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m CHRISTIAN ROVSING A/S

‘ SYSTEM CONTROL CONNECTIONS

Control of the entire CR80 system is carried out

of the MBC or SCM module.

The distribution of the signals can be done either

by diskret wiring, flat cable, printed circuit

boards or a combination of these. The signals

are used for different purposes, so as controlling

the address sourcing modules access to the Main Bus,

transmission of interrupt priority for the I/O

interrupt received by the MBC/SCM and controlling

of the CPU and overall system clear. The signals
‘. are connected with the 48 pin connector located

at the MBC, SCH, above the standard Main Bus connector.

The connector pin assignment is specified overleaf.




CHRISTIAN ROVSING A/S

TABLE 1

page

project

sign/date

repl

PIN ASSIGNMENT FOR SYSTEM CONTROL

CONNECTION.

(1) 14D 29, aol ooA DYl
T 361 I IT qast JE. DGl

oa 41 (1) 941 ayi dNo U.l

(H) 0 ¢l (Y0 qey (T) InI DEL

(T) 144 571 ¢ od qzi aNo D¢l

oL PR Tan ano OiLL

501 "2 qo1 ano 0O}

26 q6 ano o1

5 7O qg ao | 08

oL €% 1 qy ano DL

59 ¢ oud a9 ans Dg

5¢ T oud as . DG

X 0 oud qy aNo DY

> q¢ anNo D¢

;UN v Oud qz aNo oZ

Y € oud qt and o] |
uondudsseq joubig jouud] uondudsag 1oubig jouud uondidsag 1oubiG|ou ug

400-1719




E CHRISTIAN ROVSING A/S

SYSTEM CONTROL CONNECTIONS ELECTRICAL INTERFACE

The levels for

are normal TTL

High level:

Low level:

SPECIFICATION

all the System Control Connections

logic levels i.e.

2.0V« VHCS.OV

0 V(VLC 0.8v

The specifications below are for the numerical

current values

signals.

for one module connected with the

Main Bus Authority Control Signals

BRQ (L), BG (L)

Driver:

Receiver:

LBG (L)

Open collector

Driver:

Reciever:

Iy, = 48mA

Ity 4100un

I 4 oma

signal:

>
IQL 2 48mA

Ton £ 100ua

Z
IIH 4 100uA

I, £ 2ma
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. Overall Clear
OACL (L)
Driver: IOL > 48mA
Receiver IIH £ 100uA
Schmitt Trigger: I £  4mA
Power Failure Look Ahead
PFL (L)
. Open collector signal:
Driver: I, 2 48mA
<
IOH < 100uA
Receiver I,yz4 100uA
Schmitt Trigger: IIL Z 2mA
CPU Clear
CcC (H)
Open collector signal:
Driver: Ioy, S 60mA
IOH £ 100uA
Receiver £ 100uA
Schmitt Trigger: I £ 2mA

IL

I/0 Interrupt Signals & Timer Interrupt

INT (L), PO, P1l, TI (L)

i : >
Driver: IOL = 60mA
Receiver Iy & 100uA
Schmitt Trigger: I;;, & 2mA
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. CPU Interrupt

CPI (L)

Open collector signal:

6 0mA

Driver: Ion >

Iog & 100uA
Receiver I;y & 100un
Schmitt Trigger: IIL Z  2mA
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Fig.1

HIGHEST PRIORITY

LOWEST PRIORITY

When module n (BRQn (L)) has the Main Bus authority
module n + 1 will get the authority after n if it is
requested, else the authority will go to the request-
ing module with the highest priority.
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SYSTEM CONTROL CONNECTIONS FUNCTIONAL DESCRIPTION

The function and the timing svecification for the

different signals are described in the following

section.

MAIN BUS AUTHORITY CONTROL

These signals BRQ, BG & LBG are used for controll-

ing the address sourcing modules access to the Main
Bus. There is one BRQ and one BG to each of the
modules from the MBC, SCM and one common signal LBG (L)
for all the modules which means. that more Main Bus
transfers can be executed uninterruptable (semaphore
protection).

When a module will access the Main Bus it issues its
BRQ (L) to the system control module. The system
control module has a priority scheme for the different
BRQ) so that all the received BRQ will be served with-
out overhead time and so that the bus can be shared
equal between the different address sourcing modules
When a module has issued BRQ and it is allowed to
access the bus it will receive a BG (L) from the syst-
em control module which means that it has to start

the transfer by enabling the Main Bus address line and
issue a TRQ (L). The TRQ (L) has to be received in
the system control module within 250 ns,else the

bus authority will be distributed to another address
sourching module. When the address sourcing module
recognize the BG (L) it can disable BRQ (L) or if

more accesses is wanted it can hold BRQ active.

The diagram on the next page fig. 1 specify the
priority scheme and fig. 2 describe the timing speci-
fication and the handshaking procedure used for the
authority control.
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FIG. 2
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FIG. 3
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Fig. 4

OACL (L)

MC (H)

C PO Cletire

cCc (H)

OVERALL CLEAR

AN ROVSING A/S . ‘
|

The Overall Clear signal OACL (L) is input to the
system control module and is used for clearing

of the entire CR80 system. The signal will immediately
force CPU Clear CC (H) and Master Clear MC (H) high and
thereby clear all the modules in the system. The

signal OACL (L) and the response on it is specified

in timing diagram below fig. 4.

. >40ns

< 20 ms 10ms

1
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POWER FAILURE LOOK AHEAD

The signal is input to the system control module
and is included in the system so that it is

possible to get an advantaged power failure detection.

When the module recognize a low on PFL (L) it will
issue an I/0 interrupt with the highest priority
level "3". When the CPU fetch the interrupt from
the system control module, this interrupt will be
transmitted before the other siored in the module.
The interrupt code for power failure is:

Priority 1 & Address 0.

Timing diagram fig. 5 specify PFL (L).

Fig. 5

< 40 ns

PFL (L)

START OF 1/0 INTERRUPT TRANSMISSION
BY ISSUING PO:1 P1:0 & INT (L)
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CPU CLEAR

This signal CC (H) is generated by the system

control module when power is switched on the

system or when an OACL (L) is received (ref.
fig.. 4). The signal is specified in fig.

below as a function of the standard DC Power's

+5V, +12V and the master clear signal.

Fig.6

97°%,:

6

}
e SV, 12V

DC POWER

{ 10ms

<t

< 20ms

10 ms

cCo(H) |

|
MC (H) /r
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‘ I/0 INTERRUPT SIGNALS

The three I/0 Interrupt signals

e
PO, Pl & INT (L) is issued from the system control
module to all the CPU's in the CR80 system. The
signals contain information about the current state
of the interrupt queue located in the module. The

contents of the lines is specified in table 2 below.

TABLE 2
INT (L) P1 PO STATE OF INTERRUPT QUEUE
1 1) () QUEUE EMTY
‘ 0 0 0 PRIORITY 0 HIGHEST LEVEL
0 0 1 —_——— ] —— —a—
0 1 0 —_—— 2 —— ———
0 1 1 —_—— 3 — o — —n—

The change of the signals is synchronized to TRQ (L),
when an interrupt is fetched from the CPU, so that

. the CPU can use its internal generated TRQ for de-
tecting whether it is a valid interrunt there is
fetched during an interrupt fetch cycle, the timing
diagram fig. 7 below specify the signals,

Fig.7

INT (L) I J
________ — N\

PO, P1 X [\ )X

TRQ WHEN INTERRUPT IS FETCHED |

THE CONTENTS OF PO & P!
ON THE FALLING EDGE OF TRQ
IS THE INTERRUPT PRIORITY
FOR THE FETCHED INTERRUPT
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TIMER INTERRUPT

The Timer Interrupt signal TI (L) is generated by
the system control module and distributed to the
CPU's in the system. TI (L) is strap selectable

in the module and can be adjusted in steps of 10 us
in the interval 10 - 160us.

Timing diagram fig. 8 specify the signal.

Fig. 8

R I _'l_l_——

ADJUSTABLE 10 - 160 ps I 1ps !

CPU INTERRUPT

This line CPI is used by the CPU's in the system for
transferring and receiving the special interrupt. The
signal is located on the system control module, conn-
ector and the signal is terminated in that module but
it could as well be terminated elsewhere 'in the system
if it is a better solution seen from a system point

of view.

The pulse transferred to the line has a nominal width
of 125 ns and is active low.




CR80

MAIN BUS



CR80 MAIN BUS

There exist two different Main Bus types in the
CR80 system, the Master Main Bus and the Slave Main
Bus's. The difference between the Slave and the
Master is that the Main Bus controlling modules are
located in the Master.

The specifications for the signals are the same for
Master and the Slave, and therefore no distinction

is made in the following description.

The Main Bus consists of one or more printed circuit
boards, Mother Boards connected together by active
or passive Bus Extension so that the Mother Boards
constitute a parallel transmission path terminated

in each end by Bus Termination Boards.

The modules is connected to the Main bus by a 86 poled

edge connector, containing the signals specified

overleave:



e MAIN BUS CONNECTOR - PIN LAYOUT

2 X 43 pin edge connector rear view

A B
gnd 1 gnd
' 0 2 1
2 3 3
4 4 5
DATA (DA) 6 5 7 DATA (DA)
. 8 6 9
, 10 7 11
' 12 8 13
1.' 14 9 15
gnd 10 gnd
Auxiliary power 11 auxiliary power (same as All)
-12v 12 -12v
gnd 13 gnd
+12V 14 +12V
gnd 15 gnd _
0 16 1
2 17 3
4 18 5
6 19 7
gnd 20 gnd
ASSRESS (AD) 8 21 9 ADDRESS (AD)
T 10 22 11
12 23 13
14 24 15
16 25 17
" | 18 26 19
gnd 27 gnd _
Uup 16 28 17 LP
AUX 29 MC (H)
RS (L) 30 gnd
TRQ (L) 31 gnd
INA (H) 32 gnd
INR (L) 33 gnd
R/W(L/H) 34 gnd
% 1 35 gnd
¢ 2 36 gnd
@ 3 37 gnd
@ 4 38 gnd
‘ gnd 39 gnd
+5Vv 40 +5Vv
+5V 41 +5V
gnd 42 gnd
gnd 43 gnd




MAIN BUS ELECTRICAL INTERFACE SPECIFICATION POWER LINES

Aux. power pin All, B1l1l
+ 0,2V .
-12v _ oV Pin A12,.B12
Gnd pin Al3, B13
+12v T 0-2V pin Al4, Bl4
-— OV &
+sv + 0-27 pin A40, A4l, B40, B4l
Gnd pin A42, A43, B42, B43

The power lines are not feed through the Main Bus
Extension and therefore different power supplies are

used for the different Mother Boards.

The max. currents supplied through one connector are

as specified below:

+12v, -12v, I max: 2A

+ 5V , I max: 12 A

SIGNAL LINES

The levels for all the Main Bus signals are normal TTL

logic levels. i.e.:

High level: 2.0V5\G155.0V
Low level : oV VL « 0.8V

The load on the different signal lines for one module
are as specified on the next page, (all currents are

numerical values).



DATA LINES & ADDRESS LINES

DAO - DAl5, UP & LP, ADO - AD19 & R/W (L/H).

3 - state signals with the followings requirements:
Drivers: IOH > 5.2 mA
IOL > 16.0 mA

Receivers: IIH 4 100 uwA
IIL < 0.5 mA
<
(1) I, £ 2 m
Note 1: This low level input current is only

allowed when the module is addressed.

MASTER CLEAR

MC (H) :
Open collector with the following requirements.

Driver: IOL > 60 mA
IOH < 250 uA
Receiver
Schmitt Trigger: IIH < 100 uaA
I;;, & 0.5mA
(1) I, £ 2 mA
Note 1: I 2 mA is only allowed for the

IL _
Main Bus Controller & Main Bus Termination

TRANSFER REQUEST

TRQ (L):

Open collector or 3 - state signal with the folloWing



requirements:

Driver: I

oL > 80 mA
IOH < 250 wuA
Receiver .
Schmitt Trigger: I 2 100 uA
. IH =
IIL <z 0.5 mA
(1) I;; « 2 mA
Note 1: IIL 2 mA is only allowed for the

Main Bus Controller & RAM modules with

a memory area of 8K word or more.

CLOCK SIGNALS

g4 - pl:
. . -
Driver: IOL = 120 mA
I
OH Z 80 mA
Receiver
Schmitt Trigger: I < 5 mA
IL
IIH & 100 quA

MATIN BUS FUNCTIONAL INTERFACE SPECIFICATION CLOCK SIGNALS

Four clock signals 1 - §4 are generatad from the
MBC module or from an Active Bus Extension and trans-
mitted to the bus.

The signals are used for synchronization of the I/O
interrupt transmittion and for timing internal in the
modules connected to the Main Bus.

The frequencies of the signals are:



3l : 1MHZ Pin A35

%2 : 2MHZ Pin A36
%3 : 4MHZ Pin A37
%4 : 8MHZ Pin A38

The timing diagram overleaf specifies the clock signals.



I/0 INTERRUPT SIGNALS

The CR80 I/O interrupt svstem is based upnon a
serial transmission, of the interrupt code, from

the interrunting I/O module.

The serial code will be converted to parallel
form by the Main Bus controller and transferred

to the CPU's upon request.

Two of the Main Bus lines are used for I/0 inter-
rupt transmission:
INR Interrupt Request & INA Acknowledge.

The interrupt code consisting of 8 bit is trans-
mitted to the INR line synchronous with the
1 MHZ signal @1.

INR is an open collector line so that all the
I/0 modules can transmit on the same line, which
means that if a module is transmitting a "0" and

an other a "1", the line will contain the "0".

INA is an open collector line too, because it is
driven from the Main Bus termination boards, one

in each end of the Bus. The contents of INA is

INR inverted. The interrupting I/O module comnare
for each of the eight bits the contents of INA with
the bits they are transmitting to INR. If the
compare does not match which means that a module
with a higher interrupt code is transmitting at the
same time, the module disable the transferring of
its code to INR until the next 1 MHZ periode.

On that way the contents of INR will be unique and
correspond to the highest interrupt transmitted during

that period. The module which detects this situation



will stop the interrupt sending.

The diagram below illustrate the function and

the connection of the I/0O interrupt circuit:

vee Vee
INR
-9 LA v
vee Vee
vy
T 1
MAIN BUS 1/0 MODULE 1/0 MODULE MAIN BUS
TERMINA- TERMINA-
TION TION
DIS JCOMPA- Dis [COMPA -
(L) |rATOR (L) [rATOR
MUX Lk 2 MUX jeBl- 23
INT. CODE INT. CODE |

The 8 bits interrupt code consist of two parts;

a 2 bits priority corresponding to four levels

and a 6 bits module address corresponding to 64
modules which can operate with I/O interrupt.

Two of the 64 module addresses are restricted:

The address 00 will not be recognized because it
correspond to no module is sending interrupt

and the address 63 which is used by the MBC when
its internal interrupt queue is full and it there-
fore has to gueue the interrupts directly on the

Main Bus.



When an I/0 module will transmit an interrupt
it start with priority bits and continue with

the address bits ref. +timing diagram fig. 3.



MASTER CLEAR

The Master Clear signal MC(H) is generated by
the Main Bus Controller when power is switched
on or when commanded by the CPU. The signal is
active high and have a width of min. 10 ms
ref. fig 4,

97°%. POINT
1IOms<tM<20ms

212V,+ SV

OGRAMMED CLEAR

POWER ON CLEAR

Fig.4

When the I/0 modules recognize a Master Clear they
have to reset all there internal functions to the

start up condition.

The memory modules may not use the Master Clear

signal, but only the power up sequence for re-
setting.



DATA LINES

The data communicated on the CR80 Main Bus are

16 bits + 2 parity bits. The data lines are
bidirectional controlled by the R/W (L/H) line.
When R/W (L/H) is logic "0" during a datatransfer
the addressed module have to control the contents
of the data lines. If the addressed module is a
memory module the contents of the parity lines
correspond to odd Parity for both Up and Lp.

Lp referring to data bits 0-7; DAO Lsb and Up
referring to 8-15; DA8 Lsb.

During byte transfer on the Main Bus both Up and
Lp have to be correct without regard to the addressed
byte.

If the addressed module is an I/0 module the con-
tents of the parity lines are ignored which means

that the I/0 modules do not operate with parity.

For the timing specification on the Main Bus data

lines ref. Main Bus Communication, fig. 6 and fig. 7.

Address Lines

21 lines ADO - AD19 and R/W (L/H) are used to
specify the address and the function of the

data transfer. The address source is the CPU - or
DMA modules.

Read/write R/W (L/H) specifv the data .source/
destination if low the source is the addressed
module if high the addressed module is the data
destination. AD19 & AD18 specify whether the

module is an I/0 or a Memory module ref. table
on the next page.



AD19 AD18 Data Source / Destination
0 0 I/0 module
0 1 lower byte DAQO - DA7

Memory
1 0 upper byte DA8 - DAlS

module
1 1 Word DAO - DA1lS

During memory transfer ADO - AD17 is the word
pointer (ADO; LSB), corresponding to 256K word.
During I/0 transfer AD17 is used for separation

of Sense I/0 (SIO), Control I/O (CIO) and Read I/O
(RIO), Write I/O (WIO), the table below specify the
bit pattern and the corresponding function during
I/0. AD16 is undefined when an I/0 transfer take

place.

R/W (L/H) AD17 Function
0 0 SIO
0 1 RIO
1 0 CIO
1 1 WIO

The remaining part of the address field AD15 - ADO

is used for addressing of a specific module,
Submodule or/and instruction for the addressed module.
The address bits ADO - AD5 is used as module address
and correspond to the six LSB in the I/O interrupt
code while the remaining address bits AD6 - AD1l5 can
'be used as subaddress or instruction. This I/O
addressing scheme means that there can be 1K I/0

modules within one module address if the modules do

not operate with interrupt.



The table below specify the address field and the

functions.

17 16§15 AD 615 0 FUNCTION MODULE

RIW  (L/H)19 18
4] 0 ojo O SI10
0 o on 0 SUB ADDRESS OR MODULE RIO 10
1 0 o0j0 O INSTRUCTION ADDRESS cI1o
1 0 opn 0 WIO0
0 o 1 READ LOWER BYTE
1 o 1 WRITE LOWER BYTE
1 0 READ UPPER BYTE
? : 5 WORD ADDRESS, ADDO: LSB WRITE UPSER BYTE MEMORY
0 1 1 READ WORD
1 1 1 WRITE WORD

TRANSFER CONTOIL SIGNALS

Two signals are used for controlling the transfer
on the Main Bus; Transfer Request TRQ(L) and
Respons RS(L). TRQ(L) is issued from the address
sourcing module (CPU/DMA) and RS(L) is issued from
the addressed module I/0/Memory).

- The handshaking procedure for the signals is speci-
ﬁied in fig. 5 below, for the timing requirements

ref. Main Bus Communication, fig. 6 and fig. 7.

/l

TRANSFER ACCEPTED

Fig.5



MAIN BUS COMMUNICATION

This part describe the timing specification for the
two different module types connected to the CR80
Main Bus, the addreSSSoﬁrcing modules (CPU/DMA) and
the address destination modules (I/0O / Memory).

Address Sourcing Modules:

The CPU's and DMA modules gets control of the Main
Bus by requesting the MBC. The signals used for

the control of the Main Bus access are Bus Request
(BRQ(L)) Bus Grand (BG(L)) and Lock Bus Grand
(LBG(L)). When a mcdule wishes the authority over
the Main Bus it issue an BRQ(L). When the module
receives an BG(L) the Main Bus is free and the module
can execute its transfer on the Bus. If the module
operates with semaphore the signal LBG(L) can be
issued and on that way lock the Main Bus authority

to the module so that more than one Main Bus

transfer can be executed uninterruptable. The signal
used for the Main Bus Authority Control is not located
on the Main Bus but are seperate wires from the Main
Bus Controller to the address sourcing modules.

The timing diagram fig. 6 specify the relationships
between the different signals involved during a Main
Bus transfer. If TRQ(L) is active more than 4 us

the MBC will disable BG(L) and thereby terminate the
transfer. This shall be detected in the module as a
time out. If a module recognize a BG(L) without
requesting the Bus BRQ(L) it may not start a transfer,
that means the modules shall disablie the effect of
BG(L) until requesting for the Bus.

The modules which sense on the Main Bus address lines
are seperated in two different types, the I/O modules
and the memory modules with regards to the Main Bus
timing there is no different in the two tyvpes.

The timing diagram fig.7 specify the relationship



between the different signals involved in the

Main Bus transfer,.



Timing_Specifications for Address Destination Modules.

Fig.7
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CR80 SUB BUS
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CR80 SUB BUS

The CR80 Sub Bus is a local bus which is not distri-
buted throughout the system, but used for interconn-
ection of a limited number of modules. There is no
specific limit on the number of Sub Buses in a CR80
system. The Sub Bus is a semi synchronous bus where
the address and the data are multiplexed on the same
lines. The following different modules can be conn-
ected to the Sub Bus, memory modules,
Func modules, DMA & CPU modules.
There can in the standard configuration be connected
two address sourcing modules i.e. CPU & DMA, two CPU's
‘ ~or two DMA channels to one bus. The number of address
'. destination modules i.e. memory, func modules are
limited by the physical dimension of the Sub Bus print
board. The maximum length of the bus is 172mm corre-
sponding to ten connector positions.
The Sub Bus consist of a printer circuit board equipp-
ed with 48 poled print connector for interconnection
of the modules, the pin confiquration of the connector
is specified in table 1.
The Sub Bus carries, beside the signals relevant for
data transfer ( SB0O - SB23, ATR(L), DTR(L), FEN(L),
MRS (L) & FRS(L) ), some signals used for system control:

'. The system control connections are described in the

section System Control Connections.
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SUB BUS ELECTRICAL INTERI'ACE SPECIFICATIONS

The levels for all the Sub Bus signals are normal

TTL logic levels i.e. :

High level: 2.OV<VH< 5.0V
Low level: 0 V<VL< 0.8V

The specifications below are for the numerical
current values allowed for one module connected

to the Sub Bus:

ADDRESS & DATA LINES

‘ SBO - SB23

3 - state signals with the following requirements:

Drivers: Ion > 5.2mA
IOL 2 16.0mA
Io off s 100 uA
Receivers: I;q 4 100 uA
IIL 0.5mA

<
Z
(I, £ 2.0ma

. - Note: This low level input current is only
allowed when the module is addressed
or if it is an address sourcing module
i.e. CPU or DMA.

TRANSFER CONTROL SIGNALS

ATR(L), DTR(L), MRS(L), FEN(L), FRS(L).

Open collector or 3 - state enabled when active

signals with the following requirements:

. Drivers: IOL > 40 mA
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Receivers:
Schmitt Trigger: ‘ IIH £ 100 uad
IIL < 2.0mA

SUB BUS AUTHORITY SIGNALS

SRQ 1(L) & SRQ 2(L)

Open collector - or 3 - state enabled when active,

signals with the following requirements:

Drivers: L > 40 mA
IOH £ 100 uA

Receivers:

Schmitt Trigger: IIH & 100 uA
IIL < 4.0mA

AUXILIARY SIGNALS

The three auxiliary signals Aux 1 - Aux 3 is
available for special use in the svstem and

therefore not specified in this document.

SUB BUS INTERFACE FUNCTIONAL DISCRIPTION

The following paragraphs describes the interface from
a functional point of view. Furthermore the timing
specification for the signals are included in the

timing diagrams.

The communication on the Sub Bus is devided in two
phases; the address - and the data phase. When data

is communicated between a memory module and a DMA/CPU
the address is transferred to the memory in the address
phase and the data to/from the memory in the data phase.
If the communication is between a func module and a
CPU module only the data phase is used.

Control of the Sub Bus lines SB0 - SB23 is carried out
by the signals ATR(L) (address phase) and DTR(L) or

FEN(L) (data phase). The specification for the different
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‘ Sub Bus lines is as described in the table 2 overleaf.
The func module communication can be carried out in
more different ways. During the data ohase the CPU
can transfer/receive data from the func modules con-
“trolled by SB18 - SB23. If the data communication
is between the func and the memory this two module
types can be linked together so that data to/from the
two modules can be carried out in one bhus cycle.
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TABLE

2

FUNCT ION
PIN NO. SIGNAL NAME * ADDRESS PHASE DATA PHASE K
c2 SB ' 0 Add. 0 (LSB)| DAT o) (LSB)
b2 SB 1 Add. 1 DAT 1
a2 SB 2 Add. 2 DAT 2
c3 SB 4 Add. 3 DAT 3 LB
b3 SB 4 Add. 4 DAT 4
a3 SB 5 Add. 5 DAT 5
®-: SB 6 Add. 6 DAT 6
b4 SB 7 Add. 7 DAT 7
a4 SB 8 Add. 8 DAT 8
c5 SB 9 Add. 9 DAT 9
b5 SB 10 Add. 10 DAT 10
a5 SB 11 Add. 11 DAT 11| yp
cb6 SB 12 NV DAT 12
b6 SB 13 NV DAT 13
a6 SB 14 NV DAT 14
1.?7 SB 15 Add. 18 DAT 15 |
b7 SB 16 Add. 19 LP
a7 SB 17 R/W (L/H) UP
c8 SB 18 Add. 12 FAdd. O
b8 SB 19 Add. 13 FAdd. 1
a8 SB 20 Add. 14 FAdd. 2
c9 SB 21 Add. 15 FCont. O
b9 SB 22  Add. 16 FCont. 1
a9 SB23 Add. 17 FCont. 2
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SUB BUS ADDRESS SOURCING MODULE TIMING

The address sourcing modules connected to the
CR80 Sub Bus i.e. CPU/DMA modules shall observe
the specification description under memory and
func modules as well as the specification for

Sub Bus authority control ref. fig. 1.
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ADDRESS PHASE

In the address phase the Sub Bus lines is used

for memory addressing, table 3 below specify

the function, and the timing specification is

described in the section Sub Bus Communication.

TABLE 3

RIW

ADDRESS BITS

(L/H)| 19 18 117 FUNCTION
0 0 0 NOT ALLOWED
0 0 1 READ LOWER BYTE
0 1 0 READ UPPER BYTE
0 1 1 MEMORY WORD ADDRESS READ WORD
1 0 1 ADD Ov: LSB WRITE LOWER BYTE
1 1 0 WRITE UPPER BYTE
1 1 1 WRITE WORD

The contents of the signals SB12 - SBl4 during the

address phase is undefined.
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DATA PHASE

In the data phase the Sub Bus signals are used for
transferring the data between the different modules,
and at the same time the signals SB18 - SB23 are
used for addressing and control of the func modules
connected to the bus (F Add 0 - 3) & (F Cont. 0 - 3).
This func addressing scheme means that up to eight
func modules each with eight control function can
be connected to one Sub Bus.

The data word consist of 16 bits + 2 parity bits,
one for lower byte L P and one for upper byte U P.
The parity used is odd and both parity lines have
to be valid during all Sub Bus transfers, byte as

well as func transfer.

SUB BUS COMMUNICATION

This part specify the timing relationship and the
handshaking procedure for the Sub Bus signals.

When a address sourcing module will start a trans-

fer on the bus it must first get the control of the
bus by use of the two signals Sub Bus Request

1 & 2 (SRQ 1(L), SRQ 2(L)). The two DMA/CPU modules
which can be connected to the bus can each driver

one of the lines and use the other, to detect whether
the other module is transferring on the bus or not

The DMA/CPU modules connected to the Sub Bus shall
have a switch so that it can be selected which of

the two SRQ signals it can control.

The module which control SRQ 2(L) has the highest
priority, meaning that if SRQ 1(L) and SRQ 2(L) is
issued simultaneously from the two modules, it is

the module driving SRQ 2(L) there will get the
authority over the bus. Timing diagram fig. 1 defines
the handshaking procedure'and the timing specification
for the SRQ signals. The modules have to make the
decision whether to access the bus or not on the fall-

ing edge of %4,
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When a module has got the Sub Bus authority it
shall start the transfer as soon as possible.
The preferred transfer start is at the falling
edge of ¢4 when it recognize it has the author-
ity over the bus. The bus authority shall if
possible be released by disabling SRQ as soon as
the module recognize the respons signal from the
addressed module so that no overhead time exist

on the Sub Bus.

When a DMA/CPU will access a memory module it starts
the sequence by issuing its SRQ and when it gets
the Sub Bus authority it transfer the memory add-
ress and R/W signals to the bus and for the phase
definition the address transfer signal ATR(L).
When the addressed modules detect this condition
it at once, respons with the memory respons signal
MRS (L) . The memory modules has to respons very
quickly because the CPU's if it do not detect a
MRS (L) in the address phase, has to start up

a transfer on the Main Bus.

When the address sourcing module has detected MRS(L)

it start the data phase by issuing DTR(L) and dependent
of the state of SB1l7 R/W (L/H) in the previously address
phase the memory module or the CPU/DMA module transfer
the data information to the bus lines SB0O - SBl7.

When the memory module has accepted the data transfer

it again respons by the signal MRS(L) and the address
sourcing module terminates the data phase bv releasing DTR(L
and if no further transfer is wanted SRQ. If the

memory do not respons DTR(L) with MRS(L) within 4us

the module shall terminate the transfer and recognize

it as a Time Out.

Timing diagram fig. 2 specify the handshaking proce-

dure for this transfer mode (CPU<«*Mem.)
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A CPU to/from func module transfer is started by

SRQ but there is no address phase as during memory
transfer. When the CPU get the authority over the
Sub Bus it transmit a Func Enable FEN(L) and the

six bit SBl8 - S$B23, specifying the func module and
the function, to the Sub Bus and denendent of the
function the remaining part of the signals SBO - SBl7

will be driven from the CPU or the func module.

If the addressed module has not responded within
4us it will be interpreted as a time out condition.
Timing diagram fig. 3 specify the handshaking oroce-

dure for the Sub Bus transfer mode CPU¢+Func.

The last possible transfer types on the Sub Bus is
the transfer of data between memory and func modules.
This transfer start with an address phase where the
actual memory module is set up, and depvendent of the
transfer direction the signal DTR(L) or FEN(L) is
issued and when the CPU detects the corresmponding
respons it transfer the opposite signals to the

bus and terminates the transfer when the last issued
signal is responded. The time out is detected when
one of the signals DTR(L) and FEN(L) has been active
more than 4us.

Timing diagram fig. 4 & 5 specify the handshaking

procedure for the Sub Bus transfer mode FuncesMem.
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SUB_BUS MEMORY TIMING

This section describes. the timing specification

for memory modules connected to the CR80 Sub Bus.

The communication on the
meaning that the address
sourcing modules and the

have to be issued on the

Sub Bus is semisynchronous,
transfer from the address
respons from the memory

edge of the master timing

frequence (4, the remaining specification is asynchr-

onous. The memory address and the address transfer
signal ATR(L) issued from a CPU/DMA will be within

the timing limits specified in fig. 6 below.

Z -

TATR TATR

ATR (L)

SB0 - SB23 X

0 < TATR < 25ns

0< Tap <35ns
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ATR (L)
SBO -sSB23
MRS (L)

When a memory recodnize its address and ATR(L)

it has to respons immediately with MRS (L) and store
the address so that it can be used during the data
phase. The timing specification for the memorv re-

spons on an ATR(L) is specified in fig. 7 below.

l
[ I
| |
| ><I ADDRESS VALID J X
| _
; I l
| I | |
| <25ns | | <30ns
I I UL
l
| L, <35ns
- T
Fig.7

The data phase can be started immediately after the
address phase or it can be delayed, if it is a
func-Ymemory transfer, until the func module has
responded and the data from the func is transferred

to the Sub Bus, therefore the data phase is asynchr-
onous and not locked to the signal 34 seen from the
memory. The specification for the data phase is shown

in fig. 8 for memory read and in fig. 9 for memory write.
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Memory Read

P L1 1 e LJ LJ Jd 1
|
l I
ATR (L) l | ] |
] 1 ~10ns<ti<ius ] 1.9ns<t<25ns
| — it I
DTR (L) | J J
1 Tr<2.75us | 0<t<30ns
- il "H"
]
MRS (L) __'l___[ | |___L|
| _.l_{.m()_"s
. SB0-5B17 ADD Y vaLio Yoo 00000
I
_t |, <25ns
T
Fig.8
Memory Write
@ ¢ j J LJ J L] g w4
l
h
| N | -10<t<1lus -60< t < 25ns
| bt T 'l |
DTR (L) | ! [
| Tr <2.75us o 0 <t <30ns
| I‘ R
MRS (L) T | | L
| l I <20ns II >0ns
|
$B0-SB23 X ao_XZ777X DATA VALID ). 4




E CHRISTIAN ROVSING A/S
FUNC TIMING

The Func modules do only use the data phase on

the Sub Bus because of the lines SB18 - SB23

are restricted for func addressing and control
during this phase. For the handshaking two separ-
ate signals are used so that the func module and

a memory can be linked together in the data phase.
The timing diagrams fig. 10 specify the func out

timing and fiq. 11 specify the func in timing.

Func. Output Timing_

® o L M v 1 1
|
|
I

FEN (L) I

0<t<25ns | |. ] |.0<t<30ns
L
- I
FRS (L) | | | l
P tr <1us ' | 41, >ons
LR
S818 -5B823 M FuNc ApD. & coNT. X

<20ns I I <25ns I ' l, ] 0<t<3ns
o

Fig.10

Func. Input Timing_

P IILJLI}III

0<t<2Sns | | )
FEN (L) I I
| | | | jo0< t<d0ns
| l |
FRS (L) | l__.l_.l
' l < 20ns I I >0ns

SB0-5823 X FUNC ADD, CONT & DATA ) 4

Fig. 11

I




L:l?tL/X i &
1.00
Q«
. DP&+Mbase K
Test 1. Flg,MOD
Store/ ]
Store Double ] 1.02 l 1.01 ] 1.04 1 1.03
1,M0D=1.C:store 1i,M0D=1,1:st.MOD 1,MO0D=00:0thers 1,MOD=01:0th.MOD
ARCOHXIF | Mbase<Base AR, Tbus+DQ+X2F ARQHX2F
& TD1+M (Tbus) XR2+INS1
XR2¢INS1 Toggle MOD XR2%TINSL1;JPX,tab3 Test 2. Flg.
1-05 { 1.09 ] 1.10
IR+Reg (REG) @ 2=0:Norm.instr. 2=1:MOD instr.
M(AR)<+DR
' XR2¢INS1 Mbase<Base W1l<+Q+Base
Test II Flg. TDI+M(AR) Toggle+Modify
Tog.MOD,JPX, tab3
| 1.06 J  1.07 1.101
II=1: Double II=0: Single Thbus, AR «
incr XR2 incr prpc Wl-Mbase
FNI, JZR TD1+M (Thus)
JPX, tab3
| 1.08
DR+REG (XR2)
AR+AR+1
M(AR)+DR
Modify Modify
Positive Negative Increment Decrement Clear
] 1.24 I 1.31 l 1.20 [ 1.21 j 1.19
. Mbase+Mbase Mbase+Mbase DR+TD1+1 DR+TD1~1 DR,Q+®
+TD1 -TD1 M(AR)*DR M(AR)+DR M(AR;“DR
“Toggle MOD Toggle MOD

&)

&

&

&

®=

]
(N
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CR8001 Instructions
X2F, DP6 Instructicn;

Modify, increment; decrcment;

2

1017
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eee 175

BQH

o iTsI226 T 0aTg T




skip 1, if zero skip 1, if nonzero
1.12 1.17
Q + TDl Q «+ TD1
Test zexo Test zero
] 1.14 1 1.13 I 1.le l 1.15
non: noskip zero: skip 1 non: skip 1 zero: noskip
incr prpc incr prpc incr prpc incr prpc
FNI, JZR Fetch instr. Fetch instr. FNI, JZR
skip 2, if zero skip 2, if nonzero
1.25 1.28
TD1l < Q <+ TDL
Test zero y Test zexo
1 1.27 ] 1.26 | 1.29 ] 1.30
non: noskip zerop: skip 2 non: skip 2 zero: noskip
incr prpc prpc + prpc+2 Prpc + prpc+2 incr prpc
FNI, JZR Fetch instr. Fetch instr. FNI, JZR
Jump base ind. load/ add add
prog relative load double to mem to Req.
1.11 1.22 1.32 1.23
Q <+ TDl+Prog Reg (REG) + TD1 ...@ R(REG) + DR+R (REG) +TD1
R(REG) +TD1 M(AR) + DR
Test II Flg. set ZS1LO
- 1.111 1.31T l 1.34
II=1: Double II=0: Single JZR [ ZR l
e Incr XR2;AR€AR+1 Incr prpc
Fetch instr, TD1 + M(AR) FNI, JZR
NB : MOVL
I 1.37 Load double cannot be modified,

JZR

Reg (XR2) + TD1

since test on flag 2 in 1.03
will interpret this instruction

as a modify instruction.

