





EK-DFMSA-TM-001

Mini-Exchange

Technical Manual

Q.'

& Prepared by Educational Services
of
Digital Equipment Corporation



Ist Edition, April 1984

Copyright © 1984 by Digital Equipment Corporation,
All Rights Reserved

The reproduction of this material, in part or whole, is strictly prohibited. For
mu«mmmﬁmws«mmm;im
Equipment Corporation, Maynard, Massachusetts 01754.

The information in this document is subject to change without notice. Digi-
NWanmtyfanymtht may
appear in this document.

|
i
g
’g
|
é
|

mined by turning the equipment off and on, try to correct the inte-ference
by onec or more of the following methods:
the receiving antenna

for additional suggestions. The booklet “How to Identify and Resolve

b " prepared by the Federal Communica-
ions Commission, may be helpful. this booklet is available from the U.S.
Government Printing Office, Washington D.C. 20402, Stock No. 004-000-

'%
a
i

DECwriter P/OS UNIBUS

DIGITAL  Professional VAX
DECmate LA Rainbow VMS
DEChnet MASSBUS RSTS vT




CONTENTS
INTRODUCTION
CHAPTER | GENERAL INFORMATION
1 IR o3 oot oo o s SN s Tt A b Bt S e e e b 1-1
1.2 L R i T S 1-2
1.2.1 AN SN o siscn g £ e S S TS A S i s 1-3
1.2.2 Cables and Connectors ..................couiirmmmmn i, 1-3
1.3 Related Documents . ...............c.uuiinmmni e e -3
14 Site Selection and Preparation ................. ..., 1-3
1.5 RN TN oo imon s o s st e T ST oS A R R e st R 1-4
1.6 PPOTIRIUIIID 5 wiin 54 5 6k 5 £ 06 e s B B B RS AR T S S e a s 1-5
1.6.1 o NP R U S et R 1-5
1.6.2 I 00 A A TSN Nt s ey o al e S d o ek B b 1-§
1.6.3 RN S LA Sy o (ol A e B S 1-§
CHAPTER 2 LOGIC BOARD
2.1 DN NE VSRR S A TR oGt LI P IS S 8 2-1
2.2 Functional Description . . .............. ...ttt 2-2
2.2.1 Central Processor Uit ............ccoiuiiiiiiiieeinnenensesoenoeennns 2-3
2.2.2 Program Memory ......... ... 2-3
223 | SRR S S e S S TN S e e 2-3
2.2.3.1 High Address Buffer .............. ... ... ... 00 i, 2-3
2.2.3.2 Low Address Buffer . .......... ... .. .oiiiiii i, 2-3
2233 i S R S DL s - S T 2-3
224 Address Decoders ...................000iiiieeneencennnsoscsennncens 2-3
225 Program Memery Deoodar ...........cocouiiinmnrnnecnrasessnossnsnses 2-3
226 PNPIIIIIE <.y oo niom o n Ba ok emt s mbih i e e e et 2-4
B & WD Contd Bt < o o v i o6 i A e e bt s 2-4
228 Read Control Registers .....................cc0iuinieeee i, 2-4
229 e o T VTP M- R, Y S AT R e A T e 2-4
2.2.10 NI i+« 6« tatecrnn K by i s g s ot B e a e Bt 2-5
2.3 DS BSOS ;. o v s sanot s C b A S U oa i A R b o 2-5
2.3.1 Central Processor Unit . ............ ... it 2-5
2.3.1.} Internal Data Memory ........ ... .. ... ... . 0iiiiiiiiiiiiiiinann, 2-6
2.3.1.2 CPUPIn Descriptions . . . ............oouiriiim e, 2-6
2.3.2 PV DR oy o s s Bl ris S i e R b S e = 2-8
233 DD 5 oonnn vt s n i D e e e S Bl S B R 2-10
2.3.3.1 High Address Buffer ........................00uiiiiimii, 2-10
2.3.3.2 Low Address Buffer ... ... ... ..... ........... .. ... Sk A i 2-11
4333 1 RN o e s S g N N Sl
234 Address Docoders ...............coiiiuiiieeeesscnnnsensenseseoneoenns 2-12
2341 Write Address Decoders .. .. .. .............. ... . 2-12



NN
N - o

. . - H H .

Wil s e 0 e 0 e e 0
PoommEmBINNUDIRLS

N =

W N -

NNNNNNNNNNNNNN
&AW N -

CHAPTER ? CONNECTOR BOARD

N =

o o8 vt v4 ot of o o
NN =
N -

WNNN = -—-

4.1
42
42.1
422
423
43
43.1
432
433

’
Road Address Decoder ...................c.oivviiniiiiinnnrnnnennnns 2-13
Program Memory Decoder ................... .......... ... ... ... ... .. 2-13
T ol S SR LA SRR S R s 2-14
UART Multiplexer ..................... S T R RSP AT LY 2-14

S DI o i it v s o iron v  l  d o b 5 Bl 5 Y 2-15
Write Control Registers . ......................... ... ... .. viiiiuiii.. 2-16
Multiplexer Control Registers . ...............................c...... 2-16
LED Display Register . ............. ... 00ttt 2-17
Modem Control Registers ... ....................co0iiiiiuiniininin. 2-17
Read Control Registers . ... ... R N R A e MRS D 2-17
Data Terminal Ready (DTR) Control Re;mcr ......................... 2-18
DFO03 Modem Control Register . ...... .~...............ccoovuuvno.., 2-18
mmmamdhnhmm ...... TR BB ATt b o n i i & i b A 2-18
Port Test Register ....... 0 ... ....oouiiiiiiii e 2-18
NG N . .« oo s R e A i e e e 2-18
DataRead Timing Cycle .....................0ovuiirinmnnnnnnnnn, 2-18
Data Write Timing Cycle ......... ... .....ooiiiiiiinnnnn.. 219
RN oo oot ¥ s o s R o o A e T o s i T Lt i 31
Functional Overview ...... 0 i o A S ST e B K s a  eaa toi 3-1
R e S U 1 3-1
Communication Port Pinning ...........................0virininin. 3-2
Bignal Dolalloms . ...........ovitiiiiriiiiiictiartreassseeerenas 33
B PN o0 siidumrbiusenmpatirn ottt s it kst b sl 33
POt OB LD ...conciiciviiiivavnsinesasnsonsissenssssanssssissns 33
RN I .o o onnimiinwvosaes shmniims s sl sssus bl bt 33
RPN 5 5 I st T T N o B e Tt A e o 35

DRI <55 .o wansiad il Gl S o e R i o et s s s g il 4-1
PRI BRI « 0 i 6 5 S e 5 S A s A Bt A 4-2
Power Conversion ...................c.uiiineoii e 4-2
DB v nvricn s s reon btk M fk b e e st 4-2
VRN .50 o0k 5000 B 2 e e T i s e e B 4-2
Deotallod Description . ..........c.cooviitiinirireeeeeeeeai e, 4-2
Power Conversion ..................c.oiuiiiinme e 42
DRI ... cdorivins taiii st R st btk LR 43
Overcurrent Protection .................conimrmmmn i 4-4

CHAPTER 5 FIRMWARE DESCRIPTION

MDA UL L L LWL
wivbivbivibin=
QWL WN -

DRI o vt s o e T S s B e et 5-1
Write Control Registers ..................c.ouininiinieiee e, 5-1
UART Multiplexer Control Register . ......................oovvuvnvnnn.. 5-1
Port Multiplexer Control Registers ..................................... 5-2
DSRControl Register .................c0ivimimineneneenenenenenennns 5-3
RIControl Register .....................0iuiriiiii i, 5-4
CENVCTB Contonl BaBlBer .. 2. .oocosvvermmsonsnnssssnssessssssssetass 5-5
LED Display Register . ... .............coiumie i 5-6
Read Control RemIsters ...............ccoviminiiunnenrnnsnessensnenssnns 5-7
iv

it s e
& i N -

APPENDIX A
APPENDIX B
FIGURES

'

