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CHAPTER 1
INTRODUCTION

1.1 SCOPE
This manual {‘i’ﬁ'\/l(i*‘b the user with the information necessary ;s install, operate and maintain the
[DUPHI Synchronous Line Interface. The manual is organized into five chapters and three appendices:

{"‘hm ster 1 Introduction
Chapter 2 - Installation
Chapter 3 - Regisier Description

Chapter 4 - Theory of Operation

Chapter 5 - Maéa‘igmzmcc

Appendix A - PDP-11 Memory Organization and Addressing Conventions
Appendix B - Logic %vmh@?"m

Appendix C - Integrated Circuit Deseriptions

This chapter provides a general description of the DUP11 and a general discussion of the Synchronous
Data Link Control (SDLC) protocol and Digital Data Communications Message Protocol
(DDCMPY. Some background material on Cyclic Redundancy Checking (CRC) methods is provided
{~L§\L‘}.

1.2 DUPI1I GENERAL DESCRIPTION

The DUPLI provides 2 data path between a synchronous modem and the Unibus. It operates under
the discipline of SDLC. ADCCP, DDCMP, and other similar protocols. Protocols of the BISYNC
family can be used with some loss of efficiency due to the additional software decisions required.

The DUPILI provides parallel-to-serial conversion of data to be transmitted and serial-to-paraliel con-
version of received data. Logic is provided io create a transparent data stream and to compute a CRC
check character during transmission. All information is handled in 8-bit bytes and VRC parity is not
provided. CRC error detection is provided during reception. Modem control and level conversion
fogic is provided also,

Interrupt control logic is used to generate requests for the transfer of data between the DUP1I and the
PDP-11 system memory via the Unibus. No direct memory access (DMA) logic is contained 1n the
DUPHL

The DUPLT contains logic to perform the following functions:

s

Pr(‘iif'* m control of secondary station address recognition. Primary station operation is used
15 the default condition (SDLC protocol family only}.

2. Programmable SYN character recognition (DDCMP and BISYNC protocol families).
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1.3.3 SDLC Protocol Description

1.3.3.1 Message Format - The SDLC message format is shown in Figure I-1, This formut is called a
frame and is the standard structure for all transmissions.

FLAG ADDRESS CONTROL INFORMATION FRAME CHECK SEQUENCE FLAG
91111110 B BITS g BITS VARIABLE LENGTH 16 BITS SiI11111%
113G

Figure 1-1 SDLC Message Format

The frame starts with the 8-bit Flag sequence, 01111110, followed in order by the Address sequence,
Control sequence, Information sequence (if present), Frame Check sequence, and ends with another
Flag sequence. In some applications, the Flag is preceded by a sequence of 16 zeros.

Fach sequence in the frame is discussed below with emphasis on related operational features of the
DUPIL, if applicable.

Flag Character

The flag character is a unique 8-bit character of the form 01111110, Flag characiers are used to delimi
the message. They can be used to fill in between messages but cannot be used as fillers within messages.
When the transmitter initiates the start of a message by asserting the TSOM (transmirtter start of
message) bit, the initial flag character 1s automatically transmitted. If the TSOM bit is still asserted at
the end of the first flag character, another flag character is transmitted. When the TXDONE (trans-
mitter done bit) is asserted by the DUP11 subsequent to the program’s asserting of the TSOM bit, the
program may respond by loading data into the TXDBUF (transmitter data buffer) low byte, or leave
the TSOM bit asserted and send another flag.

In some applications, the TSOM and TEOM bits are used to initiate a sequence of 16 zeros. This
sequence can be initiated only from the idle state. To transmit this sequence, SEND must be asserted
and TXACT must be cleared. With these requirements met, the program simultaneously sets TSOM
and TEOM and the 16 zeros are transmitted. When the first zero bit is presented to the serial output,
TXDONE is set. Now, the program should ciear TEOM and on the next transition of TXDONE the
program should clear TSOM. The first data character can be loaded now. This point marks the start of
the initial flag character. the first data character is transmitted subsequent to the current flag character.

When the last character of a message has been loaded into the TXDBUF, that character is then
transmitted. Subsequent to loading the last character, the TXDONE bit is asserted again by the
DUPI L. This marks the start of the transmission of the last character. At this time, the TEOM (trans-
mitter end of message) may be asserted in the upper byte of the TXDBUF. The character currently
being serialized (i.e., the last character of the message) is transmitted and followed by a CRC check
character and the terminating flag character. This concludes the message.

When the receiver logic is enabled by the software, it searches for flag characters. If the basic SDLC or
ADCCP message format is followed and the receiver is programmed to operate in the secondary mode,
the following actions ocour.

The cight bits after the last received flag are compared to the secondary station address. If a maich is
not found, the receiver continues to hunt for a flag. When the next flag character is located, this
comparison of addresses is reiterated.

o
i
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contains 0 insertion and O removal logic that is active on all « cters
ission, when five contiguous Is occur, the fransmitter zutomatically
mmg rgcepimm the 0 after five contiguous s is automatically removed,
wxa*:e:p{ the Flag.

- 5

vnvﬂ 1}32. i!d\'f
erts a O after rhu {

! s the information field and is a ; S‘efe"rtz'j to as the Block Check Charaoter
fB( {‘\ or CRC PhLLEs sharacter, It is used in all SDLC mes 1o detect errors.

Logic to compute CRC check characters is included in the transmitter logic. 8 mij
in the receiver i{sgic to check the results when the check character s received TZ*
puting and verifying the CRC cheack is transparent to the program. Any error in th
the rwuwd Nsmk character in SDLC type protocol operation is indicated by a s
er dat ffer. If DDCMP operation is selected, the program must monitor a statu
the desired accumulated results,

o
L

re supported by the DUPHE: CRC 16 and CCITT. When the SDLC os
n is selected, the C l fi’T po olynomial is used and the internal CRC register

4

*

$
to all 1s. During transmission, the complement of the accumulate ej CRC
- sent. If w SDLC or ADC{ > mode is not selected, the CRC 16 polynomial is used
providing CRC checking is not inhibited.
1.3.3.2 Abort Sequence - n abort is the premature termination of a data line by t%‘;e imnsm itt) vzg
station. An abort is ds:zscéfﬁd ’x}' he reception of more than seven contiguous Is. When the abo

message in progress is terminated. A PaﬁgR‘{ERR(}RE 15 set at RXD%\E
he program has m RMTE\ an a interrupt request is generated when R}&i}iﬂ\th is set.

ig station can send abort sequences under program control by setting the TXABORT bit.
pro gram re sparw ?mme to ?h::f TXDONE bit is excessive, the TXDATLAT bit is set and the

1.34 DDCMP Protocol
DDBOMP JM:?IRI Data Communioat
message transfer over standard *xxstmg h irdware.

1,3.4.1  Caatrolling Data Transfers - The DDUMP message format is shown in Figure 1-2.
control character is used in a DDCMP message, and is the first character in the message. Three control
s are provided in DDCMP to differentiate between the three possible types of messages:

SOH - data mes follows
ENQ - control message follo
DLE - bootstrap message follows.

Note that the use of a fixed-length header and message-size declaration obviates the BSC requirement
for extensive message and header delimiter codes.

Figure 1-3 shows a si frgme, exampie of data exchange between the DU P11/PDP-11 and a data terminal.
durss can be derived after a study of DDCMP.

H H i : ~ A F
: i i Lo car-y DATA cre-z |

syn | D osvw LU { .
e | } E E 1 16 8 (A SWIBER OF B-8iT 16 8178 |
; i ; 77T CHARACTERS up TO 2 i

Figure 1-2 DDCMP Data Message Format
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TERMINAL DUPLL/PDP-11

i tey A
LAl 4

rror was de

7 ) ACRC

Sends AUK response of | eitherin g
ACK message or in the response field of 2

data message,

- -
3 {14) Send NACK response of 1 in the

" i “i\_..f(
e

Figure 1-3 DDCMP Sample Handshaking Procedure
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1.3.4.2 FErrer Checking and Recovery - DDCMP uses CRC-16 for detecting transmission errors.
When an error occurs, DDCMP sends a separate NAK message. DDCMP does not rcquns an
acknowl ledgment message for all data messages. The number in the response field of a normal header,
or in either the special N %3& or ACK message, specifies the sequence number of the last good message
receved. For ma*nple messages 4, 5, and & have been received since the last time an acknowledg

ment was sent and message 6 is bad, the NAK message specifies number 5 which says “messages 4 and
S are good and 6 is bad.” When DDCMP operates in {ull-duplex mode, the line does not have to be
turned around — the NAK is simply added to the sequence of messages for the transmitter,

When & sequence error ogeurs in DDCMP, the receiving station does not respond to the m
transmitting station detects from the response field of the messages it receives {or via time-
receiving station is still iooking for a certain message and sends it againt For example, if the next
message the receiver expects to receive is 5, but 6 is received, the receiver will not change the response
field of its data messages, which contains 4. This says: “1 accept all messages up through message 4 and
I'm suill looking for message 5.

1.343 Charauer Coding - DDCMP uses ASCIHI control characters for SYN, SOH, EN¢ and DL
The remainder of the message, including the header, is transparent.”

1.3.4.4 Data Transparency ~ DDCMP defines transparency by use of a count field in the header. The
header is of fixed length. The count in the header determines the length of the transparent iaformation
field, which can be 0 to 16,383 bytes long. To validate the header and count field, it is followed by a 16-
bit CRC-16 field; all header characters are included in the CRC calculation. Onee validated. the count
is used to receive the data and to locate the second CRC-16 which is calculated on the datafield. Thus,
character stuffing is avoided.

1.3.4.5 Data Channel Utilization -~ DDCMP uses either full- or haif-duplex circuits at optimum effi-

ciency. In the full-duplex mode, DDCMP operates as two dependent one-way channels, ea ci” contain-
ing its own data stream. The acknowl] edg,m&ms are the only dependeng; s which must be sent in the data
stream in the opposite direction.

Separate ACK messages are unnecessary and reduce control overhead. Ackzmwiedgmems are simply
placed in the response field of the next message for the opposite direction, If several messages are
received correctly before the terminal is able to send a message, all of them can be acknowledged by
one response. Only when a transmission error veeurs, or when traffic in the opposite direction is light
(no data message to send} is it necessary to send a special NAK or ACK message, respectively.

I summary, DDCMP data channel atilization features include:

I.  Low contro! ¢haracter overhead

2. No “‘character stuffing”

3. No separate ACKs when traffic is heavy - saving on extra SYN characters and inter-mes-
sage gaps

4. Muiltiple acknowledgments (up to 5) with one ACK

3. The ability to support point-to-point and multipoint lines,
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3. This product is divided by P(X)

iﬂOGGi 4 quotient

Tl

P(X) —» 11001

EEaTar]
P1a0d

10006

11001

1001 4 remainder = C(X) = BCC
4 The remainder C(X) is added to X% [G(X)] to give F(X) = 1100111001,
The code message polynomial is transmitte ed. The receiving station divides it by the same generator

polynomial. If there is no error, ‘the division will pmdqce no remainder and it is assumed that the
ge is correct. A remainder indicates an error. The division is shown below,

100001

P(X) —# 11001 |1100111001 €— F(X)
11001

11661

11001

00000 €— no remainder

1.4.2 Hardware Implementation of CRC

The BCC is computed and accumulated in a shift register during transmission. Another shift register

used éurmgz reception to examine the received data and BCC. In ms.h *eglstf*; the number of stages is
ecqual to the degree of the generating polynomial. In the DUPLI, the registers have 16 stages because
I6-degree gen erating p ynomials are used. SDLC uses code ( RC-CCITT whose generator poly-
nomialis X5 4+ X12 +X5 + 1, DDCMP uses code CRC-16 whose generator polynomial is X 54

X? 4+ 1. Both the transmitter and receiver CRC registers have control logic that allows the registers to
be configured for the selected CRC code.

When a message and accompanying BCC character have been received, the CRC logic only indicates
whether the message is in error or not. [t does not correct errors nor does it even enumerate or locate
errors. Under protocol discipline, the sending station is requested to re-transmit the message.

1.4.3 CRC Operation in DDCMP Protocol

Under DDCMP protocol control, CRC operation is exactly like that described in Paragraph 1.4.1,
Mathematical Background

The transmitter and receiver CRC registers are initialized to all Us. At the sending station, the trans-

sritter CRO register processes the information being transmitted imi accumulates the BCC. When the
4 hit of information has been transmitted, the contents of the transmitter CRC register are
transmitted.

1-9
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2.2 i PACKING AND INSPECTION
T

CHAPTER 2
INSTALLATION

2.1 SCOPE
This chapter provides

srmation for installing and checking cut & DUPI! Synchronous Line Inter-

Fthe DLIPHL — the DU t+ consisty of six items {refer

only one verss

\11”%“:‘ Bit Synchronous Interface
22F-25 Cable

H?xm Tes )
H3001 Distribution Paneé
74-27292 Bracket®

. Report any dam

> or shortage immediately to the shipper and

. representative.

2.3 TOOLS REQUIRED FOR INSTALLATION
The standard field service tool kit contains ail the required toois for the instailation of the DUPIT.

2.4 PREINSTALLATION SET-UP PROCEDURES
Before instaliing the DUPL1T option, the following five steps must be performed.

1. Examine the ¢ig 'hljm*p*:ws (W1 — W8) on the M7867 module. Refer to Figure 2-2 to locate
and identify the jumpers. All M7867 modules are shipped with the standa mmp“ <on-

uration described in Table 2-1. All DUP1I d,idgm;sg,;;w must be run on c,aci M7867 utili
ing the standard jumper configuration. After successfully completing the d ’wmxtlc Wst;ng
in the shipped configuration, the M7867 may be reconfigured to meet the customer’s ff:ﬁmrc
ments. M%E\?)EC ( '?"BPE (DUP11 Quick Verify Test) should then be run to verify oper-
ation of the new configuration.

2. The DUPII device address must be selected in accordance with Paragraph 2.9 For diagnos-

device address default = 760050,

3. ’I e DUP11 vector address must be selected in accordance with Paragraph 2,10
tics, vector address default = 770,

cations not incorporating 1O bulk

21




BIT SYNCHRONGUS INTERFACE

. o .
i &1 ;‘" 1 4 #
SANEVOVR J USRIV - SO SRRSO S . | S—

e

e, e
iy do

BC22F CABLE T g

I

e o s

Gy

31 DISTHIBUTION PANEL

o

Figure 2-1 DUP11 Parts Diagram
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Table 2-1 M7867 Jumper Configuration

Jumper Standard Function
Number | Configuration
Wl tnstalled ; s e — With this jumper
the d ta %ct bwmdar} Received Data line is rec
This jumper i used in conjunction with jumper b this jumper
ﬁmnv“d pin JJ of the Berg header is available for some other function
W2 Removed Secondary Receive Disable — This jamper must be remy when W
is installed. Conversely, it must be instalied WE‘H‘:I) ‘;*v; removed
When mnstalied, the i;ﬁs SEC REC receiver in seopunded; how-
rer, this has no effect on the Berg header, « A\.i LA : set,
Wi Installed “lear option - ;h this jumper removed, the following bits cannot be
dxrmfw cieare y DEVICE RESET or BUS INIT.
Secondary Transmit Data {(RXCSR bit 3)
Request to Send (RXCSR bit 2)
Data Termina! Ready (RXCSR bat 13
Some data sets may require that ¢ zoluded from a
device reset function.
W fngstalled his jumper insta he state of
s sent to the data set. With this
%hn Sk 3,?’2& is uh“‘ﬁ“ﬁlﬁ& at the ou fthe FIA
ata sets do not use this signal.
WS Removed A Data Set Control — With this jumper remaoved, positive transitions on
the Ring line and any Hﬂmmoi‘m on the Clear to f»end ling set ADAT
SET CH. This flag requcsts a receiver interrupi if the 3?\1 TEN bit has
1 set bﬂ; the ;‘«mgrzm‘ﬁ With this jumper ins ; transition on
three additionat lines set ADAT SET CH:
Carrier
Data Set Ready
Seeondary R
Wt Ingtalied A and B Dais | - With this jumper installed, ransitions on
the Carrier, Data Set Ready, and Secondary Rmmw Data lines set
BD: if SET CH. This signal is a g only mé csv; not request inter-
rupts. With this | moved, 1 g (RXCSR
bit ) 18 inhibited.
W7 fnstalled NPR Latency Improvems
LeNCY UNpro mcrxt c,m.ui in the ir ,rsupi control ‘ingm
jumper sho e removed only if the DUPIL s ins
using a KA1l processor with no KH11 latency reduction ap stion.
WE Installed External Clock Enable — Remove for Bell 201 A moden.
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Figure 2-3  DUPI11 Cabling

2.5.1 M7867 Module iastallation

ot

The DUP11 can be installed in any small peripheral controller (SPC) hex slot in the PDP-11 UNIBU
Figure 2-4 shows the DD11-B system unit. This unit contains four slots but the DUPI! can only be
installed in slots 2 and 3 because of the configuration of the prewired backplane.
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WARNING
Turn all power OFF,
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ation procedure is as fol

s man-

ets that reguire a slig

the orientats

e miust

removed in Step 1.

NOTE
it is imperative to maintain an interference-free en-

vironment outside the cabinet enclosure. Any addi-
tional panels that mav have been removed to facil-
pate ' of f%st H’*‘ii%“’ 'f’;éu.st ;}s
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Connect the female Cinch connector of the BC22F cable to the 25-pin Cinch connector on
the rear of the H3001 module. The cable should exit the cabinet with the other signal cables.

CAUTION
BC22F cable lengths in excess of 7.62 meters (25
feet) may exceed the maximum load capacitance
defined by the RS-232-C specification. Note,
however, that up to 15 meters {50 feet) provides
satisfactory DUP11 performance levels.

6. Connect the other end of the BC22F cable to the modem or 10 the H325 test connector which
is the configuration assumed by thc d;{i},ﬂ()bill,&

7. Turn power ON.

2.5.2.2  H3001 Installation in Cabinets Without an 1/0 Bulkhead -

i Gain access to the rear of the system cabinet and mount the bracket (Part No, 74-27292) 1o
one of the rear side rails as shown in Figure 2-7. Mount the H3001 distribution panel into the
bracket.

2. Rouie the runmﬂmg BCORS cable through the cabinet and to the bracket at the rear of the
cabinet. Keep in mind that the cable must be routed and dressed in a manner compatible
with the existing cabinet cabling.

i Plug the connector on the free end of the BCOS8S cable into the Berg connector on the rear of
the H3001 distribution panei Make sure that the ribbed side of the cable faces the pins let-
tered A to UL {not B to VV) of the Berg connector (see Figure 2-9). This assures pin to pin
correspondence between the wnnccts}rs of the M7867 and H3001 modules.

4 Connect the female Cinch connector of the BC22F cable to the 25-pin Cinch connector on
the rear of the H3001 module. The cable should exit the cabinet with the other signal cables

CAUTION
BC22F cable lengths in excess of 7.62 meters (23
feet) may exceed the maximum load capacitance
defined by the RS-232-C specification. Note,
however, that up to 15 meters (50 feet) provides
satisfactory DUP11 performance levels.

3. Connect the other end of the BC22F cable to the modem or to the H323 test connector which
is the configuration assumed by the diagnostics.

6. Configure the H3001 panel switches according to the chart in Table 2-2.

Turn power ON.
Figure 2-8 is inciuded for convenience. Use this figure for quick reference when installing the DUPYI
option.
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Figure 2-7 Side Rail Installation of H3001 Distribution Panel
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Table 2-2 13001 Switch Settings

55 ON

510 *

S12
513
514
S15

SWITCHES ARE OFF UNLESS OTHERWISE INDHCATED

s,

* ON IF NEW SYNC CONFIGURED ON M7867
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SELECT DEVICE
ADDRESS.
(SEC 2.9)
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SELECT VECTOR
ADDRESS

(REC 2.10)

-
Y

COMFIRM THAT
APPROPRIATE PRIORITY
PLUG IS INSTALLED®

'

APPROPRIATE PLUG

INSTALLED

S—

REPLALCE PLUS

NO

PARAMETER CHANGE MUST
THE DIAGNGSTIC PROGRAM

Figure 2-8 Installation Procedure Flowchart (Sheet 2 of 6)
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SN 128 10 150

'

H3001 MODULE (RIBBED SIDE
G BERG PING A-UU).

ATTACH ALTERNATE N
BRACKET TO SIDE RAI
REAR OF CABINET (SEC
2.5.2.2)

¥

4

CONNECT FEMALE BERSG
CONNECTOR OF BCOS CABLE
TO BERG 0N INSIDE OF
H3001 MOIUILE (RIBRED SIDE
FACING BERG PINS A-UL.

T CINCH CONMNECTOR
2 CABLE TO CINCH
CTOR ON QUTSIDE CF

¥

INSTALL #3001 MODULE INT
ALTERNATE MOUNTING BRAI

EN EACH
GROUND

NG SHORT

EQTUJ“. r’e Pi ?2?

BN RGO

Figure 2-8  Installation Procedure Flowchart {(Sheet 4 of 6)
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RECONFIGURE DUPTY
MODULE AND H3001
MODULE TO CONFORM TO
CUSTOMER'S REQUIREMENTS
[TABLE 2-2 AND 215,

RUN CZDPE TEST
3% WITH NO ERRURS.

JECT MALE CINCH
ECTOR QF BC22F
ETO CONNECTOR ON
DEM {SEE FIGURE 2-3).

EXIT

Figure 2-8 Installation Procedure Flowchart {Sheet 6 of 6)
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Figure 2-9  H3001 Distribution Panel

NOTE
Due to the extensive variety of modems currently
available, DIGITAL cannot guarantee that the
DUP1T interface will fully support all features of
every modem,

28 POWER REQUIREMENTS

The DUPIT requires the following power:

2.9 DEVICE ADDRESSES

2.9.1  Introduction

system.

es are 1o be assigned floating ad
rd floating means th
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EXAMPLE 3: 1 DUP1I

760010
760020
760036
760044 ] g

760030 DUPLI first address

760060 Indicaies o more DUPL1s and no other devices {nllow.

2.9.3 Device Address selection

N In the floating address space (760010-764000), bits 13-17 are always 1s (function of PDP-11 processor)
Appendix B shows the PDP11 memory organization and addressing conventions. Bits 3-12 are selected
by switches in the address decoding logic (Table 2-3). With the switch ON {closed), the decoder looks

. for 4 0 on the associated UNIBUS address line; conversely, with the switch OFF (open), the decoder
iooks for a 1 on the aszociated UNIBUS address line, Bits 1 and 2 are decoded to select one of four
registers. They determine the least significam digit (octal) of the device address because bit 0 is not
used for address decoding. 1t is used to select the proper byte during byte transactions.

Tabie 2-3  Guide for Setiing Switches to Select Device Address

Switch No 10 3 | § 7 6 5 4 13 2 1 Device
Rit No. i2 it I g & 7 6 2 4 3 Addrass
i X
i | X ‘K
; X X
! X X
% X X !
‘ X
- g
' X L
|
X X TEOSGE
XX X
! X

C

% | i

3 i % X

: D 4 1

i ; - N
Notes:

1\«(‘*"“‘%., . X

switch off {(open) to
numbers a 3

ssical ¢




AT
TEXXNXD

XX4

XXX6

paf‘x ge.

s S

3i1a)wr,

The switches a

&

TEsE

i ‘iaa*{

nt the vect:

By

2ad Only) and Para
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"i ﬁ DUPi1 is shipped with a BRS priority selection plug installed in the interrupt control logic. This
gic generates two vecior addresses: receiver interrupts generaie vector addresses of the form X X0,
: é transmitter interrupts generate vector addresses of the form XX4. For this method of aperation, the
e of b;i 2 is selected by the logic, not by a switch. The two most significant octal digits of the vector
addfcss are determined by switches in lines 3-8 (Table 2-4). With the switch OFF (open}, a 0 is gener-
ated on the associated UNIBUS data line; with the switch ON { med), a 118 generated on the associ-

dkm‘ UN BUS data hne. Also, the NPR jumper (W7} in this Jogic s left in to improve NPR latency

C.;‘ s

Table 2-4  Guide for Setiing Switches (o Seleet Vector Address

Switch No, 1 1 3 4 5 6 ¢ Yector !
‘Bit No. 3 6 5 4 3 Address
X % X | X 300
X X X 310
X X X 320
| X X 330
X X | X 340
! X X 350
X X 360
X (370

X X X X | X 400

X XX X 500
X X X | X 500

Switch Identification
”iﬁc vector address sciection switches are contained in one DIP switch package (E59). Refer to Figure
for the location of the ﬁd(;i&a».gi Only six of the eight switches in the package are used. The correla-
ion between switch numbers and bit numbers is shown in Table 2-4. The ON and OFF msiﬁﬁm and
i we switch nambers are marked on the package. The switches are rocker or slide type and are pushed to
the desired position.
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CHAPTER 3
REGISTER DESCRIPTIONS
AND PROGRAMMING INFORMATION

3.1 INTRODUCTION
This chapter describes the bit assignments for the five DUPI1 Registers. It also inciudes some test
programs for use in checking specific aspects of the DUP11 operation.

