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CHAPTER 1
INTRODUCTION

1.1 INTRODUCTION

The DR11-C is a general-purpose interface between the PDP-11 Unibus and a user’s peripheral (Figure 1-1). The
DR11-C provides the logic and buffer register necessary for program-controlled parallel transfers of 16-bit data
Lztween a PDP-11 System and an external device. The interface also includes status and control bits that may be
controlled by either the program or the external device for command. monitoring. and interrupt functions. The
DR11-C is software compatible with the DR11-A.

PN
CONTROL
PDP-11
0aTA SYSTEM
u
N
]
8
¢ | aDDRESS SELECTION COMMAND OR CONTROL ™ — — =}
INTERRUPT CONTROL INTERRUPT REQUESTS | |
- USER'S
DATA DR -C 16-BIT DATA 1 ysers |
) !
4 L--J
N

Figure 1-1  Syste.n Block Diagram

1.2 GENERAL DESCRIPTION

The DR11-C interface consists of three functional sections: address selection logic. interrupt control logic. and
device interface logic.

The a-ddress selection logic determines if the interface has been selected for use, which register is to be used. if a
worc or byte operation is to be performed, and what type of transfer (input or output) 1s to be performed.

The interrupt control logic per:nits the interface to gain bus control and perform program interrupts to specific
vector addresses. The interrupt enable bits are under program control: the interrupt bits are under control of the
user’s device.

The DR11-C interface logic consists of three registers: control and status, input buffer. and output buffer. Oper-
ation is initialized under program control by addressing the DR11-C to specify the register and the type of opera-
tion to be performed.
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If an output operation is specified, information from the Unibus is stored in a 16-bit register. Once this register
has been loaded under program control (e.g., MOV RO, OUTBUF), the outputs are available to the device until
the register is loaded with new data from the bus. The register can also be read onto the bus. Upon transfer of

data to the buffer register. NEW DATA READY control signals are supplied to indicate to the user’s device that
data has becn loaded by means of a DATO or DATOB bus cycle ard is read by means of a DAT! or DATIP bus
cycle.

When an input operation is specified, the DR11-C provides 16 lines of input to Unibus transmitters. This permits
data from the user’s device to he read onto the bus. A control signal,?'DATA TRANSMITTED, informs the de-
vice that the input lines have been read. The input lines, which are not buffered, can be read by a DATI bus cycle
(c g.. MOV INBUF, RO). ’

The control and status register provides six bits that can be used to control and monitor user functions. Two of
these bits are interrupt enable (INT ENB) bits under control of the program. Two bits (REQ A and B) are under
direct control of the user’s device and can only be read by the program. These bits can be used either to initiate
interrupt requests or to provide flags that can be monitored by the program. The remaining two bits (CSRO and
CSR1) are read/write bits that can be controlled by the program to provide command or nonitoring functions.
in the maintenance mode. they are also used to check operation of the interface.

A maintenance cable, which is supplied with the interface, permits checking of the DR11-C logic by loading tl &
input buffer from the output buffer rather than from the user’s device. Thus, a word from the bus is loaded into
the output register and the same word appears when reading the input buffer, provided the interface is function-
ing properly.

The DR11-C can alsc be used as an interprocessor buffer (IPB) to allow two PDP-11 processors to transfer data
between each other. In this case. one DR11-C is connected to each processor bus and the two DR11-Cs are
cabled together, thereby permitting the two processors to communicate. A description of the DR11<C used as an
interprocessor buffer is provided in Chapter 6. DEC does not supply software for this configuvration.

1.3 PHYSICAL DESCRIPTION

The DR11-C interface is packaged on a single M7860 quad module that can easily be plugged into either a small
peripheral slot in the processor or into one of the four slots in a DD11-A Peripheral Mounting Panel (Figure 1-2).
Power is applied to the logic through the power harness already provided in the BAI 1 mounting box. The re-
quired current is approximately 1.5A at +5V. No - 15V power source is needed.

The M7860 module has two Berg connectors for all user input/output signals. Two M971 connector boards.
which are not supplied with each interface, can be uSed to bring all input/output liaes to individual pins on a
back panel via two BCO8-R cables. Note that this cable is a “mirror image” rather than a straight one-to-one cable
(Figure 3-1).

Specifications for the basic DR11-C are given in Table 1-1. The DR11-C interface is available in the following
standard configuration:

a. one M7860 Interface module
b. one BCOSR-1 Maintenance Cable
¢.  applicable documentation
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The following accessories are available for interfacing and may be ordered separately:

a.

BCO8R (Berg-to-Berg) flat cable. Available in lengths of ', 6, 8 10, 12, 20. and 25 feet. When order-
ing, the dash number indicates the desired cable length: e.g.. BCOSR-1 or BCOSR-25.

