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3.1 System-Level Solution 

The NSC HPC16400E is a powerful 16-bit CPU engine that 
is fully capable of processing the DSS1 and B-Channel data 
communication protocols. The HPC16400E has two flexible 
onboard HDLC/DMA controller channels that are ideal for 
terminating the D Channel and data on a B channel. It has 
an onboard UART to terminate the asynchronous data inter­
face, 4 onboard timers, and several general purpose I/O 
pins. The HPC16400E can address 544 kbytes of memory 
space, however for the ISDN BRI application the entire 
memory space should be less than 128 kbytes. 

An off-the-shelf Multitasking Executive, MTEX, that was de­
signed specifically for controlling ISDN BRI terminal applica­
tions has been hosted on the HPC16400E. MTEX has the 
following subsystems: 

Task Scheduler 
Mail Manager 
Timer Handler 
Memory Manager. 

MTEX was designed to provide an environment for commu­
nication protocol applications, with special built-in features 
to handle timers and flow control. Processes, such as Layer 
2 Link Access Procedures and Layer 3 protocols, are de­
signed as tasks running under MTEX. Intertask messaging 
is via the MTEX Mail utilities. MTEX also provides memory 
management utilities for buffer management. 

3.2 Physical Layer Solution 

The National Semiconductor "S" Interface Device (SID­
TP3420) terminates the "s" Interface at the physical layer. 
The off-the-shelf 1.430 BRI Layer 1 software driver module 
is available to control the SID as defined by CCITT recom­
mendation 1.430. The SID also has a built-in mechanism for 
"switching" the bearer channels upon command. The SID 
communicates with the NSC HPC16400E via NSC's MI­
CROWIRE interface. The MICROWIRE interface is a three­
wire serial interface (SI, SO, and CLK). 

The NSC COMBO Codec, TP3076 can be used for terminat­
ing the voice path in the TE and converts to analog voice 
signals. The COMBO communicates via the MICROWIRE 
interface. 

The HPC16400E onboard UART is ideal for the asynchro­
nous data interface and for the maintenance interface. The 
UART has a high resolution clock for rates up to 19.2 kbaud. 
An off-the-shelf HPC16400E UART software driver module 
is available that interfaces to this UART. This driver fields 
messages from tasks and outputs them to the UART, as 
well as receiving input from the UART and sending it to the 
appropriate task. 

A synchronous communication device is needed to termi­
nate the synchronous data interface. NSC makes a stand­
alone USART for just this purpose, the TP3460. A special 
USART HDLC software driver module is needed to control 
the USART and monitor the interface for particular com­
mands. The requirements for this driver are defined below in 
the synchronous data application section of this document. 

Custom Layer 1 Telephony drivers and routines are needed 
to control such things as hookswitch, keypad input, LCD or 
LED updates, local tone generation, power ringing, and vari­
ous other application dependent telephony device require­
ments. 

The HPC16400E has a programmable onboard Serial Time­
Slot Decoder that provides an interface to the Band D 
channels of several popular chip-to-chip interface formats. 

4-84 

3.3 Link Layer Solution 

The HPC16400E has two independent HDLC/DMA control­
ler channels integrated onboard with the Central Processing 
Unit. For ISDN BRI applications, one channel runs at 
16 kbitsl second for the D Channel, the other runs at 
64 kbits/second for data on a B Channel. The DMA Control­
lers receive and transmit entire frames prior to interrupting 
the processor. This allows for a much simpler Layer 2 Driver 
design than would a FIFO-based HDLC controller. The 
HPC16400E has several other features which ease the im­
plementation of the ISDN BRI application. These features 
are defined in the following paragraphs. 

The HPC16400E can operate in a special split field mode 
where the Layer 2 Header data is placed in one buffer, while 
the following Layer 3 Information data is placed in another 
buffer. This feature eases the memory management require­
ments of an application and decreases the need for copying 
messages from buffer to buffer. 

If the split field feature is not used then HPC16400E DMA 
chaining features can be fully exploited to simplify the appli­
cation design. On the receive side, four buffers can be made 
available for incoming frames. When a frame arrives, an in· 
terrupt is generated by the DMA Controller. While the proc· 
essor is responding to the interrupt and fielding the current 
message, new frames that arrive will automatically be 
placed into memory buffers. Up to 4 messages can arrive 
without any processor intervention. On the transmit side two 
messages can be output, delimited by a closing/opening 
flag, without processor intervention. If the split field feature 
described above is used then two frames can be chained on 
the receive side, with no chaining available on the transmit 
side. 

The HPC16400E can be programmed to recognize particu­
lar Layer 2 addresses (SAPI-TEI combinations). This feature 
is useful if the terminal is to be used in a passive bus ar­
rangement. In such an arrangement messages not intended 
for a particular terminal on the bus can be filtered by the 
terminal and discarded without any processor intervention. 

The two HDLC/DMA channels are controlled by an off-the­
shelf HPC16400E Dual HDLC/DMA software driver module. 
The driver consists of an Interrupt Service Routine, and two 
Service Request Tasks, one for each channel. The driver is 
responsible for initializing the synchronous channel hard· 
ware, and contrOlling the transmission and reception of 
frames. It is also required to handle buffer management for 
messages in both directions. Buffers must be allocated for 
incoming messages and deallocated after the transmission 
of outbound messages. One exception to this rule is that 
after transmission, I frame buffers are NOT deallocated by 
the Driver since they may need to be retransmitted if unac­
knowledged. The Layer 2 Software Module has the respon­
sibility for deallocating transmitted I frame buffers when the 
appropriate acknowledgement is received. This driver con­
figures both HPC16400E HDLC/DMA channels to use the 
split field feature. 

The D Channel is terminated at Layer 2 with the off·the­
shelf Layer 2 Software Task providing the LAPD solution. 
The LAPD was prototyped after the CCITT 1988 Blue Book 
version for Q.921 , however it has been tailored to imple­
ment the Layer 2 Specifications in the 5ESS 5E5 generic 
software release from AT&T, and the DMS100 BCS-28 ge­
neric software release from Northern Telecom. LAPD logi· 
cal entities are defined based on SAPI and TEl. 



.----------------------------------------------------------------.> 
The B Channel is also terminated at Layer 2 with the off-the­
shelf Layer 2 Software Task providing the LAPB solution. 
The LAPB was prototyped after the CCITT 1988 Blue Book 
version for X.25 Layer 2. 

3.4 Network Layer Solution 

The off-the-shelf Layer 3 Q.931 Task is designed to imple­
ment the call setup and teardown protocols as defined in 
the CCITT Blue Book version for Q.931. The Layer 3 Task 
has also been tailored to implement both the Layer 3 Speci­
fications in the 5ESS 5E5 generic software release from 
AT&T, and the DMS100 BCS-28 generic software release 
from Northern Telecom. This protocol terminates the D 
Channel at Layer 3. Network Link logical entities are defined 
based on Channel Endpoint Suffix (CES), Call Reference 
and CaIlID. 

The off-the-shelf Layer 3 X.25 Packet Layer Processor 
(PLP) Task is deSigned to implement the establishment of 
X.25 virtual data connections. Layer 3 PLP logical entities 
are defined based on CES and Logical Channel Number. 

3.5 Application Layer Solution 

Applications by their very nature are proprietary, so very lit­
tle can be offered "off-the-shelf". Certain functions have 
been "standardized" at the application layer, but in general 
custom code deSign and development is necessary. Supple­
mentary Services are defined in both the voice and data 
domain, however the invocation of these services is very 
application dependent and requires custom solutions. 

Telenetworks does offer a prototype X.31/Q.931 Call Con­
trol module that controls voice calls over an ISDN interface, 
as well as asynchronous and synchronous X.25 data calls. 
For the voice application this module controls various te­
lephony devices by communicating with the Telephony De­
vice driver modules. It also expects to communicate with a 
Command Translator/PAD Task and a USART/HDLC soft­
ware driver module, as defined in the following paragraphs. 

3.5.1 Asynchronous Data Application 

For this specific X.25 asynchronous data application exam­
ple the TE expects to communicate with a PC running the 
Hayes Modem application program. The Hayes Modem pro­
gram communicates out of the PC UART toward a modem. 
The "expected" modem is replaced by the ISDN TE. A 
Command Translator/PAD Task will be needed to interpret 
the Hayes AT commands for setting up and tearing down 
the desired bearer service. 

If the PC user wants service, then a service request with a 
called party number arrives at the TE in a Hayes command 
and is translated into an ISDN Setup command. This data 
control message is sent to the X.31/Q.931 Call Control 
Task. The DSSI protocol then sets up the appropriate data 
service on either the D or a B channel. If the network side 
wants service then the network sets up an ISDN call using 
the DSSI call setup procedures. In this case the appropriate 
data control response is sent from the Call Control Task to 
the Command Translator/PAD Task. 

Once the call setup sequence has reached the ACTIVE 
state then the data phase is entered, at which time the 
Command Translator/PAD Task acts like a Packet Assem­
bler/Disassembler (PAD) and communicates directly with 
the X.25 PLP Task. In this example, data is rate adapted 
from a nominal 1200 baud rate at the UART to either the 
16 kbits/second D channel rate or the 64 kbits/second B 
channel rate. 

After the data session the call is cleared either by a Hayes 
command from the PC application or from the far end. In 

either case, the X.25 link is released, and then the ISDN 
facility is released using the DSS1 call clearing procedures. 

3.5.2 Synchronous Data Application 

For this X.25 synchronous data application example the TE 
expects to communicate with an X.25 Data Terminal Equip­
ment (DTE) running synchronous 56 kbits/second data. A 
synchronous channel controller device (USARn terminates 
the "R" interface. A custom USART device driver module 
will be needed to control the USART and to monitor certain 
data control commands. 

When an X.25 DTE requests service it typically sends a Lay­
er 2 LAPB SABM command to establish the data link. The 
USART HDLC driver module intercepts this SABM and 
sends a data control service request to the X.31 /Q.931 Call 
Control Task. This message prompts the Call Control Task 
to set up an ISDN bearer channel using the DSS1 call setup 
procedures. Once the call setup sequence has reached the 
ACTIVE state then the Call Control Task sends a message 
to the USART HDLC driver module that a bearer channel is 
available. The USART driver then sends the SABM directly 
to the HPC16400E HDLC driver module. The network side 
can also request service, in which case the Packet Handler 
sets up the ISDN bearer channel using the DSS1 call setup 
procedures. In this case the Call Control Task prompts the 
USART driver module that a bearer channel is available. 

In either of the above cases, DTE to DCE is established and 
the data phase is entered. During the data phase packets 
are transmitted directly from the USART driver to the 
HPC16400E dual HDLC driver without any intervention by 
the TE. In this example, data is rate adapted from the nomi­
nal 56 kbits/second rate to the ISDN 64 kbits/second B 
channel rate. 

After the data session the network side is responsible for 
initiating the call clearing process by first disconnecting the 
X.25 data link with a LAPB DISConnect command. The net­
work side then clears the ISDN facility with the DSS1 call 
clearing procedures. The Call Control Task informs the 
USART driver module that the bearer channel has been re­
leased. 

3.6 Maintenance and Management Solution 

Most of the Management Entity Task's functions are appli­
cation dependent, such as provisioning the ISDN BRI termi­
nal, collecting statistics from the various hardware devices, 
and alarm detection and recovery. These functions will re­
quire custom code development. 

As previously mentioned a software driver is available that 
activates and optionally deactivates a BRI terminal. This 
driver works in concert with Layer 2, the Management Entity 
procedures, the particular application, and of course the 
NSC SID. 

The TEl Assignment procedures are also included in the 
Management Entity Task. Provisions have been made for 
both automatic and non-automatic TEl assignment proce­
dures. TEl Check and Verify procedures are also included. 

Management functions such as parameter negotiation and 
higher layer processes are application dependent and re­
quire custom solutions. 

The HPC16400E onboard UART can be used for the main­
tenance interface. This interface is defined in the physical 
layer section of this document. The maintenance features 
would only be available when the asynchronous data serv­
ices are not in progress. Additional commands must be add­
ed to the PC application program to control the mainte­
nance interface. 
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3.7 Software Development EnvIronment 

The process of developing a software application around 
the Telenetworks ISDN sofuyare will vary greatly depending 
on the application and the target hardware. The procedure 
given below is an example that might apply to the develop­
ment of an ISDN BRI application. Task-View, a testing tool 
developed by Telenetworks, is defined below, as well as the 
software tools that are available for the NSC HPC16400E. 

In a typical ISDN BRI application there are two main areas 
of software development. First, device drivers must be writ­
ten for the particular telephony hardware that exists in the 
target system (e.g., Layer 1 drivers and DMAlHDLC driv­
ers). Second, a Call Control Application Task must be de­
signed to control the telephony hardware and interface to 
the Layer'3 Protocol Control Tasks. 

Typically, in such a development process, the target hard­
ware is not available at the time that software development 
begins. This suggests a three step software development 
process. First, the Call Control Application Task is written 
and is unit-tested in a PC environment. Second, when the 
target hardware becomes available, the telephony hardware 
drivers are written and unit-tested in this target environment. 
Finally, the entire system software is integrated and tested 
with the hardware. 

3.8 Task-View Description 

To aid in testing ISDN software modules Telenetworks has 
developed Task-View. Task-View is a special.purpose 
debugging task that can be run, together with other tasks, 
under the MTEX Multitasking Executive. It reads and inter­
prets a user-supplied ASCII file, containing a test scenario. 
Under control of the test scenario, Task-View sends mail 
messages to a specified mailbox (or mailboxes), where they 
are read by the task(s) under test. Mail messages sent by 
the task(s) in response to this input are then displayed by 
Task-View. In this way tasks can be debugged in isolation, 
before integration into the complete target environment. 

The full-featured Task-View operates only in a PC environ­
ment,since it uses the DOS file system to handle the test 
scenario files. This is less of a limitation than it might ap­
pear, since many tasks interact only with the MTEX Multi~ 
tasking Executive and can be unit tested and debugged in a 
PC environment, running under the PC version of MTEX, 
before integration with other tasks in the, target environ­
ment. However, some modules, in particular I/O drivers, can 
only be tested in the target hardware environment. A simpli­
fied version of Task-View has been ported into the embed­
ded HPC environment for testing of the I/O Drivers. Task­
View has also been ported into the Sun workstation devel­
opment environment. 

3.9 NSC Development Tools 

Below is a list of the development tools available for the 
NSC HPC16400E. 

HPC "C" Compiler 
HPC Linker 
HPC PROM tools 
HPC Microcontroller On-Line Emulator (MOLETM) 
NSC TP3500 ISDN Evaluation Target System. 

4.0 SUMMARY 

As ISDN BRI becomes more and more prevalent, users will 
require terminal vendors to provide new ISDN products or to 
implement ISDN interfaces into their current products. This 
System DeSign Guide has attempted to present a compre­
hensive design solution for those vendors interested in de­
signing an ISDN BRI product. NSC and Telenetworks are 
committed to providing ISDN solutions to the telecom indus­
try. This Design Guide did not discuss implementation of the 
two public data protocols, V.120 and V.11 o. It also did not 
discuss implementation of any private data protocols such 
as DMI and T-Link. This was intentional in an effort to some­
what scope the DeSign Guide. However both NSC and Tel­
enetworks have developed design support for these proto­
cols and others. NSC has just announced their "R" Inter­
face Device, the TP3460, which provides many of the hard­
ware sensitive functions of V.110. Certain V.110 and V.120 
software modules are available to also aid a designer in 
developing a terminal adapter for these protocols. 

For more information on ISDN BRI implementations contact 
your local National Semiconductor representative or contact 
Telenetworks at (707) 778-6500. 

APPENDIX A: REFERENCES 

5ESS ISDN Basic Rate Interface Specification, 5E5 Generic 
Program, AT&T Document 505-900-311, December 1987, 
Chapter III (Layer 2 and Management Entity) and Chapter IV 
(Layer 3). 

DMS-100 Basic Rate Interface Specification, Northern Tele­
com Document NIS S208-4, October 1988, Section C (Lay­
er 2 and Management Entity) and Section 0 (Layer 3 Func­
tional Mode). 

CCITT Recommendations 0.921, 0.931, X.25, X.31, and 
1.430 "Blue Books", Geneva 1989. 

National Semiconductor HPC16400E Data Sheet. 

National Semiconductor HPC16400E User's Manual. 
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1.0 INTRODUCTION 

The TP3420/1 SID (S Interface Device) is a complete 
monolithic transceiver for data transmission on twisted pair 
subscriber loops. All functions specified in CCITT recom­
mendation 1.430 for ISDN basic access at the "S" and "T" 
interfaces are provided, and the device can be configured to 
operate either in a TE (Terminal Equipment), in an NT-1 or 
NT·2 (Network Termination) or as PABX line-card device. 

As specified in 1.430, full-duplex transmission at 192 kb/s is 
provided on separate transmit and receive twisted pair wires 
using Alternate Mark Inversion (AMI) line coding. Various 
channels are combined to form the 192 kb/s aggregate 
rate, including 2 "B" channels, each of 64 kb/s, and 1 "0" 
channel at 16 kb/s. In addition, the 800 b/s multiframe 
channels for layer 1 maintenance is provided. 

All 1.430 wiring configurations are supported by the SID, in­
cluding the "Passive Bus" for up to 8 TE's distributed within 
200 meters of low capacitance cable, and pOint-to-point 
connections up to at least 1500 meters. Adaptive signal pro­
cessing enables the device to operate with low bit error 
rates on any of the standard types of cable pairs commonly 
found in premise wiring installations. 

This user's guide is intended to complement the device data 
sheets and is primarily aimed at ISDN TE, NT1, NT2 and TA 
designs that incorporate SID SIT transceivers. The user 
should refer to the TP3420, TP3421, TP3075/3076 ISDN 
COMBO and HPC16400E data sheets for specific functions 
supported by these devices. 

2.0 LINE INTERFACE AND TRANSMISSION 
PERFORMANCE 

The components that are integral parts of the system de­
sign around the SIT interface and work in conjunction with 
the SID are dealt with in this section. Choice of the appropri­
ate components will lead to reliable equipment design and 
superior performance. 

2.1 Master Clock Source 

The clock source for TP3420/1 may be provided with a 
commercially available crystal or an external clock source 
meeting the frequency requirements as explained in the fol­
lowing sections. 

2.1.1 Crystal Oscillator 

The SID clock source may be either a quartz crystal operat­
ing in parallel mode or an external signal source at 15.36 
MHz. The complete oscillator (crystal plus the oscillator cir-

XTAL2 

cuit) must meet a frequency tolerance specification of ± 100 
ppm total to comply with the CCITT 1.430 specification for 
TE applications. The frequency tolerance limits span the 
conditions of full operating temperature range (commercial 
or industrial) and effects due to aging and part-to-part pa­
rameter variations. 

The crystal is connected between pin 5 (MCLK/XTAL) and 
pin 6 (XTAL2), with a 33 pF total capacitance from each 
pin to ground as shown in Figure 1. The external capacitors 
must be mica or high-Q ceramic type. The use of NPO (Neg­
ative-Positive Zero coefficient) capacitors is highly recom­
mended to ensure tight tolerance over the operating tem­
perature range. The 33 pF capacitance includes the exter­
nal capacitor plus any trace and lead capacitance on the 
board. 

Crystal Requirements: 

Nominal frequency of 15.360 MHz, frequency tolerance (ac­
curacy, temperature and aging) less than ±60 ppm, with 
Rs < 1500, CL = 20 pF, parallel mode, CO (shunt capaci­
tance) < 7 pF. 

An external circuit may be driven directly from the pin 
XT AL2 (pin 6) provided that the load presented is greater 
than 50 kO shunted by a total of 33 pF of capacitance. 

Crystal oscillator board layout is critical and should be de­
signed with short traces that do not run parallel when in 
close proximity (to minimize coupling between adjacent 
pins). On multi-layered boards a ground layer should be 
used to prevent coupling from signals on adjacent board 
layers. Ground traces on either side of the high frequency 
trace also helps isolate the noise pickup. 