3.2 DUP11 REGISTERS AND DEVICE ADDRESS SELECTION
The five registers used in the DUP1] are shown in Table 3-1. There is no conflict in assigning the same
address (76XXX2) to twa registers because the RXDBUF is read-only and the PARCSR is write-only.

Communications devices are assigned floating device addresses in the range 760010 to 764000, Rules
for assigning floating device addresses are contained in Chapter 2.

3.3 INTERRUPT VECTORS
The DUPL1 generates two vector addresses: receiver interrupts (REQ A) generate vector addresses of
the form XX0, and transmitter interrupts (REQ B) generate vector addresses of the form XX4.

Coemmunications devices are assigned floating vector addresses in the range 300-777 {300-534 are
reserved). Rules for assigning floating vector addresses are contained in Chapter 2.

3.4 PRIORITY SELECTION

The priority selection (BR level) for receiver and transmitter interrupts is selectable on the module via
a plug-in priority selection card. The DUP11 35 shipped with a priority 5 card installed that establishes
BRS as the bus request level for interrupts.

3.5 REGISTER BIT ASSIGNMENTS ‘
Bit assignments for the five DUPI1 registers are shown in Figure 3-1. Each register is described by
showing a bit assignment itlustration and an accompanying table that discusses each bit in detail.

Table 3-1 DUPI1 Registers

Register Name Mnemonic | Address Comments
Receiver Control and Status RXCSR  [76XXX0 Word- and byte-addressable.
, Read/write.

Receiver Data Buffer RXDBUF | 76XXX2 [Word-addressable. Read-only.

Parameter Control and Status PARCSR |76XXX2 [Word-addressable. Write-only.

Transmitier Control and Status TXCSR 76XXX4 Word- and byte-addressable.
Read/write,

Transmitter Data Buffer TXDBUF |76XXX6 Word- and byte-addressable.
{Read/write,

3-1
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ceiver Control and Status Register Format

Table 3-2  Bit Descriptions for Receiver Control and Status Register (RXUSR)

{ Refer to Figure 3-2)

7 —
Bi¢ Name ¢ Description
15 ADATBRETCH This bit is set when my of the following transitions occur on the
{DData Set Change A} data set controel Iin
A positive transition on the Ring line greates than 10 ms.
Any transition on the Clear to Send line.
An optional jumper modification allows this bit to %e set by ;r;y
of the following i msitmm This modification is a field installa-
tion change suppurted by diagnostics.
Any transitions of the Carrier line
Aqyv transitions of the Data Set Ready line
vy transitions of the Secondary Received Data line
Normally these three transitions cause the EB 3 B
bit 1o be set in this register. If the jumper modi nasle,
this bit is disabled.
If bit 03 (Data Set Interrupt Enable) of this register is set, the
assertion of this bil causes an interrupt to the receiver vector.
This bit is program read only and is cleared by INIT, device
reset or when the RXCSR is read.
14 RING

This hit reflects the state of the mode
transition of this line greater than 10 ms causes the Data Se
Change A bit 1o be set.

m Ring line. Any positive
{

- This bit is program read-oniy.

L)
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Table 3-2  Bit Descriptions for Receiver Control and Status Register {RXCSR; {Cont)

(Refer to Figure 3-2)

Bit

Name

Description

SECRCV
{Secondary Received
Data)

If extended secondary addressing is implemented in a system
(i.e., 16-bit addresses), the second byte of the address must be
recognized by the software.

DDCMP or BISYNC Protocst:

Setting the DEC MODE bit in the PARCSR causes the D ‘;P H
to operate in a manner compatible to the DDC ?ﬁ or BISYNC

family protocols.

The low byte of the PARCSR must be loaded with the SYNC
character being utilized by the system. This regiter is used only
by the receiver logic for comparison purposes. It is not utitized
by the transmitter logic.

When the RCVEN bit is asserted, the receiver %{;s—gif: searches the
received data stream for two consecutive SYNC characters.
When two consecutive SYNC characters have been recognized,
the receiver is to be considered synchronized to the transmitting
station. At this time, all characters subsequent to the two SYNC
characters that caused the synchronization are presented to "i e
program (i.e., RXDONE is set) conditional on the chara

and the state (xf the STRIP SYNC bit asserted by the progr a

The RXACT bit is normally asserted when the first harae er is
received subsequent to the synchronization pzs: evs, unless the
STRIP SYNC bit is set. If STRIP SYNC is set, the assertion of
RXACT by the DUPLI logic is dela§ ed until the first non-sync
character is received. Once RXACT is asserted, the CRC detec-
tion logic is activated, provided it is not inhibited in the
PARCSR (bit 9) and the STRIP SYNC function is disabled
internally,

When the completion of the message has been detected, the pro-
gram must clear the RCVEN bit to re-initialize the receiver.
Clearing the RCVEN bit causes the RXACT bit to be cleared
also.

This bit 1s program read only and is cleared by INIT, device
reset, an off transition of RCVEN, and an ABORT sequence is
received in the SDLC or ADCCP mode.

This bit reflects the state of the Secondary Received Data line
from the modem. Any transition on this line causes the Data Set
Change B bit to be set unless the data set change jumper modifi-
cation has been installed. Refer to bit 15 of this register.

Used with certain modems only. This bit is program read only.

3-5




Table 3-2  Bit Descriptiens for Recsiver Contrel and Status Register (RXCSR: (Cont)
{Refer to E igure 3-2)
Hit MName
g DATSETRDY {or interlack)
{Data Set Ready)
beern ’ﬂxfaile%
{ Program read only
|
8 L STRIPSYNC
recuvm thcu th ntents of ihe low
PARCSR and are contig the initial SYN
esented to the program (le., RXDONE ws
s set.
is useful in
i subseguent to ﬁ_
chronization of the
NOTE
This bit must be cleared when the SDLC or ADCCP mode is
invoked, Failure to clear this bit disables the receiver logic.
This Bit is pro 1 by INIT or device
reset.
7 RXDONE it is set and a
{Receiver Done) iate
3-6
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Table 3-2  Bit Descriptions for Receiver Control and Status Register {RXCSR; i(ant?

{Refer to Figure 3-2)

ok or

Bit Mame Des{rzpimn
This bit is program read and is cleared by reading the
RXDBUF, INIT, or Device Reset,
. An interrupt request is generated if the R»‘:%mr Done Interrupt
! Enable bit is set when this bit is asserted.
& RXITEN When set, this bit allows interrupt re ts y be made to the
# {Receiver Interrupt recetver vector if the RXDONE bit s se
Fnable)
All interrupts should be serviced at a processor ievel equal to o
higher than the device Bus Request level which is shipped at
fevel 5
This bt is program read/write and is cleared by INIT or davice
reset.
5 DSCITEN When set, this bit allows inte :rrupi'rcquw Lo ‘k made to the
{Data Set Interrupt receiver vector if the Data Set Change A bit is se
Enable)
All interrupt requests should be serviced at a processor level
equal to or higher than the device interrupt request level which
s is shipped at level 5,
This bit 1s program read/write and is cleared by INIT or Device
Reset.
!
4 i RCVEN This bit &.O‘f'*i.fﬁ*fﬁ"s the operation of the rene;ze agif:. When
{Receiver Enable) initmi} set, the receiver 1s enabled to search for synchro-
nization, irrespective of the DUPI1's Gpemhng mc«de.
§ Once synchronization has been achieved, the recepziﬁﬁ of
; received data and timing is controlied by th;a bit.
Clearing this bit at any time causes ail receiver timing and con-
troi functions to be reset asynchronously to the modem ¢lo
the data stream currently being received. The RXDONE bit is
cleared by the off transition of this bit.
g This bit is program read/write and is cleared by INIT and
device reset.

S5ECTX
{Secondary Transmit
Data)

This bit is connected to the Secondary Transmit Ene of the mod
em. Supervisory data can be transmitted over this line af a
reduced rate. This applies to certain modems only.

This bit 1s program read/write and is optionally cleared by
INIT or Device Reset.




ble 3.2 Bit B3escriptions for Receiver Contral and Status Register (RXCSR; (Cant)

Lﬂ

{Re %‘;w Figure 3-2)

Bit Mame : Description
2 RTS Wher set, this bt causes the Request to Send lead to be asserted
L cquest to Send) at the modem interface.
This bit i3 program read/write and
INIT ans Dev:?; Heset.
; ;E&
Data Terminal
ady)
BDATSET CH

{Data Set Change B)

on of the Carrier line

on of the Data Set Ready line

1 of the S8szcondary B

it is inhibited and the sggnai tran-
i ith the sigral transiiions
s case Data Set Change

5

cited above,
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Figure 3-3

Receiver Data Buffer Register Format

Table 3-3  Bit Descriptions for Receiver Data Buffer Register (RXDBUF:

(Refer to Figure 3-3)

Name

Description

i4

RX ERRCR
{Receiver Error)

RECOVERRUN
{Receiver Overrun)

This bit is set if one of the three error bits in the RXDBUF i
set. (Logical OR of bits 14, 12, and 10.)

if the BEC mode biii set, é‘sfs aﬁﬂng of bit 12 does not cause this
bit to be set.

This bit is program read oniy and is cleared only when bits 14,
12, or 10 are cleared,

xhls f i
i response

When the receiver logic detects an overrun condi
set. An overrun is caused primarily by poor prog
time.

Once the RXDONE bit is set, the progran: must tespond within
{1/bps) {(8+n) (bit time) sec: if not, overrun occurs. This condi-
tion indicates the loss of at least one character. This bit causes

the error Wit to be sat

This bit is set for a minimum of one character time. T 3
cleared within one character time after the overrun condition
has been relieved by reading the RXDBUF (i.e., When the next
transfer from the internal receiver shift register into ihe
RXDBUF occurs).

The Receiver Error bit is sel when this bit is set.

n = pumber of inserted zzro bits (SDLC or ADCCP oniy)

{h'ﬁ A}

This bit is program read only and is cleared hy INIT, device
reset, or by clearing RCVrh

3-9




Table 3-3  Bit Descriptions for Heceiver 12ais Buffer Register (RXDBUF; {Cont)

{Refer to Figure 3-3)

Bit

Mame

Description

-
bk

o
Pk

£3
el

RCRCERR + ZEEO
{Receiver CRC Error)

RABORT
{Receiver Abort)

REND MESG
{End of Received
Messa el

Ressrved.

W‘zr;n the SDLC or ADCCP mode is selected, this bit is set

when the receiver logic detects a CRC error upon termination of

am 3,, age. The error check is made only when the REOM E“z is
the RXDBUF.

When the DDCMP p*‘mu 51 is being used, this bit is set when
the mternal receiver CRC register is equal to zero.

When this
the next trggzﬁs is made
receiver shift register.

set: one character time, oru iitil
t}‘ B¥XDBUF from the internal

«mv

The Receiver Frror bit is set when this bit is set if the DEC
MGDOE bit is cleared in aézz, PARCER.

This bit is program read and is cleared by INIT, device reset, or
by clearing RCVEN.

Reserved.

When an SDLC or ADCCP abort sequence has been received,
this bit is set. All receiver iiming, internal control and registers
are reset. The receiver ifsgm detects ABORT sequences, g:»r::wid-
ing an initial or final flag character has been received. The
ABORT sequence is (ﬁymmu as seven or more contiguous s, If
mul ftiple ABORT sequences are being transmitied the receiver
icates reception of only the first ABORT of the sequence. If
the RCVEN bit is left rted, the receiver resumes searching
for a flag synchronization sequence.

The RXDONE bit is set when the 1%‘(‘- t sequence is received
and the Receiver Error Bit is set als

This &it is cleared by INIT, device reset, clearing RCVEN, or
reading the RXDBUF.

SDLC

Thizs Bit is fv;:ci:zmal only

or XXE}{"“{‘”‘?
when a terminating flag ¢ Ti

acter is received. T

a flag character is rccewsé with the RAACT bit set. W hen this
bit is ey, bits D700 of

is register are inva

um of one character time. The next
ft register into the R ‘ﬁ)BI “¢lears
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Table 3-3  Bit Descriptions for Receiver Data Buffer Register (RXDBUF; (Cont)

{Refer to Figare 3-3)

Hit Name Description
8 RSTR MESG This bit is functional only in SDLC or ADCCP mode. When
{Start of Received operating in the primary mode, this bit is set when the first data
Message) character is received. When ﬂperatsrg in the secondary meode,
this bit is set if the character following the last received flag
matches the contents of the secondary station address register.
This bit ts set for a minimurm of one character time. The aext
transfer from the receiver shift register into the RXDBUF clears
this bit.
This bit is program read and is cleared by INIT, device reset, or
by clearing RCVEMN.
7-0 RXDBUF This register contains the data received from ;ﬁz;

{Receiver Dats
Buffer)

S

‘K
characters that are presented to ths:* ; o ;_z am throuy
ter are eight bats,

All characters in this register are right-adjusted with bit 00 being
the least significant bit, and kit 07 being the most significant bit.

When the End of Received Message bit is set, the data in this
regisier is not valid,

chmk cnaracters z?sd,t we:re: transmztieci,

These bits are program read and are cleared by INIT, device
reset, RABORT, or by clearing RCVEN,

15 14 13 2 o s 08 07 08 04 83 o0z o1 0

T 7 T ! j ! i
i ' i i i H H
i i ; i H
5 ! . ‘ { | | i

T T T T g —

I R B | s

| RESERVED | RESERVED | RESERVED (ADREC + SYNC)

i ?

DEC MOBE  RESERVED
$-3334

Figure 3-4 Parameter Control and Status Register Format




ble 3-4  Bit Descriptions for Parameter Control and Status Register (PARCSE)
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ame Description
5 DEC MODE
ability to
RR. Wi
im must
:settiz;-w
i“XEnz LATE G
to idie ‘i‘% NCse
| ,
Z SEC MODE mr xly protocols only. Cleared for DDCMP
{Secondary Mode
Select) ‘ ;
Whe i3 bit iy cle:
tion, 1ata s
presented to the p;
i
address m
, %g,%eﬂxf : hi

character is not presented to the program in
mode.
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Table 3-4  Bit Descriptions for Parameter Control and Status Register (PARUSR) (Cont;
{ Refer to Figure 3-4)

RBit Name Description

ed,

| If extended secondary addresses are us
the first 8 bits of the address can be d
The software must confirm the next 8

{i.e., 16-bit address),
tected by the hardware.
bits of address.

% This bit is program write and is cleared by INIT or device reset.
}
i1, 10 Reserved,
. G NO CRC When set, this bit inhibits the transmission of the CRC check
{CRC Inhibit) character and testing of the CRC error detection logic during

reception,

This bit is program write and is cleared by INIT or device reset.

Reserved.

A

wnd

~0 ADREC + SYNC This *ﬂgistcr contains the desired secondary station address
{Secondary Station when uperahng in the SDLC or ADCCP secondary mode. T
Address Register or contents of this register is compared to the character recoived in
Receiver SYNC the whr{f register (excluding zeros inserted for transparency) sub-
Register: sequent to the last received {lag character.

If the DEC MODE bit 15 set, this register must be loaded with
the expected SYNC character.

This register is used by the receiver logic only.

Bit (00 is the least significant and bit 07 is the nmost significant.

These bits are program write and are cleared by INIT or device

i

AINTENANCE |

H

% FT A A 5 L2 & §
bTx wxm | [MATISEL B AND !
; CATA QUTY MAT SEL A : !

E

TRANSMITTER MR MAINTENANCE DEVICE
DATA LATE CLUOH INPUT DATA RESETY
ERROR (MALI S5 CLK) (MAT DATH)
(TXDAT LATE]




Table 3-5  Bit Descriptions for Transmitter Control and Stal
(Refer to Figure 3-5)
i
Tante ¢ Description
1%
j 3N {
ITGETAM MUt 1esporni
XDS?J‘: within the follow
{(1/bps} 8 + N {bit tim
? N o= "umé’% v aof zeros inse
| SDLC or ADCCP mode wnky
;d and iz cieared
14 "“{ MAINT DATA
This bit s program
and is cleared by {‘ set,
13 [ MAISSCLK 5 f and receiver clock
{Maintenance Clock) diagmﬁm
| i mode, the

A l-to
contents of ¢
fine,

This bt must be cleared durin rmode.

3

| This bit is program read/write and is cleared by INIT or device

reset.




Table 3-5 Bit Descriptions for Transmitter Control and Status Register (TXCSR (Cont;

{Refer to Figure 3-5)

Bit

Name

Description

12,11

MAISELB and MAI
SELA (Maintenance
Mode Seiect B and A)

The clocking for this mode is provided by a free-running

| The receiver input can be simulated by either the output of the

These two bits are used together to select the mainienance mode
of the interface,
Bit 12 f itii
(Select By {select A

4] i} User mode

0 I External maintensnce mode
i v Internal maintenance mode
1 i System test mode

I = bit set

{0 = bit cleared

The user mode is the normal operating mode with all level con-
version enabled. The modem is expected to provide all neces-
sary clock signals with a 50/50 duty cyele in az‘f*f}*{!mce with the
RS334 standard. The maximum rate is 10 kHz.

External maintenance mode provides complete checking of all
interface components including level converts and  cables.

contained within the inte a 10 s\{iz i

chronous to the program.

This mode can be used in some circumstances to venify the op
ation of system’s software,

When this mode is utilized, the device is disconnected at the
modem and a maintenance turn-around connector (H325) is
used in place of the modem at the end of the cable.

The internal maintenance mode provides a m of analyzing
90 percent of the interface without disconnecting the modem.
The interface to the modem cannot be diag: wsi.‘.; when this
mode is used (i.e., level converts and cables).

Fault 1solation is greatly enhanced by this mode since the diag-
nostic program supplies the data set clocking via the maimz:-
nance clock bit. Data being transmitted can be monitored on

bit-by-bit basis at the Maintenance Transmit Data Out bit. Th

transmitter or by the Maintenance Input Data mu

315




‘able 3-5  Bit Descriptions for Transmiiter Control and Statns Register {TXCSR) (Cont)

(Refer 1o Figure 3-5)

magsf
e
e

Mame Deseriptic
I'he &
netw

oper:
may rem

Receiver and transmitter ¢l
inhibited. «:i de ) '
receivagd o1
from the t

Ty aumm to the 19;} t of my receiver. i
1 b atilize :

bit is 28t and the maintenancs clock bit makes a |

tion, a logical 1 is transferred into the receiver shi

When
0 transs
register.

1

This bit 18 progran read/write and is cleared by INIT or device

reset,

FXACT The function of this bit is w indicate the current siate of the
{Transmitter Active) DUPI! transmitter logic.

| When the transmitier 3ﬂas “ss:;t :’srcvm :
| SEN?B jeared) and a
f %E’iaif bt tin

! the first bit to the serial line

> transmitter logic is in the idle staze
H «

| the mark state. The idle state can be
! END bit in this same register,

| ;

The idie state is entered synchronously with the data a stream and

¢ s also dependent on the DEC MODE, CRC INHIBIT,
| TEOM bits. Once the idle statz is entered, all t!‘dﬁbﬁ‘nﬁﬁr tim ng
and internal controf logic is reset,

ik
it
e




Table 3-5 Bit Descriptions for Transmitter Control and Status Register (TXCUSR) (Cont)

{Refer to Figure 3-5)

Bit

Name

Desx f:;;mm

If the SEND bit is cleared and the TEOM bit is not asserted, t
character currently bemg transmitted from th i
register is completed and the line goes to the m
TXDONE bit is not asserted by the completion
ter. After a one-half bit tinse delay, the TXACT bitis cle

the DUPLL hardware, This off transition of TXACT causes the
TXDONE bit 1o be set.

The following description assumes that the SEND bit is being
cleared within the same character Ldé“:s’:‘ as th '
TECM. In the SDLC mode, the transm
of the CRC character (if enabled) an
D}Z}Cfv?“ mode, the CRC character i‘

tlmw :u?ﬁz the last sﬁxamcis;‘ of the sequence. "’“r
the TXACT bit causes TXDONE bit to be s
pletion of individual characters during the sequence.

If DEC MODE is selected and CRC is not inhibited, the f“’nzswc
ter currently being serialized is completed and follo
automatic transmission of the CRC check ¢
case, the CRC check character is considere
of the sequence. If CRC is inhibited. the ¢
being serialized is the last character of the se

G,

Gu

When the DEC MODE bit is cleared an ; :
the character carrem!y being xeriaiiw is completed. The CR

check character follows this character. Subsequent (o the ci
character, one terminating t‘iag chammer is zfgnih’mte
flag character is considered the last character of sequerny

CThi

If the CRC INHIBIT bit is asserted, the CRC check character is
omitted and the flag characier is transmitted subsequent to the
character being serialized. The flag character is the last charac-
ter of this sequence

The one-half bit time delay involved with the &mergmz; of
TXDONE in this case is useful in the manipulation © Clear
to Send line. At this time, the Request to Sé‘*‘!*;f— iina can be
cleared on most modems without losing the iast characer.

If the transmitter is left enabie (SEND is asse‘fzé:ﬁ} and T‘EO ié is
also left asserted following the transmission of a sequence, con-

tinuous flag characters are transmitted until 35‘\{3 or TF{}M is
cleared. The current character being transmitted is con ed.

-»'

This bit is program read and is cleared by INIT or device reset.




Table

3-5 Bit Descriptions for Transmitter Control and Status Register { TXCSK; {Cont)

(Refer to Figuse 3-5)

Mame

Description

DEVICE RESET

TXDONE
{Transmitter

Done)

Device reset and the Unibus
functions with respect to the DU

Wheﬁ
initial
*%h}s

Lins

msei or when a character is tr
the transmit shift register. It t,.
state, (i.e.. SEND is cleared &
transition of the TXACT bit
complation of the current

The TXDONE b also is
ABORTY character Ms complets
SEN;{} L .3 as* 27

:;tmns
characiers fransn 1 ;a .Eom,;
cleared by reloading a;aSBLJF

‘ ‘ being used as ¢

ning i , ! to the ’a JONE bt ;;"d its reia-
tp 1o the data stream and controi bits, refer 1o the print

"fsm.

y ihe assertion of tz;m %m within the
it > order to avoid dais under run
Errors.

ble bit is set, the seiting of t

if the Transmitter Interrus
bit creates an interrupt reg!uzzst.

