

Figure 4
RC circuitry of oscillator inputs

VSS
o, L 0
0sC1 F
T 62
R, 0stz | . PSB 7510
G 0sC 3
T 6
Suggested values: R=270kQ
G o= L7DF

9. LCD voltage V| cp

This voltage is applied board-externally and is divided by an integrated resistor network
into the optimum interim values.

10. Output drivers
They provide the analog voltages for the LC-display
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PSB 7510

(SM 851)
Maximum ratings
Input voltages Vimax Vbp + 0.3 \Y
Vinin -0.3 \"
Operating range
Supply voltages Voo |25to6 \%
Vss 0 \Y
LCD voltage Vss = Vieo = Vb
Operating temperature Tamb 0 to 70 °C
Display input data
Data Display Address Address code
Set | Set |l
00000 0 0 0 00000
00001 1 1 1 00001
00010 2 2 2 00010
00011 3 3 3 00011
00100 4 4 4 00100
00101 5 5 5 00101
00110 6 6 6 00110
00111 7 7 7 00111
01000 8 8 8 01000
01001 9 9 9 01001
01010 bar above bar above 10 01010
01011 bar center bar center 11 01011
01100 bar below A 12 01100
01101 B 13 01101
01110 C 14 01110
01111 blank D 15 01111
10000 blank 16 10000
17 10001
18 10010
19 10011

Input of an undefined data word causes a blank to be displayed at the respective display
location.

93



PSB 7510
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Figures 5

Liquid crystal matrix organization

l

G
Syt

y2

|1

x1

x2
x3
x4
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Data Store SAB 81C50

2048 Bit Static CMOS Memory (256x8) (SM 852)
Preliminary data MOS circuit
Type |Ordering code | Package outline

SAB 81C50 lQ 67100-Z 156 IDIP 14

The SAB 81C50 is a 2048 bit static random access memory (RAM), organized as 256 words
by 8 bits, manufactured using CMOS silicon gate technology. The multiplexed address
and data bus allows to interface directly with the CMOS 8 bit organized processors
and microcomputers, for example with SAB 8085, SAB 8086, SAB 8088, SAB 8048,
SAB 80C48, SAB 8051 and SAB 80C482. Low standby power dissipation (< 1uA) minimizes
system power requirements.

® 256 X 8 bit organization

® Low power dissipation

o Multiplexed address and data bus
® Single supply voltage 2.5 Vto 6 V
e Tristate address/data lines

® On-chip address register

® Only 1 pA standby current
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SAB 81C50

(SM 852)
Pin configuration Logic symbol
top view
u —
ve O % [] AD2 S —
Rb []2 13[] AD3 M —- Address / Data
WR [:3 12]ADL Bus, 8 bit
SAB WwR —= SAB
ALE [: L 81[50” :] ADS WR 81C50 <:>
s [Os 10[] AD6 ALE —+]
ADO []6 9] AD7
AD1 7 8 (] Vi

Pin designation

Pin No. Symbol | Description

2 RD Read enable

3 WR Write enable

4 ALE Address latch enable

5 CS Chip select (low = active, high = standby state)
6 ..

9 ... 14 ADO...AD7| Address/data lines

1 Vee Power supply (+5V)

8 Vss Circuit GND potential (0 V)

Truth table for control and data bus pin status

CS RD WR | ADO...AD7 during data Function
l ' portion of cycle
H X X floating no function
L L H data from memory read
L H L data to memory write
L H H floating no function
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SAB 81C50

(SM 852)
Block diagram
cS
RD R/W
WR logic
ALE
B Data 256 x 8
8%; Bus RAM memory
buffer array
XY - decoder

Address

latch
Maximum ratings
Ambient temperature under bias Tamb 0to 70 °C
Storage temperature Teg ~55 to 125 °C
Voltage at any pin with respect to GND (Vss) V 0to7 Y
Total power dissipation Prot 250 mw
DC characteristics
Tamp = 25°C; Vec =25Vtob6V; Vgs=0V

iTest conditions | Min. I Max. | Unit

Standby supply current Icc I 1 uA
Operating supply current Icc f=1MHZ 500 uA
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SAB 81C50
(SM 852)

Timing waveforms

Read

ALE I I l |
WR | I
Bus Floating X AddressX Floating X Data X Floating

Bus Floating xAddressX Floating X Data x Floating
s 7] |
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Station Interface Digital (STID) PSB 3530

(SM 339)
Preliminary data MOS circuit
Type ] Ordering code l Package outline
PSB 3530 ] Q 67100—-Y646 | DIC 28
Features

e Digital interface for time multiplexed 2-wire telephone sets
® Data rate 64 Kbit/s

® Outband signaling 8 Kbit/s

® Clock generation for STID, CODEC and uC

® Synchronization to PABX

o Interface between line (burst structure of data), CODEC (PCM), signaling (uC bus)
and data terminal (serial 1/0-port)

® Low radio frequency interference (RFI); fulfills N-12-specification

Application
e Digital telephone sets
® Data terminals with digital links

General description

The Siemens station interface digital (STID) PSB 3530 is a monolithic NMOS circuit. It is
the central interface device for the Digital Telephone Set. It connects the time multiplexed
2-wire line ("’ping pong”’) to the subscriber apparatus.

A block diagram of a digital telephone system using the PSB 3530 is shown in figure 1.
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PSB 3530
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Pin configuration

top view

Ves 1 (] ] 28 xtaLn
PDE 2 [] ] 27 xTAL2
(k256 3 [] ]26 o7
SYNCB 4 [] ]25 o6
Clk2048 5 [] ] 2. s
PCMI 6 [] 23 D4
pcMo 7 [] PSB 3530 ]22 o3
DI0 8 (] 21 02
LacE 9 [] ] 20 o1

% 10 [] ] 19 oo

Lo 1 [] ] a0
R 12 [] 117 WR
RESET 13 [] ] 16 D
A | 15 Vo
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PSB 3530
(SM 339)

Pin designation

Pin No. | Symbol Description
1 Vss GND
2 PDE Power down enable
3 CLK 256 256 kHz clock output
4 SYNC 8 Sync. signal output, 8 kHz
5 CLK 2048 2.048 MHz clock output
6 PCMI PCM input
7 PCMO PCM output
8 DIO Data serial input/output
9 LACE AGC (automatic gain control) to receive/transmit-IC
10 [u} Line input from receive/transmit-IC
11 LO Line output to receive/transmit-IC
12 SR Signaling ready (interrupt for uC, 1 ms)
13 RESET Reset for uC
14 CS Chip select
15 Voo Supply voltage +5V
16 RD Read input
17 WR Write input
18 A0 Address input
19 DO
20 D1
21 D2 8 bit parallel data bus
22 D3 3-state capability
23 D4 for signaling with uC
24 D5
25 D6
26 D7
27 XTAL 2 XTAL terminals 8.192 MHz
28 XTAL 1
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PSB 3530

(SM 339)
Figure 1
Block diagram of a digital telephone system
Speech  Signaling T T
highway highway Analog
4 Receiver Local circuits
T it power
# _E“_"E"_f'_ =L gt supply for
) Feeding extended Cofi
7 0 functions ofl
2 i
o~ Y Y Receiver Data
] 4 ! 7 Transmitter [~ ] PSB 3530 terminal
(Nl
v ‘a_" — pC Bus
Va 2 # pC
CMOS
| # 3 asl LCD
3 driver
Service '
interface Keys LED LCD
Line Trunk Unit (LTU) of a Digital PABX Digital Telephone Set
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PSB 3530
(SM 339)

Functional description

Figure 2 shows the block diagram of the internal circuits of the STID PSB 3530 with the
four bidirectional data interfaces. The PBS 3530 has an on-chip XTAL-controlled oscillator
of 8.192 MHz, from which all clocks for the connected equipment are derived. The PSB 3530
synchronizes with the PABX, stores the incoming burst every 250 us (fig. 3). It also controls
the sync-bit and separates the PCM data and the signaling information. It exchanges the
PCM information with the CODEC every 125 us and the signaling information via a uC bus
every 1 ms in a parallel byte format.

At the serial interface DIO (fig. 3) every 125 us one PCM word from the line and one from
the CODEC are sent to the data terminal. Time interleaved, two words are taken from that
interface for the line and the CODEC and are used in the data operation mode only (fig. 4).
For the transmission to the PABX the STID compiles the 20 bit burst from PCM-, signaling-
and synchronization information.

Figure 2
Block diagram

CLK 256 kHz
(LK 2048 kHz ~ SYNCB
5 3 4
t t 1
XTAL 1 28 )
XTAL 2 27 Osc colr;fgr,i ﬁ 8 Serial ¥0 (DIO)
PSB 3530 _ | -
] egister
Line le— 6 PCMI
LACE 91 control block

1 —‘—} 7 PCMO

8

5 1 2 13 1216 17 1418 19-26
Voo Ves PDE RESET _RD_S uC bus
SR WR A0
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PSB 3530

(SM 339)

Figure 3
Data format and timing

[-— 20 bit —-l

1 N -

2SYNC 2SIGN 1. 2.
BITS PCM WORD

* One burst frame (250 ps) =‘l
256 kHz

| 110 l20 |50 160

LI interface N N

LO interface Ezg;

10 interface NN | NN NN | NN

10+Codec Codec —10 LI — I0 10 — LO I0 —» Codec Codec—»I0 LI ——1I0 I0 —s LO

SYNC 8 I l

|

LRI
2000083952 %020 % %
000003995 % %%}

SRR

Codec interface

Receive m
Transmit m
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PSB 3530
(SM 339)

Figure 4
Operation in PCM and DATA mode

LI LO LI LO
og————= PCMI 1—0 = PCMI
PCMO K—-» PCMO
L | L 1
[ [ by g
g 1 g
= 2 & =g = 2 & g
10 interface 10 interface
a) Data mode b) Speech mode
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PSB 3530
(SM 339)

Maximum ratings

Supply voltage
Operating temperature
Storage temperature
Total power consumption
Input voltage

Electrical characteristics
(Tamp = 0 to 70°C)

Supply voltage
Supply current
Input current

H input voltage
L input voltage
L output voltage
H output voltage

106

l Min. [ Max. l Unit

Voo -0.3 7 \
Tamb 0 70 °C
Tstg —55 125 °C
Pot 1 W
Vi -03 |7 v

Min. Typ. Max. [ Unit
Voo 4.75 5 5.25 \)
Ipp 2 4 8 mA
I 10 nA
Vin 24 \
Vi 0.8 \Y
Vo 0.4 v
Vou 3.5 \"




ICs for Telephone Exchanges







PCM Filter

SM 153

Preliminary data

Type [ Ordering code ! Package outline
SM 153 I Q 67100—Y 606 I DIC 16
Features

® Monolithic device in NMOS, double-poly-Si-technology

@ Transmit and receive filter in one 16 pin package

® Pin-compatible to Intel 2912, Mostek MK 5912, NS TP 3040 (at 2.048 MHz)
No external filter adjustment required

CCITT G 712 compatible

1623 Hz, 50 Hz, 60 Hz attenuation in transmit filter

Anti-aliasing filter in transmit section

Gain adjustment in both directions by external resistors

Power supplies +5V, =5V (£5%)

® Typ. power consumption
130 mW without driver stage
170 mW with driver stage
50 mW in power down mode
® Clock- and control-input TTL-compatible
® Direct interfacing with transformer or electronic hybrids
® Clock 2.048 MHz

® Is designed to be used with the Siemens CODEC SM 61 C, Intel Codec 2910 A/2911 A,

Mostek MK 5165, and others.

MOS circuit
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SM 153

Pin configuration

top view

VEXI+1 ] - ]16 VFxo
VEXI-2]] []15 GNDA
Gsx 3] ] Ne.
VFRO t.f SM 153 [] 1 PON
PWRI 5[] 12 cLk
PWRO+6 | ]1 onoD
PWRO-7 ] ]10 VFRI
Ves 8] ]9 Ve

General description

The PCM filter SM 1563 is a monolithic NMOS circuit containing the transmit and receive

filter and the driver stage. The filter meets the CCITT G 712 recommendations. The device
has a low power consumption and is a low-cost alternative to hybrid filters. The PCM
filter is compatible with the filters Intel 2912, Mostek MK 5912, NS TP 3040 at 2.048 MHz.

Figure 1 shows a PCM system block diagram using the switched capacitor filter SM 153,
a SLIC and the Two-Channel-CODEC SM 61 C.

110



SM 153

Figure 1
PCM system block diagram

1
PCM highway ' :
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SM 153

Functional description
Figure 2 shows the block diagram of the PCM filter and the external connections.

Transmit section

The input stage of the transmit filter consists of an operational amplifier with gain
adjustment (gain = 1+ R,/R;). The input signal on pin VFX| + can be AC or DC coupled.
The internal anti-aliasing filter is a second order low pass filter. A second order high
pass filter, which operates in a switched capacitor technique, rejects low frequency
noise. The fifth order low pass filter in switched capacitor technique operates with
256 kHz clocks. This filter is followed by a second order output smoothing filter. The
transmit filter transfer characteristic in shown in figure 3.

The voltage range of transmit filter output signal is £3.2V. The DC voltage offset is less
than 250 mV. Therefore, it is recommended that the filter output signal is capacitively
coupled to the PCM CODEC SM 61 C.

Receive section

The receive filter consists of a fifth order low pass switched capacitor and a sinx/x
correction network. The receive filter transfer characteristic is shown in figure 4. The
tolerances relate to a typical receive filter transfer characteristic, which is multiplied by
. . . sin (x /8000

the decoder attenuation/frequency distortion ““:(Tm‘)-

The receive filter output stage at VFRO provides a direct interface to high impedance
circuits (RL > 10 kQ). The resistor voltage divider R; and R, is used for the filter gain
adjustment in the receive direction. For a 10 kQ load resistor connected between pin
VFRO and ground the output voltage swing is +3.2V.

Balanced driver stage

The receive filter output can be connected to the balanced driver amplifier stage to drive
low impedance loads. A typical connection of the driver stage is shown in figure 5. With
a load of 600 Q2 connected between the signal outputs PWRO+ and PWRO- the voltage
swing is *5.0V. For reduced power dissipation the driver stage should be deactivated,
when not utilized, by connecting the input PWRI to Vgg.

Power supply
A high level on the power down input (pin 13) sets the PCM filter in the power down mode.

Typical application

Figure 6 shows a typical application of the PCM filter SM 153 in connection with the
PCM CODEC SM 61 C.
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SM 153

Figure 2
Block diagram

Transmit section
VEXI+ LP SC-HP SC-LP LpP
VFXI- Order 2 Order 2 Order 5 Order 2 16 VFXO0
1
GSX | 128 kHz 256 kHz
I - —— == o L e —
{Rz:“i Balanced driver | 2 048 MHz
!' 1 amplifier stage | Clock generator 012 CLK
- |
{L"R || 256 kHz Receive section
11
il :
- — i 7
PWRO+ I i ] 10 VERI
| Order 5 S'xﬂ
|
|
: 13 PDN
|
. |
PWRO-7 | 1 NC.
|
|
|
—c 1
TS PWRL Tk 8 9 1 15
B--LIo3--e--—£II13-4VFRO Vg, V. GNDD GNDA
R, [
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SM 153

Figure 3

Transmit filter transfer characteristics
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SM 153

Figure 4

Receive filter transfer characteristics (when multiplied by sinx/x)
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SM 153

Figure 5
Typical connection of driver stage

VRO |

3 SM 153
PWR1

Ry

R R
________ - s P\r/0+L_—<

Transformer !