2.1.2 External Oscillator Configuration 

An external 5V drive clock source may be connected to the 
MCLK (pin 5) input pin of the SID as shown in 
Figure 1. The nominal frequency should be 15.36 MHz with 
a tolerance of ± 80 ppm. The SID provides a load of about 
7 pF at the MCLK input pin. 

2.1.3 List of Recommended Crystal Manufacturers 

Monitor Products Co., Inc. 
502 Via Del Monte 
Oceanside, CA 92504 
(619) 433-4510 

Part No. MM-38A 15.36 MHz N 
Freq. Tolerance (Total) ±60 ppm 

TP3420 1E T ~3;F" EI~ 
XTAL2 XTAL2 

TLlH/l0730-1 

'This includes the trace and lead capac~ance on the board 

FIGURE 1. Clock Circuits 
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2.2 Line Transformer Requirements 

The electrical characteristics of the pulse transformer for 
the ISDN "S" interface are defined to meet the output and 
input signal and the line impedance characteristics as de· 
fined in CCITT recommendation 1.430. The transformer pro· 
vides isolation for the line card or terminal from the line; it 
also provides a means to transfer power to the terminal over 
the S·loop via the 'phantom" circuit created by center·tap· 
ping the line side windings. A transformer is used both at the 
transmit and the receive end of the loop. These notes speci· 
fy the tolerances of a transformer that is employed with the 
SID to meet the CCITT recommendation on output pulse 
mask and impedance requirements. 

2.2.1 Line Transformer Ratio 
The transmit and the receive transformers can be the same 
(with a winding ratio of 1 :2) or optionally, the receive trans· 
former could have a transformer ratio of 1 :1. The primary of 
the transformer is connected to the S loop while the sec· 
ondary is connected to the device. 

Transmit and Receive Transformer: 
Turns ratio (Np/Ns) = 1:2 ± 1 % 

Optional Receive Transformer: 
Turns ratio (Np/Ns) = 1:1 ±1% 

2.2.2 Line Transformer Electrical Parameters 

The tolerance on the electrical parameters of the 1:2 line 
transformer are tabulated in Table I below. 

TABLE I. Line Transformer Electrical Parameters 

Parameter Min Typ Max Units 

Ns/Np 1.98 2 2.02 -
Lp 22 30 37.5 mH 
Ls 80 120 150 mH 
Rp 12 0 
Rs 5 0 
LLp 16 /LH 
LLs 32 /LH 

The parameter mnemonics and their significance are explained in the para­
graphs below. 

The total capacitance Jooking into the primary winding when the seccndary 
is open circuit should be ,; 220 pF. 

Line Transformer Winding Inductance (Lp, Ls) 

The total inductance looking into the terminal from the "S" 
loop should be greater than 22 mH (> 2.5 kO between 
20 kHz and 80 kHz). This is necessary to meet the low 
frequency output impedance specification in 1.430 of 
> 25000 for frequencies :<: 20 kHz. The primary winding of 
the transformer (the main component of inductance) should 
therefore have greater than 22 mH of inductance (Lp). The 
secondary winding inductance (Ls) is generally 4 Lp for the 
1:2 transformer and Ls = Lp for the 1:1 transformer. 

Total Capacitance at the Terminal End 

1.430 specifies that the impedance into the Transmitter and 
Receiver must be > 25000 for frequencies < 80 kHz in a 
TE. The capacitance dominates this impedance, and must 
be limited to < 795 pF. 
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There are various contributors to this output capacitance: 

- The TE cord, 300 pF (for the 7m length) capacitance or 
350 pF (for the 10m length). 

- the device driver pins, 10 pF-25 pF. 

- The over·voltage protection circuit consisting of shunting 
diodes (8 pF). 

The 1:2 transformer multiplies the capacitance on its sec· 
ondary connections by 4 when observed from the line side. 
An allowable maximum for other distributed stray capaci· 
tances; Cd, is given by: 

7m Cord Case: (25 + 8) x 4 + Cd + 300 ,,; 800 pF 
which gives Cd ,,; 368 pF 

10m Cord Case: (25 + 8) x 4 + Cd + 350 ,,; 800 pF 
which gives Cd ,;; 316 pF 

This is the most stringent case and determines the maxi· 
mum allowable distributed capacitance Cd for the trans· 
former and other miscellaneous capacitances. 

Total Capacitance at the Network End 

At the network end, there is no cord specified but the 
25000 minimum impedance limit extends up to 106 kHz. 
The total capacitance must therefore be < 600 pF, hence: 

(25 + 8) x 4 + Cd ,,; 600 pF 
which gives Cd ,,; 468 pF 

By restricting the Cd for the transformer to be ,,; 220 pF, 
sufficient margin is allowed for miscellaneous capacitances 
and flexibility in the protection circuit arrangement. 

Line Transformer Winding Resistance Rp and Rs 

Since the device output driver is a voltage·limited current 
source type, the value of the DC resistance of the trans· 
former secondary is not critical. 

The DC resistance of the primary side of the transformer 
does affect the load seen by the current source driver and 
hence needs to be constrained in order to meet the overall 
specification of ± 10% maximum variation of the output 
pulse height when terminated into 500. 

Line Transformer Leakage Inductance 

Unlike competing devices the TP3420/1 controls the output 
pulse transition times, and hence the leakage inductance is 
not critical. Overshoot and ringing are within the pulse mask 
for values in excess of 50 /LH. 

Longitudinal Balance 

The longitudinal balance specification is as follows: 

10 kHz to 300 kHz: :<: 54 dB 
300 kHz to 1 MHz: Value decreasing at 20 dB per decade. 

Bifilar windings on the line side are necessary to meet these 
requirements. 

2.2.3 Printed Circuit Board Layout Considerations 

Taking care of the pcb layout in the following ways will help 
prevent noise injection into the receiver front·end and maxi· 
mize the transmission performance: 

place the transformer and TP3420/1 on the same ground 
plane; 
keep short connections between the transformer and 
TP3420/1; 
keep short connections from the transmission lines to the 
transformer; 
minimize crosstalk between the transmit and receive pairs; 
minimize crosstalk from the crystal into the transmit and reo 
ceive pairs. 

l> 
z . 
C) 
C) 
U1 



~r-------------------------------------------------------------~ , 
z 
<C 

2.2.4 Recommended Line Transformer Manufacturers 

Preliminary tests indicate that the following transformers 
with the TP3420/1 meet the CCITT 1.430 requirement for 
pulse mask and output impedance parameters: 

Pulse Engineering: 
Part No: PE64995. Phone: 619-268-2454. 

MID-COM: 
Part No: 571-5915. Phone: 605-886-4385 or 
1-800-643-2661. 

Vernitron Corporation (AlE Magnetics): 
Part No: 328-0044 Phone: 813-347-2181. 

2.3 External Protection Circuitry 

Precautions are to be taken to ensure that the TP3420/1 is 
protected against electrical surges and other interferences 
due to electromagnetic fields, power line faults and lightning 
discharges that may occur in the transmission medium. Pro­
tection circuits that are external to the device are recom­
mended on both the primary and secondary sides of the line 
transformer. Figure 2 provides a full protection circuit for the 
SID in TE mode. The diode stacks at the Lo and Li pins of 
the device are primarily provided to offer low impedance 
paths to electrical surges. On the transmit side in a TE they 
also avoid the clamping of the signals from other TE's and 
ensure that the minimum output impedance requirements 
are met even if Vee is lost. In NT /L T applications only a 
single diode from each Lo pin to Vee is required. External 
resistors in the receive path of the SID limit the surge cur­
rent through the diodes and also form part of the low pass 
noise limiting input filter. This circuit can withstand at least 
1000V pulses on the S interface. All the diodes in this circuit 
are of the type 1 N4004. Low capacitance diodes are neces­
sary to avoid exceeding the maximum allowed capacitance 
for the complete connecting cord and circuit impedance. 

For surge protection on exposed wiring interfaces, a low 
capacitance gas discharge tube should be added across the 
terminals as shown in Figure 2. In addition to surge protec­
tion, the transformer must be protected against power line 
faults by the addition of fuses or low value « 1 00.) fusible 
resistors. The series resistance of the protection must how­
ever, be taken into account when specifying the resistance 
of the transformer windings, to ensure that the transmit 
pulse mask requirements are met. 

2.3.1 DC Bias Capacitors for Analog Reference 

Two decoupling capacitors (0.1 ILF mica) and 10 ILF (elec­
trolytic) are connected between pin 19 of the device and its 
ground connection. These capacitors decouple the midpoint 
of a two-resistor potential divider (inside the device) and 
provide an internally buffered reference for the analog cir­
cuitry. 
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2.4 Transmission Performance 

The TP3420/1 SID is designed with the goal of substantially 
exceeding the transmission performance requirements as 
specified in the 1.430. This is made possible in the design by 
employing complex signal-processing techniques in the re­
ceiver front end design. For example, in the receive path, an 
analog prefilter removes > 200 kHz noise signals, which is 
then followed by an adaptive line equalizer to correct for the 
attenuation of loops in excess of 1.5 km in length with supe­
rior performance. A continuously tracking adaptive thresh­
old circuit optimizes the slicing levels in the detection cir­
cuits for correct detection of received data even on long 
lossy loops. Finally a digital filter discriminates against in­
band noise. This architecture results in longer range error­
free transmission in point-to-point applications, and greater 
spread of terminals in extended passive bus applications 
than simpler first-generation tranceivers. 

The SID transmission performance was measured on 24 
AWG PIC cable which has approximately 90 nF/km capaci­
tance and 180 o./km resistance. This cable has a loss of 
7.8 dB/km at 96 kHz. Performance was measured with 
three different configurations, namely: 

1. Point-to-Point; 

2. Short Passive Bus; 

3. Extended Passive Bus. 

In all these tests, noise sources recommended by the 
1.430/ANSI standard per Section 8.6.2.1 were complied 
with. The setups are shown in Figures 3, 4 and 5, along with 
the tables showing the actual range measured versus the 
1.430 recommended range. Noise sources were located 
close to the NT receiver and injected via two 1 ko. resistors 
to avoid affecting the loop impedance significantly. Activa­
tion and error-free transmission could be accomplished on 
either end of the S interface in the case of the pOint-to-point 
configuration and from anyone of the TEs in the case of 
both passive bus configurations. The error-rate was mea­
sured in a B channel in these tests. 

The TEs and NT in all these configurations used TP3420/1 
SIDs. The NT device in the pOint-to-point and extended pas­
sive bus cases was in NTA mode while the short passive 
bus used NTF mode. The results tabulated show that the 
SID exceeds the 1.430 and ANSI range requirements. 

Pulse Shape and Impedance Templates 

As shown in Figure 6, the TP3420/1 SID transmitter output 
pulse shape and amplitude comply with the specified pulse 
masks for both the 500. and 4000. test load impedance cas­
es. Plots in Figures 7a and 7b show the receiver input im­
pedance and output impedance. These tests were done 
with the recommended Pulse Engineering transformers. The 
SID output drivers are specifically designed with controlled 
rising and falling transitions for minimal pulse overshoot and 
undershoot with a wide range of transformer designs. Fur­
thermore, the following figures show the transmit and re­
ceive impedance templates are met with the specified cable 
connected and the protection networks shown in Section 
2.3. The device has been successfully tested for pulse 
shape and impedance with various other manufacturers' 
transformers. 
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FIGURE 5. SID Extended Passive Bus Range Measurement 

4-92 

TLlH/l0730-5 

TLlH/l0730-6 



70.1600j.lS 

I 
JI 

'I 
rJ 

FUNCTION 1 = 200.6 mVOl TS/DIV 
T1MEBASE = 1.00 j.lS/DIV 

75.1600'6j.1S 

\\ 
\ 

\ 
\1\ 

FIGURE 6a. SID Output Pulse Shape and Amplitude vs Mask (500) 

249.710 mS 249.715 mS 

1\ 
\ 
\ 

r \ 
/ I \ \ 

80.16006j.1S 

249.729 mS 

I \ \ 
/ \ \ 

i'... 

CH. 1 = 299.5 mVOlTS / DIV 
T1MEBASE = 1.00 j.lS / DIV 

FIGURE 6b. SID Output Pulse Shape and Amplitude vs Mask (4000) 

4·93 

TL/H/l0730-7 

TUH/l0730-8 

~ 
Z . en m 



U) ,---------------------------------------------------------------------------------, 
CD 
Cf 
z 
CC 

o 
I 

I I I I I I I II 
TE (SID) TRANSMmER OUTPUT IMPEDANCE CURVE 
TE CABLE LENGTH = 25 IT 
TE CABLE CAPACITANCE = 300 pF 

- TE MODE: INACTIVE 
TRANSFORMER TYPE: PE64995 (8842 -IP) 
TRANSFORMER RATlO- 2:1 

/ v/ 
V 

",/ V 
1/ 

t:::::: 
,/'" 
~ V 

-----: ........ 

10 

V-r\ 

/ \ 
\ 

\ 
1\ 

\ 
~ 

100 
FREQUENCY, KHz 

FIGURE 7a. SID Receiver Input Impedance Curve 

! ! ! ! ! ! : : :! , 
I I I I I I I II 

TE (SID) TRANSMmrR OUTPUT IMPEDANCE CURVE 
TE CABLE LENGTH = 25 IT 
TE CABLE CAPACITANCE = 300 pF 

- TE MODE: INACTIVE 

5 

4 

3 

o 
I 

TRANSFORMER TYPE: PE64995 (8842 - IP) 
TRANSFORMER RATIO - 2:1 

~ 

,,; ~~ .... 

~ c:::: ....... 
,,; 

r 

/ 
// 

V 

10 

: : ! ! 

I 
I \ 

\ 
\ 
~ 

100 
FREQUENCY, KHz 

FIGURE 7b. SID Transmitter Output Impedance Curve 

4·94 

~ 
......... r': ::: ~ ~r-

1000 

TL/HI1 0730-9 

! ! ! ! , ; ! : 

" ........ r--......... 
......... 

i"- I""'-- ........ r-. 
i"- .... r-- I'-

1000 

TLlH110730-10 



3.0 TP3420 DIGITAL INTERFACE 

To retain the flexibility of interfacing the TP3420 with a vari­
ety of other products, two digital interfaces are provided on 
this device. The first interface is called the Digital System 
Interface (DSI) and is for synchronous transfer of Band D 
channel information in one of the several popular schemes 
which encompass proprietary frame structures such as 
COMBO, 10M, SLD and IDL. The second interface is Na­
tional's popular MICROWIRE/PLUS interface which pro­
vides a means for synchronous serial data transfer between 
a microcontroller and one or more peripheral devices and is 
used for device mode control purposes. 

The TP3421 device uses the GCI interface format, see the 
TP3421 Datasheet. 

3.1 Digital System Interface Formats 

The Digital System Interface (DSI) combines B1, B2 and D 
channel data onto common pins Br and Bx to provide maxi­
mum flexibility. At this interface, phase skew between trans-

mit and receive directions may be accommodated at the line 
card or NT -1/2 end since separate frame sync inputs FSa 
and FSb are provided. Each of these synchronizes a coun­
ter which gates the transfer of B1 and B2 channels in con­
secutive time-slots across the digital interface. The serial 
shift rate is determined by the BCLK input and may be any 
frequency from 256 kHz to 4.096 MHz. Thus, for applica­
tions on a PABX line card (in NT mode), the B1, B2 and D 
channel slots can be interfaced to a TDM bus and assigned 
to a time slot. 

At the TE end, FSa is an output indicating the start of both 
the transmit and receive B channel data transfers. BCLK is 
also an output at the serial data shift rate, which is depen­
dent on the DSI format selected. Figure 8 illustrates the 
directions of BCLK, FSa and FSb clocks depending on the 
device mode TEM and TES or NT mode respectively. 

Four multiplexed formats of B1, B2 and D channel data are 
supported by TP3420 SID and selection of these formats is 
via the control register. 

TE Mode: DSt Master (TEM) 

28+0 IN 

28+0 OUT 

8KHz { 
fRAME SYNC 

8CLK 

DENx 

liE 
liE 

TLlH/10730-11 

NT Mode DSI Slave (NTA or NTF) and TE Mode DSI Slave (TES) 

JII 
JII 

28+0 IN 

28+0 OUT 

} 
8KHz 
fRAME SYNC 

8CLK 

SCLK 

FIGURE 8. TP3420 SID Digital System Interface 
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FIGURE 9. Digital System Interface Formats in NT and TES Modes 
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Figure 9 illustrates the four Digital Interface Formats for the 
NT and TES modes of the SID device and Figure 10 shows 
these formats for the TEM mode. Table II presents the 
BCLK rates of the four DIF formats in both the Master and 
Slave modes. 

TABLE II. DSI Format Rates 

Format 
BCLKas BCLKas 

DSI Master DSISlave 

1 2.048 MHz 2.56 KHz-4.096 MHz 
2 256 kHz n 

3 512 kHz n 

4 2.56 MHz " 

3.2 TP3420 SID Digital System Interface and HPC16400E 
Connection 

TP3420 SID, when used with National's HPC16400E Micro­
controller, provides an elegant ISDN solution for TE and 
Line-card architectures. While the SID implements all the S 
interface functions, Layer 2 and 3 signaling and protocol 
layer procedures may be implemented in the HPC16400E 
by connecting the D-channel to HDLC# 1 via the Digital 
System Interface. At the same time, one of the B channels 
may be routed to HDLC#2 on the HPC16400E for data pro­
tocol implementations. 

The Serial Decoder block of the HPC16400E provides a 
means of flexible configuration of the device for various ap­
plications. Figure 11 illustrates a simple block diagram func­
tional description of the serial decoder and the various sig­
nals associated with it. The serial decoder is controlled by 
the contents of the SERDEC register of the HPC16400E. 

Because the TP3420 has four different formats for multi­
plexing Band D channels on its Digital System Interface, it 
is important to setup the HPC16400E in the correct mode 
for compatibility with the chosen digital interface format 
from the TP3420 as shown in Table III below: 

TABLE III. Relationship between the HPC Serial 
Mode and the SID DIF Format 

HPC SID 
Serial Mode DIFFormat 

4 1 
4 2 
3 3 
7 4 

This is done by the upper 3 bits of the SERDEC register in 
the HPC16400E. 

The serial decoder of the HPC16400E in conjunction with 
the ENABLE SELECT logic provides the enable signal for 
data multiplexing. The serial decoder services the 2 HDLC 
channels (for a detailed discussion on the Serial decoder 
please refer to the HPC16400E data sheet). For each HDLC 
channel, there are two ENABLE SIGNALS, one for the Re­
ceiver and one for the TRANSMITIER. Each HDLC channel 
ENABLE signal can be connected to the EXTERNAL RE­
CEIVER/TRANSMITIER ENABLE (REN1, TEN1, REN2 
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and TEN2) or the Internally Generated Enable strobe sig­
nals (B1, B2 and D) or can be used for ANDing of the EX­
TERNAL ENABLE and INTERNAL channel strobe signal. 
The HDLC Channel Enable Signals are selected by setting 
the 5 lower SERDEC register bits as shown in Tables IV and 
V: 

TABLE IV. HDLC Enable Signals for Channel # 1 

Case 
SERDECBlt 

TX1 RX1 
2 1 0 

1 x 0 0 D&TEN1 D 
2 x 0 0 TEN1 0 
3 1 1 0 B1 B1 
4 1 1 1 B2 B2 
5 0 1 1 TEN1 REN1 
6 0 1 1 TEN1 B1 

TABLE V. HDLC Enable Signals for Channel # 2 

Case 
SERDEC Reg Bit 

TX2 RX2 
4 3 2 

1 0 0 0 B1 B1 
2 0 0 1 B2 B2 
3 0 1 0 TEN2&B1 REN2&B1 
4 0 1 1 TEN2&B2 REN2&B2 
5 1 0 x 1 1 
6 1 1 x TEN2 REN2 

3.2.1 TP3420 SID and HPC16400E Connection for 
D-Channel 

Figure 12 shows the connection of TP3420 SID's Digital 
System Interface signals to the HPC16400E serial decoder 
and HOLC Controllers 1 and 2 for the O-channel and B 
channel respectively. For D-channel selection into the 
HDLC#1, the FSa signal on the OSI has to be connected to 
the REN1 (pin DO) signal on the serial decoder/HOLC #1. 
In this application Case 1 of HOLC enable signals for chan­
nel # 1 in Table IV is used. 