This bit is program read. it i
iKDSL; and 15 se =t by IN{;?{‘;'
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Table 3-5  Bit Descriptions for Transmitter Control and Status Register (TXCTSR; (Cont)

{Refer to Figure 3-5)

Bit Name Description
& TXITEN When set, this bit allows a program interrupt request to be gen-
(Transmitter Interrupt | erated by the TXDDONE bit,
Enable} N
All interrupt requests should be serviced at a *;zz*c,,ess&; or ievel
equal to or greater than the device’s Bus Request level which is
shipped at level 5.
This bit is program read/write and is cleared by INIT or device
reset.
5 Reserved.
4 SEND This bit is used to enable the transmitter logic. Once enabled,
the transmitter starts transmission of a message when the
TSOM bit is detected in the TXDBUF,
This bit should remain set until the TEOM bit 15 igaded into the
TXDBUF. IF this bit is cleared at any other time, the current
character is finished and the transmitter output goes to a mark
hold state.
If SEND is cleared while TEOM is stil dsxszz i, the current
character being transmitted is {,omplemd Foliowing thls f:;’;zan
acter, and depending on the protocol being usec ;.m}; NESsssary
CRC and/or control chamciefs are tnmsmittegﬁ.
For further information, refer to the TXACT bit in this sams
register.
This bit is program read/write and is cleared by INIT or device
reset,
3 HALF DUP When this bit is set, operation is in half-duplex mode. In half-
{Half Duplex/Full duplex mode, the receiver is disabled if the SEND bit in the
Duplex) TXCSR is asserted.
This bit is read/write and is cleared by INIT or device reset.
2, 10 Reserved.
i
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Table 3-6  Bit Descriptions for Transmitter Data Buffer Register (TXDBUF:

(Refer o Figure 3-6)
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Refer to Note 1, below, for fusther information.




Table 3-6 Bit Descriptions for Transmitter Data Buffer Register (TXDBUF)

(Refer to Figure 3-6)

Bit

Name

Description

e,

b

MAINTT
(Maintenance Timer}

TXABORT
{Transmit Abort)

These bits are program read during the internal maintenance
mode only.

NOTE 1
The true state of these bits is dependent on the protocol being
tested.

The RCRCTIN and TCRCTIN bits are XORed inputs to the
respective CRC shift register. Data from either the transmitter
or receiver data shift registers is presented as a logical 1 being
the high state to the XOR gate.

The state of data presented to the XOR gate from the most
significant bit of either CRC shift register depends on the state
of the DEC MODE bit.

When DEC MODE is set, a logical 1 output from bit 15 of the
respective CRC register is defined as being high. A logical 0 is
defined as being low.

When DEC MODE is cleared, a logical 1 output from bit 15 of
the respective CRC register is defined as being low, A logical
is defined as being high.

The function of this bit is to provide a known timing reference
for diagnostic programming purposes only. This bit is enabled
only in the external or system’s test modes. A transition of this
bit occurs every 100 us. The frequency of this clock is 5 ke +
20%.

This bit is program read in external or system’s test mode. It is
cleared by INIT or device reset,

When this bit is asserted, an Abort sequence is transmitted sub-
sequent o the serialization of the current character, if a charac-
ter is in process. The SEND bit should be asserted when the
Abort sequence s 1o be transmitted.

£33
ter. An abort character is defined as being more than seven con-
tiguous | bits.

This bit is program read/write and is cleared by INIT and
device reset.

O
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Table 3-6 Bit Descriptions for Transmitter Data Buffer Register (TXDBUF) {Cont)
(Refer to Figure 3-6)
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Table 3-6 Bit Descnptmna for Transmitter Data Buffer Register (TXDBUF) {Cont)

(Refer to Figure 3-6)

[

{Transmitter Data
Buffer)

Bit Name Description
If the DEC MODE bit is cieared, the setting of this bit causes
the initiation of a message using the SDLC or .LXBC{IL? pro-
tocols. A flag character is automatically transmitted as long as
this bit remains asserted. When data is to be transferred, this bit
is cleared by the program and the data is loaded into the
TXDBUF. At the »ompkzwzz of the current flag <t *aracms the
actual transmission of data begins,
This bit should not be sei when another message is actively
being transmitted.
Setting this bit also causes the TXDAT LATE bit 1o be cleared.
The TXDONE bit is asserted at the completion of each {lag or
SYNC character when this bit is assesi&d,
This bit is program read/write and is cleared by INIT or device
reset.

7-0 TXDBUF This register is loaded with the information to be transmitted.

All data is treated as eight bit character

If the DEC MODE bit is set, the SYNC character to be trans-
mitted must be loaded into this register prior to initiating the
synchronization process.

The least significant bit of this register is bit 00, Bit 07 is the
most significant.

These bits are program read/write and are cleared by INIT or
device reset.
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CHAPTER 4
THEORY OF OPERATION

4.1 INTRODUCTION

This chapter provides a two-level discussion of the DUPI1. A functional description, presented first,
discusses the DUP1] logic in major functional groups at the block diagram level (Figure 4-1). At this
level, the major operating features of the DUP11 are discussed also. The second level of discussion is
the detailed description, which covers the complete DUPI1I logic at the circuit schematic level, as
shown in the DUPIL! print set.

4.2 FUNCTIONAL DESCRIPTION

4.2.1 Logic Description
For discussion, the DUPI1 logic is divided into nine major sections as shown below.

Title Paragraph
Registers 42.1.1
Device Reset Logic 4.2.1.2
Address Selection Logic 4213
Umbus Receivers and Drivers 4214
Transmitter Logic 4.2.1.5
Receiver Logic 4.2.1.6
CRC Logic 4.2.1.7
Interrupt Control Logic 42.1.8
Data Set Interface Logic 4219

4.2.1.1 Registers - The five DUPI1 registers are discussed below. They are all 16-bit registers.

Receiver Control and Status Register (RXCSR)

This register contains most of the control and status information pertaining to receiver operation,
including the status of the lines to and from the data set. The recetver and data set interrupt enable bits
are also contamed in this register. The RXCSR is read/write and is word- and byte-addressable.

Receiver Data Buffer Register (RXDBUF)

This register contains the remainder of the receiver status information, including the receiver error
flags. Bits 0-7 comprise the 8-bit receiver data buffer that contains the received information to be sent
to the PDP-11 system memory. The RXDBUF is read-only and word-addressable.
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Parameter Control and Status Register (PARUSR)

This register contains the bits that control the DEC mode, secondary address mode, and the enabling
ui’ the CRC logic. Its low nytu {bits 0-7) contain the 8-bit secondary station address that is used only
when the secondary mode is enabled in the SOLC protocol. For DEC MODE operation, *nis register
contains the SYNC character. The PARCSR is write- only and is word-addres a.bi !

NOTE
The contents of the PARCSE register should be
modified only when the transmitier and receiver are
in the idle state,

Transmitter Control and Status Register (TXTUSR)

This register contains most of the control and status information pertaining 1o transmitier opuwun
It also contains the bits to control the DUPIT operation during the maintenance mode. The TXCSR is
read/write and is word- and byte-addressable.

Transmitter Data Bt}ﬁ{? heg:sza (TXDBUE;

This i:gwm contain remainder of the transmitter control and status information, plus two status
bits from the %{X 'm PXCRC registers. Its low byte (bits 0-7) comprise the transmitier data buffer
that contains nformation to be transmitted. ”i%m; information comes from the POP-11 system
memory. The TXDBUF is read/write and is word- and byte-addressable.

4.2.1.2  Device Reset Logic ~ The device reset logic initializes the DUPI! when the Device Reset bit
{TXCSR bit 8) is set or the Unibus [nitialize signal (INIT H) is asserted. Signal INIT H is gated in to
generate the clearing signals. When the Device Reset bit is set, a 1 1-shot generates a pulse that is
converted into the clearing signals,

4.2.1.3  Address Selection Logic — This logic decodes four consecutive addresses to generate control
signals that enable the five DUPI! registers. Address 76XXX2 is shared by the RXDBUF and
PARCSR registers because the &XDBUF register is read-only and the PARCSR register is write-only.
The basic device add is switch-selectabie in the floating device address space (760020-7640003. The
least significant digit is determined by Unibus address bits A (02:01) and selects the particular register.

The type of operation (2ATIL DATO, or BATOB), as determined by Unibus control bits C (01:00), is

ﬂi scoded along with the desired r egister address to awa rate the azgmls to xxn{e into or read the con-
ents of the register.

4.2.1.4 Unibus Receivers and Drivers ~ ‘%f&iiiipiexars are used to read the outputs of four regisiers
{(RXCSR, RXDOBUF, TXCSR, and TXDBUF). The fifth register {PARCSR) 1s writz-only. Because
the register outputs are multiplexed, only one set of 16 bus transceivers are required.

Register selection is provided by the multiplexers using Unibus address signals A (02:01} as the select
wals. The drivers that put the register contents on the Unibus are enabled hy signal ;} ATA-BUSL
which is generated by the address selection logic when a DATI (read) operation is requested.

4,2;1.5 Transmitter Logic -~ The transmitter jogic controls the transmission of 8-bit characters with
uo restrictions on message length or format. The network protocol that is used determines the message
?GI‘B‘MI The logic consists of fwe functional groups that are described below.

ROMs and Bit Sync Buffer

Three read only memories (ROMz) are the major controiling elements for the transmitier.

The function decode ROM controls the setting of TXDNE and decodes the program inputs which in
some cases are synchronized to the data set cimk. This information, along with the current state of the
fogic, determines the next event on a character basis. Six control signals, including the three from the
ction decode ROM, are stored in the bit sync buffer, After the flag or svnc characters have been
sent, the buffer is clocked only at the end of a character. This allows the logic to set up for the next
character during the present character while not affecting the cutputs of the buffer.
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ROMs and RX Control Flags
Two read only memories (ROMs) are the major controlling elements for the receiver.

The receiver decode ROM enables the receiver shift register and interprets the received data according
to the network protocol. In the SDLC mode, it recognizes flag characters, data characters, abort
characters, and stuffed zeros. In the DDCMP mode, it recognizes sync characters and data characters.

The receiver function ROM asserts signal RSR-RXDBUF H, which sets RXDONE and loads the
contents of the shift register into the RXDBUF register, 1t also sets FRM, RXACT, and MESG ACT.
These three signals are called receiver control flags and are stored in the RX contro! flags flip-flop.

Clock Logic

This iaagic uses an input clock signal to derive a series of clock signais for the receiver logic. During use

mode, the input is the data set receiver clock signal RXDAT SET CLK r% During two of the thre

muintenance modes {system test and internal maintenance), the input comes from the DUPTI ;E'ii{,;“},"

RC clock as signal MAT ICLK H. In the system test mode, MAE ICLK H is a 5 kHz signal. In
internal maintenance mode, MAI TCLK H is single-stepped using TXCSR bit 13.

= ﬂ

d maintenance mode (external maintenance), RC clock signal MATEXT CLK (11 H is

During the thir
ack to become RX DATSET CLK H.

laoped ba

Fnable RIBC Flip-Flop and R1BC Counter

The EN R1BC flip-flop looks at the received data before it is shifted into the RIBC counter. During
SDLC protocol operation, the switch from the idle state to the active state must start with a 0 to signal
the first bit of the SDLC flag character (01111110). The EN R1BC fip-flop enables the R1BC counter
only if this action occurs. This action locks the EN RIBC flip-flop in the set state. It remains set until it
is directly cleared when an ABORT character 1s received, or the program clears the RCVEN bit in the
RXCSR.

The RIBC counter counts consecutive 1s and 18 cleared when 1 received U is detected. The state of
some of its %?puts are used as inputs to the decode ROM to recognrize a flag character {six consecutive
1s}, an abort character {eight consecutive 15}, or a stuffed U (five consecutive 1s), This counter provides
no function during DIDCMP protocol operation.

Receiver Character Serialization Counter (RUSC)

The RCSC counter counts the number of bits (8) in the data and control characters, &xcmsévz of
stuffed 0s. At the last bii, it generates signal RCSC MAX H which goes to the function ROM. This
indicates that the assembled character should be loaded into the RXDBUF daia register maﬁ
RXDONE should be set to tell the program that a received character is ready for transfer to the PDP-
i1 system memory.

Shift Register

The shift register is loaded in sertal form with 8-bit received characters, The actual input is the L.5B
{RI1BCO H) of the RiBC counter. The 8-bit paraiiéi output of the shift feg;sier is sméed into the
RXDBUF register (bits 7-0) and then on to the PDP-11 system memory via the multiplexed Unibus
selectors.

5

4.2.1.7 CRC Logic ~ The CRC logic is the sircuit implementation of the cyvelic redundancy checkin
method of encoding and decodxﬁg messages for error detection. It consists of a tr: ﬁsmlti er {4
register, receiver CRC 1 register, and error detection logic, The SDLC protocol uses code CCITT a
the DDCMP protocol uses code CRC-16. Both codes generate 16-bit CRC check characters.
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is also provided to control the flow of transmitted data during the user mode and t2 control the
a:ﬁema% c%s;.aﬁ;z%; during the external maintenance mode.

4.2.2  Major Uperating Features

4.2.2.1  Introduction - This paragraph discusses the major operating features of the DUPI1 at the

fune

jonal tevel The discussion i divided into four sections as shown below,
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state since the last time it was monitored by the program. Using these indicators, th
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transmission begins when the first character is loaded into the data buffer,
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feave TEOM asserted, which allows continuous flag characters to be transmitted until
option | or 3 is executed. In this option, Data Late errors do not occur. The number of flag
characters sent can be determined by counting the transitions (set state) of TXDO NE. This
bit is set when the TXIDDBUTF register is loaded. In this case, the program should keep TEOM
set.

3. Initiate a {:Ea data transfer by clearing TEOM and loading the data byvte into the
TXDBUF register. If TEOM is cleared during transmission of the first terminating flag,
oaly one ﬂ;ag separates the SDLC frames. If TXACT is asserted, it is not necessary 10 set
TSOM to start a subsequent message. The recommended procedure is to load the new data
and clear TEOM in the same e:;?crauon that accesses the TXDBUF, The TSOM bit should
be used to inttiate a message only when TXACT is cleared.

if the SEND bit is cleared between the time that the TEOM bit is asserted and the transmis-
sion of the terminating flag has started, the transition of TXDONE is deferred until the
transmitter returns (o the idle siate.

This delay of one-half 4 bit time in most cases ensures the integrity of the last character before attempt-
ing to turn the line around in haif-duplex situations; however, this is modem-dependent and each
modem manual should be rete*cni‘ed tm’ &ir}phcabzht}a

If SEND is cleared and no transmitter contro! bits are set, the current charagter is transmitted and the
transmitter is shut down after a one and one-half bit delay.

Because of system or timing restriction, it may be necessary in some instances to lransmit a given
number of ABORT characters subsequent to the last flag characters. This can be sccomplished by
asserting the TXABORT bit at the appropriate time. The SEND bit must remain asserted for this
operation,

The TXABORT bit can be asserted when the last required flag character has begun transmission. The
earliest possible time that the TXABORT bit can be asserted (for this purpose) is immediately after the
second assgrtion of the TXDONE bit subsequent o the setting of the TEOM bit.

The first assertion of the TXDONE bit subsequent to the setting of the TEOM bit sccurs when the
serialization of CRC s,hei,k information begins. It is necessary to clear the TXDONE bit before the end
of the transmission of the CRC character so that the second transition of the TXDONE bit can occur.
This transition marks the start of the transmission of the terminating flag character. This second
transition can be created by again setting the TEOM bit. The TXABORT bit can be set when the
TXDONE bit asserts, marking the begmmm“ of the terminating flag character.

Transmit Operation Under DDCMP or BISYNC Protocol Discipline

Assuming that the transmitter is enabled by the SEND bit in the TXCSR, transmission starts when the
TSOM bit is set in the TXDBUF by the program. When the TSOM bit is asserted, the SYNC charac-
ter being used must be present in the lower byte of the TXDBUF., All transmitted SYNC characters
must be loaded inte the TXDBUF. The TSOM bit must remain asserted until the start of the last
SYNC character. The TXDONE bit is asserted at the completion of each SYNC character. When it is
necessary to count the number of transmitted SYNC characters, the TXDONE bit ¢ ‘zz be uéw red by
again setting the TSOM bit. This allows the next transition of TXIDONE at the end of the character.




ISYNC, th i?

$t e

T
LiCa:

Transiftter £
T able

ansparency are not :

. 1 J 2 register 3¢ in the
mitied as is; in _ mode, it is complemente

er L Latency
EKLUﬁa of th
it

cols require that the flow of data be

Tast

r of ing

~ T
Fees ?} Frxepntin
i1 e;i’zly RE3E S04 C 18 Eu}.i‘r

{data in the TXES i

£r automat-
¢ is presented to
:s“ , the line is




e

4.2.2.4 Receiver Section
The receiver section provides the following functions:

L. Buffers and converts received serial data to parallel data.

2. Interprets transparent data stream in SDLC or ADCCP protocols.

tad

Recognizes flag and abort sequences.

4. Recognizes secondary station addresses (SDLC mode) and SYNC characters (DDCMP
muode).

5. Detects CRC errors.

The receiver section is capable of operating as either a secondary or primary station when the SDLC
and ADCCP protocols are selected. This is controlled by the state of the SEC MODE bit in the
PARCSR. When operating as a primary station, all received messages are presented to the program. In
the secondary mode, only messages that are prefixed with a secondary station address that matches the
contents of the low byte of the PARCSR are presented to the program.

f the DDCMP or BISYNC mode of operation is selected, the low byte of the PARCSR must be
ioaded with the SYNC character being used by the system. All data received is handled as R-bit
characters.

The receiver logic is controlled by the RCVEN bit in RXCSR. The state of the receiver is indicated by
the RXACT bit in the same register.

Receive Operation Under SDLC Family Protocol Discipline

Once the initialization and any necessary modem handshaking have been completed, the RCVEN bit
can be set. When the RCVEN bit is asserted, the receive logic searches for initial flag characters. When
operating in the primary mode, all data received subsequent to the last initial flag character is present-
zd to the program. The first character is accompanied by the RSOM in the RXDBUF. When oper-
ating in the secondary mode, the character subsequent to the last flag character is compared to the
contents of the low byte of the PARCSR {any bits inserted for transparency are stripped prior to
performing the compare). If the comparison is not true, the search for a flag is reiterated. When this
comparison is true, the RXACT bit is asserted in the RXCSR. The RSOM bit in the RXDBUF is set
to indicate the beginning of a new message. The received address character is not presented to the
program; the character subsequent to it is the first character to be presented to the program, along with
the RSOM bit. When this character is transferred to the receiver data buffer, the RXDONE bit is also
asserted. Anv character subsequent to this causes the RXDONE bit to be asserted with the receiver
interrupt enable bit asserted; the assertion of the RXDONE bit creates an interrupt request. When the
program accesses the RXDBUF, the RXDONE bit is cleared.

When the terminating flag character is received, the REOM bit is asserted in the RXDBUF and the
RXDONE bit is asserted in the RXCSR. The low-order byte of the RXDBUF is invalid when the
REOM bit is set.

It CRC checking is not inhibited, an error would be indicated only when the REOM hit is asserted.
The check is performed on all data received, beginning with the secondary station address, up until the
first check character is received. When CRC checking is implemented, the last two bytes of informa-
tion received by the program are the CRC check characters.

4-11
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1 the logic has located the first non- S\ (C character, the RXACT is asserted by the logic. Thm
ter and ai subsequent characters are included in the receiver’s CRC computation. At this poin
unction af the STRIP SY\*%k hit is internally disabled,

tin RXCSR should be % ft asserted for the entir & message an

earmg this bit re-initializes the receiver | logic.

ceiver CRC Character Checking
C error detection is performed by the receiver logic if the NO CRC bit is cleared. The method of
g errors and the “*‘-Vnwssas used vary according to the mode of operation as controlled by the

zd, the CCITT polynomial (X6 + X2 4+ X% +1) is used grwi ti"
with the SBLC and ADCCP protocols. zhe receive
all ones when the EXACT bit s cleared.

n SDLC or
000 010 131 000

¢ contents of the receiver (LM if ster are tested when a terminating {flag is received :

CCP mode. The ter is tested for the following bit pattern: LSB 1 11

bsence of this bit pattern Lausw assertion of the RCRC ERR + ZERO bitin the EXSBU e
t 15 aiso asseried at this time. This bit pattern is the resuli of all data received betwe ¢

11 ﬂag character and the termmatmg flag, excluding inter-message flags and zeros mserh G ?a
parency.
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The last two bytes (16 bits) of data presented to the program through the RXDBUF comprise the
received CRC check character. The data received in the RXDBUF when the REOM bt
meaningless and should be disregarded.

s asserigd is

DIDCMP-compatible operation is enabled by asserting the DEC MODE bit. In this mode,
(X'® + X! +X! + 1) polynomial is used to amrate the receiver check character. The receiver CRC
register is injtial d’:i,d tor all zeros when the RXACT bit is cleared,

Onee the receiv
he computation of the
received during the re
putation even if they match ghe conients of the ?f"xR@i“s& The mmi,gm of f*"*’ii%? S"& .!.‘wL is tntﬁs",na.a;?
émbkd when RXACT is asserted.

The RCRC ERR + ZERD bit is asserted in this mode when during the reception of a4 messags the
CRC register is equal to zero coincidental mzi& the end of the current character.

&?ftt?r of bytes

thw bit may be serted w m‘:f:ut ‘% 1€ act !
RC ERR + ZERO bit is presented to the program aicmg wnh the seu}pé QRC check character.

Receiver Latency

The program must respond to the RXDONE bit within a specified time frame in order to avoid
QVEFTUD errors.

read the contents of the RXDBUF within t s time frame, the OVEL
¢t, The contents of t e datd buffer conts he last received ¢
ission of the message.

If the program has not
i the RXDBUF is
error suggéa@ retranss

Because this device is double-buffered, the time lag in which the program must respond is as long as a
full character time and can be expressed as the following:

{1/baud rate) 8 + 0 {secs), where n = number of inserted zeros (SDLC family protocols oniy}
n<?2

Interrupt Reguests

in the RXCSR there are two iniermgé request enable bits; in the TXCSR, there is Olie:. Th iese bits can

be used to selectively allow interrupt requests that occur asynchronous to the op
program.

Tdc Data Set Interrupt Enable bit (DSCITEN} allows interrupt requests to be generated on the receiv-
nterrupt vector if the DATA SET CHANGE A bit 5; asserted, The Receiver Inter: upt Enable bit
‘%E TEN) also allows interrupts to be generated on this same vector if the RXDONE bit is asserted.
ié hoth interrupt conditions exist s;muitanwusw on the receiver vector, the interrupt reguests occur

back-to-back and there is no fixed scheme in which the requests should be serviced.

There is only one interr upt i&queai made on th ’a* nsmﬁ‘i rinterrupt vector. This request is made if the
Transmitter Interrupt Enable bit (TXITEN] is set and the logic asserts the TXDONE bit.

All interrupt requests should be serviced at a processor status level equal to or above that of
interrupt priority level. If simultaneous interrupt requests are generated on both th
trapsmitter xee,mra, the receiver request is honored first.

4-13




Half-Duplex Operation

program ¢an select half-duplex operation by asserting the HALF-DUPLEX bit in the TXCSR
mode of aperation, the receiver logic does not transfer data. 1t is completely disabled if the SEND
15 asseried in the TXCSR. All other characteristics of the interface are maintained.

4.3 DETAILED DESCRIPTION

4.3.1  lIntroduction
The detailed description of the DUPILI legic is divided into 10 major sections.

Title Paragraph

Registers
Devmf Reaet L G};j‘.,

ig Drivers

w3 O L B L B

Lot fsd Tk €ad Tt Gad Lod fud Lad el

g L

ot

B b

ve DUPILT registers listed below:

Register Paragraph
Receiver Control and Status (RXCSR) 4321
Recever Data Bulter (RXDBUF) 43.2.2
{and Status (PARCSR) 4,323
er Ci}ﬁii'{;;i and Status (TXCERS 4124
atz Buffer (TXDBUF) 4323

aragraphs. A functional description of each hit is

rol and Status Register (RXCSR) - The receiver control and status register

hat is word- and tﬁvte&amézfssaabm All bits are used; however, several bits
data set interfac @g*é‘ and are described in Paragr aph 4.3.10. These bits are:
. dﬂﬂ 12-15, The remainder of the bits (4-8 and 11} are discussed in this section.

Re{:m%er C

%( T me Sheet BSIZ)

Lo E bit iz stored in one section of the 74175 quad flip-flop which contains the
e D input of the RXACT flip-flop (EN EXACT H) comes from the receiver
ciwd by RCLK i}‘“? DLY L which is a 50 ns negative pulse that occurs once
: clzarcd directly by RCY CLR L which goes low when the abort bit is set [RABORT
1 «rhj or the receiver enable bit is cleared [RCVEN (D) H goes high]. The RXACT bit is




[,

Bit 8 - STRIP SYNC {Logic Sheet BSI1)

This program read/ write bit is used with DDCMP or BISYNC protocols only. The state of the STRIP
SYNC bit is stored in a 7474 flip-flop. The D input is DB 08 H which is the output of the bus receiver
associated with Unibus data line D08, It is clocked by LD RXCSR HB H which is generated by the
register selection logic when the RXCSR is written into (word or high byte). It is directly cleared by
CLR L.