R3,R, gain setting resistors L
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SM 153

Figure 6
Typical application: Two PCM filters SM 153 and PCM CODEC SM 61 C

60082
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sV GND D ppE NC. GNDA v GND D ppE  NC GNDA
Output lr 0.1m -y—IZ? nF Input 1
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2.048 MHz| R K PCM BUS
T TP 8 =32
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L 1 to GND A (close to the pins)
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SM 153

Figure 7
Test figure Receive filter idle noise measurement

Pin designation

Pin No. Symbol Description
1 VFXI+ Analog input of the transmit filter
VFXI- Inverting input of the gain adjustment operational amplifier
on the transmit filter
3 GSX Output of the gain adjustment operational amplifier on the
transmit filter
4 VFRO Analog output of the receive filter
5 PWRI Input to the power driver amplifiers for interfacing with
hybrids
6 PWRO+ Non-inverting output of the power amplifiers
7 PWRO—- Inverting output of the power amplifiers
8 "/ -5V + 5% referenced to GND A
9 Vee +5V + 5% referenced to GND A
10 VFRI Analog input of the receive filter
11 GND D Digital ground
12 CLK Clock input, TTL voltage level
13 PDN Control input for the power down mode, TTL voltage levels
14 N.C. Not connected
15 GND A Analog ground
16 VFXO Analog output of the transmit filter
Maximum ratings Min. | Max. | Unit
Supply voltage (relative to GND D) Vis -10 |0 \
Vee -0.3 |10 \Y
Output currents Io —-50 |50 mA
Input and output voltages (relative to GND A) Vi, Vo |-03 |10 \
Operating temperature Tamb -25 |75 °C
Storage temperature Tsg -55 ]1256 °C
Total power dissipation Phot 600 mWwW

All inputs and outputs are protected against static discharges.
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SM 153

DC and operating characteristics
(Veg = -5V * 5%, Vec = +5 V + 5%, fop = 2.048 MHz, T, = 0°C to 70°C)

Power interface Test conditions Min. Typ. Max. Unit
Standby current Igsc PDN = Viy min 9 mA
Standby current Iccc 9 mA
Operating current

power amplifier inactive Igg 1 PWRI = Vg 21 mA
Operating current

power amplifier inactive Iccq PWRI = Vgg 21 mA
Operating current Igg 2 30 mA
Operating current Icc o 30 mA

Digital interface

L input voltage Vi 0.8 \%
H input voltage Vi 2.0 \
Input load current, CLK ho Vin = ViL min 10 Vil max 10 uA
Input load capacitance, CLK Cio 5 20 pF
Input load current, PDN Lo VIN = ViL min 10 ViH max 100 nA

Analog interface, transmit
fiiter gain setting stage

Input leakage current,

VFXI+, VFXI— Igx -22V<Vy<22V 100 nA
Input resistance,

VEXI+, VFXI— Rixt 10 MQ
Input offset voltage,

VFXI+, VFXI—- Vio xi -22V<Vy<22V 25 mV
Common mode rejection, GSX

VFEXI+, VFXI—- CMR -22V<Vy<22V 45 dB
Power supply rejection, V¢c PSRR, 1 kHz 45 dB
Power supply rejection, Vgg PSRR, 1 kHz 45 dB
DC open loop gain, GSX Gvo 66 dB
Open loop unity gain

bandwidth GSX foL 2 MHz
Output voltage swing, GSX Voxi R.= 10 kO +2.5 Y
Load capacitance, GSX Cixi 20 pF
Minimum load resistance, GSX Rix 10 kQ
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SM 153

DC and operating characteristics

(VBB = -5V =+ 5%, VCC =45V + 5%, f(;l_ = 2.048 MHZ, Tamb = 0°C to 70°C)

Analog interface,transmit filter Test conditions Min. Typ. Max. | Unit
Output resistance, VFXO Rox Input op amp at 400 Q
unity gain
Output DC offset, VFXO Vo ox VFXI+ = GND A 250 mV
Load capacitance, VFXO Cix 20 pF
Minimum load resistance, VFXO R x 10 kQ
Output voltage swing, VFXO Vox RL=10kQ +3.2 \%
Power supply rejection, V¢ PSRR; 1 kHz 25 dB
Power supply rejection, Vgg PSRR, 1 kHz 25 dB
Analog interface, receive filter
Input leakage current, VFRI Igr -32VsSVysS 32V 3 uA
Input resistance Rir 1 MQ
Output resistance Ror 100 9]
Output DC offset Voor VFRI = GND A 200 mV
Load capacitance Cr 20 pF
Minimum load resistance Rir 10 kQ
Output voltage swing Vor R.= 10kQ +3.2 \"
Power supply rejection, V¢ PSRR; 1kHz 25 dB
Power supply rejection, Vg PSRRs 1 1kHz 22 dB
Analog interface, receive filter
power amplifier stage
Input leakage current Igra -32V=SVys 32V 3 uA
Input resistance Rira 10 MQ
Output resistance Rogra 1 Q
Output DC offset Voora PWRI = GND A 75 mV
Load capacitance Cira 100 pF
Output voltage swing across R,
PWRO+, PWRO— Vora 1 R, =10k +3.2 Y
single ended connection R.=6000Q +2.9 \
R.=3000Q +2.5 \
Output voltage swing across R,
R, connected between PWRO+
and PWRO—
Balance output connection Vora2 R, = 600 Q +5 \
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SM 153

AC characteristics
(Vg = =5V + 5%, Vec = +5 V + 5%, fo = 2.048 MHz, T, = 0°C to 70°C)

Transmit filter Test conditions Min. Typ. Max. Unit
Absolute passband gain at Gax Gain setting op amp 2.9 3.0 3.1 dB
814 Hz at unity gain, R = «
Attenuation relative to 814 Hz
162/3 Hz ORx 0dBmO 15 dB
50 Hz to 60 Hz output signal = 20 dB
200 Hz 1.55 V,ms at VFXO -0.2 +1.8 dB
300 to 2900 Hz -0.2 +0.2 dB
3000 Hz to < 3400 Hz -0.2 +0.75 | dB
3600 Hz 0 dB
3800 Hz 6.25 dB
4000 Hz 12.5 dB
= 4600 Hz 28 dB
Idle noise, VFXO Nox relative to 1.55 Vs —-79 dBmOp
gain setting op amp
at unity gain,
VFXI+, = GND A
Phase characteristic (GSX to VFXO0):
non inverting

[ = PPN R | P
Receive Tiiter

Absolute passband gain at

814 Hz Gar R = -0.1 0 +0.1 dB

Attenuation relative to 814 Hz ORR

with sinx/x correction
200 Hz 0dBmO0 -0.2 +0.5 dB
300 to 2900 Hz output signal = -0.2 +0.2 dB
3000 to < 3400 Hz 1.55 V,ms at VFRO -0.2 +0.75 | dB
3600 Hz 0 dB
3800 Hz 6.25 dB
4000 Hz 12.5 dB

= 4600 Hz 28 dB

Idle noise Nor relative to 1.55 Vs -79 dBmOp

see fig. 7
Phase characteristic (VFRI to VFRO): inverting
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PCM Filter PEB 2912

(SM 153 B)
Preliminary data MOS circuit
Type | Ordering code ' Package outline
PEB 2912 l Q67100-2158 I DIC 16
Features

® Monolithic device in NMOS, double-poly-Si-technology

® Transmit and receive filter in one 16 pin package

® Pin-compatible to Intel 2912, Mostek MK 5912, NS TP 3040
® No external filter adjustment required

® CCITT G 712 and AT & T D3/D4 compatible including the recommendations
of the 4 wire - set - TMA

162%/3 Hz, 50 Hz, 60 Hz attenuation in transmit filter
Anti-aliasing filter in transmit and receive section

Gain adjustment in both directions by external resistors
Power supplies +5 V, =5 V (+5%)

Low power consumption

40 mW without driver stage

55 mW with driver stage (ievei: 0 dBm, ioad : 600 (1)
<1 mW in power-down mode

Clock- and control-input TTL-compatible
Direct interfacing with transformer or electronic hybrids
1.536 MHz; 1.544 MHz; 2.048 MHz; 2.560 MHz clock

Is designed to be used with the SIEMENS CODEC SM 61 C, Intel Codec 2910 A/2911 A
Mosteck MK 5156, NS TP 3020
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PEB 2912
(SM 153 B)

Pin configuration

top view

VEXT+ 1] . 16 vFxo
vExi- 2]] 115 GND A
asx 3] % cks
VERO 4[] PEB 2912 |1 PON

PWR1 5] 12 cLx

PWRO+ 6] ]1 oNpD
PWRO-7E 10 VR
Veg 8 ]9 v

General description

AR Lle. DED 2019 PN H ~ ir H
The PCM filter PEB 2912 is a monolithic NMOS circuit containing the transmit an

o 7=}
filters and the driver stage. The filter meets the CCITT G 712 and the AT & T D3/D4
recommendations. The device has a low power consumption and is a low cost alternative
to hybrid filters. The PCM filter is compatible with the Intel filter 2912, Mostek MK 5912,
NS TP 3040.

Figure 1 shows a PCM system block diagram using the switched capacitor filter PEB 2912,
a SLIC and the Two-Channel CODEC SM 61 C.
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PEB 2912

(SM 153 B)
Figure 1
PCM system block diagram
__________________________________ 1
PCM highway :
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. filter |
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| N o i filter :
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PEB 2912
(SM 153 B)

Functional description
Figure 2 shows the block diagram of the PCM filter and the external connections.

Transmit section

The input stage of the transmit filter consists of an operational amplifier with gain
adjustment (gain = 1 + R,/R,). The input signal on pin VFXI+ can be AC-or DC-coupled.
The internal anti-aliasing filter is a second order low pass filter. A third order high pass
filter, which operates in a switched capacitor technique, rejects low frequency noise.
The fifth order low pass filter in switched capacitor technique operates with 256 kHz
clocks. This filter is followed by a second order output smoothing filter. The transmit
filter transfer characteristics are shown in figure 3.

The voltage range of the transmit filter output signal is 3.2 V. The DC voltage offset is
less than 200 mV. Therefore, it is recommended that the filter output signal is capacitively
coupled to the PCM CODEC SM 61 C.

Receive section

The receive filter consists of a fifth order low pass switched capacitor filter, a sinx/x
correction network and a second order anti-aliasing filter. The receive filter transfer
characteristics are shown in figure 4. The tolerances relate to a typical receive filter
transfer characteristic, which is multiplied by the

sin 7 (f/8000)

7 (f/8000).

The receive filter output stage at VFRO, provides a direct interface to high impedance
circuits (R, > 10 kQ). The resistor voltage divider R; and R, is used for the filter gain
adjustment in the receive direction. For a 10 kQ load resistor connected between pin VFRO
and ground the output voltage swing is 3.2 V.

decoder attenuation/frequeny distortion

Balanced driver stage

The receive filter output can be connected to the balanced driver amplifier stage to drive
low impedance loads. A typical connection of the driver stage is shown in figure 5. With a
load of 600 Q connected between the signal outputs PWRO+ and PWRO- the voltage
swing is +5.0 V. For reduced power dissipation the driver stage should be reactivated,
when not utilized, by connecting the input PWRI to Vgg.

Clock interface
An external clock is required which supplies the internal clock of 256 kHz.

CLK (Pin 12) | Bits/Frame ‘CLK S (Pin 14)
1.536 MHz 192 Vs, =5 V
1.544 MHz 193 GND D

2.048 MHz 256 Vee, +5 V
2.560 MHz 320 open circuit
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PEB 2912
(SM 153 B)

Power supply

To improve the power supply rejection ratio (PSRR) an internal noise suppression circuit is
provided to reject inband and outband noise on V¢c and Vgg.

A high level on the power down (pin 13) sets the PCM filter in the power down mode.

Typical application
Figure 6 shows a typical application of the PCM filter SM 153 B in connection with the
PCM CODEC SM 61 C.

Figure 2
Block diagram

Transmit section
VEXI+ LP SC-HP SC-LP LP
VEXI-_ 2. Order 3.0rder 5. Order 2.0rder [} VFXO
I
GSX | 256 kHz 256 kHz
R Remmea AT T T T | I s I ]
Vi ne i 2.048 MHz
1,:' amplifier stage I Clock generator 12 CLK
- ' 256 kH -_]_:I
{ i } L—L—L z % CKS
Lo 6e— '
=] |
WR 0+ | |sc-Lp Vi Lp 10 VERI
| |5.0rder Sinx 2.0rder
|
I
: 13 PDN
|
| Power supply
PWR0-7 ge—d : noise suppression
|
|
L |
1

)\
CISPWRT  Th g 9 1 15
. Vs VY GNDD GNDA
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PEB 2912

(SM 153 B)
Figure 3
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PEB 2912
(SM 153 B)

Figure 4

Receive filter transfer characteristics (expanded scale)
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PEB 2912
(SM 153 B)

Figure 5

Typical connection of driver stage

VFRO
R PEB 2912
PWRRI |
R,
Rs PWR 0+
_______ —/
Transformer
——
———————— +
Ry ,R, gain setting resistors
Rs series load resistor
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PEB 2912
(SM 153 B)

Figure 6
Typical application: Two PCM filters PEB 2912 and PCM CODEC SM 61 C

60082

6009 60052
NF
NFT Channel 1 6185'2‘ T Channel 2
Lo NF
3009 ] 30092 k@[] [Joke 3000 m 3009 10k
| o ! '
-5V 20kQ 5y 20kQ
s 17 16 s & B 12 I 8 17 6 |5 & [3 Iz
PEB 2912 O PEB 2912 [s
T9 0 M 1z 3 % 15 |6 9 0 M Nz P33 w15 |16
o 0 * 1 N " 1
GND D pDE CLK'S GND A GND D ppE CLKSGNDA
.
Output —‘EO.WF —IZ.Z nF Input 1
3.3nF 1 2
I_’ _L 0.15pF Input 2
I—ii 0.15 0.1F
330F ] 3] 12l 1] w0 :l:Fs 7 :rsﬂl. 3| 2] 1
SM 61C O
15| 16| 17] 18] 19] 20] 211 22] 23’ 24 25 26] 27] 28
+12V plA PCM -5V 45V
——— GND D PDE
2,048 MHZ ] . PCM BUS
R ne il =
Blocking capacitors are recommended on +5V and -5V
& & to GND A (close to the pins)
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PEB 2912

(SM 153 B)
Pin designation
Pin No. Symbol Description
1 VEXI+ Analog input of the transmit filter
VFEXI— Inverting input of the gain adjustment operational amplifier
on the transmit filter
3 GSX Output of the gain adjustment operational amplifier on the
transmit filter
4 VFRO Analog output of the receive filter
5 PWRI Input to the power driver amplifiers for interfacing with
hybrids
6 PWRO+ Non-inverting output of the power amplifiers
7 PWRO—- Inverting output of the power amplifiers
8 Vs -5V +5% referenced to GND A
9 Vee +5 V + 5% referenced to GND A
10 VFRI Analog input of the receive filter
11 GND D Digital ground
12 CLK Clock input, TTL voltage levels
13 PND Control input for the power-down mode, TTL voltage levels
14 CLK S Clock select input
15 GND A Analog ground
16 VFXO Analog output of the transmit filter
Maximum ratings Min. | Max. | Unit
Supply voltage Ves -10 0 Vv
(relative to GND D) Vee -0.3 10 Vv
Output current Io -50 50 mA
Input and output voltages V., Vo -0.3 10 \%
(relative to GND A)
Operating temperature Tamb ~25 75 °C
Storage temperature Tsg —-55 125 °C
Total power dissipation Piot 600 mW

All inputs and outputs are protected against static discharges.
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PEB 2912

(SM 153 B)

DC and operating characteristics
(Vgg = =BV 5%, Vcc = +5V 5%, ‘ fch < 3:10% T,mp = 0°C to 70°C
Power interface Test conditions Min. Typ. Max. Unit
Standby current Iggc PDN = Viy min 100 uA
Standby current Icce 100 uA
Operating current, power
amplifier inactive Igg1 PWRI = Vgg 4 mA
Operating current, power
amplifier inactive Iccq PWRI = Vgg 4 mA
Operating current Iggy *) 5.5 mA
Operating current Ieco *) 5.5 mA
Power supply rejection of Vgg PSRR; at 1 kHz 40 dB
Power supply rejection of V¢ PSRR, at 1 kHz 40 dB
Power supply rejection of Vgg PSRR; 0 to 160 kHz dB
Power supply rejection of Ve PSRR, 0to 160 kHz dB
Digital interface
L input voltage (exept CLK S) Vi 0.8 \Y
H input voltage (exept CLK S) Vin 2.0 Vv
Input load current Lo ViN = Vit min 10 Vik max 10 uA
L input voltage, CLK S ViLs Vis Vgg+0.5|V
Input intermediate voltage, CLK S Vg GND D 0.2 Vv

