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CHAPTER 1 
INTRODUCTION 

The DNII Automatic Calling Unit Interface controls a Bell 801 Automatic Calling Unit (or equivalent) to dial 

any telephone number in the U.S. Direct Distance Dialing Network. It is used in a system with a modem and 

associated serial line interface (DC 11, DP 11, DJ 11, DQ 11, or DM 11) to establish a data link between the PDP-II 

and a remote terminal. 

Although signals are transferred between the DNll and the Unibus, this manual does not describe the operation 

of the Unibus. A detailed description of the Unibus is presented in the PDP-II Peripherals and In ferfacing 

Handbook. The PDP-II computer is described in a set of PDP-l 1/20 manuals, DEC-II-HRIA-D through 
DEC-II-HR7A-D. 

This manual provides the user with the theory of operation and logic diagrams necessary to understand and main

tain the DNII Automatic Calling Unit Interface. The level of discussion assumes that the reader is familiar with 

basic digital computer theory. 

This manual is organized into five chapters: . Introduction, General Description, Detailed Description, Program

ming Information, and Maintenance. A separate set of engineering drawings is provided with each DN 11. They 

are listed below. 

Drawing No. Title 

D-CS-M7226-0-1 Control (DNll) 

C-CS-M 105-0-1 Address Selector MIOS 

D-CS-M782 1-0-1 Interrupt Control M7821 

D-BD-DNl1-0-01 Block Diagram (DNll) 

B-CS-Ml17-0-1 Six 4-Input NAND Gates MI17 

B-CS-M002-0-1 Logic High Source 

D-IC-DNII-0-02 Unibus Connectors (DNII) 

B-CS-G8000-0-1 Filter Network G8000 

D-AD-7008S I 3-0-0 Wired Assembly 
(2 sheets) 

D-UA-BCO 1 R-O-O Cable Card Assembly (BCOIR) 

C-CS-M920-0-1 M920 Internal Bus Connector 

D-MU-DNII-0-03 Module Utilization 

K-WL-DNII-0-4 DNII Wire List 
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CHAPTER 2 

GENERAL DESCRIPTION 

2.1 INTRODUCTION 

This chapter presents an overview of the operation of the DNII Automatic Calling Unit Interface. It contains a 

functional description that is keyed to the block diagram level and a physical description that defines the DNII 

configuration and general specifications. 

2.2 FUNCTIONAL DESCRIPTION 

2.2.1 System Configuration 

The DNll, under programmed instructions from a PDP-II, controls a Bell 801 Automatic Calling Unit (801 ACU) 

to dial any telephone number in the Direct Distance Dialing Network. The objective is to establish a data link 

between the PDP-II and a remote terminal. In a typical application (Figure 2-1) a local modem is required to 

handle the data transfer between sites. A serial-type controller, such as a DCII Asynchronous Line Interface, is 

required to control the modem. 

U 
N 
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B 
U 
5 

DNll 801 
AUTOMATIC AUTOMATIC (_ TELEPHONE LINE 

DIALING 1---0+-------1 ..... -+--;, TO REMOTE SITE 
UN I T CALLING 

INTERFACE UNIT 

DC11 
ASYNCHRONOUS 

LINE 
INTERFACE 

MODEM 

11-0687 

Figure 2-1 Typical DNII System Application, Simplified Block Diagram 
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2.2.2 DNll Automatic Calling Unit Interface 

A single DNII-AA Interface (Figure 2-2) with four DNII-DA Module Sets installed can control four 801 units. 

The DNII-DA Module Set consists of an M7226 Control Module and a BCO I R-OO Cable Card Assembly: one 

set is required for each 801. Each DNII control module has one addressable control and status register, so one 

MIOS Address Selector Module is used to decode the addresses and provide the required gating signals for up to 

four DNII control modules. One M7821 Interrupt Control Module is used because each DNII Interface has 

one assigned vector address although anyone of four DNII control modules can initiate the interrupt. One 

4-input NAND gate on an MIl 7 module is used in the interrupt initiating circuitry. One M002 Logic Source 

Module is used to provide +3V for any unused NAND gate inputs on the MIl7 module so that each unused in

put, which corresponds to a non~insta11ed DNII-DA, is gated off. 

U 
N 
I 
B 
U 
5 

BR,BG IN,BG OUT 
BBSY ,SACK ,INTR 
0<08:02> 

0<15:00> 

0<15:00> 

A<17:00> 
CO,Cl. MSYN ,SSYN 

I 
I 
I L __________ __ . __ ..J 

Figure 2-2 DNll Automatic Calling Unit Interface, Simplified Block Diagram 

2.2.3 DNl1 Control Module M7226 

BELL 
801 

AUTO 
CALLING 

UNIT 

11-0688 

The major functional units of the M7226 module include a IS-bit control and status register, interrupt control, 

gating logic, Unibus drivers and receivers, and level converter/drivers and receivers (Figure 2-2). The functional 

units are briefly described in the following paragraphs. 

The IS-bit control and status register provides various control and status signals. Five bits are read-only and ten 

are read/write. Table 2-1 describes the bits. 

The interrupt control accepts four input signals from the 80 I, multiplexes them, and provides one output that 

sets the DONE flip-flop to initiate the interrupt sequence. The four input signals are Data Set Status (DSS), 

Abandon Call and Retry (ACR), Power Indicator (PWI), and Present Next Digit (PND). The interrupt control 

circuit is initiated only by transitions of these signals. 

Gating logic decodes control signals from the MIOS Address Selector Module to generate enabling signals for 

control and status register and Unibus drivers. 
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Table 2-1 

Control and Status Register Bits 

Bit Type Signal * Function 

00 Read/Write Call Request (FCRQ) Requests 801 to initiate automatic calling 
sequence. 

01 Read/Write Data Present (FDPR) Informs' 80 I that digit presented to it is 
legitimate. 

02 Read/Write Master Interrupt Enable Allows program to disable and then reenable 
(MINAB) all four DNII Interface interrupts. 

03 Read/Write Maintenance (MAINT) Allows checking of the DNII Interface with-
out an 80 I connected. 

04 Read Only Present Next Digit Request from 801 to present the next digit 
(FPND) to be dialed. 

05 Read Only Data Set Status (FDSS) Signal from 801 indicating that called party 
has answered and associated modem has 
control of the telephone line. 

06 Read/Write Interrupt Enable Signal from DNII control module to qualify 
(INTENB) interrupt circuitry. 

07 Read/Write Done (DONE) Requests data from program by initiating an 
interrupt. 

08 - II Read/Write Digit Bits (NBO 1, NB02, 4-bit BCD form of digit to be dialed. Also 
NB04, and NB08) used as test signals during maintenance mode. 

12 Read Only Data Line Occupied Signal from 801 to indicate that it is using 
(FDLO) the telephone line. 

13 Not Used 

14 Read Only Abandon Call and Retry Signal from 801 when its internal timer has 
(FACR) timed out. Indicates wrong number, busy, 

etc. 

15 Read Only Power Off Indicator Signal from 801 when its power is switched 
(FPWOF) off. 

·Signals identified as FXXX are buffered Unibus signals corresponding to the function line signals XXX between the DNll and ACU. 

Unibus drivers and receivers buffer data between the Unibus and the control and status register. 

The converter drivers and receivers buffer signals between the DNII and the 80 I. They also provide bidirectional 

conversion of the DNII logic levels (logic I = +3V and logic 0 = OV) and the 801 logic levels (-15V and +8 to 

+15V). 

2.2.4 Overall Operation 

The program first tests the Power Off Indicator (FPWOF) bit and the Data Line Occupied (FDLO) bit to see if 

power is applied to the 801 and that it has satisfactorily completed the previous call. The Call Request (FCRQ) 

bit is asserted by the program and the DNII sends a CRQ signal to the 80 I which initiates the automatic dialing 

sequence. The 801 seizes the line and signals the telephone central office that a call is waiting. When the central 

office is ready for the call, it signals the 801 to proceed. The 801 holds the line by asserting the Data Line 

2-3 



Occupied (DLO) signal which indicates that the line is in use. It now requests the first digit of the number to be 

dialed by asserting the Present Next Digit (FPND) signal to the DNI1. The program responds by loading the first 

digit and the Data Present (DPR) signal which informs the 801 that the digit is legitimate. 

The telephone number is presented a digit at a time in 4-bit BCD form. After the digit is dialed, the 801 negates 

PND and the DNII negates DPR. The DNII awaits the next PND signal from the 801 which is a request for the 
next digit to be dialed. This process is repeated until all digits have been dialed whereupon the network com

pletes the call. When the destination answers, the 801 switches the telephone lirie back to the modem and the 

data is transferred between sites. Switching the line from the 801 to the modem is accomplished by a tone signal 

from the destination modem to the 80 I; or by sending an end-of-number code (EON = 1210 ) to the 80 I as the 

last digit presented to the DNI1. In both cases the 801 responds with a Data Set Status (DSS) signal to the 

DNII which can be read to indicate that the destination has answered and the local modem is in the data mode. 

Two options are available for terminating a call. The CRQ control option terminates the call locally by clearing 

the CRQ signal from the DNII to the 801 after data transmission is complete. The data set control option allows 
the DNII to clear CRQ after DSS is asserted without terminating the call. The modem terminates the call in the 

manner prescribed for the particular model used (for example, clearing the modem Data Terminal Ready signal). 

In both options DLO is cleared when the call is dropped to ensure the availability of the 801 and the modem for 

the next call. 

The 801 contains an Abandon Call and Retry (ACR) timing circuit to help prevent long delays due to a wrong 

number, busy number, or any condition resulting in an incomplete call. The timer is set whenever PND is cleared; 

the timeout interval can be set for 7, 10, 15,25, or 40 seconds. If the DNll, telephone network, or 801 takes 

more time than the preset interval from the last PND Clear, the Abandon Calland Retry (ACR) signal is sent 
from the 801 to the DNll which sets the FACR bit. The program reads this bit and takes the appropriate action. 

A cleared Power Indication (PWI) signal from the 801 indicates that it is inoperative because of a power loss. 

When PWI is cleared, it sets the Power OffIndicator (FPWOF) bit in the DNI1. This bit is read by the program 

to indicate an error condition if power is lost during a call, or to prevent a call request if power is off at the start 

of a call sequence. 

2.3 PHYSICAL DESCRIPTION 

2.3.1 Configuration· 

One DNll Automatic Calling Unit Interface occupies one system unit within a system mounting box. A DN11 

Interface consists of two assemblies: DNl1-AA and DN11-DA. The DNll-AA assembly comprises the following 

parts: 

Part No. 

7008513 
M920 
G8000 
M002 
Ml17 
M7820 
MI05 
H850 

Nomenclature 

Wired System Unit 
Unibus Jumper Module 
Filter Network (+15V Supply) 
Logic/Source Module 
4-Input NAND Gate Module 
Interrupt Control Module 
Address Selector Module 
Module Extender 

Quantity 

1 
I 

2 

The DNI1-DA assembly is a module set consisting of a DNll Control Module M7226 and Cable Card Assembly 

BCOIR-OO. The cable is available in lengths of 25 feet (BCOIR-25) and 50 feet (BCOI R-50). One set is installed 

in the DNl1-AA for each Bell 801 ACU connected to the DNII Interface with a maximum of four 801 ACUs 

allowed. A DN11 Interface consists of one DNll-AA and up to four DNII-DA module sets. The module layout 
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for a DNII Interface is shown in Figure 2-3. If only one 801 is to be interfaced, the M7226 Control Module 

must be installed in location EOI/FOI because Master Enable (MINAB) bit D02 is connected in this location 

only. The associated BCOlR-25 cable must be instalied in location COL 

A01 B01 
M920 UNI BUS CONN 

A04 B04 

A01 B01 
M920 UNIBUS CONN 

A04 B04 

11-0689 

Figure 2-3 DNII System Unit Layout 

The M920 Unibus Jumper Module connects the Unibus from one system unit, to the next. In Figure 2-3 the lower 

M920 module connects A04/B04 of the preceding system unit to AOI/BOI of the DNII system unit: the upper 

M920 module connects A04/B04 of the DNII system unit to AOI/BOI of the succeeding system unit. If the 

succeeding system unit is located in a different mounting box, the BCIlA Unibus Cable is used. If the DNII is 

the last system unit connected to the Unibus, the M930 Unibus Terminating Module must be used in place of 

the M920 Unibus Jumper Module. 