Bit 7 - RXDONE (Logic Sheet BSI3)

This bit is hardware write/program read. The state of the RXDONE bit is stored in & 7474 flip-flop.
The preset input (pin 10) is connected to the output of a 7400 NAND gate (low level presets flip-flop).
One input of the NAND gate is RCLK OFF H which a 250 ns positive puise that occurs once each bit
time. The other input is an ORed function of RABORT (1) H and RSR - RX DBUF H. When clock
pulse RCLK OFF H ocecurs with either of these signals asserted, the RXDONE flip-flop is directly set.
Signal RSR —» RX DBUF H is asserted by the receiver function ROM to toad the RX data buffer.
Signal RABORT (1} H is asserted when an abort character is received.

Bits 6, 5, and 4 (Logic Sheet BSI1)
These bits are identified as follows:

Bit Name
6 Receiver Interrupt Enable (RXITEN)
5 {3ata Set Interrupt Enable (DSCITEN)
4 Receiver Enable (RCVEN)

They are contained in a 74175 quad flip-flop. The common clock for these bits is LD RXCSRLBH
which is generated by the register selection logic when the RXCSR is written into (word or low byte).
They are directly cleared by CLRL. All three bits are program read/write.

4.3.2.2 Receiver Data Buffer Register (RXDBUF) - The receiver data buffer register (RXDBUF)isa
16-bit read-only register. Bits 13 and 11 are not used.

Bit 15 - RX ERROR (Logic Sheet BSI3)

The detection of any one of three receiver errors causes assertion of the receiver error flag (RX
ERROR H). The errors are: receiver overrun (REC OVERUN), receiver CRC error {(RXCRC ERR),
and receiver abort (RABORT) which are bits 14, 12, and 10 of this register, respectively. These bits are
contained in flip-flops which are set when clocked with the error detected. Two gates are used to
provide a logical OR function of these three signals which is inverted to generate RX ERROR H.
Signal RXCRC ERR {1) H is ANDed with DEC MODE (0) H in a 7408 AND gate whose output goes
to one input of a 3-input 7427 NOR gate. This arrangement prevents the RXCRC ERR bit from
generating RX ERROR H when the DEC MODE bit is set (DUPI11 operating in DDCMP protocol).
The other two inputs to the 7427 gate are REC OVERUN (1) H and RABORT (1) H. Assertion of an
one of these bits drives the output of the 7427 gate low. This signal is inverted by a 7404 inverter to
assert RX ERROR H.

Bits 14, 12, 9, and 8 {(Logic Sheet BSI3)
These bits are identified as follows:

Bit Name

14 OVERRUN

12 Receive CRC Error (RXCRC ERR)

9 End of Received Message (REND MESG)
8 Start of Received Message (RSTR MESG)
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NOTE
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only and should be accessed only when the trans-
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2, and 9 (Logic Sheet BSIT)
its are identifizd 55 follows:

Bit MName

15 DEC MODE

1z Secondary Mode Select (SEC MODE)
3 CRC Inhibit (NO CRC)

ire coniained in & 7 ”z}z e commuon clock for these bits is LD PARCSR H whi
*M?*atef% by the register selecus o gtc hen the PARCSR is written into, They are directly cle

R L.

m:h "1

on address eg“si;szr when operating in the secondary ma :
yne register in the DDCMP protoca! {Figure 4-23.

5-00 are contained in a 74174 hex flip-flop. Bits 67 and 06 are contained i of the
f op that also comaéus Lms 15, 12, and 9. Ail bits are clocked by LD PARCTSR H and
d by CLR L, The D inputs are signals DB 07-DR 00 which are outpus of the bus
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Figure 4-2 PARCSR Bits 7-0

receivers associated with Unibus data lines I {07-00). In the SDLT or ADCCP protocols, these bits
are i aded with the desired secondary station address. In the DDUCMP protocol, they are loaded with

the desired sync character.

Each flip-flop output goes to one input of an 8242 exclusive-NOR gate that is used as a u{'}mpnigzwh
The other i mpm of each 8242 gate goes to the associated output of the receiver shift register (signal
RSR 07 H-RSR 00 H). When the 8242 inputs match, the output goes high. Al 8242 outputs are }Glﬁ&d
together 1o form a wired-OR connection that is called ADREC + SYNC H. This signal goes high
when the correct secondary address is received (SDLC or ADCCP protocols) or the desired sync
character is received {DDCMP protocol).

4.3.2.4 Transmitter Control and Status Register (TXCSR) - The transmitter control and status regis-
ter {TXCSR) is a 16-bit register that is word- and bymms:‘édfassa%ie Bits 0,1, 2,and 5 &re not used. Bit
0 is availabie as a read/write bit - it can be written into by using the reserved section of a 74175 quad
flip-tlop. 1t can be read by using the reserved input in the mult zp{evd bus driver Eagk

Bit 15 - TXDAT LATE {Logic Sheet BSI2)

During transmission, if TXDONE is still set at the end of the current data character, the hardware sets
the TXDAT LATE bit. This indicates that the TXDBUTF register has not been loaded with the naxt
character.

’ G
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Bif 14 - MAINT TX DATA OUT (Logic Sheet BSI3)
This bit is read-only and is discussed under the Internal Clock Logic heading in Paragraph 4.3.6.2

Bits 13-10 (Logic Sheet BSI)
These bits are identified as follows:

Bit Name
}} ?\i lint‘”}éx}z«i MIOL; \’Iz‘%i S‘,’S kiv?\,f

12,11 Maintenance Mode §E‘i€€:i A and B(MAISELA and MAI SELB)
10 Maintenance mpm Data (MAL DATA)

They are contained in a 74175 quad D-type flip-flop and are program read/write. The common clock
signal for these bits is LD TXCSR HB H. They are cleared by CLR L.

Bit 9 - TX ACTIVE (Logic Sheet BS12)

Bit 9 is hardware write/ program read. The state of the TX ACTIVE bit is stored in fiip-flop. fts
D input is connected to SENTXAC (1) H which comes from the bit sync buffer, T*’;v sfa*f* of’ this signal
is controlled by ENTXAC H from the function decode ROM. Signal TXCLK H clocks the TX
ACTIVE flip-flop and sets it when SENTXAC (1) H is asserted. 1t is directly cleared by CLR L.

Bit 8 - DEVICE RESET {Logic Sheet BSIT}
This bit is program write only and is discussed in Paragraph 4.3.3, Device Reset Logic.

Bit 7 - TXDONE (Logic Sheet BSI2) ,
This bit is hardware write/program read. The transmitter logic sets TXDONE when the TXDBUF
register is available for the next character.

The state of the TXDONE bit is stored in a 7474 flip-flop (Figure 4-3). The CLR input (pin 13
inhibited by connecting it to +3 V. The D input is connected to ground 50 it can be cleared only %&v m*
positive transition of the clock signal LD TXDBUF L. The preset input (pin 10) is connected to the
output of a 7427 3-input NOR gate. One input is connected to CLR H; therefore, during DUP1L{
initialization ?h TXDONE ﬂipoﬁa;z is set,

The second mnput of the 7427 NOR gate is connected to the output of a 7408 AND gate. This output
represents the ANDing of “TXCLKP H and ENTXDNE H. During transmission of flag and :isin
characters, the function decode ROM asserts ENTXDNE H o indicate the availa ﬁz:zy of the
TXDBUF register. Signal TXCLKP H goes high for 300 ns during each bit time and if ENTXDNE H
is asserted during this period the TXDONE flip-flop is set.

The TXDONE ﬂip flop s set one-half bit time after the last bit of the terminating flag character,
provided the SEND bit is ¢leared. This indicates the end of the message and the transmitter g&es to the
idie state (send MARKS). The transmitter logic clears the the TXACTIVE fl ip-flop. The 1 and ©
outputs of the TXACTIVE flip-flop are sent to a pulse genemmr {7408 AND gate and RC defay
network) to geaerate a 120 ns positive pulse when TXACTIVE is cleared. This pulse is the third input
of the 7427 NOR gate. It is inverted and directly sets the TXDONE flip-flop.




- Bits 6, 4, and 3 (Logic Sheet BSIH)
These bits are iden as follows:

i

Bi Name

74175 qu wflop and are prﬁgrarz read /write, The fourth sec of
§ or bit 0 (s (si g a} E}S 00 H is connected to its D nrﬁ&% The common E k f "
D TXCSR LB H. They are cleared by CLR L.

325 Trmﬁmitter Data Buffer Regiﬁ%%’:}' (TXDBUF; - The irammi»{ er data huffer register
. ‘ bit register that is word- and byte-addressable. Bits 13 and 15 are not used.

T ¥

Bits 14 and 12 (Logic Sheet 4)

""iézv* bits are used only during the internal mode to diagnose the receiver and transmitter CRC
ﬂ%cters B',g 14 (RCRCT IN) mi 12 (TCRCT INj represent the input to the LSB position of the

: and TXCRL registers, 1 ively. Each one of these :zgnals 18 picked off the output of a

7408 / gate that is enabled b}; Mis\ E! {(Figure 4-4). This signal is high only during the internal

«‘{a

maintenance mode.

RCIN H
nput g wrmeee—dt”
R¥ CRO Reg)

(13 H a7
7408 pormeb AT EN H

¢ Sheet BSI1)

:h at can be J%ﬂd during the external or system test modes only. it is
f:snl;; fi;,, : *‘**%:ies %*‘d is represented by signal MAINTT (1) H. It is picked off the second
¢ signiizcaﬁi bzt of the 74191 counter in the internal clock iogic. Its frequency is 5 kHz % 20%;
herefore, it produces a transition svery 100 us,
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Bits 10, 9, and 8 (Logic Sheet BSI2)
These bits are identified as follows:

Hit MName

10 ransmit Abort (TXABORT)

9 Ead of Transmitted Message (TEOM)
8 Transmit Start of Message (TSOM)

They are contained in a 74175 quad D-type flip-flop and are program read/write. The fourth section of
the flip-flop is not used. The common clock signal for these bits is LD TXDBUF HB H. They are
¢leared by CLR L.

Bits 7-0 (Logic Sheet BSI2)

These bits are loaded with the information that is to be transmitted as an 8-bit character and are
program read/write. Bits 0-5 are stored in a 74174 hex D-type flip-flop. Bits 6 and 7 are stored in
another 74174 flip-flop. The other four sections of this flip-flop are unused. The inputs (DB 07 H-DB
00 H) come from the bus receivers associated with Unibus data lines D(07:00) and are loaded by the
positive transition of signal LD TXDBUF LB H which clocks the 74174 flip-flops. They are cleared by
CLR L. The outputs (TBUF 07 H-TBUF 00 H) are sent in parallel to the transmitter shift register for
serialization. ;

4.3.3  Device Reset Logic (Logic Sheet BSIT)

Bit 8 of the TXCSR controls the device reset function. When it is set, all bits in the DUP11 are cleared
with the exception of the TXDONE bit. A jumper is provided in the data set interface logic that can be
removed to prevent the following bits from being cleared:

RXCSR BIT t - Data Terminal Ready (DTR)
RXCSR BIT 2 - Request to Send (RTS)
RXCSR BIT 3 - Secondary Transmit Data (EIA SEC XMIT)
The device reset logic is shown in Figure 4-3. The signals that actually perform the reset function are
CLR L and CLR H. They are generated by setting the DEVICE RESET bit or asserting the Unibus
initializing signal (BUS INIT H

The heart of the device reset logic i3 ihm 74123 one-shot. When triggered, it generates complementary 1

us pulses, fts clear input (pin 3) is inhibited by connecting it to +3 V. Input pin 1 of the one-shot is

connected 1o the inversion of signal DB0O¥ H which is the output of the bus receiver connected to
Iinibus data line DOZ (logic sheet BSIB). When the program desires to clear the DUPLL, it sets bit 8
gi}E\/ILE RESET) in the TXCSR. Setting this bit asserts signal DBO8 H which puts a ggm on pin i of
the one-shot. This qualifies the one-shot so that a positive transition on its other input {pin 2) triggers
the one-shot. This transition is obtained when the TXCSR is loaded. A 7400 NAND gate and a 7404
inverter forni the input logic to pin 2. Prior to decoding the address of the TXCSR for the loading
operation, signal DADR SEL L is high. This signal comes from the addre ss selection logic (sheet
BS16) and goes to one input of the 7400 NAND gate. When the TXCSR address is decoded, signal LD
TXCSR HBE H is asserted at the other NAND gate input. The output of this gate goes low and s
inverted. The resulting positive transition triggers the one-shot. Approximately 50 ns after LD TXCSR
HB H is asserted, DADR SEL L goes low which corresponds wiih the assertion of BUS SSYN by the
address selection logic. The 0 output of the one-shot generates a 1 gs negative pulse that goes to one
input of the {irst 8881 driver. The other i input of this dmer is high'! because BUS INIT L is not asserted;
therefore the pulse is inverted by the 8881 driver and appears as CLR H. This pulse is inverted by the
second 8881 dnver to become CLR L. The CLR H and CLR L pulses are sent ihroagzﬁm the DUPII
to perform the reset function.
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Figure 4-5  Device Reset Logic

the program uses the Unibus initiafize signal to perform the reset function, signal INIT H is asserted
nerates CLR L and CLR H using the same 8881 drivers.

4.2.4  Address Selection Logic (Logic Sheet BSI6)

% 14.1  Address Assignments and Format ~ Each DUPI1 is assigned four consecutive addresses that
re decoded to generate control signals to enable five registers in the DUPHI. The RXDRBUF mfﬁ
?i RCSR registers share the same address (76XXX2) %*cause the RXDBUF feglster is read-only and
the PARCSR register s write-only

A specific number of memory addresses in each PDP-11 system are reserved for communications
devices. The space that includes the DUP11 device addresses extends from 760020-764000 (octal desig-
nation). These locations are termed floating addresses. The conventions used for assigning ﬂsz&:ﬁ;ﬂ
addresses are discussed in Chapter 2.

When the program desires to read from or write into a DUPI1 register, it must address the register and
indicate the type of operation to be performed. This is accomplished by placing the proper bina
information on Unibus address lines A(17:00) and Unibus contro} lines C(01:00) and ass erting ﬁi Q
MSYN L. These sxgndi are decoded by the zs"’f ress dmamng logic to generate the enabling signal for
the addressed register. This allows data from Unibus data lines D(15: 00) to be written into the register,
~or it allows the contents of the register to be placed (read) onto the Unibus data lines.

Bits {‘f{)l'ﬂf‘f :3 nd AOQ are decoded to indicate the tvpe of operation or Unibus transaction to be
3¢ fable 4.1}
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Table 4-1 Unibus Transactions for DUPIL

Unibus Bits
Name Munemenic | C01 | C00 | A00 | Function
Data In DATI 0 0 X Data transferred from DUPII to processor on
Unibus bits D(15:00)
Data Out DATO 1 0 X Data transferred from processor to DUPLL on
“ Unibus bits D(15:00).
Data Out, Byte | DATOB | 1 0 Duata transferred from processor to DUPII on
Unibus bits D(07:00) which is low byte.
l 1 i Data transferred from processor to DUPL! on
Unibus bits D({15:08) which is high byte.

Bits A(17:03) are decoded to indicate the device address of the DUPLL. Each DUPI! in a system has a
different device address. The device address is selected by switches in the address decoding logic that
are associated with bits A(12:03). Bits A(02:01) are decoded to select the desired register in the DUP11.
Bit AOO is not used in address selection. It should be assumed alwayvs to be 0; therefore, bits A{0Z2:01)
determine the least significant octal address digit which must be 0, 2, 4, or 6. Bit A0OC is used during a
IDATOB operation to select the upper or lower byte. The address word format is shown in Figure 4-6,

HOT USED FOR
ADDRESS

SELECTION
DEVICE ADDRESS N
17 16 15 14 i3 1z i 1o O 08 7 08 o8 04 o3 st o0 BiT

z % z P

P © o5 o § RN o o 0ol ¢l o o Q| BinARY
i ; : | i ; i

y A 4 2 o) » GLTAL

=338

Figure 4-6 Address Word Format

Before discussing the details of the address selection logic, two prerequisite items are discussed briefly.

One item concerns the Unibus logic conventions. The Unibus uses negative logic for all signals except
BG(07:04) and NPG. For clarification, the definitions of positive and negative logic are shown below:

Negative Logic

Signal Asserted: Low = 0V = Logical |
Signal Not Asserted: High = +3 V = Logical 0
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Figure 4-7 Typical i)paratidn of an 8242 Comparator

The 7442 decoder is connected as a 3-wire binary to octal decoder (Figure 4-8). Three of the four inputs
{D0, D1, and D2) decode the binary code and the fourth {(D3) is the strobe which must be low to enable
the decoder. Inputs DO, D1, and D2 are connected to the outputs of the Unibus receivers for BUS AQ1
L, BUS A02 L, and BUS CO1 L, respectively. The strobe signal is ADR SEL L which is low when the
DUPII device address is decoded. The 7442 truth table in Figure 4-8 shows the selected register and
operation to be performed.

Outputs FO-F3 of the 7442 decoder are selected for read operations on the RXCSR, RXDBUF,
TXCSR, and TXDBUF registers, respectively. The actoal output signals are not used because program
access 1o these registers is made via the multiplexed UNIBUS drivers. Only cne signal is required to
enable the drivers. The signal is DATA — BUS L and it is enabled by the register selection logic when
ADR SEL U goes low and BUS €01 Lisa O
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F4~§ 7, are selected for write (loaci} operatiorns. Qutput F5 is active when the
d. This output signal is inverted to becerne LD PARUSR H which enables
he PAR{,‘:& register. Outputs F4, F6, and F7 are seiected for write operations on the
CSR, and TXDBUF registers, respectively, Differentiation between loading words
ytes (I}misaﬂ made by using additional gates. Signals LOW BYTEEN L and HIGH
re both sent to one ;nput of three 7402 NOR gates to provide a set of ai ree high byte
: ,,i a set sx; three low byte enabiing gates. Decoder cutputs Fd, F6, and F7 are sent to
rsfz;Ef- low and high b%’%e enabling signals for the RXCSR, TXCSR, and

signals are listed below,

Enabie High Byte

DBUF HBH
CSRHBH
XKCSR HE H

LDTX
LD
LD

g
A

gt
H
2

d reame; zhe low byte and high byte enabling signals are asserted simulia-
ler oaupu (Lﬁ-‘xi} TXDBUF L) is used to clock the TXDONE flip-flop
3 Decause 148 L} input is permane ;ﬁy connected to ground.

1.5 1 nibus Receivers and Multipiexed Unibus Drivers (Logic Sheet BSI8)
I our D1/P11 registers are multiplexed onto the Unibus data lines through one set of 16
fhh is accomplished by using 8 dual 4-line to I-line multipiexers. The registers are:
iZSR, and TXDBUF. The fifth register (PARCSR) is write-only so it cannot

bus multiplexer logic is shown in Figure 4-9. The 74153 mu z;;s;exer has two
select 1 of 4 in pum ‘Rach section has its own strobe or ena E’:h g input, hm
iines are used. Both strobe inputs (STB1 and STBO) are connected to ground
tigns of the MUX CQNZ&i‘ﬂﬁ‘« enahled. The select inputs 81 and SO are con;’f:uied
and AL 01 H, respectively. These signals are derivatives of Unibus address lin
determine which register is selected by specifying the least significant mgfr of
. 2,4, or 6). Input selection is shown in the truth table that appeam in Figure
;{, input B is the RXDBUF, input C is the TXCSR, and input D is the
1t goes to one input of the driver of the 8641 bus transceiver. Each trans-
receiver combinations plua a common driver enabling gate. The enabling
hich is generated by the address selection logic when the device address is
irol bit CO1 is a O which indicates that a DATI {read) operation is to be

r contains four driver

d and Unibus 2o
rmed.

4.27

A D A R P B35 S ALY A S 1h N 8 5 5 0 0




JCb oo BUS DT L

.

,}“‘(8 7 W

BUS AD2 L el

4.3.6 Tmn»—miier Logic éiogzc ’:ﬁﬁéi‘i B*’ei&

Title Paragraph

o B
B

b bt bad i
aooo

TR SV 8
R N R

Each one i
Ms are used bu» c,i‘:ﬁ
ing 13 3;{}

I L E ) fog %Q‘zj ‘E‘:‘&r‘sﬁﬁz#&ﬁa
pe !4125; RO

ﬂant g is pz il ";?d thr 554\1
d Isu mai >rable. When addressed, a speciffic
elements, the za%i?Ms aci as




I,

are the mm,hoﬁ

resses are r?af"mfsd il

ill ddresses generaie no R{)"\i &madts
i “TRDT Hy which ind cates fhd £

tic for {bf‘ ROMs and asso

i f"rta“i 4“30

ontained iy

ta path control ROM
o ROMs areen

£

: *heree

Iz: the follo

3

nd destination of the signais
described functionally
group duri ng a specif
of this chapter which

s

1.

Funetion Decode ROM
e functi d@chde %f‘é"! &DRW‘VT‘ responds to ﬂ*e program and to the
DNE :odes the program inputs,

3

Wt

*"}iZt"; to the datz ot clock. This informat

ion, along with the current gic, dete
event on a character basis, The program controls the foile owing F Z.rROM inputs directly

SR, TXCSR, and TXDBUF registers as shown below

=
e

e
o

Input Signal inpuf
DEC MODE (1} H 1
NOCRC{(HH

‘*@E*‘QE‘{% b

PARCSR bit9
TX CSR bit 4
TXDBUFDbItS

fo N o R

LOM. Signal
: >‘>;ﬁl SEND
TTSOM (1) H
» a1t output of

at the m:in;sf Of the bit
s the synchrom

INTXAC (1) H (input 3), are outputs of the
JROM ourputs TFLG H and ENTXACH,

o
-

s::;.v =

]
e

i Tf\ i}\i ‘iE and allows an extra camrei cha r&cte*’ to t:«e sent, The
nt after the exira conirol characier.

er that was Iow

z‘:.es;r outpt
“u E N;

. The fourth
enal allows

(20 are sent 1c




H

1

DHGXLNG e

ik

€A
P

ll(m H L0 ¥35xs

H XV 0801 Aq
JESETS yoes

30

1oy ¥ ey
2sind HOX 10X L

Araan fununp pey

213077 PRIBIDOSSY puUR SIWOY I9uISURI]  O]-p 2ind1]

e

—{ spvs

W08 300030

wivad

LM WOSS

P
wFE N

d344N8
ONAS LiE

L.