-0.5
Hinput voltage, CLK S Vius Vee —0.5 Vee \
Input load capacitance, CLK 5 pF
Analog interface, transmit filter
gain setting stage :
Input leakage current, Igx —-22V<Vn<22V 100 nA
VFXI+, VFXI—
Input resistance, VFXI+, VFXI— Rix. 10 MQ
Input offset voltage, Vioxi -22V<Vn<22V 25 mV
VFXI+, VFXI-
Common mode rejection
VFXI+, VFXI— CMR -22V<Vy<22V 60 dB
Power supply rejection, GSX PSRRs | at1kHz 60 dB
DC open loop gain, GSX Gvo 66 4 dB
Open loop unity gain
bandwidth, GSX foL 2 MHz
Output voltage swing, GSX Voxi R.=10kQ +25 \
Load capacitance, GSX Cixi 20 pF
Minimum load restistance, GSX Ry 10 kQ

*) 0dBm is delivered to 6002 connected from PWRO+ to PWRO —
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PEB 2912

(SM 153 B)
DC and operating characteristics Af
(Vos = —5 V £5%, Vee = +6V +5%, | =% | <3104 T,y = 0°C 10 70°C)
cL
Analog interface,
transmit filter l Test conditions Min. Typ. Max. Unit
Output resistance Rox Input op amp at unity 100 Q
gain
Output DC offset Voox VFXI+ = GND A 250 mV
Load capacitance Cix 20 pF
Minimum load resistance Rix 10 k2
Output voltage swing Vox R .= 10kQ +3.2 \
Analog interface, receive filter
Input leakage current IR -3.2V< V<32V 1 nA
Input resistance Rir 10 MQ
Output resistance Ror 100 Q
Output DC offset Voor VFRI = GND A 200 mV
Load capacitance Cir 20 pF
Minimum load resistance Rr 10 kQ
Output voltage swing Vor R . =10kQ +3.2 \%
Analog interface, receive filter
power amplifier stage
Input leakage current Igra -32V<Vy<32V 3 uA
Input resistance Rira 10 MQ
Output resistance Rogra 1 Q
Output DC offset Voora PWRI = GND A 50 mV
Load capacitance Cira 100 pF

Output voltage swing across R
PWRO+, PWRO— Vora 1 R = 300Q +3.2 \%
single-ended connection
Output voltage swing across R
R. connected between PWRO+
and PWRO—-

Balanced output connection Vora2 R, =600Q +6.4 \Y
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PEB 2912
(SM 153 B)

AC characteristics

(VBB = "5V + 5%, VCC = +5V is%,

Transmit filter

Absolute passband gain at 1 kHz

Attenuation relative to 1 kHz

0 to 60 Hz

180 Hz

300 to 3000 Hz

3400 Hz

3600 Hz

4000 Hz
= 4600 Hz
Cross talk, attenuation
receive to transmit at 1kHz

Idle noise, measured with 8 kHz

sample and hold section

(section connected to VFXO

and gain setting op amp at
unity gain)
Absolute delay at 1 kHz
Group delay distoration
500 Hz
600 Hz
1000 Hz
2600 Hz
2800 Hz
Phase characteristic

Receive filter

Absolute passband
gain at 1 kHz

Attenuation relative to 1 kHz

with sin x/x correction
0 to 3000 Hz
3400 Hz
3600 Hz
4000 Hz
= 4600 Hz
Cross talk, attenuation
transmit to receive
Idle noise
measured at VFRO
PWRO+ and

PWRO- connected at unity gain

Absolute dalay at 1 kHz
Group delay distortion
500 Hz
600 Hz
1000 Hz
2600 Hz
2800 Hz
Phase characteristic
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A,CffL < 3-10%, Tomp = 0°Cto 70°C, R = 50 kQ)
Test conditions Min. Typ. Max. Unit
Gax Gain setting op amp 2.9 3.0 3.1 dB
at unity gain
OLRx 0dBmo0 +25 +30 dB
output signal = 0 +1 dB
1.55 V,,,s at VFXO -0.125 +0.125| dB
-0.125] +0.1 +0.65 | dB
0 dB
+14 dB
+32 dB
CTgr +70 dB
Nro relative to 0.775 Vs —785 [ —77.5 | dBmOp
12 13 dBrnCO
relative to a —84.5 [ -83.5 | dBmOp
transmission level at 6 7 dBrnCO
+6 dBm, see fig. 7
Dax 180 195 us
Dpx
200 250 us
130 150 us
50 85 us
50 85 us
80 150 us
(GSXto VFXO): inverting
Gar R = —0.1 0 +0.1 dB
ORR
0dBmO
output signal = -0.125 +0.125| dB
1.55 Vs at VFRO —0.125| +0.2 +0.65 dB
0 dB
+14 dB
+40 dB
CTmw +70 dB
Ngro relative to 0.775 Vs —-78.5 | =775 dBmOp
see fig. 8 12 13 dBrnCO
relative to transmission —84.5 | —83.5 | dBmOp
level of + 6 dBm 6 7 dBrnCO
see fig. 9
Dagr 130 140 us
Dpg
0 20 us
0 20 us
5 50 us
85 100 us
110 150 us

(VFRIto VFRO): inverting




PEB 2912
(SM 153 B)

Figure 7
Test figure Transmit filter idle noise measurement

NTO
8kHz T

VFOX

Transmit filter

Figure 8

Test figure Receive filter idle noise measurement

@/NRO
VERI VFRO

! Receive filter

I

GND A
GND A

Figure 9

Test figure

Receive filter idle noise measurement
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Two-Channel PCM CODEC SM 61 C

MOS circuit
Type |0rdering code 4] Package outline
SM 61 C 1067100—2140 !DIC 28
Features

® Two-channel CODEC in one 28 pin package

® CCITT G 711 and G 732 compatible

® A-law or p-law-companding possible, pin selectable

® 8 kHz sampling rate for two analog channels (16 kHz for one channel possible)
e Digital interface TTL-compatible (2.048 MHz- tristate-PCM output)

® On-chip temperature-compensated voltage reference

® Autozeroing

® +5% power supplies: +12V, +5V, -5V

® Total power consumption: 200 mW
Standby power: 20 mW
® Cross talk suppression

® Simple control-logic; only one frame-synchronization pulse required

General description

The Siemens CODEC-system SM 61 C is a monolithic bipolar and an NMOS circuit; it codes
and decodes signals in the voiceband range. The main application is in Pulse Code
Modulation (PCM 30/32) systems.

Designing the codec for two channels reduces the device count to one half per channel.

The NMOS-part contains the timing control, the input- and output-sampling circuits,
the PCM register, the digital compressor and expander for A-law and p-law, the D/A
converter, the crosstalk suppression circuit and the autozero controls. The bipolar part
contains the reference-current generator, the current-volltage converter, the comparator
and two additional buffers (op amps).

A block diagram of a PCM system using the SM 61 C, is shown in figure 1.
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SM 61 C

Pin configuration

top view

Vies 1] I
dIN2 2 ] ] 27 our
-INz 3 ] ] 26 -INt
outz 4 ] []25 «Nt
ANz 5] ] 2s poe
aUT € 6 ] IERA
INeaP 7 [] SM 61 C 22 v
GNDA 8 [] 21 GND D
AN 9 ] ] 20 pcM our
AUT v 10 ] 19 Poman
N ] 8
out v 12 [] v sy
AOUT2 13 E 16 N pia
A OUT1 14 E 115 Ve
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SM 61 C

Pin description

Pin No. Symbol Description
1 Vet Output of the reference voltage, ref = 1.25 V,
temperature-compensated
2 +IN2 Non-inverting input
3 —IN2 Inverting input op amp2
4 0ouUT2 Output
5 A IN2 Analog input for channel 2
6 AUT C Connection for automatic zero capacitor C, (0.1 uF);
compensates the comparator offset down to 0.1 mV
7 IN CAP Connection for the input hold capacitor C, (2.2 nF, low
impedance)
8 GND A Analog ground, reference for all analog signals
9 A IN1 Analog input for channel 1
10 AUT CV Connection for automatic zero capacitor C; (0.1 uF);
compensates the current-voltage converter offset down to
0.1 mV
11 IN CV Inverting input of current-voltage converter
12 OuUT CV Output of the current-voltage converter
(can be discharged before automatic testing)
13 A OUT2 Analog output for channel 2 .
14 A OUT1 Analog output for channel 1 (PAM signal)
15 Veg Supply voltage +12 V 5%
16 IN w/A Input for selecting the companding law;
low-level = u-law; high-level = A-law
17 INSY Input for the synchronizing pulse which controls the converter;
duration at least one period of the 2.048 MHz clock;
negative going edge synchronizes with internal time slot 0.
18 CLK 2.048 MHz clock = frequency of bit sequence, duty cycle 50%
19 PCM IN Input from PCM highway serially at 2.048 MHz
20 PCM OUT Output to PCM highway serially at 2.048 MHz
21 GND D Digital ground; reference for all digital signals
22 Vss Supply voltage —5 V +5%;
23 Voo Supply voltage +5 V +5 %;
24 PDE Power down enable; high level = power-down mode
25 +IN1 Non inverting input
26 —IN1 Inverting input op amp 1
27 OuUT1 Output
28 Lot Input of the reference current generator, resistor R, between
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Figure 1
PCM system block diagram
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Functional description

Figure 2 shows the block diagram of the internal circuits of the Siemens CODEC and the
necessary external connections. These are the sample and hold capacitor C;, two autozero
capacitors C,, C; and two resistors R;, R, which determine the output level.

Figure 2 and the timing diagram (fig. 3) are used as a basis for the following functional
description of the CODEC.

In the Pulse Code Modulation time multiplex system PCM 30/33 specified by CCITT, the
bandwidth limited voice signals are sampled at 8 kHz.

The bitrate of PCM 30/32 is 2.048 Mbit/s, allowing time multiplexing of 30 voice and
2 signaling 8 bit PCM words. The coding of the analog signals into digital data and
the corresponding decoding are performed according to nonlinear companding
characteristics. This means that the analog to digital conversion is made by compressing
from 13 bit to 8 bit code and the digital to analog conversion by a corresponding 8 bit
to 13 bit linear code expansion, resulting in a signal to noise ratio improvement when
considering the whole dynamic range.

The p-and A-encoding laws are shown in table 1a, 1b, 2a, 2b. With the Siemens
CODEC SM 61 C system the desired conversion law is pin-selectable.
The CODEC SM 61 C includes only one D/A converter with a temperature-compensated
current reference, a current splitting R/2 R network and a current to voltage converter.
This D/A converter, when combined with a comparator, a sampling capacitor and a
succesive-approximation register, serves as the A/D converter as well.

Timing
The timing diagram (fig. 3) shows the coding of two subscribers during one frame of 125 us.

The synchronization pulse INSY allocates the channel numbers of the subscribers on the
PCM highway and starts the internal timing of the CODEC SM 61 C (time slot 0).

The PCM words for subscriber 1 are shifted in and out from the PCM highway during
time slot 0 and for subscriber 2 during time slot 16.

The autozero-logic for the comparator and current-voltage converter compensates both
offset voltages to less than 0.1 mV and suppresses any interface between the two
channels.

The crosstalk suppression circuit forces the CODEC to transmit the zero code, if the last
analog samples were smaller than the second-decision value.
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Figure 2
Block diagram
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Figure 3
Timing diagram
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Table 1a
A-law: positive input values (CCITT G 711)
Segment|{Number of| Value at | Decision | Decision Character signal Value at | Decoder
number ! intervals x! segment value lvalue x, (1) before inversion of | decoder output
interval size|end points| number n the even bits output value
yn (3) number
Bit number
123456738
4096 (128) (4096)
17111111 11— 4032 128
127 39'68 . . [
1 - i
7 16 x 128 : \ L () : !
113 2176 ' ' !
’ 1711100001~ 2112 113
2048 112 2048 T | \
| i [ ! |
6 16 x 64 ! | @ | |
97 1088 : ! |
1110000 0—- 1056 97
1024 96 10,24 ; | |
i | i
1 I 1
5 16 x 32 | ! @ : |
81 544 : :
11010000~ 528 81
512 80 512 T I |
| i 1 1 ]
4 16 x 16 ! | p@ | |
65 272 : ! !
17100000 0— 264 65
256 64 2§6 | 1 [
1 1 1
| | ]
3 16 x 8 I ! c @ : .
49 136 ! !
170110000~ 132 49
128 48 128 T . ,
| i I I ]
2 16 x 4 ! | p@ | |
33 68 ! !
17010000 0|- 66 33
64 32 64 . | |
1 1 | 1 I
1 i I 1
1 | : I I
1 I | I I
‘ ’ L) ! '
1 32 x 2 : : ) : |
1 | ! I :
1 1 ! i I
1 i : I 1
1 2 | |
10000O0O0O|- 1 1
0 0

Notes:  1): 4096 normalized value units correspond to T = 3.14 dBmO
2): The character signals are obtained by inverting the even bits of the signals of column 6. Before this
inversion, the character signal corresponding to positive input values between two successive decision
values numbered n+1 (see column 4) is (128+n) expressed as a binary number.

3): The value at the decoder output is y, = 5-““—;’(—"
forn=1,.... 127, 128
4): X158 is a virtual decision value
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Table 1b
A-law: negative input values (CCITT G 711)
Segment| Number of| Value at | Decision | Decision Character signal Value at | Decoder
number | intervals x| segment value |valuex, (1) beforeinversion of | decoder output
interval size| end points | number n the even bits output value
Yn (3) number
Bit number
12345678
0 0
00000O0OO|--1 1
1 -2 . 1 l
' ‘ ! i |
1 32x2 | | ! | |
| l ) (2) | |
1 I Il 1 1
| 1 1 i I
1 1 | 1 1
-64 32 —64 ! !
0010000 O - 66 33
33 —68 . . \
2 16 x4 : : | . \ i
I i : (2) : :
—128 48 -128
0011000 0--132 49
49 -136 | |
3 16 x 8 | ) ! K '
I I L@ ! !
| U
—256 64 —256 ' ' '
0100000 O0|--264 65
65 —272 ; \ \
4 16 X 16 : \ | 7 |
| o : (2) : :
-512 80 -512 -
; 0101000 0} -528 81
81 —544 l 1
5 16 x 32 \ | : | |
| l X (2) : :
1 |
—-1024 . 96 —-1024 L l |
0110000 O —-1056 97
97 -1088 ; . -
6 16 X 64 X . | ) )
1 | : (2) | i
1 |
—2048 112 —2048
0111000 0} -2112 113
113 -2176 | | |
' I
7 16 x 128 l 1 L) : !
1 | ,
127 —3968 ! !
01111111} -4032 128
—4096 (128) (—4096)
Notes:  1): 4096 normalized value units correspond to T« = 3.14 dBm0
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3

a4

):

The character signals are obtained by inverting the even bits of the signals of column 6. Before this
inversion, the character signal corresponding to negative input values between two successive decision
values numbered n+1 (see column 4) is (128+n) expressed as a binary number.

forn=1,....