M971 connector board. A single-height by 8-1/2 in. board that brings the signals from one Berg con-
nector to the module fingers.

H856 Berg connector. Includes an H856 Berg connector and 40 pins. C rimping tools are available
from: Berg Electronics, Inc.. New Cumberland, Pa. 17070.

eus
ouy
A 8 c [} E F

a UNIBUS
(SEE NOTE 2)

3 POWER

2 RESERVED

UNIBUS
(SEE NOTE 3)

/%’//////////////////////// i %

NOTE- |
B8uUS 1. Can be mownted in siot 1,2,3,0r 4
IN 2. Con be M920,8C11-A, or M930
3.Can be M920 or BCIN-A

Figure 1-2 Typical M7860 Quad Module Mounting In a DD11-A
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Table 1-1
DR11-C Specifications

Registers

Register
Addresses

Interrupts

Coatrol and
Status Bits

Inputs

Outputs

Signals

Data Inputs
Data Outputs

Maintenance
Mode

Size

Mounting

Power

Status and Control Register (DRCSR)
Output Buffer Register (DROUTBUF)
input Buffer Register (DRINBUF)

DRCSR - 767770
DROUTBUF - 767772
DRINBUF - 767774

may be changed by user

Priority = BRS (may be changed by jumper plug)
Vector = 300, 304 (user sclectable)
Types = REQUEST A. B (function defined by user)

Controlled by program = INT ENB A, B; CSRO, CSR1
Controlled by device = REQUEST A.B

One standard TTL unit load: diode protection clamps to ground and +5V

TTL levels capable of driving 8 unit loads except for the following:
NEW DATA READY = 30 unit loads
DATA TRANSMITTED = 30 unit loads

INIT (initialize) = common signal on both connectors driven by onc 30-unit
load driver

NEW DATA READY - drives 30 unit loads. positive pulse. 400-ns wide unless
width changed by an external capacitor

4

DATA TRANSMITTED - drives 30 unit loads. positive pu\sc. 400-ns wide unless
width changed by an external capacitor

INIT (initialize) - common signal on both connectors driven by one 30-unit load
driver

NEW DATA READY LOH - drives 30 unit loads, positive pulse, 400-ns wide
unless width is changed by an external capacitor (only on etch revision | or later)
NEW DATA READRY HI H  drives 30 unit loads, positive pulse, 400-ns wide
unless width is changed by an external capacitor (only on etch revision F or later)
16-bit word from the external device

16-bit word from the Unibus. Either a full word or an 8-bit byte (cither high or
low) may be loaded from the bus.

A MAINT cable (supplied with basic system) jumpers the DROUTBUF outputs
io the DRINBUF inputs and forces bits 15 and 07 to read as CSR1 and CSRGO.
respectively.

Consists of a single quad module (M

M7860 moudule occupies 1/4 of a DD i-A (or equivalent) or one of two controller
slotsina KALT, K711, or other PDP-1 1 processor system unit.

~1.5A @ +5V (derived from power supply in mounting box where DR11-C is in-
stalled)




CHAPTER 2
SOFTWARE INTERFACE

21 SCOPE B

This chapter presents a detailed description of the three DR11-C registers (Figure 2-1). These registers are as-
signed bus addresses and can be read or loaded (with the exceptions noted) using any instruction that refers to
their addresses. The mnemonic INIT refers to the initialization signal issued by the processor. Initialization is
caused by one of the following: is.uing a programmed RESET instruction; depressing the START switch on the
processor console; or the occurrence of a power-up or power-down condition of a system power supply.

15 14 ] 7 6 ] a 2 1 [
DRCSR | REQ REQ | IE 1€
767770 8 A A [ CSR1 {CSRO
19 °
OROUTBUF ,
767772 OUTPT DATA BUFFER
15 — [}
D;sw‘;%’: , INPUT CATA BUFFER

Figure 2-1 DRI11-C Register Assignments

The device registers and associated addresses are iisted in Table 2-1. Note that these addresses can be changed by
altering the jumpers on the address selection logic. However, any programs or other software referring to these
addresses must also pe modified accordingly if the jumpers are changed. Paragraph 2.5 discusses priority levels
ar? the addressing scheme when more than one DR!1-C is used.

Table 2-1
Standard DR1i-C Register Assignments
Register Mnemonic® Address
Control and Status Register DRCSR 767770
Output Buffer DROUTBUF 767772
input Buffer DRINBUF 767774

® Fust two betters of mnemonic (DR refer to PR11C intesface, the remaining kettess cep-
resent the maemonic of a speuific register.
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Paragraphs 2.2 through 2.4 describc operaiion of the DR11-C registers. Note tharunused bits are always read
as Os. Loading unused or read-only bits has no effect on the bit position.

