
BIG MULTIP ORT 
MEMORY SYSTEM . ,a 





I 

I 

REVISION RECORD 
Revision Notes 

Aug. 1978 Original Printing 

BIG MULTIPORTMEMORY SYSTEM 
ND06.007.01 





TABLE OF CONTENTS 
+ + +  

Section: 

BIG MULTIPORTMEMORY SYSTEM 

General 
The Memory System 
System Parts 
Crate 
Bank 
Controlller (1 144) 
Storage (1132's) 
Port I1 142,1143) 
Channel 
Source 
Service Channel 

Addresssing 
Address Conversion 
Bank Selection 
Interleave (Shifted Address) 

Data 
Format 
Data Protection 
General about Error Detection and Correction 
Write 
Read 
Single Data Error 
Single Control Code Error 
Multiple Error 

Control and Error Reporting 

MEMORY CHANNEL SPECIFICATIONS 

Hardware Specifications 
Signal Standard 
Cable 
Connector 
Termination 

Signal Descr@tion 
Address Cable Signals 
Data Cable Signals 

Channel Timing 
Address and CycleTimes 
Latency 
Timeout 

32 Bits Channel 
Indicators 
Address Range Switch 
Disable Error Correction Switch 

Page: 



Section: . , ,  - r 

3 SERVICE CHANNEL SPECIFICATIONS 

General 
Error Log (1 145) 
Error Log I f 0  Interface 

Programming Specifications 
Device Number 
lnterrrupt Level = 1310 
ldent Code = 5 
Load Command Register = 10X 751 
Read Scan Register = IOX 750 
Read Status Register = 10x752 
Load Control Register = IOX 753 

Detailed Description of Commands 
Action 00: Initiate Scan of Error Log 
Action 01 : Initiate Scan of Port Status 
Action 10: Load Ermr Correction Control Register, ECC 
Test Error Correction 

8 .  

Action 11 : Execute Test Accesses 
Address and Data of T s t  Accesses 

Hardware Specifications 
Electrical Standard 
Termination 

Service Channel Signals 
Channel Timing 
Error Indicator 
Crate Number Switch 

CONTROL CHANNEL SPECIFICATIONS 

Functional Description 
Memory InhibitIPower Fail 
Refresh Synchronization 

Electrical Specifications 
Channel Signals 

5 INSTALLATION 

5.1 Switch Setting 
I J *  5.1.1 Address Range Selection 

5.1.2 Crate Number Setting 
5.1.3 Manual Disabling of Error Correction " ' ' 

5 2  
1 7  

Control Channel Connection 
5.21 Memory Inhibit 
5.2.2 Refresh Synchronization 

5.3 Channel Expansion 
5.3.1 Daisy Chaining 
5.3.2 Termination 

5.4 Configuration Structure 

Page: 



vii 

Appendix: 

A BMPM TO MPM COMPARISON 

Page: 

CONVERSION CHARTS 8-1 

Conversion between Logical Code and Physical Position of 
Fauitv IC'son 1132 Module 8-1 
conkrsion between Logical Code and Physical Slot of - 
Faulty Storage Modules 8-2 

8.3 Physical Position of Range Limit Switches Indicated by the 
BanW Port Code 8-2 

C CABLE AND WIRING LISTS 

LOGIC DIAGRAMS 

RS-422 STANDARDS E- 1 

E. 1 Summary of EIA RS-422 Standard for a Balanced Differ- 
ential Interface E- 1 

E.2 EIA Standard RS-422 E-2 

F CONTENTOF DEFINED NO NUMBERS 



viii 

List of lllusuations 

Figure: 

Multiport Configuration - Example , 
Multiport Memory (1 card crate) - - 
Use of Internal Bank Address ,.,, 
Channel Signals 
Scan Error Log 
Scan Port Sratus 
Write ECC Register 
Execute Test Access' 
Bank Selection1 Channel to Bank Address Conversion 
Storage to Port Communication 
Shifting of Address Bits 
The Bankasseen from NORD-101s 
The Banksas Seen from NORD-Sl 
Channel Data Format 
Syndrome Decoding 
Data Flowon Write 71 ' ' 
Reading Data (No Enor) 
Reading Data [Single Error) 
Reading Data (Multiple Enor) I 

I/O InterruptSystem in NORD-101s 
Big MPM Data(1143) - Data Flow 1 I " '  

Page: 

1-3 
1-4 
1-6 
1-8 
1-9 

Termination of Memory Channel Signals 2-2 
Memory Channel Timing Specifications Measured at Port 
Terminals 2-4 
Memory Channel Write Access Timing 2-5 
Memory Channel Read Access Timing 2-5 
Two 16 Bits BanksAccassedasOne32Bk Bank 2-7 

BMPM Service Channel 
I10 Module to Error Log Module Communication 
Scanof Error Log - Block Diagram 
Action: 00 Scan of Error Log - Flow Diagram 
Begining and Continuation of a Scan (termination is shown 
in Figure3.101 
Scan of Port Status - Block Diagram 
Action: 01 Scan of Port Status - Flow Diaqram - 
Execution of Actions 10 or 11 
Executiton of Acrions 00 or01 
Terminaton of a Scan (diagram continuesfrom Fiiure3.5) 
Error Log Module Port Communication 
Service Channel Timing Specifications according to Figure 
3.1 - 3.4 
StartIStop of Scan (no error found) 
Scan Hit 

Electrical Specificatons 

Limit Switches 5-1 
Limit Switch Setting 5-2 
Indicators 5-3 
Memory Inhibits Connections in Backwiring 5-4 
Refresh Synchronzation at Control Modules in Slot 9 or 28 5-4 
Three Modes of Refresh Operation for a Bank 5-5 
Internally Connected Plug Fields Used for Channel Expansion 5-5 



Figure: 

C.l Memory Channel - Address 
C.2 Memory Channel - Data 
C.3 Service Channel 
C.4 Control Channel 
C b  Wire Wrapping on ND-146 
C.6 Terminator Plugs 
C.7 Memory Channel - Address Interleave Cable 

Page: 



BIG MULTlPORT MEMORY SYSTEM 

GENERAL 

The Big Multiport Memory System (referred to as BMPM) is a high speed flexible 
and modular memory system used for two major applications: 

1, Increased memgrv band widfh t i  e,n@le. fcii _higl?r t ~ t s ! .  data transfer rates 
' I - I  to and fmm memory. ' .I- .. I n 

2. Allow for multiprocessor and/or multi-device communication via a common 
memory system. 

This is accomplished by using a number of independent memory banks accessed 
by a number of independent memory ports. The system is modular with respect to 
banks, channels and storage capacity. 

Each memory channel has an address range of 2048K words and may be con- 
nected from 1 to 10 ports. 

Single bit error correction and multiple error detection is standard. 

A special service channel is provided for a number of operations and maintenance 
purposes. I 

I 

THEMEMORY SYSTEM 

A memory system (refer to Figure 1.1) is a collection of independent banks, each 
covering a definite address space. Every bank is linked together and to the outside 
world by Chanrtels. The entrance for channels is called Ports. The Channels in the 
system are driver from Sources. 

The Sources are interfaces between the memory system and the unit demanding 
access. In order to maintain a well-defined intersection the sources are not 
considered part of the memory system. 

In addition to the ordinary channels a special sewice channel exists. All banks are 
linked to theservice channel which isdriven from an I10 interface. 



SYSTEM PARTS 

1.3.1 Crate 

For the following discussion referto Figure 1.2. 

Although the bank is logically the basic building block, the card rate is physically 
the basic unit, containing one or two banks, an X-bank and a Y-bank. This is 
done purely for space and wiring reasons. In BMPM there is no logic in common 
between the two banks as it is on the former model. Yet the sewice channel has 
common logic since it will atwars be connected in a predetermined manner. 

A maximum of 8 crates can be used in a Mamoiy system. 
- - 
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1.3.2 Bank 

A bank is an independent memory unit that can cycle by itself. It also has iYs own I 
timing and control logic. 

Two banks can be located in one card crate, onex-bank and one Y-bank. 

A complete bank consists of the following parts: 

Controller (1144) 
* Storage (1 132's) 
* Ports (1 142,11431 

Error logic (1145) 

. 

1.3.3 Controller ( 1  7441 

m .  * 

It is essential that a bank has a private controller which allows it to operate 
independent of other banks. 

The controller solves two mapr tasks. 

1. To serve as a "switchboard" between the ports on one side and the storage 
on the other 

2. To refresh the MOS memory elements a! regular intervals. 

Since up to 4 ports (A - D) may access the same storage, a priority network 
allocates the storage to one port for one storage cycle at a time. 

The pons and tefresh are assigned a fixed priority which is, beginning at the 
highest priority 

New request from same port as previous one, REFRESH, PORT A, PORT B, 
PORT C, PORT D 

When two ports make requests simultaneously the highest prioritv port will be 
sewed first. 

Note! It is not possible for one high priority port to lock out the lower priority 
ones. The reason is that the request must toggle on and off. 

Even if a channel is capable of absorbing everything it could get from memory, it 
must withdraw the request for a moment to prepare for the next. At that very 
moment the lower~riority port will be granted access. 

However, two high priority ports are able to lock the bank for lower priority pons. 

Periodic refresh is necessaty in MOS memories to avoid decline of information. 
This is accompiishedby regularly accessing ail memory cells. These accesses (one 
each 15 vs) may be treated similar to accesses from the ports. 

The refresh request circuitry and refresh address counter is located in the 
controller (1144). 

I 



1.3.4 Storage I 7 732's) 

An X-bank has room for 8 storage modules and a Y-bank has room for 4 storage 
modules. Each module contains 32K x 21 memory cells (bits). Hence, one 
X-bank is sufficient to cover all NORD-IOIS' primary storage requirements of 
256K words. 

Internally in the bank the address range is always from 0 in 32K increments up to 
256K. Hence, an address transformation is normally required at each port. (Refer 
to Section 1.4 regarding addressing.) 

The 18 address bits required for a 256K address range are used as shown in 
Figure 1.3. 

The memory integrated circuits (MIC) contain 76K x f bit. Hence, iwo MIC's are 
needed per data bit on a 32K module. Since storage of 21 data bits are required 
each storage module contains 42 MIC's. The 5 extra bits are used by the control 
code attached to the 16 data bits. (Enor checking and correcrion is described in 
Section 1.5.) 

S e l e c t .  
module 

Select one o f  16384 eel19 i n  1fIC 

Figure 7.3: Use of Internal Bank Address 

Select odd 
o r  even :,ITiZ 



1.3.5 Port [ 1142, 1 143) 

A port Is the entrance for a channel to a bank. A bank holds from 1 to 4 ports (A - 
D). A port consists of receivers for addresses and transmitters and receivers for 
data and control lines. 

Up to 10 ports can be linked together (daisy chained) by a channel, i.e., a source 
can access up to 10 banks of storage. 

A port consists of a data (11431 and an address (11421 module. A port carries out 
two major functions: 

1. Select a bank for the source and convert the channel address to a local bank 
address (1 l42L 

2. - Generate a 5 bit control code to be attached to data during write 
and - check the data against the control code during read. 

Each port defines the address range for a bank (11421. (Refer to Section 1.4.) 
Normally, the address range is the same as seen from the different ports, but for 
special purposes they will be different. One such example is the 
NORD-101NORD50 communication using BMPM asa common memory. 

In the memory system a Channel is physically a pair of cables. One cable carries 
address and request signals while the other carries data and ready signals. W i h  
the word channel we will normally mean a 16 btt data channel. It is, however, 
possible to define a 32 bit channel consistmg of one address cable and two data 
cables. Since all ports are 16 bits wide, two ports are required in that case. A 32 
bits channel is illustrated in Figure 1 .l. 

All channels meet only one type of port. Hence, all sources must conform to the 
same speci?ications when requesting memory. 

It is normally possible to connect several banksto one channel. 

Every port has one input and one output connector for each cable, which allows 
daisy chaining of up to 10 ports. At the end of the chain a termination plug is 
rnountt?d. 