N = B —

- Y

L b
—— = D OO ~J
N-0

N?N
—
Wb w

w W
U '
—

2

TR OIS PN . ..o bo. i dvas e innedononssmiis saitnicotl s xanki 57
DF03 Modem Contro! Register ... .. ... ... .. .. . . . sy VRIEERET 58
Modem Control Test Register ... ... .. .. ... . . ... ... .. 59
L § L R R L SRS R e 5-10
DIAGNOSTIC TESTS
SIGNAL DEFINITIONS
The Mini-Exchange .......... ... ... .. .. .. ... ... .. 1-1
Configuration of the Mini-Exchange .................................... .. 1-2
Mini-Exchange with Cover Removed ........................... ... ... .. 1-4
Component Side of Logic Board . ............................0.ccc vt 2-1
Logic Board Functional Block Diagram ................................... 2-2
CPUBlock Diagram ................................ccuo... A a1 oue s 2-5
Internal Date Memory ..............ouiiiiiiiineinineeinieeneneanannenns 2-6
GV DRIRERD < oo oo st h s s Ry b s A s St S 2-6
EPROM Block-Diagram . ...................00ieiiiriee 2-8
Program Memory Read Cycle Timing ......................coouninn... 2-9
System Block Diagram with Buses andBuffers ............................. 2-10
Address Decoders with Low Address Bus ................................. 2-12
Program Memory Decoder Block Diagram . .......... . ...... ... 00ooeeei... 2-13
UART Multiplexer with Control Register . ............................. i S04
Port 8 Multiplexer with Control Register .... ................0coueiuii.. 2-15
Write Control Registers with Data Bus ........................ccc0oiuii.. 2-16
Read Control Registers with DataBus .........................0.0.0o ... 2-17
Data Read Cycle Timing ............. ..ot 2-18
Data Write Cycle Timing ...................coiiiiiiiieieeiinenn, 2-19
Component Side of the Connector Board .......................0c0oiiii.. 3-1
Diagnostic LEDs Block Diagram ... .. .. AT T e i b il Sl S 3-4
B RPN s v viwiis b s s e R 3-5
Component Side of Power Supply Board ..... .............000oiiinenon .. 41
Power Supply Block Diagram ......................00iiiiiiinnin, 4.3
ST PRI : .vivonssiinrpamvinininliovssessnatll Resovenss? B9
Program Memory Configuration Jumpers ....................ooiemiininni.. 2-8
J8, Communication Port Pin-Out ....................0oiiiriiii, 3-2
DFO03 Modem Cable I’m-Out ............................................ 33
LED ErrorCodes ............... AR i By 0 e i Fodnnpusipsain 34
AC Voltage Switch Settings ....................... .00 i, 4-1
DC Voltage Connector, J2 ... .. ... .. ... .iiiii i, 43
Current Protection Thresholds .......................c.c0ieimimiii. 4-4
BRI o005 i rnsuinsh i e e A S S i i bt e s o i A-2
A A T R L RO Sy A-2



S R ———

Page vi is a blank page

\“

INTRODUCTION

This manual documents hardware functions for the Mini-Exchange and provides the following.

®  Documents systems’ concepts and design information for field engineers and personnel trained
by Digital Equipment Corporation

. PrwidquldScwieewithllnwchniulhfmlhnmeddwnpifsyuemcﬂecﬁvdynd
cost efficiently

®  Provides information not duplicated in any other hardware manual

Refer to the Mini-Exchange Installation/Owner's Manual for operational information on the Mini-
Exchange.

MANUAL ORGANIZATION
This section describes how the chapters are organized and what they contain.

Chapter | General Information describes the Mini-Exchange, related documents, site selection and prepa-
ration, circuit boards, and specifications.

ChaptchLogicBoudprovidenh:functianlnnddchiledducriptknoflkhﬁcbm:dlolhunct
diagram level.

Chapter 3 Connector Board provides the functional and detailed descriptions of the connector board to the
block diagram level.

Chapter 4 m&mymmuuumfmmmmuuﬁmdmmmm
to the block diagram level.

Chapter 5 Firmware Descriptions provides bit definitions for the control registers.
Appendix A Diuvmiumvidswingnmdnandwooedmudamuwﬂmm
Appendix B Signal Definitions provides signal definitions for the modem control lines.

s _ ] ———
—W—
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CHAPTER 1
GENERAL INFORMATION

1.1 INTRODUCTION

This chapter describes the Mini-Exchange, related documents, site selection and preparation, circuit
boards, and 1lso specifications. Figure 1-1 shows the Mini-Exchange.

Figure 1-1 The Mini-Exchange



1.2 MINI-EXCHANGE

The Mini-Exchange system is a microprocessor-controlled communications switch It uses commands from
your compulter, or appropriate communications software, o connect a 1ot * eight devices in a 60 m (200
ft) radius. These devices can be personal computers, printers, or a modem. . | F¢ modem can only connect
to port 8.) You can communicate with remote computers or host systems beyond the 60 m (200 ft) radius
by using an auto-answer/autodial modem with the Mini-Exchange system or an auto-answer modem
connected to a host computer.

The Mini-Exchange switch has cight ports. These ports are compatible with the Electrical Industry
Association (EIA) RS232/RS423 pin connector standard. There is a row of four diagnostic lights on the
connector panel at the rear of the unit. The green light on the front of the unit tells you that the power is
turned on. When this light does not turn on, your system unit is not operational.

With a single Mini-Exchange configuration, each personal computer can access any other device connect-
ed to the Mini-Exchange system. Figure 1-2 shows how the Mini-Exchange may be configured. Each
Mini-Exchange configuration supports up to four connections at the same time. For example, a personal
canmcuprimnﬁlewlprinwrwﬁlealtheumetimemlmpetmloompuufislramferring
ﬁlu.wmmyabnednwmtmrmamehaummlhmghanndem
aﬂachedlopoﬂ!.decvicemmm«hdwiunlmﬁm;nﬂtipkmmia:mmpm
arc not possible. Aflu'youmkethemmeuiﬁ-ﬁlchmsyncmhnmeﬂmonme
communicauons link until one of the devices drops the proper modem signal.

The Mini-Exchange system can be used with the standard asynchronous communications software pack-
ages offered for all Digital personal computers. If you use this software, you caly need to remember the
port number associated with your connector. A personal computer emulating a terminal can make a
connection through the system without any special software. Refer to the Mini-Exchange Installa-
tion/Owner's Manual for information on how to make a connection.

Figurc 1-2 Configuration of the Mini-Exchange

1.2.1 Loopback Connector

The loopback connector and the diagnostic lights (on the rear pancl) are used during the loopback
connector test to check the operation of each connector on the Mini-Exchange system. The loopback
connector is attached to the bottom of the system unit.

1.2.2 Cables and Connectors

If you have a modem, you can attach it to port 8 of your Mini-Exchange system. Use the modem adapter
cable (PN BC17R-0F) to attach to an EIA RS232/423 standard cable (PN BCC04). This cable allows
you to place the modem up to 60 m (200 ft) away from the Mini-Exchange unit. All other devices, such as
a personal computer or printer, may be connected with BCC04 cables.

1.3 RELATED DOCUMENTS
The following is a list of related documents for the Mini-Exchange.

Mini-Exchange Installation/Owner’'s Manual EK-DFMSA-IN
Mini-Exchange Pocket Service Guide

1.4 SITE SELECTION AND PREPARATION
Use the following guidelines when positioning the Mini-Exchange.

EK-DFMSA-PS

®  Allow six inches on all sides and the top of the Mini-Exchange for adequate airflow.
®  Keep all ventilation ports clear.
®  Avoid direct sunlight.
®  Locate the Mini-Exchange within 2 m (6 ) of a power source.
®  Allow room for connection of cables.
®  Place all cables away from traffic areas.
WARNING
If you place the Mini-Exchange system on a shelf,

make sure the weight of the cables does not tip the
Mini-Exchange system.

1-3




1S CIRCUIT BOARDS
The following is a brief description and gives the location of the three circuit boards that make up the

Mini-Exchange.

Logic board is a standard 8 X 10.4 inch printed circuit board. It contains the CPU, EPROM.
buffers, decoders, multiplexers, control registers, drivers and receivers. This board is on the
bottom of the box, component side up. The logic board is connected 10 the connector board
through two 50-pin connectors, and is also connected to the power supply board with a quick-
release cable. See Chapter 2 for more information on the logic board.

Connector board is a nonstandard 3.4 X 8 inch printed circuit board. It has cight connectors
and four diagnostic LEDs. This board is vertically mounted at the rear of the Mini-Exchange
with its cight connectors and four LED's facing out of the box. See Chapter 3 for more
information on the connector board.

Power supply board is a standard 3.2 X 10.4 inch printed circuit board. It is a switcher-type
power supply that has rectifier circuits, regulator circuits, and a comparator that maintains the
three dc output voltages at their proper level. This board has two connectors. One is an cight-pin
and the other is a four-pin connector. The eight-pin connector supplies the dc voltages to the
logic board. The four-pin connector receives the ac line voltage from an external source. The
power supply board is vertically mounted at the front of the Mini-Exchange, component side
facing in. Sec Chapter 4 for more information on the power supply board.

Figure 1-3 shows how cach board fits together to form the Mini-Exchange.

o

“IN
CONNECTOR Lo INECTORS 4 DIAGNOSTIC LEDs

MA Q2 8a

Figure 1-3 Mini-Exchange with Cover Removed

FOR ENLARGED ART
PLEASE SEE FOLLOWING
1-4 FRAME(S).

1.6 SPECIFICATIONS

1.6.1 Physical
The following are the dimensions of the Mini-Exchange.
Length 12.5in
Width 9.0 in
Height 40 in
Weight 6.0 Ib
1.6.2 Power
The following are the power requirements for the Mini-Exchange. See Chapter 4 for more on the power
supply.
Power supply type Switcher
Vac input Switch selectable
115 Vac nominal 90 to 128 V rms, 50 to 60 Hz line frequency
230 Vac nominal 180 to 268 V rms, 50 to 60 Hz line frequency
Power consumption 15 watts typical, 33 watts maximum
Circuit protection 0.75 A fuse (time delay)
1.6.3 Environment
The following are environmental requirements for the Mini-Exchange.
Temperature 51t 50°C
(41 10 122° F)
Humidity 10% to 95% relative humidity
Maximun wet bulb 32°C (90° F)
Minimum dew point 2°C (36° F)
1-§
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Figure 1-3  Mini-Exchange with Cover Removed
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CHAPTER 2
LOGIC BOARD

2.1 INTRODUCTION

The logic board contains the central processor unit (CPU) and circuits that support its operation. The
support chips allows the CPU to communicate with devices mounted on the logic board and with
peripheral devices attached to the connector board on the rear panel of the Mini-Exchange. Figure 2-1
shows the component side of the logic board.