3.2.2 TP3420 SID and HPC16400E Connection for 
BChannel 

For B channel selection into the HDLC# 2, Case 1 or Case 2 
of the HOLC enable Signals for channel #2 for B1 or B2 
channel respectively is used from Table V. 

3.3 TP3420 SID Digital System Interface and TP3076 
COMBO Connection 

When one of the B channels in the ISDN stream is PCM 
coded voice, an ideal solution is to connect this B channel 
to a TP3075/TP3076, National's PCM COOEC/filter for 
ISDN. The TP3075/3076 are second generation combined 
PCM COOEC and filter devices optimized for digital tele­
phone applications. The devices are A-law and ",,-law pro­
grammable and employ a conventional serial PCM interface 
capable of being clocked up to 4.096 MHz. A number of 
programmable functions, including the transmit and receive 
gains, may be controlled via a serial control port. Please 
refer to TP3075/TP3076 data sheet for more details. 
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The diagram of Figure 12 shows the connection between 
the TP3420 and TP3076 in the implementation of an ISDN 
phone. TP3420 SID is programmed for DIF1 format at the 
DSI in this application. Besides, the voice channel should 
always be in B1 slot of the DIF FORMAT1 for this setup to 
work. If the network assigns the B2 channel to a voice call, it 
has to be switched into the B1 slot in the DSI frame format 
using the command BEX in the TP3420 control register. The 
FSx, FSr pins on the TP3076 are connected to the Fs pin on 
the TP3420. MCLK, BCLK on the TP3076 are connected to 
BCLK on the TP3420, and Dx, DR signals on the TP3076 
are connected to Bx and Br signals respectively on the 
TP3420 SID. Under these conditions, and assuming J.L-Iaw is 
chosen, for proper operation the control register on the 
TP3076 is programmed as follows: 

TP3076 Control Register Contents 

I : I ~ I ~ I ~ I ~ I ~ I 0 I ~ I 

In this case, the TP3076 is in non-delayed timing mode and 
the time slot always begins with the leading edge of frame 
sync input FSx, FSr. 

3.4 NT-2 Synchronization (TP3420/1) 

This section applies to both the TP3420 and TP3421. 

The NT-2, typically a PBX, has a number of S interfaces on 
the customer's side and, if it uses Basic Access to the net­
work, each trunk is a T interface to an NT -1 as shown in 
Figure 13. Functionally the Sand T interfaces are identical, 
i.e. both conform to 1.430. Thus, the SID can operate on the 
S interface side, with NT mode selected (either fixed or 
adaptive receive sampling as appropriate for the wiring), 
and on the T interface side the SID operates like a terminal, 
in TE mode. However, the complete NT-2 must have all its 
clocking and data interfaces synchronized to the network. 
This requires a system clock, at typically 2.046 MHz, to be 
phase-locked to one of the T interfaces. The SID includes 
this PLL, with an SCLK output on the DENx pin, when used 
in TE mode DSI Slave (TES) only. Anyone of the SID's can 
provide this clock, but all will take their BCLK and Fs timing 
from the same one, i.e. they are slaved to the network clock 
and synchronized to each other. In this way, clocking is syn­
chronized all the way from the network to the terminal. 
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3.5 Slave-Slave Mode and Elastic Buffers (TP3420/1) 

This section applies to both the TP3420 and TP3421. 

When SID is used in TE mode (TES), it is a timing slave to 
the network, but the digital interface is also in a slave mode, 
i.e., Fs and BCLK are inputs and is referred to as "slave­
slave" mode. A typical slave-slave application is on the net­
work side of an NT -2, or PBX, at the T interface. Not only 
does this application require the device to cope with arbi­
trary phase relationships between the 1.430 receive frame 
and the 6 kHz Fs, but also the possibility of "slips" arises. A 
slip may occur when the frame phase relationships across 
the device are not fixed, but jitter sufficiently to cause loss of 
data and frame sync. At frequencies below 10 Hz this form 
of jitter is called "wander", and CCITT specification Q.502 
shows that wander up to 16 J.Ls peak-peak may arise over a 
24 Hour period. An elastic store is included in both the 
transmit and receive paths of the SID for two reasons: 

1. To allow complete flexibility for any time-slot to be as­
signed at the digital interface, regardless of the phase of 
the receive 1.430 frame. In addition, separate FS inputs 
for transmit and receive allow them to have independent 
frame and time slot alignments. 

2. To absorb wander between the frame phases across the 
device up to the limits specified in Q.502. 

Each elastic store, in conjunction with some control circuit­
ry, is used to adjust the output timing requirements gradually 
for error free transmission performance. Figure 14 shows 
the general mechanism supported by the SID in either direc­
tion which utilizes a serial-to-parallel converter, a buffer and 
a parallel-to-serial converter. The incoming data (2B + D) is 
transferred into the register as each word is accumulated in 
the serial-to-parallel converter. Some time later, data in the 
buffer is transferred to the output parallel-to-serial converter 
as a complete word is shifted out. The wander detector cir­
cuit controls the transfers to the parallel-to-serial converter 
in such a way as to absorb wander by varying delays 
through the elastic store. The SID is designed to absorb the 
CCITT wander specified over 24 hours, which can be up to 
16 J.Ls peak-to-peak. 
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4.0 DIGITAL CONTROL INTERFACE (TP3420 Only) 

The digital control interface for the TP3420 SID is compati· 
ble with National's industry standard MICROWIRE/PLUSTM 
interface. This approach provides easy integration into al· 
ready existing microcontroller applications. 

4.1 The MICRO WIRE Bus 

The MICROWIRE compatible interface on the TP3420 is 
provided for microprocessor control of various functions in 
the device. MICROWIRE is used for slow speed control and 
status data, while all the real time user data in Band D· 
channels is routed via the DSI so that speed of response to 
Interrupts Is not a critical issue. 

In the MICROWIRE control interface implementation in the 
TP3420, with reference to the control interface timing 
shown in Figure 15, the following actions take place: 

Data transfers consist of a single byte shifted into the con· 
trol register of SID via the CI pin while a single byte is shifted 
out from the status register of SID via the CO pin. 

es is to be pulled low for 8 clock cycles of CCLK. 

Data waiting to be received into CI is clocked on rising edge 
ofCLK. 

Data waiting to be transmitted out of CO is clocked out on 
the falling edge of CCLK. 

INT goes low to alert the microprocessor when changes in 
the status register occur. INT returns to the high impedance 
state on the rising edge of CCLK after es goes low. 
Note: When reading an Interrupt from SID. a NOP (hex FF) must be loaded 

IntoCI. 

4.2 TP3420 SID to HPC16400E MICROWIRE Connection 

The MICROWIRE/PLUS interface on HPC16400E has an 8-
bit parallel loaded, serial shift register using SI as the Input 
and SO as output. SK is the clock for the serial shift register 
(SIO). SK clock can be provided from an internal HPC timer 
or from an external source, and the internal clock is pro­
grammable by the DIVBY register. A DONE flag indicates 
when the 8-bit data shift is completed. 

The HPC16400E should be configured in the Master mode 
for operations in this case. A control bit in the IRCD register 
determines whether the HPC16400E is in master or slave 
mode for MICROWIRE/PLUS applications. Figure 12 illus­
trates the use of HPCTM MICROWIRE/PLUS in controlling 
the TP3420 MICROWIRE interface. 

4.3 TP3420 SID COMMAND and STATUS Bytes 

The control commands and status indication functions sup­
ported by the TP3420 allow it to be flexibly used in various 
sytem applications with relative ease. The command con­
trols are in distinct groups of functions, and in most of these, 
only one function may be active from each group at a time. 
There are 32 distinct commands available. Listed below are 
the various control functions and status indication functions. 
Please refer to the TP3420 SID data sheet for mnemonic 
explanations. . 

Most of these commands and status indicators are common 
with those used on the TP3421, which has the GCI interface 
instead of the MICROWIRE interface. 

Activation/Deactivation 

Command Status 

PDN LSD 
PUP AP 
AR EI 
DR DI 
FI2 

MMA 

Device Modes 

Command Status 

NTA 
NTF 
TEM 
TES 

Digital Interface Formats 

Command Status 

DIF1 
DIF2 
DIF3 
DIF4 

B1IB2 Channel Control 

Command Status 

B1E 
B2E 
BlO 
B2D 
BDIR 
BEX 

D-Channel Access 

Command Status 

DREQ1 CON 
DREQ2 EOM 

End of Message Interrupt 

. 1L-_____ c_o_m_~m_:~_a_nd ______ ~I _______ S_ta_t_u_s ____ ~ 
Multlframe 

Command Status 

MFT MFR 
MIE 
MID 

Loopback Tests 

Command Status 

LBS 
LBL1 
LBL2 
LBB1 
LBB2 
CAL 
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4.4 TP3420/1 Receive Timing Recovery 

The TP3420/1 has two receive clock timing options avail· 
able in its system implementations as shown in the concep· 
tual diagram of Figure 16. 

In adaptive timing mode, the DPLL is locked to timing in the 
received bit stream. This mode is used in TE applications for 
both pOint-to·point, short and extended passive bus configu· 
rations, whereas in NT mode this is used for point.to·point 
and extended passive bus configurations only. 

For application in the NT of a short passive bus only, the 
multiple TE's with different round trip delays cause wide var· 
iations in the zero crossings so that a DPLL cannot gener· 
ate a clean clock reliably. Therefore the receive sampling 
DPLL is bypassed in this mode by selecting the NTF com­
mand. In Fixed timing mode, the DPLL is locked to TXCLK 
and phased at 4 /los with respect to the leading edge of the 
derived clock. Also, in the fixed timing mode, the equalizer is 
disabled. 

TE 

TP3420/1 SID has 2 RX CLK Timing Options: 

1. DPLL Adaptive timing, locked to RX data 

Used in TE mode always 

Used in NT mode for point·point only 

4.5 TP3420/1 Line Signal Detect (LSD) and Wake-Up 
Signal for /lop 

The Line Signal Detect circuit in the SID is active when the 
device is in the power down state. Upon detecting a valid 
signal, the LSD pin on the device is pulled low from its nor· 
mally high impedance state, and also the LSD bit in the 
Status Register is set (TP3420 only). The LSD pin may be 
used for waking up a local microprocessor from a low power 
idle mode and subsequently powering up SID itself. The 
LSD pin goes into the high impedance state upon powering 
up (PUP) the SID and the LSD circuit in the device is dis· 
abled in powered·up mode. 

Figure 17 shows a simple concept of using the LSD pin on 
the TP3420 SID in waking up HPC16400E, the local micro· 
controller. The LSD signal is tied to the NMI pin of the 
HPC16400E. When a remote activation request is sensed 
by the SID, it pulls the LSD pin low and the NMI pin detects 
the inverted LSD signal to wake·up the HPC16400E. The 
INT signal on the TP3420 SID may also be used for these 
wake·up procedures because the LSD bit in the status reg· 
ister may be read upon the INT signal going low. 

NT 

TL/H/l0730-27 

2. Fixed Timing, locked to TX CLK and phased at 4 /los after TX edges 

Used in NT mode for passive bus only 

The NT /TE bits select both the timing mode and the state machines for activation control. 

FIGURE 16. TP3420/1 Receive Timing Circuitry 
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FIGURE 17. TP3420 SID, Line Signal Detect Circuit Connection to HPC16400E 

5.0 ACTIVATION AND DEACTIVATION 
USING TP3420 SID AND HPC16400E 

TP3420 SID and HPC16400E combination makes an ideal 
system solution for ISDN terminals (TE's). When this hard­
ware combination is used in a system, implementing CCITT 
recommended activation and deactivation procedures is 
simplified considerably. Assuming both the TE and NT ends 
of the system employ the TP3420 and HPC16400E combi· 
nation, the activation/deactivation procedures for specific 
cases are explained below. 

Activation procedures for the TP3421 are similar to those 
described here, but conform to the GCI specification for the 
C/I (Command/Indicate) Channel (see TP3421 Datasheet). 

5.1 S Interface Loop Activation Initiated from the 
TEEnd 

Figure 18 illustrates various commands and status indica­
tions and the resultant INFO signals for a successful activa­
tion of the S interface for the case when a TE has initiated 
the activation procedure. This discussion, however, does 
not indicate the timers that are required in an activation pro­
cedure (see Section 6). The following sequence of events 
must take place for the TE initiated activation of the S inter­
face: 
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TE SIDE: TP3420 SID is first powered up and then the AR 
command is sent. This forces INFOI pattern 
onto the S interface towards the NT. 

NT SIDE: The TP3420 on the NT side senses the INF01, 
and issues an LSD interrupt to the local control­
ler. On powering up the SID, the AP byte in the 
status register is set and the local H PC must 
respond by sending the AR command. This 
causes the NT SID to send INF02 frames on 
the S interface. 

The TE SID, upon recognition of INF02 frames, sends 
INF03 frames on the S interface. 

NT SIDE: Upon recognizing INF03 frames, the NT SID is­
sues an AI interrupt to the processor to indicate 
pending activation. Now the HPC repeats the 
AR command in the TP3420 control register and 
SID sends INF04 frames on the S interface. 

TE SIDE: The TE SID now receives INF04 frames and is­
sues an AI indication to the local processor. 

NT SIDE: The SID issues an AI indication to the local proc­
essor. 

At this point the S interface is activated. 



"" 

5.2 S Interface Loop Activation Initiated from the 
NT End 

Figure 19 illustrates various commands and status indica­
tions and resultant INFO signals for a successful activation 
of the S interface for the case when a NT has initiated acti­
vation procedure. This discussion however does not indi­
cate the timers that are required in an activation procedure 
(see Section 6). The following sequence of events must 
take place for the NT initiated activation of the S interface: 

NT SIDE: TP3420 SID is first powered up and then the AR 
byte in the command register is sent to initiate 
the S interface activation procedure. This caus­
es the NT SID to send INF02 frames on the S 
interface. 

TE SIDE: Upon detecting the received signals across the 
S interface, the TE SID issues an interrupt to the 
local HPC indicating LSD. The HPC16400E 

HPc(TE) SID (TE) S Interface SID (NT) HPC(NT) 

q ~ 

~ q 
~ q INF02 

~ ~ ~ q ~ 
~ ? q 

~ 
ACTIVATED ACTIVATED 

TLlH/lD73D-29 

FIGURE 18. Activation Initiated by TE 

HPC(TE) SID (TE) S Interface SID (NT) HPC{NT) 

~ < PUP'jR 
INF02 

/ 

q ~ 
~ q 
~ q 

~ ? q 
~ 
ACTIVATED ACTIVATED 

TLlH/lD73D-3D 

FIGURE 19. Activation Initiated by NT 
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powers up the TP3420, which then detects valid 
INF02 frames and issues AP status indication to 
the HPC16400E. HPC16400E responds to this 
by issuing an AR command, causing the TP3420 
SID to send INF03 frames on the S interface. 

NT SIDE: Upon detecting the INF03 pattern on the S in­
terface, the NT SID alerts the local processor by 
setting the AP interrupt. The NT side processor 
responds by issuing an AR command, causing 
the NT SID to send INF04 frames on the S in­
terface. Also, at this time SID indicates a suc­
cessful activation of the S interface by issuing 
an AI status to the local HPC16400E. 

TE SIDE: The TE SID, upon recognizing the INF04 
frames, indicates to the local HPC the state of 
successful activation via the AI interrupt. 

5.3 S Interface Loop Deactivation Initiated from the 
NT Side 

An activated S interface may be deactivated by generating a 
DR command in the NT as shown in Figure 20. This will 
force the transmitter of the TP3420 to send INFOO on the 
line. The SID in the TE side of the loop detects INFOO and 
supplies 01 status to the local management entity and also 
forces INFOO on its transmitter output. The SID on the NT 
side will detect the INFOO and informs the local manage­
ment entity via 01 status. The local controllers on both TE 
and NT may optionally power down the SID to save power. 

HPC(TE) SID (TE) S Interface SID (NT) HPC(NT) 

INFOO ~ 
/ 

P 

TLlH/lD73D-31 

FIGURE 20. Deactivation Initiated by NT 
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5.4 D-Channel Request and Flow Control (TP3420/1) 

On the S interface, no TE can use a B channel until it is 
assigned by the network via the D channel. Therefore there 
is never a contention problem in a B channel. The D chan· 
nel, however, carries multiple logical links to and from multi· 
pie physical end pOints (TE's). Therefore packets from dif· 
ferent TE's may contend for the use of the D channel 
towards the network. This multiple access contention is reo 
solved on the S interface by making use of the layer 2 HDLC 
framing rules (Figure 21). TP3420 and TP3421 implement 
the D channel access control via a collision detection mech· 
anism as described in 1.430 Section 6.1 for both TE and NT 
modes (Figure 22). 

D channel flow control refers to the way the p.P transfers a 
layer 2 frame or packet to the SID transmit buffer, and from 
there onto the S interface in a terminal. When the layer 2 
wants to transmit a packet, it does not know if another TE is 
already occupying the D channel, since all D channel moni· 
toring and contention resolution is done by the SID. To 
transmit its packet, the following sequence of events takes 
place: 

the HDLC controller primes its transmit buffer, ready to send 
byte 1; 

the p.P sends a DREQ (D channel request) over MICRO­
WIRE to the TP3420 (or the Monitor Channel to the 
TP3421). DREQ messages must also indicate if the pending 
packet is high priority for signaling (use DREQ1) or low pri· 
ority for other types of data (use DREQ2). 

SID starts pulsing DENx to the HDLC; DENx is gated with 
the BCLK in the HPC16400E, so 2 D channel bits are 

("D-ECHO 

I 
t- It. BITS 

TEB I I 

clocked from the HDLC into SID's transmit buffer every 125 
p.s across the DSI. No D channel bits are transmitted on the 
S interface yet; 

SID senses when the opening flag (01111110) from the 
HPC is in its buffer. It then stops pulsing DENx. 

SID now tests to see if the D channel towards the NT is in 
use by another TE, by checking the number of consecutive 
1's counted in the D echo channel. When the access algo. 
rithm allows, SID starts transmitting D channel bits from its 
buffer, beginning with the opening flag. 

The SID also now restarts pulsing DENx to fetch further D 
channel bits from the HDLC to the SID transmit buffer, al· 
ways 2 bits per 125 p.s frame. 

D channel data now flows from the HDLC through SID onto 
the S interface until either: 

SID detects that it has lost a collision with another TE, so it 
stops pulsing DENx, transmits 1's in the following D bit posi· 
tions on the S interface, and interrupts the p.P with a CON 
message; 

or the SID detects the closing flag passing through onto the 
S interface, forces 1's into the D channel after the closing 
flag, stops pulSing DENx and sends an EOM interrupt to the 
p.P. 

Note that the p.P cannot follow immediately with another 
packet because the successful TE must now decrement its 
priority and check that no other TE starts using the D chan· 
nel (the SID does this automatically). Thus TE's waiting to 
send Signaling packets all succeed in order first, and data 
packets are only sent when no TE has a signaling packet 
pending. 