Notel The two banks in the same crate have their ports daisy chained internally. 
Figure 1.4 showssignals appearing on a channel. 



CHANNEL 

Source 

==l 
I\ Request 

> X 

L/ 
( R E ~ L )  h 

/1 Data ready 
X < ,  

A 
ORL 

Figure 7.4: Channel Signals 

Note 1: A 32 bits channel consists of one address cable and two data cables. 

Note2: UP to 10 ports may be chained to one source. The cables must be 
terminated in the last port. 

Noteb Transmitters and receivers in the ports meet the RS-422 specifica- 
tions. (Refer to Appendix E.) 

- 

Source 

A Source can be any kind of elecfronic unit which is capable of communicating 
with BMPM over a channel. Examples of sources can be: NORD-10, 
NORD-lO/S, NORD-50 or DMA interfaces. The sources must conform to the 
channel specffications I refer also to Figure 1.1 I. 



1.3.8 Service Channel 

. I*,. - - , > - !r #. - 

The service channel consists of an error log module (1 145) located in the BMPM, 
' 

an error log 110 interface module (1146) located in the NORD-101s inpuUoutput 
system and a cable connecting those two modules together. BMPM will thus be 
regarded as an 1/0 device as seen from NORD-1OIS. 

The error log module (1145) is logically divided into two parts, one serves the 
X-bank and the other the Y-bank. Each part contains an error log memory. All 
errors (single or multiple) occurring in the bank and detected by the ports 
(1 143's), will be recorded in this special memory. The error log memory is organ- 
ized as a 512 x 1 bit memory where the address is a pointer to the failing memory 
integrated circuit (MIC). 

A thumb wheel switch located on this moduiedefines the crate number (0-7). 

The service channel can perform the following four functions: 

1. [Action: OOt, Refer to Figure 1.5. 

Scan the error log memory for a failing bit. The error log memory address 
where the faling hit is found (pointer to the falling MIC) is transferred to a 
one-word scan register located in the error log I10 interface (1 146). 

. - 

I 

(Data Error) 
r--------- -- 
I 
I 
I 
I 
1 
I 
I ------ -----.I 

lox  <Read Scan ~egister> 
=- - . 

Figure 7.5: Scan Error Log 



U L  
(Upper 
Limit1 

LL 
(Lower 
Limit) 

2. (Actiom Ol), Refer to Figure 1.6. 

Scan the present porn for bank address range setting. This operation will 
also give the information whether the porn havedetected an error or not. 

Steps 1 and 2 are feed-back information from the BMPM .and wiil be written into 
the scan registar located in the error log I/O interface (11461. This will be trans 
ferred to the A register of the CPU by execution of an IOX <Read Scan Register> 
(IOX750). 

IOX (Read Scan Register > 

Figure 1.6: Scan Port Stahrs 

Error reported 
from scanned 



3. (Action: 10). Refer to Figure 1.7. 

Set the content of the error correction control register (ECC) located in the 
data module (1143) of the ports. 

I. (Action: ll), Referto Figure 1.8. 

Execute test access. A read or write operation can be simulated without a 
channel connected. I 

I 
Steps 3 and 4 are control information for the BMPM. The control information is 
transferred from the A register in the CPU to the command register located in the 
error log I10 interface (1146) by executing an IOX <Load Command Register> 
(IOX 7511. From this register the control information is sent to BMPM via the error 
log module(1145). 

Information regarding detailed description of programming specifications and 
word formats is given in Chapter3. 

PORT A 

TO ECC (ERROR CORRECTION CONTROL) 

IOX ' a o a d  Command Register> 

Figure 7.7: Write ECC Register 



r---------- -- I i---- 
I CPU I I 1146 

c 
IOX Qoad  Command Register> 

Figure 7.8: Execute TestAccess 



ADDRESSING 

1.4.1 Address Conversion 

The total address range of a channel is 2048K (21 address bits). Since each bank 
has a range of 256K. 8 banks are necessary to cover the complete range. Hence, 
the3 most significant address bits could be decoded for bank selection. 

However, since the minimum sue of a bank is 32K (1 storage module) it is 
desirable that one has a resolution of 32K for selection. Hence, the 6 most 
significant bits are needed for decoding of 32K banks. 

Straight decoding requires banks of equal sue, so to pewit  banks of different 
sizes a more flexible method is required. 

Each port has therefore a set of limit switches which define the address range the 
ponwill respond to. 

One pair determines lower limit, LL, and one pair determines upper limit, UL. 
Each pair holds a two-digit octal number. Refer to the chart in Figure 1.9 for the 
corresponding address range. 

When a request appears on the channel, all pons test the address against their 
limit swhches. The request shall haveaccess if: 

LL < Channel Address < U L 

Inside all banks the address range is 0 - 256K, so the channel address must 
'normally be transformed to an internal bank address which is offset by the lower 
limit (LL). 

This transformation is perfomled at the port, and it is a simple subtraction: 

Bank Address = Channel Address - Lower Limit 

Accordingly, channel address equal to lower limit is directed into bank addresso. 

Observe that two channels may access the same memory cell although their 
channel addresses are d%erent. Address skew between channels should be 
avoided as much as possible since it makes the system very opaque both from a 
hardware and software point of view. 





1.4.2 Bank Selection 

For the following discussion refer to Figure 1.9. 

When a source piaces an address on the bus together with a Request all the 
ports linked together by the channel will examine the channel address. The port 
(1 1421 that finds the channel address within its limits (LL 4 A < ULI will forward 
the request to  the controller (1 1441. 

Since the 4 ports associated with a given bank operate completely asynchron- 
ously with respect to each other, a priority network is required. The highest 
priority port will then be allocated to storage for one memory cycle. The bank 
address = (channel address - lower limit1 will then be enabled onto the local 
bank address bus. 

For further information regarding storage to port communication refer to Figure 
1.10. 

I 

ConfwL , S t o m  busy 
1144 

Start  refresh EREFRESH 



1.4.3 Interleave (ShFted Address) 

To increase memory band width an interleave techique can be used. However, it 
is only meaningful in a pipeline system where a new request is issued before the 
previous is secviced. 

In a less crinical sense lnreneave is usea to aeslgnate shifting of the address 
bits. 

If the address is rotationally shiited one place to the right, bit 0 will receive 
position 20, bin 20 position 19 and so on. The effect is that all even addresses will 
seem to lie between 0 and 102% while all odd addresses wnl appear as lying 
between 1024K and 2048K. 

Two consecutive addresses (as seen from program) will therefore lie in different 
banks. The band width benefit expectation from this shiting is greatly exagerated 
when memory accesses are not pipelined. 

However, interleaving is necessary when 16 bit and 32 bit channels are to 
communicate. 

Two 16 bit words, at consecutive addresses, may be read as one 32 bit word when 
thetwo 16 bit wordsresidein differenrhanks. (See Figures 1.12and 1.13.) 

The address shifting is performed by modifying the address cable as shown in 
Appendix C. 

The concept may be illustrated in the following example. 

Example: 

f\ address bits. 

20 l o  
!6 Received chmnel address 

Figure I .  7 I: ShZting ofA ddress 6 

Address bit number20 is used toselect a bank. 

Assuming NORD-101s is storing 4 words in memory in consequtive locations (as 
seen from NORD-1O/S) the lowest bit on the issued address will toggle and alter- 
nating banks will be selected. If the issued addresses are 0, 1, 2 and 3, the 
received addresses would be: 



Received Address: Word No.: ... 

The following illustration will show how the four words will be stored. 
-. . 

Bank Address 
0- --Lf - 00 (be) 
I -  I 8 ,  I l l  

' I  IL. 

Bank A&s 
0 , Xm-- -~~=40&?24@ 

5m.k J/ I 7~ 

r. c:- 

I -- -Uf * 42 0088 k) . 
. .- ~ . - ~ . . ~ 

Figure 1.12: The Banks as Seen from NORD- lO/S 

I 
When NORD-&I reads those 4 NORD-101s words, it regards the same w o  
banks as one bank with double word length. The 4 16 bit words will then be read 
as two 32 bit words. . . 

I 8 ' 1  I 

- .  I. I 

. - - '  LL=OOtOKf 

i 8 

The banks as 

seen h r n  W-50 

- I  I - 

Figure 7.73: The Banks as Seen from NORD-W 



1.5.1 Format 

As seen from the source (NORD-1OIS). the standard BMPM data width is the 16 
bits associated with 2 odd parity bits, one for lower, one for upper byte. 

1 /11  I 
- - 

I 
Upper byte I Lower byte 

I 

I--, Rarity bit for Lower byte 
Parity bit for Upper byte 

Fjgure 1.14: ChannelData Format 

This makesthe BMPM compatible with the former model. 

1.5.2 Data Protection - T  - - - 
. . 

Data is protected by means of a 5 bit control code. Error correction is therefore 
standard in BMPM. 

1.5.2.1 General about Error Detection and Correction 

I 
In an error correcting memory 5 parLW bits are stored in addition to the normal 16 
data bits. These 5 bits are parities formed by the data bits in a unique way. Each 
port has its private error correction network in order to load the common memory 
resources as little as possible. The two source-generated parity bits are skipped 
and 5 new control bits are generated. The port could have checked the parity of 
write data but hardly informed the system in a proper way. It could have reported 
"Hey, I have seen an error", but it is impossible for the system to decide what 
action to take on such information. The reason for error would probably be a 
faulty cable, which would be detected by reading anyhow. 

Although many people find error correction obscure, the practical treatment is 
quite straight forward and isshown in Figure 1.21. 

For the sake of clarity, generation and'checkhg are shown separately although 
they actually have common circuitry. 



I 
The following 5 parities serve as control bits and are generated at each write 
access. 

I 

They are stored together with the 16 data bits in memory. 

When data is read the parity of the 21 bit word is checked. If no errors have been 
introduced all parities are unchanged which gives the error code 00000 = GOOD. 
The 5 bits in the error code are called syndrome bits. If GOOD does not show up 
there must be a single bit or a multiple bit error. 

How can these five bits really point out the faulty bit? The reason is that two 
different data bits never contniute in the same manner in a// parities, For 
example, bit 2 is a part of CO, C1 and C2. If bit 2 has been changed (inverted) since 
generation CO, Cl and C2 will ako be inverted. Hence, the error code 00111 is 
produced instead of the GOOD code 00000 which means no bit changed. Refer- 
ance to Figure 1.15 will show that, in fact, 00111 is the wror code for bit 2. Since 
error in bit 1 changes CO and C2, W1O1 is the error codefor bit 1, etc. 

It is important to note that only error in one bitata time is assumed. 

Since 21 bits can produce only 21 single error codes the remaining codes must be 
caused by errors in some combination of two or more bits. Those errors cannot be 
corrected and are therefore fatal to the system. 

A decoder is used to decide which of the 31 possible errors has occurred (see 
Figure 1.15). 

In case it is a single bit error the wrrespondig bit is inverted by an MCLUSIVE-OR 
gate. 

In case a mu/tip/e error is detected a FATAL ERROR signal is generated. This 
sbnal inverts the otherwise correctpariry bit 76. 

Accordingly, multiple errors farce a parity error which is detected by a normal 
parity check in the source. Single bit errors are (of course) not reported to the . 
source. However, all errors are written in the error log (1 1451. 

The theory for error correction is also covered in Section 11.6 of the manual 
"NORD-10,'s Functional Descn'ption (ND-06.009). 



Figure 1.15: Syndrome Decoding 



1.5.2.2. Write 

During a store operation the port (1143) will receive the data in the format as 
indicated in Figure 1.14. 

The two parity bits are not processed in any manner by the port. Based on the 16 
data bits a 5 bits control code is generated and sent to memory with the data. This 
is illustrated in Figure 1.16. 

STORAGE 111321 

PORT111431 

Figure 1.76: Data Flow on Write 

Notel Addressing and bankselection is not covered here. 

1.5.2.3 Read 

During a read operation the addressed data is received fmm the selected storage 
by the port (1143). Working on the 16 data bits, a new control code is generated 
and compared with the one stored with the data. If they are equal, the data is 
accepted as Good data. 