The support circuits on the logic board are memory, buffers, decoders, multiplexers, control registers, and
the drivers and receivers. The memory consists of external program memory. The buffers consist of high
andbwaddmsbuﬂmandmdnhbutfer.ﬂndewdmmhtofmmmmymm
address decoders. The multiplexers consist of eight port multiplexers and one universal asyncronous
receiver transmitter (UART) multiplexer. The registers consist of 16 control registers. The drivers and
reccivers consist of 40 interface drivers (five on each port) and 21 interface receivers (two on each port
with two more on port 8 and three that arc shared by each port).
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COMPONENT SIDE 0¥ LOGIC B8DARD

Figure 2-1 Component Side of Logic Board
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2.2 FUNCTIONAL DESCRIPTION
The following paragraphs describe .he basic functions performed by the devices and circuits that are on
the logic board.

Figuu.2-2 shows the functional block diagram of the logic board. Refer to this figure for the following

discussion.
s | DSR 8
DTR REGISTER REGISTER —-/—CD-.O“
MODEM L —ef
uco-»—d DFO3 | Al 8
REGISTER REGISTER —f—":>-°"
8
1670 n—» A s cD
s st — -
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o | REGisTER ——— 8 :
TEST2 W # .
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REGISTER _
. 8-8/T DATA BUS
- MULTIPLEXER
SWITCHES 8
w-/-@n.llﬂ
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Figure 2-2 Logic Board Functional Block Diagram

FOR ENLARGED ART
PLEASE SEE FOLLOWING

2-2 FRAME(S).

2.2.1 Central Processor Unit (Figure 2-2)

The CPU is a 40-pin single-chip microcomputer (8031). It uses external erasable programmable read only
memory (EPROM) for program storage. The CPU reads the program from the external program memory
and executes the instructions stored there. The CPU uses a high and a low address to fetch and send data
1o the logic board.

The CPU’s main clements are an arithmetic logic unit (ALU), accumulator, working registers, and
conditional branching logic. For transmitting and receiving serial data the CPU has a UART.

2.2.2 Program Memory

The program memory is stored in one (4K X 8) bank of EPROM located outside the CPU chip. The CPU
uses the program memory read timing cycle to fetch the program from this device. This cycle is one of
three the CPU uses to get program and data information from the support chips on the logic board.

This is the only program memory storage device in the Mini-Exchange. There are provisions for memory
expansion.

2.2.3 Buffers

There are three types of buffers on the logic board. The first two described are address buffers and the
third is a data buffer.

2.2.3.1 High Address Buffer - This buffer is a dual 4-bit octal buffer that transfers the high address
from the CPU to the program memory. Also, the high address buffer transfers three data control signals
from the CPU to appropriate devices. These control signals are program memory read control (PSEN),
read control (RD), and write control (WR). See Section 2.3 for more information on PSEN, WR, or RD
signals.

2.2.3.2 Low Address Buffer - This buffer is an 8-bit transparent latch device. It transfers the low
address from the CPU to the program memory and the address decoders.

2.2.3.3 Data Buffer - This buffer is an octal tri-state transceiver. It transfers data between the CPU and
control registers.

2.2.4 Address Decoders

There are three address decoders that are high speed 1-of-8 decoders. They decode an address, from the
low address bus, and select one of 16 registers for data transfer. Two of these decoders enable the write
registers and the other enables the read registers.

2.2.5 Program Decoder
This is a high speed 1-of-4 decoder. It decodes an address, from the low address bus. and selects one of
four different external program memory configurations. At this time the program memory decoder selects

one program memory location (SELA) for all program instructions because three of these locations are
inoperative.
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2.2.6 Multiplexers

There are ninc high speed 8-input mutiplexers on the logic board. They select one of cight input data hnes
and put it on their output linc. Eight of the multiplexers are port multiplexers and connect one commum-
cation port 1o another. The other multiplexer is a UART multiplexer and transfers connection request data

to the CPU for processing. >

For example, after port A asserts the proper modem control signals. it sends in a request (by way of the
UART multiplexer to the CPU’s UART) 10 be connected to port B. If the requested port, port B, is not
busy and returns the proper signals, the CPU enables port A's and port B's multiplexer. These two
multiplexers are latched together so that the transmitted data coming in port A is routed through port A's
multiplexer to port B's multiplexer and then out port B. When the CPU establishes a connection between
thcm&tCPUinwmwitheilhuofthcpon'lmuhiple:mnnlilomol’lhedcvioadrops
the proper modem control signal. When this happens, the CPU starts the disconnection process.

2.2.7 Write Control Registers
For the sake of clarity, the control registers that writes to the CPU will be called write registers. These
registers hold status information from the data bus. Once enabled, they transfer data directly to the

Here are the control registers (write only) and their functions.

®  Multiplexer control registers - These quad edge-triggered D fMip-fMops cnable and sclect
multiplexers.

®  Data set ready (DSR) control register - This 8-bit latch controls the DSR discrete lines.
®  Ring indicator (RI) control register - This 8-bit latch controls the RI discrete lines.
®  Carrier detect (CD) control register - This 8-bit latch controls the CD discrete lines.

® LED display register - This quad edge-triggered D flip-flop controls the LED display.

2.2.8 Read Control Registers

For the sake of clarity, registers read by the CPU wil! be called read registers. They transfer data directly
10 the data bus when addressed and enabled. The CPU reads these regularly and performs the a=propriate
action when a status change occurs.

Here are the control registers (read only) and their functions.
¢  Data terminal ready (DTR) control register - This dual quad buffer indicates which of cight

®  DFO03 modem control register - This half of a dual quad buffer indicates which of three discrete
modem lincs are asscrted when a modem is connected to port 8.

®  Modem control test register - This half of a dual quad buffer indicates which of three discrete
test lines are good during loopback testing.

®  Port test register - This 8-line buffer indicates which port has the loopback test plug connected
1o it when used.

2.29 Drivers

There are 40 driver circuits on the logic board, five for cach port. The drivers convert TTL voltage levels
used by the circuits in the Mini-Exchange into the EIA voltage levels. Five signals - DSR, RI, CD. CTS.
and Receive Data (RXD) - are transmitted from the Mini-Exchange 10 a connected device.

24

2.2.10  Recewers

There are 21 recervers on the logic board. two on cach port with two more on port 8 and three that are
shared by cach port. The receivers convert EIA voltage levels received by the Mini-F schange into TTI
voltage levels the internal circuits can use. The two signals for each port are the DTR and transmit data
(TXD). The two on port & are the MCD and MRI signals. The three shared by cach port are Test 0
through Test 2 signals.

2.3 DETAILED DESCRIPTION
The following describes in detail logic board functions.

To understand the CPU's functions refer to the following books.

Intel MCS-51 User’s Manual
Imel Microcontroller User's Manual

2.3.1 Central Processor Unit

The CPU is an 8031 microcomputer. It is installed in » 40-pin package and uses a § V power supply. On
this single chip the 8031 has CPU, volatile read/w,ite data memory, and a serial 1/0 channel for the
UART. The 8031 also uses an external oscillator for clock timing and uses 20 of 32 1/0 lines. The CPU
also contains internal data memory described below. F sure 2-3 is a block diagram of the CPU.
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PORT 0 ADDRESS
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AXDP L axp ) PROGRAM
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TRO¥Y M ™0 DECODER
“Iv NTO
AXDP W 1LY
nor [—— 10 |3 HIGH
USED n PORT 2 ADDRESS
BUFFER
wh

[—.m | i T RIS, WS

e —— Y

e ————————————————————————————————————————————————

“a 019 we

Figure 2-3  CPU Block Diagram
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Figure 2-3 CPU Block Diagram
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2.3.1.1 Imternal Data Memory - The CPU has 256 individually addressable bytes of internal data

memory. The first 128 bytes arc in the internal data random access memory (RAM) and the second 1%
bytes are in the special functions register. Locations 0 through 31 contain four K-register banks. In
addition, 28 bit locations of the on-chip RAM are accessible through direct addressing and are at byie

I
location 32 through 47. Locations 48 10 127 contain general purpose RAM. The stack can be anywhere in
internal data RAM. The special function register has all registers except the program counter and the four
8-register bands. This special function register’s address space is 128 through 255 Figure 2-4 shows the
internal data memory.

2.3.1.2 CPU Pia Descriptions - Table 2-1 describes the function of the pins on the CPU. Figure 2-5
shows the CPU pinning diagram.