: The value at the decoder output is y, =
127,128

: X128 is @ virtual decision value

Xn-1 + Xn
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Table 2a
u-law: positive input values (CCITT G 711)
Segment| Number of| Value at | Decision | Decision Value at Decoder
number | intervals x| segment value value x, (1) decoder output
interval size| end points | number n output value
Ya (3) number
Bit number "
1234567 8
8159 (128) (8159)
17000000 Of- 8031 127
127 7903 . .
8 16 x 256 ! ! - ! !
| | ! | |
113 4319
10001111 4191 112
4063 112 4063 | | i
1 I ] |
| | ! | l
7 16 x 128 > ' G : !
97 2143
100111 11— 2079 95
2015 96 2015 i ,
| Ml ! | |
|
6 16 X 64 ; ! L@ ! !
81 1055 |
10101111 1023 80
991 80 991 . ' !
i | | |
| | ! | l
5 16 x 32 r ' @ ! :
65 511
1011111 1}— 495 64
479 64 479 | |
| | ! | 1
1
4 16 x 16 \ | ;@ ! !
49 239
1100111 1)- 231 48
223 48 223 . 1 1
1 | 1
1 I : (2) : 1
3 16 x 8 ! ! X ! !
33 103
11011111} Q9 32
95 32 95 - | :
| | : 1 |
2 16 x4 : : , @ : !
17 35 1
11101111 33 16
31 16 31 : | 1
1 I 1 I
I 1 ! ] l
1 15X 2 I I ! (2) ! :
2 3
1 1 117111110 - 2 1
\L 1x1 11111111
0 0 — 0 0

Notes:  1): 8159 normalized value units correspond to Trax = 3.17 dBm0
2): The character signal corresponding to positive input values between two succesive decision values
numbered n and n+1 (see column 4) is (265—n) expressed as a binary number.

3): The value at the decoder outputisy, = X, = 0 forn = 0and y, = Z(-"LZ"*—L
forn=1,2,.... 127
4): xq2g is a virtual decision value
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Table 2b
u-law: negative input values (CCITT G 711)
Segment| Number of| Valueat | Decision | Decision Value at | Decoder
number | intervals x| segment value value x, (1) decoder output
interval size| end points| number n outbut value
Ya (3) number
Bit number
234567
0 0 0 0
1x1 111111 ! |
1 -1 | |
1 2 3 111111 — - I2 |1
15 x 2 | r , | |
l i ) (2) ! |
-31 16 -31 ‘ '
17 . 110111 - — 33 16
2 16 x 4 K o 1 \ !
. . e . |
-95 32 -95 ! !
23 i03 101111 - — ?9 ??2
3 16 x 8 | T , | |
! ! I (2) ! !
-223 48 223 ‘ '
100111 — —231 48
4 16 % 16 49 ~439 ! : !
I
| : L2 i |
—-479 64 —479 [ |
65 511 o111 11 - - 4[95 6;4
5 16 x 32 | - , | |
! ! | (2) ! !
—991 80 -991 ' :
81 1056 010111 — —1023 80
6 16 x 64 . o i | !
| | | (2) I |
—-2015 95 —2015 T ! !
97 2143 001,111 — —2979 9‘6
7 16 x 128 | 4 : | |
| | | (2) ! !
—4063 112 —4063 ' ‘
: 000111 — —4191 112
113 -4318 ‘ | |
] 1 | (2) I 1
I 1 I 1
8 16 x 256 126 7647 ! , ,
00 000 — —7775 126
127 —7903
00 000 — —8031 127
-8159 (128) (—8159)
Notes:  1): 8159 normalized value units correspond to Tpax = 3.17 dBm0
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3
4

):

The character signal corresponding to negative input values between two successive decision values

numbered n and n+1 (see column 4) is (127—n) expressed as a binary number for n = 0.1,...127.
forn=1,2,...127

I X128 is @ virtual decision value

: The value at the decoder outputis y, = X, = 0 forn = 0and y,

_ Xp o+ Xp+1
2
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Maximum ratings Min. Max. | Unit
Supply voltage (relative to GND D) Vea -0.3 15 \%
Voo -0.3 10 Y
Vss -10 0 Vv
Output current of op amps Io —-30 30 mA
(opamp 1, op amp 2, CV)
Differential input voltage of op amps Vi -8 8 \%
Input voltage of op amps and comparator Vi Vss Voo Vv
(relative to GND A)
Input voltage digital Vio -0.3 18 \"
Output voltage digital Voo -0.3 18 \%
Input voltage digital PDE Vepe -0.3 8 \Y)
Operating temperature Tamb —-25 75 °C
Storage temperature Tstg —-55 125 °C
Junction temperature T; 125 °C
Thermal resistance (junction to ambient) Rihia 50 K/W
Total power dissipation Phot 600 mw

Operating characteristics
(Vss= —5V 5%, Vop = +5V £5%, Vg = 12V £5%, fo. = 2.048 MHz, T, = 0 to 70°C)

Power dissipation | Test conditions | Min. | Typ. | Max. | Unit
Standby current Isco 0 1.5 3 mA
Standby current Ippo 0 100 200 uA
Standby current Isso -1.7 -1.0 0 mA
Operating current Iga 7 10 16 mA
Operating current Ipp 4 6 10 mA
Operating current Isg) -1 -7 —6 mA
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Operating characteristics

(Vss = —5V + 5%, VDD = +5V i5%, V(_:,G = 12V + 5%, fCL = 2.048 MHZ, Tamb = 0 to 700C)

Digital interface

L input voltage
(CLK, INu/A, INSY, PCM, IN, PDE)

H input voltage
L output voltage
H output voltage

Input capacitance

(CLK, INSY, PCM IN)

Input capacitance

(PDE, INu/A)

Input current (PDE, INu/A)

L level

H level

Input current (CLK, INSY, PCM, IN)
L level

H level

Subscriber analog interface

Daogictanca of samn
ar T

Resist samplers

(AIN1, AIN2, AOUT1, AOUT2)
Input voltage range

(A'IN1, AIN2)

Acquisition time
(AIN1, AIN2, AOUT2)

Output voltage
(AOUT1, AOUT2)

Analog interfaces

Reference current generator (/,.;,

Reference voltage
Temperature coefficient of V¢
Input offset voltage
Comparator

Input bias current

Remaining input offset voltage
(compensated by autozero)

Input common mode range
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Test conditions Min. Typ. Max. Unit
Vi 0.8 Y
Vin 2.0 Voo Y
Voo Ior =2mA 0 0.2 0.4 \%
Vou Io. = 0.2 mA 3.5 Voo Vv
C Vi=5V,f=1MHz 2 pF
C Vi=5V,f=1MHz 5 pF
Iy V=0V —-100 uA
I Vin = Vop 1 uA
Iy V=0V 1 uA
I Vin = Vop 1 uA
Ron 50 150 200 Q
Rore 200 MQ
v Vss+1.5 Vop—1.0 |V
taq 3.9 3.9 us
Vo PAM signal with | Vgs+1.8 Vob—1.8 | V

3.9 us pulse-

width
vref)
Viet 1.2 1.25 1.3 \
TC —-200 0 250 ppmK*
Virer 0 I 13 20 mV
Iincap,
Iautc 30 nA
VIN caP
Vautc -0.1 0.1 mV
Vin car,
Vautc Vss+1.5 Vop—1.0 |V
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Operational amplifier current voltage converter

Test conditions Min. Typ. Max. Unit

Input bias current . 1 10 30 nA
(+IN1, —IN1, +IN2, —IN2,
IN CV, AUT CV)
Input offset current +1os 10 nA
(+IN1, —IN1, +IN2, —IN2) —los
Input offset voltage +Vos -10 10 mV
(+IN1, —INT, +IN2, —IN2) ~Vos
Remaining input offset voltage Vincv -0.1 0.1 mV
(IN CV) compensated by autozero —Venpa
Input common mode range +V Vss+ 1.5 Vpp—1.0 | V
(+IN1, —=IN1, +IN2, —IN2) -V
Voltage gain (op amp 1, op amp 2, CV) Gy 60 75 dB
Output voltage range Vo1, Vo2 Vss+1.8 Vop—1.8 |V

Vocv
Output current Io -20 20 mA
Slew rate dVp /dt 2 V/us
Settling time ts settling time (1%) 0.5 us
(OUT1, OUT2, OUT CV) Gy =1
Timing specification (fig. 4)
Clock CLK 2.048 MHz
Clock period touy 488.3 ns
Clock rise and fall time t, t; | | | 20 ns
Synchronizing pulse input INSY
Delay time tsvp ’ I I 50 | ' ns
L pulse width twi 0.5 | 124 us
PCM IN
New data setup tos ' 100 I 150 I I ns
Hold time th 50 ns
PCM OUT
Delay time to 100 150 ns
Rise time trin 200 pF load 100 ns
Fall time triL | 200 pF load | | 1 100 I ns
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System characteristic (half-channel conditions)

Gain tracking encoder

Gain tracking decoder

Signal-to-total distortion
Idle channel noise

Cross talk (f = 0.3—3.4 kHz)
between the two channels
between the two decoders

Input level (at 11, 12)
corresponding to 0 dBm 0

Digital milliwatt

response at approx. 800 Hz DmwW
(at 1000 Hz according to CCITT G 711

requires sin x/x correction)

Test conditions l Min. | Max. Unit
4G —40dBmO0|) input I -0.3 +0.25 dB
—50dBmO | level —0.55 +0.5 dB
for other values see figure 5
4G —40dBmO0| input , -0.25 +0.3 dB
—50dBmO0 | level -0.5 +0.55 dB
for other values see figure 5
Encoder Decoder
S/D figure 6 figure 7
Nic max. —67.4| max. —77.6| dBm Op
typ. —95 typ. —85 dBm Op
max. —70 dBm 0
typ. —76 dBm 0
max. —76 dBm 0
typ. —80 dBm O
Min i Typ- i Max
G, 595 |6.05 |[6.15 |dBm?"

Load dependence of outputs A OUT1, A OUT2

5.59 5.69 5.79 dBm?

figure 9

" Using external reference voltage of 2.49 V and 1 MQ load, selective measurement at A ouT1,

A OUT2 fig. 8.

? Using coupling capacitor 0.15 uF and external reference stage of 2.49V, f = 814 Hz fig. 8.

"2 T, = 25°C, AOL = 2.5
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Figure 4
Timing diagram
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Gain tracking 4 G for encoder and decoder "
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Figure 6

Signal-to-total distortion S/D for encoder
(level —3 dBmO to —45 dBm0 with band-limited noise, level <—45 dBm0 with sine wave)
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Figure 7
Signal-to-total distortion S/D for decoder
Measured with band-limited noise
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Figure 8

Schematic diagram for measurement of nominal levels
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Load dependence of outputs A OUT 1, A OUT 2
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Figure 10
Typical application

+12V. -5V +5V
0.22yF
F—HF* 0.1pF
"_‘ 0.1pF
15 22 23
Analog
; 25 SS DD 28 11.3kQ
input IN1
ch?:nnel 1 * TRet TC'V
261 TOJSpF
27
0UT1
otsuF Al
Anal “ AINT + 249V
oS?p?J% 14 A OUT1 Ext. ref.
channel 1 _L 130 voltage
s 121 gyt cv
%3kQ 4
SM 61 C
A IN OV
4 aurc
100nF
L P T AL
Analog .
i 2 20 PCM highway
input l PCMOUT]
ch%nne[ 2 +IN2 output
3 N2 PCMIN |19 PCM highway
input
L 16
uT2 A =
015 uF 0 H
‘"_5 AIN2 - 24
Analog 3
output 2 AOUT2
channel - AUT CV INCAP GNDA GNDD
3n

1
I

@A

154

8 il

E
01pF [2.2nF




Frame Aligner Module PEB 2030

(SM 300 B)
Preliminary data MOS circuit
Type Ordering code l Package outline
PEB 2030 Q67100—-Y 785 l DIC 24
Features

@ Detection of frame alignment signals for PCM 30 highways in accordance with CCITT
recommendation G 732

® Delay compensation and clock alignment between transmission line and exchange
® Compensation of phase jitter up to 60us

@ Detection and initiation of route alarms (AIS, service word)
e Indication of loss of frame alignment

® Slip detection

® Error simulation for test purposes

e Digital interface TTL-compatible

Applications

The PEB 2030 frame aligner module is used for interfacing PCM 30 routes with PCM
switching networks.
Its main applications are as follows:

@ In muitiplex units for PCM transmission routes
® In concentrators and subscriber multiplexers at one end of PCM routes
® As an interface between PCM routes and public and private PCM switches (DIU)

® For delay compensation between switching stages (e.g. Swiss Post Office IFS design
concept)

General description

The Siemens frame aligner module PEB 2030 is a monolithic NMOS circuit. lts main
application is detection of frame alignment signals of PCM 30 routes according to CCITT
recommendation G 732 and the clock adjustment with delay compensation between PCM
routes and PCM switches.

An incorporated buffer enables the PEB 2030 to compensate phase jitter up to 60us.
Route alarms can be challenged by a bidirectional data interface.
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Pin configuration
top view

Vo FP IN BB B7 B¢ BS B4 B3 B2 B1 P

2623 22 21 20 19 18 17 16 15 14 13
A A rAacarararararer,

l]ll]llliJ

Pin designation

Pin No. Symbol Description
! DB 1 Data interfaces
2 DB 2
3 SP Synchronous pulse
4 R/W Direction of data transfer
5 PE Alarm port enable
6 RCL Route clock
7 SCL Station clock
8 BI Buffer inactive
9 SCT Station counter trigger pulse
10 CE Chip enable
11 SO Serial output
23 FP Fault pulse
22 IN PCM input
14 B 1
: Parallel outputs
21 B 8
13 P Parity bit
12 Vss Ground (0 V)
24 Vbb Supply voltage (+5 V)
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Block diagram

PCM
Input SPFP
L

WP B
RCL—J >La 8+1 g+1 |32 841 |

st 1
E 5 T L——#—0—= S0
] |
RIW
oE AP coc 1
2 I 1
T 1 1 T
DB1,DB2 BI 57 SCcL

FA Frame alignment
AP Alarm port

B  Buffer

COC Coincidence circuit
FM Frame memory

Functional description

The PEB 2030 module is fabricated using the n-channel depletion technology.

The module, connected to a PCM 30 line, and the associated input clock (route clock RCL),
are synchronized with the PCM frame in accordance with CCITT recommendation G 732.
In the stable condition the module supplies 488 ns synchronous pulses (SP) at a bit rate
of 4 Kbits/s which identify the beginning of the PCM frames containing the bunched frame
alignment signal (FAS). During the synchronizing phase and in the event of frame alignment
being lost, the synchronizing pulses are are suppressed and a 2 us fault pulse FP is delivered
every 250 us. When a synchronized state exists, such a fault puise appears only if an FAS
is not recognized.

On the output side the PCM information can be read out in serial and in parallel form. For
this purpose, a reading clock (SCL) and a 488 ns reading synchronizing pulse (SCT) must
be applied at 250 us intervals to fix the beginning of the frame. The module supplies a
parity check bit (even parity) to each PCM word via a tri-state output which is activated by
a chip enable (CE) in the same way as the tri-state outputs for the parallel information.
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An alarm flipflop (FA Alarm) in the module is set in the event of frame alignment loss, route
timing loss or loss the CE or SCT signals. The alarm bit is recorded in another flipflop in
the service word (bit 3), whereas a third flipflop stage is set when logic ‘1’ signals are
received by the PCM route for the duration of two frames (Alarm Indication Signal AIS).
A further flipflop is set when a slip of the frame occurs. The alarms are polled via a
bidirectional data interface. The alarm circuits can be triggered and reset for test
purposes via the data interface.