T

e e

D b (1) BN LVIR S
e W (T AHOBYXL

m— L] WOS L

i
!
5




%

(T

Bit Sync Buffer
bit syne buffer provides storage for six iransmitter control logic signals {(including three from the
ion decode R(}\fﬂ After the *‘*'w or sync characters have been sent, the bit sync buffer is clocked
at the end of a character. 1 This allows the %ogxcz » set up for the next character during the present
cting tz‘ r‘ziymts of ?m ?;n svac buffer. The bit sync buffer is a "4 74 hex D-
which has a sxmzie-mti cutput (Q=H=1). It has
T;—,, ‘én suts a,ome‘“ from the FI3ROM: TFLG H, TCRC H, and
it sync buffer outputs are: SFLG (1) H, SCRC (1} H, and SE”*E-
f i inputs are; TXDNE (1) H {TXCSR bit 7) and TSOM (1) H
erresponding outputs are: SKP SEQ (1) H and SSOM (1) H. The sixth lnpw 18
gnals TXABORT (1) H and TXDAT LATE (1) H. Signal TXABORT (13 H is
vich iz program-controlied. Signal TXDAT LATE (1) H s TXCSR bit 15 which is
corresponding BSB output is SABORT (1) H. The bit sync buffer is cleared
e device reset 1()@

i iig‘aals are used to provide the clock signal for the bit sync buffer, During idle,
e first bit of the flag is transmitted, TXACTIVE is « cleared. As u result, a;gzrai

L, ’E%’;Q signal is sent to one input of a 7432 OR gate 1o produce LOAD H at
‘hick is a level signal at ;.*z  time, is ANDed withc ()Ci( signal TXCLKD H to a,icsua
0 every positive transition of TXCLKD H. These transitions occur about 250 ns
f“ﬂsltl‘@? transition of clock signal TXCLK H. (Details of the TX clock logic
: .y Aslong as TXACT i cleared, the bit sync bufler is clocked on every

v the hardware, LOAD H is driven low and only goes high again for a short time
:C counter z’each hf: last bit of a character. At this time, the TCSC -:x:sumer asserts
se TCSC MAX H 1 is ANDed with the TCSC counter enabling signal (ENTCSC H)
erate LOAD H. | ,z se T‘i ELXX H times out when the counter overflows (all outputs go to 0).
 LOAD h asserted, the po 5m* e transmm of the TXCLKD H H pulse associated with the last bit of
2 ; wfter. The outputs of the bit sync buffer can change cely
¢y are consadgj;d to be sy mhmngﬁ to the data set transmitter cif}ck
ked by TXCLKD H which is a derivative of the data set transmitter clock.

up phase zf transmission, the bit sync buffer is clocked only at the end of a
¥ Hom the program to change the inputs to the function decode ROM in anticipation
; sut interfering with the current event, thus synchronizing the program and data

4
P

fied

Daie Path Centrol ROM
i h:: data yazr contro! ROM formats the SDLC controf characters and controls transmitter data path
dtiplexing. The data path control ROM inputs are shown below:

Input Signal Input Pin  Signal Source

PARCSR bit 15
FDOROM o utput
‘D ROM output
FI ROM output

o

LI SO i R S R Y (.

SABOR T H
SP§F{{§H

111

T1BC Counter output
T18C Counter output
T z;&l(}

LOAD |
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During the ws;::em test mode, the counter is operating. The 5 ktz autput of the counter is signal
1% AINTT (1) H which is TXDBUF bit 11. This signal 15 sent to bit 11 of the multiplexed bus drivers
it can be monitored. Signal MAINTT (1} H also goes to a NAND gate. The other input of this
gate is MAT SEL A (1) H which is high because TXCSR bit 11 is set in this mode. This produces an

verted 5 kHz signal at the NAND gate output, This signal is sent 1o another NAND gate zshow;; asa
ly equivalent nw'ﬁrﬁi -input OR gate). The other input of this gate 1s signal MAISSCLK () H
1is TXOSK bit 13 (MAINT 88 CLK). When this bit is set Al SS CLK (1) H asserted], the
of the gate (M %z ICLK H)is a 5 kHz free-running clo it phase with the counter

S

£
1

ck that is

'"(rze wun er goc o ane mrut ofa 14‘35 Emvﬂ dmar mat converts the: {,)i, *;‘i“i TI L xewls to &E—%
ievels. The other input of t ’m driveris MATSELB ﬁ}‘, i which is %‘sgh because TXCSR bit 12 isset
$ mod; inerefera the output of the driver (EIA CLK H\}”% isa 10 kHz fs‘ee-wﬂnmg Ciuu& at
gic levels, Signal MAT SELA (1) H is low because ’E XCSR bit 11 is cieared for this mode. This
signal inhibits the MATICLK H clock. Figure 4-12 shows the signal states at the output NAND gates

for the various modes.

L
ST T
NNl INT  H
L EXT  w INT (SINGLE STEP)
sys L LT EXT
BT e USER & ays % 1.
' L : USER  H oor L (NO PULSES)

e
;:dai};}m e WAAT TOLKE B

Duetng EXY mode, the
Krz clock comes
vpitly from e Lounter

3325

Figure 4-12  Signal States for Maintenance Clock

4 (MAINT TX OUT DATA) 15 associated with the internal maintenance mode and is
for conver nience. This read-only bit allows the diagnostic program to monitor the out-
itter dh *fzr‘g the internal maintenance mode. The bit is monitored at the output of a 2-

T sutput signal (TX MAINT DATA OUT H) s sent to bit 14 of the multiplexed
it is read by the pmgrdm One input of this AND gate is high me when TXCSR bits

wtnm accurs onty in the internal maintenance mode. The other input 15 the resul 1: of

DATA (1) H and MAI DATA (1) H. Signal TXDAT (1) H is the serialized tr

& ¢
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TR OO
TX DAT (1 #

T>n

A
MAL SEL A1) Homd 2

H

Figure 4-14 TXDAT Flip-Flop and T1BC Counter

A at the cutput

PACE = H = +3 V = logical 0
MARK = L = =3V = logical !

Reference the listing for the TX data fiece““ 20
dﬁﬁ& state {idle mode or logical 1}, mg,M TX]

.

mit line in the SPACE state a;egmai 33, sig

m
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A typical fiadmp;t: is traced through the conversion ieﬁ;i» Assurme that the DUPI is transmitting in
t or mode and signal “""{D’E H iz fogical 1 which calls for a MARK to be transmitied. This signal is
sek ui intc the TXQAT flip-flop by TXCLK P L. The 1 output of this ﬁzmﬂn@ [TXDAT (1) Hjis
b te, even if the ROM changes TXDT H, until the next TXCLKP L positive-

e. ! I TXDAT (1 H is ORed with MAI SELA (1) H at the 7402 NOR gate. Signal MAI
SELA {’f) ?i (FXCSR bit 11 is low because this bit is cleared in the user mode. TXDAT {1} H is gated
h Lr,, d form and is sent to the 7400 NAND gatz. The other input of the 7400 pate
zm) because TXACT and SEND areset [TXACT (1)L and SEND (1) L both
s is gated through the 7400 gate a is inverted again in the process.

¢ to the 1485 line driver. The signal is inverted and converted to EIA
now cfﬂmd TRANSMITTED DATA and has been inverted three times, so it

itisa MARK (logical 1) when sent to the corresponding EIA receiver.

e

transmittin g, TXACT and SEND are both cleared. This drives EN
the transmit line BA TRANSMITTED DATA in the idle or MARK state.
sent o me deaz mp;st of im.: f‘(DAi mp—ﬂep When EN DATA H goes
: ion is described below.)

keeps track of the number of consecutive 1s transmitied. This infor
E:,C MODE bit cleared) to make protocol decisions when trans-
‘snd to maintain data transparency.

L output of the TXDAT {li ?‘*‘ﬁup, ti‘ifzc ore, with TXDAT (1} H high. a 1 is shifted in
- :,o;,;;ﬁ; er is clocked hy the positive-going edge @% TXCLEK H. This clock signal is

00 N Aﬁ»fs gate with the 0 output [TXDAT (0) Hj of the TXDAT flip-flop. When the
f:si ["i XY}AT (0} H is hsgh} .,mé f&e r:Zﬂ i«: *"sulse {TYI(“{ K H', m:;eq hzgu ;?‘e

74164 8-bit fg;mlle;«g;@ serial shift register. Both serial inputs (pins 1 and 2j are

Jeamd w 1{:11 ag i*s \uﬂsp at its serial m;gt.

<

actively {ransmitting, signai EN DATA H goes jow and directly clears 1
tput [TTXDAT (03 H] goes high and is ANDed with TXCLK H to keep the
r TX data set clock cycle.

TI1BC counter are used, They are the 5th most significant output
=»55 1N j the 6ih most significant cutput (pin 11} identified as TIBC =
¢ . ‘ igh wh{m five consecutive 1s are m;fﬂ:ﬂd in and TIBC = 6H goes high
when six consecutive is zre shifted in (Tégig = 5H remains high

inputs to the data path control ROM. During the transmission of a flag charac-
on of the 7th and th bits. During the transmission of all other characters,
a 0 after a series of five consecutive is.

10y is controiled by the transmitter logic. When the fifth |
3 TiB(‘ = 5H. The data path ¢ control ROM responds by

o

. The next MARK "?th bit} is the last | in the flag

: f’xter asserts TIRC = 6H. The ROM responds by
) is to be sent as the last bit of the ia mamezer,
g

y that a 1 {
ter. %%’?‘:., it is i
iing that a 0 (E?q\. B




- SDLC protocol frame %egim and ends with a flag char: haracters between the flags must
ontain a flag bgi ;‘;*z rn. The transmitter inserts {stuffs)a ¢ a sequance of five contiguous Iy
that occur within the frame so zhzi a flag aa?zcm (011341 i')) cannot be trammzted by chance. Under
these conditions when five consecu uw 1s are detected, the TIBC < ter asseris 11BC = SH, The "}.:1”?
path control ROM ré:*’-:m**zis by indicating that a O (SPA {‘?”‘ is to be sent next, When the T EBC cournte
detects this 0, it is clears

imctive device

The use of a 74164 shifi register as ¢
{3

1 s counter and O stuffer is certainly unique,
should be calied the Zereski Zero Stu

tuffer {Z#8).

4.3.6.4 Transmitter Character Serialization Counter { 3-{5{;;{-) The TCSC counter counts the number
of bits in each data character that is transmitied exclusive of stuffed Os (Fzgu&f 4-15). It also counts the
n *ﬁbsr of bits in a control character. It counts to 16 for the CRC ind SPACE sequence and

& for all others. At the last bit of the character, it generates a pulse MAX H) that synchro-
nizes the current action of the transmitter data z'zat'fz 1y the program i

TXCLK H =rerme e
- 3323

Figure 4-15 TCSC Counter
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T

y 7y and ENB CR {pin
,cmmiéﬂr ENB LR k;sm f‘} is perman ’zz connected to +3 ¥ and ENB
n : ignal ENTCSC H. The clear (CLR) input is inhibited by cs wnecting it to
. The cou mcr data *‘*xtpms are not used. A low signal on the load (LD) I!‘if}‘éjt inhibits
wenting the counter and causes the outputs to agree with the inputs after the next clock puise.
3 the counter reaches its maximum counts (all 1s or count 15), the carry out fﬁulsa {?{TSC MAX
enerated. ’{ his po itive pulse is of the same duration as the positive portion of the LSB output
} ‘hen the next clock pulse arrives and the counter overflows {all outputs go to ).

during the load operation to count up to 8 or 16. The CRC character or
g and when it is coming up for tranamhgmn, ssgm’ SCRC (1) H is high.
1 puts a usw on the counter MSB input {pin 8). The other three counter

puts are always held low because they are connected to ground. When the LD input goes low, the
counter is Pt‘f%s:t to 0 so it counts f m 0 to 15 {16 counts) and then overflows.

ne the *:4:!»@;1’3%%; on of all other data characters which are 8 bits tong signal SCRC (1} Hislow and
g is high. When the LD input goes fow, the counter is preset to & so it counts
sy and then overflows.

the counter is enabled by signal ENTCSC H which is controlled by the DP
s enabled (ENTCSC H is asserted) during each data character bit xduszxe of

alis to i‘}a stuffed, the DPCROM drives ENTCSC H low to inhibit the counter. The
: the positive-going edge of TXCLK H which occurs once gach bit time. When the
a character, it overﬁm@% and generates TCS MAX H. This ﬁgﬂai is fed back
¢ logic to the load input of the counter . When TCSC MAX H is asserted, it is ANDed with
ENTCUSC H at the 7408 AND gate. The output Gf this gate goes to a 7432 OR gate to gz‘:ﬁéram LOAD
{. This high signal is inverted and sent to the load input of the counter to preset it for the next data

Haty iS (‘;;‘x : 1 £
ier ﬁm s countin

3.6.5  Transmitter Shift Register - The transmitter shift register {TXSR) is a 74165 p,ira’[ia%-loafi 8-
i1 register ;"f‘"‘“* zes ‘ts,f mff}rm,}‘zmn m be tmnsmltwd (Figure 4-16). This includes data,

r. The complementary serial outputs (TXSER OUT L and TXSER QUT H} are picked
ich is the LSB of the TX data buffer register. The 8 bits in the TXSR are serialized

0. The TXSR also has a serial input (pin 10) which is connected to pin 9 and is the true
Ny ,

4 by ap {;»s%ve-» ' gdge az it, lock i mpm (pm 2). This mpui is :.onm:cieti to ﬂw a}di;ﬂut f}f‘ ?&s
3 ,‘s.‘\iD gu,ltﬁ One input to this gate is ENTXSRC H which is asserted by the data decode ROM
o he transmitted. The other in iput 15 clock signal TCLKEG H which is a 250 ns positive
sccurs once each bit time,

W the TXSR load input {pin 1} is low, the ¢lock is inhibited and the low byte of the TX data buffer
is parallel-loaded into the TXSR. The load input is connected to the output of the 7400 NAND gate.
One input te this gate s TBUF-8R H which is asserted by the data decode ROM when the TX data
bu ﬁeﬂ n, to be | *adec? The other input is clock signal TCLKEG H. When both of these signals are
asserted, the foad input goes low.

4-41




TASER CUT

SO

Seriatized TX

Figure 4-16 Transmitter Shift Register

 program acces

er and a data character, signal dfx? LD H:
waracter 1o he sent. The charag
s of a daia character without an error indicati
{1 register.

ses the TXDBUF too late ¢

 setting ¢ $ 21 z’:xtr@

“"”rt

;%?‘fara(,te.

3.3,?’ Recsiver L(Bgia_

iled discussion

{ROMs) are the major cc*‘etmumg

i Memg for ?m, re ) organized as 256 words of 4 bits
a i, These ROMs i)3 ?5 ’"“‘{s. Bcﬁ%: enabling inputs are held low iﬂ ’s;;f:f*p

it binar qaaodu& address that 3«“50“ any one
Aalpw iz pin 15 and the lea
Wﬁgs addrmwd a speci

?OE& mab?ed cons
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The two ROMs are the decode ROM and the function ROM. Listings for the ROMs are contained in
the print set. The listing contains input/output binary equivalents for each address along with a brief
note of what the address represents. Many addresses form combinations of inputs that are zuflctxonain
meaningless or that are not allowed. These addresses are defined as illegal. For the decode ROM, all
illegal addresses generate output 0. For the function ROM, all illegai addresses generate outputs O or 1.
Remember that in boz?& of these ROMs there are addresses that

uz..rate a legitimate O and 1. The
circuit schematic for the ROMs and associated logic is contained in logic sheet BSI3. A simplified
diagram is shown in Figure 4-17.

] nal GE TEST PT which i low
3 NAND whose input is connected to +53 V.
o simulate a disabled ROM.

Boil ROMs have their enabling inpuis (pins i
when power is applied. GR TEST PT is the cutr
Signal GR TEST PT can be manipulated only u

"J‘)

in the following discussion, thf: surce and destination of the signals associated with the ROMs and
receiver flags flip-flop are described. Not all signals are d ;fqznbe* functionally. Some sis r;ais, specifi-
cally ROM inputs, have relevance only when viewed as a group during a certain point in a receive
operation. This aspect is covered in the discussion of a typical receive operation in this chapter.

Decode ROM

The decode ROM responds to the program and to the receiver logic. The program controls two inputs:

signal DEC MODE (1) H which is rARCSR im 15 and SEC MG{}? (1) H which is PARCSR bit 12.

Signal DEC MODE (i} # is high when PARCSR bit 15 is set and the DUP1L operates in accordance
with the DDCMP or BISYNC priwmis Sig m{i SEC MODE (E} H is high when PARCSE’ bit 12 is set

and the DU ‘i”‘i 1 operan* n the secondary station mode in accordance with the SDLC protocol. In this
case. the DEC MODE bit {(PARCSR bit 15} is cleared.

Input ADREC + SYNC H comes from the outp
in the SDLC or ADCCP secondary mode, thi
address is received. In the DDCMP mode, it is

the receiver u‘smpamm{ logic. When operating
I is high when the correct secondary station
vhen the desired sync character is received.

ut of

is signa
high w
Input FRM (1) H comes from the receiver control flags flip-flop. Actually, it comes from the function
ROM and i3 latched i the flip-flop

The remaining four inputs R1BC 7 H, RIBC 6 H, RIBC 5 H, and RIBC 0 H come from the received
1s bit counter {R1BC) and are used by the decode ROM to differentiate between a flag character and
an abort character.

Two outputs of the decode ROM (EN FRM H and ADRS + SYNC RCVD H)are sent directly to the
function ROM. Output EN RSRC H goes to the shift register czs k input logic and the RCSC counter

output logic. The fourth output, FLG RCVD H, is ORed with STRIP SYNC (1) H as a function
ROM input.

Function ROM

i”uf: program controls three inputs to the function ROM. Two are SEC MGDE (1) H {PARCSR bit
123 and DEC MODE {1} H (PARCSR bit 15) which arc discussed above in the decode ROM descrip-
tion. The third input is the ORed function FLG RCVD H + STRIP SYNC (i) H. Signal FLG RCVD
H comes from the decode ROM. s*gzral STRIP SYNC (1) H is RXCSR bit 8. [t is used to strip syne
characters (after synchronization} when in the DDC MP or BISYNC protocols.
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E s

{nputs EN FRM H and ADRS + SYNC RCVD H come from the decode ROM. Input RCSCMAX
H comes from the RSCS youme: and is asserted when the last bit of a character is counted. Input
MESG ACT (1) H comes from the output of this ROM via the receiver control flags fip-flop. Input
u}; ACT (1) H is RXCSR bit {1. This signal comes from tha sutput of this ROM via the receiver

sontrol flags flip-flop. It denotes the state of the receiver logic in ordance with the protocol selected
gawﬁ the mode of operation as determined by the PARCSR register.

Ea
H
3

ree outputs of the decode ROM are sent to the receiver control flags flip-flop. They a
EN RXACZ H, and EN MESG ACT H. The fourth output, RSK - RXDBUFHisaqy *{i fyi Ei&: m&"ai
for the clock =mut of receiver data buffer bits 0-7, 8,9, 12, and 14, it is also used as a cualifying a;gm,,%
in the preset logic for the RXDONE flip-flop.

Receiver Control Fiagﬁ Flip-Flop

The receiver contro! flags flip- fis;; is a 74173 quad D-type. It has four individual D-in ?i‘;i with corre-
sponding double-rail outputs. It has common clock and alear mpufs Only three sections are us
Inputs FRAME H, EN RXACT H, and EN MESG ACT H ail come from the function ROM. Tnes&
signals are latched into the Ei,paf'%ep by ¢ i:ﬂ,xmg it with RCLK OFF DLY L once sach bit time.

Clocking oceurs on the positive-going edge of this 70 ns negative pulse.

CZL

The outpuss are FRM (1) H, RXACT (1} H, and MESG ACT (! H and their complements. Signal
FRM (1) H is used as an input to the decode ROM. Signal MESG ACT (1) H is used as an input to the
function ROM and as the voni&hzmg input for the start of received message bit (RSOM ) which 1s bit 8
of the RXDBUF register. Signal RXACT (1} H is RXCSR bit 11,

4.37.2 Clock Logic - {Refer to Figure 4-18.) The receiver clock is supplied by the data set. This logic
uses the data set clock (RXDAT SET CLK H) or the maintenance clock (MAI ICLK H} to derive a
g1 ﬁm of clock signais for the receiver logic. In the user mode, the data set clock is gated into the logic,
In the system test or internal maintenance modes, clock MAI ICLK H is gated into ﬂae §ogic‘ This is
afcampi:sma by using the states of the MAINT MODE SEL A bit (TXCSR bit 11) 1o gate the input
clock signal through a 7450 dual AND-OR-invert gate.

The inputs to one AND section of the 7450 are | MAT ICLK H and MAI SEL A (i) H. The inputs to the
other AND section are RX XCLK H and MAI SELA {0) H. In the svstem test or internal maintenance
mode, the MAINT MODE SEL A bit is set: therefore, MAT SELA (1) H is asserted which gates in the
maintenance clock MATICLK H 1o the receiver clock logic. The other 7450 AND input is inhibited by
MAISELA {(0) H which 15 low,

s the user mode, the MAINT MODE SEL A bit is cleared; therefore MAT SELA (0) H is asserted
u}mh gates in the daia set clock RXCLK H. There are other qualifying conditions mz the g&i ng of
this clock signal. Signal RXCLK H comes from a 7408 AND gate. One input is RXDAT SETCLK H
W =;Jl is the receive data set clock after it has been converted to TTL h:)gxc lﬁveis and zmefted b\ a 1489
receiver. The other input is the ANDing of SEND (13 Hand HALF DUP (1} H in a 7400 NAND gate

SEND (1) H is the SEND bit (TXCSR bit 4) and is asserted only during transmitter operation. iii‘kLF
DUP (D 3—1 is TXCSR bit 3 and selects full- or half-duplex operation. (It iz set to select half-duple
speration.) When transmitting in the half-duplex mode, both of these signals are asserted which mh;b-
iis the receiver clock by guttn*g a low on one input of the 7408 AND gate, Disabling the receiver
necessary during haif-duplex operation to prevent the receiver logic from copying the message ?*mna
transmitted. This would increase the software overhead.
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The output of the 7450 is RXCLK L. Assume that we are in the user mode so that this signal represents
the data set clock. RXCLK L is sent to one input of an 8242 exclusive-NOR gate. RXCLK L also goes
through an RC delay network and to the other input of the 8242. This arrangement generates a 40 ns
negative pulse at the output of the 8242 gate on each transition {negative or positive) of RXCLK L.
The trailing edge (positive-going} of this pulse triggers the one-shot. The 40 ns delay provides the
required setup time for the 74123 one-shot so that it can identify the trailing edge of the pulse as a
legitymate positive-going transitien. It also provides the timing necessary to set up the steering gates
that are fed by the one-shots. When triggered, the one-shot produces complementary pulses of 250 ns
duration. The negative pulse is ANDed with RXCLK L to generate RCLK ON H only on the positive-
going edge of RXCLK H. The positive pulse is ANDed with RXCLK L to generate RCLK OFF H
only on the negative-going edge of RXCLK H.

When the one-shot times out, the negative transition of its | output triggers a second one-shot that
generates complementary pulses of 70 ns duration. The negative pulse is ANDed with RXCLK L 1o
generate RCLK ON DLY H only on the trailing edge of RCLK OFF H. These pulses are shownina
timing diagram in Figure 4-18.

4.3.7.3 EN RIBC Flip-Flop and R1BC Counter - (Refer to Figure 4-19.) The R1BC counter counts
consecutive 1s and is cleared when a received U is detected. The states of some of its outputs are used as
inputs to the decode ROM. They are used to detect a stuffed 0, {Tag character, or an abort character.
The EN RIBC flip-flop iooks at the received data before it is shifted into the R1BC counter.

17404

EN RIBLC 1 H

MAL SELA

- P R% DATA H - {%3
: i

f} ROV Cifl L ek o

3

g

[P S
7432 P ~§{i )

Figure 4-19 ENRIBC Flip-Flep and R1BC Counter

From the idie state, during SDLC protocol operation, the switch to active reception must start with a 0
to signal the first bit of the SDLC flag character (01111110}, The EN R1BC flip-flop enables the R1BC
counter only if this action occurs,

The input to the EN RIBC flip-flop is a 7450 dual AND-OR-invert gate. The inputs to one AND
section of the 7450 are RX DATA H and MAT SELA (0) H. Signal RX DATA H is the received data
after it has been converted to TTL logic levels and inverted by a 1489 receiver. In the user mode, the
MAINT MODE SEL A bit is cleared; therefore MAI SELA (0) H is asserted which gates in the
received data RX DATA H.
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4.3.7.4 Character Serialization Counter - (Refer to Figure 4-20.) The character serialization counter
(RCSC) counts the number of bits in a character, exclusive of stuffed 0s. At the last bit, it generates

signal RCSC MAX H which goes to the function ROM as a control input to indicate that the RX data
buffer should be foaded and RX DONE should be set to tell the program that a received character is

ready tor transfer.