ADDRESS INTERNAL DATA MEMOR v
—_—
QO0000 - 00000 7 REGISTER BANK O (RO - RV
000010 - 00001 7

REG/STER BANK 1 (RO - R,

000020 000027 REGISTER BANK 2 (RO - R

000030 - 0037 REGISTER BANK 3 (RO - R/

000040 - 0NDS 7 120 NS OF ADDRESSABLE BITS (N AAN
000080 - 001 77 Hawm

000200 - 00O ' 717 SPECIAL FUNCTION REGISTER

a0 mae

Figure 2-4 Internal Data Memory
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- ’ - ~ ) ADDRESS BUS
N —e | 13 24 - }—o
wo! -—-1§ i se §[—
USED | —— % 26 —_—
<
WR e— 27 —ilp
NOT USED
w e— | 28 J

Figure 2-5 CPU Pinning
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Table 2-1 CPU Pin Descriptions

Pin

Function

\"\
Vee

Port 0

Port |

Port 2

Port 3

ALE (ALE L)

PSEN (PSEN L)

EA

XTALI

XTAL2 (PCLOCK H)
RST (RESET H)

Circuit ground
+5 Vdc power

Port 0 is an 8-bit bidirectional input/output port. It is the multiplexed
low-order address and data bus.

Not used

Port 2 is used for the high-order address bits when accessing external
memory.

Port 3 contains interrupts, serial port, and these RD and WR pins.
RXD (RXDP L) - The serial port’s receiver data input asynchronous.

TXD (TXDP1 H) - The serial port’s transmitter data output
(asynchronous).

INTO (+3 V) - The interrupt 0 line and is not used.
INTI (RXDP H) - The interrupt | line.

RD (RD L) - The read control signal enables external data on the data
bus to port 0.

WR (WR L) - The write control signal latches the data word from
port 0 onto the data bus.

Provides address latch enable output used for latching the address into
the low address buffer.

The program store enable output is a control signal that enables the
external program memory to the bus during fetch operations.

This pin is held low by jumper W1. This jumper allows the 8031 CPU
to fetch all instructions from external program memory.

When W1 is removed, the CPU fetchs internal memory first.
Pin grounded
This is the input from the crystal oscillator output.

The CPU resets when this pin toggles from a low 1o a high.

2-7
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000000 - 000007
000010 - 000017
000020 - 000027
000030 - 000037
000040 - 000057
000060 - 530177
000200 - 000377

INTERNAL DATA MEMORY

REGISTER BANK O (RO - R7)
REGISTER BANK 1 (RO - R7)
REGISTER BANK 2 (RO - R7)
REGISTER BANK 3 (RO - R7)
128 BITS OF ADDRESSABLE BITS IN RAM
RAM
SPECIAL FUNCTION REGISTER

Figure 2-4  Internal Data Memory
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2.3.2 Program Memory

The EPROM has two control functions which must be actively low 1o obtain data at the outputs. SFILA,
the ciqnullle is used 1o select the device. PSEN. the output enable control. is used 10 gate data to the
output pins, independent of chip cnable.

The program memory configuration jumpers route the program memory chip enable signals differently of
a CPU other than the 8031 is used. Table 2-2 shows the different configurations of the program memory

configuration jumpers.

Figure 2-6 is a block diagram of the EPROM.

Table 2-2  Program Memory Configuration Jumpers

Function

Jumper Status
Wi Installed
Removed
w2 Installed
Removed
w3 Installed
Removed

All instruction fetches are made from external program memory. This
jumper must be installed when the 8031 microprocessor is used.

Instruction fetches 0 through 4K are made from internal program memo-
ry. External instruction fetches occur automatically when the program
counter is above 4095. When W1 is removed, W2 must also be removed.

This jumper enables external program memory for Bank 1. It must be
installed when using the 8031 microprocessor. When this jumper is used,
W3 must be removed.

This jumper is removed if the CPU uses internal program memory for
Bank|1.

External memory Bank| is mapped into Bank3. This allows a total of 12K
for program memory if internal program memory is used. W2 must be
removed when W3 is installed.

This jumper must be removed when W2 is installed

4K
L B-BIT PROGRAM MEMORY INSTRUCTIONS EPROM

ADI1I W
“' uumsu - 5 SELA L ENABLE
ADI2 M DECODER MEMORY
CcPy PSEN L PSEN L ENABLE
HIGH ouTPUT

ADDRESS
48T *”'“ HIGH ADDRESS )
Low
8817 ADDRESS | LOW ADDRESS
: BUFFER |

Figure 26 EPROM Block Diagram

Figure 2-7

-

shows the program memory read cycle uming. Refer to this higure for the following discussion.

The following must occur before data is available at the outputs.

FOR ENLARGED ART

An address is emitted from the CPU during the program memory read timing cycle.
The high address is buffered through the high address buffer and arrives at EPROM.

The low address is buffered through the low address buffer and arrives at EPROM. The ALE
signal latches the low address onto the low address bus at this time.

The chip enable signal (SELA) from the program memory decoder must toggle low and stay
low during the timing cycle.

The output enable signal (PSEN) from the CPU must toggle low and stay low during the timing
cycle.

The CPU then floats (high impedence state) its bus drivers for one clock pulse and then waits
for the program at port 0.

Valid program instruction data is available on the bus at this time. When PSEN returns to the
high level. EPROM then has its buffers float, relinquishing the bus again.

0sC
T2 ™ 712 73 14 75 16 T7 T8 19 T0 Ty M2 T 2
ALE L
PSEN |
RD L WA L
4
PORT 2 ADORESS A, - Al ADODRESS A, , - A =
PORT O | oDCA -ATT, DlinsT v A -All, DONST in
/Ty I//
FLOAT FLOAT FLOAT FLOAT FLOAT
A Q10 8e

Figure 2-7  Program Memory Read Cycle Timing

28 PLEASE SEE FOLLOWING 2.9

FRAME(S).




< 8-8IT PROGRAM MEMORY INSTRUCTIONS

AD13 H
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AD12H _ _]DECODER
cPU PSEN L PSEN L
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ADDRESS
4-BIT BUFFER "L \GH ADDRESS>
Low
8-BIT ADDRESS [ LOW ADDRESS
BUFFER
b O

Figure 2-6 EPROM Block Diagram
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2.3.3 Buffers
There are three types of buffers on the logic board. The first two described are address buffers and the
third is a data buffer.

Figurc 2-8 shows the three buffers with the buses. Refer 1o this figure for the following discussion.

2.3.3.1 High Address Buffer (Figure 2-8) - This buffer is a dual 4-bit octal buffer. The CPU uses this
buffer to drive the high address and three control signals to additional devices since the CPU cannot drive
more than one TTL device. Since the chip cnable circuits are tied low by a grounded resistor (soft ground),
the signals are sent through this buffer as soon as they are emitted from port 2 on the CPU. The signals
from the CPU on the high address bus are a 4-bit byte that uses half of the buffer. The other half drives
the PSEN signal, the RD (read) signal, and the W'R (write) signal. These signals are also sent through the
buffer as soon as they are emitted from the CPU.

N HIGH
< 4 BIT MIGH ADDRESS BUS ADDRESS HIGH ADDRESS BUS
BUFFER

ENABLE
PSEN L — > PSEN |
cPu = WR L ——— WR |
RD L ——— RD |
ENABLE
+

: I Low
G BIT LOW ADDRESS/ DATA BUS ) ADDRESS | LOW ADDRESS BUS >
BUFFER

ALE L ——o4 HOLD

ouTPUT
l ENABLE
DATA
BUFFER
WH L TRANSMIT
RD L RECEIVE

| N
< 8817 DATA BUS )

Figure 2-8 System Block Diagram with Buses and Buffers
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2.3.3.2  Low Address Buffer - This buffer is an 8-bit transparent latch device. The low address is emitted
from port 0 on the CPU and is sent only 10 the low address buffer. The CPU uses this buffer to drive the
low address to additional devices since the CPU cannot drive more than one TTL device. This chip is
cnabled by the ALE signal. The low address is latched on the output of the buffer on the falling edge of
the ALE signal. The output enable circuit on this chip is tied low by a grounded resistor (soft ground).
2.3.3.3 Data Buffer - This buffer is an octal tri-state transceiver. It receives data from the CPU and also
sends data into the CPU from the 8-bit data bus. The CPU controls how the data flows through the buffer
with the RD (read) and WR (write) control signals. Refer to Section 2.3.9 for more information on these
signals,
When the CPU is instructed to read a control register, the following occurs.

I.  CPU addresses a register.

2. Data from that register is put on the data bus.

3. CPU toggles the RD signal low to enable the data buffer for the read cycle.

4. Data buffer transfers the data on the data bus to the CPU by way of the 8-bit low address/data
bus.

5. CPU reads the data and deals with it accordingly.
If the CPU is instructed to write to a control register, the following occurs.
I. CPU addresses a register through other circuitry.

2. Data is emitted from port 0 on the CPU and sent to the data buffer through the 8-bit low
address/data bus.

3. CPU toggles the WR signal low to enable the data buffer for the write cycle.
4. Data buffer transfers this data onto the data bus and 1o the enabled register.

5. Depending on which register was addressed, it either latches a discrete signal, selects a port on
one of the multiplexers, or turns on an LED.
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2.3.4 Address Decoders

There are three address decoders on the logic board. The iirst two described enable the write control
. The third enables the read control registers. For the sake of clarity. the decoders that enable the
write control registers will be called write address decoders and the decoder that enables the read control

g.

Figure 2-9 shows the three address decoders and the low address bus. Refer 1o this figure for the following
discussions.