NT 

'0' rROM NETWORK 

("D-ECHO ). D-ECHO 

tr '0' TO NEWWORK 

TEl I '0' BITS 

NT TO TE 

X=BITS TE TO NT BIT COLLISIONS OCCUR IN '0' CHANNEL ONLY 
O's BEAT l's (l's ARE TRI-STATE) 

ALL TRANSMITTING TE', COMPARE 'E' WITH THEIR LAST-TRANSMITTED 'D'BIT 

TUH/l0730-32 

FIGURE 21. D-Channell Access Control 
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CLOSING 
FLAG 

;------7 "1 "s = Abort Packet 
(Immediately Open New Flag to Re-Transmit) 

;-----8 "1 "s = OK to Start Sending If: 
a) Signaling Message, and: 
b) Normal Priority 

~ 9 "1" = OK to Start Sending If: 
a) Signaling Message, and: 
b) Low Priority Ii 10 "1"s = OKto Start Sending If: 
a) Data Packet, and: 
b) Normal Priority 

111 "1 "s = OK to Start Sending If: 
a) Data Packet, and: 
b) Low Priority 

01111110111111 1 1 1 1 ~ !D-ECHO BIT~opening Flag Starts with ""''' 

t t t t t 
7 8 9 10 11 

:. If E = 0, Reset "1"s Counter (the C Counter) 

~ Number of Consecutive "1 "s 
in the D-ECHO (E) Channel 

Priority Goes Normal -+ Low after Successfully Sending a Packet. 

Priority Goes Back to Normal when C = 9 or 11 "1 "s. 

FIGURE 22. D·Channel Flow Control Via Priority Counting 
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5.5 Software Driver Considerations 

The TP3420 performs several control functions and the 
software driver can be structured into modules to handle 
these functions separately: 

"S" loop Activation and Deactivation: The Software driv­
er and the SID must go through a series of activation states 
and flowcharts to implement these functions, which are de­
scribed in the earlier section on activation and deactivation. 
The main function of the layer 1 driver is to handle this 
function. A Management Entity task communicates with the 
layer 1 driver to indicate whether a Remote activation or a 
Local activation is needed (by processing the condition of 
the Local ON/OFF Hook switch and the LSD interrupt from 
SID). 

D-Channel Access: The layer 2 (HDLC) driver communi­
cates with the layer 1 driver when D-channel packets are to 
be transmitted in the TE mode by means of the DREQ1 
(Signaling packet) and DREQ2 (Data packet) commands. 
The EOM or CON status must be communicated to the layer 
2 for either successful or failed transfer of the packet. In the 
NT modes the D-channel packets are transferred to SID 
without interacting with a layer 1 driver. In all modes, the 
received D-channel packets are passed straight to the layer 
2 driver without interaction with the layer 1 driver. 

Multiframe Channel Data: Multiframe maintenance frame 
channel received data interrupt (MFRxxxx) and transmit 
data command (MFTxxxx) are transferred directly to the 
Management entity task to process, and take appropriate 
action. 

SID Command and Status Servicing: The SID will process 
all data appearing on its CI (MICROWIRE input port) pin, 
and so commands are processed by SID whenever a MI­
CROWIRE handshake to SID takes place. When servicing a 
Status Interrupt to SID, it is recommended to send a NOP 
(No-Operation-FF Hex) command unless a valid command 
needs to be sent at the same time. Normally, when SID 
receives a command it will send a No Change Status (00 
Hex) back to the HPC controller. It is possible (very rarely 
though) that while in the critical software section of sending 
a Command to SID, that a SID interrupt occurs (but is ig­
nored because it may have been masked off temporarily) 
and the actual transfer of the Command results in servicing 
of the SID interrupt and a change of status value is returned 
to the HPC. The software driver must look at the received 
byte and if it is not 00 hex may decide to take appropriate 
action. The actual application may govern actions taken by 
the software. 

6.0 TERMINAL EQUIPMENT (TE) FLOW CHARTS 

The flow·charts provided in the text below relate the CCITT 
1.430 specified activation and deactivation flowcharts to the 
implementation flowcharts when using the TP3420 SID de· 
vice. The key for symbols differentiates between actions 
taken by the SID and actions required from the software 
driver. The Initialization State is entered during the power·on 
initialization of all drivers as well as whenever a RESET is 
executed. Note that some of the TE state flowcharts (Fig· 
ures 23a-i) are directly supported in the TP3420 SID, and 
hence the software driver need not implement the state. 
The notes provide some guidance. 
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CCITT defines states that a TE would go through during the 
process of Activation and Deactivation on the S Interface. 
These are known as the F states. The software drivers rec· 
ommended for the TP3420 implement additional internal 
states as described below: 

F1: Power supply is turned off (TE not plugged 
in to the power source). 

INITIALIZE: TP3420 SID initialization. 

F2: The power supply is ON, however, the re­
ceiver has not yet processed the signal re­
ceived (TE Connected). 

POWER DOWN: TP3420 SID in Power Down mode. 

F3: Deactivated state. 

F4: 

F5: 

F6: 

F7: 

F8: 

The activation of layer 1 was initiated by 
the TE (INF01); the TE waits for an INF02 
(Awaiting Signal). 

Once the signal is received, the TE stops 
transmitting INF01 and processes the re­
ceived signal (lNF020r INF04) Synchro­
nizing. 

The TE recognized receipt of an INF02 
and waits for an INF04 (Synchronized). 

Active State of the TE (Activated). 

The TE lost the frame synchronization and 
is trying to resynchronize itself (Lost Fram-
ing). 

Supervisory timer T3 can be as long as 15 seconds for ap­
plications where a TE is connected via an NT-1 to the Cen­
tral Office over an S interface loop followed by a U interface 
loop. 

The SID layer 1 driver has internal states and it moves from 
one state to the next depending on status of the SID or a 
Primitive command from layer 2 or the Management Entity. 

An Interrupt Service Routine (ISR) can be deSigned just to 
service the SID interrupt and set a software flag or send 
mail to the layer 1 driver task. The ISR can also be used to 
light status LEOs or some other indicators. 

The Management Entity task (or similar supervisory task) 
has to decide whether a valid Remote Activation is in prog­
ress before activating the layer 1 driver task. Hence the LSD 
(Line Signal Detect) interrupt Signal is sent to this task to be 
processed. Although some analog filtering is provided in the 
SID chip, further filtering in the software can provide addi­
tional immunity to unintentional wake-ups caused by noise 
on the line. On the first occurrence of the LSD interrupt, the 
task sets the count value to 1 and after a 5 ms period sends 
a PDN command to SID to reset the LSD circuit in the SID. If 
another LSD interrupt occurs immediately «2 ms), then a 
valid continuous Signal is being received and the layer 1 
driver is notified by setting the remote-activation flag. If a 
second LSD interrupt is not received within the time-out pe­
riod, then the system is reset. 



TE State F2 (TE Connected State) 

The software driver should wait in this state until it receives 
an Activate Request (PH-AR) as a primitive either from layer 
2 or the Management Entity task. It then checks to see 
whether this was a Local Activation or Remote Activation 
depending on the state of the Local Activation Flag. 

For Local Activation, the driver sends the Power Up (PUP) 
command to SID and waits at least 2 ms for the SID circuit 
to settle, then sends AR to SID. This causes it to start send­
ing INF01 signal and the software proceeds to TE state F4. 

For Remote Activation, the driver sends PUP to SID and 
starts internal timer t to ensure that AP is received within, 
say, 10 ms to indicate good INF02 signals are being re­
ceived rather than noise. 

TE State Power Down 

Power down is a state in the software (normally reached 
after deactivation) where the driver can decide to Power 
Down (PDN) the TP3420 SID after a 10 ms wait to allow any 
spurious residual signals on the line to die away. This pre­
vents false triggering of the LSD immediately after power 
down. Once the loop is completely deactivated and the lo­
cal TE has finished communication, the local processor may 
also be put in Low power or Idle mode. 

TE State F3 (Deactivated State) 

This state is normally reached from F2 as a follow up to 
Remote Activation. An AP status indication from SID could 
mean that TP3420 SID has either received INF02 (normal 
activation) or INF04 (as in the case where the TE was at­
tached to an already active passive bus). In either case, the 
driver sends AR and goes to state F6 after starting ISDN 
supervisory timer T3 to ensure prompt activation. 

If timer t had timed out indicating no AP was received (no 
INF02 or INF04) then it was a false alarm and the driver 
goes back to state F2 after Power Down state. 

TE State F4 (Awaiting Signal) 

In this state TP3420 SID is waiting to receive some signal 
after Local Activation was started and it is transmitting 
INF01. On receiving INFO any, INF02 or INF04 it sends 
out INFOO while it is synchronizing its internal clocks to the 
incoming signal. The chip moves on to state F5. 

Since this state is a transition state implemented in the SID, 
the driver is unlikely to receive the T3 expiration indication 
and should move on to the next state. 

TE State F5 (Identifying Signal) 

The SID tries to identify the incoming signal. Upon receiving 
and identifying INF02, the SID derives bit and frame timing 
information and sends out INF03 based on this timing. 

Since some of the state actions are directly handled by SID, 
the driver goes on to state F6, the Synchronized state. 

TE State F6 (Synchronized) 

After sending INF03, the next place the SID device needs 
to interact with the driver software is in this state. 

Upon detecting INF04, SID raises the AI (Activation Indica­
tion) status and informs the driver that it has been fully acti-
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vated. The driver then stops timer T3 and sends out primi­
tives PH = AI, and MPH = AI to the layer 2 and ME tasks. 
The driver then moves to state F7. 

If the far end decided not to continue with activation, then it 
would send out INFOO which would result in a 01 status from 
the local SID. The software would then send out the PH = 
01 and MPH = 01 primitives and moves to F2 state via the 
Power Down procedure. 

If timer T3 expires (far end loop activation was not complet­
ed), then driver can decide to abandon the attempt by pow­
ering down (PDN) the SID. Appropriate error messages may 
be sent to the Management Entity (ME). 

If the far end signal is unrecognizable, perhaps due to ex­
cessive jitter or noise, the synchronization may be lost, in 
which case SID would interrupt the processor with Error In­
dication (EI) and send out INFOO while it is trying to regain 
synchronization. A timer could provide a reasonable time 
window. The TE is then in State Fa (Lost Framing). 

TE State F7 (Activated) 

This is the fully activated state in which the TE could pro­
ceed with data or voice communication. The layer 1 SID 
driver is then waiting for remote deactivation or occurrence 
of an error condition. A TE is not allowed to locally initiate 
deactivation of the loop. 

If the NT deactivates, it sends out INFOO, which is received 
by the TE SID, which indicates the 01 status. The driver 
informs the layer 2 and ME tasks of the 01 indication. The 
SID is subsequently set in Power Down mode and the soft­
ware driver returns to F2 state. 

If the SID receives INF02, indicating a partial deactivation, it 
sets the AP status and sends INF03 (without needing an­
other AR command). The software can go to state F6. 

Under INFO any or Lost Framing conditions, the SID gener­
ates the EI Interrupt and sends INFOO while trying to resyn­
chronize. A timer could be used to allow a reasonable time 
window for this to happen. The driver then moves to state 
F6. 

TE State Fa (Lost Framing) 

This state is reached if framing is lost (due to an unrecogniz­
able signal) after the AI state. 

If a valid INF02 is recognized, the SID generates the AP 
interrupt and proceeds by sending INF03. The driver then 
moves on to state F6. 

If INF04 is recognized, the SID indicates AI and returns to 
the fully activated state again. The driver moves to state F7 
after indicating MPH_E12 (resynchronized) to the ME. 

If a clear INFOO is detected, the 01 status is indicated and 
the SID may be powered down. 

If the time window (monitored by timer t) for re-synchroniz­
ing expires, the TE can attempt to deactivate locally. After 
sending INFOO, the terminal should stay in Fa state until it 
receives either 01 (deactivated) or AP (resynchronized) indi­
cation from the SID. After receiving 01, the SID may be pow­
ered down. 
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TE Initialize 

( INrrALIZE 

T 
/

INITIALIZE SID: 1 
PDN, DIF1, B1 D, B2D, CAL 

MIE, EIE, TEM, (TES) 

( F2 :) 
TL/H/10730-33 

ACTIONS TAKEN BY THE SID ACTIVATION ACTIONS REQUIRED FROM SOFTWARE 
/ STATE MACHINE 

CI SIGNAL BEING RECEIVED BY THE SID c:::> STABLE SOFTWARE STATES 

r.:J SIGNAL BEING SENT BY SID LJ SOFTWARE EVENTS 

AI STATUS OF SID CJ SOFTWARE EVENTS 

INTERNAL Tlt.lER (25 ms TO 100 ms) <> SOFTWARE DECISION POINT 

T3 SUPERVISORY TIMER (UP TO 15 s) AR COMMANDS SENT TO SID 

AR_FLAG SOFTWARE FLAG INDICATING SID STATUS 

PH-... PHYSICAL LAYER PRIMITIVE 

MPH-... t.lANAGEMENT'ENTrrY PHYSICAL LAYER PRIt.lITIVE 

FIGURE 23a. TE Initialization Flow Chart 
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SID Status Interrupt 
Service Routine 

TL/H/l0730-35 

TE-Interrupt Servicing 

Filtering of False LSD Triggering 
in Power Down Mode 

FIGURE 23b. TE Interrupt Servicing Flowchart 

F2 

NO 

START REMOlt 
ACTIVAllON 
PROCEDURE 

TE-F2State 

TL/H/lD730-37 

FIGURE 23c. TE F2 State Flowchart 
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TE-F3State 

DEACTIVATED 

FIGURE 23d. TE F3 State Flow Chart 

TE-F4State 

AWAITING SIGNAL 

WAITING FOR TIMER T3 EXPIRATION 

FIGURE 23e. TE F4 State Flow Chart 
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TE-F5State 

IDENTIFYING SIGNAL 

WAIT FOR AI, OR T3 EXPIRATION 

FIGURE 23f. TE F5 State Flow Chart 

TE-F6State 

FIGURE 23g. TE F6 State Flow Chart 
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~ TE-F7State 

cC 

WAIT FOR DL. AP OR EL 

TUH/l0730-43 

FIGURE 23h. TE F7 State Flow Chart 

TE-FSState 

WAIT FOR AP. AI. DI OR nWER t EXPIRATION 

TL/H/l0730-44 

FIGURE 231. TE Fa State Flow Chart 
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7.0 NETWORK TERMINATION (NT) FLOW CHARTS 

The G States are defined in CCITT recommendation 1.430 
as the states that an NT would go through to Activate/De­
activate the S interlace loop. The software driver may need 
additional internal states as described below (Figures 24a­
g): 

INITIALIZE: SID intialization for NT mode 

GO: NT connected state (not defined in 1.430) 

POWER DOWN: Power Down mode of SID 

G1: Deactivated condition. Idle state, i.e., layer 
1 is not ready to transmit data. 

G2: 

G3: 

The activation of layer 1 was initiated by 
TE or NT; the NT is waiting for INF03 from 
a TE (Pending Activation). 

Active state of NT, (Activated) 

G4: Deactivation phase, the NT is waiting for 
the deactivation confirmed by TE (INFOO) 
and the completion of a count (Timer T2 if 
used) in order to change to state G1 
(Pending Deactivation). 

The flowcharts described below relate the 1.430 specified 
activation/deactivation flowcharts to the implementation 
flowcharts when using TP3420 SID. The key for symbols 
differentiates between actions taken by the SID and actions 
required from the software driver. 

The Initialize state is activated during the power-on initializa­
tion of all drivers as well as whenever a RESET is executed. 

Note that some of the NT state flowcharts are directly im­
plemented in the SID device and hence, the software driver 
need not stay in the state. The notes provide some guid­
ance. 

Supervisory timer T1 can be as long as 15 seconds for ap­
plications where a TE is connected through an NT1 device 
to the Central Office via a U interlace loop. 

Supervisory timer T2 is not required for applications using 
TP3420 SID because it is able to uniquely detect the INF01 
signal immediately atter reaching the Deactivated State (DI), 
thereby preventing unintentional reactivation if a TE is slow 
to terminate the INF03 signal. 

The SID layer 1 driver has internal states and it moves from 
one state to the next depending on the device status or a 
Primitive command from Layer 2 or the Management Entity 
(ME). 

An Interrupt Service Routine (ISR) can be designed just to 
service the SID interrupt and set a software flag or send 
mail to the layer 1 driver task. The ISR can also be used to 
light status LEDs or some other indicators. 

The ME task (or similar supervisory task) must decide 
whether a valid Remote Activation is in progress before acti­
vating the layer 1 driver task. Hence the LSD (Line Signal 
Detect) interrupt signal is sent to this task to be processed. 
Although some analog filtering is provided in the SID chip, 
further filtering in the software can provide additional noise 
immunity. On the first occurrence of the LSD Interrupt, the 
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task sets the count value to 1 and atter a 5 ms period sends 
a PDN command to SID to re-enable the LSD circuit in the 
SID. If another LSD interrupt occurs immediately «2 ms), 
than a valid continuous signal is being received and the 
layer 1 driver is notified by setting the remote-activation flag. 
If a second LSD is not received within the time-out period 
then the system is reset. 

NT state GO (NT Connected State) 

The software driver should wait in this state until it receives 
an Activate Request (PH-AR) as a primitive command from 
either the Layer 2 or ME task. It then checks to see whether 
this was a Local Activation or Remote Activation depending 
on the state of the Local Activation Flag. 

For Local Activation, the driver sends the Power Up (PUP) 
command to SID, waits at least 2 ms for the circuit to settle 
and then sends AR to SID which causes it to start sending 
INF02 frames. The software proceeds to NT state G2. 

For Remote Activation, the driver sends PUP to SID and 
starts internal timer t to ensure that AP is received within, 
say, 10 ms to indicate good INFOI signal being received 
rather than noise. 

NT State Power Down 

Power Down is a state in the software (reached normally 
after deactivation) when the driver can decide to Power 
Down (PDN) SID atter a 10 ms wait to allow any spurious 
residual signals on the line to die away. This prevents false 
triggering of the LSD immediately after power down. 

NT State G 1 (Deactivated State) 

This state is normally reached from GO as a follow up to 
Remote Activation. An AP status indication from SID could 
mean that SID has received INFOI. The driver then sends 
AR and goes to state G2 after starting ISDN supervisory 
timer Tl to ensure prompt activation. The SID starts send­
ing INF02. 

If timer t had timed out indicating no AP was received (no 
INF01) then it was a false alarm and the driver goes back to 
state GO after Power Down state. ' 

NT State G2 (Pending Activation) 

Atter sending INF02, the next time the SID needs to inter­
act with the driver software is in this state. 

When INF03 is recognized, the SID indicates an Activation 
Pending Status (AP). The NT side layer 1 driver can then 
proceed to send a second AR to enable SID to complete 
the activation procedure. The SID starts sending INF04 and 
generates the AI status to inform the driver that it has been 
fully activated. The driver then stops timer Tl and sends out 
primitives PH-AI, and MPH-AI to the layer 2 and ME tasks. 
The driver then moves to state G3. 

If timer Tl expires (lNF03 was not received), the driver can 
decide to deactivate by sending DR and waiting for DI be­
fore powering down the SID. The NT may optionally contin­
ue sending INF02 until any TE is ready to respond with 
INF03. 
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In some cases timer T1 may not be used and the first AR 
would cause the SID to continuously send INF02. In this 
case, the link may be deactivated with a local Deactivation 
Request (DR). The software would go through the state G4 
for deactivation. 

NT State G3 (Activated) 

This is the fully activated state in which the NT can proceed 
with data or voice communication. The layer 1 SID driver is 
then waiting for local deactivation or occurrence of an error 
condition. 

The NT could deactivate the loop locally by sending DR to 
SID which sends out INFOO. The driver informs the layer 2 
and ME tasks of the DI indication. The software moves to 
state G4 to deactivate. 

In some applications, the NT may partially deactivate by 
sending FI2 (Force INF02) to SID. This causes the SID to 
start sending INF02 frames; the software and the SID re­
turn to state G2. 

Under Not-lnfo-3 or Lost Framing conditions, the SID gener­
ates the EI status and sends INF02 in an attempt to allow 
resynchronization of the loop. The software and SID move 
to state G2. 