Pin description

Symbol Function Description
1. Supply
Vob +5V +5% Power consumption 300 mW
VSS 0 V
2. PCM interfaces
IN PCM input Information bit from one
negative RCL edge to the next.
RCL 2.048 MHz =50 ppm Route clock
B1... B8 256 Kbit/s Parallel PCM output information
B1 = most significant inf. bit
P 256 Kbit/s Parity bit (even parity)
SO 2.048 Mbit Serial PCM output. Bit sequence with decreasing
significance.
SCL 2.048 MHz Station clock. Information bits from one neg. SCL
edge to the next.
3. Control signals
SCT 4 Kbit/s From one neg. SCL edge to the next.
width 488 ns Frame begins at pos. SCT edge.
SP 4 Kbit/s From one neg. RCL edge to the next.
width 488 ns Frame begins with FAS at pos. SP edge.
BI Continuous signal Bl = 1 or not connected: Buffer inactive
FP Width: Fault pulse delivered for every undetected FAS or
4x488 ns = 1.95 us every 250 us in the event of frame alignment loss.
CE 256 Kbit, with 488 ns | Chip enable controls outputs B1 to B8, P
or continuous level low-impedance. The CE must be active during the
SCT, so that the SCT supervision by station counter
is not impaired.
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4. Data interface Write

DBl ————-- '1 J ------ DBI input timing (Write)
_____________ tw > 1Tus

twe > 100 ns

toe > 100 ns

|
|

| ; I
PE i 1 L__I+-:—— tew > 50 ns
: |I : | : | tep > 150 ns
|
Lo [
[ — fw _’: I :
| | | |
:_"er"— _.‘lfgw“—:
| |
— fDE -— —l fm t—
Read
RIW  ————m——— J L “““ DBl outputtiming (Read)
"""" | - tewr > 100 ns
PE ————4'—-[ { 0.8 <tgan <1.2us
: N | C_. = 300 pF
-------- e ————- tear > 160 ns
DB] =——————— I'—-:-Jl | :lL____ twe > 100 ns
|
| | oy
i
l_"l fean == _"!'EAIP“_
—elf |- —olf
WE EWR

Data transfer direction

R/W = 1 read alarm port

R/W = 0 write alarm port

Alarm port enable

bidirectional data interface for command
acceptance or alarm signaling:

DB2 DB1

0 0 Command: poll FA alarm, AIS alarm

0 1 Command: poll B3 of the service word, Slip alarm
1 0 Command: reset alarm flipflop

1 1 Command: failure simulation

AIS alarm FA alarm

Slip alarm B3 alarm

Alarms are signaled as log. ‘1"
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Pulse diagram

Delivery of synchronous pulse SP in synchronized state

>l Channel 0 »e«— Channel 1 ——

Tetr ] 21 31 &1 51 ¢ 1 71 8 1 11 21

Delivery of fault pulse FP in the event of erroneous frame alignment signal

RCL /T /\
(R A W SN v VY
FP —
i
l,- Channel 0 e Channel 1
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Pulse diagram
Output signals (B1 to B8, P) as functions of the station trigger pulse SCT and chip enable CE

so —_—_C—_\_—J | j._____
Channel 0 Channel 1—

e -
e \—/ —
Bl e/ -
BZ;\__I | W—
B3 "\

Bt ™\ N
BS "\ 7/ \
B6 "\ ) U
BT ™\

B8 ™\ A
P

hunne&.’ﬁl——— High impedance

0

|e—High impedance —

K
——| Channet 0 ,‘*
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Loss of frame alignment due to bit falsification on the PCM route

RSMSRSMSRSMSRSMSRSMSRSMSRSMSRSMSRSMSRSMSRSM

IN Lallalnlnalnlnfinhnlnalkolalolanlnflalndallnlanlanlal
FP N | || N N
Sp ] U I 1] ] U

AIS OUT J

I /ll\

Erroneous FAS(R) o ofTIWofTM Correct FAS Lo of T, Tl 1

RCL "U'IJ'U'UU'IJU'lﬂﬂ_I'U'U'LFL RCL f
ik U'LJ'LI'IJ'U'LI'I.I'UH!J%I;LE__I

PA SO —Ki AIS PA,SQ AIS l:—— Ki:|

ScL nuuuuuuInnInIn s nruuvuuuunuuyr

*1,4<8<52 ps

Frame alignment signal (FAS)
Service word

Simultated FAS (Random FAS)
Erroneous FAS

Erroneous service word

§|:UIU)§JJ
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Maximum ratings Min. | Max. |Unit
Input voltage v, -0.3 7 \%
Supply voltage Voo -03 |7 \%
Operating temperature Tamb 0 70 °C
Storage temperature Tag ~55 125 °C
Total power consumption Piot 400 mwW
Electrical characteristics (7,,,, = 25°C) Min. Typ. Max. | Unit
Supply voltage Voo 4.75 5 5.25 \%
Supply current Is 50 70 mA
Input current I 50 150 uA
H input voltage Viu 2.4 \
L input voltage Vi 0.7 \%
L output voltage VoL 0.4 \%
H output voltage Vou 2.7 \
H output current (FP, SO, SP, BI, P) Ion —-0.02 | mA
L output current (FP, SO, SP, BI, P) IoL 0.46 mA
H output current (DBi) ITon —0.04 [ mA
L output current (DBi) IoL 0.9 mA
Timing specification
Input H—L transfer time the 20 ns
Input L—H transfer time tin 20 ns
Clock frequency foL 0.2 2.048 2.1 MHz
(pulse-pause ratio 1:1)
tWH H tw|_ 1
Setup time ts 150 ns
Hold time th 40 ns
Switching times (Vpp =5V, Tomp, = 25°C)

| Test conditions | Min. | Typ. | Max. | Unit
from to
(input) (output)
CE B1...B8,P tbo 50 pF, 10 kQ 200 ns
SCL DB1, DB2 too 50 pF, 5kQ 350 ns
RCL FP, SP too 15 pF, 10 kQ 200 ns
SCL SO too 15 pF, 10 kQ 200 ns
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Decoder for Dual-Tone Multiple Frequency (DTMF) SM 301 A4
Receiver

Preliminary data MOS circuit

Type | Ordering code | Package outline

SM 301 A4 | Q67100-X301-S 20! DIC 24

The decoder SM 301 A4 is used as the digital section for dual-tone MF pushbutton dialing
with speech guarding in telephone switching systems. It processes pushbutton dialing
signals in 2x (1-out-of-4) code according to CCITT recommendation Q 23 with or without
accompanying DC signals.

The square-wave voltage signals are converted to DC signals. Hence, there are three output
codes to choose from. A preceding analog section completely separates the two-tone
frequency groups by means of filters (minimum stopband attenuation ag = 27 dB), blocks
the dialing tone (minimum stopband attenuation as = 40 dB), converts the now separated
tone frequencies to digitally, evaluable square-wave signals and provides for supplementary
speech guarding measures.

Features
® Technology: n-channel silicon-gate with depletion transistors
® CEPT specification fulfilled
® High speech guarding
® High immunity to interference (choice of either 12 dB or 4 dB signal/noise ratio)
® Economical standard clock crystal (222 Hz)
e Digital evaluation of dual-tone MF signals and conversion to different output codes with
scanning
2x(1-out-of-4) code
Binary code
2-out-of-6 code
® Code checking output for information acceptance
® Suitability for dual-tone MF dialing techniques {(according to CEPT)
without accompanying DC signals
with accompanying DC signals
® Typical evaluation period
without accompanying DC signals: 28 ms
with accompanying DC signals: 15 ms (12 to 19 ms)
® 2 splitting outputs for quick separation of the continuing speech path even with high
noise levels
typical response time of the splitting outputs:
S1: typ. 3ms
S2: typ. 15 ms (12 to 19 ms)
® Holding time of the signal output freely selectable by means of appropriate connection.
Constant holding time for the bridging of signal interruptions < 20 ms at the
input of the complete dual-tone MF receiver according to CEPT.
Freely selectable holding time with external timing circuit.
No holding time for higher transmission speeds up to 20 signals per second.
® Simple matching of different output interfaces.
Electronic interface for the circuit types TTL, CMOS, NMOS
Relay drive with 2 mA input current
® Low power consumption (typ. 80 mW)
® 5V power supply

16 combinations with carry
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SM 301 A4

Block diagram

2
Fo &° Channel evaluation El :i;
upper frequency group ° : AF3
< AF&4
Periodic control =2
[Pt
c x
‘{ o~
RA2
R & Cod oS!
o¢ 21 Process control ode i S2
0z 5 control 10
PR ™ ACP
RA1 Q2
L]
Semi -periodic
control _
N 23 AFS
u Channel evdluation = 8 AF 6
. lower fre 5 AF1
tower mqygncy group o~ \ 9 AER
1 13 N 15 {16 |14
Vss Voo STi7sT2 ZK
Pin designation
Pin No. Symbol Description
18, 17 EO, EU Inputs — upper or lower frequency group
19, 20 RA1, RA2 Inputs for access to the speech guard circuits
15, 16 ST1, ST2 Control inputs for output code with pullup resistors
14 ZK Control input for external control of the release time with
pullup resistor
22 BZ Control input for the accompanying of signal technique
21 0z Control input for changeover of output time extension
23 PR Control input for switching of S/N ratio 12 dB / 4 dB
2...9 AF1, ... AF8 Signal outputs
10 ACP Code checking output (delayed by about 0.5 us relative
to AF1 to AF8)
11,12 S1, 82 Splitting outputs
1 Vss Ground
13 Voo Supply voltage (+5 V)
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Application
A typical example of complete pushbutton dialing receiver with SM 301 A4

ST1 ST2 ZK
3 1 i AF1
| Analog Part _| GF | 1ABF1 BG E0) o AF2
~o
| R s a : =0 AF 3
! ratl o AFL
| SPS |
| : —=0 S1
: E evH " 76 1= SM 301 [—=°S2
~“
| ! Al |—woncp
I Re SPS anz
: : =0 AF5
i L GF BG ! —oAF6
! .S 7~ EUJ [ AFT
L _____________________________ —J I I I —o AF8
PR 0Z BZ
E input
EV Input amplifier

WTF  Dialing tone filter
GF Group filter

ABF  Outband filter

BG Limiter

SPS  Speech guard circuit
TG Clock generator

Test circuit

+15V

6.8k

“Output AF1..8
| S152
L ACP

|
|
|
|
|
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SM 301 A4

Maximum ratings (all voltages referred to Vss)

Supply voltage Voo 8 \%
Input voltage Vi —-03to 8 Y
Current per output Io 10 mA
Power dissipation per output Po 10 mW
Total power dissipation Piot 350 mWwW
Operating temperature Tamb 0to 70 °C
Storage temperature Tstg —551t0 125 °C

Electrical characteristics T,, = 25°C (all voltages referred to Vss)

Min. l Typ. Max. Unit
Supply voltage Voo 4.75 5 5.25 \%
Supply current Iop 5 12 25 mA
Input current 1) 1 - 110 uA
(input without pullup resistors: V, = 8 V)
Input capacitance across Vss C 5 10 pF
(V, =5V; f=1MHz)
Characteristics of inputs (all voltages referred to Vss)
Input signals
CLK, EO, EU, RA1, RA2, PR, BZ, OZ
H input voltage Vin 2 8 \
L input voitage Vi -0.3 0.4 0.8 Vv
H clock pulse width twh 0.08 us
L clock pulse width twi 0.08 us
HL clock transition time truc 0.02 0.03 us
LH clock transition time trin 0.02 0.03 us
HL transition time for EO, EU tru 1 us
LH transition time for EO, EU trin 1 us
Input signals
ST1, ST2, ZK
Input with pullup resistor
H input voltage Vin 2 8 \%
L input voltage Vi -0.3 0.8 \%
H input current (Viy = 8 V; Vpp = 4.75 V) Iy 100 200 uA
L input current Iy -25 —-100 A
(Vi = 0V; Vpp = 5.25 V)
Characteristics of outputs (all voltages refered to Vss)
Output signals
S1, S2, ACP, AF1 ... AF8
L output voltage VoL 0.3 0.5 \%
Delay time between ACP and AF1 ... AF8 too 0.5 2 us

*) see test circuit
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Operating conditions

Detection frequency

Lower frequency group Upper frequency group
at EU at EO
fo = 697 Hz fo = 1209 Hz

770 Hz 1336 Hz

852 Hz 1477 Hz

941 Hz 1633 Hz

Frequency detect bandwidth

with S/N =
with S/N =

12dB : fo + (1.6% + 2Hz)
4dB : fo + (1.5% + 6 Hz)

Choice of code and scanning with ST1, ST2

, ST1 [ ST2 | Output code
1. L H Binary
2. H L 2-out-of-6
3. L L 2x(1-of-4)
4. H H no output
ST1, ST2 = H, whenever no potential is applied
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Output codes

.AF4 and AF7)

1. Output in binary code: ( output AF1..

~
[
| I I IIIIIIIIIIIITITA
il
| I T IIIITddddd a4
g
<]/ ITITILTad 110 IIIT 440X
2
|/ T I I 40T I T 00X
o
L a0 T T I 0IXT gL aT a0 aX
c
2
N ~muNmtOLONODOHOO* FLDOAO

.AF6 and AF7)

2. Output in (2-out-of-6) code: (according to CCITT) (output AF1..
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SM 301 A4

3. Output in 2x (1-of-4) code: (output AF1...AF8)

Sign | AF1 AF2 AF3 AF4 AF5 AF6 AF7 AF8
1 L H H H L H H H
2 L H H H H L H H
3 L H H H H H L H
4 H L H H L H H H
5 H L H H H L H H
6 H L H H H H L H
7 H H L H L H H H
8 H H L H H L H H
9 H H L H H H L H
0 H H H L H L H H
* H H H L L H H H
# H H H L H H L H
A L H H H H H H L
B H L H H H H H L
c H H L H H H H L
D H H H L H H H L

Wiring o

Evaluation time

of the control inputs

Control input BZ

short evaluation time (accompanying signal technique)

BZ—H
BZ—L normal evaluation time (speech guard technique)
Output time extension Control input OZ
0OZ—H without release time
0Z-L with release time
Output time controller externally Control input ZK
ZK—H Output time is not controllable
ZK—L Output time is not controllable
ZK = H, when potential is not applied
S/N ratio Control input PR
PR—H S/N—-4dB
PR—L S/N - 12 dB
Access to the guard circuits Control inputs RA1 and RA2
RA1, RA2—H Evaluation will be blocked
RA1, RA2—L Evaluation will not be blocked

Effectiveness when BZ = L in evaluation range S2 to ACP
BZ = H in evaluation range S1 to ACP

General reset
BZ, OZ—H
PR — L
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Pulse diagram with BZ = L (normal evaluation time) and ST1 = L

Signal interruption

Signal at L
EO,EU l |__| D
3ms |27ms — tims
= e
0Z=L S1 I! [ 1
0Z=H e 1I____Jr__-_-|h___I’-_-L__J-———ﬁl__dr-__-
__1Sms
0Z=L S2 T [ | 1 | LI
02=H __—-‘I__.lr______‘I___J’———-‘L.J—_-__-‘L.lr__--
__.|28ms
0Z=L ACP 1 1
OZ=H —""__L‘F _____ qI_Ar-__—ﬂIJ’_ _________
L amae
20ms

Pulse diagram with BZ = H (short evaluation time) and OZ = L; ST1 =1L

Signal af
EO,EU I l | l I:l
_.3m_ 2Tms —tIms
S1 —f f 1 I~
—> 1Sms
s2 = " 1 -
ACP —_

Pulse diagram with control of output ACP by means of ZK (in example:
(in example: OZ=L; BZ=L; ST1=L1)

Signal at
EC,EU | E—
—.J|  |._Selectable , Zims tims
27ms holding time _— -
ZK T I
28ms,

ACP —_'*F 1 [ }
p—
20ms
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Peripheral Board Controller (PBC) PEB 2050

(SM 205)
Preliminary data MOS circuit
Type | Ordering code Package outline
PEB 2050 ’ Q67100-2157 DIP 40
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 connected subscribers

® Control of voice, data, signaling and line board parameters to minimize hardware
requirements 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

® Singie 5 V power suppiy

® Low power consumption
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PEB 2050
(SM 205)

General description

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 Siemens Codec Filter (SICOFI PEB
2060) it forms an optimized analog subscriber line board architecture. Its flexibility allows
the operation as a general purpose controller for data switching and MUX/De MUX appli-
cations.