The difference texclusive OR) between the "new" and the "old" control code is 
called the syndrome. If the syndrome is equal to 0, the data is Good. As the 
control codes are checked. two parity bins are generated in the port (1143) and 
sentto thesource withthe data. See Figure1.17. 

1.5.2.4 Single Data Error 

If a single data bit is failing, the 5 bits syndrome (exlusive OR of "new" and 
"old" control code) will be different from zero (f 0) where the syndrom (code) is 
a pointer to the failing bit. The failing bit is corrected (inverted) and the correct 
parity bits wil be generated and sent to the source with the correct data. The 
syndrome (i 0) will be sent to the error log module (1145) to indicate where and 
what type of error hasoccurred. See Figure 1.18. 



1.5.2.5 Single Control Code Error 

Using the same type of memory for storing the control code, a single bit can also 
be failiig in the code. The syndrome (code) will also here be a pointer to which 
contml bit that was failing. No data need be corrected for this type of error. The 
synfrome issent to theerror log module (1145). 

1.5.2.6 Multiple Error 

A multiple error is a type of error where more than one bit is failing within the 21 
bits field. In this case the data cannot be cor-rected. To indicate that the data is not 
correct, ihe parity bit for the lower byte is forced false (BDL 16). The syndrome is 
here also sent to the error log module (1 145). See also Figure 1.19. 

-- 0 
'ORT (1 1431 

a .  W' 
Figure 1.17: Reading Data (No Error) 



PORT 111431 

STORAGE I1 1321 

To ermr Iuq I1 i45) 

Fjgure 1.18: Reading Data (Single Error) 

PORT I1 1431 

when multiple wior lrdetsrted panty btt for lower byte I s  forced fake (EDL 16) 

Figure 7.79: Reading Data (Multtiple Error) 

I 
ND-06.007.01 



1.5.3 Control and Error Reporting 
1 8  r -  . 

We have already discussed that single bit errors are detected and corrected inter- 
nally in the BMPM. If multiple errors occur, the data cannot be corrected, and 
parity bit for lower byte is forced false. 

If NORD-101s is the source, an internal interrupt is generatd which forces the 
CPU to level 14. It is, however, of interest to be aware of a single bit error also. 

Over the service channel and the I/O system a failure in BMPM may generate 
interrupt to level 13 at the time of occurrance. By selecting the proper bit mask 
for the error correction control register (ECC), we can decide whether intermpt is 
disabled, single bit errors or multiple errors shoufd generate interrupt. 
- 
At the time of the failure (interrupt) the syndrom is sent to the error og (1145). By 
reading the eror fog memory the system will know what type and where the error 
occurred. 

I 
See detailed description in Chapter 3. 

Refer also to Figure 1.20 for further details. 
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MEMORY CHANNEL S PEClFl CATIONS 

A 16 bits channel consists of one address cable, one data cable and two termin- 
ation plugs. A 32 bit channei consists of one address cable, two data cables and 
three termination plugs. The specifications herein concern a 16 bit channel, 
unless othetwise noted. The channel source must futfill the eiemical and logicai 
requirements stated below. 

HARD WARE SPECIFICATIONS 

S ~ n a l  Standard 

The channel signals are carried on differential lines conforming to CCITT-V.ll or 
RS-422 standard. See FigureZ. 1 and Appendix E for further details. 

Recommended line drivers and receivers are: AMD 26LS31 and AMD 261532 or 
equivalent 

2.1.2 Cable 

Cables may be 120 ohm twisted pairs or flat cable. Maximum total length of a 
channei is 15 m. This limitation is due to requirement of signal quality at 10M 
baud. 

2.1.3 Connector 

Cables may be connected either direct to backwiring posts or via an optional 
plug panel. The backwiring connectors may be one of the following: 

For twisted pairs: 

BERG 65051-01 1,2 x26 position latch housing 

BERG 4i712, discrete female sockets 

For flat cables; 

3M 3307.2 x 25 position socket connector 

3M 3404, keying header 



2.1.4 Termination 

All cables longer than 1 meter or between two cabinets shall be terminated at the 
end of the daisy chain (far end from source). Each differential pair shall be linked 
with a 120 X resistor mounted on a suitable connector (see Appendix C.6). 

On the source module of the data cable further termination has to be performed. 
The termination scheme is summarized in Figure 2.1. 

SOURCE TERMINATOR 

120n 

BAD-20, WRITE, REQ, 

1200. 1200 
- 

BDO-17 
+5 v 

12051 

l r  I 

AR,  DR 

u - 
* Provisional. May besubjectto change. 

FigureZ. 1: Termination of Memory Channel Signals 



SIGNAL DESCRIPTION 

Complete signal lists are found in Appendix C.2 and C.3. Below is a description of 
signals as seen from the source. 

For the following discussion refer also to Figure 1.4. 

Address Cable Signals 

18 output address signals for normal NORD-10 address 
range 

BA 18-20: 3 output address signals for extended address range 

REQ: output pulse to request access 

WRITE: output signal indicating data direction. WRITE = true 
means write to memory. WRITE = false means read from 
memory. 

2.2.2 Data Cable Signals 

AR: 

DR: 

16 bi-directional data signals 

2 hi-directional signals indicating odd parity of lower and 
upper byte respectively 

lnput signal, address ready. lndicates that the request is 
accepted by a bank and that another request may be 
issued. 

lnput signal, data ready. lndicates that write dam is 
accepted by bank or that data read from memory is valid 
on data lines. 



CHANNEL TIMING 

Timing diagrams and requirements are shown in Figures2.2.2.3A and 2.38. 

Access and Cycle rimes 

Access time at the port, measured as time between R M  and DR, assuming no 
latency. 

Write: 200 ns maximum 

Read: 450 ns maximum if data is good 
500 ns maximum if data is corrected 

Description: Name: mn.: Type:Max.: Unit: 

Address set-up time 'AS 0 

Write data set-up time t~~ -75 ns 

Writecommand before write data enabled 'WS 70 ns l )  

Write data hold time t~~ o 

Write command hold time 'WH 0 

Address hold time t~~ 0 

Address ready pulse width T~~~ 60 90 ns 

Request pulse width t~~ 50 m ns 

Data ready pulse width T~~~ 70 100 ns 

End of address ready to next request 'RAR 0 

Access time from Request toAddress Ready T~~~~ 200 ns2) 

Write data access time T 

WACC 200 ns21 

T Write cycle time 
WCYC 380 ns 

Read command set-up time 'RS -30 ns 

Readdata disabled after Read Command false T ~ ~ l ~  25 70 ns l )  

Read data vand before Data Ready T DVAL 0 

Read data access time (no error) T RACC 450 ns21 

Read data access time ( 1  bit corrected) RACC 500 ns2) 

Read cycle cycle time T~~~~ 380 1x3 

- -.- - -- 
FigureZ.2 Memory Channel Timng Specifications Measured at Port Terminals 

N D-06.007.01 



I I Write signal should be put true as soon as possible after each read access in 
order to disable data driver at port. 

2) Access times in case there is no waiting time due to previous accesses in t 
bank. Minimum cycle-time will limit write access time. ' 

. . . . . . . . . . .  . . . . . . . . . . . .  -. . .  ..+ : * =-~, . . : - -  



Cycle time at the port, measured as time bmeen two AR. Next REQ at trailing 
edge of AR. I 
Write: 380 ns maximum in same address. May decrease to 300 when acces- 

sing akernate modules. 

Read: 380 ns maximum. 

2.3.2 Latency 
u 

Due ro different activities in the bank there may be a certain waiting time in 
addition to the regular access time. Maximum waiting will occur when two 
succeeding accesses attend the same memory integrated circuit. 

1. Maximum waiting time when one higher priority port has access: 480 ns. 

2. Maximum waiting time'when two higher priority pons have access. -. 
3. Maximum waiting time dueto rekesh: 520 ns. 

4. Maximum waiting timedue to previous access from same port: 180 ns. - I 
The above numbers arise from worse case conditions which are seldom exper- 
ienced. 

I 

Missing answers AR and DR Prom a channel may be due to "memory out of 
range" or "memory inhibit" caused by power fail in a bank. It is thetefore man- 
datory that the channel source has a timeout mechanism. 

Minimum length is 10 us. I 

I 



32 BITS CHANNEL 

A 32 bits channel is obtained by accessing two banks simultaneously from one 
source. The addresses and requests are the same in both banks as the address 
cable is common. Two data cables will each supply half of the 32 bits word (see 
Figure 2.4). As the source receives a double set of ready signals, which may be 
out of phase, there must be a provision to wait for the slowest response. 

I 

BANK I 

DATA 1 
, ,  8 8 -  

I 
POPT 

B r n  I1 
SOURCE 

DATA 2 
L 

ADDRESS 

Figure2.4: Two 16 Bit Banks Accessedas One 32 Bit Bank 

INDICA TORS 

The data modules have two red indicators which normally shall be off. The upper 
warns that an error is detected. The lower warns that the error correction 
network is disabled eithermanually or by program. 

The address modules have three yellow indicators of general information value. 
The upper indicates that the last request was accepted by the port. The middle 
indicates that the request was granted by the bank control. The lower indicates 
that a storage module has answered. These indicators light up until cleared by 
the next request on the channel. 



ADDRESS RANGE SWITCH 

The address range which a port shall respond to is determined by two sets of 
switches on the address module. 

The upper set determines upper limit in 32K increments. The lower set deter- 
mines lower limit in 32K increments. See Section 5.1 for further details. 

DISABLEEAROR CORRECTION SWtTCH 

The data modules have a switch for manual diiable of error correction. Operating 
the switch will also clear the error indicator. The switch is intended for mainten- 
ance purposes and failurewill result if operated during an access. 



SERVICE CHANNEL SPECIFICATIONS 

GENERAL 

3.1 .I Error L og (1  145) 

Each port contains an error checking and correction circuitry which detects all 
single bit and alot of multiple bit errors. [Turn to the manual "NORD-101s 
Functional Description" for further information.) 

When an error is detected by a port, the 5 syndrome bits which identify the error 
are forwarded to the error log module. This module has a 512 x 1 bit log memory. 
The9 bits address to the log is composed of the following parts: 

I 
Syndrome bits indicate failing data bin (or eventually 
multiple error) 

Address bit that indicates even or odd block on failing 
module I 

A 15-17: Address bits that identify the failing module 

I 
It is apparent that this 9 bit address is sufficient to point out the failing memory 
integrated circuit [MIC). In a 256K memory bank there are 336 MIC's hence every 
MIC has an associared cdl in the log. Every time an MIC fails the corresponding 
cell is set to 7. The log will only indicate fail or not faii and not the number of 
fails. 

Each time the log is read it is cleared and it is possible to obtain a good error 
statistic by reading the log many times. 



3.1.2 Error Log l / O  Interface 
8 1 --' ' 8 L '  

The error logs are not or&nary working memory and therefore they need a 
dedicated interface to read them. The interface isa normal I10 module obeying a 
number of IOX instructions. An IOX command initiates scanning of the error log 
in a bank, bit for bit. If 1 is hi on the address together with bank and crate 
number it is returned to the CPU. This information uniquely identifies all MIC's in 
a 16 banksystem. 

The log channel also serves other service purposes which described later. Refer 
also to Figure3.1. 

Device Number 

fixed wired device numbersare750 -753. 

8 8 ,  ' I 

Interrupt is only caused by error conditions, i.e., status bii 1 and status bit 4 = 1. 

3.2.3 ldent Code = 5 

F ~ e d  wire. 



3.2.4 Load Command Register = /OX 757 

The command is loaded butthe result depends on status bit2. 

If status bit 2 = 0 (scan not active), clear status bid 3 (ready for trander). 
Execute command. 

If status bit 2 = 1 (scan active), abort scan. Such termination is possible, but 
should be done only when absolutely necessary. 

The format is: 

1 I I I 1 I I I 

ACTION I BANK 
I 

DATA I I 

Bits 9-12: Bank address where bits 10-12 are crate numbers (see 
Section 3.4.5). bit 9 = 0 means X-bank and bit 9 = 1 
meansY-bank. 