NT State G4 (Pending Deactivation) 

This state allows orderly deactivation of the loop. All residu­
al signals on the S interface are allowed to die out before 
remote activation is allowed. Timer T2 is used to provide a 
time delay (25 ms to 100 ms). 

However the SID has the ability to uniquely Identify an In­
coming INF01 signal and hence timer T2 may not be used. 
The software driver may go straight to the Power Down 
state. 

Local Activation is allowed if PH-AR is received and the 
software returns immediately to state GO. 

NT Initialize 

NOTES: 

ACTIONS TAKEN BY THE SID ACTIVATION 
STATE MACHINE 

(INITALlZE) 

T 
/

NITIALIZE SID: J 
PDN, DIF1, Bl D, B2D, CAL 
MIE, EIE, PDN, NTA, (NTF) 

1. 
C GO :) 

TL/H/10730-45 

ACTIONS REQUIRED FROM SOnwARE 

c:::::I SIGNAL BEING RECEIVED BY THE SID c::::> STABLE SOnwARE STATES 

~ SIGNAL BEING SENT BY SID L:J SonwARE EVENTS 

AI STATUS OF SID c::::J sonwARE EVENTS 

INTERNAL TIMER (25ms TO lOOms) 0 sonwARE DECISION POINT 

Tl SUPERVISORY TIMER (UP TO 15 s) AR COMMANDS SENT TO SID 

T2 SUPERVISORY TIMER (25 ms TO 100 ms) AILFLAG SOnwARE FLAG INDICATING SID STATUS 

PH-... PHYSICAL LAYER PRIMITIVE 

MPH-... MANAGEMENT ENTITY PHYSICAL LAYER PRIMITIVE 

FIGURE 24a. NT Initialization Flow Chart 
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SID STATUS Interrupt 
Service Routine 

TL/H/10730-47 

NT -SID Interrupt Servicing 

Filtering of False LSD Triggering In 
Power Down Mode 

FIGURE 24b. NT Interrupt Servicing Flow Chart 

NT-GOState 

GO NT CONNECltD STATE 

NO 

START REMOTE 
ACTIVAllON 
PROCEDURE 

TL/H/10730-49 

FIGURE 24c. NT GO State Flow Chart 
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NT-G1 State 

TL1H/10730-51 

FIGURE 24d. NT G 1 
State Flow Chart 

ACTIVATED 

NT-G3State 

WAIT FOR EI OR ~PH - DR 

FIGURE 24f. NT G3 State Flow Chart 

NT-G2State 

TL/H/10730-52 

FIGURE 24e. NT G2 State Flow Chart 

NT-G4State 

TL/H/10730-53 
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PENDING DEACTIVATION 

WAIT FOR 12 EXPIRATION OR PH - AR 

FIGURE 24g. NT G4 
State Flow Chart 



8.0 SID TEST LOOPBACK MODES 

The TP3420 and TP3421 provide three classes of loopback 
modes, namely: 

Full 2B + D loopback at the system interface (LBS); 

Individual B channel loopback at the line interface (LBL 11 
LBL2); 

Individual B channel loopback at the system interface 
(LBB1/LBB2). 

These loopbacks may be activated via MICROWIRE com· 
mands into TP3420 or Monitor Channel commands in the 
TP3421. Using the loopback modes provided in the device, 
various system loopbacks recommended in the CCITT 1.430 
may be implemented. 

In order to use SID loop back modes effectively in imple· 
menting the 1.430 loopbacks, an explanation of each test 
loopback mode is in order here. In the explanation below, 
we refer to the Bl, B2 and D Tx and Rx slots and Bl, B2 
and D slots as shown in Figure 25. 

BDIR 

CLOSED Ir Bl RX SLOT 

LI CLOSED Ir 0 RX SLOT 

CLOSED IF B2 RX SLOT 

Y BDIR 

IL----~O__---J 
BEX 

BDIR 

0210 

0-
B2D 

8.1 Normal Data Mode (No Loopbacks) 

SID is powered up with clear all loopbacks (CAL) mode. In 
this mode, the function diagram of the device is as illustrat· 
ed in Figure 25. This shows normal data paths when no test 
loopbacks are in effect. The switches are positioned ac­
cording to the state of the device selected through com­
mands. 

8.2 System Loopback Mode LBS 

Figure 26 shows a schematic diagram illustrating the system 
loopback function (LBS). Upon writing the LBS command 
into the command register, various internal switches are po­
sitioned as in Figure 26 if Bl and B2 channels are enabled. 
Bx data may be output onto the Lo pins of the line interface 
at the valid slots of the 81, D and B2 data periods on the 
Digital System Interface pin Bx and Br for the Format select­
ed. 

! CLOSED IF 
Bl SLOT 

AI=O 

-0,"-__ _ ... ------0 ~ Do Br ""0--....... AI=1 

w z 
::::; 

r----~ 0--------, 
oarx-

CLOSED IF Bl TX SLOT 

Lo CLOSED IF 0 TX SLOT 

CLOSED IF B2 TX SLOT 

L~BDIR 

Internal Control Signals 

BI Tx/Rx Slot: 

BEX 

B2 Tx/Rx Slot: Referenced to t.430 line Interface LolLi time slot 
o Tx/Rx Slot: 
BI Slot: 
B2 Slot: Referenced to Digital System Interface Bx/Br time slot 
o Slot: 

B1E 

B2E 

AI=O 
0-

01-----<:1 Bx 
AI=1 

O--------J 

oa2D 

External Command/Status 

BOIR: B-CH mapped direct, BI to BI, B2 to B2 
BCX: B-CH exchanged, BI to B2, B2 to BI 
BIC: BI-CH enabled B2C: B2-CH enabled 
BIO: BI-CH disabled B20: B2-CH disabled 
AI: Activation Indication 

TLlH/l0730-55 

FIGURE 25. Normal Data Paths Diagram (No Loopbacks) 
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CD 
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rr' 
CLOSED Ir Bl RX SLOT 

U CLOSED Ir D RX SLOT 

rr' 

~ 
tl 
i:! 

~ ... z 
:::J rr' ! 

CLOSED Ir Bl TX SLOT 

Lo 

CLOSED Ir B2 TX SLOT 

L 
Internal Control Signals 

Bl Tx/Rx Slot 

BDIR 

BEX 

BDIR 

BEX 

BDIR 

BEX 

BDIR 

BEX 

B2E 
o 

oe2D 

B2 Tx/Rx Slot: Referenced to 1.430 line interface Lolli time slot 
o Tx/Rx Slot: 
Bl Slot: 
B2 Slol: Referenced 10 Digital System Interface Bx/Br time slol 
o Slot: 
(Note: For NT ITES modes, FSa and FSb inputs have to be same phase) 

External MICROWIRE Command/Status 

LBS: Loopback 2B + 0 towards system Interface 
CAL: Clear all loopbacks 
BOIR: B·CH mapped direct. BI to BI. B2 to B2 
BEX: B·CH exchanged, Bl to B2, B2 to BI 
BIE: BI-CH enabled B2E: B2-CH enabled 
BID: BI·CH disabled B20: B2·CH disabled 
AI: Activation indication 

FIGURE 26. TP3420/1 System Loopback Function Diagram (LBS) 
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8.3 System Loopback Mode LBB1, LBB2 
Figure 21 shows a schematic diagram when LBBl or LBB2 
system loopbacks are used. LBB 1 and LBB2 loopback 
modes may be chosen independently when Bl and/or B2 
respectively are to be looped back to the system interface 
(from Bx to Br), while at the same time Bl, B2 and 0 data to 
the line interface (Bx to Lo) may be allowed. Also, at the 
same time, B2 or B1 and 0 channel data may be allowed 

BDIR 
BID 
~ LBBI=I 

rY""'0-

BIE 
r-----<trY"'" 
6 a.OSED IF BI 

RX SLOT 

BEX 
o LSBI =0 

U CLOSED IF 0 RX SLOT 

CLOSED IF B2 RX SLOT 
LBB2=0 

0 

B2E L BDIR ~o-

~ 
BEX 

I:l 
i:! 

~ 
~ BDIR 

rY"'" 
BEX 

CLOSED IF BI TX SLOT 

Lo CLOSED IF 0 TX SLOT 

CLOSED IF B2 TX SLOT 

L~BDIR 

Internal Control Signals 

Bl TxlAx Slot: 

BEX 

0-
B20 

o!lO 

0 
BIE 

B2E 
o 

0-
B20 

B2 TxlAx Slot: Aelerenced to 1.430 line interface Lolli time slot 
o TxlAx Slot: 
Bl Slot: 
B2 Slot: Aeferenced Digital System Interface Bx/Br time slot 
05101: 

LBB2= I 

Note: For NT ITES modes, FSa and FSb inputs have to be same phase 
Note: No B-CH data loop back from Bx 10 Br 

from the line interface to the system interface (Li to Br). 
Data transfers across line interface and system interface 
are possible only when SID is in the activated state 
(AI = 1). 

For example, in Figure 21 when LBB1 is enabled, the B1 
channel from the system interface is looped back (assuming 
B1 is enabled). At this time B1, B2 and 0 channels may be 
transferred across the interfaces if AI is true; also, B2 and 0 
channels may be transferred from Li to Br. 

AI=O 
-0 

Br 
AI=I 

B20 

=j 
J-" ~ B2 SLOT ~ 
LBB2= I ~ 

~ 

TLIH/I0730-57 

External Command/Status 

LBB1: Loopback Bl towards system interface If LBBI = 1 
LBB2: Loopback B2 towards system Interface If LBB2 = 1 
CAL: Clear all loopbacks 
BOlA: B-CH mapped direct, Bl to Bl, B2 to B2 
BEX: B-CH exchanged, Bl to B2, B2 to Bl 
BIE: BI·CH enabled B2E: B2-CH enabled 
BID: Bl-CH disabled B2o: B2-CH disabled 

AI: Activation Indication 

FIGURE 27. TP3420/1 System Loopback Function Diagram (LBB1, LBB2) 
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8.4 Line Loopack Mode LBL 1, LBL2 

LBL 1 and LBL2 commands are used independ~ntly to se­
lect line loopback mode as shown in the function diagram of 
Figure 28 when B1 and/or B2 are to be looped back to the 
line interface (from Li to Lo), while at the same time B1, B2 
and 0 data to the system interface (Li to Br) may be al­
lowed. Also, at the same time B2 or B1 and 0 channel data 
may be allowed from the system interface to the line inter­
face (Bx to Lo). Of course, once again the transfers across 
the interfaces are conditional upon AI = 1 and the appropri­
ate channels being enabled. 

BDIR 

r1"'" 
BEX 

CLOSED If BI RX SLOT 

LI CLOSED IF D RX SLOT 

BDIR 

r1"'" 
BEX 

~ 

~ 

o!lD 

°BIE 

OB2E 

0-
B2D 

~ BDIR o!lD LBLI=I 
!ll o---cf""'0 ::I r1"'" BIE 

BEX o LBLI=O 

L. 

CLOSED IF B2 TX SLOT 

For example, when LBL1 is chosen, the B1 channel from 
the line interface is looped back. Notice at the same time 
B 1, B2 and 0 channels are transferred to the Br pin of the 
system interface and also B2 and 0 channels from the sys­
tem interface are transferred to the Lo pin of the line inter­
face. 

Agure 29 illustrates the simplified loopback functions that 
the device can be configured into. 