] CHRISTIAN ROVSING A/S
~ me s V6 ve n ]
CR800L Instructions D i1%51017 i ! 77042§7?70622 ‘ ?
skip, jump base ind. prog rel, : m‘ams ! m’.mw ‘JE{¢ i !
load, load double, add 3“/677 ? T {
; ; T2 TR e i ] [




Q+Dps+

TEST MOD

PROG J

NOMOD

WL+ O+XF
INSI-FI
JPX, TABLE 2

MODIFIED
Wl <« Q+MBASE

Q <« W1-BASE

1 2.4

MBASE < BASE

Wl < Q+XF
TI2 « M(Wl)
JPX, TABLE 2

(L

CR8001 INSTRUCTIONS
LOAD PARM., JUMP PROG RELATIVE

Drean J‘ HPH

S S S

2.5 2.6
JUMP PROG REG(RG) <« TINS2 LOAD PARAMETER
RELATIVE PRPC « Wl+l T < PRPC PROG RELATIVE
. FNL, JZR TINS2 <« M(T)
N
%] CHRISTIAN ROVSING A/S

S i v !
Owte  24.nov.'75 ! o !
T
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w OuUTPUT INPUT
54.15 3.0
SETUP 1/0 SETUP I/0
54.16 3.11
O +MBASE-BASE Q + MBASE-BASE
54.161 3.1
Q,TBUS+Q+AR (XR2) Q, TBUS+Q+AR (XR2)
I/0(ALS) + DR AR-SF-TD1
TEST MOD TEST II
1 |
[ 45.5911 ] 45.5912 | 3.4
MOD NOMOD II = O:R
MBASE + BASE JZR REG(XR1) « TDL
TOGGLE MOD TEST MOD
L
| ma——T.ve g — 54,19
. MOD NOMOD
MBASE <« BASE —* J2Rr
TOGGLE MOD
3.31
II=1 : X
©, AR«BASE+REG (XRD
3.32
DR + TBUS + TD1
M(AR) + DR
TEST MOD
%
N CHRISTIAN ROVSING A/S
Pre  !16.0ct 75 Orire
CR8001 INSTRUCTIONS 8 w0 IugH PR .
- Fatts i ; '
1/0 : INPUT / OUTPUT 3"/577 ; .
L !
[ o R R ] ;




‘s
K :

4 B
4.0 5.0
TBUS, AR <« BASE+| X- R- "
REG (XR1) W1,TDl + REG(XR1)
TD1l <« M(TBUS) JPX, TAB.01,3.FLG DS'
JPX, TAB.O1,3.FLG Y
o 1 OPR IN
N
4/5 ? W1l,TD1, DR
1 OPR ADDR
in AR
{4. >
54.12 54.1
XR RR J
wl + D1 GROUP GROUP .
TEST MOD TEST MOD
| 54.13 ] s4.14 3
MOD NOMOD
MBASE « BASE TD1,DR * REG(XRZ;
TOGGLE MOD
IPX TAB.8Q . |
1 OPR IN W1
2 OPR IN
54;:8 54.5 TDL.DR
’
XX RX 1 OPR ADDR
Wl + TD1 LOST
2 OPR ADDR
TEST MOD TEST MOD IN AR
| 54.9 ] s4.10
MOD NOMOD
. AR,Q + REG(XR2) AR,G + REG(XR2)
+ MBASE + MBASE =
TDL + M(Q) TDL + M(Q) J
[ 54.11 Jex 7L fa
MBASE + BASE
TOGGLE MCD
.";r‘ o
N CHRISTIAN ROVSING A/S
" Ti6.oct 75| | T oo
CR8001 INSTRUCTIONS B HOH [T ! PSR
X, R, XX, XR, RX, RR INTRODUCTIONS i, | , .
o 3-1877 | i
. T s 36 ‘ i




. 45.26 / 45.17
W1+TD1 W3+TD1
stc/uns Test T-flag Test zero, RII
T MOVC
45.27 [ =1 Jump forward on operand
zero
Mbase+R (XR2) Jump forward on operana
+ AR non-zero
Test IV Jump backward on operand
zero
égtg()) IV=| 1 15 30 Lysl  (uns) Jump backward on operand
. non-zero
AR+AR+1 DR,TD1+M (AR)
M(2R)+W1 . pon. 45. 1 zero 43,49
R(XR2)+R(XR2)+1 R(XR2)+R(XR2}~-1 . A
nojump jump positive
Test MOD Test II
= R 5 1 X | __Jincr prpc AR, prpc+prpc+DP4
45.34 L ] 45.33 FNI, JZR Fetch instr
' R(XR1)+TD1 AR, Q+BASE+R (XR1)
M (ALS)+DR 45.20 45.21
Test MOD Test MOD nojump jump negative
T incr prpc AR, prpc+prpc-—
p— "
c 3a I MOD 45.37 I NoMO! FNI, JZR DP4
INC PREC Fetch instr
Mbase+Base
45. -
rocgle MOD —{ TN >:28 = 45.22 45.23
99 JZR AMASK : DP4
W1<Tbus jump positive nojump
Thus+INS1 | AR, prpceprpc+ incr prpc -
DP4
Test II ENI, JZR
Fetch instr
(+) ()
45.31 i TI=1 45.32 1=
45.24 45,25
jump negative nojump
Wl+Mbase+Wl Wl+Mbase-W1l L_| AR,prpceprpc-DP4 J incr prpc -
Fetch instr FNI, JZR
¥ 45,35
DR,W1+W1-BASE
l 45.38
BASE+R (XR1)
-+ AR,Q
DR-+M (ALS)
Test MOD
45.38.1 — ] _45.38.2
NOMOD
MoD INC PRPC
Mbase+base FNI
Toggle MOD JZR
p P cHrisTian Rovsing  ass
S e . 12 | V6 | |
' T I ate 1751124 770429 | |
Date 1016 ! | Llat ! :
CR8001 Instructions Toann 7H¢H ' . | T i 5
Stack; Unstack; Move Const; Jump on Parts na H
; ' S-1677 !
Operand. PYRRN e L 1 BB neatn -




45.39 45.55 45.5
Single O:R Double
Wl + TDL Q <« REG(XR1) Wl « TDl
DEC - X1 INC - X1
) TEST BI1
l 45,3901 45.57 1 457
1:X INCAR
BW2 + ABASE Q « TD1 TD1 + M(AR)
Y
DEC - X2 DEC - X2
TEST 1 MOD
@
| 45.40 uwp | [ 45.41 [ as.42 down | ] 45.43
MOD: DEC ~ X2 MOD: DEC ~ X2
BMBASE; TDl + g+t BMBASE; TD1 + 0+0Q+ 1
BMBASE - ABASE BW1 « BWl 4+ 1 BMBASE - ABASE BWl « BWL + 1
TMOD TEST MM~ TMOD TEST MM
1 ]
| 45,44 45,46 45.47
FINISHED UP: FINISHED DOWN:
D1 - sW - TD2 AR, BW2 + AR(XR1 AR, BW2 + AR(XR1)
, + BW2 % BW2
TEST II TEST II
L |
l 43.8 [ 45.48/.281 [ 45.49/-491
X: R:
X2 « TD2 M(AR) « Wl BR(XRl) « Wl
INC - X1
TEST T TEST T
' l 45.453 45.50 : T 45.51 45.52 - T 45.53
. | I 1 |
DEC - X2 DOUBLE T=1 SINGLE T=0 DOUBLE T=1 SINGLE T=0
BMBASE < ABASE M(AR) + 1 +« Q b—o JZR BR(XR1) « Q | — JZR
FETCH NEXT INSTRJ FETCH NEXT 1INSTR.
TEST MM
]
45.451 | 1. 45.452
MM=0 MM=1
__] BW2 + ABASE JZR N8: 16 bit shift operands are Handled in Wl
32 bit shift operands are handled in Q con Wl
TEST 1. FIG. FETCH NEXT INSTR. The 16 bit half of a 32 bit operand addressed by the
instructicn is the least significant part.
The most significant half is fetched from the
higher neighbor address to the least sign. part.
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Resexve,
&/s) & ¢5) zerease
Semaphore bit.
l 45.61 1 45.60 45.58 4.1
3.Flg=0:R 3.Flg=1:X Set Semaphore
Reg (XR1)+TDL M(AR)+DR¢TD1 W1+BIT (XR2) Tbus+Base+Reg (XR1)
AN'DP_P(X.‘R2)\ AND DP (XR2) DR,TD2+M(Tbus)
Test MOD Test MOD Test II.Flg Test II.Flg
]
I 45.59 l 45,591
II.Flg=1:X II.Flg=0:R )
DR+W1. OR ‘TD1l Reg (XRl) <+
M(AR)+DR Reg (XR1)OR W1l
Test MOD Test MOD
L )|
I
] _45.591 ] 45.5912
. MOD NoMOD
Mbase+Base —» Incr prpc
Toggle MOD FNI, JZR
| 4s.5011 | 4s.5012
MOD NoMOD
]' 4.2 ] 4.3
Mbase<Base Incr prpc
Toggle MOD FNI, JZR IIFlg=1:Reserve IIFlg=0:Release
W1+TD2 AND Wl+Bit (XR2)
BIT (XR2)
Test zero
4.4
w Move XR-XR
Tbus+Wl AND TD2
| 4s5.80 | 4s.81
3.Flg=1:-X 3.Flg=0:-R
Tbus Mbase+ . Reg (XR2)+«TD1 Zero 4.5 nonzero) 4.6
Reg (XR 2)
' M (TBUS) « DR Incr proc
Test MOD Test MOD nex prp
l J [W1€BIT (XR2) FNI, JZR
f 45.80 ] 45.83
J 4.7
MOD NoMOD
Mbase+Base Incr prpc Thus<Wl OR
Toggle MOD - | NI, JzR —
M(AR)+Tbus
[ .
skip 1 |
Incr prpc
Fetch instr
CHRISTIAN ROVSING A/S
Sa e Aoprtae Shue 1 | ; i
. Date 751016 Dave ‘ | !
CR800] Instructions Drawn HOH EPUSI. i '
Extract, Setbit, Reserve-Release Sem. Pac*s n0 3 : |
Move XR-3R , le77 ! 1
Dt an g om0 26 wmeots | |




Skip on word

w -X o XR-XR XR~-DP
: 54.201
45.62 54.201 [ 45, 1 45.1
W1l+TD1 Wl+W1l-TD1 3.Flg=1 3.Flg=0
) Q«DP4 Q+—DP4
Test 1. MOD Skip on bit Test zero,II,R Test MOD Test MOD
- T
[4563 M [ 45.65 ] Jas-66 [ 0.4 l_42.3
NoMOD MOD
DL i+ QWL AND TD1-Q - Wl+Q+Mbase
Mbase-base Mbase-base BIT (XR2) fLAG
Test zero, II,R Test zero,II,R
J l 1 45.5
45.67
45.7 45.8
TD1-swop-TD2
Toggle MOD Noskip 1 skip 1 on Flg Set Q«l-base
99 Incr prpc Prpod prpc+2
FNI, JZR Fetch instr
1 45.6 ] 45.6
45.9 45.10 Mbase<Base
XR24+TD2 s .
Noskip 2 skip 2 on Flg Set Toggle MOD
|—{ Incr prpc pPrpc+prpc+2 -
| A5 8 FNI, JZR Fetch instr l
A
MbaserBase 45.11 45.12
. Skip 1 on Flg clr Noskip 1 on Flgclr]
Test 1.Flg
incr prpc incr prpc
| Fetch instr FNI, JZR
45.64
45.13 45.14
Sign extend W1 AND
BIT(XR2) ’ Skip 2 on Flg clr Noskip 2 on Flgcly
Test all zero —] prpetprpct2 incr prpe —
: Fetch instr FNI, JZR
‘ non | 2°-7Y zero L 45.71
W2+DP (XR2) W2«DP (XR2)
[ 45.72 45.71.1
DR +
W1l OR W2 DRAW1™ W2
M(AR)+*DR M(AR)<+DR
@ &)
xd cH G A/
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@

45.84

TD1l, DR *
MBASE-BASE-1

45.85

O * R(X2)+BASE

l 45.86

TD2 * (TD1) ] 8
Q* o1

l 45.841

X2 + TD2
R(X1) « R(X1) +
BASE

COMPUTE NO OF COUNTS. -1

GEN. ABS DEST ADDRESS

SWOP COUNT TO TD2
DECR DEST ADDRESS

PUT COUNT TO X2
GEN ABS SOURCE ADDRESS

MM=0 458

TD1, DR+ M(R(X1}}
R(X1) ¥ R(X1)+1

FETCH WORD INCR POINTER
AFTER

INCR. POINTER BEFORE PUT
WORD. DECR COUNT.

TEST END OF LOOP.

45.87
Q+ O+l
M(Q) « DR
DECR - X2
TEST MM
MM=1 .89

D1 + TI1) § 8
R(X1) « R(X1) -

MOVE INSTR. TO TDl (SWOPPED) RESTORE

BASE SOURCE REGISTER (AUTCMEREMENTED).
[ .892 . 3891
RESTORE X2 FIELD IN X2 « TD1 R(X2) <«
OPREG. (DST. DESIGN- | Wl « ~BASE Q+W1+1 RESTORE DST REGISTER
ATION) (AUTOMEREMENTED)
TEST MOD TEST MODIFY
45.5912 @ 455911
\1/
;‘:“ CHRISTIAN ROVSING A/S
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)

54.21

OPREG +
9 + REG(

TEST 3,

TD1
XR2) +
BASE
IV F1G.

|

54.22 54.23 54.24 54.25
3IV=ll : F«+ M 31v=10 : F+ C 3Iv=10 : M« F 3I1v=00 : C « F
TBUS « Q TBUS <+ REG (REG) TBUS +~ Q TD1+
FUNC(XR1 ,XR2) + FUNC (XR1,XR2) + M(TBUS) « FUNC (XR1,XR2)
M{TBUS) TBUS FONC (XR1l,XR2)
lEZR l 54.26
REG (REG) « TD1l
JZR
L/ -
i CHRISTIAN ROVSING A/S
oo s Seuz ; i
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SEBIT,CLEAR BIT XR XR

54.351

54.35

TD2 + SWOP + TDl1

TD2 + SWOP + TDl

[ 54.352

XR2 « TD2

TEST II FIG

] 54.36

54.37

II =1 : SETBIT

W2 « BIT (XR2)

II =90
W2 <« BIT (XR2)

: CLEARBIT

M(TBUS) + DR

54,361 54.38
Wl, DR <« Wl, DR <+
Wl OR W2 W2 AND Wl
TEST T FLG TEST T FLG

1 |

1 s4.39 L __s54.40
T=1:X T=0:R
TBUS « BASE + REG(XR1} <« WL
REG (XR1)

EZR I

PUT MASKED XR X

&

54.27

MBASE <«

MBASE - BASE

l 54.28

Wl « MBASE

I 54.29

MBASE +
MBASE AND TD1

I 54.30

TBUS,AR +
REG (XR2) + BASE
DR, TDl < M(TBUS

[ 24,31

Wl «
Wl AND TD1

54.32

DR «
W1l OR MBASE
M(AR) + DR

TEST MOD

54.33

54,34

MOD

MBASE <+ BASE

TOGGLE MOD

NOMOD

MBASE+ BASE

@

JZR
\l/
P¢] CHRISTIAN ROVSING A/S
S Appra.ed S5uf }
Cate 17.0ct '75) ] 1 oate |
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N INCREMENT XX/RR . DECREMENT XX/RR
54.46 54.47 54.41 54.42
DR + REG(XR2) + DR + TD1l-1 REG (XR2) *
TD1+1 . TDL+1 ) M(AR) * DR TD1-1
M(AR)* DR
TEST T FLG. TEST T FLG TEST T FIG TEST T FLG
[ 54,48 | 54,49 C | 54.43 | 54.44
’ T=1:X T=0:R T=1:X T=0:R
AR + BASE + REG(XR1) + AR + BASE + REG (XR1) *
REG (XR1) W1+l REG(XR1) W1+l
54.50 54.45
. ZR JZR
DR + W1+l DR + Wl-1l
M(AR) + DR M{AR) + DR

JZR @ EXCLUSIVE OR

54.68
> EXCHANGE
a REG (XR2) +
REG (XR2)

54.51 ) 54.52 EXOR W1
DR + Wl REG(XR2) + Wl
M(AR) + DR
TEST T FIG TEST T FIG

[ 54.53 | 54.54
T el ;X T=0:R MULTIPLY DIVIDE
AR + BASE + REG(XRl) < TDI1 e
REG (XR1)
54.69

54.55 » @
DR < TD1 @ Q + TD1
M(AR) + DR

JZR

‘ CHRISTIAN ROVSING A/S
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MUL XR, X
I/F: 1. op in Wl
17.2 2. op in TDL
2. op addr. in AR,
AMASK: BIT O
W2+0 Destination + Destination # source
XR24MASK The result is stored in X, X+l.
MSW being X+1.
ASHIFT : MUL selects AWl
and sets up : —_
S@V + SRM
soL=1 17.3 SQL=0 17.4 SRL + SQM
TM:0 ASHIFT :MUL N
MM: 0 +“(W1+W2,0) 4 ASHIFT:MUL
(W2,90) (W2,Q)¢(W2,Q) ¥
{AADDB, BQRF} {TRI B,BQRF}
XR2+XR2+1 XR2+XR2+1
Test SQL,TM+MM Test SQL,TM+MM
l - I
-—
q TS 17.6 17.11 17.12 17.13
T™:0 ASHIFT:MUL ASHIFT:MUL
MM:1 «(W2-W1l,Q)+ (W2,0)+(W2,0) ¥ DR+Q DR+WZ FNI
(W2,Q) {TRI B, BQRF} | ] _ -
{BSUBA,BQRF} M(AR)+DR INC-OUT JZR
17.7 17.8
-
T™M:1
MM:0
equivalent to 17.3-17.6
> (if timer interrupt)
17.9 17.10 17.11.1
™:1
.MM:l DR+Q
M(AR) DR
1 — ]
i /
° B4 CHRISTIAN ROVSING A/S
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54.70.0

AMASK : BIT O
IRl « D
0 « R (¥R2)

1 24,701

TD2 + BPRPC
BPRPC « AWl

INC X2

154.70.2

Bl « AR (XR2)

l ENTRY EXIT
W DIVISOR DIVISOR
R(XR2) DIVIDEND, LOWER QUOTIENT
R(XR2+1) DIVIDEND,UPPER REMAINDER

Assume positive operands, where (dividend, upper) < divisor +216

454.70.3 SIGN=0 | 54.70.4 SIGN=1 ) 54.70.5 ’
:0
BEl, D « BWl, Q « BWl, Q «
(EWl - APRPC)41.5 (BWL - APRPC)41.3 (8wl + aprec)41.5| 6%
. INC X1 INC X1
TEST SIGN TEST MM SIGN TEST MM SIGN
_STIGN=0 54:-70 _SING=1 54.70.7
MM:]1
Wl+WL+4,0 Wl<«W14,0
| se.70.8
Wl «
W1l + APRPC
54.70.10 | s4.70.0
BR(XR2) « W1 MASK : BIT 15
DEC X2 Wl + Wl +D
| s4.70.11
- BR(XR2) « Q
} 54-70.12
BPRPC + TD2
@ 45.51
N
Y CHRISTIAN ROVSING A/S
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ADD XR XR

i 54.56 I 54.57
DR + Wi+TD1 REG (XR2) +
PSW <« 2,8,C,0 REG (XR2) +W1

M(AR) + DR PSW <« 2,8,C,0

GH

<
Y

ADD WITH CARRY XR XR

\ 54.59

_@

54.58

REG (XR2) +
REG (XR2) +W1+C

DR « )
W1+4TD1+C

PSW « 2,8,C,0 psw + 2,8,C,0

M(AR) + DR

GH

SUB WITH BORROW XR XR

ADD, ADD WITH CARRY, SUB, SUB WITH

SUB XR XR
54.60 | 54.61 i 54.62 54.63
DR + W1-TDl REG (XR2) + DR + REG (XR2) +
pPsw « 2,S8,C,0 REG(XR2)-W1 TD1-W1-1+C REG (XR2) -W1-1+C
M(AR) + DR PSW « 2,8,C,0 M(AR) <« DR
pPSw « 2,8,C,0 PSwW « Z,8,C,0
AND XR XR OR XR XR
i 54.64 l 54.65 i 54.66 | 54.67
DR + REG (XR2) + DR + REG(XR2) +
Wl AND TD1 REG (XR2) Wl OR TD1 REG (XR2)
M(AR) + DR AND Wl M(AR) + DR OR W1
N/
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Elile 171 o ]

-
DP_1p ] omem+ 1

+=1, -=¢

6.1

Q + MBASE-BASE

TEST +/-, MOD

MQD
Al T A
- 6.2 4 6,3 — a.4 6.5
AMASK : DP19@ AMASK : DP1® AMASK : DP1@} AMASX : DPl1g
AR,PRPC + PRPC-D AR,PRPC <« PRPC4+D PRPC-D =+ PRPC PRPC+D - PRPC
TIl*_D TI1 > D TI1 -+ D TI1 + D
M(ALS) + TI2 M(ALS) - TI2
6.10 6.6
FNI PRPC+D) - PRPC,AR
JZR M(ALS) + TI2
6.7
TOGGLE MOD
MBASE + BASE
4] CHRISTIAN ROVSING A/S
‘ v - L T H T
=~Ir Saue | 1 } | |
770620 | cae 1970620 ] 1‘ ‘
CR8001, MP R0 i woves JHO
CLASS VI ; -]
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Ya +/-

[i/a 100 1]

R_|

llla

0101l = | pP8

1:

a:

LOAD/ADD IMMEDIATE

Ry_, < DP8 + MODIFY

Ry ,« Ry . + DP8 + MODIFY

7.1
Q '."R(OPB 10)
| Aoy
regr * < | o
) | R ﬁ\/ : ‘
7.2] mask : pp8 7.3| mask : pp8
R+ > r(op )<D+ TI1 R+ -D, D « TIl
8-10",
)
TEST 1/a, MOD TEST 1/a, MOD
NO MOD MOD
e 1 90 a 10 a 11 e 1 01
7-4] AR, PRPC+ PRPC+1 | 7.5 7.6 7.7
FNI R « R+Q R « R+Q Q « MBASE-BASE
JZR PSW « CSVZ :
7.8
R« R+Q
PSW + CSVZ
7-9 MBASE « BASE
MOD< MOD
\l/
D] CHRISTIAN ROVSING A/S
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Bi1o0 331w

- I

DP3

JUMP RELATIVE

RT

+ LOC+1-PROG;

RT = 00: NO RETURN REG.

4-6
LOC + LOC+l + DP8 + MODIFY
%] °
8)
N tlac.e
8.1
© « PRPC =~ PROG
TEST + MOD
NO MOD ; MOD
+ [ 10 - )\ 00 + I 11 ] o
8.2 | b« T11,Mask : pp8| 8.3| De TI1,MASK : DPH 8.4 8.5
AR,PRPC + PRPC+D AR,PRPC + PRPC-D PRPC + PRPC+MBASE PRPC + PRPC+MBASE|
TI2 « M(ALS) TI2 « M(ALS)
TEST RT TEST RT
© 0L 10 J 11
8.6 8.7 8.9 8.9
R4 + Q RS + Q R6 « Q PRPC + PRPC~BASE
MOD « MOD
i i 3
00
8.11 8.1
AR,PRPC + PRPC +1 MBASE < BASE
FNI
JZR TEST + MOD
/]
N CHRISTIAN ROVSING A/S
S i Lpptieen SLuw : H
T ; : ,
outr | 750820 L Oute ] ;
CR8001 MP e gHO i » T
CLASS VIII Parrs no ) .
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\/I

1/3
firyr1q ve ] DP8 |

JUMP INDIRECT

R’I‘4_6<- LOC+1-PROG ; RT = 00: NO RETURN REGISTER

LOC +~ PROG+MEM (PROG + DP8 + MODIFY)

V3
[fO0TIL [ R ] DF8 ]

N

j lle<ce

9.1 MASK : DP8

LOAD PROG PAGE ZERO

Ry-7 « MEM ( PROG + DP8 + MODIFY)

D+ TIL
AR,Q + PROG+D
TEST MOD
NomoD  { - MoD ] 9.3 9.4
" 9.5 9.2
Q + PRPC-PROG MBASE +MBASE-BASH 0,AR < Q+MBASE MBASE + BASE
TDL « M(AR) - -
TEST 1/3 MOD <+ MOD
{ ]
0 | 1 |
9.6 9.6.1
R(OP, )+ TDL Wl <TD1
TEST RT
1
I 00 § UL 3.10 107 g. 113}
9.7 AR,PRPC + PRPC+1 9.8 AR,Q +W1+PROG 9-9
FNI R4« Q RS € Q R6 < Q
JZR TI2 +M(ALS)
l [} ] ¥
P 3.12 AR,PRPC + Q+1
FNI
JZR
P crristan rovsing ass
Scate Appr=amn [P i

[ Date

Date 750820
CR8001 MP Drawn JHD.
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[t 1000] r ] DP8 ]

SUBTRACT ONE AND BRANCH ON NON ZERO

Ry_7 * Roy 71
IF Ry_, = O THEN LOC + LOC+
ELSE LOC <+ LOC+l - DP8+MODIFY
19 e ‘/f—t 3G
10.1
R < R-1
TEST ZERO, MOD
NO MOD 1 MOD
REO 00 R= 0 10 =0 11 R$0 o1
.2 |mask : pes .3| prec,ar « prec+1| .5 .4
Jpern - FNI MBASE + BASE PRPC + PRPC+MBASH
AR,PRPC + PRPC-D JZR MOD « MCD
TI2 + M(ALS)
.6

PRPC + PRPC-BASE

. MBASE « BASE
MOD MOD
!
% CHRISTIAN ROVSING A/S
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e L

Lbi1o o110l mw | ]

1.1
PX « OP, .
JPX

SET: ROM + RAM

EXECUTE RAM INCLUDES JUMP TO u-LOCATION :

NB: The Microram destination address is determined as the column designed by

the inverted 4 bit RAM field in the EXECUTE RAM instruction;
and the row always being # 3.

N/
] CHRISTIAN ROVSING A/S
St Aore asut | i
Cate 250806 ! Date {
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CLASS XI arts e 3 -1&77 j i
3 |
frome o] Sri 22 1 36 J | !




ol
® . oD
{1100 1foo | DP8 | Modify: MODIFY + MODIFY %DPB8
L2100 1]o1 ] DP8 ] Modify shifted 4: MODIFY + MODIFY #(DP8) +4
m/m
[o1 01 0 110 ] DP8 ] Modify shifted 8: MODIFY + MODIFY +(DP8) 48
12100 0]11] DP8 ] Jump Base Indirect: LOC+ PROG+MEM (BASE+MODIFY+DP8)
m/m
lL o100 1li0] DP8 ] Monitor call: R7« LOC+1-PROG
DP8:0-63: LOC <« 63
DP8:64-127: LOC + MEM(DP8)
' - 2. PB:128-255: «
VelastC \ - DP8:1 55 Loc + DP8
12.1
Q+PRPC-PROG
Test NN
mod [ oo mod 4 | 01 mod 8/mmf 10 jump |} 11
.2| Mask:pp8 .3 | mask:pes .4|Mask:DP8 .5 | MASK:DP8
D+TI1 D+TI1 D+TI1 D+TI1
TD1+W3+D TD1+ (D) 44 TD1< (D) +8 Q,AR+MBASE+D
Testt Testt Test m/m TD1+M(ALS)
- |
+ mod 8 - 9
7 G/
MBASE+MBASE+TD1 Q+PROG+TD1
- >
Test MOD
I - 0 .13.1 No MOD .14.1 mMoD v
-9 PRPC+PRPC+1
MBASE+MBASE-TDL - MOD<MOD FNI
hnd .
Test MOD JZR
.13 No MOD | 14 mop |
PRPC+PRPC+1
MOD+MOD - FNI
JZR
P crristian rovsing  Ass
‘ S | Appriz.en 35ur
' T ;
Dute gsogzo . Date
CR8001 MP o Ing ! A——
CLASS  XII [Parts nc
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MONITOR CALL

&)

12.8 .11
R7 « Q AR,PCPR + Q
TI2 « M(ALS)
TEST OP, TEST MOD
)| N
’ ]
DP:0-127 ; 0  DP:128-255 l 1 MOD ¥ NO MOD |
.10 .11.1
.15 .16
MASK : BIT6 MASK : DP8 JaaSE < BASE PCPR < BCPRéL
Wl¢ D + TI1 AR,Q < D + TI1 - FNT
TEST Z TDl+ M(ALS) MOD + MOD J7R
DP:0-63 § 1 DP:64-127§ 0
.17 | MASK : DP6 .18| mMasx : pP8
PRPC + D - AR,Q + D « TIl
TD1 + M(ALS
)
.20
PRPC + TD1 /
. .12
AR,Q + PRPC
TI2 + M(ALS)
TEST MOD
L]
] CHRISTIAN ROVSING A/S
Cnie Apprc.ed ssue vé i vo |
CRE00L MP Date 750820 I oue  [770429 | 770621
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X2 DPo 011110 LOAD BYTE _ @ e
( e L &
X2 DP6 1001 00 R STORE BYTE
Q « A(X2F) 13.1
,
AMASK : DP6 .2
IBUS « INS1l
Q « D+Q
TEST l/s
LOAD (1) | STORE (0)
SHIFT : BYTE .3 SHIFT : BYTE .4
QeQ+ 1 0«04y 1
TEST QLSB TEST QLSB
OLSB=0 [ RIGHT QLSB=1 LEFT QLSB=0 [ RIGHT QLSB=1 LEFT
AR,Wl <« O+MBASE -5 AR,W1l < Q+MBASE -6 AR,W1l « Q+MBASE -7 AR,Wl « Q+MBASE -8
TD1 <« M(ALS) TD1l <« M(ALS)
AMASK : DP8 -9 .10 DR « R -1 .12
R +« D « TD1 | TD2 « (TDl)y 8 M(AR) « DR TD1l « R
TEST MOD TEST MOD
MASK : DP8 13 DR « (TDL)* 8 .14
R+« D« TD2 M(AR) « DR
TEST MOD TEST MOD
MOD 54.19 54.18
.15 .16
FNI - TOGGLE MOD FNI TOGGLE MOD
JZR MBASE « BASE JZR MBASE « BASE
[45.50.12 mop  h5.59.12 { 4583 MOD ¥ 45.82
TOGGLE MOD TOGGLE MOD
FNI MBASE « BASE FNI MBASE . BASE
JZR JZR
% CHRISTIAN ROVSING A/S
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4

LOAD: [01101] R l DP8 ]
STORE: loaziol » | pes |
LOAD/STORE BASE RELATIVE
Ry_y < MEM (BASE + MODIFY + DP8)
0010100 DP8 BASE INDIRECT
00101001 DP8 PROG INDIRECT .
MODIFY BASE/PROG INDIRECT o .
/ !f‘lr;; \ '] ’,’- s
MODIFY « MODIFY + MEM (BASE/PROG + DP8) N A L R
14.1 | masx : pps Lo 5 oo ¥
D «TIl
BAR,Q+ MBASE+D L=
JPX PROM 2
IOAD ¢ __STOREV ¢ MOD B 1§ MOD P}
-2 -3 DR,Q* R -4 | mask : pes; perri| -2 | mask : pes; pern
TDl < M(AR) . O AR,Q <BASE + D AR,Q * PROG + D
Wour —3] M(AR) « DR TDL < M(ALS) TD1 + M(ALS)
TEST MOD TEST (* MOD) TEST (* MOD)
MOD { NG MOD |} + MOD 11
J12 11 .6
‘ . <
MBASE + BASE PRPC « PRPC + 1 D ™ D1
ENI ] e e
— MBASE < D + MBAS
MOD + MOD JZR SE E]
: = 0D TT
.10 . T1{ =¢F{e 4
R+« D« TD1 - D € TD1 i
TI‘?— - - P o
MBASE *+ MBASE - O
TEST MOD \L .
5 H/UﬁT 4 oem
by -
. MBASE *+ MBASE + f
MOD + MOD
- NO MOD 00
. .9
D + TD1
e bt
MBASE < MBASE - D
MOD + MoD
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o7 1110 0f ] Rem1 ( -
|) > !Céds. Ll
[vo1 1110 1] ] Rrem 2 !
[Tor 111 0] ] rem 3
- Tevios, ool
15.0.1| Mask : BIT1 .
¢ I W2+« D
PR + XR1
JPX PROM2
j N
REM 1 ¢ REM 2 ¢ REM3 |y UNL IR
.0.2 0.3 .0.4 0.5
AR, Q < MBASE+R (XR2) W2+ MBASE W2 < MBASE MASK : BITO
TD2 « MBASE W3« D
AN ) . .
TEST IV o /%) TEST IV (4 /R) < TEST MOD
¥=1 ¥ (VIDEX) =0 ¥ (rEc) MOD. 1 NoMoD___§
.0.6 0.7 .0 )
TD1 « M(AR) TPl « R(XR2) 4 mmase« Base 019 o« w2 - BasE
TEST MOD TEST MOD MOD + MOD @rL) = Ove s
.0.8 MOD “.
— SHern /°
MBASE < BASE )
h-»{ MOD « MOD o
09 1 . ’
REMl: XR, BASE + MODIFY
N W1 € TDl REM2: XR, BASE
) REM3: DP;
(JPR)
OPERAND IN
Wl and TD1
X=1 § {(index) X=0 {  (reg)
0.10 L 1-11

AR,Q «BASE+R (XR2)
TD1 +« M(ALS)

TD1 « R{XR2)