Bits 13-14: Action caused in selected bank. - 

o o Initiatescan of error log 4Fmm 
0 1 Initiate scan of port status - 
1 0 Load error correction control reaister - 
1 1 Executea testaccess I/ 

Bit 15: 

The actions are further described in Section 3.3. 

Address all banks. 

If bit 15 and bit 14 = 1 pelform action in ALL banks 
regardless of bits9-12. 

Otherwise use bits 9-12 as bank address. (The purpose is 
to allow setting of all error correction control registers in 
one instruction.) 



3.2.5 Read Scan Register = /OX 750 

Reading of this register is only meaningful after initiation of a scan (action 00 or 01 
of command register). 

If status bit 2 = I (scan active): Clear status bit 3 (ready for transfer). Read 
register. 

If status bit2 = 0 (scan not active): Read register with data bits 0-8 = 0. 

The format is: 

I I I I I 1 I I I I I BANK DATA 

.m 

Bits 0-8: 
,r = -  " 

Data resuiting fr0m~~tio~s"o"aand61 Tsee Section3.3'I. 

Bit 13: 

Bit 14: 

Bit 15: 

Bank address where bits 10-12 are crate numbers bit 9 = 
0 means X-bank and bit 9 = 1 means Y-bank. (These bits 
are the same as loaded by the last command.) 

Error status. 

During a scan of port status (action 01) the bit indicates 
whether there has been an error at the port. Used for 
further identification of error interrupts (see Section 3.3). 
Bit 13 -- 1 during scan of error log laction 00). 

Scan active. 

If bit = 1 the addressed bank is busy scanning its error 
log or port status. The bit is identical to status bit 2. 

Set: Initiate scan by action 00 or 01 of command 
register. 
Clear: At end of scan. Change of command register 
(incorrect! 1. 

Crate present. 

Use to separate missing crates from present crates with 
empty error log. 

See The crate addressed by last scan command is 
present. 
Clear: The crate addressed by last scan command did 
not answer. 



3.2.6 Read Starus Register = /OX 752 

Since the interface is always ready for transfer in less than 100 us neither of the 
data instructions (IOX 750-751) can cause interrupt. The oniy sources of intempt 
are memory errors detected by the ECC system at each port. 

-- 
The meaning of the status bits are: 

. . 
I 

B i t l :  Error interrupt enabled. 

Set: Control word bit 1 = 1. 
Clear: Control word bit 1 = 0. Control word bit 4 = 1. 
Serviced IDENT PL 13. Master Clear. 

Bit 2: Scan active- 

If bit = 1 the addressed bank is busy scanning. The bit 
will be 1 during the whole scan period even when valid 
data is transferred to the interface. Hence it is not inverse 
of status bit. 3. 

Set: Initiate scan by action 00 or 01 of command 
register. 
Clear: At end of scan. Change of command register. 

Ready for transfer, RFT. RFT does not cause interrupt. 

Set: Status bit 2 = 0. (Always ready when scan is 
passive. Status bit 2 = 1 and valid data present in inter- 
face. Control word bit 4 = 1 (device clear). Master Clear. 

Clear: Status bit 2 = 1 and valid data not found yet (but 
investigation is in progressl. 

Memory error. 

An OR function of the error signals from ail ports of all 
banks. The individual contributions are enabled by error 
correction controlregister, 

Set: Single or multiple memory error detected and 
enabled for interrupt at the port. Control word bit 3 = 1 
(set to test mode). 
Clear: Scanning of port status of the failing bank. Test 
mode is cleared bv: 

Device Clear 
Senn'ces IDENT PL13 
Master Clear. 



3.2.7 Load Control Register = 10% 753 

Bit 1: 

Bit4: 

tnaole interrupt on memoryerror 

Dwice clear. 

Set RFT = 1, Terminate scan, Clear Test mode. 

Dwice clear has no influence on memory error signals 
which must be cleared by scanning of port status. 

DETAILED DESCRIPTION OF COMMANDS 

Besides handling error interrupt, the interface provides execution of four 
comwnd actions. 

The actions are either direct or scan. When a scan is initiated by a command it 
must be allowed to terminate before another command is started. 

To find out when the scan register content is valid, status bit 3 must be read 
. repeatedly. (Make a loop with error exit after 100 us without finding status bit 3 

= 1.) 



Action 00: Initiate Scan of Error Log 

See also Figures3.3 and 3.4. 

Load the command register with thefollowing content: 

15 14 13 12 9 8 0 
1 I I I I I I I I 

X O O  I x x x i x x x x  X X  

The interface will be set to scan mode (status bit 2 = 1. The addressed log 
module now searches through 'ks error log and looks for error bits set. When 
status bit 3 changes to 1 the location of the error is transferred to the scan 
register. Eventually end of scan is reached without any errors detected. 

The format of the error information is: 

15 14 13 12 10 9 6 5 0 
I I I I I I I I 

P A 1  CUTE MODULE IC-POSITION 

The information is hera divided in a slighly different manner compared to what is 
stated in Section3.1 .l. 

MODULE: 

IC POSITION: 6 bits code showing the failing memory IC. Conversion 
between code and physical position is stated in Appendix 
B.1. 

4 bits code showing the slot of the failing memory 
module. Conversion between code and physical slot is 
stated in Appendix 8.2.. 

CRATE: 

A 

3 bits code identifying the crate number displayed on log 
module in slog 18 or 19. 

Scan active. 

A = 1: More data will come 
A = 0: End of scan. A new command is required to start 
another scan. Value of MODULE and IC POSITION is 
insignificant. (Bitso-8 = 0). 

Crate present. 

P = 0: Addressed crate does not answer. Scan aborted. 
P = 1: Crate hale and hearty. 



3.3.2 Action 01: lntiate Scan of Port Status 

See also Figures2.6and3:7 

Load the comand register wltn tne roliowlng content: 

The above will put the interface in scan mode. The addressed bank will look over 
its ports and report which are there and what their address ranges are. 

The format of the port status is: 

15 14 13 12 9 8 7  6 5  0 
1 I I I I 1 I I 

P A E  BANK PORT U I 
LIMIT: 

PORT: 

BANK: 

Value of the range limit on thumb wheel switches of port 
address module. 

Upper limit if U = 1, 
Lower IimiX if U = 0, 

..I u .' 
2 bits code indicting port. 0 - 3 means A-D respectively. 
Appendix 8.3 shows in which slots the respective range 
switches are found. 

4 bits code constituted by one bit (9) indicating X or Y 
and 3 bits (10-12) identifying pate number displayed on 
log module in slot 18 or 19. 

Bit telling whether an error signal has been issued from 
the current port. 

A, P: The meaning of these bits are the same as stated in 
Section 3.3.1: Action 00. 

- - - ... - . . I - 1-- 
Timing diagram for SCAN operation (ERROR LOG and PORT STATUS) is gjven 
in Figure3.9 and3.10. 



3.3.3 Action 70: Load Error Correction Control Register, ECC 

Each port has an error correction control register. It is similar (not equal!) to the 
corresponding CPU register for local memory access. 

The format of the command is: 

TSTO: 

15 14 13 12 9 3 5 4 3  2 1 0  

COREN: 

01s: 

I 1 I 

BAiK 

MU LEN: 

PORTABCD: 

D ' C ' B  1'4 
PORT 

BANK: 

ALL: 

Invert polarity of correction code bits 0 and 1, which 
correspond to error in data bit0 (see below). 

lnvert polarity of correction code bits 2, 3 and 4, which 
correspond to error in data bit 15 (see below). 

-,- - - 

Enable error interrupt on single bit errors. 

Disable error correction and clear error indicator on data 
card (same function as the disable switch). 

Enable error interrupt on multiple errors. 

4 bits port address where each port has a corresponding 
bit. This allows access to all ports simultaneously. 

Bank address as described in Section 3.3.2. 

Address ail banks regardless of the bank bits 9 - 12 if ALL 
= 1. ALL affects only the bank address not the port 
addresses (which may be accessed simultaneously). I 

I 
Example: 
To enable interrupt on multiple errors in the complete 
system simuitaneously, the following command word is 
suitable: 

Note! At power-up and after a power-fail the ECC 
registers are ser too. 

I 



3.3.3.1 Test Error Correction 

Error in data bit 0 is reported by means of the code 000113. A forced inversion of 
bits 0 and 1 in the correction bits of otherwise correct data will exhibit error in data 
bit 0. At the same time a forced inversion of correction bits 2, 3 and 4 produce 
error code 11TW which accusesdata bit 15of beingfaulty. 

But, what will happen if both the oorrection bits are inverted when written into 
and read from memow? Since two inversions are equivalent to no inversion, data 
will appear faultless. Thus, only the writing or the reading port should be in test 
mode in order to simulate errors. - - - - . . 

3.3.4 Action I 7: Execute Test Accesses 
I .-? 

It is possible upon command to produce test requests at a port without attaching 
a channel. 

The format of the command word is: 

16 15 14 13 9 8 5 4 0 
I I I 

BATK PORT 

PORT, BANK and ALL work in the same manner as described in the previous 
Section, 3.3.3. 

If W = 1 a write access results and if W = 0 a read access results. 
L E 



3.3.4.1 Address and Data of Test Accesses 

How much information that can be drawn from a test access depends on whether 
the cable is connected or not. 

When neither an address nor a data cable are connected the port will experience 
address = 777i77 and writedata = 0. The rangeswitches must therefore be: 

Lower limh: 37 
Upper limit: < 10 

In order to forward the request to the bank. By means of the re% mode lindepan- 
dantly set for each channel) it is possible to put an "error label" on selected data 
words. The labelled data word can be aaced from and to specific ports. Further- 
more, it is possible 'to follow the produced error to the log and to the I10 and 
interrupt system. 

Even if the channel is connected to a physical source which sends out an 
unpredictable data and address, some information may still be extracted. 

First, initialize the bank with the correct correction codes via an appropriate port. 
Then set test bit 0 or 15 on the port under test and perform the test access. It is 
immaterial what address and data is used. If this access produces error interrupt 
and correct the error code in the log very much of the port hardware works 
properly. 

HARD WARE SPECIFIC;L\ TIONS 

The service channel is physically one cable linking all Error log modules to an I10 
interface module. It has nothing in common with the ordinary memory channels. 
The main task is to read the log memories, but it serves also other purposes as 
described in Section 3.3. . I  

3.4.1 Electrical Standard 

The channel carries 20 uni- and bidirectional differential lines conforming 
RS-422 standard. 

Cables may be 120 52 twisted pair of flat cables. For further details refer to Section 
21. 



3.4.1.1 Termination 

All cables longer than 1 meter (or between cabinets) shall be terminated at the 
end of the daisy chain by a plug with 120 ohm resistor between each differential 
pair. 

Bi-directional and input signals are also terminated on the interface module. 
- .  

, ' -- 
7 ,  

- 

3.4.2 Service Channel Signals 

A complete plug list is found in Appendix C-4. For the following discussion refer 
to Figures3.1 and 3.2. The meaning of the signals are: 

uox: 

ACT: 

LDRY: 

LINT 

9 bi-directional data signals. 

6 output command signals. 

1 bi-directional controll status signal 

Output signal indicating that command and data are valid 
from interface at output command. Handshake signal for 
LDRY during input of scan data. 

lnput signal. Answer from address& module that it is 
present and is active with a scan. 

lnput signal. "Data Ready" signal sent from active module 
telling about valid scan data. It shakes hands with LlOX in 
scan mode. 

lnput signal warning that an error is detected "some- 
where". Causes interrupt if enabled. 

- 
3.4.3 Channel Timing 

Timing diagrams and requirements are shown in Figure3.1 to3.12 

3.4.4 'Error Indicator 

Each LOG module has a red indicatgor lamp internally connected to the LINT 
signal. Indicates that an error has been detected in the crate. It is deared by 
scanning of port status. 