2.34.'! Write Address Decoders (Figure 2-9) - There are two write address decoders. One enables eight
port multiplexer control registers. The other enables a UART muitiplexer control register, three discrete
latch signals, and an LED display register. Both have output lines selected by the three lowest address bits
(A0,A1,A2) on the low address bus. Both are enabled by the fourth address bit (A3) and the WR (write)
signal. To prevent the two decoders from beir.g enabled at the same time. the fourth address bit is inverted
at the input of onc of the decoder’s enable circuitry.

WA L
- T
muuc ——
— SELY L
— SEL2 L
WRITE p———— L
ADORESS WRITE
oecopern [ SE L | meGisTEms
— SELS L
§ — SELS L
e SELT7 L J
2
é WR |
= NABLE + SELECT
. SE8 L )
P SEL9 L
— SELI0 L
WRITE - WL 10
ADDRESS - P WRITE
pecoper [ SEV'2L | megistems
— seL13 L
— seLre L
— SELS L J
J\/ el
NABLE: T
Jenasie. seLeC Sl
READ — senzy | 1O
ADDRESS L — SEL'B L
SasesEn REGISTERS
— SELY9 L

Figure 2-9 Address Decoders with Low Address Bus

The following must occur in order for a write addres decoder to enable a write control register.
1 An address s emitted from port 0 of the CPU onto the low address bus.
2. The low address arrives at the address decoders through the low address buffer.
3. The WR signal goes low enabling one of the two write decoders.
4 Thecmﬂeddecodudeoodulheaddresmdlonlalhcapwopﬁﬂeoutpml%mm.
5. The toggled output line enables one of the write control registers for data transfer.

2.3.42 Read Address Decoder (Figure 2-9) - There is one read address decoder and it enables a DTR
control register, a modem control register, and two test registers. As with the write address decoders. the
read address decoder has the three lower address lines (A0, Al. A2) from the low address bus as its select
lines. But it uses the fourth and fifth address lines (A3 and A4) from the low address bus and the RD
signal from the CPU to enable it.

The following must occur in order for the read address decoder to enable a read control register.
I. An address is emitted from port 0 of the CPU and onto the low address bus.
2. The low address arrives at the address decoder through the low address buffer.
3. The RD signal is toggled low enabling the read address decoder.
4.  The cnabled decoder decodes the address and toggles one of the four output lines low.
5. The toggled line enables one of the read control registers for data transfer.

2.3.5 Program Memory Decoder
This decoder enables the program memory device. It uses the two highest address lines (A12 and A13)

from the CPU to select an output line and is enabled through a grounded resistor (soft ground). This
decoder enables the EPROM chip by toggling the SELA output line low during the program memory read
timing cycle. The decoder has four output select lines. Only one is used at this time because there is only
onc program memory device. Figure 2-10 is a block diagram of the program memory decoder.

PROGRAM [ SELA L —— TO EPROM

MEMORY p—— SELB NOT USED
DECODER (MAY BE USED FOR

[ SELC J MEMORY EXPANSION IF ANY)
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=

Figure 2-10  Program Memory Decoder Block Diagram
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Figure 2-9 Address Decoders with Low Address Bus
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2.3.6 Multiplexers

Multiplexers do the switching for the Mini-Exchange. The UART multiplexer directs the connection
request data to the CPU The other cight multiplcxers connect one communication port with another for
data transfer. For ecach multiplexer there is a control register that controls which communication ports are
connected and when to connect them.

2.3.6.1 UART Multiplexer - This multiplexer controls the serial input data lines to the UART. Each
communication port has its transmitied data pin (TXD) connected to the input of the UART multiplexer.
When the multiplexer is sclected. the multiplexer allows data, from a terminal or similar device. to flow
through to the UART for processing. This single UART multiplexer transfers data such as the baud rate
and port destination from a requesting device.

Figure 2-11 is a block diagram of the UART multiplexer with its control register. Refer to this figure for
the following discussion.

For the UART multiplexer to connect a TXD line to the UART, the following must occur.
1. A terminal or similar device must send the proper modem signals to the Mini-Exchange.

2. The CPU addresses and selects the UART's control register. At this time information is sent on
the data brs 10 this register.

3. The control register enables and selects the multiplexer.

4. These sclect signals enable the one TXD line from the requesting communication port to the
output of the multiplexer.

S.  This data is sent 10 the UART for processing.

"
TRDO M e b—— RXDP n} - .
TUDY M —ed b AXDP L
TD2 M —df
FROM EACH . e
PORT'S RECEIVER | TXDE H —
™GOS M — UART
TXD6 W MULTIPLEXER
l TXD7 M —
SELB L CLOCK
RESET —ef CLEAR ADDRESS
LINES
1\)
UART }1 SELECT
REGISTER
ENABLE

< DATA BUS >
MA Q. ne

Figure 2-11 UART Multiplexer with Control Register

2.3.6.2 Port Multiplexers - These multiplexers control the data flow between the communication ports.
They operate similar to the UART multiplexer. Each communication port has a port multiplexer’s output
line connected to its RXD pin. Also each communication port has its TXD pin connected to each of the
port muluplexer’s input lines.

Figure 2-12 is a block diagram of port 8's multiplexer and its control register. Each of the eight ports are
the same as this port except for these three differences.

. The select on the control register corresponds to the port number minus 1.

2. The TXDP, from the UART is placed in the port numbers position so the UART can send data
to cach port when selected. -

3. The RXD corresponds to the port number minus |. The multiplexer control registers are
described in Section 2.3.7.
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113}
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Figure 2-12  Port 8 Multiplexer with Control Register
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Figure 2-11  UART Multiplexer with Control Register
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2.3.7 Write Control Registers
These control registers hold status information from the data bus Once cnabled. they transfer data
directly 1o the appropriate device. See Chapter S for the bit definitions of these registers

Figure 2-13 shows the write control registers with their select signals and the data bus. Refer to this fNgure
for the following discussion.

2.3.7.1 Muitiplexer Control Registers (Figure 2-13) - Thesc registers are quad edge-triggered D Mip-
M.Mimmﬂmﬁuufamhoﬂkﬁmmmipkmmthmhmd-cigm for the port
Mduﬁwt&UARdetiplem.SdectﬁnakSELOlhmghSEL!mblcacho‘thuc
control registers. When selected. the data from the data bus is latched at the output lines of the register.
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Figure 2-13  Write Control Registers with Data Bus

1.17.2  LED Display Register - This register is also a quad edge-tniggered D Mp-flop. It controls each of
the four red LEDs. When the address decoders enable this chip (SEL 14). the data from the data bus hghts
one or more of the LEDs. This register displays testing mode results.

2.3.7.3 Modem Control Registers - On the logic board three modem control registers are writlen to -
DSR. RI. and CD/CTS. These control registers are 8-bit addressable latches. When the address decoders
enable these chips, the data from the data bus latches one of the output lines. This output linc is a discrete
signal and latches cither high or low depending on the data from the data bus.

2.38 Read Control Registers

These control registers hold status information from a device connected at the rear of the Mini-Exchange.
All of these input signals are discrete. Once enabled. the registers transfer data directly 1o the data bus.
Sce Chapter 5 for the bit definitions of these control registers.

Figure 2-14 shows the read control registers with their signals and the data bus. Refer to this figure for the
following discussions.
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Figure 2-14  Read Control Registers with Data Bus
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2.38.1 Data Terminal Ready (DTR) Control Register (Figure 2-14) - This register is a dual quad
buffer. When the address decoders enable this register (SEL16). the data from the input lines transfers 1o
he data bus. Each communication port has a DTR line connected 1o the DTR control register. The CPL
reads this DTR line 10 determine if a terminal is ready for data transfer.

2382 DFO3 Modem Control Register - This register is half of a dual quad buffer The other half

B
X

2.38.3 Modem Control Test Register - This register is half of a dual quad buffer. When the address
decoders enable this register (SEL17), the data from the input lines is transferred 10 the data bus. This
WMMCD.CTS.MRIMNmmamniuluM.Thhwungisminedauywhen
ihe loopback test plug is connected to a port.

1384 Port Test Register - This register is a dual quad 8-line driver. When the address decoders enable
this register (SEL18), the data from the input lines is transferred 1o the data bus. This data is either +5.0
Vdccrm'rﬂchinﬁumlhemdlhelwphdmplu.alouco(lhepwts.

2.39 Timing Cycles

2.39.1 Data Read Timing Cycle - The read cycle begirs during T2, with the assertion of the ALE signal
(FWI-IS).‘I\:I‘M*OHBMhtchuthead&uomothelowaddmh-.mudm
sclects which control regi the read address decoder enables. At TS, the address is removed from the

register
port O bus. The data read control signal (RD L) is asserted during T7. This signal allows the address
decoder to enable the sclected output line to toggle low. When this happens, the data from the control
register is relcased to the data bus. The read control signal also enables the data buffer to transfer this data
to the CPU for processing. After T12, the read control signal returns to the unasserted state. This causes
the addressed device 1o float its bus drivers and relinquish the data bus. Figure 2-15 shows the data read

cycle timing.

osc
T2 T 12 T3 74 7S 76 77 T8 19 MO 111 142 7Y 12

ALE L |

AD L

PORT O FLOAY

A A TFLOATY DATA N

LOAT x

A A ae

Figure 2-15 Data Read Cycle Timing

2.19.2 Duta Write Timing Cycle - The write cycle. hike the read oycle. begins with the assertion of the
ALE signal which latches the address onto the low address bus as shown in Figure 2-16. This address
sclects which control register the write address decoders enables During T6. the CPU emits the data out
of port 0. The write control signal (WR L) is asserted at T7. This signal enables the data buffer for data
transfer and allows address decoders 1o toggle low the selected output line. When this happens. the data on
the data bus i transferred through the enabled control register and out to the appropriate device. The
cvcle ends when write control signal is unasserted. Figure 2-16 shows the data write cycle timing.
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Figure 2-16  Data Write Cycle Timing

FOR ENLARGED ART
2.18 PLEASE SEE FOLLOWING 2-19

FRAME(S).