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:

e 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 8048. The interface is characterized by an interrupt control and two independent DMA
channels, one for the transmit and one for the receive direction.
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PEB 2050
(SM 205)

Pin configuration

top view
siP, 1 ] = ] 40 sIP3
sips 2 [] ] 39 sip2
sipé 3] ]38 siP1
SIP7 4[] 137 sipo
RxHWD1 5 [] ] 36 RESET
RxHWDO 6 [] 135 INT/TYP
TxHWD1 7 [] ] 34 DACKT
Tsci 8 [] ] 33 DACK 0
TxHWDO 9 [] 32 WR
B 0l peB 2050 131 vop
sYyp 1] ] 30 07
scLk 12 ] 129 ps
SIGS/DMIR 13 [] 128 o5
DIR/DMOR 14 [] 127 D
TxSD 15 [] 126 D3
TSCZ 16 [] 125 D2
RxSD 17 [] 124 D1
TS 18 (] 123 po
ALE 19 [] (122 RD
Vss 20 121 ak
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(SM 205)

Pin designation

Pin No.| Symbol Name/function Functional description
1 SIP4 Subscriber These interface ports are used for bidirecti-
interface port onal, bit-serial transfer of speech, data and
(input/output) control words to and from the Siemens
Codec Filter (SICOFl} or standard Codec.
. . Corresponding with the direction signal the
4 SIP7 PBC PEB 2050 is transmitting during the
high level of DIR within the first half of a
125 us frame.
5 R x HWD 1 | Receive highway Receive PCM highway 1 interface
data (input)
6 R x HWD 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 T x HWD 1 | Transmit highway Output of the transmit side onto the send
data (output) 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 TSC1 Tristate control Normally high, this signal goes low while
(output, active low) |the PBC is transmitting an 8-bit PCM word
on the PCM highway 1.
9 Tx HWD 0 | Transmit highway Output of the transmit side onto the send
data (output) PCM highway 0.
10 TSCO Tristate control Tristate control of highway 0.
(output, active low)
11 SYP Synchronization SYP is a frame synchronization pulse which
resets the on-chip time-slot counters.
12 SCLK Slave clock Clock output for the peripheral devices. The
(output) signals between the codec filter and the PBC
are latched and transmitted with the rising
edge of SCLK.
13 SIGS/DMIR | Signal strobe The SIGS output supplies a programmable

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

strobe signal. In the DMA mode, this pin is
used as DMA input request.
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PEB 2050
(SM 205)

Pin designation

Pin No.| Symbol Name/function Functional description

14 DIR/DMOR | Direction DIR is an 8 kHz symmetric frame signal
(output, active which controls the direction of the data
high) direct transfer from and to the peripheral devices.
memory output The PBC is able to receive data during the
request (output, 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 transmitter and
are used for handshaking during the DMA
transfer.

15 Tx SD Transmit signaling This line transmits the serial data to the
Data (output) dedicated HDLC channel.

16 TSC2 Tristate controlto2 | Normally high, this signal goes low while
(output, active low) |the PBC is transmitting an HDLC message.

17 R x SD Receive signaling This line receives the serial data from the
Data (input) HDLC channel.

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

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

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

destinations. Latching into the address latch
occurs during the high low transition.

20 Vss Ground: 0V

21 CLK Clock A standard TTL clock provides the basic timing
(input) of the controller. The clock is synchronous
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PEB 2050
(SM 205)

Pin designation

Pin No.| Symbol Name/function Functional description

22 RD Read strobe RD is used together with CS to transfer data
(input, active low) from the PBC to a uP or memory.

23 DO
Svstem data b The data bus transfers data and commands

ystem data bus between the uP or memory and the PBC.

30 D7

31 Vbp Power supply: Vpp = 5.0 £ 0.25 V

32 WR Write strobe During the low state of WR data can be
(input, active iow) transferred from the uP or memory to the

PBC.

33 DACK 0 DMA acknow- DACK O and DACK 1 are used to acknow-
ledge (inputs, ledge the DMA output and DMA input

34 DACK 1 active low) request, respectively.

35 INT/TYP Interrupt This signal is pulled down, when the PBC
request (output, is requesting an interrupt. In that case the
active low) uP should enter into an interrupt routine

for reading the status register 1.

36 RESET Reset (input, A “high” on this input forces the PBC into
active high) reset state. The minimum reset pulse is 16

complete clock cycles.

37 SIPO These interface ports are used for bidirecti-

onal, bit-serial transfer of speech, data and

Subscriber control words to and from the Siemens Codec

interface port Filter (SICOFI) or standard Codec. Corre-

(input/output) sponding with the direction signal the PBC

. . PEB 2050 is transmitting during the high level
40 SIP3 of DIR within the first half of a 125 ps frame.
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PEB 2050
(SM 205)

Block diagram

SIPO -
| Subscriber < < ) PCM e — PCM
| interface unit interface unit — highways
SIP7 == ; .~
DIR B
SIGS ~— - .
SCLK  ~— Timing <_—:> Bus interface
SYP — control unit control unit
CLK —
RESET —
Special purpose TSA module
registers < j>
- Vyp
PBC Bus > <— GND
. — TxSD
. Bus interface HDLC
X FIFO Bi FIFO registers controller [+~ RxSD
[— TSC

iy it U oves IF
e}

i
[ pP mgisfersJ L CPU interface 1
" ! RN

ALE RD D0-D7 DMIR DMOR DACKO DACK1

Flbhl
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(SM 205)

Block diagram

i

DIR
DMOR
SYP  4SIGS

{ DMIR

SIP 0 +—sf siu

T

I

Ve —»

GND —»

Reset —= 50

@ PBC_Bus
el LL togic
PIU T__L::
l ] [ 1 RxHWD 1
Tx HWDO TxHWD1
RxHWDO TSC1

(; 8i FIFO ;

/[

uLcy

iFi»

i

MASK
{
R

EDR
c tatus 2

Status 1

|

W Bus [—= WT
le—— DACK1

Control  [*—— DACK0

logic [=— RO
le—— WR
l—— ALE
o— @S
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PEB 2050
(SM 205)

Description of the functional blocks

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

Used in peripheral subscriber boards it performs two essential functions:

1) Exchange of control data between a central processing unit, “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 transfers between both parts, such as signaling through PCM highways (common
channel) or the access of the “on board” uP to 64 Kbaud channels, are considerably simpli-
fied by the IC.

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

® S|U (Serial Interface Unit) with Last Look logic.
® PIU (PCM Interface Unit)

® CAM (Content 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

® uP interface

® 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 Min. Max. Unit
Storage temperature Tsg —65 125 °C
Range of operation
Ambient temperature Tamb 0 70 °C
Voltage at any pin vs. ground v -0.3 7 \
Total power consumption Piot 600 mW
DC characteristics
Tamp = 0t070°C; Vcc =5V £ 0.25V; GND =0V

Conditions Min. Typ. Max. Unit
L input voltage Vi -0.5 0.8 \
H input voltage Vi 2.0 5.5 \
L output voltage VoL IoL = +1.6 mMA 0.45 \)
H output voltage Vou Iow = —400 pA 2.4 \%
Input leakage current Iy Vin=VcctoOV -10 10 uA
Output leakage current IoL Vour = Vecto OV -10 10 A
Vce — supply current Icc Vee=5V 85 120 mA
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Capacitance
Tamb = 25°C; Vee = GND =0V
Conditions I Min. l Typ. I Max. l Unit
Input capacitance Cin fo =1 MHz 5 10 pF
Input/output capacitance Cio 10 20 pF
Output capacitance Cour unmeasured pins 8 15 pF

returned to GND

AC characteristics
Tamb =010 70°C; Vec =5V +0.25V; GND =0V

Microprocessor interface

Read cycle
Min. Max. Unit

Address hold after ALE ta 20 ns
Address to ALE setup taL 30 ns
Data delay from RD tao 150 ns
RD pulse width tor 150 107 ns
Output float delay tor 25 ns
RD control interval case 1* tri 2 xCP ns
RD control interval case 2** tri 100 ns
ALE pulse width tan 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 case 1* twi 2 xCP ns
WR control interval case 2%* twi 50 ns

* Case 1: Read, write of Bl FIFO and X FIFO
** Case 2: All other registers
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DMA Read Min. Max. Unit
DMA read time* toma 7xCP |ns
DMOR hold time ton 75 ns
Address stable before RD tar 0 ns
Data delay from RD tro 150 ns
Output floating delay tor 20 ns
Address hold after RD tha 0 ns
RD pulse width tan 150 10 ns
DMA Write
DMA Write time* toma 7 x CP ns
DMIR hold time tin 80 ns
Address stable before WR taw 0 ns
Address hold after WR twa 0 ns
Data setup to WR tow 30 ns
Data hold after WR two 25 ns
WR pulse width tww 100 ns
*)
PBC clock/MHz 2.048 4.096 1.536 3.072
2 x CP/ns 980 490 1.300 650
7 x CP/us 3.4 1.7 4.56 23
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Read cycle

fan

ALE

ha

DB

X X

Write cycle

twp

o}

DATA
7

DMA read

DMOR

:

DACK2

RD

DB

DMA write

frRR

8

DMIR

WR

b8
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Clock timing

System clock

System clock frequency
Duty cycle

Synchron puise period
Synchron pulse width
Pulse delay to CLK
Setup time to CLK
Clock rise/fall time

Slave clock

Clock frequency
Clock delay time

DIR Clock
Delay time to CLK

SIU interface

SIP data delay

Data enable receive
Data disable receive
Data enable transmit
Data hold transmit
Data setup transmit

Signaling strobe delay

Min. Max Unit
CLK 1 4.2 MHz

45 55 %
tspp 125 M x 125 us
tsve 60 texe ns
tasve 10 ns
tssvp 50 ns
CLK ¢ 10 ns
SCLK 512 512 kHz
tascLk 100 165 ns
tapir 120 190 ns
tisip 160 300 ns
toer 100 180 ns
toor 100 180 ns
toex 0 ns
toax 0 ns
tosx CP/2+200 ns
tosia 110 160 ns
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SIP interface timing

SYP

MCLK

SCLK

DIRext

SICOFI

SIP
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(SM 205)
Serial port timing
PCM interface Conditions Min. Max. Unit
Receive timing
Receive data setup DCR = 1 tosre 20 ns
Receive data setup DCR = 0* tosrr 40 ns
Receive data hold DCR =1 tou Re 40 ns
Receive data hold DCR =0 tomRR 10 ns
Receive Timing
/ N\ / \ / CLK
tosrr [+—

/ DCR=1

‘_W RxHWD

*) Common channel mode tpggg 60 Ns
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PCM interface (cont'd)
Conditions Min. Max. Unit
Transmit timing
Data enable DCX = 0 tozxr C, =200 pF 80 160 ns
Data enable DCX = 1 tozxr C_ = 200 pF 40 100 ns
Data hold time DCX =0 toH xR CL =200 pF 45 160 ns
Data hold time DCX = 1 tomxF C. = 200 pF 40 100 ns
Data float on TS EXIT thzx C_ = 150 pF 35 80 ns
Time slot X to enable DCX = 0 tsonr C. = 150 pF 70 130 ns
Time slot X to enable DCX = 1 tsonF C. = 150 pF 40 100 ns
Time slot X to disable tsore C. = 150 pF 40 100 ns
Transmit Timing
—_—
/ \ / \ CLK
R S Y 7] ) TxHWD
X F\ \ { i DCX=0
= fozxr ™ = Fonxr"™ 1 Przx [
J TxHWD
) 7 DCX =1
— tozxp — — fDHXFL—‘
T\ TSe
DCX=0
— Fsonr L— — Fsorr
\ TsC
— | DCX=1
— fonr L
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HDLC interface Conditions Min. Max. Unit
Receive timing
Receive data setup tos 40 ns
Receive data hold ton 10 ns
Transmit timing
Transmit data delay tro C, =200 pF 40 100 ns
Data float on TS EXIT thzy C. =200 pF 35 80 ns
Time slot X to enable tson C_ = 150 pF 40 95 ns
Time slot X to disable tsoff C_L = 150 pF 35 90 ns

Receive Timing

Transmit Timing
N }_J CLK
{ X Bl ) TxSD
— typ —= typ L_‘ — hx
\ 7sC
I I
—= fson = fsorr
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AC testing input, output waveform AC testing load circuit
24
2,0 /2,0 Device
i under
Test pmnts\ test *
0.8 08

0,45

T Coaa=150pF

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 0.8 V for a logic 0.
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Siemens CODEC Filter (SICOFI) PEB 2060

(SM 810)
Advance information MOS circuit
Type |0rdering code
PEB 2060 IQ 67100—2Z 153

General description

The Siemens CODEC Filter PEB 2060 is a monolithic CMOS circuit designed for applications
in digital exchange telecommunication systems. In combination with the subscriber line
interface circuit (SLIC) and the peripheral board controller (PBC PEB 2050) it forms an
optimized analog subscriber line board.

After filtering aliasing signals the SICOFI codes the voise signal using a slope adaptive
delta modulation loop, yielding an extremely high S/N ratio at a sample rate of 128 kHz.
The codec signal is subsequently filtered and reduced to a frequency of 8 kHz by a digital
signal processor.

Voiceband frequency response and gain are user-programmable through X and GX filters
by control words via the DIN/DOUT bidirectional interface. The SICOFI is capable of
both A-law and p-law companding.

In the receive direction the incoming digital signal is first expanded, and then interpolated
to a frequency of 256 kHz.

The GR and R filters can be programmed to shape the voice band. With an internal D/A
converter and a simple low pass filter the high frequency digital signal is converted to
an analog form.

The input impedance can be optimized with the Z filter. With the B filter the 2/4 wire
conversion is performed.

All the voice, control and signaling information between the SICOFI and PBC are exchanged
on the bidirectional DIN/DOUT line whose direction is controlled by the signal DIR.

Features

® Band limiting

® PCM coding and decoding in A-law or p-law

® Programmable impedance matching

® Programmable trans-hybrid balancing

® Programmable transfer characteristics

® Programmable internal attenuation

® Programmable interface to periphery (e.g. SLIC)
@ Interface to peripheral board controller (PBC PEB 2050)
® 2.048 MHz clock

® Low power CMOS design

® +5V, -5V supply
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Block diagram
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Memory Time Switch PEB 2040

(SM 233)
Preliminary data MOS circuit
Type ‘Ordering code |Package outline
PEB 2040 lQ 67100-Y 669 ‘DIC 40
Features

® Time switch for 2.048 MHz and 8.192 PCM systems

® 16 input PMC lines and speech memory for all 512 subscribers on chip
® Connection memory for 256 channels of 8 output lines on chip

® A time switch with 16/16 PCM lines can be built with two devices

® Non-blocking

® uP interface for writing and reading the connection memory

® Delay between input and output lines selectable

® Tristate for further expansion or hot standby

® Low power

e Single +5V supply

Applications

® All types of switching systems

® Complete switch in PCM PABX for up to 512 subscribers with two devices only
o Concentrator function

® Frequency transforming interface between 2 MHz and 8 MHz PCM systems
® 16/16 space switch for 8 MHz

General description

The Siemens memory time switch PEB 2040 is a monolithic NMOS circuit with speech
and connection memory on chip. It connects any of 512 incoming PCM channels to any
of 256 outgoing PCM channels. Two chips offer a non-blocking 512 channel switch.
Block diagrams of 2 PCM systems using the PEB 2040 are shown in figure 1. Inputs and
outputs are TTL compatible. The total power consumption is 300 mW.
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Pin configuration

top view
Vss 1] = []l.o CLK -
sp 2 [] [139 outo
INT 3] ]38 out1
INO &[] 1137 out2
IN5 5[] 136 out3
NG 6] 135 outs
N9 T[] ]34 outs
IN8 8 ]33 oute
IN13 9 E 132 out?
IN12 10 [] PEB 2040 131 DB7
INt 11 [] []30 oB6
INT5 12 [] 129 DBS
N0 13 [ 1] 28 D84
INTT 1% ] 127 o83
IN 6 15[] 126 DB2
IN7 16[] 125 oB1
IN2 17[] ] 24 08O
IN 3 18E ] 23 WR
A0 19 ] 22 RD
s 2] 121 oo
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(SM 233)
Pin designation
Pin No. Symbol Description

1 Vss Ground (0 V)

2 SP Synchronous pulse (8 kHz); rising edge for input counter, falling
edge for output counter; difference between rising and falling
edge should be 4 = (2 + n X 4) te. (n = 0~-255), rising edge
synchronous with the incoming frames; output frame starts
2 clock pulses before the falling edge.