3.4.5 Crate Number Swirch 

I 
I I 

The LOG module has a ten position thumb wheel switch defining a 3 bit crate 
number, 0-7. Position 8-9 puts the module off-line. The number is used for 
maintenance identification and is not required for normal memory accesses. 

-- Big Multipart 
Service Channel 

X-Y I Y PORTS 

LOG LOG A.8,C.D 
STORAGE 

1145 
-a C-1 ZBK 

BIG-MULTIPORT 
>/lEMORY 

1% 128KMEMORY 

... IF > 128K MEMORY 

OUALEANKS ... 

NORD 10s 
110 RACK 

DEVICE NR- 750-753 BIG IOX 750. Read Scan-Reglrter 

1NTERRUPT LEVEL: 13 1 MPM 751 b a d  Command Regtrsel 

IDENTCODE 5 752' Read Status Regtrter 

753: Load Control Wor d Regster 

1146 

. . . . . . . . 
Figure 3.7: BMPM Sewice Channel 



COffffh'ND - ALL 
5 TATUS : PORT 

ERX'OR 

DATA LINE (60-8) VALID 
STHTU 

I 

ADREssED LOG PRESENT RND 
4 

PARITY- ERROR DETECTED c 
BIG NPN r/o 
/& TE RF8CE 

Figure3.2: 110 Module to Errorlog Module Communication 



'SCAN 

BIG MPM 
I10 INTERFACE 

SCAN-ACTIVE 

BOO-15 NOR0 101s 110 DATA BUS 

IOX 750 - Read Scan Regmer (DRJ 
IOX 751 - Load Command Reg~ster IDWI 
IOX 752 = Read Srarus Replrter 

Figrre3.3: Scan of ErrorLog - Block Diagmm 

ND46.007.01 



PREVIOUS SCAN TERMINATED, 
NO 

IOX READ STATUS 
BIT2-O? 

i 
READ SCAN REGISTER 

IOX 750 
START SCAN I 
IOX 751, ACTION: 00 

CARD CRATE PRESENT AND SCAN IN 
PROGRESS? 

IOX 750 EXIT 
B IT15=1  

v 

"1" BIT FOUND IN LOG MEMORY n 
SET WAIT FLIPIFLOP 

m- 
--,qTyJ 

SC - SCAN REG. ( SET BIT 3 
IN I10 INTERFACE , IN S T A N S -  1 

t 

READ SCAN REGISTER n 
RESET WA IT FLIPIFLOP 

TERMtNATE SCAN 
RESET ACTIVE; i SCAN REG BIT 15. STATUS BIT2 

* 

SC -SCAN COUNTER 

eountlng ftom 0 -  511. 
When stoowd *ha COUNTER Wll equal tha 
ddrerr mnta,ntnga"l" brt IPsltty Error) 

Figure3.4: Acdon: 00 Scan of ErrorLog - Flow eiagram 



8 v 1 . . 
- CnAIrnL SIGNALS 

Figure 3.5: Beginning and Continuation of a Scan lterminarion is shown in Figure 
3, fOl 



--- - - 

SCAN ACTIVE 

10X 7 M  = Read Sen Register (OR) 
IOX 751 =Load Command regrrrer (DW) 
IOX 762 = Read Stams Regsrer 

Figure3.6: Scan of PortStatus - BlockOiagram 



PREVIOUS SCAN TERMINATED? 6-> IOX READ STANS 

NO , 81T2=0' 

IOX 750 
START SCAN 
IOX751 ACTION. 0 T 

NO REPLY 
EXIT 

I ' 
SETTING.SCAND I SETBIT 3 
ERROR -SCAN IN STATUS- 1 ;I TERMINATE SCAN 
REGISTER IN 110 I (RFT) 
INTERFACE RESET ACTIVE, 

I READ SCAN REGISTER 

SCAN REGlSTER BIT 15, 

1 

I 

I 
SC = SCAN COUNTER 

L O  = LOWER LIMITSWITCH 
1 = UPPER LIMIT SWITCH 

0 0 PORTA 
0 1 PORTS 
1 OPORTC 

1 PORTD 

Fbure3.7: Action: 01 Scan of PortStatus - FlowDiagm 

ND-06.007.0~ 
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Description Name tiin TYP Max Unit 

Data s t ab l e  before LIOX 200 lo@@ ns  

Length of LIOX (scan passive) t 450 650 ns 2 

Time frdm c?mmand to ready again 
(scan passive) t 300 ns 

3 

Time from LIOX to  ACT i f  in te r face  
s h a l l  detect  "crate  present" 

t4 400 ns 

LIOX untrue a f t e r  LDRY t rue t 60 100 ne 
5 

LDRY untrue t o  WT t rue  t 5 0 go rlS 6 

Tim from LIOX to  ACT 
(exklusive cable delay) 

Tl ns 

Time from ACT t o  f i r s t  scandata 
o r  between two scandatas 

T~ 85 ps 

Scandata-stable before LDRY 
T3 90 110 as 

LDRY true a f t e r  L I O X  t rue  
T4 60 m a s  

LDRY untrue a f t e r  LIOX untrue 
T5 70 110 i%S 

ACT untrue a f t e r  l a s t  LLOX untrue 
T6 130 200 na 

ACT untrue a f t e r  Last WT true 
T7 

25 75 ns  

Figure 3.12: Seffice Channel Timing SpecZications according to Figure 3.1 - 3.4. 

Times are measured at Interface terminals. Times named by t are determined by 
interface, while times named by T aredetermined by log module. 







CONTROL CHANNEL SPECIFICATIONS 

FUNCTIONAL DESCRIPTION 

The purpose of the control channel is to distribute a synchronous refresh signal 
l 

and 5 memory inhibits between banks. 

4.1 .I Memory lnhibit/Power Fail 

When a memory bank loses its main 5V power a memory inhibit signal, GMI, 
arrives from the power supply. The purpose is to  inhibit all but refresh accesses to 
the bank. In order to maintain data while main power hagdisappeared, 5V, -12, 
and + 12Vstand-by power keeps vital circuitryalive. I 

I 
While main power is down CMI wiil clear and inhibit requests from all ports. When 
normal power conditions return all old requests are"forgetten7'. 

When a system is powered from different supplies a single memory channel may 
lose power while the bank is still going strong. Each memory channel must there- 
faresupply a separatesignal which inhibits the anached port 

When the memory channel source has common power supply to the bank, a 
separate inhibit signal is notnecessary. 

4.1.2 Refresh Synchronization 

It may be advantageous to synchronize refresh in two banks which are connected 
to a 32 bit channel. (However, the benefits are marginal.) Via the control channel 
up to 8 banks may be synchronized to the same refresh oscillator. To do so one 
bank must be selected as a master which transmits the refresh oscillator to a 
number of slaves. 

Master, slaves and independents are selected by backwiring straps as described in 
Section 5.2.2. 

I 
ELECTRICAL SPECIFICA TIONS 

Memory inhibits are single ending signals, low true, twisted with ground. Each 
receiver offers a standard TTL bad with a putbup and filter capacitor. I 



Figure 4.7: Electrical Spec#ications 

No external termination shall be used. 

The refresh oscillator is transmitted on a differntial pair from driver DS 8631 to 
receivers DS W A ,  Termination is only required when the signal is brought out 
of the cabinet of the master. 

- - 

4.3 GHANNEL SIGNALS 

The meaning of the signals are: 

CMI: Memoryinhibii from the power supply of the bank. 

REFOSC: 

MIA - MID: 

Refrash oscillator sent from a "master bank". 

4 individual memory inhibits from the power supplies of 
the memory channel sources A-0. 



SWITCH SETTING 

Address Range Seiection 

The address range has to be defined at each Qort of a bank. On address module 
1142, two pairs of thumb wheel switches define lowerand upper address limits. 

- 

Figure 5. I: Limit Switches 

The switch range is 0-9 but 8 and 9 are unused (they correspond to 0 and 1 
respectively). The switch sening for some limitsare shown in Figure 5.2. 

Be careful that the2 address ranges do not overlap on the same channel. 

If a channel shall have access to the whole bank then ' 

U-L = Number of 32K rnodulesin bank. 



For Example: 

With access to 0 - 256K in a bank, the limits shall be: U = lo,, L = 0 and U-L = 
8 modules. ' . . + m m - m * - m  a 

Limit - - ltk.ll - . . 
00 0 
01 32K 
02 64K 
03 96K 
04 128K 
05 160K 
06 192K 
07 224K 
10 256K 

20 512K 

30 768K 

& 1 0 2 4 ~  

50 1 2 8 0 ~  

& 1 5 3 6 ~  

70 1792K 

n 2016K 

F w r e  5.2 Limit Switch Setting 

5.1.2 Crate Number Setting 

In order to determine the exact positron of a failing memoly IC, the crates must 
be numbered uniquely. On the log module 1145 (or 1157) a 0-9 thumb wheel 
switch is mounted, 2. .& .~.Trnrn . T - .  I 
0-7 defines crate rRlTa 
8-9 means crate disregarded by I10  intedace 

It is immaterial which numberis assigned which crate, providedatlare drferent. 



5.1.3 Manual Disabling of Error Correction 

For maintenance purposes it may be desireable to disable error correction at a 
port. On all data modules 1143, a disable switch is mounted. 

EmOR i n d i c a t o r  

DISABLE i n d i c a t o r  

UP= D isab le  c o r r e c t i o n  

DOWN= Enable c o r r e c t i o n  (1.IORMAL) 

Figure 5.3: Indicators 
I 

Normally the switch shalt be in the down position (correction enabled) and both 
indicators turned off. 

Note that the disable indicator may be lighted even if the switch is rurned down 
when correction is disabled by program (see Chapter3). I 
The error indicator may be cleared by toggling the switch once. 

CONTROL CHANNEL CONNECTION 

' e 

Memory Inhibit 

I 
In each bank there are up to 5 separate memory inhibit signals, MI, that must be 
handled. Each port must receke a MI from the power supply which feeds the 
channel source I refer to Figure 5.4). 

Channels which have power supply in common with the crate need no separate 
MI. Thus, in a normal single eomputersystem only CMI is necessary. 

Refresh Synchronization 

It is possible to synchronize the refresh on several banks. To do so, one bank 
must be selected as a master which transmits the refresh oscillator to a number 
of s1aves.The control channel contains a pair of lines (92-93) which is intended 
for distribution of the refresh oscillator signal. 

To participate as a master or a slave one track in the printed backwiring must be 
broken. Be careful to appoint only one master- 

ND-06.007.01 



S l o t  9/28 

Figure 5.4: Memory Inhibits Connections in Backwiring 

Refresh 
Slave 

Refresh 
Mas .te r 

C u t  tracks M ENRGC 
M - ENSEND 

0 0 ' 7 ,  8 0 0, 
0 0 - 8 ,  -L 0 0 

0 0 0 0 
0 0 0 0 

0 0 0 0 

0 0 0 0 

1 
O ' Printed tracks 0 0 
0 0 0 0 

CON CON 

Figure5.5: Refresh Synchronirstion at Contro/Modu/esin Slot9 or28. 

ND06.00701 



Asynchronous independent bank Do nothing (normal) 
Synchronous master bank Break at control plug 76-77 
Synchronous slave bank Break at control plug 74-75 

Figure 5.6: Three Modes of Refresh Operation fora Bank 
I l l . ,  i ' - 

8.' 7 , ' I  

7 ' :  :,', 
I I 

5.3 CHANNEL EXPANSION 

5.3.1 Daisy Chaining 

Linking a channel between several banks is performed by daisy chained cables. 
Hence, two joining plugsfar entrance and exit are available for each cable. 

Note! All channels between two banks in one crate are internally daisy chained. 

Figurer 5.7 shows which plug fiekls are internally connected. 

Entrance and exit may be exchanged since all connections are 1 :l. 

Terminal 
Slots: Range: 

Port A Address 10-27 95- 50 
Port A Data 14-23 95-56 . 