2.2 INPUT BUFFER REGISTER (DRINBUF)

The input buffer is a 16-bit read-only register that receives data from the user’s device for transmission o the Uni-
bus. Information to be read is provided by the user’s device on the data IN signal lizes. Because the input buffer
corsists of gating logic rather than a flip-flop register. the data 1. . lines must be h=id antil read onto the bus. The
register is read by « DATI sequence and the data is trensmitted on the Unibus {or transfer to the processor or
some other device. When tise input lines are read during a DATI sequence. a pulsed signal (DATA TRANS-
MITTED) is sent to the user’s device to inform it that the transfer has been completed. The trailing edge of the
positive-going pul.. indicates that this transfer is completed.

Whenever the maintenance cable is used. the input buffer register receives data from the output buffer register
rather than from the user's device. This permits checking of the interface logic by loading a word fror the bus
into the output register and verif_‘ing that the same word appears in the input buffer.

2.3 OUTPUT BUFFER REGISTER (DKOUTBUF)

The output buffer is a 16-bit read/write register that may be read or loaded from the Unibus. Information from

the bus is loaded into this register under program control. At the time of loading. pulsed signals (NEW DATA
READY) are gencrated to inform the user's device that the rezister has been loaded. The trailing edge of the posi-

tive pulse should be used to allow the data to be loaded and settle on the user’s inpui lincs. Data from the buffer
is transmitted to the user’s device on the data OUT lines by means of a DATO or DATOB bus cycle.

The contants of the output buffer register may be read at any time by means of a DATI or DATIP bus cycle.
During the reau operation, the output of the buffer is fed diectly to the bus data lines.

Whenever the maintenance cable is used, the data from the output buffer is also applied to the input buffer regis-
ter. This permits checking operation of the interface logic.

The DROUTBUF is cleared by INIT.

2.4 CONTROL AND STATUS REGISTER (DRCSR)

The control and status register is used to enable interrupt logic and to provide user-defined command and status
functions for the external device.

Two REQUEST bits, which are :nder device control, may b+ »s~d to provide device status indications, or may be
used to initiate interrupts wi.. used with associated INT ! cnterrupt enable) bits which are under program
cont=~1. Two other bits (CSRO and CSR1) are controlled from the Unibus and serve as command bits.

Altiiough the REQUEST and CSR bits can be used for any function the uscr desires, standard PDP-11 interiace
conventions attempt to allocate bit 15 for error conditions and bit 07 for ready indications and both of these bits
can generate interrupi requests. In addition, bit 00 1s normally used for start or go commands.

Table 2-2 gives the bit assignments and provides a brief description of each bit in the control and status register.

2.5 ADDRESS AND VECTOR ASSIGNMENTS

The register sddress and vector address assignments are histed in Table 2-3. Note that four addresses are sliotted
for each DR11-C even though only three addresses are used.

A}
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Table 2-2
DRCSR Bit Assignments

Name

Meaning and Operation

15

!+--08

07

06

05

04 .02
0l

(L1]

REQUEST B

Unused

REQUEST A

INT EN3 2
INTENBB

Unused

CSR1

CSRO

b v ctm—

This bit is under control oi the user’s desvicz and may be used to initiate
an interrupt sequeilce or to generate » flag that may be tusted by the
program.

When used as an interrupt request. it is set by the external device and in-
itiates an interrugt provided the INT ENB B bit (bit 05) is also set.

When useu as a flag. this bit can be read by the program to monitor ex-
termnal device status.

When the n ntenance cable is used, the state of this bit is aepei.dent on
the state of USRI (bit O1). This permits checking interface operation
by loading a 0 or | into CSR1 and chen verifying that REQUEST B is
the same value.

Read-~:... bhit. Cleareo by INIT.
Not Applicat'e

Performs th: same function as REQULST B-(bit 15) except that an in-
terrupt is penerated only if INT ENB A (bit 061 is also set.

when .he mzintenance cable is vsed. the state of REQUEST A is identi-
¢al to that+ 72329 (hit 00).

Read only bs:. (leared by INIT.

interrupt enable bit. When set, allows an interrupt sequence to be ini-
tiated, provided REQUEST A (bit C7) b-comes set.

Can be loaded or ~ead by the program (read/write bit). Cleared by INIT.

Interrupt enable bit. Wien set, allows an interrupt sequence to be ini-
tiated. provided REQUEST B (bit 15) becomes set.

Can be loaded or r.ad by the progr'm (rcad/write bit). Cleared by INIT.
Not Applicable

This bit can be loaded or read {under program costivi) from the Unibus
and can be used for a user-defined command to the device (appears only
on Connector No. |).

When (he maintenance caole is used, setting or clearirg this bit causes
a« igentical state in bit 15 (REQUFESY B). This permits checking opera-
tion of bit | 5 which cannot be loaded by the orogram.