TEST MOD TEST MOD
.0.12 MOD
MBASE* BASE
™1 Mop+ MOD
.0.13 ¢ NOMOD
PRPC* PRPC+l NB. HERE WE GET THE NEXT INSTRUCTION AND THE
L FNT CURRENT INSTRUCTION BECOMES DESTROYED.
(JRL)
OPERAND IN Q AND
D1
NI/
AN CHRISTIAN ROVSING A/S
- aug o Cyar 1 1 i ; i
CREOCL MP Ove 176 - 05 - 18JEL | (e l18-05 -18] | I
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1
NEGATE
15.1.1
Wl * -Wl X R
TEST 1V v
.1.2 LOAD P3sy
D +TDl
PSW <D
SAVE PSW
.1.3
D “psw
X R .
Wi+ D
TEST 1V
SAVE TIME
.1.4
TDl ¢ TIME
NOP1
.1.5
DR * Wl
| A > M(AR) < DR
NOP2
) .1.6
R(XR2) * wl
D
INVERT
.1.7 -
Wit B X R
c
TEST IV
B
EXECUTE 15.1.8.1
.1.8 NB. PRPC will not be incremented
AR,Q + WL+BASE PRPC + AR
TI2 + M(ALS) FNI
- (INSI- FI) JZR
NOP .1.14 R
.1.9
+ +
PRPC * PRPC+1l D + TD2
D
FNI R(XRZ) + D
’ JZR
1.15° X .1.16 .
TD2 + (TD1) ¥+ 8 D + TD2 DR *+ Wl PRPC *+ PRPC+1
]
Wl€ D M(AR) *+ DR FNI
TEST IV JZR
( 1A ]
\/
'l :2»5 CHRISTIAN ROVSING A/S
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S %
. (mj 15.1.18.1 15.1.18.2 15.1.18.3 15.1.18.4 15.1.18.5
(LDN) | y3 « -1 MASK : DP10 R(ALLXR1) < TDL D « TDL AR, Q <« PREC
PSW « TDL AR « Wi 0| AR « AR+l PSW « D TI2 <« M(ALS)
= Tpl + M(ALS) TDl « M(AR) -
OPy , + D XR1 « XR1+1
XR2 « XR2+1
.1.11, LOAD TIME TEST MM
| JZRI 15.12
| | TIME + w1 '
G
.1.19, DOUBLE DEC PAIR .1.23, R .1.24 .
| of W2+ -w2 ol R(XR2) « Wl | of R(XR2)+ R(XR2)+W2
XR2 + XR2+1
.1.20DOUBLE§ INC PAIR .1.25 X .1.26 .1.27 .1.28
.' | Wl Wl o+ w2 DR « Wl AR« AR + 1 D+ TDl PRPC « PREC + 1
M(AR) + DR 1 TD1 « M(AR) 1 W2, DR« W2 + D FNI
TEST IV M(AR) « DR JZR
P
load p-wds "1-15" load p-wd "0"
A A
.1.21 LOAD RAM .1.36 .1.37 f.1.38 Y0139 ' o1.40
MM : O MM : 1
| D+ TDL WL, AR+ Wl + MASK : BIT 8
| b1 OPg_, < D Lo R(XR2) -~ opg_ « D ] D« TD1 CLEAR RAM LD | o] PREC « PRPC+1
Wl < BASE TD2 « M(ALS) se%"8am LoaD AR « AR+l D « TD2 FNI
> (SEM-FET) AR, Wl « W1+l TD « M(AR) JZR
TD1 <M(ALS)
(MALS-TD1) XR2 « XR2+1
(LDP) TEST MM
15.1.22 15.1.22.1 15.1.30 T
MASK : DP10 D+ TDlL
-
Lof Pu< m1 ] T EeeE | ar« wL pM:0 | R(ALLXR1) « D
TD1 + M(ALS) [ AR + AR+1
OPy_, +D TDL « M(AR)
. XRl < XR1+1
XR2 « XR2+1
- TEST MM
MM:1
§ 15.1.32 15.1.32.2 15.1.32.3
AR+ AR+1
M(AR) < OLD W2 Q, AR < W2+BASE PSW <« TD1
+ 1 DR+ W3
MASK : BIT 4
W2+ D+l M(AR) « DR
(ALS-DR-MAR)
§ 15.1.33 I
AR, Q * PRPC
TI2 < M(ALS)
(a5.25)
Y CHR ’
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! Apgreny LSue 1 { i
Die 178 - 05 - 18fe | I noe_ 178-05 18] ! i
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MOD, UN 11 SIM 1/0 10 UN a1 UN 00
15.2.1 .2.2 .2.3 .2.4
’ TD2%+ (TD1) * 8 AMASK : DP8 MASK : BITO MASK : BITO
MBASE * W2 D * TD1 w3 €D w3 *D
MOD + MOD -
X IiL W2+ D
MOD SW- .1 L2.2.1
.2.5 .
MBASE + MBASE-TD2 W W
TD1 « W2
JZR
MOD SW + 0 -2-2.2
.26
MBASE ¢ MBASE+TD2 AMASK : BIT2
W3*“D
JZR
MOD + [¢)3 .2.2.3
.2.7 -
MBASE *+ MBASE+TD1
PSW > Wl
JZR
MOD - 00
.2.8
MBASE + MBASE-TD1 16.2.13
. JZR
N1/
D] CHRISTIAN  ROVSING  A/S
Qe Apcri.2 Ssee 1 ! T i
CRBOOL MP Oute 7 - 05 - 18jE| Save 78-05 - 18| 1
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izl e l

3
ov ¢ 11 R 19 il 1 00
15.3.1 .3.2) G0 .3.4
W1<PRPC+Q D+PSW MASK:BIT@
W1+D W3+ D
Test PSW OV JLL
L
i l
/
I
ov=0 OVERFL ov=1 OVERFL |
.3.19 3414 /
PRPCW1 PRPC+PRPC+1 /
FNI }'
Testt (3) JZR /
// ©
* 3 15.3.5 STC Joru 15.3.7  15.3.6 UNS
.3.20 @
MASK:DP4 . MASK:BIT4 INC PRPC AR, W2H24RT get first
Hel D+TI1 B é 3 XR1+D CPU-INT
LEAR ]
AR, Q*PRPC+D ; 0¢R7-D-1 FNI TD1+M (ALS)
TI2+M(ALS) PJINTER JZR
- 15.3.5.1 ¢ Q*R7-17 15.3.10§ -
3.2 clear intef
MASK:DP4 AMASK:DP4 MASK:BIT 4 po
el D+TI1 — / Q+O+D XR1<D
AR,Q PRPC-D R7+R7+16
TI24M(ALS) DINSL Q«R7-17-C4 R7«R7+D
15.3.9 ¢ 15.3.10.1 ¢
@ /,,/ MASK:DP4 R7+01dR7+
8 N 16-c4
AR, W24W2+Q DINS1
reFE ) R7<R7-D
(N - START ADR:
Q/ARBASE-1 R7+MOD-16+C4
15.3.12 =0 MM=0
15.3.13
1 3711 ‘D“R‘_t gr({:\ix.xm) ARCAR+L
6. GChR KRI“XR1+1 R (ALLXR1)*TD1
AMASK:DP4 KROXR24 1 SLUT ADDR. XR1<XR1+1
D+INSL 3 t.r o5ng M(AR)<D R7+MOD-1 [XR2<XR2+1
TD1+PRPC e ITD1<M (AR)
Y
PRPC+PRPC+D  &— Test MM rest MM
‘ | 15.3.12.1 MM=1
. “~ hLe s D200
AMASK:BIT 9 <€— 'Jﬁtv..o.r; ; 15.3.16
XL, %200 o2 00! — k7+r7-16+ca FNT
’ "':L'\"\; JZR
MM=0 3.14
_— G
DR+R (ALLXR1) 15.3.14.1 15.3.14. 15.3.14.3 15.3.14.4 o
M(AR)+DR — e 2Qp
I A I SO
X1+X1+1 ' £0en o
X2+X2+1 AMASK:DP13 W1,TDl+ Eeue
D1 - o W+TD
Test MM TD1>PRPC ™ W2+D [ 0o O K 022 w2 > FS 1 @
M=1
i PePC HEQ
v U Jze = oF o Gne ey
17 0RO e 1
B8 CHRISTIAN ROVSING A/S
Qe lr ALCr v RO 4 41 vé
Oste_ | 750821 | ove 1751031 1770429 |
CR8001 MP Orawn | JHD T t-.en; JBQ L JHg
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15.3.3 15.3.3.1 15.3.3.2 15.3.3.3
AMASK : DP4 TD2 + (TD1)4 8 AMASK : DP13 D < TD2
TD1 + (TINS1) + 4 [ *] D « PswW "‘wz*-Dgl
Wl <« D -shift logical
15.3.3.4% 15.3.3.5
JTDL + W2+Wl = psw <« TD1
A
\l/
® ] CHRISTIAN ROVSING A/S
SCae Acco y] 1550 YG ‘L ! Y
Date Cate 770429 ! i
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CLASS XV Parts no
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Z«,‘L(/vwf‘f‘ belasic

10,CPU,TM

16.2.1

D+PSW
Wl«D
Test T

'M-CPU

IO-INT

CPU-INT

TIME<TIME-1
Clear TM-INT

CPU+TM Y

11

+2.5 TIME+TIME~-1

Clear TM-INT

Test Sign
s-1 f 5=0 1
.2.6 2.7
MASK:BIT 11
oW1 JZR
(No Fetch)
TEST ZERO
_ 1
z=1 Y 7=0 i
.2.8 .2.9
MASK:BIT4 JZR
Q¢BASE +D+1 (No Fetch
[]
.2.100 AMASK:BIT 1 GET TIMER PRESET
FROM LOC
AR, QO+D BASE+19
TD1+M(ALS)
[ 1
.2.11
DTDL
TIME+TIME+D
1
-2.11.1 INTERRUPT
W30 CAUSE=No.0

GEN-INT-ACT

54 CHRISTIAN

ROVSING A/S

CR8001 MP
INTERRUPT

Lo wedd eSLE l V6
Oate 750822 Cire 1770429
Diawn L JHP 5 e o.e JHO !
Parts no
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10 INT
16.2.2
SHIFT : 10
Set up for IO w3 0 W3 = MBC - ADDRESS
read from MBC.
221 ¥
1. int.addr | AR W3 AMASK : BIT 2
TD1 . M(ALS) W3 « D
2. setup reset PAGE = ZERO
base address.
&‘ I‘) - Mo T.L
2,12 % 5
Arask PP -
Transfer addr.to; W2 <« TD1
W2 and test for .
int,fetch NO INTERRUPT
Fetch Wl + PSW TEST IO PEND 10
w3 <« g4 JZR
W2, TDl+ DEVICE 213 (NO FETCH)
Get int. table MASK : DP2
address AR+ Q <« TDl1
TD1 <« M(ALS) (TD1-SF-ALS)
CLEAR 10
2.16  §
Test if p RAM D « TDL
int. youtine Q «D
. 2.18
SI6N s=1 D+ TD1
OP « D
.2.17 S=0 JZR
Save int. adar. | To¢ W2 o
in TD1 W2 « (W2)
ASHIFT : RA
.2.19 ¢
Right adjust ASHIFT : RA
device address W2 « (W2)+
.2.20 ¢
Get reset base
into TD1. AR « W3 -~
Ioad W3 with TDl+« M(ALS)
int. addr. from W3 « TD1
old TDl. TD1-SF-ALS
r—.%.?l o s
| |
Get new base | AR, Q <« Q+W2 |
TD2 « M(ALS)
| SEM FET - l
| |
| .2.22_ ] |  SEMAPHORE LOCKED
! |
Put reset basg D «TDl |
Q, DR« D |
| | M(ar)« DR
| | ALs-Dr-maR |
Lo————.
16.4.1 W3 = Device Addr.
TD2= New Base

/'fi) e

O I: /

L C

.2.14

JUMP TO J RAM

- -

~
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CPU
MESSAGE

Y oo 5]

} 2) [1[-pointerzo- |

3) lolo 0]

ad 1.
Reserved call with

no message.

ad 2.
Reserved call with

message.

ad 3.

Unreserved call.

Set up CPU-
message address

-
!
Get CPU-mess
from Loc
8 + CPU £ '
!
|
I

Test for message
no. message

Clear CPU-
message call

Get new base
into TD2

Load W3 with

|
|
|
|
|
|
l
|
I
L
-
|
!
|
|
l
|
|
|
-1 '
|

L

From I/O
INT.

16.2.3

TD1+ Wl

—

16.9.2

| TR

AMASK : DP3
D « TD2

TD2 + (TDL)t 8
CLEAR CPU-INT

W2« D

AMASK : BIT 3
AR, W2 + W2 + D
TD2 + M(ALS)
SET SEM

5.4 ¢

DP15

AMASK :
D « TD2
W2 « D

TEST ZERO

1653 _‘i" —_—

No message
.5.6

JZR
TD1 + M(AR)

— 57

AR + W2
TD + M(ALS)

SET SEM

.5.8 ¢

W3 « -1
AR « W2
DR + M(ALS)
DR-MALS

6.4.1- —§— — — —

BAMASK : BIT9
OP. _ + D
prBE 7« prRPC-1

16.4.2 ¢

AR, Q * BASE-1

16.4.3 |

|
|
I
|
NI N S S N - — =

(MAR-TD1)

Release Semaphore

16.4.4

Swap PSW

D « TD2
Wl< D
PSW < D

16.4.5 ¢

W2 + BASE

AR + AR+l

DR + R(XR1l)
M(AR) < DR
XR1 + XR1+1
XR2 + XR2+1

MM=Q

TEST MM

15.1.30

W3=int.
addr.
W1l=RD2=
new base
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CPU INTERRUPT
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ILL.

IN.
TIMER Al

S.
CT.

MAST. CL+T.0.

Aoadk i€

MASK : BIT1

W3+ D

TEST TIME-OUT

Interrupt cause

= 2, —p W3

o1

Lo |

16.1.2 § ] 16.1.3
BASE + MBASE AMASK : BITS Time out=1(3: no time out}
PSW « -D
TEST T.0. Wl « -D
parity error J time out .
16.1.4 16.1.5 ¢ 5.1.16.2
ie MASK : BITLl W3 +1 » W3
local D + PSW Inc., cause.
int. Wl <« D
?
active! Test Zero
NON ZERO 1.6 § 1.14 —}1-18.3
AMASK : BIT1 YES: AMASK : DP4 AR + AR+l .
-p + WL, AR Emergency BASE ~ D + Q inpc — PROG-1 -+
M(ALS) -+ TI2 RPC, DR
DR -+ M(AR)
(FI) CURRENT PAGE
t 1.0 ? 1.5 11.18.4
TI2 - PRPC, AR PSW » W2 31; : 2§+1 ;
M(ALS) - TI2 , W
DR + M(AR)
TEST MOD CURRENT PAGE
Y 1.6 f1.18.5
1.13 = 45.59.12 1,12 $= 49.59.11
: i TI2+PROG + Q
FNI Toggle MOD. K : DP4
PSW » I FNI
JZR |¢4 BASE -+ MBASE
~DHH2 > W2 '
v 1.17 $1.18.6
OHH2 > W2 Q > PRPC
TEST MOD
f 1.18
‘ 1.18.8 } 1.18.7
. AMASK : BIT1l
D or W2 + TD2 ¥ FNI Toggle MOD
JZR MBASE+ BASE
4 1.18.1
" TD2 > PSW
T 1.15.2
AMASK : DP4
D+BASE + AR,Q |
M(ALS) + TI2
(FI)
CHRISTIAN ROVSING A/S
S i Apgrien i ! L
T [
CRSO01 MP ; | E - ! l !
Il H 1
INTERRUPT ‘
S —_ RO S S
- S 34 38 * ! |
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MICRO PROGRAMMING BOARD (MPB) rep! project

GENERAL DESCRIPTION

The MPB contain the circuit necessary for decoding
of the CPU instructions into micro instructions and

thereby controlling of the entire CPU.

The MPB is a standard CR80 PCB without edge conn-
ector for the Main Bus connection, because the conn-
ection to the other part of the CPU module is carried
out by means of flat cables for the signal flow and
two discreet wires for the power input +5V & GND.

The MPB is connected to the Arithmetical Logical
Board and the primary input to the board is the 16 bits
width I-BUS and the different timing signals used

for synchronization of the m steps, the outputs are
the Micro Program Data (MDAT) and signals determined
from these. The MPB contain different functional

and logical blocks ref Block Diagram. The instruct-
ions are stored in the OP register which consist of

a counter section and a latch section. Decoding. of
the instruction, and thereby addressing of the MDAT

is carried out by a Micro Program Control Unit (MCU),
and different PROM's and selectors which are used for
testing the different conditions for determining the
next Micro Program Address (MPA). The MPA is the
address input to the Micro Programm PROM or the
ontional Micro Program RAM. The address output from
the MCU is 9 bits width corresnonding to the number
of mPROM words: 512 words, the uRAM contain only

64 words and use the 6 least significant bits of the
address field when in the execution mode and the 9
least significant bits of the OP register for load-
ing of the RAM. The micro word is 48 bits width,
meaning that three 16 bits words from I-BUS have to
be loaded into the pRAM for generation of one micro
word.
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Beside the function directly related to the Micro
Program Control &-Memory the MPB contain a mask
circuit which operate on the I-BUS and the selectors
for selection of the 2 x 4 bits AILU addresses.
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2. SPECIFICATION FOR MPB

This specification describe the MPB from a H/W

point of view.

2.1 Input Power

+5V : + A Without uRAM
+5V : + A Including upRAM

The power to the PCB is feed'through two discreet
wires from the ALB. The wires are soldered on

stand off-pins on the soldering side of the board.

2.2 Mechanical Dimension

The MPB is a standard CR80 PCB with the following

dimensions : 183.4 x 280 mm.

Hightof component side : 8 mm

Hightof soldering side : 8 mm

2.3 - Input/Output Signals

The input/output signals to the MPB are normal
TTL logic levels. The signal are connected to
the board via 16 wires flat cables mounted on
the soldering side of the PCB. The signal lists
section 5 specify the different flat cables.

2.4 Micro Memory Area

PROM 512 x 48 bits word
optional RAM 64 x 48 bits word

For the PROM contents ref version descrintion document
for the actual CPU P/N.
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Cycle time for the MPB is

375 ns

co NS
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FUNCTIONAL DESCRIPTION

Introduction

This description covers the MPB with the optional
MRAM feature included and the micro sequences
included in the description are taken from the
standard CR80 instruction set. If the opntional

PRAM is not included it is specified in the parts
list. For the actual puPROM contents and specification
ref section 4 in this document u-PROM TABLES.

During this description the Block Diagram for the
MPB, has to be used as reference for the different

functions and signals description.

General Description

The different u steps, the MPB has to go through

is determined by the contents of the jiPROM/RAM,

by means of direct feed back from the outnut and/

or selection of different flag to be tested on) and
the instruction loaded into the OP register from

the internal CPU open collector bus: I BUS,

When the power is switched on the CPU, the MPA will

be determined by the signal LD MCU (H) which load

the contents of the MCU's secondary & primary in-
struction bus SX & PX into the MCU address register.
The signal LD MCU(H) will at the same time force

SX & PX to "0" meaning that the p Program start address
is row add, 15 & column add. 15 (dec).

LD MCU(H) can be forced active bv the following
conditions; CPU clear, Time out & Parityv error,
therefore the following u step after a LD MCU (H)

are used for determining the source for LD MCU.

This determination is carried out by testing on the
Time out flag and thereby determining the next p step.
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If the Time out flag is low it has to be tested once
more because the flag contain information about

both time out and parity error, in the second test

it is time out without parity which is tested, the
selection of time out in stead of both time out and
parity error as test input, is specified by carrv/page
control lines from the pPROM, ref MDAT functional
description. The p steps which will be taken

after the entry in MPA 15.15 is spvecified in

n - Program Flow Chart, which contain the actual

J Program included in the CPU.

If the u program is the CR80 standard instruction
set the LD MCU forced by a CPU clear, will load

the ALU registers and PSW, and after that fetch an in-
struction specified during the register load. The process
load will be terminated by loading, and start of execution

of the first instruction from the main memory. The entry
in the u program in the first p step of an instruction

is determined by the latch part of the OP reg.

These nine bits are feed to the PRE PROM,and in the
same p step the function code to the MCU AC4 - AC6

is set to JZR (jump to zero row). The remaining part
of the function code ACO - 3 is selected from the
four PRE PROM output,meaning that the instructions is
divided in 15 different classes, because one of the

16 possible entries is used for interrupt.

The MCU function code JZR is decoded to the signal

JZR (H) and this is used to enable test for waiting
interrupt (I/0, CPI & Timer).

The enabling is carried out on the ALB, and if there

is an interrupt present, the signal DIS PRE (H) will

go high and thereby force all one on the outnut of the
PRE PROM and therefore will the interrupt routine

be executed in stead of the instruction present in the
OP reg. The entry for the interrupt is MPA 0.12 (dec)
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because ACO & ACl is the inverted output of the
PRE PROM.

If the MPA is forced to 0.12 by an interrupt the
next ustep is used to solve which of the possible
interrupt there have generated DIS PRE (H).

This is done by selecting CPU INT & TIMER INT as
input to the two MCU function bits ACO & ACl, for
the actual justep used in the interrupt routine

ref . jg Program Flow Chart.

If the JZR function result in an instruction decoding,
PRE PROM output determined by OP 8-15, POP7, the
next pstep to be performed is either conditional or
unconditional jumps determined by the feed back
from the micro program output. The next MPA
during instruction execution can be controlled by the
OP reg. contents by means of the function input to the
MCU ACO & ACl or by the PX input either direct from

. OP4 - 7 or by table look up in PROM 2 where four
tables for OP8 - 13 & OP3 are programmed. The SX input
is used fof jumping direét on either|OP8 - 11 or
OP4 - 7. When the flag input to the MCU is used for
next p MPA control, the input is selected by a part
of the OP register 4 bits, and 3 output from the
p program. There are eight possible flag input, six con-
taining the information about the ALU, the Time Out
signal, and I/O pending specifying whether an interrupt
fetch from the MBC is valid or not.

The MPB contain also circuit not directly related to
the p program sequences. These are a mask circuit
used to enable one bit or bit strings on the I BUS
and the selecter circuit used to select the source

for the ALU register addresses.
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The MPB is divided into the following functional

blocks:

F~-MPMC-1 Micro Program Memory Control
F-MP-1 Micro PROM

F-MPR-1 Micro RAM

F-M & AC - 1 Mask & Address Control

These functional blocks are described in details
in section 3.4 to 3.7.
The micro program output MDAT signals are in

section 3.3 described in details.
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Description of Micro Program Output MDAT 0 - 47

The 48 outputs from the micro program MDAT 0 - 47
are used for controlling the entire CPU, CR8001/2
or CR8001/3. The signals are divided into the
following functional groups.

1. ALU Instructions

2. ALU Address , Shift & Mask Control.

3. Bus & T File Control

4, OP reg & PSW Contol

5. Carry, Page & TO/PE Control

6. Next, MPA Control

The table overleaf shows the MDAT lines and function.



MDAT FUNCTIONS MDAT
0
1
2
3 -
" ALS INSTRUCTIONS
5
6
7
8 !
9 1 9
1 MCU INSTRUCTIONS
F.B ACO-4 :
1 ; 1" FLAG SELECT PROM
FB CONTROL ACO-4 |
12 | 12
13 il 13
14 A
(AC2) MCU F.B
15 (AC3)
16
17
: BUS AND T-FILE
8 CONTROL
19
20
21 CARRY, PAGE AND
22 TIME OUT/PARITY SELECT
23 CONTROL
24 A
(ACO) MCU F.B
25 (AC1)
26 (AA3) ) 26 BIT SEL
27 (AA2) ALS 27 BIT SEL
28 AAO 2 T SEL MASK
(AAO) > A.ADDRESS 8 BIT S
29 SELA 29 MASK TYPE CONT.
CONTROL
30 SELB 30 MASK SEL (OP/MDAT)
3 (AA1) ) 31 BIT SEL
32
33
OP -AND
34
PSW CONTROL
35
36
37 ACS
MCU
38 AC6
INSTRUCTIONS|
39 AC4
40 (BA2)
41 SELA
ALS
42 SELB
B. ADDRESS
43 (BA3)
CONTRCL
44 {BAQ)
45 (8A1
46 MASK ENASLE
47 XR SEL (SEL SOP)
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ALS Instructions

The 8 ALU instruction bits is feed from the MPB to
the ALB. The correspondance between the ALU instruct-
ions and the MDAT lines is specified in table below.

TABLE 3.3.1

MDAT BITS 5 4 1 6 7 0 2 3
ALU INSTRUCTION BITS | 10 | I1 12 113 |14 [ IS | 16 | 17
INSTRUCTION
ALU FUNCTION
MODIFIERS INSTRUCTIONS

For more detailed specification ref ALB description.

ALU, Address & Shift Control, and Mask Control

The 14 bits used for controlling of the ALU addresses
A & B and the ALU shift functions together with the
mask control are specified in following 3 tables
3.3.2a - c.
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ALU Register Addressing:

A address & shift control:
MDAT 26 - 31, 47

TABLE 3.3.2.a

A. ADDRESS SELECT A. ADDRESS & SHIFT CONT.
MDAT 47 |[MDAT 30 {MDAT 298] AA3 AA2 AA1 AAO
) 4 0 0 MDAT26 |MDAT 27 |MDAT 31| MDAT 2§~
r 0 1 -o- | ArP10\| oP9 0P8
r's 1 0 =0~ ({1 J| op7 | ops
0 1 1 "0" OP2 oPY 0PO
1 1 1 “0" ors OPS OP4
B address:
MDAT 40 - 45, 47
TABLE 3.3.2.b
B. ADDRESS SELECT B. ADDRESS
MDAT 47IMDAT 42 | MDAT 41| BA3 BA2 BA1 BAO
4 0 0 MDAT 43 { MDAT 40 | MDAT 45 {MDAT 44 |
y4 0 1 "0 oP10 orP9 0P8
0 1 0 oP3 oP2 OP1 oPO
1 1 0 oP? oPs OPS oP4
0 1 1 "0" oP2 GP1 0PO
1 1 1 "0" oPs OP5 oP4
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Mask Control:
MDAT 26 - 31, 46 (MDAT 26 - 31 are used for A

address also).

TABLE 3.3.2.c

MOAT BIT POINTER MASK TYPE
46 | 29 | 30 23 22 21 | 20
’ 1 B 2§ ] o & Y4 MASK DISABLED
0 0 ) OP3 orP2 oP1 OP0 | LONG MASK
0 0 1 MDAT 26 | MDAT27 {MDAT 31 |[MDAT 28¢{ LONG MASK
0 1 ] OP3 OP2 OP1 " OPO BIT MASK
0 1 1 |MDAT 26 {MDAT27 {MDAT 31 |[MDAT 28| BIT MASK
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Bus & T File Control

Five of the micro program output is used for con-
trolling the CPU's internal bus's I-BUS + T-BUS

and the transfer on the external bus Main- and/or Sub

Bus. These five signals are: MDAT 16 - 20.
A detailed description of the signal is included
in the ALB & BIB description.

OP Reg & PSW Control

The five bit used for controlling the OP register lo-

cated on the MPB, are also used for control of the
Process Status Word PSW which is placed on the ALB.

The function description is covered in the OP register

description and in the functional description of
ALB.
The five bits are : MDAT 32 - 36.

Carry, Page & TO/PE Control

Three bits are used for controlling the input carry
to the ALU and to make the proper selection of the
2 page bit used during bus access furthermore the
same bits controls the selection of time out and
parity error as test input to the MCU. The

three bits are: MDAT 21 - MDAT 23.

Next MPA Control

For control of the next micro program address, either

by direct feed back or by testing on different con-
ditions, is carried out by thirteen bits from the

micro program.
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These bits are :
b

MDAT 8 - MDAT 15

MDAT 24 & MDAT 25

MDAT 37 - MDAT 39

The following tables gives a more detailed description

of how the relationship and the function of the signals

are.



MCU FUNCTION CONTROL ACQ - AC7

TABLE 3.3.6.a

FB CONTROL
FB
MDAT8 MDATI0O MDAT13 MDATI2 MDATIT MDATY AC3 AC2 ACT ACO
1 0 0 0 0 0 |MDAT15 [ MDATI4| -0O"
1 1 0 0 0 0 "1 Q" "0"
0 1 0 0 0 0 fe—tae R12 R1 1
0 i 0 0 0 1 pHEDATLS L MDATIE | oP9 | OPS8
0 é 0 0 1 0 :?3715 :PfTM TIMERINT(H)|JCPUINT (H)
0 s 0 0 1 1 pEDATls (MOATIL | MDAT25 | MDAT24
0 : 0 1 0 0 Hr——tmer = POP7 | RIT
® 0 - 0 1 0 1 pHDATIS L MOATI: mpaT25 | OPS
0 : 0 1 1 0 et R lE IMDAT25 [CPUINT (H)
0 5 0 1 1 1 pppalis LMRATIC | oPi5 | MDAT24
0 - 1 0 0 0 el e 1 R12 oP3
0 . 1 0 0 1 peoalls LHOATIE 1 oP9 | OPI
0 ; 1 0 1 0 :?éT L ::102”4 TIMERINTH)MAX/MIN (H)
0 L 1 0 1 1 et HDATE {MDAT25 |MODIFY(H)
0 " 1 1 0 0 |ERLIL Moalt | pop7 | OP3
0 (‘) 1 1 0 1 ;‘10’;”5 MDA IMDAT25 | OP14
0 8 1 1 1 0 gggns HOATE I MDAT25 [MAX/MINGH)
o 0 3 1 1 1 1 MOATTS | MDATTZ OP15  |MODIFY (M)
R1.1 - R 1.4 _ Pre PROM output
AC4 : MDAT 39
AC5 : MDAT 37
AC6 : MDAT 38

.Selection of flag input to the MCU is controlled of MDAT 9, 11-13

and the following four bits from the OP register OP 8, 10, 13, 15.
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MCU Instruction bus's PX 0-3, SX 0-3.

TABLE 3.3.6.b

MDAT 24 {MDAT 25{ Px3 | Px2 | Px1 | PX0 {SX3 |5X2 | SX1 | SX0
0 0 op7 | oP6 | oPs | oP4 | oP7 | OP6 | OPS | OP4
0 1 OP7 | OP6 | OPS | OP4 |PXP3|PXP2|PXP1|PXPO
1 ] PXP3|PXP2|PXP1|PXPO| OP7 | OPG | OPS | OP4
1 1 PxP3|{PxP2|PXP1|PXPO|PXP3|PXP2|PXP1|PXPO
PXP0 - PXP3 : are output from PROM 2
PXPU - PXP3 are determined by MDAT14,

MDAT 15 & OP8 - 3.3.

For the function of ACO - AC7. FI and PX0-3,
SX 0-3 ref description of MCU.
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3.4 Micro Program Memory Control F-MPMC-1

’

This functional block contain the circuit used

for generating the micro program address.

The input to the F-MPMC-1 is the I-BUS for loading
of the OP reg, feed back from the micro program
output MDAT and timing signal for synchronization
of the sequences. The block is divided in five
logical block ref MPB Block Diagram.

These blocks are:

1. OP Register L-OR-1

2. OP Pre Decoding L—bPPD—l

3. Feed Back Selectors L-FBS-1

4, Flag Control L-FC-1

5. Micro Program Control, Unit. L-MCU-1
3.4.1 OP Register L-OR-1

This logical block contain the instruction register and
the circuit necessary for controlling the register

and mRAM and uPROM.

The OP register consist of two ports,a 9 bits latch
and a 2 x 4 bits up/down counter. The input to the OP
register is the 16 bits open collector I-BUS. The
outputs from the register are the signals OP0O - OP15
and POP7.

I-BUS 0 OP8 which means that the OP register is
swaped with regard to the I-BUS. The signal POP7

is the same as OF, but because of the different load

time of for the latch and counter part it has been
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necessary to include the signal in the latch port
also (POP7). The PROM used to decode the MDAT
lines MDAT32-35 exist in two different versions,
one for MPB with pRAM CR1266-1 and one for MPB
without pRAM CR1266-2. The PROM tables are in-
cluded in section 4.

Beside the OP code output from the L-OR-1 there is
two signal for cotrolling of whether the MDAT is
sourced from the RAM or the PROM EN RAM (H) &

EN ROM (H). An additional output is used to enable
loading of the I-BUS into the upuRAM. The last output
is the MAX/MIN (H) which indicate that an all zero
or all one have been reached by one of the two four
bits U/D counters. The timing diagram

fig 3.4.1 below specify the signals more detailed.
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3.4.2 OP Pre Decoding L-OPPD~1

P

This logical block consist of two 512 x 4 PROM's
and two 4 x 2 to 1 selectors for controlling the
input to the MCU secondary & primary instruction
bus SX & PX.

PRE PROM 1 is the PROM which contain the instruc-
tion p sequence to determining the pprogram entry
(JZR). The signal DIS PRE (H) will force the output
high if an interrupt is waiting for beeing serviced
The PRE PROM has the CR NO: CR1271 for the contents
ref PROM tables section 4. ;
Timing diagram fig 3.4.2 below shows the relations between
the OP reg and the MPA.

The other PROM in the functional block is PROM 2
contéining four tables for 0P8 - 13.3, the tables
are controlled by MDAT 14 & 15. The PROM has no.

CR1270 and the contents is specified in section 4.
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The function of the two MCU instruction bus selectors

is specified in table below.

TABLE 4.3.2

MDAT 24 |[MDAT 25| PX3 | PX2 | PX1 | PX0O |SX3 .|15X2 | sx1 | SX0
0 0 OP7 § CPG | OPS | OP4 | OP7 | OP6 | OP5 | OP4
0 1 OP7 { OP6 | OP5 | OP4 | PXP3{PXP2|PXP1{PXPO
1 0 PxpP3lexP2|PXP1{PXPO| OP7 L OPE | CPS | OP4
1 1 FXP3]PXP2|PXP1{PXPO|PXP3|PXP2|PXP1|{PXPO

PXPO -~ PXP3 are output from PROM 2

PXPU - PXP3 are determined by MDAT14
MDAT 15 & OP8 - 3.3.

When the signal LD MCU (H) is active the MCU
instruction bus's are forced to all high and thereby

determining the start address after a reset of the

CPU.

As it is seen from the timing diagram, the latch part
of the OP register can be used in the cycle where it

is loaded, while the counter part first is valid in

the following p cycle.
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3.4.3 Feed Back Selectors L-FBS-1

The L-FBS-1 consist of three selectors for con-
trolling the 4 LS bits of the MCU function code

ACO -3.
The table below specify the different selection

possibilities.

TABLE 3.4.3 !

MDAT8 MDATI0 MDATI3 MDATI2 MDATI1 MDATY AC3 AC2 ACT ’ ACO
1 0 0 0 0 0 |MDAT15 [ MDATI4 | -0 0"
1 1 0 0 0 0 "1 "0 0" 0
0 é 0 0 0 0 E§§:1S re—— R1.2 | R11
i 0 ? 0 0 0 1 He—e2alle ] opg oP8
| 0 5 0 0 1 0 :?ngs :RfT“ TIMERINT(H)|CPUINT (H)
0 5 0 0 1 1 Rt MDATIE | MDAT25 | MDAT24
® 0 (:) 0 1 0 0 |p—r22lle | pop7 | R
0 ? 0 1 0 1 EEQ‘” RRalle_fMpAT25 | OP8
0 ? 0 1 1 0 ngT’s :EﬁT'“ MDAT25 |CPUINT (H)
0 ? 0 1 1 1 pRate L MOATE | opis | MDAT24
0 ? 1 0 0 0 (m2lls LMOATIE § iy | oP3
0 5 1 0 0 e e e oP9 OP14
0 ; 1 0 1 0 :?‘;”5 ;‘?':T”' TIMERINT(H) [MAX/MIN (H)
0 % 1 0 1 1 e 0ATIE L \DAT2S [ MODIFY(H)
0 > 1 1 0 0 ﬁﬁg”s e oP3
0 % 1 1 0 1 e MDD L\ipaT2s | opis |
0 : 1 1 1 0 (aRalls HOATE _IMDAT25 [MAX/MINGH)
® 0 : 1 1 1 1 ROTIS P HDATIe OP15  |MODIFY (H)

K R 1.1 - R 1.4 Pre PROM output.
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3.4.4

Flag Control L-FC-1

The L-FC-1 supply the MCU with the flag test in-
out pI. The circuit consist of a 256 x 4 PROM
CR1269 ref section 4, and a 8 to 1 selector.

The outputs from the PROM are used for control of
the selector (3 bits) and the ALB for selecting
the source for the ALB for the arithmetrics flags
SEC, SEZ, SEO & SES, either the direct output
from the ALU or the flags stored in PSW. The
PROM table section 4 specify the relationship
between the PROM input and the selector flag innut
FI.

Note: The flag input is not valid in the u cycles
where the OP latch is loaded, meaning that the
MCU function operating with the flag input is

not allowed.

Micro Program Control Unit L-MCU-1

This logical block consist of one chip a intel
3001 MCU, and the description of it is covered

on the following pages.
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The INTEL Bipolar Microcomputer Set
is a family of Schottky bipolar LSl cir-
cuits which simplify the construction of
micropragrammed central processors
and device controllers. These processors
and controllers are truly microprogram-
med in the sense that their control logic
is organized around a separate read-only
memory called the microprogram mem-
ory. Control signals for the various
processing elements are generated by the
microinstructions contained in the micro-
program memory. In the implementation
of a typical central processor, as shown
below, the microprogram interprets

a higher level of instructions called
macroinstructions, similar to those
found in a small computer. For device
controllers, the microprograms directly
implement the required controt
functions.

D T . ~

SCHOTTKY
BIPOLAR LSI
FMICROCOLPUTER
SET

The INTEL 3001 Microprogram Control
Unit (MCU) controls the sequence in
which microinstructions are fetched
from the microprogram memory. Its
functions include the following:

Maintenance of the microprogram
address register.

Selection of the next microinstruction
based on the contents of the micro-
program address register.

Decoding and testing of data supplied
via several input busses to determine
the microinstruction execution
sequence.

Saving and testing of carry output data
from the central processor (CP) array.