Port B Address 11 -26 95-50 
Port B Data 15-22 95 - 56 

Port C Address 12-25 95 - 50 
Port C Data 16 - 21 95 - 56 

Port D Address 13-24 95- 50 
Port D Data 17 - 20 95 - 56 

Maintenance Channel 18- 19 95 - 56 

Control Channel 9-28 95 - 84 

Figure 5.7: Internally Connected Plug Fields Used for Channel Expansion 

It is stricrly forbidden to carry out other signals than those stated in "terminal 
range"in Figure 5.7. 

For Exampe: 

If 25 pairs of flat cables are used the forbidden signal wires must be properiy 
broken. 



Termination 

All systems with channel cahle length of more than 1 meter (or between cabinets) 
shall be terminated. Thus, single bank systems (ND-143, ND-144) contained in 
one cabinet do not need termination but all others do. The terminal plug is put on 
the last free contract at the end of the channel. Except for the contml channel all 
signal pairs shall be terminated in 120 Q. On the control channel only the REF OSC 
signal (pair 92 - 93) shall be terminated i f  synchronized refresh is used and brought 
out of the cabinet. 

CONFIGURATION STRUCTURE 

There are 4 basic bank configuration% ND-143, 144, 146 and 158 which may be 
expanded by ports ND-146,147 and storage modules ND-156. 

The modules that constitute the various ND numbers are shown in Appendix F. 
This appendix also shows the proper slot numbers for each module. The primary 
positions are shown with a bold frame. Expansion possibilities are indicated by a 
light frame. 

. Notel ND-146 and 158 require extra wirewrap backwiring unless a separate flat 
cable plug panel is used. 



APPENDIX A 

BMPMTO MPM COMPARISON 

Big multiport memory (BMPMI compared to the former model of multipart 
memory (MPM). Below are short statements regarding the differences and 
similarities b e w e n  thetwo models: 

I 
1. Same concept and design philosophy. 1 
2. Improved electrical specifications allow 10 pons per channel on BMPM 

compared to4  portson MPM. I 
1. Signal definitions and timing requirements of the channel are the same. 1 
4. BMPM access time aresomewhat faster. I 
5. BMPM ports may be connected to existing MPM channels. 

6. One pon servesone bank in BMPM while it servestwo in MPM. 

7. BMPM address range is2048K while it is256K in MPM. I 
8. Resolution of port address limits are32K on BMPM while 8K on MPM. I 
9. Bank sizes, in one crate, are 256K and 128K in BMPM compared to 2 x 64K 

in MPM. I 
I 

10. BMPM has error correction as standard (stored data has 16 + 5 bits) while 
MPM hasdual parity error detection (stored data has 16 + 2 bits). 

11. 8K memory modules (1094) ND-152 cannot be used in BMPM. 32K memory 
modules (1132) ND-156 can be used in MPM but requires modiiication of 
refresh (ECO issued). 

12. In contrast to MPM, BMPM features a special maintenance channel for 
reporting of errors, reading of address range switches and general test 
purposes. 



APPENDIX B 

CONVERSION CHARTS 

CONVERSfON BETWEEN LOGICAL CODE AND PHYSICAL 
POSITION OF FAUL N I C ' S  ON 7132 MODULE 



CONVERSION BETWEEN LOGICAL CODE AND PHYSICAL SLOT 
OFFAUL NSTORAGEMODULES 

. T + l U r F - d e m  +.. 
19 . I 

XODULE CRATE CRATE 
CODE SLOT SLOT 

I 

3 U n a s s i g n e d  

PHYSICAL POSITION OF RANGE LIMIT SWITCHES INDICATED 
BY THE BANKJPORT CODE 

BANKIPORT 
CODE W T E  

987 SLOT 

I 



APPENDIX C 

CABLE AND WIRING LISTS 

. . . - .  

Figure C. I: Memory Channel - Address 

Figure C.2: Memory Channel - Data 

Figure C.3: Service Channel 

Figure C.4: Con fro1 Channel 

Figure C.5: Wire Wrappmg on ND- 146 

Figure C.6: Terminal Plug 

Figure C. 7: Memory Channel - Address Interleave Cable 





Data at Port 

.- .. . 





BIQl* Cancrol Channel 

o w  3 
a *  h 
r l w  u 



nlla Oramno no. 
A/S NORSK DATA- B > I F ~ ~  tiice Ntapp irig 'i' 

ELEKTRON~KK on NL~-146 

);DDAT - YDDAT 'XCDAT - YCDAT XBDAT - YBDAT =AT - YADAT 

17:56 - 20:56 16:56 - 21:56 15:56 - 22:56 
I 

14:56 ; 23:56 
I I I 

17:57 - 20:57 I 
I 

I 
I 

I 
I 1 I 
I 
I 

I I 
I 
I I I I 

17:94 - 20:94 I I I 
1 I I 

17:95 - 20:95 16:95 - 21~95 15:95 - 22:95 14:95 - ?3:9S 

,YDADR - M m R  XCADR - YGiDR XBADR - YBADR S A D R  - YAADR 

13:56 - 24:56 12:56 - 25156 11:56 - 26:56 10:56 - 27:56 
I I 

I I I 
I 
I 

I I I 
I 

I I I 
I I 

I 1 I I 
I I I I 
1 I I I 
I I I I 

13:95 - 24:95 12:95 - 25:95 11:95 - 26:95 10:95 - 27:95 

in dl1 8 groups 40 tdms ate wrapped 1:l between pin$ of same number. 

DRAWN a~ Remaha i7aplaumsnt fa ' 0.1. 

APPROVED 8Y 1 
Ilaptaced by 

DATE , - - l Dan 

- - 

.. ...- -- - 
--I.-. . 
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. ihincennnce Channel 
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. . 
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LOGIC DIAGRAMS 

















APPENDIX E 

RS-422 STANDARDS 

SUMMARY OF EIA RS-422 STANDARD FOR A BALANCED 
DIFFERENTIAL INTERFACE 

. . 

A. Lln. Dr1v.r 
Open Circuit Vollags leil6ar logic steol 

Dinarentiel IV,l. i w  
Common Mod. IVc,l i 3.OV 

Oiffarential Output Vollage lacross 100 ohm load1 
Eilhar logic srau \Val ;i mas 10.5Vd, 2.QV) 

Output lmpadanca , , , 

Eithar logic state RG % 100 ohms 

Mark-Space L w d  Symmetry lacross 100 ohm toad1 
Differential IVesl - IVdul - 0.4V 
Common Mods .. -' IV,sI - IV,,ul c 0.4V 

Output Sh4Z Circuil Current It0 ground) 
Either Output .. . 

. . 
IIscI C 150mA 

. 
Output Leakbge Currant 

Voltage Range 
Either Ou!pur at V, 

Rise and Fall Times (across 
T - Baud lntswal It,, It) . max IO.lT.20ns) 

Ringing iacrort 100 ohm laedl 
Oalinilioos .. 

V,, - V, (steady state1 . . 

Vs - VaS - VdU Is t~ady statel . .. . . .  
Limiu leilhar logic sate) ., . . 

Percantage . , - ' 1V6 - VdSS{ QtVU 
Absolute ' 2.OV - IVdl C 6.OV 

' L 

. . . -. 
. lSt .-> 
: .;%; 

. ,., . . , . . 
.:.3. . . ,. 

, ", 

. ?. 
: . . '  C' . 

.. . 

8. Lh. R~e1r.r 
Signal Voltage Range 

DiHsrmtial IVdl s 6.W 
Common Made IVCwI r 7.0V 

Sinale-Ended Input Current lpower ON or OFF) 
Either Inputat V, IV.1- lOV 
Other input Grounded Ilvi * 3.25mk 

Single.Ended lnput EiesV~ttaga (other input grounded1 
Either Input O w n  Circuit IV.1 3.0V 

Single-Endsd l n~u l  linpedanca lother input grounded) 
Either Input RL * 4000 ohms 

Differential Threshold Sensitivity 
Common hlode Voitage Range - . IV,,I c ?,OV 
Eithar Logic Stas IVT( - 2OOmV 

Absolute Maximum Input Vo1tap.q ' ' ' ' . . 
Differential . . - , lVdl r; 1ZV 
Single-Ended IV.1 S IOV 

lnpul Balance (threshold shihl 
Common Mode Vdtage Range IV-I r 7.OV 
Diflerential Threshold (500 ohms in sari- with each 

input1 . . 
Either LOQIO state ' ': IV,I ;. 4oamv 

.. . 
Tarmination loptionall 

Total Load Resistance ldiffsrantiall RT r 90 ohms 

Muhipla Receivers (bur applicatipns) 
, Up to ?O recaiverr allowed. Differential lnrerhold ran- 
' 

sitivily of 20OmV must be nraintainad. 

Hystarasis (optional) 
As raquired lor applicsli~ns with slow rissllsll time at 
rewiyer. 10 control OSCill.llion~. 

Fail Sale loptionall 
As required by application to provide a steady MARK or 

. SPACE condition under open connector or driver 
power 

OFF Condition. 

C lnta@Onnesllm~ Cabla 

TYPO 
Twisted Patr Warsor Flat Cable Condunor Pair 

Condunot Sire 
Copper Wlrs [solid or strendad1 24 AWG or larger 
Other (par s o r ~ d ~ ~ t o r l  R .r 34 ohmUlQOO k. 

Capacitance 
Mutual Patr 
S l f .~  ,-*" .. 



E.2 HA STANDARD RS-422 

Rccnmmrndatinn V.11 

EI.ECTRI(AI. CIIAIIA(~I~:WISIl<S I'(>H I ~ A I . A N ~ ~ I Y I X ) ~ ~ I H  fiCllUR*:h"l' [h Sl:lZ< HANGE (.IRC[II'IS 
bOH (;ENI:HAl. llSE \%i'l'li INIE(;HRI'E1> C'IH('IJ~1' k:Qllll'hl+:N'P 

IN I'IIE 1;lEl.I) 01.' DA'SA ( n & l h t ~ ~ l ( ' A ' i ' l ( l ~ ~ "  
, .. - ---- -, . -- 

(Geneva. 19651 - 

This Rccommendi~tion deals with the clcclrical charactcristi~% of the gcncrator. rccciver and .e 
interconnecting l e ~ d s  oTa d~flcrcntial signalling (balanced) interchangc circuit with an optional d.c. offset. . 

The halanccd yncrator and load componcnls are designed to cuusc minimum mutual interfcrcncc with 0 
adjacent balanced or unbalanced interchange circuits (see Rccommendation V.10) provided that waveshaping is 
employed on the unbalanced circuits. 

In the context of [his Rccommendation, a balanccd interchange circuit is dclined as consisting of a 
balanced generator connected hy a balanced interconnecting pair to a halanccd receiver. For a balanced 
generator thc algebraic sum oT both the outlet potentials, with rcspcct to cnrth, shall be constant Tor all signals 
transmitted: the impedances or the ouLleis w~th rcspcct to earth shall be equal. The dcgrec of balance of the 
interconncoting.pnir is a matter for rurthcrstudy. .. 

Annexes are provided to givc guidance on a number of~pplication aspects as Tollows: 

Anner 1 Cables and tcrminations 

Annex 2 Compat~hility with other inlerfaccs 

Annex 3 Multipoint operation 

Note - Generator and load devices mccting ihc electrical characteristics of' thts Recommendalion 
nocd not operate over thc cntirc signalling rate range spec~fied. They mny be dcqigncd to opcrate over narrower 
ranges to satrsfy requircmcnts more cconomivally, pnrticularly at lowcr siynalling rates. 

Reference measurements arc deseribcd which may be uscd to vcrify certain of the rccommcndcd 
parameters hut it is a matter for individual manufacturers to dccidc what tests are necessary to ensure 
compliance w~th the Rccommcndat~on. 

2, Field orapplication 

The clcarical chnractcristic.; #pccificd in this Kca)mmend:~~ion iipply to intcrchangc circults operi~ling 
with d:rla algn:llling cites up to 10 hlhit/z. zrtrd arc intcndcd to he ubcd prim:trily in 1)ilta Termin:rl Equipment 
(UTE) and i>ata Circuit-terminating iiquipmcnt (UCE) itnplemcntcd in intcgraled-circuit technology. 