Read/write bit fcan be loaded or rzad by tne pregrain). Cleared by INIT.

Performs tiie same function as CSR1 (bit O1) bu? appears onay 00 Con-
nector Nc. 2. :

¢
When th= maintenance cable is used, :Y¢ st .2 of this bit controls the
state of hit 07 (REQUEST A).

Read/write bit. Cleared by !NIT.

m|



Table 2-3
Address Assignments

No. of DR11-Cs Register Addresses Vector Addresses
DR11-C No. O 767776 767770 200. 304
DR11-C No. 1 767766 767760 310. 314
DR11-C No. 2 767756 767750 320.324
DR11-C No. 7 767706 767700 370. 74
DR11-C No. IS 767606 7076 1 470.474

The addresses in the above tabls were assigned assuming that the system contams only DRET-Cs and no DRET-AN
It DR11-A interfaces are nresent . the system. addresses must be assigned for them betore assigning DRT-C ad-

dresses.

The DR11-C has floating vectors which are assigned in the following sequence

a.  Starting at 300 and prceeeding upward. assign all DCHs
b.  Thenany extra KL11s called for (VTOS. VTO6, 1 C1 1)
¢.  Trkenany DP1Is

d. Thenany DMIls

¢. Thenany DNIIs

f.  Thencny DM11-BBs

g.  Thenany DRIL-As

h.  Thenany DR11Cs

NOTE
Some devices use only one vector address.

The register address and vector address assignments are implemented by changing jumpers on the M7XeO modul .
The register address lines are jumpered for a 0: the vector address hines are jumpered for a i A more detaded ox-

planation of these jumpers is given in Chapter 4 of this manual.

The priority leve! of both interrupts must be the same. with terrupt A (RFQUEST Ay on g higher sublevel than
interrupt B(REQUEST By, REQUEST A uses the vector bloce with the jeast sigmificant octal dignt cqual to O a
REQUEST B uses the vecto, block with the least sigmiticant octal digit equal to 4 ¢re.. Rl QUEST A using 430 and
REQUEST B using 434). The M7860 module contains a priority jumper phig which is normally set at the B8RS level
This priority fevel may be changed by chaneing the jumner plug (Levels of BR3 through BR/ are available )

Direct memory accees INFR request) is not possible with a DRTTC mterface.



CHAPTER 3
USER INPUT/OUTPUT SIGNALS

3.1 SIGNAL LIST

Tables 3-1 and 3-2 list the signals available to the user’s device. Input loading refers to the number of TTL umit
loads the input siznai must drive. A unit load is defined as:

2.4V < Input high voltage <. 5.0V @ 40 uA
0.0V < Input low voltage « 0.4V @ - 1.6 mA

where current flow is define. as positive into the driven gate. All inputs are one standard TTL unit load and have
diode protection clamps to ;round and +5V.

Table 3-1
User Input Signals
Name No ;i Signals | Loading Description
INOO through 16 I each Data input from user device. The levels presented on these
IN1S lines can be examiiied by reading the input buffer register

(DRINBUF) witbh an instruction such as MOV DRINBUF.
RO. This data is transferred to the Unibus when the
DR11-C responds to » DATI bus cycle.

Because the input buffer regster consists of gating logic.,
the device must hold the IN lines asserted urtil read onto
the Unibus. This is indicated by the trailing edge of the
DATA TRANSMITTED pulse.

Logic levels are: +3V=1:0V=0

PEQUEST A.B 2 | each Two request lines that can be asseried (+3V) by the extey-
nal device to initiate an interrupt sequence or to gencrate
a flag that can be tested by the program.

These request lines must be levels that are held asserted for
the entire interrupt sequence and would normally be
cleared by NEW DATA READY or DATA TRANSMITTED.

Although the external device controls these request lines,
an interrupt sequence can oaly oc started by the program
because of the associated interrupt enable (IE) bits under
program contrc!.

Methods of generating these request levels in the user’s de-
vice are described in Chapter 6.

Logic levels are: 3V = 1.0V =0,

3!
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Table 3-2
User Output Signals

Name

No. of Sir-ls

Driving Capability

Description

OUTO0O0 through
OUT1S

NEW DATA
READY

NEW DATA
READY LO

NEW DATA
READY HI

DATA
TRANSMITTED

CSRO. 1

INIT

16

(]

7 each

v

20

30

30

7 ¢ach

30 (one driver for
the signal on both
of the cables)

Data output to user’s device. These signals represent
the contents of the output buffer register
(DROUTBUF). which is loaded under program con-
trol (e.g.. MOV RO. DROUTBUF).

Logic levels are: +3V = 1,0V =0.
All lines are cleared to O by INIT.