"Control of carry/shift input data to
the CP array.

Control of microprogram interrupts.

3001 |
HCROPROGRAM
CONTROL UNIT

High Performance — 85 ns Cycle
Time
TTL and DTL Compatible
Fully Buffered Three-State and Open
Ccllector Outputs
Direct Addressing of Standard Bipolar
PROM or ROM
512 Microinstruction Addressability
Advanced Organization
9-Bit Microprogram Address Register
and Bus
4-Bit Program Latch
Two Flag Registers
Eleven Address Control Functions
Three Jump and Test Latch
Functions
16-way Jump and Test Instruction
Bus Function il
Eight Flag Control Functions
Four Flag Input Functions
Four Flag Output Functions
40 Pin DIP

CONTROL YO
MEMORY /O

ADDRESS IN

CLOCK

=
§ PIPELINE
s REGISTER
2 (OPTIONAL)
S
o

MléRO- =4

PROGRAM =

MEMORY

MEMORY
ADODRESS BULUS

DAY A BUS
TO MEMORNY

A OUTPUTS O OouYPUVTIS

TP ARRAY
I0VT'S

W ANPUTS A WRPUTS

| Fo

)
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SXO-PX7

)

INSTRUCTION BUS

Figure 1. Block Diagram of a Typical System

VAXA FRAONM  DAX KA FROWN
NMENMORNY VENNCLS

\.. Other members of the INTEL Bipolar Microcomputer Set:

3002 Central Processing Element
3003 Look-Ahead Carry Generator
3212 Multi-Mode Latch Buffer

3214 Priority Interrupt Control Unit
3226 Inverting Bi-Directional Bus Driver
3301 Schottky Bipolar ROM (256 x 4)

3304A Schottky Bipolar ROM (512 x 8)
3601
3604 Schottky Bipolar PRCM (512 x 8)

Schottky Bipolar PROM (256 x 4)

© Intel Corporation, 1974



CONTENTS

Int

Package Configuration
Pin Description
Logical Description

Functiona! Description

D.
A.

Typical A.C. and D.C. Characteristics

roduction

Address Control Functions

Flag Control Functions

Load and Interrupt Strobe Functions

C. and Operating Characteristics

C. Characteristics and Waveforms

APPENDICES

A.

‘.

D.

Address Control Function Summary

Flag Control Function Summary

Jump Set Diagrams

Typical Configurations

PACKAGE CONFIGURATION

PXs—41 @ 40— Vce
PX;— 2 39— ACq
PXg— 3 38 [— AC,
PX5—l 4 37}—ACg
$X3-5 36{—LD
. SX2-6 35— ERA
PRz 7 34 —MAg
SX,—o 8 33 —MA"
PRy—9 32|—Mag
SXo-q10 'NTEL 351 ma,
PRg— 11 3001 30 —MA,
FC3—12 29— MAq
FCy;—13 28(—MAg
FO— 14 271—MA,
FCo—{15 26— MA,
FC,—{16 25—EN
Fl—17 24— ACg
ISE—{18 23— AC,
GK-—- 19 22}—AC3
IND — 20 21}-AC,

PACKAGE OUTLINE

QJ

2.100 MAX.

ininininininisiniainisisisinisininininln

OO0 ggOgog

]

015 :’gg
023 TYP.

230 MAX.
20 MIN, _—

100
.150

590

710

OO & W N -

= 0
o -

11
11
12
13




;— PIN DESCRIPTION

(1) Active HIGH unless otherwise specified.

PIN SYMBOL NAME AND FUNCTION - TYPE™
1-4 PX4-PX7 Primary Instruction Bus Inputs - active LOW
) Data on the primary instruction bus is tested by the JPX function to T
G determine the next microprogram address. R
5,6,8,10 SXp-SX3 Secondary Instruction Bus Inputs active LOW
Data on the secondary instruction bus is synchronously loaded into the - :
PR-latch while the data on the PX-bus is being tested (JPX). During a
subsequent cycle, the contents of the PR-latch may be tested by the
JPR, JLL, or JRL functions to determine the next microprogram address.
7,9, 1 PRg-PR2 PR-Latch Outputs open collector
The PR-latch outputs are asynchronously enabled by the JCE function.
They can be used to modify microinstructions at the outputs of the
microprogram memory or to provide additional control lines.
12, 13, 15, FCo-FC3 Flag Logic Control Inputs
16 The flag logic control inputs are used to cross-switch the flags (C and 2)
. with the flag logic input (F1) and the flag logic output (FO).
" 14 FO Flag Logic Output active LOW
The outputs of the flags (C and 2Z) are multiplexed internally to form the three-state
common flag logic output. The output may also be forced to a logical 0
or logical 1. )
17 Fi Flag Logic Input active LOW
- The flag logic input is demultiplexed internally and applied to the inputs o e
of the flags (C and 2). Note: the flag input data is saved in the F-latch
when the clock input (CLK) is ow.
. 18 ISE Interrupt Strobe Enable Qutput ’
The interrupt strobe enable output goes to logical 1 when one of the JZR
Y functions are selected (see Functional Description, page 6). It can be used
to provide the strobe signal required by the INTEL 3214 Priority Interrupt
) Control Unit or other interrupt circuits.
19 CLK Clock Input
20 GND Ground
21-24 ACp-ACg Next Address Contral Function Inputs
Q 37-39 All jump functions are selected by these control lines.
25 EN Enable Input
When in the HIGH state, the enable input enables the mucroprogram
address, PR-latch and flag outputs.
26-29 MAg-MA3 Microprogram Column Address Outputs three-state
30-34 MA4-MAg Microprogram Row Address Outputs three-state
35 ERA Enable Row Address Input )
When in the LOW state, the enable row address input independently
disables the microprogram row address outputs. It can be used with the
INTEL 3214 Priority Interrupt Control Unit or other interrupt circuits
to facilitate the implementation of priority interrupt systems.
36 LD Microprogram Address Load Input
T When in the active HIGH state, the microprogram address Joad input
inhibits all jJump functions and synchronously loads the data on the
instruction busses into the microprogram register. However, it does not
inhibit the operation of the PR-latch or the generatlon of the interrupt
strobe enable.
O VCC +5 Volt Supply
\{,l
NOTE:
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LOGICAL DESCRIPTION

,he MCU performs two major control
functions. First, it controls the sequence
in which microinstructions are fetched
from the microprogram memory. For
this purpose, the MCU contains a micro-
program address register and the
associated logic for selecting the next
microinstruction address. The second
function of the MCU is the control of
the two flag flip-flops that are included
for interaction with the carry input and
carry output logic of the CP array.
The logical organization of the MCU
is shown in Figure 2.

NEXT ADDRESS LOGIC

The next address logic of the MCU pro-

‘es a set of conditional and uncondi-

¥nal address control functions. These

address control functions are used to
implement a jump or jump/test opera-
tion as part of every microinstruction.
That is to say, each microinstruction
typically contains a jump operation field
that specifies the address control
function, and hence, the next micro-
program address.

In order to minimize the pin count of
the MCU, and reduce the complexity of
the next address logic, the microprogram
address space is organized as a two
dimensional array or matrix. Each
microprogram address correspofids to
a unit of the matrix at a particular
row and column location. Thus, the 9-
bit microprogram address is treated as
specifying not one, but two addresses —
the row address in the upper five bits
and the column address in the lower
four bits. The address matrix can there-
fore contain, at most, 32 row addresses
and 16 column addresses for a total of
512 microinstructions.

The next address logic of the MCU
makes extensive use of this two com-
ponent addressing scheme. For example,
from a particular row or column
address, it is possible to jump uncon-
ditionally in one operation anywhere in
that row or column. It is not possible,
however, to jump anywhere in the
address matrix. In fact, for a given loca-
tion in the matrix, there is a fixed sub-
set of microprogram addresses that may
be selected as the next address. These

possible jump target addresses are referred

to as a jump set. Each type of MCU
address control {(jump) function has a
jump set associated with it. Appendix
C illustrates the jump set for each
function.

FLAG LOGIC

The flag logic of the MCU provides a
set of functions for saving the current
value of the carry output of the CP

array and for controlling the value of

the carry input to the CP array. These *

two distinct flag control functions are
called flag input functions and flag
output functions.

The flag logic is comprised of two
flip-flops, designated the C-fiag and the
Z-flag, along with a simple latch, called
the F-latch, that indicates the current
state of the carry output line of the

CP array. The flag logic is used in con-

junction with the carry and shift logic
of the CP array to implement a variety

of shift/rotate and arithmetic functions.
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FUNCTIONAL DESCRIPTION

ADDRESS CONTROL FUNCTIONS

The address control functions of the
MCU are selected by the seven input

; designated ACp-ACg. On the
rising edge of the clock, the 9-bit micro-
program address generated by the next
address logic is loaded into the micro-

program address register. The next

microprogram address is delivered to the
microprogram memory via the nine
output lines designated MAg-MAg. The
microprogram address outputs are or-
ganized into row and column addresses
as:

MAg MA; MAg MAs MA4

row address

MA3 MA; MA; MAg

column address

Each address control function is speci-
fied by a unique encoding of the data on
unction input lines. From three to
five bits of the data specify the par-
ticular function while the remaining bits
are used to select part of either the row

MAQ-MAg3, as the next
address

JZR Jump to zero row,
ACg-AC3 are used to
select 1 of 16 column
addresses in rowg, as the
next address.

Jump in current row.
ACq-AC3 are used to

5 select 1 of 16 addresses
in the current row, speci-
fied by MA4-MAg, as
the next address.

JCR

JCE Jump in current column/
row group and enable
PR-latch outputs. ACq-
AC> are used to select 1
of 8 row addresses in the
current row group, speci-
fied by MA7-MAg, as
the next row address. The
current column is speci-
fied by MAg-MA3. The
PR-latch outputs are

JZF

row group, specified by
MA; and MAg, as the
next row address. If the
current column group
specified by MA3 is
colg-coly, the C-flag is
used to select colp or
colz as the next column
address. If MA3 specifies
column group colg-colsg,
the C-flag is used to select
colyg or colyy as the next
column address.

Jump/test Z-flag. ldentical
to the JCF function de-
scribed above, except

that the Z-flag, rather
than the C-flag, is used to
select the next column
address.

PX-BUS AND PR-LATCH CONDI-
TIONAL ADDRESS CONTROL
(JUMP/TEST) FUNCTIONS

The PX-bus jump/test function uses the
data on the primary instruction bus
(PX4-PX7), the current mircoprogram
address, and several selection bits from
the address control function to generate

or column address desired. Function asynchronously enabled.

code formats are given in Appendix A,

“Address Control Function Summary.” FLLAG CONDITIONAL ADDRESS

CONTROL (JUMP/TEST)

The following is a detailed description
of each of the eleven address control
functions. The symbols shown below
are used throughout the description to
specify row and column addresses.

FUNCTIONS

The jump/test flag functions use the
current microprogram address, the con-
tents of the selected flag or latch, and
several bits from the address control

the next microprogram address. The
PR-latch jump/test functions use the
data held in the PR-latch, the current
microprogram address, and several selec-
tion bits from the address control

Symbol  Meaning function to generate the next micro- function to generate the next micro-
Ty row, 5-bit next row address program address. Program address.
~ :g::s: Is the decimal row Mnemonic  Function Description Mnemonic  Function Description
col, 4-bit next column address JFL Jump/test F-Latch. JPR Jump/test PR-latch.
where n is the decimal ACo-ACj are used to ACo-ACy are used to
. column address. select 1 of 16 row ad- select 1 of 8 row ad-
dresses in the current dresses in the current
UNCONDITIONAL ADDRESS CON- row group, specified by row group, specified by
TROL (JUMP) FUNCTIONS MAg, as the next row MAg7 and MAg, as the
address. If the current next row address. The
The jump functions use the current column group, specified fou; PR-IaItch :)ltsf a1rg
microprogram address (i.e., the contents by MAg3, is colg-coly, use ;? s ";Ct Od
of the microprogram address register the F-latch is used to possible coumn ad-
prior to the rising edge of the clock) and select coly or colg as the dresses as the next
several bits from the address control in- next column address. |f -column address.
puts to generate the next microprogram MAg specifies column Mnemonic  Function Description
address. group colg-colyg, the ,
F-latch is used to select JLL Jump/test leftmost PR-
Mnemonic  Function Description colyg or colqq as the latch bits. ACo-AC are
Jce Jump in current column. next column address. used to select 1 of 8 row

£

ACg-AC, are used to
select 1 of 32 row ad-
dresses in the current
column, specified by

JCF Jump/test C-flag.
ACg-AC, are used to
select 1 of 8 row ad-
dresses in the current

addresses in the current
row group, specified by
MA7 and MAg, as the
next row address. PRy
and PR3 are used to
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FUNCTIONAL DESCRIPTION (con’t)

select 1 of 4 possible
column addresses in colg
through coly as the next
column address.

JRL Jump/test rightmost PR-

latch bits. ACp and AC4
are used to select 1 of 4
high-order row addresses
in the current row group,
specified by MA7 and
MAg, as the next row
address. PRg and PRy are
used to select 1 of 4 pos-

~ sible column addresses in
coly2 through colyg as the
next column address.

JPX Jump/test PX-bus and
load PR-latch. ACqg and
. AC4 are used to select 1

of 4 row addresses in the
current row group, speci-
fied by MAg-MAg, as the
next row address. PX4-
PX7 are used to select 1
of 16 possible column
addresses as the next
column address. SXg-
'SX3 data is locked in the
PR-latch at the rising
edge of the clock.

FLAG CONTROL FUNCTIONS

The flag control functions of the MCU
are selected by the four input lines
designated FCg-FC3. Function code
formats are given in Appendix' B, “Flag
Control Function Summary.’’

The following is a detailed description
of each of the eight flag control
functions.

FLAG INPUT CONTROL FUNCTIONS

The flag input control functions select
which flag or fiags will be set to the cur-
rent value of the flag input (F1) line.
Data on Fl is stored in the F-latch when
the clock is low. The content of the F-
latch is loaded into the C and/or Z flag
on the rising edge of the clock.

Mnemonic Function Description

scz Set C-flag and Z-flag to
Fl. The C-flag and the Z-
flag are both set to the
value of FI.

STZ Set Z-flag to Fl. The Z-
flag is set to the value of
Fl. The C-flag is
unaffected.

STC Set C-flag to FI. The C-
flag is set to the value of
Fl. The Z flag is
unaffected.

HCZ Hold C-flag and Z-flag.
The values in the C-flag

and Z-flag are unaffected.

FLAG OUTPUT CONTROL
FUNCTIONS

The flag output control functions
select the value to which the flag out-
put (FO) line will be forced.

Mnemonic Function Description

FFO Force FOto 0. FO is
forced to the value of
logical 0.

FFC Force FOtoC. FOiis
forced to the value of
the C-flag.

FFZ Force FOto Z. FOis
forced to the value of
the Z-flag.

FF1 Force FOto 1. FO is
forced to the value of
logical 1.

LOAD AND INTERRUPT
STROBE FUNCTIONS

The load function of the MCU is con-
trolled by the input line designated LD.
If the LD line is active HIGH at the
rising edge of the clock, the data on
the primary and secondary instruction
busses, PX4-PX7 and SXp-SX3, is
loaded into the microprogram address
register. PX4-PX5 are loaded into
MAp-MA3 and SXg-SX3 are loaded
into MA4-MA7. The high-order bit of
the microprogram address register MAg
is set to a logical 0. The bits from the"
primary instruction bus select 1 of 16
possible column addresses. Likewise,
the bits from the secondary instruction
bus select 1 of the first 16 row addresses.

The interrupt strobe enable of the MCU
is available on the output line designated
ISE. The line is placed in the active high
state whenever a JZR to colyg is selected
as the address control function. Cus-
tomarily, the start of a macroinstruction
fetch sequence is situated at rowg and
colqg so that the INTEL 3214 Priority
Interrupt Control Unit may be enabled
at the beginning of the fetch/execute
cycle. The priority interrupt control
unit may respond to the interrupt by
pulling the enable row address (ERA)
input line down to override the selected
next row address from the MCU. Then
by gating an alternative next row address
on to the row address lines of the micro-
program memory, the microprogram
may be forced to enter an interrupt
handling routine. The alternative row
address placed on the microprogram
memory address lines does not alter
the contents of the microprogram
address register. Therefore, subsequent
jump functions will utilize the row
address in the register, and not the
alternative row address, to determine
the next microprogram address.

Note, the load function always overrides
the address control function on ACg-
ACg. It does not, however, override the
latch enable or load sub-functions of the
JCE or JPX instruction, respectively. In
addition, it does not inhibit the interrupt
strobe enable or any of the flag control
functions.
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D.C. AND OPERATING CHARACTERISTICS

ABSOLUTE MAXIMUM RATINGS*

Temperature Under Bias . ... .. S e e 0°C to 70°C
Storage TempPerature . ... v vt v vvee e oneeenenoncenennananas Gttt e —65°C to +160°C
All Output and SUPPlY Volages & & . v it ittt ittt it ettt tneaetseansanasoeesnaaenonennansn 0.5V to +7V
All Input Voltages ............. B [ . —1.0V to +5.5V
putput CUITENTS & v ittt it ettt tenearnnnnnnan e e e e et ettt et e 100 mA

*COMMENT: Stresses above those listed under ‘‘Absolute Maximum Ratings’’ may cause permanent damage to the device. This is a stress rating only
and functional operation of the device at these or any other conditions above those indicated in the operational sections of this specification is not
implied. Exposure to absolute maximum ratings for extended periods may affect device reliability.

Ta = 0°C to 70°C

'(‘YMBOL PARAMETER MIN TYp? MAX UNIT CONDITIONS
Ve Input Clamp Voltage (All 0.8 -1.0 v Vee =4.75V, Ic = -5 mA
Input Pins) ) o
IF Input Load Current:
CLK Input 0075  -0.75 mA Ve = 5.25V, Vg =0.45V
EN Input -0.05 -0.50 mA :
All Other Inputs -0.025 —0.25 mA - &3
IR Input Leakage Current: e RN
. CLK 120 MA Vce =5.25V, Vg =5.25V
7 EN Input - 80 HA’ ’ R
C Al Other Inputs 40 BA o
~ vy, Input Low Voltage ;v T 08 .V Vee=50V
Vin Input High Voltage 20 v
R o e T
lee Power Supply Current . 170 240 mA Ve = 5.25v?
Vou Output Low Voltage - .~ - 035 046 v Vee =4.75V, loL = 10mA
(All Output Pins) I ,
(,' Vou Output High Voltage 2.4 3.0 Y Vee =4.75V, oy = -1 mA

(MAo-MAg, ISE, FO)

los Output Short Circuit Current -15 -28 —60 mA
(MAg-MAg, ISE, FO)

Vce = 5.0V

1o (ot Off-State Output Current:
PRg-PR2, MAg-MA,, FO -100 HA Vee =5.25V, Vo = 0.45V
MAp-MAg, FO 100 HA Ve =5.25V, Vo =5.25V
NOTES:

(1) Typical values are for T = 25°C and nominal supply voltage.
{2) EN input grounded, all other inputs and outputs open.

e
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A.C. CHARACTERISTICS AND WAVEFORMS Ta = 0°C to 70°C, V¢ = 5.0V 5%

P

‘ SYMBOL PARAMETER MIN TYP MAX UNIT
tcy Cycle Time 85 60 - ns
twp Clock Pulse Width * 30 20 ns

" Control and Data Input Set-Up Times: ' .
tsr ’ LD, ACy-ACg 10 0 ns
tsk FCp, FC4 -0 - ns
tsx SX0-SX3, PX4-PX5 5 G 25 ns
tg) Fi . 15 5 ) ns
Control and Data Input Hold Times: - '
tHE LD, ACg-ACg 5 o - - ns
tHK FCq, FC4q 0o . ) ) ns
tHx SXp-SX3, PX4-PXy 20 5 ns
tHt Fi ¢ ’.“ . 20 8 s L . ns
tco Propagation Delay from Clock Input (CLK) to Outputs . S 30 45 ns
(MAp-MAg, FO) : : S W
tko Propagation Delay from Control Inputs F02 and FC3 to Flag ” 16 30 ns

) Out (FO) ) ‘ : ; €

tro Propagation Delay from Control Inputs ACO AC6 to Latch 26 40 ns
Outputs (PRg-PR3) ’

teo Propagation Delay from Enable Inputs EN and ERA to Outputs 21 32 ns
(MAg-MAg, FO, PRg-PR5)

tE| Propagation Delay from Control Inputs ACg-ACs to Interrupt 24 40 ns

Strobe Enable Output (ISE)

NOTE:
. {1) Typical values are for Ta = 25°C and nominal supply voltage.

TEST CONDITIONS:

e

TEST LOAD CIRCUIT:
V,
Input pulse amplitude of 2.5 volts. o«
Input rise and fall times of 5 ns between 1 volt and 2 volts.
Output load of 10 mA and 50 pF. 50002
‘peed measurements are taken at the 1.5 volt level. ~
ouT L
50 pF 1 K2
CAPACITANCE®? T, = 25°C
SYMBOL 'PARAMETER ' MIN TYP MAX UNIT
Cin Input Capacitance:
CLK, EN n 16 pF
All Other Inputs 5 10 pF
Cout Output Capacitance 12 pF
\OTE: '
) This parameter is penoducally sampled and is not 100% tested. Condition of measurement is f = 1 MHz, Vgias = 2.5V, Vece =5V and /\/

Ta = 25°C.
e
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TYPICAL AC AND DC CHARACTERISTICS

Clock Pulse Width vs V¢ and Temperature
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FUNCTION NEXT ROW
MNEMONIC DESCRIPTION
ACes a4 3 2 1 o MAgy; 6 5 4 MA3 » 4 o
\
~ JcC Jump in current column 0 0 dg d3 dy dy dg dg4 d3 dp_ dy dg m3 my my mg
4 .J Jump to zero row 0 0 d3 dp dy do 0 0 o0 0 O d3 dp dy dg
JCR Jump in current row 0 t 1 dy dyp dy dg mg my mg mg my d3 dy dy dg
JCE Jump in column/enable 1 1 1 0 dp di dg9 mg my dy diy dg m3 my m; mp
JFL Jump/test F-latch 1 0 0 d3 dy dy dg mg d3 dp dy dg m3 0 1 {4
\ _.’
JCF Jump/test C-flag 1 1 0 dy di dg*mgmy dp dy dg m3 0 1 ¢
JZF Jump/test 2-flag 1 1 1 d dy dg mg my dy dy dg m3 O 1 z
) A L~
JPR Jump/test PR-latches 1-1 0 d di dgp mg my dy dy dg P3 P2 P1 Po
JLL Jump/test left PR bits 11 1 dy dy do mgmy dp d dg O 1 p3 py
M\JRL Jump/test right PR bits 1 1 1 1 1 dy d mgmy 1 dy.do 1 1 p; po
5t ’ | oo
=~ JpPx Jump/test PX-bus 1 1 1 1 0 d dg mgmy mg,d; dg x7 xg X5 Xxg
~. ‘~'-""'"
SYMBOL MEANING
d, Data on address control line n ~
rr, Data in microprogram address register bit n
Pn Data in PR-latch bit n
Xn Data on PX-bus line n (active LOW)
f,c,2 Contents of F-latch, C-flag, or Z-flag, respectively
:) ‘
APPENDIX B FLAG CONTROL FUNCTION SUMMARY
TYPE MNEMONIC DESCRIPTION FCi o
' sCz Set C-flag and Z-flag to f 0 0
™y, Flig STZ Set Z-flag to f 0 1
- Input STC Set C-flag to f 1 0
HCZ Hold C-flag and Z-flag 1 1
TYPE MNEMONIC DESCRIPTION FCs 2
. FFO Force FOto 0 0 0
Flag FFC Force FO to C-flag 0 1
Output FFZ Force FO to Z-flag 1 0 =
FF1 Force FO to 1 1 1
LOAD
FUNCTION NEXT ROW NEXT COL
LD MAg 2 6 s a4 MA3 2 1 o
0 see Appendix A see Appendix A
1 0 X3 X2 X1 X0 ’ X7 Xg Xg X4
n)‘ 'SYMBOL MEANING
£ Contents of the F-latch
Xn Data on PX- or SX-bus line n {active LOW)
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3.5

3.5.2

Micro)PROM F-MP-1

The F-MP-1 consist of two logical blocks:
1. Micro ROM L-MROM-1

2. JZR Decoding L-JZRD-1

Micro ROM L-MROM-1

The micro program for the CPﬁ is contained in the

512 + 48 bits from area (CR1272-CR12383), the actual
contents is srecified in section 5 PROM tables.

The memory area is build by 1l2pcs. 512 x 4,3-state
proms with an access time <6Cns. The input to the
memory area is the MPA signal and the output is the
48 MDAT lines the functions of the output signals are
specified in section 3.3.

The 3 - state outputs are connected together with the
corresponding outputs from the JMRAM and controlled
by the signal EN ROM (H) from the OP register.

JZR Decoding L-JZRD-1

This logical block generate a high output JZR (H)
when the MCU function code MDAT 37-39 is a JZR.

JZR (H) = MDAT 37 x MDAT38 xMDAT3©

The signal is used for enabling of interrupt when
the first step in the instruction decoding is

performed.
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3.6 Micro Program RAM F-MPRAM-1

I3

This functional block contain the circuit used for
controlling of loading and execution of the optional
PRAM program. A 3-state buffer is included for termin-
ation of the output signals (MDAT) to the micro PROM
output. The F-MPROM-1 includes the following three
logic blocks:

1. RAM Address Selector L-RAS-1

2. RAM Memory L-RM-1
3. RAM Buffer L-RB-1
3.6.1 RAM Address Selector L—-RAS-1

The L-RAS-1 selects the RAM address from two different
sources when the RAM is loaded or executed.

During the load sequence the address is selectded
from the OP register OPO - 5 and OP6, OP7 are used

to select one of the 3 RAM sections to be loaded

from the I-BUS. When in the execution mode the RAM
address is the least significants bits of the micro
program address MPAO-5. The selection of the address
source is carried out by the signal EN RAM (H) so
that source is the OP code when the PPROM is executed.
Timing Diagram fig. 3.6.1 specify the function of the
block and table 3.6 specify the relationship between
the address input and the RAM outout.

3.6.2 RAM Memory L-RM-1

The RAM memory is build by 6 PC 64 X 9 bit chips but
only 8 of the inverted open collector output are
used. Because the output is OC 1K pull up is in-
cluded for each signal. The chip used has an access

time 35 ns. The addressing and input/output
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relations is specified in.table 3.6.
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RAM Buffer L-RB-1

P}

The function of L-RB-1 is to terminate the open
collector RAM output to the 3-state MDAT lines.
The output is enabled when the signal EN RAM (L)

is active.
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3.7 Mask & Address Control F- M&AC-1

4

By this functional blocks the ALU A & B address and
the I-BUS mask is generated. The F-M & AC-1 is
build of two logical blocks.

l. A and B Address Selector L-ABAS-1

. 2. Mask Control L-MC-1

3.7.1 A and B Address Selector L-ABAS-1

Five selector chips are used for selecting the
A & B address source to the ALU register file.
The addresses can either be selected from the
OP register or direct from the jpprogram output
MDAT. Control of which source to be selected

is carried by four MDAT signéls; for A address
MDAT 29 & 30 and for B address MDAT 41 & 42.

. Tables 3.7.1a &b specify the signals.

Note: That the MDAT used for A address are used
for mask control too.

3.7.2 Mask Control r-mc-1

The mask control circuit is used for masking of the
contents on the open collector I-BUS, the L-MC-1

can generate to types of maskes either a bit mask or

a long mask. In the bit mask mode the mask PROM's
will force all the I-BUS lines except one (bit pointer)
to zero. 1In the long mask mode the PROM's all the
I-BUS lines above the bit pointer to zero. The PROM
‘ tables are included in section 4.
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The table 3.7.2 specify the mask function and
the signal used for mask generation. Note that
the MDAT lines except MDAT 46 are used for ALU A

addressing too.

For synchronication of the mask circuit to the
I-BUS two 3 - state selectors are coupled together
to give a combined latch and selector function, and
the mask enable, mask type and mask source signals
are stored in a latch.

The timing diagram fig. 3.7.2 define the timing

for the circuit.
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ALU Register Addressing:
A address & shift control:
MDAT 26 - 31, 47
TABLE 3.7.1l.a

A. ADDRESS SELECT A. ADDRESS & SHIFT CONT.
MDAT 47 |MDAT 30 {MDAT 29| AA3 AA2 AA1 AAO

j'4 0 0 MDAT 26 |MDAT 27 {IMDAT 31| MDAT 2

y.1 0 1 ‘0" OP10 oP9 0P8

V.3 1 0 0" " oP7 OoP6

0 1 1 ~0" oP2 oP1 OPO

1 1 1 “c- cPés OPS or4
B address:
MDAT 40 - 45, 47

TABLE 3.7.1.b

B. ADDRESS SELECT B. ADDRESS
MDAT 47{MDAT 42 {MDAT 41| BA3 BA2 BA1 BAOQ

-4 0 0 MOUAT 43 | MDAT 40 | MDAT 45 {MDAT 44

& 0 1 0" OP10 oPS OP8

0 1 0 OF3 oP2 OP1 OPQ

1 1 o cP7 0oPS oPsS oP4

0 1 1 9" oF2 or1 0P9

1 1 1 -0~ oP6 oPS oP4




o

‘L sign/date page
| GB/780521
} " MICRO PROGRAM BOARD (MPB) repl project
‘ .
Fs
TABLE 3.7.2
»
MASK CONTROL
MDAT 26 - 31, 46 OPO - 3.
. . MDAT BIT POINTER MASK TYPE
46 | 29 | 30 23 22 21 20
1 0 0 0 0 0 0 MASK DISABLED
0 0 0 OP3 oP2 (0128 ] OoPO LONG MASK
0 0 1 MDAT 26 | MDAT27 [MDAT 31 |MDAT 28| LONG MASK
0 1 0 or3 oP2 OP1 OPO BIT MASK
0 1 1 MDAT 26 | MOAT 27 |MDAT 31 [MDAT 28 | BIT MASK

15 . 0

(=}
—_—

Bit Mask, I-BUS Lo - ofi]o
bit pointe:ﬁ_}

15 Q
(] Long Mask, I-BUS Lo ofJo[r- 1]
bit pointe
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4. PROM TABLES

This section contain the tables for the PROM's
located on the MPB or for the following PROM's
CR1270 - CR1283 the VDD.

A summary of the PROM's and their function are

given in table 4 overleaf.



INPUT QUTPUT
LSB LSB
NO. REF DES. TYPE FUNCTION A8 A7 | A6 | AS A4 | A3 A2 | A1 A0 104 | O3 02 C1
’\
CR1270 UATT §12x4(-1) 35 PROM 2 vell IV IV il o% °13% mw o SSN REARE RSl i
A i} cP lop Jop |op Jroplor Jop [oP | o [R14 |R13 [R12 | RIN
CR1271 UA13 PRE PROM 8 | o [ s |t 7 Lol 2] 13| 11 fiacyacy e lace
MPA | MPA |MPA | MPA | MPA | MPA |MPA | MPA | MPA |MDAT |MDAT |MDAT [MDAT
CR1272 uci3 " KP 8 |7 {s | s | 4| 3] 2 1 o {12z ]3|l
CR1273 ucs " . N N T | 8 10} s | o
CR1274 uc1? . " . P b e e b b e L3e |39 ] 38 ] 37
CR1275 uD17 " . S I N R A T T w | 3a |35 |32 33
CR1276 UE19 w " " . “ . " “ “ " . 43 | a2 41 40
CR1277 UE21 - . P P . wol e b e e L as | a7 | 45 ] o4
CR1278 UF1S . . P N . el w7 o 21| 3
CR1279 UF17 . . . S S I e N R P B
n”dwwo cwﬂw ™ » " " - » " - " "» »” wu wo Nw Nm
CR1281 UF21 . . M R w L 2a |25 | 26 | 27
CR1282 UG19 . . N I R T T B . w b2zl 2221 21
CR1283 uG21 " “ - w . " . . " “ " 17 18 19 16
P M A T
CR1269 UB13 256 x 4(-1)3S FLAG PROM oa_u mm wO mm om: valll VALl e vwww\m FLSEJFLSE _ur%m
INPUT OUTPUT
LSB LSB
E D C B A Y8 Y7 Y6 YS Y4 Y3 Y2 Yi
MDAT|MDAT |MDAT |MDAT|MDAT) EN |U/D | LD | LD | EN | G |GATE|RAM/
CR1266 UB3 32x8(-1)35 OP CONTROL § 56 | 33 | 32 | 34 | 35 JorL kount] opL | opH | o | P | cp | ROM
R1267 os 1278(-1)0¢ MASK PROM mm_. zwm zmm zwm z_Wm Hmmw 18US _mwm 18Us | 18Us [18US i8us fTaus
on;mm. uG? " z‘ PROM S . A ‘ 6 | s | « 3| 211 0

7 318vl
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FLAG CONTROL PROM
INPUT OUTPUT |rLsE | FLSE | FLSE
2 1| o
0 0 0 [TDE 00T
;;; 0 0 ] SIC
2 0 1 0__|sm
~Njen |~ e 0 1 1 SEO
Nt~ | w N H o ] 0 0 QI,
olm|3|9 ARIEIE $ 2 R ) 0 1 _|SEZ
e R EIEEE S e e e R
DEC. OCT. {76514 (3|2]11]0 4131211 DESCRIPTION
ojlooo|ofofo|ofofo]o]|o 1 lo[o]l o
1 ]oo1]olofofofofo]o]1 olo 1111 SEO
2 {oo2folo]olofofo|1]o
3003 |ojofofofolol1] 1h lolo]l o
4 [o00ajolofof{o]o]1 o]0
5 Joos [o|ofo|ofo|1]o]1 10 ool rME oyt 5
6 [oos |ofofofofo]t]1]0 1
71007 1o0|o]ofo]o|1[1]1 11 12 SES j
81010 jOfo|OfO|1]OfO]O 10 {110 I1/0 PENDING ]
glo11 {ofofofol1[ofo][1 1p fo |1 SEZ |
1tofo12|ofofojof1]o|1 0 1b [1lo] 385 |
11 {o13f{o{o]ofo]t |01 s 1h o l1 SEZ T
12]o14fofolofol1[1]0]o0
13015 jojofo]ofi[1]o]n
14 ]oteolofofof 1 [1]1]o 11 fo |1 SEZ
1s Jo17 {ofofofo 1|11
16 {o20ofofof1]o]o]o]0 oL
17 Jo21 [ofofo|t[olo |01 0 SEO
18 {o22jo|o]of{1]olo|1 |0
19023 [oflofol1|o]o]1 ] 10 jojo| oL
20 {024 jofe|of1]o]1]0]0
21 | 025 |0]ofo|1]ol1]o] 1p jolo] rIME OUT
22 o026 {o]ofof1{of1]1 0
23 Joz27 [ofool 1ot 11 1 SES
261030 fofojol1[1]olo]o 1h I/0 PENDING
25 o3t {ojo{o[1]1|olo] 1 1 SEZ | ]
26 {032 |ofo|o|1|1{0]1]0 o
271033 {ofofjol ][0l |1 I Jo |1 SEZ
28 |ossa {c|ofolt 11100
| 29~_035 ofo]o NEREXENE
30 | 036 ::lp SRR ERERERE 1o (o 1]| sEz o
3r)o37fololo( 1|1 ]1]:
715 lal3l20110 AEREE T
S J 1
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page
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repl project