This Rccnmmcndation apptin to now work and t? not inlcndcd to apply to IICE implcmcntcd in 
discrete component ttxhnolegy. for whieh thc elactrlcal character~stlcs covcrcd by Reenmmcndntion V.28 are 
more appropriate. 



Typical points of application are  illustrated in Figure 1 N . I  I .  

Whilst the balanced interchange circuit is primarily intended for use at the higher signalling rates, its use 
at the lower rates may be necessary in the  following.^^^^^: 

I )  where the interconnecting cable rs loo long for proper unhnlanad circuit operation: 

2) whcre extraneous noise sources make unbalanced c~rcuit  operstlon impossible: 

3) whcre it is necessary lo  minimize interference with other signals. 

\ 
UmlD to this R m m m d l o m  

DCE 

1:IGURf. lIV.11 - Typical rppl~catnons of balanced interchange ~rrcuitj 



3. Symholic representrrtion o f  interchange circuit (Figure 2/V.I I )  

v.b gsnM8lOr wwut r o l t a g e b k e n  poina 8 md 8 
"w = penentor voltagl bemean pogntr C and A 
vd - penerator voltage bnmen PO)CU C md B .. 
r, = cable IR~~~IN I IM irnpedmncq 
"9 = around mcantt.1 difference 
A, B and A', 8' = inarchang. poinu 
C. C' 3 tarovdt reforma inlsrchmg, poinu 

Note I. - Two interchange points are shown above. The output char:~cteristic. o f  the generator. 
excluding any interconnectrng cahle. are denned at the "generator interchange point". The electrical 
characteristics to wh~ch the receiver must respond are defined at the "load interchange point". 

Note 2. - Point C may he connecrcd to C' hy CC177 Kecommcnd;~tion V.24 Circuit 102 and to 
protective ground if required by national regulations. I 

4.1 Generator 

Thc \t&n:&l cc)ndit~ons for the generator arc specified in  tcrms or the voltage between oulpul points A 
and D shown in  Figurt Z i V .  I I. 

When the qignal condldon f) f.ipdcc) for data circuits or or Tor control and timing circuits is 
rraosmittcd, rhc output point A ir po.;itrvc w ~ t h  reapen to polnt I?. When the ~ignal  condition I (mark) for dnta 
circuits or c1r r Tor control and t~ming circuits is transmitted. the output point A is negstlve with rcspect to 
point 0. 



4.2 Receiver 

The receiver d~fferenlial signifiPJnt levels are shown in %hie MV.1 l hclow. where Vn and V, are 
respectively the volc~ges at points A' and R' relnt1vdtKf6int C': - 

!,A>- jr R , C - 0 3 V  tZA' - I'II' > +fl.3 V 

D l h  ~lr~ults  1 0 

Cunlroi and 111ntng ~ f r c u l l r  01.1. ON 

5.1 Refislance and ofLsc1 volrage 

I.  The total generator resistance bctween points A and I3 shall he equal lo or l e s  than 100 ohms and 
adequately halilnccd with respect to point C. (11 is left for further study as lo the degree of balance required both 
stat~cally and dynamically.) 

2. The magnitude or the generator d.c. offset voltagc (scc 5.2.2 helow) shall not cxcccd 3 V under all 
operatfng conditions. .. 

Thc generator characteristics are specified in  accord.^^ w&, p@...kcens6ats.. , i l~u%tr~t~.~  in. 3/ 
V.1 I and described in 5.2.1 to 5.2.4 below. 

I 
5.2.1 Open-circutr measuremenr (Figure 3n)/V.I I) I 

The open-c~rcult voltagc measurements are made with a 39(M ohm re~istor connected between points A 
and B. For either binary .irate, the magnitude ofthc diffarcntlai voltage (VJshall not be more than 6.0 volts, nor 
shall the magnitude of V,, and V , ,  be more than 6.0 volts. 

5.2.2 Tes'etermini~rt'on mc;lsurt.menl (Figure 3 bVV. I 1 ) 

With a test load of twa resistors. cash 50 ohms. conneacd in ~erics hctwaen the output points A and R. 
the drffcrcntial vnlt.lge (V,J shall not hc less than 2.0 volts or 50% ofttic mgnitudc of V,. whichever is greater. 
For the opposite binary state the polar~ty pf V, sh;~ll hc rcvcrscd (V,]. Thcdiffercnce in the magniiudcs of V, and 
V, shall bc less than 0.4 volts. Thc magnitude of the gcncrotor ~IFsci voltagc V,,, measured between the ccntre or  
thc test lnald and point C shall not he grcirtcr th:ln 3.0 volts. Tlic magnitude of the difference in the values of V, 
for one hrnary statc and the oppo3iLe hinary aiatc shall he less than 0.4 vole. 

Note. - Undcr \omc c0nditlnn.u this n~cast~rcment docs not dctcrminc thc degree of balalice of the 
intcrnel gcncrtrtor impetl;~ncas to point C'. I t  is left fnr rurlher xudy whcther ;~ddifional measurements are 
necessary to cn'iurc adcquatc balance in generator uulput impcdanccs. I 

5.2.3 Short-circuil measurement (Figure Sc)/V.I 1) 

With ihc output points A and I3 bhort-circuitcd Lo point C. rhc ourrcntc flowing through edch of output 
points A or 1) i hull not cxcccd 130 milliamperes for either logical condition. 

V ( ) I , ( I & ~ K  \ilI.l - Rcc. V.11 



5.2.4 Po wcr-off mea.wremenls (Figure 3d)/V. I t )  

Undcr power.off condition with voltages ranging between +O.ZS voll and -0.25 volt applied between 
each output point and point C. as indicated in Figuro.M)/V.I I ,  the magnitude of the output leakage currents 
(I,, and I,,) shall not exceed 100 microamperes. 

\'OI,U>ll.: V11I.I - Rec. Y.11 



5.3 Dynamic volrilpc balance andr i se  time (Figure 4/V. I I) 

With (he measurement conliguratian shown in Figure 4IV.I I ,  a test ~ i g n a l  with a nominal signal 
element duration th and composed of alternate o n o r a n d  zeros. shall be applied to the input. The change in 
amplitude o f  the output signal during transttions from one binary state to the other shall he monotonic between 
0.1 and 0.9 V,' within 0.1 o f t ,  or  50 nanaseconds, whichever i6 greater. Thereafter the signal voltage shall not 
vary more than 10%of V,. from the steady da te  value. 

The resultant voltage due t o  imbalancc (V,) shall no1 exceed 0.4 V peak-to-peak (the value o r  V, is 
provisional and is subject to further study to determine whether voltage peaks of very short duration should be 
included). . I 

OOII-iIYC. 

tb = nommrl duratlan of the rsrt egn# clement 
for fa > 2W ns, t,< 0.1 la 
for (b  < Z W  ns, I, C 20 n8 

I I( .URl 41'4 I I (;eneralor dynamic 1,alancu md rise trmr mvnrarenrent 



6. Load 

The load consi.ils of a rcccivcr jR) and an optional whle tcrmin>tion resistance (2,) as shown in 
Figure ?/V.I I. The electrical chawctcristics o f  the receiver are spccilicd in terms o f  the mearurementc illustrated 
in Figurcs 5/V I I. 6/V I I and 7/V.f l and descrthed in 6.2. 6.3 and 6.4 hclow. A circuit meeting these 
requirements results in n differential rccciver having r high input impedance. 21 m a l l  input threshold transition 
regton between - 0 3  and +0,3 volts differential. and allowance for an inlcrnal bias voltage not to exceed 
3 volts i n  magnitude. The receiver is electriwlly identical to that specilicd for the unbalanced receiver in 
Recommendation V.10. 

6.2 Receiverinput voltage - current measurmenu (Figure 5/V. I I) 

With rhc voltage V,, lor V,,] ranging hctwccn - I 0  volts and + I0  vol1.i. while V,, (or V,,) i r  held at 
0 volt. the rc5ultant input currcnl I , ,  (or /,A shall remain within the shaded range 'ihown in  Figure 5 N . I  1. Thee 
measurements apply w ~ l h  the power supply of the reccivcr in both the power-on and power-off conditions. 

I*I(;URI 51V.1 I - Rccmvcr Input vnltagccurn'nt rncasurcn!entt 



6.3 U.c input sensil~vily measurements (figure h/V. I 1) 

Ovcr thc cntirc common mode voltage (V,,,) range of + 7  volts to -7 volts. the receiver shall not 
require a differcntial input voltage (V , )  of more li~an..300 millivolts to ;r>rume correctly the intended binary 
state. Reverqlng ihc polarity of V, shall cause the receiver to assume the opposite binary state. 

The maximum vollage (rignal plus common mode) present hetween elther receivcr input and receiver 
signal ground shall not exceed 10 volts nor cause the receiver to malfunction. The receiver shall tolerate a 
maximum differential signal of 12 volts applied across its input terrnrnals without being damaged. 

In the presence of the combinations oFinput volt;~gea V,, and V,, specified in Figure 6 N . I  I, the receiver 
shall maintain the specified output binary state and shall not be damaged. 

Note. - Designers of terminal equipment should he awnre that slow signal transitions with noise 
present may give rise to instability or oscillatory conditions in the receiving device: therefore. appropriate 
techniques should he implemented to prevent such bchaviour. For example, adequate hysteresis may be 
incorporated info the rece~ver to prevent such conditions. I 



6.4 Input haimoe test (f igure 7/V.11) 

The balance of the receiver input resistance and.hi.w voltages shall he such that the receiver shall remain 
in the Intended hinary state under the conditions shown in Figure 7/V.I I and described as rollows: 

a) with V, =. i-720 millivolts and V,, varied between -7 a n d  +7 volts; 

b) with V, - -720 rnillivollsand V-varied between -7 and +7 volts: 

C) with V, = +SO[) millivolts and V,, a 1.5 volt peak-to-peak square wuve at the highest applicable 
signalling rele. (This condition i6 provisional and jubjccr to further study.): 

d) with V, = -300 millivolts and V, a 1.5 volt peak-la-peak square wave at the highest applicable 
signalling rate fThis condition is provisional aod subject to further study). 

No&. - The values or V, are provisional and are thesubject of funher  study. 

I I(.URI. 1/V. I1 - Receiver inpul bahncc inl 
" 

The use of a tcrmin;ttor is optional depending upon the specific envirc>nmcnt in which the interchange 
circuit is employed (see Annex I). In no case shall the total load rcsisrance he less than 100 ohms. 

In order to operatc .I halanced interchange clrcuit at signalling rates ranging hetwecn 0 and 10 Mbit/s. 
the followtng conditions npply: 

1 )  Fnrcach interchange circurt 11 balanced inlerconnectinp palr is required 

2) Each in4erch;tngc circuit must he appropriately tcrmin:tted (we Annex I )  

3) The total common-mode volt:igc a1 [he receiver musf he less than 7 volts peak. This v;llue is 
provirional and 1% suhjcct to lurthersrudy. 

The coliimon niodc volri~ge :it tire rckcivcr i\ the worrt a i r c  conrh~n:~ti~rn of: 

a )  generator-rccclvcr ground-potential d~ffcrcnce ( V, f.igure 2/V I I ) :  

h )  lo~ipitudinally i~ i~ l i i cc~ l  r;tndom noiic volti~gc moiisurcd hetween lhc rcccivcr points A' or  l3' and C' 
wit11 the gcner;ltor ends of  the c:ihle A, I1 ;tad C joined to,gether: and 

Unless the gc~ ic r :~ t~ r r  is of :I type whicll gcncr:ites no hias valt:~gc. tlic sum L I T  :I) :ind h)  ;th<rve. which is 
the clement of the com~iion mode vollage due to the environment of thc interchange circuit, must he less than 
4 volts peak. 



. Ralanccd generator and load devices complying w~th this Recommendation shall not be damaged under 
the following conditions: ..,,...., 

I) generator open circuit; 

2) short.circu~t between the conductors of the intcrconnccting cahle: 

3) short-circuit hctwecn either or both conductors and point C and C'. 