AI=O 

~r" AI=I 

~IOO 
LBLI=O LBL2=O 
-0 0-

~ 

£::;1=1 L~L2=ll tl ;:: 
CLOSED IF CLOSED IF ~ r B2 SLOT B2 SLOT 

i 
! CLOSED IF 

BI SLOT 0- AI=O 

0 AI=I c::::::J Bx 

L~BDlR B2E 

~~~--------~ 
LBL2=1 

OLBL2=O 

Internal Control Signal. 

BI Tx/Rx Slot: 

BEX 
OS2D 

B2 Tx/Rx 5101: Referenced to 1.430 Line Inlerface LolLI time slot 
o Tx/Rx Slot: 
Bl Slot: 
B2 5101: Referenced to OlgHal Syslem Interface Bx/Br time slot 
o Slot: ' 
Note: For NT ITES modes, FSa to FSb Inputs have 10 be same phase 
Note: No D-CH dala loopback from LI to Lo 

! 

External Command/Status 

LBL I: Loopback BI lowards line Inlerface If LBL I = 1 
LBL2: Loopback B2 lowards line Interface if LBL2 = 1 
CAL: Clear all loopbacks 
BOIR: B·CH mapped direct, Bl 10 Bl, B2 10 B2 
BEX: B-CH exchanged, Bl10 B2, B210 Bl 
BIE: Bl·CH enabled B2E: B2·CH enabled 
BID: Bl-CH disabled B20: B2·CH disabled 
AI: Activation Indication 

FIGURE 28. TP3420/1 System Loopback Function Diagram (LBL 1, LBL2) 
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Normal Operation LBL 1 Loopback 

81+82+D LI 8r 81+82+D 81+82+D LI 81+82+D - -+ -+ - -+ -+ 
81+82+D 81+82+D _ 81+82+D 82+D 

+- Lo 8x +- - +- Lo +-
TL/H/l0730-59 TL/H/l0730-60 

LBL2 Loopback LBL 1, LBL2 Loopback 

81+82+D LI 8r 81+82+0 _ 81+82+D LI 81+82+D 

-+ 
8;; 

-+ -
81+82+D 81+0 -

-+ -+ 
81+82+D D 

+- Lo 8x +- - +- Lo +-
TL/H/l0730-61 TL/H/l0730-62 

LBS Loopback 

LI 8r 81 +82+D 

-+ 

Lo 8x 81+82+D 
TL/H/l0730-63 

LBB1 Loopback LBB2 Loopback 

81+82+D LI 8r 81 X+82+D 

-+ -+ 
+-

81X 
+-

81+82+D Lo 8x 81+82+D 

81+82+0 LI 8r 81+82X+0 

-+ -+ 
+-

82X 
+-

81+82+D Lo 8x 81+82+D 

TUH/l0730-64 
TL/H/l0730-65 

FIGURE 29. TP3420/1 Test Loopback Summary 

9.0 ADDITIONAL TEST FEATURES 

The TP3420/1 SID devices also include several system fea­
tures intended for system test and system instrumentation 
purposes, namely the external local analog loopback and 
monitor mode activation as explained below. 

9.1 External Local Analog Loopback 

External local analog loopback is physically accomplished 
by connecting the line output signals after the transmit 
transformer to the line input signals before the receive 
transformer as shown in Figure 30. The SID is set in NTA or 
NTF mode and the local loop is activated with the following 
command sequence: 

NTA (or NTF), PUP, AR. Receive status AP, AR, receive 
status AI. 

The B channels are enabled (B 1 E, B2E) to transfer data on 
the B channels. Data can be sent or received on the D 
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channel at 16 kbps. Band D channel data, fed in at the Bx 
input, is returned on the Br output after being looped at the 
external line interface. BCLK and FS signals need to be 
supplied to the SID operating in NT mode. 

9.2 Monitor Mode Activation 
The SID device may be configured for applications where D 
and/or B channels may be monitored in the upstream direc­
tion on an S interface pair as shown in Figure 31. The SID is 
to be first configured into TEM mode for this application and 
then MMA is written into the command register. This puts 
the TP3420/1 into a psuedo·NT mode in which it receives 
and activates on the incoming INF03 frames. Note that in 
this application of the device, only the receiver section is 
actively connected to the S interface. This feature is target­
ted at applications where Band D channels are monitored 
for network analysis. as in protocol analyzers and line test­
ers. Line monitoring in the downstream direction requires 
another device operating normally in TE Mode. 



~ r----------------------------------------------------------------------------. 
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FIGURE 30. External Loopback Activation 
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FIGURE 31. Monitor Mode Application 
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Definitions and Timing Conventions 
DEFINiTIONS 

VIH VIH is the DC input level above which an input 
level is guaranteed to appear as a logical one. 
This parameter is to be measured by perform­
ing a functional test at reduced clock speeds 
and nominal timing, (I.e. not minimum set-up 
and hold times or output strobes), with the 
high level of all driving signals set to VIH and 
maximum supply voltages applied to the de­
vice. (See Figures 1a, b) 

VIL VIL is the DC input level below which an input 
level is guaranteed to appear as a logical zero 
to the device. This parameter is measured in 
the same manner as VIH but with all driving 
signal low levels set to VIL and minimum sup­
ply voltages applied to the device. (See Fig­
ures 1a, b) 

VOH VOH is the minimum DC output level to which 
an output placed in a logical one state will 
converge when loaded at the maximum spec­
ified load current. (See Figures 1a, b) 

Threshold 
Region 

VOL is the maximum DC output level to which 
an output placed in a logical zero state will 
converge when loaded at the maximum spec-
ified load current. (See Figures 1a, b) 
The threshold region is the range of input 
voltages between VIL and VIH. 

Valid Signal A signal is Valid if it is in one of the valid logic 
states, (i.e. above VIH or below VII). In timing 
specifications, a signal is deemed valid at the 
instant it enters a valid state. 

Invalid Signal A signal is Invalid if it is not in a valid logic 
state, i.e. when it is in the threshold region 
between VIL and VIH. In timing specifications, 
a signal is deemed Invalid at the instant it en­
ters the threshold region. 

TIMING CONVENTIONS 

For the purposes of this timing specification the following 
conventions apply: 

Input Signals All input signals may be characterized as: 
VL = O.4V, VH = 2.4V, tR < 10 ns, tF < 
10 ns. 

Period The period of clock signal is designated at 
tpxx where xx represents the mnemonic of the 
clock Signal being specified. (See Figure 2) 

Rise Time Rise times are designated as tRyy, where yy 
represents a mnemonic of the signal whose 
rise time is being specified. tRyy is measured 
from VIL to VIH. (See Figure 3) 
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Fall Time 

Pulse Width 
High 

Pulse Width 
Low 

Set-upTime 

Fall times are designated as tFyy, where yy 
represents a mnemonic of the signal whose 
fall time is being specified. tFyy is measured 
from VIH to VIL. (See Figure 3) 

The high pulse width is designated as tWzzH, 
where zz represents the mnemonic of the in­
put or output signal whose pulse width is be-
ing specified. High pulse widths are measured 
from VIH to VIH. (See Figure 4) 

The low pulse width is designated as tWzzL, 
where zz represents the mnemonic of the in­
put or output signal whose pulse width is be-
ing specified. Low pulse widths are measured 
from VIL to VIL. (See Figure 4) 

Set-up times are designated as tswwxx, where 
ww represents the mnemonic of the input sig-
nal whose set-up time is being specified rela­
tive to a clock or strobe input represented by 
mnemonic xx. Set-up times are measured 
from the ww Valid to xx Invalid. (See Figures 
5a, b) 

Hold Time Hold times are designated as tHxxww, where 
ww represents the mnemonic of the input sig­
nal whose hold time is being specified relative 
to a clock or strobe input represented by 
mnemonic xx. Hold times are measured from 
xx Valid to ww Invalid. (See Figures 5a, b) 

Delay Time Delay times are designated as toxxyy[HIL), 
where xx represents the mnemonic of the in­
put reference signal and yy represents the 
mnemonic of the output signal whose timing 
is being specified relative to xx. The mnemon­
ic may optionally be terminated by an H or L 
to specify the high going or low going tran­
sition of the output signal. Maximum delay 
times are measured from xx Valid to yy Valid. 
Minimum delay times are measured from xx 
Valid to yy Invalid. This parameter is tested 
under the load conditions specified in the 
Conditions column of the Timing Specifica­
tions section of each datasheet. (See Figures 
6a, b) 

Disable Time The Disable time is designated as 
T Zxxyy[HI L), where xx represents the mne­
monic of the input reference signal and yy 
represents the output whose timing is being 
specified relative to xx. The mnemonic may 
optionally be terminated by an H or L to spec­
ify the high going or low going transition of the 
output signal. Maximum and minimum disable 
times are measured from xx Valid to yy Inval­
id. This parameter is tested with a resistive 
load as specified in the Conditions column of 
the Timing Specifications section of each da­
tasheet. No capacitive loading is added. (See 
Figures 7a, b) 
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FIGURE 1a. Allowed DC States for 
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~ ~National 
~ Semiconductor 

ISDN Basic Rate Interface Software for the HPC16400 
High Performance Data Communications Microcontroller 

General Description 
The ISDN Basic Rate Interface Software Package imple­
mented on the National Semiconductor HPCTM Microcon­
troller Family contains the software elements that are nec­
essary to implement CCITI standards Q.921 and Q.931 as 
approved by T1 01 for North America. 

The software package is designed to be easily unbundled 
and used independently by a software developer. Each lay­
er or function is written as a separate software task. This 
modular design and well defined task interface make it easy 
to interface application dependent software to the modules 
provided. The coding standards for software development 
have been designed to ensure development of consistent, 
structured code, which can be easily used and maintained 
over the life of the code. 

This software is supplied as a disk set and is used in con­
junction with HPC development tools and software. 

Block Diagram 

Features 
• Multi-tasking executive 
• Preemptive scheduling 
• Modular software design 
• Multiple timer facility 
• HPC physical layer 1/0 interface 
• Layer 2 link access procedure for the 0 channel 

(LAPD) 
• Layer 2 link access procedure for the B channel 

(LAPB) 
• Layer 3 protocol control procedure for a terminal 

endpoint 
• Layer management entity support 
• Demonstration Call Control Task 
• Task-View task exerciser and debugger 
• Message trace capability 
• Split frame message formatting 
• Source code in C language 

HPC ISDN Software 

WATCH 
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HPC 
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1.0 Architectural Description 
1.1 INTRODUCTION 

This description defines the software required to implement 
the ISDN Basic Rate Interface on the HPC family of micro· 
controllers, including the HPC16400 which has onboard 
hardware specifically designed for Data Communication and 
ISDN applications. 

The software consists of the following main parts, shown in 
overview in Figure 1.1: 

• H PC Executive, providing an operating environment and 
services for the ISDN software and for additional applica· 
tion software written by OEM users of the HPC. 

• 1/0 Drivers, interfacing to the DMA/HDLC controllers on 
the HPC16400 and to the TP3420 "s" Interface Device. 

• Data Link Layer Software, implementing the CCID 
0.921 and X.25 link access procedures (LAPD and 
LAPB). 

• Network Layer Software, implementing the Protocol Con­
trol Procedures defined in the CCID 0.931 standard. 

• Demonstration Call Control Module, allowing a develop­
ment engineer at a terminal to make and receive ISDN 
phone calls which exercise the above software. 

• Tracer Module, allowing a development engineer at a ter­
minal to monitor the operation of the above software. 

• Management Entity Module 

1.2 SOFTWARE ARCHITECTURAL PRINCIPLES 

1.2.1 Modular Multitasking Environment 

Eack layer or function is written as a separate software task. 
Intertask communications and the interface between tasks 

5 
o 
F 
T K 
W 5 
A 
R 
E 

5 
o 
F 
T V 
WE 
A R 
R 5 
E 

PORTS/MICROWIRE 

and 1/0 drivers is by means of mail messages and sema­
phores, which are managed by the multi-tasking HPC Exec­
utive. 

This modular design and well defined intertask interface 
make it easy for users to interface application-dependent 
software to the modules provided. The services of the HPC 
Executive (mail, semaphores, timers, memory management) 
facilitate the writing of software tasks and I/O drivers. 
These services are available to all tasks and to interrupt-lev­
el drivers. 

1.2.2 Event-Driven State-Machine Architecture 

Telecommunication software typically involves many invo­
cations of the same code (one per call, one per logical con­
nection, etc.) and requires a particular software architecture: 
tasks must be structured as event-driven state machines. 
Each task has one or more mailboxes and operates by pick­
ing up mail, one message at a time, from the mail queue, 
and processing the message to completion before returning 
for the next mail message. 

Each "entity" within a task (each call, each logical connec­
tion, etc.) has a state block, indicating its current state. After 
picking up a mail message, the task identifies the entity in­
volved in the message, accesses the state block for that 
entity, processes the message based on the state of the 
entity, and finally sets the state block to the new state of the 
entity. 
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FIGURE 1.1 HPC16400 Software for ISDN 
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~ 1.0 Architectural Description (Continued) 

1.2.3 Coding Standards 

The coding standards for software development have been 
designed to ensure development of consistent, structured 
code, which can be easily used and easily maintained over 
the life of the code. 

1.3 HPC EXECUTIVE 

The HPC Executive provides an operating environment for 
the Layer 2 and Layer 3 tasks, the application tasks, the 
various support tasks, and the 1/0 drivers which interface to 
the hardware. It provides the following services to the tasks 
and 1/0 drivers: 

• Scheduling of tasks that are ready to run, based on task 
priority. Preemptive scheduling and time slicing can be 
optionally enabled. 

• Task-task and driver-task communication, by means of 
mail messages, which can be sent and picked up, and 
semaphores, which can be signaled and awaited. 

• Timers, which are equivalent to mail messages with a 
specified delay and which allow tasks and drivers to time 
their activities and time out when an expected event 
does not occur. 

• Memory management, to allocate and deallocate fixed-
size buffers as needed by tasks and drivers. 

Application tasks and I/O drivers developed by users of the 
HPC can easily be inserted in the HPC Executive environ­
ment and can take full advantage of its services. 

1.4 ISDN TELECOMMUNICATIONS STANDARDS 

1.4.1 CCITT Standards 

The Layer 2 Task implements CCITT specification 0.921 
(LAPD) and Layer 2 (LA (B) of CCITT specification x.25. The 
last CCITT published version of specification 0.921 is the 
1984 Red Book with subsequent CCITT produced revisions. 
The Layer 2 Task LAPD implementation is based on the 
version issued in December 1986, CCITT Document COM 
XI-R 43-E, with the minor revisions issued in September 
1987, Temporary Document 644-E Rev. 1. This version is 
expected to be very close to the next CCITT published ver­
sion, The 1988 Blue Books. The Layer 2 Task LAPB imple­
mentation is based on the 1984 Red Book. 

The Layer 3 Task implements the Protocol Control Proce­
dures of CCITT Specification 0.931. Since this specification 
was still subject to revision, the software is based on the 
latest version of 0.931 distributed at the ECSAI ANSI T1 Dl 
meeting in September 1987. This version is significantly 
changed from the 1984 Red Books. 

However it is expected to be close to the next CCITT pub­
lished version, the 1988 Blue Books. 

In terms of the September 1987 T1 Dl version of the specifi­
cation. the Layer 3 Task implements the circuit-switched 
procedures described in Section 5. The Layer 3 Task imple­
ments the Protocol Control procedures and some of the 
Resource Management. The Call Control Task implements 
a demonstration version of the Call Control Procedures and 
the balance of the Resource Management. 

In terms of the specification and description language (SDL) 
diagrams in the 0.931 specification, the Layer 3 Task imple­
ments Figure 38 (26 pages). 

The establishment and release of logical links are fully cov­
ered in the Layer 2 specifications (0.921), but the Layer 3 
aspects of this are not handled in the version of 0.931 on 
which the Layer 3 Task is based. Therefore, additional Layer 
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3 states and SDL diagrams have been created and addition­
al software has been written to handle this requirement. 

1.5 ISDN TELECOMMUNICATIONS SOFTWARE 

The software packages described below are designed to be 
easily "unbundled" and used independently by a software 
developer. 

1.5.1 Layer 1 I/O Driver 

The Layer 1 1/0 Driver controls the HPC MICROWIREI 
PLUSTM interface, and the onboard Serial Decoder. This 
driver is responsible for the hardware initialization, the con­
trol of the Serial Decoder, the activation and the deactiva­
tion of the Layer 1 I/O device. Use of the HPC-Executive 
mail and semaphore services makes this driver simple to 
implement and easy to enhance by users that require addi­
tional Layer 1 hardware interfaces. 

1.5.2 Layer 2 I/O Driver 

The Layer 2 I/O Driver controls the HDLC/DMA controllers 
onboard the HPC16400, and interfaces this hardware to the 
Layer 2 Task. This driver is responsible for the hardware 
initialization, the reception of frames toward the HPC, the 
transmission of frames away from the HPC, and appropriate 
error handling. Use of the HPC Executive mail and sema­
phore services makes this driver simple to implement and 
easy to replace with alternative drivers that a user may wish 
to develop. 

1.5.3 Layer 2 Task 

The Layer 2 Task implements the full LAPD protocol de­
fined in 0.921, providing error free in-sequence transmis­
sion, reception and multiplexing of messages received by 
an HDLC controller connected to the D signaling channel. 
The event-driven state machine architecture, described 
above, enables a single software module to support simulta­
neous activity on multiple logical connections. The Layer 2 
Task also supports X.25 LAPB processing for messages re­
ceived by a second HDLC controller connected to a bearer 
B channel. 

1.5.4 Layer 3 Task 

The Layer 3 Task implements the user side of the Protocol 
Control Procedures of 0.931, which are used to setup, an­
swer, suspend, resume, and disconnect a call. Specifically, 
it implements all of Figure 2/0.931 of 0.931. The event­
driven state machine architecture, described above, en­
ables a single software module to support simultaneous ac­
tivity relating to calls on both bearer B channels. 

.1.5.5 Demonstration Call Control Task 

The latest versions of 0.931 separate the Layer 3 proce­
dures into Protocol Control Procedures and Call Control 
Procedures. Call Control Procedures are application depen­
dent. These procedures handle bearer channel selection 
and actual establishment of the voice channel. As 0.931 
notes, these procedures can also be considered to be part 
of the Applications Layer. The Call Control Task implements 
a minimal subset of the Call Control Procedures, for demon­
stration purposes. In an actual application, this task will be 
replaced by an application-specific task, tailored to the ca­
pabilities of the actual terminal equipment (number of termi­
nals, handsets, etc.). 

1.5.6 Management Entity Task 

The Management Entity Task, which is only generically de­
fined in 0.921 and 0.931, handles housekeeping functions 



1.0 Architectural Description (Continued) 

for all layers. These functions include TEl negotiation with 
the network management entity, and the handling of unre­
coverable errors. This task implements as much of the man­
agement entity as is currently defined and in addition what­
ever is necessary for the operation of the other tasks. 

1.5.7 Tracer Task 

The Tracer Task serves two purposes; to demonstrate the 
lower ISDN layers via a menu·driven telephone emulation 
mode, and to trace system mail message traffic. 

1.5.8 Task-View Task Exerciser and Debugger 

Task-View is a special·purpose task that can be inserted 
into the multi-tasking Executive environment in place of the 
Tracer Task. It reads and interprets a user supplied ASCII 
scenario file. Under control of this senario file, Task-View 
sends mail messages to a specified mailbox (or mailboxes), 
where they are read by the task under test. Mail messages 
sent by the task under test in response to this input are then 
displayed by Task-View. In this way the task may be exer­
cised and debugged. 

2.0 Functional Description 
2.1 INTRODUCTION 

This description defines the functional requirements of the 
ISDN Basic Rate Interface Software Package implemented 
on the National Semiconductor HPC Microcontroller Family. 
Specifically, the HPC16400 Software Package implements 
or supports the following high-level functions: 

• Multi-Tasking Executive 

• HPC Physical Layer 110 Interface 

• Layer 2 Link Access Procedure for the D Channel (LAPD) 

• Layer 2 Link Access Procedure for the B Channel (LAP B) 

• Layer 3 Protocol Control Procedure for a Terminal End­
point 

• Management Entity Support 

• Call Control Demonstration Task 

• Message Trace Capability 

The HPC ISDN Software Package has been divided into 
several functional software elements, as illustrated in the 
HPC ISDN Functional Block Diagram, Figure 2.1. These 
functional elements correspond to software modules. The 
purpose of this section is to introduce the various software 
elements, to define their interactions, and to relate their 
functionality to the appropriate ISDN standards, where ap­
plicable. 

The HPC ISDN Software Package will require additional 
software drivers and application-specific tasks prior to serv­
ing as a useful ISDN Terminal Endpoint (TE) entity. The 
HPC ISDN software has been coded and documented to 
allow easy integration of additional application code. 

The HPC ISDN Software elements illustrated in Figure 2.1 
have been divided into the following categories. 

• HPC Executive (2.2) 

• 110 Device Drivers (2.3) 

• ISDN Layer Protocol Tasks (2.4) 

• Application Tasks (2.5) 

• System Utilities (2.6) 

The HPC Executive contains software elements that are 
necessary for HPC ISDN Applications. These elements in­
clude a Multi-Tasking Scheduler, a Memory Manager, a Tim­
er Manager and a Mail Manager. The HPC Executive soft­
ware elements are tightly coupled, and streamlined for the 
National Semiconductor HPC family of controllers. 

The 110 Device Drivers interface the HPC hardware ele­
ments to the HPC ISDN Software. The Layer 1 Driver imple­
ments the ISDN PHYSICAL Layer 1 requirements for the 
HPC ISDN system. The Layer 2 Driver interfaces the HPC 
DMAlHDLC controller channels to the Layer 2 Link Access 

MAIL MANAGER 
SYSTEM UTILmES 

Task SCheduler 

TIME MANAGER MEMORY MANAGER 

MANAGEMENT 
ENTITY 

FIGURE 2.1 HPC ISDN Software Functional Block Diagram 
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~ 2.0 Functional Description (Continued) 

Procedures. The Terminal Device Driver interfaces the HPC 
on-board UART to the ISDN Software. Device initialization 
sequences, service request tasks and accompanying inter­
rupt service routines are all defined in the 1/0 Device Driver 
section of this document. 

The Layer Protocol Tasks implement the ISDN DATA LINK 
Layer 2 and the NETWORK Layer 3 requirements for the 
HPC ISDN system. These tasks are designed to be hard­
ware configuration and application independent. The Layer 
2 Task provides both the "USER SIDE" and the "NET­
WORK SIDE" implementation of the CCITT Specification 
Q.921. The Layer 3 Task provides the "U.SER SIDE" imple­
mentation of CCITT Specification Q.931. 

The Layer 2 Task has been designed to use many of the 
same routines to implement the link access procedures on 
either the signaling D channel or the bearer S channel 
(LAPD or LAPS). Design decisions have also been made to 
facilitate the implementation of V.120, the new rate adaption 
scheme that processes LAPD frames on a bearer S chan­