FLAG CONTROL PROM CR 1269-1
INPUT OQUTPUT
i
Ol | | -
I\[)[)F?, OO JO O :b BN PR by [<T cT e
DEC. OCT. |71l6|5]413]|21]1 0 4131211 DESCRIPTION _
32 1040 [o0]o|1]0]ololo o 110 |0 oL
33 |041 [o]o]1lolololols ololr |1 SEO
34 {042 Jofc|[1|olololT1lo
35 o043 [o]of1]o]olol1]1 1{1]o fo nL
36 044 [0fol1[olol1]0]0 __
37 {o4s Jolof1]olol1 ol 1{ofo |o TIME OUT (L)
38 {046 Jolo]1[olol1[1 0
39 Jos7 [ojoj1{ofo]1 (1|1 111 |1 SES )
40 foso [olof1(ol1100]0 111 o I/0 FENDING -
41 fost Jofof1]o|1]o]o | 11 |1 SEZ
42 fos2 [ofo[1]o]r o1 ]0 1lofo |1 SEC
43 Jos3 Jolof1]o1 01| 1|1 |1 SEZ
44 fosa folof1]oli]1lolo
45 [oss [ojofl1]of1i1 0] T
46 1os6 [ofof[1]olr 11110 11 |1 SEZ
47 los7 oo o1 111
48 {060 |ofo|1|1]o]ololo QL
49 o061 [o]o|1 |1 ololold SEO
s0 o062 |ofo]1|1]olol1 o
51 1063 fofol1t[1]olol1 |y L 11 p o oL -
52 {064 |0]0|1|1]0]1]0]0
53 1065 10(0]1]1]0]1 01 1]ofofo TIME OUT (L) N
541066 |ofo|1]1]0]1]1 0
55 |os7 folo|1 |70l 7T I[11 ]z SES T
56 [ 070 Jojoj1 1 j1{0{0]0 101 0 1/0 PENDING ]
57 (o071 Jofo 1|11 ]o]o]1 1] 1 SEZ |
| 58 |o72 Jojo | [T {oli]o ~
59 o073 oo 1|11 0|1 1 111 1 SEZ
60 Jo74 jolofi 1|17 o]0
61 [o7s |olo v [h T 1017
62076 ool 0 TS n(1b |1 SEZ |
63077 Jolo | VT ]
s o e .
400-242
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CPU CR8001/2/3 GB/770328 3
MICRO PROGRA.M BOARD repl project
FLAG CONTROL PROM CR 1269-1
INPUT QUTPUT
]
s3]
w
™~ {m ~ =
N e+ | — N} O
™m o {n a1 .
Ol | ] | EH B N R M
[oVIN Wa VR NaVRg Ha N g g g = i :g 8 g
ojoio|jo (= |=|= g j [ T T Eu_
ADDR. . :
DEC. OCT. 17161514 1312(110 4131211 DESCRIPTION
64 100 |o|1|o{olofOo (0|0 1l 1lo S
65 |101 {o|1|0jO|O]|O O |1 ol ol . SEO
66 | 102 fo|1jo0jJOo|0ojO}i1]0O
67 | 103 |ol1]ojO0]0{O |1 |1 11110 lo oL
68 | 104 {o|1jojolo|1]0}]oO
69 | 105 0|1 /00O }1 )0} 100 fo TIME QUT (T.)
70 | 106 o1 ]ojo|o]i|1]0O
i 71 {107 jof1jojCjolYy |t {1 111l 11 SES
1 72 w10 joft1jojof1jojo]o 111110 I/0 PENDING
73 {111 Joi{110}j0O}1 100} 11110 {1 SEZ
746 {112 ]ol1|ojofrjojt1]o0 1110 |1 SEZ
75 1113 ot ]ofOofYv Oy {1 11110 |1 SEZ
76 {114 o1 |ofO]1r|1]{O0]O
77 f1is |ofj1]ojol1lr]0|1
78 {116 jJol1]olOo|1]1]|1]0O 11110 |1 SEZ
79 {117 {ott1]olo v i1 |1
go|120]ol1|o{rjo|Oo|0}|oO 1 0 oL
81 | 121 o|1{o|t]O]O{O}1 0 |0 [ SEO
82 |1221o|1]ofrjo]of1]oO
gz li123jol1r]olrjolo(t |1 1L |1 p |0 oL
84 | 124 Jol1]olVviof1}{0}0O
gs | 125 |o{1lol1joj1]0{1 1 {010 |0 TIME OUT (L)
86 126 {ol1lo]t|of1]1]oO
87 127 o1 joltrjof1 111 1 111 |1 SES
gg {130 {ol1{oj1]t1{o]jO]O 1 (10 {0 I/0 PENDING
g9 {131 jofr1]ol1{t|o}|o|1 1 |1 |1 SEZ
go {132 {otl1{o|r]jt1r]jof|t1{oO 1 |1 p |1 SEZ
91 L 133fol1]oltir|o]t | 1 (1D |1 SEZ
92 {134 foj{1]ol1lrv]|1i0]9
g3 {135 {ofl1{ofr it |10}
94 136 0| r o1 {i|t]yi0 1 ]1p |1 . SEZ
9s | 137 ol v ol ' B
] 716(5(413121]1]0 4131211
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CPU CR8001/2/3 GB/770328
MICRO PROGRAM BOARD e o
FLAG CONTROL PROM CR 1269-1
INPUT QUTPUT
® g
ﬁ
BRI 053 ~f Al o
Ol OOl Ol =)=l =1 s i Pul = Iy
ADDR, ,
DEC. OCT. |7(6)5(413|2(1]0 4131211 DESCRIPTION
96 [ 140 Jo|1 |1 |o|o|ojo O 1]1lo o nL
97 141 (o1 ({1{0]|0]O0 O |1 0 . SEO
98 [142 [0o[1]1|0lolol1 o
g9 [143fofr]1]olofol1 [ 1] 100l o oL |
100 [144 Jof1]1]ofol1]o]o 1
101 145 01 |1 ]o]Oof1 o1 1{o0lo]o TIME OUT (L) )
® 102146 o1 |1]o]ol1]1 o
103 {147 [o[1|1]olo]1 |13 1111 SES
104 [150 [o[1{1[o|1]0]0]0 1] 1]1 o I/0 PENDING
105 151 Jo[1{1[of1]0]o |1 1] 1fo |1 SEZ
106 {152 o1 ]1]o|1]01]0 1] 1]o |1 SEZ
107 {153 [o[1]1]o (10l 1 1{ 1o |1 SEZ
108 (154 Jo|1]1]of111]0]0
109 [ 155 (o1 {1 o111 0l
110156 [o|1]1 o1 ]1]71 0 1 1jo 1 SEZ
111 [1s7 o1 (1ol |1]1 |1
1m2f1e60fo|1|{1[1]ololo]o 0 OL
113161 [of1[1]1]0]0]o1 0 1 SEO i
@[ |z |o 70010
115 [ 163 [o[1]1[1]0lo]7 |1 1| 1o o QL
116 [164 o1 (1 |1]ol110 0
117116501 |1]1]011 (0] 1] olo] 0 TIME OUT (L)
1mefi166]o|1(1]i]ol1]1]0
11e (167 |01 1 |1 o111 1] 111 SES
120 170 [o 1 0 117 (o010 1o 1] 111 0 I/0 PENDING
121 {171 fola {111 [olol 1] 10| 1 " SEZ
22 (72 o1 T T 1]l 0 1 ol1l o 585
123 173 o[t [V a1l 1 3 1 1ol 1 SE7
124 [174 Jo |1 |1 |1 |7]1 10 o
125 [ 17s o[t [v {11710
@ !z v o T[T o 1l 1ol 1 SEZ T
| 127 {177 [0 ANERARRRERE L | 1
. 7]65/.3)104 432]'1 J
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CPU CR8001/2/3 . G}3l/77°3°8 _ 5
; o
HOOTRIN e [7 [
INPUT OUTPUT
S|
A
N | =
mlololn oV ird | | &) ANl ] O
O[] | N MK
o fadalale S1815 15 al 3l 3l a
o NoR NoN Kol Ko I I -0l b o B <P R P i P
ADDR.
DEC. OCT. |716(5]413]2]11]0 L1312 DESCRIPTION
128|200 [1|o]olololo]o]o 1 0 oL
129 ] 201 [1|o|o]o|o|o]|o]1 0 . SEO J
130 | 202 [1[ofo|ofo of1]o0
131|203 [1|ofofofofof1]1 111! olo oL
132 ] 204 [1]|0|0]o|o]1]0]0 o
1331205 {1{0j0|0 {01 |01 110l olo TIME OUT (L)
134 | 206 {1]o]olofof1|1]o
135 ] 207 [1{ofolofol1 |1 1 1] 1)1 SES
136 | 210 |1 |o|ofo|1]o]c]o 1|1l 1]o I/0 PENDING
137 [ 211 [1]ofofo 1|00 1|1]of1 SEZ
1381212 f1{ofolo|1jof1]o 1|o0f 1o S@0
139|213 [1]ofofofi o1 s 1|1]o]1 SEZ
140|214 [1]ofolof1]1]o]o
141|215 {1 {ofofof1}1]o]
142 | 216 [1]0]olo|1[1]1]o0 1{1] of2 SEZ
143|217 | fofofo {1 {1 ]
144|220 [1]oloft]ofolo]o 1 0 QL
1451 221 [1]olol1]olofo]1 1 SEO
146 | 222 [t [ofof1]ofof1]o
1471223 [1]ofo|1|ofo]1 ] 1|1]olo oL
148 | 224 |1 |ofo|1]o[1]0o]o0
148 (225 [1]|ojo|1]olr o1 1o ofo TIME OUT
150|226 [1]o]o]1]of1 |1 ][0
151 | 227 |[1]ojo|1]o|t |11 1 SES
152 | 230 |1]o]o|1]|1]|olo]o0 1 I/0 PENDING
153 1231 {t1jo|ofrjr|ofo| 1 0 SEZ
16540232 [1|o]of1|r|o]1]o0
155|233 [1{o]o|1|1|o|1 |1 1111 ol1 -
156 | 234 |1|o]o|1]|1]1]o]o0
157 | 235 {1lofo 1|1 |1 ]o]?
158 | 236 [1]o o1 ]1]1 {10 111 ol oz
ys9 {237 [1iolol 1 ]vi0
7:6151413]2!111(0 4131211
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MICRO PROGRAM BOARD ’ repl project
FLAG CONTROL PRCM CR 1269-1
INPUT OUTPUT
L
[
U}
~N{en )~ =
N~~~ U N ] O
m] ol un [a¥
O] mdf | | H] B H| B N [l ml m
af el ol ol S S1815 A Al Al 3
O] O] O} O % = sE % o B ] B
ADDR. .
DEC. OCT. |71!6|5(413121]11]0 413121 DESCRIPTION
161 | 241 [1fo|1|ojofojo |1 ol1 11 ' SEO
162242 1101 joflojof1]o0
163 | 243 |1 {o|1 o001} 11 1lol o oL
164|244 1|01 |ojo]1]o]o0
166|246 |1 |o |1 loloj1|1]o
167247 |1 {o |1 ool |1 | 1110111 SES
168§ 250 {1 (o |1 |O}1]|]0O|0O}0O 1111 1to0 I/0 PENDING
169 251 1401 {0}1}01]101}]1 l1i11011 SEZ
170} 252 {1 lo{1 (o1 ]o{1]oO 1]1o0lof1 SEC
171 [ 253 (1o |1 {ofr o1 |1 110 |1 SEZ
172 1 254 |1 |o |1 lof1]1|o0]o0O _
173|255 |1 (o1 {o|1|1{0]1
176 | 256 {1 1ot lofj1{1|1]o0 1|10 |1 SEZ
175 1 2s7 v jof1{o 1] 1]
176 | 260 {1 lo |1 {1 |olojo]oO 0|0 oL
1771261 1 |of1 |1 ]olo|o]1 0 1 SEO
178 | 262 |1 |o {1 {1 ]ojo|1]o
1791263 }1V1{0 (1 |V]O010(1 |1 1{1j010 oL
180|284 |1 ]of1f1jol1lolo
181|265 J1{ol1 (1 lol1]ot 1{0j0lo TIME OUT
182266 1|01 |{1{oj1|1]o )
1831267 11 lo |1 frjof1 1| 101 SES
184 | 270 (1 ]o|1 |1 {1]ofo]o0 1 I/0 PENDING
1851271 |1jo|1 {1 |1]ofo]1 SEZ
1861 2721 lolt |1 {1tolr|o .
187273 [ o1 {11 ]o]1 | 110 |1 SEZ . T
188274 |1vjof1 {11 {1]0}o0
189275 (1o {1 ]rv]o|n
150276 |1 ]of1 1|1 f1]1]0 11l la Sy
191 {2772 v lopr s bt b ' i
716 |5]4(2]2(1(0 41321
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CPU CPR8001/2/3 GB/770328 7
MICRO PROGRAM BOARD ey Sroea
FLAG CONTROL PROM CR 1269-1
INPUT QUTRPUT
[
m
[95]
N e e fod N
N | njiaNaji+|jo
™M IO | o]
O |~ | [l |EH |4 (B4 | NR|IRiM
P P P nlwnwluvulvn
[o VRN VI o VR oW Q O Q Q [ [ e By RV [ BV
C|O10 |0 = |I= I8 |= = I PO I OO o9
ADDR.
DEC. OCT. {716 (5413121110 L1321 DESCRIPTION
1921300 |1(1|0|0|0f0]O]O 1{1{0]o0 " QL
1931301 |1]t1]o|lojofol|o 0 SEO
194 | 302 {1{t1]ojofolol1]oO
195 } 303 {1 |1({ojojo]Oof|1 |1 1] 0fjo0 oL
196 | 304 1 {1 |o|o|oft{O0]o0O
197 1305 11j1|{ofofjo|1]o|1 10| olo TIME OUT
198 306 |1 |{1fo]lo]o]r]1]o
199307111 ]ofofof1 1|1 1] 1|1 SES
200 | 310 }1l1{oflo}j1|o]lo]oO 14 1(0 I/0 PENDING
200 | 311 v (1]loflo1]OojoO]1 111 01 SEZ .
202 i312|1{1]ofol1fof1i]o 1] ol1 SEZ T
203 I 313 |1 (1 |{ojolr o]t |1 141! 0l1 SEZ
204 {314 11 lofofr]1]lofo
205 {315 J1j1jo0(o0f1{1]0{1
206 1 316 |11 |ojofr]t1]1]0O 111 0f1 SEZ
207 1317 v v fofo gttt ’
208 13201 (1|01 |lojo0ol|0lO 110 QL
209 1321 {1 {1 {ol1]o]o]0O]1 0 0 SEO
210 {322 111 |oft1]ojof1io
211 {323 (1|1 |oftlojo 1| 1] olo oL
212 {324 {1 {1 ]Jo(rv]of1]|o]o
214 Y 326 |1 i1 o1 ]oj1{1]o0 1
215 [ 327 {11 o1 o1 |t |1 11l 1l SES |
216 13301111101 [1]0]0]0 11]1]0 I/0 PENDING B
217 {331 f1lt1jol1{1|o}lol 11| ol1 SEZ 1
218 13321 |vjoj1{1r|O]1}oO 11| of1 SEZ
219 [ 333 g1t joj1fr]ofr | 11! o1 . QEZ
220 | 334 1fryof vy jtlogo ‘
22v [ 33s {11 jofrv {110
Rt R SURSPVSNSNSIISY NN U (R - —
222 336 {11 joly vt drto 111 o1 SE?
222337t laqol iy | o T
SU — e e __...1 JOUSE SR SR . — e s e S s e ¢ ot ot
TGS A 3210 aldi2h
— m oa L PN EURUT VNS U U O | et e !
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MICRO PROGRAM BOARD - project
FLAG CONTROL PROM CR 1269-1
INPUT ouTPUT
X
©
w0
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(o2 TN P8 I Vo B T | nijHjo
™M [O |1 [s¥}
O |+ | jrd B4 fE4 [ [E Nimimim
oo o |5 |5 IS [ 2131513
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ADDR.
DEC. OCT. |7({6[|[5{4|3[2111]0 41321 DESCRIPTION
224 1340 |1 {1 |1]ojofofo |0 11110 lo oL
225 | 341 |1 |1 v ]o{O0]O O |1 0lol1 SEO
226 | 342 v |rv{1]ololol1]o
227 [ 343 {1 (11 jo{o0]Oo 1|1 11100 oL
228 | 344 11 |1]o]ol1fo]o
229 | 345 (1111100101 11010 |0 TIME OUT
230 1 346 111 11{olcl1l1lo0
231 4711V Vv o0t o iy | 11111 1 SES
232 350 (1|1 j1jofl1iololo 1111110 I/0 PENDING
233 | 351 T{111v]0]1]0710 11 111101 SEZ
234 1 352 {1111 ]ofrlolt o 110 (1 SEZ
235 [ 353 |1t (1o ft1]of1 |1 1i1f0 11 SEZ
236 { 354 {11110t 11lolo |
237 1355 (1 {1 4110|1101 |
238 356 {11110l l1{11o0 110 {1 SEZ J
239 1357 {1y frjof1]1]1 |1
2401360 |11 ]1|1]olololo 0 QL
241 1361 (1 (1|1 ]1lotolol 0 1 SEO
262 1362 {1111 |1lolol1]o
243 363 V|11l jolot {1 l1]1j0}0 oL
244 | 364 1111 ]111o0!l1]lo]lo
245 § 365 11 {tl1|of1]0]1 1j0j0o}o TIME OUT
246 | 366 V{1111 {0110
247 {367 |11 v ot 111 1(1 SES
2481370 |11 |1 11{110]olo 1{1/1 (o0 I/0 PENDING
249 1371 vy v ir ool l1}11(0}1 SEZ
250 [ 372 11 (1 vt f1lolt1]o l110(0f1 SEC
251 1 373 |1 J 141 (1111041 1 111j011 SEZ
252 | 374 1y frgjr]ifo]o {
253 | 375 |1 EEERERER AR
220 3Te e 1101 SEZ .
255 [ar7 (o (1 TV T | |
- ——. T RO P S 4 '__i ——— s+ s
718195141312 L3120
— -l -:.J..._. 1 3 .1._.. _9...._.4,-..._..- _:,_J__,___:__,,_} ,...J_.......
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MICRO PROGRAM BOARD (MPB)
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page

repl

project

WIRE LIST Wl
PLUG TYPE PIN  5.58102-04
CABEL TYPE: 16 WIRES FLAT CABLE
LENGTH
REFERENCE | mpB P1 (ED)
DESIGNATION e a—
PIN NO. SIGNAL NAME INPUT/OUTPUT
1 CPALS I
2 "PER2 (H) I
PERO (H) I
GIBUSCONT
5 LDMCU (L) I
CPALS 1
CPMCU
LDMCU (H)
9 GND
10 GND
11 GND
12 GND
13 GND
14 PERO (L) I
15 GND
16 GND

400 - 741




400 - 741

sign/date

paye

MICRO PROGRAM BOARD (MPB) GB/780315
repl Oroject
WIRE LIST W2 ® '
PLUG TYPE : P,
N 5.58102-04
CABEL TYPE: 16 WIRES FLAT CABLE
LENGTH
REFERENCE MPB P2 (H2)
DESIGN
GNATION ALB 32
PIN NO. | SIGNAL NAME INPUT/OUTPUT
1 GND
2 DIS PRE (H) I
3 JZR (H) 0
GND
5 I BUS 4 1/0
6 PSW/ALS SEL 0
7 I BUS 5 I/0
I _BUS I/0
GND
10 I BUS 14 I/0
11 I BUS 13 1/0
12 I BUS 12 1/0
13 I BUS 11 I/0
14 I BUS 10 I/0
15 I BUS 1/0
16 I BUS 1/0




400 - 741

sign/date

page

MICRO PROGRAM BOARD (MPB) GF/780315
rep project
WIRE LIST w3
PLUG TYPE : P,N
5.58102-08
CABEL TYPE: 16 WIRES FLAT CABLE
LENGTH
REFERENCE ‘MPB  P3 (H4)
DESIGNATION ALE 33
PIN NO. | SIGNAL NAME INPUT/OUTPUT
1 MDAT 20 0
2 MDAT 7 0
MDAT 16
MDAT 19
GND
MDAT 17 0
7 MDAT 18 0
8 GND
9 GND
10 I BUS 0 I/0
11 I BUS 1 1/0
12 I BUS 2 I1/0
13 I BUS 3 I/0
14 I BUS 15 1/0
15 I BUS 7 1/0
16 GND
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tepl project
WIRE LIST w4
PLUG Pin
LENGTH
REFERENCE (I1)
DESIGNATION
PIN NO. SIGNAL NAME INPUT/OUTPUT
1l MDAT 35 0
MDAT 34 0
GND
4 MDAT 32 0
) MDAT 33 0
6 GND
MDAT 36 0
8 GND
9 SES I
10 SEO
11 SEZ
12 SEC
13 I/0 PENDING
14 SO0 I
15 Q1 I
16 TIME OUT I

400 - 741
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MICRO PROGRAM BOARD (MPB) GB/770315
l.pl project
WIRE LIST W5 '
PLUG TYPE : PIN
5.58102-04
CABEL TYPE: 16 WIRES FLAT CABLE
LENGTH
REFERENCE *MPB P5 (I3)
DESlgNAﬂON ALB J5
PIN NO. SIGNAL NAME INPUT/OUTPUT
MDAT 0 0
GND
MDAT 5
MDAT 4
5 MDAT 6 0
6 MDAT 22
7 TIMER INT
8 MODIFY
9 POWER DETECT
10 CPU INT I
11 GND
12 oP8 0
13 GND
14 0P0 0
15 OP2
16 OoP1
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MICRO PROGRAM BOARD (MPB) GB/770315
repl rojec
WIRE LIST W6 ? proect
PLUG TYPE : Pl
CABEL TYPE: 16 WIRES FLAT CABLE 5.58102-07
LENGTH
REFERENCE MPB  P6  (I5)
DESIGNATION ALB  J6
PIN NO. | SIGNAL NAME INPUT /OUTPUT
1 BAl 0
2 BAO 0
GND
MDAT 1 I
BA3
BA2
AAl
AAQ
9 GND
10 AR
11 AA3 '
12 GND
13 MDAT 2 0
14 MDAT 3 0
15 MDAT 21
16 MDAT 23
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INTRODUCTION

The ALB is one of the 3 PCB belonging to the CPU
CR8001/2 & CR8001/3. The ALB is the middle board
of the 3 CPU boards and the connection to the two
other the MPB and the BIB are carried out by means
of flat cables for the signals and two desired
wires to each of the two other boards for the power

+5V and GND.
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GENERAL DESCRIPTION

The ALB perform the aritmetics and logical function
in the CPU under control of the micro brogram lo-
cated on the MPB. The interconnection of the two
internal busses the I-BUS and the T-BUS interrunt
and pfocess status word (PSW) are also located on
the ALB.

The data input/output to the board comes from the
BIB via the 16 bits T-BUS. The T-BUS is a 3-state
multiplexed bus where the bus access is shared be-
tween the ALS output, the 4/8 shifter and the BIB.
The multinlexing of the bus is H/W controlled mean-
ing that it is taken out from the master timing on
the BIB. The other internal bus, the I-BUS, is an
open collector bus with a cycle time corresnonding
to the u step cycle time 375 ns and the sources to
it , is controlled by the J program. the source
for the I-BUS is either the 4 words T-File, PSW or
the Mask circuit 1located on the MPB. The I-BUS is
input to the ALU & the PSW.

The data input from the BIB on the T-BUS is always
loaded into the T-File, which have two registers for
data TFD1l-2, and two registers for instructions
TFIl-2,one for the current swaped instruction, and
one for the next "Advantage Instruction Fetch".

The T-File output is input to the ALU, PSW and the
4/8 shifter.

When the data from the BIB has to be loaded into the
ALS, it can go direct through the T-File and the ALS ALU
and to the ALS's internal registeers or the address or

data register located on the BIB.
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The destination of the data is determined by the

J program, ALS B address and/or bus control functions.
If e.g the operation on the data was to And it with

a register and store the result in another reaister

the following was spvecified by the p program.

LX)

Destination register B address

A address
I0-I7 ALS func.

Bus Control func. T-File

Register to be
. And data input with A
Bus In to TD1 - to Data In

Control.

When the instruction is loaded into the OP register
located on the MPB, the instruction is transferred

to the I-BUS from the T-File output and in the same

p cycle the instruction is swaped by the 4/8 shifter
and loaded back into the T-File in the other instruct-
ions register TFI. If the instructions is of the tyne
with displacement it can be fetched from the T-File

to the ALS data input and at the same time force a

" mask on the I-BUS and thereby set the I-BUS to zero
except for the displacement, this feature is used

for e.g. base relative instructions where the masked
disvlacement is added to the MBASE register to give the
memory address.

The shift circuit located above the ALS in the block
diagram, is used in shift instruction to perform shift of
16 bits or 32 bits word with the shift input controlled
from the p program via the A address. The shift
circuit is also used for generation of the addressing
mode byte/word or I/O. The data fetch from the main
memory is checked for correct parity, and when data

is transferred to the memory marity bits is added.

‘ ' This function is performed in the Parity & Time

out circuit.
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If parity error or ar. addressing time out is re-
cognized the CPU will be reset. The interrupt
signals are only enabled to the MPB when a JZR(H)
occurs. If an interrupt is waiting and the corre-
sponding mask bit in PSW is not set the signal

DIS PRE(H) will go active and therebv force the

p program to the interrupt routine DIS PRE (H) will
stay active if the preceding instruction was a
modify MODIFY (H) active.

The process status word PSW contain different status
bits relevant for the process. Some of the bit are under
S/W control and can be loaded from the I-BUS.

The output from PSW is available in the I-BUS, and
therebyv for the ALS, if smecified by the B nrogram.
Some of the bits are used for controlling the H/W
e.g. the three interrupt mask bits and page bits.
The contents of PSW is specified in the ALB block

diagram.
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SPECIFICATIONS

The ALB is a standard CR80 PCB described to fit

into the CPU CR8001/2 and CPU CR8001/3. The conn-
ection to the other two boards MPB & BIB is carried

out by 16 wires flat cables ref signal lists section 6.
All input and output signals are normal TTL logic

levels i.e.

High level: 2.0V, L5V
Low level : 0 <VL £ 0.8V

Memory & I/O Addressing with 20 Bits

2 mode bits : word, U byte, L bvte and I/O
2 page bits from PSW, OP0,l1 zero or OP8 (I/0)
16 word address bits

Operate on 16 bits data

Parity check and generation when communicates with

main memory.

22 x 16 bits registers, all available for the

p programmer.

3 interrupt tymes : Timer, I/O & CPU
Mask bits in PSW for disabling of interrunt.

Cycle time min. 375 ns.
Mechanical dimensions
CR80 standard PCB without edge connector 220 x 280 mm

High of component side : 8 mm
High of soldering side : 8 mm
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3.8 Power consumption

+5V + A
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FUNCTIONAL DESCRIPTION

This section gives a detailed description of the
circuit located on the ALB. The descripntion of
the board is bused upon the block diagram and
the blocked schematic.

The ALB is divided into the following four functional
blocks:

1. T - I-BUS Interconnection F-TIBI-1
2, PSW & Interrupt F-PSW-1
3. Interrupt Control F-IC-1

4. Aritmetical Logical Section F-ALS-1

These functional blocks are described in the following.

T - I-BUS Interconnection F-TIBI-1

The function of F-TIBI-1 is to make the connection
between the T-BUS and the I-BUS so, that the data on

the T-BUS (ALS out/4/8 shift out and BUS In) can be
synchronized to thejp cycles before it is feed to the
ALS via the I-BUS. This synchronization is carried

out by a four words register file (T-File) which at the
same time is used as temporary storages for the data

and the instructions.

Beside the T-File a 4 or 8 shift selector is included,
so that the I-BUS can go via the T-BUS to the T-File,
Address Register and Data Register, the two last

are present on the BIB. The timing of the two internal
CPU bus's and the decoding of the function code to

the block MDAT 16-20 is snecified in Functional Table
4.1. Note that the MDAT signals are used for controll-
ing the CR80 Bus's also.
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The T - I-BUS Interconnection is divided in

three logical blocks.

1. T-File L-TF-1
2. 4/8 shift Selector 1.-4/8sSS-1
3. T-File Control L-TFC-1

T-File L-TF-1

The T-File consist of four 4 x 4 bit OC register
files with the input connected to the T-BUS and
the output connected to the I-BUS.

The input/output configuration is so that I-BUS

0 correspond to T-BUS 0 etc.

The read address and the outnut enable is con-
trolled from the T-File Control in synchronous
with the p.cycle while the input address and load
pulse is synchronized to the multinlexed T-BUS.
Timing Diagram fig. 4;1.1 specify the read and

write timing for the T-File.
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4/8 shift Selector " L-4/88S5-1

This logical blocks consist of four Quad 2 to 1

selectors with 3-state outputs connected to the

T-BUS and enabled synchronous with the internal

CPU timing ref. fig. 4.1.1.

The 2 x 16 bits input is connected so that the
I-BUS is shifted left either 4 or 8 as shown
in table 4.1.2.
The 4/8 shift is controlled from the T-File Control

(SHIFT 8 (L).

Table 4.1.2
Shift Selector.

SHIFT8(L) T-BUS
15 | 14|13 112111 |10 8 |7 6 S | 4 3 2 1 0
0 7 6 5 | 4 3 2 O |15 | |13 |12 11 |10]9 |8

n

10

1S 1 14 | 13
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T-File Control L~-TFC-1

Control of the T-File and the shift selector is
carried out by means of a PROM and register circuit.
The input to the two 32 x 8 PROM's is MDAT 16 - 20
from the MPB. 12 of the PROM outputs are stored in
a register on the rising edge of the signal D PERO(H;
and the outputs are selected in grouns of four lineg
synchronous with the timing signals D PERO (H),

PER]1 (H) & PER2 (H) from the BIB to generate the

three different address pattérn used during one

P cycle for the T-File inout address. Two of the

four selected signals are strooed with 8 MHZ to

give the correct address hold time for the T-File

Load pulse LDT-File and the data register load pulse
LD D-REG-

The four last outputs from the PROM's are latched on
the signal GI BUS CONT (~ delaved PER2 (H)) for
controlling the I-BUS T-File read and enable and the
SHIFT 8 (L). ’

Table 4.1.3 specify the PROM output selection scheme
and fig. 4.1.3 specify the timing of the circuit and
the PROM contents. The PROM tables for CR1296 & CR1297

are included in section 5.
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TABLE 4.1.3
PERO PER1 PER2 WAITF WAOTF LDT-FILE LDD-REG TBUS
1 0 0 R1.5 R2.6 R2.4 R28 ALS
0 1 0 R1.8 R2.S R2.1 R2.2 418 SHIFT
0 0 1 R1.4 R1.3 R2.3 R2.7 BIB
0 0 0 0 0 1 0 BIB

This condition is period 3 which is only used

when the special func.

is
on the CR80 Main Bus.

instructions Func

Mem

executed and the addressed memory is located
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PSW & Interrupt F-PSWI-1

All the circuit necessary for the process status
word (PSW) and the control circuit for interrunt
receiving are in F-PSWI-1. The input to PSW comes
from the I-BUS for the S/W controller part,and the
other bits comes from the H/W direct,e.g. the 3 bit
CPU NO is from a 3 bit DIL switch. The control of
the I/0 interrupts/Timer & CPU and PSW is included
in the F-PSWI-1 and consist of a 32 x 8 PROM with
some of the outputs synchronized to the master
timing by gates. The functional block consist of

three logical blocks:

1. PSW Interrupt Control L~-PIC-1
2. Process Status Word L-PSW-1
3. PSW Driver L-PD-1

PSW Interrupt Contol L-PIC-1

Input to the L-PIC-1 is u program lines MDAT 32 -

MDAT 36 which also are used for controlling the OP
register on MPB. These func signals are decoded

by a 32 x 8 PROM CR1300 (ref. PROM tables section 5)

and the output from CR1300 control loading of the PSW, trans
fer of the PSW, I-BUS and the modify and interrupt bits.
Table 4.2.1 specify the functions and the timing

for the signals derived from the PROM.
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4.2.2 Process Status Word L-PSW-1

The PSW contain the 16 bits which constitute the
CPU CR8001's status word. PSW and the control of
it is specified in the table overleaf.

The timing specification for the PSW operation

is specified in table 4.2.1

. The priotity bits PRIO & PRIl are in the I/O inter-
rupt circuit compared with the priority code from
the interrupt present in the MBC, so that an inter-
rupt only will be serviced if the PSW priority are

" less or equal to the MBC priority.

The page bits PGl & PGO are feed to the carry/page
control circuit and used for to provide an off-set to

the data addresses.




o LSy

A

BIT load{ CONTROLLED
NUMBER NAME able BY DESCRIPTION
15 Timer mask Y Software High means: fast timer disabled
14 CPU mask Y Software High means: CPU interrupts disabled
13 I0 mask Y Software High means: IO interrupts disabled
12 Time-out Y Hardware Set when a time-out condition occurs
11 Local-int Y Firmware Set when a local interrupt is generated
3
10 CPU NMB2 N Hardware
9 CPU NMB1 N Hardware CPU number. Set by switches
8 CPU NMBO N Hardware J
. ’ The all zeroes condition of some arithme-
7 z Y Fi are tic operations (1 = all zeroes).
The sign bit of the result of some arith-
6 S Y Firmware metic operations
The overflow condition of some arithmetic
5 v Y Firmware operations (1 means no overflow)
The carry of some arithmetic operations
4 (o] Y Firmware (1 means carry)
3
3 bSﬁ) PGO. Y Software Page indication. Provides an off-set
. in multiples of 64K to data addresses
2 HD PG1 Y Software J PGl is most significant.
A
1 HSp | PRIL Y | SOFTWARE
Process priority
PRIO Y Software PRI L 4n ~mesd n48«~«4{<CQVw4

NOTE:

The only bits which cannot be controlled by a LOAP PSW instruction are 8,9,10.

CHRISTIAN ROVSING A/S

CR8001

PROGRAM STATUS WORD, PSW.

RIS i Apgrient Su i
Oare 760323 | Date 76 !
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The Z, S, V & C bits are feed to a selector to-
gether with the corresponding ALS output and used
on the MPB for flag test. The selection of PSW

or ALS as source is controlled from the MPB (PSW/ALS
SEL). The bits can be updated from the I-BUS or

the ALS.
The 3 bits CPU number is switch selectable, the
'. .address bit 0. is furthermore used for the authority

control during Sub Bus transfer.

The local interrupt bit is set by the firmware,

e.g. illegal instruction.

The three mask bits (Timer, CPU & I/0) will
disable the corresponding interrupt in the interrupt

circuit.

4.2.3 PSW Driver L-PD-1

The PSW Driver is open collector NAND gates for
. transferring the contents of PSW to the I-BUS.
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Interrupt Control F-IC-1

Synchronization and masking of the incoming inter-
rupt from the system (Timer, CPU & I/0) is carried
out in this functional block. Treatment of the
internal H/W generated interrupts, time out and
parity error are also performed in F-IC-1 together
with the carry/page control function.

The functions block is divided in the following three
logical blocks.

l. Parity & Time Out L-P&TO-1
2. Carry & Page Control L-C&PC-1
3. Interrupt Circuit L-IC-1

Parity & Time Out L-P&TO-1

The data received from the CR80 main memory is checked
for correct parity (ODD), and when data is transferred
to the memory the parity is added to the data word
when it is loaded from the T-BUS into the data re-
gister located on the BIB. When the communication

is I/0 the parity is not checked. If a parity error
is recognized a pulse is transferred to the BIB and to
a FF (Parity Error)is set. The siqgnal will via the BIB
reset the CPU by the signal LD MCU, and during the
start up sequence a test of time out FF and parity
error FF will be executed under control of the Carry

& Page Control (TSE,PSE). The two FF's are reset when
PSW is loaded. Timing diagram fig. 4.3.1 specify

the L-P&TO-1 signal sequences.



10O SV N8 40 39C3 AMIVY 3HL r
NO Q3XD3HD SI Alluvd .

. Ley bid

SNIWY3L 13S3&d

YOY¥Y3 Aliyvd

\ | (H) N3HOd

\ [ / ) _ A\N Nyt

,m, \ \ AN ‘ /4 4uL sne.

“m // [ ] | ”// J . (V) or

w ] . \ [ 3 | 1 ™ l 1N0STYN3

M X sty X ala} Lains X SIv X sie X Ldiis X SV YeteX Lalns stv. X snaL
| .

_ _ _ _ . {H) 0 4¥3d
_ _ Svdd

P g



sign/date page

GB/780523

ARITHMETICAL LOGICAL BOARD (ALB) rep! project

Carry & Page Control L-C&PC-1
Control of the two page bits SEAl6 and SEAL7 used

to specify which of the four 64 K word pages the
data are located in,is carried out by a PROM CR1295
which control a dual 4 to 1 selector. For the con-
tents of the 32 x 8 CR1295 ref. section 5 PROM
tables.