This pulsed signal is generated when either byte of
the DROUTBUF is loaded to indicate to the user’s
device that the buffer is loaded with data from the
Unibus. The signal is true (+3V) as soon as the
DROUTBUF has been addressed for loading and
remains true for approx.imately 400 ns; therefore.
the trailing edge of th.s pulse should be used for
sampling the lines at the user’s end of the cable.
This duration can be changed as described in
Paraeraph 3.2

This pulsed signal is only generated w.en the low
byte of the DRCUTBUF is loaded. The signal 1s
only available on M 7860 modules of ctch revision
F orlater. Otherwise, the description for NEW
D/ TA READY applies.

This pulscd signal is only generated when the high
byte of the DROUTBUF is ioaded. The signal is
only available on M786G modules of ctch revision
F or later. Otherwise, the descniption for NFW
DATA READY applies.

This pulsed signal 1s generated when the DRINBUF
register is read vy a DATI sequence to inform the
user's device that the transfer has been completed.
The signal is true (+#3V) as soon as the DRINBUF has
been addressed for seading and remains true for ap-
proximately 400 ns; therefore, the lines should be
held until the trailing edge ot ths signal. This dura-
tion can be changed oy the us*r as described in Para-
graph 3.2.

Device status bits O and 1. The levels applied to these
lines appear as bits 00 and 01 in the control and sta-
tus register (DRCSR).

These two lines can be loaded or read from the Uns-
bus (under program control).

When the DR11<C 1s used as an interprocessor but-
fer. these bits are used for communication hetween
the two processors.

Logic levels are” ¢3V = .0V =0
Cleared by INIT.

This line 1s true (+3V) whenever the Umbus is tmtial-
1zed. which occun durning any one of the tollowing
conditions a programmed RESET instruction 1s 1s-
sued. the console START switch s depressed, or s
power-up or power-down condition occurs.




All outputs are TTL levels capable of driving seven unit loads with the following exceptions:

NEW DATA READY - 30 unit loads

NEW DATA READY LO - 30 unit loads

NEW DATA READY HI - 30 unit loads

DATA TRANSMITTED - 30 unit loads

INIT -- a common signal on both connectors which is driven by one 30-unit load driver

The NEW DATA READY and DATA TRANSMITTED signals are described more fully in Paragraph 3.2

3.2 VARIABLE SIGNALS

The NEW DATA READY signals are positive pulses which load the output butfer register on the leading edge of
the pulse. The DATA TRANSMITTED signal is also a positive pulse and 1s generated when the input buffer reg-
ister is read by a DAT! sequence.

Both of these signals are approximately 400 ns in duration. Howrver. this duration can be changed by adding an
external capacitor between back panel pin EB1 and ground. Some typical capacitor values and resultant pulse
widths are listed in Table 3-3. The effect of the additional capacitance results in lengthening the bus cycle. This
is. therefore. a factor in NPR latency consideraticns.

Table 3-3
External Capacitor Values
External Capacitor NEW DATA READY DATA TRANSMITTED
none : . 350 ns 450 ns
470 pF st s 600 ns
820 pF s ns 750 ns
. 1

3.3 CONNECTORS

Figure 3-1 illustrates the layout for the M7860 module. the Berg connectors, and the M971 connector modules
referenced in Tables 34 and 3-5.

The input and output signals arc listed in Table 34 and indicate the Berg pin on the M7860 module. Table 3-5
lists all pin connections (in pin number order) for the Berg header on the M7860 module. the Berg header on the
M971. and the M971 board pins. Figure 3-2 illustrates the physical location of the pins on the Berg connectar.

33
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Figure 3-1 M7860 Module Interconnect Diagram
When The Optional MY71 Connectors Are Used.
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Figure 3-2 Berg Connector
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Table 34
Input and Output Signals