Thc .iho\c fdultq 2) and 3) might cause powcr di~sip;ltion in t l~c  inlcrcl~angc circuit deviccs to approach 
the maxlmuin power dixsipation that may bc tolcr;~ble by a typlcal integrated circuit (fC) package. Thc user is 
therefore ci~utioned that wherc multiple generaton and receivers arc implemented in n single IC package, only 
one such fault per package might be tolerable at any one time without damage occurring. 

The user is also cautioned that the generator and rtccivcr devices complying with this Recommendation 
might be damayd by spurious voltages applied between their input or output polnrs and points C and C' 
(Figure ?/V.I I ) .  fn tho3c applications wherc the interconnecting cable mily be inadvertently connected to other 
eircu~ts. or where it may he cxposed to a severe ciectromngnelrc environmcnt, protection should be employed. 

9. Urrrcrron ofgeneralor power-off or circuit failure 

Certain appltcations require detection of various fault conditions in the interchange circuits. e.g.: 

I )  pencrator in power-off condition: 

2) receiver not interconnected with a generator: 

3) open-circu~tcd interconnecting cahle: 

4) rhort-circuitcd i~itereonnecting cable: 

5 )  input signal to the load remaining within the,~rans~tion rcgion ( +  300 millivolts) for an abnormal 
period of time. 

When detection of onc or more hulr conditions is rcquircd by specific applications, additional 
provis~ons are required in the load and the following items must be determined: 

3) whlch intcrchangc circuits requite fault detection; 

h)  what faults must he detected; 

c) what actlon must be taken whcn a Pdult is daected, e.g. which binary state must the receiver 
dssume? 

The method of detection of fault conditions is application-dependent and is therefore not further 
spec~iicd. 

ANNEX I 

(to Recommendation V.1 I) 

Cable 2nd termioali($ns 

Mo elecrrieal characteristics Of the intcrconnccting cable n.r$ specified in this Recommcndation. 
~.m.$dmm. is given heroin concerning aperational consthints impoied by ihc length, balance and terminating 
.&$@.@-l%@k:@i ,&k$*1-~1, 

I 



2. Cable length 

The maximum permissible length of cable ~eporating the generator and the load in a point.to-point 
application is a runeion ofthe data signatling ratwlt-in further influenced by the tolerable signal distortion and 
the environmenlal constrainls such as ground potential difference and- longitudinal noise. Increasing the 
distance hetwecn generutor and load might increafic the expowre to ground potential difference. 

As an illustration of the above conditions, the curves or cable length versus data signalling rate in 
Figure 8/V. I I may be used for guidance. 

These curves arc based upon empirical data using twisted pnir telephone cable (051 mm wire diameter) 
both untermiinnared and terminated in a I00 ohm resistive load. Thecable length restrictions shown'by the curves 
are based upon the following assumed signal quality requirements at the load: 

I )  signal rise and fall time equal to, or  less than, one-halr the duration of the signal element: 

2) a maximum voltage loss between generator and load of 6 dB. 

At the higher ~ignalling rates (see Figure 81V.11) the sloping portion of the curves shows the cable 
length limitation established hy the assumed slgnal rise and rail time requirements. The cable length has been 
arbitrarily limited to 1000 metres by the assumed maximum allowable loss of6  dB. 

These curves assume that the environmental limits specified in this Recommendation have bem 
achieved. At the higher signalling rates these conditions are more difftcuh to atlain due to cable imperrections 
and common.mode noise. Operation within the sign~lling rate and disvance bounds of Figure 8/V.l1 will 
usually ensure that distortion of the signal appearing at the receiver input will be acceptable. Many 
applications, however. can tolerate much greater levels of signal distortion and in these cases correspondingly 
greater cable lengths may be employed. 

Oats sign.lling ram 
Curve 1 : tsrmtnatad mtrrchanpo urcult 
C u m  2: unterminamd lnlsrehanga clrtull 

li(~111t1- IllV.1 I - l h t r  signslling rate vs ca0lc lunglit Tor I m l : ~ ! n ~  i $ ~ ~ l ! p n ~ c  eirc"it 



Erperrence has shown that in many practical cases the operatit~g d i~ tance  at lower signalling rates may 
extend to several kilometres. 

For rynchronous transmi*%ion where tho-J~tta and signal elcment timing arc transmitted in opposite 
dtrcccinns. the phi~rc rclat~onship between thc two may need lo be ndjustcd to ensurc conformity with the 
relevant requlremcnfs of srgnal quality at the interchange point. 

3. Cable rerminarion 

The u\e of a c;lhlc termination is optional and dependent o n  the specific application. At the higher 
signall~ng rates (above 200 kbit/s) or  a t  any signalling rate where the cable propagation delay is o f the  order of 
hall  the ~ tgna l  element duratlon a termination should be used to prcycrve the signal rise time and minimize 
rcllections The terminating impedance should match as closely as poss~hle the cable characteristic impedance 
In the *ifindl spectrum. 

Generally. a resistance in the range of 100 to 150 ohms wrll be sattsfaaory. the higher values leading to 
lower power dics~prtlion. 

At tlie lower 4gnalling rates, where distortion and rise-time arc not crittcal. it may be desirable to omit 
the termination in order to minimize power dissipation in the generator. 

ANNEX Z 

(to Recommendation V.1 I) 

Conrputihilit? ~ i l h  olhcr interinen 
1 

1. ('vrnp:trihilir,v of Recommer)dation V. I0 m d  Recommendalion V.  l I ~nterchanpr  circuits i n  [he same 
inferface 

The elcctr~cnl ch:tractcratics of Rccommcnth~tion V.1 I are dedgncd to allow the use of unbalanced (see 
Recommendation V.lb) and h;rlsnccd circuits wt th~n the same Interface. For example. the halanced circuits may 
be used for dntn and timrng whilst the unbalanced circuits may he used for associated control circuit functions. 

The hasic differential rcceiver specifications of Recomm~wdst~wns V.10 and V.1 I arc electrically 
identiedl. it IS therefore pos ihlc  to interconnect nn equ~pment  uring Recommendation V.10 receivers and 
pnerarors  on one side of the interface with i n  equipment using Recommcndntion V.1 I generators and receivers 
on the other sidc of the interface. Such interconoeaton would result in the inlorchange circuits according to 
RecommcnJ.ttion V.1 I in one direction and intcrclisngc clrcuirs according to Rccommendation '4.10 in the 
other direction. Wherc such ln t e rwork i~ i~  is contemplated. tlie following technical considerat?ons must be  taken 
Into account: 

2.1 lnterconnccttn&! c;iblc lengths arc  limiled by perform;rnce of the circnits worklng to the Recommenda- 
tion V.10 sidc of thc intcrlacc. 

2.2 The optron:tI c;~hle tcrmln;~lmn resistance (&I. if ~inplernctired. in the equtpment using Rccommenda- 
lion V.1 I mu51 hc rcrnnved. 



ANNEX 3 

(to Recommendation V.1 I) 
.&a,.". 

hlultipoinl operalion 

It is considered that further study is required before parameters for this application can he precisely 
defined and thts Annex, giving provisional figures, is intended as a guideline for this study. 

,r - 
8 8 - .  8 8 -  

I .  General 

The point-to-point interchange circuit arrangement of one gonerator and one load might he expanded to 
a multipoint arrangement by adding generatan. receivers or both. at interchange poinLr along the. 
interconnecting cable, as shown in Figures WV.11 and IO/V.I 1. 

Only one generator at r given time would pre.sent its differcnlial voltngc at it7 intcrchangc point. An 
other gcnerators would hc isolated by an appropriate control, and assume the high impedance state defined 
below. All receivers would he continuously in an operating condition. 

e 
- 

In mult~poinl configuration, one or more terminators might he required at the cable end or at 
interchange points, depending on the application. The combined load impedance presented to any active 
generator by other generators, receivers, cable and terminators, must not he less than 100 ohms. 

The opention of a multipoint arrangement must not be perturbed by any or ils components when they. 
arc either I n  a hlgh impedance state or a power-off dace6'. The gencrators and remivcrs must toleraie without 
damage the transmirtcd signals with their maximum amplttude within 1hc specilicd limits. 

Generators on the came multipnint line must have the same nominal d.o. offset voltage in order to 
operate corrcctly. However. gcncrators with dirferent d.c. ofrscts could be used on the same linc provided that 
these differences be compensated at the common reierencc poanl. 

Several topological arrangements are to be considered: 

- cluster of circuils at the end of a line: 

- multidrop linc; 

- star configuration. 

Figure 9/V.I I illustrates a clustcr configurdtion. Etch line sliould be corrcctly terminated at the 
receiving end in order to avoid reflections a'nd lead6 from that point to the rcceivcrs kept as short as possible. 0 

Figure IO/V.I I illustrates a multidrop line. The prmencc of sevcrttl gcnerators along the line imposes 
the need to term~nate Lhc line correctly at hoth ends to avoid reflections. Thc length of the tapping connections 
along the line must he short enough to avoid mismiltching of the main linc. A lcngth corresponding to a 
propagation dchiy of I% of the unit  interval of the signals seems to be an acceptable limit for the length of the 
tnpplng connection. 

This tolerable propagation delay and other configurations are to he studied rurthcr. 

The guidelines on cahlc length given in Figure 8/V.I I of Annex I .  auuniing the sfitme environmcntnl 
conditions, apply cqually to mult~point arrangements. Above I or 2 Mhit/r. tiowever, the environmental 
condittons may be more difficult to control. 

" In ltlc p~~xvrr-~~rf  slirlc 01' any Jevicc It is o~sunlcd dlat llle cupply coII:~p~cs to 7.rtl ant1 i s  rcplaccd hy a vczy low imp- 
d m ~ e  or short circuit. 

vOLuntE v111.1 - RCC. \'.II 



3.1 , Srutic me;rourenwnls 1 - I .. ,..... 
Wlicn in the high intpcd;tnce cult and with t a t  loadr of 50 ohm< connected between cach gencrator 

output polnt and porn! C7,  the rniqnitude of the voltage Vh mc:tsured bctwucn points A and B shall not exceed 
4 mV whatever the lobicll condirron of the generator input data lead [Figure 1IfV. I  I). 

When the generittor i? in the hitjh impedance state. with voltages ranging betwccn -6 V and 4.6 V 
applied betwccn each output point and point C, us indicdled in Fisure IZ/V.I I, the magnitude or  the autput 
leakage curreSt$ I,, and I,,shalt not exceed I50 PA. 

The same condition applies under power-off condition. 

e 1)urrng transitions of the generator output between the low impedance ztate nnd thc high impedance 
state. the differcnti.~l sign,~l rneaburcd across a 100 ohm test laad connected hctwccn the gcncrator paints A and 
B shall he such that the change in amplitucic goes rtarn 10% to 90% of the steady state voltage in less than 10p. 

I '* 





APPENDIX F 

CONTENT OF DEFINED ND NUMB pmm ! 
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Ate you frustrated because of unclear information 
in this manual? Do you have troubie finding 
things? Why don't you join the Reader's Club and 
send us a note? You will receive a membership 
c a d  - and an answer to your comments. 

Please let us know if you 
* find errors - 

* cannot understand information - - 

* cannot find information 
\ 
-. 

* find needless information -. 

Do you think we could improve the manual by rearranging the 
- 

contents? You could also tell us if you Like the manual! ! / 
\ 

*********HELPYOURSELFBYHELPINGUS!! * * * * * a * * *  

Manual name:BIG MULTIPORT MEMORY SYSTEM Manual number: ND-06.007.01 

What problems do you have? (use extra pages if needed) 

Do you have suggestions for improving this manual? 

I, 

Your name: Date: 
Company: Position: 
Address: 

What are you using this manual for? 

Send to: Norsk Data A.S. 
Documentation Department 
P.O. Box 4, Lindeberg G&d 
Oslo 10, Norway 

Norsk Data's answer will be found on reverse side 

I 



Answer from Norsk Data 

Answered by Date 

Norsk Data A.S. 

Documentation Departbent 

P.O. Box 4, Liadeberg GArd 

Oslo LO. Norway 
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