2.3.2 Interface Cabling 

The BCOlR-OO Cable Card Assembly (drawing D-UA-BCOlR-25-0 REV B and up) is used to interconnect the 

DNII control module and the Bell ACU. One end of the cable is connected to an M970 card that plugs into 

the system unit and the other end terminates in a 25-pin male connector that mates with the interface connector 

on the rear of the 801 unit. A Cinch DB-25P connector is used with RS-232A compatible pin assignments 

(Figure 2-4). The M970 card is a universal connector used in other communications devices. It contains eight 

jumpers and the configuration varies with the application. For the DNll Interface, all but four jumpers should 

be cut; the exceptions are the two EIAjumpers and the two 301 jumpers. 

2.3.3 Power and Bus Loading Requirements 

One line controller represents one unit load to the PDP-II Unibus: a maximum of 20 unit loads is allowed. For 

more than 20 unit loads, a Unibus repeater option (DB II-A) must be used. 

A DNll-AA Interface, with one line control unit installed, requires l.4A of +5V power. Each additional line 

control requires O.4A of +5V power. 

In planning the system configuration, allow four unit loads and 2.6A of+5V power for each DNll-AA Interface, 

even if all the line control units are not installed. Planning for the maximum bus loading and power requirements 

allows for the easy installation of additional line control units in the field. 
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2.3.4 Address Assignments 

801 
ACU 

PIN NUMBER 
FGD FRAME GROUND 

SGD SIGNAL GROUND 
7 

DPR DIGIT PRESENT 
2 

ACR ABANDON CALL-RETRY 
3 

CRQ 
4 

PND 
5 

PWI 
6 

DSS 
13 

NBOl 
14 

NB02 
15 

NB04 
16 

NBOB 
17 

DLO 
~---------------122 

FEMALE CONNECTOR 
ON B01 UNIT 

CALL REQUEST 

PRESENT NEXT DIGIT 

POWER INDICATION 

DATA SET STATUS 

DIGIT BIT t 

DIGIT BIT 2 

DIGIT BIT 4 

DIGIT sIT B 

DATA LINE OCCUPIED 

MALE CONNECTOR 
ON DNll CABLE 

Figure 2-4 801 Interface Pin Assignments 

DNt 1 

11-0690 

Each M7226 Control Module contains one register that requires a 16-bit address. Four M7226 modules can be 

plugged into a DNll-AA Interface. The four associated addresses must be assigned consecutively starting with 

line 1 (control unit 0). If only one M7226 Control Module is used in a system, it must be installed in row 1 and 

assigned address 775200. Address space has been assigned for 64 lines as follows. 
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C 

Address (Octal) 

775200 
775202 
775204 
775206 

775374 
775376 

Line Number 

2 
3 
4 

63 
64 

Each DNII Interface, whether it contains one or four controllers, requires only one interrupt vector address. The 

addresses are assigned in order from 300 through 777 according to a specific convention that ranks the types of 

communications devices in a system. The first vector address (300) is assigned to the first DCII Serial 

Asynchronous Line Interface in the system, the next DCII (if used) is assigned vector address 310, etc. Vector 

addresses are assigned consecutively to each unit of the second-ranked device in accordance with the following 
list. 

Rank Device 

DCll Asynchronous Line Interface 
2 KLll Teletype Control 
3 DPII Synchronous Serial Modem Interface 
4 DMII Asynchronous Serial Line Multiplexer 
5 DNII Automatic Calling Unit 
6 DMll-BB Modem Control 
7 DRll-A Device Register 
8 DRll-C General Purpose Device Interface 
9 P A611 Reader 

10 PA6ll Punch 
11 DT1l Bus Switch 
12 DXll IBM 360 Interface 
13 DL1l-C, D or E Asynchronous Line Interface 

If any of the above devices are not included in the system, the vector address assignments move up to fill the 

vacancies. If a device is added to an existing system, its vector address must be inserted at the normal position 

and all other addresses must be moved accordingly. DEC software cannot test the system if the procedure is not 

followed. 

A system containing a large number of communications devices will require vector addresses beyond 400; there

fore, all communications devices, including the DNll, are supplied with Interrupt Control Module M782l which 
contains seven bits in the vector address. 
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2.3.5 M7820 and M7821 Interrupt Modules 

Early DNII shipments included the M7820 Interrupt Module rather than the newer M7821 Interrupt Module 

that is included with later DNII shipments. 

The M7821 is a replacement for the M7820 that improves PDP-II system performance. In almost all cases, it 

can be used directly in place of the M7820, without alteration of system hardware or software. 

The significance of the jumpers that select the vector address differs between the two modules. In the M7821, 

a jumper must be cut out to generate a 0 and left in to generate a 1. This is the reverse of the M7820. 

The M7821 module has a jumper in the line for bit 02. This has some significance with respect to module inter

changeability depending on how the module is used. 

A DNII that uses the M7821 is wired as shown in the DNII Block Diagram, drawing D-BD-DNII-O-O Revision A. 

It is similar to the M7820 interconnection except that Unibus signal BUS NPR is connected to M7821 pin J 1. 
Two additional conditions must be met which are not shown in the blocl<: diagram. The jumper associated with 

pin 11 on the M7821 module must be left in; and the bit 02 jumper must be left in. Under these conditions, 

the M7821 module operates like the M7820 module; that is, only one vector address is generated. For example, 

assume that vector address 400 is assigned to the first DNll in the system. Each interrupt vector requires two 

words (four bytes) and vector addresses are constrained to even-word boundaries; that is, each vector must end 

in 4 or O. In this example, vector 400 takes four bytes, 400, 401, 402 and 403, which is two words. The DNII 

system configuration as described above, cannot generate vector 404 because bit 02, which controls the least 

significant bit of the octal address, cannot become a 1. If another DN 11 is added to the system, the next avail

able vector is 410. Multiple DNlls in a system must be assigned consecutive vectors that start on a modulo lOs 

boundary. 

In a system with multiple DNlls, the M7821 modules can be used to generate XX4 vectors as well as XXO vec

tors. This allows the same number of vectors in one half the memory locations required for the previously dis

cussed configuration. 

The connection between M7821 module pins Nl and D2 is removed and D2 is connected to +3V. On the M7821 

module associated with the first DN 11, remove the bit 02 jumper. This makes bit 02 a 0 and generates vector 

XXO. On the M7821 module, associated with the next DNll, leave the bit 02 jumper in place. This makes bit 
02 a 1 and generates vector XX4. In this way, the otherwise unavailable XX4 vectors can be used. Refer to the 

PDP-II Peripherals and Interfacing Handbook for more details concerning the M7820 and M7821 modules. 
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CHAPTER 3 

DETAILED DESCRIPTION 

3.1 INTRODUCTION 

This chapter provides a detailed description of the operation of the DN1I-AA Interface. A typical automatic 

calling sequence is described in detail (request, dial, answer and terminate). Signals are traced through the M7226 

DNII Control Module in detail, and through the MI 05 Address Selector Module and M7821 Interrupt Control 

Module in just enough detail to provide proper understanding of overall system operation. 

A separate discussion is provided to explain the interrupt initiating logic and other circuits in the M7226 DNII 

Control Module. A detailed bit assignment for the control and status register is included. 

Basic descriptions of data in (DATI), data out (DATa), data out byte (DATOB), and interrupt bus transactions 

are also provided. 

The various types of Bell 80 I Automatic Calling Units and options are also discussed. 

The text refers to the set of engineering drawings that is supplied separately. A drawing list is given in Chapter I. 

Simplified logic diagrams are also used to support specific areas of discussion. The flip-flops used in the logic 

diagrams are shown logically as four output terminal devices. This symbology is used by DEC to allow direct 

reading of logic functions in detailed logic diagrams that show explicit electrical connections between the flip-flop 

outputs and other logic elements. Refer to Appendix B for an explanation of this concept. 

3.2 BELL 801 AUTOMATIC CALLING UNIT 

Two basic 801 ACUs are available: the 80lA for use in dial pulse telephone networks (finger wheel dialing), and 

the 80lC for use in TOUCH TONE@ telephone networks (pushbutton dialing). Each model is described in a 

Bell System Data Communications document: Interface Specification-Data Auxiliary Set 801A and Interface 

Specification-Data Auxiliary Set 801 C. These documents should be referenced for any information pertaining 

to the 801 ACUs. The purpose of this paragraph is to briefly describe the models and options as related to the 

detailed discussions which follow. 

The DNII unit will drive only those 801 ACUs that have an EIA Standard RS-232A voltage interface: this 

includes 801A5, 801A6, 80lCl, and 80lC2. Models 80lA5 and 80lCI must receive the end-of-number (EON) 

code from the DNl1 in order to switch the telephone line to the modem after dialing is complete. Models 

801 A6 and 801 C2 contain an answer signal detection circuit that responds to the answer tone sent out by the 

called station to switch in the modem. Options are available for the answer detect models to allow the ACU to 

respond to the start or end of either a 2025-Hz signal or a 2225-Hz signal. Selection of these options is dictated 

by the choice of modem used in the system (see Bell 801 Interface Specification documents). 

® TOUCH TONE is a registered trademark of AT&T Company. 
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Normally, the 801 terminates the call after the modem is in the data mode when the program drops the Call 
Request (CRQ) signal. An option is available that allows the call to be terminated via the modem after it is in the 

data mode. In this case, dropping CRQ does not terminate the call, although it must be dropped sometime to 

release the 80 I for the next call request. 

Normally, the Abandon Call and Retry (ACR) timer in the 801 stops when the modem enters the data mode. An 

option is available that allows the timer to continue running. It will timeout and enable the ACR signal during 

datatransmission, which is a convenience when the 801 is used in the end-of-number (EON) mode. 

The effects of these options on the operation of the DNII Interface are discussed in subsequent paragraphs. 

3.3 M7226 DNII CONTROL MODULE 

3.3.1 Introduction 

The M7226 is a double-height module that plugs into DNII system unit locations E/FOI, E/F02, E/F03, and 

E/F04. The major functional units of the module are: 

a. control and status register 
b. gating logic 
c. interrupt control logic 
d. receivers and drivers 

3.3.2 Control and Status Register 

The control and status register (CSR) is a IS-bit register that provides various control and status signals related to 

the operation of the DNII Interface. Ten bits are read/write and five are read-only. Table 3-1 lists the bit assign
ments for the CSR. 

Bit 

00 

01 

02 

Table 3-1 
Control and Status Register Bit Assignments 

Designation * 

Call Request (FCRQ) 

Digit Present (FDPR) 

Master Enable 
(MINAB) 

Function 

Control lead to the 801. Set by the program to start the auto
matic calling sequence. Cleared by the program or INIT. 
Read/write. 

Control lead to the 801. Must be set by the program after it 
loads the next digit in response to a PND from 801. It informs 
the 80 I to continue dialing. It is automatically cleared by the 
DNII logic when the 801 clears PND to indicate acceptance of 
the digit. Read/write. 

Cleared by the program to disable and then set to reenable all 
four DNII interrupts. This action is required to condition the 
M7820 interrupt control circuits to prevent multiple interrupts. 
This bit is connected only in line I of the DNII Interface. 
Cleared by the program or INIT. Read/write. 

(continued on next page) 
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Bit 

03 

04 

05 

06 
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07 

08-11 

12 

13 
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Table 3-1 (Cont) 

Control and Status Register Bit Assignments 

Designation * 
Maintenance 
(MAl NT) 

Present Next Digit 
(FPND) 

Data Set Status 
(FDSS) 

Interrupt Enable 
(INTENB) 

DONE 

Digits (NBOl, NB02, 
NB04, and NB08) 

Data Line Occupied 
(FDLO) 

Not used 

Function 

Set by the program to check out the DN11 during maintenance 
without an 801 connected. It uses the outputs of the digit flip
flops to represent the 801 response lines (PND, DSS, PWI, and 

. ACR) for testing purposes. It also clears the CRQ signal to the 
801 and asserts FDLO (bit DI2). Cleared by the program and 
INIT. Read/write. 

Control lead from the 80l. It requests the program to load 
another digit during dialing. It sets DONE to initiate an inter-
rupt. It is cleared by the 80 1 when the digit is accepted (after 
DPR is set) and remains cleared for a short interval before being 
set for the next request. Read-only. 