The input carry to the ALS and the two signal used
for selecting parity error/time out as test input
for the MPB is controlled by CR1295 also.

Input to CR1295 are MDAT 21-23 and the carry stored
in PSW (PSWC). Table 4.3.2 specify the function of
L-C&PC-1.



TABLE 4.3.2
Carry & Page Control

{ VN VN 3d i l 101
IMSd 02d 19d 3dA0L { 0 l dOMSd
0 0 840 3dA0L 0 0 0 : Ton
0 094 19d 3dAOL 0 L | 0 4y
0 0 0 3dAOL 0 0 L 0 3 o
L 09d 19d 3dACL 0 : 0 0 L 423
' 040 ) 3dA0L 0 0 0 0 0 242
NI AHYYD 91 v3s L1 v3s (1 1noawiL  |onsa| FEFE 13900 SN
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Interrupt Circuit

Storing and synchronization of the three interrupt
timer, CPU & I/O to the first steo of the instruction
decoding (JZR(H): active) is performed in L-IC-1.

The timer interrupt signal from the BIB is used as
clock for a FF and the FF is locked afterwards by a
feed back from the Q output to the s inout.

Reset of timer interrupt is controlled from L-PIC-1
ref table 4.2.1 or from the PSW Mask bit.

I/0 interrupt is a combination of the PSW priority
bits PRIO & 1 and the interrupt queue status from
the MBC module P0. Pl & INT (L).

The signal I/O0 INT(L) is active when the levels of
PSW priority is less or equal to the MBC priority.
When the CPU access the Main Bus for fetching of the
interrupt in the MBC, the interrupt condition is stored
in a FF (1/0 PENDINGL because the interrupt could
have been fetched from an other CPU. By testing the
I/0 pending the validity of the fetched interrupt is
checked. I/0 INT (L) is reset by the L-PIC-1 ref
table 4.2.1 and the PSW mask bit.

When a CPU Interrupt is received a FF is cloked and
the signal CPU I (L) goes active. The FF is cleared
of the internal master clear signal DCL (L) because
the PSW mask bit only gates the FF output without
resetting the FF meaning that a CPU interrupt always

will be serviced.

The three stored intérrupts is synchronized to the
internal timing by a latch enabled of GI BUS CUNI.

The signal DIS PRE (H) used by the MPB for start up of
interrupt routine will be disabled if the pre-

ceding instruction was a modify (MODIFY (H)) if the
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modify flag is passive DIS PRE (H) will be forced

high by JZR, and cone or more stored interrupts.

Arithmetical Logical Section F-ALS-1

All the arithmetical , logical and shift operation
are performed by the arithmetical logical section.
There is to logical blocks in F-ALS-1.

1. Shift Control

2. Arithmetical Logical Section L-ALS-1

shift Control L-SC-1

The four shift in/out to the ALL registers (RAM & Q)

are set up controlled by the A address used for addr-
essing of the ALS registers. Beside the shift function
this logical block generate the two address mode bits
IA18, IAl9 used for specifying word byte/L byte/u & I/O.
The two mode bits are clocked into fwo FF from the shift
control PROM CR 1301 ( PROM table ref section 5 ) on

the rising edge of the ALU clock (CP ALS). When the
contents of the address mode bits is different from
word address ("1", "1") the clock pulse will be dis-
abled. It means that the mode bits will stay stable
during more u cycles until a bus transfer occurs where
they are reset, ref. table 4.4.1.

This set up scheme for I/O & byte addressing put re-
strictions on the addressing because it has to be set

up and cycle before the bus transfer take place.

The four shift input are controlled by a 3-state selector
circuit with the 3-state output controlled by the MDAT 5
which at the same time are used by the ALV to enable/
disable the correspond shift out/in. The selection

is carried out by CR1301.

For more details ref table 4.4.1.
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Arithmetical Logical Section L-ALS-1

The arithmetical and logical operations in the
CPU CR8001 are performed by four MM6701 chips
with a carry load ahead generator for improving

of the cycle time to 375 ns.

‘The 16 bits input word is the I-BUS and the output

is the T-BUS the function control is carried out
from the MPB p program direct for the 8 bit instruct-
ion bys MDAT 0-7 and indirect via the address select-
ors for the register A- and.B addressing located

on the MPB too.

The following data sheets specify the ALU chips.
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I.  INTRODUCTION
,. GENERAL DESCRIPTION

The 5701/6701 is designed to be used as a 4-bit processor slice of a conventional central processing unit (C.P.U.). It can aiso be used
in peripheral controliers, (tape, disk, etc.,) or as the heart of a microprocessor, terminal, or computer. It is a single chip bipolar LS| device
which replaces more than 1000 TTL gates.

The two address capability (ability to work on two accumulators at once) ang the powerful nano-instructions permit design of sub
1 microsecond cycle time hard wired C.P.U.’s or efficient emulation (imitation) of conventional machines using off chip ROMs for
microprogramming. '

The 5701/6701 will handle the data flow section of most computers since it is expandable to handle any word length in increments of
4 bits without significant speed degradation (look-ahead outputs are available). The 16 on-chip general purpose accumulators implement
the type of C.P.U. usually found only in high performance top of the line 16-bit minicomputers or 24 or 32-bit computers. It can be
thought of as a general purpose 4-bit register and arithmetic logic unit with a separate A operand, B operand, data-in, and data-out ports.
Additional accumulators or registers if required can be added with off chip packages tied to the data in pins.

B) TTL EQUIVALENT "
The 5701/6701 is similar in function to the 25 TTL MSI packages listed below. It saves 375 1/0 pins, 5.6 watts and 30 square inches of
board area.
TABLE 1
#14 Pin
or Advertised Gate Typical Total
. . #16 Pin #24 Pin Gate Complexity Complexity Power Power
Function TTL# Pkgs. Pkags. {(Each Pkag.) Total Each (Watts) {Watts)
32x9 &8 x 8 ROMs 7488 3 70 - 210 .50 1.50
16 x 4 Multiport RAM 74172 . 4 110¢ 440 56 224
Arithmetic Logic Unit 74181 1 75 75 55 55
Storage Latches 7475 2 28 56 16 32
J-K Flip Flop (Q Reg) 74107 2 22 44 10 .20
4 to 1 MUX 74153 6 16 96 20 1.20
O/ True Complement 74H87 2 18 36 27 54
Dual 4 Bit Select 74157 2 15 30 .15 30
. Quad 2 to 1 MUX with
3 State Outputs 745257 2 15 30 .30 60
3 State Buffer DM8B094 1 5 5 18 .18
Totals 20 5 1022 6.63

*The 74172 is advertised at 201 gate complexity but we are using only 2 of the 3 address capability, hence we have counted it as 110
gates. )

C) PROCESS AND PACKAGING

. The 6701/6701 is manufactured by an advanced Schottky bipolar single layer metal process. The chip requires only 5 voltsand ground
and all inputs and outputs are totally TTL compatible. The chip is packaged in a standard 40-pin dual in-line ceramic package.

weR— : . \

The chip is designed to dissipate maximum power at low temperature. The power is minimum at high temperature. This feature permits
full military range parts and easier power supply design. _/

E) PERFORMANCE

A single 5701/6701 can execute one instruction every 175ns (230ns for the 5701). The instructions are more complex than normal
micro-instructions permitting multiple operations in one cycle without timing problems.

-Hl. OPERATION —See Figure 1 — Expandable 4-Bit Slice
A) BLOCK DIAGRAM

A detailed block diagram of the chip is shown in Figure 1. Note the legend used in the upper left hand corner for package inputs and
outputs. The logic and control ones are shown as they are implemented on the chip even though fewer controt inputs might be required
by discrete logic devices. The dual 4-bit selects, at the input to the arithmetic logic unit, for example, have two *‘S™ input control lines
rather than the 74157 TTL equivalent which has one control line for letting through the left four bits or the right four bits on the
output 4 bits.
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B)

C)

D)

E)

F)

G)

H)

ROM (LOWER LEFT CORNER)

Two on chip ROMs (352 bits total) are used to translate the eight [B) instruction lines 10 to I7 into 17 on chip control lines (labelec
$1 through S17) which open and close data paths required to execute an instruction.

. . KIS e A

MULTIPORT RAM (UPPER LEFT CORNER)

8ddress on the A side. The A side can only be read. The RAM must be loaded via the B side. The RAM, if it is enabled, is loaded when
the clock is low. The duration of time the clock is low, is the write enable pulse width required to switch the RAM. If the clock is held
high, operations can be performed and the results examined, but no results are stored.

LATCHES (CENTER LEFT)

The latches on the RAM outputs are the zero delay type {like 7475) which let the data into the latches appear on the latch outputs until
the clock goes low and then hold the data. The latches permit parallel accessing of the RAM and ROM without two delays (one for the
ROM and one for the RAM), since the access time of the ROM is masked by the delay through the RAM. The latches eliminate race
conditions when the RAM data is fetched and updated in one cycle.

ARITHMETIC LOGIC UNIT (LOWER CENTER)

Input multiplexers into the arithmetic logic unit (A.L.U.) under ROM control permit the entry of data in or the A channel of the RAM
into the A port of the ALU, and the B channe! of the RAM or the Q register into the B port of the ALU.
The ALU is of the conventional type except 0/1 true complement elements have been put in the input ports permitting the realization

of a totally symmetrical ALU {i.e.,, A minus B or B minus A). Overfiow detection and two zero detect pin {one for positive and one for
negative logic) are also included.

OUTPUT MULTIPLEXERS (LOWER RIGHT HAND CORNER)

The 3 to 1 output multiplexers under ROM control let through the ALU output, the A latch output, the B latch output on the data out
pins. The output multiplexers are three-state outputs controlled by the three-state output control pin. The three-state outputs permit
processing to be performed in the 5701/6701 without tying up the data out bus and aliow one bus system to tie 5701/6701 data in pins
to data out pins. The outputs are enabled when the three-state enable pin is low.

SHIFT MULTIPLEXERS (UPPER LEFT AND UPPER RIGHT)

The four 3 to 1 mux’s on top of the Q register permit the ALU output bus F to be loaded into the Q register. The Q register can also be
shifted on itself one place left or right. The four 3 to 1 multiplexers above the RAM permit a transfer or 1 bit left or right shift of the
F bus before storage in the RAM. Both the RAM shifter and the Q shifter employ bi-directional shift in/shift out pins to permit
expansion to more than 4 bits.

Q REGISTER (UPPER RIGHT)

The Q register can function as an accumulator extension register. It would normally be used to hold the least significant half of the
double length product of a multiplication or as a storage register to catch the bits shifted off the beginning or end of a word during left
or right shifting. In this mode of operation, the shift out pin of the least significant bit of the RAM shifter would be tied to the shift in
pin of the most significant bit of the Q register. The Q register can be shifted on itself or be loaded from the ALU bus. The Q shift
control pins are in common with RAM shift controls permitting simultaneous RAM and Q shifting. It can atso be used as a program
counter or scratchpad.

The Q register is a master slave flip-flop. Data is loaded into the master while the clock is low (assuming it is enabled by the ROM)
and transferred from the master to the slave when the clock goes high. The Q register is not an edge-triggered latch. Whatever data is

DATA FROM
Q mMux

MASTER LATCH SLAVE LATCH

CLOCK
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PACKAGE PINS .

PIN CONFIGURATION

Figure 2 shows a listing of the 40 pin 1/0. The 5701/6701 uses a standard

40 lead ceramic dip approximately 2.00 inches long and 0.60 inch wide. See
Figure 3 for the package details. NOTE THAT Vgc AND GROUND ARE
NOT ON THE CONVENTIONAL END PINS. This was necessary because the
package current would produce too high a voltage drop in the package lead
resistance out to the end pins to meet the VQ|_ requirements.

B PACKAGE OUTLINE

F— 2000+ m—————i

£t M raC A e s ra e e e e,

1

580+ 015 ~ . C

21 40

T T O T e N T O T T T T T e O ey

‘——SHDULDER WIDTH .055 £ .015

100 TYPICAL
020 MAX LID THICKNESS
C

SEATED HEIGHT .230 MAX.

Mty ™~ so}— crocx
A SOURCE [ S P 39 p— 004 l
ACCUMULATOR | 43— 2 38 =003 | 012 ouTPUTS
e 37 }— 002
SORO/SOL} e & 36 }— DO1
SHIFT | SOLO/SORI—{ g 35 }— 3 STATE OUTPUT CONTROL
10 PINS SAO/SLI e 7 34 |— OVERFLOW
SLO/SAI s 33 f—CN s 4 1 RIPPLE CARRY OUTPUT }
N/C L] 32 |—F = ALL LOWS | OPEN COLLECTOR }
veC 10 31— F « ALL HIGHS { OPEN COLLECTOR )
80— 11 20 }— GROUND
012 29 }—G = (CARRY GENERATE )
NNt 28 }— P = { CARRY PROPAGATE )
Raed 4 27}—0%
B 26 p— D13
T
e . 2| —oip [DATAINFUTE
h_{y 24 —0n
[ T v 23 }—CN { CARRY INPUT }
Bty 2} l INSTRUCTION
20 np—ls
Figure 2.

40 Pin Ceramic (Side Braze)

©ja (thermal resistance from junc-
tion to ambient soldered to a printed cir-
cuit board in still air) = 35°C/watt

©jc (thermal resistance from junc-
tion to case with freon as a heat sink)
=~ 20°C/watt

126 MIN

|
o18 :ooa—-"»——

.100+.010
(19 PLCS)

Figure 3.

vee
3305L  BURN IN CIRCUIT
veW 5701/6701
—— ]
1 4
2 39
3 38
4 27
5 36
The circuit in Figure 4 below puts the device in an instruction where the state of : ::
all outputs is known. Any other set of levels on the inputs may result in undefined 8 a3 a1
output states and possible damage to the device under burn-in conditions. The —9 32 F—AA—1 :‘*ag!vlv
. . . . . o s cas 1
other instructions involve the use of internal register whose initial conditions, :l: 3;
after power-up, are undefined. The burn-in circuit shown comes closest to the 12 29 2 =
usual reverse burn-in circuits of logic devices. The unit is in the force LLLL mode :i o A 1‘]‘0&’-
with the shift 1/O pins disabled, the data outputs disabled, and with a single : C 15 26
accumulator always selected. I o :i’
= 18 23
19 22
_L 20 21

PLANE
015 MIN

I

11

Figure 4.

b— 600 ¢ .015—~

.010%.003, —¢—~—

BURN-IN CIRCUIT
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ELECTRICAL PARAMETERS

Supply Voitage, Vee
Input Voltage
Output Current
Input Current

..........

ABSOLUTE MAXIMUM RATINGS

..................
.......................

........................

-20 to 5 mA
-65t0+150 C

...........

0S5t70V -
-10to55Vv

100 mA

Stresses above or extended time at Absolute Maximum Ratings may
cause permanent damage or affect device reliability.

D.C. CHARACTERISTICS — Unless otherwise indicated, all limits for the 6701 are guaranteed for 5 V +
to 75°C; ali limits for the 5701 are guaranteed for 5 V + 10%

5% in a free air temperature of C
in a free air temperature of -55° to 125°C.

DEVICE 5701 6701
PARAMETER PINS CONDITIONS MIN. ]TYP.!|MAX.| MIN. | TYP.iMAX.| UNIT
Ie Input Load Current Any A, B, or | Vee=Max, VE= 45V -250 ~250 HA
Clock or 3 State Vee=Max, VE = 45V -250 -250 HA
Control ’
Shift 1/0 & Data In Vce = Max, Vg = 45V -0.80 -0.80 mA
Cn Vee=Max, VE= 45V -4.80 -4.80 mA
IR Input Leakage Current Any A, B, or | Vee=Max, VR =240V 40 25 BA
Ciock or 3 State Vee=Max, Vg =240 Vv 40 25 HA
Control
Shift 1/0 . Used as an Input 100 100 MA
Data inputs Used as an Input 20 20 uA
CN Used as an Input 120 120
IRB Input Leakage Current Any A, B, or | Vee = Max, Vg = 5.50 v 1.0 1.0 mA
Clock or 3 State Vee = Max, Vgg = 550 V 1.0 1.0 mA
Control
Shift 1/0 Vee = Max, Vgg = 6.50 Vv 1.0 1.0 mA
Data Input Vee = Max, Veg = 5.50 V 1.0 1.0 mA
Cn Vee = Max, VR = 5.50 V 1.0 1.0 mA
VoL Low Level Qutput Data Qutputs, G, Vee =Min, I = 16 mA 0.35] 0.50 0.35] 0.50 \
Voltage Cn+4. F = All
High, F = All Low
P, Overflow Vee = Min, 1gL = 10 mA 0.35 | 0.50 0.35{ 0.50 v
Shift 1/0 Vee = Min, g = 3.2mA 0.35 | 0.50 0.35]| 0.50 v
- Used as an Output
lcc Power Supply Current Vee. Grd All inputs ground (worst case), 215 | 250 215 | 250 mA
All Outputs Open, Shift I/O
Open
Temp = Max
All inputs ground (worst case), 230 | 280 230 | 280 mA
All Outputs Open, Shift 1/0
Open
Temp = Min
ViL Low Level Input Voltage | All Inputs and Vee=5.00v 0.80 0.80 v
‘ Shift 1/0
ViH High Level Input Voltage | Ali Inputs and Vee=5.00v 20 20 v
Shift 1/0
Vic Input Clamp Voltage All Inputs and Vee = Min, i = -5.0 mA -1.0 | -15 -1.0} -15 \
Shift 1/0
ICEX Output Leakage Current | All Outputs and Vee =Max, Vogx =240 Vv, 100 100 #A
Shift 1/0 High Stored or Disabled
Vee = Max, Vegx =0.45 v -100 -100 BA
Disabled
IcExg Output Leakage All Qutputs and Vee = Max = Vopxg 1 1 mA
Current Shift 1/0 High Stored or Disabled
Is¢c  Output Short Circuit D04, DOy, DO3, VouTt=0V,Vec=5V 5 15 | 90 5 15 | 90 mA
Current D04, G, P, OVFL Only one Qutput at a time
should be Shorted
VoH Output Voltage ““High' D04, BOg, DO3, Ig=-3.2mA, Vcc = Min 24 | 3.5 24 | 35 \'
DOy, G, CN+4 High Stored
Shift 1/0,P, OVFL |19 = -500 A, Vg = Min 24 | 35 24 | 35 v
High Stored
Ci ° Input Capacitance All Inputs Vec=56.0V,v|=20vV,25°%C, 8 8 pF
1 MHz
Co  Output Capacitance All Qutputs Veo=50V,Vg=20V,25°, 8 8 pF
1 MHz

1. Typical values are measured at 5.0 V and 25°C,




e

e s

LR

e T T SR

A.C. CHARACTERISTICS*

\

TIME IN NANOSECONDS
- - 5Vt 10% 5V 5%
PARAMETER SYMBOL/CONDITIONS -65° 70 125°C 0°7T0 75°C
5701 6701

’ M, | Tve! | max. Mn, | Tye | max.
Delay from RAM Address (AN or By to Figure 5A Clock High
G . 85 130 85 100
P 85 130 85 100
CN+4 95 140 95 110
Zero Detect 120 170 120 140
Overflow 100 155 100 125
RAM Shifter Outputs 110 165 110 135
Data Outputs (bypass ALU) N Te1 20 85 130 20 85 100
Data Outputs (through ALU) TAA 40 110 170 40 110 140
Delay from Instruction Input {1py) to Figure 5A
G 55 95 55 75
P 55 95 55 75
CN+4 60 100 60 80
Zero Detect 80 120 80 105
Overflow 75 100 75 95
RAM Shifter Outputs 75 125 75 a5
Q Shifter Qutputs 25 60 25 40
Data Outputs TiD 30 85 120 15 85 100
Delay from Data Inputs (Din) to Figure 5A ’
G 25 60 25 40
P 25 60 25 40
CN+4 25 65 25 45
Zero Detect . 20 95 20 75
Overflow 40 75 40 55
RAM Shifter Outputs 50 90 50 70
Data Outputs TpD 20 50 g5 10 50 75
Delay from Carry in (Cn) to Figure S5A
CN+4 15 30 15 25
Zero Detect 30 45 30 40.
Overflow 25 40 25 35
RAM Shifter Outputs 25 40 25 35
Data Outputs 5 30 45 5 30 40
Delay from Clock {low to high) to AN. BN, In. Dy constant
G 145 95 115
[ 145 95 115
Cn+a 115 105 | 125
Zero Detect 170 120 140
Overflow 165 115 135
RAM Shifter Outputs 165 110 135‘_
Q Shifter Qutputs . 60 30 40
Data Outputs (bypass ALU) Tc2 20 60 145 20 95 115
Data Outputs (through ALU) 170 30 115 140
Delay from 3 State Control to All inputs constant
Low Data Outputs Tea ' 10 20 30 10 20 25
High Impedance Outputs TER 5 14 25 5 15 20

*The maximum of all pos;ible input and output conditions is specified with

( , driving a 30 pF load (15 pF on Shift 1/0) to ground,

! Typical values are. measured at 5.0 V and 25°C.

outputs sinking maximum current through a resistor to Vce and
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A.C. CHARACTERISTICS* — Cont'd.

TIME IN NANOSECONDS

5Vi10% SV 5%
PARAMETER . SYMBOL/CONDITIONS -55° TO 125°C 0° TO 75°
5701 6701
MIN. | TYP.! | maX. MIN. | TYP.!
Setup Time Before the High to Low Figure 5B
Transition of Clock
AN Tas 115 60 85 60
BN Tes1 120 60 920 60
lo. 1. 12 Tis1 30 5 15 5
Setup Time Before the Low to High Figure 58
Transition of Clock
AN, BN Tes2 240 | 130 185 | 130
Cn . TcNs 95 45 ~ 70 45
13, 14. 1s, 1. 19 Tis2 150 90 120 20
Data Inputs (D) Tos 95 50 70 50
RAM Shifter Inputs TRs 60 30 45 30
Q Shifter Inputs Tas 45 15 30 15
Hold Time After the Low to High Figure 5B
Transition of Clock
AN TAH -Tcw - 10 [-Tow-25) -Tew-15|-Tcw-10
By Ten -10 | -20 -10 20 |
1o, 1. I2 TIH1 -20 -0 220 -40
13. 14, Is. 16. 17 TiH2 -30 -60 -30 -60
Cn TCNH -20 -40 -20 -40
Data Inputs (D) ToOH -25 ~-50 -25 -50
RAM Shifter Inputs TRH -25 -50 -25 -50
Q shifter Inputs Tar -15 -30 -15 -30
System Parameters Figure 58
Clock Pulse Width (Low Time) Tew 80 25 50 25
Minimum Microinstruction Cycle Time TcycLE = Tes2 + Tgy 230 110 oo 175 110

*The maximum of all possible input and output conditions is s
driving a 30 pF load (15 pF on Shift 1/0) to ground.

! Typical values are measured at Vee = 5.0V and 25°C,

TIMING DIAGRAMS

Figure 5A — Delays

ANq BN ETC

DATA OUT
ETC

—

3 STATE
CONTROL

K DATA OUT i I

CLOCK

pecified with outputs sinking maximum current through a resistor 1o V¢

|
|

I

ii

ontncur [T

D

LEGEND: Shaded areas indicate don’t care conditions or permitted timing tolerances.




TIMING DIAGRAMS — Cont'd.

‘ CLOCK - \\4—-—— Tcw———-»/'
- [I< TAS o >JTAH |
ADDRESS Ay X M IHH;' i I
< T8s1 }Tas2 >« TBH
ADDRESS oy HH -G, pll
l Tis1 =! |<—>TlH1
INSTRUCTION | ’ii Tl "|“ '” “'V | “”
1p. 11, 12 ' !l,[“‘““,;“ ’M.H‘_ l ” “’ u‘/\ | il
| ’l< Tis2-| ol | Tii2
et || LTI D ¢ |
—— f= ¢|TCNS_->L—>TCNH .
@ = LM I
< l Tos > TpH
oo [ TR X
— . | r<— —-—‘«——PRH
“aeors = L Xl
| i | Tos—»L———»lToH
s [ RN (T

\

175 ns

Figure 5B — Set-up and Hold Times

|

CLOCK

-

— ..

__[ S L
w ;4 ”UWHH“HIH [
I IH‘II_A, 95 ns
owtam [N AAE
| o 30 ns |<—
oaa our [N “W |

Figure 5C — Sample Minimum Cycle Time for 6701
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INSTRUCTIONS LOCATED IN-THE ON CHIP ROMS

SYMBOL DEFINITIONS

A

- B,
A +8By
Al ¥ By

A} VBy
AlABy
A
Aj—=Q
A} —= 0OUT
A

—~—

Al

By-A

Any of the 16 four bit registers in the multiport RAM {i = O to 15)
- " (J=01to 15)

A} plus B (arithmetic addition)

A exclusive OR’ed with B

A or By (logic inclusive or)

A, and B (logic and)

The complement of A} o

Transfer A| to Q, Aj saved, Old Q is lost

Transfer A| to the output pins, A} is saved

A\ shifted right one bit

A\ shifted left one bit
By minus A = By + A] + Cy = By + 2's compl. of Ay

POSITIVE (ACTIVE HIGH) VS. NEGATIVE (ACTIVE LOW) LOGIC

The Microcontroller will work with either positive or negative logic. Positive logic defines a TTL High Level (= 3V) to be a “'I”
and a Low TTL Level (= GRD) to be a *’O’’. Negative logic defines a TTL High to be A “O"” anda TTL Low to be a ““1*’. Consider a

a classical “AND function in TTL Logic [outpur | inruTS in positive logic this becomes [gutPur | INPUTS
8] A T
L L ° olo
L L|H ° ol
L H It o 1 |o
H HiH 1 R
ouTPUT | INPUTS
In negative logic the “AND* becomes an “OR"* function since: | 7 ‘I‘
' 1 ]o
' ol
o olo

Thus an “AND” in positive logic is an “OR" in negative logic. Similar reasoning yields the following transformations.

POSITIVE LOGIC

AND
OR

EXCLUSIVE OR
EXCLUSIVE NOR

TRANSFER

DECREMENT
INCREMENT

TRANSFER

CARRY IN (Cy)

The carry in pin is high when a carry is desired in positive logic, and a low when a carry is desired in negative logic.

TWO ROMS

All of the instructions in the 32 x 9 ROM can be modified in 8 different ways by the 8 x 8 ROM. Any instruction for example
can be shifted left or right with the data out pins showing A, B, or F and the shifted result stored in the RAM or Q Register or both,
If the clock is gated OFF by external logic it will be impossible to load the RAM or Q Register, and the controlled use of Cy in

NEGATIVE LOGIC

OR

AND
EXCLUSIVE NOR
EXCLUSIVE OR
DECREMENT
TRANSFER
TRANSFER
INCREMENT

B

many instructions further raises the instruction count.

10
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INSTRUCTIONS IN THE 32 x 9 ROM — POSITIVE LQGIC (1 =H~3 V) INTERPRETATION

ALU Instruction ALU OUTPUT TYPICAL

ROM WORD No Carry In With Carry in
1716 15[ 14 [ 13 | Decimal | Octal {See Pg.10 for Symbology) Cn=L) (Cp = H) USES
LjiLjLijLjt 0 00 LLLL + HHHH + Cy | Force 1111 | Force 0000 Initialization {Force 1's or O's}
LjLfLfLin 1 01 AND A & B; Al A B; Aj A B AND A| & B;
Licor]L 2 02 AND D1 & B; Dj A Bj D A Bj . D & Bj
LIL L |H|H 3 03 OR Aj&8B; AL v B; Al v Bj OR Ay & Bj
LU THLTC 4 c4 OR D) & B; Dy v B; Dy v B; - Dy & B;
LiIL|H]JL]H 5 05 Exclusive OR Ay & B; A| % B; Ay ¥ Bj Exclusive Or A| & B;
L{LIJH|H|L 6 06 Exclusive OR D| & B; D v B; D) ¥ B; " Dy & B;
L{L|H]H[H 7 07 A + HHHH + Cpy YEEEER A Invert Aj
Liv|L]c]L 8 10 Dy + HHHH + Cp Dr+ 1111 oy - D,
LiHJL|L|H 9 11 “Bj + HHHH + Cyy B + 111 Bj - B;
LIH|L]|H]L 10 12 "0 +HHHH + Cpy Q +1111 a 5 Q
LIH{L|[H{|H 1 13 Al + LLLL + Cpy ) A} + 0001 2's Complement Of Ay
LIH|H|LI]L 12 14 Dy+LLLL+Cp Dy Dy + 0001 " D)
LIH|H|L|H 13 15 Bj +LLLL +Cp Bj Bj + 0001 - B;
LIH|H|H]|L 14 16 Q +LLLL + Cp Q Q + 0001 ° Q
LIH|{H|H|H 15 17 Ap+LLLL+Cp Ay A + 0001 Transfer Or increment Al
H{L jL L |LC 16 20 Dy +LLLL +Cp Dy D; + OCO1 Dy
HiL L JLH 17 21 Bj + LLLL +Cpn B; Bj + 0001 " Bj
HlL L |H]|L 18 22 Q +LLLL +Cp Q Q + 0001 " Q
H|L |[L{H|H 19 23 A+ HHHH + Cy Ar+1111 Ay Decrement Or Transfer Ay
HiL K [L L 20 24 D) + HHHH + Cp Dy + 1111 D, " Dy
HiL [H|L |H 21 25 Bj + HHHH + CN Bj +1111 B; ” Bj
HIL |JHIH|L 22 26 Q + HHHH + Cpy Q +1111 Q ' Q
HIL IH [H|H 23 27 Aj+ Bj +Cn A+ Bj A| + B; + 0001 Add AL & B
HiH (L |L |L 24 30 Dy + Bj +Cn by + B; D, + 8; + 0001 o Dy & B;
HiH [L]L |H 25 31 A+ Q+Cy Ar+Q Aj +Q + 0001 > Al &Q
HIHIL{H|L 26 32 Dy +Q+Cy D;+Q Dy + Q + 0CO1 * D;y & Q
HiH|{L]H|H 27 33 Ay +Bj+Cy Aj - Bj - 0001 Ay -B; Subtract Al & B
HIH [H|L L 28 34 Bj + Al + CN Bj - Ay - 0001 Bj - Al " 8, & Aj
HiH fH L |H 29 35 Dy +Bi+Cy D) - B; - 0001 D) - B; - D) & Bj
HIH|H|H JL 30 36 Bj + D+ Cp Bj - D ~ 0001 8, - Dy " B; & Dy
HIH[H AR =3 37 Dy +Q +Cp Dy - Q - 0001 D;-Q z D &Q

~

INSTRUCTION MODIFIERS IN THE 8 x 8 ROM —
POSITIVE LOGIC (1 =H =3 V) INTERPRETATION

Rom Word | Rom Word Load Control Shift Control Data Out Controt
12|11 {10 | Decimal |Load Ram B; |Load q | 5"t | Shift |Don't) A | B ALY
Left |Right [Shift | Latch | Latch | Output F
LiL|L 0 X X X
LILH 1 X X X
LIH|L 2 X X X
LiH|H 3 X X X
HiL L 4 X X X v
HIL |H 5 X X X X
HH|L 6 X X X X
HIH|H 7 X X X

PIN CONFIGURATION

]
A SoUncE ~__]
awuuvw! A4
L -

SORO- SOL § ey
SOLO 3O o
SMOsL
HOTRI ]

— CLOCR

oor |

203} oaraoureuts

oy !

vor |

TSTATE OUTAUT LONTROL
ovEAT oW

Choat RISTLE CARRY OUTPUT )
— ¥ ALL LOWS {OFEN COLLECTOR )
¥ ALL HIGHS T OPEM LOLLEGTOR |
crounD

G+ (CARMY GUNERATE)

P UCARRY FHUPAGATE )

014

ey
10 PN l

T
BEEIREEYS

H
I

62
N 13
R

mesraucrion
wooIfiER |

SUTYFNI YN
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INSTRUCTIONS IN THE 32 x 9 ROM — NEGATIVE LOGIC (1 =L ~0V) INTERPRETATION

ALU Instruction ALU OUTPUT TYPICAL
ROM WORD (See Pg.10for Symbology) No Carry In With Carry In USES
17{ 1] I5| 14| 13 | Decimai | Octal (Cn =H) (Cny=L)
LjLjLfjLjrr 31 37 LLLL + HHHH + Cpn Force 1111 Force 0000 Initialization (Force 1’s or O's)
LiL{L|L]H 30 36 OR A|&8; A| V Bj Ay V B OR A & B
L{LjL|H|L 29 35 OR D &B; Dy v B Dy v B " Dy & B;
LIL|JL{H]|H 28 34 AND A & B; A A Bj Al A Bj AND A& 8B,
LIL]HJL]|L 27 33 AND Dy & B; Dy A Bj D A Bj ! D) & B
LIL|H{L]|H 26 32 Exclusive NOR Aj & B; Al M B A| ¥ B, Exclusive Nor Aj & By
LIL{H]H|L 25 31 Exclusive NOR D} & B; Dy W Bi 0 ¥ Bj ” D) & Bj
tiL|[H]H][H 24 30 A} + HHHH + Cp ) Aj + 0001 2's Complement Of Ay
LfHjLfL]L 23 27 D) + HHHH + Cy Dy Dy + 0001 . D)
LfHfL[elH ] 22 26 Bj + HHHH + Cp Bj '8j +0001 " B
LI{HJL|H]|L 21 25 Q + HHHH + Cn Q Q + 0001 " Q
LIH|L|H[H 20 24 Ap+ LLLL + Cpy A+ 111 Ay Invert Ay
LIH|H[L|L 19 23 | Dj+LLLL +Cn Dy + 1111 Dy z Dy
LiH[H[L{H ][ 18 22 Bj +LLLL+Cp B +1111 B " Bj
LIH|H|[H]|L 17 21 Q +LLLL+Cp Q +11n Q " Q
LIH|H|H|H 16 20 Ap+ LLLL + Cpn Ap+ 1111 Ay Decrement Or Transfer A
HiL|LfL ]t 15 17 Dy +LLLL+Cpn Dy+ 1111 Dy " Dy
HiL|L|LI[H 14 16 Bj +LLLL +Cn Bj +1111 Bj N B;
HiL|L]|H]{L 13 15 Q +LLLL +Cp Q +1111 Q " Q
HILJL]IHIH 12 14 Ap+ HHHH + Cn Ay Ay + 0001 Transfer Or Increment Ay
HlL|HrjL]|L 11 13 Dy + HHHH + C D Dy + 0001 . Dy
HiL|H]L{H 10 12 Bj + HHHH + Cn B; B +0001 a B;
"THIL[H[H[L 9 1 Q + HHHH + Cp Q Q + 0001 " Q
HiLIH]|H]|H 8 10 A+ Bj+CpN A| + B A + Bj + 0001 Add Ay & B
HIiHIL L L 7 07 Dy +B; +CN D) + B D) + B + 0001 " D; & B;
HiHIL]L |H 6 06 A+ Q+CN Ay +Q Ay +Q + 0001 " A &Q
H{H[L]H (L 5 05 Dy +Q+Cp D+ Q D) + Q + 0001 . D&Q
HiH|L]H|H 4 04 Aj+Bj+Cn A - Bj - 0001 Aj - Bj Subtract A & Bj
HIH]H]L L 3 03 Bj+ A+ CN Bj - Aj - 0001 Bj - A " B & A
H{H|H]LIH 2 02 Dy +Ej+Cn D) - Bj - 0001 Dy - B; " D) &8
EILEGILEE 1 01 B, + D) + Cyy Bj - D - 0001 B, - D B & D)
H|H|H]|H |H 0 00 D +Q+CpN D) - Q - 0001 D|-Q . D;&Q
INSTRUCTION MODIFIERS IN THE 8 x 8 ROM —
NEGATIVE LOGIC(1=L=0V)INTERPRETATION
ROM Word Load Control Shift Control Data Out Control PIN CONFIGURATION
- Load Q» NE] 40 }-cLocK
Load RAM | with @ | with I - : RS :Q; nEs
with RAM | Shifter | ALU Shift |Shift |Don’t] A B ALU B33 DEsor oavacureun
12{11 {10 | Decimal | Shifter Output | Output | Output | Left |Right|Shift |Latch|Latch | Output ¥ surr :2:353‘3; ;’;}?gintww conTRoL
L] 7 X x X womyl BERnaan
LIH|L 5 X X X Honme .Ejss 35 EEE; DATA INPUTS
LIH|H| 4 X X X Bl BEacmnmnn
HIL|L 3 X X X .‘uia; INSTRUCTION
H{L|H 2 X X X X
HIH|L 1 X X X X
H|H|H 0 X X X




APPLICATION TRICKS WITH SOME INSTRUCTIONS

1)

2)

3)

4)

5)

6)

A A Bjor Ay V By can be used as a no operation if Ay = Bj and only the RAM is loaded since we are loading a register with
itself,

Af ¥ B can be used to load LLLL if A} = B regardless of the state of Cp.