+ 3V 2] 57 M8B SO b
e} - i
SRR i ¥ - b 7 i
4 §8 P RCEE MAX L
(1)
-t :,)4
L e
13
12 1
B
§ ot
bt 05 LS B
RCLK ON DLY H—d ™ &
TAOH RSR CLK H 15
EN RSKC H~—A___/ | o
AL
; FRM (0} L= LD
RER CL¥ L LF 2
el 7404 T ] CLK
sI
110
E D
RS- S L 3cs

Figure 4-20 Received Character Serialization Counter

The counter is actually a 74165 parallel-load, 8-bit shift register. Its MSB is connected to +3 V and all
the other inputs are connected to ground. When the load input (pin 1) is low {FRM cleared), the clock
is inhibited and 4 1 is loaded into the MSB position (pin 6). The clock inhibit input (pin 13} is disabled
by connecting it to ground. This allows the RCSC to be clocked by a positive-going edge at its clock
input {pin 2). Complementary serial outputs are picked off the MSB position. The true serial output
(pin 9) is fed back to the serial input (pin 10). The serial input is fed to the LSB position {pin 11).

In operation, the foaded | is recirculated back through the counter and after eight bits are counted it
resides in the MSB position again. At this time, it asserts RCSC MAX H which is used in the receiver
function ROM to indicate the end of a received character, Details of this operation are described
below.
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RCLK ON SLY H ot

EN RSRT H

KOLK OFF H M“““}jm LD REBUF K
RER=REGBDF W~ )

FEM () i~

Figure 4-21 Receiver Shift Register and Data Buffer

4.3.8 CRC Logic

4.3.8.1 General - This discussion covers the operation of the transmitter and receiver cyclic redu-
ndancy checking (CRC) logic. Functionally, the logic is divided into four sections that are discussed in
the order shown below,

Error detection logic

Transmitter CRC register

Receiver CRC register

Typical transmitter and receiver CRC computations

Bt =

Chapter 1 contains background information on cycle redundancy checking.

4.3.82 Error Detection Logic - The error detection logic is used only by the receiver. Both the send-
ing and receiving stations must have their CRC logic enabled. The sending station computes a CRC
character for the message and transmits it at the end of the message.

In the SDLC mode, the DEC MODE bit (PARCSR bit 15} is cleared. The receiver CRC register
receives the message and the CRC character which is called the Frame Check Sequence (FCS). At this
point, the receiver CRC register must contain the octal value 016417 1f it does not, the error detection
logic asserts signal CRC ERROR + ZERO H which indicates that the received message contains one
or more errors. CRC ERROR + ZERO H is bit 12 of the RXDBUF register. This logic only indicates
that the received message is in error; it does not determine the number or location of the errors, nor
does it have an error correcting capability. In response to the error flag, the program requests that the
message be retransmitted.
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Example 4 - SDLT Mode With Message Error
If the receiver CRC register 18 not 016417 after the CRC character is received, it means that at least one
bit of the accumulated CRC character is in error due to a message error. Assume that bit 3 is logical 0
(high) instead of logical E (low). This makes the &utput of gate E low. ALWAYS ZERO H is not
awexrcd and it is sent to I which holds its output high. This signal goes to one input of J. The other
input of this cmre: is DEC MODE (0) H which is also high. With identical inputs, the output of X-OR
gate J is low. This drives the output of K low which puts a low on one input of gate L. The path to the
other input of gate L comes from gates G and H. The output of & is high because its three inputs are

low as shown below,

b MESG ACT (1) L is lew because MESG ACT remains set through the duration of the CRC
character and the following flag character.

2. MO CRC (0} L is low because the WO CRC bit is cleared (CRC is active).

3. RCSC MAX L 1s low because it indicates the end of the current character (terminating flag)
at which point the receiver CRC register is checked for 016417,

The h “g’é ? n G is ANDed with FLG RCVD H which is asserted because the receiver control logic
| ating flag character. This drives the output of gate H low, With both inputs to

has recerved m. termi
gate L fow, signal CRC LRROR + ZERO H is asserted at its output. This signal is loaded into the
RXDBUF register and becomes RXCRC ERR i"i) H. At this point, both CRC bytes have been pre-
sented to the program. The error flag now appears in the RXDBUF register along with the assertion of
REND MESG H.

In summary, the receiver CRC register did not contain 016417 after reception of the message and CRC
character. When the program checks the status of the receiver CRC register flag at this time and finds
CRC ERROR + ZERO H asserted, it concludes that the message contains an error.

4.3.8.3  Transmitter CRC Hegister

General

The transmitter CRC :cgism consists of a 16-bit shift register, input/feedback control logic, and the
appropriate number of X-OR gates to operate with the selected CRC codes. Two codes are used:
CRC-16 for the DDCMP protocol and CRC-CCITT for the SDLC protocol. CRC-16 requires three
X-OR gates; one each for the input (bit 0), bit 2, and bit 15, CRC-CCITT also requires three X-OR
gates; one each for the input (bit 0), bit § and bit 12. A total of five X-OR gates are used in the register.
The one for the input {hf 0) is used by both protocols. For a given CRC code, the input/ feedback
control logic selects the required X- OR gates to provide the feedback path. The other X-OR gates act
as non-inverting gates. For example, in the SDLC mode, the X-OR gates for the input (bit 0), hit 5 and
bit 12 provide X-OR functions, Th«* X-OR gates for bits 2 and 15 act as non- inverting gates and only
shift data from one stage

The transmitter CRC register is shown in the print set. [t is also shown in Figure 4-23. In this illustra-
tion, the register stages are shown symbolically as numbered squares. Actually, they are D-type flip-
flops that are clocked simultaneously and cleared simultaneously. The clock «;tﬁcmi s CRCCLK H

which 1s the AND function of CRC CLK EN H and TXCLKP H. Signal CRC CLK EN H is asserted
by the transmitter data decode ROM when the CRC function is enabled. TXCLXP H is a 300 ns pulse
from the transmitter clock logic that occurs once each bit time. The clear signal is TXCRC INT L and
when it is low it clears the TCRC register. When cleared, the register reads all Os in the DDCMP mode
and all 1s in the SDLC mode. Initializi ing the TCRC register to all 1s in the SDLC mode provides
ion of the addition or delection of *}ﬂ; at the leading edge of the message due to erroneous flag
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y sets TROM

Clear slgm P TXRC INT L is generated in two ways. At the start 1
itter logic. This

which results in signal SSOM (1) ?i Ex,m;;t sserted by ‘&ff bit sy
signal is inverted to generate TXCRC INT L.

After the accumulated 16-bit CRC character has been transmitted, the transmitter logic clears signal
SCRC (1) H. When SCRC (1) H goes low, the AC-coupled e detector produces & negative pulse
with a duration of 50-30 ns that generates TXCRCINT L. This function is used in the DDCMP mode
to clear the TCRC reg;sifzr after the CRC character has been transmitted. In the DDUMP mode, it is
necessary to force clear the register at this time because the nexi character may be part of a sequence
that requires computation of another CRC character.

Operation of the inp
reference.

it /feedback control logic in both modes is discussed using Figure 4-23 as

input/Feedback Control Logic (DDCMP Mode)

In the DDCMP mode, the DEC MODE bit is set by the prograny, therefore signal DEC MODE {1} H
is asserted. This put a bis gh on one tnnut of AND gate C and negated-input AND gate B {Figure 4-23).
The other input of gates B and C is the output of AND gate A w hich is the AND function of ENTXSR
H and Ta.}{a IN H. Signal ENTXSR H is asserted by the transmitter data path control ROM when
the CRC function is enabled. Whm the CRC character is being ‘rgnsmmeq ENTXSR H is heid low
which means that the input to the CRC register is low (logical 0) at this time.

Signal TCRC IN H comes from X-OR gate 0 and is the X-OR function of TXSER OUTH and TCRC
OUT H. Signal TXSER OUT H is the output of the transmitter shift : register and iz the data being
transmitted. Signal TCRC OUT H is the output of the C RC register (bxt 5*%; The X-ORed states of
TCRC IN H are sent to the first stage (bit 07 of the register. They :1‘50 pas mugh gates A and Cto
X-OR gates 2 and 15 The output of gate B (and hence the output of ?*‘fe D) is held low by DEC
MODE (1) H. This inhibits the X-OR function of X-OR gates 5 mﬁ 12 and they act as non-inverting
gates.

In summary, the CRC register starts cleared {all Os) by the assert s of SSOM (1) H. Thestate of DEC
MODE (1) H enables X-OR 2 ies ?* and 15 which sets up the ¢ g‘ ster to operate with code CRC-16.
Fach bit to be transmitted (TX SER OUT Hjis X- ORed thi‘a the state of T Riy regtstzv bit 15(TCRC
OUT H). The result is fed to the input of the first CRC register stage (bit 0). It s also sent to X-OR
gaif*f; 2 and 15. At X-OR gate 2, this ?eedﬁa k signal is X-ORed with the output of register bit position
1. At X-OR gate 15, this feedback signal is ‘-«w(}Reu with the cutput of register bit position 14, X-OR
gates 5 and 12 act as non-inverting gates so all bit pos itions except 0, 2, and 15 receive the data from
the previous position in a straight shift oper ﬁugn The feedback path is set ui, by the state of TCRCIN
# prior to the register being clocked. When ali the transmitted message data has been operated on, the
register contains the CRC character. At this point, the transmitter control ;oglc drives ENTXSR H
low and the CRC character is transmitted rzmzedmrf* v after the last data character. Remember that
while the data is being operated on by the CRC register to accumulate a CRC character, it is being
transmitted simultaneousl y without alteration, The CRC character is transmitted by being serially
shifted from the output {TCRC OUT H) of the transmitter CRC register to the Data Decode ROM.
All X-OR gates are disabled and the sxm ng data iq not modified. Whan the CRC c¢haracter has been
transmitied, the high-to-low transition of f SCRC (1) H clears the transmitier CRC register. The only
contribution that ﬁw CRC register makes to the transmitted data is the CRC character which the
receiving station uses to determine whether or not the message has been received errorless.

Input/Feedback Cant"ﬂz Logic (SDLC V{m}e
in the SDLC mode, the DEC MODE bit i
gate B is qualified and gate C is disqualif 8 ~ .
feedback oath for operation wzm code LRL»L( ITT | by enabling
from C goes 10 X-OR gates 2 and 15 and they operate as nomn

v With DEC MODE {1) H now low,
h EI\’?X&P H asserted, sets up the
X- QR smieb 5 and 12. The low output
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Signal DEC MODE (1) H is also ANDed with R1BC 0 H at gate A whose output is inverted and sent
to X-OR gate 0. This gate performs the X-OR function of bit 15 of the receiver CRC register (RCRC
15 L) and the received d*m (R1BC 0 H). The output of X-OR gate 0 goes to the input of the register
{bit 0) and to gate C and hence to X-OR gates 2 and 15 as the feedback path. Signal RIBC O His bit 0
of the RIBC counter. It is used as the received data input rather than bit 0 of the shift register to
ensure that the last eight bits of the received CRC Lh«.&‘}zb!d‘ are included in the CRC computation as
they are received, which eliminates the need of trailing PAD characters to position the CRC character.
In the DDCMP mode, the CRC character is the last character of the message. In an errorless message,
the CRC ERR + ZERO bit is asserted and presented to the program along with this character. In the
SDLC meode, the received data is picked off bit 0 of the shift register because a flag character follows
the CRC character which ensures that the last eight bits of the received CRC character are included in
the CRC computation as the flag character is received. This flag character acts to position the CRC
character in the RCRC register.

In summary, the state of the DEC MODE bit conditions the input logic to se up the feedback path to
conform to code CRC-16. All data and the received CRC character are included in the CRC com-
putation. At the end of the message, the receiver CRC register should read all 0s. This indicates
reception of an errorless message.

Input Feedback Control Logic (SDLC f‘v!ede)

Inthe SDLC mad%, the DEC MODE bit is cleared by the program. With DEC MODE (0) L now low,
X-OR gates § and 12 are activated via gate D. With DEC MODE (1) H now low, X-OR gates 2 and 15
are biased to act like non-inverting buffers via gate C. This sets up the feedback path for wdv: CRC-
CCITT in the SDLC mode.

Signal DEC MODE (0) H, which is high, is ANDed with RSR 0 H at gate A. Signal RSR 06 H is the
output of bit 0 of the shift register and is the received data input to the receiver CRC register. It is
double-inverted by gates A and B and sent to X-OR gate 0 whose other input is RCRC 15 L. The
output of X-OR gate 0 goes to bit 0 of the CRC register and to X-OR gates 5 and 12 in the feedback
path.

In summary, the state of the DEC MODE bit conditions the input logic to set up the {eedback path to
conform to code CRC-CCITT. All data and the CRC character (called FCS character in SDLC pro-
tocol) are included in the CRC computation, The sending station complements the FCS character

efore transmitting it. After receiving all the data and the FCS character, the receiver CRC register
must read 016417 to indicate an erroriess message.

4.3.8.5 Typical CRC Accumulation - Figure 4-25 shows typical transmit and receive CRC accumuia-
tions in the SDLC. Remember the following facts concerning CRC operation in the SDL.C mode:

1. In the receiver and transmitter CRC registers, a high signal represents logical 0 and a low
signal represents logical 1.

[

Both registers start cleared (all 1s).

3. After the CRC check character (FCS) has been accumuiated in the transmit mode, it
transmitted in complementary form.

4. In the receive mode, after reception of the data and FCS character, the receiver CRC register
must read octal 016417 (LSB right-justified) or else the message is in error.

In Figure 4-25, the receiver and transmitter registers are shown in symbolic form with the feedback

nath and X- (}R unctions identified. Fach stage is numbered and the logical state of each stage is
shown directly under it, A 19-bit data word is mmd‘.
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Figure 4-26  Selecting State of Vector Address Bits

To select a 1, the switch is closed (ON) which connects the 8881 driver output to Unibus data line BUS
D03 L. When the vector address is to be put on the Unibus, the interrupt control logic enables the
drivers. This is done by putting a high signal on the dual inputs of each driver. The driver output goes
low. Being an open-collector device, the last stage transistor in the device turns on. Its emitter is
connected to ground in the device so it pulls the voltage on the Unibus data line to the level of the
device saturation voltage (approximately 0.8 V max. at the coliector). This low on Unibus line BUS
D03 L represents a logical 1.

To select a 0, the switch is opened (OFF) which disconnects the 8881 driver output from Unibus data
fine BUS D03 L. The +5 V applied to the terminator resistive divider holds the line high which
represents a logical 0.
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4.3.9.3 BR Priority Selector Card - In the PDP-11 system, an interrupting device requests bus mas-
tership via one of four bus request (BR) lines. They are referred to as BR4-BR7 with BR4 being the
lowest priority. For devices connected to the same BR line. the device electrically closest to the proc-
essor has the hiahcst priority.

"‘r

particular device is shipped hard-wired for a recommended BR level; however, the device can bhe
I chi» to interrupt on any BR4 level. Physically, this can be accomplished by changing a small plug-in
type printed circuit card. This example uses level BR4; however, the DUPI! is shipped with a level
BRS card installed.

.if pin socket is s permanently attached to the module and the priority card plugs into it. A separate
ard is used for x.duh interrupt level (BR4-BR7). Etched jumpers on the card configure it for a specific
;%v'\ level. Figure 4-28 shows the configuration of a priority card for level BR4. There are no con-
nections made to bus request levels BRS-BR7. Jumpers are used to allow bus grants (BGs) from the
processor on levels 5-7 to pass through the device to succeeding devices using these levels. The bus
reguest signal (BR RE(Q | 3 3 from the mterrupi control logic goes to pin 12 of the card and is ;umps.m{i
to pin 13 (Bi. S BR4 L} which is Unibus signal line BR4. The path for the processor bus grant signal for
fevel 4 under two conditions is described.

F/ up

8R4 PRIORITY
CARD

)S BRS o
Bus & 8US BR4 L _ TO UNIBUS
12 BR REG L * aga LINE
BUS BG 7 N H i
BUS 86 7 OuT

] !
BUS BG & iINH !

M UNIBUS BG4 LINE OR
{OUS LEVEL 4 DEVICE.

i
}
t
4

TOUNIBUS HG4 LINE OR
NEXT LEVEL 4 DEVICE,

BG OUT H ‘ _ BR RES L
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Configuration of the BR4 Priority Card
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The request for a receiver interrupt (REQ A H) is generated at the output of a 7408 AND gate and
delayed 100 ns before being sent to the REQ A flip-flop in the interrupt control logic. The other input
of this AND gate is RD RXCSR H which is the equivalent of R[> RXCSR L. Signal RD RXCSR L is
generated by the address selection logic when the RXCSR is being read. Therefore, when the RXTSR
15 not being read, RD RXCSR L or its equivalent RD RXCSR H is high which qualifies the 7408 gate
to assert REQ A H when its other input is high. This input comes irom the output of a 7432 OR gate.
its inputs are the AND function of RXDNE {1) H and RXITEN (1) H and the AND function of A
DAT SET CH (1) H and DSC ITEN (1) H. Assertion of either pair of these signals asserts REQ A H,
provided RID RXCSR H is high.

Signal RXITEN (1) H, which is the receiver interrupt enable bit (RXCSR bit 06), is asserted by the
program if it is desired 1o request a receiver inferrupt when the RXDONE bit is set. Signal RXDNE (1)
H, which is the receiver done bit (RXCSR bit 07), is set by the hardware when RXACT is set and a
character is transferred into the receiver data buffer. (See Chapter 3 for details concerning the setting
of RXDONE under other specific conditions.}

Signal DSCITEN (1} H, which is the data set interrupt enable bit {(RXCSR bit 05), is asserted by the
program if it is desired to request a receiver interrupt when the ADAT SET CH (1) H bit is set. Signal
ADAT SET CH (1) H, which is the data set change A bit (RXCSR bit 15}, is set by any transition on
the CLEAR TO SENI line or a positive transition on the RING line greater than 10 ms.

Typical Example of an Interrupt Transaction

This example describes a basic interrupt transaction and deals primarily with the interrupt control
logic in the DUPILL. It does not {ocus on the details of the PDP-11 processor interaction. For these
details, refer to the PO P11 Peripherals Handbook (1975 ), Chapter 5, Unibus Theory and Operation.

The logic for this example 1s shown in sheet BSIT.
1. lnitially, no request is pending (BR REQ L is high) and ail flip-flops in the interrupt control
logic are cleared. The vector address drivers are inhibited. Signals BG IN H, BG OUT H,
BUS SACK i, and BUS BBSY L are not asserted.

[

Assume that REQ A H is asserted. This action drives BR REQ L low. This signal enters the
BR4 priority card and leaves as BUS BR4 L which goes 1o the processor.

3. The processor examines BUS BR4 L and if it has the highest priority and BUS SACK L is
clear asserts BUS BG4 IN H. This signal enters the BR4 priority card and leaves as BG IN
H which goes to the interrupt control logic.

4. When BG IN H goes high, the GRANT flip-flop is ¢lecked; however, because REQ A H is
asserted its D input is low and the flip-flop does not change state {assumed to start cleared).
Signal BG OUT H is low which blocks the bus grant signal and prevents it from reaching
any following devices at level BR4 on the Unibus.

5. The assertion of BG IN H puts a low on the D input of the SACK flip-flop. Signal BGINH
is delayed 50 ns after assertion and clocks the SACK flip-flop which sets it because it is
redefined. This action asserts BUS SACK L and clears BR REQ L.

6. The processor receives BUS SACK L and clears BG IN H which prevents the issuance of
further grants from the processor during this interrupt transaction.

7. Clearing BG IN H sets up the interrupt control logic for the subsequent clocking of the V2
flip-flop.
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Initial Conditions - The DUPI1 is not asserting a bus request; hows
priority level farther down the bus has asserted a bus request. At tn

ver, another BR device at the same
s point, a bus grant {BG) has not

heen issued, nor has BUS NPR L been asserted.

=

Lk

(.4

The following conditions exist in the DUPI1 interrupt control logic (sheet BSI7).
a. The DUPIL is not requesting {BR REQ L is high}

b. A bus grant has not been issued by the processor {BG IN H is low and BG OUT H s
low). The GRANT flip-flop s cleared and its D iaput is high.

't
W

a. The D input of the redefined SACK ilip-flop goes low.

b. The GRANT flip-flop is clocked but it remains cleared because its D input is low. BG
QUT H remains low which means that the grant is blocked.

c.  After a delay, the assertion of BG IN H clocks the SACK flip-flop. With its D input
low, this redefined {lip-flop is set which asserts BUS SACK L.

When the processor receives BUS SACK L, it clears BG IN H and prevents the issuance of
further granis.

When the current bus master completes its transaction, it clears BUS BBSY L and BUS
SSYN L. This action directly clears the SACK flip-flop which clears BUS SACK L. This
1

action also clocks the BBSY flip-fiop but it remains cleared. Its direct clear input is held low
because the DUPILI is not requesting an interrupt.

Because the DUPI11 did not assert BUS BBSY L, the processor asserts BUS NPG H in
response to B1JS NPR L as soon as it receives the cleared BUS SACK L signal. The NPR
device becomes bus master and uses the data section of the Unibus before the BR device that
had asserted its request first.

1f the BR from the device farther down the bus is still pending, it will be arbitrated again

when the NPR device clears BUS SACK L

4.3.10 Data Set Interface Logic

4.3.10.1 General — The data set interface logic is shown in logic sheet BSIS and is divided into three
tunctional groups as described below.

1.

Control and status signals from the data set are converted to TTL logic levels. Some signals
are sent to the RX and TX control logic and others are used as indicators, and in some cases,
as requests for an RX interrupt. This logic includes seven RXCSR bits (numbers 0, 9, 10,
and 12-15)%
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Figure 4-30  Pulse Generator for SEC RCV, DSR, CARRIER
and CLR TO SD Lines

In two areas of this logic, jumpers are provided to alter functional operation.

The first area concerns the preset inputs to the ADAT SET CH and BDAT SET CH fip-flop. The

standard jumper configuration is shown in the print set. It allows the RING and CLR TO SD lines to
set ADAT SET CH and it allows CARRIER, DAT SET RDY, and SEC RCV lines to set BDAT SET
CH. {This configuration is described above.) Removing the standard jumper and installing one in the
other % t of plated-through holes (PTHs) allows all of the above mentioned lines to set ADAT SET

CH. he BDAT SET CH f{lip-flop cannot be set in this configuration. This makes the DUP11 com-
vatihie with the DUII i third configuration would be to remove the B DAT SET CH jumper and

mr‘%a mmmtw* these mpmt

T"ii second ares concerns the entry of SECONDARY RECEIVE into the DUPIL. The standard

mper configuration is shown in the print set. It allows signal SECONDARY RECEIVE to be
eceived by the DUPLE. This signal is not used on Bell ”’CsH 208, or 209 modems. To prevent entry of
‘zzsc; signal, the standard jumper is removed and a jumper is installed in the other set of PTHs. Signal
‘CONDARY RECEIVE now goes to ground instead of entering the DUP1L,

The last signal (RING INDICATOR) is converted and becomes bit 14 of the RXCSR. A transition on
this line sets ADAT SET CH. The input to the pulse generator for the RING line contains a one-shot
to eliminate false setting of the ADAT SET CH flip-flop during the positive transition of the RING
signal. The one-shot provides a 10 ms delay after the RING line goes high to ensure that & legitimate
;,éumg“ rather than ele mca} noise has triggered the 0ne~shat,

The one-shot has three inputs: pin 4 is unused, pin 5 is connected to +3 V, and pin 3 is connected to the
output of the 1489 receiver. Only a negative transition at pin 3 triggers the one-shot. This corresponds
1o the %Nw line going high. The pu se generator and associated timing diagram are shown in Figare

4-3i. A positive or negative transition of the RING line presets the ADAT SET CH flip-flop. The

ms delay occurs only on the positive RING transition.
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Figure 4-31  Pulse Generator for RING Line

4.3.10.3 Logic fO; ,g:«ﬁs to Data Set -~ Three RXCSR program read/write bits are used to send
information to the ¢ el |

o]

RXCSR DUP1L Sigunal EIA Signal Name

Bit Ne., ‘“-s:%fzzas:

1 DTR DATA TERMINAL READY

2 RTS REQUEST TO SEND

3 SECTX SECONIDIDARY TRANSMIT DATA

o stored in a 74175 quad flip-flop. i% common clock signal is LT» RXCSR LB H
he reg ster selection logic when the RXCSR is written into (word or low byte).
rsignai is CLR L. The DUPH! %.5 Shipiss-;? f«‘z'{h a jumper in the CLR input line,
:t these bits cannot be cleared by DEVICE RESET or BUS INIT. In z‘m» case,
be cleared by the program.

f

‘he output of each bit goes to a ! 88 ciw&*“ which inverts the signal dnd converts it from TTL logic

v2ls to ElA logic . The vottage lev aput and output of the 1488
Below,

1485 Input 1488 Ourput
{TTL Levels) (EIA Levels)
04Vio0V 3Viea ¥

24V 0S5V I Vie -6V




The DUPLI is shipped with a jumper in the SECONDARY TRANSMIT line. Removal of the jumper
inhibits this signal. (SEC TX is not used on Bell 201, 208, and 209 modems.)