Control lead from the 801. It indicates that the called party has 
answered and the associated data line now has control of the 
line. It sets DONE to initiate an interrupt. It remains set until 
the call is terminated or the Data Terminal Ready signal is 
cleared. Read-only. 

Set by the program to allow an interrupt to be initiated when 
DONE is set by PND, DSS, PWO, or ACR provided the Master 
Enable bit is set. Cleared by the program and INIT. Read/write. 

Set by the DNII logic to initiate an interrupt, providing the 
Interrupt Enable and Master Enable bits are set. The following 
conditions from the 801 set DONE: 

a. Positive transition of PND after CRQ is set or preyious 
DPR is set. 

b. Positive transition of DSS after last DPR or EON. 

c. Positive transition of ACR at any time. 

d. Negative transition of PWI if a call is in progress 
(CRQ = 1). 

Cleared by the program or INIT. Read/write. 

Control leads to the 801. Set by the program to represent the 
digit to be dialed in 4-bit BCD format. Use data line bits 8 
through 11 which are the low-order bits of the high byte. In 
Maintenance mode, these bits are switched to the 801 response 
lines (PND, DSS, PWI, and ACR, respectively) for testing pur-
poses. Cleared by the program or INIT. Read/write. 

Control lead from the 80 1. Set by the 80 1 when it is using the 
telephone line. Allows the program to check for termination of 
a call before initiating another call request. Read-only. 

(continued on next page) 
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Bit 

14 

15 

Table 3-1 (Cont) 

Control and Status Register Bit Assignments 

Designation * 

Abandon Call and 
Retry (F ACR) 

I;'ower Off (FPWOF) 

Function 

Control lead from the 801, set at timeout of the 801 internal 
timer which is reset when PND is set. It is used to detect wrong 
numbers and busy lines. Sets DONE to initiate an interrupt. 
Normally inhibited by DSS, except when 801 contains option to 
allow timer to run during data transmission. Read-only. 

Control lead from the 801. Set by the 801 when it loses power 
(PWI goes low). Sets DONE to initiate an interrupt if FCRQ = 1. 
Read-only. 

*Signals identified as FXXX are buffered Unibus signals corresponding to thefunction line signals XXX between the DNll and ACU. 

Each read-only bit uses one 8881 two-input Unibus driver. One input is the data and the other is the enabling 

signal that is generated. during a data input transaction (DATI). When enabled, the driver places its input infor

mation on the Unibus data line. The DATI is a read operation, and in this case, the PDP-II processor is reading 
the contents of the control and status register. 

Each read/write bit uses one 7474 D-type flip-flop, one 380 Unibus receiver, and one 8881 Unibus driver. A 

typical read/write bit is shown in Figure 3-1. The read operation is the same as that described above. Enabling 

signal IN SEL H is asserted and the output of flip-flop E18 is placed on the Unibus data line D02L. During a 

write operation (DATO), the program asserts Unibus data line D02L which is sent to the D-input of flip-flop EI8 

via Unibus receiver EI7. Signal LO SEL H is generated during the DATO operation and clocks the data at the 

flip-flop input to its outputs. The flip-flop is cleared by INIT L which is generated during the power-up sequence 

of the PDP-II processor. Refer to drawing D-CS-M7226-0-I (sheets 2 and 3) for the complete configuration of 

the control and status register. 

3.3.3 Gating Logic 

UNIBUS 

LO SEL H 

IN SEL H 

DATI (READ) 
D02L 

11-0691 

Figure 3-1 Typical Status Register Read/Write Bit (D02), 
Simplified Logic Diagram 

The gating logic (Figure 3-2) generates signals that are used to enable the control and status register (CSR) Unibus 

drivers and clock the CSR flip-flops. Selection is controlled by the input signals which come from the M I 05 
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Address Selector Module. The selection signal (SEL H) is asserted when the address of the DNll control module 

(M7226) is decoded on the MI05 Address Selector. The other three signals are asserted with respect to the type 

of data transfer bus transaction being performed. Signal selection is shown in Table 3-2. 

12 IN SEL H 
E20 ENABLES DRIVERS FOR 

BITS 000 - DO 7 

IN H IN SEL H 6 2 
E20 ENABLES DRIVERS FOR 

BITS 008-015 

I NPUT SIGNALS LO SEL H 
FROM M105 LO OUT H 3 4 CLOCKS FLiPFLOPS 

ADDRESS E20 E18. E19 AND E22 
SELECTOR SEL H (6 TOTAL) MODULE 

HISEL H 
11 E20 6 CLOCKS FLI P FLOPS 

E2 AND E7 
H lOUT H (4 TOTAL) 

11-0693 

Figure 3-2 Gating Logic Diagram 

Table 3-2 

Gating Logic Signal Selection 

Bus Transaction Input Control Signal Asserted 

Type Function Signal Name Function 

DATI Reads all bits of CSR INH IN SEL H Enables all CSR drivers 

DATO Writes word into CSR LOOUTH LO SELH Clocks all 10 CSR flip-
HIOUTH HI SEL H flops 

DATOB Writes high byte into CSR. HIOUTH HI SELH Clocks four CSR digit 
Actually affects four lower flip-flops only 
bits (8-11) of high byte 
only. 

The selection signal (SEL H) from the M 1 05 Address Selector is actually one of four select signals generated by 

decoding a particular address. The DNl1 addresses start at 775200: this address is used as an example in 

Figure 3-3. 

17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 0 

I 1 
11 , I 1 11 11 

1 I o I ' I o 11 o I 0 
o I 

o I o I o I o I 
7 7 5 2 0 0 

11-0692 

Figure 3-3 Address Word for Line 1 
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The first five digits of the address (77520) indicate that the DNll-AA Interface has been selected. Bits 1 and 2 

of the last digit determine which line (or M7226 module) has been selected. Assume that all four lines are used in 

this example. The addresses must be assigned in order starting at 775200 for line 1; therefore, the respective 

addresses for lines 2, 3, and 4 are 775202, 775204, and 775206. The binary representation of the last digit (0, 

2,4, and 6) always ends with a 0: only bits 1 and 2 change. Therefore, address lines AOI and A02 determine 

which line (or M7226 module) is addressed. Address line AOO is controlled by the program to select a byte (8 bits) 

instead of a word (16 bits). 

Address lines A (17: 13) must be all 1 s to conform to the address bounds for device registers. Decoding of lines 

(12:03) is determined by jumpers on the Ml 05 Address Selector (drawing C-CS-MI05-0-l). If a line contains a 

jumper, the MI05 searches for aOon that line.··.lfthere is nojumper, theMI05·searches for a 1. In this example, 

jumpers would be installed in bit positions 10,8,6,5,4, and 3. Table 3-3 shows the .correlation between the 

select signals and the DNllcontrollines. 

Device Lines 
Address A <0:2:01) 

775200 00 
775202 01 
775204 10 
775206 11 

Table 3-3 

Select Signals 

Select Signal 
True (+3V) 

SELECT 0 
SELECT 2· 
SELECT 4 
SELECT 6 

DNll Control 
Selected 

Line 1 
Line 2 
Line 3 
Line 4 

Address line AOO and control lines COl and COO determine the type of bus data transfer to be implemented by 

the program. 

Mode Control 

C <01:00) 

00 
10 
11 

3.3.4 Interrupt Control Logic 

Byte Control 

AOO 

x 
X 

Bus Data 

Transfer 

DATI 
DATa 
DATOB (High Byte) 

The interrupt control logic (drawing D-CS-M7226-0-1, sheet 3) allows one of four 801 response signals to set the 

DONE flip-flop (drawing D-CS-M7226,.Q-l, sheet 2) and initiate an interrupt provided the Master Enable (MINAB) 
bit and Interrupt Enable (INTENB) bit are set. 

A simplified diagram of the logic is shown in Figure 3-4. The response signals from the 801 (DSS, ACR, PWI, and 
PND) are sent to type 1489 :converter-receivers which convert the 801 logic levels to TTL levels. A high at the 

1489 input is +l5V and is converted to OV (low) at the output; a low is -15V and is converted to +3V (high). 

The four response signals from the converters are one set of inputs to the 8266 two-input 4-bit multiplexer. 

The other set consists of the four digit flip-flop outputs FNB02 (1) H, FNB08 (1) H, FNB04 JO) H, and 

FNBOI (1) H. The control signal for the multiplexer is MAINT (1) H which is an output of the maintenance flip

flop. During normal operation, this flip-flop is cleared and MAINT (1) H is low. In this state, the response signals 

are passed through. The logic level of the response signal at the converter-receiver input appears at the associated 
multiplexer output. For example, if DSS is high at pin 10 of the converter-receiver E9, multiplexer output pin 13 
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tOss PuLsffi-- - - - - - -, 
II 

8 I 3 DISCRETE I 
FNB02(t) 1i ~. R,C,D I 
FNB.OB (I) H I NETWORK I 
FNB04(OlH. • L I 
FNBOt (t) H~ I 1 ------, I 

I 4 

13 .-------..1 6- I I ACR PULSER I 

DISCRETE J 
R,C,D I 

NETWOR1< 
I ) 

B~1~6 l L ____________ ..l 
If 2-INPUT .- ____________ , ~.. ~ 
-.J 4-BIT IPWI PULSER E4 SET 
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I CRQ H 
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L ____________ ..J 

Figure 3-4 Interrupt Control Circuit, Simplified Logic Diagram 
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is high also. In the maintenance mode, MAINT (1) H is high and the digit flip-flop outputs are passed through. 

The logic levels of these signals at the multiplexer inputs (pins 14, 11, 5, and 2) appear at the corresponding multi

plexer outputs (pins 13, 12, 4, and 3). Figure 3-5 shows one bit (PND) of the multiplexer with the associated 

truth table. 

SO=O 
MAINT (1) H 

LOW 

SO=1 
MAINT (1) H 

HIGH 

FNB01 (1) H 

B 

L 

L 

H 

H 

L 

L 

H 

H 

ii 
H 

H 

L 

L 

H 

H 

L 

L 

C BC 

H L 

H L 

H L 

H L 

L L 

L L 

L H 

L H 

A=E 

A A 0 

L H L 

H L L. 

L H L 

H L L 

L H H 

H L H 

L H H 

H L H 

B=E 

AD 

L 

H 

L 

H 

L 

L 

L 

L 

E 

L 

H 

L 

H 

L 

L 

H 

H 

RESPONSE SIGNALS 
DSS,ACR,PWI AND 
PND PASS THROUGH 

DIGIT FLIP FLOP OUTPUTS 
FNB01,FNB02, FNB04 
AND FNBOB PASS THROUGH 

IONESI;:- -70 - - - - - ---
IPORTION NEXT 
OF 8266 BIT 

B 
(1) OUTPUT OF B --~----f-"""'" 

DIGIT FLIP FLOP 

RESPONSE 
SIGNAL A 

PND 

C 

o 
~-------~ 

9 
MAINT (1) H So ----; 

Figure 3-5 One Bit (PND) of 8266 2-Input 4-Bit Multiplexer, 
Logic Diagram 

11 ... 0695 

Each multiplexer output is sent to a negative-edge triggered one-shot or pul~er. Each pulser consists of a 7404 

inverter, a discrete RCD network, and a 7402 NOR gate. Two pulsers share a single 2-input NOR gate. A 

positive-to-negative transition (negative edge) at the input of the pulser produces a short negative pulse at the 

output. A negative-to-positive transition (positive edge) at the input has no effect. During steady state conditions, 

the pulser output is high, regardless of the input level. A pulser and timing diagram are shown in Figure 3-6. 

The inputs to three pulsers (DSS, ACR, and PND) are buffered by an inverter to provide the proper signal tran

sition polarity. It is desired to trigger a pulser when DSS, ACR, or PND go high or when PWI goes low. When any 

one of the four pulsers is triggered, the output (pin 3) of gate E4 is driven high. This signal is ANDed with 

FCRQ H, which is high when a call is in process, to generate SET DONE L which sets the DONE flip-flop via its 

preset input. 
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I 

Figure 3·6 Typical Negative-Edge Triggered One-Shot (Pulser), 
Schematic and Timing Diagram 

11-0696 

In Sl,lmmary, aresponse event from the 801 is traced through the logic (drawing D-CS-M7226-O-1, sheet 3). 