Inputs Outputs
Signal Connector Pin Signal Connector Pin
INOCO 2 TT OUTO00 1 C
INO1 2 LL OUTO! 1 K
ING2 2 H ouTo2 1 NN
INO3 2 BB ouTo3 1 U
INO4 2 KK OUTO04 H L
INOS 2 HH OuUTOS 1 N
INO6 2 EE OUTO06 1 R
INO7 2 CcC ouUT0? 1 T
INO8 2 YA ouTo8 1 w
INO9 2 Y ouT”9 t X
INIO 2 w OuUTI0 1 Z
INT1 2 v OUTII 1 AA
INI12 2 U OUTI2 ! BB
IN13 2 P OUTI3 i FF
IN14 2 N ouUTI14 1 HH
INIS 2 M OUTIS I 1
REQ A 1 LL NEW DATA RDY* ] Vv
REQ B 2 S DATA TRANS.® 2 C
CSRO 2 K
CSRI1 l DD
INIT ] P
INIT 2 RR. NN
® Pulse vignais, appronimately 400-nvwide  Width can be changed by user
Table 3-S5
Pin Connections
M971 M7860 M971
Connector No. 2 Connector No. |
Board Berg Header Pin Name Name Pin Berg Header Board
V2 A VV  OPEN OPEN A vV Al
i B UU GND OPEN B vu A2
u2 C TT INOO ouUTO00 C TT Al
Vi D SS GND OPEN D SS A2
T2 E RR INITH NEW DATA RDY HI | RR Bi
TI P PP GND OPEN 3 PP B2
T2 H NN INITH NEWDATARDY 1O H NN Cl
Ti J MM GND GND J MM 2
S? K LL INOI ouUT0! [N LL DI
S1 L KK INO4 ouUTo04 L KK D2
R2 M 1) GND GND M 1) ki
R1 N HH INOS OUTOS N HH £2
P2 P FF  OPEN INITH P FF Fli

(continued on next page)



T able 3-5 (Cont)
Pin Connections

M971 M7860 M97i
Board Berg Heuder PinConnect(:al::. 2 Co;:en:m No. 1 Pin Berg Header Board

PI R EE INO6 OUTO6 R EE F2
N2 S DD GND GND S DD H1
NI T CC INO? ouTo? T CcC H2
M2 u BB INO3 ouUT03 U BB 3

MI \Y AA GND GND v AA n
L2 w z INO8 OUTO08 w z K1
Li X Y INO9 ouTn9 X Y K2
K2 Y X GND GND Y X L1
Kl Y4 w IN1O OUTIO YA w L2
J2 AA Vv INI1 our AA Vv Mi
It BB U INI12 ouT1? BB U M2
H2 CcC T GND GND cC T NI
HI DD S REQB CSR1 DD S N2
F2 EE R GND GMD EE R Pi
Fl FF P IN13 OuUT13 FF P p2
E2 HH N IN14 OouT14 HH N R1
El )i M INIS OuTI1S 1] M R2
D2 KK L GND GCND KK L S1
Dl LL X CSRO’ REQ A LL K S2
2 MM J GND GND MM J T1
Cl NN H INO2 ouTo2 NN H T

B2 PP F OPEN GND PP F T
Bl RR E OPEN OPEN RR E T2
A2 SS D OPEN GND SS D Vi
Al TT C DATA TRANS. OPEN T C u?
A2 uu B OPEN GND UuU B Ul
Al \'AY A OPEN N:W DATA RDY VV A V2

3-7
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CHAPTER ¢4
THEORY OF OPERATION

4.1 INTRODUCTION

This chapter provides a detailed description of the DR11-C interface. The interface may be divided into five major
functional areas: selection logic. interrupt logic. status register. input buffer register. and output buffer register.

A b.ock diagram of the DR11-C is shown in Figure 4-1. Each of the functional areas is covered separately in sub-
sequent paragraphs. The basic purpose of each of thesc areas is as follows:

Selection Logic Determines if the OR11-C interface has been selecied for use, which register
is to be used, if a byte or word opération is required. and what tyoe of trans-
fer (DATI or DATO) is to be performed.

Interrupt Logic Permits the DR11-C to gain bus control and perform a program interrup*.
Priority levl of bus recuest (BR) line may be changed by the user.

Status Register A lo-bit register used to provide user-defined command and monitoring func-
tions: includes interrupt enable bits. Four bits are under program control.
two are under device control. Some of the bits in this register can be uscd for
communication if the DR11-C is part of an interprocessor buffer.

Input Buffer Register A 16-bit read-only buffer that receives data from the user’s device for trans-
mission to the Unibus.

Output Buffer Register A 16-bit rcad/write register that can be loaded or read from the Unibus. Once
the buffer has been loaded. the data is available for transfer to the user’s de-
vice.

4.2 ADDRESS SELECTION

The address selection logic (drawing DR-4) decodes the incoming ada.ess information from the bus and provides
four select line (three used) and three gating signals that determine which register has been selected and whether
itis to perform an input or output function. Jumpers on the logic are arranged so that the module responds only
to standard device register addresses 767770, 767772, 767774, and 767776 (Gumper in bit position 12). Al-
though these addresses have been seiected by DEC as the standard assignments for the DR11-C interface. the user
may change the jumpers to any address desired. However, any MainDFC program (or other softwzre) that refer-
ences the DRI 1-C standard address assignments must also be mcdified if other than the standard assignments are
used.

The first five octal digits of the address (76777) indicate that th» DR11-C has been selected as the device to be
used. The final octal digit. consisting of address lines A02. AQ1. and AOO. determines which register has been
sclected and whether a word or byte operation is to be performed. The two mode control hines, €1 and €O, de-
termine whether the selected register is to perform an input or output function.