4.3.10.4 Logic for Transmitted Data and External Maintenance Clock - The logic associated with
transmitted data is discussed in detail in Paragraph 4.3.6.3.

A 10 kHz clock is supplied for use during the external maintenance mode. The modem is disconnected
and replaced by the H325 test connector which allows checking of the interface including level con-
verters and cables. The 10 kHz output [MAI EXT CLK (1) H] of the RC clock is sent to one input of a
1488 driver. [ The signal is shown as its logical inversion MAI EXT CLK {0y L.] The other input of the
driver is MAT SELB (0) L which is high when the external maintenance mode is selected. In this case,
the clock signal [MAI EXT CLK (0) L] is gated through the 1488 which converts this TTL signal to
FIA logic levels. The 1488 output is identified as TRANSMITTER SIGNAL ELEM ENT TIMING
FXTERNAL which simply means FIA XMIT DATA.

4.3.11  Typical Operations

4.3.11.1 Introduction - In this section, two typical sequenced operations are discussed to familiarize
the reader with the transmit and receive ROM control functions. Paragraph 4.3.11.2 discusses a typical
SDLC transmit operation and Paragraph 4.3.11.3 discusses a typical SDLC receive operation.

4.3.11.2 Typical Transmit Operation (SDLC) - The following example is & detailed discussion of a
typical DUP!1 transmit operation using SDLC protocol. The total transmission consists of two mes-
sages or frames. The first frame contains the following sequenced characters: flag, address, command,
two information or data characters and a 16-bit CRC. In this example, the next character is an inter-
message flag that separates the two frames. This flag is followed in sequence by the following charac-
ters: address, command, information, CRC, and the terminating flag.

References

Transmitter Timing Diagram (Figure 4-32)

Transmitter Logic [drawing D-CS-M7867-0-1, sheets 2 (BSI2) and 5 (BSIS)]

Listings for the transmitter ROMs (Function Decode, Data Path Control, and Data Decode)
Detailed logic descriptions (Chapter 4) for detailed explanation of specific areas as required

Details of a Typical SDLC Transmit Operation
1. The program initializes the DUP11 by setting DEVICE RESET (TXCSR bit 8) which gener-
ates signal CLR H (1 ps pulse) in the device reset logic. The following bits are among those

cleared.

TXACTIVE (TXCSR bit 9)

SEND (TXCSR bit 4)
TSOM (TXDBUF bit 8)

TXITEN (TXCSR bit 6)

Signal CLR H directly sets TXDONE (TXCSR bit 7).
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Clearing TXACTIVE drives TXACT (0) H high. This signal generates LOAD H which is a
qualifying input to the 7408 gate that provides the ciock nput to the Bit Svnc Buffer. The
other input to this gate is TXCLKD H. With LOAD H asserted, the Bit Sync Buffer is
clocked on every positive transition of TXCLE D H. Signal SKPSEQ (0) L is ANDed with
LOAD H to generate SKPLD H.

Because of DUP11 initialization, signals TXACT (1) L and SEND (1) L are both high. They
are ORed in the data set logic (sheet 5) to drive EN DDATA H low. This signal is double-
inverted to drive EIA XMIT DATA low which is the MARK state.

Signal EN DATA H (shown as EN DATAL) goes to the clear input of the TXDT flip-flop.
When it goes low, the TXDT flip-flop is cleared. As long as it is held low, the flip-flop does
not respond to the clock signal (TXCLKP L). The D input of the TXDT flip-flop is signal
TXDT H from the Data Decode ROM. As long as the flip-flop is held cleared, TXDT H has
no effect on the transmitter control logic.

The program sets the following bits: SEND, TSOM, and TXITEN. When the program
addresses the TXDBUF register to set TSOM, the address decoding logic asserts LD
TXDBUF L. When the address is cleared, LD TXDBUF L goes high again and this positive
transition clocks the TXDONE flip-flop, which clears it because its D input is permanently
connected to ground. This action is asynchronous to the data set clock.

When TSOM is set, TSOM (13 H is asserted and goes to the Bit Sync Buffer, which is
clocked by the next TRCLKD H pulse and asserts SSOM (1) H. The start of message
function is now synchronized to the transmit data set clock. Signal TSOM (1) H is also
ANDed with SSOM (1) H to generate SEND FLAG H which is a Function Decode ROM
mput.

Summary

The program has set SENID and TSOM and the hardware has cleared
TXDONE. TXACTIVE is cleared. The data out line EIA XMIT
DATA is held in the idle (MARK) state. The start-of-message function
is synchronized to the transmit data set clock.

The Function Decode ROM is in the following state.
[nputs Adrs Asserted Outputs

SEND (H H 37 TFLG H and ENTXAC H. First Clock pulse of the star-
SEND FLG H tup sequence.
LOAD H

Signals TFLG H and ENTXAC H go

G H a to inputs of the Bit Sync Buffer and when it is clocked
by the next TXCLK D H pulse, SFLG (1

3y H and SENTXAC (1) H are asserted.




The Data Path Control ROM angd Data Decode ROM are in the following states.

Ddata Path Control ROM

S0

. Bend one SPFACE. This is

=3
Y
b

to 0). TXDT H is low

z?“ia XMIT DATA) high

S

{ YH ane:l Sﬁ"\TXAi’: {IYH
ts it in the following state.

Adrs Asserted Outputs
61 T%L{J H, ENTXAC E and ENTXDNE H. Send MARK
in flag sequence and ser TXDONE.

Signal ENTXDNE H from the FDROM goes to one input of the 7408 AND gate in the

pr:a :t input gating for the T XDSNE flip- ‘Enk. The ot! her input is clock sggms TXCLKFH.
This 300 ns positive pulse is generated by a one-shot that is triggered by the positive-going
edge of TXCL ﬁ&i‘ﬁ"ﬁ”meg 6). ?ﬁﬁrsfﬂre shortly after the TXCLKD H pulse that set up the
transmitter to send the fir 5t bit é%f“f‘- f’"&) of the flag character, TXCLKP H and ENTXDNE
H are ANDed and then inverted to directly set the TXDONE flip-flop.

Summary

The first bit (S?i&i E) of the flag character has been transmitted. The

hardware has set TXDONE, The transmitter logi
transmit the second bit (MARK) of the flag ¢
been gualified to set the TXACTTIVE flip-flop.

¢ has Er:r set up to
cter, The logic has

Signal SENTXAC (1), which was aﬁﬁerted m szaa 8, is sent to the D input of '%;e TXACTIVE
flip-flop. The next pmitne transitio: LR H cl !{a this ﬁi“;"ggp nd sets it, '3%53:“
TXACT (O) %’ Boes low which d uf;gg‘% LOA %%’ and SK ? D H both low. "*J sw the Bit §

Buffer can only be clocked at the end of a character when the TCS counter overflows an
generates %"L CMAX H w hxm = a positive pulse.

e
!'.‘k 3]
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At this point, the ROMs are in the following states.

Function Decnde ROM

Inputs Adrs Asserted Outputs

SEND (1) H 60 TFLG H and ENTXAC H. Finish flag character.
SENTXAC (I} H

SFLG(OH

SEND FLAG H

Data Path Control ROM ’
The only asserted input is SFLG (1) H which gives address 32. Only output ENTCSC H is
asserted. This signal enables the TCSC counter and the flag continues to be transmitted.

Data Decode ROM

:’“iia only asserted input is SSOM { 2} H which gives address 128, This asseris TXDT H,
which means send a M %R& Neither the T?& shift register nor the TXCRC register is

enabiad to this ROM, but their outputs (TXSER OUT H and TCRC OUT H} are connected

to its inputs and their clocks are disabled. As a result, the ROM is programmed to assert

T’Xﬁ‘; H for all combinations of TXSER OUT H and TCRC OUT H with SSOM (1) H
asserted (reference DDROM addresses 128, 129, 132, and 133). This renders the states of

TXSER OUT H and TCRC OUT H irrelevant at this time.

With TXDONE set, the program can change the inputs to the Function Decode ROM. The
program clears TSOM (TXDBUF bit 8). When the TXDBUF register is addressed, signal
LD TXDBUF 1. is asserted. When the address is cleared, LD TXDBUF L goes high again
and clocks the TXDONE flip-flop which clears it.

Sigrals SSOM (1) H and SFLG (1) H are latched amtpmx of the Bit Sync Buffer and cannot
be :E‘z'mf_,cd until this buffer is clocked again at the end of the flag character. Therefore, the
[Datz Path ROM and Data Decode ROM remain in the states described in step 11 until
signals TC=3 H and TIBC=6 H are asserted. The transmitter continues to send MARKs,

One Bit Counter (T1BC) counts 1s that are being transmitted. The transmitter
g s the sending of the flag character (01111110). When the fifth 1 (MARK) is
ﬁﬂu‘,zw, the T1BC counter asserts signal TIBC=5 H. This signal is sent to an input of the
Data Path Control ROM. Now DPCROM inputs SFLG (1) H and TIBC=35 H are asserted
to give address 34, ENTCSC H is asserted. No other outputs are asserted which indicates

at a MARK is to be sent. This ROM address identifies the sixth bit of the flag character,
% nniy Data Decode ROM input SSOM (1) H is asserted, which gives address 128, 129,

or 133, depending on the states of DDROM inputs TCRC OUT H and TXSER ouT
- each of these addresses, only output TXDT H is asserted which makes EIA XMIT
i)A*iA a MARK.
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e
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Z
Tt
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72}
o
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e
s
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e
£
jon)
ke
1
4]
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ENTXAC
TXDONE.

Asserted Qutputs

TCSC H and ENTXSR H.
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£ Data Decode ROM
Inputs Adrs Asserted Outputs

SKPLD H 66* CRC CLK EN Hand TBUF-SR H. Enable TXCRC logic

ENTXSR H and load contents of TXDBUF register inte TX shift regis-
ser. Output TXDT H is low which produces a SPACE (0)
on the external EIA XMIT DATA line.

I TXSER OQUT H is asserted, ROM address £7 is selected. This
asserts CRC CLK EN H, TBUF-SR H, and TXDT H. The results are
the same as that shown for address 66, except that TXDT H is high

* which produces 1« MARK (1} on the external EIA XMIT DATA line.
Signal CRC CLK EN H enables the TXCRC logic so that it is clocked
on each bit by TXCLKP H to accumulate a CRC check character for
the transmitted data.

When the TX shift register is loaded, ENTXSRC H is not asserted by the Data Decode
ROM. This inhibits the shift function while the TX shift register is being loaded.

The TX CRC register is not enabled to the DDROM by ENTCRC at this time; however,
even if its cutput should go high to produce address 70 or 71, the DDROM has programmed
these addresses to perform identically to addresses 66 and 67, respectively,

18. Signal ENTXDNE H is asserted during the last bit of the flag character (step 16) and is sent
to the AND gate in the preset gating logic for the TXDONE flip-flop. When TXCLKP H
goes high as a result of the first data set clock pulse for the second character, the TXDONE
flip-flop is set which indicates the availability of the TXDBUF register to the program
second interrupt,

19. Halfway through the first bit of the data character, TCSC MAX H times out and drives
LOAD H and SKPLIDD H low. The addresses of all three ROMs change as follows:

a. The Function Decode ROM goes to address 48 which still calls for a normal data
transfer, except that only output ENTXAC H is asserted.

b. The Data Path Control ROM goes to address 0 which gives the same outputs
{(ENTCSC H and ENTXSR H) as the previous address.

¢.  The Data Decode ROM goes to address 2 which keeps CRC CLK EN H asserted but

asserts ENTXSRC H instead of TBUF-SR H. This allows the loaded shift register to

» be shifted now. Address 2 means that input TXSER OUT H is not asserted; hence,

output TXDT H is not asserted and a SPACE is transmitted, If input TXSER OUT H

is asserted, address 3 is selected and TXDT H is asserted; hence, a MARK 1is
transmitied,

Sumvmary

The flag character (01111110) has been transmitted. TXDONE has
been set again indicating that the TXDBUF register is available. The
TX shift register has been loaded with the second character to be trans-
mitted, which in this example is a secondary station address (treated as
datn). The TX shift register is enabled to the Data Decode ROM and
the first bit of the character is being transmitted. TXACTIVE is kept set
and the TXCRC logic is enabled.
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22,
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Function Dedade ROM

Inputs Adrs Asserted Ouiputs
SEND (“‘ H 50 weep TXACT mzsd TXCRC

SENTXAC (i) H g;ac‘ter and then send the CRC
TEOM (1Y H chars

The Data Path Centrol EE{}’%*E and the Data De
described in step 19; that is, they continue to transy
shift register which. in this case, is the seco nc% it

S 0 - — P



24. During the last bit of the second information character, the TCSC counter averflows and
generates the TCSC MAX H pulse which in turn generates LOAD B and SKPLD H. With
LOAD H asserted. TXCLKD H clocks the Bit Sync Buffer and asserts ‘if“R(“ {}yH which is

sam to the BP’L ROM and is fmi back to thc FD RQM

At this pmm. the ROMs are in the following states.

Function Decode ROM

Inpuis ‘ Adrs - Asserted Outputs

SEND () H 55 - TFLG H and ENTXAC H. Inter-message flag coming up,
SENTXAC{IVH : Keep TXACTIVE set.

SEND FLAG H

TEOM (O H

SKPLDH

Data Path Control ROM

Inputs . Adrs Asserted Outputs

SCRO (L H 17 ENTCSC H and ENTCRC H. Enables TXCRC register to
LOADH the DDROM. This is the first bit of the CRC character.

Data Decode ROM

Inputs SKPLD H and ENTC RC H are asserted. Under these conditions, the TXCRC regis-
ter is enabled to the DDROM. Its output is TCRC OUT H which is an input to the
DDROM also. To avoid interference by the output of the TX shift register (TXSER QUT
H) which is a DDROM input, four addresses are provided to represent the four com-
binations of TCRC OUT H and TXSER OUT H.

IfTCRC OUT H s a 0, address 72 or 73 is selected which does not assert any DDROM
outpuis. Hence, TXDT H is low which makes EIA XMIT DATA a SPACE (). If TCRC
OUT His a !, address 76 or 77 is selected which asserts TXDT H and makes EIA XMIT
DATA a MARK (1), ‘ ‘

25 The first CRC bit has been transmitted and now LOAD H times out.
At this point, the ROMs are in the following states.

Function Decode ROM

Inputs Adrs Asserfed Outputs
SEND (DO H 54 TFLG H and ENTXAC H. Transfer CRC character and
SENTXAC {1} H prime logic for flag character.

SEND FLG H
TEOM () H

Data Path (mﬂff}% ROM ‘

Only input SCRC (1) H is asserted which selects &d(ira,@i 16, This asserts ENTCSC H and
ENTCRC H which keeps the outpm of the TXCRC register enabled to the Data Decode
ROM.
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. Biata Bmeﬁe ROM

-y

i

put ENTCRC H is asserted whic h means that the TE&CRC register J?f RCOUTH)
is mdbim i’i} %:he DL}R{I}M To avoid interference by the output of the TX shift register
‘ I' H), four addresses are provided to mprcsent the four combinations of T {,R_C

: TL&&S!:R OUT H. If TCRC OUT His a 0, address B or 9 is selectad which make
,‘c %. X%Eii %}ATA a SPACE (0). H TCRC OUT H is a 1, address 12 or 13 is selected Vs%m,h
makes ETA XMIT DATA a MARK (1). In each case, DDROM output CRC CLK EN H is
asserted to keep the TX CRC logic operating.

turing transmission of the CRC character is required. If five consecutive is are
ing transmission of the 16-bit CRC Lﬁamcten the TIBC counter asserts
"?“E*ﬁis signal, along with SCRC {1} H, selects Data Path Control ROM address
rts oniv DPCROM output TSPACE H which indicates that a CRC transfer is
i a 0 must be gwf‘:mé in the next bit position of the data stream. TSPACE H
the I ,.i’}zza Decede ROM. All combinations of TCRC OUT H and TX SER QUT H
*i‘ sses ”., 33, 36, or 37) heié no DDROM outputs; therefore, TXDT H is low which
es 1A XMIT DATA a SPACE (0).

The transmitter continues sending the CRC charac th sziffﬁd Os as required. At the
t of the last (16th; CRC bit, ﬁ'zzz TCSC counter o fﬂO\’«i and generates LOAD H. At
this point, the ROMs are in the following states.

Function Decode ROM

Inputs Adrs Asserted ﬁuipnm
SEND ( iy %ﬂ ; ff% TFLG H and ENTXAC H. Inter-message fl g coming up.
&E NTXAC () H ~ Keep TXACTIVE set.
SEND FLAG H ~ ~
TEOM (I3 H
SKPLD H

Data Path Control ROM

§'§§§'ug5 Adrs Asserted Cutputs
SFLG (I H 33 ENTCSC and TSPACE H. Send SPACE which is first bit
L.OAD H of flag character.

Data Decods ROM

fnputs Adrs Asserted Outputs
SKPLD H 96 No asserted outputs. Send SPACE. First bit of inter-mes-
TSPACE H - sage flag.

Summary

The address, command, and two information characters have been
loaded by the program and iransmitieu by the DUP11. All these char-
acters are treated like data so the 0 3 f%mg ogic and CRC logic are
enabled during their transmission. Edriv in the transmission of the CRC
character, the program cleared TEOM ‘and set TSOM. The i6-bit CRC
character has been transmitted also (with 0 Sth*‘w enabled). The first
bit (SPACE) of the inter-message flag character is being transmitted.
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28.

30.

31,

Signal ENTXDONE H is asserted during the last bit of the CRC character {step 27) and is
se m ifﬁ the preset input gating for the TXDONE flip-flop. When TXCLKP H goes high as a
result of the first data set clock pulse for the inter-message flag, the TXDC 3N'E fhp~ fop is
directly set.

When LOAD H times out, the ROM:s are in the following states,

Fuaction Decode ROM

Inputs Adrs Asserted Outputs
SEND (h H 58 ENTXACH. Keep TX, “g{LTEYE: set. Finish flag chara
SENTXAC{(HH then transmit data.

SFLG (I H

Data Path ROM
The only asserted input is SFLG (1) H which gives address 32, Only output ENTCSC H is
asserted which means that a flag character is being transmitted.

Data Decode ROM

The only asserted input is S8SOM i*‘a H which gives address 128 Only outp
asserted which means that the second bit (MARK) of the unémmec;sag *‘i
being transmitted.

i TXDT H is
12 character is

13
Wi
.

The transmitter sends the inter-message flag character and then continues with the remain-
ing characters. In this example, the inter-message flag is followed by an address character,
command character, and an information character, which are all under program control.
They are au ﬁmdma;h followed by the CRC character and terminating ﬁhg character, after
which the line is set to the idle (M LXRK) state. Because another message is not pending, the
line is forced to the MARK hold state, TXACTIVE is cleared and IXE}GV% is set.

The discussion continues at the point at which the last bit of the terminating flag character
has been transmitted. The following conditions exist.

TX ACTIVE is set
TX DONE is cleared
TSOM is cleared
TEOM is set

SENDS is cleared
LOAT» H is asserted

With LOAD H asserted, TXCLKD H clocks the Bit Sync Buffer and drives SENTXAC (1)
H and SFLG (1) H low. The next TXCLK H pulse clocks thc TXACTIVE flip-flop and

clears it because its D input [SENTXAC (1) H] is low. The | and 0 outputs of the TXAC-
TIV E flip-flop go to a pulse generator (7408 AE\, D gate and RC delay network} to generate a
120 ns pulse when TXACTIVE is cleared. This pulse is inverted and directly sets the
TXDONE fiip-flop.

Vhen the TXACTIVE flip-flop is cleared, signal TXACT (1) L goes high, It is a quabifving
mput to the transmitter mztpm dam line interface logic {sheet 5) TXACT (1} L is ORed with
SEND (1} L, which is also high, 1o drive EN DATA H low. This signal drives EIA XMIT
DATA low which is the MARK state.




Signal ENDATA H (shown as EN DATAL) goes to the clear input of the TXDT ﬂ1§3~?§op
When it goes low, the TXDT flip-flop is cleared. As wm as it is held in this state by the low
signial on the clear input, it does not respond to the clock signal (TXCLKP L.

Summ ,
The termin .mné flag character has been transmitted which indicates the
end of . Une bit time after the last fiag bit, the hardware
E which drives the transmit line to a MARK hoid
HIMONE,

BFRFL

clears ?‘f’ :

’ie»

a8 ad i sTnnar 3.

e foﬁmm ing sequenced characters: three flags, address, command, data, two

ers are controlled by the logic in the transmitting DUPI1. The address,
ters are controlled %% the

2 SDLC primary mode, all characters s character are presented

a

n ch the message is being sent. This dddfﬁas is st oreci in bits 0-7 of the
mpared with the received address. If it does not match, the receiver keeps
does match, RXACT is set to indicate the start of a new message. The received
;“M presented to the program. The character following the address is the first
to the program.

*zmde the character subsequent to las g is the address of th

References

Receiver Timing Diagram (Figure 4-33) and Timing for First Recognized Flag Character (Figure
4-34)

Receiver Logic [drawing D-C8-M7867-0-1, sheet 2 (BSI12)]

Listings for the receiver ROMs (Decode and Function ROMs)

Detailed logic descriptions {Chapter 4} for detailed explanation of specific areas as required
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Details of a Typical SDLC Receive Operation

At the *)egn“ ng, lhc rsmwfzr enable bit (RCVEN) is cleared which resets the receiver timing
: 20 it the receiver does nothing.

3. nputs to the dacbds ROM are asserted,; hence, no outputs
« : t1s not until the eighth bit that the deé:,a;sé ROM asserts
an c:;ut’;}u{ as shown below,
Decode ROM
Asserted Inputs Adrs Axserted Outputs
RIBOSH 6 f:‘ ‘ ??RM H, FLG RCYD H, and El\iﬁ?%%ﬁ’ H, which
indicates reception of the second flag character.
Dec duy ROM ocutput ENRSRC H goes to the AND gate in the clock signai line for the
receiver shift register. it is ANDed with RCLKON DLY H to mﬁ’ime RSR { LK H. This
~: sinverted to geaerate RSR CLK L which clocks the shift register once each bit time.
Decode ROM outputs EN FRM H and ‘FLG RCVD H areinputs to the Function ROM. At
time of the eighth flag bit, signal! RCSC MAX H is also asserted. This signal is a Fune-
tion ROM input also: z%}ereforﬁ, the ROM goes to the following state.
Function ROM
Asserted Inputs Adrs Asseried Ountputs
EN FRM H i1 FRAME H which indicates reception of the second flag
F! G RCVE: H Jzé;‘@:ter
RCSC MAX H
Signal FRAME H goes te the receiver controi flags (RCF)
flip-fiop and is clocked in by RCLK OFF DLY L. At the
output of the RCF flip-flop, this >iguai 18 des&i’i‘icﬁé‘d FRM (1)
H and it is fed back as an input to the Decode ROM.
4. % : character is being received now. The discussion picks up at the eighth bit of

acter. The situation is very similar to that shown in step 3. The outputs of
, he same; however, the address 1s 3% because FRM (1} H is asserted.
This indicates reception of the thind flag. The Function ROM is in the same state as that
Rh@wr‘ in step 3. During thfz ﬂag@ ei,hf“ bit, RIBCOH is : iheref’ﬁm, RCLK OFF DLV L
fe ra the RIBC counter. All outputs of the RIBC counter go low and the only asserted
t of the decode R¢ }‘*—i is PR’%"E {1y H.