Assume that a call is in process, which means that the CRQ flip-flop is set and FCRQ (1) H is asserted. This 

qualifying signal is sent to pin S of NAND gate E4; however, the other input of this gate (pin 4) is low, which 

disables SET DONE 1. This input (pin 4) is low because the pulser outputs (ES pin 4 and ES pin 1) are both 

high, which produces a low on pin 3 of negated-input OR gateE4. At this point, DSS, ACR, and PND are low 

and PWI is high. The input to each pulser is high. Assume that the 80 1 requests another digit to be dialed by 

asserting PND H. This signal is reflected at the output of the multiplexer (EIO pin 3) as a high. It is inverted by 

Ell and appears as a low (FPND L) atthe input of the pulser, which triggers it. The pulser output (ES pin 1) is 

pulsed low and generates SET DoNE L via the two E4 gates as described previously. 
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3.4 AUTOMATIC CALL SEQUENCE 

3.4.1 Introduction 

The automatic call sequence is described in four sections: dialing, answering, retry if busy, and termination. The 

signals are traced through the DN 11 control module logic (drawings D-CS-M7226-0-l , sheets 2 and 3) but the 

details of the gating logic and interrupt control logic are not repeated. 

3.4.2 Dialing 

Prior to issuing a call request, the program reads the control and status register to determine if FDLO L (bit D 12) 

and FPWOF L (bit DIS) are asserted; II FDLO Lis asserted, the telephone line is busy and the call request cannot 

be honored. If FPWOF L is asserted, power is off to the 801 and it is inoperative. 

If the telephone line is in use, the 801 asserts DLO H. It enters the DNII control module at pin AM2 (sheet 3) 

which is the input (pin 10) of converter-receiver E13. This signal is converted and inverted by E13 and sent as a 

low to pin 9 of negated-input OR gate E14. The other input of this gate is MAINT (1) L and it is high because 

the maintenance flip-flop is cleared. The output of E 14 (pin 8) is high and is sent to pin 3 of Unibus driver E15. 

The output of this gate is FDLO t and is asserted as bus data bit D12 when the driver is enabled by IN SEL H 

during a read operation (DATI). 

If power is off to the 801 ,PWI is low. It enters at pin AN2 and appears at multiplexer output piri 4 as a low. It 

is inverted by E17 (pin 4) and sent to pin 12 of Unibus driver E15; The output of this gateis FPWOF L and is 

asserted as bus data bit DIS during a read operation; 

If both FDLOL and FPWOF L are not asserted, the program sets CRQ which is the call request bit DOO. Bits 

D02 (MINAB) and 006 (lNTENB) are also set to allow an interrupt to be generated when the DONE flip-flop is 

set. These bits are set during a write operation (DATO) that generates LO SEL H. This signal clocks the flip-flop 

associated with these bits. The program sets CRQ by asserting it on the bus (000 L). It is sent to the O-input of 

the flip-flop E 19 (FCRQ) via Unibus receiver E 17 pin 13 (sheet 2). When the FCRQ flip-flop is clocked, output 

FCRQ (1) H is high. This signal is sent to pin 13 of NAND gate E14 to be ANDed with MAINT (0) H, which is 

high because the maintenance flip-flop (E19 MAINT) is cleared. The low output ofE14is inverted by converter

driver E12 and its output is the asserted signal CRQ H converted to 801 logic (high = logic 1 = + l5V). 

The 801 receives the CRQ H signal, seizes the telephone line, and asserts DLO H to the DNII to indicate that the 

line is busy. The 801 also asserts PND H which tells the DNII that it is ready to receive the fIrst digit for dialing. 

The DN11 receives the PND H signal at pin AK2 (sheet 3). It is multiplexed and triggers a pu1ser to generate 

SET DONE L which sets the DONE flip-flop E22 (sheet 2). 

The I-output of the DONE flip-flop and the I-output of the INTENB flip-flop are ANDed at NAND gate E24. 

Both of these signals are high, so the output of E24 is low and is called ID 1. This signal is sent to NAND gate 

module Ml17 and is inverted and ANDed with MINAB H in the M7820 Interrupt Control Module to initiate an 

interrupt to the PDP-II processor (drawing D-BD-DN1l-0-0l). 

The processorresponds to the interrupt by loading a 4-bit BCD digit in bits D08 through Dll. A DATOB opera

tion is used to load these four low-order bits of the high byte. These bits are sent, via Unibus receiver E6, to the 

D-inputs of four flip-flops: E7 (FNBOl), E7 (FNB02), E2 (FNB04), and E2 (FNB08). The DATOB operation 

generates HI SEL L which is inverted by E20 and clocks all four flip-flops (sheet 3). The outputs of these flip

flops, identifIed as FNBOI (1), FNB02 (1), FNB04 (0), and FNB08 (1), are sent to 1488L converter-driver El 

(sheet 2). The signals are inverted and converted to 801 logic levels. They are sent to the 801 as a 4-bit BCD 
digit NB01, NB02, NB04and NB08, with NB08 as the most signifIcant bit. After the digit flip-flops are loaded, 
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the program sets the Digit Present (DPR) bit DO 1. This bit is loaded via Unibus receiver El7 pin 2 to the D-input 

of the FDPR flip-flop. The flip-flop is clocked by LO SEL H and output FDPR (1) L is sent to 1488L converter

driver E12. This signal is low because the flip-flop is set. It is inverted to 801 logic levels and sent to the 801 as 

DPR H. This signal tells the 801 that the digit is now legitimate and to continue dialing. 

After the 801 dials the digit, it clears PND. At the DNll control module, multiplexer output EIO pin 3 (FPND H) 
is now low (sheet 3). This signal is sent to the clear input (pin 1) of the FDPR flip-flop which clears it and drops 

the Digit Present (DPR H) signal to the 801. PND remains cleared for a short interval before being asserted for the 

next request. With each PND H assertion, the sequence is repeated and it continues until all digits have been 

dialed. 

3.4.3 Answering 

After the last digit has been dialed, the 801 asserts PND H again. The program responds in one of two ways, 

depending on the type of answer detecting option incorporated in the 801. 

If the 801 contains the answer detection circuitry, the program ignores the last PND H signal and holds DPR 

cleared. The called modem answers the 801 with a tone signal which the 801 recognizes as a legitimate answer. 

The 801 gives the telephone line back to the associated modem and asserts DSS H to the DNII to indicate that 

the modem is in the data mode. DSS H is sent to the DNII at pin AKI (sheet 3). It is multiplexed and triggers 

a pulser to generate SET DONE L which sets the DONE flip-flop and initiates an interrupt. The program reads 

bit DOS (DSS) to indicate that the modem is in the data mode. 

If the 801 does not contain the answer detection circuitry, the program responds to PND H by sending the digit 

1210 and DPR H to the 801. This digit is recognized by the 801 as the end-of-number (EON) code and it imme

diately gives the telephone line back to the modem. The 801 drops PND H which clears DPR H in the DNII. It 

also asserts DSS H which has the same effect in this case as described above. In the EON mode, an additional 

option is available that allows the ACR timer in the 801 to run, rather than reset, when PND H is dropped. If 

allowed to run, the timer times out and asserts ACR H during data transmission. The ACR H signal is sent to the 

DNII where it generates SET DONE L which initiates an interrupt. This interrupt occurs when an answer should 

have been received. The program can read this indication at bit D 14 (F ACR). The EON option is normally used 

with modems that provide their own "hand-shaking" routine so it is not necessary for the 801 to detect the 

answer signal. 

3.4.4 Abandon Call and Retry. 

The 801 contains AbandonCall and Retry (ACR) timing circuitry to help prevent long delays due to a wrong 

number, busy number, or any condition resulting in an incomplete call. The ACR timer starts when CRQ is 

asserted. The timeout period is normally set for 25 seconds. When the timer is running, it resets to 0 and starts 

over every time the 801 clears PND H. During a call, if the preset time from the last cleared PND H is exceeded, 

the Abandon Call and Retry (ACR H) signal is asserted by the 801. 

ACR H is sent to the DNII and initiates an interrupt which indicates an error during the call sequence. The pro

gram reads this indication at bit D14 (F ACR) and abandons the call by clearing CRQ H to the 801. This action 

drops ACR H. The program retries the call by asserting FCRQ after first checking that FDLO and FPWOF are 

not asserted. 
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3.4.5 Call Termination 

The call request (FCRQ) must be asserted to originate the call and must remain on until the call is to be termi

nated. If FCRQ is cleared at any time during dialing or data transmission, the 801 will go on-hook, thus termi

nating the call. Therefore, after data transmission, the program terminates the call locally by clearing FCRQ 

(bit DOD). The FCRQ flip-flop is cleared and output FCRQ (1) H is low, which clears CRQ H to the 801 via gates 

E14 pin 11 and E12 pin 8 (sheet 2). 

An option is provided to allow call termination via modem control. When the 801 asserts DSS H, the modem is 

in control and clearing FCRQ H has no effect on the operation. After data transmission, the modem terminates 

the call in the manner prescribed for the particular model used (such as clearing the modem Data Terminal Ready 

signal). FCRQ H must be cleared by the program sometime between assertion of DSS H and the modem hanging 

up to release the 801 for the next call when DLO H is cleared. 

3.5 MAINTENANCE MODE 

The Maintenance bit (D03) can be set by the program to check out most circuits in the DNII control module 

without an 801 connected. 

When set, it clears CRQ H to the 801 and asserts bit DI2 (FDLO L). It also allows the outputs of the four digit 

flip-flops to be multiplexed in place of the response signals. 

To initiate the maintenance mode, the program sets the maintenance bit (D03). The maintenance flip-flop 

(E19 MAlNT) is set and its output can be read at the output (pin 4) of Unibus driver E16. Output MAINT (0) H 

of the MAl NT flip-flop is sent to pin 12 of NAND gate El4 which disables the gate regardless of the state of the 

other input [FCRQ (1) HJ. The high output of this gate drives the output (pin 8) of E1210w, which is the dis

abled state of CRQ to the 801 (sheet 2). The CRQ bit can still be set by the program but it does not generate a 
CRQ H signal to the 801. Output MAINT (1) L of the MAINT flip-flop is sent to pin 10 of negated-input OR 

gate E14 (sheet 3). This signal is low because the MAINT flip-flop is set and it enables the gate (pin 8 is high). 

The gate output is MAINT (1) H which is sent to Unibus driver El5 to be read on bus data bit D12 as FDLO L. 

This bit is asserted just as it is when the actual DLO H signal is sent from the 801. 

Output MAINT (1) H of the MAINT flip-flop is sent to the control input (pin 9) of the multiplexer (sheet 3). 

This signal is high because the MAINT flip-flop is set and it allows the digit flip-flop to be multiplexed. The rest 

of the interrupt circuitry responds to these signals just as if they were the actual response signals from the 801. 

Each digit flip-flop output corresponds to a particular response signal. The program can set a digit flip-flop to 

initiate an interrupt just as if the associated response signal had been asserted. Table 3-4 shows the relationship 

between the response signals and the digit flip-flops. 

Table 3-4 

Response Signal Representation by Digit Flip-Flops 

Write Bit Digit Flip-Flop Output Response Signal Represented Read Bit 

D08 FNBOI (1) H PNDH D08 (FPND L) 
D09 FNB02 (1) H DSSH DOS (FDSS L) 
DID FNB04 (0) H PWIL DIS (FPWOF L) 
DII FNB08 (1) H ACRH D14 (FACR L) 
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For example, assume that it is desired to check out the circuitry associated with the Present Next Digit (PND) 

response signal. The program sets bit D08 (NBOl) which allows digit flip-flop E7 (FNBO 1) to represent response 

signal PND H. The program can also set bit DOO (CRQ) to check the generation of SET DONE 1. With bit D08 
(NB01) set, the FNBOI flip-flop is clocked to the set state. Output FNBOI (1) H is high and is sent to input pin 

2 of the multiplexer. It appears at the multiplexer output (EIO pin 3) as FPND H. It is inverted by Ell and 

triggers the pulser which asserts SET DONE L, provided the CRQ bit is set to give FCRQ (1) H = 1 at.pin 5 of 

gate E4. 