4-1
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Figure 4-1 DR I11-C Interface, Block Diagram



Address lines AOZ and AO1 are accoded to produce one of four select line signa’s (Table 4-1) which select the
register to be used. The two mode control lines produce IN and OUT gating signals (Table 4-1) which determine
whether the bus cycle is a DATI or DATO. Note that an IN gatiag signal is provided for all three registers be-
cause all three can be read from the bus. Howcver, an OUT gating signal is not provia.d for the input buffer reg-
ister because it cannot be loaded from thc bus.

Table 4-1
Gating and Select Line Signals
Select Line | GatingSignal |  Function Selected Reg. Bus Cycle
0 IN status to bus DRCSR DATI!
2 IN output buffer to bus DROUTBUF DAl
4 IN input buffer to bus DRINBUF DAT1
0 OUT LOW bus to status DRCSR DATOB
o* OUT HIGH unused - DATOB
2 OUT LOW, bus to output buffer DROUTBUF DATO or DATOB
OUT HIGH
4* { OUT LOW, unused - DATO cr DATOB
OUT HIGH
6* IN or OUT unused - DATI. DATO. or DATOB

* Evecuting any of the above operatioms referred to a3 unu.ud does not result in an erTor trap of any othet bus indication. The funciion
simply not performed.

There are two OUT signals, OUT LOW and OUT HIGH. that refer to the low and high byte ol . register, respec-
tively. Both OL { LOW anc¢ OUT HIGH are provided for the output buffer register which can be loaded with a
full word from the bus. Only QOUT LOW. however, is provided for the status register because the high byte con-
tains no bits which can be written into.

The basic fuactions of the IN and OUT signals are:

a. IN - DRI responds by placing cata from the selccted register onto the bus.
b. OUT LOW DRI11-Cloads low byte of selected register.
¢.  OUT HIGH - 2R11-C loads high byte of sclected register.

Note that botis OUT LOW and OUT HIGH are active wher a full 16-bit word is being loaded into a register.

4.2.1 Inputs

A simplified olock diagram of thv address selection logic is shown in Figure 4-2. Note that IN and OUT are al-
ways used with respect to the master (controlling) device. Thus, when the DR11-C interface is used. an OUT
transier is a transfer of data out of the master (usually the processor) and into the device. Similarly, an IN trans-
fer 1s the operation of the interface furnishing data to the Unibus.

4-3

ma-



SSYN INKH L

£81
___L_..
EEY 8us
QUS MSY p——
S MSYN L contro. P BUS SSYN L
[a3
sus a7 L —E2
) EE2 SELEZT O M
i ED2 A 3
é TEx, o €52 i
; X2 R [
? —qg" f—~—Ca12 O—- § SEECT 2 H I *
; "‘E—;:*J'-<““ o— S €r2 COSErECT
i ——E?—CP——‘OMO o— ) EnES
‘ —2 049 O-— g D osichacs
. bosic
: ::: d—orso § SELECT 4 W .
: —fo—0A7 0— © ER2 ,
; _3_10_0 46 o—f € !
- N
—%U—Z-—o— 0 45 O— NOT SELECT 6 W ]
W‘O-‘—'O A4 O— USED Est
BUS 403 L———C—O0 A2 O— :
———s B
JUMPER FOR .
AQ r :
P
BUS AO2 L - ::1 _
3US AOT L :
8us AoC L —E22 £¥2 0uT HiGH m 1 SATING
sus ¢1 L —ER2 GATING 3L ouT Low 4 ) Sioacs
Bus ) L—=d CONTROL EM! nw J
EL2 -
D— REG StL .
ADORESS SELECTION LOGIC EA! EXT GND
[~ ] {MUST BE GROUNDET!
NOTE )
*Not used in this system
+5v EA2
GND EC2 €T -

Figure 4-2 Address Selection Logic. Simplitied Diagram

The address sel>ction logic input signals consist of 18 address hnes. A 7:00%: 2 bus control Lines, CO 0% and 4
master sy nchronization (MSYN) line. The address selection logic decodes the mceming address as desenibed o -
low. This address format is shown i Figure 4-3. Note that all input gates are standard bus receivers.

a.  Line AON is used for byte cont.ol.

b, Lines AO! und AQ Y are decoded to select one of the tour addressable device registers (only three are
used).

¢ Decoding of lines A¢12:03) is determined by jumpers. When a given line contains a Jumper, the address
logic scarches for a O on that line. If there is no jumper, the logic searches fora 1,

NOTE
Connection of jumpers on the M7860 quad moduk:
is identical to the method used on the M105 Addiess
Selector module used in other interfaces.

4. Address lines AC17:12) must be all 1s. This specifies an address within the top 8K by te address bounds
for device registens.