-
&«
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LA

At this point, which is the start of the address character, the ROMs are in the following
Decode ROM

Asserted Inpuis Adrs Asserted Outputs

FRM (1) H 32%

abled.

3215 3¢ d if the received data, as represented by
e of RIBC O H {,isa0. IfRIBCOHisa !, address 33is
d and ar; ROXE J;gms ire the same, [fRIBCOHisa
b i, Rli”ﬁ :- His zim Assm'tf:d and

¢ register en

=

Function ROM

Asserted Inputs Adrs Asserted Qutputs

ENTFRMH 8 FRAME I

These are the conditions that prevail during a normal data transfer.

dres\ character, RCSC MAX H is asserted. The function ROM is

Function ROM

Asserted Inpuis Adss Asserted Outputs
ENFRM H 9 FRAME H, EN RXACT H, EN MESG
RCSC MAX H ACT H, and RSR-RXDBUF.

s FRAME H, EN RXACT H, and EN ‘V‘i'SSG ACTH
- receiver control flags (RCF) flip-flop. They are
d in by the trmimff t,dge of RCLK OFF DLY L. How
ust prior to this clock signal, RSZ,L& OFF His ANDed
RSR-RXDBUF to generate LD RXDBUF H. This
s the address character into the RXDBUF and asserts
TR MESG H which s bit 8 of the RXDBUF register.
Signals RSRHRXDBUF and RCLK OFF H afr:: 1
A Ded to preset th“ RXDONE flip-flop [RXDONE (1Y H is
t ause of propagation delays, RXDONE (1) H is
t after the RXDBUF register is clocked to avoid setting
receiver overrun bit [IREC OVERUN {1} H]. When the
am iccmts the address character by reading the
. the RXDONE bit IS sleared. If the pro-
*he ch fu,!er he RRD(}N‘E bit
is loaded again,
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12 and message ©

r*‘«f a buffer :

i EIE

¢ DUPLT s

I

erfeﬁ. the recsiver \hm “—*3, iste
1 & is removed.
EN RX AC '? H,

%
tia

‘Ele e a:“:jr.ii‘y address

in the SDLC primary mode.
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st of the terminating flag characters has been received. During the
4 FJBx H, RIBCG6 H, and RCSC MAX H are asserted. The ROMs

Asserted Quiputs

EN FRM H, EN RSRC H, and FLG RCVD H, which
denotes reception of the closing flag.

us represent the reception of the closing flag. They also occur via
e message (step 31

Asserted Outputs

59 FRAME H, EN MESG ACT H, and RSR ~RXDBUF.
This denotes normal m essage ending.

-

o
T
.

"

it
P

s FLG RCVD H and MESG ACT (1) H, which are
: tt%ar&d are ANDed to become the input 1o the receiver end
sf the message bit in the RXDBUF register. When the regis-
clocked, this bit 15 set (REND MESG H is asseg‘ter}} to
aote the end of the message.

At the end of the first terminating flag, the receiver assumes
4eﬁzrch;n§: for adéitimm% fir’ii": Siunaiﬁ MESG

L, *E*o%s Lsi "”z., Qtan ::§ the me swge exwm that
mg last dats received by the program are the two

heen received and the receiver fooks at flags until more
seen, at which time RXACT is set again. At the end of the

ng ﬂaa the CRC error flag [RX CRC ERR (1) H1 is asserted
srdware if the message contained an error. The receiver can be
at any time during the message via the program by clearing
r etnai:-le bit.
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CHAPTER 5
MAINTENANCE

i SCoPE A ‘
chapter lists required test equipment and provides a complete description of DUPLI preventive

and corrective maintenance procedures.

ﬁdAENTEN‘A“Q%’Y PHILOSOPHY
DUPHL maintenance consists of preventive and corrective mamienance prtw‘durea diag-
;tﬁ and 2 maintenance log. The preventive maintenace procedures are performed regu-
empt to detect any deterioration due to aging ard any ciamage caused by improper
iaie. The corrective maintenance procedures are performed to isolate and repair
f?} only after it has been determined that i?& modu ge is faulty. The maintenance
naintenance activities for future reference un da lysis; hopefully, the log will
nance action and aid in detecting dn; ompon t failure pattern that may

21 ? P'm sche duh, A general check of voltages and connections should be dc
med %%‘ta:f handling DLP} ) uduiu or ¢ ;ble.a" a c‘«i}mplei@ c%‘z-—eckoui

5:% I'ES? Fi}{ MPMENT REQUIRED

fures for the DUPII require the standard test equipment and diagnostic programs
in addition to standard hand tools, cleaners, test cables, and nmh.ﬂ

5-1




Table S»E{ Test Eqﬁi pment Reguired

Manufacturer §§-::iignafiﬁn

304 or equivalent
JPB-CXDPE

, ntenance technician i isolating and
:nce, the technizian must be otherwise equipped to

_s&jbtﬁb CXET~
rintou c e results. The
XM"} Ror ;(i.'\fii‘: togic. The tech-

ault to a specific circuit

e DUPL may re-
attached ca-

ostic program through the toggling of the maintenance
s the TXCSREL

ter output to the receive

AT DATA) which is '?‘ﬁsi{“SR %‘ !ﬂ It can g
,=;'M is used, the transmitter control logic is mhlblteu and the trans-
teared. The other input is TXDAT whic E*s 1s used if the transmitter control
s case, input MAT DATA must be cieared,

1agnostic progre
routput TXDAT
fogic is to be tested. In

reading TX MAINT DATA

3

received gam and clock
“data lead at th ]

disabled at their point of input. The trans-

ercised In dealing with the modem control and status lines because they are not
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is provided to supp!
g:s ter by%i:‘if’ smde; test. This closely simulates =he condi-
ki md by a free- runmns
1S m‘n‘ix is selected, the data s
ioput, The maintenance test point
ie. As in the internal E;}aintenance
2d. The transmitisy s);)ut 1o the
io the mz}dm‘a ‘S"gi's 1eﬂt pro-

“)UE’KE at a ‘i é:i

tion of the uXL'”IE&] mzh venance mode 18 to check the com-
TS, E{S%;‘}é distribution panei, and cables — 1t can be used in some
he DUPIL is p‘h wwally disc mvgcctad at *hc modem end of the
connector {Figure 5

¥

i\ ng is %up;’;ile& by a f ee-rum}i ng clock contained within the E,PH ata 10
m””'?’ C :us, 5 nom the :f CTE lead zthu {clock) of the

{ransmit « N
weking eff

sf the BO22F cabie and returned on the RD

oner level conversion and cable paths

ce for Clear to Send and Carvier
ource for Ring and Data Set Ready
source for Secondary Receive

can be verified 15 this mode.

Broper Gp

fon of ﬂ;w s%UPﬂ“

Dretailed discussions of the conten
The documents and diagnostics

PE-CZDPE. Refer % i uﬂlc 2-2 for
ise the cables and/or H325 test con-

griostics are identih
using diapga

] Ahstract
2. List of test ‘est number and line number. Includes concise statement of test function.
3 v includes st of tesis by titic and

1 of monitor which interacts with operator and sets up program parameters.

1 below.
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gmd Off-Line SDLC Transmitter Tests — Verifies that the DUPI! works on the Unibus

gisters ave cleared by an Initialize signal from the Unibus and a DUPLL DEVICE
i1, .«erz“{: that there is no duatl Jéreswng of the register. Each register is tested one bit at
il *:mf; at once, Tries to write into read-only s%i»; and RXDBUF; tries to f@é% méae-oz*;fzj; hits
. Tests ail read/write bits. Verifies all SLC transmitter functions in internal mainte-
m@ﬁf:* umt 155 the program clocks the device using the PK {LK routine. Venfzes bit stuffing by
; o ing data, the program smulates the hardware and compares the emu-
are bit. The transmitter CRC logic is verified u zg the CCITT
eckcd like data except thatitis calculated in a special routine and
R character,

womial. 11
vared with the hardwa

L Line SD1A Receiver and Muﬂem Control and inti;‘rapa Testa- Vertfies all SDLC recel ,gg‘
the internal maintenance mode. Test data and receiver CRC character. Uses same emula-
ods vmplu’ in diagnostic CZLPZS It also verifies modem control functic ns, gfov;éaﬁ the

connector is instailed. Verifies interaction of Data Set Change A and Data Set Change B bits in
onding m signals from the modem, provided that zumpera W5 and W6 are install fed correctly.
hat RXDONE and ADAT SET CH each generate a receiver interrupt ree.;w: . Verifies that
serates a transmitter interrupt request. ".”rlﬁes that the receiver interrupts before the

(ZDPD i}f

Line SDLC and DEC MODE Data and Function Tests - Verifies the interrupt control
v < in SDLC in system test mode and external mode, if the test connector is
‘unmﬁmrn secondary station operation, and abort sequences. Checks long
it stuffing and CRL apnratm.;, Ei also operates the device in DEC
ocol) in system test mode and external mode, if the test connector is instatled.
1 i DEC MGD? functions. Uses CRC-16 pmvnamlai to check CRC operation.

L,

{ZDPE Confidence Testt - This brief test requires a dialog with the operator to give the DUP1I
irameters. It verlfiu% that the DUPLIL operates on both SDLC and DDCMP protocols and that the
1A level conversion logic is aperational.

A
3

CPE should be run. Each

nostics CZDPR-CZDPD should be run in sequence; then diagnosti
wstic must make ¢ asses without an error.

unning DECX 11 module CXDPB to exercise all DUPLLs in a system. Three

ut an error should be made. Only four DUP1is can be tested with one DECX 11 module.

witho

gn@:’ ics CZDPB and CZDPC, the routine for the software clock in the internal maintenance
eis called the PK CLK routine. It is accomplished 'b;; using @ TRAP cali followed by an argument
“h is 2 number. The routine uses the argument to determine the number of half-c Jocks to impif
¢, At the end of the specified number of half-clocks, control is returned to the test that made the

in m&éﬁ@slib C Z DPB, during all register testing, the same HALT routine is used. The following assign-

R3 is used for the failing registe
R4 is used for *‘?sf: rakm\un fo md
RS is used for the expected results.

mparison is made, and if a match does not occur, the information is presented to the operator.

CZDPOB -~ This is an overlay program for use with the ITEP monitor. This ITEP moedule allows the
ator to perform en-line testing of the DUPII to determine the status of the modem and iine.
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APPENDIX A
PDP-11 MEMORY ORGANIZATION
AND ADDRESSING CONVENTIONS

The PDP-11 memory is organized in 16-bit words consisting of two 8-bit bytes. Each byte is address-
able and has its own address location: low bytes are even-numbered and high bytes are odd-numbered.
Words are addressed at even-numbered locations only and the high (odd) byte of the word is automat-

v included to pr ¢ a 16-bit word. Consecutive words are therefore found in even-numbered
addresses. A byte operation addresses an odd or even location to select an 8-bit byte

The Unibus address word contains 18 bits identified as A{17:00). Eighteen bits provide the capability
of idreqqmg\: 256K memmy locations, each of which is an 8-bit byte. This also represents 128K 16- bit
words. In this discussion, the multipler K r.zamis 1024 so that 256K lepraecui» 262,144 focations and
238K represents 131,072 locations. The maximum memory size can be used only by a PDP-11 process-
or with a memory management unit that utilizes all 18 address bits. Without this unit, the processor
orovides 16 address bits which limits the maximum memory size to 64K (65,336) bytes or 32K (32,768)
words,

ire A-1 shows the ﬁrmmmtmn for the maximum memory size of 256K bytes. In the binary system,
E bits can specify 2% or 262,144 (256K ) locations. The octal numbering system is used to designate the

address. This provides convenience in converting the address to the binary system that the processor
uses as shown below.

The highest 8K address locations {76()00‘3»??”7?) are reserved for internal general registers and per-
ipheral devices. There is no physical memory for these aﬁcﬁrcsxes. only the numbers are reserved, As a
result, programmabie memory locations cannot be assigned in this area; therefore, the user has 248
byvtes or 124K words to program.

A PDP-11 processor without the memory management unit prrz'eiajf:x 16 address ’mti that s ﬂemff 2% or
65,536 (64K ) locations {(Figure A-2). T he maximum memory size is 65,536 (64K) bytes or 32, 768 %"’h)
words. Logic in the processor forces address bits A(17:16) to 1s if bits A{ ,},‘;3) all Is when t
processor is master to allow generation of addresses in the reserved area with Gniy i&-mt control.

?, - 1 . H ~ 1 . ’ N 43 - £y I o ey v "y g i ot s%e) - 50y Ng 12

I OO N 12 11 10 169 108 107 106 105 bad [03 ) 02 101 6oy Add

; + e “é

o bo | ) Lo ! ] 1 IR ERY) 0l 0 |1} 0] Binay
1 1 7 6 G i 1 Octal

Address Word Format




000001 | L 600000 |
000003 200002

WORDS.

757777 R i 757776
76000 | 760000

i HIGHEST
) DESS— oone ,
e, o } WORDS RESERVED FOR

DEVICE 5

{? 77TTR ! TIINTe

143
: 10
ADGRESJ ;ssT:s 1S 256KI262,144) BYTES O 128K {131,072 WORDS.

H-1820

Figure A-1  Memory Organizati

7 on for Maximum Size
Using 1% Address B

A2




i3 0807 oo
2 fe— 16 BIT DATA WORD —i
HIGH BYTE _ LOW BYTE .
00080+ __loooooo
000003 000002

USER AGDRESS SPACE
AVAILABLE USING 18
ADDRESS BITS ON

| PDP-11 PROCESSOR
e WITHOUT MEMORY
MANAGEMENT OPTION,
INCLUDES 56K (57,344)
BYTES GR 28K (28,872}
WORDS .

157777 157776
16000 160000

ADDRESSES 160000~
177777 ARE CONVERTED
TO 760000 -777777 BY
THE PROCESSOR. THUS,
T I ) THEY BECOME THE
HIGHEST 8K (8132} BYTES
OR 4K{4098) WORDS
RESERVED FOR DEVICE
REGISTER ADDRESSES.

*1????? 1T7T776

£ LAST ADDRESS iS BYTE NUMBER £5,535,,
¥ MAXIMUM SIZE WITH 16 ADDRESS BITS IS 64K (65,536) BYTES OR 32K(32,768) WORDS.

bi- 18y

Figure A-2 Memory Organization for Maximum Size
Using 16 Address Bits
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iz decimai 37,344 (56K). This is the beginning of the last
>r converts locations 160000-177777 to 760000-777777,
1 to the B g?‘iﬁi. ns accessibie by the bus. These are
Wnafg }.iz:i“‘é?;ﬁ re g' ier a

neral device addresses; therefore,

r under do not have the preblem of interference with
1 3600@3 s‘h} not *ms:a a %}m&rv ! *n bxt A i 3. 3\‘0 addresm

5 A’.zzet

Memory Size Highest Location
K-Words K-Bytes {Octal)
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12 24
i6 32
2 40
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28 36
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APPENDIX B
LOGIC SYMBOLOGY

it
gt
*

s

3P-11 manuals and engineering logic is generally consistent with
Logic Diagrams. Certain sy mbols are modified by DEC to
ns in detailed logic diagrams that show explicit electrical con-
nodifications and other conventions are explained in the follow-

re mnemonic is followed by an H or L to indicate the asserted state
h {43 V) orlow igmsmd or 0V). Using this copvention, a grant line is
ine is called BUS D12 L.

ATE SYMBOLS
18, th *., syﬁ“;’i'*é show the active state ﬁf the gate output. A small circle
e state is low (L). Absence of a small mrciﬁ at the output shows that

" NAMD and NOR gates are used in DEC logic. The symbols for the NAND and
3 t Frﬁk;i‘fi"ii‘v an active hlgh output is required froma NAND or

ivalent symbol is used to retain the concept of direct reading of

gncf gﬁivaier}t negated-input OR gate is used to show the active high
the logically equivalent negated-input AND gate is used to show the active
nbols and associated iru‘*h tables are shown in Figure B-1.
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tde ignazimw
s either 1 for
or L (‘ow ar

Figure B-2), the flip-flop name is NRA and the output sig
erted or not asserted), and polarity (high or low) The sta
i-asserted (reset). The Qoiant‘f is elther H( high or logical
g ffaf-sith‘z, jfogic cow«,m;ans inwhichH=1=+431¥Va = (J V. For
=ans that this output is low when the Qapm.j, is reset d). Usually the
:i near the l-output because it directly sets the ﬂ;pﬂmm the iﬁ;.%AR input is

t ecause it directly resets the flip-flop. Physically, nothing has chunged: flip-
ame and there are two electric: I outputs {pin 9 for the i-output and pin & for

szg,nat@fs allow direct reading of logic functions in detailed logic
i connections between the flip-flop outputs and r logic ele-

flop state are reaé af a glance. T

%n mm*her. and flip-
* thout mental transiations. A comparative exampie 1s

.
HEA
o
ot
. 7
THO OUTPUT TERMINAL DESIGNATION FOUR QUTPUT TEIRMINAL DESIGNATION
i 141207

Figure B-3  Electrical Connections to Outputs of 2-Terminal
and 4-Terminal Fip-Flops
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APPENDIX C
INTEGRATED CIRCUIT DESCRIPTIONS

The MSI integrated circuits (ICs) shown in the engineering drawings are described in the following
pages. The descriptions include one or more of the following items: pin/signal designations, equivalent
icgic schematic, and truth table. This information is a maintenance aid for troubleshooting to the IC
fevel. The ICs are listed in Table C-1.

Table C-1 Integrated Circuits

Manufacturer’s

Part Number Name

5603 1024-Bit Read-Only Memory

7442 4-Line to 10-Line BCD to Decimal Decoder

7474 Dual D-Type Edge Triggered Flip-Flop

8641 Quad Bus Transceiver

74123 Retriggerable Monostable Multivibrator with
Clear

74153 Dual4-Line to 1-Line Multiplexer

74161 Synchronous 4-8it Counter

74164 8-Bit Parallel Out Serial Shift Register

74165 Parallel-Load 8-Bit Shift Register

74174 Hex D-Type Flip-Flop

74175 Quad D-Type Flip-Flop

74191 Synchronous Up/Down Couonter
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7442 4 LINE TO 1 LINE DECODER
These BCD-to-decimal decoders consist of eight inverters and ten 4-input NAND gates, The inverters
are connected in pairs to make BCD input data avaiiable for decoding by the NAND gates.

s
i
i ~z3~~§3?
7442
+3
BCOD
NPT
14
e T34
15 1
o oed 0
PIN 16
* PIN 08
PL-Tas2
7442
TRUTH TABLE
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Duai Flip-Fiop

1 Sidge
Pin g

Low
High
Low
High
High

s niock gdse,

clock pulse

Yres DIN 14 T oran
Vo PN 14 C-vara

GHD: i 07
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QUAD BUS TRANSCEIVER

441 consists of four identical receiver/drivers and a single enabling gate in one package for

i h the PDP-11 Unibus. The transceiver drivers are enabled when ENABLE A and
¢ both low. The other input of each driver 1s connected to the data to be sent to ;m

i ymmple when enabled, DATA IN | (pin 2} is read to the Unibus via BUS 1 (pin 1)

a write operation, data comes from the Unibus as BUS 1 {pin 1) and is passed through the

er to the device as DATA OUT 1 (pin 3}.

s641
DATA (N2 — ’

DATAGUT ¢

ENABLE A ~———

GRCUND

e

W

1

ot BU
‘ !

. DATAIN 1i-
ENABLE ,amw—w—“:”‘*‘x - e m*—4—<{>—'~ DATA QUT




74123 RETRIGGERABLE MOMOSTABLE
MULTIVIBRATOR
e 74123 Monostabls

from gated |

Multivibrator provid

Jdevel active {A) ¢

rriding direct ¢l

and complementary ou

g

e terminat
of the

I at a predetermingd time, indepen

o g——
51 2 ;i
R it Ay T
74123 12
a.\..‘-
A
[ Jrnmmnie
= i
az H=high
o $ 3 tran
W nigh 1o fow [yt s, L 3
tow- leve! puise, X= irrelavant 1 including transitions)

TALE3E
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GND =PI B

IC- 741234




74153 DUAL 4 TO 1 MULTIPLEXER

ADDRESS | !
INPUTS DATA INPUTS | STROBE DUTHMJT
) D . stR 1

L
L
2]

XX K MXHXITXP
ORI K XXX X0
®
[l i ol il o

lrxrexzzre B

X
X
K
2 | L X L
: { L Y #
H b X i
| H x X H |
B H X 3 "

DD

Addrass inputs S0 and 1 are common to both sections,
H = hign level, L = jow level, X = ireelevant.
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74164 8-BIT PARALLEL-OUT SERIAL SHIFT REGISTER
The 74164 is an 8-bit parallel-out serial shift register with gated serial inputs and an
clear. The register is clocked on the positive-going transition of the clock input.
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74165 PARALLEL LOAD 8-BIT SHIFT REGISTER

Data is parallel-loaded into the 74165 on a negative-going transition of the load input {pin 1). This
action is independent of the state of the clock, clock inhibit, or serial input. The register is clocked on
the positive-going transition of the clock input (pin 2). The prerequisites for clocking are that the load
input {pin 1) must be high and the clock inhibit input (pin 15) must be low,
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74174 HEX D FLIP-FLOP REGISTER
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Quad Storage Register

THUTH TABLE
INFUT L OUTPUTS
th § thtl

L oL H

i
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¢ time before
“k pulse.
Bit time ofter
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ip et
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typical load, count, and inhibit sequence.

itlustrated below is the following sequence.

1. Lood {preset} to binary thirteen.
2. Lount up to fourteen, fifteen [maximum}, zero, one and two.
3. Inhibit
*, 4. Count down to one, zero {minimum ]}, fifteen, fourteen, and thirtean.
* PIN 11 LOAD i l
¥ H
Ceins oo | i)
| 2 o e s v o oo danan
o 1 D I s e i o s i o o csiis
DATA Wffmmw*ﬂmmmmmmmmw
2?“};33?5 7 Mwm p—— pr—— Pt e — pre—. . - p— ——, p— -
3§ 1 : { it
PIN 10 D2 _ | | o e e e o e e —— —
PIN 9 D3 ! !

L.
T
FLOCK L |
i
PIN 5 , M
DOWN/ UP L ; | I
PIN G T [ T |
EMABLE - - : [
R : i ! ;
PIN 3 RO (1) _ _ 1 [ i i L 2 |
- T B )
PINZ RE(1} | } } ; ! mm

: i \
Lt .
piNeR2(1) | 1 ; \ i
! ! P
. T T H § i
PIN 7 R3(1) | 1 i P f
i ! I
BIN 42 T it ; i i
MAX/MIN — =L 1o ] 1 : i : | i
i 3 H i
PIN 13 T T ; —
RIPPLE CLOCK = = =d | U ; Lo 1]
;13,,14 5 0 1 2 2 0o 15 & 3
i H- »»»»»» — COUNT UP— ’wf«mmsn«i l»ww COUNT DOWN e
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DUP11 Bit Synchronous imterface Reader's Comments
Maintenance Manual

EX-DUPT1-MM-003

(MK

- Your commants and suggestions will help us in our continuous effort to improve the quaiity and useful-
‘ ness of our publications.

What is your general reaction to this manual?  In your judgement is it complete. accurats, well organized,
well written. etc? s it easy to use?

VWhat features are most useful?

What faults or errors have you found in the manual?

Doss this manual satisfy the need you think it was intended to satisfy?

Does it satisfy yvour needs? Why?

7 Please send me the current copy of the Technical Documentation Catalog. which contains information
an the remainder of DIGITALs technical documentation.

Namae Street

Title City

Company State/Country

Department . Ftel

Additional copies of this document are available from:

Digital Equipment Corporation
146 Main 5t.
Maynard, MA 01784

Attention: Printing and Circulation Services (NR2/M15)
Customer Services Ssection

Order No. EX-DUP11-MM-003
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