T2 T T2 13 T4 175 76 T7 78 T9 MO TII 112 T1 T2

ALE L L_k

WR L

o« JUUUUUULUUUUUUUL

L J T T T

0sc

T2 T1 T2 T3 74 75 76 77 T8 9 MO TIIT12 T1 T2
ALE L k
RD L e
PORT 0 FLOAT DX A-A TFL0A * DATA IN LoaT X

Ll i J L] -; v L
MA 0209 Ba
Figure 2-15  Data Read Cycle Timing
2-18

PORT o(1 FLOAT A-A DATA OUT x

Figure 2-16  Data Write Cycle Timing

2-19

MA 0210 8e







CHAPTER 3
CONNECTOR BOARD

3.1 INTRODUCTION

The connector board contains cight 25-pin [ connectors, two 50-pin connectors, and four red hght
emitting diodes (LEDs). It is on the rear of the Mini-Exchange with cight D connectors and four LEDs
facing out. Figure 3-1 shows the component side of the connector boarA.

3.2 FUNCTIONAL OVERVIEW

The cight 25-pin D connectors (EIA RS-232) are the communication ports of the Mini-Exchange. The
ports labeled | througi: 8 are for connecting the computer teminals and similar devices to the Mini-
Exchange.

The two 50-pin connectors are male connectors and they slide down into the female connectors on the logic
board. The two 50-pin connectors connect the connector board with the logic board.

The four red LEDs display the operational status of the Mini-Exchange. When the loopback test plug is
inserted in one of the communication ports, the LEDs flash the corresponding port number from | through
4

3.2.1 Interface
This section describes the signals that are transmitted and received by the Mini-Exchange.

The communication ports are connected to terminals and similar devices by a RS-423/RS-232-like
interface. The Mini-Exchange operates its communication ports using EIA voltage standards. It converts
these standard voltages to TTL voltage levels through the drivers and receivers on the logic board.

Ports | through 8 can connect to ecither a terminal or a primter. To connect a modem to the Mini-
Exchange, you must connect it to port 8. Ports | through 7 do not have the capability to support a modem.

T

N e §Y em———F

e e —— e

COMPONENT SIDE OF CONNECTOR BOARD
“a 0w ne

Figure 3-1 Component Side of the
Connector Board
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modem support. These are pins 11, 18, 19. and 21. For this reason only port 8 can support a modem.

Table 3-1 lists the signals on the connector pins of the communicztion ports.

Table 3-2 lists the signals and pin-out for a modem cable. This cable is used when connecting port ¥ 1o
modem.

Table 3-1 J8, Communication Port Pin-Out

Pin Signal CCITT V.24 EIA RS-232-C
1 Protective Ground 101 AA
2 Transmitted Data 104 BB
3 Received Data 103 BA
4
5 Clear to Send 106 CB
6 Data Set Ready 107 CcC
7 Signal Ground 102 AB
® Carrier Detect 109 CF
9* Test 0 - -
10* Test | - -
1+ Modem - -
12
13* Test 2 - -
14
15
16* PTest X - -
17
18t Modem Carrier Detect - -
19t Modem Ring Indicator - -
20 Data Terminal Ready 108/2 CcD
21t Remote Loopback - -
22 Ring Indicator 125 CE
23
24
25
NOTE
Pins 9, 10, 11, 13, 16, 18, and 19 are nonstandard
RS-423 and RS-232 connections. Maximum
voltages on pins 11 and 16 must not exceed the
range of ground and +5 V.
* These pins arc used only for the external loopback test. No external devices other than the loopback test plug can use
these pins.

t Signals on these pins arc present only on connector number 8. These pins arc used only when a DFO3Y Modem and should
not be used by other devices. The “Remote Loopback™ signal is always in the unasserted state

32

Table 3-2 DFO03 Modem Cable Pin-Out

Mini-Fxchange Pin DFO3 Modem Pin
Signal Name “umber Signal Name Number
PROT GND I PROT GND I
XD 2 RXD 3
RXD 3 TXD 2
DSR 6 DTR 20
SIG GND 7 SIG GND 7
MODEM L 1} SIG GND 7
MCD 18 CcD L]
MRI 19 RI 22
DTR 20 DSR 6
-120V 21 Loop Test 18.21
D 8 DSRS 23

3.2.1.2  Signal Definitions - Some signal definitions may seem vague. For your convenience, there is a
definition of cach modem control signal in Appendix B, as well as the direction of the signal.

3.2.2 LED Display
There are five LEDs on the Mini-Exchange, one power on LED and four diagnostic LEDs.

3.2.2.1 Power On LED - The green power on LED is on the frunt of the box. and turns on when the
Mini-Exchange is plugged in. This indicates the +5, +12, and —12 V source from the power supply is on.

3.2.2.2 Diagnostic LEDs - The four red LEDs indicate errors found during power-up self-test or errors
found during the loopback tests. At power up, all four red LEDs turn on then turn off if no errors are
found. If the LEDs stay on, there is an error in the Mini-Exchange. The decoded indicator error codes are
in Tabie 3-3.

The LED display register turns these LEDs on or off according to data from the CPU. The LEDs light

when the LED H signal toggles low. Figure 3-2 is a block diagram of the diagnostic LEDs. Table 3-3
decodes the red LEDs.
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Table 3-3 LED Error Codes

32.3 Connectors

LED4 LED3 LED2 LED1 Error Condition

FEFFSPFTFRQ8]888S
§YPPI38899998888

Port 1 error detected

System module failed

9922992299229922
§RELPRPLPLPRPLPS
g
g

None - no self-test errors

System module failed®

NOTE
All the LEDs are lit at power up (lamp test). If they
all stay lit, a system module error is being indicated.

i oo @”

/
LED2 M 2@ .

LEDD W 2 @//
LEDA : @.//_

Figure 3-2 Diagnostic LEDs Block Diagram

a0 e

34

FOR ENLARGED ART

PLEASE SEE FOLLOWING

FRAME(S).

-
2

oo —
LEDY W~y
DI m —-'-*
+*50v -—;4

"
EADTAT
3

€A CcO? '—’q
14 DSA? —'—'-
EiA AND) ——
Lk J

\J

[y :—’

PTESTE L —;‘-
GND —

€A CTS6 2—’
29

1A TXDS —
1

e -

PTESTS | e
GND i

kb

€A CTSS ?
EIA TXDS T
EIA R —od

43

PTEST4 L T
GND ——

a7

EIA CTSA —f
49

EIA THDE ——of

Connectors J9 and J10 are two S0-pin connectors. They connect the connector board with the logic board.
Figure 3-3 shows the two S0-pin connector mMn-ouis.
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CHAPTER 4
POWER SUPPLY BOARD

4.1 INTRODUCTION
The switching power supply converts ac line voltage to dc according to Mini-Exchange specifications. The
user sets the voltage selection slide switch on the rear panel for proper ac input. Table 4-1 shows the two

possible combinations of settings for this switch and the actual ac input. Figure 4-1 shows the component
side of the power supply board.

Table 4-1 AC Voltage Switch Settings

Switch

Setting Voltage Operation

120 120 OK

240 240 OK

120 240 External fuse Slows. Internal fuse and transistor )1 may be damaged.
240 120 No damage. Green LED on front panel may be lit.

m Q q

o

COMPONENT SIDE OF POWER SUPPLY

Figure 4-1 Component Side of Power Su'pply Board
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4.2 FUNCTIONAL DESCRIPTION

The power supply is an off-linc. switch-mode type ac/dc voltage converter circuit It operates at a constant
frequency (30 kHz) using pulse width modulatior .echniques 10 regulate the output voltages. Input voltage
can be cither 120 or 240 Vac supplied from a single-phase/threc-wirc distribution system The voltage
sclect switch and system fuse are accessible on the rear of the Mini-E xchange system box. Maximum nput
power required is 33 watts.

The power supply board contains the line rectifiers, the power switching transistor. switching transformer,
cumddu:aiu.ndmwﬁlm.Thcycoum.clinvolugcmrcguhwddcvolug. The user sets the
voltage selection slide switch on the rear panel and plugs the ac power cable into the Mini-Exchange and
the ac source.

4.2.1 Power Conversion
mlclinevoltlpirnﬁ!wﬁadthenmiﬁdmpmdmadcvduge. The dc is then switched by a
switching transistor (in the basc drive) that presents high voltage dc pulses to the power switching
transformer primary. The transformer’s output - dc pulses - are rectified and filtered again to produce
smooth dc.