3 IN 1 PCM input port 1

4 IN 0 PCM input port o

5 IN 5 PCM input port 5

6 IN 4 PCM input port 4

7 IN 9 PCM input port 9

8 IN 8 PCM input port 8

9 IN 13 PCM input port 13

10 IN 12 PCM input port 12
11 IN 14 PCM input port 14
12 IN 15 PCM input port 15

13 IN 10 PCM input port 10

14 IN 11 PCM input port 11

15 IN 6 PCM input port 6

16 iN 7 PCM input port 7

17 IN 2 PCM input port 2

18 IN 3 PCM input port 3

19 AO* Address 0, for separating different modes of the control words
20 CS * Chip select

21 Voo Supply voltage +5V £5%

22 RD * Read pulse

23 WR * Write pulse

24 DB 0 * DATA Bus 0

25 DB 1 * DATA Bus 1

26 DB 2 * DATA Bus 2

27 DB 3 * DATA Bus 3 bidirectional
28 DB 4 * DATA Bus 4

29 DB 5 * DATA Bus 5

30 DB 6 * DATA Bus 6

31 DB 7 * DATA Bus 7 }

32 ouT 7 PCM output port 7

33 OUT 6 PCM output port 6

34 OUT 5 PCM output port 5

35 OuUT 4 PCM output port 4

36 OouT 3 PCM output port 3

37 OuT 2 PCM output port 2

38 OouT 1 PCM output port 1

39 OouT 0 PCM output port 0

40 CLK Clock pulse 8.192 MHz, duty cycle 50%

* uP-controlled interface
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(SM 233)
Figure 1
Block diagram of two PCM switch configurations with PEB 2040
PEB 8,
2040
PCM 2MHz 16 PCM 2MHz
//
In l— Out
PEB 8,
2040
Memory time switch 16/16 for a non-blocking 512 channel switch.
PEB PEB 8
2040 2040
1 21
16, PEB PEB 8
: 2060 2040
12 2
PCM 2MHz PCM 2MHz
In Out
% PEB PEB 8,
2040 2040 7
23 13
PEB PEB 8,
2040 2040 7
2% 1%

Memory time switch 32/32 for a non-blocking 1022 channel switch using the tristate
function.
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Functional description of MTS 16/8

The PEB 2040 is a memory time switch module which has the ability to connect any of
the 512 PCM channels of 16 incoming PCM lines to any of the 2566 PCM channels of
8 output lines.

A block diagram of the main components is shown in figure 2.

The PCM information of a complete frame is stored in the 4K speech memory SM. This
means all of the 512 words with 8 bits are written into a fixed position of the SM. This is
controlled by the input counter every 125us. The words are read with a random access,
with an address stored in a connection memory CM for each of the 256 output channels.
The access to the CM is controlled by the output counter.

To realize a connection, the SM address and the CM address must be written into the
PEB 2040 via a uP interface. The SM address contains the channel and line number of
the incoming PCM words. The CM address consists of the channel and line number of
the output words.
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Figure 2
Block diagram
-~ SIP 0 0 PIS -
I ]
: Speech |
PCM inputs | Memory | PCM outputs
| SM !
|
! PIS F—=
- SIP 15
| I—
Multiplexer
Connection
Memory .
™
8 bit Control Input 1 CLK
logic counter <p
Output
counter Comparator
S —-
]
[ 110 0
L 110 register I——— logic %
WR
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PEB 2040
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Operating modes

The PEB 2040 can be connected to 2.048 Mbit/s and 8.192 Mbit/s PCM lines. The
“operating mode" is selected by the mode bits, with MI0O and MI1 defining the bit rate
of the input lines and independently MOO and MO1 that of the output lines.

The corresponding input and output addresses are given in table 1. The mode MI0O=MIi1=1
is only for space switch application.

Table 1

Input configuration

PIN N MI0=0, MI1=0 MI0=1, MI1=0 MI0=0, MI1=1 MIO=1, MI1=1

° 16 x 2 Mbit/s 4 x 8 Mbit/s 8X2+2x8 Mbit/s | 16 x 8 Mbit/s

3 IN 1 1

4 IN O INO 0

5 IN 5 5

6 IN 4 IN 4 4

7 IN 9 9

8 IN 8 IN 8 8

9 IN 13 IN 1 IN 1 13

10 IN 12 INO IN 12 12

1 IN 14 IN 2 IN 14 14

12 IN 15 IN3 IN 3 15

13 IN 10 IN 10 10

14 IN 11 11

15 IN 6 IN 6 6

16 IN 7 7

17 IN 2 IN 2 2

18 IN 3 3

Output configuration

MO0=0, MO1=0 |MOO0=1, MO1=0 |MO0=0, MO1=1

PIN No.
8x 2 Mbit/s 2 x 8 Mbit/s 4x2 /18 Mbit/s
32 ouT 7 ouT 7
33 ouUT 6
34 ouT5 ouUT 5
35 ouT 4
36 ouUT 3 ouUT 3
37 ouT 2
38 ouT 1 OUT 1 ouT 1
39 ouT 0 ouUT 0 ouT 0
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PCM interface

Control signals:
Clock: CLK fo, = 8.192 MHz 50% duty cycle, t,, t; < 10 ns
synchronous pulse:SP f;, = 8.000 kHz defines the PCM
frame with 1024 clock pulses
., t = 10 ns

PCM input: INO—IN15
for 2 or 8 Mbit/s, organized as 32 words of 8 bits or 128 words of 8 bits within a frame.
The frame for all input lines starts with rising edge of the SP signal.

PCM output: OUT0-0UT7

for 2 or 8 Mbit/s. The frame for all output lines is controlled by the falling edge of the
SP signal. The difference between the rising and the falling edge of the SP signal should
be 4 = (2+NXx4) fc, % <N <255. N defines the delay of the output frame counted in
2 MHz bit steps relative to the input frame, as shown in the timing diagram.

The outputs have tristate capability.
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MTS 16/8 Timing diagram
Start of frame sequence
| 1020 | 1o | w2z | w2z | 2 | 3 |
f(L
cK /_\_/—\__/—\_/—\_/_\_/_\_/_\_/—\J_\
| i |
_"lfnsl“‘ ! ﬁlfusl‘--‘ ‘ |
sp | ) ‘{ | |
(N=0) f ) T
‘ | |
I

|
|
|
I
L
(N ZMHz word 31, Bit7 Ir * __;__\rluri_alfa___’ I *

OUT 2MHz Word 31, Bit 7 Xi i Word0, Bit0 X

OUT 8MHz

Example with detayed output frame

P \ Ny [
(N=255) | |

e NXb f ———————————>]

0UT 2MHz X Word0 , Bit 0 | _X“_ Word 0, Bit 1 X
far

—

OUT 8MHz

tce = 122 ns
fc|_ = 8.192 MHz
50% duty cycle

tos 0 < ths < 30ns

ts = 120ns

ty= 25ns

to = 50 ns (200 pF)
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uP Interface DBO—DB7, RD, WR, CS, A0
Commands for access to the connection memory, selected by A0 = 1.
All commands have a three-byte structure and must be executed completely.

DB7 DBO
X X K1 KO X X X S8 | Key word
S7 S6 S5 S4 S3 S2 S1 SO0 | Speech memory address
Cc7 C6 C5 C4 C3 Cc2 C1 CO0 | Connection memory address

1 0 Write connection memory
0 1 Write connection memory, with checkbytes
0 0 Read connection memory

[ s8 | | s7] s6 | ss[mlss}szj s1 | so |

address, stored in the connection memory

rv
memory

[ c7 ] ce | cs | cafca|ca]cri]col

Connection memory address

The speech memory address contains the channel and line number of the incoming PCM
words. The connection memory address consists of the channel and line number of the
output words with the following coordination.

2 Mbit/s input lines bit 0—3 line number
bit 4—8 channel number

8 Mbit/s input lines bit 0—1 line number

bit 2—8 channel number
2 Mbit/s output lines bit 0—2 line number

bit 3—7 channel number
8 Mbit/s output lines bit0  line number

bit 1—7 channel number
For space switch application with MI0 = 1, MI1 =

8 Mbit/s input lines bit 0—3 line number
bit 4—8 the lower 5 bits of the channel number
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Example

Channel 7 of the incoming 2 Mbit/s line No. 9 shall be switched to channel N126 of the
output line No. 1 of an 8 Mbit/s system without checkbyte:

Byte O 20 H (00100000)
1 79 H (01111001)
2 FDH (11111101)
(00100000 (01111001 1MT1111101)
" Rt
Key Channel 7 Line 9 Channel 126 Line 1
Word write

Write connection memory

X X 1 0 X X X S8
S7 S6 S5 S4 S3 S2 S1 SO A0O=1,WR=0CS=0
c7 C6 C5 c4 C3 Cc2 c1 co

Stores S8-S0 into the connection memory addressed with C7—C0.
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Write connection memory with check bytes desired
X X 0 1 X X X S8
S7 S6 S5 sS4 S3 S2 S1 S0 A0=1, WR=0, CS=0
Cc7 cé C5 C4 C3 c2 C1 co
Stores S8—S0 into the connection memory addressed with C7—-C0.
X X 0 1 X X X S8
S7 S6 S5 S4 S3 S2 S1 SO A0=1,RD=0, CS=0
Cc7 C6 C5 C4 C3 C2 C1 co
S8-S0 have been overwritten by the connection memory in
the next frame after writing the connection memory.
Read connection memory
X X 0 0 X X X X
X X X X X X X X A0=1, WR=0,CS=0
Cc7 Cé C5 C4 C3 c2 C1 co
overwrites S8—S0 with the connection memory address C7—CQ0,
and can be read with the following sequence.
X X 0 0 X X X S8
S7 S6 S5 S4 S3 S2 S1 SO A0=1,RD=0, CS=0

Cc7 cé C5 C4 C3 Cc2 C1 Co
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Mode/Status selected A0=0

Status A0=0, RD=0, (WR=1), CS=0

DB7 DBO
(Bl z[AaJoJoJo]ol]o]
B=1 Chip busy during command execution

Z =1 Incomplete command instruction

A=1 Parity alarm

Parity check DB5 = A

When a speech memory address in written into the connection memory an additional
parity bit is generated. With every read access the parity is checked and a violation is
latched in the status register from where it can be read by the uP. The reading of the status
resets this bit.

Mode A0=0, WR=0, (RD=1), CS=0
DB7 DBO
e I e e T s T min | mio [ 'mo1 | moo |
L L = 1 | | A IS | ] |
R = Reset R = 0 Reset
TE = Tristate enable TE = 0 Mode without tristate function
TE = 1 Tristate dependent on code
P = Parity error P = 1 Parity error address output
SB = Standby SB = 1 Tristate independent of code
MIT | MIO Input MO1 | MOO Output
operation mode operation mode
0 0 16x2 Mbit/s 0 0 8x2 Mbit/s
0 1 4x8 Mbit/s 0 1 2x8 Mbit/s
1 0 2x8+8x%x2 Mbit/s 1 0 1x8/4x2 Mbit/s
| 1 [ 1 | 16x8Mbits

for space application only
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Reset
DB7 = R

The PEB 2040 can be initialized by a mode byte with R = 0. This causes the complete
connection memory to be overwritten with zeros. During this time the busy bit is set.

Tristate
DB6 = TE, DB4 = SB
The PCM outputs of the PEB 2040 have tristate capability.

1. SB = 1 is a standby mode. All outputs are tristate. The connection memory works in
the normal mode.

The chip can be activated immediately by setting SB = 0.

2. TE = 1, (SB = 0): The output channels are tristate, if the speech memory adress stored
in the connection memory is S8—S0=0. This means that channel 0 of line 0 is not
available for any output.

3. TE = 0, (SB = 0): Channel 0 of line 0 is available, but tristate is not possible.

Parity
DB5 =P
A mode byte with P=1 causes the latching of the CM address in C7—CO0 when a parity

violation occurs. This address can be read with a three byte read access. The latched
address is the error address n+1.

Operating mode (Input/Output bit rate)
DB0=MOO0, DB1=MO01, DB2=MI0, DB3=MI1

The operating mode is selected by the mode bits, where MIO and MI1 define the bit rate
of the input lines and independently MOO and MO1 that of the output lines.

The corresponding input and output addresses are given in table 1.

Example
DB7 DBO

[+ [ 1 JoJoJoJo]ofeo]

PCM mode: 16x2 Mbit/s input
PCM mode 8X2 Mbit/s output
with tristate
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Timing of uP interface
Read operation
s\ VaR
= fhr— M frr——————= {
= e
RD | \ l/_[
| T |
o i — — 1
Data bus X Data valid X
Min. Max. Unit
Addr. stable before RD tar 50 ns
Addr. hold after RD tra 0 ns
RD width tam 180 ns
RD to data valid tro 90 ns
Addr. stable to data valid tap 100 ns
Data float after RD tor 10 100 ns
RD cycle time trey 500 ns
Write operation
G ) - v
| 1
r-—wa—-il '}-—*——'ww——‘"”-'wr'*
WR \ |/| _ -
i1
—={ fyp b—o
:-—‘—fow——] :
|
Data bus * Data valid X
Min. Max. Unit
Addr. stable before WR
Addr. hold time taw 0 ns
WR width twa 0 ns
Data setup time tww 190 ns
Data hold time ‘ fow 130 ns
WR cycle time two 0 ns
twey 500 ns
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The “busy time’ during which a command or reset instruction is executed has to be
programmed with its maximum length or must be controlled via the busy bit of the status
register.