nel. 

The Management Entity Task and the Call Control Task are 
Application (Specific) Tasks that are closely coupled to the 
specific system hardware configuration and the Central Of­
fice Network Entity Software. These tasks are provided for 
demonstration purposes to drive the ISDN layer entities. Ap­
plication users must either replace or extensively rewrite 
these tasks to match their particular ISDN Application envi­
ronment. 

The System Utilities include the power-up reset Main Task, 
the NMI handler, the Timer interrupt handler, and the 
Watchdog Task. 

The Tracer utility provides the capability of on-line tracing of 
intertask mail messages and task states. Tracer is primarily 
a passive task; it displays messages that it receives from 
other tasks. Tracer also provides a user interface for Tele­
phone Simulation. 

The remainder of this document is devoted to defining each 
of the software elements at the functional level. Where ap­
plicable, specific ISDN standard documents such as CCITT 
Q.921, Q.931 and X.25 will be referenced, rather than dupli­
cating the information here. 

2.2 HPC EXECUTIVE 
The HPC Executive provides a multitasking environment 
within which the ISDN and applications tasks can run and it 
provides various system services to those tasks. The serv­
ices of the Executive are available to both tasks and inter­
rupt service routines. 

2.2.1 Tasks, Priorities, and the Ready Queue 
A task is a subroutine which can be run (called) by the Exec­
utive. Tasks are managed by the Executive as Task Control 
Siocks (TCS's). A task's TCS contains all the parameters 
needed by the Exeuctive to handle the task, in particular, 
the task's priority and its current starting address. 

Tasks which are not blocked waiting for a semaphore or for 
mail are considered to be ready to run and their TCS's are 
queued on the Ready Queue, in the order of the tasks' prior­
ities. The Task Scheduler runs the task at the head of the 
Ready Queue, i.e., the highest priority task that is ready to 
run. In this way the processor is always given to the highest 
priority task that is ready to run. 
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Once a task is started, it continues to run until it does a 
Semaphore Wait, ReadMail, or Return or, until a higher pri­
ority task is put on the Ready Queue, at which time the 
scheduler has the opportunity to once again choose the 
task at the head of prioritized Ready Queue and run that 
task. 

A task may change the priority of any task, including itself. 
The priority change takes place immediately, to the extent 
that the target task's TCS is updated with the new priority 
and the queue in which the target task's TCS is waiting is 
resorted to reflect the new priority. 

If the target task is in the Ready Queue and its new priority 
is higher than the priority of the running task, then the target 
task will run once all protected sections are exited. See 
Section 2.2.3, below. 

2.2.2 Semaphores 
A semaphore is a global variable, accessed through the Ex­
ecutive, which can be Signaled (incremented) by one task 
and Waited on by another task. A semaphore is typically 
used to manage the sharing between tasks of some re­
source, e.g., an 1/0 device, mail messages, etc. At any mo­
ment the value of a semaphore may be positve, negative, or 
zero. A positive value indicates the number of resources 
available, a negative value indicates the number of tasks 
waiting for resources and a zero value indicates that there 
are no resources available and no tasks waiting for them. 

When a task Waits on a semaphore, if the semaphore has a 
nonzero positive value, the task will immediately go on the 
Ready Queue and the semaphore value will be decrement­
ed by one. On the other hand, if the semaphore has a zero 
or negative value, the task will be queued on the semaphore 
and the semaphore value will be decremented by one. 
When a task Signals a semaphore, the semaphore's value 
is incremented by one and the highest priority task waiting 
on the semaphore is put on the Ready Queue. 

A common use for a semaphore is the management of a 
non-shareable resource, such as an 1/0 device. When the 
device is available, the associated semaphore has the value 
+ 1. When a task wishes to obtain exclusive use of the de­
vice, it Waits on the semaphore, which is then decremented 
to 0, with the task going immediately back on the Ready 
Queue. If another task then attempts to use the device, its 
Wait call will cause it to be placed on the Semaphore Queue 
and the value of the semaphore will be decremented to -1. 
Other tasks may also Wait on the semaphore, each decre­
menting its value by one. The negative value of the sema­
phore indicates the number of tasks Waiting for the device. 
The waiting tasks are ordered in the semaphore queue ac­
cording to their priority. When the first task is done with the 
device, it Signals the semaphore, which moves the first wait­
ing task to the Ready Queue and increments the sema­
phore or, if there are no waiting tasks, returns the sema­
phore to its original value of + 1. 

2.2.3 Preemptive Scheduling 
Preemptive scheduling enables the executive to respond 
quickly to high priority events. If a task that is waiting on a 
Semaphore Queue modes to the Ready Queue and if that 
task is of higher priority than the currently running task, 
then, as soon as the currently running task emerges from all 
critical sections and non-preempt sections, the currently 
running task will stop running. The task that was moved to 
the Ready Queue will run. The preempted task will be 
placed on the Ready Queue in the normal manner. 
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Executive functions allow preemption to be selectively 
turned on or off by task or for an entire application. 

2.2.4 Time Slicing 

Time slicing modifies the task scheduling algorithm as fol­
lows: at each "tick" of the timer clock (the clock which also 
controls the time·out timers), if the currently running task 
has the same priority as the task at the head of the Ready 
Queue, then, if the currently running task is not in a non-pre­
empt section, it will stop running and the task at the head of 
the Ready Queue will run. The task that stops running is 
placed on the Ready Queue in the normal manner, i.e., after 
all tasks of equal priority. Time slicing enables the Executive 
to share the processor equally between tasks of equal prior­
ity. 

2.2.5 Mailboxes and Mall Messages 

The main form of intertask communication is the sending 
and receiving of mail. Mailboxes exist independently of 
tasks; any task may send mail to any mailbox and any. task 
may read mail from any mailbox. However, in a typical sys­
tem, each task has one mailbox from which it reads all its 
mail and to which other tasks send mail destined for that 
task. 

Mail is prioritized. When a task calls upon the Executive to 
perform a Send Mail, it specifies the priority of the message, 
which is inserted in the specified mailbox queue sorted by 
priority. 

2.2.6 Timers 

The Executive includes a timing facility specifically designed 
to handle the time-outs typical of telecom protocols and oth­
er real-time applications. 

Timers are essentially a form of delayed mail. When a task 
sets a timer, the task provides a mailbox identifier, a mail 
message, and a time delay value. When the specified time 
delay is up, i.e. when the timer "expires", the mail message 
is mailed to the specified mailbox. When a task sets a timer, 
it receives a timer ID, which can be used to cancel the timer, 
if necessary, before it expires. 

2.2.7 Memory Management 

The memory manager is responsible for allocating and deal­
locating fixed-size memory blocks from fixed-size pools, 
which are completely defined at compile time. A memory 
pool may reside in extended memory. 

2.2.8 System Module and Interface Module 

The Multi-Tasking Executive Software is available either as 
source code or as object code. The interface module, which 
must be modified to insert application tasks, is always sup­
plied as source code. 

2.3 1/0 DEVICE DRIVERS 

110 Device Drivers serve as interface routines between the 
HPC hardware machinery and the HPC Executive and Appli­
cation Tasks. "Input" operations (data heading toward Ap­
plication Tasks) are typically fielded by an Interrupt Service 
Routine (ISR). The ISR may SEND information to the appro­
priate task via the system mail facility, or it may signal the 
appropriate semaphore to schedule an 110 task. "Output" 
operations (data heading away from Application Tasks) are 
typically fielded by Service Request (SRQ) Tasks. SRQ 
Tasks communicate directly with the hardware control regis­
ters to initiate output operations. These tasks often work 
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closely with their accompanying ISR for output initiation and 
completion. Higher layer tasks send mail messages to he 
SRQ Tasks, using the system mail facility to queue mes­
sages pending output. 

The HPC ISDN Software includes three 110 Device Drivers: 
the Layer 1 Driver, the Layer 2 Driver and the Terminal Driv­
er. The functionality of these drivers is defined below. De­
tails of particular Device Driver ISR and SRQ Task interac­
tions are defined in the Software User's Manual. 

2.3.1 Layer 1 1/0 Device Driver 

The Layer 1 110 Device Driver provides implementation of 
the ISDN PHYSICAL Layer 1 for the HPC environment. This 
Device Driver controls the NSC MICROWIRE/PLUS Inter­
face to the NSC TP3420 "S" Interface Device (SID), and 
the HPC16400 onboard, Serial Decoder. Control of a 
COMBOTM Codec, a display, and a keypad has been imple· 
mented later by either adding to this driver, or using it as a 
model for additional drivers. 

The primary responsibility of this driver is to initialize and 
control the SID. The higher layer ISDN tasks mail activation 
and deactivation messages to the Layer 1 Service Request 
Task. This task sends the appropriate command to the SID 
via the MICROWIRE/PLUS Interface. The SID interrupts the 
HPC whenever it changes state. The Layer 1 Interrupt Serv­
ice Routine fields responses when the SID changes state 
and malls the information to the Layer 2 Controller Task and 
to the Management Entity Task. 

The Serial Decoder is initialized to MODE 4, with the ISDN D 
Channel terminated by DMAlHDLC Channel # 1, and Bear­
er Channel B2 terminated by DMAlHDLC Channel # 2. The 
SID can swap B1 and B2 internally to allow voice or data on 
either channel. 

The Layer 1 110 Device Driver can communicate with any 
other Task via the System Mail Utilities. 

2.3.2 Layer 2 I/O Device Driver 

The Layer 2 110 Device Driver interfaces the two HPC16400 
onboard DMAlHDLC channels; one to the 16 kbit per sec­
ond "D" signaling channel, and one to the 64 kbit per sec­
ond bearer (B2) channel. The Layer 2 Service Request Task 
receives Physical Layer (PH) Primitives from the Layer 2 
Controller Task via the system mail utility. The Layer 2 Inter­
rupt Service Routine handles block messages received from 
the DMA Controller and mails them as Physical Layer (PH) 
Data Primitives to the Layer 2 Controller Task. This generic 
mail message interface allows an Application User to easily 
introduce external DMA and HDLC Controllers, and accom­
panying device drivers, that either replace or complement 
the existing onboard controllers. 

HDLC/DMA Channel # 1 is attached to the ISDN signaling 
D channel, and will be referred to as the LAPD Channel. 
HDLC/DMA Channel #2 is attached to bearer channel B2, 
and will be referred to as the LAPB Channel. The two chan­
nels operate independently of each other as much as possi­
ble. Since they share the same interrupt hardware, the Lay­
er 2 Interrupt Service Routine must poll the Message Pend­
ing Register and the Error Status Register to determine the 
source of each interrupt. 80th HDLC/DMA channels use 
the HPC field separation feature for transmission and recep­
tion of data. This feature relieves some memory concerns, 
since it allows small memory buffers to be used for mes-
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sages that only have headers. In the transmit direction this 
feature allows large contiguous buffers to be broken up Into 
smaller send buffers without having to copy them following 
a header. Issues specific to the HDLC/DMA Channels are 
defined below. 

HDLC/DMA Channel #2, the LAPB Channel, requires 
frame sizes to be nominally 130 bytes, 2 bytes of header 
and 128 bytes of information. Provision can be made for 
messages with up to 1026 bytes, 2 bytes header and 1024 
bytes of information. 

The presentation of data between the Layer 2 Driver and 
Layer 2 Controller is identical regardless of which channel 
the frames are associated with. . 

2.3.3 Terminal Device Driver and Tracer 

The Terminal Device Driver interfaces to the HPC onboard 
UART. The associated SRa Driver Task, referred to as Tra­
cer, serves primarily as a high-level demonstration vehicle. 
Tracer can field mail messages from any other task in the 
system, as well as keystroke mail messages from its accom­
panying ISA. Tracer's responsibilities include the following 
functions: 

• Management of the Telephone Simulation User Inter­
face, 

• Display Management of the System Trace Mail Mes-
sages, 

• Proper Display of Task-Related Information 

The Telephone Simulation function of Tracer allows the 
user to enter "telephony-like" keystroke characters, that are 
passed to Tracer, then on to the ISDN layer tasks for pro­
cessing. Menu responses are fielded by Tracer to select 
various levels of the Trace function, as well as to enter and 
exit the Telephone Simulation mode. 

Depending on the level of trace that is selected, Tracer re­
ceives mail messages from the system tasks and properly 
formats them on the CRT display. Tracer offers various lev­
els of trace capability. Trace can be turned off all together, 
in which case only the application layer Telephone Simula­
tion inputs will be displayed. Trace can display all messages 
from every layer, or it can be set to "zoom" to display only 
the messages at a particular layer. Messages will generally 
have address fields and data fields. 

The Terminal Driver's Interrupt Service Routine (lSR) han­
dles keyboard characters from the UART and mails them to 
the Tracer SRa Task for further processing. The ISR also 
handles transmission completion of a character that has 
been sent to the CRT. 

The data structures and hardware interface requirements 
for the Terminal Device Driver, and capabilities of Tracer, 
are defined in the Software User's Manual. 

2.4 ISDN LAYER PROTOCOL TASKS 

The ISDN Layer Protocol Tasks provide implementation of 
the DATA LINK Layer 2 and the NETWORK Layer 3 in ac­
cordance with the protocol definitions of the CCITT Specifi­
cations. The two Layer Protocol Tasks (the Layer 2 Control­
ler Task and the Layer 3 Controller Task) are designed to 
satisy the ISDN Basic Rate Interface (BRI) Terminal Equip­
ment requirements. They are independent of user applica­
tions and hardware environment. The PHYSICAL Layer 1 
implementation is defined in the I/O Device Driver section 
of this document. Implementation of layers above the NET­
WORK Layer 3 are specific to user applications. Two such 
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layer tasks are provided, the Demonstration Call Control 
Task and the Management Entity Task. These tasks are 
defined in the Application Task section of this document. 

The purpose of the Layer 2 Controller Task is to provide the 
NETWORK Layer 3 with an .error free, sequenced data 
frame service. The Layer 2 Controller Task uses CCITT 
Specifications a.921 and X.25 and the primary functional 
specifications. The Layer 2 Controller Task satisifies the 
Link Access Procedures for both the D Channel and the B 
Channel (LAPD and LAPB). Design considerations have 
also been included for the future implementation of V.120, 
the new CCITT rate adaption scheme. 

The Layer 2 Controller Task's data frame delivery service 
allows the Layer 3 Controller Task to confidently setup and 
teardown user voice and data calls on the available facili­
ties. The Layer 3 Controller Task uses CCITT SpeCification 
a.931 as the primary functional specification. Note that the 
X.25 Layer 3 packet processor task is not included in the 
initial software package; 

The Layer Protocol Tasks require a somewhat non-conven­
tional task architecture in order to simultaneously manag·e a 
significant number of multiple logical connections. This 
event-driven state-machine architecture requires that a 
state memory block be created and maintained for each 
logical connection. When a Layer Protocol Task "wakes up" 
due to the arrival of mail, the message's address is interro­
gated to determine which logical connection is to receive 
the mail. The particular logical connection's state block is 
retrieved and the mail message is processed per the CCITT 
Specification requirements, depending on the state of the 
particular logical connection. Typically, processing the mail 
message results in sending a Primitive message to another 
task, and updating the logical connection's state block. The 
Layer Protocol Task then returns to its mail box to pick up 
any subsequent mail. 

The interface between all of the ISDN Layer Tasks is delib­
erately achieved via the System Mail Utilities. This ensures 
a distinct, uniform layering mechanism in the event that ap­
plication programmers wish to replace layers with their own 
implementations. 

2.4.1 Layer 2 Controller Task 

The primary Job of the ISDN Data Link Layer 2 is to deliver 
error-free, sequenced data frames to the Network Layer 3. 
The Layer 2 Controller Task implements the following Layer 
2 Link Access Procedures (LAP) for the HPC ISDN Software 
Package: 

• LAPB per the X.25 CCITT Specification. 

• LAPD per the a.921 CCITT Specification. 

• V.120 Terminal Adaption capability. 

Since the a.921 LAPD requirements were derived from the 
X.25 LAPB reqUirements, most of the same Layer 2 Control­
ler Task routines can be used to implement both LAPB and 
LAPD. Design considerations have been made to allow fu­
ture implementation of V.120. 

The Layer 2 Controller Task communicates with the Layer 2 
DMAlHDLC Controller Device. Driver Task and the Manage­
ment Entity Task, via the System Mail Utilities. These tasks 
interrogate the mail message headers to determine whether 
to process the frames using LAPB or LAPD procedures. The 
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LPAD frames are mailed to the Q.931 Layer 3 Controller 
Task, while the LAPB frames are mailed to the X.25 Layer 3 
Task. 

The HPC16400 HDLC hardware handles the Layer 2 HDLC 
Procedures, which includes bit stuffing, address recognition, 
and Frame Check Sequence generation and detection. The 
Layer 2 Controller Task is responsible for the Layer 2 "Data 
Link Procedure", which includes the following functions: 

o Data Transmission 

• Protocol Exception Management 

• LAPD-Specific Functions. 

To accomplish these functions the Layer 2 Controller sup­
ports the full set of Layer 2 Peer-to-Peer messages defined 
in the CCITT Specification Q.921. These messages are list­
ed below and defined further in the Software User's Manual. 

UI Unnumbered Information Frames 

UA Unnumbered Acknowledge 

SABM(E) Set Asynchronous Balanced Mode (Extended) 

DISC Disconnect Command 

DM Disconnect Mode 

I Acknowledged Information Frames 

RR Receiver Ready 

RNR Receiver Not Ready 

REJ Request Recrimination of Frames 

FRMR Unrecoverable Error, Frame Reject 

The Layer 2 Controller Task also supports the primitives 
required to communicate with the other ISDN tasks. 

2.4.1.1 Layer 2 Data Transmission 

Layer 2 peer-to-peer Data Transmission is supported with 
two modes: Unacknowledged Data Mode and Multi-Frame 
Acknowledged Data Mode. The Unacknowledged Data 
Mode is used primarily for setting up logical connections 
and for peer-to-peer Management Entity communication. 
This mode uses the Unnumbered Information (UI) and the 
Unnumbered Acknowledge (UA) messages. The Multi­
Framed Acknowledged Mode is established by the Set 
Asynchronous Balanced Mode (SABM) command. This 
mode provides the mechanism for acknowledgement of 
data frame transport in each direction. The Multi-Frame Ac­
knowledged Mode is terminated with the Disconnect (DISC) 
command. The response to the DISC message can be ei­
ther an Unnumbered Acknowledge (UA) message or a Dis­
connect Mode (DM) message. The actual Layer 2 data 
frames are transmitted in the Information (I) messages, 
while in the Multi-Framed Acknowledged Mode. 

The Layer 2 Controller is responsible for avoiding message 
congestion and buffer overflow. A Layer 2 entity can issue 
the Receive Ready (RR) command to its peer to indicate 
that it is ready to continue data transmission. Likewise, the 
Layer 2 Controller can issue the Receiver Not Ready (RNR) 
command to its peer to indicate that it is not ready for data 
transmission. 

2.4.1.2 Layer 2 Protocol Exception Management 

The Layer 2 Controller Task is responsible for handling ex· 
ceptions to the Data Link Protocol. These exceptions are of 
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two types: recoverable and unrecoverable. Recoverable ex­
ceptions in the receive direction are typically failed frames, 
which are handled by requesting the retransmission of the 
failed frame with the Reject (REJ) command. Recoverable 
exceptions in the transmit direction include the expiry of a 
Layer 2 Timer. Timer expiry requires the retransmission of 
the frame that was not acknowledged in time, and all subse­
quent frames. Timer expiry also prompts a message to the 
Management Entity. Unrecoverable exceptions result in the 
Frame Reject (FRMR) response. A message to the Man­
agement Entity Task is also sent in this case. 

2.4.1.3 Layer 2 LAPD-Specific Functions 
The following Layer 2 Controller Task functions are LAPD 
specific. These functions involve establishing and maintain­
ing multiple logical data link connections. Note that a LAPB 
connection will be maintained as a special independent logi­
cal connection. 

A two byte address is required for each logical data link. 
This address is referred to as the Data Link Connection 
Identifier (DLCI). The DLCI consists of a Service Access 
Point Identifier (SAPI) and a Terminal Endpoint Identifier 
(TEl). The Layer 2 Controller Task is responsible for sup­
porting the TEl Assignment Procedure and the TEl Verifica­
tion Procedure. These procedures are both initiated by the 
Management Entity. The Layer 2 Controller Task supports 
both the Automatic and Non-Automatic TEl Assignment 
Procedures. 

Establishment of the LAPD multi-frame acknowledged data 
transmission mode requires an extended command 
(SABME) to prompt the peer entity that the frames are in­
tended for a particular logical data connection identified by 
the accompanying DLCI. The Layer 2 Controller Task main­
tains each logical link's state and data frames independent­
ly, as explained earlier in this section. 

The Layer 3 Controller Task addresses and maintains inde­
pendent logical connections via an identifier called a Con­
nection Endpoint Suffix (CES). Since the CES is different 
from the Layer 2 Terminal Endpoint Identifier (TEl), a map­
ping function is required. The Layer 2 Controller Task main­
tains a CES-TEl translation procedure to properly address 
Layer 3 logical entities. 

2.4.2 Layer 3 Controller Task 

The Layer 3 Controller Task implements the application in­
dependent portion of the ISDN NETWORK Layer 3 protocol, 
per the Q.931 CCITT Specification. The primary responsibili­
ty of the Layer 3 Controller Task is to establish a network 
access connection link between a terminal and its peer in 
the Central Office. 

The Layer 3 Controller Task communicates with both the 
Layer 2 Controller Task and the Call Control Task by send­
ing primitives via the System Mail Utilities. The Layer 3 Con­
troller Task also communicates with the Management Entity 
Task. The HPC ISDN Layer 3 Controller Task is responsible 
for the following NETWORK functions: 

• Call Establishment and Clearing 

• Call Suspension and Resumption 