WARNING
The input capacitors hold high voltages for up to 30

seconds after system power is turned off

(unplugged).

4.2.2 Control Circuits

The error amp and comparator circuits control the switch pulse duration. They switch off the transformer
to decrease the output voltages. Transistors in the base drive circuit switch the transformer back on again
when the comparator removes its switch off signal.

4.2.3 Protection

Protection circuits prevent damage from incorrect voltages. There is the external fuse, internal fuse. short
circuit, and overcurrent protection. The fuses protect the input and switching circuitry. The short-circuit
plmioadmitiundifanoﬁhelhmompmuppliuisshonedlopmndortoomanmhcr. The
overcurrent protection does what its name implics.

4.3 DETAILED DESCRIPTION

4.3.1 Power Conversion

Incoming ac first passes through a line filter. This prevents power supply and/or computer-generated noise

pulses from feeding back into the ac lines. A full-wave bridge rectifier then converts the ac to pulsing dc. If

the ac linc voltage is 120 Vac, then the full-wave bridge serves also as a voltage doubler and rectifier. This
ides 250 - 350 Vdc to the two input capacitors. The capacitors store the energy for the switching

cycles

The regulation circuits make the base drive switching transistor pulse on and off. This places a voltage
across the primary winding of the power switching transformer turning it on and off. The pulse has a
frequency that stays constant at 30 kHz. However, the pulse width changes to control the amount of power
the transformer couples to the power supply outputs.

There are three secondaries to the transformer, one for each of the output supply voltages. Each output is

rectified and passes through a rectifier diode and an LC filter to smooth the pulses and stcady the de¢
outputs. Figure 4-2 is a block diagram of the power supply board.
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Figure 4-2  Power Supply Block Diagram
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4.3.2 Control Circuits

The control circuits are the error amplifier, resistive summing network, and comparator. The +5 and +12
Vdc voltages are compared by the resistive summing network that provides a constant input to the error
amp. The error amp then sends the difference of this voltage and a reference voltage to the comparator
which provides a pulsing signal 1o the base drive transformer.

The comparator determines the correct pulse width by comparing the output from the error amp to the
=12 output voltage. When current demand is high, voltage drops. The comparator senses the voltage drop
and increases the pulse width. This permits additional encrgy transfer during this extended switch pulse.

When the switching transformer is turned off. the —12 output voltage drops and turns the comparator
transistor off. This cuts off the base drive transformer which allows the switching transistor to turn on
again charging the switching transformer. Table 4-2 shows the pinning for J2, the d¢ voltage cable
connector.

Table 4-2 DC Voltage Connector, J2

Pin Voltage/Signal

+5 Vde
+5 Vdc
Ground
+12 Vdc¢
-12 Vdc¢

x,;ul.l—
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Figure 4-2  Power Supply Block Diagram
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S.1 INTRODUCTION

CHAPTER §
FIRMWARE DESCRIPTION

This chapter describes the bit definitions for each control register. These control registers are written to or

read by the CPU from port 0 through the data bus.
5.2 WRITE CONTROL REGISTERS

This section describes the control registers that hold status information from the data bus.

5.2.1 UART Multiplexer Control Register

Address: 000010 UART multiplexer control register (write only)
o7 08 0% 04 03 02 o 00
x x X x N AD2 ADY ADO

Bits 07 --04 Not used.

Bit 03 Enable bit, used to enable multiplexer output.

| - Enable output of the multiplexer to the
UART.

0 - Disables output of the multiplexer.

Bits 02 - 00 Address of which port's received data is to be
transmitted to the UART's input.

AD2 ADI1 ADO Port Address

————ccoo
——oc0o==00
~—o—0o=0=0
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FRAME(S).
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5.2.2 Port Multiplexer Control Registers $.2.3 DSR Control Register

Address: 000000 Port | multiplexer register (write only) Address: 000011 DSR (data set ready) control register
000001 Port 2 multiplexer register (write only)
000002 Mlmmplcww(mnmb) Thhngbmmmhtlnb&lmﬂemmrollim.Mm—uplllelBloumiintdem
000003 Port 4 multiplexer register (write only)
000004 Port § multiplexer register (write only)
000005 Port 6 multiplexer register (write only) 0 o6 0% 04 03 07 01 00
000006 MTmniplcww(muﬂ))
000007 Port 8 multiplexer register (write only) x . . . pata | apz | am | aoo
07 08 05 04 03 02 L on
. . 2 . Lol e lin Bits 07 - 04 Not used.
e Bit 03 The value of this bit is used to control the
sclected port’s DSR bit.
Bits 07 - 04 Not used. I = Places the DSR output in the on state.
Bit 03 Enable bit, used 10 enable multiplerers 0 - Places the DSR output in the off state.
output.
Bits 02 - 00 These bits select which port’s DSR changes.
| - Enable output of multiplexer to the
drivers. AD2 AD1 ADO Port Address
0 - Places the driver output in the OFF 0 0 0 Port |
condition. 0 0 1 Port 2
0 | 0 Port 3
Bits 02 - 00 Address of which port’s received data is 10 be 0 1 | Port 4
transmitted out on the channel. Instead a 1 0 0 Port §
channel selecting its own received data, it is 1 0 1 Port 6
connected to the UART. ! 1 0 Port 7
| | | Port 8*
ADO ADI AD2 Data Received On
0 0 0 Port |
0 0 1 Port 2
0 1 0 Port 3
0 1 1 Port 4
| 0 0 Port §
I 0 | Port 6
1 1 0 Port 7
I | 1 Port 8
:—m n connected to the DEOY modem, this port’'s DSR hine functions as the DTR line
FOR ENLARGED ART
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$.2.4 Rl Control Register $.2.5 CD/CTS Control Register
Address: 000012 RI (ring indicator) control register Address 000013 CD (Carrier Detect)/CTS (Clear To Send)

control register
This register controls the Rl modem control lines. At power-up the RI outputs are in the off state
This register controls the CD and CTS modem control lines. At power-up the CD and CTS oulputs are in
the off state.
or [ ] o o w3 0 O o
. . . " e el - aead ) 0% (1 .Y od 1} 0 0 o
i * . * " DATA AD2 aD ano
Bits 07 - 04 Not used menii
Bit 03 The value of this bit controls the sclected -
port s RI bit. Bits 07 - 04 Not used.
. Bit 03 The value of this bit controls the selected
I = Places the Rl output in the on state. port’s CD and CTS bit.
e P G 9 et b Se v I - Places the CD and CTS output in the on
Bits 02 - 00 These bits sclect which port’s RI changes. —_——
0 - Places the CD and CTS output in the off
AD2 AD1 ADO Port Address state
g : : ::"; Bits 02 - 00 These bits sclect which port’s CD and CTS
0 I 0 Port 3 —
2 2 : -t AD2  ADI  ADO  Port Address
| | 0 Port 7
" " " Port 8 0 0 1 Port 2
0 | 0 Port 3
0 | | Port 4
! 0 0 Port §
1 0 1 Port 6
| | 0 Port 7
| | I Port 8*

*  When the modem cable » attached o port X, the CD signal acts as the “Data Signal Rate Selector™ signal for the DFO3
madem
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$.2.6 LED Display Register S3 READ CONTROL REGISTERS
This section deseribes the reginvters that hold status information from a device conrected at the rear of the
Address 000016 LED Dasplay Register Min-b wchange

This register controls the state of the four red diagnostic 1 FDs on the Mini-b schange The TED diplay S31 DIR Control Register
register uses only the low byte This is a write-only register

\ddress 000020 DTR (data ternminal ready ) control register

0 - o - . o o ™ This register indicates the present status of the DTR modem control lines
. . . ’ woe | o | oz | I = On state of the DTR line.
0~ Off state of the DTR hine.

Bits 07 - 04 Not used
D' ! Dre s DIR Y DR & DIm 3} Ote DIm DR O
Bits 03 - 00 LED4 - LEDI - These bits control the state
of the four red LEDs on the rear of the g
Mini-Exchange. Setting one of these bits
causes the corresponding LLED 10 be turned off Bit 07 Present state of DTR . L 5*
Clearing a bit causes the corresponding | D 10 s A AT e
hght. All four bits clear (light) momentarily Bit 06 Present state of DTR for port 7
at power-up.
Bu 0§ Present state of DTR for port 6.
Bit 04 Present state of DTR for port §.
Bt 03 Present state of DTR for port 4.
B 02 Present state of DTR for port 3.
Bu 01 Present state of DTR for port 2.
Bt 00 Present state of DTR for port |.

* When port ¥ i connected 1o the DEOY modem. the port's DTR line functions as the DSR line.
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$.3.2 DFO3 Modem Control Register S.33 Modem Control Test Register

Address: 000023 DFO3 modem control register \ddress: 000021 Modem control test register
This register indicates the present status of the modem control lines used with 4 DFO3 modem During external loopback test. this register tests the modem control lines CD. CTS. and RI
I -~ Modem control is in the on state
' 1 0 - Modem is in the off state.
. . * * - M WD MODE 8
1 !
B » " ] (] 0 o o0
- l " » . TEST TEST TEST O

Bits 07 - 04 Not used.
Bit 02 The value of this bit indicates the state of

the ring indicator (R1) from the DFO3 Modem.