3.6 BUS DATA TRANSFER OPERATIONS 

3.6.1 Introduction 

To assist in understanding the overall system operation, the three, bus data transfer operations used with the 

DNll-AA Interface are described. Tbeyare: data in (DATI), data out (DATO), and data out byte (DATOB). 

Except when the DNll is generating an interrupt, it operates as a slave devicl;) with the PDP-II processor as 

master. 

The text references the following drawings: 

a. DNII Bloc,k Diagram D-BD-DNII-O-OI; hereafter referred to as DNII-BD. 
b. DNII Control D-CS-M7226-0-1; hereafter referred to as M7226, sheets 2 and 3. 
c. M105 Address Selector C-CS-MI05-0-1; hereafter referred to as MI05. 

3.6.2 DATI Operation 

Asan example of a DATI operation, assume that thl;) processor desires to read the contents of the control and 

status register (CSR) associated with the DNII control module installed in line 1. 

a. The processor places the address of the CSR(775200) on address lines A <17:00> and assl;)rts 
COl = COO = O. These signals are sent to the MI05 Address Selector (DNII-BD and MI05). The 
control lines (COl and COO) and address line AOO are decoded and IN H is asserted (Ml 05). IN H is 
sent from the Ml OS Addrl;)ss Selector to tbe gating logic-in each DNII control module (M7226, 
sheet 2). Address lines <17:0I} have also been decoded but no selyct signals are generated because the 
processor has not yet asserted Master Sync (MSYN L). 

b. If the bus is free, Slave Sync (SSYN L) is clear and the processor asserts MSYN L to the address 
selector module. This signal, along with decoded lines A <17:01>, enables SELECT 0 H to the DNU 
control modu}i;J in line 1. ,This signal is ANDed with IN H to generate IN SEL H which strobes the 
CSR datatobus data lines D <15:00> (M7226, sheets 2 and 3)., MSYN L also asserts SSYN L from tbe 
address selector module. 

c. The processor receives the data and SSYN 1. It clears MSYN L and then clears the A and Clines. 

d. The address selector module receives the cleared MSYN L which clears its SSYN L and, along with the 
cleared A and C lines, clears IN H and SELECT 0 H which in turn clear the D lines. The bus is now 
clear for other use. 

e. The processor receives the cleared SSYN L which signifies the end of the current bus transaction. 
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;3.6.3 DATO Operation 

As an example of a DATO ol?eration, assume that the processor <;iesires to write information into several bits of 

th,e CSR to instruct the DNII to perform a particular operation. 

a. The processor pl",ces the address of the CSR (775200) on address Hnes A (17:00); the data on the data 
lines D (15; 00>; and asserts CO I = 1, COO = O. The A and C lines go to the address selector module and 
the D lines go to the DNll control module installed in line 1. The a<;idress selector module decodes the 
control lines find address line AOO which asserts OUT LO H and OUT HI H (MI05). These two signals 
are sent fromihe address selector module to the gating logic in each DNllcontrol mo<;iule (M7226, 
sheet 2). Address lines A (17 :01> have alsq been decoded but no Select signals are generated because 
the processor has not yet asserted MSYN L. 

o. If tliebll,s is. free, SSYN L is clear and the Processor asserts MSYN t to th,ead<;iress selector module. 
This signal, along with decoded linesA (17:0J), enables SELECT Oto the DNII control module in 
line 1. This signal is ANDed with OUT LO H and OUT HI H to generate HI SEL Land LO SEL H 
which clock all the flip-flol?s in the C$R. The D-inputs of these flip.flops contain the information on 
data lines D (15:00> (M7226, sheets 2 and 3). MSYN L also assertsSSYN L from the address selector 
module. 

c. The processor receives SSYN L and clears MSYN L. It also clears the A, C, and D lines. 

d. The address selector module receives the cleared MSYN L which clears its SSYN L and., along with the 
cleared A and Clines, clearsOUT LO H, OUT HI H, andSELECTOH. The bus is now clear for other 
use. 

e. The processor receives· the cleared SS¥N L.whichsignifies the end of the current.bus transaction. 

3.6.4DATOB Operation 

Tlu,IDATOBQperation is similar to the DATO operation described inParagtaph 3.6.3 except that the DN11 

accepts a single pyteinstead·of a complete wont This operation is used when the digit flip-flops are loaded. 

The processqrassertsCO 1 = COO == 1 to select the DAT013 operation. The state of address line AOO determines 

wh,ich byte is used, In this case, t1).e high P¥'te D<I5:8>is always used (AOO = n. Actually, only the four 10w

orderoits DO 1 :8> are used; the four high~order oitsare read-only, so their valuejs irrelevant. During the decod

ing prQcess;tne addressselectormodule asserts SELECT 0 H andOUTHIHwJiichallows only the fOl,lr digit 

flip-fiopsto be clocked. 
, _ ," C , 

The f1b6veexamplesare simplified in th,at they do not describe the built-in delays thai arereql,liredtocompen

sate for datacteskewing, decoding, etc. Refer to. the PJ)P-ll Pff!riphff!ralsand InterfaCing Han4book for timing 

detail~. 

3.7 INTER,RUP'{ TRANSACTION 

3.7.1 Introduction 

The interrupt control circuitry on the DNII control module allows one of four responSe signals (DSS, ACR, PWI, 

or J:>ND) to set the DONE flip-flop. This is onlyone step in qualifying the M7821 InterruptControl Module to 

conduct the interrl,lpt transaction. The program must also set Interrupt Enable (lNTENB) bit D06 and Master 

Interrupt Enable (MINAS) bit D02 to activate the M7821 module. When the INTEN13 flip-floP is set, its 

l-outplJt isANDed with thel-outpl,ltofth,e DONE flipcflopto assertID L(M7226,sheet 2). The ID L signal 

from the DNII control module that is requesting the interrupt is sent to. the M 117 NAND gate module. 

3-14 

( 

( 

( 



( 

( 

C", 

The signal is inverted and sent to connector pin Ul of the M7821 Interrupt Control Module. This pin is one 

input of a NAND gate and the other input (connector pin VI) is MINAB H. The interrbpt sequence is initiated 

when both signals are high (DNII-BD). 

Each DNll control module generates an ID signal but only line 1 contains a Master Interrupt Enable (MINAB) 

signal. A control module must be plugged into line 1 and programmed in order to operate any line. MINAB is 

used to clear all the interrupts on all four lines at once to allow the M7821 Interrupt Control Module to respond 

to new interrupts. 

The M7821 Interrupt Control Module permits the DN11 Interface to gain control of the bus (become bus master) 

and perform an interrupt transaction. The M7821 sends a vector address to the processor via the bus data lines. 

At the end of the interrupt transaction, the processor goes into the interrupt service routine at the specified vec

tor address. Most interrupts are generated by PND which requests a digit tq be dialed. The interrupts generated 

by DSS, ACR, and PWI are to inform the processor of certain conditions or errors. DSS indicates that the mo

dem is in the data mode; ACR indicates that the 801 ACR timer has timed out (usually an error during dialing); 

and PWI indicates that the 801 has lost power and is inoperative. 

3.7.2 Interrupt Operational Sequence 

In this example, assume that the DN11 control module in line 1 is requesting an interrupt in response to PND H 

from the 801. 

a. MINAB and INTENB have been asserted by the program. A call is in process and the DONE flip-flop 
has been set by PND H from the 801. Signal IDL has been generated, inverted by the M 117 NAND 
gate module and sent to pin U1 of the M7821 Interrupt Control Module. Signal MINAB H has been 
sent to pin VI of the M7821. Pins U1 and VI are inputs to the A master control section of the M7821. 
The B master control section of the M7821 is not used. 

b. Signals ID Hand MINAB H are both high which asserts BUS A BR L. This is the bus request signal 
and is a level 4 (BR4) for the DN11. It is sent to the processor as a request for bus mastership. 

c. The processor examines the bus request (BUS A BR L) and, if it has the highest priority, Bus Grant 
signal BUS A BG IN H is asserted provided BUS SACK L is cleared. 

d. BUS A BG IN H enters the M7821 and is blocked in the A master control logic; that is, BUS A BG 
OUT H is driven low. This prevents the asserted BG signal from reaching any following devices on 
the Unibus. Asserting BUS A BG IN H, causes BUS A BR L to be cleared and BUS SACK L to be 
asserted which acknowledges the grant. 

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

f. When the current bus master completes its transaction, it clears BUS BBSY L and BUS SSYN L. In 
response to this action, the M7821 asserts BUS BBSY L and BUS SSYN L which clears BUS SACK L. 
Signal A MASTER L is also asserted which enables the interrupt signal BUS INTR L and places the 
vector address on the Unibus data lines BUS D02 L - BUS D08 L. This is accomplished in the DN11 
by connecting pin N1 (A MASTER L) to pin R2 (A START INTR L) and pin D2 (VECTOR BIT 02 H) 
on the M7821 module. Pin P2 (B START INTR L) is held high because the B master control logic is 
not used. 

g. The processor receives BUS INTR L, reads the vector address, and responds by asserting BUS SSYN L. 

(continued on next page) 
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h. In response to BUS SSYN L,. the M7821 asserts A INTR DONE H (pin L2) which is connected to 
A MASTER CLEAR H (pin R 1) to clear BUS BBSY L, A MASTER L, BUS INTR L, and the vector 
address. This constitutes active release of the pus to the processor which clears BUS SSYN L whe)1 
it receives the cleared BUS INTR L signal. The processor goes to the interrupt service routine at the 
specified vector address. 

i. At this point, MINAB H, INTENB a,and DONE H ate stiV set but furthel:' grants are inhibite4 be
cause the gate in the M7821 module that a$serts :SUS A DR L is disabll;ld. In order to make another 
request, the program must clear MlNAB H to remove the disabling signal. Reasserting MINAB H 
qualifies the M7821. module to process anqther interrupt request. 
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CHAPTER 4 

PROGRAMMING INFORMATION 

The software package that is available for controlling the DNll Interface is COMTEX-ll DNll ISR/TAP. 

COMTEX-l1 (Communications Oriented Multi-Task Executive) is a communications software package for the 
PDP-II family of computers. 

This chapter provides a sample program for control of a DNII. It is similar but not identical to COMTEX-l1 

DNII ISR/TAP. Prerequisites for operation include a PDP-I 1/20 computer and 4K of core memory (8K to 

assemble the program). The terminal used in the system must supply a Terminal Ready signal. An explanation 

of the program parameters, completion flags, and line table is shown below. This is followed by a program 
listing. 

Initialization Parameters 

Line number (byte) 
Null (byte) 
Address for line table (word) 
Initialization error indicator (word) 

Dialing Parameters 

Line number (byte) 
Hand-shaking/EON code indicator (byte) 

-1 : Hand-shaking 
0: End-of-number code 

Address of telephone number (word) 
Length of telephone number (byte) 
Null (byte) 
Address in which to place completion message (word) 

Completion Message Parameters 

Line number (byte) 
204 (byte) 
Address of telephone number (word) 
Completion flags (word) 
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Completion Flags 

Bit 0 
0: No Y-option (no second completion entry) 
1: Y -option (ACR interrupt after DSS interrupt; addr.ess of telephone number is zeroed) 

Bit 1 
. 0: . EON code ended dialing 
1 : Hand-shaking mode assumed 

Bit 2 
0: No ACR timeout 
1 : ACR timed out 

Bit 3 
0: No power failure 
1 : Power failed 

Line Table 

Word 0: Null 
Word 1: Address of hardware register 
Word 2: Address of next digit to send 
Word 3: 

Low Byte: Count of digits yet to send 
High Byte: 

0,1: EON code 
-1, -2: Hand-sbaking 

Word 4: Low Byte 
1: Y-option 
High Byte 
1: Z-option 

Word 5: Address of ftrst digit 
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000000 
1tH:'1G'1001 
0000rc2 
010110003 
k!~0004 
0f0000e 
01:101001') 
000001 

111'1'16 
klvHl0c!40 

000254 
00025::1 
f1:Hi)0274 
IIHHt'i271 

1752fl!0 

0ftH'l12l2Vl 

( 000!t02 
0001004 
IiHl~1006 
00!d1!l07 
000011/1 
kHlJ0WJ 11 
~1il0101a 
000014 