A} +Bj+ Cp gives Aj + Ay + Cy if Ay = By, forming twice “A” or twice (A + I). IF Ay + By + Cy is shifted left with A} = B,
we get a double left shift since adding a number to itself is a multiply by 2 which in binary is a shift left.

Q can be shifted and stored back in Q during any instruction involving HLH or HHL on 19, 14, Ig permitting simultaneous RAM
and Q shifting. Operations involving 3 registers (A, B, and Q) are also possible since we can perform A + B+=Q.

By+LLLL +Cny—=By b d NO OP if there i
By + HHHH + C——B can be used as a if there is no carry
By+ LLLL + CN—= By, Aj—= QUT Permits use of one of the By for a program counter (P.C) while looking at one
By + HHHH + Cy—B, Aj—=OUT of the A} which might be an accumulator on the output pins. If there is a carry,
Bp + 000l —=—Bg (Increment P.C})
A| —= OUT (OId P.C—0UT)
. Might be used to increment the program counter while having the old value of
the program counter addressing memory (via the data out pins) in one micro-
controller cycle.

e CARRY GENERATE (G) AND CARRY PROPAGATE (P)

A)

B}

THEORY ' .

The G and P pins of the microcontroller are designed to be used with the TTL 54182/74182 took-ahead carry generator. The
look-ahead techniques predict whether or not there will be a carry generated from the microcontroller and whether the input
carry (Cy) will be propagated through the microcontroller, based on the input operands rather than waiting for the carry to
ripple through each internal stage of the microcontrolter. The add times of larger word length machines are significantly
faster with these techniques.

ACTIVE HIGH AND ACTIVE LOW LOGIC

G and P are sometimes called X and Y in active HIGH {(Positive) logic terminology since the generate and propagate
terminology are pertinent only to active LOW {Negative} logic. The microcontroller and look-ahead carry generator will
produce the correct results in both active HIGH and active LOW logic. Figure 6 shows how to hook-up the look-ahead

carry generator (74182 or 745182).

5701/6701
/ i \
Cn Cn Cn Cn Creg o=
G P G P G P G P
GoPo Cnex G1Py Cpey G2P2 Chez G3P3
Cn 745182
G P
16-BIT CPU TWO LEVEL LOOK AHEAD ? ?
5701/6701
/ N\
—o-dCp, [ [o Cn r [ Cn Cn Cn Cn
G P G P G P G P G P G P G P G P
GoPo Cnex G1Py Coay G2F; Cnez G3P3 | Gy Py Cnex G1Py Cney G2+2 Cnez G3P3 GoPoCnex
- &
Cn 745182 n 745182 745182
5P G P
Po

GoPo Cpex G1Py Cney
Cn 5182

64 BIT CPU FULL-CARRY tOOX AHEAD IN THREE LEVELS
Figure 6
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APPLICATION INFORMATION (Cont'd)

‘ » ' - l ' ’
. . FR - vt

C) LOGIC EQUATION ) .
tn logic symbology where - is a logic “AND" and + is a logic “OR" and where the subscript L means a low TTL logic level

P can be expressed as follows:
Y=P = (A'3H + B'3H) . (A';zH + B'2H) . (A'1H + B’1H) . (A'QH + B'OH)

This equation is interpreted to mean that propagate is a low level if A’3 or B3 is high and A'2 or B’y is high, and A’y or B’y is
high, and A’g or B'g is high. A3, A’g, A"y, A’g, and B’z, B'g, B'1, B'g refer to the four bit number applied at the input A" and
B’ of the microcontroller ALU.

In the same symbology:
X=GL= (A3, - B3y) + (A3, +B'g) - (A'g « B'g ) +{A'3, +B'3g) - (A'g + By ) -

(A'gpy - B'yyy) + (A3 + B3 ) - (A% + B ) - (A% + BYy ) < (Algy, < Blgyy)

. ' RIPPLE CARRY (Cp+gq)
In systems not requiring the speed of look-ahead addition the 745182 look-ahead carry generator can be eliminated and the ripple
carry Cp\y+4 can be used instead. Simply tie the ripple carry output C+4 of the least significant 5701/C701 package to the carry input
Cn of the more significant 5701/6701 package. Figure 7 shows some examples of ripple carry and combined ripple and look-ahead

carry.
The ripple carry output will be a TTL high level when a carry out occurs in the active HIGH (Positive) logic convention. The ripple

carry output will be a TTL low leve! when a carry out occurs in the active LOW (Negative) logic convention. The ripple carry is not
gated off during logic operations since the conditions defining whether it should be off or on are not the same in positive and negative

logic.
Ce team - e e e s .- - . - - ch ot qe- s
“
: 5701/6701
. / \
——1Cn Card—1Cn Cara—1Cn Cnea—1Cn Cora—
16-81T CPU RIPPLE-CARRY
5701/6701
/ \
@ .
Ca Ch Cp Cn Cnea Cn Cn Cn ! Cn
G P G P G P G P G P G P G P G P
GoPo Ca+x G1Py Chey G2P2 Cnez G3P3 GoPo Cn+x G4Py Chey G2P2 Cosg G3P3
Cn 745182 Ca 145182
G P G P
32-BIT CPU TWO-LEVEL LOOK-AHEAD OVER 16-8IT GROUPS
5701/6701 v
/ \
—1Cn Cn+a—1Cn Cnea Cn Cn Cn Cn Cneaf—{Cn Cnea Cn Cn
G P G P G P G »
GgPg Cnex G1Py Chey G2P2 Cntz G3P3 GoPg Cnex G1PyCne
Cn Cn
7451 745182
5182 G P S
= COMBINED TWO-LEVEL LOOK.-AHEAD AND RIPPLE CARRY - e

Figure 7
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WORST CASE MINIMUM CYCLE TIMES OVER THE V¢c AND TEMPERATURE
RANGE FOR CPU'S LARGER THAN 4 BITS

6701 5701
Minimum Cycle* with Minimum Cycle* with
Look Ahead Look Ahead
Minimum Minimum

e crt

; Wc;l;;!BL;:)gth Ripple Cycle Ripple Cyc|e

Carry # Look Ahead Time Carry # Look Ahead Time

(ns) 7451825 (ns) {ns) 74S182s {(ns)
4 175 230
175 230

8 1 175 1 230
195 255

12 1 175 1 230
220 285

16 1 175 1 230
270 345

24 1 220 1 290
‘ 320 405

1 270 1 350

32 2 205 2 275

3 190 3 260
420 525

1 370 1 470

48 2 305 2 395

3 240 3 320

4 190 4 260
520 645

1 470 1 5§90

2 405 2 515

64 3 340 3 440

4 275 4 365

5 190 5 260

[ LS St ' S e T ’ ’ -

*The minimum look-ahead cycle times assume a 745182 with a delay of 10ns maximum for5 V ¢ 5%, 0° to 75°C or a 545182 with
" delay of 15ns maximum for 5 V £10%, -55° to 125°C.

NOTE

The worst case instruction from a cycle time consideration is an add, shift, and store instruction in one cycle. The cycle times above
are based on this instruction.

THEORY

The delay from Aj or B to data output can be assumed to equal the delay from Ay or B) to the data inputs of the on chip RAM.
The increase in the delay from Aj or B} to data out due to waiting for the carry in, over the case where the carry in is present early
is a direct cycle time adder.

SAMPLE CALCULATION OF THE CYCLE FOR A 32 BIT MACHINE AND THE REQUIRED CLOCK TIMING

Calculate the minimum cycle time of the 6701 in a 32 bit configuration. Two 745182’s will be used to look ahead over the two 16
bit section with ripple carry between the two 16 bit sections (see the center drawing of Figure 7 page 14).

From page 7, the accumulator address to G or P delay is 100ns. It will then take another 10ns in the 745182 to generate CN+X.
CN+Y. and Cn+2, 25ns for the CN to Cpy+4 delay between sections, and a further 10ns for the Cpy to Cy+X. CN+Y. CN+z delay of
the second 745182. The sum of the set up and hold times Tcns + TgH is 60ns to give a cycle time of 205ns. This delay is greater
than the single 6701 cycle time and is the governing cycle time.

® 15
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APPLICATION INFORMATION (Cont'd)

OVERFLOW
THEORY L - e ' e

When the result 6f a binary addition or subtraction requires more bits than the arithmetic unit can accommodate overflow can
occur. For example, consider a 4-bit system (3 bits + sign} where the most significant bit is defined on a zero for positive numbers
and a one for negative numbers. This system has a maximum value of 7 and a minimum value of -8 as indicated on the line
graph below: 3

Overflow ~¢————— i . —— Overflow
o +7

1.000 o000 o

;

1f we list all the addition and subtraction conditions which will give an answer not in the number system (beyond the ends of the
tine graph above), four conditions result in overflow and are listed below with examples:

OVERFLOW CONDITIONS _ e L g

1. ADD TWO LARGE POSITIVE NUMBERS
7 plus 7 = 14, which is larger than our largest number {+7) on the line graph, therefore, overflow occurs
2 plus 1 = 3, which is smaller than +7, therefore, no overflow

2. ADD TWO LARGE NEGATIVE NUMBERS

—7 plus =7 = —14, which is beyond the end of the line graph, therefore, overflow occurs,
—2 plus —1 = =3, no overflow since —3 is within the bounds of the number system.

3. SUBTRACT A LARGE NEGATIVE NUMBER FROM A LARGE POSITIVE NUMBER

-7 minus +7 = =14, overflow occurs
-2 minus +1 = =3, no overflow

4. SUBTRACT A LARGE POSITIVE NUMBER FROM A LARGE NEGATIVE NUMBER

+7 minus -7 = +14, overflow occurs
+2 minus -1 = +3, no overflow

OVERFLOW PIN ‘ .
A conventional binary number system has the most significant bit defined as the sign bit (0 is a positive number, 1 is a negative
number by definition) and negative numbers are represented in a 2's complement form (the 2's complement of a number can be
formed by inverting the number and adding one, for example, 0101 = +5, -5 = 1010 plus 1 or 1011,

The four overflow conditions shown above can be detected by exclusive ORing the carry-in and carry-out of the sign bit. If the
carry’s disagree, overflow has occurred. The overflow output will only be meaningful on the most significant 5701/6701
package in systems farger than four bits. Since the overfiow is implemented with an exclusive nor gate the 5701/6701 will
also give overflow outputs during logic as well as arithmetic operations requiring that external logic decide when the overfiow
output is meaningful. The overflow pin will be low when overflow occurs.

18



APPLICATION INFORMATION (Cont’d)

"HARDWARE MULTIPLY AND DIVIDE

GENERAL DISCUSSION oL "

The microcontroller’'s capability of adding and shifting or subtracting and shifting within one microinstruction cycle, and having
the accumulator extension register Q on chip permits fast microprogrammed muitiply and divide. Less than 20 cycles are required
for a 16 bit multiply or divide.

Figure 8 shows how to connect the microcontroller for a 16 bit multiply/divide. The least significant bit of the RAM shifter is
shifted into the most significant bit of Q.

MOST SIGNIFICANT PACKAGE

5701/6701 5701/6701 57016701 5701/6701

MULTIPLY SIGN IN
< I RAM I | RAM | I RAM l RAM

Vd ISHIFTERI ISHIFTERI ISHIFTERI ISHIFTENI

OIVIDE REMAINDER
SIGN OUT l——-l f—-l r_.__] MULTIPLIER OUT
>~-—i (o] } ~| Q l ] o] ' I Q I <
DIVIDE QUCTIENT IN

Figure 8

HARDWARE MULTIPLY — EXAMPLE FOR A 16 BY 16 MULTIPLY

A.

INITIAL CONDITIONS
Put the multiplier in Q, multiplicand on the RAM A output, and clear the RAM B output to zero.

FINAL CONDITIONS

The most significant 16 bit half of the 32 bit product will be in RAM B and the least significant 16 bit haif in Q. The
multiplicand in A is undisturbed.

THEORY

A 16 by 16 multiply in the microcontroller requires 16 reduction steps. Each reduction step consists of an add (A+B), if
the least significant bit or the multiplier emerging from Q is a one, or a transfer (0+B) if the least significant bit of Qis a
zero, and then a right shift of the result into B and Q.

TWO'S COMPLEMENT e

Two's complement multiplication requires sign bit manipulation and an additional correction cycle for negative multipliers.
The sign inserted into the most significant bit of B during the reduction cycles is the exclusive OR of overflow and the most
significant bit of the ALU output. After 16 reduction cycles, an additional correction cycle is required if the multiplier was
negative. The correction cycle consists of subtracting the multiplicand from the product without shifting.

HARDWARE DIVIDE

Example for a 16 bit divisor and 32 bit dividend giving a 16 bit quotient and 16 bit remainder.

INITIALIZATION

Put the divisor on the RAM A output, and the dividend’s most significant half on the RAM B output and the least
significant half in Q. ) \
FINAL CONDITION

The 16 bit quotient is on the RAM B output and the 16 bit remainder is in Q. The divisor is in the RAM A output
undisturbed.

THEORY

A non-restoring two's complement division requires 16 reduction steps for negative quotients. In non-restoring division, the
divisor is successively subtracted from the dividend and the result shifted left until the remainder changes sign. At this
point the divisor has been subtracted one too many times and is added back until the original sign is restored.

Negative quotients are generated in one’s complement notation {the one’s complement of a number is its inverse). The two
correction cycles provide a remainder correction if required so that the remainder sign is the same as the original dividend
and quotient correction from one’s compiement to two's complement form for negative quotients.

Each of the 16 reduction cycles consists of a subtract (B—A) or an add {A+B) operation plus a left shift of the result. The most
significant bit of Q propagates into the least significant bit of B and the quotient bit is shifted into the least significant vacated
position of Q. The case of zero remainder will not require quotient correction but may require sign correction of the remainder,

17




APPLICATION INFORMATION (Cont'd)

SIGN EXTENSION

A common operation in computers is the calculation of an effective address. In a 16 bit computer, for example, we may have program
counter relative addressing, where the addition of an 8 bit displacement fo a 16 bit program counter is the effective memory
address. This 8 bit displacement is a signed displacement with a value between +127 and -128.

In using the 5701/6701 to calculate on effective address, the displacement will be brought into the unit with the cata in pins, and
added to the program counter which is stored in one of the internal registers. The problem arises when adding on 8 bit number to 3
16 bit number in that the upper 8 bits of the displacement must be ignored and the sign of the 8 bit displacement (a0inbit8isa
plus and a 1 is a minus) must be extended into bits 9 thru 16 to make a signed 8 bit number into a proper signed 16 bit number. For
example the 8 bit displacement 01111111 is +127 and must be translated into the 16 bit number 0000000001111111 before add-
ing it to the 16 bit program counter.

Several techniques can be used to extend the sign. Figure 9 shows dual 4 bit selects (74157) which are used to duplicate the sign bit
(bit 8) into the upper 8 bits. The 74157’s either fet the normal upper 8 bits of the data in bus or the sign bit extended into the
upper 8 bits of the 5701/6701's data in depending on whether the multipler's select line is high or low. The instruction lines of the
5701/6701's required for 16 bits can be wired to common pins in the 4 packages with this approach. Bit 8 can be buffered if the
loading of the 74157 would be a problem.

Another technique is shown in Figure 10, and is applicable only when ripple carry is employed. It requires that the two low order
packages execute a data in plus register operation and that the 2 high order package execute a LLLL plus HHHH plus Cp instruction,
If Cpy is low and the 7451 is in the sign extend mode, then highs will be forced into the upper two packages. If Cy isa high and the
7451 is in the extend sign mode, then lows will be forced into the high order packages. When the sign is not to be extended the
7451 will pass the Cn+4 ripple carry into CN. This method requires that the lower two 5701/6701's execute a different instruction
than the upper two 5701/6701's. This particular case will require changing the state of two of the 8 instruction lines which go into
the upper two 5701/6701's, namely the lg and I7 lines. Note that in the instruction on page 10, these instruction were purposely
mapped so that few Iy lines must be changed to go from LLLL + HHHR + CNtwoDp+8j5+CN.

" A third alternative is to microprogram the sign extension with off chip ROMs by masking or forcing the upper 8 bits.

msB S8
Dlig Oh3 D2 Dig Dig Dis Dig [ 11
SIGN
l l l l B
EXTEND
SIGN O—TJ 74157 [- 74157
{1 i
_. Dig DIy Dig [+13} Dig by I oig on
§701/6701 _ 5701/6701 5701/6701 §701/8701
8)
INSTRUCTION =————(IN N N IN
MOST SIGNIFICANT LEAST SIGNIFICANT
PACKAGE co PACKAGE
Figure 9
Ms8 Ls8
Ohe Dha D2 Dlg 7404 Olg [ Dlg [+
EXTEND o D
! l l l sien . | | ‘ l
N
Dia DIy Dig DIy Dlg Dly Dia Dy
5701/6701 570176701 7851
oN CNw
—oq-—- Cnea cN CN+a
1 lip-1s 0-15 0-15 o - 15
INSTRUCTION .
@ e 1y 15 17 —)D_~15, 7 8. 17
7486
MOST LEAST
SIGNIFICANT SIGNIFICANT
PACKAGE PACKAGE
- Figure 10
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MICROPROGRAMMED EMULATION

Figure 11 shows a 16 bit microprogrammed CPU built from 4 microcontrgllers, a few ROMs and some TTL. This CPU performs
about the same function as most 16 bit minicomputer’s CPU which take 110 to 225 TTL MSI packages, and require one or two
15 x 15" printed circuit boards. The CPU of Figure 11 requires 18 packages and will fit on 5 x 7°° board.

>

HOW IT WORKS

The four microcontrollers form the data flow section of the CPU. The zero detect {(F = LLLL and F = HHHH) pins of the 6701 are
open collector and are tied together to detect zero on the 16 bit CPU. The 3 state output control and clock lines as well as the
instruction and accumulator addresses are tied to the same pins in all 4 6701's. The data flow section has 16 bits of data in and 16
b‘its of data out on 2 independent busses.

A programmable ROM is used to detect the various conditions which cause branching (i.e., overflow, negative, zero, etc.) and this
information is fed into the sequence control section of the CPU to alter the next state when necessary.

The instruction register of the computer is the address input to the target address ROM. It points to the starting address of a group
of addresses in the 1K x 24 ROM which handles the function indicated by the operation code (op-code). The instruction register is
assumed to have an instruction format comprised of an 8 bit op-code, a 4 bit operand #1 select and a four bit operand #2 select
like the RR format of the IBM 360.

For example, an instruction register containing Op Code File File

might mean add file 3 to file 5 and store the 00011001 0101 0011

result in file 5. The add assembly language instruction might point to decimal address 25 {0011001} in the target address ROM
which would then output the starting address of the sequence in the emulation ROM for performing addition. A typical assembly
language instruction might take 4 to 10 words in the 1K x 24 ROM. .

The microinstruction cycle time of the 16 bit CPU shown will be in the 350ns range. Since the microcontrolier executes several
operations in one cycle this CPU will execute instructions faster than most 16 bit minicomputers if semiconductor RAM is used.

The sequence of operations is programmed into the 1K x 24 for each instruction. A typical sequence for a memory reference
instruction is shown below:

1. Calculate the effective address and latch it into the memory address register.

2. Fetch the contents of the memory location and latch it into the instruction register. If the memory has a 160ns or less
access time, this step will not cost a microcontroller cycle.

3. Execute the instruction which is now present in the instruction register. Each clock pulse will output the required
instruction to the microcontroller. When the sequence is ended the 1K x 24 ROM will disable the dual 10 bit select
multiplexer gate which has been forming its next address and allow the next op-code in via the starting address ROM.

4. Increment the program counter and fetch the next instruction. A typical memory reference instruction will take 3 micro-
cycles which includes most addressing modes, except indirect addressing. A 160ns access time, or less access time
memory is required for emulation in 3 microcycles.

" EMULATION

The advantage of the microprogrammed CPU described above is that it readily permits a machine designed with a new technology
to be software compatible with an existing machine. The hardware technique is called emulation. Emulation protects the manu-
facturer’s and customer’s large investment in software.

The CPU configuration shown in Figure 11 can be used in many design applications where microprogrammed control might be
thought of as too complicated, now that the package count has been reduced by the LS| microcontroller.
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@ | wire rist W3
PLUG TYPE : P
CABEL TYPE: 16 WIRES FLAT CABLE 5.58102-08
LENGTH :
REFERENCE MPE  P3  (H4)
DESIGNATION RS

PIN NO. | SIGNAL NAME INPUT/OUTPUT
1 MDAT 20 0
2 MDAT 7 0
" 3 MDAT 16 0
4 MDAT 19 ) 0
5 GND
6 MDAT 17 0.
7 MDAT 18 0
8 GND
9 GND
10 I BUS 0 I/0
11 I BUS 1 1/0
12 I BUS 2 I/0
‘ 13 I BUS 3 I/0
14 I BUS 15 I1/0
15 I BUS 7 1/0
16 GND v

400 - m#
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® MICRO PROGRAM BOARD (MPB) GI:./ 770315 _
e foject
WIRE TIST w4
PLUG TYPE :
u E N
CABEL TYPE: 16 WIRES FLAT CABLE _ 5.58102-02
LENGTH : :
REFERENCE | mpB P4 (I1)
DESIGNATION
ALB  J4
PIN NO. | SIGNAL NAME | INPUT /OUTPUT
1 MDAT 35 o 0
® 2 MDAT 34 0
3 GND .
4 MDAT 32 | | . 0
5 MDAT 33 ' 0
6 GND
) 7 MDAT 36 - 0
8 GND
9 SES | I
10 SEO I
11 SEZ . . 1
12 SEC I
® 13 . I/0 PENDING . 1
14 S00 I
15 0l . . | . T
16 TIME  OUT ) I
3
)
A S
3
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WIRE LIST ‘ W5
PLUG TYPE : Pin .
5.58102-04
CABEL TYPE: 16 WIRES FLAT CABLE
LENGTH : :
REFERENCE MPB___ P5 (13)
DESIGNATION ALB  J5
PIN NO. | SIGNAL NAME ' INPUT/OUTPUT
1 MDAT 0 ’ 0
. 2 GND
3 MDAT 5 = - 0
4 MDAT 4 0
5 MDAT 6 0
6 MDAT_ 22 , 0
7 TIMER INT I
8 MODIFY I
9 POWER DETECT
10 CPU INT : : . I
11 GND
. 12 OP8 ' 0
13 GND
14 OPO 0
15 oP2 L : . | 0
16 oPl1 . - : ’ ) 0
3
]
A8
~3
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WIRE LIST W6
PLUG TYPE : P
CABEL TYPE: 16 WIRES FLAT CABLE 5.58102~-07
LENGTH
REFERENCE MPB  P6 (I5)
DESIGNATION U
PIN NO. | SIGNAL NAME INPUT/OUTPUT
1 BAl .
2 BAO .
GND
MDAT" 1 ' -
5 BA3 )
6 BA2 R
7 ARl o
8 ARO .
2 GND
10 AAD .
11 | aa3 ! o
12 GND
13 MDAT 2 0
14 MDAT 3 )
15 MDAT 21 3 .
' 16 MDAT 23 - ]

400 - 741
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PLUG TYPE :

P,N

CABEL TYPE: 16 WIRES FLAT CABLE

LENGTH :
REFERENCE - - ‘ALB P1 (C3)
DESIGNATION . BIB J1 (C1)

PIN NO. SIGNAL NAME

SIGNAL REFERENCE:ALB

1 T-BUS 11 I/0
T-BUS 10 1/0
T-BUS 9

- 1/0
T-BUS 8

4 1/0

c I CPU INT (H) I

6 ENSH (L) I

7 EN ALS OUT (L) I

8 GND.

9 T-BUS 12 I/0
10 T-BUS 13 1/0
il T-BUS 14 1/0
12 T-BUS 15 1/0
13 T-BUS 1/0
14 T-BUS 2 1/0
15 T-BUS I/0

T-BUS v -
16 : I/0
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PLUG TYPE : PIn
CABEL TYPE: 16 WIRES FLAT CABLE
LENGTH s -
REFERENCE ALB__ P2 (C5)
DESIGNATION . BIE g2 (©3)
PIN NO. | SIGNAL NAME SIGNAL REFERENCE : ALB
1 T-BUS 7 I/0
- 2 T-=RIIS 6 I/O
3 T-BUS 5 I/0
4 T-BUS 4 I/0
5 CPALS ’ I
6 CPALS I
7 CPMCU
8 GND
9 GND.
10 PERO (L) I
11 PERO (H)
12 PER2 (H)
13 GND
. 14 LDMCU (L) I
15 LDMCU (H) I
16 GND v v

400 - 741
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SIGNAL LIST rer! protect
PLUG TYPE : Prn
CABEL TYPE: 16 WIRES FLAT CABLE
LENGTH : :
REFERENCE ALB P3  (D1)
DESIGNATION | 518 33 (DL)

PIN NO. | SIGNAL NAME SIGNAL REFERENCE: ALB

GND
2 FORCE CPU INT (H) 0
3 II/0T (H) I
ITI (H) T
PO
6 Pl
T
7 ITRQ (H)
8 GND
9 GND
10 CPMCU I
11 - DCL (L)
12 PARITY ERROR
13 8MHz
14 B8MHz I
15 2MHz A I
16 GND - .
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PLUG TYPE : Prn
CABEL TYPE: 16 WIRES FLAT CABLE
LENGTH :
REFERENCE ALB P4 (D3)
DESIGNATION . BIB 74 (D3)

!
PIN NO. SIGNAL NAME

SIGNAL REFERENCE: ALB

1 AAlL 0

2 OP2 o
. 3 OPO 0

4 AA2

5 AAD ’

6 OP1l 0

7 DPERO (H) I
. 8 GND

9 DPER1 (H)

" 10 LD-DREG (H) 0

RLP
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PLUG TYPE :

CABEL TYPE: 16 WIRES FLAT CABLE

P,N

LENGTH @
REFERENCE A
DESIGNATION BIB - J5  (G1)

PIN NO. | SIGNAL NAME

SIGNAL REFERENCE: ALB

1 TO (L)

2 POWER DET MP

3 POWER DET AL 0
4 PRESET TIMING (L) I
5 ADDO

6 I/0 (L)

7 BUSTRF (H) I
8 GND

9 I R/W I
10 MDAT 16 0
11 MDAT 17 0
12 MDAT 18 0
13 MDAT 19 0
14 MDAT 20 0
15 IA 19 0
16 IA 18 ) 0
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1. INTRODUCTION

ferring of data on the CR80 Main Bus.

cables and discreet wires for the power.

The BIB is the bus interface for the CPU CR8001/2.

‘The board contain the circuit necessary for trans-

The BIB is connected to the CR80 system by a 86
pins edge connector for the Main Bus and a 48 pins
connector for the system control connections the
. communication between the BIB and the two other
board in the CPU ALB & MPB is carried out on flat
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GENERAL DESCRIPTION

The BIB has different function in the CPU. The
board supply the module with the necessarv timing
signals derived from the CR80 system master timing
signal %4. All the receivers and drivers for the
external connections are located on the board to-
gether with the 20 bits address register/counter
and temporary storage for the data and correspond-
ing parity bits (DATA Reg).

The data and addresses transferred to/from the ALB
done via the internal 16 bits CPU bus T-BUS.

The set up of the BIB to execute the different bus
transfers is from the p program output. The hand-
shaking circuit related to the MBC communication

for Main Bus authority control is on the BIB also.

is

e Kt B LB TR gl AP I M A o B L A D B s B o Y e A Ak L O T T i P CIIRT g oA I §

TR N R
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3. SPECIFICATIONS

The BIB is one of the 3 PCB in the CPU CR8001/2 and
interface the module to the CR80 Main Bus and system

control connections.

3.1 Main Bus Connection

'. The Main Bus connection is a CR80 standard 86 poles
edge connector with the pin configuration and signal

specification as described in table 3.1 a & b.

3.2 System Control Connection

The connector used for the system control signal
is a CR80 standard 48 nin connector mounted above
the 86 poled edge connector.

The pin configuration and signal snecifications
is described in table 3.2 a & b.

‘ 3.3 Power Interface

Input power +5V is from the Main Bus connector
power to ALB & MPB is supplied through two dis-

creet wires soldered on the board.
Power Consumption:

+5V + A

3.4 Mechanical Dimension

Standard CR80 PCB 183.4 x 305mm with two connectors
‘ one 86 pin Main Bus edge connector & one 48 oin

system control connector.

TR T = . i BT TR e MY, AR B e R (ed . Rt vt ) &
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3.6

-

Height of component side : 8 mm

Height of soldering side : 8 mm

Data Transfer Rate

Max. transfer : 2.7 M word

Min. Bus time : 250 ns

Main Bus Addressing

Control 20 bits address including 2 mode bits
for : I/0, L Bvte, U Byte & Word.
Memorv addressing of 256 K word or 512 K byvte.

Data Word

16 bits word plus one parity bit for each byte LB & UB,

ODD parity.

Internal Connections

The BIB is connected to the ALB with five pcs. 16

wires flat cables ref. signal lists section 5.
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TABLE 3.1l.a
e MAIN BUS CONNECTOR - PIN LAYOQUT
2 x 43 pin edge connector rear view
A B
nd 1 gnd
0 2 1
2 3 3
4 4 5
. DATA (DA) 6 5 7 DATA (DA)
8 6 9
10 7 11
12 8 13
14 9 15
gnd 10 gnd
Auxiliary power 11 auxiliary power (same as All)
-12v 12 -12v
gnd 13 gnd
+12V 14 +12V
gnd 15 gnd
0 16 1
2 17 3
4 18 5
6 19 7
gnd 20 gnd ‘
ASSRESS (AD) 8 21 9 ADDRESS (AD)
10 22 11
o 12 23 13
14 24 15
16 25 17
| 18 26 19
gnd 27 gnd
up 16 28 17 LP
AUX 29 MC (H)
RS (L) 30 gnd
TRQ (L) 31 gnd
INA (H) 32 gnd
INR(L) 33 gnd
R/W(L/H) 34 gnd
%1 35 gnd
0o 2 36 gnd
? 3 37 gnd
Q4 38 gnd
gnd 39 gnd
' +5V 40 +5V
+5V 41 +5Vv
gnd 42 gnd
gnd 43 gnd
K
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TABLE 3.1.b

MAIN BUS ELECTRICAL INTERFACE SPECIFICATION POWEP LINES

Aux. power

+ 0.2V

-12v _ oV
Gnd

4+ 0.2V

+12V _ oV

+ 0.2V

+5V _ oV

Gnd

pin All, Bll
pin Al2, Bl2
pin Al13, B1l3

vin Al4, Bl4

pin A40, A4l,

pin A42, BA43,

B40, B4l

B42, B43

The power lines are not feed through the Main Bus

Extension and therefore different power supplies are

used for the diffe

rent Mother Boards.

The max. currents supplied through one connector are

as specified below:

+12v, -12v, I max

+ 5V , I max

SIGNAL LINES

: 2A

: 122Aa

The levels for all the Main Bus signals are normal TTL

logic levels. i.e.

High level:
Low level :

2.0V¢ VH.‘;S.OV

OV!_-VL_d;O.BV

The load on the different signal lines for one module

are as specified on the next page,

numerical values).

(all currents arc
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TABLE 3.1.b
DATA LINES & ADDRESS LINES

'DAO0 - DAl5, UP & LP, ADO - AD19 & R/W (L/H).

'3 - state signals with the followings requirements:

"

Drivers: IOH

IoL,

I

Receivers: IIH
111

(1) I,

Note 1: This

v

2

NN

N

5.2 mA

16.0 mA

0 off£ 100 uA

100 uA
0.5 mA
2  mA

low level input current is only

allowed when the module is addressed.

MASTER CLEAR

MC(H) :

Open collector with the following requirements.

Driver: ’ IOL
Tou
Receiver

Schmitt Triggexr: I
IH
IIL
(1) Tin
Note 1: IIL
Main

TRANSFER REQUEST

TRO (L):

=

<

—

I

<

£

60 mA
250 uA
100 uA
0.5 mA
2 mA

2 mA is only allowed for the

Bus Controller & Main Bus Terminatic

Open collector or 3 - state signal with the following
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TABLE 3.1l.Db

requirements:
Driver: IOL > 80 mA
IOH < 250 wuA
Receiver _
Schmitt Trigger: 1 2 100 uA
1 . IH =
. ' IIL < 0.5 mA
(1) 1,;, « 2 ma
Note 1: IIL 2 mA is only allowed for the

Main Bus Controller & RAM modules with

a memory area of 8K word or more.

CLOCK SIGNALS

g4 - ¢l:
Driver: IOL = 120 mA
o I
OH 2 80 mA
Receiver
Schmitt Trigger: T < 2 mA
1L,
IIH & 100 uA
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TABLE 3.2.Db

SYSTEM CONTROIL CONNECTIONS ELECTRICAL INTERFACE

»

SPECIFICATION

The levels for all the System Control Connections

are normal TTL logic levels i.e.

High level: 2,0V« Vy £5.0V

. Low level: 0 VcVL40.8V

? The specifications below are for the numerical
current values for one module connected with the
signals.

ro ignals
BRQ (L), BG (L)

Driver: IOL > 48mA

Receiver: IIH é 100uA

Ir. 4 oma

LBG (L)
Open collector signal:

: >
Driver IOL 2 48mA

Ton £ 100ua

4 100uA

IH
IIL < 2mA

—

Reciever:
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TABLE 3.2.b
CPU Interruont .

‘cPI (L)
Open collector signal:

Driver: IOL > 60mA
IOH Z 100uA

Receiver Irg £ 100uA

Schmitt Trigger: IIL A 2mA

CPU Clear

cC (H)

Open collector signal:

Driver: IOL > 60mA
IOH < 100uA

Receiver Iy £ 100uA

Schmitt Trigger: IIL < 2mA

I/0 Interrupt Signals & Timer Interrupt

INT (L), PO, P1, TI (L)

Dri : >
river IOL = 60mA

Receiver I.4 &
Schmitt Trigger: 1,0, & 2mA
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4.1

FUNCTIONAL DESCRIPTION

This section gives a detailed descriovtion of the
CR8001/2 Bus Interface Board.

The board contain the circuit necessary for inter-
facing the ALB to the CR80 system Main Bus and
syvstem control connections. Synchronization

of the internal CPU sequences, storage of data

and addresses and receiver/driver circuit for the

external connections are located on the BIB.

The BIB is divided in the following functional
blocks.

l. Bus Control Circuit F-BC-1
2. Data & Address Register F-DAR-1
3. Bus Drivers F-BF-1

Bus Control Circuit F-BC-1

Svnchronization of the whole CPU is controlled from
F-BC~1 by means of different timing & handshaking
signals, derived from the CR80 master clock 4.
The F-BC-1 controls the handshaking orocedure

for the system control connections, e.g Main Bus
authority control and for the data transfer on

the Main Bus.

. Five logical blocks are contained in these functional

block, they are:

1. Bus Control Circuit L-BCC-1
2. Reset Control L~-RC-1
3. Timing Control L-TC-1
4. Clock & Bus Control L-C&BC-1
5. Transfer Control L-TC-1
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4.1.1 Bus Control Circuit L-BCC-1

The control and timing signals from the svstem
control module MBC, SCM and from the Main Bus

are received by schmitt triggers located in

L-BCC-1.
The detector and driver for the front nanel led
' is also included.
4.,1.2 Reset Control ~ L-BC-1

When the BIB recognize a CPU clear CC(H) the whole CPU
will be reset bv the signals: l
PRESET TIMING, CPU CL & LD MCU.