Busy time Average | Max. | Unit
Reset 188 250 us
Read connection memory 63 125 us
Write connection memory 63 125 us
Write connection memory with check bytes desired 188 250 us
Maximum ratings Min. | Typ. Max. | Unit
Supply voltage Voo -0.3 7 \
Input voltage Vv -0.3 7 \
Total power dissipation Piot 1 w
Output power dissipation Po 10 mw
Operating temperature Tamb —-25 85 °C
Storage temperature Tstg —55 125 -« °C

DC and operating characteristics
Tamb = —25to 85°C, VCC =5V + 5%

Supply current Ipp 60 150 mA
Input current 1, 1 A
H input voltage Vin 2.0 Voo \%
L input voltage Vi 0 0.8 \
H output voltage (I = 0.2 mA) Vou 2.4 \
L output voltage (I = 2.0 mA) Voo 0.4 \
Tristate output leakage Vo = 0 or Vpp 1 A
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Subscriber Line Interface Digital (SLID) PEB 3030

(SM 340)
Preliminary data MOS circuit
Type | Ordering code | Package outline
PEB 3030 I Q67100-Y647 l DIC 28
Features

e Digital interface to 4 subscriber lines (time muitiplexed burst structure)

@ Interface to 2.048 MHz PCM line for 4 x 64 Kbit/s voice or data words

® nterface to 2.048 MHz signaling line for 4 x 2 Kbit/s signaling information
® Alarm generation

® Test with loop back

® Supervision of signaling and synchronization

Application

® Interface module of a PCM exchange (PABX) for digital telephone sets or data sets to
a PABX

® Interface module of digital concentrators and multiplexers for digital telephone sets

General description

The Siemens subscriber line interface digital (SLID) is a monolithic NMOS circuit. It serves
as an interface in a PCM PABX handling up to four digital telephone lines. The 2 wire lines
are used in a time multiplexed (“ping pong’’) mode. A block diagram of a digital telephone
system using the SLID PEB 3030 is shown in figure 1.
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Pin configuration
top view

e 1 [ = ] 28 cka
stio 2 ] ] 27 &

oo 3 ] ] 26 oas
LACEO 4 [] ] 25 sis

to s ] 2w
o1 s [] ] 23 &0
acer 7 [| PEB 3030 o mm
1 s ] D 21 ESPH
2 9 ] ] 20 stos
LACE2 10 [] ] 19 spos
tuz 1 ] ] 18 sus
o3 12 ] ] 17 ses
LACE3 13 [] ] 16 1c

BERTA ] 15 v
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PEB 3030

(SM 340)

Pin designation
Pin No. | Symbol | Direction | Description
1 Vss Ground (0V)
2 STIO IN/OUT | Status input/output
3 LOO ouT Line OUT, transmission information
4 LACEO ouT Line amplifier control enable Subscriber 0
5 LIO IN Line IN, receiving information SBO
6 LO1 ouT Line OUT
7 LACE1 ouT Line amplifier control enable SB1
8 L IN Line IN
9 LO2 ouT Line OUT
10 LACE2 ouT Line amplifier control enable SB2
1 LI2 IN Line IN
12 LO3 ouT Line OUT
13 LACE3 ouT Line amplifier control enable 1+ SB3
14 LI3 IN Line IN
i5 Voo Supply voitage { +5V)
16 I.C. Internal connection
17 SPIS IN Speech input subscriber
18 SIS IN Signaling input subscriber
19 SPOS ouT Speech output subscriber Interface to system multipl.
20 SIOS ouT Signaling output subscriber bus
21 ESPH ouT Enable speech highway
22 ESIH ouT Enable signaling highway
23 BUSY ouT Busy Interface to operation techn.
24 CINI IN Calling inhibit input
25 SLS IN Subscriber line select
26 DAS5 IN Device address, superframe signal  gInterface to SMX control
27 GS IN Group select, signaling channel
28 CLKA IN System clock 2.048 MHz,

(duty cycle 50%)
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PEB 3030
(SM 340)

Figure 1

Block diagram of a digital telephone s{/stem
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PEB 3030
(SM 340)

Description of function

Figure 2 shows the block diagram of the SLID PEB 3030 with its interfaces to 4 possible
subscribers, to the speech and signaling highways, to the service unit, and to the control
interface.

At the subscriber interfaces the PEB 3030 controls the transmission procedure, supervises
the sync bits, controls the signaling via “last look” routine, and generates the signaling
information in the case of alarms.

Table 1 shows the alarm signaling and the central processor’s reaction on special signaling
codes. The SLID synchronizes by eliminating the individual line delays, splits, and stores
the bursts in the related memory sections.

The LACE signals enable the automatic gain control of the line amplifier.

The signaling and PCM information is then transferred to the related speech- and signaling
highways.

At the service interface the busy status is indicated and a service request can be sent to the
processor.

All transfer functions of PCM- and signaling information as well as the superframe
synchronization are controlled via the control interface by the signals DA5, SLS, GS, and the
2.048 MHz clock CLKA.

DAS5 specifies the 4 ms superframe containing 32 PCM frames. SLS is a puise with a frame
length of 125 us and a period of 8 frames. Its relative position within the DA5 time
corresponds to the 4 time slots of the subscribers within each PCM frame.

GS is a pulse with a length of one time slot and determines together with the signal SLS
the time slots for the interchange of the signaling information between SLID and signaling
highway. Figure 3 and figure 4 show the timing diagrams for a typical example.
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PEB 3030

(SM 340)
Figure 2
Block diagram of SLID PEB 3030
Yo SLS DASGS CLK A
15 25 26 27 28
e»—o 3 L
Control logic E 00
2.
A ﬂg 4 LACEO
Aan ::3 5 Lo
SPIS 17 PCM Burst control +
SPOS 19 tert PCM
ESPR 21 inferface memory 6 LO1
SBS 1 7 LACE1
8 LI
SIIS 18 Signali i
gnaling Sign. Frame
SI0S 20 E interface control [**™] control 9 102
ESTH 22 SBS 2 [—=—9 10 LACE2
: - 1 L2
Service interface SBS 3 g llﬂ?_E3
14 LI3
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PEB 3030

(SM 340)
Figure 3
Timing diagram for the system interface (multiplex highway)
Superframe ., ¢« L 1 L
signal DAS | !
je—————————— 32 frames x125ps = b4ms —
Superframe jo, . 3.4, 7,8 oMt st6 920 B2 , 2728 31
al B i i
Relative Q : A - I — 11 — L
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to DAS N ! L o
i : ~=T1 » \IL J1 s : I E : |
Signaling highway A_ A ml %
with selected frame subscriberigo/ SB1 \saz SB3
SLS | w—a
Frame with selected 0 a8 125 li‘ssm 22 3
channel for signaling e
Relative  Selected uU=____ U
pgsglLosn chggnel pat ! sy u
0 G / \\u
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—»l |l 1/2048 kHz
Bit interval IO, NN
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Figure 4
Timing diagram for the transmission on the two-wire subscriber line
!:—— Transmission period 250 ps —————§
Transmission Total time for receiving——
Exchange time e 9
General transmit, 1 - - HE
burst I-—ZO/ZSﬁkHz——\-— range of 90ps —s |
received burst _ l | 20Dit | I
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Figure 5
Structure of the subscriber line burst
je————— 20 bits ————————
2 bit]2 bit] 8 bit PCM or data | 8 bit PCM or data
Sync Signaling
Synchronization with multi - frame for signaling
Burst period -— 250 ps Sync | Frame | Signaling
Signaling frame - = 4x250ps = 1ms 1" 1 bit 1,2

) ) 10 2 bit 3,4
Signaling bitrate on the line —— 8Kbit /s 10 3 bit 5,6
of the digital (8 bit /1ms) 10 A bit 7,8
transmission
Maximum ratings Min. Max. Unit
Supply voltage Voo 0.3 7 v
Input voltage Vi -0 7 \
Operating temperature Tamb 0 70 °C
Storage temperature Tetg —55 125 °C
Total power consumption Piot 1 W
Electrical characteristics (7,,,, = 0 to 70°C) Min. Typ. Max. Unit
Supply voltage Voo 4.75 5 5.25 \
Supply current Inp 40 120 mA
Input current I, 10 A
H input voltage Vi 2.4 \
L input voltage Vi 0.8 \
L output voltage Voo 0.4 \%
H output voltage Vou 3.5 \%
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Table 1
Special signaling codes

a) Direction from signaling highway to subscriber interface

1. Busy ON (state) A8 (Hex code)

2. Busy OFF (state) A9

3. Subscriber — supply ON AA
4. Subscriber — supply OFF AB
5. SLCD* — test AC
6. Line —test AE
7. Test— (5 or 6) OFF AD
8. End of connection AF
9. SLCD* — synchronization routine B6
10. Disable subscriber FF

b) Direction from subscriber interface to signaling highway

1. Subscriber line disconnected :02
2. Subscriber line short-circuited :03 only by line test
3. Subscriber line functional :00
4. Subscriber inactive :04
5. Subscriber asynchronous :05
6. SLCD* asynchronous :06 no line test
7. Calling inhibit switch is on :07
8. Signaling last look from subscriber
is negative :00

* SLCD = Subscriber line circuit digital
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Package Outline Drawings







Package Outlines
Dimensions in mm

Plastic plug-in package 20 A 8 DIN 41866 Plastic plug-in package 20 A 14 DIN 41866

8 pins, DIP 14 pins, DIP
1.5max 7.6+02
16202 E_{ 5
e TR
IR ¥ 2
F 3 o &
0.45*%1 - *,‘ﬂ 01 0.45 251"_] Az fm
250 1.2 : 15max
ey
MorMm
1 LR A BB I~
T &
0.4max e 102, = $iax 176-43
g Approx. weight 1.1g

Approx weight 0.7 g

Plastic plug-in package 20 A 16 DIN 41866 Ceramic package

16 pins, DIP 16 pins, DIC
+0.2
= £ € 3 & L
1 Si S <
3 K .01
IJ'\. ; o0 0.25
045" RV 0.25"° I P L R PPPr <~
L_,Z-"" 15max 256 1 04591 13
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% 9 76 16 9
— [:j
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20.2 ! s
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Approx. weight 1.2 g Approx. weight 1.4 g
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Package Outlines
Dimensions in mm

Ceramic package
28 pins, DIC

[
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28 15
( r N
- Jl I
e e e e e e =
| 1 BT I —

Plastic plug-in package 20 B 40 DIN 41866
40 pins, DIP

i
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e

222
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Approx. weight 3.5 g
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Package Outlines
Dimensions in mm

Ceramic package
24 pins, DIC

c
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Package Outlines
Dimensions in mm

Ceramic package
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Package Outlines
Dimensions in mm

Plastic plug-in package
48 pins, QUIP

-~ ANy 1h_q3 —
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List of Sales Offices







Siemens worldwide

Federal Republic of Germany and Berlin (West)

Siemens AG

Salzufer 6-8

1000 Berlin 10

2 (030) 3939-1, 1810-278
FAX (030) 3939-2630

Siemens AG

Contrescarpe 72

Postfach 107827

2800 Bremen

7 (0421) 364-0, [ 245451
FAX (0421) 364-2687

Siemens AG

Lahnweg 10

Postfach 11156

4000 Diisseldorf 1

2 (0211) 399-1, [x1 8581301
FAX (0211) 399-506

Siemens AG

Rédelheimer LandstraRe 5-9
Postfach 1117 33

6000 Frankfurt 1

2 (0611) 797-0, 414131
FAX (0611) 797-2253

Siemens AG

Lindenplatz 2

Postfach 105609

2000 Hamburg 1

7 (040) 282-1, [ 215584-0
FAX (040) 282- 2210

Siemens AG

Am Maschpark 1

Postfach 56329

3000 Hannover 1

2 (0511) 199-1, [x1 922333
FAX (0511) 199-2799

Siemens AG

N 7, 18 (Siemenshaus)
Postfach 2024

6800 Mannheim 1

= (0621) 296-1, @] 462261
FAX (0621) 296-222

Siemens AG
Richard-Strauss-Strate 76
Postfach 202109

8000 Miinchen

2 (089) 9221-0
529421-19

FAX (089) 9221-4499

Siemens AG
Von-der-Tann-StraRe 30
Postfach 4844

8500 Nirnberg 1

7 (0911) 654-1, [ 622251
FAX (0911) 654-3436,
34614, 3716

Siemens AG
Geschwister-Scholl-Strale 24
Postfach 120

7000 Stuttgart 1

o (0711) 2076-1, = 723941
FAX (0711) 2076-706

Siemens Bauteile Service
Lieferzentrum Fiirth

Postfach 146

8510 Furth-Bislohe

2 (0911) 3001-1, 623818

EUROPE

Austria

Siemens Aktiengesellschaft
Osterreich

Postfach 326

A-1031 Wien

2 (0222) 7293-0, 131866

Belgium

Siemens S.A.

chaussée de Charleroi 116
B-1060 Bruxelles

2 (02) 5362-111, 21347

Denmark

Siemens A/S
Borupvang 3
DK-2750 Ballerup
~ (02) 656565, ™ 35313

Finland

Siemens Osakeyhtio
Mikonkatu 8

Fach 8

SF-00101 Helsinki 10

2 (0), 1626-1, 124465

France

Siemens S.A.

B.P. 109

F-93203 Saint-Denis CEDEX 1
2 (01) 8206120, 620853

Great Britain

Siemens Ltd.

Siemens House

Windmill Road
Sunbury-on-Thames

Middlesex TW 16 7HS

7~ (09327) 85691, @ 8951091

Ireland
Siemens Ltd.
8, Raglan Road
Du lin 4
2 (01) 684727, 1 5341

Italy

Siemens Elettra S.p.A.
Via Fabio Filzi, K 25/A
Casella Postale 10388
1-20100 Milano

> (02) 6248, x 330261

Luxemburg
Siemens S.A.

17, rue Glesener

B.P. 1701
Luxembourg

> 49711-1, & 3430

Netherlands

Siemens Nederland N.V.
Postb. 16068

NL-2500 BB Den Haag

2 (070) 782782, 31373

Norway

Siemens A/S

Dstre Aker vei 90

Postboks 10, Veitvet
N-Oslo 5

< (02) 153090, 18477

Portugal

Siemens S.A.R.L.

Avenida Almirante Reis, 65
Apartado 1380

P-1100 Lisboa-1

7 (019) 538805, 12563

Spain

Siemens S.A.

Orense, 2

Apartado 155

Madrid 20

2 (01) 4552500, @ 42241

Sweden

Siemens AB

Norra Stationsgatan 63-65
Box 23141

S$-10435 Stockhoim

< (08) 161100, 11672

Switzerland

Siemens-Albis AG
FreilagerstralBe 28

Postfach

CH-8047 Zirich

2 (01) 495-3111, @ 5658911

Yugoslavia

Generalexport OOUR Zastrupstro
Ul. Narodnih heroja 43/XV
Postanski fah 223

YU-11070 Novi Beograd

2 (011) 693-321, 11287
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AMERICA

Argentina

Siemens S.A.

Avenida Pte. Julio A. Roca 516
Casilla Correo Central 1232
RA-1000 Buenos Aires

2 (01) 00541/300411, @ 021812

Brazil

Siemens S.A.

Sede Central

Caixa Postal 1375,
01000 Séao Paulo-SP
2 (011) 2610211
11-23641

Canada

Siemens Efectric Limited
7300 Trans-Canada Highway
P.0.B. 7300, Pointe Claire,
Québec HI9R 4R6

2 (514) 6957300,
05822778

Mexico
Siemens S.A.
Poniente 116, No. 590
Col. Pro-Hogar
Apartado Postal 15-064
02600 México, D.F.
2 (05) 670722, @ 1772700

US.A.

Siemens Components, Inc.
186 Wood Avenue South
Iselin, New Jersey 08830

- (DN
 {(201) 321-3400

5288-621

ASIA

Hongkong
Jebsen & Co., Ltd.
Siemens Division Siemens House,

United Centre, 2th floor P.0.B. 4583

P.0.B. 97 2000 Johannesburg
Hongkong 2 (011) 7159111, 22524
2 (05) 8233777, I 73221

AFRICA
South African Republic

Siemens Limited

India

Siemens India Ltd.

Head Office

134-A, Dr. Annie Besant Road, Worli
P.0.B. 6597

Bombay 400018

> 379906, 1 0112373

AUSTRALIA

Siemens Ltd.

544 Church Street, Richmond
Melbourne, Vic. 3121

= (03) 4297111, @ 30425

Japan
Fuji Electronic Components Ltd.
New Yurakucho Bldg., 8F
12-1, Yurakucho 1-Chome,
Chiyoda-ku
Tok o 100, Ja

(03) 201- 2401 [ 26374

Korea

Siemens Electrical
Englneermg Co., Ltd.
C P O . 3001

'o‘ (02) 7783431, [0 23229

Philippines

Maschinen + Technik Inc. (MATEC)
Greenbelt Mansion, Ground Floor,
106 Perea Street, Legaspi Village
P.0.Box 7129-s, ADC, MIA

Metro Manila

> 8181321,

TxM1, 63972

Singapore
Siemens Components Pte. Ltd.
Promotion Office
Block 7/8
Ayer Rajah Industrial Estate
Slngapora 0513

2 7760283, ™ RS 21000

Taiwan

Tai Engineering Co. Ltd.

6th Floor Central Buﬂdmg

108, Chung Shan N. Rd. Sec. 2
P.O.Box 68-1882

Taipei

= 5363171, 27 860taiengco

Thailand
B. Grimm & Co., R.O.P.
1643/4,Phetburi Road
(Extension)

.P.O.B. 66
Bangkok 10
2 2524081, @ bgrim th 82614

Turkey

ETMAS Elektrik Tesisati ve
Muihendislik A.$.

Meclisi Mebusan Caddesi 55/35
Findikli

P.K. 213 Findikli

Istanbul

2 009011/452090, (] 24233
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