01;:H1001 
k)i2I0itJ02 
10001004 
000010 
o Iil 00 ,"!l 
012l01i.L41D 
000100 

\0 1000121 
\0400(l)1d 
l1ilkl001/l 

141iH'40 

000001 
klklCil!1l02 
0001004 
161d01d10 

011l0~01 

flI 0 I2l ill 23 
k! kI !tift) ri 4 
1tl001o()25 

'TH! ON11 AUTOMATIC UIA~iR 
, vl:.~UON. 000)( 
'COpYRIGHT 191',1~72, Pl~lTA~ EQUIPMlNT CORPORATION 
1146 MAIN STREET, MAYNARQ, MASS. 0175' 

R01U 
Rl'U 
R2-U 
R31U 
R41,,4 
R!5I"~ 
$10'.,,6 
PC I ,,7 

• Tl n,t; ON 11 
,UECT 

PSll17nC 
NO .... 240 

CI,.lNI!I264 
CL'NCI!25::1 
SE'NI2'14 
SECNI!271 

DNiD Wilt 17 S20f1l 

C.NMA)(120 

C,NREt,; 1 2 
C. NAOOU 
C,NCNTIfS 
C.NfONI., 
C,NYOFo'U0 
C,NZOPll1 
C,NUU12 
C.NANU14 

C. NCRIIlU 
C,NCPR'2 
C. NMe;NU 
C.NMAUU 
C,NPNP'20 
C.NDSU40 
C. NL.ENI! Ul0 

C. NDL.U'10000 
C. NACRII4011l00 
C. Nfi/\lHJI100000 

C.NAL.~'C.NOSS.C.NACR·C.NPWO 

c.NnC11 
C.NMNIJ1I2 
C,NBAUI4 
C. NPOu 10 

C.NL.N~'~ 
C.NL, N1'23 
C. NL.NIU24 
C. NL.N;U20 
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,y. AND I.OPTION INDICATORS ARE SET AT AISiMe~V TIMI 
'BY CHANGING THE ~YT~ IN THi lSR TAB~i IMMiDIATELY 
'A~T~R TH! ASSOCIATE~ .tlNI NUMaER. . . 

000213' C.NYZI201 
00020VJ C,NZW20111 
~0Ql1(J01 C.NYIII001 
0~0000 C,NONt I 00 

000204 C.NCP~1200.4 

0liHH40 ."'4i1 

000140 k)0000rtJ' 
0(t"H42 fIlltlflJ200 

.WORD 

.CSECT 

0130000 004567 C.NT~01 JSR 
000022 

000004 175200 

000005 001 
0210001 20!tl 
000010 1iH!l000k1 

000012 023 
001110 U 2r,11 
00"014 000001.3 

0001U5 024 
i:100!1l i1 " !Ilk'! 
00002f1l 000000 

00U22 025 
01310023 0U 
000024 0001000 

,WORD DNSDW0 

.BYTE C.N~N0,C.NZ 

.WORD 0 

.BYTE C.NLN1,C.NYZ 

.WORD " 

.BYTE C.NLN2,t.NONE 

.WORQ 0 

.BYTE t.NLN~,t.NY 

,WORD 1/1 

000025 01044~ C.NT~YI MOV IU,-'SP, 
R15,.tSP) 
Ri,.lSp) 

0~~0~0 010~46 MOV 
0000~a 010246 MOV 

IiHHI0!54 012702 
10001004 

000040 012e04 

MOV 

MOV 

000042 0~2714 C.NTS1' eIT 
0f1J0200 

0000.6 IdfIJ1007 SHE 

001illZl:)0 062705 
000004 

000004 0b2704 
0fi:101Cl02 

01!100ei0 00ej;i02 
0000b2 001~61 

0001/104 001/1f:'J~tI 

ADD 

AOD 

DEC 
aNt: 

i1R 

N41, R2 

(R5)ot,R4 

__ 200 ,.IU 

C.NSIt.T 

R2 
C.NTil 

C,NRi;.T 
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,SAVe. 
'TMRE~OTM~R 
, RiGUTERS 

,~CUR ~INEi TO TEST. 

,INTERRUPT ON THIS LINi' 

,YU. 

'UPDATE 'OR NEXT ~tNI. 

'A~L LXN~S TijSTEDt 
'NO. GO TEiT NgXT. 

,YIS. 'ALSi INT!RRU~T. 
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000066 016C02 C.~8IT' MOV 
fr'000riHi 

000012 011403 MOV 
000074 042114 ~lC 

007000 
0001021 03270~ 81T 

,421040 
0001~4 001~~6 BNi 

000106 105762 TSTe 
000f00t!1 

0001i2 001 4 12 e!Q 

011JfIll14 105;'iei2 
0021006 

IU0Ue 117~(j4 
o III 21 004 
000001 

IUU26 0052152 
0IlI01il04 

!!lUlU U2114 
0f/J00ra2 

00111U15 0001)11 

DECS 

MOVS 

0001421 105752 C.N!NPI T8T8 
000007 

000144 001106 BNE 

0rUl146 0;U714 
liH1I00i0 

00UOa eJIll110! 

00011:')4 112764 
000014 
0001001 

100102 1052tHIi 
0000217 

IiJ0liHOti 0fH!114 
i:H1I0002 

000172 00047~ 

eIT 

eNI 

MOVS 

iNca 
au 
SFt 

000174 01214~ C.NPWMI MOV 
fOIil0fiJU 

000200 000436 BR 

000202 100174 C.NCMPI BMt 
000204 0a270~ BIT 

04011100 
000210 00140~ SEQ 

0002~2 ~12746 C.NGU~J MOV 
000004 

000a!5 000401 BR 

uruaa ue7U 
000001 

1210111226 U000a 

TiTS 

Ii PI. 

a~lu~ ,IU 

'~4,H;, 
N7tStafD,U4 

NC.NAI.L.,~3 

C,NCMP 

C.NCNT(Mi' 

t,NENO 

C,NC NTCR2) 

C.NADD(R2) 

#C.NIJPR,'R4 

C,NRtT 

C.NEQNCR2) 

C.NRt:.T 

.C.NI'lAl,'R4 

C,NR~T 

N14,iCR4) 

C. NEUN (Ii~a, 

NC.NQPR,'R4 

C.NRIi:T 

#C.NPOIII,-(SP) 

C.NMts 

C,NPWjit 
.C.NACR,~3 

C.NDrJN 

NC.NijAO,-CSP) 

,+4 

-(SIl" 

C.NEON(R2l 

C.NON0 

,al0R! L.iNi TABL.! ADDRESS. 

'SAVE R!ijliTER CONTENTs, 
,CL.EAR TM; iNTERRUPT & DIGIT. 

,SPECIAL. INTlRRUPT1 

nu, un FOR A 
'CCMPI.ETiD CAL,L., ETC. 

INUMBU DIAl-EO? 

HU. 

'UPDATE COUNTER (IN AOVANC~). 

'UPDATE f-IQ1NTfj;R 

'S~T DIGiT-PRESENT 81T 

,GO EXIT. 

,SEND "EON" CODE" 

,NO.1) AI.READv SENT 
,OR 2) UNNECESSAR¥, 

liN MAINTENANCE MOD!1 

'V!S, NO NiED To SEND EON, 

,sEND "~ND.OF-NUM8ER" JNDXQATQR 

,SIT "EON iENT" FLAG. 

,$;T DIGIT-PRESENT 81T. 

,GU E)ClT. 

,$TORI "POW~R FAILURE" INDICATO 

,GO FREE LINE AND SEND MES~.GE. 

,POWER FAlI.URIT. 
,AeANOON eAL.L & RETRV alT 'fT7 

1NO,DATA-siT sTATUS 

,STORi "ACR TIMER INTiRRU'," IN 

,STORa CONDITION.L 
'XNDXCATOR&, AND SiND MESaAG!. 

'CLEAR FOR SIT lNDICATORS, 

'HANDSHAKING MODEM' 

'NO 



1a01(j~~0 (l)52711ii ~IS 'fC. NliNO, ~$P) IVt8, STU~r:; en ( iHHlIile2 

0IiHi'2~4 lit:151b2 C,NPN0; T516 C.NyOP(R~J , YII!IOPTION ON 8011 
!t)f/;(iH')10 

0310240 001402 SEQ C.NQNl ,NO 
0002 11 2 ~52715 SIS Ii*C. NlIC, tsP) nES, STORk; SIT 

liHO ki III It! 1 

000246 1 iilo7e\2 C,NDN1I 18T8 C.NZI.lPCRii!) ,DOES CI.,t:.AfHNG CAL-I.. ... 
iC00~11 

, REQUEST E;NO THE CA~L.'l 
00!!l2~2 lOiil141') BEQ C. N!.)I'~2 pYt.$ • 
liH~02l:l4 100762 T5T6 C. NyQp (R:i!) ,Si:.COND lNTERHUPT POSSUH.E1 

0~0e10 
IiH~0200 001 4 06 pEQ C.NMt.S 'NO, CL.EAR BIT. 
011H0262 Hi5762 T5Ts C.NEUN(R2, , st.CONO lNfERRUPT POSSIBL.U 

1000(/1107 
000206 ~l\:L~" iii:) 61.,E C.NMC,S ,NO. 
000270 U~o)Q2 DfC8 C.NEUNOci2) pYl:.S t DO NOT CI,.UR eRG! BIT. 

\1~0iC07 
000274 iOi/Hi 40 2 SR C,ND N2 , AWAIT S!;CUNO INTERRUPT 

00!d276 ~42714 C.NMEsa BIC #t:.Nt:RQ,4DR4 ,NO. FREe. ONll FROM I..IN!. 
kJ\£leJl!i!lil 

rIl0"~1il2 i'J05105l< C. NOMn CI..R C, NAUD (R.O 1fr1'l'iEE FOR NEXT CAI..L.. 
~Hl0ide:4 

12l\?J 03121 6 1427Ml SICS *ll,C.NEONCR2) ; RESET ENO"Of-NUMBER CODE, 
ki!d (IHl01 
i01il0VJ~7 

JIF' PREst;;NT. 
( 00n14 kl16"46 rl0V C,NB ASCR2),"C5P) ,STORE eUliFER START 

ft100012 
0130320 !tl~5~62 CI..R C. NBAS (RIO lZ~RO BUP'Pt.R START eso 

00e'012 
ITHAT IT w ll.. L. NOT BE REUSED) 

00111324 011546 MOV 4DF<5," CSP)_ , SlORE; L.INt: NUMBER AND 
00~32b 11276b MOVS #C.NCPI..,l(SP) , "OUTPUT COMPL,ETE" MESSAGE. 

"00Z~4 
~ra~q1l01 

00121334 0127e5 Mav #3,1'10 ,STORt;; COUNTER OF 3. 
0fllC!\ill03 

000340 [('12072 C,NDN~; MOV CSP).,fC.NANS(R2) , STORE M~SSAGe: IN USER-
f/Hi10!tJ14 

000344 vlti2762 ADO #2,C.NANSCR2) 'Dt-FINEO BUFFe;R. 
1O\10f()02 
kl001!114 

0003f)2 \11:Hj30!5 DEC R5 ,STORAGe; C:OMPI,.ETE1 
0003014 ~101371 [;NE C.NDN3 'NO, 

k:l0fil3~6 V'l0~2~7 INC C.Fl,.AG ; SET DATA ... PRESENT FI,.AG. 
~V;\(/!416 

000362 1112ti02 C.NREH MaV (SP)·,Ra ,RESTORE RG:GUTERS, 
001Zl3!:i4 012003 /"lOV (SP,·,R3 
00Wl3i:i6 012001.1 MOV (SP)·,R4 
000370 kl12!:i0!5 MOV (SP)·,Rf) 

000372 0rD0r.?02 Fln 

( 
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('. !il«)~374 ~Jl2700IC.NINTI MOil NC.N1FHa,H0 ; STORE STA~T OF 1ST UR 'I'A tH.E. 
!1l0\il~0v.! 