1 Bits 07 - 03 Not used.

j - On state of the MRI normally indicates a

nnsa_uvd signal from the DFO3 modem is being Bit 02 Loopback for carrier detect (CD).

received.

Bit 01 Loopback for clear to send (CTS).

0 - Off state of the MRI line indicates that

no ringing signal from the DF03 modem is being Bit 00 Loopback for ring indicator (R1).

received.
Bit 01 The value of this bit indicates the state of

the carrier detect from the DFO3 modem.

1 - On condition of the MCD line indicates
that the DFO3 is receiving the data carrier.

0 - Off condition of the MCD line indicates
that no data carrier is being received.

Bit 00 This bit indicates the presence of the DF03
modem and cable.

| - DF03 modem cable is not present.
0 - DFO3 modem cable is present.

FOR ENLARGED ART
5.8 PLEASE SEE FOLLOWING 59
FRAME(S).
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$.3.4 Port Test Register

Address: 000022

plug

I = Test plug inscried

0 - Test plug not inserted

0’

Port Test Register

L] o5 o4 0l 02

o

This register indicates the presence of the test plug. The bits of the register indicate which port has the test

s

PTEST?

PIESTR | presTs | presta | presty | presey

PTESTY

PTESTO

Bit 07
Bit 06
Bit 05
Bit 04
Bit 03
Bit 02
Bit 01
Bit 00

Test plug indicator for port 8.
Test plug indicator for port 7.
Test plug indicator for port 6.
Test plug indicator for port §.
Test plug indicator for port 4.
Test plug indicator for port 3.
Test plug indicator for port 2.
Test plug indicator for port |.

5-10
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APPENDIX A
DIAGNOSTIC TESTS

A.1 INTRODUCTION
This appendix briefly explains the testing modes of the Mini-Exchange. The diagnostic tests for the Mini-
Exchange system unit are described, as well as a section on solving potential software problems.

A.2 DIAGNOSTIC TESTS
Two diagnostic programs test the Mini- Exchange system unit itself - Mini-Exchange self-test and loop-
back connector test.

A.2.1 Mini-Exchange Self-Test

The Mini-Exchange switch has a system self-test that runs automatically each time the power is turned on.
After you plug the power cord into a wall outlet, the green light on the front of the system unit lights. The
system then begins a complete self-test and quickly flashes all diagnostic lights on the rear panel once and
then stays off. If the green light on the front of the Mini-Exchange system unit does not turn on, there may
be a problem with power. Check the power cord and voltage selection switch. Check the fuse, if the wire is
broken, replace the fuse. If the light still does not turn on, the Mini-Exchange system unit must be
scrviced.

NOTE
If you run the test more than once, wait five or more
seconds between turning power off and then on.

A.2.2 Loopback Connector Test

Plug the power cord into the wall outlet. Make sure the green indicator light is on. Do not disconnect the
power cable during the loopback connector test. Test one connector at a time. Replace the cable prior to
testing the next connector or tag the cables during this test with the port number of cach connector so that
you can put them back properly. It may be casier to disconnect all cables from the cight connectors but it's
not necessary. Insert the loopback connector into the suspected bad port.

When you insert the loopback connector, the system tests the connector associated with that port and
Mashes the diagnostic lights on the rear panel slowly, in a light code pattern for that particular port. Table
A-1 interprets the on/off combinations that form a light code. If the lights do not flash the proper code.
that individual port is bad and cannot be used When you remove the loopback connector, the lights turn
off. If any or all lights stay on, the connector is bad and cannot be used.

The loopback test plug creates an external loopback of data and modem control lines. Table A-2 shows the
signals the test plug shorts back into the same port.



Table A-1 Light Codes

Diagnostic

Lights

4 3 2 1 Meaning

O O O 8 System is working

O O O Connector |

O 0 ® 8 Connector 2

(o) 8 ] Connector 3

(o} (o) 8 Conncctor 4

e 8 Connector §

o N | O Connector 6

BN BN BN Connector 7

o 8 8 g Connector 8

- System is not working

© means the light is off.@ means the light is on.

Table A-2 Signals

Transmitter Receiver Pin Pin
TXD RXD 3 2
DSR DTR 6 20
CcD Test0, MCD 8 9. 18
CTS - Testl 5 10
RI Test2, MRI 22 13,19
SIG GND PrestX, Modem 7 16 11

The CPU uses PTESTX signal to determine which port has the test plug inserted. This signal sets a bit in
the port test register. The CPU then tests the data paths and modem control lines shown in Table A-2. If
the received data is the same as the transmitted data, the CPU flashes the LEDs shown in Table A-1 to
indicate that the port is operational. If the LEDs do anything different, that port cannot be used.

Table A-2 shows the configuration of the loopback test plug.

A.3 SOFTWARE

Devices that connect to the Mini-Exchange system can use applications software; printers do not need
software for connections. You may want to reload your software before testing again.

lfyammdlmmmfuywmhmmrsmnu Product
Description (SPD) specifies that it can be used with the Mini-Exchange system.

Refgr to the Mini-Exchange Installation/Owner's Manual for more information on software

applications.
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APPENDIX B
SIGNAL DEFINITIONS

Carrier Detect (CD)

Direction:  From Mini-Exchange

The on condition indicates the presence of a through connection in the Mini-Exchange. The calling device
and the called device are connected. The Mini-Exchange will hold this line in the on condition until the
communication is broken. Sce Data Signal Rate Selector signal definition for other functions of this signal.

Clear to Send (CTS)

Direction:  From Mini-Exchange

The on condition indicates presence of a through connection in the Mini-Exchange. The calling device and
the called device are connected. The Mini-Exchange holds this line in the on condition until the communi-
cation is broken.

Data Set Ready (DSR)

Direction:  From Mini-Exchange

Signals on this circuit indicate whether the Mini-Exchange is ready to operate. The on condition indicates
that the Mini-Exchange is ready to exchange further control signals and data with the calling device. The
off condition indicates that the Mini-Exchange is not ready to operate.

Data Signal Rate Selector (DSRS)

Direction: To Modem
Wlmumodemableiamcbdtopwleigm.theM'scmmmduﬂm-lhm-‘ﬂ.
ThisinmfaouipnlallomlheMini-Exchangetoselecthi'horlowspeedopentiuoathmThu
or asserted state of the DSRS selects the “high speed mode™ at the modem. The off or unasserted
condition selects the “low speed mode™ of the modem. At power-up this signal defaults to the off state.

Data Terminal Ready (DTR)

Direction: To Mini-Exchange

The on condition of this signal indicates that a device is responding to or calling the Mini-Exchange. The
off condition indicates that a disconnect is being processed. When this signal is off the Mini-Exchange
stops all through communication.

Modem

Direction: From DF03 Mode Cable

This signal is on port cight only. The signal should only be driven by the DF03 modem cabie. Voltages on
this line must not exceed the range of ground and +5 Vdc. The on or +5 Vdc condition indicates that no
modem cable is present. This line defaults to this value. The off or 0 Vde (pin grounded) indicates that the
modem cable is present. The DFO3 modem cable grounds this signal.
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M*thﬁbhﬁuﬂl&lt&ﬁﬂiﬂvﬂlkﬁuam.mmwmd
condition of the MCD line indicates that no data carrier is being received.

This signal is received on port eight only. The signal is used only when the DFO3 modem is connected to
the Mini-Exchange. This signal indicates the status of the modem's ring indicator. The on or asserted state
of the MRI indicates that a ringing signal from the DF03 modem is being received. The off or unasserted
state of the MRI line indicates that no ringing signal from the DF03 modem is being received.

Port Test X (PTESTX)

Direction: From Test Plug
me-Mlkumiw.mwlhoiﬂiauwﬁchmlmlheleuplu.
This signal is a nonstandard RS-232, RS-423 connection and is used only with the test plug.

Protective GND (PROT GND)
The protective ground is connected to the Mini-Exchange chassis. It is also connected 1o the shiclding
conductors in the interface cable.

Received Data (RXD)

Direction: From Mini-Exc}

Signals in this circuit represent serially encoded characters generated by the user's equipment. This line is
connected 1o the received data output of the user's equipment.

Ring Indicator (RI)

Direction: F .

The on condition indicates the start of a calling sequence to the DTE. The off condition indicates that no
calling sequence to the DTE has started.

Signal Ground (SIG GND)
This circuit establishes the common ground reference potential for all interface circuits.

Test0

Direction: From Test Plug

When the test plug is .aserted, this signal is the port's CD (carrier detect) signal. This is a nonstandard RS-
232, RS-423 connection and is used only with the test plug.

Testl

Direction: From Test Plug

When the test plug is inserted, this signal is the port’s CTS (clear to send) signal. This is a nonstandard RS-
232, RS-423 connection and is used only with the test plug.

Test2

Direction: From Test Plug

When the test plug is inserted, this signal is the port’s Rl (ring indicator) signal. This is a nonstandard RS-
232,RS-423 connection and is used only with the test plug.

Direction: To Mini-Exchange
Signals on this circuit represent serially encoded characters generated by the user's equipment. This line is
connected to the transmitted data output of the user's equipment.
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