CAUTION
Pin EAl (EXT. GND) must be grounded by the user
to ensure proper operation of the address selection
logic.
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17 16 15 14 13 12 11 O 09 08 07 06 05 04 O3 02 O1 00

[x In ' ; l «1.'1] SELECTED BY JUMPERS [ l [ ]

——
MUST BE ALL 13 _'

DECODED FOR 1 OF 4 REGISTERS
BYTE CONTROL

11 0029

Figure 4-3 Interface Select Address Format

422 Outputs

The address selection logic output signals are used to permit selection of three 16-bit registers and provide three
signals used for gating information into and out of the master device. All of these output signals are listed in
Table 4-1. Note that the logic diagram (drawing DR-4) shows an additional select iine signal, SELECT 6. This
particular signal is rot used by the DRI 1-C interface but the interface can respond to that address

Tables 4-2 and 4-3 indicate the input signals that select the contro! output line states.

Table 4-2
Select Lines
Input Lines A(02:01) Select Lines True (+3V)
(0.V) 0
01 2
10 4
11 6 (not used)

NOTES: 1. Lines A{(17:13) must be all 1s(0OV on
Unibus).

2. Lines A<12:03) are sclected by jumpers.

Table 4-3
Gating Control Signais
Mode Control Byte Control _Gating Control Bus Sequ:nce
Ci1:0) A00 Signals True (+3V) ’

00 0 IN DATI
00 1 IN DATI
01 0 IN DATIP
01 l IN DATIP
10 0 OUT LOW DATO

OUT HIGH
10 1 OUT LOW DATO

OUT HIGH
1 0 OUT LOW DATOB
1l | OUT HIGH DATOB

NOTE: Gating control signals may become true although select lines are not

45



4.2.3 Slave Sync (SSYN)

The SSYN INH signal is supplied without an external capacitor and SSYN is retumed to the master approximates
ly 400 ns after interface selection. Because MSYN used to preduce both SSYN and the SELECT line signals.
which in turn produce the DR11-C control signals. an external capacitor can be added at pin FB1 to change the
duration of NEW DATA READY and DATA TRANSMITTED. Typical capacitor values and durations are listed
in Table 2-3. 1f SSYN INH is grounded. it inhibits the acknowledgment signal (SSYN) which must then be
senerated by another source.

4.3 . TRRUPT CONTROL

The interrupt control logic (drawing DR-4) permits the DRI1-C interface to gain cont-ol of the bus (become bus
master) and perform an interrupt operation. The jumpers on this jogic can be arranged so that a vector address
can be assigned according to the method described in Paragraph 2.5. Although this is the recommended method
of assigning vector addresses, the user may change the jumpers to correspond to any address desired. but
MainDEC programs and other software referencing these standard vector address assignments must also be
changed to reflect the Ao addresses.

NOTE
Cornection of jumpers on the M7860 quad module is the re-
verse of the method used on M782 and M7820 Interrupt Con-
trol modules and ’s the same as that used on the M7821 mod-
ule. On the M7860 quad module. a jumper represents a 1. no
jumper represents a 0.

The interrupt control logic consists of a dual input request and grant acknowledge circuit for establishing bus
control. The A input is connected *~ the REQUEST A control iogic and provides a vector address of 300 the B
input is connected to the REQUES( [ logic and provides a vector address of 304.

Before the A input interrupt | 2w can generate an interrupt request, two input signals must be high: REQULEST A
and INT ENB A. The logic ihat generates these two signals is shown on dra..ing DR-3. Whena |is loaded into
bit 06 of the status register (DRCSR). it sets the INT ENB A flip-flop to produce INT ENB A H. This signal is
applicd to the interrupt control logic as an enabling signzl.

NOTE
The stutus register bits function as individual flip-flops but are
physically part ¢f an 8271 IC chip. In subsequent discussions.
each bit is treated as a single flip-flop. Schematics of tie 8271
IC are given in Appendix A.

The second signal that must be present to gen rate an interrupt sequence is REQUEST A H. This signal must by
produced in the user’s device as described in Chapter 6 of this manual.

The A input section of the interrupt logic (Figure 4-4) is used to gain control of the bus when both the
REQUEST A and INT ENB A inputs are asserted. A bus request is made on the BR level corresponding to the
levzl of the priority plug in the logic.

The standard lever for the DR11-Cinterface is Bx¢S. but this may be changed on the priority plug if desired

When the priority arbitration logic in the proc:ssor recognizes the request and is.ues a bus grant signal. the master
control circuit acknowledges with a SACK signai. When the DR 11-C interface has fulfilled all requirements to
become bus master (BBSY false, SSYN false. 1 d BG false). the master contrel section asserts BBSY.
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Figure 4