00fl14100 0027011 C,NINtal ACD ;,tii,RW 'GET ADO~US OF 1ST L.INE NL,/M8ER 
lilitl0i1l~o 

id004104 iIlle005 MOil ""2CRta,,R::; ISAIIE RI1.GUTER ADORESS. 
17777fi 

000410 1')12704 MOV .,4,R4 , STOfH; COl,JNTU FOR 4 L.INU, 
\HH'lra~4 

00kl4i4 1121110 C,NINll CMi"E\ fRl,fR0 ,L.1NE NUM6ER MATCHES? 
00!U16 rolli1416 6e;Q C.NIN~ lYt;s 

00Ulll0 (Ob210i5 ADO #2,RI) 'NO, GET N~)(T R!GISTER AOORESS, 
11001002 

01210424 0627iH'l AOO #4,RIi:l ,GET NEXT i..INE NUMae;R AODRI;SS 
1/!~H:H10 4 

liH~04~0 01i:l~3e4 DEC R4 'AI.I- .. Tii.STE01 
0n"~2 V\lil1370 6NE C.NINl 'NO. 

000434 1/)2(i1~27' CMP RId,#C.NTt<y IYU_ AI.L. I..INES TUn;O'l 
VJ~)vH?l26 

0004 40 itl01~07 eNt:: C.NIN0 INO. 

000442 ~~2761 SIS #10,4(R1) IYES. st;T tlNO MATC"''' BIT. 
((!iih10 HI 
I2lI(l (:!IIIH," 

000400 Qi(()0c7kl r.:,NINlin SEN 'MAKE ER~OR 
0t1H1402 0[d0c:07 IHS PC , EX IT, 
ro~0404 k')lblV,l~ C.NlN~1 MOil 2CFOJ,R2 ,GtT L.INE r Af:H.E ADDRESS. 

0001102 

( 00U60 Cii1006r.l MOV R5,C:.NRE.IICR2) , sTORE REtHSTER ADORESS 
00",1.102 

0fl1i!l4b4 0101160 . ~iOV R2,2lR0l , STORe; ADDRESS OF L.IN! 
0001002 

JTABL.eJ: SU~T IN UR T ASI.,! 
1i'l01i:14? 0 062702 AOO #C.NAt)D,112 ,GI':.T ADORESS MIOWAY 

0t(H.Hi.i04 
,THROUGH L.1NE UB!.!, 

\ilrll1iU74 1d1i'J5022 CL.R (R2j ... ,URC NUM6r.R ADDRESS , 
000476 00f)022 CL.R (Ril) • ,L.f;NGTH AND MOO~ WOROS. 
0(l10~ill0 ~0!5Vl12 CI"R -R2 , $lORE Y AND Z 
000t:i12l2 106012 I::II $B 1 CR0~, 'fo(~ 'INOICATQRS AS FI,.AGS 

~00\:H?1 
01110506 !iJ06\522 AS!.. (R2)· IlN THE L.INE TA8L.e;. 

01(lllJ010 1tl051.42~ CL,R eR2)· ,U.RO L.An WORD IN T UI"e;. 
0012H'5U 1il~!i:l204 C;I"ZN 
001iHi14 w:d?J 0 ~ fd 7 RTS PC H;XlT. 
00121515 01,,21il~ C I NPUH MOV C.NR~G(f(a),R;! 1GET AODI'IE&S REGISTER. 

01100"'02 
00liH)~2 1cl32713 SIT #C.NL.EN,tl~3 , TfUN5MH ENABL.I::O'l 

fc'l12!0UIiJ 
001?Jt)a6 1t:lii!1465 Sill! C.,NXTl INO 
0U5~0 032713 BIT Iot!;,NI"'WO,tlR3 'POWE~ fi'AII.URU 

100000 
000034 liHH0t>1 SNe: C.NXT2 ,Yt.5 
00tiH536 032713 SIT ~C.NLIL.O,·R3 , DATA L.INE OCCUPiED? 

fil100ril0 
00liHj 4 2 001403 BEQ C.NPT0 'NO. 
2100544 1Il3ii!713 BIT #C.NMU,fR3 ,MAINT MOO~ PRESENT? 

l' \il00k11V.! 
0005f)0 001453 (;;EQ C.NXT:! ,NO. 
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ri:H4IiHH~2 011)5762 C. NPT0; TST C.NAUotRa) ;NUM6f.R SUNG DULIO' ( , 
o k1l?J {(l04 

fiJ00 !5fHS k?i2Jl!1l46 f:lNE C,NlCT3 IY~S 

0005150 !d16100 MOV 4tRp,R0 ,GiT COUNT OF' DIGITS. 
000004 

0,":1504 1IJ!/l1437 bEQ C.NXT4 ,e;f(ROR, NO DIGITS. 
00111566 12kl((J27 CMPB R0,.C.NMAX INUMBiR f4XCEEO MAXXMUM? 

IIJl2lrll102~ 
0!cHHS72 101034 SMI C;,NXT4 nu, un. 
00kl574 1(1101062 MOV Rfd,CINC~HR2) , STORi DHHT COUNT 

000006 
210111000 1IJ1b162 MOV 2tRl~,C.NAOO(R2)'STOR~ AOD~ESS OF NUMSER 

IIHd01iJ02 
ItHl!/l004 

00"606 116162 MOVS 1CRn,C.NEONCR~) ,STORE MANOSMAKING/EON 
00~HH11 
01'cH1007 

,INDICATOR, 
0010614 ~16162 MOV 6tRl),C,NANS(R2) ,nORE ANswER ADORns. 

o kl0Ii":l6 
1IJ00014 

0010622 l-J15162 MOV 2tRiJ,C.N6ASCRa, , STORE BUIi'I'ER lilT ART. 
1IJ0(Oid02 
011l\1((}12 

00IiH)~0 YllJ2/13 1$15 ~C.NCRQ,·RJ 'SiT CAI,.L REQUEsT IN REGUHR. 
~01ti1d1ol 

0006~4 !li32713 SIT "C.NMAI,flRJ ,MAINTENANCE MODE? 
0Vll'\\Qlid 

( 000640 ~kJ14id7 SEQ C.NPT2 ,NO. ! 
0006 42 Ul!:)J62 PEes C.NCIIIT(R2) 'UPDATE COUNTER ON AOVANC!:;). 

00011'06 

000646 117263 Mova 'C.NAODt~2l,1(R3) 'SEND fIRST DIGIT • 
!IHl0it.l" 4 
IH1(JJfOlill 

00111654 ~05~62 INC C.NAIJD(R4!) 'UPDATE POlNTER. 
wHHl~04 

0~06b0 0f2HH!e;f5 C. NPT21 CL.%NC 
0011:115b2 o liH1 illl! 7 RTS pc; ,EXIT 
0010604 IlIl1i:)~62 C,NXT41 CL,R C.NAODCRli) 'F~EI£ LINE FOR A NEW CAL.I.. 

\:II/:I0id04 
0\d0610 Vlftl0271 SEeN 
000612 1/:101il.H1J7 RTS PC: ,EHROR EXIT • 
000614 IIHt'02704 C,NXUI SEZN 
001d616 eH;1\,1207 RTS pc; 'ERROR EXU. 
1110071/:10 000262 C.Nxf21 SEV 
000102 1000210 C.NXTiI SEN 
0007104 \,1((1 0 1itk"7 RTS PC ,ERROR ,XU. 

;pROGRAM TO UTlI.IU THE ABOVf; CODE Ii'O~ ONe: L.INa 

l11001fiHi k1127S7 1C.USTRI MOV "40, Pi ,STORa: P~l!JRlTY LEV!L.. 
0~1tl1d4~ 
177776 

000714 U2706 MOV #10021, SF' ,STORIi. $TACI< POINTER. 
IfH:,) 100121 

, AUEI(T "TERMINAL. READY" !fOR TMe; DATASET 
,WHICH WILL RECe:xVE ~ONTROI. FROM THE 103, C 
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( 000720 e.127~1' MOV qC.UINT,111 , lNITUl"lU I"XNE TASL.e:. 
idic:) 11i)02 

0~01414 itl047bl JS~ PI;,C.NINT ,(AND GET l,q;,G~Sr~R ADORESS., 
177444 

rIl007U 100422 eMl C.UE;fo(R 'FATAL. ERR'lR 

0010732 kJ1S700 MOV CIUL,.lN"'2dH' ni~T HAROWARE REGlSTe:~ ADORESS. 
k:)1t!l~hla 

0007~6 1.!152/U!l US .C.NI"EN"'~.NMEN,;RIO ,51::.T L.tNE AND MASTe:R ENABI..E 
((1"0104 

000742 0127vHP MOV "C.lJI..IN,R2 ,STORe: L.1N; U8!..! ADDRESS, 
~~1W36 

000746 kJ12701 , MOV .c;.upur,Rl ,AND I"ARM1t;;HR T ABL,E, 
!Il~1010 

00071)2 004767 JSR PC;,C.NPUf '6~GIN r.JlAI..ING. 
177040 

0007:>6 1004\i17 61'11 C~Ue;RR , I Mf'OSSHiI..t:: TO QUL.. 

000700 ~J((I5767 C.UTSTI TST C.ptL.AG ,OUL.INti COMPL,ETE? 
000[014 

icHH"764 !l!0177t!i 8E:Q C,UT~T ,NO. 

rIl007b6 ~~2757 BIT 1'14,C.UMUH ,POWER FAn. OR tieR TIME",OUT? 
((Irti0iD14 
1Il0itl~40 

000774 001rtl00 BillE C.UEto<R n'ES. 

;CONTINUE INC, CAl.I. COMPL.ETE. 

000776 ~iil~HH~0 C.UtRRI HAL.T 

( 001000 1!J0l~161ll0 C."I. AGI .wORO 0 

001002 0~1 C.UINTI • BYTE C~NL.N0,0 
n l0!O:; 0'1 iO 
i1H'l101!J4 eJlll1 ill36, ,WORD C.UI,.J;N 
00 Uid6 ~iil0001Cl .WORD iii 

lIliU010 1iJ~1 C, UPUTI .svn; C,NI..NIZI, .. ~ 
0i111011 377 
00"01.2 rtJ01f1J20, .~ORD C.UNUM 
001014 i:jkH,Hil07 .wORD ,. 
001016 ~01f1.)30' • !'lORD C.UMfS 

"'iii ual1l Iilll1) C.UNUMI • ~YTE 1Id,1dl,:5,1,1,1 
121010"1 itlii17 
0010'H! ~11 
roo hl~3 ~00 
iO~U~4 iU01 
01i111ll~5 WlOl 
01310"6 vHH 

iil01 v)30 • EVEN 

0\':'1 10;)eJ \lJ0000\O C.UMESI .wORD 121,0,0 
00 10~2 i:lkl!-l1ll0ilf 
00 hl~4 1Il1ll\?l1001D 

0121Hl~6 1O@0~e~ C,UL.INI ,WORD 121 

00~1~J\11 fiNO 

( 
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CHAPTER 5 

MAINTENANCE 

5.1 INTRODUCfION 

Maintenance is performed on the DNll Interface by using the diagnostic program supplied with the unit. The 

diagnostic program for the DNll is MAINDEC-ll-D9JA and consists of a tape and printout that contains an 

annotated program listing. Although it is well documented, the efficient use of the diagnostic program requires 

that the user understand the normal operation of the DN 11 (Chapter 3). 

Consideration must be given to the fact that the, system containing a DNll is connected to telephone lines and 

requires the services of some electro-mechanical components in the central office. Statistically, an electro

mechanical component malfunction is more probable than a solid state device malfunction. When a malfunction 

is observed in the system, repeat the operation several times before subjecting the DNll to a diagnostic test. 

Experience with several telephone exchanges has uncovered three problems that are caused frequently by tele
phone equipment. 

a. The 801 fails to seize the line and return a PND request to the DNll because of faulty ground-start 
contacts in the local office. 

b. The ACR times out because the called party does not answer (possibly due to an incomplete call or 
wrong number). 

c. The local office does not hang up for as long as 30 seconds after CRQ is cleared. This condition com
plicates matters because it is sometimes possible for DLO to be cleared even though the line has not 
been released. 

If it appears that the DNll is at fault, check it out by running the DNll diagnostic program. 

5.2 DNll DIAGNOSTIC PROGRAM MAINDEC-ll-D9JA 

The printout of the DNll diagnostic program contains instructions on how to use the program. This paragraph 

briefly describes the program and points out its relationship to the maintenance function that is built into the 
DNI1. 