To make a qualified reset the reset signal is
synchronized to the CPU timing signals CPALS &

PER2 (H) ref. timing diagram fig. 4.1.2.

If a parity error is detected on the ALB the signal
PARITY ERROR will go low and force a reset of the
module. The same function has the time out detection
‘ in the Transfer Control (TO(L)). Ref. fig. 4.1.2

for detailed signal relationship.

" Timing Control L-TC-1

4.1.3 The internal CPU timing is divided in three neriodes
PER 0, PER 1 & PER 2.
The width of the periodes is nominal 125 ns, but
when accessing the Main Bus PER 2 will be extended
until the module respons RS(L) arrive from the add-
ressed module. If a CPU Clear, time out or parity
error occurs the circuit will be reset to PER 0

" . ref. timing diagram fig. 4.1.3 and fig. 4.1.2.
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Clock & Bus Control L-CBC-1

Synchronization of the internal bus, the T-BUS is
carried out in these logical blocks, and the gener-
ation of the two clocks CPMCU & CPALS is decoded
from the timing signals frombthe Timing Control.
Fig. 4.1.4 specify the relationshin between the
timing signals and the outouts CPALS, CPMCU

& the T-BUS enable signals.

Transfer Control L-TC-1

The bus controlling pprogram outputs MDAT 16-20 are
input to a PROM CR1290 where a conversion to the
relevant signals for the BIB is carried out. The
output control the Main Bus authority signals, Main
Bus transfer signals and the internal R/W signal
used for swecifying the transfer CPU Module and
thereby the enabling of the data drivers. For more
detailed timing relations ref. fig. 4.1.5.

PROM table for CR1290 ref. section 5.
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Data. & Addressing Registers F-DAR-1

The contents on the T-BUS are stored in the Data

or Address Register, when it shall be used for trans-
fer on the Main Bus. The control of the data re-
gister loading is carried out from the BIB (T-File con-
trol) . while the address register is controlled

from the bus control.PROM CR1290 located in the

Bus Control Circuit. Beside the loading function the
16 least significate bits of the address register

can be controlled as a counter from CR1290.

F-DAR-1 consist of two logic blocks.

1. Data Latch L-DL-1
2. Address Register/Counter L-ARC-1

Data Latch L-DL-1

The input to the Data Latch is the T-BUS and the
two parity bits generated on the ALB one for each
byte, upper byte & lower byte. The output is
input to the Main Bus data drivers.

Timing diagram 4.2.1 specify the three possible
load times for the latch.

Address Register/Counter L-ARC-1

The 16 bits word address for the Main Bus transfer
is always loaded into the address counter section
in the T-BUS ALS Out time. When the register is
incremented it is done in the same time slot.

This part of the address register is controlled
from bhus controlling PROM . CR1290.

The remaining part of the address field the SR/W

mode & page bits is stored in a separate register
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in the EN ALS output period. The input comes
from' the AL Board.
Control of the address register is illustrated

in timing diagram fig. 4.2.2.
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Data Latch Timing_Diagram
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Bus Drivers F-BD-1

This functional block consist of the 3-state
driver for the Main Bus data- and address lines
and for the interface between the Main Bus to
T-BUS drivers. There are three logical blocks
in F-BD-1.

1. Address Drivers L-AD-1
2. Data Drivers L-DD-1

3. Input Data Drivers L-IDD-1

Address Drivers L-AD-1

The L-AD-1 consist of 3 state drivers for inter-
facing the 20 address lines and the R/W signal to
the Main Bus lines. The output are enabled direct
by the BS signal from the MBC, SCM.

Data Drivers L-DD-1

The circuit for interfacing the data register to

the Main Bus data lines consist of inverting 3-state

drivers. The outputs are enabled when B from the
MBC is active (low) and the transfer to be exe-

cuted is a write operation R/W S

Input Data Drivers L-IDD-1

The L-IDD-1 consist of a 16 bits 3-state selector
for transferring of the Main Bus data line contents
the T-BUS. The output from the selector is en-
abled synchronous with the CPU's internal timing
(EN BUS IN (L)) but the selection of the Main Bus

and input is only when the CPU is accessing the bus

to
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in the other cycles, and all one is transferred to

the T-BUS controlled by the signal ITRQ (H).

W
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5.

SIGNAL LISTS
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PLUG TYPE : PIn
CABEL TYPE: 16 WIRES FLAT CABLE
LENGTH )
REFERENCE ALB  P1  (C3)
DESIGNATION . BIB Jl (Cl)
PIN NO. | SIGNAL NAME SIGNAL REFERENCE:ALB
1 T-BUS 11 I/0
T-BUS 10 1/0
T-BUS 9
1/0
T-BUS 8
5 I CPU INT (H) 1
6 ENSH (L)
I
EN ALS OUT (L)
GND
9 T-BUS 12 I/0
10 T-BUS 13 1/0
11 T-BUS 14 1/0
12 T-BUS 15 I/0
13 T-BUS 1/0
14 T-BUS 2 1/0
15 T-BUS 1 1/0
T-BUS
16 1/0

400 - 741
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ALB TO BIB INTERCONNECTIONS '?01'3/0524 e 2/5
SIGNAL LIST

PLUG TYPE : PIn

CABEL TYPE: 16 WIRES FLAT CABLE

LENGTH

REFERENCE ALB P2 _ (C5)

DESIGNATION BIB J2  (C3)

PIN NO. SIGNAL NAME

SIGNAL REFERENCE : ALB

T-BUS 7 1/0
2 T=RIIS 6 I/0
3 T-BUS 5 1/0
T-BUS_4 1/0
CPALS 1
CPALS N
CPMCU
8 GND
9 GND
10 PERO (L) T
11 PERO (H) .
12 PER2 (H) L
13 GND
14 LDMCU (L) I
15 LDMCU (H) I
16 GND
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PLUG TYPE : Pin
CABEL TYPE: 16 WIRES FLAT CABLE
LENGTH
REFERENCE .ALB P3 (D1)
DESIGNATION BB 43 (DL)

PIN NO. SIGNAL NAME

SIGNAL REFERENCE: ALB

1 GND
FORCE CPU INT (H) 5
. 3 II/0I (H) I
ITI (H)
5 PO I
P1
7 ITRQ (H)
8 GND
GND
10 CPMCU I
11 DCL (L)
12 PARITY ERROR
. 13 8MHzZ
14 8MHz
15 2MHzZ I
16 GND

400 - 741

e e o~
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PLUG TYPE : PIN
CABEL TYPE: 16 WIRES FLAT CABLE
LENGTH . .
REFERENCE ALB P4 (D3)
DESIGNATION . BIB J4 (D3)
H
PIN NO. | SIGNAL NAME SIGNAL REFERENCE: ALB
1 AAl
2 OP2
® 5 PO 0
AA2
AAO
6 oP1 0
DPERO (H) 1
8 GND
9 DPER1 (H) T
10 LD-DREG (H) 0
11 RLP
12 RUP
. 13 IUP
14 ILP 0
15 SEA17
16 SEAl6
e
e~
]
A S
~3
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SIGNAL LIST
. PLUG TYPE : plN
CABEL TYPE: 16 WIRES FLAT CABLE
LENGTH
REFERENCE ALB  P5 (J37)
DESIGNATION BIB 35 (1)
PIN NO. SIGNAL NAME : SIGNAL REFERENCE: ALB
1 TO (L)
2 POWER DET MP I
. 3 POWER DET AL 0
PRESET TIMING (L) I
5 ADDO '
6 I/0 (L)
7 BUSTRF (H) I
8 GND
9 I R/W I
10 MDAT 16 0
11 MDAT 17 0
12 MDAT 18
13 MDAT 19
' 14 MDAT 20
15 IA 19
16 IA 18 0
@
)
P
<3
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PROM TABLES
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PROM TABLES _

There is one PROM in the CPU CR8001/2 BIB, the
function description cover also the CPU CR8001/3
and therefore many of the bus control function

specified in the table are identical.
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INTRODUCTION

The Bus Interface Board is the interface for

CPU CR8001/3 to the CR80 Main Bus and Sub Bus.
The BIB is a standard CR80 PCB equipped with a

86 pins edge connector for the Main Bus and a

48 pins connector for the Sub Bus and the system

control connection. The connection to the two

other boards in the CPU are carried out by means

of 16 wires flat cables for the signals and two

discreet soldered wires for the power to the ALB

& MPB. "
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GENERAL DESCRIPTION

The BIB interface the ALB & MPB to the CR80 Main
Bus and Sub Bus. The board contain the circuits
necessary for supplying of the synchronization
signal to the two other boards, these timing
signals are derived from the Main Bus master tim-
ing ¢4. The handshaking procedure with the MBC,
for the Main Bus authority control and for the
Main- & Sub Bus transfer is handled by the board.
Address register/counter and data register is in-
cluded, and temporary storages for the data and
addresses transferred to the CR80 busses. The
interfaces beside the synchronization signals
from the BIB, is the internal CPU bus T-BUS for
data/address communication and five output from

the MPB‘Pprogram for set up of the bus circuit.
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3.1

SPECIFICATIONS

The BIB constitute the interface between the CPU's
CR8001/3.
ALB & MPB and the Main Bus and Sub Bus and System

Control Connections.

Main Bus Connection

The Main Bus connection is 'a CR80 standard 86 noles
edge connector with the pin configuration and signal

specification as described in table 3.1 a & b.

System Control Connection & SuB Bus

The connector used for system control and Sub Bus
is a standard CR80 48 pins connector mounted
above the 86 poles edge connector. The pin con-
figuration and signal specification is described
in table 3.2 a, b & c.
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3.3 Power Interface

Input power +5V is from the Main Bus connector
Power to MPB & ALB is supplied through two dis-

creet wires soldered on the board

Power consumption:
+5vV + A

3.4 Mechanical Dimenstions

Standard CR80 PCB 183.4 x 305 mm with two connectors
one 86 pins Main Bus edge connector & one 48 pins

Sub Bus connector.

Height of component side : 8 mm

Height of soldering side : 3 mm.
3.5 Data Transfer Rates

Main Bus:

Max. transfer rate: 2.7 M Word

Min. bus time: 250 ns
Sub Bus:
Max. transfer rate: 2.7 M Word
Min. bus time: 375 ns
3.6 Addressing

20 bits address including two modes bit for:
I/0, L Byte, U Byte & Word
Memory addressing og 256 K Word or 512 K Byte.
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3.7 Data Word

16 bits word plus parity for each byte :
LB & UB. ODD parity.

3.8 Internal Connections

The BIB is connected to the ALB with five pcs.

16 wires flat cables ref. signal lists section 5.
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Table

3.1 a

e MAIN BUS CONNECTOR - PIN LAYOUT

2 X 43 pin edge connector rear view

auxiliary power

A B

gnd 1 gnd

0 2 1

2 3 3

4 4 5

DATA (DA) 6 5 7

8 6 9

10 7 11

12 8 13

14 9 15

gnd 10 gnd

Auxiliary power 11

~-12V 12 ~12v

gnd 13 gnd
+12V 14 +12V

gnd 15 gnd

0 16 1

2 17 3

4 18 5

6 19 7

gnd 20 gnd

ASSRESS (AD) 8 21 9

10 22 11

12 23 13

14 24 15

16 25 17

| 18 26 19

gnd 27 gnd

UP 16 28 17
AUX 29 MC (H)

RS (L) 30 gnd

TRQ (L) 31 gnd

INA(H) 32 gnd

INR(L) 33 gnd

R/W(L/H) 34 gnd

? 1 35 gnd

0 2 36 gnd

@ 3 37 gnd

O 4 38 gnd

agnd 39 gnd

+5V 40 +5V

+5V 41 +5V

gnd 42 gnd

gnd 43 gnd

DATA (DA)

(same as All)

ADDRESS (AD)

LP
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Table 3.1 b
MAIN BUS ELECTRICAL INTERFACE SPECIFICATION POWER LINES

Aux. power pin All, Bll
+ 0.2V .
-1l2v _ oV pin AIZ'.BIZ
Gnd pin Al3, B13
+12v T 0.2V pin Al4, Bl4
- OV -
sy * 0.2V | pin A40, A4l, B40, B4l
Gnd pin A42, A43, B42, BA43

The power lines are not feed through the Main Bus
Extension and therefore different power supplies are

used for the different Mother Boards.

The max. currents supplied through one connector are

' as specified below:

+12v, ~-12v, I max: 2A

+ 5V , 1 max: 12 A

SIGNAL LINES

The levels for all the Main Bus signals are normal TTL

logic levels., i.e.:

High level: 2.0V$\ﬁ{$5.0V
. ‘ Low level : 0Ve VvV, £0.8V

The load on the different signal lines for one module

are as specified on the next vage, (all currents are

numerical values).
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DATA LINES & ADDRESS

Table 3.1 h .

LINES

DAO - DAl5, UP & LP, ADO - AD19 & R/W (L/H).

'3 - state signals with the followings requirements:

Drivers: I

oL =

To off2 100

Receivers: I
I

(1) I

Note 1: T

&
1 =
L =
A
L =

100

mA

mA
uA
uA
mA

mA

his low level input current is only

allowed when the module is addressed.

MASTER CLEAR

MC (H) :

Open collector with the following requirements.

Driver: I
I

Receiver
Schmitt Trigger: I
' I
(1) 1
Note 1: I

TRANSFER REQUEST

TRQ (L) :

oL, =
oOH <
IH =
L. £
I, %
iL

60

250

mA

ul

uA

mA

mA

2 mA is only allowed for the

Main Bus Controller & Main Bus Termination.

Open collector or 3 - state signal with the following
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Table 3.1 b (cont.)

requirements:

Driver: : I

oL =
Ton =
Receiver

Schmitt Trigger: I -
) IH =
I, =
(1) I, <

Note 1: IIL

80

250

mA

uA

ulA
mA

ma

2 mA is only allowed for the

Main Bus Controller & RAM modules with

a memory area of 8K word or more.

CLOCK SIGNALS

24 - pl:
. . >
Driver: IOL =
Tow =z

Receiver
Schmitt Trigger: I <
L. —
Iy &

IH

120

80

100

ulA
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Table 3.2 b

SUB BUS ELECTRICAL INTERFACE SPECIFICATIONS

The levels for all the Sub Bus signals are normal

TTL logic levels i.e. :

High level: 2.0V<VH< 5.0V
Low level: 0 V<VL<O.8V

The specificztions below are for the numerical
current values allowed for one module connected

to the Sub Bus:

ADDRESS & DATA LINES

SBO - SB23

3 - state signals with the following requirements:

Drivers: Ion > 5.2mA
IOL 2 16.0mA
I0 off-‘- 100 uA
Receivers: Iy € 100 uA
1 ¢ o0.5ma
4
(I, £ 2.0mA
Note: This low level input current is only

allowed when the module is addressed
or if it is an address sourcing module
i.e. CPU or DMA.
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Table 3.2 b (cont.)

TRANSFER® CONTROL SIGNALS

ATR(L), DTR(L), MRS(L), FEN(L), FRS(L).

Open collector or 3 - state enabled when active

signals with the following requirements:

Drivers: I

Receivers:

Schmitt Trigger: I

SUB BUS AUTHORITY SIGNALS

SRy 1(L) & SRQ 2(L)

Open collector - or 3 - state enabled when active,

signals with the following requirements:

Drivers: Iy > 40 mA
IOH < 100 uA

Receivers:

Schmitt Trigger: IIH 4 100 uA
IIL < 4,0mA

AUXILIARY SIGNALS

The three auxiliary signals Aux 1 - Aux 3 is
available for special use in the system and

therefore not specified in this document.
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Table 3.2 ¢ (cont.)

'SUB BUS INTERFACE FUNCTIONAL DISCRIPTION

The following paragraphs describes the interface from
a functional point of view. Furthermore the timing
specification for the signals are included in the

timing diagrams.

The communication on the Sub Bus is devided in two
phases; the address - and the data phase. When data

is communicated between a memory module and a DMA/CPU
the address is transferred to the memory in the address
phase and the data to/from the memory in the data phase.
If the communication is between a func module and a
CPU module only the data phase is used.

Control of the Sub Bus lines SB0O - SB23 is carried out
by the signals ATR(L) (address phase) and DTR(L) or

FEN(L) (data phase).
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Table 3.2 c¢

SYSTEM CONTROL CONNECTIONS ELECTRICAL INTERFACE

SPECIFICATION

The levels for all the System Control Connections

are normal TTL logic levels i.e,.

High level: 2.0V« VH<5.0V

Low level: 0 VcVLc 0.8v

The specifications below are for the numerical
current values for one module connected with the

signals. .
B Au i rol Signals
BRQ (L), BG (L)

Driver: IOL > 48mA

Receiver: IIH _4_ 100uA

It, € oma

LBG (L)

Open collector signal:

. . S
Driver IOL = 48mA

Ion £ 100ua

Reciever: I £ 100uA
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CPU Clear

CC (H)

Table 3.1c (cont.)

Open collector signal:

Driver:

Receiver

Schmitt Trigger:

Ll

OL

Ton

Itn

=

IL

I/0 Interrupt Signals &

L]

> 60mA
L 100uA

100uA
2mA

[N

Timer Interrupt

INT (L), PO, P1, TI (L)

Driver:

Receiver

Schmitt Trigger:

CPU Interrunt

CPI (L)

oL —

IIH
IIL

Open collector signal:

Driver:

Receiver
Sschmitt Trigger:

I

OL

Tou

I

IIL

IH

NN

6 0mA
100uA

iN v

100uA
2mA
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FUNCTIONAL DESCRIPTION

The address, calculated during instruction execution
in the CPU CR8001/3, can be transferred directly via
the internal T-BUS, as the address parts for the Sub
Bus transfer, when the address is pressed on the
T-BUS it is loaded into the address register/counter,
so that it can be used for Main Bus addressing, if the
addressed memory isn't located on the Sub Bus. If

the Sub Bus addressing givés a resvonse, the cycle
will be continued with the transfer of data to the
CPU or from the CPU. The CPU include a counter which
calculate the length of the data phase,so that a

time out will be initiated internal in the module

if the data phase is more than 4 us.

The special CR80 func modules can be controlled by
these BIB. The func address and control "6 bits"

can be sourced either direct from the pprogram or
from the standard CR80 instruction set. If there

in the special func module memory transfer isn't a
memory respons from the Sub Bus the BIB will auto-
matical access the memory on the Main Bus, and control
the data transfer from/to func without involving the
CPU's internal registers except the data register
located on the BIB. When accessing consecutive mem-
ory addresses the address register can be increment-
ed instead of making the address calculation in the
ALB, and then use the address for the Sub Bus & Main
Bus. The BIB can control the system control signal
LBG (L) and therehv access the memory times without
interrdption (semaphore). The semaphore transfer will

as the I/OD transfer not access the Sub Bus but only
the Main Bus.
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The address field consist of 16 bits corresponding to
the é—BUS plus 2 page bits and 2 mode bits used for
Word/L Byte/U Byte/I/O, the later four bits comes
from ALB and are loaden into corresponding register
in the BIB each p cycle, while the 16 bits field is
controlled directly by the pprogram.

The data communicated on the T-BUS from/to the BIB
consist of 16 bits + 2 parity bits (ODD).

Data to be transferred from the CPU is always
loaded into the BIB data register before trans-
mission, data to the CPU is transferred from the
CR80 Main- & Sub Bus to the T-BUS and demendent of
the p instruction to the address register too.

The BIB is divided in the following functionals
blocks ref. block diagram:

1. Data- and Address Register F-DAR-1
2. Sub Bus Drivers f-SBD—l
3. Main Bus Drivers F-MBD-1
4., Sub Bus Transfer Control F-SBTC-1
5. Timing Control F-TC~-1

6. Main Bus Transfer Control F-MBTC-1
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Data and Address Register F-DAR-1

The storages for the bus data and bus addresses
are contained in these functional block.

Input to registers is the T-BUS, parity bits and

6 OP reg. & Address bits for the func modules.
Outputs from the registers are to the Main Bus and
Sub Bus drivers. Control of the load and for the
16 LSB of the address register, count pulses is
carried out by bus control PROM CR1289 located in

the Sub Bus Transfer Control Circuit.
F-DAR-1 consist of two logical blocks:

1. Data Register L-DR-1
2. Address Register L-AR-1

Data Register L-DR-1

Input to the data part of the data register (latch data
and the two parity bits) is the T-BUS.

The loading of the latch is controlled by the signal
LDDREC (H) coming from the ALB (T-File Control).

Inputs to the remaining part of the L-DR-1 are

OP0-0P2 & AA0-AA2 from the ALB corresponding to func
address & func control. The func register is undated
each u cycle DPERI1 (H) indipendent of the p program
output, which the data part load is controlled by the
bus control wires via the T-File control meaning

that it can be updated in each of the T-BUS's 3 cycles.
The timing diagram fig. 4.1.1 specify the seqgucnces

in more detailes.
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" Address Register L-AR-1

The lower 16 bits of the address field (20 bits)
is always loaded into the counter part of the add-
ress register in the T-BUS ALS time when set up by
the bus control function. Incrementation of the
16 bits is also executed in the ALS out time.

The remaining part of the address register, the 5
bits for pages, mode & read write, addressing is
updated in synchronous with the CPU cycles inde-
pendent of the bus control function (MDAT 16-20)
Timing diagram fig. 4.1.2 shows in detail the
sequences for operation of the L-AR-1,.

Note that the address register can not be used as
source for the Sub Bus address in the same cycle as
it is loaded, it is only the T-BUS directly.



Data Register Timing Diagram
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Sub Bus Drivers F-SBD-1

The driver circuits for the Sub Bus lines SB0-23

are located in these functional block.

There are three sets of drivers; one for the data
phase and two for the address phase. The address
drivers are used for transferring the T-BUS contents
direct to the Sub Bus or for transferring the add-
ress register contents as address to the Sub Bus.
F-SBD-1 is divided in three logical blocks:

1. Sub Bus Data Driver
2. Address Sub Bus Driver L-ASBD-1
3. T-BUS Sub Bus Driver L-TSBD-1

For the Sub Bus address and data phase ref.
table 4.2.

- sub Bus Data Driver L-SBDD-1

The data driver consist of two parts, one part is
used as driver for the data register and one for

the func control and address.

The data part is enabled when data is transferred
from (ENSBDAT (L)) IDTR (L) the CPU to the Sub Bus
which the other part always is enabled during the
Sub Bus data phase IDTR (L) regardless of the trans-
fer direction, because these signals are used as

func module control.
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Address Sub Bus Driver L-ASBD-1

L-ASBD-1 control the Sub Bus during the address
phase, when the address source is the address
register/counter. The 16 LSB is from the register/
counter which the R/W, mode & page bits are

sourced from the corresponding register in the add-
ress register block L-AR-1l. The signal EN AR from
Sub Bus Transfer Control F-SBTC-1 is used as out-

put enable.

T-BUS Sub Bus Driver L-TSBD-1

When the address source for the Sub Bus is the
T-BUS (ALS out) this driver block is used.
The inputs are T-BUS 0-15 for the 16 LSB and the

five bits: R/W, mode and page are the input signal

to the corresponding register in the address register

block L-AR-1. The outputs are enabled by the
signal EN T-BUS from Sub Bus Transfer Control
F-SBTC-1.



TABLE 4.2

FUNCT ION

PIN NO. SIGNAL NAME ADDRESS PHASE DATA PHASE
c2 SB ' 0 add. o (usB)| bpar 0 (LSB)
b2 sB 1 Add. 1 DAT 1
a2 SB 2 Add. 2 DAT 2
c3 SB 4 Add. 3 DAT 34LB
b3 SB 4 Add. 4 DAT 4
a3 SB 5 Add. 5 DAT 5
..L4 SB 6 Add. 6 DAT 6
b4 SB 7 Add. .- 7 DAT 7,
a4 SB 8 Add. 8 DAT 8
c5 SB 9 Add. 9 DAT .9
b5 SB 10 Add. 10 DAT 10
" as SB 11 Add. 11 par 11| up
c6 SB 12 NV DAT 12
b6 SB 13 NV DAT 13
a6 SB 14 NV | DAT 14
[ X8 SB 15 Add. 18 DAT 15
b7 SB 16 Add. 19 LP
a’l SB 17 R/W (L/H) up
c8 SB 18 Add. 12 FAdd. O
b8 SB 19 Add. 13 FAdd. 1
a8 SB 20 Add. 14 FAdd. 2 ‘
c9 SB 21 Add. 15 FCont. 0 1
b9 SB 22 Add. 16 FCont. 1
a9 SB23 Add. " 17 FCont. 2
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4.3 Main Bus Drivers F-MBD-1

The Main Bus data and address interface circuits
are located in F-MBD-1.

The address driver is controller by BG(L) from the
MBC mocdule while the data driver is controlled by
BG(L) and R/W. The input circuit for the T-BUS

" from the Main Bus and Sub Bus is a part of F-MBD-1.

Main Bus Drivers are divided in three logical blocks:

1. Address Drivers L-AD-1

2. Data Drivers L-DD-1

3. T-BUS Drivers L-TD-1
4.3.1 " Address Drivers L-AD-1

L-AD-1 consist of 3-state drivers for inter-
facing the address register/counter L-AR-1 to the
CR80 Main Bus. The outputs from the drivers are
. enabled by the signal BG(L) one of the system
control signals from the MBC module.

4.3.2 Data Drivers L-DD-1

The inverting 3-state driver used for transferring

the data register contents to the Main Bus and
signals are located in L-DD-1. The outputs are

enabled by BG(L) and R/W, so that data only is

transferred in a write cycle.

4,3.3 T-BUS Drivers L-TD-1

. The interface for transferring of data from the
Main Bus and Sub Bus to the internal CPU bus T-BUS,

consist of a 3-state selector circuit which is
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enabled synchronous with the CPU's internal cyclus
EN BUS IN. The selection of Main or Sub Bus as the

source for the T-BUS is controlled from the Main Bus
Transfer Control F-MBTC-1 by the signal ITRQ so that

the source is the Main Bus when the signal is active.
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Sub Bus Transfer Control F-SBTC-1

Set up of the CPU CR8001/3 for making bus trans-
fer, either on the Sub Bus or the Main Bus is con-
trolled by F-SBTC-1l.

The circuit necessary for handling Sub Bus authority
and the Sub Bus handshaking procedure is also lo-

cated in this functional block.

Inputs are beside the timing signals, the five bus
control lines from the p program MDAT 16-20.

The bus control signals are decoded by a 32 x 8

PROM and distributed all over, for controlling the
different four bus functions. Two of the PROM outputs
are used as mode bits and determined the bus function
as CPU<+Mem, CPUeFunc, Mem<»Func or Funce>Mem the
different transfer modes, and these relationship to

the control signals are defined in timing diagram

fig. 4.4 a-g

The Sub Bus Transfer Control is divived in to the

following three logical blocks:

1. Transfer Set up L-TSU-1
2. Sub Bus Authority Control L-SAC-1
3. Sub Bus Transfer Control L-STC-1

Transfer Set up L-TSU-1

Set up of the BIB, to make a bus transfer is carried
out by decoding of the bus control function MDAT
16-20 by a 32 x 8 PROM CR1289 (ref. section 6 for
actual contents).

Four of the outputs are synchronized on the timing
signal PERO(H) by a register while the other four
are used directly by the other parts of the BIB.
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The functional table 4.4.1 define the signals more
detailed. '

Sub Bus Authority Control L-SAC-1

When the BIB is set up for a bus transfer and the
transfer isn't an I/0 or semaphore the L-SAC-1

will issue a Sub Bus request SRQ on the rising

edge of PERO(H) and when the request is accepted

the signal AC(L) will go low on the falling edge

of ¥4 meaning that the CPU can start the Sub Bus transfer.
If the transfer is an I/O or Semaphore the L-SAC-1 will
not be initiated because the transfer has to take place
on the Main bus.

Disabling of SRQ can be done from three signals, either
when a new cycle start without bus transfer, or when a
Main Bus transfer is started. One of the two SRQ
signals is driven from the BIB while the other is
sensed. Control of SRQ 1&2 is carried out by means

of the CPU address ADDO bit.

Timing diagram 4.4.a snecify the logical block in more
details.

Sub Bus Transfer Control L-STC-1

When a Sub Bus transfer is started by the signal
AC(L) from L-SACl. an internal address transfer
will be set up ENTBUS or ENAR, which of the two
FF is determined by the signal ENTBUS/AR(H/L) from
L-TSU-1. The internal ATR will be issued on the

~falling edge of ¢4 and taken down on the next

falling edge of 4. 1If the transfer is a func«~CPU
the signal ATR on the bus will be disabled (DIS ATR)
and only the signal FEN will be active in the data

phase (IDTR(H)). If the transfer is a memory access

both ATR, and if a respons on the ATR is recognized,
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DTR will be issued. If the bus transfer is a Mem<«— Func

both FEN and DTR is transferred on the condition of

the respons signals MRS or FRS. For more details ref.

fig. 4.4. a-g.

The outputs from the block are used for enabling of

the Sub Bus drivers.
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Timiné Control F-TC-1

Generation of the different timing signals, and the
T-BUS enable cbntrol is carried out by the Timing
Control. The input to the block is the master

timing signals from the Main Bus, and signals from Sub
Bus - and Main Bus transfer control used to select

the source/which has to be active before the timing
sequence PERO - PER3 can continue.

There are five logical blocks in the Timing Contol:

1. Main Bus Receiver L-MR-1
2. Clear Control L-CC-1
3. Master Timing Control L-MTC-1
4. Master Timing L-MT-1
5. Enable & Clock Generator L-E&CG-1

Main Bus Receiver L-MR-1

The receiver for the Main Bus signals %4, %2 & RS(L) are
located in L-MR-1 together with the CPU Clear (CC(H))

receiver. The interface circuit is schmitt triggers.

Clear Control L-CC-1

When the CPU detects a CPU Clear it has to reset all
the circuit so the start up is well defined, this
procedure is controlled by L-CC-1 which also generate
a reset when a time out or parity error is recogn-
ized. There exixt two types of time out, one for
the Main Bus, which is detected in the Main bus
Transfer Control F-MBTC-1 and one for the Sub Bus,
which is detected by a counter, so that a time out is
generated if the width of IDTR(H) exceed 4 ps.
Timing diagram fig. 4.5.2 specify the Clear Control
more detailed.
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4.5.3 Master Timing Control L-MTC

The input signal to the Master Timing L-MT-1 comes
from a selector circuit which selects the propper
signals from the two CR80 busses as the input used

to continue the CPU's cycles Per0 - Per3. The
selector is controlled from the Master Timing, and from
the Sub Bus and Main Bus Transfer Control in accord-
ance with table 4.5.3.
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Master Timing L-MT-1

The Master Timing logic generates the timing signals
used throughout the whole CPU, PERO, 2 and the signal
Per3 which only is used on the BIB for control when
the transfer is a Mem.+s Func and the memory is lo-
cated on the Main Bus. The timing diagram fig. 4.5.4

specify the signals.

" Enable & Clock Generator L-E&CG-1

Control of the T-BUS enable signals and the MCU &
ALS clock is generated in these logical block.
Timing diagram fig. 4.5.5 specify the signals.
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Main Bus Transfer Control F-MBTC-1

The handshaking procedure during Main Bus
Communication is controlled by F-MBTC-1l.
There are four logical blocks in the Main Bus

Transfer Control.

1. Transfer Control L-TC-1
2. Semaphore Control L-SC-1
3. Interrunt Receiver - L-IR-1
4. Voltage Error Detection L-VED-1

Transfer Control ' L-TC-1

The handshaking procedure with the Main Bus
authority signals and Main Bus transfer signal,
are carried out in these logical blocks.

Set up of the circuit for making a Main Bus trans-
fer is done by the one of the two signals:

MBTRF (L): used for Semaphore I/O Transfer.

IMRS (H): used for Memory Transfer.

The bus request signal BRQ can in the Func & Memory
mode be delayed until the func module has responded
(STOFM 1, PER 3 (L}).

When the CPU has got the authority BG(L) it will issue
a TRQ (L) and terminate the transfer when the master
timing signal PER (L) occurs,RS (L) or time out
detection MTO (L).

Timing diagram fig. 4.6.1 specify the L-TC-1 timing.
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4.6.2

Semaphore Control L-SC-1

When more than one transfer to/from memory have
to be carried out without interruption the PROM
output signal SEMAF S/CL goes high and thereby
the signal LBG (L) will be transferred to the

MBC module and lock the BG (L) to the CPU until
it is released by a bus transfer where SEMAF S/CL
is low.

Timing diagram fig. 4.6.2 shows the sequence.

Interrunt Receiver L-IR-1

The L-~IR-1 consist of schmitt triggers for re-
ceiving of the system control signals related

to the three different interrupt types. The
generated CPU Interrupt which force CPU INT (H) will

also cause, that the CPU receives a CPU interrupt.

Voltage Error Detection L-VED-1

This circuit consist of a gate with the output low
if the power is O.K. on the ALB & BIB.
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PLUG TYPE :

P’N

CABEL TYPE: 16 WIRES FLAT CABLE

LENGTH !
REFERENCE ALE- Pl. (C3)
DESIGNATION . BIB . J1 _ (CL)

PIN NO. SIGNAL NAME

SIGNAL REFERENCE:ALB

1 T-BUS 11 I/0
T-BUS 10 I/0
T-BUS 9
I/0
4 T-BUS 8
1/0
c I CPU INT (H) I
ENSH (L)
6 I
7 EN ALS OUT (L) I
8 GND
9 T-BUS 12 I/0
10 T-BUS 13 1/0
11 T-BUS 14 1/0
12 T-BUS 15 I/0
13 T-BUS 3 1/0
14 T-BUS 2 1/0
15 T-BUS 1 1/0
T-BUS O
16 1/0

400 - 741
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SIGNAL LIST
PLUG TYPE : PIn
CABEL TYPE: 16 WIRES FLAT CABLE
LENGTH :
REFERENCE ALB P2 (C5)
PIN NO. SIGNAL NAME SIGNAL REFERENCE : ALB
T-BUS 7 i I/0
2 T-RIS 6 I/0
3 T-BUS 5 I/0
T-BUS 4 1/0
5 CPALS I
6 CPALS X
7 CPMCU
8 GND
9 GND
10 "~ PERO (L) I
11 "PERO (H)
12 PER2 (H)
13 GND
14 LDMCU (L) I
15 LDMCU (H) I
16 GND

00 - 741
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PLUG TYPE : P’N

CABEL TYPE: 16 WIRES FLAT CABLE

LENGTH

REFERENCE ALB P3 (D1)

DESIGNATION BIB J3 (D1)

PIN NO. | SIGNAL NAME STGNAL REFERENCE:

ALB

1 GND

FORCE CPU INT (H)

0
3 II/0I (H) I
4 EEI (H) T
5 EE 1
6 Pl
7 ITRQ (H) I
8 GND
9 GND
10 CPMCU I
11 ~ pcL (L) I
12 PARITY ERROR 0
13 8MHz
14 8MHzZ
15 2MHz 1
16 GND
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PLUG TYPE : PIn
CABEL TYPE: 16 WIRES FLAT CABLE
LENGTH' )
REFERENCE ALB (D3)
DgSIGNAﬂON B BIB (D3)

PIN NO. SIGNAL NAME

1. | AAl .

'SIGNAL REFERENCE: ALB

0

2 oP2 0

3 OP0 0

AA2 0

AAO 0

6 oPl _ 0

__7_ | .DPERO (H) I
8.l e

9 DPER1 (H)

10 L.D-DREG (H) 0

11 RLP I

12 RUP I

13 TUP

. 0

14 ILP 0

15 SEA17 0

16 SEA16 0
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PLUG TYPE :

CABEL TYPE: 16 WIRES FLAT CABLE

P,N

LENGTH
REFERENCE ALB P>
DESIGNATION a1B . g5

PIN NO. SIGNAL NAME

SIGNAL REFERENCE: ALB

1 TO (L)

2 POWER DET MP I

3 POWER DET AL 0

4 PRESET TIMING (L) I

5 ADDO 0

6 1/0 (L) 0

7 BUSTRF (H) I ‘

8 GND |
.

9 I R/W I ]

10 MDAT 16 0

11 MDAT 17 0

12 MDAT 18 0

13 MDAT 19 0

14 MDAT 20 0

15 IA 19 0

16 1A 18 0
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