• Call Status and Notification 

• ProtocorException Management. 
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The Layer 3 Controller Task supports all the Network Layer 
Peer-to-Peer messages defined in the CCITT Specification 
0.931, Le.: 

• Call Establishment and Clearing Messages: 

ALERT Alerting 

CALLPROC Call Proceeding 

CONN Connect 

CONNACK Connect Acknowledge 

INFO Information 

PROG Progress 

SETUP Setup 

SETUPACK Setup Acknowledge 

DISC Disconnect 

REL Release 

RELCOM Release Complete 

• Call Suspension and Resumption Messages 

RESUME Resume 

RESUME ACK Resume Acknowledge 

RESUME REJ Resume Reject 

SUSPEND Suspend 

SUSPEND ACK Suspend Acknowledge 

SUSPEND REJ Suspend Reject 

• Miscellaneous Messages 

NOTIFY Notify 

STATUS 

STATUS EN 

USER INFO 

Status 

Status Enquiry 

User Information 

2.4.2.1 Call Establishment And Clearing 

The Layer 3 Controller Task's primary responsibility is to 
establish and clear user network connections on available 
bearer channel facilties. The 0.931 CCITT Specifications 
include Call Establishment and Clearing of both circuit­
switched and packet·switched calls. Initially, the HPC ISDN 
Software Package only supports circuit·switched call proce­
dures on Basic Rate Interface (BRI) Bearer Channels. The 
Layer 3 Controller Task is responsible for Call Reference 
assignment and maintenance. The Layer 3 Controller Task 
supports Call Establishment using both the Overlap and 
Non·Overlap (en bloc) addressing modes. 

The procedure for establishing and clearing network con­
nections is defined in CCITT Specification 0.931. It is impor­
tant to note that the Layer 3 Controller Task maintains an 
associated state block for each network connection. Primi­
tivemail messages arriving at the Layer 3 Controller Task 
will be interrogated to determine which network connection 
is to receive the mail. The mail message is processed de­
pending on the state of the network connection. This pro­
cessing typically includes the transmission of a Primitive to 
another Layer Task, and the appropriate update of the net· 
work connection state block. 

2.4.2.2 Call Suspension And Resumption 

Call Suspension (SUSPEND) requires that the Bearer Chan­
nel facility and the Call Reference for a call be temporarily 
relinquished. The network connection is left intact, but in the 
suspend state. The RESUME command reactivates the call 
by obtaining a Bearer Channel facility and establishing a 
new Call Reference. The Suspend function is somewhat 
analogous to the call HOLD feature. 
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2.4.2.3 Call Status And Notification 

The Network can request the status of a network connec­
tion at any time via the USER INFO, NOTIFY and STATUS 
Commands. The information includes Service Validation 
and Channel Configuration. 

2.4.2.4 Layer 3 Protocol Execption Management 

The Layer 3 Controller is responsible for handling excep­
tions to the Network Control Protocol. The primary Layer 3 
Controller Task protocol exception is the expiry of the Layer 
3 timer. Such an exception requires the retransmission of 
the particular command and may prompt a message to the 
Management Entity Task. 

2.4.2.5 Timer Support 

The Layer 3 Controller supports the following system timers 
per CCITT Specification 0.931: 

T303 SETUP ACK Timer 

T305 DISCONNECT ACK Timer 

T308 RELEASE ACK Timer 

T313 CONNECT ACK Timer 

2.4.2.6 SOL Updates 

The Layer 3 Controller Task very closely follows the SDL 
procedures illiustrated in CCITT Specification 0.931, with a 
few enhancements. These enhancements are listed here 
and fully defined in the Software User's Manual. 

a. Three new SDL States have been added to accommo­
date establishing the Data Link corresponding to a partic­
ular CES. The new states are: 

• IDLESTATE 

• RELEASEWAIT 

• ESTABLISHWAIT 

b. The 0.931 NULLSTATE SDL now accepts a new com­
mand, CCBROADCASTRESP. This command is sent 
from the Call Control Task to allow transistion from the 
NULLSTATE(O) to the CALLPRESENT State(6) during a 
Network Originated call via the Broadcast mechanism. 

2.5 APPLICATION TASKS 

The Application Tasks are very dependent on both the ter­
minal equipment configuration and the far-end Network En­
tity software implementation. The HPC ISDN Software 
Package includes two sample Application Tasks: the Dem­
onstration Call Control Task and the Management Entity 
Task. Both of these tasks can be replaced or updated when 
ported to a particular application. These tasks are included 
in the HPC ISDN Software Package primarily to verify the 
operation of the OSI Layer Protocol Tasks and the HPC 
Device Drivers. 

2.5.1 Demonstration Call Control Task 

The Demonstration Call Control Task is closely coupled to 
the specific facilities of an application. The interaction be­
tween the Layer 3 Controller Task and Call Control is de­
fined in CCITT Specification 0.931. In the HPC ISDN Appli­
cation, the Call Control Task communicates with the Layer 3 
Controller Task and the Tracer Task. The availability of two 
circuit switched voice bearer channels is simulated in the 
Call Control Task. The Call Control Task sends standard 
Terminal Equipment prompts and messages to the Tracer 
Task where they are displayed on a UART driven CRT. The 
Call Control Task has the following responsibilities: 

• B Channel Resource Management 
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• Connection Endpoint Suffix (CES) Allocation 

• Conversion between L3 Primitives and Terminal Action. 

The Call Control Task and the Layer 3 Controller Task com­
municate via the NLDATA-REQ and NLDATA-IND 
Primitives. The messages that are supported between these 
tasks are listed below. 

• Commands from Call Control to Layer 3 
CC_SETUP _REQ Setup Request 

Setup Response 
CC_SETUP _REJ_REQ Setup Reject 

CC_INFO_REQ Information 

CC_DISCONNECT_REQ Disconnect 

CC_RELEASLREQ Release 

CCJLERTING_REQ Alerting 

CC_BROADCAST_RESP Broadcast Response 

CC_CALLPROC_REQ Call Proceeding 

CC_PROGRESS_REQ 

CC_NOTIFY _REQ 

CC_RESUMLRQ 

CC_RESUMLREJ 

CC_SUSPEND_REQ 

Progress 

Notify 

Resume 

Resume Reject 

Suspend Request 

CC_SUSPEND~EJ Suspend Reject 

• Command from Layer 3 to Call Control 
CC_SETUP _IND Setup 

CC_SETUP _CONF Setup Confirm 

CC_SETUP _COMP _IND Setup Complete 

CCI_NFO_IND Information Indication 

CCJLERTIN"-IND Alerting 
CC_PROGRESS_IND 

CC_DISCONNECT_IND 

CC_RELEASLIND 

CC_CALLPROC_IND 

CC_RELEASLCONF 

CC_STATUS_IND 

Progress 

Disconnect 

Release 

Call Proceeding 

Release Confirm 

Status Indication 

CC_ERORR_IND Error Indication 

CC_RESUMLCONF Resume Confirm 

The Call Control Task also communicates with the Tracer 
Task using single byte keystroke like commands. These 
commands are packaged mail messages containing two 
bytes: the first byte is the Sender Task's ID, the second byte 
is the keystroke command. The following messages are 
sent between Call Control and Tracer: 

• Keystroke Commands from Tracer to Call Control Task 
TR_ON_HOOK ON Hook 

TR_OFF _HOOK OFF Hook 
TR_DIGIT_1 Digit 1 

TR_DIGITJ Digit 2 

TR_DIGIT_3 Digit 3 
TR_DIGIT_4 Digit 4 

TR_DIGIT_5 Digit 5 
TR_DIGIT_6 Digit 6 

TR_DIGIT_7 Digit 7 

TFLDIGIT_8 Digit 8 

TFLDIGIT_9 Digit 9 
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TR_DIGIT_O 

TR_DIGIT_STAR 

TR_DIGIT _POUND 

Digit 0 

Digit· 

Digit # 

• Commands from Call Control Task to Tracer 
TR_IDLE Idle, ON HOOK 

TR_DIAL TONE Dial Tone 

TR_DIALING Dialing 

TR_RINGING Ringing 

TR_BUSY Busy 

TR_CONVERSATION Conversation 

TR_RINGBACK Ringback 

TR_ERROR Error 

2.5.2 Management Entity Task 

The Management Entity Task is closely coupled to the ac­
companying Network Management Entity design and to the 
terminal hardware configuration. Implementation design de­
cisions have been made that make the Management Entity 
Task unique to a particular application, while still following 
the general requirements of the CCITT Specifications. Modi­
fications will be required in the Management Entity Task 
prior to its successful operation in a particular application 
environment. The Management Entity Task that is included 
in the HPC ISDN Software Package presumes a particular 
hardware configuration and Central Office Software imple­
mentation. 

The Management Entity Task communicates with the Layer 
3 Controller Task, the Layer 2 Controller Task, and the Lay­
er 1 Device Driver Task via the System Mail Utilities. 

The Management Entity Task has the following responsibili­
ties: 

o Initialization of the Terminal Equipment 

• Configuration of the Terminal Equipment 

• TEl Assignment and Verification 

• Multiple Error Notification 
o Unrecoverable Error Notification 

• Activation/Deactivation of the Terminal Equipment. 

2.6 SYSTEM UTILITIES 

The system utilities initializes the HPC system upon power­
up, and provide support for various machine specific fea­
tures of the HPC. 

2.6.1 Power-Up Reset Main Task 

This task is the entry point upon system power-up. The Main 
Task is responsible for: 

- Initializing the general HPC Hardware. 

- Initializing the HPC Executive Data Structures. 
- Queuing up the Tasks on the Ready Queue. 

The Main Task starts with the highest priority, 255. After 
running, the Main Task has served its purpose and is re­
moved from the system by waiting on a semaphore which is 
typically never signaled. 

2.6.2 Nonmaskable Interrupt (NMI) Handler 

Since terminal power is generally a concern, the HPC can 
go into an idle, low-power mode when the Terminal Equip­
ment is idle. In this mode the HPC is awakened via an NMI, 
prompted by a local off hook indication, or by a far-end line 
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signal detection signal from the SID. Conditions for deter­
mining when to go in and out of idle mode are application 
dependent. 

2.6.3 Timer Interrupt Handler 

The Timer Interrupt Handler fields interrupts from two of the 
HPC on board timers. Timer TO, the Watchdog Timer, over­
flows every 65536 clock counts. When this occurs the Timer 
Interrupt Handler mails a message to start the Watchdog 
Task. Timer Tl, the ISDN Software Timer, overflows every 
10 ms. The ISDN Software Clock is incremented every tenth 
Timer Tl overflow, resulting in an ISDN Clock with 100 ms 
resolution, which is used by the Executive Timer facility. 

2.6.4 Watchdog Task 

A special task is performed by the HPC's watchdog feature 
to verify system sanity. The Watchdog Task waits for a mail 
message that is sent by the Timer Interrupt Handler when 
Timer TO overflows. This operation requires that the Watch­
dog Task be regularly scheduled by the HPC Executive. The 
Watchdog Task is assigned the highest task priority, 255. 

3.0 Ordering Information 
3.1 LICENSE AGREEMENT 

A license agreement is required for the use and sale of the 
National Semiconductor ISDN Software. Contact your local 
National Semiconductor field sales office for more informa­
tion or contact the factory direct at: 

National Semiconductor 
ISDN Software Support 
MIS 16-174 
2900 Semiconductor Drive 
Santa Clara, CA 95051 

(408) 721-5719 

3.2 SOFTWARE ORDER INFORMATION 

ISDN software is available in either Object or Source Code 
format. A Demonstration package is also available. Manuals 
are included with the Demonstration package and with the 
Executive and Basic Rate Interface Software packages. 

Basic Rate Interface (BRI) software is available for several 
different central office switches. The generic BRI includes a 
generalized CCITT Switch Interface. 

Each BRI Package contains the following modules: 

Layer 1 Driver (controls S device) 

Layer 2 Driver (controls DMAlHDLC) 

Layer 2 Controller (0.921) 

Layer 3 Controller (0.931 Protocol Control) 

Management Entity (0.921 and 0.931) 

Call Control (Demonstration Application) 

Tracer (Demonstration and Development Tool) 

The Multi-Tasking Executive contains two modules: 

Executive Core Module 

Executive Interface Module 
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The Executive Interface Module is always supplied as 
source code to allow modification to insert application tasks. 

A Multi-Tasking Executive is required to run the Basic Rate 
Interface. 

Order Part Number Description 

Multi- Tasking Executive 

HPC-ISDN-EXEC-O Multi-Tasking Executive Object Code 

Basic Rate Interface 

HPC-ISDN-BRI-S 

HPC-ISDN-BRID-S 

HPC-ISDN-BRI5-S 

Basic Rate Interface (Generic) Source 
Code 

Basic Rate Interface (DMS-l00) 
Source Code 

Basic Rate Interface (5ESS) Source 
Code 

Demonstration Package 

HPC-ISDN-PCDEMO ISDN Basic Rate Interface Demon­
stration (includes Multi-Tasking Exec­
utive and Basic Rate Interface Soft­
ware Manuals) 

4.0 Other Related Information 
4.1 DEVICE INFORMATION 

Additional technical information on devices referenced in 
this datasheet is available from National: 

HPC16400 High Performance microControlier 

HPC16083 High Performance microControlier 

TP3076 COMBO IITM 

TP3420 CCITT SIT Interface 

4.2 DEVELOPMENT SUPPORT INFORMATION 

Development tools are available for the HPC Family of Mi­
crocontrollers. These tools support the ISDN development 
environment. ISDN software must be ordered separately. 

4.2.1 ISDN Demonstration Kit 

A kit is available that demonstrates the software and hard­
ware discussed in this datasheet. Included in this kit is a 
TP3500 development board featuring the HPC16400, 
TP3070 COMBO II, TP3420 "SID" and ISDN Basic Rate 
Interface software in ROM. A complete set of manuals are 
included. This demonstration kit may be ordered from Na­
tional, part number. 

ISDN-TP3500-Kit 

4.2.2 Development Systems 

Several different Microcontroller-On-Line-Emulator Devel­
opment Systems are available for hardware and software 
development of the HPC Family of Microcontrollers. Com­
plete information on Development Systems and Accesso­
ries may be found in the Microcontroller Development Sup­
port Datasheet. 
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ISDN Glossary of Terms 

ISON- Integrated Services Digital Network. ISDN supports 
both digitized-voice and data transmission. 

ISO Layered Protocol Model 

The ISO (International Standards Organization) has defined 
a 7 layer model structure which describes convenient break 
points between various parts of the hardware and software 
in any data communications system. 

Layer 1: Physical layer, that is the hardware which trans­
ports bits across interfaces. This includes ISDN 
transceivers, modems etc., power supplies, meth­
ods of activating and de-activating a transmission 
link, and also the transmission medium itself, such 
as wire, fiber, plugs and sockets, etc. 

Layer 2: Data Link layer, which describes a basic framing 
structure and bit assignments to enable higher lay­
er messages to be passed across a physical link. 
HDLC framing, addressing and error control are 
the major elements of this layer in ISDN. 

Layer 3: Network layer, that is those parts of a message 
associated with setting-up, controlling and tearing­
down a call through the network. These are all 
software control functions, and generally this is the 
highest layer in the ISO protocol model which is 
specific to the ISDN protocols. 

The top 4 layers relate to the structure of the actu­
al application programs; 

Layer 4: Transport layer, concerned with defining sources 
and destinations within an operating system for the 
transfer of application programs. 

Layer 5: Session layer. 

Layer 6: Presentation layer. 

Layer 7: Application layer. 

These layers are generally running on a high level machine, 
and discussion regarding this machine is outside the scope 
of this document. 

"B" Channel, or 050 Channel 

A "8" (for 8asic) channel is a 64 kb/s full-duplex transpar­
ent data channel. It is octet (= byte) oriented, that is it can 
be considered as a channel bearing 8k octets/sec. "8" 
channels are synchronized to the network and are generally 
circuit-switched. The 64 kb/s rate is also known as a DSO 
interface. 

"0" Channel 

The "D" channel is a packet-mode message-oriented chan­
nel on which the data-link layer (layer 2) protocol is carried 
in HDLC frames. At a basic access pOint the "D" channel 
runs at 16 kb/s, while at a primary access point it runs at 64 
kb/s. (There is no reason why a "D" channel could not be 
defined to run at even higher speeds, e.g., 1.544 Mb/s or 
2.048 Mb/s, though that does not seem to be a part of 
current standardization work.) 
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Three types of data may be handled by a "D" channel: 

1. Type "s" (signaling) using 0.931/2 procedures at layer 3. 

2. Type "p" (packet) user's packet-oriented data. 

3. Type "t" (telemetry) data, typically alarms and energy 
monitoring functions operating at a low scan rate. 

The data type is identified by the SAPI (Service Access 
Point Identifier) in the HDLC extended address field. 

LAPO 

Link Access Protocol in the "D" channel is the name given 
to the packet-mode Signaling protocol defined in CCIIT 
specs 0920 and 0921 for the data link layer (layer 2). At 
layer 2, LAPD uses the HDLC framing format. This protocol 
defines the bits, bytes and sequence of states necessary 
between the user and the network to establish, control and 
terminate calls using any of the 100 or more types of serv­
ices which may be available via an ISDN. If the users at both 
ends of the call are connected to the ISDN, and there is a 
through path for the D channel, then end-to-end call control 
is also possible. 

Primary Access to the ISDN 

Primary access is provided at a DS1 interface, consisting of 
either: 

1. Twenty-three "8" channels plus one 64 kb/s "D" chan­
nel at 1.544 Mb/s (North America), or: 

2. Thirty "8" channels plus one 64 kb/s "D" channel at 
2.048 Mb/s (Europe and Rest of World). 

CCIIT specification 1.431 defines the multiplexing and con­
trol schemes for primary access. 

BasiC Access to the ISDN 

Two independent "8" channels (81 and 82) together with a 
"D" channel operating at 16 kb/s form the basic access 
structure. A minimum transmission rate of 144 kb/s full du­
plex is therefore required for basic access transport, al­
though for transmission, additional bits are added for fram­
ing and maintenance. 

Figure 1 shows the names of the functional blocks and in­
terfaces as defined in CCIIT specifications. 

U Interface 
The "U" interface is the single twisted pair loop between a 
customer's premises and the local Central Office. To trans­
mit 144 kb/s or more full-duplex over this link, which may be 
several miles long and have over 40 d8 of attenuation of the 
data signal, requires a complex transceiver. Adaptive echo­
cancellation techniques are necessary and, although the 
transmission format is not yet standardized by CCIIT, con­
siderable work in the U.S. T1 D1.3 ISDN Study Group has 
established a standard for North America. 160 kb/s is the 
transmission rate, while the line code is 2810. 

2B1Q Line Code- Line code in which two binary bits are 
converted into one quaternary (4-level) symbol for transmis­
sion across the U interface. 

• 
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S Interface- A reference point on the customer side of the 
NT2 to which you can connect either an ISDN terminal 
(TE1) or a TA; for example, the interface through which a 
digital telephone could connect to a PABX. This interface 
accommodates point-to-point operation and point-to-multi­
point for up to 8 terminals (the "Passive Bus"). 

The "S" interface passes the same 2 "B" channels and the 
"D" channel on to the terminals, together with some addi­
tional bits used for synchronization, contention control in the 
"D" channel, and other housekeeping functions. CCITT 
specification 1.430 defines the physical layer of this inter­
face. A transceiver is required for transmission at the 
192 kb/s bit rate, over separate transmit and receive twist­
ed pairs (which already exist in both office and residential 
telephone wiring within the premises in many countries). Al­
ternate Mark Inversion coding is used. 

2 additional pairs are specified as an option, 1 for power and 
1 for spare, making this an 8 wire interface. A plug and jack 
have been standardized so that the "S" interface can be a 
"universal portability point" for ISDN terminals from any 
manufacturer in the world. 

T Interface- Electrically identical to the S interface, the T 
interface links the NT2 to the NT1 (informally on business 
premises only). 

R Interface- Connects a terminal adapter (TA) to non­
ISDN (TE2) equipment, often through an RS232C port. 

TE-Terminal Equipment 

Two sub-groups of terminals are defined: 

1. TE-1 is a full ISDN terminal which is synchronized to the 
network channels (not just the far-end terminal) and uses 
LAPD signaling. It connects to the ISDN at the "S" refer­
ence point, which is intended to be the point in the net­
work at which any type of Basic Access terminal can be 
connected, i.e., the "portability" point. 

2. TE-2 is a non-ISDN terminal, generally one of today's 
asynchronous or synchronous terminals operating at 
rates < 64 kb/s. This includes terminals which have 
RS232C, RS449, V.21, V.24, V.35, X.21 or X.25 packet­
mode interfaces. Each type of interface must be adapted 
from the "R" reference point to the "S" reference point 
by means of a Terminal Adapter (TA). 

TA-Terminal Adapter 

A terminal adapter converts either asynchronous or syn­
chronous data from non-ISDN terminals into data which is 
synchronized with ISDN B or D channels. The data rate 
must be adapted by means of stuffing extra bits in a pre­
scribed pattern into the bit stream to adapt the data rate to a 
64 kb/s B Channel or 16 kb/s D Channel. 
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Terminal adaption also requires the conversion of modem 
handshaking signals to ISDN compatible signaling, and cur­
rently there are 2 competing schemes: either using LAPD in 
the D channel (i.e. out-of-band Signaling) or applying LAPD­
type messages but passing them end-to-end via the B chan­
nel (i.e. in-band). There are strong arguments for both meth­
ods, mostly concerned with how signaling is converted at 
the boundary between an ISDN and today's network ("inter­
working"), and it remains to be seen which will win as a 
standard. 

NT-Network Termination 

The NT terminates the network at the user's end of the 2 
wire loop at the customer's premises. There are 2 catego­
ries of NT. An NT-1 converts the "U" interface to the "S" 
and "T" interface (see Figure 1) and acts as the "master" 
end of the user's passive bus. Band D channels must pass 
transparently through the NT, and there is no capability for 
intercepting LAPD messages in the NT-1. 

Thus a typical NT-1 for Basic Access will consist of an "S" 
interface transceiver and a "U" interface transceiver con­
nected back-to-back with appropriate power supplies and 
fault monitoring capability. 

An NT can also be an intelligent controller such as a PABX. 
LAN access node, or a terminal cluster controller, in which 
case it is called an NT -2. 

L T -Line Termination 
Typically, the L T consists of the "U" interface transceiver 
and power feeding functions on the ISDN line card. These 
functions must interface to the switch at the "V" reference 
point, which is not currently being standardized by CCITT. It 
could be a proprietary backplane interface or a nationally 
specified interface which would allow the L T to be physically 
and electrically separated from the switch. 

CO- Central office. The telephone switching location near­
est the customer's premises. 

Activation/De-activation 

Activation is the process of powering up the Layer 1 "S" 
and "U" interfaces from their standby (i.e. de-activated) 
states and sending specific signals across the interfaces to 
get the whole loop synchronized to the network. A small 
state machine in each TE and the NT controls this se­
quence of events, and uses timers to ensure that, if the 
activation attempt should fail for any reason, the user or 
network is alerted. At the end of a call an orderly exit from 
the network is effected by sending de-activation sequences 
before any equipment can power-down. 
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