The program consists of two parts. The first part is a series of incremental tests that check out the DNll 

statically, using the maintenance mode. This mode allows most of the DNll logic to be checked out with or 

without an 801 connected. When set by the program, the MAINT flip-flop allows the outputs of the four digit 

flip-flops to represent the 801 response lines (PND, DSS, PWI, and ACR). The interrupt logic responds to these 

signals just as if they were the actual response signals from the 801. It also clears the CRQ signal to the 801 to 

prevent the automatic calling unit from interfacing with the tests by asserting its control lines. The FDLO bit is 

set to prevent the line from being used by other active programs. 
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The second part of the program is the on-line exerciser that allows the user to dial a number in his dialing range. 

Upon completion, the program terminates the call and tries again. 

The program contains an oscilloscope loop that allows the user to set the DNII status bits in both the mainten

ance and dynamic modes. 
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APPENDIX A 
INTEGRATED CIRCUIT DESCRIPTION 

This appendix provides a description, pin designation diagram, logic diagram, and truth table for two of the more 

complex integrated circuits (les) used in the DNII. They are the 7474 Dual D-Type Edge-Triggered Flip-Flops 

and the 8266 2-Input 4-Bit Digital Multiplexer. 
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7474 DUAL D-TYPE EDGE-TRIGGERED FLIP-FLOPS 

These 7474 D-type flip-flops are triggered by the positive edge of the clock pulse. They feature direct-clear and 
preset inputs and complementary Q and Q outputs. 

PRESET 0-----____ ----1 

CLEAR 0--_1----\ 

CLOCK o----I-l-*--\ 

00-------1 

2 2 2 
Vee CLEAR j2D CLOCK PRESET 20 . 2Q 

CLOCK Q o o 

1 10 1 1 10 10 GND 
CLEAR CLOCK PRESET 

POSITIVE LOGIC: LOW INPUT TO PRESET SETS 0 TO LOGICAL I 
LOW INPUT TO CLEAR SETS 0 TO LOGICAL 0 
PRESET .AND CLEAR ARE INDEPENDENT OF CLOCK 

,1-0766 

TRUTH TABLE (Each Flip-Flop) 

n..._--<>Q 

.... "~'~~Q 

11-0767 

A-2 

Input 
D 
o 

Output 
Q 
o 

Output 

Q 
1 
o 

Notes: 1. tn = bit time before clock pulse. 
2. tn+l = bit time after clock pulse. 
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8266 2-INPUT 4-BIT DIGITAL MULTIPLEXER 

The 8266 multiplexer is able to choose from two different input sources, each containing 4 bits: A = (Ao, AI , 

A2, A3 ) and B = (Bo, B 1 , B2 , B3)' The selection is controlled by inputs So and S I as shown in the truth 
table. 

50 

51 

16 15 1413 12'11 '0 9 

12345678 
11-0485 

TRUTH TABLE 

Select Lines -Output 

So Sl fn (0,1,7.3) 

0 0 Bn 
0 Bn 
1 0 1\ 

1 

AO BO A, B1 A2 

,------ - --
I 
I 
I 

I 
I 
I L ______ 

Fa F1 F2 

A-3 

B2 A3 B3 

-, 
I 
I 
I 
I 
I 
I 
I 
I 

_...J 

F3 

1J-0479 
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B.1 INTRODUCTION 

APPENDIX B 

LOGIC SYMBOLOGY 

The logic symbology used in the PDP-II manuals and engineering logic diagrams is generally consistent with 

MIL-STD-806B Graphic Symbols for Logic Diagrams. Certain symbols are modified by DEC to allow direct 

reading of logic functions in detailed logic diagrams that show explicit electrical connections between logic 

elements. The modifications and other conventions are explained in the following paragraphs. 

B.2 UNIBUS SIGNAL LEVELS 

The Unibus has 56 dedicated signal lines. Negative logic is used for 51 lines and the remaining 5 (BG (7:4) and 

NPG) use positive logic. 

The definitions of positive and negative logic are: 

Positive Lo~c 

Signal Asseited: High = Logical 1 = +3V 
Signal at Rest: Low = Logical 0 = OV 

Negative Logic 

Signal Asserted: Low = Logical 1 = OV 
Signal at Rest: High = Logical 0 = +3V 

In the logic diagrams, the signal name mnemonic is followed by an H or L to indicate the asserted state (logical 1) 

of the signal to be high (+3V) or low (ground or OV). Using this convention, a grant line is called BUS BG2 H 

and a data line is called BUS Dl2 L. 

B.3 EQUIVALENT GATE SYMBOLS 

In the detailed logic diagrams, the gate symbols show the active state of the gate output. A small circle at the 

output shows that the active state is low (L). Absence of a small circle at the output shows that the active state 

is high (H). 

A large number of NAND and NOR gates are used in DEC logic. The symbols for the NAND and NOR gates 

show an active low output. Frequently, an active high output is required from a NAND or NOR gate. In this 

case, a logically equivalent symbol is used to retain the concept of direct reading of logic functions. 

For the NAND gate, the logically equivalent negated-input OR gate is used to show the active high output. 

For the NOR gate, the logically equivalent negated-input AND gate is used to show the active high output. 

These gate symbols and associated truth tables are shown in Figure B-1. 
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:=o-C 

A 

B 

NAND 
C=AB 

NOR 
C=A+B 

D~C 

VOLTAGE 
TRUTH TABLE 

A B C 

L l H 
H L H 
L H H 
H H L ACTIVE 

VOLTAGE 
TRUTH TABLE 

ABC 

~ ~ ~\ACTIVE 
H H LJ 

:=:[)-C 

NEGATED INPUT OR 
C=A+ B 

:=o-c 
NEGATED INPUT AND 
C=AB 

VOLTAGE 
TRUTH TABLE 

A B C 

L L ~}ACTIVE H L 
L H 
H H L 

VOLTAGE 
TRUTH TABLE 

ABC 

L L H ACTIVE 
H L L 
L H L 
H H L 

lH205 

Figure B-1 Logically Equivalent Gates 

B.4 PHYSICAL REPRESENTATION OF D-TYPE FLIP-FLOPS 

Type 7474 and 74H74 dual D-type flip-flops are commonly used in DEC logic. The pin assignment diagram and 

truth table for these flip-flops are shown in Figure B-2. These flip-flops differ only in operating speeds: 74H74 is 

the faster. 

2 2 2 
Vee CLEAR 2D CLOCK PRESET 2Q 20 

CLEAR PRESET 

D 0 CLOCK Q 

CLOCK Q D o 

1 10 1 1 10 10 GND 
CLEAR CLOCK PRESET 

POSITIVE LOGIC: LOW INPUT TO PRESET SETS 0 TO LOGICAL 1 
LOW INPUT TO CLEAR SETS 0 TO LOGICAL 0 
PRESET AND CLEAR ARE INDEPENDENT OF CLOCK 

TRUTH TABLE (Each Flip-Flop) 

tn tn+l 

Input Output Output 
D Q Q 

0 0 1 
0 

Notes: 1. tn = bit time before clock pulse. 
2. tn+l = bit time after clock pulse. 

Figure B-2 7474/74H74 Pin Designations and Truth Table 

Information at the D-input is transferred to the 1 and 0 outputs on the positive edge of the clock pulse. Trigger

ing occurs at a voltage level on the positive edge of the clock pulse and is not related to the transition time of 

the edge. After the clock pulse threshold voltage is exceeded, the D-input signal has no effect. 
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The preset and clear inputs are independent of the clock: low input to PRESET drives OUTPUT I high; low 

input to CLEAR drives OUTPUT I low. 

B.S 2-0UTPUT TERMINAL FLIP-FLOP SYMBOLOGY 

The 7474 and 74H74 flip-flops in the engineering logic diagrams are shown as 4-output terminal devices. Most 

other users (and the IC manufacturers) show them as 2.output terminal devices, which represents only the 

physical output connections. Both the 4-output symbol and the 2-output symbol are shown in. Figure B-3. 

llO 
12 

D 
PRESET 

NRA 
7474 

11 
C 

CLEAR 

113 

9 
1 8 

9 
D . 8 

NRA (1) H 

NRA (1) L 

NRA(O) L 

NRA(O)H 

4 OUTPUT TERMINAL SYMBOL(DEC USAGE) 

llO 
12 PRESET 9 

D 1 NRA(1) 

NRA 
7474 

11 
C 0 

8 
NRA(O) 

CLEAR 

113 

2 OUTPUT TERMINAL SYMBOL (OTHER USAGE) 
11-1206 

Figure B-3 Flip-Flop Logic Symbology 

The flip-flop is a 2-state device with two complementary outputs. Both outputs are asserted (one high and one 

low) when the flip-flop is asserted (set, D-input is high, true, etc.) and neither is asserted when the flip-flop is not 

asserted (reset, D-input is low, false; etc.). With the 4-terminal designation, the flip-flop state and polarities of 

the complemented outputs in both states are read directly. 

In the 4-output symbol (Figure B-3), the flip-flop name is NRA and the output signal designations contain the 

name, state (asserted or not asserted), and polarity (high or low). The state is either I for asserted (set) or 0 for 

non-asserted (reset). The polarity is either H (high or logical I) or L (low or logical 0); i.e., assuming positive 

logic conventions in which H = I = +3V and L = 0 = OV. Usually, the PRESET input is placed near the I-output 

because it directly sets the flip-flop; the CLEAR input is placed near the O-output because it directly resets the 

flip-flop. Physically, nothing has changed: flip-flop operation is still the same and there are two electrical outputs 

(pin 9 for the I-output and pin 8 for the O-output). 

The 4-terminal symbol and signal designators allow direct reading of logic functions in detailed logic diagrams 

that show explicit electrical connections between the flip-flop outputs and other logic elements. The correct 

output polarity, pin number, and flip-flop state are read at a glance. This is not possible with the 2-terminal 

symbol without mental translations. A comparative example is shown in Figure B-4. 

B.6 REDEFINED 4-0UTPUT TERMINAL FLIP-FLOPS 

Logically speaking, a redefined flip-flop is asserted (set) when clocked with a low signal on its D-input. 

Graphically, this is accomplished by reversing the output pin assignments and placing a circle on the D-input. 

The PRESET and CLEAR input pin designations are interchanged because their logical functions are reversed: 

PRESET directly resets the flip-flop, and CLEAR directly sets the flip-flop. Physically, the flip-flop operation 

is still the same. Redefinition is used to retain consistency in graphically representing the asserted state of a 

flip-flop in a detailed logic diagram; specifically, to produce the asserted state with a low signal on the D-input. 
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0---- A 

NRA NRA }---8 
9 

o 8 o 
}---8 

D---c 

TWO OUTPUT TERMINAL DESIGNATION FOUR OUTPUT TERMINAL DESIGNATION 

Figure B-4 Electrical Connections to Outputs or 
2-Terminal and 4-Terminal Flip-Flops 

12-1207 

Pin designations and outputs for a standard 4-output terminal flip-flop and a redefined 4-output terminal flip-flop 

are shown in Figure B-S. 

12 
0 

11 
C 

12 
0 

11 
C 

~10 ASSERTED NON ASSERTED 
(SET) (RESET) 
0= 1 0=0 

PRESET 9 
NRA (1) H ------, 

1 
8 

NRA (1) L ------I 
NRA 

9 
NRA (0) L '------., 

0 
8 

CLEAR 
NRA (0) H ------I 

STANDA RD FLIPFLOP 11:3 
-NRA(1 )-ASSERTED STATE (0=1) 

NRA(O)=NON ASSERTED STATE(D=O) 

A13 ASSERTED NON ASSERTED 
(SET) (RESET) 

PRESET B NRA (1) H 
0=0 0=1 

1 
9 

NRA (1) L ------I 
NRA 

8 
NRA (0) L ------, 

0 
9 

CLEAR 
NRA (0) H ------' 

110 
REDEFIN 
-

ED FLIP FLOP 
NRA(1)-ASSERTED STATE (0=0) 
NRA(O)=NON ASSERTED STATE (0=1) 

11-1208 

Figure B-S Standard and Redefined 4-Terminal Flip-Flops 
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For the redefined flip-flop, when D = a the flip-flop is actually reset (pin 9 = a and pin 8 = 1); however, the out

put pins are reversed and the asserted state outputs (NRA (1) Hand NRA (1) L) are enabled. The logical 

definitions assigned to the 4-output terminal flip-flop indicate that the flip-flop is set in this case when its D-input 
is low. 
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